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Abstract

The seismic isolation technology has appeared to be increasingly necessary for highway bridges, LNG

tank, nuclear power plant, and building

structures

in view of earthquake vibrations. Also

high-technology industries require effective seismic protection. The Seismic Isolation Bearing - High
Damping Rubber Bearing - system has been counted as the most effective way for seismic isolation,

which is now under development and widely used in industries.

for nonlinear analysis,

analyses have been carried out about fourteen cases;
horizontal displacements with a different frequency - 0.01Hz and 0.50Hz - and 100% horizontal
displacement with four different frequency - 0.01Hz, 0.16667Hz, 0.3333Hz and 0.50Hz. The unknown
constants of the strain energy function of Ogden model have been obtained by a temsion test and

planar shear test.
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Here, the commercial FEM software

MARC, has provided force-displacement curves on the rubber system. The
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Information.

“Finite Element

(1)

Dimension{mm)
Specification D150X @15%845T
End Plate 125TX2EA
Steel Plate 2T X 10EA
Layers of
R 0 135X 3.5T X 11EA
U Rubber
Quter Rubb
b " e; Hoper 05T X2EA
ayer
<r3 Thickness of
385
Rubber

Table.l Dimension of the experimental model
and FE Model(1/4 Scale)

.

E[N/m] y o 1
{N/m"]

| Steel | 20x10" 0.285 5.25% 10°

Table.2 Material Properties - SS-400
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' gy
EIN/m] ‘ v \ R \
N | (N/m’]

| Swel | 20¢107 | 025 | 525x10°

1

i

- 1
£

Table.2 Material Properties - SS-400

Ogden model R"“?’T S—
(ogden control parameter)

Number of terms 3

Bulk modulus 6.58875E+10

Moduli 131215 ~4.25595E+7 | ~8.78546E+7

Exponents 6.23891| -0.358254 0.125503

Table.3 Constants of rubber material by Ogden

control parameters

[ LEU
Y N 4 A
025/0510.7511.0|1.25115 ! e
Frequency i A
ol ; e —
0.01Hz 0|00 |00 0O ; : g
0.5Hz OO0 1010 0 S
0.1667Hz O ‘
0.3333Hz O |
Table.4 FEM Simulation cases ]‘l
\

T8t GLama

unit(Force = kN, Stiffness = kN/m)
F -‘ Test —[ Test FEM
@ Cycle) (3" Cycle) (* Cycle) Fig.2 Rubber Material Data

Max.| Min. Max.| Min. Max. | Min.
K,
Fo | Fa | B | Fg Kest Fo | Fx Kest

0.259.65 | -6.42 41;"7 9.99 | -6.47 42;'5 9.25 | 925 48;'5

05 1554129 2% 15.68] 1201 T3 g1 78| 100

0.75(21.59/-19.46 35;9 21.71{-19.64 355'9 24.57|-24.57 4275‘]

1.0 |31.04}-26.49 37;'5 30.81{-26.15 37;2'6 31.691-31.69 41;"5

1.25]40.30|-37.48 4067‘9 39.19)-36.28 395'2 36.69]-36.69 38;'3

15 47,99&-47.67 477 45.85|-45.76 4001 40.10(-40.10 3469

6 1 1

Table.5 Test result - 0.01Hz

Fig.3 Boundary Condition of FE Model
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Vertical load

Horizontal displacement

Fxeddie —=

Fig4 The Operation of FEM

| TestFrequency-001Hz |
| « :
o0 4 i = 1" Cycle i
H
i

»  Average of 3° Cycles
& FEM Simulation H
3 Ox0"
:
z
é G Ox10° o
4 D .
% 4.0x10° . - . : 1 ’
§ — -
2 .
§ 20107
2
i t
L] T T T T — — —T T
00 02 04 06 08 1o 12 14 1%
Shear Strain (;}

Fig.5 (a) Effective Horizontal Stiffness Test
vs. FEM

i Test Frequency - 0 01Hz. !

17 Cycie & FEM \‘
Ave of 3" Cycles & FEM j

e a2 o4 o8 o8 10 12 14 18
Shear Strain ()

Fig.5 (b) Error of Effective Horizontal
Stffness Test vs. FEM
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100107

Test Frequency -05Hz .
- 1"Cycle

*  Average of 3“ Cycles
A FEM Simulation

80x10' 4

Esoﬂcf<
] N .
%umu' RS * »
i e
3 e . L] i
3
B 20004
w
07—
06 0z 04 06 08 10 12 14 16

Shear Strain ()

Fig.6 Effective Horizontal Stiffness Test vs.
FEM

| Shew Stan ;= 1.0}
= 1"cycle

i
800 | Average of 3" Cycles
] & FEMSimuaton |
700
£ 600
2 500
wods . . N
g s : : :
§ !
é 200
[
T 100
o T o — — ~— —
00 ot 0z 03 04 05
Frequency (Hz)

Fig.7 (a) Effective Horizontal Stiffness Test
vs. FEM

i Shear Strain(-=10)
& 1% Cycle & FEM

351 | #_Ave of 3" Cycles & FEM

30

25-1

20
= -
é -
E 154
fii

10 : : :

5.

o — T T T —T T T

00 01 02 03 04 05
Frequency (Hz)

Fig.7 (b) Error of Effective Horizontal
Stiffness Test vs. FEM



