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Risk assessment of overhead transmission lines under multiple natural disasters
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Abstract: We evaluate the operation risk of overhead transmission lines under the combined action of multiple natural
disasters. The analysis is based on modern security risk quantification theory, fully considering the possibility of various
natural disaster risks, the degree of impact on overhead transmission lines, the severity of the hazards, the risk probability,
line failure transmission capacity loss value, and risk social impact coefficient. These are used to comprehensively
quantify the disaster operation risk of overhead lines. It establishes a risk assessment system for the operation of overhead
transmission lines under various natural disasters, and uses the improved analytic hierarchy process to calculate the risk
weights of different natural disasters, to ensure the rationality of assessment results. This method is used to complete an
operational risk assessment of a regional power grid overhead transmission line under multiple natural disasters. This
verifies the feasibility of the method. The evaluation method proposed is versatile, and the results can provide a basis for
taking targeted disaster prevention measures and improve the risk prevention capabilities of lines.

This work is supported by the National Natural Science Foundation of China (No. 51507119) and the Science and
Technology Project of State Grid Henan Electric Power Company (No. 5217H020000K).
Key words: overhead transmission line; natural disasters; risk assessment; improved analytic hierarchy process (IAHP)

0 35

FERRRRAII T SN, B R
BRI 5 v D TSR B L B ST RO
N HARIRE . AR FRIE A A g AR T
s EZ RN, FEgeit, e A 5

HEWB: BRARAFLALTRE K8 (51507119) ; BT
&4 W A S A B 8 (5217H020000K)

NARE AR E, e M. RRREKS . &=
TR FE A5 ¢ ) ok R ] L 1O 2 4 A ol 7 2 (1) I

SN T Y A LR B T Y KU R RE T, BRI AR
RERIBAT AT SENE, NATIFE 2R 2 W 2R BRI A7 AU
PR TR T ORET AR, 1997 4, EFRKH
WRBIT 58 Bl e R OE A3 HH R ) R GEE AT AU VTA 1
MES, STk, 2R s 4T XU AR S HIF 58 AT 4
RNHATTH, —XSARBERKE. SLERETH
gy P ZR B IS WL ERBEA T 7T, DA SE HERRIR TG RS &



- 66 - ® ) ERGEY DM

A AT BB, R [ B R A PR T DI R R
B, AR SR 4R A KB, 5 AR
EHL i SRR TAERSE, SOR[19]5R H T 2R
RN R B A S VPRS2 R, SCHRk
[200 45 2 = iy Fit 24 % 32 A7 RURS VA i 2 il 73 D4R
Al B FRE=AEBL ERSHKEE LA
R, SCHER[21-22]R 1 1 A LR ER i AT KU
PR, Brgs RV R S XS (T S R
JARNES B, AR XU B 2% 0 ) B AR 5
IEREAHXT S Ak, SEMR 1 PP A £ R HER A AT ] (5
SCHR[23145 H B LR B R R S 7 T R L 2R
O MR T 5 9 5 VR RGOR, (R 2R K E
IR E KESHEAT 7347 o
H AR SR I 2B S LLTIORL, Itk 1
REHEPIBTAE, BIA DEZ ALK IE 1T
W BEAT VAL, TR A DU, R L=
(e IS} I 22 e B SR O R . DLk, AR T
£ HARRE T2ty 2 BR IS AT AR PG 1 3R %
REREBEZIRAEER, SCHL T H 82 M B A
RFEILFNE T BOZE 2 i rR AR as AT WL vP A, AT
P rL R (0 RURS 4%, ORBE L R 418 AT

1 RTRABRENEENLIELSN

1.1 R &R R ENXKENX
AR 224 A6 78 S A i i, B4
AR kA gett 5 fa e E R L S &,
X — 5 I B 28 7 i 2 % A8 9 S XU 1 3R
A, B
R=f(p,h)=p-h (1)
KA R NEIR R FR LA 28 BE 520 (1) KU E ;s p
N E SRR FE i RS R B AR, h 2R
P il Rl S FE I AR
H AR K I AR = 2 B S P NE R p AT 4
T IR A Gt bk &, B
P=p P, @
AF: pr NEHAKRFERAERBE, p ARESHL
R AL I PR
UG f 52 ) DAk 7 v B B2 5 ) B PE A 45 SR
Bl GH, AT b XS faE e HIRE,
e (B) T L i s i S E 1 EAE R ho
h=Y-S €))
A Y LR EIERE SR S XY
iR - AL
e ARE)T R BN ZFh BN K FELEEER N,
2 FERIANE] B AR 9 FE R R AR IAAS R, AR X

B IE S fe FE WA, 51N E IR R E XU I ] R
PAR H AR RE R RS ALEE,  HE— AR T KU
e ES o))
Si=a;, "W, (4)

qrf: SIOVBARRE | B XS L0 R
B o NERKE | NG IR woERRE
i XS

L5 LASR, Ak 2 O IS AT KU U
WA . 2R AR AL RE DR . XU AL 5
i AE LR AR, Ht ROy

R:Zn:pi'hizzn:pi'Yi'Si ®)
i1 i-1

A ROV LR FIBATRISE; pi VARK
F i FEEBER IR hi BRI TR 2
PEAEEE; YioWEARK T | N R IL AE 8
RiE-

N T SEDUR 2B BRI RE T EAL, K pe
5 Y HISRRAE XN B AR K T R AR I 2R e A g
THRRAA Y-

y=p,-Y (6)
I zC(8) AT EEAN AR A Ay
R:Zn:pli'yi'ai'wi (7)

i=1
A pu WERKF | KAEFIME; yi AERKE |
RIS SRR SR RL RE IR o A T M E SR
IF I KU R 8 wi B8 T A E SRR B AU
E .

Rl R EMBETEHE, 2R (BMiEir2e
JARSEAE BRI E ), 4 VP A5 45 31 14 [F) 35 22 [0 4 L 2k R 2
HIBAT 73 6 NEG, KNI ZEE s AT XSHE
(RAE)INE 1 fror.

1 FELSERBELEESEITRGEER

Table 1 Comprehensive operation risk level of multiple

transmission lines in the same tower

JR 252 SRS S i IHH

12 A LiPNIEN R=1 000

1 2R EWNIPN 300<<R<<1 000
1 2 AU B E AR 60<R<300
IV 2% X BRHIR 20<<R<<60
V AR — AR 5<R<20
VI A BN R<5

1.2 BREHBLRREBRITXIT M AR

R 40 B 2 f H 2R 6 IR 58 S, AR SRR HH ) 2 o
H AR FE T A i 2R B AT KU A Rk &=, W&
1 Fh7me



2 HIRRKE T AR R AR B IE AT TG - 67 -

R, 2%

[ e =0 \
| FIR A P \
| lff;g e HHE |
|

|

b |
| & R B \
| 1 ] \
o == @ __________
|- = ]
| Joil | | sl | | SR . o
| W P > o JRUBGH 30 || PR BT ‘
| L_T_J l L_T_J \
Iﬁ \
i o LA A2

:Q rRE Tk R

o [ [ [ |
| B v |
| AR R G \
| Rt \
[ R B \
(T T T \
| ) 4 JRUR: ‘
|& il |
|

W

| i —Y \
| B R ‘
| A |
e —

B 1 ZMBEARE TRTMBELRSITREITHER
Fig. 1 Risk assessment system of overhead transmission
lines under multiple natural disasters

1.3 M ErEREEN

WA 1.1 4550(3), Oy 1 AR AL KU fa 3 1™
HAERE, TEIET AR B AR O KR B
T R A7 AT 43K A B 2 R A PR A I BE TR ALY B
Y, SRS (At 250w R AL S, 19 3Bk e
18 R SE T AL h.

BTG R 2R B R R E kA
HOBE IR, RIS RIS IR0 2 A8 o T R AR
FHEAT IS HEAT AL, THEE0 AT RE R £k i 5 SR A4S
(), PTG 3 XU S B X F Y B R 2R o R
B Ik RE 1 5L BRI AT 40 R LRI EL, B
R 2.

FREEZM AR K FLRGEMNE, ARBEA
RFERBRAS WA, AR RS BB i
AL MG T SRR AN, SR B R KE X
Br B EE 5 X 39 2R P A P R iR I — E ARk
P RS A 2 R, @) PR,

T ERRFR RS AR, Gt ARBR
RFERERI, F DUl vH 45 R B AR R

R 5 A I R A A g BT AL ) OR BB PR 30, 1538 5 4R
RF NI R E, Wk 3.
R 2 RrMELBEHIERIE R IINAFER
Table 2 Transmission capacity loss grade of overhead
transmission line fault
£ BRI B VIR R AR A

1 3L DX R 2R A B A5 2k g 309% LA L 3000 L |
2 X FEL A 2K A7 4T 10%~30% 500~3 000
3 i [X R P45 2K A7 47 7%~10% 100~500
4 i [X R P45 2K AT 4%~7% 30~100
5 X FEL PR AR K A7 AT 4% B B 0~30

< 3 ETHBLEBEARRENGITERY
Table 3 Overhead transmission line natural disaster
risk period coefficient

374 W 5 A BT AR e 3 Jingic]
1 R AR AL A 2.0
2 — AR 1.6
3 AR 14
4 AREIRI S AR AL F 1.2
5 — B S LR 1.0

H AR K FE RSB & — N R B LB /50, &k
et ¢ B s AR B, o T PR HR N
T E W RE SR R AR A, AR TSt
BHFH RS R, ST RA EEEm. N
TS R EINA . B0, PR AR
BELPE X PRl 25 SR R2 e, SCER A Sost E IR i
(LAHP)R A 5 A 7] F A8 9 5 0 20 23 28 B 12 AT AU 1Y
SRR EE

2 ETUEBRRSINENKERETE

JER Iy Ml o3 M 2 2% 1) A (R PR R
FARRRKAR, R RNFT T IR, FHZIX T
RIONERRDSADZ, B E MR =1L
DTG F R B S AR ] B2, R Ry
RE AR S e ch N B Ui N | St G N A 2 8 $2
SEREL DI AT T — Rk 2 R TR,
B JZ R Wi i SR FIWTRE R SE O Edfy, o RR ot
Tk, Hoaotra REAGH,

2.1 RENENERREIER

HEAE AR R R AL, R YR A R
FRIBEAN BRI RS TIRK TBRE R IR
TRPREE IR . SRR SR AR R S5 TR 90 O H o
F-ENE-HRE=REH .

R 2 2 H P 2 B D AT IR, A A e TR T [
=, R ERUCE RS BCE R R 7> &l 2 s
JEIRE5HE o



-68 - ® ) ERGEY DM

HAzfz L i L B T T AT A
HEN 2 R ) e L e i e L
PEE |l || GRS | | kIR | | Mg el ‘ FUl

2 REBLREAREXNKENER RGN
Fig. 2 Hierarchical structure of natural disaster risk weights
for overhead transmission lines
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Table 4 Trips of overhead transmission lines in 5 years
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Table 5 Severity of overhead transmission line failures

under various natural disasters
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