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Abstract 
 
The construction procurement process generates significant cost-related issues, such as 
project delivery delays, budget overruns, and poor quality. Public projects were suffering from 
bureaucracy and separation in work activities. Building Information Modeling (BIM) has 
demonstrated the potential for solving these issues. The study aims to investigate and analyze 
the cost-benefit analysis of using BIM compared to traditional methods in public construction 
projects in Iraq. Therefore, the study evaluated Multiple case studies of two projects 
quantitatively and conducted several interviews with 15 experts to determine the cost-benefit 
of adopting BIM compared to conventional methods. The study investigated the benefits of 
BIM in construction projects due to the remarkable difference between the two methods. The 
quantitative data of study findings revealed a significant cost improvement using BIM rather 
than the traditional method in public projects. To conclude, multi-cultural studies need to 
assess the projects' performance of large and small entities. Furthermore, this research 
suggested incorporating BIM adoption in government organizations in a wide range. 
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1.0  INTRODUCTION 
 
The construction industry is historically associated with 
significant cost-related problems [1]. Building Information 
Modeling ( BIM) is a developed method that claims to increase 
the ongoing progress and the required adaptation in the 
construction industry and transform its operational processes 
to achieve collaborative effort between project stakeholders 
and guarantee effective project performance [2]. Time, cost 
overruns, poor quality, and claims are the issues most found 
[3]. Recently, BIM use has increased worldwide [4]. The most 
common use of BIM is for visual analysis operations [5]; it can 
offer 3D renderings [6]. Moreover, it allows the project teams 
to have a take-off quantity in just a few minutes [5]. Also, an 
excellent capability to produce shop drawings [7].  

Furthermore, BIM will handle project materials' distribution, 
schedule, and production [8]. BIM can display interference with 

sections and parts [9]. The use of this technique can cover 
repair and maintenance [10]. Immediate construction plans, 
benchmarking, and innovative solutions [11]. It reports Better 
data quality [12]. BIM efficiently provides the necessary data 
during the project life cycle [13]. 

Nevertheless, there seems to be an increasing awareness 
that more attention should be paid to building information 
modeling to predict and reduce the risk of implementing 
construction projects [6]. Construction players have a 
significant interest in managing the threats emerging in the 
construction industry, such as costs, time, efficiency, 
protection, and environmental sustainability [14]. It has 
implemented specialized technologies like BIM to solve 
recurrent problems in the construction industry [15]. 
Researchers expect that Future developments will help tackle 
these problems by introducing BIM in a wide range [16]. Since 
cost overruns can have serious consequences, it is imperative 
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to understand better the relationship between BIM and 
construction risks in the on-site construction industry [17]. The 
scope of this empirical study involved the activities of two 
public projects in Iraq. The study aims to investigate how BIM 
can improve benefit-cost analysis compared to traditional 
methods in the construction projects of Iraq. the objective of 
the study is to explore how BIM can achieve benefits over cost 
compared to traditional methods. BIM is seen to be moving 
beyond the scene of conventional building construction [18]. 
According to [19], BIM has better designs than traditional 
design [20]. 

In BIM, the building information could be rigorously 
analyzed, quickly and performance benchmarked, enabling 
improvements and a more innovative solution [21]. A broad 
range of advanced design and visualization technologies can be 
used in BIM [22]. Stakeholders can access the model's different 
aspects and examine or add them. Therefore, it implies that 
professionals in various fields of study, if they are designers, 
engineering technicians, contractors, or construction managers, 
can all contribute their expert knowledge and input to the 
same framework [23]. Redraws and redesigns are also much 
faster and easier with digital modeling [24]. System restores 
and linkages to a project history are standard features in BIM 
technology, ensuring that adjustments and transformations are 
never wasted. Therefore, A removed or damaged file must not 
be a disaster [23]. BIM can develop more than just 2D drawings 
and 3D models [25]. Some processes could create models that 
include extra cost and time, resulting in integrative packs of 
data about the structure's functionalities.  

To maintain no development disputes, BIM may be used to 
organize used technologies [26]. The ability of BIM to avoid 
project delays and keep construction costs stable has improved 
the performance of construction projects. Most development 
issues, such as engineering conflicts and data loss, were 
resolved in the pre-construction stage, allowing the project to 
succeed during construction [27]. BIM retrieves models and 
other details from various devices and sites, whether the user is 
on the road, planning to visit investors in their offices, or 
stationed on the ground using cloud services [28]. Digital 
models could also be used to develop amplified visual 
representations that use the virtual world to bring design 
elements to life, enabling anybody to see the final product on-
site [29]. Even though it is a commonly accepted technique in 
the construction sector, many small businesses are hesitant to 
adopt it, believing it is only appropriate for megaprojects, 
elevated architects, public projects, or environmental-focused 
organizations [30].  

As per the results of a poll performed by (National Building 
2016), There are five significant issues that the construction 
sector faces when incorporating BIM technologies. This high 
technology head's primary issue is inadequate knowledge and 
false information about it. Experts assisted in carrying out this 
study in these fields based on their opinions on using BIM to 
achieve desirable goals. Thus, the researchers investigated and 
analyzed multiple case studies for two projects. In addition, a 
qualitative method was performed with expert assistance and 
construction industry players, collecting their responsiveness 
towards the variance of the cost of project items during 
construction and their understanding of using BIM to solve all 
these issues. The arising question is; how can the use of BIM 
improve the performance of the project? This study tested the 
hypothesis that BIM adoption can improve the performance of 

construction projects experiencing lower costs compared to 
traditional methods. The researchers investigated previous 
studies for all the information and data needed for adopting 
BIM in the construction industry. Previous studies focused on 
crucial and frequent factors facing construction projects such as 
clash detection, safety, cost estimation, cash flow generation, 
lifecycle assessment, waste reduction and sustainability, and 
construction and design integration. The significance of the 
study is to adopt BIM in Iraq's public and private sectors in a 
wide range. Moreover, it emphasized the financial advantage 
and the importance of using BIM in the construction sector. 
The literature investigation is illustrated in table 1.  

 
 

2.0 METHODOLOGY 
 

This section will focus on the design and methods used to 
accomplish this research. A quantitative research methodology 
was obtained by analyzing data and statistics of two 
construction projects. Furthermore, this study implements a 
qualitative grounded theory method to support this research. A 
project cost summary shows the differences between adopting 
BIM and traditional techniques. Quantitative data collection 
takes the most time and is time-consuming as the example 
measure is usually more prominently contrasted with 
qualitative. The researchers discussed the collected data to 
respond to the research objectives. Besides, this sample would 
have to include individual participants in an interview who may 
contribute to the research. Given the small number of people 
with relevant experience, the researchers randomly assigned 
interview experts for this study. It is not easy to cover the 
whole project. Therefore, the researchers delegating a good 
sample reflects the significance of this research to entire 
projects and then conducting a discussion on the results. This 

Table 1 Previous studies on BIM in the construction industry 

Empirical findings  Source 
Clash Detection 
Clash Categorization 
Clash Stakeholder 
Clash application 
Clash Resolution  

[31][32][33] 
[34] 
[35] 
[36] 
[37] 

Cash Flow Generation [38][39] 
Productivity, quality [40] 
Sustainability, LCA  
and Waste Reduction 

[41][42]  
[43][44] 

Visualization 
Collaboration 
Automation 
Integration and Communication 

[45] 
[46] 
[47] 
[48] 

Building Design 
Decrease Design Errors 
Construction and Design Integration 

[49] 
[50] 
[51][52] 

Process Standardization 
Problem-solving 
Information Sharing  

[53] 
[54] 
[55][56] 

Stakeholders' involvement [57] 
construction safety [58][59] 
Risk Management [60] 
cost estimation [61][62] 
refurbishment [63] 
planning efficiency [64] 
Fast modeling and documentation [65] 
Prefabrication advancement [66] 
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research followed a specific structural process as shown in 
figure 1. 
 
 

 
Figure 1. Research Flow Chart 

 
 
2.1  Qualitative Approach: A Grounded Theory 
 
The Grounded theory design is a way of developing a basis for 
understanding a speculative topic's broader theoretical 
process. Because it is sensitive to participants in the 
environment rather than employing "off-the-shelf" materials, 
grounded theory could have an interpretation that matches the 
problems. Furthermore, it is the most outstanding choice if a 
particular action needs to be investigated or when a human 
activity or relationship needs to be discussed [67]. Researchers 
must be aware of assertions and biases introduced into the 
study process while using qualitative research. Although the 
grounded theory has established checks to manage 
assumptions and preferences, such assessments may not 
remove the negative preconceptions [68]. As a result, the 
current study required first to collect stakeholders' opinions on 
the implications of using BIM compared to the conventional 
method and how it can improve the project performance 
considering the time and cost to meet the study's objectives. 
The authors used the grounded theory to gather enough 
complicated and extensive data on the subject to gain a 
nuanced and deep grasp of it. To supplement what was 
discussed in the literature, the researchers communicated 
personally with participants and enabled them to express their 
tales in an interactional form. 

 
 
2.2  Data collection 
 
In this study, the researchers investigate the performance of 
BIM and conventional methods related to the time and cost 

through the lifecycle of construction projects. The researchers 
communicate to collect their qualitative data from the experts 
in the construction projects. The data collected by the 
researchers from 15 project experts (engineers, consultants) 
and the interviewees contributed to the study effectively. The 
contributors were required to be informed about or get enough 
expertise with the central phenomenon; therefore, the method 
and criteria for selecting these initiatives were critical [69]. This 
research employed a practical sort of purposeful sampling 
called "Snowball Sampling" to contact the most skilled 
professionals in a project. The researchers invited respondents 
or interviewees with contact details to use their social 
networking sites to suggest the researcher to the best 
knowledgeable individual who can guide this study using this 
strategy [70]. Data analysis and Data collection were two 
processes that were intertwined. The research group sent the 
round 1 form of questions and evaluated the data. Participants' 
responses led to more data collection and more extensive 
questions until convergence was reached. Moreover, the 
researchers performed a total number of 10 interviews with 
15 relevant experts; every attempt was made to keep the 
discussions consistent. All of the meetings were recorded and 
documented. 

 
2.3  Data Analysis 
 
As previously described, the coding process and data gathering 
might happen simultaneously in a grounded theory method. 
When it comes to data collecting, this can assist interviewers in 
getting more detailed responses. There are three types of 
coding [67].1) Open coding: within that step, data is 
segmented, and data are grouped under the conceptual 
headings to generate basic categories. 2) Axial coding: inside 
the discussion transcripts, recognized open codes are joined to 
create categories. This step in the axial coding process aids in 
the identification of causal conditions, tactics, and intermediate 
categories. 3) Selective code: the core group and other 
categories formed in the axial coding stage give a beginning 
structure for a theory, which is then completed in more detail 
by the attributes of each group. QDA Miner lite was used to 
analyze the data and take the interviewees' great words to 
form the coding. 

 
2.4  Verification Strategies: Validity And Reliability 
 
Verification is a distinctive element of qualitative research 
because of the extensive time spent in the field, the detailed 
description, and the closeness of interviewees to the 
investigation. The term "reliability" is frequently used in 
qualitative research to refer to the consistency of numerous 
coders' customer replies in databases [71]. As a result, the 
interview protocol's dependability was tested in a focus group 
before beginning the data collection. The study team used a 
procedure named inter-coder agreements, which involves 
three separate coders who are competent in the procurement 
area analyzing a transcript independently and discussing it 
continuously to assess the consistency of different coders' 
replies in databases. Each independent coder for this research 
had over ten years of experience using the best-value 
technique in their projects. According to the axial and selecting 
code findings, the inter-coder agreement method produced a 
codebook. Instead of forming an entire list of all information 
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extraction outcomes, this codebook specified the primary 
categories identified and served as a standard guide for coding 
measures across the study. This study utilized three tactics to 
improve the validity and reliability of the results [72]. The first 
way is triangulation. It is the most reliable method for 
determining the correctness of the results [71]. The study looks 
for matching information from various sources (e.g., 
interviewing many participants in each project and collecting 
data from four distinct types of building classifications). 
Second, the authors use published research to bridge the 
codes, categories, and contexts. Finally, the interviewers were 
shown the grounded theory and visualizations and requested 
their opinions. All the interviewees had previously worked on 
best-value projects, giving the emergent grounded theory 
credibility as an integrated framework of views for explaining 
the phenomenon of teamwork in best-value projects. 

 
 

3.0 RESULTS AND DISCUSSION 
 
The results shown below were achieved by analyzing two 
sample projects in Iraq. The data was collected for the whole 
project's lifecycle at different stages. 
 
 
Table 2 Estimation of labor and costs in the process for BIM project 1/ 
stage1 

Level Person-
hour 

No. 
of 
labor 

Daily 
fee Estimates Sum 

BIM 
Manager 30 1 $873  $3,274  

$22,356  

BIM 
Coordinator 60 1 $729  $5,468  

BIM 
Modeler 120 1 $551  $8,265  

Professional 26 1 $977  $3,175  

Intermediate 26 1 $669  $2,174  

 
 
Table 3 Estimation of labor and costs in the process for BIM Project1/ 
stage 2 

Level 
Person-
hour 

No. of 
labor 

Daily 
fee 

Estimates Sum 

BIM 
Coordinator 

60 1 $729 $5,468  
  

$7,642  

  Intermediate 26 1 $669 $2,174  

 
 
 
 
 
 
Table 4 Estimation of labor and costs in the process of conventional 
Project2/stage1 

Level Man- No. of Daily Estimates Sum 

hour labor fee 

Manager 40 1 $650  $3,250  

$22,250  
Coordinator 160 2 $420  $16,800  

CAD 
operator 

80 1 $220  $2,200  

 
 
Table 5 process of labor and cost estimates for conventional Project2/ 
stage 2 

Level 
Man-
hour 

No. of 
labor 

Daily 
fee 

Estimates Sum 

Manager 40 1 $650  $3,250  

$13,850  
Coordinator 160 1 $420  $8,400  

CAD 
operator 

80 1 $220  $2,200  

 
Tables 2,3,4, and 5 above, demonstrate the cost estimates of 
the working staff for both projects divided into two stages for 
each project. The first stage for each project representing BIM 
and conventional methods shows almost no difference 
between these two methods (22,356$), and the BIM method 
(22,250$), for traditional methods. On the other hand, the 
researcher can find considerable variance in stage 2 of each 
project. To summarize, the total cost estimates of both sets for 
each method can be accounted for as shown: 
 

 
Figure 2. A Comparison of total estimates between BIM and 
conventional methods 
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Figure 3. A Comparison of the total time required for the BIM 
and conventional method 
 
The experiences and views of various stakeholders with 
considerable construction project delivery expertise indicated 
multiple ways the best-value strategy influences participants' 
behavior. Stakeholders reported that early decisions and team 
interactions affected the project's performance during the 
interviews. The results of the grounded theory interview 
captured some expected benefits that lead to time and cost 
improvement through the lifecycle of the construction project, 
categorized as below: 
 
3.1  Stakeholders' Early Involvement 
 
the building sector is highly fragmented Because of poor 
communication between the design and construction phases. 
Traditional delivery methods such as design-bid-build promote 
the separation of design and construction processes. Because 
of the hard decision to officially invite the contractors to design 
decisions, such a separation limits the flow of design and 
construction knowledge. As a result, the innovation potential is 
decreased. Many stakeholders want to adopt integrated 
delivery platforms that support overlapping design and 
construction to alleviate these restrictions and incorporate 
construction information into the design phase [73]. 

 
"Most projects suffered from inaccurate documents, and the 

blame is on the nature of conventional contractual form and 
project delivery system." 

 
When BIM is incorporated into a project's design and 

planning phases at the demand stage, the likelihood of 
switching to a different method of delivering the project is 
minimized because of the digitalization of the data involved. 

 
"Promoting the organizational structure by innovative 

systems (e.g., BIM) greatly reduces discrepancies in projects 
and construction defects." 

 
3.2  Collaboration 

 
Effective teamwork is possible if the project members believe 
in BIM as a platform for collaborative work – where such 
validating norms will determine actions across the team. BIM 
can resolve most of the issues raised in the project efficiently 

without the need for a routine, which consumes time waiting 
for approval and can be neglected. 
 
"We worked closely with the field personnel and were able to 
resolve the majority of the concerns. However, everything 
became a problem when obligations were allocated to this 
authority. It is quite difficult getting done when people have 
that attitude." 
 
3.3  On-site Best Practices 
 
• Visualization 
The most common use of BIM is for visual analysis 
operations[7, 72]; it can offer 3D renderings[6]. 
 
• Cost estimation 
It allows the project teams to have a take-off quantity in just a 
few minutes[75]. 
 
• Shop drawings 
The capability to produce shop drawings [76]. 
 
• Concurrent project activities 
 
BIM will handle project materials' distribution, schedule, and 
production [77]. 
 
• Detection of interference 
 
BIM can display interference with sections and parts [78]. 
 
• Management of the facilities 
can be used for repair and maintenance [79]. 
 
• Better design skills 
Immediate construction plans, benchmarking, and innovative 
solutions [80]. 
 
• Documentation 
Reporting Better quality of data [81]. 
 
• Project log-life data 
It efficiently provides the necessary data during the project life 
cycle [13]. 
 
 
4.0 CONCLUSION 
 
BIM has brought significant advantages to the construction 
sector. Building Information Modeling (BIM) is a technique for 
performing construction activities. It is a breakthrough that 
improves the delivery of construction domains across the 
project's lifecycle. Concurrent construction is aided by using 
BIM throughout the project's lifetime. It can certainly help with 
the various stages of a project's lifecycle, from initiation to 
design, implementation, operation, and finally, demolition. 
Several studies have demonstrated the significant benefits of 
BIM deployment in increasing productivity and efficiency. The 
government is the driving force behind Implementing BIM. 

Furthermore, BIM significantly impacts current practices, 
contractual policies, and business strategies.  Therefore, the 
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use of BIM concerning the cost and time can be shown more 
clearly in the long term. Moreover, it will improve the 
performance of the workforce and enhance fluent 
implementation of project work activities. It controls the 
quality of achieved work, reduces cost and short work, safety 
and risk avoidance, assists in the documentation work and 
reports preparation, and easy and fast transferrable data, 
accessible and pre-work complex projects. In this study, the 
researchers collected data from multiple case studies of two 
projects and compared the data with all the information 
obtained from the literature review. This study emphasized 
that the wide use of BIM in the construction site will alleviate 
risks in many stages. In addition, it uncovered the unique 
feature of the construction site in Iraq. The intrusion of BIM will 
be extraordinarily beneficial, improve the cost and time of 
projects, and increase project performance effectively. For 
future research, the researchers proposed to study the 
technical advantages of adopting BIM in public procurement 
organizations for process integrity. 

 
 

Acknowledgment 
 
The researchers want to thank God for having been able to 
complete this project.  Moreover, the authors appreciate the 
free database access of Universiti Sains Malaysia. 

 
 

References 
 

[1]  Alsamarraie and F. Ghazali, 2022, “Evaluation of organizational 
procurement performance for public construction projects : 
systematic review,” International Journal of Construction 
Management, 22(6): 1–10, doi: 10.1080/15623599.2022.2070447. 

[2] M. Abubakar, Y. Ibrahim, D. Kado, and K. Bala, 2014, “Contractors 
Perception of the Factors Affecting Building Information Modelling 
(BIM),” Computing in Civil and Building Engineering, 167–178, doi: 
10.1061/9780784413616.053. 

[3] M. Alsamarraie, F. Ghazali, Z. M. Hatem, and A. Y. Flaih, 2022, “A 
Review on the Benefits, Barriers of The Drone Employment in the 
Construction Site,” Jurnal Teknologi, 84(2): 121-131 [Online]. 
Available: 
https://journals.utm.my/jurnalteknologi/article/view/17503 

[4] GÖKGÜR, A., 2015. “Current and future use of BIM in renovation 
projects,” Chalmers, Univ. Technol. 32,  

[5] A. Sattineni and R. H. Bradford, 2011. “Estimating with BIM: A 
survey of US construction companies,” Proceedings of the 28th 
International Symposium on Automation and Robotics in 
Construction, ISARC 2011, 564–569, doi: 10.22260/isarc2011/0103. 

[6] S. Azhar, 2011, “Building information modeling (BIM): Trends, 
benefits, risks, and challenges for the AEC industry,” Leadership 
and Management in Engineering, 11(3): 241–252, doi: 
10.1061/(ASCE)LM.1943-5630.0000127. 

[7] Y. C. Su, Y. C. Hsieh, M. C. Lee, C. Y. Li, and Y. C. Lin, 2013. 
“Developing BIM-based shop drawing automated system 
integrated with 2D barcode in construction,” Proceedings of the 
13th East Asia-Pacific Conference on Structural Engineering and 
Construction, EASEC 2013,  

[8] S. Zhang, J. Teizer, J. K. Lee, C. M. Eastman, and M. Venugopal, 
2013 “Building Information Modeling (BIM) and Safety: Automatic 
Safety Checking of Construction Models and Schedules,” 
Automation in Construction, 29: 183–195, , doi: 
10.1016/j.autcon.2012.05.006. 

[9] A. M. Abd and A. S. Khamees, 2017. “As built case studies for BIM 
as conflicts detection and documentation tool,” Cogent Eng., 4(1): 
1411865,  

[10] C. R. C. C. Innovation, 2007. “Adopting BIM for facilities 
management: Solutions for managing the Sydney Opera House,” 
Cooperative Research Center for Construction Innovation, 
Brisbane, Australia. 

[11] K. din Wong and Q. Fan, 2013 “Building information modelling 
(BIM) for sustainable building design,” Facilities, 31(3): 138–157. 
doi: 10.1108/02632771311299412. 

[12] S. Fai, K. Graham, T. Duckworth, N. Wood, and R. Attar, “Building 
Information Modelling and Heritage Documentation,” 23rd 
International Symposium, International Scientific Committee for 
Documentation of Cultural Heritage (CIPA), 2011, [Online]. 
Available: http://cipa.icomos.org/text files/PRAGA/Fai.pdf 

[13] Y. Rezgui, T. Beach, and O. Rana, 2013. “A governance approach for 
BIM management across lifecycle and supply chains using mixed-
modes of information delivery,” Journal of civil engineering and 
management, 19(2): 239–258. 

[14] T. G. Kekana, C. O. Aigbavboa, and W. D. Thwala, 2014 “Building 
Information Modelling (BIM): Barriers in Adoption and 
Implementation Strategies in the South Africa Construction 
Industry,” International Conference on Emerging Trends in 
Computer and Image Processing, 109–111. 

[15] M. M. Tahir, N. A. Haron, A. H. Alias, A. N. Harun, I. B. Muhammad, 
and D. L. Baba, 2018. “Improving Cost and Time Control in 
Construction Using Building Information Model (BIM): A Review.,” 
Pertanika Journal of Science & Technology, 26(1)  

[16] L. Van Berlo, T. Dijkmans, H. Hendriks, D. Spekkink, and W. Pel, 
2012. “BIM QuickScan: benchmark of BIM performance in the 
Netherlands,” 

[17] D. B. Thomson and R. G. Miner, 2006. “Building Information 
Modeling-BIM: Contractual Risks are Changing with Technology,” 
Fabyanske, Westra, Hart Thomson, no. November, 4 

[18] B. Hardin and D. McCool, 2015. BIM And Construction 
Management: Proven Tools, Methods, And Workflows. John Wiley 
& Sons 

[19] M. N. Isa, S. N. M. Yusof, and S. Shaharuddin, 2018. “BIM 
Implementation in Malaysia: A Case Study in Department of Survey 
and Mapping Malaysia,” FIG Congr., 9477, 

[20] K. Wong and Q. Fan, 2013. “Building information modelling (BIM) 
for sustainable building design,” Facilities  

[21] S. Azhar, M. Hein, and B. Sketo, 2008, “Building information 
modeling (BIM): benefits, risks and challenges,” in Proceedings of 
the 44th ASC Annual Conference, 2–5. 

[22] S.-A. Kim, Y. Choe, M. Jang, and W. Seol, 2011 “Design process 
visualization system intergrating BIM data and performance-
oriented design information,” in Proceedings of the 28th 
International Symposium on Automation and Robotics in 
Construction. 728–733. 

[23] A. Bhatla and F. Leite, 2012. “Integration framework of BIM with 
the last planner system,”  

[24] W. Lu, A. Fung, Y. Peng, C. Liang, and S. Rowlinson, 2015. 
“Demystifying construction project time–effort distribution curves: 
BIM and non-BIM comparison,” J. Manag. Eng., 31(6): 4015010,  

[25] Y. K. Cho, S. Alaskar, and T. A. Bode, 2010, “BIM-integrated 
sustainable material and renewable energy simulation,” in 
Construction Research Congress 2010: Innovation for Reshaping 
Construction Practice, 288–297. 

[26] J. P. Zhang and Z. Z. Hu, 2011. “BIM-and 4D-based integrated 
solution of analysis and management for conflicts and structural 
safety problems during construction: 1. Principles and 
methodologies,” Autom. Constr., 20(2): 155–166,  

[27] A. A. Latiffi, S. Mohd, and U. S. Rakiman, 2015, “Potential 
improvement of building information modeling (BIM) 
implementation in malaysian construction projects,” in IFIP 
International Conference on Product Lifecycle Management, 149–
158. 



113                                           Mundher M. Alsamarraie & Farid Ghazali / ASEAN Engineering Journal 13: 2 (2023) 107–114 
 

 

[28] S. Lavy, J. Irizarry, M. Gheisari, G. Williams, and K. Roper, 2014. 
“Ambient intelligence environments for accessing building 
information,” Facilities,  

[29] C. Woodward et al., 2010, “Mixed reality for mobile construction 
site visualization and communication,” in Proc. 10th International 
Conference on Construction Applications of Virtual Reality 
(CONVR2010), 4–5. 

[30] Izuchukwu, 2017. “5 reasons why firms refuse to adopt BIM,”  
[31] R. Eadie, H. Odeyinka, M. Browne, C. McKeown, and M. Yohanis, 

2013. “An analysis of the drivers for adopting building information 
modelling,” J. Inf. Technol. Constr., 18(17): 338–352 

[32] L. Wang, 2014. “Knowledge formalization and reuse in BIM-based 
mechanical, electrical and plumbing design coordination in new 
construction projects using data mining techniques.”  

[33] R. Chahrour et al., 2021, “Cost-benefit analysis of BIM-enabled 
design clash detection and resolution,” Constr. Manag. Econ., 
39(1): 55–72, doi: 10.1080/01446193.2020.1802768. 

[34] J. Messner et al. 2019., “BIM Project Execution Planning Guide 2.2 
[35] S. Staub-French and A. Khanzode, 2007. “3D and 4D modeling for 

design and construction coordination: issues and lessons learned,” 
Journal of information technology in construction (ITcon). 12(26): 
381–407.  

[36] S. Gijezen, 2010. “Organizing 3D building information models with 
the help of work breakdown structures to improve the clash 
detection process.” University of Twente.  

[37] J. Neelamkavil and S. S. Ahamed, 2012. “The return on investment 
from BIM-driven projects in construction,” Institute for Research in 
Construction, National Research Council of Canada: Ottawa, 
Canada.  

[38] S.-L. Fan, C.-H. Wu, and C.-C. Hun, 2015. “Integration of cost and 
schedule using BIM,” Journal of Applied Science and Engineering, 
18(3): 223–232.  

[39] F. Elghaish, S. Abrishami, S. Abu Samra, M. Gaterell, M. R. Hosseini, 
and R. Wise, 2021, “Cash flow system development framework 
within integrated project delivery (IPD) using BIM tools,” 
International Journal of Construction Management, 21(6): 555–
570, doi: 10.1080/15623599.2019.1573477. 

[40] R. Ahuja, A. Sawhney, M. Jain, M. Arif, and S. Rakshit, 2020, 
“Factors influencing BIM adoption in emerging markets – the case 
of India,” International Journal of Construction Management, 
20(1): 65–76. doi: 10.1080/15623599.2018.1462445. 

[41] F. Jalaei, M. Zoghi, and A. Khoshand, 2021, “Life cycle 
environmental impact assessment to manage and optimize 
construction waste using Building Information Modeling (BIM),” 
International Journal of Construction Management, 21(8): 784-
801, doi: 10.1080/15623599.2019.1583850. 

[42] A. B. Mohammed, 2022, “Applying BIM to achieve sustainability 
throughout a building life cycle towards a sustainable BIM model,” 
International Journal of Construction Management, 22(2): 148-
165, doi: 10.1080/15623599.2019.1615755. 

[43] S. Gupta, K. N. Jha, and G. Vyas, 2022, “Proposing building 
information modeling-based theoretical framework for 
construction and demolition waste management: strategies and 
tools,” International Journal of Construction Management, 22(12): 
2345-2355, doi:10.1080/15623599.2020.1786908. 

[44] A. Porwal, M. Parsamehr, D. Szostopal, R. Ruparathna, and K. 
Hewage, 2020,“The integration of building information modeling 
(BIM) and system dynamic modeling to minimize construction 
waste generation from change orders,” International Journal of 
Construction Management, 23(1): 156-166, doi: 
10.1080/15623599.2020.1854930. 

[45] P. Bosch-Sijtsema and P. Gluch, 2021 “Challenging construction 
project management institutions: the role and agency of BIM 
actors,” International Journal of Construction 
Management, 21(11): 1077-1087. doi: 
10.1080/15623599.2019.1602585. 

[46] P. Bosch-Sijtsema, A. Isaksson, M. Lennartsson, and H. C. J. 
Linderoth, 2017. “Barriers and facilitators for BIM use among 

Swedish medium-sized contractors-‘We wait until someone tells us 
to use it,’” Visualization in engineering, 5(1): 1–12,  

[47] Q. He, G. Wang, L. Luo, Q. Shi, J. Xie, and X. Meng, 2017. “Mapping 
the managerial areas of Building Information Modeling (BIM) using 
scientometric analysis,” International Journal of Project 
Management, 35(4): 670–685,  

[48] X. Zhang, S. Azhar, A. Nadeem, and M. Khalfan, 2018. “Using 
Building Information Modelling to achieve Lean principles by 
improving efficiency of work teams,” International Journal of 
Construction Management, 18(4): 293–300,  

[49] M. K. Najjar, K. Figueiredo, A. C. J. Evangelista, A. W. A. Hammad, 
V. W. Y. Tam, and A. Haddad, 2022 “Life cycle assessment 
methodology integrated with BIM as a decision-making tool at 
early-stages of building design,” International Journal of 
Construction Management, 22(4): 541-555. doi: 
10.1080/15623599.2019.1637098. 

[50] Y. Zou, A. Kiviniemi, and S. W. Jones, 2017. “A review of risk 
management through BIM and BIM-related technologies,” Safety 
science, 97: 88–98. 

[51] S. Kalantari, M. M. Shepley, Z. K. Rybkowski, and J. Bryant, 2017. 
“Designing for operational efficiency: facility managers’ 
perspectives on how their knowledge can be better incorporated 
during design,” Architectural Engineering and Design 
Management, 13(6): 457–478. 

[52] S. mok Paik, P. Leviakangas, and J. Choi, 2022, “Making most of 
BIM in design: analysis of the importance of design coordination,” 
International Journal of Construction Management, 22(12): 2225-
2233. doi: 10.1080/15623599.2020.1774837. 

[53] P. L. Le, A. Chaabane, and T. M. Dao, 2022, “BIM contributions to 
construction supply chain management trends: an exploratory 
study in Canada,” International Journal of Construction 
Management, 22(1): 66-84, doi: 10.1080/15623599.2019.1639124. 

[54] L. J. Magill, N. Jafarifar, A. Watson, and T. Omotayo, 2022, “4D BIM 
integrated construction supply chain logistics to optimise on-site 
production,” International Journal of Construction Management, 
22(12): 2325-2334. doi: 10.1080/15623599.2020.1786623. 

[55] A. Ahankoob, K. Manley, C. Hon, and R. Drogemuller, 2018. “The 
impact of building information modelling (BIM) maturity and 
experience on contractor absorptive capacity,” Architectural 
Engineering and Design Management, 14(5): 363–380,  

[56] S. Mostafa, K. P. Kim, V. W. Y. Tam, and P. Rahnamayiezekavat, 
2020. “Exploring the status, benefits, barriers and opportunities of 
using BIM for advancing prefabrication practice,” International 
Journal of Construction Management, 20(2): 146–156.  

[57] L. Ferme, J. Zuo, and R. Rameezdeen, 2018. “Improving 
collaboration among stakeholders in green building projects: Role 
of early contractor involvement,” Journal of Legal Affairs and 
Dispute Resolution in Engineering and Construction, 10(4): 
4518020. 

[58] A. Enshassi, A. Ayyash, and R. M. Choudhry, 2016. BIM for 
construction safety improvement in Gaza strip: awareness, 
applications and barriers,” International Journal of Construction 
Management, 16(3): 249–265, doi: 
10.1080/15623599.2016.1167367. 

[59] M. M. Hossain and S. Ahmed, 2022, “Developing an automated 
safety checking system using BIM: a case study in the Bangladeshi 
construction industry,” International Journal of Construction 
Management, 22(7): 1206-1224. doi: 
10.1080/15623599.2019.1686833. 

[60] M. Sami Ur Rehman, M. J. Thaheem, A. R. Nasir, and K. I. A. Khan, 
2022 “Project schedule risk management through building 
information modelling,” International Journal of Construction 
Management, 22(8): 1489-1499. doi: 
10.1080/15623599.2020.1728606. 

[61] R. Khoshfetrat, H. Sarvari, D. W. M. Chan, and M. Rakhshanifar, 
2022, “Critical risk factors for implementing building information 
modelling (BIM): a Delphi-based survey,” International Journal of 
Construction Management, 22(12): 2375-2384, doi: 
10.1080/15623599.2020.1788759. 



114                                           Mundher M. Alsamarraie & Farid Ghazali / ASEAN Engineering Journal 13: 2 (2023) 107–114 
 

 

[62] H. Alzraiee, 2022, “Cost estimate system using structured query 
language in BIM,” International Journal of Construction 
Management, 22:14, 2731-2743, 
doi:10.1080/15623599.2020.1823061. 

[63] A. Okakpu, A. Ghaffarianhoseini, J. Tookey, J. Haar, A. 
Ghaffarianhoseini, and A. U. Rehman, 2022. “Risk factors that 
influence adoption of Building Information Modelling (BIM) for 
refurbishment of complex building projects: stakeholders 
perceptions,” International Journal of Construction Management, 
22(13): 2446-2458. 1795985. 

[64] S. S. Martins, A. C. J. Evangelista, A. W. A. Hammad, V. W. Y. Tam, 
and A. Haddad, “Evaluation of 4D BIM tools applicability in 
construction planning efficiency,” International Journal of 
Construction Management, 22:15, 2987-3000, 2022, doi: 
10.1080/15623599.2020.1837718. 

[65] M. M. Singh, A. Sawhney, and A. Borrmann, 2019, “Integrating 
rules of modular coordination to improve model authoring in BIM,” 
International Journal of Construction Management, 19(1): 15–31, 
doi: 10.1080/15623599.2017.1358077. 

[66] S. Mostafa, K. P. Kim, V. W. Y. Tam, and P. Rahnamayiezekavat, 
2020. “Exploring the status, benefits, barriers and opportunities of 
using BIM for advancing prefabrication practice,” International 
Journal of Construction Management, 20(2): 146–156, doi: 
10.1080/15623599.2018.1484555. 

[67] J. W. Creswell, 2005. “Chapter 14: Grounded theory designs,” 
Educational research: Planning, conducting, and evaluating 
quantitative and qualitative research.  

[68] J. Corbin and A. Strauss, Basics of qualitative research: Techniques 
and procedures for developing grounded theory. Sage 
publications, 2014. 

[69] J. W. Creswell and V. L. P. Clark, 2017. Designing and conducting 
mixed methods research. Sage publications,  

[70] Bernard, 2013.Social research methods: Qualitative and 
quantitative approaches. Sage. 

[71] J. W. Creswell and C. N. Poth, 2016. Qualitative inquiry and 
research design: Choosing among five approaches. Sage 
publications. 

[72] M. Oliver-Hoyo and D. Allen, 2006. “The Use of Triangulation 
Methods in Qualitative Educational Research.,” Journal of College 
Science Teaching, 35(4). 

[73] J. L. Beard, E. C. Wundram, and M. C. Loulakis, 2001. Design-build: 
Planning through development. McGraw-Hill Education,  

[74] M. Johansson, M. Roupé, and P. Bosch-Sijtsema, 2015. “Real-time 
visualization of building information models (BIM),” Automation in 
Construction, 54: 69–82,  

[75] D. Forgues, I. Iordanova, F. Valdivesio, and S. Staub-French, 2012. 
“Rethinking the cost estimating process through 5D BIM: A case 
study,” in Construction Research Congress 2012: Construction 
Challenges in a Flat World, 778–786. 

[76] J. D. Manrique, M. Al-Hussein, A. Bouferguene, and R. Nasseri, 
2015. “Automated generation of shop drawings in residential 
construction,” Automation in Construction, 55: 15–24.  

[77] H. Moon, H. Kim, V. R. Kamat, and L. Kang, 2015. “BIM-based 
construction scheduling method using optimization theory for 
reducing activity overlaps,” Journal of Computing in Civil 
Engineering, 29(3): 4014048,  

[78] A. O. Akponeware and Z. A. Adamu, 2017. “Clash detection or clash 
avoidance? An investigation into coordination problems in 3D 
BIM,” Buildings, 7(3): 75,  

[79] M. Kassem, G. Kelly, N. Dawood, M. Serginson, and S. Lockley, 
2015. “BIM in facilities management applications: a case study of a 
large university complex,” Built Environment Project and Asset 
Management,  

[80] H.-J. Gless, D. Hanser, and G. Halin, 2017 “BIM-agile practices 
experiments in architectural design,” in International Conference 
on Cooperative Design, Visualization and Engineering. 135–142. 

[81] J. Park and H. Cai, 2017 “WBS-based dynamic multi-dimensional 
BIM database for total construction as-built documentation,” 
Automation in Construction, 77: 15–23. 

 

 

 


