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Simulation and performance study on seismic isolation retrofit of
existing 750 kV surge arrester intermediate layer

XIONG Chaoyi, LIU Yun, SHI Gaoyang, XIE Qiang
(College of Civil Engineering, Tongji University, Shanghai 200092, China)

Abstract; On December 18, 2023, the Jishi mountain earthquake revealed damage to 750 kV surge arresters. In
order to improve the seismic performance of existing pillar-type electrical equipment in substations, the intermediate
layer was selected as the isolation part for modification. Two intermediate isolation schemes were proposed: steel
wire rope damper and composite seismic isolation bearing. The original surge arrester and isolation structure were
modeled using the ABAQUS finite element method. Ten sets of seismic waves were input for finite element analysis,
and the stress of bushing root, top acceleration and displacement responses of each structure were extracted to
compare and analyze the isolation efficiency of the intermediate layer. The results show that under seismic action,
the intermediate isolation structure of the steel wire rope damper can effectively reduce the stress of bushing root and
top acceleration of the surge arrester, but it has a significant amplifying effect on the top displacement, which can
easily cause wire tension damage. The intermediate isolation scheme with composite seismic isolation bearing can
improve the vertical stiffness of the intermediate layer structure, so that the root stress and top acceleration of the
original structure bushing decrease by more than 40%, and the peak displacement of the top is only increased by
12.56%, so as to achieve a good seismic isolation effect. The intermediate isolation device with composite seismic

isolation bearings exhibits good seismic isolation efficiency and is an effective retrofit measure to improve the seismic
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performance of existing 750 kV surge arrester.

Key words: existing structure; surge arrester; seismic isolation retrofit; seismic response control
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Fig.2 Structural relationship and size diagram of lightning arrester
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Fig.3 Wire rope damper and its hysteresis curves
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Fig.6  Connection form of composite seismic isolation structure in ABAQUS and hysteresis curve
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Fig.7 Mode shapes of structural models before and after isolation comparison diagram
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Fig.9 Time-history diagram of stress response at bushing root in each structural model
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Fig. 12 Time-history diagram of top displacement response in each structural model
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Table 2 10 groups of seismic waves and their numbers

Fs PEER %5 Hi = Bl 2 R/ km
1 RSN66 San Ferando Hemet Fire Station 6.61 154.35
2 RSN4031 San Simeon Templeton-1-story 6.52 6.22
3 RSN11 Northwest Calif-03 Femdale City Hall 5.8 56.85
4 RSN1158 Kocaeli Duzce 7.51 15.37
5 RSN1527 Chi-Chi TCU100 7.62 43.51
6 RSN82 San Femnando Port Hueneme 6.61 81.25
7 RSN22 EI Alamo El Centro Array #9 6.8 122.27
8 RSN1184 Chi-Chi CHYO010 7.62 51.84
9 RSN1101 Kobe Amagasaki 6.9 11.34
10 RSN35 Northern Calif-06 Hollister City Hall 5.2 39.53

7610 MRRPE T, 2228 R AR A AR L T AR AR 01 T 38.7% ~ 87.2% , THH Ik L i RR A3 A
T 27.7% ~59.5% ; RO B 45 HIAF AL AT E R, VAR LR il UK, V(B8 U e K mTik 2,37, T 45 B
A AR T I 22 SR BARR A5 KA TR ARV ) B TR ok FEE o 72 05 T, A1 ) A R A3 1A T 35.2% ~ 68.1%
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Fig. 14 Peak stress at the root and seismic isolation efficiency of each structure under 10 seismic waves
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Fig. 15 Peak top acceleration and seismic isolation efficiency of each structure under 10 seismic waves
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Fig. 16 Peak top displacement and seismic isolation ratio of each structure under 10 seismic waves
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