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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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Fig. 1. General locations of Basht city and pipeline 

 
Fig. 2. Hydraulic profile and agriculture pipelines diameters 
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Table 1. Random variables related to steel pipe and their mean and standard deviation 

 
Height 
of Soil 
cover 

Diameter 
Specific 
weight

Wheel 
load

Safety 
factor

Delayed 
factor 

Soil 
modulus 

Groundwater 
height 

Variable H D γs P FS Dl E' Hw 

Unit m mm kN/m3 kN/m - - N/mm2 mm 

Mean - - 20 90 3 1.25 1.4 1200 

St. Dev.   2 45 0.6 0.125 0.07 240 

Fig. 3. CCDF curves for thickness and surge pressure for different diameters in steel pipe

CCDF 

 

Fig. 4. CCDF curves for ring compression and dead load for different diameters in steel pipe 
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Fig. 5. CCDF curves for live 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 
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Fig. 7. CCDF curves for dead load, live load and allowed buckle for different diameters in steel pipe 

CCDF

GRP 
Table 2. Random variables related to GRP pipe and their mean and standard deviation 
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Fig. 8. CCDF curves for working pressure, surge pressure and total pressure for different diameters in grp pipe 
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Fig. 9. CCDF curves for vertical deflection and allowed deflection for different diameters in grp pipe 

CCDFGRP

 

0

0.2

0.4

0.6

0.8

1

0.3 0.5 0.7 0.9 1.1

P
r
o
b

a
b

li
ty

Ps (N/mm2)

CCDF

1600-1 1600-2 1500-1

1500-2 1400 1300

900 600-1 600-2

b)

0

0.2

0.4

0.6

0.8

1

0 0.5 1 1.5

P
r
o
b

a
b

li
ty

Pw (N/mm2)

1600-1 1600-2 1500-1

1500-2 1400 1300

900 600-1 600-2

a)
CCDF

0

0.2

0.4

0.6

0.8

1

0.2 0.6 1 1.4 1.8 2.2

P
r
o
b

a
b

li
ty

Pt (N/mm2)

CCDF

1600-1 1600-2 1500-1

1500-2 1400 1300

900 600-1 600-2

c)

0

0.2

0.4

0.6

0.8

1

0 20 40 60 80

P
r
o
b

a
b

li
ty

Δy (mm)

CCDF

1600-1 1600-2 1500-1

1500-2 1400 1300

900 600-1 600-2

b)

0

0.2

0.4

0.6

0.8

1

0 30 60 90 120

P
ro

b
a
b

li
ty

Allowable deflection (mm)

CCDF

1600-1 1600-2 1500-1

1500-2 1400 1300

900 600-1 600-2

a)



                                           dx.doi.org/10.22093/wwj.2023.357589.3287 
 

                                                              Water and Wastewater 

                                      Vol. 34, No. 2, 2023 

Fig. 10. CCDF curves for dead load and live load in grp for different diameters in GRP pipe 
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Fig. 11. CCDF curves for dead load, live load and allowed buckle for different diameters in grp 
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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 

Pw 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 0.22 0.08 0.05 0.17 

Rei (reliability) 99 99 99 99 91 95 88 100 99 

∑ Rei×Wi 96.69 = Overall reliability of steel pipeline 

GRP 

Table 4. Reliability results for GRP pipeline 

D 1600-1 1600-2 1500-1 1500-2 1400 1300 900 600-1 600-2 

Pc 1.37 1.37 1.37 1.37 1.37 1.37 1.05 1.05 1.05 

Hw 1.4 0 1.4 0 1.3 1 0.5 0.5 0 

Length 2235 3157 2385 1120 1996 5055 1791 1090 3759 

Wi 0.10 0.14 0.11 0.05 0.09 0.22 0.08 0.05 0.17 

Rei 

(reliability) 
88 86 84 92 92 79 90 96 89 

∑ Rei×Wi 86.349 = Overall reliability of GRP pipeline 
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