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Influence of biaxial restoring force models on wind vibration
response of base-isolated buildings

ZHOU Yun, ZHOU Hehong
(College of Civil Engineering, Guangzhou University, Guangzhou 510006, China)

Abstract: In order to clarify the differences of wind vibration response of base-isolated buildings calculated by three
commonly used biaxial restoring force models of MSS, Casciati and Harvey and Gavin, three models were used to
simulate the restoring force of lead-rubber bearing under horizontal uniaxial and biaxial displacement. Comparing
the differences of tests or finite element results. The differences in base displacement, top displacement and top
acceleration for a numerical example were analyzed using three models. The results show the trends that the
restoring forces of three models simulate the lead-rubber bearing in uniaxial cyclic displacement, square and offset
square displacement are basically the same. While simulating circular and offset circular displacements, the biaxial
restoring force shape of MSS model is different from the finite element results, which cannot simulate the coupling
behavior of the bearing accurately, and the error of Casciati model is slightly smaller than that of Harvey and Gavin
model. The Casciati model and the Harvey and Gavin model are basically the same in calculating the wind vibration
response. For the root-mean-square of the cross-wind response, the differences between the three models are not
significant. For the root-mean-square of the along-wind base displacement, top displacement and top acceleration,
the MSS model is slightly smaller, while for the peak factors of base displacement in along-wind and cross-wind,
the MSS model is slightly larger. For the variation of the peak factor of top acceleration and the ratio of the

maximum top acceleration of bidirection to unidirection with wind speed in along-wind and cross-wind, the MSS
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model differs from others. With the consideration of the simulation of biaxial coupling effect and the difference of
wind vibration response, the Casciati model is suggested to consider the influence of biaxial restoring force model on
wind vibration response of base-isolated buildings.
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Fig. 1 Displacement controlled bidirectional quasi-static loading device and loading path
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Table 1 Comparison of simulated and tested mechanical properties of the LRB300-60 bearing

SO Sy RE IKFEEERIEE/ (KN/m)  Ji ARG RIEE/ (KN/m) ERBE
T (E 1065 659 23.0%
RELL(E 1016 639 22.9%

RELFE/ IR Y5 (E 0.95 0.97 0.99

R2 EOBKRXESH

Table 2 Parameters of lead-rubber bearing

KBRS LRB400 LRB600 LRB800
BHE G/ MPa 0.55 0.55 0.55
HA% D/mm 400 600 800
4% d/mm 120 120 120
AR L ¢,/ mm 2.92 5 7.08
RIS RS T,/ mm 78.84 120 162.84
S, 24 24 24
S, 5 5 5
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Fig.3 Hysteretic curves of lead-rubber bearing under unidirectional cyclic displacement
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Table 3  Finite element mechanical parameters of lead-rubber bearing
AR LRB400 LRB600 LRB800
JEIRFTRIEE K,/ (kN/mm) 244.7371 169.7467 119.1926
JEIRJERIEE K,/ (KN/mm) 0.7958 1.2459 1.6726
HtNEIRTT Q4/kN 84.4247 85.2618 85.044 4
x4 BEBEIMIBTHEMEKRE
Table 4  Hysteretic curves error under unidirectional cyclic displacements Yo
KR LRB400 LRB600 LRB800
Casciati Fi7 0.123 14 0.08344 0.07934
Harvey and Gavin #%1 0.12314 0.08344 0.07934
MSS 55 0.12825 0.08269 0.00079
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Fig.5 Biaxial restoring force of lead-rubber bearing under square cyclic displacements
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Table 5 Biaxial restoring force error under square cyclic displacements %
SRR LRB400 LRB600 LRB800
Casciati 57 0.46522 0.13602 0.06658
Harvey and Gavin 5% 0.46522 0.13602 0.06658
MSS # 2.35331 0.86172 0.40156
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Table 6 Biaxial restoring force error of LRB600 under different bidirectional displacements %
X Ji) (S B AL T & IR i & R AL A%
Casciati $575 0.34985 0.273 67 0.32474
Harvey and Gavin A 0.349 86 0.27367 0.32477
MSS # A 0.50599 0.595 68 0.38236
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