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Abstract

In this paper different methods for analysis of pipes breakage in urban

water distribution networks are investigated. At first, it is necessary to

obtain complete and exact information about the failures in the networks.

Thus, a suitable form was designed for gathering the required information

including all the necessary parameters for the analysis. Then the rates of

annual pipe failures were assessed based on the diameter, age and

availability of pipes. Mechanical reliability (availability) of network

components is the probability that component is performing well in the

networks during its lifetime. The results show that the rate of breakage is

decreased by increasing the diameter in all pipe types (e.g. Steel,

Asbestos Cement). Assessing the availability of the pipes according to

their diameter and length reveals an increase in availability by increasing

the diameter but a decrease in availability by increasing the length of the

pipes. It is also seen that the rate of water loss decreases by increasing the

diameter of pipes. Furthermore, an increase in the rate of failures is

observed when pipes are aging. The results of pipe breakage analysed.

introduced in this paper provide helpful information to be used in design,

operation and rehabilitation of pipe networks.
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<.SIH u<-'L:..""~)~ ., ~,.:, <.s"" ..Ii.41;:..,1)d-I )~ ...Ii.i.:...~ "-!J.Pu
jI L.; -41 ~~j1),.:5JS' ",,)\.;\9 , ""i <.S~ r- )~.:..t..~1<.S)~~
~ <.s"'?~wK.I •.:..t..~1 <.S),i~ ~~'" ~ c)\"14 <.Y-}> d-I

~ ~~I <.SIH.~,.-:, ,..,1) J.Pu r~1 <.Sly'JoI5" , J<-'~.:..t..~1

.~,.-:, ..:..,.;..Ii.4..,;t..~1 ~ ",~I.>Y. )~ ., ~,.:, ~ I~I ..Ii.4•.•••)

~)t; ,,,,~I.>J:><.oU")~i :.:...1 u"1}1.:..t..~1 d-I <.S),i~ ",~I.>Y. )~

)L.:J .~ ~~I , ~ ,41,JJ,b , ;b5 .~ .",~I.>t.h ~t... ,.
J->....~ wL...j':".l...D.",,1<.SL.~,AI,J<.SyJ)) ~ ,41,JJ>b ""i

A-4 J-'> , (.u,J 0-» 4l,J .,...,,; Jt... .",,1....:.;1~ J.oI41,J jl ~I ",~I.>

~ C'~ r) ..5.;.)4 .;,,),1<.Sly'.J.:,4 .>-).0 J.lliu" ., <.S~~ .:..t..~1

.::..5;--:' <.s,....., jl .;o .•'\"VAJL..)~~~Ip ~ bHY' .:..~~I ~

&LSi~.. <c.k.., ..,;lA...t::...,.J.:, •. " .'< •..•)\.;(9 •..•i ",.u- "..,. --=<"),...,.,. <.s"'-.r

~)'" y. w,j9I ..:...1 ciJ )1) .~lO;;,.,l~)",;..5 ~)~ 'rj'.l.:..l;KoI,

)~ wi .:..Ul.:;. ••.....•.•••Iro-" ~ ""i ~ji ~ jl.}ol5" .;.:.A;..Ii.4..;,9

..:.......14l,J rl.!S'"-!bj1Y' ",~I.>~,.:, ~ ",~I.>Y. jl ~ , J.:,4 .:...~

)15"d-I.~":'u" ~ AI,Jy. "-!bj1Y' ~~I". ~I.w .:..)!)'"> d-I )~ .,

J-> .1),..:.......1 yJ.:;.j" ~)Io-! 4)~t...AI,J~~j J,b c.k '-!

J-'> ,.u,J J-'> <.Sly'., ""';;:l d-~ ..:...14 <.S19.-1<.S)j$.!S'wi ~

<.J"'~I J...5 ..5.;.(t...w,J tIoli; ~ ;b5 )~ ~ J:><.o}•J y. , ~
GIS I • _' jl .~~I )~ ~ ~ .~,....:..~b

d'r-S 4..:...1 jt...)15")Io-! (Geographical Information System)

jI <.S~L;j~ ,..,;L.j .),~..5.;. jl ~ .:..t..~1 J<-'~,JoI5" <.S),1~
<.SyJ~, .~lO;;,.,l,J.:,4 ~ .:..t..~1 ~y. ...Ii.1u"':"'~ "-!.:..t..~1

.~lO;;,.,l<.Sly'd-Iy'~ .~)b <.S~ .:;.j, J)'"' '-! el,;>I , :l ~ ~1 jl

~ H LJ.)b,...;, J,I~.,.Jli)~ I) .:..t..~I..Ii.4 ~i jl <.SyJ~,

LJ.)b,...; , LJ. J,~ ., ""';;:l d-~ .~J <.S~~~ ...oJ::.:;.. <.St.....,..>~

..,;L...j <.SLJ..)'~ )~ .u,J d..,,~ Hly' )~ I) ..,..>L...:.~ <.St...~

'=~wl.z.l~

y= 130+131X 130=0.25588 13,= 5.5779 (f)

(0)

(f)

'-! (13tl ,,-!,Ij Y!.~ , (130) IJ.•.• jl d' r w~1 J..oI,9 ~ <.Sly'

I.I;A jl d'r <.Sly' )~ <.Sib I~I )~ '~":'u" ~ xj .:..)!)'">

.:...~ "-!xj <.St...J",) jl .~lO;;,.,l4 (se(./JI)) ,,-!,IjY!.~ , (se(Po))

:..uJu"

2 ,r2seep )=[RSsx(.!..+~)lo n-2 n SXX

• RSS '/2
se(PI) = «n-2)(SXX ))

.~ ~ (:'.Y' ty:>.<oSXX .t....J.l1...,94(:'.Y' ty:>.<oRSS .,

)~ ..:...1 .;oh (b\.i.;) .:..'.11.> ~I.w n , t... Xi"';""; ~t". X .t... Xi

,u...; -:1...\;.0 ) 1.\0)1) •. Iul ~\;,j ....•L. I -Y'
;r- \?' J r- "'" ...-.• JJ
""" .,loSYof.~)) ..,,, ~ ~I,) c.r')Yo '-f

<.St...41,J~~I". .:..t..~1 jl ;b5 y'1y' )~ 4l,J ~ ~I,) <.s"')Y. <.Sly'

(, )J,~ "-!~i 4 '~":'u" .~lO;;,.,l~j1 ~ ..,;t...y'i4 <.S~'.I,9

~)~ ~I,. t; ./0 ;b5 jl <.S~'.I,9<.St...41,J.:..lili;1, ~~I". .:..t..~1

""I....:.;I"-! bj1Y' ~I ./Yo, ./0 ;b5 ,~ ''.1,,- ..:...1 ~~'" ~j1

ciJ )a; )~ ~I ~ t; ..5.;. ;b5 jl joll;i <.St:.,..=..... 'pI> <.St...

~~I". ~I.w .AI,J ;b5 ~1j91 4 ., JJ»~u" wl.z.l (') ~ ..:...I.J.:,

~ Y!.~ ,.}o> "';"..,f) J.Pu r~1 4 '~~u" ..;..0.15"..,;'.It...
k...,:-o ~ .=~ wl.z.l ., r = -./Y.,. 4.:...1 y'1y' t....~b 00!

..:...t...~ J.l,) w~j1 .),.;;}V~ ~ .:....~~ ,.:...t....~b 00!

''''A''' l4I.' .)L6Il> 04'5.1 cJ!IIl <0'1.1' t,ii @lll.o~ I
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, l.l"o jl u"r ..sl)! (I-a) x 100 % 0~1 J.oI,s U),"" .xl

:.li,1•.•• .:....., ~ xj U),"" ~ ~,Ij Y!.~

loU; C~I )' .J...,;,;.(; ..s,~ t....,b xL.. ..s,s:J1jl 05 ..s';\" )b~

~ ~ I.~~I), ~'r-! loU; ~ ..s1.H.•\:A.•• ""l..> ~ ";'r-!
jl' ..su. •.l..iL.J~ C)(b..,I), 05 rj )I.Ii. .)t".. ..sib> ,),l)! )! • 0'~e,

..li,l•.•• .:....., ~ •..v,.:.•.••• .l"ol;'•.I.Zc.;,,....,1 0')' Po - t(a ,n - 2) x se (P 0) :S Po s Po + t(a. n - 2) x se <j} 0)
(Y)

•.•• <l;.wb.. xj J,."o jl .,\0;:.,1 ~ .:.....10,.) ..st:,.. 05tj )I.Ii. <J"':""

:,,.:.

ej
n- ~RSS (I-hill

n-2

RSS '" SIT _ (SXY )2
SXX

n-p'-I 1/2
t;=r;( ';!)n-p -r1

(11')

(\\")

(I 'f)

(10)

(IF)

(IV)

(III)

(II)

),10 ~ ..li,l•.•• .:....., ~ t- student (i.j" jl .,\0;:.,1~ t( a, n-2) )I.Ii.

jl u"r ..sl)! J..o)' '\0 0~1 J.oI,s a = 0.05 tPJ )2l)' ~J~

J.ob. xj U),"" ~ .;,s ..st...J,."o )' ..s;1.iS~ ~ ~,Ij Y!.~' l.l"o
:,,.:.....

0.113 => ~o => 0.62474
3.49279 => ~I => 7.66301
, l.l"ojl d'r x,1A. J..o)' '\0 J\';;>I ~ 05 a 01" •.•• U),"".xl),
y • )I.Ii. ..5.J..,;y.",.:; ..sl)! ••••101)' .J.W..lb.;,s ..st...oJ...,ij)' ~,Ij Y!.~

x )' ~ )t".. ..sib> I~I )' .,,.:. •.•• ~ xj .,..,,;; ~ x • ..sljl ~

:.li,l•.•• .:....., ~ xj J,."o jl .,\0;:.,1~.
2 112

d ( I I RSS I (x.-:X)
sepre y. x. = [~x(l+-+---IJ

n-2 n SA'X

y.-t(a,n-2)xsepre~x*)=>y*=>y.+t(a,n-2)xsepre~x*) (I.)

~ X,IA. .J.:.ol;•.•• '•.I.Zc.;,,....,1 ";'r-! ),10 4!' •..vL.J~ I) 1; C)(b..,1 )'

( a / n)x .:.lb. ..sl)! t (i.j" jl J.ob. X,IA. ~ tj ..sl)! •.•.•1 .:.....,

'-'!.IA. t ( a / n; n- p'. 1) ~ n- p'- 1 ..s,I) ~)' , 100%

w1 .;;.:,~ (i.j" jI J.ob. x,lA.jl ;S)~ ti)!.>1A.o5.,l),"" )' ...v,.:.•.••

,I.W' )!I)! n)I.Ii..;,s J,."o), ..li,l•.•• ""l..> ~ ";'r-! obi;..5.J...obi;

.:.lb. )' 05 .:.....t...~ cAl ,I.W' + \ = P + \' )!I)! p' , t... .:.lb.

•.:.....1 p'= 2 .,L.. J.o> ";,,., h

,,.:. •.•• -Ui.>)\' ..:.....1•.I.Z.,10 0\.:.; y, )!I)!), e, )b~ ('f)jU )'

.,.Jb. .x1.J.W..lb ,s:J1..5.J....sl)b t....'b •.••1..; .•.•.••u'd.;;),b ~ 05

.;. jl.H -.J,I ..s~"o jl 05) t...•..vL.J~ ~~;\, 0'j1 ~l: •.I:Jb' 0\.:.;

..s1.H ";'r-! lolA;•.,.Jb. .xl Jp ..sl)! ..::,.II..:.....1(.li,1•.•• .:....., ~
0\.:.; (r)J,J.?- )' <l;.wb....v,) .,,.:. •.•• <l;.wb..1; )I.Ii...st... .:.lb. .•.•.••

05 .:.....1I'/rY )!I)! 1; )I.Ii. .x;!)j.! 05 ,,.:. •••• -Ui.>)(. ..:.....1•.I.Z.,10

, n = 5 , ,/,0 )10,,;... cb... )' ";'r-! lolA;0,.j1 ";1f'<1 )I.Ii. jl

t....,b ~ )' ";'r-! obi; ~ .xl)!~ ..:.....1A~ ('\MO) p'=2
..:.....1~ ')\'IS' .;. jl)! , ')..v ,~,

, a ..sib> cb... )' n-2 ..s,lj1 ~)' ~ t (i.j" t(a, n-2)05
~ J.oI,s ~,' 'xj J,."o jl.,\O;:.,1 ~ ..:.....1y.=BO+B]x.

..li,l•.•• .:....., ~ (I-a) x 100 %

y. = Po +Plx.:t t(a,n-2) xsepred(y.1 x.) (II)

.u .,10 0L..:.; (1') ..J,t.. ..s1.H J..o)' '\0 ~ J.oI,s (Y')jU )'

jl rJ wJ~ ~ " 0;-! 4..;>1;jl ~ 4.5 ,,.:. •.•• -Ui.>)\' ..:.....1

J~ .}.19 05 .:.....1 ,..;:... <l,i)lL.. c"J~ ,I.W' • .I:Jb' 0\.:.; , t... x ),:x-

~19 .:.......1~I )p.<> jl ;)I~ 05~ " ~ <l;>1;.xl)!~ ..::...,;
e,= y, - y, ..su. •.l..iL.J~ ~1 05 ,,.:. Jp .li,~~~ )' ..:.....1J~

)IS' .xl ..sl)! ~.i:.5•.•• ~I"o I) ,s:J10'j1 .,....,l:. ~ loj1)" -.J,I ..s~"o
.,,...,:.,......,; y, .u.;.jl.H x,u. .HI)! )' u. •.l..iL.J~ )b~ .li,~

~4;\, 0'''''; ~l: .~, 0L..:.; • .HI)!), •..vL.J~ '~j ..st...~
y,

..:HI)' .,,...,:. •.•• "",.....:x.o ,.:.....1.;. jIy. -.J,I..s~"o jl 05 t...•..vL.J~

''''AI'' 141,' .)l.6Ill ~ tlIm <DIN'<,if @llLool¥AJ •••
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.s~oIl,!4J'J1..>':'~I,...~I.w uk> yj. ~~ ~) J.,bU :r jS:..:I

(~~~) oil,!~ ~1~)~ .s~'J,s
4 , ,

.0 :~~>-
O~OI4

-2
-DX=e

':'~I,... ~1.w~I) .sl~,)JJ»~ \0 ~ .s~.u...1S:rjS:..:I

(~~~) oil,!~ ~1~)~ .s~'J,s .s~oIl,!4J'J1..>

0.3

0.2 J •
0.1 1 •e, 0.0

•
-0.1,0

-0.2 • 215

•
-0.3

y,
.s~oIl,!<l.I••••• 1..>':'~1,...~I.w ~I) .s'~~.J,j~~ )I~"'; :( jS:..:I

(~~~) oil,!~ ~I~)~ .s~'J,s

~~~) ..,.;,~ 1>IilJ;;;s' .s'~t;~b.o:r J,~

x y X Y y(reg) e r t

I 2.4 0.368 2.400 2.308 0.092 1.531 2.676

2 0.8 0.135 0.800 1.011 -{).211 -1.198 -1.355

3 0.4 0.050 0.400 0.534 -{).J34 -{).780 -0.714

4 0.4 0.018 0.400 0.358 0.042 0.255 0.210

6 0.48 0.002 0.480 0.270 0.210 1.311 1.639

oil,!~ ~I~)~ ~ U .:.1)# -r-r
~ b~J" <.Su..~b jl .u,J ).9 ,Hl,H )~ ~ ty <.Su.~ ,-,",),H <.SI,H
r~1 4 ..::...1 •.1.:. .~\.i;;.,1('I' J~) wloj ~ )~ ~jl <.Su..u,J

~ 1'=- ./r'l' ,H',H u..~b1ft ~ Yi.~ ,Jo> ..;"., f) J.,J;>u
,;,,;F )I.IA.>..::...u..~b 1ft ~ ~ .=~wL.z.; .s .l.>]...,.. .::...~
,.::...1~~ ('I'/r'l') ./\ <.Sib> ~ )~ <.S)loj F jl.s .::...1.Iff ),H

.::...1 ~ <s!,> ~,;,,; (O) ~)~.~ Jo> ~~ .>;') ,Y-I,HI.:;

J~lx J.,b ~.~ ~ "'!''; 4 ~.~ Jo>Lo,~ .>;,).s
<.S,~ ...,..,1>.>;') jl )i.; ~),..u~~1 .s ~j ()"..I> wi,;...,.. Lo,.~b~4j

~ , ~ ~ ~ ~oll,!4J'J1..>':'~1,...~I.w:'J,~

(,rvv l; ,rvo JI..> '~J!)

,;'\/,s <J"'';' •.••

~,)I~,)IJ.a.i ~,),~ "l-W' .J,J)oS

~'/\.., <l.i"YL. (Inch)

f.l .. mirA .10.

\/,.. n/'fA ./Yo

r/'f. rvlVf \/ ..
- \m \/rfJ

- ./'fA \/0.

.IA. ,..M rl •.

- ./'fA rio.

./'f. olAf rl ..

•If. IfI.A fl ..

- ./'f. 01..

./'fA - fI ..

- }JA. flro

- rJ.. }J ••

- rl .. \.J ..

- .IA. \'rIo-

•... 3.0<l)
P..

'" 2.5 ~ • y = -0.3146x + 1.9027~~ 2.0e •... r = -0.706
,D ~ 1.5<.., <l)
0 >-.•... 1.0
<l)

"S 0.5 -I •. •.~ •
i 0.0

0.0 2.0 4.0 6.0 8.0

Diameter (inch)

.s~.......J,! <l.I••••• 1..>':'~1,... ~I~ uk> ..,.;~ ~) J.,bU :, jS:..:I

(~J!~) oil,!~ ~1~)~ .s~'J,s

'" 3.0~~
2.0 J

Y = 0.25588 + 5.5779Exp( -x)e •... ,
r = -0.98,D ~<.., <l)

0 >-.•... •...
<l) 8. 1.0

"S ~ • •i 0.0

0.0 2.0 4.0 6.0 8.0

Diameter (inch)

I I U"A'" 14I ,Io)l.6l1> of'S.l tl!w 0(1),11<,,,i ~ ota.!W I I
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41,1 }>i J.!ljl 4 ~ ..:...1 J,y. 41,1 }>i xix )~ wl,,;! .x-.:.~jl
•.1.?~•..•• ..;...lS' .:.....U u

~I) lA.41,1.:.....U U c.>lx~~,. c.l<.)\bl "-! ~i 4 .;h~,x5 ~

~ .:...~ ~ , (ll) JU "-! ~i 4 ~ .~ olll) J!li ...,..,1>
c.>lA.41,1.:.....U U c.>lA.~ J),) d5 ,,.:. •..•• ~ ~ "'I.~

~ 0.7.,
>. 0.6 y = -o.OO39x + 0.2839•.. •.,
p.. 0.5 r= -0.23
'" S~ 0.4'" ~!:l •.. • • •~ g, 0.3 ••'+-<
0 0.2 ••.. •., •• •"E 0.1 • • •
~ 0.0

0 10 20 30 40
Diameter (inch)

(iJl." -*'") "',J,I.i )!')!)~~ji lSl.l."',Jc-s...:. u..;.;. ..,;~;!)i<l'lii:0 ~

,I.i ~ 4! ~ji lSl.l."',Jc-s...:.u,<l.i\ll... ~~,~ ~'.w:r J,~
(H'W u 'rYo JI... ,-*'"!'! , 'rY' JI... 'iJl.")

.x-.:.~ wl,,;! 41,1}>i

.:.....U U .41,1 J,b .:..~I".~I.l.; .:.....U U 41,1J,b ~I". ,IJ.oj (inch)
(Breaks/km/yr) (km) o;'1L.. (Breaks/km/yr) (km) o;'/W

- - - .I ••••ll f •• I•••rr 'I'll. '1'1••

.1''''Y''f rA1\'(1l iliff ./M f. \lrv. \\r fl ••

./\'f.r rlll\\r rlllr ./llAr , ••••/V'fr rf rl ••

.I ••••rll r./llrr ,I'" r ./Y"fA rr/Wf 'r'r N ••

.1\\rA '1l1V1lr '/Af .1' •••• rf/AYf V '.1 ••
•I'ff. '.1 ••• \Iff .I.V'(' rv/rrr r ,rl ••

- - - .Irr. rrlr'\V A ,rlVll
- - - •/'('ll'" A/Y'r• 'I' 'IlIVIl
- - - .I\\f r,I'A' V \VIVIl

- - - .1''1'''1 rAIV., f ''''IVIl
- - - .I.V'(' rv/'f'rA r rrill.
- - - .I\'(r vl'\'f. , Will.
- - - ./rrA \\IAll. f '1'1/11'

, }>i "..1)4 ,~ , .x-.:.~ .x-.:.~jl c.>lA.41,1c.>X)lS' .:..I!li ..:w. c.>1~1)
c.>lA.41,1o;'1L.. .:..~I".~IJ.oj,.....;; jl (II ).lio .~i•..••.:...~"-! 41,1 J,b

.:...~ "-! JL.. J'" ~ 41,1 c.>lA.r.o-o'~IJ.oj.1>1, 4 ,lA.41,1~IJ.ojx ~j1
..:...1•.1.:. d;! F)~'IV XIXI.ft'-;;)~ d5 ,~1•..••

IS~J1S,- -':IS ~J,j~-,.-,.
c.)~ "-! ( 'I' J,~) .x-.:.~ .x-.:.~j1 c.>lA.41,1c.>lx c.>X)lS' .:..I!li

..5s..5s .:..~I".~~,. c.l<.)\b1 d5 ,ji,1 J,b "-! .~,.:. •..•••••••• b.. o;l!1~

.,1A;;.,1 (r) ~I) jl c.>X)lS' .:..I!li ~),iX c.>lx ,',.:. ~ j.l.:. lA.41,1

d5 c.>1~1) , .x-.:.~ .x-.:.~j1 c.>lA.41,1c.l<.)\bl jl .~1A;;.,14-~,.:. •..••

,.:...1 • .1.01.:...~ "-! 41,1 }>i , .x-.:. ,ji,1 ~jl c.>lA.41,1.:.....U U ..:w.

••• I"''''' l4I.\.)l.a4> ~ tIW>",,», •••T@IlI.oCJl¥aJ
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;..# ~)!...J,J J,k L, , ~I ~)!...J,J)oS D, J",) <y-I)~

.c:....1

y.i>' <y-I "'! '~':'c.s" ci ~ )i.; )~L;.,.. 0-' 01,:.. "'! o;,.,~Y" h..,f-<'
)~ ..:....:.b •••••1,;. Lo...J,J0-' , ",;Yl... ~d~ ~I.w (J"l...1 )!. J,~
Ot.:.; yS".iJIJ,o..,,) .::..:..;(f)J,~ jl •.l.ojc:....~ "'! .;;,~:>\kl (O)J,~

ci;$ )i.; )~ J"J::.; <.SL;.,..01,:.. "'! J,~ <y-I<.SLo..~b.c:....l .J.:, .~b

''''':'c.s''

D.g
Q/= 0.9092

O.7+L10.01+-,-
D,

(\ '\)

(r.)

.s~,l> .s')'! ..,,, ;.s )'!')'!)) .s)'!)1S~\i .slA>~ : V .;s:..z
(~~ ~ ~jI.slA>"''') ro , •• u ro ,.

Length of pipe (km)

.slA>;.s .s')'! ..,,, J,l> )'!I)'! )) .s)'!)1S~\i .slA>~ :, .;s:..z
(~~ ~ ~.ij .slA>"''')~' ,. u~, ,

<.S4',k <.SIH..J,J )oS )!.,)!.)~ <.S)!.)lS'~lS <.SLo.)# ;,,; (Y)JU )~
~,...,zl.r"" -.lo>)t, .c:....1.J.:, .~b ot.:.; (;.. \ •• Ii \. jl) Lo...J,J~

..L!41.r""cAljJl <.S)!.)L5~lS .)oS cAI;;1 4 ..J,J J,k Y" <.SI)!.d5

<.S)!.)L5~lS jIA~.~ J,k 4 <.SLo...J,J<.S)!.)lS'~lS ~

)!.I)!.)~ ~ U <.SLo.)# ..J~l.. ~b 4 .c:....I;:...5 J,k 4 <.SLo...J,J

,~ , <.S)!.)L5~lS <fr-! ~I) Ol"c.s" ..J,J ~ Y" <.SI)!..Lo...J,J)oS

<.S1~li.. 01,..;1.r""y.i>' <y-I"'! .~),1c:....~~ I) ..J,J )oS , J,k ~
<.Su,.u,J .~b r~1 <.S)!.)lS'~lS J;bJ jl Lo...J,J.;;"li;,. <.SLo.~ ~
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