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Abstract. The Egyptian construction industry suffers from severe delays and cost overruns. Rework is a prime cause of this
challenge. Therefore, the objective of this study to identify the root causes of rework for Egyptian construction projects and
their impact on the project duration and cost. An extensive literature review has been done to identify the most common
factors affecting rework. Hence, eighty-seven factors were identified and categorised into ten groups. Structured interview
technique was adopted to get the opinions of 67 Egyptian construct professionals for nineteen different construction pro-
jects. Total Importance Index of Rework Impact (T.I.LR.I%) was used to analyse and rank rework factors. Accordingly, the
most critical five rework factors are economic situation for the country, schedule compression, design changes, specifica-
tions change, and inadequate feasibility study. Based on the survey results, the project stakeholders should consider the
critical rework factors during the planning stage and before the project execution, to eliminate or reduce the occurrence
and impact of rework causes and to improve the performance of the projects. This paper provides state of the art for rework
causes and their effects on construction projects performance, and it can be beneficial for both practitioners and research-

ers for future work.
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Introduction

The construction industry plays a significant role in na-
tional development and is considered one of the most ac-
tive sectors in the Egyptian economy, accounting for 15%
of GDP (Gross Domestic Product) with high investment
reaching US$ 21bn (UKTI Digital, 2016). Egypt’s average
GDP from construction has been calculated as 23,047.06
EGP Million from the period 2007 to 2018, and reaching
the highest amount of 59,846.30 EGP Million recorded in
the fourth quarter of 2018, according to statistics from the
Ministry of Planning (Trading Economics, 2019). Egypt’s
construction market recorded a 10% growth in 2017, com-
pared to a global annual growth rate of 5.3% over the past
four years (Investigate, 2017). In spite of the importance of
this industry in Egypt and its active growth during the last
years, this industry is still fraught with many risks, known
as ‘rework, which no construction project can avoid.
Rework is the process of restoring non-conformance
characteristics to an acceptable condition, including the

items still incompatible to the original requirements
(Love, 2002b). Aiyetan (2013) defined rework as a pro-
cess of modifying the product according to the customer
or engineer specifications when the product or service
provided does not meet the customer’s requirements. Re-
work is known to contribute to waste and value losses in
building design and construction (Kakitahi et al., 2013),
and it has been considered as one of the key factors re-
sponsible for cost and schedule overruns in construction
projects (Shibnai & Salah, 2015; Love et al., 2010; Hwang
et al., 2009; Aiyetan, 2013; Love & Li, 2000). According to
the study by Kakitahi et al. (2016), the impact of rework
on project cost and schedule has been calculated to be
approximately 4.53% and 8.42%, respectively. Josephson
et al. (2002) carried out a case study survey and reported
that the cost of rework was 4.4% of the construction value,
and the time spent on reworking was 7.1% of the total
work time. Also, rework is the main reason for lower prof-
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it, claims, and dissatisfaction of the owner and contractor
(Eze & Idiake, 2018; Wasfy, 2010).

On the other hand, rework can lead to labour and pro-
ductivity losses. Thomas and Napolitan (1995) explained
that the daily loss in labour productivity could range from
25% to 50% due to the required changes, and attributed
the principal reason for these disruptions to the absence of
the materials needed to enable the rework to be undertak-
en. In Egypt, for example, Shibnai and Salah (2015) have
mentioned that rework is the main reason for time and
cost overrun, and it is considered to be one of the most
critical factors that affect labour productivity in Egyptian
construction projects (Gerges, 2015).

Many construction professionals acknowledge that
rework is a significant factor contributing to the poor
performance of construction projects (Love & Edwards,
2004). Therefore, the root causes of rework should be
identified before becomes a critical management issues
(Hwang et al., 2009; Fayek et al., 2003; Ye et al., 2014). Ac-
cordingly, it several research efforts have been expended
in this area to identify the causes of rework and their im-
pact on performance of both cost and time of project for
different construction sectors and countries (e.g. Hwang
et al., 2009; Josephson et al., 2002; Li & Taylor, 2014; Love
& Edwards, 2005; Mahamid, 2016; Palaneeswaran, 2006;
Love & Li, 2000; Simpeh, 2012; Enshassi et al., 2017; Miri
& Khaksefidi, 2015; Kakitahi et al., 2016; Jarkas, 2015).
However, rework is still a critical global phenomenon in
the construction industry. Love and Smith (2018) stated
there had been limited progress made to reduce its oc-
currence and adverse consequences due to several stud-
ies that have identified individual causal factors instead of
acknowledging the interdependency and complicated rela-
tionships that contribute to rework (Love & Smith, 2018).
Besides, Ye et al. (2014) mentioned that little is known
about rework causes in developing countries.

Indeed, rework can be mitigated and enhanced by
identifying and managing its common root causes. So to
achieve this, the research study objectives have been sum-
marised as follows:

— Identify and understand the factors that cause rework

in the Egyptian construction industry.

- Measure the impact of rework on the cost and time
of construction projects in Egypt.

- Conduct a comparative study of the most critical
rework causes in a current study and the results of
previous studies or other countries.

- Increase the awareness of the project stakeholders
about the risk of rework and devise suitable measures
of rework management and reduction.

1. Literature review
1.1. Rework definition

Rework as a verb means to revise or work again (Love
& Smith, 2018). In the construction context, a lot of the
rework definitions have been promulgated in the litera-

ture. For example, Ashford (1992) defined rework as a
process in which an item should conform to the original
requirements by the correction or completion, or as a cor-
rection for at least or more extra than once due to non-
conformance to requirements (McDonald, 2013). On the
other hand, the terms of “non-conformance” and “quality
failure” have been used to infer to the rework (Abdul-
Rahman, 1995; Barber et al., 2000). Likewise, Burati et al.
(1992) have named it a “quality deviation” which ultimate-
ly refers to ‘repair’ or ‘replacement’

However, Love et al. (2000) defined rework as an un-
necessary effort of re-doing a process or activity which
incorrectly completed for the first time. In general, Con-
struction Industry Institute [CII] (2001) described rework
as “Activities in a field that must perform more than once,
or activities which remove the works that previously in-
stalled in the field as part of the project”. Besides, Fayek
et al. (2003) described it as a total direct cost for re-doing
work in the field regardless of what was the initiating
source.

Rework is a significant factor that has a negative im-
pact (direct and indirect) on the performance for both
of the project or organisation and leads to reduced pro-
ductivity, lower profits, extra costs and time, and client’s
dissatisfaction (Love, 2002a, 2002b). Additionally, rework
has been defined rework as a waste of the time and cost
of doing specific tasks again, which cannot be eliminated
but maybe avoid (Oyewobi et al., 2011).

1.2. Rework causes

Rework can mainly result from four primary sources,
which are, error, omission, change, and damage during
design and construction processes, as concluded by Love
and Li (2000, adapted from Burati et al., 1992). Besides,
Palaneeswaran (2006) indicated that rework also arises
from failures, changes, poor coordination, and poor com-
munication. Many previous studies have been conducted
to identify the factors causing rework in the construction
industry for different countries. In Australia, for example,
Love et al. (2010) examined 42 factors to determine the
root causes and consequential costs of rework in civil in-
frastructure projects, based on the data collected from 115
civil infrastructure projects. The results of their research
indicated that the five significant rework causes are inef-
fective use of information technologies, excessive client in-
volvement in the project, lack of clearly defined working
procedures, changes made at the request of the client, and
insufficient changes initiated by the contractor to improve
quality, which accounted for 25% of the variance in total
rework cost. Also, Love et al. (2009) studied divergence or
congruence of rework for 260 building and civil engineer-
ing projects. They identified 29 causes of the rework. Their
findings concluded that the changes directed by the client,
site management and subcontractors, and project commu-
nication were significant contributors to rework costs.
Based on a survey, Jarkas (2015) identified 36 causes
of the rework of building projects in Qatar and grouped
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them into four categories related to the client, designer,
contractor, and exogenous. According to his findings, he
concluded that frequent changes during the construction
stage, obscure contractual clauses and specifications, in-
complete design details at the tendering stage, errors and
omissions in design drawings, and shortage in skilled la-
bour were the five fundamental rework causes.

In Palestine, Enshassi et al. (2017) studied the reasons
for the rework construction industry in the Gaza Strip.
They concluded that 57 reasons accounted for construc-
tion rework and grouped them into seven categories,
namely, those related to the contractor, human resource
capability, design, external environment, client, materials
and equipment supply, and construction process. Their
findings indicated that the main rework factors are the
attempts of fraud by the contractor, competitive pressure
(low contract value), ineffective management, schedule
pressure, and the absence of job security. According to
another study, Mahamid (2016) identified 43 causes of re-
work in residential building projects in the West Bank and
grouped them into four categories, namely, those related
to the client, contractor, consultant, and environment. The
results of this study indicated that poor communication of
the client with the consultant, the poor communication of
the client with the contractor, use of poor quality materi-
als, poor site management, and poor communication of
the client with the design consultant are the top five causes
and the most severe.

In their study, Ye et al. (2014) conducted a survey to
identify the causes of rework in construction projects in
China. The survey identified 39 causes of rework that have
been categorised into 11 major groups. According to their
findings, the lack of clarity of the project management
process, poor quality of the construction technology, and
the use of poor-quality materials were the most important
causes of rework.

Eze et al. (2018a) studied the causes of rework in the
construction industry in Nigeria. They identified 47 causes
of rework and grouped them into four major categories.
Their findings indicate that contractor and design-related
causes are the most important categories for rework trig-
gers. According to their study, the most common causes of
rework were unclear instructions to workers, shortage of
skill, and incomplete and inaccurate information. Beside,
Ajayi and Oyeyipo (2015) examined the causes and effects
of rework in Nigerian building projects. Accordingly, they
concluded that poor communication with the design con-
sultant, the use of poor quality materials, and low-skilled
workers are the chief causes of reworks.

Hwang et al. (2014) examined client-related rework
in building projects in Singapore based on data collected
from 51 construction companies. They identified 7 client-
related factors as causes of rework. Their findings conclud-
ed that the change of plans or scope by the client is the
greatest contributor and impacts the cost, schedule, and
quality of performance of the project. As a separate study,
Hwang et al. (2016) have evaluated the rework factors in

green building construction projects in Singapore. They
concluded that the owner change, design change, design
error/omission, and contractor’s error/omission were the
four most critical factors of rework in green building con-
struction projects.

In India, Raghuram and Nagavinothini (2016) stud-
ied the causes and impact of rework in the construction
project. They identified 40 causes of rework and grouped
them into five categories, which are related to client, de-
sign, construction, site, and sub-contractor. According to
their findings, the lack of experience and knowledge of
the design and construction process, incomplete drawings,
errors due to inappropriate construction methods, short-
age of skilled labours, and inadequate supervision are the
significant causes of the rework.

In Malaysia, Yap et al. (2017) surveyed the impact and
causes of rework in building construction projects. They
identified 18 causes of rework and grouped them into five
categories, namely: 1) project coordination management;
2) technology, machines, and material management; 3)
project implementation management; 4) design process
management; 5) site workmanship management. Their
findings concluded that poor coordination among the de-
sign team was the most common cause of rework.

It is worth mentioning that most of the previous stud-
ies mainly investigated certain categories of rework causes,
and they were for particular sectors, such as the build-
ings and infrastructures for the different countries. Hence,
little is known about the nature of rework causation. So,
there has been limited progress made in reducing rework
occurrence and containing its adverse consequences. Ac-
cordingly, it becomes necessary to determine as possible
as the most extensive number of rework causes in various
construction sectors, as well as measuring their impact on
the cost and time performances for the project.

Based on the 24 previous studies, a total of 87 factors
of rework have been identified and listed in the related ten
groups, as summarised in Appendix, Table Al. The table
shows the number of rework factors studied by each ref-
erence, their frequency, and the percentage of each group
of all rework causes. Based on this summary, hence, the
results indicated that among the most frequent rework
factors were incomplete design at the time of the tender,
poor communication of client with the contractor/design
consultant, insufficient labour skills, the lack of sufficient
client knowledge and experience in the design and con-
struction process, and weak of quality considerations by
contractor and subcontractor.

1.3. Rework impact on project performance

The rework is a significant factor contributing to poor
project performance and requiring the number of design
and production management strategies to reduce it (Love
et al., 2009). The rework has adverse consequences on
project performance, which cause time delays and cost
overruns for any project, according to several prior stud-
ies (i.e. Dahanayake & Ramachandra, 2016; Yap et al,,
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2016; Hwang et al., 2009; Fayek et al., 2004). Additionally,
rework causes many claims between the project parties,
lower profits, lack of staff’s incentives, as well as the design
team dissatisfaction, removal of motivation for workers,
thus losing future work (Eze & Idiake, 2018).

In general, the rework cost includes both direct and
indirect costs. Love (2002b) mentioned that the indi-
rect costs of rework are the costs cannot be allocated to
monetary value, which occurs at individual levels, such
as (fatigue and stress), and organisation level, such as the
(lowing of profits, conflicts, and loss of future work), and
project level such as (inactivity and end-users dissatis-
faction). Notwithstanding, the indirect costs caused by
rework may reach three to six times the direct (actual)
costs of the actual work (Love, 2002b). However, direct
and indirect costs of rework have been calculated by Love
(2002a), as 6.4% and 5.6% of the original contract value,
respectively. Actually, direct costs alone often calculate, as
accounted for 5% of the total construction costs as ap-
pointed by Hwang et al. (2009).

Several studies have revealed the cost of rework in
the construction industry; for example, the total cost of
rework in infrastructure projects has been estimated to
about 10% of the contract value (Love et al., 2010). Ma-
hamid (2016) indicated the average cost of rework in res-
idential projects ranging from 10% to15%. For highway
projects, Abdul-Rahman (1995) found that the cost of
non-conformance (cost of rework) represented 5% from
contract value and which not include material wastage
and head office overheads.

Most of the researchers are agreed that the rework
leads to the cost overruns and schedule delays, depend-
ing on project type and region. In Australia, for example,
average cost overrun and schedule delays have been cal-
culated as 12.6% and 20.7% respectively of 116 samples
taken from construction projects (Love, 2002a). Addition-
ally, Wasfy (2010) find out that the rework increases in the
cost as 2-30% and schedule delay as 10-70% for different
work categories, for a residential and commercial project
in Saudi Arabia. Also, Abeku et al. (2016) estimated that
the rework causes cost overrun by 12.58% and time over-
run by 38% for selected one construction project in Nige-
ria. Accordingly, this research will first identify the main
causes of rework for construction projects in Egypt. Rank
all factors based on their index value under each category.
Then, compare the current study results with other coun-
tries’ reworks factors.

2. Research method

Currently, no research efforts have been undertaken in
Egypt to identify the causes of the rework and their im-
pact on the performance of construction projects. Conse-
quently, this study will utilise the quantitative survey to
investigate and evaluate common causes of rework and
their impact on project performance, based on opinions
of construction experts and practitioners in the Egyptian
construction industry.

Literature review

A literature investigation was carried out to identify factors that cause the rework
and its impact in the construction industry

Rework Factors selection
« The field interviews with experts were carried out as pre-analysis to modified and
removed the similarity of rework factors
« The factors of rework were categorized into ten groups-related distinct

Questionnaire survey

The questionnaire survey was conducted to assess the factors causing the rework and
its impact on the cost and time of the project, by using a scale ranging from 1-5

Analysis and results

Some of the statistical methods and indicators have been used to analyse the survey
responses of the participants, and rank the factors by using the Total Importance
Index of Rework Impact (T.L.LR.I %)

Comparison with other studies

Comparing the results of this study with other countries' results to identify the
frequent rework causes and to recommend corrective actions or mitigation plans to
minimise the rework for future projects

Figure 1. The research method

For achieving the objectives of this study, the research
methodology is designed to include five consecutive
steps, as shown in Figure 1. First, an extensive literature
review has been done to determine rework causes and
their impact on project performance. A total of 87 fac-
tors of rework causes were identified and categorised into
ten groups related to client, design, contractor and sub-
contractor, contract, construction, supervision, material
and equipment, site, external, and labour, as indicated in
Table 1. Consequently, the initial questionnaire has been
developed to be composed of two main parts. The first
part is including the demographic information about re-
spondents.

The second part regards the factors that cause con-
struction rework. For each rework factor, the respondents
will answer three questions: the first question about the
frequency of occurrence of rework factor, the second ques-
tion about the severity impact of rework factor on project
cost, and the third question about the severity impact of
rework factor on project duration. A five-point scale was
used to categorise the answers for the three questions,
which are 1 - very low; 2 - low; 3 - medium; 4 - high;
and 5 - very high.

To determine the suitability of the questionnaire to
achieve the desired purpose of the study, a pilot survey
was conducted to see if the questions are clear, provide
an opportunity to improve the questionnaire, demystify it,
and omit the redundant factors (Fellows & Liu, 2008; Eze
et al., 2018b; Enshassi et al., 2010, 2017). Accordingly, the
field survey for five projects was selected, and the face-to-
face interviews were conducted with four project manag-
ers, five technical office managers, and three consulting of-
fice managers, whose experience exceeds 15 years to ben-
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efit from their experiences and points view to help review
the causes of rework and the format of the questionnaire,

which these pre-identified. Furthermore, the final ques- Project type | O of | Contract value Project

. . . . . project (EGP) description
tionnaire was adjusted based on their recommendations. — —
Nineteen projects from different construction sectors in §e§11§ent1al 5 tzzozglg'liﬁn hew
Cairo, all of which suffered from reworking problems, have e o~ : 1. on
been selected as a sample size for this study. These projects Road and bridge 3 tﬁg?;gﬁﬁgn new
are ranged from large to mega projects, with contract val- -

ue from 45 million to 5.25 billion EGP ($1 = 16.5 EGP). igifgsigggg 1 2.21 billion new
The average completion rate for these projects was more — —
than 80%. Sixteen out of nineteen were new projects Industry building | 1 1 billion new
(89.47%), including five residential buildings, three roads, Automatic ml;(ltl 1 249 million new
one bridge, one underground metro station, one indus- storey car parking
try building, one automatic multi-story car parking, one Bank 1 600 million new
bank, one hospital, and two commercial buildings. The ol 1 2.35 billion new
three other projects were renovation projects (10.53%), Hospita 2 | 65 and 500 million | renovation
two hospitals, and one archaeological building, as illustrat- ;

. . ; S Commercial s

ed in Table 2. The final questionnaire has been distributed building 2 | 45and 300 million new
to 1'00 participants r'epresentlng different types of projects, Hotel ] 120 million renovation
which are construction professionals, such as consultants, S rchascloaical

site engineers, site managers, quality engineers, planning blilcl d?g(g) ogica 1 70 million renovation
engineers, project managers, supervisors, technical of- Tordl s
fice engineers, and technical office managers. A total of o

67 questionnaires was received. Although the number of
respondents was relatively small, it matches most of the
previous studies (e.g. Assaf & Al-Hejji, 2006; Liao & Teo,
2017; Durdyev et al., 2017; Rachid et al., 2019; Gamil &
Abdul Rahman, 2020).

The respondents have been classified into four catego-
ries depending on the type of organisation, experiences,
job position, and projects that belong to them. Figure 2
illustrates the number of participants and years of experi-
ence for the surveyed projects. Additionally, Table 3 dem-
onstrates in detail the organisation type, the job position,
and projects that they belong to. It is shown that contrac-
tors represent 50.7%, consultants, 40.3%, and owners (cli-
ent), 9%, which is low because, in most cases, consultants
represent the clients. Besides, most participant jobs in the
survey were consultants, technical office engineers, and
project managers, at 34.4%, 14.9%, and 13.4%, respec-
tively.

Table 2. Description of the sample size projects

Respondents’ ratio for residential projects was 27 out
of a total of 67, which represents 40.3% since the current
trend in the Egyptian construction industry towards resi-
dential projects for both the private and the public sectors.

After data collection is complete, data reliability or
relevance was verified by using Cronbach’s alpha (o) reli-
ability testing as a measure of internal consistency (Ta-
vakol & Dennick, 2011; Rachid et al., 2019). Statistical
Package for the Social Sciences (SPSS V22) program was
used to measure the alpha coefficient for the frequency of
occurrence of rework factor, the severity impact of rework
factor on the project cost, and the severity impact of re-
work factor on the time for all 87 rework factors, which
were o = 0.981, 0.976 and 0.980, respectively. This result is
more than 0.7 as designated limit value, showing strength
in the internal consistency for data (Xin & Rong, 2007;
Tavakol & Dennick, 2011; Gamil & Abdul Rahman, 2020).

100
90 B Number of Respondents
80 Percent (%)
70
55.2
60
50
40
30 26.9
209
20| [N g 149
10
0 L]
less 5-10 11-15 16-20 21-25 more above
than 5 Year than25 10 year

Figure 2. Number of participants and years of experience for the surveyed projects
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Table 3. Respondents’ statistics summary

Organisation Number of Percent
respondents (%)
Consultant 27 40.3
Contractor 34 50.7
Owner 6 9.0
Total 67 100.0
Job position 3:;;123;?{5 Percent (%)
Consultant 23 34.3
Implementation engineer 11 16.4
Implementation manager 2 3.0
Monitor quality 2 3.0
Planning engineer 1 1.5
Planning manager 1 1.5
Project manager 9 13.4
Supervisor 2 3.0
Technical office engineer 10 14.9
Technical office manager 6 9.0
Total 67 100.0
Project type rI:;aTESZr?tfs Percent (%)
Archaeological building 3 4.5
Bank 4 6.0
Commercial building 5 7.5
Hospital 5 7.5
Hotels 1 1.5
Industry building 2 3.0
Parking 2 3.0
Residential building 27 40.3
Road and bridge 14 20.9
Underground metro station 3 4.5
Water station 1 1.5
Total 67 100.0

3. Data analysis

All of 67 respondents’ data collected have been analysed
by using four major statistical indicators, which are fre-
quency, severity, importance, total importance. These in-
dicators are fundamental to prioritise rework causes for
each category and to identify the most critical factors that
have high frequency and high impact on both time and
cost of the project. The following Eqns from (1) to (4)
illustrate the formula of each indicator adopted in this
study, as shown.

Frequency Index: is a formula to calculate the frequen-
cy of occurrence for rework causes as identified by partici-
pants and can be calculated according to Eqn (1) (Assaf &
Al-Hejji, 2006; Bekr, 2015):

Freqencylndex(F.I)(%)=Za(n/N)*100/5, (1)

where: a is a constant expressing the weight given to each

response (range from 1 for very low up to 5 very high of
the occurrence), n is the frequency of the response, and N
is the total number of responses.

Severity Index: is a formula to calculate the severity
impact on project cost and project duration according to
participants’ opinions and can be calculated according to
Eqn (2) (Mahamid, 2016; Bekr, 2015; Assaf & Al-Hejji,
2006):

Severity[ndex(S.I)(%):Za(n/N)*IOO/S, 2)

where: a is a constant expressing the weight given to each
response (range from 1 for very low up to 5 very high of
the severity), » is the frequency of the response, and N is
the total number of responses.

Importance Index of Rework Cost and Time Impact
(ILLR.C.DH/(I.LR.T.I): can be calculated as a function of
both frequency and severity indices. This indicator shows
the impact of each rework factor on project cost or project
duration, as shown in Eqn (3) (Assaf & Al-Hejji, 2006;
Bekr, 2015):

(LLRC.I)/(LLRT.I)(%)=[F.I(%)*S.I(%)]/100, (3)

where: FI(%) and S.1(%) represent the frequency and se-
verity indices for the specific rework factor, which were
calculated from Eqns (1) and (2).

Total Importance Index of overall Rework Impact
(T.LLR.I): can be calculated as a function of both impor-
tance indices for project cost and time impact and can be
calculated as shown in Eqn (4):

T.ILRI(%)=
[ W, * LLRC.I(%)+W, * LLRT.I(%)]/100, ~ (4)

where: T.I.LR.I - Total Importance Index of the overall
Rework Impact; LLR.C.I - Importance Index of Rework
Cost Impact, that was calculated from Eqn (3); LLR.TI -
Importance Index of Rework Time Impact, that was cal-
culated from Eqn (3); W, W, represent a constant where:
(0 < W < 1), weighted based on participants’ opinion. In
this study, W, and W, have been assumed to be equal:
W, =W, =05.

4. Results and discussion

All received data from 67 respondents have been organ-
ised so to arrange the data of total 87 rework factors, ac-
cording to the category to which they belong. Hence, the
frequency index (EI%) of each rework factor has been cal-
culated, according to Eqn (1), and severity index (S.1%) of
rework on the cost and time of project has been calculated
based on the Eqn (2). Besides, Eqn (3) calculates the im-
portance index of the rework cost impact (I.L.R.C.I%) and
the importance index of rework time impact (LLR.T.1%).
Finally, the factors of rework have been ranked based on
total importance index of rework impact (T.I.LR.I%),
which has been calculated by Eqn (4). The discussion of
the analysis results of the ten rework factors groups is
shown in the following sections below.
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4.1. Client related factors

The client is the most influential party in the decision-
making process within the project. Many previous studies
(e.g. Mahamid, 2016; Yap et al., 2017; Forcada et al., 2016;
Love et al,, 2010; Eze et al., 2018a) have found the client
to be one of the primary reasons for construction rework.
Hence, the frequent variation orders of the client may be
accompanied ultimately by a rework occurrence (Enshassi
et al,, 2010). The cost of rework that only related to client
was estimated at 6% among total rework costs in Swed-
ish Construction Industry (Josephson et al., 2002), and
amounted 7.1% and 14.73% as others studies conducted
by Hwang et al. (2014) in Singapore and Liu et al. (2020)
in residential buildings of China, respectively.

Table 4 illustrates the most dominated factors associat-
ed with the client, which included 11 factors that cause the
rework in the Egyptian construction market. According
to survey results, the notable and most influential factors
are: the first was “Specifications change by the client” and
ranked position 4th of a total of 87 reworks factors with
TIILR.I = 44.41%. This result corresponds to the study by
Hwang et al. (2014). The change in specifications by the
client during the construction phase may want significant
adjustments in project planning and procurement activi-
ties (Enshassi et al., 2010; Arain & Pheng, 2006). So that
should be finalised in the initial phase of a project.

Additionally, “Inadequate or weak feasibility study” was
ranked second in this group and came in the 5th position
of all rework causes with T.L.LR.I = 44.28%. Subsequently,
the improper feasibility study has a negative impact on
construction project performance (Long et al., 2004). The
third critical factor was “Change of plan or scope” which
ranked in the 6th position with T.LLR.I = 43.79%, and this
contributes to a negative impact on project cost, schedule,
and quality performance according to Hwang et al. (2014).
Furthermore, Ye et al. (2014) disclosed that the lack of
clear project scope in the early stages during the design or
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construction stages would result in frequent modifications
and revisions for project functions.

Finally, “Poor communication with the contractor /de-
sign consultant” has been ranked at the least influential
factor in the client group in Egypt, and ranked as 74th
position among all of the rework factors. This ranked,
however, does not correspond to other studies for differ-
ent countries such as Palestine (Mahamid, 2016), Nigeria
(Eze et al., 2018a), which have ranked this factor at first
positions with the most influence.

4.2. Contractor and subcontractor related factors

Contractor related factors (Ye et al., 2014; Aiyetan, 2013;
Eze et al., 2018a; Enshassi et al., 2017) and subcontractor
related factors (Ye et al., 2014; Miri & Khaksefidi, 2015;
El Hussein, 2014; Love et al., 2004) are important reasons
influencing rework in other countries. Furthermore, Liu
et al. (2020) mentioned that the contractor and subcon-
tractor are responsible for 20.10% and 10.54% of the total
cost of rework in Chinese residential buildings.

This group has a significant impact and including
11 key factors causing rework, as shown in Table 5. Ac-
cording to the expert responses, “Lack of funding and
cash flows” was the most critical one in this group and
ranked in the 8th position among all rework factors with
TILR.T = 41.54%. This result agrees with the findings of
several previous studies (e.g. Aiyetan, 2013; Long et al.,
2004; Enshassi et al., 2017) that financial problems of the
construction companies or the late payments by the cli-
ent lead to work pressure and negatively affect the project
performance. The second factor was “Inefficient selection
of the subcontractor” and ranked as 9th with TLLR.T =
41.21%. This result substantiates the outcomes of Maha-
mid (2016), Ajayi and Oyeyipo (2015) whose ranked the
factor mentioned above as one of the most influencing
causes of the rework of construction in Palestine and Ni-
geria, respectively. Actually, many Egyptian construction
projects are suffering from the defects and damage caused

Table 4. Ranking the causes and impact of rework factors related to the client group

Code Factors cause the rework EI S.Ion SIon |LLR.CI|ILLRTI|TILLR.I| Group | Overall
(%) | cost (%) | time (%) (%) (%) (%) rank rank
RF1 | Specifications change by the client 63.58 | 68.36 71.34 4346 | 4536 | 44.41 1 4
RF2 |Inadequate or weak feasibility study 62.99 | 68.96 71.64 4343 | 45.12 | 44.28 2 5
RF3 | Change of plan or scope 62.69 | 66.87 72.84 41.92 | 45.66 | 43.79 3 6
RE | Weak planning of the project as (construction | ¢, 4o | 537 | 985 | 4020 | 4295 | 4158 | 4 7
planning)
REs | Weak communication/coordination with end- 6, 7 | 599 | 6746 | 3892 | 4169 | 4030 | 12
Rp |Lack of sufficient knowledge and experience | o7 51| 61 49 | 6836 | 3524 | 3918 | 3721 | 6 19
for the design and construction process
RF7 | Weak quality management system 59.10 | 60.30 63.28 35.64 | 37.40 | 36.52 22
RF8 |Insufficient client/owner resources 53.73 | 58.21 66.27 31.28 35.61 33.44 33
RF9 | Lack of funding allocated for consultation 50.15 | 54.93 58.21 27.54 | 29.19 | 28.37 56
RF10 | Lack of client involvement in the project 48.96 | 52.84 59.40 25.87 | 29.08 | 27.47 10 64
R | Poor communication with the contractor /| yg 07 | 5045 | 5552 | 2364 | 2602 | 2483 | 11 | 74
design consultant
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by subcontractors. Therefore, the construction experts rec-
ommended effective criteria for selecting subcontractors,
for example, must have previous experience in construc-
tion projects to avoid the negative rework. The third factor
was “Insufficient skill and defective workmanship of subcon-
tractor” and ranked in the 20th position with TLLR.T =
36.87%. This result confirms many scholars’ findings (e.g.
Yap et al., 2017; Ajayi & Oyeyipo, 2015; Raghuram & Na-
gavinothini, 2016; Love & Edwards, 2004; Simpeh, 2012;
El Hussein, 2014; Miri & Khaksefidi, 2015; Love et al.,
2004, 2010).

4.3. Contract related factors

The rework usually resulted from poor contract manage-
ment due to ambiguous and unclear scope in the contract
documentation. Ye et al. (2014) attributed the main reason
for these to unserious handling for contract management
process by stakeholders, the absence of independent de-
partments for contract management, and lack of the pro-
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fessional contract management staff for the construction
companies and clients. Besides, Hassanein and El Nemr
(2008) confirmed that the Egyptian construction sector
was suffering from poor documentation management, that
assigned mainly to a lack of contract awareness by inter-
ested parties.

In this group, eight factors caused rework for construc-
tion projects in Egypt, as shown in Table 6. According to
survey results, the most influential factor was “Unclear/
poor items of contract documentation” and ranked in 34th
position among all rework causes with TILR.I = 33.13%.
This result supported by several researchers, such as Ye
et al. (2014), Love et al. (2004), and Jarkas (2015). Basi-
cally, the ambiguity in the contract documents items leads
to misunderstanding and errors of construction activities’
implementation, causing claims and the change orders,
thus lead to rework. Therefore, the experts recommended
proper preparation for the contract documentation and
the contract form by a professional team to minimising
construction rework.

Table 5. Ranking the rework factors related to the contractor and subcontractor

Code Factors cause the rework EI S.Ion SIon | LLRCI | LILRTI | TILLRI | Group | Overall
(%) | cost (%) | time (%) (%) (%) (%) rank rank

RF12 | Lack of funding and cash flows 62.69 | 62.99 69.55 39.48 43.60 41.54 1 8

RF13 |Inefficient selection of the subcontractor 61.49 | 63.58 70.45 39.10 43.32 41.21 2 9

Rp14 | msufficient skill and defective 5731 | 62.99 | 6567 | 3610 | 37.64 | 36.87 3 20
workmanship of subcontractor

RF15 | Weak of quality considerations 57.31 | 57.61 63.28 33.02 36.27 34.64 4 28

RF16 | Non-compliance with specifications and | 5, o3| 6000 | 6260 | 3278 | 3424 | 3351 5 32
standards

Rp17 | Poor coordination and communication 5373 | 5582 | 6328 | 29.99 | 34.00 | 32.00 6 40
with consultants, such as designers

RF18 ?ﬁjsl‘fc‘ent managerial and supervisory | 5343 | 555 | 6060 | 2067 | 3238 | 31.02 7 44

RE19 | Poor coordination/communication 4985 | 5522 | 60.90 | 2753 | 3036 | 2894 8 54
between contractor and subcontractor

RF20 |Restrictions for some activities and tasks 50.45 | 53.73 57.91 27.11 29.21 28.16 9 58

RF21 |Lack of safety considerations in the site 52.54 | 51.64 54.03 27.13 28.39 27.76 10 61

RF22 |Failure to protect of the constructed works | 48.06 | 49.55 52.84 23.81 25.39 24.60 11 75

Table 6. Ranking the causes and impact of rework factors related to the contract
Code Factors cause the rework FI | SIon | SJIon | LLR.CI | LLRTI | TLLR.I |Group | Overall
(%) | cost (%) | time (%) (%) (%) (%) rank rank

RE23 | Unclear/poor items of contract 5522 | 59.10 | 60.90 | 3264 | 3363 | 33.13 1 34
documentation

RF24 | Insufficient time required to prepare 5522 | 5493 | 5791 | 3033 | 3198 | 3116 | 2 43
contract documentation

REp5 | [nexperienced staff to prepare contract 5105 | 5821 | 57.61 | 2971 | 2941 | 2956 | 3 52
documentation

RF26 | Procurement method 49.85 | 56.12 54.93 27.98 27.38 27.68 4 62

RF27 | Insufficient client brief 50.15 | 51.05 54.33 25.60 27.24 26.42 5 68

RE2g | Errors or omissions in the contract 4955 | 5164 | 5343 | 2559 | 2648 | 2603 | 6 71
documentation

REg | Lack of funding by the client to prepare | o o7 | yg o | 5343 | 2266 | 2488 | 2377 | 7 78
contract documentation

RF30 | Poor implementation of the contract 44.18 | 53.13 49.55 23.47 21.89 22.68 8 83
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4.4. Design related factors

The design is an essential part of any construction pro-
ject and always maybe have accompanied by many omis-
sions, errors, and changes that causing rework during both
the design and construction process. Therefore, most of
the scholars have pointed out it as one most significant
causes for construction rework (e.g. Love et al., 2004; El
Hussein, 2014; Feng & Tommelein, 2009; Enshassi et al.,
2017). According to a case study, Josephson et al. (2002)
estimated that the rework cost related to the design only
as 26% from all rework costs and represents 18.91% also
for residential buildings (Liu et al., 2020).

This group includes 13 rework causes in the Egyptian
construction industry, as shown in Table 7. According to
analysis results, “Design change due to its contradiction with
the utilities” has been ranked first in this group and 3rd for
overall rework factors, with T.I.LR.I = 47.83%. Supported
this result by Burati et al. (1992) and Chang et al. (2011).
The Egyptian construction projects, especially infrastruc-
ture projects, are suffering from changes or modifications
in the design during the construction phase, due to several
problems during the construction phase, such as the exist-
ence of underground utilities (water, gas pipes, electricity
cables). Therefore, contractors are forced to request a par-
tial modification of the design and schemes, causing de-
lays and increasing costs. Also, the second significant fac-
tor was “Design change at the client order or end-user” and
ranked 11th with TI.LR.I = 40.66%. This result chimes
the outcomes of the many studies (e.g. Yap et al. 2017; Eze
et al., 2018a; Love et al., 2004). While the third factor was
“Incomplete design at the time tender” and ranked as 14th
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position with T.LLR.I = 38.07%. This result conforms with
several prior studies (e.g. Enshassi et al., 2017; Mahamid,
2016; Love et al., 2010; Jarkas, 2015). In fundamental, one
of the most common problems in the Egyptian construc-
tion industry is starting project construction by the con-
tractor with incomplete or preliminary designs, causing
severe issues during construction. The lack of complete
design before tender stage can be related to the insuffi-
cient time of the design preparation, or the client’s desire
to achieve the project as soon as possible.

4.5. Supervisory related factors

Table 8 listed the six most important factors related to the
supervisory group, which causes rework. According to
survey results, the notable factors came were, the first was
“Improper planning for the project activities” and ranked
13th of all rework causes with T.ILLR.I = 38.36%. This
result supported by Alwi et al. (2001). Based on experts’
opinions, it was noted that the adequate planning of the
supervisors for both construction activities and job posi-
tions would be effectively minimised rework at the field.
The second important factor was “Inadequate supervi-
sion by design consultant” and ranked position 31st with
T.ILR.I = 38.36%. Noticeably, the appointing of a design
consultant as a supervision consultant in construction
projects would be ease correspondence with other con-
sultants and to ensure the correctness, the design schemes,
consequently, can be substantially minimised the con-
struction’s conflicts (Choudhry, 2016).

While the third factor among supervisory related fac-
tors was “Lack of supervisory experiences” and ranked po-

Table 7. Ranking the causes and impact of rework factors related to the design group

Code Factors cause the rework EI S.Ion SIon | LLRCI | LLRTI| TLLR.I | Group | Overall
u W (%) | cost (%) | time (%) (%) (%) (%) rank rank

Rrp3; | Design change due to its contradiction with | o0 o 20 15 | 7555 | 4607 | 4960 | 47.83 1 3
the utilities

RF32 Eseesrlgn change at the client order or end- 60.00 | 6537 | 70.15 | 3922 | 4209 | 4066 | 2 11

RF33 | Incomplete design at the time tender 60.30 | 61.49 64.78 37.08 39.06 38.07 3 14

Rp34 | Errors and omission during the design 5522 | 6269 | 6657 | 34.62 | 3676 | 35.69 4 25
process

Rp35 | Design change because of the difficulty of | o015 | ¢ 49 | 6508 | 3451 | 3652 | 3551 5 26
implementation

RE36 | Poor coordination and communication 5403 | 61.19 | 59.10 | 3306 | 3193 | 3250 | 6 37
between the design team

RF37 | Unclear of the client’s requirements 53.73 | 57.91 59.40 31.12 31.92 31.52 41

RF38 | Poor quality practices 52.24 | 56.72 61.49 29.63 32.12 30.88 46

RE3g | Insufficient experience of the design 5284 | 5582 | 5970 | 2949 | 3154 | 3052 | 9 48
consultants

RE4q | Misunderstanding of client/end-user 5194 | 5552 | 5851 | 2884 | 3039 | 29.61 10 51
requirements

RE4) | Non-compliance with specifications and 48.66 | 5403 | 5552 | 2629 | 27.02 | 2665 | 11 67
standards

RF42 | Pay the low fee for design preparation 46.27 | 53.73 48.36 24.86 22.37 23.62 12 79

RF43 SLijtl;:rfeusmg modern technology and 4597 | 48.06 | 51.05 | 2209 | 2347 | 2278 | 13 82
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sition 36th with T.I.L.R.I = 32.69%. This result is in line
with the concluded findings of Alwi et al. (1991), Ajayi
and Oyeyipo (2015), and Mahamid (2016). The functions
of supervisors are to use the available resources effectively
and efficiently, which depends on experiences and quality
of supervision (Alwi et al., 2001). Accordingly, the con-
tractors should spend more money, as training costs, to
develop supervisory skills. In this regard, it founds that the
contractors who have been regularly conducting training
programs can reasonably reduce their rework costs that
are ranging between 11% to 22% (Alwi et al., 1999).

4.6. Construction-related factors

Most changes and modifications through the project
life cycle are occurring during the construction phase,
whether due to change requests and non-conformance
or defects. Hence, various researchers have nominated
construction-related factors as a significant rework causes
(e.g. Enshassi et al., 2017; Raghuram & Nagavinothini,
2016; Love et al., 2004; Kakitahi et al., 2016).

This group consists of 11 critical factors of the rework
causes, as shown in Table 9, which are ranked according to
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their impact, as the experts have named. Hence, the most
significant and notable factors are: the first was “Schedule
compression” and has ranked in the 2nd position among
overall factors with T.LLR.T = 51.75%. This result further
corroborates the outcomes of Enshassi et al. (2017), Ye
et al. (2014), and Jarkas (2015) whose recognised that an
unrealistic schedule is a significant rework cause. Besides,
Ye et al. (2014) illustrated that any schedule readjustment
has an unfavourable impact on project performance and
attributed this to poor client process management. The
second important factor is “Changes initiated by client/
end-user after work has been undertaken” and ranked in
the 10th position with T.L.LR.T = 41.01%. This result con-
forms with several studies (i.e. Raghuram & Nagavinoth-
ini, 2016; Ye et al., 2014; Jarkas, 2015; Love et al., 2004,
2010). However, the large numbers of Egyptian construc-
tion project managers have complained from late entries
of change requests submitted by owners or end-users,
which they consider a waste of time and cost, arisings the
claims, as well as labourers’ stress.

“Inadequate pre-construction planning of the project”
was the third influential factor and ranked as 24th among
all factors with TLLR.T = 36.00%. This result is in line

Table 8. Ranking the causes and impact of rework factors related to supervisory

Code Factors cause the rework EI S.Ion SIon |LLR.CI|LLRTI| TILLRI | Group | Overall
v W (%) | cost (%) | time (%) (%) (%) (%) rank rank

RF44 |Improper planning for the project activities | 58.81 | 63.28 67.16 37.21 39.50 38.36 1 13

RF45 |Inadequate supervision by design consultant | 57.61 | 55.82 60.90 32.16 35.08 33.62 2 31

RF46 |Lack of supervisory experiences 54.63 | 58.51 61.19 31.96 33.43 32.69 3 36

RF47 |Lack of motivational and leadership skills 54.33 | 54.33 57.61 29.52 31.30 30.41 4 50

RF48 |Inadequate supervision 51.64 | 51.64 57.61 26.67 29.75 28.21 5 57

RF49 | Misunderstanding of schemas and designs 49.55 | 51.94 53.73 25.74 26.62 26.18 6 69

Table 9. Ranking the causes and impact of rework factors related to the construction group
Code Factors cause the rework EI S.Ion SJon |LLRCI|LLRTI| TILLR.I | Group |Overall
(%) | cost (%) | time (%) (%) (%) (%) rank rank

RF50 | Schedule compression 7194 | 70.75 73.13 50.89 52.61 51.75 1 2

REs] | Changes initiated by client/end-user after | ) 1o | 6508 | 6896 | 3082 | 4220 | 4101 | 2 10
work has been undertaken
Inadequate pre-construction planning of the

RF52 - 57.02 | 60.00 66.27 34.21 37.78 36.00 3 24
project

RF53 | changes due to inappropriate/difficult the | 555, | 5970 | 6418 | 3305 | 3563 | 3439 | 4 29
methods of construction in site

REs4 | Repair of damage caused by the 5403 | 5791 | 63.88 | 3129 | 3451 | 32.90 5 35
subcontractor

RF55 | Changes made at the request by a design 5224 | 5791 | 6478 | 3025 | 33.84 | 3204 | 6 39
consultant for quality improvement

RE56 | Changes made at the request by the 5343 | 5672 | 6030 | 3031 | 3222 | 3126 | 7 42
contractor to improve quality

RF57 | Change due to omissions or non- 51.64 | 5612 | 57.91 | 2898 | 2991 | 29.44 8 53
conformance to the original design

REsg | Construction error due to design 4776 | 4925 | 5284 | 2352 | 2524 | 2438 | 9 76
misunderstanding
Lack of use proper and modern construction

RF59 43.88 | 48.06 50.75 21.09 22.27 21.68 10 85
technology




676

with findings by Enshassi et al. (2017). Thus, to ensures
the smooth and successful implementation of the project
during construction phases, the pre-construction phase
should be accurately planned to identify possible project
risks before they occur on site. Moreover, Al-Reshaid et al.
(2005) demonstrated that the pre-construction planning
enables project executors from monitoring and control
professionally of the two most important aspects of the
success of any construction project, are namely cost and
time. Therefore, improper planning of these two vital as-
pects during the pre-construction phase may cause cost
overruns and time.

4.7. Site-related factors

Site-related factors are among significant factors that caus-
ing rework (El Hussein, 2014; Love et al., 2004; Simpeh,
2012; Raghuram & Nagavinothini, 2016). This category
includes eight factors that cause construction rework in
Egypt, as shown in Table 10. According to the analysis
results, the critical factors in this group are: “Poor site con-
ditions (e.g. soil problems, water, electricity)” is ranked as
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the first crucial factor in this group and ranked as 18th
among all rework causes with T.I.LR.I = 37.27%. This re-
sult consistent with two beforehand studies conducted by
Mahamid (2016) and Ye et al. (2014). In Egypt, the poor
conditions of the worksite (such as soil structure or high
underground water level and unknown location for un-
derground unities) represent hidden risks which lead to
many changes in the construction method or design and
thus increase the project cost and duration.

The second factor is “Lack of client funding for the
site investigation” has been ranked 23rd with T.I.LR.I =
36.46%. This result is corroborating to several prior stud-
ies * findings (e.g. Mahamid, 2016; Eze et al., 2018a; Love
et al., 2010). In fact, many of Egyptian construction pro-
jects are suffering from a lack of funding by the client/
contractor to investigate site conditions in which turn to
reduce the rework impact during the construction phase.

4.8. Labours related factors

Table 11 illustrated the major ten rework causes related
to the labour group. According to the survey results, the

Table 10. Ranking the causes and impact of rework factors related to the site

Code Factors cause the rework EI S.Ion SIon |LLR.CI|LLRTI|TLLRI | Group | Overall
W (%) | cost (%) |time (%) | (%) (%) (%) | rank | rank

REgo | Poor site conditions (e.g., soil problems, 5612 | 6418 | 6866 | 3602 | 3853 | 3727 | 1 18
water, electricity)

REg1 | Lack of client funding for the site 5761 | 5940 | 67.16 | 3422 | 3869 | 3646 | 2 23
investigation

RF62 Efeo;ganagemem and resource planning in | 5, 35\ 5403 | 5970 | 2035 | 3243 | 30.89 3 45

RF63 | Lack of safety and job security 53.43 | 5045 52.24 26.96 27.91 27.43 4 65

REg4 | Bad site practices and site status that is 50.15| 5194 | 5224 | 2605 | 2620 | 2612 | 5 70
overlooked by the contractor

REg5 | Lack of support for site management by the | ¢ o7 | 4776 | 5104 | 2106 | 2388 | 2202 | 6 81
contractor
Delay providing the site requirements for

RF66 | the contractor by a client, such as water, 47.16 | 44.18 49.55 20.84 23.37 22.10 7 84
electricity

RF67 | Failure/Inaccurate the site’s investigations 44.18 | 47.463 45.97 20.97 20.31 | 20.64 8 87

Table 11. Ranking the causes and impact of rework factors related to the labours
Code Factors cause the rework EI | SIon SIon |LLRCI|ILLRTI|TLLR.I|Group |Overall
(%) | cost (%) | time (%) (%) (%) (%) rank | rank

RF68 Shortage of skilled labours required to complete 60.00| 5881 67 46 358 4048 | 3788 1 15
work tasks

RF69 | Poor workmanship 56.72 | 61.49 67.76 34.88 38.43 36.65 2 21

RF70 | Reallocation /turnover of the staff to another site | 60.60 | 54.03 62.99 32.74 38.17 | 35.45 3 27

RF71 | Insufficient training to develop a skill 60.00 | 54.33 59.40 32.60 35.64 34.12 4 30

RF72 | Insufficient skills 55.82 | 55.82 60.30 31.16 33.66 32.41 5 38

RF73 | Lack of incentives and rewards for staff 55.22| 52.54 57.91 29.01 31.98 30.50 6 49

RF74 | Failure to comply with safety instructions 53.13 | 52.84 55.22 28.07 | 29.34 | 28.71 7 55

RF75 |Lack of supervision and planning for work tasks | 51.05| 51.64 57.61 26.36 | 29.41 | 27.88 8 60

RF76 | Unclear work instruction 47.16 | 48.36 53.73 22.81 25.34 24.07 9 77

RF77 | Overload/extra work 47.16 | 46.57 51.34 21.96 24.22 23.09 10 80
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top three significant factors are: “Shortage of skilled labours
required to complete work tasks” and ranked 15th among
the overall rework factors with T.I.LR.I = 37.88%. This
result confirms several previous studies’ findings, which
ranked that as a significant factor in the first position in
this group, such as Mahamid (2016), Jarkas (2015), and
Ajayi and Oyeyipo (2015). The second factor was “Poor
workmanship” and ranked as 21th with T.I.LR.I = 36.65%.
This result aligns with Jarkas (2015). Nevertheless, this
did not come a very compatible with Ajayi and Oyeyipo
(2015) who ranked that as a significant factor in the third
position. Additionally, the third factor was “Reallocation
[turnover of the staff to another site” and ranked as 27th
with T.LLR.I = 35.45%. This result is similar to other stud-
ies by Ajayi and Oyeyipo (2015), Eze et al. (2018a), and
Mahamid (2016).

In the Egyptian construction community, there is no
construction industry sector free from defects attributed
to labours. Indeed, the main reason for that is due to the
lack of interest and considerations of the construction
companies for this fundamental category in the project,
since many contractors involve low-paid workers to max-
imise their profit, without considering of labours skills, in
which turn can negatively affect the performance of con-
struction projects.

4.9. Material and equipment related factors

The material and equipment related-factors are consid-
ered as the critical reasons for construction rework in
other countries (Fayek et al., 2003; Enshassi et al., 2017;
Josephson et al., 2002). In Sweden, for example, the mate-
rial and equipment have been contributed to about 20% of
the total rework cost (Josephson et al., 2002) and 14.81%
as another study carried by Fayek et al. (2003) in Canada.

This group is comprised of six rework causes, as shown
in Table 12. According to analysis results, the first factor
and the most critical one among this group was “Lack of
materials in a site when needed” and ranked as 16th from
overall rework causes with TI.LR.I = 37.60%. This result
is supporting the findings of Enshassi et al. (2010), who
indicated that the lack of construction materials was a
critical factor for many of the variation orders in the Gaza
Strip. Thus, it leads to omitting some activities, replacing

materials, and change of construction procedures. While
the second important factor was “Inappropriate delivery
timing of the materials and equipment by the supplier” and
ranked as 47th among all rework causes with T.I.LLR.I =
30.53%. This result corresponds to the study conducted by
Enshassi et al. (2017), which ranked the untimely deliver-
ies as 52nd position. Besides, “Use poor quality materials”
was the third rework cause in this group and ranked as
59th. This result not consistent with various prior studies,
such as Mahamid (2016) in Palestine, Ye et al. (2014) in
China, which ranked this factor in the third position as a
significant rework cause of construction projects.

4.10. External related factors

Table 13 listed the rank of the four factors related to the
external group causing rework in the Egyptian construc-
tion industry based on their impacts. According to the
survey results, the two most influential factors are: the first
was “Country’s economic situation (currency exchange, in-
flation)”, and came as the 1st position among all of 87 re-
work factors with T.I.L.R.I = 68.00%, this attributed to the
change in the currency exchange after the decision by the
Central Bank of Egypt to float the Egyptian pound against
other currencies. Hence, this factor has had a significant
impact on the cost and duration of all Egyptian construc-
tion projects, which increased the price of materials dra-
matically, labour wages, equipment rates. Thus, forcing the
concerned stakeholders to take several significant changes
(for example, change in design, specifications, or Mate-
rial). Accordingly, these caused major rework activities
with an extreme impact on projects’ cost and duration.
However, this result does not conformity other studies of
Enshassi et al. (2017) and Eze et al. (2018a) whose dem-
onstrated that the economic situation as an insignificant
factor of rework.

The second influential factor was “Change of laws and
government decisions that initiated many changes, such as
(design change)” and ranked as 17th amongst all of the
rework causes with T.I.L.R.I = 37.40%. Chang et al. (2011)
supported this result when explained that the change of
laws and government decisions is one reason for design
change during construction. However, it did not substanti-
ate by anther studies, such as Ye et al. (2014), who ranked
this as an insignificant rework factor in China.

Table 12. Ranking the causes and impact of rework factors related to the materials and equipment

Code Factors cause the rework EI S.Ion SIon | LLR.CI | LLRTI | TLLRI | Group | Overall
(%) | cost (%) | time (%) (%) (%) (%) rank rank
RF78 | Lack of materials in a site when needed 59.70 | 58.51 67.46 34.93 40.28 37.60 1 16
RE79 |Wnappropriate delivery iming of the 153 131 5435 | 6060 | 2887 | 3220 | 3053 | 2 47
materials and equipment by the supplier
RF80 |Use poor quality materials 50.15 | 54.33 57.91 27.24 29.04 28.14 3 59
RF81 | Use defective/unadvanced equipment 49.25 | 54.63 57.02 26.91 28.08 27.49 4 63
RF82 | Non-conformity to specifications 49.85 | 52.24 55.52 26.04 27.68 26.86 5 66
REg3 | Poor supervision by the contractor for the | 5 15 | 4925 | 5194 | 2470 | 2605 | 2537 | 6 72
acceptance’s materials/equipment
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Table 13. Ranking the causes and impact of rework factors related to external

S.Ion SJon | LLR.CI| LLRTI | TLLRI | Group | Overall
0
Code Factors cause the rework EI (%) cost (%) | time (%) (%) (%) (%) rank | rank
REg4 | Country's economic situation (currency | g1 19 | g597 | 8567 | 6980 | 6956 | 69.68 | 1 1
exchange, inflation)
Change of laws and government decisions
RF85 |that initiated many changes, such as 57.61 64.78 65.08 37.32 37.49 37.40 2 17
(design change)
RF86 | Impact of social and cultural factors 51.64 45.97 50.75 23.74 26.21 24.97 3 73
resy |Natwral conditions, such as rain, heat, and | 45,67 | 4478 | 4955 | 2045 | 2263 | 2154 | 4 | 86

5. Comparison between top rework causes
in Egypt and other selected countries

After analysing and ranking the factors of rework ac-
cording to the Total Importance Index of Rework Impact

among 87 factors causing rework, which have the highest
impact on the cost and time of the construction projects
in Egypt.

To conduct a comparative study, ten certain studies
were selected for seven developing countries: China, Ma-
laysia, Nigeria, Qatar, Palestine, South Africa, India, and
UAE. Hence, to be a fair comparison, it became neces-
sary to analyse and rank by rework factors in these areas
carefully. Accordingly, the number of rework factors have
been calculated along with the rank of each factor and
the technique used for this ranking for each mentioned
country. Consequently, the countries with similar rework
factors were synchronised with the top 15 critical factors
of rework in the current study. This was to elicit the ranks
of rework factors that match the crucial rework factors
in the Egyptian construction industry, as shown in Ap-
pendix, Table A2.
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Furthermore, a detailed discussion has been conduct-
ed to compare the causes of rework; the results would be
discussed in the following section.

In Egypt, “Country’s economic situation (currency ex-
change, inflation)” came in st place, which was extremely
significant, especially after the float of the Egyptian pound
at the end of 2016. It has been ranked as a vital factor of
rework in India, which ranked 9th. Raghuram and Naga-
vinothini (2016) demonstrated that Indian construction
projects are suffering from design change due to financial
reforms. On the contrary, the economic situation ranked
as an insignificant factor for China, Malaysia, and Pales-
tine, which reflects relative stability in the currency ex-
change and prices of building materials in these countries.

Also, “Schedule compression” ranked 2nd, which is also
extremely critical. And, it has been ranked 4th as a sig-
nificant factor for the Palestinian construction industry
(Enshassi et al., 2017). This is due to the siege and political
conditions in the region. On the other hand, it has also
been ranked as an important factor in China and Qatar
in 14th and 15th places, respectively.

Based on experts’ opinions, it is noted that some fac-
tors such as “Design change due to its contradiction with

100

15. Shortage of skilied labours required to complete work tasks
14. Incomplete design at the time tender

13. Improper planning for the project activities

12.Weak communication/coordination with end-users
11.Design change at the client order or end-user

10. Changes initiated by client/end-user after work has been undertaken
9. Inefficient selection of the subcontractor

8. Lack of funding and cash flows

7. Weak planning of the project as (construction planning)

6. Change of plan or scope

5. Inadequate or weak feasibility study

4. Specifications change by the dient

3. Design change due to its contradiction with the utilities

2. Schedule compression

1. Country’s economic situation (currency exchange, inflation)

Figure 3. The most critical rework factors in Egypt
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the utilities” (3rd rank), and “Inadequate or weak feasibility
study” (5th rank) are the most influential factors of rework
in Egypt, despite being of no concern for other selected
countries, which ranked them as insignificant. This is at-
tributed to a lack of funding for investigating site condi-
tions, in addition to improper preparation of the feasibility
study by the owners, and the lack of specialised consul-
tancy offices to prepare it seriously.

Again, “Specifications change by the client” (4th rank)
was an important factor for India, where it ranked in
the 9th position, but it was not compatible with Nigeria
(Aiyetan, 2013), where it ranked 47th. However, “Change
of plan or scope” (6th rank) were ranked at 7th and 12th
positions in China and Nigeria (Aiyetan, 2013), respec-
tively, but they were not an adequate factor of rework for
a residential building in Palestine (Mahamid, 2016), as
they were ranked 17th. Additionally, “Weak planning of
the project as (construction planning)” had the 5th rank in
Nigeria (Aiyetan, 2013). This is in line with the views of
Egyptian construction professionals, who ranked it in the
7th position.

From another side, the “Lack of funding and cash flows”
(8th rank) and “Inefficient selection of the subcontractor”
(9th rank) were the two most important factors related
to the contractor and subcontractor in Egypt. These re-
sults correspond to Palestine, where they were ranked at
the 15th (Enshassi et al., 2017) and 9th (Mahamid, 2016)
positions, respectively. This convergence in results occurs
because both countries have the same environment and
cultural circumstances for construction projects.

The “Changes initiated by client/end-user after work
has been undertaken” issue was a very significant factor
in Qatar, where it ranked at the 1st position. Moreover, it
was an influential factor of rework in Malaysia and India,
where ranked it 9th and 5th, respectively. These results are
considered acceptable in Egypt, which ranked it on the
10th. Nevertheless, the “Design change at the client order
or end-user” (11th rank) matched with UAE, South Africa,
Malaysia, and India, ranking it at 5th, 5th, 9th, and 14th,
respectively. On the contrary, it was not a significant factor
for Nigeria (Eze et al., 2018a), which came at 24th rank.

Among others, it was noted that the factors form that
worry the construction makers in Egypt are “Weak com-
munication/coordination with end-users” (12th rank), and
it constituted 8.10% of the total cost of rework (Liu et al.,
2020). This is in line with Malaysia, which ranked it on the
15th, and it was not an influential factor for China at 30th
rank. “Improper planning for the project activities” was a
significant factor of rework in Egypt as it ranked 13th,
but this did not correspond with Qatar, where it ranked
24th. In the same way, the “incomplete design at the time
tender” (14th rank) was a decisive factor in Qatar, where it
ranked 3rd, and India, UAE, and South Africa at 6th rank.
Also, it ranked 11th in both Palestine (Mahamid, 2016)
and Nigeria (Eze et al., 2018a) and 12th in Malaysia. How-
ever, this was not disturbing for Palestine (Enshassi et al.,
2017) and Nigeria (Aiyetan, 2013), where it ranked 17th
and 48th, respectively.

Finally, “Shortage of skilled labours required to complete
work tasks” has been ranked 15th, which is somewhat
close to Palestine (Mahamid, 2016) and Nigeria (Eze et al.,
2018a) that ranked it at 18th and 26th, respectively. On
the other hand, this result is different from other coun-
tries such as UAE, India, and South Africa, where it was
a critical factor in the 3rd position and ranked 5th for the
Qatar projects. This may be attributed to the lack of skilled
foreign labourers in these countries.

6. Comparison of the rework groups
rank with previous studies

This section summarizes the rank of the ten rework cat-
egories in Egypt according to the average T.I.L.R.I(%) and
their percentages, as shown in Table 14. Besides compar-
ing them with the results of 24 previous studies, as illus-
trated in Figure 4, which shows the contribution rates for
the rework factors groups based on their frequencies in
the 24 research studies. Hence, the five most influential
groups in the Egyptian construction industry are dis-
cussed to compare their rank with corresponding groups
of the previous studies, as follows.

Table 14. The rank of each rework group

Groups T?},;r?g(i %) Percentage | Rank

External related factors 38.40 11.94% 1
Client related factors 36.56 11.37% 2
Construction related factors 33.49 10.42% 3
Design related factors 32.76 10.19% 4
glfl;lctéilctizztz?drelated factors 3275 10.19% 4
Supervisory related factors 31.58 9.82%

Labour related factors 31.08 9.67% 6
Site related factors 27.98 8.70%

Contract related factors 27.55 8.57%

The external related factors have been ranked as the
first significant group with the average T.I.LR.I = 38.40%
and accounting for 11.94% among all rework groups. This
result does not agree with the previous studies, which
ranked it ninth, as accounting for 6.07% among all of the
rework groups. The main reason for the fact occupies of
the external related factors for this advanced rank is due
to the economic changes over the last three years which
negatively affected the performance of the Egyptian con-
struction projects, such as the high prices of building ma-
terials. The second most influential group was client-relat-
ed factors that require clients in Egypt to consider these
factors to minimise their occurrence and impact and thus
improve project performance. This result is in line with
previous studies, which ranked it third, as accounting for
12.71% of the total rework groups.



680

10 15

e
i

W Ny, 7778 11.39

iy, 2278 11.95

- >
007, 2222228 12.71

Wiy,
: 7, /////////////////////// 7
20

%

13.09

7 7
.///////,4////////////?,’ 7

A. M. Al-Janabi et al. Factors causing rework and their impact on projects’ performance in Egypt

20
10. Supervisory related factors

9. External related factors

8. Material and equipment related factors

7. Site related factors

6. Contract related factors

5. Construction related factors

4. Contractor & sub-contractor related factors
3. Client related factors

2. Labour related factors

1. Design related factors

Figure 4. Percentages of rework factors groups in 24 previous studies

Also, the construction-related factors have been
ranked as an influential group at third. This result matches
with previous studies, which ranked it at fifth, represent-
ing 12.39% of total rework groups. Therefore, all stake-
holders involved in the project should adequately plan the
construction process, for example, developing a realistic
schedule for project implementation. However, the fourth
significant group is the design-related factors, which ap-
peared concern source to the prior researchers, where
they were ranked first and representing for 17.65% of all
rework groups. This result indicates a lack of interest in
the design process by the concerned parties involved in
Egyptian construction projects.

At last, the fifth significant group was the contrac-
tor and subcontractor related factors, where it ranked as
fourth. This finding is consistent with previous studies,
which ranked it also fourth and accounting for 11.95%
of the total rework groups. Hence, this category requires
more attention by the owners, for example, the qualified
contractors with considerable experience should be se-
lected according to project type and complexity, which
has a significant impact on the success of the project and
minimising the rework.

Conclusions and recommendations

The study stated objectives are to identify the key causes
of rework and measure the extent of their impact on the
time and cost of Egyptian construction projects, as well
as knowing the current results position against previous
studies in other countries. Hence, to achieve the desired
purpose of this paper, an extensive review of 24 prior
studies was conducted to uncover ambiguity about the na-
ture of rework causal. Accordingly, a total of 87 the rework
causes have been identified and categorised them into ten
groups related to, client, contractors and subcontractor,
contract, design, supervisory, site, construction, material
and equipment, labours, and external. Later, a question-
naire survey was conducted of 67 construction profession-
als in Cairo City to provide their opinions and perceptions
regarding the importance of rework factors by completing

their responses to the interview questionnaire. The results
indicated that all of the participants are agreed that coun-
try’s economic situation (currency exchange, inflation),
schedule compression, design change due to its contradic-
tion with the utilities, specifications change by the client,
and inadequate or weak feasibility study are top five causes
for rework in Egypt, which have the greatest impacts on
projects performance. Therefore, those rework factors re-
quire more attention by both of the government agencies
and the private sector. These results are justified in Egypt,
based on surveyed experts’ opinion whose attributed this,
for example to the lack of analytical studies of the building
market and the prices of construction materials that are
updated continuously, and which will reduce the change
orders of the construction projects tremendously. Addi-
tionally, a failure to take into account the site conditions
before preparation the design schemes, which is due to in-
sufficient prior site verification by the designer. Notwith-
standing, according to 24 previous studies, the five most
frequent of rework factors were the incomplete design at
the time of the tender, poor communication of client with
the contractor/design consultant, insufficient labour skills,
the lack of sufficient client knowledge and experience in
the design and construction process, and weak of quality
considerations by contractor and subcontractor, which not
matches the top five critical factors in Egypt.

On the other hand, the survey results indicated that
the most dominant rework groups, which are those related
to, external, client, construction, design, and contractor
and subcontractor, respectively. The rank of these groups
corresponds to the twenty-four previous studies rank, ex-
cept for the external-related factors due to specified eco-
nomic reasons.

In fact, the causes of rework in the construction in-
dustry are different from country to others, depending on
economic and cultural conditions and the extent develop-
ment of this industry. To demonstrated this, a comparative
study was conducted to match the fifteen most important
factors causing rework in Egypt with other developing
countries which are China, Malaysia, Qatar, Palestine,
South Africa, India, UAE, and Nigeria. The comparison
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results indicated that the main factors causing rework in
Egypt have not agreed with those of countries regard-
above, except for some individual cases.

In conclusion, the results of the current study can be
considered valuable for international academics and re-
searchers as it identified the largest number of rework
causes, as well as it provides adequate knowledge about the
common causes of rework and its impact in the Egyptian
construction industry. Hence, the authors recommend the
following measures to reduce the effects of rework and to
improve projects performance in Egypt, which are:

- Both client and contractor must prepare a risk man-
agement plan of their own to avoid or reduce rework
such as a risk of the currency exchange and inflation.

- Develop a new and appropriate approach for effec-
tive communication between project partner; client,
consultant, contractor, and end-users to minimise
changes that are requested during the project imple-
mentation.

- Involve professional coordinators to coordinate all
work design panels, and coordinate the other re-
quirements with external parties, which contributes
to reducing the conflict as well as rework.

- Clients should prepare a meaningful and useful feasi-
bility study, proper project planning, and solving the
financial obligations of the contractor just in time.

- The initial investigations and tests of the site must be
done at an early stage, to identify all obstacles, such
as the utilities, soil problems to avoid future design
and construction problems.

- The contractor shall establish a quality control sys-
tem, to control the materials acceptance and con-
struction work, which should be reviewed by the pro-
ject’s consultant as quality assurance, to avoid rework.

- The subcontractors should be selected according to
an effective method based on their efficiency and
skills basis.
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