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ABSTRACT

Effects of dynamic interaction between substation equipment in multi-
connected systems on seismic response have been investigated. Also,
influence of record to record and intensity variability on interaction
results is studied. Three dimensional models of four vulnerable types of
equipment including surge arrester, current transformer, circuit breaker
and disconnect switch are developed and verified. Six different systems of
equipment connected through rigid bus bars comprising of two, three and
four equipment are considered. Incremental dynamic analysis is carried
out on models using three-component records. Ratio of maximum
responses in connected condition to those in unconnected condition has
been utilized as interaction measure. Considering more than two-
connected equipment and using three dimensional models are novelties of
this paper. Importance of considering more than two-connected
equipment has been demonstrated. It is found that for equipment in which
contribution of higher modes on responses are notable, variation of
ground motion features such as frequency content have more effect on
interaction results than equipment in which natural frequency is dominant
on responses. It is concluded that variability of record has more
significant influence on interaction results than variation of seismic
intensity.
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1-Surge arrester

2-Current transformer

3-Circuit breaker

4-Disconnect switch

5-Insulators

¢ Rigid bus conductor

7 Flexible strap connector

8 Bus slider

9 Real time hybrid simulation (RTHB)
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Position of Flange joint stiffness
Equipment porcelain unit (N m/rad) Dc (m) d (m) Weight (kgf)
Surge arrester Top 13.55x10°8 0.37 0.353 258
Bottom 13.55x10° 0.37 0.353 258
Current transformer Top! 24.19 (11.04)x 108 0.48 0.442 826.07
Circuit breaker Top! 5.51 (10.93)x 108 0.342 0.328 141.16
Bottom! 10.93 (13.61)x 10° 0.348 0.333 158.29
Left 10.55x108 0.441 0.401 383.05
Right 10.55x10° 0.441 0.401 383.05
Disconnect switch Top 1.85%10° 0.172 0.117 58.66°
Middle 1.85x106 0.197 0.13 78.5°
Bottom? 0.39 (0.31)x 106 0.23 0.146 108.28°

1- Flange stiffness at top of unit (flange stiffness at bottom of unit)
2- Flange stiffness of fix and jaw post (Flange stiffness of rotate post)

3- Values for one post are reported here
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Equipment item Column section Beam section Brace section Height  Young 's modulus
Surge arrester C400x10 2.85m 2x10° MPa
Current transformer L80x80x8 L100x100x10 L50x50x5 3.14m 2x10° MPa
Circuit breaker L80x80x8 L100x100x10 L50x50%x5 2.74m 2x10° MPa
Disconnect switch L90x90x7 L65x65x7 L50x50x6 3.18 m 2x10° MPa
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item Model Mode2 Mode3 Moded4d Mode5
SA 4.45 4.45 19.85 19.85 43.2
CT 3.64 3.64 22.38 22.58 106.68
CB 2.02 2.32 3.54 6.58 14.63
DS 1.44 1.45 2.65 18.33 18.94
SA-CT 3.64 3.79 4.4 10.88 19.7
CT-CB 2.55 3.16 3.66 4.9 6.22
CB-DS 1.75 2.3 2.52 2.96 5.89
SA-CT-CB 2.55 3.26 3.66 4.39 491
CT-CB-DS 1.77 2.62 2.88 3.33 3.94
SA-CT-CB-DS 1.77 2.62 2.96 3.33 3.93
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Distance NEHRP PGA PGV

No. Event name Year Station Magnitude (km) class () (cmis)
1 Northridge 1994  Beverly Hills - Mulhol 6.7 94 D 0.52 63
2 Northridge 1994  Canyon Country-WLC 6.7 114 D 0.48 45
3 Duzce, Turkey 1999 Bolu 7.1 12 D 0.82 62
4 Hector Mine 1999 Hector 7.1 10.4 C 0.34 42
5 Imperial Valley 1979 Delta 6.5 22 D 0.35 33
6 Imperial Valley 1979  EIl Centro Array #11 6.5 125 D 0.38 42
7 Kobe, Japan 1995 Nishi-Akashi 6.9 7.1 C 0.51 37
8 Kobe, Japan 1995 Shin-Osaka 6.9 19.1 D 0.24 38
9 Kocaeli, Turkey 1999 Duzce 7.5 13.6 D 0.36 59
10 Kocaeli, Turkey 1999 Arcelik 75 10.6 C 0.22 40
11 Landers 1992 Yermo Fire Station 7.3 23.6 D 0.24 52
12 Landers 1992 Coolwater 7.3 19.7 D 0.42 42
13 Loma Prieta 1989 Capitola 6.9 8.7 D 0.53 35
14 Loma Prieta 1989 Gilroy Array #3 6.9 12.2 D 0.56 45
15 Manyjil, Iran 1990 Abbar 7.4 12.6 C 0.51 54
16  Superstition Hills 1987 El Centro Imp. Co. 6.5 18.2 D 0.36 46
17  Cape Mendocino 1992 Rio Dell Overpass 7 7.9 D 0.55 44
18 Chi-Chi, Taiwan 1999 CHY101 7.6 10 D 0.44 115
19  Chi-Chi, Taiwan 1999 TCUO045 7.6 26 C 0.51 39
20 San Fernando 1971 LA - Hollywood Sror 6.6 22.8 D 0.21 19
21 Friuli, Italy 1976 Tolmezzo 6.5 15 C 0.35 31
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