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ABSTRACT

The economic activity support in the construction industry in numerous developed countries is a percentage
of about 5-11 of their GDP consumed yearly on different kinds of construction projects and associated
activities. This paper attempts to evaluate the construction project under different circumstances and different
periods. This paper was divided into several stages to accomplish its aim, the first stage, the researchers have
gathered information about 30 projects in a different period starting from 2001 to 2017. The second stage
included a questionnaire survey to get an indication of the importance of these factors. The third stage
comprised analyzing the project's evolution using an artificial intelligence technique, which is a K-nearest
neighbor classifier. The fourth stage included using the run chart technique to show the change in the
evaluation of the project.

It can conclude that the project's evaluation is continuously fluctuated in different periods, the risks that occur
have a direct relationship with cost and time overruns and indirect connection with project evaluation.
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1. Introduction

The economic activities support is the construction industry in numerous developed countries; there is a
percentage of about 5-11 of their GDP which is expended yearly on various types of development extends and
related exercises [1]. It was the essential mechanical foundation in Europe, with 30% of the workforce in 2007
[2]. The classes of the development undertakings can be as follows: designing development or mechanical
development building development [3].The earth of the matter of the development venture will, in general,
change quickly and intentionally all through the world. The issue will be raised because the associations failed
to modify and react to new condition unpredictability [4]. Thus, the temporary workers must be able to improve
their presentations not exclusively to the unpredictability yet, also the expansion of the necessities for the clients'
ecological responsiveness and lack of assets on one side, and remarkable rivalry for the commercial center of
development business on the opposite side [5].A numeral investigation has been built up to review the factors
affecting the execution of the task in creating nations. [6] portrayed that workforce absence of abilities, modest
course, and denied site of the executives, initiative that is inadmissible, needed and breakdown of gear between
others take an interest in delays in the development of the United Arab Emirates. [7] contemplated reasons for
the disappointment of the customers in the South African structure industry. They set up that battle, low
workmanship, and temporary worker's ineptitude at being between the elements, which would unfavorably
affect the execution of the undertaking. [8] perceived that quality and way to deal with the administration is one
of the significant components making fruitful venture conveyance in South Africa.

The lack of performance regarding delays of time, quality, and increase in cost is usually in a construction
project [9]. [10] proposed that time delays and increases in cost are mainly due to problems in payment, lack of
management by the contractor, issues with material procurement, lack of technical ability, and material price
escalation. On the other hand, several researchers have studied the leading causes of defects of quality. For
example, [11] recognized as an effort of human and another of which [12] is labeled as poor workmanship.
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These studies also participated in identifying quality, time, and cost as the three most significant signs to
evaluate the performance of the construction project.

The development segment wasteful aspects start from, among various things, developing the expenses of
development, battles, and customer dismay, the split idea of the business, little rivalry, and cost increment and
postponements [13-17]. Expenses of Swedish lodging development have expanded more than the swelling rate
through the most recent decade (1994-2004). In [15] reported to the British Department for Transport, he
recognized that transport ventures are on a fundamental level which is dangerous because the long arranging
skyline and composite task interface, that regularly instigates varieties related to dithering at the underlying
undertaking stages, specialized norms, and states of the geotechnical aspects. Additionally, the nature that
considers the split and present moment of development ventures joined with numerous partners with changed
purposes makes it challenging to achieve the elevated levels and dependable quality [16].

[18] examined the change orders cost on 22 government development extends and builds up that change orders
on these activities that are around 5.5% of the agreement's estimation.[19] set up in his examination that varieties
in development undertaking can cost among 10-15% of the estimate of the agreement. [19] likewise settled
Framework that has objectives to offer to undertaking change the board with an instrument that will permit
development experts to consider and inspect the progressions that occur on ventures from motivation to result.
To discover whether a change is conceivable and to decide an outcome that is good for all gatherings.

From the above, it can be concluded that several factors affect the performance of the project, which we can
order them as follows, time overruns, cost overruns considered as the main contribution to the degradation in
the project performance, therefore, this paper attempted to evaluate the construction project under different
circumstances and different periods.

2.  Material and methods

The paper was divided into several stages to accomplish its aim, the first stage, the researchers have gathered
information about 30 projects in a different period starting from 2001 to 2017, it found that these projects have
various factors which affect them during different times and their internal reasons and external reasons that
effect the project's evolution.

The subsequent stage incorporated a poll overview to get a sign of the significance of these variables. The
dispersion of polls was irregular, and tests were blended between proprietors, specialists, and contractual
workers. Sixty structures were conveyed as follows: 20 to proprietors; 20 to experts; and 20 to temporary
workers. Fifty were recognized. The example was approached to answer, relying upon their insight to
acknowledge the factor influencing venture assessment on a five-point Likert scale as exceptionally high, high,
medium, low, and very low. Depending on the appropriate response, the task separated into various zones
relying upon the time of undertaking the conditions.

The third stage included analyzing the project's evolution using an artificial intelligence technique called a K-
nearest neighbor classifier.

KNN is an algorithm of classification that was initiated by T.M. Cover and P.E. Hart. It is regularly used for
future data classification because of its easiness, simplicity of employment, and efficiency. It is one of the
highest algorithms between ten algorithms of [20] data mining that has been broadly useful in different arenas
of pattern recognition, diagnosis of cancer, classification of text, etc.[20]

KNN is based on standard Euclidean distance to measure the change or likeness among instances of training
and test. The standard Euclidean distance d (xi,xj) is defined in equation one as follows [21]:

d(xt, xj) = +/ (ar (xD)ar(x))"2 1

KNN takes into consideration the highest typical class of k nearest neighbors to evaluate the type of test instance.
It is defined in equation two as follows:

c(x)=argmax)_ (ci=1) "k 6(c,c(yi)) 2

The fourth stage included the use of the run chart technique to show the change in the evaluation of the project.
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A run diagram is a quality measure line chart with time. The middle is uncovered as an even line isolating the
information focuses such that half focuses are over the middle and half are under. The significant point of the
run outline is to see process the advancement or procedure hardship, which will turn up as examples that is non-
irregular in the information that focuses conveyance about the median [22]. The figure below showed the various

shapes of the run chart:

e. Decreasing trend

¢. Downward shift

f. Cyclic g. Systematic

Figure 1. Run chart types [23]

3. Results and discussion

3.1. Project information

d. Increasing trend

This part is related to the project information in different periods; the number of risks and the change order
appeared differently in each project depending on its period. The risks that collected is shown in the table below:

Table 1. Projects Problems

Problems

Problems

Prices fluctuate

Wrong estimation

Inflation

Finical difficulty by the contractor

Increase in the cost of skilled labor

Quality control of the material

Delay in completing the project

Mismanagement of the contract

Labour productivity

Finical difficulty by the owner

Change in cost of equipment

Poor control of the contract

Luck of the labour

Special circumstances and excluded risks

After that, the researchers gathered information about the change orders in these projects, and they were as

follows:

Table 2. Change orders and the cause of its appearance

Chang orders

The cause of this change

Addition of the work

Design error

Adjustment to the contract price
Adjustment to the contract time

Wrong estimation

Change of plans by proprietor
Contractual worker's absence of judgment

Owner

Owner

Contractor
Contractor

Owner, Contractor
Owner

Contractor
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Chang orders

The cause of this change

Deletion of the work
change in mind
Changes in specification and scope initiated

Demolition and re-work, Quality improvement.

Economy or legal issue

Rework

Modification to the design
Conflict between parties

Change in the price of the market
Change in the regulation
Mystery of the contract

Owner, Contractor
Owner
Owner
Owner

Beyond control owner, contractor
Owner

Owner

Owner, Contractor

Beyond control owner, contractor
Beyond control owner, contractor
Owner, Contractor

From the above, we can notice the reason for the change orders is either the owner or the contractor or both of

them, and sometimes the change occurs beyond the control of them.

3.2. Questionnaire survey

The researcher gathered additional information regarding cost overruns, time overruns, number of assignments,
completion ratio, and the impact of the risks and the change orders. It is shown in the table below.

Table 3. Projects evaluation in different periods

date  No of No qualitative No of cost time completion  performance
assignment  of impact Change overruns overruns ratio
Risk Order

2001 2 4 low 3 0.1 0.05 1 high
2002 2 7 medium 4 0.09 0.04 1 high
2003 2 13  medium 6 0.2 0.1 1 high
2004 2 7 medium 8 0.22 0.2 1 high
2004 2 15 high 10 0.21 0.26 0.9 high
2005 2 12 medium 7 0.3 0.28 0.5 medium
2006 2 7 medium 10 0.5 0.5 0.3 low
2006 2 12 high 12 0.65 0.6 0.4 low
2006 2 7 medium 10 0.7 0.67 0.45 low
2007 2 7 medium 19 0.3 0.5 0.9 medium
2007 1 10 medium 16 0.23 0.55 1 medium
2008 1 7 medium 15 0.2 0.45 1 medium
2008 1 7 medium 17 0.21 0.48 1 medium
2009 1 10 high 15 0.23 0.5 1 medium
2010 1 7 medium 15 0.25 0.4 1 medium
2011 1 7 medium 14 0.23 0.45 1 medium
2011 1 8 medium 15 0.27 0.5 1 medium
2012 4 12 high 18 0.3 0.48 1 medium
2012 1 7 medium 15 0.25 0.45 1 medium
2013 1 7 medium 13 0.24 0.43 0.8 medium
2013 1 7 medium 12 0.32 0.49 0.67 low
2014 1 8 high 10 0.44 0.55 0.15 low
2014 1 9 high 12 0.45 0.59 0.2 low
2015 1 10 medium 10 0.5 0.6 0.25 low
2015 1 12 medium 9 0.54 0.5 0.4 low
2016 1 7 medium 10 0.45 0.5 0.35 low
2016 1 9 high 9 0.41 0.6 0.3 low
2017 1 9 medium 10 0.45 0.7 0.35 low
2017 1 12 high 9 0.45 0.5 0.1 low
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The researchers have a note from the survey that can note that the direct relationship between time and overruns,
No of assignments, completion ratio with an evaluation of the project and indirect contact between the number
of risks and change orders with an evaluation of the project, this relationship with more accuracy can be shown
in the cause and effect diagram.

Ishikawa Diagram is otherwise called Fishbone Diagram. The name infers-structure its state of a fish skeleton.
It was created by Professor Kaoru Ishikawa, who established the procedure of value of the board in the Kawasaki
Shipyards during the 1960s. The fishbone chart or as a cause — impact outline. It helped to show the relationships
regarding an impact and its different stylish objects. Fishbone chart demonstrated the potential reasons for an
exact event or an issue [24].

| time overruns | | costoverruns |

risks

change orders

risks

change orders /

Project Evaluation

change orders

change orders

No of assignment A i
Completion ratio

Figure 2. General cause and effect of the projects

The above is the general cause and effects diagram for all the projects in a different period; an example was
taken from a single project to explain the idea.

Time oveeruns Costoverruns

Delay in completing the
project

Mismanagementofthe

contract

Delay in completing
Labour productivity

Rework Contractor's lack of j

Modification t change in mind
the design

L 4

Project

Change in the _
Evaluation

regulation

Mystery of the /

contract

Economy or legal
issue

Conflict between
parti /

Special circumstances

Special circumstances

and excluded risks ¥

and excluded risks

s

| Mo of assignment | completion ratio

Figure 3. Cause and effect of the single project
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3.3. KNN application

To analyze these projects, KNN was used to make sure of the evaluation of the projects and the accuracy of the
technique.
Table 3. KNN results

Class Recall Precision Sensitivity Specify F-mean Accuracy Cohen
Kaapa
High 40% 100% 40% 100% 57%
Medium 97.1% 100% 97.1% 100% 95.7%
low 100% 75% 100% 76.1% 85.7%
86.2% 77.7%

The technique showed good accuracy in the analysis of the project’s evaluation.

3.4. Run chart application

The researchers have used the run chart to show the development of the projects over the years; first, a single
project was taken to the progress of the project.

Project Progress with Number of Risk
20
15
10 ~ “ === Project Progress with Number
of Risk

S
0 T T T T T T 1

0 2 4 6 8 10 12 14

Figure 4. Run chart of project progress with number of risks

The figure above showed the number of the risks with the progress of the project, it can note that at the beginning
of the project, the number of risks is very high and that goes to the fact that there is uncertainty about the project
and continue to reduce until the end of the project, that showed that there is a shift in the project from one state
to another.

Project Progress with Number of Change Orders
20
15
10 - Y\\_)%i =@=Project Progress with Number
of Change Orders

T8
0 T T T T T T 1

0 2 4 6 8 10 12 14

Figure 5. Run chart of project progress with number of change orders

The change order showed its highest number in the period from 3 months to almost 9 months, which is the
project's execution, which means that the project has a trend towards increasing in this period. After that, the
whole projects were taken to be implemented in the run chart.
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Figure 6. Run chart of project date with number of risks
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Figure 7. Run chart of project date with number of change orders

The two figures above showed the number of risks and change orders over time. It can be noted that the risks
and change orders from the period of 2001 to 2003 were little that because the conditions were almost with no
problems, while from 2003 to 2007, the risks arised very rapidly due to insecure situations, and from the period
from 2007 to 2014, the change order increased due to the increase of the error and the demand of the owner.

Finally, from 2014 to 2017, the number of risks and change order was high due to the country finical condition.

== Cost
Overruns

0.8
Cost Overruns
0.6 }\
0.4 /‘)\3/
0 T T T T T T T T 1
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018

Figure 8. Run chart of project date with cost over runs
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Figure 9. Run chart of project date with time over runs

The above show time and cost overruns and show behavior similar as we mentioned early.
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Figure 10. Run chart of project date with completion ratio

The figure above showed the completion ratio over the years, the projects are nearly completed until 2013 and
2017, the rate began to decrease due to the circumstance of the country from the finical and security aspect.

4. Conclusions

From the above results, it can conclude that the project's evaluation is continuous fluctuation in different periods.
The risks that occur have a direct relationship with cost and time overruns and indirect connection with project
evaluation.

The highest the risks the more the projects take time to treat these risks and more cost required to make the
treatment process success, most of the risks were as results from the unstable situation for the country as is gone
through the different condition, in 2001, the conditions are almost stable and without any problems. Still, in
2003, the war was waged against the country, and a lot of the issues increased, which reflect either as risks or
change orders or both and led to increasing the time and the cost of the projects.

By 2006, there was a civil war in the most of the country and the projects are entirely or partially stooped and
that led to numbers of risks and change orders and caused the projects evaluation to decrease when it comes to
2008, the conditions became better, and the state of the country began to return which showed excellent
performance to the projects.

Again in 2014, As a result of the war waged by ISIS, there were finical and security problems that most reflected
on the completion ratio, as nearly the highest proportion was 40% completion.
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The cause and effects diagram showed an excellent ability to reflect the internal and external reasons that caused
the fluctuation of the projects. The run chart can show the progress of the projects with time. On the other hand,
the KNN has approved its power to analyze the projects.
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