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Abstract: Aiming at the problem that the vertical stiffness of rubber isolation bearings can not be
accurately calculated by the theoretical formula at present, a refined ABAQUS finite element
model verified by tests was established. On the basis, the common geometric dimensions (inner
and outer diameters), the thickness of single-layer rubber and the number of rubber layers were
selected to construct parameter matrices, and the BP neural network prediction model of vertical
stiffness of rubber isolation bearings was obtained based on a large quantity of finite element
analysis data. Finally, based on the finite element analysis results, the BP neural network model,
China’s rubber isolation bearing specifications and the vertical stiffness calculation formula
proposed in literature were evaluated. The results show that the established BP neural network

prediction model of vertical stiffness of rubber isolation bearings based on inner diameter, outer
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diameter, thickness of single rubber layer and number of rubber layers has high accuracy. The

correlation coefficient between the predicted results of the BP neural network and the

experimental results approaches 1, and it is completely feasible to calculate and estimate the

vertical stiffness of rubber isolation bearings based on the BP neural network. The BP neural

network model can better solve multivariable linear coupling relationships compared to traditional

fitting methods.
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Fig.1 Schematic diagram of small specimens Fig.2 Schematic diagram of medium specimens
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Table 1 Specimen parameters

i g = {;/mm n/mm G,/mm T,/mm D/mm A/mm? Si S,
25 r-X 27.0 1 4 27 40 1256 0. 37 1.48
3S-2r-X 11.5 2 4 23 40 1256 0. 87 1.74
4S-3r-X 6.3 3 4 19 40 1256 1.59 1.48
3S-2R-X 12.0 2 8 24 200090) 400 664 4.58 9.20
4S-3R-X 8.0 3 6 24 200090) 400 664 6.88 9.20
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Table 2 Constitutive parameters of metal skeleton

ZEs HE/ (kg + m™) BPERL R /10° MPa | JA#S L

Q355 7 850 2.10 0.3

R3 cREBREUFMSH

Table 3 Constitutive parameters of metal skeleton plasticity
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Table 4 Ogden constitutive parameters of rubber
i i a;
1 0.630 0 1.3
2 0.001 2 5.0
3 —0.001 0 —2.0
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Fig. 3 Numerical model of specimen
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Table 5 Comparison of experimental and finite

element phenomena
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Table 6 Parameterized dimensions of rubber isolation

bearings for building structures
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600(0) , 3 25.0
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Table 7 Parameterized dimensions of rubber isolation

bearings for mechanical devices

%%ﬁififé e 2 4 2RI /mm
600(180), 3 300.0
800(240) 6 150.0
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Fig.5 Core steps of BP neural network
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Fig. 6 Sketch map of BP neural network framework
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Fig. 8 Image of error changes during network training
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Table 8 Comparison of covariance
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