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Factor Design, provide the LFR rating for the controlling existing girder and the LRFR
rating for the controlling new girder.

Hydraulic Data

100 YEAR FREQUENCY

Q100 = XXXX C.F.S.

VEL. = X.X F.P.S.

HWi00 = EL. XXX.XX

WATERWAY AREA = XXX SQ.FT.

DRAINAGE AREA = XX.X SQ.MI.

ROADWAY OVERTOPPING = (NA or add “Roadway Overtopping Frequency” data)
SCOUR CRITICAL CODE =X

2 YEAR FREQUENCY

Q2 = XXXX C.F.S.
VEL. = X.X F.P.S.
HW, = EL. XXX.XX

ROAD OVERTOPPING FREQUENCY (if applicable, frequencies < 100 years)

FREQUENCY = XX YEARS
Qxx = XXXX C.F.S.
HWxx= EL. XXX.XX

(See Chapter 8 — Hydraulics for additional information)

5. Show traffic data. Give traffic count, data and highway for each highway on grade
separation or interchange structure.

6. Rehabilitation structure plans should use the same labeling convention as shown on
the original structure plans when practical. Generally, this will include substructure
labels (wings, abutments, piers, etc.) and girder numbers. This labeling convention is
beneficial for inspection purposes.

6.2.2.4 Utilities

In urban areas, public and private utilities generally have their facilities such as sewers, water
cables, pipes, ducts, etc., underground, or at river crossings, in the streambed.

If these facilities cannot be relocated, they may interfere with the most economical span
arrangement. The preferred location of light poles is at the abutments or piers.

Overhead power lines may cause construction problems or maintenance inspection problems.
Verify if they exist and notify Utilities & Access Management Unit (Bureau of Tech. Services)
to have them removed.
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It is the general policy to not place utilities on the structure. The Utilities & Access Management
Unit approves all utility applications and determines whether utilities are placed on the
structures or can be accommodated some other way. Refer all requests to them. Also see
Chapter 18 of the FDM and Chapter 4 of “WisDOT Guide to Utility Coordination”.

6.2.3 Distribution of Exhibits
6.2.3.1 Federal Highway Administration (FHWA).
FHWA memorandums “Implementing Guidance-Project Oversight under Section 1305 of the
Transportation Equity Act for the 21st Century (TEA-21) of 1998” dated August 20, 1998, and
“Project Oversight Unusual Bridges and Structures” dated November 13, 1998, indicate that
FHWA Headquarters Bridge Division or the Division Office must review and approve
preliminary plans for unusual bridges and structures on the following projects:
1. Projects on the Interstate System
2. Projects on the National Highway System (NHS) but not on the Interstate System,
unless it is determined by FHWA and WisDOT that the responsibilities can be assumed
by WisDOT
3. Projects on non-NHS Federal-aid highways, and eligible projects on public roads which
are not Federal-aid highways if WisDOT determines that it is not appropriate for
WisDOT to assume the responsibilities

Technical assistance is also available upon request for projects/structures that are not
otherwise subject to FHWA oversight.

Unusual bridges have the following characteristics:

¢ Difficult or unique foundation problems

¢ New or complex designs with unique operational or design features

e Exceptionally long spans

e Design procedures that depart from currently recognized acceptable practices
Examples of unusual bridges:

e Cable-stayed

e Suspension

e Arch

e Segmental concrete

e Movable
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o Bridge types that deviate from AASHTO bridge design standards or AASHTO guide
specifications for highway bridges

e Major bridges using load and resistance factor design specifications
e Bridges using a three-dimensional computer analysis
¢ Bridges with spans exceeding 350 feet
Examples of unusual structures:
e Tunnels

e Geotechnical structures featuring new or complex wall systems or ground improvement
systems

e Hydraulic structures that involve complex stream stability countermeasures, or designs
or design techniques that are atypical or unique

Timing of submittals is an important consideration for FHWA approval and assistance,
therefore, FHWA should be involved as early as possible.

The following preliminary documents should be submitted electronically (PDF format) to
FHWA:

1. Preliminary plans (Type, Size and Location)

2. Bridge/structures related environmental concerns and suggested mitigation measures
3. Studies of bridge types and span arrangements

4. Approach bridge span layout plans and profile sheets

5. Controlling vertical and horizontal clearance requirements

6. Roadway geometry

7. Design specifications used

8. Special design criteria

9. Cost estimates

10. Hydraulic and scour design studies/reports showing scour predictions and related
mitigation measures

11. Geotechnical studies/reports
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12. Information on substructure and foundation types

Note: Much of this information may be covered by the submittal of a Structure Type

Selection Report.

6.2.3.2 Other Agencies

This is a list of other agencies that may or may not need to be coordinated with. There may
be other stakeholders that require coordination. Consult Chapter 5 of the Facilities
Development Manual (FDM) for more details on coordination requirements.

Department of Natural Resources

A copy of preliminary plans (preliminary layout, plan & profile, and contour map) for
stream crossing bridges are forwarded by BOS to the Department of Natural
Resources for comment, in accordance with the cooperative agreement between the
Department of Transportation and the Department of Natural Resources. (See
Chapter 8 - Hydraulics).

Railroad (FDM Chapter 17)

Begin communicating as early as possible with the Region Railroad Coordinator.
Utilities (FDM Chapter 18, Bridge Manual Chapter 32)

BOS discourages attachment of utilities to a structure. However, if there are no other
viable options, private or public utilities desiring to attach their facilities (water, and
sewer mains, ducts, cables, etc.) to the structure must apply to the owner for approval.
For WisDOT owned structures, approval is required from the Region’'s Utilities &
Access Management Unit.

Coast Guard (FDM)

Regions

A copy of the preliminary plans is sent to the Regional Office involved for their review
and use.

Native American Tribal Governments
Corps of Engineers

Other governing municipalities

State Historic Preservation Office
Environmental Protection Agency

Other DOTs
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slope of the bottom of girder exceeds 1%. Slope the bridge seat between bearings 1” from
front face of backwall to front face of abutment. Give all beam seat elevations.

1.

5.

6.

Plan View
a. Place a keyed construction joint near the center of the abutment if the length of
the body wall exceeds 50 feet. Make the keyway as large as feasible and extend
the horizontal bar steel through the joint.
b. Dimension wings in a direction parallel and perpendicular to the wing centerline.
Wings should be numbered starting from the lower left corner and increasing in
a clockwise order.

c. Dimension angle between wing and body if that angle is different from the skew
angle of the abutment.

Elevation

a. Give beam seat, wing (front face and wing tip), and footing elevations to the
nearest .01 of a foot.

b. Give vertical dimension of wing.
Wing Elevation
Body Section

Place an optional keyed construction joint in the parapet at the bridge seat elevation if
there is a parapet.

Wing Sections

Bar Steel Listing and Detail

Use the following views where necessary:

7.

8.

9.

Pile Plan & Splice Detall
View Showing Limits of Excavation and Backfill

Special Details for Utilities

10. Drainage Details

6.3.2.4 Piers

Use as many sheets as necessary to show all details clearly. Each substructure unit should
have its own plan sheet(s).
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Give dimensions for a skewed pier to a reference line which passes through the intersection
of the longitudinal structural reference line and the pier centerline. Show the skew angle.
Dimension the centerline spacing of superstructure girders.

1.

Plan View

Show dimensions, footings, cap steps, beam spacings and skew angle.

Elevation

Show dimensions and elevations. Show lengths of all columns for clarity. Give the
elevation of the bottom of footings and beam seats. Refer to abutments for detailing
bridge seats. Dimension all bar steel and stirrups.

Footing Plan

Show dimensions for pile spacing, pile numbers and reinforcing steel in footing.

Bar Steel Listing and Details

Pile Splice Detail (If different from abutment only).

Cross Section thru Column and Pier Cap

Detail anchor bolts between reinforcing bars to provide clearance. Long steel bridges

may require more clearance. This allows an erection tolerance for the structural steel
so that the bar steel is not pierced by the anchor bolts if the bearing is shifted.

6.3.2.5 Superstructure

Use as many sheets as are necessary to show all details clearly. Standard insert sheets are
available to show many standard details. The title, project number, and a few basic dimensions
are added to these standard sheets.

6.3.2.5.1 All Structures

1.

Show the cross-section of roadway, plan view and related details, elevation of typical
girder or girders, details of girders, and other details not shown on standard insert
sheets. All drawings are to be fully dimensioned and show such sections and views as
needed to detail the superstructure completely.

For girder bridges:

Show the total dead load deflections, including composite dead load (without future
wearing surface) acting on the composite section, at tenth points of each span.
Distribute the composite dead load evenly to all girders and provide one deflection
value for a typical interior girder. Chapter 17 — Superstructure-General illustrates three
load cases for exterior girder design with raised sidewalks, cases that provide a
conservative envelope to ensure adequate girder capacity. However, the above
composite dead load distribution should be used for deflection purposes. For
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prestressed concrete girders, the dead load deflection reported does not include the
weight of the girder. See Chapter 24 — Steel Girder Structures for camber and blocking,
top of steel elevation and deflection reporting criteria.

A separate deflection value for interior and exterior girders may be provided if the
difference, accounting for load transfer between girders, warrants multiple values. A
weighted distribution of composite dead load could be used for deflection purposes
only. For example, an extremely large composite load over the exterior girder could be
distributed as 40-30-30 percent to the exterior and first two interior girders respectively.
Use good engineering judgment to determine whether to provide separate deflection
values for individual girder lines. In general, this is not necessary.

Indicate girder numbers about the centerline of bearing in each span. Girders should
be numbered in increasing order from left to right in the cross-section view. For
rehabilitation projects, indicate the existing girder numbers and assign new girder
numbers in increasing order from left to right.

For slab bridges:

Provide camber values at the tenth points of all spans. The camber is based on 3 times
the deflection of the slab, only. For multi-span bridges, the deflection calculations are
based on a continuous span structure since the falsework supports the bridge until the
concrete slab has cured.

Deflection and camber values are to be reported to the nearest 0.1 inch, for all girder
and slab superstructures.

For girder structures, provide finished grade top of deck elevations for each girder line
at the tenth points of all spans. Show the top of deck elevations at the outside edge of
deck at tenth points. If staged construction, include tenth point elevations along the
construction joint. For slab structures, provide the finished grade elevations at the
reference line and/or crown and edge of slab at tenth points.

Decks of uniform thickness are used on all girders. Variations in thickness are achieved
by haunching the deck over each girder. Haunches are formed off the top of the top
flange. See the standards for details. In general the minimum haunch depth along the
edge of girder is to be 1 1/4” although 2” is recommended to allow for construction
tolerances. Haunch depth is the distance from the bottom of the concrete deck to the
top of the top flange.

Provide a paving notch at each end of all structures for rigid approach pavements. See
standard for details.

If the structure contains conduit for a deck lighting system, place the conduit in the
concrete parapet. Place expansion devices on conduit which passes through structure
expansion joints.

Show the bar steel reinforcement in the slab, curb, and sidewalk with the transverse
spacing and all bars labeled. Show the direction and amount of roadway crown.
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On bridges with a median curb and left turn lane, water may be trapped at the curb due
to the grade slope and crown slope. If this is the case, make the cross slope flat to
minimize the problem. Existing pavers cannot adjust to a variable crown line.

On structures with modular joints consider cover plates for the back of parapets when
aesthetics are a consideration.

10. Provide a table of tangent offsets for the reference line and edges of deck at 10 foot

intervals for curved bridges.

6.3.2.5.2 Steel Structures

1.

Show the diaphragm connections on steel girders. Show the spacing of rail posts on
the plan view.

Show a steel framing plan for all steel girders. Show the spacing of diaphragms.

On the elevation view of steel girders show dimension, material required, field and shop
splice locations, stiffener spacing, shear connector spacing, and any other information
necessary to construct the girder. In additional views show the field splice details and
any other detail that is necessary.

Show the size and location of all weld types with the proper symbols except for butt
welds. Requirements for butt welds are covered by A.W.S. Specifications.

See Chapter 24 — Steel Girder Structures for camber and blocking, top of steel
elevation and deflection reporting criteria.

Existing flange and web sizes should be shown to facilitate the sizing of bolts on
Rehabilitation Plans.

6.3.2.5.3 Railing and Parapet Details

Standard drawings are maintained by the Structures Development Section showing railing and
parapet details. Add the details and dimensions to these drawings that are unique to the
structure being detailed. Compute the length along the slope of grade line rather than the
horizontal dimension.

6.3.3 Miscellaneous Information

6.3.3.1 Bill of Bars

Show a complete bill of bar steel reinforcement for each unit of the structure. Place this bill on
the sheet to which the bars pertain. If the abutments or piers are similar, only one bar list is
needed for each type of unit.

Give each bar or group of bars a different mark if they vary in size, length, or location in a unit.
Each bar list is to show the mark, number of bars, length, location and detail for each bar. Give
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bar lengths to the nearest 1” and segment lengths of bent bars to the nearest 1/2”. Show all
bar bends and hooks in detail.

Identify all bars with a letter indicating the unit in which the bar is placed - A for abutment, P
for pier, S for superstructure. Where units are multiple, each unit should have a different letter.
Next use a one or two digit number to sequentially number the bars in a unit. P1008 indicates
bar number 08 is a size number 10 bar located in a Pier.

Use a Bar Series Table where a number of bars the same size and spacing vary in length is a
uniform progression. Use only one mark for all these bars and put the average length in the
table.

Refer to the Standard drawings in Chapter 9 — Materials for more information on reinforcing
bars such as minimum bend diameter, splice lengths, bar supports, etc.

When a bridge is constructed in stages, show the bar quantities for each stage. This helps the
contractor with storage and retrieval during construction.

6.3.3.2 Box Culverts

Detail plans for box culverts are to be fully dimensioned and have sectional drawings needed
to detail the structure completely. The following items are to be shown when necessary:

1. Plan View

2. Longitudinal section

3. Section thru box

4. Wing elevations

5. Section thru wings

6. Section thru cutoff wall

7. Vertical construction joint

8. Bar steel clearance details

9. Header details

10. North point, Bench mark, Quantities
11. Bill of bars, Bar details

12. General notes, List of drawings, Rip rap layout
13. Inlet nose detail on multiple cell boxes

14. Corner details
January 2018 6-31
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Bid items commonly used are excavation, concrete masonry, bar steel, rubberized membrane
waterproofing, backfill and rip rap. Filler is a non-bid item. In lieu of showing a contour map,
show profile grade lines as described for Subsurface Exploration sheet.

See the standard details for box culverts for the requirements on vertical construction joints,
apron and cutoff walls, longitudinal construction joints, and optional construction joints.

Show name plate location on plan view and on wing detail.

6.3.3.3 Miscellaneous Structures

Detail plans for other structures such as retaining walls, pedestrian bridges, and erosion control
structures are to be detailed with the same requirements as previously mentioned. Multiple
sign structure of the same type and project may be combined into a single set of plans per
standard insert sheet provisions, and shall be subject to the same requirements for bridge
plans.

6.3.3.4 Standard Drawings

Standard drawings are maintained and furnished by the Structures Development Section.
These drawings show the common types of details required on the contract plans.

6.3.3.5 Insert Sheets

These sheets are maintained by the Structures Development Section and are used in the
contract plans to show standard details.

6.3.3.6 Change Orders and Maintenance Work

These plans are drawn on full size sheets. A Structure Survey Report should be submitted for
all maintenance projects, including painting projects and polymer overlay projects. In addition
to the SSR, final structure plans on standard sheet borders with the #8 tab should be submitted
to BOS in the same fashion as other rehabilitation plans. Painting plans should include at
minimum a plan view with overall width and length dimensions, the number of spans, an
indication of the nhumber and type of elements to be painted (girders, trusses, etc.), and an
elevation view showing what the structure is crossing. The SSR should give a square foot
guantity for patchwork painting. For entire bridges or well defined zones (e.g. Paint all girders
5 feet on each side of expansion joints), the design engineer will be responsible for determining
the quantity.

6.3.3.7 Name Plate and Bench Marks

WisDOT has discontinued the statewide practice of furnishing bench mark disks and requiring
them to be placed on structures. However, WisDOT Region Offices may continue to provide
bench mark disks for the contract to be set. When requested, bench mark disks shall be shown
on bridge and larger culvert plans. Locate the bench mark disks on a horizontal surface flush
with the concrete. Bench marks to be located on top of the parapet on the bridge deck, above
the first right corner of the abutment traveling in the highway cardinal directions of North or
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East. See FDM 9-25-5 for additional bench mark information. For multi-directional bridges,
locate the name plate on the roadway side of the first right wing or parapet traveling in the
highway cardinal directions of North or East. For one-directional bridges, locate the name plate
on the first right wing or parapet in the direction of travel. For type “NY”, “W”, “M” or timber
railings, name plate to be located on wing. For parapets, name plate to be located on inside
face of parapet.

6.3.4 Checking Plans

Upon completion of the design and drafting of plans for a structure, the final plans are usually
checked by one person. Dividing plans checking between two or more Checkers for any one
structure leads to errors many times. The plans are checked for compliance with the approved
preliminary drawing, design, sufficiency and accuracy of details, dimensions, elevations, and
guantities. Generally the information shown on the preliminary plan is to be used on the final
plans. Revisions may be made to footing sizes and elevations, pile lengths, dimensions, girder
spacing, column shapes, and other details not determined at the preliminary stage. Any major
changes from the preliminary plan are to be approved by the Structural Design Engineer and
Supervisor.

The Checkers check the final plans against the Engineer's design and sketches to ensure all
information is shown correctly. The Engineer prepares all sketches and notations not covered
by standard drawings. A good Checker checks what is shown and noted on the plan and also
checks to see if any essential details, dimensions, or notation have been omitted. The final
plan Bid Items should be checked for conformity with those listed in the WisDOT Standard
Specifications for Highway and Structure Construction.

The Checker makes an independent check of the Bill of Bars list to ensure the Plan Preparer
has not omitted any bars when determining the quantity of bar steel.

Avoid making minor revisions in details or dimensions that have very little effect on cost,
appearance, or adequacy of the completed structure. Check grade and bridge seat elevations
and all dimensions to the required tolerances. The Checkers make all corrections, revisions,
and notations on a print of the plan and return it to the Plan Preparer. The Plan Preparer back
checks all marks made by the Checker before changing. Any disagreements are resolved with
the Supervisor.

Common complaints received from field staff are dimension errors, small details crowded on a
drawing, lettering is too small, and reinforcing bar length or quantity errors.

After the plans are completed, the items in the project folder are separated into the following
groups by the Structures Design Engineer:

6.3.4.1 Items requiring a PDF copy for the Project Records (Group A) — Paper Copies to
be Destroyed when Construction is Completed.

1. QCI/QA sign-off sheet

2. Design computations and computer runs
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Quantity computations

Bridge Special Provisions and STSP’s (only those STSP’s requiring specific blanks to
be filled in or contain project specific information)

Final Structure Survey Report form (not including photos, cross-sections, project
location maps, etc.)

Final Geotechnical Report
Final Hydrology and Hydraulic computations and structure sizing report

Contour map

6.3.4.2 Additional Items to be Destroyed When Construction is Completed (Group B)

1.

2.

8.

9.

Miscellaneous correspondence and transmittal letters
Preliminary drawings and computations

Prints of soil borings and plan profile sheets

Shop steel quantity computations*

Design checker computations

Layout sheets

Elevation runs and bridge geometrics

Falsework plans*

Miscellaneous Test Report

10. Photographs of bridge rehabs

* These items are added to the packet during construction.

6.3.4.3 Items to be Destroyed when Plans are Completed (Group C)

1.

2.

All "void" material
All copies except one of preliminary drawings
Extra copies of plan and profile sheets

Preliminary computer design runs
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Note that lists for Group A, B & C are not intended to be all inclusive, but serve as starting
points for categorizing design material. Items in Group A & B should be labeled separately.
Computation of Quantities
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6.4 Computation of Quantities

When the final drafting and plan checking is completed, the person responsible for drafting the
plans and plans checker are to prepare individual quantity calculations for the bid items listed
on the plans. The following instructions apply to the computation on quantities.

Divide the work into units that are repetitive such as footings, columns, and girders. Label all
items with a clear description. Use sketches for clarity. These computations may be examined
by others in future years so make them understandable.

One of the most common errors made in quantity computation is computing only half of an
item which is symmetrical about a centerline and forgetting to double the result.

Following is a list of commonly used bridge quantities. Be sure to use the appropriate item and
avoid using incidental items as this is too confusing for the contractor and project manager.
The bid item for Abatement of Asbestos Containing Material should be included on the
structure plans. ltems such as Incentive Strength Concrete Structures, Construction Staking
Structure Layout, etc. should not be included on the structure plans.

A column with the title “Bid Item Number” should be the first column for the “Total Estimated
Quantities” table shown in the plans. The numbers in this column will be the numbers
associated with the bid items as found in the Standard Specification, STSP, and/or Special
Provisions.

6.4.1 Excavation for Structures Bridges (Structure)

This is a lump sum bid item. The limits of excavation are shown in the chapter in the manual
which pertains to the structural item, abutments, piers, retaining walls, box culverts, etc. If the
excavation is required for the roadway, the work may be covered under Excavation Common.

The limits of excavation made into solid rock are the neat line of the footing.

6.4.2 Granular Materials

Granular materials can be bid in units of tons or cubic yards. Structure plans should use the
TON bid item for Structure Backfill, Granular Backfill, and Base Aggregate Dense 1 1/4-inch,
unless directed otherwise by the Region. The Region may consider use of the CY bid item
when contractor-provided tickets may be problematic or when the TON bid item is not used
elsewhere on the contract. Other cases may also warrant the use of the CY bid item.

For Structure Backfill, Granular Backfill, and Base Aggregate Dense 1 1/4-inch materials use
a 2.0 conversion factor (tons/cubic yard) for compacted TON bid items or use a 1.20 expansion
factor (i.e. add an additional 20%) for CY bid items, unless directed otherwise. Refer to the
FDM when preparing computations using other granular materials (breaker run, riprap, etc.).

Granular quantities and units should be coordinated with the roadway designer. For some
structures, backfill quantities may be negligible to the roadway, while others may encompass
a large portion of the roadway cross section and be present in multiple cross sections. A long
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MSE retaining wall would be an example of the latter case and will require coordination with
the roadway designer.

Generally, granular material pay limits should be shown on all structure plans. This information
should be used to generate the estimated quantities and used to coordinate with roadway
cross sections and construction details. See Standard Detail 9.01 — Structure Backfill Limits
and Notes - for typical pay limits and plan notes.

Refer to 9.10 for additional information about granular materials.

6.4.3 Concrete Masonry Bridges
Show unit quantities to the nearest cubic yard, as well as the total quantity. In computing
guantities no deduction is made for metal reinforcement, floor drains, conduits and chamfers
less than 2”. Flanges of steel and prestressed girders projecting into the slab are deducted.

Deduct the volume of pile heads into footings and through seals for all piling except steel H
sections. Deduct the actual volume displaced for precast concrete and cast-in-place concrete

piling.

Consider the concrete parapet railing on abutment wing walls as part of the concrete volume
of the abutment.

6.4.4 Prestressed Girder Type | (28-Inch; 36-Inch; 36W-Inch; 45W-Inch; 54W-Inch;
72W-Inch, 82W-Inch)

Record the total length of prestressed girders to the nearest 1 foot.

6.4.5 Bar Steel Reinforcement HS Bridges or Bar Steel Reinforcement HS Coated
Bridges

Record this quantity to the nearest 10 Ibs. Designate if bar steel is coated. Include the bar steel
in C.1.P. concrete piling in bar steel quantities.

6.4.6 Bar Steel Reinforcement HS Stainless Bridges

Record this quantity to the nearest 10 Ibs. Bar weight shall be assumed to be equivalent to Bar
Steel Reinforcement HS Bridges or Bar Steel Reinforcement HS Coated Bridges bid items.

6.4.7 Structural Steel Carbon or Structural Steel HS

See 24.2.4.

6.4.8 Bearing Pads Elastomeric Non-Laminated or Bearing Pads Elastomeric
Laminated or Bearing Assemblies Fixed (Structure) or Bearing Assemblies Expansion
(Structure)

Record as separate item with quantity required. Bid as Each.
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6.4.9 Piling Test Treated Timber (Structure)
Record this quantity as a lump sum item. Estimate the pile lengths by examining the subsurface

exploration sheet and the Site Investigation Report. Give the length and location of test piles
in a footnote. Do not use this quantity for steel piling or concrete cast-in-place piling.

6.4.10 Piling CIP Concrete Delivered and Driven ___ -Inch, Piling Steel Delivered and
Driven ___ -Inch
Record this quantity in feet for Steel and C.1.P. types of piling delivered and driven. Timber
piling are Bid as separate items, delivered and driven. Pile lengths are computed to the nearest
5.0 foot for each pile within a given substructure unit, unless a more exact length is known due
to well defined shallow rock (approx. 20 ft.), etc.. Typically, all piles within a given substructure
unit are shown as the same length.
The length of foundation piling driven includes the length through any seal and embedment
into the footing. The quantity delivered is the same as quantity driven. For trestle piling the
amount of piling driven is the penetration below ground surface.

Oil field pipe is allowed as an alternate on all plans unless a note is added in the General Notes
stating it is not allowed on that specific project.

6.4.11 Preboring CIP Concrete Piling or Steel Piling

Record the type, quantity in feet. Calculate to the nearest lineal foot per pile location.

6.4.12 Railing Steel Type (Structure) or Railing Tubular Type (Structure)

Record the type and quantity, bid in lineal feet. For bridges, the railing length should be
horizontal length shown on the plans. For retaining walls, use the length along the top of the
wall. Calculate railing lengths as follows:

e Steel Railing Type ‘W’ — CL end post to CL end post

e Tubular Railing Type ‘H' — CL end plate to CL end plate

¢ Combination Railing Type ‘3T’ — CL end post to CL end post + (2'-5") per railing

e Tubular Railing Type ‘M’ — CL end post to CL end post + (4’-6") per railing

e Combination Railing Type ‘Type C1-C6’ — CL end rail base plate to CL end rail base
plate

e Tubular Steel Railing Type NY3&4 — CL end post to CL end post + (4’-10") per railing
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6.4.13 Slope Paving Concrete or Slope Paving Crushed Aggregate or Slope Paving
Select Crushed Material

Record this quantity to the nearest square yard. Deduct the area occupied by columns or other
elements of substructure units.

6.4.14 Riprap Medium, Riprap Heavy or Grouted Riprap, Riprap Light
Record this quantity to the nearest 5 cubic yards.

6.4.15 Pile Points
When recommended in soils report. Bid as each.

6.4.16 Floordrains Type GC, Floordrains Type H, or Floordrains Type WF
Record the type and number of drains. Bid as Each.

6.4.17 Cofferdams (Structure)
Lump Sum

6.4.18 Rubberized Membrane Waterproofing
Record the quantity to the nearest square yard.

6.4.19 Expansion Devices
For “Expansion Device” and “Expansion Device Modular”, bid the items in lineal feet. The

distance measured is from flowline to flowline along the skew (do not include turn-ups into
parapets or medians).

6.4.20 Electrical Work

Refer to Standard Construction Specifications for bid items.

6.4.21 Conduit Rigid Metallic __-Inch or Conduit Rigid Nonmetallic Schedule 40 -Inch

Record this quantity in feet.

6.4.22 Preparation Decks Type 1 or Preparation Decks Type 2

Record these quantities to the nearest square yard. Preparation Decks Type 1 should be
provided by the Region. Estimate Preparation Decks Type 2 as 40% of Preparation Decks
Type 1. Deck preparation areas shall be filled using Concrete Masonry Overlay Decks,
Concrete Masonry Deck Repair, or with an appropriate deck patch. See Chapter 40 Standards.
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6.4.23 Cleaning Decks
Record this quantity to the nearest square yard.

6.4.24 Joint Repair
Record this quantity to the nearest square yard.

6.4.25 Concrete Surface Repair
Record this quantity to the nearest square foot.

6.4.26 Full-Depth Deck Repair
Record this quantity to the nearest square yard.

6.4.27 Concrete Masonry Overlay Decks
Record this quantity to the nearest cubic yard. Estimate the quantity by using a thickness
measured from the existing ground concrete surface to the plan gradeline. Calculate the
minimum overlay thickness and add %2” for variations in the deck surface. Provide this average
thickness on the plan, as well. Usually 1" of deck surface is removed by grinding. Include deck
repair quantities for Preparation Decks Type 1 & 2 and Full-Depth Deck Repair. Use 2-inch

thickness for each Preparation area and %2 the deck thickness for Full-Depth Deck Repairs in
areas of deck preparation (full-depth minus grinding if no deck preparation).

6.4.28 Removing Old Structure STA. XX + XX.XX
Covers the entire or partial removal of an existing structure. Bid as Lump Sum.
6.4.29 Anchor Assemblies for Steel Plate Beam Guard
Attachment assembly for Beam Guard at the termination of concrete parapets. Bid as each.
6.4.30 Steel Diaphragms (Structure)
In span diaphragms used on bridges with prestressed girders. Bid as each.
6.4.31 Welded Stud Shear Connectors X -Inch

Total number of shear connectors with the given diameter. Bid as each.

6.4.32 Concrete Masonry Seal

Seal concrete bid to the nearest cubic yard. Whenever a concrete seal is shown on the plans,
then “Cofferdams (Structure)” is also to be a bid item.
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6.4.33 Geotextile Fabric Type
List type of fabric. Type HR is used in conjunction with Heavy Riprap. Bid in square yards.
6.4.34 Concrete Adhesive Anchors

Used when anchoring reinforcing bars into concrete. Bid as each.

6.4.35 Piling Steel Sheet Permanent Delivered or Piling Steel Sheet Permanent Driven

Record this quantity to the nearest square foot for the area of wall below cutoff.

6.4.36 Piling Steel Sheet Temporary
This quantity is used when the designer determines that retention of earth is necessary during
excavation and soil forces require the design of steel sheet piling. This item is seldom used
now that railroad excavations have a unique SPV.

Record this quantity to the nearest square foot for the area from the sheet pile tip elevation to
one foot above the retained grade.

6.4.37 Temporary Shoring

This quantity is used when earth retention may be required and the method chosen is the
contractor’s option.

Measured as square foot from the ground line in front of the shoring to a maximum of one foot
above the retained grade. For the estimated quantity use the retained area (from the ground

line in front of the shoring to the ground line behind the shoring, neglecting the additional height
allowed for measurement).

6.4.38 Concrete Masonry Deck Repair

Record this quantity to the nearest cubic yard. Use 2-inch thickness for each Preparation area
and ¥z the deck thickness for Full-Depth Deck Repairs.

6.4.39 Sawing Pavement Deck Preparation Areas
Use 10 lineal feet per SY of Preparation Decks Type 1.
6.4.40 Removing Bearings

Used to remove existing bearings for replacement with new expansion or fixed bearing
assemblies. Bid as each.
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6.4.41 Ice Hot Weather Concreting

Used to provide a mechanism for payment of ice during hot weather concreting operations.
See FDM 19-7-1.2 for bid item usage guidance and quantity calculation guidance. Bid as LB
and round to the nearest 5 Ibs.

6.4.42 Asphaltic Overlays

Estimate the overlay quantity by using the theoretical average overlay thickness and add 2"
for variations in the deck surface. Provide this average thickness on the plan, as well. Use 110
Ibs/(square yard - inch) to calculate hot mix asphalt (HMA) and polymer modified asphalt (PMA)
overlay quantities.

For HMA overlays use 0.07 gallons/square yard to calculate tack coat quantity, unless directed
otherwise.

Coordinate asphaltic quantity assumptions with the Region and roadway designers.
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6.5 Production of Structure Plans by Consultants, Regional Offices and Other
Agencies

The need for structures is determined during the Preliminary Site Survey and recorded in the
Concept Definition or Work Study Report. On Federal (FHWA) or State Aid Projects (including
maintenance projects), a completed Structure Survey Reports, preliminary and final plans are
submitted to the Bureau of Structures with a copy forwarded to the Regional Office for review
and approval prior to construction. Structure and project numbers are provided by the Regional
Offices. In preparation of the structural plans, the appropriate specifications and details
recommended by the Bureau of Structures are to be used. If the consultant elects to modify
or use details other than recommended, approval is required prior to their incorporation into
the final plans.

On all Federal or State Aid Projects involving Maintenance work, the Concept Definition or
Work Study Report, the preliminary and final bridge reconstruction plans shall be submitted to
the Bureau of Structures for review.

Consultants desiring eligibility to perform engineering and related services on WisDOT
administered structure projects must have on file with the Bureau of Structures, an electronic
copy of their current Quality Assurance/Quality Control (QA/QC) plan and procedures. The
QA/QC plan and procedures shall include as a minimum:

o Procedures to detect and correct bridge design errors before the design plans are
made final.

¢ A means for verifying that the appropriate design calculations have been performed,
that the calculations are accurate, and that the capacity of the load-carrying members
is adequate with regard to the expected loads on the structure.

¢ A means for verifying the completeness, constructability and accuracy of the structure
plans.

o Verification that independent checks, reviews and ratings were performed.

A QA/QC verification summary sheet is required as part of every final structure plan submittal,
demonstrating that the QA/QC plan and procedures were followed for that structure. The
QA/QC verification summary sheet shall include the signoff or initialing by each individual that
performed the tasks (design, checking, plan review, technical review, etc.) documented in the
QA/QC plan and procedures. The summary sheet must be submitted with the final structure
plans as part of the e-submit process.

6.5.1 Approvals, Distribution, and Work Flow

Consultant Meet with Regional Office and/or local units of
government to determine need.

Prepare Structure Survey Report including
recommendation of structure type.

Geotechnical Consultant Make site investigation and prepare Subsurface
Investigation Report.
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Consultant Submit hydrology report via Esubmit or as an
email attachment to the supervisor of the
Consultant Review and Hydraulics Unit. Submit
60 days prior to preliminary plan submittal.

Prepare preliminary plans according to 6.2.

Coordinate with Region and other agencies per
6.2.3.

Submit preliminary plans, SSR and supporting
documents via e-submit for review and approval
of type, size and location.

Structures Design Section Record project information in HSIS.

Review hydraulics for Stream Crossings.

Review Preliminary Plan. A minimum of 30 days
to review preliminary plans should be expected.
Coordinate with other agencies per 6.2.3.

Return preliminary plans and comments from
Structures Design Section and other appropriate

agencies to Consultant with a copy to the
Regional Office.

Forward Preliminary Plan and Hydraulic Data to
DNR.

Consultant Modify preliminary plan as required, and provide
explanation for preliminary comments not
incorporated in final plan.

Prepare and complete final design and plans for
the specified structure.

Write special provisions.

At least two months in advance of the PS&E

date, submit the required final design documents
via e-submit per 6.5.3.

Structures Design Section Determine which final plans will be reviewed and
perform quality assurance review as applicable.

For final plans that are reviewed, return
comments to Consultant and send copy to
Regional Office, including FHWA as appropriate.

Consultant Modify final plans and specifications as required.
Submit modified final plans via e-submit as
required.

Structures Design Section Review modified final plans as applicable.

Sign final plans and send performance
evaluation form to Region and Consultant.

Bureau of Project Development Prepare final accepted structure plans for pre-
development contract administration.
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Consultant If a plan change is needed after being advertised

but before being let, an addendum is required
per FDM 19-22-1 and 19.1 Attachment 1.2.

Structures Design Section Review structure addendum as applicable.
Sign structure addendum.

Bureau of Project Development Distributes structure addendum to bidders.

Consultant If a plan change is required after being let, a

post-let revision is required per 6.5.5.

Structures Design Section Review post-let revision as applicable.

Stamp post-let revision plan as accepted.

Delivers revised plan to DOT construction team
for distribution.

Table 6.5-1
Approvals, Distribution and Work Flow

6.5.2 Preliminary Plan Requirements

The Consultant prepares the Structure Survey Report for the improvement. Three types of
Structure Survey Reports are available at the Regional Offices and listed in 6.2.1 of this
Chapter. Preliminary layout requirements are given in 6.2.2. The Preliminary Plan exhibits are

as follows:
1. Hydrology Report
2. Structure Survey Report
3. Preliminary plan, including log borings shown on the subsurface exploration sheet
4. Evaluation of subsurface investigation report
5. Contour map
6. Plan and profile, and typical section for roadway approaches
7. Hydraulic/Sizing Report (see Chapter 8 - Hydraulics) and hydraulic files are required

for stream crossing structures
County map showing location of new and/or existing structures and FEMA map

Any other information or drawings which may influence location, layout or design of
structure, including DNR initial review letter and photographs
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6.5.3 Final Plan Requirements

The guidelines and requirements for Final Plan preparation are given in 6.3. The Load Rating
Summary form and On-Time Submittal form can be found on the Bureau of Structures’ Design
and Construction webpage. The following files are included as part of the final-plan submittal:

1.

2.

Final Drawings
Design and Quantity Computations

For all structures for which a finite element model was developed, include the model
computer input file(s).

Special Provisions covering unique items not in the Standard Specifications or
Standardized Special Provisions (STSP).

QA/QC Verification Sheet

Inventory Data Sheet

Bridge Load Rating Summary Form

LRFD Input File (Excel ratings spreadsheet)
On-Time Improvement Form

The On-Time Improvement form is required to be submitted if either of the following
situations occur:

¢ If the first version of a final structure plan is submitted after the deadline of two
months prior to the PSE date.

e If any version of a final structure plan is re-submitted after the deadline of two
months prior to the PSE date. However this form is not required when the re-
submit is prompted by comments from the Consultant Review Unit. The form
is also not necessary when submitting addenda or post-let revisions.

6.5.4 Addenda

Addenda are plan and special provision changes that occur after the bid package has been
advertised to potential bidders. See FDM 19-22-1 for instruction on the addenda process.

6.5.5 Post-Let Revisions

Post-let revisions are changes to plan details after the contract is awarded to a bidder.
ESubmit only the changed plan sheets, not the entire plan set. The changes to the plan sheet
shall be in red font, and outlined by red clouding. The revision box shall also be filled in with
red font. Each sheet shall be 11x17, PE stamped, signed, and dated on the date of submittal.
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6.5.6 Local-Let Projects

Local-let projects that are receiving State or Federal funding shall be submitted to and reviewed
by the Consultant Review Unit in the same way as a State-let project. Final structure plans
accepted and signed by the Consultant Review Unit will be returned to the Designer of Record
and to the Region for incorporation into the local contract package.
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6.6 Structures Data Management and Resources

6.6.1 Structures Data Management

The following items are part of the Data Management System for Structures. The location is
shown for all items that need to be completed in order to properly manage the Structure data

either

1.

10.

by Structures Design personnel for in-house projects or consultants for their designs.

Structure Survey Report - Report is submitted by Region or Consultant and placed in
the individual structure folder in HSI by BOS support staff.

Subsurface Exploration Report - Report is submitted by WisDOT Geotechnical
Engineering Unit and placed in the individual structure folder in HSI by BOS support
staff.

Hydraulic and Scour Computations, Contour Maps and Site Report - Data is assembled
by the BOS Consultant Review & Hydraulics Unit and placed in the individual structure
folder in HSI by BOS support staff.

Designer Computations and Inventory Superstructure Design Run (Substructure
computer runs as determined by the Engineer). The designers record design,
inventory, operating ratings and maximum vehicle weights on the plans.

Load Rating Input File and Load Rating Summary sheet - The designer submits an
electronic copy of the input data for load rating the structure to the Structures
Development Section. (For internal use, it is located at //H32751/rating.)

Structure Inventory Form (Available under “Inventory & Rating Forms” on the HSI page
of the BOS website). New structure or rehabilitation structure data for this form is
completed by the Structural Design Engineer. It is E-submitted to the Structures
Development Section for entry into the File.

Pile Driving Reports - An electronic copy of Forms DT1924 (Pile Driving Data) and
DT1315 (Piling Record) are to be submitted to the Bureau of Structures by email to
“DOTDTSDStructuresPiling@dot.wi.gov ”. These two documents will be placed in HSI
for each structure and can be found in the “Shop” folder.

Final Shop Drawings for steel bridges (highway and pedestrian), sign bridges, floor
drains, railings, all steel joints, all bearings, high-mast poles, prestressed girders,
prestressed boxes, noise walls and retaining walls. Metals Fabrication & Inspection
Unit or others submit via email to the Structures Development Section at
“DOTDLDTSDSTRUCTURESRECORDS@DOT.WIL.GOV ”. This process does not,
however, supersede submission processes in place for specific projects.

Mill Tests, Heat Numbers and Shop Inspection Reports for all Steel Main Members.
Metals Fabrication & Inspection Unit electronically files data into HSI

As-Let Plans: After bid letting, a digital image of the As-Let plans are placed in a
computer folder in the Bureau of Project Development (BPD). BOS office support staff
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extract a digital copy of the As-Let structure plans and place it in the structure folder for

viewing on HSI.

11. As-Built Plans: As-Built structure plans shall be prepared for all let structure projects,
new or rehabilitation. The structures with prefix ‘B’, ‘P’, ‘C’, ‘M’, ‘N’, ‘R’ and ‘'S’ shall
have As-Built plans produced after construction. The As-Built shall be prepared in
accordance with Section 1.65.14 of the Construction and Materials Manual (CMM).
These plans are located on a network drive and be viewed in DOTView GIS. BOS staff
will ensure that the proper BOS folder (\\dotstrc\O4bridge) has a copy of these plans for

viewing in HSI.

12. Inspection Reports - A certified bridge inspector enters the initial and subsequent

inspection data into HSI.

Initial Underwater (UW-Probe/Visual)
Routine Visual Movable
Fracture Critical Damage
In-Depth Interim
Underwater (UW)-Dive Posted

Underwater (UW)-Survey

Structure Inventory and Appraisal

Table 6.6-1

Various Inspection Reports
** HSI| — Highway Structures Information System — The electronic file where bridge data is

stored for future use.

6.6.2 Resources

The following items are available for assistance in the preparation of structure plans on the

department internet sites:

http://on.dot.wi.gov/dtid bos/extranet/structures/LRFD/index.htm

Bridge Manual

Highway Structures Information System (HSI)

Insert sheets

Standard details

Posted bridge map
Standard bridge CADD files

Structure survey reports and check lists

Structure costs
Structure Special Provisions
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http://wisconsindot.gov/Pages/doing-bus/eng-consultants/cnslt-rsrces/strct/manuals.aspx

Facilities Development Manual
Standard Specifications for Highway and Structures Construction
Construction and Materials Manual

Additional information is available on the AASHTO and AREMA websites listed below:

http://bridges.transportation.org

https://www.arema.org/
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Figure 7.1-2
Prefabricated Abutment

Prefabricated bridge elements are used to mitigate the on-site time required for concrete
forming, rebar tying and concrete curing, saving weeks to months of construction time. Deck
beam elements eliminate conventional onsite deck forming activities. To reduce onsite deck
forming operations, deck beam elements are typically placed in an abutting manner.
Prefabricated elements are often of higher quality than conventional field-constructed
elements, because the concrete is cast and cured in a controlled environment. The elements
are often connected using high strength grout, and post-tensioning or pretensioning. Because
some previous prefabricated bridge element connections have had problems, close attention
should be given to these connections.

7.1.4.1.1 Precast Piers

Precast concrete piers are optimally used when constructed adjacent to traffic. This application
can be best visualized for a two span bridge with a pier located between median barriers. The
use of precast piers minimizes traffic disruptions and construction work near traffic.

7.1.4.1.2 Application

Precast concrete piers have successfully been used on past projects. However, these projects
did not allow the use of cast-in-place concrete piers which is currently not practical for most
projects. An approach that allows for either cast-in-place or precast construction (or a
combination thereof) after the contract has been awarded provides contractors greater
flexibility to meet schedule demands, provides a safer work environment, and has the potential
to reduce costs.
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Optional precast concrete pier elements are currently being used on the [-39/90 Project. To
aid in the continued development of precast piers, several bridges on the 1-39/90 Project
required the use of precast pier elements. These mandatory locations will follow the optional
precast pier requirements, but prohibit cast-in-place construction. The remaining 1-39/90
Project bridges, unless provided an exception, are being delivered as traditional cast-in-place
piers with a noted allowance for the contractor to select a precast option. The precast option
provides the Project Team and contractors with more flexibility while requiring minimal
coordination with designers and the Bureau of Structures.

WisDOT policy item:

Pier configurations shall be determined by providing the most efficient cast-in-place concrete pier
design, unless approved otherwise. When the cast-in-place design can accommodate a precast
option, include a noted allowance. See Standards for Precast Pier (Optional) Cap and Columns.
Contact the Bureau of Structures Development Section for further guidance.

In some cases, optional precast piers may not be suitable for a particular bridge location and
there are specific limitations that can cause concern. The designer shall investigate the
potential viability of precast pier elements for any proposed bridge. The designer should be
aware of the common criteria for use and the limitations of the pier system. Some specific
limitations for the optional precast pier element usage are the following:

o Piers shall be designed to allow either cast-in-place or precast concrete construction,
but with only cast-in-place detailed on the plans. Differences between construction
methods shall be limited to pier column connections, beam seats details, and
diaphragm details. If the pier configuration is not able to reasonably accommodate
interchangeability between the two construction types, optional piers may be exempt
from the precast option.

e Multi-column piers (3x4 ft rectangular) grade separations over roadways only.

e Fixed piers supporting prestressed concrete girders only.

e Precast elements shall be limited to 90 kips.

e Deep foundations are recommended when multiple pier caps are used. Shallow
foundations may be considered if differential settlement is not expected.

e Integral barriers or crashwalls are currently excluded from the precast option.
e Applications where the top of the footing may become submerged are prohibited.
An exception to the precast pier option may be given by the Bureau of Structures.
7.1.4.1.3 Design Considerations

Precast concrete piers shall be designed in conformance with the current AASHTO LRFD, in
accordance with the WisDOT Bridge Manual, and as given in the Special Provisions.
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9.1 General

The Wisconsin Standard Specifications for Highway and Structure Construction (hereafter
referred to as Standard Specifications) contains references to ASTM Specifications or
AASHTO Material Specifications which provide required properties and testing standards for
materials used in highway structures. The service life of a structure is dependent upon the
guality of the materials used in its construction as well as the method of construction. This
chapter highlights applications of materials for highway structures and their properties.

In cases where proprietary products are experimentally specified, special provisions are written
which  provide material properties and installation procedures. Manufacturer’s
recommendations for materials, preparation and their assistance during installation may also
be specified.

Materials that are proposed for incorporation into highway structure projects performed under
the jurisdiction of the Wisconsin Department of Transportation (WisDOT) may be approved or
accepted by a variety of procedures:

o Laboratory testing of materials that are submitted or samples randomly selected.

Inspection and/or testing at the source of fabrication or manufacture.
¢ Inspection and/or testing in the field by WisDOT regional personnel.
¢ Manufacturer’'s certificate of compliance and/or manufacturer’s certified report of test
or analysis, either as sole documentation for acceptance or as supplemental

documentation.

e Inspection, evaluation and testing in the normal course of project administration of
material specifications.

e Some products are on approved lists or from fabricators, manufacturers, and certified
sources approved by WisDOT. Lists of approved suppliers, products, and certified
sources are located at:

http://wisconsindot.gov/Pages/doing-bus/eng-consultants/cnsli-rsrces/tools/appr-prod/default.aspx

The Wisconsin Construction and Materials Manual (CMM) contains a description of procedures
for material testing and acceptance requirements in Chapter 8, Section 45. Materials, unless
otherwise permitted by the specifications, cannot be incorporated in the project until tested and
approved by the proper authority.
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9.2 Concrete

Concrete is used in many highway structures throughout Wisconsin. Some structure types are
composed entirely of concrete, while others have concrete members. Different concrete
compressive strengths (f'c) are used in design and depend on the structure type or the location
of the member. Compressive strengths are verified by cylinder tests done on concrete samples
taken in the field. The Standard Specifications describe the requirements for concrete in
Section 501.

Some of the concrete structure types/members and their design strengths for new projects are:

o Decks, Diaphragms, Overlays, Curbs, Parapets, Medians, Sidewalks and Concrete
Slab Bridges  (f'c = 4 ksi)

o Other cast-in-place structures such as Culverts, Cantilever Retaining Walls and
Substructure units  (f'c = 3.5 ksi)

e Other types of Retaining Walls (f'c - values as specified in Chapter 14)
o Prestressed “I” Girders  (f'c = 6 to 8 ksi)

o Prestressed Box Girders  (f'c = 5 ksi)

o Prestressed Deck Panels  (f'c = 6 ksi)

Grade “E” concrete (Low Slump Concrete) is used in overlays for decks and slabs as stated in
Section 509.2.

The modulus of elasticity of concrete, E, is a function of the unit weight of concrete and its
compressive strength LRFD [C5.4.2.4]. For a unit weight of 0.150 kcf, the modulus of elasticity
is:

fe=3.5ksi ; Ec=3600 ksi
fe=4ksi ; Ec= 3800 ksi

For prestressed concrete members, the value for E. is based on studies in the field and is
calculated as shown in 19.3.3.8.

The modulus of rupture for concrete, f;, is a function of concrete strength and concrete density,
and is described in LRFD [5.4.2.6]. The coefficient of thermal expansion for normal weight
concrete is 6 x 10 in/in/°F per LRFD [5.4.2.2].

Air entraining admixture is added to concrete to provide durability for exposure to freeze and
thaw conditions. Other concrete admixtures used are set retarding and water reducing
admixtures. These are covered in Section 501 of the Standard Specifications.
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9.3 Reinforcement Bars

Reinforced concrete structures and concrete members are designed using Grade 60 deformed
bar steel with a minimum yield strength of 60 ksi. The modulus of elasticity, Es , for steel
reinforcing is 29,000 ksi. Reinforcement may be epoxy coated and this is determined by its
location in the structure as described below. Adequate concrete cover and epoxy coating of
reinforcement contribute to the durability of the reinforced concrete structure. The Standard
Specifications describe the requirements for steel reinforcement and epoxy coating in Section
505.

Epoxy coated bars shall be used for both top and bottom reinforcement on all new decks, deck
replacements, concrete slab superstructures, structural approach slabs and top slab of culverts
(with no fill on top). They shall be used in other superstructure elements such as curbs,
parapets, medians, sidewalks, diaphragms and pilasters. Some of the bars in prestressed
girders are epoxy coated and are specified in the Chapter 19 - Standards. Also use coated
bars for sign bridge footings.

Use epoxy coated bar steel on all piers detailed with expansion joints and on all piers at grade
separations. Use epoxy coated bars down to the top of the footing elevation.

At all abutments, use epoxy coated bars in the parapets and in the wing walls. For A3
abutments, use epoxy coated bars in the paving block and in the abutment backwall. For
Al(fixed) abutments, use epoxy coated dowel bars.

Welding of bar steel is not permitted unless approved by the Bureau of Structures or used in
an approved butt splice as stated in Section 505.3.3.3 of the Standard Specifications. Test
results indicate that the fatigue life of steel reinforcement is reduced by welding to them.
Supporting a deck joint by welding attachments to the bar steel is not permitted. The bar steel
mat does not provide adequate stiffness to support deck joints or similar details during the
deck pour and maintain the proper joint elevations.

The minimum and maximum spacing of reinforcement, and spacing between bar layers is
provided in LRFD [5.10.3.1, 5.10.3.2]. Use minimum and maximum values shown on
Standards where provided.

Bridge plans show the quantity of bar steel required for the structure. Details are not provided
for bar chairs or other devices necessary to support the reinforcement during the placement of
the concrete. This information is covered by the Standard Specifications in Section 505.3.4
and these devices are part of the bid quantity.

Reinforcement for shrinkage and temperature stresses shall be provided near surfaces of
concrete as stated in LRFD [5.10.8].

When determining the anchorage requirements for bars, consider the bar size, the
development length for straight bars and the development length for standard hooks. Note in
Table 9.9-1 and Table 9.9-2 that smaller bars require considerably less development length
than larger bars and the development length is also less if the bar spacing is 6 inches or more.
By detailing smaller bars to get the required area and providing a spacing of 6 inches or more,
less steel is used. Bar hooks can reduce the required bar development lengths, however the
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hooks may cost more to fabricate. In cases such as footings for columns or retaining walls,
hooks may be the only practical solution because of the concrete depth available for
developing the capacity of the bars.

Fabricators stock all bar sizes in 60 foot lengths. For ease of handling, the detailed length for
#3 and #4 bars is limited to 45 feet. Longer bars may be used for these bar sizes at the
discretion of the designer, when larger quantities are required for the structure. All other bar
sizes are detailed to a length not to exceed 60 feet, except for vertical bars. Bars placed in a
vertical position are detailed to match optional construction joint spacing plus lap. The location
of optional horizontal construction joints in pier shafts or columns will generally determine the
length of vertical bars in piers. All bars are detailed to the nearest inch.

The number of bars in a bundle shall not exceed four, except in flexural members the bars
larger than #11 shall not exceed two in any one bundle. Individual bars in a bundle, cut off
within the span of a member, shall be terminated at different points with at least a 40-bar
diameter stagger. Where spacing limitations are based on bar size, bundled bars shall be
treated as a single bar of a diameter derived from the equivalent total area LRFD [5.10.3.1.5].

Stainless steel deformed reinforcement meeting the requirements of ASTM A955 has been
used on a limited basis with the approval of the Bureau of Structures. It has been used in
bridge decks, parapets and in the structural approach slabs at the ends of the bridge.
Fabricators typically stock #6 bars and smaller in 60 foot lengths and #7 bars and larger in 40
foot lengths. Follow the guidance above for selecting bar lengths based on ease of handling.

9.3.1 Development Length and Lap Splices for Deformed Bars

Table 9.9-1 and Table 9.9-2 provide the development length, £ , for straight bars and the
required lap length of spliced tension bars according to LRFD [5.11.2.1, 5.11.5.3]. The basic
development length, {u, , is a function of bar area, A, , bar diameter, d, , concrete strength, f'c
and yield strength of reinforcement, fy. The basic development length is multiplied by applicable
modification factors to produce the required development length, £4. The lap lengths for spliced
tension bars are equal to a factor multiplied times the development length, {5 . The factor
applied depends on the classification of the splice; Class A, B or C. The class selected is a
function of the numbers of bars spliced at a given location and the ratio of the area of
reinforcement provided to the area required. The values for development length (required
embedment) are equal to Class “A” splice lengths shown in these tables. Table 9.9-1 gives the
development lengths and required lap lengths for a concrete compressive strength of f'c = 3.5
ksi and a reinforcement yield strength of f, = 60 ksi. Table 9.9-2 gives these same lengths for
a concrete compressive strength of f'c = 4 ksi and a reinforcement yield strength of f, = 60 ksi.
In tensile stress zones the maximum allowable change in bar size at a lap is three bar sizes.
The spacing of lap splice reinforcement is provided in LRFD [5.10.3.1.4], but values on
Standards should be used where provided.

The development length of individual bars within a bundle, shall be that for the individual bar,
increased by 20% for a three-bar bundle and by 33% for a four-bar bundle LRFD [5.11.2.3].
For determining the modification factors specified in LRFD [5.11.2.1.2, 5.11.2.1.3], a unit of
bundled bars shall be treated as a single bar of a diameter determined from the equivalent
total area.
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Lap splices within bundles shall be as specified in LRFD [5.11.2.3]. Individual bar splices within
a bundle shall not overlap. Entire bundles shall not be lap spliced LRFD [5.11.5.2.1].

Hook and embedment requirements for transverse (shear) reinforcement are stated in LRFD
[5.11.2.6.2]. The lap length for pairs of U-stirrups or ties that are placed to form a closed unit
shall be considered properly anchored and spliced where lengths of laps are not less than 1.7
fs LRFD [5.11.2.6.4]. In members not less than 18 inches deep, the length of the stirrup leg
for anchoring closed stirrup splices is described in LRFD [5.11.2.6.4].

The Bureau of Structures interprets the lap length to be used for temperature and distribution
reinforcement to be a Class “A” splice (using “top” or “others”, as appropriate). See Table 9.9-1
and Table 9.9-2 for definition of “top” bars.

The required development length, {an, for bars in tension terminating in a standard hook is
detailed in LRFD [5.11.2.4]. This length increases with the bar size. The basic development
length, &, for a hooked bar is a function of bar diameter, dy», and concrete strength, f'c. The
basic development length is multiplied by applicable modification factors to produce the
required development length, £n. Figure 9.9-2 shows typical development lengths for standard
hooks in tension.

Embedment depth is increased for dowel bars (with hooked ends) that run from column or
retaining wall into the footing, if the hook does not rest on top of the bar steel mat in the bottom
of the footing. This is a construction detail which is the preferred method for anchoring these
bars before the concrete is placed.

Dowel bars are used as tensile reinforcement to tie columns or retaining walls to their footings.
The amount of bar steel can be reduced by varying the dowel bar lengths projecting above the
footing, so that only half the bars are spliced in the same plane. This is a consideration for long
retaining walls and for some columns. This allows a Class “B” splice to be used, as opposed
to a Class “C” splice where equal length dowel bars are used and all bars are spliced in the
same plane.

The length of lap, {. , for splices in compression is provided in LRFD [5.11.5.5.1].

9.3.2 Bends and Hooks for Deformed Bars

Figure 9.9-1 shows standard hook and bend details for development of longitudinal tension
reinforcement. Figure 9.9-3 shows standard hook and bend details for transverse
reinforcement (open stirrups and ties). Figure 9.9-4 shows details for transverse reinforcement
(closed stirrups). Dimensions for the bending details are shown as out to out of bar, as stated
in the Standard Specifications Section 505.3.2. The diameter of a bend, measured on the
inside of the bar for a standard bend is specified in LRFD [5.10.2.3]. Where a larger bend
radius is required (non-standard bend) show the inside bend radius on the bar detail. When
computing total bar lengths account for the accumulation in length in the bends. Use the figures
mentioned above to account for accumulation in length for standard hooks and bends. One
leg of bent bars is not dimensioned so that the tolerance for an error in the length due to
bending is placed there. Fabrication tolerances for bent bars are specified in the Concrete
Reinforcing Steel Institute (CRSI) Manual of Standard Practices or the American Concrete
Institute (ACI) Detailing Manual as stated in Section 505.2.1 of the Standard Specifications.
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Figure 9.3-1 shows typical detailing procedures for bars with bends.

I I

2'-6"

Y N——
1 |-0“
[ -
#8 bar

Figure 9.3-1
Bar Bend Detail (#8 bar)

Bar length = 1.0 ft + (2)(2.5 ft) — (2)(0.21 ft) = 5.58 ft or 5-7” (to the nearest inch)

Where (0.21 ft) is (2.5"/12) and is the standard bar bend deduction found in Figure 9.9-1 for a
#8 bar bent 90°.

9.3.3 Bill of Bars

Figure 9.9-5 shows a sample Bill of Bars table for a concrete slab. Different bar letter
designations are used for abutments, slabs, and culverts, etc. If bundled bars are used, place
a symbol adjacent to the bar mark of the bundled bars and a note below the Bill of Bars table
stating the symbol represents bars to be bundled. A column for Bar Series is included if bars

are cut.

9.3.4 Bar Series

A Bar Series table enables the detailer to detail bar steel in the simplest manner if it is used
properly. Also, it helps the fabricator to prepare the Bill of Bars table.

The following general rules apply to the Bar Series table:
e Equal spacing of bars is required.
e There may be more than 1 Series with same number of bars.
e The total length of a bar is 60 feet (maximum).

¢ The minimum number of bars per Series is 4.
January 2018 9-7
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¢ Bent bars are bent after cutting.
e Set numbers are assigned to each Series used.

Figure 9.9-6Figure 9.9-6 provides a sample layout for a Bar Series table. The Bill of Bars table
will show the number of bars and the average bar length in the Series.
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Detailing Dimension

90° Bend

=]
5
Y
}

2 D e
Y =

4dp or
b
2%" Min.
H

g -

180° Bend

db = nominal diameter of reinforcing bar (in)

Definition of standard hooks LRFD [5.10.2.1, C5.11.2.4.1]

MINIMUM BEND DIAMETER (D) — LRFD [5.10.2.3]

D = 6d, FOR #3 THRU #8

D = 8d, FOR #9, #10, and #11

BAR MINIMUM HOOK, ALL GRADES
SIZE 90° HOOKS 180° HOOKS
J MINUS
HOOK A J HOOK A | HOOK A J APPHROX'
1
4 7 8 1 6 4 4%
5 8% 10 1% 7 5 5
6 10 1-0 2 8 6 6
7 1-0 1-2 2 10 7 7
8 1-1% 1-4 2% 11 8 8
9 1-4 1-7 3 1-3 11 Ya 10 Ya
10 1-6 1-9Y% 3% 1-5 1-0 34 11 Y%
11 1-8 2-0 4 1-7 1-2 Ya 1-0 34
Figure 9.9-1

Standard Hooks and Bends for Deformed Longitudinal Reinforcement

1 “3” MINUS “HOOK A” = DEDUCTION FOR ONE BEND

January 2018
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‘ £an f'c=3.5 ksi; fy=60 ksi
N P
\ U¢ 5 Lan
ar
; f ) Size Uncoated Epoxy
- Critoa - Wn(0.7) | 8e(0.7)(12)
|  Section 3 0-6" o-7"
4 0-8" 0-9"
‘ tn 5 0-9" 0-11"
\ 1;,1 6 0-11" 1-1"
} 7 o1 -3
‘ } i) 180° Bend 8 1-3 1-6"
\ 9 1-5" 1-8"
=—Critical 10 1-7" 1'-10"
| Section 11 -9 T
Figure 9.9-2

Development Length for Standard Hooks in Tension
(See Figure 9.9-1 for bend details)

The development length for standard hooks in tension, {4, shall not be less than the product
of the basic tension development length, £, and the appropriate modification factor(s), Ai, 8do,
or 6-inches. The following equation is for the required development length for standard hooks
in tension (in):

£an = max (I Ai, 8dp, 6.0) LRFD [5.11.2.4.1]
Where:
£ = 38ds / (f'c)¥? = basic hook development length (in.) LRFD [5.11.2.4.1-1]
Ai = modification factor(s) LRFD [5.11.2.4.2]

e (0.70) Side cover for #11 bar and smaller, normal to plane of hook, is not
less than 2.5 inches, and 90 hook, cover on bar extension beyond hook
not less than 2.0 inches

e (0.80) Hooks for #11 bar and smaller enclosed vertically or horizontally
within ties or stirrups ties which are placed along the full development
length, fan, at a spacing not exceeding 3dy

e (1.20) Epoxy coated reinforcement

dp = diameter of bar (in.)

f'c = specified compressive strength of concrete (ksi)
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- ,.6db for #3 - #5
0 12dy, for #6 - #8 ,éi:t
o < [=]
o ' T
Ty Y
)
- J - 5
-] % % o
90° Bend £ % 135° Bend
(m]
dp 2 dp
—— - — —— -
(o]
15
(m]
Q—/ Y ﬁ

db = nominal diameter of reinforcing bar (in)
Definition of Standard Hooks LRFD [5.10.2.1]
MINIMUM BEND DIAMETER (D) — LRFD [5.10.2.3]
D = 4dy, FOR #3 THRU #5

D = 6dp FOR #6 THRU #8

MINIMUM HOOK, ALL GRADES
90° HOOKS 135°© HOOKS

BAR SIZE D HOOK A APPROX J HOOK A H

3 1% 3 4 4 2%

4 2 3% 4% 4% 3

5 2% 4% 6 5% 3%

6 4% 10 1-0 8 4%

Figure 9.9-3

Standard Hooks and Bends for Deformed Transverse Reinforcement
(Stirrups and Ties)
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%@/ " 135° Bend
"%

Detailing Dimension

Detailing Dimension

Y

iy

Stirrup Bar Length equals sum of all Detailing Dimensions plus “Stirrup Add-On” from table
db = nominal diameter of reinforcing bar (in)
Definition of Standard Hooks LRFD [5.10.2.1]
MINIMUM BEND DIAMETER (D) — LRFD [5.10.2.3]
D = 4d, FOR #3 THRU #5

D = 6dp FOR #6 THRU #8

BAR SIZE| D | STIRRUP ADD-ON
3 1% 5
4 2 6
5 2% 8
6 4 10
7 5V 12
8 6 13
Figure 9.9-4

Standard Details and Bends for Deformed Transverse Reinforcement
(Closed Stirrups)
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BILL OF BARS

NOTE: THE FIRST OR FIRST TWO DIGITS OF THE BAR MARK SIGNIFIES THE BAR SIZE.

NO. BAR
BAR MARK COAT | REQ'D | LENGTH | BENT | SERIES LOCATION
S501 10 4-2 A SLAB - TRANS.
S502 20 6-3 A SLAB - TRANS.
S503 X 19 42-8 SLAB - LONG.

A LENGTH SHOWN FOR BAR IS AN AVERAGE LENGTH AND SHOULD ONLY BE USED
FOR BAR WEIGHT CALCULATIONS. SEE BAR SERIES TABLE FOR ACTUAL LENGTHS.

Figure 9.9-5
Bill of Bars

BAR SERIES TABLE

MARK NO. REQ'D. LENGTH
S501 1 SERIES OF 10 2-1TO 6-3
S502 2 SERIES OF 10 3-2TO 9-5

BUNDLE AND TAG EACH SERIES SEPARATELY

Figure 9.9-6
Bar Series Table
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BAR
SIZE

BAR

WEIGHT

(Ibs/ft)

NOM.
DIA

(in)

NOM.
AREA

(in?)

NUMBER OF BARS

2

3

4

5

6

7

10

0.668

0.500

0.20

0.40

0.60

0.80

1.00

1.20

1.40

1.60

1.80

2.00

1.043

0.625

0.31

0.62

0.93

1.24

1.55

1.86

2.17

2.48

2.79

3.10

1.502

0.750

0.44

0.88

1.32

1.76

2.20

2.64

3.08

3.52

3.96

4.40

2.044

0.875

0.60

1.20

1.80

2.40

3.00

3.60

4.20

4.80

5.40

6.00

2.670

1.000

0.79

1.58

2.37

3.16

3.95

4.74

5.53

6.32

7.11

7.90

3.400

1.128

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

9.00

10.00

4.303

1.270

1.27

2.54

3.81

5.08

6.35

7.62

8.89

10.16

11.43

12.70

5.313

1.410

1.56

3.12

4.68

6.24

7.80

9.36

10.92

12.48

14.04

15.60

Table 9.9-3
Bar Areas Per Number of Bars (in?)

5”

5
1/2u

6”

6
1/255

711

7
1/211

811

8
1/211

911

10”

11”

12”

0.47

0.43

0.39

0.36

0.34

0.31

0.29

0.28

0.26

0.24

0.21

0.20

0.74

0.67

0.61

0.57

0.53

0.49

0.46

0.43

0.41

0.37

0.33

0.31

1.06

0.96

0.88

0.82

0.76

0.71

0.66

0.62

0.59

0.53

0.48

0.44

1.44

131

1.20

111

1.03

0.96

0.90

0.85

0.80

0.72

0.66

0.60

1.88

1.71

1.57

1.45

1.35

1.26

1.18

1.11

1.05

0.94

0.86

0.79

2.40

2.18

2.00

1.85

1.71

1.60

1.50

1.41

1.33

1.20

1.09

1.00

3.04

2.76

2.53

2.34

2.17

2.02

1.90

1.79

1.69

1.52

1.38

1.27

3.75

3.41

3.12

2.88

2.68

2.50

2.34

2.21

2.08

1.87

1.70

1.56

Table 9.9-4
Area of Bar Reinf. (in?/ ft) vs. Spacing of Bars (in)
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9.10 Granular Materials

Several types of granular materials are used for backfilling excavations, providing foundation
improvements, and reinforcing soils. Table 9.10-5 provides recommended uses and notes for
commonly used granular materials for structures. Refer to the specifications for material
gradations, testing, compaction, and other requirements specific for the application. Refer to
6.4.2 for plan preparations.

Granular pay limits should be shown on all structure plans. See Standards for typical backfill
limits and plan notes.

Granular Material Type Uses Notes
Backfill
Backfill Structure — Type A ¢ Abutments
» Retaining walls
Backiill Type A facilitates better
. Box culverts drainage than Type B.
« Structural plate pipes .
« Pipe arches Type A may be substituted for
, Retained Backfill (if needed) | Type B material per
Backfill Structure — Type B . Various sructures specifications.
Foundation

» Abutments
» Retaining walls

Backfill Granular — Grade 1 Grade 1 may be substituted for

Refer to FDM for usages Grade 2 material per
Backfill Granular — Grade 2 specifications.

 Structural approach (base)
Base Aggregate Dense 1 1/4-inch | « GRS Walls (reinforced soil
foundation and approach)

Backfill included in MSE Wall

Reinforced Soils « MSE Walls .
bid items.

* GRS Wallls (reinforced soil)
Base Aggregate Open Graded « MSE Walls (for elevations

below HW100)
Breaker Run » Box culverts (foundation) See Stgndard Detail 9.01 for
alternatives and notes
Flowable Backfill « Soldier pile walls
Table 9.10-5

Recommendations for Granular Material Usage
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9.12 Appendix - Draft Bar Tables

The following Draft Bar Tables are provided for information only. We expect the tables to be
moved into the main text of Chapter 9 in January of 2019, and at that time to begin their use.
We are delaying their use to allow time for modification of details and software that are affected.

The 2015 Interim Revisions to the AASHTO LRFD Bridge Design Specifications (7" Edition),
modified the tension development lengths and tension lap lengths for straight deformed bars
as follows:

The tension development length, {4 ,shall not be less than the product of the basic tension
development length, {4, , and the appropriate modification factors, A; . LRFD [5.11.2.1.1]

£a=Lab - (hnt - Aet = Arc = Aer ) A
in which:  fep=2.4 - dp - [fy / (F)¥?]
where:
f4» = basic development length (in.)
An = reinforcement location factor
Act = coating factor
A = conc. density modification factor ; for normal weight conc. = 1.0, LRFD [5.4.2.8]
Are = reinforcement confinement factor
Aer = excess reinforcement factor
fy = specified yield strength of reinforcing bars (ksi)
dp = diameter of bar (in.)
f'c = specified compressive strength of concrete (ksi)

Top bars will continue to refer to horizontal bars placed with more than 12" of fresh concrete
cast below it. Bars not meeting this criteria will be referred to as Others.

Per LRFD [5.11.5.3.1], there are two lap splice classes, Class A and Class B.
e ClassAlapsplice .......ccooevvvennnnn. 1.0 4
o ClassBlapsplice ...........covvenie. 1.3

The criteria for where to apply each Class is covered in the above reference.
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11.1 General

11.1.1 Overall Design Process

The overall foundation support design process requires an iterative collaboration to provide
cost-effective constructible substructures. Input is required from multiple disciplines including,
but not limited to, structural, geotechnical and design. For a typical bridge design, the following
four steps are required (see 6.2):

1. Structure Survey Report (SSR) — This design step results in a very preliminary

evaluation of the structure type and approximate location of substructure units,
including a preliminary layout plan.

Site Investigation Report — Based on the Structure Survey Report, a Geotechnical
Investigation (see Chapter 10 — Geotechnical Investigation) is required, including test
borings to determine foundation requirements. A hydraulic analysis is also performed
at this time, if required, to assess scour potential and maximum scour depth. The Site
Investigation Report and Subsurface Exploration Drawing are used to identify known
constraints that would affect the foundations in regard to type, location or size and
includes foundation recommendations to support detailed structural design. Certain
structure sites/types may require the preliminary structure plans (Step 3) prior to
initiating the geotechnical site investigation. One example of this is a multi-span
structure over water. See 6.2 for more information.

Preliminary Structure Plans — This design step involves preparation of a general plan,
elevation, span arrangement, typical section and cost estimate for the new bridge
structure. The Site Investigation Report is used to identify possible poor foundation
conditions and may require modification of the structure geometry and span
arrangement. This step may require additional geotechnical input, especially if
substructure locations must be changed.

Final Contract Plans for Structures — This design step culminates in final plans, details,
special provisions and cost estimates for construction. The Subsurface Exploration
sheet(s) are part of the Final Contract Plans. Unless design changes are required at
this step, additional geotechnical input is not typically required to prepare foundation
details for the Final Contract Plans.

11.1.2 Foundation Type Selection

The following items need to be assessed to select site-specific foundation types:

Magnitude and direction of loads.
Depth to suitable bearing material.
Potential for liquefaction, undermining or scour.

Frost potential.
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For cohesive soils, point resistance can be calculated using the following equation:

R,=9S,A,
Where:
Rp = Point resistance capacity (tons)
Su = Undrained shear strength of the cohesive soil near the pile base (tsf)
Ap = Pile end area (feet?)

This equation represents the maximum value of point resistance for cohesive soil. This value
is often assumed to be zero because substantial movement of the pile tip (1/10 of the pile
diameter) is needed to mobilize point resistance capacity. This amount of tip movement seldom
occurs after installation.

A point resistance (or end bearing) pile surrounded by soil is not a structural member like a
column. Both experience and theory demonstrate that there is no danger of a point resistance
pile buckling due to inadequate lateral support if it is surrounded by even the very softest soil.
Therefore, pile stresses can exceed column stresses. Although, exposed pile bent piles may
act as structural columns.

11.3.1.15.3 Group Capacity

The nominal resistance capacity of pile groups may be less than the sum of the individual
nominal resistances of each pile in the group for friction piles founded in cohesive soil. For pile
groups founded in cohesive soil, the pile group must be analyzed as an equivalent pier for
block failure in accordance with LRFD [10.7.3.9]. WisDOT no longer accepts the Converse-
Labarre method of analysis to account for group action. If the pile group is tipped in a firm
stratum overlying a weak layer, the weak layer should be checked for possible punching failure
in accordance with LRFD [10.6.3.1.2a]. Experience in Wisconsin indicates that in most
thixotropic clays where piles are driven to a hammer bearing as determined by dynamic
formulas, pile group action is not the controlling factor to determine pile resistance capacity.
For pile groups in sand, the sum of the nominal resistance of the individual piles always
controls the group resistance.

11.3.1.16 Lateral Load Resistance

Structures supported by single piles or pile groups are frequently subjected to lateral forces
from lateral earth pressure, live load forces, wave action, ice loads and wind forces. Piles
subjected to lateral forces must be designed to meet combined stress and deflection criteria
to prevent impairment or premature failure of the foundation or superstructure. To solve the
soil-structure interaction problems, the designer must consider the following:

e Pile group configuration.
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Pile stiffness.

o Degree of fixity at the pile connection with the pile footing.

e Maximum bending moment induced on the pile from the superstructure load and
moment distribution along the pile length.

e Probable points of fixity near the pile tip.
e Soil response (P-y method) for both the strength and service limit states.
e Pile deflection permitted by the superstructure at the service limit state.

If a more detailed lateral load investigation is desired, a P-y analysis is typically performed
using commercially available software such as COM624P, FB Multi-Pier or L-Pile. A resistance
factor of 1.0 is applied to the soil response when performing a P-y analysis using factored
loads since the soil response represents a nominal (ultimate) condition. For a more detailed
analysis of lateral loads and displacements, refer to the listed FHWA design references at the
end of this chapter or a geotechnical engineering book.

WisDOT policy item:

A detailed analysis is required for the lateral resistance of piles used in A3 abutments.

11.3.1.17 Other Design Considerations

Several other topics should be considered during design, as presented below.

11.3.1.17.1 Downdrag Load

Negative shaft resistance (downdrag) results in the soil adhesion forces pulling down the pile
instead of the soil adhesion forces resisting the applied load. This can occur when settlement
of the soil through which the piling is driven takes place. It has been found that only a small
amount of settlement is necessary to mobilize these additional pile (drag) loads. This
settlement occurs due to consolidation of softer soil strata caused by such items as increased
embankment loads (due to earth fill) or a lowering of the existing ground water elevation. The
nominal pile resistance available to support structure loads plus downdrag shall be estimated
by considering only the positive skin and tip resistance below the lowest layer acting to produce
negative skin resistance. When this condition is present, the designer may provide time to
allow consolidation to occur before driving piling, or LRFD [10.7.3.8.6] may be used to estimate
the available pile resistance to withstand the downdrag plus structure loads. Other alternatives
are to pre-auger the piling, drive the pile to bearing within a permanent pipe sleeve that is
placed from the base of the substructure unit to the bottom of the soft soil layer(s), coat the
pile with bitumen above the compressible soil strata or use proprietary materials to encase the
piles (within fill constructed after the piling is installed). The Department has experienced
problems with bitumen coatings.
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12.1 General

Abutments are used at the ends of bridges to retain the embankment and to carry the vertical
and horizontal loads from the superstructure to the foundation, as illustrated in Figure 12.1-1.
The design requirements for abutments are similar to those for retaining walls and for piers;
each must be stable against overturning and sliding. Abutment foundations must also be
designed to prevent differential settlement and excessive lateral movements.

Resist vertical loads
from superstructure

)
. Y
Retain -
embankment Resist horizontal loads
from superstructure
W
-
Figure 12.1-1

Primary Functions of an Abutment

The components of a typical abutment are illustrated in Figure 12.1-2.
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Footing W%
heel _\ A
< \
Footing toe

Figure 12.1-2
Components of an Abutment

Footing

Many types of abutments can be satisfactorily utilized for a particular bridge site. Economics
is usually the primary factor in selecting the type of abutment to be used. For river or stream
crossings, the minimum required channel area and section are considered. For highway
overpasses, minimum horizontal clearances and sight-distances must be maintained.

An abutment built on a slope or on top of a slope is less likely to become a collision obstacle
than one on the bottom of the slope and is more desirable from a safety standpoint. Aesthetics
is also a factor when selecting the most suitable abutment type.
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12.2 Abutment Types

Several different abutment types can be used, including full-retaining, semi-retaining, sill, spill-
through or open, pile-encased and special designs. Each of these abutment types is described
in the following sections.

12.2.1 Full-Retaining

A full-retaining abutment is built at the bottom of the embankment and must retain the entire
roadway embankment, as shown in Figure 12.2-1. This abutment type is generally the most
costly. However, by reducing the span length and superstructure cost, the total structure cost
may be reduced in some cases. Full-retaining abutments may be desirable where right of way
is critical.

i 17

— P

Figure 12.2-1
Full-Retaining Abutment

Rigid-frame structures use a full-retaining abutment poured monolithically with the
superstructure. If both abutments are connected by fixed bearings to the superstructure (as in
rigid frames), the abutment wings are joined to the body by a mortised expansion joint. For a
non-skewed abutment, this enables the body to rotate about its base and allows for
superstructure contraction and expansion due to temperature and shrinkage, assuming that
rotation is possible.

An objectionable feature of full-retaining abutments is the difficulty associated with placing and
compacting material against the body and between the wing walls. It is possible that full-
retaining abutments may be pushed out of vertical alignment if heavy equipment is permitted
to work near the walls, and this temporary condition is not accounted for in a temporary load
combination. The placement of the embankment after abutment construction may cause
foundation settlement. For these reasons, as much of the roadway embankment as practical
should be in place before starting abutment construction. Backfilling above the beam seat is
prohibited until the superstructure is in place.

Other disadvantages of full-retaining abutments are:

e Minimum horizontal clearance
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¢ Minimum sight distance when roadway underneath is on a curved alignment
¢ Collision hazard when abutment front face is not protected

o Settlement
12.2.2 Semi-Retaining
The semi-retaining abutment (Type A3) is built somewhere between the bottom and top of the
roadway embankment, as illustrated in Figure 12.2-2. It provides more horizontal clearance

and sight distance than a full-retaining abutment. Located on the embankment slope, it
becomes less of a collision hazard for a vehicle that is out of control.

[ 1

A3

Figure 12.2-2
Semi-Retaining Abutment

The description of full-retaining abutments in 12.2.1 generally applies to semi-retaining
abutments as well. They are used primarily in highway-highway crossings as a substitute for a
shoulder pier and sill abutment. Semi-retaining abutments generally are designed with a fixed
base, allowing wing walls to be rigidly attached to the abutment body. The wings and the body
of the abutment are usually poured monolithically.

12.2.3 Sill

The sill abutment (Type Al) is constructed at the top of the slope after the roadway
embankment is close to final grade, as shown in Figure 12.2-3. The sill abutment helps avoid
many of the problems that cause rough approach pavements. It eliminates the difficulties of
obtaining adequate compaction adjacent to the relatively high walls of closed abutments. Since
the approach embankment may settle by forcing up or bulging up the slope in front of the
abutment body, a berm is often constructed at the front of the body. The weight of the berm
helps prevent such bulging.
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Figure 12.2-3
Sill Abutment

Sill abutments are the least expensive abutment type and are usually the easiest to construct.
However, this abutment type results in a higher superstructure cost, so the overall cost of the
structure should be evaluated with other alternatives.

For shallow superstructures where wing piles are not required, the Type Al abutment is used
with a fixed seat. This minimizes cracking between the body wall and wings. However, for
shallow superstructures where wing piles are required, the Type Al abutment is used with a
semi-expansion seat. This allows superstructure movement, and it reduces potential cracking
between the wings and body.

The parallel-to-abutment-centerline wings or elephant-ear wings, as shown on the Standard
Details for Wings Parallel to A1 Abutment Centerline, should be used for grade separations
when possible. This wing type is preferred because it increases flexibility in the abutment, it
simplifies compaction of fill, and it improves stability. However, parallel-to-abutment-centerline
wings should not be used for stream crossings when the high water elevation is above the
bottom of the abutment. This wing configuration may not adequately protect bridge approaches
and abutment backfill from the adjacent waterway.

12.2.4 Spill-Through or Open

A spill-through or open abutment is mostly used where an additional span may be added to
the bridge in the future. It may also be used to satisfy unique construction problems. This
abutment type is situated on columns or stems that extend upward from the natural ground. It
is essentially a pier being used as an abutment.

It is very difficult to properly compact the embankment materials that must be placed around
the columns and under the abutment cap. Early settlement and erosion are problems
frequently encountered with spill-through or open abutments.

If the abutment is to be used as a future pier, it is important that the wings and backwall be
designed and detailed for easy removal. Construction joints should be separated by felt or
other acceptable material. Reinforcing steel should not extend through the joints. Bolts with
threaded inserts should be used to carry tension stresses across joints.
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12.2.5 Pile-Encased

Pile-encased abutments (Type A5) should only be used where documented cost data shows
them to be more economical than sill abutments due to site conditions. For local roads right-
of-way acquisition can be difficult, making the A5 a good option. Requiring crane access from
only one side of a stream may be another reason to use a single span bridge with A5
abutments, as would savings in railing costs. Steeper topography may make A5 abutments a
more reasonable choice than sill abutments. In general, however, using sill abutments with
longer bridges under most conditions has cost advantages over using the Type A5 abutments.
Type A5 abutments may require additional erosion control measures that increase construction
cost.

The wall height of pile-encased abutments is limited to a maximum of 10 feet since increased
wall height will increase soil pressure, resulting in uneconomical pile design due to size or
spacing requirements. Reinforcement in the abutment body is designed based on live load
surcharge and soil pressure on the back wall.

Pile-encased abutments with fixed seats are limited to a maximum skew of 15 degrees for
girder structures and 30 degrees for slab structures in order to limit damage due to thermal
expansion and contraction of the superstructure. Pile-encased abutments with a semi-
expansion seat are limited to a maximum skew of 30 degrees. Wing skew angles are at
45 degrees relative to the body to prevent cracking between the abutment body and wings.
These wings may be used for stream crossings when the high water elevation is above the
bottom of the abutment. Parallel-to-roadway wings may be considered for extreme hydraulic
conditions, however this will require a special design.

12.2.6 Special Designs

In addition to the standard abutment types described in the previous sections, many different
styles and variations of those abutment types can also be designed. Such special abutment
designs may be required due to special aesthetic requirements, unique soil conditions or
unique structural reasons. Special designs of abutments require prior approval by the Bureau
of Structures Development Chief.
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12.3 Types of Abutment Support

Piles, drilled shafts and spread footings are the general types of abutment support used. This
section provides a brief description of each type of abutment support.

WisDOT policy item:

Geotechnical design of abutment supports shall be in accordance with the 4th Edition of the
AASHTO LRFD Bridge Design Specifications for Highway Bridges. No additional guidance is
available at this time.

Structural design of abutment supports shall be in accordance with LRFD, as specified in the 4th
Edition of AASHTO LRFD Bridge Design Specifications

12.3.1 Piles or Drilled Shafts

Most abutments are supported on piles to prevent abutment settlement. Bridge approach
embankments are usually constructed of fill material that can experience settlement over
several years. This settlement may be the result of the type of embankment material or the
original foundation material under the embankment. By driving piles through the embankment
and into the original ground, abutments usually do not settle with the embankment. A settling
embankment may be resisted by the abutment piles through friction between the piles and fill
material. The added load to friction piles and the need for preboring should be considered.

It is generally not necessary to prebore non-displacement piles for any fill depths, and it is not
necessary to prebore displacement piles for fill depths less than 15 feet below the bottom of
footing. However, for some problem soils this may not apply. See the soils report to determine
if preboring is required. If required, the Special Provisions must be written with preboring
guidelines.

Battered piles may cause more of a problem than vertical piles and are given special
consideration. When driving battered piles, reduced hammer efficiency may be experienced,
and battered piles should not be considered when negative skin friction loads are anticipated.

Fill embankments frequently shift laterally, as well as vertically. A complete foundation site
investigation and information on fill material is a prerequisite for successful pile design.

Piles placed in prebored holes cored into rock do not require driving. The full design loading
can be used if the hole is of adequate size to prevent pile hangups and to allow filling with
concrete.

Piles in abutments are subject to lateral loads. The lateral resistance on a pile is usually
determined from an acceptable level of lateral displacement and not the ultimate load that
causes a stress failure in the pile. The lateral resistance on a pile may be more dependent on
the material into which the pile is driven than on the pile type. See Chapter 11 — Foundation
Support for a more thorough discussion of piles and allowable pile loads.
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12.3