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Analysis of Transverse X-shaped Elastic-plastic
Damper’ s Proper Parameters on Irregular
Girder Bridges

XIANG Nuiliang, LI Jianzhong
(State Key Laboratory of Disaster Reduction in Civil Engineering,
Tongji University, Shanghai 200092, China)

Abstract; An X-shaped elastic-plastic damper (XSEPD) was
used to replace the concrete shear key for girder displacement
control and seismic response mitigation of substructures.
First, the force-displacement relationship of laminated-rubber
bearing (LRB) and XSEPD was analyzed. Then, the effect of
different XSEPD layouts on transverse seismic response of the
bridge was investigated through parametric study based on a
typical irregular girder bridge. Results indicate that XSEPD
can effectively control pier-girder relative displacement and
reasonably distribute seismic forces among piers if the proper
design parameters are selected.
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Fig.1 Sliding of laminated rubber bearing
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Fig.2 Damage of concrete shear keys
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Fig.3 X-shaped elastic-plastic damper
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Fig.4 Hysteretic curve and simplified model for

laminated-rubber bearing
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Fig.5 Hysteretic curve and simplified model for
X-shaped elastic-plastic damper
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Fig.6 Geometric design parameters for X-shaped

elastic-plastic damper steel plates
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Fig.9 Force-displacement relationship of single pier



BTH

TT55% , % AL PN AL ) X TR 3B Y RH e 2% & B BT 983

2 BEEHMRENSER

VTR E 2 B LU X D i A R 0 i 2 R A,
BRI AR B AN 10 FiR. SRR I _E S GE A N BE
40 m BN IR+ T 2, 2% 2. 5 m, B 5 12 m;
TEBHER 3.5 mX 1. 5 m MR IR BE 1 35 N8,
1~3S B8 E /3518 10,15, 20 m, 3 AR B Ah
RIE S PR B R RS A 4 Bk 63 580,
62 710,65 050 kN » m; @A H W L& B KA
GYZ650 X 1708 AR e 57 JBE , 2 % i) F1 2 S 00T
DIARIEC A BT AR AR S HAG R B -B AR
3, A BN GYZ650 X 170 FU AR AR e <7 B 3]
TABTLINIEE K. 3 3 186 kN » m .

4x40=160

25 324
B 10 FEMEIERNESE R (B 4:m)
Fig. 10 Four-span irregular continuous girder bridge

(unit;m)

R Sap2000 R PR BFR M =4k 3h IHIRTT
HHEBRL F5 BRI T AR SR T
BEATR AR AR B 5 X T BB MR e A &
J B 7 S R R F XUER W 7 A AR B AT AL AR
AR AR e 2 B 5 R SE AR B 9 B EE AR K e A
0. 2, X LB L RH JE 4% 9 i Ja WIBE Eb o« R 0. 03,
A S UR 1 B B ORI AU S A A PR TS
L, B AR 6 A AR AR (] HL % ).

3 HRIWA

A SCHE R - A Hh 3= hn 3 B B AR R (L3R DY
BB K& #ZE T #& .0 (Pacific Earthquake
Engineering Research Center, PEER) # 3B I % #
PE , 5 2R b R R ) e (L o BEE ) R & Oy 0. 68, 34T
G AR R T R A, THR S R IL KR P
AT &M g S EME. B 11 BT 23 WigE -t
S5 Hb R IR IR I A4 0 3 B B N3

4 XERBEHEBRSESHILIT

R 2 AR LN BRARFE R AR T & )

F1 EEMEERRBIIR
Tab.1 Recorded ground motions
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Fig.11 Scaled acceleration response spectrum
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Tab.2 Design parameters of X-shaped elastic-plastic damper in case 2
#it Fusr=0.3N Fyg=0.6N Fg=1.2N Fg=2.4N Far=4.8N

BB IM3BH 2BM 1M3EM 28H IM3BH 28M 1M3EM 25 1M3IBHM 2BM

h1/m 0.17 0.15 0.35 0. 30 0. 70 0.65 110 110 1.25 1.25

h2/m 0.010 0. 008 0. 035 0. 039 0.015 0.015 0. 080 0. 040 0. 050 0. 040

& /m 0. 147 0. 100 0. 580 0. 410 1.180 0. 740 1. 650 1.380 2. 750 2.550

t/m 0. 040 0. 040 0. 040 0. 040 0. 050 0. 060 0. 080 0. 080 0. 062 0. 065
n 10 10 25 24 40 30 35 34 60 50

E/MPa 2.0X10°  2.0X10° 2.0X105 2.0X10° 2.0X105 2.0X105 2.0X10° 2.0X10° 2.0X10° 2.0X105
K:/(kN+m) 269138 270 663 271 778 270 611 269 058 271 809 270 354 270 359 268 618 271 937
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Tab.3 Ratio of moment demand to yield moment of

piers in case 1 and case 2
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Fig.14 Parametric analysis results of case 3
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Fig.13 Parametric analysis results of case 2
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Fig.15 Parametric analysis results of case 3
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