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Abstract

Water Pipelines are vital infrastructures of any country and their failure may have severe consequences.
In this article, an attempt has been made to investigate a real project, the important uncertain variables in
the system design have been identified and the failure risk and reliability of the water conveyance system
have been calculated in two alternatives of a steel pipeline and a GRP pipeline. A wide range of system
design variables including pipe structural characteristics, soil types, probability distribution parameters,
and the correlation between them were determined as a multivariate normal distribution using Cholesky
decomposition method. In the following, the uncertainty analysis of the system was carried out using the
Monte Carlo simulation via Latin hypercube sampling. Then the complementary cumulative distribution
functions of the output variables were calculated for each alternative and finally, the risk and reliability of
the system were calculated in two alternatives based on passing certain design controls. The results
showed that the reliability of the system is equal to 96.7% for the steel pipeline and 86.4% for the GRP
pipeline.
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Table 1. Random variables related to steel pipe and their mean and standard deviation
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of Soil Diameter ioh load P . dul heich
cover weight 0al actor actor modulus eight
Variable H D Vs P FS D, E' H,,
Unit m mm kN/m’ kN/m - - N/mm? mm
Mean - - 20 90 3 1.25 1.4 1200
St. Dev. - - 2 45 0.6 0.125 0.07 240
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Fig. 3. CCDF curves for thickness and surge pressure for different diameters in steel pipe
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Fig. 4. CCDF curves for ring compression and dead load for different diameters in steel pipe
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Fig. 6. CCDF curves for horizontal deflection and allowed deflection for different diameters in steel pipe
oY Ay Calssn la b s bl IS5 i 5 5lne S8 o5 (51, CCDF (5o s sus —F JS3

Journal of Water and Wastewater

Vol. 34, No. 2, 2023

\Fe¥ dL\NKY ﬁ)ux“f 099



dx.doi.org/10.22093/ww;j.2023.357589.3287

g (Solo CunSCs Sy Sl

1500-1 1600-1 1600-2 1500-1
1300 1500-2 1400 1300
600-2 . 900 600-1 600-2
1 b) -
> CCDF
=
= £
S 05 - = 05 1
St 3
- £
S
o
0 r - 0 T r
01 0.3 0.5 07 0.065 0.075 0.085 0.095
ga (N/mm?) gl (Buckle Dead Load) (N/mm?)
1600-1 1600-2 1500-1
1500-2 1400 1300
1 - 900 600-1 600-2
<)
0.8 CCDF
>
£ 0.6
=
32
e 0.4 4
&
0.2
0 — -
0.01 0.03 0.05 0.07

2

gl (Buckle live load) (N/mm?)

Fig. 7. CCDF curves for dead load, live load and allowed buckle for different diameters in steel pipe
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Table 2. Random variables related to GRP pipe and their mean and standard deviation

ofsol Thicknes Diameter Speefc Whed  Safty Deformation Delved | Suil
Variable H t D Vs P FS D¢ D, E'
Unit m mm mm KN/m*  kN/m - - - N/mm’
Mean - - - 19.8 90 1.4 3.5 1.25 2.8
St. Dev. - - - 1.98 45 0.07 0.35 0.125 0.14

p‘a_.ﬁ\{whﬁuii\j@_@cﬁd))gdtg(ﬂ“ 35‘")r5
il s 6ol g pminalazel 5 aa s YU QT Slre J2lS
o)ijMﬂAﬁjJ[{;‘Mésk:’jbC—\\ JQZ&LEA
A/ ¥/ o5l s (a0 A0 B 0) asys 8+ plinabl dsls
)341.0\..9&4.&:6\){\?”—*.19)’6‘){ }5‘3\0“—\ bd‘j
Lo uize ;805 5laS e a5 AA/AKN/M® U FY/A 550
-\ L;.g_,,\wwch.“);sw\@gb\m\;f,;t
J\—:k“.a—?v.‘;u—"u“«i\_as-’-’ aém\ﬁ[ﬁb})&)}\}}ﬂ))&ﬁ\a"

Journal of Water and Wastewater

Gl (8 JS8) el ) s B IS ks s e e

OISO 3 1 PR SV PR S TS B W o
ol O J808) cssas LU 5l ke V00 oY Ls
- L Laleass o S5 Loas YA/SS mm b\ Y/45 o5 ame
O JSC8 s Olsn Sl 53l e 53 £S5 s VO
YL Sy sl sl ol £0/Y - Y mm L YV /-4 F
Lol o 51 Joloy onss 5o sosls g 1 s ) S
sloskd s s e plaia=) ) S & 5 5b plas s o s

ML 5 f o o

Vol. 34, No. 2, 2023

\f'* des\’ b)».:.\“f 093



dx.doi.org/10.22093/wwj.2023.357589.3287 hylSon 5 lyglS ellasl L ns

1600-1 1600-2 1500-1
--------- 1500-2 1400 1300
- = 900 600-1 600-2
1 - 1 - )
b) CCDF
> 0.8 - 0.8 1
b
= Z
=2 0.6 1 = 0.6
4 ]
St
= 2
0.4 S 0.4
. =7
0.2 n 0.2 b
0
0
0 0.3
2
Pw (N/mm?) Ps (N/mm?)
1600-1 1600-2 1500-1
1500-2 1400 1300
900 —— 600-1 600-2
1 -
0.8 A
£
= 0.6 A
]
=
£
£ 04
0.2 1
0
0.2 0.6 1 14 1.8 2.2

Pt (N/mm?)
Fig. 8. CCDF curves for working pressure, surge pressure and total pressure for different diameters in grp pipe
GRP JJ Calzse slo ks s IS ,Lad 54,5 jlid oS 5 Lid 4| s CCDF (slals sai -A 3

1600-1 1600-2 1500-1 1600-1 1600-2 1500-1
1500-2 1400 1300 1500-2 1400 1300
s 0 () () e (-1 600-2 — 900 — 600-1 600-2
1,2 19,
0.8 0.8 -
z z
% 0.6 = 0.6 -
s =
g g
& 04 A 0.4 -
0.2 0.2 1
0 T T T 0 i T
0 30 60 90 120 0 20 40 60 80
Allowable deflection (mm) Ay (mm)
Fig. 9. CCDF curves for vertical deflection and allowed deflection for different diameters in grp pipe
GRP 4y caliss gla lod s oni rbu‘JJWJS.:mﬁd‘fCCDF sy s -4 JS.J:
Journal of Water and Wastewater NS 5 Ol dore

Vol. 34, No. 2, 2023 VPO Y Jlo Y oyles FF 550



dx.doi.org/10.22093/wwj.2023.357589.3287 PRI ¥ | VLR - PR W By N 2%
A
1600-1 1600-2 1500-1 1600-2 1500-1
1500-2 1400 1300
900 600-1 600-2 1
1 -
b CCDF
a) CCDF 0.8 )
0.8 -
&
£ = 0.6
=0.6 1 <
< 2
2 £
e 04 g 04
a4
02 - 0.2
0 . . 0 . . . : .
0 20 60 90 0 20 40 60 80 100
We (N/mm?) WI (kN/m)
Fig. 10. CCDF curves for dead load and live load in grp for different diameters in GRP pipe
GRP ) Calises gla kb 535055 5050 bl 51y CCDF gla lssai-\ ¢ K3
1600-1 1600-2 1500-1 1600-1 1600-2 1500-1
1500-2 1400 1300 1500-2 1400 1300
—900 ——600-1 600-2 900 600-1 600-2
1 1 1 -
b)
a) CCDF
0.8 - CCDF 0.8 -
£0.6 £0.6 -
2 g
80'4 E S 04 -
A A
0.2 - 0.2 4
0 T 0 . . ;
0.15 0.20 0.25 0.30 0.35 65 75 85 95 105
qa (N/mm?) gc (Dead load) (KN/m?2)
1600-1 1600-2 1500-1
1500-2 1400 1300
; 900 600-1 600-2
) CCDF
0.8 1
g
= 0.6 1
=
]
2
S 0.4 -
A
0.2 1
0 B
10 40 70 100
ql (live Load) (kN/m?)
Fig. 11. CCDF curves for dead load, live load and allowed buckle for different diameters in grp
GRP J)Juil::‘mél.hﬁ): 03,0 9033 6\.@Jlg¢:u“6l.huid\.<>53 Jl:mu:u\.oSLg‘jCCDF Lg\.c:;‘;}o.’:— \ ‘_}&.:.
Journal of Water and Wastewater NS 5 Ol dlore

Vol. 34, No. 2, 2023 VY Jlo Y sle FF 550



F4

dx.doi.org/10.22093/ww;j.2023.357589.3287

Oy Bon g 3155l gl Loy

2l el 53 a0 (il 0353 S gyl of sl sais
st 6y iz s sl

o b 51 o e (sl oV 8 ) a3 (g dpalenel lade
A s g pipslasl s ialos Jols ¥ Usis 75
solod Lo 500, S Wil (g lS jly 285 40 )Lad (oY 58
s gt seize ol 51 Jile bshas

w5 b e ks wg, VS e B e byhas ol
45 5L ST Do e Ls LT plas s s wos s 0SS
O A3 ad Jasze VFee 5 \Wee bohas b aylin s g 2ty
Ol o« Dlasloe 5 Solg 53 5055 %S (g 55 B Ol se 4 5
L blie conks Sy Gtal5dl Jlozsl szt 55 of i
el ool il i S

s JLad oy ST USS lo e olan 700 o) Las
ol YU s el (sl (g dyslezel Sl s 53 5038 Jaoed
e s iy D53l 5o Sul Wsg b3l o3 i
Eely sl a8 o] i i a0l (g iyolas]
RELPVIES ) PUTSVIS| FRGICS 4 U SN 16 ST SN | e
Jlisl bs IS ¢ yslael sms o olis ¥ Jpur 5 b plas
ol 0o ,3 A5 /58l Y 5 )

Vdsaz b0 i 2 )2 GRP (g dpalazel ol
n migslazel o e oL F 5 ¥ s laie ay s .o
2l 22 GRP JJ s o b oV b d ) iy
VP oY bghas) as o5 LU i oo S s 5 Jsas
53 L sl 5 s LT s Sy, (10442
Lol S5 i 3l JSE i ao o Ar T ) bghas L
ol (50

S iilaS Gl 38 s (e ‘%TCL"CP}.’ Vi b
et 5 s, S alie g5 e ) VS e o) s sl
=8 5 o3 L o LS s (mins o ) ailge
500035 Jamza VO =) 518 oY Lt gs a e snlie
VO s s s (g e 85 e Lilos 55
YU o s s ol b |5 el (528 (5 igalazs
GRP I U Jlisl L3 ¢ igslazel ol T Jsir llas ol

.CA“\MJ)A;/YOJJ‘J&

Journal of Water and Wastewater

wwwﬁbdudﬂb—\\ Jgﬁi):.&“‘omj;‘.‘iﬁa.ﬁj
lasls n,»)\eg;ajbdjjﬁbl{w@ﬁdj.of

GRP 5 53Y¥ 38 dJg) 55 5 Shos duslia -Y-¥
JLid O iy D5l s o g A Y b IS8 i
Lo 5 GRP dy) gl & ol ) i 55 o & gy o 0,5
=55k LS s bl ol VS d ) s G
53 md 5ltd 51 s s Sy ke 5 Sl SIS,
il e Wl e 50V 58 4

oY ) s wipslassl ) s JSC8 s J S s
IS i a5 0 Jlazsl s 1S (g5 be vl 2in Sl
SOV/AA ol il sy 5 Eons SV F e 2 L3 e
s o) S e NY/YYY Ml il USE ks oy
a5 e () Sl laie e el 3 o b s s YO/
S8 ks e 5 o sken Vo A/FY mm 1, GRP I .,
e b o3 FV/AY Sy S e o s SY/ VY mm il
5 IS 53 552 50 Sb (28] Jpae il o s
Jslre 3¥ 538 5 Y/A 1 GRP g (6l (Hlob Ll o b
Jsh 5 sl sl il S o el ) S5l S0 V/F
13 (6 ke (S1 5 4z s 4 5L

GRP ) Ve g 0V 58 (sl armcza Yl Jgte (yinpan
O i 3 138,30 Jalse 52l s ol g oz 5> oS Sl
PR JPTINR J R 33 P DU RICIN [
5V oSS ls 505) sl 63V 58 51 i GRP s 5loa LS
O

6 pislaze s —¥—¥
=33 e itd s (S (g pislaze] 5530t o sbaiaes
B 1 03 it b ] it Salab g iyslazel

a8 5 s o Job b elize
1 JUisl s Jyb s A sy &0 bt e olgis
Ll iso o) (55 Llade Ol stea e e oS5l LS5
ol Voo s sl s iy s sl IS s piyslezel o
el 5851 K e il sl o5 st gl

Vol. 34, No. 2, 2023

\Fe¥ denY a)Lg.éu\‘f 099



dx.doi.org/10.22093/ww;j.2023.357589.3287 e (Sl S S foloor
Y5 g Jaml bs ilosn sl 2 gl g dyalezel Y pa
Table 3. Reliability results for steel pipeline
D 1600-1 1600-2 1500-1 1500-2 1400 1300 900 600-1 600-2
Q(discharge) 2490 2490 2200 2200 1900 1590 1000 400 400
P, 3.5 3.5 3.5 3.5 3 3 3 3 3
P(wheel load) 0 90 90 0 0 0 0 0 0
Length 2235 3157 2385 1120 1996 5055 1791 1090 3759
Wi 0.10 0.14 0.11 0.05 0.09 022 0.08 0.05 0.17
Re; (reliability) 99 99 99 99 91 95 88 100 99
> ReixW; 96.69 = Overall reliability of steel pipeline
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Table 4. Reliability results for GRP pipeline
D 1600-1 1600-2 1500-1 1500-2 1400 1300 900 600-1 600-2
P, 1.37 1.37 1.37 1.37 1.37 1.37 1.05 1.05 1.05
H,, 1.4 0 1.4 0 1.3 1 0.5 0.5 0
Length 2235 3157 2385 1120 1996 5055 1791 1090 3759
W, 0.10 0.14 0.11 0.05 0.09 0.22 0.08 0.05 0.17
Re;
(reliability) 88 86 84 92 92 79 90 96 89
> Re;xW; 86.349 = Overall reliability of GRP pipeline
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