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The use of seismic isolation is one of the most effect ways to protect structures from destructive earthquakes.
Rubber bearings have been widely applied in recent years as seismic isolation devices in bridges, especially after Kobe
earthquake in 1995, when good behavior of structures with rubber bearings was recorded. More recently, high damping
rubber bearings (HDRBs) have been employed in Japan due to their high flexibility and high damping capability.
However, some of the important mechanical behavior of HDRBs, such as the rate and temperature dependence are still
difficult and less understood issues in engineering practice. Since the simplified models in some guide specifications
neglect rate-dependent and other inelastic behavior of the bearings, a design model of HDRBs should take the rate-
dependent behavior into account.

In this dissertation, the mechanical behavior of HDRBs was investigate by conducting experiments at room
(23°C) and also at low temperatures (-10°C and -30°C). The bearing tests were carried out by Japan Rubber Bearing
Association. On the basis of the experimental observations, an improved rheology model is proposed to reproduce the
rate-dependent hysteresis behavior of HDRBs. The ability of the proposed model is verified by comparing the numerical
simulation results and experimental data. Moreover, a series of sinusoidal loading tests were carried out to investigate
self-heating of HDRBs at three different ambient temperatures.

A test program was carried out to investigate the mechanical behavior of HDRBs at constant ambient temperatures in
an environmental test chamber. All specimens were tested under shear deformation with a constant vertical compressive
average stress of 6 MPa. All virgin specimens were first subjected to a preloading sequence before the actual tests to
remove Mullins effect.

The stress response of the equilibrium state of HDRBs obtained from multi-step relaxation (MSR) tests increases with
decreasing ambient temperatures. However, this increase is smaller than the increase in the overstress, when ambient
temperature is reduced.

Simple relaxation (SR) test results show that the overstress responses at the same strain level remarkably increase at
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low ambient temperatures. This behavior can be attributed to the temperature dependence of the viscosity of HDRBs. In
addition, the temperature dependence of overstress is much larger than the dependence of the equilibrium stress at the
end of relaxation period.

The equilibrium state of HDRBs obtained from multi-step relaxation tests presented high strain hardening at high
strain level and hysteresis phenomenon. Therefore, a rate-independent model that is constructed by combining a
nonlinear spring and an ideal elasto-plastic model (spring-slider) in parallel is proposed to represent these experimental
observations.

The instantaneous state obtained from cyclic shear (CS) tests shown that the initial stiffness is very high and then
the second stiffness is lower. These aspects can be simulated by combining a spring and an elasto-plastic element in
parallel. Therefore, a structure similar to the rate-independent part is used in the rate-dependent overstress part. This
part is connected with a dashpot that can describe the rate-dependent behavior of HDRBs. Moreover, on the basis of the
nonlinear viscosity law deduced from the simple relaxation test results, a nonlinear relationship between the overstress
and the strain rate of the dashpot is proposed.

Finally, the equilibrium parameters are identified from MSR tests by a standard nonlinear least square method. The
overstress parameters are determined from the first cycle of a sinusoidal loading test by an optimizing technique.

In order to verify the adequacy of the proposed rheology model, a series of numerical simulations of the experimental
tests were carried out. To do this, the model with the identified parameters was used in the simulation. The experimental
data were compared with the simulation results for the verification. The simulations of relaxation tests (SR tests and
MSR tests) and cyclic shear tests portrayed the adequacy of the proposed model in reproducing the mechanical behavior
of HDRBs.

The numerical simulation results of CS responses at slow and fast strain rates present the ability of the model to
logically reproduce the rate-dependent behavior of HDRBs, and its inherent promises at the design desk. However, a
detail comparison between experimental data and simulation results of the first cycle of sinusoidal loading tests points
out the existence of some differences, especially at low temperatures. These differences may be caused by the self-
heating effect.

The self-heating of HDRBs at room and low temperatures is investigated experimentally. The experimental
results show that the temperatures in the HDRBs increase under sinusoidal loading tests, especially at low ambient
temperatures. In addition, the experimental results also present that stress-strain relationships of HDRBs are governed
by the inside temperatures, but not by the ambient temperature. Therefore, a seismic model for HDRBs at low
temperatures should be based on the inside temperatures.

Since the overstress parameters of the proposed model in Chapter 3 are deteremined based on a stress-strain
relationship obtained from sinusoidal loading tests after several cycles of loading to avoid the stress-softening
phenomenon appearing in the first cycle, the design temperature of the model should be chosen to be the inside

temperature of the bearings in the selected cycle of the sinusoidal loading tests.
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