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Introduction

INTRODUCTION
1.1

PURPOSE OF REPORT

The purpose of the study is to develop feasible bridge concepts and determine the preferred structure
type and configuration based on cost, feasibility of construction, and maintenance. The report includes a
summary of the hydraulic, geotechnical and other design criteria used to analyze the various structure
types.

1.2

PROJECT LOCATION

The bridge is located
along a new
roadway alignment
of Cass County
Highway 31 (CR 31),
approximately four
miles east and one
mile north of the
city of Argusville.
The proposed
crossing CR 31 is
located within
Section 2 of
Harwood Township
and Section 35 of
Wiser Township.

2
2.1

Cass County 31
Structure Location
Argusville

EXISTING CONDITIONS
ROADWAY ALIGNMENT

CR 4 is located one mile south of the proposed site and CR 31 is located one‐half mile east of the
proposed site. These current roadways are on existing straight alignments with flat grades. The existing
speed limits are 55 mph.

County Road 31 Bridge Type Study
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Design Criteria

2.2

PROXIMITY TO OTHER SURFACE FEATURES

The proposed bridge location intersects existing Cass County Drain 29. The drain runs along the south
side of 24th Street SE.

3
3.1

DESIGN CRITERIA
ROADWAY CRITERIA

CR 4 and 31 are two‐lane, rural sections with gravel surfacing. The new alignment of CR 4 extends
northeast from Section 3 of Harwood Township to existing CR 31 in Section 35 of Wiser Township. The
new alignment of CR 31 intersects CR 4 approximately 500 feet northwest of the proposed bridge site.
The new alignments will be constructed to county standards and remain gravel surfaced roadways.
In order to achieve the required clearances for the bridge above the diversion water surface elevations,
approximately 11.5 feet of embankment above the existing ground will be required. In order to minimize
future maintenance of the roadway at the bridge ends, a 20‐foot pile supported approach slab and a
floating approach slab is anticipated at each end of the bridge.
Asphalt pavement will be added from the approach slab to the extents of the guardrail system. The intent
of the pavement is to reduce the potential for gravel to be tracked onto the bridge and into the expansion
joints

3.2

BRIDGE CRITERIA

Prior to beginning the bridge type study, a design criteria document for the proposed bridges was
established by the Design Team and reviewed by Cass County. The design criteria provide assurance that
each bridge will be designed to consistent standards. The majority of the criteria relate to the technical
aspects of the design, i.e. design loadings, governing codes, material properties, etc. The full design
criteria document is included in this report in Appendix A.
Geometric parameters were also included in the design criteria. Following is a summary of the bridge
geometry used for the bridge type study:
Structure Length

570 feet

Roadway Width

36 feet (12 ft. lanes, 6 ft. shoulders)

Bridge Railing

Kansas Corral Rail

Total Bridge Width

38 feet

County Road 31 Bridge Type Study
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Conceptual Bridge Engineering

3.3

HYDRAULIC CRITERIA

Criteria for the diversion as established by the United States Army Corps of Engineers (USACE) consists of
a 300‐foot wide main channel and a 100‐foot wide low flow channel approximately 6.5 feet deep. The
configuration of the channel can be seen on the Bridge Layout sheets in Appendix B. The channel bottom
elevation at the CR 31 crossing of the diversion is 857.30.
A “Recreation and Use Master Plan” is being developed as part of the overall diversion project. The draft
plan includes recreational and multi‐use trails along the diversion channel. To accommodate the passage
of these trails under the bridges, each bridge will provide a 24‐foot wide bench under the bridge.
Hydraulic analysis by Houston‐Moore Group revealed that the main channel width at the bridges could be
reduced to 275 feet as a result of the additional hydraulic capacity provided by the 24‐foot wide bench.
A Memorandum for Record (MFR‐005) by the USACE established freeboard criteria for the low beam
elevation of 1’‐0” above the 500‐yr water surface elevation of 885.16 at this site. The MFR also requires a
1’‐0” of freeboard for the centerline of the roadway above the SPF (Standard Project Flood) elevation of
885.98. The table on the Bridge Layout sheets in Appendix B shows the one foot of freeboard for the
beam clearance above the 500‐year flood elevation controls the bridge elevation at this site.

3.4

GEOTECHNICAL CRITERIA

The channel typical section throughout the project includes a 7:1 slope going up from the main channel to
the top of the embankment. Barr Engineering performed stability analysis calculations incorporating site
specific soil parameters based on soil borings and lab testing conducted by Braun Intertec. The analysis
was based on the channel section shown on the bridge layout sheets in the appendices and the
anticipated grade raise at the bridge. The results of the analysis showed that the achieved factor of safety
for the 7:1 slope exceeds the 1.4 minimum required factor of safety.

4

CONCEPTUAL BRIDGE ENGINEERING

Six conceptual bridge types were discussed and carried forward for further analysis at the proposed Cass
County Highway 31 crossing. The concepts are listed below:
Superstructure
63” Deep Prestressed Concrete I‐Girders
45” Deep Prestressed Concrete I‐Girders
Substructure
Driven Piles with Wall Pier
Drilled Shafts with Columns
Driven Piles with Columns
County Road 31 Bridge Type Study
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Conceptual Bridge Engineering

A steel superstructure option was not considered at this site due to the results of the Bridge Type Study
for CR 81.

4.1

SUPERSTRUCTURES

Two prestressed concrete I‐girder options were analyzed for this site. Due to the fact that the bridge
length is based on the one foot freeboard for the beam clearance, depth of the superstructure does not
affect the length of the bridge. Each of the superstructure options has a bridge length of 570 feet.
To minimize the potential for ice and debris to obstruct the low flow channel, the bridge concepts
developed contain an odd number of spans, resulting in a middle span centered over the low flow
channel.
Bridge layouts with 3, 5, 7 & 9 spans were analyzed. The 3‐span option was removed from consideration
due to the deep superstructure required and the limited superstructure types available for spans of that
length. The 9‐span option was removed due to the cost of the substructures. The superstructure cost
difference between the 7‐span and the 9‐span options is minimal, but the additional cost of two piers
does not make this option viable. The 5‐span and 7‐span options were carried on in the analysis.

4.1.1 63” PRESTRESSED CONCRETE I‐GIRDERS
In order to span 113.25’ for the 5 span option, 5 girder lines of 63” deep prestressed concrete I‐girders are
required. An eight inch thick cast‐in‐place concrete deck would be placed on the girders. The open Kansas
Corral rail system would be added to allow drainage of the deck without the need for deck drains. See
Appendix B for the bridge layout and typical deck section.
Embankment fill above the existing terrain for this alternative would be approximately 11.5 feet.

4.1.2 45” PRESTRESSED CONCRETE I‐GIRDERS
In order to span 81’ for the 7 span option, 5 girder lines of 45” deep prestressed concrete I‐girders are
required. An eight inch thick cast‐in‐place concrete deck would be placed on the girders. The open Kansas
Corral rail system would be added to allow drainage of the deck without the need for deck drains. See
Appendix B for the bridge layout and typical deck section.
Embankment fill above the existing terrain for this alternative would be 10.0’

4.2

SUBSTRUCTURES

The superstructure options were analyzed with three different substructure options. The abutment type
would be same for either substructure option. The abutment would be constructed using driven piles.
County Road 31 Bridge Type Study
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Conceptual Bridge Engineering

Due to the length of the bridge, an integral type bridge is not an option. Expansion joints will be provded
at both abutments.
The following substructure options are shown in their basic versions. Aesthetics for the chosen option will
be decided at a later date.

4.2.1 DRIVEN PILES WITH WALL PIERS
This option would require a large excavation in order for the concrete footing to be cast. HP14x102 or
similar piles would be driven to bearing at an approximate pile length of 100 feet. Two rows of piling
would be driven with an approximately 12‐foot wide footing. A 3‐foot wide concrete wall pier would be
constructed on top of the footing.

A concrete wall pier allows for additional widening of the bridge in the future if traffic growth warrants it.
A wall pier also allows for minimal debris catch points.

County Road 31 Bridge Type Study
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Conceptual Bridge Engineering

4.2.2 DRILLED SHAFTS WITH COLUMNS
This option requires two or three drilled shafts per pier. The shafts continue as columns above grade with
a hammer head type concrete cap. For the 5 span configuration, three 5‐foot diameter drilled shafts
would be constructed. For the 7 span configuration, two 5‐foot diameter drilled shafts would be
constructed.

A column pier is more susceptible to catching ice and debris and can be more difficult to widen than a wall
pier depending upon the configuration of the pile cap.

County Road 31 Bridge Type Study
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Conceptual Bridge Engineering

4.2.3 DRIVEN PILES WITH COLUMNS
This option is similar to the driven piles with wall pier option, but instead of having a wall pier above
grade, columns would be constructed.
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Summary

5

SUMMARY

Each of the superstructure options was combined with the substructure options in order to calculate the
most cost effective bridge type. A detailed breakdown of these costs can be found in Appendix C.
63” Prestressed Concrete
I‐Girders

45” Prestressed Concrete
I‐Girders

Driven Piles with
Wall Pier Option

$2,831,000

$3,207,000

Drilled Shafts with
Columns Option

$2,774,000

$2,775,000

Driven Piles with
Columns Option

$2,651,000

2,909,000

After completing the estimates, the most economical superstructure and substructure combination is the
63” Prestressed Concrete I‐Girders supported by driven piles with columns. However, due to concern for
the potential for ice and debris problems with a column style pier and concern for the feasibility of
widening in the future, the Diversion Authority indicated a preference for a wall type pier over a column
style pier.
Removing the open style substructures from consideration, the most economical superstructure and
substructure combination is the 63” Prestressed Concrete I‐Girders supported by the driven piles with
wall pier option. We recommend that this option be carried forward for design.

County Road 31 Bridge Type Study
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FM Metro Diversion
Bridge Design Criteria
Reach 1: County Road 31
Bridge No. 09-141-13.1

Location: Diversion Station 86+86
I.

DESIGN SPECIFICATIONS
A. GOVERNING CRITERIA
1. American Association of State Highway and Transportation Officials (AASHTO) "LRFD
Bridge Design Specifications”, 6th Edition.
2. North Dakota Department of Transportation Design Manual Chapter IV.
3. North Dakota Department of Transportation “Standard Specifications for Road and Bridge
Construction, Vol. 1" (2008).
B. LAYOUT
1. Hydraulic Design Criteria
a. Flow data
Flow
Stage (ft)
Velocity (fps)
i. 100-yr
884.13
4.1
ii. 500-yr
885.16
4.5
iii. SPF
885.98
5.1
(SPF = Standard Project Flood, which is modeled as Extreme Event)
b. Channel bottom elevations: 857.30
c. Freeboard: 1’-0” above 500-yr stage elevation.
d. Minimum Low member elevation 1’-0” above 500-yr stage elevation.
i. Elevation: 885.16 + 1.00 = 886.16
e. Minimum Low deck elevation 1’-0” above SPF (does not control at this location)
i. Elevation: 885.98 + 1.00 = 886.98
2. Geotechnical:
a. Settlement Analysis is being performed by Braun Intertec and Global Stability
Analysis is being performed by Barr Engineering. The results will be presented in
separate reports.
b. Foundation Recommendations are being performed by Braun Intertec and will be
provided as a separate report.
3. Skew: Roadway is normal to channel centerline.
4. Deck width:
Traffic Lanes:
2 @ 12’-0” =
Shoulders:
2 @ 6’-0” =
Traffic barriers:
2 @ 1’-0” =
Total:

24’-0”
12’-0”
2’-0”
38’-0”

7/17/12 Final
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5. The roadway cross-slope shall be ¼” per foot.
C. DESIGN LOADINGS
1. Load Modifiers
a. Ductility: 1.00 – Ductile Concrete Structure
b. Redundancy: 1.00 – Redundant
c. Importance: 1.00 for County Bridges
2. Components and Dead Loads (DC)
a. Unit weight of reinforced concrete:
b. Unit weight of prestressed concrete:
c. Unit weight of structural steel:
d. Traffic Barriers:

0.150 kcf
0.155 kcf
0.490 kcf
0.285 klf each

3. Wearing Surface and Utilities (DW)
a. Future Wearing Surface:

0.015 ksf

4. Live Loads and Impact (LL + IM)
a. 3 Design Lanes on bridge
b. HL-93 with impact
c. Live Load Deflection < L/800
5. Earthquake Effects (EQ)
a. In accordance with AASHTO LRFD Article 3.10.9.2
6. Braking Force (BR)
Two design lanes in one direction
7. Wind Loads (WL & WS)
As per AASHTO, IV-04.03.04, and IV-04.03.05.
8. Ice Forces
Design Pressure:
Ice Thickness:
Elevation:

16 ksf
3’-0”
Evaluate at
• Elev. 875.19 (2/3 the distance from the flowline to
the 100-year water surface elevation)
• Elev. 884.13 (100-year water surface elevation)

9. Thermal Forces (TU)
a. Mean temperature of 40° F
b. Thermal coefficient:
i.
Concrete:
0.0000060/° F
ii.
Steel:
0.0000065/° F
c. Seasonal variation:
i.
Concrete
7/17/12 Final
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- Temperature Rise:
40° F
- Temperature Fall:
40° F
ii.
Steel
- Temperature Rise:
80° F
- Temperature Fall:
70° F
(Per IV-04.14.02, use 1.0 load factor to calculate movements instead of 1.2 from
AASHTO.)
10. Pressure (EH & EV)
a. Unit weight of structural backfill:
b. Friction angle:
c. Coefficients
i.
K a = 0.28
ii.
K o = 0.44
iii.
K p = 3.53
d. Lateral equivalent fluid pressure:
- Active:
- At-rest:

0.135 kcf
34 degrees

0.040 kcf
0.060 kcf

D. LOADING COMBINATIONS
1. Load combinations shall be in accordance with AASHTO Table 3.4.1-1 and 3.4.1-2
E. MATERIALS
1. Concrete: (28 day cylinder strength as noted)
a. Cast-in-Place superstructure:
4.0 ksi (AAE-3)
b. Cast-in-place substructure:
3.0 ksi (AE-3)
c. Precast beam:
- F’ci:
4.0 ksi (min)
- F’c:
5.0 ksi (min)
7.0 ksi (max)
2. Reinforcing Steel
a. All reinforcing steel shall be AASHTO M31, Grade 60.
-Superstructure:
Epoxy coated
-Substructure:
Plain
Concrete cover
Superstructure
-Top of Deck:
2 ½ inches
-Bottom of Deck:
1 inch
Substructure
-Concrete Cast Against Forms
2 inches
-Concrete Cast Against Earth
4 inches
-At formlined surfaces
4 inches
3. Pre-tensioning Steel
Strand
AASHTO M203, Grade 270, Low Relaxation
- Strand size:
0.6” diameter
- Apparent modulus:
29,000 ksi

7/17/12 Final
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II. SUPERSTRUCTURE DESIGN
A. CONCRETE SLAB
1. Design shall be by the AASHTO approximate strip method. Minimum deck thickness shall
be 8”. Top ½” of deck to be neglected in structural calculations.
2. Deck concrete shall be placed in one continuous operation.
B. PRE-TENSIONED CONCRETE
1. Prestress losses shall be by the refined method in AASHTO LRFD specifications published
prior to the 2005 Interim. Design shall follow the requirements of IV-02.08.
III. SUBSTRUCTURE DESIGN
A. Pier fixity: One pier shall be fixed.
B. Structural Design: Substructure elements to be designed in accordance with AASHTO LRFD.
C. Geotechnical Design: In accordance with Final Geotechnical report and AASHTO LRFD.
IV. ROADWAY
A. Design Speed: 45 mph
B. Profile: Maximum grade of 1%. Vertical curves based on stopping site distance.
C. Cross Slope: 3%
D. Typical Section No. 1 (within guardrail limits)
i. 32-foot paved top (12-foot lanes, 4-foot shoulders)
ii. 12” minimum base plus HBP
E. Typical Section No. 2 (outside guardrail limits)
i. 32-foot graded top with 28-foot gravel surface
ii. 4” minimum gravel thickness
F. Ditch Section
i. 4:1 minimum inslope
ii. 8-foot minimum ditch bottom width
iii. 3:1 minimum backslope
iv. 0.05% ditch grade
v. 24” minimum culvert size
G. Right of Way: 200-foot minimum
V. MISCELLANEOUS
A. Two approach slabs at each bridge end: 20’ pile supported approach slab with a 20’ soil
supported approach slab.
B. Traffic barriers will be 2’-8” tall reinforced concrete Kansas Corral Rail without curb.
C. Deck drainage system not required.
D. Expansion joints: strip seal
E. Bearings: elastomeric
F. Diaphragms: concrete
G. Aesthetic treatments (form liners, colors, etc.) to be determined.
7/17/12 Final
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APPENDIX C – COST ESTIMATES
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COUNTY ROAD 31
DIVERSION STATION 86+86
STRUCTURE #9-141-13.1
63" PRESTRESSED CONCRETE BEAMS
WALL PIERS ON DRIVEN PILES
SPEC
210
210
550
602
602
602
604
612
612
622
708
930
930
930
930

CODE
0101
0201
0215
0130
1130
1250
9920
0115
0116
0070
1020
3000
8600
8666
9536

ITEM

QUANTITY UNIT
CLASS I EXCAVATION
1
L SUM
FOUNDATION PREPARATION (4 Piers)
1
EA
CONCRETE BRIDGE APPROACH SLAB
340
SY
CLASS AAE-3 CONCRETE
670
CY
CLASS AE-3 CONCRETE
900
CY
PENTRATING WATER REPELLENT TREATMENT
2,400
SY
PRESTRESSED I-BEAM-63IN
2,810
LF
REINFORCING STEEL - GRADE 60
103,500
LBS
REINFORCING STEEL - GRADE 60 - EPOXY COATED
117,250
LBS
STEEL PILING HP 14 X 102
7,060
LF
RIPRAP-LOOSE ROCK
860
CY
BRIDGE BENCH MARKS
1
SET
ELASTOMERIC BEARING PAD
75
SF
4IN EXPANSION STRIP SEAL
75
LF
ABUTMENT UNDERDRAIN SYSTEM
1
L SUM

UNIT
COST
TOTAL COST
$60,000.00
$60,000.00
$60,000.00
$60,000.00
$300.00
$102,000.00
$600.00
$402,000.00
$600.00
$540,000.00
$6.00
$14,400.00
$250.00
$702,500.00
$1.25
$129,375.00
$1.25
$146,562.50
$75.00
$529,500.00
$75.00
$64,500.00
$2,000.00
$2,000.00
$500.00
$37,500.00
$200.00
$15,000.00
$25,000.00
$25,000.00

Estimated Construction Cost =

$2,831,000.00

Bridge Per SF Cost =

$131.00
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COUNTY ROAD 31
DIVERSION STATION 86+86
STRUCTURE #9-141-13.1
63" PRESTRESSED CONCRETE BEAMS
COLUMN PIERS ON DRILLED SHAFTS
SPEC
210
210
550
602
602
602
604
612
612
622
708
930
930
930
930
930

CODE
0101
0201
0215
0130
1130
1250
9920
0115
0116
0070
1020
3000
8600
8666
9536

ITEM

QUANTITY UNIT
CLASS I EXCAVATION
1
L SUM
FOUNDATION PREPARATION (4 Piers)
1
EA
CONCRETE BRIDGE APPROACH SLAB
340
SY
CLASS AAE-3 CONCRETE
670
CY
CLASS AE-3 CONCRETE
420
CY
PENTRATING WATER REPELLENT TREATMENT
2,400
SY
PRESTRESSED I-BEAM-63IN
2,810
LF
REINFORCING STEEL - GRADE 60
47,500
LBS
REINFORCING STEEL - GRADE 60 - EPOXY COATED
117,250
LBS
STEEL PILING HP 14 X 102
2,320
LF
RIPRAP-LOOSE ROCK
860
CY
5.0FT DIAMETER DRILLED SHAFT
1,010
LF
BRIDGE BENCH MARKS
1
SET
ELASTOMERIC BEARING PAD
75
SF
4IN EXPANSION STRIP SEAL
75
LF
ABUTMENT UNDERDRAIN SYSTEM
1
L SUM

UNIT
COST
TOTAL COST
$60,000.00
$60,000.00
$60,000.00
$60,000.00
$300.00
$102,000.00
$600.00
$402,000.00
$600.00
$252,000.00
$6.00
$14,400.00
$250.00
$702,500.00
$1.25
$59,375.00
$1.25
$146,562.50
$75.00
$174,000.00
$75.00
$64,500.00
$650.00
$656,500.00
$2,000.00
$2,000.00
$500.00
$37,500.00
$200.00
$15,000.00
$25,000.00
$25,000.00

Estimated Construction Cost =

$2,774,000.00

Bridge Per SF Cost =

$128.00
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COUNTY ROAD 31
DIVERSION STATION 86+86
STRUCTURE #9-141-13.1
63" PRESTRESSED CONCRETE BEAMS
COLUMN PIERS ON DRIVEN PILES
SPEC
210
210
550
602
602
602
604
612
612
622
708
930
930
930
930

CODE
0101
0201
0215
0130
1130
1250
9920
0115
0116
0070
1020
3000
8600
8666
9536

ITEM

QUANTITY UNIT
CLASS I EXCAVATION
1
L SUM
FOUNDATION PREPARATION (4 Piers)
1
EA
CONCRETE BRIDGE APPROACH SLAB
340
SY
CLASS AAE-3 CONCRETE
670
CY
CLASS AE-3 CONCRETE
660
CY
PENTRATING WATER REPELLENT TREATMENT
2,400
SY
PRESTRESSED I-BEAM-63IN
2,810
LF
REINFORCING STEEL - GRADE 60
75,100
LBS
REINFORCING STEEL - GRADE 60 - EPOXY COATED
117,250
LBS
STEEL PILING HP 14 X 102
7,060
LF
RIPRAP-LOOSE ROCK
860
CY
BRIDGE BENCH MARKS
1
SET
ELASTOMERIC BEARING PAD
75
SF
4IN EXPANSION STRIP SEAL
75
LF
ABUTMENT UNDERDRAIN SYSTEM
1
L SUM

UNIT
COST
TOTAL COST
$60,000.00
$60,000.00
$60,000.00
$60,000.00
$300.00
$102,000.00
$600.00
$402,000.00
$600.00
$396,000.00
$6.00
$14,400.00
$250.00
$702,500.00
$1.25
$93,875.00
$1.25
$146,562.50
$75.00
$529,500.00
$75.00
$64,500.00
$2,000.00
$2,000.00
$500.00
$37,500.00
$200.00
$15,000.00
$25,000.00
$25,000.00

Estimated Construction Cost =

$2,651,000.00

Bridge Per SF Cost =

$122.00
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COUNTY ROAD 31
DIVERSION STATION 86+86
STRUCTURE #9-141-13.1
45" PRESTRESSED CONCRETE BEAMS
WALL PIERS ON DRIVEN PILES
SPEC
210
210
550
602
602
602
604
612
612
622
708
930
930
930
930

CODE
0101
0201
0215
0130
1130
1250
9910
0115
0116
0070
1020
3000
8600
8666
9536

ITEM

QUANTITY UNIT
CLASS I EXCAVATION
1
L SUM
FOUNDATION PREPARATION (6 Piers)
1
EA
CONCRETE BRIDGE APPROACH SLAB
340
SY
CLASS AAE-3 CONCRETE
670
CY
CLASS AE-3 CONCRETE
1,210
CY
PENTRATING WATER REPELLENT TREATMENT
2,400
SY
PRESTRESSED I-BEAM-45IN
2,800
LF
REINFORCING STEEL - GRADE 60
138,900
LBS
REINFORCING STEEL - GRADE 60 - EPOXY COATED
117,250
LBS
STEEL PILING HP 14 X 102
9,370
LF
RIPRAP-LOOSE ROCK
890
CY
BRIDGE BENCH MARKS
1
SET
ELASTOMERIC BEARING PAD
100
SF
4IN EXPANSION STRIP SEAL
75
LF
ABUTMENT UNDERDRAIN SYSTEM
1
L SUM

UNIT
COST
TOTAL COST
$60,000.00
$60,000.00
$90,000.00
$90,000.00
$300.00
$102,000.00
$600.00
$402,000.00
$600.00
$726,000.00
$6.00
$14,400.00
$225.00
$630,000.00
$1.25
$173,625.00
$1.25
$146,562.50
$75.00
$702,750.00
$75.00
$66,750.00
$2,000.00
$2,000.00
$500.00
$50,000.00
$200.00
$15,000.00
$25,000.00
$25,000.00

Estimated Construction Cost =

$3,207,000.00

Bridge Per SF Cost =

$148.00
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COUNTY ROAD 31
DIVERSION STATION 86+86
STRUCTURE #9-141-13.1
45" PRESTRESSED CONCRETE BEAMS
COLUMN PIERS ON DRILLED SHAFTS
SPEC
210
210
550
602
602
602
604
612
612
622
708
930
930
930
930
930

CODE
0101
0201
0215
0130
1130
1250
9910
0115
0116
0070
1020
3000
8600
8666
9536

ITEM

QUANTITY UNIT
CLASS I EXCAVATION
1
L SUM
FOUNDATION PREPARATION (6 Piers)
1
EA
CONCRETE BRIDGE APPROACH SLAB
340
SY
CLASS AAE-3 CONCRETE
670
CY
CLASS AE-3 CONCRETE
460
CY
PENTRATING WATER REPELLENT TREATMENT
2,400
SY
PRESTRESSED I-BEAM-45IN
2,800
LF
REINFORCING STEEL - GRADE 60
51,800
LBS
REINFORCING STEEL - GRADE 60 - EPOXY COATED
117,250
LBS
STEEL PILING HP 14 X 102
2,320
LF
RIPRAP-LOOSE ROCK
890
CY
5.0FT DIAMETER DRILLED SHAFT
1,010
LF
BRIDGE BENCH MARKS
1
SET
ELASTOMERIC BEARING PAD
100
SF
4IN EXPANSION STRIP SEAL
75
LF
ABUTMENT UNDERDRAIN SYSTEM
1
L SUM

UNIT
COST
TOTAL COST
$60,000.00
$60,000.00
$90,000.00
$90,000.00
$300.00
$102,000.00
$600.00
$402,000.00
$600.00
$276,000.00
$6.00
$14,400.00
$225.00
$630,000.00
$1.25
$64,750.00
$1.25
$146,562.50
$75.00
$174,000.00
$75.00
$66,750.00
$650.00
$656,500.00
$2,000.00
$2,000.00
$500.00
$50,000.00
$200.00
$15,000.00
$25,000.00
$25,000.00

Estimated Construction Cost =

$2,775,000.00

Bridge Per SF Cost =

$128.00
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COUNTY ROAD 31
DIVERSION STATION 86+86
STRUCTURE #9-141-13.1
45" PRESTRESSED CONCRETE BEAMS
COLUMN PIERS ON DRIVEN PILES
SPEC
210
210
550
602
602
602
604
612
612
622
708
930
930
930
930

CODE
0101
0201
0215
0130
1130
1250
9910
0115
0116
0070
1020
3000
8600
8666
9536

ITEM

QUANTITY UNIT
CLASS I EXCAVATION
1
L SUM
FOUNDATION PREPARATION (6 Piers)
1
EA
CONCRETE BRIDGE APPROACH SLAB
340
SY
CLASS AAE-3 CONCRETE
670
CY
CLASS AE-3 CONCRETE
810
CY
PENTRATING WATER REPELLENT TREATMENT
2,400
SY
PRESTRESSED I-BEAM-45IN
2,800
LF
REINFORCING STEEL - GRADE 60
92,700
LBS
REINFORCING STEEL - GRADE 60 - EPOXY COATED
117,250
LBS
STEEL PILING HP 14 X 102
9,370
LF
RIPRAP-LOOSE ROCK
890
CY
BRIDGE BENCH MARKS
1
SET
ELASTOMERIC BEARING PAD
100
SF
4IN EXPANSION STRIP SEAL
75
LF
ABUTMENT UNDERDRAIN SYSTEM
1
L SUM

UNIT
COST
TOTAL COST
$60,000.00
$60,000.00
$90,000.00
$90,000.00
$300.00
$102,000.00
$600.00
$402,000.00
$600.00
$486,000.00
$6.00
$14,400.00
$225.00
$630,000.00
$1.25
$115,875.00
$1.25
$146,562.50
$75.00
$702,750.00
$75.00
$66,750.00
$2,000.00
$2,000.00
$500.00
$50,000.00
$200.00
$15,000.00
$25,000.00
$25,000.00

Estimated Construction Cost =

$2,909,000.00

Bridge Per SF Cost =

$134.00

Page D-26

D.2

Reach 3 Interstate 29 Bridge Type Study

Fargo-Moorhead Area Diversion Project

Page D-27

FARGO‐MOORHEAD AREA DIVERSION PROJECT
INTERSTATE 29 BRIDGE TYPE STUDY
July 2012

Page D-28

TABLE OF CONTENTS
Table of Contents
I. Introduction ............................................................................................................... 1
II. Purpose of Study ....................................................................................................... 2
III. Proposed Geometry and Bridge Types ..................................................................... 2
IV. Alternative Analysis................................................................................................. 4
OPTION #1: 63” PRESTRESSED CONCRETE BEAM BRIDGE
OPTION #2: 54” PRESTRESSED CONCRETE BEAM BRIDGE
OPTION #3: 48” STEEL PLATE GIRDER BRIDGE

V. Bridge Type Recommendation ................................................................................ 14

APPENDIX

Page D-29

I.

INTRODUCTION

The communities of Fargo, North Dakota and Moorhead, Minnesota along with the Counties of Cass,
North Dakota and Clay, Minnesota, and the Cass County Joint Water Resources District and Buffalo‐Red
River Water Resources District have signed a joint powers agreement that forms a Diversion Authority
for the purposes of constructing and operating a flood diversion channel along the Red River of the
North for reducing the flood risk of the stakeholder communities and counties. The Diversion Authority
and its members have been working with the United States Army Corps of Engineers on the Fargo‐
Moorhead Metro Flood Risk Management Feasibility Study to develop the Project.
The Diversion Authority has identified the need to construct new Northbound and Southbound I‐29
bridges over the diversion channel, 10 miles north of Fargo, between the Cities of Harwood and
Argusville. The proposed roadways will provide two 12‐foot travel lanes with a 6‐foot inside shoulder
and a 10‐foot outside shoulder, based on the direction of traffic. The proposed bridges will provide a
clearance of 1 foot above the 500‐year flood water level.
The proposed alignment, profile and bridge geometry provided in this study are a result of the plan
developed by the Diversion Authority and work developed by SRF.

Figure 1: Location of Structures

I‐29 FM Diversion Crossing: Bridge Type Study
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II.

PURPOSE OF STUDY

The purpose of this study is to develop bridge concepts suitable for the designated bridges based on
location, cost, construction feasibility and future maintenance. A recommendation of the preferred
bridge type will then be made based on these criteria. The study includes the following specific items:


Bridge concepts that are technically feasible and suitable for this location



Conceptual Bridge Layouts



Conceptual cost estimates for each of the proposed options

III.

PROPOSED GEOMETRY AND BRIDGE TYPES

The proposed Northbound I‐29 and Southbound I‐29 bridges will be similar in cross section and length.
Therefore, the bridge type study will discuss one bridge, but be applicable to both structures.

A.

Geometry

Concepts were developed based on a bridge section consisting of two 12‐foot lanes, a 6‐foot inside
shoulder, a 10‐foot outside shoulder, and traffic barriers at the edge of each shoulder/bridge. The total
bridge deck width is 42 feet–6 inches with a total overall bridge length of 576 feet–6 inches.
The vertical profile will need to be raised approximately 8.5 feet to 9.5 feet to provide the necessary 1
foot above the 500‐Year Flood Elevation. The rise in elevation will require reconstruction of
approximately 1,200 feet (South) and 1,400 feet (North) for each bridge approach. (Figure 2).

I‐29 FM Diversion Crossing: Bridge Type Study
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PROJECT NO.

STATE

ND

I-29 DIVERSION CROSSING

SECTION
NO.

SHEET
NO.

sec

2

SB I-29

NB I-29

BNSF RR

CR 81

LEGEND
PROPOSED MAINLINE PAVEMENT
PROPOSED MAINLINE SHOULDER
PROPOSED MAINLINE BRIDGE
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DIVERSION CHANNEL

HSD > 75 MPH

VPI 4012+79.73
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+ 0.0000 %

%
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+ 1.

890

- 1.
5000
%
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880
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PROPOSED DIVERSION CHANNEL

Y
R
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NA
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construction
LI
E
R
Pimplementation
is preliminary

860

3996+00
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3997+00

3998+00

3999+00

4000+00

4001+00

4002+00

4003+00

4004+00

4005+00

4006+00

4007+00

4008+00

4009+00

4010+00

4011+00

4012+00

4013+00

4014+00

4015+00

4016+00

4017+00

4018+00
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4020+00

4021+00

4022+00

4023+00

4024+00

4025+00

4026+00

4027+00

4028+00

850
4029+00

purposes.
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FIGURE 2

B.

Soil Stability Analysis

The Corp of Engineers and the Diversion Authority have developed typical channel sections for the
length of the project. The typical sections vary slightly depending on the location.
At each bridge crossing, the Diversion Authority is responsible for a global stability analysis. Barr
Engineering has performed a global stability analysis for the I‐29 crossing. The analysis was based on the
main diversion channel having 7H:1V side slopes for a depth of approximately 17 feet. The bottom of
the channel is 275 feet wide with a 6.5‐foot deep and 52‐foot wide (at bottom) low‐flow channel located
in the middle. The side slopes of the low‐flow channel are 4H:1V, and the bottom of the main channel
sloped at 50H:1V. A 24‐foot bench on the south side of the channel accommodates a trail.

C.

Trail under Bridges

The Diversion Authority has undertaken a “Recreation and Use Master Plan” as part of the Diversion
Project. The draft master plan is proposing separate multi‐use and equestrian trails under the I‐29
bridges on the south side of the Diversion Channel. For this bridge type study, we are working with a
24‐foot width. The bench is not required, for global stability.

D.

Bridge Types

Based on the bridge location and the geometric requirements of I‐29, three (3) bridge types were
chosen for evaluation in the form of a conceptual layout and cost estimate. The bridge types are:

IV.



Option 1: 63” Prestressed Concrete Beam Bridge



Option 2: 54” Prestressed Concrete Beam Bridge



Option 3: 48” Steel Plate Girder Bridge

AESTHETIC CONSIDERATIONS

The visual impacts of the I‐29 bridges will be similar for all options. Aesthetically, straight steel girder
bridges and prestressed beam bridges produce a similar, neat and clean structure for a crossing of this
proportion. A bridge aesthetics study is in progress for the entire Diversion Project corridor and is not
being addressed as part of this study.

I‐29 FM Diversion Crossing: Bridge Type Study
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V.

ALTERNATIVE ANALYSIS

1. Alternative 1: 63” Prestressed Concrete Beam Bridge
This bridge option utilizes a five‐span, 63‐inch concrete precast, prestressed “I‐Beam” superstructure
bridge. There are five equal, 114‐foot spans, which are within the 130‐foot maximum range for a
63‐inch beam at 9‐foot spacing.
The abutments are of minimal stature, and the abutment size/location are typical for all three options
except for minor adjustments due to beam size.
This bridge alternate provides a structure that exhibits good proportions in size and shape between
superstructure and substructure components. Continuity of materials with proper colors and textures
will blend well into the surrounding area. This type of structure is efficient and consistent with the low‐
cost bridge type, typically used in North Dakota and has lower future maintenance costs than a steel
bridge. The conceptual cost estimate for Alternative 1 indicates a total bridge construction cost of
$3,210,000. (Cost is for only one bridge.)
The 63” tall beam has the highest structure depth of the three options. To meet the
1‐foot vertical clearance above the 500‐year flood, the approach embankment fill will need to be raised
approximately 9 feet above the existing I‐29 grade. The soils in the area are known to have global
stability challenges. Therefore, sideslopes to the roadway approaches will be at a 1:6 slope, or flatter,
increasing the volume of embankment required. The conceptual cost premium for an increase in
roadway approach volume is $155,000, assuming Alternative 3 is the baseline ($0) for approach costs.
A bridge conceptual layout and detailed cost breakdown are including in the following pages. The
estimate reflects expected costs in 2012 dollars.

I‐29 FM Diversion Crossing: Bridge Type Study
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BRIDGE ENGINEER

29-075.999-xx

ENGINEERS COST ESTIMATE
FOR

I-29 FARGO DIVERSION
I-29 NB
ONE BRIDGE ONLY
63" BEAM ALTERNATIVE
ITEM
NUMBER

210
210
602
602
602
602
604
612
612
622
622
708
930
930
930
930

0101
0201
0130
1130
1133
1250
9920
0115
0116
0060
0070
1020
3000
8600
8666
9536

ITEM DESCRIPTION

CLASS 1 EXCAVATION
FOUNDATION PREPARATION
CLASS AAE-3 CONCRETE
CLASS AE-3 CONCRETE
CONCRETE BRIDGE APPROACH SLAB
PENETRATING WATER REPELLENT TREATMENT
PRESTRESSED I-BEAM-63IN
REINFORCING STEEL GRADE 60
REINFORCING STEEL GRADE 60 EPOXY COATED
STEEL PILING HP14 x 73
STEEL PILING HP14 x 102
RIPRAP-LOOSE ROCK
BRIDGE BENCH MARKS
ELASTOMERIC BEARING PAD
4IN EXPANSION STRIP SEAL
ABUTMENT UNDERDRAIN SYSTEM

UNIT

L SUM
EA
CY
CY
SY
SY
LF
LBS
LBS
LF
LF
CY
SET
SF
LF
L SUM

UNIT
COST

$60,000.00
$50,000.00
$550.00
$600.00
$300.00
$6.00
$245.00
$1.10
$1.15
$60.00
$80.00
$75.00
$2,000.00
$500.00
$200.00
$25,000.00

TOTAL ESTIMATED BRIDGE COST (YEAR 2012 DOLLARS)
COST PER SQUARE FOOT (YEAR 2012 DOLLARS)
BR SQ FT = 24483

CONTRACT
QUANTITY

TOTAL
PRICE

1
1
1080
960
185
2800
2850
134000
213000
4600
3800
1170
1
100
128
1

$60,000
$50,000
$594,000
$576,000
$55,500
$16,800
$698,250
$147,400
$244,950
$276,000
$304,000
$87,750
$2,000
$50,000
$25,500
$25,000

(ROUNDED)

$3,210,000
$131

(ROUNDED)
(ROUNDED)

$3,370,000
$3,530,000

10320

$155,000

BRIDGE ESCALATION COSTS

2013 escalation costs – 5% each year (Bridge only)
2014 escalation costs – 5% each year (Bridge only)

COST OF ADDITIONAL EMBANKMENT
Difference of Volume of Embankment per Structure Depth
(assume 48" beam baseline cost is $0.00)

I‐29 FM Diversion Crossing: Bridge Type Study
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2. Alternative 2 – 54” Prestressed Concrete Beam Bridge
This bridge option utilizes a five‐span, 54‐inch concrete precast, prestressed “I‐Beam” superstructure
bridge. There are five, equal 114‐foot spans, which are within the 133‐foot maximum range for a
54‐inch beam at 7‐foot−4‐inch spacing. The overall bridge geometry width and length are the same as
Alternative 1. The benefit of this option is the lower structure depth, reducing the profile and the height
of the approach fill. This reduces material costs for the substructures and deck, but one additional beam
will be needed in each span. For five spans, and two bridges, the total number of beams is increased
by 10.
This bridge alternate provides a structure that exhibits good proportions in size and shape between
superstructure and substructure components. Fifty four inch (54”) beams provide a system that is only
slightly less efficient than the 63” beams. Additional pier, end and intermediate diaphragms will take
additional time to form and construct. Additional construction time will be needed for placing more
beams and bearings. The use of 54” beams on this structure is still efficient and consistent with the low‐
cost bridge type, typically used in North Dakota, and has lower future maintenance costs than a steel
bridge. The conceptual cost estimate for Alternative 2 indicates a total bridge construction cost of
$3,260,000.
The 54” tall beam has less structure depth than Alternative 1. To meet the 1‐foot vertical clearance
above the 500‐year flood, the approach embankment fill will need to be raised approximately 8.2 feet
above the existing I‐29 grade. The reduced structure depth can reduce costs for the construction of the
approach roadway. The conceptual cost premium for an increase in roadway approach volume is
$67,000, assuming Alternative 3 is the baseline ($0) for approach costs.
A bridge conceptual layout and detailed cost breakdown are including in the following pages. The
estimate reflects expected costs in 2012 dollars.

I‐29 FM Diversion Crossing: Bridge Type Study
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BRIDGE ENGINEER

29-075.999-xx

ENGINEERS COST ESTIMATE
FOR

I-29 FARGO DIVERSION
I-29 NB
ONE BRIDGE ONLY
54" BEAM ALTERNATIVE
ITEM
NUMBER

210
210
602
602
602
602
604
612
612
622
622
708
930
930
930
930

0101
0201
0130
1130
1133
1250
9915
0115
0116
0060
0070
1020
3000
8600
8666
9536

ITEM DESCRIPTION

CLASS 1 EXCAVATION
FOUNDATION PREPARATION
CLASS AAE-3 CONCRETE
CLASS AE-3 CONCRETE
CONCRETE BRIDGE APPROACH SLAB
PENETRATING WATER REPELLENT TREATMENT
PRESTRESSED I-BEAM-54IN
REINFORCING STEEL GRADE 60
REINFORCING STEEL GRADE 60 EPOXY COATED
STEEL PILING HP14 x 73
STEEL PILING HP14 x 102
RIPRAP-LOOSE ROCK
BRIDGE BENCH MARKS
ELASTOMERIC BEARING PAD
4IN EXPANSION STRIP SEAL
ABUTMENT UNDERDRAIN SYSTEM

UNIT

L SUM
EA
CY
CY
SY
SY
LF
LBS
LBS
LF
LF
CY
SET
SF
LF
L SUM

UNIT
COST

$60,000.00
$50,000.00
$550.00
$600.00
$300.00
$6.00
$220.00
$1.10
$1.15
$60.00
$80.00
$75.00
$2,000.00
$500.00
$200.00
$25,000.00

TOTAL ESTIMATED BRIDGE COST (YEAR 2012 DOLLARS)
COST PER SQUARE FOOT (YEAR 2012 DOLLARS)
BR SQ FT = 24483

CONTRACT
QUANTITY

TOTAL
PRICE

1
1
1060
940
185
2800
3420
132000
194000
4800
4000
1170
1
120
127.5
1

$60,000
$50,000
$583,000
$564,000
$55,500
$16,800
$752,400
$145,200
$223,100
$288,000
$320,000
$87,750
$2,000
$60,000
$25,500
$25,000

(ROUNDED)

$3,260,000
$133

(ROUNDED)
(ROUNDED)

$3,420,000
$3,590,000

4470

$67,000

BRIDGE ESCALATION COSTS

2013 escalation costs – 5% each year (Bridge only)
2014 escalation costs – 5% each year (Bridge only)

COST OF ADDITIONAL EMBANKMENT
Difference of Volume of Embankment per Structure Depth
(assume 48" beam baseline cost is $0.00)

I‐29 FM Diversion Crossing: Bridge Type Study
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3. Alternative 3 – 48” Steel Plate Girder Bridge
The overall bridge geometry width and length are the same as Alternatives 1 and 2. The spans,
however, are slightly different. The proposed span layout is five spans at 101‐123‐123‐123‐101 feet.
The steel‐plate girders will be of a constant depth of 48‐inches. The benefit of this option is the least
structure depth, reducing the profile of the road, reducing embankment costs, but is offset by the higher
superstructure cost of steel.
Aesthetically, steel girder bridges produce a neat and clean structure with the design continuity
necessary for a crossing of this proportion. However, periodic painting of the steel is usually performed
at 25‐year intervals and will impact future maintenance costs. Utilizing steel girders offers several color
options for the superstructure that typically do not work well with concrete‐beam bridges.
Although steel is usually painted, it is not required for construction. Weathering steel can be used,
which does not require painting and turns to a rust‐brown color. Although unpainted bridges are
typically not used in urban settings, they are an acceptable option in rural settings.
The conceptual cost estimate for Alternative 3 indicates a total construction cost of $3,840,000.
A bridge conceptual layout and detailed cost breakdown are included on the following pages. The
estimate reflects expected costs in 2012 dollars.
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BRIDGE ENGINEER

29-075.999-xx

ENGINEERS COST ESTIMATE
FOR

I-29 FARGO DIVERSION
I-29 NB
ONE BRIDGE ONLY
STEEL BEAM ALTERNATIVE
ITEM
NUMBER

210
210
602
602
602
602
612
612
616
622
622
708
930
930
930
930

0101
0201
0130
1130
1133
1250
0115
0116
0360
0060
0070
1020
3000
8600
8666
9536

ITEM DESCRIPTION

CLASS 1 EXCAVATION
FOUNDATION PREPARATION
CLASS AAE-3 CONCRETE
CLASS AE-3 CONCRETE
CONCRETE BRIDGE APPROACH SLAB
PENETRATING WATER REPELLENT TREATMENT
REINFORCING STEEL GRADE 60
REINFORCING STEEL GRADE 60 EPOXY COATED
STRUCTURAL STEEL
STEEL PILING HP14 x 73
STEEL PILING HP14 x 102
RIPRAP-LOOSE ROCK
BRIDGE BENCH MARKS
ELASTOMERIC BEARING PAD
4IN EXPANSION STRIP SEAL
ABUTMENT UNDERDRAIN SYSTEM

UNIT

L SUM
EA
CY
CY
SY
SY
LBS
LBS
LBS
LF
LF
CY
SET
SF
LF
L SUM

UNIT
COST

$60,000.00
$50,000.00
$550.00
$600.00
$300.00
$6.00
$1.10
$1.15
$1.50
$60.00
$80.00
$75.00
$2,000.00
$500.00
$200.00
$25,000.00

TOTAL ESTIMATED BRIDGE COST (YEAR 2012 DOLLARS)
COST PER SQUARE FOOT (YEAR 2012 DOLLARS)
BR SQ FT = 24483

CONTRACT
QUANTITY

TOTAL
PRICE

1
1
920
930
185
2800
124000
213000
980000
4400
3600
1170
1
100
127.5
1

$60,000
$50,000
$506,000
$558,000
$55,500
$16,800
$136,400
$244,950
$1,470,000
$264,000
$288,000
$87,750
$2,000
$50,000
$25,500
$25,000

(ROUNDED)

$3,840,000
$157

(ROUNDED)
(ROUNDED)

$4,030,000
$4,220,000

0

$0

BRIDGE ESCALATION COSTS

2013 escalation costs – 5% each year (Bridge only)
2014 escalation costs – 5% each year (Bridge only)

COST OF ADDITIONAL EMBANKMENT
Difference of Volume of Embankment per Structure Depth
(assume 48" beam baseline cost is $0.00)

I‐29 FM Diversion Crossing: Bridge Type Study
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VI.

BRIDGE TYPE RECOMMENDATION

The previously presented bridge types have been determined to be the most suitable for this
site. The following factors were considered in the process of selecting a recommended design
alternative:
1.

Do the size and dimensions of the proposed structure appear proportional with the site?

2.

How does the structure depth affect the cost of the roadway embankment?

3.

Is the design option cost effective for the size of the project?

4.

Does the proposed structure emphasize low‐cost future maintenance?

All the bridges satisfy the objective of item #1. All the bridges will have similar aesthetics and
achieve a neat and clean structure for the crossing. Therefore, costs associated with items #2
through #4 control the recommendation.
We recommend Alternative 1: 63” Prestressed Concrete Beam Bridge, as it appears to be the
most efficient type of structure for this location with the lowest cost. Compared to the 54”
Prestressed Concrete Beam Bridge, the extra costs of providing one more 54” beam lines is
almost the same as the 63” alternative. Using six beams reduces the efficiency of construction
due to the addition of diaphragms, bearings and beams. The reduced cost of the roadway
embankment, due to the lower profile with 54” beams, does not significantly offset the
additional costs of the structure.
The economic advantages of building a prestressed concrete beam bridge result in construction
cost savings of approximately 30 percent when compared to Alternative 3, the steel bridge.
Maintenance for Alternative 3 would be more expensive in the long run due to repainting of the
beams. The savings gained in the roadway embankment construction, due to a lower profile,
are not enough to offset the additional costs of the steel and future maintenance.

I‐29 FM Diversion Crossing: Bridge Type Study
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APPENDIX

Page D-44

FM Metro Diversion
Bridge Design Criteria
Reach 3: I-29 Bridges

Location: Diversion Station 314+89 (SB) & 313+78 (NB)
I.

DESIGN SPECIFICATIONS
A. GOVERNING CRITERIA
1. American Association of State Highway and Transportation Officials (AASHTO) "LRFD
Bridge Design Specifications”, 6th Edition.
2. North Dakota Department of Transportation Design Manual Chapter IV.
3. North Dakota Department of Transportation “Standard Specifications for Road and Bridge
Construction, Vol. 1" (2008).
B. LAYOUT
1. Hydraulic Design Criteria
a. Flow data
Flow
Stage SB/NB(ft)
Velocity (fps)
i. 100-yr
887.78/887.72
4.1
ii. 500-yr
889.18/889.12
4.5
iii. SPF
890.54/890.48
4.9
(SPF = Standard Project Flood, which is modeled as Extreme Event)
b. Channel bottom elevations: 861.23 at SB Bridge, 861.21 at NB Bridge
c. Freeboard: 1’-0” above 500-yr stage elevation.
d. Minimum Low member elevation 1’-0” above 500-yr stage elevation.
i. SB Bridge: 889.18 + 1.00 = 890.18
ii. NB Bridge: 889.12 + 1.00 = 890.12
e. Minimum Low deck elevation 1’-0” above SPF (does not control at this location)
i. SB Bridge: 890.54 + 1’-0” = 891.54
ii. NB Bridge: 890.48 + 1’-0” = 891.48
2. Geotechnical:
a. Settlement Analysis is being performed by Braun Intertec and Global Stability
Analysis is being performed by Barr Engineering. The results will be presented in
separate reports.
b. Foundation Recommendations are being performed by Braun Intertec and will be
provided as a separate report.
3. Skew: Piers and abutments skewed to match channel alignment (86°26’-27.7”).

7/17/12 Final
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4. Deck width:

Traffic Lanes:
Right Shoulder:
Left Shoulder:
Traffic barriers:
Total:

2 @ 12’-0” =
1 @ 10’-0” =
1 @ 6’-0” =
2 @ 1’-3” =

24’-0”
10’-0”
6’-0”
2’-6”
42’-6”

5. The roadway cross-slope shall be ¼” per foot.
C. DESIGN LOADINGS
1. Load Modifiers
a. Ductility: 1.00 – Ductile Concrete Structure
b. Redundancy: 1.00 – Redundant
c. Importance: 1.05 for Interstate Bridges
2. Components and Dead Loads (DC)
a. Unit weight of reinforced concrete:
b. Unit weight of prestressed concrete:
c. Unit weight of structural steel:
d. Traffic Barriers:

0.150 kcf
0.155 kcf
0.490 kcf
0.308 klf each

3. Wearing Surface and Utilities (DW)
a. Future Wearing Surface:

0.015 ksf

4. Live Loads and Impact (LL + IM)
a. 3 Design Lanes on bridge
b. HL-93 with impact
c. Live Load Deflection < L/800
5. Earthquake Effects (EQ)
a. In accordance with AASHTO LRFD Article 3.10.9.2
6. Braking Force (BR)
Two design lanes in one direction
7. Wind Loads (WL & WS)
As per AASHTO, IV-04.03.04, and IV-04.03.05.
8. Ice Forces
Design Pressure:
Ice Thickness:
Elevation:

16ksf
3’-0”
Evaluate at
• Elev. 878.93 SB / 878.92 NB (2/3 the distance from
the flowline elevation to the 100-year water surface
elevation
• Elev. 887.78 SB / 887.72 NB (100-year water surface
elevation)
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9. Thermal Forces (TU)
a. Mean temperature of 40° F
b. Thermal coefficient:
i.
Concrete:
0.0000060/° F
ii.
Steel:
0.0000065/° F
c. Seasonal variation:
i.
Concrete
- Temperature Rise:
40° F
- Temperature Fall:
40° F
ii.
Steel
- Temperature Rise:
80° F
- Temperature Fall:
70° F
(Per IV-04.14.02, use 1.0 load factor to calculate movements instead of 1.2 from
AASHTO.)
10. Pressure (EH & EV)
a. Unit weight of structural backfill:
b. Friction angle:
c. Coefficients
i.
K a = 0.28
ii.
K o = 0.44
iii.
K p = 3.53
d. Lateral equivalent fluid pressure:
- Active:
- At-rest:

0.135 kcf
34 degrees

0.040 kcf
0.060 kcf

D. LOADING COMBINATIONS
1. Load combinations shall be in accordance with AASHTO Table 3.4.1-1 and 3.4.1-2
E. MATERIALS
1. Concrete: (28 day cylinder strength as noted)
a. Cast-in-Place superstructure:
4.0 ksi (AAE-3)
b. Cast-in-place substructure:
3.0 ksi (AE-3)
c. Precast beam:
- F’ci:
4.0 ksi (min)
- F’c:
5.0 ksi (min)
7.0 ksi (max)
2. Reinforcing Steel
a. All reinforcing steel shall be AASHTO M31, Grade 60.
-Superstructure:
Epoxy coated
-Substructure:
Plain
Concrete cover
Superstructure
-Top of Deck:
2 ½ inches
-Bottom of Deck:
1 inch
Substructure
-Concrete Cast Against Forms
2 inches
-Concrete Cast Against Earth
4 inches
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-At formlined surfaces

4 inches

3. Pre-tensioning Steel
Strand
AASHTO M203, Grade 270, Low Relaxation
- Strand size:
0.6” diameter
- Apparent modulus:
29,000 ksi
II. SUPERSTRUCTURE DESIGN
A. CONCRETE SLAB
1. Design shall be by the AASHTO approximate strip method. Minimum deck thickness shall
be 8”. Top ½” of deck to be neglected in structural calculations.
2. Deck concrete shall be placed in one continuous operation.
B. PRE-TENSIONED CONCRETE
1. Prestress losses shall be by the refined method in AASHTO LRFD specifications published
prior to the 2005 Interim. Design shall follow the requirements of IV-02.08.
III. SUBSTRUCTURE DESIGN
A. Pier fixity: One pier shall be fixed.
B. Structural Design: Substructure elements to be designed in accordance with AASHTO LRFD.
C. Geotechnical Design: In accordance with Final Geotechnical report and AASHTO LRFD.
IV. MISCELLANEOUS
A. Two approach slabs at each bridge end: 20’ pile supported approach slab with a 20’ soil
supported approach slab.
B. Traffic barriers will be 2’-8” tall reinforced concrete Jersey barrier.
C. Deck drainage system to be designed in accordance with NDDOT Design Manual Section IV02.06.26. Drains shall be 6” diameter structural tubing through the deck.
D. Expansion joints: strip seal
E. Bearings: elastomeric
F. Diaphragms: concrete
G. Aesthetic treatments (form liners, colors, etc.) to be determined.
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Introduction

1
1.1

INTRODUCTION
PURPOSE OF STUDY

The purpose of the study is to develop feasible bridge concepts and determine the preferred structure
type and configuration based on cost, feasibility of construction, and maintenance. The report includes a
summary of the hydraulic, geotechnical and other
design criteria used to analyze the various
structure types.

1.2

PROJECT LOCATION

The bridge is located on Cass County Highway
81 (CR 81), two miles north and one mile west
of the city of Harwood. The diversion crosses CR
81 at the section line between Sections 17 & 20
of Harwood Township.

Cass County Highway 81
Structure Location

County Road 81 Bridge Type Study
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Existing Conditions

2
2.1

EXISTING CONDITIONS
ROADWAY ALIGNMENT

CR 81, at the proposed bridge location is on an existing straight alignment with a flat grade. The existing
speed limit is 55 mph.

2.2

PROXIMITY TO OTHER ROADWAYS/FUTURE BRIDGES

The proposed bridge location is within close proximity of three other proposed bridges to span the
diversion. The Burlington Northern Sante Fe rail line is 135 feet upstream (southwest) of CR 81. The
northbound roadway for Interstate 29 is 255 feet upstream of CR 81. The southbound roadway for
Interstate 29 is 465 feet upstream of CR 81.

3
3.1

DESIGN CRITERIA
ROADWAY CRITERIA

CR 81 is a two‐lane, asphalt paved highway and will remain so after completion of the proposed bridge. In
order to achieve the required clearances for the bridge above the diversion water surface elevations,
approximately 8 feet of embankment above the existing roadway will be required. In order to minimize
future maintenance of the roadway at the bridge ends, a 20‐foot pile supported approach slab and a
floating approach slab is anticipated at each end of the bridge.

3.2

BRIDGE CRITERIA

Prior to beginning the bridge type study, a design criteria document for the proposed bridges was
established by the Design Team and reviewed by Cass County. The design criteria provide assurances each
bridge will be designed to consistent standards. The majority of the criteria relate to the technical aspects
of the design, i.e. design loadings, governing codes, material properties, etc. The full design criteria
document is included in this report in Appendix A.
Geometric parameters were also included in the design criteria. Following is a summary of the bridge
geometry used for the bridge type study:
-

Structure Length
Roadway Width
Bridge Railing
Total Bridge Width

County Road 81 Bridge Type Study

570 feet
40 feet (2‐12 ft. lanes,2‐ 8 ft. shoulders)
Kansas Corral Rail
42 feet
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Design Criteria

3.3

HYDRAULIC CRITERIA

Criteria for the diversion as established by the United States Army Corps of Engineers (USACE) consists of
a 300‐foot wide main channel and a 100‐foot wide low flow channel approximately 6.5 feet deep. The
configuration of the channel can be seen on the Bridge Layout sheets in Appendix B. The channel bottom
elevation at the Cass County Highway 81 crossing of the diversion is 861.15.
A “Recreation and Use Master Plan” is being developed as part of the overall diversion project. The draft
plan includes recreational and multi‐use trails along the diversion channel. To accommodate the passage
of these trails under the bridges, each bridge will provide a 24‐foot wide bench under the bridge.
Hydraulic analysis by Houston‐Moore Group revealed that the main channel width at the bridges could be
reduced to 275 feet as a result of the additional hydraulic capacity provided by the 24‐foot wide bench.
A Memorandum for Record (MFR‐005) by the USACE established freeboard criteria for the low beam
elevation of 1’‐0” above the 500‐yr water surface elevation of 888.94 at this site. The MFR also requires a
1’‐0” of freeboard for the centerline of the roadway above the SPF (Standard Project Flood) elevation of
890.26. The table on the Bridge Layout sheets in Appendix B shows the one foot of freeboard for the
beam clearance above the 500‐year flood elevation controls the bridge elevation at this site.

3.4

GEOTECHNICAL CRITERIA

The channel typical section throughout the project includes a 7:1 slope going up from the main channel to
the top of the embankment. Barr Engineering performed stability analysis calculations incorporating site
specific soil parameters based on soil borings and lab testing conducted by Braun Intertec. The analysis
was based on the channel section shown on the bridge layout sheets in the appendices and the
anticipated grade raise at the bridge. The results of the analysis showed that the achieved factor of safety
for the 7:1 slope exceeds the 1.4 minimum required factor of safety.

County Road 81 Bridge Type Study
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4

CONCEPTUAL BRIDGE ENGINEERING

To begin conceptual bridge engineering, the Design Team formulated numerous structural options for the
Cass County Highway 81 structure. The team then narrowed them to the following list for further study:
Superstructure
-

63” Deep Prestressed Concrete I‐Girders
45” Deep Prestressed Concrete I‐Girders
Steel Plate Girders

Substructure
-

Driven Piles with Wall Pier
Drilled Shafts with Columns
Driven Piles with Columns

Each of these alternates is discussed in further detail in the following sections.

4.1

SUPERSTRUCTURE

Three separate types of superstructures were analyzed for this study, two prestressed concrete I‐girder
options and a steel plate girder option. Due to the fact that the bridge length is based on the 1’ freeboard
for the beam clearance, depth of the superstructure does not affect the length of the bridge. All three
bridge superstructure options have a bridge length of 570 feet.
To minimize the potential for ice and debris to obstruct the low flow channel, the bridge concepts
developed contain an odd number of spans, resulting in a middle span centered over the low flow
channel.
Bridge layouts with 3, 5, 7 & 9 spans were analyzed. The 3‐span option was removed from consideration
due to the deep superstructure required and the limited superstructure types available for spans of that
length. The 9‐span option was removed due to the cost of the substructures. The superstructure cost
difference between the 7‐span and the 9‐span options is minimal, but the additional cost of two piers
does not make this option viable. The 5‐span and 7‐span options were carried on in the analysis.
The cost estimates for all three superstructure options are in Appendix C.

County Road 81 Bridge Type Study
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Conceptual Bridge Engineering

4.1.1 63” PRESTRESSED CONCRETE I‐GIRDERS
In order to span the approximately 113 feet for the 5‐span option, 5 girder lines of 63” deep prestressed
concrete I‐girders are required. An 8” thick cast‐in‐place concrete deck would be placed on the girders.
See Appendix B for the bridge layout and typical deck section.
Embankment fill above the existing roadway for this alternate would be approximately 7.5 feet.

4.1.2 45” PRESTRESSED CONCRETE I‐GIRDERS
In order to span the approximately 81 feet for the 7‐span option, 5 girder lines of 45” deep prestressed
concrete I‐girders are required. An 8” thick cast‐in‐place concrete deck would be placed on the girders.
See Appendix B for the bridge layout and typical deck section.
Embankment fill above the existing roadway for this alternate would be approximately 6 feet.

4.1.3 STEEL PLATE GIRDERS
In order to span the approximately 113 feet for the 5‐span option, 4 girder lines of 51” deep structural
steel plate girders are required. A 9” thick cast‐in‐place concrete deck would be placed on the girders. See
Appendix B for the bridge layout and typical deck section.
Embankment fill above the existing roadway for this alternate would be 6.5 feet.

4.2

SUBSTRUCTURE

All three of the superstructure options were analyzed with three different substructure options. The
abutment foundation will be driven piles for all three substructure options.
Due to the length of the bridge, an integral type bridge is not an option. Expansion joints will be provided
at both abutments.
The following three substructure options are shown in their basic versions. Aesthetics for the chosen
option will be decided at a later date.
The cost estimates for all three substructure options are in Appendix C.

County Road 81 Bridge Type Study
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Conceptual Bridge Engineering

4.2.1 DRIVEN PILES WITH WALL PIER OPTION
This option would require a large excavation in order for the concrete footing to be cast. HP14x102 or
similar piles would be driven to refusal at an approximate pile length of 110 feet. Two rows of piling
would be driven with an approximately 12‐foot wide footing. A 3‐foot wide concrete wall pier would be
constructed on top of the footing.

A concrete wall pier allows for additional widening of the bridge in the future if traffic growth warrants it.
A wall pier also allows for minimal debris catch points.

County Road 81 Bridge Type Study
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Conceptual Bridge Engineering

4.2.2 DRILLED SHAFTS WITH COLUMNS OPTION
This option requires two or three drilled shafts per pier. The shafts continue as columns above grade with
a hammer head type concrete cap. For the 5 span configuration, three 5‐foot diameter drilled shafts
would be constructed. For the 7 span configuration, two 5‐foot diameter drilled shafts would be
constructed.

A column pier is more susceptible to catching ice and debris and can be more difficult to widen than a wall
pier depending upon the configuration of the pile cap.

County Road 81 Bridge Type Study
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Conceptual Bridge Engineering

4.2.3 DRIVEN PILES WITH COLUMNS OPTION
This option is similar to the driven piles with wall pier option, but instead of having a wall pier above
grade, columns would be constructed.

County Road 81 Bridge Type Study
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Summary

5

SUMMARY

Each of the three superstructure options was combined with the three substructure options in order to
calculate the most cost effective bridge type. The cost matrix can be found in Figure 5.1.
63” Prestressed
Concrete I‐Girders

45” Prestressed
Concrete I‐Girders

Steel Plate Girders

Driven Piles with
Wall Pier Option

$2,878,000

$3,281,000

$3,194,000

Drilled Shafts with
Columns Option

$2,730,000

$2,693,000

$3,050,000

Driven Piles with
Columns Option

$2,570,000

$2,866,000

$2,905,000

Figure 5.1 Cost Matrix
After completing the estimates, the most economical superstructure and substructure combination is the
63” Prestressed Concrete I‐Girders supported by driven piles with columns. However, due to concern for
the potential for ice and debris problems with a column style pier and concern for the feasibility of
widening in the future, the Diversion Authority indicated a preference for a wall type pier over a column
style pier.
Removing the open style substructures from consideration, the most economical superstructure and
substructure combination is the 63” Prestressed Concrete I‐Girders supported by the driven piles with
wall pier option. We recommend that this option be carried forward for design.
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FM Metro Diversion
Bridge Design Criteria
Reach 3: County Road 81
Bridge No. 09-138-16.0

Location: Diversion Station 310+03
I.

DESIGN SPECIFICATIONS
A. GOVERNING CRITERIA
1. American Association of State Highway and Transportation Officials (AASHTO) "LRFD
Bridge Design Specifications”, 6th Edition.
2. North Dakota Department of Transportation Design Manual Chapter IV.
3. North Dakota Department of Transportation “Standard Specifications for Road and Bridge
Construction, Vol. 1" (2008).
B. LAYOUT
1. Hydraulic Design Criteria
a. Flow data
Flow
Stage (ft)
Velocity (fps)
i. 100-yr
887.57
4.1
ii. 500-yr
888.94
4.5
iii. SPF
890.26
4.9
(SPF = Standard Project Flood, which is modeled as Extreme Event)
b. Channel bottom elevations: 861.15
c. Freeboard: 1’-0” above 500-yr stage elevation.
d. Minimum Low member elevation 1’-0” above 500-yr stage elevation.
i. Elevation: 888.94 + 1.00 = 889.94
e. Minimum Low deck elevation 1’-0” above SPF (does not control at this location)
i. Elevation: 890.26 + 1.00 = 891.26
2. Geotechnical:
a. Settlement Analysis is being performed by Braun Intertec and Global Stability
Analysis is being performed by Barr Engineering. The results will be presented in
separate reports.
b. Foundation Recommendations are being performed by Braun Intertec and will be
provided as a separate report.
3. Skew: Piers and abutments skewed to match channel alignment (86°26’-27.7”).
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4. Deck width:

Traffic Lanes:
Shoulders:
Traffic barriers:
Total:

2 @ 12’-0” =
2 @ 8’-0” =
2 @ 1’-0” =

24’-0”
16’-0”
2’-0”
42’-0”

5. The roadway cross-slope shall be ¼” per foot.
C. DESIGN LOADINGS
1. Load Modifiers
a. Ductility: 1.00 – Ductile Concrete Structure
b. Redundancy: 1.00 – Redundant
c. Importance: 1.00 for County Bridges
2. Components and Dead Loads (DC)
a. Unit weight of reinforced concrete:
b. Unit weight of prestressed concrete:
c. Unit weight of structural steel:
d. Traffic Barriers:

0.150 kcf
0.155 kcf
0.490 kcf
0.285 klf each

3. Wearing Surface and Utilities (DW)
a. Future Wearing Surface:

0.015 ksf

4. Live Loads and Impact (LL + IM)
a. 3 Design Lanes on bridge
b. HL-93 with impact
c. Live Load Deflection < L/800
5. Earthquake Effects (EQ)
a. In accordance with AASHTO LRFD Article 3.10.9.2
6. Braking Force (BR)
Two design lanes in one direction
7. Wind Loads (WL & WS)
As per AASHTO, IV-04.03.04, and IV-04.03.05.
8. Ice Forces
Design Pressure:
Ice Thickness:
Elevation:

16 ksf
3’-0”
Evaluate at
• Elev. 878.76 (2/3 the distance from flowline elevation
to the 100-year water surface elevation)
• Elev. 887.57 (100-year water surface elevation)

9. Thermal Forces (TU)
a. Mean temperature of 40° F
b. Thermal coefficient:
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i.
Concrete:
0.0000060/° F
ii.
Steel:
0.0000065/° F
c. Seasonal variation:
i.
Concrete
- Temperature Rise:
40° F
- Temperature Fall:
40° F
ii.
Steel
- Temperature Rise:
80° F
- Temperature Fall:
70° F
(Per IV-04.14.02, use 1.0 load factor to calculate movements instead of 1.2 from
AASHTO.)
10. Pressure (EH & EV)
a. Unit weight of structural backfill:
b. Friction angle:
c. Coefficients
i.
K a = 0.28
ii.
K o = 0.44
iii.
K p = 3.53
d. Lateral equivalent fluid pressure:
- Active:
- At-rest:

0.135 kcf
34 degrees

0.040 kcf
0.060 kcf

D. LOADING COMBINATIONS
1. Load combinations shall be in accordance with AASHTO Table 3.4.1-1 and 3.4.1-2
E. MATERIALS
1. Concrete: (28 day cylinder strength as noted)
a. Cast-in-Place superstructure:
4.0 ksi (AAE-3)
b. Cast-in-place substructure:
3.0 ksi (AE-3)
c. Precast beam:
- F’ci:
4.0 ksi (min)
- F’c:
5.0 ksi (min)
7.0 ksi (max)
2. Reinforcing Steel
a. All reinforcing steel shall be AASHTO M31, Grade 60.
-Superstructure:
Epoxy coated
-Substructure:
Plain
Concrete cover
Superstructure
-Top of Deck:
2 ½ inches
-Bottom of Deck:
1 inch
Substructure
-Concrete Cast Against Forms
2 inches
-Concrete Cast Against Earth
4 inches
-At formlined surfaces
4 inches
3. Pre-tensioning Steel
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Strand
AASHTO M203, Grade 270, Low Relaxation
- Strand size:
0.6” diameter
- Apparent modulus:
29,000 ksi
II. SUPERSTRUCTURE DESIGN
A. CONCRETE SLAB
1. Design shall be by the AASHTO approximate strip method. Minimum deck thickness shall
be 8”. Top ½” of deck to be neglected in structural calculations.
2. Deck concrete shall be placed in one continuous operation.
B. PRE-TENSIONED CONCRETE
1. Prestress losses shall be by the refined method in AASHTO LRFD specifications published
prior to the 2005 Interim. Design shall follow the requirements of IV-02.08.
III. SUBSTRUCTURE DESIGN
A. Pier fixity: One pier shall be fixed.
B. Structural Design: Substructure elements to be designed in accordance with AASHTO LRFD.
C. Geotechnical Design: In accordance with Final Geotechnical report and AASHTO LRFD.
IV. ROADWAY
A. Design Speed: 55 mph
B. Profile: Maximum grade of 1%. Vertical curves based on stopping site distance.
C. Typical Section
i. 32-foot paved top (12-foot lanes, 4-foot shoulders)
ii. 12” minimum base plus HBP
D. Ditch Section
i. 4:1 minimum inslope
ii. 8-foot minimum ditch bottom width
iii. 3:1 minimum backslope
iv. 0.05% ditch grade
v. 24” minimum culvert size
E. Right of Way: 200-foot minimum
V. MISCELLANEOUS
A. Two approach slabs at each bridge end: 20’ pile supported approach slab with a 20’ soil
supported approach slab.
B. Traffic barriers will be 2’-8” tall reinforced concrete Kansas Corral Rail without curb.
C. Deck drainage system not required.
D. Expansion joints: strip seal
E. Bearings: elastomeric
F. Diaphragms: concrete
G. Aesthetic treatments (form liners, colors, etc.) to be determined.
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APPENDIX C – COST ESTIMATES

County Road 81 Bridge Type Study
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COUNTY ROAD 81
DIVERSION STATION 310+29
STRUCTURE #9-138-16.0
63" PRESTRESSED CONCRETE BEAMS
SPEC CODE
210
602
602
602
604
612
708
930
930

0101
0130
1133
1250
9920
0116
1020
8600
8666

UNIT
ITEM
QUANTITY UNIT
COST
Costs Associated With All Substructure Options
CLASS 1 EXCAVATION
1
L SUM
$60,000.00
$600.00
775
CY
CLASS AAE-3 CONCRETE
CONCRETE BRIDGE APPROACH SLAB
375
SY
$
300.00
PENETRATING WATER REPELLENT TREATMENT
2890
SY
$
6.00
$250.00
PRESTRESSED I-BEAM-63IN
2,804
LF
$1.25
REINFORCING STEEL - GRADE 60 - EPOXY
137,000
LBS
$75.00
RIPRAP-LOOSE ROCK
640
CY
$500.00
ELASTOMERIC BEARING PAD
100
SF
$200.00
4IN EXPANSION JOINT STRIP SEAL
84
LF
Estimated Superstructure Construction Cost =

210
602
612
622

602
612
622
930

210
602
612
622

201
1130
0115
0070

Substructure - Driven Piles with Wall Pier Option
FOUNDATION PREPARATION (4 Piers)
1
800
CLASS AE-3 CONCRETE
REINFORCING STEEL - GRADE 60
95,000
STEEL PILING HP 14 X 102
7,700

201
1130
0115
0070

$60,000.00
$465,000.00
$112,500.00
$17,340.00
$701,000.00
$171,250.00
$48,000.00
$50,000.00
$16,800.00
$1,641,890.00

$60,000.00
$600.00
$1.25
$75.00

$60,000.00
$480,000.00
$118,750.00
$577,500.00

Estimated Substructure Construction Cost =
Estimated Superstructure Construction Cost =

$1,236,250.00
$1,641,890.00

Estimated Driven Piles with Wall Pier Option Construction Cost =

$2,878,000.00

Per SF Cost =

$119.00

$600.00
$1.25
$75.00
$650.00

$264,000.00
$75,000.00
$180,000.00
$568,750.00

Estimated Substructure Construction Cost =
Estimated Superstructure Construction Cost =

$1,087,750.00
$1,641,890.00

Estimated Drilled Shafts with Columns Option Construction Cost =

$2,730,000.00

Per SF Cost =

$113.00

$60,000.00
$600.00
$1.25
$75.00

$60,000.00
$222,000.00
$68,750.00
$577,500.00

Estimated Substructure Construction Cost =
Estimated Superstructure Construction Cost =

$928,250.00
$1,641,890.00

Estimated Driven Piles with Columns Option Construction Cost =

$2,570,000.00

Per SF Cost =

$107.00

Substructure - Drilled Shafts with Columns Option
1130 CLASS AE-3 CONCRETE
440
0115 REINFORCING STEEL - GRADE 60
60,000
0070 STEEL PILING HP 14 X 102
2,400
5.0FT DIAMETER DRILLED SHAFT
875

EA
CY
LBS
LF

TOTAL COST

CY
LBS
LF
LF

Substructure - Driven Piles with Columns Option
FOUNDATION PREPARATION (4 Piers)
1
EA
370
CY
CLASS AE-3 CONCRETE
REINFORCING STEEL - GRADE 60
55,000
LBS
STEEL PILING HP 14 X 102
7,700
LF
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COUNTY ROAD 81
DIVERSION STATION 310+29
STRUCTURE #9-138-16.0
45" PRESTRESSED CONCRETE BEAMS
SPEC CODE
210
602
602
602
604
612
708
930
930

0101
0130
1133
1250
9910
0116
1020
8600
8666

UNIT
ITEM
QUANTITY UNIT
COST
Costs Associated With All Substructure Options
CLASS 1 EXCAVATION
1
L SUM
$60,000.00
$600.00
765
CY
CLASS AAE-3 CONCRETE
CONCRETE BRIDGE APPROACH SLAB
375
SY
$
300.00
PENETRATING WATER REPELLENT TREATMENT
2890
SY
$
6.00
$225.00
PRESTRESSED I-BEAM-45IN
2,795
LF
$1.25
REINFORCING STEEL - GRADE 60 - EPOXY
135,000
LBS
$75.00
RIPRAP-LOOSE ROCK
740
CY
$500.00
ELASTOMERIC BEARING PAD
140
SF
$200.00
4IN EXPANSION JOINT STRIP SEAL
84
LF
Estimated Superstructure Construction Cost =

210
602
612
622

602
612
622
930

210
602
612
622

201
1130
0115
0070

Substructure - Driven Piles with Wall Pier Option
FOUNDATION PREPARATION (6 Piers)
1
1,100
CLASS AE-3 CONCRETE
REINFORCING STEEL - GRADE 60
130,000
STEEL PILING HP 14 X 102
10,400

201
1130
0115
0070

$60,000.00
$459,000.00
$112,500.00
$17,340.00
$628,875.00
$168,750.00
$55,500.00
$70,000.00
$16,800.00
$1,588,765.00

$90,000.00
$600.00
$1.25
$75.00

$90,000.00
$660,000.00
$162,500.00
$780,000.00

Estimated Substructure Construction Cost =
Estimated Superstructure Construction Cost =

$1,692,500.00
$1,588,765.00

Estimated Driven Piles with Wall Pier Option Construction Cost =

$3,281,000.00

Per SF Cost =

$136.00

$600.00
$1.25
$75.00
$650.00

$279,000.00
$80,000.00
$180,000.00
$565,500.00

Estimated Substructure Construction Cost =
Estimated Superstructure Construction Cost =

$1,104,500.00
$1,588,765.00

Estimated Drilled Shafts with Columns Option Construction Cost =

$2,693,000.00

Per SF Cost =

$112.00

$60,000.00
$600.00
$1.25
$75.00

$60,000.00
$333,000.00
$103,750.00
$780,000.00

Estimated Substructure Construction Cost =
Estimated Superstructure Construction Cost =

$1,276,750.00
$1,588,765.00

Estimated Driven Piles with Columns Option Construction Cost =

$2,866,000.00

Per SF Cost =

$119.00

Substructure - Drilled Shafts with Columns Option
1130 CLASS AE-3 CONCRETE
465
0115 REINFORCING STEEL - GRADE 60
64,000
0070 STEEL PILING HP 14 X 102
2,400
5.0FT DIAMETER DRILLED SHAFT
870

EA
CY
LBS
LF

TOTAL COST

CY
LBS
LF
LF

Substructure - Driven Piles with Columns Option
FOUNDATION PREPARATION (4 Piers)
1
EA
CLASS AE-3 CONCRETE
555
CY
REINFORCING STEEL - GRADE 60
83,000
LBS
STEEL PILING HP 14 X 102
10,400
LF
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COUNTY ROAD 81
DIVERSION STATION 310+29
STRUCTURE #9-138-16.0
STEEL BEAMS
SPEC CODE
210
602
602
602
612
616
708
930
930

210
602
612
622

602
612
622
930

210
602
612
622

0101
0130
1133
1250
0116
0360
1020
8600
8666

201
1130
0115
0070

ITEM
QUANTITY
Costs Associated With All Substructure Options
CLASS 1 EXCAVATION
1
690
CLASS AAE-3 CONCRETE
CONCRETE BRIDGE APPROACH SLAB
375
PENETRATING WATER REPELLENT TREATMENT
2890
REINFORCING STEEL - GRADE 60 - EPOXY
133,000
STRUCTURAL STEEL
624,000
RIPRAP-LOOSE ROCK
640
ELASTOMERIC BEARING PAD
100
4IN EXPANSION JOINT STRIP SEAL
84

UNIT

TOTAL COST

L SUM
$60,000.00
$600.00
CY
SY
$
300.00
SY
$
6.00
$1.25
LBS
$1.75
LBS
$75.00
CY
$500.00
SF
$200.00
LF

$60,000.00
$414,000.00
$112,500.00
$17,340.00
$166,250.00
$1,092,000.00
$48,000.00
$50,000.00
$16,800.00

Estimated Superstructure Construction Cost =

$1,976,890.00

Substructure - Driven Piles with Wall Pier Option
FOUNDATION PREPARATION (4 Piers)
1
775
CLASS AE-3 CONCRETE
REINFORCING STEEL - GRADE 60
92,000
STEEL PILING HP 14 X 102
7,700

$60,000.00
$600.00
$1.25
$75.00

$60,000.00
$465,000.00
$115,000.00
$577,500.00

Estimated Substructure Construction Cost =
Estimated Superstructure Construction Cost =

$1,217,500.00
$1,976,890.00

Estimated Driven Piles with Wall Pier Option Construction Cost =

$3,194,000.00

Per SF Cost =

$132.00

$600.00
$1.25
$75.00
$650.00

$255,000.00
$72,500.00
$180,000.00
$565,500.00

Estimated Substructure Construction Cost =
Estimated Superstructure Construction Cost =

$1,073,000.00
$1,976,890.00

Estimated Drilled Shafts with Columns Option Construction Cost =

$3,050,000.00

Per SF Cost =

$126.00

$60,000.00
$600.00
$1.25
$75.00

$60,000.00
$222,000.00
$68,750.00
$577,500.00

Estimated Substructure Construction Cost =
Estimated Superstructure Construction Cost =

$928,250.00
$1,976,890.00

Estimated Driven Piles with Columns Option Construction Cost =

$2,905,000.00

Per SF Cost =

$120.00

Substructure - Drilled Shafts with Columns Option
1130 CLASS AE-3 CONCRETE
425
0115 REINFORCING STEEL - GRADE 60
58,000
0070 STEEL PILING HP 14 X 102
2,400
5.0FT DIAMETER DRILLED SHAFT
870

201
1130
0115
0070

UNIT
COST

EA
CY
LBS
LF

CY
LBS
LF
LF

Substructure - Driven Piles with Columns Option
FOUNDATION PREPARATION (4 Piers)
1
EA
370
CY
CLASS AE-3 CONCRETE
REINFORCING STEEL - GRADE 60
55,000
LBS
STEEL PILING HP 14 X 102
7,700
LF
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FMM Railroad Bridge #4
Near MP 34.87 (Hillsboro Subdivision)

I.

BNSF

INTRODUCTION
The Red River diversion channel will carry flood waters from the Red River of the North. The
diversion channel will start near Oxbow, ND, and will end near Georgetown, MN. The
Diversion Authority, in response to the proposed diversion channel crossing several roadways
and railroad lines, has identified the need for a Railroad bridge near BNSF milepost 34.87 on
the Hillsboro Subdivision. The railroad bridge crosses the channel in Reach 3, approximately
3.25 miles northwest of Harwood and 2.5 miles southeast of Argusville, ND.

II.

PURPOSE OF STUDY
The purpose of the study is to determine the most suitable bridge for the site based on
several criteria, including function, constructability, economics, and aesthetics. Based
on these criteria, both the superstructure and substructures need to be studied to
determine which final bridge layout will provide the greatest benefit/cost ratio. A final
bridge layout and type recommendation will then be made based on the completed
analysis. This study will specifically include a look at several different bridge
configurations and associated costs to determine the most feasible option.
2
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FMM Railroad Bridge #4
Near MP 34.87 (Hillsboro Subdivision)

III.

BNSF

PROPOSED GEOMETRY
a. BRIDGE GEOMETRICS
The horizontal alignment of the proposed railroad bridge is identical to the alignment of
the existing railroad track. The proposed railroad bridge has to accommodate one railroad
track and has to provide walkways on each side of the track. The vertical profile of the
bridge has to be raised to provide the required freeboard above the design flood. The
piers need to be aligned with the diversion channel, which requires a small skew. In the
interest of an effective transition from embankment to bridge, the abutments are
perpendicular to the horizontal alignment.
b. BRIDGE LENGTH
Based on the bridge location and geometric requirements, several different
substructure options, in combination with different superstructure types and span
arrangements, were analyzed. Generally speaking, the bridge length and the
resulting waterway opening need to be adequate to safely pass the design flood.
c. BRIDGE COMPONENT DECISIONS
The decisions regarding bridge components are governed by several considerations.
These considerations are closely interrelated and need to be evaluated and resolved in a
thoughtful and competent manner. Qualitatively, the decisions involve structural,
hydraulic, aesthetic, and economic considerations. With the alignments and the waterway
opening defined, arriving at an optimal span arrangement is an important goal. For
instance, shorter spans will require a lesser structure depth and less of a track raise. At
the same time, the concomitant increase in the number of piers places additional
obstructions in the flow channel. As the span lengths increase, so do the construction
costs. From a structural point of view, durability and maintenance requirements come into
play. Furthermore, an optimal span configuration also needs to consider hydraulic
requirements in order to avoid excessive buildup of debris and pier scour. The options
introduced below are solutions that attempt resolve these conflicting trends in different
ways
d. REQUIRED FREEBOARD
All options are based on 1 foot of freeboard for the 500-year flood event.
e. RECREATIONAL TRAILS/SIDE SLOPE BENCHES
The presence of recreational trails below all bridges in this corridor makes aesthetics
worthy of consideration.
f.

AESTHETIC CONSIDERATIONS
A Bridge Aesthetic Study (BAS) is currently being completed to produce a diversion bridge
that is visually appealing and in harmony with the surrounding landscape. The BAS study
is intended to produce a bridge style that is consistent along the entire length of the
diversion. The pier and abutment geometrics will be incorporated into aesthetic criteria to
produce a bridge that is well-suited to geometric, structural, and aesthetic considerations.
Final aesthetic concepts will be submitted with final design criteria, based on the BAS
findings.

3
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FMM Railroad Bridge #4
Near MP 34.87 (Hillsboro Subdivision)

BNSF

g. SHOOFLY TRACK
The need for continued and uninterrupted railroad traffic requires the construction of a
shoofly track. By diverting all trains to the shoofly track, the proposed railroad bridge can
be built without interfering with railroad traffic. The length of the shoofly track is governed
by the magnitude of the track raise and the allowable rail gradients. To meet the required
freeboard, the existing grade will need to be raised approximately 8.5 feet. The railroad
grade and length of grade govern the power needed by the locomotives. It is desirable to
have as flat as grades as possible to minimize the power and number of locomotives
required to maintain design speed. The design speed in this area is 55 mph for freight
and 70 mph for passenger trains. The maximum grades on the Hillsboro Sub are 0.29%
westbound and 0.5% eastbound (near Thompson, ND). The grades at the bridge location
are much less. A maximum grade of the bridge approaches of 0.3% was acceptable to
BNSF engineering and operations. Design grades for the north and south approaches
were ultimately 0.36% and 0.26%, respectively. An exception to the 0.3% maximum on
the north approach was granted to avoid impacts to an existing bridge at Milepoint 35.6
(approximately 3000 feet north of the diversion bridge). The design of the mainline
dictated that a shoofly track of approximately 7200 feet was needed. Since County
Highway 81 would also require a bypass, it was prudent and acceptable to use the
highway roadway for the shoofly embankment.
IV.

BRIDGE TYPE, SIZE AND LENGTH (TS & L) & COST ESTIMATE
All of the options offered met the hydraulic opening requirements and ground profile along
the channel bottom. The spans chosen were based on 114’ lengths or half this length so
that the substructures would line up with the adjacent roadway bridge substructures. The
substructures for all of the options use cast-in-place concrete supported by deep
foundation piling. The difference between the options would be the number of
substructures required.
a. OPTION 1
Option 1 utilizes five 114’ spans of steel welded plate girder with cast-in-place concrete
deck. Each span would be made up of five welded plate girders with a 2”x24” top flange,
0.625”x61” web and 2.125”x24” bottom flange. This layout reduces the number of
substructures to the minimum for the options presented and keeps the piers out of the
low-flow channel. The challenge for this option is that the welded plate girder
superstructure is the most expensive for the options presented. Preliminary Cost
Estimate: $20,500,000.
b. OPTION 2
Option 2 utilizes one 114’ steel welded plate girder span over the low flow channel and
four 57’ prestressed concrete beam spans for each approach. All of the spans would have
a cast-in-place concrete deck. The steel welded plate girder span would be similar to that
described in Option 1. The 57’ prestressed concrete beam span would be made up of four
63” prestressed concrete beams based on the Mn/DOT standard shape. The prestressed
concrete beam span should be less expensive, per track foot, than the welded plate girder
span. This option provides the less expensive approaches while keeping the piers out of
the low-flow channel. 90% Cost Estimate: $16,300,000.
c. OPTION 3B
Option 3B utilizes ten 57’ steel rolled beam spans with cast-in-place concrete deck. Each
span would be made up of five W36x256 rolled steel beams. This option shows another
superstructure type that would satisfy the 57’ span length. The challenge with this layout is
4
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that it would place a pier in the center of the low-flow channel. Preliminary Cost Estimate:
$17,800,000.
V.

BRIDGE TYPE RECOMMENDATION
After careful consideration of the three Bridge options, it was decided by BNSF, the
USACE, and other Stakeholders that option 2 would be the selected option.
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HYDRAULIC DATA:
Drainage Area
Stream Gradient
Design Frequency
Design Discharge
Design Headwater Stage
Design Tailwater Stage
Velocity Through Bridge
100‐Year Frequency Discharge
100‐Year Frequency Headwater
SPF‐Year Frequency Discharge
SPF‐Year Frequency Headwater

Hillboro BNSF RR
9,334
0.00017
500
38,000
889.03
888.94
4.86
32,000
887.64
45,000
890.37

sq mi
ft/ft
yr
cfs
ft
ft
fps
cfs
ft
cfs
ft
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September 10, 2012

Ron Berry
BNSF Railway
4515 Kansas Avenue
Kansas City, Kansas 66106-1199

Re: Cost Estimate for BNSF Bridge No. 35 over Fargo Diversion Channel
TKDA Project No. 15148.000
Dear Mr. Berry:
TKDA and Houston Engineering have completed the preliminary cost estimate for the three
bridge layouts/types that are under consideration. Below is a summary of the cost estimates.
The estimates include a 30% contingency.
Option 1:

5 Span Welded Plate Girder Bridge
Typical Span Lengths:
5 x 113’-8”
Maximum Grade Raise:
8.29 feet
Preliminary Cost Estimate: $17,300,000

Option 2:

4 Spans PCB / 1 Span Welded Plate Girder / 4 Spans PCB Bridge
Typical Span Lengths:
4 x 56’-8” / 1 x 113’-8” / 4 x 56’-8”
Maximum Grade Raise:
8.53 feet
Preliminary Cost Estimate: $12,600,000

Option 3B:

10 Spans Steel Beam Bridge
Typical Span Lengths:
10 x 56’-8”
Maximum Grade Raise:
5.93 feet
Preliminary Cost Estimate: $12,600,000

Attached is a breakdown of the cost estimate, general plan and elevation views of the three
bridge options and the typical track section.
Please let me know if you have any questions.
Thanks,

Matt Christensen
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BNSF Railway
Bridge No. 35
Railroad Bridge Over Fargo Diversion Channel
Harwood, North Dakota
ENGINEER'S PRELIMINARY ESTIMATE OF PROBABLE CONSTRUCTION COSTS

Option 1
Item Description
MOBILIZATION

Unit

Quantity

Estimated Unit
Cost

LS

1

$ 1,210,000.00

Estimated Total
Cost
$

1,210,000

$

1,210,000

Mainline Track
CLEARING

ACRE

1

$

2,500.00

$

1,300

STRIPPING

CY

3,765

$

10.00

$

37,650
75,280

TOPSOIL PLACEMENT
SEEDING
EMBANKMENT

CY

3,764

$

20.00

$

ACRE

1

$

100.00

$

52

CY

53,203

$

12.00

$

638,436

BALLAST

CY

5,081

$

18.00

$

91,458

SUBBALLAST

CY

7,932

$

30.00

$

237,960

NEW TRACK (141 LB. RAIL, TIES)

TF

8,681

$

240.00

$

2,083,440

NO. 20 TURNOUT

EA

1

$

200,000.00

$

200,000

$

3,365,576

Shoofly
CLEARING

ACRE

0

$

2,500.00

$

925

STRIPPING

CY

2,682

$

10.00

$

26,820
61,360

TOPSOIL PLACEMENT
SEEDING
EMBANKMENT

CY

3,068

$

20.00

$

ACRE

0

$

100.00

$

42

CY

5,453

$

12.00

$

65,436

BALLAST

CY

6,227

$

18.00

$

112,086

SUBBALLAST

CY

9,706

$

30.00

$

291,180

NEW TRACK (136 LB. RAIL, TIES)

TF

10,118

$

240.00

$

2,428,320

$

2,986,169

Bridge
STRUCTURAL STEEL, ASTM A709, GRADE 50W

POUND

1,365,350

$

3.50

$

4,778,725

STRUCTURAL CONCRETE (SUPERSTRUCTURE)

CU. YD.

490

$

425.00

$

208,250

STRUCTURAL CONCRETE (FOOTING)

CU. YD.

150

$

350.00

$

52,500

STRUCTURAL CONCRETE (STEM)

CU. YD.

260

$

470.00

$

122,200

REINFORCEMENT BARS

POUND

143,500

$

1.25

$

179,375

HP14x89 PILING DELIVERED

LIN. FT.

13,440

$

30.00

$

403,200

HP14x89 PILING DRIVEN

LIN. FT.

13,440

$

1.50

$

20,160

$

5,764,410

Total

$

13,326,000

Contingency (30%)

$

4,000,000

Total

$

17,300,000
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BNSF Railway
Bridge No. 35
Railroad Bridge Over Fargo Diversion Channel
Harwood, North Dakota
ENGINEER'S PRELIMINARY ESTIMATE OF PROBABLE CONSTRUCTION COSTS

Option 2
Item Description
MOBILIZATION

Unit

Quantity

LS

1

Estimated Unit
Cost
$

880,000.00

Estimated Total
Cost
$

880,000

$

880,000

Mainline Track
CLEARING

ACRE

1

$

2,500.00

$

1,300

STRIPPING

CY

3,765

$

10.00

$

37,650
75,280

TOPSOIL PLACEMENT

CY

3,764

$

20.00

$

ACRE

1

$

100.00

$

52

EMBANKMENT

CY

53,203

$

12.00

$

638,436

BALLAST

CY

5,081

$

18.00

$

91,458

SUBBALLAST

CY

7,932

$

30.00

$

237,960

NEW TRACK (141 LB. RAIL, TIES)

TF

8,681

$

240.00

$

2,083,440

NO. 20 TURNOUT

EA

1

$

200,000.00

$

200,000

$

3,365,576

SEEDING

Shoofly
CLEARING

ACRE

0

$

2,500.00

$

925

STRIPPING

CY

2,682

$

10.00

$

26,820
61,360

TOPSOIL PLACEMENT

CY

3,068

$

20.00

$

ACRE

0

$

100.00

$

42

EMBANKMENT

CY

5,453

$

12.00

$

65,436

BALLAST

CY

6,227

$

18.00

$

112,086

SUBBALLAST

CY

9,706

$

30.00

$

291,180

NEW TRACK (136 LB. RAIL, TIES)

TF

10,118

$

240.00

$

2,428,320

$

2,986,169

SEEDING

Bridge
STRUCTURAL STEEL, ASTM A709, GRADE 50W

POUND

273,100

$

3.50

$

955,850

PRESTRESSED CONCRETE BEAM, 63

LIN. FT.

1,814

$

170.00

$

308,380

DIAPHRAGMS FOR 63" BEAMS

LIN. FT.

460

$

75.00

$

34,500

STRUCTURAL CONCRETE (SUPERSTRUCTURE)

CU. YD.

530

$

425.00

$

225,250

STRUCTURAL CONCRETE (FOOTING)

CU. YD.

250

$

350.00

$

87,500

STRUCTURAL CONCRETE (STEM)

CU. YD.

420

$

470.00

$

197,400

REINFORCEMENT BARS

POUND

193,300

$

1.25

$

241,625

HP14x89 PILING DELIVERED

LIN. FT.

12,960

$

30.00

$

388,800

HP14x89 PILING DRIVEN

LIN. FT.

12,960

$

1.50

$

19,440

$

2,458,745

Total

$

9,690,000

Contingency (30%)

$

2,910,000

Total

$

12,600,000
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BNSF Railway
Bridge No. 35
Railroad Bridge Over Fargo Diversion Channel
Harwood, North Dakota
ENGINEER'S PRELIMINARY ESTIMATE OF PROBABLE CONSTRUCTION COSTS

Option 3B
Item Description
MOBILIZATION

Unit

Quantity

LS

1

Estimated Unit
Cost
$

880,000.00

Estimated Total
Cost
$

880,000

$

880,000

Mainline Track
CLEARING

ACRE

0

$

2,500.00

$

800

TOPSOIL STRIPPING

CU. YD.

2,335

$

10.00

$

23,350

TOPSOIL PLACEMENT

CU. YD.

2,335

$

20.00

$

46,700

ACRE

0

$

100.00

$

32

CU. YD.

24,365

$

12.00

$

292,380

SEEDING BELOW
EMBANKMENT
BALLAST

CU. YD.

3,917

$

18.00

$

70,506

SUBBALLAST

CU. YD.

6,116

$

30.00

$

183,480

NEW TRACK (141 LB. RAIL, TIES)

TF

6,992

$

240.00

$

1,678,080

NO. 20 TURNOUT

EA

1

$

200,000.00

$

200,000

$

2,495,328

Shoofly
CLEARING

ACRE

0

$

2,500.00

$

725

TOPSOIL STRIPPING

CU. YD.

2,080

$

10.00

$

20,800

TOPSOIL PLACEMENT

CU. YD.

2,208

$

20.00

$

44,160

ACRE

0

$

100.00

$

30

CU. YD.

6,378

$

12.00

$

76,536

SEEDING
EMBANKMENT
BALLAST

CU. YD.

5,075

$

18.00

$

91,350

SUBBALLAST

CU. YD.

7,907

$

30.00

$

237,210

TF

8,243

$

240.00

NEW TRACK (136 LB. RAIL, TIES)

$

1,978,320

$

2,449,131

Bridge
STRUCTURAL STEEL, ASTM A709, GRADE 50W

POUND

769,900

$

3.50

$

2,694,650

STRUCTURAL CONCRETE (SUPERSTRUCTURE)

CU. YD.

490

$

425.00

$

208,250

STRUCTURAL CONCRETE (FOOTING)

CU. YD.

280

$

350.00

$

98,000

STRUCTURAL CONCRETE (STEM)

CU. YD.

470

$

470.00

$

220,900

REINFORCEMENT BARS

POUND

201,500

$

1.25

$

251,875

HP14x89 PILING DELIVERED

LIN. FT.

12,720

$

30.00

$

381,600

HP14x89 PILING DRIVEN

LIN. FT.

12,720

$

1.50

$

19,080

$

3,874,355

Total

$

9,699,000

Contingency (30%)

$

2,910,000

Total

$

12,600,000
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WEST TO D.L. SWITCH

EAST TO FARGO YARD OFFICE
3.2 MI. TO HARWOOD

570’-8" FACE TO FACE OF PARAPETS
6"

113’-8" WELDED PLATE GIRDER

113’-8" WELDED PLATE GIRDER

113’-8" WELDED PLATE GIRDER

113’-8" WELDED PLATE GIRDER

113’-8" WELDED PLATE GIRDER

6"

4" (TYP.)

> TRACK & BRIDGE
(ALIGNMENT TANGENT)

8626’38.0"
(TYP. @ PIERS)

PLAN

1’-0" FREEBOARD

7:1

Q500

100:1

EL. 889.17

7:1

6

APPROX. 7.76’
GRADE RAISE

GRADE: 0.00%

LOW FLOW

DIVERSION

CHANNEL >

CHANNEL >

FOUNDATION TYPE
(TO BE DETERMINED)

CHANNEL
EL. 861.19

50:1

7:1

50:1

4:1

1

4:1

52:1

52:1

5

2
4

3
DIMENSIONS GIVEN

5’-0"

54’-0"

24’-0"

74’-6"

75’-6"

24’-0"

52’-0"

24’-0"

99’-6"

128’-6"

BENCH

5’-0"

ARE PERPENDICULAR TO

BENCH

DIVERSION CHANNEL >

ELEVATION

> TRACK & BRIDGE

21’-8"

10’-3"

7"
10"

3’-0"

6"

10’-3"
6’-6"

6’-6"

7"
6"

SAFETY WALK

10"

3’-0"

SAFETY WALK

1
8"/FT.

4"

1
8"/FT.

5’-3

1

8"

8’-1

1

8"

11"

4"

AREMA CLEARANCE ENVELOPE

3’-0"

3’-0"

3’-0"

3’-0"

TOP FLANGE 2" x 24"

OPTION NO. 1

BOTTOM FLANE 218" x 24"
8’-0"

8’-0"

WEB

5
8"

x 61" (TYP.)
DES:

TYPICAL SECTION
(LOOKING WEST TOWARD D.L. SWITCH)

MJC-TKDA

R

DRAWN: JES-TKDA

BRIDGE NO. 35

CHECK: MJC-TKDA

OVER FARGO DIVERSION CHANNEL
BRIDGE ENGINEERING

444 Cedar Street, Suite 1500

KANSAS CITY, KS

DATE: AUGUST 2012

Saint Paul, MN 55101
651.292.4400

AUTH:

FARGO YARD OFFICE TO D.L. SWITCH

NEAR HARWOOD, ND

PRELIMINARY PLAN - WELDED PLATE GIRDER

APPROVED:

tkda.com

LINE SEG: 0220

ASST. DIRECTOR STRUCTURES DESIGN

PLAN NO: 0220-35-001A
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SHEET: 1 OF 1

WEST TO D.L. SWITCH

EAST TO FARGO YARD OFFICE
3.2 MI. TO HARWOOD

570’-8" FACE TO FACE OF PARAPETS
6"

56’-8" P/S CONC. BEAM SPAN

56’-8" P/S CONC. BEAM SPAN

56’-8" P/S CONC. BEAM SPAN

56’-8" P/S CONC. BEAM SPAN

113’-8" WELDED PLATE GIRDER SPAN

56’-8" P/S CONC. BEAM SPAN

56’-8" P/S CONC. BEAM SPAN

56’-8" P/S CONC. BEAM SPAN

56’-8" P/S CONC. BEAM SPAN

6"

4" (TYP.)

A

> TRACK & BRIDGE
(ALIGNMENT TANGENT)

8626’38.0"
(TYP. @ PIERS)

A

PLAN

7:1

Q500

100:1

EL. 889.17

7:1

10

APPROX. 8.00’
GRADE RAISE

GRADE: 0.00%

1’-0" FREEBOARD

LOW FLOW

DIVERSION

CHANNEL >

CHANNEL >

FOUNDATION TYPE
(TO BE DETERMINED)

CHANNEL
EL. 861.19

50:1

7:1

50:1

4:1

1

4:1

52:1

9

2

52:1

8
7

6

3

4

5

DIMENSIONS GIVEN
5’-0"

54’-0"

24’-0"

74’-6"

75’-6"

24’-0"

52’-0"

24’-0"

99’-6"

128’-6"

BENCH

5’-0"

ARE PERPENDICULAR TO

BENCH

DIVERSION CHANNEL >

ELEVATION

> TRACK & BRIDGE

> TRACK & BRIDGE

21’-8"

21’-8"

10"

3’-0"

6"

10’-3"
6’-6"

6’-6"

SAFETY WALK

6"

3’-0"

7"

7"

10"

10"

SAFETY WALK

10’-3"
3’-0"

6"

10’-3"
6’-6"

10"

3’-0"

SAFETY WALK

4"

1
8"/FT.

4"

AREMA CLEARANCE ENVELOPE

1
8"/FT.

1
8"/FT.

1’-11"

1’-11"

3’-10"

8"

5’-3

1

5’
-6"

3’-10"

3’-0"

3’-0"

3’-0"

3’-0"

63" PCB
8’-0"

8’-0"

8’-1

1

8’
-4"

8"

11"

11"

4"

6"

SAFETY WALK

AREMA CLEARANCE ENVELOPE

1
8"/FT.

6’-6"

7"

4"

10’-3"

7"

TOP FLANGE 2" x 24"
BOTTOM FLANE 218" x 24"

8’-0"

8’-0"

WEB

5
8"

OPTION NO. 2

x 61" (TYP.)
DES:

TYPICAL SECTION

SECTION A-A

MJC-TKDA

R

DRAWN: JES-TKDA
CHECK: MJC-TKDA

OVER FARGO DIVERSION CHANNEL
BRIDGE ENGINEERING

444 Cedar Street, Suite 1500

KANSAS CITY, KS

DATE: AUGUST 2012

Saint Paul, MN 55101
651.292.4400

AUTH:

FARGO YARD OFFICE TO D.L. SWITCH

BRIDGE NO. 35

(LOOKING WEST TOWARD D.L. SWITCH)

NEAR HARWOOD, ND

PRELIMINARY PLAN - P/S CONC. BEAM SPAN

APPROVED:

tkda.com

LINE SEG: 0220

ASST. DIRECTOR STRUCTURES DESIGN

PLAN NO: 0220-35-001B
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WEST TO D.L. SWITCH

EAST TO FARGO YARD OFFICE
3.2 MI. TO HARWOOD

570’-8" FACE TO FACE OF PARAPETS
6"

56’-8" STEEL BEAM SPAN

56’-8" STEEL BEAM SPAN

56’-8" STEEL BEAM SPAN

56’-8" STEEL BEAM SPAN

56’-8" STEEL BEAM SPAN

56’-8" STEEL BEAM SPAN

56’-8" STEEL BEAM SPAN

56’-8" STEEL BEAM SPAN

56’-8" STEEL BEAM SPAN

56’-8" STEEL BEAM SPAN

6"

4" (TYP.)

> TRACK & BRIDGE
(ALIGNMENT TANGENT)

8626’38.0"
(TYP. @ PIERS)

PLAN

APPROX. 5.47’
GRADE RAISE

1’-0" FREEBOARD
GRADE: 0.00%

7:1

Q500

100:1

EL. 889.17

7:1

11

LOW FLOW

DIVERSION

CHANNEL >

CHANNEL >

FOUNDATION TYPE
(TO BE DETERMINED)

CHANNEL
EL. 861.19

50:1

50:1

4:1

1

4:1

52:1

10

7:1

2

52:1

9
8

7

3

4

5
6

DIMENSIONS GIVEN
5’-0"

54’-0"

24’-0"

74’-6"

75’-6"

24’-0"

52’-0"

24’-0"

99’-6"

128’-6"

BENCH

5’-0"

ARE PERPENDICULAR TO

BENCH

DIVERSION CHANNEL >

ELEVATION

> TRACK & BRIDGE

20’-8"

9’-9"

7"
10"

3’-0"

6"

9’-9"
6’-0"

6’-0"

SAFETY WALK

7"
6"

10"

3’-0"
SAFETY WALK

5
8"

5

2’
-11 8"

5’
-9

1
8"/FT.

4"

1
8"/FT.

11"

4"

AREMA CLEARANCE ENVELOPE

W36x256 (TYP.)
2’-6"
7’-6"

2’-6"

2’-6"

2’-6"
7’-6"

TYPICAL SECTION

OPTION NO. 3B

(LOOKING WEST TOWARD D.L. SWITCH)
DES:

MJC-TKDA

R

DRAWN: JES-TKDA

BRIDGE NO. 35

CHECK: MJC-TKDA

OVER FARGO DIVERSION CHANNEL
BRIDGE ENGINEERING

444 Cedar Street, Suite 1500

KANSAS CITY, KS

DATE: AUGUST 2012

Saint Paul, MN 55101
651.292.4400

AUTH:

FARGO YARD OFFICE TO D.L. SWITCH

NEAR HARWOOD, ND

PRELIMINARY PLAN - STEEL BEAM SPAN

APPROVED:

tkda.com

LINE SEG: 0220

ASST. DIRECTOR STRUCTURES DESIGN

PLAN NO: 0220-35-001D
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BNSF RAILWAY
STANDARD CONSTRUCTION SPECIFICATIONS
01000 General Conditions
01100 Definitions and Terms
01200 Bid Procedures and Conditions
01300 Scope of Work
01400 Control of Work
01500 Control of Materials
01600 Legal Relations and Responsibility
01690 Environmental Protection
01700 Contractor General Safety Requirements
01800 Personal Injury Reporting
02000 Sitework
02100 Aggregate Base Course and Surface Course
02200 Asphalitic Concrete Paving
02300 Portland Cement Concrete Paving
02400 Fencing
02500 Steel Guard Rail
02600 Landscape Grading
02700 Seeding
02800 Pipeline Protection and Encasement
03000 Earthwork
03100 Clearing and Grubbing
03200 Excavation and Embankments
03210 Controlled Blasting
03220 Rock Slope Support and Stabilization
03300 Subballast
03400 Geosynthetics
03500 Lime or Fly Ash Stabilized Subgrade
03600 Cement Stabilized Subgrade
03700 Hot-Mix Asphalt Roadbed
04000 Structures
04100 Structure Excavation and Backfill
04200 Piles
04300 Drilled Shaft Foundations
04400 Concrete Construction
04500 Precast Concrete Construction
04600 Steel Construction
04700 Protective Coatings for Steel Surfaces
04800 Waterproofing
04900 Elastomeric Bearing Pads
05100 Pipe Culverts
06000 Electrical
06100 Basic Electrical Requirements
06200 Electrical Testing Requirements
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DEFINITION OF TERMS
SECTION 01100
SECTION 01100
DEFINITION OF TERMS

PART 1
1.1
A.

1.2

GENERAL

GENERAL
Unless the context otherwise requires, wherever in the specifications and other contract
documents, the following terms and abbreviations, or pronouns in place of them, are
used, the intent and meaning shall be interpreted as provided in this section.
DEFINITION OF TERMS

A.

Railroad/Company - shall mean The Burlington Northern and Santa Fe Railway Company
and/or its respective affiliates and/or subsidiary companies and/or corporation.

B.

Contract - The written agreement and any written supplements or amendments thereto,
covering the performance of the work and the furnishing of all superintendence, labor,
tools, equipment, materials, supplies and all other things required to properly complete
the work.

C.

Contractor - The person or persons, firm, partnership, corporation, or combination
thereof, who have entered into the contract with the Company.

D.

Drawings - The official project plans, profiles, typical cross sections, general cross
sections, working drawings and supplemental drawings, or reproductions thereof,
approved by the engineer, which show the location character, dimensions and details of
the work to be performed.

E.

Subcontractor - Wherever the word Subcontractor, or a pronoun in place of it, is used
in the Contract Documents, it shall mean a party who has a direct contract with the
Contractor for the performance of a designated portion of the work, or the supply of
material or equipment in connection therewith.

F.

Plans - The official project plans, profiles, typical cross sections, general cross sections,
working drawings and supplemental drawings, or reproductions thereof, approved by the
engineer, which show the location character, dimensions and details of the work to be
performed.
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DEFINITION OF TERMS
SECTION 01100
G.

Special Provisions - Additions and revisions to the standard and supplemental
specifications covering conditions peculiar to an individual project.

H.

Specifications - The general term comprising all the directions, provisions, and
requirements necessary for the proper performance of the contract.

I.

Supplemental Specifications - Specifications adopted subsequent to the publication of
the standard specifications. They generally involve new construction items or
substantial changes in the approved specifications.

J.

Engineer - The Vice President-Chief Engineer, of the Company or his authorized
representative.

K.

Right-of-way - Land which the Company owns or owns an interest in, sufficient to
permit performance of the work.

L.

Project - The total construction, of which the work performed under the contract
documents may be the whole or a part, and which may include construction by the
Company or by separate contractors.

M.

Change Order - A change order is any change in the original contract line items or
amounts, which shall result in either the altering of contract line item quantities or the
performance of “force account” work. The performance of force account work shall be
as described in the Standard Contract. Change orders are limited by the amounts stated
in the contract.

1.3
A.
B.
C.
D.
E.
F.
G.
H.
I.
J.
K.
L.
M.
N.

Abbreviations
AAN
AAR
AASHTO
AISC
AISI
ANSI
AREA
AREMA
ASTM
AWG
AWPA
AWS
BWC
EPA

American Association of Nurserymen
Association of American Railroads
American Association of State Highway and Transportation Officials
American Institute of Steel Construction
American Iron and Steel Institute
American National Standards Institute
American Railway Engineering Association
American Railway Engineering and Maintenance of Way Association
American Society for Testing and Materials
American Wire Gage
American Wood-Preservers' Association
American Welding Society
Bridge Welding Code
United States Environmental Protection Agency
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DEFINITION OF TERMS
SECTION 01100
O.
P.
Q.
R.
S.
T.

FHWA
FRA
NEC
NEMA
NPDES
UL

Federal Highway Administration
Federal Railway Administration
National Electric Code
National Electrical Manufacturers Association
National Pollutant Discharge Elimination System
Underwriters' Laboratories Inc.

PART 2

PRODUCTS - Not Used

PART 3

EXECUTION - Not Used
END OF SECTION
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01200
Bid Procedures and Conditions –
Standard Construction Specifications
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BID PROCEDURES AND CONDITIONS
SECTION 01200
SECTION 01200
BID PROCEDURES AND CONDITIONS

PART 1
1.1

GENERAL

EXAMINATION OF PLANS, SPECIFICATIONS, SPECIAL PROVISIONS AND
SITE OF WORK

A.

Before submitting a bid, the bidder shall carefully examine the invitation to bid, plans,
specifications, special provisions, and the form of the contract to be entered into for the
work contemplated. The bidder shall examine the site of work and be satisfied as to the
conditions which will be encountered relating to the character, quality, and quantity of
work to be performed and materials to be furnished.

B.

Records of investigation of subsurface conditions made by the Company may be
furnished with the invitation to bid or be viewed by the bidder upon request. Access to
these records is solely for the convenience of the bidder. The Company assumes no
responsibility whatsoever in respect to the sufficiency or accuracy of the investigations,
and such records shall not constitute a part of the contract. The bidder shall make such
independent investigation as deemed necessary to be satisfied as to conditions to be
encountered.

C.

The submission of a bid by bidder shall be conclusive evidence of compliance with
these requirements.

1.2

BID SCHEDULE AND HOURLY RATES

A.

Along with the Bid Proposal, all Bidders are to submit a schedule. The schedule shall
show major work items, submittals, critical path items, demolition activities, erection
activities, and unit process start-up activities. All Bidders shall submit resumes for
Project Management Staff.

B.

Along with the Bid Proposal, all Bidders will provide a preliminary schedule of project
submittals.

C.

Along with the Bid Proposal, all Bidders will submit a list of hourly rates for all
personnel classifications and equipment for use in establishing prices for Force Account
Work. All equipment rates for submittal of force account prices must include the cost of
01200-1
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BID PROCEDURES AND CONDITIONS
SECTION 01200
the operator of said equipment. No separate payment will be made for the operator of
any equipment. The Bidder’s submitted price for Work will include any and all
applicable sales and gross receipts taxes.
1.3
A.

1.4
A.

1.5
A.

1.6
A.

INTERPRETATION OF ESTIMATED QUANTITIES
The quantities listed in the invitation to bid, or on the plans, shall be accepted as shown
to provide a basis for comparison of bids. The Company expects that the actual amount
of work will correspond therewith, but reserves the right to increase or decrease the
amount of any class or portion of the work. Payment will be made to the Contractor
only for the actual quantities of work performed or materials furnished in accordance
with the contract.
WITHDRAWAL OF BIDS
Any bid may be withdrawn at any time prior to the date and time fixed for the
submission of bids only by written request for the withdrawal of the bid filed at the
location at which the bid was received by the Company. The request shall be executed
by the bidder or the bidder's duly authorized representative. The withdrawal of a bid
does not prejudice the right of the bidder to file a new bid. A bid will not be received
after the time fixed for submission of bids, nor may any bid be withdrawn after the time
fixed for the submission of bids. The opening of the bids is expected to occur on the
date and time fixed for the opening, or within twenty-four (24) hours after this date.
REJECTION OF BIDS
The Company reserves the right to reject any or all bids without prejudice, for whatever
cause the Company deems appropriate. Acceptance of the successful bid is subject to
the Contractor s execution of the contract form provided with the bid documents,
including the indemnification and insurance requirements, the general provision of
which are detailed in the contract form provided.
SUBCONTRACTING
Subletting, Assigning - The Contractor agrees that it will not sell, assign, transfer, or
sublet this Contract or any part thereof or interest therein, either by power of attorney or
otherwise, without the prior written consent of the Company, and that any such sale,
assignment, transfer, or subletting, without such consent of the Company, shall be null
and void. In the case such consent is given, the Contractor shall be permitted to sublet a
portion thereof. If specified elsewhere in the plans or contract documents, the
01200-2
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BID PROCEDURES AND CONDITIONS
SECTION 01200
Contractor must perform with the contractor’s own organization, a portion of the work
equal to or greater than the percentage so specified, except that any items designated in
the contract as “specialty items” may be performed by subcontract and the cost of any
such specialty items so performed by subcontract may be deducted from the total cost
before computing the amount of work required to be performed by the Contractor with
the Contractor’s own organization.
1.

B.

The Contractor shall furnish a listing of all the Subcontractors he intends to use
on the project specifying the amount of work to be performed by each and a list of
the equipment that each Subcontractor will have on the project. The
Subcontractor list shall be furnished prior to the preconstruction meeting.

Subcontractual Relations - By an appropriate agreement, written where legally
required for validity, the Contractor shall require each Subcontractor, to be bound to the
Contractor by the terms of the Contract Documents, and to assume toward the
Contractor all the obligations and responsibilities which the Contractor, by these
Documents assumes toward the Company. Said agreement shall preserve and protect
the rights of the Company under the Contract Documents with respect to the work to be
performed by the Subcontractor so that the subcontracting thereof will not prejudice
such rights. When appropriate, the Contractor shall require each Subcontractor to enter
into similar agreements with his Subcontractors. The Contractor shall make available to
each proposed Subcontractor, prior to the execution of the Subcontract, copies of the
Contract Documents to which the Subcontractor shall similarly make copies of such
documents available to his Subcontractors.
1.

Unless otherwise required by the Contract Documents of the bidding Documents,
the Contractor, as soon as practicable after the award of the Contract, shall furnish
to the Company in writing the names of the persons or entities, including those
who are to furnish materials or equipment fabricated to a special design, proposed
for each of the principle portions of the work. The Engineer will promptly reply
to the Contractor in writing stating whether or not the Company, after due
investigation, has reasonable objection to any proposed Subcontractor or supplier.
The Contractor shall not contract with anyone to whom the Company objects. It
is understood that rejection to a proposed Subcontractor or supplier may impact
the final Bid amount.

PART 2

PRODUCTS - Not Used

PART 3

EXECUTION - Not Used
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BID PROCEDURES AND CONDITIONS
SECTION 01200
END OF SECTION
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01300
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Standard Construction Specifications
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SCOPE OF WORK
Section 01300
SECTION 01300
SCOPE OF WORK

PART 1
1.1
A.

GENERAL

GENERAL INTENT
The general intent of the contract, specifications, plans and all other contract documents
and provisions thereof is that the Contractor:
1.

Shall, for the compensation set forth, furnish all additional designs and shop
drawings, as well as all tools, labor, material, equipment, superintendence and all
services, assurances and guarantees, assumptions of risk and responsibility, unless
otherwise specifically provided.

2.

Shall begin work promptly and proceed expeditiously and continuously without
cessation or shutdown of work unless otherwise specifically approved in writing
by the Engineer.

3.

Shall perform, complete and make ready for its intended purpose, within the times
specified, including additional times provided for certain conditions, the work or
parts thereof covered by the contract, all in accordance with plans, specifications
and any addendum thereto and such direction or instructions as the Engineer may
give to supplement the plans and specifications.

4.

Acknowledges that the prices proposed and bid by the Contractor and accepted by
the Company are agreed to be fair, full, and complete compensation and that time
is of the essence with regard to the contract.

5.

Acknowledges that words and abbreviations which have well-known technical or
trade meanings are used in the contract documents in accordance with such
recognized meanings.

6.

Acknowledges the organization of the specifications into divisions, sections and
paragraphs, and the arrangement of the plans shall not control the Contractor in
dividing the work among subcontractors or in establishing the extent of work to
be performed by any trade; and shall carefully study and compare the contract
documents and shall at once report to the Engineer any error, inconsistency or
omission that may be discovered.
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SCOPE OF WORK
Section 01300
1.2

SANITARY PROVISION

A.

The Contractor shall establish and enforce among his employees such regulations in
regard to cleanliness and disposal of garbage and waste that will tend to prevent the
inception and spread of infectious or contagious disease and to effectively prevent the
creation of a nuisance about the work place or any property either public or private, and
such governmental regulations as are required by the Engineer shall be put into
immediate force and effect by the Contractor. The necessary sanitary conveniences for
the use of workmen on the Work, properly secluded from public observation, shall be
constructed and maintained by the Contractor in such manner and at such points as will
be approved by the Engineer, and their use shall be strictly enforced by the Contractor.

B.

During the daily performance of the work under this contract, and upon termination or
completion thereof, Contractor shall daily remove all debris and waste material resultant
of his operations and maintain the site of work in a condition satisfactory to the
Company. Upon completion of any integral part of the work, all surplus materials,
temporary construction or structures and debris shall be removed and the premises put
into a neat and orderly condition satisfactory to the Engineer. During all construction
operations, the creating of unsightly conditions shall be avoided to the fullest extent
possible. Before final acceptance of the work in the contract, all areas used by the
Contractor shall be cleaned up and left in a neat and orderly condition satisfactory to the
Engineer. No special payment will be made for the removal of debris and cleaning up,
but the cost thereof shall be included in other items for which direct payments are made.

C.

All material generated by the demolition bid items shall become the property of the
Contractor, and shall be properly and legally disposed of. Provide for the disposal of all
waste products, trash, debris, etc., and make necessary arrangement for legal disposal off
of the site.

1.3
A.

INTENT OF PLANS, SPECIFICATIONS, AND OTHER PROVISIONS
The intent of the plans and specifications is to prescribe the details for the construction
and completion of the work which the Contractor undertakes to perform in accordance
with the terms of the contract. Where the plans or specifications describe portions of the
work in general terms, but not in complete detail, it is understood that only the best
general practice is to prevail and that only materials and workmanship of the first quality
are to be used. Unless otherwise specified, the Contractor shall furnish all labor,
materials, tools, equipment, and incidentals, and perform all the work involved in
executing the contract in a satisfactory and workmanlike manner.
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B.

The plans, specifications, and special provisions are essential parts of the contract, and a
requirement occurring in one is as binding as though occurring in all. They are intended
to be cooperative and to describe and provide for the complete work. In the event of
conflicts or inconsistency between the Special Conditions, Plans, Technical
Specifications, or General Provisions of the Contract Documents, the following order of
precedence shall apply. The Special Conditions shall take precedence over the Plans,
Technical Specifications, and Standard Construction Specifications. The Plans shall
take precedence over the Technical Specifications and Standard Construction
Specifications.

C.

The Owner shall have the right to modify the details of existing Plans, to supplement
existing Plans with additional Plans or with additional information as the work proceeds,
all of which shall be considered as Plans accompanying these Specifications, generally
referred to as the “Plans”. It is understood that such modification may impact the agreed
Contract amount. The Contractor shall report any errors found in the Plans to the
Engineer, who will make or approve the necessary corrections.

1.4
A.

1.5

GEOTECHNICAL INVESTIGATION
When soils investigations have been performed by the Company the geotechnical
information will be attached in the appendix. The soils/geotechnical information
provided will be general in nature. The geotechnical information is provided for
informational purposes only, and shall not be used to interpret or change the plans or
specifications.
RECORD DRAWINGS

A.

Contractor shall maintain in a safe place at the site, one record copy of all Drawings,
Specifications, and Addenda. Written Amendments, Change Orders, Work Directive
Changes, Field Orders and written interpretations and clarifications shall be maintained
in good order and annotated to show all changes made during construction. These
record documents together with all approved samples and a counterpart of all approved
Shop Drawings will be available to Engineer for reference.

B.

The Contractor shall furnish one set of blueline Record Drawings annotated to show all
changes. The Record Drawings shall reflect all changes made by change order,
addenda, field order, work directive, and any other changes made and approved during
the course of the Work.

1.6

PRECAUTIONS BY CONTRACTOR
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A.

1.7
A.

1.8

The Contractor agrees that due care shall be used throughout the work; and that
whenever Plans, shop drawings, or Specifications, for any part of the work, are in the
Contractor’s opinion faulty or at variance with each other or with any applicable rules,
regulations, ordinances, or are such as will, if followed, result in construction which is
or will be unsafe, imperfect, insecure or in violation of any applicable rules, regulations,
ordinances, the Contractor shall promptly stop Work on the part of the work affected
thereby and notify the Company in writing of such opinion and in what respect said
Plans, shop drawings, or Specifications are insufficient or improper, and will not
proceed with the part of the work so criticized until a written order has been received
from the Company directing what is to be done and when to proceed.
REFERENCE MATERIAL
Reference specifications or standards referred to in the plans, specifications or special
provisions shall be current dated material at the start of the project.
CHANGES

A.

The Company reserves the right to make such alterations, deviations, additions to, or
deletions from the plans and specifications, including the right to increase or decrease
the quantity of any item or portion of the work, or to delete any item or portion of the
work, as may be deemed necessary, or advisable by the Engineer, and to require such
extra work, determined by the Engineer to be required for the proper completion or
construction of the whole work contemplated to be done.

B.

Those changes will be set forth in a contract change order which will specify, in addition
to the work to be done in connection with the change made, adjustment of contract time,
if any, and the basis of compensation for that work. A contract change order will not
become effective until approved by the Engineer.

C.

Upon receipt of an approved contract change order, the Contractor shall proceed with
the ordered work. If ordered by the Engineer, the Contractor shall proceed with the
work so ordered prior to actual receipt of an approved contract change order. In those
cases, the Engineer will, as soon as practicable, issue an approved contract change order
for the ordered work.

1.9
A.

TESTING
The Company shall perform all testing required to confirm that all materials and
construction comply with the requirements as specified in all Contract Documents. The
type and timing of all testing shall be as selected by the Company. The Contractor shall
cooperate with and allow the Company to have access to make all tests.
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1.10
A.

1.11

PHOTOGRAPHS
After operations have started at the site, the Contractor shall have photographs taken of
each significant phase, on or about the first of each week, or as directed by the Engineer,
showing the general conditions and progress of the work. These photographs shall be
taken at such locations and of such subjects as necessary to portray the general
conditions and progress of work across the project site. Additional photographs of
specific aspects of the job shall be per the direction of the Engineer. Photographs shall
be 4 x 6-inch color prints. The photographs shall be mounted in an album in
chronological order. Mounted copies of the photos shall be supplied to the Engineer as
soon as practicable after the first of each month without charge. Each photograph shall
be labeled with a description indicating Project Title, Date of Photograph, Location,
Descriptive Data, and Contractor’s Name.
FORCE ACCOUNT WORK

A.

Work made necessary by changes and alteration of plans or for other reasons, for which
no unit prices are provided in the contract, at the option of the Engineer shall be defined
as "Force Account Work" and shall be performed by the Contractor in accordance with
specifications and as directed. However, no such work shall be undertaken until an order
has been issued by the Engineer to do the work on a "Force Account" basis. All verbal
orders will be followed by written notification as soon as possible.

B.

When the Contractor deems extra compensation is due him for work or materials not
clearly covered in the contract, or not ordered in writing by the Engineer as "Force
Account Work," the Contractor shall notify the Engineer in writing of his intention to
make a claim for such extra compensation before he begins the work on which he bases
the claim. If such notification is not given, or the Engineer is not afforded proper
facilities by the Contractor for keeping strict account of actual cost, then no payment
will be made to the Contractor for this unauthorized work.

C.

Payment will be made for Force Account Work, as described in Section 38 of the
General Contract, to cover direct costs of such work plus the additional percentage
stated in the Contract. Actual Cost of extra work upon which said additional percentage
shall be computed shall meet the conditions set forth in Section 37 of the Standard
Contract. The additional percentage covers Contractor’s profit, general office expense,
and the use of small tools. The Contractor shall furnish with its bid an hourly rate listing
of all classes of labor they intend to use on the project.
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1.12
A.

1.13
A.

1.14

CONCEALED CONDITIONS
In the event the Engineer determines that concealed conditions encountered in the
performance of the work below the surface of the ground, or in the event concealed or
unknown conditions in a structure be at variance with the conditions indicated by the
contract documents, the contract price may be equitably adjusted in accordance with the
provisions of the contract.
ARCHAEOLOGICAL SITES
In the event, during the process of the work, artifacts of historical or archaeological
significance are encountered, work shall be temporarily discontinued while the Engineer
contacts archaeological authorities to determine the disposition thereof. Delay to the
work on account of such discontinuance will be cause for a corresponding extension of
the completion dates, but shall not be the basis of any claims by the Contractor against
the Company.
TIMELY EXECUTION OF WORK

A.

The Contractor shall furnish sufficient forces, construction plant and equipment to
prosecute the work in accordance with the construction schedule.

B.

Should the Contractor fall behind schedule, he shall take such steps as may be necessary
to improve progress and the Engineer may require the Contractor to increase forces,
extend normal working hours per day or per week, and increase the amount of
equipment in service. The Contractor shall revise the progress schedule when directed
to do so by the Engineer, to show how the Contractor will bring the progress of the work
into conformance with the schedule.

1.15
A.

1.16
A.

DELAYS
Failure by the Company to furnish materials, equipment or services so as to reasonably
meet the progress schedule of the work will be reasonable cause to extend the dates
specified for completing the affected portion of the work, if in the opinion of the
Engineer such failure actually delays the Contractor's work.
LOSS OR DAMAGE
If any loss or damage shall result from fire or other cause to any part of the Contractor’s
work, the Contractor shall promptly repair such loss or damage free from all expense to
the Company. The Contractor shall be responsible for any loss of or damage to
materials, tools, or other articles used or held for use in connection with the work and
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the work shall be carried on to the completion without damage or interference with any
other work or property contiguous thereto.
1.17
A.

TEMPORARY SERVICES/FIELD OFFICE
Unless specified elsewhere in the plans or contract documents, the Contractor shall
provide and maintain his own administrative field office facilities within the
construction area at the designated site. Any additional grounds adjacent to the work
area provided or in other locations that the Contractor may require for his operations,
shall be provided by the Contractor at his expense. Furnishing the field office will be
considered incidental to and included in the various contract unit prices and lump sum
prices and will not be a separate pay item. Company office and warehouse facilities will
not be available to the Contractor’s personnel.
At completion of the project, the office shall remain the property of the Contractor and
shall be removed from the site. Utilities shall be connected and disconnected in
accordance with local codes and to the satisfaction of the Engineer. The trailer shall be
securely anchored to the ground at all four corners to guard against movement during
high winds.
The Contractor shall not display any signs, posters, or other advertising matter in or on
the Work or on or around the site thereof without the specific approval in writing by
BNSF. In addition, no advertising copy mentioning BNSF or quoting the opinions of its
employees may be released unless such copy is approved by BNSF before release.
Trailers utilized by the Contractor for administrative or material storage purposes shall
present a clean and neat exterior appearance and shall be in a state of good repair.

B.

Unless specified elsewhere in the plans or contract documents, the Contractor shall
provide, maintain, and subsequently remove as its property, one field office for the
exclusive use of the Engineer. Unless specified elsewhere in the plans or contract
documents, furnishing and maintaining the Engineer’s field office will be considered
incidental to and included in the various contract unit prices and lump sum prices and
will not be a separate pay item. The Engineer’s field office shall be equipped with the
following minimum equipment:
1.

Four independent telephone lines, two telephones and two answering machines.

2.

Facsimile machine and separate telephone service.

3.

Desk and chair.

4.

Duplicator. Access to the Contractor’s duplicator will be acceptable.
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C.

The Contractor shall furnish the electrical energy and shall furnish and install all wiring,
electrical services, lighting units, insulated supports for wiring, and all other electrical
equipment together with all other incidental and collateral work during construction
necessary for the furnishing of any temporary power and lighting facilities that may be
necessary to complete the work to be done under this Contract. Power may not exist at
the site. The nearest power may be Company communications/line and will NOT be
available for use by the contractor.

D.

The Contractor shall furnish, install and maintain all temporary water service for the
proper performances of work to be done under this Contract. The temporary water
service may be necessary for the performance of dust control activities, compaction and
other project related activities. Further, the Contractor shall include temporary
telephone and any other service which may be required for the proper performance of
the work. At the completion of the work and when approved by the Company all
temporary services shall be removed. The cost of these temporary services will be
considered incidental to the performance of the contract line/bid items.

E.

The Contractor’s employees shall park privately owned vehicles in an area designated
by the Engineer. This area will be within reasonable walking distance of the
construction site. The Contractor’s employee parking shall not interfere with existing
and established parking requirements of the railroad facilities.

1.18

TEMPORARY FENCING

A.

The Contractor shall prepare a site plan indicating the proposed location and dimensions
of any area to be fenced and used by the Contractor, the number of trailers to be used,
avenues of ingress/egress to the fenced area and details of the fence installation. Any
areas which may have to be graveled to prevent the tracking of mud shall also be
identified. The Contractor shall also indicate if the use of a supplemental or other
staging area is desired.

B.

The Contractor shall provide barriers to prevent unauthorized entry to construction
areas, to allow for the Owner’s use of the site, and to protect existing facilities and
adjacent properties from damage from construction operations and demolition. Provide
protection for plant life designated to remain. Replace damaged plant life. Protect nonowned vehicular traffic, stored materials, site and structures from damage. No
additional payment will be made by the Company for furnishing, installing, maintaining
or removing temporary fencing.

C.

If specified in the plans or contract documents, the Contractor shall provide safety
fencing. The provision, maintenance, removal and payment thereof, shall meet all
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requirements as specified in the plans and construction documents.
1.19
A.

1.20

TEMPORARY DITCHES
The Contractor shall be responsible for constructing and maintaining flow in all ditches
for drainage and irrigation during all phases of construction under this Contract. The
cost of these temporary ditches shall be incidental to excavation.
TEMPORARY ROAD CLOSURES AND DETOURS

A.

In addition to the requirements of the General Contract and Section 01650, Access
Roads and Construction Roads, the Contractor shall comply with the following: The
Contractor shall be responsible for making all necessary arrangements for the scheduling
of construction of the new at grade road crossings, with appropriate State, County or
local agency.

B.

The Contractor shall notify verbally and in writing all public service organizations (i.e.,
fire, police, ambulance, bus and schools) of construction schedule and detours.

C.

Where required by a specific agency the Contractor shall advertise to the public, in the
forms specified by that agency, the schedule of construction and detours available.

D.

The furnishing, installation, maintaining and removal of any barricades, signing,
temporary detour roads, crossing and lighting shall be the responsibility of the
Contractor and in accordance with the specification of the appropriate governing
agency.

E.

No additional payment will be made by the Company for furnishing, installing,
maintaining or removing of temporary road closures and detours. This shall include the
cost of posting road flag personnel per the governing agencies requirements.

1.21
A.

UTILITIES AND SIMILAR FACILITIES
Removal, relocation, protection, etc. of BNSF owned or non-BNSF owned underground
pipelines or overhead wire lines, and coordination of project construction activities with
owners of pipelines, power lines, telephone lines, other utilities and similar facilities,
when necessary to accommodate the work being done under this contract, will be the
responsibility of the Contractor, if requested by the Company. This utility work may be
shown as a bid item on a unit or lump sum basis, or it may be indicated as incidental to
the project, and its costs should be included in the existing bid items, with no direct
payment being made thereof. The Contractor shall protect against all utilities, whether
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shown on plans or not. Utilities damaged by construction activities of the Contractor
shall be repaired without cost to the Company.
B.

The Contractor shall cooperate with other forces engaged in removal, relocation and
protection of pipelines and utilities. He shall conduct his operations in such a manner as
to avoid any unnecessary delay or hindrance to the work being performed by such other
forces. The sequence and timing of grading operations shall be arranged to coordinate
with the pipeline and utility work.

C.

In the event the Contractor decides to have any rearrangement made in any utility,
facility or other improvements for his convenience in order to facilitate his construction
operations, and such rearrangement is an addition to or different from the
rearrangements indicated on the Plans or in the Specifications, he shall make whatever
arrangements are necessary with the owners of such utility or other facility for such
rearrangement and shall bear all expenses in connection therewith. All work or
relocation of utilities shall be approved by the Railroad prior to the commencement of
such work.

D.

Potholing at the convenience of the Contract, or if required by the Engineer, is not paid
for separately but included in the cost of other work

E.

The Contractor is responsible for determining locations of all utilities that may be
impacted by construction of this project.

F.

Attention is directed to the possible existence of underground utilities and facilities, the
existence of which is not known on the Plans or in the Specifications and relocations of
which are essential in order to accommodate the Work. The Engineer will provide for
the relocation of such facilities by other forces or such relocation shall be performed by
the Contractor pursuant to written authorization and will be paid as Force Account
Work.

G.

1.22
A.

All work done in connection with utility relocation, removal or construction will
conform to Company’s Specifications.
EXCAVATION OF UNDERGROUND CABLES
Before any excavation commences, contact the BNSF signal and track representative in
charge of the area. A request for underground signal cable locations should be made by
the Contractor to the signal and track representative. The signal person will make a
thorough inspection of the proposed work site, locating and marking underground cable
locations with paint and flags, as ground conditions permit.
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B.

In the event that there are no underground cable present in the proposed work limits, a
one time meeting by all parties is sufficient. This meeting will consist of the Signal
representative, Contractor representative, and BNSF flagperson; physically inspecting
all locations where underground cable might/does exist. When a thorough
understanding has been reached with respect to cable locations and areas where
excavation may be performed, the signal representative will complete the form entitled
“Underground Cable Location and Acknowledgment” reflecting a sketch of all
underground cable locations and notes that state the agreed understanding. The form
must be signed by each of the above mentioned representatives before leaving the
proposed work site and each given a copy prior to the start of work. The form can be
found at the end of this specification section.

C.

If any work is to be performed in close proximity to the underground cable, as
determined by the signal representative, the signal representative assigned to the project
must be present. The Contractor representative who signed the form must be in charge
of the work being performed, and have a copy of the form for reference. The assigned
flagperson will assure that these requirements are in place before allowing any work to
commence. The project inspector will forward a copy of the signed form to the
respective Construction Engineer for record purposes.

D.

If new underground cable is placed after an area has been cleared for grading, it will be
the responsibility of the respective department representative or project inspector to
initiate an on-site meeting to revise the “Underground Cable Location and
Acknowledgment” form.

1.23
A.

RIGHT-OF-WAY
The Company will obtain all the right-of-way necessary for completion of the work.
Information about right-of-way is available from the Construction Engineer.

PART 2

PRODUCTS - Not Used

PART 3

EXECUTION - Not Used

END OF SECTION
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CONTROL OF WORK

PART 1
1.1
A.

1.2
A.

GENERAL

AUTHORITY OF ENGINEER
The Engineer is the Authorized Representative of the Owner. The work will be done
under the supervision of the Engineer, to his satisfaction, and in accordance with the
contract, plans, specifications and special provisions. The Engineer will decide all
questions which may arise as to the quality or acceptability of materials furnished and
work performed; the interpretations of the plans, specifications and special provisions.
COOPERATION OF CONTRACTOR
The Contractor shall cooperate with the Engineer and with other contractors in every
way possible. During the period of time covered by this contract, the Company and
others may be engaged in other construction activities in the vicinity of the work
covered by these specifications. The Contractor shall arrange and prosecute the work
under these specifications so as not to interfere with other such work or with existing
improvements. The Contractor shall coordinate its work to that of others in a proper
manner and in accordance with the spirit of the plans and specifications and shall
perform such work in the proper sequence in relation to that of the Company and other
contractors, all as may be directed by the Engineer. The Contractor shall not unduly
interfere with work already started, and the Engineer may require the Contractor to
finish a section on which work is in progress before work is started on any additional
section. The Contractor shall be held responsible for any damage done by it or its agents
to the work performed by the Company or another contractor. If the proper execution or
results of any part of the Contractor's work depends upon the work of the Company or
any separate contractor, the Contractor shall, prior to proceeding with the work,
promptly report to the Engineer any apparent discrepancies or defects in such other work
that render it unsuitable for such proper execution and results. Failure of the Contractor
so to report shall constitute an acceptance of the separate contractor's work as fit and
proper to receive his work, except as to defects which may subsequently become
apparent in such work by others. At all times the General Contractor is responsible for
the work of his subcontractor. Any cost caused by defective or ill-timed work shall be
borne by the party responsible thereof. In the event the Contractor wrongfully causes
damage to the work or property of any separate contractor, the Contractor shall promptly
attempt to settle with such other contractor by agreement, or otherwise to resolve the
dispute. If such separate contractor uses or initiates an arbitration proceeding against the
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Company on account of any damage alleged to have been caused by the Contractor, the
Company shall notify the Contractor who shall defend such proceedings at the
Contractor's expense, and if any judgment or award against the Company arises
therefrom, the Contractor shall pay or satisfy it and shall reimburse the Company for all
attorney's fees and court or arbitration costs which the Company has incurred.
1.3

SCHEDULES AND MANPOWER ESTIMATES

A.

The Contractor shall submit to the Engineer an initial progress schedule within 15 days
after the date of the Owner-Contractor Agreement. The detail of the schedule will
match the complexity of the project. The schedule shall indicate submittal dates
required for Shop Drawings, product data, samples, and product delivery dates. The
schedule shall show the complete sequence of construction activity, identifying Work of
separate stages and other logically grouped activities. Unless specified elsewhere in the
plans or contract documents, the Contractor shall submit revised schedules with each
Application for Payment, identifying changes since the previous version. The monthly
pay estimate will not be paid until the schedule updates have been submitted.

B.

In addition to the schedule, the contractor will keep and be able to actively estimate all
man hours of work on any project under contract with the Company. Final labor and
equipment reports shall be submitted at the completion of the project in conformance
with Section 1.5 and Section 1.6 herein.

C.

The detailed schedule will include all aspects of the project broken down into sufficient
enough detail for the Engineer to evaluate task completion on a daily basis.

D.

Project scheduling shall be performed in the Microsoft Project ’98 format, or using an
equivalent software. The schedule submissions should be done in hard copy and
computer file.

E.

The Contractor will be required to submit a general project schedule with their bid
package. The general schedule will have enough detail, including at least the major
items of work, to enable the Engineer to judge the adequacy of such a program and the
capabilities of the Contractor.

1.4
A.

MATERIAL AND WORKMANSHIP
Within 15 days after the date of the Contract Agreement, the Contractor shall submit a
complete list of major products proposed for use, with the name of the manufacturer,
trade name, and model number of each product. The Engineer will consider a request
for Substitutions to specified products only within 15 days after date of OwnerContractor Agreement. Substitutions may be considered when a Product becomes
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unavailable through no fault of the Contractor. Substitutions will not be considered
when they are indicated or implied on Shop Drawing or Product data submittals, without
separate written request, or when acceptance will require revision to the Contract
Documents. The Contractor shall only request a substitution when the following
conditions apply:
1.

The proposed Product meets or exceeds the quality level of the specified Product.

2.

The Contractor or Product manufacturer will provide the same warranty for the
proposed substitution as for the specified Product.
The Contractor shall coordinate installation and make required changes to other
Work at no additional cost to the Owner.

3.

4.

The Contractor shall waive claims for additional costs or time extensions which
may become necessary.

B.

The Contractor shall be responsible for monitoring quality control over suppliers,
manufacturers, products, services, site conditions, and workmanship. The Contractor
shall comply fully with manufacturers’ instructions, specified standards, codes, or
specified requirements. The Contractor shall ensure that all work is performed by
persons qualified to produce required and specified quality. If manufacturers’
instructions cause a conflict with the Contract Documents, request clarification from the
Engineer before proceeding.

C.

Materials and equipment shall be new, of first quality and best grade, essentially the
standard catalog products of reputable manufacturers, and shall be of the type, size and
capacity, and for the type of service specified. It is the intent of these specifications that
the highest quality equipment shall be provided for the intended service. Materials used
in the manufacture of the equipment shall be of the best quality used for the purpose in
commercial practice and shall be suitable for service conditions.

1.5

LABOR AND MATERIALS REPORT

A.

The Contractor shall maintain an up-to-date record of all materials and equipment
furnished by him and any subcontractors to be incorporated in the work.

B.

The Contractor will deliver to the Engineer copies of all bills of material designated for
use in the permanent structure or in plant and shall report weekly to the Engineer the
amounts of such materials received, material en route, and the number and classification
of men engaged in the work. Prices of materials and rates of pay of men need not be
given.
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1.6
A.

1.7
A.

RECORDS AND RECORD KEEPING
The Company desires to have a permanent record of specific events and progress of the
project. The Contractor shall maintain a daily log which states the (1) date, (2) weather,
(3) description of work for the day (in accordance with the project schedule), (4) number
and description of equipment on the project, (5) hours of productive operation of each
piece of equipment, (6) number and classification of Contractor’s and Subcontractor’s
supervisory personnel, (7) number and classification of machine operators and laborers
on the project and number of hours worked in each classification, (8) names of visitors
and specific instructions and comments of each, (9) the work planned for the following
day, (10) verbal instructions given by the Engineer, and (11) any delays. The daily logs
will be submitted on a daily basis to the Engineer on site, unless otherwise directed. A
weekly compilation of this information shall be provided to the Engineer on a weekday
to be determined by the Company’s designated construction management, unless
specified elsewhere in the plans or construction documents. The construction work
week for the purposes of this report will be specified by the Company’s designated
construction management, unless specified elsewhere in the plans or construction
documents.
PROGRESS/CONSTRUCTION REVIEW MEETINGS
The Contractor shall schedule regular weekly construction progress meetings for the
duration of the construction period. The Contractor, the Engineer, the Owner, and
subcontractors and suppliers as required, shall attend these meetings. The meeting
agenda will include at least the following items:
1.

Safety Concerns.

2.

Progress since last meeting.

3.

Planned progress for next construction period.

4.

Problems, conflicts, and observations.

5.

Discussion of submittals of shop drawings and samples.

6.

Discussion of pending change orders.

7.

Quality standards and control.

8.

Schedules, including status of off-site fabrication and delivery schedules.
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9.
1.8
A.

Coordination.

SUPERVISON AND CONSTRUCTION PROCEDURES
The Contractor shall give the work the constant attention necessary to facilitate the
progress thereof. The Contractor at all times:
1.

Shall cooperate with the Engineer and with other contractors in every way; shall
have present and available on the work site a competent superintendent capable of
supervising the work, reading and thoroughly understanding the plans and
specifications, and who shall have the necessary authority to receive and promptly
execute instructions and orders from the Engineer or his authorized
representatives. Such superintendence shall be furnished irrespective of the
amount of work subcontracted;

2.

Shall be solely responsible for all construction means, methods, techniques, and
procedures and for coordinating all portions of the work under the contract.
Permission given by the Engineer to use any particular methods, equipment or
appliances shall not be so construed as to relieve the Contractor from furnishing
other equipment or other appliances or adopting other methods when those in use
prove unsatisfactory or as to bind the Engineer to accept work which does not
comply with the contract.

3.

Shall be responsible to the Company for the acts and omissions of its employees,
subcontractors and their agents and employees, and other persons performing any
of the work under a contract with the Contractor ensuring their compliance with
minimum safety requirements set forth in Section 01700, Contractor General
Safety Requirements.

4.

Shall not be relieved from his obligations to perform the work in accordance with
the contract documents by the activities or duties of the Engineer in his
administration of the contract.

5.

Shall immediately remove from the work, when so ordered by the Engineer, and
shall not re-employ on any of the work by the Contractor, without written
permission from the Engineer, any person employed who shall be detected doing
unsafe, improper and defective work or who shall refuse or neglect the direction
of the Engineer or who shall be deemed incompetent or disorderly or who shall
commit any trespassing on any public or private property in the vicinity of the
work.

6.

Shall be responsible for all construction coordination necessary so that the project
01400-5

Page D-124

CONTROL OF WORK
SECTION 01400
may remain on schedule. The Contractor shall coordinate his activities with the
pertinent utilities, the Owner’s staff, Subcontractors and equipment suppliers in
order not to delay the Contractor’s project schedule and to minimize the
disruption to the Facility operation throughout the construction period.
1.9
A.

1.10

SUPERINTENDENT
The Contractor will provide a full time Superintendent, to be on site at all times. This
person will not be allowed to operate equipment or perform any other work other than as
Superintendent, unless otherwise specified in the plans or contract documents.
SAFETY OFFICER

A.

The Contractor shall establish and enforce among his employees and subcontractors a
safety program as specified by the Owner, in accordance with the safety regulations
found in Section 01700 - Contractor General Safety Requirements. The Contractor shall
attend the safety training course provided by the Owner, and shall be responsible for
providing the Owner’s safety training to all personnel who will be working on the job
site.

B.

The Contractor will report to BNSF and the Engineer, in writing, any personal injury of
the Contractor’s employees or subcontractor’s employees which occurs on Railway
property, by the end of the work shift in which the injury occurred; in accordance with
the regulations found in Section 01800 – Personal Injury Reporting.

C.

The Contractor will assign a Safety Officer to the project. The person that performs
these functions as a Safety Officer may not be assigned other duties unless specified
elsewhere in the pans or contract documents. This person will not be allowed to operate
equipment or perform any other work other than as Safety Officer, unless specified
elsewhere in the plans or contract documents, or unless otherwise directed by the
Company’s authorized representative.

1.11
A.

CONFORMITY WITH PLANS, STAKES AND DEVIATIONS THEREFROM
The Engineer will furnish and set such stakes as he determines to be necessary to
establish lines, grades, and slopes required for completion of the work. The Contractor
shall transfer or establish additional points at his own expense. The Contractor will be
held responsible for the preservation of all stakes and marks. If, in the opinion of the
Engineer, any of the stakes or marks have been carelessly or willfully destroyed or
disturbed by the Contractor, the cost of replacing them will be charged against him and
deducted from the payment for the work.
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B.

All work performed shall be in conformity with the lines, grades, cross sections, data
and dimensions shown on the plans. Deviations from the approved plans as may be
required by the contingencies of construction shall in all cases be determined by the
Engineer and authorized in writing.

C.

In the event the Contractor, as the work progresses, finds any discrepancies between the
plans and the physical condition or any errors in the plans or layouts as given by staking
or instructions, it shall be its duty to inform the Engineer in writing, and the Engineer
shall promptly arrange correction thereof. Any work done after such discovery, unless
authorized by the Engineer in writing, will be done at the Contractor's risk. The expense
for verifying accuracy of layout stakes provided by the railroad, shall be borne by the
railroad, only if it is determined that work performed by the railroad is in error.

D.

Work and materials which do not conform to the requirements of the contract, including
work done beyond the lines and grades shown on the plans and extra work and material
furnished without written approval of the Engineer will not be paid for by the Company.
Upon order of the Engineer, unauthorized work or materials shall be immediately
remedied, removed, replaced or disposed of at the Contractor's expense.

E.

A copy of the contractor’s survey notes shall be furnished to the Engineer as the work
progresses.

1.12

SHOP DRAWINGS, PRODUCT DATA AND SAMPLES

A.

After checking and verifying all field measurements and after complying with applicable
procedures specified in the General Requirements, Contractor shall submit to Engineer
for review in accordance with the accepted schedule of Shop Drawing submissions or
for other appropriate action if so indicated in the Contract Documents, five copies
(unless otherwise specified in the Contract Documents) of all Shop Drawings, which
will bear a stamp or specific written indication that Contractor has satisfied Contractor's
responsibilities under the Contract Documents with respect to the review of the
submission. All submissions will be identified as Engineer may require. The data
shown on the Shop Drawings will be complete with respect to quantities, dimensions,
specified performance and design criteria, materials and similar data to enable Engineer
to review the information as required.

B.

Contractor shall also submit to Engineer for review with such promptness as to cause no
delay in Work, all samples required by the Contract Documents. All samples will have
been checked by and accompanied by a specific written indication that Contractor has
satisfied Contractor's responsibilities under the Contract Documents with respect to the
review of the submission and will be identified clearly as to material, Supplier, pertinent
data such as catalog numbers and the use for which intended.
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C.

The Contractor may request that a maximum of fifty percent of the submittals be
reviewed up to two times for each equipment or construction material item, regardless of
manufacturer or supplier, by the Engineer. For additional reviews, the Contractor shall
reimburse the Engineer for additional labor.

D.

Before submission of each Shop Drawing or sample, Contractor shall determine and
verify all quantities, dimensions, specified performance criteria, installation
requirements, materials, catalog numbers and similar data with respect thereto and
reviewed or coordinated each Shop Drawing or sample with other Shop Drawings and
samples and with the requirements of the Work and the Contract Documents. All such
drawings and details, when submitted, must bear the stamp of approval of the
Contractor, bearing checked data, as evidence that such drawings and details have been
checked by him. The stamp shall clearly state that the Contractor has checked the
drawings and, by his signature, he so certifies. Any drawings that have not been
checked will be returned to the Contractor for resubmission and will not be considered.

E.

At the time of each submission, Contractor shall give Engineer specific written notice of
each variation that the Shop Drawings or samples may have from the requirements of
the Contract Documents, and, in addition, shall cause a specific notation to be made on
each Shop Drawing submitted to Engineer for review and approval of each such
variation.

F.

Engineer will review with reasonable promptness Shop Drawings and samples, but
Engineer's review will be only for conformance with the design concept of the Project
and for compliance with the information given in the Contract Documents and shall not
extend to means, methods, techniques, sequences or procedures of construction (except
where a specific means, method, technique, sequence or procedure of construction is
indicated in or required by the Contract Documents) or to safety precautions or
programs incident thereto. The review of a separate item as such will not indicate
approval of the assembly in which the item functions. Contractor shall make corrections
required by Engineer, and shall return the required number of corrected copies of Shop
Drawings and submit as required new samples for review. Contractor shall direct
specific attention in writing to revisions other than the corrections called for by Engineer
on previous submittals.

G.

Engineer's review of Shop Drawings or samples shall not relieve Contractor from
responsibility for any variation from the requirements of the Contract Documents unless
Contractor has in writing called Engineer's attention to each such variation at the time of
submission as required by paragraph 6 and Engineer has given written approval of each
such variation by a specific written notation thereof incorporated in or accompanying
the Shop Drawing or sample approval; nor will any approval by Engineer relieve
01400-8

Page D-127

CONTROL OF WORK
SECTION 01400
Contractor from responsibility for errors or omissions in the Shop Drawings or from
responsibility for having complied with the provisions of paragraph D.
H.

Engineer's review of Shop Drawings or samples shall not relieve Contractor from
responsibility for any variation from the requirements of the Contract Documents unless
Contractor has in writing called Engineer's attention to each such variation at the time of
submission as required by paragraph D and Engineer has given written approval of each
such variation by a specific written notation thereof incorporated in or accompanying
the Shop Drawing or sample approval; nor will any approval by Engineer relieve
Contractor from responsibility for errors or omissions in the Shop Drawings or from
responsibility for having complied with the provisions of paragraph D.

I.

Where a Shop Drawing or sample is required by the Specification, any related Work
performed prior to Engineer’s review of the pertinent submission will be the sole
expense and responsibility of Contractor.

1.13

INSPECTION

A.

The work herein covered is to be completed in accordance with the specifications, the
accompanying plans and such instructions or directions as the Engineer may give to
supplement plans and specifications. Wherever the words "directed," "permitted,"
"approved," "acceptable," "satisfactory to," or words or phrases of similar import occur
in the contract documents, they shall be understood to be functions of the Engineer to be
exercised at his discretion.

B.

Methods of performing work and procedures shall be of the Contractor's own selection
provided no requirement of the plans or specifications is violated and the work is
completed within the time allowed. Approval by the Engineer of any work device or
method of construction, or absence of his disapproval thereof, shall not relieve the
Contractor of full responsibility for any failure thereof. The Company will not be
responsible for and will not have control of work means, methods, techniques, or
procedures, or for safety precautions and programs in connection with the work, and will
not be responsible for the Contractor's failure to carry out the work in accordance with
the contract documents.

C.

The Company will not be responsible for and will not have control or charge over the
acts or omissions of the Contractor, subcontractors, or any of their agents or employees,
or any other persons performing any of the work.

D.

The Contractor shall furnish the Engineer with every reasonable facility for ascertaining
whether or not the work is performed in accordance with the requirements and intent of
the contract. No work shall be performed or materials used without affording an
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opportunity for adequate inspection. If the Engineer so requests, the Contractor shall, at
any time before acceptance of the work, remove or uncover such portions of the finished
work as may be directed. After examination, the Contractor shall restore said portions
of the work to the standard required by the specifications. Should the work examined
prove acceptable, the uncovering or removing and the replacing of the work removed
shall be paid for as "Force Account Work"; but should the work prove unacceptable, the
uncovering or removing and the replacing of the work removed shall be at the
Contractor's expense. Inspection will not relieve the Contractor from any obligation to
perform the work in accordance with the requirements of the specifications.
E.

All materials and every process of manufacture and construction shall be subject to
inspection at all times and the Company, the Engineer and their representatives shall
have free access to all operations. The Contractor shall provide necessary materials and
the Engineer shall have the right to select suitable samples of materials for testing or
examination which the Contractor shall supply without charge. In case such samples
must be shipped to some other point for inspection or testing, the Contractor shall box or
crate samples as necessary and shall deliver them at points designated for shipment
without charge. Omission of inspection shall not relieve the Contractor of its
obligations to produce the work required by plans and specifications. Rejected materials
shall be removed promptly from the vicinity of the work, and the Contractor, at its
expense, shall promptly remove, reconstruct, replace, and make good any defective
work as directed in writing by the Engineer. Oversight or error in judgment of
inspectors, or previous acceptance shall not relieve the Contractor from the obligation to
correct any defects whenever discovered.

F.

In the event the Contractor does not correct such condemned work and remove rejected
materials within a reasonable time fixed by written notice, the Company may make
removals and corrections and charge the expense to the Contractor.

G.

Except as may be otherwise provided, all materials, processes, and workmanship will be
inspected at the site of the work without expense to the Contractor.

H.

All inspection by the Engineer is for the protection of the Company and its interest and
shall not relieve the Contractor of responsibility for providing satisfactory work of the
kind required by the specifications and plans. After completion of the work, a final
inspection will be made and any previous inspection or acceptance will not preclude
rejection at the final inspection of anything that is not satisfactory to the Engineer or not
in accordance with the specifications and plans.

I.

In the event, within such period of time as may be prescribed by law or by the terms of
any applicable special warranty required by the contract document, whichever is longer,
any of the work is found to be defective or not in accordance with the contract
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documents, the Contractor shall correct it promptly after receipt of a written notice from
the Company. This obligation shall survive acceptance of the work or termination of the
contract. In the event the Company prefers to accept or not require correction of
defective or nonconforming work, the Company may do so instead of requiring its
removal and correction, in which case the Engineer shall determine an appropriate sum
to be deducted from the contract price or otherwise charged against the Contractor,
which determination shall be final and binding upon the parties. Such adjustment shall
be effected whether or not final payment has been made.
J.

All defective work which has been rejected shall be remedied or removed and replaced
in an acceptable manner by the Contractor at its own expense.

K.

Whenever all of the work provided for in the Contract or authorized under Subsection
01340, "Force Account Work," has been completed and the final cleaning-up performed,
the Engineer will make the final inspection; and, if the work is found to be satisfactory,
the Contractor will be notified in writing of the acceptance of same. All portions of the
work shall be maintained by the Contractor at the standards required by the plans,
specifications, and special provisions until final acceptance.

L.

At the Engineer's prerogative, portions of the work may be accepted before all of the
project work is completed. After acceptance, the Contractor shall not use the finished
product for any purpose without the permission of the Engineer. Maintenance of
accepted portions of work occupied by the Owner prior to completion of the Project is
no longer the responsibility of the Contractor.

1.14

FINAL INSPECTION

A.

All portions of the work shall be maintained by the Contractor at the standards required
by the plans, specifications, and special provisions until final acceptance. The
Contractor will not be allowed to demobilize until final inspection has been completed
and approved. Equipment may be removed from the site with the approval of the
Engineer.

B.

Whenever all of the work provided for in the Contract, or authorized under subsection
01340, “Force Account Work,” has been completed and the final cleaning-up performed,
the Engineer will make the final inspection; and, if the work is found to be satisfactory,
the Contractor will be notified in writing of the acceptance of same. Acceptance in
writing by the Engineer will not release the Contractor of any warranties or guaranties
noted in the Contract.

1.15

REQUESTS FOR PAYMENT
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A.

Unless otherwise provided, the contractor shall submit to the engineer estimate of work
done and material furnished under the contract. Request for payment shall be submitted
at the end of each calendar month unless otherwise approved by the Engineer. The
Engineer shall certify correctness of request for payment. Until such certification has
been completed the request is not considered acceptable for payment. If request is for
partial work there shall be 10% of each monthly estimate retained until final completion
and acceptance of all work is completed. After certification of invoice the following
approval process will be made:
1.

C.

The original invoice must be sent to Engineer. Engineer will certify invoice, and
forward to the Railroad for further processing.

Unless specified elsewhere in the plans or contract documents, the Contractor shall
submit the following documents prior to approval of the Contractor’s final pay request:
1.

Affidavit of Payment of Debts and Claims.

2.

Affidavit of Release of Liens.

3.

Consent of Surety.

4.

Partial and Final Labor and Material Lien Waivers. These documents shall be
furnished by the Contractor and all Subcontractors, and shall be attached to the
Contractor’s Affidavit of Release of Liens. Unless specified elsewhere in the
plans or contract documents, partial or final lien waivers covering the amount of
contractor effort being invoiced, must be attached to all intermediate and final
invoices.

D.

Prior to approval of the Contractor’s final pay request, and after all work has been
completed, the Contractor shall dispose of all waste material. All areas shall be restored
to a condition equal to or better than the original. Site grading shall be performed to the
lines and grades as shown or conforming to adjacent contours.

E.

The Contractor shall make all repairs and replacements promptly upon receipt of written
order from the Owner. If the Contractor fails to make such repairs or replacements
promptly, the Owner reserves the right to do the work and the Contractor and his surety
shall be liable to the Owner for the cost thereof.

F.

Contract Quantities: When the project is constructed essentially to the lines, grades or
dimensions shown on the Plans and the Contractor no further measurements will be
required and payment will be made for the quantities shown in the Contract for the
various items involved except that if errors are discovered after Work has been started,
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appropriate adjustments will be made. When the Plans have been altered or when
disagreement exists between the Contractor and the Engineer as to the accuracy of the
Plan quantities, either party shall, before any additional work is started which would
affect the measurement, have the right to request in writing and thereby cause the
quantities involved to be measured as specified in the bid documents. This shall not
apply to items where excavation and backfill or other work is considered as incidental to
the items and included in Contract lump sum prices.
PART 2

PRODUCTS (Not Used)

PART 3

EXECUTION (Not Used)
END OF SECTION
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CONTROL OF MATERIALS
PART 1
1.1

GENERAL

SOURCE OF SUPPLY AND QUALITY OF MATERIALS

A.

The source of supply of each of the materials supplied by the Contractor shall be
approved by the Engineer before delivery is started. Approval by the engineer does not
release the contractor of his responsibility to meet any stated or implied warranty or
guaranty of acceptable material. Promptly after receiving the contract award, the
Contractor shall notify the Engineer of all proposed material sources. If it is found after
trial that sources of supply previously approved do not produce uniform and satisfactory
products, or if the product from any source proves unacceptable at any time, the
Contractor shall furnish materials from other approved sources.

B.

Only materials conforming to specifications and approved by the Engineer shall be used
in the work. All material being used shall be subject to inspection or test at any time
during their preparation or use. No material which after approval has in any way
become unfit for use shall be used in the work.

1.2

UNLOADING, HAULING AND STORING MATERIALS

A.

The Contractor shall, at its expense, unload, store, handle, and be responsible for all
materials whether furnished by the Company or by the Contractor. Delivery of Owner
furnished materials shall be coordinated with the Contractor in advance. Materials shall
be properly stored at least 25 feet from the centerline of the nearest track on suitable
foundations or platforms and, if necessary to prevent deterioration, materials shall be
protected from weather. Material furnished by the Company which is delivered before
the Contractor is on the ground will, if necessary to release cars, be unloaded by the
Company along the designated track assigned to the work or the existing spur track
nearest to the work available for such use. All material held on cars or received after the
Contractor is on the ground shall be unloaded promptly by the Contractor. All material,
whether unloaded by the Company or by the Contractor, shall be moved by the
Contractor, at its expense, from the point where it is delivered by the Company to the
site of the work.

B.

The unloading, storing and hauling of all Company or Contractor's material to be used
on the portions of the work covered by the Contract agreement, shall be considered as
incidental to contract pricing, and no direct payment will be made thereof.
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C.

The Contractor, at its expense, shall reload on cars all surplus and salvaged Company
materials as designated in the plans and specifications to the satisfaction of the
Company, and shall furnish all material for securing and blocking. Such loads will be
subject to inspection and any rejected loads will be reloaded by the Contractor at its
expense. Such work shall be considered as incidental to contract prices.

D.

In the event unloading of Company or Contractor's material from cars on operated
tracks, or in the event that the Contractor's operations are such as to require work train
service, the Company will not bill the Contractor for costs thereof, unless otherwise
provided for by special provision.

E.

When permission to do so is given in writing by the Engineer, the Contractor may store
materials and erect temporary buildings on Company property which is not required for
Company use or which is not under lease to other parties.

1.3

MATERIALS FURNISHED BY THE COMPANY

A.

The Company may elect to furnish without cost to the Contractor a portion of the
materials required for the project. All materials which the Company intends to furnish
will be specified in these specifications or in the special provisions.

B.

The material will be furnished in cars at the nearest unloading track to the project. The
Contractor shall furnish all labor and equipment necessary to unload, store, handle, and
haul this material and also to sort, as to type and size, and load any excess material at the
completion of the project. Upon notification of the arrival of material, the Contractor
shall unload and release cars without delay.

C.

The Contractor shall check all material upon receipt for quantity and condition, and after
acceptance shall be fully responsible for properly protecting the material from loss or
damage due to theft, fire, weather, or any other cause. For any of the material lost or
damaged beyond repair after delivery, or for any of the materials not incorporated in the
work and not returned, the Contractor will be charged the same amount that the original
materials cost the Company, or amounts equal to replacement costs, whichever is higher.
Any materials damaged after delivery to the Contractor, which in the opinion of the
Engineer can be repaired satisfactorily, shall be repaired at the Contractor's expense and
under the direction of the Engineer.

D.

Work associated with materials furnished by the Company shall be considered as
incidental to other items of the contract and no additional payment will be made for any
costs involved.
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E.

The Company reserves the right to increase or diminish the estimated quantities without
affecting the Contract unit prices for the various parts of the Work except as provided
for in the Contract for Construction.

PART 2

PRODUCTS (Not Used)

PART 3

EXECUTION (Not Used)

END OF SECTION
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LEGAL RELATIONS AND RESPONSIBILITY
PART 1
1.1
A.

1.2

GENERAL

LAWS TO BE OBSERVED
The Contractor shall keep fully informed of all State and Federal laws, County and
Municipal Ordinances, and all regulations which in any manner affect those engaged in
the work, or the materials used in the work, or which in any way affect the conduct of
the work, and of all orders and decrees of bodies or tribunals having jurisdiction or
authority over the same. The Contractor shall at all times observe and comply with, and
shall cause all the Contractor's agents, employees, subcontractors and invites to observe
and comply with laws, ordinances, regulations, orders and decrees of bodies or tribunals
having jurisdiction or authority over the work; and shall protect and indemnify the
Company and all officers and employees thereof connected with the work, against any
claim or liability arising from or based on the violation of any law, ordinance,
regulation, order, or decree, whether by the Contractor or the Contractor's employees. If
any discrepancy or inconsistency is discovered in the plans, drawings, specifications, or
contract for the work in relation to any law, ordinance, regulation, order or decree the
Contractor shall forthwith report the same to the Engineer in writing.
FIRE PREVENTION

A.

The Contractor shall observe and comply with all Federal, State, County and local laws
and regulations pertaining to the prevention, control, and fighting of fire, and conduct of
burning operations and shall procure all permits and licenses relative thereto. The
Contractor shall supply all fire fighting equipment, supplies and personnel and perform
all work required by the laws and regulations pertaining to fire prevention. If any loss
or damage shall result from fire, as a result of the Contractor’s operations, the
Contractor shall promptly repair such loss or damage free from all expense to the
Company.

B.

This equipment cost is incidental to work items in contract.

1.3
A.

PROTECTING PREMISES
The Contractor shall take all precautions necessary and shall be responsible for the
safety of the work and shall maintain all lights, guards, signs, temporary passages or
other protection necessary for that purpose.
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B.

The Contractor shall be responsible for any loss of or damage to materials, tools, or
other articles used or held for use in connection with the work and the work shall be
carried on to completion without damage or interference with any other work or
property contiguous thereto.

C.

The railroad is not responsible for loss of, or any damage to, any contractor equipment
or material on railroad property.

1.4
A.

1.5

ADVERTISING PRIVILEGES
The Contractor shall not display any signs, posters, or other advertising matter in or on
the work on or around the site thereof without the specific approval in writing by the
Company.
USE OF EXPLOSIVES

A.

When the use of explosives is necessary, and is approved for use by the Engineer for the
prosecution of the work, the Contractor shall use the utmost care not to endanger life or
property. All explosives shall be stored in a secure manner, and all storage places shall
be marked clearly "Dangerous--Explosives." The method of storing and handling
explosives and highly inflammable materials shall conform with Federal, State and local
laws and regulations and be approved by the Engineer.

B.

Track protection will be required whenever the use of explosives has a potential to cause
any material disturbed by blasting activities to come in contact with the track structure.
The track protection shall be durable enough to prevent the track structure from being
damaged by flying rock or debris that would result from the blast.

C.

More specific information and guidance regarding the use of explosives by the
Contractor will be covered in the Special Provisions, or in Section 03200 or Section
03210.

1.6

PROTECTION OF RAILROAD TRAFFIC AND PROPERTY

A.

All work to be done by the Contractor on the Company property shall be performed in a
manner satisfactory to the Engineer. The work shall be performed at such times and in
such a manner that will cause the least interference with the movements of trains or
traffic upon the tracks of the Company. The Contractor shall use all reasonable care and
precaution to avoid accidents, damage, delay, or interference with the Company's trains
or other facilities.

B.

The Contractor shall make provisions satisfactory to the Engineer against disturbing, in
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any manner, the Company embankment, structures and tracks during construction. If
the work to be performed by the Contractor shall, as determined by the Engineer,
weaken or undermine the Company embankment, structures or tracks, then the said
work shall be stopped, upon notice so to do. The forces of the Company will proceed
with the performance of the work of strengthening the Company's embankment,
structures or tracks, with the actual cost thereof to be borne by the Contractor. Should
any damage occur to Company property as a result of the Contractor's unauthorized or
negligent operations, the Company may repair such damages and/or perform any work
for protection of its property it may deem necessary and the actual cost thereof shall be
borne by the Contractor.
C.

The services of a railroad flagger are required on the site during:
1.

Excavation for permanent foundations, placing and removal of support systems or
sheeting, and placing of concrete for structures adjacent to the track;

2.

Construction of a bridge structure adjacent to the tracks;

3.

Transportation of material or equipment across the track;

4.

Any operations involving direct interference with and/or in the proximity of
power lines or the Company signal and communication lines, underground cables,
or pipe lines which might result in fire or damage to such facilities, or endanger
Company operations, or endanger the public in the transacting of business on
Company right-of-way;

5.

Encroaching into operating clearances or reasonable probability of accidental
hazard to the Company traffic;

6.

Removal of portions of existing structures immediately over or adjacent to a track;

7.

Other times when, as determined by the Engineer, conditions require such
protection.

Any Railroad flagging services required by the Company for the safety of Company
operations because of work being performed by the Contractor, or in connection
therewith, will be provided by the company.
D.

The Contractor shall furnish, install, maintain and subsequently remove temporary
protective fencing, barricades, warning lights, and such additional protection as may be
required at excavations, acceptable to the Engineer.
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E.

The following temporary clearances are the minimum which must be maintained at all
times during the construction operations:
1.

Vertical: 23 feet above top of highest rail unless otherwise noted on the Plans.

2.

Horizontal: 8'-6" from centerline of the nearest track to the edge of obstruction,
measured at right angles, thereto, unless otherwise indicated on the Plans.

In the event that lesser clearances than the above are required for any part of the work,
the Contractor must secure written authorization from the Engineer for such lesser
clearances in advance of the start of the Work on that portion of the project along, on,
over or across the property or tracks of the Company.
F.

Falsework and shoring plans must be prepared and stamped by an engineer licensed in
the state where the work is to be done, and will be forwarded to the Engineer for final
authorization.

G.

The Contractor shall follow Federal, State and local governmental guidelines and
suggestions for notification and location of utility locations before proceeding with
work.

H.

The Contractor shall, before entering onto the property of the Company for the
performance of any construction work or work preparatory thereto, secure permission
from the Engineer for the occupancy and use of the Company property and shall confer
with the Engineer relative to the requirements for railroad clearances, operation,
Contractor's temporary construction crossing and general safety regulations.

I.

The Contractor shall, at all times, conduct his work in a manner satisfactory to the
Engineer, or his authorized representative, and shall exercise care so as to not damage
the property of the Company or to interfere with the operations of the Company.

J.

The Contractor shall, upon the completion of the Work, remove from the property of the
Company, all machinery, equipment, surplus materials, falsework, rubbish or temporary
buildings made necessary by the contract operations, and to leave said property in a neat
condition satisfactory to the Company or its authorized representative.

1.7
A.

1.8

DOCUMENTATION OF MANHOUR AND EQUIPMENT USAGE
The contractor shall provide weekly man-hour and equipment usage reports for all work
completed. The information in the reports shall be categorized by work type.
PROTECTION OF ROADWAY TRAFFIC
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A.

Where private roads, public roads and other railroads cross or are closely adjacent to the
contract work, the Contractor shall furnish and be responsible for protection of all
roadway and railroad vehicular traffic. Protection shall include, but not be limited to,
flagging, temporary detours or bypasses and any other protection for traffic as may be
required by the Governmental Authority or the other railroad having jurisdiction. Any
flaggers or protective devices required by private or public authorities for the protection
of roadway traffic shall be furnished and paid for by the Contractor. No measurement or
payment will be made for this work. All costs or expenses shall be deemed to have been
included for same in the unit prices and lump sum prices submitted by the Contractor.

B.

At locations where the right-of-way crosses existing roads, highways, or at other
locations where the Contractor's equipment will cross existing roads or highways, the
Contractor shall obtain the necessary approval and permits from the proper agencies for
such crossings and detours as may be required. The Contractor shall maintain such
crossings and detours in safe condition for passage of traffic, shall provide flaggers as
required, and shall furnish and maintain temporary drainage structures, guard fences,
lights, warning signs, and other facilities necessary to protect traffic. This work shall be
considered as incidental to other items of the contract and no additional payment will be
made for any costs involved.

1.9

ACCESS ROADS AND CONSTRUCTION ROADS

A.

Access to the work from existing public roads, private property, or along the right-ofway of the Company shall be arranged for and provided by the Contractor. No payment
will be made to the Contractor by the Company for any work done in constructing,
improving, repairing or maintaining any road or structure thereon for use in the
performance of the work. The Company assumes no responsibility for the condition or
maintenance of any road or structure thereon that may be used by the Contractor in
performing the work or in traveling to and from the site of the work.

B.

The contractor shall submit to the BNSF a request in writing for approval of all
temporary grade crossings. If the temporary grade crossing is authorized by the BNSF,
the BNSF may require its installation to be performed by railroad personnel; otherwise
the responsibility for installation belongs to the contractor. The BNSF is not obligated
to authorize the installation of temporary grade crossings and, because of safety reasons,
requests for temporary grade crossings may not be approved. Denial of such request
will not be considered as a basis for Contractor claims for additional compensation.

C.

Existing roads and trails shall be used whenever possible for access to the work.
Construction of steep hillside roads shall be avoided. Construction of new access roads
or use of existing roads shall be subject to approval by the appropriate governmental
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agency or landowner. The Contractor shall meet all applicable federal, state and local
agency guidelines governing the rehabilitation and reclamation of temporary access
roads. The roads shall be graded to conform to original topography to the degree
possible. Cut slopes associated with temporary access roads shall be reduced to a grade
consistent with adjacent topography, erosion protected, and revegetated, when no longer
needed or when not requested by the Railroad.
D.

The Contractor's haul or service road shall be located so that upon the completion of the
work, a continuous road, where possible, will remain on the right-of-way throughout the
entire length of the project. The Engineer will designate the location of the road.

E.

Where it is necessary to place a portion of the haul or service road or occupy an area off
of the Company's right-of-way, the Contractor shall obtain written release from owner
and tenant for the land involved. At the completion of the project, the area used by the
Contractor shall be returned to a condition satisfactory to the landowner and duly
constituted environmental agencies.

F.

All costs associated with the construction, maintenance, and removal of the haul or
service road, and restoration of any area off the Company's right-of-way will be
considered as incidental to other items of the contract and no additional payment for any
of this work will be made.

1.10
A.

PRESERVATION AND RESTORATION OF PROPERTY
In performing this Contract, the Contractor:
1.

2.

Shall be responsible for initiating, maintaining and supervising all safety
precautions and programs in connection with the work in accordance with all
local, State and Federal regulations.
Shall be responsible for the preservation of all public and private property along
and adjacent to the construction, and shall provide a copy to the Engineer of
licenses, agreements, leases and assessments, or any other form of agreement.

3.

Shall provide at its expense adequate security safeguards, safety devices and
protective equipment and take any other needed action on its own volition and
responsibility or which the Engineer may determine reasonably necessary to
protect property, life, health and safety of the public in connection with the
performance of the work covered by the contract.

4.

Shall take all reasonable precautions for the safety of, and shall provide all
reasonable protection to prevent damage, injury or loss to:
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a.

All employees at the construction/work site and all other persons who may
be affected thereby;

b.

All work, materials, and equipment to be incorporated therein whether in
storage on or off the site; and

c.

Other property at the site or adjacent thereto, including trees, shrubs, lawns,
walks, pavements, roadways, structures and utilities (telephone,
transmission lines, pipelines, fiber optics, sewer, water lines, etc.) not
designated for removal, relocation or replacement in the course of the Work.
The Contractor shall be responsible for coordination with all utility
companies to assure that the location of all utilities are clearly marked for
the duration of the construction activities.

5.

Shall give all notices and comply with all applicable laws, ordinances, rules,
regulations and lawful orders of any public authority bearing on the safety of
persons or property and their protection from damage, injury or loss.

6.

Shall restore, at its expense, any damage or injury to public or private property
caused either directly by or on account of any act, omission, neglect or
misconduct in the execution of the Work or in consequence of the non-execution
thereof on the part of the Contractor, such property shall be restored by the
Contractor at its expense, to a condition similar and equal to that existing before
such damage or injury occurred, or the Contractor shall otherwise make good
such damage or injury in a manner acceptable to the owner of such property. The
Contractor shall give special attention to the effect of its operations upon the
landscape and shall take special care to maintain the natural surroundings in an
undamaged condition. The Contractor shall repair, at its expense, any damage to
the Company, private, or public property resulting from or incident to its
operations. All areas where natural vegetation, seeding or gravel blanketing have
been disturbed by the Contractor's operations shall be restored and repaired by the
Contractor, at its expense, in a manner satisfactory to the Engineer and the owner
of the area disturbed.

7.

Shall maintain existing fences that come within the right-of-way. Temporary
fences and stock guards shall be used if required. This Work shall be considered
as incidental to other items of the Contract and no additional payment will be
made for any costs involved.

8.

Shall remove and dispose of, to the satisfaction of the Engineer, structures of any
character not necessary to the construction of the Work, or other obstructions
upon or within the right-of-way. Unless otherwise provided in the Contract, this
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work shall be considered as incidental to other items of the Contract and no direct
payment will be made for any costs involved.
9.

1.11
A.

Shall follow Federal, State and local governmental guidelines for notification and
location of utilities prior to the start of construction. In short, the Contractor is
responsible for locating any utility conflicts.

EMERGENCY PLAN AND SAFETY ISSUES
Prior to being given Notice to Proceed, the Contractor shall develop and submit an
emergency plan for approval. The plan must be in compliance with all state, federal,
FRA (Federal Railroad Administration), and Company safety regulations. At a minimum
the plan will contain the following :
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Emergency Contacts (Hospitals, ER’s, Fire Stations)
Emergency Rescue Guide
Trauma Incidents
Directions to site and nearest pick up points
Maps of the local area
Company Key Contacts (To be supplied by the Company)
Company Home and Field Offices (To be supplied by Company)
Field Offices, General Contractors, and Subcontractors
Support Groups (Organizational Chart)
Construction Access mapping with Emergency Facilities

B.

The emergency contact list shall be printed on 8 ½ x 11 paper and laminated. A copy
shall be kept on each piece of equipment or in each vehicle. A copy shall also be placed
in the job site trailer or field offices of both the Contractor and the Engineer.

C.

The contractor shall comply with and should become familiar with the provisions of
Section 01700, Contractor General Safety Requirements, and 01800, Personal Injury
Reporting.

D.

The Contractor shall hold a brief daily safety meeting and job briefing to review the
proposed day’s work and location of equipment. The meetings shall be held prior to the
start of work each day. The job site superintendent or safety officer shall run the
meeting with the Company flagman in attendance. Date, time and attendees shall be
documented. These daily meetings are required and are separate from any other weekly
meetings or safety plans for which the Contractor is responsible.

E.

When project is in a remote location, the contractor will be required, at all times, to
provide a means of evacuation for injured personnel. If the site is not accessible by
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road, a boat, helicopter or other means, must be provided for the purpose of evacuation.
When planning to use a helicopter a helicopter landing pad will have to be constructed
on site for emergency use.
F.

The Contractor will be required to have a dedicated Safety Officer on site at all times.
This Safety Officer will be responsible for ensuring the Contractor maintains a safe
working environment in accordance with all Contractor, Company, state, and federal
guidelines and regulations.

G.

Proper equipment such as first aid kits, stretchers, and emergency supplies must be kept on
site at all times, and must be maintained and updated as required.

1.12

WORK SITES AND WASTE MATERIAL

A.

The Contractor shall obtain all required approvals and bear all costs in connection with
location, construction, maintenance, operation and removal of sanitation facilities and
waste material work sites. Sanitation shall conform to local, State and Federal
regulation. Work sites shall be maintained in a neat and orderly condition at all times.

B.

A contingency plan for cleanup of accidental spillage of toxic or detrimental materials,
and for restoration of soil damaged thereby, to near-natural conditions shall be furnished
to the Engineer prior to the Pre-Construction Meeting. The handling, storage and
disposal of all waste material shall be done so as to avoid any pollution of rivers,
streams, ponds or wells, and in compliance with all local, State and Federal
environmental laws and regulations. Use of available Company property for work sites
will be permitted when approved by the Engineer in writing, and when not in conflict
with local ordinances or regulations. The Contractor shall provide and have on location
the required spill kits, drip pans, and other necessary equipment to prevent and mitigate
accidental spillage. This equipment shall be required on each fuel/mechanics truck and
will be used in a manner to reduce the risk of having an environmental problem.
Spillage of any fuels, hydraulic fluids, or lubes and oils shall be treated in an expeditious
manner. Any documentation of spills of hazardous materials by the Contractor that is
required by local, state, or federal regulations shall be made promptly by the Contractor,
and copies of such reports shall be provided to the engineer. Additional restrictions on
the use and distribution of toxic/hazardous materials may be imposed by the Engineer,
as necessary.

C.

Should the Contractor establish camps for the housing or feeding of persons it has
employed for the prosecution of the work covered by these specifications, they shall
comply with the general health laws pertaining to the sanitation of dwellings and camps
for the respective states in which the particular work is being done.
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1.13

PUBLIC RELATIONS, CONVENIENCE AND NOTICE OF DAMAGE

A.

The Contractor shall conduct its operations so as to offer the least possible obstruction
and inconvenience to the public and shall have under construction no greater length or
amount of work than can be prosecuted properly with due regard to the rights of the
public. The Contractor shall control temporary noise from construction equipment by
using work hour controls and maintenance of muffler system on machinery.

B.

Construction shall be conducted so as to cause as little inconvenience as possible to
abutting property owners. Convenient access to driveways, houses and buildings along
the line of work shall be maintained and temporary approaches to crossing or
intersecting highways shall be provided and kept in good condition. When the abutting
owner's access is to be eliminated and replaced by other access, the existing access shall
not be closed until the replacement access facility is available.

C.

The Contractor shall make all reasonable efforts to maintain good will among
landowners, tenants, lessees, and members of the general public and shall not knowingly
violate any right of such persons in the performance of the Work covered by the
contract. To this end, the Contractor specifically agrees that it will not:

E.

1.

Leave gates, gaps, or fences open, unattended or insecurely fastened;

2.

Permit livestock to stray or become mixed;

3.

Isolate livestock from feed or water;

4.

Use private driveways or roadways without authority;

5.

Use land beyond limits of the right-of-way without authority;

6.

Leave trash or debris on the land;

7.

Permit the personal misconduct of its employees or the employees of any
subcontractor.

In the event the Contractor's operations cause injury to person or persons or damage to
public or private property, including above and below ground structures, the Contractor
shall, within twenty-four (24) hours, give notice in writing to the Company of such
damage or injury.
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PART 2

PRODUCTS (Not Used)

PART 3

EXECUTION (Not Used)

END OF SECTION
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SECTION 01690
ENVIRONMENTAL PROTECTION
PART 1
1.1
A.

GENERAL

GENERAL REQUIREMENTS
Governing Philosophy
1.
The Contractor shall perform the work minimizing environmental pollution and
damage as the result of construction operations. Environmental pollution and damage is
the generation of chemical, physical, or biological elements or agents which adversely
affect human health or welfare or unfavorably alter ecological balances of plant and
animal species; or degrade the aesthetic, cultural and/or historical resources. The control
of environmental pollution and damage requires consideration of land, water, and air, as
well as management of visual aesthetics, noise and odors. The environmental resources
within the project boundaries and those affected outside the limits of permanent work
shall be protected during the entire duration of this contract.

B.

Subcontractors
1.
The Contractor shall be responsible for ensuring compliance with this section by
all subcontractors.

C.

Environmental Protection Plan
1.

The Contractor shall submit an environmental protection plan within 15 days after
receipt of the notice to proceed. Approval of the Contractor's plan will not relieve
the Contractor of responsibility for adequate and continuing control of pollutants
and other environmental protection measures. The environmental protection plan
shall include, but shall not be limited to, the following:
a.

A list of Federal, State, and local laws, regulations, and permits concerning
environmental protection, pollution control and abatement that are
applicable to the Contractor's proposed operations and the requirements
imposed by those laws, regulations, and permits.

b.

Methods for protection of features to be preserved within authorized work
areas like trees, shrubs, vines, grasses and ground cover, landscape features,
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air and water quality, fish and wildlife, soil, historical, archaeological, and
cultural resources.
c.

Procedures to be implemented to provide the required environmental
protection, to comply with the applicable laws and regulations, and to
correct pollution due to accident, natural causes, or failure to follow the
procedures of the environmental protection plan.

d.

Location of the solid waste disposal area.

e.

Drawings showing locations of any proposed temporary excavations or
embankments for haul roads, stream crossings, material storage areas,
structures, sanitary facilities, and stockpiles of excess or spoil materials.

f.

Environmental monitoring plans for the job site, including land, water, air,
and noise monitoring.

g.

Traffic control plan including measures to reduce erosion of temporary
roadbeds by construction traffic, especially during wet weather, and the
amount of mud transported onto paved public roads by vehicles or runoff.

h.

Methods of protecting surface and ground water during construction
activities.

i.

Plan showing the proposed activity in each portion of the work area and
identifying the areas of limited use or nonuse. Plan should include measures
for marking the limits of use areas.

j.

Drawing of borrow area location. Protection measures required at the work
site shall apply to the borrow areas including final restoration for subsequent
beneficial use of the land.

k.

A recycling and waste prevention plan with a list of measures to reduce
consumption of energy and natural resources; for example: the possibility to
shred fallen trees and use them as mulch shall be considered as an
alternative to burning or burial.

l.

A settling pond removal plan to be submitted for approval by the BNSF
prior to removal work. The plan shall include the method of removing and
testing of the collected sediment. Pond removal can not be initiated prior to
receipt of approval.
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m.
D.

Permits
1.

E.

The Contractor shall meet with representatives of the Engineer to alter the
environmental protection plan as needed for compliance with the environmental
pollution control program.

Notification
1.

G.

The Contractor shall investigate the need for permits and licenses for this project.
The Contractor will be expected to obtain all permits that do not place a statutory
obligation for their filing on the Owner. If an individual State department of
natural resources so allows, the Contractor must file the appropriate national
pollutant discharge elimination system (NPDES) permits, including but not
limited to general permits, a notice of intent, and a notice of termination. The
Contractor shall be responsible for implementing the terms and requirements of
the appropriate permits as needed and for payment of all fees.

Meetings
1.

F.

Training for Contractor’s personnel during the construction period.

The Engineer will notify the Contractor of any observed noncompliance with the
previously mentioned Federal, State or local laws or regulations, permits, and
other elements of the environmental protection plan. The Contractor shall, within
24 hours of receipt of such notice, provide the Engineer with a proposed
corrective action plan, and take such action when approved. If the Contractor
fails to comply within 48 hours of approval, the Engineer may issue an order
stopping all or part of the work until satisfactory corrective action has been taken.
No time extensions shall be granted or costs or damages allowed to the Contractor
for any such suspensions.

Litigation
1.

If work is suspended, delayed, or interrupted due to a court order of competent
jurisdiction, the Engineer will determine whether the order is due in any part to
the acts or omissions of the Contractor, or subcontractors at any tier, not required
by the terms of the contract. If it is determined that the order is not due to
Contractor's failing, such suspension, delay, or interruption shall be considered as
ordered by the Engineer in the administration of the contract.
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H.

Previously Used Equipment
1.

I.

Payment
1.

1.2
A.

Unless directed elsewhere in the plans or construction documents, no separate
payment will be made for work covered under this section. All costs associated
with this section shall be included in the contract unit and/or lump sum prices in
the Bidding Schedule.

LAND RESOURCES
General Strategy
1.

B.

The Contractor shall thoroughly clean all construction equipment previously used
at other sites before it is brought into the work areas, ensuring that soil residuals
are removed and no noxious weeds or pests brought onto the project.

The Contractor shall confine all activities to areas defined by the drawings and
specifications. Prior to the beginning of any construction, the BNSF or its duly
authorized representative shall identify the land resources to be preserved within
the work area. Except in areas indicated on the drawings or specified to be
cleared, the Contractor shall not remove, cut, deface, injure, or destroy land
resources including trees, shrubs, vines, grasses, topsoil, and land forms without
permission. No ropes, cables, or guys shall be fastened to or attached to any trees
for anchorage unless specifically authorized. Where such emergency use is
permitted, the Contractor shall provide effective protection for land and
vegetation resources at all times as defined in the following subparagraphs.
Stone, earth or other material displaced into uncleared areas shall be removed.

Work Area Limits
1.

Prior to any construction, the BNSF or its duly authorized representative shall
mark the areas that need not be disturbed under this contract. Isolated areas
within the general work area which are to be saved and protected shall also be
marked or fenced. Monuments and markers shall be protected before construction
operations commence. Where construction operations are to be conducted during
darkness, the markers shall be visible. The Contractor's personnel shall be
knowledgeable of the purpose for marking and/or protecting particular objects.
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C.

Landscape
1.

D.

Unprotected Erodible Soils
1.

E.

Trees, shrubs, vines, grasses, land forms and other landscape features indicated
and defined on the drawings to be preserved shall be clearly identified by
marking, fencing, or wrapping with boards, or any other approved techniques.

Earthwork brought to final grade shall be finished as indicated. Disturbed areas
shall be protected as soon as practicable upon completion of rough grading. All
earthwork shall be planned and conducted to minimize the duration of exposure of
unprotected soils. Except in cases where the constructed feature obscures borrow
areas, quarries, and waste material areas, these areas shall not initially be totally
cleared. Clearing of such areas shall progress in reasonably sized increments as
needed. Prior to the start of construction, the size of these increments shall be
reviewed and agreed upon by the contractor and project engineer.

Disturbed Areas
1.

The Contractor shall effectively prevent erosion and control sedimentation
through approved methods including, but not limited to, the following:
a.

Management and control of runoff. Runoff from the construction site or
from storms shall be controlled, and diverted to protected drainage courses
by means of diversion ditches, benches, berms, and by any measures
required by area wide plans under the Clean Water Act.

b.

Erosion and sedimentation control devices. The Contractor shall construct
or install temporary and permanent erosion and sedimentation control
features as indicated on the drawings. Berms, dikes, drains, sedimentation
basins, grassing, and mulching shall be maintained until permanent drainage
and erosion control facilities are completed and operative.

c.

Sediment basins. Sediment from construction areas shall be trapped in
temporary or permanent sediment basins in accordance with the drawings.
After each significant storm event, the basins shall be pumped dry and
accumulated sediment shall be removed as needed to maintain basin
effectiveness. Overflow shall be controlled by paved weirs or by vertical
overflow pipes. The collected topsoil sediment, if suitable, shall be reused
for fill on the construction site, and/or stockpiled for use at another site. The
Contractor shall institute effluent quality monitoring programs as required
by State and local environmental agencies.
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F.

Contractor Facilities and Work Areas
1.

1.3
A.

WATER RESOURCES
General Strategy
1.

B.

The Contractor shall keep construction activities under surveillance, management,
and control to avoid pollution of surface and ground waters. Toxic or hazardous
chemicals shall not be applied to soil or vegetation when such application may
cause contamination of the fresh water reserve. Monitoring of water areas
affected by construction shall be the Contractor's responsibility.

Washing and Curing Water
1.

C.

The Contractor's field offices, staging areas, stockpile storage, and temporary
buildings shall be placed in areas designated on the drawings or as directed by the
Engineer. Temporary movement or relocation of Contractor facilities shall be
made only when approved. Borrow areas shall be managed to minimize erosion
and to prevent sediment from entering nearby waters. Spoil areas shall be
managed and controlled to limit spoil intrusion into areas designated on the
drawings and to prevent erosion of soil or sediment from entering nearby waters.
Spoil areas shall be developed in accordance with the grading plan indicated on
the drawings. Temporary excavation and embankments for plant and/or work
areas shall be controlled to protect adjacent areas.

Waste waters directly derived from the Contractor’s washing and curing
construction activities shall not be allowed to enter water areas. Waste waters
shall be collected and placed in retention ponds where suspended material can be
settled out or the water evaporates to separate pollutants from the water. Analysis
shall be performed and results reviewed and approved before water in retention
ponds is discharged. All construction of, and all water discharged from the
Contractor’s retention ponds shall meet all applicable local, State and Federal
rules and regulations.

Cofferdam and Diversion Operations
1.

Construction operations for dewatering, removal of cofferdams, tailrace
excavation, and tunnel closure shall be controlled at all times to limit the impact
of water turbidity on the habitat for wildlife and on water quality for downstream
use.
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D.

Stream Crossings
1.

E.

Fish and Wildlife
1.

1.4
A.

The Contractor shall minimize interference with, disturbance to, and damage of
fish and wildlife. Species that require specific attention along with measures for
their protection shall be listed by the Contractor prior to beginning of construction
operations. Such lists shall be developed with the aid of the appropriate local
agencies responsible for the development and enforcement of such regulatory
measures.

AIR RESOURCES
General Strategy
1.

B.

Stream crossings shall allow movement of materials or equipment without
violating water pollution control standards of the Federal, State or local Company.

Equipment operation and activities or processes performed by the Contractor in
accomplishing the specified construction shall be in accordance with all local and
state rules and all Federal emission and performance laws and standards.
Ambient Air Quality Standards set by the Environmental Protection Agency shall
be maintained. Monitoring of air quality shall be the Contractor's responsibility.
Monitoring results will be periodically reviewed by the BNSF or its duly
authorized representative to ensure compliance.

Particulates
1.

Dust particles; aerosols and gaseous by-products from construction activities; and
processing and preparation of materials, such as from asphaltic batch plants; shall
be controlled at all times, including weekends, holidays and hours when work is
not in progress. The Contractor shall maintain excavations, stockpiles, haul
roads, permanent and temporary access roads, plant sites, spoil areas, borrow
areas, and other work areas within or outside the project boundaries free from
particulates which would cause the air pollution standards to be exceeded or
which would cause a hazard or a nuisance. Sprinkling, chemical treatment of an
approved type, light bituminous treatment, baghouse, scrubbers, electrostatic
precipitators or other methods may be required to control particulates in the work
area. Sprinkling, to be effective must be repeated as often as needed to keep the
disturbed area damp at all times. The Contractor must have sufficient, competent
equipment available to accomplish these tasks. Particulate control shall be
performed as the work proceeds and whenever a particulate nuisance or hazard
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occurs. Nuisance or hazard shall be determined by the project engineer or
manager.
C.

Hydrocarbons and Carbon Monoxide
1.

D.

Odors
1.

E.

Odors shall be controlled with the best available technology for the activity
producing the odor.

Noise Levels
1.

1.5

Hydrocarbons and carbon monoxide emissions from equipment shall be
controlled to Federal and State allowable limits at all times.

The Contractor shall keep construction activities under surveillance and control to
minimize noise to the greatest extent technically feasible. The Contractor shall
comply with the provisions and rules of the local, state, and federal agencies
having jurisdiction.

WASTE DISPOSAL

A.

Disposal of wastes shall be as specified below.

B.

Solid Wastes
1.

C.

Solid wastes (excluding clearing debris) shall be placed in containers which are
emptied on a regular schedule. Handling and disposal shall be conducted to
prevent contamination. Segregation measures shall be employed so that no
hazardous or toxic waste will become co-mingled with solid waste. The
Contractor shall transport solid waste off Company property and dispose of it in
compliance with Federal, State, and local requirements for solid waste disposal.

Chemical Wastes
1.

Chemicals shall be dispensed ensuring no spillage to ground or water. Periodic
inspections of dispensing areas to identify leakage and initiate corrective action
shall be performed and documented. This documentation will be periodically
reviewed by the Company. Chemical waste shall be collected in corrosion
resistant, compatible containers. Collection drums shall be monitored and stored
in double lined staging or storage areas. Storage containers shall be removed
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from the company property when contents are within 6 inches of the top. Wastes
shall be disposed of in accordance with Federal and local laws and regulations.
D.

Hazardous Wastes
1.

E.

Burning
1.

1.6
A.

The Contractor shall take sufficient measures to prevent spillage of hazardous and
toxic materials during dispensing and shall collect waste in suitable containers
observing compatibility. The Contractor shall transport hazardous waste off
Company property and dispose of it in compliance with Federal and local laws
and regulations. Spills of hazardous or toxic materials shall be immediately
reported to the Engineer. Cleanup and cleanup costs due to spills shall be the
Contractor's responsibility.

Burning will be allowed only if permitted in other sections of the specifications or
authorized in writing by the Engineer. The specific time, location, and manner of
burning shall be subject to regulation and approval by the company and local fire
ordinances. Fires shall be confined to a controlled area, guarded at all times, and
shall be under constant surveillance until they have burned out or have been
extinguished. Burning shall be thorough, reducing the materials to ashes.

HISTORICAL, ARCHAEOLOGICAL, AND CULTURAL RESOURCES
Existing historical, archaeological, and cultural resources within the Contractor's work
area will be so designated by the Engineer if any has been identified. The Contractor
shall take precautions to preserve all such resources as they existed at the time they were
first pointed out. The Contractor shall provide and install protection for these resources
and be responsible for their preservation during the life of the contract. If during
excavation or other construction activities any previously unidentified or unanticipated
cultural or historic resources are discovered or found, all activities that may damage or
alter such resources shall be temporarily suspended. Resources covered by this
paragraph include but are not limited to: any human skeletal remains or burials; artifacts;
shell, midden, bone, charcoal, or other deposits; rocks or coral alignments, pavings,
wall, or other constructed features; and any indication of agricultural or other human
activities. Upon such discovery or find, the Contractor shall immediately notify the
Engineer. It is understood that discovery of finds after beginning of construction may be
reason for extending the project deadline.
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1.7
A.

1.8
A.

1.9
A.

1.10
A.

POST CONSTRUCTION CLEANUP
The Contractor shall clean up all areas used for construction, staging, or stockpiles to the
owner satisfaction.
RESTORATION OF LANDSCAPE DAMAGE
The Contractor shall restore landscape features damaged or destroyed during
construction operations outside the limits of the approved work areas, to the owner’s
satisfaction, at no charge to the owner.
MAINTENANCE OF POLLUTION FACILITIES
The Contractor shall maintain permanent and temporary pollution control facilities and
devices for the duration of the contract or for that length of time construction activities
create the particular pollutant, or until the filing of a Notice of Termination, whichever is
necessary to protect the owner from regulatory enforcement actions.
TRAINING OF CONTRACTOR PERSONNEL
The Contractor's personnel shall be trained as required by local, state and federal rules
and regulations governing environmental protection. The training shall include methods
of detecting and avoiding pollution, familiarization with pollution standards, both
statutory and contractual, and installation and care of devices, vegetative covers, and
instruments required for monitoring purposes to ensure adequate and continuous
environmental pollution control.

PART 2

PRODUCTS (Not Used)

PART 3

EXECUTION (Not Used)

END OF SECTION
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SECTION 01700
CONTRACTOR GENERAL SAFETY REQUIREMENTS
PART 1
1.1

GENERAL

GENERAL SAFETY REQUIREMENTS

A.

Safety is of prime importance in performing any of the service under the Company's
contract. The Company does not in any manner assume the control or responsibility of
the Contractor to provide safe working conditions for the Contractor's employees or
subcontractors in requiring the Contractor to follow the Company's general safety
requirements. The Contractor is responsible for compliance with Federal and State laws
and any government regulations, including those related to Track Work Protection when
work is conducted around tracks. Additionally, the Contractor is responsible for
ensuring all State and Federal Safety Regulations are followed for all construction
operations. These governing agencies will include, but are not limited to, the FRA
(Federal Railroad Administration) and OSHA.

B.

Work in the proximity of a railroad track is potentially dangerous. The Contractor and
its employees, subcontractors and invitees are governed by the following Safety Rules
and General Safety Requirements while on Company property. The Contractor is
responsible for enforcement of these rules and requirements. The Company has the right
to bar the Contractor, its employees, subcontractors and invitees from working on
Company property if the Company deems such persons are acting in an unsafe manner.

C.

Safety rules cannot be all-inclusive. Workers must refrain from unsafe and improper
practices, including both the violation of written rules and regulations, and rules of
common sense.
1.

The use of alcoholic beverages, intoxicants, narcotics, marijuana or other
controlled substances by employees subject to duty or in their possession or use
while on duty or on Company property is prohibited. Workers must not report for
duty under the influence of any alcoholic beverage, intoxicant, narcotic,
marijuana or other controlled substance, or medication, including those prescribed
by a doctor, that may in any way adversely affect their alertness, coordination,
reaction, response or safety.

2.

Scuffling, horseplay, practical jokes and all conduct of a similar nature is
prohibited.

3.

All vehicle accidents resulting in damage to Company property will be reported
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immediately to the Engineer.
4.

All persons are prohibited from having firearms or other deadly weapons,
including knives with a blade in excess of three inches, in their possession while
on duty or on Company property, except those authorized to have them in the
performance of their duties or those given special permission.

5.

Good housekeeping is of the utmost importance in the prevention of accidents,
injuries and fires. Clean-up will be conducted on a daily basis.

6.

Tools or work materials must not be left in close proximity to tracks.

7.

Throwing waste, garbage, bottles, refuse, or other such materials on Company
property or disposing of such at other than designated locations is prohibited.
Each Contractor will provide refuse containers at the work site and empty them
on a daily basis.

8.

Objects which constitute a slipping or tripping hazard must not be left in walking
areas.

9.

Open fires or fires in barrels are not allowed on Company property unless
appropriate permits are acquired.

10.

In all cases, established route of travel in and about the property must be used.

11.

Railroad vehicles have an unquestioned right-of-way in all circumstances relating
to work on or about the track area.

12.

Workers must not wear or use anything which impairs vision or hearing.
Listening to personal radios or tape players is prohibited while on duty.

13.

All contractor employees working on the Company's property will be required to
wear OSHA approved safety glasses with permanently attached side shields, hard
hats and above-the-ankle, lace-up, hard toed safety boots with a defined heel, and
high visibility retro-reflective orange vests. During inclement weather, proper
clothing to protect against frostbite, etc., will be worn. Particular attention to
footing and the use of proper footwear is essential. Hearing protection, fall
protection and respirators will be worn as required by State and Federal
regulations. Office employees restricted to office work will not be required to
comply.

14.

All workers will become familiar with and be capable of recognizing railroad
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equipment adjacent to the tracks.
15.

Walking, stepping or standing on rails or ties, or sitting on any part of track
structure except in performance of duty is prohibited. NOTE: The term "track
structure" means the space between the rails and within eight feet outside the
rails, unless otherwise specified.

16.

Workers are prohibited from tampering with switches or any other railroad
equipment unless it is necessary for work operation and only in the presence of an
authorized railroad worker.

17.

Workers must not go underneath rail cars. They must not occupy rail cars except
in performance of their duty.

18.

Workers must not cross tracks by crossing over or between cars that are coupled
together.

19.

Workers must not attempt to catch onto or ride any moving railroad equipment,
even though it may be moving slowly.

20.

Workers must not take refuge from rain, heat, etc., under or in cars or other rail
equipment.

21.

Workers are warned that trains, locomotives or cars may be expected at any time,
on any track, in either direction, and that they must watch for and keep clear of
such movements. Workers must take extra precaution to be on the lookout for
approaching trains, especially when working in multiple track territory, when
field of vision is limited, or when noisy equipment is in use. A portable air horn
may be used by a designated person to warn workers of approaching trains or
equipment. Under certain conditions, trains and equipment can approach without
being heard. Proper attention and protection are essential to personal safety when
working near railroad tracks.

22.

Workers shall not work on the track, between tracks in multiple track territory, or
nearer than 25 feet to the track without proper flag protection provided by the
Company, unless the track is protected by track bulletin and work has been
authorized by the Company.

23.

Any work within 25 feet of the rail, without consideration to height, must be
stopped in the clear to acknowledge approaching and passing trains.

24.

Work in tunnels, on bridges and overpasses must be done in accordance with a
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safety plan agreed upon by the Engineer or his representative prior to beginning
work in these areas. When work is being done in tunnels, specific requirements
must be met and work done under the Company's supervision.
25.

Do not wave arms or objects violently except in an emergency; this is a STOP
signal.

26.

Workers must not make any movement toward an approaching train or operate
machinery in a manner that would cause the engineer to believe that the track is
going to be fouled.

27.

Crossing tracks immediately in front of moving equipment is prohibited.

28.

When necessary to cross any track, look both ways and keep at least 25 feet from
the nearest end of stationary rail cars.

29.

Machines may be operated across tracks only at established grade crossings. If it
is necessary to do so at any other location, it may be done only with permission of
and under the supervision of the Engineer or his representative on site.

30.

Some rails are conductors of electrical current and are integral parts of the
railroad's operating system. Devices that could shunt this electrical current must
not be laid across rails. No hand or portable tools will be left on the rails at any
time. Use a wooden lath to provide separation when making measurements
adjacent to the tracks.

31.

Machines or vehicles must not be left unattended with the engine running. If a
machine is left unattended, it must be in gear with brakes set. If it is equipped
with blade, pan or bucket, that must be lowered to the ground.

32.

All machinery and equipment left unattended on the right-of-way must be left
inoperable and secured against movement.

33.

When leaving work site areas at night and over weekends, the areas must be left
in a condition that will ensure that railroad employees who might be working in
the area are protected from all hazards. Any open pits or holes shall be covered
securely and a physical barrier such as a fence placed around the opening.

34.

Machinery or equipment shall not be stored or left temporarily near a highway
grade crossing in such a manner as to interfere with the sight distances of persons
approaching that crossing. Prior to beginning work, the Contractor, with
concurrence of the Engineer or his representative on site, will establish a storage
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area.
35.

Cutting or knocking down trees or moving rocks and other materials that might
fall on the track structure or on communications or power lines is prohibited,
unless done with the approval and supervision of the Engineer or his
representative.

36.

Workers must not create and leave any condition at the work site that would
interfere with water drainage.

37.

Safeguards and safety signs must be kept in place and in good condition. It is the
responsibility of the Contractor to provide same.

38.

Each person in charge of a work party must be familiar with the Mile Post
location of the area in which work is being performed so that in cases of
emergencies the exact location may be given to Company personnel.

39.

In cases of emergency, it may be necessary for the Contractor's employees or
agents to flag and stop approaching trains. Flagging equipment should consist of
red fusees and/or red flags.

40.

When emergency flagging is necessary, Workers should protect against trains
moving in both directions.

41.

If required to perform emergency flagging, Workers must understand that a great
distance is required in which to stop a moving train. The railroad flagger must be
at least 1.5 miles from the point being protected in order to provide minimum
distance for the locomotive engineer to stop the train. A stop signal is given by
swinging the lighted fusee or red flag at right angle to the track, but the engineer
will recognize the stop signal if given violently in any manner from a point near
the track. Workers, when giving a stop signal, must not stand on or within
fouling distance of the track, as normally the engineer will not have the required
stopping distance to stop short of the point where the signal is being given.

42.

When an emergency exists or if any hazard is noticed on passing trains, the
Engineer or his representative on site must be notified immediately.

43.

High frequency radios (not CB's) shall be used by all crews for emergency
communications between crews.

44.

Radio transmitters must not be operated when located less than 250 feet from
blasting operations.
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45.

When it is necessary to create a hazardous condition in performing work on or in
the vicinity of a track, proper protection must be afforded in accordance with a
safety plan submitted to and approved by the Engineer or his representative prior
to creating the hazardous condition, as well as taking any other precautions that
may be necessary to protect the condition.

46.

Before excavating, it must be ascertained by the Contractor if there are
underground electric wires, cables, or pipe lines in the vicinity. Excavating on the
right of way could result in damage to buried cables resulting in delay to railroad
traffic. Before any excavation commences, contact the BNSF signal and track
representative in charge of the area. All underground and overhead wires are to
be considered HIGH VOLTAGE and dangerous until verified with the company
having ownership of the line. It is the Contractor's responsibility to notify any
other companies that have underground utilities in the area before excavating.

47.

If obstructions are encountered that do not appear on drawings, the Engineer must
be notified immediately before continuing excavation in the area. If the
obstruction is a utility, and the owner of the utility can be identified, then the
owner should also be notified immediately. If there is any doubt about the
location of underground cables or lines of any kind, no work will be performed
until the exact location has been determined. There will be no exceptions to these
instructions.

48.

All excavations regardless of depth will be shored where there is any danger to
track structure or personnel.

49.

No excavation will be left uncovered or unprotected overnight.

50.

Holes or trenches in the vicinity of the track must be covered, guarded and
protected when not being worked on.

51.

Excavations, trenches or pits on or adjacent to public roads will be physically
protected and denoted by highway barriers with flashing lights when not in use.
All excavations will be backfilled as soon as possible.

52.
53.

All power line wires must be considered dangerous and of high voltage unless
informed to the contrary by proper authority. For lines rated 50KV or below,
minimum clearance between the lines and any part of the equipment or load shall
be 10 feet. For lines rated over 50KV, minimum clearance between the line and
any part of equipment or load shall be 10 feet plus 0.4 inches for each 1KV over
50KV. If the capacity of the line is not known, minimum clearance of 20 feet
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must be maintained. A person shall be designated to observe clearance of the
equipment and give a timely warning for all operations where it is difficult for an
operator to maintain the desired clearance by visual means.
54.

All work over water will meet State and Federal regulations.

55.

When Contractor employees are required to work on the Company property after
normal working hours or on weekends, the Company representative in charge of
the project must be notified. No one will be allowed to work alone during the
times specified above. When it is necessary to work during these times, a
minimum of two employees are required to be present. This could be a Company
employee with a Contractor employee or two Contractor employees.

56.

Equipment and vehicles must operate at a safe speed, being aware of operating
conditions as well as other equipment and persons working in close proximity.
Extreme caution must be exercised at all grade crossings.

57.

IN ALL CASES OF DOUBT OR UNCERTAINTY, THE SAFEST COURSE
MUST BE TAKEN.

58.

Contractor General Safety Requirement: IMPORTANT: Disregard of any of these
safety requirements may result in a shut down of the Contractor for a minimum of
48 hours while the infraction is investigated. If the investigation determines gross
negligence on behalf of the Contractor, the Contract may be canceled and the
Contractor removed from the Company’s list of approved contractors, until such
time as proof of satisfactory remedial action has been provided.

PART 2

PRODUCTS (Not Used)

PART 3

EXECUTION (Not Used)
END OF SECTION
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SECTION 01800
PERSONAL INJURY REPORTING
PART 1
1.1

GENERAL

GENERAL

A.

The Railroad is required to report certain injuries as a part of compliance with Federal
reporting requirements.

B.

Any personal injury sustained by a Contractor employee while on the Company's
property must be reported immediately (by voice-mail if unable to contact a person) to
the Company's representative in charge of the project. The injury report form provided
by the Company at the end of this section is to be completed per the attached
instructions and sent by Fax to the address indicated by the engineer, no later than the
close of shift on the date of the injury.

PART 2

PERSONAL INJURY REPORTING PROTOCOL

2.1 REPORTING PROTOCOL
A.

Reporting protocol for Personal Injury reporting is to be as follows:
1.

Contact with local emergency authorities as needed per injury specifics.

2.

Immediate application of site safety action plan as approved by the
Engineer

3.

Advise immediately BNSF project representative, i.e. Project Engineer or
Manager Engineering.

4.

Director Engineering and AVP – Engineering Services must be contacted.
In the event of serious personal injury this communication must be made
via phone.

5.

Complete both pages of the included injury reporting form and
electronically delivered Manager Office Administration in Kansas City no
later than the close of shift on the date of the injury.
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6.

Immediate Supervision/Construction Team, shall submit one page typed
report to all Directors Engineering with copy to AVP – Engineering
Services and project management within 48 hours of incident.

7.

For major incidents and injuries a 3P analysis PowerPoint shall be
developed outlining a detailed narrative describing details of incident, root
cause as developed during injury investigation and corrective measures
recommended to prevent re-occurrences.

END OF SECTION
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NON-EMPLOYEE PERSONAL INJURY DATA COLLECTION
(If injuries are in connection with rail equipment accident/incident, highway rail grade crossing accident or automobile accident,
ensure that appropriate information is obtained, forms completed and that data entry personnel are aware that injuries relate to
that specific event.)

Injured Person Type:
Passenger on train (C)

Non-employee (N)
(i.e., emp of another railroad, or, non-BNSF emp involved in vehicle accident,
including company vehicles)

Contractor/safety sensitive (F)

Contractor/non-safety sensitive (G)

Volunteer/safety sensitive (H)

Volunteer/other non-safety sensitive (I)

Non-trespasser (D) - to include highway users involved in highway rail grade crossing accidents who did not go
around or through gates
Trespasser (E) - to include highway users involved in highway rail grade crossing
accidents who went around or through gates
Non-trespasser (J) - Off railroad property
If train involved, Train ID

Transmit attached information to Accident/Incident Reporting Center by:
Fax 1-817-352-7595
or by Phone 1-800-697-6736
or email to: Center,Accident-Reporting

Officer Providing Information:
(Name)

(Employee No.)

(Phone #)

REPORT PREPARED TO COMPLY WITH FEDERAL ACCIDENT REPORTING REQUIREMENTS AND PROTECTED FROM DISCLOSURE PURSUANT TO
49 U.S.C. 20903 AND 83 U.S.C. 490
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NON-EMPLOYEE PERSONAL INJURY DATA COLLECTION
INFORMATION REQUIRED TO BE COLLECTED PURSUANT TO FEDERAL REGULATION. IT SHOULD BE USED FOR COMPLIANCE WITH FEDERAL REGULATIONS ONLY AND IT IS NOT INTENDED
TO PRESUME ACCEPTANCE OF RESPONSIBILITY OR LIABILITY.
1. Accident City/St:

2. Date:

County:

Time:

3. Temperature:

4. Weather:

(if non BNSF location)
5. Driver’s License No (and state) or other ID:

SSN (required):

6. Name (last, first, mi):
7. Address:

City:

St:

8. Date of Birth:

and/or Age:

Gender:

Zip:

(if available)
9. Injury:

10. Body Part:
(i.e., Laceration, etc.)

(i.e., Hand, etc.)

11. Description of Accident (To include location, action, result, etc.):

12. Treatment:
First Aid Only
Required Medical Treatment
Other Medical Treatment
13. Dr. Name:

Date:

14. Dr. Address:
Street:

City:

St:

City:

St:

Zip:

15. Hospital Name:
16. Hospital Address:
Street:

Zip:

17. Diagnosis:
REPORT PREPARED TO COMPLY WITH FEDERAL ACCIDENT REPORTING REQUIREMENTS AND PROTECTED FROM DISCLOSURE PURSUANT TO
49 U.S.C. 20903 AND 83 U.S.C. 490
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SECTION 02100
AGGREGATE BASE COURSE AND SURFACE COURSE
PART 1
1.1

GENERAL
SECTION INCLUDES

A.

Aggregate base course.

B.

Aggregate surface course.

C.

Aggregate shoulders.

1.2

REFERENCES

A.

AASHTO T 27 - Sieve Analysis of Fine and Coarse Aggregates.

B.

AASHTO T 89 - Determining the Liquid Limit of Soils.

C.

AASHTO T 90 - Determining the Plastic Limit and Plasticity Index of Soils.

D.

AASHTO T 96 - Resistance to Degradation of Small-Size Coarse Aggregate by
Abrasion and Impact in the Los Angeles Machine.

E.

AASHTO T 99 - The Moisture-Density Relations of Soils using a (2.5 kg) 5.5 lb.
Rammer and a (305 mm) 12 in. Drop.

F.

AASHTO T 104 - Soundness of Aggregate by Use of Sodium Sulfate or Magnesium
Sulfate.

G.

AASHTO T 191 - Density of Soil In-Place by the Sand Cone Method.

H.

AASHTO T 224 - Correction for Coarse Particles in the Soil Compaction Test.

I.

AASHTO T 238 - Density of Soil and Soil-Aggregate in Place by the Nuclear Method
(Shallow Depth).

J.

AASHTO T 239 - Moisture Content of Soil and Soil-Aggregate in Place by Nuclear
Methods (Shallow Depth).

K.

ASTM D 1241 - Specification for Materials Soil-Aggregate Subbase, Base, and Surface
Course.

L.

ASTM D 2419 - Test Method for Sand Equivalent Value of Soils and Fine Aggregate.
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M.

ASTM D 2844 - Test Method for Resistance R-Value and Expansion Pressure of
Compacted Soils.

N.

ASTM D 3744 - Test Method for Aggregate Durability Index.

O.

ASTM D 4546 - Test Method for One-Dimensional Swell or Settlement Potential of
Cohesive Soils.

1.3
A.

1.4
A.

QUALITY ASSURANCE
The density of the compacted aggregate base course and aggregate surface course will
be determined by the Engineer at regular intervals in accordance with AASHTO T 191
or AASHTO T 238 and T 239, or by other methods approved by the Engineer.
SUBMITTALS
Samples: Submit to the Engineer, in air-tight containers, samples of the aggregate base
course and aggregate surface course. The amount and number of samples will be
directed by the Engineer; minimum weight of sample is 50 pounds. Label samples to
identify source and intended usage of material.

PART 2
2.1
A.

PRODUCTS
MATERIALS
Coarse Aggregate - The coarse aggregate for the aggregate base course, aggregate
surface course, and aggregate shoulders shall be pit run gravel (base course only),
gravel, crushed gravel, crushed stone, crushed concrete, or crushed bituminous concrete
paving. Aggregates shall be free from lumps and balls of clay, organic matter,
objectionable coatings and other foreign materials. The aggregates shall be as defined
below.
1.

Gravel. Gravel shall be the coarse granular material resulting from the reduction
of rock by the natural action of the elements and having subangular to rounded
surfaces. It may be partially crushed.

2.

Crushed Gravel. Crushed gravel shall be the product resulting from crushing by
mechanical means, and shall consist entirely of particles obtained by crushing
gravel, all of which before crushing will be retained on a screen with openings
equal to or larger than the maximum nominal size of the resulting crushed
material. If approved by the Engineer, final product gradations may be obtained
by screening or blending various sizes of crushed gravel material.

3.

Pit or Bank Run Gravel (Base Course Only). Pit or bank run gravel shall be a
mixture of sand, gravel, silt and clay occurring naturally in a deposit, which is of
such quality that it may be used with only minor processing.
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B.

4.

Crushed Stone. Crushed stone shall be the angular fragments resulting from
crushing by mechanical means the following types of rocks quarried from
undisturbed, consolidated deposits: granite and similar phanerocrystalline
igneous rocks; limestone; dolomite; sandstone; massive metamorphic quartzite, or
similar rocks.

5.

Crushed Recycled Concrete. Crushed recycled concrete shall consist of
previously hardened Portland cement concrete or other concrete containing
pozzolanic binder material. The recycled material shall be free of all reinforcing
steel, bituminous concrete surfacing, and any other foreign material and shall be
crushed and processed to meet the required gradations for coarse aggregate.

6.

Reclaimed Asphalt Pavement (RAP). Crushed reclaimed asphalt (bituminous)
pavement shall consist of previously hardened asphalt concrete. RAP shall be
processed by mechanically milling or recrushing clean pavement. The reclaimed
material shall not be manufactured from asphalt utilizing slag material as an
aggregate component. The reclaimed material shall be free from all foreign
material and shall be crushed and processed to meet the required gradations for
coarse aggregate.

Gradation
1.

Aggregate Base Course
a)

Gradation A or B, Type 1 as defined by ASTM Designation: D 1241.
However, the maximum percentage by weight passing the No. 200 Sieve for
Gradation B shall be limited to 10%.
or

b)

2.

The gradation specified in the current Department of Transportation
Standard Specifications of the State in which the work is being performed.
However, the maximum percentage by weight passing the No. 200 Sieve
shall be limited to 10%.

Aggregate Surface Course and Aggregate Shoulders
a)

Gradation C or D, Type 1 as defined by ASTM Designation: D 1241.
However, the minimum percentage by weight passing the No. 200 Sieve
shall be 6%.
or

b)

The gradation specified in the current Department of Transportation
Standard Specifications of the State in which the work is being performed.
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However, the minimum percentage by weight passing No. 200 Sieve shall
be limited to 6%.
C.

PART 3
3.1

Quality and Material Characteristics
1.

Na2SO4 Soundness (5 Cycles)
AASHTO T 104, Max. % Loss

25 (Base Course)
30 (Surface Course & Shoulders)

2.

Los Angeles Abrasion
AASHTO T 96, Max. % Loss

45 %

3.

Plasticity Index, Max
AASHTO T 90

5%

4.

Liquid Limit, Max.
AASHTO T 89

25 %

5.

Dust Ratio = % Passing #200 Sieve
% Passing #40 Sieve

6.

Sand Equivalent, Min.
ASTM D 2419

25 % (Base Course)
40 % (Surface Course & Shoulders)

7.

Durability Index
ASTM D 3744

35 Min.

8.

Resistance R-Value
ASTM D 2844

72 Min.

9.

Swell Pressure
ASTM D 4546

0.3 psi Max.

2/3 Max.

EXECUTION
EXAMINATION

A.

Verify substrate has been inspected and approved by the Engineer, has correct gradients
and elevations, and has appropriate moisture content.

B.

Obtain all necessary permits for hauling on public rights of way.

3.2
A.

PREPARATION
Prepare subgrade in accordance with Section 03200.
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B.

Correct irregularities in substrate gradient and elevation by scarifying, reshaping, and recompacting.

C.

Do not place materials in snow or on soft, muddy, or frozen subgrade.

D.

Before the aggregate is deposited on the subgrade, it shall contain the amount of
moisture required for compaction. The amount of moisture required shall be that
determined by the Engineer for the material and compaction methods being used. The
water and aggregate shall be mixed at a central mixing plant.

3.3

AGGREGATE PLACEMENT

A.

Spread and compact aggregate over the prepared substrate to the thickness shown on the
plans. When placed, it shall be free from segregation and shall require minimum
blading or manipulation.

B.

Construct aggregate base course, aggregate surface course, and aggregate shoulders in
layers not more than 6 inches thick when compacted. When a compacted layer 6 inches
or less is required, the material shall be placed in a single layer. When a compacted
layer in excess of 6 inches is required, the material shall be placed in equal layers.

C.

Add water to assist compaction. If excess water is present, remove aggregate and aerate
to reduce moisture content.

D.

Compact granular material for aggregate base course, aggregate surface course, and
aggregate shoulders to not less than 95 percent of the maximum laboratory density, in
accordance with AASHTO T 180, The Modified Proctor Moisture-Density Relations of
Soils (Method A or C) or ASTM D1557 Modified Proctor. A coarse particle correction
in accordance with AASHTO T 224 will be used with Method A and may be used with
Method C.

E.

Proof rolling shall be in addition to the compaction specified and shall consist of the
application of a heavy-pneumatic tired roller having four or more tires, each loaded to a
minimum of 30,000 pounds and inflated to a minimum of 150 psi. Any material or
underlying material that provides unsatisfactory results by proofrolling shall be removed
and replaced with satisfactory materials, recompacted and proof rolled to meet these
specifications.

F.

Hauling surface course over the base course in the process of construction will not be
permitted when, in the opinion of the Engineer, the effect will be detrimental to the base
course.

G.

When using as a haul route, keep aggregate and shoulder surfaces smooth by dragging
or blading and recompacting as many times each day as the Engineer may direct. Fill
holes, waves and undulations which develop and which are not filled by blading. Apply
water for dust control as directed by the Engineer.
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H.

Construct and maintain an aggregate surface course for temporary roads, approaches and
entrances in accordance with the plans and as directed by the Engineer.

I.

Where plans specify temporary aggregate surface, constructed as specified, maintain to
the satisfaction of the Engineer, remove and reuse (if acceptable to the Engineer) or
dispose of removed material offsite, at no additional cost to the Company.

PART 4
4.1
A.

MEASUREMENT AND PAYMENT
MEASUREMENT OF AGGREGATE BASE COURSE AND SURFACE COURSE
Aggregate Base Course or Surface Course, of the various types specified by the plans
and contract documents, will be measured by the cubic yard, unless specified elsewhere
in the plans or contract documents. The measured quantities for payment will be the
volumes of specified materials described by the limits of the lines, slopes and grades of
the plans and contract documents. No allowance for shrinkage or compaction will be
make. No additional measurement will be allowed for materials placed beyond the plan
limits unless directed otherwise by the Engineer.
When the plans have been altered or when disagreement exists between the Contractor
and the Engineer as to the accuracy of the plan quantities, either party shall, before any
work is started which would affect the measurement, have the right to request in writing
and thereby cause the quantities involved to be measured.

B.

4.2
A.

If disagreement exists between the Contractor and the Engineer as to the accuracy of the
plan quantities, either party shall, before any work is started which would affect the
measurement, have the right to so request in writing, and thereby cause the quantities to
be measured. If measured quantities requested by the Contractor do no materially differ
from the plan quantities, than the Contractor shall pay the Company’s costs to verify
measurements of quantities.
PAYMENT FOR AGGREGATE BASE COURSE AND SURFACE COURSE
Aggregate Base Course and Surface Course shall be paid for at the contract unit price
per cubic yard of Aggregate Base Course and Surface Course of proper types within the
limits of lines and slopes described in the typical sections and cross sections as defined
in the plans and contract documents. This price shall be full compensation for
furnishing all labor, materials, supervision, water for compaction, tools, equipment and
incidentals necessary for excavating, loading, transporting, and depositing base course
and surface course material either from off site or from stockpile when required;
loading, transporting, and distributing water; spreading, aerating if necessary, and
compacting the various course materials to the designated lines and slopes.

END OF SECTION
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SECTION 02200
ASPHALTIC CONCRETE PAVING
PART 1
1.1

GENERAL
SECTION INCLUDES

A.

Asphaltic Concrete Base Course.

B.

Asphaltic Concrete Binder Course.

C.

Dense Graded Large Aggregate Hot Mix Asphalt (DGLAHMA) where specified on the
Plans.

1.2

REFERENCES

A.

AASHTO M 17 - Mineral Filler for Bituminous Paving Mixtures.

B.

AASHTO M 20 - Penetration Graded Asphalt Cement.

C.

AASHTO M 29 - Fine Aggregate for Bituminous Paving Mixtures.

D.

AASHTO M 140 - Emulsified Asphalt.

E.

AASHTO M 156 - Requirements for Mixing Plants for Hot-Mixed Hot-Laid Bituminous
Paving Mixtures.

F.

AASHTO M 208 - Cationic Emulsified Asphalt.

G.

AASHTO M 226 - Viscosity Graded Asphalt Cement.

H.

AASHTO T 209 - Maximum Specific Gravity of Bituminous Paving Mixtures.

I.

ASTM D 692 - Specifications for Coarse Aggregate for Bituminous Paving Mixtures.

J.

ASTM D 2026 - Specifications for Cutback Asphalt (Slow-Curing Type).

K.

ASTM D 2027 - Specifications for Cutback Asphalt (Medium-Curing Type).

L.

ASTM D 2028 - Specifications for Cutback Asphalt (Rapid-Curing Type).

M.

ASTM D 2726 - Test Method for Bulk Specific Gravity and Density of Compacted
Bituminous Mixtures Using Saturated Surface-Dry Specimens.
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N.

ASTM D 2950 - Test Method for Density of Bituminous Concrete in Place by Nuclear
Method.

O.

ASTM D 3515 - Specifications for Hot-Mixed, Hot-Laid Bituminous Paving Mixtures.

1.3
A.

SUBMITTALS
Submit the following items to the Engineer:
1.

Test reports from an independent laboratory for materials and mix designs or
proof that mix designs and all materials are currently approved for use as
asphaltic concrete pavement by the Department of Transportation of the State in
which the work will be performed. Mix design submittals are to include plotted
trial mix data showing variations in Marshall properties versus asphalt cement
content and Marshall properties of proposed mix designs. Submit mix design to
the Engineer for each mix at least 15 days before the start of asphaltic concrete
production.

2.

Bill of lading for prime coat showing specific gravity of the material at 60 degree
F.

3.

For DGLAHMA only, submit the following to the Engineer at least 5 working
days before beginning production of DGLAHMA:
a)

A 75-pound sample of representative aggregate retained on the #4 sieve and
a 3-pound sample of the representative aggregate passing the #4 sieve for
testing of aggregate quality.

b)

A proposed Job Mix Formula (JMF) for each combination of aggregates and
asphaltic cement proposed for use. Each JMF shall include the following:
1.

Test data showing each proposed JMF meets specified criteria.

2.

Percentage (in units of 1 percent, except #200 in units of 1/10
percent) of aggregate passing each of the specified sieves (including
#20 and #80 sieves) for each individual aggregate to be incorporated
into the mixture.

3.

Percentage (in units of 1 percent, except #200 in units of 1/10
percent) of aggregate passing each of the specified sieves (including
#20 and #80 sieves) for each composite aggregate blend proposed for
use and plotted on Federal Highway Administration (FHWA) 0.45
power graph paper (Federal Form PR-115).
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1.4

4.

Percentage (in units of 1/10 percent) of asphaltic cement to be added,
based on total weight of mixture.

5.

Mix design with at least four different asphaltic cement contents (at
least 0.4 percent between each point) with at least one point above
and one point below the optimum asphalt percentage. For each
asphaltic cement content, the following must be included:
A.

Maximum specific gravity (average of two tests);

B.

Marshall test results for the individual and average bulk specific
gravity, density, height, stability, and flow of at least three
specimens at each asphaltic cement content;

C.

Percent of air voids in the mixture for each asphaltic cement
content;

D.

Percent of Voids in Mineral Aggregate (VMA) at each asphaltic
cement content;

E.

Fines to Asphalt (F/A) ratio calculated to nearest 1/10 percent.

6.

A 15,000 gram uncompacted sample plus three Marshall briquettes
compacted at the optimum asphaltic cement content and Marshall
design blows conforming to the JMF.

7.

Copies of waybills and delivery tickets during the progress of the
work.

QUALITY ASSURANCE

A.

Equipment used for the handling of all materials, mixing, placing, and compacting shall
be maintained in good operating condition. The Engineer may reject equipment found to
produce unacceptable work.

B.

Legally dispose of all waste material produced as a result of the Contractor's operations
outside the Railroad's right-of-way. The cost of disposal for all waste will be considered
incidental to the cost of construction and no additional payment will be made for
performing this work.

C.

Bituminous courses shall not be constructed when the underlying course contains free
surface water. Unless otherwise directed, asphalt courses shall not be constructed when
temperature of the surface of the underlying course is below 40 degrees F.

PART 2

PRODUCTS
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2.1
A.

MATERIALS
Asphalt cement: Asphalt cement for paving mixtures designated by viscosity grading
shall conform to AASHTO M 226. Asphalt cement designated by penetration grading
shall conform to AASHTO M 20. Asphaltic cement shall be of the grade shown on the
plans or as designated by the Engineer. Do not change grades or sources during project.
1.

For DGLAHMA, use AC 20 asphaltic cement.

B.

Coarse Aggregates: Coarse aggregate for asphaltic concrete mixtures shall conform to
ASTM D 692 and shall consist of clean, sound fragments of crushed stone. Do not
change sources during project.

C.

Fine Aggregate: The fine aggregate used for the asphaltic concrete mixture shall
conform to AASHTO M 29 and shall consist of clean, sound fragments of crushed stone.
Do not change sources during the project.

D.

For DGLAHMA only, aggregates shall conform to the following:
1.

Classification. Conform to one of the following classifications. The class used is
at the contractor's option unless otherwise specified in the Contract.
a.

Class A consists of crushed quarry or mine trap rock (basalt or other related
igneous rock types), quartzite, or granite. Other igneous or metamorphic
quarried rock may be used only with the specific approval of the Engineer.

b.

Class B consists of all other crushed quarry or mine rock (e.g. limestone,
dolomite, rhyolite, schist).

c.

Class C consists of 100 percent crushed natural gravel produced from
material retained on a square-meshed sieve having an opening at least twice
as large as the specification permits for the maximum size of the aggregate.

d.

Class D consists of a mixture of any two or more of the above classes of
approved aggregate (Class A, B, and/or C). The use of Class D aggregate
and the relative proportions comprising the blend shall be subject to the
Engineer's approval. The relative proportions shall be accurately controlled
to the satisfaction of the Engineer.

2.

Primary Aggregate shall consist of 100 percent crushed material (one fractured
face) conforming to Class A, B, C, or D. Coarse aggregate shall be free from
coatings of clay and silt to the satisfaction of the Engineer.

3.

Secondary Aggregate shall consist of sound, durable particles of gravel and sand,
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4.

Composite Aggregate Blend shall consist of at least 80 percent by weight of a
primary type aggregate or combination of primary type aggregates.

E.

Mineral Filler: Mineral filler shall conform to AASHTO M 17. Do not change sources
during the project.

F.

RAP Materials: RAP material shall be defined as Reclaimed Asphaltic Pavement
material resulting from the crushing of hot-mix asphaltic concrete. RAP material may be
used in the asphaltic concrete mix when approved by the Engineer. The amount of RAP
material shall not exceed 25% for binder courses, unless a mix design approved by the
Department of Transportation of the State in which the work will be done indicates a
higher percentage. RAP will not be allowed in surface courses unless included in a mix
design approved by the Department of Transportation of the State in which the work is
being done. Inform the Engineer of the original location of the RAP material or the
origin of the existing RAP stockpile at mix design submittal. All RAP material shall be
free of contaminants such as earth, sand and brick.

G.

Additives: When part of the approved mix design or when deemed necessary by the
Engineer, an anti-stripping agent, or recycling agent shall be added to the asphaltic
concrete mixture. The type shall conform to the Department of Transportation Standard
Specifications for the State in which the work is to be performed.

2.2
A.

B.

PRIME COATS
Rapid Curing Liquid Asphalt
1.

Conform to ASTM D 2028, for specific grade.

2.

Free of water; no separation; no curdling before use; no foaming when heated to
application temperature.

Medium Curing Liquid Asphalt
1.

Conform to ASTM D 2027, for specific grade.

2.

Free of water; no separation; no curdling before use; no foaming when heated to
application temperature.
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C.

D.

E.

2.3

Slow Curing Liquid Asphalt
1.

Conform to ASTM D 2026, for specific grade.

2.

Free of water; no foaming when heated to application temperature.

Emulsified Asphalts
1.
2.

Anionic - conform to AASHTO M 140.
Cationic - conform to AASHTO M 208.

3.

Homogeneous; no separation after through mixing within 30 days after delivery.

Unless otherwise allowed by the Engineer, use the following grades.
1.

Prime coat on aggregate base: MC-30.

2.

Prime coat on concrete, brick, or asphaltic concrete bases: SS-1, SS-1h, CSS-1, or
CSS-1h.

ASPHALTIC CONCRETE PAVING MIX DESIGN

A.

Asphaltic concrete mix design shall conform to the requirements of the Department of
Transportation Standard Specifications of the State in which the work is being
performed.

B.

Do not begin production until the Engineer has approved mix designs.

C.

In the absence of a Department of Transportation approved mix design, conform to the
requirements of ASTM D 3515. Conform to mix design properties indicated on the plans
or special provisions.

D.

For DGLAHMA only, the following mix design requirements apply:
1.

The Job Mix Formula (JMF) (defined as the composite gradation of aggregate and
asphaltic cement of the mixture) for the asphalt-aggregate mixture shall be within
the following limits. No paving of DGLAHMA will be allowed without an
approved JMF. The approved JMF shall remain in effect until changed in writing.
Should an aggregate source change, or when unsatisfactory results or other
conditions makes it necessary in the opinion of the Engineer, a new JMF may be
required by the Engineer.
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Broadband Limits
Sieve Size
2"
1 1/2”
3/4"
1/4"
#4
#10
#40
#200
Asphaltic Cement Content
(percent by weight of total mix)
2.

Total % Passing, by Weight
100
90 - 100
74 - 87
46 - 60
30 - 55
22 - 40
6 - 20
2-6
3.5 - 4.5

Each DGLAHMA JMF shall meet the following criteria (the minus-1-inch
portion compacted at 75 blows per face) at the approved design blend:
Stability
1800 lbs. minimum
Flow (Marshall)
8 - 14
Air Voids*
3 - 4%
Voids in Mineral Aggregate (VMA)
12% minimum
* Based on effective specific gravity and Rice method.
The optimum percentage of asphaltic cement shall be that percentage which
yields the design intent air voids and meets the other requirements of the
Contract.

3.

The requirements for mixture production proportions shall comply with Paragraph
2.3.D.1, except that the JMF percentages and working range will be based on the
composite aggregate gradation and asphaltic cement content of the approved mix
design. The working range for individual tests will be determined by applying
minus and plus values to the percentages in the JMF in accordance with the
following:
Aggregate passing #4 and larger sieves
Aggregate passing #10 sieve
Aggregate passing #40 sieve
Aggregate passing #200 sieve
Bitumen Content
(but not less than the specified limit)

PART 3
3.1
A.

8%
7%
7%
3%
0.3%

EXECUTION
MIXING PLANTS
Mixing plants shall conform to AASHTO M 156.
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B.

3.2

Mixing plants shall also conform to the requirements of the Department of
Transportation Standard Specifications of the State in which the work is being done.
VERIFICATION

A.

Verify that substrate is in place, compacted as specified, and finished to specified
tolerances.

B.

Verify curbs and combination curbs and gutters are completed and have attained
specified strength.

C.

Verify utilities have been marked before driving any pins.

3.3

TRANSPORTATION OF ASPHALTIC CONCRETE MIXTURES

A.

Trucks used for transporting the asphaltic concrete mixtures shall have smooth, clean,
tight metal beds. The beds shall be sprayed with a minimum amount of paraffin oil or
other approved release agents. Prior to loading with asphaltic concrete, drain off excess
oil.

B.

All trucks used for hauling shall be equipped with a canvas cover to protect the mixture
from the weather. The cover shall be of sufficient size to extend over the sides and ends
of the bed for a distance of approximately 12 inches. When the air temperature is below
60 degree F the truck beds, including the ends, sides and bottom shall be insulated with
fiberboard, plywood or other approved insulating material. Use covers when air
temperature is below 60 degree F. Hauling over freshly placed material will not be
permitted.

3.4

SURFACE PREPARATION

A.

Maintain the subgrade and base course as prepared. Correct any deteriorations that occur
before paving.

B.

When a new pavement is to be constructed on an existing asphaltic concrete, concrete,
or brick surface, broom the existing surface clean prior to the application of prime coat.
Repair holes and depressions in existing surfaces by removal to sound material and
replacing with an asphalt-aggregate patching material. Compact patch to produce a tight
surface conforming to the adjacent pavement area. Stabilize rocking portland cement
concrete slabs by undersealing or cracking and seating to the satisfaction of the
Engineer. Make the necessary repairs before brooming and prime coating.

C.

Fill wide joints and cracks with asphaltic concrete/sand mix material and compact as
designated by the Engineer. Filling of the joints will be considered as incidental to the
placement of asphaltic concrete pavements and will not be measured for payment.
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D.

E.

3.5

Prime Coat:
1.

Apply prime coat to aggregate base courses when aggregate is dry. The rate of
application on aggregate base courses shall be between 0.25 and 0.50 gallons per
square yard or as directed by the Engineer. Apply prime coat uniformly by
pressure distributors at a temperature such that it will not cause clogging of the
nozzles. Cure until the penetration has been approved by the Engineer, but in no
case less than 24 hours.

2.

Apply prime coat over concrete, brick, asphaltic concrete, or existing bases
pavements at the rate of 0.05 to 0.10 gallons per square yard or as directed by the
Engineer.
a)

The temperature in the shade shall be 60 degree F or higher at the time of
application when emulsified asphalt is used. In all cases, limit the area to be
primed to that which can be covered with asphaltic concrete the same day.
Do not place asphaltic concrete over emulsified asphalt until the emulsion
has broken and all free moisture has evaporated.

b)

When directed by the Engineer, immediately cover the prime coat on the
concrete or asphaltic concrete bases open to traffic by mechanically
spreading at a uniform rate of 2 to 4 pounds per square yard an approved
fine aggregate. Prime one lane at a time and close the lane until the
aggregate does not pick up under traffic. Perform priming operations in such
a manner that a minimum amount of interference will be caused to traffic.

Place leveling course where required by the plans or as directed by the Engineer, using
an asphaltic concrete mixture approved by the Engineer.
PLACING ASPHALTIC CONCRETE PAVEMENT

A.

Place asphaltic concrete mixture using a mechanical spreader capable of spreading and
finishing courses of asphaltic plant mix material in lane widths appropriate for the
specified cross section and thickness shown on the plan. The spreader shall strike a
finish of the required evenness and texture without tearing, shoving, gouging or
producing any other irregularities. Maximum allowable lift thickness for asphaltic
concrete base and binder courses is 3 inches; maximum allowable lift thickness for
surface courses is 2 inches. Maximum allowable lift thickness for DGLAHMA is 4
inches.

B.

The spreader shall be equipped with automatic screed controls. The controls shall be
capable of sensing grade from an outside reference line, sensing the transverse slope of
the screed, and providing automatic signals which operate the screed to maintain the
desired grade and transverse slope.
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C.

Operate the spreading and finishing machine at a uniform forward speed consistent with
the plant production rate, hauling capacity and roller train capacity. If in the opinion of
the Engineer, sporadic delivery of material is adversely affecting the asphaltic concrete
pavement, the Engineer may require paving operations to cease until acceptable methods
are provided to minimize starting and stopping of the paver.

D.

Asphaltic concrete mixtures may be spread with a motor grader only on areas that are
inaccessible to a paver, on driveway entrances, and on irregular areas where the small
amount of material to be placed makes placement with a spreader impractical, only as
allowed by the Engineer. Motor graders shall be self-propelled and have pneumatic tires
with a tread depth of 1/2 inch or less. They shall be equipped with a blade not less than
10 feet long and shall have a wheel base not less than 15 feet.

E.

On uniform width widenings, when the placement width is too narrow for a paver, the
mixture in each course shall be spread with an approved mechanical device.

F.

Delivered and spread asphaltic mixtures at temperatures between 225 degree F and 325
degree F. In the event of sudden rain, stop loading additional trucks immediately. The
material in transit will be permitted to be placed at the Contractor's risk providing the
paving surface is free from standing water and the specified temperature range is
maintained.

G.

Complete each asphaltic concrete course before constructing subsequent courses. Allow
lower courses to cool sufficiently that placement and compaction of subsequent courses
are not adversely affected. Offset longitudinal joints from the preceding (underlying)
course by at least 1 foot (6 inches for DGLAHMA only). Locate longitudinal joint at
the edge of a lane on surface course. Offset transverse joints by at least 2 feet from
transverse joints in the underlying course.

H.

Make joints between old and new pavements and between successive days' work to
ensure continuous bond between adjoining work. Construction joints to have same
texture, density, and smoothness as other sections of asphaltic concrete course. Clean
contact surface and apply a tack coat for all construction joints. Make construction
joints by using a wood header for full depth thickness of lift or by saw cutting and
removing full depth the previous day's placement to expose a fresh surface.

I.

Place asphaltic concrete base and binder courses only when the temperature in the shade
is 40 degree F and rising. Place asphaltic concrete surface courses only when
temperature in the shade is 45 degree F and rising.
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3.6

COMPACTING ASPHALTIC CONCRETE PAVEMENT

A.

Rollers shall be of the steel wheel, vibratory, or pneumatic tire type, in good condition,
capable of reversing without backlash, and be operated at speeds slow enough to avoid
displacement of the mixture. Provide sufficient number and weight of rollers to compact
the mixture as required herein. The use of equipment which results in excessive crushing
of aggregate will not be permitted. Rollers producing pickup, washboard, uneven
compaction of the surface, or other undesirable results will be rejected.

B.

Compact mixture with hot hand-tampers or vibrating plate compactors in areas
inaccessible by conventional rollers.

C.

Start initial rolling when mixture will bear roller weight without excessive displacement.
Accomplish initial rolling immediately following rolling of joint and outside edge.
Check surface after initial rolling and repair displaced area by loosening and filling as
required with hot material.

D.

Perform finish rolling while surface is still warm enough to remove roller marks.
Continue rolling until roller marks are eliminated and course has attained specified
density.

E.

Compaction: Compact the asphaltic concrete to the requirements of the Department of
Transportation Standard Specifications for the State in which the work is being done. In
the absence of a compaction requirement, compact asphaltic concrete to a minimum
density of 95.0 percent of the theoretical maximum density as determined by AASHTO
T 209.

F.

For DGLAHMA, the following compaction and quality control requirements apply:
1.

Acceptance of compacted mixture with respect to compaction will be based on
theoretical maximum specific gravity (Rice method). The Engineer will
determine the theoretical maximum specific gravity in accordance with AASHTO
T 209 – Maximum Specific Gravity of Bituminous Paving Mixtures (the Rice
method). The Engineer will determine specific gravity of core samples in
accordance with ASTM D 2726.

2.

Divide each day's production into three sublots of approximately equal tonnages.
Obtain three six-inch-diameter core samples from each sublot at locations
determined by the Engineer. Mark the core samples with location number, sublot
number, and date of placement. Deliver core sample to the Engineer for testing.
Do not obtain cores within one foot of a longitudinal joint or edge nor within 20
feet of any transverse joint. The core holes shall be dried, filled with the same
type of material, and the material properly compacted by the next working day.

02200-11
Page D-193

ASPHALTIC CONCRETE PAVING
Section 02200

3.7

3.

The average specific gravity of each of the three samples from each sublot shall
be no less than 92.0 percent of the theoretical maximum specific gravity for the
JMF and no individual core sample may shall be less than 90.0 percent of the
theoretical maximum specific gravity of the JMF. One retest of each failing test
will be permitted (assuming additional core samples from the subject sublot are
provided by the Contractor) and the higher of the two specific gravities will be
used for acceptance. All retesting shall be done within three working days of
placement of the subject sublot.

4.

Compaction tests using a nuclear gauge in accordance with ASTM D 2950 will be
made by the Engineer to monitor field progress but will not be used for
acceptance unless so directed by the Engineer, or unless specified elsewhere in
the plans or contract documents. The contractor shall establish a rolling pattern
and growth curve using the nuclear gauge; this pattern shall be maintained as long
as results acceptable to the Engineer are produced.

QUALITY CONTROL

A.

Density of asphaltic concrete will be measured by the Engineer using nuclear density
methods in accordance with ASTM D 2950 at the time of placement.

B.

Unless directed otherwise by the Engineer, or specified elsewhere in the plans or
contract documents, the Contractor shall obtain cores using procedures and equipment
that provide undamaged cores of diameter no less than 3 5/8 inches. Obtain the number
of cores directed by the Engineer (4 to 8 per day per lift per mix) for the purpose of
comparison with nuclear gage density measurements and to verify lift thicknesses.
Furnish these core samples to the Engineer. The cost of coring will be considered
incidental to the paving operation and will not be measured for payment. Fill the core
holes with approved hot mix asphaltic mixture and compact it to the satisfaction of the
Engineer. The location of these cores will be determined by the Engineer.

C.

Density tests will be performed by the Engineer at random selected locations.

D.

Provide Engineer access for sampling stockpiles, hot bin analyses, and other tests.

3.8

TOLERANCES

A.

Surface profile: The profile tolerances when measured with a 10-foot straight edge will
be 1/8 inch, unless directed otherwise by the Engineer, or unless specified elsewhere in
the plans or contract documents. Grind down high spots to obtain this tolerance.

B.

For DGLAHMA, the following tolerances apply:
1.

The thickness of each course shall be within plus or minus 1/2 inch of specified
thickness. Any part of any course less than the minimum thickness may be
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required by the Engineer to be removed and replaced at the Contractor's expense.
Removal of material in excess of the maximum thickness may be required by the
Engineer to be removed at the Contractor's expense to the satisfaction of the
Engineer.

PART 4
4.1

2.

Leveling course shall be constructed to within plus or minus 0.05 foot of specified
elevations.

3.

Surface and binder courses shall show no variation greater than 1/8 inch from the
edge of a ten-foot straightedge laid parallel or at right angles to the centerline.

4.

The transverse slope of the surface of each course shall not vary from the slope
shown in the plans by more than plus or minus 1/2 inch in 12 feet.

5.

The distance between the edge of each course and the established centerline shall
be no less than the Plan distance nor more than 3 inches greater than the Plan
distance. In addition, the edge alignment of the wearing course on tangent
sections and on curve section of 3 degrees or less shall not deviate from the
established alignment by more than one inch in any 25-foot section. Any material
placed outside of the above described limitation shall be removed, after being saw
cut, at the Contractor's expense.
MEASUREMENT AND PAYMENT

MEASUREMENT OF ASPHALTIC CONCRETE PAVING

A.

Prime Coat will not be measured for payment.

B.

Asphaltic Concrete Paving, of the various types specified by the plans and contract
documents, will be measured by the square yard, unless specified elsewhere in the plans
or contract documents. The measured quantities for payment will be the areas of
specified materials described by the limits of the borders, edges and lines of the plans
and project documents. Separate measurements will be made for each specified
thickness of asphaltic concrete material and DGLAHMA. No additional measurement
will be allowed for materials placed beyond the plan limits unless directed otherwise by
the Engineer.

C.

If disagreement exists between the Contractor and the Engineer as to the accuracy of the
plan quantities, either party shall, before any work is started which would affect the
measurement, have the right to so request in writing, and thereby cause the quantities to
be measured. If measured quantities requested by the Contractor do no materially differ
from the plan quantities, than the Contractor shall pay the Company’s costs to verify
measurements of quantities.

D.

Anti-stripping additives will not be measured for payment.
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E.

4.2

Fine aggregate cover coat for prime, when placement is directed by the Engineer, will be
measured based on weight tickets from an approved scale.
PAYMENT FOR ASPHALTIC CONCRETE PAVING

A.

Prime Coat will be considered incidental to the cost of placement of asphaltic paving,
and as such, no direct payment thereof will be made.

B.

Asphaltic concrete paving will be paid for at the contract unit price per square yard of
Asphaltic Base Course, Asphaltic Binder Course and Asphaltic Surface Course of the
proper types within the limits of lines and slopes described in the typical sections and
cross sections as defined in the plans and contract documents. This price shall be full
compensation for furnishing all labor, materials, tools, equipment, supplies, tack and
prime coats, and incidentals necessary for, loading, transporting, and placing asphaltic
concrete paving material either from off site or from stockpile when required; saw
cutting and milling existing pavement as required at joints; and compacting and
smoothing asphaltic concrete paving material to the designated lines and slopes.

C.

DGLAHMA will paid for at the contract unit price per square yard of DENSE
GRADED LARGE AGGREGATE HOT MIX ASPHALT of the specified thickness.

D.

Prime cover coat will be paid at the contract unit price per ton for FINE AGGREGATE
COVER COAT.
END OF SECTION
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SECTION 02300
PORTLAND CEMENT CONCRETE PAVING
PART 1
1.1
A.

1.2

GENERAL
SECTION INCLUDES
Portland cement concrete pavement, curb, gutter, combination curb and gutter,
driveways, and sidewalks.
REFERENCES

A.

AASHTO M 171 - Sheet Materials for Curing Concrete.

B.

AASHTO M 182 - Burlap Cloth Made from Jute or Kenaf.

C.

AASHTO M 284 - Epoxy-Coated Reinforcing Bars.

D.

AASHTO T 26 - Test for Quality of Water to Be Used in Concrete.

E.

ACI 301 - Specifications for Structural Concrete for Buildings.

F.

ACI 304 - Guide for Measuring, Mixing, Transporting, and Placing Concrete.

G.

ACI 305 - Hot Weather Concreting.

H.

ACI 306 - Cold Weather Concreting.

I.

ACI 308 - Standard Practice for Curing Concrete.

J.

ACI 309 - Identification and Control of Consolidation-Related Surface Defects in
Formed Concrete.

K.

ACI 316 - Recommendations for Construction of Concrete Pavements and Concrete
Bases.

L.

ACI 347 - Recommended Practices for Concrete Formwork.

M.

ACI "Manual of Standard Practice."

N.

ASTM A 36 - Specification for Carbon Structural Steel.

O.

ASTM A 185 - Specification for Plain Steel Welded Wire Fabric for Concrete
Reinforcement.
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P.

ASTM A 615 - Specification for Deformed and Plain Billet - Steel Bars for Concrete
Reinforcement.

Q.

ASTM C 31 - Test Methods of Making and Curing Concrete Test Specimens in the
Field.

R.

ASTM C 33 - Specification for Concrete Aggregates.

S.

ASTM C 39 - Test Methods for Compressive Strength of Cylindrical Concrete
Specimens.

T.

ASTM C 42 - Test Method for Obtaining and Testing Drilled Cores and Sawed Beams
of Concrete.

U.

ASTM C78 – Test Method for Flexural Strength of Concrete (using Simple Beam with
Third-Point Loading).

V.

ASTM C 94 - Specification for Ready-Mix Concrete.

W.

ASTM C 143 - Test Method for Slump of Hydraulic Cement Concrete.

X.

ASTM C 150 - Specification for Portland Cement.

Y.

ASTM C 172 - Practice for Sampling Freshly Mixed Concrete.

Z.

ASTM C 173 - Test Method for Air Content of Freshly Mixed Concrete by the
Volumetric Method.

AA. ASTM C 231 - Test Method for Air Content of Freshly Mixed Concrete by the Pressure
Method.
BB. ASTM C 260 - Specification for Air-Entraining Admixtures for Concrete.
CC. ASTM C 309 - Specification for Liquid Membrane-Forming Compounds for Curing
Concrete.
DD. ASTM C 494 - Specification for Chemical Admixtures for Concrete.
EE. ASTM C 618 - Specification for Fly Ash and Raw or Calcined Natural Pozzolan for Use
as a Mineral Admixture in Portland Cement Concrete.
FF. Concrete Reinforcing Steel Institute (CRSI) "Manual of Standard Practice."

GG. ASTM D 3405 – Specification for Joint Sealants, Hot-Applied for Concrete and Asphalt
Pavements.
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1.3
A.

SUBMITTALS
Submit the following items to the Engineer:
1.

Product data for proprietary materials and items, including admixtures, joint
systems, curing compounds, and others as requested by the Engineer.

2.

Concrete mix designs proposed for use. Submit written reports to Engineer of
each proposed mix for each type of concrete at least 15 days prior to the start of
work. Do not begin concrete production until proposed mix designs have been
approved by the Engineer.

3.

Test reports from independent laboratory for concrete materials and mix design
tests or proof that mix design and materials are currently approved for use as
concrete paving by the Department of Transportation of the State in which the
work will be performed.

4.

Paving schedules, provided at least 7 days prior to start of paving.

B.

Material certificates and materials laboratory test reports of reinforcement items.
Material certificates shall be signed by the manufacturer and Contractor, certifying that
each material item complies with or exceeds specified requirements.

C.

Provide certification from admixture manufacturers that chloride content complies with
specification requirements.

1.4
A.

B.

PART 2
2.1
A.

QUALITY ASSURANCE
Codes and Standards: Comply with provisions of the following codes, specifications,
and standards, except where indicated otherwise in the contract documents:
1.

ACI, "Manual of Standard Practice."

2.

Concrete Reinforcing Steel Institute (CRSI), "Manual of Standard Practice."

Materials and installed work may be tested and retested by the Owner at any time during
the progress of work.
PRODUCTS
FORM MATERIALS
Forms for Pavement: Side forms for pavement shall be wood or metal, shall have an
approved cross section, and shall be furnished in sections not less than 10 feet in length.
They shall have a height not less than the edge thickness of the pavement and provide a
straight edge. Flexible or curved forms, made of either metal or wood, shall be supplied
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for use on curves of 100-foot radius or less. Formwork that will support mechanical
screeds shall be sufficiently designed and anchored to remain stable and resist loads
imposed by the screeding process. Forms shall be tight at joints and lack holes that
allow leakage. Slip-form paving, if allowed by the Engineer, shall conform to all
applicable sections of the Department of Transportation Standard Specifications for the
State in which the work is being done.
B.

Forms for Driveways, Sidewalks, Curb, Gutter, and Combination Curb and Gutter:
Forms shall be of metal or wood construction and suitable for the intended use. Tops of
forms shall be level with the existing surface to be matched. Forms shall be sufficiently
rigid to provide straight lines. On curves with less than 100 foot radius, flexible forms
shall be used. Forms shall be tight at joints and lack holes that allow leakage. Slip-form
construction, if allowed by the Engineer, shall conform to all applicable sections of the
Department of Transportation Standard Specifications for the State in which the work is
being done.

C.

Form Coatings: Forms shall be cleaned and oiled before concrete is placed against
them. Form coatings used shall not bond with, stain, or adversely affect concrete
surfaces and shall not impair subsequent treatments of concrete surfaces.

2.2

REINFORCING MATERIALS

A.

Reinforcing and Tie Bars: ASTM Designation: A 615, Grade 60, deformed. Tie bars
shall be epoxy coated. Other specifications or grades of reinforcing may be used only
when permitted in writing by the Engineer.

B.

Welded Wire Fabric: ASTM Designation: A 185. Other specifications of welded wire
fabric may be used only when permitted in writing by the Engineer.

C.

Dowel Bars: ASTM Designation: A 615 Grade 60 or higher epoxy coated. Dowel bars
shall be single piece, plain (non-deformed) steel bars. Dowels shall be free of loose,
flaky rust and loose scale and shall be clean and straight.

D.

Supports for Reinforcement: Bolsters, chairs, spacers, and other devices shall be used
for spacing, supporting and fastening reinforcing bars and welded wire fabric in place.

E.

Epoxy Coating for Reinforcing Bars, Tie Bars and Dowel Bars: Epoxy coating, when
required, shall conform to AASHTO M 284 or as required otherwise by the Department
of Transportation Standard Specifications for the State in which the work is being
performed.

2.3
A.

CONCRETE MATERIALS
If a mix design approved by the Department of Transportation of the State in which the
work is being done is proposed for use, all materials shall comply with the applicable
requirements of the approving Department. Otherwise, all materials shall comply with
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Paragraphs 2.3.B through 2.3.K.
B.

Portland Cement: ASTM Designation: C 150. Type of cement to be used shall be as
required by the Department of Transportation Standard Specifications for the State in
which the work is being done.
1.

Use one type and manufacturer of cement throughout the project unless otherwise
acceptable to the Engineer.

C.

Fly Ash: ASTM Designation: C 618, Type C or Type F, including all the
supplementary optional physical requirements. The use of fly ash must meet all local,
state and federal laws and regulations concerning required investigation of hazardous
materials or potential construction activities utilizing hazardous materials. The amount
of cement replacement with fly ash shall not exceed 15% by weight.

D.

Fine and Coarse Aggregates: ASTM Designation: C 33. Aggregates shall consist of
clean, hard, uncoated particles meeting the requirements of ASTM C33, including
deleterious materials, abrasion loss and soundness requirements of ASTM C33. Provide
aggregates from a single source for the duration of the project.

E.

Water: Water shall be of drinkable quality, free of injurious amounts of oil, acid, salt, or
alkali; and shall not contain any impurities that would adversely affect the durability or
strength of the concrete. Any questionable water shall be tested in accordance with
AASHTO T 26 and must be approved by the Engineer for use.

F.

Concrete Admixtures, General: Provide admixtures for concrete that contain no more
than 0.1 percent chloride ions.

G.

Air-Entraining Admixtures: ASTM Designation: C 260, certified by the manufacturer
to be compatible with other required admixtures.

H.

Water-Reducing Admixture: ASTM Designation: C 494, Type A.

I.

High-Range Water-Reducing Admixture (Super Plasticizer): ASTM Designation: C
494, Type F or Type G.

J.

Water-Reducing, Accelerating Admixture: ASTM Designation: C 494, Type E.

K.

Water-Reducing, Retarding Admixture: ASTM Designation: C 494, Type D.

2.4

RELATED MATERIALS

A.

Sheet Materials for Curing Concrete: AASHTO M 171.

B.

Burlap Cloth: AASHTO M 182, Class 4.
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C.

Liquid Membrane-Forming Concrete Curing Compounds: ASTM Designation: C 309,
Type 1D or 2, Class A or B.

D.

Pavement Markings: Conform to the applicable requirements of the Department of
Transportation Standard Specifications for the State in which the work is being done.

E.

When possible, water based compounds shall be considered.

2.5

PROPORTIONING AND DESIGN OF MIXES

A.

Prepare mix design for each type of concrete as specified on the plans by either
laboratory trial batch or field experience methods as specified in ACI 301 to have
minimum compressive strength of 3,500 psi in 14 days, minimum cement content of 470
pounds per cubic yard, and maximum water-to-cement ratio of 0.45. The trial batch
shall possess a minimum Modulus of Rupture, as defined in ASTM C78 of 650 pounds
per square inch. If the trial batch method is used, use an independent testing facility
acceptable to the Engineer for preparing and reporting proposed mix designs.

B.

If the proposed mix design has been approved for paving by the Department of
Transportation of the State in which the work will be done, it shall be the responsibility
of the Contractor to ensure that the concrete provided is in conformance with the
Standard Specifications of that State, including, but not limited to strength, slump, air
content, cement content, and materials.

C.

Adjustment to Concrete Mixes: Mix design adjustments may be allowed or required by
the Engineer when characteristics of materials, job conditions, weather, test results, or
other circumstances warrant, as determined by the Engineer.

2.6

ADMIXTURES

A.

Use water-reducing admixture or high-range water-reducing admixture (Super
Plasticizer) in concrete as required for placement and workability, and only when
approved by the Engineer. Hot weather shall be defined as any combination of the
following conditions; high ambient temperature, high concrete temperature, low relative
humidity, wind velocity, or solar radiation that tend to impair the quality of freshly
mixed or hardened concrete by accelerating the rate of moisture loss and rate of cement
hydration, or otherwise resulting in detrimental results. Cold weather shall be defined as
a period when for more than three successive days the average daily outdoor
temperature drops below 40 F. The average daily temperature is the average of the
highest and lowest temperature during the period from midnight to midnight. When
temperatures above 50 F occur during more than half of any 24-hour duration, the period
shall no longer be regarded as cold weather.

B.

When placing concrete in hot or cold weather, follow the requirements of ACI 305 or
ACI 306, respectively, and any other requirements of the Engineer.
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Use air-entraining admixtures to result in concrete at the point of placement having a
total air content, as determined by ASTM Designation: C 173 or C 231, between 4 and 8
percent by volume, or as specified in the mix design approved by the Engineer.

D.

Use admixtures for water reduction and set control in strict compliance with the
manufacturer's instructions, and only when approved by the Engineer.

E.

Slump Limits: Proportion and design mixes to result in concrete slump at the point of
placement, as determined by ASTM Designation: C 143, that is appropriate for the
placement method used, but no greater than 3 inches or as specified in the approved mix
design, unless a superplasticizer is used.

2.7
A.
2.8
A.

CONCRETE MIXING AND TRANSPORTING
Ready-Mix Concrete: Comply with the applicable requirements of ACI 304.
JOINTS SEALANTS AND FILLERS
Joint sealant and filler materials shall be of the type and size indicated on the plans. Hot
poured joint sealant must be in accordance with ASTM D 3405.

PART 3 EXECUTION
3.1

VERIFICATION

A.

Verify that substrate is in place, compacted as specified, finished to the specified
tolerances, and free from debris, waste concrete or cement, frost, ice and standing or
running water. After the underlying material has been prepared for concrete placement,
no equipment shall be permitted thereon.

B.

Verify that utilities are marked before driving form pins.

C.

Verify that control points have been established and not disturbed.

3.2

FORMS

A.

General: Provide formwork to support all loads that might be applied until concrete can
support such loads. Construct formwork so concrete paving is of correct size, crosssection, alignment, elevation and location. Maintain formwork construction tolerances
in accordance with ACI 347.

B.

Construct forms to sizes, shapes, lines and dimensions shown and to obtain accurate
alignment, location, and grades in finished work. Provide for openings, offsets,
keyways, screeds, bulkheads, inserts, and other features required in the work. Solidly
butt joints and provide backup at joints to prevent leakage of cement paste.
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Fabricate forms for easy removal without hammering or prying against new concrete
surfaces. Provide crush plates or wrecking plates where stripping may damage cast
concrete surfaces.

D.

Cleaning and Tightening: Thoroughly clean forms and adjacent surfaces to receive
concrete. Remove chips, wood, sawdust, rocks, dirt, or other debris just before concrete
is placed. Retighten and oil forms and bracing before concrete placement as required to
prevent leaks, maintain proper alignment and facilitate form removal.

3.3

PLACING REINFORCEMENT

A.

General: Comply with Concrete Reinforcing Steel Institute's recommended practice for
"Placing Reinforcing Bars," for details and methods of reinforcement placement and
supports.

B.

Clean reinforcement of loose rust and mill scale, earth, ice, and other materials that
reduce or destroy bond with concrete.

C.

Repair damage to epoxy coating of epoxy-coated reinforcement to the satisfaction of the
Engineer before placement of concrete.

D.

Accurately position, support, and secure reinforcement against displacement. Locate
and support reinforcement by epoxy-coated metal chairs, runners, bolsters, spacers, and
hangers, as approved by the Engineer. Arrange, space and securely tie reinforcement
and supports to hold reinforcement in position during concrete placement operations.
Set epoxy-coated wire ties so ends are directed into concrete, not toward exposed
concrete surfaces.

E.

Install welded wire fabric in as long lengths as practicable. Lap adjoining pieces at least
one full mesh and lace splices with wire. Offset laps of adjoining widths to prevent
continuous laps in either direction.

3.4
A.

3.5
A.
3.6
A.

JOINTS
Construct joints in the manner and location as indicated on the plans. All joints must be
sealed with hot poured joint sealant in accordance with the manufacturer's
recommendations, unless specified elsewhere in the plans or contract documents.
PREPARATION OF FORM SURFACES
Prepare form surfaces in accordance with applicable sections of ACI 316 and ACI 347.
CONCRETE PLACEMENT
Place concrete in accordance with ACI 304, ACI 305, ACI 306, and applicable sections
of ACI 316.
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B.
3.7

Consolidate concrete in accordance with ACI 316.
CONCRETE FINISHING

A.

Finish formed and unformed concrete surfaces in accordance with ACI 304 and
applicable sections of ACI 316.

B.

Surface finishing shall be as follows, unless specified otherwise:
1.

Pavement: Type A: Provide Type A finish on all pavement unless noted
otherwise: Artificial turf (AstroTurf) carpet drag followed
immediately by a mechanically operated metal comb transverse
grooving device (tining). Tines shall be of spring steel at roughly 3/4
inch centers, 1/8 inch wide, and make evenly spaced grooves about
1/8 to 3/16 inch deep in the concrete.
Type B: Provide Type B finish only where specifically noted:
Artificial turf (AstroTurf) carpet drag.

3.8

2.

Driveways and Sidewalks: Stiff bristle broom finish, perpendicular to the
primary direction of traffic.

3.

Curb, Gutter, and Combination Curb and Gutter: Broom finish, perpendicular to
the direction of flow.

CONCRETE CURING AND PROTECTION

A.

Cure concrete in accordance with ACI 308 or as otherwise approved by the Engineer.
Follow guidelines as specified in ACI 305 or ACI 306 when weather conditions dictate.

B.

Use curing materials as specified in Part 2.

3.9

REMOVAL OF FORMS

A.

General: Formwork may be removed after cumulatively curing at not less than 50
degree F for 24 hours, provided concrete is sufficiently hard so as not to be damaged by
form-removal operations, and provided curing and protection operations are maintained.
Forms may be removed earlier as approved by the Engineer.

B.

Pavement may be opened to traffic when the compressive strength of field-cured
specimens reaches the approved mix design strength, unless otherwise permitted in
writing by the Engineer.

3.10

PAVEMENT MARKINGS
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A.

Apply pavement markings as indicated on the plans.

B.

Conform to applicable sections of the Department of Transportation Standard
Specifications for the State in which the work is being done.

3.11

REUSE OF FORMS

A.

Clean and repair surfaces of forms to be reused in work. Split, frayed, delaminated, or
otherwise damaged forms will not be acceptable. Apply new form-coating compound as
specified for new formwork.

B.

When forms are extended for successive concrete placement, thoroughly clean surfaces,
remove fins and laitance, and tighten forms to close joints. Align and secure joints to
avoid offsets.

3.12
A.

3.13
A.

3.14

TOLERANCES
Surface Profile: The profile tolerance when measured with a 10-foot straight edge in
both the longitudinal and transverse directions will be 1/8 inch.
CONCRETE SURFACE REPAIRS
Surface Profile Repairs: Areas of pavement that are more than 1/8 inch high as
determined by the method given in Paragraph 3.12.A shall be ground down to match the
surrounding profile to the satisfaction of the Engineer. Areas of pavement that are more
than 1/8 inch low shall be removed and re-cast, unless otherwise directed by the
Engineer.
QUALITY CONTROL TESTING DURING CONSTRUCTION

A.

General: Testing will be performed by the Engineer. Provide access at all times for the
Engineer to perform tests he deems appropriate.

B.

Testing for quality control during placement of concrete may include the following:
1.

Sampling Fresh Concrete: ASTM Designation: C 172, except modified for slump
to comply with ASTM Designation: C 94.

2.

Slump: ASTM Designation: C 143; one test at point of discharge for each set of
compression test specimens and for each type of concrete; additional tests as
required by the Engineer.

3.

Air Content: ASTM Designation: C 173 or C 231; one test at point of discharge
for each set of compression test specimens of each type of air-entrained concrete.

4.

Concrete and Air Temperature: Test for each set of compression test specimens.
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5.

Compression Test Specimen: ASTM Designation: C 31; one set of 3 standard
cylinders for each compressive strength test, unless otherwise directed by the
Engineer. Mold and store cylinders for laboratory-cured test specimens except
when field-cured test specimens are required.

6.

Compressive Strength Tests: ASTM Designation: C 39; one set for each day's
pour exceeding 5 cu. yds. plus one additional set for each additional 50 cu. yds.
more than the first 25 cu. yds. of each concrete class placed in any one day; one
specimen tested at 7 days, two tested at 28 days, unless otherwise directed by the
Engineer or indicated in the approved mix design. Additional cylinders may be
made if early strength is of concern.

7.

Strength level of concrete will be considered satisfactory if the average of sets of
three consecutive strength test results equals or exceeds specified compressive
strength, and no individual strength test result falls below the specified
compressive strength by more than 500 psi.

C.

Test results will be reported in writing to the Engineer. Reports of compressive strength
test results will contain the project identification name and number, date of concrete
placement, name of concrete testing service, concrete type and class, location of
concrete batch in structure, design compressive strength at 28 days, concrete mix
proportions, materials, and admixtures, compressive breaking strength, type of break for
both 7-day and 28-day tests, slump, concrete temperature, air temperature, and air
content, if applicable.

D.

Additional Tests: The Engineer will make additional tests of in-place concrete when
test results indicate specified concrete strengths and other characteristics have not been
attained in the structure, as determined by the Engineer. The Engineer may conduct
tests to determine the adequacy of concrete by cored cylinders complying with ASTM
Designation: C 42, or by other methods. Contractor shall pay for such tests when
presence of unacceptable concrete is verified.

PART 4
4.1
A.

MEASUREMENT AND PAYMENT
MEASUREMENT
Contract Quantities - When the project is constructed essentially to the lines, grades, or
dimensions shown on the plans and the Contractor and the Engineer have agreed in
writing that the plan quantities are accurate, no further measurement will be required
and payment will be made for the quantities shown in the contract for the various items
involved, except that if errors are discovered after work has been started, appropriate
adjustments will be made.
When the plans have been altered or when a disagreement exists between the Contractor
and the Engineer as to the accuracy of the plan quantities, either party shall, before any
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work is started which would affect the measurement, have the right to request in writing
and thereby cause the quantities involved to be measured.
B.

4.2

Measured Quantities: In the event that disagreement exists between the Contractor and
the Engineer, actual pavement quantities installed shall be measured and computed by
the engineer.
1.

Concrete pavement, driveways and sidewalks will be measured for payment by
the Engineer in place and the area computed in square yards. The width of
pavement will be the width shown on the plans. Pavement that is deficient in
thickness will be removed and replaced to the required thickness with no
additional reimbursement to the Contractor.

2.

Concrete curb, gutter, and combination curb and gutter will be measured for
payment by the Engineer in place in lineal feet along the flow line of the gutter.

3.

No deduction will be made for fixtures in the roadway having an area of 9 square
feet or less.

4.

No additional payment will be allowed for materials placed beyond the plan limits
unless directed otherwise by the Engineer. If measured quantities do not reveal a
discrepancy when compared with plan quantities, the Contractor shall pay for
costs incurred by the Engineer for the performance and calculation of the
measured quantities.

PAYMENT

A.

Concrete pavement will be paid at the contract unit price per square yard for P.C.
CONCRETE PAVEMENT of the indicated thickness.

B.

Concrete sidewalk will be paid at the contract unit price per square yard for P.C.
CONCRETE SIDEWALK of the indicated thickness.

C.

Concrete driveways will be paid at the contract unit price per square yard for P.C.
CONCRETE DRIVEWAYS of the indicated thickness.

D.

Concrete curb, concrete gutter, and concrete combination curb and gutter will be paid at
the contract unit price per lineal foot for P.C. CONCRETE CURB, P.C. CONCRETE
GUTTER, and P.C. CONCRETE COMBINATION CURB AND GUTTER of the
indicated types and thicknesses.

END OF SECTION
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FENCING
PART 1
1.1

GENERAL
SECTION INCLUDES

A.

Chain Link Fence.

B.

Woven Wire Fence.

C.

Gates.

D.

Fence Removal.

1.2

REFERENCES

A.

AASHTO M 181 - Chain-Link Fence.

B.

AASHTO M 232 - Zinc Coating (Hot Dipped) on Iron and Steel Hardware.

C.

AASHTO M 279 - Zinc-Coated (Galvanized) Steel Woven Wire Fence Fabric.

D.

AASHTO M 280 - Zinc-Coated (Galvanized) Steel Barbed Wire.

E.

AASHTO M 298 - Coatings for Zinc Mechanically Deposited on Iron and Steel.

F.

AASHTO T 213 - Weight of Coating on Aluminum-Coated Iron or Steel Articles.

G.

AISC Manual of Steel Construction.

H.

ASTM A 307 - Specification for Carbon Steel Bolts and Studs, 60,000 PSI Tensile
Strength.

I.

ASTM A 500 - Specification for Cold-Formed Welded and Seamless Carbon Steel
Structural Tubing in Rounds and Shapes.

J.

ASTM A 501 - Specification for Hot-Formed Welded and Seamless Carbon Steel
Structural Tubing.

K.

ASTM A 584 - Specification for Aluminum-Coated Steel Woven Wire Fence Fabric.

L.

ASTM F 669 - Specification for Strength Requirements of Metal Posts and Rails for
Industrial Chain Link Fence.
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M.

ASTM F 1234 - Specifications for Protective Coating on Steel Framework for Fences.

N.

Exhibit A in Appendix

N.

Exhibit 23 and 24 in Appendix J

1.3

SUBMITTALS

A.

Certification by the manufacturer that the fence and component materials meet the
specification requirements.

B.

Plans and details for gates.

PART 2

PRODUCTS

2.1
A.

MATERIALS
Chain Link Fabric - 9 gage wire woven into an approximately 2 inch diamond mesh
meeting one of the following requirements of AASHTO M 181. The top and bottom
edge of the fabric shall be knuckled selvage.
1.

Type I, Class D (zinc-coated steel).

2.

Type II, (aluminum-coated steel).

3.

Type III, (aluminum alloy).

B.

Woven Wire Fencing - AASHTO M 279, Class 3, Design Number 939-6-11 (galvanized
steel wire) or ASTM Designation: A 584, Design Number 939-6-11 (aluminum-coated
steel wire).

C.

Metal posts, braces, and gate frames - Metal posts, braces, and gate frames shall be the
shape and dimension as shown on the plans and shall meet the bending strength and
dimension tolerance of AASHTO M 181.
1.

Pipe and rolled shapes shall conform to ASTM Designation: F 669, Table 2.
Metallic coating shall conform to ASTM Designation: F 1234, Table 2.

2.

Square hollow structural steel tubing shall conform to ASTM Designation: A 500
Grade B or A 501, with ASTM Designation: F 1234, Type A internal and external
coating.

3.

In the absence of shapes and dimensions provided on the plans or Special
Provisions, use the following as minimums (Woven Wire Fence Only):
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a)

Line posts and bracing - tee or channel sections having a nominal weight of
1.33 pounds per foot, sufficient length so that when installed with the
required height above ground, one-third of the total post shall be
underground but in no case, unless approved by the Engineer, shall the post
extend into the ground less than 28 inches.

b)

Corner, end, and gate posts - angle sections, 2-1/2 inch by 2-1/2 inch by 1/4
inch and have a nominal weight of 4.10 pounds per foot.
Braces - section, 2 inch by 2 inch by 1/4 inch and have nominal weight of
3.19 pounds per foot.

c)

D.

Wood Posts (Woven Wire Fence Only) - Wood posts shall meet or exceed the
requirements of the current Department of Transportation Standard Specifications of the
State in which the work is being performed.
1.

In the absence of shapes and dimensions provided on the plans or Special
Provisions, use the following as minimums (Woven Wire Fence Only):
a)

b)

2.

Line posts and braces - 7 feet long.
1.

Round - 4 to 5 inch nominal diameter or,

2.

Rectangular - 4 inch by 4 inch nominal size.

Other post including brace posts - 8 feet long.
1.

Round - 6 to 8 inch nominal diameter or,

2.

Rectangular - 6 inch by 6 inch nominal size.

Nothing in these specifications shall preclude the use of secondary railroad ties
for posts and bracing as long as they are acceptable to the Engineer.

E.

Tension Wire - 7 gage wire conforming to AASHTO M 181, Type 1, Class 2 or Type II.

F.

Fabric Ties - 9-gage aluminum wire or 9 gage galvanized steel wire with at least 1.2
ounces per square foot zinc coating.

G.

Fittings - All miscellaneous fittings shall be made of malleable cast iron or pressed steel
and shall be galvanized in accordance with AASHTO M 232.

H.

Bolts and Nuts - ASTM Designation: A 307 and zinc-coated in accordance with
AASHTO M 232 or AASHTO M 298, Class 50 with galvanizing not to exceed 6 mils.

I.

Barbed Wire - Barbed wire may be either galvanized steel barbed wire or aluminumcoated steel barbed wire consisting of 2 strands of 12.5 gage wire with 4-point barbs of
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14 gage wire spaced approximately 4 inches apart, or of an alternative design approved
by the Engineer.
1.

Galvanized barbed wire shall conform to AASHTO M 280, Class 3 with a
minimum coating of 0.8 ounces per square foot of wire surface.

2.

Aluminum-coated steel barbed wire shall conform to AASHTO M 280, Class 3
with a minimum coating of 0.25 ounces of aluminum alloy per square foot of
uncoated surface. The weight of the aluminum alloy coating shall be determined
in accordance with AASHTO T 213.

J.

Post Tops - Steel pipe and steel tubing posts shall be furnished with steel or malleable
iron or wrought iron post tops of approved type and galvanized in accordance with
AASHTO M 232.

K.

Gates - Gate shall be of the dimensions shown on the plans or in the Special Provisions.
Gate frame pipe shall not be less than 1 ½ inch diameter, standard weight, galvanized
steel pipe conforming to the current ASTM Designation: A53. Frames shall be welded
at all joints or connected with watertight heavy malleable iron fittings. The gates will be
as designed by the manufacturer. Plans and details for the gates proposed for use must
be submitted for approval by the Engineer, prior to their installation.

L.

Grounding Rods - galvanized or copper coated steel rod at least 8 feet long having a
minimum diameter of 0.5 inches.

M.

Turnbuckles - Turnbuckles shall be drop-forged and conform in dimension to the latest
Manual of the American Institute of Steel Construction.

N.

Staples - Staples used to fasten barbed wire and woven wire fabric to wood post shall be
not less than 1.75 inches long and shall be fabricated from 9 gage galvanized wire.

2.2

SUBMITTALS

A.

Submit manufacturer's certifications and certified mill test reports certifying compliance
with specifications to the Engineer.

B.

Submit proposed material substitutes for approval to the Engineer.

C.

Submit drawings to the Engineer showing proposed grounding system if specified
ground rods cannot be driven.
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PART 3
3.1

EXECUTION
GENERAL REQUIREMENTS

A.

Confine work to the area within the Company right-of-way, or locations as shown on the
drawings.

B.

The erection of certain portions or lengths of the fence may be more essential to the needs
of the Company or the adjacent landowners. The Engineer will designate these segments
for priority installation. These priority areas shall be completed prior to any other fence
installation.

C.

Do not begin removal of existing fence at any location until the replacement fence to be
installed has been delivered to the site and accepted by the Engineer.

D.

Replace in like kind at no additional cost all existing fence that is not scheduled to be
removed and that is damaged by the Contractor to the satisfaction of the Engineer and
adjacent landowner.

E.

Remove and legally dispose off site all earth, trees, brush, and other obstructions which
interfere with the proper construction of fences, unless the Engineer request that certain
trees or obstructions remain in place. This work will be considered as part of fence
construction and no measurements nor payment will be made for this work. Burning on
Railroad property will not be permitted.

3.2

VERIFICATION

A.

Verify that underground utilities have been marked.

B.

Verify that final grading has been completed.

3.3

INSTALLATION

A.

Set posts vertically and in true alignment. The new fence shall be permanently tied to
the terminals of existing fences when required by the Engineer.

B.

Set all corner, end, and pull posts and braces in concrete conforming to requirements of
Section 04400 - Concrete Construction. The concrete shall be Type II or IIA, unless
otherwise specified, and of Class 35, except the slump shall range from 3 to 5 inches,
and the time limit for unloading concrete mixed in a transit mixers or transported in
agitator trucks may be extended to 120 minutes if approved by the Engineer. Metal
line posts may be driven in place if shown on the plans or approved by the Engineer
and if driving does not damage the posts. Otherwise, set line posts in compacted soil in
accordance with Paragraph 3.3.C.

C.

Set wood posts in compacted soil. Compact the material in the bottom of the post holes
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to provide a stable foundation. Set the posts to be plumb with the front faces forming a
smooth line. After the posts are in place, the holes shall be backfilled in layers with
material approved by the Engineer, with each layer compacted by hand tamping to the
satisfaction of the Engineer in such a manner as not to displace the posts from its correct
alignment.
D.

In lieu of setting wood posts in previously dug holes, the posts may be driven provided
they are protected by a suitable driving cap, no damage is done to any portion of the
post, they are driven plumb to the required depth and alignment with adequate lateral
stability, and provided that the pavement, shoulders, and adjacent slopes are not
damaged from the driving operations. When, in the opinion of the Engineer, driving
operations are producing unsatisfactory results, set wood posts in dug or bored holes,
backfilled as specified above.

E.

Do not erect fence until the concrete encasement around the posts has cured for at least 3
days.

F.

Install post tops on all hollow pipe and tube type posts. The bases of the post tops shall
have flanges which fit around the outside of the posts and shall be secured in place.

G.

Use tension wires in the erection of chain link fence. The top and bottom tension wire
shall be placed, stretched taut, and secured to all posts in a satisfactory manner before
fabric is placed. Tension wire shall be stretched tight with galvanized turnbuckles
spaced at intervals of not more than 500 feet. Install tension wire on the field side of the
post (side away from the tracks). On curves of one degree or more, install the tension
wire on the side of the post on the outside of the curve.

H.

Install pull posts near centers of runs more than 500 feet long and less than 1,000 feet
long. Install pull posts at 500 foot intervals in runs 1,000 feet or longer.

I.

Install corner post where the angle of deflection of the fence line is greater than 15
degrees.

J.

Fasten chain link fabric or woven wire fabric to the field side of the posts (side away
from tracks) unless designated otherwise on the plans or by the Engineer. Attach
fencing fabric to the wood post with staples driven diagonally with the grain of wood.

K.

Unroll chain link fabric on the field side of the fence line with the bottom edge of the
fabric against the posts. Splice the various rolls by bringing the ends close together and
weaving in a picket in such a way that it will engage both of the roll ends and catch with
each twist each separate mesh of the end pickets of both rolls of fabric.

L.

Place chain link fabric by securing one end to the end post and applying sufficient
tension to remove all slack before making attachments elsewhere. After the fabric has
been stretched, tie it to the tension wire with fabric ties spaced not more than 24 inches
apart. Then attach the fabric to the line posts with fabric ties spaced not more than 14
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inches apart. Provide standard chain link fence stretching equipment for stretching the
fabric before tying it to the tension wire and posts. Repeat stretching and tying
operations about every 100 feet until the run of fence is completed.
M.

Grade all high points which interfere with the placement of the woven wire or chain link
fabric to provide no more than 2 inches of bottom clearance or as shown on the plans.

N.

Splice barbed wire or woven wire by using either a wrapped splice or a corrosive
resistant, compressed sleeve type splice meeting the approval of the Engineer. When a
wrapped splice is used for woven wire, bring the vertical wires adjacent to the ends
together and wrap the end of each horizontal wire not less than 6 complete turns around
the other corresponding horizontal wire. When barbed wire is spliced, wrap each end
not less than 6 complete turns around the other wire.

O.

Hang gates on gate fittings as shown on the plans. Adjust hinges and diagonal bracing
in gates so that gates will hang level. Erect gates in suitable places as directed by the
Engineer or as shown on the plans.

P.

Wherever a new fence joins an existing fence, either at a corner or at the intersection of
straight line fence, set a corner post with brace at the junction and brace the same as
described for corner posts or as shown on the plans.

Q.

Ground continuous chain link fence at intervals not exceeding 500 feet in urban areas
and 1,000 feet in rural areas. Install a ground within 20 feet of gates in each section of
the fence adjacent to the gate. Ground fences under a power line of 600 volts or more
by three grounds, one directly under the crossing and one on each side 25 to 50 feet
away. Install a single ground directly under each telephone wire or cable crossing. If
metal line posts are driven, ground rods are not required.

R.

Ground continuous woven wire fence at intervals not exceeding 200 feet. Install a
ground within 20 feet of gates in each section of the fence adjacent to the gate. Ground
fences under a power line of 600 volts or more by three grounds, one directly under the
crossing and one on each side 25 to 35 feet away. Install a single ground directly under
each telephone wire or cable crossing. Fasten each barbed wire and the top and bottom
wires of the woven fence to the metal post (if used) by a mechanical means to assure a
tight connection for positive grounding. When metal line posts are used in lieu of wood
line posts, ground rods are not required.

S.

Drive ground rods vertically until the top is 6 inches below the proposed ground surface.
Ground rods shall be ¾” by 10 foot long copper clad steel rod. Connect the fence
elements to the ground rod using a No. 8 AWG solid copper conductor or equivalent.
Braze or fasten the connection with approved noncorrosive clamps. After installation,
the total resistance of fence to ground shall not be greater than 25 ohms.

T.

When the specified vertical penetration of the ground rod cannot be obtained, install an
equivalent horizontal grounding system approved by the Engineer.
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U.

Remove all existing fence that is specified to be removed according to the plans.
Removed fence becomes the property of the Contractor. Remove all existing materials
completely and fill and compact all holes left by fencing.

V.

Furnish approved fasteners and attach metal signs furnished by the Company to the
fence or gates at locations designated by the Engineer. This work shall be considered
incidental to fence construction and no direct payment will be made.

W.

When shown in the contract documents, plans, or directed by the engineer, connect the
fencing at the structure in such a manner to permit free passage of livestock through or
under the structure.

X.

At all grade depressions where stresses tend to pull the posts from the ground, snub the
fence at the critical point by means of a double 9 gage galvanized wire attached to all
barbed wire lines and to the top and bottom wires of wire mesh, and to a deadman
weighing at least 100 pounds buried 2 feet in the ground. Stretch and fasten the fencing
before snubbing it.

Y.

Right of way fences shall be installed one foot inside the right of way lines. Wing
fences shall be installed as shown on the plans or as directed by the Engineer.

Z.

Existing fences on the right of way shall be removed by the Contractor when necessary
for performance of the contract work. Where such removal is required, temporary fence
protection for lands adjacent to the right of way may be necessary and when ordered by
the Engineer such temporary fencing shall be furnished and installed pursuant to Section
01383. Temporary fencing shall be removed by the Contractor as part of the cleanup
operation prior to final acceptance of the completed work. No direct payment will be
made for installation or removal of temporary fences and such installation and removal
will be considered as incidental to other contract items.

AA. See Appendix J, Exhibits 23 and 24 for Right of Way Fence Standard Construction
plans.
BB. Gates shall be installed at the locations shown. Hinged gates shall be mounted to swing
as indicated. Latches, stops and keepers shall be installed as required. Slide gates shall
be installed as recommended by the manufacturer. Padlocks shall be attached to gates or
gate posts with chains. Hinge pins and hardware shall be welded or otherwise secured
to prevent removal.
PART 4
4.1
A.

MEASUREMENT AND PAYMENT
METHOD OF MEASUREMENT
Chain Link Fence - Chain link fence will be measured for payment in place by the
Engineer in lineal feet, along the top of the fence from center to center of end posts,
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excluding lengths occupied by gates.
B.

Woven Wire Fence - Woven wire fence will be measured for payment by the Engineer
in feet, along the top of the fence from center to center of end posts, excluding lengths
occupied by gates.

C.

Gates - Quantity will be determined from actual count of complete gates of designated
sizes. When more than one gate is specified to be placed in an opening, each single gate
placed will be counted as a gate. A double-swing gate will be counted as two gates.

D.

Right of Way Fence - Quantity will be measured for payment by the Engineer in lineal
feet for each continuous run of fence using surface measurement with no deductions for
the end panels or brace panels.

E.

End, corner and brace panels - Quantity will be measured for payment by the Engineer
as complete units. Their lengths will not be deducted from the lineal fence
measurements.

F.

Fence Removal - Fence removal will be measured for payment in lineal feet, along the
top of the fence from center to center of end posts, including gates to be removed.

4.2

BASIS OF PAYMENT

A.

Chain Link Fence - Chain link fence will be paid for at the contract unit price per lineal
foot for CHAIN LINK FENCE, of the specified height, which price shall include all
chain link fence, concrete and accessories to erect the chain link fence, all excavation,
all backfilling, furnishing and installing electrical protective grounds, pull posts, and
corner posts.

B.

Woven Wire Fence - Woven wire fence will be paid for at the contract unit price per
lineal foot for WOVEN WIRE FENCE, of the specified height, which price shall
include all woven wire fence, concrete and accessories to erect the woven wire fence, all
excavation, all backfilling, furnishing and installing electrical protective grounds, pull
posts, and corner posts. Woven wire fence shall be hog and sheep-tight.

C.

Gates - Gates will be paid for at the contract unit price each for GATES, of the type and
length specified, which price shall include all gates, concrete, accessories to erect the
gate, all excavation, all backfilling, and furnishing and installing electrical protective
grounds.

D.

When the project is constructed essentially to the dimensions shown on the plans no
further measurement will be required, and payment will be made for the quantities
shown in the contract for the various bid items involved. If disagreement exists between
the Contractor and the Engineer as to the accuracy of the plan quantities, either party
shall, before any work is started which would affect the measurement, have the right to
request in writing and thereby cause the quantities involved to be measured. If
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measured quantities do not reveal a discrepancy when compared to plan quantities, the
Contractor shall pay for the cost of the Engineer to perform measurements and
calculations of quantities.
E.

Right of Way Fence - Right of Way fence will be paid for at the contract unit price per
lineal foot for RIGHT OF WAY FENCE, of the specified height, which price shall
include all galvanized barbed wire, concrete and accessories to erect the right of way
fence, all excavation, backfilling, furnishing and electrical protective grounds, pull posts
and corner posts.

F.

Fence Removal - Fence removal will be paid for at the contract unit price per lineal foot
for FENCE REMOVAL, which price shall include removing and legally disposing off
site of all materials.

END OF SECTION
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SECTION 02500
STEEL GUARD RAIL
PART 1
1.1

GENERAL
SECTION INCLUDES

A.

Steel Guard Rail.

B.

Traffic Barrier Terminals.

C.

Steel Guard Rail Removal.

PART 2

PRODUCTS

2.1

MATERIALS - The materials specified in the current Department of Transportation
Standard Specifications of the State in which the work is being performed.

2.2

SUBMITTALS - Submit manufacturer's certification and certified mill test reports to the
Engineer certifying compliance with specifications.

PART 3
3.1

EXECUTION
GENERAL REQUIREMENTS

A.

Where existing guard rail is being removed in connection with removal of a roadside
hazard, schedule guard rail for removal after the hazard has been removed.

B.

Do not begin removal of existing guard rail at any location until the replacement guard
rail to be installed has been delivered to the site and accepted by the Engineer, and
closely coordinated with the installation of new guard rail, so that no gap will be left
open in the required guard rail at any point for a period exceeding 24 hours. In critical
locations, install new guard rail the same day the existing guard rail is removed, as
directed by the Engineer.

C.

All steel guard rail and terminals shall meet State & Local requirements for specific
application.

3.2

VERIFICATION

A.

Verify project staking is in place and undisturbed.

B.

Verify new paving, where part of project, is complete and meets specifications before
beginning guard rail installation.
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C.
3.3

Verify that underground utilities have been marked.
INSTALLATION

A.

The posts shall be set to the true lines and grades of the highway and spaced as shown in
the plans.

B.

Install traffic terminal barriers in accordance with the plans

C.

Lap rail elements in the direction of traffic in the adjacent lane.

D.

Set posts in compacted soil. Compact the material in the bottom of the post holes to
provide a stable foundation. Set the posts to be plumb with the front faces forming a
smooth line. After the posts are in place, backfill the holes in layers with material
approved by the Engineer, and compact each layer to the satisfaction of the Engineer in
such a manner as not to displace the posts from its correct alignment.

E.

In lieu of setting posts in previously dug holes, the posts may be driven provided they
are protected by a suitable driving cap, no damage is done to any portion of the post,
they are driven plumb to the required depth and the alignment with adequate lateral
stability, and provided that the pavement, shoulders, and adjacent slopes are not
damaged from the driving operations. When, in the opinion of the Engineer, driving
operations are producing unsatisfactory results, the posts are to be set in dug or bored
holes, backfilled as specified above.

F.

Place concrete against undisturbed material in the excavated holes for footings.

G.

Remove all existing steel guard rail that is specified for removal according to the plans.
Removed guard rail becomes the property of the Contractor. Remove all existing
materials completely and fill and compact all holes left by the guard rail.

PART 4
4.1

MEASUREMENT AND PAYMENT
METHOD OF MEASUREMENT

A.

Steel Guard Rail - Steel guard rail will be measured for payment in place by the
Engineer in lineal feet. The length measured will be the overall length of the guard rail
in place measured along the top edge of the rail elements to the limits shown on the
plans. All other ends, braces, corners and miscellaneous elements shall be considered
incidental.

B.

Traffic Barrier Terminals - The various types of traffic barrier terminals will be
measured for payment complete in place in units of each.

C.

Steel Guard Rail Removal - Steel guard rail removal will be measured for payment by
the Engineer in lineal feet before removal begins. The length measured will be the
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overall length of the guard rail in place measured along the top edge of the rail elements
from center to center of end posts or connection to bridge structure.
4.2

BASIS OF PAYMENT

A.

Steel Guard Rail - Steel guard rail will be paid for at the contract unit price per lineal
foot for STEEL GUARD RAIL, which price shall include all guard rail, posts, concrete
and accessories to erect the guard rail, all excavation, and all backfilling.

B.

Traffic Barrier Terminals - Traffic barrier terminals will be paid for at the contract unit
price each for TRAFFIC BARRIER TERMINAL, of the type specified, which price
shall include furnishing and installing all parts and materials, all excavation, and all
backfilling.

C.

Steel Guard Rail Removal - Steel guard rail removal will be paid for at the contract unit
price per lineal foot for STEEL GUARD RAIL REMOVAL, which price shall include
removing end sections and traffic barrier terminals and legally disposing offsite of all
materials.

END OF SECTION
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SECTION 02600
LANDSCAPE GRADING
PART 1
1.1

GENERAL
SECTION INCLUDES

A.

Topsoil.

B.

Final grading of areas to be landscaped.

1.2

SUBMITTALS

A.

Results of required testing of topsoil samples.

B.

Recommended application rates of nutrients and other soil amendments, based on tests.

PART 2
2.1

C.

PRODUCTS
MATERIALS

A.

Topsoil Description - Topsoil shall consist of any soil suitable for growth of grass or
other cover crops, reasonably free from hard dirt, clay, rocks, or other material which
would inhibit the germination of seeds or the growth of cover crops, and reasonably free
from weeds and foreign grasses. Classification of soils suitable for topsoil will be at the
Engineer's discretion. Topsoil shall consist of 4 to 12 percent of organic matter, based
on dry weight of soil.

B.

Topsoil Sources.
1.

Topsoil (within the right of way) - Where suitable topsoil material is available in
the excavation and within areas on which embankments are to be placed, remove
and stockpile it for later placement on adjacent embankments and cut slopes, or
other disturbed areas.

2.

Topsoil (outside of right of way): Furnish suitable topsoil native to the area
where work is being performed if sufficient topsoil can not be recovered within
the limits of grading and no pre-selected source has been identified. Costs of
excavation, hauling, loading and unloading of topsoil shall be considered
incidental to the cost of supplying topsoil, and separate measurement or payment
for these items will not be made.

Topsoil Sampling and Testing
1.

Obtain one sample per 1,000 cubic yards, or fraction thereof, of existing topsoil
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before placement in final location. Obtain samples at random locations from
source area.

PART 3
3.1

2.

Before placement of topsoil in final locations, have qualified technician perform
tests on topsoil samples to determine salt and organic content by methods having
prior approval of the Engineer. Topsoil represented by samples containing more
than 1,000 ppm of soluble salt concentration are unacceptable unless the soil is
chemically treated to reduce the soluble salt concentration to the specified
maximum level at no expense to the Railroad. Obtain the Engineer's approval of
the chemical treatment methods in advance of topsoil placement.

3.

Determine the presence of herbicide residue by the bioassay method. Topsoil
representing samples containing the presence of herbicide residues are
unacceptable unless further definitive testing to determine the type(s) and
concentration(s) of herbicide is performed and shows residues will not inhibit
germination and growth of the specified seed. Submit test results to the Engineer
for determination of suitability of the material for use as topsoil.

4.

Determine recommended nutrient and other soil amendment application rates
appropriate for the topsoil samples and specified seed mix.
EXECUTION

VERIFICATION

A.

Verify substrate has been inspected and approved by the Owner, has correct gradients
and elevations, and has appropriate moisture content.

B.

Obtain all necessary permits for hauling on public rights of way.

3.2

SUBSTRATE PREPARATION

A.

Eliminate uneven areas and low spots.

B.

Remove debris, roots, branches, stones, in excess of 3 inches.

C.

Scarify the surface to the depth of 4 inches where topsoil is scheduled to be placed.

3.3

TOPSOIL STRIPPING

A.

Place topsoil stockpiles at locations approved by the Engineer.

B.

Provide erosion control protection around stockpiles.

3.4

TOPSOIL PLACEMENT
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A.

Place topsoil in areas where required and to the thickness specified on the plans.

B.

Do not place topsoil when the ground or the topsoil is frozen, excessively wet or, in the
opinion of the Engineer, in a condition detrimental to the work.

C.

Fine grade topsoil to eliminate rough or low areas. Maintain profile and contours of
subgrade.

D.

After the topsoil has been spread, rake, remove, and dispose of all large clods, hard
lumps, rocks 3 inches in diameter and larger, and other debris, except where erosion
control blanket will be placed. Where erosion control blankets are placed, maximum
size of rocks is 1-inch in diameter.

E.

Sprinkle and roll the topsoil after it has been placed and shaped. Perform rolling with a
light corrugated drum roller of the type approved by the Engineer.

F.

Remove surplus subsoil and topsoil from site.

G.

Materials placed beyond the design cross-sections and areas indicated on the plans will
not be included for payment unless authorized in writing by the Engineer.

3.5

FINAL GRADING

A.

Leave all cuts, embankments, and ditches in a neatly trimmed condition to the specified
width, elevations, and slopes.

B.

Leave waste and stockpile areas in a neat trimmed condition to the satisfaction of the
Engineer.

C.

Shape the embankments at culvert pipe locations to provide a smooth transition from the
toe of slope to the inlet or outlet of the pipe.

3.6
A.
PART 4

PROTECTION
Protect landscaping and other features remaining as final work.
MEASUREMENT AND PAYMENT

4.1

METHOD OF MEASUREMENT

A.

Contract Quantities - When the project is constructed essentially to the lines, grades, or
dimensions shown on the plans no further measurement will be required and payment
will be made for the quantities shown in the contract for the various items involved.
When the plans have been altered or when disagreement exists between the Contractor
and the Engineer as to the accuracy of the plan quantities, either party shall, before any
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work is started which would affect the measurement, have the right to request in
writing
and thereby cause the quantities involved to be measured. If measured
quantities do not
differ from plan quantities, then the Contractor shall pay for the cost of
the Engineer to
verify measurements and calculations of quantities.
B.

4.2

Measured Quantities - Furnishing and placing topsoil will be measured for payment by
the Engineer in place and the area computed in square yards.
BASIS OF PAYMENT - Furnishing and placing topsoil will be paid at the contract unit
price per square yard for FURNISHING AND PLACING TOPSOIL, of the thickness
specified.

END OF SECTION
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SECTION 02700
SEEDING
PART 1
1.1

GENERAL
SECTION INCLUDES

A.

Seed bed preparation.

B.

Seeding.

C.

Fertilizing, including applying agricultural ground limestone ["aglime"] or sulfur.

D.

Mulching.

1.2

REFERENCES

A.

Association of Official Seed Analysts - seed laboratory certification.

B.

Society of Commercial Seed Technologists - seed technologist certification.

C.

ASTM C 602 - Specification for Agricultural Liming Materials.

D.

ASTM D 586 - Test Method for Ash in Paper.

1.3

SUBMITTALS

A.

When requested by the Engineer, submit sufficient quantity of the seed proposed for use
for the Engineer to conduct independent testing of the seeds.

B.

Before seeding, submit certification to the Engineer that seeds proposed for use have
been tested within 6 months of proposed seeding time for purity and germination by a
seed laboratory certified by the Association of Official Seed Analysts, by a seed
technologist certified by the Society of Commercial Seed Technologists, or by a State
(including other states than the one in which the work is to be performed) Department of
Agriculture. Affix professional seed technologist's seal to certification when tested by
such.

C.

At time of seeding, furnish labels from seed containers indicating:
1.

Common name of seed.

2.

Lot Number.

3.

Net Weight.
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4.

Percentage of purity.

5.

Percentage of germination (include hard seed for legumes).

6.

Percentage of weed seed content and inert material clearly marked in accordance.
with applicable State and Federal laws.

7.

If inoculated seeds are used: the mass of seed, date of inoculation, mass and
source of inoculant materials.

D.

Submit guarantee from vendor that all seeds are true to the name and variety specified in
the plans or approved by the Engineer. When a particular origin is specified, the
guarantee shall so indicate.

E.

If seeds having less than 100 percent pure live seed (PLS) is proposed for use, before
seeding operations begin, submit to the Engineer certification of the actual purity and
germination percentages for each variety, along with calculations showing how the
application rates will be increased to achieve the PLS rate specified on the plans.

F.

If plans do not specify a seeding mixture, or if mixture specified on the plans is not
suitable for the climate and soil conditions at the project site, submit a proposed seed
mixture or substitute seed mixture to the Engineer for approval.

G.

For bulk delivered fertilizers, submit a written statement to the Engineer indicating the
packaging information required for individual fertilizer packages.

H.

For custom-mixed fertilizers, submit a written statement to the Engineer indicating the
guaranteed analysis of each commercial fertilizer used in the mix, weight of each
fertilizer used in the mix, total weight of fertilizer in each load, manufacturer of each
commercial fertilizer used in the mix, a guaranteed analysis of the mix stated as
percentages of the specified nutrients, and the name and address of the seller of the
custom mix.

I.

Submit certification to the Engineer that wood fiber mulch, excelsior blankets, jute
matting, or knitted straw mat, when specified, complies with specified requirements.

PART 2
2.1
A.

PRODUCTS
MATERIALS
Seed.
1.

Use only seed certified by a seed laboratory certified by the Association of
Official Seed Analysts, by a seed technologist certified by the Society of
Commercial Seed Technologists, or by a State (including other states than the one
in which the work is to be performed) Department of Agriculture.
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B.

C.

D.

2.

Use only seed suitable for growing in the climate and soil conditions that will
exist at the project site.

3.

Seeds treated with mercury compounds will not be allowed.

4.

Seed which has become wet, moldy, or otherwise damaged in transit or storage
will not be accepted.

5.

Seed containing any noxious weeds, as defined by the Department of Agriculture
(or other applicable Department) of the State in which the work is to be
performed, will not be accepted.

6.

Proportion seed mixes by weight.

7.

Seed rate specified on the plans is based on 100 percent pure live seed (PLS) and
germination rates. If furnished seed has less than 100 percent PLS and
germination rates, adjust seed mix percentages to compensate in accordance with
the approved calculations submitted to the Engineer. There will be no additional
compensation for increasing the amount of seeds to compensate for less than 100
percent PLS and germination rates.

8.

When common practice in the State in which the work will be performed,
inoculate legume seed in accordance with the Standard Specifications of the
Department of Transportation of the State in which the work will be performed.

9.

In determining the viable germination percent of legumes, add the percent hard
seed to the percent test germination, up to 30 percent hard seed.

Agricultural Ground Limestone.
1.

Of standard manufacture, flour grade, meeting the requirements of ASTM
Designation: C 602.

2.

Source approved by the Department of Agriculture of the State in which the work
will be done, and rated by that Department with a source correction factor as
appropriate.

Sulfur.
1.

In pelleted or granular form containing the specified amount of sulfur.

2.

Conform to applicable State and Federal laws and regulations.

Iron Sulfate.
1.

In pelleted or granular form containing the specified amount of iron expressed as
02700-3
Page D-233

SEEDING
Section 02700
metallic iron.
2.
E.

F.

Conform to applicable State and Federal laws and regulations.

Inorganic Fertilizer.
1.

Fertilizer application rates indicated are in terms of individual nutrients furnished.

2.

Conform to applicable State and Federal laws and regulations.

3.

Provide the fertilizer nutrient ratio indicated on the plans or as directed by the
Engineer. In the absence of a nutrient ratio indicated on the plans and direction by
the Engineer, provide balanced commercial fertilizer for seeded areas having a
nutrient ratio of 1-2-1 (Nitrogen-Phosphorus-Potassium).

4.

Ready-mixed fertilizers must be packaged in unopened containers with the
guaranteed analysis indicating percentages of total Nitrogen (N), total available
Phosphoric (P2O5), and total Water Soluble Potash (K2O), the name and address
of the manufacturer, name brand or trademark, and total weight of ready-mixed
material in the package.

5.

Bulk or custom-mixed fertilizers may be used with the specified submittals.

6.

Supply fertilizer in one of the following forms, subject to State and Federal laws.
a) Dry, free-flowing granular fertilizer suitable for application by agricultural
spreader;
b) Soluble form that will permit complete suspension of insoluble particles in
water, suitable for application by power sprayer;
c) Homogeneous pellet, suitable for application through a Ferti-blast gun;
d) Tablet or other form of controlled release with a minimum of one-year
release period.

Mulch.
1.

Furnish the type specified on the plans.

2.

Straw.
a) Derived from wheat, rice, or barley.
b) Air-dried condition.
c) Free from noxious weeds, mold, and material detrimental to plant life.
d) Seasoned before baling or loading.
e) Suitable for spreading by mulch blower equipment.

3.

Wood Cellulose Fiber.
a) Virgin or recycled wood cellulose or paper fibers containing no growth or
germination inhibiting factors. No rock, metal, or plastic.
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b)
c)
d)
e)
f)
g)
h)
G.

Treated with a colored dye to facilitate inspection of material placement.
Manufactured so that it will become and remain uniformly suspended in a
slurry.
When sprayed on the ground, allow absorption of and percolation of water.
Less than 250 parts per million boron.
Contain at least 93 percent organic matter on an oven-dry basis when tested
in accordance with ASTM Designation: D 586.
Moisture content no more than 15 percent by weight, and not less than 9
percent by weight.
PH between 4.3 and 6.0.

Erosion Control Blanket.
1.

Excelsior Blanket.
a) Machine produced mat of wood excelsior with 80 percent of fibers being at
least 6 inches long.
b) Wood from which excelsior is cut shall be properly cured to achieve
adequately curled and barbed fibers.
c) Blanket shall be of consistent thickness, with even distribution of fibers.
d) The blanket shall be covered on the top side with a 90-day biodegradable
extruded plastic mesh netting, entwined with the blanket.
e) Minimum weight of blanket shall be 0.8 pounds per square yard, plus or
minus 5 percent.
f)
Minimum width of blanket shall be 24 inches, with rolls being about 150
feet long.
g) Blanket shall not flame or smolder for more than a distance of 12 inches
from a spot where a lighted cigarette is placed on the surface of the blanket.

2.

Jute Matting.
a) Uniform open plain weave of unbleached, single jute yarn treated with a fire
retardant chemical.
b) Yarn shall be of loosely twisted construction and not vary in thickness by
more than 1/2 of its nominal diameter.
c) Furnished in rolled strips about 150 feet long. Average width about 48
inches, plus or minus 1 inch.
d) Average weight about 0.92 pound per square yard, plus or minus 5 percent.

3.

Knitted Straw Mat.
a) Machine assembled blanket with clean, weed-free straw as primary
component.
b) Straw uniformly distributed throughout blanket to a loose thickness of about
1/2-inch, plus or minus 1/8 of an inch.
c) The blanket shall be covered on the top side with a 90-day biodegradable
extruded plastic mesh netting, entwined with the blanket. Adhered to the
straw by a knitting process using a biodegradable thread.
d) Blanket supplied in protected rolled mat form at least 6 feet wide.
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e)
4.
PART 3
3.1

Average dry weight of at least 0.70 pounds per square yard.

Erosion control anchors shall be as recommended by the manufacturer.
EXECUTION

VERIFICATION

A.

Verify rough grading, finish grading, and topsoil placement and spreading is completed.

B.

Verify the proposed seed application time is within the time limits shown on the plans.

C.

Verify underground utility locations have been marked.

D.

Verify that seed mixture specified on the plans is suitable to the climate and soil
conditions of the project site.

E.

Verify that required submittals have been made to the Engineer.

F.

Verify that areas requiring different seeding mixtures have been delineated by the
Engineer.

3.2

Seed Bed Preparation.

A.

Remove all stones larger than 3 inches in diameter, sticks, and all other debris. This size
is to be reduced to 1 inch in diameter in areas where erosion control blanket is to be
installed.

B.

Work area to be seeded to a minimum depth of 4 inches with a disk tiller or other
equipment approved by the Engineer. Reduce all soil particles to less than 3-inch
diameter.

C.

Remove all rivulets and gullies.

D.

Do not seed until prepared seed bed has been approved by the Engineer.

3.3

SEEDING

A.

Notify the Engineer at least 24 hours before beginning any seeding operations.

B.

Do not seed during windy weather or on excessively wet or frozen ground.

C.

Seed only during calendar periods specified on the plans or in special provisions.

D.

When drought, excessive moisture, or other unsatisfactory conditions prevail, the work
shall be stopped when directed.
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E.

3.4

Spread seed at the specified rate or as directed by the Engineer using one of the
following methods as approved by the Engineer.
1.

An approved hydroseeder which uses water as the carrying agent and maintains
continuous agitation. Its capacity shall be sufficient for the specified amount of
seed, water, and mulch material. The time period for the seed to be held in the
slurry shall be a maximum of 24 hours. Fertilizer may be placed in the same
operation provided the fertilizer is placed in the hydroseeder no more than 30
minutes before it is applied. Use a tracer (not harmful to plant life) to visibly
indicate uniform placement.

2.

Approved blower equipment capable of maintaining a constant, measured rate of
material discharge to ensure application at the specified rates.

3.

Helicopters properly equipped for aerial seeding.

4.

Approved power-drawn drills or seeders.

5.

Approved hand methods where the above mechanical methods are not practical,
as determined by the Engineer.

FERTILIZER, AGLIME, IRON, AND SULPHUR APPLICATION

A.

Apply at the rate specified on the plans or as directed by the Engineer based on topsoil
analyses.

B.

Spread uniformly using equipment approved by the Engineer.

3.5

MULCH APPLICATION

A.

Apply mulch on all slopes flatter than two horizontal to one vertical.

B.

Apply mulch at specified rates within 24 hours of the time of seeding.

C.

Spread straw mulch using a forced-air blower approved by the Engineer. The spreader
shall not cut or break the straw into smaller pieces.

D.

Apply wood cellulose fiber mulch using approved hydroseeders.

E.

Hand mulch areas where, in the opinion of the Engineer, mechanical methods are not
practical.

F.

Remove all mulch material sprayed on surfaces other than the approved seedbed
(including but not limited to signs, structures, vehicles, roads, and other locations) the
same day as application.
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G.

Anchor mulch in place using an approved binding agent when specified in the plans or
when directed by the Engineer. Apply in accordance with the manufacturer's
recommendations.

H.

When no mulch binder is indicated in the plans, crimp straw mulch using methods
approved by the Engineer, without cutting, leaving a minimum of 40 percent standing.

3.6

EROSION CONTROL BLANKETS

A.

Erosion control blankets are limited to excelsior blanket, jute matting, or knitted straw
mat.

B.

Apply on all slopes two horizontal to one vertical or steeper.

C.

Stake or staple in accordance with the supplier's recommendations and as necessary to
adequately hold the material in place.

D.

Unless specified otherwise, use either of the three blanket types specified herein.

E.

Install erosion control blankets within 24 hours of the time of seeding.

3.7

RESEEDING

A.

When directed by the Engineer, repeat seed bed preparation, reapply seed, mulch, and
fertilizer.

B.

Reseeding that is directed by the Engineer after initial seeding in conformance with
these specifications will be measured for payment.

PART 4
4.1
A.

MEASUREMENT AND PAYMENT
METHOD OF MEASUREMENT
Contract Quantities - When the project is constructed essentially to the lines, grades, or
dimensions shown in the plans no further measurement will be required and payment
will be made for the quantities shown in the contract for the various items involved.
When the plans have been altered or when disagreement exists between the Contractor
and the Engineer as to the accuracy of the plan quantities, either party shall, before any
work is started which would affect the measurement, have the right to request in writing
and thereby cause the quantities involved to be measured. If measured quantities do not
differ from plan quantities, the Contractor shall pay for the cost of the Engineer’s
verification of measurements and calculations of quantities.

B.

Measured Quantities
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4.2

1.

Seeding as specified will be measured by the Engineer in place and the area
computed in acres.

2.

Preparing the seed bed, fertilizing, mulching, and adding soil amendments as
specified will not be measured separately for payment but will be considered to be
included in the contract unit price for seeding.

3.

Erosion Control Blankets furnished and installed as specified will be measured by
the Engineer in place and the area computed in square yards. Staking or stapling
of the blanket will not be measured for payment separately.

BASIS OF PAYMENT

A.

Seeding, will be paid for at the contract unit price per acre for SEEDING of the type
specified.

B.

Erosion control blankets will be paid for at the contract unit price per square yard for
EROSION CONTROL BLANKET.

END OF SECTION
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SECTION 02800
PIPELINE PROTECTION AND ENCASEMENT
PART 1
1.1

GENERAL

DESCRIPTION
A. This work shall consist of relocating or uncovering portions of existing pipelines and
installing casing pipes, insulators, seals and vent pipe; backfilling; cleaning up; and all
incidental work necessary to complete the protection and encasement of the pipelines in
accordance with the plans and specifications. All work shall be coordinated with BNSF
Corporate Real Estate department (CRED) or its authorized representative.

PART 2
2.1

MATERIALS

PIPE

A.

Casing pipe shall conform to the requirements of detail “B”; “Construction of Pipe Lines
On Railway Right-of-Way”.

B.

Insulators shall be Williamson M-2, Plastic Thinsulators or equivalent. Casing seals
shall be Link-Seal Modular Wall and Casing Seals.

PART 3
3.1

EXECUTION

CONSTRUCTION REQUIREMENTS

A.

The Contractor shall uncover the pipelines at the indicated locations being careful not to
damage any existing coatings.

B.

Any damage to the pipe coating shall be repaired before installing any insulators and
before putting the split casing in its final position. Any damage outside the casing shall
be repaired with specified coating materials taking care to remove all rust, moisture and
foreign materials to ensure a good patch.

C.

All patches will be checked with a Holiday detector. Contractor shall install insulating
spacer blocks at a maximum distance apart equal to 10-feet and shall install an insulator
adjacent to each end seal.

D.

Vent pipes shall be constructed as specified in detail “B”; “Construction Of Pipe Lines
on Railway Right-of-Way”.

E.

Backfilling shall be done and compacted to 95% of Modified density. It shall be the
responsibility of the Contractor to clean up the right-of-way, restore all previous grade
work and provide sufficient backfill to compact and restore the ground to its original
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level except that at relocations restoration in the proposed track area need not extend
above the design cut section.
F.

If flanges are used for encasement pipe there shall be two flanges per pipe placed 12
inches from the pipe and bolted together. The bolts, washers, and nuts shall be stainless
steel.

G.

Welding of the split casings shall follow best standard practice and the finish work shall
be satisfactory to the Engineer. All welds will be judged in accordance with API Code
1104.
Each welder employed by the Contractor will be required to produce satisfactory
evidence that he can carry on welding operations in accordance with the specifications.

I.

Pipe lines shall be located, where practicable, to cross tracks at approximately right
angles thereto, but preferably at not less than 45 degrees and shall not be placed within a
culvert, under railway bridges or closer than 45 feet to any portion of any railway
bridge, building or other important structure, unless otherwise specified by the engineer.

J.

Detail “B” - Construction of Pipe Lines on Railway Right of Way
Note: Parallel lines - No lines closer than 25 feet from centerline of track. All lines less
than 25 feet from centerline track must be encased. All lines must have a minimum of
6-foot cover. All plastic pipes must be encased.

3.2
A.

DAMAGE
Pipelines will be in operation during the construction work. The safe and proper
handling of the pipelines is the responsibility of the Contractor. The Contractor shall be
liable for any injuries, line breakage, damage to the line and damage to property. In
addition, Contractor shall be responsible for and shall reimburse Company for all
damages to the pipelines during construction and for any gas or oil lost therefrom, and
shall be liable and responsible for the loss of the oil and gas, containing and cleaning up
spilled oil and for damages caused by spilled oil or escaped gas as a result of a severing
or breaking of the line during the construction. Precautions must be taken to contain any
possible oil spills. Any spillage of gas or oils shall be contained and if the material is
not contained and causes damages or gets into natural drainage courses, the Contractor
shall be solely responsible.

PART 4
4.1
A.

PAYMENT

PAYMENT
Payment for pipeline protection and encasement work will be made at contract unit price
per linear foot of casing pipe satisfactorily installed which payment shall be full
compensation for furnishing all labor, tools, equipment and materials necessary or
incidental to the construction of the complete pipeline, relocation, protection or
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encasements including excavating, backfilling, installation and final cleanup.

END OF SECTION
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SECTION 03100
CLEARING AND GRUBBING
PART 1 - GENERAL
1.1

DESCRIPTION
This work shall consist of the removal and disposal of all trees, stumps, undergrowth,
brush, trash, grass, weeds, roots, concrete, debris, or other objectionable materials within
the limits of the excavation, embankment, borrow, and other areas as shown on the plans
and Contract Documents.

1.2

PRESERVATION
The designated areas shall be cleared except certain areas as directed by the Engineer for
preservation. Areas designated for preservation shall be carefully protected from abuse,
marring or damage during construction operations.

1.3

TOPSOIL
Topsoil shall be stockpiled as necessary for capping of slopes and ditch bottoms. See
Section 02600.

1.4

DISPOSAL
A.

All cleared and grubbed material shall be disposed of off property unless
otherwise directed by Engineer, and shall comply with Federal, State and Local
regulations. The proper disposal of material shall be considered incidental to the
bid item and no additional cost will be paid to the contractor for removal unless
otherwise directed by the engineer.

B.

If contaminated material is encountered testing must be performed by the BNSF.
If removal of contaminated material is necessary the BNSF Environmental team
will perform.

C.

Material being disposed of shall not be burned on Railroad property.

D.

No material will be disposed of in the grading footprint.

E.

Large trees and shrubs may be shredded into mulch and used for capping slopes
and ditch bottoms, as approved and directed by the Engineer.

F.

Unless otherwise stated in the special provisions, all merchantable timber will be
the property of the Contractor.

PART 2 - PRODUCTS
Not Applicable
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PART 3 - EXECUTION
3.1

GENERAL
All holes remaining after clearing and grubbing shall be backfilled and compacted as
directed by the Engineer and the entire area bladed to provide drainage, except, in areas
to be immediately excavated, the Engineer may direct that the holes not be backfilled.

3.2

EXCAVATIONS
Areas that are to be excavated and hauled into embankments shall be cleared and grubbed
of all objectionable material to the full depth and width of the completed excavation.
Areas that are to be excavated and wasted shall not be cleared unless specifically
requested by the Engineer. Roots or other vegetation more than 3 inches existing below
the finished surface of excavated sections shall be removed to a depth of a minimum of
12 inches below the finished surface. Areas requiring minumim grading shall have a
minimum of 12 inches of vegetation and topsoil removed from the construction area.
There will be no allowance for any grubbing required below such finished surface. All
such grubbing below the finished surface shall be considered incidental to clearing and
grubbing, and shall be included in the bid item cost for clearing and grubbing.

3.3

BORROW PITS
Areas required for borrow sites and material sources must be cleared and grubbed, except
for designated trees and shrubs, to prevent such objectionable material being used in
construction.

3.4

3.5

EMBANKMENTS
A.

All areas that will be beneath embankments shall be free from all vegetation and
roots to a minimum depth of 6 inches below the ground surface.

B.

All rubbish shall be removed in embankment areas.

OTHER DESIGNATED AREAS (such as staging and storage areas)
Designated portions of the right-of-way other than excavations, borrow areas, and
embankments shall be cleared off level with ground surface by cutting and removal of all
trees (standing or fallen), stumps, undergrowth, brush, vines, roots, and other vegetation,
trash, or objectionable materials so that no obstruction will interfere with close machine
or hand mowing of cleared areas. Cleared areas shall be left smooth and free of
obstructions that will impound water.

3.6

LIMITS OF WORK
Trees or other growth outside the limits for clearing and grubbing shall be preserved and
protected from damage during construction operations. If rare or endangered plants or
artifacts are encountered during construction, work shall stop in the vicinity of the find,
and the Contractor shall notify the Engineer of said find.
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PART 4 - MEASUREMENT AND PAYMENT
4.1

4.2

MEASUREMENT
A.

"Clearing and Grubbing" will be measured by the acre.

B.

If Bid Item not included, payment for this work will be considered as incidental to
the unit price for grading.

PAYMENT
A.

Clearing and grubbing shall be paid for at the contract unit price per acre cleared
and grubbed within the grading limits. This price shall be full compensation for
furnishing all labor, materials, tools, equipment, supplies, supervision, and
incidentals necessary for clearing, grubbing, and disposal of the resulting
materials.

B.

Areas outside the grading limit, such as borrow areas, staging areas, and material
storage areas are not included. Clearing and grubbing for these areas are
incidental to their respective bid items.
END OF SECTION
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SECTION 03200
EXCAVATION AND EMBANKMENTS
PART 1
1.1

SECTION INCLUDES

A.
B.
C.
D.
E.
F.

1.2

Roadway Excavation
Borrow
Ditch Excavation
Embankment Fill
Select Material
Granular Embankment Fill
(Note: See General Provisions for utility and permitting requirements and sections that
apply)
DESCRIPTION

A.

1.3

GENERAL CONDITIONS

These specifications shall govern the construction and completion of cuts, embankments,
slopes, ditches, channel changes, and incidental work all in reasonably close conformity
with the alignment, grade, and cross-sections shown on the plans or as established by the
Engineer. The work shall be conducted so that the terrain outside the limits of slopes will
not be disturbed except where approved by the Engineer.
DEFINITIONS AND TERMS

A. Borrow Area -The source, other than required roadbed excavation, of the embankment
materials.
B. Embankment - A raised structure of soil, soil aggregate, sand, rock or gravel or any mixture
thereof.
C. Grading Area - The area which the Contractor will work on which includes the areas where
both cuts and fills will be located.
D. Lift - A layer (or course) of soil placed on top of a previously prepared or placed soil in a fill
or embankment.
E. Lift thickness. Lift thickness as stated can be varied upon authorization by the Engineer. Lift
thickness shall mean the height of uncompacted embankment material prior to compaction.
F. Roadbed - The graded area beneath and on both sides of the Subgrade.
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G. Subgrade - The top surface of the Roadbed upon which the Sub-ballast, Ballast and track
structure, pavement structure, surfacing or layer of any other material will be placed.
H. Unsatisfactory Material - Existing, in place soil which has insufficient strength
characteristics or stability to carry the intended loads in fills areas without excessive
consolidation of stability. Examples: refuse, frozen or organic material.
1.4

SUBMITTALS

A.

For rock excavation, a detailed Mechanical Excavation Submittal shall be presented for
review to the Engineer at least two weeks prior, unless otherwise directed by the Engineer,
to commence mechanical excavation operations at the site.

PART 2
2.1
A.

B.

MATERIALS
EXCAVATION
Classification
1.

When bids for excavation are taken on an "Unclassified" basis, no recognition will
be made of classification of any kind.

2.

When bids are taken on a "Classified" basis, it is the intent of these specifications
that all excavated material will be classified as "Rock" or "Common" by the
Engineer while the work is in progress. In special cases, other classifications may be
specified in the invitation to bid, such as: peat, topsoil, etc.

Common Excavation
1.

C.

Common excavation is considered to be material that can be excavated with a dozer
blade or any size backhoe, ripping with a D-7 or smaller dozer, impact breaker less
than 6,000 ft.-lb. or directly by a wheel loader. Unless other classifications are
specified in the invitation to bid, "Common Excavation" shall include all materials
that cannot be classified as "Rock" by the definition in Paragraph 2.1.C.1.

Rock Excavation
1.

Rock excavation is considered to be material requiring blasting or the use of heavy
mechanical breakage (D-8 or larger dozer ripping with a single shank ripper blade
and/or 6,000 ft.-lb. or greater impact breaker). Rock excavation shall include all
rock in ledges, and bedded deposits, cemented and conglomerate deposits exhibiting
the physical characteristics and difficulty of rock removal which cannot be removed
without systematic drilling and blasting or as determined by the Engineer. The fact
that blasting may be resorted to by the Contractor shall not, of itself, entitle the
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material to be classified as "Rock." If during excavation the Contractor encounters
material that may be classified as rock excavation, such material shall be uncovered
and the Engineer notified so that the Engineer can classify the material. Rock
excavation and blasting shall be governed by the requirements set forth in Section
3.4 and 3.5 of this specification section.
2.

2.2

Materials from rock excavation which are to be used in embankments shall be
processed so as to produce a well-graded fill material which will permit the placing
of layers not to exceed 24 inches in thickness as per Paragraph 3.8, C, or as otherwise
approved by the Engineer.

EMBANKMENT FILL

A.

It is the intent of these specifications that all suitable materials from roadway, cut ditch,
channel, or other excavation, other than surface ditch, be used so far as practicable in
forming embankments, dikes, or similar facilities.

B.

When the areas staked for excavations are insufficient or unsuitable to form the
embankments, the deficiency shall be obtained by widening cuts or borrowing at points as
directed by the Engineer. Such cut widening beyond the limits of the designated and staked
excavation section and other borrow excavation shall be considered as incidental to
embankment and the cost of the work shall be included in the unit price for embankment.

C.

Stakes set beyond the limits of standard or designated excavation sections for the purpose of
assisting Contractor in establishing limits of cut widening or borrow shall not constitute a
standard, designated, or staked section for pay purposes.

2.3
A.

SELECT MATERIAL
Select material shall be limited to non-expansive, non-swelling soils meeting the following
criteria:

Liquid Limit
(Test Method ASTM D 4318)
Greater than 50
Between 30 and 50
Less than 30

B.

Maximum Allowable Percent
Passing No. 200 Sieve
(Test Method ASTM D 1140)
30%
40%
50%

The plasticity index of select material as determined in accordance with ASTM
Designation: D 4318 shall not exceed 15%.
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2.4
A.

B.

GRANULAR EMBANKMENT FILL
Granular embankment fill shall consist of crushed stone or gravel meeting the following
quality requirements:
Sodium Sulfate Soundness, 5 cycle
(Test Method ASTM C 88)

25% Maximum Loss

Los Angeles Abrasion
(Test Method ASTM C 131)

45% Maximum Loss

Deleterious Substances (shale,
clay lumps, coal, soft and unsound
fragments)

10% Maximum

Granular embankment fill shall be uniformly graded from coarse to fine and shall meet the
following gradation requirements:
Sieve Size
3"
No. 4
No. 16
No. 50
No. 200

PART 3
3.1
A.

Percent Passing
100
45-85
25-65
10-30
0-15

EXECUTION
ROADWAY EXCAVATION
Disposal of Excess Material
1.

Excavation in excess of that needed to make the embankments according to the plans
and specifications shall be used to widen embankments, flatten slopes, or be
deposited in spoil banks, at locations and in height and form as directed by the
Engineer. Payment for such excess material placed outside of the limits of the staked
embankment section shall be in excavation only.

2.

Stakes set beyond the limits of standard or designated embankment sections for the
purpose of assisting Contractor in establishing limits of disposal areas shall not
constitute a standard, designated, or staked section for pay purposes.

03200-4
Page D-251

EXCAVATION AND EMBANKMENTS
Section 03200
B.

C.

D.

Waste
1.

At the discretion of the Engineer and with his written consent, the Contractor may
waste excavated materials in a manner and location approved by the Engineer.

2.

If the Contractor should desire to waste off of the right-of-way, he may do so only
with the written approval of the Engineer. Before entering on the property, the
Contractor must obtain easement, license, permission or other means to release use
of the property from landowner or his authorized agent. Such agreement shall be
submitted to the Engineer in writing. Such agreement shall be at the Contractor's
expense.

3.

The Contractor’s activities shall be conducted in a manner which will not impact
Railroad property, including fences, ditches, underground and overhead utilities, etc.

Haul
1.

Transporting excavated material shall be considered as merely incidental to the
grading work. It is the Contractor’s responsibility to thoroughly inspect the project
site, plans, and contract documents. Submittal of a bid by the Contractor shall be
taken as an indication of the Contractor’s understanding of the relationship of
excavation, embankment, borrow and haul distances for the grading work required
for this project. No direct payment will be made for so-called overhaul.

2.

Vehicles used for hauling shall be satisfactory to the Engineer and shall be sufficient
in number and capacity to meet the project schedule for the work involved.
Whenever feasible the Contractor shall route his hauling equipment over the grade in
such a manner as to maintain uniform compaction across the roadway and minimize
damage to completed work.

Overbreak and Slides
1.

Properly licensed and approved Contractors are required for all blasting operations.
Excessive blasting or "overshooting" will not be permitted. The Engineer shall have
authority to require the Contractor to discontinue any method of blasting which leads
to overshooting, is dangerous to the public, destructive to property or to natural
features, or in the opinion of the Engineer, causes excessive rock damage to the
finished excavation slope. Preshear or cushion techniques shall be used when called
for on the plans, in the special provisions, or when directed by the Engineer.

2.

Any material outside the specified cross section which is shattered or loosened by
blasting shall be removed at the Contractor's expense.
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3.

4.

E.

3.2

Material outside the design slopes which is deemed unstable by the Engineer because
of its natural formation shall be removed and paid for as excavation of the proper
classification.
Slides, which in the judgment of the Engineer are unavoidable, shall be measured
and paid for as excavation according to the classification in which the material is
found after the slide occurs.

Finishing Excavated Slopes: All excavated slopes, including roadway, channel, road, and
borrow pit adjacent to embankment, shall be trimmed accurately to authorized cross
sections. In rock or other material, when in the judgment of the Engineer a true slope
cannot be made, an irregular slope approximating the design slope will be permitted. No
loose material shall be left on the sides or in the bottom of any excavation. This work shall
be considered as incidental to excavation and direct payment for this work will not be made.
BORROW

A.

No borrowing will be permitted except as shown on the plans or as instructed by the
Engineer in writing. No borrowing will be permitted except in materials approved by the
Engineer. Borrow pits shall be left in neat and regular shape and shall be excavated so that
they will drain as directed by the Engineer. Necessary clearing, grubbing and satisfactory
drainage of borrow pits and the disposal of debris thereon shall be considered related
operations to the borrow excavation and not paid for separately.

B.

If the Contractor should desire to borrow off of the right-of-way, he may do so only with
the written approval of the Engineer. Before entering on the property, the Contractor must
obtain easement, license, permission or other means to release use of the property from
landowner or his authorized agent. The Contractor is also responsible for all federal, state
and local environmental permitting and requirements All agreements and authorizations
shall be submitted to the Engineer in writing.

C.

The necessary borrow materials will be obtained from a source selected by the Contractor.
The Contractor will advise the Company in writing at the time of submission of his proposal
along with all data regarding the suitability of such material to be used in the construction
of the proposed embankments and approved by the Engineer. Further, the Contractor shall
furnish the Company copies of all agreements from such an independent source, and shall
be responsible for the construction of all necessary haul roads, opening up the borrow areas,
payment to the landowner for all materials, restoration of the borrow areas, and removal of
all haul roads.

D.

The Contractor shall be responsible for all survey work at each borrow area to determine the
quantity of material removed. Survey work shall include all cross sections and limits of
material removed. All such survey work and method of measurement of borrow materials
removed shall be done in a manner acceptable to the property owner. Payment for borrow
materials shall be made directly to respective property owner.

03200-6
Page D-253

EXCAVATION AND EMBANKMENTS
Section 03200
E.

3.3
A.

3.4
A.

The Contractor’s activities shall be conducted in a manner which will not impact Railroad
property including fences, ditches, underground and overhead utilities, etc.
DITCH EXCAVATION
When ordered by the Engineer, intercepting surface ditches shall be made at the top of
excavations and at the foot of embankments, or at other locations where conditions make
them desirable. The cross section and location of such ditches shall be as directed by the
Engineer; ditch outlets shall diverge sufficiently from adjoining works to prevent erosion
damage. Material excavated shall be placed without compaction on the downhill side of the
excavation in one operation such as may be accomplished by a motor grader or dozer.
Payment for such ditches shall be in excavation only.
ROCK EXCAVATION
Mechanical Excavation
1.

B.

3.5

Occasionally slopes contain rock that can be excavated with mechanical equipment
such as large dozer rippers and impact breakers. The requirements for final slope
face, including scaling and dressing, are the same as for slopes formed by blasting, as
are the requirements for dust control, equipment/personnel blockage of the mainline
or other tracks.

Slope Scaling and Clearing
1.

Prior to commencing excavation operations, the perimeter of the slopes shall be
scaled of loose rock and cleared of trees to a distance of 25 feet in back of the cut
slope line. Rock scaling is incidental to the cost of Rock excavation and will not be
paid separately, while clearing is payable under the pay item of Clearing and
Grubbing.

2.

Contractor is also responsible for scaling and dressing the slope after each lift,
removing all loose fragments not firmly attached to the slope face, and any
overhangs the Engineer considers as a potential hazard. This scaling and dressing is
incidental to the rock excavation and will not be paid separately.

ROCK EXCAVATION BELOW SUBGRADE

A.

When directed by the Engineer, rock or other similarly hard material shall be removed to
specified depth below subgrade and backfilled with compacted materials approved for
roadbed.

B.

Unless otherwise specified, rock shall be removed to a depth of 1 foot below subgrade and
backfilled by the method as shown on the plans or in the special provisions.

03200-7
Page D-254

EXCAVATION AND EMBANKMENTS
Section 03200
C.

If developed in well-graded sizes with a maximum dimension of no greater than 6 inches,
the fines from the rock excavation may be used for backfill. Backfill placement procedures
shall be as specified in Paragraph 3.5.B.

D.

If rock excavation does not yield sufficient fines acceptable to the Engineer, select material
shall be used for backfilling.

E.

Select material will be used to level off the bottom of the excavation so track can be laid
without damage to ties. If select material for backfilling or material qualifying as subballast is not available within the length of the longest haul of excavation to embankment on
the project, the Company may elect to train haul same, at its expense, or have Contractor
truck haul material to the site. If truck hauling by the contractor is required, payment shall
be in accordance with the contract unit rates for subballast.

F.

The select material excavated from the designated undercut section and fines from rock
excavation used to backfill the designated undercut section will be paid for at the same unit
prices that apply to roadway grading.

G.

Additional select material as may be required beneath the designated undercut section due
to the roughness of rock excavation shall be considered as incidental to rock excavation and
direct payment for this material will not be made.

3.6

SUBGRADE AND EMBANKMENT FOUNDATION PREPARATION

A.

Embankment Foundation Preparation: The Contractor shall proof roll the ground surface of
all areas to receive embankment prior to commencement of fill operations. Proofrolling
shall consist of the Engineer’s observation of soil deflection beneath the tires of the
Contractor’s heaviest rubber tired equipment, e.g. loaded water trucks, loaded scrapers, or
loaded dump trucks. Proof rolling shall consist of a minimum of two passes. Any soft
zones detected in this manner which cannot be effectively compacted with repeated passes
of a roller shall be treated in accordance with Paragraph 3.6 C. When shown on the plans,
in the special provisions, or when directed by the Engineer, the Contractor shall plow,
scarify, and break up the full width of the embankment foundation, and then shall condition
the material, as may be required, and compact to the density specified for earth fill
embankment for the particular material to a depth of at least 6 and up to 18 inches (if
necessary to reach the specified density) below the ground surface. This work shall be
considered as incidental to embankment and direct payment for such work will not be made.

B.

Excavation Base Preparation: When shown on the plans, in the special provisions, or when
directed by the Engineer, the Contractor shall plow, scarify, and break up the base of the
excavations for the entire crown width of the subgrade, and then shall condition and
compact the material to the density specified for earth fill embankment for the particular
material to a depth of at least 6 and up to 18 inches (if necessary to reach the specified
density) below finished surface of the excavated section. This work shall be considered as
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incidental to excavation and direct payment for such work will not be made.
C.

D.

Where soils encountered at subgrade elevation in excavations or in foundations for
embankments less than 3 feet high are naturally soft, loose, or contain excessive moisture,
the Engineer may require that one or more of the following improvement techniques be
used in order to establish a firm, stable subgrade or foundation.
1.

Removal and Replacement: When directed by the Engineer, the soils shall be
removed to a depth determined by the Engineer. The area of overexcavation shall be
backfilled with material suitable for embankment and compacted to a density of not
less than that specified for earth fill embankments. Payment for excavating the soils
will be made in accordance with the contract unit price for excavation. Payment for
backfilling and compacting with suitable soils will be made at the contract unit price
for embankment.

2.

Use of geosynthetics: When directed by the Engineer, geotextiles and/or geogrids
shall be placed over the soft or wet soils in order to provide reinforcement and
stability of soft soils. The type and weight of geosynthetic shall be as specified by
the Engineer. Placement requirements and payment provisions shall be as specified
in Section 03400, "GEOSYNTHETICS."

3.

Soil Treatment/Modification: In special situations as shown on the plans, in the
special provisions, or as directed by the Engineer, treatment of the soils using lime,
flyash, or other additive to stabilize or condition wet soils may be used. Use of fly
ash or other additive shall be in accordance with all applicable federal, state, and
local environmental regulations. The additives may be applied directly to the ground
and blended using the most effective method available, or the additives and soil may
be blended on stable ground and worked into the soft or wet soils. Use of additives
for soil treatment/modification shall not be interpreted as a lime or cement stabilized
subgrade. Payment for soil treatment/modification shall be at contract unit prices.

Embankments on Swampy Ground: Embankments which are to be constructed across low
or swampy ground which will not support the weight of trucks or other hauling equipment
will receive special consideration for construction. The considerations may be, but are not
limited to: (a) removal and replacement of unstable material; (b) displacement of unstable
material by surcharging with rock or granular material to provide a stable base; (c) placing a
woven geotextile fabric or geogrid and the placement (dumping) of material, preferably
rock, in a uniformly distributed layer of thickness not greater than that necessary to support
the equipment while placing subsequent layers. The Engineer will approve the method to
be used and will specify the type and thickness of geosynthetic material if it is to be used.
Compaction requirements are specified in 3.7 ROADWAY EMBANKMENT - B. EARTH
FILL (3) Compaction requirements. Placement requirements and payment provisions shall
be as specified in Section 03400 "GEOSYNTHETICS."
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3.7
A.

B.

ROADWAY EMBANKMENT
General
1.

Roadway embankment shall be constructed as shown on the plans, in these
specifications, in the special provisions, or as instructed by the Engineer.
Embankment material and depths of different embankment material shall be as
shown on the plans, in the special provisions, or as instructed by the Engineer.

2.

In general, it is desirable that the upper portion of all embankments be constructed of
predominantly coarse grained soils (i.e., select or granular embankment materials).
Soils with high plasticity (Unified Soils Classifications of CH, MH, or OH) should
not be used in the upper portions of embankments unless stabilized using lime or
cement stabilization. Other soils containing significant percentages of fine grained
soils (USCS classifications CL, ML, SC, SM, GC, and GM) are potentially
susceptible to pumping or frost heaving and exhibit poor drainage characteristics.
The use of these soils in the upper portions of embankments should be avoided
unless stabilized or used in conjunction with a hot-mix asphalt roadbed or granular
embankment. The most desirable materials to be used in the upper portions of
embankments are well-graded sands and gravels (SW and GW classifications).
These soils are well drained, have good compaction characteristics, and are not
susceptible to frost heave or pumping.

3.

Wherever an embankment is to be placed on or against an existing slope steeper than
four horizontal to one vertical, such slope shall be cut into steps as the construction
of new embankment progresses. Such steps shall have a horizontal dimension of not
more than 6 feet and a vertical rise of 2 feet. The Contractor shall modify slope cuts
as requested by the Engineer to maintain slope and track structure integrity. Steps
cut into the slope shall not be allowed to remain unsupported overnight.

Earth Fill
1.

Embankments built of soil material or material consisting of gravel or small pieces of
rock 6 inches or less in maximum dimension shall be placed, using conditioned
material when necessary, and compacted until the required degree of compaction is
obtained thoroughly and uniformly throughout the layer. No stones larger than 3
inches in diameter will be permitted within the top 12 inches of roadway
embankment.

2.

Embankments shall be constructed in layers containing only that amount of material
which will ensure sufficient and uniform compaction, but in no case shall any layer
or lift exceed 8 inches after compaction. Each successive lift or layer shall be
carefully leveled and completely and uniformly compacted over the full width of the
embankment before a succeeding layer is placed.
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3.

Compaction requirements for earth embankments are as follows. All embankments
shall be compacted to a density of not less than 95% of the maximum modified
laboratory density, and no more or less than 4 percentage points above the optimum
moisture content, unless otherwise specified on the drawings. The laboratory density
and optimum moisture content shall be the maximum density and optimum moisture
as determined in accordance with ASTM Designation: D 1557 (Modified Proctor
Test). Compaction shall be accomplished by sheeps foot rollers, pneumatic-tired
rollers, steel-wheeled rollers, vibratory compactors, or other approved equipment.

4.

Embankment material which does not contain sufficient moisture to permit the
required compaction shall have water added in sufficient quantity to obtain the
specified compaction. Material containing an excess of moisture shall be aerated
until the material is near optimum moisture content before being compacted. When
it is necessary to add water, it shall be thoroughly and uniformly mixed with the
material before it is compacted using equipment and methods approved by the
Engineer. When it is necessary for the Contractor to furnish water, he shall provide
means for adequate and proper distribution. The quantity of water used shall not
exceed the maximum amount that will permit the equipment to obtain the required
densities, and at no time shall free water be allowed to stand on the surface of a fill.

5.

At the option of the Contractor, excavation areas and borrow sources may be watered
prior to excavating the material. Moisture content of pre-watered excavation shall be
brought to near optimum before compaction in the embankment.

6.

Earth fills shall be uniformly compacted to the required densities using methods and
equipment best suited for the material encountered.

7.

With the approval of the Engineer, the Contractor may construct embankment during
freezing weather. For this purpose, the Contractor shall provide the necessary
amount of earth moving and compacting equipment to provide a continuous
operation during freezing weather on both excavation and embankment areas. The
Contractor shall control his operations to ensure that no frozen material is placed in
the fills, and that the material placed is completely compacted before freezing. If
materials freeze before the required compaction is obtained, the placing of fills shall
stop and the frozen material shall be removed at the Contractor's expense before
filling resumes.

8.

Select material may be required, when shown on the plans, in the special provisions,
or directed by the Engineer, for the upper portion of the embankment and to backfill
excavations to the top of subgrade. The top of the select material shall be placed on
a slope in accordance with plans.
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9.

C.

a.

If, in the opinion of the Engineer, suitable materials for select material are
available within the limits of excavation, the Engineer shall select the materials
to be used and payment for placement of the select material will be at contract
prices for embankment.

b.

When, in the opinion of the Engineer, select materials are not available within
the above described haul limits, select material may be imported from locations
shown on the plans, in the special provisions, or as directed by the Engineer.
Payment will be at contract prices, if established, or by special provision.

c.

Select material shall, when practicable, be hauled directly from excavation to
its final position in the subgrade prism. When shown on the plans, in the
special provisions, or when in the opinion of the Engineer it is not possible to
haul select material directly from the excavation to its final location, select
material shall be excavated and placed in stockpiles for use at designated
locations. Such work will be considered incidental to excavation and no
separate payment will be made for such stockpiling and subsequent placement
in embankment.

When shown on the plans, in the special provisions, or directed by the Engineer,
either parts or all of the embankment shall be constructed of granular embankment
fill. The materials required for granular embankment fill are provided in Section 2.4.
Placement and compaction of granular embankment fill shall be in accordance with
the requirements for earth fill.

Rock Fill
1.

Embankments built of materials comprised predominantly of rock larger than 6
inches in maximum dimension shall be constructed by placing the material in layers
not exceeding the maximum size of the rock present, but in no case shall the
thickness of layers exceed 24 inches, unless approved by the engineer. The
maximum size of any individual rock shall not exceed 16 inches in any one
dimension, or as approved by the Engineer. The material shall be dumped from the
hauling equipment on top of the layer being constructed and then pushed ahead over
the face of the layer by the spreading equipment. Dumping of rockfill material
directly onto uncompacted areas will not be permitted.

2.

Layers shall extend the full width of the roadbed and a dense, solid embankment
shall be obtained for the full width by distributing the larger stones over the area and
filling between them with fine material sufficient to fill the interstices. Each layer
shall be compacted by routing the spreading equipment and the loaded hauling
equipment over the entire width of the fill until compaction is obtained, or with
vibratory compactors.
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3.8

FINISHING AND TRIMMING

A.

All cuts, embankments and ditches shall be left in a neatly trimmed condition to the
specified width, elevations, and slopes. Waste and stockpile areas shall be left in a neat
trimmed condition to the satisfaction of the engineer.

B.

The finished roadway surface shall be compacted and finished to a true surface with no
depressions which will hold water or prevent proper drainage. The finished top of subgrade
shall conform to the grades shown on the plans with a tolerance of plus or minus 0.05 feet
from the profile grade and cross section, shall be uniform, and free from sharp breaks in the
surface.

C.

When requested by the Engineer, the contractor shall be responsible for “track packing” of
the final slopes that are 2:1 or flatter. Track packing or “walking” of the slopes using
tracked equipment is required prior to seeding and mulching. The slopes shall be “walked”
perpendicular to the contours. For slopes steeper than 2:1, the contractor must submit a
detailed plan, for approval, showing how to compact and provide the tracked sections as
noted for seeding. “Tracking” of the final slopes will be considered incidental to the cost of
excavation or embankment.

3.9
A.

3.10

SUBGRADE AND EMBANKMENT PROTECTION
During construction, embankments and excavations shall be kept shaped and drained.
Ditches and drains along subgrade shall be maintained to drain effectively at all times. The
finished subgrade shall not be disturbed by traffic or other operations and shall be protected
and maintained by the Contractor in a satisfactory condition until ballast, subbase, base, or
pavement is placed. The storage or stockpiling of materials on the finished subgrade will
not be permitted. No subbase, base course, subballast, ballast, or pavement shall be laid
until the subgrade has been checked and approved, and in no case shall subbase, base,
surfacing, pavement, subballast, or ballast be placed on a muddy, spongy, or frozen
subgrade.
CLEANLINESS, SWEEPING, AND DUST CONTROL

A.

The contractor shall maintain the construction site to minimize dust conditions that would
adversely affect construction or railroad operations, including equipment operation and
worker safety.

B.

Dust or dirt from the construction site, which accumulates on adjacent public or private
streets, highways, or roads, shall be swept or washed off the roadway surface. Special care
shall be taken during sweeping or washing of the roadway surface to adequately expose
traffic markings and striping.
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C.

The contractor shall control dust conditions through the use of water spray applied by
hoses, sprinklers, or trucks at an appropriate rate and interval to settle the dust without
creating muddy or sloppy conditions. Water and any dust control additives shall be
environmentally safe.

D.

Cleanliness, sweeping, and dust control measures will not be measured or paid for
separately, but will be considered incidental to excavation and embankments.

PART 4
4.1

MEASUREMENT AND PAYMENT
MEASUREMENT OF EXCAVATION

A.

Excavation will be measured by the cubic yards acceptably excavated within the limits of
lines and slope described in typical sections and cross sections in the plans and contract
documents. Materials excavated outside of the designated sections or from borrow pits will
not be measured. When the project is constructed essentially to the dimensions shown on
the plans no further measurement will be required, and payment will be made for the
quantities shown in the contract for the various bid items involved. If disagreement exists
between the Contractor and the Engineer as to the accuracy of the plan quantities, either
party shall, before any work is started which would affect the measurement, have the right
to request in writing and thereby cause the quantities involved to be measured. If measured
quantities do not reveal a discrepancy when compared to plan quantities, the Contractor
shall pay for the cost of the Engineer to perform measurements and calculations of
quantities.

B.

Excavations with More Than One Classified Material
1.

When “Rock” and “Common”, or other classifications, specified in the invitation to
bid are removed they will be paid per the limits of lines and slopes described in the
typical sections and cross sections as defined in the plans and contract documents, by
type of material, as shown on the plans and specifications.

2.

When, in the judgment of the Engineer, it is impracticable, because of mixture of
materials, to measure the actual cubic yard content of each kind of material the
Contractor and the Engineer shall agree upon payment provisions prior to proceeding
with work. The Engineer shall, from time to time, make such measurements as will
best aid him in arriving at a just and equitable conclusion as to the proper percentage
of the materials of the different classifications in the entire excavation, and he shall
so separate and classify the different materials.
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4.2
A.

4.3
A.

4.4
A.

PAYMENT FOR EXCAVATION
Excavation shall be paid for at the contract unit price per cubic yard of excavation of proper
classification within the limits of lines and slopes described in the typical sections and cross
sections as defined in the plans and contract documents. This price shall be full
compensation for furnishing all labor, materials, tools, equipment, supplies, supervision,
and incidentals necessary for excavating, loading, transporting, and depositing materials in
embankment, spoil bank, stockpile, or other designated location by whatever method is
adopted, including all permission/permitting for haul operations.
MEASUREMENT OF EMBANKMENT
Embankment of the various types, as specified, will be measured by the cubic yard in the
space occupied within the limits of lines and slopes described in the typical sections and
cross sections as defined in the plans and contract documents. No payment will be made for
the volume of material bladed off the top of roadway embankments outside of the roadbed
limits. No allowance for shrinkage or compaction will be made. If disagreement exists
between the Contractor and the Engineer as to the accuracy of the plan quantities, either
party shall, before any work is started which would affect the measurement have the right to
request in writing and thereby cause the quantities to be measured. If measured quantities
requested by the Contractor do not differ from plan quantities, than the Contractor shall pay
the Engineer’s costs to verify measurements of quantities.
PAYMENT FOR EMBANKMENT
Embankments shall be paid for at the contract unit price per cubic yard of embankment of
proper type within the limits of lines and slopes described in the typical sections and cross
sections as defined in the plans and contract documents. This price shall be full
compensation for furnishing all labor, materials, tools, equipment, supplies, water for
compaction, supervision, and incidentals necessary for excavating, loading, transporting,
and depositing borrow material when required; loading, transporting, and depositing select
material from stockpile when required; loading, transporting, and distributing water;
spreading, aerating if necessary, and compacting the embankment material; and finishing
the embankment sections to the designated line and grades.

END OF SECTION
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SECTION 03210
CONTROLLED BLASTING
PART 1 – GENERAL CONDITIONS
1.1

1.2

GENERAL
A.

This Section covers the purchase, transportation, handling, storage, and
use of explosives, blasting agents, and blasting accessories in drill-andblast operations required for rock excavation.

B.

The Work covered in this Section includes pre-blast inspections, blast design
which includes evaluating the existing nearby structures, blast limitations,
materials, equipment, labor and supervision for the transportation and storage
of explosives, drilling and loading of blast holes, protection of existing
facilities, test blasts, blast-effects monitoring, post-blast inspections and
damage repairs.

REFERENCES
A.

The publications listed below form a part of this specification to the extent
referenced. The publications are referred to within the text by the basic
designation only.

B.

Applicable Laws, Regulations, and Ordinances:
1.

Bureau of Alcohol, Tobacco and Firearms (ATF): 27 CFR 555

2.

Occupational National Safety & Health Administration U.S.
Department of Labor (OSHA): 29 CFR Part 1926 - U.S. Department
of Labor, Occupational Safety and Health Administration (OSHA),
Construction Standards and Interpretation.

C.

The aforementioned list of specific laws and regulations shall not relieve the
Contractor from his/her responsibility of knowing about and complying with
all applicable regulations.

D.

Blast Vibration Monitoring:

1.

E.

Safety
1.

1.3

International Society of Explosive Engineers (ISEE), 1999, Blaster’s
Handbook, 17th edition, Appendix K, Seismograph Field Practice
Guidelines.

BNSF Railway: Engineering Instruction 1, On-Track Safety

DEFINITIONS
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A.

Air Overpressure (also Airblast): Fluctuating changes in ambient air
pressure caused by blasting. Airblast is expressed in units of psi or
decibels (dB).

B.

ANFO: A blasting agent containing no essential ingredients other than
prilled ammonium nitrate and fuel oil.

C.

Buffer Holes: Holes with reduced energy charges drilled adjacent to
smooth wall, trim or open line-drilled holes at the perimeter of the
excavation. The explosive charge in buffer holes is generally between 50
and 75% of the charge used in normal production blast holes. Buffer holes
are usually drilled parallel to adjacent holes at the excavation perimeter.

D.

Backbreak (also Overbreak): Rock broken beyond the limits of the last of
holes in a blast.

E.

Bench: A horizontal ledge from which holes are drilled down into the
material to be blasted.

F.

Bench height: The vertical distance from the top of the bench to the floor or
the top of the next lower bench.

G.

Blast Pattern: The plan of drill holes as laid out for blasting.

H.

Blast Site (also Blast Area): The area where explosive material is handled
during loading of blast holes.

I.

Blasting Mat: A mat of woven steel wire rope, scrap tires, or other suitable
material of construction to cover blast holes for the purpose of preventing
flyrock.

J.

Blasting Supervisor (also Blasting Specialist, Blaster-in-Charge, Blaster): The
qualified person in charge of and responsible for the loading and firing of a
blast.

K.

Blasting Vibration: The energy from a blast that manifests itself in vibrations
which may be transmitted through the earth away from the immediate blast
area.

L.

Burden: The distance from the borehole and the nearest free face or the
distance between boreholes measured perpendicular to the spacing.

M.

Close-in Blasting: Refers to drilling and rock excavation activities within a
distance that is equal to or less than the final excavation depth to existing
structures.

N.

Controlled Blasting: Refers to the use of explosives and blasting accessories
in carefully spaced and aligned drill holes to produce a free surface or shear
plane in the rock along the specified excavation back slopes. Controlled
blasting techniques include, but are not limited to, pre-splitting, trim blasting,
smooth wall blasting and line drilling.

O.

Delay Interval: The nominal time between the detonation of delay
detonators of adjacent periods in a delay series; the nominal time between
successive detonation in a blast.
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P.

Flyrock: Rocks propelled from the blast area by the force of an explosion.

Q.

Freeface: A rock surface exposed to air which provides room for expansion
upon fragmentation.

R.

Line Drilling: A method of controlling overbreak, in which a series of very
closely spaced holes are drilled at the perimeter of the excavation. Line holes
are generally not loaded with explosives; however, in some applications
alternating holes may be loaded with light charges using detonating cord.

S.

Maximum Charge Weight per Delay-For purposes of vibration control, any
charges firing within any 8-millisecond time period are considered to have a
cumulative effect on vibration and airblast effects. Therefore, the maximum
charge per delay equals the sum of the weight of all charges firing within any
8millisecond time period. For instance, if two' 10-1b charges fire at 100 ms
and one 15-1b charge fires at 105 ms, the maximum charge per delay would
be 35 lbs.

T.

Misfire: A blast or specific borehole that failed to detonate as planned. Also,
explosive materials that failed to detonate as planned.

U.

Mudcapping: A mud covered or unconfined charge fired in contact with rock
surface without the use of a borehole.

V.

Occupied Building: Structure on or off construction limits that are
occupied by humans or livestock.

W.

Peak Particle Velocity (PPV): The maximum of the three ground vibration
velocities measured in the vertical, longitudinal, and transverse directions.
Velocity units are expressed in inches per second (ips).

X.

Pre-Blast Survey: A documentation of existing conditions of structures near
an area where blasting is to be conducted.

Y.

Pre-Splitting: A blasting technique in which the perimeter charges are
detonated first in the firing sequence or as a separate blast ahead of
production blasting. This technique is designed to generate a fracture in the
plane of the pre-split holes drilled along the perimeter of the excavation.

Z.

Primary Initiation: The method whereby the blaster initiates the blasts) from a
remote and safe location.

AA.

Production Holes: Blast holes in the main body of the rock mass being
removed by drilling and blasting.

BB.

Production Blasting: Refers to rock fragmentation blasts resulting from more
widely spaced production holes, drilled throughout the main area adjacent to
the controlled blast line.

CC.

Residential Building: Includes single and multi-family dwellings, hotels,
motels, and any other structure containing sleeping quarters.

DD.

Scaled Distance: The distance from a blast measured in feet, divided by the
square root of the charge per delay period measured in pounds. These
"square root" scaled distance values are used in calculations regarding ground
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vibration prediction and control. For airblast calculations, cube root scaling is
used whereby distance is divided by the cube root of the maximum charge per
delay.

1.4

EE.

Secondary Blasting: Blasting to reduce the size of boulders resulting from a
primary blast.

FF.

Spacing: The distance between boreholes. In bench blasting, the distance is
measured to the free face and perpendicular to the burden.

GG.

Slurry: An explosive material containing substantial portion of a liquid,
oxidizers, and fuel, plus a thickener.

HH.

Smooth Wall Blasting (trim blasting): A form of controlled blasting used in
tunnel, shaft, trench and other surface blasting excavations. With this method,
lightly loaded charges are placed in relatively close-spaced holes and timed to
fire such that a well-formed open face provides excellent relief when
removing the final burden of rock in front of trim holes drilled at the
excavation limits. Smooth wall trim blasts can be fired as separate blasts
after mass rock has been blasted and removed or the trim blast can be
integrated with adjacent mass blasts if delay timing and other blast design
factors ensure that adequate free-face relief is provided for the final rock
burden against perimeter charges.

II.

Stemming: Crushed stone, tamped clay or some other inert earth material
placed in the unloaded collar area of blast holes for the purpose of confining
explosive charges and limiting rock movement and airblast.

JJ.

Sub-drilling: The portion of a blast hole that is drilled below or beyond the
desired excavation depth or limit or final lines and grades. Subdrilling is
generally required to prevent the occurrence of high or tight areas of
unfractured rock between blast holes.

KK.

Trim Blasting: See Smooth wall blasting.

LL.

USBM RI 8507 PPV Frequency Plot: A plot of measured peak particle
velocity vs. measured frequency on logarithmic horizontal and vertical scales,
examples of which are shown in Appendix A of "Structure Response and
Damage Produced from Surface Mine Blasting", U.S. Bureau of Mines,
Report of Investigation 8507, by D.E. Siskind, et al, dated 1980.

SYSTEM DESIGN

A.

General:

1.

The Contractor shall retain the services of a Blasting Consultant
meeting the qualifications contained in this specification to assist
the Contractor in the design of blasting methods, including
controlled blasting and test blasts.

2.

The blasting methods and products selected and blast and shot
patterns shall:
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B.

A.

Comply with all laws, ordinances, applicable safety code
requirements, and regulations concerning the handling,
storage, loading, preparation, and usage of explosives and
blasting agents and protection of life and property.

B.

Be sufficient to complete the excavation to the lines and
grades shown on the plans to the specified tolerances
without producing unacceptable overbreak and with the
least disturbance to adjacent material.

C.

Limit the explosive charges to the minimum required for
removal of material by excavating equipment.

D.

Limit blasting vibrations (peak particle velocities) and
airblast to the values listed in this sections and not result in
damage to nearby railroad tracks, railroad signal
equipment,
bridges,
piers,
buildings,
structures,
underground and overhead utilities, and highways due to
blasting induced ground vibrations, airblast, or flyrock.

E.

Control flyrock so that it does not project past the guarded
area of the shot or off of the Right-of-Way.

F.

Minimize the production of fumes, dust, airblast, flyrock,
and ground vibrations so as to not result in the annoyance
of nearby residents.

3.

Track protection shall be required whenever the use of explosives has
the potential to cause any material disturbed by blasting activities to
come in contact with the track structure. The track protection shall be
durable enough to prevent the track structure form being damaged by
flyrock or debris that would result from the blast.

4.

The methods of handling, storage, preparation, transportation, and
usage of explosive shall be selected that minimize occurrences of
spillage or loss of any explosives, oils or other pollutants to either
surface and ground water.

5.

Close-in blasting is not anticipated for this project. Close-in blasting
may require additional measures, evaluation of structures, and
blasting methods not contained in these specifications. No close in
blasting will be allowed without the approval of the Engineer.

Design Criteria:
1.

The firing systems for the general blast holes shall be controlled by
the use of delay detonators. Explosives used for a single period of
delay shall be the minimum required.

2.

Blast designs shall include measures that prevent all forms of misfires
and ensure complete detonation of all explosives. If any products or
methods are causing excessive cutoffs or other forms of misfires, the
Engineer may require the Contractor to suspend the use of
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problematic products or methods. All associated costs of redesigned
blasts or delays caused by this action will be at the Contractor's
expense.

C.

Excavation Blasting:

1.

Excavation to final rock surfaces shall be carried out using controlled
blasting methods, including pre-splitting and approved smooth wall
blasting methods, to form all final rock slopes greater than 10 feet in
height.

2.

Unless the Engineer approves a variance, all explosive charges shall
be stemmed with clean washed crushed stone sized between 3/8- and
1/2inch. The minimum height of stemming shall be at least 20 charge
diameters; i.e. if a 1.5-inch diameter charge is used, minimum
stemming shall be at least 30 inches or 2.5 feet.

3.

Performance Requirements:

A.

B.

Blasting Schedule
1.

Blasting shall be performed only within the period of
time occurring 30 minutes after dawn and 30 minutes
before sunset. No nighttime blasting will be allowed,
unless it is authorized under special circumstances
with the express approval of the Engineer.

2.

Blasting that has the potential to foul tracks shall be
performed within the first 30 minutes of the track
window approved by the Engineer.

Airblast Limits:
1.

C.

In no case shall blasting noise (air-overpressure or
airblast), measured near the nearest occupied
building located either on or off of the Right-ofWay exceed 133 dB.

Peak Particle Velocity
1.

Unless a variance is approved by the Engineer, the
Peak Particle Velocity measured at the closest existing
structures located on the Right-of-Way, including
bridges, piers, drainage structures, buildings
containing signal equipment, and new construction
shall not exceed 4-inches per second (ips).

2.

Peak particle velocity measured at adjacent exposed or
buried structures, equipment, pipelines and buildings
located off the ROW shall not exceed 0.75 inches per
second (ips).
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D.

Flyrock:

1.

4.

5.

Flyrock shall neither project beyond the guarded area
of the shor, nor off the the Right-of-Way, nor result in
personal injury or unacceptable damage to property or
the Work.

Excavation Limits and Tolerances:
A.

Unless otherwise indicated, final rock faces created by presplitting or trim blasting shall not deviate by more than 1.0
foot from a plane passing through adjacent drill holes over
a hole length of 20 feet, except where the character of the
rock is such that, as determined by the Engineer,
irregularities are unavoidable due to geologic conditions.
The tolerance will be measured perpendicular to the plane
of the slope. Under excavation shall not be permitted.

B.

When the cut height will require more than one lift, the
maximum offset between lifts shall be the minimum amount
required for drill equipment clearances.

Pre-Split Blasting:
A.

Pre-split holes shall not be less than 2-inches and not more
than 3- inches in diameter.

B.

Pre-split hole spacing shall not exceed 24 inches, unless the
Engineer approves a variance. Justification to increase hole
spacing shall be based on the Engineer's opinion that test
blasts have produced satisfactory results.

C.

The length of pre-split holes shall not be drilled to a depth of
25 feet or as indicated on the drawings unless the Contractor
can demonstrate to the Engineer that he can stay within
specified excavation tolerances and produce a uniform result.

D.

Only standard explosives manufactured specifically for presplitting shall be used. Bulk ANFO shall not be loaded in presplit holes.

E.

The maximum diameter of explosive used in pre-split holes
shall not be greater than one half the diameter of the pre-split
hole.

F.

Pre-split holes shall be drilled within 3 inches of the staked
collar location.
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6.

G.

Drilling equipment used to drill pre-split holes shall have
mechanical, electromechanical, or electronic devices affixed
to the equipment to accurately determine the angle at which
the drill steel enters the rock. Pre-split hole drilling will not
be permitted if these devices are missing or inoperative. The
Contractor shall control pre-split hole drilling operations such
that no hole should deviate from the plane of the planned
slope by more than 9 inches.

H.

The upper portion of all pre-split holes shall be stemmed with
approved stemming materials.

I.

Provided that it is demonstrated by conducting test blasts that
satisfactory slopes can be obtained and to the Engineer's
satisfaction, the Contractor may either pre-split the slope face
before drilling production blast holes, or may pre-split the
slope face in the same shot with -the production holes
providing that the pre-split holes are fired first.

Smoothwall Blasting
A.

Hole spacing shall not exceed 24-inches unless the
Engineer approves a variance. Justification to increase the
hole spacing shall be based on the Engineer’s opinion that
test blasts have produced satisfactory results.

B.

The main explosive charge, not including the primer stick,
shall be distributed evenly and decoupled from the wall of
the hole. The maximum charge weight per unit length of
hole (loading factor) shall not exceed 0.34 lb/ft. The weight
of the primer stick or case booster shall not exceed 0.5
pounds.

C.

Burden/spacing ratio for perimeter holes shall be between
1.2 and 1.4. The burden is the distance between the
borehole and nearest free-face, and the spacing is the
distance
between
boreholes
and
approximately
perpendicular to the burden.
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1.5

SUBMITTALS
A.

Pre-Construction Submittals: The Contractor shall submit the following
for the Engineer’s approval at least 30 days prior to starting drilling and
blasting operations, including test blasts.
1.

Blasting Safety Plan

A.

The Blasting Safety Plan shall be specific and detailed and
address safety issues, including on-track safety, that may be
specific to the BNSF Railway (BNSF Engineering Instruction
1 – On Track Safety). Generic plans simply stating that "all
regulations will be followed" will not be acceptable. The
Blasting Safety Plan shall include:

B.

A complete description of the warning, clearing and guarding
procedures that wilt be employed to ensure personnel, staff,
visitors, and all other persons are at safe locations during
blasting. This information will include details regarding
visible warning signs or flags, audible warning signals,
method of determining blast areas (all areas affected by any
potentially harmful blast effects), access blocking methods,
guard placement and guard release procedures, primary
initiation method, and the system by which the blaster-incharge will communicate with site security guards.

C.

Detailed description of how explosives will be safely stored,
transported, and used at the various project work sites. Plans
will explain how storage magazines and explosive transport
vehicles will satisfy all applicable ATF, OSHA, federal, state,
and local laws and regulations. This plan will also indicate
how explosives will be inventoried secured and guarded to
prevent theft or unauthorized use of explosives. This plan
shall include a detailed description of how the Contractor
shall provide 24-hour security for any explosive magazines
located on the Right-of-Way or other Railroad property.

D.

Material Safety Data Sheets (MSDS) and specific details
about hazard communication programs for employees.

E.

A description of lightening detection equipment.
A
description of the use of such equipment to monitor the
approach of lightning storms and in the event of such,
evacuation and site security plans.

F.

Detailed contingency plans for handling of misfires caused by
cutoffs or other causes.

G.

Fire prevention plan details, including, smoking policies,
procedures and limitations for work involving and open
fames or sparks, description and location of all fire fighting
equipment, and fire fighting and evacuation plans.
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2.

3.

H.

Initial and ongoing blasting and fire safety training
programs

I.

Description of the personal protective equipment that will
be used by the Contractor’s personnel, including but not
limited to safety glasses, steel-toe footwear, hard hats, and
gloves.

J.

Methods for preventing spills or losses of explosives, drilling
fluids, oil, or any other pollutants to either ground or surface
water during all handling and hole charging operations.
Include details of all containment and contingency plans for
quickly and effectively cleaning up any spilled materials.

K.

The Contractor shall obtain copies of all applicable federal,
state, and local laws, codes, regulations, and ordinances, and
shall keep a copy in the Contractor’s on site project office at
all times. One copy of these laws, regulations and ordinances
will be included in the Blasting Safety Plan submittal. The
Contractor's safety manager shall ensure that ongoing blasting
work complies with all applicable regulations.

Emergency Response Plan:
A.

The Contractor shall prepare and submit an Emergency
Response Plan which shall be submitted and approved prior to
bringing any explosive materials onto the Right-of-way or
other Railroad property. The Emergency Response Plan shall
include the following:

B.

A description of specific actions to be taken by the Contractor
in the event of spills, loss, or theft of explosives.

C.

Types and quantities of explosive materials and storage
locations on Railroad Property.

D.

A description of specific methods to prevent and response to
spills or losses of flowable explosives, like ANFO, to either
surface or ground water, including springs and intermittent
streams.

E.

Points of contact and telephone numbers for local emergency
response agency(ies).

General Blasting Plan:
A.

The Contractor shall prepare and submit a General Blasting
Plan that includes a description of intended storage,
transportation, handling, placement, and usage of explosive
materials. The Contractor's blasting consultant shall assist
the Contractor in preparation of this plan and shall spend at
least 24 hours in development and review of this plan. The
General Blasting Plan shall be submitted under a signed
letter from the blasting consultant stating that the Blasting
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Consultant has reviewed the plan. The General Blasting
Plan shall be revised and reviewed by the Contractor’s
Blasting Consultant anytime the Contractor significantly
changes drilling and blasting methods. Review of the
blasting plan by the Engineer shall not relieve the
Contractor of his responsibility for the accuracy and
adequacy of the plan when implemented in the field.
1.

The General Blasting Plan Should include:

2.

Details of controlled blasting techniques. Include
plan and cross-section section drawings showing
hole locations, spacing, diameter and loading details
for typical blast holes, buffer holes and smooth wall
or perimeter trim holes.

3.

Method of blasting steep slopes near tracks where
blasted material could foul the track. Plans shall show
the method of protecting the track structure.

4.

All blast plan drawings shall indicate explosive types,
amounts, priming method, initiator types, delay
periods, and locations, charge firing times, stemming
type and quantities, and typical charge weights.

5.

Methods of drilling, including equipment descriptions,
hole alignment techniques and measures that will be
used to prevent excessive blast hole deviation.

6.

Method of surveying and establishing excavation
limits, final grades, and tolerances

7.

Hole Charging Methods: Primer make-up, placement
of charges and inert stemming and method of securing
detonators until tie-in.

8.

Initiation system hook-up methods and primary
initiation.

9.

Methods of safe and approved disposal of all
explosive packaging materials.

10.

Method of informing the BNSF of the Contractor
blasting schedules.

11.

Plans for preventing damage to nearby existing and
newly constructed facilities, including but not limited
to tracks structure, bridges, piers, signal buildings and
equipment and drainage structures. The Contractor's
Blasting Consultant shall inspect and establish Peak
Particle Velocity and Airblast limits for each existing
structure within the Right-of-Way and include
appropriate measures to prevent damage to such
structures in the General Blasting Plan.
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4.

12.

A description of blast monitoring equipment and
listing of individuals that will operate such
equipment.
Submittal shall indicate that all
equipment meets the requirements contained in this
specification.

13.

A description of specific measures taken to
maintain good public relations with nearby residents
and public agencies that own or use nearby
property, and the measures that the Contractor shall
take to respond to any complaints about drilling and
blasting operations and effects.

Personnel:
A.

B.

Blasting Supervisor (Blaster-in-Charge)
1.

The qualifications for each Blasting Supervisor
(Blaster-in-Charge)
containing
a
detailed
description of the education, training, and
experience of all proposed persons that will be
immediately in charge of drilling and blasting
operations and that meets or exceeds the
requirements for Blasting Supervisors contained in
these specifications.

2.

The Contractor's' submittal shall include names,
addresses and telephone numbers of at least three
persons who can verify such prior successful
experience for each Blasting Supervisor. Separate
qualifications shall be submitted for each Blasting
Supervisor.

Blasting Consultant:
1.

On projects as specified by the contract documents
a Blasting Consultant may be required.

2.

The qualifications of a recognized blasting
consultant(s) whom the Contractor plans to retain to
facilitate the development or review of all blasting
designs and blast-effect control measures.

3.

The blasting consultant shall be retained for the
duration of the project

4.

The retained blasting consultant shall make and
inspection of the work site prior to blasting, assist
the contractor in development of the General Blast
Plan, assist the Contractor in blast effects
monitoring, and be on-site during test blasts.
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5.

6.

7.

5.

If requested by the Engineer, the Contractor shall
make the Blasting Consultant available to conduct a
one-day on-site visit during each month that
blasting operations are being conducted.

6.

The Qualifications of the blasting consultant shall
meet or exceed the requirement for Blasting
Consultants contained in these specifications.

7.

The Contractors’ submittal shall include names,
addresses, and phone numbers of at least three
persons who can verify such prior successful
experience for the Blasting Consultant(s).

Product Data: Submit the Following;
A.

Material Safety Data Sheets and Manufacturer's Product
Information: Manufacturer's product information sheets and
Material Safety Data Sheets (MSDS) for all explosives,
blasting agents, primers and initiator products, blasting
devices, lightning detectors, blasting mats, and all other
blasting equipment (may be included in Blasting Safety
Plan and General Blasting Plan submittals)

B.

Vibration Monitoring Software: If requested by the Engineer,
submit original installation-disks, manuals, and other
documentation for IBM-PC-based software used to report and
interpret blast-induced motion at the request of the Engineer.

Certificates and Copies: The following are to be submitted to the
Engineer at least 14 days prior to commencing blasting operations
and do not require the Engineer’s Approval:
A.

Copies of licenses or certificates for each blaster-in-charge
as required by federal, state or local laws, regulations, and
ordinances.

B.

Copies of letters to owners of nearby private and public
utilities notifying them of the Contractor's intention to
conduct drilling and blasting operations, if required by any
federal, state, or local laws, regulations, and ordinances.

Progress Submittals:

A.

Individual Blast (Shot) Plans:
1.

The Contractor shall prepare and submit Individual
Blast (Shot) Plans for each blast at least 24 hours prior
to drilling any blast holes. No loading of any
explosives shall be permitted until the individual blast
plan has been approved by the Engineer. Individual
Blast Plans for Test Blasts plan-prepared with the
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assistance of and submitted under a signed letter from
the Contractor’s blasting consultant.

2.

Acceptance by the Engineer of blasting data will not
relieve the Contractor of responsibility to produce
satisfactory results as set forth in these specifications.

3.

Individual Blast Plans shall include the following
information:

A. The track window requested and the proposed date and time
of the blast.
B. Scaled plan-view and cross-section drawings showing the
location, orientation, number, diameter, and length of blast
holes relative to stations, slopes and elevations indicated.
C. The amount, type, diameter, weight, and linear loading
density of explosives in all blast holes.
D. Maximum weight of explosive per hole or decked charge,
total weight of explosives used, maximum charge weight per
delay and powder factor.
E. Drawings or plan text shall clearly show detonator types,
delays, quantities and charge firing times.
F. Proposed locations of seismograph transducers for monitoring
blast effects.
G. The Contractor shall also submit other information deemed
pertinent by the Engineer such as measures to control flyrock,
vibration, air-overpressure.
4.

For very steep slopes located near the track where
blasted material may foul the track, the Contractor
shall include in the Individual Blast Plan any
site/location specific measures required to avoid
damage to and remove material from the track
structure. The plan should indicate the maximum
amount of time required to remove blasted material
from the track.

5.

If the Contractor intends to blast within 100 feet of
concrete aged less than 28 days, a plan prepared by
the Contractor’s Blasting Consultant indicating details
of controlled blasting techniques that will be used to
prevent damage to the concrete shall be submitted to
the Engineer. These plans shall indicate the age of the
concrete-at the time of blasting, and include
calculations indicating levels of expected strain in the
concrete. Plans shall also indicate how concrete strain
levels and peak particle velocities for such blasting
will be monitored and reported to the Engineer.
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8.

1.6

Post Blast Reports:
A.

Post-blast reports including printed air blast and ground
vibration monitoring data shall be submitted to the
Engineer prior to loading of any subsequent holes. The
post-blast report shall include a written description of any
deviations between the information contained in the
corresponding Individual Blast Plan as it was drilled,
loaded, delayed, and initiated. Post-Blast Reports shall be
signed by the Blasting Supervisor. The post blast report
shall copy of the video (or digital) recording showing the
blast, if such has been requested by the Engineer.

B.

Within 7 days after each test blast, the Contractor shall submit
to the Engineer, a report prepared by the Blasting Consultant
that contains the Blasting Consultant’s evaluation of the test
blast and any recommendations to improve the Contractor’s
drilling and blasting practices.

QUALITY ASSURANCE:
A.

All blasters and supervising blasters-in-charge shall be properly qualified and
licensed in accordance with applicable federal, state, and local government
regulations. The Contractor shall not allow prohibited persons as defined
(BATF 27CFR Part 555) by the BATF to transport, handle, or use explosive
materials.

B.

Blasting Supervisors (Blasters-in-Charge} shall have a minimum of 5 years
of demonstrated experience, directly related to controlled blasting, nonelectric
surface blasting of similar nature and other demonstrated experience of
satisfactory performance on previous jobs. All blasting supervisors shall be
able to document supervision of the completion of at least three projects with
satisfactory results of similar scope and complexity. All blasting supervisors
shall be properly qualified and licensed in accordance with applicable federal,
state, and local laws, regulations, and ordinances. Within the last five years,
the blasting supervisor shall each have completed at least five 8-hour days of
classroom training that has equipped them with the most current knowledge
of controlled and production blasting methods and practices, and demonstrate
a solid knowledge of blast design.

C.

The Contractor shall retain the services of an experienced blasting consultant
with at least 10 years experience in preparing controlled blasting designs,
blast effects monitoring, and maintaining good public relations. This
experience shall include specific experience with surface blasting using nonelectric initiation on at least 5 projects of similar scope and complexity. The
blasting consultant shall be an independent consultant who derives his
primary source of income from providing specialized blasting consulting
services, and shall not be an employee of the contractor nor an explosive
distributor. The blasting consultant shall have successfully completed at least
two-years of college level courses in science or engineering or equivalent
continuing education and training, and demonstrate an understanding of
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geology, controlled blasting methods, and blast effects monitoring. The
General Blasting Plan and Individual Blast Plans for Test Blasts and revisions
to any of these plans will be reviewed by and covered with a signed review
letter by the blasting consultant. The blasting consultant shall not be required
to sign the individual blast plans provided they are signed by an onsite
blasting supervisor.

1.7

1.8

1.9

SCHEDULING AND SEQUENCING
A.

Schedule blasting operations, including the initial test blasts, to minimize
disturbance of ongoing railroad operations.

B.

At request of the Engineer, the Contractor's representative shall attend an
informational meeting for the affected public to better inform them about
anticipated drilling and blasting operations, and answer the public's questions
concerning the Contractor's blasting operations and potential effects. The
Contractor shall make his blasting consultant available for one-day to attend
this meeting.

MONITORING

A.

The Contractor shall provide two seismographs, conforming to the
requirements of this specification, and make blast effects measurements to
demonstrate that the blasting induced ground vibrations and air blast
overpressure at the closest structures are within the limitations specified in
this Section.

B.

Blast effects measurements shall be made in conformance to ISEE
Seismograph Field Practice Guidelines.

C.

At the request of the Engineer, the Contractor shall make a video tape (or
digital) recording on VHS (or digital) format of selected blasts. The video
shall include coverage before, during, and after initiation of the shot that
clearly depicts the layout of the shot, the behavior of the shot, and the
resulting muck pile. Each shot record shall be cued in tape to identify the
project, date, and shot number.

DELIVERY, STORAGE, HANDLING AND USE

A.

Comply with federal, state, and local laws, regulations, and ordinances,
applying to the purchase, transportation, storage, handling, and use of
explosives, blasting agents, primers, initiators, and ancillary equipment and
materials. The Contractor shall be solely responsible for compliance with
these laws, regulations, and ordinances.

B.

All blasting operations including, storage, transportation, handling, and use
on railroad property and the Right-of-Way shall be in accordance with
applicable federal, state, and local laws and regulations. If a conflict exists
between these, the strictest shall apply.

C.

Where explosives are transported on public roads, the carriage shall be in
accordance with applicable federal, state, and local laws, regulations, and
ordinances.
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E.

On Site Storage:

1.

The location, access, and construction of explosive storage magazines
and day-use magazines shall be in accordance with ATF 27 CFR 555
and all other applicable federal, state, and local laws, ordinances, and
regulations.

2.

The location of the on site storage facilities shall be no less than 100
feet away from any stream, body of water, or spring located on or off
or adjacent to the Site.

3.

No more than a one-week supply of explosives shall be stored on site
at any time.

4.

All second class magazines used for day storage shall be located at
least 150 feet from active work areas.

5.

Maintain inventory control of all blasting equipment and supplies.
Copies of inventory logs shall be kept as required by ATF rules and
be made available for review at the request of the Engineer.

6.

Storage places shall be identified with signs stating clearly and
boldly, DANGEROUS EXPLOSIVES.

7.

Signs shall be attached to poles in plain sight from all approaches to
the magazine sites. Signs must not be attached directly to magazines.
Signs shall also include the warning "Never Fight Explosive Fires.”

8.

Blasting material shall not be stored within the BNSF operating rightof-way.

Explosive Losses to Ground or Water:

1.

The Contractor shall use great care to ensure that all possible
measures are used to prevent explosive losses to ground by spillage,
misfires, or any other cause. If poor handling practices or blasting
malfunctions cause excessive losses of explosives-based on the
Engineer's judgment-all blasting in affected excavations shall cease
until the Contractor submits a revised explosive loss prevention plan
that is approved by the Engineer. All spills should be handled in
accordance with the Contractor's Emergency Response Plan
Submittal.

PART 2 – MATERIALS
2.1 EXPLOSIVE MATERIALS
A.

EXPLOSIVE MATERIALS
1.

Only fully non-electric blasting systems shall be used. Cap and fuse
method shall not be allowed.
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B.

2.

Only explosives designed and manufactured for pre-split or smooth
wall (trim) blasting shall be used in perimeter holes for blasting final
slopes in the bench excavations. Such products include detonating
cord as well as cartridge configurations.

3.

Explosives, blasting agents, primers, initiators, and ancillary
blasting materials shall be kept in original packaging with clearly
marked date codes. All explosives and initiating devices used shall
be less than one year old.

4.

If the Engineer determines that a blasting product appears to be in a
damaged or deteriorated condition, the suspect product shall not be
used until its condition can be determined. Products found to be
damaged or in a deteriorated condition shall be immediately returned
to the supplier for safe disposal.

BLAST MONITORING EQUIPMENT
1.

Equipment for on-site and off-site particle velocity and air
overpressure monitoring shall be four channel (one overpressure
and three seismic channels) units capable of digitally storing
collected data. Equipment must be capable of printing ground
motion time histories and summaries of peak motion intensities,
frequencies, and USBM RI8507 PPV--frequency plots. Printed
report records must also include date, time of recording, operator
name, instrument-number and date of last calibration. In addition,
seismographs shall conform the following requirements:
A.

Instruments shall have a frequency response between 2 and
250 Hz for particle velocity and a flat frequency response
from 2 to 200 Hz for air overpressure.

B.

The digitizing sampling rate for peak particle velocity and
air overpressure measurements shall be least 1,024 samples
per second.

C.

Seismographs shall be capable of performing a self-test of
velocity transducers and printed event records shall indicate
whether or not the sensor test was successful.

D.

Seismographs shall be capable of recording overpressure
from 88 to 148 decibels (dB-L), and particle velocity from
0.005 to 5.0 in/sec.

E.

Seismographs shall have adequate memory to record
events, on all measurement channels for a time period equal
to maximum planned blast duration plus one second.

F.

All seismograph software systems shall be capable of saving
back-up copies of all event files on floppy or compact disks
(CD) in file formats supported by software that the Contractor
has submitted to the Engineer.
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2.

C.

Video equipment capable of recording and playing video tapes in
VHS format. If approved by the Engineer, suitable digital video
equipment may be substituted for VHS format.

LIGHTNING DETECTION EQUIPMENT

1.

Lightning Detection equipment shall be capable of detecting lightning
for a distance of at least 50 miles from the site.

PART 3 – EXECUTION
3.1

3.2

GENERAL
A.

If requested by the Engineer and prior to any blasting on site, the Contractor
shall meet with owners of private property located off the Right-of-Way to
answer any questions they may have with regards to blast effects such as
vibration, air-blast overpressure, and flyrock.

B.

Monitoring and recording of all blast effects, as required by these
specifications, shall be performed by the Contractor. The Contractor shall
monitor each blast at the locations determined by either the Engineer of the
Contractor’s Blasting Consultant. Printed reports of all monitoring results
including motion and air-overpressure time-histories shall be submitted to the
Engineer before subsequent blasting occurs. The Contractor shall save all
digital monitoring record files to at least two separate disk locations-of which
one location is either an IBM-compatible 3-1/2-inch floppy disk or a compact
(CD) disk. Upon request, the Contractor shall submit copies of digitally
recorded blast monitoring files to the Engineer. The Engineer may perform
independent blast monitoring.

C.

The Contractor shall not complete the final hookup (connection of the
initiation system to the shot) of the shot until permission is obtained from the
Railroad Flagman.

PREPARATION AND PROTECTION
A.

The following warning systems, procedures, and protection devices shall be
established prior to blasting. A system of audible signals to warn of
impending blasts.

B.

Signboards and flags indicating areas where blasting operations are occurring.
These signs shall be clearly visible and legible from all points of access to the
area. The signs shall clearly describe the audible signal system for warning of
impending blasts. Blast area signs shall clearly indicate the length and nature
of audible blast warning and all clear signals. All warning systems shall
comply with the most stringent requirements of regulating local, state, and
federal agencies.

C.

The blaster-in-charge shall determine when to sound the five-minute warning
signal. Blasting will be performed only after ensuring that all people and
equipment have been removed to a safe location.
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3.3

D.

Blasting shall occur only when a representative of the Engineer is present to
witness each blast.

E.

Contractor shall provide notification with Air Force with notification that
blasting will be performed within the canyon. A copy of the written
notification to the Air Force shall be provided to the Engineer.

TEST BLASTS
A.

Before any full-scale blasting occurs a series of test blasts shall be performed
to demonstrate to the Engineer that the Contractors proposed controlled
blasting methods are satisfactory. These test blasts shall be designed by the
Contractor's Blasting Consultant. The Contractor's Blasting Consultant shall
be on site to facilitate test-blasting activities.

B.

Test blasts shall accomplish the following:
1.

Demonstrate that the proposed drilling and blasting methods, as
described in the General Blasting Plan, will not produce ground
vibrations and airblast that exceed the limits contained in the
performance requirements of these specifications nor produce
excessive flyrock that projects off the Right-of-Way or results in
damage to railroad property.

2.

Where very steep slopes are located near the track structure,
demonstrate that the Contractor’s method of protecting the track
structure is satisfactory and does not result in damage to track nor
disrupt railroad operations.

3.

Demonstrate the results of presplitting and other controlled blasting
measures intended to minimize overbreak.

C.

Following each test blast and prior to conducting additional drilling and
blasting, the Contractor shall remove a sufficient amount of material from the
test section so that the effects of any controlled blasting measures can be
observed by the Engineer.

D.

After each test blast the Contractor’s Blasting Consultant shall review the test
blast results and blast effects monitoring data. The Blasting Consultant shall
prepare a written report containing his evaluation and recommendations for
improving the Contractor’s drilling and blasting operations.

E.

Additional Test Blast Criteria (if Required)
1.

The test blasts shall be within the limits of the Rock excavations.

2.

The Contractor shall perform test blasts to demonstrate to the
Engineer that the Contractors methods are sufficient to produce stable
foundations and final slopes, and to produce shot rock with suitable
gradations for use as rock fill (if desired)

3.

Test Blasts shall be typical of blasts performed throughout the project,
not necessarily the first blast, and test sections should typically be less
than 100 feet in length
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3.4

4.

The Contractor shall show the location of the first two test blasts in
each Area on the Rock slope excavations Plan. The third test blast
in each Area, if required, shall be performed upon the request of
the Engineer.

5.

Once satisfactory rock slopes, grades, subgrades and foundation
conditions, and suitable shot rock gradations are achieved in the
test blasts, the Contractor shall hold to this design through the rest
of the production blasting program. If the Contractor either
significantly changes blasting patterns or blasting methods, if the
production blasting results in damage to final slopes, grades,
subgrades and foundations, or if results fail to meet performance
requirements, the Contractor shall perform additional test blasts at
the Engineer's request.

BLASTING
A.

An Individual Blast Plan shall be submitted and approved by the Engineer for
each blast prior to commencing drilling of blast holes.

B.

A track window will be required for all blasting. The track window should be
requested as part of the Individual Blast Plan to be submitted for each
individual blast. The track window must be received prior to commencement
of blasting operations. The blast shall occur within the first 30 minutes of the
window unless otherwise approved in writing.

C.

Wherever possible, production blasting away from the specified backslopes
shall be designed and executed to eliminate the possibility of placing
excavated material on the closest track.

D.

The Contractor may need to employ special measures to protect the track
structure from flyrock and blasted rock. These measures may include, but are
not limited to, placing mats and protective barriers on the track structure and
other practical measures deemed necessary by the Engineer.

E.

Prior to drilling and blasting operations. the Contractor shall establish
adequate survey control for the layout of all line drill, presplit, trim blasting,
and production holes. The horizontal and vertical control for all presplit,
smoothwall, and production holes shall be such to assure that all blast holes
are drilled on the specified pattern and the location and to the depths as
indicated on the Individual Blast Plan.

F.

The Contractor shall perform blasting operations in a manner to minimize airoverpressure and ground motion near on-site structures. If blast-induced air
overpressure or particle velocity exceeds the performance requirements
specified herein, blasting shall be suspended in the affected excavations) until
a re-designed blasting plan is submitted to and approved by the Engineer.

G.

The Contractor shall use care to prevent spillage or loss of any explosives,
oils or other pollutants to the ground or lake water. If any explosives or other
pollutants are spilled, immediately clean up the spilled explosives and dispose
of them by approved means. Spills of any amount shall be immediately
reported to the Engineer.
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H.

I.

J.

Flyrock Control:
1.

Commercially manufactured steel wire rope and/or rubber tire
blasting mats shall be placed over faces or breakouts to be blasted
as required to protect existing structures, new construction, signal
equipment, personnel, and equipment from flyrock.

2.

If flyrock projects outside of the guarded area of the blast, the
Contractor shall file a report to the Engineer explaining the cause of
the flyrock and methods to be employed on the subsequent blasts to
reduce the throw of flyrock. The Engineer shall review and approve
before any subsequent blasts are detonated.

3.

If flyrock projects outside the Right-of-Way or damages railroad
property, all blasting operations shall cease until a qualified blasting
consultant reviews the incident and determines the cause. The
blasting consultant shall be hired at the expense of the Contractor and
shall be employed to recommend a proposed solution to the causation
of the incident. Before subsequent blasting proceeds, a written report
will be submitted to the Engineer for his approval.

Limitations:
1.

Blasting shall not be permitted when in the opinion of the Engineer it
may be detrimental to existing structures or damage the track
structure. The Engineer's decision will be final.

2.

Controlled blasting techniques shall be used to prevent overbreak and
minimize rock damage in all excavations. Blast patterns shall be
designed so that the explosive energy is not directed into the back and
sidewaIls of the excavation but, instead, towards the developed free
face.

3.

Whenever, in the opinion of the Engineer, proposed blasting may
cause harm to persons, cause damage to structures, or create
unacceptable rock instability, cease blasting immediately and review
the blast design. The Contractor can resume excavation of the rock
with an approved re-designed blast plan or by mechanical means.

Misfires
1.

After a blast has been fired, the Blasting Supervisor and one assistant
under his direct supervision shall make a careful inspection of the
blast area. The Engineer's representative may be present for this
inspection. Inspections shall determine whether there are any
indications that misfires might have occurred or whether the blast
created any other imminent dangers like unstable ground conditions.
If misfires or other dangerous conditions are found, the blaster-incharge will secure the area and properly correct all hazards before any
other work is allowed in the affected area. The all clear signal,
allowing other work to resume in the area, shall not be given until
affected blast site is clear of all hazards.
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3.5

K.

Immediately after the Blasting Supervisor has cleared each blast, the
Contractor shall inspect the track structure for damage, flyrock, and blasted
rock that may have fouled either the closest or adjacent track. Any flyrock or
blasted material fouling any track shall be immediately removed. The
Contractor shall also inspect any steep slopes located close to and above
tracks for loose material that may have been created by blasting that could fall
and foul the track. The Contractor shall remove and such material to the
satisfaction of the Engineer.

L.

After each blast, submit a Post Blast Report, including printed seismograph
reports, to the Engineer prior to the loading of any subsequent blast holes.
The Post Blast Report will include a written description of any deviations
between the information contained in the corresponding Individual Blast Plan
and the blast as it was drilled, loaded, initiated delayed and fired. The post
blast report is an as-built record of each blast. It shall be submitted within 24
hours of a blast round. The reports shall be numbered in sequence.

M.

Video Tape Recording: If requested by the Engineer, submit a copy of the
video tape recording (or approved digital recording) of the blast to the
Engineer prior to the loading of any subsequent blast holes.

SUSPENSION OF BLASTING OPERATIONS
A.

B.

Blasting operations may be suspended by the Engineer for any of the
following reasons:
1.

The Contractor's safety precautions are inadequate.

2.

Air overpressure (airblast) or ground vibration (peak particle velocity)
levels exceed specified limits contained in this Section.

3.

Existing structural conditions are
improvements are damaged by blasting.

4.

Blasting endangers the stability of or causes damage to facilities
(including the track structure) outside the prescribed limits of
excavation.

5.

The results of the blasting, in the opinion of the Engineer,. are not
satisfactory.

6.

The Contractor’s personnel are acting unsafely around the blast area
immediately, before, during or after blasting operations.

7.

Flyrock either projects outside the guarded area of the shot, projects
outside the limits of the Site, or damages adjacent structures or results
in either a personal injury, damage to equipment, or damage to the
Work.

8.

The Contractor fails to submit Individual Blast Plans and Post Blast
Reports.

aggravated

or

adjacent

Blasting operations shall not resume until the Engineer has approved the
Contractor's revised blasting plan with modifications correcting the
conditions causing the suspension.
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C.

3.6

PRE-BLAST/POST-BLAST INSPECTIONS
A.

3.7

Delays or suspensions of blasting operations, as a result of improper
Contractor actions or inactions, shall not be compensated, or the basis of a
claim.
The Engineer may make pre-blast inspections of structures located on the
Right-of-Way and privately owned residences and other structures located off
the Right-of-Way. The Engineer will notify the Contractor at least 7 days
prior to the inspections. A representative of the Contractor may be present for
these inspections.

DAMAGE REPAIR
A.

When blasting operations damage existing structures (including the track
structure), offsite properties, or a portion of the Work, or material
surrounding or supporting the Work, the Contractor shall, at his expense,
promptly repair or replace damaged items to the condition that existed prior
to the damage, to the satisfaction of the Engineer

B.

Nothing contained herein shall relieve the Contractor of his responsibility for
claims arising from his construction operations. Failure to inspect any
structure required by these contract documents, or inadequacy of the
inspections shall not relieve the Contractor of his responsibility. The
Contractor shall indemnify the Engineer from such claims.

PART 4 – MEASUREMENT AND PAYMENT

4.1

MEASUREMENT AND PAYMENT
A.

Controlled blasting will be considered incidental to the rock excavation work
and no separate payment will be made for this work. The following work will
also be considered incidental to the blasting work and therefore will not be
paid separately:
1.

Controlled blasting drill holes through overburden for the
Contractor’s convenience.

2.

Payment for blasting consulting services and vibration and airblast
monitoring

END OF SECTION
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SECTION 03220
ROCK SLOPE SUPPORT AND STABILIZATION
PART 1
1.1

GENERAL

SECTION INCLUDES

A.

Rock Bolt Slope Support

B.

Wire Mesh Slope Protection

1.2

DESCRIPTION

A.

This item consists of the furnishing of all labor, materials, equipment, power, and
incidentals required to place untensioned cement-grouted (CGRB) or resin-grouted
(RGRB) rock bolts (dowels) for slope support, along with wire mesh for slope rock fall
containment, where indicted on the plans or required by the Engineer.

B.

The rock bolts shall be grouted full-length in rock with attached steel bearing plates, hex
nuts, and washers as shown in the Drawings or as directed by the Engineer.

C.

Ground support of any kind shall not interfere with the required clearance.

D.

The slopes shall be supported at all times as required for the protection of workers and
construction traffic. All equipment for installing support shall be of such design and
type to permit installation to be accomplished in all areas in an approved, safe, and
timely manner.

1.3
A.

SUBMITTALS
A detailed Rock bolt and Slope Wire Mesh Submittal shall be submitted to the Engineer
for review at least two weeks prior to commencing the rock slope excavation operations.
This submittal shall include material certifications for the rock bolts and related
hardware, cement grout, resin anchorage material, wire mesh and related hardware, and
description of the drilling equipment to be used in the placement of the rock bolts and
wire mesh slope support.

PART 2
2.1
A.

MATERIALS

ROCK BOLTS
Rock bolt assemblies shall be a standard product of a company regularly engaged in
their manufacture. The rock bolts shall be furnished complete with all accessories,
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including resin cartridges or cement grout, steel bearing plates, beveled washers or
domed anchor nuts, and flat-hardened washers, necessary for their installation.
B.

Rock bolts shall be 1-3/8-inch diameter (#11) conforming to ASTM A615 Grade 60.
The rock bolt shall be of continuous thread type (Dywidag threadbar or equivalent). The
bolts shall be supplied in lengths of 10 and 15 feet.

C.

The resign grouted rock bolts shall be supplied with spin adapters to facilitate
installation using standard construction tools and equipment or specialized bolt spinning
equipment.

2.2
A.

2.3
A.

2.4

BEARING PLATES
Steel bearing plates shall conform to ASTM A36 and shall meet load and deflection
criteria of ASTM F432. The bearing plates shall be 3/8-inch flat steel or equal,
providing 36-square-inch area for each bolt and with a hole drilled, beveled and sized to
allow at least a 15 degree skew of the bolt in all directions from normal to the plate.
HEX NUTS
Domed anchor nuts or hex nuts for use on threaded portions of rock bolts shall be
hexagonal head of the heavy duty type. Nuts shall develop an ultimate strength of not
less than 125% of the minimum yield strength of the rock bolt.
WASHERS

A. Washers for use with thread bolts shall ensure that there is continuous load transfer between
the tightened hex nut and the bearing plate. Beveled washers shall be steel or malleable
iron. Flat steel washers shall conform to the requirements of ASTM A325. Two
beveled washers and one flat washer shall be provided with each rock bolt.
2.5

RESIN

A.

The resin shall be supplied in cartridge form, 12-inch or longer, of medium viscosity,
and with a gel time of between 15 and 30 minutes, or sufficient gel time to assure a
suitable installation. Gel and cure time of cartridges shall be as specified by the
manufacturer and approved by the Engineer. The material should be thixotropic and of
such viscosity that the anchor bar can adequately mix the material. A quick setting
(0001) cartridge may be required at the back of any holes angled upwards to hold the
bolt in place while the slower setting resin sets up.

B.

Compressive strength of the mixed and cured resin shall be a minimum of 14,000 psi
when tested in accordance with ASTM C39. The resin anchor system shall be equal in
performance and similar to resin anchor systems manufactured by Celtite, Inc.
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C.

Cartridges shall have a minimum shelf life of 6 months and cartridges that are older than
the stated shelf life shall not be used. Cartridges shall be stored so as to ensure
maximum protection until their use. The Contractor shall provide facilities to prevent
prolonged exposure to sunlight or elevated temperatures (above 90 degrees F) during
storage.

D.

All cartridges shall be inspected prior to insertion to assure that the polyester resin
compounds have not hardened, and meet the above requirements.

2.6
A.

2.7

CEMENT GROUT
The non-shrink cement grout used in the CGRB shall conform to ASTM C 1107 Grade
B Dry-Package Hydraulic Cement Grout. The required compressive strength of the
grout is 6000 psi at 28 days. Handling, storage, and the general requirements for placing
the grout shall be as delineated in Section 04400 for Concrete.
WIRE MESH

A.

The wire mesh shall be 11 gauge gabion twisted galvanized wire mesh fabric
conforming to ASTM A641 with a nominal diameter of 0.120 inch, Class 1 coating, and
a minimum ensile strength of 60,000 psi. Maximum mesh size shall be approximately
4-3/4 inches with triple twist and hexagonal shape.

B.

Rock bolts for securing the mesh at the top of the slope shall be #8 Grade 60 threadbar
at least 5 feet in length, embedded a minimum of 18 inches in bedrock with resin
anchorage material that complies with the requirements of Paragraph 2.5. Plates,
washers, and hex nuts shall comply with the requirements of Paragraph 2.2 through 2.4.

C.

Hog rings for securing adjacent sections of wire mesh shall be as submitted by the
Contractor and approved by the Engineer.

PART 3
3.1

EXECUTION

DRILLING ROCK BOLT HOLES

A.

Just prior to drilling holes for rock bolts, the area to be supported shall be inspected and
scaled as required to assure safety and to provide adequate faces to seat the bearing
plates. Holes for installation of rock bolts shall be drilled into the rock at the locations
and to depths and inclinations as shown on the Drawings or as directed by the Engineer.

B.

Diameter of the holes shall be in accordance with the recommendations of the resin
anchor system manufacturer for 1-3/8 inch bolts.

C.

Rotary percussion-type drilling equipment shall be used to perform the drilling. Rock
bolt holes shall be drilled to the depths and diameters necessary to give the optimum
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anchorage for the bolt and at inclinations indicated on the plans, except where otherwise
directed by the Engineer.
D.

3.2

Drilled holes shall be blown clear with compressed air or water introduced at the back of
the hole to remove all drill cuttings, sludge, and debris immediately before installation
of the resign grout cartridges, steel dowel or cement grout. Dust suppression measures
shall be as specified in Section 01690.
INSTALLATION OF ROCK BOLTS

A.

Rock bolts shall be installed in accordance with the recommendations of the
manufacturer. Bolt stickout shall be sufficient for installing the anchorage assembly but
shall not infringe on required clearances.

B.

The steel dowels shall be free from rust, burrs, foreign matters, and coatings.

C.

Rock Bolts shall stick out 4 inches from the slope in order to allow for the placement of
the bearing plate, hex nut, and wire mesh and a second plate/nut where applicable.

D.

Hex nuts shall be tightened to 100 foot-pounds with calibrated torque wrench.

3.3

RESIN ANCHORAGE

A.

The resin cartridges shall be inserted to the bottom (or back) of the hole, taking care not
to rupture the skin. Sufficient resign shall be used to completely fill the hole. The first
cartridge shall be inserted to the back of the hole prior to feeding in the rest of the
cartridges in order to assure that the bolt has adequate end-anchorage.

B.

Installation equipment shall be capable of rotating the bolt as per the manufacturer’s
recommendations as the bar is being installed in the hole, i/e., spun, not pushed along
the entire length of the hole, in a manner that adequately mixes the polyester resin and
accelerator, unless the resin manufacturer recommends other methods.

3.4

GROUT ANCHORAGE

A.

The rock bolt shall include a tremie tube and vent tube for placing grout along the entire
length of the bolt. Return of grout through the vent tube shall be verification that the
entire bolt is grouted.

B.

Where holes are oriented 5 degrees or greater downward, the hole may be filled with
grout prior to inserting the bolt and the tremie tube omitted. Grouting of the upper few
feet of the bolt shall be completed by introducing grout through the vent tube.
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3.5
A.

3.6
A.

3.7
A.

3.8

CORROSION PROTECTION
The exposed ends of the rock bolts and the entire surface area of the anchor plates, hex
nuts, and washers shall be coated with an approved corrosion protection paint.
TESTING
Provision shall be made by the Contractor for conducting anchorage tests (150) on bolt
installations throughout the job selected by the Engineer and under the observation of
the Engineer. The pullout test shall be performed as follows:
1.

Apply axial load to bolt through a coupling attached to the threaded end, using a
hydraulic jack designed specifically for tensioning and/or testing rock bolt
installations.

2.

Test bolts to 50,000 lbs. For #11 bolts.

3.

A bolt shall be considered to have failed if more than 1/8-inch of outward
movement of the bolt anchorage occurs at or below the design load.

COLLAPSED OR OBSTRUCTED HOLES
Holes that, through no fault of the Contractor, cannot be used for bolt installation, in the
opinion of the Engineer, will be paid at one-third the cost of installed bolts, provided
that those holes were drilled during the same shift that the bolt installation was
attempted.
WIRE MESH

A.

Wire mesh shall be placed over portions of the slopes indicated on the plans or where
directed by the Engineer.

B.

Wire mesh shall be anchored at the top of the slope to #11 CGRB with at least 18 inches
of the rock bolt anchored in in-place rock, and at intermediate portions of the slopes to
#11 bolts (CGRB or RGRB) or to 18-inch-long #8 RGRB, as indicated on the Plans.

C.

Adjacent strips of wire mesh shall be joined by hog rings attached at 20 feet or less
spacing. No overlap of the wire mesh in either direction is required.
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PART 4
4.1
A.

SLOPE ROCK BOLTS
Measurement of Rock Bolts
1.

B.

A.

Rock Bolts shall be paid for at the contract unit price per linear feet. This price
shall be full compensation for furnished all materials including resign or cement
grout, face places, hex nuts, and washers, corrosion protection, drilled holes into
rock, localized slope scaling for safety, equipment, tools, labor, and all other
items of expense required to install and test the rock bolts as shown on the Plans.

WIRE MESH SLOPE PROTECTION
Measurement of Wire Mesh
1.

B.

The quantity of #11 resin grouted rock bolts (RGRB) or cement grouted rock
bolts (CGRB) 10 and 15 feet long installed as slope support, and variable-length
#8 bolts used to anchor wire mesh at the top of slopes, shall be measured as the
linear feet of #11 or #8 threadbar bolts installed.

Payment for Rock Bolts
1.

4.2

MEASUREMENT AND PAYMENT

The quantity of wire mesh will be measured as the square feet of wire mesh
placed on the slope as rockfall protection.

Payment for Wire Mesh
1.

Wire Mesh shall be paid for at the contract unit price per square foot. This price
shall be full compensation for furnishing all materials including 11 gauge gabion
twisted wire mesh, minimum 5-foot-long RGRB anchors with face plates and hex
nuts, hog rings, equipment, tools, labor, and all other items of expense required to
install wire mesh as shown on the plans.

END OF SECTION
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SECTION 03300
SUBBALLAST
PART 1
1.1
A.

GENERAL
SECTION INCLUDES
Subballast

1.2

DESCRIPTION: When shown on the plans or in the special provisions, subballast shall
be placed directly onto the finished subgrade in order to provide a roadbed finish such
that preservative impregnated fibers on the under side of ties will not be penetrated or
crushed during track construction. The type of subballast accepted will be a pervious
aggregate base material.

1.3

SUBMITTALS:

A.

Submit the following items to the Engineer:
1.

The source of the subballast to be used on the project.

2.

Material Test results of the subballast proposed for use on the project. Test
results must outline the material gradation and percentage of material with two
fractured faces.

PART 2
2.1
A.

MATERIALS
SUBBALLAST
Subballast shall be crushed gravel or crushed stone with a minimum 75% of the material
having two fractured faces. Subballast must meet the quality requirements of ASTM
Designation: D 1241 and be approved by the Engineer.
1.

Crushed Gravel shall be the product resulting from crushing by mechanical
means, and shall consist entirely of particles obtained by crushing gravel, all of
which before crushing will be retained on a screen with openings equal to or
larger than the maximum nominal size of the resulting crushed material. If
approved by the Engineer, final product gradations may be obtained by screening
or blending various sizes of crushed gravel material.

2.

Crushed Stone shall be the angular fragments resulting from crushing by
mechanical means the following types of rocks quarried from undisturbed,
consolidated deposits: granite and similar phanerocrystalline igneous rocks;
limestone; dolomite; sandstone; massive metamorphic quartzite, or similar rocks.
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3.

B.

Quality and Material Characteristics:
a.
Coarse Aggregate Portion (Fraction retained on a No. 10 sieve):
Na2So4 Soundness (5 cycles)
AASHTO T 104, Max. % Loss
25%
Los Angeles Abrasion
AASHTO T96, Max. %Loss
50%
b.
Fine Aggregate Portion (Fraction passing a No. 40 sieve)
Plasticity Index, Max.
AASHTO T90
10%
Liquid Limit, Max.
AASHTO T89
35%

Subballast shall be uniformly graded and shall meet the following gradation
requirements:
Sieve Size
2"
1"
3/8”
No. 10
No. 40
No. 200

C.

PART 3
3.1

Percent Passing
100
90-100
50-84
26-50
12-30
0-6

If acceptable to the Engineer, the subballast may conform to the gradation specified for
aggregate base by the State Department of Transportation for the state in which the work
is to be performed which most nearly matches the gradation of the Subballast, as
specified.
EXECUTION
General

A.

Subballast shall be placed only when weather conditions do not detrimentally affect the
quality of the finished subballast. Hauling and placing of subballast will not be
permitted when doing so will rut or deform the finished subgrade.

B.

Subballast shall be placed in uniform lifts of not more than 6 inches loose for the full
width of the cross section. Each lift of subballast shall be compacted to a density of not
less than 95% of the maximum dry density determined by ASTM Test Designation: D
1557 (Modified Proctor).

C.

The subballast shall be trimmed to the lines and grades shown on the plans and shall be
maintained in a condition or manner acceptable to the Engineer until the final
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acceptance and completion of all work under this Contract. Any irregularities that
develop in the subballast section during construction operations and prior to laying
track, shall be filled and compacted to a smooth and even surface true to the subgrade
elevations without any additional cost to the Company.
PART 4
4.1
A.

4.2
A.

MEASUREMENT AND PAYMENT
MEASUREMENT OF SUBBALLAST:
Subballast will be measured in cubic yards of each type of subballast acceptably placed
within the limits of lines and slopes described in the typical sections and cross sections
as defined in the plans and contract documents. No allowance for shrinkage or
compaction will be allowed. If disagreement exists between the Contractor and the
Engineer as to the accuracy of the plan quantities, either party shall, before any work is
started which would affect the measurement have the right to request in writing and
thereby cause the quantities to be measured. If measured quantities requested by the
Contractor do not differ from plan quantities, than the Contractor shall pay the
Engineer’s costs to verify measurements of quantities.
PAYMENT FOR SUBBALLAST:
Payment for subballast will be made at the contract unit price per cubic yard of the type
of subballast furnished and placed. This price shall be full compensation for furnishing
all labor, materials, tools, equipment, supplies, supervision, crushing, loading, hauling,
placing, compacting, wetting, drying, trimming, and all other items required to complete
the work in accordance with the plans and specifications.

END OF SECTION
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SECTION 03400
GEOSYNTHETICS
PART 1
1.1

GENERAL
SECTION INCLUDES

A.

Geotextiles

B.

Geogrids

1.2

DESCRIPTION

A.

Geotextiles are commonly used to provide separation between soil and aggregate materials.
They can also provide drainage and filtration functions. Improper use of geotextiles in the
track substructure can result in restricted drainage and instability. Geotextiles should only
be used where designated by the Engineer. Geotextiles are manufactured fabrics composed
of woven or nonwoven filaments of polypropylene, polyester, or polyethylene.

B.

Geogrids are used to provide reinforcement for embankments over weak foundation soils.
The purpose of the geogrid reinforcement is to reduce lateral spreading and differential
settlement, and improve the stability of embankments constructed over such soils. Geogrids
are manufactured materials consisting of ribs intersecting at angles and forming an open
structure. Geogrids are composed of polyethylene or polypropylene polymers, or high
tenacity polyester fibers or yarns.

1.3
A.

SUBMITTALS
Submit the following items to the engineer:
1.

Manufacturer and designation of geotextile or geogrid to be used.

2.

Test values and certificates of compliance of physical properties described in PART
2 MATERIALS.

3.

Manufacturer’s quality control manual including instructions for material storage,
handling, installation, seaming and repair.
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PART 2
2.1

MATERIALS
GEOTEXTILES

A.

The geotextile fabric shall be resistant to ultraviolet radiation. Nonwoven fabric may be
needle punched, heat-bonded, resin-bonded, or combination thereof.

B.

Unless otherwise indicated on the plans or special provisions, the geotextile fabrics shall
comply with the following physical characteristics:
Physical Property

Test Method

Minimum Value

Grab Tensile Strength
Grab Elongation @ Break
Mullen Burst Strength
Trapezoidal Tear Strength
Weight

ASTM D 4632
ASTM D 4632
ASTM D 3786
ASTM D 4533
ASTM D 5261

200 pounds (Note 1)
12% (Note 1)
450 psi (Note 2)
75 pounds (Note 2)
10.0 oz/square yard

Note 1:
For woven fabric, test results shall be referenced to orientation with warp or
weave, whichever the case may be. Both woven and nonwoven fabric shall be tested wet.
Note 2:
2.2

Test results may be obtained by manufacturer's certification.

GEOGRIDS

A.

Geogrids shall be manufactured either by drawing a perforated polymer sheet in one or two,
or three directions to form an open structure, or by joining polymer strands through
bonding, weaving, knitting or other process.

B.

Unless otherwise indicated on the plans or special provisions, geogrids shall comply with
the following physical characteristics:
Physical Property

Test Method

Minimum Value

Tensile Strength (5% strain)
Tensile Strength (Ultimate)
Modulus @ 2% Strain

ASTM D6637
ASTM D6637
ASTM D6637

1,500 lb/ft
2,600 lb/ft
15,000 lb/ft

Note 1:

Test results may be obtained by manufacturer's certification.
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PART 3
3.1

EXECUTION
GEOTEXTILES

A. Geotextiles shall be placed in the manner and locations shown on the plans or as directed
by the Engineer. Immediately in advance of the placing of the geotextile, the entire
surface shall be graded to remove ruts, depressions, or extrusions in order to provide a
firm, uniform surface true to the lines, grades, and cross sections shown on the plans.
Note: Geotextiles placed between subgrade and subballast in this application usually
become fouled and trap water; Use geogrid for this application.

B.

The fabric shall be unrolled directly over the area shown on the plans. Fabric may be
installed either by hand or mechanical methods provided the surface is not rutted. The
fabric shall be laid loosely and free of tension, stress, folds, wrinkles, or creases.

C.

The fabric shall be placed with the long dimension parallel to the centerline of the tracks
unless otherwise directed by the Engineer. Fabric of insufficient width or length to fully
cover the specified area shall be lapped a minimum of 24 inches. Upslope rolls shall lap
over the top of downslope rolls.

D.

Placement of subballast or other granular material on the fabric shall be accomplished in
such a manner to prevent tearing, wrinkling, or shoving of the cloth.

E.

Fabric which is damaged during installation or subsequent placement of granular material,
due to failure of the Contractor to comply with these provisions, shall be repaired or
replaced at the Contractor's expense, including the costs of removal and replacement of the
granular material.

F.

Torn fabric may be patched in place by cutting and placing a piece of the same fabric over
the tear. The dimensions of the patch shall be at least 24 inches larger than the tear in each
direction, and shall be weighted or otherwise secured to prevent the granular material from
causing lap separation.

G.

For protection of existing ballast in existing track structure, the fabric shall be placed
parallel to the track structure and cut to fit. The geotextile will cover inside the two rails
and the ballast outside of the rails to the toe of the existing ballast slope, unless otherwise
directed by the engineer. This geotextile shall be removed upon completion of blasting or
hauling operations on the designated section of track.

3.2
A.

GEOGRIDS
A geotextile separator layer shall be placed between the finished subgrade and the geogrid
in the manner and locations shown on the plans or as directed by the Engineer
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B.

The geogrid shall be unrolled directly over the area shown on the plans with its stronger
direction perpendicular to the embankment centerline.

C.

Joints in the longitudinal direction of the embankment centerline shall be connected or
overlapped as shown on the plans or as directed by the Engineer. The joint strength shall
equal or exceed the strength of the geogrid material. Other guidelines should follow
AREMA Specifications.

D.

The geogrids shall be pre-tensioned prior to backfilling in such a manner that the geogrid
material is free from any wrinkles.

E.

The backfill material placed over the geogrids shall be as shown on the plans or shall be
material meeting the requirements of Section 03300, "SUBBALLAST."

F.

Placement of subballast or other granular material on the fabric shall be accomplished in
such a manner to prevent tearing or wrinkling of the geogrid material.

G.

Geogrid material which is damaged during installation or subsequent placement of granular
material, due to failure of Contractor to comply with these provisions, shall be repaired or
replaced at the Contractor's expense, including the cost of removal and replacement of the
granular material.

PART 4

MEASUREMENT AND PAYMENT

4.1

MEASUREMENT OF GEOTEXTILE: Geotextile will be measured by the square yard of
geotextile fabric placed in accordance with these specifications.

4.2

PAYMENT FOR GEOTEXTILE: Geotextile will be paid for at the contract unit price per
square yard for geotextile. This price shall be full compensation for furnishing all
materials, equipment, and labor, and performing all required operations for the installation
of the geotextile fabric.

4.3

MEASUREMENT OF GEOGRID: Geogrid will be measured by the square yard of
geogrid placed in accordance with these specifications.

4.4

PAYMENT FOR GEOGRID: Geogrid will be paid for at the contract unit price per square
yard for geogrid. This price shall be full compensation for furnishing all materials,
equipment, and labor, and performing all required operations for the installation of the
geogrid material.

END OF SECTION
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SECTION 03500
LIME OR FLY ASH STABILIZED SUBGRADE
PART 1
1.1

GENERAL
GENERAL

A. The Primary requirement of this Specification is to secure a completed course of treated
subgrade material containing a uniform lime mixture, free from loose or segregated areas,
of uniform density and moisture content, well bound for its full depth and with a smooth
surface suitable for placing subsequent embankment.
B. It shall be the responsibility of the Contractor to regulate the sequence of his work, to use
the proper amount of lime, maintain the work and rework the courses as necessary to meet
the above requirements These specifications cover the construction of one or more courses
of a mixture of soil, hydrated lime, fly ash, and water in reasonably close conformity with
the lines, grades, thicknesses, and cross sections shown on the plans or established by the
Engineer.
1.2
A.
1.3
A.

1.4
A.

SUBMITTALS
Provide the mix design to the Engineer at least 14 days prior to use.
Quality Assurance
Certification and Verification
1.
If lime is furnished in trucks, the Contractor shall be required to furnish to the
Railroad weight tickets on each truck load for verification of the actual tonnage
installed on the roadbed.
2.
When Type A Hydrated lime is furnished in bags, each bag shall bear the
manufacturer's certified weight and the Contractor shall verify, to the Railroad,
the number of bags along with the weight of each bag actually used on the
project.
3.
Type B Commercial Lime Slurry, the distributor truck shall be equipped with a
sampling device.
4.
Type C Quicklime to be used only when conditions require it and approved by the
Engineer. Placement shall be in accordance with the State Highway specifications
for the state in which the work is being performed.
Delivery and Storage
Hydrated lime in bags shall be stored and handled in closed weatherproof containers
until immediately before distribution on the roadbed. Hydrated lime in bags shall be stored
in weatherproof building with adequate protection from ground dampness.

03500-1
Page D-305

LIME OR FLY ASH STABILIZED SUBGRADE
Section 03500

PART 2
2.1.

MATERIALS
HYDRATED LIME

A.

Hydrated lime shall consist of a dry powder consisting essentially of calcium hydroxide
(Ca(OH)2), or a mixture of calcium hydroxide, magnesium oxide (MgO), and
magnesium hydroxide (Mg(OH)2), which are the active constituents of lime. The use of
quicklime (CaO) will not be allowed.

B.

Lime Concentration

C.

2.2.
A.

2.3.
A.

2.4.
A.

1.

For high calcium or dolomitic hydrated lime, the minimum total oxide content
(CaO + MgO) shall be 90 percent, on a non-volatile basis. The hydrate shall not
contain more than 5 percent carbon dioxide, if sampled at the lime plant, or 7
percent carbon dioxide, if sampled at the destination. Determination of total
oxide and carbon dioxide contents shall conform to ASTM Designation: C 25.

2.

For high calcium hydrated lime, the minimum available lime (CaO) content shall
be 90 percent, on a non-volatile basis, as determined by the "Rapid Sugar" test,
ASTM Designation: C 25.

The gradation of hydrated lime shall be such that a minimum of 75 percent will pass a
#200 sieve when tested under the provisions for wet sieving in ASTM Designation:
C 110.
FLY ASH:
Fly ash stabilization of the subgrade may be used when the fly ash material and the
method of placement of the fly ash material are approved by the Engineer. The use of
flyash shall be in accordance with all applicable federal, state, and local environmental
regulations.
WATER:
Water shall be clean and free from deleterious quantities of oil, acid, sugar, vegetable
matter, organic matter, and salt.
SOIL
The soil shall be a reactive soil. Reactive soils are defined as those soils which when
mixed thoroughly with at least 3 percent lime, compacted and cured for 48 hours at 120
degree F will exhibit a strength gain of at least 50 psi greater than that obtained from
similarly prepared untreated control specimens.
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B.

In general, lime reacts readily with most plastic soils containing clay, either the finegrained clay or clay-gravel types. Such soils range in Plasticity Index (P.I.) from 10 to
greater than 50. Soils with a P.I. lower than 10 do not generally react as readily with
lime. Soils with low P.I. should contain at least 15 percent material finer than the #200
sieve in order to be treated with lime.

C.

For non-plastic and low P.I. soils that are unresponsive to lime, a pozzolan (second
additive) is needed to produce the necessary lime-silica reaction. Fly ash is the most
commonly used pozzolan for this purpose.

PART 3
3.1

EXECUTION
GENERAL

A.

Lime or fly ash stabilization shall not commence at any time that the ground or air
temperature is below 40 degree F.

B.

If fly ash stabilization is used, the Contractor shall be governed by the plans, special
provisions, or the Engineer as to methods of placement, mixing, finishing, and curing.

C.

It is required to secure a completed course of treated material containing a uniform lime
mixture free from loose or segregated areas, of uniform density and moisture content,
and a smooth surface. The Contractor shall regulate the sequence of his work, use the
proper amount of lime, maintain the work, and rework the courses as necessary to meet
the above requirements.

3.2
A.

3.3

EQUIPMENT:
Equipment necessary for the proper construction of the work shall be on the project site
and in good working condition before construction operations will be permitted to begin.
The Contractor shall at all times provide sufficient equipment to enable continuous
execution of the work. The Engineer shall have the right to reject equipment which is
not capable of producing the required results, or which cannot be properly calibrated or
controlled.
PREPARATION OF SUBGRADE:

A.

Prior to beginning any lime stabilization, the subgrade shall be compacted and shaped to
reasonably close conformity with the lines, grades, and cross sections shown on the
plans or established by the Engineer.

B.

If the Contractor elects to use a cutting and pulverizing machine that will remove the
subgrade material accurately to the secondary grade and pulverize the material at the
same time, he will not be required to expose the secondary grade nor windrow the
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material. However, the Contractor shall be required to roll the subgrade, as directed by
the Engineer, before using the pulverizing machine and correct any soft areas that this
rolling may reveal. This method will be permitted only where a machine is provided
which is capable of cutting to the full depth of the stabilized layer in one pass. It must
also ensure that the material is cut uniformly to the proper grade to a smooth surface
over the entire width of the cut. The machine shall be of such design that a visible
indication is given at all times that the machine is cutting to the proper depth.

3.4

PREPARATION OF MATERIALS

A.

The prepared subgrade shall be scarified to the depth and width required for the
stabilized section. The material thus obtained shall be partially pulverized. The depth
of scarification shall be carefully controlled and blading operations conducted in a
manner so that the surface below the scarified material shall remain undisturbed and
shall conform to the established cross section.

B.

The Contractor may elect to use a cutting and pulverizing machine that, at the same
time, will loosen and remove the material within the section to be stabilized. This
method will be permitted only where a machine is provided that will insure the material
is cut uniformly to the proper depth and which has cutters that will plane the bottom of
the section to a smooth surface over the entire width of the cut.

C.

Any unsuitable material and/or stones larger than 3-inch diameter shall be removed prior
to the application of lime.

3.5

APPLICATION OF LIME

A.

The rate of application of lime shall be as shown on the plans, in the special provisions,
or as directed by the Engineer, and shall be based on tests of the soil to be stabilized.

B.

Spreading equipment shall uniformly distribute the lime without excessive loss. No
equipment except water trucks and equipment used for spreading and mixing shall be
permitted to pass over the spread lime until it is mixed. Any procedure which results in
excessive loss or displacement of lime shall be discontinued immediately. Lime shall be
applied only on that area where the first mixing operations can be completed during the
same working day. During the interval of time between application and mixing, lime
that has been exposed to the open air for a period of 6 hours or more, or to excessive
loss due to watering or blowing, will not be accepted for payment.
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C.

3.6
A.

3.7

Lime may be applied dry or as a slurry. Dry lime shall not be applied when wind
conditions are such that blowing lime becomes objectionable. A motor grader shall not
be used to spread the dry lime. Lime that is mixed in a slurry shall be applied the same
day it is mixed. The slurry shall consist of a minimum mixture of one ton of lime to
each 500 gallons of water so that the dry solids content of the slurry will be between 31
percent and 40 percent. Use of compressed air for mixing or agitation of the slurry will
not be permitted.
PRELIMINARY MIXING AND CURING:
The soil, lime and water shall be mixed until a uniform mixture is obtained in which all
non-slaking clods and lumps are reduced to a maximum of 2 inches. During this
operation sufficient water shall be added to raise the moisture content of the soil-lime
mixture to at least 5 percent above optimum moisture content. The mixed material shall
then be shaped to the approximate designated section, compacted lightly to seal the
surface, and allowed to cure for a minimum period of 48 hours, or for a longer period
when so directed by the Engineer. The material shall be maintained in a moist
condition.
FINAL MIXING

A.

Following the required period of preliminary curing and mixing, pulverization shall
continue until all of the non-slaking clods are broken down to pass a 1-inch screen and
at least 60 percent pass a #4 sieve. During the operation, the mixture shall be
maintained between optimum moisture content and 5 percent above optimum moisture
content.

B.

At the option of the Contractor, subject to approval by the Engineer, preliminary mixing,
curing, and final mixing may be performed at the excavation site.

3.8

COMPACTION

A.

The same day the final mixing is completed; the mixture shall be placed and compacted
to a density of at least 95 percent of the maximum density. The maximum density shall
be as determined by ASTM Designation: D 1557 (Modified Proctor). Light sprinkling
may be required during laying operations to maintain the specified moisture content.
Compaction shall be accompanied with sufficient blading to eliminate all irregularities.

B.

Layers up to and including 8 inches compacted thickness may be mixed and compacted
in one course. Layers of over 8 inches compacted thickness shall be mixed and
compacted in two or more separate courses of approximately equal thickness. Specified
density shall be obtained on the lower course prior to beginning compaction on any
subsequent course.
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3.9
A.

3.10
A.

PART 4
4.1
A.

4.2
A.

FINISHING
After the final course of material has been compacted, it shall be brought within
reasonably close conformity with the required lines, grades, and cross sections shown on
the plans. The completed section shall then be rolled with a pneumatic roller
sufficiently light to prevent hairline cracking.
CURING AND PROTECTION
The mixture shall be cured by lightly sprinkling the surface with water at frequent
intervals to prevent drying for a period of 7 days. No vehicles or equipment other than
sprinkling equipment shall be permitted on the roadbed during the curing period.
MEASUREMENT AND PAYMENT
MEASUREMENT OF LIME OR FLY ASH STABILIZED SUBGRADE:
Lime or fly ash stabilized subgrade of the designated cross section and thickness shown
on the plans will be measured by the square yard to neat lines stabilized in accordance
with these specifications. Water will not be measured for payment.
PAYMENT FOR LIME OR FLY ASH STABILIZED SUBGRADE:
Lime or fly ash stabilized subgrade shall be paid for at the contract price per square yard
of lime or fly ash stabilized subgrade. These prices shall be full compensation for
furnishing all labor, materials, tools, equipment, supplies, water for compaction,
supervision, and incidentals necessary to complete the work in accordance with these
specifications. When the project is constructed essentially to the dimensions shown on
the plans no further measurement will be required, and payment will be made for the
quantities shown in the contract for the various bid items involved. If disagreement
exists between the Contractor and the Engineer as to the accuracy of the plan quantities,
either party shall, before any work is started which would affect the measurement, have
the right to request in writing and thereby cause the quantities involved to be measured.
If measured quantities do not reveal a discrepancy when compared to plan quantities, the
Contractor shall pay for the cost of the Engineer to perform measurements and
calculations of quantities.

END OF SECTION
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SECTION 03600
CEMENT STABILIZED SUBGRADE
PART 1
1.1
A.

1.2
A.

GENERAL
GENERAL
Cement stabilized subgrade shall consist of soil, water, and portland cement uniformly
mixed, compacted, finished, and cured in accordance with these specifications, and it
shall conform to the lines, grades, thickness, and typical cross section(s) as shown on the
plans or special provisions.
SUBMITTALS
Submit the proposed design mix to the Engineer for approval 14 days prior to beginning
of stabilization work.

PART 2
2.1
A.
2.2
A.

2.3
A.

PART 3
3.1
A.

MATERIALS
CEMENT:
Portland cement shall conform to the requirements of ASTM Designation: C 150.
WATER:
Water shall be clean and free from injurious amounts of oil, acid, salt, alkali, organic
matter, and any deleterious substances.
SOIL:
Type of soil to be cement stabilized shall be determined by soil classification. Soil may
be the soil encountered in the existing subgrade, or soil secured from approved sources.
Existing subgrade soil shall contain not more than 5 percent of gravel and stone retained
on a 3-inch sieve. Any additional soil from approved sources shall pass a 2-inch sieve.
EXECUTION
GENERAL:
It is required to secure a completed course of treated material containing a uniform
cement mixture free from loose or segregated areas, of uniform density and moisture
content, and a smooth surface. The Contractor shall regulate the sequence of his work,
use the proper amount of cement, maintain the work, and rework the courses as
necessary to meet the above requirements.
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3.2

PREPARATION OF SUBGRADE

A.

The embankment and/or excavation section(s) shall be brought to grade and shaped as
shown on the plans, and as required herein.

B.

The subgrade shall be graded and shaped as required to construct the soil cement section
in conformance with the lines, grades, and thickness as shown on the plans. Soft or
yielding subgrade shall be compacted and made stable before construction shall proceed.

3.3
A.

3.4
A.

3.5

EQUIPMENT:
Equipment necessary for the proper construction of the work shall be on the project site
and in good working condition before construction operations will be permitted to begin.
The Contractor shall at all items provide sufficient equipment to enable continuous
execution of the work. The Engineer shall have the right to reject equipment which is
not capable of producing the required results, or which cannot be properly calibrated or
controlled.
PULVERIZATION:
The soil shall be pulverized so that at the completion of moist-mixing, 100 percent by
dry weight passes a 1 inch sieve, and a minimum of 80 percent passes a No. 4 sieve,
exclusive of gravel or stone retained on these sieves.
CEMENT APPLICATION

A.

Cement shall not be spread or mixed when the air temperature is below 40 degree F and
falling; but may be spread or mixed when the air temperature is above 35 degree F and
rising. The temperature shall be taken in the shade away from artificial heat. Cement
shall be spread or mixed only when weather conditions, in the opinion of the Engineer,
are suitable. No cement or soil cement mixture shall be spread when the soil or
subgrade is frozen.

B.

Portland cement shall be spread uniformly on the soil at the rate specified by the
Engineer. If a bulk cement spreader is used, it shall be positioned by string lines during
spreading to insure a uniform distribution of cement.

C.

Cement shall be applied only to an area such that the spreading, mixing, compaction,
and finishing of the soil and cement can be continuous and also completed within 6
hours of the cement application.

D.

The percentage of moisture content in the soil, at the time of cement application, shall
not exceed the quantity that will permit uniform and intimate mixing of soil and cement
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during dry mixing operations, and it shall not exceed the specified optimum moisture
content for the soil cement mixture.
E.

3.6

No equipment, except that used in spreading and mixing, will be allowed to pass over
the freshly spread cement until it is mixed with the soil.
MIXING

A.

After the cement has been applied it shall be dry-mixed with the soil. Mixing shall
continue until the cement has been sufficiently blended with the soil to prevent the
formation of cement balls when water is applied. Any mixture of soil and cement that
has not been compacted and finished shall not remain undisturbed for more than 30
minutes.

B.

Immediately after the dry mixing of soil and cement is complete, water as necessary
shall be uniformly applied and incorporated into the mixture. A water supply system
with pressure distributing equipment shall be provided that will assure the continuous
application, within 3 hours, of all mixing water required on the section being processed.
Care shall be exercised to insure proper moisture distribution at all times. After all
mixing water has been applied, mixing shall continue until a uniform and intimate
mixture of soil, cement, and water has been obtained.

3.7

COMPACTION AND FINISHING

A.

At the start of compaction, the percentage of moisture in the mixture and in
unpulverized soil lumps, based on oven-dry weights, shall not be below or more than 2
percentage points above the specified optimum moisture content, and shall be less than
that quantity which will cause the soil cement mixture to become unstable during
compaction and finishing. When the uncompacted soil cement mixture is wetted by rain
so that the average moisture content exceeds the tolerance given above at the time of
final compaction, the entire section shall be reconstructed in accordance with this
specification.

B.

The specified optimum moisture content and density shall be determined in the field by
compacting representative samples of soil cement mixture in a 4 inch diameter mold
using a 5.5 pound hammer (ASTM Designation: D 1557). After final compaction, the
soil cement subgrade shall have a uniform density of not less than 95 percent of the
maximum density as determined by the Modified Proctor test specified above.

C.

Prior to the beginning of compaction, the mixture shall be in a loose condition for its full
depth. The loose mixture shall then be uniformly compacted to the specified density
within 2 hours.

D.

After the soil and cement mixture is compacted, water shall be uniformly applied as
needed and thoroughly mixed in with a spike tooth harrow or equal. The surface shall
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then be reshaped to the required lines, grades, and cross section and then lightly
scarified to loosen any imprint left by the compacting or shaping equipment.
E.

3.8
A.

3.9
A.

The resulting surface shall be thoroughly rolled with a pneumatic tire roller and then
"clipped," "skinned," or "tight bladed" by a power grader to a depth of approximately
1/4 inch removing all loose soil cement from the section. The surface shall then be
thoroughly compacted with the pneumatic roller, adding small increments of moisture as
needed during rolling. If Plus No. 4 aggregate is present in the mixture, one complete
coverage of the section with the steel wheel roller shall be made immediately after the
"Clipping" operation. When directed by the Engineer, surface finishing methods may be
varied from this procedure provided a dense uniform surface, free of surface compaction
planes, is produced. The surface material must be maintained at its specified optimum
moisture content during all finishing operations. Surface compaction and finishing shall
be done in such a manner so as to produce within two hours a smooth, closely knit
surface, free of cracks, ridges, or loose material and conforming to the crown, grade, and
line shown on the plans.
CONSTRUCTION JOINTS:
At the end of each day's construction a straight transverse construction joint shall be
formed by cutting back into the completed work to form a true vertical face free of loose
or shattered material. Soil cement sections for large, wide areas shall be built in a series
of parallel lanes of convenient length and width meeting the approval of the Engineer.
CURING
After the soil cement has been finished as specified herein, it shall be protected against
drying by one of the following curing methods for a period of not less than 7 days. If
more than one lift is required, each lift shall cure 24 hours before placing the next lift.
Curing material shall be applied as soon as possible, but not later than 24 hours after the
completion of finishing operations of the final lift. The finished soil cement shall be
kept continuously moist until one of the following curing methods is employed:
1.

Sprinkling Method: Maintain cement stabilized subgrade in a thorough and
continuously moist condition by sprinkling.

2.

Moist Earth Method: Apply a 2-inch layer of earth on the completed cement
stabilized subgrade and maintain in a moist condition.

3.

Asphalt Membrane Method: Apply an asphalt membrane to the cement stabilized
subgrade, immediately after same is completed. The asphalt membrane material
shall consist of an emulsified or liquid asphalt. When the asphalt membrane is
applied, the stabilized surface shall be smooth, dense, and free of all loose and
extraneous material. The asphalt shall be uniformly applied to the surface of the
completed soil cement at the rate of approximately 0.2 gallons per square yard
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with proven heating and distributing equipment to provide a complete surface seal
without runoff. If the Contractor uses this method, it shall be his responsibility to
protect the asphalt membrane from being picked up by traffic. The asphalt
membrane may remain in place when the proposed surface or other base courses
are placed.
B.

The curing material or method shall be maintained by the Contractor during the sevenday protection period so that all of the soil cement will be covered effectively during
this period.

C.

Finished portions of soil cement that are traveled on by equipment used in constructing
an adjoining section shall be protected in such a manner as to prevent equipment from
marring or damaging completed work.

D.

The soil cement shall be protected from freezing for 7 days after its construction and
until it has cured.

3.10
A.

3.11
A.

PART 4
4.1
A.

OPENING TO TRAFFIC:
Completed portions of soil cement subgrade may be opened to construction equipment
and to all traffic after the seven day curing period, provided the soil cement has cured
sufficiently to prevent marring or distorting of the surface by equipment or traffic.
MAINTENANCE:
The Contractor will be required to maintain the soil cement subgrade in good condition
until all work has been completed and accepted. Maintenance will include immediate
repair to any defects that may occur. Maintenance shall be done by the Contractor at his
own expense. Faulty work shall be replaced for the full depth and length as specified by
the Engineer.
MEASUREMENT AND PAYMENT
MEASUREMENT OF SOIL CEMENT STABILIZATION:
Soil cement stabilized subgrade of the designated cross section and thickness shown on
the plans will be measured by the square yard to neat lines of Type I cement applied and
accepted in accordance with this specification. Water will not be measured for payment.
When the project is constructed essentially to the dimensions shown on the plans no
further measurement will be required, and payment will be made for the quantities
shown in the contract for the various bid items involved. If disagreement exists between
the Contractor and the Engineer as to the accuracy of the plan quantities, either party
shall, before any work is started which would affect the measurement, have the right to
request in writing and thereby cause the quantities involved to be measured. If
measured quantities do not reveal a discrepancy when compared to plan quantities, the
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Contractor shall pay for the cost of the Engineer to perform measurements and
calculations of quantities.
4.2
A.

PAYMENT FOR SOIL CEMENT STABILIZED SUBGRADE:
Soil cement stabilized subgrade will be paid for at the contract price per square yard of
soil cement stabilized subgrade.

END OF SECTION
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SECTION 03700
HOT-MIX ASPHALT ROADBED
PART 1
1.1
A.

1.2
A.
PART 2
2.1
A.

2.2
A.

GENERAL
GENERAL
These specifications cover construction of a hot-mix asphalt (HMA) layer placed
directly on top of the subgrade. When specified, the HMA layer takes the place of
granular subballast and geotextile fabric, or other stabilization technique. The primary
benefits of the HMA layer include improving the load distribution to the subgrade,
waterproofing the subgrade and creating more uniform subgrade support, and confining
the ballast and providing separation from the subgrade.
SUBMITTALS
Submit design mix to Engineer 14 days prior to placement of HMA.
MATERIALS
ASPHALT:
Unless otherwise shown on the plans, the asphalt shall be AC-10 or AC-20 viscosity
graded asphalt cement and shall meet the applicable requirements of
ASTM Designation: D 3515.
AGGREGATE:
The aggregates shall meet the applicable sections of ASTM Designation: D 3515 with a
gradation as follows.
Sieve Size
1-1/2 in.
1 in.
1/2 in.
No. 4
No. 8
No. 50
No. 200

Percent Passing
100
90-100
70-90
40-65
28-48
7-20
3-8
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2.3
A.

B.

ASPHALT MIXTURE
The Marshall mix properties for the asphalt mixture shall be as follows.
Property

Range

Compaction (blows)
Stability, N (min.)
Flow, mm
Percent Air Voids
Percent Voids Filled

50
3375
3.8-6.4
1-3
80-90

The asphalt content shall be in the range of 4% to 10%.

C. The asphalt production facility shall be capable of producing a mix meeting the specified
mix properties and have sufficient capacity to produce the anticipated volume of asphalt
mix.
D. Recycled Asphalt Pavement (RAP) will NOT be allowed in the Asphalt Subballast. Any
mix design that includes RAP will NOT be approved. If any Hot Mix Asphalt has to be
removed for any reason, it shall become the property of the contractor and removed from
BNSF property. Disposal shall be the responsibility of the contractor.
PART 3
3.1
A.

3.2
A.

3.3
A.

EXECUTION
GENERAL:
Asphalt shall not be applied to the soil when the air temperature in the shade is less than
40 degree F and rising unless otherwise permitted by the engineer. Work shall be
suspended during rain or when the mix is wet.
PREPARATION OF SUBGRADE:
Prior to beginning any asphalt stabilization, the subgrade shall be compacted and shaped
in conformance with the lines, grades, and cross sections shown on the plans or
established by the Engineer. The subgrade shall be free of ruts, depressions, or loose
material.
EQUIPMENT:
Equipment necessary for the proper construction of the work shall be on the project site
and in good working condition before construction operations will be permitted to begin.
The Contractor shall at all times provide sufficient equipment to enable continuous
execution of the work. The Engineer shall have the right to reject equipment which is
not capable of producing the required results, or which cannot be properly calibrated or
controlled.
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3.4

PLACEMENT AND COMPACTION

A.

The asphalt mix shall be hauled by truck from the mix plant. The temperature of the
mix when leaving the plant shall not be less than 290 degree F and the trucks shall be
covered to minimize temperature loss. The mix shall be placed using either a standard
highway asphalt paver or backdumped from trucks and spread with a dozer blade.
Procedures for spreading and compacting the mix shall minimize temperature loss. The
temperature of the mix shall not be allowed to fall below 200 degree F prior to obtaining
the required compaction.

B.

The asphalt mix shall be placed in lifts not exceeding 4 inches in compacted thickness.
The layer shall be compacted using pneumatic roller or steel drum vibratory compactors
meeting the requirements for compacting equipment specified in SECTION 03200,
"EXCAVATION AND EMBANKMENTS." The layer shall be compacted to a
minimum of 95% of the theoretical maximum density determined in accordance with
ASTM Designation: D 2041.

C. The top surface of the compacted layer shall be finished to a true surface with no
depressions which will hold water or prevent proper drainage. The finished top of
subgrade shall conform to the grades shown on the plans with a tolerance of plus or minus
1/2 inch, except that for full depth designs, where the ties are placed directly on top of the
HMA layer, the tolerance of the finished surface shall be plus or minus ¼ inch.
D. Laboratory test reports shall be submitted to the Engineer. The testing shall be performed
by an independent laboratory under contract with the successful bidder. Detailed
requirements of the quality control program follow:
1. Verification of Marshall Properties
a. A minimum of one test will be pulled daily to determine the Marshall
properties of the mix.
b. Additional testing may be required for additional information to
effectively control production and to ensure a quality product is being
provided.
c. Marshall properties shall conform to Part 2.3A of the Standard
Construction Specifications.
2. Ignition Oven and Gradation Testing
a. One test shall be pulled per 500 tons of asphalt mixture produced.
b. The Engineer shall provide the testing laboratory representative with
tonnages at which to pull the required tests.
c. The asphalt cement content of the mix shall be between 4.5% and 10%
as determined by the asphalt ignition oven.
d. The gradation obtained from the ignition oven sample shall
conform to Section 03700, Part 2.2A of the
Standard Construction Specifications.
3. Theoretical Maximum Specific Gravity (Gmm) Testing
a. A theoretical maximum specific gravity will be determined with each
ignition oven sample and logged and a 4-point moving average
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established for calculation of in-place density as measured by a nuclear
density meter.
4. In-place Compaction Testing
a. In- place density testing will be measured with a nuclear density meter
calibrated on the project for each lift of asphalt placed. Compaction
shall conform to Section 03700, Part 3.4B of the Standard Construction
Specifications which states that the minimum density shall be 95% of
the Gmm value.
b. Percent density will be calculated using the average of all Gmm tests
conducted the day the pavement was placed. If less than three Gmm
tests were conducted for a day of production, the 4-point moving
average (last 4 tests prior to the end of the day) value shall be used in the
density calculation.
c. Location and frequency of density tests shall be as shown in the table
below:
Daily
Number
Number of
Number of
Production
of SubDensity
Verification of
(Tons)
lots
Tests
Density Tests
0-599
3
6
3
600-999
4
8
4
1000 or more
5
10
5
5. Non-Conforming Material
a. Any material fount to be out of specification will be addressed
immediately
b. The Engineer shall be notified of the situation and be provided with a
proposed solution in order to address the out of specification material.
6. Profile Grade and Cross Slope
a. In order to maintain profile grade, a 30’ ski or string line is to be used.
b. The profile grade shall not exceed ¼ + inch variance in 50ft.
c. The cross slope shall not exceed ¼ + inch variance in 12 ft.
d. If there is a problem with profile grade or cross slope the Contractor will
be required to stop work and make the appropriate adjustments.
PART 4
4.1

MEASUREMENT AND PAYMENT
MEASUREMENT OF HMA ROADBED:

A.

HMA roadbed will be measured by the square yard of HMA mixture placed in
accordance with these specifications within the neat lines shown on the plans.

B.

When the project is constructed essentially to the dimensions shown on the plans no
further measurement will be required, and payment will be made for the quantities
shown in the contract for the various bid items involved. If disagreement exists between
the Contractor and the Engineer as to the accuracy of the plan quantities, either party
shall, before any work is started which would affect the measurement, have the right to
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request in writing and thereby cause the quantities involved to be measured. If
measured quantities do not reveal a discrepancy when compared to plan quantities, the
Contractor shall pay for the cost of the Engineer to perform measurements and
calculations of quantities.
4.2
A.

PAYMENT FOR HMA ROADBED:
Payment for HMA roadbed will be made at the contract unit price per square yard of
HMA roadbed of the specified type and thickness furnished and placed. This price shall
be full compensation for furnishing all labor, materials, tools, equipment, supplies,
supervision, loading, hauling, placing, compacting, and incidentals necessary to
complete the work in accordance with these specifications.

END OF SECTION
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SECTION 04100
STRUCTURE EXCAVATION AND BACKFILL
PART 1
1.1

GENERAL
SECTION INCLUDES

A.

Protective Shoring

B.

Cofferdams

C.

Structure Excavation

D.

Structure Backfill

E.

Structure Drain Pipe

F.

Pervious Backfill Material

G.

SAFETY
1.

Contractor is responsible for performing all Structure excavation and backfill in
compliance with the applicable state, federal, local and OSHA regulations.

(Note: See General Provisions for utility and permitting requirements and sections that apply)
1.2
A.

DESCRIPTION
Protective Shoring:
1.

Protective shoring shall consist of providing protection to railroad track or other
areas designated on the plans due to an adjacent excavation. See Figure 04100-1
for limit lines where protective shoring is required.

04100-1
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Figure 04100-1

11ft.

11ft.
7ft.

7ft.

Top of Rail

1.5:1

Investigation required to
determine degree of protection

1:1

1:1

Shoring Required

Shoring Required

1.5:1

Investigation required to
determine degree of protection

Centerline of Track

Zone of Influence

2.

Protective shoring shall be designed and constructed, in accordance with the
Engineer's approval. Removal of protective shoring shall be in accordance with
the project plans and the Engineer’s approval.

3.

Protective shoring shall be constructed of engineered structural components
consisting of timber, standard steel sheet pile sections, structural steel sections,
cylindrical metal shells or combination of the above.

4.

The Contractor shall submit drawings and design calculations showing the
proposed design, method of construction, removal, as well as other details left
open to choice and not fully detailed on the plans. These drawings and design
computations, stamped by a licensed professional or structural engineer in the
state where the work is to be done, shall be submitted to the Engineer and
approved prior to the start of construction. This approval shall not relieve the
Contractor of responsibility for the protective shoring.

5.

Design of protective shoring shall consider Cooper E 80 live load surcharge for
excavations adjacent to railroad tracks. Refer to the AREMA Manual for
Railway Engineering, Chapter 8, Part 20 for methods to determine lateral pressure
values for railroad surcharge loading.

6.

A safety factor of one and one half (1.5) shall be used in the design of temporary
protective shoring. A safety factor of two (2.0) shall be used in the design of
04100-2
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permanent protective shoring.
B.

C.

Cofferdams:
1.

A cofferdam is defined as any temporary or removable structure constructed to
hold the surrounding earth, water, or both, out of the excavation, whether the
structure is formed of timber, steel, concrete, or a combination thereof.

2.

Cofferdams for placing concrete or other required construction shall consist of
watertight enclosures surrounding excavations that cannot be kept free of water
by pumping and/or diverting water by the use of sheeting or dikes.

3.

When cofferdams are not specified in the contract documents and conditions are
encountered where the excavation for the structure cannot be kept free of water
for concrete placement by pumping and/or diverting water by the use of sheeting
or dikes, the Contractor, with the written permission of the Engineer, will be
permitted to construct a cofferdam.

4.

When specified in the contract, the cofferdams shall be designed, constructed, and
removed in accordance with the Engineer's approval. When not specified in the
contract and site conditions warrant, as determined by the Engineer, cofferdams
may be added to the contract upon written approval of the Engineer.

5.

Cofferdams shall be constructed of engineered structural components consisting
of timber, standard steel sheet pile sections, structural steel sections, cylindrical
metal shells or combination of the above. Earthen embankments or dikes will not
be classified as cofferdams.

6.

The Contractor shall submit drawings and design calculations showing the
proposed design, method of construction, removal, as well as other details left
open to choice and not fully detailed on the plans. These drawings and design
computations, stamped by a licensed professional or structural engineer in the
state where the work is to be done, shall be submitted to the Engineer and
approved prior to the start of construction. This approval shall not relieve the
Contractor of responsibility for the cofferdam.

Structure Excavation:
1.

Structure excavation shall consist of excavation for the construction of
foundations for all structures other than drilled shaft foundations or pipe culverts.

2.

This work includes: All required pumping, bailing or sloping for drainage; the
construction and removal of all sheeting, shoring, and bracing required to support
and dewater the excavations; removal and disposal of all material removed from
the excavation including old structures or the portions thereof; and clearing and
grubbing as required for construction of the structure.
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D.

Structure Backfill: Structure backfill shall consist of furnishing, placing and compacting
backfill material around structures to the lines designated on the plans or specified or
directed by the Engineer.

E.

Structure Drain Pipe: Structure drain pipe shall consist of furnishing and placing
underdrain pipe, granular fill and geotextile fabric behind bridge abutments, wingwalls,
and retaining walls in accordance with the details shown on the plans and this section.

F.

Pervious Backfill Material: Pervious backfill material shall consist of furnishing and
placing pervious backfill material behind bridge abutments, wingwalls, and retaining
walls in accordance with details shown on the plans and this section.

PART 2
2.1
A.

2.2
A.

2.3
A.

2.4

MATERIALS
PROTECTIVE SHORING
Protective shoring materials shall be in accordance with the Contractor's drawings
approved by the Engineer.
COFFERDAMS
Cofferdam materials shall be in accordance with the Contractor's drawings approved by
the Engineer.
STRUCTURE BACKFILL
Structural backfill shall be made using materials indicated on the plans, in the special
provisions, or as approved by the Engineer, and may be obtained from excavation or
other sources. Backfill material shall be free from stones or lumps of such size as to
interfere with compaction, frozen lumps, wood, or other extraneous material.
STRUCTURE DRAIN PIPE

A.

Asphalt-coated perforated galvanized steel underdrain pipe shall be in accordance with
details shown in the plans and Section 05100, Pipe Culverts.

B.

Granular fill material around structure drain pipe shall be as specified in Paragraph
2.5.A of this section.

C.

Geotextile fabric for structure drain pipe shall be woven or nonwoven fabric. The
filaments for woven or nonwoven fabric shall be polypropylene, polyester, or
polyethylene. The filaments must be dimensionally stable (i.e., filaments must maintain
their relative position with respect to each other) and resistant to delamination. The
filaments must be free from any chemical treatment or coating that might significantly
reduce porosity and permeability. Nonwoven fabric may be needle-punched, heat04100-4
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bonded, resin-bonded, or combinations thereof.
The physical properties for woven or nonwoven fabric shall conform to the following:

Test Method

Property

Requirement

ASTM D 3776

Minimum Weight (oz./sq. yd.)

3.5

ASTM D 4632

Minimum Wet Grab Tensile Strength (lbs.)

100o/

ASTM D 4632

Minimum Grab Elongation at Break (%)

20o/

Corps of Engrs.
CW02215

Minimum Equivalent Opening Size (EOS
No.)

Footnotes:

1.
2.

2.5
A.

Nonwoven
Woven

305/
505/

For woven fabric, test results shall be referenced to orientation with warp or
fill, whichever the case may be.
Manufacturer's certification to meet test requirements.

PERVIOUS BACKFILL MATERIAL
Pervious backfill material shall consist of crushed rock or crushed gravel, or
combinations thereof. Pervious backfill material shall conform to the following grading
requirements:
Sieve Sizes

Percentage Passing

1-1/2 inch
1 inch
3/4 inch
1/2 inch
3/8 inch
No. 4

100
90-100
40-85
10-40
0-15
0-5
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PART 3
3.1

EXECUTION
PROTECTIVE SHORING

A.

The Contractor is responsible for designing, providing, installing, maintaining, and
removing the protective shoring when specified on the plans or by the Engineer.
Installation or excavation shall not begin without the prior approval of the Engineer.

B.

The limits of the excavation shall not extend beyond the approved limits without
permission from the Engineer.

C.

The Engineer shall be notified of any conditions not in agreement with the plans
including any weak or soft soils, or other conditions causing additional excavation.

3.2

COFFERDAMS

A.

Cofferdams for foundation construction shall, in general, be carried below the bottom of
footings to a depth as shown in the plans; except in solid rock, where cofferdams shall
be seated into rock, sealed, and excavation continued to bottom of footing elevation.
The inside dimensions of the cofferdam shall in no case be less than the plan footing
dimensions.

B.

When conditions, in the judgment of the Engineer, render it impractical to dewater a
cofferdam, the Engineer may require the Contractor to place a concrete seal at the base
of the excavation to such dimensions as will permit pumping and dewatering of the
excavation.
No component of the cofferdam shall extend into the substructure concrete without
written permission of the Engineer.

C.

3.3
A.

STRUCTURE EXCAVATION
General:
1.

Excavation shall conform to the lines and grades shown on the plans, or as
directed by the Engineer. Excavation shall include removal of all materials
encountered, regardless of their nature.

2.

Prior to excavation, the area to be excavated shall be cleared and grubbed in
accordance with the procedures described in Section 03100, Clearing and
Grubbing.

3.

Excavated material will be classified as "Structure Excavation Common" or
"Structure Excavation Rock." "Structure Excavation Rock" shall include
excavation of all rock in ledges, and bedded, cemented, and conglomerate
deposits exhibiting the physical characteristics and difficulty of rock removal as
04100-6
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determined by the Engineer. "Structure Excavation Rock" shall also include
removal of the portions of existing structures which cannot be loosened by the use
of a pick. All other excavated material will be classified as "Structure Excavation
Common."

B.

C.

4.

Excavated material not suitable for backfill, or excess excavated material shall be
legally disposed of by the Contractor at a location and in a manner directed or
approved by the Engineer.

5.

Over-excavation shall not be allowed without specific instructions from the
engineer.

Protection of Excavations:
1.

The Contractor is responsible for designing, providing, installing, and removing
protective sheeting, shoring, cofferdams, or other elements required in order to
provide stable and dry excavations for all structures. Protection and shoring of
excavations shall, as a minimum, be as required by applicable standards and
regulations, including 29CFR Part 1926, Subpart P - Excavations, Trenching, and
Shoring of OSHA's Standards and Interpretations. The Contractor shall submit
detailed plans for protection and support of excavations to the Engineer prior to
construction. Installation or construction of excavation protection or support
elements, including cofferdams, shall not begin without the prior approval of the
Engineer.

2.

The Contractor shall, by means of dikes, sheeting, cofferdams, pumps, or other
measures, keep the excavations free of water at all times. Placing of concrete in
or under water will not be permitted, except when specifically directed by the
Engineer.

Excavations for Spread Footing Foundations:
1.

Immediately prior to placing concrete for spread footing foundations founded in
common material, the bottom of the excavations shall be trimmed to the required
level. All loose, spongy, or frozen material existing at the base of foundations
shall be removed and replaced with clean gravel or other suitable material as
directed by the Engineer. The amount of time during which the excavation for
spread footings is allowed to remain open prior to placing concrete shall be
minimized. Water shall not be allowed to stand on the base of excavations for
spread footings.

2.

Spread footing foundations founded in rock shall be excavated to the required
lines and grades, and the bottom of the excavations shall be finished to a rough
surface. All soil, water, and loose and unsound rock shall be removed prior to
placing the concrete foundation.
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3.

D.

E.

Excavations for Pile-supported Foundations:
1.

Excavations shall be approximately completed to the bottom of structure
elevation prior to driving any piles. No piles for any foundation shall be driven
until the Engineer has approved the excavation. All excess or loose material
remaining in the excavation after pile driving is completed shall be removed to
the elevation of the bottom of the structure.

2.

After all piles are driven, the Contractor shall notify the Engineer. No concrete
shall be placed until the Engineer has approved the excavation and the character
and condition of the foundation material.

Excavations Within Channels:
1.

3.4

After each excavation is completed, the Contractor shall notify the Engineer. No
concrete shall be placed until the Engineer has approved the excavation and the
character and condition of the foundation material.

When excavation encroaches upon a live streambed or channel, unless otherwise
permitted, no excavation shall be made outside of caissons, cribs, cofferdams,
steel piling, or sheeting, and the natural streambed adjacent to the structure shall
not be disturbed without permission from the Engineer. If any excavation or
dredging is made at the site of the structure before caissons, cribs, or cofferdams
are sunk or are in place, the Contractor shall, without extra charge, after the
foundation base is in place, backfill all such excavation to the original ground
surface or riverbed with material satisfactory to the Engineer. Material
temporarily deposited within the flow area of streams from foundation or other
excavation shall be removed and the stream flow area freed from obstruction
thereby.

STRUCTURE BACKFILL

A.

Backfilling shall consist of placing and compacting the necessary fill within the limits
specified in Paragraph 4.3.A. Fill required above the ground surface as it existed prior
to any excavation is considered as embankment. The backfill shall be constructed up to
the ground surface as it existed prior to any excavation, unless the original ground
surface is higher than the proposed finish elevation of roadway surface, stream banks, or
channels.

B.

All bracing, forms, and rubbish shall be removed prior to placing the backfill. Unless
sheeting and shoring is to remain in place, it shall be removed in such a manner to
prevent loosening unexcavated material.

C.

Backfill shall not be placed until the structure has been approved for backfilling by the
Engineer. Backfill shall not be placed against concrete walls or piers until the concrete
has cured for a minimum of 14 days, or until test cylinders show the strength to be
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approximately equal to the design strength, whichever is the lesser time.
D.

Backfill material shall be placed in uniform horizontal layers not exceeding 8 inches in
thickness before compaction. The backfill shall be brought up uniformly on all sides of
the structure. The backfill shall be compacted to the density shown on the plans, in the
special provisions, as specified for the adjacent ground, or to a minimum of 95% of the
maximum dry density determined in accordance with the Standard Proctor compaction
test (ASTM Designation: D 698) if not otherwise specified.

E.

Backfill material shall not have rocks larger than 3 inches placed within 18 inches of the
concrete columns, piers, wing walls, retaining walls or abutments.

3.5
A.

3.6
A.

PART 4
4.1

STRUCTURE DRAIN PIPE
Structure drain pipe shall be enclosed by uncompacted granular fill surrounded by
geotextile fabric. The installation of the structure drain pipe shall be in accordance with
details shown on the plans and Section 05100, Pipe Culverts.
PERVIOUS BACKFILL MATERIAL
Pervious backfill material shall be placed behind bridge abutments, wingwalls and
retaining walls to the lines, grades and elevations shown on the plans or as directed by
the Engineer. Pervious backfill material shall be placed in layers along with and by the
same methods specified for structure backfill. Pervious backfill material at any one
location shall be approximately the same grading, and at locations where the material
would otherwise be exposed to erosion shall be covered with at least a 12 inch layer of
earthy material approved by the Engineer.
MEASUREMENT AND PAYMENT
PROTECTIVE SHORING

A.

Measurement of Protective Shoring: Protective shoring, when specified on the plans or
as directed by the Engineer, will be measured as individual units complete in place.

B.

Payment for Protective Shoring: Protective shoring shall be paid for at the contract
price per unit as designated on the plans. This price shall include full compensation for
protective shoring design and plans and for furnishing all labor, materials, tools and
equipment necessary for the construction of the protective shoring and its subsequent
removal, when required.

4.2
A.

COFFERDAMS
Measurement of Cofferdams: Cofferdams, when specified on the plans or as directed by
the Engineer, will be measured as individual units complete in place.
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B.

4.3

Payment for Cofferdams: Cofferdams shall be paid for at the contract price per unit as
designated on the plans. This price shall include full compensation for cofferdam design
and plans and for furnishing all labor, materials, tools and equipment necessary for the
construction of the cofferdam and its subsequent removal. No extra compensation will
be allowed for a cofferdam of excessive size.
STRUCTURE EXCAVATION

A.

Measurement of Structure Excavation: Structure excavation will be measured by the
cubic yard. The limits for measurement of structure excavation will be in accordance
with the following provisions: The upper limit shall be the original ground surface as it
existed prior to the start of the construction operations, except, where structure
excavation is performed within channel excavation area or roadway excavation area,
said roadway or channel excavation shall be assumed to have been completed, the upper
limit shall be the planes of the bottom and side slopes of said areas excavated as shown
on the plans or as directed by the Engineer. Channel and roadway sections which are
required beyond the limits of the structure will be considered to be continuous through
the structure. The bottom and side slopes of this extension of the channel shall form the
upper limit of the structure excavation. The lower limit shall be the bottom of the
structure as shown on the plans or as specified by the Engineer. The lateral limits shall
be vertical planes 2 feet outside of the foundation lines. Excavation outside of the above
defined limits will not be included in structure excavation quantities, unless such
excavations are required to comply with Federal/State/local regulations.

B.

Payment for Structure Excavation:
1.

Structure excavation shall be paid for at the contract unit price per cubic yard for
structure excavation of the proper classification. This price shall include full
compensation for furnishing all labor, materials, tools and equipment, and doing
all the work involved in making the excavation and disposing of the resulting
excavated material as specified, including the furnishing and installation or
construction of all sheeting, shoring and other facilities necessary to the
excavation operations, and their subsequent removal if required.

2.

As directed by the Engineer, unsuitable materials found below the elevation of
bottom of structure as shown on the plans will be removed and paid for as
structure excavation. If, in the opinion of the Engineer, the unsatisfactory
materials below the bottom of the structure are the result of negligence on the part
of the Contractor, due to allowing water to stand on earth foundations,
overshooting rock excavations, or from other causes, the unsatisfactory material
shall be removed and replaced in a manner specified by the Engineer, and no
compensation will be allowed for the work.

3.

No compensation will be made for the removal and disposal of swell material
resulting from the driving of piles in an excavation.
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4.4

STRUCTURE BACKFILL

A.

Measurement of Structure Backfill: Structure backfill will be measured by the ton. The
limits for measurement of structure backfill will be that volume of structure excavation
and roadway excavation or channel excavation, as shown on the plans or specified by
the Engineer, which is below the finish elevation of roadway surface or stream banks
and channel flow line or below the elevation of ground surface as it existed before any
excavation was made, and is not occupied by the structure. Backfill required beyond the
limits of measured structure excavation, roadway excavation, and channel excavation
will not be included in structure backfill quantities.

B.

Payment for Structure Backfill:
1.

Structure backfill shall be paid for at the contract unit price per ton. This price
shall include full compensation for furnishing all labor, materials, tools and
equipment, water for compaction if required, and doing all work involved in
furnishing, placing, and compacting the material in place as specified, and
applying water necessary for compaction. No payment will be made for any socalled overhaul.

2.

Compacted backfill or crushed rock, if specified by the Engineer, required to
replace unsuitable materials excavated below the elevation of bottom of structure
as shown on the plans when unsuitable materials are not the result of Contractor's
negligence, will be paid for as structure backfill.
No payment will be made for backfilling foundations up to the bottom of plan
structures when the Contractor has excavated below plan elevation due to his
negligence.

3.

4.5

STRUCTURE DRAIN PIPE

A.

Measurement of Structure Drain Pipe: Structure drain pipe will be measured by the
lineal foot of acceptable pipe of the various diameters in place.

B.

Payment for Structure Drain Pipe: Structure drain pipe shall be paid for at the contract
unit price per lineal foot of pipe of the various diameters in place. This price shall be
full compensation for furnishing all materials, and for all equipment, tools, labor and
incidentals necessary to install the pipe, granular fill and geotextile fabric and complete
the work.

4.6

PERVIOUS BACKFILL MATERIAL

A.

Measurement of Pervious Backfill Material: Pervious backfill material will be measured
by the ton in place within the designated sections shown on the plans.

B.

Payment for Pervious Backfill Material: Pervious backfill material shall be paid for at
the contract unit price per ton of material in place. This price shall be full compensation
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for constructing or excavating the roadbed embankment behind bridge abutments,
wingwalls, and retaining walls to the designated section shown on the plans, any special
compaction required, furnishing the material, and placing the material to the designated
sections shown on the plans.

END OF SECTION
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SECTION 04200
PILES
PART 1
1.1

GENERAL
SECTION INCLUDES

A.

Piles

B.

Test Piles

C.

SAFETY
1.

Contractor is responsible for performing all pile operations in compliance with
the current state, federal, local, FRA and OSHA regulations, specifically with
respect to fall protection.

(Note: See General Provisions for utility and permitting requirements and sections that apply)
1.2

DESCRIPTION

A.

Piles: These specifications shall govern the furnishing, driving, building up and cutting
off of timber, steel bearing, steel sheet, steel pipe, and concrete (precast and prestressed)
piles in accordance with the lines, grades, and locations shown on the plans or as
directed by the Engineer.

B.

Test Piles

C.

1.

When shown on the plans or when directed by the Engineer, test piles shall be
driven to determine the necessary lengths of piles to be ordered for the work.

2.

The number and location of test piles to be driven shall be as shown on the plans
or as established by the Engineer; in general, at least two test piles shall be driven
at each structure.

Unless otherwise directed by the Engineer, the embankment at bridge ends shall be
constructed to grade and thoroughly compacted to the full amount required by Section
03200, Excavation and Embankment, prior to the driving of piling in the embankment
area.
Foundation piling shall not be driven until the excavation is complete.

1.3
A.

SUBMITTALS
The Contractor shall provide to the Engineer a description of all pile driving equipment
to be employed in the work, prior to commencement of pile installation. This shall
include details including weights of pile hammer, power plant, leads, pile cushion, cap
block and helmet.
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B.

The Contractor shall provide to the Engineer drawings demonstrating compliance of
driving equipment and steel casing with Contract Documents. Drawings shall include
shop and erection details, casing details, and enclosures, splices, driving helmets, and
reinforcement.

C.

The Contractor shall submit to the Engineer a complete report on the load test, within
seven days of completion of load test, including, but not limited to, a description of the
pile driving equipment, driving records for both test piles and reaction piles, complete
test data, analysis of test data, and recommended allowable design loads based on the
load test results. The report shall be prepared by or under the direct supervision of a
registered professional or structural engineer experienced in pile load testing and load
test analysis. In Addition, a “Test Pile Record Form” in accordance with Figure 042001 shall be submitted to the Engineer.
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BR: __________

LS: ________

BENT/PIER/ABUT NO.: ____
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BURLINGTON NORTHERN SANTA FE RAILWAY
Test Pile Record Form
TRACK: _______

ROW NO: ____

PLAN NO ________________

PILE NO: ____

AFE: ___________

PILE TYPE:_____________________________

DATE/TIME START: ___________________ DATE/TIME END: ____________________

R/L IS _______ FT. ABOVE OR BELOW T/T

HAMMER MODEL: ___________________________ RAM WEIGHT: _________ LBS.

DIST. T/T TO G/L: _____ FT.

CUSHION MATERIAL(S) – TYPES & THICKNESSES:
HAMMER (IF OTHER THAN MANUFACTURER’S STANDARD):_____________
_____________________________________________________________________
CONCRETE PILE: ______________________________________________________

TOTAL PILE LENGTH UNDER HAMMER (INCLUDE
(FOLLOWER: _________________________________FT.
DISTANCE T/ T TO P/ T AT END OF DRIVING: _______________FT.

R/L = REFERENCE LINE - POINT FROM WHICH PENETRATION IS RECORDED, USUALLY T/T OR G/L.
G/L = GROUNDLINE
T/T = TOP OF TIE
P/T = PILE TIP
BPM =BLOWS PER MINUTE

COMMENTS:

#
R/L
To
P/T

DISTANCE T/T TO SPLICE AT END OF DRIVING: ______________FT.
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Foreman/Inspector: ________________________

D.

Page __ of __

Test Pile Record Form 12-00.doc

The Contractor shall submit to the Engineer a complete and accurate record of each
driven pile, within 3 days of completion of driving. The record shall indicate the pile
location, driven length, embedded length, final elevations of tip and top, pile weight,
butt and tip diameter, quantity and strength of concrete used in each pile, number of
splices and locations, blows required for each foot of penetration throughout the entire
length of the pile and for the final 6 inches of penetration, and the total driving time.
The record shall also include the type and size of the hammer used, the rate of operation,
and the type and dimensions of driving helmet, pile cushion, and cap block used. Any
unusual conditions encountered during pile installation shall be recorded and
immediately reported to the Engineer. In Addition, a “pile Driving Summary Form” in
accordance with Figure 04200-2 shall be submitted to the Engineer.
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Figure 04200-2

Br: ______

LS: _____

BURLINGTON NORTHERN SANTA FE RAILWAY
PILES
Pile Drive Summary Form
Section 04200
Track: ____ Plan No: ____________ AFE: _______ Pile Type: _____________________

Hammer Make & Model: _____________ Ram Weight:________ * Last Foot for friction pile, last inch for bearing on rock.
Determine Bent No., Pier No. and Row No., and Pile No. using the “Structures Diagrams” in the SIR Reference Menu.
G/L = Groundline
T/T = Top of Tie
BPM = Hammer Blows per Minute
Ru = Ultimate Resistance
Bent No.
Pile
Length of Pile (Ft.)
Last Foot (or Inch) of Penetration *
Date
or
No.
Remarks
Penetration
T/T
Stroke
No.
Resistance Required
Pier No.
(GL to Tip) To G/L Or BPM Blow Ru (Tons) Ru (Tons)
&R

Foreman/Inspector: _______________________

Page ___ of ___

Pile Driving Summary Form 12-00.doc
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PART 2
2.1

MATERIALS
TIMBER PILES

A.

Timber piles shall be in accordance with Chapter 7, Part 1, Article 1.9 of the AREMA
Manual for Railway Engineering for first-class piles with a minimum tip circumference
of 25 inches.

B.

If preservative treatment is specified in the special provisions or on the plans, it shall be
in accordance with Chapter 3, Part 6 of the AREMA Manual for Railway Engineering.

C.

The method of storing and handling timber piles shall be such as to avoid damage to the
piles. Piles shall be handled with hemp or synthetic fiber slings or wire rope encased in
rubber hose whenever possible, taking care to avoid dropping, bruising, breaking or
penetrating the outer fibers.

2.2

STEEL PILES

A.

Steel Bearing Piles: Steel bearing piles shall be of the section shown on the plans and
shall be structural steel, containing no less than 0.2% copper, conforming to ASTM
Designation: A 36. Piles shall not be painted before driving.

B.

Steel Sheet Piles: Steel sheet piles shall be of the section and length shown on the plans
and shall conform to ASTM Designation: A 328 unless otherwise shown on the plans.

C. Steel Pipe Piles:
1.

Steel pipe piles shall be of the outside diameter and wall thickness shown on the
plans and shall conform to ASTM Designation: A 252, Grade 2 unless other
material is specified on the plans. Piles shall have a 3/4 inch thick steel (ASTM
Designation: A 36) closure plate of the same outside diameter as the pile groove
welded to the pile on the tip end. Piles shall not be painted before driving.

2.

All concrete materials and reinforcing steel and their preparation and placement,
used in filling steel pipe piles, shall be in accordance with Section 04400,
Concrete Construction. All concrete shall have a minimum compressive strength
equal to that shown on the plans.

D.

Reinforced Pile Tips: If shown on the plans or directed by the Engineer, steel bearing
piles shall be equipped with a cast steel reinforced driving tip in accordance with details
shown on the plans. The tips shall be installed in accordance with the manufacturer's
recommendations.

E.

Storing and Handling: Piles to be stored shall be placed on skids above ground and a
sufficient number used to prevent visible deflection in the stored piles. Piles shall be
kept clean and fully drained at all times. The method of handling shall be such that no
damage will result to the piles.
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2.3
A.

CONCRETE PILES
Precast
1.

Precast concrete piles shall be of the type, size and length shown on the plans.

2.

All concrete materials and steel reinforcing and their preparation and placement
shall be in accordance with Section 04500, Precast Concrete Construction. All
concrete shall have a minimum compressive strength equal to that shown on the
plans.

B.

Prestressed: Prestressed concrete piles shall meet the requirements, and shall be of the
type, size, and length shown on the plans, manufactured in accordance with Section
04500, Precast Concrete Construction.

C.

Defects and Breakage: Piles cracked in the process of curing, handling or driving,
which in the opinion of the Engineer can be satisfactorily repaired, shall be repaired at
the Contractor's expense and under the direction of the Engineer. If repair is not
possible in the opinion of the Engineer, the piles shall be replaced at the Contractor's
expense.

D.

Storing and Handling
1.

The method of storing and handling piles shall be such as to minimize the danger
of fracture by impact or undue bending stresses. Unless otherwise provided, piles
shall be handled by means of a suitable bridle or sling attached to the pile at the
pick-up points marked on the pile. Use of rubberized cables is also acceptable.
The use of chain slings will not be permitted.

2.

Piles shall be stored above ground on adequate blocking located within 1 foot of
the pick-up points marked on the pile that will prevent undue stresses in the piles.
When piles are only partially supported during hauling, the overhang shall not
exceed the lengths permitted for pick-up. If piles are stacked for storage,
blocking for all layers shall be in the same vertical plane.

PART 3
3.1
A.

EXECUTION
DRIVING PILES
Driving Equipment
1.

Piles shall be driven with steam, air, or diesel powered hammers approved by the
Engineer prior to use. The use of drop hammers will not be permitted. The
weight of the ram of the hammer shall not exceed 7000 lb. unless approved in
writing by the engineer. The hammer to be used shall have the approval of the
Engineer. Steel sheet piles and steel H piles may be driven with vibratory
hammers under conditions approved by the Engineer.

2.

The minimum acceptable hammer energy for use with various pile types is as
04200-7
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follows:
Pile Type
Timber, less than 60 ft long
Timber, more than 60 ft long
Steel Bearing and Steel Pipe
Concrete
Steel Sheet

B.

Minimum Energy (ft-lbs)
8,000
13,000
30,000
15,000 (but not less than 1.5 ft-lb per
pound of pile).
As necessary to drive the piles to the
required depth without damage to the
piles.

3.

The hammer shall be operated at all times at pressures and speeds recommended
by the manufacturer. If steam or air hammers are used, boiler or air compressor
capacity shall be adequate to maintain full rated pressure throughout the driving
period of any pile. The boiler or air compressor shall be equipped with an
accurate pressure gage at all times.

4.

Pile drivers shall be equipped with leads which are constructed in such a manner
as to afford freedom of movement of the hammer and to provide adequate support
of the pile during driving. The longitudinal axis of the leads and hammer shall
coincide with the longitudinal axis of the pile. Except where piles are driven
through water, the leads shall be long enough so that a follower will not be
necessary. Where a follower is required for driving piles underwater, one pile in
each group of ten shall be long enough to permit driving without a follower. This
pile shall be used as a test pile for proper correlation of the follower-driven piles
bearing capacity. This pile shall be paid for as a permanent pile and not as a "test
pile."

Driving Tolerances
1.

Piles for bent construction shall be driven with a degree of accuracy that will
permit framing into bents with a minimum of pulling or jacking. Under ordinary
conditions, timber piles, after driving and before framing, shall not vary from the
vertical or from the required batter by more than 1/4 inch per foot of pile above
finished ground. Other types of piles, after driving and before framing, shall not
vary from the vertical or from the required batter by more than 1/8 inch per foot
of pile above finished ground, except that under ordinary conditions, the
maximum deviation of the top of the pile from the plan location shall be 2 inches
in the direction of the structure centerline and 4 inches in the direction along the
centerline of the bent.

2.

Foundation piles shall be driven to the vertical or batter line shown on the plans
and the top of the completed pile shall not be more than 4 inches in any direction
from the position shown on the plans. The center of gravity of the completed pile
group shall not vary by more than 3 inches from the center of gravity determined
from plan location.

3.

If necessary to meet the required tolerances, pilot holes or guide templates may be
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used. Generally, the diameter of pilot hole shall be as specified in Paragraph
3.1.F.1.
C.

Protection of Pile Heads
1.

A steel driving head suitable for the type and size of piles being driven shall be
used. Steel bearing piles and steel sheet piles shall be driven with a driving head
compatible with the specific pile shape driven.

2.

For concrete piles, a cushion block shall be provided between the driving head
and the top of the pile. Wood cushion blocks, wire rope mat, belting, or other
suitable material shall be used, subject to the approval of the Engineer, to prevent
damage to the pile. Cushion blocks shall be changed as necessary to maintain an
effective cushion.

D.

Pile Damage and Misalignment: Care shall be exercised to avoid damage to piles from
overdriving. Any pile that is damaged to the extent that, in the opinion of the Engineer,
it will not perform its design function; any pile that is driven off location or alignment
beyond the allowable tolerances; or any timber pile that is driven below cut-off
elevation shall be pulled, if possible, or cut off below ground line and another pile
driven as close as possible to the proper location. Splicing of timber piles will not be
permitted. If the defective pile condition is due to Contractor's negligence, the cost of
replacement and redriving shall be borne by the Contractor.

E.

Pile Penetration

F.

1.

All piles shall be driven to a penetration satisfactory to the Engineer. The length
of the piles shown on the plans is the length which is estimated to give the
minimum required penetration and bearing, and is for estimating purposes only.

2.

When test piles are required by the contract, the pile lengths and penetration
required will be established by the Engineer on the basis of the test pile data.
These lengths and elevation of pile tips shall supersede requirements shown on
the plans.

3.

Unless otherwise shown on the plans or directed in writing by the Engineer for
cases where piles penetrate into competent rock, foundation piles shall be driven
to a penetration of a minimum 10 feet below bottom of footing, and other piles to
a penetration of at least 15 feet below natural or finished ground line, whichever
is lower. Piles in streambeds or on the banks of streams, where marked erosion is
expected, shall be driven to such penetration as the Engineer deems necessary for
protection against scour.

4.

When the specified penetration cannot be obtained without overdriving the piles,
the Contractor shall provide either pilot holes or jetting equipment or a
combination of both, as directed by the Engineer.

Pilot Holes
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If piles cannot be driven to the required penetration and the material is not
suitable for jetting, the Engineer may permit pilot holes to be drilled to facilitate
driving. The Engineer will designate the diameter and depth of the drilled hole.
Ordinarily, a drill diameter of 12 inches will be satisfactory for timber piles and
typically a drill diameter 4 inches less than the diagonal of square piles, 2 inches
less than the diagonal of octagonal piles, and 1 inch less than the diameter of
round piles will be satisfactory for steel pipe and concrete piles.

2.

Where pilot holes are required in granular material which cannot be sealed off by
ordinary "mudding" drilling methods, a casing pipe of sufficient diameter shall be
placed around the boring device. The casing shall be of sufficient length to
extend through the loose materials and shall be held in position until the pilot hole
is completed and the pile placed ready for driving.

3.

If the hard material extends below the desired penetration, the drilling shall be
stopped 1 foot above that level and the pile driven the remaining distance if it is
possible to do so without damaging the pile. If the pile does not completely fill
the pilot hole, the space between the pile and the wall of the hole shall be filled
with dry granular material prior to driving as directed by the Engineer.

4.

Pilot holes shall be considered as incidental to piles and no direct payment will be
made for this work.

Jetting
1.

For jetting operations sufficient power shall be provided, in addition to that used
for operating the hammer, to supply water volume and pressure sufficient to
freely erode the material adjacent to the pile.

2.

Jetting shall be stopped a minimum of 2 feet above the desired tip elevation and
the final penetration obtained by driving without jetting. In silty soils it is
possible that jetting may loosen the soil around piles already driven. If such a
condition is considered possible, piles shall be redriven after all jetting within 25
feet has been completed.

3.

Jetting shall be considered as incidental to piles, and no direct payment will be
made for this work.

H.

Shooting Pilot Holes: The use of explosives for drilling of pilot holes will not be
permitted.

I.

Bearing Capacity
1.

All piles shall be driven to the ultimate bearing capacity specified on the plans, in
the special provisions, or by the Engineer. The bearing values shall be
determined using the wave equation method or the following formula as directed
by the Engineer:
Ru = 12eE x W + n2P
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s+c

W+P

Ru = Ultimate dynamic pile resistance (pounds)
e = Hammer efficiency = 0.9
E = Hammer energy per blow = Wh for single acting steam or air hammer or
open cylinder Diesel hammer.
s = Penetration of pile per hammer blow (inches)
c = Average temporary compression (inches).
The value of c shall be determined from test pile rebound graphs or as
specified by the Engineer.
W = Weight of striking parts of hammer (pounds)
h = Hammer ram stroke (feet) average during 1 inch of pile penetration
n = Coefficient of restitution = 0.7
P = Weight being driven (pounds) includes pile and pile follower, anvil, drive
cap and adapter as applicable

J.

2.

When measuring penetration per blow to determine if adequate bearing capacity
has been obtained, the hammer shall be running freely and at the speed specified
by the manufacturer for full rated energy output.

3.

If, for some unavoidable reason, driving must be interrupted before final
penetration is reached, the penetration per blow to determine bearing capacity
shall not be measured until 12 inches of penetration or refusal has been obtained
after driving has been resumed.

PILE DRIVING NEAR FRESH CONCRETE
1.

Piles shall not be driven within 150 feet of concrete that was placed within the
previous 24 hours. If piling are driven within 150 feet of concrete that has not
attained its specified 28-day strength, the following distances, based on the
concrete strength and pile hammer rated energy, shall be maintained between the
concrete and the nearest pile.
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Distance to Concrete

Percent of 28 Day
Strength

Energy less than
40,000 ft-lb

Energy 40,000 ft-lb
to 60,000 ft-lb

Energy 60,000 ft-lb
or greater

20

60 feet

70 feet

85 feet

40

35 feet

45 feet

50 feet

60

25 feet

25 feet

30 feet

80

10 feet

15 feet

15 feet

3.2

TEST PILES

A.

The furnished length of test piles shall be a minimum of 10 feet longer than the
estimated length of the permanent piles shown on the plans or as directed by the
Engineer.

B.

Wherever possible, test piles shall be driven in a location such that they can become part
of the permanent structure. If not so used, test piles shall be cut off or extracted as
directed by the Engineer. Extraction of test piles shall be considered incidental to the
test pile item, and no separate compensation will be made for this work.

C.

Ground elevations shall be brought to finished grade wherever possible prior to driving
test piles, so that the test pile will be comparable to the piles used in the permanent
structure.

D.

Equipment used for driving test piles shall be adequate for handling the lengths provided
without splicing. The hammer used shall be the same make and model as that to be used
in driving the permanent piles.

E.

Driving of a test pile shall continue until a penetration and bearing capacity is obtained
which is satisfactory to the Engineer. Typically, test piles shall be driven to not less
than 125% of the ultimate pile capacity required for permanent piles in the bridge
structure.

3.3
A.

TIMBER PILES
Pile Preparation
1.

When the furnished length is much longer than the required length, the Engineer
may permit shortening the tip end before driving so as to have the desired
diameter at the cut-off.

2.

Pile tips shall be cut perpendicular to the axis of the pile.
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3.

B.

C.

3.4

The piles for bents shall be matched as much as possible in diameter to facilitate
framing and bracing.

Cut-offs
1.

Piles which are to be encased in concrete shall be cut-off square with a saw to the
elevation shown on the plan or established by the Engineer. The pile heads shall
then be swabbed with preservative as specified on the plans.

2.

Piles which are to support steel or timber caps shall be brought into final position
and held while cut-off is made. Any chains or jacks used in positioning the piles
shall be arranged so that the surface of the pile below cut-off will not be damaged.
Cut-off shall be made with a saw to a true plane and to the exact elevation shown
on the plans or established by the Engineer so that the cap will bear on the entire
cross section of each pile in the bent. No shims will be permitted between the
pile and the cap. Piles must show a solid head at the plane of cutting, and after
cut-off, the pile caps shall be protected with preservative, fabric, and plastic
cement as specified on the plans.

3.

Cut-off portions of piles furnished by the Company remain the property of the
Company, and shall be hauled to and loaded into rail cars by the Contractor. In
the event rail cars are not available, the cut-offs will be stockpiled at a location
designated by the Engineer. Stubs under 5 feet in length shall be disposed of by
the Contractor in accordance with all applicable environmental laws and
regulations. No extra payment will be allowed for this work.

Treatment of Damaged Surfaces: Any pile surface below cut-off that has been scuffed,
torn or otherwise damaged shall be treated in accordance with the requirements of the
applicable plans.
STEEL BEARING PILES AND STEEL SHEET PILES

A.

Splices and Build-ups: The length of steel bearing piles and steel sheet piles shown on
the plans or ordered by the Engineer may be built up in sections either before or during
driving operations. The sections, unless otherwise shown on the plans, shall be of
identical cross-section. Pile splices shall be made by full penetration butt welding the
entire cross-section or as otherwise shown on the plans. All welding shall be in
accordance with ANSI/AASHTO/AWS D1.5 Bridge Welding Code. Care shall be taken
to properly align the sections connected so that the axis of the pile will be straight. Pile
splices above a point 15 feet below finished ground line shall be reinforced as shown on
the plans, unless otherwise directed by the Engineer. Field splices shall be avoided for
lengths under 60 feet.

B.

Cut-Offs: Piles shall be cut off, with a cutting torch, or by other acceptable methods, to
the elevation shown on the plans or established by the Engineer. Where caps are
required, piles shall be brought into final position and held while cut off is made and the
end surface of the piles shall be made as smooth as practicable with maximum gap of
1/8 inch between pile and pile cap.
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3.5
A.

STEEL PIPE PILES
Splices and Build-ups
1.

The length of a steel pipe pile may be built up in sections either before or during
the driving operation. The minimum length of a section measured between
welded splices shall be 5 feet, and between drive splices shall be 30 feet. Only
one welded splice and no drive splices will be permitted in that portion of the pile
exposed above ground line or normal water line. Drive splices shall be 15 feet
below the ground line, unless directed by the engineer.

2.

Care shall be taken to properly align the sections to be spliced to insure a straight
axis. The sections shall be spliced together in accordance with details shown on
the plans. All welding shall be in accordance with the ANSI/AASHTO/AWS
D1.5 Bridge Welding Code.

B.

Cut-Offs: Piles shall be cut off, with a cutting torch, or by other acceptable methods, to
the elevation shown on the plans or established by the Engineer. Where caps are
required, piles shall be brought into final position and held while cut off is made and the
end surface of the piles shall be made as smooth as practicable with maximum gap of
1/8 inch between pile and pile cap.

C.

Placement of Concrete

3.6
A.

1.

After all driving, splicing, and positioning of pile is completed, the pile shall be
free from buckles, splits, distortions, water or other foreign matter. The
Contractor shall provide equipment, lighting, and facilities necessary for the
proper inspection of the piles. Any damaged, improperly driven, or otherwise
defective pile shall be removed and replaced at the Contractor's expense.

2.

The tops of piles shall be kept covered after driving until the concrete is placed.
No concrete shall be placed in the piles in any unit until the driving of all piles in
that unit has been completed. No concrete shall be placed until the Engineer has
inspected the completed pile and reinforcing steel, when required, and given his
approval to proceed. Unit is defined as a pier, bent or abutment.

3.

Concrete shall be placed in a continuous operation taking care to prevent
segregation. Special placing devices shall be used if necessary.

PRECAST AND PRESTRESSED CONCRETE PILES
Build-ups
1.

Build-ups shall be made in accordance with the details shown on the plans or
provided by the Engineer. The concrete used for the build-up shall be of the same
quality as that used originally in the pile. Just prior to placing the concrete, the
top of the pile shall be coated with an epoxy bonding compound approved by the
Engineer.
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2.

B.

Cut-Offs: Concrete at the end of a pile terminating in cast-in-place concrete shall be cut
back the required amount leaving the reinforcing steel or prestressing steel exposed.
The final cut of the concrete shall be normal to the axis of the pile. Any damage to the
pile below the plan cut-off elevation shall be remedied by further cut-back and built-up.

PART 4
4.1
A.

B.

When additional driving of precast non-prestressed piles is required, the built-up
portion shall obtain a compressive strength equal to the design compressive
strength of the original pile prior to redriving.

MEASUREMENT AND PAYMENT
MEASUREMENT OF PILES
General
1.

Piles delivered of the various kinds, sizes, types, and weights will be measured by
the lineal foot, except steel sheet piles will be measured by the square foot, of
acceptable pile delivered at the site of work and furnished in accordance with the
lengths specified on the plans.

2.

Piles driven of the various kinds, sizes, types, and weights will be measured to the
nearest 1/10 lineal foot of net length of pile in place, except steel sheet piles will
be measured by the square foot of acceptable pile in place, after all cut-offs and
build-ups have been made.

3.

That portion of piles driven below the elevation required by the plans or as
directed by the Engineer and piles driven below the elevation at which the
minimum penetration and bearing requirements were first obtained will not be
measured for payment.

Timber Piles
1.

Piles supplied by the Company which fail during driving, due to an inherent
weakness in the pile and not due to negligence on the part of the Contractor, and
which are extracted or cut-off at the direction of the Engineer, will be measured
for payment by the lineal foot of pile in the leads. Piles supplied by the Company
and broken during driving due to Contractor's negligence will not be measured for
payment. Piles supplied by the Contractor and broken during driving will not be
measured for payment.

2.

Cut-off portions of piles will not be measured for payment.

C.

Steel Piles: Cut-off portions of piles will not be measured for payment.

D.

Concrete Piles, Precast and Prestressed
1.

Two feet will be added to the length of piles, measured for payment in accordance
with Paragraph 4.1.A.1, for each authorized build-up made, other than those made
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necessary by improper casting, handling or driving of piles.

4.2

2.

Cut-off portions of piles, when piles are supplied by the Contractor in the lengths
shown on the plans or ordered by the Engineer, will be measured by the lineal
foot of cut-off above design elevation. Cutbacks made below design elevation for
the purpose of making build-ups will be considered incidental to the work and
will not be measured.

3.

When piles of extra length are furnished to eliminate protrusion of reinforcing
steel required for splicing, such extra length will not be measured for payment as
either piles or cut-off portion of piles.

PAYMENT FOR PILES

A.

Piles Delivered: Piles delivered shall be paid for at the contract unit price per lineal foot
or square foot, as designated in Paragraph 4.1, of the various kinds, sizes, types, and
weights. This price shall include full compensation for all work and costs involved for
furnishing the piles, unless otherwise specified; unloading, storing, and transporting the
piles. This price shall not include compensation for concrete or reinforcing steel in steel
pipe piles which will be paid for under Section 04400, Concrete Construction.

B.

Piles Driven: Piles driven shall be paid for at the contract unit price per lineal foot or
square foot, as designated in Paragraph 4.1, of the various kinds, sizes, types, and
weights. This price shall include full compensation for furnishing all labor, materials,
tools, equipment, jetting, pilot holes, and incidentals necessary to drive and cut-off the
piles and complete the work. The Contractor shall accept the contingencies of driving
greater or lesser length of piles or other changes of features in construction which this
may involve, all without modification of the unit price fixed by the contract.

C.

Timber Piles: The contract price per lineal foot of acceptable timber pile shall also
include full compensation for preparing the piles, disposing of the pile heads, treating
the pile tops as specified in Paragraph 3.3.B. and the treating of damaged surfaces,
splits, and checks as specified in Paragraph 3.3.C.

D.

Steel Bearing Piles and Steel Pipe Piles: Payment for the work and materials, exclusive
of additional length of pile, required in making each pile splice shall be made at a unit
price per splice equal to two times the unit price bid for "Steel Bearing Piles Driven" or
"Steel Pipe Piles Driven," as applies, of the size and weight on which the splice is made
except that no payment will be made for any splice on any pile whose actual length left
in place, after all cut-offs, splices, or build-ups have been made, is not greater than the
length shown on the plans or specified by the Engineer, nor will payment be made for
more than one splice on any one pile less than 120 feet long.

E.

Steel Sheet Piles: No direct payment will be made for cut-off portions of piles.

F.

Concrete Piles, Precast and Prestressed: Cut-off portions of piles, measured in
accordance with Paragraph 4.1.D.2, will be paid for at one half the unit price bid per
lineal foot for concrete piles.
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4.3
A.

4.4
A.

4.5
A.

4.6
A.

MEASUREMENT OF TEST PILES
Test piles of the various kinds, sizes, types and weights, when the piles do not become a
part of the permanent structure, will be measured by the lineal foot of pile in the leads
and driven in accordance with these specifications and in the location specified on the
plans or by the Engineer. When test piles becomes a part of the permanent structure,
they will be measured by the lineal foot of acceptable pile in place after all cut-offs and
build-ups have been made in accordance with the provisions of Paragraph 4.1 covering
the various kinds of piles.
PAYMENT FOR TEST PILES
Test piles shall be paid for at the contract unit price per lineal foot of test pile of the
various kinds, sizes, types, and weights. This price shall include full compensation for
furnishing the piles, unless otherwise specified; unloading, storing, and transporting the
piles; and for furnishing all labor, materials, tools, equipment, jetting, pilot holes, and
incidentals necessary to drive the piles and complete the work. Payment will be made
for splices authorized by the Engineer at the rate specified in Paragraph 4.2.C.
MEASUREMENT FOR REINFORCED PILE TIPS
Reinforced pile tips will be measured by the number of reinforced tips installed on steel
bearing piles and driven in place.
PAYMENT FOR REINFORCED PILE TIPS
Payment for reinforced pile tips on steel bearing piles, if required, shall be made at the
contract unit price per each which shall be full compensation for furnishing all material,
labor and equipment required to install the tips. Payment will be made only for
reinforced tips required as shown on the plans or as requested by the Engineer.

END OF SECTION
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SECTION 04300
DRILLED SHAFT FOUNDATIONS
PART 1
1.1
A.

GENERAL
SECTION INCLUDES
Drilled Shaft Foundations

(Note: See General Provisions for utility and permitting requirements and sections that apply)
1.2
A.

1.3

DESCRIPTION
These specifications shall govern the construction of foundations consisting of
reinforced concrete drilled shafts with or without bell footings of the size and at the
location shown on the plans.
SUBMITTALS

A.

Detailed records in an approved form, for each caisson, showing shaft and bell
diameters, depths of test holes, top and bottom elevations, bearing strata description,
casing description, water conditions, concrete strength, concrete volume, rock
elevations, dates of excavation and concrete placement, and other pertinent information.
Upon completion of caisson work, the Contractor shall provide a record of centerline
locations based on the survey of the registered surveyor or engineer provided by the
Contractor. In addition, corrective measures shall be similarly recorded. A complete
tabulation of all records pertaining to approved caissons shall be delivered to the
Contracting Officer.

B.

Description of equipment and methods to be used in producing drilled shaft foundations.

PART 2
2.1
A.

MATERIALS
CONCRETE
All concrete shall be in accordance with Section 04400, Concrete Construction, with the
following additional requirements:
1.

If casings are to be removed, the concrete shall contain a Type B retarding
admixture in accordance with the current ASTM Designation: C 494 which has
the approval of the Engineer. The admixture shall retard the initial set of the
concrete a minimum of 2 hours and a maximum of 4 hours.

2.

The concrete slump at the time of placement shall be not less than 4 inches nor
more than 6 inches.
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2.2
A.
2.3

REINFORCING STEEL
All reinforcing steel shall be in accordance with Section 04400, Concrete Construction.
STEEL CASING

A.

ASTM A 283, Grade C; ASTM A 36; or ASTM A 444, corrugated steel; as specified or
as shown on the plans.

B.

Furnish full penetration welds meeting AWS D1.1 requirements for vertical joints in
noncorrugated permanent casings.

C.

Provide casings of sufficient strength to withstand handling stresses, concrete pressure,
and surrounding earth and/or fluid pressures.

PART 3
3.1

EXECUTION
EXCAVATION

A.

Ground elevations shall be brought to finished grade wherever possible prior to drilling
for the shafts. When drilled shafts are required through embankments at bridge ends,
the embankment shall be placed and compacted as required by Section 03200,
Excavation and Embankments, prior to drilling for shafts.

B.

The Contractor shall do all excavation required for the shafts and bell footings, when
required, through whatever substances encountered to the dimensions and grades shown
on the plans or as determined satisfactory by the Engineer. Shafts and bells may be
excavated by hand or mechanical methods. Blasting methods shall be used only with
permission of the Engineer and when used shall be so conducted as to avoid disturbance
of formations below or outside the limits of the proposed excavation.

C.

No shaft excavation shall be made within 15 feet of an uncased shaft filled with concrete
that has been cast less than 24 hours.

D.

The plans indicate the depth or elevation at which satisfactory bearing capacity is
expected to be developed. If satisfactory material is not found at plan elevation, the
bottom of shafts may be raised or lowered as determined by the Engineer to comply with
the design requirements. It is understood that such changes may have an impact on
materials required.

E.

In order that the Engineer may judge the adequacy of the material at the plan elevation
of the bottom of shafts, the Contractor, if requested, shall make soundings extending not
more than 10 feet below the proposed grade. These soundings shall be paid for as
"Force Account Work." The Contractor shall have no right of claim for extra
compensation because of delay of the work while soundings are being taken; however, it
is understood that such soundings may have an impact on the final project deadline.
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F.

Remove from bottom of drilled shafts loose material or free water in quantities sufficient
to cause settlement or affect concrete strength as determined by the Engineer. Excavate
shaft bottoms to a level plane, as approved by the Engineer. If bottoms are sloping rock,
excavate to a level plane or step with maximum step height less than one-quarter the
width or diameter of the bearing area.

G.

All excess material from excavation and other debris from construction shall be
removed from the site and disposed of as directed by the Engineer. The surroundings
shall be left in a clean, neat and presentable condition.

3.2
A.

3.3

BELL FOOTINGS
Before bell footings are excavated, the Engineer will determine that the foundation at
the plan elevation is adequate. The bottom of the bell footings shall be thoroughly
cleaned of all loose material.
CONSTRUCTION TOLERANCES

A.

The center of the top of each shaft shall not vary from its design location by more than
1/24 of the shaft diameter, or 3 inches, whichever is less.

B.

The shaft shall not be out of plumb by more than 1.5 percent of the length nor more than
12.5 percent of shaft diameter, whichever is less.

C.

The bottom of the shaft and bell footings shall be horizontal, or as approved by the
Engineer, with the area of the bottom bearing area not less than that specified on the
drawings, or as approved by the Engineer.

D.

The shaft diameter shall be at least that specified on the drawings, or as approved by the
Engineer.

3.4

STEEL CASING

A.

Casings will be required for shaft excavations when shown on the plans or when
necessary to prevent caving of material above the bottom of the shaft, or to shut off
seepage water. The inside dimension of the casing shall not be less than the nominal
shaft diameter; otherwise the diameter of casing and drilled excavation is left to the
discretion of the Contractor. Make diameter of excavation in relation to diameter of
casing such as to create a minimum void space outside the casing. However, the entire
excavation shall be filled with concrete with no other backfill material allowed around
the casing. No extra compensation will be allowed for the concrete required to fill an
oversize casing or oversize excavation.

B.

Casings, if they are to be removed, shall be removed in sections as the shaft is filled with
concrete, keeping a concrete head of not more than 5 feet nor less than 2 feet above the
bottom of the casing. Extraction of the casing shall be at a slow, uniform rate and the
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pull shall be in a truly vertical direction and shall be done while concrete is still fluid
and plastic and before initial set. Casings shall be smooth and well oiled to facilitate
removal. Check concrete level prior to, during, and after withdrawing casing to confirm
separation of shaft concrete has not occurred. Care shall be exercised so as to preclude
any upward movement of the concrete or reinforcing steel as an upward movement of
one inch or more shall be cause for rejection and removal of the entire shaft.
3.5

INSPECTION

A.

The Contractor shall provide suitable, safe access, full depth protective casings, and
electric lighting for the Engineer to inspect the completed foundation excavation before
any concrete is placed. If necessary because of depth, provision shall be made for
pumping fresh air into the shaft. No gasoline driven or other internal combustion
engines will be permitted in the excavation.

B.

Each drilled shaft shall be checked for toxic and explosive gases prior to personnel
entering. If gas is found, ventilate with forced air until safe for entry, complying with all
OSHA confined space regulations, or follow alternate procedures approved by the
Engineer.

C.

If test results indicate the stratum is not capable of providing the required service load
bearing pressure, adjustments shall be made. These may include, but are not limited to,
advancing the shaft length as directed by the Engineer and repeating the preceding steps,
or enlarging the bell diameter as determined by the Engineer for the appropriate bearing
pressure.

3.6

PLACEMENT OF REINFORCING STEEL

A.

The longitudinal bars and spiral reinforcement or lateral ties shall be assembled and tied
into a rigid unit prior to placing. Reinforcement shall not be tack welded.

B.

When placed in position, the lower end of each bar shall rest on a precast concrete
spacer block. Side spacer blocks of concrete shall be placed at suitable intervals to
insure accurate location of the steel throughout its length.

C.

Bars shall be placed as shown on the plans with cover of not less than 3 inches where
exposed to soil and not less than 4 inches in cased shafts where the casing is to be
withdrawn.

D.

Splices in reinforcement shall be as shown on the plans or as approved by the Engineer.

E.

If concrete cannot be vibrated, the minimum clear distance between spiral reinforcement
pitch or lateral tie spacing shall be the larger of 4 inches or three times the vertical bar
diameter or three times the maximum aggregate size.
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F.

Reinforcing steel shall not be placed until concreting operations are to be started.
Reinforcement shall be placed before concreting begins.

G.

If the shaft is lengthened, the longitudinal bars and lateral reinforcement required in the
upper portion of the shaft shall be extended to the bottom unless otherwise shown on the
plans. These bars shall be lap spliced. Any splices required shall be in the lower
portion of the shaft, i.e., the extended bars located at the bottom of the shaft.

H.

The minimum length of steel required for lap with column steel shall be maintained.
Unless prohibited on the plans, dowel bars may be used if the proper lap length is
provided both into the shaft and into the column. All dowel bars shall be adequately
supported and may be inserted after concrete placement.

3.7

PLACEMENT OF CONCRETE

A.

Unless otherwise noted, the proportioning, mixing, transporting, placing, curing, and
finishing of the concrete shall be as per Section 04400, Concrete Construction.

B.

Uncased or belled excavations shall not be left open overnight; fill uncased or belled
excavations before work day is completed.

C.

At the time concrete is placed, the excavation shall be free from accumulated seepage
water in excess of 2 inches in depth and any loose material.

D.

Concrete placement shall begin immediately after excavation is complete and approved
by the Engineer, and reinforcing steel is in place. Placement shall be continuous
throughout the length of the bell footing, when used, and the shaft or between
designated construction joints, allowing only the necessary intervals for rodding
concrete and pulling casings.

E.

Free fall concrete may be used if there is no water in the shaft excavation and provided it
is directed through a hopper equipped with a tube, elephant trunk, or equivalent to
prevent segregation of materials, such that fall is vertical down center of shaft without
hitting sides or reinforcing. The tube shall be in sections to permit the discharge end to
be raised as the shaft is filled.

F.

Concrete shall be of such workability as to require no vibrating and a minimum amount
of rodding in the shaft length below 3 feet from the top.

G.

The top 3 feet of concrete shall be vibrated. Temporary casings shall be withdrawn
before vibrating begins.

04300-5
Page D-361

DRILLED SHAFT FOUNDATIONS
Section 04300
PART 4
4.1

MEASUREMENT AND PAYMENT
DRILLED SHAFTS

A.

Measurement of drilled shafts: Drilled shafts will be measured by the lineal foot in place
of acceptable shafts of the specified diameter measured from the bottom of the approved
excavation to the top of shaft elevation shown on the plans or designated by the
Engineer.

B.

Payment for drilled shafts: Drilled shafts shall be paid for at the contract unit price per
lineal foot of acceptable drilled shafts in place of the specified diameter. This price shall
include full compensation for all excavation; furnishing, placing, and removing any
required casings; furnishing and placing all reinforcing steel and concrete; forming,
finishing, and curing the concrete; removing excess material; and for furnishing all
tools, labor, equipment, and incidentals to complete the work. No extra payment will be
made for filling oversize excavations or for casings left in place.

4.2

BELL FOOTINGS

A.

Measurement of bell footings: Bell footings will be measured by the cubic yard of
volume within the authorized bell footing and outside of the shaft diameter.

B.

Payment for bell footings: Bell footings shall be paid for at the contract unit price per
cubic yard of acceptable bell footing of the specified dimensions in place. This price
shall include full compensation for all under-reamed excavation; furnishing, and placing
all concrete; and for furnishing all tools, labor, equipment, and incidentals to complete
the work. No extra payment will be made for filling oversize excavations.

END OF SECTION
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SECTION 04400
CONCRETE CONSTRUCTION
PART 1
1.1
A.
1.2

GENERAL
SECTION INCLUDES
Concrete Construction
DESCRIPTION

A.

These specifications cover the construction of concrete structures and the concrete
portion of other structures.

B.

All concrete construction shall be in accordance with the design requirements and
details shown on the plans or as directed by the Engineer.

1.3

SUBMITTALS

A.

Submit design mix to the Engineer for each concrete design mix to be used.

B.

Provide material certifications for aggregate, admixtures, curing compounds and
reinforcing steel.

PART 2
2.1
A.

MATERIALS
CEMENT
Portland cement and air-entraining portland cement shall conform to the requirements of
ASTM Designation: C 150. One or more of the following types shall be used as
specified on the plans, in the special provisions or by the Engineer:
1.

Type I and Type IA: For general use where alkali water or soil is not prevalent
and for small masses of concrete.

2.

Type II and Type IIA: For use when moderate sulfate resistance or when
moderate heat of hydration is desired. In Nebraska, Kansas and Iowa, and other
locations where the presence of alkali reactive aggregate is a possibility, low
alkali Type II or Type IIA shall be used with the alkali equivalent of the cement
not exceeding 0.6% as measured by the percentage of Sodium Oxide (NA20) plus
0.658 times the percentage of Potassium Oxide (K20) unless both coarse and fine
aggregates are determined to be innocuous when tested in accordance with ASTM
Designation: C 289, Standard Test Method for Potential Alkali-Silica Reactivity
of Aggregates (Chemical Method). The percentage of Sodium Oxide and
Potassium Oxide shall be determined in accordance with ASTM Designation: C
114.
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B.

2.2

3.

Type III and Type IIIA: For use where high early strength is required.

4.

Type IV: For use when low heat of hydration is desired.

5.

Type V: For use when high sulfate resistance is desired.

Unless otherwise specified on the plans or in the special provisions or approved in
writing by the Engineer, Type II or Type IIA cement shall be used.
CONCRETE ADMIXTURES

A.

Air-entraining agent conforming to the requirements of ASTM Designation: C 260 shall
be added to normal Portland Cement at the mixer for all concrete unless otherwise
directed. The air-entraining agent used shall be a type which will control the entrainment
of air within the limits specified, and shall be compatible with the cement used.

B.

Admixtures, except air-entraining agents, to be used to alter the normal properties of
concrete; either for densifying, cement dispersion, retarding, accelerating, plasticizing,
or coloring; shall be used only upon the written permission of the Engineer. Acceptable
evidence must be presented concerning the material proposed for use, showing that the
material will perform in the manner claimed and that the strength, coloring appearance
and durability of the concrete will not be adversely affected. Admixtures containing
chloride ions shall not be used.

2.3
A.

FINE AGGREGATE
Fine aggregate shall consist of natural sand or other approved inert materials with
similar characteristics, or a combination thereof. Grains shall be free from adherent
coatings. Lightweight fine aggregate shall not be used. Except as noted in Paragraphs
2.3.B and C, fine aggregates shall be graded within the limits specified in Table 1.
TABLE 1
Fine Aggregate Gradation

B.

Sieve Size

Total Passing - Percentage by Weight

3/8 In.
No. 4
No. 8
No. 16
No. 30
No. 50
No. 100

100
95-100
80-100
50-85
25-60
10-30
2-10

The minimum percentages shown in Table 1 for material passing the No. 50 and No.
100 sieves may be reduced to 5 and 0, respectively, if the aggregate is to be used in air04400-2
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entrained concrete containing more than 420 lbs. of cement per cubic yard, or in non-airentrained concrete containing more than 520 lbs. of cement per cubic yard, or if an
approved mineral admixture is used to supply the deficiency in percentages passing
these sieves. Air-entrained concrete is here considered to be concrete containing airentraining cement or an air-entraining agent and having an air content of more than 3
percent.
C.

The fine aggregate shall have not more than 45 percent retained between any two
consecutive sieves of those shown in Paragraph 2.3.A. and its fineness modulus shall be
not less than 2.3 nor more than 3.1.

D.

For continuing shipments of fine aggregate from a given source, the fineness modulus
shall not vary more than 0.20 from the base fineness modulus. Fine aggregate with a
fineness modulus exceeding this limit shall be rejected or, at the option of the Engineer,
may be accepted provided suitable adjustments are made in concrete proportions to
compensate for the difference in grading.

E.

The fineness modulus of an aggregate is the sum of the percentages of a sample retained
on each of a specified series of sieves divided by 100, using the following standard sieve
sizes No. 100, No. 50, No. 30, No. 16, No. 8, No. 4, 3/8 in., 3/4 in., 1-1/2 in. and larger
increasing in the ratio of 2 to 1.

F.

The amount of deleterious substances in fine aggregate shall not exceed the limits
specified in Table 2.
TABLE 2
Fine Aggregate Deleterious Substances
Item

Clay Lumps
Coal and Lignite
Material finer than No. 200 sieve:
Concrete subject to abrasion
All other classes of concrete

Maximum Percentage by Weight
1.0
0.5*
3.0**
5.0**

*Does not apply to manufactured sand produced from blast furnace slag.
**For manufactured sand, if the material finer than the No. 200 sieve consists of the dust of
fracture, essentially free from clay of shale, these limits do not apply.
G.

Fine aggregate shall be free of injurious amounts of organic impurities. Except as herein
provided, aggregates subjected to the test for organic impurities in accordance with
ASTM Designation: C 40 and producing a color darker than the standard shall be
rejected.
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1.

A fine aggregate failing in the test may be used, provided that the discoloration is
due principally to the presence of small quantities of coal, lignite, or similar
discrete particles.

2.

A fine aggregate failing in the test may be used provided that, when tested for the
effect of organic impurities on strength of mortar, the relative strength at seven
and 28 days calculated in accordance with ASTM Designation: C 87, are not less
than 95%.

H.

Fine aggregate for use in concrete that will be subject to wetting, extended exposure to
humid atmosphere, or contact with moist ground shall not contain any materials that are
deleteriously reactive with the alkalies in the cement in an amount sufficient to cause
excessive expansion of mortar or concrete, except that if such materials are present in
injurious amounts, the fine aggregate may be used with the low alkali Type II and Type
IA cement as described in Paragraph 2.1.A.2.

I.

Fine aggregate shall be of such quality that when made into a mortar and subjected to
the mortar strength test prescribed in ASTM Designation: C 87, the mortar shall
develop a compressive strength not less than that developed by a mortar prepared in the
same manner with the same cement and graded standard sand having a fineness
modulus of 2.40  0.10. The graded sand shall conform to the requirements of ASTM
Designation: C 778.

J.

Fine aggregate subjected to five cycles of the soundness test in accordance with ASTM
Designation: C 88 shall have a weighted average loss not greater than 10% when sodium
sulfate is used or 15% when magnesium sulfate is used.

K.

Sampling and testing shall be in accordance with ASTM Designation: C 33 and the
following standard methods of the American Society for Testing and Materials:

Surface Moisture in Fine Aggregate
Specific Gravity and Absorption of Fine Aggregate
Petrographic Examination of Aggregates
Standard Sand
Potential Alkali Reactivity of Aggregates
2.4

Designation
C 70
C 128
C 295
C 778
C 1260

COARSE AGGREGATE

A.

Normal weight coarse aggregate shall consist of crushed stone, crushed gravel, crushed
slag or other approved inert materials with similar characteristics, or a combination
thereof, having hard, strong durable pieces free from adherent coatings. Lightweight
coarse aggregate shall not be used.

B.

Crushed slag shall be rough cubical fragments of air-cooled iron-blast-furnace slag,
which when conforming to the grading to be used in the concrete, shall have a compact
weight of not less than 70 lbs. per cu. ft. It shall be obtained only from sources
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approved by the Engineer.
C.

Coarse aggregate shall be graded within the limits specified in Table 3 for the
designated sizes.
TABLE 3
Coarse Aggregate Gradation

Size
No.

1
2
3
357
4
467
56
57
67
7
8

Nominal
Size (Sieves
with Sq.
Openings)
3-1 in.
2-1 in.
2-1 in.
2 in.-No. 4
1- in.
1 in.-No. 4
1-G in.
1 in.-No. 4
 in-No. 4
 in.-No. 4
G in.-No. 8

Total Passing - Percentage by Weight
4 in

3 in.

3 in.

2 in.

2 in.

1 in.

1 in.

 in.

 in.

G in.

No. 4

No. 8

No. 16

100
---------------------

90-100
---------------------

--100
-------------------

25-60
90-100
100
100
---------------

--35-70
90-100
95-100
100
100
-----------

0-15
0-15
35-70
--90-100
95-100
100
100
-------

----0-15
35-70
20-55
--90-100
95-100
100
-----

0-5
0-5
----0-15
35-70
40-85
--90-100
100
---

----0-5
10-30
----10-40
25-60
--90-100
100

--------0-5
10-30
0-15
--20-55
40-70
85-100

------0-5
--0-5
0-5
0-10
0-10
0-15
10-30

---------------------0-5
0-5
0-5
0-10

--------------------0-5

D.

The maximum size of aggregate shall not be larger than 1/5 of the narrowest dimension
between forms of the member for which the concrete is used, nor larger than 1/2 of the
minimum clear space between reinforcing bars.

E.

The amount of deleterious substances in coarse aggregate shall not exceed the limits
specified in Table 4.
TABLE 4
Coarse Aggregate Deleterious Substances
Item

Clay lumps
Soft particles
Chert that will readily disintegrate (soundness test, five cycles)
Material finer than No. 200 sieve
Coal and lignite

Maximum Percent by Weight
0.25
5.0
1.0
1.0*
1.0**

*In the case of crushed aggregates, if the material finer than the No. 200 sieve consists of the dust of fracture,
essentially free from clay or shale, this percentage may be increased to 1.5.
**This requirement does not apply to blast furnace slag coarse aggregate.

F.

Coarse aggregate for use in concrete that will be subject to wetting, extended exposure
to humid atmosphere, or contact with moist ground shall not contain any materials that
are deleteriously reactive with the alkalies in the cement in an amount sufficient to cause
excessive expansion of mortar or concrete, except that if such materials are present in
injurious amounts, the coarse aggregate may be used with low alkali Type II or Type IA
cement as described in Paragraph 2.1.A.2.
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G.

Coarse aggregate subjected to five cycles of the soundness test in accordance with
ASTM Designation: C 88 shall have a weighted average loss not greater than 12%
when sodium sulfate is used or 18% when magnesium sulfate is used.

H.

Coarse aggregate when subjected to the abrasion resistance test in accordance with
ASTM Designation: C 131 or C 535 shall show a loss of weight not more than the
following:

I.

1.

For concrete subject to severe abrasion such as concrete in water, precast concrete
piles, paving for sidewalks, platforms for roadways, floor wearing surfaces, and
concrete cross or bridge ties, the loss of weight shall not exceed 40 percent.

2.

For concrete subject to medium abrasion such as concrete exposed to the weather,
the loss of weight shall not exceed 50 percent.

3.

For concrete not subject to abrasion, the loss in weight shall not exceed 60
percent.

Sampling and testing shall be in accordance with ASTM Designation: C 33 and the
following standard methods of the American Society for Testing and Materials:

Specific Gravity and Absorption of Coarse Aggregate
Petrographic Examination of Aggregates
Potential Alkali Reactivity of Aggregates
2.5

Designation
C 127
C 295
C 1260

WATER

A.

Water used in mixing and curing concrete including free water on aggregates, shall be
potable and free from any pronounced taste, odor, or color that would indicate the
presence of oils, acids, alkalis, salts, sugars, vegetable matter, or other substances that
may be deleterious to concrete or reinforcement and shall not contain more than 1,000
parts per million of chlorides as Cl nor more than 1,000 parts per million of sulfates as
SO4.

B.

If there is any question regarding compliance with the requirements of Paragraph 2.5.A.,
water shall be tested in accordance with ASTM Designations: D 512 and D 516.

2.6
A.

B.

REINFORCEMENT
All steel bars for reinforcement shall be deformed bars and shall conform to the
requirements of ASTM Designation: A 615, Grade 60 or A706 unless otherwise shown
or specified. Reinforcing steel to be structurally welded as indicated on the plans shall
comply with ASTM Designation: A 706.
Spiral reinforcement shall be hot-rolled plain round rod or cold drawn wire. The plain
round rod shall conform to the requirements of ASTM Designation: A 615, Grade 60
and the wire shall conform to the requirements of ASTM Designation: A 82.
04400-6
Page D-369

CONCRETE CONSTRUCTION
Section 04400
C.

Fabricated deformed steel bar mats shall conform to the requirements of the ASTM
Designation: A 184, Grade 60.

D.

Welded plain steel wire fabric shall conform to the requirements of ASTM Designation:
A 185. Welded intersections shall not be spaced further apart than 12 inches in the
direction of primary flexural reinforcement.

E.

Welded deformed steel wire fabric shall conform to the requirements of ASTM
Designation: A 497. Welded intersections shall not be spaced further apart than 16
inches in the direction of primary flexural reinforcement.

F.

Reinforcement shall be fabricated in accordance with Chapter 7 of the C.R.S.I. Manual
of Standard Practice. Standard bending tolerances are applicable unless otherwise
specified on the plans. Reinforcement shall be bent cold to conform accurately to the
dimensions and shapes shown on the approved working drawings. Bends shall be made
accurately in a suitable bending machine. Unless otherwise specifically approved, bars
shall be shop bent before shipment and shall not be bent in the field. Reinforcement
shall not be straightened or rebent in a manner that will injure the material.

2.7
A.

2.8
A.

2.9

MEMBRANE CURING COMPOUND
Liquid membrane-forming curing compounds shall conform to the requirements of
ASTM Designation: C 309. The compound may be clear (may contain a fugitive dye),
white pigmented, or light gray as specified by the Engineer. Compounds for use in
curing bridge decks to be waterproofed shall have a resin base and shall not contain oil,
wax or pigment.
ASPHALT EXPANSION BOARD
Asphalt expansion board shall be suitable for concrete construction and shall be smooth,
flat, and sufficiently rigid to permit installation.
WATERSTOPS

A.

Except where otherwise indicated on the plans, waterstops may be manufactured from
natural or synthetic rubber or from polyvinylchloride.

B.

Field splices in rubber waterstop shall be either vulcanized or made with a rubber
splicing union of the same stock as the waterstop. Field splices in polyvinylchloride
waterstops shall be in accordance with the manufacturer's recommendations.
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2.10

STORAGE OF MATERIALS

A.

Storage of Cement: The Contractor shall provide suitable means for storing and
protecting the cement against dampness. Cement, which for any reason, has hardened or
become partially set or which contains lumps of caked cement will be rejected and not
used in the work. Different brands or different types of cement from the same mill, or
the same brand or type from different mills shall be separated and kept in such manner
as to permit easy access for proper inspection and identification of each shipment.
Cement shall be used in the same order as it is received.

B.

Storage of Aggregates:

C.

2.11

1.

Fine and coarse aggregates shall be stored separately and in such a manner as to
avoid the inclusion of dirt and other foreign material in the concrete. Aggregates
shall be unloaded and piled in such manner as to maintain the uniform grading of
the sizes. Stockpiles of coarse aggregates shall be built in horizontal layers by
leveling end dump piles to avoid segregation.

2.

A hard base shall be provided to prevent contamination from underlying material,
and overlap of the different sizes shall be prevented by suitable walls or ample
spacing between piles. Stockpiles shall not be contaminated by swinging
aggregate filled buckets or clams over the various stockpiled aggregate sizes.
Crushed slag shall be wetted down when necessary to insure not less than 3
percent moisture content.

Storage of Reinforcement: Reinforcement shall be stored upon platforms, skids or other
supports in such a manner as to avoid contact with the ground. If reinforcement is to
remain in storage on the site for more than one month it shall be covered to protect it
from weather. If reinforcement accumulates heavy rust, dirt, mud, loose scale, paint, oil,
or any other foreign substance during storage, it shall be cleaned before being used.
Severe deterioration of this kind may be a basis for rejection.
FALSEWORK

A.

The Contractor shall submit detailed plans, stamped by a licensed professional structural
engineer in the state where the work is to be done, for falsework for examination by the
Engineer. If such plans are not satisfactory to the Engineer, the Contractor shall make
such changes in them as may be required, but it is understood that the Engineer's
concurrence in the use of the plans as submitted or corrected shall in no way relieve the
Contractor of responsibility for obtaining satisfactory results.

B.

In the case of very long spans where no intermediate supports are possible, the probable
deflection in the forms due to the weight of the fresh concrete shall be taken into
account so that the finished members shall conform accurately to the desired line and
grade. If adequate foundation for shores cannot be secured, trussed supports shall be
provided.
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C.

For calculating the strength of falsework, a weight of 150 lbs. per cu. ft. shall be
assumed for the concrete. The design of the falsework shall take into account the weight
of the concrete and also other loads incidental to the construction operations. All
falsework shall be designed and constructed to provide the necessary rigidity and to
support the imposed loads without appreciable settlement or deformation. The
Contractor shall make allowance for the deflection of forms and for shrinkage and
settlement of falsework, in addition to the allowance for the amount of dead load
deflection and camber shown on the plans. A method satisfactory to the Engineer shall
be used to detect any settlement that may occur during the placing of the concrete.

D.

Falsework bents shall generally be founded upon piles driven to a capacity sufficient to
support the load without appreciable settlement. If the soil is firm and well compacted,
the Contractor may, as an alternate, place falsework bents upon concrete footing or mud
sills of sufficient size that the pressure on the soil will not exceed the allowable bearing
value determined by the Contractor and approved by the Engineer. When requested by
the Engineer, the Contractor shall demonstrate by suitable load tests that the soil bearing
values assumed for the design of the falsework do not exceed the supporting capacity of
the soil. Or the Contractor may support falsework from the piers or abutments, provided
sleeves for any tie bolts can be cast into the concrete and the method proposed meets the
approval of the Engineer. Sleeves or other appurtenances cast into the concrete shall be
constructed so as to permit their removal to a depth of at least 1-1/2 inches from the face
without injury to the concrete. Drilling into existing piers or abutments that are to
remain as a part of the final structure will not be permitted for the support of falsework.
The Engineer may require the Contractor to use screw jacks or hardwood wedges to take
up any settlement in the formwork, either before or during the placing of the concrete.

2.12

FORMS

A.

Forms shall conform to the shape, lines, grade and dimensions of the concrete as called
for on the plans. The shape, strength, rigidity, cleanness, mortar tightness, and surface
smoothness of reused forms shall be maintained at all times. Forms which in the
opinion of the Engineer, are unsatisfactory in any respect shall not be reused.

B.

Lumber may be used to form unexposed surfaces if approved by the Engineer.

C.

Plywood or metal forms shall be used to form exposed surfaces.

D.

Forms shall be smooth and mortar tight. The forms shall be so constructed as to be
removable in sections without marring or damaging the surface of the concrete.

E.

Metal forms shall be of such thickness that they remain true to shape. All fasteners in
contact with concrete shall be countersunk.

F.

Joints in forms shall be horizontal or vertical and forms shall be sufficiently tight to
prevent leakage of mortar. They shall be properly braced or tied together so as to
maintain the desired position and shape during and after placing concrete.
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G.

Suitable moldings or bevels shall be placed in the angles of forms to round or bevel the
edges of the concrete, including both sides of expansion board, unless otherwise directed
by the Engineer. Bevel only exposed concrete.

H.

The inside of forms shall be coated with form oil or other approved bond breaking
material or thoroughly wetted, except in freezing weather, immediately before the
concrete is placed. Where oil is used, it shall be applied to the forms before they are
placed.

I.

Forms used in casting concrete bridge floors shall be removed.

J.

Permanent metal concrete deck forms may be used only when specified on the plans or
in the special provisions or approved in writing by the Engineer. Metal forms shall be at
least 18 gage in thickness, perforated to provide exposure of not less than 10 percent of
the undersurface of the concrete for evaporation and drainage, galvanized and designed
to withstand loads imposed during placement concrete.

K.

Temporary openings shall be provided at the base of column and wall forms, and at
other points where necessary, to facilitate cleaning and inspection immediately before
depositing concrete. Forms for walls or other thin sections of considerable height shall
be provided with openings or other devices which will permit the concrete to be placed
in a manner to avoid accumulation of hardened concrete on the forms or reinforcement.

L.

Tie rods, bolts and anchorages, within the forms shall be constructed so as to permit
their removal to a depth of at least 1-1/2 inches from the face without injury to the
concrete. Wire ties, when permitted by the Engineer, shall be cut back at least 1/2 inch
from the face of the concrete upon removal of the forms. All fittings for metal ties shall
be of such design that, upon their removal, the cavities which are left will be of the
smallest practicable size. All cavities which are left shall be filled with dry pack during
finishing similar to the method described in Part 3, 3.6, A, 4.

M.

When forms appear to be unsatisfactory in any way, either before or during the placing
of concrete, the Engineer shall order the work stopped until the defects have been
corrected. If forms develop any defects, such as bulging or sagging, after the concrete
has been deposited, that portion of the work shall be removed and reconstructed as
directed by the Engineer without additional compensation to the Contractor.

2.13
A.

PROPORTIONING CONCRETE
General:
1.

Concrete for all purposes shall be composed of cement, aggregates, and water of
the qualities herein specified and in the required proportions, these ingredients to
be well mixed and brought to a proper consistency. The proportions in which
these materials are to be used for different parts of the work shall be as required to
produce the specified properties and approved by the Engineer from time to time
during the progress of the work, and as analyses and tests are made of samples of
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the aggregate and the resulting concrete. In general, the proportions shall be
designed to produce a concrete of maximum practicable economy.
2.

All concrete shall be air-entrained, unless otherwise directed by the Engineer.
The entrained air may be produced through the use of air-entraining cement, by
the addition of an air-entraining admixture at the concrete mixer, or through a
combination of both. The method used shall have the approval of the Engineer.

3.

The minimum 28 day compressive strength of 6 inch by 12 inch cylinders made
and cured in compliance with ASTM Designation: C 31 and tested in accordance
with ASTM Designation: C 39 shall be as follows for the various classes of
concrete:
Class
Minimum 28 Day Strength
20 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2,000 psi
25 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2,500 psi
30 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3,000 psi
35 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3,500 psi
40 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4,000 psi
50 . . . . . . . . . . . . . . . . . . . . . As specified on the plans or in the special provisions.

B.

C.

Measurement of Materials:
1.

The unit of measure for cement shall be the pound.

2.

Material shall be measured by weighing. The apparatus provided for weighing
the aggregates and cement shall be suitably designed and constructed for this
purpose. The accuracy of all weighing devices shall be such that successive
quantities can be measured to within one percent of the desired amount. The
mixing water shall be measured by volume or by weight. The water-measuring
device shall be susceptible to control accuracy to plus or minus one-half percent.

3.

The accuracy of the material weighing and water measuring devices shall be
subject to check at all times. The Contractor shall provide suitable weights
approved by the Engineer for this purpose and shall assist the Engineer in making
all tests.

Minimum Cement Content: Unless otherwise authorized in writing by the Engineer, the
cement content of concrete shall be not less than that shown in Table 5 and specified in
Paragraph 3.3.I.3.
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TABLE 5
Minimum Cement Content

D.

Class of Concrete

Minimum Cement Content
(Pounds per Cubic Yard of Concrete)

20
25
30
35
40 and 50

420
470
515
560
610

Water-Cement Ratio:
1.

The proportioning of materials for the class of concrete specified or shown on the
plans shall be based on the requirements for a plastic and workable mix. The
water-cement material ratio by weight of the mix shall not exceed that specified in
Table 6.
TABLE 6
Water-Cement Ratio

In Air

Class of Concrete
20
25
30
35
40

0.69
0.60
0.53
0.49
0.44

50

In Fresh Water
0.65
0.56
0.48
0.45
0.40

In salt water or when
sulfate concentration
in soil or ground
water exceeds 0.2
percent, *
0.65
0.56
0.48
0.45
0.40

To be determined by test.

*Type II, IIA or V cement must be used.
2.
3.

4.

The required concrete compressive strength shall be as shown on the plans or
specified by the Engineer.
Concrete compressive strengths at 28 days shown in Table 5 and 6 shall be
attained in 7 days when Type III cement is used.
Free water content of the aggregates shall be included in the total water in
determining the water-cement ratio.
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5.

E.

Moisture in the aggregate shall be measured by methods satisfactory to the
Engineer, which will give results within one pound for each 100 lbs. of aggregate.

Air Content of Air-Entrained Concrete:
1.

The volume of entrained air in concrete shall be within the limits shown in Table
7.
TABLE 7
Air-Entrainment

2.

Maximum Size
Coarse Aggregate
(Inches)

Air Content
(% by Volume)

1-1/2, 2 or 2-1/2
3/4, 1
3/8, ½

4 to 6
5 to 7
6 to 8

The air content shall be determined by one of the following methods:
(a)
(b)
(c)

F.

G.

The gravimetric method, ASTM Designation: C 138.
The volumetric method, ASTM Designation: C 173.
The pressure method, ASTM Designation: C 231.

Workability:
1.

The mixture shall be such as to produce concrete that can be worked readily into
the corners and angles of the forms and around the reinforcement without
excessive vibration, or without permitting the materials to segregate or free water
to collect on the surface. The workability may be controlled by adding or
deducting fine or coarse aggregate or both, but in no case shall the amount of
coarse aggregate be such as to produce harshness in placing or honeycombing in
the structure.

2.

Admixtures shall not be used for the purpose of promoting workability, unless
specifically authorized by the Engineer.

Slump: Desired and maximum slump as determined by ASTM Designation: C 143 shall
be as listed below or as specified by the Engineer:
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Type of Structure
Massive sections
Floors laid on ground and bridge decks
Plain footings, caissons and substructure walls
Heavy reinforced walls, slabs and beams
Ordinary reinforced slabs, beams, columns and walls
Thin reinforced sections
Concrete placed under water
H.

PART 3
3.1

Desired Maximum
1-½ in
2 ½ in..
1-½ in
3 in.
1-½ in..
3 in.
3 ½ in.
4 ½ in
3 in.
4 in.
3 ½ in
4 ½ in
See Paragraph 3.3.I.7

Testing Concrete:
1.

The Contractor shall assist the Engineer in making all tests.

2.

Unless otherwise specified by the Engineer, four 6 inch diameter by 12 inch test
cylinders shall be made for each 250 cubic yards of concrete deposited, and on no
job shall less than four cylinders be made, nor less than four per day, for each
design of mix being placed. Test cylinders shall be made and cured in accordance
with ASTM Designation: C 31.

3.

These cylinders shall be tested in accordance with ASTM Designation: C 39.

4.

The air content of freshly mixed air-entrained concrete shall be checked at least
twice daily for each class of concrete. Changes in air content above or below the
amount specified shall be corrected by adjustments in the mix design or quantities
of air-entraining material being used.
EXECUTION

PLACING REINFORCEMENT

A.

Reinforcement shall not be straightened or rebent in a manner that will injure the
material. Bars with kinks or bends not shown on the plans shall not be used. Heating of
reinforcement will be permitted only when the entire operation is approved by the
Engineer. Bars partially embedded in concrete shall not be field bent except as shown in
the plans or specifically permitted.

B.

All reinforcement shall be set in the positions shown in the plans, and held securely in
place. Placement tolerances of reinforcement shall be in accordance with Chapter 8 of
the C.R.S.I. Manual of Standard Practice. Reinforcement bars shall not be placed by
sticking or floating into place during or immediately after placement of the concrete.

C.

No concrete shall be deposited until the Engineer has inspected the placing of the
reinforcement, and given permission to place concrete. All concrete placed in violation
of this provision shall be rejected and removed.

D.

Reinforcing bar supports, their selection and placement, unless otherwise provided, shall
be in accordance with Chapter 3 of the C.R.S.I. Manual of Standard Practice. Wire bar
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supports shall be Class 1, plastic protected bar supports. Bars in the bottom of footings
and slabs shall be supported on precast concrete blocks with adequate bearing area using
doweled blocks where required. Precast concrete blocks shall have a compressive
strength equal to or greater than the specified compressive strength of the concrete being
placed. Pebbles, stones, building bricks, and wood blocks shall not be used for bar
supports.
3.2
A.

B.

MIXING CONCRETE
General:
1.

The concrete shall be mixed only in the quantity required for immediate use.
Concrete that has developed an initial set shall not be used.

2.

The first batch of concrete materials placed in the mixer shall contain a sufficient
excess of cement, sand, and water to coat the inside of the drum without reducing
the required mortar content of the mix. Upon the cessation of mixing for a
considerable period, the mixer shall be thoroughly cleaned.

3.

Concrete may be mixed at the site of construction, at a central point, or wholly or
in part in truck mixers.

4.

Retempering concrete by adding water or by other means shall not be permitted.
Concrete that is not within the specified slump limits at time of placement shall
not be used.

5.

The production of concrete shall meet the applicable requirements of ASTM
Designation: C 94.

Machine Mixing:
1.

Unless otherwise authorized by the Engineer, the mixing of concrete shall be
done in a batch mixer of approved type which will insure a uniform distribution
of the material throughout the mass. The equipment at the mixing plant shall be
so constructed that all materials (including the water) entering the drum can be
accurately measured in accordance with Paragraph 2.13.B. The water measuring
device shall be controlled from a case which can be kept locked. The mixer shall
be equipped with an attachment for automatically locking the discharge lever
until the batch has been mixed the required time. After all materials are in the
mixer the entire contents of the drum shall be discharged before recharging. The
volume of the mixer materials per batch shall not exceed the manufacturer's rated
capacity of the mixer.
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C.

D.

2.

At a stationary plant, mixing of each batch shall continue not less than the periods
shown below during which time the drum shall rotate at a peripheral speed of
about 200 feet per minute. The mixing periods shall be measured from the time
when the materials (including the water) are in the drum.
a.
For mixers of a capacity of 1 cubic yard or less - 1-1/2 minutes.
b.
For mixers of capacities greater than 1 cubic yard - the time of mixing shall
be increased 25 seconds for each cubic yard capacity or fraction thereof
above 1 cubic yard.

3.

Pick-up and throw-over blades in the drum of the mixer which are worn down 3/4
inch or more in depth shall be replaced with new blades when directed by the
Engineer.

Truck Mixing:
1.

Truck mixers shall be an approved design revolving drum type in good condition
and shall be capable of thoroughly mixing the concrete materials and of
discharging the materials without segregation. All solid materials for the concrete
shall be accurately measured according to Paragraph 2.13.B., and charged into the
drum at the proportioning place. The truck mixer shall leave the batch plant with
a full tank of water, and shall have a device giving positive control of the amount
of water added. No water shall be added until the mixer is at the job site unless
authorized by the Engineer. If the water is added and the batch mixed in transit,
the truck mixer shall have an approved revolution counter to provide a means of
verifying the amount of mixing obtained. The size of the batch shall not exceed
the rated capacity of the mixer.

2.

When the concrete is mixed in a truck mixer loaded to its maximum capacity, the
number of revolutions of the drum at mixing speed shall not be less than 70 nor
more than 100. If the batch is at least one-half cubic yard less than maximum
capacity, the number of revolutions at mixing speed may be reduced to not less
than 50. All revolutions after 100 shall be at agitating speed.

3.

Mixing shall begin within 15 minutes after the cement has been added to either
the water or the aggregate, and shall be completed and the concrete deposited
within 1-1/2 hours after the cement has been so added. In hot weather a lesser
time, in accordance with Paragraph 3.3.H.5., may be specified by the Engineer.

4.

Pick-up and throw-over blades in the drum of the mixer which are worn down 3/4
inch or more in depth shall be replaced with new blades when directed by the
Engineer.

Truck Agitator:
1.

Truck agitators shall be of an approved design revolving drum type or an
approved design stationary trough type with blades revolving about an axis
parallel to the axis of the trough. The truck agitator, when fully loaded, shall be
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capable of maintaining the mixed concrete in a thoroughly mixed and uniform
mass, and of discharging the concrete without segregation.
2.

E.

3.3

Time allowed for depositing concrete shall be limited according to Paragraph
3.2.C.3.

Time of Hauling Mixed Concrete: Concrete transported in hoppers or other nonagitating types of containers shall be discharged at the job within 20 minutes, or as
specified in Paragraph 3.3.H.5., after the cement has been combined with the water.
Such handling is to be used only in specific instances and will require special approval
of the Engineer.
PLACING CONCRETE

A.

General: Before beginning placement of concrete, hardened concrete and foreign
materials shall be removed from the inner surfaces of the mixing and conveying
equipment. Before depositing any concrete, all debris shall be removed from the space
to be occupied by the concrete. Forms, if constructed of wood, shall be thoroughly
wetted (except in freezing weather) or oiled. Reinforcement shall be free from mud, oil
or other nonmetallic coatings that decrease bond and secured in position and approved
by the Engineer. Where concrete is to be placed on a rock foundation, all loose rock,
clay, mud, etc., shall be removed from the surface of the rock. Water shall be removed
from the space to be occupied by the concrete before concrete is deposited, unless
otherwise directed by the Engineer. Any flow of water into an excavation shall be
diverted through proper side drains to a sump, or be removed by other approved
methods which will avoid washing the freshly deposited concrete. If directed by the
Engineer, water vent pipes and drains shall be filled by grouting or other means after the
concrete has thoroughly hardened.

B.

Handling and Placing Concrete:
1.

Concrete shall be handled from the mixer, or in the case of ready mixed concrete
from the transporting vehicle, to the place of final deposit as rapidly as practicable
by methods which will prevent the separation or loss of the ingredients. It shall
be deposited in the forms, starting at the low end for structures on a grade, as
nearly as practicable in its final position to avoid rehandling and shall not have a
free fall of more than 4 feet except in drilled shaft foundations, unless otherwise
permitted by the Engineer. It shall be so deposited as to maintain, until the
completion of the unit, a plastic surface approximately horizontal. Forms for
walls or other thin section of considerable height shall be provided with openings
in a manner that will avoid accumulations of hardened concrete on the forms or
metal reinforcement. Under no circumstances shall concrete that has been
partially hardened be deposited in the work. In mass concrete, including bridge
substructures, concrete shall be placed in horizontal layers, the thickness of which
generally should not exceed 12 inches. When it is necessary by reason of an
emergency to place less than a complete horizontal layer in one operation, such
layer shall terminate at a vertical bulkhead.
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2.

Water gain is characterized by an accumulation of water at the surface.
Whenever water gain appears in the concrete placed, the succeeding batches must
be placed sufficiently dry to correct the over-wet condition by the reduction of the
water cement ratio without changing the proportions of the other ingredients.

3.

In order to allow for shrinkage or settlement, at least 2 hours shall elapse after
placing concrete in walls or columns before depositing concrete in beams or slabs
supported thereon, unless otherwise specified or shown on the plans. If the
columns are structural steel encased in concrete, the lapse of time to allow for
shrinkage or settlement need not be observed.

4.

Concrete in beams and slabs shall be placed in one continuous operation for each
span, unless otherwise provided. Concrete shall be deposited uniformly for the
full length of the span and brought up evenly in horizontal layers.

5.

No concrete shall be placed in the superstructure until the pier forms have been
stripped sufficiently to determine the character of the concrete in the piers, and
the load of the superstructure shall not be allowed to come upon abutments, piers
and column bents until they have been in place at least 7 days and the cylinder
break results of the 7 day break have been received and approved, unless
otherwise permitted by the Engineer.

6.

The top flange of girders shall be cleaned of all grease, oil and dirt before deck
concrete is placed.

7.

Pneumatic placing of concrete shall not be permitted without the specific
approval of the Engineer.

C.

Chuting: When concrete is conveyed by chuting, the plant shall be of such size and
design as to insure a practically continuous flow in the chute. The chute shall be of
metal or metal lined. The angle of the chute with the horizontal and the shape of the
chute shall be such as to allow the concrete to flow without separation of the ingredients.
The delivery end of the chute shall be as close as possible to the point of deposit. When
the operation is intermittent, the chute shall discharge into a hopper. The chute shall be
kept clean and free from coatings of hardened concrete by thoroughly flushing with
water before and after each run; the water used for this purpose shall be discharged
outside the forms. The chute must be properly baffled or hooded at the discharging end
to prevent separation of the aggregates.

D.

Pumping Concrete:
1.

The pump and all appurtenances shall be so designed and arranged that the
specified concrete can be transported and placed in the forms without segregation.
The pump shall be capable of developing a working pressure of at least 300 psi,
and the pipeline and fittings shall be designed to withstand twice the working
pressure. Aluminum pipe shall not be used and aluminum shall not be used for
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any part of the system that will come into contact with fresh concrete.

E.

2.

Where it is necessary to lay the pipe on a down grade, a reducer shall be placed at
the discharge end of the pipe to provide a choke and thus produce a continuous
flow of concrete. When the type of pump is such that it discharges the concrete in
small batches, or "belching," a baffle box shall be provided into which the
concrete shall be discharged. This box should preferably be of metal, about 2 foot
square, with open sides so as to permit the concrete to flow into the forms at right
angles to line of discharge.

3.

The pipe shall be not less than 6 inches nor more than 8 inches outside diameter,
and the line shall be laid with as few bends as possible. When changes in
direction are necessary they shall be made with bends of 45 degrees or less. The
maximum distance of delivery of concrete by pumping shall be 1,000 feet,
horizontally and 100 feet, vertically, unless otherwise specifically permitted by
the Engineer.

4.

When pumping is completed, if the concrete remaining in the pipeline is to be
used, it shall be ejected in such a manner that there will be no contamination of
the concrete or separation of the ingredients. If water is used, it must be
discharged outside of the forms.

5.

On important work, duplicate pumping equipment and additional pipe shall be
provided to prevent delay due to breakdown of equipment.

Compacting:
1.

All concrete, except concrete placed under water and concrete otherwise exempt,
shall be consolidated by mechanical vibration immediately after placement.

2.

The vibration shall be internal except that external form vibrators may be used for
thin sections when the forms have been designed for external vibration.

3.

Vibrators shall be of approved type and design and of a size appropriate for the
work. They shall be capable of transmitting vibration to the concrete at
frequencies of not less than 4,500 impulses per minute.

4.

The Contractor shall provide a sufficient number of vibrators to properly compact
each batch immediately after it is placed in the forms. The Contractor shall also
have at least one spare vibrator immediately available in case of breakdown. The
number and type of vibrators shall be subject to approval of the Engineer.

5.

Vibrators shall be manipulated so as to thoroughly work the concrete around the
reinforcement and embedded fixtures and into the corners and angles of the
forms. Vibration shall be applied at the point of deposit and in the area of freshly
deposited concrete. The vibrators shall be inserted and withdrawn out of the
concrete slowly in a vertical position. The entire depth of each lift shall be
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vibrated, allowing the vibrator to penetrate approximately 4 inches into the
preceding lift. It shall be withdrawn completely from the concrete before being
advanced to the next point of application. The vibration shall be of sufficient
duration and intensity to thoroughly consolidate the concrete, but shall not be
continued so as to cause segregation, honeycombing, or accumulations of water
or laitance at the surface. Vibration shall not be continued at any one point to the
extent that localized areas of grout are formed. Application of vibrators shall be
at points uniformly spaced and not farther apart than 1.5 times the radius over
which the vibration is visibly effective.
6.

Vibration shall not be applied directly to, or through the reinforcement to sections
or layers of concrete which have hardened to the degree that the concrete ceases
to be plastic under vibration. Vibrators shall not be used to push or transport
concrete in the forms laterally.

7.

Vibration shall be supplemented by such spading as is necessary to ensure smooth
surfaces and dense concrete along form surfaces and in corners and locations
impossible to reach with the vibrators.

8.

When approved by the Engineer, concrete for small noncritical elements may be
consolidated by the use of suitable rods and spades.

F.

Continuous Deposition: Concrete shall be deposited continuously and as rapidly as safe
practice permits until the unit of operation, approved by the Engineer, is completed.
Construction joints in addition to those provided on the plans will not be allowed unless
authorized by the Engineer, and if so authorized, they shall be made as directed by the
Engineer.

G.

Placing Concrete in Cold Weather:
1.

General: When the atmospheric temperature is 40 degree F or lower, or is
forecast to drop below that temperature within 24 hours of the time concrete is to
be placed, special methods shall be used in producing, placing, protecting, and
curing concrete. These special methods shall be followed during all such cold
weather work and shall be specifically approved by the Engineer for each type of
construction before concreting will be permitted to start. Notwithstanding such
approval by the Engineer, the Contractor shall assume all risk connected with
placing concrete under cold weather conditions and shall retain full responsibility
for proper results. Should concrete placed under such conditions prove
unsatisfactory, it will be rejected and shall be removed and replaced with
satisfactory concrete. No allowance shall be made for removing and replacing the
defective concrete. Rate of placing concrete in structures with an appreciable
vertical dimension shall be controlled to prevent excessive pressure on lower
portions of forms.

2.

Production:
a.
Adequate equipment for heating the concrete materials shall be provided.
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b.

c.

No ingredient that is frozen or contains ice shall be placed in the mixer.
Concrete ingredients shall be heated to produce concrete having temperature
at time of delivery of not less than 60 degree F nor greater than 90 degree F.
A temperature of 70 degree F is preferred.
Heating shall be accomplished by heating either the aggregates or the
mixing water, or both. When the water temperature is above 165 degree F,
the aggregate shall be premixed with the water for at least one minute before
the cement is added. Cement shall not be mixed with water or aggregates
having a temperature above 100 degree F.

3.

Placing and Finishing: Concrete shall not come in contact with forms and
equipment containing ice or snow. If required by the Engineer, the formed area
shall be covered and an air temperature of 50 degree F maintained for 24 hours on
all surfaces against which the concrete is to be placed. During placing and
finishing, the temperature of concrete shall be maintained between 50 degree F
and 70 degree F. Troweling shall be delayed in order to avoid bringing an excess
of fines to this surface.

4.

Protection:
a.
When freezing temperatures are forecast, facilities meeting the approval of
the Engineer shall be provided, prior to beginning concrete placement,
capable of maintaining the ambient air temperature at the surface of the
concrete or forms at not less than 50 degree F for 5 days or 70 degree F for
three days. Protective measures shall be maintained for at least four days
beyond the period specified above. During this period, the concrete
temperatures shall not be allowed to drop below 40 degree F.
b.
Sudden cooling (in excess of 20 degree F temperature change in any 24 hour
period) of ambient air temperature at the surface of the concrete of forms
will not be permitted.
c.
Insulated forms may be used when approved by the Engineer. Conditions
shall be such that the internal concrete temperature will not rise above 130
degree F and sudden cooling at the end of the protection period will not be
allowed.
d.
During the entire protection period, adequate means shall be provided to
prevent loss of moisture from the concrete surface.
e.
The temperature of concrete surfaces shall be determined by thermometers
placed against the surfaces of the concrete. The number of thermometers
required shall be determined by the Engineer and furnished by the
Contractor. The thermometer should be able to record the high and low
temperatures. The high and low records should be able to be cleared (for
further monitoring) as the temperatures are recorded by the Engineer.
f.
Provision shall be made in form construction to permit the removal of small
sections of forms to accommodate the placing of thermometers against
concrete surfaces at locations designated by the Engineer.
g.
After thermometers are placed, the apertures in forms shall be covered in a
way to closely simulate the protection afforded by the forms.
h.
In determining the temperatures at angles and corners of a structure,
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i.
j.

k.

l.

H.

thermometers should be placed not more than 8 inches from the angles and
corners.
In determining temperatures of horizontal surfaces, thermometers shall rest
upon the surface under the protection covering normal to section involved.
When protection from cold is needed to insure meeting these specification
requirements, all necessary materials for covering or housing must be
delivered at the site of the work before concreting is started and must be
effectively applied or installed, together with such added heat furnished as
may be necessary without depending in any way upon the heat of hydration
during the first 24 hours after concrete with Type I, IA, II or IA portland
cement is placed, or the first 18 hours when Type III or IIIA is used.
When heat is supplied by steam or salamanders, covering or housing of the
structure shall be so placed as to permit free circulation of air above and
around the concrete within the enclosure, but to the exclusion of air currents
from without, excepting that where salamanders are used sufficient
ventilation shall be provided to carry off gases. Special care shall be
exercised to exclude cold drafts from angles and corners and from all
projecting reinforcement.
When salamanders are used, water vessels must be placed over them or
other means provided to maintain a high humidity within enclosures, or all
exposed surfaces of concrete kept continuously wet during the heating
period.

Placing Concrete in Hot Weather:
1.

In hot weather, suitable provisions shall be taken to reduce the temperature of the
concrete coming from the mixer by cooling the mixing water or aggregates or
both so that the temperature of the concrete when deposited shall not exceed 90
degree F. Temperatures above 80 degree F require approval of the Engineer.

2.

Stockpiled aggregates shall be saturated, and the surface shall be kept moist by
intermittent sprinkling or continuous fog spray.

3.

Mixing water shall be kept cool by adequate protection of storage tanks and
piping. Supply lines shall be shaded, insulated, or buried.

4.

When necessary to produce and maintain concrete at an acceptable temperature,
chopped or crushed ice shall be added directly into the mixer, up to the limit of
50% by weight of the total water required. Ice shall be added at a rate and in a
manner that it will be completely melted during the mixing period. Chilled
mixing water will be acceptable in lieu of chopped or crushed ice.

5.

The maximum time interval between the addition of cement to the mixing water
or aggregates and the depositing of the concrete shall not exceed the following
unless a longer interval is approved in writing by the Engineer:
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Air or Concrete Temperature
(Whichever is Higher)

6.

I.

Maximum Time

Non-Agitated Concrete
Up to 80 degree F
Over 80 degree F

20 Minutes
15 Minutes

Agitated Concrete
90 degree F or above
80 degree F to 89 degree F
70 degree F to 79 degree F
40 degree F to 69 degree F

30 Minutes
45 Minutes
60 Minutes
90 Minutes

Wet curing shall be carried out in accordance with Paragraph 3.7.B., and exposed
unformed concrete shall be protected from wind and direct sun when so directed
by the Engineer. Membrane curing, in accordance with Paragraph 3.7.C., if
approved by the Engineer, may be used after 24 hours of initial wet curing.

Depositing Concrete Under Water:
1.

When it is necessary to deposit concrete under water, the methods, equipment,
materials, and proportions of the mixture to be used shall be submitted to and
shall be approved by the Engineer before the work is started.

2.

Concrete shall not be placed in water having a temperature below 35 degree F.
The temperature of the concrete, when deposited, shall not be less than 60 degree
F nor more than 100 degree F.

3.

The concrete shall contain not less than 660 lbs. of cement per cubic yard and an
anti-washout admixture, Master Builders Rheamac UW450, or equal, in the
quantity recommended by the manufacturer.

4.

Aggregate for this work shall be of exceptionally good quality, strong and
durable. The maximum size of aggregate preferably shall be 2 inches and shall
not exceed 3 inches. The coarse aggregate shall be well graded in such
proportions that the weight of the coarse aggregate shall be not less than 1.25 nor
more than 2.0 times that of the fine aggregate.

5.

6.

Cofferdams or forms shall be sufficiently tight to reduce the flow or current of water
to 10 feet per minute through the space into which concrete is to be deposited.
Cofferdams or forms in still water shall be sufficiently tight to prevent loss of mortar
through the walls. Pumping water will not be permitted while concrete is being
placed, nor until 24 hours thereafter.
Concrete shall be deposited continuously until it is brought to the required height.
While depositing, the top surface shall be kept as nearly level as possible and the
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formation of seams avoided.
7.

8.

J.

3.4

The method to be used for depositing concrete under water shall be one of the
following, preferably pumping:
a.
Tremie - The tremie shall be watertight and large enough to allow a free
flow of concrete. It shall be kept filled with concrete at all times while
depositing. The concrete shall be discharged and spread by so moving the
tremie as to maintain as nearly as practicable a uniform flow and avoid
dropping the concrete through water. If the charge is lost, while depositing,
the tremie shall be withdrawn and refilled. The slump of concrete shall be
maintained between 5 and 7 inches.
b.
Drop Bottom Bucket - The top of the bucket shall be open. The bottom
doors shall open freely downward and outward when tripped. The bucket
shall be completely filled and slowly lowered to avoid backwash. It shall
not be dumped until it rests on the surface upon which the concrete is to be
deposited and when discharged shall be withdrawn slowly until well above
the concrete. The slump of concrete shall be maintained between 4 and 6
inches.
c.
Pumping - Once placement has started, discharge end of hose shall be kept
embedded in fresh concrete and moved laterally to maintain a nearly level
surface of concrete.
d.
Bags - Bags of at least 1 cubic foot capacity, of jute or other coarse cloth,
shall be filled about two-thirds full of concrete and securely tied. They shall
be placed carefully in header-and-stretcher courses so that the whole mass is
interlocked. Bags used for this purpose shall be free from deleterious
materials. The slump of concrete shall be maintained between 3 and 5
inches.
To minimize the formation of laitance, great care shall be exercised so as not to
disturb the concrete while it is being deposited. Upon completion of a section of
concrete, all laitance shall be entirely removed before work is resumed.

Concrete in Alkali Soils or Alkali Waters:
1.

Concrete in alkali soils or waters shall be placed in such a manner as to minimize
the number of horizontal or inclined seams, or work planes. Wherever possible,
placing shall be continuous until completion of the section or until the concrete it
at least 18 inches above ground or water level. Corrosive waters or soils shall be
kept from contact with the concrete during placement and for a period of at least
72 hours thereafter.

2.

The depth of protection for all reinforcement in concrete exposed to alkali soils or
water, including supports, ties, and stirrups, shall be a minimum of 3 inches at all
plane or curved surfaces and four inches near the corners of exposed members.

BONDING
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A.

3.5

Before new concrete is placed against hardened concrete, the surface of hardened
concrete shall be cleaned by abrasive blast cleaning to the extent that clean aggregate is
exposed and all laitance removed. Immediately before new concrete is placed, the
surfaces shall be wetted and standing water removed. Bonding agents may be used if
approved in writing by the Engineer.
JOINTS

A.

Instructions given on the plans as to location and construction of joints shall be strictly
followed.

B.

When the structures or portions of the structures are designed to be monolithic, they
shall be cast integrally.

C.

The procedure specified in Paragraph 3.4 for bonding new concrete to old shall be
followed in the formation of all joints. The reinforcement shall continue through the
joint. For concrete without reinforcement, shearing strength shall be provided by means
of a concrete key, dowel bars, or both, as the Engineer may direct.

D.

Exposed reinforcement bars intended for bonding with future extensions shall be
effectively protected from corrosion.

3.6
A.

SURFACE FINISH
General:
1.

Surface finish is a term used to denote the process or method of mixing, placing,
and treating concrete to produce a desired appearance and texture of the surface.
Finishing techniques vary depending on whether the surface is formed or
unformed.

2.

The requirements of the sections of these specifications relating to materials,
forms, mixing, curing, conveying, depositing, and protection of concrete shall
apply except as they may be modified by these special requirements.

3.

The same brand of cement, the same kind and size of aggregates, the same
proportions and type of finish shall be used where it is desired to duplicate texture
and appearance on any showing surface.

4.

Unless otherwise shown on the plans or in the special provisions, surface mortar
shall be the basis of the surface finish. The coarse aggregate shall be worked
back from the forms so as to bring a full surface of mortar against the forms
without voids or aggregate pockets. As soon as the forms are removed, any fins
or other projections on the surface shall be carefully removed, offsets leveled, and
voids or damaged places immediately saturated with a slurry of water and cement
and repaired by filling with a concrete mortar, or dry pack as directed by the
Engineer. Plastering shall not be permitted. Voids on the surface of formed
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concrete, resulting from the accumulation of air on the forms, shall be limited to
the extent possible. Air voids larger than approximately 1-1/2 inches diameter
and/or ¾ inch deep shall be filled with concrete mortar when directed by the
Engineer. The repaired area shall be cured and finished as necessary to provide
an appearance as close as possible to that of the adjacent concrete.
B.

Special Surface Finishes (Formed): Special surface finishes, when called for on the
plans or in the special provisions, shall be obtained by the methods noted below for the
required finish:
(NOTE: Thoroughly cured concrete shall be concrete that has cured beyond the 28 day
cylinder break, unless otherwise defined by the Engineer. )
1.

Rubbed Finish - The thoroughly cured concrete surface shall be completely
wetted, and rubbed or ground with carborundum or other abrasive until it presents
a uniform and smooth appearance. Cement mortar may be used in the rubbing,
but the surface shall not be brush coated with cement or grout after rubbing.

2.

Scrubbed Finish - The forms shall be removed before the concrete surface has
fully hardened. The surface shall then be completely wetted and scrubbed with
stiff fiber or wire brushes using water freely until the surface film of mortar is
removed and the aggregate uniformly exposed. The surface shall then be rinsed
with clean water. If portions of the surface have become too hard to scrub in
equal relief, dilute hydrochloric acid (commercial acid diluted with 4 to 10 parts
water) may be used to facilitate the scrubbing, the acid being removed from the
finished surface with clean water.
Sandblasted Finish - The thoroughly cured concrete surface shall be sandblasted
with hard, sharp sand until the aggregate is in uniform relief.

3.

C.

4.

Tooled Finish - The thoroughly cured concrete surface shall be dressed with tools
to a uniform texture and even face. The tools ordinarily used are electric, air or
hand tools, to give various textured surfaces such as hand-tooled, rough or fine
pointed, crandalled, or bush hammered, as specified or as selected from sample
surfaces.

5.

Sand-Floated Finish - The forms shall be removed before the concrete surface has
fully hardened. The surface shall then be wetted and fine sand rubbed into the
surface with a wood float using a uniform circular motion until the resulting finish
is even and uniform.

Unformed Exposed Surfaces:
1.

Unformed exposed surfaces, including bridge seats, bridge decks and walks, and
box culvert inverts, shall receive a wood float finish unless otherwise shown on
the plans or directed by the Engineer.

2.

Walks and box culvert inverts shall then be given a broom finish transverse to the
direction of the walk or culvert. The stiffness of the bristles and the time at which
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the surface is finished shall be such as to leave well defined brush marks. The
brush shall be kept clean at all times to avoid depositing mortar picked up during
previous strokes.

3.7
A.

B.

3.

Bridge seats shall be finished level with a wood float. Final bridge seat elevation
shall be within 0.01 foot of plan elevation. The finished bridge seat shall show no
deviation in excess of 1/8 inch from the testing edge of a 10-foot straight edge
operated in any direction on the bridge seat surface. Top surfaces shall be
thoroughly worked and floated by hand with a wood float to leave a fine, clean,
smooth, sandy texture. Top surface of abutments and piers which are not covered
by bearings shall slope to drain away from bearings at approximately 1/8 inch per
foot.

4.

In finishing bridge decks, the Contractor shall use the proper combination of
revibration or refloating finishing techniques, fog sprays during finishing, or other
procedures to eliminate or minimize the development of surface shrinkage cracks.

CONCRETE CURING
General:
1.

The Contractor shall inform the Engineer of the methods proposed for curing;
shall provide the proper equipment and material in adequate amounts; and shall
have the proposed methods, equipment and material approved prior to placing
concrete.

2.

Upon removal of forms, surface defects shall be repaired the same day as
specified in Paragraph 3.6.A.4. and exposed surfaces shall then immediately be
protected with a curing treatment equal to that provided for unformed surfaces.

3.

Inadequate curing and/or facilities shall be cause for the Engineer to delay all
concrete placement on the job until remedial action is taken.

Wet Curing:
1.

When not otherwise specified, all concrete surfaces, when not protected by forms,
must be kept constantly wet for a period of not less than 7 days after concrete is
placed when Type I, IA, II or IA portland cement is used, or not less than 3 days
when Type III or IIIA portland cement is used.

2.

The wet curing period for all concrete which will be in contact with brine drip,
sea water, salt spray, alkali or sulfate-bearing soils or water, or similar destructive
agents, shall be increased to 50 percent more than the periods specified for normal
exposures.

3.

The use of curing water, burlap, canvas or other materials which discolor the
concrete or contain deleterious substances will not be permitted.
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4.

C.

3.8

Inspection shall be made of all exposed surfaces at intervals by the Engineer, and
job records will be kept indicating whether surfaces were wet at times of
inspection.

Membrane Curing:
1.

Membrane curing or membrane curing following preliminary wet curing may be
used. Materials shall be in accordance with Paragraph 2.7.A. and shall not be
applied during rainfall.

2.

On structures in hot and dry climates, where appearance is not important, a white
pigmented compound shall be used to reflect heat during the curing period.

3.

The compound shall be applied at the coverage rate of 150 or 200 square feet per
gallon to all exposed concrete surfaces.

4.

The compound shall be sprayed on exposed surfaces as soon as the surface water
has disappeared. Spraying equipment shall be of the pressure tank type with
provision for continual agitation of the contents during application. If forms are
removed during curing period, the concrete shall be sprayed lightly with water
and the moistening continued until the surface will not readily absorb more water.
The compound shall then be sprayed or brushed on the concrete surface as soon
as moisture film has disappeared.

5.

Should the film become damaged from any cause within the required curing
period, the damaged portions shall be immediately repaired with additional
compound.

6.

The continuity of the coating must be until the 14th day after the concrete has
been placed when Type I, IA, II or IA portland cement is used, or until the 7th
day when Type III or IIIA portland cement is used.

REMOVAL OF FORMS AND FALSEWORK

A.

Before the removal of forms, concrete shall have attained sufficient strength to endure
such removal without being damaged. Forms shall be removed carefully so that neither
the forms nor the tools used in their removal will deface the concrete. Forms carrying
no loads may be removed after 48 hours to facilitate finishing in weather of temperatures
above 60 degree F. If the temperature is below 60 degree F, but above 42 degree F, this
time shall increase to 4 days. In weather of a temperature below 42 degree F, the forms
shall be left in place a longer period as determined by the Engineer, depending on the
weather encountered.

B.

Falsework shall not be removed until such time as the concrete supported by it is able to
sustain itself and any load that is likely to come upon it with absolute safety to the
concrete. Falsework supporting cast-in-place concrete, and forms supporting concrete
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slabs or beams shall remain in place until test cylinders show that the concrete has
attained the design strength and also until at least 14 days have elapsed from the time
concrete placement is completed, exclusive of days in which the temperature falls below
42 degree F. If high-early-strength portland cement is used, this period may be reduced
as directed by the Engineer. The Contractor shall leave falsework in placed for a longer
period of time when required by the Engineer. No superimposed load, either dead or
live, will be allowed upon the structure during the period the falsework is required to
remain in place.
C.

Falsework shall be removed in such a manner as to permit the concrete to take uniformly
and gradually the stress due to its weight.

D.

Forms shall be removed in such a manner as not to injure the concrete. In all cases the
Contractor is responsible for, and must repair at his own expense, any damage arising
from inadequate forms or falsework, or from the premature removal of same.

PART 4
4.1
A.

B.

MEASUREMENT AND PAYMENT
CAST-IN-PLACE CONCRETE
Measurement of Cast-in-Place Concrete:
1.

The quantities of cast-in-place concrete of the various classifications will be
measured by the cubic yard in place. The dimensions used for measurement will
be those shown on the plans or as authorized in writing by the Engineer.

2.

The quantity of concrete involved in fillets, scorings or chamfers 1 square inch or
less in cross sectional area shall be neglected and considered incidental to the cost
of cast-in-place concrete.

3.

No deductions will be made for embedded reinforcement, embedded portions of
steel bearing piles, drains, or expansion joint material. Deductions will be made
for the portions of concrete piles, timber piles, steel pipe piles and structural steel
embedded in the concrete. The volume of timber piles will be assumed to be 1.0
cubic foot per lineal foot of pile.

Payment for Cast-in-Place Concrete:
1.

Cast-in-place concrete shall be paid for at the contract unit price per cubic yard of
concrete in place of the proper classification. This price shall be full
compensation for furnishing all materials, and for all equipment, tools, falsework,
forms, bracing, labor, surface finish, curing (including cold or hot, if required)
and all other items of expense required to complete the concrete work shown on
the plans, with the exception of reinforcement. This price shall also include the
cost and installation of apron plates, expansion joints, joint fillers, waterstop and
drains, other than structure drain pipe as specified in Section 04100, Structure
Excavation and Backfill, when required.
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2.

4.2
A.

B.

The above provisions for payment shall not be interpreted to provide payment for
concrete in precast piles, drilled shafts, or precast concrete members.

REINFORCEMENT
Measurement of Reinforcement:
1.

Acceptable reinforcement incorporated in the concrete will be measured in
pounds based on the total computed weight for the sizes and lengths of bars or
fabric as shown on the plans or as authorized in writing by the Engineer. The
weight of deformed bars shall be computed from the unit weights specified in
ASTM Designation: A 615; the weight of plain bars shall be computed from the
theoretical weights of round bars; and the weight of fabric computed from the
theoretical weight of plain wire.

2.

No allowance will be made for clips, wire, separators, wire chairs, weld metal or
other material used in fabricating the reinforcement or fastening it in place.

3.

When laps are made for splices, other than those shown on the plans for the
convenience of the Contractor, the weight of extra steel will not be included.

Payment for Reinforcement:
1.

Reinforcement steel shall be paid for at the contract unit price per pound of
reinforcement in place of the proper classification. This price shall be full
compensation for furnishing all materials and for all equipment, tools, bending,
fabricating, welding and for placing the reinforcement; for all clips, wire,
separators, wire chairs or other material used for fastening the reinforcement in
place; and for all labor and incidentals necessary to complete the work.

2.

The above provisions for payment shall not be interpreted to provide payment for
reinforcement in precast concrete piles, drilled shafts, or precast concrete
members.

END OF SECTION
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SECTION 04500
PRECAST CONCRETE CONSTRUCTION
PART 1
1.1

GENERAL
SECTION INCLUDES

A.

Precast Concrete Members

B.

Precast, Prestressed Concrete Members

C.

Precast Concrete Box Culverts

D.

SAFETY
1.

1.2

Contractor is responsible for performing all precast concrete operations in
compliance with the current state, federal, local, FRA and OSHA regulations,
specifically those pertaining to fall protection.

DESCRIPTION

A.

These specifications shall govern the furnishing and erecting of structures or portions
thereof, consisting of precast concrete or precast, prestressed concrete members in
accordance with these specifications, the special provisions and the details shown on the
plans.

B.

These specifications shall govern the furnishing and placing of precast reinforced
concrete box culverts in accordance with these specifications, the special provisions and
the details shown on the plans.

1.3

SUBMITTALS

A.

Design calculations shall be submitted prior to initiation of manufacture of members to
be used for this project.

B.

Concrete mixture proportions shall be submitted for approval.

C.

Certified test reports of required material tests shall be submitted prior to the use of the
materials in the Work.

D.

The results of concrete strength testing by the Contractor shall be submitted not more
than 5 days after the tests are completed.
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PART 2
2.1

MATERIALS
PRECAST CONCRETE MEMBERS AND BOX CULVERTS

A.

All design, material and its fabrication shall be in accordance with the Company's
specifications for precast and precast, prestressed concrete members and as specified in
the special provisions or on the plans.

B.

Each member shall be identified by the producer by application of a waterproof paint
showing product designation, date of casting, and weight or by a metal tag cast into the
concrete.

C.

Design of lifting devices shall be the responsibility of the Fabricator, unless detailed on
the plans.

D.

The Company reserves the right to reject any product that is not cast in accordance with
the requirements of the special provisions, plans, specifications or Manual of Quality
Control for Plants and Production of Precast and Prestressed Concrete Products,
publication No. MNL-116.

2.2
A.

2.3
A.

2.4
A.

PATCHING
Patching or repair of spalled or chipped members shall be done using an approved
mortar, mixed and installed in accordance with manufacturer's written instructions.
EPOXY
The liquid and gel type epoxy shall be a two component, epoxy-resin bonding system
conforming to the requirements of ASTM Designation: C 881, Type IV, Grade 2, Class
B or C. The class supplied shall be governed by the range of temperatures for which the
materials are to be used.
EPOXY MORTAR
Epoxy mortar shall consist of equal parts by volume of gel type epoxy and dry silica
sand, mixed in accordance with the manufacturer's directions.

PART 3
3.1
A.

EXECUTION
HANDLING, STORING, AND ERECTION
General:
1.

Transportation of members shall not be undertaken until the full 28 day concrete
strength has been achieved, or by order of the Engineer.

2.

If members are furnished by the Company, they shall be unloaded promptly by
the contractor. Rail cars or trucks shall be released upon completion of
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unloading.

B.

3.

Rail cars will normally be spotted for unloading at nearest railroad siding.

4.

Members shall be handled such that the points of support and directions of the
reactions with respect to the unit are approximately the same during
transportation and storage as when the member is in its final position. Care shall
be taken during storage, hoisting, and handling of the members to prevent
cracking or damage. Members damaged by improper storage or handling shall be
replaced or repaired to the satisfaction of the Engineer by the Fabricator at his
expense.

5.

Plans including all details of the proposed lifting and transportation methods
including loading, blocking and securing materials shall be submitted to the
Engineer for approval before shipping may commence.

6.

The Contractor shall be responsible for proper handling, lifting, storing, and
erection of all members so that they are placed in the structure without damage or
undue marring of the concrete.

7.

Bearing areas on concrete caps and beams or girders which are to receive epoxy
materials shall be abrasive blast cleaned to remove all form oil and curing agents
and shall be left in a dust free condition.

8.

In erecting beams and girders, care shall be taken to keep bridge seats and tops of
bearing devices free of foreign materials. Any shifting of beams shall be done
while they are held free of the foundation.

9.

The Contractor will be required to shift or interchange beams and girders to
achieve a better fit when directed by the Engineer. As the beams and girders are
placed in their final position, and prior to securing anchor bolts, rods, or
diaphragms, the beams shall be brought to full and even bearing on the bearings.

10.

Precast members shall be set in the proper location using care not to damage
concrete members. After beams are set, burn off lifting loops a maximum of 2
inches above concrete surface. Remaining portion of lifting loops are to be
coated with paint. Patch recesses, if necessary, around lifting loops with epoxy
mortar.

Precast Members:
1.

All precast members shall be hauled, stored, and shipped in a manner to avoid
chipping, cracking, fractures, and excessive bending stresses. These members
shall be supported on firm blocking with foundations suitable to prevent
differential settlement or twisting of the units.

2.

The ends of precast members shall not be permitted to extend a distance
exceeding the depth of the member beyond any point of bearing during hauling or
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stockpiling.
3.

C.

3.2

Precast members shall be handled with a suitable hoisting device or crane
provided with a spreader sling of sufficient capacity to handle the members. The
spreader shall be of sufficient length to prevent horizontal forces in the member
due to lifting, and shall be equipped with leads and hooks at each end.

Precast, Prestressed Members:
1.

The members shall be maintained in upright position at all times and shall be
supported only at the ends. During lifting, they shall be supported only by the
lifting devices provided for that purpose.

2.

Storing of precast, prestressed members shall be done with adequate blocking so
that warpage or cracking will not occur. The blocking shall be of such nature that
uneven settlement due to wet ground or inadequate material underneath the
blocking will not occur. Placement of the blocking from the beam or girder ends
shall be at locations not greater than the depth of the beam or girder and, in no
case, more than 3-1/2 feet. Members which are improperly stored and which
become cracked, warped, or otherwise damaged in storage will be subject to
rejection.

3.

Precast, prestressed members, when stacked, shall be separated by blocking
capable of supporting the members in a level position without twisting. The
blocking shall be arranged in vertical planes. Stacking of precast prestressed
members shall be arranged such that lifting devices will be accessible and
undamaged.

4.

Before moving a long girder, the Contractor shall check it for any tendency to
buckle. Each girder that may buckle shall be braced on the sides to prevent
buckling. This bracing shall be attached securely to the top flanges of the girder.
The lateral bracing shall be in place during all lifting or handling necessary for
transportation from the fabricating plant to the job site and erection of the girder.
The Contractor is cautioned that for some delivery routes more conservative
guidelines for lateral bracing may be required. Before removing the bracing to
cast diaphragms, the Contractor shall fasten all girders in place by other means.

BEARINGS AND ANCHORAGE

A.

Bearings shall be set level in exact position and shall have full and even bearing upon
the bridge seat areas.

B.

Anchor bolts and anchor rods shall be installed as shown on the plans and special
provisions.

3.3

FABRICATION AND PLACING OF PRECAST CONCRETE BOX CULVERTS
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A.

All applicable portions of Paragraph 3.1 of this section shall apply to precast concrete
box culverts.

B.

Concrete shall be placed by the wet cast method. Fabrication by the dry cast method is
not acceptable.

C.

Joining ends of box units shall be accurately formed in accordance with details shown
on the plans so that when units are placed together they will make a continuous line of
units with a smooth interior free of appreciable irregularities in the flow line, all
compatible with specified tolerances. Precast box culvert units shall be laid with the bell
end upstream. In absence of tolerances specified elsewhere, the maximum gap at
adjoining ends of box units from a snug fit shall be ½ inch. Exterior top and side wall
joints shall be filled with mastic prior to backfilling. Interior bottom and side wall joints
shall be filled with mastic. Mastic material shall be approved by the Engineer.

D.

Box units shall be placed on fully compacted pervious backfill material meeting the
requirements of Paragraph 2.5.A., Section 04100, Structure Excavation and Backfill.
The material shall be at least 1 foot in thickness and shall extend at least 1 foot beyond
each side of the outer limits of the box units. The side slope at the edges of the material
shall be one-to-one. Railroad track and other areas shall be protected during
construction by protective shoring in accordance with Section 04100, Structure
Excavation and Backfill.

E.

Following installation of box units, lifting devices shall be removed as indicated on the
plans or approved shop drawings. Holes in concrete shall be filled with non-shrink
grout. Recesses in concrete shall be patched with epoxy mortar.

F.

When multi-cells are used, a 1-1/2 inch minimum space shall be left between adjacent
sections. After the precast cells are in place and backfill has been placed to mid-height
of the precast concrete box sections on each side, the space between the cells shall be
filled with concrete having a 7 day design compressive strength of 2,500 psi. The
concrete shall be in accordance with Section 04400, Concrete Construction, except the
maximum size coarse aggregate shall be 3/8 inch. If shown in the plans, multi-cells may
be bolted together in accordance with the plans and special provisions.

PART 4
4.1

MEASUREMENT AND PAYMENT
PRECAST AND PRECAST, PRESTRESSED CONCRETE MEMBERS

A.

Measurement of Precast and Precast, Prestressed Concrete Members: Precast and
precast, prestressed concrete members will be measured as individual units, complete in
place.

B.

Payment for Precast and Precast, Prestressed Concrete Members: Precast and precast,
prestressed concrete members shall be paid for at the contract price per unit as
designated on the plans. This price shall include full compensation for furnishing all
material, unless otherwise specified, and for all equipment, tools, labor and incidentals
necessary to fabricate, handle, store, transport and erect the unit in accordance with the
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plans and to complete the work. This price shall include furnishing, unless otherwise
specified, and placing any necessary tie rods, bearings, anchor bolts or rods, apron and
deck plates, curb plates and angles, epoxy adhesives, epoxy or non-shrink grouts,
expansion boards, and other accessories to complete the work.
4.2

PRECAST CONCRETE BOX CULVERTS

A.

Measurements of Precast Concrete Box Culverts: Precast concrete box culverts will be
measured as individual units of the size and length specified on the plans, complete in
place.

B.

Payment for Precast Concrete Box Culverts:
1.

Precast concrete box culverts shall be paid for at the contract price per unit of the
size and length specified on the plans. This price shall be full compensation for
furnishing all material and for all equipment, tools, labor and incidentals
necessary to fabricate, handle, store, transport and place the unit in accordance
with the plans and to complete the work. This price shall also be full
compensation for furnishing and placing compacted pervious backfill material
under the units and cast-in-place concrete between multi-call units and in collars,
when shown on the plans, connecting precast concrete wingwall and apron units.

2.

Structure excavation required for the placement of pervious backfill bedding
materials and the precast concrete units, together with the required structure
backfill will be measured and paid for under the provisions of Section 04100,
Structure Excavation and Backfill.

3.

When cast-in-place concrete wingwalls and aprons are shown on the plans,
measurement and payment for this work will be made under the provisions of
Section 04400, Concrete Construction.

END OF SECTION
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SECTION 04600
STEEL CONSTRUCTION
PART 1
1.1

GENERAL
SECTION INCLUDES

A.

Steel Construction

B.

SAFETY
1.

1.2
A.

1.3
A.

PART 2
2.1

Contractor is responsible for performing all steel construction operations in
compliance with the current state, local, federal, FRA and OSHA regulations,
paying special attention to the fall protection.

DESCRIPTION
These specifications shall govern the furnishing, fabricating, and erecting of steel
structures including the furnishing, erecting and removal of falsework and special
erecting devices, as required, and structural steel portions of other structures in
accordance with these specifications, the special provisions, and the details shown on
the plans.
SUBMITTALS
The Contractor shall submit drawings and design calculations showing the proposed
design, method of construction and removal of falsework and special erecting devices,
as required. These drawings and design computations, stamped by a licensed
professional structural engineer in the state where the work is to be done, shall be
submitted to the Engineer and approved prior to the start of construction. This approval
shall not relieve the Contractor of responsibility for the falsework or special erecting
devices.
MATERIALS
STRUCTURAL STEEL

A.

All design, material erection and its fabrication shall be in accordance with Chapter 15,
Parts 1 and 3, of the AREMA Manual for Railway Engineering and as specified in the
special provisions or on the plans.

B.

Steel construction shall be cleaned and painted or galvanized, as applicable, in
accordance with Section 04700. Protective Coatings for Steel Surfaces.
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2.2

STRUCTURAL BOLTING

A.

Bolts and nuts shall be furnished by the same supplier to ensure proper fit.

B.

Rotational-capacity tests shall be performed on all black or galvanized bolt, nut and
washer assemblies by the manufacturer or distributor prior to shipping. Each
combination of bolt production lot, nut lot and washer lot shall be tested as an assembly
and a rotational-capacity lot number assigned to each combination of the lots tested.
The manufacturer or distributor shall furnish, to the Engineer, a manufacturer's certified
test report (MCTR) or a distributor's certified test report (DCTR) for each rotationalcapacity lot furnished. The MCTR or DCTR shall include the results of all tests;
location of where bolt assembly components were manufactured; the date and location
of the tests; results of the R-C tests and a statement that the materials represented by the
test report conform to the specifications.

C.

Bolts shall be of such length that they will extend entirely through their nuts and
approximately 1/4 inch beyond them and the full threads shall extend no more than 3/8
inch into the grip.

2.3
A.

2.4
A.

2.5

FALSEWORK
Falsework materials shall be in accordance with the Contractor's drawings, when
applicable, and approved by the Engineer.
LIQUID TYPE EPOXY
The liquid type epoxy shall be a two component, epoxy-resin bonding system
conforming to the requirements of ASTM Designation: C 881, Type IV, Grade 2, Class
B or C. The class supplied shall be governed by the range of temperatures for which the
materials is to be used.
HANDLING AND STORING MATERIALS

A.

All material shall be handled in a manner which will prevent members from being
distorted or damaged. Stored material shall be piled securely, and no material shall be
placed closer than 25 feet to the centerline of the nearest tracks. Material shall be placed
on level platforms, skids, or other supports above the ground and shall be kept clean and
properly drained. Girders and beams shall be placed upright and shored. Long
members, such as columns and chords, shall be supported on skids placed near enough
together to prevent damage from deflection.

B.

For those members designated as fracture critical members (FCMs); the following shall
apply: extraordinary care shall be taken in the handling of FCMs. Lifting dogs, tongs,
grips, chains, cables, or other lifting devices placed in direct contact with the FCM
which may gouge, scratch, score, scrape, or otherwise damage the surface, edges or
corners of FCMs shall not be used. Procedures for handling FCMs using lifting straps,
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timber cushions or other protective devices shall be developed, submitted to the
Engineer, and receive written approval by the Engineer before handling any material for
or members designated as FCM.
C.

All materials shall be carefully loaded so as to avoid injury in transit. Members
weighing more than 3 tons shall have the weight marked thereon. All small parts such
as rivets, bolts, pins, washers, and small connection plates shall be packed in containers,
of adequate strength. The contents of each unit shall be plainly marked on the top of
each container.

D.

Girders shall be shipped in an upright position and adequately blocked and braced to
prevent damage during shipping. The Fabricator shall submit girder loading diagrams to
the Engineer for approval well in advance of the anticipated shipping date. These
diagrams shall include proposed blocking, bracing and tie-down details.

PART 3
3.1
A.

EXECUTION
ERECTION
Methods and Equipment:
1.

Before staring work, the Contractor shall advise the Engineer fully as to the
method he proposes to follow, and the amount and character of equipment he
proposes to use, which shall be subject to the approval of the Engineer. The
approval of the Engineer shall not be considered as relieving the Contractor of
the responsibility for the safety of his method or equipment or from carrying out
the work in full accordance with the plans, specifications and special provisions.

2.

No field welding or flame cutting will be allowed on the steel spans unless shown
on the plans or authorized in writing by the Engineer. Tack welding, for the
purpose of eliminating field erection bolts or for holding steel parts together
while bolting, will not be permitted.

3.

The Contractor shall provide the falsework, special erecting devices and all tools,
machinery and appliances, including drift pins and erection bolts, necessary for
the expeditious handling of the work. Drift pins sufficient to fill at least 1/4 of
the bolt holes for main field connections shall be provided.

4.

All steel beams or girders placed shall be securely tied and/or braced to prevent
overturning immediately after erection, and until diaphragms, floor beams or
cross frames are permanently in place. The methods to be used shall be
submitted on the erection drawings. When railroad or roadway traffic must be
maintained beneath girders or beams already placed, traffic shall be protected
against falling objects during the erection of diaphragms and other structural
members, during the placing of cast-in-place concrete and during the erection
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and dismantling of forms. The protection shall consist of nets and/or flooring
with no larger than 1-inch openings.
B.

C.

Falsework:
1.

The falsework shall be constructed in accordance with the Contractor's plans,
approved by the Engineer, and shall be properly maintained.

2.

Equipment for removing falsework shall not be operated upon or attached to any
portion of the new structure.

Assembling Steel:
1.

All parts shall be accurately assembled as shown on the plans and any match
marks carefully followed. The material shall be carefully handled so that no parts
will be bent, broken or otherwise damaged. Hammering which will injure or
distort the members will not be permitted. Drifting done during erection shall be
only such as required to bring the parts into position and enlarging the holes or
distorting the metal will not be permitted.

2.

Bearing surfaces shall be cleaned of all dirt, loose rust and mill scale, grease, and
paint just before the members are assembled. Wire brushes, scalers, solvents or
flame shall be used to clean the surfaces under the direction of the Engineer.

3.

Fitting up bolts shall be 1/16 inch less in diameter than the hole, and cylindrical
erection pins shall be 1/32 inch less in diameter than the hole.

4.

Unless erected by the cantilever method, truss spans shall be erected on blocking
so placed as to give the trusses proper camber until all lower chord splices are
fully connected, as called for on the plans, and all other connections are made
with pins and fitting up bolts. Trusses erected by the cantilever method shall have
all lower chord splices fully connected before the span is swung on intermediate
falsework or permanent shoes. If necessary, such as in the case of high falsework
subject to settlement, jacks shall be provided under panel points to enable making
necessary adjustments to facilitate fitting up without heavy drifting. Splices of
butt joints in compression members shall not be fully connected until the span has
been swung. Full bearing shall be secured on milled surfaces that are designed to
bear.

5.

Sole plates on beams and girders shall be in full contact with bearings before
diaphragm, cross frame, or floor beam connections are made. Connections shall
be adjusted as necessary, under the direction of the Engineer, to obtain full
contact.

6.

Bridge handrails shall be erected plumb and in line in accordance with the
drawings. Maximum vertical tolerance is +/- ¼ inch from plumb line over the full
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vertical height. Maximum horizontal tolerance is +/- ½ inch over the full length
of the bridge rail.
D.

E.

Misfits and Straightening of Bent Material:
1.

The correction of minor misfits involving harmless amounts of reaming, cutting,
and chipping and the straightening of minor cases of bent bars, plates, and the
outstanding legs of angles, etc., shall be considered a legitimate part of the
erection and shall be done by the Contractor at his expense. However, any error
in the shop fabrication, or deformation resulting from handling and transportation
which prevents the proper assembling and fitting up of parts by the moderate use
of drift pins, or by a moderate amount of reaming, slight chipping or cutting, shall
be reported immediately to the Engineer who will specify the method of
correction to be used by the Contractor. The correction shall be made in the
Engineer's presence.

2.

The straightening of bent materials, when permitted by the Engineer, shall be
done by methods that will not produce fracture or other injury. Distorted
members shall be straightened by mechanical means or, if approved by the
Engineer, by the carefully planned and supervised application of a limited amount
of localized heat. The temperature of the heated area shall not exceed 1200
degree F (a dull red which may not be visible in bright sunlight) as controlled by
temperature indicating crayons, liquids or bimetal thermometers. Parts to be heat
straightened shall be substantially free of stress and from external forces, except
stresses resulting from mechanical means used in conjunction with the application
of heat. After heating and straightening, the metal shall be cooled as slowly as
possible. Following the straightening of a bend or buckle, the surface of the metal
shall be carefully inspected for evidence of fracture.

3.

When, in the opinion of the Engineer, excessive misfits and deformed material are
not due to the Contractor's negligence, the correction of the misfits and
straightening of the deformed material shall be done by the Contractor, when
directed by the Engineer, and will be paid for by the Company as "Force Account
Work," providing the material was furnished by the Company.

Bearings and Anchorage:
1.

Bearings shall be set level in exact position and shall have full and even bearing
upon the bridge seat areas. All bearings shall be set so as to be at the proper
location at a temperature of 60 degree F under full dead load. At this temperature,
rockers shall be vertical, bearings shall be centered under the structure center line
of bearing, and sliding plates shall be centered on the bearing plates.

2.

The area of concrete under bearings shall be bush-hammered if necessary to
provide a full and even bearing at the correct elevation. When the bridge seat is
more than 1/8 inch below plan elevation, the bearings shall be raised to grade on
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steel plate of the same size as the bearing. The plates shall be provided by the
Contractor at his expense and attached to the bearings in a manner satisfactory to
the Engineer.
3.

Portland cement in a stiff paste form shall be spread over the bush-hammered
areas just before the bearings are set. The maximum amount of cement which
will be permitted will be no more than necessary to remove irregularities in the
concrete with no intent of raising the bearings.

4.

Finished surfaces of bearings in moving contact shall be cleaned and greased
when the bearings are placed.

5.

Holes for anchor bolts shall be drilled in the bridge seat in exact locations. Holes
shall be approximately 1/4 inch larger in diameter than the bolt. An approved
liquid type epoxy supplied by the Contractor at his expense shall be used to set
the anchor bolts. Before placing the bolts, the holes shall be cleaned of all dust
and loose material by flushing with water, after which holes shall be blown dry.
After all steel is in place and the bearings are set, the anchor bolts shall be set
accurately with sufficient epoxy placed in the bottom of the holes so that after a
bolt is inserted, the hole will be completely filled. The bolts shall not be
disturbed in any way for at least 24 hours, or until the epoxy is set. Mixing and
use of epoxy shall be as recommended by the manufacturer of the epoxy.

F.

Pin Connections: All packing washers, if any, must be in place when the work is
assembled. While pins are being driven into place, threads shall be protected by pilot
and driving nuts supplied by the Contractor. After nuts are tightened, the threads
adjacent to the nut shall be burred a minimum of two threads at two locations opposite
of each other.

G.

High Strength Bolted Connections:
1.

Connected Material:
a.
Connections shall be accurately fitted up before high strength bolts are
placed. A sufficient number of the holes at a connection point shall be filled
with erection pins to "fair-up" all holes. Light drifting will be permitted, but
drifting to match unfair holes will not be permitted. Such holes shall be
reamed or drilled under the direction of the Engineer.
b.
All material within the grip of the bolt shall be steel. There shall be no
compressible material such as gaskets or insulation within the grip.
c.
Unless otherwise indicated on the plans, bolts oriented vertically shall be
installed with the heads on top of the connected pieces.
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2.

Surface Conditions:
a.
All joint surfaces, including those adjacent to the bolt heads, nuts or
washers, shall be free of dirt, loose rust, loose scale, burrs and other matter
that will prevent solid seating of the parts.
b.
Unless otherwise shown on the plans, faying surfaces of all nongalvanized
joints, including splice plates, shall be given a blast cleaning, in accordance
with the requirements of the Steel Structures Painting Council
Specifications SSPC-SP7 Brush-Off Blast Cleaning, and shall be free of
loose rust prior to final bolting.
c.
Galvanized faying surfaces shall be roughened by hand wire brushing prior
to final bolting.
d.
When shown on the plans, faying surfaces shall be blast cleaned and coated
with a paint that provides the specified mean slip coefficient as determined
by the "Test Method to Determine the Slip Coefficient for Coatings Used in
Bolted Joints" as adopted by the Research Council on Structural
Connections. Coated joints shall not be assembled before the coating has
cured for the minimum time used in the qualifying test.

3.

Handling and Storage of Fasteners: Bolts and nuts shall be protected from dirt and
moisture at the job site. Only as many fasteners as are anticipated to be installed
and tightened during a work day shall be taken from protected storage. Fasteners
not used shall be returned to protected storage at the end of the day. Fasteners
shall not be cleaned of lubricant that is present in the as-delivered condition.
Fasteners that show signs of rust or dirt shall be cleaned and relubricated prior to
installation. Any additional lubrication required must be applied prior to
installing bolts in the holes. ASTM Designation: A 325 or A 490 bolts and
associated nuts and washers shall be identified by rotational-capacity lot number
and stored in a manner that will retain this identification.

4.

Bolt Installation:
a.
Bolts shall be installed with a hardened washer under the nut or bolt head,
whichever is the element to be turned in the tightening. In addition, a
hardened washer shall be used under the non-turned element of ASTM
Designation: A 490 bolts if the material against which it bears has a
specified minimum yield point less than 40 ksi. Bolts must be used with
nuts and washers from the same rotational-capacity lot. Unless Lock-Pin
and collar Connections are utilized according to paragraph 3.1.H, tightening
of high strength bolts shall be accomplished by the “turn-of-nut” method
according to paragraph 3.1.G.5. A Skidmore-Wilhelm Bolt Calibrator or
equal is required on each job per paragraph 3.1.G.5.a.
b.
If the hole diameter is more than 1/16 inch greater than the nominal bolt
diameter, hardened washers shall be placed under both head and nut.
c.
Where necessary, washers may be clipped on one side to a point not closer
than seven-eighths of the bolt diameter from the center of the washer.
d.
Surfaces of bolted parts in contact with the bolt head, nut or flat hardened
washer shall not have a slope of more than 1:20 with respect to a plane
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e.

f.

normal to the bolt axis. When an outer face of the bolted parts has a slope
of more than 1:20, a smooth hardened beveled washer shall be used to
compensate for the lack of parallelism.
If required because of bolt entering and wrench operation clearances,
tightening may be done by turning the bolt while the nut is prevented form
rotating.
All bolts shall be tightened to give at least the required minimum bolt
tension values shown in Table 1 on completion of the joint:

TABLE 1
Bolt Tension
Minimum Tension in Pounds
Nominal Bolt Size, Inches

ASTM A 325 Bolts

ASTM A 490 Bolts

1/2
5/8
3/4
7/8
1
1-1/8
1-1/4

12,000
19,000
28,000
39,000
51,000
56,000
71,000

15,000
24,000
35,000
49,000
64,000
80,000
102,000

5.

Turn-of-Nut Tightening:
a.
A representative sample of not less than three bolts and nuts of each
diameter, length and grade to be used in the work shall be checked at the
start of work in a device capable of indicating bolt tension (SkidmoreWilhelm Bolt Calibrator or equal). The test shall demonstrate that the
method of estimating the snug tight condition and controlling turns from
snug tight to be used by the bolting crews develops a tension not less than 5
percent greater than the tension required by Table 1.
b.
Bolts shall be installed in all holes of the connection and brought to a snug
tight condition. Snug tight is defined as the tightness that exists when the
plies of the joint are in firm contact. This may be attained by a few impacts
of an impact wrench or the full effort of a man using an ordinary spud
wrench. Snug tightening shall progress systematically from the most rigid
part of the connection to the free edges, and then the bolts of the connection
shall be retightened in a similar systematic manner as necessary until all
bolts are simultaneously snug tight and the connection is fully compacted.
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c.

Following this initial operation all bolts in the connection shall be tightened
further by the applicable amount of rotation specified in Table 2. During
the tightening operation there shall be no rotation of the part not turned by
the wrench. Tightening shall progress systematically from the most rigid
part of the joint to its free edges.
TABLE 2
Nut Rotation from Snug Tight Condition
Disposition of Outer Face of Bolted Parts
Both faces normal to bolt
axis

One face normal to bolt
axis and other face sloped
not more than 1:20
(beveled washer not used)

Both faces sloped not
more than 1:20 from
normal to the bolt axis
(beveled washer not used)

Up to and including 4
diameters

1/3 turn

1/2 turn

2/3 turn

Over 4 diameters but not
exceeding 8 diameters

1/2 turn

2/3 turn

5/6 turn

Over 8 diameters but not
exceeding 12 diameters

2/3 turn

5/6 turn

1 turn

Bolt length (Under side of
head to end of bolt)

Nut rotation is relative to bolt regardless of the element (nut or bolt) being turned. For bolts installed by 1/2 turn and
less, the tolerance should be plus or minus 30 degrees; for bolts installed by 2/3 turn and more, the tolerance should be
plus or minus 45 degrees.

6.

H.

ASTM Designation: A 490 bolts and galvanized ASTM Designation: A 325 bolts
shall not be reused after having once been fully torqued. These same type bolts
may be used for both fitting up and final bolting if tightened to no more than snug
fit during fitting up. Other ASTM Designation: A 325 bolts may be reused after
having been torqued only once if approved by the Engineer.

Lock-Pin and Collar Connections:
1.

Connections shall be accurately fitted up before lock-pins are placed. A sufficient
number of the holes at a connection point shall be filled with erection pins to
"fair-up" all holes. Light drifting will be permitted, but drifting to match unfair
holes will not be permitted. Such holes shall be reamed or drilled under the
direction of the Engineer. Parts shall fit solidly together when assembled without
interposition of gaskets or other compressible material.

2.

When assembled, all joint surfaces, including those adjacent to the lock-pin heads
and to the collars, shall be free of dirt, loose rust and scale, burrs and other defects
that would prevent solid bearing of the parts. In addition, surface requirements
shall be in accordance with Paragraphs 3.2.G.2.b, c, and d.
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3.

If the hole diameter is more than 1/16 inch greater than the nominal lock-pin
diameter, hardened washers shall be placed under both the lock-pin head and
collar, adjusting pin length if required for grip length. Where necessary, washers
may be clipped on one side to a point not closer than seven-eighths of the nominal
lock-pin diameter from the center of the washer. Surfaces of connected parts in
contact with lock-pin head, collar or flat hardened washer shall not have a slope
of more than 1:20 with respect to a plane normal to the lock-pin axis. When an
outer face of the connected parts has a slope of more than 1:20, a smooth
hardened beveled washer shall be used to compensate for the lack of parallelism.

4.

Driving of lock-pin and collar fasteners shall be done by a special driving tool
capable of producing the required tension in the shank of the fastener and capable
of swaging the collar into the annular locking grooves, forming the collar to the
proper size and shape as recommended by the manufacturer, before the pullgroove section is removed. The expendable pull-groove section shall be
recovered from the driving tool as it breaks from the shank, and shall not be
permitted to drop in such a manner as to create a hazard.

I.

Welded Connections: Workmanship and technique, qualification of welders and welding
operators, and inspection for field welded connections shown on the plans or authorized
by the Engineer shall be in accordance with the ANSI/AASHTO/AWS D1.5 Bridge
Welding Code.

J.

Steel construction shall be cleaned and field painted in accordance with Section 04700,
Protective Coatings for Steel Surfaces.

PART 4
4.1

MEASUREMENT AND PAYMENT
STEEL CONSTRUCTION

A.

Measurement of Steel Construction: Steel Construction of the various classifications
will be measured by the ton (2,000 pounds) of steel in the completed work. The weight
of steel will be computed in accordance with Section 9 of the American Institute of Steel
Construction "Code of Standard Practice."

B.

Payment for Steel Construction:
1.

Steel Construction shall be paid for at the contract unit price per ton (2,000
pounds) of steel of the various classifications measured in accordance with
Paragraph 4.1.A. This price shall be full compensation for furnishing the material
and protective coat application in accordance with Section 04700, Protective
Coatings for Steel Surfaces, unless otherwise specified; and for all labor, tools,
equipment, supplies, supervision, and incidentals necessary for unloading,
hauling, and storing the materials; furnishing, placing, and removing erection
falsework and special erecting devices when required; and erecting the steel and
completing the work in accordance with the plans and these specifications.
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2.

The above provisions for payment shall not be interpreted to provide payment for
steel piling, reinforcement, structure drain pipe, hardware and structural steel,
including apron and deck plates, and bearing plates, incidental to other types of
construction, or other items for which provision is otherwise made in the contract.

END OF SECTION
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SECTION 04700
PROTECTIVE COATINGS FOR STEEL SURFACES
PART 1
1.1

GENERAL
SECTION INCLUDES

A.

Cleaning and Painting

B.

Hot Dip Galvanizing

C.

Petrolatum Application

1.2

DESCRIPTION

A.

These specifications shall govern the surface preparation, surface pretreatment, and
application of protective coatings to steel structures and the steel portions of other
structures, all in accordance with the plans, specifications and special provisions.

B.

Weathering Steel:

1.3

1.

ASTM Designation: A 588 or A 709, Grade 50W and ASTM Designation: A 852
or A 709, Grade 70W weathering steel, in order to provide a sound uniform
surface for the formation of the protective oxide, shall be blast cleaned in the
fabricating shop in accordance with the requirements of the Steel Structures
Painting Council Specification SSPC-SP6 "Commercial Blast Cleaning."

2.

Contamination of blast cleaned surfaces shall be avoided through the completion
of work and all contaminants such as oil, grease and dirt shall be promptly
removed.

3.

Unless otherwise shown on the plans or in the special provisions, weathering steel
shall not be shop or field painted.

PROTECTION AGAINST DAMAGE

A.

The Contractor shall provide protective devices such as tarps, screens or covers as
necessary to prevent damage to the work and to other property or persons from all
cleaning and painting operations.

B.

Paint or paint stains that result in an unsightly appearance on surfaces not designated to
be painted shall be removed or obliterated by the Contractor at the Contractor's expense
and to the satisfaction of the Engineer.

C.

All painted and galvanized surfaces that are marred or damaged as a result of operations
of the Contractor shall be repaired by the Contractor, at the Contractor's expense, with
materials and to a condition equal to that of the coating specified.
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D.

1.4

Upon completion of all painting operations and of any other work that would cause dust,
grease, or other foreign materials to be deposited upon the painted surfaces, the painted
surfaces shall be thoroughly cleaned.
HANDLING, STORAGE AND SHIPPING

A.

All blocks, chains, slings, braces, clamps, etc., used in the handling, moving, storing and
shipping of painted and galvanized members shall be padded in such a manner that the
coating will not be damaged.

B.

Articles shall be loaded and stored to prevent the formation of wet storage stains.

1.5

1.

The material shall be loaded in such a manner that continuous drainage could
occur.

2.

In storage, the articles shall be raised from the ground and, if necessary, separated
with strip spacers to provide free access of air to most parts of the surface. They
shall also be inclined in a manner which will give continuous drainage. Under no
circumstances shall the steel be allowed to rest on cinders nor shall it be stored on
wet soil or decaying vegetation.

WEATHER CONDITIONS

A.

Protective coatings shall be applied only on thoroughly dry surfaces and during periods
of favorable weather.

B.

Painting will not be permitted when the atmospheric temperature, paint, or the surface to
be painted is at or below 40 degree or above 100 degree F, or when metal surfaces are
less than 5 degree F above the dew point, or, unless approved in writing by the Engineer,
when the humidity exceeds 80 percent at the site of the work.

C.

Application of paint will not be permitted when freshly painted surfaces may become
damaged by rain, snow, fog, or condensation, or when it can be anticipated that the
atmospheric temperature or relative humidity will not remain within the specified
application conditions during the drying period, except as provided in Paragraph 1.6.E.
for enclosures.

D.

Painting shall not be done when the steel is hot enough to cause the paint to blister or
produce a porous paint film.

E.

Subject to approval by the Engineer in writing, the Contractor may provide suitable
enclosures to permit painting during inclement weather. Provisions shall be made to
control atmospheric conditions artificially inside the enclosures within limits suitable for
painting throughout the painting operation and drying period. Full compensation for
providing and maintaining the enclosures shall be considered as included in the prices
paid for the various contract items of work requiring paint and no additional
compensation will be allowed therefor.
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F.

If fresh paint is damaged by the elements, it shall be replaced or repaired by the
Contractor at the Contractor's expense.

G.

If, in the opinion of the Engineer, there is an objectionable amount of dust in the
atmosphere, the contractor shall, at his own expense, take necessary precautions to
prevent dust and dirt from coming in contact with freshly painted surfaces or with
surfaces before the paint is applied.

1.6

SURFACES IN CONTACT WITH CONCRETE

A.

Tops of beams and girders that are to have concrete cast in contact with them shall not
be painted. Steel that is to be completely embedded in concrete shall not be painted.

B.

Pile plate surfaces, including shear stud connectors, in contact with and embedded in
concrete shall not be painted. The exposed portion of pile plates shall be field cleaned
and painted as specified in Paragraph 3.7.

C.

Care shall be taken when painting steel that is in contact with concrete to insure full
paint coverage on the steel. Concrete surfaces shall be masked or covered as necessary
to prevent surface contamination. Paint on concrete surfaces shall be removed, at the
Contractor's expense, in a manner approved by the Engineer.

1.7

CONTACT AND INACCESSIBLE SURFACES

A.

Surfaces in contact to be welded or bolted in the shop shall not be painted unless
specified, but shall be cleaned of loose rust, scale and foreign material to meet the
approval of the Engineer. Field contact surfaces shall not be painted. Surfaces not in
contact, but which will be inaccessible after assembly or erection, shall be painted in the
shop with the shop and field coats of the paint system required for the completed
structure.

B.

The bottom surfaces of masonry plates and surfaces of structural steel to be in contact
with elastomeric bearing pads or preformed fabric pads shall be cleaned and painted
with the full number of paint coats prior to erection.
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1.8

MACHINE FINISHED SURFACES

A.

Machine finished surfaces of pins, pin holes, rollers or other finished surfaces that will
be subject to friction, shall be coated as soon as practicable after being approved, with
lacquer or an anti-rust compound. When anti-rust compound is used, it shall be
removed at the time of erection.

B.

While still in the shop, machine finished surfaces and inaccessible surfaces of rocker or
pin-type bearings shall receive the full paint system.

1.9
A.

1.10
A.

PART 2
2.1
A.

2.2

ERECTION MARKS
Erection marks and match marks shall be painted upon areas not visible to view after
erection or upon areas that have received the shop paint.
SIGNS AND EMBLEMS
When designated, signs and/or company emblems as shown on the plans shall be painted
on specified structures by qualified sign painters. This work shall not be started until the
underlying finish coat is completely dry and the exact locations have been specified by
the Engineer.
MATERIALS
PAINT
Paint systems and materials shall be as specified on the plans or in the special
provisions.
ZINC FOR GALVANIZING

A.

Zinc for galvanizing shall conform to ASTM Designation: B 6 and the requirements
stated in ASTM Designations: A 123 and A 153 as applicable.

B.

Galvanized repair paint, Zinc Dust-Zinc Oxide Type I linseed oil paint, shall meet the
Federal Specification, TT-P-641.

2.3
A.

PETROLATUM
Petrolatum is a rust inhibiting grease coating applied over surfaces free of loose rust,
scale, and paint and shall be subject to the approval of the Engineer.
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PART 3
3.1

EXECUTION
CLEANING AND PREPARATION OF ALL SURFACES TO BE PAINTED

A.

Unless otherwise prohibited by the special provisions, solvents shall be used to remove
oil, grease, and other soluble contaminants in accordance with the requirements of the
Steel Structures Painting Council Specification, SSPC-SP1, "Solvent Cleaning."
Solvent cleaning shall be performed prior to blast cleaning. If contamination remains
after blasting, the area shall be recleaned with solvent.

B.

After solvent cleaning, if permitted, all surfaces to be painted shall be blast cleaned in
accordance with the requirements of the Steel Structures Painting Council Specification,
SSPC-SP6, "Commercial Blast Cleaning." Special attention shall be given to the
cleaning of corners and re-entrant angles. All cleaned surfaces shall have an anchor
profile of 1 to 2.5 mils.

C.

Abrasives used for blast cleaning shall be either clean dry sand, mineral grit, steel shot,
or steel grit, at the option of the Contractor, and shall have a suitable grading to produce
satisfactory results. The use of other abrasives will not be permitted unless approved in
writing by the Engineer. Unwashed beach sand containing salt or excessive amounts of
silt will not be allowed.

D.

Before painting, all blast products shall be removed from the surfaces, and the cleaning
shall be approved by the Engineer. The blast cleaned surfaces shall be given a coat of
paint within 24 hours after cleaning, unless otherwise authorized by the Engineer. The
surface must be painted before rust forms.

E.

In repainting existing steel structures the method of cleaning will be specified in the
special provisions. Any damage to sound paint, on areas not designated for treatment,
resulting from the Contractor's operations shall be repaired by the Contractor at the
Contractor's expense to the satisfaction of the Engineer.

3.2

PAINT APPLICATION

A.

Surfaces shall be painted as soon as practicable after they have been properly cleaned
and approved for painting by the Company's inspector. Blast cleaning and painting
operations shall be coordinated so that at all times the blast cleaning work will be
carried on a sufficient distance from freshly painted surfaces to preclude any adhesion of
grit in the fresh paint.

B.

All painting shall be done in accordance with the requirements of the Steel Structures
Painting Council Specification, SSPC-PA1, "Shop, Field and Maintenance Painting."

C.

Unless otherwise specified three coats of paint shall be applied to all new structural steel
(except "Weathering Steel"). The prime and intermediate coats shall be applied in the
fabricating shop. The finish coat shall be applied in the field after erection. The dry
film thickness of each coat shall be as specified on the plans or in the special provisions.
Each coat shall differ enough in color from its preceding coat to make it easy to see
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voids in the fresh paint. Colors shall be as stated on the plans or special provisions as
the Engineer directs. The final coat on any surface exposed to view shall be made with
paint from a common batch. The Contractor shall provide the Engineer with a written
method for verifying and certifying that the final coat is, in fact, from a common batch.
3.3

SHOP PAINTING

A.

Shop painting shall include the furnishing of all shop applied paint, the preparation and
cleaning of surfaces, the application, drying and protection of the shop applied paint;
and the supplying of all materials, tools and labor necessary to complete the work.

B.

Refer to Paragraph 1.6 for surfaces in contact with concrete, Paragraph 1.7 for contact
and inaccessible surfaces, and Paragraph 1.8 for machine finished surfaces.

C.

The fabricated steel shall not be loaded for shipment until the shop paint is dry and has
been inspected and approved by the Engineer. Structural steel shall not be loaded for
shipment sooner than 24 hours after application of paint. No painting shall be done after
the material has been loaded for shipment.

3.4

FIELD PAINTING

A.

Field painting following shop painting and steel erection shall include the furnishing of
all field applied paint, the cleaning of all surfaces as required, the application of the
prime and intermediate coats on all surfaces not painted in the shop and on all shop
painted surfaces damaged during handling and erection, the application, drying and
protection of the finish paint coat and the supplying of all materials, tools and labor
necessary to complete the work, including signs and emblems, and to protect surfaces
not to be painted from contamination.

B.

Field painting of steel not previously shop painted shall include the furnishing of all
field applied paint, the cleaning of all surfaces, the application of the field applied paint
coat, or coats as specified; and the supplying of all materials, tools and labor necessary
to complete the work, including signs and emblems, and to protect surfaces not to be
painted from contamination.

3.5

REMOVAL OF UNACCEPTABLE COATINGS

A.

All coatings applied improperly or which fail to dry or adhere properly, or do not
evidence a normal, workmanlike appearance shall be remedied or completely removed
and replaced under the direction of the Engineer and at the expense of the Contractor.

B.

When the final field coat does not have a uniform color and appearance throughout the
structure, it shall be corrected by the use of whatever additional coats or other corrective
measures found to be necessary. Freshly applied paint which has not yet set shall be
removed with the use of suitable solvents. Removal of dried paint films shall be either
by means of blast cleaning, scraping, or other methods meeting the approval of the
Engineer.
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3.6

INSPECTION

A.

All material and workmanship shall be subject to inspection by the Company's inspector.

B.

The Contractor shall provide all reasonable facilities, labor, materials, equipment,
scaffolding and assistance for the safe and convenient conduct of all inspections.

C.

All surfaces will be inspected and approved prior to completion or proceeding to the
next order of work.

D.

Such inspections shall not relieve the Contractor's responsibility for furnishing qualified
labor, materials and workmanship in strict accordance with these specifications.

E.

Any work performed or results achieved which are not in strict accordance with these
specifications shall be redone to meet these specifications at the Contractor's expense.

3.7
A.

GALVANIZED STEEL
When designated on the plans or in the special provisions, steel shall be galvanized as
follows:
1.

Steel members, fabrications, and assemblies shall be galvanized after fabrication
by the hot dip process in accordance with ASTM Designation: A 123.

2.

Bolts, nuts and washers and iron and steel hardware components shall be
galvanized in accordance with ASTM Designation: A 153.

B.

After galvanizing, all elements shall be free of fins, abrasions, rough or sharp edges, and
other surface defects. The galvanized coating shall be continuous, adherent, as smooth
and evenly distributed as possible and free from any defect that is detrimental to the
coated article.

C.

Damaged galvanized surfaces shall be thoroughly cleaned to remove all contaminants
including weld slag, weld splatter, and rust and shall then be painted with two coats of
galvanized repair paint meeting the requirements of Paragraph 2.2.B.

3.8
A.

PART 4
4.1

PETROLATUM APPLICATION
Petrolatum application shall include the furnishing of petrolatum as specified in
Paragraph 2.3, the cleaning of surfaces to remove loose rust, scale and dirt; the
application of an approximately 1/32 inch thick coating on surfaces designated on the
plans, in the special provisions or by the Engineer; and the supplying of all materials,
tools and labor necessary to complete the work.
MEASUREMENT AND PAYMENT
PROTECTIVE COATINGS FOR STEEL SURFACES
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A.

Protective coatings for steel surfaces including surface cleaning and preparations, shop
painting, field painting, hot dip galvanizing of steel items and petrolatum application
shall be considered as incidental to other items of work and no measurement nor direct
payment will be made therefor.

END OF SECTION

04700-8
Page
D-421

04800
Waterproofing –
Standard Construction Specifications

Page D-422

WATERPROOFING
Section 04800
SECTION 04800
WATERPROOFING
PART 1
1.1

GENERAL
SECTION INCLUDES

A.

Bridge Deck Waterproofing

B.

Dampproofing

C.

Joint Waterproofing

1.2
A.

B.

C.

DESCRIPTION
Bridge Deck Waterproofing:
1.

These specifications shall govern the waterproofing of concrete and steel bridge
decks using rubberized asphalt with plastic film membrane protected by two
layers of 1/2 inch thick asphaltic panels, all in conformance with details shown on
the plans.

2.

Deck waterproofing shall not be done when ambient, substrate or material
temperatures are below 40 degree F or above 100 degree F; when wet or damp
surfaces will restrict the full bonding of materials or when it is not possible to
obtain first-class workmanship.

3.

After the deck waterproofing work has started, no vehicular or equipment traffic
shall be allowed on the bridge until after the work is complete and an adequate
ballast cushion has been placed on the deck. The waterproofing shall be protected
against damage from any source.

Dampproofing:
1.

When called for on the plans, the dirt side of structures shall be dampproofed
using one asphaltic prime coat and two coats of hot asphalt.

2.

All dampproofing materials shall be applied when temperature is above 40 degree
F. and rain is not likely before completion of the application.

Joint Waterproofing:
1.

When called for on the plans, the construction joint between the footing and neat
work of piers, abutments and retaining walls shall be primed and waterproofed
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with two layers of treated fabric 18 inches wide, alternated with three coats of hot
asphalt.
2.

PART 2
2.1

All joint waterproofing materials shall be applied when temperature is above 40
degree F and rain is not likely before completion of the application.
MATERIALS

BRIDGE DECK WATERPROOFING MATERIALS

A.

Rubberized Asphalt with Plastic Film Membrane: The membrane shall be not less than
0.060 inch thick and shall meet the requirements of the AREMA Manual, Chapter 29,
Part 2, Article 2.3.9.

B.

Primer, Mastic and Semi-Mastic: These materials shall be as recommended by the
membrane manufacturer.

C.

Asphaltic Panels: Asphaltic panels shall be 1/2 inch thick, not less than 3 feet wide by 6
feet long and shall meet the requirements of the AREMA Manual, Chapter 29, Part 2,
Article 2.4.7.

2.2

DAMPPROOFING AND JOINT WATERPROOFING MATERIALS

A.

Asphaltic Primer: Asphaltic primer shall meet the requirements of the ASTM
Designation: D 41.

B.

Asphalt: Asphalt for dampproofing and joint waterproofing shall be Type 2 meeting the
requirements of the ASTM Designation: D 449.

C.

Asphalt Treated Cotton Fabric: Asphalt treated cotton fabric for joint waterproofing
shall meet the requirements of the ASTM Designation: D 173.

D.

Others approved by the Engineer

2.3

STORING MATERIAL

A.

Waterproofing materials shall be stored in a manner to preclude damage. These
materials shall be kept dry at all times and shall be stored in a warm area prior to use in
cold weather and out of direct sunlight in hot weather.

B.

Asphaltic panels shall be stored so as to prevent warping and breaking.
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PART 3
3.1
A.

B.

EXECUTION
BRIDGE DECK WATERPROOFING
Surface Preparation:
1.

General: Decks shall be clean, dry, smooth and free of fins, sharp edges, loose
material, oil and grease. Grinders shall be utilized, if necessary, to remove
protrusions that would puncture the waterproofing membrane.

2.

Concrete Decks: Concrete decks shall have a wood float finish and shall cure for
not less than 7 days before waterproofing application. Surfaces shall be free of
form release agents and wax base curing compounds; if these contaminants are
present, they shall be removed by abrasive blast cleaning.

3.

Steel Decks: Joints between steel deck plates shall be filled with hot-poured
asphalt or a filler approved by the Engineer.

4.

Final Cleaning: The area to be waterproofed shall be thoroughly swept,
vacuumed or air blown to remove all dust, dirt and loose foreign material. After
the deck is clean, it shall be maintained in a clean condition until completion of
waterproofing.

Application of Membrane:
1.

Primer: Primer shall be applied to concrete decks with a brush or roller at a rate
of 250 to 350 square feet per gallon until the surface is completely coated. Primer
shall dry 1 hour or more, until tack-free, prior to application of membrane. If not
covered with membrane within 36 hours, the surface shall be re-primed. Steel
decks shall not be primed.

2.

Joints: Construction and control joints shall be covered by 16 gage galvanized
sheet metal, of the width shown on the plans, centered on the joint. Joints in sheet
metal shall be lapped 2 inches and corners of sheet metal shall be rounded to a
1/2-inch radius.
An inverted strip of membrane (plastic side down) 6 inches wider than the sheet
metal shall be centered over the sheet metal and the joint. This shall be covered
over with a full width of membrane placed rubberized asphalt side down centered
on the joint prior to placing membrane over the entire deck surface.

3.

Corners: Inside corners shall be filled with a 1/2-inch fillet of mastic.
All inside and outside corners shall receive an initial 12-inch wide strip of
membrane placed rubberized asphalt side down and centered along the axis of the
corner.
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C.

4.

Membrane: Membrane shall be laid with laps parallel to the long direction of the
deck. If there is a deck slope normal to the laps, membrane shall be laid from the
low point to the high point across the fall line so that the laps shed water as do
shingles on a roof. Membrane shall be rolled onto the surface using care to
eliminate any wrinkles or air spaces so that a smooth surface results. Succeeding
strips of membrane shall be laid with a minimum 2-1/2 inch side or end overlap.

5.

Sealing Seams: The 2-1/2 inch overlap shall be rolled down firmly and
completely using a rubberized wheel-type roller weighing approximately 100 lbs.

6.

Sloping or Vertical Surfaces: Membrane applied to sloping or vertical surfaces
shall be rolled down firmly over the entire area covered.

7.

Sealing Edges: Outside edges of membrane shall be rolled as specified in
Paragraphs 3.1.B.5 and 3.1.B.6 and shall be finished with a trowelled bead of
mastic.

8.

Drains and Protrusions: Areas within 6 inches of drains and protrusions shall
receive a double layer of membrane and mastic shall be liberally applied to the
seams and the contact area between the membrane and drain or protrusion.

9.

Inspection of Membrane: A careful inspection of the membrane shall be made
and any holes, tears, misaligned or wrinkled seams or other discontinuities shall
be patched with a piece of membrane extending at least 2-1/2 inches beyond the
imperfection.

Application of Membrane Protection
1.

General: The protective cover shall be placed over the membrane as soon as
practicable within 24 hours after the membrane has been laid. Dirt and other
foreign material shall be removed from the surface of the membrane before the
protective cover is placed.

2.

Membrane Protection Bond Coat: Asphaltic panels on horizontal surfaces shall
be laid without bond coat. Semi-mastic shall be used to bond asphaltic panels to
sloping and vertical surfaces. The bond coat shall be applied with a brush at a
rate of 50 square feet per gallon to completely coat the surface. Asphaltic panels
shall be placed while the bond coat is still tacky.

3.

Asphaltic Panels: The first layer of asphaltic panels on the horizontal surface
shall be laid with joints staggered not less than 18 inches, and a second layer of
asphaltic panels shall be laid with joints staggered not less than 18 inches from
the joints in the first layer. Following application of the bond coat, one layer of
asphaltic panels shall then be placed and rolled firmly on any sloping or vertical
surfaces. All joints in asphaltic panels shall be laid tight and shall be completely
sealed with semi-mastic.
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Within 24 hours of placing asphaltic panels on sloping or vertical surfaces, 1” x
3” redwood timbers shall be installed, as shown on the plans, to secure the top of
the asphaltic panels in place.

3.2

4.

Ballast Placement: Within 48 hours of placing membrane protection and prior to
placing any wheels from vehicular or equipment traffic onto the bridge deck, a
minimum 4 inch thick layer of ballast shall be dumped and spread uniformly
covering the asphaltic panels. Care shall be taken to ensure that asphaltic panels
are not shifted from their placed position.

5.

Exposure Protection: Where edges or protrusions of asphaltic panels are exposed
to prolonged sunlight exposure, coat exposed areas with Fibre Aluminum Roof
Coating meeting ASTM Designation: D 2824, Type 2 at a rate of 12 square feet
per gallon, (1/8 inch thickness).

DAMPPROOFING

A.

Surface Preparation: After all surface defects have been repaired and the curing
requirements have been met, the specified clean and dry concrete surfaces shall be
primed using material meeting the requirements of Paragraph 2.2.A. at a coverage rate
of 1-1/4 gallons per 100 square feet. The prime coat may be brushed or sprayed on and,
when necessary, may be thinned with mineral spirits up to 15 percent to facilitate
application; however, no increase in area over that to be covered by the unthinned
primer will be permitted. The application of primer shall be allowed to cure properly
before applying the hot asphalt.

B.

Application: After the prime coat is dry, the hot asphalt meeting the requirements of
Paragraph 2.2.B. shall be applied in two separate coats at a coverage rate of 4 gallons
per 100 square feet for each coat. The asphalt shall be heated to not more than 350
degrees to permit uniform covering. The direction of application of the second coat
shall be at 90 degrees to the direction of application of the first coat using care to insure
that the surface of the concrete is completely sealed.

C.

Backfilling: A minimum drying time of 24 hours is required before backfilling. Cover
or backfill within 72 hours after application. Backfill with care to avoid damage to
dampproofed areas. Backfill shall not be placed until the structure has been inspected
by the Engineer and approved for backfilling.

3.3

JOINT WATERPROOFING

A.

Surface Preparation: The asphaltic prime coat shall be applied in accordance with
Paragraph 3.2.A.

B.

Application: After the prime coat is dry, 18 inch wide treated fabric meeting the
requirements of Paragraph 2.2.C. shall be centered over the construction joint and laid
into a 4 gallons per 100 square feet mopping of hot asphalt meeting the requirements of
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Paragraph 2.2.B. This same procedure shall be followed in applying the second layer of
treated fabric after which a final mopping of hot asphalt at the same rate shall be
applied. Splices in the treated fabric shall be lapped a minimum of 2 inches.
PART 4
4.1

MEASUREMENT AND PAYMENT
BRIDGE DECK WATERPROOFING

A.

Measurement of Bridge Deck Waterproofing: Bridge deck waterproofing will be
measured by the square yard of surface that is waterproofed in accordance with the plans
or as directed by the Engineer.

B.

Payment for Bridge Deck Waterproofing: Bridge deck waterproofing shall be paid for
at the contract unit price per square yard of acceptable bridge deck waterproofing in
place. This price shall include full compensation for furnishing all materials, including
galvanized sheet metal and waterproofing retainer assemblies at ends of concrete decks,
unless otherwise specified, and for all labor, tools, equipment, supervision, and
incidentals necessary to complete the work in accordance with the plans and
specifications.

4.2

DAMPPROOFING

A.

Measurement of Dampproofing: Dampproofing will be measured by the square yard of
surface area designated on the plans or directed by the Engineer to be dampproofed.

B.

Payment for Dampproofing: Dampproofing shall be paid for at the contract unit price
per square yard of dampproofing in place. This price shall include full compensation for
furnishing all materials, unless otherwise specified, and all equipment, tools, labor and
incidentals necessary to apply the dampproofing and complete the work.

4.3

JOINT WATERPROOFING

A.

Measurement of Joint Waterpoofing: Joint waterproofing will be measured by the lineal
foot of joint between the neat work and the footing which is designated on the plans or
by the Engineer to be waterproofed.

B.

Payment for Joint Waterproofing: Joint waterproofing shall be paid for at the contract
unit price per lineal foot of waterproofing in place. This price shall include full
compensation for furnishing all materials, unless otherwise specified, and all equipment,
tools, labor and incidentals necessary to apply the waterproofing and complete the work.

END OF SECTION
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SECTION 04900
ELASTOMERIC BEARING PADS
PART 1
1.1

GENERAL
SECTION INCLUDES

A.

Plain Elastomeric Bearing Pads

B.

Laminated Elastomeric Bearing Pads

1.2
A.

1.3
A.

PART 2
2.1
A.

DESCRIPTION
Elastomeric bearing pads covered by this section includes plain pads consisting of
elastomer only and laminated pads consisting of alternate laminations of elastomer and
steel sheets bonded together.
CERTIFICATION
The bearing pad supplier shall certify that the elastomer, and steel sheets if used, in the
bearing pads that are furnished for each order conform to all of the requirements of
Paragraphs 2.1 and 2.2. The certification shall be supported by a certified copy of the
results of tests performed by the manufacturer upon samples of the elastomer and steel
sheets that were used in the bearing pads.
MATERIALS
ELASTOMER
The elastomer for bearing pads shall be formulated from previously unvulcanized 100
percent virgin polychloroprene (neoprene) and shall, as determined from test specimens
prepared in accordance with ASTM Designation: D 3190, conform to the following:

ASTM Designation Test
D 2240
D 412
D 573

D 395

Hardness, Type A Durometer
Minimum Tensile Strength in MPa
Minimum Elongation at break, %
Heat Resistance, Oven Aged 70 hrs at 100 deg. C.
Change in durometer hardness, max. points
Change in tensile strength, max. %
Change in ultimate elongation, max. %
Compression Set, 22 hrs. at 70 deg. C., Method B, max. %

Requirement
60 +/- 5
17
350
0 to +15
-15
-40
25
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D 1149

D 2137
D 624
2.2
A.

2.3
A.

2.4
A.

PART 3
3.1

Ozone Resistance, 1 ppm in Air by volume, 20% strain,
40 +/- 1 deg. C., mounting procedure D 518 Procedure A
Low Temperature Brittleness, at -40 deg. C.
Tear Resistance, Die "C", min. N/m

No cracks after
100 hrs. exposure
Pass
43,775

STEEL SHEETS
Steel sheets for use in laminated bearing pads shall meet the requirements of ASTM
Designation: A 570, Grade 36.
METHYL ETHYL KETONE
Methyl ethyl ketone for use in cleaning of elastomeric bearing pads shall meet the
requirements of ASTM Designation: D 740, Type 1 or Type 2.
GEL TYPE EPOXY
The gel type epoxy shall be a two component, epoxy-resin bonding system conforming
to the requirements of ASTM Designation: C 881, Type IV, Grade 2, Class B or C. The
class supplied shall be governed by the range of temperatures for which the material is
to be used.
EXECUTION
PLAIN BEARING PADS

A.

Plain bearing pads shall be cast in molds under pressure and heat and may be molded
individually, cut from previously molded strips or slabs molded to the full thickness of
the finished bearings, or extruded and cut to length. Plain bearing pads shall be fully
vulcanized, uniform and integral units of such construction that the bearing pad cannot
be separated by any mechanical means into separate, definite and well-defined
elastomeric layers. Evidence of layered construction shall be cause for rejection.

B.

Cutting of plain bearing pads from previously molded strips or slabs shall be performed
in such a manner as to avoid heating of the material and to produce an edge, with no
tears or other jagged areas, having a surface roughness that does not exceed
ANSI/ASME B46.1, 250.

3.2
A.

LAMINATED BEARING PADS
Laminated bearing pads shall have alternate layers of elastomer and steel sheets as
shown on the design drawings, and shall be cast in individual molds under heat and
pressure to form an integral unit of such construction that the bearing pad cannot be
separated by any mechanical means into separate, definite and well-defined elastomeric
layers. Evidence of layered construction shall be cause for rejection.
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B.

3.3
A.

The top and bottom steel sheets and the edges of all steel sheets shall be uniformly
covered with not less than 1/8 inch of elastomer. The maximum cover of elastomer over
the edges of steel sheets shall be 1/4 inch. Steel sheets shall be abrasive blast cleaned to
remove all rust, mill scale, and other contaminates, and shall be free of sharp edges and
burrs.
TOLERANCES
For both plain and laminated bearing pads the permissible variation from the dimensions
and configuration required by the plans and these specifications shall be as follows:
1.

3.4

Overall vertical dimensions
Average total thickness 1-1/2" or less
Average total thickness over 1-1/2"

-0, +1/8"
-0, +1/4"

2.

Overall horizontal dimensions

-0, +1/4"

3.

Thickness of individual layers of elastomer (laminated bearing pads only) +/-1/8"

4.

Variation from a plane parallel to the theoretical surface
Top
Sides
Individual Steel Sheets

5.

Size of holes or slots

6.

Position of holes or slots

1/8"
1/4"
1/8"
-0, +1/8"
+/-1/8"

INSTALLATION

A.

Elastomeric bearing pads shall be installed in accordance with the plans. Substructure
bearing surfaces to receive the bearing shall be level, smooth, and finished to the correct
elevation. The entire bearing surface shall be fully loaded under all conditions.

B.

Top and bottom elastomer surfaces shall be level under dead load only. Tapered load
plates bonded to the bearing, tapered sole plates on the bridge span, or epoxy mortar
between the bearing and the bridge span, as specified on the plans, shall compensate for
span grade, rotation, or camber.

C.

Welding of bridge span members to the bearing load plate is not permitted unless there
is more than 1-1/2 inches of steel between the weld and the elastomer. The temperature
of the steel plate in contact with the elastomer shall not exceed 400 degrees F during the
welding process.

D.

Bearing areas on bridge seats and precast concrete beams, which are to receive epoxy
materials, shall be abrasive blast cleaned to remove all form oil and curing agents and
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shall be in a dust free condition. Bearing areas on steel bearing plates, which are to
receive epoxy materials, shall be cleaned of all dirt, grease, and other contaminants
before epoxy materials are applied.
E.

Clean top and bottom surfaces of bearing pads with methyl ethyl ketone to remove all
traces of mold release agents. When mating surfaces are clean and dry, gel type epoxy
as specified in Paragraph 2.4.A shall be applied to a 5 mil thickness on the areas of the
bridge seat where elastomeric bearing pads are to be placed, and on the bottom side of
the elastomeric bearing pads and then the pads shall be set and held in the proper
location on the bridge seat until the epoxy takes its initial set. Pads must be held down
with sufficient weight to ensure total pad contact on the bridge seat.

F.

When epoxy mortar is specified to compensate for span, grade, rotation, or camber,
mortar consisting of equal parts by volume of gel type epoxy as specified in Paragraph
2.4.A and dry silica sand, mixed in accordance with manufacturer's directions, shall be
spread on top of bearing pads to a thickness of approximately 1/8 inch just before setting
beams in order to obtain uniform bearing. The beams shall be set in the proper location
on the bearing pads before the epoxy mortar takes its initial set. Scrape excess mortar
from around bearing pads after beams are set.

PART 4
4.1
A.
4.2
A.

MEASUREMENT AND PAYMENT
MEASUREMENT
Elastomeric bearing pads will be measured by each elastomeric bearing pad.
PAYMENT
Elastomeric bearing pads will be paid for at the contract unit price per each elastomeric
bearing pad in place. This price shall include full compensation for furnishing all
materials, and for all labor, tools, equipment, and incidentals necessary to complete the
work.

END OF SECTION
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SECTION 05100
PIPE CULVERTS
PART 1
1.1

GENERAL
SECTION INCLUDES

A.

Prefabricated Corrugated Steel Pipe and Pipe-Arches

B.

Bituminous Coated Corrugated Steel Pipe and Pipe-Arches

C.

Corrugated Aluminum Alloy Pipe

D.

Corrugated Structural Steel Plate Pipe, Pipe-Arches, and Arches

E.

Earth Boring and Jacking Culvert Pipe

F.

Steel Tunnel Liner Plates

G.

Polymeric Coated Galvanized Corrugated Steel Pipe

H.

Reinforced Concrete Culvert Pipe

See General Provisions for utility and permitting requirements and sections that apply.
1.2

DESCRIPTION

A.

These specifications shall govern the fabricating, furnishing, and installation of pipe
culverts of the types and construction stated in Paragraph 1.1 all in accordance with
these specifications, the special provisions and the details shown on the plans.

B.

The size, type, length, wall thickness, coating/paving requirements and location of pipe
culverts will be shown on the plans or as directed by the Engineer. (The minimum
diameter of pipe culverts under the BNSF RR shall be 36 inches, unless otherwise
directed by the engineer.)

C.

Where corrugated pipe is referred to in these specifications, the same shall include
corrugated steel pipe, corrugated steel pipe-arch and corrugated aluminum alloy pipe
unless otherwise noted. Corrugated aluminum pipe-arch shall not be used.

D.

Where structural steel plate pipe is referred to in these specifications, the same shall
include structural steel plate pipe-arch unless otherwise noted. Structural aluminum
alloy plate pipe and pipe-arch shall not be used.

E.

Where pipe is referred to in these specifications all of the above noted acceptable types
of pipe are included unless otherwise noted.
PART 2
MATERIALS
05100-1
Page
D-435

PIPE CULVERTS
Section 05100
2.1

PREFABRICATED CORRUGATED STEEL PIPE AND PIPE-ARCHES

A.

Prefabricated corrugated steel pipe and pipe-arches shall be aluminized steel pipe,
bituminous coated galvanized steel pipe or uncoated galvanized steel pipe as specified
on the plans or in the special provisions.

B.

Fabrication and materials shall be in accordance with Chapter 1, Part 4, Section 4.3 of
the AREMA Manual for Railway Engineering except as specified hereinafter:
1.

Article 4.3.1.2
a.
Fabricator may furnish either Class I or Class II corrugated steel pipe or
pipe-arch with either applicable type seam for Class II pipe or pipe-arch
when class or seam type is not specified.

2.

Article 4.3.3
a.
When step beveled ends are specified on corrugated steel pipes, the vertical
step at the top and the bottom of the pipe is to be one-quarter of the pipe
diameter in height.

3.

Article 4.3.3.1
a.
The following table shall govern in lieu of Table 4.3.1 - Corrugations:
CORRUGATIONS
Class

Diameter

Nominal Size

Max.
Pitch

Min. Inside
Radius

I
I
II
II
II
II

8"-48"
54"-96"
6"-10"
12"-48"
54"-120"
54"-120"

2-2/3" x "
3" x 1"
1-1/2" x 1/4"
2-2/3" x "
3" x 1"
5" x 1"

2-3/4"
3-1/4"
1-7/8"
2-3/4"
3-1/4"
5-1/4"

11/16"
9/16"
9/32"
11/16"
9/16"
1-9/16"

Notes:

4.

1.
2.

Pitch is measured at right angles to the corrugation.
Depth shall not overrun by more than 5%.

Article 4.3.4
a.
For Class II corrugated steel pipe and pipe-arch, the ends of individual pipe
sections shall be re-rolled to form circumferential corrugations extending at
least two corrugations from the pipe end.
b.
Bands with projections shall not be furnished. Corrugated locking bands
shall be furnished. (“Hugger” type or approved equal.)
c.
Two-piece bands shall be furnished when the corrugated steel pipe diameter
or pipe-arch span exceeds 42 inches.
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d.

2.2
A.

Bolts for coupling bands shall be 6 inches long and threaded within 1 inch
of the head.

5.

Article 4.3.5.4
a.
In Table 4.3.5, corrugated steel pipe-arch with 2-2/3 inches by 1/2 inch
corrugations in sizes greater than 57 inches by 38 inches shall not be
furnished.
b.
In Table 4.3.6, corrugated steel pipe-arch in sizes smaller than 60 inches by
46 inches shall not be furnished.

6.

Shipping
a.
Corrugated steel pipe and pipe-arch having invert paving shall be shipped
with paving at bottom.
b.
Blocking shall be placed between all corrugated steel pipe or pipe-arch
sections when loaded to prevent longitudinal movement during shipment.
This blocking is in addition to the customary straps to the floor surface.

BITUMINOUS COATED CORRUGATED STEEL PIPE AND PIPE ARCHES
Bituminous coated galvanized corrugated steel pipe and pipe-arches shall be in
accordance with Chapter 1, Part 4, Section 4.4.1 of the AREA Manual for Railway
Engineering.

TABLE 1 CMP PIPES
NOMINAL
DIAMETER
(INCHES)
24
30
36
42
42
48
48
54
54
60
60
66
72
84
96
120

NOMINAL*
CORRUGATION
(INCHES)
2-2/3 x ½
2-2/3 x ½
2-2/3 x ½
2-2/3 x ½
3x1
2-2/3 x ½
3x1
2-2/3 x ½
3x1
2-2/3 x ½
3x1
3x1
3x1
3x1
3x1
3x1

MATERIAL
MINUMUM **
THICKNESS
WIDTH OF LAP NOMINAL
(INCHES)
(INCHES)
2
0.109
2
0.109
2
0.109
3
0.138
3
0.109
3
0.138
3
0.109
3
0.168
3
0.138
3
0.168
3
0.138
3
0.138
3
0.168
3
0.168
3
0.168
3
0.168

MATERIAL
THICKNESS
U.S. STD.
GAGE
12
12
12
10
12
10
12
8
10
8
10
10
8
8
8
8

RIVET**
DIAMETER
(INCHES)
3/8
3/8
3/8
3/8
7/16
3/8
7/16
3/8
7/16
3/8
7/16
7/16
7/16
7/16
7/16
7/16

MAXIMUM
COVER
65’
50’
40’
70’
70’
65’
70’
60’
75’
55’
70’
60’
65’
55’
45’
41’

*WHERE TWO TYPES OF CULVERT ARE ACCEPTABLE, THE USE OF STANDARD 22/3” x ½”
MATERIAL IS PREFERRED, IF AVAILABLE.
** FOR RIVETED PIPE
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2.3

CORRUGATED ALUMINUM ALLOY PIPE

A.

Fabrication and materials shall be in accordance with Chapter 1, Part 4, Section 4.5 of
the AREA Manual for Railway Engineering except as specified hereafter:
1.

Article 4.5.1.2
a.
Fabricator may furnish either Class I or Class II corrugated aluminum alloy
pipe with either applicable type seam for Class II pipe when class or seam
type is not specified.

2.

Article 4.5.3
a.
When step beveled ends are specified on corrugated aluminum alloy pipes,
the vertical step at the top and the bottom of the pipe is to be one-quarter of
the pipe diameter in height.

3.

Article 4.5.3.2
a.
The following table shall govern in lieu of Table 4.5.3.

CORRUGATIONS
Class

Diameter

(1) Pitch Minimum

(1) Pitch Maximum

(2) Depth

I
I
II
II
II

12"-30"
36"-72"
6",8",10"
12"-30"
36"-72"

2-1/4"
2-3/4"
1-3/8"
2-1/4"
2-3/4"

2-3/4"
3-1/4"
1-7/8"
2-3/4"
3-1/4"

"
1"
1/4"
"
1"

Notes: 1.
2.

4.

The pitch shall be measured at right angles to the corrugations.
The depth shall not underrun by more than 5 percent.

Article 4.5.4
a.
Bands with projections shall not be furnished. Corrugated locking bands
shall be furnished. (“Hugger” type or approved equal.)
b.
Bolts for coupling bands shall be 6 inches long and threaded within 1 inch
of the head.
c.
Coupling bands utilizing a slip seam shall not be furnished.
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2.4

A.

CORRUGATED STRUCTURAL STEEL PLATE PIPE, PIPE-ARCHES, AND
ARCHES
Fabrication and materials shall be in accordance with Chapter 1, Part 4, Section 4.6 of
the AREA Manual for Railway Engineering except as specified hereinafter:
1.
2.

2.5
A.

B.

2.6
A.

PIPE FOR EARTH BORING AND JACKING
Corrugated steel pipe used for earth boring and jacking shall be in accordance with
Chapter 1, Part 4, Section 4.3 of the AREA Manual for Railway Engineering except as
specified hereafter:
1.

Only Class I, Shape I corrugated steel pipe of 8 gage wall thickness shall be used.

2.

Corrugated steel pipe shall be punched and match marked for field bolting.

Smooth steel pipe used for earth boring and jacking shall be in accordance with ASTM
Designation: A 139, Grade B, with a minimum yield strength of 35,000 psi.
STEEL TUNNEL LINER PLATES
Fabrication and materials shall be in accordance with Chapter 1, Part 4, Section 4.16 of
the AREA Manual for Railway Engineering except as specified hereinafter:
1.

2.7
A.

Article 4.6.3.1
a.
Circumferential seams shall be staggered.
Article 4.6.4.1
a.
When step beveled ends are specified on pipes, the vertical step at the top
and the bottom of the pipe is to be one-quarter of the pipe diameter in
height.

Article 4.16.1.2
a.
Two-flanged tunnel liner plates shall be used.

REINFORCED CONCRETE CULVERT PIPE
The materials for reinforced concrete culvert pipe shall meet the requirements of the
following specifications for the classes and sizes specified:

Circular Pipe
Arch Pipe
Elliptical Pipe
D-Load
B.

ASTM Designation
C 76
C 506
C 507
C 655

Sections of reinforced concrete pipe shall be furnished with holes and U-bolts for
fastening the sections together.
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2.8
A.

2.9
A.

2.10

POLYMERIC COATED GALVANIZED CORRUGATED STEEL PIPE
Polymeric Coated Galvanized Corrugated steel pipe shall be in accordance with Chapter
1, Part 4, Section 4.4.2 of the AREA manual (which states the polymeric coating shall
be in accordance with AASHTO specification M-246).
END FINISH
Unless shown otherwise on the plans or in the special provisions, the type of end finish
on pipes and pipe-arches is to be as follows:
1.

Corrugated Pipe:
a) 36-inch dia. to 90- inch dia., inclusive - ends square.
b) 96-inch dia. to 120-inch dia., inclusive - ends step beveled to match
embankment slope.
c) The height of the step bevel is to be one-quarter of the pipe diameter.

2.

Structural Steel Plate Pipe: All diameters - end step beveled to match
embankment slope. The height of the step bevel is to be one-quarter of the pipe
diameter.

3.

Corrugated Steel Pipe-Arch: All sizes - ends square.

4.

Structural Steel Plate Pipe-Arch: 6 feet-1 inch by 4 feet-7 inch to 9 feet-6 inch by
6 feet-5 inch, inclusive - ends square. 9 feet-9 inch x 6 feet-7 inch to 12 feet-6
inch by 7 feet-11 inch, inclusive - ends beveled to top of corner plates to match
embankment slope.

5.

Reinforced Concrete Culvert Pipe: Pipe may be either bell and spigot, or tongue
and groove design unless otherwise specified.

VERTICAL ELONGATION

A.

All corrugated pipe and structural steel plate pipe 48 inch diameter and larger, except
where used as a liner, shall be formed in the fabricating plant to a five percent (5%)
vertical elongation.

B.

Pipe-arches shall not be strutted or vertically elongated.

2.11

HANDLING

A.

Material shall be handled to final position in such a manner as to prevent its damage.
Corrugated pipes or structural steel plate materials shall not be dropped to, or dragged
over, the ground, but shall be handled with rolling slings, on skids, or with cranes.

B.

Corrugated steel pipe, when paved, shall be stored with paved invert at bottom.

C.

Corrugated steel pipe may be asphalt coated and paved, and any damage to coating or
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D.

paving shall be repaired by the Contractor applying two coats of bituminous materials
supplied by the Contractor. No extra payment will be allowed for this repair material or
work unless authorized in writing by the Engineer.
Bent or otherwise damaged corrugated pipe or structural steel plate materials shall be
straightened and repaired, if feasible and as directed by the Engineer, before being
placed in final position. No extra payment will be allowed for this work unless
authorized in writing by the Engineer.

E.

Materials must be properly stored if extended time will elapse prior to installation. Pipe
coatings or pipe materials affected by UV rays or temperature extremes should be stored
under a protective shelter until they can be properly installed. In the case of structural
steel plate pipes, plates should be stored in a manner where moisture will drain rather
than collect in the plates. Protected storage is preferred. Stacking plates to provide
proper drainage and ventilation helps prevent storage stains.

F.

Culvert pipes shall be handled carefully to avoid damaging the protective or metallic
coatings and denting the metal, or changing its shape in any manner. The use of lifting
lugs shall be required when such use will minimize possible damage to the pipe.

G.

Precast concrete units or elements shall be assembled in accordance with the
manufacturer's instructions. All units or elements shall be handled with reasonable care
and shall not be rolled or dragged over gravel or rock. Care shall be taken to prevent the
units from striking rock or other hard objects during placement. Cracks in an installed
precast concrete culvert that exceed 0.01 inch width will be appraised by the Engineer.
Cracks determined to be detrimental shall be sealed by a method approved by the
Engineer.

2.12

PIPE CONNECTIONS

A.

Pipe connections shall be shown on the plans or as stated in the specifications.

B.

Concrete collars or expanding bands, as shown on the plans, shall be used for pipe
connections and attached so as to not be pulled apart. The cost for this connection is
incidental to the unit price for culvert pipe and will not be paid as a separate line item.

C.

Prior to performing any pipe/culvert extensions, the pipe shall be cleaned out. The pipes
shall be free of any obstructions that could impede the flow. The clean out of the
pipe/culvert is incidental to the cost of performing the pipe extension and shall be
included in the contract unit price for pipe extensions.
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2.13

PIPE ABANDONMENT

A.

PART 3
3.1

All pipes/culverts being abandoned will be filled and capped off as indicated on the
plans and special provisions . No abandoned pipes will be left open, unless otherwise
directed by the Engineer. The abandoned pipes will be indicated on the plans.
EXECUTION
FOUNDATION PREPARATION - CORRUGATED PIPE AND STRUCTURAL
STEEL PLATE PIPE

A.

The foundation shall be a smoothed and compacted surface conforming to bottom of
pipe grade or camber and will hereafter be referred to as the foundation line. The
foundation bed shall be free of boulders, tree stumps, cut-off piling, and other
projections. Suitable camber to allow for settlement of pipe due to consolidated of
foundation material will be provided when required. Shaping to pipe contour is not
required.

B.

When acceptable foundation material is present, the width of the foundation line shall be
a minimum of 4 feet plus the pipe diameter or pipe-arch span. For multiple pipes the
above width shall be increased by the sum of the distances between pipe or pipe-arch
centers.

C.

Where there is solid rock or other unsuitable material, such as boulders, or unstable
material that may deform the pipe during minor settlement, at the foundation line, it will
be necessary to provide suitable bedding for pipes. Such work will only be undertaken
at the specified direction of the Engineer.

D.

Where bedding is found necessary, natural material shall be excavated, with vertical
sides, to a depth of 1 foot or more below the foundation line as directed by the Engineer
and backfilled with selected material to the foundation line. Selected bedding backfill
shall be compacted to the full amount required by Section 03200, Excavation and
Embankment. The width of excavation and bedding backfill shall be the pipe diameter
or pipe-arch span in solid rock and boulders, and in other unsuitable material, the width
shall be three pipe diameters or pipe-arch spans for single pipes, and for multiple pipes,
this width shall be increased by the distances between pipe or pipe-arch centers.

E.

Soft, spongy or otherwise unsuitable material encountered at the established and
approved grade shall be removed and backfilled with granular material as directed by
the Engineer. Excavation of unsuitable soils will be made in accordance with the unit
price for excavation. Payment for backfilling and compacting with suitable soils will be
made at the contract unit price for embankment.
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3.2

FOUNDATION PREPARATION - REINFORCED CONCRETE CULVERT PIPE

A.

Trenches shall be excavated in accordance with the bank stability requirements to a
width sufficient to allow for proper jointing of the pipe and thorough compaction of the
bedding and backfill material under and around the pipe. Where feasible, trench walls
shall be vertical. Maximum trench width shall be in accordance with the plans or
special provisions or as specified by the Engineer. The completed trench bottom shall
be firm and cleaned for its full length and width.

B.

If rock strata, boulders, tree stumps, cut-off piling and other projections are encountered
under the culvert within the limits of the required bedding, these projections shall be
removed and replaced with bedding material.

C.

Where specifically requested, the pipe trench bottom may be cambered longitudinally to
provide for expected settlement. If camber of the pipe trench is required, the indicated
camber will be shown on the plans or in the special provisions.

D.

Where specified on the plan or in the special provisions, the excavation for a pipe to be
placed within embankment fill shall be made after the embankment has been completed
to a specified height above the top of the pipe.

E.

If the foundation is incapable of supporting the pipe loads, an adequate support shall be
supplied be excavating the unstable soil and backfilling with compacted material, or by
such other means as may be specified or approved by the Engineer.

F.

Where an unsuitable material (peat, muck, etc.) is encountered at or below invert
elevation during excavation, the necessary subsurface exploration and analysis shall be
made and corrective treatment shall be as directed by the Engineer.

G.

For Class B or Class C Beddings, the subgrade should be undercut and replaced with
compacted granular material, if necessary, so that a firm foundation free of protruding
rocks is provided. Special care may be necessary with Class A or other unyielding
foundation to cushion the pipe from shock when blasting can be anticipated in the area.
Bedding classes are in accordance with Chapter 8, Part 10 of the AREA Manual for
Railway Engineering.

3.3
A.

3.4
A.

PROTECTION OF FOUNDATIONS
The Contractor shall by diversion ditches, dikes, or other means, keep the foundations
free of water at all times after the work is started, and until the embankment is placed
over the pipe. Any channel work necessary to allow free flow through the pipe shall be
completed before the embankment is placed.
PLACING CORRUGATED PIPE
Where two or more pipes are used, there shall be a minimum of 3 feet, or one-half pipe
diameter or pipe-arch span, clear distance apart, whichever is greater. Where
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practicable, in the opinion of the Engineer, a space of 10 feet may be provided between
pipes to facilitate the compaction of fill material around the pipes with heavy equipment.
B.

Pipe having riveted seams shall be laid with outside laps of circumferential joints
pointing upstream, longitudinal laps on the sides and asphalt paving on the flow line.

C.

Pipe sections shall be firmly joined together with connecting bands. All dirt or other
foreign materials must be kept out from between pipe and band. Outside connecting
bands should be slipped over the end of one section, and the adjoining section brought
within 1 inch of the first. Band shall be made to fit snugly and equally on each pipe
section and bolted to produce a tight joint. The lower half of two-piece connecting
bands for pipe having riveted seams may be furnished already connected to one of the
pipe sections, and in such cases the end having the fixed half band shall be placed
downstream. Band couplers and ends of pipe under the bands may be lubricated with oil
or solvent, which has been approved by the Engineer. Excess asphalt at joints may be
removed by an application of heat, if necessary. Where corrugated pipe is to be placed
in an irrigation ditch, continuous waterway or spring area, rubber gaskets shall be placed
around the first re-rolled corrugation at each end of the pipe before the band is placed to
keep the joint watertight.

D.

At locations where the existing corrugated pipe is to be extended with new pipe, the
joining end of the existing pipe shall be free of breaks, cracks or other defects. If in the
judgment of the Engineer the end of the existing corrugated pipe is not suitable for
making a proper joint, the Contractor shall, as directed by the Engineer, remove or trim
the amount of pipe necessary to allow making of an approved joint. Such removal
and/or trimming will be considered incidental to the cost of the pipe and no direct
payment will be made therefor.

E.

Pipe-arches shall not be strutted.

F.

Identification tag, supplied by manufacturer, shall be attached near top of and inside of
pipe at upstream end.

3.5
A.

FIELD STRUTTING OF CORRUGATED PIPE
When the distance from base of rail to the top of pipe will be less than the dimensions
given in Table 1, corrugated pipes shall be field strutted by the Contractor using
contractor supplied material.

TABLE 1
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Pipe Diameter - Inches

Base of Rail to Top of Pipe - Feet

48
54 to 66, incl.
72 to 96, incl.
102 to 108, incl.
114 to 120, incl.

4.0
4.5
5.0
5.5
6.0

B.

Struts shall be placed after embankment is compacted to top of corrugated pipe but
before any embankment is placed over the pipe. No equipment shall pass over the
corrugated pipe until struts are in place and 3 feet of embankment is in place over the
pipe.

C.

Struts shall consist of 6 inch by 6-inch longitudinal timbers at the invert and top of
corrugated pipe separated by 6 inch by 6-inch timber posts at 3-foot centers. Struts shall
be shimmed tight using hard wood wedges nailed securely in position. Placement of
struts shall be limited to the portion of corrugated pipe located within 12 feet of
centerline of tracks.

D.

Unless otherwise directed by the Engineer, struts shall be left in place until track laying
is completed after which Company forces will remove the struts.

E.

The furnishing and placing of field strutting material shall be considered incidental to
pipe placement, and no direct payment will be made therefor.

3.6

PLACING STRUCTURAL STEEL PLATE PIPE

A.

Structural steel plate pipe shall be erected at the site, in accordance with detailed plans
or instructions of the Engineer.

B.

Where two or more structural steel plate pipes are used, they shall be a minimum of onehalf pipe diameter or one-third of pipe-arch span apart. Where practicable, in the
opinion of the Engineer, a space of 10 feet may be provided between pipes to facilitate
compacting fill material around the pipe with heavy equipment.

C.

Structural steel plate pipes may be made up of corrugated plates of variable gages. The
invert plate may be two gages heavier than the plates for the sides and top of the pipe
section, and heavier gage plates may be used in the center sections than at the end
sections of the pipe. An erection diagram will be provided and must be followed
without exception.

D.

Strutting of structural steel plate pipe, if required, shall be as directed by the Engineer.
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E.

Structural steel plate pipes are to be assembled at the site with as few bolts as possible
until all plates are in place. Three or four untightened bolts near the center of each plate
along the longitudinal and circumferential seams are sufficient, and after several rings
have been assembled the remaining bolts can be inserted, the corner bolts being the last.
Bolts are to be tightened progressively from one end of the structure to the other after
assembly has been completed, and shall be check-tightened in the same manner to be
sure none is left loose. All bolts shall be tightened with proper tools, either hand or
power wrenches, initially to a minimum of 100 ft lbs. and a maximum of 300 ft lbs. of
torque.

F.

Where heavy camber is necessary, erection procedures may be modified, but only as
specifically approved by the Engineer for each such case.

G.

At locations where the existing structural steel plate pipe is to be extended with new
plates, the joining end of the existing pipe shall be free of breaks, cracks or other
defects. The Contractor shall remove existing beveled plates so that extension can be
made using standard plates. Such removal will be considered incidental to the cost of
the pipe, and no direct payment will be made therefor.

H.

Identification tag, supplied by manufacturer, shall be attached near top of and inside of
pipe at upstream end.

I.

Bolt holes for culvert extensions can be initially flame cut then shall be reamed to the
specified hole size.

J.

In Stock underpasses and vehicular underpasses which are to receive concrete invert
paving, the area to be covered by concrete shall be clean and dry. Wire mesh
reinforcement may be tack welded to bolts.

3.7

PLACING REINFORCED CONCRETE CULVERT PIPE

A.

Pipe laying shall begin at the downstream end of the culvert. The bell or groove end of
the pipe shall be placed upstream. No culvert shall be put into service until a suitable
outlet is provided for the water.

B.

Elliptical pipe shall be placed with the vertical axis within 5 degrees of a vertical plane
through the longitudinal axis of the culvert.

C.

Pipe bedding and placement, specified on the plans or in the special provisions, shall
conform to one of the Bedding Classes illustrated in Figures 10.4.2.2A through
10.4.2.2E of Chapter 8, Part 10 of the AREMA Manual for Railway Engineering. When
pipe cannot be placed on a prepared surface but must instead be placed on an unprepared
surface, the bedding shall be considered to be Class D Bedding. Class D Bedding
should only be used for emergency work, and is not permitted for permanent
installations unless authorized by the Engineer. For typical Class D Bedding see Figures
10.4.2.2A and 10.4.2.2C.

D.

When bell pipe is used, a shallow excavation shall be made underneath the bell of
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sufficient depth so that the bell does not rest on the bedding material.
E.

Proper facilities shall be provided for hoisting and lowering the sections of culvert into
the trench without disturbing the prepared foundation and the sides of the trench.

F.

The ends of the section shall be carefully cleaned before the section is jointed. Pipe
sections shall be joined so that the ends are fully entered and the inner surfaces are flush
and even.

G.

Joints shall comply with the details shown on the plans or specified in the special
provisions. Each joint shall be sealed to prevent infiltration of soil fines or water as
required by the contract documents.

H.

Sections shall be fastened together with U-bolts as shown on the plans or in the special
provisions.

3.8

BACKFILL AND EMBANKMENT - CORRUGATED PIPE AND STRUCTURAL
STEEL PLATE PIPE

A.

Backfill Around Pipes: When the pipe foundation line is below natural ground,
compacted backfill, placed in accordance with Paragraph 3.8.B. shall be placed around
the pipe in the area within the limits of the embankment section which was removed as
channel excavation. The upper limit of this backfill shall be the top of pipe elevation or
the elevation of natural ground surface as it existed before any excavation was made,
whichever is lower. Embankment above natural ground shall be placed in accordance
with Paragraph 3.8.B. When the upper limit of backfill is the top of pipe elevation, a 3foot depth of material shall be placed above the pipe without compaction. This material
shall be compacted in accordance with Paragraph 3.8.B. at the time the roadbed receives
its final finish.

B.

Embankment Around Pipes:
1.

The placing of embankment around pipes is to be started with the approval of the
Engineer only after assembly and erection work has been completed in every
detail. Embankment material to be placed around pipe must be approved by the
Engineer.

2.

Embankment under the haunches, along each side for a minimum width equal to
the pipe diameter, and over the pipe is to receive special handling both as to
placing and as to compaction. Except as modified by the provisions of Paragraph
3.8.B.3, embankment shall be hand tamped directly under the haunches
throughout the width beyond the reach of machine compacting equipment.
Embankment around pipes shall be brought up in compacted layers with a depth
of less than 6 inches before compaction on both sides of the pipe at the same time
keeping the fill at the same elevation on both sides. All material, except as noted
in Paragraphs 3.8.B.3 and 3.8.B.4, shall be compacted to the full amount required
by section 03200, Excavation and Embankment. Compaction methods and
equipment shall be approved by the Engineer.
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3.9
A.

B.

3.

If the Engineer permits the clear distance between multiple pipes, or the clear
distance between pipe and cut face, to be less than 3 feet, lean concrete slurry
shall be used to fill under the haunches and to a minimum depth of the spring
lines of the pipe installation. The concrete slurry mix shall be approved by the
Engineer. Care shall be taken to ensure that the concrete slurry does not float the
pipes above their intended elevation.

4.

The embankment directly above the pipe for a distance of one-third pipe diameter,
but not less than 3 feet is to be placed without compaction.

5.

Where the distance from subgrade to top of pipe is less than 3 feet, the excess
material shall be left in place until the roadbed receives its final finish. At this
time the material over the pipe to a depth of 1 foot below subgrade elevation shall
be compacted to the full amount required by the Section 03200, Excavation and
Embankments.

6.

Care must be taken to prevent water form leaking through the fill or along the side
of the pipe. When granular materials have been used for bedding or backfill, the
ends of such material must be sealed against infiltration. This can be done by
using impervious embankment material for 3 feet at both ends of the pipe.

BACKFILL AND EMBANKMENT - REINFORCED CONCRETE CULVERT PIPE
General:
1.

The backfill around the culvert shall be placed in accordance with the bedding
requirements illustrated in Figures 10.4.2.2A through 10.4.2.2E of Chapter 8, Part
10 of the AREA Manual for Railway Engineering, and other requirements of
these specifications.

2.

All culverts that are to carry track load shall have the backfill thoroughly
compacted to a minimum density of 95% as determined by ASTM Designation:
D 698, and as specified elsewhere in the special provisions for adjacent
embankment.

3.

Where the pipe is placed on a shaped subgrade, see Figures 10.4.2.2A, and
10.4.2.2C, extreme care shall be taken not to over-excavate the shaped surface so
that point loading shall not occur on the pipe bottom.

Embankment Bedding (See Figures 10.4.2.2A and 10.4.2.2B):
1.

Where rock or noncompressible foundation material is encountered, the hard
unyielding material should be excavated below the elevation of the concrete
cradle (Class A) or the bottom of the pipe or pipe bell (Class B & C Beddings) for
a depth of at least 6 inches or 1/2 inch for each foot of fill over the top of the pipe
whichever is greater, but not more than 3/4 of the diameter (or horizontal span) of
the pipe.
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2.

C.

Trench Bedding (See Figures 10.4.2.2C and 10.4.2.2D):
1.

2.

D.

For the Negative Projecting Embankment Condition, the width of the excavation,
Bd, should be at least 1.5 times the outside width of the pipe, Bc, and with a
minimum of two feet greater than the outside diameter of the pipe for thorough
filling and compaction of the void space under the pipe haunch.

Materials for backfill on each side of the pipe for the full width of the trench and
to an elevation of 1 foot above the top of the pipe shall be fine, readily compacted
soil or granular material, and shall not contain frozen lumps, stones that would be
retained on a 2 inch sieve, chunks, highly plastic clay, or other objectionable
material. Granular backfill material shall have 100% passing a 3/4 inch sieve, not
less than 95% passing a 1/2 inch sieve, and not less than 95% retained on a No.
16 sieve. Oversized material shall be removed at the source of the material,
except as directed by the Engineer.
When the top of the pipe is even with or below the top of the trench, backfill
material shall be placed at or near the optimum moisture content and compacted
in layers not exceeding 6 inches (compacted) on both sides of the pipe for the full
required length.

3.

Backfill material shall be placed and compacted for the full depth of the trench,
unless induced trench installation is used.

4.

When the top of the pipe is above the top of the trench, backfill shall be placed at
or near optimum moisture content and compacted in layers nor exceeding 6
inches (compacted) and shall be brought up evenly on both sides of the pipe for
its full length to an elevation 1 foot above the top of the pipe. The width of
backfill on each side of the pipe for the portion above the top of the trench shall
be equal to twice the diameter of the pipe or 12 feet whichever is less. The
backfill material used in the trench section and the portion above the top of the
trench for a distance on each side of the pipe equal to the horizontal diameter and
to 1 foot above the top of the pipe shall conform to the requirements for backfill
in Paragraph 3.9.C.1. The remainder of the backfill shall meet the requirements
for embankment construction.

5.

The width of the trench, Bd, shall be a minimum of 1.5 times the outside width of
the pipe, Bc, and two feet greater than the outside diameter of the pipe in order to
completely fill the void.

Induced Trench Bedding (See Figure 10.4.2.2E):
1.

The Induced Trench method shall not be used when the pipe is subjected to track
loading.

2.

When the Induced Trench method is used, the embankment shall be completed as
required in Paragraph 3.9.C and as illustrated in Figure 10.4.2.2E, to a height
above the pipe equal to the vertical outside diameter of the pipe plus one foot. A
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trench equal in width to the outside horizontal diameter of the pipe, in depth equal
to the vertical outside diameter of the pipe, and to the length shown on the plans
shall then be excavated to within one foot of the top of the pipe, trench walls
being as nearly vertical as possible. This trench shall be loosely filled with highly
compressible material. Construction of the embankment above the pipe shall then
proceed in a normal manner using regular fill material.

3.10
A.

3.

The length of the Induced Trench method shall be shown on the plans or specified
by the Engineer.

4.

When the Alternate Induced Trench method is used, the embankment shall be
constructed in a normal manner to a height above the culvert bedding elevation
equal to twice the outside diameter of the pipe. A trench as required shall then be
excavated with the walls as nearly vertical as possible, and the pipe bedded and
backfilled to one foot above the pipe as called for in Paragraph 3.9.C. The
remaining portion of the trench shall then be loosely filled with highly
compressible material. Construction of embankment shall then proceed in a
normal manner.

5.

In no case shall the length of compressible material extend to the ends of the
culvert.

6.

Rock fill shall not be dumped over the culvert without a sufficient cushion of
earth to prevent breakage of the pipe.

EARTH BORING AND JACKING CULVERT PIPE
General:
1.

Materials shall be in accordance with Paragraphs 2.5.A. or 2.5.B..

2.

Manufacturer shall punch and match mark all sections of corrugated steel pipe for
field bolting.

3.

Sewer type bands for watertight joints shall be provided for corrugated steel pipes
when shown on the plans or special provisions.

4.

Full penetration welds meeting the requirements of AWS D1.1 shall be used to
join sections of smooth steel pipe.

5.

Pipe damaged in jacking or boring operations shall be repaired in place to the
satisfaction of the Engineer. Pipe damage beyond repair shall be removed and
replaced. Repair or removal and replacement of damaged pipe shall be done at
the Contractor's expense.

6.

Excessive voids shall not be permitted in the jacking process. If the installation
process results in significant voids, grout plugs shall be installed in pipe and all
voids between the outside of the pipe and inside surface of the excavation shall be
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filled by pressure grout as soon as possible after the completion of the installation.
The grout mix shall be approved by the Engineer.

B.

7.

If the grade of the pipe at the jacking or boring end is below the ground surface,
suitable pits or trenches shall be excavated for the purposed of conducting the
jacking or boring operation and for placing end joints of the pipe. The pits shall
be 30 feet from centerline of the track. Excavations greater than five (5) feet in
depth shall be protected in accordance with OSHA Trench Safety Guidelines.

8.

Where pipe is required to be installed under railroad embankments, highways,
streets, or other facilities by jacking or boring methods, installation shall be made
in such a manner that it will not interfere with the operation of the railroad, street,
highway, or other facility, and shall not weaken or damage any embankment or
structure.

9.

Pipe damaged in jacking or boring operations shall be repaired in place to the
satisfaction of the Engineer. Pipe damaged beyond repair will be removed and
replaced. Repair or removal and replacement of damaged pipe will be done at the
Contractor’s expense.

10.

The pits or trenches excavated to facilitate jacking or boring operations shall be
backfilled immediately after the installation of the pipe has been completed.

Jacking:
1.

Heavy duty jacks suitable for forcing the pipe through the embankment shall be
provided. In operating jacks, even pressure shall be applied to all jacks used. A
suitable jacking head and suitable bracing between the jacks and the jacking head
shall be provided so that pressure will be applied to the pipe uniformly around the
ring of the pipe. Joint cushioning material of plywood or other material may be
used as approved by the Engineer. Plywood cushioning material shall be 3/4-inch
minimum thickness. Cushioning rings may be made up of single or multiple
pieces. A suitable jacking frame or backstop shall be provided. The pipe to be
jacked shall be set on guides, properly braced together, to support the section of
the pipe and to direct the pipe in the proper line and grade. The whole jacking
assembly shall be placed so as to line up with the direction and grade of the pipe.
In general, the embankment material shall be excavated just ahead of the pipe, the
material removed through the pipe, and the pipe forced through the embankment
with jacks, into the space thus provided.

2.

The excavation for the underside of the pipe, for at least one-third of the
circumference of the pipe, shall conform to the contour and grade of the pipe.
Over-excavation to provide not more than 2 inches of clearance may be provided
for the upper half of the pipe. This clearance shall be tapered to zero at the point
where the excavation conforms to the contour of the pipe. Over-excavation in
excess of 1 inch shall be pressure grouted the entire length of the installation.

3.

The distance that the excavation shall extend beyond the end of the pipe depends
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on the character of the material, but shall not exceed 2 feet. This distance shall be
decreased when directed by the Engineer.

C.

3.11

4.

Preferably, the pipe shall be jacked from the low or downstream end. The final
position of the pipe shall not vary from the line and grade shown on the plans, or
established by the Engineer, by more than 1/8 inch per 1 foot. The variation shall
be regular and in one direction and the final flow line shall be in the direction
shown on the plans.

5.

The Contractor may use a cutting edge of steel plate around the head end of the
pipe extending a short distance beyond the end of the pipe with inside angles or
lugs to keep the cutting edge from slipping back onto the pipe.

6.

Work should be done continuously to minimize the tendency of the material to
"freeze" around the pipe.

Boring:
1.

The boring shall proceed from a pit provided for the boring equipment and
workmen. The location of the pit shall be approved by the Engineer. The boring
shall be done mechanically either using a pilot hole or by the auger method.

2.

When the pilot hole method is used, an approximate 2 inch pilot hole shall be
bored the entire length of the crossing and shall be checked for line and grade on
the opposite end of the bore from the work pit. This pilot hole shall serve as the
centerline of the larger diameter hole to be bored.

3.

When the auger method is used, a smooth steel pipe of the appropriate diameter
equipped with a cutter head to mechanically perform the excavation shall be used.
Augers shall be of sufficient diameter to convey the excavated material to the
work pit.

4.

Excavated material shall be disposed of by the Contractor, as approved by the
Engineer. The use of water or other fluids in connection with the boring
operation will be permitted only to the extent necessary to lubricate cuttings;
jetting will not be permitted.

5.

In unconsolidated soil formations, a gel-forming colloidal drilling fluid consisting
of at least 10 percent of high grade carefully processed bentonite may be used to
consolidate cuttings of the bit, seal the walls of the hole, and furnish lubrication
for subsequent removal of cuttings and immediate installation of the pipe.

6.

Allowable variation from line and grade shall be as specified in Paragraph
3.10.B.4. Overcutting in excess of 1 inch shall be remedied by pressure grouting
the entire length of the installation.

STEEL TUNNEL LINER PLATES
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A.

B.

PART 4
4.1

General:
1.

This specification covers the installation of tunnel liner plates in tunnels
constructed by conventional tunnel methods and the installation of tunnel liner
plates inside of existing tunnels, culverts or structures. For the purposes of these
specifications, tunnels excavated by full face, heading and bench, or multiple drift
procedures are considered conventional methods. Liner plates used with any
construction procedure utilizing a full or partial shield, a tunneling machine or
other piece of equipment which will exert a force upon the liner plates for the
purpose of propelling, steering or stabilizing the equipment are considered
special cases and are not covered by these specifications.

2.

This work shall consist of furnishing cold formed steel tunnel liner plates
conforming to Paragraph 2.6 and of the sizes and dimensions required on the
plans, and installing such plates at the locations designated on the plans or by the
Engineer, and in conformity with the lines and grades established by the
Engineer. The completed liner shall consist of a series of steel liner plates
assembled with staggered longitudinal joints.

3.

All plates shall be connected by bolts on both longitudinal and circumferential
seams or joints and shall be so fabricated as to permit complete erection from the
inside.

4.

Grout holes 2 inches or larger in diameter shall be provided as shown on the plans
to permit grouting as the erection of tunnel liner plates progresses.

Installation:
1.

Liner plates shall be assembled in accordance with the Manufacturer's
instructions.

2.

Coated plates shall be handled in such a manner as to prevent bruising, scaling, or
breaking of the coating. Any plates that are damaged during handling or placing
shall be replaced at the Contractor's expense, except that small areas with minor
damage may be repaired by the Contractor as directed by the Engineer.

3.

Voids between the liner plate and the tunnel wall or existing tunnel, culvert or
structure shall be force-grouted. The grout shall be forced through the grouting
holes in the plates with such pressure that all voids will be completely filled. The
grout mix and the frequency of grouting shall be approved by the Engineer.

4.

Full compensation for backpacking or grouting shall be considered as included in
the contract price paid, and no separate payment will be made therefor.
MEASUREMENT AND PAYMENT

PIPE CULVERTS
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A.

Measurement of Pipe Culverts: Pipe culverts of the various types and sizes will be
measured, along the pipe centerline, at the invert, by the lineal foot in place.

B.

Payment for Pipe Culverts:

4.2

1.

Payment for furnishing and installing the respective culvert will be made at the
contract unit price per lineal foot for the size and type of structure indicated on
the plans or as directed by the Engineer, which payment will constitute full
compensation for furnishing, unless otherwise specified; transporting, unloading,
storing, and handling, connections, collars, coating, bedding and bedding
material, trenching, excavation, placement, compaction, backfill, care and
diversion of water, shoring, and all incidental labor and material necessary to
complete the construction of pipe culverts as required by the specifications and
plans.

2.

Payment for structure drain pipe is provided for in Section 04100, Structure
Excavation and Backfill, Paragraph 4.5.

EARTH BORING AND JACKING CULVERT PIPE

A.

Measurement of earth boring and jacking culvert pipe: Corrugated steel pipe and
smooth steel pipe bored and/or jacked in place will be measured, along the pipe
centerline, by the lineal foot in place.

B.

Payment for earth boring and jacking culvert pipe: Corrugated steel pipe and smooth
steel pipe bored and/or jacked in place shall be paid for at the contract unit price per
lineal foot of the types and sizes in place. This price shall include full compensation for
furnishing, unless otherwise specified; excavation, backfilling, disposal of surplus
material, unloading, storing and transporting the pipe; and for furnishing all tools,
equipment and labor to bore and/or jack the pipe in place and grout along the pipe when
necessary.

4.3

STEEL TUNNEL LINER PLATES

A.

Measurement of steel tunnel liner plate: Steel tunnel liner plates will be measured,
along the centerline of the assembled plates, by the lineal foot in place.

B.

Payment for steel tunnel liner plates: Steel tunnel liner plates shall be paid for at the
contract unit price per lineal foot of the types and sizes in place. This price shall include
full compensation for furnishing, unless otherwise specified; and for all labor, tools,
equipment, supplies, supervision, and incidentals necessary for unloading, storing, and
transporting the plates; placing the plates; removal and disposal of material resulting
from excavation; and force-grouting the voids and completing the work in accordance
with the plans, special provisions, and these specifications.

END OF SECTION
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SECTION 06100
BASIC ELECTRICAL REQUIREMENTS
PART 1 - GENERAL
1.1

DESCRIPTION
A.

This Section applies to the site electric work which consists of providing all
necessary labor, equipment and materials required for the complete site electrical
installation in accordance with these specifications and as indicated in the Contract
Drawings.

B.

Work Included:
1.

Equipment and materials to be furnished and installed by the Contractor
under Section 06100 shall include, but not be limited to, the following:
A.

Electric Service and Main Distribution Equipment

B.

Grounding and Bonding

C.

Power Distribution Panelboards

D.

Feeders and Branch Circuits

E.

Raceways

F.

Manholes and Handholes

G.

High Voltage Pull Box

H.

Conductors, Wire and Cable

I.

Pull Boxes and Junction Boxes

J.

Pull Wires

K.

Spare Raceways (Empty)

L.

Nameplates, Labels, and Tags

M.

Outlets and Boxes

N.

Motor Connections and Controls, Motor Starters

O.

Disconnect Switches for All Motors

P.

Equipment Power Wiring, Control Wiring and Connections
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1.2

Q.

Contactors and Remote Control Switches and Relays

R.

Time Switches and Photo Controls

S.

Equipment Mounting and Supports

T.

Acceptance Tests

U.

Staging

V.

Guarantee

W.

Spare Parts

C.

Above list is given as a general guide to identify the major parts of the Work.
General arrangement of the equipment is shown on the Contract Drawings and The
Contractor is responsible for the takeoffs and quantities.

D.

It is the intent of the Specifications and Contract Drawings that the electrical project
be a complete and finished work, tested and ready for operation. Any apparatus,
appliance, material or work not shown on Contract Drawings, but mentioned in the
Specifications or vice versa, or any incidental accessories necessary to make the
work complete in all respects and ready for operation, shall be furnished, delivered
and installed by the Contractor without additional expense to the Owner.

RELATED WORK
A.

This Section includes general administrative and procedural requirements for
electrical installations. The following administrative and procedural requirements
are included in this Section to expand the requirements specified in Section 1.1 B:
1.

Submittals

2.

Coordination drawings

3.

Inspection

4.

Record documents

5.

Operation and maintenance manuals

6.

Delivery, storage, and handling

7.

Manufacturer's technical representative

8.

Rough-ins

9.

Electrical installations
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1.3

10.

Preparation for operation

11.

Tests

12.

Demonstration of complete electrical systems

13.

Structural supports

14.

Temporary power

15.

Cutting and patching

REFERENCE STANDARDS
A.

All Work shall conform to these Specifications and to the applicable requirements of
the latest edition of the following codes, regulations and standards.
1.

American National Standards Institute (ANSI).

2.

American Society for Testing and Materials (ASTM).

3.

Institute of Electrical and Electronic Engineers (IEEE).

4.

Latest Edition of National Electric Code (NEC).

5.

National Electrical Manufacturers Association (NEMA).

6.

Occupational Safety and Health Administration (OSHA).

7.

Illuminating Engineering Society of North America (IES).

8.

Insulated Cable Engineers Association (ICEA).

9.

Underwriters' Laboratories, Inc. (UL).

B.

Requirements of Commonwealth Edison (ComEd).

C.

Any law or regulation of the State or other local regulating body having jurisdiction
over this work shall apply.
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1.4

SUBMITTALS
A.

General: Drawings and data to be submitted by the Contractor for all Work and
equipment are specified herein and under the respective items of equipment and
materials to be furnished and shall be provided in accordance with the Clauses of the
Special Conditions and Requirements of the General Conditions

B.

Shop Drawings: Complete shop drawings and technical data shall be submitted for
review for all equipment. As a minimum, shop drawings shall include bills of
materials, front views, assembly drawings, elementary diagrams, connection
diagrams, and complete list of spare parts. Overall dimensions and minimum
clearance dimensions shall also be shown for all equipment. Diagrams for control
equipment shall be in accordance with ANSI Standards.

C.

Shop drawings shall be submitted for, but not limited to, the following:
1.

Pull boxes larger than 12 inches

2.

Terminal cabinets and boxes

3.

Panelboards

4.

Disconnect switches, and associated enclosures

5.

Cables and terminations for 600 volt cables

6.

Raceway and supports

7.

Padmounted transformers

8.

Lighting fixtures

9.

Light Poles

10.

Light lowing devices

D.

Provide coordination graphs and a family of current characteristic curves for all types
and sizes of protective relays, circuit breakers and fuses.

E.

Each drawing shall be marked with user name, purchaser name, location of facilities,
Contract number, purchase order number, item number.

F.

Wiring Diagrams: Schematic and terminal to terminal connection wiring diagrams
shall be submitted for the following items:
1.

Lighting controls

2.

Motor control equipment
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G.

Catalog Cuts: Catalog cuts shall be marked to indicate the item, model, capacities
and other characteristics listed in the table or on printed sheets. Catalog cuts shall be
submitted for, but not limited to, the following:
1.

Boxes and enclosures

2.

Grounding connectors

3.

Lighting fixtures including ballasts

4.

Molded case circuit breakers

5.

Pushbuttons

6.

Manholes and handholes

7.

Relays, control and indicating devices

8.

Safety switches

9.

Control switches

10.

Terminal blocks

11.

Conduit and fittings

12.

Thermostats

13.

Lighting controls

14.

Padmounted transformers

15.

Medium voltage cable

H.

Spare Parts List: Submit an itemized list of spare parts, as recommended by the
manufacturers for all electrical equipment to be supplied under this Contract. The
list shall include current unit prices and sources of supply.

I.

Drawings and data to be submitted:
1.

Front views, floor plans, and mounting details for all equipment showing
dimensions necessary for installing equipment, equipment base details and
entrance locations for main power cables, buses and control cables.

2.

Elementary diagrams of power and control circuits.

3.

List of standard symbols and nomenclature

4.

Tabulation of electrical and mechanical characteristics of the various
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components, including:

1.5

1.6

Description of equipment

B.

Manufacturer

C.

Outline drawings showing arrangement of equipment, overall
dimensions and approximate weights.

D.

Cable characteristics

E.

Bills of material

F.

Floor plans showing final equipment layout of all the equipment.

5.

Test procedures and reports requiring submittals as specified in this Division.

6.

Operation and maintenance instructions.

COORDINATION DRAWINGS
A.

Coordinate with all trades as necessary to facilitate timely completion, avoid the
necessity for cutting and patching and to ensure proper operation of all equipment.

B.

Furnish to appropriate trades, drawings and instructions necessary for construction of
concrete bases, concrete encasement and other construction required to accommodate
installations under this Division.

C.

Obtain all wiring diagrams and other instructions required for proper electrical
connection of equipment installed or furnished under other Divisions hereof.

RECORD DOCUMENTS:
A.

1.7

A.

Maintain a neatly marked set of records drawings at the construction site showing the
installed location and routing of conduits, cables, pull boxes, junction boxes, and
outlets as well as other record (as-built) data. Keep record drawings current (with
the Work and subject to inspection by the Engineer at any time. Deliver final record
(as-built) drawings to the Engineer prior to the issuance of the certificate of Final
Completion in accordance with the requirements of this Contract.

OPERATION AND MAINTENANCE MANUALS
A.

Furnish to the Engineer 12 bound and indexed copies of an approved operations and
instruction manual for the following:

B.

Panelboards

C.

Lighting control panels
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D.

Pad mounted transformers

E.

The books shall provide comprehensive detailed information on the approved
installation, operation and use, troubleshooting, parts list, lubrication and periodic
maintenance, together with the source of replacement parts and service for the items
of equipment and the systems covered.

F.

Where items of equipment and/or systems work in conjunction with one another the
interconnections shall be shown on a single sheet, folded out if necessary. A
schematic wiring diagram and a description of operation shall be included.

G.

Where separate items of equipment specified herein are combined into a single
sealed self-contained unit, the drawings and required data shall treat each item of
equipment in such self-contained unit as separate items. Referring to such selfcontained unit as one item of equipment will not be acceptable.

H.

The operation and maintenance manual shall be submitted for approval in accordance
with Clause in Division 1 entitled "Working Drawings and Catalog Cuts."

DELIVERY, STORAGE, AND HANDLING
A.

Deliver products to the project properly identified with names, model numbers,
types, grades, compliance labels, and other information needed for identification.

B.

Deliver equipment in factory-fabricated containers or wrappings, which offer proper
protection from construction debris and physical damage.

C.

Store equipment in original wrappings in a clean dry place. Protect from weather,
dirt, fumes, and water.

D.

Handle carefully to prevent damage, breaking and scouring. Do not install damaged
units or components, replace with new.

PART 2 - PRODUCTS

Not Used.
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PART 3 - EXECUTION

3.1

3.2

ROUGH-INS
A.

Verify final locations for rough-ins with field measurements and with the
requirements of the actual equipment to be connected.

B.

Refer to equipment specifications in Divisions 2 through 16 for rough-in
requirements. (BNSF Electrical Specfications if Provided)

ELECTRICAL INSTALLATIONS
A.

General: Sequence, coordinate, and integrate the various elements of electrical
systems, materials, and equipment.

B.

All electrical installations shall be in accordance with the applicable standards of
ANSI, IEEE, NEC, NEMA, OSHA and the Division of Labor of the applicable State
in which the work is being peformed, unless specified otherwise. Place the
equipment accurately in position, level the equipment, properly assemble all
equipment which requires assembling, including bus and incoming wires, and adjust
and make ready for service the electrical equipment and material required by these
Specifications or shown on the Contract Drawings. After the installation is
complete, clean each piece of equipment to the satisfaction of the Engineer. All
work shall be done in an orderly and workmanlike manner and shall present a neat
appearance when completed.

C.

Provide excavation and backfilling as necessary for burial of ground cables, duct
banks and conduits as shown on the Contract Drawings. Install all underground
concrete duct bank and ground grid prior to the placement of concrete floor slab.

D.

Embed conduits, ground cables and anchoring devices as specified and shown on the
Contract Drawings and coordinate this work with subcontractors and the Engineer so
as not to interfere with or delay their work.

E.

Dissimilar Metals:
1.

Dissimilar metals as used herein shall be those which are incompatible in the
presence of moisture, as determined from their position in the
electrochemical series or from test data. Where dissimilar metals come in
contact, paint the joint both inside and out with approved paint so as to
exclude moisture from the joint, or provide a suitable barrier separating the
metals.
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2.

3.3

Transitions in conduit from one metal to a dissimilar metal shall only be
made at boxes or other enclosures except where otherwise specified herein or
shown on the Contract Drawings.

F.

Furnish the services of installation supervisors as required or specified herein,
without cost to the Engineer. The presence of the installation supervisor shall in no
way relieve responsibility for the complete and proper installation of the equipment.

G.

All equipment installed by the Contractor shall be in accordance with the approved
shop drawings and the manufacturer's recommendations and shall operate to the
satisfaction of the Engineer. Correct by repair or replacement, damage to or failure
of any part of any of the items of the equipment which, in the opinion of the
Engineer, has been caused by faulty mechanical or electrical assembly. Perform
necessary tests to demonstrate that the electrical and mechanical operation of the
equipment is satisfactory and meets the requirements of these Specifications at no
additional cost to the Engineer.

H.

The Engineer reserves the right to require minor changes in location of equipment
without incurring additional costs.

I.

Preserve technical data, instructions and manuals furnished with electrical
equipment. This material shall be neatly organized, bound and incorporated in the
operation and maintenance manuals.

J.

Receiving, Inspecting and Storing:
1.

All equipment shall be received and inspected immediately upon delivery.

2.

Equipment, regardless of whether it is to be installed immediately or stored
for some time before installation, shall be kept in a clean dry place. Heaters
installed in equipment to prevent formation of moisture shall be energized.
Blocks and wires used to hold moving parts in position during shipping and
handling shall remain in place until the equipment has been completely
installed. The equipment shall be moved by means of lifting eyes, jacking
pads, or other means provided by the manufacturer for that purpose.

3.

Equipment shall be installed and assembled in accordance with the Contract
Drawings and instructions furnished by the manufacturer. It shall be
protected at all times during construction, including furnishing and installing
tarpaulins during painting.

PREPARATION FOR OPERATION
A.

Electrical equipment shall be properly installed, adjusted, connected and tested by
the Contractor before such equipment will be taken over by the Engineer for
operational service, unless the Contractor is specifically relieved from performing
part of the Work in writing by the Engineer. All circuits shall be checked for proper
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insulation resistance by a multi-voltage megohmmeter, and for continuity, grounds,
and tightness of connections.

3.4

B.

Pending continuity tests, all electrical circuits shall be tested for proper polarity via a
standard polarity meter prior to equipment hand over and operational service. All
shipping block of instruments and mechanisms shall be removed. All equipment
shall be thoroughly cleaned inside and outside of all dirt, grease, grit, cable and
conductor strippings, metal filings, or any other foreign matter.

C.

All items shall be properly cleaned and finish painted, or touch-up painted, as
required by the Engineer.

D.

Identification markers and nameplates shall be properly and accurately installed by
the Contractor.

TESTS
A.

B.

General:
1.

Make all required tests to establish that the equipment has been properly
installed in accordance with the Contract requirements. Upon completing the
installation of each item, carefully inspect and check the equipment for
correct and complete assembly of all parts and components in accordance
with the manufacturer's drawings and instruction manuals and as directed by
the Engineer.

2.

Furnish all electrical test equipment and all meters, instruments and
miscellaneous equipment and perform all work required or as directed by the
Engineer to complete all tests specified herein. In addition to tests specified
elsewhere, perform ground system resistance tests, insulation resistance
(megohmmeter) tests on all power and control cables, motors, lighting
systems, and miscellaneous electrical equipment to include polarity testing of
all electrical circuits/receptacles.

3.

Complete all equipment checks, lubrication checks, and all artificial loading
of starters and circuit breakers. Furnish the Engineer seven copies of all test
data taken for tests performed by the Contractor which shall be properly
signed by an authorized Contractor's representative. The test data forms used
for tabulating the information required shall be furnished by the Contractor
and shall be acceptable to the Engineer.

4.

Submit test records to the engineer no later five working days after successful
completion of the test.

Final Field Tests:
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C.

1.

Each acceptance test shall be witnessed by the Engineer unless the
Contractor is otherwise advised.

2.

All tests shall be scheduled by the Contractor with the Engineer's approval
and no testing shall be performed without his approval.

3.

The testing shall be performed by and under the immediate supervision of the
Contractor.

4.

Manufacturers shall be notified of the tests by the Contractor and shall be
permitted to witness high voltage or other tests performed on their equipment
if they so request.

5.

Low Voltage Wiring and Equipment:
A.

Insulation tests as well as polarity testing shall be applied at each
lighting and appliance panelboard and each distribution panel or
switchboard rated 600 volts or less, after wiring is complete but
before utilization devices are installed.

B.

Tests shall be made using a 1,000 volt DC meghommeter and an
appropriate polarity meter which has been approved by the Engineer.

C.

All buses, feeders, and branch circuits shall be tested for insulation
and continuity. Each phase shall be insulation-tested to each other
phase and to ground.

D.

Motors shall be tested phase-to-ground.

E.

Insulation resistance reading after 60 seconds of less than two
megohms shall be cause for rejection of that device or portion of the
system. The suspect item or system element shall be replaced and
retested at no additional cost to the Engineer.

Controls:
1.

Electrical controls, circuits and systems shall be tested by trial operation of
control equipment after all wiring is completed to see that each interlock and
control function operates in accordance with the Contract Drawings,
Specifications, and where indicated, the description of operation for the
equipment functioning during testing, the Contractor shall simulate the
intended operating condition in the associated control circuits.

2.

Locate the cause of any malfunction and make the necessary wiring and/or
equipment changes or corrections to obtain the particular system's intended
operation. Such changes shall be included in the test report.
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D.

3.5

3.

Control panels shall be operated through all design functions. This shall
include remote operation of all equipment and actuation of alarms and
indicating devices according to design requirements.

4.

Complete operational tests shall be given to all relays and control devices to
show that the equipment performs all design functions and meets the
Specifications.

5.

Annunciator testing shall include the checking of each point by closing the
trouble contact and observing the panel operation. Correct functioning of all
lamps, alarm cut-off, reset relays, etc., shall be checked.

Acceptance Tests by the Contractor
1.

After completion of the tests specified above in paragraphs 1, 2, 3, 4, and 5,
performed under the supervision of the Engineer such tests as deemed
necessary or advisable to determine that the transformers, power distribution
systems, and the control systems are ready for operation.

2.

Remove covers and panels, disconnect and reconnect wiring and provide
power to equipment and wiring as required to permit performance of these
tests at no additional cost to the Owner.

3.

Provide two electricians acceptable to the Engineer during acceptance tests.
The Engineer shall schedule the times the electricians have to be available,
which may be any time during the day or night and on holidays, as needed.

4.

The systems to be tested shall include all Engineer furnished equipment,
Contractor-furnished equipment, and related equipment and systems, control
and interlock circuits and devices, protective relays and sensors.

5.

Prior to acceptance and operation, all electrical equipment must be rechecked
for proper continuity, insulation, labeling, polarity, and voltage to ensure a
safe work/user environment.

DEMONSTRATION OF COMPLETE ELECTRICAL SYSTEMS
A.

After the electrical systems to be installed by the Contractor have been completed
and the various components contained therein have been checked and tested for
satisfactory installation and proper operation. The various systems shall be operated
a sufficient number of times to demonstrate to the Engineer that all equipment,
components, and materials for each such completed system have been properly
installed and will perform the desired operation. Such demonstration of all power
and control circuitry, lighting system, grounding system and other similar complete
systems shall be considered an integral part of the work of the Contract.
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B.

As determined by the Progress Schedule required to be submitted by the Contractor
elsewhere in the Specification, systems may be completed in stages such as to permit
testing, adjustments, and subsequent demonstration of proper operation of a
completed element of the overall system.

C.

In such cases, notify the Engineer, in writing, that such element of the system has
been completed and is ready for demonstration for conformity with system
requirements, and the Engineer will schedule performance of such demonstration.
However, such demonstration of the operability of elements of systems shall not be
construed as acceptability of same and will only serve to expedite complete
installation of such systems.

D.

Acceptance will only be made on satisfactory demonstration of the operability of the
system as a whole. If required by the Engineer, such demonstrations shall be
performed in the presence of the manufacturer's installation supervisors for the
various components involved in such systems or segments of systems.

E.

If, in the opinion of the Engineer, test results show improper adjustment, operation,
or performance of any equipment, and such deficiencies are due to negligence or
faulty equipment supplied by the Contractor or unsatisfactory installation by the
Contractor, the Contractor shall furnish all plant, labor, equipment and materials
required to remedy the situation to the satisfaction of the Engineer and at no
additional cost to the Engineer.

F.

Record Reports:
1.

During each of the aforementioned tests, maintain a comprehensive set
(quantity of duplicates to be determined by the Engineer) of test reports
defining the specific condition in which the apparatus is left, after it has been
given approval for use in its intended service. The completed reports shall
become the property of the Engineer.

2.

A checklist type report for each individual item of major electrical equipment
shall include, but not be limited to, the following identification data defining:
A.

Equipment name.

B.

Item tag number.

C.

Manufacturer.

D.

Type of class.

E.

Application.

F.

Installation location.

G.

Voltage rating.
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H.

Date of test.

I.

Ambient conditions.

J.

Tester's signature.

3.

Among the specific test requirements, all equipment shall be visually
inspected and evaluated on the report as to its general condition both exterior
and interior.

4.

Unless otherwise directed by the Engineer, the forms used for testing shall be
those which are available by the particular equipment manufacturers.

STRUCTURAL SUPPORTS
A.

All equipment and raceways shall be securely and rigidly supported. Design and
detail all structural steel members and equipment anchors where required and submit
design calculations and shop drawings. Calculations and drawings shall be signed
and sealed by a Professional Engineer.

B.

TEMPORARY POWER

C.

The Contractor is responsible for providing adequate temporary power during all
times of construction.
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PART 4 – MEASUREMENT AND PAYMENT

4.1

MEASUREMENT
A.

4.2

Measurement for Payment Items shall be by the units indicated below, to the limits
shown on the Contract Drawings.

PAYMENT
A.

Payment for Conduit shall be per the bid tab and shall constitute full payment for
labor, materials, equipment and incidentals necessary to perform this work. The price
shall include all costs for excavation, bedding, all conduits, backfill, and all work in
accordance with the Contract Drawings and Specifications.

B.

Payment for Conductor shall be per the bid tab and shall constitute full payment for
labor, materials, equipment and incidentals necessary to perform this work. The
price shall include all costs for wires, aerial and underground cables, installation,
connections, splices, and all work in accordance with the Contract Drawings and
Specifications.

C.

Payment for Equipment and Apparatus shall be per the bid tab and shall constitute
full payment for labor, materials, equipment and incidentals necessary to perform
this work. The price shall include all costs for distribution panelboards, aboveground conduits, switch gear, pad-mounted switches, diesel generators, transfer
switches, transformers, and all work in accordance with the Contract Drawings and
Specifications.

D.

Payment for Lighting Control Panel shall be per the bid tab and shall constitute full
payment for labor, materials, equipment and incidentals necessary to perform this
work. The price shall include all costs for Lighting Control Panel, connections, and
all work in accordance with the Contract Drawings and Specifications.

END OF SECTION
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GENERAL TESTING OF ELECTRICAL WORK
SECTION 06200
SECTION 06200
GENERAL TESTING OF ELECTRICAL WORK

PART 1 - GENERAL
1.1

DESCRIPTION
A.

1.2

RELATED WORK
A.

1.3

This Section covers the general testing of electrical work as specified herein and
in other Sections of these Specifications. The work shall include all other tests
that may be required by the utility company, or other governing body, board, or
agency having jurisdiction.

Coordinate the work of this Section with all other Sections of this Specification.

REFERENCE STANDARDS
A.

Comply with all applicable local, state and federal codes, specifications, standards
and recommended practices, and in particular:
1.

1.4

SUBMITTALS
A.

1.5

NEC - National Electrical Code.

Submit a written report of all tests made and results obtained.

QUALITY ASSURANCE
A.

Testing shall be performed by competent personnel employed by the Contractor,
and as required by the Engineer. Instruments and equipment used for testing shall
be suitable for the purpose, and shall be accurately calibrated to industry
standards.
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GENERAL TESTING OF ELECTRICAL WORK
SECTION 06200
PART 2 - PRODUCTS
Not Used
PART 3 - EXECUTION
3.1

TESTING
A.

Tests shall be completed to the satisfaction of the Engineer and Owner before
final turnover.

B.

The Engineer and Owner shall be the sole reviewer of the test results. The
Engineer and Owner may require the performance of such additional tests as is
deemed necessary to determine that the systems, equipment, materials, and
workmanship are ready for final review. Such additional testing required by the
Owner shall be at no additional cost.

C.

All safety devices shall be actuated in a manner that clearly demonstrates their
workability and operation.

D.

Upon completion of the various phases of the work or at convenient times during
its progress as directed by the Engineer, the apparatus and wiring installed by the
Contractor shall be tested to determine proper installation and operation. Tests
shall include but are not limited to the following:

E.

1.

A visual check of wire and cable connections for conformance with the
Contract Drawings.

2.

Continuity check of all power and control cables.

3.

Insulation resistance tests of all power feeder cables. Such tests shall be
made by a megger at a voltage specified elsewhere in the specifications.
The Contractor shall include a copy of the readings in the test reports to be
submitted.

4.

All lighting fixtures, switches, and outlets shall be energized and tested for
proper polarity via a polarity test with an approved polarity meter prior to
operational utility.

5.

Pending acceptable polarity test results, all electrical equipment shall be
tested for safe operation.

The Contractor shall provide all necessary instruments and personnel for the tests.
If in the opinion of the Engineer or Owner the results of such tests show that the
work is not in compliance with the requirements of the Specifications and
Drawings, the Contractor shall make all additions or changes necessary to comply
with the specifications and put the system in proper working condition, and shall
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GENERAL TESTING OF ELECTRICAL WORK
SECTION 06200
bear the expenses for all subsequent tests which are necessary to determine
whether the work is satisfactory. Any additional work or subsequent tests shall be
carried out at the directives of the Owner.
F.

All test procedures shall be submitted in writing to the Owner for review. Items
tested and dates of tests shall be listed. Acceptance criteria shall be included.
Test results shall be included. Name of person/persons conducting test shall be
included.

PART 4 – MEASUREMENT AND PAYMENT
4.1

MEASUREMENT
A.

4.2

Measurement of General Testing of Electrical Work will be by the unit and size
installed, tested and accepted in accordance with these specifications and the
Contract Drawings.

PAYMENT
A.

Payment is incidental to construction and installation, unless otherwise specified
by the Engineer.

END OF SECTION
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THE REFERENCE MATERIALS RELEASE BELOW MUST BE COMPLETED AND
EXECUTED BY ALL PARTIES PRIOR TO THE ACCEPTANCE OF THE TERMS OF THE
AGREEMENT AND RECEIPT OF THE MAINLINE DESIGN GUIDELINES FOR TRACK
PROJECTS.

REFERENCE MATERIALS RELEASE
This Reference Materials Release (this “Release”) is made as of the _____ day of _______, 2010
(the “Effective Date”) by and between [____________________] (“Recipient”) and BNSF Railway
Company (“BNSF”).
RECITALS
WHEREAS, Recipient desires to obtain the Mainline Design Guidelines (collectively, the
“Materials”) from BNSF for the purpose of [describe the purpose for which Recipient is using the
materials] (the “Purpose”); and
WHEREAS, BNSF is willing to provide the Materials to Recipient for the Purpose upon the terms
and conditions contained herein.
AGREEMENT
NOW THEREFORE, in consideration of the premises and the mutual dependent promises
hereinafter contained, the parties agree as follows:
Usage; Term; Termination
BNSF hereby grants to Recipient, on the terms and conditions set forth in this Release, a nonexclusive, non-transferable, non-sublicensable license to use the Materials for the Purpose. The parties
hereto agree that the Materials are to be used by Recipient solely for the Purpose and for no other purpose
and Recipient shall not distribute the Materials to any third party or use the Materials for any purpose other
than the Purpose without the express written consent of BNSF, which may be withheld in BNSF’s sole and
absolute discretion.
The term of this Release shall commence on the Effective Date and shall continue until [insert
specific date or other expiration date (ex. upon completion of work for BNSF)], unless earlier
terminated as specified herein. Notwithstanding the foregoing, BNSF may terminate this Release at any
time, with or without cause, upon thirty (30) days notice to Recipient. This Release shall automatically
terminate upon any failure of Recipient to comply with the provisions of this Release.
Immediately upon termination of this Release, the rights of Recipient to possess and use the
Materials for the Purpose shall cease and Recipient shall make no further use of the Materials. Within
thirty (30) days after termination of this Release, Recipient shall return to BNSF, at Recipient’s expense, all
Materials. Upon request, Recipient shall certify to BNSF in writing that the Materials, including any copies
thereof, have been returned to BNSF.
Property Rights
3
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Recipient acknowledges and agrees that it does not own, and nothing in this Release shall act to
transfer to Recipient, any property rights in the Materials. Recipient may not, directly or through any
person or entity, in any form or manner, rent, lease, loan, copy, distribute, reproduce, incorporate, use or
allow access to the Materials, or modify, prepare derivative works of, decompile, disassemble or otherwise
utilize the Materials, except as explicitly permitted under this Release or otherwise agreed in writing by
BNSF.
Recipient shall not remove any patent, trademark, copyright or other proprietary notices
incorporated on or in the Materials, and nothing herein will grant to Recipient any right, title or interest in
any trademarks used in connection with the Materials.
No Warranty
THE MATERIALS ARE PROVIDED ON AN AS IS, WHERE IS BASIS. BNSF MAKES NO
WARRANTIES REGARDING THE MATERIALS OR ANY OTHER INFORMATION PROVIDED
UNDER THIS RELEASE AND HEREBY DISCLAIMS ANY AND ALL WARRANTIES, EXPRESS,
IMPLIED OR STATUTORY, INCLUDING, BUT NOT LIMITED TO, ANY WARRANTIES OF
MERCHANTABILITY, NONINFRINGEMENT OR FITNESS FOR A PARTICULAR PURPOSE,
WHICH ARE ALL HEREBY EXCLUDED. BNSF DOES NOT WARRANT OR REPRESENT THAT
THE MATERIALS OR ANY OTHER INFORMATION PROVIDED UNDER THIS RELEASE IS SAFE
FOR USE, OR MAKE ANY OTHER REPRESENTATION REGARDING THE USE OF THE
MATERIALS OR ANY OTHER INFORMATION PROVIDED UNDER THIS RELEASE IN TERMS OF
CORRECTNESS, ACCURACY, RELIABILITY, OR OTHERWISE. IN NO EVENT SHALL BNSF BE
LIABLE FOR ANY LOST PROFITS, FOR COSTS OF PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES OR FOR ANY CLAIM FOR CONSEQUENTIAL, INCIDENTAL, SPECIAL, INDIRECT,
PUNITIVE OR EXEMPLARY DAMAGES, EVEN IF BNSF HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES. BNSF AND ITS AFFILIATES AND THEIR RESPECTIVE
EMPLOYEES, DIRECTORS, OFFICERS, AGENTS, AND SUPPLIERS SHALL HAVE NO LIABILITY
FOR ANY CLAIM, LOSS, DAMAGE OR EXPENSE (“LOSSES”) OF RECIPIENT OR ANY OTHER
ENTITY ARISING OUT OF THIS RELEASE, THE MATERIALS OR ANY OTHER INFORMATION
PROVIDED UNDER THIS RELEASE WHETHER IN AN ACTION FOR OR ARISING OUT OF
BREACH OF CONTRACT, TORT, INCLUDING NEGLIGENCE, INDEMNITY, OR STRICT
LIABILITY.
Release of Liability; Indemnification
Recipient hereby releases and agrees to indemnify and hold harmless BNSF and its affiliates and
each of their respective directors, officers, employees and agents from all judgments, awards, claims,
demands, damages, costs and expenses (including attorneys' fees), for injury or death to all persons,
including employees of Recipient and BNSF and their respective officers, directors, affiliates,
subcontractors, agents, licensees, or invitees (collectively herein, “Agents”), and for loss and damage to
property belonging to any person (including, without limitation, environmental damage) arising or alleged
to arise in any manner from the obligations contained herein or Recipient’s use of the Materials. THE
LIABILITY ASSUMED BY RECIPIENT SHALL NOT BE AFFECTED BY THE FACT, IF IT IS A
FACT, THAT THE DESTRUCTION, DAMAGE, DEATH, OR INJURY WAS OCCASIONED BY
OR CONTRIBUTED TO BY THE NEGLIGENCE OF BNSF OR ITS AFFILIATES OR EACH OF
THEIR RESPECTIVE AGENTS (COLLECTIVELY HEREIN, THE “INDEMNIFIED PARTIES”
AND INDIVIDUALLY, AN "INDEMNIFIED PARTY"), EXCEPT TO THE EXTENT THAT
SUCH CLAIMS ARE PROXIMATELY CAUSED BY THE INTENTIONAL MISCONDUCT OR
GROSS NEGLIGENCE OF THE INDEMNIFIED PARTIES.
THE INDEMNIFICATION OBLIGATION ASSUMED BY RECIPIENT SHALL INCLUDE
ANY CLAIMS, SUITS OR JUDGMENTS BROUGHT AGAINST THE INDEMNIFIED PARTIES
UNDER THE FEDERAL EMPLOYER'S LIABILITY ACT, INCLUDING CLAIMS FOR STRICT
4
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LIABILITY UNDER THE SAFETY APPLIANCE ACT OR THE LOCOMOTIVE INSPECTION
ACT, THE OCCUPATIONAL HEALTH AND SAFETY ACT, THE RESOURCE
CONSERVATION AND RECOVERY ACT, AND ANY SIMILAR STATE OR FEDERAL
STATUTE, INCLUDING STATE WORKERS COMPENSATION LAWS, WHENEVER SO
CLAIMED.
Recipient further hereby agrees, at its expense, in the name and on behalf of Indemnified Parties, to
adjust and settle all claims made against any Indemnified Party, and, at Indemnified Parties’ discretion, to
appear and defend any suits or actions, whether at law or in equity brought against any Indemnified Party
on any claim or cause of action arising out of or in any manner connected with any liability assumed by
Recipient under this Release. The Indemnified Parties shall give notice to Recipient, in writing, of the
receipt or pendency of suits or claims and thereupon Recipient shall proceed to adjust and handle to a
conclusion such claims, and in the event of a suit being brought against any of the Indemnified Parties, the
Indemnified Parties may forward summons and complaint or other process in connection therewith to
Recipient, and Recipient, at the Indemnified Parties discretion, agrees to defend, adjust, and/or settle such
suits (provided that, if any settlement requires an affirmative obligation of, results in any ongoing liability
to or prejudices or detrimentally impacts an Indemnified Party in any way and such obligation, liability,
prejudice or impact can reasonably be expected to be material, then such settlement shall require the
Indemnified Party's written consent (not to be unreasonably withheld or delayed) and the Indemnified Party
may have its own counsel in attendance at all proceedings and substantive negotiations relating to such
claim) and protect, indemnify, and save harmless the Indemnified Parties from and against all damages,
verdicts, judgments, orders, decrees, attorney's fees, costs, and expenses growing out of or resulting from or
incident to any such claims or suits.
In the event that all or any portion of this section shall be deemed to be inapplicable for any reason,
including without limitation as a result of a decision of an applicable court, legislative enactment or
regulatory order, the parties hereto agree that this section shall be interpreted as requiring Recipient to
indemnify the Indemnified Parties to the fullest extent permitted by applicable law. THROUGH THIS
RELEASE THE PARTIES EXPRESSLY INTEND FOR RECIPIENT TO INDEMNIFY THE
INDEMNIFIED PARTIES FOR THE INDEMNIFIED PARTIES’ ACTS OF NEGLIGENCE.
It is mutually understood and agreed that the assumption of liabilities and indemnification provided
for in the Release shall survive any termination of the Release.
Recipient acknowledges and agrees that BNSF’s execution of this Release without any request for
monetary payments from Recipient is based upon the limited warranty, disclaimers, and limitations of
liability contained in this Release, and BNSF would request significant monetary payments for execution of
this Release absent any of these provisions.
General
This Release comprises the entire agreement between the parties hereto respecting the Materials
provided by BNSF to Recipient. No engagements, promises, representations, or warranties have been made
by either party hereto, except as is expressly stated in this Release. No amendment or modification of this
Release shall be effective unless the same is in writing and signed by both parties hereto.
If any term or provision of this Release is held to be unenforceable under applicable law, the
remainder of this Release shall not be affected thereby and each term and/or provision hereof shall be
valid and enforced to the fullest extent permitted by law.
This Release shall be binding upon the successors and assigns of the parties hereto.
[Signature Page Follows]
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IN WITNESS WHEREOF, the undersigned have caused this Release to be executed by their duly
authorized representatives the day and year first written above

BNSF RAILWAY COMPANY

By:
Name:
Title:

[___________________________]

By:
Name:
Title:
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GENERAL PROCEDURE FOR DEVELOPMENT OF TRACK
PLANS AND ESTIMATES
1. Customer will contact Economic Development (E.D.), Marketing, or Engineering Services
Representative. A questionnaire will be completed that will be used in preparing a preliminary
opportunity package to be reviewed by various BNSF groups, including Service Design & Performance
(SDP). Generally, these guidelines will apply to industrial trackage greater than 15,000 feet and speeds
greater than 10 mph.
2. Customer will be requested to furnish a track plan for the project. Prior to preparing the track plan, it is
required that a site meeting be held to review the proposal. BNSF’s E.D./Marketing, Engineering
Services, Division Maintenance, Signal Engineering and Division Operating personnel should attend as
appropriate to meet with the Customer.
The feasibility of constructing the project at the location will be discussed along with operating issues
and recommendations from SDP. Track layout concepts and constraints will be identified with the
Customer, the intent being to guide the track design to an efficient layout given specific site conditions.
The Customer's designer should attend this meeting. At that time, the customer will be responsible for
submitting a conceptual plan to BNSF for review that will include preliminary alignment and profile,
section drawings at 25 foot intervals, number, length, and severity of curves. BNSF will review and
approve conceptual and final plans.
3. The Customer may use a designer or contractor of its choice to prepare the track plans. The conceptual
plan is to be used as a guide for preparation of the track plans. Plans should be complete and follow the
example outlined herein. Questions concerning these guidelines should be directed to the BNSF
Engineering representative.
4. The Customer will develop an industrial track plan (in electronic format), including plan/profile and
drainage plan, which is to be submitted to the appropriate representative for further handling by BNSF.
Engineering will review and approve the track design, and if there are significant changes from the
conceptual plan, the plan may need to be reviewed by Division Engineer or their designated BNSF
representative.
5

BNSF Engineering will comment directly to Customer (copying E.D.) regarding any plan revisions.
Any revisions will be documented on the prints and returned to the Customer for inclusion on track
plans.
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CONTRACTOR RESPONSIBILITIES AND REQUIREMENTS
FOR WORKING ON BNSF RIGHT-OF-WAY
By acceptance of the contract the contractor assumes complete responsibility for construction of the work.
The Contractor should understand that any work not specifically mentioned in the written specifications,
but which is necessary, either directly or indirectly, for the proper carrying out of the intent thereof, shall be
required and applied, and will perform all such work just as though it were particularly delineated or
described. Contractor should also understand that final approval of the track for service is the prerogative
of BNSF and close contact with BNSF's Engineering and Division Engineer (if applicable) is required. No
work is to be performed on BNSF's right-of-way or in such proximity as to interfere with BNSF's tracks or
roadbed, without advance permission by BNSF, including insurance and if necessary, flagging protection.
In order to protect BNSF's investment in its right-of-way and for the safety of persons coming onto BNSF
property, BNSF has established certain requirements. The following constitute minimum requirements for
all persons coming on or near BNSF right-of-way. Contractors are encouraged to develop their own safety
rules that meet or exceed the following requirements. A web site has been set up to assist in preparation of
a safety plan—www.contractororientation.com. Contractors will not be allowed to occupy or work on BNSF
right-of-way prior to registering on the web site and completing the orientation. Contractors also need to
comply with the security requirements located at e-Railsafe.com. This is also required before contractors
are allowed to work on BNSF property.
1.

All permits and agreements must be in effect, required payments made, and insurance certificates
received and approved prior to Contractor entering Railroad right-of-way. Prior to performing the
preliminary survey, the consultant will obtain either a "Temporary Occupancy Permit" or a "Release of
Claim and Indemnity," or both, depending on the duration of the project. To obtain a permit, contact
The Jones Lang LaSalle Company, phone number 1-866-498-6647. These permits require a
preparation fee and some lead time.

2.

Any de-watering utilizing drains or ditches on BNSF property must be approved by BNSF
Engineering.

3.

Contractor must have BNSF approved "Final Construction Plans" prior to commencing work on a
project. No change will be made to "Final Construction Plans" without approval by all parties
involved. Approved revised plan will be furnished to all parties prior to implementation of changes.

4.

Road Authority or Contractor will incur all costs for track work, including flagging, etc., made
necessary due to their construction operation.

5.

Pursuant to BNSF safety rules, flagging protection is always required when equipment crosses live
track, working within 25 feet of centerline of any track, or outside the 25 foot zone but has the
potential to foul track. When deemed necessary by the Railroad, a flagman may be required at all
times while working on BNSF right-of-way.

6.

Crossing of any Railroad tracks must be done at approved locations and must be over full depth
timbers, rubber, etc. Any equipment with steel wheels, lugs, or tracks must not cross steel rails
without the aid of rubber tires or other approved protection and proper flagging will be required.

7.

All temporary construction crossings must be covered by a "Private Roadway & Crossing Agreement,"
and must be barricaded when not in use.

8.

Contractor must furnish details on how work will be performed that may affect existing drainage
and/or possible fouling of track ballast as well as removal of overhead bridges/structures. (Structures
8
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and bridge spans over tracks must be removed intact.)
9.

Absolutely no piling of construction materials or any other material, including dirt, sand, etc., within
25 feet of any track or on the property of the Railroad not covered by construction easement, permit,
lease or agreement, or within 250 feet of a public grade crossing. A 10-foot clear area on both sides of
a main track must remain unobstructed at all times to allow for stopped train inspection.

10. No construction will be allowed within 25 feet of center of any track unless authorized by BNSF's
Division Engineer and as shown on Final Plan approved by the Railroad. This includes any
excavation, slope encroachment and driving of sheet piles.
11. No vehicles or machines shall remain unattended within 25 feet of any track. All machines will be
disabled when not in use to prevent unauthorized operation.
12. IMPORTANT: Disregard of any of these items will result in Contractor being shut down and
prohibited from working on BNSF right-of-way while infraction is investigated. Based on findings of
the investigation, it will be determined if the Contractor will be allowed to work on BNSF right-ofway in the future.
13. Contractor safety rules, including rules regarding Personal Safety Equipment, must not conflict with
BNSF safety policies. A job safety briefing will be held prior to beginning work each day and any
time work conditions change. All personnel will wear proper personal protective equipment (PPE)
while on BNSF property. Any person working on BNSF property may be subjected to a safety audit
by BNSF personnel, and is required to comply with the audit. The results of the audit will be
presented to the contractor's supervisor immediately upon completion. Any questions regarding safety
should be directed to the BNSF project representative.
14. Articles included in Agreement should compliment this document or exceed its contents. Standards
and specifications contained herein are the minimum requirements for construction on BNSF property.
It is encouraged that final design and construction should exceed the specifications based on needs,
location, and requirements of the specific project.
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DESIGN AND MATERIALS
Note: Owner and Contractor should utilize BNSF Construction Specifications for all civil portions of the
project.
BNSF Track Standards/Specifications, BNSF Structures Specification, BNSF Signal
Specifications, and relative Engineering Instructions will be provided prior to initiation of work and should
be followed as it applies to the project scope. References are made to American Railway Engineering and
Maintenance of Way Association (AREMA) Guidelines, however if there is a conflict, the BNSF
Specification or Standards will take precedence.

GRADING AND EMBANKMENT
Roadbed and ballast section for mainline trackage shall govern from toe of slope to toe of slope
and conform to the special roadbed sections (see Appendix A). A detailed drainage plan will be submitted
to BNSF for review and account for the existing watershed boundaries, drainage patterns, and waterways.
The drainage plan will also address the need for interceptor ditches, minimum ditch width and depth
requirements, and overall impact to the surrounding environment. BNSF requires there be sufficient land
acquisition to provide a 20 foot firebreak or buffer outside of the limits of construction on both sides.
Access roads may be utilized or required to serve as firebreaks or buffers depending on applicable local,
state, or federal statute.
The work covered by The Standard Construction Specifications (see Appendix B) includes furnishing all
plant, labor, material and equipment and performing all operations in connection with construction of track
roadbed, including clearing and grubbing, excavation, construction of embankments and incidental items,
all in accordance with the contract drawings and specifications.
The Contractor shall load, haul, spread, place and compact suitable materials in embankments and shall
finish the embankments to the grade, slope and alignment as shown in the plans. Suitable materials shall
consist of mineral soils free from organics, debris, and frozen materials. Embankment slopes shall be
compacted and dressed to provide a uniform and dense slope. Embankments shall be built with approved
materials from excavation of cuts or from borrow unless otherwise shown on the plans.
If materials unsuitable for embankments (organics, debris, brush and trees, etc.) are encountered within the
areas to be excavated, or material existing below the designated subgrade in cuts or within areas on which
embankments are to be placed are of such nature that stability of the roadbed will be impaired, such
material shall be removed and wasted or stockpiled for other use. Topsoil removed from embankment areas
shall be spread uniformly over the embankment slopes.
Unsuitable material removed from embankment foundations or below subgrade elevation in excavation
areas shall be replaced to grade with suitable material compacted as specified for embankments in these
specifications.
Wherever an embankment is to be placed on or against an existing slope steeper than four horizontal to one
vertical, such slope shall be cut into steps as the construction of the new embankment progresses. Such
steps shall each have a horizontal dimension of not less than three feet and a vertical rise of one foot.
At all times, the Contractor shall operate sufficient equipment to compact the embankment at the rate at
which it is being placed. Compaction shall be accomplished by sheep’s foot rollers, pneumatic-tired rollers,
steel-wheeled rollers, vibratory compactors, or other approved equipment. Use construction procedures and
drainage design that will provide a stable roadbed.
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Each layer in embankments made up primarily of materials other than rock shall not exceed 6" in loose
depth and shall be compacted to the dry density as specified hereinafter before additional layers are placed.
All embankments shall be compacted to a density of not less than 95% of the maximum standard laboratory
density, and not more than 4 percentage points above the optimum moisture content, unless otherwise
specified on the drawings. The standard laboratory density and optimum moisture content shall be the
maximum density and optimum moisture as determined in accordance with ASTM Designation: D 698
(Modified Proctor Test). Copies of soil test results shall be furnished to owner.
On top of the embankment fill, the Contractor shall place a minimum of 12 inches of granular sub-ballast
which meets the Standard Construction Specification criteria and contains no material larger than that
which will pass through a three (3) inch square sieve. Subballast shall be crushed gravel or crushed stone
with a minimum 75% of the material having two fractured faces. Subballast must meet the quality
requirements of ASTM Designation: D 1241 and be approved by the Engineer. Additional sub-ballast may
be required as determined from an engineering soil analysis.
Access to all facilities and equipment will need to be provided. This includes, but is not limited to,
turnouts, wayside equipment (dragging equipment detectors, hotbox detectors, signals, coal dust monitoring
devices, etc.), bridges, telecom equipment, etc. This does not indicate an access road will be required to run
parallel for the full length of the line, but reasonable access to the above facilities will be required in order
to adequately maintain the infrastructure.
Right of Way fencing will be required for safety and to prevent unauthorized access to the property. Please
see Appendix T for right of way fencing guidelines.

CURVATURE AND GRADES
The absolute minimum degree of curvature is desirable, but BNSF may allow up to 3 degrees. Any
exceptions above and beyond 3 degrees will require approval by BNSF. All curves are defined using the
chord definition method. A minimum tangent length of 200 feet must be placed between curves or
transition curves. No turnouts (switches) can be placed in a curve. Mainline turnouts must be placed at
least 200 feet from the end of a mainline curve. See Appendix C for design criteria related to speed and
curvature.
Tracks will be staked and constructed as shown on the approved plans. Any changes to the approved
design need to be reviewed by BNSF Engineering or appointed representative.
Vertical curves must be provided at break points in profile grade. The rate of change shall not exceed 0.1 in
summits or 0.05 in sags. Vertical curves shall not extend into limits of turnout switch ties (see Appendix
D).
Track profile grades shall not exceed the ruling grade of the connecting subdivision, or 1%, whichever is
more restrictive.

STRUCTURES
Bridges, drainage structures, track hoppers, retaining walls, etc. shall be designed to carry Cooper E-80
live load with diesel impact. Structures shall be designed per AREMA chapters 1, 7, 8, 9 and 15 as
applicable, and designed by a licensed engineer. All structural plans will need to be reviewed and accepted
by BNSF Engineering. Waterway openings shall be designed per BNSF Hydrologic and Hydraulic Design
Criteria (see Appendix W). All structures designs are to be reviewed and approved by BNSF Director
Bridge Engineering prior to construction. See Appendix E for BNSF standard bridge plans.
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All new bridge construction will require a walkway on at least one side of the bridge. A walkway on both
sides of a bridge will be required on bridges over roadways, where applicable laws or statutes require, or
in other locations dictated by BNSF policy.. Walkways on bridges and adjacent to switches and trackage
are governed by the appropriate State Public Service Commission, Railway Commission or other State
and/or Federal agencies. Walkway ballast shall be Class 2 Yard Ballast and no larger than 1” in size
(ballast gradation shown in Appendix N). The final requirements of walkways on bridge construction
will be reviewed and finalized by the Director of Bridge Engineering during the design process. See
Appendix X for Bridge Walkway Criteria.
Grade Separations – See Appendix Y for BNSF/UP Guidelines for Grade Separation projects.
Temporary Shoring – See Appendix Z for BNSF/UP Temporary Shoring Guidelines.
For a list of pre-approved vendors for bridge components, please contact the Director of Bridge Engineering
for BNSF Railway.

UTILITY CROSSINGS
Utility crossings and relocations shall conform to BNSF standards as outlined in the "BNSF Utility
Accommodation Policy" (See Appendix F). Applications for utility crossings and relocations are handled
by The Jones Lang LaSalle Company, phone number 1-866-498-6647. Any questions regarding utilities
can be directed to the BNSF Engineering representative. The BNSF Utility Policy is referenced in
Appendix E.

CLEARANCES
Project design and construction will adhere to the “Recommended Clearance Requirements By State”, (see
Appendix G) for each state. If a state does not have its own clearances, the "BNSF Minimum Clearances
Diagram," (see Appendix H) will apply. Side clearances for curves should have an additional 1-1/2" per
degree of curvature. Warning signs will be installed for all close clearances less than standard (see
Appendix I). Side clearances for curves should have an additional 1-1/2" per degree of curvature. All effort
should be made to provide adequate clearances. In the event clearances cannot be provided for as
prescribed, warning signs will be installed and must be illuminated at night.
All new tracks constructed will maintain a minimum distance of 25 feet for track centers from any main
track, controlled sidings or passing tracks if the possibility of that track becoming main line a track exists,
or if economics allow. New tracks adjacent to other tracks, which include controlled sidings or passing
tracks, will maintain a minimum distance of 15 feet for track centers. Add 2” of clearance per degree of
curvature for track centers of 15 feet.

SIGNALS AND ELECTRICAL SERVICE
Electrical service to the property will be provided should the proposed track work require power for the
signal facilities. The requirement and locations will be identified at the initial on-site meeting. All signals
or roadway warning devices required will be FRA complaint. Proper train modeling needs to be completed
by BNSF to determine if signalization is required. Signal and electrical plans will be reviewed and
approved by the BNSF Director Signal Engineering. See Appendix J for Standard Signal Construction
Specifications.

TELECOM
Telecommunication systems provide the voice, data and video services required for communications to
trains, maintenance-of-way (MOW) personnel and BNSF offices including BNSF dispatchers. The
12
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Telecommunication services can be transmitted VIA radio/wireless, BNSF connected microwave systems,
lease lines or cellular networks. In order to provide ubiquitous radio frequencies (RF) coverage of the
BNSF track, radio towers must be constructed. Prior to constructing such towers RF coverage analysis
must be performed so that the placement of such towers provide the coverage, are capable of receiving
commercial power and lease wire line or cellular services. Telecommunication services are also necessary
for any BNSF office environments that include supervisory personnel, train, yard and engine (TY&E) and
MOW personnel and usually consisting of telephone and fax services, internet protocol (IP) network
services to connect BNSF workstations, access to dispatcher voice networks, wireless access points (AP)
and surveillance video systems.
Trackside devices such as trackside warning devices (hot bearing, dragging equipment, acoustic, high-wide,
etc) require telecommunication services to report exceptions to the TY&E personnel on the lead engine
VIA VHF radio as well as transmitting data files to BNSF headquarters warm bearing desk for analysis
usually VIA a 44 MHz radio systems used in conjunction of the BNSF hyrail limits compliance system
(HLCS).
HLCS provides a safety overlay VIA 44 MHz radio system so that hyrail trucks are warned when they
exceed their track and time authorities. Another trackside system is the automatic equipment identification
(AEI). This system is strategically placed to capture engine and car equipment arriving and departing
BNSF yards and foreign railroads.
If the track is designated as positive train control (PTC) required territory, a 220 MHz data radio system
must be installed at wayside, locomotive and base station radio towers. Train control systems that convey
movement authority also require telecommunication services to transmit such movement authorities. These
Signal systems are either centralized traffic control (CTC) or computerized track warrant control (CTWC).
The telecommunication services used in CTC to provide connectivity from the wayside to dispatcher office
VIA radio frequency data links (RFDL) or commercial lease lines. The RFDL system consists of 160 MHz
or 900 MHz radio links from base radio to wayside.
The telecommunication services used in CTWC provide connectivity to convey track warrants is over the
160 MHz dispatcher voice network, Class One.
See Appendix U for Telecommunications Specifications.

MATERIAL
BNSF's Division Engineer representative will inspect and/or approve all track materials prior to placement
to avoid the installation of sub-standard material. BNSF personnel will also inspect the track after
construction is complete and before placing it into service.
Rail:
The minimum acceptable rail shall be new 136 lb rail or greater, and shall be compatible with BNSF
standard rail section (see Appendix K). New 141 lb rail is required based on track curvature above 2
degrees and dependent on anticipated annual tonnage. Continuous welded rail (CWR) is required for
new track construction and will need to be de-stressed as soon as possible after final surfacing. All
field welds must be placed in crib area between ties. An abrasive rail saw will be used to cut rail. No
torch-cutting will be allowed.
Anchors:
Rail anchors shall be new and sized to fit the rail section. High traffic volumes or unusual grade or
alignment problems may require additional anchors as determined by BNSF Engineering. Turnouts
shall be box anchored every other tie and additional anchors may be necessary for fixed structures.
13
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Ties:
Hardwood ties shall be new 7” X 9” (No. 5), 8’-6” long, placed on 19.5" centers with a 10” ballast
section. Switch ties shall have a minimum cross section of 7" x 9" and minimum lengths shall conform
to applicable BNSF Standard Plans and Specifications. Concrete ties shall be pre-stressed, measure 11”
wide at the bottom and 9” high with a length of 8’ 6”, placed at 24” centers with a 12” ballast section.
Concrete ties and their fasteners shall be approved by BNSF. Tie spacing and ballast section
requirements are based on 12” of subballast.
Concrete ties shall be used except for transitions, approaches to fixed objects (i.e. bridges, turnouts,
road crossings, etc.), insulated joints, ballast deck or concrete deck bridges, etc. In these cases, standard
hardwood ties will be utilized. Install 10 transition 10-foot switch ties at the approaches on both ends in
these circumstances. See Appendix V for Tie Specifications.
It is suggested that concrete ties be used in most circumstances. Historical data suggests that
constructing with concrete ties has proven to be less costly over time and less invasive from a
Maintenance perspective. The construction of the line will need to be evaluated based on current,
anticipated, and projected line MGT if concrete ties are not selected. An agreement will be necessary
and required between the appropriate parties regarding the applicability of the appropriate standards.
Turnouts (Switches, Frogs and Guardrails):
All parts shall be new, minimum 136 lb. All main line, controlled siding and passing track turnouts will
be a minimum new No. 11-136 lb. and include either a spring-rail frog or a rigid, railbound manganese
frog, as specified by BNSF Engineering and supplied by approved BNSF supplier. The size and weight
will be determined dependent upon the transportation commodity, with a No. 11-136 lb. as the
minimum (see Appendix L). Main line turnout switch ties shall be new and hardwood. Heavy tonnage
routes will use 10” wide wood switch ties; lower tonnage routes and yard tracks will use 9” wide wood
switch ties. BNSF standards for No’s 15, 20, and 24 can be found in Appendix L. Mainline, controlled
siding and passing track turnouts, No. 11, 15, 20 and 24, will require the placement of a construction
berm alongside the track to allow assembly of the turnout, with no disruption to traffic as well as for
future maintenance needs. An example of a construction berm is shown in Appendix M.
Tie Plates:
Tie plates need to be new 14” tieplates, free of injurious defects and foreign material, conforming to
BNSF Specifications, and shall fit rail being used. All plates will be double-shouldered.
Joints:
New joints with 6 bolt holes, conforming to AREMA requirements, may be furnished to fit rail section
for which they are designed. Bolt holes must be drilled with proper equipment. Torch-cutting of bolt
holes is not allowed. New transition rails shall be furnished and used where rail section (weight or
design) changes. Rail section by weight shall not be transitioned where difference in weight is in
excess of 25 lbs. When this becomes necessary, a rail of some weight between the two different rail
sections, in excess of 25 lbs., shall be used and the transition made in two steps. The length of the
medium-weight rail should be 40 feet where practical.
Spikes:
5/8" x 6" cut track spikes shall be installed. All spikes shall conform to AREMA requirements.
Track Bolts & Nuts:
Track bolts and nuts shall be installed conforming to AREMA Specifications. Bolts will be correct size
and length to fit rail. Bolted rail will only be used on an exception basis and only if explicitly approved
by BNSF Engineering in certain cases. Continuously Welded Rail (CWR) is required for mainline
trackage.
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Lock Washers:
One lock washer conforming to AREMA Specifications shall be installed on each track bolt.
Ballast:
Track ballast shall be Class 1 (2 ½” – ¾” nominal). Ballast shall be free from loam, dust, and other
foreign particles and shall not have less than 75% crushed particles with two or more fractured faces,
unless otherwise approved by BNSF. Processed ballast shall be hard, dense, of angular particle
structure, providing sharp corners and cubicle fragments and free of deleterious materials. Ballast
materials shall provide high resistance to temperature changes, chemical attack, have high electrical
resistance, low absorption properties and free of cementing characteristics. Materials shall have
sufficient unit weight (measured in pounds per cubic foot) and have a limited amount of flat and
elongated particles. Unless it meets or exceeds BNSF requirements, slag is not an approved ballast
material. Walkway ballast shall be Class 2 (1 ½” - 3/8"). See Appendix N for BNSF Ballast
Specifications
Bumping Post:
An earthen berm (see Appendix O) or suitable bumping post or wheel stops, approved by the Railroad,
shall be installed at the ends of tracks. Also, a red retro-reflective marker shall be placed at the end of
track.
Derails:
A derail shall be placed on all tracks connecting with a main line, siding, or industrial lead. Derails
protecting mainline tracks and controlled sidings shall be double switch point (see Appendix P) and
installed so that the derailed car is directed away from BNSF mainline. Derails shall be placed a
minimum of 100 feet behind the 14' clearance point, and placed on tangent track where possible. The
type of derail and actual location may be determined by BNSF Operating Department and/or BNSF
Operating requirements. A second derail may be required where BNSF locomotives are parked during
unit train loading operations. BNSF's Operating department will determine the necessity and type. If
required, placement will be 275 feet from first derail. A “Derail” sign needs to be placed next to the
derail.
Highway Crossings and Line of Sight:
All crossings shall be approved by BNSF Engineering and the local road authority, (if public) as to type
and design, in advance of placing order for material. Effect on sight distance of crossings must be
considered when planning construction of trackage in vicinity of public grade crossings not equipped
with automatic warning devices. The standard for a road crossing surface installed or maintained by the
BNSF is concrete plank (for 136-lb. rail) placed on 10-ft. Pandrol plated wood ties. See Appendix Q.
Also, ten 10-ft. wood ties are placed on both ends of the crossing, replacing any standard cross-ties.
Private crossing geometry should mimic public crossing geometry at all crossing locations. Road
crossing design needs to meet or exceed the controlling road authority or agency’s standards. The
crossing approaches, whether concrete or asphalt, need to be paved at least 40 feet in the direction of
travel from the crossing edge in each direction. At road crossings the set-back distance for storing rail
cars on multiple adjacent tracks (track centers less than 25') is 250 feet from the edge of roadway. For
single tracks, the setback distance varies for each state and is regulated by the states' appropriate
agencies, but 150 feet from the edge of roadway is the minimum. However, operating conditions
may require greater distances.
BNSF spray contracts require vegetation at public road crossings be treated with herbicide
in a manner that controls the drift pattern. In no event will the pattern extend beyond
BNSF's right-of-way. See Appendix R. .


The vegetation at every public crossing must comply with federal and state laws.
As a minimum, vegetation shall be controlled for the full width of the railroad's
15
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right-of-way at the crossing and then taper for the next 500 feet in both directions
from the edge of the traveled roadway to the width of the standard roadbed pattern.


In the states of Arkansas, Louisiana, Missouri, Nebraska, Oklahoma, Washington,
and Texas, vegetation at all public crossings will be controlled across the full
width of the right of way for 300 feet in both directions from the edge of the
traveled roadway.



In the state of Illinois, vegetation at all public crossings will be controlled across
the full width of the right of way for 500 feet in both directions from the edge of
the traveled roadway.



In the state of Wisconsin, vegetation at all public crossings will be controlled
across the full width of the right of way for 330 feet in both directions from the
edge of the traveled roadway.

It is imperative that the owner/engineer design the track and track structure so that the visibility
requirements comply with the state in which it resides.
Under Track Hoppers or Pits:
Plans shall be approved by BNSF Engineering or authorized representative. Specifications for
unloading pits are covered in the "AREMA Manual for Railway Engineering," Section 8.4.
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TRACK CONSTRUCTION
GENERAL
All work shall be of good quality in materials, equipment and workmanship and shall conform in every
respect with the specifications and instructions. All track is required to be continuous welded rail
(CWR) unless specifically approved by BNSF Railway.

TIES
Ties will be unloaded and handled in such a manner as not to damage ties, using approved handling
equipment. Ties to be placed on the finished subgrade, perpendicular to center line of track with the
right hand ends of ties being parallel. Exception: On curves, align the ties to the inside of the curve.
All joints are to be suspended between ties. Top surface of ties shall be clean and smooth to provide
full bearing for tie plates. Lay wood ties with heartwood face down, and if not possible to determine
position of the heartwood, lay the widest surface of the tie down. If spikes are pulled from any tie, hole
shall be filled with WVC* urethane plugging material the full depth of the hole. Boring or adzing of
ties shall be kept to a minimum.
*or other urethane manufacturer as approved by the Director Track Standards and Procedures

TIE PLATES
Double-shouldered tie plates will be used on all ties and set in position with cant surface sloping
inward, making sure they are firmly seated and have full bearing. After rails are in place, shoulder of
plates shall be in full contact with outside edge of rail base.

RAILS
Assemble joints before fastening rails to ties, using joint bars with full number of track bolts and spring
washer for each bolt, first removing loose mill scale and rust from contact surfaces or joint bars and
rails. Under no circumstances must rail be struck in web with tool or any metal object. The right-hand
rail facing in direction of increasing construction shall be spiked to ties, and the opposite rail shall be
brought to gage of 4' 8-1/2", measured at right angles between the rails, in a place 5/8" below top of
rail. A track gauge manufactured for the purpose of measuring gage should be used rather than a tape
measure. Gage is to be checked at every third tie. Do not strike rail directly with a maul, either on top
when driving spikes, or on side to obtain track gage. Rail shall be laid with staggered joints. Joints
shall be located as nearly as possible to the middle of the opposite rails with the following variation: (a)
except through turnouts, the staggering of the joints on one side shall not vary more than 6' in either
direction from the center of the opposite rail. Continuous welded rail (CWR) will need to be de-stressed
as soon as possible after laying and prior to track being placed in service.

JOINTS
If necessary to force joint bar into position, strike lower edge of bar lightly with 4-lb. maul. Do not
drive bolts in place. Tighten bolts in sequence, beginning at joint center and working out to ends.
Bolts are to be tightened to a range of 20,000 to 30,000 ft-lbs. tension. If a bolt tightening machine is
not used, a standard track wrench with a 42" long handle may be used. At the time of installation, rail
expansion shims of softwood not over 1" width shall be placed between the ends of adjacent rails to
insure proper space allowance for expansion required by the rail temperatures in the following table,
and shall be left in place:
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40-ft Rail
Temperature
Deg. F
Over 85
66 to 85
46 to 65
26 to 45
6 to 25
Below 6

Expansion
None
1/16
1/8
3/16
1/4
5/16

Use of permanent joints is not allowed unless explicitly approved by BNSF Railway.

BENDING STOCK RAILS
Factory stock rails built by BNSF approved suppliers are required.

SPIKING TO WOOD TIES
Rails shall be spiked to every tie, using not less than 2 spikes for each rail at each tie. Drive spikes
through tie plate holes into ties, located diagonally opposite each other but not less than 2" from edge of
tie. Start and drive spikes vertically and square with rail. Take care to avoid slanting, bending, or
causing sideways movement of spike. Each rail will be spiked with two spikes per tie plate on tangent
track staggered with inside spikes to the east or north and outside spikes to the west or south. On
curves a third spike is required on the gauge side of the rail. Spikes should not be placed in the slots on
skirted joint bars when such practice can be avoided by providing other plates with a hole pattern that
will clear the skirts. When spikes are driven by machine, work shall be closely supervised to see that
they are driven with hammer centered exactly over each spike head and drive spike vertically. Set stop
bolt on the machine to prevent over-driving. Withdraw spikes that are incorrectly driven and fill hole
by driving a tie plug to full depth of hole. Locate replacement spike at another hole in tie plate and tie.

BALLAST AND SURFACING
Raise track by means of jacks placed close enough together to prevent excessive bending of rails or
strain on joint. Use appropriate surfacing machine with adequate tamping feet. Lift both rails
simultaneously and as uniformly as possible. Power jack may also be used. Each track raise shall not
exceed 4" with ties tamped prior to additional raise.

UNLOADING AND TAMPING BALLAST
Unload and level down ballast by most practical means, taking care not to disturb grade stakes.
Perform tamping, using power tamping machines wherever possible, or manually, using approved
AREMA tamping tools appropriate for type of ballast being placed. Tamp each layer of ballast from a
line 15" inside each rail, on both sides of and to the ends of ties. Center area between these limits shall
be filled lightly with ballast but not tamped. At turnouts and crossovers, tamp ballast uniformly for full
length of ties. Tamping shall proceed simultaneously at both ends of same tie, making sure ballast is
forced directly under the ties and against sides and ends of ties.

FINISHING, DRESSING, AND DESTRESSING
Dress ballast in conformance with dimensions shown on drawings, placing additional ballast material as
necessary. When placing pavement up to the track and flush with top of rail it is important to make
sure water drains away from the track. This will prevent pooling and freezing which create hazardous
18
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walking conditions. Lines should be painted 10 feet parallel to the centerline of track on both sides to
serve as visual reminder of the track’s foul zone. Crushed rock or fabric should be placed over the ties
to keep the pavement from adhering to them. Flangeways need to be kept clean to allow wheels to
contact top of rail at all times. The contractor, agency, and/or consultant all need to display an
informed working knowledge of the destressing specifications.
A destressing plan and process needs to be submitted for approval by BNSF. See Appendix S.
Contractor is required to prove themselves able to follow this approved destressing process.

FINAL INSPECTION
After ballasting, surfacing, and destressing are completed, inspect track to see that joints are tight and
rail attachments to ties are secure, and destressing process was followed per plan. The BNSF
Roadmaster, or designate, will inspect the finished track work and complete the checklist on page 24, or
similar document. After BNSF Engineering’s approval, the track will be placed in service by the
Division’s General Manager and can then accept rail cars.
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MISCELLANEOUS
Gates and fences must be grounded in accordance with National Electric Safety Code requirements to
prevent an injury resulting from an electrical charge. Gates crossing tracks must have the ability to lock
in the open position during train operations. If a fence parallel to a track has an angled piece at the top
with security wire it must not foul the clearance envelope of the track.
Loading and unloading tracks should be designed so that they are completely independent of railroad
operating lines and passing tracks such that loading and unloading operations in no way interfere with
train operations. Design of trackage must be approved by BNSF Engineering.
Utility installations may require a permit. Pipelines under track are to be encased per BNSF
requirements. Wirelines are to be installed per BNSF requirements. Refer to "BNSF Utility
Accommodation Policy" booklet (Exhibit F). Plans need to show all crossings and clearances required
for utilities.
Customer is responsible for all grading and drainage including placing all subballast up to BNSF
ballast and the placement of a construction berm at tie in point to BNSF mainline.
Customer to acquire any additional property required to construct grade and drainage. If the proposed
trackage or facility will increase runoff onto BNSF property, a detailed drainage plan needs to be
submitted for BNSF Engineering review prior to construction. Drainage should be designed as to not
overload current drainage structures on BNSF property. See Appendix W for Hydrologic and
Hydraulic Design Criteria.
Contractor must not at any time foul the BNSF mainline or any other live tracks. A BNSF
flagman will be required, at the Contractor's expense, when working within 25 feet from centerline of
the track or greater than 25 feet if equipment has the potential to foul track. Billing for the flagman is
separate from the cost for BNSF portion of the track work. Current cost for BNSF flagging is
approximately $1000 per day with billing based on actual charges.
Adequate lighting must be provided for train crews working at night. Work areas near switches, gates,
doors, pits and buildings should be illuminated to prevent walking/tripping hazards and allow crewmen
riding rail cars to see without reliance upon a flashlight.
As-built design drawings are to be submitted to BNSF Engineering upon completion.
Consideration should be given for dragging equipment detectors, high water detectors, AEI
scanners, hot box detectors, etc. Guidance on this issue should be secured from a BNSF Signal
Department representative.
Provide GPS location for all track components to BNSF Engineering as part of the as-built of work
performed.
Owner/Contractor shall apply for and conform to all permitting requirements, including the Storm
Water (NPDES) permit and its obligations. This includes all work to be performed until the Notice of
Termination is accepted by the responsible permitting agencies, and any mitigation related to other
permits obtained.
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ACCEPTANCE CHECKLIST
Final acceptance of the work will be subject to the inspection of BNSF, and any portion of the work not
accepted will have its faults corrected before the track is put into service.

Customer

Contractor

_______________________________

Location

Before traffic is permitted on trackage constructed by private contractor, the appropriate BNSF
departmental representative shall make an inspection for compliance with the attached specifications and
submit form to Division Engineer and appropriate BNSF representative:

Engineering Services
Subgrade

__________________

Slope Stability

Drainage

_________________________________

______________

Director Engineering Services _________________________________

Date ________

Maintenance/Track
Ballast

__________________

Curvature & Alignment

__________________

Surface

__________________

Clearance Problems?

__________________

Rail/Gage

__________________

Anchors

__________________

Tie

__________________

Switches, Frogs & Guard Rails __________________

Tie Plates

__________________

Joint Bars

__________________

Spikes

Bolts, Nuts & Washers

__________________

Bumping Post or
Wheel Stops __________________

Derails, Derail Signs

__________________

Destressing ___________________

Signage ______________________________________

Division Engineer ____________________________________________

Date ________
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Signal Engineering
Signal _________________________________________________________________________
Electrical _______________________________________________________________________

Director Signal Engineering ___________________________________

Date _______

Bridge Engineering
Bridges _________________________________________________________________________
Hydrology _______________________________________________________________________
Walkways _______________________________________________________________

Director Bridge Engineering ___________________________________

Date _______

Public Projects
Track or Highway Crossings

___________________________________________________

Director Public Projects ______________________________________

Date _______

Telecom
Signage _____________________

Equipment ____________________________________

Director Field Operations _____________________________________

Date ________

Comments
________________________________________________________________________________
________________________________________________________________________________
________________________________________________________________________________
________________________________________________________________________________
________________________________________________________________________________
________________________________________________________________________________

22

Page D-503

FMM Railroad Bridge #4
Near MP 34.87 (Hillsboro Subdivision)

BNSF

Appendix E - SUBMITTED WITH 50% SUBMITTAL

10

January 2013
Page D-504

ALIGNMENT CHANGES - DESIGN AND PLAN REVIEW PROCEDURES
Permanent alignment changes and temporary alignments (shoo-fly’s) to facilitate
construction activities on the main track should be designed to accommodate existing
timetable speed. A conceptual layout of the new alignment will be prepared by
Engineering Services and presented to the Division General Manager who will approve,
in writing, the proposed speed.
Design of the shoo-fly will assume 110% of the approved speed. For example, if the
approved speed is 60 MPH for freight, the design needs to be good for 66 MPH.
Typically this means the spiral length needs to accommodate an additional 1.0 inch of
super-elevation in the curve. This is to account for loss in elevation as the track settles.
Final plans for alignment changes will be reviewed by Engineering Services and need to
show plan/profile views with the following design criteria:
Horizontal Curves
• Engineering stationing on all curve points
TS – tangent to spiral
SC – spiral to curve
CS – curve to spiral
ST – spiral to curve
• Degree of curvature (chord definition) in degrees, minutes, seconds
• Length of spirals (entry and exit lengths should be the same) to nearest foot
• Delta of tangents in degrees, minutes, seconds
• Super-elevation (SE)
• Calculated speed (freight and passenger, if applicable)
Square_root {( SE + Unbal Elev)/(Deg Cv in decimal form)(0.0007)}
Unbal Elev = 2.0”- Freight, 3.0”- Passenger
Vertical Curves
• Engineering stationing and datum elevations on all curve points
PVC – point of vertical curve
PVI – point of vertical intersection
PVT – point of vertical tangency
• Grade (%) of entry and exit profile tangents to the nearest 0.01’
• Length of vertical curve
• Rate of change value (R)
R = (Algebraic diff in grades)/(# of 100’ stations)

For alignments that allow a speed greater than 50 MPH, an as-built survey must be
performed on the new alignment as soon as possible after it is placed in service, but after
the last qualifying train as prescribed by Engineering Instruction 4.10. The as-built
survey will locate centerline of track approximately every 50 feet for the entire length of
the new alignment. A “best-fit” curve will be derived from the field measurements. A
table showing design curve criteria vs. as-built data will be prepared and included in a
plan/profile sketch with the same information as required in the final plan. The main
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ALIGNMENT CHANGES - DESIGN AND PLAN REVIEW PROCEDURES
purpose of the as-built survey is to make sure the new alignment will support the
approved speed (plus 10% for shoo-fly’s).
The as-built survey will also capture datum elevations for the low rail on the new track.
A plot of this rail profile will be shown in the profile view of the survey sketch. The
measured profile line should be in a different line style than the plan for clarity on the
sketch.
Super-elevation (SE) shall be measured at the same points located for centerline and rail
profile. A standard track level, tested for accuracy per EI 5.1.7, should be used. An
average SE will be shown in the table of design vs. as-built data, and those measurements
outside of allowable limits need to be communicated to the Roadmaster immediately.
EI Table 4-1 limits speed to 40 MPH until the required number of qualifying trains
operates over the restricted track. Also, EI 4.10 requires the temporary speed restriction
for passenger trains to remain in effect 24 hours longer than required for freight trains.
The as-built data will need to be analyzed by Engineering Services prior to releasing
speed restrictions to maximum authorized speed. The analysis, with Engineering
Services approval and/or comments and recommendations, will be forwarded to the
Division Engineer and Division General Manager.
The Geometry Car should be run over the new alignment as soon as possible after cutover, when practicable. This will give a check to the as-built survey as well as determine
areas where loss (or excessive gain) in super-elevation has occurred.
Super-elevations on the new trackage will be maintained by the Roadmaster. Periodic
measurements will need to be taken to ensure the proper super-elevation is maintained to
support the approved speed. This spot-surfacing activity can be done any time and
should not be deferred until the as-built survey is performed.
For temporary alignments, after construction, an as-built survey will also need to be
performed on the main track prior to releasing any speed restrictions to timetable speed.
The same criteria apply to this survey, sketch and analysis as the shoo-fly as-built survey.
The as-built surveys should be performed by a consultant independent of the original
design, or by BNSF employees. The survey and Task Order will need to be scheduled
well in advance of the cut-over dates to ensure timely response.
Funding for the consultant will be provided for out of the authority for the track work
associated with the project, and should be included in the estimate and any agreements
with outside agencies. For estimating purposes $10,000 should cover both surveys, and
agencies will pay on actual charges through recollectible billing.
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A.

Introduction

A.1. Project Description
This Geotechnical Evaluation Report addresses the design and construction of the proposed Burlington
Northern Santa Fe (BNSF) bridge, which will be constructed over the proposed Fargo-Moorhead (FM)
Diversion. The BNSF bridge will be a part of the FM Diversion’s Reach 3, which also includes the design
and construction of bridges for north- and south-bound Interstate 29 and County Road 81. The general
scope of the project is illustrated in the Boring Location Sketch in the Appendix.
The project site is located along the current alignment of the BNSF track, halfway between the towns of
Harwood and Argusville, North Dakota. The legal description for the site’s location is Township 141
North, Range 49 West, and Sections 17 and 20 of Harwood Township, Cass County, North Dakota.
The bridge will consist of a 9-span structure supported over a total of eight piers and two abutments.
The substructures will be supported over deep foundations. The bridge length is planned to be about
570 ¾ feet and the total bridge width will be about 21 ¾ feet. For the four spans on either end, the
bridge deck is planned to be supported on precast concrete beams with a span length of about 56 ¾ feet.
The center span length will be about 113 ¾ feet and the bridge deck will be supported on welded plate
girders.
The proposed finished grades at the south and north bridge ends will be 898.5 feet. The existing grade
along the rail alignment in the bridge area is about 890 to 890 ½ feet. Approach embankments adjacent
the bridge will be designed at 0.2% slopes, and will require a maximum grade raise of about 8 feet at the
bridge ends.
In order to keep the BNSF line in service during construction of the bridge, a 10,000+ feet long shoo-fly
will be constructed east of the main line. The existing grades along the majority of the shoo-fly
alignment are within about 2 to 3 feet of the proposed shoo-fly grade. At either end of the shoo-fly, the
new track will need to cross the existing ditch east of the existing track centerline and in these areas
grade raises of about 8 feet will be required for a distance of about 500 feet on each end.
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A.2. Purpose
The purpose of our Geotechnical Evaluation was to provide Toltz, King, Duvall, Anderson and Associates,
Inc. (TKDA) with pertinent geotechnical information related to the design and construction of the
embankment, bridge, and shoo-fly and to assist TKDA in their preparation of plans and specifications.

A.3. Background Information and Reference Documents
To facilitate our evaluation, we were provided with or reviewed the following information or documents:


Geologic maps from “Bulletin 47, County Groundwater Studies 8, Part I, Plates 1,2 and 3”,
prepared by United States Geological Survey (USGS).



“Fargo-Moorhead Metropolitan Area Flood Risk Management, Final Feasibility Report and
Environmental Impact Statement, Appendix I – Geotechnical Design and Geology”, prepared
by the United States Army Corps of Engineers (USACE), and dated July 2011.



Excel™ spreadsheet including a summary of laboratory test data with a Subject title
“Consolidated Test Results”, prepared by the USACE, and dated May 1, 2012.



Guidance Memo GM-002, prepared by the USACE, dated September 2012.



“Design Documentation Report, Fargo-Moorhead Metropolitan Area Flood Risk
Management, Reaches 1, 3, 4 and 5, Engineering and Design Phase”, prepared by
Houston-Moore Group, LLC (HMG), and dated July 20, 2012.



Preliminary bridge plans titled “Bridge No. 35 over Fargo Diversion Channel”, prepared by
TKDA and BNSF, dated of August 2012.



Embankment plans titled “Bridge No. 35 over Fargo Diversion Channel”, prepared by TKDA,
dated September 13, 2012.



Geotechnical Evaluation Report for the “F-M Metro Diversion – 2012 Bridge Designs, Reach 3
– Interstate 29, Cass County, North Dakota”, prepared by Braun Intertec Corporation for
Houston-Moore Group, LLC, dated October 4, 2012.



Geotechnical Evaluation Report for the “F-M Metro Diversion – 2012 Bridge Designs, Reach 3
– County Road 81, Cass County, North Dakota”, prepared by Braun Intertec Corporation for
Houston-Moore Group, LLC, dated October 4, 2012.

In conjunction with our work on the nearby Interstate 29 bridges (west of the BNSF alignment) and the
County Road 81 bridge (east of the BNSF alignment) we have developed multiple memorandums, which
were reviewed in developing our recommendations for this report. As of the date of this report, we have
previously prepared and submitted the following documents:
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“Geotechnical Memorandum No. 1, Embankment Settlements”, submitted on July 17, 2012;



“Geotechnical Memorandum No. 2, Bridge Foundations”, submitted on July 16, 2012; and



“Geotechnical Memorandum No. 3, Subgrade Preparations and Embankment Construction”,
submitted on September 25, 2012.



“Technical Memorandum, Reach 3, BNSF Bridge Slope Stability Analysis”, submitted on
September 18, 2012.



Draft version of this report.

The recommendations provided within this Geotechnical Evaluation Report supersede the
recommendations included in the Geotechnical and Technical Memorandums.

A.4. Scope of Services
Our scope of services for this project was originally submitted as a Proposal to Mr. James Hoschka of
TKDA on June 15, 2012. Tasks completed in accordance with our authorized scope of services are
described below.

A.4.a. Field Exploration
The field exploration was directed by Braun Intertec, though we subcontracted the drilling to Interstate
Drilling Services, Ltd. (IDS) of Grand Forks, North Dakota. The field exploration included several subtasks.

A.4.a.1. Utility Clearance, Staking, and Surveying
Prior to the start of our fieldwork, we contacted North Dakota One Call to notify public utility locators to
mark the locations of public utilities within the vicinities of the boring locations.
Also prior to the start of our fieldwork, wood lathe marking the approximate boring locations were
placed by Houston Engineering, Inc., about 30 feet east of the existing track centerline. The borings are
numbered with prefix letters "BNSF” to identify borings performed for the railroad bridge and shoo-fly.
Our borings are shown on the Boring Location Sketch attached in Appendix A.
Borings performed for Interstate 29 and County Road 81 bridge and roadway structures nearby are also
shown on the Boring Location Sketch. These borings were labeled with a prefix letter “B” identifying
borings for the bridge structure, and a prefix letter "R" identifying borings performed for evaluating the
roadway. The numbers following the prefix letter identify the project (29 or 81).
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The coordinates and elevations of the borings locations were provided to us by Houston Engineering,
Inc., and are indicated on the Log of Boring Sheets in the Appendix.

A.4.a.2. Permitting
We obtained the necessary permits from the Cass County Highway Department and the North Dakota
Department of Transportation (NDDOT) to access the right-of-ways to perform the borings.

A.4.a.3. Soil Borings
We performed 4 standard penetration test borings near the bridge and shoo-fly alignment. This included
2 borings to a depth of 120 feet near the proposed abutments and 2 borings to a depth of 20 feet where
the proposed shoo-fly will tie into the mainline track.
Sampling of the borings was performed in general accordance with ASTM D1586 (split barrel sampling)
and D1587 (thin-walled tube sampling). Samples were collected at 2 ½ feet vertical intervals to a depth
of 40 feet, and at 5 feet vertical intervals below a depth of 40 feet. Bulk samples were collected from the
two shallow borings for laboratory testing. Samples were delivered to Braun Intertec's West Fargo
laboratory.

A.4.b. Laboratory Testing
We performed laboratory tests on selected samples to aid us in the development of soil parameters
necessary for driven pile foundation recommendations, drilled shaft design parameters, embankment
settlement calculations and mitigation measures, and slope stability analyses. The quantities of
laboratory tests proposed were included in our original proposal. The actual quantities of laboratory
tests are as follows:







(77) Moisture content tests (ASTM D2216);
(10) Unit weight tests;
(20) Atterberg limits tests (ASTM D4318);
(6) Sieve-hydrometer analyses (ASTM D422);
(10) Unconfined compression tests (ASTM D2166); and
(2) Standard Proctor tests (ASTM D698).

A.4.c. Engineering and Project Management
The engineering project management phase of our geotechnical evaluation included the performance of
settlement analyses, stability analyses, foundations analyses and development of a geotechnical
recommendations report for the BNSF bridge and shoo-fly. The items identified within our proposal for
inclusion in the geotechnical evaluation report included:
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A CAD sketch showing project components, limits and exploration locations.



Boring logs showing material layers encountered, standard penetration test blow counts, our
groundwater measurements and abbreviated lab test results.



A summary of the subsurface profile and groundwater conditions.



Earthwork recommendations for rail embankment and culvert subgrade preparations
including stripping depths, subexcavation of unsuitable materials, benching, stabilization and
scarification requirements.



Earthwork recommendations for rail embankment and culvert construction including backfill
and fill materials, placement, moisture conditions, and compaction requirements.



Subballast thickness recommendations.



Results of our slope stability analyses and recommended sloping below the bridge and along
the length of the track alignment.



Settlement calculation and profile results along the proposed rail embankment and
discussion of the recommended method to mitigate the settlements.



B.

Deep foundation recommendations for the bridge substructures.

Results

B.1. Exploration Logs
B.1.a. Log of Boring Sheets
Log of Boring sheets for our penetration test borings are included in the Appendix. The logs identify and
describe the geologic materials that were penetrated, and present the results of penetration resistance
and other in-situ tests performed within them, laboratory tests performed on penetration test samples
retrieved from them, and groundwater measurements.
Strata boundaries were inferred from changes in the penetration test samples and the auger cuttings.
Because sampling was not performed continuously, the strata boundary depths are only approximate.
The boundary depths likely vary away from the boring locations, and the boundaries themselves may
also occur as gradual rather than abrupt transitions.
Also included in the Appendix is a Fence Diagram providing a visual summary of the soil profile
encountered at each of the boring locations along the railway alignment. Coloration has been added to
the Fence Diagram to aid in distinguishing transition depths between the various soil units.
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B.1.b. Geologic Origins
Geologic origins assigned to the materials shown on the logs and referenced within this report were
based on: (1) a review of the background information and reference documents cited above, (2) visual
classification of the various geologic material samples retrieved during the course of our subsurface
exploration, (3) penetration resistance and other in-situ testing performed for the project, (4) laboratory
test results, and (5) available common knowledge of the geologic processes and environments that have
impacted the site and surrounding area in the past.
The geologic history of the project site was well documented by the USACE in the Final Feasibility Report,
and therefore is not discussed within this report.

B.2. Geologic Profile
A total of 4 standard penetration test borings were performed along the alignment. Each of the borings
were performed within the ditch between the existing BNSF mainline and County Road 81. The following
Table B.2.1 summarizes the depths and thicknesses of the various soil units encountered in the borings,
which are described below in more detail.
Table B.2.1. Summary of Soil Unit Thicknesses and Depths A
Fill

Boring

A

Sherack Formation

Ox. Brenna Formation

No.

Depth

Thickness

Depth

Thickness

Depth

BNSF-1

4

4

11 ½

7½

BNSF-2

4

4

11 ½

7½

BNSF-3

2

2

9

BNSF-4

2

2

9

Brenna Formation

Argusville Formation

Thickness

Depth

Thickness

Depth

Thickness

19

7½

53

34

68

15

23

11 ½

53

30

73

20

7

21+

--

--

--

--

--

7

19

10

21+

--

--

--

All units are in feet.

B.2.a. Fill
At the surface, the borings encountered 2 to 4 feet of fill. The fill was generally fat clay with varying
amounts of sand, trace roots and gravel, was damp to moist and black in color. The average fill thickness
along the alignment was 3 feet.
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B.2.b. Sherack Formation
Below the fill, the borings encountered native fat clays (ASTM symbol "CH") associated with the Sherack
Formation. These clays are distinguishable from the underlying formations due to the typical presence of
silt lenses and seams and respectively lower moisture contents and plasticity. The bottom of the Sherack
Formation ranged in depth from about 9 to 11 ½ feet, with an average of about 10 ¼ feet.
The native moisture contents (MC) of the Sherack Formation ranged from 22 to 43 percent, indicating
they were near to well above their optimum moisture contents. The liquid limits (LL) of these materials
typically range from about 50 to 85 percent.

B.2.c. Brenna Formation
Below depths of about 9 to 11 ½ feet, the borings encountered fat clays associated with the Brenna
Formation. The fat clays from the Brenna Formation are distinguishable from the above Sherack
Formation by their lesser amounts of silt lenses and seams, and their higher moisture contents and
plasticity. The upper portion of the Brenna Formation is referred to as the "Oxidized Brenna", identified
by its gray and brown/iron stained. The "Oxidized Brenna" terminates where the soils' coloration
changes to gray. The bottom of the Oxidized Brenna was estimated at depths of about 19 to 23 feet.
The bottom of the Brenna Formation was encountered at a depth of 53 feet in both deep borings.
The native moisture contents (MC) of the Brenna Formation ranged from 37 to 62 percent, indicating
they were well above their optimum moisture contents. The liquid limits (LL) of these materials typically
range from about 90 to 120 percent.

B.2.d. Argusville Formation
Below about 53 feet, the borings encountered fat clays associated with the Argusville Formation. The fat
clays from the Argusville Formation are distinguishable from the above Brenna Formation by their
increase in sand content, and lower plasticity. Typically, these differences are difficult to distinguish
through visual classification and require laboratory testing to determine the transition from the Brenna
to the Argusville. The bottom of the Argusville Formation was estimated at depths of about 68 to 73
feet.
The native moisture contents (MC) of the Argusville Formation ranged from 47 to 55 percent. The liquid
limits (LL) of these materials typically range from about 55 to 90 percent.
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B.2.e. Glacial Till and Outwash
Below depths of about 68 to 73 feet, and extending to the termination depths of the borings, glacial till
and outwash deposits were encountered. The glacial till soils consisted of lean clay with sand (CL), sandy
lean clay (CL), fat clay (CH), and clayey sand (SC). The outwash soils consisted of silty sand (SM) and silt
(ML).
These glacial deposits became very hard/dense below depths of about 98 feet, corresponding to
elevation 788 feet.

B.2.f. Standard Penetration Resistances
Penetration resistance values recorded in the Sherack, Brenna, and Argusville Formations ranged from
about 3 to 10 blows per foot (BPF), with an average range of about 4 to 6 BPF, indicating they were soft
to rather stiff in consistency.
Penetration resistance values recorded in the glacial till and outwash range from about 15 to 35 BPF
within the upper 20 to 30 feet of the till/outwash. Below these depths penetration resistances generally
increased to values exceeding 100 BPF.

B.2.g. USACE Borings
As part of our evaluation, we referenced the results of one boring that was performed by the USACE
(Boring 10-83M) approximately ½-mile north along the County Highway 81 alignment. The layer
transition depths/elevations measured in that boring were similar to the borings encountered with the
borings performed for the BNSF alignment as well as those performed nearby for the Interstate 29 and
County Highway 81 alignments. The bottom of the Sherack Formation was at approximate elevation 875
feet, the bottom of the Brenna at elevation 832 feet, and the bottom of the Argusville (top of Till) at
elevation 817 feet.
Additional borings were performed by the USACE at the County Highway 81 and 169th Avenue SE
intersections, labeled 12-136M and 12-137M, however, the results of those borings were not yet
available at the time of this report.

B.2.h. Groundwater
Groundwater was not observed in any of the BNSF track borings during advancement. The lack of a
measurable groundwater level within an open borehole is not uncommon in the area, and is typically due
to the low permeability of the native clay soils. Groundwater levels in these clays can take several hours
or days to seep into the open borehole and reach their hydrostatic levels. We anticipate that had longer

Page D-521

TKDA, Inc.
Project FA-12-03415
January 28, 2013
Page 9

observation periods been available, groundwater levels would have been observed. Additionally, the
two deep borings were advanced using the mud rotary wash method, which prevents the ability to
measure groundwater upon completion of the boring.
As discussed above and as shown on the Boring Location Sketch in the Appendix, the borings for the
Interstate 29 and County Road 81 bridges were performed in the same vicinity as those for the BNSF
bridge. Specifically, Boring B81-03 was performed about 50 to 75 feet away from Boring BNSF-2
(southeast end of proposed bridge). To provide longer term groundwater level measurements in the
area, 3 vibrating wire (VW) piezometers were installed within Boring B81-03. The VW piezometers were
installed on May 17, 2012 at depths of 20, 55 and 90 feet below the ground surface to evaluate the
variation in hydrostatic pressure at the varying depths. The following Chart B.2.h.1 indicates the
measured groundwater elevations at each of the VW piezometers (note – the legend identifies the depth
of the VW piezometer).
Chart B.2.h.1. Summary of VW Piezometer Groundwater Readings near BNSF Bridge

VW Piezometer Readings
Installed in Boring B81-03 (70' from BNSF-2)
Surface Elevation at B81-03 = 884.2 Feet
(Last Reading Performed on 9/24/12)

Measured Groundwater Elevation (ft)

885.0
880.0
875.0

20

870.0

55

865.0

90

860.0
855.0
850.0
845.0
4/21/12

5/11/12

5/31/12

6/20/12

7/10/12

7/30/12

8/19/12

9/8/12

9/28/12 10/18/12

Date of Readings

As indicated in the Chart above, the hydrostatic groundwater elevation at the boring location decreased
with depth indicating downward groundwater flow. The results indicate the groundwater elevation has
varied from about 881 to 878 feet. The surface elevation at Boring BNSF-2 was 885.5, thus for nearsurface excavations in the vicinity, groundwater is anticipated at approximately 4 ½ to 7 ½ feet below the
ground surface of the boring.
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We also installed a nested set of three VW piezometers near the northern end of the Interstate 29 bridge
(several hundred feet northwest of Boring BNSF-2). The readings in those VW piezometers showed a
surficial groundwater elevation about 5 to 7 feet lower; about 7 ½ to 12 ½ feet below the Interstate 29
ditch bottom.
It should be noted that 2012 was an unseasonably dry year with low levels of precipitation and warmer
than average temperatures. We expect that the groundwater levels will be higher during a “normal”
year, particularly following spring thaw and extended periods of wet weather.

B.3. In-Situ Field Test Results
Three pressuremeter tests were performed within the glacial till at depths of 86 to 106 feet in borings
associated with the nearby bridges for Interstate 29 and Highway 81. The testing generated limit
pressures for the glacial till in the range of 12.1 to 48.9 kips per square foot (ksf). Corresponding
modulus values ranged from 81.2 to 482.6 ksf. These results were used in evaluating the end bearing for
deep foundations. The results of the tests are provided in our referenced Geotechnical Evaluation
Reports for Interstate 29 and County Road 81.

B.4. Laboratory Test Results
Prior to the start of this geotechnical evaluation, the USACE had compiled a large database of laboratory
testing data from numerous borings performed for the FMM Diversion Project as well as from other
flood control projects within the Fargo-Moorhead area. Within Table I-4: Summary of Selected Soil
Parameters, included in Appendix I of the Final Feasibility Report and Environmental Impact Statement,
dated July 2011, a listing of recommended soil parameters were provided to enable preliminary designs.
This data was used in comparison to the test data we have collected through laboratory testing for the
BNSF, Interstate 29 and Highway 81 (all Reach 3) projects.

B.4.a. Classification and Index Testing
Moisture content (MC) tests (per ASTM D2216), dry and wet density tests, Atterberg limits tests (per
ASTM D4318), and sieve-hydrometer analyses (per ASTM D422 and D1140) were performed on
numerous samples to aid in classification, determination of soil unit transition depths, and to aid in the
estimation of engineering parameters to support our analyses. The following Table B.4.a.1 presents a
summation of the tests performed on the soil units identified in Section B.2 above.
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Table B.4.a.1. Summary of Classification and Index Testing
Atterberg Limits

Sieve-Hydrometer Analyses

Moisture

Dry Unit

Wet Unit

Content

Weight

Weight

Liquid

Plastic

Plastic

% Sand &

(%)

(pcf)

(pcf)

Limit (%)

Limit (%)

Index (%)

Gravel

% Silt

%Clay

FILL
# of Tests

4

--

--

--

--

--

--

--

--

Range

11 to 27

--

--

--

--

--

--

--

--

Average

21

--

--

--

--

--

--

--

--

SHERACK FORMATION
# of Tests

12

Range

22 to 43

88 to 97

2
111 to 117

78 to 85

20 to 21

4
58 to 64

4

18

1
77

Average

33

93

114

82

21

62

4

18

77

OXIDIZED BRENNA FORMATION
# of Tests

16

Range

37 to 61

75

2
103 to 109

93 to 116

21 to 34

4
72 to 88

0

5 to 11

2
89 to 95

Average

50

75

106

110

28

82

0

8

92

BRENNA FORMATION
# of Tests

20

Range

46 to 62

64 to 69

6
102 to 106

76 to 105

22 to 28

8
54 to 79

0

1
4

96

Average

55

67

104

97

25

72

0

4

96

ARGUSVILLE FORMATION
# of Tests

4

Range

47 to 55

--

---

77 to 89

19 to 24

3
58 to 65

2

13

1
85

Average

50

--

--

82

22

61

2

13

85

TILL AND OUTWASH
# of Tests

21

Range

9 to 32

--

---

33

17

1
16

30

35

1
35

Average

20

--

--

33

17

16

30

35

35

The USACE’s wet unit weight values of 115 pcf, 108 pcf and 106 pcf for the Sherack, Oxidized Brenna, and
Brenna Formations, respectively, matched up well with the above results (+/- 2 pcf).
The majority of the results of the above tests are also provided on the Log of Boring Sheets attached in
Appendix A of this report. The moisture content tests are listed within the column labeled “MC”, the dry
density (DD), wet density (WD), and Atterberg limit results are listed in the column labeled “Tests or
Notes”. The Atterberg limits are identified in the column with the symbols LL (liquid limit), PL (plastic
limit), and PI (plastic index). The Atterberg limits test results and the sieve-hydrometer analyses are also
attached separately in Appendix B.
The unit weights are in units of pounds per cubic foot (pcf), and the moisture contents and Atterberg
limits are in units of percent by mass.
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B.4.b. Shear Strength Testing
B.4.b.1. Unconfined Compressive Strength Testing
A total of 10 unconfined compressive strength (Qu) tests (per ASTM D2166) were performed on selected
thin-walled tube samples to aid in estimating the soils’ undrained shear strength. The results of the tests
are summarized in the following Table B.4.b.1.
Table B.4.b.1. Summary of Unconfined Compressive Strength Testing
Average Unconfined
Range of Test Results

Compressive Strength

Average Estimated
Undrained Shear Strength USACE Total “Peak” Shear

Soil Formation

# of Tests

(psf)

(psf)

(psf)1

Strength (psf)

Sherack

2

1040 to 1970

1505

750

1400

Oxidized Brenna

2

930 to 1660

1295

645

1000

Brenna

6

1760 to 2090

1990

995

650

Argusville

0

--

--

--

825

Till

0

--

--

--

1900

1

The estimated undrained shear strengths are conservatively estimated as ½ of the unconfined compressive strength, representing an
estimated “peak” undrained shear strength.

The results of the unconfined compressive tests are listed in the “Tests or Notes” column on the attached
Log of Boring Sheets, and are also attached graphically in Appendix B.
Pocket penetrometer tests (qp) were performed on all cohesive penetration test samples to provide an
additional estimation of the soils’ unconfined compressive strength. These tests results were not
considered in our direct calculations, but were rather reviewed in conjunction with the standard
penetration test results to evaluate the soils’ consistencies and changes with depth. The results of the
tests ranged from ¼ to 4 ½+ tons per square foot (tsf) and are presented in the column labeled “qp” on
the Log of Boring Sheets in Appendix A.

B.4.b.2. Consolidated-Undrained Triaxial Shear Strength Testing
We did not perform any consolidated-undrained (CU) triaxial shear strength tests for the BNSF bridge
project. However, for the Interstate 29 and County Road 81 projects (both also in Reach 3 of the
proposed Diversion), we performed nine (9) shear strength tests with porewater pressure measurements
(per ASTM D4767) to measure the soils’ shear strength properties and development of curvilinear shear
strength envelopes necessary for performing slope stability analyses. Shear strength parameters were
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measured at strains of 15%. The CU test results for the tests we performed in Reaches 1, 3, 4 and 5 are
summarized in the following Table B.4.b.2.
Table B.4.b.2. Summary of CU Test Results
Total Stress Properties
Boring

Depth

Formation

Friction Angle
(degrees)

Cohesion (psf)

B29-01

14.5-16.5

Oxidized Brenna

14.4

B29-07

19.5-21.5

Oxidized Brenna

9.9

B29-05

24.5-26.5

Brenna

Effective Stress Properties
Friction Angle
(degrees)

Cohesion (psf)

164

9.6

268

284

10.3

12

12.8

270

10.9

220

B29-03

35-37

Brenna

14.4

230

7.7

368

B29-04

49.5-51.5

Argusville

12

224

6.6

400

B29-06

49.5-51.5

Argusville

13.8

16

7.9

224

B81-03

24.5-26.5

Brenna

12.5

396

5.5

682

B81-05

34.5-36.5

Brenna

10.2

360

5.5

486

B81-06

49.5-51.5

Brenna

11.4

270

6.2

416

B31-02

22-24

Oxidized Brenna

9.4

478

4.8

680

B31-01

34.5-36.5

Brenna

9.2

526

6

608

B31-02

44.5-46.5

Brenna

12.7

368

6.3

648

B31-06

59.5-61.5

Brenna

11.7

316

6.8

434

B32-04

17-18.5

Brenna

12.1

348

7

480

B32-03

34.5-36.5

Brenna

17.3

24

8.5

240

B32-03

54.5-56.5

Brenna

17.9

62

6.7

508

B22-04

14.5-16.5

Oxidized Brenna

12.5

268

9

300

B22-01

29.5-31.5

Brenna

8.6

464

5.4

484

B22-01

59.5-61.5

Glacial Till

25.6

332

10.1

1034

Test reports for the CU are provided in our referenced Geotechnical Evaluation Reports for Interstate 29
and County Road 81. The results of the tests and their data output files have been previously provided
to, and used by, Barr Engineering for their analyses of the channel stability at the Interstate 29 bridge
locations. The curvilinear shear strength envelopes developed by Barr Engineering for each of the
individual bridge locations were presented in the Design Documentation Report referenced in Section
A.3.
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B.4.c. Consolidation Tests
B.4.c.1. Compression Characteristics
We did not perform consolidation tests for the BNSF bridge project, specifically, however for the
Interstate 29 and County Road 81 projects, we performed three (6) time-rate consolidation tests to
determine the soils’ settlement characteristics for use in our settlement calculations at the BNSF bridge
location. As part of our Scope of Services for Reaches 1, 3, 4 and 5 of the F-M Diversion, we performed a
total of 13 time-rate consolidation tests. A summation of the consolidation test results from Reaches 1,
3, 4 and 5 are provided in the following Table B.4.c.1.
Table B.4.c.1. Summary of Consolidation Test Results A
WD

MC

Atterberg

σc

Boring

Depth (ft)

Test
Formation

(pcf)

(%)

Limits (LL/PI)

(tsf)

σo' (psf)

OCR

Cc

Cr

eo

R32-A7

5.5

Sherack

117

34%

65 / 39

1.02

649

3.14

0.28

0.09

0.948

B29-4

15.25

Ox Brenna

106

51%

89 / 60

2.99

1368

4.37

0.6

0.19

1.408

B81-3

15.25

Ox Brenna

104

57%

109 / 76

2.11

1058

3.99

0.58

0.13

1.584

B22-1

15.25

Ox Brenna

106

51%

97 / 61

3.25

1756

3.70

0.52

0.16

1.399

B81-6

23

Ox Brenna

108

46%

78 / 52

4.17

1410

5.91

0.62

0.11

1.268

B31-6

25.5

Ox Brenna

106

53%

100 / 72

5.31

2712

3.92

0.77

0.16

1.44

B29-2

30

Brenna

106

52%

93 / 59

3.52

2018

3.49

0.67

0.15

1.402

B32-4

37.25

Brenna

99

62%

89 / 62

3.08

2084

2.96

1.11

0.28

1.757

B22-4

38

Brenna

103

59%

99 / 71

3.17

2832

2.24

0.86

0.23

1.596

B81-3

40.25

Brenna

103

58%

114 / 84

3.23

2103

3.07

0.83

0.21

1.597

B29-5

45

Brenna

104

60%

104 / 71

3.11

2635

2.36

0.83

0.25

1.611

B31-5

50.5

Brenna

104

57%

84 / 53

4.15

3772

2.20

0.86

0.17

1.55

B32-2

60.25

Brenna

106

54%

86 / 61

2.26

3182

1.42

0.64

0.16

1.455

A

Abbreviations: WD = total density, MC = moisture content, LL = liquid limit, PI = plastic index, σc = preconsolidation pressure, σo' = initial
effective overburden pressure, OCR = overconsolidation ratio, Cc = compression index, Cr = recompression or swell index, eo = initial void ratio.

The test reports of the consolidation tests performed for the Interstate 29 and County Road 81 projects
are provided in our referenced Geotechnical Evaluation Reports for the projects.
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B.4.c.2. Time-Rate of Compression Characteristics
For each of the time-rate consolidation tests we measured the soils’ vertical coefficient of consolidation
(cv), which was used to calculate the rate at which the soils will consolidate. The following Chart B.4.c.2.
provides a summation of the cv values calculated at their corresponding pressures. Please note that the
coefficients of consolidation values are presented in units of square feet per day (ft2/day). Trend lines
(power) were applied to the data sets for each of the formations’ data sets (we evaluated the use of
logarithmic trend lines, however, they “missed” larger quantities of the data points at greater pressures
resulting in less conservative values). Since time-rate consolidation testing was not performed for the
Argusville Formation, we assumed their values equal to the values measured in the Brenna Formation.

cv (ft2/day)

Chart B.4.c.2. Coefficient of Consolidation Curves

Coefficient of Consolidation (cv) v. Confining Pressure

0.14
0.13
0.12
0.11
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0

5000

10000

15000

20000

25000

30000
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B.4.d. Moisture-Density Relationships
We performed two standard Proctor tests (per ASTM D698 or AASHTO T99) on samples obtained from
depths of 2 to 15 feet in Borings BNSF-3 and BNSF-4. We also ran an Atterberg limits test and grain-size
distribution analysis on the two samples. The results of those two tests are summarized in the following
Table B.4.d.1. Additionally, each of the moisture-density relationship curves is presented graphically in
Appendix B.
Also included in Table B.4.d.1 are results of standard Proctor and modified Proctor tests (per ASTM
D1557 or AASHTO T180) that were performed on 8 bulk soil samples collected from
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borings performed along the Interstate 29 and County Road 81 alignments (also from Reach 3). In
Appendix B a composite plot showing all of the moisture-density relationship comparison curves is
provided, titled Standard Proctor versus Modified Proctor. The individual moisture-density relationship
curves for the tests listed below from Interstate 29 or County Road 81 are provided in our referenced
Geotechnical Evaluation Reports for the projects.
Table B.4.d.1. Comparison Summary of Standard and Modified Proctor Tests A

Boring

Depth (ft)

Formation

Atterberg
Limits
(LL/PI)

Standard Proctor
Percent
Results (ASTM D698)
Silt and
Clay (%) MDD (pcf) OMC (%)

MDD (pcf)

OMC (%)

MDD (pcf)

OMC (%)

BNSF-3

2–5

Sherack

78 / 58

96

90.8

28.9

--

--

--

--

BNSF-4

10 – 15

Ox. Brenna

93 / 72

100

82.9

34.2

--

--

--

--

R29-09

1.5 - 5

Sherack

76 / 54

99

91.8

27.2

104.4

20.1

12.6

7.1

R29-10

1.5 - 5

Sherack

83 / 60

98

88.0

27.7

99.1

22.7

11.1

5.0

R29-11

1.5 - 5

Sherack

74 / 56

98

92.3

26.0

103.2

20.3

10.9

5.7

R29-12

1.5 - 5

Sherack

78 / 57

98

92.0

26.6

102.6

20.7

10.6

5.9

R81-01

1.5 - 5

Sherack

64 / 44

82

98.1

20.5

109.0

17.0

8.9

3.5

R81-02

1.5 - 5

Sherack

68 / 49

71

90.8

25.4

105.4

18.0

14.8

7.4

R81-07

1.5 - 5

Sherack

67 / 47

85

96.5

23.0

106.4

18.3

9.9

4.7

R81-08

1.5 - 5

Sherack

70 / 49

85

92.8

24.9

106.7

18.5

13.9

6.4

92.6

25.6

104.6

19.5

11.6

5.7

Average (Sherack)
A

Modified Proctor
Differences Between
Results (ASTM D1157) Standard and Modified

Abbreviations: MDD = maximum dry density, OMC = optimum moisture content

The maximum dry density determined by the modified Proctor was on average 11.6 pcf higher compared
to the standard Proctor; and the optimum moisture content was on average 5.7 percent lower. The
results indicated in the above table are significant, since the typical methods of compaction control
required by the USACE (standard Proctor – AASHTO T99 or ASTM D698) and the NDDOT (modified
Proctor – AASHTO T180 or ASTM D1557) are different. It is our understanding that typical compaction
control for BNSF projects is specified relative to the standard Proctor, however, with the understanding
that the three projects may be performed concurrently or by the same contractor, we have included the
comparison results in the interest of completeness. If both types of compaction control are included in
the Project Specifications, earthwork calculations relative to shrink/swell will need to be separated.
The moisture-density relationship tests performed as part of our evaluations for Reaches 1, 3, 4 and 5
were on samples collected from only within the Sherack Formation. The USACE has recently performed a
series of standard Proctors at two separate boring locations (12-190MU and 12-191MU) at varying
depths. Results of those tests are provided in Table B.4.d.2 below for informational purposes.
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Table B.4.d.2. Summary of Standard Proctor Tests A
Standard Proctor Results
(ASTM D698)

Boring A

Depth (ft)

Atterberg
Limits
(LL/PI)

Assumed
Formation

Native
Moisture
Content (%)

Native Wet
Density (pcf)

Native Dry
Density (pcf)

MDD (pcf)

OMC (%)

12-190MU

10 – 12

78 / 55

Sherack/Alluvium

34

112

84

89.9

29.9

12-191MU

10 – 12

92 / 68

Sherack/Alluvium

44

107

74

85.3

31.4

12-190MU

15 – 17

66 / 45

Sherack/Alluvium

41

106

75

86.7

32.2

12-191MU

15 – 17

87 / 63

Sherack/Alluvium

46

109

75

88.8

28.8

12-190MU

20 – 22

110 / 82

Brenna

61

101

63

76.9

35.4

12-191MU

20 – 22

79 / 57

Sherack/Alluvium

40

112

80

91.4

26.9

12-190MU

25 – 27

101 / 71

Brenna

57

100

64

77.2

37.8

12-191MU

25 – 27

81 / 58

Sherack/Alluvium

42

114

80

88.7

30.7

12-190MU

30 – 32

99 / 69

Brenna

56

91

59

80.0

36.6

12-191MU

30 – 32

74 / 54

Sherack/Alluvium

43

109

76

88.6

29.3

A

12-191MU was performed near the intersection of 169th Ave SE and Cass County Hwy 16, several miles from the Reaches 1, 3, 4 and 5 projects.
12-190MU was performed near the intersection of 26th Street SE and Cass County Hwy 20, about 2 miles south of the Reach 5 bridge project.

C.

Basis for Recommendations

C.1. Design Details
C.1.a. Bridge Superstructure and Substructures
The proposed bridge will have a top of rail elevation of 898.5 feet and will be 21 feet 8 inches wide. The
bridge deck and track will be supported on concrete beams for the 4 spans nearest either abutment and
on steel welded plate girders for the longer center span. The substructures for the bridge will consist of
driven pile supported abutments and piers.

C.1.b. Anticipated Grade Changes
Current grades along the BNSF track near the bridge are near elevation 890.5. Grade increases at the
bridge ends will be about 8 feet. The proposed embankment surface, which slopes down and away from
the bridge at a 0.2% grade, matches existing grades approximately 4500 feet northwest and 3500 feet
southeast of the bridge ends.

C.1.c. Construction Schedule
As of the date of this report, we were not aware of the planned construction dates or complete schedule.
It is our understanding, however, that the earthwork segments of the projects would occur in
summer/fall, allowing for the surcharge to be in place over the winter and early spring months for a
duration of up to 9 months.
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C.1.d. Precautions Regarding Changed Information
We have attempted to describe our understanding of the proposed construction to the extent it was
reported to us by others. Depending on the extent of available information, assumptions may have been
made based on our experience with similar projects. If we have not correctly recorded or interpreted the
project details, we should be notified. New or changed information could require additional evaluation,
analyses and/or recommendations.

C.2. Settlement Analyses
C.2.a. Methods for Settlement Calculations
The method used to calculate settlement was based on one-dimensional consolidation theory. Time-rate
settlement calculations were based upon standard theory using the average degree of consolidation. We
utilized internally developed spreadsheets to perform the calculations. Our methods used were
performed in accordance with guidelines stated within the USACE Engineering Manual (EM) 1110-11904, “Settlement Analysis”.

C.2.b. Soil Parameter Determinations
C.2.b.1. Compression Index (Cc) and Recompression Index (Cr)
We combined the test data from 42 consolidation tests performed by the USACE with the results of our
13 tests to develop correlations that could be applied to the settlement calculations at each of the
Reaches. The test data for the additional 42 consolidation tests was provided in an Excel™ spreadsheet
file titled FMM_Consolidation_Summary_20120530, provided to us by Kurt Heckendorf, PE of the USACE.
Based on the results of our analyses, as well as our experience within the Red River Valley, these
parameters can vary depending upon sample collection methods, sample handling/disturbance and data
interpretation. Instead of assigning the individual test results to represent the entirety of the layers in
which they were performed, we developed relationships between Cc, Cr and the moisture content (MC)
to allow the calculations to adjust for the variability within the various layers. We based the relationships
upon MC since we performed MC tests on each sample collected from the borings. Relationships were
developed for each of the soil units. The relationships are provided in Table C.2.b.1 below.
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Table C.2.b.1. Summary of Consolidation Test Parameter Relationships
Soil Layer

# of Tests Used
to Develop

Cc Relationship A

Cr Relationship

OCR Relationship

Total Unit
Weight (pcf)

Sherack

8

Cc = 0.7 x MC

Cr = Cc / 4.7

OCR = 3.4

118

Ox. Brenna

11

Cc = 1.2 x MC

Cr = Cc / 4.7

OCR = 4.2

104

(-0.022xDepth(ft))

Brenna

20

Cc = 1.45 x MC

Cr = Cc / 6.4

OCR = 6.6061 x e

104

Argusville

16

Cc = 1.4 x MC

Cr = Cc / 7.2

OCR = 6.6061 x e(-0.022xDepth(ft))

106

0

Cc = 1.0 x MC

Cr = Cc / 7.2

OCR = 2.3

130

Till

B

A

The calculation requires the moisture content (MC) in its decimal form.
B
No test results for this project were available for the glacial till and outwash. The values presented for the glacial tills are conservatively based
upon Braun Intertec’s experiential data from projects in the Fargo-Moorhead area.

C.2.b.2. Overconsolidation Ratio (OCR)
Similar to the compression and recompression indices, we developed relationships for the soils’ OCR.
The OCR’s for the Sherack and Oxidized Brenna layers were highly variable, though typically ranging from
2 ½ to 6. We utilized the average OCR value calculated from the Sherack and Oxidized Brenna layers
within our settlement calculations.
The OCR’s for the Brenna and Argusville layers were also variable (ranging from about 1 to 5), however, a
plot of the OCR values with depth indicates a trend of decreasing OCR with increasing depth. We plotted
a best-fit (exponential) trend line through the charted data (OCR v. depth) and applied the trend line’s
equation to determine the OCR values for the Brenna and Argusville layers. For the glacial till layer, we
incorporated the average OCR determined from tests performed within the Argusville layer. A summary
of the OCR values used are presented below in Chart C.2.b.2 below.
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Chart C.2.b.2. Overconsolidation Ratio v. Depth
OCR v. Depth
Brenna and Argusville Formations
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C.2.b.3. Soil Unit Weight
We used the average soil unit weights calculated from the laboratory testing performed for this project.
For new embankment fill materials we assumed a total unit weight of 120 pounds per cubic foot (pcf).
The values we used are presented in Table C.2.b.1 above.

C.2.b.4. Groundwater
The groundwater depth used in our settlement calculations was determined based upon the results of
the measurements from the vibrating wire piezometer installations in Boring B81-03 located about 70
feet away from Boring BNSF-1. We understand that the calculated settlements will vary depending upon
where groundwater level is assumed to be (lower groundwater levels result in lower settlement
predictions). However, we have assumed that the current readings represent an average of the future
site conditions. Our assumed groundwater elevation for the BNSF bridge is 880 feet, based upon the VW
piezometer readings.

C.2.b.5. Coefficient of Consolidation (cv)
For time-rate of settlement calculations, we utilized the trend lines on Chart B.4.c.2 above to determine
the appropriate coefficient of consolidation for each respective layer. The coefficients of consolidation
used within our calculations for the various soil units ranged from 0.065 to 0.015 ft2/day.
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C.2.b.6. Soil Unit Depths and Thicknesses
We selected one average soil profile to calculate the expected settlements. The depths and thicknesses
of the soil units were based on averages from the borings performed at the ends of the bridges.

C.2.c. Calculated Settlements
C.2.c.1. Total Settlements
The following Chart C.2.c.1 summarizes our settlement calculations along the BNSF bridge alignment,
measured along the length of the embankment centerline. The x-axis of the chart below is the Stationing
of the embankment. The y-axis represents settlement (as negative values) with the units of inches and
grade raise (positive values) with units of feet.
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Chart C.2.c.1. Total Settlement Profile for BNSF Alignment
Settlement Profile Along Embankment Centerline
BNSF Bridge and Approach - Reach 3
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The maximum settlement (about 4.9 inches) occurs along the centerline of the embankment,
approximately one embankment width away from the bridge. The predicted settlements at the bridge
ends are about 3 inches.
The EMB footprints were not taken into consideration in our settlement calculations due to the relatively
large distance away from the rail embankment.

C.2.c.2. Time Rate of Settlements
The time rate of settlement calculations are based upon the variables (1) coefficient of consolidation (cv),
discussed in Section B.4.c.2 above, and (2) the drained height (Hdr) of the soil layer. The drained height
refers to the distance that porewater needs to travel to exit the soil layer. The following Table C.2.c.2
summarizes the values assumed for each of the consolidating soil layers.
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Table C.2.c.2. Summary of Time-Rate Variables
Soil Layer

Layer Thickness
(ft)

Coefficient of Consolidation(cv)
(ft2/day)

Estimated Drained Height(Hdr)
(ft)

Fill/Sherack

16

.016

4

Oxidized Brenna

10

.058

10

Brenna

32

.035

16

Argusville

17

.032

17

The coefficient of consolidation (cv) values were interpolated from the Chart B.4.c.2 above based upon
the calculated overburden pressure at the mid-depth of the layer. The drained height values were
selected largely based upon our experience with similar projects in the Red River Valley soils.


Sherack – a value of 4 feet was selected for the Sherack Formation in consideration of (1) the
knowledge that this layer is typically unsaturated, and (2) this layer typically contains silt lenses
and seams allowing for horizontal drainage.



Oxidized Brenna – a value of 10 feet was selected for the Oxidized Brenna Formation assuming
single drainage.



Brenna – the time rate of settlements within the Red River Valley areas are largely dependent
upon the consolidation of the Brenna layer due to its thickness and low permeability. Since the
glacial lake deposits encountered in this area contain variable amounts of interbedded
laminations of silt (which are very difficult to see in boring samples due to smearing), it is known
that the squeezed water will also be able to drain horizontally, effectively decreasing the drained
height of the stratum. Thus, we assumed the horizontal drainage capability of the stratum would
effectively decrease the drained height to about half of the layer thickness (assumed double
drainage).



Argusville – a value of 17 feet was selected for the Argusville Formation assuming single
drainage.



Glacial Till and Outwash – time rate predictions for settlements of the glacial till and outwash
layers were not included since the amount of settlement predicted within these layers was
minimal in comparison, and since a significantly higher coefficient of consolidation is expected.

The result of our time-rate of settlement prediction is presented graphically on the following Chart
C.2.c.2. This prediction was performed based on the calculated total settlement of the approach
embankment, approximately one embankment width away from the bridge end. We have provided
time-rate curves for each of the soil units in which the majority of the consolidation will occur (Sherack,
Oxidized Brenna, Brenna, and Argusville), along with a curve for the total settlement.
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Chart C.2.c.2. Time Rate of Settlement Estimation
Time-Rate Consolidation for BNSF
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The time rate of settlement predictions indicate settlements of the approaches will continue for many
years after construction. As noted from the above chart, the time rate of settlement for the
embankments is largely dependent upon the Brenna and Argusville layers.
We wish to note that for time-rate prediction of settlement for the soils within the Red River Valley it is
impossible to be exact without having experiential data from the specific project area. This is due to the
sensitivity of the calculations with respect to the variables used in the calculation. Although the chart
above presents our “best guess” based on our experience in the Red River Valley, it is reasonable to
expect that our parameter estimations could be off by a factor of 2 or more.

C.2.d. Settlement Mitigation
This predicted slow rate of settlement is problematic for bridge structures, as the settlements will result
in a “bump” at the end of the bridge that worsens over time. Additionally, long-term settlements will
result in downdrag forces on the deep foundation systems.
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Prior to submission of this report, we provided discussion regarding settlement mitigation options within
the Geotechnical Memorandum No. 1, dated July 9, 2012. Within the memorandum, we discussed the
use of (1) a surcharge-only to accelerate settlements, (2) a combination of a surcharge and vertical wick
drains to accelerate settlements, and (3) the use of lightweight fill to reduce settlements.
It is our understanding that the preferred alternative to mitigate settlements would be the combined use
of a surcharge and vertical wick drain installations to accelerate settlements within the allotted
construction schedule. The following section provides discussion of the methods and assumptions that
we used to calculate the surcharge/drain system.

C.2.d.1. Surcharge and Wick Drains Option
To evaluate the applicability of vertical drains, we referenced the Federal Highway Administration Report
No. FHWA/RD-86/168, Prefabricated Vertical Drains, Volume 1, Engineering Guidelines, dated 1986;
Fundamentals of Geotechnical Engineering by Braja Das, copyright 2000; and the Naval Facilities
Engineering Command (NAVFAC) Design Manuals. Typical vertical drain types consist of sand drains,
fabric-encased sand drains, and prefabricated vertical (PV) drains. For purposes of our analyses we
assumed the use of PV drains or "wick drains".
We calculated the time-rate of settlement for the proposed embankments with the use of vertical drains
based on the following assumptions and parameters:


The installation of the wick drains would be performed by a mandrel and would be installed to
the bottom of the Argusville Formation;



Wick drains would be placed in a triangular array;



Wick drain size of 100 millimeters (mm) wide by 3 to 4 mm thick (4 inches x 1/8-inch with an
equivalent diameter of 0.175 foot);



The coefficient of consolidation of the soils in the horizontal direction (ch) would be equal to
twice the coefficient of consolidation in the vertical direction (cv);



The ratio of soil permeability in the horizontal direction for the undisturbed and disturbed zones
would be about 2; and



The ratio of the disturbed soil diameter to the effective diameter of the wick drain would be
about 5 (this should be kept to a minimum by utilizing a mandrel with a minimum cross-sectional
area).
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C.2.d.2. Surcharge and Wick Drains Calculations
With the above assumptions, we performed iterative time rate of settlement calculations for vertical
wick drain spacings of 4 feet, 6 feet, 8 feet, and 10 feet, with the combined use of a 4 foot thick
surcharge. The design unit weight of the surcharge material used in our calculations was 120 pcf.
All of the calculations were performed with a total duration of 6 months. (We wish to note that the
projected construction schedule will allow for the surcharge and vertical wick drains to remain in place for
up to 9 months. We have purposely performed our calculations based upon a duration of 6 months for
conservatism.)
The following Chart C.2.d.2 graphically presents the total remaining settlement for each of the individual
alternatives after a duration of 6 months.
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Chart C.2.d.2. Summary of Remaining Settlements After 6 Month Duration
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As shown in the above chart the only alternative that will be able to accelerate settlements to theoretical
completion at the bridge ends is a combined use of a 4 foot surcharge with 4 foot triangular-spaced
vertical wick drains. An additional copy of the above chart is provided within Appendix C attached at the
end of this report.
We utilized the results shown in the above chart to recommend a surcharge and vertical wick drain
system to effectively reduce settlements at the bridge ends to less than about ½-inch. We have also
provided recommendations to maintain a transitional grade beyond the bridge ends at gradients ranging
from 400H:1V to 1000H:1V.
Our recommendations specific to the vertical wick drain installations and surcharge constructions are
provided in Section D below.
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C.3. Stability Analyses
C.3.a. Methods for Stability Analyses
We evaluated slope stability at the diversion channel and also at the railway embankment slopes. The
evaluation was completed in general accordance with Engineering Manual 1110-2-1902, Slope Stability,
published by the US Army Corps of Engineers October, 2003.
To facilitate our evaluation, computer analyses were performed on selected cross sections using
GeoStudio version 7.18 by Geo-Slope International. GeoStudio contains finite element seepage (SEEP/W)
and stability (SLOPE/W) programs that allow in-situ stress/strain and hydraulic conditions to be
contoured on a structured mesh, which can then be subjected to external structure, earth or hydraulic
loads. The response of the mesh to the external loads, and the timing of that response, is determined by
the stress/strain and hydraulic properties assigned to the subsurface geologic materials present in the
vicinity of each mesh node. To analyze slope stability we used Spencer’s method available in SLOPE/W,
which satisfies both force and moment equilibrium, to calculate the factor of safety.
The piezometric surface utilized by SLOPE/W for the diversion channel was calculated by a steady-state
seepage analysis in SEEP/W. This analysis was based on measurements from nearby vibrating wire
piezometer measurements, which indicated the groundwater surface is at about elevation 880. The
seepage analysis calculated a piezometric surface based on “far field” groundwater conditions away from
the channel at elevation 880, and assumed no water would be in the channel for conservatism. The
elevated piezometric surface below the grade raise for the embankment was calculated based on
relationships we have measured on nearby embankment construction projects. The relationship we used
incorporated an increase in total head pressure of 2 feet for every 1 vertical foot of grade raise.
In accordance with the “Final Fargo-Moorhead Metro Feasibility Report and Environmental Impact
Statement (FM Feasibility Report),” we analyzed four conditions for channel slope stability. Three
conditions were based on effective stress strength properties. The conditions varied by the entry and exit
limits of the trial slip surfaces. The first condition represented a global-type failure, while the second and
third conditions represented shallow failures limited to the upper and lower portions of the channel
slopes. The fourth condition was based on undrained strength properties, consistent with end-ofconstruction conditions. The fourth condition accounted for surcharge loads associated with additional
embankment height for settlement mitigation prior to construction, as well as train loads after
completion of construction in accordance with AREMA guidelines for a Cooper E 80 axle load diagram.
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As of the date of this report, we were reviewing methodology changes for the stability analyses, which
were presented within the USACE MFR 002, “Diversion Channel and Low-Flow Design”, dated September
20, 2012. Considering that there have been no changes to the bridge configurations for the remaining
Reach 3 bridges as a result of Barr Engineering’s stability analyses for those structures, and that the soil
profile for this BNSF bridge is nearly identical to those; we do not anticipate any significant changes to
come. Any modifications to our stability analyses will be presented in an Addendum to this report within
the weeks following the date of this report.

C.3.b. Soil Parameter Determinations
Soil parameters necessary to our analyses included unit weight, shear strength, and hydraulic
conductivity. The stratum depths at which these parameters varied was also considered. The unit weight
and soil stratum was determined as discussed in Section C.2. Shear strength and hydraulic conductivity
values were selected as discussed in the following subsections.

C.3.b.1. Shear Strength
We utilized shear strength parameters consistent with those published in the FM Feasibility Report, with
the exception of the parameters for the Oxidized Brenna, Brenna, and Argusville formations. These
formations are particularly weak in comparison to the others, and often contribute heavily to slope
instability common to the area. Therefore, we utilized shear strength parameters for these formations
based on the CU triaxial shear tests performed for the adjacent Reach 3 bridges. As shown in Section
B.4.b.2, the tests generated variable drained post-peak (15 percent strain) friction angles with
measurable and variable cohesion intercepts. Normalized for zero cohesion (consistent with how CU
triaxial shear tests have been processed for similar projects by the USACE), these results were used to
generate a curvilinear relationship between normal stress and shear stress. As the shear strength
characteristics of the Oxidized Brenna, Brenna, and Argusville formations are often similar, the test
results for each of the formations were combined to generate a single curvilinear relationship.

C.3.b.2. Hydraulic Conductivity
Laboratory testing we have performed has shown that the hydraulic conductivity of levee fill is typically
as rapid as 1E-2 feet per day (ft/day). We utilized a 1:1 ratio of vertical to horizontal conductivity in the
fill. The conductivity of the Sherack, Oxidized Brenna, Brenna and Argusville formations is one to two
orders of magnitude slower, averaging approximately 1E-4 ft/day vertically (as determined from our
laboratory testing) and 1E-3 ft/day horizontally (as determined through the in-situ monitoring of pore
water pressure dissipation on local embankment construction projects), for a vertical to horizontal ratio
of 1/10.

Page D-542

TKDA, Inc.
Project FA-12-03415
January 28, 2013
Page 30

C.3.c. Cross Sections
The cross sectional geometry used for our analyses was taken from the design documents referenced in
Section A.3. The diversion channel, in particular, will have 7H:1V channel slopes with a 275-foot long
channel bottom. The channel bottom will have 50H:1V slopes and will contain a low flow channel. The
low flow channel will have a bottom elevation of 861.19 at the BNSF bridge, 52H:1V bottom slopes,
4H:1V side slopes, and will be 6 feet deeper than the main channel bottom. The northwest side of the
channel will also have a 24-foot wide bench in the channel side slope.
The railway embankment will be approximately 8 feet higher than existing grades and have a top width
of 24 feet. The design documents referenced in Section A.3 indicate the embankment slopes will have a
gradient of 2H:1V.

C.3.d. Calculated Stability
The following Table C.3.d.a. summarizes the computed factor of safety for each slope condition analyzed
at the diversion channel, as well as the required factor of safety as published in the FM Feasibility Report.
Note that the “right” side of the model, as referenced in the table below, contains the recreational bench
on the channel side slope. In addition, the End of Construction with Train Load failure surface takes into
account the shear capacity of the abutment piles. For purposes of this report we assumed the shear
capacity of the abutment piles was equal to that of an HP12x53 pile driven at a 5’- 4” center-to center
spacing. The computed factors of safety for the diversion channel all exceeded the required minimum
factor of safety, indicating that the proposed geometry is adequate in terms of stability.
Table C.3.d.a. Computed Factor of Safety at Diversion Channel
Factor of Safety
Left to Right

Right to Left

Required

Global Long-Term Stability

1.41

1.42

1.40

Localized Lower Slope Long-Term Stability

1.42

1.22

1.20

Localized Upper Slope Long-Term Stability

1.64

1.95

1.20

End-of-Construction

1.32

1.41

1.30

End-of-Construction with Train Load

1.66

1.55

1.30

Failure Surface

The following Table C.3.d.b. summarizes the computed factor of safety for each embankment slope
condition analyzed. For consistency with the diversion channel requirements, and given their close
proximity, we used a minimum required factor of safety of 1.4 for effective stress conditions, and a
minimum of 1.3 for total stress conditions at the embankment.
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Table C.3.d.b. Computed Factor of Safety for Railway Embankments
Embankment Side
Slope Gradient

Embankment
Height (ft)

Factor of Safety

Required

Global Long-Term Stability

2H:1V

8

1.31

1.40

Global Long-Term Stability

2.5H:1V

8

1.49

1.40

Global Long-Term Stability w/Surcharge

2.5H:1V

8

1.50

1.40

End of Construction w/Surcharge

2.5H:1V

8

2.37

1.30

End of Construction w/Train Load

2.5H:1V

8

2.77

1.30

Global Long-Term Stability

2H:1V

5

2.81

1.40

End of Construction with Train Load

2H:1V

5

2.80

1.30

Failure Surface

As shown in the table, the proposed embankment side slope gradient of 2H:1V does not provide a
minimum factor of safety for slope stability of 1.4. To achieve a minimum of 1.4, the embankment side
slope gradient should be flattened to 2.5H:1V. As the embankment extends away from the bridge and
shortens in height, the side slope inclination could be steepened to 2H:1V once the embankment height
is reduced to 5 feet.
All results summarized in the previous two tables are also illustrated graphically in Appendix E.

C.4. General Earthwork
C.4.a. Compaction Control
It is our understanding that for BNSF projects compaction control is typically based upon the standard
Proctor test (ASTM D698). The USACE also prefers to require compaction control based upon a standard
Proctor (AASHTO T99). However, if the BNSF project is performed in conjunction with the adjacent
Interstate 29 or County Road 81 projects, the NDDOT prefers to require compaction control based upon a
modified Proctor (AASHTO T180).
The USACE compaction and moisture control requirements for the partially embedded levee materials
that will cross through and beyond the railway embankment will be at least 95% of the standard Proctor
(AASHTO T99) and a moisture content of -2 to +3 percentage points of the optimum moisture. Based
upon the Proctors we performed (summarized in Section B.4.d above), the results indicate that the
modified Proctor requirement would need to be about 90% of the respective compaction with a
moisture content of at least 6 percentage points over the modified Proctor’s optimum moisture to meet
the USACE requirements. However, we wish to note that our comparison Proctor tests were performed
only on materials collected from the Sherack Formation, and that we did not perform similar correlation
tests on materials from the Oxidized Brenna or Brenna Formations. Similar correlation
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tests would need to be performed on those materials to evaluate whether or not this equivalency is valid
for all materials.
To maintain continuity for compaction control and earthwork calculations across the roadway and levee
design projects, we recommend utilizing one reference for compaction control. For purposes of this
report, we have assumed that the standard Proctor (AASHTO T99 or ASTM D698) would be used for the
entirety of the project.

C.4.b. Moisture Content
Earthwork contractors should note that the native moisture contents measured in the borings were
typically 5 to 20 percentage points higher than the soils’ optimum moisture content (per AASHTO T99 or
ASTM D698). Drying of the soils will typically be required where they are planned to be reused as fill for
the railway and levee embankments.

C.4.c. Shrinkage and Swell Calculations
We performed calculations to assist in estimating shrinkage/swell for earthwork balance calculations
based upon the Proctor test results presented in Section B.4.d above. The shrinkage/swell is calculated
by the following equation which relates the soils’ compacted dry density to the soils’ native dry density:
ΔV / Vf = [(γd)f / (γd)c -1] x 100%
ΔV / Vf = shrinkage (negative value) or swell (positive value)
ΔV = change in volume
Vf = volume of fill
(γd)f = average dry unit weight of fill (compacted) soil
(γd)c = average dry unit weight of cut (native) soil
Using the results of the standard Proctor tests and the average native dry density for the materials, we
calculated the shrinkage/swell values presented in the following Table C.4.c.1. It should be noted that
the values provided in the following table are based upon a limited number of tests, are based strictly on
the calculation above, and do not take into account any effects of time-dependent consolidation or other
sources of material loss/gain.
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Table C.4.c.1. Summary of Shrinkage and Swell Calculations
Average Dry
Density (pcf)

Maximum Dry
Density (pcf) –
std. Proctor

84A

92.8

Shrinkage (-) / Swell (+) at Specified Relative Compaction of Standard Proctor
85%

87%

90%

92%

95%

97%

100%

-8.3

-10.5

-26.3

-30.2

Sherack Formation (Based on 8 Samples Collected from Hwy 81 and Interstate 29)
6.1

3.9

0.6

-1.6

-5.0

Brenna Formation (Based on 3 Samples Collected from USACE Borings 12-191MU)
62
A

80.7

-10.6

-13.2

-17.1

-19.7

-23.7

Calculated based upon the dry density averages from the borings, presented in Table B.4.a.1.

Please note that the USACE has submitted a Guidance Memo (GM-002) providing discussion and
direction for shrinkage and swell specific to the Excavated Material Berms (EMB’s). Within the memo,
direction was provided to design the right and left bank EMB’s to account for 15% swell, for which areas
will require compaction to 85% of the standard Proctor or to native density. The recommended 15%
swell contradicts the results shown in the above table. Due to the differences, we recommend the above
table be used for informational purposes only, and that additional testing or test excavations be
performed to qualify the appropriate swell/shrinkage factor.

C.5. Foundations
The following sections describe the procedures and parameters we used in performing our evaluations of
driven pile foundations for support of the proposed bridge. Recommendations for design are presented
in Section D.

C.5.a. Method for Static Axial Resistance Evaluation
We used the computer program, DRIVEN, to estimate the nominal static geotechnical vertical
compressive static resistances of the driven pile types for the proposed bridge substructures. DRIVEN is
a static pile analysis software program developed by the Federal Highway Administration. For the
cohesive soils, we generally used the alpha method, referred to as Tomlinson 1979 by the program and
its documentation, for determining the shaft resistance. The exception to using this method is with the
till soils where the adhesion calculated by the Tomlinson method (or other methods) does not match
with available load test data. We discuss the load test data in Section C.4.c. To determine shaft
resistance in cohesionless soils, DRIVEN uses the Nordlund method.
For estimating downdrag loads, we followed the procedures of American Association of State Highway
and Transportation Officials (AASHTO) LRFD Bridge Design Specifications 6th Edition (2012) and
considered the full downdrag load to act when the amount of soil movement relative to the amount of
pile movement exceeded 0.4 inches. We were not provided with service loads of the piling that would
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allow us to estimate the pile settlement. Therefore, we conservatively assumed that all of the soil
movement calculated in our settlement evaluations was relative to the pile. As the piles will bear in the
very dense to hard glacial outwash and till, the pile movement will essentially be limited to elastic
deformation due to the applied pile-top loads, which is a reasonable assumption. We used the same
procedures to calculate the downdrag load as we did for calculating the shaft resistance of the driven
piles.
For end bearing, DRIVEN uses the general bearing capacity equation shortened to the total stress form
for cohesive soils and effective stress form for cohesionless soils. In the total stress analysis, DRIVEN uses
a value of 9 for Nc. In the effective stress analysis, DRIVEN uses a variation of the Thurman method up to
the limiting value recommended by Meyerhof.
There are numerous methods of predicting the static capacities of driven piles based on the results of
borings, and the results of the various methods often differ by a factor of two or more. Evaluating the
nominal capacity of a driven pile during or after installation also depends on the method selected. The
measured capacity depends on the method used (dynamic formula, wave equation, Pile Dynamic
Analyzer (PDA) or static load test) and the criteria used with each method.
As of the date of this report, we are still evaluating the uplift pressures that the channel excavation may
induce on the pier pile caps and foundation elements.

C.5.b. Method for Lateral Evaluation
We used the computer program LPILE version 2012.6.29 to estimate the lateral response of the soil-pile
system of selected piles. LPILE uses the p-y method of evaluation. For the fill, Sherack, Brenna and
Argusville soils, we allowed the program to calculate the p-y curves using the embedded relationships for
soft clay. In the till and outwash soils, we selected the relationships for stiff clay with free water and
Reese sand, respectively, and used the program calculated p-y curves. We assumed a fixed-head
condition for our evaluations.

C.5.c. Soil Parameters
We based the soil parameters used in our axial and lateral evaluations on the results of our laboratory
testing and the data presented in Attachment I-5: Selected Parameters Summary of the previously
referenced USACE report (2011). We also used the results of a load test program we participated in for
the FM Diversion project under a separate contract with Industrial Builders, Inc. (IBI). Table C.4.c.1
presents the values we used in our evaluations.

Page D-547

TKDA, Inc.
Project FA-12-03415
January 28, 2013
Page 35

Table C.4.c.1: Summary of Foundation Evaluation Soil Parameters
Soil Layer

Unit Weight (pcf)

Cohesion (psf)

Friction Angle( degrees)

Fill

110

800

-

Sherack

114

1400

-

Brenna (inc. Ox. Brenna)

104

650

-

Argusville

104

825

-

Outwash

125

-

30 to 43

Till

134

2000 to 17800

-

The load test project was contracted by the USACE and performed in Pleasant Township, North Dakota.
Comparing the calculated unit resistances determined from the load test program with the DRIVEN
estimated unit resistances determined in our preliminary evaluations for this project indicated that the
soil properties shown in the Selected Parameters Summary provided a reasonable estimate of the
adhesion for the Sherack, Brenna and Argusville soils. However, the load test data showed that the
properties from the Selected Parameters Summary and from typical, empirical relationships between Nvalue and shear strength significantly under-predicted the adhesion and end bearing.

D.

Recommendations

D.1. Embankment Construction
The recommendations provided within the following subsections apply to both the proposed new
embankment and the shoo-fly, unless specifically indicated.

D.1.a. Treatment of Existing Rail Materials
Existing rail materials (rails, ties, ballast, subballast) should be removed from below all new or raised
embankment areas. Following the removal of the rail materials the remaining railway surface should be
scarified to a depth of at least 6 inches and recompacted to the specified density. Where the design
subgrade elevation is more than 3 feet above the existing railway surface, this scarification is not
required.
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Beneath the levee footprint, all rail embankment fill materials (all non-native materials) must be
completely removed.
Prior to placement of any levee materials, an inspection trench parallel to an below the levee centerline.
The trench should extend a minimum 2 vertical feet into native soils, and should be a minimum of 4 feet
wide, but also wide enough to accommodate compaction equipment. The sideslopes of the trench
should be 1:1 or flatter to facility observation and compaction. The inspection trench should be
completed after the pre-consolidation (wick drains and surcharge) process is completed.

D.1.b. Subgrade Preparations
We recommend vegetation, topsoils, organic materials, foreign materials, and "soft" or unstable soils be
completely removed from below all areas that are planned to receive new fills. "Soft" or unstable soils
should be defined as a clayey materials having a pocket penetrometer resistance (unconfined
compressive strength) of less than 1 tsf, or as materials that are not able to support the placement and
compaction of overlying soils without excessive rutting or pumping of the soils.
Prior to the placement of new fills over the side slopes of the existing rail embankment, we recommend
the slope surfaces be benched. The back of the bench shall be nearly vertical with the horizontal cuts
being made as close together as the slope permits, but with no step being less than 24 inches in width.
Each horizontal cut shall begin at the intersection of the original ground and the vertical sides of the
previous cuts.
We recommend the upper 1 foot of the bottom of the excavation be scarified, mixed and moistened to a
moisture content near optimum, and compacted to a minimum of 95 percent of its standard Proctor
maximum dry density. If there are areas that cannot be compacted, we recommend the unstable
materials be overexcavated and replaced by on-site or imported materials that are able to be properly
compacted and meet backfill requirements.
The placement and compaction of backfill materials should be performed from the bottom of the slope
to the top of the slope, and with lifts placed as near horizontal as practicable (e.g. lifts should not be
placed and compacted along a plane that is parallel to the existing slope surface, as this will aid in the
development of slope instability).
Backfill materials shall consist of on-site or imported mineral soils that are free of vegetation and other
organic materials. Topsoils and organic soils may be reused as surfacing on the outside of the
embankment.
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D.1.c. Proofroll
Following scarification, recompaction, and backfill placement, we recommend the embankment
subgrades be proof rolled to check for the presence of localized weak zones. The proofroll should be
performed with a fully loaded, tandem-axle dump truck with a weight of approximately 25 tons, or an
approved equal. The proofroll should be performed at a vehicle speed of between 2 ½ and 5 miles per
hour. The proofroll should be performed along the embankment subgrade such that unrolled areas
between wheel paths are not wider than 1 foot. The proofroll should be observed by a geotechnical
engineer or qualified observer. Failed areas should be repaired prior to placement of the embankment
fill materials.

D.1.d. Soft Subgrade Treatments
Though none were noted in our borings, it is our experience that soft and weak subgrades may be
encountered along the alignment; generally at locations with poor drainage or nearby standing water.
Where soft or unstable subgrades are encountered we recommend the following:


Excavations should be performed with either low ground pressure equipment or a backhoe
operating from a rail car;



The soft soils should be overexcavated to a minimum depth of 5 vertical feet below the rail
subgrade and its 1H:1V oversize areas. If these soft soils extend to depths greater than 5 feet,
the geotechnical engineer should be contacted for evaluation of the soft conditions. Leaving soft
soils in place below the embankment will present risks to slope instability.



Where located within the limits of the embedded levee, the overexcavation should be backfilled
with on-site or imported clays meeting the requirements listed in Section D.1.i below.



Where located outside of the vertical and horizontal limits of the embedded levee and its 1H:1V
oversize areas, the overexcavation should be backfilled with imported sands or gravels that can
be suitably placed and compacted per the requirements of this report. If the overexcavation
bottom consists of wet or saturated soils the sands or gravels should meet the following
requirements for a free draining aggregate:
o

< 5% passing a #200 sieve; and

o

< 50% passing a #40 sieve; and

o

Where gravel is utilized, 100% of the gravel should be the result of crushing.
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The sands or gravels should be compacted by pressing the materials into place with the back side
of the backhoe bucket until the materials reach about 1 foot above water levels or the bottom of
a soft subgrade. Above 1 foot, the backfills should be compacted statically with a roller.
Vibratory compaction should not be performed until the materials are at least 2 vertical feet
above the groundwater level or 2 feet above a soft excavation bottom.

If dewatering needs to be performed from the overexcavation and through the sand or gravel backfill,
the sand or gravel should be underlain by a geotextile separation fabric to limit the potential for
migration of the surrounding fines into the sands and gravels.

D.1.e. Vertical Wick Drain Drainage Layer
A layer of drainage sand with a nominal thickness of 2 feet should be placed over the areas that will be
treated with vertical wick drains. As consolidation occurs, the excess porewater will transmit upward
through the vertical wick drains to the surface. The vertical wick drains will terminate in this sand layer.
The sand layer will act as a medium through which porewater will drain from the embankments. Around
the perimeter of the sand layer, drainage outlets consisting of 6-inch diameter perforated pipes should
be placed, with their inverts located at least ½-foot below the bottom of the sand layer elevation. These
pipes should be placed to divert drainage away from the embankment.
Embankment settlement totals will be at a maximum below the centerlines, and will decrease with
distance measured away from the centerline. We have calculated that this decrease will occur at an
average rate of 1% within the vertical wick drain areas (measured away from and perpendicular to the
embankment centerline). If the clay subgrades below the drainage layer are not crowned, the
settlement of the embankment will cause a “dishing” effect within the embankment; creating a bathtub
below the roadway.
If the sand layer and drainage system will be designed to drain water away to both sides of the
embankment, we recommend crowning the clay subgrades (below the drainage sand layer) at a gradient
of at least 1%. If the sand layer and drainage system will be designed to drain water to only one side of
the embankment, we recommend the clay subgrades be graded to provide a minimum 1% rise from the
drain pipe to the embankment centerline, and then graded at 0% or higher from the centerline to the
opposite end of the sand layer.
Prior to the placement of the sand, the clay subgrades immediately below the drainage sand should be
smoothed. The sand layer thickness may be reduced to 1 foot, where necessary, to accommodate
crowning of the underlying clay subgrades.
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The installation of the wick drains will result in a surface with numerous depressions. The initial 50% to
75% of drainage sand layer thickness should be placed prior to the placement of the wick drains. The
remaining 25% to 50% of the total thickness should be placed after the placement of the wick drains to
allow for re-leveling of the sand layer and filling of the depressions. Specified compaction of the sand
layer is not required. The sand should be placed at a moisture content within +/- 3 percentage points of
the optimum moisture (standard Proctor).
The drainage sand should meet the following requirements:


Mineral soil free of organic or foreign materials;



Free of rocks larger than 2 inches in its longest dimension;



Containing less than 50% particles by weight passing the number 40 sieve; and



Containing less than 5% particles by weight passing the number 200 sieve.

This drainage layer sand will need to be imported.

D.1.f. Embankment Construction
The embankment backfill materials should be placed in horizontal loose lifts not to exceed 6 to 8 inches
in thickness, moisture conditioned to within -1 to +3 percentage points of optimum (+/-3 percentage
points for granular soils), and compacted to a minimum of 95 percent of the materials’ standard Proctor
maximum dry density (determined in accordance with ASTM Test Method D698).
Embankment fill materials placed below the new railway subballast and also within the areas extending
out to a 1H: 1V slope down and away from the end of the subballast should meet the following
requirements:


Mineral soil with an organic content of less than 3% by mass;



Free of rocks larger than 4 inches in its longest dimension where placed within the top 1 foot of
the finished subgrade;



Classified in accordance with ASTM guidelines with a prefix letter of S, C or G (e.g. SP, SC, CH, GP,
etc.), with exception to materials classified as CL-ML (silty clay) and SC-SM (silty clayey sand)
which may only be used more than 4 vertical feet below the design pavement subgrade
elevation; and



Liquid limit (LL) ≤ 90% (materials from the Sherack and Alluvium formations).



Where placed within the embedded levee footprint, the embankment materials may consist only
of materials meeting the requirements for levee fill listed in Section D.1.i below.

Page D-552

TKDA, Inc.
Project FA-12-03415
January 28, 2013
Page 40

Materials from the Oxidized Brenna and Brenna formations will not meet the above requirements for
embankment fill. Refer to Table B.2.1 above, and the Fence Diagram attached in Appendix A, for
transition depths/elevations of the soil formations.
Materials that do not meet the above requirements may be placed outside of the 1H:1V areas (described
above) provided they are able to be placed and compacted to the required grades per the project
requirements.
The finished embankments side slopes should be inclined at a minimum gradient of 2.5H:1V for
embankment heights greater than 5 feet. For embankment heights of 5 feet or less, the finished
embankment side slopes should be included at a minimum gradient of 2H:1V.

D.1.g. Bridge Abutment Wall Backfill
We assume that the abutment wall designs include the placement of a granular backfill behind the
abutment wall. In order to use the soil design parameters associated with a granular material, the
granular material must be placed within the zone behind the wall extending upward and outward from
the base of the wall at a 1H:2V slope. To allow for adequate compaction of this material we recommend
the minimum width of sand layer at the base of the wall be 5 feet. These materials should be placed at a
moisture content within +/- 3% of the optimum moisture content and compacted to a minimum of 95%
of the maximum dry density as determined from the standard Proctor tests (ASTM D698).
Granular materials placed as bridge abutment backfill should meet the following requirements:


Mineral soil free of organic or foreign materials;



Free of rocks larger than 4 inches in its longest dimension where placed within the top 1 foot of
the finished subgrade;



Classified in accordance with ASTM guidelines with a prefix letter of S or G (e.g. SP, SC, GP, etc.);



Plasticity index (PI) ≤ 15%; and



Containing less than 15% particles by weight passing the number 200 sieve.

The materials specified in this section are not native to the project areas and will need to be imported
from off-site.
For lateral earth pressure design, this material can be assumed to have a moist unit weight of 125 pcf and
a drained friction angle (’) of 34. These values assume that drainage for the granular materials will be
provided.
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D.1.h. Surcharge
Where placed, the surcharge should be constructed to the design height/elevation measured from the
top of the proposed ballast surface. The surcharge materials should be placed in lifts not to exceed 1
foot in loose thickness. The materials should be compacted to achieve a moist unit weight of 120 (+/-5)
pcf. Compaction of the materials to achieve the above moist unit weight can likely be performed
through repetitive wheel loading from equipment traffic. If the required design unit weight cannot be
achieved, additional surcharge height should be added to accommodate the total design surcharge
pressure of 480 (+/-20) psf.
Perpendicular to the railway, the full surcharge height should be extended to the top outside edges of
the embankment, then graded down and away at 2.5H:1V slopes or flatter. Parallel the railway and near
the bridge abutment, the full surcharge height should be placed to the extent of the wick drain
placement, then graded down and away at a slope of 3H:1V or flatter. Parallel the railway and away
from the abutment, the full surcharge height should be placed to the extent recommended in Section
D.2.b, then graded down and away at a slope of 3H:1V or flatter.
The surcharge is planned to be in place for a period of approximately 9 months. The surcharge may not
be removed until the monitoring results indicate that the required settlements are completed.
Surcharge materials placed over the embankments to accelerate settlements may consist of any on-site
materials that are free of vegetation.

D.1.i. Levee
Based upon our review of the Memorandum for Record (MFR-001, Levees and Excavated Material
Berms) and the current bridge plans, it is our understanding that the levee prism passing through the
bridge approach embankments will not have a full 6 feet of cover, and thus would be defined as partially
embedded levees.
The partially embedded levee will extend through the approach embankments along the right side of the
diversion channel. The levee’s construction will need to be performed after the completion of the
surcharge. Prior to the construction of the levee through the approach embankments, the drainage sand
layer and perforated piping must be removed from below the entire footprint of the levee. Exposed wick
drains should be cut level with the ground surface. Also, please refer to Section D.1.a above for
inspection trench requirements.
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Materials placed within the levee prism should be placed in loose lift thicknesses not exceeding 9 inches,
and should be compacted to a minimum of 95% of the maximum dry density as determined by the
standard Proctor (ASTM D698). The materials must be moisture conditioned to within -2 to +3
percentage points of the material’s optimum moisture content as determined by the standard Proctor.
The levee materials must meet the following requirements:


Mineral soil free of organic or foreign materials;



Classified in accordance with ASTM guidelines with a Group Symbol of CL or CH (lean clay or fat
clay, respectively);



Plasticity Index (PI) ≥ 15%; and



Liquid limit (LL) ≤ 90% (materials from the Sherack and Alluvium formations).

These materials are available on-site. Also, the majority of the materials placed for the bridge approach
embankments will meet these requirements.

D.1.j. Dewatering
We recommend removing groundwater from the excavations. Sumps and pumps can be considered for
excavations in low-permeability clay-rich soils, or where groundwater can be drawn down 2 feet below
the bottoms of excavations in more permeable sands. In large excavations, or where groundwater must
be drawn down more than 2 feet, a well contractor should review our logs to determine if wells are
required, how many will be required, and to what depths they will need to be installed.
During removal of the sand drainage layer below the levee, perched water may be encountered. We
anticipate that dewatering of this layer (if necessary) may be performed by excavating shallow
trenches/sumps into the underlying clays and pumping from those trenches/sumps. Levee embankment
materials cannot be placed in water; thus, all groundwater must be removed from the levee footprint
prior to placing the clay fills.
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D.2. Vertical Wick Drain and Surcharge Recommendations
D.2.a. Vertical Wick Drains
To determine the required wick drain spacings (treatment) on either side of the bridges, we referenced
Chart C.2.d.2, which provided curves representing the amount of settlement that would be remaining
after a 6-month treatment duration. We determined a vertical wick drain treatment that would result in
post-construction settlement near the bridge ends of less than ½-inch, with a transition of 400H to
1000H:1V.

D.2.a.1. Longitudinal Extents
Measured parallel to the embankment centerline, we recommend the vertical wick drains be placed per
the schedule outlined in Table D.2.a.1. depending on the desired transitional grade beyond the bridge
ends.
Table D.2.a.1. Longitudinal Extents of Vertical Wick Drains
Extent of Triangular-Spaced Wick Drains

Transitional
Grade Change

Reference
4-foot

8-foot

10-foot

Distance from Bridge Abutment Away from Channel

0 to 50 ft.

N/A

50 to 75 ft.

Distance from Bridge Abutment Towards Channel

0 to 35 ft.

N/A

N/A

Distance from Bridge Abutment Away from Channel

0 to 50 ft.

N/A

50 to 100 ft.

Distance from Bridge Abutment Towards Channel

0 to 35 ft.

N/A

N/A

Distance from Bridge Abutment Away from Channel

0 to 50 ft.

50 to 100 ft.

100 to 200 ft.

Distance from Bridge Abutment Towards Channel

0 to 35 ft.

N/A

N/A

Distance from Bridge Abutment Away from Channel

0 to 50 ft.

50 to 100 ft.

100 to 200 ft.

Distance from Bridge Abutment Towards Channel

0 to 35 ft.

N/A

N/A

400H:1V

600H:1V

800H:1V

1000H:1V

D.2.a.2. Lateral Extents
Measured perpendicular to the roadway, the wick drain treatment areas should extend laterally to the
points at which the 2.5H:1V embankment sideslopes intersect the native grades.
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D.2.a.3. Depth
The vertical wick drains will need to be installed to the bottom, or to within a few feet of the bottom, of
the Argusville Formation. The Argusville Formation terminated at approximate elevations ranging from
812.5 to 817.5 feet (average elevation 815 feet). The vertical wick drains should be designed to be
advanced to an elevation of 815 feet. For quantity calculation, the vertical wick drain lengths should be
measured from the top of the sand drainage layer to elevation 815 feet.

D.2.b. Surcharge
We recommend the temporary surcharge be placed to a height of at least 4 vertical feet above the
proposed finished grade of the embankment (measured from the top of the ballast surface), or to the
height required to achieve a surcharge pressure of 480 (+/-20) psf.

D.2.b.1. Longitudinal Extents
We recommend the full height of the temporary surcharge be placed according to the schedule outlined
in the following Table D.2.b.1. depending on the desired transitional grade beyond the bridge ends.
Table D.2.b.1. Summary of Surcharge Extents
Transitional
Grade Change

Reference

Longitudinal Extent of Surcharge

Distance from Bridge Abutment Away from Channel

0 to 100 ft.

Distance from Bridge Abutment Towards Channel

0 to 35 ft.

Distance from Bridge Abutment Away from Channel

0 to 150 ft.

Distance from Bridge Abutment Towards Channel

0 to 35 ft.

Distance from Bridge Abutment Away from Channel

0 to 225 ft.

Distance from Bridge Abutment Towards Channel

0 to 35 ft.

Distance from Bridge Abutment Away from Channel

0 to 275 ft.

Distance from Bridge Abutment Towards Channel

0 to 35 ft.

400H:1V

600H:1V

800H:1V

1000H:1V
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The sideslopes of the surcharges should be sloped down and away from their outer edges at a 2.5H:1V
slope or flatter.
If excavations are planned at the ends of the surcharge areas, the surcharge and excavation sloping
should be evaluated to ensure that the overall sloping will be stable.

D.2.b.2. Lateral Extents
Measured perpendicular to the embankment centerline, we recommend the full surcharge height be
extended to the top outside edges of the railway embankment (over the subballast), then graded down
and away at a slope of 2.5H:1V or flatter.

D.2.c. Instrumentation
D.2.c.1. Vibrating Wire Piezometers (Pore Water Pressures)
We recommend the installation of multi-level (nested) vibrating wire (VW) piezometers below both
embankments to monitor pore water pressures during and following the embankment fill placement.
The evaluation of the pore water pressures should be performed for (1) monitoring for slope stability
concerns (if any) that may be required for nearby excavations, and (2) monitoring of the dissipation of
pore water pressures over time to correlate to the settlements that will be occurring. The VW
piezometers should be connected to an on-site automated data logger.
The VW piezometers shall convert pore water pressure to a frequency signal via a diaphragm and a
tensioned steel wire. It shall be designed so that a change in pressure on the diaphragm causes a change
in tension of the wire. A frequency signal will be transmitted to a readout device. The applied pressure
and frequency signal are used to convert Hz readings to engineering units.
The VW piezometers should be able to installed as a nested (multi-level) system within a borehole, be
equipped with a temperature sensor, and have a connected signal cable of appropriate length. The VW
piezometers should be grouted in place at the required elevations using a grout mix designed for soft
soils.
The VW piezometers shall meet the following minimum requirements:
Range

50 psi

Resolution

0.025% FS

Accuracy

+/- 0.1% FS

Maximum Pressure

1.5 x rated range
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Filter

50-micron sintered stainless steel

Temperature Range

-4 to 176ºF

Materials

Stainless Steel

D.2.c.2. Vibrating Wire Settlement Cells (Settlement)
We recommend the installation of both VW settlement cells and settlement plates along the
embankment for redundancy (in the event one of the systems is damaged). The VW settlement cells
should also be connected to an on-site automated data logger.
The VW Settlement Cell consists of a pressure transducer (buried in the ground), a liquid reservoir, liquid
filled tubing and signal cable. The Settlement Cell shall automatically compensate for changes in
barometric pressure. The individual components of each settlement cell shall consist of:
1. Vented Settlement Cell, including a pressure transducer with built-in thermistor or RTD;
2. Settlement Plate (steel 18”x 18”) steel plate that the pressure transducer is mounted on to
maintain level;
3. Vented Signal Cable;
4. Polyethylene Tubing, with a protective jacket, filled with de-aired anti-freezing fluid;
5. Reservoir that is permanently placed, that the polyethylene tubing connects to; and
6. Dessicant Chamber or Moisture Trap, preventing moisture from entering the cable and vented
tubing.
The VW Settlement Cells shall meet the following minimum performance requirements:
Range

20 psi or 47 feet

Resolution

0.025% FS

Accuracy

+/- 0.1% FS

Materials

Stainless Steel and PVC

The VW settlement cell plate should be installed at the bottom of the drainage sand layer over a level
spot. The top of the settlement plate should be surveyed prior to placing backfill over it. The
compaction of backfill within 1 foot above the plate and within 1 foot above all cables should be
performed by hand.

D.2.c.3. Settlement Plates (Settlement)
Settlement plates should be placed near the grading points of intersection (PI’s) for both embankments
at the locations showing in the following section. The settlement plate should be installed below the
bottom of the drainage sand layer prior to wick drain installation, or a minimum of 1 vertical foot below
grade following subgrade preparations (where sand is not encountered).
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The settlement plates should consist of steel or wooden plates with a dimension of 2 feet square, fitted
with a floor flange able to fit a ¾-inch diameter steel pipe. Once set over a level spot, the top of the plate
should be staked into the ground and surveyed. Riser pipe in 3- to 6-foot section lengths should be fitted
to the settlement plate, with additional sections added with subsequent lifts of fill. A 2-inch diameter
PVC pipe should be placed around the riser pipe to protect the pipe and reduce friction along the sides of
the pipe. We recommend the PVC pipe extend a minimum of 3 vertical feet above grades at all times
and be painted and flagged to notify equipment operators of their presence. Survey measurements must
be taken of the steel riser pipe upon attaching each lead section in order to back-calculate the
corresponding top of plate elevation.
The settlement plates should be surveyed according to the following schedule:


At installation and with each additional section of steel riser;



Immediately after the surcharge has reached finished grade;



1, 2, 4, 7, 10, 14 and 21 days after surcharge installation, and bi-weekly to follow; and



At monthly intervals only with the direction of the Geotechnical Engineer.

D.2.c.4. Instrument Locations
The following Table D.2.c.4 presents the recommended locations for the instrumentation.
Table D.2.c.4. Summary of Instrumentation Locations
Instrument

Location

Elevation/Notes

South Embankment
VW Piezometers (2)

96+85 (CL)

VW Settlement Cells (1)

97+00 (CL)

875 and 855 feet

96+85 (L & R)
Settlement Plates (8)

96+50 (L & R)

Top of Native Grade

96+25 (L & R)
95+65 (L & R)
North Embankment

VW Piezometers (2)

103+15 (CL)

VW Settlement Cells (1)

103+00 (CL)

875 and 845 feet

103+00 (L & R)
Settlement Plates (8)

103+50 (L & R)

Top of Native Grade

103+80 (L & R)
104+20 (L & R)
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The VW sensors should be connected to an automated data logger capable of reading the data on an
inputted schedule. The data logger shall be programmable to take readings at a specific time interval.
The readings shall be stored within the data logger and capable of connecting to a laptop to download
the data or to transmit the signal via modem. Appropriate interface cables shall be supplied with the
data logger. A power source will be required for the data logger.
Buried wiring and tubing that will connect the VW sensors to the data logger and VW settlement cell
diaphragms must be flagged to ensure that the wires and tubing are not damaged after installation. The
earthwork contractor should have the exact locations of the wiring and tubing surveyed, and to have the
flagging refreshed periodically. The wiring and tubing are typically irreparable once they are damaged.

D.2.c.5. Instrumentation Data Review
The readings from the VW instruments and the settlement plates should be provided to the Geotechnical
Engineer for review on a weekly basis during the course of the surcharge. The VW settlement cell and
settlement plate readings should be plotted on a semi-logarithmic graph, with settlement on the
arithmetic scale and time on the logarithmic scale. The Geotechnical Engineer must compare the actual
settlements to the predicted settlements at each of the instrument locations to determine when the
surcharge may be removed. If the readings indicate the surcharging will not be complete within the
allowable time frame, it may be necessary to add an additional stage of surcharge material.
The combined surcharge and wick drains will result in the overconsolidation of the upper Sherack and
Oxidized Brenna soils, meaning that the surcharge and wick drains will cause those layers to experience
more settlement than they would if the surcharge was not placed. If this “overconsolidation” is not
taken into consideration, it may appear that the required settlements are completed when there is still
remaining settlement that needs to occur within the Brenna and Argusville Formations. The target
settlements for the surcharge and wick drains near the bridges must include this “overconsolidation”
settlement.
The VW piezometer data should be monitored in conjunction with the settlement data to confirm the
dissipation of porewater pressure. In the event excavations are planned adjacent the surcharge that may
have questionable stability, this data may also be used to support any necessary stability calculations.

D.2.c.6. Pre-Installation Review
Prior to installation of the wick drains and the installation of the instrumentation, we recommend there
be a meeting held between the earthwork contractor, surveyor, instrumentation installer, geotechnical
engineer, and other necessary parties, to clarify roles, responsibilities and schedules.
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D.3. Excavation Support
The native clays will generally be a Type B Soil under OSHA guidelines. Where groundwater is observed to
be freely seeping from the clay sidewalls, or where clays’ unconfined compressive strength (pocket
penetrometer resistance) 0.5 tons per square foot (tsf) or less, they will be Type C soils. Unsupported
excavations in Type B soils should be maintained at a gradient no steeper than 1H:1V. Unsupported
excavation in Type C soils should be maintained at a gradient no steeper than 1.5H:1V. Temporary
excavations that are deeper than 20 feet must be specifically designed by a registered professional
engineer. This Geotechnical Evaluation Report shall not be considered an excavation design.
In the event there is insufficient room to slope excavations, or if the excavations are exposed to
surcharges and need to be shored, we recommend designing the shoring based on the parameters
presented below in Table D.3.1. The parameters shown do not include variations due to surcharge loads
or sloping ground surfaces on either side of the retention system.
Saturated unit weights are recommended to account for the potential build up of hydrostatic pressure
behind undrained support structures. Saturated unit weights may be reduced by 62.4 pounds per cubic
foot for strata or portions of a stratum extending below the groundwater elevation measured in the onsite VW piezometers, and also taking into consideration effects of nearby excavations and dewatering.
As of the date of this report, the most recent groundwater elevation reading was 880 feet.
Table D.3.1. Parameters for Shoring Design
Geologic Material
Compacted Clay Fill
Compacted Sand Fill
Sherack
Oxidized Brenna
Brenna
1

Saturated Unit
Weight
(pcf)
120
130
120
106
106

Friction Angle1
φ (deg)

Cohesion1
(psf)

KA

KO

KP

28
32
28
19
13

800
0
1400
900
525

1 - sin (φ) /
1 + sin (φ)

1 – sin (φ)

1 + sin (φ) /
1 - sin (φ)

For temporary shoring that will be left in place for less than 1 month, the design parameters for clay soils may utilize the cohesion value and

assume a friction angle of 0 degrees. For temporary shoring that will remain in place for more than 1 month, the design parameters for clay soils
should include the friction angle and a cohesion value of 0 psf.
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D.4. Driven Piles
D.4.a. Axial Resistances
We evaluated design requirements for the following types of driven piles: HP14x89, HP14x102, HP14x117
and steel-encased concrete piles with nominal outside diameters of 12 and 16 inches.
Allowable geotechnical pile capacity is determined by dividing the estimated ultimate pile capacity by a
factor of safety. We recommend relating the factor of safety to the level of construction control. Based
on the construction control method recommended in Section D.4.g of this report, we recommend using a
factor of safety of 2.0 in estimating the allowable pile capacities. If the project utilizes a construction
control method other than dynamic testing, the final pile design should apply the appropriate factor of
safety to determine the required ultimate compression capacity and the resulting anticipated pile length.
Appendix D includes graphs of the allowable geotechnical capacity versus elevation for both abutments
and a general pier.
If the project schedule and/or construction sequence does not allow consolidation of the proposed
embankments to occur for at least 6 months before pile installation, the abutment piles will be subject to
a downdrag load. Table D.4.a.2 summarizes the estimated downdrag load for each pile type assuming
that the piles are installed prior to any embankment construction or consolidation of the underlying soils.

Table D.4.a.2: Estimated Downdrag Load
Pile Type

Downdrag Load (kips)

12-inch pipe

158

16-inch pipe

211

HP14x89

240

HP14x102

242

HP14x117

244

D.4.b. Lateral Resistances
We evaluated the response of the soil-pile system under ultimate loads for 12 and 16 inch nominal
diameter, steel-encased concrete piles, HP14x89, HP14x102 and HP14x117, based on information
provided by TKDA. Table D.4.b.1 summarizes the pile and load combinations.
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Table D.4.b.1. Summary of Lateral Pile Load Combinations
Pile Size

Substructure

Allowable Compression Load (kips)

Allowable Shear Load (kips)

Abutments

180

30

Piers

180

20

Abutments

250

35

Piers

250

25

Abutments

450

45

Piers

450

30

Abutments

520

50

Piers

520

35

Abutments

590

55

Piers

590

40

12-inch pipe

16-inch pipe

HP14x89

HP14x102

HP14x117

The Lateral Analysis Results graphs in Appendix D indicate the pile response for pile deflection, moment
and shear with depth. We evaluated the pile response for maximum allowable (service) compression
loads for the pile section and maximum allowable shear loads which resulted in an assumed less-thanallowable moment load in the pile. The pile designer should check the calculated moment and shear
within the pile against the allowable moment and shear resistance of each pile section.

D.4.c. Pile Steel Properties
We recommend that H-piles and steel-encased concrete pipe piles meet the requirements of NDDOT
Specifications 840.01 A and 840.01 B, respectively. However, we recommend that the pipe shells be at
least A252 Grade 3 steel.

D.4.d. Pile Spacing and Group Effect
We recommend using a pile spacing of at least 3 pile diameters, center-to-center. At this spacing, the
piles will not be subject to group effects for axial loading. For lateral loading, we recommend spacing
rows of piling at least 5 pile diameters apart, center-to-center, in the direction of lateral load. If the final
design uses closer spacing(s), we recommend having a geotechnical engineer evaluate the magnitude of
the group effect.
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D.4.e. Pile Settlement
We anticipate total and differential deformation of the pile heads will be less than 1 inch under the
assumed loads. The majority of deformation at the pile head will be due to elastic shortening of the pile
under the design loads, since the piles will likely be driven to bear in the very dense to hard glacial
deposits.

D.4.f. Pile Driving System
Using an under- or over-sized pile-driving hammer can be detrimental to the successful installation of
piling. Prior to system acceptance, we therefore recommend requiring the contractor to submit a wave
equation analysis modeling prospective contractors’ pile installation systems. The wave equation
analysis is used to estimate probable driving stresses and pile penetration resistance based on the type
of hammer proposed, the specified pile type/size and the site-specific material conditions which, when
combined, help evaluate system suitability.
We anticipate hammers with a manufacturer’s rated energy of 40,000 to 80,000 foot-pounds can
successfully install the piles, depending on the pile section and factored load.

D.4.g. Pile Quality Control
We recommend having the piles driven under the continuous observation of a geotechnical engineer or
qualified inspector. Information noted for each production pile should include but may not be limited to
driving criterion, pile length, tip elevation, driving resistance, splices and any observed damage.
After the piles have been driven to adequate bearing and have been cut off at design elevations, we
recommend inspecting them for damage and plumbness/batter. Should the piles be damaged during
driving, or should they be driven at an angle outside the plumbness or batter specifications, the
geotechnical and structural engineers should review their load-carrying capabilities. We recommend
including contingencies in the project budget for additional piles and/or longer piles in such cases.
Based on the results of the static load test performed as part of the FM Diversion project, we
recommend using dynamic testing to establish driving criteria and for quality control. Due to the relative
uniformity of the soil conditions, we recommend dynamic testing on at least one pile in each
substructure or 2 percent of the production piles for the entire bridge, whichever is greater. Dynamic
testing should include restrikes performed at least 3 days and 7 days after initial driving of the test pile
for H-pile and for steel-encased concrete pile, respectively.
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E.

Procedures

E.1.

Penetration Test Borings

The penetration test borings were drilled within the roadway ditches with a track-mounted core and
auger drill equipped with hollow-stem auger. The borings were performed in accordance with ASTM D
1586. Penetration test samples were taken at 2 1/2- or 5-foot intervals. Thin-walled tube samples and
bulk samples were collected from various borings at the locations indicated in the text of this report
and/or on the Log of Boring Sheets in the Appendix A. Actual sample intervals and corresponding depths
are shown on the boring logs.
Borings located near the bridges (all borings with a total depth of 40 feet or greater) were backfilled with
bentonite grout to the ground surface. Borings with a total depth of 20 feet were backfilled with auger
cuttings to the ground surface.

E.2.

Material Classification and Testing

E.2.a. Visual and Manual Classification
The geologic materials encountered were visually and manually classified in accordance with ASTM
Standard Practice D 2488. A chart explaining the classification system is attached. Samples were placed
in jars or bags and returned to our facility for review and storage.

E.2.b. Laboratory Testing
The results of the laboratory tests performed on geologic material samples are noted on or follow the
appropriate attached exploration logs. The tests were performed in accordance with the applicable
ASTM or AASHTO procedures, as noted in Section B of this report.

E.3.

Groundwater Measurements

The drillers checked for groundwater as the penetration test borings were advanced, and again after
auger withdrawal. Some of the boreholes were advanced using mud rotary wash methods, which do not
allow for the rechecking of groundwater upon completion.
We also have referenced the on-site VW piezometers for groundwater level measurements.
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F.

Qualifications

F.1.

Variations in Subsurface Conditions

F.1.a. Material Strata
Our evaluation, analyses and recommendations were developed from a limited amount of site and
subsurface information. It is not standard engineering practice to retrieve material samples from
exploration locations continuously with depth, and therefore strata boundaries and thicknesses must be
inferred to some extent. Strata boundaries may also be gradual transitions, and can be expected to vary
in depth, elevation and thickness away from the exploration locations.
Variations in subsurface conditions present between exploration locations may not be revealed until
additional exploration work is completed, or construction commences. If any such variations are
revealed, our recommendations should be re-evaluated. Such variations could increase construction
costs, and a contingency should be provided to accommodate them.

F.1.b. Groundwater Levels
Groundwater measurements were made under the conditions reported herein and shown on the
exploration logs, and interpreted in the text of this report. It should be noted that the observation
periods were relatively short, and groundwater can be expected to fluctuate in response to rainfall,
flooding, irrigation, seasonal freezing and thawing, surface drainage modifications and other seasonal
and annual factors.

F.2.

Continuity of Professional Responsibility

F.2.a. Plan Review
This report is based on a limited amount of information, and a number of assumptions were necessary to
help us develop our recommendations. It is recommended that our firm review the geotechnical aspects
of the designs and specifications, and evaluate whether the design is as expected, if any design changes
have affected the validity of our recommendations, and if our recommendations have been correctly
interpreted and implemented in the designs and specifications.
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F.2.b. Construction Observations and Testing
It is recommended that we be retained to perform observations and tests during construction. This will
allow correlation of the subsurface conditions encountered during construction with those encountered
by the borings, and provide continuity of professional responsibility.

F.3.

Use of Report

This report is for the exclusive use of the parties to which it has been addressed. Without written
approval, we assume no responsibility to other parties regarding this report. Our evaluation, analyses
and recommendations may not be appropriate for other parties or projects.

F.4.

Standard of Care

In performing its services, Braun Intertec used that degree of care and skill ordinarily exercised under
similar circumstances by reputable members of its profession currently practicing in the same locality. No
warranty, express or implied, is made.
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Boring Location Sketch
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FM DIVERSION - 2012 BRIDGE DESIGNS
FMM RAILROAD BRIDGE #4
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LOG OF BORING

(See Descriptive Terminology sheet for explanation of abbreviations)

Braun Project FA-12-03415

DRILLER:
Elev.
feet
885.5

881.5

Interstate Drilling

Depth
feet
0.0

LOG OF BORING N:\GINT\PROJECTS\FARGO\2012\03415.GPJ BRAUN_V8_CURRENT.GDT 10/10/12 07:42

FILL: Fat Clay with Sand, trace Gravel and roots, gray
and black, moist.
FAT CLAY, with Silt lenses, brown and gray with
iron-staining, wet, medium.
(Sherack)
-trace roots at 4 1/2 feet.

FAT CLAY, brown and gray with iron-staining, wet,
medium to rather soft.
(Oxidized Brenna)

FAT CLAY, gray, wet, rather soft.
(Brenna)

SCALE:

9/4/12
BPF WL MC
%

qp
tsf

FAT CLAY, gray, wet, soft to rather soft.
(Argusville)

-trace Sand below 59 1/2 feet.

Braun Intertec Corporation

1" = 8'

Tests or Notes

9
5

27

TW

30

7

31 2 1/4

7

36 1 1/4

7

40 1 3/4

MC=21%,
WD=117pcf,
DD=97pcf,
Qu=1970psf,
LL=81, PL=20,
PI=61
LL=84, PL=21,
PI=63
LL=85, PL=21,
PI=64
LL=116, PL=34,
PI=82
MC=37%,
WD=103pcf,
DD=75pcf,
Qu=1660psf,
LL=116, PL=28,
PI=88
LL=113, PL=28,
PI=85
MC=54%,
WD=106pcf,
DD=69pcf,
Qu=2090psf,
LL=76, PL=22,
PI=54
LL=97, PL=28,
PI=69
LL=101, PL=28,
PI=73
LL=92, PL=24,
PI=68
MC=51%,
WD=104pcf,
DD=69pcf,
Qu=2060psf
LL=102, PL=23,
PI=79
LL=104, PL=26,
PI=78
LL=100, PL=25,
PI=75
MC=60%,
WD=102pcf,
DD=64pcf,
Qu=2020psf,
LL=105, PL=26,
PI=79
LL=81, PL=22,
PI=59

TW

37

5

55

TW

54

4

50

1/2

4

52

1/2

5

52

3/4

TW

51

4

56

1/2

5

53

1/2

5

52

1/2

4

58

1/2

4

59

1/2

TW

60

3

55

1/4

4

49

1/2 LL=77, PL=19,
PI=58

3/4

53.0
CH

FA-12-03415

DATE:

(Soil-ASTM D2488 or D2487, Rock-USACE EM1110-1-2908)

19.0
CH

832.5

3 1/4" HSA, Autohammer

11.5
CH

866.5

METHOD:

4.0
CH

874.0

LOCATION: N 514298, E 2863531. 30' E of
Existing Track Centerline. See Sketch.

Description of Materials
Symbol
FILL

BNSF-1

BORING:

Geotechnical Evaluation
FMM Railroad Bridge #4
MP 36.5, LS 220, Hillsboro Sub
Harwood, North Dakota
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LOG OF BORING

LOG OF BORING N:\GINT\PROJECTS\FARGO\2012\03415.GPJ BRAUN_V8_CURRENT.GDT 10/10/12 07:42

(See Descriptive Terminology sheet for explanation of abbreviations)

Braun Project FA-12-03415

DRILLER:
Elev.
feet
821.5

817.5

Interstate Drilling

Depth
feet
64.0

LOCATION: N 514298, E 2863531. 30' E of
Existing Track Centerline. See Sketch.

METHOD:

3 1/4" HSA, Autohammer

DATE:

Description of Materials
Symbol

(Soil-ASTM D2488 or D2487, Rock-USACE EM1110-1-2908)

qp
tsf

5

47

SANDY LEAN CLAY, trace Gravel, gray, wet, very stiff
to stiff.
(Glacial Till)

18

18

1

29

19

1

16

19

1

15

17

1

15

22

1

15

32 1 1/2

1" = 8'

Tests or Notes

3/4 LL=89, PL=24,
PI=65

LL=33, PL=17,
PI=16

98.0
SC

CLAYEY SAND, trace Gravel, gray, wet, hard.
(Glacial Till)
-with Sand lenses and seams at 99 1/2 feet.

*

12

*100/10"

-dark gray below 104 1/2 feet.

*

11

*100/12"

108.0
CH

772.5

BPF WL MC
%

FAT CLAY, gray, wet, soft to rather soft.
(Argusville) (continued)

-1 1/2 inch FAT CLAY layer at 94 1/2 feet.

777.5

SCALE:

9/4/12

68.0
CL

787.5

BNSF-1 (cont.)

BORING:

Geotechnical Evaluation
FMM Railroad Bridge #4
MP 36.5, LS 220, Hillsboro Sub
Harwood, North Dakota

FAT CLAY, trace Sand, dark gray, wet, hard.
(Glacial Outwash)

32

31 2 3/4

113.0
SM

767.5

118.0

765.0

120.5

CL

SILTY SAND, fine-grained, dark gray, wet, very dense.
(Glacial Outwash)

LEAN CLAY with SAND, trace Gravel, dark gray, wet,
hard.
(Glacial Till)
END OF BORING.

*

22

*

20 3 3/4 *100/12"

*100/10"

Water level not determined at termination due to the
use of mud rotary drilling fluids.
FA-12-03415

Boring then backfilled with bentonite grout.
Braun Intertec Corporation
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LOG OF BORING

(See Descriptive Terminology sheet for explanation of abbreviations)

Braun Project FA-12-03415

DRILLER:
Elev.
feet
885.5

881.5

Interstate Drilling

Depth
feet
0.0

4.0
6.5
CH

874.0

11.5
CH

862.5

LOG OF BORING N:\GINT\PROJECTS\FARGO\2012\03415.GPJ BRAUN_V8_CURRENT.GDT 10/10/12 07:42

DATE:

(Soil-ASTM D2488 or D2487, Rock-USACE EM1110-1-2908)

FILL: Fat Clay, trace roots, black, moist.

FAT CLAY, brown and gray with iron-staining, trace
roots at 4 1/2 feet, wet, medium.
(Sherack)
FAT CLAY, with Silt lenses, brown and gray with
iron-staining, wet, medium.
(Sherack)
-with Sand seams at 7 feet.
FAT CLAY, brown and gray with iron-staining, wet,
rather soft.
(Oxidized Brenna)

FAT CLAY, gray, wet, rather soft.
(Brenna)

SCALE:

9/5/12
BPF WL MC
%

qp
tsf

1" = 8'

Tests or Notes

7
13

27 3 1/2

6

34

TW

26

6

38

TW

45

5

57

MC=45%,
WD=109pcf,
DD=75pcf,
3/4 Qu=930psf

5

54

3/4

5

50

3/4

1

1

*

MC=26%,
WD=111pcf,
DD=88pcf,
Qu=1040psf

*No sample at 22'

TW

54

5

47

MC=54%,
WD=105pcf,
DD=68pcf,
3/4 Qu=1960psf

5

46

1/2

4

53

1/2

TW

61

5

62

MC=61%,
WD=103pcf,
DD=64pcf,
1/2 Qu=1760psf

4

58

1/2

TW

60

MC=60%,
WD=104pcf,
DD=65pcf,
Qu=2050psf

4

1/2

3

1/4

3

1/4

53.0
CH

FA-12-03415

3 1/4" HSA, Autohammer

23.0
CH

832.5

METHOD:

-gray and trace black below 2 feet.
CH

879.0

LOCATION: N 513803, E 2863806. 30' E of
Existing Track Centerline. See Sketch.

Description of Materials
Symbol
FILL

BNSF-2

BORING:

Geotechnical Evaluation
FMM Railroad Bridge #4
MP 36.5, LS 220, Hillsboro Sub
Harwood, North Dakota

FAT CLAY, trace Sand, gray, wet, soft to rather soft.
(Argusville)

Braun Intertec Corporation
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LOG OF BORING

(See Descriptive Terminology sheet for explanation of abbreviations)

Braun Project FA-12-03415

DRILLER:
Elev.
feet
821.5

Interstate Drilling

Depth
feet
64.0

METHOD:

3 1/4" HSA, Autohammer

DATE:

(Soil-ASTM D2488 or D2487, Rock-USACE EM1110-1-2908)

FAT CLAY, trace Sand, gray, wet, soft to rather soft.
(Argusville) (continued)
-a little Sand below 64 1/2 feet.

812.5

807.5

48

1/4

SANDY LEAN CLAY, trace Gravel, gray, wet, very stiff.
(Glacial Till)
-1 inch SILT layer at 74 1/2 feet.

24

19

2

SILTY SAND, fine-grained, with Clay seams, gray, wet,
dense.
(Glacial Outwash)

36

26

26

22 2 1/4

26

23

51

13

SANDY LEAN CLAY, trace Gravel, gray, wet, very stiff.
(Glacial Till)

2

SILTY SAND, fine- to coarse-grained, trace Gravel,
gray, wet, very dense.
(Glacial Outwash)
CLAYEY SAND, trace Gravel, gray, wet, hard.
(Glacial Till)

*

9 2 1/2 *100/12"

SILT, with Clay seams, gray, moist, medium dense.
(Glacial Outwash)

27

27 4.5+

108.0
CL

SANDY LEAN CLAY, trace Gravel, dark gray, wet,
hard.
(Glacial Till)

*

18

LEAN CLAY with SAND, trace Gravel, dark gray, wet,
hard.
(Glacial Till)

*

19 4.5+ *100/12"

*

19 4.5+ *100/10"

*100/7"

113.0
CL

765.2

4

103.0
ML

772.5

1/4

98.0
SC

777.5

Tests or Notes

93.0
SM

782.5

3

qp
tsf

83.0
CL

787.5

BPF WL MC
%

1" = 8'

78.0
SM

792.5

SCALE:

9/5/12

73.0
CL

802.5

LOG OF BORING N:\GINT\PROJECTS\FARGO\2012\03415.GPJ BRAUN_V8_CURRENT.GDT 10/10/12 07:42

LOCATION: N 513803, E 2863806. 30' E of
Existing Track Centerline. See Sketch.

Description of Materials
Symbol

BNSF-2 (cont.)

BORING:

Geotechnical Evaluation
FMM Railroad Bridge #4
MP 36.5, LS 220, Hillsboro Sub
Harwood, North Dakota

120.3
END OF BORING.
Water level not determined at termination due to the
use of mud rotary drilling fluids.
Boring then backfilled with bentonite grout.

FA-12-03415

Braun Intertec Corporation
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LOG OF BORING

(See Descriptive Terminology sheet for explanation of abbreviations)

Braun Project FA-12-03415

DRILLER:

Interstate Drilling

Elev.
feet
884.7

Depth
feet
0.0

882.7

2.0

880.7

4.0

CH
CH

875.7

9.0
CH

863.7

LOCATION: N 518238, E 2861339. 30' E of
Existing Track Centerline. See Sketch.

METHOD:

3 1/4" HSA, Autohammer

DATE:

Description of Materials
Symbol
FILL

BNSF-3

BORING:

Geotechnical Evaluation
FMM Railroad Bridge #4
MP 36.5, LS 220, Hillsboro Sub
Harwood, North Dakota

(Soil-ASTM D2488 or D2487, Rock-USACE EM1110-1-2908)

FILL: Sandy Fat Clay, trace Gravel and roots, black,
damp.
FAT CLAY, trace Sand and roots, brownish gray,
damp, rather stiff.
(Sherack)
FAT CLAY, with Silt lenses, brown and gray with
iron-staining, moist, rather stiff.
(Sherack)
-trace roots at 4 1/2 feet.
FAT CLAY, brown and gray with iron-staining, moist,
medium to rather soft.
(Oxidized Brenna)
-wet below 12 feet.

21.0
END OF BORING.

SCALE:

9/6/12
BPF WL MC
%

qp
tsf

7

18

10

22

9

33 1 1/4

7

43 1 1/4

6

52

1

5

53

1/2

4

55

3/4

4

50

3/4

6

61

1/2

1" = 8'

Tests or Notes

LL=78, PL=20,
PI=58

Water not observed with 19 1/2 feet of hollow stem
auger in the ground.
Bag sample collected from approximately 2 to 5 feet
deep.
LOG OF BORING N:\GINT\PROJECTS\FARGO\2012\03415.GPJ BRAUN_V8_CURRENT.GDT 10/10/12 07:42

Boring then backfilled.

FA-12-03415

Braun Intertec Corporation

Page D-576
BNSF-3

page 1 of 1

LOG OF BORING

(See Descriptive Terminology sheet for explanation of abbreviations)

Braun Project FA-12-03415

DRILLER:

Interstate Drilling

Elev.
feet
886.8

Depth
feet
0.0

884.8

2.0

882.8

4.0

CH
CH

877.8

LOCATION: N 510716, E 2865523. 30' E of
Existing Track Centerline. See Sketch.

METHOD:

3 1/4" HSA, Autohammer

DATE:

Description of Materials
Symbol
FILL

9.0
CH

(Soil-ASTM D2488 or D2487, Rock-USACE EM1110-1-2908)

FILL: Fat Clay, with Sand, trace roots and Gravel,
black, moist.
FAT CLAY, trace Sand and roots, brownish gray, moist,
medium.
(Sherack)
FAT CLAY, with Silt lenses, brown and gray with
iron-staining, wet, medium.
(Sherack)
FAT CLAY, brown and gray, wet, medium to rather soft.
(Oxidized Brenna)
-with iron-staining below 12 feet.

867.8
865.8

-brownish gray below 17 feet.

19.0
21.0

CH

BNSF-4

BORING:

Geotechnical Evaluation
FMM Railroad Bridge #4
MP 36.5, LS 220, Hillsboro Sub
Harwood, North Dakota

FAT CLAY, gray, wet, medium.
(Brenna)
END OF BORING.

SCALE:

9/6/12
BPF WL MC
%

qp
tsf

1" = 8'

Tests or Notes

5

11

7

31 1 3/4

7

37 1 1/4

6

40 1 1/4

7

42 1 1/4 LL=93, PL=21,
PI=72

8

45 1 3/4

6

57

1

5

52

1

6

52

3/4

Water not observed with 19 1/2 feet of hollow stem
auger in the ground.

LOG OF BORING N:\GINT\PROJECTS\FARGO\2012\03415.GPJ BRAUN_V8_CURRENT.GDT 10/10/12 07:42

Bag sample collected from approximately 10 to 15 feet
deep.
Boring then backfilled.

FA-12-03415

Braun Intertec Corporation
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Appendix B
Atterberg Limits Test Reports
Grain Size Distribution Curves
Unconfined Compressive Strength Test Reports
Standard Proctor Test Reports
Standard Proctor versus Modified Proctor Graph
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Liquid Limit (%)

Specimen Identification

LL

PL

PI Fines Classification

BNSF-1

4.5'-5.5'

81

20

61

FAT CLAY (CH)

BNSF-1

7.5'-8.5'

84

21

63

FAT CLAY (CH)

BNSF-1

10.0'-11.0'

85

21

64

FAT CLAY (CH)

BNSF-1

12.5'-13.5'

116

34

82

100 FAT CLAY (CH)

BNSF-1

14.5'-16.5'

116

28

88

FAT CLAY (CH)

BNSF-1

17.5'-18.5'

113

28

85

FAT CLAY (CH)

BNSF-1

19.5'-21.5'

76

22

54

FAT CLAY (CH)

BNSF-1

22.5'-23.5'

97

28

69

FAT CLAY (CH)

BNSF-1

25.0'-26.0'

101

28

73

FAT CLAY (CH)

BNSF-1

27.5'-28.5'

92

24

68

FAT CLAY (CH)

BNSF-1

32.5'-33.5'

102

23

79

FAT CLAY (CH)

BNSF-1

35.0'-36.0'
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96 FAT CLAY (CH)
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Braun Project FA-12-03415

ATTERBERG LIMITS RESULTS

Geotechnical Evaluation
FMM Railroad Bridge #4
MP 36.5, LS 220, Hillsboro Sub
Harwood, North Dakota
FA-12-03415

Braun Intertec Corporation
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STRAIN, %

Specimen Identification
BNSF-1
4.5'-5.5'
BNSF-1 14.5'-16.5'
BNSF-1 19.5'-21.5'
BNSF-1 29.5'-31.5'
BNSF-1 49.5'-51.5'
BNSF-2
7.0'-9.0'

Braun Project FA-12-03415

Classification
FAT CLAY (CH)
FAT CLAY (CH)
FAT CLAY (CH)
FAT CLAY (CH)
FAT CLAY (CH)
FAT CLAY (CH)

UNCONFINED COMPRESSION TEST

Geotechnical Evaluation
FMM Railroad Bridge #4
MP 36.5, LS 220, Hillsboro Sub
Harwood, North Dakota
FA-12-03415

97
75
69
69
64
88

MC% Strength Strain
1970
5.4
21
1660
3.6
37
2090
3.1
54
2060
1.8
51
2020
5.4
60
1040
5.4
26

Braun Intertec Corporation

Page D-581

2,200
2,000

1,800

1,600

STRESS, psf

1,400

1,200

1,000

800

600

400

200
0
0

2

4

6

8

UNCONFINED 03415.GPJ BRAUN.GDT 10/9/12 11:16

STRAIN, %

Specimen Identification
BNSF-2 12.0'-14.0'
BNSF-2 24.5'-26.5'
BNSF-2 34.5'-36.5'
BNSF-2 44.5'-46.5'

Braun Project FA-12-03415

Classification
FAT CLAY (CH)
FAT CLAY (CH)
FAT CLAY (CH)
FAT CLAY (CH)

UNCONFINED COMPRESSION TEST

Geotechnical Evaluation
FMM Railroad Bridge #4
MP 36.5, LS 220, Hillsboro Sub
Harwood, North Dakota
FA-12-03415

75
68
64
65

MC% Strength Strain
930
1.8
45
1960
2.7
54
1760
2.7
61
2050
2.2
60

Braun Intertec Corporation
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Braun Project FA-12-03415
Geotechnical Evaluation
FMM Railroad Bridge #4
MP 36.5, LS 220, Hillsboro Sub
Harwood, North Dakota
FA-12-03415

BORING: BNSF-1 DEPTH: 12.5'-13.5'
Braun Intertec Corporation

GRAVEL
SAND
SILT
CLAY
D60=
D30=
D10=

0.0%
0.0%
4.9%
95.1%

CLASSIFICATION:
FAT CLAY (CH)

Cu=
Cc=
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Braun Project FA-12-03415
Geotechnical Evaluation
FMM Railroad Bridge #4
MP 36.5, LS 220, Hillsboro Sub
Harwood, North Dakota
FA-12-03415

BORING: BNSF-1 DEPTH: 35.0'-36.0'
Braun Intertec Corporation

GRAVEL
SAND
SILT
CLAY
D60=
D30=
D10=

0.0%
0.0%
3.7%
96.3%

CLASSIFICATION:
FAT CLAY (CH)

Cu=
Cc=
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Braun Project FA-12-03415
Geotechnical Evaluation
FMM Railroad Bridge #4
MP 36.5, LS 220, Hillsboro Sub
Harwood, North Dakota
FA-12-03415

BORING: BNSF-1 DEPTH: 60.0'-61.0'
Braun Intertec Corporation

GRAVEL
SAND
SILT
CLAY
D60=0.002
D30=
D10=

0.0%
2.1%
13.4%
84.5%

CLASSIFICATION:
FAT CLAY (CH)

Cu=
Cc=
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Braun Project FA-12-03415
Geotechnical Evaluation
FMM Railroad Bridge #4
MP 36.5, LS 220, Hillsboro Sub
Harwood, North Dakota
FA-12-03415

BORING: BNSF-1 DEPTH: 70.0'-71.0'
Braun Intertec Corporation

GRAVEL
SAND
SILT
CLAY
D60=0.031
D30=0.003
D10=

0.0%
30.4%
34.9%
34.7%

CLASSIFICATION:
SANDY LEAN CLAY (CL)

Cu=
Cc=
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Braun Project FA-12-03415
Geotechnical Evaluation
FMM Railroad Bridge #4
MP 36.5, LS 220, Hillsboro Sub
Harwood, North Dakota
FA-12-03415

BORING: BNSF-3 DEPTH: 2.0'-5.0'
Braun Intertec Corporation

GRAVEL
SAND
SILT
CLAY
D60=
D30=
D10=

0.0%
4.3%
18.3%
77.4%

CLASSIFICATION:
FAT CLAY (CH)

Cu=
Cc=
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GRAIN SIZE ACCUMULATION CURVE (ASTM)
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Braun Project FA-12-03415
Geotechnical Evaluation
FMM Railroad Bridge #4
MP 36.5, LS 220, Hillsboro Sub
Harwood, North Dakota
FA-12-03415

BORING: BNSF-4 DEPTH: 10.0'-15.0'
Braun Intertec Corporation

GRAVEL
SAND
SILT
CLAY
D60=
D30=
D10=

0.0%
0.0%
11.1%
88.9%

CLASSIFICATION:
FAT CLAY (CH)

Cu=
Cc=
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West Fargo Laboratory
Braun Intertec Corporation
Phone: (701) 232-8701

Report No: PTR:W12-006351-S1

Proctor Report

Issue No: 1

Client:

James Hoschka
Toltz, King, Duvall, Anderson and Associates, Incorporated
444 Cedar St, Ste 1500
Saint Paul, MN, 55101
Project: FA-12-03415
FMM Railroad Bridge #4
MP 36.5, LS 220, Hillsboro Sub
Harwood, ND, 00000
PM:
Sean S Swartz, sswartz@BraunIntertec.com

Brett Gruber
Engineering Technician III
Date of Issue: 9/17/2012

Sample Details
Sample ID:

W12-006351-S1

Alternate Sample ID: B-3

Date Sampled:
Sampling Method:

9/6/2012
Not Given

Sampled By:

Interstate Drilling Services

Source:
Material:

Native
FAT CLAY

Specification:
Location:

For Informational Purposes Only
Boring 3; Depth 2.0'-5.0'

Tested By:

Braun Intertec

Date Tested:

9/11/2012

Dry Density - Moisture Content Relationship

Test Results
ASTM D 698 - 07

Maximum Dry Density
(lbf/ft³):
Corrected Maximum Dry
Density (lbf/ft³):
Optimum Moisture
Content (%):
Corrected Optimum
Moisture Content (%):

90.8

Method:

A

Preparation Method:

Moist

90.8
28.9
28.9

Specific Gravity (Fines):

2.65

Retained Sieve No 4 (4.75mm)
(%):
Passing Sieve No 4 (4.75mm)
(%):
Visual Description:

0
100
FAT CLAY (CH), brown

Comments
Atterberg Limit Results: Liquid Limit- 78 Plastic Limit- 20 Plasticity Index- 58
Hyrdrometer Results: Gravel- 0.0% Sand- 4.3% Silt- 18.3% Clay- 77.4%
Assumed Specific Gravity 2.65
Form No: 110031, Report No: PTR:W12-006351-S1

© 2000-2011 QESTLab by SpectraQEST.com
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West Fargo Laboratory
Braun Intertec Corporation
Phone: (701) 232-8701

Report No: PTR:W12-006351-S2

Proctor Report

Issue No: 1

Client:

James Hoschka
Toltz, King, Duvall, Anderson and Associates, Incorporated
444 Cedar St, Ste 1500
Saint Paul, MN, 55101
Project: FA-12-03415
FMM Railroad Bridge #4
MP 36.5, LS 220, Hillsboro Sub
Harwood, ND, 00000
PM:
Sean S Swartz, sswartz@BraunIntertec.com

Brett Gruber
Engineering Technician III
Date of Issue: 9/17/2012

Sample Details
Sample ID:

W12-006351-S2

Alternate Sample ID: B-4

Date Sampled:
Sampling Method:

9/6/2012
Not Given

Sampled By:

Interstate Drilling Services

Source:
Material:

Native
FAT CLAY

Specification:
Location:

For Informational Purposes Only
Boring 4; Depth 10.0'-15.0'

Tested By:

Braun Intertec

Date Tested:

9/11/2012

Dry Density - Moisture Content Relationship

Test Results
ASTM D 698 - 07

Maximum Dry Density
(lbf/ft³):
Corrected Maximum Dry
Density (lbf/ft³):
Optimum Moisture
Content (%):
Corrected Optimum
Moisture Content (%):

82.9

Method:

A

Preparation Method:

Moist

82.9
34.2
34.2

Specific Gravity (Fines):

2.65

Retained Sieve No 4 (4.75mm)
(%):
Passing Sieve No 4 (4.75mm)
(%):
Visual Description:

0
100
FAT CLAY (CH), brown

Comments
Atterberg Limit Results: Liquid Limit- 93 Plastic Limit- 21 Plasticity Index- 72
Hydrometer Results: Gravel- 0.0% Sand- 0.0% Silt- 11.1% Clay- 88.9%
Assumed Specific Gravity 2.65
Form No: 110031, Report No: PTR:W12-006351-S2

© 2000-2011 QESTLab by SpectraQEST.com
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FM Diversion Bridge Designs
Reach 3

Standard Proctor versus Modified Proctor
110

Standard Proctor (P81-7)

109

Modified Proctor (P81-7)

108

Zero Air Voids

107

Standard Proctor (P81-8)
Modified Proctor (P81-8)

106

Standard Proctor (P81-2)

105

Modified Proctor (P81-2)

104

Standard Proctor (P29-11)
Modified Proctor (P29-11)

103

Standard Proctor (P29-9)

102

Modified Proctor (P29-9)

101

Standard Proctor (P81-1)

100

Modified Proctor (P81-1)
Standard Proctor (P29-10)

99

Modified Proctor (P29-10)

Dry Density (pcf)

98

Standard Proctor (P29-12)
Modified Proctor (P29-12)
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90
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Moisture Content (%)
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Appendix C
Chart C.2.d.2. Summary of Remaining Settlements after 6 Month Duration
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Chart C.2.d.2. Remaining Settlements After 6-Month Duration
BNSF Embankment Stationing (feet)
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Appendix D
Driven Pile Axial Resistance Graphs
Lateral Analysis Result Graphs
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FA-12-03415

Allowable Geotechnical Resistance for Driven Pile:
BNSF Bridge 35 South Abutment
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Note: Allowable geotechnical resistance shown includes a factor of safety of 2.0 and accounts for both end-bearing and skin-friction resistance.
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FA-12-03415

Allowable Geotechnical Resistance for Driven Pile:
BNSF Bridge 35 South Abutment
890
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Elevation 881
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Note: Allowable geotechnical resistance shown includes a factor of safety of 2.0 and accounts for both end-bearing and skin-friction resistance.
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FA-12-03415

Allowable Geotechnical Resistance for Driven Pile:
BNSF Bridge 35 Piers
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Note: Allowable geotechnical resistance shown includes a factor of safety of 2.0 and accounts for both end-bearing and skin-friction resistance.
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FA-12-03415

Allowable Geotechnical Resistance for Driven Pile:
BNSF Bridge 35 Piers
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Note: Allowable geotechnical resistance shown includes a factor of safety of 2.0 and accounts for both end-bearing and skin-friction resistance.
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FA-12-03415

Allowable Geotechnical Resistance for Driven Pile:
BNSF Bridge 35 North Abutment
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Note: Allowable geotechnical resistance shown includes a factor of safety of 2.0 and accounts for both end-bearing and skin-friction resistance.
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FA-12-03415

Allowable Geotechnical Resistance for Driven Pile:
BNSF Bridge 35 North Abutment
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Note: Allowable geotechnical resistance shown includes a factor of safety of 2.0 and accounts for both end-bearing and skin-friction resistance.
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FA-12-03415

FM Diversion Reach 3

Lateral Analysis Results - Deflection:
BNSF Bridge 35 South Abutment
Deflection (inches)
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12-inch CEP

Pile-top loading (service loads):
12-inch CEP - 180 kips axial and 30 kips shear
16-inch CEP - 250 kips axial and 35 kips shear

16-inch CEP
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FA-12-03415

FM Diversion Reach 3

Lateral Analysis Results - Deflection:
BNSF Bridge 35 South Abutment
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HP14x102 - 520 kips axial and 50 kips shear
HP14x117 - 590 kips axial and 55 kips shear
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HP14x117
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FA-12-03415

FM Diversion Reach 3

Lateral Analysis Results - Moment:
BNSF Bridge 35 South Abutment
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12-inch CEP - 180 kips axial and 30 kips shear
16-inch CEP - 250 kips axial and 35 kips shear

16-inch CEP
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FA-12-03415

FM Diversion Reach 3

Lateral Analysis Results - Moment:
BNSF Bridge 35 South Abutment
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-3,000 -2,800 -2,600 -2,400 -2,200 -2,000 -1,800 -1,600 -1,400 -1,200 -1,000

-800

-600

-400

-200

0

200

400

600

800

1,000

0

5

10

Depth Below Pile Top (feet)

15

20

25

30

35

40

45

50
HP14x89

Pile-top loading (service loads):
HP14x89 - 450 kips axial and 45 kips shear
HP14x102 - 520 kips axial and 50 kips shear
HP14x117 - 590 kips axial and 55 kips shear
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FA-12-03415

FM Diversion Reach 3

Lateral Analysis Results - Shear:
BNSF Bridge 35 South Abutment
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Pile-top loading (service loads):
12-inch CEP - 180 kips axial and 30 kips shear
16-inch CEP - 250 kips axial and 35 kips shear

16-inch CEP
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FA-12-03415

FM Diversion Reach 3

Lateral Analysis Results - Shear:
BNSF Bridge 35 South Abutment
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FA-12-03415

FM Diversion Reach 3

Lateral Analysis Results - Deflection:
BNSF Bridge 35 Piers
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Pile-top loading (service loads):
12-inch CEP - 180 kips axial and 20 kips shear
16-inch CEP - 250 kips axial and 25 kips shear

16-inch CEP
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FA-12-03415

FM Diversion Reach 3

Lateral Analysis Results - Deflection:
BNSF Bridge 35 Piers
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Lateral Analysis Results - Moment:
BNSF Bridge 35 Piers
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Lateral Analysis Results - Moment:
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Lateral Analysis Results - Shear:
BNSF Bridge 35 Piers
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Lateral Analysis Results - Shear:
BNSF Bridge 35 Piers
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Lateral Analysis Results - Deflection:
BNSF Bridge 35 North Abutment
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Lateral Analysis Results - Deflection:
BNSF Bridge 35 North Abutment
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Lateral Analysis Results - Moment:
BNSF Bridge 35 North Abutment
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Lateral Analysis Results - Moment:
BNSF Bridge 35 North Abutment
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Lateral Analysis Results - Shear:
BNSF Bridge 35 North Abutment
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Lateral Analysis Results - Shear:
BNSF Bridge 35 North Abutment
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INTRODUCTION
The Red River diversion channel will carry flood waters from the Red River of the
North. The diversion channel will start near Oxbow, ND, and will end near
Georgetown, MN. The Diversion Authority, in response to the proposed diversion
channel crossing several roadways, has identified the need for a bridge at Cass
County Road 32. Based on the government'furnished data for Reaches 1
through 6 received on April 23, 2012, the channel alignment crosses the existing
County Road 32 alignment at a 50⁰ angle. County Road 32 crosses the channel
in Reach 5 of the channel (See Figure 1 below). The County Road 32 bridge will
be 9 miles north of Fargo and 4 miles northwest of Harwood.

Figure 1 – Project Location Map
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PURPOSE OF STUDY
The purpose of the study is to determine the most suitable bridge for the site
based on several criteria, including function, constructability, economics, and
aesthetics. Based on these criteria, both the superstructure and substructures
need to be studied to determine which final bridge layout will provide the greatest
benefit/cost ratio. A final bridge layout and type recommendation will then be
made based on the completed analysis. This study will specifically include a look
at several different bridge configurations and associated costs to determine the
most feasible option.

III.

PROPOSED GEOMETRY
A.

BRIDGE GEOMETRICS
AASHTO’s “A Policy on Geometric Design of Highways and Streets,” requires a
minimum bridge clear width for the projected ADT of 26 feet. However, Cass
County design criteria for roadways recommends a minimum finished roadway
width of 28 feet for County Road 32, therefore; the minimum bridge clear width
is 28 feet. However, after conversations with Cass County and the diversion
bridge design team, it was agreed upon to use a 36 feet clear width because of
the probability of future growth, as well as large agricultural equipment using the
bridge.
The low chord elevation and bridge length were determined based on the
channel geometry and hydraulic information provided in the following documents:
•

USACE document MFR'005 6/12/2012

•

USACE document MFR'002 4/24/2012

•

Government'furnished data for Reaches 1 through 6, received 4/23/2012

•

HMG (hydraulic design consultant) hydraulic design data received
6/13/2012 (Appendix A).
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BRIDGE LENGTH
Based on the bridge location and geometric requirements, several different
substructure options, in combination with different superstructure types and span
arrangements, were analyzed. The decision between a 5'span and 7'span
structure is contingent on balancing superstructure vs. substructure costs. Steel
plate girder and prestressed, precast concrete girders were analyzed along with
a variety of pier substructures; including wall, hammerhead, and multi'column
piers in addition to drilled shafts. Based on the results of various studies of
substructure and superstructure optimization (see following section) and span
arrangement, along with the required channel geometrics and the freeboard, it
was determined that a bridge length of 550 feet was needed for this location. The
results of the various studies utilized to determine the bridge length are included
in the following sections and appendices.

C.

BRIDGE COMPONENT DECISIONS
After discussions with Cass County and the diversion bridge design team,
several common bridge components were agreed upon for the diversion
structures. First, county bridges will make use of the Kansas Corral Rail system
to reduce snow drifting and aid in snow removal along with improving drainage
off of the bridge as drainage can be a concern with a “closed rail system” on long
bridges with relatively flat grades. Also, it was decided that two 20'foot approach
slabs would be used on each approach to the bridge. The approach slab closest
to the bridge will be pile supported to reduce settlement. Finally, after considering
the lengths of the bridges and taking into account preliminary thermal movement
calculations, a strip seal expansion joint should be used to accommodate the
expansion and shrinkage of the bridge.

D.

REQUIRED FREEBOARD
USACE document MFR'005 6/12/2012 gives a low chord elevation to be
designed to that is 1.05 feet above the 500'year flood elevation; however, the
minimum required freeboard is 1 foot. The top of the deck must also be a
minimum of 1 foot above the standard project flood (SPF) elevation.

(7438'002)
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ROAD
AASHTO’s “A Policy on Geometric Design of Highways and Streets,” requires a
minimum roadway width of 26 feet for the projected ADT. However, Cass County
design standards for a two'lane rural gravel section dictate that the roadway
should be 28 feet wide and the minimum section thickness should be 6 inches of
gravel. Cass County design standards also specify a maximum inslope of 4:1
and a maximum backslope of 3:1. Due to the diversion channel crossing the
existing alignment at such a high angle, several other horizontal alignments were
reviewed to see if road realignment was more cost effective. After analyzing
some preliminary costs, it was found that having a different alignment with a
large sweeping curve and a bridge on a 20⁰ right skew would be the most cost
effective. Several different grades were analyzed in order to determine the most
appropriate vertical profile to use on the roadway. After analyzing 1%, 1.5%, and
2% grades, the 2% grade was eliminated due to sight line concerns and stopping
sight distances before the bridge. Steeper grades allow curves to tie into the road
faster and therefore provide lower approach roadway costs (See Appendix B).
The 1% and 1.5% grades could both be used as they both satisfy stopping sight
distance criteria and sight line criteria, but after conversations with Cass County,
the 1% grade will be carried forward in design due to minimal cost differences
and Cass County preference. Cass County prefers to use a longer, flatter grade
to reduce sight line impacts as much as possible due to the agricultural
equipment that may use the bridge and public concern about these vehicles.
Reconstruction of the road for these curves will require approximately 3510 feet
on the west side of the bridge and approximately 3425 feet on the east side of
the bridge.

F.

RECREATIONAL TRAILS/SIDE SLOPE BENCHES
Braun Intertec and Barr Engineering, in cooperation with the United States Army
Corps of Engineers (USACE), have completed the preliminary geotechnical
studies for the bridge site. Several different factors were affecting side slope
stability, including the stratigraphy at the site, pilot channel width, and the fill
height at the bridge approaches. After calculations were completed based on
actual soil parameters, it was discovered that no sideslope benches would be
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needed to provide the minimum factor of safety determined by the USACE.
Goals included in the Fargo'Moorhead Area Diversion Recreation and Use
Master Plan request that the diversion channel incorporate multiuse and
equestrian trails into the channel geometry. At county road bridges, the
preference is that the trails will be at grade crossings. However, due to the
Diversion Authority’s desire to accommodate the trail crossings under the bridges
in the future, a 24'foot bench will be added to the east side. The channel bottom
width for the diversion outside of the bridge locations is 300 feet, and in order to
accommodate the bench width and not increase the bridge length, the diversion
channel was reduced to 275 feet at bridge locations. The bench can be seen in
the channel geometry illustration, which is shown in Appendix C. All hydraulic
requirements are still met with the reduced channel bottom width.
G.

AESTHETIC CONSIDERATIONS
A Bridge Aesthetic Study (BAS) is currently being completed to produce a
diversion bridge that is visually appealing and in harmony with the surrounding
landscape. The BAS study is intended to produce a bridge style that is consistent
along the entire length of the diversion. The pier and abutment geometrics will be
incorporated into aesthetic criteria to produce a bridge that is well'suited to
geometric, structural, and aesthetic considerations. Final aesthetic concepts will
be submitted with final design criteria, based on the BAS findings.

IV.

BRIDGE TYPE ALTERNATIVES
A.

SUBSTRUCTURE
1.

Abutment Types

It is NDDOT’s current policy to use integral abutments for bridges up to 400 feet
without a skew. Based on the estimated bridge length (> 500 feet), a parapet'
style abutment with U'shaped wingwalls will be used and supported by a deep
foundation. To handle calculated thermal movements at the abutments, strip seal
expansion joints will be used at both abutments.
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Pier Types

The pier type chosen to be used for the diversion bridges will be based on a
matrix of pier and foundation options. The optimal pier will be the combination of
function, economics, and aesthetics that meet the criteria for structure and
foundation type, as well as the required construction and staging methods.
Piers need to support all LRFD design loads, including ice loads, as specified by
the NDDOT Design Manual. Piers need to be constructible with normal regional
construction methods (i.e., reinforced concrete). Piers should be designed to
accommodate structure widening, where possible.
a) Structure Elements
Three basic pier structure types* were considered:
•

Wall

•

Drilled Shaft Column with cap

•

Hammerhead

*See Appendix D for pier type illustrations

The NDDOT Design Manual states a preference for wall piers with ice protection
at water crossings as they can more easily resist potential ice loads. However,
hammerhead piers also perform adequately for river crossings with ice and
debris issues provided the ice loading is located at a reasonable location on the
pier.
Hammerhead piers typically have lower construction costs vs. wall piers. This is
because of reduced concrete quantities. The potential for future land
development in the area along the diversion alignment will necessitate that these
bridges may need to be designed to accommodate future widening. Wall'type
piers typically are more conducive to widening without major modifications.
The drilled shaft column with pier cap has the advantage of faster construction,
which may add value for condensed construction schedules; however, using
multiple columns increases potential for catching debris.
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When comparing costs, structural concrete quantities were estimated, then
adjusted unit costs were used to account for formwork geometry and complexity.
Temporary shoring may also impact pier costs depending on the foundation type
used. All of the above data was factored into the final decision for pier type
selection.
b) Foundation Elements
Two basic foundation types* were considered:
•

Steel pile (HP and round shapes) with pile cap

•

Drilled shaft (with or without pile cap, as required by the pier type)

*Spread footings are not being considered due to poor performance with the types of soils in the Red River
Valley.

The direct comparison of foundation types can only be done if they are used in
similar layouts. To establish an equal comparison, an example pier with a pile
cap using either drilled shafts or steel piles was used. Drilled shafts have been
constructed in the Red River Valley region; however, a prevalence of steel pile is
used for deep foundations. Results indicate that steel piling (HP or CIP) was
found to be more cost effective than drilled shafts (see Appendix E) and was
carried forward in the design.
c) Construction Staging
Other applications, such as a pier caps on drilled shafts, can be economical
when factoring in costs for difficult site conditions or where additional excavation
for construction is not feasible. By using limited excavation and temporary
shoring, the drilled shafts offer the advantage of constructing foundations prior to
constructing the channel to its full limits. Hammerhead and wall piers would
require extensive excavation in order to construct the foundations if the full depth
channel section is not constructed with the bridge. Excavation and dewatering
costs for pier construction are not included in the estimated costs provided in the
appendices; however, these additional costs are not anticipated to add enough
expense that the drilled shafts would become more economical.
The diversion sites are unusual in the fact that the full channel may not be
constructed prior to the bridge so there may be phased excavation. Partial
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excavation of the channel is proposed to provide room for the superstructure
construction. Excavation to the final channel limits will be completed after or
during the adjacent channel excavation.
d) Pier Structure and Foundation Combinations
Three pier structure and foundation combinations were evaluated for cost
comparison:
•

Wall pier with steel pile foundation (with pile cap)

•

Pier cap on drilled shafts using limited excavation prior to excavation

•

Hammerhead with steel pile foundation (with pile cap)

Upon investigation, the hammerhead pier was found to have the lowest
construction costs. Because of the reduced costs, the hammerhead pier was
requested by the diversion authority. The drilled shafts option has the highest
construction costs. The wall pier has slightly higher costs than the hammerhead,
but because of NDDOT preference and the ability to be widened in the future, the
wall pier is recommended for final design (See Appendix F).
Pier Type

Pro

Wall Pier with Steel Pile

•

Resistance to ice and debris

Foundation

•

NDDOT preference for water

Con
•

Increased construction costs

•

Highest construction costs

•

Future widening

crossings
•

Easily accommodates future
widening

Pier Cap on Drilled Shafts

•

Foundation construction
without temporary shoring

Hammerhead with Steel Pile

•

Lowest construction costs

Foundation

B.

complications

SUPERSTRUCTURE
Two superstructure types are being considered for the diversion bridges because
of their constructability and economics. We have considered both steel plate
girders and prestressed, precast concrete girders. For a steel superstructure, a
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welded plate steel girder system is typically used for this length and span layout.
For a concrete superstructure, a prestressed concrete girder system is the most
economical for this length and span layout. The proposed realignment of County
Road 32 reduces the skew angle to 20°. Both superstructure types can easily
accommodate this moderate skew angle.
1.

Steel Alternative

Welded plate steel girders use web and flange dimensions that can be custom
tailored to meet capacity requirements. Web depths are kept constant over the
full length of the bridge. Several layouts were considered using multiple web
depths to investigate optimum web dimensions and span layouts while
minimizing costs. The layouts considered were:
•

3'span – 5'girder lines (78'inch'deep girders @ 8’'0” O.C.)

•

3'span – 4'girder lines (90'inch'deep girders @ 10’'8” O.C.)

•

5'span – 5'girder lines (52'inch'deep girders @ 8’'0” O.C.)

•

5'span – 4'girder lines (72'inch'deep girders @ 10’'8” O.C.)

•

7'span – 4'girder lines (48'inch'deep girders @ 10’'8” O.C.)

Taking into account calculated preliminary pier costs (see Appendix G) and
estimating total bridge costs with different span arrangement (see Appendix H),
the optimal steel span layout is a 5'span – 4'girder line superstructure using 72'
inch'deep girders. The preliminary cost estimate for the steel girder alternative is
$3,444,560. A conceptual layout and detailed cost estimate can be found in
Appendix G.
2.

Concrete Alternative

Beam sufficiency is the product of span length and girder spacing. Several
layouts were considered using multiple beam sections to investigate optimum
span layouts. The layouts considered were:
•

5'span – 5'girder lines (63'inch'deep girders @ 8’'0” O.C.)

•

5'span – 4'girder lines (63'inch'deep girders @ 10’'8” O.C.' exceeds
NDDOT preferences for concrete compressive stress)

•

(7438'002)
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•

7'span – 5'girder lines (45'inch'deep girders @ 8’'0” O.C.)

•

7'span – 4'girder lines (54'inch'deep girders @ 10’'8” O.C.)

In these alternatives, all spans use the same beam length. All beam sections are
regionally available beams referred to as MnDOT shapes (45M, 54M, and 63M).
Taking into account preliminary pier costs as well as NDDOT prestressing
preferences, the optimal prestressed beam layout is a 5'span, 5'girder line
superstructure using 63'inch beams (63M). The preliminary cost estimate for the
63'inch beam concrete girder alternative is $3,258,290. A conceptual layout and
detailed cost estimate can be found in Appendix H.
A 5'span layout using 54'inch beam (54M) was also investigated and would
require 6 girder lines. When comparing the 5 span concrete layouts, the 63'inch
beam has a cost advantage due to reduced beam quantities. There are some
cost savings associated to the lower profile of the 54'inch beam, but it is not
enough to offset the savings of the reduced girder lines. The cost balance
between the the 63'inch, 5'span option and the 54'inch, 5'span option is
sensitive to the girder prices agreed upon by the bridge design team. The
preliminary cost estimate for the 54'inch beam concrete girder alternative is
$3,351,790. A conceptual layout and detailed cost estimate can be found in
Appendix I.
An alternate beam layout using 54'inch beams (54M) has proven to be feasible,
as well. This alternate uses 7 spans with 4 girder lines. Advantages of this
alternative include reduced profile elevations, which lead to a cost savings on
approach road costs. The savings is not enough to offset the fewer number of
piers in the 5 span options. The cost balance between this option and the 5'span
options is dependent on the pier unit prices. The preliminary cost estimate for the
54'inch beam concrete girder alternative is $3,458,000. A conceptual layout and
detailed cost estimate can be found in Appendix J.
3.

Approach Road Fill Depths

Other important cost considerations indirectly affected by girder types include
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approach roadway fill quantities. Taller girders require higher roadway profiles
and therefore, greater fill quantities. The steel girder option was found to have
the highest approach roadway costs due to fill depths that are significantly higher
than the concrete alternatives. Depth of fill required for approach embankments
is estimated to be as high as 9 feet. Embankment settlements are still being
estimated but are expected to be up to 6 inches. To mitigate embankment
settlement, surcharge using wick drains is one potential option to pre'consolidate
embankment areas and reduce settlement. In addition, approach slabs adjacent
to the abutments shall be supported on piles.
Based on construction costs and future maintenance costs the prestressed
concrete girder option using 63'inch beams is recommended for final design.
Superstructure Type
72'inch Welded Plate Steel
Girder (5 span)

63'inch Prestressed Concrete
Girder (5 span)

•

•

•
54'inch Prestressed Concrete
Girder (7 span)

V.

•
•

Pro
Longer spans are
possible

Lowest bridge
construction cost
Reduced long term
maintenance cost vs.
steel
Lowest roadway profile
Reduced long term
maintenance cost vs.
steel

•

•
•

•

Con
Highest bridge
construction cost
Highest approach
roadway cost
Higher roadway profile
than 54'inch prestressed
concrete girder

Requires two extra piers
to be constructed possibly
impacting construction
schedule

BRIDGE TYPE RECOMENDATION
The recommended superstructure type and layout is a prestressed concrete
girder bridge using 5'spans, 5'girder lines, and 63'inch beams (63M). The
recommended substructure will consist of wall'type piers and parapet'style
abutments, both on steel H'pile supported foundations. Prestressed concrete
girder bridges are commonly found in the region and provide the lowest future
maintenance costs when compared to steel structures. This bridge type consists
of the most functional alternative while keeping economics in mind and also
lends itself to easily incorporating aesthetic treatments.

(7438'002)

'11'

July 2012
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Hydraulic Design Data
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Hydraulic Model Results from HMG
Bridges with Channel Bottom 300ft (MFR)
Low Chord
0.2% clearance
WSL US
River Sta
Elev.
to low chord
(ft)
(ft)
(ft)
146991
896.70
906.97
-10.27
143050
910.15
905.35
4.80
142773
910.10
905.28
4.82
131396
907.40
904.11
3.29
115574
904.40
902.78
1.62
89375
903.10
900.85
2.25
89199
903.10
900.81
2.29
86485
901.75
900.64
1.11
83937
901.50
900.49
1.01
70166
879.06
899.72
-20.7
67843
896.20
895.14
1.06
66113
895.96
894.84
1.12
57101
894.50
893.44
1.06
40813
891.80
890.72
1.08
31489
891.20
889.16
2.04
31378
891.20
889.11
2.09
31166
890.70
889.03
1.67
31003
891.20
888.94
2.26
7668
886.20
885.13
1.07

Bridges with Channel Bottom 250ft with Benches*
0.2% clearance WSL diff.
Low Chord WSL US
River Sta
to low chord
MFR vs
Elev. (ft)
(ft)
(ft)
W250
146991
896.70
906.99
-10.29
0.02
143050
910.15
905.36
4.79
0.01
142773
910.10
905.3
4.80
0.02
131396
907.40
904.14
3.26
0.03
115574
904.40
902.81
1.59
0.03
89375
903.10
900.9
2.20
0.05
89199
903.10
900.87
2.23
0.06
86485
901.75
900.69
1.06
0.05
83937
901.50
900.54
0.96
0.05
70166
879.06
899.78
-20.72
0.06
67843
896.20
895.21
0.99
0.07
66113
895.96
894.91
1.05
0.07
57101*
894.50
893.47
1.03
0.03
40813*
891.80
890.75
1.05
0.03
31489*
891.20
889.18
2.02
0.02
31378*
891.20
889.12
2.08
0.01
31166*
890.70
889.03
1.67
0.00
31003*
891.20
888.94
2.26
0.00
7668*
886.20
885.16
1.04
0.03
* Sections include 250ft bottom. All other sections are 300 ft bottom.
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Hydraulic Model Results from HMG

Road/Rail
Co Rd 22
Co Rd 32
I-29 South Bound
I-29 North Bound
Hillsboro Subdiv RR
Co Rd 81
Co Rd 4/Co Rd 31

Road/Rail
Co Rd 22
Co Rd 32
I-29 South Bound
I-29 North Bound
Hillsboro Subdiv RR
Co Rd 81
Co Rd 4/Co Rd 31

Station (ft)
57101
40813
31489
31378
31166
31003
7668

Station (ft)
57101
40813
31489
31378
31166
31003
7668

1%
(ft/s)
3.63
3.93
3.91
3.92
4.33
3.94
3.85

MFR
Velocity
0.2%
(ft/s)
3.87
4.28
4.28
4.29
4.75
4.32
4.31

1%
(ft)
891.86
889.25
887.75
887.70
887.63
887.56
884.10

MFR
WSL
0.2%
(ft)
893.44
890.72
889.16
889.11
889.03
888.94
885.13

SPF
(ft/s)
4.39
4.77
4.71
4.72
5.24
4.76
4.90

SPF
(ft)
895.47
892.35
890.52
890.46
890.37
890.25
885.94

1%
(ft/s)
3.88
4.17
4.12
4.13
4.57
4.16
4.06

250 ft Bottom
Velocity
0.2%
(ft/s)
4.12
4.53
4.49
4.5
4.98
4.53
4.53

SPF
(ft/s)
4.67
5.04
4.92
4.93
5.48
4.98
5.14

250 ft Bottom
WSL
1%
0.2%
SPF
(ft)
(ft)
(ft/s)
891.90
893.47
895.51
889.29
890.75
892.40
887.78
889.18
890.54
887.72
889.12
890.48
887.64
889.03
890.38
887.57
888.94
890.26
884.13
885.16
885.98

Bench Dimensions
Road/Rail
Co Rd 22
Co Rd 32
I-29 South Bound
I-29 North Bound
Hillsboro Subdiv RR
Co Rd 81
Co Rd 4/Co Rd 31

Station (ft)
57101
40813
31489
31378
31166
31003
7668

Left
Right
Bank (ft) Bank (ft)
25
10
24
24
24
24
24

24
24
24
24
24
24
24
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Approach Profile Cost Comparison
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County Road 32
Profile Cost Comparison

SPEC
203
203
203
216
230
302
708
708
704
708
714
754

CODE
0101
0109
0140
0100
0300
0356
2240
2260
9999
9999
9999
9999

ITEM DESCRIPTION
COMMON EXCAVATION-TYPE A
TOPSOIL
BORROW-EXCAVATION
WATER
SUBGRADE PREPARATION - TYPE A
AGGREGATE SURFACE COURSE CL 13
SEEDING-TYPE B-CL II
SEEDING-TYPE B-CL IV
TEMPORARY TRAFFIC CONTROL
EROSION CONTROL
PIPE CONDUIT
PERMANENT SIGNING

Project Length

UNIT COST
$
5.00
$
4.00
$
5.00
$
14.00
$
250.00
$
10.00
$
300.00
$
50.00
$ 5,000.00
$ 10,000.00
$
125.00
$ 7,500.00

UNIT
CY
CY
CY
M GAL
STA
TON
ACRE
ACRE
L SUM
L SUM
LF
L SUM

LF

Alignment - 1%
Alignment - 1.5%
Alignment - 2%
QUANTITY
TOTAL
QUANTITY
TOTAL
QUANTITY
TOTAL
20,982 $ 104,910.00 20,954 $ 104,770.00 20,938 $ 104,690.00
6,203
$ 24,812.00
6,057
$ 24,228.00
5,992
$ 23,968.00
25,856 $ 129,280.00 21,227 $ 106,135.00 18,890 $ 94,450.00
444
$ 6,216.00
397
$ 5,558.00
374
$ 5,236.00
69.35
$ 17,337.50
69.35
$ 17,337.50
69.35
$ 17,337.50
7,467
$ 74,670.00
7,467
$ 74,670.00
7,467
$ 74,670.00
11.535 $ 3,460.50 11.263 $ 3,378.90 11.142 $ 3,342.60
11.535 $
576.75 11.263 $
563.15 11.142 $
557.10
1
$ 5,000.00
1
$ 5,000.00
1
$ 5,000.00
1
$ 10,000.00
1
$ 10,000.00
1
$ 10,000.00
350
$ 43,750.00
350
$ 43,750.00
350
$ 43,750.00
1
$ 7,500.00
1
$ 7,500.00
1
$ 7,500.00
$ 427,512.75
$ 402,890.55
$ 390,501.20
7535
7535
7535
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Channel Geometry Illustrations
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2
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:
0
5

)
2
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)
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:
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Pier Type Illustrations
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Appendix E
Foundation Type Cost Comparison
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ITEM
5' φ drilled shaft

ITEM
HP 14 X 73 Pile
80' Drilled Shaft X 2 =
80' Pile X 15 Piles=

TOTAL
ESTIMATED
QUANTITIES
$84,000.00

UNIT

QUANTITY

UNIT PRICE

LIN. FT.

160

$525.00

UNIT

QUANTITY

UNIT PRICE

TOTAL
ESTIMATED
QUANTITIES

LIN. FT.

1200

$60.00

$72,000.00

160 LF
1200 LF

NDDOT Annual Average Bid Prices
84000-72000=
12000/72000=

12000
0.167=

17%
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Appendix F
Pier Type Cost Comparison

Page D-664

Hammerhead Pier

ITEM
STRUCTURAL CONCRETE
HP 14 X 73 Pile

UNIT

QUANTITY

UNIT PRICE

CY
LIN. FT.

107
812

$600.00
$60.00

UNIT

QUANTITY

UNIT PRICE

CY
LIN. FT.

143
885

$600.00
$60.00

UNIT

QUANTITY

UNIT PRICE

CY
LIN. FT.

51
167

$600.00
$750.00

TOTAL
ESTIMATED
QUANTITIES
$64,200.00
$48,720.00
$112,920.00

Wall Pier

ITEM
STRUCTURAL CONCRETE
HP 14 X 73 Pile

TOTAL
ESTIMATED
QUANTITIES
$85,800.00
$53,100.00
$138,900.00

Drilled Shaft Columns

ITEM
STRUCTURAL CONCRETE
DRILLED SHAFT COLUMNS

TOTAL
ESTIMATED
QUANTITIES
$30,840.00
$125,250.00
$156,090.00
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Steel Superstructure Alternative (5'span)
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SECTION

PROJECT CODE

STATE

ND

FMMDR4B

SHEET

NO.

NO.

170

1

589’-7"
EWS to EWS (Total Bridge Lnegth)
1

119’-6 2"

116’-10"

1

119’-6 2"

116’-10"

End of Bridge

0"
1’
-

Begin Bridge

116’-10"

Sta 102+94.97
El xxx

Sta 97+08.92

‘ Bridge
Sta 100+00.00

El xxx

El xxx

0"
0’

El xxx

‘ Pier 2
Sta 99+41.58

20

0"
18’
0" 18’

‘ Bearing

36’
0"

El xxx

‘ Pier 1
Sta 98+24.75

‘ Pier 3
Sta 100+58.42

El xxx

Cl
earRdwy

Sta 97+05.21

‘ Bearing
Sta 102+91.08
El xxx

‘ Pier 4
Sta 101+75.25
El xxx

El xxx

1’
0"

Coping (Typ.)
Riprap Limits (Typ.)
RC Bridge Approaches (Typ.)

EQN: Sta 100+00.00 ‘ Rd 32 P.O.T. =

Low Structure
El 891.85

Sta 408+71.15 ‘ Channel P.O.C.

El 888.35
S = 12:1
L = 5’ (Typ.)

PLAN

E

‘ Diversion
Q100 *
El 889.29

5
’
0
"

Q500 *

7:
1

El 887.93

E

‘ Channel

El 890.75

‘ Pilot Low Flow & Bridge

1
2
’
0
"

Existing Ground

F

1
1
7
’
9
"

5
0
:
1

El 871.11

Top of Bridge Rail
El 869.12
El 892.40
Channel Invert

5
2
:
1

9
9
’
6
"

2
6
’
0
"
5
2
’
0
"
1
0
0
’
0
"
2
7
5
’
0
"

38’-0"

and not for

El 870.63

5
2
:
1
2
4
’
0
"

4
:
1
El 878.88

5
0
:
1
E

Riprap over
Geotextiles

Top of Deck

D = X"

5
0
:
1

(Typ.)

7
:
1

36’-0"
Clear Roadway
12’-0"

6’-0"

Shldr.

Lane

Lane

Shldr.

8"

12’-0"

‘ Crown Line

5
7
’
9
"

Standard Drawing A

El 887.93

2
4
’
0
"

Standard Drawing B
El 888.35

F.W.S. xx PSF
6
0
’
0
"

ELEVATION

‘ Cass Co. 32

STANDARD DRAWINGS

E

El 879.36

6’-0"

purposes.

Proposed Profile Grade

7
:
1

7
5
’
6
"

Total Bridge Width

1
S= 4"/ft.

RY
A
N
I
M
construction
or
I
L
RE
Pimplementation
is preliminary

F

El 862.62

6’
6"

* HMG Hydraulic Data, June 13, 2012

This drawing

SPF *

El 863.12

4:
1

HL-93 DESIGN LOADING
NORTH DAKOTA

5
’
0
"

S=14"/ft.

DEPARTMENT OF TRANSPORTATION

RED RIVER DIVERSION
REACH 4
3’-0"

10’-8"

10’-8"

10’-8"

3’-0"

COUNTY ROAD - 32

BRIDGE LAYOUT
‘ Steel I-Beam
PROJECT: XX-0-000(000)000

D = 72"

STATION: 100+00

(Typ.)

CASS COUNTY

TYPICAL SECTION

DATE

7/12/2012

12:32:26 PM

kcochran

Z:\7400\7438\12_7438_002\CAD\Preliminary Plans 002\170BR_001_BRLO.dgn

YYXX000

XXX

Houston Engineering, Inc.

BRIDGE ENGINEER
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ENGINEERS COST ESTIMATE
FOR

CR-32 FARGO DIVERSION
STEEL BEAM ALTERNATIVE
ITEM
NUMBER

210
210
602
602
602
602
612
612
616
622
708
930
930
930
930

0101
0201
0130
1130
1133
1250
0115
0116
0360
0060
1020
3000
8600
8666
9536

ITEM DESCRIPTION

CLASS 1 EXCAVATION
FOUNDATION PREPARATION
CLASS AAE-3 CONCRETE
CLASS AE-3 CONCRETE
CONCRETE BRIDGE APPROACH SLAB
PENETRATING WATER REPELLENT TREATMENT
REINFORCING STEEL GRADE 60
REINFORCING STEEL GRADE 60 EPOXY COATED
STRUCTURAL STEEL
STEEL PILING HP14 x 73
RIPRAP - LOOSE ROCK
BRIDGE BENCH MARKS
ELASTOMERIC BEARING PAD
4IN EXPANSION STRIP SEAL
ABUTMENT UNDERDRAIN SYSTEM

UNIT

L SUM
EA
CY
CY
SY
SY
LBS
LBS
LBS
LF
CY
SET
SF
LF
L SUM

UNIT
COST

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

60,000.00
50,000.00
575.00
550.00
300.00
8.00
1.20
1.20
1.50
60.00
75.00
1,500.00
500.00
165.00
2,500.00

CONTRACT
QUANTITY

1
1
560
890
340
2812
63400
273200
684600
6000
780
1
60
82
1

Total Roadwork and Bridge Costs

$
60,000.00
$
50,000.00
$ 322,000.00
$ 489,500.00
$ 102,000.00
$
22,496.00
$
76,080.00
$ 327,840.00
$ 1,026,900.00
$ 360,000.00
$
58,500.00
$
1,500.00
$
30,000.00
$
13,530.00
$
2,500.00

$ 2,942,846.00
$
132.16

TOTAL ESTIMATED BRIDGE COST
COST PER SQUARE FOOT
BR SQ FT = 22268

1% grade road work
103 0100 CONTRACT BOND
203 0101 COMMON EXCAVATION-TYPE A
203 0109 TOPSOIL
203 0140 BORROW-EXCAVATION
216 0100 WATER
230 0300 SUBGRADE PREPERATION - TYPE A
302 0356 AGGREGATE SURFACE COURSE CL 13
708 2240 SEEDING-TYPE B-CL II
708 2260 SEEDING-TYPE B-CL IV
704 9999 TEMPORARY TRAFFIC CONTROL
708 9999 EROSION CONTROL
714 9999 PIPE CONDUIT
754 9999 PERMANENT SIGNING
764 0131 W-BEAM GUARDRAIL
764 0145 W-BEAM GUARDRAIL END TERMINAL
ADDITIONAL DIAPHRAGM CONCRETE
Total Roadwork Costs

TOTAL
PRICE

L SUM
CY
CY
CY
M GAL
STA
TON
ACRE
ACRE
L SUM
L SUM
LF
L SUM
LF
EA
CY

$ 25,650.00
$
5.00
$
4.00
$
5.00
$
14.00
$
250.00
$
10.00
$
300.00
$
50.00
$ 5,000.00
$ 5,000.00
$
125.00
$5,000.00
$
50.00
$ 2,500.00
$
550.00

1
20,983
6,259
28,541
470
69.35
7,467
11.639
11.639
1
1
350
1
200
4
40

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

25,650.00
104,915.00
25,036.00
142,705.00
6,580.00
17,337.50
74,670.00
3,491.70
581.95
5,000.00
5,000.00
43,750.00
5,000.00
10,000.00
10,000.00
22,000.00
501,717.15

$ 3,444,560.00

Page D-668

Appendix H
63'inch Prestressed Concrete Alternative (5'span)
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SECTION

PROJECT CODE

STATE

ND

FMMDR4B

SHEET

NO.

NO.
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ENGINEERS COST ESTIMATE
FOR

CR-32 FARGO DIVERSION
63" BEAM ALTERNATIVE
ITEM
NUMBER

210
210
602
602
602
602
604
612
612
622
708
930
930
930
930

0101
0201
0130
1130
1133
1250
9920
0115
0116
0060
1020
3000
8600
8666
9536

ITEM DESCRIPTION

CLASS 1 EXCAVATION
FOUNDATION PREPARATION
CLASS AAE-3 CONCRETE
CLASS AE-3 CONCRETE
CONCRETE BRIDGE APPROACH SLAB
PENETRATING WATER REPELLENT TREATMENT
PRESTRESSED I-BEAM-63IN
REINFORCING STEEL GRADE 60
REINFORCING STEEL GRADE 60 EPOXY COATED
STEEL PILING HP14 x 73
RIPRAP - LOOSE ROCK
BRIDGE BENCH MARKS
ELASTOMERIC BEARING PAD
4IN EXPANSION STRIP SEAL
ABUTMENT UNDERDRAIN SYSTEM

UNIT

L SUM
EA
CY
CY
SY
SY
LF
LBS
LBS
LF
CY
SET
SF
LF
L SUM

UNIT
COST

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

60,000.00
50,000.00
575.00
550.00
300.00
8.00
245.00
1.20
1.20
60.00
75.00
1,500.00
500.00
165.00
2,500.00

CONTRACT
QUANTITY

1
1
820
890
340
2812
2896
63400
273200
6000
780
1
75
82
1

Total Roadwork and Bridge Costs

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

60,000.00
50,000.00
471,500.00
489,500.00
102,000.00
22,496.00
709,520.00
76,080.00
327,840.00
360,000.00
58,500.00
1,500.00
37,500.00
13,530.00
2,500.00

$ 2,782,466.00
$
124.95

TOTAL ESTIMATED BRIDGE COST
COST PER SQUARE FOOT
BR SQ FT = 22268

1% grade road work
103 0100 CONTRACT BOND
203 0101 COMMON EXCAVATION-TYPE A
203 0109 TOPSOIL
203 0140 BORROW-EXCAVATION
216 0100 WATER
230 0300 SUBGRADE PREPERATION - TYPE A
302 0356 AGGREGATE SURFACE COURSE CL 13
708 2240 SEEDING-TYPE B-CL II
708 2260 SEEDING-TYPE B-CL IV
704 9999 TEMPORARY TRAFFIC CONTROL
708 9999 EROSION CONTROL
714 9999 PIPE CONDUIT
754 9999 PERMANENT SIGNING
764 0131 W-BEAM GUARDRAIL
764 0145 W-BEAM GUARDRAIL END TERMINAL
ADDITIONAL DIAPHRAGM CONCRETE
Total Roadwork Costs

TOTAL
PRICE

L SUM
CY
CY
CY
M GAL
STA
TON
ACRE
ACRE
L SUM
L SUM
LF
L SUM
LF
EA
CY

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

24,815.00
5.00
4.00
5.00
14.00
250.00
10.00
300.00
50.00
5,000.00
5,000.00
125.00
5,000.00
50.00
2,500.00
550.00

1
20,982
6,203
25,856
444
69.35
7,467
11.535
11.535
1
1
350
1
200
4
20

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

24,815.00
104,910.00
24,812.00
129,280.00
6,216.00
17,337.50
74,670.00
3,460.50
576.75
5,000.00
5,000.00
43,750.00
5,000.00
10,000.00
10,000.00
11,000.00
475,827.75

$ 3,258,290.00
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Appendix I
54'inch Prestressed Concrete Alternative (5'span)
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SECTION

PROJECT CODE

STATE

ND

FMMDR4B

SHEET

NO.

NO.

170

1

589’-7"
EWS to EWS (Total Bridge Lnegth)
1

119’-6 2"

116’-10"

1

119’-6 2"

116’-10"

0"
1’
-

Begin Bridge

116’-10"

Sta 97+08.92

‘ Bridge
Sta 100+00.00

El xxx

El xxx

0"
0’

El xxx

‘ Pier 2
Sta 99+41.58

20

18’
0" 18’
0"

‘ Bearing

Sta 102+94.97
El xxx

36’
0"

El xxx

End of Bridge
Bridge Railing (Typ.)

‘ Pier 1
Sta 98+24.75

‘ Pier 3
Sta 100+58.42

El xxx

Cl
earRdwy

Sta 97+05.21

‘ Bearing
Sta 102+91.08
El xxx

‘ Pier 4
Sta 101+75.25
El xxx

El xxx

1’
0"

Riprap Limits (Typ.)
Reinforfced Concrete

EQN: Sta 100+00.00 ‘ Rd 32 P.O.T. =

Bridge Approaches (Typ.)

Sta 408+71.15 ‘ Channel P.O.C.

Low Structure
El 891.85
El 888.35

PLAN

S = 12:1
‘ Diversion

L = 5’ (Typ.)
E

Q100 *
El 889.29

5
’
0
"

Q500 *

7:
1

El 887.93

E

‘ Pilot Low Flow & Bridge

El 890.75

1
2
’
0
"

Existing Ground

F

1
1
7
’
9
"

5
0
:
1

El 871.11

This drawing

Top of Bridge Rail

Y
R
A
and not for
N
I
M
construction
or
I
L
E
R
Pimplementation

El 869.12

4:
1
* HMG Hydraulic Data, June 13, 2012

is preliminary

El 892.40
Channel Invert

5
2
:
1

9
9
’
6
"

El 862.62

2
4
’
0
"
2
6
’
0
"
5
2
’
0
"
1
0
0
’
0
"
2
7
5
’
0
"

Total Bridge Width

6’
6"

5
2
:
1

38’-0"

SPF *

El 863.12
F

El 870.63

4
:
1

E

Riprap over
Geotextiles

Proposed Profile Grade

7
:
1

Top of Deck

D = X"

5
0
:
1

(Typ.)

STANDARD DRAWINGS

7
:
1

7
5
’
6
"

36’-0"

purposes.

El 878.88

5
0
:
1

E

Standard Drawing A

El 879.36

Clear Roadway

Standard Drawing B

ELEVATION
5
7
’
9
"

6’-0"

12’-0"

12’-0"

6’-0"

Shldr.

Lane

Lane

Shldr.

El 887.93

2
4
’
0
"

F.W.S. xx PSF

El 888.35

HL-93 DESIGN LOADING

6
0
’
0
"

NORTH DAKOTA

8"

‘ Cass Co. 22

DEPARTMENT OF TRANSPORTATION

‘ Crown Line

5
’
0
"

S=14"/ft.

1
S= 4"/ft.

RED RIVER DIVERSION
REACH 4
COUNTY ROAD - 32

2’-9"

6’-6"

6’-6"

6’-6"

6’-6"

6’-6"

2’-9"

BRIDGE LAYOUT
PROJECT: XX-0-000(000)000

‘ Prestressed I-Beam

STATION: 100+00

D = 54" (Typ.)

CASS COUNTY

TYPICAL SECTION

DATE

7/12/2012

12:05:30 PM

kcochran
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ENGINEERS COST ESTIMATE
FOR

CR-32 FARGO DIVERSION
54" BEAM ALTERNATIVE
ITEM
NUMBER

210
210
602
602
602
602
604
612
612
622
708
930
930
930
930

0101
0201
0130
1130
1133
1250
9915
0115
0116
0060
1020
3000
8600
8666
9536

ITEM DESCRIPTION

CLASS 1 EXCAVATION
FOUNDATION PREPARATION
CLASS AAE-3 CONCRETE
CLASS AE-3 CONCRETE
CONCRETE BRIDGE APPROACH SLAB
PENETRATING WATER REPELLENT TREATMENT
PRESTRESSED I-BEAM-54IN
REINFORCING STEEL GRADE 60
REINFORCING STEEL GRADE 60 EPOXY COATED
STEEL PILING HP14 x 73
RIPRAP - LOOSE ROCK
BRIDGE BENCH MARKS
ELASTOMERIC BEARING PAD
4IN EXPANSION STRIP SEAL
ABUTMENT UNDERDRAIN SYSTEM

UNIT

L SUM
EA
CY
CY
SY
SY
LF
LBS
LBS
LF
CY
SET
SF
LF
L SUM

UNIT
COST

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

60,000.00
50,000.00
575.00
550.00
300.00
8.00
220.00
1.20
1.20
60.00
75.00
1,500.00
500.00
165.00
2,500.00

CONTRACT
QUANTITY

1
1
805
890
340
2812
3475
63400
273200
6000
780
1
75
82
1

CONTRACT BOND
COMMON EXCAVATION-TYPE A
TOPSOIL
BORROW-EXCAVATION
WATER
SUBGRADE PREPERATION - TYPE A
AGGREGATE SURFACE COURSE CL 13
MOBILIZATION
TEMPORARY TRAFFIC CONTROL
SEEDING-TYPE B-CL II
SEEDING-TYPE B-CL IV
EROSION CONTROL
PIPE CONDUIT
PERMANENT SIGNING
W-BEAM GUARDRAIL
W-BEAM GUARDRAIL END TERMINAL
Total Roadwork Costs

Total Roadwork and Bridge Costs

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

60,000.00
50,000.00
462,875.00
489,500.00
102,000.00
22,496.00
764,500.00
76,080.00
327,840.00
360,000.00
58,500.00
1,500.00
37,500.00
13,530.00
2,500.00

$ 2,828,821.00
$
127.04

TOTAL ESTIMATED BRIDGE COST
COST PER SQUARE FOOT
BR SQ FT =
22268

1% grade road work
103 0100
203 0101
203 0109
203 0140
216 0100
230 0300
302 0356
702 0100
704 9999
708 2240
708 2260
708 9999
714 9999
754 9999
764 0131
764 0145

TOTAL
PRICE

L SUM
CY
CY
CY
M GAL
STA
TON
L SUM
L SUM
ACRE
ACRE
L SUM
LF
L SUM
LF
EA

$25,450.00
$
5.00
$
4.00
$
5.00
$
14.00
$
250.00
$
10.00
$ 75,000.00
$ 5,000.00
$
300.00
$
50.00
$ 5,000.00
$
125.00
$5,000.00
$
50.00
$ 2,500.00

1
20,962
6,114
22,552
411
69.35
7,467
1
1
11.369
11.369
1
350
1
200
4

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

25,450.00
104,810.00
24,456.00
112,760.00
5,754.00
17,337.50
74,670.00
75,000.00
5,000.00
3,410.70
568.45
5,000.00
43,750.00
5,000.00
10,000.00
10,000.00
522,966.65

$ 3,351,790.00
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Appendix J
54'inch Prestressed Concrete Alternative (7'span)
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SECTION

PROJECT CODE

STATE

ND

FMMDR4B

SHEET

NO.

NO.

170

1

586’-4"
Total Bridge Length

85’-8"

83’-0"

83’-0"

83’-0"

1’
0"

83’-0"

Begin Bridge
Sta 97+06.83

83’-0"

RC Bridge Approaches

85’-8"

(Typ.)

Coping (Typ.)

36’
0"

El XXX.XX

Cl
earRdwy

Sta 97+92.50

El XXX.XX

El XXX.XX
‘ Pier

‘ Bridge

Sta 98+75.50

El XXX.XX

Sta 100+00.00

El XXX.XX

El 1000.00

‘ Pier

‘ Pier

‘ Pier

Sta 100+41.50

Sta 101+24.50

Sta 102+07.50

El XXX.XX

El XXX.XX

El XXX.XX
End of Bridge

1’
0"

Sta 97+09.36

Sta 102+90.64

0"
’

‘ Pier

‘ Bent

‘ Pier
Sta 99+58.50

0
20

‘ Bent

18’
0" 18’
0"

El XXX.XX

Sta 102+93.17
El XXX.XX
Riprap Limits (Typ.)

Low Structure
El 891.85
El 888.13

PLAN

S = 12:1
L = 5’ (Typ.)

Q100 *
El 889.29

5
’
0
"

El 887.72

‘ Channel

Q500 *

7:
1

El 890.75

Existing Ground

El 871.11

1
1
6
’
27
8"

5
0
:
1

Top of Bridge Rail

El 892.40

4:
1

El 862.62

6’
6"

5
2
:
1
2
4
’
0
"
2
6
’
0
"
5
2
’
0
"
1
0
0
’
0
"
2
7
5
’
0
"

38’-0"

and not for

Channel Invert

5
2
:
1

9
9
’
6
"

* HMG Hydraulic Data, June 13, 2012

Total Bridge Width

El 870.63

4
:
1

Proposed Profile Grade
Top of Deck

5
0
:
1

Geotextiles

El 882.47

7
:
1

D = X"
(Typ.)
7
:
1

Standard Drawing A
Standard Drawing B

El 887.72
12’-0"

8"

STANDARD DRAWINGS

5
0
:
1
7
5
’
6
"

36’-0"

12’-0"

purposes.

El 881.99

Riprap over

Clear Roadway
6’-0"

RY
A
N
I
M
construction
or
I
L
E
R
Pimplementation
is preliminary

SPF *

El 863.12
El 869.12

This drawing

6’-0"

ELEVATION

7
9
’
6
"

2
4
’
0
"

F.W.S. XX PSF

El 888.13

HL-93 DESIGN LOADING

3
6
’
87
8"

‘ Cass Co. 32

NORTH DAKOTA

‘ Crown Line

DEPARTMENT OF TRANSPORTATION

5
’
0
"

RED RIVER DIVERSION
REACH 4

3’-0"

10’-8"

10’-8"

10’-8"

3’-0"

COUNTY ROAD - 32

BRIDGE LAYOUT
‘ Prestressed I-Beam

PROJECT: XX-0-000(000)000

D = 54"
(Typ.)

STATION: 100+00

TYPICAL SECTION

CASS COUNTY

Scale: 1" = 10’
DATE

7/12/2012

12:05:53 PM

kcochran
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ENGINEERS COST ESTIMATE
FOR

CR-32 FARGO DIVERSION
54" BEAM ALTERNATIVE
ITEM
NUMBER

210
210
602
602
602
602
604
612
612
622
708
930
930
930
930

0101
0201
0130
1130
1133
1250
9915
0115
0116
0060
1020
3000
8600
8666
9536

ITEM DESCRIPTION

CLASS 1 EXCAVATION
FOUNDATION PREPARATION
CLASS AAE-3 CONCRETE
CLASS AE-3 CONCRETE
CONCRETE BRIDGE APPROACH SLAB
PENETRATING WATER REPELLENT TREATMENT
PRESTRESSED I-BEAM-54IN
REINFORCING STEEL GRADE 60
REINFORCING STEEL GRADE 60 EPOXY COATED
STEEL PILING HP14 x 73
RIPRAP - LOOSE ROCK
BRIDGE BENCH MARKS
ELASTOMERIC BEARING PAD
4IN EXPANSION STRIP SEAL
ABUTMENT UNDERDRAIN SYSTEM

UNIT

L SUM
EA
CY
CY
SY
SY
LF
LBS
LBS
LF
CY
SET
SF
LF
L SUM

UNIT
COST

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

60,000.00
50,000.00
575.00
550.00
300.00
8.00
220.00
1.20
1.20
60.00
75.00
1,500.00
500.00
165.00
2,500.00

CONTRACT
QUANTITY

TOTAL
PRICE

1
1
920
1200
340
2812
2296
85500
315450
6700
850
1
84
82
1

Total Roadwork and Bridge Costs

60,000.00
50,000.00
529,000.00
660,000.00
102,000.00
22,496.00
505,120.00
102,600.00
378,540.00
402,000.00
63,750.00
1,500.00
42,000.00
13,530.00
2,500.00

$ 2,935,036.00
$
131.81

TOTAL ESTIMATED BRIDGE COST
COST PER SQUARE FOOT
BR SQ FT = 22268

1% grade road work
103 0100 CONTRACT BOND
203 0101 COMMON EXCAVATION-TYPE A
203 0109 TOPSOIL
203 0140 BORROW-EXCAVATION
216 0100 WATER
230 0300 SUBGRADE PREPERATION - TYPE A
302 0356 AGGREGATE SURFACE COURSE CL 13
702 0100 MOBILIZATION
704 9999 TEMPORARY TRAFFIC CONTROL
708 2240 SEEDING-TYPE B-CL II
708 2260 SEEDING-TYPE B-CL IV
708 9999 EROSION CONTROL
714 9999 PIPE CONDUIT
754 9999 PERMANENT SIGNING
764 0131 W-BEAM GUARDRAIL
764 0145 W-BEAM GUARDRAIL END TERMINAL
Total Roadwork Costs

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

L SUM
CY
CY
CY
M GAL
STA
TON
L SUM
L SUM
ACRE
ACRE
L SUM
LF
L SUM
LF
EA

$25,450.00
$
5.00
$
4.00
$
5.00
$
14.00
$
250.00
$
10.00
$ 75,000.00
$ 5,000.00
$
300.00
$
50.00
$ 5,000.00
$
125.00
$5,000.00
$
50.00
$ 2,500.00

1
20,962
6,114
22,552
411
69.35
7,467
1
1
11.369
11.369
1
350
1
200
4

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

25,450.00
104,810.00
24,456.00
112,760.00
5,754.00
17,337.50
74,670.00
75,000.00
5,000.00
3,410.70
568.45
5,000.00
43,750.00
5,000.00
10,000.00
10,000.00
522,966.65

$ 3,458,000.00
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FM Metro Diversion
Bridge Design Criteria
Reach 4: County Road 32
Bridge No. 09-136-16
Location: Diversion Station 408+13
I.

DESIGN SPECIFICATIONS
A. GOVERNING CRITERIA
1. American Association of State Highway and Transportation Officials (AASHTO) "LRFD
Bridge Design Specifications”, 6th Edition.
2. North Dakota Department of Transportation Design Manual Chapter IV.
3. North Dakota Department of Transportation “Standard Specifications for Road and Bridge
Construction, Vol. 1" (2008).
B. LAYOUT
1. Hydraulic Design Criteria
a. Flow data
Flow
Stage (ft)
Velocity (fps)
i. 100-yr
889.29
4.2
ii. 500-yr
890.75
4.5
iii. SPF
892.40
5.0
(SPF = Standard Project Flood, which is modeled as Extreme Event)
b. Channel bottom elevations: 862.62
c. Freeboard: 1’-0” above 500-yr stage elevation.
d. Minimum Low member elevation 1’-0” above 500-yr stage elevation.
i. Elevation: 890.75 + 1.00 = 891.75
e. Minimum Low deck elevation 1’-0” above SPF (does not control at this location)
i. Elevation: 892.40 + 1.00 = 893.40
2. Geotechnical:
a. Settlement Analysis is being performed by Braun Intertec and Global Stability
Analysis is being performed by Barr Engineering. The results will be presented in
separate reports.
b. Foundation Recommendations are being performed by Braun Intertec and will be
provided as a separate report.
3. Skew: The Existing roadway alignment crosses the channel centerline at approximately a
50° right skew. The roadway alignment has been realigned to reduce that skew angle
down to 20°.
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4. Deck width:

Traffic Lanes:
Shoulders:
Traffic barriers:
Total:

2 @ 12’-0” =
2 @ 6’-0” =
2 @ 1’-0” =

24’-0”
12’-0”
2’-0”
38’-0”

5. The roadway cross-slope shall be ¼” per foot.
C. DESIGN LOADINGS
1. Load Modifiers
a. Ductility: 1.00 – Ductile Concrete Structure
b. Redundancy: 1.00 – Redundant
c. Importance: 1.00 for County Bridges
2. Components and Dead Loads (DC)
a. Unit weight of reinforced concrete:
b. Unit weight of prestressed concrete:
c. Unit weight of structural steel:
d. Traffic Barriers:

0.150 kcf
0.155 kcf
0.490 kcf
0.278 klf each

3. Wearing Surface and Utilities (DW)
a. Future Wearing Surface:

0.015 ksf

4. Live Loads and Impact (LL + IM)
a. 3 Design Lanes on bridge
b. HL-93 with impact
c. Live Load Deflection < L/800
5. Earthquake Effects (EQ)
a. In accordance with AASHTO LRFD Article 3.10.9.2
6. Braking Force (BR)
Two design lanes in one direction
7. Wind Loads (WL & WS)
As per AASHTO, IV-04.03.04, and IV-04.03.05.
8. Ice Forces
Design Pressure:
Ice Thickness:
Elevation:

16 ksf
3’-0”
Evaluate at
• Elev. 880.40 (2/3 the distance from flowline elevation
to the 100-year water surface elevation)
• Elev. 889.29 (100-year water surface elevation)

9. Thermal Forces (TU)
a. Mean temperature of 40° F
7/17/12 Final
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b. Thermal coefficient:
i.
Concrete:
ii.
Steel:

0.0000060/° F
0.0000065/° F

c. Seasonal variation:
i.
Concrete
- Temperature Rise:
40° F
- Temperature Fall:
40° F
ii.
Steel
- Temperature Rise:
80° F
- Temperature Fall:
70° F
(Per IV-04.14.02, use 1.0 load factor to calculate movements instead of 1.2 from
AASHTO.)
10. Pressure (EH & EV)
a. Unit weight of structural backfill:
b. Friction angle:
c. Coefficients
i.
K a = 0.28
ii.
K o = 0.44
iii.
K p = 3.53
d. Lateral equivalent fluid pressure:
- Active:
- At-rest:

0.135 kcf
34 degrees

0.040 kcf
0.060 kcf

D. LOADING COMBINATIONS
1. Load combinations shall be in accordance with AASHTO Table 3.4.1-1 and 3.4.1-2
E. MATERIALS
1. Concrete: (28 day cylinder strength as noted)
a. Cast-in-Place superstructure:
4.0 ksi (AAE-3)
b. Cast-in-place substructure:
3.0 ksi (AE-3)
c. Precast beam:
- F’ci:
4.0 ksi (min)
- F’c:
5.0 ksi (min)
7.0 ksi (max)
2. Reinforcing Steel
a. All reinforcing steel shall be AASHTO M31, Grade 60.
-Superstructure:
Epoxy coated
-Substructure:
Plain
Concrete cover
Superstructure
2 ½ inches
-Top of Deck:
-Bottom of Deck:
1 inch
Substructure
-Concrete Cast Against Forms
2 inches
-Concrete Cast Against Earth
4 inches
-At formlined surfaces
4 inches
7/17/12 Final
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3. Pre-tensioning Steel
Strand
AASHTO M203, Grade 270, Low Relaxation
- Strand size:
0.6” diameter
- Apparent modulus:
29,000 ksi
II. SUPERSTRUCTURE DESIGN
A. CONCRETE SLAB
1. Design shall be by the AASHTO approximate strip method. Minimum deck thickness shall
be 8”. Top ½” of deck to be neglected in structural calculations.
2. Deck concrete shall be placed in one continuous operation.
B. PRE-TENSIONED CONCRETE
1. Design shall be by the refined method in AASHTO LRFD specifications published prior to
the 2005 Interim. Design shall follow the requirements of IV-02.08.
III. SUBSTRUCTURE DESIGN
A. Pier fixity: One pier shall be fixed.
B. Structural Design: Substructure elements to be designed in accordance with AASHTO LRFD.
C. Geotechnical Design: In accordance with Final Geotechnical report and AASHTO LRFD.
IV. ROADWAY
A. Design Speed: 55 mph
B. Profile: Maximum grade of 1%. Vertical curves based on stopping site distance.
C. Cross Slope: 3%
D. Typical Section No. 1 (within guardrail limits)
i. 32-foot paved top (12-foot lanes, 4-foot shoulders)
ii. 12” minimum base plus HBP
E. Typical Section No. 2 (outside guardrail limits)
i. 32-foot graded top with 28-foot gravel surface
ii. 6” minimum gravel thickness
F. Ditch Section
i. 4:1 minimum inslope
ii. 8-foot minimum ditch bottom width
iii. 3:1 minimum backslope
iv. 0.05% ditch grade
v. 24” minimum culvert size
G. Right of Way: 200-foot minimum
V. MISCELLANEOUS
A. Two approach slabs at each bridge end: 20’ pile supported approach slab with a 20’ soil
supported approach slab.
B. Traffic barriers will be 2’-8” tall reinforced concrete Kansas Corral Rail without curb.
C. Deck drainage system not required.

7/17/12 Final
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D.
E.
F.
G.

Expansion joints: strip seal
Bearings: elastomeric
Diaphragms: concrete
Aesthetic treatments (form liners, colors, etc.) to be determined.
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INTRODUCTION
The Red River diversion channel will carry flood waters from the Red River of the
North. The diversion channel will start near Oxbow, ND, and will end near
Georgetown, MN. The Diversion Authority, in response to the proposed diversion
channel crossing several roadways, has identified the need for a bridge at Cass
County Road 22. Based on the government'furnished data for Reaches 1
through 6 received on April 23, 2012, the channel alignment crosses the existing
County Road 22 alignment at a 90⁰ angle. County Road 22 crosses the channel
in Reach 5 of the channel (See Figure 1 below). The County Road 22 bridge will
be 6 miles north of Fargo and 4 miles southwest of Harwood.

Figure 1 – Project Location Map

(7438'003)
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PURPOSE OF STUDY
The purpose of the study is to determine the most suitable bridge for the site
based on several criteria, including function, constructability, economics, and
aesthetics. Based on these criteria, both the superstructure and substructures
need to be studied to determine which final bridge layout will provide the greatest
benefit/cost ratio. A final bridge layout and type recommendation will then be
made based on the completed analysis. This study will specifically include a look
at several different bridge configurations and associated costs to determine the
most feasible option.

III.

PROPOSED GEOMETRY
A.

BRIDGE GEOMETRICS
AASHTO’s “A Policy on Geometric Design of Highways and Streets,” requires a
minimum bridge clear width for the projected ADT of 28 feet. Cass County design
criteria for roadways recommends the same minimum finished roadway width for
County Road 22. However, after conversations with Cass County and the
diversion bridge design team, it was agreed upon to use a 36 feet clear width
because of the probability of future growth, as well as large agricultural
equipment using the bridge.
The low chord elevation and bridge length were determined based on the
channel geometry and hydraulic information provided in the following documents:
•

USACE document MFR'005 6/12/2012

•

USACE document MFR'002 4/24/2012

•

Government'furnished data for Reaches 1 through 6, received 4/23/2012

•

HMG (hydraulic design consultant) hydraulic design data received
6/13/2012 (Appendix A).

B.

BRIDGE LENGTH
Based on the bridge location and geometric requirements, several different
substructure options, in combination with different superstructure types and span

(7438'003)
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arrangements, were analyzed. The decision between a 5'span and 7'span
structure is contingent on balancing superstructure vs. substructure costs. Steel
plate girder and prestressed, precast concrete girders were analyzed along with
a variety of pier substructures; including wall, hammerhead, and multi'column
piers in addition to drilled shafts. Based on the results of various studies of
substructure and superstructure optimization (see following section) and span
arrangement, along with the required channel geometrics and the freeboard, it
was determined that a bridge length of 550 feet was needed for this location. The
results of the various studies utilized to determine the bridge length are included
in the following sections and appendices.
C.

BRIDGE COMPONENT DECISIONS
After discussions with Cass County and the diversion bridge design team,
several common bridge components were agreed upon for the diversion
structures. First, county bridges will make use of the Kansas Corral Rail system
to reduce snow drifting and aid in snow removal along with improving drainage
off of the bridge as drainage can be a concern with a “closed rail system” on long
bridges with relatively flat grades. Also, it was decided that two 20'foot approach
slabs would be used on each approach to the bridge. The approach slab closest
to the bridge will be pile supported to reduce settlement. Finally, after considering
the lengths of the bridges and taking into account preliminary thermal movement
calculations, a strip seal expansion joint should be used to accommodate the
expansion and shrinkage of the bridge.

D.

REQUIRED FREEBOARD
USACE document MFR'005 6/12/2012 gives a low chord elevation to be
designed to that is 1.03 feet above the 500'year flood elevation; however, the
minimum required freeboard is 1 foot. The top of the deck must also be a
minimum of 1 foot above the standard project flood (SPF) elevation.

E.

ROAD
AASHTO’s “A Policy on Geometric Design of Highways and Streets,” requires a
minimum roadway width of 28 feet for the projected ADT. This is consistent with

(7438'003)
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Cass County design standards for a two'lane rural gravel section, which dictates
that the roadway should be 28 feet wide and the minimum section thickness
should be 6 inches of gravel. Cass County design standards also specify a
maximum inslope of 4:1 and a maximum backslope of 3:1. No changes will be
made to the existing horizontal alignment. Several different grades were
analyzed in order to determine the most appropriate vertical profile to use on the
roadway. After analyzing 1%, 1.5%, and 2% grades, the 2% grade was
eliminated due to sight line concerns and stopping sight distances before the
bridge. Steeper grades allow curves to tie into the road faster and therefore
provide lower approach roadway costs (See Appendix B). The 1% and 1.5%
grades could both be used as they both satisfy stopping sight distance criteria
and sight line criteria, but after conversations with Cass County, the 1% grade
will be carried forward in design due to minimal cost differences and Cass
County preference. Cass County prefers to use a longer, flatter grade to reduce
sight line impacts as much as possible due to the agricultural equipment that may
use the bridge and public concern about these vehicles. Reconstruction of the
road for these curves will require approximately 650 feet on the west side of the
bridge and approximately 800 feet on the east side of the bridge.
F.

RECREATIONAL TRAILS/SIDESLOPE BENCHES
Braun Intertec and Barr Engineering, in cooperation with the United States Army
Corps of Engineers (USACE), have completed the preliminary geotechnical
studies for the bridge site. Several different factors were affecting side slope
stability, including the stratigraphy at the site, pilot channel width, and the fill
height at the bridge approaches. After calculations were completed based on
actual soil parameters, it was discovered that no sideslope benches would be
needed to provide the minimum factor of safety determined by the USACE.
Goals included in the Fargo'Moorhead Area Diversion Recreation and Use
Master Plan request that the diversion channel incorporate multiuse and
equestrian trails into the channel geometry. At county road bridges, the
preference is that the trails will be at grade crossings. However, due to the
Diversion Authority’s desire to accommodate the trail crossings under the bridges
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in the future, a 24'foot bench will be added to the east side. The channel bottom
width for the diversion outside of the bridge locations is 300 feet, and in order to
accommodate the bench width and not increase the bridge length, the diversion
channel was reduced to 275 feet at bridge locations. The bench can be seen in
the channel geometry illustration, which is shown in Appendix C. All hydraulic
requirements are still met with the reduced channel bottom width.
G.

AESTHETIC CONSIDERATIONS
A Bridge Aesthetic Study (BAS) is currently being completed to produce a
diversion bridge that is visually appealing and in harmony with the surrounding
landscape. The BAS study is intended to produce a bridge style that is consistent
along the entire length of the diversion. The pier and abutment geometrics will be
incorporated into aesthetic criteria to produce a bridge that is well'suited to
geometric, structural, and aesthetic considerations. Final aesthetic concepts will
be submitted with final design criteria, based on the BAS findings.

IV.

BRIDGE TYPE ALTERNATIVES
A.

SUBSTRUCTURE
1.

Abutment Types

It is NDDOT’s current policy to use integral abutments for bridges up to 400 feet
without a skew. Based on the estimated bridge length (> 500 feet), a parapet'
style abutment with U'shaped wingwalls will be used and supported by a deep
foundation. To handle calculated thermal movements at the abutments, strip seal
expansion joints will be used at both abutments.
2.

Pier Types

The pier type chosen to be used for the diversion bridges will be based on a
matrix of pier and foundation options. The optimal pier will be the combination of
function, economics, and aesthetics that meet the criteria for structure and
foundation type, as well as the required construction and staging methods.
Piers need to support all LRFD design loads, including ice loads, as specified by
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the NDDOT Design Manual. Piers need to be constructible with normal regional
construction methods (i.e., reinforced concrete). Piers should be designed to
accommodate structure widening, where possible.
a) Structure Elements
Three basic pier structure types* were considered:
•

Wall

•

Drilled Shaft Column with cap

•

Hammerhead

*See Appendix D for pier type illustrations

The NDDOT Design Manual states a preference for wall piers with ice protection
at water crossings as they can more easily resist potential ice loads. However,
hammerhead piers also perform adequately for river crossings with ice and
debris issues provided the ice loading is located at a reasonable location on the
pier.
Hammerhead piers typically have lower construction costs vs. wall piers. This is
because of reduced concrete quantities. The potential for future land
development in the area along the diversion alignment will necessitate that these
bridges may need to be designed to accommodate future widening. Wall'type
piers typically are more conducive to widening without major modifications.
The drilled shaft column with pier cap has the advantage of faster construction,
which may add value for condensed construction schedules; however, using
multiple columns increases potential for catching debris.
When comparing costs, structural concrete quantities were estimated, then
adjusted unit costs were used to account for formwork geometry and complexity.
Temporary shoring may also impact pier costs depending on the foundation type
used. All of the above data was factored into the final decision for pier type
selection.

(7438'003)
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b) Foundation Elements
Two basic foundation types* were considered:
•

Steel pile (HP and round shapes) with pile cap

•

Drilled shaft (with or without pile cap, as required by the pier type)

*Spread footings are not being considered due to poor performance with the types of soils in the Red River
Valley.

The direct comparison of foundation types can only be done if they are used in
similar layouts. To establish an equal comparison, an example pier with a pile
cap using either drilled shafts or steel piles was used. Drilled shafts have been
constructed in the Red River Valley region; however, a prevalence of steel pile is
used for deep foundations. Results indicate that steel piling (HP or CIP) was
found to be more cost effective than drilled shafts (see Appendix E) and was
carried forward in the design.
c) Construction Staging
Other applications, such as a pier caps on drilled shafts, can be economical
when factoring in costs for difficult site conditions or where additional excavation
for construction is not feasible. By using limited excavation and temporary
shoring, the drilled shafts offer the advantage of constructing foundations prior to
constructing the channel to its full limits. Hammerhead and wall piers would
require extensive excavation in order to construct the foundations if the full depth
channel section is not constructed with the bridge. Excavation and dewatering
costs for pier construction are not included in the estimated costs provided in the
appendices; however, these additional costs are not anticipated to add enough
expense that the drilled shafts would become more economical.
The diversion sites are unusual in the fact that the full channel may not be
constructed prior to the bridge so there may be phased excavation. Partial
excavation of the channel is proposed to provide room for the superstructure
construction. Excavation to the final channel limits will be completed after or
during the adjacent channel excavation.

(7438'003)
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d) Pier Structure and Foundation Combinations
Three pier structure and foundation combinations were evaluated for cost
comparison:
•

Wall pier with steel pile foundation (with pile cap)

•

Pier cap on drilled shafts using limited excavation prior to excavation

•

Hammerhead with steel pile foundation (with pile cap)

Upon investigation, the hammerhead pier was found to have the lowest
construction costs. Because of the reduced costs, the hammerhead pier was
requested by the diversion authority. The drilled shafts option has the highest
construction costs. The wall pier has slightly higher costs than the hammerhead,
but because of NDDOT preference and the ability to be widened in the future, the
wall pier is recommended for final design (See Appendix F).
Pier Type
Wall Pier with Steel Pile

Pro
•

Foundation

Resistance to ice and

Con
•

debris
•

Increased construction
costs

NDDOT preference for
water crossings

•

Easily accommodates
future widening

Pier Cap on Drilled Shafts

•

Foundation construction

•

without temporary

Highest construction
costs

shoring

Hammerhead with Steel
Pile Foundation

B.

•

Lowest construction
costs

•

Future widening
complications

SUPERSTRUCTURE
Two superstructure types are being considered for the diversion bridges because
of their constructability and economics. We have considered both steel plate
girders and prestressed, precast concrete girders. For a steel superstructure, a
welded plate steel girder system is typically used for this length and span layout.
For a concrete superstructure, a prestressed concrete girder system is the most
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economical for this length and span layout.
1.

Steel Alternative

Welded plate steel girders use web and flange dimensions that can be custom
tailored to meet capacity requirements. Web depths are kept constant over the
full length of the bridge. Several layouts were considered using multiple web
depths to investigate optimum web dimensions and span layouts while
minimizing costs. The layouts considered were:
•

3'span – 5'girder lines (78'inch'deep girders @ 8’'0” O.C.)

•

3'span – 4'girder lines (90'inch'deep girders @ 10’'8” O.C.)

•

5'span – 5'girder lines (52'inch'deep girders @ 8’'0” O.C.)

•

5'span – 4'girder lines (72'inch'deep girders @ 10’'8” O.C.)

•

7'span – 4'girder lines (48'inch'deep girders @ 10’'8” O.C.)

Taking into account calculated preliminary pier costs (see Appendix G) and
estimating total bridge costs with different span arrangement, the optimal steel
span layout is a 5'span – 4'girder line superstructure using 72'inch'deep girders.
The preliminary cost estimate for the steel girder alternative is $3,015,050. A
conceptual layout and detailed cost estimate can be found in Appendix G.
2.

Concrete Alternative

Beam sufficiency is the product of span length and girder spacing. Several
layouts were considered using multiple beam sections to investigate optimum
span layouts. The layouts considered were:
•

5'span – 5'girder lines (63'inch'deep girders @ 8’'0” O.C.)

•

5'span – 4'girder lines (63'inch'deep girders @ 10’'8” O.C.' exceeds
NDDOT preferences for concrete compressive stress)

•

5'span – 6 girder lines (54'inch'deep girders @ 6’'6” O.C.)

•

7'span – 5'girder lines (45'inch'deep girders @ 8’'0” O.C.)

•

7'span – 4'girder lines (54'inch'deep girders @ 10’'8” O.C.)

In these alternatives, all spans use the same beam length. All beam sections are
regionally available beams referred to as MnDOT shapes (45M, 54M, and 63M).
(7438'003)
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Taking into account preliminary pier costs as well as NDDOT prestressing
preferences, the optimal prestressed beam layout is a 5'span, 5'girder line
superstructure using 63'inch beams (63M). The preliminary cost estimate for the
63'inch beam concrete girder alternative is $2,814,120. A conceptual layout and
detailed cost estimate can be found in Appendix H.
A 5'span layout using 54'inch beam (54M) was also investigated and would
require 6 girder lines. When comparing the 5 span concrete layouts, the 63'inch
beam has a cost advantage due to reduced beam quantities. There are some
cost savings associated to the lower profile of the 54'inch beam, but it is not
enough to offset the savings of the reduced girder lines. The cost balance
between the the 63'inch, 5'span option and the 54'inch, 5'span option is
sensitive to the girder prices agreed upon by the bridge design team. The
preliminary cost estimate for the 54'inch beam concrete girder alternative is
$2,856,810. A conceptual layout and detailed cost estimate can be found in
Appendix I.
An alternate beam layout using 54'inch beams (54M) has proven to be feasible,
as well. This alternate uses 7 spans with 4 girder lines. Advantages of this
alternative include reduced profile elevations, which lead to a cost savings on
approach road costs. The savings is not enough to offset the fewer number of
piers in the 5 span options. The cost balance between this option and the 5'span
options is dependent on the pier unit prices. The preliminary cost estimate for the
54'inch beam concrete girder alternative is $2,907,610. A conceptual layout and
detailed cost estimate can be found in Appendix J.
3.

Approach Road Fill Depths

Other important cost considerations indirectly affected by girder types include
approach roadway fill quantities. Taller girders require higher roadway profiles
and therefore, greater fill quantities. The steel girder option was found to have
the highest approach roadway costs due to fill depths that are significantly higher
than the concrete alternatives. Depth of fill required for approach embankments
is estimated to be as high as 7 feet. Embankment settlements are still being
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estimated but are expected to be up to 6 inches. To mitigate embankment
settlement, surcharge using wick drains is one potential option to pre'consolidate
embankment areas and reduce settlement. In addition, approach slabs adjacent
to the abutments shall be supported on piles.
Based on construction costs and future maintenance costs, the prestressed
concrete girder option using 63'inch beams is recommended for final design.
Superstructure Type
72'inch Welded Plate Steel
Girder (5 span)

63'inch Prestressed Concrete
Girder (5 span)

•

•

•
54'inch Prestressed Concrete
Girder (7 span)

V.

•
•

Pro
Longer spans are
possible

Lowest bridge
construction cost
Reduced long term
maintenance cost vs.
steel
Lowest roadway profile
Reduced long term
maintenance cost vs.
steel

•

•
•

•

Con
Highest bridge
construction cost
Highest approach
roadway cost
Higher roadway profile
than 54'inch prestressed
concrete girder

Requires two extra piers
to be constructed possibly
impacting construction
schedule

BRIDGE TYPE RECOMMENDATION
The recommended superstructure type and layout is a prestressed concrete
girder bridge using 5'spans, 5'girder lines, and 63'inch beams (63M). The
recommended substructure will consist of wall'type piers and parapet'style
abutments, both on steel H'pile supported foundations. Prestressed concrete
girder bridges are commonly found in the region and provide the lowest future
maintenance costs when compared to steel structures. This bridge type consists
of the most functional alternative while keeping economics in mind and also
lends itself to easily incorporating aesthetic treatments.
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Hydraulic Model Results from HMG
Bridges with Channel Bottom 300ft (MFR)
Low Chord
0.2% clearance
WSL US
River Sta
Elev.
to low chord
(ft)
(ft)
(ft)
146991
896.70
906.97
-10.27
143050
910.15
905.35
4.80
142773
910.10
905.28
4.82
131396
907.40
904.11
3.29
115574
904.40
902.78
1.62
89375
903.10
900.85
2.25
89199
903.10
900.81
2.29
86485
901.75
900.64
1.11
83937
901.50
900.49
1.01
70166
879.06
899.72
-20.7
67843
896.20
895.14
1.06
66113
895.96
894.84
1.12
57101
894.50
893.44
1.06
40813
891.80
890.72
1.08
31489
891.20
889.16
2.04
31378
891.20
889.11
2.09
31166
890.70
889.03
1.67
31003
891.20
888.94
2.26
7668
886.20
885.13
1.07

Bridges with Channel Bottom 250ft with Benches*
0.2% clearance WSL diff.
Low Chord WSL US
River Sta
to low chord
MFR vs
Elev. (ft)
(ft)
(ft)
W250
146991
896.70
906.99
-10.29
0.02
143050
910.15
905.36
4.79
0.01
142773
910.10
905.3
4.80
0.02
131396
907.40
904.14
3.26
0.03
115574
904.40
902.81
1.59
0.03
89375
903.10
900.9
2.20
0.05
89199
903.10
900.87
2.23
0.06
86485
901.75
900.69
1.06
0.05
83937
901.50
900.54
0.96
0.05
70166
879.06
899.78
-20.72
0.06
67843
896.20
895.21
0.99
0.07
66113
895.96
894.91
1.05
0.07
57101*
894.50
893.47
1.03
0.03
40813*
891.80
890.75
1.05
0.03
31489*
891.20
889.18
2.02
0.02
31378*
891.20
889.12
2.08
0.01
31166*
890.70
889.03
1.67
0.00
31003*
891.20
888.94
2.26
0.00
7668*
886.20
885.16
1.04
0.03
* Sections include 250ft bottom. All other sections are 300 ft bottom.
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Road/Rail
Co Rd 22
Co Rd 32
I-29 South Bound
I-29 North Bound
Hillsboro Subdiv RR
Co Rd 81
Co Rd 4/Co Rd 31

Road/Rail
Co Rd 22
Co Rd 32
I-29 South Bound
I-29 North Bound
Hillsboro Subdiv RR
Co Rd 81
Co Rd 4/Co Rd 31

Station (ft)
57101
40813
31489
31378
31166
31003
7668

Station (ft)
57101
40813
31489
31378
31166
31003
7668

1%
(ft/s)
3.63
3.93
3.91
3.92
4.33
3.94
3.85

MFR
Velocity
0.2%
(ft/s)
3.87
4.28
4.28
4.29
4.75
4.32
4.31

1%
(ft)
891.86
889.25
887.75
887.70
887.63
887.56
884.10

MFR
WSL
0.2%
(ft)
893.44
890.72
889.16
889.11
889.03
888.94
885.13

SPF
(ft/s)
4.39
4.77
4.71
4.72
5.24
4.76
4.90

SPF
(ft)
895.47
892.35
890.52
890.46
890.37
890.25
885.94

1%
(ft/s)
3.88
4.17
4.12
4.13
4.57
4.16
4.06

250 ft Bottom
Velocity
0.2%
(ft/s)
4.12
4.53
4.49
4.5
4.98
4.53
4.53

SPF
(ft/s)
4.67
5.04
4.92
4.93
5.48
4.98
5.14

250 ft Bottom
WSL
1%
0.2%
SPF
(ft)
(ft)
(ft/s)
891.90
893.47
895.51
889.29
890.75
892.40
887.78
889.18
890.54
887.72
889.12
890.48
887.64
889.03
890.38
887.57
888.94
890.26
884.13
885.16
885.98

Bench Dimensions
Road/Rail
Co Rd 22
Co Rd 32
I-29 South Bound
I-29 North Bound
Hillsboro Subdiv RR
Co Rd 81
Co Rd 4/Co Rd 31

Station (ft)
57101
40813
31489
31378
31166
31003
7668

Left
Right
Bank (ft) Bank (ft)
25
10
24
24
24
24
24

24
24
24
24
24
24
24
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County Road 22
Profile Cost Comparison

SPEC
203
203
203
216
230
302
708
708
704
708
714
754

CODE
0101
0109
0140
0100
0300
0356
2240
2260
9999
9999
9999
9999

ITEM DESCRIPTION
COMMON EXCAVATION-TYPE A
TOPSOIL
BORROW-EXCAVATION
WATER
SUBGRADE PREPARATION - TYPE A
AGGREGATE SURFACE COURSE CL 13
SEEDING-TYPE B-CL II
SEEDING-TYPE B-CL IV
TEMPORARY TRAFFIC CONTROL
EROSION CONTROL
PIPE CONDUIT
PERMANENT SIGNING

UNIT COST
$
5.00
$
4.00
$
5.00
$
14.00
$ 250.00
$
10.00
$ 300.00
$
50.00
$ 5,000.00
$ 5,000.00
$ 125.00
$ 5,000.00

UNIT
CY
CY
CY
M GAL
STA
TON
ACRE
ACRE
L SUM
L SUM
LF
L SUM

Alignment - 1%
Alignment - 1.5%
Alignment - 2%
QUANTITY
TOTAL
QUANTITY
TOTAL
QUANTITY
TOTAL
1104
$ 5,520.00
2034
$ 10,170.00
2209
$ 11,045.00
722
$ 2,888.00
697
$ 2,788.00
655
$ 2,620.00
9310
$ 46,550.00
6364
$ 31,820.00
4933
$ 24,665.00
136.4
$ 1,909.60
104.6
$ 1,464.40
90.3
$ 1,264.20
14.5
$ 3,625.00
13.6
$ 3,400.00
13.6
$ 3,400.00
1692
$ 16,920.00
1598
$ 15,980.00
1598
$ 15,980.00
1.343
$
402.90
1.296
$
388.80
1.218
$
365.40
1.343
$
67.15
1.296
$
64.80
1.218
$
60.90
1
$ 5,000.00
1
$ 5,000.00
1
$ 5,000.00
1
$ 5,000.00
1
$ 5,000.00
1
$ 5,000.00
250
$ 31,250.00
250
$ 31,250.00
250
$ 31,250.00
1
$ 5,000.00
1
$ 5,000.00
1
$ 5,000.00
$ 124,132.65
$ 112,326.00
$ 105,650.50
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Appendix C
Channel Geometry Illustrations
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Pier Type Illustrations
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Appendix E
Foundation Type Cost Comparison
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ITEM
5' φ drilled shaft

ITEM
HP 14 X 73 Pile
80' Drilled Shaft X 2 =
80' Pile X 15 Piles=

TOTAL
ESTIMATED
QUANTITIES
$84,000.00

UNIT

QUANTITY

UNIT PRICE

LIN. FT.

160

$525.00

UNIT

QUANTITY

UNIT PRICE

TOTAL
ESTIMATED
QUANTITIES

LIN. FT.

1200

$60.00

$72,000.00

160 LF
1200 LF

NDDOT Annual Average Bid Prices
84000-72000=
12000/72000=

12000
0.167=

17%
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Appendix F
Pier Type Cost Comparison
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Hammerhead Pier

ITEM
STRUCTURAL CONCRETE
HP 14 X 73 Pile

UNIT

QUANTITY

UNIT PRICE

CY
LIN. FT.

107
812

$600.00
$60.00

UNIT

QUANTITY

UNIT PRICE

CY
LIN. FT.

143
885

$600.00
$60.00

UNIT

QUANTITY

UNIT PRICE

CY
LIN. FT.

51
167

$600.00
$750.00

TOTAL
ESTIMATED
QUANTITIES
$64,200.00
$48,720.00
$112,920.00

Wall Pier

ITEM
STRUCTURAL CONCRETE
HP 14 X 73 Pile

TOTAL
ESTIMATED
QUANTITIES
$85,800.00
$53,100.00
$138,900.00

Drilled Shaft Columns

ITEM
STRUCTURAL CONCRETE
DRILLED SHAFT COLUMNS

TOTAL
ESTIMATED
QUANTITIES
$30,840.00
$125,250.00
$156,090.00
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Appendix G
Steel Superstructure Alternative (5'span)

Page D-713

SECTION

PROJECT CODE

STATE

ND

FMMDR5B

SHEET

NO.

NO.

170

1

550’-0"
Total Bridge Length

119’-0"

119’-0"

119’-0"

1’
0"

96’-6"

El xxx
‘ Pier 1

Sta 97+25.00

Sta 98+21.50

El xxx

El xxx

5" (Typ.)

El xxx
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PLAN
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‘ Diversion
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Low Structure (Beams 1 & 5) **

Q100 *

El 894.50

El 891.90
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S = 12:1, L = 5’

Q500 *
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El 893.47

7
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El 891.06
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Diversion Toe
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El 874.07
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E

E
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Top of Bridge Rail

E
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SPF *
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El 895.51

El 890.64
El 882.07

Diversion Toe
El 873.59

Channel Invert

(Typ.)

1
:
7

1
:
0
5

1
:
0
5

(TYp.)
El 871.98

E

El 881.59
1
:
7

El 866.38

5
0
:
1

El 891.06

El 865.98

5’-0"

Riprap over

24’-0"

60’-0"

5’-0"

Geotextiles
D = X" (Typ.)
116’-0"

104’-6"

22’-6"

22’-6"

45’-0"

80’-6"

56’-0"

275’-0"

38’-0"

ELEVATION

Total Bridge WIdth

This drawing

36’-0"

Y
R
and not for
NA
I
M or
construction
LI
E
R
Pimplementation

12’-0"

12’-0"

6’-0"

Shldr.

Lane

Lane

Shldr.

8"

6’-0"

‘ Cass Co. 22
‘ Crown Line

1
S= 4"/ft.

STANDARD DRAWINGS

is preliminary

Clear Roadway
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Standard Drawing A
Standard Drawing B
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REACH 4
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3’-0"

10’-8"

10’-8"

10’-8"

BRIDGE LAYOUT

3’-0"

PROJECT: XX-0-000(000)000
STATION: 100+00

TYPICAL SECTION

CASS COUNTY

Scale: 1" = 10’

DATE

7/12/2012

12:30:07 PM

kcochran

Z:\7400\7438\12_7438_003\CAD\Preliminary Plans 003\170BR_001_BRLO.dgn

YYXX000

XXX
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BRIDGE ENGINEER
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ENGINEERS COST ESTIMATE
FOR

CR-22 FARGO DIVERSION
STEEL BEAM ALTERNATIVE
ITEM
NUMBER

210
210
602
602
602
602
612
612
616
622
708
930
930
930
930

0101
0201
0130
1130
1133
1250
0115
0116
0360
0060
1020
3000
8600
8666
9536

ITEM DESCRIPTION

CLASS 1 EXCAVATION
FOUNDATION PREPERATION
CLASS AAE-3 CONCRETE
CLASS AE-3 CONCRETE
CONCRETE BRIDGE APPROACH SLAB
PENETRATING WATER REPELLENT TREATMENT
REINFORCING STEEL GRADE 60
REINFORCING STEEL GRADE 60 EPOXY COATED
STRUCTURAL STEEL
STEEL PILING HP14 x 73
RIPRAP - LOOSE ROCK
BRIDGE BENCH MARKS
ELASTOMERIC BEARING PAD
4IN EXPANSION STRIP SEAL
ABUTMENT UNDERDRAIN SYSTEM

UNIT

L SUM
EA
CY
CY
SY
SY
LBS
LBS
LBS
LF
CY
SET
SF
LF
L SUM

UNIT
COST

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

60,000.00
50,000.00
575.00
550.00
300.00
8.00
1.20
1.20
1.50
60.00
75.00
1,500.00
500.00
165.00
2,500.00

CONTRACT
QUANTITY

1
1
720
775
340
2660
56300
220300
579800
6000
780
1
60
72
1

Total Roadwork and Bridge Costs

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

60,000.00
50,000.00
414,000.00
426,250.00
102,000.00
21,280.00
67,560.00
264,360.00
869,700.00
360,000.00
58,500.00
1,500.00
30,000.00
11,880.00
2,500.00

$ 2,739,530.00
$
131.08

TOTAL ESTIMATED BRIDGE COST
COST PER SQUARE FOOT
BR SQ FT = 20900

1% grade road work
103 0100 CONTRACT BOND
203 0101 COMMON EXCAVATION-TYPE A
203 0109 TOPSOIL
203 0140 BORROW-EXCAVATION
216 0100 WATER
230 0300 SUBGRADE PREPERATION - TYPE A
302 0356 AGGREGATE SURFACE COURSE CL 13
702 0100 MOBILIZATION
704 9999 TEMPORARY TRAFFIC CONTROL
708 2240 SEEDING-TYPE B-CL II
708 2260 SEEDING-TYPE B-CL IV
708 9999 EROSION CONTROL
714 9999 PIPE CONDUIT
754 9999 PERMANENT SIGNING
764 0131 W-BEAM GUARDRAIL
764 0145 W-BEAM GUARDRAIL END TERMINAL
ADDITIONAL DIAPHRAGM CONCRETE
Total Roadwork Costs

TOTAL
PRICE

L SUM
CY
CY
CY
M GAL
STA
TON
L SUM
L SUM
ACRE
ACRE
L SUM
LF
L SUM
LF
EA
CY

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

22,450.00
5.00
4.00
5.00
14.00
250.00
10.00
75,000.00
5,000.00
300.00
50.00
5,000.00
125.00
5,000.00
50.00
2,500.00
550.00

1
749
786
12260
167.8
15.3
1770
1
1
1.462
1.462
1
250
1
200
4
35

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

22,450.00
3,745.00
3,144.00
61,300.00
2,349.20
3,825.00
17,700.00
75,000.00
5,000.00
438.60
73.10
5,000.00
31,250.00
5,000.00
10,000.00
10,000.00
19,250.00
275,524.90

$ 3,015,050.00
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Appendix H
63'inch Prestressed Concrete Alternative (5'span)
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SECTION

PROJECT CODE

STATE

ND

FMMDR5B

SHEET

NO.

NO.

170

1

550’-0"
Total Bridge Length
111’-6"

109’-0"

220’-6"

1’
0"

4’-6" (Typ.)

109’-0"

El xxx
‘ Pier 1

Sta 97+25.00

Sta 98+36.50

El xxx

El xxx

5" (Typ.)

Sta 102+75.00
El xxx

El xxx

36’
0"

1’-6" (Typ.)

End of Bridge

Bridge Rail (Typ.)

Sta 100+00.00

1’
0"

Begin Bridge

‘ Bridge

2’-7" (Typ.)
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Cl
earRoadway
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El xxx

Reinforced Concrete
Bridge Approaches(Typ.)
EQN: Sta 100+00.00 ‘ Rd 22 P.O.T.
Sta 570+99.71 ‘ Channel P.O.C.

PLAN
‘ Pilot Low Flow & Bridge
‘ Diversion

Existing Ground
SPF *

Low Structure (Beams 1 & 5) **

Q100 *

El 894.50

El 891.90

S = 12:1, L = 5’

Q500 *

(Typ.)

El 893.47

Top of Deck

F

Diversion Toe
El 873.59
1
:
0
5

El 866.38

5
0
:
1

E
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0
5
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7
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This drawing
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5’-0"

Riprap over

24’-0"

60’-0"

5’-0"

Geotextiles
D = X" (Typ.)
116’-0"

104’-6"

22’-6"

22’-6"

45’-0"

80’-6"

275’-0"

56’-0"

* HMG Hydraulic Data, June 13, 2012
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** MFR-005, June 12, 2012
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TYPICAL SECTION
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ENGINEERS COST ESTIMATE
FOR

CR-22 FARGO DIVERSION
63" BEAM ALTERNATIVE
ITEM
NUMBER

210
210
602
602
602
602
604
612
612
622
708
930
930
930
930

0101
0201
0130
1130
1133
1250
9920
0115
0116
0060
1020
3000
8600
8666
9536

ITEM DESCRIPTION

CLASS 1 EXCAVATION
FOUNDATION PREPERATION
CLASS AAE-3 CONCRETE
CLASS AE-3 CONCRETE
CONCRETE BRIDGE APPROACH SLAB
PENETRATING WATER REPELLENT TREATMENT
PRESTRESSED I-BEAM-63IN
REINFORCING STEEL GRADE 60
REINFORCING STEEL GRADE 60 EPOXY COATED
STEEL PILING HP14 x 73
RIPRAP - LOOSE ROCK
BRIDGE BENCH MARKS
ELASTOMERIC BEARING PAD
4IN EXPANSION STRIP SEAL
ABUTMENT UNDERDRAIN SYSTEM

UNIT

L SUM
EA
CY
CY
SY
SY
LF
LBS
LBS
LF
CY
SET
SF
LF
L SUM

UNIT
COST

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

60,000.00
50,000.00
575.00
550.00
300.00
8.00
245.00
1.20
1.20
60.00
75.00
1,500.00
500.00
165.00
2,500.00

CONTRACT
QUANTITY

1
1
780
775
340
2660
2658
56300
220300
6000
780
1
75
72
1

Total Roadwork and Bridge Costs

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

60,000.00
50,000.00
448,500.00
426,250.00
102,000.00
21,280.00
651,210.00
67,560.00
264,360.00
360,000.00
58,500.00
1,500.00
37,500.00
11,880.00
2,500.00

$ 2,563,040.00
$
122.63

TOTAL ESTIMATED BRIDGE COST
COST PER SQUARE FOOT
BR SQ FT = 20900

1% grade road work
103 0100 CONTRACT BOND
203 0101 COMMON EXCAVATION-TYPE A
203 0109 TOPSOIL
203 0140 BORROW-EXCAVATION
216 0100 WATER
230 0300 SUBGRADE PREPERATION - TYPE A
302 0356 AGGREGATE SURFACE COURSE CL 13
702 0100 MOBILIZATION
704 9999 TEMPORARY TRAFFIC CONTROL
708 2240 SEEDING-TYPE B-CL II
708 2260 SEEDING-TYPE B-CL IV
708 9999 EROSION CONTROL
714 9999 PIPE CONDUIT
754 9999 PERMANENT SIGNING
764 0131 W-BEAM GUARDRAIL
764 0145 W-BEAM GUARDRAIL END TERMINAL
ADDITIONAL DIAPHRAGM CONCRETE
Total Roadwork Costs

TOTAL
PRICE

L SUM
CY
CY
CY
M GAL
STA
TON
L SUM
L SUM
ACRE
ACRE
L SUM
LF
L SUM
LF
EA
CY

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

20,950.00
5.00
4.00
5.00
14.00
250.00
10.00
75,000.00
5,000.00
300.00
50.00
5,000.00
125.00
5,000.00
50.00
2,500.00
550.00

1
1104
722
9310
136.4
14.5
1692
1
1
1.343
1.343
1
250
1
200
4
20

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

20,950.00
5,520.00
2,888.00
46,550.00
1,909.60
3,625.00
16,920.00
75,000.00
5,000.00
402.90
67.15
5,000.00
31,250.00
5,000.00
10,000.00
10,000.00
11,000.00
251,082.65

$ 2,814,120.00
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Appendix I
54'inch Prestressed Concrete Alternate (5'span)

Page D-719

SECTION

PROJECT CODE

STATE

ND

FMMDR5B

SHEET

NO.

NO.

170

1

550’-0"
Total Bridge Length
111’-6"

109’-0"

220’-6"

1’
0"

4’-6" (Typ.)

109’-0"

El xxx
‘ Pier 1

Sta 97+25.00

Sta 98+36.50

El xxx

El xxx

5" (Typ.)

Sta 102+75.00
El xxx

El xxx
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0"

1’-6" (Typ.)

End of Bridge

Bridge Rail (Typ.)

Sta 100+00.00

1’
0"

Begin Bridge

‘ Bridge

2’-7" (Typ.)

‘ Abutment 2

‘ Pier 2

‘ Pier 3

‘ Pier 4

Sta 99+45.50

Sta 100+54.50

Sta 101+63.50

El xxx

El xxx

El xxx

Cl
earRoadway

Sta 97+27.25
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0" 18’
0"

‘ Abutment 1

Riprap Limits (Typ.)

Sta 102+72.75
El xxx

Reinforced Concrete
Bridge Approaches(Typ.)
EQN: Sta 100+00.00 ‘ Rd 22 P.O.T.
Sta 570+99.71 ‘ Channel P.O.C.

PLAN
‘ Pilot Low Flow & Bridge
‘ Diversion

Existing Ground
SPF *

Low Structure (Beams 1 & 5) **
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El 894.50

El 891.90

S = 12:1, L = 5’
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F

Diversion Toe
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1
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0
5
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0
:
1

E
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E
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7
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F

E

E

Low Structure (Beams 1 & 5) **

El 895.51

12’-0"

1
:
0
5
1
:
7

1
:
7

El 890.64

This drawing

El 882.07

(TYp.)
Diversion Toe
El 874.07

El 865.98

(Typ.)

5’-0"

Riprap over

24’-0"

60’-0"

5’-0"

Geotextiles
D = X" (Typ.)
116’-0"

104’-6"

22’-6"

22’-6"

45’-0"

80’-6"

275’-0"

Y
R
and not for
NA
I
M or
construction
LI
E
R
Pimplementation
is preliminary

Channel Invert

El 871.98

56’-0"

* HMG Hydraulic Data, June 13, 2012

purposes.

** MFR-005, June 12, 2012
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ELEVATION
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ENGINEERS COST ESTIMATE
FOR

CR-22 FARGO DIVERSION
54" BEAM ALTERNATIVE
ITEM
NUMBER

210
210
602
602
602
602
604
612
612
622
708
930
930
930
930

0101
0201
0130
1130
1133
1250
9920
0115
0116
0060
1020
3000
8600
8666
9536

ITEM DESCRIPTION

CLASS 1 EXCAVATION
FOUNDATION PREPERATION
CLASS AAE-3 CONCRETE
CLASS AE-3 CONCRETE
CONCRETE BRIDGE APPROACH SLAB
PENETRATING WATER REPELLENT TREATMENT
PRESTRESSED I-BEAM-54IN
REINFORCING STEEL GRADE 60
REINFORCING STEEL GRADE 60 EPOXY COATED
STEEL PILING HP14 x 73
RIPRAP - LOOSE ROCK
BRIDGE BENCH MARKS
ELASTOMERIC BEARING PAD
4IN EXPANSION STRIP SEAL
ABUTMENT UNDERDRAIN SYSTEM

UNIT

L SUM
EA
CY
CY
SY
SY
LF
LBS
LBS
LF
CY
SET
SF
LF
L SUM

UNIT
COST

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

60,000.00
50,000.00
575.00
550.00
300.00
8.00
220.00
1.20
1.20
60.00
75.00
1,500.00
500.00
165.00
2,500.00

CONTRACT
QUANTITY

1
1
765
775
340
2660
3240
56300
220300
6000
780
1
75
72
1

CONTRACT BOND
COMMON EXCAVATION-TYPE A
TOPSOIL
BORROW-EXCAVATION
WATER
SUBGRADE PREPERATION - TYPE A
AGGREGATE SURFACE COURSE CL 13
MOBILIZATION
TEMPORARY TRAFFIC CONTROL
SEEDING-TYPE B-CL II
SEEDING-TYPE B-CL IV
EROSION CONTROL
PIPE CONDUIT
PERMANENT SIGNING
W-BEAM GUARDRAIL
W-BEAM GUARDRAIL END TERMINAL
ADDITIONAL DIAPHRAGM CONCRETE

Total Roadwork Costs

Total Roadwork and Bridge Costs

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

60,000.00
50,000.00
439,875.00
426,250.00
102,000.00
21,280.00
712,800.00
67,560.00
264,360.00
360,000.00
58,500.00
1,500.00
37,500.00
11,880.00
2,500.00

$ 2,616,005.00
$
125.17

TOTAL ESTIMATED BRIDGE COST
COST PER SQUARE FOOT
BR SQ FT =
20900

1% grade road work
103 0100
203 0101
203 0109
203 0140
216 0100
230 0300
302 0356
702 0100
704 9999
708 2240
708 2260
708 9999
714 9999
754 9999
764 0131
764 0145

TOTAL
PRICE

L SUM
CY
CY
CY
M GAL
STA
TON
L SUM
L SUM
ACRE
ACRE
L SUM
LF
L SUM
LF
EA
CY

$
$
$
$
$
$
$
$
$
$
$
$
$

21,300.00
5.00
4.00
5.00
14.00
250.00
10.00
75,000.00
5,000.00
300.00
50.00
5,000.00
125.00
$5,000.00
$
50.00
$ 2,500.00
$
550.00

1
1731
742
6658
109.9
13.6
1692
1
1
1.382
1.382
1
250
1
200
4
20

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

21,300.00
8,655.00
2,968.00
33,290.00
1,538.60
3,400.00
16,920.00
75,000.00
5,000.00
414.60
69.10
5,000.00
31,250.00
5,000.00
10,000.00
10,000.00
11,000.00
240,805.30

$ 2,856,810.00
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Appendix J
54'inch Prestressed Concrete Alternate (7'span)
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SECTION

PROJECT CODE

STATE

ND

SHEET

NO.

NO.

1

170

FMMDR5B

550’-0"
Total Bridge Length

77’-10"

77’-10"

77’-10"

77’-10"

77’-10"

80’-5"

1’
0"

80’-5"

‘ Bent
Sta 97+27.25
El XXX.X

18’
0" 18’
0"

Coping (Typ.)

‘ Bent

‘ Bridge

Sta 102+72.75

Sta 100+00.00

El XXX.XX

El XXX.XX
‘ Pier

‘ Pier

Sta 98+05.42

Sta 98+83.25

Sta 99+61.08

Sta 100+38.92

Sta 101+16.75

El XXX.XX

El XXX.XX

El XXX.XX

End of Bridge
Sta 101+94.58
Sta 102+75.00

El XXX.XX

El XXX.XX

El XXX.XX

El XXX.XX

1’
0"

Sta 97+25.00

36’
0"

‘ Pier

‘ Pier

Cl
earRoadway

‘ Pier

Begin Bridge

‘ Pier

Riprap Limits (Typ.)

RC Bridge Approaches(Typ.)

PLAN

Low Structure (Beams 1 & 5) **

Diversion Toe

Existing Ground

El 894.73

El 874.07

El 891.06

Low Structure (Beams 1 & 5) **

Q100 *

El 894.50

El 891.90

El 891.06

Top of Bridge Rail

S = 12:1, L = 5’

Q500 *

(Typ.)

El 893.47

Top of Deck

7
:
1

El 890.64

El XXX.XX

90’-0"

SPF *

45’-0"

El 895.51

1
:
0
5
1
:
7

El 866.38

5
0
:
1

El 890.64

1
:
7

El 884.21

1
:
0
5

This drawing

(Typ.)
El 883.73

Diversion Toe
El 871.98

Channel

(Typ.)

Invert
El 865.98

5’-0"

Riprap over
D = X" (Typ.)

24’-0"

116’-0"
104’-6"

80’-6"
22’-6"

22’-6"

Y
R
A
and not for
N
I
M
construction
or
I
L
E
R
Pimplementation
is preliminary

El 873.59

Geotextiles
45’-0"

5’-0"

71’-0"

45’-0"

275’-0"

purposes.

* HMG Hydraulic Data, June 13, 2012
** MFR-005, June 12, 2012

ELEVATION
38’-0"

STANDARD DRAWINGS

Total Bridge Width

Standard Drawing A

36’-0"
Clear Roadway
6’-0"

12’-0"

Standard Drawing B
12’-0"

6’-0"

S

8"

F.W.S. XX PSF
1
= 4"/ft.

‘ Cass Co. 22

HL-93 DESIGN LOADING

‘ Crown Line
NORTH DAKOTA
DEPARTMENT OF TRANSPORTATION

RED RIVER DIVERSION
3’-0"

10’-8"

10’-8"

10’-8"

3’-0"

REACH 4
COUNTY ROAD - 22

BRIDGE LAYOUT

‘ Prestressed I-Beam
D = 54"
(Typ.)

PROJECT: XX-0-000(000)000

TYPICAL SECTION

STATION: 100+00

Scale: 1" = 10’

CASS COUNTY

DATE

7/12/2012

12:31:12 PM

kcochran

Z:\7400\7438\12_7438_003\CAD\design\170BR_001_BRLO 7-span.dgn

YYXX000

XXX

Houston Engineering, Inc.

BRIDGE ENGINEER

Page D-723
BN-page

ENGINEERS COST ESTIMATE
FOR

CR-22 FARGO DIVERSION
54" BEAM ALTERNATIVE
ITEM
NUMBER

210
210
602
602
602
602
604
612
612
622
708
930
930
930
930

0101
0201
0130
1130
1133
1250
9915
0115
0116
0060
1020
3000
8600
8666
9536

ITEM DESCRIPTION

CLASS 1 EXCAVATION
FOUNDATION PREPERATION
CLASS AAE-3 CONCRETE
CLASS AE-3 CONCRETE
CONCRETE BRIDGE APPROACH SLAB
PENETRATING WATER REPELLENT TREATMENT
PRESTRESSED I-BEAM-54IN
REINFORCING STEEL GRADE 60
REINFORCING STEEL GRADE 60 EPOXY COATED
STEEL PILING HP14 x 73
RIPRAP - LOOSE ROCK
BRIDGE BENCH MARKS
ELASTOMERIC BEARING PAD
4IN EXPANSION STRIP SEAL
ABUTMENT UNDERDRAIN SYSTEM

UNIT

L SUM
EA
CY
CY
SY
SY
LF
LBS
LBS
LF
CY
SET
SF
LF
L SUM

UNIT
COST

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

60,000.00
50,000.00
575.00
550.00
300.00
8.00
220.00
1.20
1.20
60.00
75.00
1,500.00
500.00
165.00
2,500.00

CONTRACT
QUANTITY

1
1
890
1050
340
2660
2120
74780
229550
6700
850
1
84
72
1

Total Roadwork and Bridge Costs

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

60,000.00
50,000.00
511,750.00
577,500.00
102,000.00
21,280.00
466,400.00
89,736.00
275,460.00
402,000.00
63,750.00
1,500.00
42,000.00
11,880.00
2,500.00

$ 2,677,756.00
$
128.12

TOTAL ESTIMATED BRIDGE COST
COST PER SQUARE FOOT
BR SQ FT = 20900

1% grade road work
103 0100 CONTRACT BOND
203 0101 COMMON EXCAVATION-TYPE A
203 0109 TOPSOIL
203 0140 BORROW-EXCAVATION
216 0100 WATER
230 0300 SUBGRADE PREPERATION - TYPE A
302 0356 AGGREGATE SURFACE COURSE CL 13
702 0100 MOBILIZATION
704 9999 TEMPORARY TRAFFIC CONTROL
708 2240 SEEDING-TYPE B-CL II
708 2260 SEEDING-TYPE B-CL IV
708 9999 EROSION CONTROL
714 9999 PIPE CONDUIT
754 9999 PERMANENT SIGNING
764 0131 W-BEAM GUARDRAIL
764 0145 W-BEAM GUARDRAIL END TERMINAL
Total Roadwork Costs

TOTAL
PRICE

L SUM
CY
CY
CY
M GAL
STA
TON
L SUM
L SUM
ACRE
ACRE
L SUM
LF
L SUM
LF
EA

$
$
$
$
$
$
$
$
$
$
$
$
$

21,350.00
5.00
4.00
5.00
14.00
250.00
10.00
75,000.00
5,000.00
300.00
50.00
5,000.00
125.00
$5,000.00
$
50.00
$ 2,500.00

1
1731
742
6658
109.9
13.6
1692
1
1
1.382
1.382
1
250
1
200
4

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

21,350.00
8,655.00
2,968.00
33,290.00
1,538.60
3,400.00
16,920.00
75,000.00
5,000.00
414.60
69.10
5,000.00
31,250.00
5,000.00
10,000.00
10,000.00
229,855.30

$ 2,907,610.00
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Appendix K
Design Criteria Document
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FM Metro Diversion
Bridge Design Criteria
Reach 5: County Road 22
Bridge No. 09-136-19.0

Location: Diversion Station 571+01
I.

DESIGN SPECIFICATIONS
A. GOVERNING CRITERIA
1. American Association of State Highway and Transportation Officials (AASHTO) "LRFD
Bridge Design Specifications”, 6th Edition.
2. North Dakota Department of Transportation Design Manual Chapter IV.
3. North Dakota Department of Transportation “Standard Specifications for Road and Bridge
Construction, Vol. 1" (2008).
B. LAYOUT
1. Hydraulic Design Criteria
a. Flow data
Flow
Stage (ft)
Velocity (fps)
i. 100-yr
891.90
3.9
ii. 500-yr
893.47
4.1
iii. SPF
895.51
4.7
(SPF = Standard Project Flood, which is modeled as Extreme Event)
b. Channel bottom elevations: 865.98
c. Freeboard: 1’-0” above 500-yr stage elevation.
d. Minimum Low member elevation 1’-0” above 500-yr stage elevation.
i. Elevation: 893.47 + 1.00 = 894.47
e. Minimum Low deck elevation 1’-0” above SPF (does not control at this location)
i. Elevation: 895.51 + 1.00 = 896.51
2. Geotechnical:
a. Settlement Analysis is being performed by Braun Intertec and Global Stability
Analysis is being performed by Barr Engineering. The results will be presented in
separate reports.
b. Foundation Recommendations are being performed by Braun Intertec and will be
provided as a separate report.
3. Skew: Roadway is normal to channel centerline.
4. Deck width:
Traffic Lanes:
2 @ 12’-0” =
Shoulders:
2 @ 6’-0” =
Traffic barriers:
2 @ 1’-0” =
Total:

24’-0”
12’-0”
2’-0”
38’-0”

7/16/12 Draft
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5. The roadway cross-slope shall be ¼” per foot.
C. DESIGN LOADINGS
1. Load Modifiers
a. Ductility: 1.00 – Ductile Concrete Structure
b. Redundancy: 1.00 – Redundant
c. Importance: 1.00 for County Bridges
2. Components and Dead Loads (DC)
a. Unit weight of reinforced concrete:
b. Unit weight of prestressed concrete:
c. Unit weight of structural steel:
d. Traffic Barriers:

0.150 kcf
0.155 kcf
0.490 kcf
0.278 klf each

3. Wearing Surface and Utilities (DW)
a. Future Wearing Surface:

0.015 ksf

4. Live Loads and Impact (LL + IM)
a. 3 Design Lanes on bridge
b. HL-93 with impact
c. Live Load Deflection < L/800
5. Earthquake Effects (EQ)
a. In accordance with AASHTO LRFD Article 3.10.9.2
6. Braking Force (BR)
Two design lanes in one direction
7. Wind Loads (WL & WS)
As per AASHTO, IV-04.03.04, and IV-04.03.05.
8. Ice Forces
Design Pressure:
Ice Thickness:
Elevation:

16 ksf
3’-0”
Evaluate at
• Elev. 883.26 (2/3 the distance from flowline elevation
to the 100-year water surface elevation
• Elev. 891.90 (100-year water surface elevation)

9. Thermal Forces (TU)
a. Mean temperature of 40° F
b. Thermal coefficient:
i.
Concrete:
0.0000060/° F
ii.
Steel:
0.0000065/° F
c. Seasonal variation:
i.
Concrete
7/16/12 Draft
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- Temperature Rise:
40° F
- Temperature Fall:
40° F
ii.
Steel
- Temperature Rise:
80° F
- Temperature Fall:
70° F
(Per IV-04.14.02, use 1.0 load factor to calculate movements instead of 1.2 from
AASHTO.)
10. Pressure (EH & EV)
a. Unit weight of structural backfill:
b. Friction angle:
c. Coefficients
i.
K a = 0.28
ii.
K o = 0.44
iii.
K p = 3.53
d. Lateral equivalent fluid pressure:
- Active:
- At-rest:

0.135 kcf
34 degrees

0.040 kcf
0.060 kcf

D. LOADING COMBINATIONS
1. Load combinations shall be in accordance with AASHTO Table 3.4.1-1 and 3.4.1-2
E. MATERIALS
1. Concrete: (28 day cylinder strength as noted)
a. Cast-in-Place superstructure:
4.0 ksi (AAE-3)
b. Cast-in-place substructure:
3.0 ksi (AE-3)
c. Precast beam:
- F’ci:
4.0 ksi (min)
- F’c:
5.0 ksi (min)
7.0 ksi (max)
2. Reinforcing Steel
a. All reinforcing steel shall be AASHTO M31, Grade 60.
-Superstructure:
Epoxy coated
-Substructure:
Plain
Concrete cover
Superstructure
-Top of Deck:
2 ½ inches
-Bottom of Deck:
1 inch
Substructure
-Concrete Cast Against Forms
2 inches
4 inches
-Concrete Cast Against Earth
-At formlined surfaces
4 inches
3. Pre-tensioning Steel
Strand
AASHTO M203, Grade 270, Low Relaxation
- Strand size:
0.6” diameter
- Apparent modulus:
29,000 ksi
7/16/12 Draft
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II. SUPERSTRUCTURE DESIGN
A. CONCRETE SLAB
1. Design shall be by the AASHTO approximate strip method. Minimum deck thickness shall
be 8”. Top ½” of deck to be neglected in structural calculations.
2. Deck concrete shall be placed in one continuous operation.
B. PRE-TENSIONED CONCRETE
1. Prestress losses shall be by the refined method in AASHTO LRFD specifications published
prior to the 2005 Interim. Design shall follow the requirements of IV-02.08.
III. SUBSTRUCTURE DESIGN
A. Pier fixity: One pier shall be fixed.
B. Structural Design: Substructure elements to be designed in accordance with AASHTO LRFD.
C. Geotechnical Design: In accordance with Final Geotechnical report and AASHTO LRFD.
IV. ROADWAY
A. Design Speed: 55 mph
B. Profile: Maximum grade of 1%. Vertical curves based on stopping site distance.
C. Cross Slope: 3%
D. Typical Section No. 1 (within guardrail limits)
i. 32-foot paved top (12-foot lanes, 4-foot shoulders)
ii. 12” minimum base plus HBP
E. Typical Section No. 2 (outside guardrail limits)
i. 32-foot graded top with 28-foot gravel surface
ii. 6” minimum gravel thickness
F. Ditch Section
i. 4:1 minimum inslope
ii. 8-foot minimum ditch bottom width
iii. 3:1 minimum backslope
iv. 0.05% ditch grade
v. 24” minimum culvert size
G. Right of Way: 200-foot minimum
V. MISCELLANEOUS
A. Two approach slabs at each bridge end: 20’ pile supported approach slab with a 20’ soil
supported approach slab.
B. Traffic barriers will be 2’-8” tall reinforced concrete Kansas Corral Rail without curb.
C. Deck drainage system not required.
D. Expansion joints: strip seal
E. Bearings: elastomeric
F. Diaphragms: concrete
G. Aesthetic treatments (form liners, colors, etc.) to be determined.
7/16/12 Draft
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