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Analysis on Seismic Performance of Reticulated Shell with

a New Type of Variable Stiffness Sliding Bearing
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Abstract: A nonlinear spring—friction bearing (NFB) composed of a nonlinear conical spring and a plane slip
bearing was proposed. The theoretical model of the bearing was established based on the structural characteristics
and working principle of the bearing. The solid model of the bearing was established using the finite element soft-
ware, the hysteretic properties, and stress distribution of the bearing were studied. The influence of the key param-
eters of the cone spring on the hysteretic characteristics was analyzed. The time-history analysis of single-layer
spherical reticulated shells with NFB and common fixed-stiffness sliding bearings under three—direction seismic ac-
tion was carried out to investigate the isolation performance, and the isolation coefficient was introduced to evaluate
the overall isolation effect of the structure. The results show that the NFB can effectively reduce the seismic response
of the reticulated shell structure under multi-dimensional earthquakes. It has better joint relative displacement, bear-
ing displacement control ability, and bearing self-reset ability when compared with the fixed stiffness slip bearing.
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Fig.4 Load—deformation diagram of Conical spring
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Fig.6 Comparison of two sliding bearings
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Fig.7 Influence of conical spring parameters on NFB hysteresis
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Fig.9 K8 single-layer spherical reticulated shell structure
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Tab.3 Comparison of peak seismic response of nodes and members
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Tab.4 Comparison of peak seismic response of isolators
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Fig.10 Comparison of peak stress of members
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Fig.11 Comparison of peak relative displacement of nodes
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Fig.12  Comparison of peak acceleration of nodes
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Fig.13 Comparison of peak horizontal counterforce of bearings

160 —NFB - - SENIE 280 —NFB - - SZHKI B
\5140 ”/’-\\\\ ;240’_,\~\ .
1200 - Sol Ba00 e
100 s
ESO\/\ 160

60 120/\/

0 20 40 60 0 20 40 60
RGN RGNS
(a)X1a] (B)Y [

B 14 X RAs i Tt

Fig.14 Comparison of peak displacement of bearings
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Fig.15 Comparison of residual displacement of bearings
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Tab.5 Comparison of overall shock absorption effect
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Tab.6 Overall shock absorption effect

under different seismic waves
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El-Centro 0.51 0.61 0.67 0.69 059 052 0.75

Taft 0.48 059 055 060 071 066 0.76

AT 0.53 043 045 069 079 072 0.85
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Tab.7 Overall shock absorption effect of reticulated

shells with different rise—span ratio

El i R ) 45 AT
FEEI T/ (m-s™) A A RS /mm
KL J1/KN
X Y Z X Y Z
1/4 0.46 061 058 076 055 042 0.63
1/5 0.51 0.61 067 060 059 052 075
1/6 0.59 064 068 078 083 064 0.85
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Fig.16 Influence law of cone spring wire diameter
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Fig.17 Influence law of effective coil number of cone spring
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