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Tab. 1  Cost of AIS substations and the proportion
of the components of the substations

(according to Liu et al, 2017)

A R S L L/
SH —WRE CSWiE BRER T
35 kV 0.525 0.227 0.248 1240.71

110 kV (66) 0. 648 0.216 0.136 3206
220 kV 0.679 0. 195 0. 125 7 196

2.1.2  GIS ZEH 45384 57 ok L Jad e
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Tab.2  Cost of GIS substations and the proportion

of the components of the substations

GRTTNS VO IRA L/
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Fig. 2 Proportion of GIS substations

in Chinese mainland
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Tab.3  Number of substations in five regions and proportion

of different types of substations in Chinese mainland

A AIS GIS

X LSt ks ASHSE AL

B (%) (%)
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AL &9, AO®EDE 52 81 19
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Fig. 3 Distribution of the asset of the substations (a) and density of the asset

of the substations (b) in Chinese mainland
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SUEEH )5 2 R 4 45 b A S PR e 0 S A TR
EHAETRE 4 AN HIXPFE S35 kV PLK 110 kV
it 233 EEAR G B AE R, o 39% ik
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KRB 2 LB R R Bt . i TR A 1 b A
FTLAAR SC 58 35 kV A& 110 kV 28 B 3k 19 B )=
40% FTARZERE . 60% IR ZEHE

IMAVESE (2014) DA R BI5 T Al
FERERT (VI R LA ) DA AR BRI B
PR ARG TR 45 A6 0 R 45 A8 16 K R B0 B T 1Y 5
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VR AR YR v R o b DX A5 B 3 s o2 A R 1 ) 4 1
B

R4 WREHSMIEER (FRERM/RRERD)
Tab. 4 Steel — concrete structure vulnerability matrix (high

intensity fortification/general intensity fortification )

St (%)

RS Vi ViI X X

FEAR SR 85/81 50/44 25/15 2/1

BRIIR 13/15 43/46 34/36 7/5
TAFRIR 2/4 6/8 25/25 26/14
" E WA 0 1/2 14/20 45/55
BOIR 0 0 2/4 20/25
®5 WREHBMEERE(SRERM/RZIER)

Tab.5 Brick — concrete structure vulnerability matrix (high

intensity fortification/general intensity fortification)

; Gt (%)
R 2% Vi VIt X X
BEARSEL 68/50 30/22 12/8 2/1
L TUEN 22.5/36 38/37 22/13 4/3
HhAERIR 9/13 25/30 28/24 12/11
R 0.5/1 6/9 33/42 55/50
37 0 12 5/13 27/35

FRYLERSR 25 (2022) X 1 &0 BF X A% o 3k B iR
W BAR S AT, M AR el R
BBy e B0 RE B 7 AT B 4244 BROE AR DX By 2
BiE, 220 kV HX 4175 B 3 b 2 A A0 0 42 i — 3 ik
B, —MeiEol T SHIARFEIR N B 1 220 kV 28 H 3k
FlE XA AR gl (Hi TR X 220 kV A2 H
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Tab. 6  The loss ratio of buildings

MRS WAL RMmHR  PAEBER  EBE B8R
WRH (%) 5 15 45 100 100

3.2 GIS THLSRMEER

Har, EWNANTT GIS AR H vl i 58 K24
TE GIS B Ll IR A 12248 | Ui LU S s 744
S5EMIH, WX GIS 722 B uh i M52 ) i P 92 4%
L TR Z SRR FERORE, GIS AR LUl Y Hh R b
PAPERFEME LU T S, 365 (2016) #E4T T GIS
75 EEL il e e T D T % TR TR 235 Ay 1) B UL L R iR 3l
I, RITE 0.4 ¢ HRSNEAN T, xR &HPUE
PEREH R RVEEK , GIS AR Ul i s R A K Z R
FHANIR S, AR T R PiE e, @&k
KEEw T R &PURERE, Ml ik &
() 2 M KR BE R, T AAR OB GIS AR HL 3 1) 5
A R WS oy HEAT A GY, — o BRI A,
T3 — w8 RS, A SCHIEMES (2016)
M SEBG 25 A SE PR R F TR, IR L RERm
S THRRAIE SRR ZEP LR (£
7)o KT pr R A, W] ALS 28 H 3k o 2¢ T4
RS54 7 12 1) Sy B PR R PR At 52

R7 CISTHHBSIEEHKL

Tab.7 The loss ratio of the electrical equipment of GIS substations

U VI VI X X

WL (%) 0 0 2 10

4 BRI RITE

4.1 B (X) AIS THILREITME
i FUBETR ALS ZF B Ul — IR AR N

uxo=§pmp@mao>
[0.46P,(i)R,(i) +0.54P,(i)] (3)

Kby @ HEUEHEH, i=7, 8,9, 10 AR,
VIR, IXBEE, XBE; jMHEESEYH, 1. 2, 3 475
FR35kV, 110 (66) kV 1220 kV A HL K59,
N, (j) RjHEEFHT AIS ZAH B EE; C, () N
HUTRSEUT ALS ARG RYE N 5 £, () 9 j R AF4R
WA b, %BER 1 BUE; P.(i) N
AR TR RS R, (0) AR TR ERIHR L
| BUBETE IR YRR

Ls() = X NDC(DS,DRG) ()

Kb S, () A HRSET R s R 5™ G T,
FEHRR 1 R,
i BURETR D AR N -

MAD=ZMOWMWADE%UM)
R,(m) (5)

K. B, (j) bR RAE j 45900 f s 19 58 7
s Py(i,m) R RGP PEAE R, AR 5 R 45
F2R R K BB FUEAE e 4 5 KR AR R, (m)
RN AFL Ry m W} s R AR P 4R
4.2 B (X) GIS THIHRKEM

i BV GIS A8 H ol - SR A I 25 O

LcE<i) = ZIN(‘<])C(’<J)EE(.])RE(L) (6)

K N (G) N BRESGT GIS 28 H ik i B
Co(j) M) BT GIS 28 uh &My, HIRE2
YEHL; B, (5) Rj RAEGCT GIS 28 Haul L SR A5 %
PR E, MR 2 BEEG R, (i) N BUE RS
HFR L

i FUEF B RS R

QAH=ZMUWMWADZEGM)
Ry (m) (7)

K B (j) J9j BRAFRT GIS A8 L v b Je 3R
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Fig. 4 Distribution of the losses of the substations subjected to Intensity VI (a), Intensity I (b),

Intensity IX (c¢), and Intensity X (d) in the counties and districts in Chinese mainland
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Fig. 5 Distribution of the loss density of substations subjected to Intensity VI (a), Intensity VIl (b),

Intensity IX (c¢), and Intensity X (d) in the counties and districts in Chinese mainland
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Fig. 6 Loss ratio of substations subjected to Intensity VI (a), Intensity Il (b),

Intensity IX (c¢), and Intensity X (d) in the counties and districts in Chinese mainland
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Assessment of the Earthquake — caused Damage to the
Transformer Substations in Chinese Mainland

WU Meng, LIU Rushan, LIU Jinlong, HONG Yixiang

(Key Laboratory of Earthquake Engineering and Engineering Vibration, Institute of Engineering Mechanics
China Earthquake Administration, Harbin 150080, Heilongjiang, China)

Abstract

According to the China Electric Power Statistical Yearbook (2014 —2021) and the data from the official web-
sites of the electricity departments at all levels, a nationwide fundamental database of the transformer substations in
Chinese mainland is established. The influence of the gas insulated substations and the variation of the substation’s
structure was involved in the damage assessment model. According to the proportion of the gas insulated substations
in 5 regions in Chinese mainland, a model of the proportion of the nationwide gas insulated substations is estab-
lished. Based on the simulated shaking table test of the high — voltage switchgear prototype structure of the gas insu-
lated substation, and the results from the case study of the Wenchuan M¢8. 0 earthquake in 2008, an empirical
vulnerability model of the gas insulated substation is given. Based on the proportions of the structure of the air insu-
lated switchgear substations in 4 regions in Chinese mainland, the vulnerability model of the air insulated switch-
gear substations was updated, resulting in making a new assessment model of earthquake — caused losses. Finally,
the earthquake — caused loss, the loss density and the loss ratio of the transformer substations subjected to the In-
tensity VI — X earthquakes in the counties and districts in Chinese mainland are given.

Keywords: transformer substation; vulnerability; damage assessment; electrical equipment; buildings;

Chinese mainland



