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Selection based on Analytic Hierarchy Process
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Abstract

The bidding method of public works is decided based on the experience of the officials in charge and the convenience
of the work, but the validity of decision making process for the bidding method has not been verified. Another challenge
in the bidding method selection is its objective validation is not easy because the decision making is based on experience,
when a new type of project is ordered or a new bidding method is applied In this study, therefore, a decision making
model to facilitate the selection of a public construction project delivery method was developed and examined with its
applicability. This model was developed using the Analytic Hierarchy Process and was verified through 32 persons who
were actually in charge of the works. As a result of applying this model, 5 of the 32 persons showed consistency in using
the model. and they expressed positive opinions about the model. The model can provide a guide while recognizing the fact
that they cannot depend entirely on the model. Therefore, the model proposed in this study is expected to reduce the
work-related burden of the persons who are involved in the related work and help the objective performance of their tasks
when a new bidding method or project appears in the future.
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Decision Making Model for a Public Construction Project Delivery Method Selection based on Analytic Hierarchy Process
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Table 1. Important factors for delivery method selection
Top Categories Subcategories
Experience
Decision making ability
Ability and interest

The client's o
- Management Organization
characteristics
Management workforce scale
Claims Management
Responsibility
Quality
) Construction period
The client's )
) The total cost of construction
requirements )
Cost Saving
Project participation and control
Uncertainty
L Project type
Characteristics of )
! Complexity
the project o
Creativity
Scale
External Conditions in the market, the level
environment Legal, institutional, and policy
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Table 2. The degree of contribution to higher layers

Intensity of

Definition Explanation
Importance
1 Equal Two activities contribute equally
importance to the objective
Moderate lExpenence and Judgment
3 ) slightly favor one activity over
importance
another
Strong Experience and Judgment
5 ) strongly favor one activity over
importance
another
Very strong or An activity is favorad _vgry
strongly over another; its
7 demonstrated i i
) dominance demonstrated in
importance .
practice
The evidence favoring one
9 Extreme activity over another is of the
importance highest possible order of
affirmation
It is used when it is judged by
) experience and judgment that
Intermediate .
2468 values the comparison value
corresponds to the middle value
of the above values.
Assuming that activity i has some value above for
Reciprocal activity j, activity j has a reciprocal of some value

for activity i.
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Decision Making Model for a Public Construction Project Delivery Method Selection based on Analytic Hierarchy Process
‘ Applicable bidding methods ‘ Procurement
S p Bidding method A 26%
Bidding method B
‘ Factor-specific relationship setting
R4 p Alternative characteristics
based on evaluation criteria
Comparative analysis of bid method
candidates Research Supervisior
V 58% 6%
‘ AHP-based evaluation ‘
NS Construction
10%
Final Alternative Selection ‘
Figure 1. Decision making process Figure 3. Respondent’s occupation field
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construction saving control ;
and control selection
Technical
z : propessl Alternative
Design-Build bgsgd bidding
preliminary
design
Figure 2. Hierarchy of decision making model
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Table 3. Chronbach’s alpha value among the groups

Layer 1 Sub factors Chronbach's

alpha value
Client’s requirements 5 0.682
Chracteristics of project 3 0.674
Client’s chracteristics 2 0.789
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Table 4. Mean and standardized score of importance

Sub-factors Means  Std. Standardized
score
Total cost of construction 787 1.48 0.95
Cost saving 758 2.20 0.80
Project participation and control 7.55 1.79 0.77
Collusion control 6.94 1.91 0.18
Accessibility 6.90 2.04 0.16
Complexity 755 1.67 0.77
Uncertainty 7.10 1.96 0.32
Creativity 7.48 1.50 0.71
Experience of dgllvery method 694 181 018

selection

Responsibility 6.84 2.33 0.12
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Table 5. Paired comparisons’ matrix of ‘Uncertainty’

Uncertainty DB TP AB

Design-build (DB) 1 6 5

Technical proposal based preliminary design 16 1 1/4
(TP)

Alternative bidding (AB) 15 4 1
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Table 6. Summation of column values
Uncertainty DB TP AB
DB 1 6 5
TP 1/6 1 1/4
AB 15 4 1
Sum 1.37 11 6.25
Table 7. Eigenvalue of the matrix
Uncertainty DB TP AB Figenvalue
(mean)
DB 1/1.37 6/11 5/6.25 0.692
TP (1/6)1.37 1/11 (1/4)/6.25 0.084
AB (1/51.37 41 1/6.25 0.223
Sum 1.37 1 6.25
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Table 8. Maximum of eigenvalue

Uncertainty DB TP AB Sum of row
DB 0692 0.505 1.117 2314
P 0.115 0.084 0.056 0.255
AB 0.138 0.337 0.223 0.698
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Table 9. Consistency index of respondent 1

Sub-factors Consistency Index

Total cost of construction 1.898
Cost saving 0.157

Project participation and control 0.155
Collusion control 0.235
Accessibility 1.713
Complexity 0.277
Uncertainty 0.084

Creativity 0.285
Experience of delivery method selection 0.089
Responsibility 0.405

Average 0.530

Table 10. Selected respondents depending on Cl

Respondents’ Identification number
2 7 8 15 25

Sub-factors

Total cost of construction  0.130 0.068 0041 0027 0.157

Cost saving 0150 0.111 0027 0043 0.331
Project partopaton ad 000 0027 0051 0165 0001
Collusion control 0.150 0070 0070 0000 0227
Accessibility 0084 0.153 0015 0.166 0.006
Complexity 0001 0054 0070 0.005 0.048
Uncertainty 0005 0019 0140 0.165 0.048
Creativity 0000 0.114 0134 0069 0022

Experience of delivery
method selection

Responsibility 0214 0027 0048 0015 0.000
Average 0073 0071 0071 0070 0.085

0000 0069 0.110 0048 0.009
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Table 11. Eigenvalue matrix of respondents

) Experience
" Total cost Project : ; -
Resr;])tcénde r?g{g’gdrys’ of Cost saving par‘[icijpation ngﬁf"oln Accessibility Complexity Uncertainty — Creativity of d?gvgry Responsibil
construction and control o metno
selection
DB 0.738 0.501 0.778 0.501 0.658 0.764 0.775 0.333 0.714 0.707
2 TP 0.197 0.310 0.111 0.310 0.262 0.115 0.107 0.333 0.143 0.201
AB 0.065 0.189 0.111 0.189 0.080 0.121 0.118 0.333 0.143 0.093
DB 0.537 0.242 0.133 0.090 0.239 0512 0.260 0.189 0.286 0.334
7 TP 0.195 0.192 0.655 0.723 0.623 0.360 0.633 0.737 0.140 0.142
AB 0.268 0.566 0.211 0.187 0.138 0.128 0.106 0.075 0.574 0.525
DB 0.150 0.261 0.082 0.081 0.405 0.168 0.074 0.059 0.467 0.601
8 TP 0.751 0.328 0.739 0.751 0.480 0.751 0.746 0.760 0.376 0.170
AB 0.099 0411 0.179 0.168 0.115 0.081 0.180 0.181 0.157 0.229
DB 0.397 0.231 0.173 0.167 0.199 0.416 0.283 0.5%4 0.601 0.480
15 TP 0497 0.665 0.753 0.667 0.686 0.458 0.589 0.297 0.229 0.405
AB 0.107 0.104 0.074 0.167 0.115 0.126 0.128 0.109 0.170 0.115
DB 0.723 0.256 0.764 0.170 0.746 0.070 0.070 0.077 0.708 0.750
25 TP 0.071 0.081 0.115 0.526 0.120 0.723 0.723 0.737 0.136 0.125
AB 0.206 0.663 0.121 0.304 0.134 0.206 0.206 0.186 0.156 0.125




Table 12. The results of decision making

Respondents’ identification numbers

Delivery methods

2 7 8 15 25
DB 3182 1564 0845  175% 1979
i) 1028 2118 3202 2655 1686
AB 0750 1278 0913 0550 129
Selected DB P P P AB
methods
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