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• T h e  C o s t  o f  C o r r o s io n  in  C h in a  w a s  r e le a se d  in  2 0 1 7
• Th e  cor r os ion  cos t  for  h ig h w a y b r id g e s  r e a ch e d  ¥ 6 2 .4 7  b i l l io n  in  2 0 1 4

• M a in t e n a n c e  c o s t s  fo r e xis t in g  b rid g e s  cou ld  r e a ch  u p  t o  $ 1 2 5  b i l l io n
• An  a n n u a l  b u d g e t  of $ 2 2 .7  b i l l io n  is  r e q u ir e d  t o  im p r ove  s t r u c tu r a lly d e fic ie n t  

b r id g e s

S t o n e c u t t e rs  B rid g e  
( 2 0 0 9 )

H o n g  Ko n g -Zh u h a i-
M a c a o  B rid g e  

( 2 0 1 8 )
Ch a m p la in  B rid g e  

( 2 0 1 9 )

 In  r e ce n t  ye a r s , s t a in le s s  s t e e l  re in fo rc e m e n t  b a rs  h a ve  b e e n  w id e ly a d op te d  in  coa s t a l a n d  
c r os s -se a  b r id g e s  t o  solve  d u ra b il i t y is s u e s .
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S S  Re in fo rc e m e n t  B a rs :

 Cor r os ion  r e s is t a n ce   H ig h  s t r e n g th   Du r a b ilit y  Low  m a in t e n a n ce  ✓ ✓ ✓ ✓
 H ig h -t e m p e r a tu r e  r e s is t a n ce   Fa t ig u e  r e s is t a n ce✓ ✓

S S -Re in fo rc e d  Co n c re t e  B rid g e s :
 Exce p t ion a l cor r os ion  r e s is t a n ce   Lon g  se r vice  life   Low  m a in t e n a n ce  cos t s   H ig h  ✓ ✓ ✓ ✓

s t r e n g th  a n d  t ou g h n e s s   Eco-fr ie n d ly su s t a in a b ilit y  S p e c ia l e n vir on m e n ta l a d a p t a b ilit y✓ ✓

S S  
re b a r

S S -re in fo rc e d  
c o n c re t e  p ie rs
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M e lo  e t  a l .  ( 2 0 2 2 )  
t e s t  s e t u p

 3  sp e c im e n s  w ith  h e ig h t  of 1 .6 5 m  
 1 .4 4 6 2  d u p le x  s t a in le s s  s t e e l r e b a r s
 P u s h o ve r  a n d  q u a s i-s t a t ic  t e s t s
 H ig h e r  u lt im a t e  s t re n g t h
 Be t t e r  d e fo rm a t io n  c a p a c it y

M o o d le y e t  a l .  ( 2 0 2 4 )  
t e s t  s e t u p

 3  sp e c im e n s  w ith  h e ig h t  of 2 .0 0 m
 D u p le x  & a u s t e n it ic  s t a in le s s  r e b a r s
 La r g e r  yie ld  d is p la c e m e n t
 H ig h e r  u lt im a t e  s t re n g t h
 Be t t e r  d e fo rm a t io n  c a p a c it y

• M e lo J, Afsh a n  S, Rosse t to T, Va r u m  H , Ar ê d e  A. Exp e r im e n ta l a n d  n u m e r ica l in ve s t ig a t ion  of t h e  cyc lic  r e sp on se  of s t a in le s s  s t e e l r e in for ce d  con cr e t e  colu m n s . En g in e e r in g  
S t r u c tu r e s . 2 0 2 2 , 2 5 2 :1 1 3 6 0 7 .

• M ood le y H , Afsh a n  S, Cr u m p  D, Ka sh a n i M M . Te s t in g  a n d  n u m e r ica l m od e llin g  of c ir cu la r  s t a in le s s  s t e e l r e in for ce d  con cr e t e  colu m n s . En g in e e r in g  S t r u c tu r e s . 2 0 2 4 ,  
3 0 4 :1 1 7 6 0 7 .
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Ro d ríg u e z  e t  a l .  ( 2 0 2 5 )  
s p e c im e n s

 4  sp e c im e n s  w ith  h e ig h t  of 2 .4 5 m  
 AS TM  A9 5 5  Gr a d e  7 5  S S  re b a rs
 S le n d e r ra t io  of 3  & 6
 H ig h e r  u lt im a t e  s t re n g t h
 B u c k lin g  of SS

Ca o  e t  a l .  ( 2 0 2 5 )  
t e s t  s e t u p

 H yb rid  re in fo rc e m e n t  of SS  a n d  GF RP
 Axia l  ra t io  & h yb rid  re in fo rc e m e n t  

ra t io
 Be t t e r  d e fo rm a t io n  c a p a c it y
 In c r e a s in g  e n e rg y d is s ip a t io n  

c a p a c it y • Rod r íg u e z J, Ald a b a g h  S, Ala m  M S. Se ism ic  Pe r for m a n ce  of Cir cu la r  Con cr e t e  Br id g e  Colu m n s  Re in for ce d  w ith  AS TM  A9 5 5  S ta in le s s  S t e e l Re b a r s . Jou r n a l of S t r u c tu r a l 
En g in e e r in g . 2 0 2 5 , 1 5 1 (4 ):0 4 0 2 5 0 1 3 .

• Ca o Q, Ju  H , Wu  Z, M a  ZJ. Exp e r im e n ta l s tu d y on  s e ism ic  p e r for m a n ce  of GF RP a n d  h ig h ly d u c t ile  s t a in le s s  s t e e l h yb r id  r e in for ce d  con cr e t e  colu m n s . En g in e e r in g  
S t r u c tu r e s . 2 0 2 5 , 3 2 2 :1 1 9 1 3 0 .



8

B a c k g ro u n d1
 Re se a r ch  on  t h e  SS RC p ie r s  re m a in s  l im it e d  a t  p r e se n t .
 Cu r r e n t  c o d e s  a n d  s t a n d a rd s  la c k  s p e c ifi c  p ro vis io n s  for  t h e  s e ism ic  d e s ig n .
 S ig n ifica n t  r e se a r ch  p ot e n t ia l p e r s is t s  a c r os s  m a t e ria l  p ro p e rt ie s , c o m p o n e n t  

b e h a vio u r , a n d  s t ru c t u ra l  s ys t e m  p e r for m a n ce  of SS RC p ie r s .
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Qu a s i-s t a t ic  t e s t s  o f  S S -re in fo rc e d  p ie rs2

c

S p e c im e n  
d e s ig n

Te s t  
s e t u p

D I
C

Axia l 
loa d

Re in for ce m
e n t

r a t io
Re b a r  
t yp e

 1 0  s p e c im e n s
 2 m  t a l l
 C5 5  c o n c re t e

S p e c im e n  d e s ig n  
p a ra m e t e rs



1 1
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Cir cu la r  c r os s -se c t ion a l 
sp e c im e n s

Re c t a n g u la r  h ollow  c r os s -se c t ion a l 
sp e c im e n s  

Com p le t e d  q u a s i-s t a t ic  t e s t s  on  p re s t re s s e d  s e g m e n t a l  p ie rs  w ith  S S  e n e rg y-
d is s ip a t in g  b a rs  (t o t a l: 1 5  sp e c im e n s )
 7  c irc u la r  c r os s -se c t ion  p r e fa b r ica t e d  b r id g e  p ie r s
 8  re c t a n g u la r h o l lo w  c r os s -se c t ion  p r e fa b r ica t e d  b r id g e  p ie r s
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S S -re in fo rc e d  p ie r
Re in fo rc e m e n t  ra t io : 1 .6 2 %, 

a xia l  lo a d : 0 .2
 With  t h e  in c re a s e  o f  a xia l  c o m p re s s io n  ra t io , t h e  s p a l l in g  h e ig h t  o f  c o n c re t e  c o ve r 

in c re a s e s  b y a p p ro xim a t e ly 5 %-2 0 %.
 Th e  sp a llin g  h e ig h t  of con cr e t e  cove r  in  SS -r e in for ce d  con cr e t e  p ie r s  is  2 0 %-3 0 % h ig h e r 

t h a n  t h a t  in  con ve n t ion a l p ie r s .
 B1 6 2 -0 2  e xh ib it e d  d o u b le -w a ve  b u c k lin g  of lon g itu d in a l r e in for ce m e n t  d u r in g  t h e  t e s t , 

w h ich  m a y b e  a t t r ib u t e d  t o  t h e  lo w  b o n d  s t re n g t h  b e tw e e n  s t a in le s s  s t e e l r e b a r s  a n d  
con cr e t e .

CS -re in fo rc e d  p ie r
Re in fo rc e m e n t  ra t io : 1 .6 2 %, 

a xia l  lo a d : 0 .2
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Qu a s i-s t a t ic  t e s t s  o f  S S -re in fo rc e d  p ie rs2

D IC vs  s t ra in  g a u g e

c c

D e fo rm a t io n  c o m p o n e n t s

B 1 6 2 -
0 2

H 1 6 2 -
0 2

 De for m a t ion  com p on e n t s  w e r e  ca lcu la t e d  fr om  D IC-re c o rd e d  d a t a .
 Fle xu ra l  d e fo rm a t io n  c o m p o n e n t  is  3 0 %~ 5 0 % in  t h e  e a r ly loa d in g  s t a g e  a n d  in cr e a se s  

t o  7 0 % in  t h e  la t e r  s t a g e .
 S lip  d e fo rm a t io n  c o m p o n e n t  r e m a in e d  s t a b le  a t  3 0 %~ 4 0 % th r ou g h ou t  t h e  loa d in g  

p r oce s s .
 H ig h e r  a xia l r a t ios  re d u c e  s lip  d e for m a t ion .
 S h e a r d e fo rm a t io n  con s is t e n t ly a ccou n te d  for  le s s  t h a n  5 % in  a ll ca se s .
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Qu a s i-s t a t ic  t e s t s  o f  S S -re in fo rc e d  p ie rs2

c

Un d e r  t h e  s a m e  r e in for ce m e n t  a r r a n g e m e n t :
 CS  p ie rs  e xh ib it  fu l le r h ys t e re s is  c u rve s
 S S  p ie rs  s h o w  la rg e r u lt im a t e  s t re n g t h

c

S S  
s p e c im e n

S S  
s p e c im e n

CS  
s p e c im e n

CS  
s p e c im e n
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c

D a m p in g  
ra t io

For  p ie r s  w ith  id e n t ica l d e s ig n  p a r a m e te r s :
 SS -r e in for ce d  p ie r s  e xh ib it  la rg e r d e fo rm a t io n  c a p a c it y com p a r e d  t o  con ve n t ion a l 

p ie r s , w ith  m a xim u m  d r ift  r a t ios  e xce e d in g  5 % in  a ll ca se s
 Th e  d a m p in g  ra t io  of SS -r e in for ce d  p ie r s  is  s l ig h t ly lo w e r t h a n  t h a t  of con ve n t ion a l 

p ie r s . H ow e ve r, SS  sp e c im e n  d e m on s t r a t e s  g re a t e r e n e rg y d is s ip a t io n  p o t e n t ia l
 SS -r e in for ce d  p ie r s  sh ow  h ig h e r in it ia l  s t iff n e s s  t h a n  con ve n t ion a l cou n te r p a r t s
 S t iff n e s s  d e g ra d a t io n  occu r s  a t  a  s low e r  r a t e  in  SS -r e in for ce d  p ie r s
 Re s id u a l  d is p la c e m e n t s  a r e  con s is t e n t ly sm a lle r  in  SS -r e in for ce d  p ie r s

S t iff n e s s  
ra t io

Re s id u a l  
d is p la c e m e n t
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N u m e ric a l  M o d e l l in g  o f  S S -re in fo rc e d  
p ie rs3

N u m e ric a l  m o d e l  
e s t a b l is h e d  b y 

Op e n S e e s

cc

In e la s t ic  b u c k l in g

cc

B o n d  s l ip  e ff e c t s
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N u m e ric a l  M o d e l l in g  o f  S S -re in fo rc e d  
p ie rs3

 Th e  g lo b a l  re s p o n s e s  a n d  d is p la c e m e n t  c o m p o n e n t s  a re  in  a g re e m e n t  w it h  

t h e  e xp e rim e n t

cc

S lip  
d is p la c e m e n t

Fle xu ra l  
d is p la c e m e n t

c

D is p la c e m e n t  c o m p o n e n t  
va l id a t io n

cc

H ys t e re s is  
b e h a vio u r
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P la s t ic  h in g e  p re d ic t io n  o f  S S -
re in fo rc e d  p ie rs4

cc

Pa ra m e t ric  s t u d y

 

 Axia l  lo a d  in c re a s e s  → Lp  ↓

 Gre a t e r c o lu m n  h e ig h t  → Lp  

↑
 Gre a t e r re in fo rc e m e n t  ra t io  

→ Lp  ↑

 Gre a t e r b a r d ia m e t e r→ Lp  ↑

 Gre a t e r yie ld  s t re n g t h  → Lp  

↑

v a l id a t i
o n
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P la s t ic  h in g e  p re d ic t io n  o f  S S -
re in fo rc e d  p ie rs4

cc
cc

Cro s s -s e c t io n a l  s t ra in  a n d  s t re s s  
d is t rib u t io n s

Co m p a ris o n  w it h  o t h e r 
e q u a t io n s

P rie s t le y a n d  Pa rk
 ( 1 9 8 7 )

Pa u la y a n d  P rie s t le y
( 1 9 9 2 )

Pa n a g io t a k o s  a n d  
Fa rd is  ( 2 0 0 1 )

B a e  a n d  
B a yra k
( 2 0 0 8 )

B e rry e t  a l .  
( 2 0 0 8 )

P ro p o s e d  
m e t h o d

 P ro p o s e d  Lp  e q u a t io n  a p p lie d  t o  p re d ic t  p ie r u lt im a t e  d e fo rm a t io n  & 
c o m p a re d  w it h  e xis t in g  m o d e ls .

 Ou r p re d ic t io n s  m a t c h  n u m e ric a l  s im u la t io n s  b e t t e r t h a n  o t h e r e m p iric a l  
fo rm u la s .

 Th e  Lp  e q u a t io n  e s t im a t e s  b o t h  p la s t ic  h in g e  le n g t h  a n d  u lt im a t e  
d e fo rm a t io n  c a p a c it y.
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Co n c lu s io n  re m a rk5

 SS -r e in for ce d  p ie r s  e xh ib it  la rg e r u lt im a t e  s t re n g t h , d e fo rm a t io n  

c a p a c it y  (d r ift  > 5 %), a n d  in it ia l  s t iff n e s s , w ith  s lo w e r s t iff n e s s  

d e g ra d a t io n  a n d  s m a lle r re s id u a l  d is p la c e m e n t s  t h a n  con ve n t ion a l CS  

p ie r s .
 Fle xu ra l  d e fo rm a t io n  d om in a t e s  (7 0 % in  la t e r  s t a g e ), s lip  d e for m a t ion  

r e m a in s  3 0 –4 0 % (r e d u ce d  b y h ig h e r  a xia l loa d ), a n d  sh e a r  d e for m a t ion  is  

n e g lig ib le  (< 5 %).
 Th e  Op e n S e e s  n u m e r ica l m od e l, in cor p or a t in g  in e la s t ic  b u c k lin g  a n d  b o n d -

s l ip  e ff e c t s , a ccu r a t e ly r e p r od u ce s  g lob a l r e sp on se s  a n d  d isp la ce m e n t  

com p on e n t s .

 Pr op ose d  Lp  e q u a t ion : Lp  d e c r e a se s  w ith  h ig h e r  a xia l loa d ; in c r e a se s  w ith  

colu m n  h e ig h t , r e in for ce m e n t  r a t io , b a r  d ia m e te r, a n d  yie ld  s t r e n g th . It  

p r e d ic t s  u lt im a t e  d e fo rm a t io n  b e t t e r  t h a n  e xis t in g  m od e ls .



Th a n k s  fo r yo u r 
a t t e n t io n !
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