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Fuzzy Techniques to Establish Improvement Priorities of Water Pipes
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Park, Su Wan / Kim, Tae Young / Lim, Ki Young / Jun, Hwan Don

Abstract

In this paper important factors in determining improvement priorities for water pipes were categorized
into the effects of a pipe failure to entire pipe network and the characteristics of individual pipe. Subsequently,
mathematical models that can quantify these factors were developed using the Fuzzy techniques. The effects
of a pipe failure to entire pipe network and the characteristics of individual pipe that were estimated by
Fuzzy techniques were coined as Fuzzy Importance Index and Fuzzy Characteristic Index, respectively. The
Fuzzy Characteristic Index was further categorized into Fuzzy Deterioration Index and Fuzzy Difficulty
Index. Considerations were given to applying weights to specific factors in the developed model depending
on the circumstances of model applications. To provide an example of the methodology an example pipe
network, Net3, of the EPANET program was used. The Fuzzy Importance Index (FII) and Fuzzy Deterioration
Index (FDI) were calculated for the Net3 network by considering the hydraulic effects of a pipe failure on
the entire pipe network and the pipe deterioration as one of the individual pipe characteristics. Subsequently,
the improvement priorities of the pipes in the Net3 pipe network were established based on the FII and
FDL

Keywords : fuzzy deterioration index, fuzzy difficulty index, fuzzy importance index, improvement priorities,
water pipes
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Table 1. Important Factors in Determining Water Pipe Improvement Priorities and Their Characteristics

| Subject of Result of the Application of
RS Sl Weighting the Fuzzy Techniques
Effects of a Pipe Failure on Flow, Pressure, ) ! .
Entire Pipe Network Residual Chlorine, etc. Nodes Pipe Fuzzy Importance Index

Material, Diameter,
Internal and External
Coating, Installation
Year, Soil Type, Road

Pipe
Deterioration

Character— Type, Joint Type, etc.
istics of
Individual Accessibility to Pipe,
Pipe Difficulty of | Awareness of Citizens,
. " Easiness of Traffic
Performing Pipe

Control, Effects of
‘Water Supply
Suspension, Costs, etc.

improvement

Sub-factors

Pipe Fuzzy
Deterior-
ation Index

Pipe Fuzzy
Character—
isites Index
Pipe Fuzzy
Difficulty
Index
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Perform normal hydraulic analysis and,
then, abnormal hydraulic analysis by Selecta pipe

simulating individual pipe failure

¥ Estimate the values of

deterioration evaluation factors

Fuzzy classification of flow rate &
pressure change rate for each node

Fuzzy dlassification of

For each pipe estimate the membership deterioration evaluation factors

values for nodal flow rate and pressure
condition states by incorporating the

weights of the nodes
Estimate the membership
values for deterioration
Defuzzify the membership values for condition states of a pipe by
nodal flow rate and pressure incorporating the weights of
¢ deterioration evaluation factors

Sum the defuzzified membership values
to obtain pipe fuzzy importance
index(FIT)

Defuzzify the membership
values to obtain pipe fuzzy
deterioration index(FDI)

Arrange the pipes according to
descending order of FDIs

i

Establish the replacement priorities by arranging the
pipes according to descending order of the
standardized values of Flls

Fig. 2. Procedures of Estimating the Fuzzy Importance Index and Fuzzy Deterioration Index
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Table 2. Definition of the Condition State for Flow and Pressure Change Rate at a Node

Sub-factor Flow or Pressure Change Rate(CR) Condition State Representing Value
0.082=CR Substantially Low 0.00
-0.249 < CR<-0.082 Very Low 017
Flow or -0.400 = CR<-0.249 Low 0.33
Pressure at -0.582 = CR<-0.400 Fair 0.50
Node ~0.749 < CR<-0582 High 067
-0.915 < CR<-0.749 Very High 0.83

-1.000 =CR=-0915 Substantially High 1

Table 3. Weights for Deterioration Evaluation Sub-factos for Pipes

Sub-factor Weight Sub-factor Weight
Material 0.30 Soil Type 0.04
Diameter 0.10 Road Type 0.04

Internal Coating 0.10 Joint Type 0.02
External Coating 0.05 Leak/Failure Record 0.20
Installation Year 0.15
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Table 4. Classification of Nodal Flow and Pressure Due to Failure of Pipe No.123

Node | Normal Operation | Abnormal Operation Change Rate Class
ode
No. D] | IEERe 18y e Flow Pressure Flow Pressure
(m/sec) m) | (w¥/sec) (m)
15 | 0039112 | 287 | 0023782 55 039194 | -0.80%4 Low Very High
35 | 0103267 | 409 | 0.080747 92 021808 | 07751 | Very Low | Very High
101 | 001608 | 316 | 0.002839 05 082353 | 09842 | Very High b“bﬁi‘;}:‘*‘”y
. . s . - ’ o Substantially
103 | 0011220 | 313 | 0001199 02 089326 | 09936 | Very High e
247 | 0005930 | 37 | 0005930 | 212 0.00 04270 m’ﬁ‘x‘a"y Fair
251 | 0002019 | 333 | 0002019 | 184 0.00 -0.4474 b“bifz“::‘a"y Fair
o . . ] e i | Substantially
253 | 0004605 | 315 | 0004605 | 216 0.00 -03143 . Low
- - | Substantially
255 | 0003407 | 343 | 0003407 | 243 0.00 02915 By Low

°] 7} wivi4] 55 (Substantially Low, Very Low, Low,
Fair, High, Very High, ¥ Substantially High)oll %3}
= EE 20,0076, 0, 00119, 0.0563, 05283, 0.3391,
0.0569) 2. AT o] & o] g3t o] e white)
FREE WEHEy R Pahd 072430] 5] 1 wA
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7
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Table 5. Classification of the Pipe Deterioration Evaluation Sub—factors for Pipe No.123

Sub-factor Property Class
Material DCIP Low
Diameter (mm) 762 (30 inch) Low
Internal Coating Cement mortar Very Low
External Coating Coaltar enamel Fair
Installation Year 1986 Very High
Soil Type Clay Substantially High
Road Type Highway Very High
Joint Coating after welding Very Low
Leak/Failure Record 219 Low

Table 6. Pipe Improvement Priorities for the Pipes in Net3 Network (the Highest 20 Pipes)

Fipe I‘mporlance hportance Fuzzy SLa;T;IZTZEd FlI FL}ZZyI FDI Replace~
m with Respect | with Respect | Importance Importance | Ranking Deterioration Rl ﬂTACI?t
to Flow to Pressure | Index (FII) Tndex Index (FDI) Priority

325 0.5249 0.4895 1.1830 0.7062 4 0.7433 1 1
285 0.0199 0.0300 0.0298 52 0.7433 1 2
209 0.0113 0.0135 0.0151 7 0.7333 3 3
199 0.0000 0.0000 0.0000 109 0.7333 3 4
235 0.4550 0.4872 0.5735 13 0.7300 5 5

121 0.0000 0.0000 0.0000 109 0.7300 5 6
145 0.0000 0.0101 0.0736 0.0439 43 0.7200 7 7
243 0.0190 0.0256 0.0516 0.0308 50 0.7150 8 8
103 0.0139 0.0166 0.0305 0.0182 % 0.7150 8 9
221 0.0160 0.0214 0.0402 0.0240 62 0.7133 10 10
217 0.0160 0.0214 0.0402 0.0240 62 0.7100 11 11
119 0.0000 0.0000 0.0000 0.0000 109 0.7100 11 12
153 0.0000 0.0198 0.0211 0.0126 85 0.7000 13 13
263 0.0014 0.0021 0.0034 0.0020 103 0.6933 14 14
213 0.0000 0.0000 0.0005 0.0003 106 0.6900 15 15
179 0.0023 0.3991 0.6136 0.3663 22 0.6867 16 16
315 0.5249 0.4895 1.1830 0.7062 4 06767 17 17
317 0.0000 0.0000 0.0014 0.0009 105 0.6733 18 18
323 0.4243 0.4290 0.8646 0.5161 17 0.6667 19 19
330 0.0000 0.1609 0.1448 27 0.6667 19 20
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