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Finite Element Analysis of Lead Rubber Bearing by Using Strain
Energy Function of Hyper-Elastic Material

ABSTRACT

The material property of the rubber has been studied in order to improve the reliability of the finite element model of a lead rubber
bearing (LRB) which is a typical base isolator. Rubber exhibits elastic behaviour even within the large strain range, unlike the general
structural material, and has a hyper-elastic characteristics that shows non-linear relationship between load and deformation. This study
represents the mechanical characteristics of the rubber by strain energy function in order to develop a finite element (FE) model of LRB.
For the study, several strain energy functions were selected and mechanical properties of the rubber were estimated with the energy
functions. A finite element model of LRB has been developed by using material properties of rubber and lead which were identified by
stress tests. This study estimated the horizontal and vertical force-displacement relationship with the FE model. The adequacy of the
FE model was validated by comparing the analytical results with the experimental data.
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Table 1. Modified Strain Energy Functions with the Polynomial Form

Proposer Strain Energy Functions
- - 1
W= Gy ([ =3)+ Gy (L,=3) + F(‘]El* 1)
Mooney-Rivlin 1
(1948) Where, G, (;,, D, : temperature-dependent material parameters

1, 1, : first and second deviatoric strain invariants

Neo-Hookean

W=y (4—3)+ (1)

D,

(1948) Where, G, D, : temperature-dependent material parameters
7 . first deviatoric strain invariant
N
; ? i= 1
Ogden o . .
(1972) Where, 1,, oy, D, : temperature-dependent materlal parameters
N : material parameter
X; : deviatoric principal stretches
N
. w= Y C,(5=3) 13]+2 %
Polynomial itj=1 =D
(1951) Where, C ., D :temperature-dependent materlal parameters
i 2
N : material parameter
— — — : 1 1 1 ;
W= G (5,=3)+ Gy (L,=3)* + Gy (,—3)° + = ("= 1) + —(J'=1)* + = (J'=1)°
Yeoh 2 D, D,
(1993) Where, C,, D, : temperature-dependent material parameters

1, : first deviatoric strain invariant
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Fig. 1. Soft Rubber Compounds Material Properties (ENEA HDRB)
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Table 2. Coefficients of Selected Strain Energy Functions

Proposed formula| Symbol Temperature-dependent Material Parameters
- G G D,
Mooney-Rivlin MR
-0.08159 0.440317 0.00092
m D
Neo-Hookean NH
0.45283 0.001466
i i @ D,
1 2.647 -0.098 0.00132
Ogden OG
2 0.087 3.797 0.0000198
3 -2.326 0.2387 -0.0000006
D, D. C G C G
Polynomial PN 1 p) 10 01 o 11 02
0.001164 0.175008 -0.00736 0.000049 0.005972 0.001298 -0.00052
G G D D. D.
Yeoh v 10 G 30 1 2 3
0.178831 -0.004491 0.0000247 0.001325 0.00001987 -0.00000057
Uniaxial Biaxial
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1 | = — Experiment s 09 — — Experiment .
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0 il 0 \
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Nominal Strain Nominal Strain
Planar Volumetric
6 300
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5 T Pperment £ 250 [ B Estimated
Estimated / 7 \ ~ N
~ 4 — _— E 200 — <
& -
2, /7 % 150 N
. d B N
W w
& / § \
2 / — a 100 ES <
rd
~
1 — - 50 \
e = =
~
0 0
0 1 2 3 4 5 0.88 0.9 0.92 0.94 0.96 0.98 1
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Fig. 2. Properties Estimated by Mooney-Rivlin's Equation
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Table 3. LRB Isolator Design Data

Bearing Stress o 5.0 MPa
Shear Modulus G 0.4418 MPa
Diameter D, 250 mm
Lead Diameter D, 50 mm
Shear Strain Ratio v 100% ratio
Displacement 5 81.0 mm
Rubber Thickness te 3.0 mm
Rubber Layer ny 27 EA
Steel Plate Thickness ts 2.0 mm
End Plate Thickness te 28 mm

Table 4. LRB Isolator Design Stiffness Parameters

Horizontal Characteristics v=100%
1st Stiffhess Ku 26.47 kKN/mm
2nd Stiffness Ka 0.268 kN/mm
Characteristic Strength Qq 15.65 kN
Equivalent Stiffness Keq 0.461 kN/mm
Equivalent Damping heq 0.251
Vertical Characteristics 0=5 MPa
Vertical stiffhess Ky 418 kN/mm
Py 236 kN
Design load P,+30% 306.8 kN
Pu-30% 1652 kN
Deformation Sy 0.564 mm

for Standardization, 2010)] wh2} S=343}3c) AEE<k Hzmk
o] s 236 KNS 5o 2 Ashat Jeol] B
£121 81 mmo)| =3 uf7hA] WAoo R FHslsS HX
SRk R 712 A Fig 8o ek Az
Tkl Aetd 5, WS A A dAs ) el
Uk AJHe] $HAAL 0.460 KN/mmzA] AAzk] tiate] -
0.18%2] 7} wrAslsich

=

3.3 xSk THEAR
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Table 5. Load Condition for Experiment

Horizontal Analysis Vertical Analysis
Vertical Load |Horizontal Load|  Vertical Load

(KN) (mm) (kN)
Step 1 236 - 306.8
Step 2 - 81 165.2
Step 3 - -81 306.8
Step 4 - 81 165.2
Step 5 - -81 306.8
Step 6 - 81 165.2
Step 7 - -81 306.8
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Table 6. Comparison of Stiffness Values

Stiffness (KN/mm) (Design)/Exp. & Analysis Experiment/Result of Analysis
Horizontal Vertical Horizontal Vertical Horizontal Vertical
Design 0.461 418 - - - -
Experiment 0.460 494.53 100.22% 84.52% - -
Mooney-Rivlin (MR) 0.665 710.80 69.33% 58.8% 69.17% 69.57%
Neo-Hookean (NH) 0.511 634.40 90.22% 65.89% 90.02% 77.95%
Analysis Ogden (OG) 0.479 475.73 96.24% 87.86% 96.03% 103.95%
Polynomial (PN) 0.459 556.62 100.44% 75.10% 100.21% 88.85%
Yeoh (Y) 0.468 522.77 98.5% 79.96% 98.29% 94.60%
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