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Tab. 1 Similarity coefficients between model and prototype
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Tab.2 Mechanic properties of reinforcing bars
HAE/mm  JEIRRN T/ MPa $BR R 7/ MPa #iPER R/ MPa
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Tab. 3 Mechanic properties of concrete
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Tab. 4 Structural parameters of bridge pier specimens
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Design details of bridge pier specimens
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Fig. 2 Design drawing of additional weight box
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installed on the shaking table
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Tab.5 Test conditions
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Fig. 4  Acceleration time-history curves of
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Fig. 5 Fourier spectrum of input ground motion
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Fig. 6 Photograph of bridge pier specimens

after large earthquake
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Tab. 6 The maximum values of displacements and accelerations at the top of bridge pier specimens
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Fig. 7

Displacement and acceleration response time-history of bridge pier specimens subjected to large earthquake
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Tab. 7 Vibration period of bridge pier specimens
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RA12S 0. 36 0.45 0.52 0.68
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Tab. 8 Damping ratio of bridge pier specimens

P /NE iR R
Al2 0.024 0.026 0.034
Al2L — - -
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between force and displacement
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Fig. 10 Displacement ductility factor of bridge

pier specimens
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Fig. 11 Energy dissipation of bridge pier specimens

ATLLE L BT 85 LR 4 AR 1 1 FE e
WY 5 KT 59 5 LB/ 2 ANl (RAT2S BRSNS
W EE #m R. A12 Fn A12S fE R A A T
THIFERE N A12L ) 2~3 f%. A 4M . RAL12L K&
Y FERE R T RA12S 195K AT B & RA12S g
JE RSN 0.5 s Z2 4 (DL 7)1 i A Hb 78
BTE 0.6 s A4 UMD AN oy e A ik

3 &4 #

(D AR i A5 20 31 A9 7 B0 R &5
LAJK -T2 3 5 /) B 155 L KR TE i 3 #) 9 80K
PFNFES 22 K- 248 |, e i B B Rt ) T
R /NG L A B U 8% BE O B

(2) 7E AR [ b 72 Bl g A 2% AR T R4 il A 249 R
BRI S L A8 A% 3 P 2% K e /) o ARG B 3 5% A
W% R T /0N B 5 L A7 S50 A 5 7 A3 3% 2 P 2R 0
BERTHRIMA.

(3D TEAA ] M 72 sl g A % AR T 5 R4 i A 249 3R
RIAPS PiC i 5 A7 S0 1 9 R REAH T L /N BT 85 HE R 2L
WPFFEREW] /0 T R

/IN B 5 LU S5O M R A T R A2 7% S 1 R
RO i AR RE D /), PURR BTN RN 5 1R A2 68
.

Bt EMERIRAFR LA FRFETRNT,
RERBRIEF, KEE T k¥ L RAMFR
BMEFREINGE ST KT T1E.

2% 3K

(1] =8k E MIN, Z3# F. fERERITS wE
[M]. 7. %%F. dbw: ARZHE B RE, 1997
(2] dearah, 2 LR, HRERGTERITIMI]L . A

Koz 4 W R, 2001
(3] sE~rah, R, TEA BEMBHRERITIMI] 4



55 5 3] L&, WHEREIFHHEF KK &

S 739

. AR REE R4, 2001

(4] EARAAME, L RE. %, WA RELFHHME R
WEREMFHAFIC] /) FLELAEREIREAS
Pk X &, oo E WA ,2006:1068-1074

(G]AWE. 228, A, % AT LB EITAHRE
AR EREREFAED. BB RE]] HE
IH#5 THEK3.2008,28(1):123-129

(6] Hfskse. MM E LB FHH R TAITRENR,
2004, 37(10):19-27

(7] sk&hm, & R A, x| we W, 2 50 45 A 69 30 % AR DR 3
FRIT]. TREHFE, 2003, 4:31-35

(8] EAA .25 . BAL, % WHRRLFHET L
HeydoE it k). £ KT & %W, 2006,
39(10) :80-86

highway bridges: [I. Shake-table model tests [J].
Earthquake Spectra, 2003, 19(4):933-958

[12] SATIDI M, ITANI A, JOHNSON J, e al. Shake
table response of bridge columns [C] // Earthquake
Resistant Engineering Structures [V. Ashurst: WIT
Press, 2003:69-78

[13] B WA, 4 B, 7 Xk, %, LBEIFREB PO

EMBEAKFIERERRL] MEIRS TR

# 3, 2004, 24(3):57-63

[14] kAT, BT A 0. LEFR L P OEA L
Mk e RBEEL LA AR AT
2 4% . 2005, 38(10):18-26

[15] CLOUGH R W, PENZIEN ] D. Dynamics of
Structures [ M |. New York, McGraw-Hill Inc, 1993

(9] A AR FAE B E. JT] 00489 A B T 12
FEFLITHELS]. . AR SR, 1990
[10] w4 AR A B 2 % A0k, JGJ 101 — 96 # H 4t

FRB T AARLS]. . #EESAE KA, 1997
[11] PARK S W, YEN W P, COOPER J D, e al. A

[16] KOBAYASHI Hiroshi, UNJOH Shigeki.
Development of an earthquake damage detection
system for bridge structures [C] // Proceedings of
North American Euro Pacific Workshop for Sensing
Issues in Civil Structural Health Monitoring. Hawaii:

comparative study of U. S, -Japan seismic design of [sn], 2004:165-174

Experimental study of seismic damage of reinforced
concrete bridge piers on shaking table

Al Qing-hua“', WANG Dong-sheng®, LI Hong-nan', MENG Qing-Ii’

( 1. State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology, Dalian 116024, China;
2. Institute of Road and Bridge Engineering, Dalian Maritime University, Dalian 116026, China;
3. Institute of Engineering Mechanics, China Earthquake Administration, Harbin 150080, China )

Abstract: In the recent destructive earthquakes, brittle shear failure of reinforcement concrete bridge
piers with low lateral reinforcement ratio or with low shear span ratio accounted for quite a few
reasons in the bridge failure cases. 6 reinforced concrete bridge pier specimens, 3 circular-sectioned
and 3 square-sectioned, which represented bridge piers with sufficient lateral reinforcement ratio, with
low lateral reinforcement ratio and with low shear span ratio respectively, were tested on the shaking
table and the seismic performances were studied. The damage states, acceleration response,
displacement response, displacement ductility factors and energy dissipation of the specimens when
they were subjected to minor-magnitude earthquake, medium-magnitude earthquake and
large-magnitude earthquake were analyzed and compared. The experimental results show that the
displacement response ductility factor of low-shear-span-ratio bridge piers is large, which should be

paid much attention to in the seismic design.

Key words: reinforced concrete bridge piers; shear failure; shaking table test; ductility; dissipated

energy



