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Repair and Retrofit of Large Out-of-Plane
Cracking on Utah’s 0C 709 Bridge
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Repair and Retrofit of Large Out-of-Plane
Cracking on Utah’s 0C 709 Bridge
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* Routine inspection revealed
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Repair and Retrofit of Large Out-of-Plane
Cracking on Utah’s 0C 709 Bridge
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Repair and Retrofit of Large Out-of-Plane
Cracking on Utah’s 0C 709 Bridge

* About 40% of cross frame top connections
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Evaluation and Retrofit

Analysis of the

Causes of Cracking

Retrofit Technique

/Field observation and
instrumentation

contributes to fatigue cracking.

Finite element modeling

\_

\ /Selecting Retrofit Technique

eRefer to the document “Maintenance Actions to

oThi tion fo ‘ turing both th Address Fatigue Cracking in Steel Bridge Structures
S Sec iy 01 cap g' o © (2021)” to determine the effective retrofit technique.
overall and local behavior of the bridge that

* Softening or Stiffening the connection.

Finite element modeling

eOnce calibrated, this tool can be utilized to *Evaluate the effectiveness of the retrofit technique.
visualize the observed behavior, provide a *Check the fatigue life of the retrofit to ensure no further
clearer explanation for the cause of cracking occurs.

cracking, and illustrate the details related to *Evaluate how the retrofit affects the performance of
fatigue.

other components within the bridge.
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Field Observaton and Instruentation
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Finite Element Model (As-built w/ SF cracks)

% Fillet welds modeled with no I
penetration

s Girder continuity was
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& =3 approximated by the symmetry
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* Bolt preloading

% Contact modelling
between bolt, gusset plate
and stiffener with friction

Weld Constraint
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Finite Element Model (As-built w/ SF cracks)

Applied vertical displacement results in

out-of-plane displacement at the web
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As-built w/ SF cracks 5.2/1000 in (stiffener)
> Displacement

» Field Measurement Max: 5/1000 in 888%3

> FEA:5.2/1000in 3585
> Hot Spot Stress (no holes)

» 32.7 ksi

» Locations consistent with observed cracking

S, Max. Principal (Abs)
(Avg: 75%)
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Drilling Holes — Crack Mitigation & Softening
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Photograph courtesy of lowa DOT
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Drilling Holes — Crack Mitigation & Softening

Saw Cut Btw Holes
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Retrofit Model with Holes

® Mesh density: 0.1 in for detail locations

(holes, welds, etc)

® Coarse mesh density: 1.0 in for areas
outside of stress concentrations

® C3D8R: An 8-node linear bricks w/
reduced integration & hourglass control

® Sawcut simulation - Between the
holes, the nodes were duplicated and
separated in the element

e This simulates the effects of cutting (or cracking)
between holes
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Retrofit Model

> Displacement
> FEA Retrofit: 28/1000in =~ ~

28/1000 in (stiffener)

> Hot Spot Stress
> 14.9 ksi

S, Max. Principal (Abs)
(Avg: 75%)

20.0000

16.6667
13.3333
10.0000
6.6667
3.3333
-0.0000
-3.3333
-6.6667
-10.0000
-13.3333
-16.6667
-20.0000

> Cross Frame Force

» Before: 7.9 kips
> After: 5.4 kips (70%)

-
14.9 ksi (weldtoe)
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Estimated Life Comparison

At Weld Toe

Before Retrofit

After Retrofit 0.1 14.9

> Life Ratio = SC? (Before Retrofit) / SC* (After Retrofit)
> N=A/S3(SN curve)

> Approximately 10 times more life
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Web Plate Isolation Holes Drilling Locations
> Locations where there was no stiffener to flange weld in original design

» First and third spans, as well as the second span's first cross frame location after the piers (8/13 locations)
» Existing crack tips must be located inside the hole. Else smaller (1”) secondary hole must be drilled
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CONCRETE DECK
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Stiffening Locations
> Locations where there was stiffener to flange weld in original design

> Inthe positive moment regions, while "Web Plate Isolation Holes" effectively mitigate fatigue cracking
from out-of-plane displacements, their use is not recommended.
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Conclusion
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WOMENT REGION MOMENT REGION MOMENT REGION

Softening Technique: Implement "Web Plate Isolation Holes" specifically
for negative moment regions to enhance fatigue life.

Strengthening Technique: Use bolted WT sections to reinforce positive
moment regions, ensuring structural integrity.
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PURDUE UNIVERSITY

Thank You!
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