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* Call to Wisconsin 911: “There’s a dip in the bridge!”
 One pier sunk two feet into the ground overnight.

\\Frigo Bridge: built in 1980, last inspected August 2012J




Motivation

Could this have been detected before... ?

e endangering public safety PIER

82 FEET HIGH

e generating extended road closure
* causing extensive repair FOOTING

6 FEET DEEP

40 H-PILE
APPROXIMATELY 100 FEET LONG

Preliminary Cause:
Pile lCorrosion




Eastgate Bridge

Completed in 1940 by MDOT.
(34’ tall, 160’ long, 4-lane on skew)

Heavily used central connector by
the Circle/Grove, and Ford Center.

Discovered no claimed owner —
regular maintenance?

e Wash at abutments — only known issue




ﬁstgate Bridge

Field Test

Deck: AM Under: PM
Single Lane Closure Road closure

NG J




Major Bridge Problem, Field Test

Corrosion: Steam plates/mending plates trapping water from leaking

expansion joints > Broken clamps: plates may fall, but bridge globally ok
Ground View: ok, needs paint  Lift View: corrosion and clamp damage

Alerted ALL authorities ASAP




Sensor Results

e Settlement at expansion joints

Car 1 Car 2
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Tire impacts visible in trace
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/ How to sense damage? \
1. Acquire time history data from ANY set of sensors

2. Extract frequency content
3. Extract natural frequencies for stiffness decreases

e p

4. Extract mode shapes for location information
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Scale Model Bridge

e Desigh completed by graduate students

e Construction completed by undergraduate students
— 47 days to build forms and set rebar
— Concrete poured in April 2013 — “all hands on deck”
— 37-day cure time then bridge assembled via forklift

1:12 scale of overall Eastgate Bridge dimensions




If we have time,
http://youtu.be/SzHHCrNb5mO0



http://youtu.be/SzHHCrNb5m0

How to quantify damage?

Basic Sensor Properties

Frequency Responses, Natural Frequencies, and Mode Shapes

Challenges
to Real-time
Evaluation

Baseline case from prior data Damaged case from current data

Mode Coordination

Subjective; Requires time and experience

12 Indicators / Algorithms

Visualization
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Damage Visualization

Normalized Modal

Flexibility Index

- Each measured
direction (3)

- Each sensor

location (55)
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Foreseeable Benefit

To detect corrosion and damage before critical.

Potential Product: Improved Inspection Technique(s)

Remotely judge both severity and location of damage
— Low modes: “Pier 22 is globally damaging the bridge’s stiffness by 10%.”
— Higher modes: “The stiffness of Pier 22 is 50% damaged.”

Remaining life estimation could potentially prevent collapse but, at

a minimum, will aid decision-making on the bridge’s maintenance.

Visualization schemes will best transfer any new technique to field
inspectors and/or maintenance workers.

Expected to be...
— more efficient,
— more cost effective, and
— more accurate than visual techniques.




This research requires...

Civil Engineering
Mechanical Eng.
Electrical Eng.
Computer Sci.

More funding
opportunities

Thus far:
Built a railroad, built a scale bridge, and test on-campus bridge
e NCITEC funding (UM Director Uddin)

* National Center for Physical Acoustics (NCPA) collaboration
and cooperation




www.engineering.olemiss.edu/~eke
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