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Purpose of this presentation

• Definition of an integral abutment

• Benefits of integral abutments

• Where they are appropriate and where they are not

• Design considerations for integral abutments
• AASHTO LRFD BDS Provisions

• State DOT Provisions

• Common details

• Example construction projects
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Intro to Integral 

Abutments
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Integral Abutment Definition

• AASHTO LRFD Bridge Design Specifications Definition:
• Integral abutments are rigidly attached to the superstructure and are supported 

on a spread footing or a deep foundation capable of permitting necessary 

horizontal movements
• Spread footing?: Most likely referring to rigid-frame structures with hinge at wall base

• Deep foundations: Single line of piles
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Semi-Integral Abutment Definition

• AASHTO LRFD BDS does not have a definition 

for semi-integral abutments

• Generally, semi-integral abutments have an 

integral diaphragm at the abutment that is 

supported on expansion bearings

• Conventional Abutment below the bearings

• Details vary by state
• Minnesota DOT details shown
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European Experience

Years ago I attended a bridge conference 

that had a session on Integral Abutments

– The engineers from some Western European 

countries did not like the US details

• Concerns regarding potential uneven movement of 

the bridge

• They consider a three-sided frame an “integral 

abutment”. Technically, it is.

– England was building US-style integral 

abutments

– This was 8 years ago.  

• Designs may have evolved since then.
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Pile types

• Most states use steel H-piles

– Orientation:  Most orient the pile for 

weak axis thermal bending 

•  Small-diameter drilled shafts

– Large diameter shafts may be too 

stiff

• Micropiles?

– More on that later
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Benefits of Integral Abutments

• Elimination of deck expansion joints is the number one benefit
• Significant durability improvement – The best joint is no joint

• Elimination of bearings at the abutment
• Some designers use temporary bearings for seating the girders.

• Lower cost
• Fewer piles
• No footings
• Less excavation and typically above the waterline

• Benefits to the superstructure?
• Designers neglect the stiffness of the Integral Abutment; therefore, there are no 

structural benefits.
• Designers typically neglect the compression in the superstructure due to soil 

forces acting on the abutments.
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Where they are appropriate and where they are not

• Appropriate uses
• Single-span Bridges
• Continuous multi-span Bridges
• Maximum lengths between abutments

• Vary by state
• Significantly long bridges have been built (TN)

• Inappropriate uses
• Shallow bedrock: 

• Piles become too short: Cannot achieve pile fixity
• Use semi-integral abutment

• Bridges with significant scour? Debatable
• Long bridges: Soil pressures and pile flexure
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Design of 

Integral 

Abutments
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Design Considerations for Integral Abutments

• There is no national design process for integral abutments
• Engineering judgement is most often used

• AASHTO LRFD Bridge Design Specifications have limited design 

specifications

• Some states have specific design requirements in their bridge design 

manuals
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AASHTO LRFD Bridge Design Specifications

12

• There are no specific design specifications for integral abutments

• The following are excerpts from the BDS

 
No specifics on how to account for this
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AASHTO LRFD Bridge Design Specifications
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AASHTO LRFD Bridge Design Specifications

14

 

Consider the substructure stiffness in the superstructure analysis
• Most engineers neglect the stiffness of the piles
• Some consider the bending moments due to soil pressures on the backwall 

acting on the superstructure
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AASHTO LRFD Bridge Design Specifications
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Consider the substructure stiffness in 
the superstructure analysis

AASHTO LRFD Bridge Design Specifications
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Definition in Section 11 
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AASHTO LRFD Bridge Design Specifications
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Only design requirements
Nothing specific

AASHTO LRFD Bridge Design Specifications
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Seismic earth 
pressure 
design 
requirements
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Typical Live Load Analysis Assumptions

• Analyze as simple span

–  The stiffness of piles is so small when compared to the superstructure
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Typical Thermal Movement Assumptions

• Superstructure expands and contracts equally on each end

– Thermal movement is accommodated by flexure in the piles

– ½ on each end

– Soil forces can create negative bending moments in the superstructure

20

Active Earth Pressure with 
contraction
Passive Earth Pressure with 
expansion
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Construction Sequence

• The construction approach needs to consider beam end rotation

– Pour deck in stages

– Span first (red), abutment diaphragms second (blue)

– The second abutment diaphragm can be cast with the deck pour
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State DOT 

Provisions

22

21

22



11/19/2025

State DOT Provisions

• Several States have design provisions in their bridge design manuals
• MassDOT has had design specifications for many years

• We will focus on MnDOT today
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Minnesota DOT LRFD Bridge Design Manual
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Note that we are only covering 
the main provisions today.  

Refer to the MnDOT Bridge 
Design Manual for other 
requirements.

Many states limit skew: 
Snowplow effect causing lateral 

movement of the abutments
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Minnesota DOT LRFD Bridge Design Manual
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Minnesota DOT LRFD Bridge Design Manual
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Minnesota DOT LRFD Bridge Design Manual
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Cover and Clearance Requirements
• Use a minimum thickness of 3 feet for the abutment 

stem.  For skewed bridges, increase the abutment 
thickness to maintain a minimum of 5 inches between 
the beam end and the approach slab seat 

• Note that the 4'-6" minimum depth below grade 
requirement for abutment footings does not apply to 
integral abutment stems.

• Orient H-piling such that weak axis bending occurs under 
longitudinal bridge movements.  

• Minimum pile penetration into abutment stem is 2’-6”.
• Avoid using 16” CIP and HP 14 piles or larger because of 

limited flexibility. 

Minnesota DOT LRFD Bridge Design Manual
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Wingwall detailing:
• Wingwalls and the end diaphragm are intended to move 

as a single unit. 
• Do not include a gap between wingwalls and the 

abutment diaphragm. 
• Detail rebar to cross the joint between the diaphragm 

and the wingwalls. 
• Limit the length of the wingwall cantilever to 14 feet 

measured from the back face of abutment to the end of 
the wingwall. 
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Minnesota DOT LRFD Bridge Design Manual
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Typical Details:
• Nominal 

elastomeric 
temporary bearing

•  Polystyrene under 
beam flange

Minnesota DOT LRFD Bridge Design Manual
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Some states analyze piles for 
flexure (more on this in the next 
slide)

Simple live load distribution 
approach
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Flexure in Pile design

31

• MnDOT only specifies axial design

• Why not flexure?  
• My thoughts…

• Flexural stresses can be considered the same as residual 

stresses in steel

• Rolled sections can have high residual stresses
• 10ksi to 15 ksi

• Is the flexure of piles similar??

Flexure in Pile design
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• Residual Stresses
• We ignore these in design, but why?

• As you apply compression, the areas with residual compression 

may yield initially, but…

• Areas with residual tension have capacity to take more 

compression

• Result: Ultimate compression load is As*Fy (if compact)
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Minnesota DOT LRFD Bridge Design Manual
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Geotechnical Design:
• Design for full passive earth pressure
• This will generate significant negative 

bending in the superstructure
• May not work with prestressed concrete 

beams
• Steel Beams can handle it
• Design similar to continuity design for 

multi-span bridges

Minnesota DOT LRFD Bridge Design Manual
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• Semi-integral abutments

• Similar to integral abutment 

specifications
• Bearing added for thermal movement

• Longitudinal forces resisted by backwall 

and superstructure

• This detail works well with ABC
• SPMT and Lateral Slide applications

• Modular deck beam applications
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ABC with Semi-Integral Abutments

Simplified Lateral Slide Details
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Simplified Lateral Slide Details

Simplified Lateral Slide Details
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Simplified Lateral Slide Details

A Few Example 

Projects
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Champeaux Road Bridge

41

• Sturbridge, Massachusetts
• MassDOT first use of micropiles for IA 

bridges
• Concerns over bending moments at pile 

couplers
• Potential for fracture of pile at to coupler threads

• Design
• Specified a minimum coupler depth
• Low moment region

• CHA is studying this
• Numerous sensors were installed
• Monitoring continues

• Univ. of Maine is researching this issue also
• Lab testing

Example Construction Projects
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• Putnam Industrial Park 
Entrance Road, Putnam, CT
• Medium-span steel bridge
• 200 foot single span
• Integral abutments
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Example Construction Projects
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• Putnam Industrial Park 
Entrance Road, Putnam, CT
• Site plan

Example Construction Projects
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• Putnam Industrial Park 
Entrance Road, Putnam, CT
• Bridge details

43

44



11/19/2025

Example Construction Projects
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• Putnam Industrial Park 
Entrance Road, Putnam, CT
• Abutment details

• 6 piles
• HP14x102
• Weak axis bending

Example Construction Projects
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• Putnam Industrial Park 
Entrance Road, Putnam, CT
• Abutment details
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Example Construction Projects
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• Putnam Industrial Park 
Entrance Road, Putnam, CT
• Abutment details

Example Construction Projects
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• Putnam Industrial Park 
Entrance Road, Putnam, CT
• Abutment details
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Example Construction Projects
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• Putnam Industrial Park 
Entrance Road, Putnam, CT
• Wingwall details

Example Construction Projects
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• Putnam Industrial Park 
Entrance Road, Putnam, CT
• Construction Site
• Integral abutment excavation 

(far side)
• No cofferdams
• Steel Erection Bents
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Example Construction Projects
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• Putnam Industrial Park 
Entrance Road, Putnam, CT
• Pile installation
• Construction far above 

waterline

Example Construction Projects
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• Putnam Industrial Park 
Entrance Road, Putnam, CT
• Steel Erection Complete
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Example Construction Projects
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• Putnam Industrial Park 
Entrance Road, Putnam, CT
• Integral abutment details
• Things to note:

• Vertical bars between girders
• Holes in girder web for 

reinforcing bars
• Painted weathering steel at 

integral abutment interface

Example Construction Projects
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• Putnam Industrial Park 
Entrance Road, Putnam, CT
• Integral abutment details

53

54



11/19/2025

Example Construction Projects
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• Putnam Industrial Park 
Entrance Road, Putnam, CT
• Integral abutment details
• Temporary erection bearings

Conclusions
• Integral abutments should be your first choice for abutment substructures

– Elimination of deck expansion joints

– Elimination of bearings at the abutment

– Lower cost, construction in the dry

• Ideal for steel bridges

– Steel girders can handle the negative moments caused by passive earth pressure

• Various pile types can be used

– Steel H-piles are popular

• The AASHTO LRFD Bridge Design Specification has limited design 

requirements

– Some owners have design requirements

– MnDOT Bridge Manual has extensive design requirements

• Questions?
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