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ABSTRACT 
 
Purpose of this paper 
This paper investigates the potential for compromise in quality as a 
consequence of direct and indirect costs associated with undertaking 
rework in a construction project. 
 
Design/methodology/approach  
A literature review was conducted on direct and indirect cost of rework and 
associated waste. A quantitative approach was adopted and data was 
collected via a questionnaire survey targeting purposively selected 
construction professionals in the Cape Peninsula metropolitan area. 
Descriptive (mean) and inferential (One way analysis) statistics were used 
to analyse the data. 
 
Findings  
A total of 78 firms participated in this study. It was found that the mean of 
direct and indirect costs of rework were 2.93% and 2.20% of the contract 
value respectively. In addition, it was established that the majority of the 
respondents do not always have systems in place for tracking and 
recording the incidence of rework and its cost impact, especially the 
indirect costs. The study also revealed that there are significant differences 
between respondents’ estimates for direct rework costs. The study 
revealed no significant difference between respondents’ estimates for 
indirect rework cost. 
 
Originality/value of paper  
To reduce these costs and therefore improve overall project performance, 
it is posited that design and construction organisations must improve their 
quality management practices by introducing a tracking mechanism for 
continuously quantifying the direct and indirect costs of rework, so that an 
understanding of their magnitude can be captured and effective 
containment strategies implemented. 
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1.0 INTRODUCTION  
 

The lack of quality focus seems to be a global phenomenon and has been 
attributed to various causes such as for example the fragmented nature of 
project supply chains, a lack of holistic understanding of quality 
management principles and the perceived lack of clear financial benefits 
from implementing quality systems (Lombard, 2006:1). 

According to Construction Quality in South Africa (CQSA) (2011:1) 
lack of quality in construction is manifested in poor or non-sustainable 
workmanship, unsafe structures, delays, cost overruns and disputes in 
construction contracts. The Construction Industry Development Board 
(CIDB) (2004:24) contends that quality of the work produced by consultants 
are compromised as result of discounting of fees. Consequently, 
consultants do not provide sufficient design and construction process 
details, which results in unnecessary design rework by contractors and thus 
construction delays (CIDB, 2004:22). Rework often means that parts of a 
structure have to be scrapped and that new material is needed to rebuild it 
(Mastenbroek, 2010:7). This results in a compromise regarding quality, 
which leads to wastage of resources.  

Rework is a major contributor to time wastage and schedule overruns 
which will eventually impact on cost, resources, as well as quality (Love & 
Edwards, 2004). According to Love  (2002b:138) rework cost is attributed 
to the extent of quality management practices implemented, the type of 
project, the form of procurement method used, and project complexity. 
According to Cusack (1992) projects without a quality system in place 
typically experience a 10% cost increase because of rework. Similarly, the 
Construction Industry Development Authority in Australia established that 
the average cost of rework in projects without a formal quality 
management system is 6.5% of the contract value. On the other hand, the 
average cost of rework for projects with a quality system in place was 
found to be 0.72% (Love & Edwards, 2004). Love (2002b:138) suggests 
that design and construction organisations must implement a quality 
management system, which is supported by a quality cost system in order 
to reduce the costs of rework. 

Love (2002b:138) argues that there is a lack of uniformity in the way in 
which rework cost data have been collected because of the various 
interpretations as to what constitutes rework. Nonetheless, the 
measurement of rework costs in itself does not cause improvement; it is 
merely the starting point for establishing new knowledge (Love & Holt, 
2000:413-415). Davis, Ledbetter and Buratti (1989), Abdul-Rahman (1993) 
and Low and Yeo (1998) have stressed the need to measure quality costs 
in order to improve the performance of construction organisations and 
reduce costs. This paper’s objectives include quantifying the magnitude of 
rework costs,  assessing the perception on the efficiency of a system used 
to capture the incidence of rework, and evaluating whether there is any 
significant difference in perception on rework costs across professions. The 
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introduction of a tracking mechanism for quantifying the direct and indirect 
costs of rework, may lead to an understanding of their magnitude so that 
effective containment strategies can be implemented. 
 

2. OVERVIEW OF COST OF REWORK 

Love (2002a:27) stated that rework typically increased total project costs 
by 12.6%. These costs could, however, be substantially higher because 
they did not account for schedule delays, litigation costs and other 
intangible costs of poor quality. The indirect cost of rework according to 
Love (2002b:138), could be as much as six times the cost of rectification. 
Research undertaken by Smallwood and Rwelamila (1996) among general 
contractors in South Africa revealed that rework costs constitute on 
average, 13% of the value of completed construction.  

According to Barber, Graves, Hall, Sheath and Tomkins, (2000:487) 
rework costs could be as high as 23% of the contract value. The costs of 
rework in poorly managed projects can be as high as 25% of the contract 
value and 10% of the total project costs (Barber, Graves, Hall, Sheath & 
Tomkins 2000; Love & Li, 2000). The USA based Construction Industry 
Institute has estimated that the annual loss due to rework could be as high 
as US$15 billion for industrial construction projects (CII, 2001). Josephson 
and Hammarlund (1999) reported that the cost of rework on residential, 
industrial, and commercial building projects ranged from 2% to 6% of their 
contract values. Love and Li (2000:483) found the cost of rework to be 
3.15% and 2.40% of the contract value for a residential and an industrial 
building, respectively. Love and Edwards (2005), in a national 
questionnaire survey in Australia, stated that the total cost of rework is a 
function of direct and indirect rework costs. While there has been a 
plethora of research that has sought to determine the direct (tangible) costs 
of rework, the indirect (intangible) costs remain unexplored in construction. 
This is because it is difficult, if not impossible, to quantify such costs in 
pure monetary terms (Love 2002b:139). Typically, research efforts have 
focused on determining direct rework costs at the expense of indirect costs 
which remain relatively unknown (Josephson, 2000). 
 
2.1 Direct cost 

Love (2002b) stressed that direct costs are readily measurable, often 
quoted in evaluating quality of workmanship, and represent a significant 
proportion of total project costs. Tommelein, Ballard, Rundall and Feng 
(2007:4) stated that direct rework costs include man-hours, schedule, 
equipment, materials and space. The Construction Industry Development 
Agency in Australia (CIDA, 1995) has estimated the direct costs of rework 
in construction to be greater than 10% of the project’s cost. Thus, if a 10% 
rework value applied to the annual turnover of the Australian construction 
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industry, which in 1996 was estimated to be AUS$43.5 billion per annum 
(DIST, 1998), the cost of rework could be estimated to be AUS$4.3 billion 
per annum. Numerous studies have attempted to quantify the direct costs 
of rework in building and engineering projects (Burati et al., 1992). These 
direct costs (of rework) have been found to be as high as 25% of contract 
value (Barber et al., 2000). 
 
2.2 Indirect cost.  

Indirect costs are not directly measurable and include loss of schedule and 
productivity, litigation and claims, and low operational efficiency (Love 
2002b). Similarly Tommelein, Ballard, Rundall and Feng (2007:4) stated 
that indirect costs have to do with performance factors, changeover, 
“inbox”, and coordination and network impacts. Love (2002b:138) opined 
that there is little known about the indirect consequences of rework in 
construction projects, especially the financial costs. Besides, there has 
been limited research that has sought to determine the indirect costs of 
rework in construction projects.  
 
3. METHODOLOGY  
 
The data for this study was collected through a questionnaire survey from 
construction professionals including architects, contractors, consulting 
engineers, quantity surveyors and project managers in the Cape Peninsula 
metropolis in the Western Cape province of South Africa. A total of 399 
questionnaires were sent out by e-mail and 78 valid responses were 
received from the respondents.  Figure 3.1 provides a breakdown of the 
valid responses by respondent type: contractors (39%), quantity surveyors 
(22.1%) architects (15.6%), consulting engineers (15.6%) and project 
managers (7.8%). 

The questionnaire was designed to determine, inter alia, perceptions of 
respondents regarding the project characteristics, organisational 
management practices, causes of rework, impact of rework, measurement 
of rework cost and rework containment strategies. The quantitative data 
was encoded using the Statistical Package for the Social Sciences (SPSS) 
and results were carefully analysed statistically using the descriptive 
statistics. The one-way analysis of variance (ANOVA) was applied to 
determine the statistically significant difference between respondents’ 
estimates and the direct and indirect rework costs. The ANOVA is the 
commonly used methods to evaluate the differences in means for more 
than two groups. The level of significance for the ANOVA was 0.05. For 
significant differences, a post hoc test was performed as the second stage 
of the ANOVA procedure to determine specific groups that were different. 
This test identified statistically different means by checking the 95% 
confidence intervals which is equivalent to a level of significance of 0.05. 
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Figure 3.1: Breakdown of valid responses 

 
 
4. FINDINGS AND DISCUSSIONS 
4.1 Project Size 

Table 4.1 identifies the project size by contract value, construction period, 
floor area and number of floors. The tender amount for the projects ranged 
from (in South African Rand) R1,928,000.00 to R2,740,000,000.00, 
(median (M) = R31,000,000.00. Likewise, the contract sums for the 
projects were found to range  from R1,928,000.00 to R4,300,000,000.00 
(M)=R29,500,000.00. Also, the original contract duration ranged from 4 
months to 60 months (Median=10 months). Similarly, the actual 
construction period ranged from 4 months to 60 months with a median 
value of 12 months. The gross floor area (GFA) for the projects used was 
found to range from 221.4 m2 to 100,000 m2 (Median=3,000m2). The 
number of floors for the projects ranged from 1 to 32; the median value 
was 2.00. 
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Table 4.1 Project size 
 N Minimum Median Maximum Std.  

Deviation 
Tender sum 
(Rand) 

64 1,928,000.0
0 

31,000,000.00 2,740,000,000.00 361,759,041.12 

Contract 
sum (Rand) 

62 1,928,000.0
0 

29,500,000.00 4,300,000,000.00 562,442,037.77 

Original 
construction 
period 
(months) 

77 4.00 10.00 60.00 10.07 

Actual 
construction 
period 
(months) 

76 4.00 12.00 60.00 12.36 

Gross floor 
area (m2) 

65 221.40 3,000.00 100,000.00 19,448.67 

Number of 
floors 

70 1 2.00 32 4.28 

 
4.2 Rework costs  

Respondents were asked to indicate how frequent they recorded the 
incidence of rework for the project they have selected. The findings 
revealed that 23.1%, representing less than a quarter of the respondents, 
always recorded the incidence of rework; 52.6%, representing more than 
half of the respondents sometimes did and 24.4% never did. In addition, 
respondents were requested to indicate whether their organisations 
calculated rework costs on a 5-point Likert scale where 1 = strongly 
disagree; 2 = disagree; 3 = neither agree nor disagree; 4 = agree; and 5 = 
strongly agree. The results are presented in Table 4.2 

The study found that respondents tended to be neutral on the 
statement that the system of recording rework occurrences was efficient 
and the system of calculating the direct cost of rework was efficient. On the 
other hand, respondents tended to disagree that the system of calculating 
the indirect cost of rework was efficient. This may imply that the majority of 
respondents do not appreciate the economic benefits of measuring rework 
costs, especially the indirect costs. These findings are in accordance with 
the report by Love (2002b:138) that there is little known about the indirect 
consequences of rework in construction projects, especially the financial 
costs.  Besides, there has been limited research that has sought to 
determine the indirect costs of rework. 
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Table 4.2 recording and calculating rework occurrences 

Statement N SD 
(%) 

D 
(%) 

N 
(%) 

A 
(%) 

SA 
(%) 

Mean Std 
Dev. 

The system of 
recording 
rework 
occurrences 
was efficient 

78 11.5 11.5 34.6 28.2 14.1 3.22 1.18 

The system of 
calculating 
direct cost of 
rework was 
efficient 

78 11.5 19.2 35.9 21.8 11.5 3.03 1.16 

The system of 
calculating 
indirect cost of 
rework was 
efficient  

78 15.4 17.9 48.7 14.1 3.8 2.73 1.02 

 
The questionnaire survey also asked respondents to provide an estimate 
as a percentage of the project’s original contract sum of the direct and 
indirect costs of rework that occurred in the project selected.  Table 4.3 
identifies the mean and standard deviation of the direct, indirect and total 
rework costs for the 78 construction projects. The direct rework costs 
indicated by respondents ranged from 0% to 20%, with a mean of 2.93% 
and standard deviation (3.87%).  While indirect rework costs ranged from 
0% to 60%, the mean was 2.20% and the standard deviation 7.51%. 
Evidently, respondents suggested that the direct rework costs (M = 2.93) 
are higher than the indirect rework costs (M = 2.20) for the projects 
selected. These findings correspond with previous research undertaken by 
Love and Edwards (2005) with the mean direct and indirect cost of rework 
as a percentage of contract value being 6.4% and 5.9%, respectively.  
Equation 1 was used to determine the total rework costs that were incurred 
in the sampled projects. The mean total rework cost as a percentage of the 
original contract value was discovered to be 5.12%.   Moreover, the total 
costs of rework were found to vary considerably among projects. Some 
respondents reported rework costs to be 0% of a project’s original contract 
value, while others have reported it to be as high as 75%.  
 

TRc=�Drc+�Indc……………………………………………… [Eq.1] 
 
Where, 
 

TRc = Total rework cost (% of contract value at award) 
Drc = Direct rework cost expressed (% of contract value at award) 
Indc = Indirect rework cost expressed (% of contract value at award) 
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Adopted from Love (2002a:25) 
 
Table 4.3 Rework costs 

Rework costs N Minimu
m (%) 

Mean 
(%) 

Maximum 
(%) 

Standard 
deviation (%) 

Direct rework costs 
as percentage of 
original contract 
value 

78 0.00 2.93 20.00 3.87 

Indirect rework costs 
as percentage of 
original contract 
value 

78 0.00 2.20 60.00 7.51 

Total rework costs 78 0.00 5.12 75.00 9.94 
 
  
4.3 Rework Costs and Respondents’ estimates 

The mean estimates of practitioners’ rework costs that were perceived to 
have been incurred in their selected projects are presented in Tables 4.4 
and 4.5. The descriptive statistics revealed differences amongst quantity 
surveyors (M=5.18%, SD = 4.92%), project managers (M= 4.33%, SD= 
4.41), consulting engineers (M=3.42, SD = 4.76) contractors (M=2.00%, 
SD=2.61%), and architects (M=1.08%, SD=1.98%) in their estimates of 
direct rework costs. For indirect costs the descriptive statistics revealed a 
difference amongst consulting engineers (M= 6.22, SD= 17.05), quantity 
surveyors (M= 3.71, SD= 6.58), project managers (M =2.00, SD= 3.52), 
contractors (M= 0.59, SD=1.11) and architects (M= 0.33, SD= 0.65) 

To test whether there were significant differences between the 
estimates of the respondents for rework costs (direct and indirect) an 
ANOVA was undertaken. The ANOVA revealed significant differences 
between respondents’ estimates of direct rework costs, F (4, 72) =3.089, 
p<0.05. The ANOVA revealed no significant difference between 
respondents’ estimates for indirect rework costs F (4, 72) =1.589, p>0.05. 
The results are presented in Table 4.6. Tukey’s HSD post hoc test was 
performed as the second stage of the ANOVA procedure to determine 
specific groups that were different for direct rework costs. The results of 
the test indicated that the differences identified in the estimates for direct 
rework costs were between quantity surveys and architects (p <0.05). 

Quantity surveyors typically act as cost consultants for projects on 
behalf of clients since their task involves preparing conceptual estimates 
during the design stage and a detailed estimate prior to the tendering 
stage. Besides, they evaluate construction projects on behalf of the 
principal agents and client and prepare claims for contractors during the 
construction stage. Therefore, quantity surveyors would possess 
reasonable knowledge to be familiar with the direct rework costs incurred in 
the form of change orders and defects, as they invariably manage time 
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and cost schedules. Architects, however, are only experts in producing 
designs and architectural working drawings and may not be aware of the 
direct rework costs associated with any changes as a result of construction 
defects or errors on site. 
 
Table 4.4 Direct Costs and Respondents’ Estimates 
Respondent  

N 
Mean 
(%) 

Std. 
Dev. 
(%) 

Std. 
Error 
(%) 

Min. 
(%) 

Max. 
(%) 

Architect 12 1.08 1.98 0.57 0.00 5.00 
Contractor 30 2.00 2.61 0.48 0.00 8.50 
Consulting 
Engineer 

12 3.42 4.76 1.37 0.00 15.00 

Quantity 
Surveyor 

17 5.18 4.92 1.19 0.00 20.00 

Project Manager 6 4.33 4.41 1.80 0.00 11.00 
Total 77 2.96 3.88 0.44 0.00 20.00 

 
 
Table 4.5 Indirect Costs and Respondents’ Estimates 
Respondent N  Mean 

(%) 
Std. 
Dev. (%) 

Std. 
Error 
(%) 

Min. 
(%) 

Max. 
(%) 

Architect 12 0.33 0.65 0.19 0.00 2.00 

Contractor 30 0.59 1.11 0.20 0.00 5.00 

Consulting 

Engineer 

12 6.22 17.05 4.92 0.00 60.00 

Quantity 

Surveyor 

17 3.71 6.58 1.59 0.00 20.00 

Project 

Manager 

6 2.00 3.52 1.44 0.00 9.00 

Total 77 2.22 7.56 0.86 0.00 60.00 
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Table 4.6 Analysis of Variance (ANOVA): Difference between  
Respondents’ estimates and rework costs 
 

Direct rework costs 
 

Indirect rework costs 

Source Degree of 
freedom 

F Sig. (Pr > F) F Sig. (Pr > F) 

Model 4 3.089 .021 1.589 .186 

Error 72     

Corrected 
Total 76     

 
 
5. CONCLUSION 
 
It was apparent in the findings that the majority of the respondents do not 
always have systems in place for tracking and recording the incidence of 
rework and its cost impact, especially the indirect costs, since it was 
problematic to accurately calculate it. It was revealed that the direct rework 
costs (2.93%) were higher compared to the indirect rework costs (2.20%). 
The analysis revealed significant differences between respondents’ 
estimates for direct rework costs while the differences identified in the 
estimates were between quantity surveys and architects. 

The total rework costs was estimated to be 5.12% of the original 
contact value, so it can be concluded that rework can make a significant 
contribution to a project’s cost overrun. While some projects did not 
experience rework costs, others also recorded relatively high rework costs, 
which was an interesting and unexpected finding. The extent of variability 
in the estimates given by project participants may imply that many project 
participants may be unsure about the actual costs of rework incurred in the 
projects.  

Creating an awareness regarding the impact of rework costs on project 
performance is probably the most obvious intervention and the starting 
point for establishing an in-depth knowledge of the root source of rework. 
Therefore understanding the mechanisms for costing rework are 
immediate issues that consulting firms and contractors need to address in 
order to minimise the occurrence of rework thereby improving the quality 
of construction projects.  
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