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Gravity-well friction pendulum bearing and its seismic
performance

CAO Sasa, ZHANG Feitao, ZHANG Liwen
(College of Civil Engineering, Guangzhou University, Guangzhou 510006, P. R. China)

Abstract: Traditional bridges with isolation bearings have the problem of residual displacement of the isolator
and the response of internal pier force during the impact of an strong earthquake or near-fault earthquake. This
research suggests a variable-stiffness friction pendulum bearing based on a gravity-well surface, gaining
inspiration from the facility for gravity-well surfaces in the science museum. Its surface is comprised of a gravity-
well surface outside and a sphere inside. First, the theoretical derivation-based restoring force model in the
horizontal shear direction is revealed. Second, a footprint variable stiffness friction pendulum bearing specimen
is designed, constructed, and put through a cyclic shear test to further examine its mechanical and hysteresis
characteristics. The friction material is a modified ultra-high molecular weight polyethylene with better
compression resistance. In the end, numerical simulations are used to compare the dynamic properties of the
gravity well friction pendulum bearing with the spherical bearing. The sliding surface of the variable stiffness

double friction pendulum bearing is asymmetrical. The high local stress on the friction pad can be accommodated
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by the modified ultra-high molecular weight polyethylene (UHMWPE) friction material. The gravity-well

friction pendulum bearing can also significantly reduce the internal force demand under the action of ground

motion when compared to the conventional spherical double friction pendulum bearing, and it has the same

superior self-reset performance as the small-radius spherical friction pendulum bearing.

Keywords: variable stiffness isolator; pseudo-static method; gravity-well friction pendulum bearing; bridge seismic
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Fig. 1 Construction of friction pendulum bearing with a

gravity-well surface
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Fig.2 Working mechanism of the isolator
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Fig. 3 Stress distribution of the isolator
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Fig. 5 Cutaway view of the isolator
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Fig. 8 Displacement-time loading curve
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Table 2 Design parameters of the isolators
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Fig. 10 Outline curves of different intersection positions
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Fig. 13 Hysteresis curves of the sliding surface with

different friction coefficients

60
- - - P41 000 mm
wl 221422 000 mm
— #2423 000 mm

%o 30 200 100 0 100 w0 30 40
{7 F%/mm
E 14 7R[E B 2 12 00 R O i 2

Fig. 14 Hysteresis curves of different curvature radii
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