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Brief History of Bridge Modifications
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Original Construction

• Year Built: 
– 1966 by American Bridge Division of 

U.S. Steel Corporation based. on 
Design Engineer: Steinman, Boynton 
Gronquist and London.

• Notables: 
– Main span: 1,013m
– Second longest span designed for rail 

loading
– Total length between anchorages: 

2,278m
– World’s longest continuous truss
– World’s deepest bridge foundation:

South Tower caisson 83m below water 
level
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Original Cross section (1969-1990) • 4 Vehicular Traffic Lanes

• Lower Lateral Bracing

• Suspenders at Even Number 
Panel Points
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Original Plan to Accommodate Future Transit
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Parsons Corporation
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1990-1998 Cross section with Modified Roadway
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4 Lanes + 1 Central Bi-Directional Lane



1999 Construction of Lower Rail Deck
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• Expand upper deck from 5 lanes to 6

• Convert lower level to two-lines of rail

• Add secondary suspension system 
including new anchorages



Expansion to 6 lanes
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Background
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Global and Local Element Structural System

14

• Classic truss-stiffened 
suspension bridge

• Stringer-crossbeam  
deck framing

• Relief joints at even 
numbered panel points

• Stringer bearings on 
floor trusses at relief 
joints



Global and Local Element Structural System
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Framing at Even Number Panel PointsStiffening Truss Framing

Floor Truss

Cross beams

Stiffening truss top chord

Stringers

Roadway deck

Top Lateral Bracing
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Floor Truss Cracking



Study of Existing Conditions

17



Analysis

18

Computer Modeling and Structural Strengthening Design

Segment Model

Detail of Segment Model at Relief Joints

Full-Bridge Global Model



Analysis
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Floor Truss Solid Model
Solid model fine mesh near the floor truss 

chord hand hole cut-out



Local Stress Condition at Floor Truss Hand-Hole Cut-Out
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As-Designed My= 13 KN-m (9.80 kip-ft)
𝜎௧ = 6.3 MPa (0.91 ksi)

Mz= -15 KN-m (-11.08 kip-ft)
𝜎௖ = −39 MPa (−5.68 ksi)

Bearings Seized My=-605 KN-m (-446.36 kip-ft), 
𝜎௧ = 283 MPa (41.09 ksi)

Mz=-76 KN-m (-56.40 kip-ft)
𝜎௖ = −392 MPa (−56.83 ksi)



Similar Bridges, Similar Problems
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Manhattan Bridge, New York City
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Need a photo of Manhattan Bridge here, 
preferable showing a train on the bridge.

wikipedia
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Manhattan Bridge, NYC
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Manhattan Bridge, NYC

July 5, 1984
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Manhattan Bridge, NYC
Monday, December 3, 2001

New Stringer Bearings

Heavy Bracing

Reinforced Truss

December 3, 2001

The Overall Retrofit 
Scheme
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Mackinac Bridge, MI



FLOOR TRUSS

CROSS BEAM

STRINGERDECK
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Typical Cross Section and Deck Framing

Mackinac Bridge, MI
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Field Measurements and 
Element Cracking

Mackinac Bridge, MI
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Trial Installation of Shear ConnectorsMackinac Bridge, MI
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Interim Repairs

Mackinac Bridge, MI
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Permanent Floor Truss Repairs

Mackinac Bridge, MI
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2007 Tacoma Narrows Bridge, WA
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2007 Tacoma Narrows Bridge, WA

10 ft10 ft 10 ft10 ft 4 - 12’ lanes4 - 12’ lanes 2 ft2 ft

Initial and Future Build



Study of Potential Solutions and Final Design
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Initial Options Investigated
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Option 1 – Reinforce floor truss 
top chord at problematic hand 
hole cut-out.

100 MPa (14.5 ksi) stress 
concentration.

Option 2 – Remove the 
problematic floor truss top chord 
cover plate.

200 Mpa (29 ksi) stress 
concentration.

Option 1

Option 2



Design Solution
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Introduce Strengthening Plates for Floor 
Truss Framing

• Strengthening plates at odd numbered 
panel points.

• Hand hole cut-outs completely plated over.

• New plates encompass entire node.

• Floor truss, exterior stringer and stiffening 
truss diagonal is integrated into single 
node.



Stringer End Support Bearing Replacement
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Floor truss bending situation can only 
be mitigated by:

• Introducing a series of rigid shear 
connectors between the deck and 
stiffening truss to achieve global 
composite action.

• Restoring the slinging stringer ends 
so they function as intended by 
design, i.e. maintaining the original 
structural system.

AS DESIGNED

CONTRACTOR MODIFIED



Analysis for Stringer Bearing Design at 
Even Numbered Panel Points
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Stringer and Deck Strip Model



Conclusions
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• Many Pre-1970 suspension bridges were designed with deliberate structural 
separation between the deck and floor framing by way of regularly spaced relief 
joints.

• If stringer bearing motion becomes inhibited, or seized, unintended composite 
action between the deck and suspended spans will develop, usually resulting in 
problematic stress conditions.

• Structural strengthening and/or stringer bearing replacement is necessary to 
maintain the original structural system.

• Retrofitting for complete composite action is possible for some bridge 
configurations, though costly and possibly entailing complete deck replacement.
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