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ABSTRACT: Recently, the application of non-steel materials in ships and offshore plants is increasing because of the development of various
nonlinear materials and the improvement of performance. Especially, hyper-elastic materials, which have a nonlinear stress-strain relationship, are used
mainly in marine plant structures or ships where impact relaxation, vibration suppression, and elasticity are required, while elasticity must be
maintained, even under high strain conditions. In order to simulate and evaluate the behavior of the hyperelastic material, it is very important to
select an appropriate material model according to the strain of the material. This study focused on the selection of material models for hyperelastic
materials, such as rubber used in the marine and offshore fields. Tension and compression tests and finite element simulations were conducted to
compare the accuracy of the nonlinear material models due to variations in the stretch ratio of hyper-elastic material. Material coefficients of nonlinear
material models are determined based on the curve fitting of experimental data. The results of this study can be used to improve the reliability of
nonlinear material models according to stretch ratio variation.
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ASTM D412, 1SO (KS) 37
ASTM D624, 1SO (KS) 34
ASTM D575, ISO (KS) 7743
ASTM D395, ISO (KS) 815
ASTM D5963, 1SO (KS) 4649
ASTM D2632, 1SO (KS) 4662
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Fig. 1 Correlation procedure of experiment and FE analysis for
hyperelastic material
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Fig. 5 Stress-strain curve of material property test
Table 2 Tension test data for FE analysis
Load step Extension  Load (Fx) Engineering Eng:;::?ng
[s] [mm] [N] strain [MPa]
4.74 39.153 31.815 1.0 3.182
10.68 88.653 72.598 2.0 7.260
16.72 138.987 126.644 3.0 12.664
24.16 200.987 194.181 3.90 19.418
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Table 3 Compression test data for FE analysis

Load step Compression Load (Fx) Enginegring Enf’::;::sring
[s] [mm] [N] strain [MPa]
-127.51 -2.56 -1770.00 -0.20 -2.83
-142.51 -5.12 -5915.17 -0.40 -9.47
-157.51 -7.68 -18984.24 -0.60 -30.40
-172.51 -10.24 -89631.55 -0.80 -143.51
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Table 5 Model Coefficient of tension test
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0 6688 d 0000 d
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(b) FE model for compression test oy -2.696  d, 0.000
Fig. 6 Finite element model for tests 4, 0.000
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Fig. 7 Comparison of Full FE Model and Symmetric FE Model 4, 0.000
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Table 4 FE Analysis Comparison of Full FE Model and Symmetric

FE Model
e=05 =10 =15 =20
Symmetric FE-model 18.47 39.18 59.45 83.92
Non-symmetric FE-model 18.47 39.18 59.45 83.92
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Fig. 8 Loading and boundary condition of FE analysis model for
Tension test
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Fig. 9 Loading and boundary condition of FE analysis model for

compression test
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Table 7 Comparison of analysis result for curve fitting

U o el ved Y e
1.0 32.02%  29.49% 3.38% 6.79% 13.77%
2.0 20.39% 19.01% 2.19% 5.60% 7.27%
3.0 14.16% 13.32% 1.52% 3.84% 7.12%
39 19.88% 8.93% 1.37% 2.66% 5.21%
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Fig. 11 Deformed shape of Ogden material model for tension test
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Table 8 Comparison of analysis result for curve fitting
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Fig. 12 Deformed shape of Mooney-Rivlin model for compression

test
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