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Cascading failure of lifeline systems under disaster environment

ZHOU Fangming ,ZHANG Mingyuan, YUAN Yongbo

(Faculty of Infrastructure Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract; To analyze the cascading failure process of lifeline systems under disaster environment, this paper took
water supply network as an example and simulated its disaster environment by a program which was developed based
on EPANET 2.0. Nodal water pressures at different times were chosen to analyze the disasters effects on the nodal
resource supply of water supply network, and a concept of relational grade of nodal failure was proposed. Based on
gray relation analysis, the relational grade between the damaged nodes and other nodes was calculated and
compared, and then the cascading failure process of water supply network was analyzed from two aspects:
distribution and transmission of resources and network topology. Results showed that the cascading failure process of
lifeline systems under disaster environment depends on the distribution and transmission of resources and network
topology respectively, and the distribution and transmission of resources impacts the cascading failure of lifeline
physical network more than its own network characteristics.
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Plane figure of pipe network

®1 TEER
Table 1  Data of nodes
R PR/ m TR/ (L-s™h) RIEY o PR i/ m TR/ (L-s™h)

1 4.14 0 8 6.16 30.6
2 4.14 0 9 5.70 56.4
3 5.73 14.6 10 5.27 43.4
4 5.58 35.1 11 7.28 50.8
5 5.82 51.2 12 5.43 38.8
6 5.27 82.3 13 7.07 40.1
7 6.71 40.8 14 7.65 39.9
15 9.75 0
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Table 2 Data of pipes

FBmD WA AWE O KE/m H/mm CHT || HBR&ET  HTA 2T KE/m  HE/mm C T
1 2 3 320 400 100 11 13 4 480 300 100
2 3 5 650 300 100 12 4 11 260 300 100
3 3 4 330 300 100 13 12 11 330 300 100
4 4 6 590 300 100 14 11 10 610 300 100
5 6 5 350 200 100 15 10 6 300 300 100
6 5 7 550 200 100 16 10 9 310 300 100
7 7 15 270 300 100 17 9 8 330 300 100
8 7 6 660 200 100 18 8 7 380 300 100
9 2 13 220 400 100 19 3 14 250 200 100
10 13 12 360 300 100 20 14 5 240 200 100

®3 BTN EKE
Table 3 Nodal water pressure at different times
- i 22 - Iy 2]
1 2 3 4 1 2 3 4

2 50.22 44.97 40.45 35.77 9 18.23 14.87 12.88 8.49
3 38.09 31.94 26.77 21.40 10 24.44 19.20 15.25 10. 05
4" 33.95 25.42 17.89 10.26 11 36.64 29.07 22.22 14.89
5 28.27 22.92 18.69 13.90 12 35.68 28.72 22.51 15.95
6 25.26 19.71 15.45 10.18 13 36.45 30.36 25.07 19.58
7 12. 64 10.95 10.15 7.64 14 23.56 17.98 13.49 8.55
8 15.06 12.78 11.39 7.53
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Table 4 Relational grade of nodal failure

r(xg,%,)  r(ag,x3)  r(xg,xs)  r(xy,xg) r(xg,x7) r(xg,xg) r(xg,x%9) r(x4,%00) r(xg,%) r(xg,x5) r(xg,x3) r(x,,%,)

0.5851 0.6688 0.7230 0.8112 0.6165 0.6633 0.7108 0.7948 0.8012 0.7587  0.6839 0.880 9
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N N EWIEN TS < 0.900 0 ~1.000 O

At I SR A, 30 T8 9 4 o b Pl o

> /, 2 - 2 P - : ~Y [
IR HEK Eps koK, ™ B AT S U A it BEEE I 0.600 0 ~0.700 0 13.3.8.7
KA e e 1 ML AL , HEAKAE Y 9 CAESLN 0.5000 ~0.600 0 2

BUKFEREAMET 10 m, K AT 10 m (4745 20T AL S BK RE D A0S 0™ o LA R4l A b il
T4 W, B A B R MUK RE A1 0 T AT 7,89, 14 SE e RAUKRE ST, BB £ 5,6,10,11
HERPOKRRES) , S BT AL 3,12,13 JCEEIEH BOK, T 1 BEAMIK B IR A9 SEE 5 2R o

M2 24 T SRS DU, 19 R0k T AR F T = BUR R R BE R R a3 AP 38 S 4
R ARAA A ZEN , P, AR SR 28 SR NS K B A BEEAT T 20 A o K A i 4k 3R 8 19 485 w3 ) B 4 B
SRR AR E SO AR 3 XA« FLEOC R MG R (A5 DGR MME SCF R il G 81 5 2 A3 19 5
FINKAR

A 3k 22 YO P 28 HANTR] 1 i B2 9 T A T B S EATAAAEL , ] DAATHHE 3 P At R O 2R 001 A Tl e Ok
ROEWRYIRSSC RN « (1) HIEOC R TIEICR o WAL 6,11 S22 BE W] 5k 1 8,9 45745 5. (2) Mg %
FTHERICHR, W58 6,11 52 W iR T 3,13 5595, (3) PR REMBCRA B

HT L 234 n] 0, 0 BRBE T AR Ak AR 48 K GRBR AR 2800) A J2 ly TRX 24% v R 4 5 R R 4%



. 218 - A % K F ¥ R 22 %

Y AR NS R IE IR R E B9, 17 ELXT T A= Ak SEAR M 25 10 5, 98 IR A0 23 BC-5 A O 1) 55 5 R 0 1 4% R S 9 K
R R R L A T B R RS L34 T SO B A Y SRR R A R RO R
AR 2R, (ELDNBRE IR0 FE AR B2 0 A, 11 A ) 2R RO IR B A AR A

4 GR5RE

ARTCIR T —FIFFE I E I T AR Ak RGP AR RO R A R0 12, ALK R g 491, 6 HIT A B
PR AE, 10 T8 52 14 5 3 BRI AT 3l AL, R IBCYY AN [R] IR 221 89 7K e A DA 2 6 K A 191 s B it 2 1 A2
Wi FEE AR TR, FEPE T Y RO R BSOS B ORI ik, TR U T M2 P B i S
SEAGHY YT R RBORIKBE | N BEUR Y 73 TC 15 1% i 0 00 28 0 N8 AL 19 D7 T 23 BT 1 R 7K 1) e A RO 2R 35
A A, SO T4 SRR 12k R 0 S o e BT R A L, 45 IO BRI T AR AR R G A A Gk
IRAR) S R ph 1 285 v B R ) 2 - AR SR I 265 180 B B9 F N A L [T DR 1, T EL X7 A i e S 1 o 245
=, BIRAY > B A 7 1) e PR I 265 R GG AR A R A L A T A B 2RSS

ARG T AR SRR /N R 4 Az A2 A8 19 o ol 30— Al 32 9 T i ™ AR OB R AR B AR,
LA e BRI 1 A2 O IR e — A DR 2R IS AR &R O RORE IR A 2 X T2
Ak [R) 3 32 R FE IS I , T 5 25 RGP R AR 28 AN 5 X T 52 A (R MR 3 G082k B o0 A, AR SO i
FEAUR B PGB IS — 2, nDRE 24 SR i KA WA 52 2 K R 4R 2R 1 2R 408, I FHAR S
HRABAU S BTT0E BRI TR BOK IR R B GIRRR R AR SO AR T 5 R BCIR S BB L BT, %
JEAN RIS T 1 2R SO B R A JR T i 2 2 —

SE
(U] 5, 08, VRIR] Az 30T A= Ak RGTRY MR I 28 T S PRI ST [T ] F ORI 2741, 2011,20(6) :32 - 39.
CAO Zheng,LIU Mao, XU tongsheng. Research on seismic network reliability of urban lifelines system[J]. Journal of Natural Disasters,2011,20
(6) :32 —=39. (in Chinese)
(2] JUHSHT, R, R, IR A i R R GE AR TARRB IR [ 1] FARIE 2440 ,2006,15(5) :194 - 198.
YOU Jianxin, CHEN Guixiang, CHEN Qiang. Non - structural disaster prevention and reduction measures of urban lifeline systems[J]. Journal of
Natural Disasters,2006,15(5) :194 - 198. (in Chinese)
[3] Buzna L,Peters K, Helbing D. Modeling the dynamics of disaster spreading in networks [ J]. Physica A,2006,363:132 —140.
(4] 4, FEORm, AT, 4. SET YRR AL S 2 M 48 B[ ) ] iR R A4l : B ARFLA2 AR, 201,51 (10) 11252 - 1257.
XIE Feng,CHENG Sugi,CHEN Dongqing, et al. Cascade — based attack vulnerability in complex networks[ J]. J Tsinghua Univ;Sci & Tech,
2011,51(10) :1252 —1257. (in Chinese)
(5] ZERe8 W HLH. ARSI i i S [T ] LB 5 il ,2003(3) .1 -3,
LI Cuiling, XIE liyang. Review and discussion of dependent failure analysis methods[ J]. Machinery Design & Manufacture,2003(3):1 - 3. (in
Chinese)
[6] Javanbarg M B,Scawthorn C,Kiyono J ,et al. Multi — hazard reliability analysis of lifeline networks[ C] //Proceedings of the 2009 ASCE Technical
Council on Lifeline Earthquake Engineering Conference,2009 ;1 —8.
[7] Chang S. Anticipating cascading consequences of infrastructure failures in disasters cascading consequences of infrastructure failures[ C] //4th
Australasian Natural Hazards Management Conference. Wellingtond , New Zealand ,2010.
[8] Zheng J,Gao Z,Zhao X. Modeling cascading failures in congested complex networks [ J]. Physica A:Statistical Mechanics and its Applications,
2007,385(2) ;700 —706.
[9] WuZ H,Fang H J. Cascading failures of complex networks based on two — step degree[ J]. Chinese Physics Letters,2008,25(10) ;3822 —3825.
[10]  ZER,FIN , RFEE. TR KEE N Z B Z ORGSR ATT]. BRI FEFH,2005,14(5) :31 -37.
LI Zhangjun,GUO Ruiqing, WU Xuehong. Grey incidence analysis of factors affecting “snow — dust storm” disaster[ J]. Journal of Natural
Disasters ,2005,14(5) :31 —37. (iin Chinese)
[11] XBH . KRR M. 2RI P RLER 2 bt , 2002 :135 — 141,
DENG Julong. The Basis of Grey Theory[ M ]. Wuhan : Press of Huazhong University of Science & Technology,2002:135 —141. (in Chinese)
[12] sk, SALAL. 3T B AWK BE T 4R AU e WFIE [ T]. AR TR 24400 ,2002,11(4) ;24 -29.
ZHANG Fenghua, XIE Lili. Study on determination of index weights for city’ s ability in earthquake disasters reduction[ J]. Journal of Natural
Disasters,2002,11(4) :24 —=29. (in Chinese)
[13]  BRERAR), 252, b A5 ). R PR AR S T B KA UK T 43 BT L] FAR R 241 ,2004,13(3) :8 9 - 94.
CHEN Lingli, LI Jie, YE Zhiming. Hydraulic analysis of post — earthquake water supply network[ J]. Journal of Natural Disasters,2004,13(3) :
89 —94. (in Chinese)



