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Research on the vulnerability assessment model of water supply
systems based on catastrophe theory

NIU Zhi-guang, JIANG Wei, LU Ren-qiang, ZHANG Hong-wei

(School of Environmental Science and Engineering, Tianjin University, 300072 Tianjin, China)

Abstract; According to the catastrophe characteristics of the water supply systems when it damaged by emer-
gency, a new vulnerability assessment model was proposed based on catastrophe theory. Taking the earthquake
disaster as an example, firstly, according to the damage mechanism of water supply systems under earthquake
and the historical earthquake data, the vulnerability assessment indicators was established. Secondly, accord-
ing to the relationship among the control factors of water supply systems’ functions, the status function and
control variables were determined. Thirdly, the cusp catastrophe mathematical model was established, and the
normalized formula was derived and the vulnerability classification standard was determined. Then, based on
the research results above, the new vulnerability assessment model of water supply systems was proposed. At
last, the water supply system of north china was taking as a case study. Through application we could found
that the model was theoretical and practical feasibility. It could be used to supply the decision support for the
design of water supply systems.

Key words: catastrophe theory; water supply systems; earthquake; vulnerability ; assessment model

WHROK RS R — LR MRS RE 591 3 AR, Bk 2 50 i g (4% 322
%P E BN REEN . ARKEFEFZRE HEEKE RG] W E R R AERE A TG
b, AR LR R 5 R AT T K KU B s iy R (K T AT L A S A S R i
KN B AR e ERERRSGA G KRGEMINESS AR, 252 HE AR . 5

—J7 T8, BC/K FR G0 M 55 1 e AR R 1 B 2 AR

WA A : 2011 - 11 -20. I, B Trhes (& BAREZ R EEN, irk
ESTE: M5 FARIEIE G I H (51008207)  FHEMMIR B L (1 [ 45 G i A IR 9 R 7 L LI, L it /K 22
ooy TR sy g S X RS UMM DA K R 2

TEER A b (1977—) 5 1 B Ha 55PN 7 RS, 28 B TR S s A
I : FES, n2g@ tju. edu. en, DIWLERPERTSE 2 (U  FK RGN 55




- 136 - MoK R

T

A

K % % i o544 %

AR ER R IE SRR R 2 2 A e A
PAE , LK ARG S 2R ML A5k S ML B R AT 52 A
IRGE G SE PR BRAYT 2. 0 G, AR MR R A
K ZR G I BE R AL (19 SR AL, 4545 LATE R R
FEIEAM , H S T AT R BB R IC K R G 55
ZRE PP RO,

1 RAEESELR

TEAL 2 sl FARBLG b, AHRR A9 A 2R KAl
T2 X b A AR A A R B R AR | TR AR
(L AR REAL AT L. DA S0tk b Al 1 2 1 R AL
1 LB Rene Thom FETFhh# Z5HF
FETESERC R T R 2L BHE. Rene Thom jiE
W, H ARG AR b v, A Z T 4 RS
o UM 2 I R A T R EARIE
R RASFISAERT IS Pl B —RE B R
ILEN 7 — R E A, B e B R GRS AT LAA]
—HBBERAE, S R G T R — R A, X RLX
— e A 14 R RS I — A AR AEL, T 24 2 A —
TEVEEAE M, H R B IR AER T 1 A X R GE AR
WEFAFES. HRGEMN—MEESHEATAA
TR A, SR U N A E AT i R AR E
SHA—FHRES, REMRS X —bE
[ A R SR AR G A8 PRI Y 32 B0 St 3l i 3o 1
T WA LA A IR 1) 3 AT R S BERS R AL 1oL
FERMRE. TR, RAZ B fE Y B by oAt 2ot

AR R T R
2 HTREBANWARANH M

Zaitimeil
2.1 EKRZEHEFBEITOIEIRE R

AR b e 55 1 9 R SCRT R, BE K AR G R g
STESR B (V) iy S BURAE (V) R K RE
(Vo) PP fabn It [ P, S m Bt th ek
RGN A S AR RIE DR E , 2 52 05— E B
) AR RE I, T P 7K 2R G 0z K fiE ) Rk
[IoA PR B BC /K 2R GEAE R BUBME R Ak 2 4
TR ARG, B e AR S T 0 7 X6 Jal s £ st
1 I RE B

AR P Bt 52 B B X 3% PR A X 2008
RS 127 RER S RE B R R A AT R
FLK R RILRR AE ) T B A AR B R HTT
VR ST TE XY L HERR S 5 MR YE,
1, AR SCNIE LA T 1T X E 7K 28 48 18 i 14 752 e
A G A BEURPE HEAT PEAY. T -5 BE K R G Y
AR BETTMN T W T1 W 355 3 J5 e it AT oF
IS FIX LA P R H 5 HE K 28 S8 B 72 30 1)
LU AR FEORHK , 8 RO K AR GE 8 3T 1
SRS RIS T B R U K % i R A
SO PRI, IE 7K 28 GE0K A 1 (R D g i i
(] AUBRE , S A T BE K AR GENE 55 PR PE A 5 A A
F(IFE1.2).

®1 BKRFERFETHIERERL

HHA PUERES) PURAEE B 4%2/mm Hik/a R S i
A% [ 0.8 W HRBHYLE =1000 <10 i AP
B % Hr g 0.6 UPVC 4 PE4 500 ~1 000 10 ~20 g Hu i Ik i
C% i 0.4 IR YA 250 ~ 500 20 ~30 R Bt
VEN] RAK 0.2 kI <250 >40 L/ Z BHIX
®2 EKRAMRBUEOMIEIRER 2 FRARGAE BG4 T K RGR S AL
SEKH HIUBR BURMED BURER PN N WIDE AT 4 O]
A% FAEHE & 0.8 F(V) =V + V.V +V,V. (1)
B % R 1 1 0.4 P, oK RGERIIEK D REARZS al LU 3 4

2.2 BRKRGEHEZENEFERRRRERY

AR5 57 FE a] 1, Bl oK 2R GEAN 1 S i 1Y)
AR PR w, RO E , TSRS AL
x; JoR AR SO RO K 2 G0 1 B AR e s P45 K vV AR
DRSS, o A B4 BV, B E T 45
BV VRN BOR R GEM P A . AR D sL B
Frol 0, iR REEMEssTEF =k V, e, TV, 1Y
SRR, IR K VAR T A w, , Vo AE N
KA AL B w,.

25 IR IARS (V, V., V) 3ok, it V.V, R
FUEL, AT RN O K R G K DI RE AR s R A2
e
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BB ] ER/m LB/ %
1980—1990 4 5300 4.4
1990—2000 4 57 650 48.1
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FR HE/m Lt/ %
1000 6 150 5.1
800 20 350 17.0
700 6 050 5.1
600 31770 26.5
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300 8 580 7.2
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