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Abstract: The vertical compression stiffness of thick rubber bearing calculated by using the vertical stiffness
formula of ordinary thin layer rubber bearing in the national standard is generally larger than that of the thick layer
rubber bearing. Based on the static test of vertical compression of thick rubber bearing, this paper analyzes and
studies the related parameters affecting the vertical stiffness of thick rubber bearing by using ABQUES large general
finite element software, discusses the variation law of each influencing factor, proposes the correction formula of
vertical stiffness formula, and compares this vertical stiffness formula with other vertical stiffness formulas. The
results show that when the first shape coefficient of the thick layer rubber bearing is less than 7, the vertical
compression stiffness formula of the thick layer rubber isolation bearing given in this paper can give relatively
accurate results.
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Fig.3 The vertical load—displacement relationship curve of the third cycle
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Tablel Parameter of thick rubber isolation bearing
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Table 2 Basic parameters of bearing
. SOESMED  RLEARd  RERRIE O BRIREE RERMAUREE ORI R I |
/mm /mm Ji /mm n /mm JZ% /MPa

1 250 0 22 2 5 1 0.392 2.84
2 500 0 22 2 5 1 0.392 5.68
3 800 0 22 2 5 1 0.392 9.09
4 1000 0 22 2 5 1 0.392 11.36
5 500 80 22 2 5 1 0.392 4.77
6 500 160 22 2 5 1 0.392 3.86
7 500 320 22 2 5 1 0.392 2.05
8 500 80 10 2 5 1 0.392 10.5
9 500 80 15 2 5 1 0.392 7

10 500 80 40 2 5 1 0.392 2.63
11 500 80 60 2 5 1 0.392 1.75
12 500 80 22 2 5 1 0.48 4.77
13 500 80 22 2 5 1 0.55 4.77
14 500 80 22 2 5 1 0.8 4.77
15 500 80 22 2 5 1 1 4.77
16 500 80 14.67 3 5 2 0.392 7.15
17 500 80 11 4 5 3 0.392 9.54
18 500 80 8.8 5 5 4 0.392 11.93
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Fig.5 Influence of bearing outer aperture on vertical stiffness
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Table 3 Comparison of vertical stiffness of thick rubber bearing
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/mm /mm /mm /(kN-mm™) /(kN+mm™) /(%)

600 100 25 2 1.56 431.67 439.94 1.91

400 50 22 2 1.81 168.61 168.53 0.05

4.2 EEREAXBIEIE

HORg e J2 59 PIAR &4 0.392 MPa, '8 ] i 3 B
H4 MPa, SZJENRYY RS mm i D600 5 D400 J2
SRR S E AT A BRIT b, JF A RITE R S
0y W EE B IE S SRHE T X L . SR 3, LR
A B IE A S5 R 25 5 S A W 1) WIS A7 FR T 45

W6, SR AIRZESHIE1.91%, 0.05%, A%
BE T8 CHE S /T TR A1

5 e W SRR

ASCHUA A S LB RS RMEIE
JIEBEAT X L o RAMEAB TE 5 1 2 R S AR A TR 4



5524

TR A VR Z AR B SR et ] W EE 3R B i PR 2R

141

S d RN RS, BIRE RE N, W
CIE - WA
E,

K, = = A
Yont,—d,

(7)
AP d AR R ) T 4

UMB IE 5 18 T AEAR I 32 IR 4 1) 28 T AE T

W Z & T7 10 AR A R LB 3, A" AR
TR RS, bR T — R AR A, X R
AR Ik

r—d r—d

(8)

1 1 2 4
72:_[13—([ dzfz;—d de
K, e E A(x) A mE LD (x)

BUAME A 500 mm, NAE A 80 mm R JZ K
R, A BT 0.392 MPa, {58 H )5 &

JERE, R IR REI N 175, 3.5, 477,
10.5. BG AR SRR ki 1T e, 45
RanE 13,

JE G S — IR RS, /N T T, AR
TR GUE ARG, RETHNHT.16% .
7.05% ., 14.49% . 16.4%, {H1E S, A 1050, "2
#1158 307.36%, MW OAEH, WG AXEHT
SyNTTHE ;s Sy/NT T, B3 5RE 8 1% m) WI A
WL R T HAB IR, R PSR RS T 1.87 4%,
FEASCHE I LA A XS T 1645, HEM R 2R
Gy BE TG I T R R AR SRR TE 32 B B ] R 45 )
AL, BEm A g, RS WS GO

Xt R BN B JEAR I SO, SR MRSk

A, R SHRIR)ZZHAL, RAERKZERZ  ENEE.
400
100 180
s} ~160 350y
:
£ amor £ 300]
= = e
z Z10f v =
waor # / 250
/ 100 v
e . /*/ 0/'4/
i s s s . . . g0 L s . s - s . 200 L~ . . . - : s
2 3 4 5 6 7 8 2 3 4 6 7 8 2 3 4 5 6 7 8
12 i JE #1/MPa Jiy [ /3/MPa 1 61 F 77/MPa
(1)8=175 (2)5=35 (3)8,=4.77
1300 6000
1200
5000}
11001 =
E 1000 E
g £ —— BB
e .| 2 —— HAAR
Z soof = 3000 —— Rk
o . 2 v HMETER
700 F L
2000 : s N
600¢ y v T
> 3 4 s 6 7 g 2 3 4 5 6 71 8
I ] . 71/MPa % ] i J3/MPa
(4)8=7 (5)S,=105
&1 13 Al S, T LR B 4 Hol#l
Fig.13 Comparison of several algorithms under different S, value
(1) JE A5 Py 722 58 JAg 3 1) M 3 7 R /N R L J2
+ A L 4 TSI e
6 45t MR RE | AR R LG, AR R 0 )

AR SCAEFEAT I8 2 A58 S P8 14 8 1) T 4 1 6 )
Jent b, SR BROCHR A X R AR i b 7 58 ¢
o] W R 2 PR AT 1 b, JRIUE T TR R
52 S AR 1 W BE A B TE 225, IFFE R -

BG. BmIRT SCEESME . B E B T 5
T 1 g R A R D 2 T e AR JIRE S e Y e
e, B RWEHEBIRAEN, EHEEE
R SR S JEAR 2L

(2) B JZ AR B S 1y W BE RS 1] i g L S AR,



142 %

oo

43%:

P R R M EE AL 2, LA R 1 W A O
WF5S . Bk, KRB IERFZ—1
KT S N HIRI R[] FE ) o — IR I o6 £ 30
X, WAKEHT S/NT7RF, AXITELERSA
FROCEE FUR2ETE 16.4% LI o

QIR IIA AR GL RS . BRI
VAT B, AR B i 4 S A B I o 1 L A
Bk, XFHEIRRRBUNT TRE, W] RURHA S
G, XFIRARRBORT 70 %, AT LA
LR AR

S 3K

(1] SE0G , ASF BFE 15 1) ok o e g A B9 B 5 BUIR[D]. VL PE 241
2017(24):57-58

[2] Seigenthaler R. Earthquake-proof building supporting structure
with shock absorbing damping elements[J]. Schweizerische
Bauzeitung, 1970(20) : 102-109.

[3] £, £ K, THGE . BT =2 R BRI 1S Fl 5
WEFE[N). AR T3 ,2012,45(S1) : 238-242.

[4] Ei, 288, T ) B X = 4R R AR 2K
J3E T35 PERERT ST 4% 8 J) T A%, 2015,36(05) :37-40.

[5] Yu L, You Z. Simulation of cyclic loading tests for asphalt
mixtures using user defined models within discrete element
method[J]. Geotechnical Special Publication, 2008 (179) :
742-749.

(6] MEE K, ] SCAR . AR B IR A= S A g 2 M RE IR 211,
HARHE,2010,26(05) :6-9.

[7] A7 SCA XIS B 6 5 JRE AR R 7 S e B A Ty 2
PEAEIIG[)]. M 25 TR 2 24l C F AR B2 R0 L 2011,
12(03):258-263.

[8] Lindley P B. Load-compression relationships of rubber units
[J]. Journal of Strain Analysis for Engineering Design, 1966, 1
(3):190-195.

[9] Yabana S, Matsuda A. Mechanical properties of 1 aminated
rubber bearings for three-dimensional seismic isolation[C]//
Proceedings of 12th World Conference on Earthquake
Engineering. Auckland,New Zealand: WCEE, 2000.

[10] R EAE, 3T7 58 AR, 55 JRZ BRI SR g 2
AELN]. A DF Rt (AR BRF R , 2018, 46(09) : 1189—
1194+1233.

[11] ABSZAE e T, BEl, A . TRV ) 5 2 A0 S A6 i 7= 1 g
BFFELN]. L5241, 2013,34(02) : 76-82.

[12] 235, i PR, BT, 45 SRR JZ AR SRR Y T~ R g
BT[] Hrsh 5 ohidi, 2019,38(09) : 157-165.

[13] HhAe A R A [ ] 58 Jo s A SR A3 B Jm) . AR S e
5 3 W) SRR AR B 523 GB/T 20688.3—2006 [S]. b
S E BRI H A 2007

[14] HhAe N IR A [ ] 5 o s A S A3 8 Jm) ARG S e
5 1R SY « WA SR8 1A B8 J5 % - GB/T 20688.1—2007
[S]. bt EARIE iRk, 2007.

[15] HhAe N IR A0 [ ] 5 o s A S A3 B R AR S e
5 43053 AR S EE : GB/T20688.4—2007[S]. Jb 5t :
Hh b ) AT, 2007



