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1. Introduction
 Objective: resilient bridge/transportation network

Seven Mile Bridge 1982San Diego Bridge 1969 

East Sea Bridge 2005 

Shantou Bay Bridge 1995

Xinghai Bay Bridge 2011

Sea Cliff Bridge 2005

• Since 2012 Dec. 10th: 10 years
• Magnitude > 6.0
• Earthquake's Depth < 20km
• Event number = 711

Coastal and off-shore bridges

• Maintain adequate functionality
• Evacuation of affected people
• Transportation of emergency goods
• Operation of social facilities
• Restore pre-event functionality 

with limited time and cost

Bridge/transportation network Seismic resilience 
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1. Introduction
 Problem statement: chloride-induced corrosion + earthquakes

Corrosion + Earthquakes Seismic retrofitting 

Resilience？

Load Capacity

Durability

Self-centering
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2. Determination of corrosion damages 
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 Two key issues
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2. Determination of corrosion damages 

       

       

Corroded sample4% NaCl，300µA/cm²

3% Lime water 20%  Diluted hydrochloric acid

Measure mass loss ratesCorroded steel bars

       

Time
(days) No. Mass 

(g)
Average mass 
loss rate  (%）

Theoretical 
result (%）

19

1 424.9

7.40 7.362 426.1

3 419.9

47

1 388.6

16.4 17.92 377.9

3 381.1

56
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29.6 21.22 328.7

3 318.0

( )( )
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2
corr 0

0.023 ( ) ( )

1
corr iD i t TD t
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 Accuracy of accelerated corrosion
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2. Determination of corrosion damages 
 Non-uniform corrosion damages
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3. Description of the retrofitting strategy
 Procedures and mechanism

• Combination：FRP wraps + NSM with FRP bars
• External FRP wraps: confinement, shear capacity
• Internal FRP bars: flexural capacity, self-centering

Load Capacity Durability Self-centering

Stress

Strain

FRP-hoop
confined concrete

O

Hoop confined 
concrete

Stress

StrainO

Steel bar

G/B FRP bar

CFRP bar

-0.2 -0.1 0.0 0.1 0.2 0.3
0.0

0.2

0.4

0.6

0.8

1.0

1.2

 Mean
 Mean + δ
 Mean − δ

R
es

id
ua

l d
rif

t R
dr

Post-yield stiffness ratio rk

Retrofitting procedures Mechanism：two key issues of resilience
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3. Description of the retrofitting strategy
 Retrofitting design

Failure mode

Damage limit 
state

Initial stiffness

Load capacity

rk - RDR

Design Index

Design
Stage 1

ky

Vy

∆u

Design
Stage 2

rk

∆r

Retrofitting procedures Retrofitting design
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4. FE analysis of retrofitting effects
 FE modeling method
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2D Fiber element model

Stress
fFRP

εfcp
O

Eft

Efc = Eft

Tension

Compression

εfcu Strain
εftuεftp

fFRP′

fFRP = 0.5fFRP′

Efc

FRP+hoop confined concrete model (Wang 2012)

Model verification
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4. FE analysis of retrofitting effects
 Analysis results
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5. Experimental verification 
 Quasi-static test
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CONCLUSIONS
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（1）Monitoring the accelerated corrosion process is necessary to the determination 

of the chloride-induced damage in experimental studies, and is important  to 

the retrofitting design; 

（2）Two key issues of the hybrid retrofitting method: 

① bilinear load-displacement curves；

② post-earthquake residual displacement prediction method.

（3）As compared to RC precast bridge columns: 

① The largest post-earthquake residual drift ratios decreased by 36%  ↘ ;

②The average post-earthquake residual drift ratios decreased by 43% ↘.

（4）Quasi-static test results indicate that the retrofitted corroded RC columns shows 

evident post-yield stiffness ratio.  
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