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Abstract

Water supply networks are directly related to the economic and
social development of urban communities. Due to the rapid
increase in population and urbanization, these networks should
be properly maintained and rehabilitated. In this paper, an
unsupervised learning method with OPTICS density-based
clustering algorithm is used to determine the priority areas for
rehabilitation. 361 burst event data in one of the Mashhad
water network zones were analyzed. The algorithm identified
a total number of 16 clusters at 5 different levels of importance.
These 16 clusters, which are considered sub-clusters for higher
levels, were compared in terms of burst rate. Three clusters
with failure rates of 79.1, 62.2, and 50.1 (failures/100 km/year)
were introduced as the main priorities for rehabilitation and
renovation, respectively. The average burst rate in the whole
network was 14.8. The identified clusters were examined in
terms of pipe material and diameter and their most affecting
factors on the burst rate. The obtained results showed that the
OPTICS clustering algorithm has a significant ability to
determine priority zones for the rehabilitation plan, by
identifying multiple clusters and their according levels.
Therefore, the proposed method can be used as a practical and
flexible tool to prioritize the rehabilitation process of water
networks and identify the main causes of failure events,
avoiding complex computational methods or the personal
judgment of experts.

Keywords: Density-Based Clustering, Spatial Analysis,
Infrastructure Networks, Failure, Condition Assessment,
Water Distribution Network, OPTICS Algorithm.

Received: October 28, 2021
Accepted: February 6, 2022

Voo Gl oF o lows qpaadd Jlw
Volume 17, No. 4, Winter 2022 (IR-WRR)
VY-

||||
bel
bel
i

A

A|

Slr &l @55 Sl Ol (SR gaianigs
S5l (AP aaca gl

Toal; ol s L yaezmo ¢ byl dooxo gl
¥ odao sl g

oS

el slaizl g ooladl dng b ot blo)l o pl celis
ol 23V (i s dmasgs g Cmor oy a3l 0 05 L3> (g 0
bocdllie cpl > 098 (lojl 5 IS cuslio job & LaeSid pl
sadgd wiyoSl jloslital b g (Gyllaiyd (63k (g, 5l s pSe e
car o @ig cbaSed heygsl gbls OPTICS JKs 5 i
ALY ORI Y S G G IV ES v IER AV SU SRV Sy W
VP ggemmo )3 ool ol b gly 0 9590 e Ol e 4S5
)90 S b Gl £ jlate Sl Ngd o Cguone (65500 AdgS )
VUV L ply (Sl 700 cad b &y oS ddigd duw g 485 1,8 dunlds
gyl olgeay cimily 1y (o /yioglS” Voo [aidls) A+/Y § £Y/Y
o 2090 48 JS 53 550l CunsSi 5848 (B2 (gLl (Lo
)]a:é 9 > )Ja.m )‘ [ u;L»Lu.u dlﬁ@? cdold| D Dy VF/A b )gl)).
oo dag] (SauSa g3 5 e belgs o 48,5 118 (i)l o,90 55 oy
wlolis L OPTICS (canadsd wipysSl a5 sy ol guls s
vasis 3 Ay B u{b’l}}' L:zadi Siopbw g ddale aadgs
ey 3l oplele )b giluil sleasly (gl Jbcudsl slaaiy
Silojl sancaglyl sl phdlasil g (6308 )l Glgiear (ooleidn
Sloloe slog, sy b 2ol (ol Jle plolis ] o355 4
o3latwl ()lg o ol )8 pased glidd | je0 4y g SV sb g oy
2,5

oeSs (G Jiloo ((JBe e ganadss i guls Olals”
psl ol g aSed andy bl (SaSs (Bloy;
OPTICS

VE NS i el o b

Ve VWY wdlie oy ds Go)b

1- M.Sc. Student, Faculty of Civil, Water and Environmental Engineering,
Shahid Beheshti University. Email: a.aryayee@mail.shu.ac.ir

2- Associate Professor, Faculty of Civil, Water and Environmental Engineering,
Shahid Beheshti University. Email: m_jalili@sbu.ac.ir

3- Ph.D. Student, Faculty of Civil, Water and Environmental Engineering,
Shahid Beheshti University. Email: i_moslehi@sbu.ac.ir

*- Corresponding Author

Dor: 20.1001.1.17352347.1400.17.4.10.7

9 ol ol yos 008 g sl —lyes awdige M)l wlis) S goomiily —)
sl Ak ol (s jlagme

iy A S iy jlaizs o o ol yas 0aSly yluisly Y

ol oy jlazs g o Ol yes 0.8l P —Olpes wdige (5SS (gl —Y
J?:.uuﬁ °~\;-“i95 _*

ol 3l VF Yl (LL b dlie ol 3590 5> (Discussion) o )bl 5 cou

This work is licensed under a Creative Commons Attribution 4.0 International License

V5N

&


https://creativecommons.org/licenses/by/4.0/
mailto:m_jalili@sbu.ac.ir
https://dorl.net/dor/20.1001.1.17352347.1400.17.4.10.7

Kleiner and ) cul collae (laodly 3939 &ygo jd b Jio oyl
.(Rajani, 2010; Xu et al., 2011; Kabir et al., 2015

3,559y S lgieds &S FAMMS) b copie sla e (¥
Uy Jse opl 135 o Juols cunslis (sla Jdo drwg jl e Jas
Jsb Juloo 5 4150 et (Solse Lyl (uesd 5 a5 b8
Silog 9 ilojl die slaylSaly B uomen 5 gl jee
Slllas ¢ Jls ol b (Salehietal., 2018) x,ls Slw ol (laasius
laob p wudais 9 ag 53 b Jio ol CublB &S Conl oald lis i3
Conbad pae b Ol 5 sloaSed (gilog g 53kl sl oo
Kleiner and Rajani, 2001;) cusl olyen olacodgiom 4

.(Engelhardt et al., 2003; Scheidegger et al., 2015

slodie glsis b o EDMMS) pSpeass sofas (¥
slaasis > (silwg 10l clal car iledige 9 Gaucogy)
Sl g SpS e GasSl ol piman 9 Syl
bl p s pl (IS oo, (Salehi et al, 2018)
Jol 259y 5l 25 ojlme dix b ST glad S
Conl Jo 53 el 5 3980 Jol> jline S olil 2 6y maenad
Tzeng and ) )l 3539 alals g Jlme piin pgd gy 43 a5
oledl olgi oo 0ds plosl lalllas de gaze a5 o5 L .(HUaNg, 2011
Bl o 3 0)kme S slags S maova oo 3,8 &8 il
Wply Sppe 91 Sygo & Slopl cloalis L ki
o)lze i (sl Jie 5l edliwl ¢ blie ;5 4 (GOmes et al., 2008)
Ro0zbahani ) cusl edg jlasse (glod s &jgo 4 cdivaj oyl 5
skl 09,5 25 93 4 0)line L (4 S erenal slo 0 (et al., 2012
3 el Slie gl 5l Sy oSl 9,05, oS N oo s
wadld Lo GSmeas 5 (MODM) ddiasia (655 woucs
oylme W (Sludinge slagdy) » (e Jol 095 (MADM)
LSS al p by ol 5l pgd awwed (hlde 3 g i
.(Tzeng and Huang, 2011) sl o drwy ojlmenis Ll
o)l Nz SpSmeea lale I ooliul dine; 5> 3T Gl
b oold o )y e 2D ol aasls s glgl & ams o L5
0aS gilogs g gilute Bluwo b L)l 53 5 abaniis clo Jaa
51 4w cpl (Scholten et al., 2014) asb o L o xje
) S Sl getin b o ol pte b o 38 o i,
st syl aegoome (Al iz )3 lie (e 2 g Wl J>
6lylins 3535 b ol 53 &S 0 sgh s el ol olsis 4
2 093l yly55 p dline Jo ) g IS I il
ool Gl 4y a5 Bls b o)limo wiz (sla Juo 0 0L 3,150

doddo — )

Nazemi ) azily ogoe cwodlw jl cbilis g (yyde zolgy clois]
babls oyl 5l G (IS s > 4 (and Madani, 2018
> 35 pald QWDNS) O s (slaased pogasay
(SRS Eyan sl 4l 5350 (sl @l O & el LB
G angi b g bwly cped ) il WB@JL‘”W‘BW
e Lol polie 5 dinged BRIl 5 Corer @y A3,
o] oo > Kb jo4 5 (5K canlio yobor 1k O 5
$ligS i 9 TBLEST ot dige > Wl I glod s b
Lf")“) Copdo ‘5]).: &w dl.b&'}] u.)‘9> LSL%D.)I) W) d’)"" )I
St (gilwg g bl Hokaie 4 .l oddiplo] dacd by
Juols liebol b sl p3Y (3155 clava jo G o o,lgad Sl ]
Lad oo doldl 353 gt 3, Slas 4 dg) s slacsluy; aS dgd
oMb g Ul slacS i 5l gyl &S ol 5 (Baird, 2010)
S gy Wyl Hldl o jelaie cpl slp 1y (9g0e andgs
2 Y sl alyw & wise Gkl |) gesse
Sl o 32,5 aal ISl 5 555 plos] 3blie ¢ 5]
ol gl calio job 4 g (Sl 5l 3L

5 bl sbadol y dice; > (o3l Gladss (3l sladay b
drngs sloJio oS Cul diB s G0 Ol g8 SloaSi log
Sl Gl o Lol 09,5 dw 0 1y Gladss pl 45 e ool

2,8
A oS sl cals oS TFMS) canss sla s ()
2 P Jelss pla g 0392 3 ate o 41 bgayo slayiiie g ol
9 (oxf 9 (Sujd Clasuiao g acee ( Slles sl yialil) ol 5
WSasd b ie 4 1y e ol il e s 1) bl s
il lgice @slols  (ite gase 5 )lel slaae
&S ol o diue oyl 3 avgr BB 4SS (Xu et al,, 2011) 5,8
o Sl ST it Gl S0 b S g 9o Lyl
oa g Ol wile (o)l e Jolge 15 bl oad 4 lu o)l 5
ol Jlo e 5 a3k Cslite Sl o 5 (2 sl
ol A S sy o8l 5)0 3 bl oo g apw
A5 ol Sy o o gz B M) 1y 5] il
4338 gl Jlw ;3 de>9 cpl b .(Salehi et al., 2018) 5 )l >4
YL bl 5l (S oS canl 48,8 &0 badisj opl o Sledllas

Ve i) oF o ylowd pdadd Jlw o pl O @olie i
Volume 17, No. 4, Winter 2022 (IR-WRR)

Y



iobe o cwlio GlagSl (8L g (lsheaty CILI) igg oo
0530 93 )b 5l 39 g0 cdlgs caalllan pl 4> Aidges odliul ]
515 DBSCAN o2 )s8)] (] 5 (sitso & ok sibsdides oS ko
Abokifa and .5l oW 263l ganaded slaylae b (g
i) ASAA) Sl Stuansss 5T 1 oolizul | Sela (2019)
SAA bl 1y laosls 3 1o slngSl (g o] Camat] gy
u.aloba &I}:‘ cul}us SAA u»l.wl 2w 9 03900 ua.’xw.n u.’LP
o] e 5 (CuotlS 5 Cumtly blis Jlioglgies) bases ||
aSus e 0,5 L3y bl cas S Jasuine 4SS j0 )
S slagijy s B b (Bg) 8 SAA 3 (e g Sl
b Lol gl SAA G bL dlo po 5 sl 045 iy o5
I egenleS 5 pre blE (ololid b 5 oad j1S5 (ganadss il
WJlolsion) O gjgr 45 o Sh 4 ] (Stuly «oly>

A0S oy (o 9 Uy

2 (SaSs ealgs glaodls 3l edlasl L Aryayee et al. (2020)
sl S by ade Ol mjg 4S5l (ladlate
bl cae waglgl (VL L bl olulis <l DBSCAN
sobaieds 2,505 cpl 50 53,8 edlinl O w9 4 (jlwg g
Selwen glad Jols DBSCAN 2ol (sl yial)ly (gjloaine
)5 oslitls g0 Sl el -K LS Sluod blis J5lis
Caglsl b gblio plolis LUl o g, ol &5 3 ol gl . 5
OlFse Sidadie cul Sl 5 035 Lo 1y gilogs 9 (bl ol )3 5L

2,8 o3l O wjgi (slwaSs (giloil (cancaglyl g oy

ol plbasgs lolid OPTICS i, sla Shy 5 oS
dlie > oplply (Ankerst et al., 1999) )b Jslae J&s a5
Sud > (KwSid @l Sl Jilod e b9y ol Syl
Ciliseo sl )3 1) plaades o)oKl b 03 0y O g5
Tolaw slodded &5 Cpgo (pd S (oo (ololid (5lpe aluds
Jlial o (plb 2335 (o o jSargS Adgs 05 i 4y &yl
2 Mo el iyl oVl i 5 6 olbadgs Lol
Sl slacodgize 4 a2 b (g)liSalop e I gasse ol
4 g byl pogdle Cunl Cunonl b OMSB 5 F (slacS i
slises Jole (o8l (Saus @2l (VL S o5 1555 0
LS ltdgs bl ol oy g 455 yae Lib lilug A0le
old Wl VL Cusd £y S8y oLl edgim
ol e e Sl 5 1y colgs dlis, ol Jle b
S Sy ke jl S e )18 VL gshaw 3 & olaades
oobaitl 09 4 5o |y (gl CaSlS Ep opd g iz g sl

oS Cawl (Jb > cpl g 5l (g yainn Bllail Sl g o 4l S s
Tzeng and ) siws b shb anls b disis ol
bojoy &5 pl 4 g b g (wlel open p .(Huang, 2011
3 e e Al b lobal O (sbaSd (siluge 5 csibog
davly ol & 5 Aian olyen (Sae glasoly dsgerms e
Sygoe b s e b (b ojlmess sy
o> Ui s i (AWWA, 2014) 53,5 o b)) 5V
Gl G b ldlhe » lges ansls ws b oo a5
Ay 0308 Eygo a O g sloeSed glog 5 il
J.Jla)y ol).o.m o dJ.l.gC«,{}Is‘ dl);l b L.]Lé PURIRH W 4,5

(Tscheikner-Gratl et al., 2016)

Sdie (spSmeas sbadie (Lol glaadls j % (S
ol sbadle (bl (olad gunads: p (e 65 e
Oloeds Cul (g5l800ly Lol slaasls | (S a8 ysle (6,500
ol 045 ylas aalg) 13 cnles i cas L jluw (o))
Siledde 5 (alolid & 3B oass o)l (pedle 650k sl S
g (Susd y uotn e o & s sl by,
il ezl a5 QLS anadgs Jlow wly cul 5> sl )3
Ol )8 g 48 )3 )8 laiie 03w o ygody sl (5550005 pro
otk SIS ey unadlb plai oladie )
asaladsjl bodly (WU dlas dads LUy ddiwey (sboodly S
o5 B sl oy, copa 5 gl luli i 5 IO
Wlols ple  Slo anwgs b ojg el (Sattar et al., 2019) il
Gl $layguies 3lig) 205 5 (GIS) lilis cledl
SleMbl il sl )3 4 dngi b b ol pald el ol o Wl
gl ISl Yl S b slotizg loliss oS (sl
Uit S el 1l ) 2 85 (69,0 b Slodino o
ol Gl Blo aio cpl 3 a8 (6,500 S5 g (g uSsl> 00y
L1y oMl 5315 5 pol 45 03 maitans e sty ccloodls lo)b
b sl e cgalSodls lie il ol 5o jloe dnlse ala il
5 prlnyt Gl (sloodl 3 3g2g0 selgd p3ge ST Gaa
238 )8 0,8 5y50 Bolad (glalads glaosly oo josasa
Iy B g e sluddss oo g, Ester et al. (1996)
)95l (3:83 g ot S o) (1198 dLsly (e )3 9 905 (B pme
JHETL olpon oo ) L (JBe p (gie (oldd gaades
;| Oliveira et al. (2009) .cwl o335 s "(DBSCAN)
5 oslizl ol byl sly EM g DBSCAN (elags, s3]
RS Ol s el oo g w8 canads sl

Ve i) oF o ylowd pdadd Jlw o pl O @olie i
Volume 17, No. 4, Winter 2022 (IR-WRR)

\EY



38 05 aasuio 93 cunl 5l (50 10 iy gl () JSS)
phyeoyaod (¥ quiine J&o pdyguyiws (V835 oy
3 s IS sy g ton P 1o Y JS5 L illao . JIS
0 05 Wb 5 A5k G 1od slasluan s3> p Yl STl g 1
e 31 JBe pdacew i P eod oizmen Bl 30 108 S
bla 5l oopos; S oV UK L e STl g
Pn = 9Po = q &S Jb> > 2il ail 5929 Po, P1, P2, s P
fad &S b ol &S (s 4 dag b sl (B) L8 deis
I plsigsins 53 65y 1 Ko J lggte il 5550

J(Ester etal., 1996) (Y JSb) 3,5 pb (g0 o edidl

el pae DBSCAN o, colee 51 (S Jb ol b
Ankerst et al., ) cowl wglae JBs L sbadsd aosuls
A cs0o0 i Slhusgad §l S oS cawl JLs o 51 .(1999
degazme (pl )3 dgp g0 sladdisd oS Cawl pl (Bly slid (slaesl
Ankerst et < plply Cul Golate Jore by J&s 3954 daodly
Sl puass g9 45 15,8 8,20 |, OPTICS 1,55 al. (1999)
b9y bl sanadey o)l ol .cuwl DBSCAN i )o5Ul jl
JS5) amd e pbsl 555095 (sladdigs doul b ol yen 5 (ol pedliadis
Wodoo JoSuts (il gohaw ;> badgs b cpl > (Y
Wlad 3 gl (6,500 ot ddgs 0 a8 oladdes i aS 5oy

WS o )8 e clbdbes (gan sl 53

Sy g ilojl Ca Jbaglgl (2ly e Gl B aas e
b lasye slaodls ool p5 1> &8 gty 205 oll 48
Db poie 3l o g 90y Syl a8l sady) j3 @l
2 e by oyl b badye di slagall deodls
s 5 ool p2sSl il b Tl 5 0ad o JISe
DS JE gy (2l gancodyl (Job sladis
Silwodly (3adods (pl )3 0aD Byme a5 jslateds (piomen
Seetia yres (Sl 4 y> @ly (o)l poye dig Kol o

Cawl 04 plooil 590

S8 il o, Y

B e gaiaiss @

o p e sinade: byl cp gl I (S
Soluon glads ol)b 95 lie y 45 Cusl DBSCAN i3l
Llas #8ly > &5 wib o (MINPLS) (Soluen bli JBlas 4 (€)
I dded S U asl £ odgazme o Wb &S ol sludl sl
s odgame 51 (pisen L(Ester et al., 1996) 5,5
QLB 39t (Noluwed blE Jolis ol 4 g S [ Solinors
wdls ol ) () JSKb) 34 00 S (55 p0 £ o oSS sy
Slaigs e 4 glaie & ASley (Bl odb dcgaze o olail S
Bluad MINPLS o310l & 30 558 Blbl £ adgaome ;o b 5 sl
S90S (NOiSE) @y ool Wil o] & o1 sl awsly

D
2) Border @

1) Core

3) Noise

MinPts = 5
Fig. 1- Definition of the points in DBSCAN algorithm, 1- Core point, 2- Border point, and 3-Noise for
MinPts= 5
MinPts =5 Ls,)'f Sy o3> -Y 33 ZJM’ -y cé)’s).n ZJ“" -) {DBSCAN @)Bi’, BL) blas uﬂ.’!‘)&‘; - UG
(Moslehi et al., 2019)

Ve i) oF o ylowd pdadd Jlw o pl O @olie i
Volume 17, No. 4, Winter 2022 (IR-WRR)
\Yas



Minpts = 4

MinPts =7

Fig. 2- Graphical presentation of the relationship between three points in DBSCAN algorithm, a) Directly
density reachable for MinPts= 4, b) density reachable for MinPts=7
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Table 1- Summary of collected dataset
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1.753 1000 5 78.75
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Fig. 6- The recorded pipe breaks in water distribution network of the study area
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1- Water Distribution Network

2- Exploratory Analysis

3- Failure Models

4- Asset Management Models

5- Decision-Making Models

6- Density-Based Spatial Clustering of Applications
with Noise

7- Expectation Maximization

8- Spatial Autocorrelation Analysis
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