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Stochastic simulation method for seismic reliability assessment

of urban water distribution system

He Lirong'. Du Kun', Song Zhigang'. Zhou Ming' . Xu Bingfeng',Du Yu’
(1. Faculty of Civil Engineering and Mechanics, Kunming University of Science and Technology , Kunming 650500, P. R. China;
2. The Third Construction Engineer Company L'TD of China Construction Second Engineer Bureau, Wuhan 430022, P. R. China)

Abstract; When evaluating the seismic reliability of urban WDSs, most of traditional methods use the same
approach to simulate the leakage and burst, which leads to inaccurate results of simulation and reliability
evaluation. Considering pipe damages due to earthquake are random, this paper proposed a stochastic
simulation method for seismic reliability assessment of WDSs. Specifically, the seismic damage scenarios
are generated using Monte Carlo simulation, in which Poisson and uniform random number are used for

determining pipe working status, and normal random numbers are used for pipe leakage coefficient

WS B #A :2017-04-13
EeU R :HEARP A (51608242) s AHH A A B IR 11 (14118943) s = M & U TT JT #:4: (2015Y077)
YEE B A AU 2R (1988-) 4 TS L5 T AT I . E-mail : 641435783 @qq. com.
M GEEEE B .1, E-mail : 250977426 @ qq. com,
Received:2017-04-13
Foundation item: National Natural Science Foundation of China (No. 51608242) ; Personnel Training Program of Yunnan
Province (No. 14118943) ; Yunnan Provincial Department of Education Fund Project(No. 2015Y077)
Author brief: He Lirong(1988-), main research interest; structural engineering, E-mail: 641435783(@qq. com.
Du Kun(corresponding author), PhD,E-mail:250977426(@qq. com.



% 2 M Fo TR IR T AERE IR T MR AE 69 AU L 7 ik 63

generation. Pipe leakage and burst are simulated based on the emitter and pipe close function in EPANET.
To improve hydraulic simulation accuracy of the damaged WDSs, the long pipes are segmented and “two-
step iteration” method is introduced to solve the network in low pressure condition. The ratio of the
statistical average values to normal values of nodal demand in seismic damage scenarios is used as reliability
index. The proposed algorithm and GIRAFFE software are used to evaluate the performance of WDSs of an
ancient town in Yunnan under VIII and IV seismic intensity, and the feasibility of the proposed algorithm is
demonstrated by analyzing and comparing the evaluating results. Evaluation results indicate that, in
addition to seismic intensity factor, the hydraulic condition has great influence on the seismic reliability of
WDS. Under the same seismic intensity, the water supply reliability for areas located in high terrain or far

from water resource is considerably lower than that of areas closed to the water source with main pipe being

serviced.

Keywords: earthquake; water distribution system; stochastic simulation; reliability evaluation
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Fig. 1 Simulation the leakage and burst in GIRAFFE software

LR B

Br 1 b3k #9771 R LA GIRAFFE 814 ik 77
FEUNTR AN R« 1) R A8 I 7 T AL TR o o 20 4% % ] P
77 SR AR ST RURR R 55 S0 2) A6 0™ M 1%
Vi W P58 SO AR G SCHF LR T DR INP S
= FEREP BUILAE U85 3) 4 AR GE SCAF 9 B A 1Y
AR AN B T A (E L L AR Y B O

B,
2 BENEIME R

GIRAFFE # {4 32 A7 46 W3 Jy 1] [n] 4 .

D HF 5 EBEWAE MR % (NP 3, S 38062
BWRKEFIBIT AR E. GIRAFFE 8 4: % & i
I 11 B AL A U058 8 A I INP S 58 K
AT 10 000 YK Rl HLASE 4L, 7% 227 25 10 000 A4~
INP 3L, iX 2 5 30 GIRAFFE s 1T FERT K AR
FaE M F BN, BT R, Yoo 45 MR 2 T 3t
SRR AL T A Y SN DA R AR TR Lok
BN E . SR, Shit' 8 L XK B B
KEE R ASRESATEEETAMES S
BB R MBELIR 2 . X 8, 2B H P FE K
A5 T VR TR R0 R LT A DAL R 25 L 1
02,2295,

2) K2 BAR K SRS T 5 At Bl ) 3 A
Ak FHURE WK A RN . R &
BN AT RE S M AL TR SR A SE bR A R
U I 32 7K R B AR Y 52 e 23 38/ 1T GIRAFFE #(
R AE SR K IR Tk R % B EBITIRE
T R Y AR A A K LA R AT R S
LRANFF

Xt 1), 2230 ] EPANET 300 H 47 o
BIORE LS BB N 5B E R, DG RE W RS
B, AR 2) . 5] AE A TR E S MY
o AR HE AT K T VAL 4R AR R K )
PAEEE . 5 GIRAFFE #C/F A0 b, Br 4 s 53 1 1 2

T EPANET 800F P9 B ek K 5E i o 18 208 R
G SO e 5 AR BE AT AR A R K T 23 AT
HA TR M E T .

FETARMNE 2 Fros, b A g A T R AR
IR T SR K MR B R
P B AR R AR A WK T3 53 #1738 O

r
N 7% K % il
: fRE e g B
! v v %
| wamsmsts | i
I ]
s §rmooommmmoooo- .
i WA R '
: HBEALBGE H0) HT
- —
| v
: l >0 e
i 72 HENANO~134 5T fiose
: v=0 Mﬁ(iﬂj@wl...w,} KE
ia : wl...wN>0.2 0 W
L r__l_ﬂ oy
w | [HEE HEE HEE &
w | [HER B R
! v v !
B TR TR |
o B Fu g | |
5 | L e | !
B v v |
I 2 O 2 4505 3 2 R |
S >
| T BB i
: TV K S 447 g%
|
: KA
! il
| ]

RIREILL
BEREKH

] FE R ARV

E2 BHENEsREE

Fig. 2 The flow chart of the stochastic simulation algorithm
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based on pipe close function
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Table 2 Calculation of leakage area and parameters

value for different damage types
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