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Analysis of the Damping Effect of Seismic Mitigation and Isolation

Bearings and Fluid Viscous Dampers
LI Xiaobo
( China Railway Design Corporation, Tianjin 300308, China)

Abstract: Based on a (72 +128 +72) m long-span continuous girder bridge in a high-intensity earthquake zone, this
paper studies the damping effect and mechanism of hyperboloid spherical seismic isolation bearings commonly used in
railway continuous girders by using nonlinear time history analysis method, and fluid viscous dampers are used for
controlling the excessive seismic displacement response of the structure. The results show that; (1) Hyperboloid
spherical seismic isolation bearings can greatly reduce the structural internal force response, and the bending moment
damping rate at the pier bottom is about 90% in the longitudinal direction of the bridge, and about 85% in the
transverse direction of the bridge, and the relative displacement of piers and girders increases nonlinearly. (2) Fluid
viscous dampers can effectively control the relative displacement of piers and girders without affecting the damping effect
of hyperboloid spherical bearings. However, it is suggested that an appropriately larger displacement limit should be
taken for the sites of lower category in high-intensity earthquake areas. The results provide a basis for the seismic
isolation design of long-span continuous girder bridges of high-speed railways.

Key words: long-span continuous girder bridge; hyperbolic spherical seismic isolation bearing; fluid viscous damper;

damping effect

55 H 87 :2020-10-27

TEFE B AT 22 (1992-) 55, TR

ESWE - E BRSO A RA AR &L PR (2020YY340641 )

SISCAR R 2R Il R S B K bl LR B R AR AT T[T ] i RO R 2021 ,12(4) 234 - 38.
LI Xiaobo. Analysis of the Damping Effect of Seismic Mitigation and Isolation Bearings and Fluid Viscous Dampers [ J]. High Speed Railway
Technology, 2021, 12(4) .34 —-38.



5 4 1]

IR« Dok PR 7 S i L A IR R 7 M 5

2021 8 H

1 HRE=

L KB T S R B H AT R L
S EESET S T, 2 A2 2 B S K k3 A S B
T R MELLSERE I , %% 16 9 B A2 14 . GB 50111 -
20064 Bk T R4 52 BEAHHLTE Y (2009 4E i) AL
SE S RV, TR PR A RERE S B I/ )
AR SN, (E A T 0 B A2 15 7 v LA e Dk o 752 %
TR 2 8 2 R e 2 A PR P AR IR
S 2o 7 | A 22 Ol A - 45 4 1) 1 4 130,
SRETT HbF2 B A 50 J S0 908 B, TG A1 95 4 ) ML 72
WA (ELE: , SE A K S5 FEL TR /N g, SR
W L TR B K, FT RE 2o A I b B PRI
TR AT, T3 1 7E S B A BE e AE AR
B DI P BB R RE R A B Z RE B, T U
INGER I RE RSB

ARICEEAEIIERRZ X FE (72 +128 +72) m KE5[E
VELLENT , R AR M AR S0 7 i PO T B B i
T LI TR B 5 9ok 2 S 8 R 2 28 D B R L
B AMHT T AT M RS9 B LA K 3 2 B T Uk B
32 ST PR R L o ST S O R L X ik R 7 S
P 2 R I 7 58 5 00, 7 e T 86 0 BELJE 2 1
Y 11 R Sf 2 SR SR AR X 32 8% , S 0B XA B i
PP R S

2 BREZREEN

SR BT i P O 2 A R T 3o 7 9 o o S
JAE R RELJE i R BELJE g 3 R B i LA SR A
Horb s B A LR TiESL R A m iz, H A &
WA FERERE T, B i M A2 ) 7 o B Ok BRI
[ i1 2 OB A N, o AN RELJE A 7 = B 7 X A AR A7
R LA EAHAAMERE X W2 T ETE SR EIX
AN BT IR A A FERE A R, — AL ik
AR LR Z IR A A B ok TARKHMERE , HZ
FHT 0 SR 6 T K5 1 2 A UG P MR 2. 25
b R ER BRI SR, U TR TR ek o 7 SR A R i
BELJE 8 o A B sz o7
2.1 JUHhETIK YR PR 2 ST E

JEE R o 72 S 2 (RT3t Sy A B L e e A
] A | b ] 14, B Ut T 3o 78 D o 752 S JA i 7 JEE
EAE S (At b BG Y T EE A A, FH R TR IR
WA AT R A HZ0R . MR far 24
T, UL TR TR ek o 7 S R A AR AR AN 1] 1 B, AH

KRB 5 AT A SRR Tl o

[

1 W E KB X AR Y E

2.2 FkPEERS

Rty BELJE # 14 )5t 22 M 52 5l 3 1 T 14 ob A it A
CHnEEIh A ) 7 A2z 8l , 32 BB B ARl 2 e i L
B BRAERRINT ™ A= BELJE 7, I AEHERE B . (L3 L2
T A UEEHI A IRFFIE, A BE A 45 1 S 4t 12
AR IR, DR A D — Fh BHJE FERERE B 5
B R B O, 22 P T4 45 4 3t 7R 6 7% i)
IV i BELJE i S R i [ 2 A& 2 s

8000 - o _____
6000 [- /// ‘\\
4000 -1 T mmo—mm oD
z - ~
5 2000 ———- C=10000, a=0.4
g 0 —— C=10000, ¢=1.0
ig 2000 —-—-- C=5000, 0=0.4
2 ™
2000 LY N
A /7
46000 - No_ 7
-8 000 _ | \7 _____ o \~— |
0.4 0.2 0.0 0.2 0.4
{7 #/m
B2 ZhiPE B S LAY i B B £k
O db B2 == = A 1
3 IEBZ.MENBARITEER

3.1 IRES

TEHUAE AL Hh DX g 2B 72 X I KT 2 (72 + 128 +
72) miELE A (AN 3 FraR ), P2 BIOH [, AR
VR s s, AR R A S 5 A, >R €50 TR
B, PR 5. 632 m, S AR TR 9. 632 m, B
P R R AR A . MRS A (B it T A AR T S AR E A
B, R C35 R EE L, JEaR A AR FLRE A, XU i
BRI Yol R 7% S P T VTS BN < W v S0 ol R S AR I A7
k70 000 kN, i i~ 4% 6.3 m, 9 143 B0 el 7= S i
£ 10 000 kN, fl 242 2.5 m, V6 B 5 S 6 B 42 2%
$¥°4 0. 06,



2R IR Dok PR 7 S i L A IR CR 7 A F 5

2021 8 H

7300 12 800 7300
(=3
= 2 2 g
— = = S

Pl P P3 P4

B3 EZERHIEMER(cm)

3.2 EIEAN

bk Ak 27 38 b 7R Sy W (RN 2 B2 2R 0. 38 g, RRAIE S
Wi 0.45 s, DIHERTHR NV BAR, BLET 3 %
N TV RS, anlE 4 Fis . A TS R RO b i
PAf—2 k.

I3/ (m/s?)

0 5 10 15 20 25 30 35 40
i 18] /s
(a) HBFE P -1

D E/ (m/s?)

_4 | | | | | | | |
0 5 10 15 20 25 30 35 40
IFIE] /s
(b) HuE -2

D FE/ (m/s?)

0 5 10 15 20 25 30 35 40
I 1R /s
(c) HLFEDE-3

B4 ANIKEEMZE
3.3 tEER
55T MIDAS/Civil °F- & #3720 =4k A R oot
RGNS s o I 5 S AR R AR 2R M 3% 4 AT 5K
U S JE AR 56 2R, iy BELJE 25 U1 SR T Maxwell #5578
AL, [ Hsf SR FH 53 S e A HR A kg ot B2

5 ez EAERTEREE

4 BRERELITHE

4.1 BREIRSH

XoF VR R 2 S AR AT TR AR R R AT A e M I AR S 3
BT, 75280 57 38 b 5% T M 22 45 A B0UIK P ) e 7 R 9k g 7
S AR I N AR 1 3R 2 B, DA 3 S AR AT R
30 iR I b R e L 25 SR AR IR AR S | AR S R
TRE P M SR B e s R S8R, , U 2 S AR AR R T
SRRy M, 3830 S AR LV I A A4S 3
IR E RN M, R R P =1 -M/M,, T Y
[ 3 Sl B0 = P g i 7 32 2 p 3B BTk E AR 1)
U BT 2 B A ), R 1 ghm JA T
[F6] 7 SRS A g ol oy A7 %) EE RIS o

x®1 BRAAWEX LSRR

W SRR | U8R R S R IR P
e /(kN + m) /(kN + m) /%
A T 1] AT T 1] P | B
Pl - 305 662 - 28 757 - 91
P2 | 882928 | 458409 | 85838 | 69188 | 90 85
P3 - 479 427 - 68 110 - 86
P4 - 253 698 - 24 952 - 90
R2  FEEME ARSI R

s 38 S 57 %/ mm U8 7% S e 57 B/ mm

Y1l BT o )

P1 72 - 242 151

P2 - - 237 145

P3 63 - 238 150

P4 77 - 240 161

I 1 AT, B R R, 5 2R FH 3 SRR A
FE, XS T TR TR iRl 72 S A ] R MR/ N S RN
1] SR L2 PR T 0 57, JFC P AT 1 [ S0 25 R
RN 90% KA 1] 1 IS80RR R BT OB R R,
(ELAS AR [ U S I AR R I 1 85% DA Lo i3k 2
AT, [T SR EG , XU TR TRk 7 S8 fnk 4
INT S TR S [ R BA o 7% S AR N B 1)
FEAERIOIRS 5090 0 237 mm (145 mm , ol 7= SRR AE A
ANATRIBAL L 7 57 M) 7 e AR — B, L Dk Rl 7 S AR AT
[ (3% WS R TR 16 28

N BE— AR TE LR B U RE RS M2 5 3 Tk B
7 SIS ROR LA B SR RS B REMR o Xof LUWFSE 1 3¢
THH RSN 7350 0 0. 15 ¢.0.2 ¢,0.3 g 33
ANBEBHFURE LA B I VLIV 3 Fofrdgg b 238 500 (6 7 37 b



5 4 1]

IR« Dok PR 7 S i L A IR R 7 M 5

2021 8 H

AEJE 35351 0. 45 5.,0. 65 5.,0. 90 s) T [ & BUBUR &
TR R DL B 7 S JRE (A I I, A5 R AN SR 3 KR 4

NS
®3 ARENEFZUET EEB M= N 45 R 2T R
WS P/ % B 7 S JAE (VB / mm

S

AL 1w AL i
0.15 ¢ 89 83 184 94
0.2¢ 90 85 237 145
03¢ 90 85 550 355

R4 REHHZER T B E B R MR 45 R 3T L&

— B P WA S HE 7S,/ mm

e e e e i
Il 90% 85% 237 145
m 93% 83% 270 201
v 92% 82% 376 310

I 3 AT, Bl MR R Z RN [ S BORUIR
R DR A PR AR, G 1] 25 D R 2R AE 90% A
A, R 1) 2 U R R AE 85% 2 A, 7% I VR I % S JAE A
ANTR] b 72 152 7 1 R Z T S8 T L S S U N A ) M 7R
DAL 3 5 LBt 35 )7 B0 18, i i 7 S I A L T
RO 2 AR R e, d 3R 4 WA, B b Hh
BB , b A EAE 2 RRAE FE I3 K, T BN A
T 500G 2 8 3 S W i/ IR 3 (L s ) i %6
TBSRAY SR HELE 90%  80% L | Bl b2 R i
T, V3 o 2 S PR RS 1 A, G & IV 237 1l Uk
RS IR ALK
4.2 HEMBIES

25 b mTA U T 3ok 75 Y R S T L K s
W G5 A6 1) 1L RE P g 1o, {FLIR] Bf 25 R s 24
XL o RIS RN R 231G i S e R B i s
KA A 245 B K Wl 2 TR AR B T oK, S B0 A0 388 i FL
SN 1) PN AT LM 75 4 o i ol 72 S8 s b 52 97 A%
M 17 o AR SCHBL R P 26ttt BEL T #45  [m E RE R i/ N &5+
F14) b 7 A i o L2 8 380 ) i I 72 S e 57 B 1 1 o
A T DO VR R R S JRR 1 L 2V A i I R 150 mm L
T, X B R AT A i A (R R 2 TR AR B B
RIS LL0.2 g T2 bR Ay B3, S 6 G 1) i K Aor
B RAAE P1 L, g 242 mm, KT 150 mm; {5 [0]
P4 B 7 Ab S E A RS I R T 150 mm, g B0 A i B
S PR 1) (57 A% FEAR 24 /NTF 150 mm, PRI 2% FEAE L
[ 34 TS 8 ity BELJE 25 R AR 3 A A% o Tl i

TE P2 P3 BN AL GN o A B 4 DR
15 00 kN7 BELJE % BV 0B 380, 52 90 1) 7 4% 5 ol 7
150 mm DL, W3R 5 Fras , 2 i BEE #5% 0 77 [ gh 28 4n

el 6 Jir/R .
RS EBRBHERFNERBESTERIT LR
WA 1 W + BUE 2%
B
WA P/% | SCHERLES /| WA P/% | SRR/
P1 - 242 - 147
P2 90 237 89 140
P3 - 238 - 141
P4 - 240 - 150
1500 -
1000 -
500 [
Z
&
2 of
ey
=
-500 -
-1000 [
-1 500 1 1 1 1 1 1
-150  -100 -50 0 50 100 150

B R 25T, /mm
B 6 Fhits BEfE 25 2] i 4%

HiPE 6 RIA, Rt B e # A1 B B i (Rl FERE , vl
TR LA, EL[R] i s 3 T BELE Ty o G in] [ E
BSR4 95 536 kN » m, 3% Z Hif 85 838 kN + m
WRT 1%, E 5 7 A0 1) 3RS 25 4 D 72 R ATS A
89% , WA B Rty BEL & i 2 s DO U L= N )
W 7., (L 1A P S 52 M i o 2 S e PO DR 0 R

bR AR R HL st I B 2 BB 7 S
IR, AT AL A 42 ] 1) 150 mm 5 HIA,
M5 B i 2 R e dr . LLO. 3 g I &3t
T 490, G\ AR 1] Dok Rl 72 S JRE A K 0 ) 35 31 550 mm
355 mm il iR, T AL PSR 0 A 1) A E 4 A4
FeK i 7 2 500 kN a4 B 4 ki 77 2 000 kN
2Rt ity FELJE i , 1SS0 1) A B 2 S d K HE g 1000 kN
{1 b il BELJE 7 AT T LURE A A 1) 52 R 3 A8 2 o e
150 mm AP, {HLE S0 ORI T0 2 1] S0 2R A BE 1 2 1%
TTRIATEEOR , BRI & TR . PRI, %
T AR X B 2 AR 22 I, 24 0 7 ST AR A3 72
BRI, ] LR SR 67 8% 11 BIR {ELIE 4 42 5 , LAvil
B AR B DA IBIRE e & A9 A 2, R R MR



54 4

2RI Dok PRl 7 S B b LT s R AR o M it

2021 8 H

M, (ELE 3 T e 4 5 A L By v A IO BT, B2 M Y
i A 5 MR 2 A LR A 28 T RERS P A o

5 i

AR A v AU R X AR B i S T T 1R
LRI AR S 3BT, B R X v R TR i i 752 SR 1Y
IR SR LA B e it L % ) 2 B8 2 ) 26 4T 1 23 A o
FE AR LIRS

(1) Ry i ok 2 ik o 5 528 £ AN ] 182 7 B DA %
Sy AT 329 AT i D/ SBURE H R P9 T W kT
JEE S R R R A 90% e A, M 1) YR 75 L D RR AR A
85% FeAy WRRBCR B3 , (H2 I ISR A AL, 9
B ) SECTRAT X 57 B8 B 3 77 208 (38 R RIS b 2 R
ZE ARG SO

(2) ity BELJE s 75 AN 52 0 U 1A 3K 22 ik o 75 5 JR8
IR AR R BT nl A S i ORI G2 1K 2T
FORHX TR AR R X H I A A2 i, o 1Tk
BELJE e e B EL P 3 1, vl LA 5 G il o 5 S22 114
RS BRAEL, (H B E A i g e v R AT B Bt

S 3K :

[1] GBS50111 -2006 &k TRHUE BT S].
GB 50111 —2006 Code for Seismic Design of Railway Engineering
[S].

[2] RE&, Zearh, PR DR B LB A R i %
SRR )], Z58 TR, 2009, 25(4) : 102 - 107.
WU Taojing, LI Jianzhong, GUAN Zhongguo. Mechanism of Seismic

Isolation Devices and Applications in a Long-Span Continuous Bridge

(3]

[4]

[J]. Structural Engineers, 2009, 25(4) : 102 -107.
R, ZEE, YuSrab. XU T ER AL AR SR I A B v
[J]. RSFREAZR (A RBIEERR) , 2007, 35(2) : 176 - 180.
PENG Tianbo, LI Jianzhong, FAN Lichu. Development and
Application of Double Spherical Aseismic Bearing [ J]. Journal of
Tongji University ( Natural Science) , 2007, 35(2) : 176 - 180.
Y. R PR S AR N R LB R [T ], BRE
TR, 2017, 34(12) ; 50 - 56.
LI Xiaobo. Research on the Mechanism of Longitudinal Seismic
Mitigation Devices for High-speed Railway Continuous Bridges[J].
Journal of Railway Engineering Society, 2017, 34(12) : 50 —56.
M, EAE. FRBURIMI]. 2 i dba: ARZSHE AR,
2011.
YE Aijun, GUAN Zhongguo. Seismic Design of Bridges [ M ].
Beijing: China Communications Press, 2011.
ffi, EARTE. LR X B T SR BUR IR RIS T].
VLR 2 (B ARBLA ML) 5 2017, 33(5) « 838 - 846.
QUAN Wei, WANG Dongsheng. Earthquake Resistance System
Research of High-speed Railway Simply Supported Bridge under High-
Intensity Seismic Region[J]. Journal of Shenyang Jianzhu University
(Natural Science) , 2017, 33(5) : 838 —846.

AR, BURT. KRR BRI Lock-up 2 6% SR M HE
MHILI]. A FEGIEEBEEHR, 2006, 19(1): 5 -9.
WANG Zhiqiang, GE Jiping. Application of Viscous Damper and
Lock-up Devices in the Seismic Design of Continuous Girder Bridges
[J]. Journal of Shijiazhuang Railway Institute, 2006, 19(1) : 5 -9.
PR, FEC, WD, A O T BRI U B R S L B R
R HIT]. BB AR, 2018, 9(1) : 53 - 55.
LUO Dengfa, GUO Zhanyuan, DAI Shengyong, et al. Application of
Hyperboloid Spherical Isolation Bearing on Railway Bridge[ J]. High
Speed Railway Technology, 2018, 9(1): 53 -55.

(L3#EF 42 W)

[17] B, & ZiCHergEd )8 2 A iR CRTS I B PUE AR AY
IS [J]. BOEdRER T, 2015,59(8) : 10 - 14.

FENG Zhaoping, YU Lei. Study on the Test of the CRTS Il Slab
Reinforced with Basalt-Fiber-Steel-Tendon [ J ].
Design, 2015,59(8) . 10 - 14.

IR o kD o i o ) P K VR B G BB AT i AR
TSR HBFFELD]. WS : PRI, 2018.

CHEN Libo. Study on the Design and Application of High Styength

Railway Standard

[18]

[19]

and High Toughness Cement Base Material Pavement[ D]. Chengdu;
Southwest Jiaotong University, 2018.

MRELES, TR, Btk A I B R S A R R TS TG AT oY
[J]. BRI LA, 2016, 33(10) : 61 —64.

LIN Hongsong, ZHANG 1Lei, YAN Hua. Research on the
Comprehensive Property Promotion Measures of Type II Elastic
Fastening System[ J ]. Journal of Railway Engineering Society, 2016,

33(10): 61 —64.



