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While project management success focuses upon the processes and the successful accomplishments of cost and time objectives,
product success deals with the quality of the final product. Recently, quality of the constructed highway has been considered highly
important reason for the pavement response and its design life. The main objective of this paper is to improve the management
of highway projects in Egypt by determining the most important factors influencing the quality performance of this industry. In
total, 39 factors that may influence the quality of highway projects have been defined through a detailed literature review. The
factors are tabulated in a questionnaire form, which is sent out to 13 owners of divided highways, 27 owners of regional roads, and
15 consultants. The analysis of the respondents’ perspectives using fuzzy triangle approach shows that the most important factors
affecting the quality are availability of experienced staff in the owner’s and contractor’s teams during the project execution; efficiency
of the owner’s inspection team; clarity of responsibilities and roles for each owner, consultant, and contractor; pavement which is
not designed according to the regional conditions (e.g., soil type, temperature, and traffic volume); and asphalt quality and type
used in the construction process.

1. Introduction

Quality is a key function in all infrastructure development
environment like cost and time [1]. In highway construction
industry, quality is a major factor in determining how well
a pavement will perform under traffic loading and when
subjected to environmental influences [2]. Furthermore, it
provides a tool to the owner and contractor to ensure that
the desired results are obtained to produce high-quality and
long-life pavements [3]. In highway construction projects, the
ultimate aim of an owner is to build a pavement that will
have good serviceability under the local conditions of climate
and traffic that the pavement will be exposed to during its
anticipated life and result in minimum overall costs [4].

A highway asphalt concrete pavement’s performance is
a function of the pavement quality which is affected by
many interacting factors such as pavement’s structural design,
construction materials, and the process by which these
materials are built into the pavement. Pavement deteriorates

with the passage of time and the rate of deterioration varies
widely depending upon the above-mentioned factors and the
amount of maintenance performed by the highway agency
during the service life of the pavement.However, good quality
of construction will reduce the rate of deterioration as much
as possible [5].

There are many factors throughout the project’s design
and construction phases, which may affect the quality of the
constructed highway. The project owner agency, consultant,
and contractor organization should be aware of these factors
and their relation to the final pavement quality so that the
highway is designed and constructed with the objectives
of achieving the desired quality. Through the present study
factors influencing the quality of highway projects in Egypt
will be discussed in order to

(1) identify the factors and groups which may affect the
quality of highway projects,
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(2) specify the effectiveness degree of the identified fac-
tors using fuzzy triangle approach,

(3) determine the most important factors influencing
the quality from the perspectives of the owners and
consultants of highway projects in Egypt,

(4) provide recommendations for the achievement of
good quality in the construction of highway projects
in Egypt.

2. Literature Review

A number of studies have been conducted to identify factors
influencing quality in construction projects. Bubshait [6]
concluded that various parameters directly and indirectly
contribute to the highway quality performance. The con-
tributing factors are design, specifications, environment, and
construction-related factors, while the indirect factors are
managerial-related factors. Rustom and Amer [7] in Gaza
strip noted that quality of construction projects is signifi-
cantly affected by the characteristics of site layout, experience
of site staff, consistency of design documents, the financial
power of the contractor, and availability of construction
materials.

Al-Hassan [5] conducted a study to determine the factors
that contribute to the quality of pavement performance
in Saudi Arabia. The study had been achieved via both
a comprehensive literature review and a highway contrac-
tor’s survey. Fifty-nine factors were explained and ranked
according to their effectiveness index. Analysis of this study
showed that the top five factors affecting the pavement quality
and their effectiveness index were greater than 90% which
were pavement not designed to the regional conditions, con-
sistency of specification interpretation of aggregate quality,
aggregate quality, amount of filler materials in the mixture,
and availability of the specified material quality.

Kaliba et al. [8] conducted another study in Zambia in
order to highlight the casual factors of quality shortfalls in
its construction projects. The study method included the use
of structured interviews and questionnaire survey questions.
The results of the structured interviews showed that the main
common causes of quality shortfalls in construction projects
were identified to include corruption, lack of qualified per-
sonnel on site, lack ofmotivation amongst site personnel, lack
of reliable sources of materials, poor quality control, and lack
of adequate supervision.

Larsen et al. [9] studied 26 factors affecting the perfor-
mance of quality in public construction projects in Denmark.
The analysis of this study had been determined through a
questionnaire survey which was sent to 111 project managers;
only 56 project managers filled the questionnaire. Further-
more, the relative importance index method (RII) had been
used here to rank factors with an index range of 0.0–1.0.
The results of the study showed that errors or omissions in
constructionwork is found to be the highest ranking followed
by inexperienced or newly qualified consultants, political
focus on reduced project costs or time, unsettled or lack
of project planning, and errors or inconsistencies in project
documents.

Jha and Iyer [10] identified the reasons for the underper-
formance of the quality of Indian construction projects.They
identified 55 attributes responsible to impact quality perfor-
mance of the projects. Out of this, conflict among project par-
ticipants, hostile socioeconomic environment, harsh climatic
condition, PM’s ignorance and lack of knowledge, faulty
project conceptualization, and aggressive competition during
tendering were the most important factors that adversely
affected the quality performances of construction projects
in India. Furthermore, Arditi and Gunaydin [11] found that
the main factors influencing the quality of construction
projects during the construction phase are management
leadership, supervision by contractor, cooperation of parties,
management commitment, and selection of contractor.

3. Need for the Study

The construction industry in Egypt accounts for 4.7% of
Egypt’s Gross Domestic Product (GDP), making it one of
the most important industries for the country’s economic
progress. For developing economies, highway construction
constitutes a major component of the construction industry.
Egypt’s road network comprises 91,173 kilometers of roads,
divided into 67,728 of main roads and 23,445 kilometers of
artery roads. Furthermore, the roads network in Egypt carry
out 85% of domestic freight and 60% of passenger move-
ment, which makes it one of the most important industries
affecting the GDP [12, 13]. Furthermore, the investments in
infrastructure especially highway project reach to US $5.46
billion which means that much of the national budget on
infrastructure development in Egypt is channelled to highway
construction projects [14, 15].

However, the importance of such industry in Egypt to the
national economy is that most of highway projects in Egypt
are not at the desired level of quality. For instance, according
to a report by theWorld Bank, only 20% of the roads in Egypt
are in good condition and suffering from low service quality
and are at risk of premature failure [16].This problemmay be
a result of several causes and, consequently, the identification
and consideration of these causes in future highway construc-
tion will lead to better pavement performance, longer service
life, and lower maintenance costs.

In Egypt, a number of studies were carried out to identify
factors influencing quality in construction projects. More or
less all were focused on building projects or construction
projects of all types except highway projects [17–19]. For that,
it is of key importance to exert the utmost effort to accomplish
such study, in order to identify the various factors affecting
the quality of the highway projects in Egypt from the local
highway owner’s and consultant’s points of view since they
are the ones who supervise the construction process of the
highway network in Egypt.

4. Research Methodology

This research is on the basis of a survey designed to gather
all necessary information in an effective way. The survey
presents 39 factors that may influence the highway projects
quality performance. A questionnaire was developed to
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evaluate the effectiveness degree of the identified factors.
The studied target population includes the owners of divided
highways and main roads, owners of regional roads, and
consultants of highway projects in Egypt. Datawere gathered
through a survey and analyzed by using fuzzy triangular
approach.

5. Questionnaire Design

Thequestionnaire consists of two parts.Thefirst part includes
general information questions about the respondents such
as his/her name (optional) and relevant working experience.
The second part lists 39 factors that impact the quality level of
highway projects in Egypt (13 management-related factors, 13
design and specifications-related factors, and 13 construction
process-related factors). Table 1 shows the identified factors
and their related groups.

6. Calculation the Effectiveness Degree
of the Identified Factors

In the current study, the identified factors have been
explained and ranked according to their medium fuzzy
effectiveness value through the application of fuzzy triangular
approach. The respondents chose one out of four possible
answers representing varying degrees of effect, on a scale of 1
to 4. A response of 1 means the factor is ineffective, 2 means
the factor has medium effect, 3 means the factor is effective,
and 4 means the factor is very effective. The questionnaires
have been analyzed and the medium fuzzy effect has been
calculated for each factor using the following steps:

(1) Each factor will be fuzzified according to its weighted
degree of severity effect received from questionnaire
responses.

(2) Determine the minimum, medium, and maximum
effectiveness value of each factor.

(3) Determine the membership of each effect according
to its weighted degree of severity effect.

(4) Forming a triangular membership function of each
factor.

The following is an example for illustrating the previous steps.
For instance, Factor number 3.1 “availability of experience
staff in the owner and contractor team during the project
execution” which has been fuzzified by the owners of divided
highways and main roads in Egypt is as follow.The responses
related to this factor from the respondents are 12 for very
effective, 1 for effective, 0 for medium effect, and 0 for
ineffective. Accordingly, the weighted degrees of severity
effect are [(12 × 4)/(4 × 13)] × 100 = 92.31%, [(1 × 3)/(4 ×
13)] × 100 = 5.77%, [(0 × 0)/(4 × 13)] × 100 = 0.0% and
[(0 × 0)/(4 × 13)] × 100 = 0.0% for (4/4) = 1, (3/4) = 0.75,
(2/4) = 0.50, and (1/4) = 0.25memberships, respectively.

The next step is to determine themedium effect for Factor
number 3.1 as follows: medium effect = (92.31 + 5.77 + 0 +
0)/4 = 24.52%. Figure 1 shows the minimum, medium, and
maximum effects for Factor number 3.1. According to the
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Figure 1: Fuzzy effectiveness values of Factor number 3.1 on quality
performance.

shown figure, the minimum value among participants (own-
ers of divided highways andmain roads) is 0.0%, themedium
value is 24.52%, and the maximum is 92.31%.

7. Research Findings and Results

7.1. General Characteristics of Respondents. Thequestionnaire
was sent out 13 owners of divided highways and main
roads, 27 owners of regional roads, and 15 consultants. The
responses rates of the limited population are 100% for the
owners of divided highways and main roads, owners of
regional roads, and consultants. These high responses rates
indicate the significance of the study and reflect the amount of
the existing problems in the Egyptian highways construction
industry. Furthermore, all the participants in the survey
have an average of more than 10 years of experience in the
supervision of highway project in Egypt.

7.2. Factors InfluencingQuality Performance. Theresult of the
questionnaire is shown in Tables 2, 3, and 4. The factors that
are believed to affect quality performances are listed with
their medium fuzzy effectiveness value. The three groups of
factors (managerial, design and specifications, and construc-
tion process) are discussed in the following paragraphs.

7.2.1. Managerial-Related Factors. Table 2 shows the medium
fuzzy effect of each factor under the managerial group from
the perspectives of owners of divided highways and main
roads, owners of regional roads and consultants, and their
collective view, that is, combination of owners’ and con-
sultants’ views. Table 2 shows that the medium fuzzy effec-
tiveness values as identified by owners of divided highways
and main roads, owners of regional roads, and consultants
are not similar. It is clear from this table that the medium
fuzzy effectiveness values from the collective view have a
wide span; it ranges from 23.18% to 15.57%. The results also
show that the most important factor which contributes the
quality of highway projects from all views is Factor number
“1.3 efficiency of the owner’s inspection team.”
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Table 1: Factors influencing quality level of highway projects.

Sr. Effective factor
1 Group (1): managerial-related factors
F1.1 Clarity of responsibilities and roles for each owner, consultant, and contractor
F1.2 Develop a clear and detailed program for quality management to be adhered to by the owner, consultant, and contractor
F1.3 Efficiency of the owner’s inspection team
F1.4 Assignment of quality control responsibility to the consultant
F1.5 Technical assessment of the contractor during the bidding process
F1.6 Selection of the lowest bidder to construct the project
F1.7 Contractor’s past experience
F1.8 Contractor’s financial status during the project execution
F1.9 Amount of work subcontracted
F1.10 Contractor’s labors and equipment capability
F1.11 Cost escalation of resources (materials, labors, and equipment) needed to achieve the required quality level
F1.12 Unavailability of financial incentive to the contractor to produce higher level of quality
F1.13 Delay in contactor progress payment
2 Group (2): design and specifications-related factors
F2.1 Pavement is not designed according to the regional conditions (e.g., soil type, temperature, and traffic volume)
F2.2 Design errors arising from inadequate engineer assumptions and inaccurate data
F2.3 Insufficient owner involvement during the design phase (design evaluation, review, and updating design)
F2.4 Accuracy of investigation performed on soil type encountered
F2.5 Accuracy of data related to traffic volume, composition, and expected growth
F2.6 Use construction materials suitable for climate (temperature)
F2.7 Clarity and accuracy of specifications in relation to aggregates quality and gradation
F2.8 Clarity and accuracy of specifications in relation to asphalt quality and type
F2.9 Clarity and accuracy of specifications in relation to the required compaction level
F2.10 Overspecifying of materials and equipment to be used and construction method to be followed
F2.11 Limitation on materials sources, equipment type, and construction method imposed by specifications
F2.12 Job mix formula type used to produce asphalt mixture (open graded, dense graded, etc.)
F2.13 Asphalt mixture properties (e.g., stability, durability, and workability)
3 Group (3): construction process-related factors
F3.1 Availability of experienced staff in the owner’s and contractor’s teams during the project execution
F3.2 Availability of the specified materials quality
F3.3 Asphalt quality and type used in the construction process
F3.4 Aggregates quality used in the construction process (e.g., gradation, shape, and type)
F3.5 Variation in aggregates gradation in stockpiles, mixing, transportation, and placement operation
F3.6 Variation in asphalt content during mixture operation
F3.7 Amount of filler materials in the mixture
F3.8 Continuous changing in mix design due to change in the nature and source of materials during construction phase
F3.9 The use of marginal materials in pavement constructed in regions of hot climate and heavy loading traffic conditions
F3.10 Condition of road bed soil

F3.11 Uniformity of mixture placement and compaction operations constructed in regions of hot climate and heavy loading traffic
conditions

F3.12 Compacting pattern used to achieve the desired pavement density
F3.13 Paver and roller mechanical condition and type

7.2.2. Design and Specifications-Related Factors. Table 3
shows themedium fuzzy effect of each factor under the design
and specification group. The analysis of the shown table
presents that the top affecting factor on the quality of highway

projects in Egypt from the owners of divided highway and
main roads, owners of regional roads, and collective view
is Factor number 2.1: “pavement is not designed according
to the regional conditions (e.g., soil type, temperature, and
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Table 2: Medium fuzzy effect of factors of managerial group on quality in highway construction projects.

Factor number Owners of divided highways and main roads Owners of regional roads Consultants Combined view
F1.1 25 22.92 21.67 23.07
F1.2 24.52 22.22 21.67 22.61
F1.3 24.04 23.61 21.67 23.18
F1.4 18.75 20.37 21.67 20.34
F1.5 22.12 20.83 19.58 20.80
F1.6 15.87 15.28 15.83 15.57
F1.7 20.67 21.3 21.67 21.25
F1.8 23.08 20.83 20.83 21.36
F1.9 19.71 15.05 15 16.14
F1.10 23.56 23.61 21.67 23.07
F1.11 20.19 18.98 20 19.55
F1.12 19.71 15.97 18.33 17.50
F1.13 20.67 20.6 22.08 21.02

Table 3: Medium fuzzy effect of factors of design and specifications group on quality in highway construction projects.

Factor number Owners of divided highways and main roads Owners of regional roads Consultants Combined view
F2.1 23.56 23.61 21.67 23.07
F2.2 22.12 21.99 20.42 21.59
F2.3 19.71 17.36 18.75 18.30
F2.4 20.19 18.75 22.08 20.00
F2.5 21.15 21.06 21.25 21.14
F2.6 23.08 21.53 20.42 21.59
F2.7 21.63 21.06 19.17 20.68
F2.8 23.08 23.15 19.17 22.05
F2.9 23.08 22.92 20.42 22.27
F2.10 20.19 16.90 16.25 17.50
F2.11 20.19 16.90 17.92 17.95
F2.12 20.19 18.98 18.33 19.09
F2.13 21.15 22.69 19.58 21.48

Table 4: Medium fuzzy effect of factors of construction process group on quality in highway construction projects.

Factor number Owners of divided highways and main roads Owners of regional roads Consultants Combined view
F3.1 24.52 24.31 23.33 24.09
F3.2 23.08 22.45 20.83 22.16
F3.3 24.04 24.07 20.42 23.07
F3.4 22.60 21.99 21.67 22.05
F3.5 18.75 17.13 18.75 17.95
F3.6 23.56 19.91 21.25 21.14
F3.7 23.56 21.76 21.25 22.05
F3.8 19.71 18.52 19.17 18.98
F3.9 21.63 20.83 19.17 20.57
F3.10 20.19 19.91 18.75 19.66
F3.11 20.19 20.37 20.42 20.34
F3.12 22.12 21.53 20.00 21.25
F3.13 22.12 20.60 17.92 20.23
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Table 5: Top five factors influencing quality and related groups from combined view.

Factor number Medium fuzzy effect Related group Rank
F3.1 24.09 Construction process 1
F1.3 23.18 Managerial 2
F1.1 23.07 Managerial 3
F2.1 23.07 Design and specification 4
F3.3 23.07 Construction process 5

traffic volume),” while Factor number 2.4 “accuracy of inves-
tigation performed on soil type encountered” has been
identified by the consultants as the most influential factor
which contributes to the quality of highway projects in Egypt.

7.2.3. Construction Process-Related Factors. Table 4 shows the
medium fuzzy effect of each factor under construction
process group. Thirteen factors are identified under this
group. The analysis of this table shows that the owners of
divided highway and main roads, owners of regional roads,
and consultants agree on one opinion that the quality of
highway projects in Egypt is affected to a high degree by
Factor number 3.1 “availability of experienced staff in the
owner’s and contractor’s teams during the project execution.”

7.3. Top Five Factors Influencing Quality Performance. Table 5
illustrates the ranking of the top five factors influencing
quality of highway construction projects in Egypt and their
related groups from the collective perspective of the owners’
of divided highways and main roads, owners of regional
roads, and consultants. It is shown that two factors are related
to the construction process group, two to the managerial
group, and one to the design and specifications group. The
results also show that themost five important factors affecting
the quality of highway projects in Egypt from the perspectives
of all the respondents to the questionnaire are (1) availability
of experienced staff in the owner’s and contractor’s teams
during the project execution, (2) efficiency of the owner’s
inspection team, (3) clarity of responsibilities and roles for
each owner, consultant, and contractor, (4) pavement is not
designed according to the regional conditions (e.g., soil type,
temperature, and traffic volume), and (5) asphalt quality and
type used in the construction process.

8. Discussions of Results

This section discusses the results obtained in the earlier
section for themost five important factors influencing quality
of highway projects in Egypt from the collective view of
owners of divided highways and main roads, owners of
regional roads, and consultants.

8.1. Availability of Experienced Staff in the Owner’s and
Contractor’s Teams during the Project Execution. The con-
struction of mega projects such as highway projects is a very
complex construction process and achieving the project
objectives in terms of quality, time, and cost usually required
qualified and experienced staff in the project construction
team.The availability of experienced engineers in the owner’s

and contractor’s teams is essential factor to achieve the quality
standards of the project. For instances, the owner needs
the experienced engineers to inspect the project’s activities
and make sure that the specifications of the contract are
followed by the contractor’s staff, while the contractor needs
experienced engineers to manage these activities and achieve
the desire of the client concerning the required quality.

8.2. Efficiency of the Owner’s Inspection Team. The success or
failure of the quality of a construction project depends highly
on the roles the inspector plays during the construction phase
[20]. Efficiency of the owner’s inspection team has also been
shown to have amajor effect on the quality of the constructed
highway project in Egypt as indicated by the owners of
divided highways and main roads, owners of regional roads,
and consultants in Table 5.This finding is consistent with that
of Warsame [21] and also has been supported by Barnes [22]
who suggested that having the client’s inspector’s work with
the contractor to establish good quality control procedures
before the work is done is much more effective than walking
around after.

8.3. Clarity of Responsibilities and Roles for Each Owner, Con-
sultant, and Contractor. Construction quality is the product
of a team effort and it is the responsibility of the owner,
contactor, consultant, and any one of their staff who may be
involved. During the construction process, each team has a
specific role to play in ensuring the quality of the project.
A clear identification of the authorities, responsibilities, and
roles of each party in the contract clauses will minimize
misunderstanding and conflicts between the project stake-
holders, and consequently, this will lead to a cooperation
between the project parties in which more efforts are focused
on constructing the project in accordance with the desired
level of quality.

8.4. Pavement Is Not Designed according to the Regional Con-
ditions (e.g., Soil Type, Temperature, and Traffic Volume). Ef-
fective pavement design is one of the more important aspects
of project design [23]. The design of highway pavement
is an important factor in controlling the final quality of
the project. The design of flexible pavement is the process
of selecting the pavement layer types and the thicknesses
in order to withstand the expected traffic loads in a cost-
effective manner. This process involves studies of soils and
paving materials, their behavior under loads, and the devel-
opment of a pavement section to carry loads under all
climatic conditions [24]. Therefore, in order to provide an
adequate pavement performance for the required design life,
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the pavement cross section properties (materials types and
thickness) must be determined with respect to the actual and
anticipated traffic volume, the prevailing climatic conditions
in the construction site, project’s soil type, and reliable design
procedures.

8.5. Asphalt Quality and Type Used in the Construction Pro-
cess. Quality of asphalt and its type have been identified by
the owners of divided highways and main roads, owners of
regional roads, and consultants of highway projects in Egypt
as one of the most important factors influencing the quality
performance. According to Knuston [25] asphalt concrete
pavement is only as good as the material and workmanship
that go into it. Furthermore, the pavement could be penalized
if the material used is of inferior quality. Quality of asphalt
or bitumen material has a significant role in the performance
of the whole highway project. Therefore, the proper selection
and close control of asphalt material in terms of asphalt
content, grade, and type will enhance the efficiency of the hot
mix-asphalt, and, consequently, the quality of the highway
project will be affected.

9. Recommendations to Enhance Quality
of Highway Construction

According to the above-mentioned findings, the following
points are recommended for the achievements of good
quality performance in the Egyptian highway projects:

(1) The availability of qualified, experienced, and efficient
staff in the owner’s, consultant’s, and contractor’s
teams is an important factor for monitoring and con-
trolling over the outcome of the project and achieving
the specified quality. Therefore, the stakeholders of
highway projects in Egypt have to develop plans
and programs for training their staff in order to
improve their skills and qualifications through the
presence of human resources department responsible
for handling professionals and staff training.

(2) The construction industry consists of numerous par-
ties: owner, contractor, and consultant each of which
has a role to play in delivering a quality project.
Therefore, the contract document should shape in
a clear manner the contractual relationship between
the project’s parties in order to avoid any con-
flict/discrepancy.

(3) Detailed and comprehensive site investigation should
be done during the design phase in order to collect
accurate data about the design parameters such as
soli type and temperature. Furthermore, allowing
sufficient time for proper planning and design process
will help the designers to avoid errors and omissions.

(4) Implementing an effective quality control and assur-
ance systems during the construction process is
recommended to be an effective way to assure the
desired end product quality. This will help the project
supervisors to periodically inspect the construction
materials, check the constructed works, and make

sure that the project quality is in accordance with its
technical specifications.

10. Summary and Conclusions

The construction of highway projects is a complex process
involving many critical phases during which factors that
affect the quality of performance of the asphalt concrete pave-
ment might be overlooked. The newly constructed highway
projects in Egypt have exhibited a low quality of performance.
There are various parameters that contributed to the quality
of performance. It is concluded that there is a need to conduct
study to identify the various factors affecting the quality of
the highway projects in Egypt from the local highway owner’s
and consultant’s points of view since they are the ones who
supervise the construction process of the highway network
in Egypt.

In the present study 39 factors have been introduced and
their impact on the quality has been determined through the
application of fuzzy triangle approach. Furthermore, ques-
tionnaire survey method has been adopted for the purpose of
the study.The analysis of the study results shows that themost
important factors affecting the quality of highway projects
in Egypt as seen from the collective view of the owners of
divided highways and main roads, owners of regional roads,
and consultants are

(1) availability of experienced staff in the owner’s and
contractor’s teams during the project execution,

(2) efficiency of the owner’s inspection team,
(3) clarity of responsibilities and roles for each owner,

consultant, and contractor,
(4) pavement is not designed according to the regional

conditions (e.g., soil type, temperature, and traffic
volume),

(5) asphalt quality and type used in the construction
process.
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