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Transient Eccentricity and Torsional Responses of Base
Isolation Layers of Friction Pendulum Bearings
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(1. Institute of Mechanical Engineering, China Earthquake Administration, Harbin 150080, China; 2. Key
Laboratory of Earthquake Engineering and Engineering Vibration, China Earthquake Administration, Hebei
065201, China)

Abstract: Friction pendulum bearings (FPBs) are receiving growing implementation in seismic isolated buildings in China because
they exhibit weight-independent period, designable frictional energy dissipation and make the isolation layer free from accidental
eccentricity. However, the overturning moment of the superstructure under horizontal earthquake actions may lead to the shift of
the stiffness center of the isolation layer by changing the lateral stiffness of the FPBs, which is proportional to the vertical force,
and therefore may introduce torsion to the isolation layer. Through the seismic response analyses of a prototype building isolated
by FPBs, we demonstrated that the initial eccentricity ratios in orthogonal directions do not correspond to the torsional responses
of FPB isolation layers. It is proved that the torsion of an FPB isolation layer takes place only if the height-wise distributions of
the lateral forces in the superstructure differed in the two orthogonal horizontal directions. A transient eccentricity ratio is then
defined to describe the transient movement of the stiffness center of the isolation layer. The results of the seismic response analyses
of FPB isolated buildings with different friction coefficients subjected to ground motions of various frequency characteristics show
that broadband earthquake excitations are more likely to stimulate the torsional responses of FPB isolated building than narrowband
excitations do, and that the maximum torsional responses exhibit a non-monotonic relationship with the friction coefficient.
Nevertheless, the maximum transient eccentricity was less than 3% and the maximum rotation of the FPB isolation layer was less

than 0.003 degree. Their effect on the seismic response of an FPB isolated building can be neglected in engineering practice.
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Fig.1 Force equilibrium of slider in a friction pendulum bearing
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Fig. 2 Effect of geometric nonlinearity on tangent stiffness of FPB
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Fig. 3 Simplified models of prototype isolated building by FPBs
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Fig. 4 Time histories of bearing vertical force
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Fig. 5 Time histories of eccentricity ratios



x10° x103

Aﬂ\ﬂﬁf'\"\kmﬂﬂ.l\ LA e p AN
vy T gvw =g

AL oo

(=)

R ()
AL o a

}.

2
RIZEA ()

(e

5 10 15 20 25 30 5 10 15 20 25 30
B 1] (s) A 1] (s)
(a) HL s EEBEEH (b) Z S g
K6 BEZEMHIE: A

Fig. 6 Time histories of torsional angle of isolation layer
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Table 1 Bidirectional horizontal load cases
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Fig. 10 Eccentricity ratios, transient eccentricity ratios and torsional angles of FPB isolation layer in

different load cases
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when =0 (Load case 1).
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of isolation layer
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