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Seismic analysis method for RC bridge bents in mountain areas

SUN Zhiguo' SI Bing5un' CHEN Can' WANG Dong-sheng’

(1. Faculty of Infrastructure Engineering Dalian University of Technology Dalian 116024 China;
2. Institute of Road and Bridge Engineering Dalian Maritime University Dalian 116026 China)

Abstract: Bents are widely used as bridge columns in mountain areas. The seismic failure mechanism of the bents
is complex under transverse seismic actions. Also no practical seismic analysis method is available to evaluate the seismic
behavior of the bents. A practical seismic analysis method for RC bridge bents in mountain areas was proposed based on
the quasi-static and dynamic time-history analysis. The failure mode of the pier and the deformation capacity of the bent
were analysed by using the fiber column element and shear strength model for column section. Then the failure mode and
deformation capacity of the bent under different ground motion intensity were revealed according to the time-history
analysis. The seismic behaviors of 2 bridge bents in one bridge in mountain areas were evaluated by the proposed method.
It is found that the axial load of the piers in the bent will be changed significantly as a result of the transverse seismic
action. Before yielding of the pier the variation range of the axial load increases as the lateral displacement increases.
After yielding of the pier the range will change no more and the variable axial load would lead to shear failure of the
piers. The results provide reference to the seismic design and analysis of bridge bents.

Key words: seismic design of bridge; bridge bents; seismic behavior; flexural-shear failure; numerical analysis

2 1994  Loma Prieta

Cypress 1995
Kobe <1999 2008

=% . Loma Prieta

Cypress
(51008041 51178071) ; °
( NCET - 12 - 0751);
(2013M540226 2014T70250) 3. 6-7 8
: 2014 - 06 - 10 22014 -09 - 12

1980



2 2015 34
o Marsh ° DRAIN -2D .
Zhang " A FLBYRE Srith £k
NEABS = BY LRI
o Jeremi¢ " P
OpenSees —
- - o Johnson "
SAP2000  DRAIN -3DX "IE%E';?;‘EFJ ;
o Pantelides "
1
DRAIN -2D o . .
Fig. 1 Method for determining
shear failure of the bridge piers
1.2
2 o
Pushover
1 7
1.1
(1)
. ® N -
- (2)
;@ .
o (3)
- Priestley
15-16 .
V,=V. +V, +V (1)
V., =k Jf.€0.84,) (2)
14
° D -c¢
=~>——-pP 3
V=" (3)
1)o Af. D’
( ) vV, = U [f” cotf (4)
o 2 s
) A D

g



18 s 3

c o P
. 1 4
. a A, . 3 1 500 mm
fo D’ 32 28 mm  HRB335
s 0 12 mm  HPB235
30°; k 100 mm 200 mmo.
: 1 900 mm 1 850 mm
k =0.29 My < 3.0 (5) 32 mm  HRB335
k=0.29 -0.047 5(u, -3) 3.0 <p, <7.0 (6)
k=0.1-0.00625(u, -7) 7.0 <p, <15.0 (7) 1000 mm 1200 mm
k=005 o, >15.0 (8) 9 28 mm  HRB335 .
(4) (1) ~ (8) 1 700 mm 32
- 28 mm  HRB335 .
€30 .
(5) M2,
PGA - AR
- TT! [}
(1) ~ (8) PGA 2104 6600
i
2 ° r_| : I. “r\l
—> b | ‘ ik
1 Wi
SRR > et | i ;
s gl L &
> s | W H E %
b L e

¥ —> Rk | — -
Srr——— }_ (a) 1*5HE4 (b) 4544
> wERma | 3 C m)

Fig. 3 Design details of the bridge bents (units: mm)
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Fig. 2 Seismic evaluation sequence for bridge bents
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Fig. 11 Time-history analysis results of the left pier in bent 4



2015 34

)]

€))

Esmaeily A Xiao Y. Behavior of reinforced concrete columns
under variable axial loads ] ACI Structural Journal

2004 101(1): 124 -132.

J. 2011 24(2):
34 -41.
WANG Dong-sheng SI Binggun SUN Zhi-guo

Experiment on shear strength of reinforced concrete bridge

et al.

column in plastic hinge zone under seismic effect J . China
Journal of Highway and Transport 2011 24(2): 34 -41.
Kunnath S K Gross ] L. Inelastic response of the Cypress

viaduct to the Loma Prieta Earthquake J . Engineering
Structures 1995 17(7) : 485 -493.
J. 2009 29(3):84 -94.

WANG Dong-sheng GUO Xun SUN Zhiguo et al.
Damage to highway bridges during Wenchuan earthquake
J . Earthquake Engineering and Engineering Dynamics
2009 29(3): 84 -94.
Shattarat N K Mclean D I. Seismic behavior and retrofit of
outrigger knee joints J . Journal of Bridge Engineering
ASCE 2007 12(5): 591 -599.
Paolacci F Giannini R. An experimental and numerical
investigation on the cyclic response of a portal frame pier
belonging to an old reinforced concrete viaduct J
Earthquake Engineering and Structural Dynamics 2012 41
(6): 1109 —1127.
. J .
N 2004 32(10) :1355 - 1359.
PENG Tian-bo LI Jianzhong HU Shi-de
performance of a double-deck viaduct
University - Natural Science 2004 32(10): 1355 —1359.

Pantelides C P Fitzsimmons G. Case study of strategies for

et al. Seismic

J . Journal of Tongji

seismic rehabilitation of reinforced concrete multicolumn
bridge bents J . Journal of Bridge Engineering ASCE
2012 17(1): 139 - 150.

Marsh M L Brown C B. Effects of column flexural strength on

11

12

14

15

16

18

19

20

21

the seismic response of a multiple-column bridge bent J .
Eaxthquake Spectra 1994 10(4) : 757 -776.

Zhang Y Cofer W F' Mclean D I. Analytical evaluation of
retrofit strategies for multicolumn bridges J .
Bridge Engineering ASCE 1999 4(2): 143 - 150.

Journal of

Jeremi¢ B Kunnath S Xiong F. Influence of soil-foundation—
structure interaction on seismic response of the I — 880 viaduct
J . Engineering Structures 2004 26(3): 391 —402.
Johnson N Saiidi M S Sanders D. Nonlinear earthquake
response modeling of a large-scale two-span concrete bridge
J . Journal of Bridge Engineering ASCE 2009 14(6):
460 -471.
Pantelides C P Duffin J] B Reaveley L D. Seismic
strengthening of reinforced-concrete multicolumn bridge piers
J . Earthquake Spectra 2007 23(3): 636 —664.
Yavari S Elwood K J Wu C L. Collapse of a nonductile
concrete frame: evaluation of analytical models ]
Earthquake Engineering and Structural Dynamics 2009
38(2): 225 -241.
Priestley M J] N Verama R Xiao Y. Seismic shear strength
of reinforced concrete columns J . Journal of Structural
Engineering ASCE 1994 120(8): 2310 -2329.
Kowalsky M J Priestley M J N. Improved analytical model
for shear strength of circular reinforced concrete columns in
seismic regions J . ACI Structural Journal 2000 97(3):
388 —396.
Ghannoum W M Moehle J P. Rotation-based shear failure
model for lightly confined RC columns ] Journal of
Structural Engineering ASCE 2012 138 (10): 1267
-1278.
Setzler E ] Sezen H. Model for the lateral behavior of
reinforced concrete columns including shear deformations

J . Earthquake Spectra 2008 24(2): 493 -511.

J . 2014 33(13):135
- 141.
FAN Jian-sheng LIU Xiao-gang LI Guo

performance investigation of composite rigid frame bridge

et al. Seismic
under bi-directional seismic excitations ] Journal of

Vibration and Shock 2014 33(13): 135 -141.

J. 2014 33(12):99 - 105.
MENG Jie LIU Zhao ZHANG Jian-dong. Causation analysis
of seismic

failure for huilan flyover under wenchuan

earthquake J . Journal of Vibration and Shock 2014 33
(12):99 -105.

I 2010 23(3):48
-57.
SUN Zhiguo WANG Dongsheng DU Xiudi et al.

Research on amount of confining reinforcement in potential
plastic hinge regions of RC bridge columns ] China
Journal of Highway and Transport 2010 23(3): 48 -57.



