kT buildings

Article

BIM Use to Support the Technical Tasks in Construction Projects:

A Case Study

Wael Abdelhameed !

check for
updates

Citation: Abdelhameed, W.; Ismaeil,
E.M.H. BIM Use to Support the
Technical Tasks in Construction
Projects: A Case Study. Buildings 2024,
14,1534. https://doi.org/10.3390/
buildings14061534

Academic Editor: Johnny K.W. Wong

Received: 19 February 2024
Revised: 20 April 2024
Accepted: 26 April 2024
Published: 25 May 2024

Copyright: © 2024 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

and Esam M. H. Ismaeil 2-3*

Civil and Architectural Engineering Department, College of Engineering, Applied Science University,
East Al-Ekir P.O. Box 5055, Bahrain; wael.abdelhameed@asu.edu.bh

Civil and Environment Department, College of Engineering, King Faisal University,

Al Hofuf 31982, Al Ahsa, Saudi Arabia

Architecture and Urban Planning Department, Faculty of Engineering, Port Said University,

Port Said 42526, Egypt

*  Correspondence: emohamed@kfu.edu.sa

Abstract: BIM use has proved to be inevitable in construction project phases, starting from the project
initiation phase and ending with the project closeout phase. Through the use of 4D/5D/6D models in
processes of the construction project such as scheduling, bills of quantities (BoQs), and environmental
analysis, BIM provides massive assistance to all project participants. In addition, BIM has been
utilized in facility management through the use of 7D models. These well-established benefits
positively impact construction project variables: cost, time, and quality. Despite these invaluable
contributions in construction projects, BIM is not extensively applied in the Gulf Cooperation Council
(GCC) of Arab countries, especially in small/medium-scale construction projects. BIM use at these
project scales is mainly exclusive to the design phases. The present use of BIM in GCC construction
projects leads to the missing of numerous opportunities, which negatively affects project delivery
methods, project timelines, and, consequently, project budgets. To shed more light on this subject,
this research paper attempts to answer emerging questions, such as the following: How do BIM
and other software programs support the technical team of construction projects? Do these software
programs have a direct impact on construction project management, in terms of project timelines and
work changes? Does BIM add unnecessary cost to the project budget? This research paper proposes
four technical task groups used in construction project phases to evaluate the use of BIM and the
associated software programs, namely technical work, Time and Accuracy, budget, and BoQ. These
four task groups, moreover, have been ratified and are the subject of consensus by project managers
and senior engineers in GCC construction projects, who provided the research primary data through
interviews and field surveys. Qualitative and quantitative analyses were conducted to investigate and
analyze the present status of BIM use in construction projects, and subsequently, to establish a basis
to propose improvements to support the technical team of construction projects. Two approaches are
proposed to overcome the obstacles that hinder BIM adoption in GCC countries. The first one is a
top-down approach, in which BIM use and BIM documents are mandatory in construction projects.
The second approach is a bottom-up approach, where having more BIM professionals in the GCC
market will facilitate the transformation to BIM.
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1. Introduction

Globally, the use of BIM has become more dominant in construction projects. In
the 2020 Firm Survey Report by the American Institute of Architects (AIA), BIM was
employed in 100% of large-sized architectural firms and approximately 33% of small-sized
firms [1]. A technical report presents the strategic plan of the US Army Corps of Engineers
(USACE), highlighting progress made on the 2006 BIM roadmap that was published by
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the Engineer Research and Development Center (ERDC); this technical report listed the
main milestones of BIM use in the US. One milestone was in 2006, in which the US Army
Corps of Engineers required BIM on all contracts offered [2]. Two documents by the UK
government, namely, the Transforming Infrastructure Performance (TIP) Roadmap to 2030
and Construction Playbook [3], outline BIM requirements for public projects and BIM
transformation milestones.

In private construction projects and firms, the transformation to adapt to BIM has
become predominant, even when it is not required by public authorities. The motivation is
to exploit BIM's potential in construction, particularly in large-size projects. Rice [4], for
example, described the use of BIM in projects executed from 2005 to 2016 by the company he
worked for in US, though elaborating that BIM has not yet been employed as a deliverable,
although being used as a tool for designing, coordinating, and producing 2D drawings for
permit documents.

At present, many countries are transferring towards applying different standards
and regulations of BIM, based on their resources and the situations of their construction
industries. From an interview with the Senior Digital Delivery Manager of the Pace firm, Mr.
James Nolan stated that other Gulf Cooperation Council (GCC) countries than the United
Arab Emirates (UAE) do not require BIM use in their construction project documents. BIM,
in most medium-scale projects, is used based on the client’s request and awareness, and in
certain projects for promoting purposes through highlighting energy analysis and energy
saving, or for multi-disciplinary model coordination. On the contrary, he elaborated that
most large-scale projects in the GCC countries are designed and constructed by international
consultant firms, using BIM according to their countries’ standards and strategies. The
Dubai Municipality in the UAE mandated in 2015 that BIM be used in buildings over
40 stories, or more than 300,000 ft2, as well as in government projects, according to the
Circular (207) titled “Regarding the expansion of applying the (BIM) on buildings and
facilities in the emirate of Dubai” [5]. In GCC construction projects, it is evident that
small/medium-scale construction projects, be it private or public, do not benefit from
BIM’s potential.

The delay in using BIM in small/medium-scale construction projects of GCC countries
raises many questions regarding the obstacles and reasons behind it. There are not enough
professional studies and research directed to investigate and analyze these obstacles and
their relation to the construction industry in general. This subject matter requires mas-
sive research. This research paper focuses on part of this prospective research work and
field studies.

BIM has potential in areas such as energy saving during design phases; construction
project management during construction phases; and facility management after construc-
tion project delivery. These potentials provide inevitable benefits in all project phases and
variables. For large-scale projects, BIM has found a way to play a key role through effective
assistance in processes such as the coordination of building service systems, clash detection,
and other technical tasks related to construction site management.

These challenges, which appear more related to industry, have strong relations to
academia and academic research. In architectural and civil engineering education, the
established relation between academia and industry forms a major source of academic
material content. This research paper may contribute to academia in areas such as the
following: the method of teaching BIM to students, especially in construction courses;
the capacity of teaching BIM programs to students; and finally, how to prepare gradu-
ates for the job market. In addition, there is a wide range of multifaceted arguments
that can lead to redesigning the course/module contents of architectural design and
construction education.

The increasing awareness of using BIM globally in construction documents and for
project permits creates more challenges for GCC countries, in terms of identifying and solv-
ing current obstacles to cope with the global situation and future expectations. Shedding
light on the use of BIM in technical tasks in small/medium-scale construction projects in
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GCC countries is an essential starting point, to emphasize the obstacles and consequently
to improve and develop the present situation.

In order to propose improvements to the present status of BIM use, project managers
and senior engineers in GCC construction projects were interviewed, to collect detailed
data related to the subject matter. Based on their expertise, there is not a full utilization of
BIM in small/medium-scale projects, which they defined and ratified as projects of a USD
2.0 M budget or less. This research paper aims to provide insightful investigations of how
BIM is employed by the technical team in GCC construction firms. Further, this research
paper proceeds to propose improvements to promote and expand BIM adoption.

2. Materials and Methods

The research methods included conducting a literature review, interviews, and a
field survey. The latter two methods were designed by the researchers to collect the
required data; 17 field survey respondents and 3 interviews—of project managers and senior
engineers—were acquired, compiled, and analyzed. These primary data cover various
construction projects in GCC countries. The secondary data, furthermore, were synthesized
from the literature review linked to the research scope. However, secondary data scarcity is
evident in this regard.

This research paper is a pilot study in the research subject. The following parts cover
the research scope, research objectives, and research methodology,

2.1. Research Scope

The scope of this research paper is classified according to geography, time span, and
subject, as follows:

- The research geographic scope is GCC countries.

- The research time span is from June 2021 to December 2022.

- The research subject covers how the technical team in construction firms apply BIM
and other related software programs.

Therefore, the research subject investigates small/medium-scale construction projects
of a USD 2.0 M budget or less.

2.2. Research Objectives

In order for the research paper to propose improvements in BIM use and solutions
to the problems that delay BIM’s adoption in GCC countries, the following objectives
are pursued:

e Developing, proposing, and ratifying categories of technical tasks, according to con-
struction project phases and the tasks’ nature.
Highlighting to what extent BIM is employed in GCC construction projects.
Identifying the obstacles that hinder BIM use in GCC construction projects, and
consequently proposing improvements to overcome these obstacles.

2.3. Research Methodology

This research paper employs deductive and inductive research reasoning through the
following steps: scientific observation of BIM use in the technical tasks of construction
projects, a pattern recognition of obstacles and beneficial areas of BIM use in construction
project phases, and conclusions to improve BIM use. This research paper, moreover, applies
different methodological tools in data collection and analysis. A deductive method was
used to possibly develop the field survey’s theories and hypotheses, where all interviewees
and field survey responses confirmed their concurrence on the proposed technical task
groups in particular and the field survey questions in general. An inductive method,
furthermore, was employed, where the interviewees provided invaluable data and concepts
based on their insight, experience, and expertise in GCC construction projects.



Buildings 2024, 14, 1534

40f21

2.3.1. Data Collection
Data collection is classified based on data type:

e Secondary data have been gathered, through consultation, in the research subject
matter, including books and journal articles. Although the synthesis of previous
research work provides a portrait of the global use of BIM, there is not enough research
work and practical studies in relation to the technical tasks of construction projects.

e  Primary data have been collected through (a) interviews with key construction project
participants from regional and international GCC firms; and (b) the field survey
responses of project managers and senior engineers from GCC construction projects.
The interview and the field survey concluded with an open-ended question of ‘Based
on your own practical experience, kindly specify any additional question that should
be included to this study’, to ratify the collected data.

2.3.2. Data Analysis

Data have been quantitatively and qualitatively analyzed using analytical, descriptive,
and comparative methods. IBM SPSS Statistics program version 26 and its functions were
comprehensively used to create the field survey results and figures such as statistical charts,
graphs, and tables.

3. Quantitative and Qualitative Analysis

This section covers the analysis of secondary data and primary data, which is classified
into interviews and field survey responses, as follows.

3.1. Literature Review

BIM has proved to be an effective tool for architectural design [6,7]; design-related
analysis, such as energy saving [8], solar radiation and reduction [9], daylighting and
illumination [10], acoustics [11], and orientation [12]; construction monitoring and man-
agement [13]; procurement [14]; project management [15]; facility management [16,17];
coordination between building service systems of mechanical, electrical and plumbing
(MEP) models [18]; working/detail drawings [19,20]; and bills of quantities (BoQs) [21].

There is inadequate research in the literature directed to the detailed tasks of the
technical team in construction projects. However, this section focuses upon the use of BIM
in different phases of construction projects, particularly areas related to technical tasks.
This section, moreover, highlights the future role of BIM use globally, which can be adapted
in GCC countries.

3.1.1. BIM’s Role and Benefits in Construction Projects

Despite the global acknowledgement and appreciation of the benefits of BIM use in
the AEC industry, BIM has not been widely utilized as construction project documents.
However, several countries are in the process of integrating BIM into their national building
permits. For example, Kim et al. [22] conducted a research study to employ an open BIM
approach, through an Industry Foundation Classes (IFC) data model, to contribute to a
Korean BIM building e-submission system, as a national project.

Moreover, Isikdag and Underwood [23] maintained that utilizing a BIM model as a
construction project document and a building permit facilitates the processes of communi-
cation and construction in different project phases.

3.1.2. BIM Use in Building Permits

Using BIM in building permits has been investigated by several researchers, to high-
light its benefits in areas such as construction information standardization, sustainability
aspects, and simplifying the contractors” work, etc.

Plazza et al. [24] investigated the required information to employ BIM and its re-
lated sustainability aspects. They proceeded to maintain that the building permit process
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should be digitalized [24]. Gao et al. [25] elaborated that 2D drawings have been used by
contractors in order to create a direct link to the fabrication tools.

In the processes to obtain building permits using BIM and IFC models, standardized
construction information can be automatedly inspected and adapted for interoperability
and re-usability [26,27].

The researchers argue that the foregoing automated process can be further developed
to facilitate different technical tasks of the construction project, such as coordination and
discovering any clashes between the service systems of buildings; the accuracy of BoQs;
applying any changes during the construction processes; and other procedures related to
the technical task groups proposed by the research paper.

3.1.3. BIM Obstacles

Analyzing the Indian market as an example, Navandar et al. [28] highlighted the
failure factors in private and government construction firms in developing countries. Some
of these failure factors are a lack of communication management, including the client;
poor decision making; lack of technical expertise; problems in technical staff performance;
inadequate price variation clauses; and defective financial control [28]. Such factors can be
avoided, or at least minimized, through training the technical team of construction projects
in BIM use and utilizing BIM in different phases of construction projects [13,14,21].

From the literature review, the main areas of BIM use related to technical tasks can be
synthesized, as follows:

e  BIM has proved to be beneficial in technical tasks of communication and pricing, in
different construction phases, including the initial project takeoff, a detailed bill of
quantities, construction workflow changes, and work submittal.

e  BIM provides the required information for construction project teams to improve their
decision-making processes and their performances.

e  BIM’s role can be extended to be part of construction project documents and permits,
which is viewed as inevitable in the foreseeable future.

In addition, the obstacles faced in implementing BIM vary based on local factors and
variables; however, training the technical teams of construction projects in BIM utilization
is one solution to minimize these obstacles.

3.2. Interviews Analysis

The interviews were conducted and documented to shed more light from the practical
perspective. Three experts in the design/construction sector from different regional/
international firms were interviewed. Their firms have major construction projects in GCC
countries, in terms of budget, scale, and function. The majority of these projects, however,
are of a medium scale.

For the interviews analysis, a deductive method was used to possibly develop theories
and hypotheses, on which the field survey was structured. In addition, an inductive method
was also employed, where the interviewees provided invaluable data and methods based
on their insight, experience, and expertise in construction projects. For each interview, the
collected data were analyzed and then grouped and classified into bullet points.

The first interview was with Mr. John Barnes, the Regional Director, Middle East, of
the BYRNELOOBY firm that has projects in the Kingdom of Saudi Arabia (KSA), UAE,
and Kingdom of Bahrain. Through the interview, Mr. Barnes highlighted BIM use in the
following main points: “(a) his firm moves heavily towards BIM use although this transfer
is not with the same speed that is happening in the market; (b) the uptake of BIM will
come into the market and the industry as younger professionals who are more conversant
with its advantages move to senior roles/positions; (c) BIM has effective benefits in terms
of applying modifications, comparing to traditional software programs; (d) BIM plays a
crucial role in coordination between building service systems and in maintaining the BoQ
accuracy; and (e) obstacles of coordination plans can be overcome by using BIM”.
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Mr. Barnes interpreted how the firm forms the technical team in the following points:
(a) means test the market to ensure adequate demand for at least the medium term;
(b) secure a pipeline for team formation/expansion; (c) recruit key personnel to deliver
most of the specialized skills; (d) identify gaps and fill them with specialists; and (e) grow
the team with the increasing pipeline.

The second interview was with Mr. James Nolan, the senior digital delivery man-
ager of the Pace firm. This firm has projects in the KSA, Kingdom of Bahrain, Kuwait,
and Oman. Mr. Nolan provided insights about using energy analysis in conceptual
design, elaborating that building permits in GCC countries require certain standards
for an R value and U value, without making energy model or BIM documents manda-
tory. Mr. Nolan added that “in some projects, BIM and energy analysis are applied as
a selling point” and continued to describe construction projects’ standards in Dubai
city—located in the UAE—with “submitting the energy model became mandatory for
large-scale building permits”.

Moreover, GCC countries do not apply specific regulations to deliver construction
projects by BIM. International firms, therefore, employ BIM based on the international stan-
dards in the main office country. Mr. Nolan elaborated on his firm'’s technical team, saying
that “the team is divided into three separate departments, civil/architecture, mechanical,
and electrical, supported by planning and procurement team”.

The third interview was with a regional director who asked to be anonymous. The
firm has projects in the KSA, Kuwait, and Kingdom of Bahrain. The regional director
discussed and divided the technical tasks employed in the company according to the
project phases: “(a) in conceptual phase, Rhino and Grasshopper programs are used,
afterwards the model is transferred into the Revit program for more details; (b) in detailing
phase, Revit is the main format and standards according to the firm’s policy. AutoCAD
became very rare to use, except in infrastructure detailing and drawings of 2D; and (c) in
construction phase, software programs of Navisworks and BIM 360 are used in coordination
and communication between the different project stakeholders”. The regional director
explained that “this practice raised the projects” budget to accommodate the BIM fees and
cost. The increment, however, was inevitable to accommodate the large number of teams’
members and the different geographic locations. In addition, complex projects cannot be
designed and managed without BIM”.

The regional director, furthermore, highlighted BIM's benefits for the technical team
in the following: (a) BIM calculates the time of project delivery better and more accu-
rately; (b) applying modifications, and consequently their cost, is easily calculated; (c) any
modification is automatically applied in one multidisciplinary model, which depicts all
project drawings and views and is associated with the Construction Operations Building
Information Exchange (COBie) data; and (d) BIM use makes all the tasks of the technical
team much easier.

The outcome of the three interviews can be summarized by providing the foregoing
bullet points of BIM use in construction projects. In addition, the interviewees ratified the
field survey questions, particularly the four task groups employed by the technical team.

3.3. Field Survey Analysis

The field survey is designed in six sections: (a) the first section is to collect general
information about the firm, regarding its construction projects and their sizes, areas, and
functions; (b) the second section documents a description of the project delivery methods
used by the firm; (c) the third section identifies the software programs used in the construc-
tion project phases by the technical team; (d) the forth section is to explain the role of the
technical team in the firm; (e) the fifth section is to explain the formation process of the
technical team; and (f) the last section, the sixth section, measures the performance of the
software programs used by the technical team.

The field-survey questions of sixth section that measure software performance, the
main field study objective, apply a 5-point Likert scale, starting from Weak Performance,
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through Below Average, Average, Above Average, and ending with Strong Performance.
The field survey’s questions in the first section utilize different scales explained in Table 1,
to collect general information about the project scale, budget, floors, and area.

Table 1. General information about the firms’ construction projects.

General Information of The Firm

1.1. What is the firm’s
number of years in
construction?

Less than 5 years 5-10 years 11-15 years 16-20 years

1.2. What are the functions
of projects?

Commercial and
recreation malls, Administration offices,
markets, etc. sport medical, etc.
clubs, restaurants, etc.

Residential houses,
apartment
buildings, etc.

Mixed use high-rise
buildings,
compounds, etc.

1.3. What is the project’s
approximate budget the
firm construct?

Less than USD 500 K USD 500 K-1.0 M USD1.1-15M USD 1.6-2.0 M

1.4. What is the
approximate area of
project sites?

Less than 1.0 K m? 1.0-2.0 K m? 2.1-3.0 K m? 3.1-4.0 Km?

1.5. What is the
approximate project area?

Less than 5 K m? 5.0-10.0 K m? 10.1-15.0 K m? 15.1-20.0 K m?

1.6. What is the
approximate projects’
floor number?

Fewer than 3 floors 3-5 floors 6-10 floors 11-20 floors

The sixth section, about the performance of the software programs, proposes four task
groups—namely, technical tasks, Time and Accuracy, budget, and BoQ—which help in
measuring the performance of software programs used by the technical team. The four task
groups, including their questions, were ratified by the interviewees and the field survey
respondents, as well as being scrutinized against the limited related resources available
from the literature review.

Each group consists of four questions, as follows:

e  Technical tasks measure: execution work templates; data used in execution work submittal;
overcoming the coordination plans’ obstacles; and comprehending workflow changes.

e Time and Accuracy tasks measure: time needed to implement minor modifications;
time needed to implement major modifications; accuracy of technical acquisition
forms; and time frame of modifications.

e  Budget tasks measure: cost spent to implement minor modifications; cost spent to
implement major modifications; effect on repricing the construction item; and impact
on the percentage of the firm profit.

e BoQ tasks measure: accuracy of the BoQ); early discovering of BoQ mistakes; accuracy
of data provided for detailed drawings; and accuracy of data provided to technical
analysis requests.

The IBM SPSS Statistics program, version 26, and its functions, were employed to
create different statistical charts, graphs, and tables to analyze the field survey replies.
According to Cronbach’s Alpha, which is a variable to provide a measure of the work’s
reliability, the conducted field survey has a reliability of 0.768 (Table 2), where a 0.7 score or
above has good reliability, a 0.8 score or above has better reliability, and a 0.9 score or above
has excellent reliability. The Cronbach’s Alpha function refers to the dependable outcomes
of the conducted field survey, including the 16 field survey questions.
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Table 2. Field survey reliability.

Cronbach’s Alpha Based on

Cronbach’s Alpha Standardized Items

n of Items

0.768 0.756 16

3.3.1. Information about Sampling

The 17 field survey responses cover a variety of construction projects in terms of
specialization, scale, and budget. This variety enriches the field survey analysis, although
the number of responses is low compared to the number of forms sent out.

Two construction firms had a few large-size projects in terms of budget, built-up area,
footprint area, and building service systems, such as the Marrasi Bahrain and the University
in Kuwait, where the use of BIM in technical office tasks and construction processes is
inevitable. On the other side, the majority of construction firms had medium-size projects,
including residential projects, such as houses of 2-3 stories and apartment buildings
of 3-5 stories, and mixed-use projects of 3-5 stories and 5-20 stories. This variety will
highlight the comparisons between using traditional software programs and applying BIM
in the technical tasks.

3.3.2. Descriptive Analysis of Samples

The first section of the field survey collects general information about the construction
projects, where different Likert scales are used (Table 1) to reflect the firm’s number of years
in construction, the function of projects, budget of projects, areas of projects’ sites, areas of
projects, and the floor number of projects. Table 1 is the first section of the field survey.

Figure 1 shows an analysis of the six questions of this section. From Figures 1 and 2,
all participating firms have an experience of over 15 years in construction. A total of
82.35% of firms’ projects are classified according to budget, from USD 1.0-1.5 M to over
USD 2.0 M. The projects’ built-up areas and site areas increase in direct proportion to the
project budget.

General Information of Firms' Projects

0 ‘“ Il “l Il ‘“ ‘l “‘ Il '“ I‘ M h "' h ||| || ‘I' l ‘I' “‘ ‘l ‘“ Il “| I‘ “‘ “ M l‘ “‘ “ “‘ “
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

B 1.1 Number of Years in construction H 1.2 Function of M 1.3 Budget of projects
projects
1.4 Area of projects' sites W 1.5 Area of B 1.6 Floor number of firm's projects
projects

Figure 1. General information of firms and their projects in terms of years in construction, functions
of projects, budgets of projects, areas of projects’ sites, built-up areas of projects, and floor number
of projects.



Buildings 2024, 14, 1534 9 of 21

General Information of Firm's Projects

| .
4

i3 1.4

Budget of  Area of
projects projects'
sites

Figure 2. Explanatory data analysis of the firms’ general information.

Figure 2 displays the mean of projects’ built-up areas, which is a medium-size project.
Figure 3 displays the floors” number that firms have in their projects, where 41.18% of
firms’ projects have 1-5 floors, while 29.41% of firms’ projects have 5-10 floors.

Number of Floors in Firms' Projects

6
5
4
3
2
| B
0
Less than 3 floors 3-5 Floors 6-10 floors 11-20 floors More than 20
floors

Figure 3. Analysis of the floor number of firms’ projects.

Table 3 highlights the relationship between the function of the construction project
and its floor number. A total of 52.9% of the firms’ projects have more than one function.
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Table 3. Functions of firms’ projects.

Frequency Percent Valid Percent Cumulative Percent
Residential 2 11.8 11.8 11.8
Commercial and recreation 3 17.6 17.6 29.4
Valid  Mixed use, high-rise buildings, compounds 3 17.6 17.6 471
More than one function 9 52.9 52.9 100.0
Total 17 100.0 100.0

The construction projects that have a budget of USD 2.0 M or higher consist of the
projects with more than one function: mixed use, high-rise buildings, and compounds.
These projects are 52.9% of the firms’ projects (Table 4).

Table 4. Relationship between construction projects” budgets and their functions.

Budgets of Most Firm Projects

Less Than USD 500 UusD UsSD More Than Total
USD 500 K K-1.0M 1.0-15M 15-2.0M USD2.0M
Residential 2 0 0 0 0 2
Most Commercial and recreation 0 1 0 2 0 3
functions of - - -
construction  Mixed use, high-rise 0 0 0 1 ’ 3
projects buildings, compounds
More than one function 1 0 1 0 7 9
Total 3 1 1 3 9 17

From the first section’s analysis, most projects of the construction firms are medium/
large-scale projects. Approximately half of the projects are mixed-use projects, where
41.18% of the projects have 1-5 floors and 29.41% of the projects have 5-10 floors. These
projects’ attributes, with their variations, are considered typical projects for measuring the
role of BIM and other software programs in technical tasks.

3.3.3. Descriptive Analysis of Software Programs Used by the Technical Teams

The third section of the field survey is designed to collect the software programs used
in the technical tasks of different construction project phases, namely the conceptual design,
preliminary design, detail design, and construction.

In the conceptual design phase, AutoCAD has a slightly higher usage percent (22.6%)
than Revit (21%). Although both programs dominate this conceptual design phase, other
software programs are employed as well (Tables 5 and 6).

Table 5. Summary of the cases of software programs used in the conceptual design phase.

Cases
Valid Missing Total
n Percent n Percent n Percent
Software Programs in ;¢ 94.1% 1 5.9% 17 100.0%

Conceptual Design
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Table 6. Software programs used in conceptual design phase with their percentages.

Responses
Numbers Percent of the Software Percer}t of’the Cases of
the Firms’ Responses
of the Software Program Used (Out of 16 Firms)
Program Used (Out of 62) uto 1rms
CD_AutoCAD 14 22.6% 87.5%
CD_Revit 13 21.0% 81.3%
CD_3ds Max 3 4.8% 18.8%
CD_Rhino 1 1.6% 6.3%
Software Programs in ~ CD_Tekla 5 8.1% 31.3%
Conceptual Design CD_Etabs 9 14.5% 56.3%
CD_Safe 7 11.3% 43.8%
CD_Sap 8 12.9% 50.0%
CD_Lumion 1 1.6% 6.3%
CD_Photoshop 1 1.6% 6.3%
Total 62 100.0%
The relationship between software programs used in conceptual design phase tasks and in
construction phase tasks is highlighted in the Crosstabulation analysis (Tables 7 and 8).
Table 7. Summary of the case of software programs used in two different phases.
Cases
Valid Missing Total
n Percent n Percent n Percent
Software Programs in
Conceptual Design 13 76.5% 4 23.5% 17 100.0%
and in Construction
Table 8. Relationship of software programs used in phases of conceptual design and construction.
Software Programs in Construction Phase
C_AutoCAD C_ Revit C_BIM360 C_MS Project C_Primavera C_Navisworks Total
CD_AutoCAD Count 11 8 0 0 1 5 11
CD_Revit Count 9 8 1 0 1 6 10
CD_3ds Max Count 1 0 1 1 1 1 3
Software ) CD_Rhino Count 0 0 1 0 0 1 1
g?f;:;‘t'fl;f‘ CD_Tekla Count 3 3 0 0 1 3 3
Design CD_Etabs Count 6 5 0 0 1 5 6
Phase
CD_Safe Count 5 3 0 0 1 3 5
CD_Sap Count 5 5 0 0 1 3 5
CD_Lumion Count 0 0 1 0 0 1 1
CD_Photoshop Count 1 0 0 0 0 0 1
Total 11 8 1 1 2 6 13

From the analysis, the total use of AutoCAD is 11 in both the phases of conceptual
design and construction, whereas the total use of Revit is 10 in the conceptual design phases
and 8 in the construction phases.
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The firms that employ the Navisworks program in the construction phase tasks use
Revit and AutoCAD programs in the conceptual design phase tasks. BIM 360 is employed
by one firm only. Some programs are employed in both phases, such as Tekla, Etabs, Safe,
Sap, Revit, and AutoCAD.

The analysis and results of this section indicate that some firms employ Revit in
modeling and designing only, without benefiting from BIM’s potential in the construction
phase. In addition, the software programs that have a well-established use, such as Auto-
CAD, still appear and have a role in different phases: the conceptual design phase and the
construction phase.

3.3.4. Inferential Analysis of Responses

The last section of the field survey consists of 16 questions divided into 4 categories.
The performance of the software programs is analyzed through these four proposed cate-
gories. Consequentially, an inferential analysis of each group of four question responses is
conducted to reach aggregate elaboration and insight into trends.

A few questions can serve to shed light on more than one category, for example, the
question related to the tasks of Time and Accuracy in the BoQ. This question can serve both
groups: the Time and Accuracy group and BoQ group. The most relevant relationship is
selected in such cases.

Software Programs’ Performance in Technical Tasks

Table 9 displays the frequencies of responses regarding the software programs’ perfor-
mance in the technical tasks. A total of 65.8% of the projects employed software programs in
technical tasks with ‘Strong and Very Strong performance’. Very Weak Performance did not
appear in the responses. The total responses for Weak Performance, Average Performance,
and Below Average Performance are 8.8% only (Table 9).

Table 9. Frequencies of software programs’ performance in Technical tasks.

Responses
Number Percent

Weak Performance 2 0.7%

Below Average Performance 4 1.5%

Software Programs’ Average Performance 18 6.6%
Performance Above Average Performance 69 25.4%
Strong Performance 139 51.1%

Very Strong Performance 40 14.7%

Total 272 100.0%

In Figure 4, the tasks that have the highest benefit-performance, when using software
programs in the technical tasks category, are overcoming coordination plan obstacles
and comprehending workflow changes. Moreover, the other two tasks, executing work
templates and data used in execution work submittal, have an Average Performance
and above average benefit-performance. These results indicate that the use of software
programs, whether BIM or other programs, is essential in technical tasks.
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Figure 4. Software programs’ performance in Technical tasks.

Software Programs’ Performance in Tasks of Time and Accuracy

Table 10 displays the frequencies of responses regarding the software programs’ per-
formance in the project’s tasks of Time and Accuracy calculation. A total of 67.6% of
the firms’ projects employed the software programs in tasks of Time and Accuracy with
‘Strong performance and Very Strong performance’. The software programs’ performance
is recorded in only 10.4% of the firms’ projects as weak, below average, and average. Very
Weak Performance was not recorded (Table 10).

Table 10. Frequencies of software programs’ performance in tasks of Time and Accuracy.

Responses
Number Percent

Weak Performance 1 1.5%

Below Average Performance 1 1.5%

Time and Average Performance 5 7.4%
Accuracy Tasks Above Average Performance 15 22.1%
Strong Performance 36 52.9%

Very Strong Performance 10 14.7%

Total 68 100.0%

Figure 5 displays the performance of software programs in the four tasks of Time and
Accuracy, namely, time frame modification, time needed to implement minor modifications,
time needed to implement major modifications, and accuracy of technical acquisition forms.
The highest score for these tasks is of time frame modification. The scores of the two
tasks, time needed to implement minor modifications and accuracy of technical acquisition
forms, are lower, yet these two scores have an Average Performance and Above Average
Performance, except in one case of the accuracy of technical acquisition forms.
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Figure 5. Software programs’ performance in tasks of Time and Accuracy.

These results indicate that the use of software programs, whether BIM or other pro-
grams, is essential in Time and Accuracy tasks. In addition, the performance is highly
effective in the task of time frame modification.

Furthermore, there is a difference between the performance in cases of minor changes
and cases of major changes, where the software programs offer more benefits to the cases
of minor changes. This difference results from the fact that BIM is not employed in the
late phases of the projects, particularly in the construction phases. BIM is used in many
cases in the design phases and modeling phases only. Therefore, major changes in firms’
projects are applied through different programs than BIM, which consume time. When
BIM is used in the firms’ projects in both the design and modeling phases, the software
programs’ performance has a higher score for saving time and effort.

Software Programs’ Performance in Budget Tasks

Table 11 displays the frequencies of responses regarding the software programs’ per-
formance in budget tasks. A total of 57.3% of the responses employed software programs
in budget tasks in the firms’ projects with ‘Strong and Very Strong performance’. The
software programs’ performance is weak, below average, and average in only 7.3% of the
firms’ projects.

In Figure 6, the tasks” order, according to their performance score, is as follows: effect
on repricing construction items, cost spent to implement minor modifications, cost spent to
implement major modifications, and impact on the percentage of the firm’s profit.

The highest score for budget tasks is for repricing construction items. Although BIM is
not comprehensively applied in the firms’ projects, the benefit of 4D and 5D models appear
in this budget task, which in its turn is related to the next category, BoQ tasks. This result
highlights the essential use of BIM in the construction project phases in terms of budget
and BoQ.
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Table 11. Frequencies of software programs’ performance in Budget tasks.

Responses
Number Percent
Weak Performance 1 1.5%
Below Average Performance 2 2.9%
Average Performance 2 2.9%
Budget Tasks

Above Average Performance 24 35.3%
Strong Performance 30 44.1%
Very Strong Performance 9 13.2%

Total 68 100.0%

Software Programs Performance in the Tasks of Budget

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

B Cost spent to implement minor modifications B Cost spent to implement major modifications

17

M Effect on repricing the construction item Impact on the percentage of the firm's profit

Figure 6. Software programs’ performance in Budget tasks.

Software Program Performance in BoQ Tasks

The frequencies of responses regarding the software programs’ performance in BoQ
tasks are displayed in Table 12. A total of 72.1% of the responses employed software
programs in BoQ tasks with ‘Strong and Very Strong performance’. The software programs’
performance is below average and average in only 5.9% of the firms’ projects. Very Weak
and Weak Performances are not recorded. According to these results, BoQ tasks have
the highest performance score, 94.2% above average to very strong, compared to other
categories of tasks (Figure 7).

Table 12. Frequencies of software programs’ performance in BoQ tasks.

Responses
Number Percent
Below Average Performance 1 1.5%
Average Performance 3 4.4%
BoQ Tasks Above Average Performance 15 22.1%
Strong Performance 35 51.5%
Very Strong Performance 14 20.6%

Total 68 100.0%
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Figure 7. Software programs’ performance in BoQ tasks.

Figure 7 displays software program performance in the BoQ tasks, namely, Bill of
Quantity accuracy, the early discovery of BoQ mistakes, the accuracy of data provided for
detailed drawings, and the accuracy of data provided to technical analysis requests. The
first two tasks, Bill of Quantity accuracy and early discovery of BoQ mistakes, have the
highest performance score in this category. These results confirm the inevitable use of BIM
in BoQ tasks through applying 4D/5D models.

4. Discussion of the Analysis Responses

More inferential analysis is performed in this section, i.e., a crosstabulation analysis
between different pairs of the four groups of tasks. This inferential analysis not only
highlights the impact of software programs in different project sizes, but also enables more
insight into the responses’ results.

4.1. Relationship between Time and Accuracy and Budget Tasks

In Table 13, respondents in both the questions group for Time and Accuracy tasks and
the questions group for budget tasks recorded the higher performances as above average,
strong, and very strong. The highest performance (count 66) was recorded as strong in both
groups, the Time and Accuracy tasks and budget tasks.

Table 13. Crosstabulation analysis of Time and Accuracy tasks and budget tasks.

Budget Tasks
Weak Below Average Above Very Total
Average Average Strong Per-
Perfor- Perfor- Strong Per-
Perfor- Perfor- formance
mance mance formance
mance mance
Weak Performance Count 0 2 0 0 1 1 1
Below Average Count 0 0 0 0 3 1 1
Performance
Time and Average Performance Count 0 0 0 10 8 2 5
Accuracy
Tasks Above Average Count 3 2 6 25 20 4 15
Performance
Strong Performance Count 1 2 2 59 66 14 36
Very Strong Performance Count 0 2 2 22 14 10
Total 1 2 24 30 9 17
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This analysis result refers to the direct relationship between the two question groups,
i.e., budget tasks have the same positive performance of above average, strong, and very
strong as tasks of Time and Accuracy, with small differences in the number of respondents
and totals.

4.2. Relationship between Technical Tasks and BoQ Tasks

In Table 14, the respondents of both groups, technical tasks and BoQ, recorded the
higher performances as above average, strong, and very strong. The highest performance
was recorded (count 78) as strong for both groups. The relationship between the two groups
is in direct proportion.

Table 14. Crosstabulation analysis of technical tasks and BoQ tasks.

BoQ Tasks
Below Average Above Stron Very
Average 8 Average 8 Strong Total
Perfor- Perfor-
Perfor- Perfor- Perfor-
mance mance
mance mance mance
Average Performance  Count 0 4 7 18 3 8
Above Average
Technical Performance Count 0 1 17 31 11 15
Tasks
Strong Performance Count 3 7 33 78 31 38
Very Strong Count 1 0 3 13 11 7
Performance
Total 1 3 15 35 14 17
4.3. Relationship between Time and Accuracy and Project Budget Tasks
In Table 15 of the crosstabulation analysis, the software performance is recorded as
strong (count 21) in Time and Accuracy tasks, with the projects” budget of more than USD
2.0M.
Table 15. Crosstabulation analysis of Time and Accuracy tasks and projects” budgets.
Budget of Most Firm Projects
Less Than  USD 500 USD USD More Than  Total
USD500K K-1.0M 1.0-1.5M 15-20M USD2.0M
Weak Performance Count 0 0 0 0 1 1
Below Average Count 1 0 0 0 0 1
Performance
Time and Average Performance  Count 3 0 0 2 0 5
Accuracy
Tasks Above Average Count 3 2 1 2 7 15
Performance
Strong Performance Count 4 2 1 8 21 36
Very Strong Count 1 0 2 0 710
Performance
Total 3 1 1 3 9 17

This result confirms the qualitative analysis from the literature review, where the
BIM’s role in medium/large-scale construction projects appears essential, because of their
building service systems’ complexity.
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4.4. Relationship between BoQ Tasks and Number of Floors

In the crosstabulation analysis, the software programs’ performance in BoQ tasks is
not affected by the number of floors, i.e., no significant difference is recorded. However, in
the cases of different floor numbers, most responses are above average, strong, and very
strong (Table 16). This result reveals BIM's role in the coordination process of building
service systems, through discovering and solving any clashes, leading to accurate BoQs.

Table 16. Crosstabulation analysis of BoQ tasks and number of floors.

Approximate Floor Number of Most Firm Projects

Less Than 3-5 6-10 11-20 More Than Total
3 Floors Floors Floors Floors 20 Floors
Below Average Count 0 0 0 0 1
Performance
Average Performance  Count 0 0 0 1 3
BoQ Above Average Count 3 7 1 2 15
Tasks Performance
Strong Performance Count 9 8 2 8 35
Very Strong Count 0 5 5 1 14
Performance
Total 4 3 5 2 3 17

4.5. Relationship between Early Discovery of BoQ Mistakes and Project Budget

Regarding the task of the early discovery of BoQ mistakes, the performance of the
software programs recorded from above average to strong, where the project’s budget was
from USD +500 K to USD + 2.0 M, which is a wide range (Figure 8).

Strong Performance=|

Above Average Performance| /

Average Performance|

Minimum (Early discovering the BOQ
mistakes)

I I I I I
Less than $500k  $500K-1.0M  $1.0M-15M  $1.5M-2.0M  More than $2.0M
Approximate budget of most firm projects

Figure 8. Relationship between early discovery of BoQ mistakes task and budget of projects.

This result indicates that the performance of software programs in the task of the early
discovery of BoQ mistakes has a positive impact on a wide range of project budgets, except
in the cases of USD 500 K budgets or lower.

4.6. Relationship between the Task of Early Discovery of BoQ Mistakes and the Number of Floors

There is a significant increment in the performance of software programs in the task
of the early discovery of BoQ mistakes in relation to the increasing the number of floors
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(Figure 9). This analysis result can be justified according to the buildings’” architectural style
in GCC countries, where recreational and commercial projects of a large budget and area
are usually low-rise buildings of 3-5 floors.

Strong Performance| —_—

Above Average Performance=| /

Average Performance=|

Minimum (Early discovering the BOQ
mistakes)

| ] I | I
Less than 3 3-5 floors 5-10 floors 10-20 floors Mare than 20
floors floors

Approximate floor number of most firm projects
Figure 9. Relationship between early discovery of BoQ mistakes and number of floors.

In terms of the performance of software programs, these types of projects recorded
a Strong Performance in relation to budget (Figure 8) and Above Average Performance
in relation to the number of floors (Figure 9). The results of this section and the previous
section highlight the essential role of BIM in projects with a high complexity of building
service systems, including cases of medium-scale projects.

5. Conclusions

This research paper analyzed interviews and field survey replies in order to investigate
and evaluate details of current BIM use in GCC construction projects, which can form a basis
to improve it. This research paper offers insights into the formation and the responsibilities
of the technical team inside construction firms, as well as an analysis of the performance of
the currently used software programs.

Based on an inferential analysis of the field survey results, the summary of the current
software programs’ performance employed in the four technical task groups is recorded
as strong and very strong by 57.3% and 67.6%, respectively, of the firms’ responses. The
interviewees, key construction project participants at three GCC firms, verified this sum-
mary result on the regional level. It can be concluded that BIM is partially employed
in most GCC firms’ projects, although its potential does not effectively contribute to all
construction phases.

From the crosstabulation analysis between different pairs of the technical task groups,
the importance of BIM’s role appears in the direct relationship between two pair groups:
(1) budget and Time and Accuracy, where both recorded Above Average Performance and
higher; and (2) technical tasks and BoQ), which both recorded the highest performance.
In addition, BIM use has recorded a significant increase in the performance of the early
discovery of BoQ mistakes with a higher number of floors, which substantiates the analysis
of secondary data BIM use by USACE and Dubai Municipality.

The transformation processes to BIM in GCC countries are hindered by miscompre-
hension and claims of suboptimal resource allocation of labor and time. According to
the qualitative and quantitively analysis, it is evident that BIM’s benefits in construction
projects justify the expected work, in terms of the following: (a) saving labor, budgets, and
time, especially in medium/large construction projects; (b) providing a beneficial input
in technical tasks, such as construction supervision and work submittal; (c) improving
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decision-making processes substantially, to make them more accurate; (d) enhancing project
team performance to be more effective; and (e) facilitating the processes of communication
and coordination, particularly for construction project teams at different geographic loca-
tions. The latter two benefits are more prominent in GCC construction projects, especially
for geographically dispersed construction project teams.

Furthermore, BIM is effectively beneficial in different construction phases, such as
in accommodating COBie data and employing programs like Navisworks and BIM 360,
which are utilized at construction sites; consequently, the more BIM is employed, the more
the saving of labor, cost, and time that is achieved in the project’s technical tasks.

This research paper concludes by proposing that two approaches, when jointly adapted,
will overcome the obstacles that hinder BIM adoption in GCC countries. The first one
is a top-down approach, in which BIM use and the BIM documents are mandatory in
building permits and in other construction project processes. The Dubai Municipality
mandate of 2015 is an example of the effectiveness of this approach. The second approach
is a bottom-up approach, where having more BIM professionals in the GCC market will
facilitate the transformation to BIM. Newly graduated professionals should be equipped
with the required skills for BIM use in all construction phases. In this endeavor, all construc-
tion project participants and stakeholders such as owners, contractors, sub-contractors, etc.
should fully have the knowledge of BIM beneficial aspects. The procedures related to these
two approaches’ application should initiate more research avenues and investigations in
the future.

The transformation to BIM, furthermore, will lead to more research avenues and
investigations to develop and adapt BIM standardizations, which should be designed to
conform to the local construction market and the sustainable context of GCC countries.
Consequentially, in future stages, BIM is expected to be mandated in the production of
documents for construction projects and building permits. In such scenarios, additional
research avenues and investigations are required, to propose local BIM documents for
building permits that reflect all GCC construction circumstances and variables.
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