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Abstract

Reduced thickness of the water pipes due to corrosion makes it difficult to perform the original functions since corrosion in metallic
water pipes can occur over time. In this study, reliability model that can estimate the probability of pipe breakage is developed regarding
corrosion depth increment according to service year. Probability of pipe breakage was calculated by FORM(First Order Reliability
Method) and unsteady analysis was performed to analyze the statistical properties of water pressure. And KCIP(Korea Cast Iron Pipe)
equation was adopted for the reliability function. Furthermore, change of pipe thickness was estimated by Nahal and Khelif equation
and Romanoff equation. Therefore, pipe thickness was calculated due to change of corrosion depth and probability of pipe breakage was
calculated and compared with 10, 20, 30 service years. From the results, probability of pipe breakage for network A is gradually
increased from 6.8% to 8.6% according to service year of 10, 20, 30 when Nahal and Khelif equation is applied. And probability of pipe
breakage for network A is also gradually increased from 6.4% to 8.9% according to service year of 10, 20, 30 when Romanoff equation
is applied.
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Fig. 1. Schematic representation of the bi-modal behaviour of corrosion loss showing principal phases (Romanoff, 1957)
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Table 1. Statistical properties of water hammer pressure

Water distribution A Water distribution B
mean (m) 19.67 mean (m) 8.82
standard deviation (m)| 8.06 |standard deviation (m)| 4.08
COV 0.410 COV 0.463

Scale parameter (k) 0.16 | Scale parameter (k) | 0.314

Shape parameter (A) | 16.04 | Shape parameter (\) | 6.98
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Table 3. Change of pipe thickness according to service year

Nahal and Khelif (2014) Romanoff (1957)
Service | corrosion | . Service |corrosion | .
year depth thickness year depth thickness
(Year) (mm) (mm) (Year) (mm) (mm)
10 0.2236 4.276 10 0.1640 4.336
20 0.3229 4.177 20 0.3010 4.199
30 0.4003 4.100 30 0.4380 4.062
40 0.4663 4.034 40 0.5750 3.925
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Fig. 10. Probability of pipe breakage according to pressure using
Nahal and Khelif eq. (Water distribution A)
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Fig. 11. Probability of pipe breakage according to pressure using
Romanoff eq. (Water distribution A)

1

Probability of Pipe Breakage

i/ T+ Present
S——O After 10 years
O—O O After 20 years
A—A—A After 30 years

0 20 40 60
Pressure(kglem’)

Fig. 12. Probability of pipe breakage according to pressure using
Nahal and Khelif eq. (Water distribution B)

Probability of Pipe Breakage

e +——FH—+ Present
S—Or—% After 10 years
O—O—© After 20 years
A—Ar—A After 30 years

o 20 40 60
Pressure(kg/cm’)

Fig. 13. Probability of pipe breakage according to pressure using
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Fig. 14. Probability of pipe breakage of 100 mm pipes according to pressure using (a)Nahal and Khelif eq. (b)Romanoff eq. (Water distribution A)
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Table 4. Probability of pipe breakage of water distribution A and B according to service year

. Nahal and Khelif (2014) Romanoff (1957)
service yeat Water distribution A Water distribution B Water distribution A Water distribution B
present 5.1549% 6.0569% 5.1549% 6.0569%
10years 6.8110% 7.7801% 6.4253% 7.3527%
20years 7.7801% 8.8505% 7.4931% 8.5340%
30years 8.5340% 9.6797% 8.8505% 10.0269%
40years 9.1756% 10.3831% 10.5646% 11.7020%
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