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Abstract: Building information modeling (BIM) is a technology and process that creates profound changes in construction methods, directly

affecting the optimization of the execution procedure and the methods outlined in construction project contracts. There is a lack of manuals

for implementing BIM contracts in most developing countries. This lack of instruction has led to a slow acceptance and implementation

of BIM in many developing countries. Previous studies have determined present challenges in relations, roles, and risks of a BIM-focused

contract. Thus, this research investigates and determines how these contractual challenges may affect the implementation procedure and,

ultimately, the successful execution of the contractual obligations relating to the use of BIM in projects. Accordingly, after a comprehensive

literature review and listing the identified challenges, two sets of data collection from construction companies were used to define the effects

of BIM contractual challenges. Consequently, data verification of the contractual challenges in these two case projects indicates a rise in BIM

success due to its superior handling of project execution compared to how non-BIM projects handle similar challenges. DOI: 10.1061/

(ASCE)LA.1943-4170.0000554. © 2022 American Society of Civil Engineers.
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Introduction

Construction projects are becoming more complicated nowadays,

making building information modeling (BIM) even more important

to minimize risks and ensure project success. BIM simulates con-

struction projects in a virtual environment. BIM also encourages

collaboration and knowledge sharing for enhanced bilateral co-

operation between all participants. This cooperation includes sign-

ing a legal document that ensures improved project governance

throughout the project’s duration (Greenwald 2013). Arayici et al.

(2011) developed a BIM governance framework (G-BIM) based on

the collaborative BIM approach. Studies concerning BIM are

undertaken at three major levels (Papadonikolaki 2017):

• personal acceptance—based on personal conceptions of the

personnel (Hong et al. 2019);

• utilization in projects—from case study and analysis of projects

(Jung and Lee 2015); and

• large-scale dissemination—targeting organizations or countries

(Chen et al. 2019).

The Institute for BIM in Canada (IBC) suggested that one way

to facilitate BIM acceptance is by using compulsion for public

projects (IBC 2012). Policies such as compulsory utilization of

BIM in public projects and giving additional credit for projects with

BIM technology during the tendering process can increase BIM

implementation. Conversely, the risk is that mandatory use of BIM

may lead to falsifying BIM’s tendering documents and not be uti-

lized as promised. Avoiding or rejecting BIM is common among

corporations that resist technology (Qin et al. 2020). On the other

hand, studies reveal that the best way to accept technology is to

enforce it contractually by the client, thereby making its usage non-

negotiable (Yuan et al. 2019). BIM implementation may include

changes and maximize benefits. Changes are expected and consid-

ered necessary, including procedures, contracts, and interorganiza-

tional cooperation (Jang et al. 2019).

BIM has developed specific legal and contractual risks during

execution (Andre 2011). The lack of standard contract documents

is a challenge that can create a risk allocation framework and

help mitigate contracting inefficiencies and dealing costs (Ashcraft

2008). Due to the importance of overcoming contractual challenges

to execute BIM in projects, this paper precisely identifies and val-

idates those challenges for Iran, which can serve as an example for

other developing countries seeking to take advantage of BIM. First,

a survey was designed using the challenges reported in the litera-

ture and was sent to 90 companies. Results show that the most im-

portant set of challenges is in the contracts. Hence, the authors

interviewed 36 companies, seeking to define the influence of con-

tractual challenges. This helped the authors determine both the suc-

cess and failure factors of contracts. Finally, these challenges were

investigated in two case projects to validate the results.

Literature Review

Executional Challenges of BIM

This study presents a comprehensive review of previous studies on

BIM construction. These studies are summarized and categorized

in Table 1 and were used to create a survey sent to construction

companies in Iran to gather expert opinions.
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BIM Contractual Challenges

Preparation of a clear Employer’s Information Requirements

(EIRs) is a principle for BIM. British BIM standard PAS 1192-

2-13 considers EIR as “pre-tender documents showing provided

information, standards and procedures accepted by the provider

as part of the project delivery procedure” (BSI 2013). Section

5.1.4 of this standard states, “The EIR shall be incorporated into

the tender documentation, to enable suppliers to produce their ini-

tial BIM execution plan (BEP)—see Clause 6—upon which their

Table 1. BIM execution challenges in construction projects based on literature

Categories Obstacles

References from developed countries

(UK, US, Australia, Singapore, and China)

References from developing countries

(Iran, Yemen, Nigeria, Malaysia,

Cameroon, Indonesia, and Turkey)

Social,

organizational

Resistance to changes — Hosseini et al. (2016), Abubakar et al. (2014),

Abanda et al. (2014), Hatmoko et al. (2019), and

Kiani et al. (2015)

Distrust and skepticism about novel

technology

Ahmad et al. (2018) Hosseini et al. (2016), Ahuja et al. (2017), and

Kiani et al. (2015)

Unfamiliarity with BIM Chien et al. (2014) and Abd-Jamil

and Fathi (2018)

Zahrizan et al. (2013), Gamil and Rahman

(2019), Hatmoko et al. (2019), and Ahuja et al.

(2017)

Different skills of team members Alreshidi et al. (2017) —

Difficulties in BIM training — Zahrizan et al. (2013) and Hatmoko et al. (2019)

Unawareness of clients and managers — Zahrizan et al. (2013) and Hatmoko et al. (2019)

Emphasis on common methods and

standards

Abdirad (2015) Hatmoko et al. (2019)

Avoiding secrecy/concealing potential

dangers and responsibility of mistakes

Olatunji (2015) Forghany (2013)

Financial BIM implementation costs Chong et al. (2017) Abanda et al. (2014), Gamil and Rahman (2019),

and Hatmoko et al. (2019)

Problems concerning not guaranteeing

BIM model for information security

Chong et al. (2017) Gamil and Rahman (2019) and Hatmoko et al.

(2019)

BIM training costs — Abubakar et al. (2014), Abanda et al. (2014),

Gamil and Rahman (2019), and Hatmoko et al.

(2019)

Limited projects budget for BIM

modeling

— Abanda et al. (2014), Gamil and Rahman (2019),

and Hatmoko et al. (2019)

Lateral costs based on talented human

resource recruitment

— Abanda et al. (2014), Gamil and Rahman (2019),

and Hatmoko et al. (2019)

Technical Lack of complete familiarity with BIM

vast capabilities

Abd-Jamil and Fathi (2018) and

Chien et al. (2014)

Hosseini et al. (2016), Zahrizan et al. (2013),

Gamil and Rahman (2019), Ahuja et al. (2017),

Sawhney et al. (2014), and Kiani et al. (2015)

Problems related to teamwork Eadie et al. (2015), Gibbs et al. (2013),

Sebastian (2010), and He et al. (2012)

Ahuja et al. (2017) and Forghany (2013)

Problems related to modeling tools and

integrating the available BIM model

Chien et al. (2014) and He et al. (2012) Abubakar et al. (2014) and Kang et al. (2012)

High volume of the output file and

systems limits on file storage

Chien et al. (2014) and Alwash et al. (2017) Hatmoko et al. (2019)

Lack of information sharing

mechanisms

Eadie et al. (2015), Gibbs et al. (2013),

Sebastian (2010), and He et al. (2012)

Abubakar et al. (2014) and Forghany (2013)

Nonintegrated data, investigation, and

mechanisms of information control

Eadie et al. (2015), Gibbs et al. (2013), and

Sebastian (2010)

Abubakar et al. (2014) and Hatmoko et al. (2019)

Problems related to large BIM models

coordination

Chien et al. (2014) Abubakar et al. (2014), Hatmoko et al. (2019),

and Forghany (2013)

Lack of a strong informing system in

teamwork

Chien et al. (2014) Hosseini et al. (2016), Ahuja et al. (2017), and

Kiani et al. (2015)

Contractual Lack of sufficient standards for BIM

utilization

Maradza et al. (2013), Ahmad et al. (2018),

He et al. (2012), and Olatunji (2015)

Hosseini et al. (2016), Zahrizan et al. (2013),

Sawhney et al. (2014), and Kiani et al. (2015)

Lack of an integrated contractual

format similar to available uniform

contracts in the country

Eadie et al. (2015), Gibbs et al. (2013), and

Sebastian (2010)

Hosseini et al. (2016), Sawhney et al. (2014), and

Kiani et al. (2015)

Lack of different aspects of the present

contract relevant to BIM

Fan et al. (2019), Manderson et al. (2015),

Maradza et al. (2013), and Ahmad et al.

(2018)

Zahrizan et al. (2013) and Sawhney et al. (2014)

Disregarding BIM legal affairs in

present contracts

Eadie et al. (2015), Gibbs et al. (2013), and

Sebastian (2010)

—

Contracts need changes in BIM

common environment

Fan et al. (2019), Eadie et al. (2013, 2015),

Gibbs et al. (2013), and Manderson et al.

(2015)

—
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proposed approach, capability, and capacity can be evaluated.”

(BSI 2013, p. 10).

EIRs ensure that user information requirements are defined

clearly at the threshold of the BIM process and define a mechanism

for cooperation offering project stakeholders s means of commu-

nication, management, and delivery of client requirements (BSI

2013).

According to a study undertaken by Words and Images (2009),

BIM contracting language must confront two sets of significant

risks, including behavior risk in BIM processing (Greenwald

2013) and technology risks (Eadie et al. 2015). Ashcraft suggests

that the legal challenges in BIM stem from novel technology and

project participants’ utilization. BIM behavior risk includes co-

operation, coordination, and sharing development data issues.

Technology risks include accountability of information, model pre-

cision, model management and maintenance, and model copyright

(Ashcraft 2008). After a careful review of the literature, legal as-

pects have been classified into three groups: (1) structure and policy

of contract; (2) contractual relations and commitments; and

(3) BIM scheme and security (Chong et al. 2017). Legal contracting

risks were gathered from five contractual documents by Arshad

et al. (2019) as follows:

1. ConsensusDOC 301, BIM Addendum

2. Architects, Engineers, and Contractors, BIM Protocol

3. American Institute of Architects E203

4. Construction Industry Council, BIM Protocol

5. Chartered Institute of Builders, Time and Cost Management

Contract

Contract Structure and Policy

To activate BIM, several changes in contract conditions may be

necessary. BIM has self-check and comparative safety functions,

which can sort the theoretical from the practical relationships in

methods and identify positive and negative interactions while bal-

ancing the legal and contractual aspects of procurement and project

delivery in BIM projects (Abd-Jamil and Fathi 2018). In a co-

operative ambiance, most advantageous contractual relations are

considered in which all stakeholders can enter information in non-

opposing conditions. All modeling deliverables must be clearly de-

fined in such a contract, including client demands and information

available for observation (Manderson et al. 2015).

Available BIM contract protocols are often used as backup

documents and annexed to the main contract (Fan et al. 2019;

Richard and Jason 2010). At this time, ambiguity and lack of

information exist on required role changes and legal responsibilities

for BIM projects (Arshad et al. 2019). Alreshidi et al. (2017) called

for an alternative contracting structure to cover construction costs

and provide contractual measures, including advance payments and

project funding options.

Contractual Relations and Commitments

All project stakeholders in BIM-equipped projects cooperate.

The BIM plan provides a checklist and a manual for a successful

BIM execution (Abd-Jamil and Fathi 2018; Alreshidi et al. 2017).

Although this document is generally not a part of the contract, it is

important that the stakeholders and project domain are perfectly

defined and governed (Fan et al. 2019). Arshad et al. (2019) stated

that despite the technical maturity of BIM, no one had yet been able

to make sure the legal and contractual systems had not yet been

standardized. Their in-depth research, which included legal risk mit-

igation strategies, enabled them to construct a contractual frame-

work for a design-bid-build delivery system. They prepared an

excellent framework while recognizing that their mitigation strate-

gies depend on who assumes the risk and howwell their needs fit the

universal need for standardization. Nevertheless, a standard contrac-

tual and legal framework can expedite BIM implementation by

eliminating repetitive efforts to create a new contract for every

project. Clear contracting relations with primary stakeholders, in-

cluding the BIMmanager, will aid in adjusting required responsibil-

ities or functions in the BIM execution plan (Richard and Jason

2010).

Based on the categorization mentioned in Table 1, disregarding

the contract and augmenting commitments in developing countries

have been a factor in effectively meeting challenges. Thus, in this

study, an effort was made to answer this question using data col-

lected from Iran: “What effect do contractual challenges of BIM

have in the success or failure of projects in developing countries?”

Research Methodology

The present study deals with recognizing the contractual BIM chal-

lenges in developing countries. An inventory of main challenges

relating to every country has been developed according to the lit-

erature categorized in Table 1. Also, by observing previous studies

in BIM contractual and law-related problems, the authors compiled

an inventory of relevant risks and contracted terms for mitigating

the problems. Data have been gathered through random sampling in

the present study by investigating 90 Iranian companies active in

Table 1. (Continued.)

Categories Obstacles

References from developed countries

(UK, US, Australia, Singapore, and China)

References from developing countries

(Iran, Yemen, Nigeria, Malaysia,

Cameroon, Indonesia, and Turkey)

Legal BIM model rights: copyrights and

relevant concerns

Chien et al. (2014), Eadie et al. (2015),

Gibbs et al. (2013), Sebastian (2010),

Larson and Golden (2007), Olatunji (2015),

and Alwash et al. (2017)

—

Lack of work breakdown and

noncommitment against false data

Eadie et al. (2015), Gibbs et al. (2013),

Sebastian (2010), and Larson and Golden

(2007)

Sawhney et al. (2014)

Lack of legal considerations in present

BIM contracts

Larson and Golden (2007) and Alwash et al.

(2017)

Hosseini et al. (2016) and Kiani et al. (2015)

Lack of law-related frameworks for

joint BIM

Larson and Golden (2007) and Alwash et al.

(2017)

Hosseini et al. (2016) and Kiani et al. (2015)

Law-related aspects of joint work and

teamwork not being covered

Eadie et al. (2015), Gibbs et al. (2013),

Sebastian (2010), Larson and Golden

(2007), and Alwash et al. (2017)

—
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construction. Then, by filtering the companies, including consul-

tants, contractors, and clients, the authors were able to identify

the vision of different organizations in terms of challenges relevant

to BIM execution. The results emphasized the significance of con-

tractual challenges.

After interviewing 36 active companies who had partially unsat-

isfactory experiences with BIM, the authors used the interviews to

establish reasons for failure based on the project results described.

This information demonstrates the effect of disregarding contrac-

tual challenges on project failure. In this stage of this research, the

authors used survey data to classify the challenges into two majors

and minors and categorized them based on the viewpoints of the

owner, designer, and contractor. Finally, using two case samples,

an effort was made to identify the effect of BIM contract terms

on project success (see Table 3 for the list of contract terms).

The authors then sought ways to mitigate the identified challenges.

Fig. 1 shows a schematic view of the research methods. Results of

the study add to the body of BIM knowledge by presenting a pre-

cise analysis, which compares BIM challenges based on the view-

points of the client, consultant, and contractor. This study also

presents the effects of the lack of a contract to prevent certain fail-

ures of BIM projects. The authors also used the collected informa-

tion to introduce some contract terms to the case project and

analyze the impact on the successful implementation of BIM in

the projects.

Data Collection

Survey Design and Analysis Method

To obtain the data needed to realize the BIM acceptance process

better, the authors analyzed the opinions of contractors, consul-

tants, and clients to understand how to recognize BIM problems

better and implement answers to BIM challenges in Iran. The au-

thors developed a survey from the interviews and divided it into two

sections. The first section has personal questions regarding expe-

rience, project personnel size, acquaintance with BIM, and the

number of BIM services presented to the client. The second section

questions BIM challenges commensurate with each organization.

In addition to the survey, the authors interviewed less informed

participants and obtained opinions of three groups about present

construction challenges in the country and challenges they may en-

counter after BIM implementation.

The statistical population targeted in this study includes con-

tractors, consultants, and clients active in construction in Tehran.

According to the present official classification of contractors, con-

struction companies acting in governmental projects are catego-

rized into five grades: Grade 1 participants are authorized to

undertake projects with the highest values. Consultants are also

classified into three grades. Grade 1 consultants are allowed to

serve the largest projects. This classification is based on capital,
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staff size, completed projects values, experience, and current finan-

cial condition (Ghoddousi and Hosseini 2012).

Tehran has a population of 10 million people (one-seventh of the

whole country). Tehran is Iran’s largest city and one of the largest

cities worldwide. Due to the high concentration of an extensive

group of social and economic opportunities, construction-related

jobseekers immigrate to the capital from all regions nationwide,

which explains why approximately half of the construction-related

workers reside and work in Tehran. Thus, Tehran has been chosen

to represent an extensive range of construction-related workers.

Sample

Companies have been filtered in terms of the following groups to

seek contracting companies active in the field of construction:

• holders of valid license (licenses were grouped into valid,

suspended, and invalid);

• construction-related fields (e.g., water supply, roads, facilities,

oil and gas, repair);

• holders of Grades 1 to 3 licenses (out of five grades) in the

Iranian construction industry; and

• dealing with an active project (consultant company projects

were filtered in the same manner).

After filtering 800 construction companies and 280 consultant

companies, the authors found 370 contractors and 210 consultants

actively doing business in Tehran. After filtering, 46% of the con-

tractors and 75% of the consultants are based in Tehran, which was

determined to verify the validity of population statistics.

In the next stage, using simple random sampling, 200 of 370

contractors and 130 of 210 consultants were asked to complete a

survey by email. Thirty-six contractors and 30 consultants re-

sponded by completing the survey and expressed willingness to

participate in an interview. Interviews were also completed based

on the authors’ work with 24 major governmental client companies

with several active projects. Their experience helped the interview-

ees to provide beneficial information. The required information was

collected through a survey conducted from May to October 2020.

The Statistics Center of Iran divided corporations into four groups:

those with fewer than 10 employees, 10–49 employees, 50–99 em-

ployees, and more than 100 employees. Thus, 57 participating

companies were classified as large companies, 27 as medium ones,

and 6 as small companies. The information of all surveys is detailed

in Fig. 2.

Thirty-six companies had experience with BIM, of which 33

had implemented several of their projects based on client demand.

These 36 companies consisted of 13 contractors, 18 consultants,

and 5 clients, of which 4 contractors, 11 consultants, and 5 clients

had implemented BIM by outsourcing (Fig. 2). The observed gov-

ernmental clients had an engineering team, but outsourcing took

place because of lack of skilled personnel for BIM.

An employee (well informed about company policies) filled out

the survey to be undertaken. Employee information was classified

according to education level, work experience, job title, and field

of study. A total of 44 CEOs, 15 project managers, 25 technical

department managers, and 6 BIM managers completed the survey

(Fig. 3).

Rate of BIM Knowledge

Only 18 companies lacked BIM knowledge, whereas most compa-

nies were well aware of BIM and its benefits. Few companies

were even active in four-dimensional BIM (4D-BIM) and five-

dimensional BIM (5D-BIM), which many companies follow. As de-

scribed, the most used software in the companies was as follows:

Revit Architect in 55 companies, Revit MEP in 36, and Revit Struc-

ture in 35, as shown in Fig. 4. Despite the increase in relevant knowl-

edge, consultants and contractors did not show much willingness to

implement BIM in recent years. This could be a sign of existing chal-

lenges, which are consequently investigated in the present study from

the viewpoints of the client, consultant, and contractor.

Results and Analysis

Prioritizing BIM Challenges in Iran

According to previous studies, BIM challenges for industries can

be classified into five groups: social-organizational, financial, tech-

nical, contractual, and legal aspects, as listed in Table 1. Assessing

BIM challenges generally is a weakness of previous studies. It

can be seen that contractual challenges were considered most

important by 47 of 90 companies. Among those 90 companies, 35

ranked financial challenges as most important, and then social-

organizational, technical, and legal challenges. From the clients’,

consultants’, and contractors’ points of view, social-organizational

challenges were chosen by 10 of 24 client companies as the most

important. For consultants, technical challenge was considered

most important by 15 of 30 companies; for contractors, contractual

challenges were ranked the most important by 25 of 36 companies.

In a more detailed view, companies with different sizes and grades

face different challenges. It is noteworthy in the classification of

challenges that companies with or without BIM experience were

both intimidated by contractual challenges, which is considered

Fig. 2. Companies’ information.
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one of the main obstacles to BIM implementation (Table 1). Finan-

cial and social-organizational challenges were at the same level in

BIM-experienced companies. In contrast, in nonexperienced and

novice companies, financial challenges were assumed to have more

importance than social or organizational challenges (Fig. 5).

Based on the studies in Table 1, those five challenges shown in

Fig. 5 can be divided further into subchallenges, as shown in Fig. 6.

Generally, unawareness of clients and managers, a limited budget

for BIM modeling, an incomplete acquaintance with BIM capabil-

ities, and a lack of sufficient BIM implementation standards can be

considered four major challenges in the country’s construction

industry.

Specifying Effects of Contractual Challenges
on BIM-Oriented Projects

This section reports on interviews with 36 companies implement-

ing BIM for projects or organizations. Results revealed that eight

main factors of project failures were related to inattention to con-

tract conditions (Table 2). Each of these groups’ results increased

in intensity as other challenges were introduced in the project.

Finally, a failure in BIM implementation was observed due to pro-

cess complications in these projects. It was apparent that disre-

garding contractual affairs increased the effects of financial,

technical, and social-organizational challenges; thus, it would be

constructive if the authors could establish the importance of

addressing those conditions upfront. The problems in the most

failure-prone challenges must be clearly described to mitigate

the effects of other challenges.

As mentioned before, failure to use the BIM contract in con-

struction projects has caused unique challenges, preventing the cor-

rect execution and success of BIM. Therefore, in this paper’s case

studies, the authors used the contract and tried to resolve the chal-

lenges by adding terms related to BIM execution in the contracts.

This effort was made to decrease the introduced challenges from

points of view of the client, consultant, and contractor and conse-

quently to increase the efficiency of the projects.

Model Validation with a Case Study

Based on Iran’s construction industry challenges and the BIM

acceptance obstacles, two educational construction projects with

an approximately equal gross floor area (10,000 m2) were chosen

for the case studies. The goal was to study the effect of adding

BIM-related terms to the contract on the BIM implementation

by the clients, consultants, and contractors who were initially re-

luctant to use this technology. The two projects were located in

Tehran, including educational dormitories with mechanical rooms.

Both projects were public, obliged to be put to tender, and had

almost the same size and value, location, and delivery method

(design-bid-build or DBB). The two projects had sufficient allo-

cated budgets when they started.

In the beginning, contract terms were suggested to both clients.

After long negotiations with the clients, the terms mentioned in

Table 3 were added to the consultants’ and contractors’ contracts.

In both cases, the second author built BIM models of the projects to

be added to the contract documents. Modeling the drawings was

Fig. 3. Participants’ information.
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*:  

(1) No knowledge

(2) Aware of several BIM applications and related software

(3) Aware of available BIM applications and software and acquainted with several BIM applied projects

(4) Basic acquaintance with 3D modeling (equivalent to basic training level) or having done 3D modeling as part of a student project 

(5) Acquaintance with 3D modeling (equivalent to advanced training level) or having done 3D modeling as a student project

(6) Acquaintance with 4D and 5D structural modeling 

(7) Experience in actual project 3D modeling 

(8) Familiar with 4D and 5D structural modeling with experience in an actual 3D modeling project

(9) Experience working with 4D project modeling

(10) Experience working on 4D and 5D modeling projects

Fig. 4. Knowledge levels.

Fig. 5. Different BIM users and their ability to meet the different challenges based on types of BIM approach to BIM problems in Iran.
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Social-Organizational, Financial, Technical, Contractual, Legal

* For details of every number, refer to Table 1.

Fig. 6. Detailed BIM challenges.

Table 2. Issues in BIM contract that affect project success

Uninvestigated issues

in BIM contracts Results of disregarding contractual challenges Effect on the project

1. Method of coordination

and communication

between contractor

and consultant

1. Two separate technical offices in the project, for

the engineers and BIM users

• Nonassistance, lack of coordination, and dispute among project

members

• Destruction of teamwork and integrity among project members

2. Not offering position of authority to BIM users in

the project: for example, BIM manager, assigned

to execute the model with no authority

• Making choices by unauthorized people and thus deviating

from the project

2. Existence of error

in the design
1. Execution of BIM halfway through: when the

plan has run into faults

• Increase in time and costs because of existing problems

• Unintegration among people

2. Not modeling the information, making object

families, and application of existing models

• Distrust in the project

• Plans nonexecutive and faulty planning and execution

3. Recruiting cheap and nonprofessional CAD

modeler

• Degradation of the plan and nonexecutive output

3. Client related issues 1. Changes in client’s requirements • Increase in time and cost of the project because of continuous

changes

• Degradation of the plan

2. Assignment of new managers, making different

decisions

• Numerous revisions due to erroneous replanning

• Increase in time and cost due to revisions and project losses

3. The management team dissembling about the

BIM advantages

• Decrease in ambition for BIM implementation

• Relinquishing the plan in the modeling stage

• Loss of time and cost for BIM modeling

• Client having an unpleasant previous experience not willing to

try again

4. Limited project

budget
1. Halt in plans due to deficit; extension of project

time leading to changes in rules and regulations,

such as fire extinguishing regulations, causing

profound changes in plan and requiring an

update in drawings

• Changes in rules and regulations

• Redesign of changed sections

• Increase in project time and cost

• Increase in rework

• Lack of coordination among the former consultant company

and contractor with the new ones

2. Change in plans by the client • Aforementioned items
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done at a 300 level of detail (LOD) based on the client’s request.

Interestingly, after the modeling, several clashes were detected be-

tween the mechanical, electrical, and plumbing (MEP) and structure

sections, necessitating redesigning air, hot-water, and cold-water

piping before the bidding. It was expected that the contractor and

consultant were obliged to cooperate based on the additional BIM-

related contract terms. The terms also facilitated the clients’ review

and payment processes of the contractors’ invoices. Also, the clients

evaluated the technical specifications and work experience in BIM

technology in the tender process, so the lowest price suggested was

no longer the sole criteria needed to award the bid. By signing the

contracts, the consultants and contractors agreed to their BIM-related

responsibility and the authenticity of the required information.

Table 3 summarizes these contract terms and how the clients

implemented them in their projects.

First Case Study

To offer complementary services to the students, the university

started a new project in the framework of four blocks with

2,500 m2 each for a total of 10,000 m2 in four stories (Fig. 7,

Case 1). With a height of 16 m, this project was designed as a con-

crete building and consisted of bedrooms for four to six people, a

washroom, kitchen, library, laundry, among others. The value of the

project was IRR 15 billion (approximately USD 650,000).

The client had similar projects previously (the similar dormitory

blocks); therefore, they trusted the consultant’s drawings. Before

the biding, after the authors had built the BIM model, several

clashes were detected. Since the consultant had outsourced the

MEP designs (Table 2, Issue 6-2), when the clashes were detected,

the consultant faced problems in revising and approving the new

designs. On the other hand, since the client had confidence in the

consultant’s documents, the client preferred to ask the contractors

to perform the BIM modeling solely. The contractor noticed the

absence of the consultant role in the BIM modeling after winning

the tender (Table 2, Issue 1-1). One month after the project, the

contractor was rewarded for evaluating the drawings and the

designs based on the developed and refined BIM model.

The situation became even more complicated after the contrac-

tor reported that the revised drawings were not constructible

(Table 2, Issues 2-1 and 5-1). Thus, the drawings were redesigned

Table 2. (Continued.)

Uninvestigated issues

in BIM contracts Results of disregarding contractual challenges Effect on the project

5. Lack of an appropriate

framework and standard
1. Limited time for plan modeling in the contract • Connection and cooperation cut between company responsible

for BIM and the project

• Drawings not updated

• Model not used

• Relations deterioration amongst personnel

2. Resistance of consultant and contractor to extra

responsibilities

• Raise in claims by consultant and contractor

• Decrease in teamwork

• Blaming one another and decrease in project commitment

3. Disregarding EIR and BEP before starting

planning and execution

• Client requests not determined

• Client, consultant, and contractor commitments not determined

• Persons’ duties not determined

• Changes happening in the project

• Plan abandoned in the modeling stage

6. Limited executive

knowledge of consultants

and outsourcing most

parts of the project

1. Outsourcing most parts of the plan and the

consequent lack of coordination

• Lack of coordination amongst different disciplines

• Increase in project time

• Not updating the changes

2. Outsourcing facilities section by consultant

companies

• Lack of coordination between the consultant company and the

company responsible for BIM

• Dispute amongst the companies

3. Lack of skilled personnel of consultant • Degradation of plan quality

• Company requests not granted

• Plan abandoned in the modeling stage

4. Misperception of BIM • Considering BIM advantages to be limited

• Disregarding BIM personal and organizational processes

• Increase in resistance to BIM acceptance and implementation

7. Disordered payments 1. Client disordered payments to the contractor in

different project stages

• Work halts

• Decrease in workforce communication and integrity

• Increase in project time

8. Disordered tender system 1. Resistance of winning contractor companies to

transparency of project information

• Increase in immoral acts

• Increase in opposition against BIM implementation

• Decrease in commitment to duties

• Decrease in project quality

2. Lack of a system for supervision on Revit

designs for approving or rejecting the maps

and investigating the coordination of

different units

• Confrontation of implementing traditional and novel systems

• Increase in resistance to acceptance and implementation

of BIM

Note: CAD = computer-aided design.
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by the contractor, whereas the consultant accepted no responsibility

in the first place. The latter had to participate in the BIM-based

design process, which increased the company’s costs. Due to the

uncovered technical issues, the client had to modify the project

MEP design, including the mechanical rooms. In this project, both

the consultant and the contractor filed claims for different reasons.

The consultant asked for compensation for the additional BIM

modeling (Table 2, Issue 5-2), and the contractor filed a claim for

the changes in the project scope.

What could be observed in the first case is that the consultant re-

sisted BIM acceptance due to their technical and social-organizational

challenges, as previously reported and shown in Fig. 8. The client’s

poor choice of contract terms for the consultant gave privileged

to the contractor since the BIM model increased the contractor

information (information asymmetry) in comparison to the other

parties. Both mentioned issues together reduced the team integra-

tion. Lack of team integration negatively impacted the communi-

cation quality. Finally, the technical issues in the drawings and

design revision increased the cost, leading to problems in pay-

ments to the contractor (a financial challenge for the contractor)

(Table 2, Issue 7-1) and ultimately the project termination. Based

on the research team observation, this could be changed if the cli-

ent and consultant reacted sooner, but they did not have the infor-

mation on time. The case analysis shows that the project faced

BIM execution problems due to the problems in the contracts

and several other problems created as the consequences.

Fig. 7. Schematic views of Cases 1 and 2.

Table 3. BIM-related contract terms included in the contract in Cases 1 and 2

Contract terms Case 1 Case 2

Client’s terms

1. Informing the consultant company about the details of the allocated budget to consider in the design process Y Y

2. Providing on-time payments to the consultant and the contractor X Y

3. Providing detailed information to the consultant company X Y

4. Implementing efficient RFP-bid process to consider contractors’ BIM knowledge Y Y

5. Consideration of BIM model copyright Y Y

Consultant’s terms

1. Preparing, submitting, and updating BEP and EIR documents XX Y

2. Hiring a BIM expert as a modeler, with the owner’s approval XX Y

3. Developing initial BIM model to include in bid documents and accept the responsibilities for model soundness Y Y

4. Holding BIM workshops for all three parties XX Y

5. Building and hosting project-specific Revit families XX Y

6. Integrating the model with the client’s requests XX Y

7. Cooperating with the contractor to fine-tune the model Y Y

8. Consideration of BIM model copyright Y Y

Contractor’s terms

1. Being responsible for the appointment of the BIM manager for the project

2. Hiring a BIM expert as a modeler, with the owner’s approval

Y Y

3. Fully cooperating with the consultant to improve the execution Y Y

4. Providing a BIM office for the consultant Y Y

5. Building the project’s BIM based on the BEP and EIR with consultant’s assistance Y Y

6. Integrating all BIM models to identify clashes Y Y

7. Accomplishing monthly BIM model updates throughout the project (hosting, managing, and maintaining the

centralized document management system)

Y Y

8. Updating models within a week after a design change Y Y

9. Holding weekly meetings to update all parties about the BIM execution process Y Y

10. Providing monthly reports on integrating subcontractors’ data with the BIM model Y Y

11. Reporting project schedule and progress via BIM Y Y

12. Providing as-built drawings based on the updated BIM model Y Y

13. Consideration of BIM model copyright Y Y

Note: Y = included in the contract; X = not added as a contract term; and XX = added as the contractor’s term instead; and RFP = request for proposal.
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Second Case Study

The second project includes an educational building in an 8,000-m2

area and a 500-m2 mechanical room, with a contract price of IRR

18 billion (about USD 720,000). The project had made physical

progress at the beginning in the educational building section.

However, progress was stopped because of financial and design

problems, leaving the client to hold a new tender to complete the

building and start the mechanical room. The technical challenges

revealed by the BIM model shared by the research team convinced

the client to request BIM implementation from both consultant and

contractor early, unlike in the first case. The mechanical room de-

sign process benefited from such a decision since the chiller and

boiler installation would engage a larger space than was dedicated.

In addition, the BIM priorities created a design with minimum

waste in space, minimum piping, fewer complications in imple-

mentation, and easy repair and maintenance.

By applying the client’s comments and preparing the EIR,

the individual’s opinion-based changes in the design were reduced.

Also, the client ensured the consultant’s and contractor’s com-

mitment to the BIM implementation responsibilities from the

beginning. The kick-off meeting was followed by coordination

meetings of this research team with the client, consultant, and con-

tractor to reduce social-organizational challenges (the first and the

second challenges introduced by the contractor and the client).

With the client’s authority, the consultant and the contractor

cooperated to mitigate design rework, which led to a more precise

drawings preparation. After four design modifications, a final plan

was approved by both sides, which was as much a fulfillment of the

client’s requirements. This would not have been possible without a

high team integration. The contractor and the client divided the

BIM modeling between themselves and worked closely based

on the contract obligations. BIM efforts created a better environ-

ment with less tension and fewer claims in this project. Also, design

errors were lessened via BIM modeling through the cooperation of

the contractor and the consultant.

The project’s utilization of contract terms and the commitment

of the client, consultant, and contractor reduced contractual, finan-

cial, and technical challenges for the three groups. Generally, the

project challenges identified by the present study were well re-

garded in the contract, causing the project’s mitigation of BIM

executive problems.

Discussion

In the present study, the authors identified contract terms’ effects

on the acceptance and success of BIM in developing countries.

While studies undertaken in developing countries disregarded the

contractual issues, the present study shows that paying attention to

contractual issues can reduce other project challenges, such as de-

sign and change management. As listed in Table 3, the right BIM-

related contract terms (Case 2) added clarity, canceling unpleasant

conditions covered by contractual stipulations. In contrast, the

wrong term choice (Case 1) might impede the parties from taking

advantage of using BIM, and such experience might reduce BIM’s

acceptance in the future. In the second case, the appropriate way of

BIM implementation increased team integration. In contrast, the

poor BIM incorporation in the first case increased tension among

the parties, e.g., the claim of additional modeling cost. This finding

aligns with what Celoza et al. (2021) found.

Typically, the contractors have more information than the

other parties in construction projects. This information asym-

metry increases the chance of moral hazard (Shafaat et al. 2016).

(b)(a)

(c)

Fig. 8. (a and b) BIM challenges in Cases 1 and 2 before project initiation from self-reports; and (c) BIM challenges during the project execution

observed by the authors.
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In Case 1, the contractor’s modeling responsibilities exacerbated

the situation. Since the contractor built the model in this project,

they knew about the upcoming issues ahead of other parties. This

made opportunistic behavior possible during the project, which

negatively impacted the environment. The observations align well

with the issues and their consequences listed in Table 2.

As shown in Fig. 8(c), the authors found that the contractors’

challenges in both projects were different. BIM implementation

in the second case was smoother than the first for all the parties

as they properly considered contract terms. Conversely, in the first

case, the client only obligated the contractor using the contract

terms to implement BIM in the project, and there were no obliga-

tions for the architect. Initially, the financial and technical chal-

lenges of the two cases were the same. At first, these challenges

were reduced when both cases received similar services; however,

they became worse for the first case shortly as the contractual struc-

ture was not appropriately defined.

The study results show that importing the right contract terms

into the tender documents allows contractors with sufficient tech-

nical experience in BIM to participate in bidding and ensure fair

pricing based on realistic expectations. Results also show that

BIM contracts in developing countries are necessary but insuffi-

cient. For effective implementation, consideration of each project’s

social-organizational challenges is essential. These challenges are

different for every project and are formed according to the project’s

nature; however, utilization of the contract should mitigate the

project challenges to some extent.

Conclusions

BIM has gained a growing acceptance rate in developing countries

despite numerous challenges, causing a challenging process of suc-

cessful BIM implementation in a project and a disputed acceptance.

This paper presents an investigation on the ability of BIM-related

contract terms to mitigate such challenges. The study consists of

three stages: (1) A literature review revealed 31 BIM challenges

gathered from five groups, showing that insufficient contractual

consideration increases the severity of other challenges in the

BIM usage process. The literature also showed that the existing

BIM contracts do not cover all law-related risks. (2) Surveys were

collected from 90 Iranian construction companies with ongoing

projects. The survey results were classified based on the partici-

pants’ roles. The clients saw the social-organizational challenges

as the main challenge. For the consultants, technical problems

were the main challenge, and for the contractors, contractual prob-

lems were the most challenging. The authors found eight main rea-

sons for BIM project failures in Iran, with two major roots:

disregarding contract conditions and incorrect holding of the bid-

ding. This was the basis for the interview design conducted 36

times, collecting information from companies with BIM implemen-

tation experiences. Table 2 summarizes the participants’ perspec-

tives on contract-related challenges, roots, and consequences.

Table 2 can be seen as a summary of the impacts of BIM contractual

challenges on the success or failure of projects in developing coun-

tries. Findings were later tested using two case studies. (3) By

studying two cases, the authors compared the effect of client-

appropriate contractual terms usage and the contractual challenges

following those choices. The two case projects found that a contract

was necessary to reduce challenges for the parties. The case studies

showed how contract completeness directly affects the mitigation

of the projects’ challenges. They also showed that adding a set of

contract terms can lower the intensity or eliminate the challenges

identified in previous steps.

This study fills the knowledge gap regarding neglecting to

address and define BIM-related contractual and law issues in de-

veloping countries. Although a project’s uniqueness and character-

istics can cause challenges and contractual terms may appear

different, having the right contractual terms can still guarantee bet-

ter BIM implementation without reconfiguring client, consultant,

and contractor systems in the DBB system.

Data Availability Statement

All data that support the findings of this study are available from the

corresponding author upon reasonable request.
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