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Abstract

In the recent years, many construction projects faced many challenges that hinders
it success despite of much effort has been done to manage it. It is noted that, most
construction projects suffer from cost overruns due to the uncertainty of available
project data during the design stage. Moreover, deficiencies in the design phase
resulting in failures in the construction, and project development phase, which can
reduce the quality of construction work. Therefore, it is imperative to take
preventive measures to reduce cost overrun causes related to design issues. This
study aims to provide effective techniques at the design phase that help reduce cost
overruns in construction projects. To attain this objective, the data was collected,
through a questionnaire that targeted construction project engineers, and analysed,
where the questionnaire dealt with two main aspects. Based on the study, it is found
there are 8 critical causes of cost overruns related to design issues, such as frequent
design changes, incomplete drawings/detailed design at the time of tender, mistakes
in design, unrealistic contract duration. In addition, the results revealed there are 8
important techniques to reduce cost overrun, which focused on the investigation of
soil test before the design process, prepares the design drawings in high accuracy
and details, and importance of the availability of funds in the early stages. This
research provides a database that assists researchers and industry practitioners in
developing other techniques to reduce cost overruns in construction projects. The
finding of this research is expected to help improve the efficiency of construction
projects by reducing cost overruns.
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1. Introduction

It is known that construction projects are a vital sector for the growth of the national
economy in developing countries as well as in developed countries. The inadequacy
of many construction projects carried out in developing countries involves quality
problems, cost overruns and the failure to complete the construction project within
the given timeframe [1]. For most countries, construction sector is considered a
suitable investment interface because it provides job opportunities in addition to
improving the quality of life by providing basic services such as schools, hospitals,
roads, etc. Although the construction industry plays an important role in the
development of countries, there are many difficulties when trying to enhance its
efficiency [2]. For example, in recent times, the issue of cost overruns in
construction projects has become a source of concern for stakeholders. It has
affected the outputs of the construction sector in various countries. This is due to
the nature of the industry, like high divergence, volatility, low efficiency, poor
regulation of quality and a lack of attention to detail [3].

Design changes are commonly recognized to be one of the most critical
factors influencing the success of construction projects, regardless of their size,
complexity and/or period [4]. At the design stage, about two-thirds of the costs
could have been avoided due to design change as reported by [5-7]. Albtoush et
al. [8] mentioned that design change is the most critical affecting cost
management in construction projects which start from design stage. During this
stage, a preliminary visualization of the project is generated in terms of cost and
time, depending on the initial drawings created during this stage. In addition, a
strategic plan is developed and an organized guide that leads to the achievement
of the project's objectives. Weak design and documentation issues may also lead
to poor project performance [9]. Therefore, this research not only focuses on
identifying the causes of cost overrun during the design stage but also effective
techniques that can reduce cost overruns caused by deficiencies at the design
phase of construction projects from the perspectives of the key stakeholders,
owner, consultant, and contractor.

2.Literature Review
2.1.Cost overruns

Over the last few years, the cost of construction projects has increased for various
reasons. This cost escalation is due to cost increases for critical construction
resources such as steel, cement, concrete, wood, sand, fine and platform
aggregates and other inputs, and labour costs, as stated by Jyotheendranath [10].
The project cost overrun is calculated by taking the difference between the
planned costs and the actual construction costs once completed [11]. The amount
of cost overrun in relation to the initial estimated value varies from nation to
nation, from industry to industry, from project to project and from time to time
[12]. As each construction project is unique and includes unique challenges and
risks across the different levels of the building process [13]. The issue of cost
overrun is very severe in developed countries where costs often reach 100% of
the planned costs [14]. The consequence of those effects is to slow down other
sectors of growth. Hence, the primary stage of mitigating the challenges is to find
the causes of cost overrun [15].
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2.2. Causes of cost overrun

The cost overrun is contributed by one or a combination of many factors that are
very necessary for cost-effective performance to be established [16]. As stated by
Pourrostam and Ismail [17], cost overruns can be attributed directly to "root causes"
that are often associated with preliminary stages, project planning or design
involving root causes such as: poor estimate of quantities, inconsistencies in design
or mistakes, changes in project schedules, changes in scope, unforeseen site
conditions, rising material and labour costs (mostly due to inflation), and
unforeseen events. Ineffective construction management and poorly developed cost
control mechanisms are the major causes of cost overruns in many projects [18].
Moreover, Kissi et al. [19] stated that the barriers to effective cost planning in the
construction industry are poor cost planning and knowledge base, low cost and
understanding databases, insufficient design and planning, and external factors.

In construction projects, the effect factors on project cost efficiency that cause
cost overruns are present from the estimate stage to the project's completion stage
[20]. Therefore, several studies have addressed the causes of cost overruns that
occur in a construction project by classifying them into different groups. Saidu and
Shakantu [21] categorized causes of cost overrun into four groups namely
contractor, consultant, client and other/external. While Pall et al. [22] classified the
causes of cost overrun into two groups, which are non-compensable factors and
compensable factors. Ahmed et al. [23] on the other hand classified the causes of
cost overrun into internal and external causes. Study by Albtoush and Doh [24]
classified the causes into ten major groups namely: Design and contract related
factors, Estimation related factors, Planning and Schedule related factors, Project
Management related factors, Labor related factors, Financial related factors,
Material and Machinery related factors, Construction Phase related factors,
Communication Related Factors, External related factors. To minimize these
causes of cost overrun during project lifecycle, it is important first to know where
the higher cost escalation or de-escalation occurred, or at what stage of the project.
After this information, the next move will be to recognize the critical factors that
lead to the development and finally to look for potential solutions to address
excessive cost overruns and other cost-related challenges [25].

Many studies have found that during the life cycle of a construction project, the
design stage is a crucial stage, and therefore serious attention to this stage to prevent
cost overruns in construction projects plays an important role in improving the
performance of project costs [24]. In addition, since they may fairly be predicted
and prevented, the causes of cost overruns due to the design schedule or project
management issues can be avoided [26].

2.2.1. Causes of cost overrun during design stage

Many construction issues are due to design problems and can be traced back to the
design phase [27]. Incompetent management of client requirements at the design
stage and lack of integrating the design of project systems are contributing factors
to cost overruns and schedule delays [28, 29]. According to Rahman et al. [30], the
workflow of the design process is one of the critical factors affecting project
success. Moreover, several studies indicated that design problems in construction
projects have direct impact on cost overruns [31-33]. Hemal et al. [34] revealed that
78% of cost increases are caused by design changes [35]. There are many causes
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of cost overruns associated with the design phase that have been found in various
studies, such as lack of coordination during the design phase [36], inaccurate
quantity take-off [37], wrong or inappropriate choice of site [38], project
documents [39], and bid award for lowest price [40], mistakes in design [41, 42],
frequent design changes [40, 43-45], design development and incomplete design at
the time of tender [46], lack of coordination at design phase [47], and short bid
preparation time [48].

According to some Western countries' analysis, design cost is usually only less
than 1% of the construction project's life cycle. It is the cost of less than 1%,
however, that accounts for more than 75% of influences on building costs.
Therefore it is obvious that design quality is vital for the benefits of the entire
construction of the project [49]. In addition, the results of study [50] in Saudi Arabia
revealed that design change is one of the most important cost factors. During this
stage cost estimation is generated, which defined as process of forecasting costs for
the construction of a physical structure [51]. The actual cost of the construction
project commenced at this phase [25], due to this, the cost estimation process
should be done with high accuracy in order to be as close as possible to the actual
cost. Consequently, serious consideration must be given to the design process in
terms of selecting a good designer and giving sufficient time to prepare the designs.
In addition, there must be coordination between the owner, consultant, and designer
during the preparation of the designs.

2.3. Mitigation to reduce cost overrun

For the last 70 years, the persistent issue of cost overruns in the construction
industry has not been improved, where about 90% of projects worldwide face this
problem with an average cost overrun of 28% [52]. As the most of construction
projects in most countries still suffer from cost overruns despite the various
developments in project management methods. After identifying the most
important reasons for excess costs in construction projects, it is important to
provide solutions to reduce the impact of these causes. Several researchers have
provided some mitigation measures to reduce cost overruns in construction
projects. According to Koushki et al. [53], allocation of sufficient time and money
at the design phase is one of the mitigations of cost overrun. In addition, there is
another mitigation considered in other studies, such as selecting reputable and
experienced consultants [54]. According to Awolesi et al. [55], the measures to
mitigate cost overrun that related to design stage are, proper monitoring and control,
use of proper construction methods, and inter-party cooperation. Another study by
Sohu et al. [56] found that inadequate planning is one of the causes of cost overruns
in construction projects that can be mitigated by applying the following measures,
such as (1) Before project start, client should prepare strategically, (2) Project site
should be visited before tendering the planning committee, (3) Planning section
should hire competent staff, (4) Project cost should be estimated properly, (5)
Efficient preparation should be introduced, and (6) Project timeline should be
accurately calculated.

This study carried out a literature review which helped find the main causes of
cost overruns in construction projects during the design stage, as well as effective
techniques to avoid these causes. Most of these literature focuses on the factors that
influence the overall cost performance of projects; however, it was noted that there
are limited studies that looked at techniques to reduce cost overrun in construction
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projects. As this stage is considered to be critical in the project life cycle, many factors
that contribute to project success can be controlled through it. In addition, it is
possible, at this stage, to avoid many of the reasons that had an obvious effect on cost
overruns. For this reason, this study aims to fill this gap, in an effort to identify
techniques that can help avoid cost overruns resulting from deficiencies at the design
stage in construction projects. To address this, the researcher identified 17 causes,
and 15 techniques, which are further investigated in this study.

3. Methodology

In this study, the methodology used was a combination of a literature review and a
questionnaire survey in order to find out the most effective techniques that
contribute to avoid the cost overrun causes related to design stage in construction
projects. As shown in Fig. 1 the main steps of the current study methodology are
summarized. The first step in the research methodology was to collect data
regarding the problem of cost overrun related to design stage, this was through
making an extensive literature review. Through this step, 17 causes of cost overrun
related to design stage were indicated in addition to 15 techniques to avoid causes
of cost overruns at design stage, which used as a basis for a wide questionnaire
survey. The targeted respondents for this study are the construction projects
engineers working within the key stakeholders as owners, consultants, and
contractors. Then the data collected have been analysed using SPSS software in
order to obtain the objective of this investigation.

Methodology of the study

. Identify the crucial factors that cause cost
overruns related to design stage.

. Identify effective techniques to avoid causes of
cost overrun at design stage.

Literature Review

. Build a questionnaire survey from literature
review findings and sent it to pilot study to
check its validity.

Data Collection
. Distributed the final questionnaire into targeted
respondents.
. Analyse the questionnaire data by using
Data Analysis SPSS software.

. Findings and discussions of the study
. Conclusions

Fig. 1. Methodology flow chart.

4. Data Collection and Analysis

A total of 268 complete responses out of 350 were received, making the response
rate 76.52%, which gives an indication that the study sample has an interest in this
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topic. The general demographics of the respondents showed that 17.90% of
respondents were owners, 38.10% consultants, and 44% contractors. Moreover,
most of the respondents (80.60%) had a bachelor’s degree as shown in Table 1.
Also, it indicates that most of the respondents are civil engineers with a ratio of
76.10%. According to the experience work, 37.00% of the respondents have more
than 10 years’ experience, which gives the survey a meaningful contribution.

Table 1. Respondents’ demographics.

Parameters Frequency Percentage (%)
Level of Education Diploma 9 34
Bachelor’s degree 216 80.6
Master’s degree 41 15.3
Others 2 0.7
Working experience Less than 5 years 84 31.3
5-10 years 85 31.7
11-15 years 43 16.1
Above 15 years 56 20.9
Engineering competency Civil 204 76.1
Architecture 14 5.2
Electrical 20 75
Mechanical 23 8.6
Others 7 2.6
Type of organization Owner 48 17.9
Consultant 102 38.1
Contractor 118 44.0

The data of the study was collected and analysed, using mean item score
ranking, percentages and the use of descriptive statistics. The Relative Important
Index (RI1) was used to rank the causes and technique to reduce cost overrun, which
were found according to the fallowing equation as stated by Almaktari et al. [57]:
RII = ZW (1)

AXN

where (RII) is the Relative Important Index, (W) is the weight given to each item
ranging from 1 to 5, (A) is the highest weight (5), and (N) is the total number of
respondents (268). In addition, the Spearman rank correlation coefficient was used
to measure the strength of agreement between contractors, consultants, and owners
in rankings the causes and techniques as was used by Odeh and Battaineh [58].

5.Results and Discussion
5.1. Causes of cost overruns related to design issues

As previously discussed, participants were asked to share their opinions based on
their work experience in the construction industry. Participants were provided
with a 5-point Likert scale and asked to weight the reasons for cost overruns at
the design stage in the construction industry. In addition to techniques that help
avoid causes of cost overrun at the design stage. The results of Relative
Importance Index (RII) revealed that most of the causes have RIl values more
than 0.7000. Furthermore, the average value of RII was used to indicate the
critical causes of cost overrun where, the causes with RIl more than the average
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value are indicated as critical causes. Accordingly, there are eight critical causes
of cost overrun related to design issues that have values of RIl more than average
value (0.7255). These critical causes namely: Frequent design changes (CDS4),
Incomplete drawings/ detailed design at the time of tender (CDS5), Mistakes in
design (CDS3), Unrealistic contract duration (CDS16), Deficiencies in cost
estimates prepared (CDS13), Lack of coordination at design phase (CDS7),
Inaccurate quantity take-off (CDS15), and Inaccurate cost estimation (CDS12),
as summarized in Table 2.

Table 2. Mean, RII, and Rank for the
causes of cost overrun related to design stage.

Code Causes of cost overrun Mean RII Rank

CDS4  Frequent design changes 3.9515 0.7903 1

CDS5  Incomplete drawings/ detailed design at 3.8246 0.7649 2
the time of tender

CDS3  Mistakes in design. 3.7799 0.7560 3
CDS16 Unrealistic contract duration 3.7799 0.7560 3
CDS13 Deficiencies in cost estimates prepared. 3.6940 0.7388 4
CDS7  Lack of coordination at design phase 3.6828 0.7366 5
CDS15 Inaccurate quantity take-off 3.6679 0.7336 6
CDS12 Inaccurate cost estimation 3.6343 0.7269 7
CDS6  Short bid preparation time 3.6157 0.7231 8
CDS10 Discrepancies in contract documentation  3.5560 0.7112 9
CDS9  Inadequate review and contract 3.5410 0.7082 10
documents
CDS17 Lack of planning and coordination 3.5149 0.7030 11
CDS14 Ignorance and lack of knowledge 3.5075 0.7015 12

CDS2  Lack of cost planning/monitoring during ~ 3.5000 0.7000 13
pre-construction stage
CDS11 Inappropriate methods of cost estimation  3.4963 0.6993 14
CDS1  Practice of allocating contract to lowest 3.4664 0.6933 15
bidder
CDS8  New designs and new systems 3.4515 0.6903 16
Note: (*) RII value more than the average value of RII.

CDS4: Frequent design changes

The results revealed that frequent design change is the most important cause
affecting the cost overrun in construction projects with value of RIl equal to 0.7903.
It ranked the second on the point of view of consultants while owners and
contractors agreed to rank it the first cause in this study, as shown in Table 3.
Frequent changes in design are common in construction projects as the project is
rarely devoid of them. These changes occur due to several reasons as lack of the
experience of design team and lack in the site investigation. The budget allocated
for the project, amount of materials needed, the type of materials required and the
labour required would be influenced by any changes in the design [59]. This will
inevitably result in an increase in the final cost of the project. Also, the study by
Chimwaso [60] agreed with current study in considering frequent design change as
critical cause of cost overrun.
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CDS5: Incomplete drawings/ detailed design at the time of tender

This cause is the second cause in this study with RIl of 0.7649. According to
consultants it was ranked the first cause, while owners and contractors are agreed
to rank it as 4™ cause. Both owners and contractors do not give high importance to
the details of the drawings, as each of them focuses on the completion of the project
in the required time other than the consultant who attaches high importance to the
details of the drawings. In construction projects it is important to complete all
required drawings and detailing before starting, which prevents errors during the
construction phase that lead to rework and finally cost overrun. The study by
Jamaludin et al. [61] revealed that one of the factors influencing cost variance
during construction is incomplete design drawings and specification.

CDS3: Mistakes in design

This cause is ranked 3™ cause in this study with RII of 0.7560, which agreed with
consultants. Owners ranked CDS3 the 2™ cause, while contractors ranked it the 5%
cause. Sometimes design errors are in the favour of the contractor to create change
orders with additional profit. On the other hand, design errors can significantly
degrade project performance by creating rework processes, requiring additional
time and resource expenditures [62]. Indeed, the majority of design errors are due
to insufficient experience of the designer. Designers who do not have thorough
experience will create flawed designs that produce low quality work that will
exaggerate the cost and time of the project [63].

CDS16: Unrealistic contract duration

Unrealistic contract duration (CDS16) is ranked the 3™ cause of cost overrun with RII
of 0.7208. Only contractors agreed with overall ranking while consultant ranked it 4"
and owners ranked it 8" cause of cost overruns. Realistic construct time becomes
increasingly important as it often appears as a critical indicator for evaluating the
efficiency of the project and the effectiveness of the contractor [64]. Moreover, delay
in the completion date on construction projects adds additional cost to the project's
initial budget as the extra time requires more expenses to fulfil the project requirements.

CDS13: Deficiencies in cost estimates prepared

Deficiencies in cost estimates prepared (CDS13) is the 4" cause of cost overrun
related to design issues in this study. Owners and contractors agreed to rank it as 5
cause, where both of them are suffering from these deficiencies at construction stage.
While, according to consultant it ranked the 7% cause in this study. According to
Enshassi et al. [65], the construction industry is unique in the sense that it is
particularly risky because most projects have to be bid before they are completed.
Among the most prominent factors that lead to deficiencies in cost estimation are
changes in the prices of materials and wages, as they are the basis for developing the
initial estimate of the project. Also, the lack of certain information about the project
is one of the deficiencies that affect the cost estimate in construction projects.

CDS7: Lack of coordination at design phase

Lack of coordination at design phase (CDS7) is ranked 5™ cause according to the
overall ranks with RII of 0.7366, whereby consultants and contractors are agreed
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with this rank. On the other hand, owner ranked CDS7 the 10" cause of cost overrun
that related to design issues. Due to a lack of cooperation during the design process
between the owner and the designer, the designer has prepared the design according
to what he considers appropriate for the project. Sometimes the owner has no clear
vision of what they need and want [66]. Thus, the assumptions by design teams
that turn out to be less than optimal from the owner's viewpoint and ultimately
cause ' inevitable ' changes [67].

CDS15: Inaccurate quantity take-off

Inaccurate quantity take-off (CDS15) is ranked 6™ cause of cost overrun related to
design issues in this study with RI1 of 0.7336. On the other hand, all the three parties
agreed to rank it as 7!" cause of cost overrun, this agreement clarifies the extent of
understanding the importance of accurate quantitative take-off and its impact on
the interests of all parties. Moreover, it is noticed that nearly half of the additional
works are due to unexpected additions and unbalanced final field measurements,
which were not included in the contract offer items because the need for the work
during the preparation of the schedule is uncertain [68].

CDS12: Inaccurate cost estimation

Finally, Inaccurate cost estimation (CDS12) is ranked the 7t cause with RII of
0.7269, while it ranked 3 cause according to owner. Consultants and contractors
ranked CDS12 as 9™ cause of cost overrun related to design issues. The cost
estimate is an important reason according to the owners as project financing is
prepared according to this estimate. Therefore, any cost estimation errors will be
reflected in the project financing, which ultimately leads to exceeding the
estimated cost. Cost estimation is a procedure of determining the scope of work
and the financial resources needed to satisfy the requirements of the project from
initiation to termination. Hence, information about the projects’ structural
components and characteristics influences the estimation of the costs involved
[69]. Pasco and Aibinu [70] referred to the estimate as a forecast of the project
cost, which could be biased or consistent with the actual cost, generated by the
estimator’s forecast or influenced by the project conditions. The accuracy level
of the estimate varies depending on the amount of information available
regarding the project [71].

Table 3. Ranks of the critical causes by owners, consultants, and contractors.

Overall Owner Consultant Contractor
RII Rank RII Rank RII Rank RII Rank
CDS4 0.7903 1 0.8042 1 0.8059 2 0.7712 1

Code

CDS5 0.7649 2 0.7583 4 0.8078 1 0.7305 4
CDS3  0.7560 3 0.7708 2 0.7843 3 0.7254 5
CDS16 0.7560 3 0.7208 8 0.7706 4 0.7576 3
CDS13 0.7388 4 0.7333 5 0.7569 7 0.7254 5
CDS7 0.7366 5 07029 10  0.7627 5 0.7254 5
CDS15 0.7336 6 0.7250 7 0.7569 7 0.7169 7
CDS12 0.7269 7 0.7667 3 0.7529 9 0.6881 9
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5.2. Techniques to reduce cost overrun during design stage

Fifteen techniques were used in the design phase to reduce cost overruns in
construction projects to be ranked in this study. The mean and Relative Importance
Index (RII) were measured for all techniques as shown in Table 4. The average value
of RII for all techniques is (0.8070), which used in this study to indicate the important
techniques. Where, the techniques with RII value more than the average value are
considered to be important techniques. As shown in Table 4, there are eight
techniques considered as important techniques to reduce cost overrun in construction
projects. These techniques are, PS11, PS8, PS2, PS3, PS4, PS5, PS7, and PS12.

Table 4. Mean, and RII for the techniques
to reduce cost overrun during design stage.

Code Description of items Mean RII Rank

PS11 Ensure soil investigation is done and 41716 0.8343* 1
provide report along with tender before
design phase.

PS8  Proper and realistic approximate 4.1343 0.8269* 2
estimates should be obtained for cost and
time of project through design stage.

PS2  Make sure there are available funds 41157 0.8231* 3
before contracts are awarded.

PS3  Using the professional staff to assess the ~ 4.1119 0.8224* 4
project’s viability and its study.

PS4 Proper project design during design phase 4.1045 0.8209* 5
to prevent undue variance on-project.

PS5  Appropriate funding levels should always 4.0933 0.8187* 6
be determined at the planning stage of the
project so that regular payment should be
paid to contractors for work.

PS7  Managing and completing design stage 4.0821 0.8164* 7
before construction.

PS12 Design the project in great detail at the 4.0709 0.8142* 8
beginning.

PS15 Carryout pre project planning to 4.0224 0.8045 9
minimize design errors.

PS6  Employers or owners of projects should 4.0037 0.8007 10
allow more time and funds for the study
phases of projects.

PS14 Refuse to accept unrealistic project time 3.9701 0.7940 11
scale by client.

PS1 Improving contract award procedures by ~ 3.9701  0.7940 11
giving less weight to costs and greater
weight to contractors' capacities and past

results
PS13 Include contingency in budget. 3.9552  0.7910 12
PS9  Client should actively involve in design 3.9030 0.7806 13
stage.
PS10 Ensure effective site assessment. 3.8172 0.7634 14

Note: (*) RIl value more than the average value of RII.
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As evident in Table 5, most of the eight techniques have values of RIl more
than 0.8000 according to respondents from the three parties. Only contractors
agreed with the overall ranks in ranking the PS11 (Ensure soil investigation is done
and provide report along with tender before design phase) as the 1%, while owners
and contractors ranked it the 2", According, to the owners the most effective
technique to avoid cost overrun is PS8 (Proper and realistic approximate estimates
should be obtained for cost and time of project through design stage). While the
consultant had another opinion in determining the most effective technique, where
they ranked PS2 (Make sure there are available funds before contracts are awarded)
as the 1%,

Table 5. Rank effective techniques by owners, consultants, and contractors.

Code Overall Owner Consultant Contractor
RII Rank RII Rank RII Rank RII Rank
PS11  0.8343 1 0.8125 2 0.8333 2 0.8441 1
PS8 0.8269 2 0.8292 1 0.8196 4 0.8322 3
Ps2 0.8231 3 0.8042 3 0.8431 1 0.8136 5
PS3 0.8224 4 0.8125 2 0.8157 6 0.8322 3
PS4 0.8209 5 0.8000 4 0.8157 6 0.8339 2
PS5 0.8187 6 0.8125 2 0.8275 3 0.8139 5
PS7 0.8164 7 0.8000 4 0.8333 2 0.8085 7
PS12 0.8142 8 0.8000 4 0.8176 5 0.8169 4

In addition, the spearman correlation was used to measure the agreement
between two parties in ranking the techniques. The results of spearman rank
correlation coefficient in Table 6 revealed that the highest degree of relationship
was found between owner and contractor with correlation coefficient equal to 0.842
and P-value 0.000. It is followed by the significant relationship between owner and
consultant with a correlation coefficient equal to 0.756. The weakest relationship
was between the consultant and the contractor, with a correlation coefficient equal
to 0.572. These results demonstrate the awareness of each of the three parties to the
most important techniques that can reduce the problem of cost overruns in
construction projects.

Table 6. Results of Spearman correlation
for techniques to reduce cost overrun.

Pre-construction phase Correlation Coefficient P- value
Owner and Consultant 0.756 0.001
Owner and Contractor 0.842 0.000
Consultant and Contractor 0.572 0.026

Ensure soil investigation is done and provide report along with tender before
design phase (PS11)

The most important technique in this study to reduce cost overrun is the PS11,
which ranked 1% according to contractors and the 2" according to owners and
consultants. In construction projects, soil investigation is an important step to take
before starting the design process. This examination determines the soil bearing
capacity, which is important to determine the appropriate type of design. Thus this
contributes to avoiding redesign and reduces design modifications during the
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construction stage. Whereby, the selection of the appropriate type of design for the
project helps to prevent redesign during the construction phase. Moreover, the site
investigation may be considered a failure if the subsurface conditions required for
the safe, economical design of foundations or earth structures are not accurately
identified [72].

Proper and realistic approximate estimates should be obtained for cost and
time of project through design stage (PS8)

The second effective technique in current study is PS8, which was ranked the 1% by
owners and 3, and 4" by contractors and consultants respectively. Cost and time
estimation at the design stage requires serious attention from the design team as the
precision of this process and its consistency with reality contribute to the avoidance
of cost overruns in construction projects. It is noted that the estimation process
depends primarily on the competence and experience of the estimator, as well as
on the reliability and accuracy of the project data and documents. Estimates must
be as accurate as possible as they form the base for comparison, evaluation, or
negotiation of the tender [73]. Moreover, preparing a realistic cost estimate is an
essential component of any construction operation [73]. Therefore, continuous
improvement of the pre-design phase is necessary in order to provide more accurate
estimates and better value for money [74].

Make sure there are available funds before contracts are awarded (PS2)

According to the overall ranking, PS2 ranked as the 3", while consultants in
current study rank it the 1%, and according to owners and contractors it ranked 3™
and 5™, respectively. Many of the reasons that led to an increase in the cost of
construction projects were the result of inadequate funds available for the projects
being implemented. It reflects negatively on the financial conditions for both the
owner and the contractor and, consequently, on the progress of the project.
Moreover, providing adequate funds is considered a basis for the project’s
success in completing within the time and cost specified in the contract.
Therefore, the owner must provide the project financing before starting the
implementation of the project, to avoid any financial problems affecting the
progress of the project.

Using the professional staff to assess the project's viability and its study (PS3)

This technique was ranked the 4™ according to the overall ranking, while it was
ranked 2", 39, and 6™ by owners, contractors, and consultants respectively. A
feasibility study is the process of verifying the viability of a project in all aspects,
which is carried out during the initiation of any project. To carry out a good
evaluation, competent staff must be provided for that and have sufficient
experience to review design drawings and bidding documents prior to referral to
the contractor. In addition, they must have sufficient experience and knowledge of
everything related to construction projects. Therefore, the owner must ensure that
the team has sufficient experience in this area to obtain a realistic study of the
project, as this greatly contributes to reducing the potential risks that increase the
expected cost of the project during the implementation phase.
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Proper project design during design phase to prevent undue variance on-
project (PS4)

This is the 5™ technique in the current study, which was ranked the 2", 4™ and 6%
by contractors, owners, and consultants respectively. The drawings design should
be in high accuracy and involving all details needed to reduce the changes in
designs during construction stage. Furthermore, all needed design should be
finished before awarding the project. Generally, one of the additional payment
claims is defects in the initially issued design or documentation for a project [75].
Therefore, owner must focus on the design stage and give it sufficient time to be
able to prepare all the details and review them accurately to avoid any omissions or
errors that are negatively reflected during the implementation phase.

Appropriate funding levels should always be determined at the planning stage of
the project so that regular payment should be paid to contractors for work (PS5)

According to the overall ranking this technique ranked the 6. While it was
ranked the 2", 3" and 5™ according to owners, consultants and contractors
respectively. Insufficient fund is one of the most critical problems facing
construction projects in developing and developed countries. As the majority of
contractors rely on periodic payments from the owner to cover project expenses.
Moreover, any delay in payment by the owner exposes him to financial claims to
compensate the contractor for delay damages. Therefore, before awarding
contracts, the adequacy of the fund must be verified in order to avoid cost
overrun. Another study by Frimpong et al. [76] also considered PS5 as a
preventive strategy to reduce cost overrun.

Managing and completing design stage before construction (PS7)

PS7 is the 7" technique in the current study as ranked by overall, only contractors
agreed with the overall ranking. While it was ranked the 2" and 4" according to
consultants and owners respectively. Nearly 73% of construction professionals
agree that design management is necessary to ensure timely and efficient design
within the budget [77]. The responsibilities to review and audit design are among
the responsibilities of the owner, which can reduce the risk arising from cost
overrun during implementation. Another study by Al-Keim [35] highlighted the
need to manage and complete the design stage before construction, which helps
to reduce cost overrun.

Design the project in great detail at the beginning (PS12)

This technique was ranked the 8" by the overall ranking, while owners and
contractors agreed to ranked it the 4™. On the other hand, consultant ranked it the 5™,
Implementation errors due to lack of detail in the designs reflected negatively on the
project and often lead to re-work. 6-15% of construction costs are found to be a waste
due to the re-work of identified defective components during maintenance [78].
Before awarding the contract to the contractor, it is necessary to review the design
details in order to ensure that all details have been made to prevent any adjustments
during the construction process. Also, the study by Olawale and Sun [43] considered
this strategy as one of the preventive mitigating measures for design changes, which
is one of the significant causes of cost overruns.
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In order to identify a value within RII calibration as a stationary technique to
reduce cost overrun at design stage, the researcher used the repetitive inquiry
method by generating a unified weight by Ginni's mean measure of dispersion for
the Relative Importance Index numbers. Whereby, this method of analysis was used
by the study of [79] to identify the stationary cause of cost overrun in construction
projects. Based on the data on Relative Importance Index numbers (RII) on the
techniques to reduce cost overrun, the current study went to generate a unified
weight value using the Ginni's mean difference measures of dispersion from the
following equation:

1 0 & ..
D22 I %1 # @

LT n(n-1) ==

The results of applying the above equation are summarized in Table 8. In
addition, the details of the results of the instruments used are listed in Table 7.
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where (41) Ginni's coefficient of mean difference, (g) Sum of the difference, (n) Set
of observation.

The outcome from this analysis gave an anti-log value of 0.8072. This value
on the RII calibration as shown in Table 7 is as a stationary value between the
boundary variables of Design the project in great detail at the beginning has RII
value of 0.8142 and Carryout pre project planning to minimize design errors
having value of RII 0.8045. This result suggests that the stationary technique to
reduce cost overrun at design stage is stationary between Design the project in
great detail at the beginning (PS12) and Carryout pre project planning to
minimize design errors (PS15).

Table 7. results of the instruments used.
Rank RIl  w()=0.02687 RIl log RIl w(.) log RII

1 0.8343 0.02242 -0.0787  -0.00176
2 0.8269 0.02222 -0.0825  -0.00183
3 0.8231 0.02212 -0.0846  -0.00187
4 0.8224 0.02210 -0.0849  -0.00188
5 0.8209 0.02206 -0.0857  -0.00189
6 0.8187 0.02200 -0.0869  -0.00191
7 0.8164 0.02194 -0.0881  -0.00193
8 0.8142 0.02188 -0.0893  -0.00195
9 0.8045 0.02162 -0.0945  -0.00204
10  0.8007 0.02151 -0.0965  -0.00208
11 0.7940 0.02133 -0.1002  -0.00214
12 0.7940 0.02133 -0.1002  -0.00214
13 0.7910 0.02125 -0.1018  -0.00216
14 0.7806 0.02097 -0.1076  -0.00226
15 0.7634 0.02051 -0.1172 -0.0024
Total 0.32526 -1.3987  -0.03025
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6. Conclusions

To avoid cost overruns related to the design stage, this study identifies the most
prominent techniques that reduce cost overruns in construction projects by analysing
the data collected by a questionnaire survey. First, the most prominent reasons related
to the design process that led to cost overruns were identified, namely: Frequent
design changes, Incomplete drawings/ detailed design at the time of tender, Mistakes
in design, Unrealistic contract duration, Deficiencies in cost estimates prepared, Lack
of coordination at design phase, Inaccurate quantity take-off, and Inaccurate cost
estimation. In addition, the study identified the most eight effective techniques, which
can be used to reduce the causes of cost overrun that related to design issues. The
most important one is PS11 (Ensure soil investigation is done and provide report
along with tender before design phase). In addition, the repetitive inquiry method was
used to identify the stationary technique to reduce cost overrun in construction
projects. the results identified the stationary technique to reduce cost overrun at
design stage to be between Design the project in great detail at the beginning (PS12)
and Carryout pre project planning to minimize design errors (PS15).

It is concluded that the owner is responsible for the deficiencies at the design
stage, followed by the designer. As he is the decision-maker in choosing the designer
and providing him with the data and requirements of the project to be designed.
Therefore, the current study recommends the appointment of specialized experts
within the owner's team so that they are qualified to follow up the construction
projects from the stage of preparation and design to completion.
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