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Research on dynamic parameter design method of two kinds of
base isolation bearing and their effect difference

RUAN Huaisheng, HE Youdi

( China Railway Major Bridge Reconnaissance & Design Institute Co., Ltd., Wuhan 430056, China)

Abstract : To discuss the rational design problems of seismic isolation bearing of girder bridges in meizoseismal are-
as, this paper summarizes the general design methods and processes of dynamic parameters about the lead plug-rub-
ber and friction pendulum isolation bearing based on design experience , carries out parameter sensitivity analysis af-
ter giving details of two dynamic design parameters, compares the isolation effect difference according to the results
of time-history analysis, and explains the intrinsic cause of differences by equivalent linear theory . The result indi-
cates that friction coefficient is not the larger the better and it should be determined by analysis. Because of differ-
ent equivalent stiffness values of lead plug-rubber bearings and friction pendulum, as the seismic action strengthens,
the differences of structural earthquake internal force response will gradually reduce,but the differences of displace-
ment response at beam ends will significantly increase. It recommends that type selection of bearing should use lead
plug rubber bearings in meizoseismal areas.

Key words : base isolation bearing; lead plug rubber bearing( LRB) ;friction pendulum bearing( FPB) ; dynamic pa-

rameters ; design method ; aseismic isolation effect; difference

515

ARG B RV B TR T A A i R TR AR AR M T AR A e e (M A )R R AR A

WS HHI.2015 -08 —11; {&ITHHI:2016 -03 - 13
PEE R B2 (1982 — ), I8 R T RRIN , 2 SR BE W B0 A S BRI ST . E-mail ; ranghs@ 163. com



224 JLGE U 533 &

REME AR i A5 A ROHTREMERE , T EL AT LAAT AR AR AN , SO iR Oy F g ot 22 IX sl RIR R A b s i T
2R, i TR R SRS 2, s it 2 BSOS SR s R e R B e, TR A
SUEOHEAEAR , S AR SCUL TR Hh i FH A A8 s EAG I S R XS T B 58452 S A DAy 091, 0t A i o e S 5 B ) 3l
FBEHS R TT 15 DB R RO 25 57 K N A5 (R AL BEAT 1 AR SRS, LY oAy D Bl 7 S 138 ) 5 BB TR 1S
%

1 BREXZEMERREEE T

1.1 $EERAR I BE
BRI S AR (LRB) S8 AR M AR S8 e B A R WAL I, FEE AT e o HE rP AR AR 1 10 2
YOG I R e 1) AR ﬁ/,h@tﬁmwurg,%ﬂxﬁmfﬁﬁﬁmwﬁ BEAKELRS , BEARAKOE- W . 12228 70 5 s
(i i o R AL 27 0 ) P R S 4RSI K 48 A 114 S 9, 53— 7 1 ) ) HLE A S 07 K T B 7 2 i
o U SR E E L 1 (a) .
B
XA RSB TN

iR IR
IIIII
R %%717
e THER [BHRE %mwm

() SRR ST (b) X0l T T R 44 T S
B 1 SRR ST B 0 X T K S EE AR <X R A I

Fig. 1 Constructional drawing of lead plug rubber bearings and hyperbolic spherical friction pendulum isolation bearing

1.2 X EEk L EE R T i

XU BRI BE 48452 S )36 (FPB) (AR fRTAR BE4EAEE S ™ ) 1 TAE B DL 8] 1(b) i « M sk I3 IR F 45
B AP B s R A B ok P 7 S A ]330 SRR 5 4 bR T K TR AP B SR, 2 A LA PR R A e B R S
R SR B0 o 3% S R 1 R AN L RS Rt b , M) R A 30 T 2 1) PR R B D B A B AR O RR

2 BREXZEHNHSEBZITHIE

A7 FRITAMT B PR PRI > Sk A A IR S A 5 B JA 40 0 Bl 75 S BB P A H S 3R, LR 1D 2 s
XM AL A XSO R SR TR K, S IR K, 1SR Y e ISR B2 Qo
2.1 SEEBERZESNSEEIEITAZE
ZRCCARRIMAEIE R Z ) W B i e S BORIET HiR ik
Th, e B S A0 N T, ok R A E BT S B0 A B
EHMRIR IV Bt &5, DL ﬁﬁ/ﬁum GBE S JAE Ry 1), g B
FiREEANAN IS, LIS 2%

(1) MR 3fe 52 A et “To J i

AR VRN ) Lo ] —BEAE 8 ~ 12 MPa, T i SCOBERSE R,
BOHHECY 11 MPa 2475
(2) s (EZONIRE U7 G TR AL ) 70T, B E S mo  msE s Esh Mt A riE R

M7

R R R Dy; Fig. 2 Constitutive model for dynamic
(3) AR wsh VE I SRS P11 0. 77 B RLE , 357 analysis of isolation bearing
D,
W RS S0, =

(4) WRYEREE S AR SE BT 28, RS FlB MR P SRR KA R U,



514 BUPR 2, 45 - PRI B 5 S 3 1 28005 vk S b e A R 22 S5 225

(5) ARIEARE I T R FLVF BTN 7, (Ei SETEZR v, /NT 2.5, — GO0 PR L. 75, B A

R LB AR B R H AR | R R S, i“;
(6) ZEE M ERIRIZRESE Y t=max( Xt,, >t,) ;
(7) BB ORI R0 TARRAL S, = (6 ~ 12 2 F0) | W IR LI ¢ 908 (s

< SRS = =

(8) S A SBURIE 6,(3 ~Tmm) SR ARIE 5= (n +1) (8, +1)
(9) 5 MR HE LR = O (MR SRS ELAR I m HUE 125 ~2.0)

(10) 55 4 AN AR, ISR E AR A, = md’ JRETHF(A, = (a -20)° IR A, (A, =A,-A,);
(1) T3R8 5 NI K, -
F-0Q, AGy.. +A4lq(y.) -85]
K, = = 1

’ Uy Ymax X Zt 0

Horp VIR — % G 4 0.8 ~ 1. 2MPa, YR BT N T q (y) — 0] 2 88 H A 2 iR 1 H 556
{H 7 AT

(12) TR AT R K,

K, = ok, (2)
Kb, o R ATS 5 WY HLAE , 208 B AR — 6. 5,
(13) tH FEEAR I S8 I8 T AR TC (B ) 40 BT B AT 45 1 J8 T LM o3 i, etk 2 A i IR A g
B RARZME R, S S AR A BT R An T L] R AR [ RS ANFRE A In) 8, B2 fel AR St soT i 2tk JE
MRS RN IIE S IS BIAEL M ST AR B, LRI K, AR L ¢, 23 BN

K, +K, +g}i (3)
_ZQdX LU, +Q/ (K, -K,) ]

WU}JE [ Qd + UbeKZ :I

(4)

Aol YRR W 0, =8.54,, SHMS] 0, = %1040

2.2 EBEBEEXEHNNSHIZITHE
FEVR SR AT K, e WIS K, A0SR A4 R R 5 Q) el T X e -

1% W
K1=%,Kz=ﬁ (5)
H =R, +R, - h, (6)

A B R R — BB 0.02 ~0. 045D S BEAEA5 S i IR A2 A%, — B 0. 002 mis H g PN BR 1T B9 3Ly
B, Ry Ry 350 b R SRR AR, — B N SRR AR B R, = R, hy AR SRR E . Bt
HA B ST F14 1] R 2 6 1 S e B B RN, e i R A
T SO AR EE A SO B ) PR AR R R, — A /INT Al BRI S AR AR Ry B 1.8 A, HE i Bk
SCHE R BR IR AR VEIV 1 8 30MPa™ , 1] 15332 3 JA8 ) fre/INBR LB G 2 5
H, =772

min 3 1O_zw(F SRR RS ) AR 3T ) (7)
St oL DTG JE A7 B R i At A2 R R R A I IR B R R g i SR T 3 R SO B RGO R R

9]

/N

_gl’ T
H_4'rr2 4 (8)

(IR AR SR R A BRI A5 B S RIEE K, AN JE L ¢, 4 B T



226 HoR o E T O™ %33 %

W uW 2u
K =—+2— =
7 oL w(u + U,/H) (9)

be

3 BREXEMNIFRITSREARAR

3.1 HAhtEERR

BE5 x30 m TN SR BE T ELERE TN, 5 308 kN/m, WURE AU, M BB SO B 12 m, R
PG RN SRR AU EADUE AR T, 2h DA BROCZM T B UL 1 3 o St o Bkt 3 M, Ak S 40
0.8 s, T HIE 4 Bl 00, MuRRShIEE I 7050 0.1 £.0.2 ¢.0.3 ¢.0.4 g KA TR BEATARL MR 72
IR o R TEIAL AT, ABUE I A A RS ) SRR HL AN A SRR B ) R 3 0 6 500 kN (H:
TH# % F170 4 600 kN) .

B3 sAhBRTHTRE

Fig. 3 Dynamic finite element analysis model
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Table 1  Design parameters of six kinds specifications of LRB

gE| A% 1 HA% 2 B 3 HA% 4 WA S Hirs 6
F R R/ mm 50 75 100 125 150 175
il HLZAR R ¢, /mm 20 20 20 20 2 2
;}%‘3 BIRIEE n 4 6 7 9 10 12
E B—IEREELS, 10.9 10.9 10.9 10.9 9.9 9.9
{sz FEETHA R R H/mm 135 189 216 270 319 377
R TA2 Dp/mm 49120 49120 49120 49120 49120 49120
- Q,/kN 385 385 385 385 385 385
Vil K./(kN-m™") 4.76E +04 3.18E+04 2.38E+04 1.91E+04 1.59E+04 1.36E +04
% Ky/ (kN -m™") 7.14E+03  4.76E+03 3.57E+03 2.86E+03 2.38E+03 2.09E +03
Z LW K,/ (KN« m~") 1.04E +04 6.94E+03 5.20E+03 4.16E+03 3.47E+03 2.97E +03
H ERBAE L £y, 0.174 0.174 0.174 0.174 0.174 0.174
TE LR S PRS2 870mm x 870mm, SRR S BE SN Tmm,

R2 6 MMIREEBHREEXENLTSH

Table 2 Design parameters of six kinds specifications of FPB

i H Hirs 1 FA% 2 Bk 3 FiAk 4 FiAk 5 FiAk 6
PR Z B 0.03 0.03 0.03 0.04 0.04 0.04
BROHE H/m 2.0 2.5 3.0 2.0 2.5 3.0
K JER J1/MPa 26.8 17.2 11.9 26.8 17.2 11.9
Q,/kN 138 138 138 184 184 184
K,/(kN-m™") 69 000 69 000 69 000 92 000 92 000 92 000
K,/(kN-m™") 2 300 1 840 1533 2 300 1 840 1533
SR K,/ (KN - m™") 2990 2 530 2223 3220 2 760 2 453

SRR L ¢, 0.15 0.17 0.20 0.18 0.21 0.24
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Fig. 4 Relationship between structural seismic response and maximum static displacement of LRB under different seismic action
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Fig.5 Relationship between structural seismic response and spheric center distance of FPB/friction coefficient under different seismic action
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Table 3 Comparative analysis of seismic isolation effect between LRB And FPB

A MRS H I {E/ (KN - m) R (A cm
FEFRAR SO ML AT SO M2 M2/M1 FEVEARSCRE SIS S2 S2/81
HIRZ I 1(A =0. 1g) 3189 5 630 1.77 4.85 4.70 0.97
HiE P 2(A =0.2g) 4793 7764 1.62 10.58 10.15 0.96
HiZ Y 3(A=0.3g) 8 006 10 789 1.35 26.77 17.67 0.66

o 4(A=0.4g) 11 268 14 070 1.25 38.29 22.97 0.60
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