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1. Introduction

E approach is a kind of integrated design for new

products. Proceeding from the perspective of

the whole life cycle, it puts the key issues in the
downstream stage of construction projects into the design
stage "7, The main objective of the CE concept is to re-
duce or avoid conflicts between different professions that
may occur during construction and enhance professional
synergy and work efficiency *'”. It is necessary to assess
the preparation of the construction enterprises before the
implementation of CE owing to further improve the con-
struction efficiency """,

The real expected benefits of CE implementation in the
construction industry can only be achieved through practi-
cal evaluation, planning, and improvement based on pro-
cedures. The focus is on delivering the best performance
throughout the supply chain, in terms of critical success
factors. BEACON allows participants in this field to eval-
uate and benchmark their project deliveries and identify
areas that require improvement or change and work to-
gether in an active business partner to achieve real, mea-
surable success !'*).

At present, some scholars have studied the related ap-
plications of CE in the construction industry. They believe
that the preparation of the CE implementation and the cor-
porate culture significantly affect the implementation re-
sults of the CE """, and the construction enterprises need
to have a sufficient level of expertise to ensure that CE
is effectively implemented. In this regard, the University
of Loughborough, Innovation Building Engineering Cen-
ter (CICE) proposed a model to evaluate the preparation
of parallel projects for construction companies, namely
the BEACON model, which can be used to support the
assessment of the preparation work in the construction
industry, and can objectively measure the readiness of
CE, and performance in the construction enterprises .
Khalfan and Anumba used British construction companies
as an example to evaluate the implementation of CE using
the BEACON model. However, the research object is rel-
atively simple, the sample type is not comprehensive, and
the research needs to be further improved "',

The construction period of Yemen's construction proj-
ects is long, mostly using backward traditional cast-in-
place production methods *'**'. Because of the improve-
ment in the quality and efficiency of construction projects
by concurrent projects, many Yemeni construction compa-
nies have begun to implement parallel projects. However,
to achieve the expected benefits through the implementa-
tion of CE, it is necessary first to assess the capacity and
readiness of the construction enterprise to ensure that the
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corresponding capabilities of the construction enterprise
have reached the level required for the implementation of
CE. In this paper, the Yemeni construction enterprises are
taken as an example to discuss the evaluation of CE im-
plementation in the construction industry, and the prepa-
ration of enterprises to implement CE based on the BEA-
CON model and its questionnaire. A novel application of
BEACON model approach to evaluate the implementation
preparation for CE and establish basis for improving Ye-
meni construction enterprises performance, and also help
international construction companies entering the Yemen
construction market to cooperate and implement CE is
presented. Therefore, this paper takes some different Ye-
meni construction enterprises (as contractor; subcontrac-
tor; supplier; client; and consultants) as an example to dis-
cuss assess the implementation of CE in the construction
industry. In this study, using the BEACON model and its
questionnaire, the preparation ability of different types of
construction enterprises (clients, consultants, contractors,
sub-contractors and suppliers) is evaluated, according to
the five levels of maturity.

The structure of this paper is as follows: Section 2
reviews the need for CE implementation preparation;
Section 3 describes the overview of the BEACON mod-
el and performance metrics; Section 4 illustrates major
results findings of this study; and the last section sets out
the most relevant discussion and conclusions with future
work of the study.

2. Assessing the Need for CE Implementation
Preparation

The use of CE by construction companies can shorten
the development time and time-to-market of building
products, reduce engineering changes, rework and costs,
and thus improve the quality of building products and
corporate profits '"*). The implementation of CE mainly
needs to meet two essential elements: the first is personnel
and management, including management system, team
development, leadership, and organizational philosophy;
the second is technical aspects, including design, commu-
nication, coordination, standard-setting, Technology, etc.
[-B1 At the same time, construction companies should be
able to achieve a sufficient level of capability in these two
aspects to better support the implementation of concurrent
projects, an insufficient level of ability will make it chal-
lenging to achieve the expected results, which requires
assessing the readiness to implement CE. Generally, the
organizational implementation steps of CE as proposed by

I

Karningsih et al. ""*' (see Figure 1).
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Figure 1. CE implementation steps

3. Overview of the BEACON Model

There are many tools and models, which are used to as-
sess the readiness of enterprises in the manufacturing in-
dustry for CE. The most common are ***);

(1) RACE: This tool was developed by Karandikar et
al. Initially this tool was used in the US defense industry.
RACE model essentially shows a snapshot of where a
company is on the road to CE by asking questions about
where the company presently is, as opposed to where it
wants to be. The answers are mapped and a gap analysis
is carried out. Now, this model often used in the fields of
software engineering, automotive and electronic indus-
tries. It is possible to modify the characteristics of this
model and make it reasonably suitable for use as a tool in
both the construction industry and other industries. The
RACE model consists in terms of two main components:
organizational processes for product development, and in-
formation technology to support the product development
process.

(2) PMO: the model is useful in the awareness and
readiness stages of the improvement cycle of the product

development process .

(3) PMO-RACE: PMO-RACE is the integration of
both models (PMO and RACE).

Although there are many evaluation models for the im-
plementation of CE, all these models mostly intended for
manufacturing, automobile, programming, and electronic
industries, where there is no special model suitable for the
evaluation of CE in the construction industry. BEACON is
the first model to assess the readiness of CE to implement
CE [28,29].

BEACON in Construction methodology measures the
readiness and subsequent performance of the participants
in the infrastructure and construction supply chain. It
is built on the principles of CE, used so successfully in
major manufacturing and technology businesses . The
BEACON model icon is shown in Figure 2. The key to
the BEACON model is that it includes technology and
Process factors of other CE assessment tools with the
extra essential elements of humans and Project present in
significant infrastructure developments ', Measurement
of those four factors targets are following (see table 1) "
13,32],

(1) Process: factors to assess the process maturity level
of a construction organization - Management structures,
Process Focus, Organizational Framework, Strategy De-
ployment, Agility.

(2) People: factors to assess the team level issues with-
in the organization-Teams in an Organization, Discipline,
Team Leadership, and Management, Team Formation, and
Development.

(3) Project: factors to assess the client’s requirements
and design-related issues Facility Design, Quality Assur-
ance, Client Focus.

(4) Technology: factors to characterize the introduction
and utilization of advanced tools and technology within
the organization - Communication Support, Coordination
Support, Information Sharing, Integration Support, Task
Support.

Table 1. Secondary elements of the BEACON model

Secondary Element

Description

Management system

Design the project management organization meeting the requirements of CE, establish and improve the man-
agement system.

Process Focus

Verify that the project development process has sufficient documentation and flexibility to accommodate
changes in customer needs, personnel etc. Ensure that processes are regularly evaluated and improved by ana-
lyzing past decisions and reusing past processes.

Organizational Framework

Identify organized policies that help control and monitor the project development process and support teams in
resource allocation, conflict resolution, and improve individual and team performance.

Strategy Deployment

Ensure that business strategies are clear and consistent, with a focus on improving the project development
process. It also ensures that teams are set up to handle customer requests, and identify and prevent future prob-
lems.

Agility

Ensure that the project organization has the flexibility to respond to changes in the project development pro-
cess.
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Secondary Element

Description

Team Formation and Develop

ment

Identify whether the organization has a strategy for team formation and development. Evaluate the sense of|
responsibility, cooperation and ability of members of the team and sub-teams.

Team Leadership and Management

Ensuring the selection and appointment of team leaders is based on technical and managerial capabilities.

Discipline

Team members can work together to achieve the team's goals, and members of different architectural disci-
plines can make the most of their roles and work together efficiently.

Teams in an Organization

Ensure that the team has the right to work and communicate smoothly; develop policies that measure team
performance, planning, and peer review within the team.

Client Focus

Ensuring that the customer is part of the project development team. That also can prioritize all project deci-
sions based on the customer's needs, and all members of the team understand the customer's needs.

Quality Assurance

Confirm that project standards management and quality assurance activities have been adopted and continued
during the process from design to construction.

Facility Design

That verify that the preliminary design of the facility has been prepared and discussed prior to entering the
final design and construction phase.

Communication Support

Ensure that team members communicate with each other over the network and use the Internet to exchange
data and virtual meetings.

Coordination Support

Coordinate the work of team members to support project tracking, conflict identification and resolution, nego-
tiation, etc.

Information Sharing

The information required for project development can be accessed electronically and managed by an appropri-
ate database management system.

Integration Support

That confirm that all team members are integrated through a shared, integrated information model, and that all
team members use a common operating system.

Task Support

Ensure that CAD, simulation tools, and past design information are effectively used for facility design and to
assess the impact of management tools on the project.

For these four factors and their relevant critical ele-
ments, five different levels of performance indicators as-

. . cq - Maturi .
sess the level of project planning and performance within levelty Description
the project team an ly chain, from ad-hoc at the . . .
¢p Ojﬁ_tc ¢ d _Supp ye » 110 o¢ This level is characterized by unclear procedures and con-
most basic level to optimizing at the best level. BEACON trols, team confusion and disorder, team members do not
objectively measures CE readiness and performance in the Adhoe |Understand their tasks, and do not know how to operate
. . . . effectively; project management techniques are not fully
construction enterprises. This research work is undertak- . . . .
. ; ) ” applied, modern construction tools and information tech-
en in five segments of the construction industry: clients, nology useless.
consultants, contractors, sub-contractors and suppliers as Standardization methods are applied in the monitoring of
presented in Table 2. project development processes, the prediction of demand
Repeatable |changes, and the estimation of costs; however, communi-
cation barriers exist within the project development team,
Technology element Process element and information technology and tools are less used.
Management K K
systems In the process of project development, it shows good
Task support \——"-r.__Process focus characteristics. The company implements a part of the or-
Integration support - g "‘\\Orfrga“iza,ﬁ?al Character- |ganization and process improvement and uses the proven
Ve S e ized  |technology to improve team efficiency. Most people know
Information sharing \ Strategy deployment the customer's requirements very well, but the customer is
Co-ordination “‘Agﬂjv not involved in the project construction process.
suppert | [ ’ Not only does the project development process show good
Communication | J |formation and features, but they can also be quantified and controlled; in-
support o 7~/ development formation technology and tools are used to control and im-
Facility design - — /feam leadership and Managed prove the project process, reducing the uncertainty of the
\\\ “faaradteriz ~ management project process; the project development team does most of
Quality m“ﬁﬁii{;;;‘agﬂg esins DiSgPIne the work and resolves conflicts. The customer participated
Optimizi gﬁmza‘mﬂ in the project construction process.
Project element People element Team Adopt better management techniques in the project devel-
opment process, pay attention to the continuous improve-
. . .. |ment of the project; measure team performance regularly;
: Optimizin ’ : .
Figure 2. BEACON model icon PUMIZING |\ \stomers become part of the project development team
The BEACON model needs to evaluate the level of from the beginning, and all project decisions are prioritized
according to customer needs.

preparation of the various capabilities (elements) included
in the model through questionnaires. Respondents need to
judge the performance of the corresponding ability level

10

Table 2. BEACON model maturity
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in the relevant textual situation. The assessment scale has
five choices and represents different scores (expressed as
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Table 3. BEACON model questionnaire example

D41: Communication support always

most of the

. sometimes
time

rarely never

1. When working in the same project, all members of the
team are connected to each other in the network

2. Everyone uses email to communicate

3. All members and sub-teams of the project development
team exchange project data over the network

4. Team members can share project-related applications over
the network

a percentage): always =4, most of the time =3, sometimes
=2, rarely =1, never =0. The form of the questionnaire
used in the study shown in Table 3. After summarizing the
valid questionnaire results, the average of the evaluation
scores of each secondary element took as the final evalua-
tion result.

As far as aggregating all scores is concerned, in order
to calculate the percentage of each critical factor and to
plot it on the BEACON model chart, the actual result for
each question was taken from the critical factors. For ex-
ample, the results of integration support are summarized
in 8 questions to receive a total score of 21 using the result
for each question. If all the answers are "always" for each
question or data, then the overall score will be 32. There-
fore, for integration support, this will result in a 65.625%
(21/32 x 100) percentage out of 100% possible. This per-
centage is then drawn to the model inside the "Managed
Level". Most results were developed manually ™",

The assessment score needs to be translated into the
corresponding level of maturity to determine the specific
situation of the current capacity level of the construction
enterprise. Generally, when the element score is in the
range of 0-20%, the Ad hoc level corresponding to the
maturity level, the score is in the field of 20%-40% cor-
responding to the repeatable level, the score is in the field
0f 40%-60% corresponding to the characterized level, and
the score is in the 60%-80% interval corresponding to the
managed level, and the score is in the 80%-100% interval
corresponding to the optimizing level.

4. Results

Twenty companies in each category were randomly
chosen, with at least five expected to respond. The ques-
tionnaires were sent with a cover letter to all the selected
companies. Prior to submitting the questionnaires, each
company was contacted and the most appropriate person
was identified, either from the upper or middle manage-
ment level, who have knowledge of the company and who

Distributed under creative commons license 4.0

can complete the questionnaire appropriately. A summary
of the evaluation findings is compiled and presented in
Table 4, which shows the average percentages of all ele-
ments within each category. Average percentages for each
factor within the elements were calculated after assessing
the questionnaire answers for each category. A brief nar-
ration of all case studies within each category is presented
in the following sub-sections, with the results defined in
the BEACON Model Diagram for each industry sector.

4.1 Questionnaire Analysis

Because of the absolute difference between the construc-
tion industry and other industries, especially the construc-
tion and construction process of construction products in-
volves multiple participants in different parts of the supply
chain. The resources required for production and construc-
tion will eventually be concentrated on the construction
site, while the construction products are single-piece, The
characteristics of fixedness and large volume, the imple-
mentation of CE in the construction industry requires the
joint efforts of all enterprises in the supply chain to ensure
that the enterprises in different links have sufficient imple-
mentation capacity, so the enterprise departments of each
link should conduct a questionnaire survey together.

The typical construction supply chain includes five
types of organizations: customers, consultants, contrac-
tors, subcontractors, and suppliers ", This paper com-
bines relevant literature research and engineering practice
to further select different types of customers, consultants,
contractors, subcontractors and supplier organizations for
the construction industry in Yemen. The questionnaire
was issued from November 2017 to April 2018. A total of
100 questionnaires were distributed to the construction in-
dustry supply chain participants in Yemen, with an effec-
tive collection of 35. Respondents are mostly high-level
or middle-level managers of organizations, who have an
overall understanding and grasp of the preparations for the
implementation of concurrent projects.
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Table 4. Preparation results of the CE of Yemeni construction enterprise

Serial Construction supply chain participants (%)
Elements Secondary element
number Contractor Subcontractor Supplier Client Consultants
D11 Management Systems 69.23 73.08 38.93 43 59.62
D12 Process Focus 51.92 60.13 60 58.14 30.6
P mrczz;ele' DI3 Organizational Framework 75 65 55 48.13 425
D14 Strategy Deployment 57.5 52.5 58.14 60.25 85.5
D15 Agility 40 50 67.05 56.6 45
D21 Formation and Development 65 75 75 61.67 63
People ele- D22 Team Leadership and Management 75 68.75 63.13 70.54 75
ment Team | pyp3 Discipline 75 75 82.25 60.73 87.5
D24 Teams in an Organization 65.14 55.08 49.5 68.08 60.58
D31 Client Focus 50 61.38 86.36 45.65 31.82
P rojzgflfle' D32 Quality Assurance 36.36 75 75 35.76 50
D33 Facility Design 90.14 61.11 85.65 75.25 35.11
D41 Communication Support 41.67 75 95 30.15 10.5
D42 Co-ordination Support 70 25 51.66 25 25
Technology |, 5 Information Sharing 41.67 40 77.37 25 22.73
element
D44 Integration Support 54.63 70 65.75 44.8 25
D45 Task Support 38.46 45 50 45.1 46.15

4.2 Contractor Organization

After the evaluation scores of the implementation prepa-
rations matched with the maturity, the level of readiness
of contractors' organizations in the Yemeni construction
industry to implement CE obtained, and the results were
summarized as shown in Figure 3. The survey results
of the contracting organizations show that most of the
respondents considered that the preparation of people el-
ement is the most important. They also believe that team
leadership, management, and professional interface are
the most important elements within people's elements. At
the same time, most of them ranking the people element
in the construction field is the most important, and the
technology element is the least important.

The survey results show that most of the critical factors
(mainly processes, projects, and technical elements) are at
the characterized level, and only some of the factors are at
the managed level, indicating that the Yemeni contracting
organizations are not ready to adopt CE. The main reason
as: (1) the contracting organizations do not know much
about the customer's needs. (2) The contracting organiza-
tion is not involved in the design phase is likely to lead to
design change or rework during the construction phase. (3)
There is a lack of effective communication between the
different departments. The contracting organizations should
adopt a more efficient way of information communication,

12 Distributed under creative commons license 4.0

actively participate in the whole process of the project,
open up contacts with customers and design, and strengthen
the communication between different departments.

Technology element Process element

Management systems

_Process focus

"~ Organizational
"‘x\ framework

| formation and

/' development

Communication |
support

Team leade rship and

Facility design *
T = management

P,

Discipline

RS
Quality assurance ™. T
: Man Eeﬂ“fams inan

Client focus |

organization

Project element Optimizing  Pegple element Team

Figure 3. Evaluation of the readiness maturity of contrac-
tor’s organization to implement CE

4.3 Sub-contractor Organization

After the evaluation scores of the implementation prepara-
tions matched with the maturity, the level of readiness of
subcontracting organizations in the Yemeni construction
industry to implement CE obtained, and the results were
summarized as shown in Figure 4.
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Optimizin,
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Figure 4. Evaluation of the readiness maturity of subcon-
tractor’s organization to implement CE.

The survey of subcontracting organizations in this pa-
per shows that the majority of respondents indicated that
the preparation of people element is better, and the techni-
cal elements are the worst. Also, most of the respondents
commented that the people element is the most important
in the construction field, and the technology element is
the least important in this field. Most of the critical factors
are at the managed level and do not require significant
improvements. However, some of the factors (strategic
deployment, flexibility, team organization, information
sharing, and work support) are not at this level, but at the
levels of repeatable and characterized, and these factors
need to be improved. In general, Yemen’s subcontracting
organizations are not ready to adopt CE.

In response to the assessment of critical factors, the
subcontracting organization needs to improve the work-
flow and content of its participation in the project process
to ensure a clear business strategy. In terms of people
elements, an efficient team is established to identify bet-
ter and prevent future problems. At the same time, it is
necessary to enhance the ability of the team to organize
in different professional fields, strengthen professional
coordination, and effectively deal with the contradictions
between professions. Concerning technology can be sum-
marized as follows:

1) Developing communication between different disci-
plines within the organization as well as with other orga-
nizations (client, supporters, etc.).

2) Integrate information, facilitate its sharing, and ac-
cess by all stakeholders.

4.4 Supplier Organization

After the evaluation scores of the implementation
preparations matched with the maturity, the level of read-
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iness of supplier organizations in the Yemeni construction
industry to implement CE obtained, and the results were
summarized as shown in Figure 5.

A survey of supplier organizations (including material
suppliers and manufacturers) in this paper shows that the
respondents indicated that people and technology elements
are better prepared and that the process elements are the
worst. Also, most of the respondents commented that the
people element is the most important in the construction
field, and the technology element is the least important in
this field. Process focus and agility factors in the supplier's
process elements are at the managed level, organization
framework and strategic deployment are at the character-
ized level, and management systems are only at the repeat-
able level. For the people element, the two factors of team
leadership and management, and formation and develop-
ment are at the managed level, and the remaining elements
are at the level of optimizing and characterized. For project
elements, the overall level is at the optimizing level, and
only the quality assurance factor is at the managed level.
For technical elements, most of the factors are at the man-
aged and characterized levels, and only communication
support is at the optimizing level.

Technology element Process element

Management systems
Task support.. y----""" FProcess focus
- "\.__ Organizational

. o
Integration suppor:/.

Information sharing // " Strategy deployment
Co-ordination | !
0-0r ]DI\r, ‘! Agi_h‘tv
support | N
Cmmmmicaﬁoni-l ‘ - g J,"formatmn and
support b kil e /4 / development
b Repeplglle’ [~ feam leadership and
Facility design " N ) ~ /1S eadersiup a
- “ N G ﬁ - management
\ -
Quality assurance\‘«_\ Manh -~ Discipline
- T m an
Client focus o
organization

Optimizing

Project element People element Team

Figure 5. Evaluation of the readiness maturity of supplier
organization to implement CE.

The evaluation results show that the current Yemeni
supplier organizations have not adequately prepared for
the implementation of concurrent projects, and needs to
focus on the improvement of process and technology ele-
ments.

4.5 Customer Organization

After the evaluation scores of the implementation
preparations matched with the maturity, the level of readi-
ness of customer organizations in the Yemeni construction
industry to implement CE obtained, and the results were
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summarized as shown in Figure 6.

This study received valid responses from eight differ-
ent types of customer organizations (including hospitals,
universities, hotels, etc.). Respondents in customer orga-
nizations indicated that the preparation of people element
was the best, and the technology element was the worst.
Also, most of the respondents commented that the people
element is the most important in the construction field,
and the technology element is the least important in this
field. From the evaluation results, most of the factors ex-
cept the facility design, team in an organization, and team
leadership and management reach the managed level, and
most of the other factors fluctuate around the character-
ized level. This indicates that the level of competence of
Yemeni customer organizations is at the characterized lev-
el of CE preparation, and it is far from the implementation
conditions of CE. Relevant enterprises should strengthen
the emphasis on technology elements and other elements
with lower evaluation levels and make better preparations
for the adoption of CE.

Technology element Process element
Management systems
---..Process focus

Task support A"
- ", Organizational

Integrati S
egration suppa“)f "x\fran'\ework

Information sharing \\.\ \‘\ Strategy deployment

Co-ordination | ".I .
i Agility
support h -

Ccmmumcatinnl-‘ ‘.lfcrmaliun and

support }" development
i - Fix leadershi d

Facility design v 4 /} eam leadership an

- ~, . & i - management

. - gt y
ality =d  Manh D 1
[ AR el gefgﬂims mant e
Client focus

. 1 opﬁml_zgf‘éam'zaﬁon
Project element People element Team
Figure 6. Evaluation of the readiness maturity of custom-

er organization to implement CE.

4.6 Consulting Organization

After the evaluation scores of the implementation prepa-
rations matched with the maturity, the level of readiness
of consulting organizations in the Yemeni construction
industry to implement CE obtained, and the results were
summarized as shown in Figure 7. Most of the respon-
dents also commented that the people element is the most
important in the construction field, and the technology
element is the least important in this field.

The evaluation results of consulting organizations (in-
cluding architects, structural designers, cost consulting,
project management consulting, construction services
consulting, etc.) show that most of the factors are at the
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repeatable level except that the communication support in
the technology element is at the Ad hoc level. Also, strate-
gic deployment and discipline factors have reached an op-
timizing level. Overall, Yemen’s consulting organizations
are not yet ready to adopt CE and need to make large-
scale improvements to most of the competency factors.

Technology element Process element

Management systems

Task support .- - Process focus
- .. Organizational

\*\ framework
.,

Integration support <
/

Information sharing <

Co-ordination support f’
Communi(ation".l f formation and

support ,‘" development

/-"i'aam leadership and
management

Facility deslgn‘\-.‘ Ch t'
- aragreriziw

N L 2 -
Quality assurance™~/_ Mar ged .~ Discipline
- ) €3ms in an
Client focus

organization
Project element

Optimizing  pagple element Team

Figure 7. Evaluation of the readiness maturity of consult-
ing organization to implement CE.

5. Discussion and Conclusions

After analyzing the results of the readiness assessment
case study of the participating companies within each
category, it could be seen that the people element is con-
sidered the most important element and the technology
element the least important element from most of the
company's point of view in all categories. Most Yemeni
construction companies are not ready to implement CE
and most of the critical factors in each element are within
the “characterized level" of CE readiness and need im-
provement. The critical areas covered under the technol-
ogy element need more attention and consideration by all
sectors. All construction companies in Yemen are in need
of major improvements in all areas under this element.
The weakest determinant of all sectors is coordination
support and Information Sharing.

The results interpret that the most construction enter-
prises in Yemen are not ready to implement CE mainly
because of their dependence on traditional management
methods. More improvements required in fields such as
corporate culture, employee organization, and technolog-
ical base. The research results can provide references for
construction enterprises to implement CE and promote
efficiency in the construction industry. The overall results
show that the construction industry, as a whole still needs
improvements in most of the critical areas in order to
adopt CE effectively. Sectors, which seem to be ready for
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CE adoption, are those, which are client-focused, have a
greater focus on monitoring and controlling of their proj-
ect development process, and are continually improving
their development processes and operations. In general,
the outcomes show that the construction enterprise still
wishes to supply: improvement in most of the critical ar-
eas, higher group-working and business integration. Seg-
ments that appear prepared for CE adoption are the ones
which: are client-targeted, monitor and control the project
development process and continual target improvement
of their processes and operations. It is indicated that the
better performers are likely to be major contractors and
specialist sub-contractors, whereas clients, consultants,
suppliers and manufacturers needed to improve their posi-
tion.

This paper takes some different type of construction
enterprises (as a contractor; subcontractor; supplier; cli-
ent; and consultants) in Yemen as an example to discuss
the implementation of CE in the construction industry,
and evaluates the preparation capabilities of different links
and different types of construction enterprises through the
BEACON model. Based on the results of the implemen-
tation preparation assessment of different construction
companies in Yemen, the level of preparation of Technol-
ogy factors is generally low; most construction companies
are not prepared to implement concurrent projects (CE),
although some of the capacity factors have reached the
level of management and optimization, but some factors
also only reach the characterization level, and even some
factors are below the repeatability level. The main prob-
lem lies in the fact that the management of Yemeni con-
struction enterprises still relies on traditional management
methods, and the management level lags behind. They do
not understand the importance of advanced management
tools and information technology in modern management.
Yemeni construction companies need to pay attention to
advanced management tools, introduce and apply new
information technologies such as BIM technology, and
strengthen information communication, sharing and col-
laboration.

The research results are conducive to the management
improvement of Yemeni construction enterprises, and also
help International construction enterprises to understand
the corresponding capabilities of Yemeni construction en-
terprises. International construction companies entering the
Yemen market usually have greater strength. They can give
guidance and advice to Yemen construction companies in
terms of personnel organization and management, and help
local powerful cooperative enterprises to carry out training
on building information management personnel, improves
corporate management capabilities and help.

Distributed under creative commons license 4.0

Author Contributions

Conceptualization, S.D. and Z.L.; Formal analysis, S.D.
and M.A.; Funding acquisition, Z.L.; Investigation, S.D.
Z.L, and M.A.; Methodology, S.D.; Software, S.D.; Val-
idation, S.D. and M.A.; Writing — original draft, S.D.;
Writing — review & editing, M.A.

Acknowledgments

The authors would like to thank the anonymous reviewers
for their valuable comments and suggestions to improve
the quality of the paper. They also gratefully acknowledge
the Public Works Office in Yemen for facilitating during
the data collection stage.

References

[1] Safdari, F. Concurrent Engineering in Construction
Projects-Lesson learned from the oil and gas indus-
try, Gothenburg: Chalmers University of Technology,
2018.

[2] Zidane, Youcef J.T, et al. "Barriers and challenges in
employing of concurrent engineering within the Nor-
wegian construction projects." Procedia Economics
and Finance 21 (2015): 494-501.

[3] Dahmas, S.; Li, Z.; Sha, L. Solving the Difficulties
and Challenges Facing Construction Based on Con-
current Engineering in Yemen. Sustainability 2019,
11, 3246-3257.

[4] Paulson, J.; Boyd, C. Designing to reduce construc-
tion costs. J. Constr. Div. 1976, 102, 587-592.

[5] Shouke, C.; Wei, Z.; Li, J. Comprehensive evaluation
for construction performance in concurrent engi-
neering environment. Int. J. Proj. Manag. 2010, 28,
708-718.

[6] Love, P.E.; Gunasekaran, A.; Li, H. Concurrent engi-
neering: A strategy for procuring construction proj-
ects. Int. J. Proj. Man 1998, 16, 375-383.

[7] Jaafari, A. Concurrent construction and life cycle
project management. J. Constr. Eng. Manag. 1997,
123, 427-436.

[8] Khalfan, M.; Naveed, R. Improving construction pro-
cess through integration and concurrent engineering.
Constr. Econ. Build. 2005, 5, 58-66.

[9] Ahmad, Saad BS, et al. "A review of performance
measurement for successful concurrent construc-
tion." Procedia-Social and Behavioral Sciences 226
(2016): 447-454.

[10] Ibrahim, Khairil Izam, Seosamh B. Costello, and
Suzanne Wilkinson. "Key practice indicators of team
integration in construction projects: a review." Team
Performance Management: An International Jour-

DOL: https://doi.org/10.30564/frae.v3il.1723 15



Frontiers Research of Architecture and Engineering | Volume 03 | Issue 01 | January 2020

nal (2013).

[11] Khalfan, M.M; Anumba, C.J; Carrillo, P. Readiness
Assessment for Concurrent Engineering in Construc-
tion]; Taylor and Francis Books Ltd, London, 2012;
30-57

[12] Shouke, Chen, Wei Zhuobin, and Li Jie. "Compre-
hensive evaluation for construction performance in
concurrent engineering environment." International
Journal of Project Management 28.7 (2010): 708-
718.

[13] Karningsih P D, Anggrahini D, Syafi’i M 1. Concur-
rent engineering implementation assessment: a case
study in an Indonesian manufacturing companyl[J].
Procedia Manufacturing, 2015, 4: 200-207.

[14] Khalfan, Malik MA, Chimay J. Anumba, and Patri-
cia M. Carrillo. "Concurrent Engineering Readiness
Assessment Tool for Construction." Architectural
engineering and design management 1.3 (2005): 163-
179.

[15] Parsaei, Hamid R., and William G. Sullivan, eds.
Concurrent engineering: contemporary issues and
modern design tools. Springer Science & Business
Media, 2012.

[16] Sapuan, S. M., and M. R. Mansor. "Concurrent en-
gineering approach in the development of composite
products: A review." Materials & Design 58 (2014):
161-167.

[17] Anumba, Chimay J., Catherine Baugh, and Malik
MA Khalfan. "Organisational structures to support
concurrent engineering in construction." Industrial
management & data systems 102.5 (2002): 260-270.

[18] Syan, Chanan S., and Unny Menon, eds. Concurrent
engineering: concepts, implementation and practice.
Springer Science & Business Media, 2012.

[19] Anumba C, Kamara J M, Cutting-Decelle A F, eds.
Concurrent engineering in construction projects.
Routledge, 2006.

[20] Khalfan, M.M.A.; Anumba, C.J.; Carrillo, P.M. Tool
for Construction Concurrent Engineering Readiness
Assessment Tool for Construction. Archit. Eng. Des.
Manag. 2011, 1, 163-179.

[21] Ahmad, Saleh Alawi, et al. "Evaluation of risk fac-
tors affecting time and cost of construction projects
in Yemen." International Journal of Management
(IIM) 4.5 (2013): 168-178.

16 Distributed under creative commons license 4.0

[22] Saced, Nashwan Mohammed Noman, and Awad Sad
Hasan. "The effect of total quality management on
construction project performance." Journal of Sci-
ence and Technology 17 (2012).

[23] Alaghbari, Wael, Abubaker A. Al-Sakkaf, and Basel
Sultan. "Factors affecting construction labour pro-
ductivity in Yemen." International Journal of Con-
struction Management 19.1 (2019): 79-91.

[24] Al-Sabahi, Mohammed H., et al. "Exploring criteria
and critical factors for governmental projects imple-
mentation in Yemen: a case study." Journal of Sur-
veying, Construction and Property 5.2 (2014): 1-17.

[25] Khalfan, A. Benchmarking and readiness assessment
for concurrent engineering in construction, Lough-
borough:Loughborough University, 2001.

[26] M. Lawson, H. M. Karandikar, "A Survey of Con-
current Engineering," Concurrent Engineering : Re-
search and Application, vol. 2, 1994,pp. 1-6.

[27] R. Panizzolo, S. Biazzo, G. Patrizia, "New Product
Development for SMEs: A Review," presented at the
XIII International Con-ference on Industrial Engi-
neering and Operations Management, Brazil, 2007.

[28] De Graaf, R., and E. J. Sol. "Assessing Europe’s
readiness for concurrent engineering." Proceedings
of Conf. on Concurrent Engineering: Research and
Application. Vol. 77. 1994.

[29] Bergman, L., & Ohlund, S. (1995, August). Devel-
opment of an assessment tool to assist in the imple-
mentation of concurrent engineering. In Proceedings
of Conference on Concurrent Engineering: A Global
Perspective (pp. 499-510).

[30] Khalfan, Malik MA, et al. "Readiness assessment of
the construction supply chain for concurrent engi-
neering." European Journal of Purchasing & Supply
Management 7.2 (2001): 141-153.

[31] Khalfan, M. M., & Anumba, C. J. (2000, June).
Implementation of Concurrent Engineering in Con-
struction-Readiness Assessment'. In Proceedings of
Construction Information Technology (CIT2000)
Conference, Reykjavik, Iceland (Vol. 1, pp. 544-
555).

[32] Khalfan, Malik MA, and Chimay J. Anumba. "Read-
iness assessment for concurrent engineering in con-
struction." Concurrent Engineering in Construction
Projects. Routledge, 2006. 44-70.

DOL: https://doi.org/10.30564/frae.v3il.1723



