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ABSTRACT

Rework is a menace thatleads to undesired and unnecessary loss of efforts, it degrades
project cost and schedule performance of construction projects, both at design and
construction phases, This study therefore, analyzed the impact of cost of rework on
tme and cost performance of building construction projects in Nigerian, using
selected commerclal buflding project within the country’s capltal. A pro forma was
adopted for gathering data on rework cost, project cost and time of selected building
projects, while structured questionnalre was used to collect information on the likely
measures for reducing rework incldences from construction professionals that were
involved In the delivery of the Identified projects. Regression analysis, relative
importance index and Kruskal-Walis test were employed for data analysis. The study
revealed a significant relationship between the cost of rework and initial and final
project cost of delivering commercial buildings, as an average of 3.53% impact on the
initfal project cost, 46.60% contribution to cost overrun, and p-value of 0.000 wa-
observed on all assessed projects. For the project delivery time, a significant
relationship between the cost of rework and Initial and final project duration, as an
average of 7.35% impact on the initial delivery time, extra 19 days and p-value ol
0.000 was observed on all assessed projects, Team building and educaton,
management commitment, employee involvement, were some of the best possible
measures to minimized rework problems.

1. Introduction

and Shakanwu, 2016¢ ). In spite ol the sigmhicanee ol th

construction industry, it s alwavs been Taced with «uch

The construction industry is the driving force behind socio-
cconomic development ol any nation; and the industry takes
huge amount of money, tme and energy (Saidu and
Shakantu, 2016a; Meshksar, 2012). It is among the major
industries that contribute to economic growth and
civilization; as such its importance is approved in all
communities (Meshksar, 2012). The activitics of the
industry improve the quality of life by providing
infrastructures such as buildings, roads, hospital, schools
among other facilities (Saidu and Shakantu, 2016b; Saldu

R

problems as poor financial — perlormance, ligh coa ol
|n‘n]v\'l (lC“Vt'I'_V, poor q\l.\lll\‘ and material waste and
failure to deliver value to ¢hents on scehedule (Smdu and
Shakantu, 2016¢; Abdul-Raliman et al., 2013

Consequently, —ineflicient — productivity — and o
pcrl'orm.uwc experienced in the constructuon industry ha
led 1o its wide criticisms as argued by Simpeh (2012) The
cost and schedule overruns olten experienced e the

construction projects dehivery s directly and agmboanth
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attributable to rework [factors (Hwang e« al., 2009).
Therefore, rework is one of the major factors responsible
for the sctback experienced in the industry as obscrved by
(Simpeh, 2012). Love and Edwards (2004a) affirmed that
rework contributes mainly to time lost and time overrun
and these ulimately alfect the costs,

quality, resources and
other project characteristics.

Rework according to Love (2002a) and Palaneeswaran
(2006) is defined as the avoidable efforts expensed in re-
doing activities that were incorrectly implemented at the
initial time. Rework and waste have already been
acknowledged as non-profitable occurrences that critically
influence  construction projects’ producLiviLy an;l
performance (Josephson et al., 2002; Alwi e al., 2002).
According to Cooper (1993), rework emerges as overlime,
additional resources in the form of labour,kplant, workers,
and reductions in project scope and quality and schedule
slippage. Love (2002a) opined that rework would naturally
increase total project costs by 12.6%. Similarly, Davis et al
(1989) reported that rework can cause additional cost to
construction of up to 12.4% of the total project cost.

Mahamid (2016) analysed the cost and causes of rework in
residential building Projects in West Bank, Palestine. The
study revealed that cost of rework in building projects
ranges between 10%-15% of the original value. Oyewobi et
al. (2011a) evaluated rework cost of some selected building
projects in Niger state. The study focused on the
relationship between rework cost and variation and time
overruns of 25 selected institutional buildings projects in
Niger state. The study found rework cost in different
elements of the buildings studied.

Ajayi and Oyeyipo (2015) studied the effect of rework on
project performance in building project in Lagos State,
Nigeria.. The study revealed that a significant relationship
does exist between cost of rework and original contract
sum, original and final contract period, with exclusion of
final contract sum. Abcku ct al. (2016) carricd out a study
on Projects Management and the ellect of Rework on
Construction Works. The study found out that the
combined effect of rework on the projects’ time and cost
were 54.70% and 28.55% respectively.

However, little has been done on rework in the
geographical area of the study; and rework according to
Simpeh (2012) has remained a natural problem in
construction. Hence, there is the need to analyze the cost of
rework on building project performance. The aim of this
study is to analyze the impact of cost of rework on time and

cost pcrl‘nrnmncu- of private building construction project
of commercial nature, with a view to ascertainme the
techniques for reducing rework occurrence anconstruction
projects. The specific objectives ol the <tudy are. 1o
determine the relationship between cost ol rework and
project cost ¢nitial and hinal cost), 10 determme the
relationship between cost ol rework and project duranion

(initial and final duration), and to cxamme the mos

effective measures of mmmizing rework on huilding

projects. This study will contbute and imiprose

understanding of construction rework. Awareness ol the
£

possible problems resulting [rom rework will be incrcased,
it will also add to the body of knnw|(?r]gu avatlable on
rework in construction projects. The outcome ol this study
will have the overall cffects ol reducing cost and i
overruns attributable to rework which will enhance projec
performance, and reduce or minimize possible conflicts

which may arise as a result of rework.

To guide this study, the lollowing hypothesis were made,
Hyj- There 1s no significant relationship between the
cost of rework and project cost
H,,- There is no significant relationship between the
costs qfrcn'orkx and project duration
of Rework Construction

2. lmpact on

Projects

According to Palaneeswaran (2006), rework has both dircct
and indirect effects on the performance of consiriction
projects. For a poorly managed projects, the overall
impacts of rework may be cqual 1o or cven exceed the
estimated prolit margin (or mark up). Also, there are cases
in which the ripple cflects of rework will be carried
forward on different aspects such as reputation, stress,
and Q000
revealed that additional ume to re-do task, additional «oer-

motivation Palanceswaran

relatonships
for re-doing work, additonal materials Tor rework and
subsequent wastage handling, and addnonal labour tor
I‘L'Wul'k and rclalud extensions of \ul)u\hmg manpower
were the direct effect of the impact of rework on project
management transacuons. Rework can negatively affecr 1l
performance and producuvity of design and construction
organizations (Chan and Kumaraswamy, 1997, Love
2002a). In addition, it is the main lactor that contribute- 10

time and cost overruns on construction projects

Cost Overrun 1s a very regular incident and 1+ associned
with almost every type of projects wathin the construction

industry (Azhar et al., 2008). Cost has been seen as the
major factor lor mcasuring project success. The majon

factors alfecting project costs are qualitative, such factors
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are client priority on construction tme, procurement
methods, contractor’s planning capability and market
conditions including  the acuvity level ol construction
(Elchaig et al., 2005). Regrettably, a lot of construction
projects incur cost overruns as a resull of rework.
Consultants work very hard to avoid it because its resultant
high effect on project cost increases (Love, 2002a). A
situation in which the final cost of the project exceeds the
original (initial) estimates is known as cost overrun (Avots,
1983). Cost overruns are main problems in project
development; and they are regular feature in the
construction industry especially for developing countries of
the world (Endut, Akintoye and Kelly, 2005). Cost
overruns makes projects costly [or the both the contractors
and clients. Odcck (2004) obscrved that cost overruns
ranged from (59 to 183) % and are predominant on smaller
projects than larger ones, especially Public Roads projects in
the Norwegian construction industry. In United Kingdom
construction industry, Jackson (2002) reported that almost
one third of all clients experience cost overrun in their
projects.

Similarly, Marosszeky (2006) found out that the mean of
rework costs were 5.5% of the value of the contract;
comprising 2.75% direct costs, 1.75% and 1% indirect costs
for major contractors and subcontractors respectively. This
study was based in New South Wales, Australia. Meshksar
(2012) reported that the cost of rework is 1.30% - 3.30% of
contract value, and an average of 2.095%; and rework time
of 3.0%-8.0% with an average ol 5.182%. Oyewobi et al.
(2011) reported that on elemental basis, rework costs was
as hxgh as 5.29%; and that rework costs constitutes 3.47%
of the entire projects studied. Oyewobi et al. (2011)
observed a positive link between rework cost and project
time overrun; indicating that increase in cost of remedying
nonconforming work will give rise to increase project

completion time.

Love et al. (1999) discovered that the cost associated with
poor quality work (such as rework due to poor
workmanship) were as high as 12% of the total project
budgets and will require 11% of the total project schedule.
Josephson and Hammarlund (1999) stated 2% - 6% of
contract sum is the cost of rectifying and redoing works
which do not conform to quality in the construction
projects; projects such as residential, commercial and
industrial building projects. In the same vein, Love and Li
(2000) reported the cost of redoing and rectifying poor
quality in residential building projects to be 3.15% and for
industrial building projects is 2.40% ol the contract sum.
However, when contractors ensure ellective and continuous
quality improvement strategy and quality assurance systems,
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the cost UI‘I)()UI nln.xlnl‘y will be Tess than 1000 ol the taty
project cost (Love and Li, 2000). Robert (1991) remlarced
this position by stating that spending extia 1 00%, an
prevention cost would result to 80" savings on cost ol
[ailures.

Construction project ume overrun is dehned as an addition
of time further than the agreed contractual time at the
tender stage (Endut, Akintoye and Kelly, 2005) Rework
can lead to a considerable addition of a project’s time and
cost overrun, especially, during the construcnion tage T
effect of (l(‘lﬁ\’s or ume overruns for the contracton
included increased costs, reduced  prohit margm and
battered reputation (Endut et al., 2005). The chients also
incur some cost in the form of addiional charges and
professional fees and reduced incomes, whieh result from

delayed occupancy. Most contractors beheve that duration

set by the client is reahstic and prepare ther bid
accordingly; this is a factor responsible lor construction
delays (Ng et al.. 2000 Time overrune o0 regnl
phenomenon In construction; time overruns as a common

])mhlem in most civil engineering contracts (Alkass er al

1995; Al-Khalil and Al-Ghally, 1999). Sinlarlv, Ehinwa
and Joshua (2001) reported that ume overrun s a recurring

decimal in the construction industry of Nigeria

Josephson et al (2002) estimated that the cost ol non
conformance amounted to 7.1% ol total construction wark
hours. It is believed that the direct effects of redomng and
rectifymg poor (ILlall[)' work on ]n'n'('(l management
businesses accordmg to Palanceswaran  (2006) arg,
additional ume for remedymg falures and cxtension ol
supervision time among others. Palanceswaran (2000
reported 277 days time overrun of a sample privat
building project in Hong-kong. According 1o Chan and
Kumaraswamy (1997), compleung projects within the
budgeted time 15 an indication ol an ellicient construction
industry; and the estimation of completion time of projects
is dependent on the mtuition, skill and experience ol the
planncr/ planning  engineer. Time overruns are costing
Lebanon a great deal of money;  therelore, there 1s an
indlspulnhle need to lind more elfective methods for

overcoming rework prohlems (Mezher and Tawil, 1998)
8

3. Measure of Minimizing Rework

Wasfy (2010) suggested that many issues that should he

considered 1n order to reduce or to mmmuze rework

construction  projects are, design SO

occurrences In
l'rcc'/Jng , Clm“gk‘-\. value management, usc ol mlornation

technology, supervisors raming, quahty control plan and
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project inspection. One of the good techniques of reducing
rework 1dentilied by Love and Edwards (2004a) is design
scope freezing. Love and Edwards (2004a) maintained that
design scope [reezing will reduce the probability of rework
occurrences. The dilference between the contractual
requirements contained in the original contract between
the parties and the additional requirements during the
actual construction of the project is known as change
(Oracle White Paper, 2009). Changes could be classified as
directed (owner originated) or constructive (contractors-
oriented) changes. These changes whether imuated by
either the owner/contractor may cause rework; thus
minimizing changes means reducing occurrence of rework.
Peter et al. (2010) emphasised the role of skilled work
force, good communication, employee involvement and
management commitment in improving quality and
curtailing waste and rework in construction. It is obvious
that the participation of subcontractors at both the planning
and construction stage will lead to increased effective
communication between subcontractors and their main
contractors. This will translate to eflective and proper
coordination of site activities, which will eventually reduce
the incidence of rework (Simpeh, 2012).

The management commitment is one of the most essential
factors to implementing quality Management in
construction industry; and this factor is considered the
most influential according to (Al-Tayeb, 2008). Simpeh
(2012) observed that team building, involvement of
subcontractor/suppliers during design , design for
construction were the most effective design management
strategy for reducing rework incidence on construction
projects. Furthermore, to reduce rework, Simpeh (2012)
found out that the most effective site management
strategies for reducing rework are involvement of
subcontractors during construction, and quality control.

4. Methodology

The study covers the analysis of cost of rework on
construction project performance with emphasis on time
and cost performance of some selected private building
projects executed between years 2005-2015 in Abuja,
Nigeria. The private building projects considered in the
study area include shopping complexes and malls of
commercial nature completed within the period under
study by reputable contractors and consultants. Such
projects are funded by serious minded investors,
individuals or organisations/companies who are profit
driven. The period of 10 years (2005-2015) was chosen to
have more projects and data to investigate. Abuja was
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admmistrative

selected for this study because it s the

headquarters ol Nigeria and the case ol access 1o projeat
archives of the selected companies. Also, beng one of the
mctl‘opolllan cities in Nigeria with the high population ol
contracting and consulting lirms and prolessionals within

the built environment. Shoppmg malls/complesesare -een

scattered all over the city and its suburbs, and buymg and

selling has remained n spite of cconomic conditions and
£

recession in the country

A total number ol 6l commercial building identihed 1o
have cxpcricncml rework during their exccution wer
selected for the study alter contacls with the participants
were cstablished. These project formed the population ol
the study, together with the participants involved in 1he
delivery of these construction projects. However, i the
course of gathering data, access was allowed to onlv 31 ol
them. Theb3l projects formed the basis of the study, as thes

were [ound adequate for the needed informaton wer

available.  This number 1s cnough Tor generalization about
the whole populauon to be made. A pro forma was usc d o
collected the data on project cost and project e and

rework cost for the projects. These data were extrac ted by
the researchers from the Bill of quantities, valuations and
final counts, claims sheet, and variauon account-
Structured questionnaire was administered randomly 1o
365 participants, who were associated with these building
projects. These participants covers pmlcwunal\ who
worked with the clients, the contractors, the consultanis

in ensuring that the projects arc

and sub-contractors;
delivered. 188 of the questionnaires were retrieved out ol
the 365 distributed, representing 51.5% responsc rateand

was deemed fit for the analysis

The questionnaire used was designed n two sections using
information derived from related hiteratires revic el
Section A covered the (lcmngraplm mlormation ol the
target respondents. Information  gathered from ~conon
served as a quality check and verilicauon ol the data from
the other part ol the questionnaire. Section B covered the
views of the project participants on the possible measures
for reducing rework in construction, which will m turn
minimize or elimmate cost and time overruns ol Pt
building projects. 25 possible measures were selected tron
the review of related literaturces, and respondents wer
requested lo rate these measures base on the level ol
emcacy in reducmg rework when unplcmcnlml on
construction projects using a S-pont Likert scale, where |
= very Ineffective, 2 = Inellecuve, 3 Average,

Effective, 5 = very Elfecuive
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The appropriateness and suitability of the research
instrument to meet the study objectives was carried out
through a pilot survey as suggested by Fellows and Liu
(2008). Fifteen of the draft qucslxonnnirc were randomly
distributed to the selected experts, and the [inal dralt was
adjusted based on their [eedback. Furthermore, the
reliability and internal consistency of the questionnaire was
carried out using Cronbach’s alpha test. This method
measured the reliability of each of the field of the
questionnaire and the mean of the entire fields of the same
questionnaire. The acceptable value range of Cronbach
alpha is between 0 and +1, and as the vaiue tends toward
1, the higher degree of internal consistency. The Cronbach
alpha value for the measured variables s 0911, thereby
umplying that the questionnaire is credible and have high
degree of reliability. According to Moser and Kalton
(1999), a research instrument is more perfect as the value
of the Cronbach alpha tends towards 1.0.

Frequencies, percentages, relative importance index (RII)
were used to analyse the collected data from the
questionnaire; and Kruskal-Walis  test performed to
determine the relationship in the view of the respondents
regarding the variables. Furthermore, the project cost,
project time and rework cost data collected were analysed
using regression analysis. The regression analysis was used
in determining the relationships between the cost of
rework and project time, and project cost. Regression
analysis was employed to determine the relationship
between the dependent variables (project time and cost)
and independent variables (Cost of rework),

5. Results and Discussion

5.1 General Information of the Respondents

The analysis of the respondent’s characteristic shows that
in the organisational type of respondents; 51 .60% of them
work with contractors, 20.74% and 25.0% work in the
consultants and clients organisation respectivcly. and
2.66% in consulting/contracting firms. For years of
experience worked in the construction industry; 48.40%
of them had 1-10 years, 39.89% had 11-20 years, 9.04%
and 2.66% of them had 21-30years and 31.40years
respectively, while non had 4lyears and above. Most of
the participants holds Bachelor of Science/Bachelor of
Technology degree (46.28%), this is followed by those
with Higher National Diploma (29.79%) and Master of
Science/Master of Technology degree (21.81%), and
lastly PhD holders (2.13%). This imply that the

respondents are experienced and academically qualilied to

\VICIRINAVAV | Lly A\ IRRL VICIRI N LAY |

give reliable information in such construction basce study  In

addition, according to the respondents, 74 5% alwavs koop

records of rework incidences, 23.94%0 keeps record
sonieuimes, and only 1.56"q ol them had never keptreword
of rework incidences. The respondents are ol the opmion
that the activities of contractors contribute 37 77" 16

rework, [ollowed by the consultants (31.38%0) and then the
client/owner/customer (18.09%).

The analysis also revealed that, 3245 of the respondan

are Quantity surveyors and arc registered members ol the
Nigerian Institute ol Quanuity Surveyors (NIQS). Engincers
(Civil and Services) (27.13%) and Architects (23.40%0) and
are members ol the Nigerian Socicty ol Engmeers (NSE)
and Nigerian Institute of Architects (NIA) respectively
17.02% of them are Builders registered with the Nigerian
Institute of Building (NIOB). The high proportion ol
quantity surveyors implies that they are involved 1 cox
associated matters such as rework n the construchion
industry; and evidence of professional memberships shows
that they are prolessionally qualified 1o give an cxper

opinion on the subject of this study

5.2 Relationship between Cost of Rework and Project
Cost

To determine the relation between cost of rewark and cost
of project, a regression analysw was undertaken and the
result is shown on Table 1. The analysis revealed that there

15 a relationship between the cost of rework (independent
variable) and the Projects costs (dependent variablesy fon
the 31 selected building projects stuched. In all, i was
discovered that there exists a very strong, positive and
sngnifican[ relationship between the varables (thar s
between cost of rework and mual project cost, final

project cost).

The analysis between the cost ol rework and imual projea
(R
obscrved has a very high value of 73.8% implyving that

cost shaws that the coellicient of determmation
73.8% changes in the value ol project cost is due 10 the cos
ol rework while the remaining 26.2% was duc 1o otha
factors not considered by this study. The  posinne
correlation observed implies that ncrease m the value ol

the independent variable s accompanied by
corresponding increase in the value of the dependent
variable and vice-versa. The F , ... S1.606
observed was greater than the F, ., value of 4 18 and th.
P-value of 0.000 observed was less than 0.05 Based on

these, the null hypothesis which states that there 1< ne

value ol

sigmficant relanonship between the cost ol rework and
&
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Table 1: Simple Linear Rc/atianships‘ Ana/y‘\'i.cfor Cost chfu'nrk and Project Cost

Dependent Variables

Variables Initial cost of projects Final Contract Sum
B SEB B Sig. B SED B Sig,

Consti 1.03E+09  2.77E+08 0.001  1.09E+09  2.91E+0§ 0001

Gyt of Revioek 17,555 1.95¢ 0859  0.000 19155 2053 0866 0000

8 0.859 T 08660

i 0.738 0.750

Adjusted R? 0.729 S

Fa 81.606 §7 068 T

LT 4.18 ST

project cost was not accepted. Ditvery Time
The analysis between cost of rework and final project cost Similarly, a regression analysis also undertaken to ascertam
revealed that the coefficient of determination (R the rcln—lionshl}v between cost of rework and project tim
observed has a very h'gh value of 75.0% imP')""g that and the result 1s shown on Table 2. The analy:is revealed
75.0% changes i the value of project cost is due to the that there is a relationship between the cost ol reworl
cost ot rswenls while: e remaining 25.0% was due to (independent  variable) and the Projects duration

other factors not considered by this study. The positive
correlation observed implies that increase in the value of
the independent variable is
corresponding increase in the value of the dependent
variable and vice-versa. Meaning that any further rework
incidence can increase what the value of the final contract
sum will be, even after it has been projected at some point
during the construction. Since te F .4 value of 87.068
observed was greater than the F,,, 4 value of 4.18 and the
P-value of 0.000 observed was less than 0.05, the null
hypothesis was not accepted.

accompanied by a

5.3 Relationship between Cost ofRework and Project

(dependent variables) for the 31 selected building projects
studied. that “Irono
positive and significant relationship between the variables
(that is, between cost of rework and nitial project duration

and final project duration).

It was discovered there exists a

The nnal\/Sls between the cost ol rework and the imnal
project durauon showed  that  the  coclbiaen ol
determination (R?) observed has a very high value of 549",

implying that $4.9% changes in the value of projec
duration is due to the cost of rework while the remaining
45.10% was due to other lactors not considercd by this

study. The positive correlation observed unphies that
y |

Table 2: Simple Linear Relationships Analysis for Cost of Rework and Project Duration

Dependent Variables

Initial Project Duration

Final project duration

Variables
B SEB B Sig. B SEB B Sig.

Constant 432.049 25.46 0.000 457.699 26 95 0 000
Cost of Rework 1.07E-06 0.0000 0.741 0.000 1.22E-06 0.0000 0705 0000
R 0.741 0765
R 0.549 0585
Adjusted R’ 0.534 N (.
F 35.349 40 934

al — ————
Fus 4.18 4.18




increase in the valuc of the independent  variable s
accompanied by a corresponding increase in the value ol
the dependent variablc and vice-versa, The Fcutaicg value of
35.349 observed was greater than the Fl it value of 4.18
and the P-value of 0.000 observed was less than 0.06.
Based on these, the null hypothesis which states that there
is no significant relationship between the costs of reworks
and project duration was rejected.

In the same vein, the analysis between cost of rework and
final project duration revealed that the coeflicient of
determination (R?) observed has 4 very high value of
58.5% implying that 58.5% changes in the value of project
duration is due to the cost of rework while the remaining
41.50% was due to other factors not considered by this
study. The positive correlation observed implies that
increase in the value of the independent variable is
accompanied by a corresponding increase in the valye of
the dependent variable and vice-versa, The Fatatae Value of
40.934 observed was greater than the F, .. . value of 4.18
and the P-value of 0.000 observed was less than 0.05
based on these, the null hypothesis was rejected. '

The analysis of the data collected from a total of 3]
selected public building projects revealed that, in all there
exists a very strong, positive and significant relationship
between the variables (cost of rework, project cost and
project duration) tested. This Imply that an increase in the
cost of rework can cause additional cost to the project
which could require extra time. This linding is consistent
with the following previous studies on rework; Oke and
Ugoje (2013) who reported that there is a significant
relationship between rework cost and initial cost, final
cost, cost overrun, initial time, final time and time
overrun. Oyewobi et al. (2011a) reported a positive link
between rework cost and project time overrun at 5% level
of significant; there was a positive correlation between
rework and initial cost, cost overrun and time overrun of
the projects studied at 1% level ol significant. This
therefore indicates that increase in cost of remedying
nonconforming work will give rise to increase project
completion time. Ajayi and Oyeyipo (2015) reported that
there is significant relationship between the cost of rework
and initial contract sum, initial and final contract period;
but not with the of final contract sum.

A further analysis the data revealed that rework represent
3.53% and 3.28% of the nitial and final project cost
respectively and constituted 46.6% of the cost overruns
experienced in the 31 selected projects. Similarly, time
overrun due to rework represent 7.35% and 6.85% ol the
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mital and [inal project duration respectively, with

rework lead to an average ol 19 extra davs 1o the duration
of the PI'OiCCls studicd. This fln(ling corroborates pPrevious
studies on rework (Chan and Kumaraswamy, 1997 [ oy
2002a; Love and E(lWﬂr(lS, 20040, H\\'.lnLI el oal,,

These studies agreed that rework 18 the mam cause ol (and
,

I ol

Y004

significant contributor ta) cost and tme overrun
S

consistent with Burau er al., (1992), Wasly (2010), Love
and Edwards (2004a) who posited that rework adyercl
allect construction project performance m lorm ol cos
overruns, ume overruns, schedule  shppage.  quahiy

degradation, dissatisfaction, addiuonal labour and plant,
g

reduced project scope, conflict and professional relation.

Previous studies with |]|ghcr rework cost value, Lo

(2002a) rcporled that rework would naturally mcrease tonl
project costs by 12.6%. Dawvis et al. (1989) r lmrn-vl it

rework can cause additional cost 1o construcnion ol up o

12.4% of the total project cost. Gunawardena et al. (2004
revealed that the cost ol rectilving non contorimance
(rework) is on the averagc ol 10% of total contract ~um
Burati er al. (1992) discovered that deviaton in projec
quality accounted for 12.4% of the total project cos ol

engineering projects. Egan (1998) reported high rowork

cost in buwlding projects of 3070 Love o al (1999,
discovered that the cost associated with poor qualiny work
(such as rework duc to poor workmanship) were as high o
12% of the total project budgcets and will require 1170 ol

the total project schedule. Abeku er al (2016) reporied o
combined effect of rework on the projects” time and coa 0!
54.75 and 28.20% respectively.

Previous studies with same or shghtly higher rework cost
value; Marosszeky (2006) reported that the mean of

rework costs were 5.5% of the value ol the contract,
comprising 2.75% direct costs, 1.75% and 1"a dircut
costs for mam contractors and <ubcontractors re spectively

Low and Yeo (1998) Iumlcd that a typrcal contractor i the
construction lncluslry spcnds an average ol 5 10%0 ol the
total project budgel in Pr(;ducmg poor (|l|n||l)' works and
remedying them later. Josephson and Hammarlund (1999,
stated 2% - 6% of contract sum is the cost ol reculving and
redoing works which do not conlorm 10 quality i the
construcuion projects. Love and Li (2000) reported the cost
of redoing and recufying paor quality in residenual building
projects to be 3.15% and for ndustral building projccrs 1
2.40% ol the contract sum. Meshksar (2012) reported thar
3.30% of contract valuc,

|

the cost of rework is 1.30",
an average of 2.095%; and rework ume of 3.0%0-8.0%0 with
an average of 5.182%. Oyewobi ¢t al. (2011a) reported

that on elemental basis, rework costs was as high a~ 5 29",
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and that rework costs constitutes 3.47% of the enure
projects studied. Abdul-Rahman (1995) reported a lower
cost of non-conformance of 5% of contract sum for a

highway project. Josephson et al (2002) estimated that the
cost of non-conformance amounted to 4.4% of (he

construction values, and 7.1% of total construction work

hours.

Having reported that rework cost can naturally be up to
12.6% of project cost, Loves (2002a) argued that some
construction projects are capable of showing high cost of
rework costs. Implying that rework mcider'\.ces‘and their
associated costs can be lower or higher in the construction
industry.

5.4 Rework Minimisation Measures

In order 1o establish the best possible measures of
minimising rework incidences in private developments, the
respondents were asked to rank the measures identified
from literature based on their level of effectiveness in
reducing/avoiding their occurrences when implemented.
Table 3 shows the ranking of these measures. Kruskal-
Walis test was conducted to determine the consistency in
the perception of the four sets of professionals. This test is
suitable for use were the there is need to establish if a
significant difference exist or not in the views of three or
more groups of respondents.

It can be seen that the top five most effective measures of
minimizing rework as suggested by the Under the Builders
are; Team building and education, Communication
between managers and employees, Design for construction
(i.e. standardized components), Value management, and
Management commitment. Whlst, the Quantity Surveyors
are of the oipiuon that Team building and education,
Management commitment, subcontractor/suppliers during
design, Employee involvement, and Involvement of
subcontractors during construction, are most effective

measures for reducing rework.

In the opinion of the Architect, Design for construction
(i.e. standardized components), Team building and
education, Communication between managers and
employees, Managcmcnt commitment, and subcontractor/
suppliers during design and Employee involvement with
tied RII of 0.850; are the most effective for reducing
rework on construction projects. For the Engineers; Team
building and education, Involvement of subcontractor/
Sllppliers duri.ng design, Managemcnt commitment,
Employee involvement, and Communication between
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managers and umpluvcm; are most sunnable mcasures ol

reducing construction rework.

On the overall, the most ellfective means ol reducmg
construction rework arc Team buwldmmg and cducariom
Emlrlm'u mvolvement,

Managemcnl commitment,

Communication between managers and employees. and
Involvement of subcontractor/supplicrs durmg design

comhidenc

carmed out at 95",

Kruskal-Walis
level,shows that there 1s a sigmlicant chlference i e
ranking of two of the measures for reducng the rewark

incidences in private buildings as indicated by the four

test

categories of respondents. These micasures recorded ap
8

vale of less than 0.05, and they are Design lor construction
(i.e standardised components), and Orgnlwlsnllt;|1nl cultur

the }

attributed 1o the wavs

Th(‘ (llﬂ‘cl'encc‘ IS Ccan |)('
categories of respondents view these measures However,
the test also shows that there is no cngnlh(‘nnl chfference n
the ranking of 23 of the measures [or reducmg the rewark
incidences in private buildings projects as percerved by the
respondents. These measures recorded a sigmlicant p-value
of above 0.05.

The study revealed that the top most cffective means ol
reducing construction rework are Team buwlding and

commitment l-llll"l‘rut

education, Management

involvement, Communication between and

employees, and Involvement of subcontractor /supphers

nianay s
IIHIU:(I

during design. This finding corroborates with the report o
Simpeh (2012), that
involvement of subcontractor/ suppliers during de<ign

who  reported tcam  building,
design for construction were the most clective design
management strategy lor reducing rework incidence on
construction projects. Simpeh (2010) observed that the
involvement ol subcontractors during construction, qualiny
control are the most ellective site management <trategc
for reducmg rework. Peter et al. (2010) emphasis he
role of skilled work force, good communication, emplovee
involvement and management commitiment i mproving
quality and curtailing waste and rework in construction I
is obvious that the participation ol subcontractors at hoth
the planning and construction stage will lead to increased
effective communication between subcontractors and the
main contractors. This will translate 10 effective and proper
coordination ol site activitics, which will cventually redue

the incidence of rework (Simpeh, 2012).

The management commitment s one ol the most essentil

factors 1o implementing  quality  Management

construction industry; and this [actor 15 considered the most
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Table 3: Rework Minimization Measures

5 Bldr, Q.S Arch. Engr. Overall Kruskal-Walis
N Measurcs R Chi P-
] |
I Rank RI Rank RII  Rank RII  Rank RII  Rank Sq value
1 Team building and cducation 0.9} 1 092 | 0.88 2093 | 091 | > 723 04140
Communication hc'n\'n-n -
2 managers and employces 0.86 2 0N 6 0.8 [IIRT] 08 U L 0oy
Design for construction (i c. e -
3 standardized components) 0.86 3 0.0 15 0.8 1077 15 083 nooN TS o
Involvement of subcontrac- - -
¢ tor /supplicrs during design 0.74 17 0.48 3 0.85 S 0.8 2083 5378 [URETE
5 Organizational culture 0.70 23 0.78 18 0.67 M 0.67 ) 23 0 ';I 28 K225 00427
6 Value management 0.84 + 072 22 0.77 15 0.76 177 ;;7'77',H_,— |-h Vi mr 0 s
7 Constructability analysis 0.76 13 0.68 25 0.7% 070 7;4?"7 0 e 0101
5 Rv\'lc\\'/annl) sis used 1o _ S .
improve performance 0.81 7 07 17 0.83 7 083 (R N 0658 () 884
g Computer visualizaton - —
techniques 0.75 15 0.80 1 0.77 15 0.78 13 077 097 (807
10 Employce involvement 0.83 6 087 4 0.85 5 0.84 R Voo 0714
I Involvement of subcontrac- —
tors during construction 0.81 7 0.86 5 0.81 9 078 1 0.8 7 | 768 0 n?
12 Clearly defined goals and —
objectives 0.67 5 077 20 0.66 25 0.66 M 069 e 00
13 Design scope freczing 0.76 13 0.8 11 0.80 12 080 9 079 RG] -0 0 S5
14 Quality control plan 0.79 9 0.80 13 078 078 1079 120083 0994
Site quality management - — S
13 system @ 0.79 Y 076 21 0.82 8 0.8 7080 11 TR 0otT
Regular inspectionsand T T
e nuj’its P 0.71 20 078 19 0.71 23 071 22 073 22 0KS 0
17 Value enginecring 0.74 18 0.81 7 0.75 19 0.76 18 076 170774 0856
18 M:magemcnt commitment 0.84 4 089 2 0.8§ 4 0.85 3 0.86 2 3719 0,294
Well-defined roles and o,
19 S 0.78 11 0.81 7 0.81 9 082 S 081 00382 0
responsibilitics
Writt lit N -
20 ritten qualily program er—— 4 75 15 079 6 0.7 15 0.78 13077 IS 07
policy
21 use of information technolo- 0.70 3 070 M 073 9 068 5 0 W2 e 0543
gy . .
22 Supervisors training 0.71 21 0.80 13 0.76 18 077 16 076 18 oo 03
gy, Prlisimol clizakt 0.71 20 0.4 9 0. 075 200 07 9 446 02
contractor oriented changes T
24 Skilled workforce 0.78 1l 0.81 9 0.8 9 0.8 9 0.80 10 0268 0 966
2§ Regular mec[jngs 0.74 18 0.70 23 0.74 20 0.75 20 073 21 1 006 0 SO0

and

SCOPC

N = 32 for Building, N = 61 for Quantity Surveyor, N = 44 for Architect, N = 51 for Enginecring, df = 3

freezing (Love,
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2001).
management seek to reduce investment in wasteful
activities, value management should be performed at the

influential according to (Al-Tayeb, 2008). Management
support and commitment is therefore, critical if rework is
to be reduced to a minimum. Love and Edwards (2004a)
posited that constructability and value management (VM)
programmes are key activities to be undertaken after the
creation of baseline scopes. Furthermore, for design-
related rework to be reduces, the key strategies include

constructability analysis, team building, value managemen
Therefore,

t
if

early stages ol project development; and should mvolve

project team, contractors and subcontractors (Love and

Edwards, 20042a)

6'

Conclusion and Recommendations

The study covers the analysis ol cost ol rework on

construction project performance with emphasis on tme

and cost perl'orm.mcc ol some selected private

building

projecls of commercial nature, with a view to determiming
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the most elfective measures of reducing rework
occurrence on construction projects. The study revealed
that therc is a very strong, positive and significant
relationship between the cost of rework and project cost;
and strong, positive and significant rclnlmnslups between
the costs of rework and project duration. This showed that
rework is a major cause of cost and time overrun
expenenced in construction projects. Furthermore, it was
concluded that Team building and education, Management
commitment, Employee involvemenl, eh”ectivc
communication between managers and employees, and
Involvement of subcoutractor/suppliers du.ring design, are

the most effective measures ofmlmmizing rework.

Bascd on these conclusion, it is recommended that Project
participants should be alert and have good foresight for
rework risk triggers and eliminate them pr;or to
commencement of work on site to avoid rework
emergence at construction. This will greatly check their
occurrence and the cost and time perlormance of
construction projects are improved. There should be
eflicient and effective communication among the design
consultants, engagement of adequately skilled }rofession;ls
to complete contract documents prior to awards, ensures
involvement of entire project team and the contractor and
subcontractors should not be excluded in finding lasting
solution to reducing rework incidences. Also encouraged is
the development of tecambuilding and relationship models
that will stimulate
promote good team spirit at the inception stages of a

inter-organizational relations and

project, which is will have impact on reducing design-
induced rework. A similar study should be carried out on
private residential estate projects within Abuja. This has
become necessary due to the proliferation of housing
estates within the city to meet housing demand.

References

Abdul-Rahman, H. (1995). The cost of non-conformance during
a highway project: A case study. Construction Management and
Economics, 13(1):23-32.

Abdul-Rahman, 1., Memon, A.H. & Abd-Karim, A.T. (2013).
Significant factors causing cost overruns in large construction
projects in Malaysia. Journal qf/lpplied Sciences, 13(2), pp. 286-
293. http:// dx.doi.org/ 10.3923/jas.2013.286.293

Abeku, D. M., Ogunbodc, E. B., Salihu,C., Maxwell, S. §. and
Kure, M. A. (2016); Projects Management and the effect of
Rework on Construction Works: A Case of selected Projects in
Abuja Metropolis, Nigeria. International Journal of Finance and
Management in Practice, Vol. 4, No. |, June 2016.

:\|nyn, O. and ())C_\’IPU. O (2015), ellect ol reswvark am project
performance in building project i Nigeria Internatioand fournal

Engincering  Research & Technology (IJERT) Vol 4 eue 02
February-2015

Alkass S., Mozcrolle M., Tribaldos, | and Tlarms 1 (1995,
Computer aided  construction delav analvas aned  clani-

preparation, Journal of Construction Mlanagement and Feonomic |4

335-352.

Al-Khalil, M. and Al-Ghafly, M.\ (1999) Delay i pubhe unihin

projects in Saudi Arabia. International  Journal of  Project
Management, 17(2), 101 — 1006

Al-Tayeb, M. (2008) Crimcal Success Tacrors of - TOA]
lmplemenlnllon on Construchion  Projects i Gaza St

Published MSc thesis. The Islamic University-Gavza

Alwi, S., Hampson, K and Mohamed, S (2002), Non value
adding activities: A comparative study ot Indonesian and
Australian construction projects, Proceedings of the 10t annoal
conference of lean construction, Gramado. Braail, 12 pages

An QOracle White Paper, (Aprl 2009), “Change Management
Best Practices for the Engineering and Construction Indusi

Oracle, Primavera.

Avots, 1. (1983), Cost-Relevance Analysis lor Overrun Control
Internationaljournalc_r[Projec! Management, 1 (3) F42- 14N

Azhar, N., Farooqui,R. UL, Ahmed S M (2008), Cost Overrun
Factors In Construction Industry of Pakistan, First Internanional
Conference on Construction In l)l»\'clnpmg Countres (101

1) “Advancing and Integrating Construction Fducanon, Rescareh
& Practice” August 4-5, 2008, Karachi, Pakistan

Buratl, J. L., Farrington, |. ], and Ledbetter, \W. B (1992),
Causes of uality deviations in design and construction fournal of
Construction Engineering and Management, 118 (1) 34--19

Chan, D.W.M. and Kumaraswamy, MM (1997,

comparative study ol causes of tme overruns m long kong
construction projects, International Journal of Project Vanagemont

I15(1): 55-63

Davis, K., Ledbetter, W.B. and Burauu, |.1
design and canstruction quality costs, ASCE Journad of Convrucrion

(198D Measuring
Engineering and Management, 115 (3): 389400

Egnn,] (1998) \mmudhin. B\

(2000). l:.xplollnlmn of contract documents tor Constracioom

Rethinking construction — In
project planningand controlling. Pubhshed Master ol Science

thesis, faculty of Civil Engincering,  Universin Teknology,

Malaysia.

65

Scanned by CamScanner




BB

e

Elchaig, T., Boussabinaine A., and Ballal T. (2005) “Critical
of construction lendcring

determinants costs:  Quantity
surveyors' sl.mdp()ll“ Internattonal  Journal of  Project
Management

Elinwa, AU, and Joshua, M (2001). “Time overrun factors In
Nigeria construction industry”, J. Constr. Engr. Mgt., 127(5)
419-25.

Endut, I. R. Akintoye, A. and Kelly ). (2005), Cost and time
overruns of projects in Malaysia, Proceedings of the 2nd Scotuish
Conference for Postgraduate Researchers of the Built and
Natural Environment (PRoBE) 16-17 November, Glasgow
Caledonian University. )

Fellows, R. R Liu, A. (2008) Research Methods for
Construction, 3rd Edition. Wiley- Black well Science, London.

Gunawardena, N.D., Wickremarachchi, M.M.P., & Nismy,
R.M. (2004); Costs of Quality in Construction: Can these be
reduced through implementation of I1SO 90007 Buil.
Environment-Sri Lanka-Vol. 05, Issue 0 [: 2004

Hwang, B. G., Thomas, S. R., Haas, C. T., and Caldas, C. H.
(2009), Measuring the Impact of Rework on Construction Cost

Performance, Journal gf Construction Engineering and Management,
135 (3): 187-198.

Josephson, P. E. and Hammarlund, Y. (1999). The causes and
costs of defects in construction: A study of seven building
projects. Automation in Construction, 8(6), pp. 681—-687
Josephson, P., Larsson, B. and H. Li. (2002). Illustrative
benchmarking rework and rework costs in Swedish construction
industry. Journal of Management Engineering, Vol 18, Issue 2, pp.
76-83

Love, P. E. D. (2002a). The influence of project type and
procurement method on rework costs in building construction
projects. ASCE Journal of Construction Engineering Management, 128
(1), 18— 29.

Love, P. E. D. and Li, H. (2000), Quantifying the causes and
costs of rework in construction, Construction Management and
Economics, 18 (4): 479—490.

Love, P. E. D., Mandal, P. and Li, H. (1999), Determining the
causal structure of rework in construction projects, Construction
Management and Economics, 17 (4): 5055 17.

Love, P. E.D. and Edwards, D. |. (2004a), Determinants of
rework in building construction  projects, Engineermg,
Construction and Architectural Management, 11 (4): 259-274

Low, S. P & Yeo, H.K.C (1998) "A construction quality costs
quantifying system for the building industry", International

Scanned by CamScanner

)

Journal of Quality & Reliability Management, Val. 15 lssue
pp-329-349, hups://dotorg /10,1 108 /026567 198101989 20

Mahamid 1.(2016). Analysis o Rework an R adennal Hialding
Projects in Palestine. Jordun Journal af Civil Lngrocering \olunie
10, No. 2.pp 197-208

Measarement  and
ol

(2006).  Perlormance

[or Process |l|\|‘l'll\('lll['lll. \ \|n||‘|l NI
SMILE-SMC drd s

Marosszeky, M

Visual  Feedback

Lecture presented i the crmation
Waorkshop on I 1th February 20006, Centre lor Infrastinctur anil
Construction Industry Development ol Ihe Universiey of Hong

Kong, Hong Kong

Meshksar, S. (2012); Cost And Time Impacts Ol Reworks i
Building A Reinforced Concrete Structure Master Ihesi= North
Cyprus, Gazimagusa: Fastern Mediterranean Lmversity

T M. and Tawil . W (1998) Causes ol delavs i il

Lebanon

Mezher,
construction industry in
and Architectural Management 5(3). 252-260

Engmeering, Consiruction

(1999)  Srves method< e Social

Moser, C. AL, and Kalton, G
Investigation, 2 Edition. Gower Pubhishing Company | 1d
Aldershot.

Ng, S.T., Mak, MY M., Skitmore, RNE L Tam, ko el
Varnam, M (2001), The prechctive abihts ol Bronlow
cost model, Journal of Construction Wanagement and [ conomn

(2): 165-173

= L

what ar

Odeck, |. (2004), Cost overruns in road construction

their sizes and determmantss Franporr Policc, 2444 548

Oke, A. E., and Ugoje, O. F. (2013) "Assessment ol rework
cost of selected buildlng projects in Nigeria” | Internanonal fourna
qf@ulil_r&RcHub:hu Management, Vol 30 lssue 7, pp 7 S10
doi: 10.1108/1JQRM-]ul-2011-0103

Okpala, D.C. and Amckwu, A N (1988), Canse ol ligh coar ol
construction in Nigeria  Journal of Construction Engineermyg
Management, ASCE , | 14 (2) 223-34

Oyewobi, L. O, Ibironke, O 1, Gannvu, B O and Ol o,
A. W. (201 13): E\nluanng rework cost A wudy ol <eleared
building projects in Niger State, Nigeria fouinal of ;,..r.‘/:.l/'/n amd
Regional Planning Vol 4(3), pp 7 151, Narch 201

(20“(:) Y
Project Performance Levels”,

I’.\Ianevnvaran, I Rr‘rlu(mg Rewoark o enhane
Praceecdhings ol the one day
!

Seminar on "Recent Developments i Project Management

Hong I\'ong."

Peter, H., Pascale, C. and Tadd, L. (2010
benefits of quality management i the construcnion icusire \n
empirical study. Total Quality Management Vol 21, N\ v,

Barriers and

60



\

™
m
m
-
m
o
2
.

September 2010, 953 — 969

Roberts, R. (1991), Quality does not Cost-it pays, Australian
Construction Law Report. 10(4), pp 137-144.

Saidu, I. and Shakantu, W.M.W., (2016a). A Study of the
Relationship between Material W aste and Cost Overruns in the
Construction Industry. The 9th CIDB Postgraduate Conference
Cape Town, South Africa. Emerging trends in construction
organisational practices and project-management  knowledge
area. Edited \\’indapn, AO., 1244134, Feb, 2-4, 20106

Saidu, I. and Shakantu, W. M. W (2016b). A Conceptual
Framework and a Mathematical Equation for Managing
Construction-Material Waste and Cost Overruns. World
Academy of Science, Engineering & technology. International
Journal of Behavioural, Education, Economic, Business and
Industrial Engineering, 10(2): 555-561

Saidu, 1. and Shakantu, W. M. W (2016¢). The contributions of
Material Waste to project-cost Overrun in Abuja, Nigerfa. Acta
Structilia, 23 (1), 99-113

Simpeh, E. K (2012). An Analysis of The Causes And Impact Of
Rework In Construction Projects. A Thesis submitted Cape
Peninsula University of Technology, South Africa.

Simpeh, E.K., Ndihokubwayo, R., Love, P. E.D. (2012),
Evaluating the direct and indirect costs of rework. Selected
Works, Cape Peninsula University of Technology.ICEC2012-
72.

Wasfy, M.A.F (2010). Severity and Impact of Rework, a Case
Study of a Residential Commercial Tower Project in the Eastern
Province-KSA. Master Thesis. Dhahran, Saudi Arabia: King
Fahd University of Petroleum & Minerals,

Scanned by CamScanner

67



