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1. Background
Coa s t a l b r id g e  p ie r s  a r e  su sce p t ib le  t o  n on -

u n ifor m  cor r os ion .
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加固前

Exis t in g  s t u d ie s  h a ve  focu se d  on  
cor r os ion  va r ia t ion  a lon g  t h e  p ie r  h e ig h t  
(Lu  e t  a l.)

Coa s t a l b r id g e s  a r e  e xp ose d  t o  
a g g r e s s ive  m a r in e  e n vir on m e n t s  
t h r ou g h ou t  t h e ir  s e r vice  life



1. Background
In -p la n e  n on  u n ifor m  

cor r os ion

 In ve s t ig a t ion  r e su lt s  of in -p la n e  n on -u n ifor m  
cor r os ion  of coa s t a l r e c t a n g u la r  b r id g e  p ie r s  

in  Xia m e n

Th is  p h e n om e n on  h a s  b e e n  r e p or t e d  
a n d  su m m a r ize d  b y oth e r  r e se a r ch e r s
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Cor n e r  b a r s  a r e  m or e  s e ve r e ly cor r od e d  d u e  t o  t h e  tw o-d im e n s ion a l d iffu s ion  of 
ch lor id e  ion s , w h ile  t h e  m id -fa ce  b a r s  a r e  e xp ose d  t o  u n id ir e c t ion a l ch lor id e  
d iffu s ion .

2.Corrosion initiation and propagation
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the chloride concentration of the cross-sectional 
concrete remains constant

the chloride concentration in the corner zones is 2.01 
times that in the mid-face zones.
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Th e  t im e -d e p e n d e n t  p r op e r t ie s  of r e b a r  w e r e  e s t a b lish e d  b a se d  on  t h e  t e n s ile  t e s t s  
of in -s it u  cor r od e d  r e b a r  e xt r a c t e d  fr om  a c tu a l coa s t a l p ie r s .

2.Corrosion initiation and propagation

Life -cyc le  s e ism ic  p e rform an ce  as se s sm e n t  of  coas tal re c tan g u lar b rid g e  p ie rs  con s id e rin g  in -p lan e  n on -u n iform  corros ion  

  
 

0

50

1(), 0()50%
()
3.330.8(),50%()80%
yy cor cor

y cor cor
y

f Qt Qt
ft

f Qt Qt
   

  
 

0

0

1(), 0()50%
()
3.330.8(),50%()80%
ucu cor cor

u
u cor cor

f Qt Qt
ft

f Qt Qt

  
   

0

50

, 0()50%
3.330.8(),50%()80%
csu cor

suc
su cor cor

Qt
Qt Qt

  
  



3.Finite element model
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Es ta b lish  t h e  fin it e  e le m e n t  m od e l on  t h e  Op e n S e e s  p la t for m

Model validationFinite element model

(1 ) A F E m od e l w a s  d e ve lop e d  to  ca p tu r e  fa ilu r e  m od e s  a n d  fle xu r e –sh e a r  cou p lin g  in  cor r od e d  
p ie r s .
(2 ) in cor p or a t in g  th e  e ffe c t s  of c o rro s io n  
on :

 St r e n g t

h

 Bu cklin

g

 Bon d -s lip  

b e h a vior

 Fa ilu r e  m od e ls



 For  coa s t a l p ie r s  e xh ib it in g  d iffe r e n t  fa ilu r e  m od e s , m u lt i-le ve l s e ism ic  ca p a c it y 
t h r e sh old s  w e r e  d e t e r m in e d  b a se d  on  p u sh ove r  a n a lyse s . S u b se q u e n t ly, p r ob a b ilis t ic  
s e ism ic  d e m a n d  m od e ls  w e r e  d e ve lop e d  u s in g  t h e  c lou d  a p p r oa ch .

4. Life-cycle seismic fragility analysis
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IM selectedseismic capacity and demand

S e ism ic  fa ilu r e  m od e , 
d a m a g e  s t a t e , a n d  

ca p a c ity m od e l

Pr ob a b ilis t ic  s e ism ic  
d e m a n d  m od e l 



4. Life-cycle seismic fragility analysis
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DS 1 DS 2

DS 3 DS 4

F ig u r e  d e p ic t s  t h e  life t im e  se ism ic  

fr a g ilit y of t h e  p ie r  a t  fou r  d iffe r e n t  

d a m a g e  s t a t e s  u n d e r  cor r os ion .
 Ove r  t h e  s e r vice  life , t h e  s e ism ic  

fr a g ilit y of b r id g e  p ie r s  in c r e a se s  

s ig n ifica n t ly w ith  in c r e a s in g  

cor r os ion  m a ss  los s  r a t ios .
  In -p la n e  n on -u n ifor m  cor r os ion  

fu r t h e r  in c r e a se s  t h e  s e ism ic  

d a m a g e  r isk  of b r id g e  p ie r s .



5.Parametric study
 Th e  in flu e n ce  of t h e  n on -u n ifor m  cor r os ion  on  t h e  s e ism ic  fr a g ilit y w a s  q u a n t ifie d  for  
p ie r s  w ith  va r iou s  cor r os ion  m a ss  los s  r a t e , a xia l loa d  r a t ios , h e ig h t s , a n d  le n g th -to-
w id th  r a t ios . 
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Case lcor, ave α (%) L / D H (m) 
C00 30% 10 3 9 

(reference)     
C01 25% 10 3 9 
C02 35% 10 3 9 
C03 30% 5 3 9 
C04 30% 15 3 9 
C05 30% 10 2 9 
C06 30% 10 4 9 
C07 30% 10 3 12 
C08 30% 10 3 6 
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5.Parametric study
 F u r th e r m or e , t h e  s e ism ic  p e r for m a n ce  of p ie r s  w ith  h ig h e r  m e a n  cor r os ion  le ve l of 
t h e  c r os s -s e c t ion , la r g e r  h e ig h t s  a n d  sm a lle r  a xia l loa d  r a t ios  e xh ib it s  a  h ig h e r  
s e n s it ivit y t o  t h e  n on -u n ifor m  cor r os ion  e ffe c t s .
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I1  a n d  I2  a r e  t h e  in p u t  p a r a m e te r  va lu e s  of t h e  
r e fe r e n ce  ca se  a n d  t h e  com p a r ison  ca se

O 1  a n d  O 2  a r e  t h e  cor r e sp on d in g  ou tp u t  
va lu e s ; 
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6.Conclusion
 Th is  p a p e r  d e ve lop s  a  t im e -d e p e n d e n t  F EM  m od e l for  b r id g e  p ie r s  t h a t  a ccou n t s  for  
t h e  e ffe c t s  of in -p la n e  n on -u n ifor m  cor r os ion . Th e  ke y con c lu s ion s  a r e  su m m a r ize d  a s  
follow s .
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1 . M a r in e  ch lor id e -in d u ce d  cor r os ion  in  coa s t a l r e c t a n g u la r  RC b r id g e  p ie r s  e xh ib it s  e vid e n t  

sp a t ia l n on -u n ifor m ity. Cor n e r  r e b a r s  su ffe r  m or e  s e ve r e  cor r os ion  t h a n  m id -fa ce  r e b a r s , w h ile  

r e b a r s  in  t h e  sp la sh –t id a l zon e  cor r od e  m or e  s e ve r e ly t h a n  t h ose  in  t h e  a tm osp h e r ic  zon e .

2 . Ove r  t h e  s e r vice  life , t h e  d e g r e e  of s e c t ion a l n on -u n ifor m  cor r os ion  fir s t  in c r e a se s  a n d  t h e n  

d e cr e a se s . Com p a r e d  w ith  t h e  a s su m p t ion  of in -p la n e  u n ifor m  cor r os ion , in -p la n e  n on -u n ifor m  

cor r os ion  s ig n ifica n t ly in c r e a se s  t h e  s e ism ic  fr a g ilit y a n d  s e ism ic  r isk  of b r id g e  p ie r s .

3 . Th e  e ffe c t  of in -p la n e  n on -u n ifor m  cor r os ion  d e p e n d s  on  s t r u c tu r a l a n d  cor r os ion  p a r a m e te r s . 

It s  in flu e n ce  b e com e s  m or e  p r on ou n ce d  w ith  in c r e a s in g  a ve r a g e  cor r os ion  r a t io  of r e c t a n g u la r  

c r os s  s e c t ion . P ie r s  w ith  low e r  a xia l loa d  r a t ios  a n d  h ig h e r  sh e a r -sp a n  r a t ios  a r e  m or e  s e n s it ive  t o  

in -p la n e  n on -u n ifor m  cor r os ion , w h e r e a s  t h e  c r os s -se c t ion a l a sp e c t  r a t io  sh ow s  n o ob viou s  

in flu e n ce .



Thank You Very Much
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