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Abstract 
 
In the seismic design specified by Japanese Specifications of Highway Bridges (JSHB), a large gap size between two 
adjacent girders or the girder and abutment has recommended to be constructed in the concrete girder bridge with multi-spans 
in order to prevent the collision, when it is subjected to Level 2 ground motion. However, the adoption of large gap into PC 
bridge will increase the construction and seismic reinforcement costs since relatively large expansion joints have to be used. 
Also, it causes the girders falling in the presumption of strong earthquake. It has been suggested that allowing the girder 
collision at the abutment by restricting the girder bridges displacement, the size of expansion joints can be reduced. These 
conditions are able to reduce the seismic design and seismic reinforcement cost.  
Although many studies on the effect of the collision have been published, the effect of displacement restriction of girders is 
still remains to be elucidated. This present study aims to investigate the seismic response of concrete girder bridges taking 
into account the effect of displacement restriction of girders allowing the girder collision at the abutment and the wing wall. 
Two span concrete girder bridge was examined in theoretically by 3D FEM model of ABAQUS with four different 
approaches at the wing wall abutment model. The dead load and soil pressure were calculated based on JSHB loading 
conditions and gap between superstructure and parapet wall was chosen to be 10 cm and 20 cm. Level 2 earthquake ground 
accelerations were applied horizontally at the bottom of pier. The numerical results showed that the parameters such as shear 
stress, response stress, displacement, and cracking were affected by displacement restriction and different wing wall model. 
Installing of the wing wall in abutment generally increased the response stress in parapet wall and shear stress around vertical 
wall of abutment. In contrast, it significantly reduced the horizontal displacement of abutment.   
© 2015 Desy Setyowulan, Toshitaka Yamao and Keizo Yamamoto. Published by Elsevier Ltd. Selection and/or peer-review 
under organizing committee of I3R2 2015 
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1. Introduction 
 

A large number of bridges were damaged during unexpectedly severe earthquakes, such as 1995 Hyogo-ken 
Nanbu earthquake and 2011 Tohoku earthquake. Damage to bridges primarily occurred in reinforced concrete 
substructures, buckling of steel piers, collapsed span as a result of insufficient support length and bearing 
damage. During the inspection of the failure, the most common problems observed for collapsed of abutments 
were caused by high stress on the surface of abutment and collision between adjacent deck and between deck 
and abutment. Therefore, a new type of abutment is required in order to generate an appropriate abutment model 
with a better seismic performance. Seismic response investigation of reinforced concrete abutment is very 
important in term of the ability to survive in severe earthquake. Furthermore, a proper material model of 
reinforced concrete should be capable in representing the behavior of materials within finite element packages. 
 
*Corresponding author. Tel.: +62-8123-364-6603 
E-mail address: desy_wulan@ub.ac.id (D. Setyowulan),  tyamao@kumamoto-u.ac.jp (T. Yamao), keizo.yamamoto1110@gmail.com  
          (K. Yamamoto), hamamoto@cvl.gunma-ct.ac.jp (T. Hamamoto) 

© 2016 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Dept of Transportation Engineering, University of Seoul.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.sbspro.2016.04.014&domain=pdf


105 Desy Setyowulan et al.  /  Procedia - Social and Behavioral Sciences   218  ( 2016 )  104 – 117 

Nomencl

 C  d
 M  m
 K   s
    c
   c
 PEA a
 KEA c
 kh d
 r u
 q’ s

 a
 a
 a
E w

 o t
 
In th

between 
girder bri
However
since rela
the abutm
condition

Previ
the variat
account. 
of the win
effect on
motions. 
stress of p

In th
restriction
in two sp
and parap
behavior 

 
2. Litera

 
Colla

to strong
Accordin
widesprea
was also 
liquefacti
outward a
and the la

lature 

damping matr
mass matrix 
stiffness matri
coefficient for
coefficient for
active earth pr
coefficient of 
design horizon
unit weight of
surcharge on t
angle of shear
angle formed 
angle formed 
wall surface fr
tan-1 kh (degre

he seismic des
two adjacent 
idge with mul
r, the adoption
atively large e
ment by restric
ns are able to r
ious researche
tion of gap fr
According to 
ng wall decre

n reducing the
In addition, in
parapet wall, w

his study, the s
n and wing w
pans concrete 
pet wall was 
of abutments.

ture reviews 

apsed of Higa
g intensity of 
ng tho this figu
ad on the fron
observed at 

ion of the sub
and the inerti
arge tensile fo

rix 

ix 
r mass matrix 
r stiffness mat
ressurestrengt
active earth p
ntal seismic c
f soil (kN/m3) 
the ground sur
r resistance of
between the g
between back

friction angle b
ee) 

sign specified
girders or th

lti-spans in or
n of large gap 
expansion join
cting the gird
reduce the seis
er [1] investig

from 10 cm to
this analysis,

ased the numb
e response str
nstallation of 
which contrib
seismic respon

wall types was 
girder bridge
chosen to be
. Effect of ear

ashi Uozaki B
dynamic exc

ure, it is descr
nt face of the 
A2 abutmen

bsoil layer, th
ial force itself
orce acting at t

(a) A1 ab
Fig. 1

(sec-1) 
trix (sec) 
th (kN/m2) dur
pressure during
oefficient use

rface during a
f soil (degree)
ground surface
k surface of a w
between the b

d by Japanese
he girder and 
rder to preven
into PC bridg

nts have to be 
der bridges dis
smic design an
gated the effe
o 50 cm.The 
, it was found
ber of collisio
ress of parape
the wing wall

buted greatly to
nse on concre
discussed. Fo
s subjected to
 10 cm and 2

rth pressure du

Bridge which p
itation from 
ribed that A1 
abutment. Th

nt wall. This 
e earth pressu
f, the lateral m
the front face 

butment  
. Failure of abu

ring an earthq
g an earthquak

ed for calculati

an earthquake 

e and horizont
wall and a ver

back surface of

e Specification
abutment has

nt the collision
ge will increas

used. It has b
splacement, th

and seismic rei
ect of collision
effect of eart

d that increasin
on. In general,
et wall. Howe
l in parapet ha
o the horizont

ete girder brid
our different a
o Level 2 seis
20 cm to ana
uring earthqua

passed over th
1995 Hyogo-
abutment rota

he shear colla
condition ma

ure acting on 
movement at t
of the abutme

 

        
 (b

utments of Higa

quake at depth
ke 
ion of earth pr

(kN/m2) 

tal plane (deg
rtical plane (d
f a wall and so

ns of Highwa
s recommende
n, when it is 
e the construc

been suggested
he size of exp
inforcement c
n between pa
th pressure du
ng of gap for 
, applying the
ever, they we
ad a capability
tal resistance o

dges taking int
abutments mo
smic ground m
lyze the effec
ake was taken 

he canal, an e
-ken Nanbu e
ated backward
apse with wid
ay occurred d
the back face
the top of abu
ent. 

b) A2 abutment
ashi Uozaki Brid

h x (m) 

ressure during

ree) 
degree) 
oil (degree) 

ay Bridges (JS
ed to be cons
subjected to L
ction and seism
d that allowin
pansion joints 
ost. 
rapet wall an
uring earthqua
bridge with a
gap of 20 cm

ere varied on 
y in reducing 
of abutment a
to account the

odeling approa
motions. Gap 
ct of displace
into account. 

xample of dam
arthquake, ar
d and accomp
ely opening c
due to severa
e of the abutm
utment was co

t 
dge [3] 

g an earthquak

SHB), a large
structed in the
Level 2 groun
mic reinforcem

ng the girder c
 can be reduc

nd superstructu
ake was not t
and without in

m and 30 cm h
different inpu
the maximum

against load. 
e effect of disp
aches [2] wer
between supe

ement restricti
 

maged in abu
re shown in F
panied with lar
cracks on the 
al reasons, su
ment which w
onstrained by

 

ke 

e gap size 
e concrete 
nd motion. 
ment costs 
collision at 
ced. These 

ure due to 
taken into 
nstallation 

had a good 
ut seismic 

m response 

placement 
e installed 
erstructure 
ion on the 

utment due 
Fig. 1 [3]. 
rge cracks 
front face 

uch as the 
was pushed 
y the deck, 



Download	English	Version:

https://daneshyari.com/en/article/1108255

Download	Persian	Version:

https://daneshyari.com/article/1108255

Daneshyari.com

https://daneshyari.com/en/article/1108255
https://daneshyari.com/article/1108255
https://daneshyari.com/

