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Abstract: This study aims to assess risks caused by variation orders in construction projects in Egypt, through
studying the most important causes of the variation orders in construction projects. A structured questionnaire
was developed which contamed 39 collected causes of change and categorized depending on the origin of the
variation, owner related, consultant related, contractor related, project management related or other related
variations. The survey was carried out among client representatives, consultants, contractors and project

managers involved in delivering projects. A total of 153 received questionnaire sets out of 250 questionnaires
distributed. The collected questiommaires were analyzed with Statistical Package for the Social Science “SPSS”.
The risk of each factor was analyzed by four different methods. The results of the study show that the most
five risky causes of variation orders are “Change in economic conditions”, “Tack of coordination between the

parties”, “Bad sub-contractor or supplier by the contractor”, “Tmpediment to prompt decision-making process
by the owner of the project” and “Contractor’s financial difficulties™.
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INTRODUCTION

The wvariation 13 defined as any change or
modification in the design, quality or quantity of the work
as indicated on the drawings and described or referred to
mn the contract inveices (Mohammad et af., 201 0). Orders
of variation are a common phenomenon mn construction
projects m Egypt. Almost, all construction projects suffer
from it. The causes of the varation are maily due to the
lack of equipment and materials, poor workmanship,
complex design, technological progress and changes in
working conditions. Variation orders affect not only the
cost of the project but also could affect the completion
dates as well. Variation i1s sometimes referred to as
variation order, change order or variation mstruction. This
research identifies and ranks the factors causing
variation in the construction industry in Egypt. Tt also
compares between four different analysis methods to
mvestigate how the analysis method can effect on raking.

The nature of variation order: Arain and Pheng (2005)
classified variation in two types, useful and harmful
variation. A helpful variation i1s a change created to
improve quality, reduce budget, schedule or technical

issues in a project (Ndihokubwayo, 2008). Harmful
variation 1s the difference that negatively affects the value
of the client or project performance. Arain and Pheng
(2005) acknowledged four key assets for changes
including the client, consultant, contractor and other
changes.

Owner related variations: The change in the scope of the
work or the project plan 1s almost due to many reasons
such as 1llegal planmng of the project or the failure of the
owner to participate m the design phase, these changes
may result in deviations from the amount specified in the
contract (Memon et al., 2014; Arain et al., 2004). Owner’s
financial  problems  sigmificantly affect  project
implementation because of the impact on the cash flow
and the cost management plan. This may increase project
time as they may force the owner to change the material,
specifications or quality to reduce financial requirements
(Hamf et al., 2016, Clough and Sears, 1994; O’ Brien, 1998).
Inadequate project objectives, the owner must define the
project objectives. Otherwise, the designer may lose time
during project design with many constramts that may
cause changes during construction and affect project
progress (Ibbs and Allen, 1995). Professionals should
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participate in the design phase to help clarify project
objectives and recognize that their requirements are not
met n the early stages (Memon ef af., 2014). Replacement
of materials can be due to landlord’s fimancial problems or
a change in specifications by the owner and this may lead
to changes during the construction phase and changing
procedures may result in differences m the method of
application (Keane ef al., 2010). An impediment to prompt
decision-making process, owners, must make quick
decisions, especially, during project construction in order
to prevent any delay based on late owner’s decisions,
otherwise there will be a change in project schedule and
cost (Sanvide et al, 1992; Gray and Hughes, 2001;
Memon et al, 2014). The obstinate nature of the
owner 1f the owner i1s obstinate, this may lead to
change orders during the execution of the project due to
the consequences of decisions and orders made by the
owner that do not match the vision of the professional at
later stages of the project (Wang, 2000; Aram et al., 2004,
Memon et al., 2014). Change in specifications by owner.
This may occur for many reasons such as insufficient
project objectives or a change in design or financial
problems (O°Brien, 1998, Hanif ef al., 2016). Employer
mtervention may result m late intervention by the
employer during the design stage and the construction
phase and the delay in the review and approval may affect
the progress of the project (Wu et al., 2004; Chan and
Kumaraswamy, 1997).

Consultant related variations: Change in design by the
consultant 13 mamnly for design mmprovement. The
consultant may have to make changes in design,
specifically on projects that construction starts before the
design 1s finished (Fisk, 1997; Aram ef al., 2004). Also,
this may occur when the design is revised by the
consultant who may have a different view of the design or
due to the rescheduling of work (Mohammad et al., 2010).
The change in design by the consultant is mainly for
mnproving the design, the consultant may resort to
changes in design and specifically on projects that begin
construction before the design is finished (Fisk, 1997;
Arain et al, 2004). This may also occur when the
consultant revised the design and may have a different
opimion of the design or rescheduling of the work
(Mohammed et al., 2010). Variation may occur due to
errors and omissions in design drawings depending on
the time of error detection (Arain et af., 2004; Keane et al.,
2010). Any conflict in contract documents may mcrease in
time and cost. So, contract documents must be clear and
precise (Construction  Industry  Institute, 1986;
Memon et al., 2014). If the final time of value engineering
15 delayed, it may lead to variation and increase costs.
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Tdeally, the implementation of value engineering must be
completed before construction is initiated (Dell’Tsola,
1982; Keane ef al., 2010). Complex design needs special
construction methods and skilled craftsmen. The more
complex the design, the greater the chances of differences
(Fisk, 1997; Arain et al, 2004; Memon et al., 2014).
Insufficient details of work drawings may lead to
misunderstandings of actual requirements, so drawings
must be clear and fully detailed (Arain et al., 2004, Geol,
2002, Memon et al., 2014). The consultant must be aware
and with good knowledge of available materials and
equipment to produce comprehensive design (Geok,
2002; Keane et al., 2010). Inadequate design commonly
causes variations in construction projects, so designers
should develop appropriate design (Construction
Industry Institute, 1990; Fisk, 1997, Memon et al., 2014).
Change in the specification by the consultant commonly
oceurs due to inadequate project objectives. This may
result in change requests and may increase the project
budget and schedule (O’ Briery, 1998; Memon ef al., 2014).
Poor work drawings may cause errors  during
construction, causing variations. These differences may
affect the progress of the work, smce, rework may be
required that may cause delay and mncrease in cost (Geok,
2002; Arain et al., 2004; Keane et al., 2010).

Contractor related variations: Contractors have creative
and practical ideas that make designs more actual and
applicable many variations may occur because of the lack
of involvement of the contractor in the design phase of
the project (Aram et al, 2004; Keane ef al., 2010).
Contractors must have a good procurement and resource
plan and any procurement problem may lead to variation
during the construction phase and affect the completion
of the project (O Brien, 1998; Memon et al., 2014). Projects
with new technologies need special resources and skilled
manpower, variations may occur due to unavailability of
skills and may affect the project schedule (Arain et al.,
2004; Memon et al., 2014). The contractor’s financial
problems may affect the progress of the project due to
financial obligations where the contractor must pay the
worlker’s wages regardless of whether the owner pays the
contractor or not and the failure of these obligations may
affect the quality and implementation of the project
(Thomas and Napolitan, 1995; Memon et al., 2014). The
desire profitability of the contractor may cause variation
as 1t 1s considered as additional financial rewards for
additional works resulted from variations (O’ Brien, 1998,
Keane et al, 2010). Variation may occur due to
different
conditions or unforeseen problems m the construction of
the substructure that could not be found during the

unexpected site conditions such as soil
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contractor’s  site investigation which may require
additional cost and time to be added and request changes
(Fisk, 1997, O’Brien, 1998; Keane et al., 2010). Poor
workmanship may result in demolition and rework that
may affect project progress and increase project budget
(Fisk, 1997, O’Brien, 1998). Tt would be difficult to the
contractor with unfamiliar local conditions to carry out
work that may result in variations and increase time and
cost of the project (Clough and Sears, 1994; Keane et al.,
2010). Fast-track construction needs a well-organized
system to carry out the independent project activities
otherwise high risk of varations may occur durng
construction that may affect project execution, increasing
the total cost and the time of the project (Fisk, 1997;
Keane et al.,, 2010). The poor procurement process may
result in varations and affect project cycle, causing delay
project completion (Fisk, 1997, Memon et al., 2014). Long
lead procurements affect the project schedule and may
affect project construction. The contractor may be forced
to accelerate the construction process to deliver the
project on time which may result in changes due to the
increased cost and additional workmanship (Fisk, 1997;
Keane et al., 2010). The supplier or subcontractor 1s a
major problem, especially, if the site management is bad.
Tt is highly anticipated that there will be poor coordination
among sub-contractors of different disciplines and may
lead to changes and delays of the project (Hsieh et al,
2004).

Project management related variations: Lack of
coordination between parties may affect project execution
and may result in variations and dissatisfaction of the
owner (Arain et al, 2004). Lack of communication
between parties has a negative effect on project execution
and causes rework, demolition and major varations
(Arain et al., 2004, Keane et al., 2010). Lack of strategic
planning is normal in projects that construction starts
before the finishing of the design (Clough and Sears 1994,
O Brien, 1998; Memon et al., 2014). The failure of meeting
the safety regulations and requirements may cause
variations. Also, safety is a very important factor to finish
the project successfully (Clough and Sears, 1994
Keane ef al. (2010).

Other related variations: Bad weather for outside
activities may cause an increase of the overall duration
and cost where extra days to be added to compensate the
delayed days (Fisk, 1997, O'Brien, 1998, Keane ef al,
2010). Change in economic conditions and regulations is
one of the most significant factors that may cause
variations on the project cost and may affect the duration
of the project execution (Fisk, 1997, Keane et al., 2010).
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Different socio-cultural backgrounds result in lack of
coordination,  communication  and understanding
between project team members that may lead to variations
(O’Brien, 1998; Keane et al., 2010). Project progress may
be affected by unexpected problems, if not resolved by
professionals it may cause variations (Clough and Sears,
1994, O’ Brien, 1998; Keane ef af., 2010). Force majeure can
have obvious repercussions and although it does not
happen often, its impact is very high to the impact of the
construction and it may stop the work on the site
(Love et al., 2002).

So, it 1s very necessary to identify the most important
factors that cause vanations in the construction industry
in Egypt to achieve successful projects. Ts the ranking of
factors the same in different countries? Many researchers
analyze and arrange factors, through different methods is
the different methods give the same ranking? This study
analyzes and arranges factors that may cause variation in
construction projects and grade comparison within the
previous researchers. Also, this study analyzes and
arranges factors differently and compares them.

MATERIALS AND METHODS

The main work in this research was divided into five
processes, developing a research plan, creating a
questionnaire, performing analysis, conducting a
discussion and validating results. The process of
developing the research plan describes how to create and
manage all operations in this search. This includes the
method to obtan factors causing variation, the creation of
a questionnaire with the assistance of experts using
Delphi technology and the distribution of questionnaires
to engineers with a different experience for both owners
The data
questionnaires were analyzed by SPSS Software. Four
different methods were used for analysis depending on
probability and severity. The risk was identified in the first

method as a product of probability multiplication by

and contractors. collected from the

sevenity. The hazard in the second method was
determined as a product of probability multiplication by
the square of severity. The risk was identified in the third
method as a product to test the probability and severity
of the experiment where the probability, severity and
experience values are shown as shown in Table 1. The risk
in the fourth method was identified as a product of
probability multiplication by intensity but values were
taken as in the PMI, (2013) (Editton V) Manual as shown
in Table 2. In the conduct discussion process, the raking
from the four methods was compared with each other and
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Table 1: The probability, severity and experience

Rating Description Probability (P) Severity on cost (8) Experience (E)

1 Very low 0.10=P 0.05>1 5>E=3

2 Low 0.30>P=0.10 0.10>1=0.05 10>E=5

3 Medium 0.50=P=0.30 0.20-[>0.10 15=E=10

4 High Q.70=P>0.50 0.40=1-0.20 20=E=25

5 Very high P=0.70 I-0.40 E=20

Table 2: The probability, severity according to PMBOK

Description Probability (P) Scale Severity on cost (3) Scale Rating Rating

Very low 0.10=P 01 0.05-1 0.05

Low 0.30=P:0.10 0.3 0.10=1=0.05 0.10

Medium 0.50=P:0.30 0.5 0.20=1=0.10 0.20

High 0.70=P=0.50 0.7 0.40=1=0.20 0.40

Very high P=0.70 0.9 1=0.40 0.80

it also was compared with the previous studies. The  TIable3: Respondent’s classification

validate results process includes the ratio of confidence ‘]IEOb i::::s:o“ Ownier Consultant __Contractor Total

interval according to 95% confidence level with the 55223 8 7 2% a1

number of validated respondents. 10=Ez5 4 11 17 32

15-E= 10 5 17 31

) ) 20>E225 7 6 6 19

Create questionnaire: The researcher review previous E>20 12 7 11 30

studies on the causes of variation in the construction Total 36 40 77 153

mndustry. The imtial questionnaire was created using
bramstorming technology to generate and collect multiple
factors related to causes of variation. Using Delphi
technology, a selected team of experts responded to the
mitial questionnaires and provided comments on the
responses from each round of factors that had been
gathered until a consensus had been reached and the final
questionnaire had been established.

The final questionnaire was divided into 2 sections,
section A 1s obtaiming demographic mformation for
respondents and section B focused on the specific
reasons for variation orders. To predict risk, respondents
were asked to rate the probability and impact of each of
the causes of change based on their practical experience
in the construction industry. The questiormaires were
sent to more than 2350 engineers through a field survey
and surveying website supported by Google which 1s
Google Forms.

Collect data process: The total number of respondents is
153 respondents where 105 respondents were collected
through a field survey and 48 through surveying website
supported by Google which is Google Forms.

Table 3 represents the
respondents. The majority of the respondents worked for
construction contractor compames (50.3%) where the
percentage of whom worled for engineering consulting

classification of the

firms was 26.1% and owner representatives were 23.6%.
Respondents had more than 20 years of experience
i the construction field found to be 19.6% where
respondents with 15-20 year’s experience was 12.4%,
respondents had from 10-15 year’s experience was 20.3%
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who said they had between 5 and 10 year’s experience
was 20.9% and respondents claimed to have 5 year’s
experience or less in the construction mdustry was 26.8%.

Respondents answered about their major university
field of study. The majority of them studied civil
engineering 77.1 %, architectural engineers were 17.6% of
the respondents, mechanical engineers were 4.6% and
electrical engineers were only 0.7%.

By analyzing the degree of the participants, we found
that who had bachelor’s degree in engineering was 90.8%
where master’s degree holders were 7.8% and participants
had the doctorate in engineering was 1.3%. Table 1
represents the mean of the factors causing variation
orders for the four methods separately based on
respondent’s answers to the distributed questiommaire.

Validate data: The level of confidence tells how the
search can be. In this research, the 95% confidence level
was chosen which means that the search can be 95%
certain. The confidence interval 1s also called the margin
of error is plus or minus the results. Often researcher
cannot find out exactly the size of the population. The
number of the population in this research was considered
an infinite number. The selected sample was a random
sample of the population concemned.

A statistical calculation is used to ensure that the
chosen sample fully represents the population. The
formula shown Eq. 1 was used to determine the sample
size of unlimited population (Creative Research Systems)
(Table 4 and 5).
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Table 4: Mean of the factors

Mean

Factors PI PI(PMP) PP PI exp.
Change of scope risk 7.97 0.12 28.40 21.97
Owner's financial problems risk 11.10 0.23 16.78 29.88
Inadequate project objectives risk 7.32 0.12 27.02 19.22
Replacement of materials or procedures risk 10.27 0.16 3595 27.88
Impediment to prompt decision-making process risk 11.84 0.23 48.26 31.38
Obstinate nature of owner risk 10.74 0.21 43.76 27.41
Change in specifications by the owner risk 9.71 0.16 34.80 2543
Interference of employer risk 11.01 0.19 41.74 2948
Change in design by the consultant risk 893 0.15 31.84 23.62
Errors and omissions in design risk 11.34 0.22 45,52 2941
Conflicts among contract documents risk 10.29 0.18 39.76 28.50
Value engineering risk 804 0.11 26.24 2261
Design complexity risk 8.55 0.14 30.26 22.57
Inadequate working drawing details risk 10.25 0.18 3818 27.65
Poor knowledge of available materials and equipment risk 8.69 0.14 3211 23.08
Tnadequate design risk .21 0.16 3582 24.65
Change in specification by the consultant risk 8.39 0.13 29.95 21.68
Poor drawings risk 10.95 0.21 4416 2846
Lack of involvernent in design risk 7.93 0.13 27.73 20.39
Unavailability of equipment risk 8497 0.16 34.85 2348
Unavailability of skills risk 10.17 0.19 40.77 27.71
Contractor’s financial difficulties risk 11.82 0.24 49.82 32,63
Desired profitability risk 10.60 0.18 3841 28.81
Differing site conditions risk .41 0.15 34.63 25.52
Poor workmanship risk 10.25 0.19 40.61 27.54
Unfamiliarity with local conditions risk 818 0.13 3051 22.54
Fast-track construction risk 10.55 0.18 3892 28.63
Poor procurement process risk 11.01 0.20 43.45 30.80
Long-lead procurement risk 10.96 0.19 41.63 31.48
BRad sub-contractor or supplier risk 12.03 0.23 4896 34.01
Lack of coordination risk 12.16 0.25 50.83 32.69
Lack of communication between parties risk 11.51 0.23 47.97 3042
Lack of strategic planning risk 11.39 0.23 47.27 30.68
Health and safety risk 10.42 0.20 41.25 27.49
Weather conditions risk 7.25 0.12 25.50 1853
Change in economic conditions risk 13.86 0.32 61.94 3714
Sociocultural factors risk 7.07 0.09 22.27 1845
Unforeseen problems risk 10.35 0.19 40.61 2716
Force majeure risk 9.24 0.18 38.59 25.52

G5 o 2 *p*(1-p) (1) The mull hypothesis (H;), No relation that is

CZ
Where:
S8 = Sample size
7 = Z value according to the confidence level
p = Percentage picking a choice, expressed as a decimal
C = Confidence interval, expressed as a decimal

The total mumber of respondents was 153. The value
of 7 was 1.95 where the reporter to 95% confidence level.
Furthermore, the respondent chose one of five categories
(very low, low, medium, high or very high) that was p (1/5)
was 0.2. Thus, the confidence period was 6.34%.

After collecting the 153 respondents, the analysis
was performed using SPSS Software. The cronbach’s
alpha for all factors was 0.901 which means it is positive
and lngh. Therefore, the questionnaire 1s stable and it will
be non-contradiction with itself and according to it gives
the same results if applied to the same sample.
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statistically significant at the 95% confidence level
between job classification and years of experience. The
alternative hypothesis for this study (H,), there is a
relation that 1s statistically sigmificant at the 95%
confidence level between job classification and years of
experience. From the Chi-square test, i1t was clear that the
lowest value of the significance level 1s: 0.08 which 1s
greater than the value (o = 0.05). Thus, accepting the null
hypothesis (the job classification does not depend on the
years of experience).

After ANOVA eanalysis, there 1s no sigmificant
difference between the results obtained from contractors,
consultants or owners at 0.05 level of confidence.
However, there 13 a significant difference at the 0.05 level
of confidence between the results obtained from different
experlence. To determine the most common causes for
variation orders in construction projects in Egypt, the
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Table 5. Ranking of the factors

Raking
Factor FI PI(PMP) PP PIExp
Change in economic conditions risk 1 1 1 1
Lack of coordination risk 2 2 2 3
BRad sub-contractor or supplier risk 3 4 4 2
Tmpediment to prompt decision-making process risk 4 5 6 6
Contractor’s financial difficulties risk 5 3 3 4
Lack of communication between parties risk 6 6 5 9
Lack of strategic planning risk 7 7 7 8
Errors and omissions in design risk 8 9 9 12
Owner’s financial problems risk 9 8 8 10
Poor procurement process risk 10 12 13 7
Interference of employer risk 11 13 14 11
Long-lead procurement risk 12 14 15 5
Poor drawings risk 13 10 10 16
Obstinate nature of owner risk 14 11 11 22
Desired profitability risk 15 22 23 13
Fast-track construction risk 16 20 20 14
Health and safety risk 17 15 12 21
Unforeseen problems risk 18 17 18 23
Conflicts among contract documents risk 19 19 19 15
Replacement of materials or procedures risk 20 24 25 17
Poor workmanship risk 21 18 17 20
Inadequate working drawing details risk 22 23 22 19
Unavailability of skills risk 23 16 16 18
Change in specifications by the owner risk 24 27 27 26
Differing site conditions risk 25 28 28 24
Force majeure risk 26 21 21 25
Tnadequate design risk 27 25 24 27
Unavailability of equipment risk 28 26 26 29
Change in design by the consultant risk 29 30 29 28
Poor knowledge of available materials and equipment risk 30 29 30 30
Design complexity risk 31 32 31 32
Change in specification by the consultant risk 32 33 32 35
Unfamiliarity with local conditions risk 33 31 33 33
Value engineering risk 34 38 38 31
Change of scope risk 35 34 35 34
Lack of involvernent in design risk 36 35 34 36
Tnadequate project objectives risk 37 36 37 37
Weather conditions risk 38 37 36 38
Sociocultural factors risk 39 39 39 39

results were ranked in descending order of the most
serious factors to the least serious factors according to
the questionnaire as shown in Table 5.

RESULTS AND DISCUSSION

Change in economic conditions: Change in economic
conditions ranked as the top cause of variation order
in this research due to the new governmental
regulations this 1s also ranked as the 14th in Alaryan
(2014)’s and ranked the 16th in Mohammad ef af. (2010)
researcher.

Lack of coordination: Lack of coordmation ranked as the
2nd top cause of variation orders in this research whle
ranked as the Sth top factor in the research of
Mohammad et al (2010) research and ranked 5th in
Dickson et al. (2015)'s study.
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Bad sub-contractor or supplier: Bad sub-contractor or
supplier ranked as 3rd top cause of change, it’s a common
cause of variations but it’s not ranked as a top cause in
previous studies may be this is because main contractors
prefer to depend on subcontractors rather than direct
labor which increases the difficulty of coordinating the
work between different subcontractors and lead to
variations.

Impediment to prompt decision-making process by client:
Impediment to prompt decision-making process by client
ranked 4th top reason for variations in construction
projects where (Memon et ad., 201 4) ranked it as 5th in his
research.

Contractor’s financial difficulties: Contractor’s financial
difficulties ranked as the 5th top cause of change in this
research where it ranked as the 10th in Mohammad et al.
(2010Ys, Memon et al. (2014) ranked it as the 12th.
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CONCLUSION

The causes for the varation orders and their effects
on the cost and schedule of the project are complex and
influenced by several interrelated factors. The risks
associated with project variation make it difficult to
predict and plan for changes. The objective of this
research was to review the literature and field survey of
the mam causes of the variation and their impact on
residential projects.

The five most serious causes were found to be the
economic conditions, the lack of coordination between
the parties, the bad subcontractor or the vendor by the
contractor, impeding the rapid decision-making process of
the project owner and the contractor’s financial
difficulties.

Because of the instability of the economic situation
of the country, it was found that the most critical factor
that causes variation orders according to the results of
the questionnaire was “change i economic conditions”
which 1s very logical and touches the real life in Egypt at
present due to the change in the local currency exchange
rate and the instability of the economy.
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