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ABSTRACT: The cost management of construction projects is a major success criterion for project owners, and the
contingent cost shall be included in the budget estimation so that the budget represents the total financial commitment
of the project sponsor. Therefore, estimating the contingent costs and their ultimate sufficiency is of critical importance
for projects.
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1. INTRODUCTION

The purpose of this research is to develop a model or program to determine the contingencies during the bidding stage
for projects. Although identifying contingencies is an important stage of the bidding for projects, but the methods used
by contractors in quantifying project-related contingencies are very limited. Moreover, it is almost impossible to make
an estimate with an adequate amount of contingency as it requires a lot of time and data. Therefore, the contractors are
required to develop a model that calculates the contingency by analyzing the possible inputs in an effective manner.

II. MEANING OF RISK

(Kartam and Kartam, 2001)(1) Define the risk as "the probability of occurrence of some uncertain, unpredictable and
even undesirable event(s) that would change the prospects for the profitability on a given investment", and in relation to
construction; risk is described as "an exposure to economic loss or gain arising from involvement in the construction
process

1.2.1 RISK TYPES AND CLASSIFICATIONS

1.2.1.1 Classification by Nature

An appreciated work for risk identification was done by (Kangari& Boyer 1981)(4). Risk of all major parties involved
in a construction project (contractors, designer, and owners) were collected and stored in data base files as a part of a
knowledgebased system for risk management. Risks were collected from different sources as experts from the
American Society of Civil Engineering; different research works for risk analysis, contractors (having 10 years of
construction experience). Risks were classified under six primary sources of risk and uncertainty factors as shown in
Fig (a)Structure of Risk Factors (Kangari& Boyer 1981)
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1.1 Uncertainty in labor.  (availability, skill, familiarity}
1.2 Equipmentrelatedrisk. (availability, breakdowns)
1.3 Uncertainty of material. (storage, protection, availability

1.4 Late completionrisk. (weatherdelays, labor strikes )
1. Construction | e N .. N
Risk .5 De ignwork. (incomplete. Omissions, conflicts )

1.6 Defectiveconstruction. (methods, material, inspection)

1.7 Delayed site access.  (permit requirements, clear title)
1.8 Quantity variation. (subsurface, mistake, method )
1.9 Design changerisk. (designchange)
2. Physical 2.1 Uncertainty in subsurface. (geology, ground water )
aspects 2.2 Acts of God. (flood, fire, earthquake )
3.1 Failure of payment. (owner, general contractor )
3.2 Delayed disputes resolution.  (adversary relation, claims )
3.Contractual 3.3 Coordination failure. (owner, contractor ,designer ).
&legal risks 3.4 Uncertainty in change. (delay, design changes )
é 3.5 labor disputes risk. (strikes at supplier's plantand field )
o 3.6 Insurance coverage risk. (owner/ contractor/ designer )
E
2
4.1 Uncertainty in productivity. (labor, equipment ).
4. Performance 4.2 Uncertainty in quality. ( material deficiencies, Qal.Cont.)
— & 4.3 Accidents/ safety. ( const. site, safety programs )
management 4.4 Mistakes. ( management errors )
4.5 Managerial competence. ( Prof. designer/contractor/ owner )
5.1 Uncertainty ofinflation.  (Impact on labor, equipment, material )
5. Economic . ) )
5.2 National and international. { energy shortage, curren
factors { &y & <)
5.3 Financial Uncertainty.  { owner/ contractor )
6. P0|iti§3| & 6.1 Environmental protection.  ( water/ air/ noise
public pollution)

(a)Structure of Risk Factors
1.2 Classification by Consequences
This classification describes common features that all the different risks may follow. This was done as a prerequisite
for managing risks.
Farid (1989)(2) mentioned that the total risk of a project is comprised of two parts systematic risk and unsystematic risk.
Systematic risk includes unanticipated increases in inflation or interest rates, labor shortages, and economic downturn
or recession. Unsystematic risks include unexpected job conditions, strikes, and particularly financial difficulties.

II. METHODOLOGY

Therefore, the main objective of this paper is to suggest a method for allocating appropriate contingencies using the
risk analysis methodology.

This research aims to predict the rate of increase in the cost of construction projects using risk management
techniques. To achieve the objectives of this research, the following steps have been defined:

1.Identifying the sources of risks that may face contractors

2.Determining the probability of occurrence of each risk

3.Conducting a survey of construction contractors to determine the likelihood of risks and estimate their financial
impact on the project as a percentage.

4.Analyzing the results and making appropriate suggestions.

5.Developing a program whose inputs depend on risk factors, and its outputs shall be the rate of increase in the cost of
project.
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III. EXPERIMENTAL RESULTS

1.3 What’s Contingency?

The contingency is a pre-defined sum of money or the kept percentage of the contract for the un-expected changes in
the projects. In this contingency case, it is the tool for managing the risks to prepare the money owners to face the risks
inside the project. The contracts are awarded to the cases of the contingency to pay for the costs of un-known
conditions such as a rise in the price of the product or the changes in the design in the scope or due to the mistakes or
changes in the necessary conditions of the construction which are achieved in the site during the construction process.
The owners must attempt hard to provide a healthy contingency case for the project to overcome the cases related to the
risks. If it was managed correctly, the contingency can provide a safeguard for the design and the contractor and the
entrepreneur to complete the project with a budget (Molosewa Stevan, 2014).

1.3.1.The Methods used for Calculating the contingency :
Figure (b) shows all the familiar methods where these methods are explained in details in the following sections

Experts Judgment ——| Different Percem_:age for different
cost items
» Single Percentage for the all cost
3 items
=
@
= Predetermined —Assigning Probabilities to Cost Items
c
o r Constant
i
= Percentage — Contingency Estimation by PERT
o
3
- | Monte Carlo Analysis & Regression
e & Simulations
8
£
= —I Fuzzy Set Theory”
S
Probapili.'stic & Artificial Neural Networks (ANNs)
L Statistical [
Madels
— - Estimate quality

Fig (b): Contingency estimation methods or models classified

1.4 Summary of this research

This thesis discussed the prediction of the ratio of increase in the cost of construction projects using risk
management, where risks and contingencies were defined, and then the risks facing contracting companies shall be
identified, which could lead to an increase in the cost of projects, and then a survey was conducted for contractors to
measure the extent of these risks in addition to the rate of increase in the event of risks occurrence.

The results obtained were in line with the pre-set objectives which are as follows:

. Identifying the sources of risks that may face contractors:

To achieve this objective, the risks facing contracting companies have been studied, whether through published
research or through previous studies, or through field visits to survey contractors and consultants about the most
prominent problems that may face them. These problems were summarized in the form of 71 risks or problems that
they may face during the project life cycle.

. Determining the probability of occurrence of each risk factor:

To achieve this objective, I conducted a field study aimed in its first part to find out the possibility of occurrence of
each of the 71 factors, as the survey was distributed to contracting companies in the Arab Republic of Egypt, Kingdom
of Saudi Arabia, United Arab Emirates, Republic of Cyprus and State of Kuwait. (The survey was explained in
Chapter ... page No. ...)

. Determining the rate of increase in the cost of project

To achieve this objective, I conducted a field study aimed in its second part to find out the rate of increase in the cost
of construction projects in the event of a risk occurrence, as the survey was distributed to contracting companies in the
Arab Republic of Egypt, Kingdom of Saudi Arabia, United Arab Emirates, Republic of Cyprus and State of Kuwait.
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The results of the paper are divided into two main parts, the first part relates to contractors' responses to general
questions, while the second concerns the contractors’ responses to the 71 risks, where the response is divided into two
parts. The first part relates to the probability of occurrence while the second part relates to the rate of the expected
increase.

1.4.1 Regarding to the first part of the survey, the results were as follows:

1.  With regard to the classification of contracting companies, we found that 66 contractors were the companies
that they work for fall within the framework of contracting companies classified first class, with a rate of 49.6% of the
respondents, while the contracting companies classified third class came second in terms of the number of respondents
of 38 companies, representing 28.6%, while the contracting companies classified in the second class came third in
terms of respondents of 21 companies, representing 15.8%, while the contracting companies of the fourth and sixth
classes came the last two classes equally in the number of companies (4 companies for each class), representing 3% per
each.

2. Regarding the years of experience in the field of implementing construction projects, the answers varied, as
41.4% of the respondents had experience of more than 25 years, while 18% of companies stated that their experience
was between 15 to less than 25 years in implementing construction projects, while some participants stated that their
experience in the field of construction ranges between 5 to 15 years, representing for 12.8% of the respondents, while
the equivalent of 10.5% of the respondents stated that their experience in implementing construction projects did not
exceed five years.

3. With regard to the type of projects on which the responses of the companies participating in the survey relied,
there were 58 contractors, representing 43.6%, stated that the projects on which their responses relied were government
projects and private projects, while 41 contractors, representing 30.8% stated that the projects on which their responses
relied on were private projects, while 34 contractors, representing 25.6% of the contractors, stated that the projects that
their responses relied on were government projects.

4. With regard to costs, 100% of contractors stated that they exceeded the previously planned cost due to the
risks they face, and that the percentages differ according to different problems, where 15.8% stated that they were
subjected to permanent cost overrun, while 35.3% of contractors stated that they usually exceed the project cost than
planned While 48.9% said that they sometimes suffer from an increase in costs over the planned, while no respondent
mentioned that he did not face an increase in the cost of the project, and this reinforces the importance of this research.

1.4.2 Developing a program that can predict the rate of increasing in the cost of project:

None of the contracting companies in which those responsible for estimating costs have been interviewed have any
mathematical model or program for estimating the cost of emergencies and they use a rate or depend on their intuition
and experience in estimating the percentage of contingencies, there are several reasons for this, perhaps the most
important of which is that the recognized technologies are very complex and difficult to deal with, or they need courses
in accredited centers for training on this type of technology,

so the idea of the program came to be simple and accessible to everyone and keep pace with the great development
in technology so that the contractor can download the program in its Arabic and English versions via a computer or a
smartphone and review the risks that may be faced in the project and then determine which of these risks he may face,
accordingly, the program performs a simple calculation process, the result of which shall be the rate of increase in the
cost of project based on the inputs, whereas once the program is opened, the language options will appear to the
browser, and once the language is selected, the program’s tools will be introduced by reviewing the 71 risks that
depend of the second part of the survey, After selecting the items that may be face the user, the program performs a
simple calculation that shows in its result the final rate of increase in the cost of project As shown in the following
pictures :
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Total Percentage: 0%

Forecasting the rate of increase in the cost of project

No. Iltems. Risk Probability Ratio% | Rate OfIncrease In The Cost OF Project’s
1 Low productivty of labor 5360 16
2 Labor disputes and unrest 4260 85
3 The lack ofskiled labor and labaor's weak experience 5900 1618
4 Acoidents af the ste and labors injuries and llnesses 620 900
5 The lack of esources (labor equipment, Materia) 5520 1842
[} Delay in supplying material 580 203
7 Increased waste of materials. 5460 1790
8 Eauipment malfunction durngimplementation 5360 158
9 Low productivity of equipment 5120 5%
10 Obtaining non-corforming qualty (poor qualty) 580 a5
1 Defects inthe implementation of works 5080 210
2 Delayinproject dwation 6300 208
be] Poor safety requlations and instructions during on-site implementation 5700 1090
% Some structures cracked duringimplementafion 100 920
% Suspension of work 51680 285
1 The tack of engineering drawings and information 520 1824
7 Ermors, ambiuities. and inconsistency with project specifcations 520 04
18 Modifcation of designs by the cwner or his representative curing constuction f420 23
19 Ermors indesigns 580 1726
) Dificulty and complexity in designs and hence diffiulty in construction and implementation 560 146
il Delayinthe delivery of detalled drawings. 540 1065
2 Lossdue to price inflation (Increasing the prices of materials, labor, equipment,..efc). fioz0 216
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n Diepreciation of the local cumency and fluctuation of exchange rates 520 1706
U Cost overrun from on planned cost 00 1
% Defayin payng the sums owed to the conlractor by the owner 6160 157
% ity problems ofthe contractor and the ifficulty of inancing the project 6060 76
bl Impasinga penaly for delay. fio40 1617
8 Weak communication and coordination bebwieen project parties during implementation curing implementation 50 1857
F] Auaiabiity of some bad features in the project management eam, such a5 the lack of experience, ineficiency and incompatoilly with the work team, 6o 10y
kil Ieficiency in prject planning and scheduling by the conlraclors administation 640 P
kil The intemal organization (the structural compasition of the administration and the project system) i inadequate 5400 1755
) Acdministrafive weakness in the calculation of quantiies and benchmarking 0 74
B Delays in preparations o stat work by confractorand defayor mistake n fild survey work of the site 1040 102
(/] Error i choosing the type and localion o the project 240 1681
¥ Change in project personne during tsimplementation 260 15g
kil Bad aocelerate of project handover using additionsl resources: 300 1081
y The contractors fuitin the lechnical tudy of project duringthe tender phase k) 900
ki Shorlage of administratve personnelofthe coniraclor 4800 5
] Theftsatthe project ste 5140 1584
0 Detayin delvering the site to the contraclor by the owner. 460 045
4 Delapedt sedtlement of conlraclors claims by the cuner 500 1598
p Suspension of project works by the owner. 5240 10y
8 Delayed dectsion making by the owner. 6060 178
Y Intervention of the ownet n the Implementation process phases 6100 2057
5 Falure of the cwmer to cooperate with contractor 580 18y
6 Incresing red tape procedures by the owmer 5600 160
4q Changes the scope of work of project iquantities ofems, newitems, new areas, . etc by the owner. 6280 25
$ Detemrining shortimplementation period by the owner inthe conlrac of project 560 %50
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o oor qualfications of the supervising adinistratve saf 4760 1284
0 Consudtant defays in approwing e cantractors explanabons lsuch as materal samples. plans, schedules, requests for payment of eracs _ efc) 240 150z
5 Consultant delzys inperforming the necessary checks and tests 5600 102
) Conflict betwesn the conraclor and the consuttant duing the constnuction phase. 5 249
5 The lack of the credibiity of suboontractors f160 s
o Shortage of subconfractrs 5420 it}
% Problems betwean the subcontractor and the main contractr, s b
il ity problems of subcontractors 6040 ush
5 The change and difference inthe condtion of e fentrance of e, neighbioring infrastructure, buildings around the it elc). fy 128
5 The lack ofulfes electicty water, s, efc) 74 08
5 The efect of underground condions fefferent sol composiion, presence of public utifes, ighwal 5360 1754
fo Diffultyof aocessing the ste. 4360 1648
it Theinfuence of social conditions and racktions 460 762
f of edreme weather conditions inthe project area (the effect of vtreme hof or cold weather increased rain. wind and sandslorms el a2 jiklj
il Incidence Floods and forents au 1369
LY Incigence Eathguakes 72 15
[ Incidence Volcanoes 160 B9
] Incicence Afire oocumed at the site Eri] 7
& Detay in obtaining legal rights 5220 128
88 Legal disputes betwesn the partes imvolved in the project 5060 1406
8 Dificuly and restrictions in oblaining work pemits from the concemed authoriies 5540 L]
I ChangesinLaws andlrequlations aves; employment rade, . etc) 4920 1%
n Lossasa result ofwar, il ol revolution. popular tumol. efc) #20 047

Total Percentage: 0%

Table( 1)forecasting the rate of increase in the cost of project
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1.4.3 model to measuring Program effectiveness

After performing the program and activating it, we had to make a model through which we could verify the
effectiveness of the program that we did by setting up a model that compares the completed project with that by
reviewing the project data during the bid submission to win the tender and after the actual implementation of the
project and looking at The feasibility of the program, as it was agreed with one of the contractors to provide us with
project data whose actual value exceeded 100 million Egyptian pounds during the past few years. Dropping the project
clauses (71) used to create the program and accordingly it became clear to us the following:

1.4.3.1 General information

. Type of project: Residential

. Location of the project : Egypt — AL-alamein city

. Total cost of the project: submitted during bidding (114,500,000)

. The time period of the project: The project was implemented within the prescribed time period for the project

. The currency used in the project is Egyptian pounds

1432 Dropping the eleven groups ( 71 risks ) on the program

. As for the special clauses included in the program under study, the results were as follows:

. With regard to the risks associated with Construction and JobSite Risk Factors :

. There were many risks to the contractor it is Clause 4,7.

. in Clause 4, accidents at the site and workers’ injuries led to the increase of financial clause that amounted to

130,500 Egyptian pounds knowing that the project was implemented during the period before Corona until the
beginning of the second wave at the end of December 2020.

. While in item 7, which includes Increased waste of materials.

. through the final budget of the project, it became clear that there is a wastage whose value was estimated at
650,000 Egyptian pounds, and this item is also related to item No. 62, which is The effect of extreme weather
conditions in the project area (the effect of extreme hot or cold weather, increased rain, wind and sandstorms, etc.) and
item 63 of the Incidence Floods and torrents.

. Regarding to the risks associated with the designs, there were no problems encountered by the contractor in
these items
. Regarding to the risks associated with the Financial and Economic Risk Factors: -

the contractor faced several difficulties led to an increase in the cost of the project, namely clause 22, where the
Loss due to price inflation (price increases for materials, workers, equipment, ... etc.). led to an increase in this clause,
which reached 1,480,000 Egyptian pounds

. With regard to the risks associated with management, there were no problems except item 39 Which is Thefts
at the project site. Where the site was robbed by some people and the amount of the material they robbed is 975,000
Egyptian pounds

. Regarding the risks associated with the owner, there were no problems

. Regarding the risks associated with the consultant, there were no problems

. Regarding the problems related to subcontractors, item No. 53, where the lack of credibility of the
subcontractors during the implementation of some of the works entrusted to him led to major problems that
necessitated returning some items, which led to an increase in the cost of the item amounting to 805,000 Egyptian
pounds

. Regarding the risks related to Site Conditions : The contractor was affected by item No. 59, where the effect of
underground conditions (different soil composition, presence of public utilities, high water table, etc.) . through the
final budget of the project, Where the contractor faced major problems related to this item It led to an increase in the
cost of this implementing the item amounted to 391,000 Egyptian pounds .In addition, there is Clause No. 61, which is
represented in the impact of social conditions and traditions, where the contractor was forced to pay royalties to the
Bedouins surrounding the site, exceeding 650,000 Egyptian pounds .in exchange for protection or something similar.

. Regarding the risks associated with weather factors and variables, there were no problems

. Regarding the risks associated with legal affairs, there were no problems

. Regarding risks associated with government actions or policy, there were no risks

. Based on the above mentioned information and with a simple arithmetic operation, it becomes clear to us that
the total increase in the cost of the project was 5,082.000 Egyptian pound

. while the total cost of the project according to the bid submitted before opening the envelopes was
114,500,000, so that it becomes clear to us that the percentage increase in the cost of the project was 4,43% .

. While the rate of increase in the cost of the project over the planned was according to the application is 8.7%
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IV. CONCLUSION

Every human endeavor or action carries with it many risks. Also, no project is free from risks and therefore the
situation is getting worse for contractors due to the competitive environment. In general, these risks can directly affect
the costs, quality and duration of the project. The purpose of estimating emergency costs in construction projects using
risk management technique is to help companies working in the field of construction to correctly estimate the cost of
the project before submitting the bid in a sound scientific manner, in addition to avoiding any sudden increase in the
project cost. During its implementation, which may lead to large losses. Therefore, the purpose of this research is to
develop a model or program that works to identify emergency cases during the bidding phase of projects and to
estimate the percentage of the expected increase in the project cost.
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