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Shaking Table Test and Seismic Fragility Analysis of 110 kV Dry Type
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Abstract: Electrical reactor (ER) is one of the most important equipment in substation systems. The
upper coil is supported by the bottom ceramic insulator, leading to a large overall size and a high cen-

ter of gravity. The dynamic response of an ER under earthquake is complex due to its special struc-
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ture. In this study, the seismic performance of a 110 kV dry type hollow ER was investigated using a
shaking table test. The natural frequency and damping ratio of the ER were identified using white
noise excitation. An artificial ground motion was used as the seismic excitation with amplitudes of
0.15g and 0.5g, respectively. The strain, acceleration, and displacement responses of the critical parts
of ER were measured. The dynamic response pattern of ER was analyzed. The possible failure mode
of ER was discussed. The fragility curve of ER was further calculated. The results show that ER per-
forms like a single-degree-of-freedom system. The first-order natural frequency and damping ratio of
ER are 3.3 Hz and 3.9%, respectively. The deformation of ER mainly occurs in insulators and insula-
tor-coil connections, while the upper coil performs like a rigid body. Compared with insulators, the in-
sulator-coil connections have smaller lateral stiffness and more concentrated deformation. Therefore,
it is regarded as the weak point of ER. The frequency of ER decreases by 3.6% and 6.3% after the
0.15g and 0.5g seismic tests, respectively. Based on the measured strains of insulators, considering
the total stress caused by seismic action and other loads, the ER exhibits some seismic capacity re-
serve with a safety factor of 2.14. The fragility curve of ER was calculated based on test results. The
median capacity and the logarithmic standard deviation of ER are 0.965g and 0.40, respectively.

Keywords: dry type electrical reactor; shaking table test; dynamic properties; seismic performance;

deformation pattern; fragility curves

0 5

i

ML e P EE R R WA — R
UE AR B B da 7 DL S I AR 4 L TR i 3k L BB AT T
RERYIEAE . BT AS D R AR BB RN T R 4 %
TR, B SRR R S5 R S A 4
S 10 W 2 S8 AR T R BT RS A S FR B AR A 5
13 o [ IS 446 5 1 S 43 22 R W) e G 1k b Rk o A | o
FEBAR, SEPER 220 Rk, L BT 48 7F DL AR Y s R rp
A7 KRR, SEE A = A R
g R Yy RE R AL 2 2 BN R A Y I
Wizt

SR e A O N N N 7 N N B a1
TR PUEERE R R T — 25 . XIIR R AN-
SYS 7 #r T 66 kV 1 2K 75 0 I B HL Pe 45 19 BT 1
B, 5 Hh 4 % 1 MR R B 00 R0 oG T s
K H ANSY S X 158 25 20 BT 45 247 U AR 43 07, 35
R A R R B B0 SR KN ) B R P S 4
G5 F S PR s R RE TR I ABAQUS i T
FE DR R0 R X6 800 kV 2 - 2 L BT #4532k J5E i) 17 11
W R S A 2 R AR A A E

QR S N =N S E
PR FL B R A R R IR B A A B
O B 7 Ak A e B i T B 45 SR A v R L R

Rah R AWMt Em=EEN T
gy Sy o JE AR L A AT T R T U P
Praw 1: 84 B M iR 3l (5 i 40, &5 R AR 4 4 + 4R
R R IO 3 S L A 100 ) A, SR i 4 U R Sy
WG ok — iR %, FHMS T T 110 kV &
X L P A R LR 3 G, B P AR A2 T R A
RS SR, SR SR FH B B A A R AR L HL R
J1 2y R B bR 2 6% o A Bk ST 110 kY P
BB IEAT TR A IR 5T, 46 % T S R
ZAEM R VOB RENL T W % bR

20 20 904X, 26 [ A7 7 M 7% TR 5 o0
$& TR M 78 ) 1P P (probabilistic seismic
fragility analysis, PSFA)" B iZ #EE T fL A %
Pi s Pk 8 43 Br 2 1 N7 M AR ) R i 4K
RGP BE T /AT AL LR B . BT, E
B X 45 2 L ARIR A I LR 7 PR T R T — R 5B
FE, ALHE AR AR T A A TR B
FF A AT DG TR Y M AR B M A B g A
UL ETEETSE T 110~220 kV & 28K Rk
& MR B E B L R A H B AR Y B 5
R S

Zx b ATk, HErER X H T 88 iR 3 65 32 5 i 5
B AR — SN 2 2 i ROBE A 3 56 T A4 0 L
B PR Gl — iR 22 s P W I 4 % F R 2k
JHE SR R 7 48 v 1) B 26 A b1 et s 5 b R T R B

51



B G T I B9 A 5 AR 3 60 B0 2 — 2B A M
Pt 7 ML 7% 5 3 1 0 F 9 S AT B

AR SN B 48 2% F S AE Y 110 kV X250 I Bk
HLPT A% IR HEAT T b AR A SR 2h 5 3050, 58 T
P a0 20 7 R e R PR T R BT AS Y AT g
WA, E— 25 25 T B P8 10 56 5 R A A

1 R AREIET
1.1 HEIHIFNB

HL B 2 A R R R K i BEL T L B A R
P 0 % S Y 5 S w1 I - S R 1 e
WAETIRE . T U0 I BE L P38 & P a 19 I
LR SN R S Ny R RIINES o (I N (BT B U M (F- S o d
P RR R SE R VO R, S5 IR ORI TR
fEH -

110 kV T OB bias i & 1 s . Mt
i Sk = B2l 6 656 mm, Ho 2k Bl iR B 3 200 mm, 4t
LB 1500 mm. HLBLAS ELAAN 3620 mm, B
i 19.2 ¢, ISR E o 12 4 HOR B % 4 2 S8

BT 110 kV PRz LI BRE R
Fig.1 110 kV dry type hollow shunt reactor

AU B0 7 P SR A S B PR L
AT di g T EER SR G G W E . Eah
BR=ZmANHAHERBEEYMES G, SR
6 m X6 m; A& 3 {E 1 FR AE AT 60 t, i K Hfr 80 t;
TAES L 0.1~50 Hz.

1.2 REERiE
5 1 B BT A B N BRI L AS YR 56 R B )

52

# . i 5 7 oK 3% (Required response spectrum,
RRS) MR 45 (i e SO 2 R & P il g B R FL
)W, A 2 TR . RRS MBI ok é=2%,
7K - i) Hb 1T 04 B i 7 & (Peak ground acceleration,
PGA)J 0.5g,F & Bt UE(H 2y 1.543g, w8045 43 [
N 1.25~10 Hzo MR8 7 5K 3% A2 BN T M 7= 3l 4
PRl G A WA 3R . B 44 s, 5 5 Bl RF
22 s, BRFE R 0.1~50 Hz.

05 10 5 10
$ZE | Hz
K2 X 0.50g 37 K %

Fig.2 Required response spectrum of X-direction at 0.5g

0 IIO l‘lﬂ 30 4:0 SI() 6.[]
i) / s
B3 X1 0.50g i 5 N T b 7% gl i A2 iy 28
Fig.3 Artificial ground motion time history of X-direction
at 0.5g

1.3 REITR

PRah G5 T 00 W2 1,45 A M 1005 b
AT PURIK I AT S A R AT B AR
{14 20 A 45 PR A 03 2 R (B 0.058~0.07 g, J ¢
5 FE 3 0.5~50 Hz, RF i (0] 32 60 s, 45 4 72
SR 37 FRLATL 2 25 S L A o JRE 7 7 0

*1 KEITR
Table 1 Test schedule

TH A A PGA/g
1 ] M 0.1
2~4 AT HEsh(FEE 3K) 0.15
5 ] M 0.1
6 N T HE S 0.5
7 [ I 0.1




14 MEFE

T 30 T R H T OC S AL B n R AR AT
W AL AR AT AR 4 R RS WL 20
A% R A T R P A FEAR L B Y TR L RSE
L M S G T AR o Ry ) S A S R
| 2 el TOUER 0% m AL O 8 A7 R A% R L 43
B xTS M xTN, T 124 35 48 2% 1 249 5] % B
Gy A AXTE A1 B 5 (0 SCHE b A VAR R R
1R IR o 20 2% ML I = N ) B R AR A L 7E
Ab 9 e T3 T R [ A AR B, 2% A 2 A E T U
B4 1545 7M.

(a) 3L
B4 DA &

Fig.4 Layout of measurement: (a) elevation view (b) top view

(b) “F1

() % 1% pRECUN B 5 T 7R L 78 0~25 Hz WAXAF 75— 4
WEAE (3.34 Hz) o HLPLAF B9 K8 43 T ik 48 vh 7 L3
2R P, HL 2R BB 43 Y MR S8 KT R e 2 SL A 4
MR, FL BT A8 AE 5T ) 19 3l T R R LA
HECERL PR R AR R I8

20
15F
Y )
2
W10
;4
-
5_
0 5 10 15 20 25

$iE Hz
5 55—k M PRI A% 3 R BRI 4R

Fig.5 Transfer function curve of the first white noise test

LT A% 1Y AR AR AR JE L W36 3 B, BiLJE
PRI A sE vk R . MTLUAE I, Bk T
o 72 BB A5 A ARSI I BT A TR E L
A Fr e . SR ETAH L 3 0.15¢ A T RE 3 ik
B MR T B 3.6 20, B HE 3 K 15.4040;0.5¢ AT
MRS R TR 6.3 %0, BILJE s K 20.5% .

®3 HHBRFEMERLL

Table 3 Frequency and damping ratio results

T A AR/ He e L/ %
1 3.34 3.9
5 3.22 4.5
7 3.13 4.7

*2 HHEBME
Table 2 Sensors arrangement
e BRAR AL AR R T i B A% R
1455 3% 1E.1W x1
35 % 3E.3W x3
55 3% 5E.5W x5
753 TE.TW X7
945 3 ¥ 9E .9W x9
1153 4% 11E 11W x11
2 P TH — xTN.xTS
2 8l i — xB
TR AR — x0

2 REHER

2.1 shhsk
A g AR P R B T S5 ksh & &

2.2 iR 56 A B

S ARIE YR Bh B A R R R R e i
(Test response spectra, TRS) W ) % 75 3K [ Wi 1% .
PLO0.5g i A M), TRS 5 RRS B9 X} Lk an /&l 6 fir 7w,

0.5 i ‘IT lli} 3‘(} SIU
$FE [ Hz
6 X 0.5g ik 86 [z W i (TRS) 5 75 3K [ Wi (RRS) X} [b
Fig.6 Comparison between TRS and RRS of X-direction at
0.5g

53



A LAF Y, TRS 76K T 45 W FE 05 0.7 £ 5 45 3 B 1
TR 4F ) £ 2% RRS, 2 B 65 T A 552 PR A 2 HL T
IO 3 B BESR

2.3 JIniE FE W KL

0.5g HimZ ghdm AR, L& THB x TN Ay ik JiE
] £ 4 P 7 s W D6 A 1,107 g, 2 b 1T
A(0.582¢) B9 1.94% . AR PGA ¥ AT, ¥ #% 45
B0 B U AH X T 5 TR A B 3 0 OR R AL
W 8 I 7 o HLAT i 45 3505 057 1 sk 5 i 7 i o 8 T
8T AN Ve 5, 43 A e #AE 0.15g A O.5g i AT
PRFF— 2, 1M 0.5 i A B HL BT 28 19 35 1k &R 50
R . PR R P W A K, T )
AN B, AT RUA R R R L 5 e T T A
Ll , 2 P IS & 19 8l T K R A0 v, R I 4 2%
T IO 5 H T R 4 RIS =2 ) 0 i W R A L, 2

FL T 1 114 98 559 B 007 o
12,

0.8F
0.4+
0.0

hniERE /g

0.8F
i K7
0

1;.'] 2‘[] 3‘0 410 5‘0 6‘[]
H(E] /s
7 PR T x TN A 5 B i) Ry

Fig.7 Acceleration response of xTN at top of ER

R T
LR A
25 TR -

—— 0152

—@— 0.5g

HuTE .
0 1 9 3
BARK

P8 i B g R AR R

Fig.8 Acceleration amplification factor

2.4 (IR0 AY

H T 25 P BR A , AR SCHE AT 1 6 I R B4 ) i R
YA A 5] FAL 1892 AZ e R, PRI SR T 32 JEE AR 1

o4

J7 30 E S0 i R I AR AT o a0 e, LR R
0.2 He, G AR AL 70 1 SRR RS B AR . DRI
SRR RS/ @ A b R N SO R VA 2 A0 B - (12

(1) (2)Frn o LR T 2 x TN A i, H4fs
AL A i) i ol £ a0 161 9 JUr 7, W o7 D A 76.26 mm
v(z)zjza(z)dt (1)
d(z):fv(t)dt (2)
A, (o) A P B 26 5% o 33 B B AR 5 o (2) SR 0 s fY
246 5% 33 B B 5 of (2) SR I 5 0% 448 X6 57 % B AR
801
40k
E
? 0
2 ok
=40 10 20 30 0 50 60

e /s
19 LT & THUAR x TN % 057 % ) i
Fig.9 Absolute displacement response of TN at top of ER

HL BT 2 5 B4 RE 1 £ TR A RS I B v RE Y
AL W 10 7w, I A B4 oA T L 4 2% 7 T
BB LT i 4 BB AR A BB T0UAR o TR i T PR
X TN 5 A B BT R DA SR B 4 i . Lt
A 2 Rl Y I A K, TR I TR L JEC S 1 A6 A% S g S
A ], 3 55 0k e e — B0 . BB A AR T
T BT HR Y A4 2 7 RN A 25 -2k BB A o
F, T S 0 Ml 7 B A 0.15g 2 75 %) 0.5g i (3.33
fi5 ), 46 2+ TS AR X T & 1 1 02 5% |, B 48 & + 2 IF
A3k 7.77 mm M 27.55 mm(3.54 1% ) , 46 % 1--4% 18
TEAE IR B A R 4.6 mm F112.37 mm(2.694%) ,

LR T | n T
S 18R |
—— 0152
—— 0.5g
Hm 0 ]'U 2I0 3‘(] 4:0 50
fr¥ / mm

FI10 A % il i 2 728 1 26

Fig.10 Displacement at various heights



8 R 5 B R 2E PR I S TR 2T A [R5t
JEH AR A N AR 2 A% T, 4
G 12 VBl T 1 L 04 W 2 A X BN AR I A

2.5 [ EEE A2

0.5g Hb mEHy AT, 48 2% M0 (% 0 Al N AR R
135~212 pe, WNE 11 7R o 482 1 0 A28 5 L r 4k
PR OC, 1.3, 5%5 40 2 F A M A2 R F P, 7.9,
11548 2% 5 W AH 2, eh 6] 2 W10 446 25 1 AR A 1)
N AT R

20} o ZR I
L] 3 w77 {0 A5
2001 *
5 os0p e
B "ooe
B 60f .
"
dof
120

1 3 5 7 9 11

LT AT 2% B A8 00 A5 e U {07 78

Fig.11 Maximum strain value at measuring points

=R R BEL LG TFHY e R
BT MR N T AR A S N AR T B I SR A
HHL1.08X 10" MPa, i 8 J far 2% .0.25 5 KU fif 4% 1%
R ) SR S BR B T RN A AT 3 A5 7 A 1 B
JRE 1454 7.5 MPa, 0.5¢ N T.HIZShEH T, 4
G T % 4 R OB /NME R 2,14, 0 2 B ZE R
(1.67) , RWE &G —EMLEME.

e o,

(3)

Glﬂl
A, LA BB 0 WU G T MR B M 5 0,
M R AR 5 H b Ay 30 A R R T

3 KESFMHMHE

31 ZmHEaX

Gy 4k 2 (PR B L F(edp) , 134 1 J2 76 AN [
S T AR R S 80T B A3k B 308 1o 5445 E
450 03 RS 1 A PR R X (4) iR o e,
EDP (Engineering demand parameter) % /8 T F2 75 2K
281, DS(Damage state) F/n S5k . 5 i 14
238 H R O BOE 25 23 A il i (X)) R ST RE
A 1 A 2o, N BOBR HE 22 p B AE , @ (=) AR IEZS
() Bt o

Fi(edp)=P[DS=ds|EDP=edp] (4)

A, Fo(edp) Fm G itE 4 EDP R8s TR K

ZHDS Fon ik A

ln(edp/x,,,))

—_— (5)
B

K,z AHUERE ST HE R BARHE 25 5 () R

P A (R T ) Bt o Ao

Fds(edp)ZQD(

32 HEAFZE

A% 3R H K. Porter %548 19 7 ik 1 H 5 Bt
s 1 S Bk, = (6) 2= (8) firs , A XS4k
sk A . K F,On) A& TET KR i iy
KRB r AR A T 002 Dy B WA N SRS 5 7
SRl A 28 0 e K WA TN B S R B —
4005 5 %) e /NI B E R 0.7, W B/ IMA S
S=(0.5Mq+ 0.1M)/(M,+ M, + M.) (6)
o, S W RO 2 s M O IR R R A B B
r=r, B O R 5 M R fF B 18 8 B
WA T E i s M A i F s B4 1 BRI L
W) T et
=@ (Fu(ry)) (7)
A 2 MARUER 57, 0 EDP 1, 24 M, +M.=0
B 70 =T s 13 W 7, =057 7)o
Ty = 1 exp(—28) (8)
K2, APURRE S HE ; f AR EbR I 2% B 0.4,

x4 HBESFHRUESHHE

Table4 Determinationofexperimental fragility parameters

A Fo(r,) z exp(—=zp),=0.4
M,=3H S=0 0.0l —2.326 2.54
M,<3HS<0.075 005 —1.645 1.93
0.075<°S<C0.15 0.10 —1.282 1.67
0.075<<S<.0.3 0.20 —0.842 1.40
$>0.3 0.40 —0.253 1.11

33 Stk

ASCHEAT T 3K 0.15g Fl 1 ¥k 0.5g W {E Jin i F&F
IR G E, &R LA, TAIM,=1,
M=M.=0,S=0, BRI 40 4 0 5brifE 2
BH0.40,exp(—28) K 1.93, 7, =7 —0.5g. HREK
(4), BB PURAE Sl 2, 0 0.965g, 5 1 v i £k
K12 7 o

55



0.8F

0.6F

SRR

0.4+

0.2f

0.0 . . .
0 1 2 3
PGA/g
E 12 Wil Z) B ih 2

Fig.12 Tested fragility curve of the reactor

7 248 th, K.Porter 7155 &) 0 M4 /9 J7 1% 36 A7
EVE TR N e S 1787 <R U (SN Sl i S S U
WP B I BRI B B0, A 7 d AR SR (B
0.7 %) T 19 2K ROME A B, 08 Bobm v 22 )R ) 22 56
670 ARUWIKEE , 0.5¢ % AT B & 1% 4 R
T 2.14, K. Porter B3+ 545 3R ol REAK AL 1 50 4% B9 BT
e tEfRE. AT RAH, RIAE E4T 2 0k 0.5¢ 10K , 46 %
TR KR IR R R e IR 3R 45 — SR AT T
BLPURRE R AR

4 & &

A SCXF 110 kV TS a8 47 TR 2 5 i 5
WESE M E T BB % 09 3 R4 5 e 1, #5147
=PRI R A S B M £, F AR
QDT

(1) AL IR E Rl TR A R EE R,
— B AR R N 3.3 Hz, HJE R 3.9% .

(2) 0.5g M= s AT, 5 T W AR i [ 1 5 H
Pias 2+ XML 2R 2.14 I BA —E W
LA .

(3) HLHTAF b8 L el A I B2 O, AR ME 7 b 7%
R AR . BB AR 0 A8 B 3 R AR A 4 2 - R
Ut 2 -2 Bl 3% FE TR AL, P S Y IR AR R AN
AT BT AR v LT A 8 55 R A

(4) HLPLE M PLERE ) (B R 0.965g, X B bR
220 0.4, 8 2 150 0 o b 7R ) B M 7 vk 0 320
PR, BT MR A TR A B F B AR O BB
HE AT BE B AR A, 45 75 2 b 78 T 2 300 BT R A (E
BT .

S E

(1] 2= s, 2/N% X2 1 REEVURNTFEMBL[T].

56

[2]

[3]

[5]

(6]

[7]

[9]

[10]

AR T, 2002, 18(4): 79-84.

L1Y Q, Li X J, Liu X H. A summary on the seismic
analysis in the electrical system [J]. World Earthquake
Engineering, 2002, 18(4): 79-84. (in Chinese)
IR, PN BRI, A5 v [ R v T A2 U e R A
AR LR [T]. h E AL T B4, 2020, 40(14)
4371-4386.

Han X C, Sun X, Chen H B, et al. The overview of de-
velopment of UHV AC transmission technology in Chi-
na[J]. Proceedings of the CSEE, 2020, 40(14) : 4371-
4386. (in Chinese)

W, IR T, 38 WA, A R IR B EE
A BT R MR TR, 2022, 38(1): 167-174.
Yang C X, Zhao X Y, Jie S Q, et al. Seismic fragility
analysis of porcelain bushing for large electrical equip-
ment [J]. World Earthquake Engineering, 2022, 38
(1): 167-174. (in Chinese)

Xie Q, Zhu R Y. Damage to electric power grid infra-
structure caused by natural disasters in China[J]. IEEE
Power and Energy Magazine, 2011, 9 (2): 28-36.
Goodno B J, Gould N C, Caldwell P, et al. Effects
of the January 2010 Haitian earthquake on selected elec-
trical equipment [J]. Earthquake Spectra, 2011, 27
(Supl): 251-276.

XA, 7 26 5, BB F . O 3 R U] H R A )
RERAUHTFE[T]. W LAl S TR R 2227 4l , 2010, 18
(#1): 200-211.

Liu R S, Zhang M J, Wu Y B. Damage and failure
study of Sichuan electric power grid in Wenchuan earth-
quake [J]. Journal of Basic Science and Engineering,
2010, 18(Supl): 200-211. (in Chinese)

XU . R R R R 3 (=) ML db st #h 52 i R
#t, 1986: 497-505.

Liu H X. Damage caused by Tangshan earthquake (2)
[M].Beijing: Seismological Press, 1986: 497-505. (in
Chinese)

FEBIL . AR I RG T (M. Jbat: Bl2A A,
2003: 421-423.

Wang X F. Modern power system analysis [M]. Bei-
jing: China Science Publishing & Media Ltd., 2003:
421-423. (in Chinese)

XV W BT, 4 66kV T aUAs DI IR P AR PR
Fetk O B AT LT ] B 5T AR IR, 2014, 30(2): 1-6.
LiuY, Dong M, Wu X Z, et al. Simulation analysis on
anti-Seismic characteristics of the 66 kV dry type hol-
low shunt reactor [J]. Power System and Clean Ener-
gy, 2014, 30(2): 1-6. (in Chinese)

TR AR K I T ANSYS 1y T 2.0 BT ER T
RIIMTLT] Iy LA S T A, 2015,36(4) - 67-71.



[11]

[13]

[14]

[16]

[17]

Wang F, Mi C L, Zhang L. Seismic analysis on AN-
SYS-based dry air core reactor[J]. Power Capacitor &.
Reactive Power Compensation, 2015, 36 (4) : 67-71.
(in Chinese)

RBE AT BT BH B 5T, 45 2800k V T2V g rL T A B
FRPERETLT]. I HAR, 2022,45(6) : 16-21, 79.
Zhu W, Ren A 'Y, Xue Z H, et al. Seismic perfor-
mance analysis of =800 kV dry-type smoothing reactor
[J]. Sichuan Electric Power Technology, 2022, 45
(6):16-21, 79. (in Chinese)

TEWHE L T 220 KV B KB -EE R RPUEN
Al A B (A UL 90 T [T ). Bl 99 TR “7 i, 2023, 43
(3): 526-534.

Wang M J, Tang T X, He J. Numerical simulation and
analysis of seismic performance of high voltage trans-
former-bushing systems[J]. Journal of Disaster Preven-
tion and Mitigation Engineering, 2023, 43 (3) : 526-
534. (in Chinese)

AL B 2, A e TR T S SR AR I TR
P BE B 5 O 58 [T, 4R 8 DR 2 4l 2013, 26(2) -
226-231.

Fan S I, Chen J Y, Li J. Experimental research on
seismic behavior of ultra-high voltage dry type smooth-
ing reactor[J]. Journal of Vibration Engineering, 2013,
26(2): 226-231. (in Chinese)

AL RS NE S MR MRS AR 5 ET
ANSY'S 43 #7 ) 3 15 H T 8% ST 2 T R o LT ). LA 4T
= 5N B, 2022,44(4) : 164-169.

1LiJY, Chen T, He J, et al. Seismic simulation shak-
ing table test research and ANSY S-based seismic analy-
sis of series reactors[J]. Earthquake Resistant Engineer-
ing and Retrofitting, 2022, 44(4): 164-169. (in Chinese)
AOB R R A 110 kV B AR RET AU
iar b= e R 2 Ao (7], A, 2016,
46(342): 262-266.

YuY Z, SuKJ, Wu G J, et al. Shake table test re-
search on seismic performance of 110kV composite ma-
terial dry type of reactor[J]. Building Structure, 2016,
46(Sup2): 262-266. (in Chinese)

Porter K A. An overview of PEER’ s performance-
based earthquake engineering methodology [C] //Pro-
ceedings of the 9th International Conference on Applica-
tions of Statistics and Probability (ICASP9) in Civil
Engineering. San Francisco, USA: [S. 1.] , 2003:
973-980.

IS, W . 22800 KV 45 Ui A8 T 4% Hb i by 511 o B
[J]. #R3h 5 ek, 2022, 41(15) : 244-251.

Li X X, Xie Q. Seismic vulnerability analysis of +800

kV converter transformer [ J]. Journal of Vibration and

[18]

[19]

[21]

[26]

[27]

Shock, 2022, 41(15) : 244-251. (in Chinese)
Shinozuka M, Dong X, Chen T C, et al. Seismic per-
formance of electric transmission network under compo-
nent failures [J]. Earthquake Engineering and Structur-
al Dynamics, 2007, 36 (2): 227-244.
Gardini G, Fregonese R, Gobbi M E, et al. Probabilis-
tic assessment of electric power grids vulnerability un-
der seismic action: a case study [J]. Structure and Infra-
structure Engineering, 2013, 9(10): 999-1018.
Paolacci F, Giannini R. Seismic reliability assessment
of a High-Voltage disconnect switch using an effective
fragility analysis [J]. Journal of Earthquake Engineer-
ing, 2009, 13 (2): 217-235.
PR, WP BT AR T RO B A o A Y
RER A LT]. TR, 2024, 41(2): 125-136.
LiJ C, Shang Q X, Luo Q Y, et al. Double logarith-
mic distribution based seismic fragility analysis of porce-
lain electrical equipment [J]. Engineering Mechanics,
2024, 41(2): 125-136. (in Chinese)
R R EFIERBREARE: Q/GDW
11391—2015[S . Jtmt: EZ i W 24 A, 2015.
A AR TR A ML b at s AR A L 2006
266-296.
Hu Y X. Earthquake engineering[ M ]. Beijing: Earth-
Pressquake, 2006 : 266-296. (in Chinese)
A GRS T N, AT SRR R I A AL Y T
% D0 4 Ml i By A0 PE 3 AT [T ] B R AR 4, 2021,
41(3): 558-567.
Wang D, Wang X W, Feng D C, et al. Seismic fragili-
ty analysis of urban road network based on Monte Carlo
simulation [ J]. Journal of Disaster Prevention and Miti-
gation Engineering, 2021, 41(3): 558-567. (in Chinese)
BRI, mAE  BRE 2, % LT IDA ik T 454
Dy 451 04 Hb 2 2y 10 S MRS R IR [T ] By R Rk T AR o
#%,2022,42(6) : 1144-1152.
Jiang ] W, Gao Q B, Chen G X, et al. Quantification
of ground motion record sets scale in the IDA method
for vulnerability analysis of underground structures[J].
Journal of Disaster Prevention and Mitigation Engineer-
ing, 2022, 42(6): 1144-1152. (in Chinese)
Porter K, Kennedy R, Bachman R. 2007. Creating fra-
gility functions for performance-based earthquake engi-
neering[ J]. Earthquake Spectra, 23 (2): 471-489.
2R AR MR AE 110 KV B B A R B B
BB T [T]. LA, 2022, 58(8): 135-141.
LiJC, LiHY, Shang Q X, et al. Study on shaking ta-
ble test of 110 kV current transformer[ J]. High Voltage
Apparatus, 2022, 58(8): 135-141. (in Chinese)

(R B8, Fk =)

57



Bt 3%

3 T A 0 2R G S A P AL L () B, BUAR L RS AN P AL L (D) B AR 7E D e i 2 A B RS B4 o DR IS Ao o 2 g 7 2 )

ALCO) PR, B N A 1D FR .

T A5 xNT A it B2 e s R A2 () BT, B 0 B IR AL2(b) T 7R A7 76 B S i O RS VRS 0 4 o i D5 %) Jon 32 2 o

mE A 2(c) iR, BRamBmE A.2(d) i,

I A xN'T 65 T8 8 2406 437 A% 2 22 B R e xINTT B AN (2, B 1AT AL 7 90 i A 7 ) ) 8528 B 42 B i s 88 B

GAHBR , e RALFE WA R 40.91 mm.

0.6 4000,
0.4
3 000}
02 g
. L
% 0.0 £ 2000
8 -02 &
1000f
0.4
0.6 10 20 30 40 30 60 0 20 30 40 30 60
7R / s BEiE /s
06 (a) RAGICTE 60 (b) a5 ie F o e
"] =]
i g
)M ~
b B
& &
00 20 30 40 50 60 o0 20 30 a0 50 60
B[] /s e (s
(c) i 5 ik (d) iS5 N iE BER A B
BIAT &N EE RS0
12r 1 000F
s00f
o g
P L
i 2 ¢
E=] =
_500 5
s 1020 30 40 30 60 B 1020 30 40 30 60
mHE) /s WHiE /s
15 (a) BEid (b) [E i AR e
2 80
40l
5 g
P E
! 0
= @
E - 4=
-40
1210 20 30 a0 50 0 0510 20 30 40 50 60
i /s Bl /s
(c) I fa (d) FE S hnE R
A2 S xNT Jin g B K R 7%
1 000F 501
0
25t
g 1000} :
= ~2000 L
= -3000 i
_25 L
~4000
b : : . . ; . - , , ) , , ,
0 10 20 30 40 50 60 0 10 20 30 40 50 60
i [E] /s Bf[E /s
(a) JEH AT (b) HEi 5
A3 A xNT B A X7 RS

58



