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Abstract

Assessina the resilience of the urban water distribution svstem
acainst natural disasters and unforeseen events is verv
important in urban manaaement. In this paper. the amount of
hvdraulic resilience of Sadra water network acainst earthauake
has been studied. Various strateaies have also been defined for
repairina the water distribution network. In this paper, Sadra
citv water network is first simulated in EPANET and then
imported as input into WNTR (Water Network Tool for
Resilience) code. which is proarammed in Pvthon. WNTR is
developed based on the theorv of complex networks and
calculates the index of citizens' access to water services. In this
paper. 18 scenarios were examined considerina chanaes in
earthauake intensity. earthauake center and two repair
strateaies with a decrease in the amount of consumer demand.
Pipes are divided into two cateqories. aeneral and minor
damaae. based on the probability of failure. Todini index is
used to evaluate the failure criteria in the water distribution
network. Results showed that while the increase in earthauake
intensity in all areas is positivelv correlated with the paternal
damaae of the water supplv network. the return time of the
network to normal conditions depends on the repair strateay
and chanae in the expected consumer demand. Meanwhile. the
fractal analvsis of the water supply network has been
performed in order to analvze the redundancyv of the network
based on the fractal dimension in order to find the most
vulnerable area of the network. Assessina the hvdraulic
resilience indices and fractal analvysis depicted that the North
is the most vulnerable area and South has the hiaghest network
resilience. Finallv. the return time of the system to normal
condition in each scenario and the number, ID and location of
damaged pipes in each scenario was determined.
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Fig. 1- Conceptual expression of seismic resilience
(Bruneau et al., 2003)
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Pipe material
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Table 2- Maximum ground acceleration, maximum ground velocity and pipe repair rate for earthquakes
with different epicenters and intensities

Cgliio (S 9 35 po b A5 (60 dg) Ol pmord & 53 9 (o) a8 gt JS T o Ll JSTas -Y Joun

RR (per m) Average PGV(m/s)  Average PGA (g) Epicenter Intensity
(Richter)
3e-5 0.13 0.11 north 5.5
3e-5 0.14 0.11 center 55
3e-5 0.13 0.11 south 5.5
8e -5 0.33 0.18 north 6
8e -5 0.33 0.18 center 6
7e-5 0.29 0.17 south 6
0.0004 1.67 0.47 north 7
0.00043 1.79 0.49 center 7
0.00039 1.6 0.46 south 7

Table 3- Number of damaged pipes for earthquakes with different intensities and locations
Bliseo Jore g A5 (6l oSl jlad sladly) dlaai —F Jouaa

Epicenter Intensity (Richter) Number of damaged pipes
north 5.5 32
center 55 30
south 5.5 27
north 6 60
center 6 62
south 6 55
north 7 218
center 7 232
south 7 212
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Table 4- Scenarios including earthquake intensity, earthquake center and different repair strategies
Ogliie yond (5351 5wl 9 a1 35 o el 315 Ol Jolo gy U —F Jgaa

Earthquake intensity ~ Repair strategy with changes in

Scenario Epicenter (Richter) expected demand (%)
1 North 5.5 Unchanged
2 North 5.5 45% decrease
3 Center 5.5 Unchanged
4 Center 5.5 45% decrease
5 South 5.5 Unchanged
6 South 5.5 45% decrease
7 North 6 Unchanged
8 North 6 45% decrease
9 Center 6 Unchanged
10 Center 6 45% decrease
11 South 6 Unchanged
12 South 6 45% decrease
13 North 7 Unchanged
14 North 7 45% decrease
15 Center 7 Unchanged
16 Center 7 45% decrease
17 South 7 Unchanged
18 South 7 45% decrease

A B

Damage States (blue = minor, red = major)

Fig. 5- Location of A) vulnerable and damaged pipes for Scenario 4 and B) Epicenter
W35 55 Joxo (B 9 F g2,buw (5150 0095 W jlud g wdscaw] gdlg) Jxo (A -0 JSWS

A B

Damage States (blue = minor, red = major)

Fig. 6- Location of A) vulnerable and damaged pipes for Scenario 10 and B) Epicenter
30535 0 Joxe (B 9 Y+ 52,k (5152 23398l g 2 gicmel Saalg) Jona (A -5 JSUS
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A B

Damage States (blue = minor, red = major)

Fig. 7- Location of A) vulnerable and damaged pipes for Scenario 16 and B) Epicenter
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Fig. 8- Maximum ground acceleration changes for Scenario 10
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Fig. 10- Comparison of water service availability index over time for scenarios 2, 8 and 14
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Fig. 11- Comparison of water service availability index over time for scenarios 14, 16, 18
YA 915 VF g sl (5l loj 4y Comnd O Closd o yiawrd ad L dulio -V Y JSUWS

e & VY joy 5 Bl el e )3 djlj gBy Jore &5 (B
e 338l o 31 o g )3 A 45T By g oo o+ VYD
oy o [ YDA 395 Hlde pesiSle 4 VY oy 40 s ls

A g 0 ol &b Cundy S plgie aoM b 4 g
s djlj e68s 3l 8 clls pa Todini yasls £ Jouo jd bl e
ALY slag lw (gl Todini (asls ol aoMs ¥ Jads
595 S5 3l ome TOdini (asls A5 e48g 51 b sl oaid 034l
o oy ¥ Tagas il gy L S I 53 pden ol
ks posice 5 maziSle 39 2ol TOMIN Lasls & 128 e
L5 ST () ) Slis o b s 5| w9 i Todini
b Josiliy Lo b O 45 A5 g985 @y 3 45 A2

Oy Hlid sa g o0 bes

4 o et ol 4 6yl (o) polaie & Ghagy cnl 5
oloder sokale ks iy anlyl ad Glosy JUS1S s
S USE) 13,5 SSE S ye 5 g (Jlad ddlate du 4 4SS
s g o plog] JiSTs 3T adlaio a5 5 (0-C 4 0-b B-a
CE)S )8 i 2590 e (K93l I o3l plgie 4 JUS1S
oS & a3 o0 LS glS gy p (0T 5 0-€ D=0 (L))
sopp b sl o VEYA L ply Jloss 4 bgyype JUS1,8 any 50
Todini jasdls liwe (eSS &S wwb o0 o Todini jasls
23l oo Lo e (o] i 3 456 0 gl Sl &S
A5 gy TOAING [adls oy )3 o]y ogde ] Jlod dlaie
S0P b 4 (g)blae ysla gz g 350 )0 AL (pl polie oS
il 4ol (09> (SUI MBI | 550 i ol 51 5 ALl o0
DS B hao ol 4 G anb Bl g dgpe e &

i Todini Lasls coy p a3y cnd pb 3,5 Jasys b
Sl oy 59y B g gy [+ A jidy) 010 sl (sl a3 ls
Ol 3 o g a8l (1l o 3 Ve o2 5, b o3 g )l oo
>Nl jlade 4 pasos 59, 3 Sk )l (alBl g, &
3 LMY m 393 e weu Sle 4 )] 5l e 9ty oo +/o NN

ey 2l53 VY 5

S oadls gty £ ous b dil; gy Todini jasls o)y b
o2 59) B0 o) jladl o ol woxiy 59y B g g9y o/ YO e
V¥ 59y 9 +/+ oV Jlke &4 padoma jg) 53 g Bl alS ao > VY
Sl pasld Gl oy b sy oY G 093wy Sl &
59y U g gapis /e v ¥ Jlade 5l jasld iy, YV s b Ayl
Loy Ve iy (il Sg) w2 o) B D g 5l g 0392 Cull woxy
@YY 5oy 0 Colod 3 g o/ B0 Jlake 4 paio g 40 9 3)b

Dy dalgd /e Y Sl lade

0a3lb 59y 2 U5 G plie b oy b aoMs sk 4
GBIl g 039 Chuns JS 5o 4 45l &S 98 oo 42 420 TodN
olS padld (gpSade job 4 Y 4 il £l A cad
m9den gt 4315 Jo x3b g TOMING (asls ) b b oo
[e YO Hlade jl (adls Wbl b Jlews p3 Ay Joce a5 aS Sloj
Al gy w2 5, b o 51 e g 035 ol oy SIRBRIIE
LSl o (]33] gy iz U w2d jgy jl (1o pd A Igas) aily
o Sle jlade 4 VY o) 5 Cules 3 5 /4 VA (Mol Jlade 4y

WA

YFo e bl oF 0 lowd qeaid Jlw (5l pol Of golio Coliding
Volume 17, No. 2, Summer 2021 (IR-WRR)

Y\



sz G SH IHBI L1y 300 anb 39 Smscned ) i s s 5 45 JUST3 oo gults 4T Ly a5

Oloder JUS1S Jlod (39 LIS (pizman aomi cpl mdoe i JUSTS s (bl (pl gy sl 03905 S g g 3550 (2l

Olojer g 0dg Al g0 pl o (Sgsl (Suop oniad lis

Table 5- Summary of recovery time by hour for all scenarios
gy JUuw olod (5] 0 Celw ums o recovery time a0 Joaa

. Earthquake Repair strategies .
Epicenter intensity (Richter) (1and 2) Recovery time (hr)
1 120
55 2 125
1 200
north 6 > 210
7 1 320
2 330
1 120
55 2 130
1 195
center 6 5 205
7 1 300
2 310
1 120
55 2 125
1 150
south 6 5 165
7 1 280
2 300
A B
0.0036 -
0.21 4
0.0034 4
é %201 é 0.0032 1
= =
‘S o019 'C 0.0030-
5 5
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Fig. 12- Todini index for Scenario 12 A) before the earthquake B) after the earthquake
A3y 5o (B ;5 JB (AVY 9 b sl Todini (ad Ll VY S

Table 6- Values of the minimum, mean and maximum Todini index before the earthquake for all scenarios
Loz U oo g12 315 989 51 Jud Todini (ad Ll oyl 9 (e 2 oS pa3lie =5 Jgaa
Minimum Mean Maximum
Todini index 0.172 0.197 0.213
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Table 7- Values of the minimum, mean and maximum Todini index after the earthquake for all scenarios
Wogs yUw plod (g2 35 489 51 s Todini (ad L o b 9 (ke (2 5505 o3l -V Jgua

Scenario Todini index
1 Min. 0.0082
mean 0.0098
Max. 0.0114
2 Min. 0.0082
mean 0.0098
Max. 0.0114
3 Min. 0.00914
mean 0.0109
Max. 0.0126
4 Min. 0.00914
mean 0.0109
Max. 0.0126
5 Min. 0.0156
mean 0.0186
Max. 0.0216
6 Min. 0.0156
mean 0.0186
Max. 0.0216
7 Min. 0.0022
mean 0.0026
Max. 0.0030
8 Min. 0.0022
mean 0.0026
Max. 0.0030
9 Min. 0.00198
mean 0.0023
Max. 0.0027
10 Min. 0.00198
mean 0.0023
Max. 0.0027
11 Min. 0.0025
mean 0.0030
Max. 0.0035
12 Min. 0.0025
mean 0.0030
Max. 0.0035
13 Min. 0.00048
mean 0.00058
Max. 0.00068
14 Min. 0.00048
mean 0.00058
Max. 0.00068
15 Min. 0.00044
mean 0.00054
Max. .000632
16 Min. 0.00044
mean 0.00054
Max. 0.000632
17 Min. 0.00047
mean 0.00055
Max. 0.000635
18 Min. 0.00047
mean 0.00055
Max. 0.000635
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Fig. 13- Breakdown of regions A) North B) Center C) South D) Fractal dimension in North E) Fractal
dimension in Center F) Fractal dimension in South
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1- Layout

2- Robustness

3- Resourcefulness

4- Rapidity

5- Redundancy

6- Water Network Tools for Resiliency
7- Demand-Driven

8- Pressure-Driven Demand

9- Transient Ground Deformation
10- Permanent Ground Deformation
11- Peak Ground Acceleration

12- Peak Ground Velocity

13- Damage State

14- Distance to Epicenter

15- Water Service Availability
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