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主要内容

Con fig u r a t ion  of p r e ca s t  p ie r s  w ith  UH PC 
con n e c t ion s

Th e  b on d -s lip  
p e r for m a n ce  

S e ism ic  p e r for m a n ce  of p r e ca s t  p ie r s  w ith  
UH PC c on n e c t ion s

Con clu s ion s

1 In t r od u c t
ion

Ou t lin e



 At  t h e  e n d  of t h e  la s t  ce n tu r y, d u e  t o  t h e  n e e d  for  r a p id  
r e p la ce m e n t  of a  la r g e  n u m b e r  of b r id g e s  w ith ou t  
d is r u p t in g  t r a ffi c, t h e  Un it e d  S t a t e s  b e g a n  sys t e m a t ic  
r e se a r ch  on  p r e ca s t  a s se m b le d  b r id g e  su b s t r u c tu r e s  t o  
a ch ie ve  t h e  g oa l of fu lly p r e ca s t   b r id g e  con s t r u c t ion .

1 、引
言

1 、 In t r od u c t ion



 Va r iou s  con n e c t ion  d e t a ils  for  p r e ca s t  a s se m b le d  b r id g e  p ie r s  
h a ve  b e e n  d e ve lop e d .

G r o u t  s l e e v e  
c o n n e c t i o n G r o u t -fi l l e d  c o r r u g a t e d  

d u c t  c o n n e c t i o n

P o c k e t  
c o n n e c t i o n

S o c k e t  
c o n n e c t i o n

1 、 In t r od u c t ion



项目区位

 In  t h e  p a s t  d e ca d e , UH PC m a te r ia ls  w ith  e xce lle n t  
p r op e r t ie s  su ch  a s  h ig h  s t r e n g th  a n d  d u r a b ilit y h a ve  b e e n  
w id e ly a p p lie d  in  b r id g e  a n d  s t r u c tu r a l e n g in e e r in g .

• H ig h  s t r e n g th , h ig h  

t ou g h n e s s , h ig h  d u r a b ilit y;

•  h ig h  b on d  s t r e n g th  w ith  

r e in for c in g  s t e e l.

1 、 In t r od u c t ion



• S h or t e r  con n e c t ion  
le n g th  

• S im p le  con s t r u c t ion  
p r oce s s

•  Re lia b le  con n e c t ion  
w ith  g ood  se ism ic  
p e r for m a n ce

 Tw o con n e c t ion  d e t a ils  a r e  d e ve lop e d  b y u t ilizin g  t h e  h ig h  
s t r e n g th  a n d  g ood  a n ch or in g  p e r for m a n ce  of UH PC : t h e  r in g  
UH PC con n e c t ion  a n d  t h e  e n la r g e d  b a se  UH PC con n e c t ion  for  
p r e ca s t  b r id g e  p ie r s .

Precast pier with ring UHPC 
connection

2 Con fig u r a t ion  of p r e ca s t  p ie r s  w ith  UH PC 
con n e c t ion s

Precast pier with enlarged base UHPC 
connection
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S t r u c tu r a l d e t a ils  of p r e ca s t  a s se m b le d  b r id g e  p ie r s  w ith  
r in g  UH PC con n e c t ion s

• Th e  p ie r  b a se  is  d e s ig n e d  a s  a n  in ve r t e d  t r a p e zoid , r e se r vin g  t h e  
la p p in g  p os it ion  for  colu m n  r e in for ce m e n t  a n d  p ile  ca p  
r e in for ce m e n t .

• Elim in a t in g  t h e  n e e d  for  a d d it ion a l s ca ffold in g  t o  su p p or t  t h e  
colu m n

• Th e  UH PC con n e c t ion  s e g m e n t  a t  t h e  p ie r  b a se  e n h a n ce s  t h e  
s t iffn e ss  a n d  s t r e n g th  of t h e  s e c t ion , sh ift in g  t h e  p la s t ic  h in g e  
u p w a r d  u n d e r  s e ism ic  a c t ion  a n d  p r e ve n t in g  d a m a g e  a t  t h e  
con n e c t ion

Column
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Fo o t i
n g

UH PC 
in fill

Co lu
m n Ba r s  

fr om
colu m n

Ba r s  fr om
foot in g

H e ig h t  
of

con n e c t i
on

r e g ion

Con fin e d  RC

in ve r t e
d  

t r a p e zo
id

Dim e n s ion  
sym b ol

D e ta ils

Du ct s  for  
g r ou t in g

2 Con fig u r a t ion  of p r e ca s t  p ie r s  w ith  UH PC 
con n e c t ion s



 Con s t r u c t ion  of p r e ca s t  a s se m b le d  b r id g e  p ie r s  w ith  r in g  
UH PC con n e c t ion s
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S t r u c tu r a l d e t a ils  of p r e ca s t  a s se m b le d  b r id g e  p ie r s  w ith  
e n la r g e d  b a se  UH PC con n e c t ion s

• Th e  h ollow  a r e a  of t h e  e n la r g e d  p ie r  b a se  p r ovid e s  su ffi cie n t  
con n e c t ion  sp a ce  for  r e in for ce m e n t  la p p in g .

• S e r ve s  a s  a  g r ou t in g  for m w or k for  UH PC ca s t in g , e n su r in g  r e lia b le  
in t e r n a l r e in for ce m e n t  a n ch or a g e .

• Th e  UH PC con n e c t ion  s e g m e n t  e n h a n ce s  t h e  s e c t ion  s t iffn e s s  a n d  
s t r e n g th , sh ift in g  t h e  p la s t ic  h in g e  u p w a r d  u n d e r  s e ism ic  a c t ion  
a n d  p r e ve n t in g  d a m a g e  a t  t h e  con n e c t ion .
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Con s t r u c t ion  of p r e ca s t  a s se m b le d  b r id g e  p ie r s  w ith  
e n la r g e d  b a se  UH PC con n e c t ion s
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2 Con fig u r a t ion  of p r e ca s t  p ie r s  w ith  UH PC 
con n e c t ion s



 UH PC-con n e c t e d  p r e ca s t  p ie r s  u t ilize  t h e  b on d  b e tw e e n  
r e b a r s  a n d  UH PC to  a ch ie ve  r e b a r  sp lic in g . Th e  b on d -s lip  
p e r for m a n ce  b e tw e e n  r e b a r s  a n d  UH PC is  t h e  m a in  fa c tor  
a ffe c t in g  t h e  p e r for m a n ce  of UH PC-con n e c t e d  p r e ca s t  
p ie r s .

3  Th e  b on d -s lip  p e r for m a n ce  

 To in ve s t ig a t e  t h e  b on d -s lip  p e r for m a n ce  b e tw e e n  r e b a r s  
a n d  UH PC, p u ll-ou t  t e s t s  w ith  s t ir r u p  con fin e m e n t  w e r e  
con d u c t e d .

• Th e  t e s t  m od e l con s is t s  of 
t h r e e  p a r t s : a  UH PC 
sp e c im e n , a  p r e ca s t  con cr e t e  
t e n on , a n d  a  con cr e t e  b e a r in g  
p la t for m . S in g le -le g  s t ir r u p s  
w e r e  a r r a n g e d  in  t h e  UH PC 
sp e c im e n .



 Ba se d  on  tw o d e s ig n  va r ia b le s—s t ir r u p  r a t io  a n d  r e b a r  
a n ch or a g e  le n g th —a  tot a l of 1 2  s e t s  of UH PC sp e c im e n s  
w e r e  d e s ig n e d . 

Category Group Rebar anchorage lengthld (db) stirrup ratioρsv (%)

1
1

3.0
0

2 0.4
3 0.8

2
4

6.0
0

5 0.4
6 0.8

3
7

8.0
0

8 0.4
9 0.8

4
10

12.0
0

11 0.4
12 0.8

• Th e  UH PC is  of UC1 2 0  typ e . Both  r e b a r s  a n d  t r a n sve r se  s t ir r u p s  a r e  
H RB4 0 0  s t e e l b a r s .

3  Th e  b on d -s lip  p e r for m a n ce  



Pu ll-ou t  t e s t s  for  t h e  b on d -s lip  p e r for m a n ce  b e tw e e n  s t e e l 
b a r s  a n d  UH PC  

3  Th e  b on d -s lip  p e r for m a n ce  



 Wh e n  th e  a n ch or a g e  le n g th  w a s  6 d b , s p lit t in g  fa ilu r e  
occu r r e d . As  t h e  s t ir r u p  r a t io  in c r e a se d  fr om  0  t o  0 .4 % a n d  
0 .8 %, t h e  p e a k s t r e s s  of t h e  p u lle d  r e b a r  in c r e a se d  b y 1 1 % 
a n d  1 8 %, r e sp e c t ive ly.

3  Th e  b on d -s lip  p e r for m a n ce  



 Wh e n  th e  a n ch or a g e  le n g th  w a s  8 d b , s p lit t in g  fa ilu r e  
occu r r e d . As  t h e  s t ir r u p  r a t io  in c r e a se d  fr om  0  t o  0 .4 % a n d  
0 .8 %, t h e  p e a k s t r e s s  of t h e  p u lle d  r e b a r  in c r e a se d  b y 1 7 % 
a n d  1 8 %, r e sp e c t ive ly.

3  Th e  b on d -s lip  p e r for m a n ce  



 Wh e n  th e  a n ch or a g e  le n g th  w a s  1 2 d b , s p e c im e n s  w ith  
s t ir r u p  r a t ios  of 0 .4 % a n d  0 .8 % e xh ib it e d  r e b a r  fr a c tu r e  
fa ilu r e . As  t h e  s t ir r u p  r a t io  in c r e a se d  fr om  0  t o  0 .4 % a n d  
0 .8 %, t h e  p e a k s t r e s s  of t h e  p u lle d  r e b a r  in c r e a se d  b y 4 % 
a n d  8 %, r e sp e c t ive ly.

3  Th e  b on d -s lip  p e r for m a n ce  



ld (db) ρsv = 0 ρsv = 0.4% ρsv = 0.8%smax (mm) smax,b (mm) smax,b / smax
smax,b (mm) smax,b / smax3 3.8 4.4 1.14 4.1 1.086 1.1 2.4 2.25 2.7 2.528 1.6 3.8 2.38 5.8 3.6312 9.2 15.0 1.63 15.0 1.63

ld  (d b)
ρ sv =  0 ρ s v =  0 .4 % ρ s v =  0 .8 %

σ b c 
(M Pa )

σ b  (M Pa ) σ b  / σ b c σ b  (M Pa ) σ b  / σ b c

3 1 8 1 .9 1 8 1 .9 1 .0 0 1 8 1 .2 1 .0 0
6 3 0 9 .4 3 4 3 .0 1 .1 1 3 6 3 .8 1 .1 8
8 4 2 0 .8 4 8 9 .9 1 .1 6 4 9 1 .3 1 .1 7

1 2 5 3 2 .2 5 5 2 .8 1 .0 4 5 7 2 .8 1 .0 8

C o m p a r i s o n  o f  b o n d  s t r e n g t h  a m o n g  U H P C  
s p e c i m e n s  w i t h  d i ff e r e n t  d e s ig n  va r ia b le s

C o m p a r i s o n  o f  r e b a r  s l i p  a m o n g  U H P C  s p e c i m e n s  
w i t h  d i ff e r e n t  d e s ig n  va r ia b le s

3  Th e  b on d -s lip  p e r for m a n ce  



 

  F u r th e r m or e ， t h e  d a t a b a se  of b on d  s t r e n g th  (w ith ou t  
s t ir r u p s ) com p r is e s  2 3 7  sp e c im e n s  w a s  e s t a b lish e d . 
Re g r e s s ion  a n a lys is  w a s  p e r for m e d  u s in g  t h e  g e n e t ic  
p r og r a m m in g –or th og on a l le a s t  sq u a r e s  a lg or it h m .  

3  Th e  b on d -s lip  p e r for m a n ce  



 Ba se d  on  r e su lt s  of p u ll-ou t  t e s t s  w ith  s t ir r u p  con fin e m e n t  
of t h is  s t u d y a n d   t h ir t e e n  s a m p le s  r e cor d e d  in  t h e  s t u d y b y 
M a  e t  a l., a d ju s tm e n t  fa c tor  r e p r e se n t in g  t h e  e ffe c t  of 
s t ir r u p  con fin e m e n t  on  t h e  b on d  s t r e n g th  cou ld  b e  
r e g r e s se d   a s ：

 

 Th e  d e s ig n  b on d  s t r e n g th  ca n  b e  fu r th e r  
e xp r e s se d  a s

   

3  Th e  b on d -s lip  p e r for m a n ce  



 Pie r  
h e ig h t ： 3 0 0 0 m m /1 1 6 0 m m
 Pie r  c r os s -se c t ion ： 5 0 0 m m  x 
5 0 0 m m

UH PC-con n e c te d  
p r e ca s t  b r id g e  
p ie r （ 8 ）

 Ca s t -in -p la ce  
b r id g e  p ie r
（ 2 ）

Pie r  h e ig h t

Le n g th  of t h e  
UH PC con n e c t ion  

se g m e n t  (r e b a r  
a n ch or a g e  le n g th )S t ir r u p  r a t io  of 
t h e  UH PC 
con n e c t ion  
se g m e n t

Br id g e  
p ie r  

m od e ls
（ 10 ）

Br id g e  p ie r  
t yp e

Re se a r ch  
p a r a m e te r s

 To in ve s t ig a t e  t h e  s e ism ic  p e r for m a n ce  of p r e ca s t  p ie r s  w ith  
UH PC con n e c t ion s , q u a s i-s t a t ic  t e s t s  w e r e  d e s ig n e d  a n d  
con d u c t e d  on  t e n  t e s t  m od e ls

4 .1  q u a s i-s t a t ic  
t e s t

4  S e ism ic  p e r for m a n ce  of p r e ca s t  p ie r s  w ith  UH PC 
con n e c t ion s



Specimen ID
Pier height 
(shear span 

ratio)

Connection 
length 

(anchorage 
length)

Stirrup ratio of 
the connection 

segment

G1 2 D -0 3 0 0 0 m m （ 6 ） 4 1 0 m m （ 1 2 d ） 0

G1 2 D -0 .4 3 0 0 0 m m （ 6 ） 4 1 0 m m （ 1 2 d ） 0 .4 %

G1 2 D -0 .8 3 0 0 0 m m （ 6 ） 4 1 0 m m （ 1 2 d ） 0 .8 %

G1 0 D -0 .8 3 0 0 0 m m （ 6 ） 3 5 0 m m （ 1 0 d ） 0 .8 %

G8 D -0 .8 3 0 0 0 m m （ 6 ） 2 9 0 m m （ 8 d ） 0 .8 %

G6 D -0 .8 3 0 0 0 m m （ 6 ） 2 3 0 m m （ 6 d ） 0 .8 %

L1 2 D -0 .8 1 1 6 0 m m （ 2 .3 ） 4 1 0 m m （ 1 2 d ） 0 .8 %

L1 2 D -0 .4 1 1 6 0 m m （ 2 .3 ） 4 1 0 m m （ 1 2 d ） 0 .4 %

• De s ig n  p a r a m e te r s  of UH PC-con n e c t e d  p r e ca s t  p ie r s

• Tw o a d d it ion a l ca s t -in -p la ce  p ie r  m od e ls  
w e r e  d e s ig n e d  w ith  s a m e  c r os s -se c t ion a l 
d im e n s ion s  a n d  r e b a r  r a t ios  t o  t h e  UH PC-
con n e c t e d  p ie r s . Th e  h e ig h t s  of t h e  tw o 
ca s t -in -p la ce  p ie r s  a r e   3 0 0 0  m m  (GCIP) 
a n d  1 1 6 0  m m  (LCIP), r e sp e c t ive ly.

4  S e ism ic  p e r for m a n ce  of p r e ca s t  p ie r s  w ith  UH PC 
con n e c t ion s



三、 Ⅰ型连接 UHPC 预制拼装桥墩拟静力参数试验 

Te s t  device and loa d in g  
p r otocol

4  S e ism ic  p e r for m a n ce  of p r e ca s t  p ie r s  w ith  UH PC 
con n e c t ion s



Ob se r ve d  d a m a g e  

（ a ） 10mm   （ b ） 60mm  （ c ） 120mm   （ d ）
180mm

（ a ） 10mm  （ b ） 60mm   （ c ） 120mm （ d ）
180mm

Cast-in-place high pier GCIP UHPC connection pier G12D-0.8

• H ig h  p ie r (Th e  p ie r  h e ig h t  is  3 0 0 0  m m ) Th e   com p a r ison  of t h e  
ob se r ve d  d a m a g e  of h ig h  p ie r  for  Ca s t -in -p la ce  GCIP  a n d  UH PC 
con n e c t ion  G1 2 D-0 .8

4  S e a n d  d e s ig n 4  S e ism ic  p e r for m a n ce  of p r e ca s t  p ie r s  w ith  UH PC 
con n e c t ion s



三、 Ⅰ型连接 UHPC 预制拼装桥墩拟静力参数试验 

G12D-0.4 G12D-0G12D-0.8

G10D-0.8 G8D-0.8 G6D-0.8

4  S e ism ic  p e r for m a n ce  of p r e ca s t  p ie r s  w ith  UH PC 
con n e c t ion s• H ig h  p ie r t h e   com p a r ison  of t h e  ob se r ve d  d a m a g e  of UH PC 

con n e c t ion  p ie r s  w ith  d iffe r e n t  con n e c t ion  le n g th



三、 Ⅰ型连接 UHPC 预制拼装桥墩拟静力参数试验 

（ a ） 24mm     （ b ）
60mm

LCIP L12D-0.8 L12D-0.4

• S h or t  p ie r  (p ie r  h e ig h t  is  1 1 6 0  m m ) d a m a g e  for  t h e  s h or t  
p ie r

（ a ） 24mm     （ b ）
60mm

（ a ） 24mm     （ b ）
60mm

4  S e ism ic  p e r for m a n ce  of p r e ca s t  p ie r s  w ith  UH PC 
con n e c t ion s



Exp e r im e n ta l Re su lt s  
An a lys is

Cast-in-place GCIP UHPC-connected bridge pierG12D-0.8

• Pe r for m a n ce  Com p a r ison  b e tw e e n  Ca s t -in -P la ce  a n d  UH PC-
Con n e c t e d  Pr e ca s t  h ig h  P ie r s—Com p a r ison  of H ys t e r e t ic  loop s

4  S e ism ic  p e r for m a n ce  of p r e ca s t  p ie r s  w ith  UH PC 
con n e c t ion s



UHPC-connected bridge L12D-0.8Cast-in-place LCIP

4  S e ism ic  p e r for m a n ce  of p r e ca s t  p ie r s  w ith  UH PC 
con n e c t ion s• Pe r for m a n ce  Com p a r ison  b e tw e e n  Ca s t -in -P la ce  a n d  

UH PC-Con n e c t e d  Pr e ca s t  sh or t  P ie r s—Com p a r ison  of 
H ys t e r e t ic  loop s



• Pe r for m a n ce  Com p a r ison  of UH PC-Con n e c t e d  h ig h  P ie r s  w ith  
Diffe r e n t  Con n e c t ion  le n g th  a n d  S t ir r u p  Ra t ios  — Com p a r ison  of 
H ys t e r e t ic  loop s

4  S e ism ic  p e r for m a n ce  of p r e ca s t  p ie r s  w ith  UH PC 
con n e c t ion s



S p e c im
e n  typ e

N
o

N a m e Yie ld
d isp la ce m

e n t

Pe a k 
loa d  
for ce

Ult im a t
e  d r ift  
r a t io

Da m a g e  m od e

H ig h  
p ie r

1 GCIP 4 5 .9 m m 2 1 6  kN 6 .7 % Th e  cor e  con cr e t e  a t  t h e  p ie r  
b ot t om  w a s  c r u sh e d

2 G1 2 D-0 4 5 .6 m m 2 4 4  kN 3 .7 % UH PC t e a r in g
3 G1 2 D-0 .

4
4 5 .8 m m 2 4 7  kN 6 .4 % Th e  cor e  con cr e t e  a b ove  t h e  

con n e c t ion  s e g m e n t  w a s  
c r u sh e d

4 G1 2 D-0 .
8

5 2 .8 m m 2 5 0  kN
 

7 .8 % Th e  cor e  con cr e t e  a b ove  t h e  
con n e c t ion  s e g m e n t  w a s  
c r u sh e d

5 G1 0 D-0 .
8

5 0 .1 m m 2 5 0  kN 7 .1 % Th e  cor e  con cr e t e  a b ove  t h e  
con n e c t ion  s e g m e n t  w a s  
c r u sh e d

6 G8 D-0 .8 4 8 .4 m m 2 4 9  kN 3 .7 % UH PC t e a r in g
7 G6 D-0 .8 4 1 .9 m m 2 2 5  kN 2 .3 % UH PC t e a r in g

S h or t  
p ie r

8 LCIP 1 6 .4 m m 5 7 1  kN 6 .8 % Cor e  con cr e t e  c r u sh in g  a t  p ie r  
b a se , r e b a r  fr a c tu r e

9 L1 2 D-0 .
8

1 7 .2 m m 6 6 9  kN 5 .8 % UH PC t e a r in g

1 0 L1 2 D-0 .
4

1 6 .7 m m 6 2 5  kN 5 .1 % Pie r  colu m n  u p lift in g ; UH PC 
cr a ckin g

• S u m m a r y of H ys t e r e t ic  Pe r for m a n ce  a n d  Fa ilu r e  M od e s  of t h e  p ie r s
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• Th e  fa ilu r e  m od e  of h ig h  p ie r s  is  p r im a r ily fle xu r a l fa ilu r e  in  t h e  p ie r  
s t a n d a r d  s e g m e n t s ; H ow e ve r, if t h e  r e b a r  a n ch or a g e  le n g th  or  
s t ir r u p  r a t io  is  in su ffi cie n t , b on d -s lip  fa ilu r e  b e tw e e n  UH PC a n d  
r e b a r  occu r s . For  sh or t  p ie r s , h ow e ve r, fa ilu r e  m od e s  a r e  
s ig n ifica n t ly a ffe c t e d  b y sh e a r  for ce , a r e   b on d -s lip  fa ilu r e  b e tw e e n  
UH PC a n d  r e b a r  a t  t h e  p ie r  b a se .

• For  a  s t ir r u p  r a t io  of 0 .8 %, t h e  r e com m e n d e d  a n ch or a g e  le n g th  is  
g r e a t e r  t h a n  or  e q u a l t o  1 0 d ; for  a  s t ir r u p  r a t io  of 0 .4 %, t h e  
r e com m e n d e d  a n ch or a g e  le n g th  is  g r e a t e r  t h a n  or  e q u a l t o  1 2 d .
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三、 Ⅰ型连接 UHPC 预制拼装桥墩拟静力参数试验 

Comparison of Pier Body Curvature 
between GCIP Pier and G12D-0.8 Pier

Comparison of Pier Body Curvature 
between LCIP Pier and L12D-0.8 Pie

• Pe r for m a n ce  Com p a r ison  b e tw e e n  Ca s t -in -P la ce  a n d  UH PC-
Con n e c t e d  Pr e ca s t  h ig h  P ie r s  — Com p a r ison  of Cu r va tu r e  
Dis t r ib u t ion

For  t h e  G1 2 D-0 .8  p ie r, t h e  cu r va tu r e  a t  t h e  p ie r  b a se  is  
m u ch  sm a lle r  t h a n  t h a t  of t h e  ca s t -in -p la ce  p ie r.
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4 .2  De s ig n  m e th od
 A con n e c t ion  d e t a ilin g  d e s ig n  

m e th od  for  r in g  UH PC 
con n e c t ion  b e tw e e n  p r e ca s t  
b r id g e  p ie r s  a n d  p ile  ca p s  (or  
b e n t  ca p s ) is  d e ve lop e d  t o  
s a t is fy t h e  d u a l r e q u ir e m e n t s  
of b on d  p e r for m a n ce  a n d  
ca p a c it y p r ot e c t ion .

De s ig n  of r e b a r  a n ch or a g e  d e t a ilin g  
in  t h e  con n e c t ion  zon e
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 R e in fo r c e m e n t  d e s ig n  fo r  t h e  b o t t o m  jo in t  o f  t h e  
c o n n e c t io n  z o n e  a r e  b a s e d  o n  t h e  c a p a c i t y  p r o t e c t io n  
p r in c ip le  t o  a v o id  s t r a in  c o n c e n t r a t io n  in  t h e  
lo n g i t u d in a l  r e b a r  a t  t h e  p ie r  b o t t o m

4  S e ism ic  p e r for m a n ce  of p r e ca s t  p ie r s  w ith  UH PC 
con n e c t ion s



4 .3  S h a kin g  t a b le  t e s t  va lid a t ion
 To fu r t h e r  ve r ify t h e  e ffe c t ive n e s s  of t h e  UH PC-con n e c t e d  

p r e ca s t  p ie r, a  1 /3 .5  s ca le  b r id g e  m od e l w ith  UH PC-
con n e c t e d  p r e ca s t  p ie r s  w a s  d e s ig n e d  a n d  fa b r ica t e d  for  
sh a kin g  t a b le  t e s t in g .• T h e  p r o t o t y p e  b r id g e  i s  

s im p ly  s u p p o r t e d  b e a m  
b r id g e  w i t h  s p a n  o f  3 0 m .  
Th e  p ie r  h e ig h t  is  1 2  m  w ith  
c r os s -se c t ion a l d im e n s ion s  2  
m  ×  2  m . Th e  t ot a l w e ig h t  of 
t h e  p r o t o t y p e  b r id g e  i s  
5 2 7 t o n s .

• Re b a r  con s is t s  of H RB4 0 0  
s t e e l b a r s  w ith  a  d ia m e te r  of 
3 2  m m , a n d  th e  s e c t ion a l 
r e in for ce m e n t  r a t io  is  ρs  =  
1 .9 %.

The prototype bridge （ mm ）
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• Con n e c t ion  s e g m e n t  d e t a ilin g : UH PC th ickn e s s  of 1 4 0  m m ; 
s t ir r u p  r a t io  of 0 .8 %; r e b a r  a n ch or a g e  le n g th  of 4 9 0  m m  
(= 1 5 .3 d b ); con n e c t ion  s e g m e n t  le n g th  of 5 0 0  m m ; 1 6  H RB4 0 0  
s t e e l b a r s  w ith  a  d ia m e te r  of 3 2  m m  a r r a n g e d  lon g itu d in a lly 
a t  t h e  b ot tom  join t  of t h e  con n e c t ion  zon e , s e r vin g  a s  p ile  ca p  
la p  sp lice s  for  lon g itu d in a l r e in for ce m e n t ; t o t a l m od e l w e ig h t  
of 8 6 .1  t .
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• Th e  E l Ce n t r o  g r ou n d  m ot ion  
r e cor d e d  a t  t h e  Im p e r ia l Va lle y-0 2  
e ve n t  in  1 9 4 0  w a s  ch ose n  for  sh a ke  
t a b le  t e s t s . 
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 Ob se r ve d  
d a m a g e  

PGA=0.4g
• M os t  fle xu r a l c r a cks  a p p e a r e d  in  t h e  low e r  p a r t  of t h e  s t a n d a r d  

s e g m e n t , a n d  n o c r a cks  w e r e  ob se r ve d  in  t h e  con n e c t ion  
se g m e n t . • Th e  r e cor d s  fr om  s t r a in  g a u g e s  in d ica t e d  t h e  yie ld in g  of a  fe w  
lon g itu d in a l r e b a r s  in  t h e  low e r  p a r t  of t h e  s t a n d a r d  s e g m e n t  
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PGA=1.4g
• Wh e n  th e  PGA in cr e a se d  t o  1 .4  g , t h e  d a m a g e  s t a t e  of t h e  

colu m n  w a s  illu s t r a t e d  in  F ig . As  s e e n , t h e  cove r  con cr e t e  
sp a lle d  off m od e r a t e ly in  t h e  low e r  p a r t  of t h e  s t a n d a r d  
s e g m e n t , a n d  a  lon g itu d in a l r e b a r  w a s  e xp ose d  a t  t h e  cor n e r. 
H ow e ve r, on ly on e  h a ir lin e  c r a ck w a s  ob se r ve d  in  t h e  
con n e c t ion  s e g m e n t . • Exp e r im e n ta l r e su lt s  sh ow  th a t  t h e  p r e ca s t  colu m n  is  d a m a g e d  in  
a  fle xu r a l p a t t e r n , w ith  it s  p la s t ic  r e g ion  sh ift e d  t o  t h e  low e r  p a r t  
of t h e  s t a n d a r d  s e g m e n t . Th e  m in im a l d a m a g e  in  t h e  con n e c t ion  
se g m e n t  in d ica t e s  e xce lle n t  b on d  b e h a vior  b e tw e e n  UH PC a n d  
r e b a r. 
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Ac c e l e r a t i o n  t i m e  h i s t o r y  o f  t h e  m a i n  
g i r d e r

P e a k  
a c c e l e r a t i o n  o f  
t h e  m a i n  g i r d e r

 Ac c e le r a t io n  r e s p o n s e  o f  t h e  m a in  g i r d e r  a n d  
d i s p la c e m e n t  r e s p o n s e  a t  t h e  p ie r  t o p

P e a k  d i s p l a c e m e n t  o f  c o l u m n s  a n d  m a i n  
g i r d e r

D i s p l a c e m e n t  t i m e  h i s t o r y  
o f  c o l u m n  t o p  a n d  m a i n  

g i r d e r
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 Th e  la t e r a l for ce  - d isp la ce m e n t  h ys t e r e t ic  loop s  of colu m n  
P1  a t  PGAs  =  0 .3  g , 0 .6  g  a n d  1 .4  g  w e r e  sh ow n  in  t h e  
follow in g  F ig s  r e sp e c t ive ly. 

• It  ca n  b e  fou n d  th a t  t h e  h ys t e r e t ic  
loop s  b e com e  w id e r  a s  t h e  PGA 
in cr e a se s , a n d  t h e  la t e r a l s t iffn e s s  
(s e ca n t  s t iffn e s s ) com p u te d  a t  t h e  
p e a k d isp la ce m e n t  d e g r a d e s  
su cce s s ive ly 
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 Th e  cu r va tu r e  of colu m n  P1  w a s  sh ow n  in  
follow in g• As  se e n  fr om  F ig , in e la s t ic  cu r va tu r e  is  m a in ly con ce n t r a t e d  in  t h e  

low e r  p a r t  of t h e  s t a n d a r d  s e g m e n t  w h e n  t h e  PGA e xce e d s  0 .3  g . 
In  con t r a s t , t h e  cu r va tu r e  in  t h e  con n e c t ion  s e g m e n t  r e m a in s  
low e r  t h a n  t h e  yie ld  cu r va tu r e . S u ch  ob se r va t ion  su g g e s t s  t h a t  t h e  
p la s t ic  r e g ion  sh ift s  u p w a r d  
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OpenSees model .

• Th e  F E  m od e llin g  for  t h e  sh a kin g  t a b le  t e s t  m od e l w a s  a lso 
d e ve lop e d  b a se d  on  t h e  Op e n S e e s  p la t for m  .As  sh ow n  in  
follow in g  F ig

 N u m e r ica l m od e lin g  
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F ig . 1 9 . Com p a r ison  of r e sp on se  t im e -h is tor ie s  ob t a in e d  b y sh a ke  
t a b le  t e s t s  a n d  t h e  F E m od e l con s id e r in g  t h e  b on d -s lip  e ffe c t .

•  Th e se  F ig s  com p a r e d  r e sp on se  t im e  h is t or ie s  for  t h e  g ir d e r  
a cce le r a t ion  a n d  colu m n -t ip  d isp la ce m e n t  a t  PGAs  =  0 .6  g  a n d  1 .4  g  
b e tw e e n  sh a ke  t a b le  t e s t s  a n d  t h e  F E  m od e l. It  ca n  b e  s e e n  t h a t  
t h e r e  is  con s is t e n cy in  t h e  sh a p e  of r e sp on se  t im e -h is tor ie s  for  b oth  
g ir d e r  a cce le r a t ion  a n d  colu m n  d isp la ce m e n t
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• It  ca n  b e  fou n d  fr om  F ig  t h a t  t h e  F E  m od e l h a s  1 2 .0  % a n d  
1 8 .5  % r e la t ive  e r r or s  on  a ve r a g e  in  p r e d ic t in g  t h e  g ir d e r  
p e a k a cce le r a t ion  a n d  p e a k colu m n -t ip  d isp la ce m e n t , 
r e sp e c t ive ly, if t h e  b on d -s lip  e ffe c t  is  n e g le c t e d . H ow e ve r, t h e  
a ve r a g e d  r e la t ive  e r r or s  m e n t ion e d  a b ove  a r e  r e d u ce d  to  
1 1 .5  % a n d  8 .1  %, r e sp e c t ive ly, w h e n  th e  b on d -s lip  e ffe c t  is  
con s id e r e d .

F ig . 2 0 . Effe c t  of b on d -s lip  on  p e a k r e sp on se s  of t h e  
sca le d  m od e l.
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4.4 Application

No. Project Name Connection Type Year
1 Shanghai Jiamin Elevated Road with enlarged base UHPC 

connection
2016

2 South Extension of Ningbo Airport 
Road

with enlarged base UHPC 
connection

2017

3 Shanghai S2 Haigang Avenue 
Interchange

with enlarged base UHPC 
connection

2019

4 Shanghai Riverside Passage River-
Crossing Tunnel

 with ring UHPC connection 2020

5 Xinjiang Chengbei Main Road with enlarged base UHPC 
connection

2021

6 Ningbo Xihong Bridge (Approach 
Bridge and Interchange)

 with ring UHPC connection 2021

7 Shanghai Daye Highway  with ring UHPC connection 2021
8 Xinjiang East Approach Expressway  with ring UHPC connection 2021~
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 Shanghai Jiamin Elevated Road

Precast Cap 

Beam 

Hoisting

Precast Column and 

Cap Beam

 Pile Cap and 

Rebar Arrangement

Grouting of Column-

Pile Cap Joint 

Completed

Grouting of 

Column-Cap Beam 

Joint Completed

UHPC Mixing
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 Th e  tw o typ e s  of UH PC con n e c t ion  d e t a ils  for  p r e ca s t  
b r id g e  p ie r s  in t r od u ce d  in  t h is  p a p e r  a r e  fe a s ib le , a n d  
t h e ir  con n e c t ion  m e th od s  p r ovid e  s e ism ic  p e r for m a n ce  
e q u iva le n t  t o  t h a t  of ca s t -in -p la ce  p ie r s .

 Th e  UH PC con n e c t ion  d e t a ils  for  p r e ca s t  b r id g e  p ie r s  
h a ve  b e e n  a p p lie d  in  m a n y a c tu a l b r id g e  p r oje c t s  in  
Ch in a , a ch ie vin g  g ood  e con om ic  a n d  soc ia l b e n e fit s .

 Th e  r e se a r ch  on  UH PC-con n e c t e d  p r e ca s t  b r id g e  
p ie r s  p r ovid e s  n e w  op p or tu n it ie s  for  t h e  a p p lica t ion  of 
n e w  m a te r ia ls  a n d  t h e  in n ova t ion  of n e w  s t r u c tu r a l 
sys t e m s .

5  Con c lu s ion s



N e w  b r id g e  s t r u c tu r e s  sh ou ld  b e  e con om ica l.
 N e w  s t r u c tu r e s  a r e  d u r a b le  a n d  e n vir on m e n ta lly 

fr ie n d ly, w ith  m in im a l im p a c t  on  th e  p u b lic
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Thank you!
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