ISSN(Print): 1225-7672 / ISSN(Online): 2287-822X

DOI https://doi.org/10,11001/jksww,.2020.34.4,251 |

| BisteE 0|2sl gkt LS =X

Estimation of sewer deterioration by Weibull distribution function
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ABSTRACT

Sewer deterioration models are needed to forecast the remaining life expectancy of sewer networks by assessing their
conditions. In this study, the serious defect (or condition state 3) occurrence probability, at which sewer rehabilitation program
should be implemented, was evaluated using four probability distribution functions such as normal, lognormal, exponential,
and Weibull distribution. A sample of 252 km of CCTV-inspected sewer pipe data in city Z was collected in the first place.
Then the effective data (284 sewer sections of 8.15 km) with reliable information were extracted and classified into 3
groups considering the sub-catchment area, sewer material, and sewer pipe size. Anderson-Darling test was conducted
to select the most fitted probability distribution of sewer defect occurrence as Weibull distribution. The shape parameters
(B) and scale parameters (7) of Weibull distribution were estimated from the data set of 3 dassified groups, including
standard errors, 95% confidence intervals, and log-likelihood values. The plot of probability density function and cumulative
distribution function were obtained using the estimated parameter values, which could be used to indicate the quantitative
level of risk on occurrence of CS3. It was estimated that sewer data group 1, group 2, and group 3 has CS3 occurrence
probability exceeding 50% at 13th-year, 11th-year, and 16th-year after the installation, respectively. For every data groups,
the time exceeding the CS3 occurrence probability of 90% was also predicted to be 27th- to 30th-year after the installation.
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Table 1. Characteristics of data groups used in this study

. No. of Sewer line
Group Characteristics
Segments (km)
G1 | Unclassified 217 (6.1 km)
Drainage area: PP
G2 | Material: Rigid pipes 25 (0.6 km)
Pipe diameter < 450 mm
Drainage area : AY
G3 | Materials: Rigid pipes 2 (1.5 km)
Pipe diameter > 600 mm
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Table 2. Sewer defect and condition judgment criteria used by Z city

Description (% loss of area)

Defect
a b c

Lateral, protruding > 65% < 65% Protrude slightly
Lateral, sealing faulty - Failure Failure slightly
Joint, Displaced > 30% < 30% Displaced slightly

Infiltration - More than low Low

Exfiltration - Exfiltration Not
Corrosion Reinforcing exposed Aggregate exposed Corrosion slightly

Crack & broken Broken Crack Crack slightly
Deviated line - > 10° < 10°
Dipped pipe > 65% < 65% Dipped slightly

Permanent obstruction Permanent - -
Grease - Low Not
Mortar - Low Not
Debris or silt > 50 % < 50% Low (Debris or silt)

Others -

More than low Low
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Table 3. Condition state determined based on defect ratio
observed by CCTV inspection

Condition Grade by defect ratio
State a b c
1 < 60% 0% 0%
2 > 60% < 40% < 20%
3 - > 40% > 20%
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Table 4. Anderson-Darling statistics to select suitable probability
distribution for data groups

Distribution Data group | Data group | Data group
G1 G2 G3
Weibull 1.889 1.442 1.001
Lognormal 5.047 1.503 1.248
Exponential 17.107 1.593 6.762
Normal 2.267 1.632 1.167
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(b) Cumulative distribution function

Fig. 1. Probability density and cumulative distribution of CS3 occurrence by using age of pipes.
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Table 5. Parameter estimation of Weibull distribution

L 95% confidence interval o o
Data group | Parameter | Estimation & Standard error Log-likelihood | AD-statistic
Lower Upper
Shape(3) 1.893 0.104 1.700 2.109
G1 -751.006 1.889
Scale(7) 16.705 0.629 15.516 17.985
Shape(4) 1.349 0.224 0.974 1.869
G2 -88.806 1.442
Scale(7) 14.782 2.302 10.894 20.058
Shape(3) 2.574 0.313 2.029 3.266
G3 -141.347 1.001
Scale(7) 19.251 1.216 17.010 21.788
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Fig. 2. PDF of CS3 occurrence of each data group.
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Fig. 3. CDF of CS3 occurrence of each data group.
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Fig. 4. Residual probability plot.
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