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Abstract: Current rubber materials for vibration (seismic) absorption and isolation used in civil engi-
neering structures and equipment have insufficient energy dissipation capacity, and enhancing the ener-
gy dissipation capacity by modifying the rubber material composition leads to increased stiffness and
consequently compromises the vibration (seismic) isolation performance. To address these issues, a
novel high-damping rubber material for vibration (seismic) absorption based on a butyl rubber matrix
was designed. Mechanical property tests were conducted on both the novel high-damping rubber and
conventional rubber materials under cyclic loading conditions of volumetric compression, uniaxial ten-

sion, plane tension, and equi-biaxial tension using a universal testing machine. The mechanical proper-
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ty enhancement effects were studied through comparative analysis of the hysteresis performance. The
results showed that in volumetric compression tests, the average compressive elastic modulus of the
novel high-damping rubber was approximately 12.4% higher than that of ordinary rubber. In uniaxial
tensile tests under single-direction deformation up to 150% strain, the novel high-damping rubber ex-
hibited 187.01%~391.67% higher equivalent viscous damping ratio and 471.90%~625.60% greater
residual deformation compared to ordinary rubber, and its tensile stiffness decreased by 4.82% ~
62.36% . In plane and equi-biaxial tensile tests under two-direction deformation up to 150% strain, the
novel high-damping rubber showed 63.73% ~608.45% higher equivalent viscous damping ratio and
365.66%~919.60% greater residual deformation than ordinary rubber, and its tensile stiffness de-
creased by 25.90%~81.48%. The novel high-damping rubber for vibration (seismic) absorption signif-
icantly improved energy dissipation capacity while reducing tensile stiffness. Finally, a hyperelastic
constitutive model that could accurately simulate the nonlinear elastic behavior of the rubber was ob-
tained through numerical fitting. This lays a foundation for the further development and application of
the novel high-damping rubber material for vibration (seismic) absorption.

Keywords: high-damping rubber; energy dissipation enhancement effect; mechanical property testing

of materials; high-damping rubber for vibration (seismic) absorption; equivalent viscous

damping ratio
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Table 3 Fitting results of Mooney—Rivlin constitutive

model
Mooney-Rivilin Mullins effect %%
e C10 0.181 2813 r 2.092 40
WARGE)  COl 9.788206 3E-04  m 0.105 81
BB D1 1.4350674E-05 beta  0.499 70
C10  0.228 76567 r 2.092 40
WA COl 1.608 975 4E-02 m 0.105 81
D1 1.506 053 3E-05  beta  0.499 70

4 Ogden N=3AXHELER
Table 4 Fitting results of Ogden N=3 constitutive model

Ogden N=3 Mullins effect 2%k

N ) mul 2.053129 3 —1.656 481 8 3.300 493 2E-08 r 2.577 20
w3 PELJE W R (%)

Ko alphal 2.538 459 5 2.700 337 1 —9.909 947 5 m 0.188 93

D1 1.858 152 1E-05 8.481 327 4E-08 —8.272 707 2E-10 beta 0.137 25

mul 0.533 003 7 1.813 462 4E-04 3.346 417 1E-03 r 2.577 20

W AR alphal 1.231174 5 10.672 048 1 —3.412129 2 m 0.188 93

D1 1.850 100 OE-05 5.350 011 OE-08 —2.311 404 4E-10 beta 0.137 25
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