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Influence of vertical stiffness degradation of laminated rubber
bearings on isolated structures

YANG Weiguo, WANG Ya, SUN Xinyang, WANG Meng, LIU Pei

(School of Civil Engineering, Beijing Jiaotong University, Beijing 100044, China)

Abstract; The vertical stiffness of laminated rubber bearings degrades with the increase of shear deformation under
earthquake, and the influence on the isolated structure is not yet clear. Therefore, several isolated frame structure
models with different floor numbers, floor heights, and column distances were established by ABAQUS. The
modified two-spring model was adopted for the bearings, and a program considering the vertical stiffness degradation
of bearings was developed by FORTRAN language based on the model and user subroutine interface UEL in
ABAQUS. Then rare earthquakes were input and the elastic-plastic dynamic time history analyses were carried out.
Influences of vertical stiffness degradation on structural response were studied. Results show that the vertical
stiffness degradation of bearings had certain effects on the shear force, axial force, bending moment of column, and
bending moment of beam, and the seismic response amplification factors ranged from 1.1 to 1. 3. The vertical
stiffness degradation of bearings had no obvious influence on the shear deformation of the bearings or the interlayer
displacement of the structures. This study provides a reference for future calculation and analysis of isolated
structures under rare earthquakes.
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AR 1 4, BTN . S8 R 5 5 JEHL J2F/m FEME/m
TREE R C30, A5 M il #1712 >k ] HRB335, 3 3 3.0 6.0
iz BE b [ R0 9 A7 A 3 T B E g5 A T E E 2, 2 Fs 5 3.0 6.0
6.0 kN/m’, 7525 2.0 kN/m” , 4y 2 1H25 5.0 kN/m”, F7 7 3.0 6.0
E# 2.0 kKN/m?, a2k 4. 0 kN/m* . R ICH H3 5 3.0 6.0
SRR FHAE T TAAE 2R 25 40 b i) e 28 S0 2 Ak JZ i H3.6 5 3.6 6.0
T RIS R AT AT Ha.2 5 42 6.0
Wik SAP2000 #K 4Ny b B4k 4 91T P = i 13 5 3.0 3.0
F R R 2 1 U R ARG 5 , 3 B 8 L B 145 5 3.0 .5
2,0 R RSP REY ) T T AR S R 16 5 3.0 6.0
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Tab.2 Parameters of the rubber bearings
_— LURGIp Ry VA N BKZEE 28R BRI Z%5 2L —KIBAR TRIBAR
G/MPa D/mm Dy/mm t/mm  JEE 1 /mm n, n, M S, S,
F3 0.50 650 100 5 5 29 28 25.0 4.1
F5 0.70 650 100 5 5 29 28 25.0 4.1
¥7 0.65 650 100 5 5 29 28 25.0 4.1
H3 0.70 650 100 5 5 29 28 25.0 4.1
H3.6 0.50 650 100 5 5 29 28 25.0 4.1
H4.2 0.40 650 100 5 5 29 28 25.0 4.1
L3 0.30 650 100 5 5 40 39 25.0 3.3
4.5 0.40 650 100 5 5 29 28 25.0 4.1
L6 0.70 650 100 5 5 29 28 25.0 4.1
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Fig.2  Constitutive models of the concrete and the rebar
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Tab.3 Parameters of the concrete

S S/ o’ E./
Eeo Eeu A
MPa MPa MPa MPa

28.7 0.00193 5.7
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0.0121 0.2 2.87 2.98
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Tab.4 Parameters of the rebar
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Fig.3 Sections of the fiber beam and the layered shell element
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Fig.4 Program development flow of the bearing element
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Tab.5 Parameters of the bearings in literatures

Xk omEEZEAE D/mm Dy/mm t/mm n, n,
[17] 5k 300 15.00 2 30 29
[18] Lok 20 3.83 3 18 17
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Fig.5 Experimental verification of the user defined element
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Tab.6 Ground motion records

H-PGA/ V-PGA/ V-PGA/

g g H-PGA

Cape Eureka-
CM 7.0 0.142  0.040 0.28
Mendocino ~ Myrtle

Kocaeli

KT Atakoy 7.5 0.102  0.068 0.67
Turkey
Gulf of

GA Eilatp 7.2 0.093 0.113 1.22
Aqaba
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Fig.8 Extraction points of the calculation results
3 EAEAMERELERSN

3.1 BEEFHER

it ABAQUS 575 BN 45 H i 3 B J& 9] L %
8., B R 4t F HE A J] 40 0k B A B 7 S A JA ) 3 A% LU
L BRSO B3 R e LR a MR B h 5] A AR
REARF-ZhBY. DIKIRY FS Ry 5], A8 25 03 Hr BE A JI 2
B i e 2 AL LI 9.

x8 HWENMER
Tab.8 Modal analysis results

o AL/ s Prafe/s
LB 28 36 L 28 36
F3 0.47 0.16 0.10 1.83 0.26 0.13
F5 0.61 0.20 0.11 2.00 0.33 0.16
F7 0.75 0.24 0.13 2.47 0.41 0.19
H3 0.61 0.20 0.11 2.00 0.33 0.16
H3.6 0.77 0.25 0.14 2.39 0.41 0.20
H4.2 0.94 0.30 0.18 2.71 0.50 0.24
L3 0.66 0.21 0.12 1.98 0.36 0.17
14.5 0.66 0.21 0.12 2.03 0.36 0.17
L6 0.61 0.20 0.11 2.00 0.33 0.16
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Tab.9 Seismic response amplification factors
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