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A COMPREHENSIVE APPROACH TO EVALUATING THE DURABILITY OF WATER
SUPPLY PIPES USING FUZZY SETS THEORY
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By Kentaro YAMADA, MA Zhiliang, Takahiko OKADA and Shizuo SHIMADA

This study aimed at developing an effective approach to evaluating the durability of

existing water supply pipes. The influential factors were clarified and classified into two

groups, i.e. general factors and corrosion environment factors. Then, an approach using
fuzzy sets theory was proposed to combine the evaluations on each group of factors. In the

approach, the general factors are evaluated using an existing statistical model and the

corrosion environment ones using experts’ knowledge. A small number of field surveys of

water supply pipes are required to be carried out for the combination of evaluations. The

approach was used to establish an evaluation model for the cast iron pipes in Nagoya City

and the model showed higher accuracy than the statistical model.

Keywords : pipeline, durability, corrosion, statistical model, fuzzy sets theory
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Fig. 1 Ewvaluation Model of Corrosion Environment.
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Based on_Corro. Model
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Modify Lo Obtain Obtain Field Survey
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Durab. Rank L

Fig. 2 Flow Chart of the Approach
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Note. CIP indicates cast iron pipe. SO and M indicate
socket joint and mechanical joint respectively

Fig. 3 Model 4-7.
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Table 1 Corrosion Environment Factors.

No. Factors ¥eight Size
I Aeration Difference along Pipe E; Sy
2 Unhomogeneity of Backfill Eo Sa
3 Stray Current Es Sa
4 Bi-metallic Corrosivity Eq Ss
5 Concrete/Soil Corrosivity Es Ss
6 Corrosivity of Water Ee S¢
7 Corrosivity of Soil / Se
8 Soundness of Electrical Corrosion
Protection Measure / Ty
9 Soundness of Wrapping / T2
10 Soundness of Lining / T
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Table 2 Experts’ Experience.
Experts’ No. IRV AN AT A S N AL A L A LIS P

Years in Bureau

Years in field
(Among in Bureau)

7.0

29.0 23.0 23.0 32.0 29.0 29.0 21.0 10.0 27.0 37.0 35.90

10.5 15.0 22.0 13.0 12.0 8.0 2.0 5.0 24.0 22.5

Note. #*attended evaluation of weight § attended field survey
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Table 3 Durability Rank.

Rank Definition Percentage Sample Score Range
in Length® in Model 4-1
1 should be replaced immediately 0.62 less than -1.31
2 should be replaced as soon as possible 6.20 ~ -0.98
3 should be replaced in several years 9.09 ~-0.85
4 no need to be replaced in several years 12.71 ~=-0.74
5 can be dealt with as brand new pipes 71.38 more than -0.74
*Percentage of the length of pipe links in a certain rank in the total
length of pipe links considered
Table 4 Fuzzy Relation for Cast Iron Pipes.
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
1 i 0.7 0.3 0.5 0.5 0.5 0.3 0.2 0.2 0.2
-1 0.5 0.5 0.5 0.3 0.5 0.5 0.6 0.6 0.6 0.4 0.2
n-2 0.2 0.2 0.2 0.3 0.5 0.5 0.7 0.8 0.8 0.4 0.2
n-3 0 0 0.1 0.3 0.5 0.5 0.7 1 0.8°0.4 0.2
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Table 5 Durability Rank of 14 Pipe Links.

Sample 12

5 6 7T 8 9 10 i 12 13 14

Average Evalu. by Experts 43
Predic. by Model 4-7 5 5
Predic. by Proposed Model 3 ¢

22 %8 3% 4 4 3 3 3 3
5 5 5 5 5 4 &5 5 2 ¢
3 8 43 4 3 8 3 2 2

Table 6 Prediction by Different Experts.

Sample

12 3 4

5 6 7 8 9 10 11 12

Average Predic. by Experts 34

3

3

3 3 4 3 4 3 3 8 2 2

Prediction by Each A / 4
Expert B 3 4
o 33
D 34
E /3

@ W e

N N e

TN N w
N N e o
NN e
N o e
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N W e e
N e e A
SN e e
N e
AR XY
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hH - % - B -
Table 7 Computation of P.
Membership Value
Note
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0. 0.

Sy 0.2 0.3 0.9 1 0.8 0.2 0.1 0 0 0 0 FS
Ey 0.2 0.2 0.6 0.8 1} 0.9 0.9 0. 0. 0.9 0.
Py=§4NE, 0.2 0.2 0.6 0.8 0.8 0.2 0.1 0 0 0 0
S2 0.2 0.3 0.9 | 6.8 0.2 0.1 0 [ 0 0 Fs
Ez 0.3 0.4 0.6 0.7 0.7 0.7 0.9 1 0.7 O 0.
P2=S2NEz 0.2 0.3 0.6 0.7 0.7 0.2 0.1 0 [ 0 0
S3 0 0 0 0 0 0 0 0 0 0 0 TR
Es 0.1 0.1 0.2 0.3 0.4 0.4 0.8 1 0. 0. 0.
P3=S3NE, 0 0 0 0 0 0 0 0 0 0 0
Sa 1 1 0.7 0.3 0.1 0 0 0 0 0 0 ¥s
Es 6.1 0.1 0.2 0.3 0.4 1 0.8 1 0. e. 0.
P4=S4NEs 0. 0.1 0.2 0.3 0.1 0 0 0 0 0 0
Ss 1 1 0.7 0.3 0.1 0 0 0 0 0 0 ¥s
Es 0.1 0.1 0.2 0.5 0.8 0.9 1 0. 0. 0. 0.
-T 1 1 1 1 1 i i t 1 1 1 1R
Ps=SsNEsM(™T) | 0.1 0.1 0.2 003 001 0 0o o o o o
St 0 0 6.1 0.3 0.8 | 0.9 0.3 0. 0 0 M
Pe=S:N{UP;) 0 [ 0.t 0.3 0.8 0.2 0.1 0 0 0 0
T2 0 0.4 0.7 0.9 1 1 1 1 1 1 ~B
Pa=PaN (™ Tz) 0 0 0.1 0.3 0.8 0.2 0.1 0 [ 0 [
Se 0.2 0.3 0.9 1 0.8 0.2 0.1 0 [ ¢ 0 FS
Ee 0.4 0.4 0.7 0.7 0.7 0.7 0.7 0. 1 1 0.
“Ts 1 1 0.9 0.6 0 0 0.1 0.7 0. 1 1 TOR
Pp=S¢NEeN { TTs3) 6.2 0.3 0.7 0.7 02 0 0.1 0 0 ] 0
P=PFPy 0.2 0.3 0.7 0.8 0.8 0.2 0.2 0 0 0 0
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Fig. A-1 Membership Function of Evaluation Vocabulary.
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