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Abstract: To investigate appropriate seismic mitigation and isolation schemes and rational optimal
parameters for long-span railway steel truss continuous beam bridges, based on a three-span rail-
way steel truss continuous beam bridge with a total length of 504 m, a finite element model was
built with the non-linear finite element analysis program SAP2000. The damping efficiencies of
different seismic mitigation and isolation devices, such as the friction pendulum, lock-up device,
and damper, were compared by the fast non-linear analysis method. The results showed that,

since the natural vibration of bridge piers may cause significant earthquake force, the scheme with
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a friction pendulum system does not show high efficiency. The lock-up device will greatly increase

the seismic input energy of this kind of bridge, therefore, it is not recommended in this case; the

scheme with a damper can significantly reduce the seismic response of piers with movable bear-

ings; however, it cannot effectively reduce the seismic response of piers with a fixed bearing. A

combination of the friction pendulum bearing and damper can effectively control the internal

forces and the displacement response of this type of bridge. The conclusions can provide valuable

reference for the seismic isolation of long-span railway steel truss continuous beam bridges.

Key words: earthquake analysis; steel truss bridge; continuous beam bridge; seismic isolation;

friction pendulum; damper; lock-up device
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Fig.1 Layout of the bridge
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Fig.2 Finite element model
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Fig.3 Acceleration time history of artificial wave



1100 Wo®E T

2017 4

3 BREAREKRERITSH

oy WS K 125 R 8Kk B A i 5 SR R D ) Dk o 7
T7 58 Je 280 R SO R 42 LB e A | JE B i
JEE 5 SR R T BELJE i 2L 25 DRl PR 7% 7 8 ) DR Ak
RIEAT Tt 207 SR EATE T E A
PR S RIPUEIEF W Pk .
3.1 EEBAR

ORISR AR 1Y) P-A BN L A T3 58 3% T 3 2 1 16
A5 AR SR LA AN AT 4 R

I A ik S0 bPEN i
\ uEJ\ H
N
N
B N N s

B4 BFHEIBIRENTE

Fig.4 Structure of the friction pendulum bearing
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Fig.5 Structure of the damper
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Table 2 Internal force of main piers
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Table 3 Displacements at the ends of beam
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Fig.6 Peak bending moment at the bottom of piers
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Fig.7 Displacements at the ends of beam
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Fig.8 Displacement-shear force curve of the friction

pendulum bearing
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Fig.11 Displacements at the ends of beam
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RS AR R T 2,53 1% bR i A RE B K g 14
T, B R R RIS T R A
4.5 ABBEARBERERLSM

B 4.1 S 4.2 o T4 3, 256 2% i 3 v (v %
YHORE N 0 F o AR L 2 118 JEE 4 4 S DA R o BELJE 2%
AR TS ORTE 17 M 18 SH B s N
8 o 14 L [ JBE 4 S AR [R) BN 5 A BELJE B BN
3000, EEFRECH 0.5 BYBHIE A .

26 HI T WUE AR N TR T B0
L5 R R 535 T 8 AH B 1 ik 7R R T X 10, S K
10 BE A5 7 SR 5 L JE 28 7 TRIBEROR

H 2 6 AT LA A X I 2 500 R 4R T &R
B # h  A AR E T 17 fl 18 S HHUR
LR IAT RN T R AR [R5 v A AL (E W B

K6 BEBEILLE

Table 6 Comparison of damping efficiency

e Y7 R IR BB ST b 7 77 %
/(RN + m) WA % WA % WA %
17 364 300.5 40.80 24.0 6.0
18 406 323.0 34.60 18.6 39.2
TR 8 m MY EEEE T M 166.7 mm FFEALE] T .
5 #i

122.3 mm, [ B4 HIZCR BT .
4.6 BFREFRERES N

H 43 BT T A JBE AR U 52T S B R e AR A
BRAE 1796~ 25 Y 8] U N 7 W B ) 1 22 3] T —
F18 42 i o AL 52 o 87 B 5 R K R

FHLJE 28 T REGE R ESECN 18 SN T
P B B L S A SO WUR R Sk 41.6 %0,
Uiy (57 B8 FE O SRR 31O 28 B B/ B 17 5 BN )
WA (I 1) 7 72 b AR A Fie B 0T el KR K M i
7%

PR BUE B T R 17 5 302 A 04 (A ) R i
A EBNT 9.9%, 1M 18 5 H g (E AL w /N T
411 % BEBRT A BR .

GRS BRI SR 8 m
BELJE 25 BH B #8083 000 kN/(m/s)™° LR I8 5N
0.5 BF .17 18 S BIUHUR 25 A D A R 2438 31 34 %6 LU
e TR 5 5 G v A (B AR R BOR B ELAE D HE
TR,

AR TR LA SE B —E W RE R
M A SO R 8 1] DLt — D R S50, DL SE BT 4 1Y)
Ul R R .

ARSCLL— A K 504 m B =85 ik PR AN AT 1 4k
QERR KM Sy TR S5t X K5 Bk 8% A T 37 5 2R A7 ik
W R AL AL B T #EAT TR ARSI AT

(1) PR35 45 4 o1 o AH X 30 4%, B B B R 5 30
FRASE I 0 o M S b R P g e Rz ) AR R — 5 4 JEE 4
RT3 N KU 2 % 8% B AT T2 3% B AT BEUIE PN T DR K
i, H UK A % 3l AR AR A O S U
FE B O 31 2 12 o) 10 B 22 b 2 AT 4 T I D 4 v
A A 18 BR A1

(2) V8 B AR 5, 325 g R A JE 0
N B 3 b S N S (AR T 2,53 £ L Mo R B A E =
Sk BT, S5 A8 P9 T N A L B 8 R AEG R B AR RN
%2 R,

(3) BHJE % T 58 e A 280 WA 52 g 57 % el 1oz, Xof
TG SN 7 D80 R B L AR R BB A A% B AIC [
BN T, HEAESTRR LI EIZH R, A
B SN AR . C =3 000 kN/(m/s)"" .a
=0.4 & C=4 000 kN/(m/s)"" .a=0.6 ¥ 0] {E K
HE#E DL AL BELJE % 240,

() JRE B4 S A B I BELJ 4 41 65 0ol 22 T SR e AT



1104

woE TR ¥R 2017 4
S 8 (EC 20 ) M 7 T T B B B MR T S (100 JE RO AT BB B o o 00 4 B B 5K B9 L] o
\ . , X b s .36-40.
FY 4 3 5 03B W o T 4 Ok 2 2 B 2604 7 ik G 2 R 20T (1) 136710
v ™ et A ZUQ Jiagiang.Bridge Type Study on Zhongning Yellow River
Wt &, BT ZEESBBEEKRL, s o _ o A
. 2 - o = b Super Major Bridge on Taiyuan-Zhongwei-Yinchuan Railway
25 o g b 4 S i KOS
}ilﬁj)ﬁii‘”_j‘ﬁﬁﬂiﬂi’ﬁ[} = ﬁ/ﬂ = %}Lﬂi’f%:bblﬁ Vi: Hk‘,ﬁz [J].Journal of Railway Engineering Society,2013(12) :36-40.
i 2% K 1 . . .
RBE—MEROT TSR S, WRAEE RS AT —2 (111 ZAYAS V A.LOW S.MOKHA A S, et al.Scismic Isolation
EF?—EI’VE ':P%?g%y& P4 ) R of Benicia-Martinez Bridge [ G ]//Proceedings, Structures
2001.Washington,D.C., United States: Structural Engineering
%%iﬁiﬁ(References) Institute of ASCE,2001:21-23.
=z
[12]  BR%0h, BHEIE ik 5t , S5 HOK B B 4k % 107 S AT R 4 1
[1] JANGID R S.Seismic Response of Isolated Bridges[ ] ].Journal ) g e - " -
¢ Bridee Engineering,2004.9(2) :155-166 Vol R P T A T LD . A R b AR TR, 2008, 24 (1) 6-11.
of Bridge Engineering, , :155-166. ) . ) . )
Col GE A T o e S AR U A I BR [T . 4 CHEN Xingchong, SHANG Yaozhao, ZHANG Yongliang, et
KT R4 . 2006.39(3) :81-85 al. Analysis of Seismic Reduction Performance on the High
N = ’ ’ :0l1-00.
GUO Lei, LI Jianzhong, FAN Lichu.Research on Seismic Isola- Pier and Long Span Railway Simply-supported Steel Truss
‘ o o Girders[J].World Earthquake Engineering.2008.24(1) :6-11.
tion Design for Long-span Continuous Bridges[ ] ].China Civil 1r‘ er‘{J] or ‘ar dnake nglrfermg )
Engineering Journal, 2006,39(3) :81-85 [13]  BRK S, PR %, 52 1 08 56 T 6 i V0014 BELJ@ 2% 19 4k B 4 AT 22
) urnal ., 500 H —0o.
il % BT 9T . % TR, 2009,25(4) :97-102.
[3] CONSTANTINOU M C, WHITTAKER A S, KALPAKIDIS PR SELI] 1R s TR
ZHANG Y liang, CHEN Xingch ,WU Haiyan.Research
Y, et al. Performance of Seismic Isolation Hardware Under onglang meehong ayan. Researe
Service and Seismic Loadings MCEER 07-0012[R].New York: on Seismic Response Reduction with Viscous Dampers in the
Uni v at Bulfalo. 2007 Railway Steel Truss Girder Bridge[ J].World Earthquake En-
niversity at Buffalo, .
i ing.2009,25(4):97-102.
[4] LOSANNO D,SPIZZUOCO M,SERINO G.Optimal Design of gineering, 2009, 25(4)
, T T LS A g b A2 3
the Seismic Protection System for Isolated Bridges[ J].Earth- CLAT SR 0 SR AR SR AR I S 0 M R 0 7
Ge[1]. 28 BB L 2015.32(8) £ 80-85.
quakes and Structures,2014,7(6):969-999. BFFELI ). B SR 2015, 32(8) :80-88
[5] KOVAL V.Improved Simplified Methods for Effective Seismic ZHANG Changyong, WANG Zhiying, WANG Hongbo. Study
Analysis and Design of Isolated and Damped Bridges in West- on Seismic Mitigation And Isolation Design for a Long-span
ern and Eastern North America[ D]. Toronto: University of To- Continuous Steel Truss Beam Bridge[ J].Journal of Highway
ronto. 2015 and Transportation Research and Development,2015,32(8):
. - . N , s 80-88.
L6 ABRIL, b7l . Bk A3 T 55 BHJE AR B S8 11 1R B - 3% 28 24 B
R R )], 2 B30 @ M 2015, 32(10) :57-61 [15] R, sk 53 I 18 %6 250 ST SRR A R 448 428 S e il Pt 7% 1 1
ya e L EQA
SHAO Changjiang FANG Lin. QIAN Yongjiu. Seismic Tsola- SEBTLIBRARAE B, 2015(2) : 58-64.
tion Performance of Concrete Continuous Girder Bridge Based WANG Zhiying, ZHANG Changyong. Design and Analysis of
on High Damping Rubber Bearings[J].Journal of Highway and Friction Pendulum Bearings for Seismic Mitigation and Isola-
Transportation Research and Development. 2015, 32 (10) ; 57- tion of Long SPAN Continuous Steel Truss Girder Bridge[ J .
61 Bridge Construction,2015(2) :58-64.
C77 . I8 B R B A 22 5 O B 2 4 RE T 5 [0 ). M T [16] ZRIFABE TMD 1 B B 8k B A AT JE 0 0 i 4 A LT At
h c(5 _E
%4],2015,37(1) :120-125. R 2015(5) :49-52.
LIU Peng. Seismic Performance of a Continuous Rigid Frame ZHU Kaicai. Analysis of TMD Vibration Damping Effect on
Bridge with Displacement-restricted Piers [ ]J]. China Earth- Long-span Railway Steel Truss Girder Bridge with High-rise
quake Engineering Journal,2015,37(1):120-125. Piers[]].World Bridges.2015(5) :49-52.
(87 ATy ki A R A MO T WA IR R R s g (17 PREORRARIEL AR SR SURLML SR 2 AR AL 5T A RS I AR
550 MR T R4 . 2016.38(1) : 103108, #2002,
LI Ximei, DU Yongfeng. Vibration Control of Isolated Curved YE Aijun, GUAN Zhongguo. Seismic Design of Bridges[M].
Girder Bridges Under Nonstationary Seismic Excitation [ ] ]. 2nd Edition. Beijing: China Communications Press.2002.
China Earthquake Engineering Journal,2016,38(1) :103-108. (18] kit TRHR B M GB 50111-2006[ ST AL 5t . [ i &
Co7 WM, BLE B 3K K 5E o T B KR M R AT (). 2% i R4, 2009.
M 523 e 222 2, 2007 .26 (1) - 82-85. Cade for Seismic Design of Railway Engineering: GB 50111 —
HAN Peng, XIA Xiushen, ZHANG Yongliang., et al. Seismic 2006 S].Beijing: China Planning Press,2009.
Analysis of Zhongning Yellow River Bridge [J]. Journal of [19] CSI.CSI Analysis Reference Manual[ M. Berkeley, CA: Com-

Lanzhou Jiaotong University,2007,26(1) :82-85.

puters and Structures Inc.,2011.



