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Abstract: A novel water distribution network ( WDN)
analysis model, segment-valve diagram with flow directions
(SV-FD), is proposed to elaborate the reliability of WDNSs in
case of accident. By transforming a WDN valve topology
model into a directed graph and marking directions of water
flowing through valves with directed edges, this model can
more accurately determine the valves to be closed when a pipe
burst occurs, and is conducive to obtaining the really complete
outage area. This paper takes advantage of SV-FD to evaluate
topological reliability of WDNs, and designs 5 new evaluation
indicators oriented to accident impact, isolation difficulty and
emergency disposal time. Reliability analysis of WDNs in 3
Chinese cities is conducted with these indicators, which shows
that compared with the traditional classic indicators based on
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the segment-valve diagram, the improved indicators can
reflect the actual impact and disposing difficulty of pipe
network accidents more accurately and clearly.
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network analysis; valves; segment-valve diagram; pipe

failures; reliability evaluation

BEAKAE IR T BRI, F KR B B K
FFER TTER OKZE R K04 R, UG E
KR A7 1w P K T Rk K A I BT R R K
B WTERLRE 1 25 14T AR RE 1 B[R] A PR B ORI R
JB 58 AR K T RE BB 7. BT S84 2 PR E K 8 o 44
REME BRI, ) I I T W LA AR .

BRI M 43 K T BT SRR R R R T SR D
K 7R SR R K A 7 R B 8] B P il 2 P
VLA ) 75 SR AT RB S KO AT M — R
o PR RIR T 3@ K A AL SR PR K 7R SR
T R FREE. PR MR SR MR A B K W R Ge i 2
F 2t 55 K YR e IR] A0 32 0 P T RE .

FRFN AT SR TR — A P AR AT T D
FrFNEE MR 5317 A R A ) ) 32 5 1k S A K R
SBIBUK AL H B A M. Wager 555 12 FI A 354 FiE
AP VEM ALK E R G AT S, Pk 248
FEATRT JREBEDEE KR ST ReYE, &
PSR TR T RUER R D — A K IR T SR T RE
P, /NS BT ) AT A - AR FME AR AR
LR, i P J5c /NI 2 1 X 48 IO 246 oy A7 XU PRt
Yazdani 551 ST 2% 0 45 1 A B, 4R S T B Bt I A
1B ARBGE B RSB 3 485 T IR K
M. BRI B REINM T BE MR A F
i B T O P A IR ] 5 R e DX, P DA B AR K A
Wi 1 BE. Walski™'™) $2 i 8850 - & '] /&l (segment-
valve diagram, SV)#HY, iz A 18 5 8 3R 43 M 1R 1)

F—1EE: B 30969, B, H#, TH#E A+, FE R R N HIEE B R 5 K I M. E-mail: zengwen@cug. edu. cn



L #®

3C, 5 < I R O 1 0D ML A (K A8 I T S 223

BB TS B 7 Y AT SRR oK.

A SCR R N AT SRR AT A A B T IR ) AR
Y, $2 ) — i B ARk K O AR B —— % S U 1) Y B
JG - & '] B (segment-valve diagram with flow
directions, SV-FD) M #4 , Z| il 18 ] X AS [6) 77 7] 7K R
FIBELITE i SR U5 2 T AR B BT K A8 IO B b
R Fa AT VPR R AR, RN T 3 AT A it
JKAE W, B E BT HE A .

1 SV B2 5 & HiT6

BRI W AT SR R R R, KA
5 8 B R B Y R AL B, LT R
T S A B R 5 O AT T IR 11 R T R
157K X8R, Walskit™ 5 Hi A% 5 B8 o A 19 a3 1
(node-edge graph, NE &) M A ik & £ FH B 7 2
KA, X TR S A & —E i R BR 1,
IEHR Y — 0BT B 1 1T 40 $b (valve topology) P 44 45
), BB G- 1’ 1] & (segment - valve diagram, SV)
B

SV A L 5% Wi BT (segment) [ R A Al
W GV, E) ARIEANHKE W R 461 -0
E(NE) B8, W& G i S WT B T2 0 2 A0 F 45401
WA FE . FEHEERN T RZEZDEE
—ZRANLLIRT] R AR SR B AR, A K A8 I i
JC-IITE G (VL ED R LIE G 438 W 8ot
0L DASRWT B 0 0 5700 1 11 R s 4 ) SR iR T G
A PRk . Jun S50 {88 Y - B S B R e D
I"JFft J& 57 B %E % (node- arc incidence and valve
location matrices)3Rfi# segment-valve [&. § 3 &E04
G THET GIS W5 - B BAR R SV A,
DL BeE i 2 B AT R IR R R,

YER B, B 1a 45— EEKE R -3
AL, ZE R AL A A 7 AR WT TR SV
K, i 1b frzs. 5 NE B, SV EE I, f8
ST AT b A IR R 1 A R g ST .

Walski ¥ SV [EI/E R % B AT SE 40 Mg T A,
I 5C T B T30 SR Ak R 1] g ~F- 349 ik A SC DB B 5T A
BB YR AR I RAEE M AT SEPE A HE 45, Jun
AR — ROV FE R VRN T S, o
B HEbr AT HER AN F

(D) KWEIC B KB Ls A

Ls = Lt/Ns
A Ns R R W 8o 880 Le A MR B BB K.

NKIE o< ]
a NE A

oI —Hil

b SV EIfiHE
B1 Fa-EaEREI N ST E R
Fig.1 Node-edge graph and its corresponding segment-

valve diagram
#RWERIT : WEB SRR Ls: s W

Ng
Ly = ZLSi

(2) W TET I B Ps 4

Ps = ESPSZ'/NS
A Ps o5 ¢ AR ITAL & B0 BRL
) RITHX FERKEE(RAREERG
HHRITEBO Ve
Vo = Nv/Lr
AP Ny 8 R H iR ]S4
4 FRITARXT T8 B B (i Bl S i 1)
BOVeH
Vs = Nv/Np
XP:Ne AEBR B
(5) RITHITTF-HIFITE Ve

Vi = ZS)VBZ'/NS

A Vi 5 ¢ AR ATTI A 5114

SR BT AL FH SR SR AE % 4 36 L ) 452 K Y L
PR R 3 78 2 BOR e B R 5 1R 174 AR SR il =
AT I A BE 7 , 28 BRI, AR A 2 2 PR 78 J T 3
Fl 5 8 BL BT 0 57 IR T 50 5 0 2 4 1 i 1] 2 D) A
RS IRAEBUIN , S HGBUE 5y 78 4 N 1] R A B .

RER EREHIFMAEHR, Jun FFEREE] SV
PR T AT SE M A T3 R I « R AR R B S BT B T
IR R EK X, TS M d R



224 [/ B K 2 2 RCH AR B B

L RVE

k5 7K U 4 R S T 45 K 88 R S T BT B B P R
Rt B 1) B SR PR I AT S IR S R, DL
1b i) s K URFE R WT BTG wn P 5 RBTEATT ws Y
HBURE W us 1w, BRRALF R, 242K, i
B BntE s RFERA LRI Vs M Ve, TliF
W7V, M Vs FFARTERMA. BRBE S TUWHEN
FER HRBU T AT BB & AR K LR 1) (H R I E BUK &
HBEAR, g e R e &K% £ Frs— Bt
VB o JIT DA — AN T B2 SR P T ViR 1.

AL, SV B BA % JRK IR -5 A KW BT i
IR K WA T A AR IR 1 45 [ XA » X 1B
I TBEL BT S /K A F A i R R 5 40 B, SO 25 F SV Y
AISEPEPEM R A A .

2 SV-FD =&

R ORGSR AR W 1D X5 K e S o BEL BTV R 4
PSR E O B W JL S, A SCHE SV A
b BRI B — B B AR B ——% TR ) P BT - TR
[T (segment-valve diagram with flow directions,
SV-FD)#ARL. SV-FD AR ZHT SV E UG HIA 1]
K, 55 SV B EAMFE T JEE, B RAR
—AN R B IT , H 4 B K IR G BT B TR & T T AR
0, R AKIE S TT. SV-FD MR E S ML BT
J}?ﬂﬂﬁﬁﬁiﬁlﬁ Uu; ﬁ] uj Iﬁlﬁ?’fﬁrﬁliﬂ<uz 9uj>9 gl
BAYE :© w Mu; BIAAILBET V@ JFG SV E
HAEE MK IR TT A R B TT w, KIRITT] Ve B3kR
W BT w; » I HR LA w; S ]S 5 B S A2

it LA EREAR T, SV BN E RGBT w
Mu; IRV, 7 SV-FD A 1 %488 2 &A R3S
HOXF L. SR 1) 3w s w; >FEHE, G RWT AT o
WA AESRE I, IR Ve AR AR E N s 3w, BIZKIR
R T BHIEARHEN w; T E R Ve it R, 40
RAE B < w > WTE w P HBURE N, T
BRI Vi ABHIE K WHEA w;. IXHE, SV EH—
ANBITIET BT BB ZK I 18] B, 72 SV-FD g As
1A EAEE 2 KRR . AT e AR
mAEAE 1A R RELES R E J7 15 7K G i I 1T, R Ry B
I 7.

¥t SV & G #:4kk SV-FD i G it B I -

(D) % SV B G H43 & /K I S I B TAR 1 A
IKIBBATT W T 3 Ak A W 2% 07 ) 4 PR T B
A G.

(2) 3Kff SV HyaFMEN S, 2R 5 £ 2 A4 F

R a, KIS I BRF ASUE T B & i i, A
S ¢ A KR, W ¢ tha35 54810 o BFTA IREL
ERFAFTRET M A Gr H BRI A 1) 3.

(3) M Gy FH BRI (2O MBR T A 76 58
Alail, Bi7838] SV-FD #% G,

Bl 2 2FEE 1 R SV B A FIE R SV-FD
PR, Ho IR T 8 w Rn/KIRETT. AT LIE
FRLh SV B4 hA mE SV-FD J5, 25008 7148
YR F ISR 18] 321 CRP A~ B 1) 1 1)) » R I IR 1)
7E G i P9 O W7 B T & AR R I, R B O W LA L M
K. AR BT, W Vs, AR F—4&HF i
ug sy > (Bl—AB ] 1] R85 <oy us >
EEBMBR. 2w HRAEBRER KR H w £ us
B3R we s HA KA Vs AREFHIEKI. B us &
AR, R BRI LL ws ARSI, B Vs,
Vi Ve, T IEAKTM ws T ws I AR TG E R
BT Vs, # ERTE A 3 AN R1TFR A W7 T
us PSRRI,

& 2 SV-FD #&& %]
Fig.2 A sample of SV-FD model

AALUNIE » 5 3 B 1) 51 <us s > 0] PR,
52 K DX B . B ws B ws BRR us KN
PRI SEPR S K X 8. B] 0L, A4 F SV BRLAY, SV-
FD 8% 50k 20 3 20 1 18 1 %% 7K i A BEL Lk 1 5 3k b
TR SR AR TR LA R A5 K T L R T T R
JE. A SV-FD ERVEE A F T X4 W A 58 M RS
AT

3 ETF SV-FD ByrT T4

AR SR FH B 171 L S B I 1) R S B4 7K X3
MR &, BHERT IR 5 AN DM 48 1 » THI 1) S0
M | o S B A I 1), 4R HH B T SV-FD #9 5 4>
BRI T HUOKE W SR A] SEPE PR

(1) KB T FEBRAER Le N

Ns
Le = 3 La/Ns
i=1



%28 B30 % TS B TSR MR R K 4 R T S 225

A Ns HRWTEIT B EG Lo kW8I0 0 W E
TPEK X BLE K.
(2) KW IT SRS B Pe i

Ns
P = ZPCZ'/NS
A Pe oA RITATE ¢ AR SERR IS K X I8 ) 4 B
Bt
(3) B[ fi ] AR X 48 4 ) 7 BE (B R B
B S iy B i 1150 Vs, R
Ves. = Nyr/Lr
AP s Nve g 8016 1R 1] S KK
(O B g IAEx T8 BB E (e BRaE
$ﬁﬂﬁgl\]ﬁ)VFspjj ‘‘‘‘‘‘ .,
Vese = Nvr/Np
X Ne HEBEAL
(5) KWrHIT KM 1 Ve

Ve = ZS: VCi/NS
K Ve 5 D SRWTER T SR IR ] 4

1’11

TR

4 FEETARE)

ASCE A HE 3 AT 42 300 mm P F 52

PRitK ETERIENEXTZGERH GWL.GW2 ]
GW3) , X EbAr#r T SV By & 7] SE M PEM Fa A AN ® k¥
ASCHR BT SV-FD e F5 47 I PEMN 45 5. 3 g

APETTE) NE B/ G40 i 3 fis. GW1 FRr7e i i b GW2(E4H)
N FILHAE , W30, 8 W A 3550, B ik 2 W%
R ;GW2 5 GW1 #y23 [8] 4345 T BN I (B BT 7E
WAL T VA . 2 IR Fe B, 3k TT 4 A 32 HL TR R
il B W50 AN 5T, BEEIR, R I8 2 PR 4 X 43
i, TR W £ B A FE A4 K GW3 2L
AR HOKE M, 25 [ A AR B K FRIWIE , 76
FIWMXFEE, Z 2 MR, FFRE ML, B 53R
X [f iR IEAH T 4 2B RB AN T, X T H
B ¥ B U R R

3AMEMETF NE B4R SV-FD AR 4n & 4
Fis. A T BRI, B o — 2 3Un) i1 R s P AR 7
) A S A TR 2.

3MEMELR NE B RN SV F R EA(F S
R 1 FR. TP EDS S R SV B HE] S S TSR
EC A AT AR IR I Fh FD A LA AR B, B /N, S
P90 2 A c GW3 G4

m; 3y
B S f R SVIE 5 2 P4 1 4 AT - H3 RRNNER
Fig.3 Node-edge graphs of WDNs




226 i) BF K 2% 2 #MCH R B2 D

L RVE

AR, S5 RN 2 B,

LI
. ® KUY AT
Al T

ST T

KU K072 7

i i
—

L8 ESULT
® KU KT
~~~~~~ e B
—

c GW3GHIM
B4 EME SV-FD =R
Fig.4 SV-FD models of WDNs

1 3NMERNEZHNAEER
Tab.1 General information of 3 WDNs
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g RUREC RN B BB "t SVILEL Ty

GW1 2 2248 15445 15640 1917 2101 36. 8
GW2 3 1058 15118 15199 861 936 39.0
GW3 3 3243 29498 29684 2516 2695 39.5

*2 3NEMET SV ERMAEHIEMIEIRME
Tab.2 Reliability evaluation indices of 3 WDNs based

on SV model
HEK B Ls Ps VsL Vsp Vs
GW1 257.445 8.158 10 0.004 6 0.1437 2.2713
GW2 396.881 17.6516 0.0031 0.0695 2.318 2
GW3 330.917 11.7977 0.0039 0.109 2 2.362 9
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Tab.3 Reliability evaluation indices of 3 WDNs based
on SV-FD model

HEK B Lc Pc VrsL Vrsp Ve
GW1 677. 35 20,133 0. 006 7 0.2104 1.564 4
GW2 1184, 27 52. 483 0.004 4 0.0994 1.4750
GW3 1 235. 35 38.729 0. 005 7 0.160 2 1.456 7
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