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The Selection of Roof Waterproofing Methods using the Analytic Hierarchy
Process (AHP) Technique
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Abstract

The purpose of this study is to propose a decision—making technique for selecting waterproofing methods using the
Analytic Hierarchy Process (AHP) technique. In this study, a questionnaire survey was given to a group of specialists,
which included design specialists, construction specialists, and maintenance specialists, regarding their experience with
roof waterproofing methods. The 1st level hierarchy of the questionnaire survey addressed the function, economics,
and maintenance of each of the roof waterproofing methods. The rank of 13 items of questionnaire, which is the 2nd
level hierarchy of the questionnaire survey, is calculated using Expert Choice Solution. The analysis of questionnaire
survey shows that each specialist selects different roof waterproofing methods, and all specialists make much of

waterproof performance.

Keywords : Roof waterproofing methods, AHP technique, Methods selection
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Table 1. Previous Researches on the Application AHP Technique
to Construction Management

Author Research Summary

To factors with gathering opinions of panels
of expert's studies about labor—productivity
on project of construction. Also Delphi
method and | evaluated the result factors
as quantitatively and subjectively.

Lee and Pyo.
[10]

The aim is to get comprehensive view
point for the price of apartment. Also, the
factor of housing services and focused on
the affordability of demand are analysis by

AHP

Chung and Yoon.
[11]

Kim and Lee. This paper evaluated using the AHP
[12] method, and weighted to calculate the
importance between elements based on this
case applied.

Jan% :‘]t al. The aim of this paper is to set up a hierarchy
structure of the risks to understand the risks in
construction projects in China and to develop an

AHP model to evaluate the risks.

Choi et al. Theoretical analysis and review of the

[16] application method for each step of
performing VE were carried out with regard
to the roof part of building.

Jung et al. Alternative evaluation model is constructed
[13] by using Fuzzy Inference and ahp method
based on environmental evaluation factors

of residential land development project.

Choi et al. This study intends to develop a proper
[15] selection system of waterproofing methods
to which VE technique is applied. and This
article will propose a cost evaluation model
of RWLCC

Table 2. Selection of Construction Method by AHP

Author Research Summary

To present the best suitable methodology for
selection of construction method by
considering potential risk of construction
method and variables together with external
condition for underground construction.

Yang and Yoon.
(3]

Choi et al. This study presents an example of
(6] selecting suitable method by analyzing
LCC (Life Cycle Cost) in roof
waterproofing work.
Kim et al. Based on expert surveys, the research
[7] provides criteria for selecting a form
work type and cost-benefit analysis for
different types of form works.
Kim et al. To support for a designer to select
[8] building finishing materials, we propose

the support system adopting CBR and
AHP to select building finishing
materials.

The study propose a foundation
practice selection method using the
ahp and the utility theory

Lee and Jeong.
9]
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Table 3. Characteristics of Roof Waterproofing Methods

Section Advantage Disadvantage
Membrane _ : -Frequent maintenance
Waterproofing _Easy construction -Because of humidity
Shorten the is difficult to
construction period construction
—Excellent waterproof -c luti
performance auses pollution
-Work space required
Sheet —-Easy construction -Difficulty found the
Waterproofing  —Excellent chemical defective part
resistance -The precise
—-Excellent waterproof construction difficulties
performance -Difficult to maintain
Asphalt -A lot of experience  -The complexity of the
Waterproofing  —Excellent water procedure
resistance and -The precise
chemical resistance construction difficulties
-Be Stable -Difficulty found the
defective part
—-Because of
temperature changes
happen crack
3. AHP &3
3.1 AHP 7|%

AHP(Analytic Hierarchy Process):= 1970
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Table 4. Random Index

n 1.2 3 4 5 6 7 8 9

Random oo 058 090 112 124 132 141 145 149
Index

10




Table 5. Test Statistic

Section Content
Null The evaluation of decision—-makers were
Hypothesis(HO) randomly.
Alternative The evaluation of decision-makers were not
Hypothesis(H1) randomly.

Test Statistic Consistency Ratio = Cl / Rl
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Table 6. The Object of Survey

Maintenance
Engineer

Construction

Career )
Engineer

Designer

5-7 years 1 1 -
8-10 years 2 1 2
11-13 years 2 1 1
More than 13 years - 2 2

Total(persons) 5 5 5

MRt 98] Figure 33 #o]
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Final
Goal

‘ Select the best waterproofing ‘

Technical
Aspect

Performance

Criteria Economic
Aspect

Aspect

Cc3 P1 P2 P3 P4 P5 T T2 T3 T4 T5

[omn | [4] [

Membrane

‘ Alternatives Waterproofing

Sheet ‘ ‘

Asphalt
Waterproofing

Waterproofing

Figure 3. Configuration of Hierarchy
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Table 7. AHP Configuration of Sub-criteria
Criteria CO1DE Sub-—criteria COQDE
£ ) - Construction cost C—1
conomic - Maintenance cost C-2
Aspect )
. CO2burst siZe 3 __
- Durability P-1
- Adhesion safety p-2
Performance - Structural behavior P-3
Aspect responsiveness
- Waterproof performance P-4
o cClmate resistance P5
- Workability T-1
- Ease of maintenance T-2
Technical : Seqsﬂwﬂy depend on T3
artisan features
Aspect i T
- Materials sensitivity T4
- Construction quality
o T-5
sensitivity
4.3 Witssy YBN A4S

7} Fope] AE7E Eol SHE AFe] RS At
71 98 Z+ @A A B A FH(Consistency Ratio)S A+
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using the Analytic Hierarchy Process (AHP) Technique
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Table 8. Priority Vector of Each Level(Designer)
Criteria Sub-criteria Total rank
- Construction cost
(2) 0.015 (11)
Economic (0.3276)
Aspect - Maintenance cost
004 (0.4782) (1 0021 (8
3 . "
CO. burst size 3 0009 (13)
- Durabiity sn @ 0244 (2
+ Adnesion satety @ 0072
Performance -
- Structure behavior
'%Sg%t responsiveness 3 0.081 (4)
") (0.105)
. Waterprczg.fmpl);rformance (1) 0347 (1)
+ Climate resistance 5 0031 ()
 Workably o) @ 0048 (6
+ Base of mairtenance (1 008 @
Technical - Sensitivity depend on
Aspect artisan features (4) 0015 (10
O.(1 §9 (0.0838)
2 ) ) .
Matenals&)eggﬂwﬂy B 0010 (12
- Construction quality
sensitivity (3 0019 (9
(0.1054)
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Table 9. Calculated Weight on Waterproofing

(Designer)
Section Sheet . Asphaltv Membrane
Waterproofing Waterproofing Waterproofing
1 0.209 0.085 0.033
2 0.194 0.221 0.063
3 0.064 0.073 0.057
4 0.167 0.112 0.036
5 0.032 0.051 0.010
6 0.028 0.053 0.024
7 0.284 0.121 0.043
8 0.022 0.012 0.005
9 0.029 0.059 0.175
10 0.147 0.076 0.267
11 0.051 0.023 0.010
12 0.037 0.014 0.006
13 0.063 0.031 0.012
Total 1.329 0.933 0.739
Mzl

4.5 A3X E2i1ed=E 2
P o

Al Aw7bEe] AE $HAIE Table 107 22t}
Table 10. Priority Vector of Each Level
(Construction Engineer)

Criteria Sub-criteria Total rank
- Construction cost
(1) 0134 (&)
Economic (0.4904)
Aspect - Maintenance cost
2 ) )
CO2 buist size 3 0039 ®
+ Durabiity, e @ 0066 (6
+ Adnesion safety @ 0157 (@
Perz\(;rrgi?ce - Structure behavior
P responsiveness 3 0139 (@)
0510 0.2278)
: Waterpr(%(.)zflgg%formance ) 0.301 )
- Climate (roégl%si?nce 5) 0.045 7)
 Workabily @ 0030 (10
- Ease of(or.g%ignZu)enance (1) 0.031 o)
Technical - Sensitivity depend on
Aspect artisan features (4) 0023 (12
O.(1 ;6 (0.1966)
3 . ' b
Materials sensitivity 5) 0008 (13)
- Construction quality
sensitivity Q) 0.024 (11)
(0.2072)




o

1=

o et o 1
W to on

of

M ol
o

N
ol
lo

OoHE s > oo b

FEHME A FHE B A9 A

A ZH, 7€ S £o2 77t E=A
golst 4= Ao (Table 10 &%), A&

A AE7ET S Wy SEAd &
I3t A5ARJNEHE 7HE A8 A

oF T2 A2 AAAA SHo] 25H= AHE
Foll A= FAHE ATl o} vkt

o WskA WH-g-3h7] wiitel AA% FHo] A
SHANED =2 £HE AAFE AoE A

Table 11. Calculated Weight on Waterproofing
(Construction Engineer)
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Section Sheet . Asphalt‘ Membrane
Waterproofing Waterproofing Waterproofing
1 0.107 0.173 0.210
2 0.304 0.128 0.059
3 0.098 0.344 0.048
4 0.088 0.166 0.236
5 0.084 0.179 0.227
6 0.064 0.195 0.232
7 0.096 0.102 0.293
8 0.091 0.164 0.235
9 0.069 0.043 0.378
10 0.084 0.140 0.266
0.082 0.058 0.351
0.100 0.089 0.302
0.075 0.115 0.301
1.341 1.895 3.139
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Table 12. Priority Vector of Each Level
(Maintenance Engineer)

Criteria Sub-criteria Total rank
- Construction cost
Economic (0.375) @ oo ®
Aspect - Maintenance cost
0.195 (0.5404) M 0105 @
3 - CO2 burst size
(0.0848) 3 0.017 (12
- Durability
0.16) (4) 0.088 (3
- Adhesion safety
0.1116) (3) 0.061 8)
Performance - Structure behavior
Aspect responsiveness (6) 0.016 (13
0.549 (0.03)
(1)
- Waterproof performance
(0.5694) (1) 0313 (1)
- Climate resistance
o 0122 @ oo m
- Workability
0.1472) (6) 0.038 (11)
- Ease of maintenance
(0.3004) (1) 0077 @)
Technical L
Aspect - Sensitivity depend on
0,955 artisan features 2 0074 (5
'(2) (0.2888)
- Materials sensitivity
0.1726) (3 004 9
- Construction quality
sensitivity (4) 0041 (10
(0.1618)

Table 13. Calculated Weight on Waterproofing
(Maintenance Engineer)

Section Sheet . Asphalt. Membrane
Waterproofing Waterproofing Waterproofing
1 0.042 0.047 0.286
2 0.214 0.078 0.083
3 0.068 0.188 0.119
4 0.086 0.251 0.039
5 0.068 0.268 0.038
6 0.037 0.094 0.244
7 0.080 0.212 0.083
8 0.097 0.036 0.243
9 0.044 0.050 0.280
10 0.296 0.036 0.043
11 0.041 0.054 0.280
12 0.076 0.093 0.207
13 0.071 0.058 0.246

Total 1.220 1.465 2191
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Membrane
Waterproofing
Sheet
Waterproofing
Sheet
Waterproofing
Membrane
Waterproofing

Second
Asphalt
Waterproofing
Asphalt
Waterproofing
Asphalt
Waterproofing
Sheet
Waterproofing

First
Sheet
Waterproofing

Membrane
Waterproofing
Membrane
Waterproofing
Asphalt
Waterproofing

Table 15. Comparison Results of Life Cycle Cost and AHP
Section

Designer

Engineer

Engineer

Life Cycle
Cost

Construction
Maintenance
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