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Abstract

This paper proposes an application methodology of AHP(Analytic Hierarchy Process) based
decision making theory for improvement priority by assessment of various risk factors affecting
on deterioration of water supply systems, as major social infrastructure. AHP method is
organized with three level of hierarchy which is introduced for multi-criteria decision making
in this study. In the first level, assessment outputs are calculated by AHP for each affecting
factor. In the second level, criteria are estimated by using assessment results with respect to
structural and environmental factors. Consequently, ranking decision is performed in the third
level. In order to present the effectiveness, a proposed method is compared with FCP(Fuzzy
Composite Programming) for decision making. Since the results of the proposed method show
better performance with consistent results, it can be applied as an efficient information for the
determination for improvement priority of the study infrastructure.
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Figure 2. Data structure for pipe condition assesment

Table 3. Values of first-level indicators for illustrative case study

First level indicators

Value of pipe condition indicator

Pipe 1 Pipe 2 Pipe 3 Pipe 4 Pipe 5
Pipe diameter (mm) 400 300 300 600 500
Pipe age 1953 1964 1978 1988 1992
Pipe material CI CI DI ST PVC
Pipe length (m) 600 400 800 400 300
Pipe joint lead leadite rubber rubber rubber
Traffic loads very quite very busy busy normal very busy
Soil condition clay gravel clay sand sand
Location poor medium excellent excellent good
Bedding condition clay gravel clay sand sand
Buried depth (m) 25 2.0 1.8 1.2 15
Table 4. Weights and balance factor for 5 trials
Pipe condition indicators W
Trial 1 Trial 2 Trial 3 Trial 4 Trial 5
Pipe diameter 0.2 0.3 0.2 0.25 0.2
Pipe material 03 0.2 0.4 0.2 0.25
Pipe age 03 03 0.2 0.4 03
Pipe length 0.1 0.1 0.1 0.1 0.15
Level 1 Pipe joint 0.1 0.1 0.1 0.15 1
indicators Traffic Loads 0.2 0.2 0.15 0.2 0.15
Soil condition 03 0.2 0.2 0.15 0.3
Pipe location 0.1 03 0.3 0.2 0.2
Bed condition 0.2 0.2 0.2 0.15 0.25
Buried depth 0.2 0.1 0.15 0.3 0.1
Level 2 Physical 0.5 0.6 0.8 0.6 0.7
indicators Environmental 05 04 0.2 04 03
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Table 5. Pairwise comparison matrix for each evaluation factor
Age Pipel | Pipe2 | Pipe3 | Pipe4 | Pipe5 Diameter | Pipel | Pipe2 | Pipe3 | Pipe4 | Pipe5
Pipel 1 3 5 7 7 Pipel 1 1 1 3 3
Pipe2 0.33 1 5 7 7 Pipe2 1 1 1 3 3
Pipe3 02 0.2 1 3 3 Pipe3 1 1 1 3 3
Pipe4 0.14 0.14 0.33 1 1 Pipe4 0.33 0.33 0.33 1 1
Pipe5 0.14 0.14 0.33 1 1 Pipe5 0.33 0.33 0.33 1 1
Length Pipel | Pipe2 | Pipe3 | Pipe4 | Pipe5 Material | Pipel | Pipe2 | Pipe3 | Pipe4 | Pipe5
Pipel 1 5 0.2 5 7 Pipel 1 1 3 9 5
Pipe2 0.2 1 0.11 1 3 Pipe2 1 1 3 9 5
Pipe3 5 9 1 9 9 Pipe3 0.33 0.33 1 7 3
Pipe4 0.2 1 0.11 1 3 Pipe4 0.11 0.11 0.14 1 0.2
Pipes 014 | 033 | 011 | 033 1 Pipes 02 02 | 033 5 1
Joint Pipel | Pipe2 | Pipe3 | Pipe4 | Pipe5 Bedding | Pipel | Pipe2 | Pipe3 | Pipe4 | Pipe5
Pipel 1 0.2 5 5 5 Pipel 1 3 1 5 5
Pipe2 5 1 9 9 9 Pipe2 0.33 1 0.2 3 3
Pipe3 0.2 0.11 1 1 1 Pipe3 1 5 1 5 5
Pipe4 02 | o011 1 1 1 Pipe4 02 | 033 | 02 1 1
Pipe5 0.2 0.11 1 1 1 Pipe5 0.2 0.33 0.2 1 1
Corrosivity | Pipel | Pipe2 | Pipe3 | Pipe4 | Pipe> Burried Depth | Pipel | Pipe2 | Pipe3 | Pipe4 | Pipe5
Pipel 1 5 1 5 3 Pipel 1 3 4 6 5
Pipe2 0.2 1 0.2 1 0.33 Pipe2 0.33 1 2 5 5
Pipe3 1 5 1 3 5 Pipe3 0.25 0.5 1 3 2
Pipe4 0.2 1 0.33 1 0.33 Pipe4 0.16 0.2 0.33 1 2
Pipes 033 3 02 3 1 Pipes 02 02 05 05 1
Traffic load | Pipel | Pipe2 | Pipe3 | Pipe4 | Pipe5 Location | Pipel | Pipe2 | Pipe3 | Pipe4 | Pipe5
Pipel 1 011 | 014 | 02 | on Pipel 1 5 9 9 7
Pipe2 9 1 3 5 1 Pipe2 0.2 1 5 5 3
Pipe3 7 0.33 1 3 0.33 Pipe3 0.11 0.2 1 1 0.33
Pipe4 5 02 | 033 1 02 Piped 011 | 02 1 1 0.33
Pipe5 9 1 3 5 1 Pipe5 0.14 0.33 3 3 1
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Table 6. Output value for each assessment factor calculated by AHP

(a) Physical factor

Physical factor

Age | Diameter | Length | Material | Joint

Pipel 0.4954 | 0.2732 | 0.2315 | 0.3632 | 0.2223

Pipe2 0.3115 | 0.2732 | 0.2315 | 0.3632 | 0.619

Pipe3 0.1026 | 0.2732 | 0.6071 | 0.164 | 0.0529

Pipe4 0.0452 | 0.0902 | 0.0642 | 0.0284 | 0.0529

Pipe5 0.0452 | 0.0902 | 0.0328 | 0.0813 | 0.0529

(b) Environment factor

Environment factor

Bedding|Corrosivity) Depth | Traffic |Location

Pipel 0.3437 | 0.3494 | 0.4796 | 0.0287 | 0.6062

Pipe2 | 0.1363 | 0.0625 | 0.2551 | 0.3624 | 0.206

Pipe3 0.3967 | 03754 | 0.1362 | 0.164 | 0.0441

Pipe4 | 0.0617 | 0.0719 | 0.0698 | 0.0816 | 0.0441

Pipe5 0.0617 | 0.1407 | 0.0592 | 0.3624 | 0.0995

—&— Pipe 1
—8— Pipe 2

—&— Pipe3
—g— Pipe &
08 —#— Pipe 5

lg'u} Diameter Length material Joint Bed Corrisivity Depth Traffic  Location

Figure 3. Output value for each evaluation factor in first-level
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Table 7. Comparison of ranking results by FCP and AHP
Pipe No Ranking by FCP Ranking by AHP
Trial 1 Trial 2 Trial 3 Trial 4 | Trial 5 Trial 1 Trial 2 Trial 3 | Trial4 | Trial 5

Pipel 2 1 1 1 1 1 1 1 1 1

Pipe2 1 2 2 2 2 2 2 2 2 2

Pipe3 5 5 3 3 3 3 3 3 3 3

Pipe4 3 3 5 5 5 5 5 5 5 5

Pipe5 4 4 4 4 4 4 4 4 4 4
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