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Abstract: - Most construction companies operating in the global
construction industry would undertake international projects to
maximize their profitability through benefitting from the new
attractive markets and reducing the dependence upon local
markets. As a result of the nature of construction works the
company and project’s conditions actually include massive risks
and uncertainty. So the risk sensitivity of projects costs should be
assessed in a realistic manner.

The comprehensive risk assessment method was introduced as a
decision making supporting tool to be employed for international
constructive projects through applying a risk model that will aid
the procedures of evaluating risks and prioritizing such projects
and assessing risk contingency value. Both the Analytic
Hierarchy Process (AHP), applied for evaluating risk factors
weight (likelihood), and FUZZY LOGIC approach, applied for
evaluating risk factors influence (Risk consequences) employing
software aids such as EXECL and MATLAB software, were used
for developing the risk model.

The reliability of the developed software has been verified by
applications on a real construction projects. The proposed
methodology and decision support tool have been proved to be
reliable for the estimation of cost overrun resulting from risk on
basis of actual final reports of projects.

Six actual case studies from different countries were chosen to
determine the highest risk factors and to implement the designed
models, test their results and evaluate risk cost impact.

The proposed models result showed that: the highest and lowest
risk contingency percentage of 48 % and 16 % were in Project
no (5), (6) respectively in Egypt. On the other hand, the projects
no (1, 2, 4,7) in Saudi Arabia, UAE, Libya and Jordan, the risk
contingency of 29%, 39%, 20% and 28% respectively. The
actual results are close to those of the proposed program.

Keywords: Risk Management, International construction, risk
factors, Analytic hierarchy process (AHP), FUZZY LOGIC
approach, MATLAB software and Validation process.

I. INTRODUCTION

isks result in cost overrun and delays of schedules in
many projects. The risk management effectiveness
becomes a major aspect in project management [15]. The
exact impact of qualitative decision factors on the project risk
cannot be determined using subjective judgment, yet it can

only help in constraining or excluding possible strategies in
order to improve the qualitative decision. Making the decision
to participate in an international construction project required
a thorough study of many simultaneous dimensions; e.g.,
project revenues maximization, project risks allocation and
minimization, funds availability, etc. Thus in order to assess
the factors influencing the company’s analysis a multi factor
decision making methodology should be applied [4, 13, 1, 10].
Such decisions are extremely complex due to the fact that they
are deeply affected by many parameters and most of the
parameters are subjective and non- quantifiable ones. Dias
(1995) tackled the issue of evaluating infrastructure projects
from the contractors’ position, and managed to identify to
main objectives of a risk model: 1. To provide a logical,
reliable and consistent process to facilitate a company’s
decision to carry on with a project by the means of analyzing
different parameters, 2. To allow performing a sensitivity
analysis so companies will be able to assess different
scenarios; e.g., risk mitigation strategies. [4,13, 6, 7].

This study describes a tool representing a system capable of
finding the correlations between such decision factors, as well
as, the impact every factor introduces to the total project risk.
It deploys a modeling technique operates on the basis of
Analytical Hierarchy Process (AHP), Fuzzy logic. Statistic
methods were used to verify the model and the results were
compared to the actual ones from projects’ final reports.

II. BACKGROUND

Construction projects are influenced by uncertain environment
because of their extremely huge sizes (physical, required
manpower and fiscal value), complex designs and external
elements involvement. According to such uncertainties facing
the projects, many changes in the projects’ scopes take place
during the execution phase. If such changes were not
controlled properly; goals like time, cost and quality may
never be accomplished. [16].

Of the essential elements required for any managerial work is
the ability of situations analysis and decision making. The
process of making decisions includes a number of tasks;
planning, finding alternatives, defining priorities, selecting the
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best policy, allocating resources, identifying requirements,
anticipating outcomes, designing systems, evaluating
performance, securing system stability and settling conflicts.
[20, 21, 22, 23]. The Decision Support System (DSS) is
defined in early definitions as a system aiming to support
managerial decision makers in semi-structured decision
situations. DSS is intended to be associated to decision
makers, in order to expand their abilities and not to substitute
decision makers’ judgment [4]. A DSS is an interactive,
flexible, and adaptable Computer Based Information System
(CBIS) that utilizes decision rules, models, and model base
coupled with a comprehensive database [6, 7, 11, 19]. The
decision makers often hesitate in alternative selection due to
the complicated nature of construction engineering. Fuzzy risk
assessment is a promising tool that measures risk ratings if the
risk consequences are not clear and their definition is based on
subjective judgment and not objective data. In addition to that
Fuzzy is an optimum technique to handle the uncontrolled
factors such as; location, manpower, equipment, weather,
unpredictable circumstances, time- based situations and rules
[14].

Therefore, Fuzzy logic and computation is employed in many
engineering tasks such as risk evaluation, risk pricing
algorithm, construction time- cost trade off and the building
elements’ whole life costs. The following sections shall
specify examples for applying fuzzy theory in construction
industry:

Hyun-Ho et al., (2004) managed to develop a risk assessment
method for underground construction projects. The main tool
of this method was a risk analysis software. The risk analysis
software was based on an uncertainty model built by fuzzy
concept. The fuzzy-based uncertainty model was designed to
examine the uncertainty range of degrees related to: 1. The
probability parameter estimations, and 2. Subjective
judgments. They also concluded that the proposed method for
risk assessment shall provide both the insurance companies
and contractors with process and tools that are of flexible and
easy to follow nature and shall improve the ability to model
uncertainty. [8] As for Sou-Sen et al. they proposed an
optimal construction time-cost trade-off method concerned
with the time period of the uncertain activity and the time-
cost trade off. The uncertainties of activity durations were
modeled using the Fuzzy set theory. The method showed the
perfect balance of time and cost in the presence different risk
levels according to decision makers [25].

a generic elemental whole life costing model was developed
by Wang et al. (2004). The model used the fuzzy logic model.
Experts’ linguistic data were used to model the correlation
between the context of application and the cost items. As
Fuzzy logic approach uses experts’ knowledge, this model
proved that fuzzy manages to resolve the problem of lacking
data and uncertain future events prediction.

Dikmen 1 et al (2007) developed a Fuzzy based model rating

approach which is used to estimate cost overrun risk in
international projects during the bidding stage. The step-wise
procedure was developed for this approach and this procedure
was applied during the development of the fuzzy risk rating
tool. [5]

Cardona and Carrefio (2004) [2] proposed fuzzy linguistic
values that represent factors risk performance, such linguistic
values are the same as a fuzzy set that have a membership
function of the bell function. They also suggested that
effectiveness obtained by the defuzzification of the linguistic
values has the same as a function of the Sigmoidal. Therefore,
the risk effectiveness is nonlinear; as a result of complexity.

[2]

QammazA (2007) proposed “Structure of the International
Construction Project Risk (ICPRR) Software Application, an
application that was composed using "Oracle Forms"[28].
(Dias, 1995), (Salman A, 2003) and (Zayed ,2008) introduced
risk models on both company and project levels based on
equation (1) that represent the probability multiplied by
consequences. They used a questionnaire for identifying the
expected risk performance of each factors and liner equation
for assessing risk effectiveness [4, 27, 24]. Salman A, 2003
[24] managed to prove that the risk consequences drive the
action as the model results are very sensitive for any variation
in risk effectiveness more than importance weight. The
conclusion derived upon this was that the value scores are the
driving forces of this model rather than the importance
weights [24], therefore this paper applied fuzzy logic in order
to evaluate risk performance and nonlinear Function
(sigmoidal function) to evaluate risk effectiveness.

III. STUDY OBJECTIVES
The current study has the following goals:

(1)- Determine main risk and uncertainty factors and their
sub-factors influencing projects on both company
level and project level in international projects.

(2)- determine risk and uncertainty values for each factor
using evaluation model based on analytic hierarchy
process (AHP), determine the risk performance for
each factor based on developed program based on (
fuzzy logic approach) instead of depending on
questionnaire applied in the previous methods

(3)- Determine the value score (effectiveness) of each of
the risk factors using nonlinear function.

(4)- Design flexible assessment model in order to
measure the cost impact of risk and proposed
appropriate risk contingency value.

(5)- Applying the proposed model in real construction
projects to assess the proposed risk contingency
value and compare the proposed risk contingency
value with its actual risk value.

IV. STUDY METHOD
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This research had different method stages to accomplish its
goals in determining the risk index (R). Fig. 1 shows these
stages and their correlation. The stages are described in detail
across the whole paper and can be briefly listed as follows:

Stage 1: Literature Review:

This stage of the study revolved about exploring the previous
decision making supporting systems in the field of risk
assessment, as well as, the components of risk models.

Stage 2: Analytical study.
A stage consisting of:

(1). Exploring the risk evaluation models for both the
company level and project level. (developing a Risk
hierarchy model)

(2). Two risk index (R) models, on both the company and
project levels, were developed in order to evaluate the
impact of risk sources and uncertainty on construction
project based on equation (1) probability theory which is
adapted from Dias [4].

Final project Risk Index (R) = Risk Index for Company
level (R1) * Risk Index for project level (R2)

Risk Index 1, 2 =Likelihood X Consequence
R1,2 = Y W(xi) » E(xi)Equation (1)

R : Risk index of construction
projects.

R1 . Risk index of projects in company
level.

R2 :  Risk index of projects in project
level.

Wi (xi) Weight for each risk area i using
Eigen value method.

Ei (xi) . Effect score for each risk area (xi).

Xi . Different risk areas i.

| C01,2,3

N : Number of risk areas.

(3). Two models composed to define the risk index (R) and
the risks factors distributed among two levels (company
level and project level). Each model includes two parts:
risk factors weights (W) and their value score (E).

AHP will be used for determining risk factors weights;
while four different approaches shall be used for
assessing the risk impact, these are; Dias approach [4],
Value curve approach according to Zayed T [27], New
approach according to Salman [24] and proposed model
using Fuzzy logic approach to evaluate Expected risk
performance and sigmoidal function to evaluate risk
factors effectiveness.
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1 {Probability)

~\

RiskFactors Performance P1P2.P pynaerad

———————

Previous Agproaches Diaz ,P2=100 and P2 v

p ¢y
Hew Approach
Futy Sigmuida\ Only approaches p questionaire to make pairewise
function
W Data collected for comparison according AHP to
e a "
4 " todeterming PL P P,ygocted the main risk areas | determine Risk Factors Weights
- questionnaire 1o detenmine P1, | - - - througha
P2, And fuzzy logic approach to L I & guestionnaire from
" - aY — 1
determine Pt ( Voetunes Yalue sl | | astudygroup | - X
’—_ J | aetoba Curves e a2y | | EigenValue Method wil usedto
soproach w0100 | | approach < weld
L AN JL calculate Risk Factors welghts
Matiosoftwarearctofnglogle |
todeterming Peypueen
= e - | |
[ " Excel sheet to salve \\‘— v
I matrices using Eigen Value
W Method (W]
AS | ¥ Equations tate calculate
Worth score Identified {£}
i\ aocto toDisr P2=100 and
AN P2 Only approach *

Segmaidal function to

| dermine Efectueness £i|

A mode: cantructed Risk Indesl:
i Sum [WEl Using Excelsheet

[
1~

Out put of Fuzzy program represent (Expected Risk
performance Poypeqen 00t in the softiware Excel sheet

) \
[ |

V

[\ e N\ N
Wodelacc to fumy t Mol sccta Mol accto
\ / /

logic apsroach and i approach Value Curve 72
segmaidal function

Only approach

‘ Verfication Process W

J I
|/ Compsny'\sk‘ndex ] ( Pm]e{[‘nskmdex ]
W l use five Statics methods to validate models rcsu\tsJ

v

- Is
‘ Building Fuzay Risk contingency model f: Company and
Proposed Risk cantingency _ l projects risk matrix

T \
I's
Final Project risk
contingency
I

r - 2
Assess Final Projects risk czntingency values with its Actual

Application Process

J

Figure (1) : Study method flowchart.

(4). A new software, deploying excel sheet, was developed
for the purpose of evaluating the risk factors weights
busing AHP concepts and Eigen value method. Also,
excel software will receive Expected Risk Performance
(P expecteq) Value from fuzzy program in order to calculate
risk effectiveness using sigmoidal function hence the
overall risk can be determined through equation no (1) on
both level of the company and the project.

Stage 3: Case studies (Verification, validation and application
processes).

(1). The study used six case studies to verify the suggested
model using questionnaire as a data collecting tool, to
collect data about sources of risk in international
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construction projects, as well as, risk factors from a study
group.

(2). Validation was undertaken in order to assess different
methods through comparing their results and applying four
statistical evaluation methods.

(3). The proposed model will be applied to assess the
suggested risk contingency value in real construction
projects and match the proposed risk contingency value
with its actual risk value from its close out reports of the
projects.

V. MODELS DEVELOPED THROUGH RESEARCH

Four models were developed throughout research stages.
Table 1 shows the description and the objectives of each
model. Hierarchy risk models on both company and project
levels are displayed in fig.2, 3, 4 that will be used throughout
the study to evaluate the projects risk. The main Hierarchy
risk model shown in figure (2) represents level 1 which is
divide into two main groups company and project, each class
divided into main categories representing main risk factors
divided to sub factors as shown in figures (3,4).

Table (1) : Developed models which were used through study
stages.

In order to assess the risk sources impact, as well as, the
uncertainty in a construction project from contractor’s
(company) point of view a risk index (R) model was designed.
The model offers a logical, reliable and consistent method for
evaluating and prioritizing potential projects, in addition to,
facilitating decision making on company’s party. The various
risk sources and uncertainty of the project are characterized
through the risk index (R) which is based on equation 1. The
R-index includes two parts, these are; weights of risk factors
and sub-factors and their impact score. AHP developed by
Saaty shall determine Weights of risk areas [20, 21, 22, 23],
while, the impact score shall be assessed using utility function
for previous approaches and fuzzy logic approach for the
suggested model. Four approaches are used in developing risk
worth score (Impact) of the risk factors; these approaches are
shown in table 2.

Table (2) : Performance and Effectiveness evaluation

Model

No Description

Objectives

Module | Hierarchy Risk [ Building risk model factors for both company and

1 model factors project level
Expected risk o . .
Wizl | mertmes Identifying Expected risk performance using

MATLAB software instead of using questionnaire

2 e vy in the previous methods

logic approach

Receive output results from expected performance

Module [ Overall Excel FUZZY program, calculate each risk factor

3 sheet model effectiveness using sigmoidal function, solving
AHP matrices and calculate final project risk index
Module Fuzzy risk Receive output results of risk indexes for both
4 contingency company and project risk contingency using
model MATLAB software
Final Project Risk Model
Level 1 _—
{Classes Company Risk Project Risk
Lewel 2 —I Financial I —I Design I
[Categories _l Political & I Contracts Types
Ecnomic And Legal Issues I
Cultural Resources _
| I procurcment (&
ot & subcontractor
G hical P
SEmpes iy
Previous .
—I Experience I —I Construction I
Project leamn
Work skils_attitude
and experience
Phisical damage
—l Environmental |
Figure (2) : Risk hierarchy model in company and project Levels.

approaches.
Approach Performance Effectiveness
PP evaluation evaluation
Diaz Approach Ques;;t;r;galre- Diaz value curve
_ Questionnaire- According to Zayed
P2=100 Approach based value curve P2 = 100
. . According to Salman,
P2 Only Approach Quesg;;r;galre- A. value curve P2 =
100
Proposed model based
on Fuzzy Logic and Based on Fuzzy Siamoidal function
Sigmoidal function Logic g
Approach

e Diaz Value Curve deploys two points P1, P2’s to describe

the value curve. P1 is the minimum risk performance
level, P2 the maximum risk performance level. These
questionnaire- abstracted two points; feature the generic
form of a value curves through dividing the performance
scale into three regions [4].

e P2=100 Value Curve. The performance value of P1 was

always zero in P2 =100 approach in contrast of Dias and
loannon approach. This is the result of considering all
project’s decision factors significant and influencing the
outcome of the total project’s risk. Even in case of
minimum impact of the decision, its performance should
be taken into consideration in evaluating according to
Zayed approach [27].

e P2 Only Value Curve. P2 Only Approach” which shall

deploy P2 value provided by the respondents as the
maximum performance and P1 shall be neglected. [24].

e Suggested Model to Assess Expected Risk Performance

According to Fuzzy Logic

Applying Fuzzy Logic and MATLAB software, the new
suggested model to evaluate the Expected Risk
Performance will be deployed and shall be explained in
the following sections (section 7, 8).
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VI. DATA COLLECTION

Personal interviews; during which questionnaire survey were
used, were performed with 93 respondents, in order to,
identify the risk factors and sub factors in international
projects. 36 respondents provided positive responses. The
experts were selected on the basis of their participation in
pipeline projects across the country, as well as, their actual or
intended participation in international projects. Experts’
positions were variable, e.g.; project manager, project planner,
proposal developers, quality control officials, estimators and
site and cost control engineers. Table (3) shows the two
phases of research data collection process.

Table (3) : Study Questionnaires.

Questionnaire

No Description

Objectives

A. General Data

Developing a risk

uestionnaire 1
Q model

Criteria Development

B. focused Data

1. AHP, Risk Performance Model
surveys for six projects on verification and

Questionnaire 2 company level. application

2. AHP, Risk Performance Model
surveys for six projects on verification and

project level. application
Questionnaire 3 comprehensive evaluation Model
surveys for six projects Validation
- - Fuzzy Risk
Questionnaire 4 %c;;rr\&any and projects risk contingency
model

to allocate and mitigate the same risks among different
projects as a result of the different countries’ conditions. Thus
this is the main reason of including all the factors in both
models and dividing the attributes into categories, in order to
compare the attributes in a more meaningful manner by only
comparing attributes of the same nature and also in order to
reduce the size of comparison matrix. Figures 2, 3, 4 show
final risk hierarchy models.

Risk Factors in the company Level 1

| | | | |
inanci Political & Cultural 6::“':8;111 va{aus
Financial Ecnomic grap Experience
I Distance
. Df 3 f I
Financial Type Dependece on interection o Current market in internationl
* puplic financial orimportance m:vril:lfle::ln volume znd projects
of majour competitors
* PPP financial power contracts L
l - I “ insimilar
r \ .
ital Relationand Cultural Future market projects
Tax or capital Houspitality Differences volumeand
muvel.ne.nts with itors
restriction neighbaring
country i in host country
Poor Attitude
ofcthe Host Geographical
ount! i
Currency Bribery & tnwan;: Distance
exchange rate Bureaucratic Foreign
difficulties Companies

—

Currency
Exchange
difficulity

\ y,

Change of
regulation/law
s)

A. First general data.

Based upon managers, users and experts’ opinions, to develop
a risk factors model, as presented in questionnaire No. 1. The
first questionnaire focused on the general data regarding
setting criteria for developing risk hierarchy models. The first
stage was specifying the numerical and linguistic variables
affecting the project. This was accomplished by gathering all
the related variables from database of previous projects and
the project environment (host country conditions, project’s
characteristics and location). The process of collecting project
risk decision factors was based upon assessment of a wide
range of risk decision factors and their sub factors extracted
from the literature.

The second stage aimed at identifying such variables,
excluding the redundant variables, and classifying them.
Then, categorizing these decision factors into main categories
according to their relevance for the purpose of saving both
efforts and time spent in determining their interrelationships
and evaluating them. This requires a group of experts in the
field. As for the third stage, it is about applying mathematical
methods for processing the data. Analyzing the gathered data
sample showed a wide variety in estimating the important
weights in each of the factors due to the fact that each project
has its own unique risks and different policies may be applied

( a
payment risk Government

-Low advance instability
payment

<h £

Immaturity/unreli
ability of legal
system

-Payment
delay _I_
—
Instability of

economical
conditions

L

Tension/conflict
s

client financial
res.

[terrorism

Figure (3) : Risk factors on company Level.

B. Second focused data.

These are measurements taken to evaluate the whole
performance of the model based on six case studies of six
different projects.

1. Questionnaire No. 2, essential for model verification,
validation and application processes. Each project
questionnaire consists of two parts
e Part 1: Factors and sub factor weights (AHP survey)

for company risk level.

www.ijltemas.in

Page 5



International Journal of Latest Technology in Engineering, Management & Applied Science (IJLTEMAS)
2" Special Issue on Engineering and Technology | Volume VI, Issue VIS, June 2017 | ISSN 2278-2540

Factors and sub factor risk Performance (Impact)
for company risk level.

e Part2: Factors and sub factor weights (AHP survey)
for project risk level.

Factors and sub factor risk Performance (Impact)
for project risk level.

2. Questionnaire No. 3, Holistic evaluation for both
company and project level, essential for model validation
process.

3. Questionnaire No. 4, impact of company and project Risk
on the overall project risk (Risk matrix), essential for
Risk contingency model.
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Figure (4) : Risk factors on project Level

VII. SUGGESTED EXPECTED RISK PERFORMANCE
ASSESSMENT MODEL ACCORDING TO FUZZY
LOGIC

The fourth approach introduces a new model to determine the

anticipated risk factors performance as per fuzzy logic
approach, instead of questionnaire applied in the previous
method, in addition to, determining risk factors effectiveness
according sigmoidal function instead of linear functions
deployed in previous methods. The reason for using Fuzzy
logic is that it is conceptually easy to understand because the
mathematical concepts behind fuzzy reasoning are very
simple. It is also flexible with any given system and it is
capable of modeling nonlinear functions of arbitrary
complexity. Fuzzy logic can be developed basing on experts’
experience, as contrasting to neural networks that take training
data and generate opaque, impenetrable models, fuzzy logic
relies on the experience of people who already understand the
system. Fuzzy logic is based on natural language. The basis
for fuzzy logic is the same as for human communication. [16],
[29].

7.1 Modeling a Fuzzy Problem:

The first Fuzzy model was developed in order to evaluate
expected risk performance. Input data were two elements
(minimum risk performance and maximum risk performance).
The inputs are crisp (non- fuzzy) numbers limited to a specific
range provided through questionnaire No. 1. All the results
were evaluated in parallel by fuzzy reasoning using 10 rules
system. The results of the rules were combined and
defuzzified, the result is a crisp number representing the
output expected risk performance.

* If Minimum performance is Incipient

Input 1 then Expected performance is Incipient.
Min
Performarnce Z (;lgg

(0-100 %)

o If Maximum  performance 15

Performance -
significant then Expected performance
is significant.
The inputs are crisp Allrules are The results of the rules  The result is a crisp
(non-fuzzy) numbers evaluated in paralle] are combined and (non-fuzzy) number
limited to a specific using fizzy distilled (defuzzified).
tange. reasoning.
Figure (5) : Expected Risk Performance model (Pexp)

7.2 Fuzzy Inference Process:

Fuzzy inference is the process of the mapping formulation
from given input into output using fuzzy logic. Such mapping
offers the basis upon which decisions making or patterns
discerning can rely.

In the Fuzzy Logic, there are five parts of the fuzzy inference
process: [1,2].
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1. Step 1. Fuzzifying Inputs: That is to fuzzify the input
variables and to determine the membership function
of the input and output variables, for example; figure
6 shows the input and output Membership functions.

2. Step 2. Fuzzy Operator application: applying the
fuzzy operator (AND or OR) to the antecedent.

3. Step 3. Applying implication method. Implication
from the antecedent to the consequent.

4. Step 4. Aggregate All Outputs. Aggregation of the
consequents across the rules.

5. Step 5. Defuzzified Process.

| |

Low Incipient Significant Cutstanding Cptimal

Figure (6) : Membership functions of input variables

VIII. SYSTEM DEVELOPING USING MATLAB
SOFTWARE

A new model was provided to determine expected risk
factors performance, thus representing best estimation of risk

impact according to fuzzy logic approach instead of
questionnaire used in previous method
Membership functions for fuzzy sets are defined,

representing the performance levels for the input factors (P1,
P2) and are used in information processing, P1 represent
Minimum Risk Performance that is, representing maximum
Ineffective risk performance and P2 represents maximum
risk performance that is, representing maximum effective
risk performance. These two points were explained by
experts in the questionnaire method.

The performance values of the factors are provided on the x-
axis and the membership degree for each level of performance
is shown on the y-axis, where 1 is the total membership and 0
is the non-membership. Equation No. 2 presents Membership
functions as represented by bell function, as proposed by [6].

1

x—c|2b

bell(x,a,b,c) =
1+ =

Equation 2
Where the parameter b is usually positive.

Figure 7 shows input Membership Function for point P1

and another input P2 and output Membership Function for
the same membership function. The Rule Editor
represented with ...and then.... As for the rule variables,
they are considered as independent of each other in order
to simplify the procedure. The steps followed to develop
the program based on fuzzy approach using MATLAB
software are presented in details [1,2].

(01X

¢ Hule Viewe:
R

Mn, Pyoonance = 38 | W Petomance s 739

Dpecied_Pettmance + 554

Figure (7) : Anticipated risk performance according to FUZZY
LOGIC approach using MATLAB software.( Expected risk
performance)

IX. DETERMINING RISK EFFECTIVENESS.

Equation No. 3 provides the Effectiveness of expected risk
performance value (the value Obtained by the defuzzification
of the linguistic values (Pexpeced)- Obtained from previous
section).

Effectiveness value is the value obtained by sigmoidal
function type [2]. Figure 8 shows the Effectiveness degree of
the risk performance value according to (Carreno 2004) using
sigmoidal function type

1
1+exp[—a(x—c)]

sigmoidal(x,a,c) = Equation. (3)
Where a: controls the slope at the crossing point, 0.5 of
membership and equal 0.104, X is Performance at X axis and
C =50.

According to Carrefio et al (2004) in order to characterize
performance, whose shape corresponds to the sigmoidal
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function (Figure 8), the form and coverage of these
membership functions follow a non- linear behavior in a
sigmoidal form. As per figure (8) the effectiveness of the risk
is represented as a function of the performance level.

0.60
0.40 /

0.20 /
=

1.00

effectivness

0.00
0 50 100
Performace
Figure (8) :  Effectiveness degree of the risk performance. [6].

X. DEVELOPING AN EXCEL SPREAD SHEET
PROGRAM.

The suggested model was designed using Excel Software
Program to include the following features;

(1). The model shows all input data collected through a
pair- wise process.

(2). Designed to resolve the matrices with AHP concepts
and Eigen value method of assessing risk factors
weights.

(3). The model calculates risk performance for each risk
factor on the basis of each approach.

(4). The results obtained from fuzzy program represent
(Expected Risk Performance (P gxpecteq) ) PUL in the
Excel sheet (Column 23) in order to calculate risk
effectiveness using sigmoidal function.

(5). Therefore, the total risk index can be determined
through equation No. (1), for both company and
project levels. Figure 9 shows the Excel Software
sheet, along with, the description of the properties
and functions of each column. The right lower corner
shows risk index of each approach.

(6). The main characteristic of the suggested model, that
is, that the model has no limit as for the number of
risk factors.

XI. VERIFICATION OF SUGGESTED MODEL
RESULTS

Six projects in different countries, presented in table (4), were
selected to verify model application as per study methodology
flow chart shown in figure (1), the steps are as follows.

11.1 Part 1: Assigning Risk factors weights (AHP Survey)

Respondents were asked to make a pairwise comparison
between risk factors and risk sub factors representing the
relative significance between them of the basis of the
numerical scale (1-9) using Analytical Hierarchy Process
(AHP). Figure 10 provides an example to explain the pair
wise process. The assignment of weights requires logical and
analytical thinking, so it is preferred to focus on the
respondents with good experience and knowledge as per each
case study to participate in the AHP survey questionnaire as a
guarantee that only valid and good quality data are collected.
The group members should hold brainstorming sessions
seeking consensus regarding the required tasks. In other
words, instead of asking the same questions to individual
members separately, the group shall provide only one
response which represents the democratic majority point of
view of the group [23,27].

) =
18 I N A I i i | o o 5 R i A D

B z

Technotgy

alen

Contracts Types and
degal lsues

Quaity

B

Force majure &

Phisicat damaige
77

[ ProzciRekntex Jutel 0safo rafusec)
Figure (9) : Screen shot for Excel sheet program explaining each columns
identification and demonstrate the input data and output results of the
program for risks in the Project level in the project 2.
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11.2 Part 2: Allocating Performance of Risk factors.

Respondents were asked to allocate 3 points representing low
risk performance (P1), the high point of risk performance (P2)
and the Expected risk performance (P gxpected) fOr all sub
factors on both company and project risk factors on the basis
of the numerical scale (1-9). Figure 10 provides an example
explaining Allocating Risk Performance for each risk factor.

5 x @ 5
% 5 ¢ 3e 5
| z xS g = I
° o & = ]
= r 0 = =
S - - I ©
é S e H
s =
> i >
e 28 35 28 [.8 .28 |2 22 Fe |2
£.083 23 £3 23 E:% 2z Ez 2z iz
£28s 58 52 BE £:28 53 3@ g3 3¢
FactorsCategory| EE |55 85 (2% =% 28 == 3¢ [8s2 8¢
3 | % < ® Z 0@ ®
eI SE g5 " f£E |"u guw 39 gu
@ @ w C
o
1 2 3 4 L5 6 7 [ 9
A Normal / 6
P1[P2 |2 V4 pd /8

Maximum Effective Performance

Maximum Ineffectiv'e Performance /
Expected Risk Performance

Normal Effective Performance

Figure (10) : Allocating Risk Performance for each risk factor on
project level.

The performance scale has main points; these are:

e Minimum Risk Performance (P1): the point at which
maximum Ineffective risk performance exists. It
reflects the risk factor impact in the condition at
which things go well (optimistic Impact).

o Maximum Risk Performance (P2): the point referring
to maximum effective risk performance. It refers to
the risk factor influence when things do not go well
(pessimistic Impact).

e Expected Risk Performance (P gxpected): This is the
point representing best estimate of the risk impact
(most likely impact). This point was determined using
FUZZY logic in new software instead of using
questionnaire in previous methods.

o Ineffective point: The point of normal risk
performance and it means that the risk is as same as
previous projects.

o Extremely Ineffective: The lowest risk point in the
performance scale, with the meaning that there is no
risk at all.

e Absolutely Effective: The highest risk point on the
performance scale. It is means that there is extremely
high risk.

11.3 Part 3: Assessing effectiveness of risk factors.

Expected risk performance of risk factors were evaluated
according previous approach using questionnaire and Matlab
software for proposed FUZZY model as indicated in table (2),
(Expected Risk Performance according FUZZY approach
section and System Developing using MATLAB Software
section). Effectiveness of risk factors were assessed using the

relevant utility function for the previous methods (Dias,
P2=100 and P2 Only approaches) and sigmoidal function to
evaluate effectiveness of Expected risk performance (P gxpected)
obtained by the new fuzzy model [8, 28, 1, 2].

Xl1l. RISK MODELS RESULTS AND ANALYSIS

The detailed assessment of the four (Diaz, P2 Only, P2=100
and new software on the basis of FUZZY Logic) approaches
for each project profile are shown in table 4. The calculations
of the projects’ detailed profiles evaluation results for each
case study were undertaken in terms of the four approaches.
They were also plotted according to comprehensive
evaluations of the final risk index of the project. Figure 11
provides the results.

Table (4) : Company and project risk indexes each project
conjunction with each approach.(appendix A)

Proj1: Nuayyim Field ASL | Proj 2 Habshan Saiem plant | Proj3: Nasria Pipeline 16"/ | Projd : Sareer Plant/ Entisar
Pipelines/Suadi and Pipelines Emarates | 200km/Oil Pipefine Company( | field Pipeline 195 km (Libya
0PC) 1RAQ
Prof1: NASL (Suadf Proj 2 HSP (Emarates| Proj 3 NAS (IRAQ Proj4: SAR (Liby
X8 N N NS
Dies P2=100P2_0ry € ' Diss F2=00F_ 0 & &) Dies P2=100P2_On| & o5 Dis Pa=tt0p2.0ny & &
Comp 042 047 070 040 0.43‘ 038 075 05700 044 039 076 061 036 039 084 03%
Proj 049 048 072 044 0.4‘3‘ 058 078 0565 052 062 080 065 035 034 05 03
Riskindex | 20.9% 226%| 30.1% 17.3% 21.1'?#5‘33.8% 30.2%) 32.2%| 22.8%| 36.5%| 620%) 30.8%127%| 134%| 34.5% 117%
Proj 3: Desouq Fields | Proj 6: BP WEST Nile dalta Gas | Proi I: New Cold Crysfallization
Proj: DFOP Prof6: (WAD JEqypt Proj T {Potash] Jordan
8 NI N
Dias P2=100P2.Only & &5 Dizs P2=100P2.0nly & 51 Dizs [P2=100P O & 5]
Comp 03] 028 035 019 053 068 081) 071 036 036 062 031
Proj 046 037 064 027) 031 045 080 0495 053] 061 080 083
Riskindex | 14.3% 105%| 346% 5.2%|26.1% 35.6%) 60.9%) 33.5% 19.2%) 220%| 49.5%)19.2%

The figure shows that in P2 Only and P2=100 approaches,
most of detailed evaluations were higher than Diaz approach
evaluations. This was the result of the assumption that
performance level point P1 was kept equal zero in these two
approaches, so that any factors performance less than P1 and
bigger than zero had a worth score value and shall be included
in the evaluation of the total value of the project (eq. 1) while
in Diaz approach; the factors performance level point P1 was
considered in the evaluations so that all the factors
performance levels located behind P1 had zero worth score
resulted in zero worth value and it shall be excluded from the
equationl.

The figure also shows that ‘P2 only approach had bigger
values than P2 =100 approach, this was mentioned in P2 Only
approach. The performance level points P2 provided by
respondents were considered as extreme points of risk
performance and worth 100 points even if it was not at the
extreme end of the performance scale and all the attributes
performance levels located after this point shall have the same
worth score. While in P2 = 100 approach the attributes
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performance point P2 was always kept at the end of the
performance scale.

Final Risk idex

90%

80%

70%

60%

50%

40%

Final Risk idex

30%

20%

10%

0%

Proj 1; NASL Proj 2; HSP Proj 3: NAS Proj 4: SAR Proj 5: DFDP Proj6: (WND) | Proj7: Potash)

(Suadi) (Emarates) (IRAQ) (Libya) (Egypt) Egypt Jordan

Holistic 0 16.09% 28.08% 38.07% 11.93% 8.58% 26.10% 22.75%

Diaz 2092% 21.18% 43.96% 12.73% 14.28% 16.5% 19.2%

= P2=100 22.62% 33.76% 59.24% 13.35% 10.52% 31.0% 22.0%

P2_Only 50.12% 58.18% 7767% 34.49% 34.62% 48.5% 49.5%

==Fuzzy 17.27% 32.21% 39.75% 11.67% 5.24% 34.9% 19.2%
Figure (11) :  Overall Project risk index for detailed approach for

each project.

So as for the attributes of performance point P were bigger
than the P2 point estimated by respondents. Their worth
scores were less than 100 point thus resulting, of course, in
worth values less than those of P2 only approach.

The figure also included the holistic evaluation curve, in order
to compare the differences between the six approaches results
and the holistic evaluations.

Figure 11 shows that P2=100 approach curve and fuzzy
approach were the closest to each other moreover they are the
closest to the holistic curve which means that they are the best
approaches seeking the holistic approach.

The Fuzzy approach model is more accurate than other
models and the reasons for that are:

(2). It deploys fuzzy program for evaluating the minimum
and maximum risk performance to estimate the
expected risk performance instead of using
questionnaire as per previous method.

(2). Also, the new model applies nonlinear function in
assessing the risk factors effectiveness instead of
linear functions as in previous approaches.

(3). Fuzzy approach is the closest one to the holistic
approach as shown in figure 11.

Figures 12, 13 present the results of risk factors on both
company and projects levels based on model of fuzzy
approach and data collected from excel sheets. As for the risk
indices they were provided in table 4. As seen on Figures 12,
13 the Current market volume and competitors, previous
experience in host country, have the highest risk value in
project no (1) in Saudi Arabia. On the other hand, the highest

risk values on project level were for the following factors:
lack of skilled workers, unavailable subcontractor or poor
performance and Strict Quality Requirements. In relevance to
company level the Change of regulation/laws, dependence on
or significance of major power, volume of future market and
competitors, size of current market and competitors and
geographical distance have the highest risk value in project no
(2) in Emirates, in addition to these; lack of skilled workers
and delay in materials supplying delivery have the highest risk
value on project level.

The following factors had the highest risk values on company
level in project No. 3 in lIraq: tension/conflicts/terrorism,
dependence on or significance of major power and previous
experience in host country. On the other hand, and as for the
project level; subcontractor unavailability or poor
performance and defective design errors and rework have the
highest risk values.

In project No. 4 in Libya, previous experience in host country
and Current market size and competitors have the highest risk
values on company level, while Cost overrun, unsuitable
design, weather and natural causes of delay have the highest
risk values on project level. The highest risk values on
company level in project 5 in Egypt were for; payment risk
and Instability of economic conditions and on the project level
the highest risk values were of; delay in materials supplying
and delay in design and regulative approvals. The highest risk
values on company level in Project 6 (WND) in Egypt were
for; the Change of regulation or laws, Instability of
economical conditions and Currency exchange rate, besides
on the project level the highest risk values were of; delay in
materials supplying, Availability of special Equipment and
Strict Safety and Health Requirements.

In project No. 7 in Jordan, Interaction of management with
local contracts, Future market volume and competitors and
Geographical Distance Obstacles have the highest risk values
on company level, while Weather and natural Causes of delay,
Availability of special Equipment and lack of skilled workers
have the highest risk values on project level.

The above analysis indicates that the following factors:
previous experience in host country attribute, volume of
current market and competitors, change of regulation/laws,
dependence or significance of major power, payment risk and
instability are considered high risk in the six existing profile
projects. Meaning that; decision makers should concentrate
well on such factors in order to decrease their risk before
proceeding with similar projects. Also the above analysis
shows that the factor of availability of resources is of high risk
in the most of the existing profile projects. Therefore, the
decision makers should concentrate well on such attributes to
decrease their risk before proceeding with the project by
insuring settling the following items in the feasibility study
phase; the project required local resources availability, as well
as, availability of required imported resources with their paper
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works (type, cost, import licenses, taxes, delivery time, etc.,).
Moreover, figures (12,13) show that it is worth noting that
some factors have low risk value and in another project have

high risk relevant to each project conditions.

1dAS3

uepuior
{anm) 9 foid m

(yserog) ¢ loag O

Figure (12) :

o o o ] o
=] o [=} [=] =]
(=] = = @ (]
[—
[
(-
E
=
- |
| | | | | | u
57 T > F? B
<8 & 8, 38 o L
T u S w 2N Q-
_— b e W —_—
o w —
P 5 oz 8§ 3
o oy wn - T n
= = ~
o =
= =
z 2

TT0

Risk attributes values on company level for each
project (Model based on fuzzy approach).

anjeasioe) ysiy

0200
oron
2300
oEOD

0T0
rani]

]| ooo'n

R

ueper
[userad)
¢ foidm
BLTLE]
{anm) o foig m
[1dAg3)
403075 [oid m
[zAqr)
oS o foug
(o)
SwhiE fougm
{1pens)
WENET g m

(sa1esEWT)
A5H:T fngm

Figure (13):  Risk factors values on project level for each project
(Model based on fuzzy approach).

XIIl. MODEL VALIDATION

The objective of the model validation process is to introduce
statistical methods to validate the risk evaluation model
results. Therefore, the validated results are used in estimating
the overall risk contingency using MATLAB software based
in FUZZY logic approach.

Dias and lonone, 1996 mentioned that the use of external
criteria to objectively assess the validity of the evaluation
models is a difficult matter due to subjective nature of the
multi- attribute decision models. Thus, past research relied on
indirect approaches, such as convergent validation, predictive
validation, and axiomatic validation methods.
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13.1 Holistic Assessment.

Holistic assessment (also called ‘integrated assessment’)
focuses on the evaluating the whole work activities rather than
specific elements. Holistic assessment is a direct evaluation
made by the professional decision makers.

13.2Convergent Validation.

Convergent validation consists of comparing the results
obtained by a fuzzy model with the holistic one; that is a
direct evaluation undertaken by the decision makers (average,
average plus standard deviation, and average minus standard
deviation values. Figure (14) show the developed fuzzy model
results, in addition to the holistic evaluation for company and
project level risks. It is worth noting that the developed fuzzy
model results are in the range of average plus standard
deviation, and average minus standard deviation values.

0.600
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0400 £~

AJ
/"//‘\\
\
’
0.300 . \

0.200
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-
lf\ ~n
y

Project Risk index

0.100

0.000

-0.100
Proj1: Proj2 : Proj3: Proj4: Proj 5: Proj6: Proj7:
NASL HSP NAS SAR DFDP (WND) | (Potash)
(Suadi) |(Emarates) | (IRAQ) (Libya) (Egypt) Egypt Jordan

==—Holistic Evaluation| 0.161 0.280 0.381 0.119 0.086 0.261 0.228
= s Avstd 0.263 0383 0483 0222 0.188 0.363 0.330
Av-std 0.059 0.178 0.278 0.017 0.017 0.159 0.125

shown in table (5) indicate that the Pearson correlation
coefficients in the four approaches proved that fuzzy
approach was the one that almost matched the holistic
approach.

Table (5) : Correlation Coefficient for each model results in
addition to the holistic evaluation.

Risk
assessmen | Holisti P2=10 P2 FUzz
t model c Diaz 0 Only Y
Pearson
Coefficient | Company 91.6 98.8
level 100% % 98.2% 99% %
project 59.5 84.8 94.4
level 100% % 94% % %
13.4 Test factor.

Test factor validation a step applied to test the designated
model and verify its strength in predicting construction
project’s risk. The results from the model and the holistic
evaluation were compared the test factor in model as follows:

Test Factor (TF) = RMR/RHE Equation (5), [31].

Table 4 shows the test factor results of the holistic and
detailed models evaluations in terms of the risks on the
company and project levels. They show that fuzzy approach is
the closest to the holistic which means that it is the closest
approach to match the Holistic. The previous test factor
reveals that the accuracy and robustness of FUZZY model on
company level have been tested using holistic evaluation,
which proves its strength in risk assessment (99%) in
company level and 101 % in project level as shown in table 6.

Table (6) : Test Factor for detailed approach.

—Fuzzy 0.173 0322 0.398 0.117 0.052 0.355 0.192

Figure (14) :  Convergent validation of developed fuzzy model
results for project risk.

13.3 Correlation Coefficient, R (Pearson Product Moment
Correlation):

Correlation is a technique for examining the relationship
between two quantitative, continuous variables. The quantity
r, called the linear correlation coefficient, measures the
strength and the direction of a linear relationship between two
variables. The linear correlation coefficient is sometimes
referred to as the Pearson product moment correlation
coefficient

n(Zxy)—(Zx)(Zy)
nZx?-(2x)?] [nZy?-(Zy)?]

Eq. (4) [13].

T=I

The correlation estimation was performed by calculating the
Pearson’s product- moment correlation coefficients between
the holistic approach and the four detailed approaches for
each project profile for company and project levels results; to
verify the validity of fuzzy model and in order to determine
which approach was the closest to the holistic one. The results

Holisti P2=10 P2
Risk c Diaz 0 Only
assessme | approa | approa | approa | approa

Test | ntmodel | ch ch ch ch
factor | Compan
y level 100% 96% 109% 165% 99%
project

level 100% 99% 105% 152% 101%

FUZzZY
approach

13.5 Coefficient of determination r 2.

The coefficient of determination is a measurement of the
regression line representation of the data. In cases at which the
regression line should pass through every point on the scatter
plot, it then shall be able to explain all the variation. The
farther the line is away from the points, the less able to
explain it shall be. The coefficient of determination, r 2 gives
the proportion of the variance (fluctuation) of one variable
that is predictable from the other variable. It is a measure that
allows us to determine how certain the predictions made from
a certain model/graph are. It is useful because it gives the
proportion of the variance (fluctuation) of one variable that is
predicted from the other variable.
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The correlation was made between holistic and detailed
evaluations for the four approaches in terms of the company
Risk model results. Figures (15,16) show the correlations
between risks attributes of holistic and detailed evaluations
of the project profile for the four alternative approaches and
their regression lines showing that the trend line of fuzzy
approach is the closest one to the 45-dcgree line and the
detailed evaluations values in this approach are the closest
ones to the holistic evaluation values (correlations for Diaz,
P2=100, P2 Only, and fuzzy approaches are 0.839, 0.964,
0.980, 0.976 respectively) for Company Risk model results.
(Correlations for Diaz, P2=100, P2 Only, and fuzzy
approaches are 0.355, 0.883, 0.718, 0.890 respectively) for
project risk model results.
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Figure (15) :  The correlations between risks attributes holistic and
detailed evaluations of the project profile for the four alternative
approaches (company level risk).

XIV. SUGGESTED FINAL RISK VALUE (SUGGESTED
PROJECT RISK CONTINGENCY VALUE)

Cost overhead could be estimated through aggregating and
defuzzification of company’s and project’s final risk ratings
through such rules and these rules might differ according to
the risk attitude of experts and corporate policies, as such
policies are company specified and each company has its own
risk knowledge, thus leading to different fuzzy rules, as well
as, different risk attitudes. (Cooper et al. 2007) [33] Managed
to comply the philosophy of aggregated rules close to risk
priorities for water pipelines.

Decomased approaches
]

& g L
& & a @ s

sT0
- 520
13
- 580
56

50

S0
=4
=h

0680
S Tiv00 +xv0B 0

o

yroosddy JsIoH
st

65T'0 + ¥8569°0=A

S50

=A

=H

PEIL 0=
SETP'O+*pES0

590
oo

SrsED =
FTEZ0 + XFEEED = A

{zd) spaury
Zd) 1050 —
ansioH «
Zd
Azzng
00T=2d
g +

[Azzn4) spouT—
(za) so2uy—

(PHsion) oau—

foor-

Figure (16) :  The correlations between risks attributes holistic and
detailed evaluations of the project profile for the four alternative
approaches (project level risk).

figure 17 show FUZZY risk contingency model [1]. Figure 18
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shows Membership functions for company and project risk
indices’ input obtained from excel program concerning fuzzy
approach and Figure 19 shows Membership functions for final
risk output.

Input 1
Company Rick
Input 1
Project Risk

output
Risk contingency

+ f Compay risk i Incmpiett and Project sk is
significant, then ik contingency s shghly

(-100%)

The imputs are crisp Allruls are The results of the rules The resultis & crisp
(non-fuzzy) mumbers evaluated in parallel are combined and (non-fuzzy) mumber
limited o a specific using fuzzy distlled (defuezified).
THIgE. JGE

Figure (17) :  Risk contingency model

The significance of evaluating risk lies in determining the
maximum point in the output membership function
representing the percentage that should be added to the
project’s budget in cases of extremely high risks on both
company and project levels. Such points are company
specified and every cooperate has a unique knowledge on the
basis of its conditions. Such percentage varies according to
the project and the point of view of its decision makers and
estimators. Figure 19 represent out membership function of
final cost shows that as for the current projects under study,
the experts, estimators and decision makers decided that in
case of extremely high project risk and the company risk is
very high as well, then the percentage of risk shall be
proportional to total budget and not less than 100% of the
total budget (Extreme point in X axis). For project (2) HSP in
(Emirates), company risk is 0.57 and project risk 0.56 (based
on fuzzy approach), the final risk cost is the output of the
fuzzy risk evaluation procedure, that is found to be 0.396
from the total budget as shown in (figure 21). Table (8) shows
Fuzzy risk contingency for each project based upon the
program.

Table (7) :  Decision matrix showing aggregation rules
merging company risk with project risk to give the
overall project risk value.

| Project Risk ‘

| Low | Incipient | Significant | Ouistanding ‘ Optimal ‘
: Optimal Low Slightty substantially High Extremely High
i Outstanding Low Slighly moderately || substantially High
g Significant Low Low Slightly moderately | substantially
§ Incipient || Very Low Low Low Slightly Slightyy
L Low VeryLow | VeryLow Low Low Low
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Figure (18) : Screen shot of Membership functions for company
and project risk.
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Figure (19) : Screen shot of output Membership functions for final risk.
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Figure (20) :

Aggregation rules combining company risk with
project risk producing overall project risk value.
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Figure (21) :  Aggregation and defuzzification process showing aggregation
rules combining company risk with project risk producing overall project
risk value (Matlab program software.

XV. MODEL APPLICATION

Only the actual risk values of six projects were obtained
through the available data from close out reports of these
projects and the results thereof were compared with risk
values according to FUZZY program that were discussed in
the previous section and the results were shown in table 8.

Figure 22, table 8 show that project 5 in Egypt has low risk
value percentage, as per FUZZY LOGIC program equal 17%
with a high increase in actual value about 9 %. On the other
hand, the proposed risk value percentage as per FUZZY
LOGIC program soared with maximum risk value of 48.5 %
in project 6 in Egypt, while the actual risk value percentage
slowly increased with maximum increase of 6%.

On the other hand, the FUZZY LOGIC program proposed risk
value up to 20.6 % in project 4 in Libya, while the actual
value was 18 % represent the lowest actual value. A slight
decrease in actual risk value about 6 % in project 7 in Jordan
with 23 %.

On the other hand, the actual risk value percentage witnessed
high increase in risk value in project 1 in Saudi Arabia with
38 % while the proposed risk value percentage were 29%.
Moreover, table shows that the risk value percentage, as per
FUZZY LOGIC program in project 2 in UAE was 39.6 %.
This shows a slight decrease in the actual risk value
percentage up to 34.33%.

Table (8) :  Fuzzy risk contingency for each project on
the basis of fuzzy program compared with actual
results.

Proj 1| Proj.2 | Proj.4 | Proj.5 | Proj.6 | Proj.7

NASL | HSP | SAR | DFDP |(WND) |(Potash) |Pearson| R
(Saudi) [(Emirates)| (Libva) | (Egypt) | Egypt | Jordan

| Actual Risk
value

Risk value
uccording
FUZIT
progru

38.00%( 3433% 18.00%) 26.00%) 34.90%| 23.00% 1 1

21000% 39.60%( 20.60%) 17.00%) 48.30%| 28.80%[ 8% | 2%

Both table 8 and figure 22 indicate that the risk value results
according to FUZZY program are close to those of the actual
risk value with correlation coefficient (Pearson Product
Moment correlation) of 0.85 and coefficient of determination
of 0.72.

0.80
070 Project Risk contingency

0.60

® 050
> 040
-
g 030
£
£ 020
g -
2010 ——
5
Z 000
010
020
R Proj 2 Proj 5 Proj 6 Proj 7
roj 1: roj 2: . roj 5: roj 6: roj 7:
NASL Hsp PES‘ :JAR DFDP (WND) {Potash)
(Suadi) (Emarates) v (Egypt) Egypt Jordan
== Actual risk percentage 0.380 0343 0180 0.260 0.549 0230
i =Avistd 0,513 0573 0313 0.393 0.682 0.363
Av-std 0247 0113 0.047 0.127 0.416 0.097
—=Furzy value 0.29 03% 0.206 0.170 0.485 0.288
Figure (22) :  Fuzzy risk contingency for each project on the basis of

fuzzy program compared with actual risk results percentage.

XVI. CONCLUSION

The international markets witness high willing; among most
of the construction companies to inter them; seeking
maximization of profits and growth potentials. As for the high
risk nature of international construction projects, it led to
many cost overruns along the history of the industry. Hence
contractors should apply a systematic approach to manage
risks on the project. The current research suggests a risk index
(R) with three functions, these are; estimating risk sources and
uncertainty, prioritizing international construction projects
and evaluating project risk contingency value.

A design of a calculation model for the R-index was
developed by an applying analytic hierarchy process (AHP)
with the purpose of estimating risk factors weights
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(likelihood) and the FUZZY LOGIC approached, in order to,
evaluate risk factors impact (Risk Consequences) with aiding
software tools such as EXCEL and MATLAB software. A
promising risk quantification tool was provided through
“FUZZY RISK ASSESSMENT” to quantify risk ratings; in
case of vague risk impacts and are defined by subjective
judgment and not objective data.

The present study tackled and discussed the model
components in details. It also tested the applicability of the
suggested methodology on actual cases. A selection of five
actual case studies from five different countries was chosen to
implement the developed models and test their results.

The model components were explained and discussed in detail
throughout this paper. Applicability of the proposed
methodology has been tested on real cases. Six case studies in
different countries were selected to implement the designed
models and test its results.

As shown from the risk factors results on company level using
software aids (fuzzy Logic approach model), the Current
market volume and competitors, previous experience in host
country, have the highest risk value in project no (1) in Saudi
Arabia. While lack of skilled workers, unavailable
subcontractor or poor performance and Strict Quality
Requirements were of the highest risk value on project level.

As for the company level in project No. 2 in Emirates, the
change of regulations/ laws, dependence of major power, the
size of future market and competitors, the size of current
market and competitors and geographical distance were of the
highest risk value and on the project level; the lack of skilled
workers, delay in materials supplying and cost overrun had
the highest risk value.

The following factors had the highest risk values on company
level in project No. 3 in IRAQ: tension/conflicts/terrorism,
dependence on or significance of major power and previous
experience in host country. On the other hand, and as for the
project level; subcontractor unavailability or poor
performance and defective design errors and rework have the
highest risk values.

As for the company level in project No. 4 in Libya, previous
experience in host country and Current market size and
competitors were of the highest risk value and on the project
level; Cost overrun, unsuitable design, weather and natural
causes of delay had the highest risk value.

On the other hand, the highest risk values on company level in
project 5 in Egypt were for; payment risk and Instability of
economic conditions and on the project level the highest risk
values were of; delay in materials supplying and delay in
design and regulative approvals and cost overrun.

The highest risk values on company level in Project 6 (WND)
in Egypt were for; the Change of regulation or laws,
Instability of economical conditions and Currency exchange

rate, besides on the project level the highest risk values were
of, delay in materials supplying, Availability of special
Equipment and Strict Safety and Health Requirements.

In project No.7 in Jordan Interaction of management with
local contracts, Future market volume and competitors and
Geographical Distance Obstacles have the highest risk values
on company level, while Weather and natural Causes of delay,
Auvailability of special Equipment and lack of skilled workers
have the highest risk values on project level.

The developed model could be useful in sorting projects on
the basis of risk, thus aiding decision making on company’s
part in terms of the project in which they enter. The study
examined and tested a developed R model and proved its
strength in assessing risk (99%) on company level and also
(101%) on project level as shown in Test Factor section
(13.4). It can also be helpful in sorting the studied
construction projects in the bids stage to take suitable
preventive actions.

The ability to evaluate risk contingency values, was
demonstrated by the developed model, through aggregating
rules merging company risk index and project risk index by
applying fuzzy logic approach and MATLAB software.

According to the results of the suggested models, project No.
6 in Egypt had the highest risk contingency percentage of
48.5%, while the lowest risk contingency percentage 17%
where in project No. 5 in Egypt also. As for projects 1, 2, 4
and 7 in Saudi Arabia, UAE, Libya and Jordan, the risk
contingency of 29%, 39%, 20% and 28% respectively. The
actual results on the basis of the project’s final reports were
close to those of the suggested program.

The case studies findings showed that the suggested model
can be applied in order to quantify risk ratings. The tool had
the advantage of offering a guidance for the company in terms
of the amount of risk premium which should be included in
mark- up. The study, through this model, has proved that
fuzzy logic approach that applies experts’ knowledge
managed to overcome the lack of data and uncertainty in
predicting future events. It is expected that the model shall
offer a very wide range of application in estimating whole life
costs of public service.
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