
1

Design, Fabrication, and Construction of a Redundant 
Three I-Girder Straddle Beam

Presented by: Michael P. Culmo, CHA Consulting, Inc.
Ronnie Medlock, High Steel Structures

ABCD Northeast Ohio Webinar, November 27, 2023
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• Major Interchange Reconstruction

• New Connector Ramp:

– I-91 North to Route 84 East

– Eliminate narrow and steep 1 lane ramp

– Add new 2 lane high-speed connector 
ramp

• Design Challenge

– New bridge crosses CT Route 5/15 SB at a very 
flat angle

– Result:  Need for a straddle bent

Project Profile

I-91 SB

Existing 
Connector 
Ramp

Proposed 
Connector 
Ramp

I-91 NB

CT 5/15
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CTDOT New Ramp Bridge

Straddle Bent
Shoulder under 
Hammer Head Cap

Shoulder under 
Hammer Head Cap

4

• 5 Span Overpass

– 140’-215’-215’-170-140’

– Weathering Steel Box Girders

– Tub girders chosen
• Favorable span/depth ratio

• Reduces Hammer Head width by 8 feet

• Aesthetics

New Ramp Bridge
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final hammerhead straddle bent.mp4
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Typical Substructure Configurations
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FHWA Redundant member approaches
• Internal redundancy (IRM)

– Use of mechanically fastened built-up 
members to reduce overall fracture potential

– Bolted plates and angles       Lots of bolts = $$

• System Redundancy

• Load Path Redundancy
Source:  FHWA PPT 
presented at 2019 

AASHTO COBS Annual 
Meeting
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• Load Path Redundancy Members (LPRM)

Source:  FHWA PPT presented at 2019 AASHTO COBS Annual Meeting

FHWA Redundant member approaches
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Straddle Bent Design Concept

Concept:

• Replace Bolted Box Girder with triple I-
Girder

Goals: 

• Eliminate Non-redundant Designation
– Load Path Redundant

• Facilitate shipping and erection

– Break into pieces that can be 
assembled on site

– Can be erected in one piece or three

Cutaway section through the bent
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Integral Straddle Bent Concept
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Integral Straddle Bent Concept
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Integral Straddle Bent Concept
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Integral Straddle Bent Concept
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Integral Straddle Bent Concept
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Design

Analysis Approach 

• 3D FEA used to model transfer of 
bearing loads from center girder to 
fascia girders

• Interaction of superstructure with 
straddle bent cap was modeled

• Designed prior to current AASHTO 
Redundancy Guide

• Conservative design used to ensure 
redundancy and minimize 
deflection
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Integral Straddle Bent Concept
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Design

Analysis Approach 

• 3D FEA used to model transfer of 
bearing loads from center girder to 
fascia girders

• Interaction of superstructure with 
straddle bent cap was modeled

• Designed prior to current AASHTO 
Redundancy Guide

• Conservative design used to ensure 
redundancy and minimize 
deflection
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FEA Analysis

Perspective Section Showing 
Stresses in Diaphragms

Section near mid span

Center girder stresses (Strength I)

Overall Model

Grillage Model
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Efficiency and Cost Effectiveness

• Steel Sections

– Flange areas are essentially the same as a box girder straddle bent

– There is slightly more web area

• Fabrication

– During design, the thought was that fabrication costs would be similar

• Transportation and Erection

– Can be shipped in pieces to reduce weight = avoid overweight permits

– Can be erected in pieces = potentially smaller cranes

– Gave the contractor more flexibility
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Details

Fatigue and fracture resistance of this 
section is very well known
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Fabrication

• Comments on Fabrication of the Triple I Girder Straddle Bent

High Streel Structures
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Construction

Shipping and Assembly
• Two shipped as a pair
• Third added on site

20

Construction

Erection
• Erected as a single unit
• Large crane was available for 

box girder erection the next 
day
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Construction

Tub Girder Erected
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Construction
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Construction

Second Tub Girder Erected
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Construction

Erection of all Spans Complete
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Construction

Construction Complete
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Construction

Construction Complete
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Construction

Construction Complete
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AISC/NSBA Prize Bridge Awards:
• 2022 Prize Bridge Award: Medium Span Category
• 2022 Bridge of the Year  

Awards

"The triple I-girder straddle bent cap 
is a highly innovative and very 
effective solution"
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Redundancy Design
Fracture mechanics basics

• Fracture typically follows fatigue:  

– If fatigue cracks were to occur, they grow, slowly at first.

– At some point, the crack may become unstable and lead to a fracture.  

The reality of a straddle bent cap design
• They carry a lot of dead load and a smaller portion of live load.  The strength limit state 

typically controls the design.  

• The fatigue loading specified in AASHTO LRFD BDS is a single truck with a lower load factor 
and impact factor

• Result is a very low fatigue live load stress range in straddle bent caps

• We design for infinite fatigue life.  These straddle bents typically meet this easily

• Result:  The risk of a fatigue crack occurring is very low, therefore fracture risk is essentially 
zero.
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AASHTO Guide Specifications for Analysis and 
Identification of Fracture Critical Members and 

System Redundant Members

• Provides a systematic method for 
determining if a member is fracture critical 
or system redundant

• Specifies two load combinations

• Defines “failure”
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AASHTO Guide Specifications Provisions

• Load combinations

32

AASHTO Guide Specifications Provisions

• Load combinations

Redundancy 1:                  1.4[1.05DC + 1.05DW + 0.85LL]  

Redundancy 2:                  1.0[1.05DC + 1.05DW + 1.30(1.15LL)]  
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Redundancy Design
• Recommended Approach

– Option 1: Redundant by inspection, use h=1.00

• Texas DOT uses this approach, FHWA and others have agreed

– Option 2: Base Redundancy Factor on level of analysis

• More conservative approach

• Reduce risk through analysis: 

• Require analysis of the bent cap using the AASHTO Guide Specifications for Analysis and 
Identification of Fracture Critical Members and System Redundant Members. 

– Non-linear FEA analysis

– This guide specification was developed specifically for this purpose

• If the analysis confirms redundancy, use h=1.00
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Conclusions
It is possible to design a straddle bent that is not fracture critical

– This design can be considered as a Load Path Redundant 
Member

– If there is a concern, use the AASHTO Guide Specifications 
for Analysis and Identification of Fracture Critical Members and 
System Redundant Members to verify this

Integral and non-integral concepts were developed and studied
– Keep the details simple

Cost effective?
– Yes, much easier to fabricate
– Easier to ship
– Options for erection equipment

Aesthetics
– Same appearance as box girder straddle bent
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Questions?
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