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e Construct a method for project delivery decisions and
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proposed for project delivery system selection.

o The most significant factors affecting the decision about the
project delivery system are determined.

«To determine the factors’ weights, the SWARA method is
used and the TOPSIS technique determines the rank of the
alternatives proposed for the delivery system.

ARTICLE INFO
Article history:

Received 06 May 2023
Received in revised form 03 Aug. 2023
Accepted 14 Oct. 2023
Final Proofreading 30 Dec. 2023
Available online 25 Mar. 2024

© THIS IS AN OPEN ACCESS ARTICLE UNDER THE CC BY
LICENSE. http://creativecommons.org/licenses/by/4.0/

Citation: Ahmed MN, Aswed GK, Mohammed HA.
Decision-Making for Project Delivery System in
Construction Projects Based on SWARA-TOPSIS
Methods. Tikrit Journal of Engineering Sciences 2024;
31(1): 306-313.

http://doi.org/10.25130/tjes.31.1.25

*Corresponding author:

Mohammed Neamah Ahmed

Civil Department, Engineering College, Kerbala University,

Kerbala, Iraq.

Abstract: The owner of construction projects
often faces difficulty choosing the appropriate
project delivery system. The construction
project’s owner must choose a suitable project
delivery system throughout the project's early
decision-making stages. This choice greatly
impacts the success of the project. This paper
aims to construct a method for project delivery
decisions. This method can provide a reference
for the owner to select the proper project
delivery system. This research described the
factors affecting the decision about the project
delivery method through a literature review.
These factors were categorized into eight
groups: scope, time, quality, cost, risk and
relationships, owner organization, project
characteristics, and external environmental
factors. Then, a combined methodology of
Stepwise Weight Assessment Ratio Analysis
(SWARA) and Technique for Order of
Preference by Similarity to Ideal Solution
(TOPSIS) are proposed for project delivery
system selection. The SWARA is used to
determine the factors’ weights. The TOPSIS
technique determines the rank of the
alternatives proposed for the delivery system in
the various categories. The results showed the
most significant factors related to the cost with
a weight of 0.335, and the design-build is the
closest to the ideal solution and ranked first
among the other suggested project delivery
systems with a relative closeness of 0.829. This
paper stipulates the basis for such a process of
decision-making.
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1. INTRODUCTION

Project participants' rights and obligations are
established by the project delivery system
(PDS) and project contract management, speed
of construction, cost, and quality, all of which
are essential to a project's success [1]. Over the
past several decades, the construction sector
has sought efficient project delivery systems to
maximize performance [2]. Construction
projects can use various project delivery
systems. There are alternatives for project
delivery strategies, such as design-build (DB)
and build-operate-transfer (BOT), in addition
to the standard design-bid-build project
delivery method (DBB). No specific project
delivery method is most suitable for any project
type. Instead, many solutions are combined for
various situations [3]. Choosing an appropriate
PDS is a difficult decision considering many
factors. Scholars have extensively studied the
various factors affecting PDS selection.
Therefore, the factors that influence the PDS
selection have already been determined.

However, because so many elements cannot be
valued equally, the clients still have difficulty
deciding which factor should be prioritized.
Consequently, there is an urgent need for
significant and efficient examination factors
impacting PDS selection to assist the clients in
making that decision [4]. In recent years,
several academics have concentrated on
Multiple Criteria Decision-Making (MCDM)
models for making difficult decisions under
various factors. This concept is frequently
applied when a particular issue involves several
distinct properties, including quantitative and
qualitative ones, at the same time, such as cost,
significance, capacity, and lifetime [5,6]. The
factors affecting the selection of PDS have been
extensively studied. Eight categories of factors
are identified from examining previous works:
characteristics and requirements of client,
characteristics of project, and external
environment. Additionally, selecting a PDS is
impacted by several criteria listed in Table 1.

Table 1 Factors Affecting the Decision-Making of Project Delivery Systems.

No. Categories Descriptions Literature Source
1 Time-Related Factors  This category ensures the entire design and construction process is completed [7,8]
quickly and on schedule.

2 Cost-Related Factors  This category comprises ensuring the project is completed within budget and at the [7-9]
lowest possible cost, payment method and payment schedule, the need for
financing, minimizing expenditure, and the desire for early estimates.

3 Scope-Related Factors The clarity of the project scope can affect the decision to select a project delivery [7,9]
system, making the most of a clearly defined scope, the possibility of adjustments
during construction, and the owners' need for flexibility to make changes during

construction.

4 Quality-Related Factors This includes achieving the highest level of quality overall. Even though quality [7,9,10]
assurance must be achieved across all delivery methods, some delivery methods

assist in accomplishing this goal.

5  Owner Organization-  The owner’s organization significantly impacts the best delivery method choice, [7,8,11]

Related Factors
and owner’s experience.

including the owner’s desired level of control, in-house management experience,

6  Project Characteristics - Sometimes, the project determines the most suitable delivery system, including the [7,9]

Related Factors
familiarity with the project.

project importance, project type, project complexity, project scale, and owner’s

7  Risk and Relationships- These factors are crucial in choosing the method that fairly distributes risk across  [7,11]

Related Factors

contractual parties, including the amount of risk, minimizing adversarial

relationships, and minimizing disputes.

8  External

This includes the economic environment, the number of skilled contractors [8,10]

Environmental-Related available in the market, the availability of necessary technologies, rules, and
Factors regulations impacts, and the influence degree of national political systems on

project delivery systems.
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Table 2 Personal Information of Experts.

No. Place of Work Years of Functional Academic
Experience Specialization Degree
1 Ministry of Higher Education & Scientific Research 21 Consultant Ph.D.
2 Ministry of Higher Education & Scientific Research 18 Academic Ph.D.
3 Ministry of Higher Education & Scientific Research 16 Consultant Ph.D.
4 Ministry of Higher Education & Scientific Research 15 Consultant Ph.D.
5 Ministry of Higher Education & Scientific Research 15 Engineer Ph.D.
6 Ministry of Construction and Housing 17 Engineer B.Sc.
7 Ministry of Construction and Housing 13 Engineer B.Sc.
8 Ministry of Construction and Housing 10 Engineer M.Sc.

In this research, a methodology combining
SWARA with TOPSIS is suggested. SWARA and
TOPSIS are MCDM techniques. The first
objective of this research is to highlight the
factors affecting choosing a project delivery
system, and the paper will focus on public
sector construction. The second objective is
constructing the project delivery system
decision method based on the SWARA-TOPSIS
theory. The model can well provide a reference
for the owner’s decision to select the delivery
system. Therefore, this research presents the
results of a review that examined the factors
that affected the PDS selection. This work's
main innovation and contribution is that eight
categories of factors affecting PDSs selection
are identified in the source of a literature
review. The present study is the first research to
decide on a project delivery system in
construction projects using the SWARA-
TOPSIS methods. It offers guidance for clients'
decision-making on PDS and will serve as a
foundation for future decision-making
research.
2. MATERIALS AND METHODS
This study was conducted using the following
methodology: The first step is a review of the
literature to determine the most important
factors influencing choosing PDS. This section
is followed by using the SWARA technique for
determining the relative weights of factors. It
uses the Focus Group Discussion Technique
(FGDT) with specialists, experts, and decision-
makers to rank the factors and make pairwise
comparisons. FGD should not exceed six or
seven members (eight at maximum). The
experts were chosen from engineers,
academics, and consultants with long practical
and scientific experience in contract and project
management. The personal information of the
eight experts is shown in Table 2. Finally, the
TOPSIS technique was applied to evaluate,
rank, and select the proposed project delivery
systems to be optimal PDS. Selecting and
justifying the final decision are offered. The
results support owners' decisions to choose an
appropriate PDS objectively and scientifically.
Additionally,  improving the research
techniques employed in the PDS field is
possible. The following is a summary of the
steps followed:
e Step 1: identify and code the factors, as
shown in Table 3.

Table 3 Code of Factors Affecting the Decision-
Making of Project Delivery Systems.

Code Categories

F1 Time-Related Factors

F2 Cost-Related Factors

F3 Scope-Related Factors

F4 Quality-Related Factors

Fs5 Owner Organization-Related Factors

Fé6 Project Characteristics-Related Factors
F7 Risk and Relationships-Related Factors
F8 External Environmental-Related Factors

e Step 2: Determine the factors’ weights in a
fuzzy environment in a decision-making
procedure using the SWARA technique.
SWARA is one of the novel methods being
used to assess factors’ weights. The
following are the steps followed in this
method [12,13]:

1. Ranking the factors: Sort the factors
from maximum  preference to
minimum.

2, Determine the value of (Sj): The
process begins with the second factor,
where the experts assign the factor j a
score between zero and one with
respect to the previous factor (j — 1).
The factor (Cj) is less significant than

(Cj_l) [14’15];
Sj<—>j+1=z CGoj+l/r (D
k=1
Where:
Sj = Importance of the average value
J=2,3,4...
Cj= more significant than the previous factor at
this time
r= No. of expert
3. Calculate the value of (Kj): The
constant (Kj) is calculated as follows:

! j=1
K]_{Sj+1 i>1 (2)
Where:
Kj= Coefficient of factor
J=2,3,4...

Sj+1 = Importance of the average value
4. Determine the value of (qj): The weight
qj was recalculated as follows:
! j=1
i ={g—1p5 1> 3)
Where:
qj= Re-calculated weight
Kj= Coefficient of factor
gj-1= The previous re-calculated weight.
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5. Determine the weight of factors:
m
wj =qj/ Zk K (Y
e Step 3: Use the TOPSIS method to classify
solutions from limited options, with using
TOPSIS. It is feasible to categorize the
options using the compromise solution
concept. Additionally, it assists the
decision-maker in determining the ranking
order of the options by generating
indicators of compromise based on how far
the alternatives are from the ideal
solutions, positive and negative. The
TOPSIS method can be described as a set of
steps for m choices and n factors. For this
paper, the alternatives of PDS can be
chosen from design-bid-build, construction
management, design-build, and turnkey.

The following steps can be followed to

implement the TOPSIS Method [16,17]:

e Step1: Create a normalized decision
matrix: In this stage, multiple attribute
dimensions are converted to non-
dimensional characteristics that enable
comparisons across factors.

e Step 2: Create the weighted normalized
decision matrix.

e Step 3: Calculate the ideal solutions,
positive and negative.

e Step 4: For each alternative, calculate the
separation measures.

e Step 5: Determine the relative closeness to
the ideal solution [18,19].

3.RESULT AND DISCUSSION
Time-related factors (F1), cost-related factors
(F2), scope-related factors (F3), quality-related
factors (F4), owner organization-related factors
(F5), project characteristics-related factors
(F6), risk and relationships-related factors (F7),
and external environmental-related factors
(F8) are considered the key factors influencing
the decision-making process for the project
delivery systems and decision to select
particular delivery systems in construction
projects. The SWARA method was applied to
find the weights of factors.

Table 5 Assessment of Factors' Relative Importance.

3.1.Ranking the Factors by Expert
Survey

All experts rank the factors in the first stage
according to their opinions, and the final
ranking is created by averaging the expert
rankings of the factors. Table 4 shows the
factors in descending order by experts. Every
expert applies ratings on a scale from 1 to 5,
with 5 denoting Very High, 4 denoting High, 3
denoting Medium, 2 denoting Low, and 1
denoting Very Low, to determine their desired
level of ratings for each factor.

Table 4 Factors Ranking.

;i

E/lm A a3 B R T 5

= AN A 4 S
2= . T . T . T .
(55555555 G
= <

F1. 4 5 4 4 5 5 5 4 450 2

F2 5 5 4 5 5 5 4 5 4.75 1

F3 2 3 4 3 2 3 4 2 2886

F4 3 4 5 3 4 4 2 3 350 3

F5 3 3 2 3 2 4 2 3 275 7

F6 2 3 4 3 3 3 4 3 313 5

F7 4 2 3 2 3 5 3 4 325 4

F8 1 2 3 3 2 1 3 2 213 8

Once experts ranked factors, the results showed
that the top-ranking factors were those related
to cost, whereas time-related factors were in the
second rank, and quality-related factors were in
the third rank. While factors related to risk and
relationships, owner organization, scope,
owner organization, and external environment
have a fifth, sixth, seventh, and eighth rank,
respectively.

3.2.Weights of Factors (Wj) and
Comparative Significance (Sj)

Compared to the first stage, the second stage is
similar in many ways. Again, decision-makers
conducted their pairwise comparisons to
determine the factors’ importance order, just as
they had in the first stage of the SWARA
Method, but this time, instead of averaging the
values of weight at the process completion, Eq.
(1) was applied to continue the process and
average the pairwise comparisons (sj). The
process and results are described in Table 5.

RI
Exp.
Fi[®]F2 F4@©)F1 F7[0)F4 F6[©JF7 F3[@F6 F5[©]F3 F8[@©)F5

Exp.1 0.4 0.7 0.3 0.3 0.5 0.7 0.4
Exp. 2 0.4 0.9 0.4 0.4 0.5 0.6 0.4
Exp. 3 0.5 0.8 0.5 0.4 0.4 0.8 0.3
Exp. 4 0.4 0.7 0.6 0.5 0.5 0.6 0.4
Exp. 5 0.6 0.6 0.3 0.3 0.3 0.5 0.5
Exp. 6 0.3 0.5 0.2 0.5 0.4 0.6 0.6
Exp.7 0.3 0.6 0.2 0.4 0.4 0.8 0.3
Exp. 8 0.5 0.5 0.4 0.3 0.5 0.5 0.3
Average 0.425 0.663 0.363 0.388 0.438 0.638 0.400
value
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3.3.Calculation of the Factors Weights
After concluding the (Sj) comparative between
the factors using Eq. (1). The following stage is
the factors’ weight calculation applying Egs.
(2), (3), and (4). Table 6 shows the factors
weighing using the SWARA method.

Table 6 Weights of Factors.

Factors (sj@ Kj=Sj qi=qj- Wj=qj
j+1) +1 1/ kj /2 di
F2 -—- 1.000 1.000 0.335
F1 0.425 1.425 0.702 0.235
F4 0.663 1.663 0.422 0.141
F7 0.363 1.363 0.310 0.104
F6 0.388 1.388 0.233 0.078
F3 0.438 1.438 0.155 0.052
F5 0.638 1.638 0.095 0.032
F8 0.400 1.400 0.068 0.023
SUM= SUM=
2.985 1.000

3.4.Final Weights of Factors

Table 7 and Fig. 1 show the final findings of the
factors’ weights calculated using the SWARA
method.

Table 7 Final Weights.

No. Factors Weights
F2  Cost-Related Factors 33.5%

F1  Time-Related Factors 23.5%
F4  Quality-Related Factors 14.1%

F7  Risk and Relationships-Related Factors 10.4 %
F6  Project Characteristics-Related Factors 7.8 %
F3  Scope-Related Factors 5.2%
F5  Owner Organization-Related Factors 3.2%
F8 External Environmental-Related Factors 2.3 %

3.5.Evaluating and Selection PDS by
using TOPSIS Technique

In this step, the TOPSIS technique was applied
to evaluate, rank, and select the proposed
project delivery systems to be the optimal PDS
in construction projects, as follows:

3.5.1.Compare All Proposal PDS
According to Specified Factors
Evaluating and selecting a decision for each
proposed PDS according to the specified factors
is collectively represented by a group of experts
and specialists in the field of construction
management and the questionnaire forms
proposed. After calculating the arithmetic mean
of all factors represented in the eight experts’
opinions for the final decision matrix illustrated
in Table 8, the results were obtained. Every
expert indicated the qualitative value of each
single selected factor by applying a scale for
evaluation factors from (10-100), where 100
represents the  qualitative  assessment
Excellence and so for the rest of the values.

Table 8 Final Decision Matrix for Experts.

PDSS DBB CM DB TK
Factors

Cost-Related Factors 70 80 90 85

Time-Related Factors 60 75 95 90

Quality-Related Factors 85 95 80 75

}EISk and Relationships-Related 60 80 90 85

actors

Project Characteristics-Related

Factors 65 85 90 85

Scope-Related Factors 90 95 85 8o

Owner Organization-Related Factors 70 95 90 95
External Environmental-Related

F 80 85 85 80
actors

3.5.2.The Normalization Decision
Matrix

The results of an expert assessment for each of
the advanced proposed projects delivery
systems were tabulated according to the factors
previously determined. The normalization
decision matrix is calculated by applying Eq. (5)
to get the normalization decision matrix, as

shown in Table 9.
rij = Xij + VYX2ij (5)

Cost-Related Factors

33.50%
External Environmental-
Related Factors
2.30%
Owner Organization-Related

& 3.20%
Factors

5.20%

Scope-Related Factors

Time-Related Factors
23.50%

14.10% Quality-Related Factors

10.40%

Risk and Relationships-
Related Factors

Project Characteristics-
Related Factors

Fig. 1 Final Weights
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Table 9 Normalization Decision Matrix.

PDSS DBB CM DB TK
Factors

Cost-Related Factors 0.429 0.490 0.552 0.521
Time-Related Factors 0.370 0.462 0.585 0.554
Quality-Related Factors 0.505 0.565 0.476 0.446
Risk and Relationships-Related 0.377 0.503 0.566 0.534
Factors

Project Characteristics-Related 0.398 0.519 0.550 0.519
Factors

Scope-Related Factors 0.513 0.542 0.485 0.456

Owner Organization-Related Factors 0.397 0.539 0.511 0.539
External Environmental-Related 0.485 0.515 0.515 0.485
Factors

3.5.3.The Weighted Normalization
Decision Matrix

The factors’ weights extracted by the SWARA
technique were previously clarified and
illustrated in Table 7. The weighted
normalization decision matrix was calculated
using the TOPSIS technique. Thus, combining
two techniques simultaneously to arrive at a
suitable decision in selecting a project delivery
system by applying Eq. (6) to the normalization
decision matrix, as shown in Table 10.

Vij = Wij * rij (6)
Table 10 Weights of Normalization Decision
Matrix.
PDSS DBB CM DB TK

Factors

Cost-Related Factors 0.144 0.164 0.185 0.175
Time-Related Factors 0.089 0.109 0.137 0.130
Quality-Related Factors 0.071 0.080 0.067 0.063

Risk and Relationships-Related 0.039 0.052 0.059 0.056
Factors

Project Characteristics-Related 0.031  0.040 0.043 0.040
Factors

Scope-Related Factors 0.023 0.028 0.025 0.024
Owner Organization-Related 0.013 0.017 0.016 0.017
Factors

External Environmental- 0.011 0.012 0.012 0.011

Related Factors

3.5.4.The Ideal Positive and Negative
Solution

The alternative separation from the ideal
positive solution was calculated using Eq. (7),
and the alternative separation from the ideal
negative solution using Eq. (8). The results are
shown in Tables 11 and 12.

Sit =VY(Vij—Vj+) 2 @)
Ci
0.111
Design-bid-build 0.008
[lmmm o.064
Construction management 0.038
i 0.036
Turnkey 0.056
il 0.022
Design- build 0.068
il 0.014
0 0.1 0.2

Si—=VYVij—Vj-)2 €3))
Table 11 The Positive Ideal Solution.
PDSS DBB CM DB TK

Factors
Cost-Related Factors 0.0012 0.0004 O 0.0001
Time-Related Factors 0.0023 0.0008 0O 0.0001
Quality-Related 0.0001 o) 0.0002  0.0003
Factors
Risk and 0.0003 0.0001 O 0.00001
Relationships-Related
Factors
Project 0.0001 0.00001 O 0.00001
Characteristics-
Related Factors
Scope-Related 0.00003 O 0.00001 0.00002
Factors
Owner Organization- 0.00002 0 0.000001 O
Related Factors
External 0.000001 O o 0.000001
Environmental-
Related Factors
> (Vij-Vj+)2 0.0041 0.0013 0.0002  0.0005
Si*= vV Y (Vij-Vj+)2 0.064 0.036 0.014 0.022
Table 12 The Negative Ideal Solution.
PDSS DBB CM DB TK

Factors

Cost-Related Factors 0 0.0004  0.0017 0.0010
Time-Related Factors o 0.0004 0.0023  0.0017
Quality-Related 0.00006 0.0003 0.00002 O
Factors
Risk and o 0.0002 0.0004 0.0003
Relationships-Related
Factors
Project o 0.00008 0.00014 0.00008
Characteristics-
Related Factors

Scope-Related Factors
Owner Organization- 0

o

0.00003 0.000004 0.000001
0.00002 0.000009 0.00002

Related Factors

External o 0.000001 0.000001 O
Environmental-

Related Factors

X(Vij-Vj-)2 0.00006 0.00143 0.00457 0.00310

Si- = vV 3(Vij-Vj-)2 0.008  0.038 0.068 0.056

3.5.5.The Relative Closeness to the Ideal
Solution

Based on the results obtained from the previous
steps of applying TOPSIS. The relative
closeness to the ideal solution was calculated,
and the alternatives were arranged by applying
Eq. (9). The results are shown in Table 13 and
Fig. 2.

Ci = {Si7/(Si++Si")} (9)

m Si*

0.514

0.718

0.829

0.4 0.5 0.6 0.7 0.8

Fig. 2 The Ideal Solution Relative Closeness.
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Table 13 The Ideal Solution Relative
Closeness.

Ranking Proposal PDS  Si* Si- Ci

1 Design- build 0.014 0.068 0.829

2 Turnkey 0.022 0.056 0.718
3 Construction 0.036 0.038 0.514

management
4 Design-bid-build 0.064 0.008 0.111

Based on the results extracted above and
through the TOPSIS technique, the design-
build is closest to the ideal solution and ranked
first among the other suggested project delivery
systems.

4.CONCLUSIONS

Even though no project delivery system is
perfect, depending on the requirements of a
given project, one alternative may be more
appropriate than another. Owners have various
project delivery options to select from to
complete their construction projects and meet
their goals. Many factors should be considered
to assist the owner in selecting the best delivery
method. Based on a literature review, this
research identified groups of factors for project
delivery systems selection in construction
projects. Then, the weight of factors was found
by the SWARA technique. The TOPSIS
technique was used to rank PDS as a
construction project delivery system. The result
showed that the design-build was the most
proper delivery option, while the turnkey
method was confirmed at the second level of
significance, Construction management came
in at the third level, and Design-bid-build
recorded the lowest significance level.
However, due to the limitations, only the DBB,
DB, CM, and TK delivery methods were studied
in this research. Other project delivery systems
were not studied, which was additionally a
limitation of this research. The research's focus
will be expanded in forthcoming studies, and
new PDSs can be investigated.
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