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Abstract: To provide contractual framework for Design-Bid-
Build (DBB) contract as reference for construction industry in
Jordan, this paper aimsto discuss the best contractual framework
to adopt Building Information Modeling (BIM) under (DBB)
approach in construction sector in Jordan. To achieve this aim,
scope of comprehensive literature divided in two frameworks is
explored. First, the construction sector in Jordan and the othersis
the building information modeling framework. In thisresearch, a
qualitative approach is employed, where 13 semi-structured
meetings were implemented with the largest construction
companies in Jordanian construction field. The main research’
findings revealed that improvements in the DBB contract,
adopting BIM officially in contract and improving stakeholders'
relationship are obtained. The study concluded that to adopt BIM
process correctly, earlier participation of major stakeholders is
essential to enhance the coordination grade, discovering early
disputes and decreasing the redesign processes. Thisin turn, safes
efforts, time and cost.

Keywords : Design- Bid- Build (DBB), Contractual issues,
BIM, contract, stakeholders.

. INTRODUCTION

Numerous countries deem the construction industry as
one of the most challenging industries. (Bin Zakaria,
Mohamed Ali, Tarmizi Haron, Marshall-Ponting, & Abd
Hamid, 2013) specified some issues raised by the
congtruction industry such as small consistent profitability
rate, low support in research, low training level and the
tendency of clients in keeping projects under a tight budget
cost. The mgjor problems faced the construction companies
and have ardently caused its low performance improvements
over the years cannot be overemphasized. Among others, the
causes include poor communication and exceptional
fragmented environment relating to the construction sector.

(Al Awad, 2015) in his study, stated that, in Jordan, the
construction field is considered the higgest production
actions, as well as in the most developing countries. It takes
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up amain position in the national economy and plays a major
role in developing and obtaining the aims of society.
Currently in Jordan and many developing regions and
countries, the governments and stakeholder must be directed
their efforts to eliminating the challenges of construction
industry to make better contributions to economic growth and
development

The application of modern technology is very important to
enhance the manufacture. Thus, BIM's evolution is expected
to bethe way to dealing with problemsrealised. BIM has been
deemed as attractive solution to disunited network of parties
and a mode to improve the stream of input data and boost the
process (Succar, 2009). Severa regions have also
recognised the advantages of applying BIM to promote the
product of the construction manufacture. Consequently, most
of them plan to execute BIM as a mandatory agent in modern
construction contracts. The UK ministry stated that from the
year 2016, all parties must work collaboratively through the
utilize of BIM (Bryde, Broguetas, & Volm, 2013). In
addition, Finland government adopted BIM in its company's
projects at 93%. Like the UK and Finland, various countries
have requested BIM accreditation in their firms projects, for
example the USA, Norway, Australia ,Singapore, Denmark,
Hong Kong, Germany, France and Canada (Lu, Fung, Peng,
Liang, & Rowlinson, 2014). BIM implementation by
companies and contractors improves the project delivery
efficiency, while BIM has processes to enhance cost
estimation rigor and quantity calculation, realizes early design
errors by discovering collision, tracking appropriate activities
on site, and enhancing site safety plan and improve
communication and cooperation between project parties.
Hence, contractors can create high benefits and output quality
(Azhar, Khalfan, & Magsood, 2012). In the world, due to
applying traditional project delivery method as DBB, the
congtruction industry for several decades is suffering from
many problems. These include, connect to the missing
relationship among design and implementation, lack
incorporation and communication between parties, growing
project intricacy, changing client priorities and needs and
doubts (Naoum & Egbu, 2015). (DBB) isthe common project
delivery approach in the construction sector. It became the
industry criterion for project delivery (Sullivan, Asmar,
Chalhoub, & Obeid, 2017). In this approach the benefits of
BIM were not fully realized, and there is poor push for
contractors to minimize cost which impedes the maximum
benefit from BIM
implementation (Loke, 2012).
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The current tendering methods have come under hard
criticism, as they do not fulfill an appropriate level of
consolidation and cooperation through the stakeholders,
which produce to unexpected costs, delays and disputes
ultimately between the parties (Walker & Lloyd-Walker,
2013). Converting the present tendering approaches as DBB
to establish suitable BIM implementation will meet several
barriers. It requires organizational restructuring (Hardin &
McCool, 2015), and the companies and contractors are
familiar to the traditional operation and structure; therefore,
the opposition to revision will impedes the outstanding
operation (Porwal & Hewage, 2013). Moreover, poor of
consciousness about BIM uses makes doubt and worries for
parties to remedy the tendering approaches (Bryde et al.,
2013).

Concurrently, organizational rearrangement will demand
major revision in the framework like renting specialists with
private abilities, reworking the workflow and new
classification of the responsibilities. Therefore, this
modification is an impediment for the upper administration to
follow BIM operation. Poor of project leader who have
experts and perfect awareness dealing with BIM operation,
and the lack of time to learn fresh persons push the
organizations to involve the traditiona methods. Also,
ambiguous determination of responsibilities boost this
concern (Eastman, Eastman, Teicholz, Sacks, & Liston,
2011). This paper investigates the desired rehabilitation in
the DBB framework of existing tendering operations in
Jordan to adopt BIM fittingly. It aso suggests approaches to
support the Jordanian construction industry to follow BIM
and to allow the organizations to get the extreme advantages
of BIM Model. Additionally, this study proposes a required
remedy to current framework of DBB approach in Jordan.
This will lead to a suitable BIM adoption by the Jordanian
construction sector, and obtain the maximum benefits of BIM
through stakeholders.

Il. THE JORDANIAN CONSTRUCTION INDUSTRY (JCI)
BACKGROUND

Congtruction industry sector is considered the main
significant economic part. It characterized by the difficulty
and diversity of its sub-sections, which makesit more exposed
to economic, demographic and socia changes, .There is no
doubt that the construction industry has a large importance
anywhere. It has an effective role to accelerate the wheel of
economic growth in any country, and it is considered as an
indicator for the economic stability (Alhusban & Al-Bizri,
2017). In several countries, construction industry generally
recognized to be the main challenging industries. Many
problems faced the construction sectors and industry that
make them in bad conditions such such as inaccurate
planning, lack of control, subcontractor delays and unsuitable
construction methods (Lagiman, 2017).

In 2018, construction sector has evolved gradualy; its
growth affected by various factors, these factorsincluding the
common diplomatic climate, the innocuous investment
environment and the good substructure (JCOI 2014).

As represents in Figure 1, the Jordanian economy is
progressed 1.9 % in the third quarter of the year 2019, but a
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1.8 % expansion in the past period. The main factor to this
improvement was the quarrying sector nearly 7.5 %, and then
the social & personal services about 3.4 %, finance, insurance
and real estate (3.3%) and transport, storage &
communications(2.8%).
https://tradingeconomics.com/jordan/gdp-growth-annual.
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Fig 1. Jordanian GDP Annual Growth
Source: (The Hashemite Kingdom of Jordan department of
statistics, 2019)

I1l. THE CHALLENGESIN THE JORDANIAN
CONSTRUCTION INDUSTRY

The construction industry isthe major productive activities
in Jordan. It occupies an essential position in the national
economy. The Jordanian construction sector was faced
several challenges as contracting system and significant legal
problems, poor quality, delayed payments, cost overrun,
delay in time, duplication works and variation orders.  The
traditional process within the construction industry has been
known as one of data wastes (Brandon, 2011) as shown in
Figure 2. The construction industry is the major productive
activities in Jordan. It occupies an essential position in the
national economy. The Jordanian construction sector was
faced several challenges as contracting system and significant
legal problems, poor quality, delayed payments, cost overrun,
delay in time, duplication works and variation orders.  The
traditional process within the construction industry has been
known as one of data wastes (Brandon, 2011) as shown in
Figure 2.
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Figure 2 . Datais Normally Missing When using Traditional Contracts Methods
Source: (Brandon, 2011)

Unproductivity, delay and cost overrun are the major
challenges in the Jordanian construction sector.

_i"."i".“f?a_ N
g

Sticky Data

Embedded Data

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

© Convriaht: All riahts reserved.



OPEN aACCESS

Lack productivity is one of the main issues affected by the
construction sector in Jordan.

Rugaishi and Bashir (2013) detected the most important
factors that demotivate manpower in the residential projects
in Jordan. A huge number of causes of demotivation in
residential projects are recognized and categorized in
accordance to 18 Thomas's factor model. The most general
causes are assessed by using both, the data collected in a
survey carried out on residential projects contactors and
workers, and interviews with senior professionalsin the field.
Majority of the correspondents concurred that, working
overtime and specifications and quality requirements are the
prominent causes of demotivation. Inadequate appropriate
tools and sequencing difficulties rank among the minimum
vital causes.

(Al-Shdeifat, 2018) study revealed the existence of thirteen
reasons for variation orders in Jordanian construction sector.
Themost important of them are design errorsand errorsin the
estimation of materials, changesin the scope and objectives of
the project, and a poor communication between project
stakehol ders. These outcomes show the responsibility of both
clients and engineers for the main changesin the all phases of
construction projects. In addition, Alshdiefat (2013) clarified
that the construction projects in Jordan are familiar with
claims, this feature become normal and expected. Delays in
completion and cost overruns are the most factors which
building projectsin Jordan are suffering from them. The study
concluded that the modifications and variation orders are the
most causes of contractor's claimsin Jordan.

IV. RESEARCH METHODOLOGY

In this research, literature review and interviews are the
main approaches used. In literature review, the essentia
knowledge established about the contractual current issuesin
the construction industry related to BIM adoption. The main
aim of this research was to select the best contractual
framework to adopt BIM in Jordanian construction industry
under Design- Bid- Build (DBB) approach. Figure 3 shows
theinterviews process asaqualitative approach applied in this
study; Building Information Modelling (BIM) isanew system
in the Jordanian construction industry. Interviews was
directed to 13 respondents as a representatives for the main
construction organi zationsin Jordan, the core of the interview
was about the best contractual framework to adopt BIM
technology in Jordan, the interview results lead to develop a
conceptual model for contractual framework under Design-
Bid- Build (DBB) approach as showing in next sections.
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INTERVIEW'S QUESTIONS DESIGN

Reviewing preliminary framework

Construct questions to be asked

|

Pre-testing and piloting the guestions

!

SELECTING THE INTERVIEWEES

Identify the criteria of an expert

Afrange appointments

+

INTERVIEW SESSION

Fig 3. Process of semi-structured interviews

V. STUDY FINDINGSAND DISCUSSIONS

Collected data by semi-structured interviews categorized
and examined by qualitative analysis. It deals with data
offered in textual and verbal format. Content analysis and
thematic analysis used for analyzing those qualitative data
collected by semi-structured interviews. Meanwhile, mind
mapping used to establish visua representation of the data
obtained from interviews..

The major themes known from the analysis of the content
beside the literature test serve asthe basis for the evolution of
coding scheme used for data analysis. Those main themes
classified under significant categories as illustrate in next
sections.

A. Congtruction industry challenges
Relatively, based upon the interviews findings, mgjority
of the respondents believe that Jordan’ s construction

industry faced with serious challenges whereby 75% of the
respondents believe that these challenges led to the delay and
cost overruns. These challenges include Lack of
communication, unclear roles and responsibilities between
stakeholders, weakness of contract documents, variation
orders, project financing and late payments and lack of
continuous and systematic update for national standards
specifications , among other obstacles affecting the
construction industry as shown in Figure 4.

Several variation orders

-Poor supervision
-Lack of communication | - Inaccurate of cost and
-Weakness of design time estimation for
-Weakness of comfm / ! N projects
/ 1 b
documents / ‘(ljll::lllsnlges inthe \ -Contract system
/" lordanian \ ‘
-Unclear roles and —( ) e based onlowest bid
— . consfruction sector / :
responsibilties between \ / price
* / .
stakeholders \ / -Lack of continuous
1 and systematic update
fornational standards
Inconsistency between and peifcatons
projects stakeholders

Fig. 4. Challenges affecting the construction industry
in Jordanian public sector
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B. Contractual stage problemsin Jordanian public
construction projects

In Jordan, the most popular problem with adopting
classical engineering methods in the construction field is how
to detach the design phase from the construction process. In
root, the joint contract strategy depends on the poor identity
and the encouragement of a culture of competition or
coordination among design and construction. Due to
participants opinion, this operation caused many contractual
problemsinclude an inability to control the project processes,
project complexity and raised project cost. This
fragmentation in the construction sector in Jordan leads to
mistrust between the contracting parties, more detail as shown
in Figure 5.

-Poor commmunication befween parties.
- Poor planning & poor coordination.

Early - The lack of participation of experts in early design
investigation | | - The needs of the user are not taken into

stage consideration

-Emors in design, incomplete construction drawings
and contract documents.

| - Specification not clearly stated in the contract
document.

- Conflicts between the consultant and the designer.

Design
stage

Contractual stage
problems in Jordanian
public construction
projects

- Appointment of contractor not according to his past
CXperIence.

- Lately involvement from contractor in the design
—‘ Contract — ¢poe

- Using traditional operating methods as DBB
- Client financial problems
- Incomplete contract documents.

Fig.5. themain contractual stage problemsin Jordanian
public construction projects

C. Weaknessin current contract in Jordan

According to participants opinion, there are many
factorsimpact the Jordanian construction contract (especially
DBB approach). It creates a tangible weaknessin the contract
structure. Figure 6 shows the main weakness in Jordanian
current contract that includes the following: Incomplete
design and significant design errors at time of tender, absence
of early contractor's involvement in the design stage, lack of
using information technology, incomplete contracts
documents, inconsistency between contracts documents,
lowest bid price and the lack of standard specifications.

Incomplete design and
significant design emrors at |
time of tender

Lack of qualified

consultants'staff ~ Inconsistency between

contracts documents

L

The gap between design

T — stage and construction
Contractors depend on 2D- stage

Drawings papers provided

by client in estimating the

project’s cost and quantities

| The main weakness

elements in Jordanian | Lackoflegal framework

to adopt BIM

current contract

1

(e e o o | Lowest bid price

No early involvement of

all stakeholders in the Lack of qualified

design stage contractors ‘staff Lack of using

| information technology
|

Problems in budget L Ladf of sl:andards
allocation and delay in - specifications
contractor payment by client

Fig 6. The main weaknessin Jordanian current contract
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D. BIM adoption in Jordanian construction sector

To inspect the status of BIM in Jordanian construction
industry, interviews analysis detected many issues that BIM
practitioners faced in the public construction sector in Jordan.
The following sections discuss each of these issues.

D.1 Awareness and status of BIM

In this study, the respondents asked about BIM adoption
in Jordan, majority of them confirmed that small number of
organizations applied BIM in their projects for limited aims.
Figure 7 indicates that 54% of participants were aware of
BIM, while 46% of them ‘neither aware nor using BIM.
Those 46% do not have the knowledge and skill about BIM
also; they only have shallow knowledge and information
about it.

BIVL Status
6/13
7/13
Aware Aware; 54%
M Not aware

Figure 7. Status of BIM in construction sector in Jordan

D.2 BIM impact on performance of Jordanian
construction sector

Magjority of participants said, Adoption BIM system in
construction public sector in Jordan would push and improve
the public sector performance. As shown in Figure 8, (62%)
of participants reported that BIM adoption will have positive
improvement on construction projects performance, while
(23%) of them reported that it maybe improve the public
sector performance, but the others undecided.

70%
BIM impact on
60%

jon project perf in public sector

S0% 8/13
40%
Percantage 30%

:
1B
0%
Indecided

BIM Maybe Us
improve

BIM will have
positive improve

Participant opinion about BIM impacton conctruction project
performance in public sector

Figure 8. BIM effect on performance of Jordanian construction sector

D.3 Barriers of adopting the BIM system in the
Jordanian construction sector
According to majority of respondents in this study,
adoption BIM in the Jordanian construction public sector has
faced many technical, management, financial and contractual
problems. Several of participants reported that the main
challenges and barriers of adoption BIM in the public sector
in Jordan is DBB method
which using in tendering stage.
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DBB is the common approach in jordanian contract, so
there isan important need to modify the contracting systemin
congtruction public sector in Jordan in accordance with the
BIM requirements. Figure 9 shows and summarizes the main
barriersto adopt BIM in Jordan as the partici pants mentioned,
and they should be included and addressed in the main
contract.

Barriersto BIM adoption

Moy he conracing ysem accordance wih he SM requirements A_ §
sftiare (o 7—5
Beneffsare not tangble enough o vrrant s e R, ¢
Seectthe properprjectdeiveryspproach intenderingystem Y, 0
Lackof understanding ofthe processesand workdons requiredfor Sl - . 1)
improve design codein accordance with M mechanism R, :
Dificulty involving the contractor inthe earlydesion sz Y
Lacksupportfrom government. KRR, |
Costoftraining onthe new BIM echnology V_ 8
Resisznce o change cufre TR 7
Asencecf 3N iure I,
Adormns e NN o

0 1 4 6 8 10

Number o nterviewees

Fig. 9. BIM Barriersadoption in Jordanian
construction public sector

D.4 Contractual and tendering issues that affect BIM

adoption in Jordan
Thetendering issues have adirect effect on the successful

adoption of BIM. Type of tendering method affects the
adoption of BIM. The participants asked about the issues
associated with the adopted tendering approach, and the
processes that affect the adoption of BIM. The main issues
expressed by participants through interviews include:

D.4.1 Lately contractor involvement in the design
phase

The DBB is the common delivery method in Jordanian

construction industry; shortage of contractor involvement at
early stage of project life cycle is one of the magjor challenges
to effective applying of BIM, as stated by the interviews
participants. Mgjority of participants mentioned that, the BIM
adoption requires participant of major parties in the early
design phase; so that they can provide their information in the
starting of the creation. However, the traditional tendering
method DBB does not permit it. In addition, some of
participants mentioned, in construction public sector in
Jordan, the contractor in DBB engages after the completion of
design phase. This leads to the poor coordination between
contractor and design team.
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D.4.2 Lack of an existing tendering framework and

adoption BIM plan
Majority of participants in this study indicated that in

Jordan, the government is the major client of the construction
industry. Therefore, it should be behind the action to support
the BIM adoption by establishing a comprehensive plan to
adopt BIM. Issues as lack of existing tendering framework,
BIM standards and weakness in contract in Jordan need more
promote and improvement from government.

D.5 Adoption BIM under DBB approach in public
construction sector in Jordan

The current project delivery approach in Jordan requires
essential improvements. It does not provide a sufficient
integration and communication between stakeholders as
stated by 70% of participants. The main disadvantage of DBB
is the absence of contractor involvement in design stage,
maj ority of respondents reported that the early involvement of
stakeholders in the whole phases of projects life cycle is the
way to achieve better coordination and collaboration in
Jordanian construction public sector.

The majority of participants opinions about the
requirements for the BIM system adoption in Jordan include:

- Improve the contract for the design phase.

- Develop the Jordanian contract law so that the contractor
can beinvolved in the design stage.

- The public client (government) must legislate laws that

_are usable at al phases of the project as adopting BIM in
* tender documents.

- Improve the relationship and communication among
stakehol ders.

- Early involvement of participants and new roles and
responsibilities, more details are shown in Figure 10.

Improving the contract
(Adopting BIMin tender
documents)
Improving the relationship Early involvement
and communication among " of participants
stakeholders
Modify Jordanian
construction contract
forfacilitating
Redefine responsibilities v adopting BIM Sharingin risks
hetween stakeholders andrewards

b l

Applying Integrated

Project Delivery (IPD) Improve DBB method in contract to

adopt BIM system (contractors can
beinvolved in the design phase)

Fig.10. M odify Jordanian construction contract for
facilitating adopting BIM
D.6 Improve DBB method in Jordan to adopt BIM
system
Several participants stated that BIM is not applying
officialy in Jordanian construction public sector, but afew of
private firms attend to adopt BIM in parts of their projects.
The absence of an official BIM adoption contractually in the
current construction contract
in Jordan is a mgjor challenge
to adopt BIM.
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According to participants, DBB is the popular project
delivery approach in Jordan. It is characterized by poor
communication and collaboration between stakeholders and
shortage of coordination and sharing of the required
information.

In this research, the mgjority of participants expressed that

Integrated Project Delivery Approach (IPD) is the most 2
efficient project delivery method for implementing BIM in
Jordanian construction industry due to the early involvement

of key stakeholders.

In summary, according to participants opinions, some 3
changes are required in the DBB approach to make it
appropriate for the BIM adoption in Jordan in order to obtain 4
better level of communication, coordination and '
collaboration between parties. Figure 11 shows a proposed
model based on the participants opinions to adopt BIM under
DBB in Jordan, which include necessary changes in tender ¢
stages.

l 6.
BIM
-keepingupthe [ Adoption Weakness
technology With DBB InDBB: 7.
Reauirements evolution Poorintegration & Required
1 ) - Client's needs Communication, Lack Changes
forlmposing Bl - Projects difficulty Coordination and InDBB
- Market push and participation 8.
competitive L/ BM information,
feature Adoption Risks 9.
with IPD
10.
. Early involvement of stakeholders 11.
To be tested . -
/ - Improving the relationship
/ between participants
Y -sharing risks and rewards
Utilize Maximum Benefits of | 1. poesteq - Change the contractual
BIM A agreement (Adopt BIM in tender) 12.
Fig. 11. Propose model to adopt BIM under DBB in 13.
Jordan
14.
VI. CONCLUSIONS
This study discussed the best contractual framework to 15,
adopt BIM in the Jordanian construction industry under
Design- Bid- Build (DBB) approach. A qualitative approach
is applied in this research, where 13 semi-structured
interviews are implemented with the largest construction 16.
companies in the Jordanian construction industry. In Jordan,
congtruction sector is suffering from poor of understanding  17.
and awareness about BIM technology, shortage of assurance
and drivers to adopt BIM. Absence of coordination and
cooperation considered the major challenges faced the
Jordanian construction sector. It was considered that 18
government, beside the associations of construction, private
and public project key persons ought to work together to
create awareness on the benefits of BIM in order to have its
way amongst construction organizations. The following are
the most important results revealed by the study: improving
the construction contract for project life cycle especialy,
essential early involvement of contractors in design phase.
The public client (government) must enact laws that are
obligated or usable at all stages of the project such asadopting
BIM in tender documents and improving relation between
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