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Fig. 1 The GERT network of evolution of medical
facility disruptions in Dujiangyan at time ¢,
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Fig. 2 The GERT network of evolution of barrier

lakes and its secondary or derivative disasters in
Beichuan at time ¢,
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Fig. 3 The GERT network of evolution of medical
facility disruptions in Dujiangyan at time ¢,
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Table 1 Activity parameters of the GERT network
w3l R 1% (35) 3 A ZEH ZH/d BUOR B (51) S A ZEH ZH/d
(0,1) 0.1 HE 0.05 H A [0,1]
(1,2) 0.67 EA (1.8,0.3) 0.5 EA (1.25,0.24)
(1,3) 0.67 EA (1.2,0.2) 0.2 EA (1,0.15)
(0,4) 0.192 5] [00.5] 0.192 5] [00.5]
(0,5) 0.168 5] [00.5] 0. 168 5] [00.5]
(0,6) 0.176 5] [00.5] 0.176 5] [00.5]
(0,7) 0.264 R 0 0.414 W 0
(2,8) 0.1 EA (1.9,0.12) 0.05 EA (1.5,0.1)
(2,9) 0.8 IEZ (9.52,6.25) 0. 85 IEZ (8.10,5.75)
(2,10) 0.1 WL 0 0.1 WA 0
(3,8) 0.1 IEZ (1.5,0.15) 0.05 IEZ (1.2,0.12)
(3,9) 0.8 IEZ (9.52,6.25) 0. 85 IEZ (8.62,5.52)
(3,10) 0.1 HEL 0 0.1 WA 0
(4,8) 1 HEL 21 1 WA 21
(5,8) 0.8 A 21 0.8 R 21
(5,9) 0.2 R 21 0.2 R 21
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Lik(F1)
w3l R 18 (55) e ZH/d R T 8 (5) S A2 ZH/d
(5,10) 0 W 0 0 WA 0
(6,8) 0.5 A 21 0.5 B (13.62,7.36)
(6,9) 0.3 W 21 0.3 A (15.73,8.21)
(6,10) 0.2 T 0 0.2 W 0
(7,10) 1 WL 0 1 WL 0
(0,11) 0.1 ¥15 [0.5,3] 0.05 ¥15 [0.5,1.5]
(11,8) 0.2 EA (2.5,0.2) 0.1 EA (1.5,0.15)
(11,9) 0.5 IEZ (5,0.4) 0.5 IEZ (4,0.3)
(11,10) 0.3 T 0 0.4 WA 0
(11,12) 0.5 ¥15 [0.1,1.5] 0.33 ¥15 [0.1,0.8]
(12,13) 0.3 ¥15] [0.1,2] 0.1 ¥15 [0.1,1]
(13,8) 0.1 ER (12,7.4) 0.1 EA (10,6.3)
(13,9) 0.2 ER (7,0.9) 0.1 EA (6,0.5)
(13,10) 0.7 WL 0 0.8 WA 0
(13,16) 0.33 W5y [12,21] 0.1 5] [12,21]
(16,13) 0.33 Wiy [12,40] 0.1 5] [12,30]
(14,13) 1 ¥5) [0,3] 1 15 [0,3]
(0,15) 0.1 EA (7.2,0.52) 0.05 EA (5.3,0.46)
(15,13) 0.3 EA (7.2,0.52) 0.1 EA (5.3,0.46)
(8,18) 0.4 EA (12.3,8.4) 0.2 EA (4.75,0.57)
(9,18) 0.2 EA (8.6,5.7) 0.1 EA (3.25,0.42)
(10,18) 0.1 EA (3.1,0.4) 0.05 EA (2.3,0.36)

#2 GERT FEHMGEHMHEEL R
Table 2 Deduction results of the GERT random network

— BRI (59) B T B ()

N HWEZR/ % A a]/d Fr#E/d W2/ % A E]/d FrE/d
(0,8) 40. 10 19.884 1 27.743 4 37.00 19.368 3 15.821 8
(0,9) 24.29 13.8229 49.359 1 13.10 13.573 7 37.677 6
(0,10) 34.05 1.896 0 52.807 4 44. 07 0.180 1 1.3458
(0,18) 28.31 23.339 7 167.585 0 13. 16 16.441 1 103.058 9

SEIFRI, BT D) AE 58 4 vh T A AR L AR
KBRS IGO0 T 253000 37%
40.10% ) . BEJ7 Rt 8 56 4 R0E % 1% 55
A 44.07% (BUK 1) 5 34.05% (BUR )
JE5S) . PRI, FEASK 20 d 2247 Rt Ta] P, A Ml 22 B
TIREMELL ¢ 4 R HE I RE , I R FH 45 Fh o7 208 3 51 3%
KX HE3Z S HIRTT .

4 HRiE

R T 72 I 5% RS A B Hh W I 2 B

) GERT BEHLIOZEAIAL I LA M= Ay HE 5 X
S HEE TR P B T i ) i v W 1 38 AR
BTN T BT it T g v U Y AR R | R S (] R
HoJ7 2236 8, PR SR 25 P AR A0 4 Vi 45 SR SR IR 1 %
P 118 g X i

ARICHGHE GERT A28 ]y B R R 4%, T —
AW R DA% A SR AR Z MRS G R i
SEANTE RSO S T B GERT W 2% #5508 | o Jin B
2 R M HE T R G0 A R AR AT DUAR AR
U 25 S 2% R Tt v BT R AR 6T R 2 T
AT AT SEALAL .



106

ERIWAFFROEABHFR)

%37 %

5% 3Lk ( References)
(1] R, 2535, XV ST RHL p- b i B %

(2]

(3]

[4]

(5]

(6]

(7]

(8]

(9]

[10]

LV A5 6 it 85 P Rl — PR AAASE AU [ ] ] oy [ R 2
2018, 26(10) :52—63

ZHOU Y F,LI Z, LIU S F. Location-inventory Model of
National Strategic Blood Reserves Based on P-Robust
Stochastic Optimization Method [ J ]. Chinese Journal of
Management Sciences, 2018, 26 (10 ): 52—63 ( in
Chinese)

REINA D G, CAMP T, MUNJAL A, et al. Evolutionary
Deployment and Local Search-Based Movements of Oth
Responders in Disaster Scenarios[ J]. Future Generation
Computer Systems,2018, 88 . 61—78

SHEN Z J M, ZHAN R L, ZHANG J. The Reliable
Facility Location Problem: Formulations, Heuristics, and
Approximation Algorithms [ J ]. INFORMS Journal on
Computing,2011,23(3) .470—482

CUI T, OUYANG Y, SHEN Z J M. Reliable Facility
Location Design under the Risk of Disruptions [ J].
Operations Research, 2010, 58 (4-part—1) : 998—1011
LI Q, ZENG B, SAVACHKIN A. Reliable Facility
Location Design under Disruptions [ J].
Operations Research, 2013, 40(4) : 901—909

LU M, RAN L, SHEN Z J M. Reliable Facility Location

Computers &

Design under Uncertain Correlated Disruptions [ J ].
Manufacturing & Service Operations Management, 2015,
17(4) .445—455

AN 'Y, ZENG B, ZHANG Y, et al. Reliable P-Median Facility
Location Problem: Two-Stage Robust Models and Algorithms
[J]. Transportation Research Part B:Methodological ,2014,64 .
472

SANTIVANEZ J A, CARLO H J. Reliable Capacitated
Facility Location Problem with Service Levels[ J]. EURO
Journal on Transportation and Logistics, 2018, 7 (4):
315—341

POUDEL S, MARUFUZZAMAN M, QUDDUS M, et al.
Designing a Reliable and Congested Multi-modal Facility
Location Problem for Biofuel Supply Chain Network[ J].
Energies ,2018,11(7) :1682

ek, ZEHORE, JAMRIGE SR, 5D IR S B Y
SWTRE AR P R[], b R e R AR,
2018,28(3) : 90—95

LI Z, LI Z X, ZHOU Y F, et al. A LIP Model
Considering Disruption Scenarios and Fortification for
Relief Supplies Reserve Bases[J]. China Safety Science
Journal, 2018, 28(3) : 90—95(in Chinese)

[11]

[13]

[17]

JEl e | CHAHAL AR A Al A R TS P-
T OLEEREAAL )] A FEITIE ,2015,27(5) :198—208
ZHOU Y F, MA Z J, WANG K M. A Reliability P-
Median Location Model for Relief Supplies Reserve Bases
[J]. Management Review,2015,27(5): 198—208 (in
Chinese )

PENG P,SNYDER L V,LIM A, et al. Reliable Logistics
Networks Design with  Facility ~Disruptions [ J ].
Transportation Research Part B: Methodological ,2011,45
(8):1190—1211

Ay, BB, aCUME. AR R R K E S T
PG A A e A [T ] e 53058 TR, 2014,
21(6) :166—170

LI')] X,XIA D Y, WU X P. Analysis of the Evolution
Mechanism and Evolution Path of Unconventional Emergency
Disaster Accidents[ J]. Safety and Environmental Engineering,
2014,21(6) :166—170(in Chinese)

B0, FEARIE, Y3, BT Swarm HYUREK R F AL
BEUBEFE[T]. B HRA1,2002,5(6) : 39—46
WEIL' Y M, ZHANG L P, FAN Y. Swarm Based Study on
Complexity in Flood Disaster [ J]. Journal of Management
Sciences in China,2002,5(6) :39—46(in Chinese)
T, TR, FRWelf. TRV Petri [ YRE )5 IR
R FEFE RIS 1], B2 5% ,2014,23(4) .
264—273

LLY J, WANG X Q, QIAO X J. Modeling Evolution of
Seismic Secondary Disasters with Stochastic Petri Nets
[1].
2014, 23(4) :264—273 (in Chinese)

PR X, SK¥ETE. HEG OCE KU A9 JE RO BT
FELI]. ASRKEFIR, 2013,22 (2) : 44—50

XUE Y, LIU Y L, ZHANG T T. Research on Formation
Mechanism of Coupled Disaster Risk [ J]. Journal of
Natural Disasters,2013,22 (2) : 44—50(in Chinese)
JEl e, CHAHAE. T R A R R E AL S
GERT MZBERI[J]. FARICH 54k, 2013,22(3)
68—75

ZHOU Y F, MA Z ]. Scenario Inference-based Dynamic
GERT Network Model for Evolution of Earthquake
Disasters [ J ]. Journal of Natural Disasters, 2013, 22
(3): 68—75(in Chinese)

WHAR, DA%, TTHLER AR 9CE AL M
PTEAFF[T]. AR K FE =, 2012, 21 (3):
155—163

XIE Z L, MA Z J. Analysis and Simulation of Evolution

Operations Research and Management Science,

Mechanism of Urban Seismic Secondary Disasters [ ] ].



%58 JEL IR % L TR JB K B S K M P T R AE AR TR A 107
Journal of Natural Disasters,2012,21(3) :155—163 (in [21] ZRFH], R T okok. —Fh T —2ESTiE A shPLag %
Chinese) HIE R (1], 12 % 54 1, 2015, 24 (3)

[19] ELAHZE 35 [ . 55T DU 7 19 28 A 30T b 7 U A= K 158—164
EEAHLHE N[ T]. KE,2012,27(4) :1—5+24 RONG L L, ZHOU P H, ZHANG R. A Consequence
MA 7 J, XIE Z L. Evolution Mechanism of Earthquake- Deduction Model of Emergency Based on One-
Induced Urban Disasters Based on Bayesian Networks Dimensional Cellular Automata [ J]. Operations Research
[J]. Journal of Catastrophology, 2012, 27(4) :1—5+24 and Management Science, 2015,24 (3).158—164 (in
(in Chinese) Chinese)

[20] BRse, ot ARMS. e TR iy R M ke i1 [22] fef, AR, W0, 55 NaTech {4 it w32 K

SRR R[], A B R, 2017, 25 (1)
129—138

CHEN X L, LU D, DAI P. Hierarchical Scenario Model
of Unconventional Emergency Based on Granular
Computing[ J]. Chinese Journal of Management Sciences,

2017,25(1) :129—138(in Chinese)

VRN R 2 B [ 0] P A Tl R~ 24 (H AR B
M) ,2019,41(5) :561—569

HUA M, JIANG D, PAN X H, et al. Risk Analysis of
Domino Effect of Leakage in NaTech Events[ J]. Journal
of Nanjing Tech University ( Natural Science Edition)
2019, 41(5) :561—569 (in Chinese )

An Extrapolation Model of Disruption Characteristics of
Critical Relief Facilities Post-earthquake

ZHOU Yu-feng

( Chongqing Engineering Technology Research Center for Information Management in Development, Chongqing

Technology and Business University, Chongging 400067, China)

Abstract:In order to predict the operation status of critical relief facilities (CRFs) post-earthquake, and

provide decision-making references for emergency relief, the quantitative deduction problem of disruption

characteristics of CRFs was studied based on the modeling of earthquake disaster evolution mechanism. The GERT

method was used to formulate the evolution model of CRFs post-earthquake. A numerical method for GERT random

network was proposed. By adding the latest information step by step, the activity scenarios and parameters of GERT

random network were modified to optimize the deduction results. Finally, a simulation study is carried out for

regional medical facilities in disaster area of Dujiangyan in Wenchuan earthquake. The probability, duration and

variance of disruptions of medical facilities were predicted. The targeted response measures can be taken based on

the deduction results. It can also be used to optimize the decision of the emergency logistics network planning

according to disruption parameters of CRFs.

Key words : GERT; facility disruption; earthquake disaster; facility failure; scenario inference
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