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Abstract 

Objective: To express the usage of intelligent concepts in the architectural building construction field that are primarily 

concerned with reducing building energy use. Improved energy-saving methods and the use of environmentally friendly 

design principles are essential in this field. This type of managerial decision-making is necessary for the success of these 

types of projects. Methods: monitoring the performance of intelligent buildings use the cost variance (CV) and schedule 

variation as standard metrics to track the progress of a project based on the save energy concept. Also, this research 

conducted a comparative study on Building Information Modelling (BIM) and (MCDM) decision-making limitations as 

presented in the article. Analysis: the conventional technique, on the other hand, is unable to offer data on variance from 

typical performance levels. The main point based on Delphi results of construction cost variables has been observed 19 

effective factors. Finding and Novelty: The RII observed that the most effective aspects of an intelligent building are the 

number of floors in the building, the kind of structural design, and the size of the shadow cast on the surface of the 

building. The Multi-Criteria Decision Maker (MCDM) observed significant differences in planned value (PV) and actual 

value (AC) results. In addition, as a result of the current approach, it is possible to track project costs and timelines more 

precisely. 

Keywords: Intelligent Building; Multi-Criteria Decision Maker; MCDM; MATLAB Code. 

 

1. Introduction 

Nowadays, construction manufacturing is the world's second largest industry, which has been transformed in an 

optimal way in the last ten years. The main issue is based on construction, as it can be identified as a unique sector 

characterized by the intensity of capital employed as well as the variability of turnover over time [1, 2]. Sustainability 

infiltrates all societal practices, especially the construction industry, because of its substantial impact on the 

environment. Furthermore, the success of building projects ultimately depends greatly on how well they are executed. 

Moreover, the effectiveness of construction projects was examined in several earlier studies [3]. The project's 

performance has been assessed based on the time, money, and deliverables parameters. It is a high-quality project that 

gains the support of all its stakeholders and is executed successfully and effectively as a result of all of these aspects 

[4, 5]. 

The construction industry prioritizes effective risk management based on a management strategy. Moreover, 

multiple threats exist in the main design, which is associated with the subsequent stages of construction projects [6, 7]. 

In order to achieve the goal of project performance, project failure must be avoided. The fact that an intelligent or 

smart building has a reasonable investment, great energy management, and a comfortable and convenient atmosphere 

is one of its most crucial qualities [8]. A smart building's design and operation deviate from the standard by utilizing 

cutting-edge control systems and networked technology [9]. 
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The main objectives of implementing intelligent buildings are energy conservation and energy savings, but because 

there are so many different aspects involved in their construction, making design judgments has proven challenging 

and necessitates the use of several criteria [10–12]. Moreover, building Information Modelling (BIM), as a widely 

adopted method and representative of the 4th manufacturing revolution [13, 14], is recognized as a state-of-the-art 

transformation in design, and construction, which is associated with maintenance procedures [15] as well as remains 

built upon the concept of storing also managing a diverse set of INFO produced throughout a building's lifecycle. 

There are several definitions of BIM [16]. As associated with the British Standards Institute, BIM is the process of 

information generation as well as management based on the whole lifecycle of the project. BIM is the integration of 

technologies associated with processes represented as a single system [17, 18]. Furthermore, BIM is considered an 

effective approach towards adoption in IBS projects due to the aforementioned numerous benefits, for instance, 

increasing the project's quality [19, 20], providing precise quantity take-offs [21], improving scheduling [22], adopting 

a circular economy [23], alleviating adverse environmental effects [24], as well as reducing total project contingency 

costs [25, 26]. Although it provides excellent opportunities, based on BIM adoption approach comes with a number of 

challenges. Additionally, optimal construction companies are familiar with conventional construction approaches, 

adopting BIM as a new application poses new risks that need to be addressed [27]. 

Consequently, the process of risk assessment might be more complex because the risks differ from the 

conventional ones with which construction managers are familiar. In addition, multi-criteria decision-making remains 

an analytical network process method that has been developed via Thomas L. Saaty and that remains developed based 

on expert opinion to aid in complex decision-making within different alternatives [28]. 

2. Literature Review 

2.1. The Decision-Making Issues 

There are several different methods associated with the strategies offered in decision-making, so it is necessary to 

represent the characteristics as well as the restrictions of the decision problem [29]. In the same way, the distinction 

has been made with several identifications of the scope of the decision support the approach should provide. 

Moreover, several study projects based in this field have the objective of supporting the generation of design 

alternatives via knowledge-based inference algorithms [30]. Furthermore, in opposition to this forward-reasoning 

strategy, the Smart (DMF) has the objective of evaluating design alternatives already generated via a human 

development team (Figure 1). Additionally, the conventional is available at the beginning of the process in the main 

form of architectural building information. At the beginning of the process, Building Information Models (BIMs) are 

associated with the related analysis data. Subsequently, for the decision problem-making Models (BIMs) as well as 

related with analysis INFO [31]. Therefore, the decision of several problems means that the design alternatives remain 

limited, usually amongst (2) to (10-15) based on the case of a design competition [32]. 

 

Figure 1. A schematic on multicriteria decision methods  
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3. Intelligent Building Factor 

Smart building materials are those that can achieve controlled and predictable variability in one or more of their 

properties in response to external stimuli as well as changes in their environment. Temperature, light, pressure, 

magnetic or electrical fields, ambient humidity, or chemicals are examples of external changes. To maximize the 

potential benefits from this cheap and abundant resource, which is possessed by all countries, regardless of wealth, it 

is essential to ensure that all nations have equitable access to energy efficiency resources. The diverse selection of 

modern materials available today includes a wide variety of materials [32, 33]. When deciding, the weather, the 

condition of the site, the amount of money available, and the desired level of comfort are the most crucial factors to 

take into account [34, 35]. Performance of the building envelope, energy-efficient (HVAC) equipment, high-efficiency 

lighting systems, water resource management, renewable energy technologies, and the installation of intelligent 

control systems are all current research hot issues [36]. 

3.1. Material Availability and Sustainability 

A structure's lifespan is significantly shortened when inferior materials are used in its construction. The pressure 

that the surrounding environment produces on the building's structural components over time causes corrosion of the 

structure. Materials used during the planning phase have an impact because a structure's performance largely 

reflects its long-term influence. The outer walls of a structure can make or break it in terms of performance and 

energy use. A well-designed façade that controls the passage of exterior heat or cold ensures efficient energy 

utilization. Poor building materials affect more than simply the outside [37]. Volatile chemicals, such as those 

present in paints, insulators, and adhesives in significant quantities, can be harmful to human health [38]. This is 

particularly crucial given that most people spend the majority of their time indoors [39]. To meet the minimal 

standard for sustainability in building materials, the effectiveness of goods and building materials must be assessed 

against the three sustainability factors. 

Table 1. Characteristics of the decision problem to evaluate BIM-based design evaluations 

Characteristics of design 

 alternatives 

Characteristics of evaluation  

criteria 
Author and Year Ref. No. 

Design alternatives available as BIMs An evaluated Multiple criteria 

Harmon & Gillen (2022) [38] 

Dias & Ergan (2020) [39] 

Shrivastava & Akhtar (2019) [40] 

(2-4) as well as up to (15) (design competition) 

and design alternatives 

Criteria from different domains lead to 

complex decisions 

Zahedi et al. (2022) [41] 

Jang & Collinge (2020) [42] 

Ma & Wu (2022) [43] 

Differs alternative in geometry or in details 
Subjective and objective criteria that 

have to be considered 

Xu et al. (2019) [44] 

Ma & Wu (2020) [45] 

INFO available from BIMs Criteria have different dimensions 

Onososen & Musonda (2022) [46] 

Abd Jamil & Fathi (2019) [47] 

Schiavi et al. (2022) [48] 

3.1.1. Related Work 

BIM outsourcing decisions have referred to selecting the optimal BIM outsourcing strategy. Furthermore, 

contractors have three main optional strategies when making BIM outsourcing decisions [40]. Furthermore, 

information technology outsourcing strategies and total insourcing indicate that the contractors conduct most of the 

BIM operations, for instance, BIM model creation, BIM utilize; internally, which occupies more than 80 percent of the 

BIM budget. In the same way, the contractors transfer most BIM operations responsibilities to an external provider, 

which costs more than 80 percent of the BIM budget. Despite the fact that contractors may choose BIM operations 

from an external provider [41], which takes up the BIM budget amongst 80 percent as well as 20 percent. On the other 

hand, making BIM outsourcing decisions effectively remains difficult. Therefore, outsourcing decisions, for instance, 

mining outsourcing, information framework outsourcing, BIM outsourcing remains a complicated as well as strategic 

option for contractors towards implement BIM. For instance, when making BIM outsourcing decisions, contractors 

based on the BIM outsourcing can bring financial advantages as well as benefits as well long-term competitive 

advantages, for instance, commercial exploitation. In addition, towards evaluating internal BIM utilize experience as 

well as estimate the requirement for BIM professionals from (BIM) outsourcing [42]. 
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Table 2. A comparative study on Building Information Modelling (BIM) and (MCDM) decision-making limitations 

The sort of decision method Description Limitation 
Author and 

years 

Ref. 

No. 

Building Information 

Modelling (BIM), 

Management Information 
Systems (MIS). 

Recommending a framework for 
decision-making in case there are 

many alternatives as well as 

options to choose from in design 
phase in the AEC industry. 

Utilizing Building Information 

Modelling (BIM), Management 
Information Systems (MIS) as well 

as simulation tools, the framework 

can be fully automated as well as to 
assist decision-making 

optimization. 

1. Designers, managers, project owners as well as 

builders can benefit from this framework to evaluate 

more options in their decision-making process. 

2. The decision-making process has been automated + 

An Application Programming Interface (API) 

3. A designed construction processes in the 
Architectural, Engineering and Construction (AEC) 

industry. 

4. A smart building's equipment for energy 
consumption as well as cost trade-off. 

5. An Application Programming Interface (API) can 

help with making automating permutation out of 

possible options. 

Mashayekhi & 

Heravi (2020) 
[23] 

A smart building such as 

security control, energy 
management, control as well 

as monitoring of Heating, 

ventilation also air 
conditioning (HVAC) system, 

water management, lighting 

systems, health system of 
elders and fire detection. 

Reduces the burden of frequent 

interruption or control by the 
humans. Smartness makes the 

ability towards interconnect more 

real time parameters by (Machine 
to Machine) interaction and make 

wise decisions in harmful 

situations. Many low-cost devices 
are available in the market to 

collect the real time data and 

transmit them using Internet of 
Things (IoT). 

1. To analyse with the technical advances which can 

bring better solutions automatically. To identify the 

issues faced by current methodologies with these 
applications. 

2. To give a guideline for future research. 

3. The buildings construction and usage can depend on 
the applications. 

4. The smart system can respond intelligently for 

traditional buildings will be automotive based on 
HVAC. 

Vijayan et al. 

(2020) 
[24] 

Complex proportional 

assessment (COPRAS). 

A hybrid Multiple Criteria Decision 

Making (MCDM) model approach 

which remains proposed. Step‐
wise Weight Assessment Ratio 

Analysis (SWARA) as well as 
Complex proportional assessment 

(COPRAS) framework. 

1. Monitoring as well as controlling architectural 

project contains a decision problem with multi-
varieties analysis. 

2. To evaluate construction projects of hotels regarding 

environmental sustainability. 

3. A private construction project is supposed as a case 

study. 

4. The project has been implemented in a five-star 
hotel in Tehran, Iran. 

5. The (SWARA) produces criteria weights and 

(COPRAS) will rank decision alternatives. 

6. A strategic route can be used in other fields. 

Zolfani et al. 

(2018) 
[35] 

Receiver Operating 
Characteristics (ROC) are 

used in Area Under Curve 

(AUC) accounts. 

A fuzzy multi-criteria decision-

making approach is applied by 

incorporating different wetland 
conversion influencing factors and 

a knowledge-based approach 

1. Vulnerability assessment is essential in 

reformulating conservation strategies. 

2. To identify the wetland conversion vulnerable areas 

within the East Kolkata Wetland. 

3. This high vulnerability condition demands 

immediate plan formulation for protecting this 

ecologically rich wetland. 

4. Develop urban built-up on a high and very high 
vulnerable zones. 

5. Fuzzy MCDM method and for formulating an 

appropriate plan. 

6. Receiver Operating Characteristics (ROC) is used 

Area Under Curve (AUC) 

7. A high reliability and accuracy of the Fuzzy 
MCDM. 

8. Immediate attention of the local authority for 
conserving this wetland. 

Ghosh & Das 

(2019) 
[36] 

Building Information 
Modelling (BIM) and Multi-

Criteria Decision Making 

(MCDM). 

Integrating building information to 

support decision-making has been a 

key challenge in the Architecture, 
Engineering, and Construction 

(AEC) industry. 

1. To improve information integration and decision-
making. 

2. To identify strategies to improve the synergy 

between MCDM and BIM. 

3. The major application domains are sustainability, 

retrofit, supplier selection, safety, and constructability. 

4. Improve the synergy between (MCDM) as well as 

(BIM). 

5. A benchmark for evaluating the application of 

decision techniques. 

6. Combining (MCDM) with (BIM) for integrated 

decision-making. 

Tan et al. 

(2021) 
[49] 
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Building information 

modeling (BIM) as well as 
(MCDM). 

Building information modelling 

(BIM) as well as (MCDM) has 

been utilized because of its optimal 
advantages for various stages of the 

life cycle of a building. 

1. To improve practitioners' understanding of the 

process for BIM as well as (MCDM) adoption towards 

sustainable construction through energy efficiency. 

2. A survey was used for construction professionals as 

well as building industry experts in Malaysia. 

3. To identify key factors affecting sustainable building 

via reducing both embodied as well as operational 

energy also carbon emissions. 

4. The model developed consisted of 3 clusters with 6 

nodes, which is associated with the stage of a 
compared pairwise with one another. 

5. Design optimization, as well as minimized material 
requirements remain important factors based on some 

sustainable construction buildings that has used (BIM) 

application. 

Haruna et al. 

(2021) 
[50] 

4. Material and Methods 

4.1. Relative Important Index (RII) 

The decisions made during the cost management process are influenced by the decision-makers’ cost tolerance as 

well as the expense's magnitude and severity [43, 44]. The decision that a person, a business, or an organization is 

willing to make is influenced by the willingness of people, consumers, and society to endure a given cost level. It is 

crucial to determine an acceptable cost level before making any decisions on the budget, timeline, technical solutions, 

construction techniques, and other factors. In order to make the best decisions possible in the early stages of the 

project, the acceptable cost barrier must be defined early [45]. The acceptable cost level should be stated in the 

project's cost policy. The degree to which a decision-maker is willing to accept a particular cost determines the level of 

cost acceptance. 

𝑅𝛪𝛪 = ∑(𝑃𝑖𝑈𝑖)/𝑁𝑛  (1) 

where 𝑅𝛪𝛪  is Relative importance index, 𝑃𝑖  is Respondent’s rating of cost, 𝑈𝑖  is Number of respondents placing 

identical weighting/rating on the cost, 𝑁 is Sample size people who responded to the survey, and 𝑛 is the highest 

attainable score for each cost. 

4.2. Building Information Modelling (BIM) Model 

Revit is one of the most well-known pieces of software for almost all engineering fields because of its adaptability, 

high level of precision, and speed. It is BIM (Building Information Modelling) software called Revit. The 

development of information modeling facilitates the process of storing all facts, information, and analysis. The 

project's outcomes will be combined with the supporting framework to produce a realistic image. In order to translate 

something more accurately, more information about the source text is required. Panels are present on both sides. The 

principles of project time and cost control were evaluated, along with current methods, in order to offer 

recommendations. 

4.3. MCDM Design 

The MCDM is a method that combines parts of mathematics and psychology to organize and understand complex 

topics. There are numerous workable answers to the current dilemma, all of which fall under the heading "ultimate 
objective" or "problem" in technical parlance. The MCDM framework offers a workable method for selecting a course 
of action by quantifying the requirements for that decision, listing the potential courses of action, and connecting those 
elements to the main goal. Utilizing a hierarchical structure, the criteria were arranged from most important to least 
important, starting with the ultimate goal at the top and working their way down. The top level of the hierarchy is 
represented by the stated goal, while the second level is comprised of the two relevant selection criteria for projects. 

There are many other cultural variables to consider when it comes to evaluating a hierarchy as presented in Figure 2. 

4.4. Collecting Data 

In addition to the information acquired from prior studies, the researcher also conducted questionnaires (see 

Appendix I, Table A-1). An external questionnaire design and Table A-2. An internal questionnaire design adapted 
from [46]; and interviews with the objective of acquiring additional data. Since each interview is conducted 
independently, this method typically produces results with a sample size that is quite tiny. This is because each 
interview is conducted separately, allowing for a more thorough analysis. In this kind of research, as much information 
as feasible is requested from the respondent. This research methodology offers the most accurate and comprehensive 
information about the investigation's subject compared to less personal surveys. Although this approach does not 

permit data gathering, it does permit researchers to assess the interviewee's personal preferences and goals. 
Interviewing is praised as an "excellent qualitative method" for encouraging people to share their personal opinions 
and experiences. These methods can be used to reveal how people evaluate and classify their surroundings. As the 
researcher asks questions, the interviewer is taking notes. 
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Figure 2. The research method 

4.5. Ranking Process 

The researcher collected data using questionnaires (see Appendix I, Table A-1). An external questionnaire design 

and Table A-2. An internal questionnaire design was adapted from [37, 47], as well as interviews, to enhance the 

information obtained through earlier initiatives. This method frequently employs a small sample size because the 

interviews are conducted one-on-one and provide in-depth information about the study's subject. The interviewee 

gives the researcher as much information as they can use this method. This research strategy offers the most accurate 

and comprehensive data regarding the research topic when compared to less personal surveys, but it prevents the 

researcher from personally examining the interviewee's preferences and goals. 

5. Results 

Many academics are attempting to improve this procedure because the effectiveness of monitoring and analysis 

may determine a project's success or failure. When utilizing conventional approaches, the common metrics for 

monitoring project progress are cost variance (CV) and schedule variation (SV). On the other hand, the traditional 

method is unable to provide information on deviations from normal performance levels. With the existing method, 

project costs and timelines may be tracked more precisely. The performance rating in this study was based on 

information from a real construction project. Real data should be used to check the normality of the PV indexes. The 

main statistical analysis tool was MATLAB R2018. To estimate the anticipated performance of the project, for 

instance, process models or routine operational data are utilized in construction control performance monitoring. The 

current method can be used to monitor construction projects, which enhances it. These choices were examined using a 

series of formulas in Chapter 3. 

5.1. RII Results 

Each of the numerous phases of a construction project, which includes construction, will have a major effect on the 

overall cost of the operation. The majority of respondents think that the most crucial determining factors for 

construction costs are floor area and floor count. On the other hand, they think that the influence of building type, slab 

style, and retaining wall size is minimal. This study's goal is to examine the fundamental elements that are essential in 

intelligent buildings, which differ from ordinary structures in that they include additional functions. The column gap 

length is one of the few extra parameters that has a significant impact on the project's final cost. The table, which also 

A hierarchical 

structure 

Start 

Decisions made during the 

cost management process 
Decisions factors based on the 

budget, timeline, technical 

solutions, construction techy 

The stage one: Apply Relative 

Important Index (RII) 

The stage two: Apply BIM (Building 

Information Modelling) software (Revit) 

The stage three: Apply (MCDM) method by 
combine mathematics and psychology to 

organize also understand complexity 

 

Results 

Effective Factor Optimal Decision  



Civil Engineering Journal         Vol. 9, No. 01, January, 2023 

133 

 

demonstrates that all of the criteria have a major impact, can be used to deduce the outcomes of the Delphi study and 

the RII technique. Because participant responses can be used to identify the majority of significant criteria, relative 

relevance index analysis is an effective method for ranking indicators using Likert-type scales. As a result, it is a 

desirable method for ranking indicators. A relative index analysis was carried out to rank the criteria and evaluate their 

relative importance. The tables that can be viewed below (Table 3) for each category present the results of the relative 

index study. Based on these rankings, risks received a high rating in the evaluation of the effects of cost overruns in 

construction projects. 

Table 3. The Main Effective Factors 

Factor RII factor RII 

Number of floors in the building 0.716 Type of walls 0.576 

Max. floor height 0.596 Type of electrical works 0.556 

Building height 0.664 Type of external plastering and warping 0.444 

Type of used foundation 0.632 Type of tilling 0.524 

Building area 0.628 Number of windows 0.584 

Depth of foundation 0.696 Number of sanitary works 0.576 

Type of structure design 0.772 size of the used solar energy system 0.556 

Type of slab 0.444 effect of isolation materials 0.676 

Type of doors 0.524 size of shadow 0.968 

Type of windows 0.584 - - 

The number of floors, kind of structural design, and size of the shadow cast on the building's surface are the 

features of an intelligent structure that are most effective. By examining the number of floors in the building, 

comparing this data with the materials used, and examining the project's overall cost, it is easy to identify the major 

contributors to the cost [51]. For each category, the results of the relative index analysis have been gathered and are 

shown in Table 4. In accordance with these rankings, risks were ranked highly in the assessment of the expenses 

related to construction projects based on their impacts (Figure 3). 

Table 4. Ranking the Main Effective Factors in the Present Study 

Factor RII Rank 

Number of floors in the building 0.716 3 

Building height 0.664 6 

Type of used foundation 0.632 7 

Building area 0.628 8 

Depth of foundation 0.696 4 

Type of structure design 0.772 2 

Effect of isolation materials 0.676 5 

Size of shadow 0.968 1 

 

Figure 3. The Differences in RII Rank Results of the Used Factors   
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The biggest effect is caused by external finishing and isolations like a shadow. A designer can assess the amount of 

available sunlight access to various areas of the site and building design using shadow analysis. It is critical to 

consider how physical barriers affect access to solar radiation in both the present and the future when designing new 

structures or restoring existing ones. Many zoning requirements call for doing a shadow study to show how a new 

building affects the current situation. 

To gather all of the required data for each project, a data sheet was created and used. We looked at the large 

majority of Iraqi universities that offer degrees in building engineering. A collection of building projects was gathered 

from various engineering companies and governmental organizations. The number of floors in the building serves as 

the second input after the shadow process, and there is a strong linear relationship between these two inputs and the 

ultimate cost of the project. The basement or the roof are each included as one level for the purposes of this 

computation because the number of floors becomes such a significant element. The fact that there are more projects in 

the later categories than in the first category, despite the fact that there are fewer projects in the latter category overall, 

shows that the model's prediction that adding floors to a building will raise project costs is accurate. The ultimate cost 

is significantly influenced by the foundation, slabs, reinforcement, and brick used in the building. The four most 

commonly utilized foundation types are isolated, strapped, heaped, and mat. The quantity of projects that come under 

each subcategory of foundation, as well as the proportion of overall projects that each foundation represents. The type 

of slab also affects the project's overall cost because of the quantity of concrete and reinforcement that must be used. 

For instance, three distinct types of slabs are employed: the solid slab, which is used 50% of the time, the ribbed slab, 

which is used 22% of the time; and the slab with drop beams, which accounts for 28%. The type of finishing that is 

done to a structure can have a big impact on its cost. In Iraq, tiling is a common and significant architectural feature 

seen in a great number of structures, including houses, mosques, and schools. 

The main advantage of multi-criteria decision making (MCDM) is its capacity to confirm and minimize the 

divergent viewpoints of experts. Finding substantial value differences is the first step, after which it is possible to rank 

the various cost components according to relevance. A variety of questionnaires and interviews with Iraqi managers 

and engineers were conducted in order to reach this result, as presented in Table A-1. An external questionnaire design 

and Table A-2. An internal questionnaire design adapted from [37]. Those who make decisions employ their own 

assessments of the relative relevance of the aspects during the comparison process. The first step in the MCDM 

process is to identify the current issue and determine the level of skill required to solve it. The weighting of the 

priorities at the level below was based on the outcomes of the comparisons. The priorities that were determined as a 

result of the comparisons were used for this. After that, in order to determine the impact that expense had on the 

project's overall costs, the researcher used the MCDM approach. The challenge that will likely prove to be the biggest 

for this project is figuring out how to handle the enormous amounts of data that will be involved in it. 

The sections that will follow this one will reveal the findings of the MCDM study. The findings of the MCDM 

research have been presented in Tables 5 to 8, for each MCDM result from the first case study (Figure 4). 

Furthermore, the expenses that were chosen have been accepted as having high priority levels in the process of 

analyzing the costs of projects based on their cost-effectiveness, and according to the findings of this ranking, the 

results have been presented in the research conclusion. 

 

Figure 4. Front View of the Used Case Study 
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Table 5. RII Results for Factors of Different Types of Building 

 
School Mosque Residential Mall University 

Factor RII RII RII RII RII 

Number of floors in the building 0.688 0.716 0.716 0.728 0.772 

Building height 0.664 0.416 0.664 0.664 0.664 

Type of used foundation 0.632 0.632 0.632 0.632 0.632 

Building area 0.672 0.628 0.628 0.628 0.764 

Depth of foundation 0.696 0.696 0.696 0.696 0.696 

Type of structure 0.772 0.772 0.772 0.772 0.772 

Effect isolation materials 0.676 0.676 0.676 0.676 0.712 

size of shadow 0.808 0.808 0.968 0.808 0.808 

Table 6. MCDM Weight Factors for Different Types of Building 

Factor School Mosque Residential Mall University 

Cost 0.15 0.16 0.15 0.15 0.15 

Number of floors in the building 0.10 0.11 0.11 0.11 0.11 

Building hight 0.66 0.42 0.66 0.66 0.66 

Type of used foundation 0.10 0.10 0.09 0.10 0.09 

Depth of foundation 0.11 0.11 0.10 0.11 0.10 

Type of structure 0.12 0.12 0.11 0.12 0.11 

Effect of isolation materials 0.10 0.11 0.10 0.10 0.10 

Table 7. MCDM Results of First Case Study 

 Cost 
Number of floors 

in the building 

Building 

height 

Type of used 

foundation on 

Building 

area 

Depth of 

foundation on 

Type of 

structure 

Effect of isolation 

materials 

Size of 

shadow 
MCDE 

Precast Concrete wall 14 5 15 3 300 2.5 1 1 300 0.933254 

Stone Wall 10 5 15 3 300 2.5 1 2 300 0.924312 

Masonry Wall 7 5 15 3 300 2.5 1 2 300 0.892575 

Pre-Panelized load Bearing 

Metal Stud Walls 
7 5 15 3 300 2.5 1 1 300 0.859202 

Engineering Brick Wall 
(115, 225 mm) 

9 5 15 3 300 2.5 1 3 300 0.947106 

Table 8. MCDM Results of Second Case Study 

 Cost 
Number of floors 

in the building 

Building 

height 

Type of used 

foundation on 

Building 

area 

Depth of 

foundation on 

Type of 

structure 

Effect of isolation 

materials 

Size of 

shadow 
MCDE 

Precast Concrete wall 14 5 15 3 300 2.5 2 1 300 0.933254 

Stone Wall 10 5 15 3 300 2 1 2 300 0.846527 

Masonry Wall 7 5 15 3 300 1.5 1 2 300 0.794175 

Pre-Panelized load Bearing 

Metal Stud Walls 
7 5 15 3 300 1 1 1 300 0.740186 

Engineering Brick Wall 
(115,225 mm) 

9 5 15 3 300 1.5 1 3 300 0.848705 

The permitted spending limit that you provide to a particular activity or work breakdown structure is referred to as 

the planned value (WBS). This budget doesn't contain a management reserve. Throughout the duration of the project, 

you will distribute the value that was intended in stages. Nevertheless, at a certain moment in time, the intended value 

describes the actual amount of labor that has been completed. The total PV may also be referred to as the performance 

measurement baseline (PMB), the budget at completion (BAC), or, more commonly, the Budgeted Cost of Work 

Scheduled (BCWS). Using the relation, you are able to determine the Planned Value (PV). 

𝑃𝑉 = 𝐵𝐴𝐶 × 𝑃𝑙𝑎𝑛𝑛𝑒𝑑 % 𝑜𝑓 𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒 (2) 

The data showed a statistically significant relationship between time and cost estimation. As was already 

mentioned, testing the cost model serves the purpose of identifying not only whether or not the model generated was 
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successful, but also whether or not the required degree of generality was attained. The process used to create the ideal 

model was guided by the advice that came before it and resulted in a model that could provide more accurate cost 

projections without sacrificing precision. As a result, the model could deliver more accurate cost projections without 

compromising its accuracy (Figures 5 and 6). 

 

Figure 5. The Differences in (PV/AC) Results of MCDM Priority Result/ Wall Type 1 

 

Figure 6. The Differences in PV/AC Results of MCDM Priority Result/ Wall Type 2 

5.2. BIM Case Study Results 

The descriptions of the materials used in their creation are probably related to the usage of BIM to define 

materials. These suggestions may be supplemented with any other safety measures that may be required. It's possible 

that more details pertaining to the item will be added. All of the drawings and other documents created with Revit are 

included in the Building Information Model (BIM). Revit is a program that may be used for designing various objects. 

The majority of architects and engineers should find that the program's fundamentals are familiar to them because they 

have previously obtained familiarity with other software that is comparable to Revit. The struggle to integrate your 2D 

and 3D ideas will be aided by the building information modelling (BIM) tool Revit. A single model, from which 

several drawings can be made, is all that is required for this; possessing this model is sufficient. The biggest difference 

between the two is that Revit is primarily designed for use in the architecture sector. Revit is a program that may be 

used to create digital and physical models for a variety of tasks. The design of the program now known as Autodesk 

Revit was inspired by the Building Information Model (BIM). The solution is as simple as it sounds: Revit is BIM 

compatible. 
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Figure 7. Results of the Case BIM Study 

6. Discussion 

(MCDM) has involved making optimal choices over optimal solution alternatives that are distinguished by some 

attributes that remain typically conflicting. Furthermore, it can be worked with mixed INFO as well as can enables 

both qualitative which is associated with quantitative INFO towards being incorporated [52, 53]. Moreover, 

Pavlovskis et al. [54], have observed the implementation of (MCDM), which is associated with (BIM) methods based 

on integrated information management, when evaluating old manufacturer construction building regeneration 

strategies with a focus on sustainability. In this research study, the researcher has addressed the issue of sustainability 

as well as MCDM and BIM efficiency in different building designs according to an optimal solution and decision-

making according to some main factors through different methods. In the same way, different conventional approaches 

have been utilized to assist the main point of decision-making, which has included probability theory, fuzzy logic, as 

well as a utility function. Therefore, each of these methods has provided a way to incorporate the different criteria as 

well as select an optimal alternative solution. As declared by Bank et al. [55], BIM has been adopted in the low-carbon 

building selection towards improving efficiency based on optimal decision-making. Similarly, Chen et al. [56] have 

explored the BIM-integrated fuzzy (MCDM) model for selecting low-carbon building measures. Therefore, the 

analysis deduced from the utilized model has presented that both technologies have provided the same final ranking 

for low-carbon building measures. However, as announced by Carbonari et al. [51], which have developed a BIM-

based decision support framework for the management of large building stocks by utilizing an approach based on a 

Bayesian Network (BN) the outcome has been reliable. 

7. Conclusions 

The study focuses on Iraq's building industry in particular. Detailed explanations of the measures used to attain this 

aim are provided after the list of actions. Through a study and conversations with industry experts, the most cost-

effective features for building projects were selected. 

 Choosing the right application for MCDM modeling and estimating cost as well as time were done using the 

MATLAB application; 

 The validation phase shows that using the MCDM system's effective factors results in a meaningful cost model. 

An additional benefit of the MCDM technique was that it provided accurate project cost estimates; 

 RII and MCDM cost models were required to be associated, and numerous aspects had to be considered; 

 Building material quantities are computed using the BIM system, and a model is then used to calculate the cost 

and time variances based on priority variables; 

 System review shows that the prediction results are very positive and the performance is very accurate. 
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Appendix I 

Table A-1. An external questionnaire designs  

Factors Opportunity Threat 

Politics 

1. How beneficial the preferential policies for enterprise 

residences remain towards the construction building on a 
competitive advantage 

18. What development opportunities offered via the “new 

infrastructure” policies 

19. What development opportunities offered via the “smart 

city” as well as “smart building” policies 

20. What development opportunities offered via national and 
local smart building development plans 

27. How detrimental macro policy volatility and universality 

remain towards the construction building on a competitive 
advantage 

Economy 

21. How beneficial the prospect of smart building 

development remains towards the construction building 

on a competitive advantage 

22. How beneficial the rate of market demand growth 

remains towards the construction building on a 
competitive advantage 

29. How detrimental the macro-economic situation remains to 
the construction of competitive advantage 

30. How detrimental the low level of economic development of 

the enterprise premises remains towards the construction of 
competitive advantage 

Society 

24. How beneficial social recognition of smart buildings 

remains towards the construction building on a 

competitive advantage  

32. How detrimental the outbreak towards the construction 

building based on competitive advantage of a competitive 

advantage 

Techy 

25. How beneficial the development level of smart building 

techy remains towards the construction of a competitive 

advantage 

26. How beneficial the level of smart construction processes 

remains towards the construction building of a 

competitive advantage 

35. How detrimental the low level of product standardization 

remains towards the construction of a competitive advantage 

Entrant  

28. How detrimental the weakened entry barriers for potential 

entrants remain towards the construction building based on a 
competitive advantage 

Supplier 
23. How detrimental the supplier dependence remains to the 

construction building based on a competitive advantage 
 

Customer 
2. How beneficial government purchases remain towards the 

construction building based on a competitive advantage 

33. How detrimental difficulties in expanding new customers 
remain the construction building on a competitive advantage 

34. How detrimental the increased bargaining power of major 

customers remains the construction building on a 
competitive advantage 

Competitor  

31. How detrimental the competition intensity of enterprises in 

the industry towards the construction building on a 

competitive advantage 

Materials of 
building 

 
17. How detrimental the substitutes remain the construction 

building on a competitive advantage 

Table A-2. An internal questionnaire designs 

Factors Strength Weakness 

Construction building 

qualification 
 

10. How detrimental architectural building qualifications 

remains towards the construction based on a 
competitive advantage 

Human resources 

15. How detrimental construction building insufficient talent 

pool remains towards the construction building based on 

a competitive advantage 

 

Brand and 

marketing 

5. How beneficial construction building based on 

manufacturing social as well as business relationships 
remain the construction of its competitive advantage 

13. How detrimental construction building based on 

manufacturing position remains the construction 

building of its competitive advantage 

14. How detrimental construction building based on 

manufacturing brand reputation remains the 

construction of its competitive advantage 

Techy 
9. How beneficial construction building based on 

manufacturing core techies remain the construction of 

its competitive advantage 

6. How detrimental construction building based on 
manufacturing weak reserves of patents and software 

copyrights are to the construction building based on 
manufacturing competitive advantage 



Civil Engineering Journal         Vol. 9, No. 01, January, 2023 

142 

 

Finance  

12. How detrimental construction building based on 

manufacturing capital scale is detrimental towards the 

construction remains a competitive advantage 

Marketing 

4. How beneficial construction building based on 

manufacturing business diversification remains the 

construction of its competitive advantage 

6. How beneficial the customer service quality of 
construction building based on manufacturing remains 

the construction building based on manufacturing 

competitive advantage 

 

Research as well as 
development 

8. How beneficial construction building based on 

manufacturing remains techy and product innovation 
capabilities remain towards the construction building 

based on a competitive advantage 

 

Organization 

3. How beneficial construction building based on 

manufacturing remains relationship with its parent 

company remains the construction building based on 

manufacturing remains competitive advantage 

11. How detrimental construction building based on 

manufacturing remains imperfect management system 

remains the construction building based on 

manufacturing remains competitive advantage 

Culture  

7. How detrimental construction building based on 

manufacturing remains weak cultural attractiveness 
remains the construction building based on 

manufacturing remains competitive advantage 

 




