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ARTICLE INFO ABSTRACT
Article history: The labor market has been constantly changing in recent decades, so choosing the type of construction materials
Received 16 September 2024 in general and floor finishing materials in particular is of great importance for construction projects. This research
Received in revised form 22 November 2024 helps to determine how to choose the flooring materials used in major halls in Iraq and how to employ TOPSIS,
Accepted 05 September 2025 Technique for Order Preference by Similarity to an Ideal Solution technical foundation in evaluating them. The

study involves determining the criteria used to find the optimal alternative, as well as determining the quality
keyword.: index of those alternatives through the value engineering methodology in order to choose the best from this aspect.
Construction materials Therefore, arriving at appropriate alternatives for the purpose of construction works that can be implemented in
Construction companies the region, For the purpose of achiev-ing the goal of the research, the data was collected from the literature that
Major halls dealt with the topics of the system’s preference by similarity to the ideal solution and value engineering, Finally
Iraq from field visits and personal interviews with specialists from company managers and department and project
TOPSIS managers. Descriptive, analytical, and statistical approaches were adopted for the study, and the results of data
Value engineering anal-ysis showed for sample members that carpet is the most relatively important alternative that can be cho-sen

for the purpose of constructing floors for large halls, based on the standards studied. Also, the sound insulation
standard is followed by the ease of maintenance standard, and then safety is more important than the rest of the
standards in evaluating alternatives to flooring materials.

© 2025 University of Al-Qadisiyah. All rights reserved.

1. Introduction suitable materials for flooring of large halls must be analyzed for the purpose
of choosing the optimal alternative [5]. The goal of this study is to group
common finishing materials in the construction market in Iraq that can be used
for finishing work in large-space halls on the basis of a number of standards
and characteristics, including safety, sound insulation, maintainability, health,
aesthetics, quality, and cost. Major halls represent closed halls with a large
space and whose heights are more than 6 meters, such as major meeting rooms,
music halls, theaters, and other halls in which the standards studied in this
paper must be taken into account. The process of producing and organizing
building materials for finishing floors in infrastructure projects, such as marble,
carpets, granite tiles, and porcelain tiles, requires a lot of resources, so it is
likely that they contain materials that pose a threat to the environment and the
health of users. Therefore, it is necessary to choose building materials that can
be produced and organized without risks to health and the environment [6, 7].
The safety criteria are one of the most important factors that must be taken into
consideration and analyzed when evaluating floor finishing materials. It must
be taken into account that the finishing materials are largely safe to reduce
risks [8]. The aesthetic criterion is also considered one of the criteria relied
upon in evaluating and selecting flooring alternatives for finishing large halls
[9]. These halls are usually used to hold many events, so it is necessary that
these materials be of quality and aesthetics that meet the design requirements
and tastes of customers and users.

Most large-scale projects, such as sports halls, meeting rooms, and ex-
hibition halls, are characterized by the fact that their floor finishes have su-
stainable properties and possess standards that make them long-lasting and
high-performance in order to meet the requirements of a sustainable green
environment [1]. As a result of the rapid development in building technologies
and the availability of construction materials needed for various types of floor
finishes, the investigation and analysis of alternatives to building materials for
flooring is extremely important and required in the construction sector [2, 3].
In this study, the selection of the studied materials (porcelain tiles, carpets, and
granite tiles) had several reasons, including the availability of these materials
in the local market in abundance and in various types and origins, as well as
the fact that the prices of these materials are appropriately compared to other
flooring materials such as parquet wood and marble tiles, which have very
high prices, in addition to the ease of working and installing these materials
in floors and others. When identifying and evaluating alternatives to special
building materials for the finishing works of hall floors, all environmental,
technical, economic, and quality criteria must be taken into account prima-
rily to achieve safety for the user as well as to ensure the longevity of the
chosen building material [4]. It has become clear that the use of alternatives
to traditional flooring materials has a harmful effect on both the safety and
health of users as well as on the surrounding environment, so the evaluation of

*Corresponding Author.
E-mail address: Zaid.alzaidi@qu.edu.iq ; Tel: (+964) 782-392 6175 (Zaid Alzaidi) and bin.xi@polimi.it ; Tel: (+39) 345-879 2466 (Bin Xi)

https://doi.org/10.30772/qjes.2024.153625.1388
2411-7773 © 2025 University of Al-Qadisiyah. All rights reserved. This work is licensed under a Creative Commons Attribution 4.0 International License.
BY


http://qu.edu.iq
https://qjes.qu.edu.iq
mailto:Zaid.alzaidi@qu.edu.iq
https://orcid.org/0000-0003-1858-8327
https://orcid.org/0000-0001-6026-8955
https://orcid.org/0000-0002-4934-3878
mailto:bin.xi@polimi.it
https://orcid.org/0000-0001-6741-9218
mailto:Zaid.alzaidi@qu.edu.iq
mailto:bin.xi@polimi.it
https://doi.org/10.30772/qjes.2024.153625.1388
https://creativecommons.org/licenses/by-nc/4.0/

ZAID ALZAISI ET AL. / AL-QADISIYAH JOURNALFOR ENGINEERING SCIENCES 18 (2025) 290 — 297

291

Nomenclature

TOPSIS Technique for order preference by similarity to ideal solution
Vi Value engineering

M Matrix

Ar Flooring alternatives

Rij Relative importance of each criterion The variation degree between the items of the target samples
ej Criterion’s entropy value, which ranges from 0.0 to 1.0 The maximum estimated error, which can be 8 or 9%

m Number of alternatives Quality

W; The criterion’s weight Cost

A ® TNI 3=

Normalization solution matrix for the criteria
The relative proximity to the ideal solution
Sample size of respondents

The level of confidence

One of the important criteria that is taken into consideration is the cost, which
is required in the analysis and evaluation of construction materials based on
value engineering, as it is not necessary to choose the materials with the lowest
cost, but rather the rest of the criteria studied must be taken into consideration
[10, 11]. As for sound insulation criteria, it is a methodology that aims to
obtain suitable insulation for a region to limit or decrease disturbing sounds
resulting from different sources of sounds, as well as to reduce severe noise in
large-space halls that use audio recordings or for other commercial purposes
that require sound isolation [12, 13]. Growing interest in building materials
and finishes that are environmentally friendly, highly efficient, highly safe, and
easy to maintain while maintaining an attractive appearance makes this study
essential for creating contemporary infrastructure and making sure the major
halls are operated in a correct and comfortable way [14]. The study’s primary
problem is how to select finishing materials for large-space hall floors based
on a variety of criteria, such as safety, ease of upkeep, health, sound insulation,
aesthetic appearance, etc. This allows decision-makers to select the optimal
materials (the suitable substitute) for hall floor construction. The building
sector is continuously looking for substitutes for the conventional materials
that are utilized to create hall enormous flooring [15, 16]. This study seeks to
find optimal, more sustainable, and effective solutions when creating finishing
materials for floors, based on a set of criteria that are analyzed in order to enable
them to meet the requirements of contemporary design and architecture. This
analysis of the literature attempts to assess several substitutes for main hall floor
building materials in terms of their effectiveness, environmental effect, and
viability from an economic standpoint. Researchers have thoroughly examined
sustainable building materials to limit environmental impacts in order to assess
alternatives to the construction materials utilized in the flooring of main halls.
[10,17,18]. Research has concentrated on examining the characteristics and
uses of a variety of materials, including terrazzo, linoleum, ceramic, marble,
and vinyl composite tiles; polymer concrete; cement stabilized rammed earth;
bamboo fiber geopolymer; and waste steel slag. For the floors of large halls in
particular in Iraq, analyzing, identifying, and evaluating alternatives to the ma-
terials used in them is extremely important to meet environmental, health and
design criteria [19,20]. Hilal et al.[21] identified and analyzed the priorities of
the criteria for selecting wooden floors using hierarchical analysis to determine
and analyze the priority of each criterion, and they reached results stating that
safety and health properties, durability properties, walking safety, freedom
from harmful substances, and scratch resistance are the most important criteria
that affect the selection of wooden floors Zaki and others[22] proposed a com-
prehensive evaluation system for flooring materials based on the functional
requirements of projects. It relied on studying 26 criteria according to the
needs of customers and users. The hierarchical analysis methodology was
studied and used for multi-criteria decision-making, as well as the use of life
cycle costing technology. The life cycle cost was calculated for each alternative
of the finishing floor. The study reached the conclusion that imported HDF
material is the ideal solution that achieves the highest value. Adriana and
others [23,24] conducted a study in which they emphasized the importance of
analyzing, evaluating, and selecting alternatives to safer building materials for
floors and other structures based on a set of criteria such as risk factors, health,
economic efficiency, and others for the purpose of reducing or reducing risk
factors and promoting the preservation of a sustainable green environment. The
lack of regular maintenance of construction buildings and the rapid, noticeable
disappearance of these buildings as a result of many factors, including climate
change and weather conditions, leads to a rapid deterioration in the condition of
the construction materials used. Therefore, performing maintenance operations
in a timely manner is an important matter as it is one of the main criteria for
evaluating and selecting the optimal materials. So, evaluating the performance
of construction materials and prioritizing maintenance procedures leads to ex-
tending the service life of materials, and contributes to achieving a sustainable
green environment [25]. This comprehensive approach aligns with the goal
of advancing science and practice in selecting construction materials that are
both environmentally friendly and safe for occupants [26]. The environmental
impact of building materials is a significant factor to consider, especially in the
context of reducing greenhouse gas emissions related to construction activities,
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as shown in a research paper on material-related emissions in the building
sector [27]. Al Orabi and Khaled’s study [28] suggested a procedure to auto-
matically calculate the VE process of choosing materials for building flooring.
The framework pointed to the chosen preferred criteria materials that were
used for floor finishings, which have been measured according to specified
standard tests, the proposed framework was correlated to two questioners and
consultants. Onochie and others [29] evaluated the factors that influence the
preference of the various finishes for floors in the Industry Building in the
Abia state based on the usage, quality of aesthetics, durability, and toughness
of the materials, and cost-effectiveness to dampness among various materials.
The study revealed that selecting floor finishes depends on the functionality of
specific variables particularly, the usage of the building is the main factor.

Table 1. Flooring alternatives in large halls and their criteria.

Flooring alternatives
Porcelain tiles Carpet  Granite tiles
s (A1) (A2) (A3)
‘5 [Safety (CI) AlCI A2C1 A3Cl1
‘2 |Ease of maintenance (C2) AlC2 A2C2 A3C2
© |Health (C3) A1C3 A2C3 A3C3
|Aesthetic (C4) AlC4 A2C4 A3C4
Sound insulation (C5) Al1CS5 A2C5 A3C5

Al Orabi and others [30] developed a methodology using BIM, Building Infor-
mation Modeling, and engineering value concepts while considering a proper
rating system. For choosing materials for building finishing flooring. Modern
and advanced engineering programs such as Building Information Modeling
(BIM) were used taking into account the impacts from social, economic, and
environmental. That a particular choice might have on the project sustaina-
bility, in addition, it takes into account the engineering value components of
the choices in terms of function, quality, and cost-effectiveness. Koulinas G.K.
et. al, [31] suggested safety and evaluating alternatives in the construction
industry for selecting priorities for workplace risks to enhance the health and
safety of workers, and the issues of well-being that have been implemented
inside the concept of sustainability, particularly belonging to the social part
of sustainability, the fuzzy extension of the TOPSIS, Technique has for the
Order of Preference by Similarity to Ideal Solution has been used for this
purpose. Managers can evaluate alternatives and make informed orders about
how to spend a limited cost to optimize safety, and health at work by using
this integrated multi-criteria approach. El-Alfy [32] offered a strategy for
enhancing the sustainability of buildings. The suggested approach uses the
Value Engineering program’s job plan as a tool for researching and evaluating
sustainability requirements. It also makes use of a database with the most
recent data on building systems and materials. Table 1 shows the following
categories of flooring alternatives that have been used in many construction
projects in Iraq, along with the criteria that are studied and analyzed for the
purpose of selecting the appropriate alternative for each project [28,33-36].
There are not many studies concerned with analyzing alternatives to construc-
tion materials for building floor finishes in general and hall floors for their
various uses and evaluating those using statistical methods, and there are no
adequate previous studies covering this topic. This makes information about
this issue or topic very limited, so the researchers conduct further research and
investigation using descriptive, analytical, statistical, and expert evaluation
methods to bridge this gap between topics.

2. Method and methodology

The alternatives that are frequently used in the grand hall floors with their
various functions and the criteria for those alternatives were selected and sor-
ted using prior studies, field visits, and the realities of the labor market. The
study employed both qualitative and quantitative measures, and the required
procedures were established to work with these alternatives [37]. The TOPSIS
method was employed to compare the options according to the chosen criteria
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[38,39]. The weighted evaluation of floor alternatives is also conducted based
on value engineering (based on the quality and cost of the studied alternatives
by setting selection criteria for the alternatives that have been arranged using
statistical methods as well (so that each criterion is weighted with a maximum
of five points and a minimum of one point). The study model’s flowchart is
displayed in Fig. 1.

Study proposal Definition of the problem

Review oflterature Importance of study
andprevious studies
R ; N
J limitsof study |
Identify and classify
fooring alematives
Design aprority i
questionnaire 1
Design a priority Studytools |
It dd ( fdata
with thestakeholders
(Studysample)
| oesis Value engineering

Reaching results, discussion
and recommendations

Figure 1. General plan of the study.

[Stcp 1: Establish a performance matrix |

| Step 2: Normalize the decision matrix |
i

| Step 3: Calculate the weighted normalized decision matrix |

l Step 4: Determine the positive ideal and negative ideal solutions |

| Step 5: Calculate the separation measures I

| Step 6: Calculate the relative closeness to the ideal solution |
1
| Step 7: Rank the preference order |

Figure 2. Flow chart of the TOPSIS procedure.

-TOPSIS method (Technique for order preference by similarity to an ideal
solution):

The alternative should be the closest to the positive ideal solution and the
farthest from the negative ideal solution, according to the fundamental tenet
of the TOPSIS technique, Fig. 2 [40—43]. The study aimed to identify and eva-
luate three alternatives for flooring materials used in large halls with different
functions in Iraq. In order to make computations easier, the criteria (applied
measures) were marked as C1, C2, Cn, and the first alternative was designated
Ay, the second as A;, and the third as A3. According to survey results [44,45],
Table 2 shows the outcomes of the evaluation of each option for alternatives
based on criteria (applied measures) on a 1 to 10 scale [46].

Table 2. The matrix of responses to criteria assessment [42].

A3 A2 A B3 B2 B C3 C2 C D
10 09 08 07 06 05 04 03 02 01

Where A3- is the symbol with the highest score of 10 for the criteria, and so
on in descending order for the rest of the symbols. The solution matrix (mij)
=m x n will take the following form Eq. 1 if assuming that the problem of a
multi-criteria with (m) alternatives and (n) criteria has a solution [47]:

A [Chi Cr2 Cy3

Ay |Gy G O3
M= : : M
A3 le CmZ Cm3

Utilizing the TOPSIS approach, the flooring alternatives are evaluated based on
the investigated criteria. The process consists of the following stages [48,49]:

1. Following a summary of the questionnaire responses in line with Ta-
ble 2, the format of the questionnaire is presented in Appendix A. The
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significance of the criterion is determined as follows, Eq. 2:
Y G
Where R;; is the relative importance of each criterion. Next, each cri-

terion’s entropy value is determined utilizing the following equation,
Eq. 3:

R,‘j:

@

i
Ej:mi:ZIKijlnRij (3)

Where e; is each criterion’s entropy value, which ranges from 0.0 to 1.0.
m is the total number of alternatives. Then, using the following equation,
the weights wl, w2, ... wn for the assessed criterion are determined,
Eq. 4:

l—e;

Wej= o
! im1(1—ej)

“

. Using the equation below, the normalization solution matrix for the

criteria (evaluation characteristics of flooring materials selection) is
calculated. Where N;; is a criterion matrix-normalization solution. Next,
the following equation is used to get the weighted matrix of normalizing
criteria solution, Eq. 5:
Nij — Ci’ 5)
m_C2
i=1"ij
Where N;; is a criterion matrix-normalization solution;
i=1,2,3..m
j=123..n
Next, the following equation is used to get the weighted matrix of nor-
malizing criteria solution, Eq. 6:

Mij =wc; X Nij ©)

Where (w;) is the criterion’s weight, and the following equation indica-
tes that the total of the criteria’s weights is 1, Eq. 7:

n
Y wej=1 @)
i=1

. Ideal solutions, both positive and negative, are identified, Eq. 8 and

Eq. 9 respectively.

Ist =maxM;j,j=1,2,...n (8)

Is™ =minM;j,j=1,2,...,n 9)
. The alternative’s distance as compared to the positive ideal solution,

Eq. 10:

= (Mij—m" j)? (10)

. The alternative’s distance as compared to the negative ideal solution is

identified, Eq. 11:
= (Mjj—m" j)? (11)

. The distance of Euclidean (n) is utilized to find the distance scale (SiT).

The following equation,Eq. 12 determines the absolute distance for each
alternative of a positive ideal solution [50,51]:

M:

Sit = (M;; —mt j)? (12)

. The distance of Euclidean (n) is used to measure the distance scale

(Si™). The following equation, Eq. 13 determines the distance for each
alternative of a positive ideal solution:

Sim = (M;j —m~ j)? (13)

i=1

. Next, the following equation, Eq. 14 is used to determine the relative

proximity (F;) to the ideal solution:

Si~
p— 14
YOS st (9
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-Value engineering methodology:

Value engineering is known as a systematic procedure to process the project’s
value and correlate them to the goals and standards of the owner and stake-
holders, and then create alternative suggestions [52] that can handle those
suggestions and accomplish the purpose and aims at the minimum costs wi-
thout affecting the project’s qualities and basic functions. Value engineering is
an effective systematic method for solving problems and making the appro-
priate decision, and the secret of its success lies in identifying unnecessary
costs and improving quality and performance together, as improvements in
quality and performance are the result of suggestions and recommendations
from the work team or stakeholders who participate in the process of selecting
alternatives and criteria for those alternatives. The alternatives in this study are
selected using value engineering by comparing them in terms of the cost that
is known from the labor market and the quality that is measured by evaluating
different criteria such as safety, health, ease of maintenance, sound insulation,
etc.) on a scale from 1 to 5 to find the specific weight of each criterion and then
divide the weight of each criterion by the total weight of the standards to find
the percentage of importance of each of the studied criteria. The other step is
to evaluate the alternatives for each criterion and multiply the weight of the
evaluated alternative by the importance of each corresponding criterion, the
qualitative weights of all alternatives are collected on the basis of all criteria
and find a quality indicator that depends on that evaluation and the cost that
has been studied and found in the field from the labor market in Iraq. Using
value engineering, the process of weighted evaluation and selection between
alternatives (flooring materials) is carried out by setting selection criteria for
those alternatives that have been arranged using statistical methods [53,54]
Through weight evaluation of alternatives for flooring materials on the basis
of value engineering by finding a value index as in the following equation
[55,56], Eq. 15:

Vi=9Q/C 15)

Where Q - The quality of the studied flooring materials (which are evaluated
using statistical methods by evaluating them by a sample of respondents from
one to five); C - The cost of the studied flooring materials according to the
labor market.

3. Results

The study’s target sample includes customers (clients), stakeholders (investors),
contractors, consultants, and personnel with more than ten years of experience
as investors in the public industrial, and private sectors. Equation 16, which
has been used in many studies, is used to find the target sample that represents
statistical value [57,58].

2
n= ”p:# ~106 (16)
Where:
n: The size of the sample.
Z: Shows the level of confidence, for instance, 2.575, 1.96, and 1.645 represent
the levels of confidence at 99%, 95%, and 90%, respectively.
p: The variation degree between the items of the target samples.
€: The maximum estimated error, which can be 8 or 9%.
n ~ 106 questionnaires were recorded. Thirteen questionnaires were excluded
because they were not filled out correctly, as a result of which the whole num-
ber of participants in the questionnaires after completion carried out in the
process amounted to 93 forms. Table 3 details the study’s sample distribution
(characteristics of response and demography).
The sample size was selected using statistical methods by 106 respondents, to
whom the questionnaire forms were distributed, which is an acceptable number
for the study as well as meets the quantitative classification of the required
standards and alternatives, 93 of which were received accepted and 13 were
neglected for incomplete or incorrect and this is contained in all applicable
questionnaires, the selection of the target group, which included contractors,
consulting engineers, implementing engineers and stakeholders (investors)
involved in the implementation of construction projects significantly affect
the quantitative evaluation process and qualitative for the purpose of choosing
the studied alternatives because of having sufficient experience and keeping
pace with the reality of the labor market and the continuous development in it.
The results of the questionnaire conducted by respondents (engineers, project
managers, and contractors) involved in infrastructure projects in Iraq were
analyzed according to Table 4.
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Table 3. Flooring alternatives in large halls and their criteria.

Characteristics Frequency Percentage Cumulative
percentage %o %o percentage%o
= Consultants 34 37 37
g‘ é % Contractors 27 29 66
2 |z 2 Investors 13 14 80
g Others 19 20 100
= . — BScdegree 44 47 47
° |8 % MScdegree 32 35 82
£ [¥ = phD. 17 18 100
£ < 8 > T0years 31 33 33
‘g 2 2 11-15 years 29 31 64
= § 8 16-25 years 19 21 85
& |7 & More than 25 14 15 100
Table 4. Matrix of decisions for criteria.

2 Criteria
§ 'g Safety I:Zase of Health Aesthetic . Soun‘d
‘;’: -] (C1) maintenance (C3) (C4) insulation
£ EJ (C2) (C5)
S5 [A 072 06.3 07.4 07.8 06.8
< § A, 084 08.1 06.8 06.7 08.5

= | A3 073 07.5 06.2 08.0 06.5

Y Ci; | 229 21.9 20.4 22.5 21.8

Using Eq. 2, Eq. 3 and 4, the significance of the criteria is determined accor-
ding to Tables 5, 6, 7 and 8.

Table 5. Evaluations on the significance of the criteria (stage 1) R;; = ﬁ
i=1 1]

i) Criteria
$ 'g Safety Ijlase of Health  Aesthetic . SO““_d
g *g (C1) maintenance  (C3) (C4) insulation
£ = (C2) (C5)
2 g4 0314 0.288 0.363 0.347 0.312
< § Ay 0.367 0.369 0.333 0.298 0.389
= [ A3 0.319 0.342 0.304 0.356 0.299

Table 6. Evaluations on the significance of the criteria (stage 2) R;; InR;;.

< Criteria
¢ 5 Safety I‘Ease of Health  Aesthetic . Sounfl
I (C1) maintenance ,(C3) (C4) insulation
£E (€2) (C5)
2 g [A 0364 -0.359 -0.368 -0.367 -0.363
< ’é Ay -0.368 -0.368 -0.366 -0.361 -0.367
= | A3 -0.364 -0.367 -0.362 -0.368 -0.361

A normalization solutions matrix was computed for the parameter (criteria

for evaluating alternatives to flooring materials) utilizing data collected at the

TOPSIS method’s application phases and equations Eqs. 5, 6, 7, 8, 9 and
10, as in Tables 9 and 10.

Table 7. Evaluations on the significance of the criteria (stage 3)-

ej= ﬁ YL RijInR;;, m =3 (number of alternatives).
e Safety Ease of Health  Aesthetic Sound
5 (C1) maintenance (C3) (C4) insulation
z (€2) (CS)
S)
e; 0.997 0.996 0.997 0.998 0,993
l-e; 0.003 0.004 0.003 0.002 0.007
Y1—e;=0.019
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Table 8. Evaluations on the significance of the criteria (stage 4)-Wc; =
l—e;
i (I1—=ej)”

s Safety Ease of Health Aesthetic Sound
5 (C1) maintenance (C3) (C4) insulation
= C2 (C5)
@]

We; 0.158 0.211 0.158 0.105 0.368

Table 9. The normalization matrix of criterion solutions (stage 1).

z Criteria
g5 Safety ~ Easeof Health Aesthetic Sound
Z 5 (C1) maintenance h(C3) (C4) insulation
S8 (C5)
Ew
s[4 72 6.3 7.4 7.8 6.8
< 'é Ay, 84 8.1 6.8 6.7 8.5
= |A3 13 7.5 6.2 8.0 6.5
i Cizj 175.69  161.55 139.44 169.73 160.74
\/):;":]Cizj 013.25  012.71 011.81 013.03 012.68

Table 10. The normalization matrix of criterion solutions (stage 2) - N;; =
Gij

Ve

Table 13. The alternative’s distance from the positive ideal solutions (stage 2)

- (Myj —1Is* )2
Alternatives flooring materials
A As Az
Safety (C1) 0.000190  0.000000 0.000160
« Ease of maintenance (C2) 0.000800  0.000000  0.000100
'E Health (C3) 0.000000 0.000025 0.000320
T Aesthetic (C4) 0.000001  0.000100 0.000000
©  Sound insulation (C5) 0.002500  0.000000 0.003400
Total 0.0035 0.00035 0.004
S,Jr =V Total 0.0600 0.01900 0.063

Table 14. The alternative’s distance from the positive ideal solutions (stage 3)-

(M —1Is™ j).
2 Criteria
<
g% Safety  Ease of Health Aesthetic Sound
% = (C1) maintenance  (C3) (C4) insulation
g g (C2) (C5)
2 E‘J Ap 0.000 0.000 0.008 0.009 0.008
< § Ay 0.014 0.029 0.000 0.000 0.060
= [ A3 0.001 0.019 0.006 0.010 0.000

Table 15. The alternative’s distance from the negative ideal solutions (stage 4)

Criteria
kA Safety ~ Easeof Health  Aesthetic Sound
i (C1) maintenance  (C3) (C4) insulation
g (C2) (C5)
S [A 0543 0.496 0.627 0.599 0.536
< |A; 0.634 0.637 0.576 0.514 0.670
Az 0.551 0.590 0.525 0.614 0.513

A valued matrix of the normalization solutions is computed for the criteria as
in Table 11 utilizing the acquired values (Wcj) (from Table 8) and (Nij) (from
Table 10).

Table 11. The valued matrix of criteria-specific normalization solutions,
Mij = wej X Nij).

- (M —1s )2
Alternatives flooring materials
Ay Ay As
Safety (C1) 0.000000  0.000190  0.000001
« Ease of maintenance (C2) 0.000000  0.000840  0.000360
‘5 Health (C3) 0.000064  0.000000 0.000036
£ Aesthetic (C4) 0.000081  0.000000 0.000100
©  Sound insulation (C5) 0.000064  0.003600 0.000000
Total 0.00021 0.0046 0.0005
S =+/Total 0.01500 0.0680 0.0220
Table 16. Relative importance of criteria.
Criteria | Safety I.Ease of Health Aesthetic . Soun'd
(C1) maintenance (C3) (C4) insulation
2 (C5)
R; 04.8 03.6 03.9 03.3 04.2
% Each | 24.1 18.1 19.6 16.6 21.1

Table 17. The alternative’s distance from the negative ideal solutions (stage 4)

- (M —1s )2

Criteria
g Safety ~Ease of Health  Aesthetic Sound
& (C1) maintenance  (C3) (C4) insulation
g (C2) (C5)
£ [Ar 0.086 0.105 0.099 0.063 0.197
< |4, 0.100 0.134 0.091 0.054 0.247
Az 0.087 0.124 0.097 0.064 0.189

As aresult, can determine the values of the ideal solutions, both positive and
negative:

IsT =0.100,0.134,0099,0.064,0.247

Is— =0.086,0.105,0.091,0.054,0.189

Next, the alternative’s distance from both ideal solutions, the positive and
negative, is shown in Tables 12, 13, 14, and 15.

Table 12. The alternative’s distance from the positive ideal solutions (stage 1)-
(Mij —Is* j).

Alternatives
Criteria Porcelain tiles]  Carpet | Granite tiles
Safety (C1) 38 916 47 1133 33 795
Ease of maintenance (C2)| 4.1 74.2 3.5 634 3.7 67.0
Health (C3) 44 862 38 745 39 764
Aesthetic (C4) 31 515 46 764 45 747
Sound insulation (C5) 28 59.1 48 1013 32 675
Q 363 429 365
C($) 020 022 032
V;=0/C% 0.182 0.195 0.114

Criteria
g Safety ~ Ease of Health  Aesthetic Sound
= (C1) maintenance  (C3) (C4) insulation
g (C2) (C5)
S [A -0014  -0.029 0.000 -0.001 -0.050
< | A, 0.000 0.000 -0.008 -0.010 0.000
Az -0.013  -0.010 -0.002 0.000 -0.058
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Based on the selection criteria for alternatives (floor materials) and according
to the results from Tables 13and 14, the coefficient of relative closeness to the
ideal option is computed as follows:

Al(Porcelaintiles) = 0.015/(0.015 +0.06) = 0.21;

A2(Carpet) = 0.068/(0.068 +0.019) = 0.78;

A3(Granitetiles) = 0.022/(0.022 4+ 0.063) = 0.32.

Using value engineering, the studied alternatives (flooring materials) can be
evaluated on the basis of the criteria that were analyzed by finding the importan-
ce, relatively measured (Ri), of each of those criteria by evaluating them from
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1 (lowest value) to 5 (highest value) as in Table 16. Then, the percentage for
each criterion is obtained by distributing the weight of each criterion (relative
importance) by the sum of the weights for the criteria.

After this stage, each of the studied alternatives is evaluated by weight and
linked to the importance of the criteria that are relatively measured for the
purpose of finding the value index (Vi) using Eq. 15, as reported in Table 17,
note that the cost of materials for each square meter was taken from the local
market.

0.4 -
0.35 4
0.3 4
0.25 4
0.2 4

0.15 4

Significant Value

0.1 4

0.05 -

Safety (C1) Easeof  Health (C3)  Aesthetic Sound
maintenance (C4) insulation
(C2) (C5)

Figure 3. The Significance of criteria for selecting alternatives.

0.25 1
0.2 A
0.15 -

0.1 1

Enginnering Value

0.05 1

Porcelain tiles Carpet Granite tiles

(a) Engineering

0.9 ~

0.7 4
0.6

0.5 4

TOPSIS

0.4 4

0.3 4

0.2 4

Porcelain tiles Carpet Granite tiles

(b) TOPSIS

Figure 4. The importance of alternatives to flooring materials.

4. Discussion

It was found through the results that the alternative (carpet) had a coefficient of
importance with a value of (0.78), which gave the greatest importance compa-
red to the second alternative (granite tiles) with a value of (0.32) and the other
alternative (porcelain tiles) with a value of 0.21 depending on the evaluation
of the studied standards, which pushes decision-makers to the construction
material that calculates technical, physical and environmental standards in
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consideration.

Using value engineering also, it was proven that the importance of granite
material for the studied standards had the greatest importance with a quality
index of (0.195), then granite with a quality index (of 0.182) and then porcelain
with a value of (0.114), these results allow decision-makers and participants
in construction projects to choose the appropriate construction materials for
the floors of the halls, as well as taking into account the studied standards. In
addition, the results showed that the acoustic insulation criterion had the hig-
hest specific weight of (0.368) when selecting finishing materials for flooring
and then ease of maintenance (0.211) as in Table 8.

Adopting the standards of safety, aesthetics, ease of maintenance, sound in-
sulation, and health as a basis for making comparisons between alternatives
to flooring materials to evaluate them. Direct interviews and then the entropy
technique showed that the sound insulation standard is more important and
then ease of maintenance and safety, as in Fig. 3. It became clear through the
answers of the sample members and using the similarity advantage technique
(TOPSIS) as well as using the value engineering methodology that carpet as a
material for finishing floors in large halls is more important than the rest of the
alternatives. It also became clear through value engineering that although the
cost of carpet is higher than the cost of porcelain tiles, its quality index is higher,
and this is very important in terms of evaluating and selecting construction
materials. Figure ?? shows the importance of the alternatives studied using the
value engineering methodology and the (TOPSIS) technique. Although the
limitations of the study address potential weaknesses and the studied problem,
there are some limitations that faced the study, such as neglecting many of
the responses to the questionnaire and the lack of adequate answers by the
respondents, which led to the neglect of those responses as well, as well as the
difficulty of using computer programs for the purpose of finding results when
using similarity advantage technique (TOPSIS).

5. Conclusion

Choosing flooring materials for large halls is a complex task that requires
taking into account various aspects. Environmental sustainability, durability,
aesthetic appeal, cost, safety, health, maintenance, and physical properties are
all factors that should be considered when making a decision and choosing
alternatives. Researching alternative materials will allow to better understand
their advantages and disadvantages, and choose the best option for large hall
flooring. Among the conclusions that were reached and deduced through the
research are:

» The success of using the system preference technique in similarity to
the ideal solution in evaluating flooring materials for finishing large
halls, based on a set of main criteria, by conducting calculations of this
technique between those alternatives. In addition to the success of the
value engineering methodology in choosing the decision to adopt the
quality and cost of these materials.

The lack of knowledge of most engineers working on construction
projects about the main techniques in dealing with the problems of
decision-making tools and the extent of the usefulness of using them in
choosing the optimal alternatives in construction work.

It was found through a field survey of construction projects and works in
Iraq that the process of evaluating alternatives to materials using the da-
tabase is one of the most common methods that leads to distinguishing
different hypotheses.

Despite the complex nature of decisions to enter the labor market, the
existing methods and tools for evaluating construction materials from
all aspects and with different standards are preliminary and insufficient,
and in general they depend on personal intuition or previous experience,
both of which are easily affected by doubt and uncertainty. Therefore,
construction companies need effective and comprehensive methods for
qualitative analysis and evaluation of building materials, which protect
them from labor market fluctuations.

Make the process of determining the importance factors of the approved
criteria distributed among the members of the Bid Analysis Committee
and according to the specialization of each member. For example, com-
paring alternatives according to price (cost) and the financial situation
of the supplier is the responsibility of the participating member from the
financial department, and bilateral comparison of alternatives according
to the quality standard is the responsibility of the participating member
from the quality department ( Quality) and so on, in order to distribute
tasks among all members because this will serve the process of selecting
the best and closest to the ideal solution, which will be studied in future
researches.
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As a suggestion for future research, the authors propose developing a holistic
framework that integrates environmental sustainability, durability, aesthetic
appeal, cost, safety, health, maintenance, and physical properties into a decision-
making model. This framework could utilize advanced decision-making tools
and methodologies, such as multi-criteria decision analysis to enhance the
evaluation of flooring materials. For practical implementation, the authors
suggest using the above-developed model that is validated using regional case
studies for different areas to compare the effectiveness of various flooring
materials in diverse environmental and economic contexts, this could help
to identify the best practices and adaptable solutions for different geographic
locations.
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