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Abstract: The procurement process is one of the most important phases in any project life cycle,
particularly when it comes to selecting the right contractor for the job. Awarding the contract to
the best bid proposal is a critical step to ensure the greatest value. BIM has been recognized as not
only a geometric modelling of buildings, but also, it facilitates the different stages in management of
construction projects. The purpose of this paper is to study the impact of using Building Information
Modeling (BIM) in the tendering process from the contractor’s perspective, based on a probability
model able to predict winning probability, regardless of relative weight. The main objective of this
research is to measure the likelihood of winning a tender in the case of implementing BIM strategy,
compared with contractors who do not use BIM. The research uses a literature review, surveys, and
interviews with experts to develop a model that predicts the probability of winning a contract; this
is determined by measuring the BIM impact on each selection criterion in a multicriteria selection
process using the Analytical Hierarchy Process (AHP) to develop a probability-based model. The
results of the survey and the interview show that BIM strategy has a variant influence on the score
the contractor could have on each of them raising the probability of winning the tender. The main
result of this paper is the property-based model, which is able to predict BIM winning probability
regardless of relative weight, which can be applied in any country. Nonetheless, the Saudi case study
shows that utilizing BIM when proposing could increase the winning probability by up to 9.42% in
the case of Quality-Based Selection (QBS), and to 5.5% in the case of Cost-Based Selection (CBS).

Keywords: BIM strategy; BIM technology; tender selection criteria; project delivery methods;
probability-based model; probability of winning the tender

1. Introduction

One of the most important phases during construction project management processes
is the tendering process. During the tendering process, especially in mega structures,
there could be a high probability that bidders could go for innovative strategies. There
is no doubt that owners are keen to use these strategies for their own good, and equally,
contractors are in a continuous race to provide the best tactics to use their accumulative
experience to establish a competitive advantage; nonetheless, BIM strategy could be a path
for both parties to insure the maximum profit possible [1,2].

Hence, to win as many project contracts as possible, a contractor should provide a
favorable offer to the owner, represented through quality, cost, and duration [3]. Moreover,
there is an international trend to use Building Information Modeling (BIM) as a tool
in design, construction, and even facilities management project stages. This tool offers
architects and engineers the ability to avoid conflicts between design disciplines, while
modeling and constructing buildings.

Nevertheless, while BIM may be an effective tool to model the project and establish
a strong base for the design process, there should be an efficient mechanism that would
effectively use the BIM properties in the contractor’s favor [4], leading to the importance of
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identifying BIM and BIM strategy to differentiate between these two terms. While BIM is an
infinite dimensional modeling process that enables project participants and professionals
to design, construct, and operate the building with data-driven insights, BIM Strategy
is a methodology of BIM implementation through selection and investing in processes,
technology, tools and people to fulfill the set goal [5].

The objective of this paper is to study and determine the impact of using BIM strategy
on the probability of winning the tender. This objective will be accomplished by study-
ing the characteristics of BIM and its strategy from international and local perspectives,
identifying Tender Selection Criteria (TSC), determining the contribution of BIM in tender
selection criteria, and developing a model that measures the probability of winning the
contract when proposing using BIM strategy. This paper will assume that the tender is
applied in cases of Quality-Based Selection (QBS) or Cost-Based Selection (CBS), which
have been applied in both sectors, private and public; hence, bidding through BIM is more
likely to have a higher cost compared to contractors who do not use it—BIM implementa-
tion requires extra overhead costs for experts and technologies [6–8]. Saudi Arabia will
be the spatial limitation of this study; it is one of the fastest developing countries with
a tremendous amount of construction projects, and is in the phase of creating its own
regulation in BIM use, where projects such as NEOM and THE LINE are expected to be the
first cities in the world built based on smart and intelligent technologies such as BIM, in
all of its phases, starting from design, construction and operation, with a budget of over
500 billion USD [9].

2. Literature Review
2.1. Tender Practices and Procedure

Tender can be described as the method of winning a project by providing a service
to the owner or client; this service could be tangible, such as money or assets [10,11].
Awareness of tender techniques, methods, and strategies—such as BIM strategy—may
increase a contractor’s chance of winning the project contract. However, not all bidding
strategies are on the side of the contractor; a large number of such strategies aim to
protect the owners [12]. Consequently, there is an essential need to employ a strategy that
considers the project presentation and facilitates the communication between stakeholders
as a primary goal [13,14]. Tender selection criteria for construction projects in Saudi Arabia
depend largely on cost, with the contractor providing a minimum cost, unless it is below
70% of the owner’s cost estimate. Although these notes cannot be considered advantages
for the projects sought, the data are real and must be accommodated. Generally, projects
in Saudi Arabia suffer from continual time delays and poor construction quality, and
BIM could provide an appropriate solution to reduce the occurrence of these issues [15].
Bid prices generally are the sole basis for contractor selection around the world, not
only in Saudi Arabia or the Middle East; for example, in North America and France, the
lowest price bidder is selected, and abnormal prices are excluded. Conversely, in Italy,
Peru, Portugal, and South Korea, the two highest-priced and two lowest-priced bids are
excluded [1,16–21].

2.2. BIM Implementation in Tender

There are varying market responses and reactions to BIM around the globe; in the
United States and Malaysia, the market is not ready for BIM, and there are worries about
increasing project costs by limiting competition. Moreover, contractors are not yet well-
fitted to the use of BIM, which could affect the design phase. Unlike clients, who are
considered the key factor in encouraging the use of BIM, this fact can be generalized in
the previously mentioned countries, despite the fact that some construction companies
had used BIM effectively, especially as an important winning factor in the procurement
stage. Nevertheless, there is significant progress in Canada compared to the United States
in the efficient use of BIM, especially in the procurement stage [22]. However, in the
United Kingdom, BIM strategy shows that it could have a direct and tangible impact in
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the bidding phase. The client receives the advantages of this technology, which includes
waste reduction and the avoidance of problems that could lead to huge fines on either
the contractor or other projects’ stakeholders [12]. This could be a strong basis for the
related authorities in the United Kingdom, who have required the use of BIM strategy since
2016, to procure any project budgeted for more than GBP 5 million. Still, there are certain
struggles in BIM implementation in tender process like regulation and legal considerations,
which may require workshops to be developed to help contractors effectively implement
BIM technology [23].

2.3. BIM and Project Delivery Methods

An efficient use of these technologies and methods would increase a management
team’s ability to make appropriate decisions in all phases of the construction process to
reduce construction failures and a lack of integration and collaboration among participants
in the project execution process, which could decrease the margin of risk and keep the
project under budget and within costs [11]. However, previous case studies show an
acceptable outcome when it comes to using Integrated Project Delivery with BIM and other
risk-sharing approaches on the target price and target value of the construction industry. In
fact, determinants control the feasibility of using IPD and it is concluded that certain criteria
determine whether IPD or a traditional delivery method is appropriate for a particular
project [24]. However, speaking within the local domain, there is no doubt that Design–Bid–
Build (DBB) is the most used PDM in the construction industry, especially in the Middle
East and Gulf Cooperation Council (GCC) countries. It is perceived as the simplest method
of delivering projects, where all responsibilities are clearly distributed among participants
and there is a minimum margin of overlap between assigned duties [25].

The American Institute of Architects leads the construction industry in the intensive
use of IPD to achieve the maximum rate of return expected from the constructed facil-
ity. Moreover, the use of IPD helps architects and designers create buildings with high
sustainable criteria and high energy performance, without overlooking advantages such
as planning, cost estimation, cost control, and time control that IPD provides suppliers,
contractors, and other project stakeholders. Additionally, IPD offers the ability to contribute
to decision making in the early stages, which, for example, gives the project management
team an assessment of the contractors’ and suppliers’ ability to complete their required
activities according to the given time schedule and with the required quality; this could
lead to a comprehensive time schedule [13,19,26].

Implementing BIM in any Level of Development (LOD) would be considered a BIM
project. Hence, BIM implementation could be in level 300 only, in level 500, or in all
levels. In practice, BIM should accommodate the selected Project Delivery Method (PDM);
otherwise, BIM would not be useful if the PDM chosen by the owner cannot be fitted
with the contractor’s BIM strategy. Therefore, the subject of accommodating BIM to the
selected PDM is discussed in this section. In the literature review, the properties and
advantages of BIM and its strategy were listed to determine the best PDM to maximize
these advantages [2,5,27,28]. As mentioned, several PDMs are used in construction projects,
and these methods are selected based on several criteria such as the nature of the project,
the number of authorities involved, the construction risks, and the client’s preference.
These methods largely depend on the complexity of the project; the more complicated the
project, the more it trends away from traditional methods [29–31]. This occurs due to the
essential need for risk sharing among project stakeholders. Methods that can distribute
risk by logical doses, such as Design-Build (DB), Construction Management Multi-Prime
(CM@MP), and Design–Bid–Build are considered traditional when applied to a complex
project. However, IPD and CM@Risk are considered to be modified forms of DB with a
different methodology for risk distribution management [24,32,33].
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In general, there are a considerable amount of studies that highlight the advantages
of using BIM in the construction industry: it could reduce cost, duration, and conflicts
between buildings systems, and reduce waste materials and communication issues, which
are all good for the client side. Nonetheless, encouraging BIM implementation would not
be applicable without making it feasible for contractors to use, which requires extensive
study to evaluate if BIM could be awarded to contractors in the form of project winning.
Highlighting the previous issues increases the need to fill this gap, by making a compre-
hensive study that would evaluate BIM implementation feasibility from the contractor’s
perspective, by measuring increased winning probability.

3. Methodology

The literature review provides an understanding of the benefits of applying BIM in the
construction industry, characteristics of the BIM strategy, and obstacles of implementation.
Additionally, it highlights the criteria for selecting contractors during the construction
bidding process. The research methodology uses a qualitative approach through face-to-
face interviews as well as a quantitative approach through a structured questionnaire.

This section discusses the steps and processes required to fulfill the objectives of this
paper. It includes a detailed description of the methods used to collect experts’ opinions
and analyze the results, and it discusses the framework design of the questionnaire to
produce an outcome with a minimum margin of error. Figures 1 and 2 shows the procedure
followed to satisfy the research goal, the study depends on the literature review outcomes,
a survey, and interviews with experts.
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3.1. Applying BIM with DBB

The latest technologies must adapt to the present conditions, and there is no need
for a new technology if it is not providing tangible benefits. Therefore, a tool such as BIM
is necessary to meet the current conditions and become a cornerstone for the industry
progress [25]. Nonetheless, BIM as a first sight could have no significant impact on projects
that use DBB and in which designers and executors are separate entities [34]. In an opposite
approach, the general contractor hires technical office staff to support the site technically,
transfer all Issued-For-Construction drawings to shop drawings and eventually, create
the as-built drawings. Additionally, the technical office is responsible for coordinating all
issues on site; in other words, a technical office is a strong tool for a general contractor to
control and manage the project’s subcontractors; therefore, even if the project’s documents
were not submitted through BIM, a general contractor who is represented by a technical
office would rather transfer the documents to BIM and then extract shop drawings and
produce an accurate bill of quantities, as-built drawings, and a time schedule [26,34,35].
In other words, as presented in Figure 3, the best action that general contractors can take
is to use the BIM tool to their advantage in all aspects, and tendering is only one of these
fields. General contractors must highlight the abilities of their technical offices to use BIM
technology effectively and highlight previous projects executed successfully through BIM
implementation [34].
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3.2. Applying BIM with IPD

BIM supports the management team in accomplishing the goal for which, nonetheless,
BIM would be the main communication and leading tool between project participants. The
key is the integration that BIM makes possible. Moreover, BIM adds value for owners in the
facility management phase. When reviewing previous projects, owners might have faced
information loss at the end of the construction phase. BIM can work as a method to preserve
this information for facility operation and maintenance. The reviewed literature suggests
that BIM and IPD can dramatically enhance project performance from conceptualization
through to building management and ongoing operations. Some references refer to BIM
as IPD and vice versa; they are considered to be a unified concept, unable to be separated
from one [16,36].

4. Model Development

Based on the literature review, a questionnaire was designed to collect data. Clients
and consultants are the sample for this survey, because they are the decision makers when
it comes to identifying the selection criteria and assigning each criterion’s relative weight.
On the other hand, the feasibility of using BIM strategy is determined by contractors, who
must decide whether it is feasible to apply this strategy, since it requires hiring highly
trained and specialized engineers/specialists and the utilization of costly digital equipment
and software packages.

First, stakeholders’ opinions were collected to determine increased winning probabil-
ity, by knowing their perspective on how BIM advantages could increase tender winning
potential, as presented in Figures 4 and 5. However, these advantages were identified and
listed according to the literature review.
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This survey was developed to determine the probability of winning the tender when
applying BIM; it attempts to measure the impact of BIM technology on each tender selection
criterion from the perspectives of clients, consultants, and stakeholders. It has a five-point
scale on each side of the preferences, depending on the likelihood of choosing a contractor
who applied BIM strategy with respect to those mentioned in Figure 6.
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These selection criteria were gathered from the extensive literature review, and the
tendencies of preference were scaled to a likelihood degree, as indicated in Table 1.

Table 1. Questionnaire scaling.

BIM Strategy 5 4 3 2 1 0 1 2 3 4 5 Traditional Strategy

The questionnaire was sent to 85 engineers and specialists employed by 32 engineering
firms in the Kingdom of Saudi Arabia, all of which are qualified by Saudi Aramco and the
Royal Commission of Jubail and Yanbu. The sample selected for this study covered many
disciplines related to building construction, such as architectural engineers, designers,
quantity surveyors, BIM managers, safety engineers, civil and structural engineers, site
engineers, and MEP engineers, to ensure all building disciplines were considered.

Years of experience related to building construction is a significant factor in deter-
mining the validity of this study, and consultants selected for this sample have between
7 and 35 years of experience in their specialty. Each engineer/specialist was interviewed
to clarify the reason behind giving a certain grade for each criterion, to provide feedback
on their opinion, to evaluate the response or to answer adequately and logically, and to
guarantee no confusion was there while grading the criteria. The size of the surveyed
engineering firms varied from 30 employees to 2500 employees that use BIM. All other
firms that do not use this technology were excluded. Table 2 illustrates sample distribution
among engineering specialties.
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Table 2. Sample of engineers/specialists.

Architectural
Engineers

Structural
Engineers

BIM
Coordinators

Quantity
Surveyors

Safety
Engineers

MEP
Engineers

Tech.
Managers Total

31 16 8 12 8 10 5 85

5. Results and Discussion

The results are based on the questionnaire responses from engineers/specialists with
the required expertise and include the effect of BIM on each listed criterion. The rationale
behind these results was provided through interviews and the literature review. Figure 7
shows the increased percentage on each contractor selection criterion during the proposals’
evaluation when contractors utilize BIM technology. It is clear that implementation of
BIM positively influences the evaluation of the contractor implementing the same tech-
nology; the contractor could score more in all the surveyed selection criteria. It ranges in
increased percentage from 2% to 25%. The highest increased percentage is allocated to the
benefits that BIM provides to the effectiveness of the communication between contractors
and subcontractors. The second highest was allocated to the ability of the contractor to
conduct effective and accurate project cost control when utilizing the BIM during the
construction phase.

Figure 7 illustrates the effect of BIM on each tender selection criterion. The results
indicate that BIM has a strong effect on communication among project participants, main-
tenance and operation cost, project cost, project duration, ability of cost control, accuracy
of cost estimation, and duration of MEP construction. According to the survey, BIM would
increase communication with stakeholders by 25%; reduce maintenance and operation cost
by 9%; reduce the project cost, time schedule for the project, and MEP construction by 8%;
and reduce project change orders by 10%. Conversely, BIM seems to have a minor impact
(3% or less) on previous claims, governmental requirements, facility expected revenue, and
site safety.
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5.1. Interviews Findings

(1) Large consulting firms do not tend to use BIM, since more effort is required to transfer
information to BIM software compared to smaller firms.

(2) In mega structures, consulting engineers and designers who have little experience
and background in BIM technology prefer to use traditional strategies. They use
BIM in specific areas of the project where there is a misty view of systems used,
and the general contractor or subcontractor can ask for more detailed drawings and
specifications if the submittals do not clarify the component.

(3) There is considerable bias for consultants who use BIM to select contractors who
apply BIM technology in their tender proposal.

(4) General contractors, represented by their technical offices and designers, prefer to use
BIM in LOD 300 and above. It is not generally practical to use BIM for the schematic
and conceptual design stages; in these phases, designers require fast software that
renders the project roughly, to illustrate the design concept.

5.2. Calculating Probability of Winning

After data collection through the literature review, questionnaires, and interviews
with experts, these data are analyzed to reflect the winning probability that can be obtained
through AHP to generate a probability-based model that is able to predict the winning
probability, regardless of the relative weights of selection criteria. After determining the
experts’ opinions on the impact of BIM on each criterion in the survey, the survey criteria
were matched to related tender selection criteria through a logical bond extracted from
the literature review. When a survey criterion had an impact on more than one contractor
selection criterion, the impact margin was divided between them; then, the averages of all
margins of impact from the questionnaire criteria to the selection criteria were calculated.
The results represent the probability of winning the contract.

Figures 8 and 9 shows that the result of implementing BIM on the Saudi case study
could increase the contract winning probability by up to 9.42% in the case of CBS.
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5.3. Validity of Results in Practice

As was previously mentioned, there are two scenarios of biddings—QBS and CBS.
In the case of QBS, previous results will be validated with minor margins of difference
depending on the country; this will not be the case in CBS, in which all criteria other than
cost will lose their impact. Furthermore, as mentioned in the literature review, most public
sectors in many countries use cost as a sole base of selection. However, when it comes to
the private sector, there are no available data that give the data of owners’ tendency toward
selection bases, but there is no doubt that they have extended use and awareness to select
contractors on bases other than cost. Moreover, there is high votes in many countries to
encourage private sector to go for QBS.

The main result of this paper is the property-based model, which is able to predict
BIM winning probability regardless of the relative weight, which can be applied in any
country. Nonetheless, the Saudi case study shows that the feasibility of BIM increasing
the probability of winning would rely on its impact on bid price; regarding this, the core
increment margin of BIM winning probability in the case of CBS is 5.5%.

Taking Saudi Arabia as a case study, it is difficult to consider a 5.5% rise in winning
probability as a good way to convince contractors to use BIM, especially if the owner does
not require it. Nonetheless, there should be a comparative study on the feasibility of using
BIM in light of these results, taking into consideration all of the initial and running costs
of transferring to BIM technology, and the risk contractors may face to learn and become
professional enough to use it in all project phases. However, this percentage is applicable
when proposing for the public sector that may use CBS, not in the private sector that uses
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QBS, which is based on relative weight which the owner may decide. In fact, in some
cases, where the priority is to finish the project on time to meet certain international events,
a higher weight will be loaded to the construction duration. In other words, it depends
more on bidding circumstances than where it was offered. This fact adds more validity to
the probability model generated in this study; it is able to predict winning regardless of
relative weight, which may vary depending on place, time, tender circumstances, or any
unpredictable factor.

6. Conclusions

This research sheds light on the impact of BIM in the tendering process from the
contractor’s perspective. It aims to investigate the effect of implementing BIM strategy on
the probability of winning the contract. The positive effect could encourage contractors to
implement BIM in bidding, even if it is not a requirement. One of the best ways to convince
contractors to use BIM is to present its ability to increase the probability of winning the
tender over another contractor who does not use BIM in their proposal. However, the
application of BIM in the tender could be more attractive for owners than contractors
because BIM implementation guarantees high construction quality, mitigates errors and
rework, and provides lifecycle cost reduction due to BIM’s advantages in the operation
and maintenance phases, etc.

This study uses a literature review, survey, and interviews with experts to develop
a probability-based model using AHP to identify the impact of BIM on tender winning
probability in various project delivery methods. The main aim of this paper is to generate a
probability-based model able to predict winning probability regardless of relative weight.
However, taking Saudi Arabia as a case study shows that implementing BIM strategy in the
bidding proposal has a positive impact on each tender selection criterion; it could increase
bid winning probability to 9.42% in the case of QBS and 5.5% in the case of CBS. Interviews
with experts revealed that BIM could have a tangible impact on certain tender selection
criteria, such as cost offered, facility life cycle and maintenance, management capability,
scheduling, and cost control.

However, there should be a comprehensive market study to evaluate the feasibility of
BIM use in light of these results, to know if it is worth going for BIM or not, especially if BIM
technology is not required. Moreover, consistent studies to highlight the advantages of BIM
technology for contractors is required; otherwise, extension of BIM using would be limited
to initiation of owners; the best way to encourage contractors toward BIM is to highlight
its financial feasibility. One way to do this is to show its impact on winning projects.

Author Contributions: Conceptualization, M.M. and A.E.; methodology, M.M. and A.E.; validation,
M.M. and A.E.; formal analysis M.M. and A.E.; investigation, M.M. and A.E.; resources M.M. and
A.E.; data curation, M.M. and A.E.; writing—original draft preparation, M.M.; writing—review and
editing, A.E. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Academic Resource Center. Conceptual Approach for Integrated Project Delivery (IPD) & Building Information Modeling

(BIM). 2008. Available online: https://www.aiacontracts.org/resources/64146-integrated-project-delivery-a-guide (accessed on
14 July 2021).

2. Alenazi, E.O. Using BIM for Delay Management in Public Sector Construction Projects in KSA. Ph.D. Thesis, Loughbrough
University, Loughborough, UK, 2018.

https://www.aiacontracts.org/resources/64146-integrated-project-delivery-a-guide


Buildings 2021, 11, 306 12 of 13

3. American Institute of Architects California Council Integrated Project Delivery: A Guide. Am. Intitute Archit. 2007, 1, 62.
[CrossRef]

4. Kassem, M.; Kelly, G.; Dawood, N.; Serginson, M.; Lockley, S. BIM in facilities management applications: A case study of a large
university complex. Built Environ. Proj. Asset Manag. Artic. Inf. 2016, 5, 261–277. [CrossRef]

5. Kumar, B.; Hayne, G. A Framework for Developing a BIM Strategy. In Proceedings of the 33rd International Conference of CIB
W78, Brisbane, Australia, 31 October–2 November 2016; pp. 1–14.

6. Bryde, D.; Broquetas, M.; Volm, J.M. The project benefits of building information modelling (BIM). Int. J. Proj. Manag. 2013, 31,
971–980. [CrossRef]

7. Chelson, D.E. The effect of building information modelling on construction site productivity. Int. J. Sci. Technol. Res. 2010, 5,
25–33.

8. Atkin, B.; Brooks, A. Total Ficilty Mangment, 3rd ed.; Wiley-Blackwell: Hoboken, NJ, USA, 2009; pp. 1–2.
9. CIOB. Code of Practice for Project Management; Charted Institute of Buildings: Bracknell, UK, 1992.
10. CIPS. How to Prepare and Evaluate Tenders; Charted Institute of Buildings: Berkshire, UK, 2013.
11. Elhendawi, A.I.N. Methodology for BIM Implementation in KSA in AEC Industry. Master’s Thesis, Edinburgh Napier University,

Edinburgh, UK, 2018.
12. Eadie, R.; Browne, M.; Odeyinka, H.; McKeown, C.; McNiff, S. BIM implementation throughout the UK construction project

lifecycle: An analysis. Autom. Constr. 2013, 36, 145–151. [CrossRef]
13. Elhendawi, A.; Omar, H.; Elbeltagi, E.; Smith, A. Practical approach for paving the way to motivate BIM non-users to adopt BIM.

Int. J. 2019, 2, 1–22.
14. Ilozer, B.D.; Kelly, D.J. Building Information Modeling and Integrated Project Delivery in the Commercial Construction Industry:

A Conceptual Study. J. Eng. Proj. Prod. Manag. 2012, 2, 23–36. [CrossRef]
15. Knight, M.D. Teams, contracts & BIM. ASHRAE J. 2008, 50, 72–77.
16. Lester, E.I.A. Project Management, Planning and Control; Elsevier: Amsterdam, The Netherlands, 2014.
17. Lewis, A.; Riley, D.; Elmualim, A. Defining High Performance Buildings for Operations and Maintenance. Int. J. Facil. Manag.

2010, 1, 16.
18. Lindblad, H.; Vass, S. BIM Implementation and Organisational Change: A Case Study of a Large Swedish Public Client. Procedia

Econ. Financ. 2015, 21, 178–184. [CrossRef]
19. Lu, W.; Fung, A.; Peng, Y.; Liang, C.; Rowlinson, S. Cost-benefit analysis of Building Information Modeling implementation in

building projects through demystification of time-effort distribution curves. Build. Environ. 2014, 82, 317–327. [CrossRef]
20. Lucas, J.D. An Integrated BIM Framework to Support Facility Management in Healthcare Environments. Ph.D. Thesis, Virginia

Polytechnic Institute and State University, Blacksburg, VA, USA, 2012; 224p.
21. Matipa, W.M.; Cunnigham, P.; Naik, B. Assessing the Impact of New Rules of Cost Planning on BIM Schema Pertinent to Quantity

Surveying Practice. In Proceedings of the 26th Annual ARCOM Conference, Leeds, UK, 6–8 September 2010; pp. 625–632.
22. Mollaoglu-Korkmaz, S.; Swarup, L.; Riley, D. Delivering Sustainable, High-Performance Buildings: Influence of Project Delivery

Methods on Integration and Project Outcomes. J. Manag. Eng. 2013, 29, 71–78. [CrossRef]
23. Ngo, M.H. UK Construction Industrys Responses to Government Construction Strategy BIM Deadline and Applications to Civil

Engineering Education. In Proceedings of the 1st Civil and Environmental Engineering Student Conference, San Antonio, TX,
USA, 10–13 June 2012.

24. Ozorhon, B.; Karahan, U. Critical Success Factors of Building Information Modeling Implementation. J. Manag. Eng. 2016, 33,
1–10. [CrossRef]

25. Pouriya, P.; Dimyadi, J. Effective Facility Management and Operations via a BIM Based Integrated Information System. In
Proceedings of theCIB Facilities Management Conference, Copenhagen, Denmark, 21–23 May 2014.

26. Peter Cholakis, L.C. Efficient Project Delivery: BIM, IPD, JOC, Cloud Computing and More. J. Archit. Eng. Technol. 2013, 2, 1–5.
[CrossRef]

27. Pishdad-Bozorgi, P.; Moghaddam, E.H.; Karasulu, Y. Advancing Target Price and Target Value Design Process in IPD Using BIM
and Risk-Sharing Approaches. In Proceedings of the ASC Annual International Conference & CIB Commission, Beijing, China,
9–13 April.

28. Proposals, Persuasive Business. Tender Tip—Win Strategies. Project Management, Planning and Control; Elsevier: Amsterdam, The
Netherlands, 2008.

29. Royal Institution of Chartered Surveyors. Tendering Strategies; RICS Guidance; RICS: London, UK, 2014.
30. Saxon, R.G. Will BIM Bring Growth? In Construction News: BIM Seize the Opportunity for Your Business; Constuction Industry

Council: London, UK, 2013; pp. 1–2.
31. Sebastian, R. Bim in Different Methods of Project Delivery. In Proceedings of the CIB WB 78-W102 International Conference,

Sophia Antipolis, France, 26–28 October 2011.
32. Shaw, J.B. The Line. In Notes and Queries s3-X(237); The LINE Website: The Line, Saudi Arabia, 1866.
33. Smith, P. BIM Implementation—Global Strategies. Procedia Eng. 2014, 85, 482–492. [CrossRef]
34. Succar, B.; Sher, W.; Williams, A.; Migilinskas, D.; Popov, V.; Juocevicius, V.; Ustinovichius, L.; McLellan, K.; Marcolin, B.; McGraw

Hill Construction; et al. Building Information Modeling (BIM): Trends, Benefits, Risks, and Challenges for the AEC Industry.
Autom. Constr. 2012, 24, 149–159. [CrossRef]

http://doi.org/10.1016/j.autcon.2010.09.002
http://doi.org/10.1108/BEPAM-02-2014-0011
http://doi.org/10.1016/j.ijproman.2012.12.001
http://doi.org/10.1016/j.autcon.2013.09.001
http://doi.org/10.32738/JEPPM.201201.0004
http://doi.org/10.1016/S2212-5671(15)00165-3
http://doi.org/10.1016/j.buildenv.2014.08.030
http://doi.org/10.1061/(ASCE)ME.1943-5479.0000114
http://doi.org/10.1061/(ASCE)ME.1943-5479.0000505
http://doi.org/10.4172/2168-9717.1000107
http://doi.org/10.1016/j.proeng.2014.10.575
http://doi.org/10.1016/j.autcon.2012.02.008


Buildings 2021, 11, 306 13 of 13

35. Swarup, L.; Riley, D. Project Delivery Metrics for Sustainable, High Performance Buildings. J. Constr. Eng. Manag. 2011, 1, 269.
[CrossRef]

36. Zakaria, Z.; Mohamed Ali, N.; Tarmizi Haron, A.; Marshall-Ponting, J.; Abd Hamid, Z. Exploring the adoption of Building
Information Modelling (BIM) in the Malaysian construction industry: A qualitative approach. IJERT Int. J. Res. Eng. Technol. 2013,
2, 384–395.

http://doi.org/10.1061/(ASCE)CO.1943-7862.0000379

	Introduction 
	Literature Review 
	Tender Practices and Procedure 
	BIM Implementation in Tender 
	BIM and Project Delivery Methods 

	Methodology 
	Applying BIM with DBB 
	Applying BIM with IPD 

	Model Development 
	Results and Discussion 
	Interviews Findings 
	Calculating Probability of Winning 
	Validity of Results in Practice 

	Conclusions 
	References

