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Abstract: The magnitude of residual displacement is indicative of the re-centering capacity of the
isolation layer and serves as a key indicator for evaluating the operational functionality of the pri-
mary structural building elements following an earthquake. Post-earthquake investigations have
demonstrated that isolation bearings frequently exhibit residual displacements, resulting in in-
complete re-centering of the isolation layer. To reveal the mechanism of residual displacement
formation in the isolation layer, a free vibration decay dynamic model was established. This mod-
el was based on the Coulomb friction single-degree-of-freedom system and the bilinear hysteresis
characteristics of the isolation layer. A simplified calculation formula for the maximum residual

displacement was proposed and validated through numerical simulation, providing theoretical
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support for rationally assessing the re-centering capability of the isolation layer. The findings

suggest that the distribution of residual displacements in the isolation layer is characterized by

significant discreteness, while its maximum value is quantifiable, The influencing factors include

the plastic yield force Qg , initial stiffness k,, post-yield stiffness £, and damping ratio £&. The

simplified formula offers practical guidance for the design of isolation engineering.

Keywords: seismic isolation structure; re-centering capability; residual displacement; bilinear

hysteresis characteristics; Coulomb friction
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Fig.1 Decomposition diagram of bilinear hysteresis model for Coulomb friction system

OGS S A G L IR A ] 1 () BT L
1.2 FEE SDOF iEFh &%

i 72 2 FR K R A e S AR R S AR S 4
B A S AR e S DA 3 b Y 0N Je IR FE BB X 1 T FE g
TG » AR FB A 5 IR SR AR S e X 1 T L BT,
FET e, dE o % IR R )2 AE L W SDOF iz 3 &
go e 2 s, Hepom BAREGFEE.co HRSM

JEJ1.6 Ja ity B B BLE o, A5 7 B i )2 U0 E B i
BHJE % » AT 4% B k3 S B e e A6 IF e m =
ARG, LRGN N kA a8 IR Bl AR
PRI ZE RS SRR SR 2% - R GE A A AR 3l B B
I RAR LR . D, X 25 AR M Y B R SD-
OF ZGLHI A i 4% 3 By BOT & F 5, BIVAT 45 21 i =
JERBR AR BLRS L HE Al A2 A fE



4 WO oOT R % W XXXX 4F
. T 1) 58 45 435 B Oy TR T 46— 2
N mz + cx + ke =—sign(z) + Q, (1)
A REm R sign(a) TS AL,
r 4 2 (0)=0,2(0) —a, AT EFI RS H R

—W—
QO QO

B 2 &% SDOF 5% 2 %

Fig. 2 Seismic-isolation SDOF motion system

2 SDOF R4 B HIRIIEFHFTE

H & 1 A%, SDOF 2 4t i i Il R 1 B AT 43 Bt
LRMERRAE , AT AR Y SCRR 187 32 , 43 il o7 i g0 5
B A FE 3 SDOF RSB 3 7 12,

FI IR 30 132 bR 2 38 F B 0 bR A% 1R
SE S WIWINIEE 2 (O 5HHE (00, WHBRSM
WL FERTE MR B 45 R R L IRTEAE RGNS
Ry e — g (B FL B Ry O 9 B — R i 205, SR
T ZI R A SCR R RS S W) B R AR 2 ()
=0, Wi 2 (0)=a,. K IHFMARABIIT
T, RAT A5 207 B 14 ik AT 235 5K
2.1 MBECEERZEHFRE

HLRY £ BE 52 SDOF & 48 (LT fi Ak i B R
g0 A mRshiz shad B 3 i, M 3 s,
RE AV a, BT I iGiE ), EHE N 0 /)
REVEE 1 AR ICHE a5 B S 2 3, Y 1 [ 2
S KN 0 B IR EI 2 ANIEAE a, . 3 058 L
— AR 082 B GEEVER n AR AE 1IC1E a.) .
RGEMILIEIA 0 B EIREFIE .

AF, A F,
a, a, a,

a, a das

=y

a, a, da, x

a, a, as

(a) #ERETTT (b) FHEHTT
B3 RAURANLEHXZR
Force-displacement relationship of typical system
Ry o3 B S MO FR 458 1 32 2 U B L X FE BE LT
AT B DS — DR, BUR R 1S
RLALWE AR SC R
F1E(a, =x=a,):F.=kx . Fi=—Q,;
F2B(a, =a>=a)):F,=kx,Fi=Q.
MG SCHRC18 ], 2 B ST iz 3 75 i
P1B(a, =x=a,):mx+cxr+kr—Qy=0;
$ 2B (a, =2 >=a,) :mx+cx+hxr+Q,=0.

Fig. 3

PRIk [ (2) ], 24 &6 =0CRIZms 4
R i R GE LA M A Rk XA (3) o,

(2" —q—1
() =¢e ™ (CLOJF%(%).
(cosa)nl+ g I)Sinwl)t)_(%COST’ITC (2)
J1—¢

(1) =[a, — (2n —1)8 Jcoswt — Scosnm  (3)

Xiw=vVEk/m oy, =w/1—E ;g = e i =
ceiling (wpt /1) s RARA/NTF wpt /7 W/ NEEEL,

MO HL RN d, SPI00F a, KB
W& HG, P, a, i b 72 3 5 . A [ Hb R Bl i
BEAL™ A AN FE RIS ap. E RGE & m=
2 358 000 kg, a, =580 mm.,Q, =1 350 kN, .t =
20 820 kN/m, Z: il A R 58 © AR s 7 B i A i 2k
w4 R, BE 4 TR SN o, —ER L A
FHLIE L & 5K, MR R 455 ) 1y R 3 1) s il sl B ke 5 &
B, RGIR BN T LA, BRARALFE I ) AR/
HAREHLE H B RME A B 652 6=0 wF, A i
P 3l 0y i th 2k 5 SRR 18 iy 45 R — 2,

sooF =0 - EB% e 5%
E o \ o
§ ] Z N
S v S
-500 s s s
0 1.0 20 30 40
IR 175

B4 #BAZEEBEHEGL

Fig.4 Displacement time-history curve of typical system
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