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Abstract.  Power transmission substations are susceptible to potential damage under seismic excitations. Two of the major 
seismic failure modes in substation supplies are: the breakage of brittle insulator, and conductor end fittings. This paper presents 
efficient isolation strategies for seismically strengthening of a two-item set of equipment including capacitive voltage 
transformer (CVT) adjacent to a Lightning Arrester (LA). Two different strategies are proposed, Case A: implementation of 
base isolation at the base of the CVT, while the LA is kept fixed-base, and Case B: implementation of base isolation at the base 
of the LA, while the CVT is kept fixed-base. Both CVT and LA are connected to each other using a cable during the dynamic 
excitation. The probabilistic seismic behavior is measured by Incremental Dynamic Analysis (IDA), and a series of appropriate 
damage states are proposed. Finally, the fragility curves are derived for both the systems. It is found that Friction Pendulum 
System (FPS) isolator has the potential of decreasing flexural stresses caused by intense ground motions. The research has 
shown that when the FPS is placed under LA, i.e. Case B (as oppose to Case A), the efficiency of the system is improved in 
terms of reducing the forces and stresses at the bottom of the porcelain. Several parametric studies are also performed to 
determine the optimum physical properties of the FPS. 
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Earthquake Station Distance 
(km)

PGA (g)

Cape Mendocino
89324 Rio Dell 
Overpass FF 18.5 0.385

Chi Chi TCU047 33.01 0.413
Chi Chi (2) CHY074 82.49 0.234

Coalinga
36449 Parkfield - Fault 

Zone 8 29.6 0.131

Imperial Valley 6604 Cerro Prieto 26.5 0.169

Kern County 283 Santa Barbara 
Courthouse

87 0.127

Kocaeli Goynuk 35.5 0.132
Kocaeli (2) Arcelik 17 0.218

Landers 21081 Amboy 22.5 0.171

Loma Prieta 57504 CoyoteLake Dam 
(Downst)

21.7 0.179

Loma Prieta (2)
1652 Anderson Dam 

(Downst) 21.4 0.24

Morgan Hill 57007 Corralitos 22.7 0.109
Morgan Hill (2) 57383Gilroy Array 11.8 0.292

Northridge
90021 LA - N
Westmoreland 29 0.401

Northridge (2) 90015 LA - Chalon Rd 23.7 0.225

San Fernando
24278 Castaic - Old 

Ridge Route
24.9 0.324

Trinidad 1498 Rio Dell Overpass, 
FF

71.9 0.147

Victoria 6604 Cerro Prieto 34.8 0.621
Westmorland 5051 Parachute Test Site 24.1 0.242

Whittier Narrows
24157 LA - Baldwin 

Hills 27 0.142
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(a) (c)

(b) (d)
Fig. 13 The effect of base isolation on the response
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