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Performance Experiments and Analysis of Nonlinear Behavior for
HDRB using in Seismic Isolation
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ABSTRACT

The purpose of this paper is to evaluate the shear stiffness, hysteretic behavior, and ultimate behavior of HDRB(High
Daomping Rubber Bearing), which will be included in the seismic isolation design guideline as requirements. To do this,
two 1/8 scaled HDRB are designed, fabricated, and tfested to show the mechanical characteristics, The shear stiffness
obtained from the proposed equation of the shear sfiffness shows a good agreement with those of the experiments.
For analysis of the hysteretic behavior of HDRB using the modified rate model, the parameter equations are cbtained
from the experiments. Using the obtained parameter equations for the modified rate model, the seismic response
analyses cre carried out for 1-D system. The results of analysis well follow the hysferetic behavior of HDRB obtained
from the experiments. To evaluate the ulfimate behavior of HDRB used in this paper, the analyses are carried out using
the modified macro model, which can consider the large shear deflection. The critical shear strain(CSS) is defined to
express the maximum dllowable shear strain and vertical load. From the analyses, the CSS, showing the instability,
decreoses significantly as increased the vertical loads. The CSS is not appeared for the design vertical load in the used
HDRB. In analysis using about 5 fimes of design verfical load, the HDRB start fo show the instability transient and for
about 7 fimes, the CSS is dbout 350%.
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Fig. 3 Hysteretic behavior of HDRB obtained from
experiments

Table 1 Horizontal stiffness of laminated rubber bearings

S, =G A, [nt, +(n-Di,1/nt,

©)

_ 2
Eb=E,,Em/(Eb+Ew),Eb=E(,[1+§ka) (7,8)

In case of ¥ = 50% In case of ¥y = 100%
) (Go = 1.21 MPa) (Giw = 0.85 MPa)
Calculation Exo
Method Calculated Exp.(kN/m) Calculated ]
(kN/m)
(kN/m) (kN/m)
LRB 1 LRB 2 LRB 1 LRB 2
Simple Equation 604.56 651.99 584.24 424 69 508.13 45492
Kelly 614.98 651.99 584.24 431.67 508.13 45492
Haringx 614.95 651.99 584.24 43165 508.13 45492
Proposed 614.96 651.99 584.24 431.65 508.13 45492
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WG T4 HEDPHojZo HYEEY 4y Y HIME S
NOMENCLATURE l Total height of LRB
M Moment applying to rotational
A, A, A, A, Constants spring
M, Ultimate moment
A, Shear area
M, Yield moment
¢ Parameter
DD ou 4 4 p Mg Number of rubber layer
0 L b’:sr and Inner diameter o P Vertical load
‘ rubber layer Py Euler buckling load
5 Apparent bending modulus 5, S, Shape factors
b Modified bending modulus s, Bending stiffness
E, Youngs modulus of elasticity 1] Translation matrix
E. Bulk modulus Igs1s Thickness of rubber layer and
F Horizontal load steel plate
F Shear restoring force T Total height of rubber layer
G Shear modulus Xr Relative displacement
G(Y) Parameter equation of IASM Z First moment of area
G'(y) Derivative of parameter equation 8,,05.8y Displacements of horizontal,
of TASM with shear strain shear, and vertical directions
H, Equivalent critical damping ratio v Shear strain
— ] ) K Hardening constant of rubber
K] Stiffness matrix 0 Rotational angle
Ky Equivalent shear stiffness 0 Yield rotational angle
K. K Tangential rotational and shear G, Tensional yield stress
stiffness A Increment

N2 M4z (S MBS) 1998.12



