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Abstract

Risk management is an important field and consider relatively a new field
of construction industry. so it requires more attention to bring high benefit of
construction industry. Construction projects are facing a number of risks which
have negative effects on project objects such as time, cost and quality. The main
objective of this research is to know how risk management is practiced in
Sudanese construction project, also identify risk factors and evaluate their
Impact on (time and cost) performance and known Risk Responses strategies
which were implemented in construction project on Khartoum state.

The research objectives have been achieved through closed questionnaires
survey on Khartoum state. The result obtained from data analysis were
interpreted and discussed thoroughly.

And this was then complemented by an industry survey, where (92) participants
took part in a stratified sample comprising (35) consultants, (50) contractors and
(7) projects owner. The data was analyzed calculating, frequency of occurrence,
relative importance index and Cronbach's Alpha coefficient.

The output that were directed to respondents concluded that there is lack of
knowledge about analysis and evaluation of risk factors and Risk Responses
strategies. also the output concluded that the most risk factors which have
highest effect on time performance in construction projects are: Decrease in
productivity of workers, Financial failure of the contractor, Delay from
consultant to approve executed works, poor communication between involved
parties, Complex of design, Delay in payment from client, client required are
not clarified, not completing information at the tender stage, Financial inflation

and Exchange rate fluctuation.



And the most risk factors which have highest effect on cost performance in
construction projects are: the scope of work for the contractor is not well
defined, Poor resource management, client required are not clarified, Change of
Scope by Owner, not completing information at the tender stage, Financial
inflation, Exchange rate fluctuation.
also the output concluded that the most preventive actions which were
implemented in Sudanese construction projects are: Depend on subjective
judgment on produce a proper program and Refer to previous and ongoing
similar projects for accurate program.

And the most Mitigative actions were: Change the sequence of work by
overlapping activities, Coordinate closely with subcontractors and Close
supervision to subordinates for minimizing abortive work.

The result of this study recommended that Contracting companies should
compute and adding cost reserves contingence to quotation and schedule
reserves to time estimation. This trend has to be supported by organizations like
Sudanese Contractors Union, and other organizations concerned about the
construction industry, Expert techniques such as @Risk system, which
integrates with time schedules and spread sheets software, should be learned
and applied obtain adequate risk estimation.

Assign responsibility for risk mitigation activities, and monitor progress

through a formal tracking system.
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CHAPTER |
Introduction

1.1General Introduction

Construction industry is one of the largest industries in the world. Developing
countries, such as Sudan, dedicate a significant share of their annual budgets for
the construction sector. It can be defined as: “Service industry for the rest of the
economic sectors and industries and usually offer their products as certain and

specific objectives of the request.

The construction industry plays vital roles in transforming the aspirations and
the needs of its people into reality by implementing various physical structures.
A construction project is commonly acknowledged as successful when it is
completed on time, within budget, and in accordance with specifications and to

stakeholder’s satisfaction.

Construction is a risky business. Each construction project is unique and comes
with its own set of challenges and opportunities. Identifying and managing risks
can be tricky, but not impossible with careful planning and execution. When a
risk turns into reality it can disrupt and derail a project. In order to avoid
disaster, you need to be able to properly assess, control and monitor risks once

they’ve been identified.

There are two sectors in construction: residential and commercial. Depending

on the sector, there can be up to four different types of projects:

 Residential home building and renovation
« Heavy industrial construction

« Commercial and institutional construction



« Engineering construction

1.2Research Problem

Sudanese construction project suffer from high risks that lead to failure in
meeting projects scope, time and cost. from review of the literature, there was
no evidence which shows that risk management process is applied appropriately

and effectively in Sudanese construction project.

1.3Research objective

The research aims are:

1- Understanding how risk management is practiced in Sudanese construction

project.

2- Evaluating the impact of risk management on (cost and time) performance in

construction project.

3- Ranking risk factors-related responsibilities for clients, contractors and

consultant in order to manage risks effectively.

4- To investigate and recommend the effective risk management Responses

strategies.

1.4 Research Hypothesis
1. Risk factors are prevalent on all construction projects in Khartoum state -
Sudan.

2. Risk factors affect cost and time performance of construction project

dramatically.



3. The affect of risk factors can be under control if a proper risk management

strategies are applying.

1.5Research Methodology

The qualitative method will be used in the study for description analysis of
data. The sources of data and influences and opinions from the researcher will
play an important role in the study and in the description and analysis of data
and result. The questionnaire survey will be used and also interviews for

collection of qualitative data.

1.6Area of study

Khartoum state is the capital of the Republic of Sudan triangular located in
central of Sudan. It consists of Khartoum, which is located at the intersection of
the White Nile and Blue Nile, Khartoum, Khartoum North and Omdurman are
main cities. The three cities linked together a number of bridges and an

estimated population of Khartoum by more than eight million people.

1.7Research Contents
Chapter One: Introduction- Chapter one covers the overall introduction of
the research, the problem statement, objectives and methodology to reach these

objectives, research hypotheses and area of study.

Chapter Two: Literature Review and previous studies-This chapter covers
all literature review about construction project and explores previous studies
related to definition of risk, risk management and impact of apply risk

management on cost and time performance.



Chapter Three: Data Collection— Discussing survey approach and the method
of Collecting data, it also discusses the designing of the questionnaire, the

sample size and methods using in the results analysis and discussing.

Chapter Four: Results analysis and discussion -The overall survey results

are presented for each part.

Chapter five: Conclusion and Recommendations - Conclusion will be drawn
based upon data analysis, linking them to the problem statement and to the

objectives of study.
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CHAPTER |1
Literature Review and Previous Studies
2.1 Introduction

In order to have a better understanding of what we mean by risk, risk can be
defined as exposure to loss/gain or the likelihood of an event of loss/gain

multiplied by its corresponding magnitude [1].

Project risks are of two categories, known and unknown. Known risks are
recognized and can be analyzed, which makes planning and preparing response
possible. It’s not possible to proactively unravel an Unknown risk. Therefore,

to anticipate and provide a risk reserve becomes necessary [2].

Risk can be reduced, managed, transferred, shared or accepted but cannot be

overlooked [3].

In construction perspective, risks are generally considered as incidences that
influence the principal objectives of a particular project (time, cost, quality) [4].
As a result of its construction activities that are perceived to be unique, the
construction industry is exposed to greater risks in comparison with other
industries. It has unique features as: projects taken long periods, with processes
that are complicated, financial intensity, environment that are abominable and
organization structures that are dynamic [5]. Also, when dealing with risks,
most construction industries are known for their poor reputation, this is because
may projects do not meet their cost targets and proposed deadlines, which in
turn adversely affects each of its participants (Contractors, clients the public and
others) [6].



Risk management can be defined an organized and comprehensive method

tailored toward “‘analyzing”, “identifying” and “responding” to risk factors in

order to achieve the project goals [4].

Having a good understanding of risks allows the parties involved to take steps
in order to reduce their negative impacts [7]. The lack of a project risk
management approach that is effective has a lot of unpleasant effects on the
project participants as a result of deficiency of actions to prevent the uncertainty
and risks that are present in a project [8]. Risk identification and assessment is
a crucial risk management process. It is not possible to manage all the risks in
a construction project. However, it is important to focus on the vital risks.
Attempting to identify all the risks can be a waste of time and counterproductive
[7]. It was observed that, majority of decisions on construction risk management
are done based on intuition, previous experience, and the manger’s professional
judgment. As a result of ignorance and doubts on the sustainability, formal

methods available are not been applied for the activities of the construction [9].

In developing countries, construction projects are liable to a lot of unknown
factors [10]. Numerous project challenges are prevented through the
implementation of effective risk management in projects [11]. Various
publications on risk management are available both online on the internet and
in hard copies in books and journals, little information is known on the
applications of risk management in practice, most especially in developing
countries [12] and the process of risk management has not been adequately
focused [11].



Risks aren’t always a negative. Being able to effectively identify and manage
risks can lead to increased profits, establishing good relationships with clients
that results in more projects and being able to expand your business into new

markets and sectors.

Risk analysis and management are an important part of the decision-making

process in construction industry.

Project definition:

A project can be defined as a temporary endeavor with clearly specified goals
that are characterized by project phases, deadlines, and use of a large number of
different types of limited resources. It consists of a complex system of activities
that should be coordinated and managed to achieve project goals. Managing the
projects essentially involves balancing project goals, alterations, risks, and

limitations during a project life cycle [13].

Project life cycle



A project life cycle is the series of phases that a project passes through from its
start to its completion [4]. It provides the basic framework for managing the
project. This basic framework applies regardless of the specific project work
involved. The phases may be sequential, iterative, or overlapping. All projects
can be mapped to the generic life cycle shown in Figure 2-1.

Figure 2.1 project life cycle

Initiating
{ processes

Closing | Planning
\ Processes

\ Controlling
Processes

\ Processes

Construction project:

Construction industry in general as well as construction project activity is
risky [14]. There is a variety of different types of construction projects,
depending on the different construction sectors. There are two sectors in
construction: residential and commercial. Depending on the sector, there can be

up to four different types of projects:

« Residential home building and renovation
« Heavy industrial construction

o Commercial and institutional construction



« Engineering construction

That means there are a wide variety of types of construction projects that require
construction management in order to be successful. Construction management
might be required for a simple home to a large bridge, from engineering a dam
build to an airport seismic retrofit project. Construction project managers, then,
manage the beginning and end of a project build, often managing on-site to

ensure the safe, successful construction.

2.2 RISK:

Risk is a multifaceted concept [15], which is defined as the probability of a
damaging event occurring in the project, affecting its objectives ([16] [17])
however not always associated with negative results. Risk may also represent
opportunities, but the fact that most of the risk usually has negative results has

led individuals to only consider the negative side of risk ([17] [18]).

Today, risk management is an integral part of project management ([19]; [20]),
where one of the most difficult activities is determining what are the project’s
risks and how should they be prioritized [21]. This is a key process and most of
project managers know that risk management is essential for good project
management ([17]; [22]; [23]).

Risk is an integral part of each project phase, and thus risk management is an
essential part of the decision-making process at every stage of a project. The
success or failure of a project largely depends on the approach to possible risk
in which the appearance of risk could affect productivity, quality, deadlines,
and/or project cost. Traditionally, risks were managed intuitively with the goal
of dealing with the consequences. Today, the use standards and methodologies,

such as PMBoK by PMI or ISO 31000, allows for a possibility to proactively

9



manage risks. That is, although it is not possible to eliminate risks, they can be

reduced, transferred, accepted, or avoided.

2.3 PROJECT RISK MANAGEMENT

One of the major roles undertaken by a project manager is the management of
the risk of a project. However, this duty is particularly complex and inefficient
iIf good risk management has not been done from the beginning of the project.
An effective and efficient risk management approach requires a proper and

systematic methodology and, more importantly, knowledge and experience.

Project Risk Management includes the processes of conducting risk
management planning, identification, analysis, response planning, response

implementation, and monitoring risk on a project [4].

In general, the risk management process consists of 7 phases. These procedures
are incorporated into a project and are performed iteratively until the end stage
of the project lifecycle. Various techniques and tools are continuously being
developed with the aim of supporting and enhancing risk management

activities.

The objectives of project risk management are to increase the probability and/or
Impact of positive risks and to decrease the probability and/or impact of

negative risks, in order to optimize the chances of project success.

10



The Project Risk Management processes are:

¢ Plan Risk Management

The process of defining how to conduct risk management activities for a project.

e Identify Risks
The process of identifying individual project risks as well as sources of overall

project risk, and documenting their characteristics.

e Perform Qualitative Risk Analysis
The process of prioritizing individual project risks for further analysis or action
by assessing their probability of occurrence and impact as well as other

characteristics.

e Perform Quantitative Risk Analysis
The process of numerically analyzing the combined effect of identified
individual project risks and other sources of uncertainty on overall project

objectives.

e Plan Risk Responses
The process of developing options, selecting strategies, and agreeing on actions
to address overall project risk exposure, as well as to treat individual project

risks.

11



e Implement Risk Responses

The process of implementing agreed-upon risk response plans.

e Monitor Risks
The process of monitoring the implementation of agreed-upon risk response
plans, tracking identified risks, identifying and analyzing new risks, and

evaluating risk process effectiveness throughout the project.

Figure 2-2 provides an overview of the Project Risk Management processes.

e Risk Factors

When assessing risk, it's necessary to determine the following [24]:
* The probability that a risk event will occur (how likely)

* The range of possible outcomes (impact or amount at stake)

* Expected timing for it to occur in the project life cycle (when)

* The anticipated frequency of risk events from that source (how often)

12



Project Risk
Management Overview
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2.1 Plan Risk
Management

1 Inputs

1 Project charter
2 Project management plan
3 Project documents
4 Enterprise
environmental factors
5 Organizationalprocess
assets

2 Tools &Techniques
1 Expert judgment
2 Data analysis
3 Mestings

3 Outputs

(2 2 Identify Ri \

1 Risk management plan

k updates
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. w

1 Inputs
1 Project managementplan
2 Project documents
3 Agreements
4 Procurement
documentation
5 Enterpriseenvironmental
factors
6 Organizationalprocess
assets
2 Tools &Techniques
1 Expert judgment
2 Data gathering
3 Data analysis
4 Interpersonal andteam
skills
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6 Meetings
3 Outputs
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2 Risk report
3 Project documents

2.5 Plan
Risk Responses
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1 Project management plan
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3 Enterprise environmental
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2.6 Implement
Risk Responses
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1 Project management
plan
2 Project documents
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Techniques
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3 Project management

5 Strategies for opportunities
6 Contingent response
strategies
7 Strategies for overall
project risk
8 Data analysis
9 Decision making
3 Outputs
1 Change requests
2 Project management plan
updates
.3 Project documents

information system
3 Outputs
Change requests
2 Project documents
updates

Y

4 N

1 Inputs
1 Project management
plan
2 Project documents
3 Enterprise
environmenta factors
4 Organizational
process assets
2 Tools & Techniques
1 Expert judgment
2 Data gathering
3 Interpersonal and
team skills
4 Representations of
uncertainty
5 Data analysis
3 Outputs
1 Project documents
updates

L—3 3 Meetings

—

N )
i )

2.7 Monitor Risk
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Figure 2.2 Project Risk Management Overview [4].
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2.3.1 Plan Risk Management
The risk management plan may include:
* Risk strategy:
Is an overall approach to managing risk throughout the life of the project.
* Methodology:

This section of the plan defines how risk management will be performed to
meet the needs of the specific project. Low-priority projects will likely warrant

less of a risk management effort than high-priority projects.

* Roles and responsibilities:

Tim section explains who will do what risk management work. Did you realize
that stakeholders outside the project team may have roles and responsibilities

regarding risk management?

* Funding

This section includes the cost of the risk management process. Yes, there
is a cost of doing risk management, but overall, risk management saves the
project time and money by avoiding or reducing threats and by taking advantage
of opportunities. this section also includes plan for utilizing reserves in response

to risks on the project.

* Timing
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This section of the plan talks about when to do risk management for the project.
Risk management should start .as soon as you have the appropriate inputs and
should be repeated throughout the life of the project, since new risks can be
identified as the project progresses and the degree of risk can change over the
course of a project. Also note that time needs to be allocated in the schedule for

risk management activities.

» Stakeholder risk appetite / thresholds remember that risk appetite is a high-
level description of an individual or group's openness to risk. thresholds are
measurable amounts of risk that an individual or group are willing to accept
within a specific category-such as risk to the project schedule, budget, or the
achievement of a particular project objective the risk appetites and thresholds
of key stakeholders are documented and considered in the risk management
plan. This information is also considered when ranking risks based on
probability and impacts, and when prioritizing which risks will be addressed in

risk response planning.
* Definitions of probability and impact
* Reporting

This section of the plan describes reports related to the risk management effort
on the project that will be created, what they will include, and to whom they
will be sent. In addition, the composition of the risk register for the project is

defined here.

* Tracking
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The tracking section of the plan describes how the risk management process
will be audited and how the results of risk management efforts will be

documented.

* Risk categories

A standard list of risk categories can help ensure areas of risk are not forgotten
on your projects. These categories are broad, common areas or sources of risk
that the company or similar projects have experienced. They can include things
such as technology changes, lack of resources, regulatory hurdles or cultural
issues. Organizations and project management offices should maintain standard
lists of risk categories that all projects can use to help identify and group
individual project risks. When leading risk identification efforts, you should
make sure each category is considered. A risk breakdown structure (RBS) is an

organizational chart that can help you 1dentify and document risk categories.

Risk can be classified or categorized in many ways, including:

» External Regulatory, environmental, or governmental issues; market shifts;

problems with project sites, etc.

* Internal Changes to schedule or budget; scope changes; inexperienced team
members; issues with people-, staffing, materials, and equipment, etc.

* Technical Changes in technology; technical processes, or interfaces, etc.

* Commercial Customer stability, terms and conditions within contracts,

vendors, etc.
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» Unforeseeable only a small portion of risks (about 10 percent) are actually

unforeseeable.

2.3.2 ldentify Risks
Tools and Techniques of Identify Risks

e Brainstorming
Can be of use for projects involving new risks, new management
arrangements or for developing initial checklists. This may be useful in risk

management workshops.

Brainstorming is usually done in a meeting where one idea helps generate

another.

Tools such as the risk breakdown structure, risk categories, and prompt lists

can help to identify risks.

e Checklist Analysis
Over time, organizations may compile lists of risks encountered on projects,
which they review to help them identify relevant sources of risk for current
projects. This technique also includes reviewing a checklist of generic risk
categories, which used to help identify specific risks to the project from each

category.

Checklists Know potential points that can fail in previous projects and thus is
very helpful in risk identification. This allows project managers to know the

risks present and makes them to be involved in the process of risk identification,
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which will ultimately lead to greater acceptance of any means implemented to

minimize the risks.

e Interviewing
Also called "expert interviewing" Historical data analysis for projects that
appear similar and examine similar past or present projects, risk analysis,
lessons learned or project evaluations are other methods available for getting

feedback about risks involved in a project.

e Root Cause Analysis
In root cause analysis, the identified risks are reorganized by their root causes

to help identify more risks.

e Assumption Analysis
Identifying and analyzing assumptions that have been made on the project, and
whether those assumptions are valid, may lead to the identification of more

risks.

e Constraint Analysis

Constraints such as schedule or budget limitations are examined to determine
The level of risk they pose.

e Strengths, Weaknesses, Opportunities, and Threats (SWOT)
Analysis
This analysis examines the project to identify its strengths and weaknesses as
well as the opportunities and threats that could originate from those strengths

and weaknesses.

e Documentation Reviews

18



What is and is not included in project documentation, such as the project
charter, contracts, and planning documentation, can help identify risks. Those
involved in risk identification might look at project documentation, as well .as
lessons learned, articles, and other sources, to help uncover risks. This technique
used to be an RNIC Trick of the Trade for risk management and has proven to

be so beneficial that it has now become standard practice.

e Prompt Lists
This is a list of categories that have been identified as possible sources of risk
to the project. The project team can use a prompt list when identifying risks to

individual elements of the project as well as risks to the overall project.

e Facilitation
Facilitation skills are used by the project manager in conducting meetings to

identify individual and overall project risks.

Outputs of Identify Risks:

e Risk Register
The risk register is one of document for the entire risk management process
that will be constantly updated with information as the risk management

processes are completed.
2.3.3 Perform Qualitative Risk Analysis

Perform Qualitative Risk Analysis is the process of prioritizing individual
project risks for further analysis or action by assessing their probability of

occurrence and impact as well as other characteristics.
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As you begin this process, you should have a long list of risk documented in the

risk register.

To perform this analysis, the following must be determined:

* The probability of each risk occurring, using a standard scale (common

subjective analysis scales include Low, Medium, High and 1 to 5)

» The impact (the amount at stake or the positive or negative consequences) of
each risk occurring using a standard scale, such as Low, Medium, High or | to
5.

The key benefit of this process is that it focuses efforts on high-priority risks.
Risk Data Quality Assessment

Before you can use the risk information collected on the project, you must
analyze the precision of the data. You assess the accuracy and reliability of the
data, and determine if the risk is valid and whether more research is need to

understand the risk.

A risk data quality assessment may include determining the following for

each risk:

 Extent of the understanding of the risk
* Data available about the risk

* Quality of the data

* Reliability and integrity of the data
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Probability and Impact Matrix

A probability and impact matrix is a data representation technique that can be

used during this process. Because qualitative risk analysis is based on subjective

evaluation, the rating of any one risk can vary depending on the bias of the

person doing the rating and how risk averse they are.

The risk matrix shows the combination of impact and probability that in turn

yield a risk priority (shown by the red, yellow, and green color).

Organizations frequently have a standard rating system to promote a common

understanding of what each risk rating means.

The probability and impact matrix may be used to sort or rate risks to determine

which ones warrant an immediate response (and will therefore be moved on

through the risk process) and which ones should be put on the watch list.

Figure 2.3 Probability and impact matrix
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Risk Rating Descriptors and Required Action

Risk rating Required action

Requires less attention to be paid, should be put

on the watch list

Requires a good amount of attention, should be

put on the watch list

Requires the most attention, warrant an

Immediate response

2.3.4 Perform Quantitative Risk Analysis

Perform Quantitative Risk Analysis process involve numerically analyzing the
probability and impact (the amount at stake or the consequences) of risks that
ranked highest in qualitative risk analysis. Quantitative risk analysis also looks

at how risks could affect the objective of the project.

The key benefit of this process is that it quantifies overall project risk exposure
and can also provide additional quantitative risk information to support risk

response planning.

This process is performed throughout the project.

The purpose of quantitative risk analysis is to:
* Determine which risk events warrant a response.

» Determine overall project risk (risk exposure).

22



* Determine the quantified probability of meeting project objectives
* Determine cost and schedule reserves.
* Identify risks requiring the most attention.

* Create realistic and achievable cost, schedule, or scope targets.

Inputs to Perform Quantitative Risk Analysis

These puts include the project management plan and scope, schedule, and

cost baselines.

Tools and Techniques of Quantitative Risk Analysis

Quantitative probability and impact can be determined in a variety of ways

that make use of some or all of the following:
* Expert judgment from trained risk specialists and team members
« Data-gathering techniques, such as interviewing

« Data analysis techniques, such as simulation; (like Monte Carlo), sensitivity

analysis, decision tree analysis, and influence diagrams
* Interpersonal and team skills
* Representations of uncertainty

* Cost and schedule estimating
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» Use of historical records from previous projects

Monte Carlo Simulation:

Monte Carlo simulation, or probability simulation, is a technique used to
understand the impact of risk and uncertainty in financial, project management,

cost, and other forecasting models.

Uncertainty in Forecasting Models

When you develop a forecasting model — any model that plans ahead for the
future — you make certain assumptions. These might be assumptions about the
investment return on a portfolio, the cost of a construction project, or how long
it will take to complete a certain task. Because these are projections in to the

future, the best you can do is estimate the expected value.

You can't know with certainty what the actual value will be, but based on
historical data, or expertise in the field, or past experience, you can draw an
estimate. While this estimate is useful for developing a model, it contains some

inherent uncertainty and risk, because it's an estimate of an unknown value.

Estimating Ranges of Values

In some cases, it's possible to estimate a range of values. In a construction
project, you might estimate the time it will take to complete a particular job;
based on some expert knowledge, you can also estimate the absolute maximum

time it might take, in the worst possible case, and the absolute minimum time,
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in the best possible case. The same could be done for project costs. In a financial
market, you might know the distribution of possible values through the mean

and standard deviation of returns.

By using a range of possible values, instead of a single guess, you can create a
more realistic picture of what might happen in the future. When a model is based

on ranges of estimates, the output of the model will also be a range.

This is different from a normal forecasting model, in which you start with some
fixed estimates — say the time it will take to complete each of three parts of a
project — and end up with another value — the total time for the project. If the
same model were based on ranges of estimates for each of the three parts of the
project, the result would be a range of times it might take to complete the
project. When each part has a minimum and maximum estimate, we can use

those values to estimate the total minimum and maximum time for the project.

What Monte Carlo Simulation can tell you?

When you have a range of values as a result, you are beginning to understand
the risk and uncertainty in the model. The key feature of a Monte Carlo
simulation is that it can tell you — based on how you create the ranges of

estimates — how likely the resulting outcomes are.

How It Works:

In a Monte Carlo simulation, a random value is selected for each of the tasks,
based on the range of estimates. The model is calculated based on this random

value. The result of the model is recorded, and the process is repeated. A typical
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Monte Carlo simulation calculates the model hundreds or thousands of times,

each time using different randomly-selected values.

When the simulation is complete, we have a large number of results from the
model, each based on random input values. These results are used to describe

the likelihood, or probability, of reaching various results in the model

* It usually done with a computer program because of the intricacies of the

calculations
* Evaluates the overall risk in the project

* determines the probability of completing the project on any specific day or for

any specific cost.
* Determines the probability of any activity actually being on the critical path.

» Takes into account path convergence (places in the network diagram where

many paths converge in to one activity).
* Translates uncertainties into impacts to the total project
* Can be used to assess cost and schedule impacts

* Results in a probability distribution

Sensitivity Analysis

Sensitivity analysis is a technique to analyze and compare the potential impacts
of identified risks. A tornado diagram may be used to graphically depict the

results of this analysis.
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Risks are represented by horizontal bars: the longest and uppermost bar

represents the greatest risk, and progressively shorter horizontal bars beneath

represent lower-ranked risks.

Tornado graphs help us to identify key risk drivers and Pin point the task or risk

event that’s preventing their schedules from performing as expected.
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Outputs of Perform Quantitative Risk Analysis

The Perform Quantitative Risk Analysis process results in updates to the risk

register and other project documents.

Risk Register Updates

The risk register and the risk report are updated to add the results of quantitative

risk analysis, including:
* Prioritized list of quantified individual project risks,

What risks are most likely to cause trouble in terms of their effect on the critical

path? What risks need the most contingency reserve?

» The quantified probability of meeting project objectives for example, "we only
have an 80 percent chance of completing the project within the six months
required by the customer:" Or "we only have a 75 percent chance of completing
the project within the $800,000 budget."

» Trends in quantitative risk analysis as you repeat quantitative risk analysis
during project planning and when changes are proposed, you can track changes

to the overall risk of the project and see any trends.

» Initial contingency time and cost reserves needed for example, "The project
requires an additional $50,000 and two months of time to accommodate the

risks on the project.” Reserves will be finalized during Plan Risk Responses

* Assessment of overall project risk exposure Use overall project success (how

likely it is that the project will achieve all key objectives) and any variables that
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may still affect the project to fully understand, at high level, the overall risk

exposure of the project.

* Possible realistic and achievable completion dates and project costs, with
confidence levels, versus the time and cost objectives for the project for
example, "We are 95 percent confident that we can complete this project on
May 25th for $989,000

* Recommended risk responses after quantitative risk analysis is performed,
the risk register may include suggested responses to overall project risks and

individual project risk.

2.3.5 Plan Risk Responses

Plan Risk Responses is the process of developing options, selecting strategies,
and agreeing on actions to address overall project risk exposure as well as to

treat individual project risks.

The key benefit of this process is that it identifies appropriate ways to address

overall project risk and individual project risks.
The Plan Risk Responses process involves figuring out,
What are we going to do about each top risks?

In risk response planning, you find ways to reduce or eliminate threats, and you

find ways to make opportunities more likely or increase their impact.

The projects risk responses may include doing one or a combination of the
following for each top risk:

29



* Do something to eliminate the threats before they happen.
* Do something to make sure the opportunities happen.
* Decrease the probability and/ or impact of threats.

* Increase the probability and/or impact of opportunities.

For the remaining (residual) threats that cannot be eliminated:

* Do something if the risk happens (contingency plans). Contingency plans

should be measurable so you can evaluate their effectiveness.

» Do something if contingency plans are not effective or are only partially

effective (fallback plans).

Risk Response Strategies
The choices of response strategies for threats include:
* Avoid

Eliminate the threat by eliminating the cause, such as removing the work

package or changing the person assigned to do work.
Avoiding the threat might even involve expanding the scope of the project.

Imagine for example, your project team estimates there's a 75 percent likelihood
of a threat occurring, but an additional level of testing or, an additional activity
would likely prevent this threat; expanding the scope of the project in this way
would help avoid the threat.
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On an overall project level, if the threat is beyond the organization's risk
threshold, the project manager will need to take action to make the project
acceptable. This could include removing pieces of the project that are too risky

in order to avoid cancelling the entire project.

» Mitigate

Reduce the probability and/ or the impact of an individual or overall project
threat, thereby making it a smaller risk and possibly removing it from the list of
top risks on the project. Options for reducing the probability arc considered

separately from options for reducing the impact.

Any reduction will make a difference, but the option with the most probability

and/ or impact reduction is often the option selected.

* Transfer (deflect, allocate)

Make a party outside of the project responsible for the threat by purchasing
insurance, performance bonds, warranties, or guarantees, or by outsourcing the
work. Here is where the strong connection between risk and procurement
(contracts) begins. In the world of properly practiced project management, risk
analysis is completed before a contract is signed, and transference of risk is

included m the terms and conditions of the contract.

Avoidance and mitigation are generally used for high-priority, high-impact
risks. Transference, escalation, and acceptance may be appropriate for low-
priority, low-impact risks as well as those with higher impact.
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The choices of response strategies for opportunities include:

* Exploit (the reverse of avoid) Add work or change to the project to make sure

the opportunity occurs.

This could be on the individual project risk level or on the overall project risk

level.

* Enhance (the reverse of mitigate) Increase the likelihood (probability) and/ or

positive impact of the opportunity occurring.

This could be related to the overall approach to scope and schedule, resources

used, and project re planning as well as to individual project risks.

» Share Allocate ownership or partial ownership of the individual or overall
project opportunity to third party (forming a partnership, team, or joint venture)

that is best able to achieve the opportunity.

Response strategies for both threats and opportunities include:

* Escalate A threat or an opportunity should be escalated if it is outside the scope

of the project or beyond the project manager's authority.

Any risks that are escalated will typically be managed at the program or
portfolio level- not at the project level. Remember that escalated risk needs to
be accepted by the program or portfolio manager, at which point, data on the
escalation is documented, and the risk is no longer monitored at the project

level.

« Accept Passive acceptance means to no nothing and to essentially say, "If it

happens, it happens.”
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This leaves actions to be determined as needed (workarounds) if the risk occurs.
Active acceptance involves creating contingency plans to be implemented if the

risk occurs and allocating time and cost reserves to the project.

Whether responding to threats or opportunities:
* Strategies must be timely.

» The effort selected must be appropriate to the severity of the risk-avoid
spending more  money preventing the risk than the impact of the risk would

cost if it occurred.
* One response can be used to address more than one risk.
* More than one response can be used to address the same risk.

* A response can address the root cause of risk and thereby address more than

one risk.

* The team, other stakeholders, and experts should be involved the selecting a

strategy.

Outputs of Plan Risk Responses:

The outputs of the Plan Risk Response process are change requests, updates to

the project management plan, and project documents updates.

Project Management Plan Updates
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The effort spent in risk management can result in updates to the project

management plan.

After careful consideration and evaluation, planned risk responses may require
changes to management plans that have been drafted in planning-at the overall

project risk level as well as at the individual project risk level.

Risk Register Updates

The risk register is updated to add the results of risk response planning,

including:
* Residual risks

These are the risks that remain after risk response planning. After you have
avoided, exploited, mitigated, enhanced, transferred, shared, escalated, and
accepted risks (and created related contingency plans and fall back plans), there
will still be risks that remain. Those residual risks that are passively accepted
should be properly documented and reviewed throughout the project to see if

their ranking has changed.

* Contingency plans Contingency plans are plans describing the specific actions

that will be taken if the opportunity or threat occurs.

* Fallback plans

These plans are specific actions that will be taken if the contingency plans are
not effective.
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Think how prepared you will feel if you have plans for what to do if a risk

occurs and what to do if the original plan does not work.

* Risk owners

A key concept in risk response planning is that the project manager does not
have to do it all, and neither does the team. Each risk must be assigned to
someone who will help lead the development of the risk response and who will

be assigned to carry out the risk response or "own" the risk.
The risk owner can be a stakeholder other than a team member.

Think about how the application if risk management could change real-world
projects. The risk occurs; the risk owner takes the preapproved action
determined in project planning and informs the project manager. No meeting is

needed -Just action -this can be very powerful.

* Secondary risks

Any new risks created by the implementation of selected risk responses should
also be analyzed as part of risk response planning. Frequently, a response to one
risk will create the possibility of new risks that would otherwise not have
occurred. For example, if a portion of the project work is out sourced to a seller
because the project team does not have the expertise to complete the work
efficiently, there may be a secondary risk of the seller going out of business.
This was not a risk to the project prior to outsourcing. 'The discovery of
secondary risks may require additional risk response planning.
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* Risk triggers
These are events that trigger the contingency response.

The early warning signs for each risk on a project should be identified so risk

owners know when to take action.

 Contracts Before a contract is finalized, the project manager should have
completed a risk analysis and included contract terms and conditions required

to mitigate threats and enhanced opportunities.

Any contracts issued to deal with risks should be noted in the risk register.

* Reserves (contingency)
Having reserves for time and cost is a required part of project management.
You cannot come up with a schedule or budget for the project without them.

Time and cost each have two types of reserves: contingency reserves and
management reserves. Contingency reserves account for "known unknowns"
(or simply "knowns"); these are items you identified in risk management.
Management reserves account for "unknown unknowns" (or simply
"unknowns"); these are items you did not or could not identify in risk
management. Projects can have both kinds of reserves shown in the diagram in
figure 2.5

Contingence reserve are calculated and become part of the cost baseline.
Management reserve are estimated (percent of the project cost), and then these
reserves are added to the cost baseline to get the project budget.
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The project manager has control of the cost baseline and can approve use of the
contingency reserves, but management approval is needed to use management

reserves.
Make sure you understand that reserves are not an additional cost to a project.

The risk management process should result in a decrease to the project's
estimated time and cost. As threats arc eliminated or their probability or impact

reduced, there should be a reduction to the project's schedule and budget.

Contingency reserves are allocated for the contingency plans and fallback plans
to deal with the associated, accepted opportunities and threats that remain after
the risk management planning processes have been completed. No matter what
you do, risks will remain in the project, and there should be a time or cost
allotment for them, just as time or cost is allotted to work activities on the

project.

To calculate the contingency reserve for several risk events, which may be a
combination of opportunities and threats we use the equation for expected value
(P x 1.
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2.3.6 Implement Risk Responses

When the preliminary work has been done well, the Implement Risk Responses
process can be handled smoothly, since the previously documented plans allow

for timely and effective responses to risk events.

Project documents arc updated as a result of the Implement Risk Responses
process. The risk register and risk report are updated with information on
responses taken, describing details on how will the responses addressed the risk

and suggesting changes to future risk response plans.

2.3.7 Monitor Risks

The following is our list of actions involved in monitoring risks:
* Look for the occurrence of risk triggers.

* Monitor residual risks.

* Identify new risks and then analyze and plan for them. (Remember, risk can
be identified anytime during the project, along with plans for how to handle the

newly identified risks.)
* Evaluate the effectiveness of the risk management plan.
Is it working? Does it need adjustment?

* Develop new risk responses. If a plan no longer seems like it will work, based
on experience or new information, an alternate risk response or responses may

be more appropriate.

This review and analysis may lead to change requests.
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* Collect and communicate risk status: "four identified risks occurred last
month, and all risk response plans were implemented successfully. Next month

eight other risks may occur.

Risk reserves are still considered adequate for covering the identified risks on

this project.”

« Communicate with stakeholders about risks: "Remember that one of the major

risks on the project could occur next week.
* Determine if assumptions are still valid.
* Ensure proper risk management procedures are being followed.

* Revisit the watch list to see if additional risk responses need to be determined."
this change to the product scope might increase the impact of risk X, currently

on our watch list. Let's analyze it."

* Recommend corrective actions to adjust to the severity of actual risk events:
"this risk did not have the impact we expected, so let's adjust the contingency

plan and change what we will do if the risk reoccurs.

* Look for any unexpected effects or consequences of risk events: "We did not
expect this risk to damage the construction site. We need to decide how to fix
the damage after we finish implementing the already agreed-upon contingency

plan.

» Reevaluate risk identification and qualitative and quantitative risk analysis
when the project deviates from the baseline: "the project cost is over the cost
baseline (or over the schedule baseline). This implies we missed some major
risks. Let's hold another risk identification session."

* Update risk management and response plans.
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* Look at the changes, including recommended corrective actions, to see if they
lead to identifying more risks "we keep having to take Corrective action related
to this problem. Let's look for the root cause and identify any risks to the

remainder of the project that relate to the problem."
* Submit change requests to integrated change control.

* Update the project management plan and project documents with approved
changes and any relevant information from the analysis of work performance

data.

* Create a database of risk data and lessons learned that may be use throughout

the organization on other projects.

* Perform variance and trend analysis on project performance data.
» Use contingency reserves and just for approved changes.

» Update the risk register and risk report with current risk exposure.

* Reevaluate assumptions and constraints, capture new issues, and update

existing ones.

* Close out risks.

Other work that is part of the Monitor Risks process is outlined in the following

sections.
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Workarounds

If the project has deviated from the baselines, the team may take corrective
action to bring it back in line. Recommendations for such corrective actions

may include workarounds.

Whereas contingency responses are developed in advance, workarounds are
unplanned responses developed to deal with the occurrence of unanticipated
events or problems on a project (or to deal with risks that had been accepted
because of unlikelinood of occurrence and/ or minimal impact). Project
managers who do not perform risk management spend a lot of their time

creating workarounds.

Risk Reassessments

It is important to determine whether any changes or adjustments need to be
made to what was planned based on information that becomes apparent once
work begins. Reassessing risk is a good topic for a team meeting or even a

separate meeting.

The results of such reassessments are part of risk reviews along with newly
identified risks, closing risks, additional qualitative or quantitative risk analysis

of new and/ or previously identified risks, and further risk response planning.

Reserve Analysis

While the work is being done, reserve analysis is simply a matter of checking

to see how much reserve remains and how much might be needed.
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Reserves must be protected throughout the project life cycle.

A workaround needs to be created to keep the project on track, and management
reserves will be used to hire experts to fix the problem and keep the project

close to the current schedule.

Reserves are not a free amount of time or cost that can be used at will by the
project manager for any needs! If you are inexperienced with risk management,

make sure you understand how reserves are used and protected.

2.4 Technical Performance Analysis

The success of a construction project depends on its performance, which is
measured base on timely completion, within the budget, required quality

standard and customer satisfaction.

Technical performance analysis uses project data to compare planned versus
actual completion of technical requirements determine if there is any variance
from what was planned. Any variance could indicate possible risks to the

project, either opportunities or threats.
2.4.1 Project Uncertainty, Risk Management and EVM
All projects include varying degrees of uncertainty.

EVM also addresses uncertainty, particularly the uncertainty surrounding time

and cost performance.

The use of EVM measures, variances and indicators provides management with
useful advance warnings as to the degree of risk that time and cost objectives

will be met. It can also identify sources of past performance successes and
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difficulties, by calculating indices and variances on the performance of specific
groups (vendors, departments, etc.) or types of activities (e.g. control accounts,

work packages).

This establishes an important link between risk management and procurement
management. It is also clear that since procurement arrangements (contracts,
agreements, purchase orders, etc.) are made in advance of the work to be
performed, those could represent an important factor in any cost re-estimating
work that may take place during the course of the project. Such re-estimating

occurs both manually and by formula in

An important strength of EVM lies in its rigorous examination of what has

already occurred on a project.

One of the perceived weaknesses of EVM is its reliance on a key assumption,
that future performance can be predicted from past performance patterns. By
comparison, project risk management (PRM) identifies potential future risks
and benefits, together with their probability of occurrence, and uses that
information to assess the range of project outcomes. This important strength of
RM is also one of its key weaknesses. Events which have already taken place
are not relevant to the risk processes, since there is no uncertainty associated

with them.

EVM is also deterministic, as it produces a single forecast of future cost and
schedule outcomes based on past performance and progress. Risk techniques
such as Monte Carlo analysis are stochastic, or probabilistic, forecasts as they
take into account probability distributions of unknown values for key variables
[25].
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Hillson noted that the EVM performance measurement baseline is typically
seen as an S-shaped curve beginning at zero and increasing over the planned

project duration to the budget at completion (BAC) [26].

He suggested that undertaking a full risk assessment (using a stochastic
approach) at or soon after project inception would result in the recognition of
both best and worst case project outcomes, plus all other possible outcomes
between those extremes. Those can be shown as a set of three related S-curves
representing the best case, most likely case, and worst case scenarios. This is

shown in Figure 2.7 below.

Although these are typically referred to as curves the lines representing these
three sets of outcomes would not usually be symmetrical and smooth lines as
shown in the figure. It would be possible to calculate the data points on each of
these three curves as the risk simulation software can produce a range of

possible results for regular intervals on the time scale.
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Figure 2.7: Using Risk Analysis to Plot the PMB [26].

Hillson further proposed that EVM and PRM could be combined during the
project execution, through an EAC formula that would include not only the CPI
(or a performance efficiency factor based on both CPI and SPI) but also the

known risks and unknown uncertainty on the remainder of the project.

The result would be a collection of individual time/cost results that would

cluster as shown in Figure 2.8 below.
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The worst case results would indicate the maximum total cost and latest project
end date; the best case results would indicate the minimum total cost and earliest
project end date. The central point on the line joining those two extremes
represents the estimated total cost, also known as the Estimate at Completion
(EAC).

Hillson’s combined PRM-EVM approach represents a valuable contribution to
project performance evaluation, and certainly an area of research that deserves
greater attention.

Combining risk management with EVM has its merits, but certainly does not

simplify the evaluation process.
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For example, although it is possible to plot a time-phased budget, known as the
Performance Management Baseline (PMB), on a chart as shown in Figure 2.7
Using Risk Analysis to Plot the PMB, it would be very demanding to plot the
expected future actual costs as shown in Figure 2.8 Using Risk Analysis to Plot
the EAC. That is because the expected dates and budget amounts for future work
packages are contained in the project plan, but the expected dates and actual
costs for future work are not known. Risk techniques (such as Monte Carlo
analysis) should be able to generate the required data to plot the Actual Cost

line, but doing so would be rather challenging for many practitioners.
Meetings

Team meetings in which the project manager can perform risk reviews and

risk audits.

* Risk reviews Risk reviews are hold regularly to discuss the effectiveness of
planned risk responses that have been implemented on the project and may
result in the identification of new risks, secondary risks created by risk

response plans, and risks that are no longer applicable.

Closing of risks allows the team to focus on managing the risks th.it are still
open. The closing of a risk will likely result in the associated risk reserve being

returned to the company.
* Risk audits

These audits can be performed during meetings to assess the overall process of
risk management on the project.

The auditing process is documented in the risk management plan.
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Outputs of Monitor Risks

As with the previous risk management processes, updates to the risk report and
other project documents are a result of Monitor Risks, along with additional

outputs listed here.

Work Performance Information

This is the analysis of the work performance data gathered as part of project
control. Examples include results of risk reviews and audits of how well risk
processes are working for the project, performance measurements on schedule
progress, comparisons of planned versus actual risk data, determinations of
which risks can be closed or are likely to close in the near future, and variance
analyses comparing the planned versus actual time and cost of implemented risk
response. This information may be added as updates to that risk register, other
project documents, and the project management plan or it could be the basis of

change requests.

Risk Register Updates

The Monitor Risks process will add the following to the risk register:
* Outcomes of risk reassessment and risk audits

* Results of implemented risk responses

» Updates to previous parts of risk management, including the identification of

new risks
* Closing of risks that arc no longer applicable

* Details of what happened when risks occurred
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* Lessons learned

Change Requests

The Monitor Risks process will uncover needed project changes, including
changes to the cost and schedule baselines due to overall and individual project

risks.

Project Management Plan Updates

This process can result in updates to any component of the project management
plan, including the schedule, cost, quality, and procurement management plans,
as well as the resource management plan and the scope, schedule, and cost
baselines for the project. These changes generally reflect approved preventive

or corrective actions or changes to the plans.

Organizational Process Assets Updates

The Monitor Risks process may include the creation or enhancement of risk
templates, such as the risk register, checklists, and risk report, as well as updates
to risk management processes and procedures. 1he project's risk breakdown
structure and other data may be added to organizational process assets as

historical records for future projects.
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2.5 Impact of apply risk management on time and cost performance:

Risk management does not really take additional time; rather, it saves huge

amounts of time on projects.

Then you have done risk management, your project will go smoother and faster,
with significantly fewer complications because avoidable problems were solved
before they happened. You now have time to spend implementing reward
systems, updating organizational process assets, creating lessons learned,
preventing problems, assisting, coaching, and completing all the other work you

might have thought you did not have time for.

52



CHAPTER Il

Methodology and data collection



CHAPTER I

Methodology and data collection

3.1 Introduction

This chapter illustrates the procedures of the survey that aims to identify the
most important risk factors that are expected to affect the construction project
Time and Cost Performance in Khartoum state. A questionnaire survey was
conducted among three main parties in construction industry; Client, Consultant
and Contractor to identify the probable risk factors that have the greatest impact
on the construction project time and cost Performance. Such questionnaire
survey is based on the risk factors that were previously identified in the previous

literature review.

3.2 industry survey

The questionnaire design took into consideration the objective of study as stated
in section 1.3 with the aim to answer the research questions. Great effort and
brainstorming went into designing the questionnaire. Meeting with member of
the industry were conducted to identify the right questions required and to
represent them clear an unambiguous format. Special care also went into
phrasing the questions in language that is easily understood by respondents. In
anticipation that many respondents may not by fluent English reader and
speakers, an Arabic version of questionnaire was developed. The same effort

was put into the Arabic version to present a clear and easy to understand format.
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3.2.1 Design questionnaire:

The questionnaire is a method that includes a set of questions or sentences so
that it can collect information about the problem of the study and examine its

hypotheses. It is formulated in clear terms and easy words.

The questionnaire process requires the following main steps:

1. Determine the subject of the study in general as well as the sub-topics
2. Formulate a set of questions about each subtopic.

3. Conducting a pilot test on the questionnaire by presenting it to the
experienced people to know their opinions on the questionnaire paragraphs and

their suitability for use.

4. After the initial answers, the questionnaire will be modified in the light of the

notes and printed in final form
3.2.2 Contents of the questionnaire

The questionnaire as shown in appendix 1 is divided into four section.

The First section includes " instructions " to respondents defining the key terms
in the study and providing respondents with instructions on completing the
guestionnaire and contains general information about the respondents such
address, company size, type industry characteristics such as size, experience,
etc.

The second section addresses "The practice of apply risk management in
Sudanese construction project”. This section includes information about
Sudanese construction Company whither they apply plans for risk management

or not.
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The third section includes risk factors which have impact in cost and time
performance on construction project, this list was developed from the literature
review, and to evaluate the impact of this risk factor on cost and time
performance must determine the probability and the impact of each risk.
Responses in this section are given on a 5-point scale starting with (1) to indicate
for very low (probability and impact) and ending with (5) to indicate for very
high (probability and impact).

The fourth section this section includes responses plan strategies during the
planning phase and executing (construction) phase.

3.2.3 Population and Sample.

Three restriction were imposed on the selection process of respondents:
Restricted to contractors and consultant, restricted to building projects
(Administrative, Commercial, Residential, Hospital), restricted to Khartoum
State. With these restrictions in mind, the researcher targeted Populations
(Owner, Contractor and Consultant) as presented in the Contractor Union
classification and Council of Organization of Consultant.

This listing includes (70) Contractors and (60) Consultants in Khartoum. The
size of the sample required from each population was determined on the basis
of statistical principles for this type of exploratory research. For such research,

sample size was determined as follows (27), (28):
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Where

n,. First estimate of sample size, P: Population of characteristic being measured
in the target population, g: Complement of "p" or 1-p, V: The maximum

standard error allowed, N: The Population size, n: The sample size.

To maximize n, p is set at 0.5. The target population N are 70 and 60 for
Contractor and Consultant respectively. To account for more error V is set at
10% or 0.1. Substituting in Equations 1 and 2 above, minimum required sample
is calculated to be 19 and 18 for Contractor and Consultant respectively. This
means that the minimum sample size for each population is 19 and 18. The
respondents were grouped into three major groups namely Owner, Contractor
and Consultant the returns from the three groups are tabulated in table (3.1)

below which shows the response rate.

Out of 120 targeted responses, only 92 (76.7%) of them completed and returned

the questionnaire.
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Table (3.1) Questionnaire distribution and return rate.

Participant | Questionnaires Response rate
) Response
category | sent (sample size) (%)
Contractors 60 50 54.3
Consultants 50 35 38.1
Owners 10 7 7.6
Total 120 92 100

3.3.4 Pilot study

A pilot study could help to refine data collection plans with respect to both
content of the data and procedure to be followed [28]. Thus, piloting the
questionnaire with small representative sample ensure the effectiveness of a
guestionnaire [29]. In this case, a judgment sample of 20 respondents with a
good spread of respondents, characteristics was chosen for the preliminary
testing of the questionnaire. Questionnaires were administered to contractors,
consultants, owners contacted in person. Nevertheless, only 15 valid responses
were received from respondents constituting 75% response which was
considered adequate for validation. Based on the feedback, minor corrections
were made to improve the format, layout, questions and overall content of the
questionnaire. Through this process, the questionnaire was validated and

provided the authors with improvement opportunity prior to main survey.
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3.3 Data analysis

The analysis of data was carried out with the help of statistical package for
social sciences (SPSS) version 21.0. Data were carefully analyzed statistically
using reliability test, frequencies and factor analysis, importance index,

correlation coefficient, descriptive statistics.

3.3.1 Importance Index
Calculate the importance index of each risk factors by the following equations:

Importance Index = (Wi*X1)/N ........... 3)

SXX5+4xX44+3xX3+2xX2+ XXI]
y o (4)

[mportance Index = |

Where:

Wi the weight is assigned to the it option of factor; Xi is the number of
respondents who selected the option of factor; and N is he total number of

respondents.
3.3.2 Risk matrix and scoring

In the third section to evaluate risk factors which have impact in cost and time
performance we used risk matrix and scoring for each risks according to their
importance Index and weight of (probability and Impact scale). Such as figure
3.1.

Score = probability weight X Impact weight ..........(5)
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Very
High

0.08
0.8

Score = probability X Impact
probability Very
weight Low |Low Medium | High
0.9 Very High 0.09 0.18
0.7 High 0.07 0.14
0.5 Medium 0.1 0.2
0.3 Low 0.06 0.12
0.1 Very Low
0.05 0.1 0.2 0.4
Impacts weight

Figure 3.1 risk scoring matrix

Importance index Rating | Interpretation
Im<1 Very Low
I<Im<2 Low
2<Im<3 Medium
3<Im<4 High
4< Im<5 Very high
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Tolerance scale

Description
Color Score
Severe and likely to
High happen >0.24
Moderate risk; impact is
Medium no SO severe 0.24 > Score >0.05
Low risk of occurrence,
low project impact if it
Low does occur <0.05
3.3.3 Reliability

[30] Reckon that Reliability is a measure of the degree to which a research
instrument yields consistent results or data after repeated trials. Reliability in
research is influenced by random errors. As random error increases, Reliability
decreases. [31] Provided a commonly accepted rule of thumb for describing

internal consistency Cronbach's alpha is as follows:
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Table (3.2) Cronbach's consistency alpha [31]

Cronbach's coefficient alpha | Internal consistency remarks
a>09 Excellent

0.7<a<0.9 Good

0.6<a<0.7 Acceptable

0.5<0<0.6 Poor
a<0.5 Unacceptable

Reliability test was carried out to determine whether questionnaire was capable
of yielding similar scores if the respondents have used it twice. The test was
conducted using (SPSS) version 21.0. The most determined Cronbach's alpha

coefficient values for questionnaire were 0.7 < a. < 0.9 as shown in table 3.3.

These values indicate that questionnaire items from a scale that has reasonable
internal consistency reliability. Impliedly, the survey instrument used was good
reliable and Acceptable and that an agreement exists between construction

industry participants.
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Table (3.3) Cronbach's consistency alpha of Questionnaire section

Questionnaire

Number of item

Cronbach's alpha

section

General

_ _ 8

information

Sector 2 10 0.873
division 1 13 0.781
division 2 5 0.791

Sector 3 division 3 3 0.843
division 4 4 0.927
division 5 5 0.839
division 6 7 0.897
division 1 8 0.822

Sector 4
division 2 5 0.780
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CHAPTER IV
Result analysis and discussion

4.1 Introduction

This study examine how were the parties involved in any construction project
deal with the concept of risk during the construction phase and to determine and
ranking the risk factors in construction industry, strategies used to deal with risk
and the techniques adopted in analyzing these risk. After distribution and
collection processes the returned questionnaires and the valid ones were 92
questionnaires out of 120 which represented 78% that have been analyzed. The
analysis and illustration the results of the data which was collected from the

questionnaires, was done by using SPSS software program.

4.2 Questionnaire Analysis and Discussion

This section will include an in depth analysis for the questionnaire. This will

be conducted in the same order of the questions as appearing in the
questionnaire form.
4.2.1 Sample Configuration (General Questions):

(1) Participants Scientific Qualification:
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Table 4.1 Scientific qualification

Valid Cumulative
Frequency |Percent [Percent Percent
Valid diploma 7 7.6 7.6 7.6

Bachelor 62 67.4 67.4 75.0

Master 19 20.7 20.7 95.7

PHD 3 3.3 3.3 98.9

Other 1 1.1 11 100.0

Total 92 100.0 100.0

Scientific qualification
80.00%
20.00% 67.40%
60.00%
50.00%
40.00%
30.00% 20.70%
20.00%
0 7.60%
10.00% 110% 3.30% I ]
0.00% I
Other PHD Master Bachelor diploma

The academic qualifications of the overall participants were as presented in
table (4.1) and figure (4.1). The highest percentages of participants 67.40% have
bachelor degree while 20.70% earned master degree, a diploma 77.60% PhD
and 1.10% other. This gives indication that the sample covers participants with

Figure 4.1 Scientific qualification
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a wide range of qualification. from figure (4.1) and table (4.1) show that (2/3)
of participants have bachelor degree but they have been working at least 5 years
which imply a good experience to give a reasonable consent. As shown in table
(4.5) and figure (4.5).

(2) Participants Category of Work Area:

Table 4.2 Category of work

Valid Cumulative

Frequency |Percent |Percent Percent

Valid Owner 7 7.6 7.6 7.6
contractor |50 54.3 54.3 61.9
consultant |35 38.1 38.1 100
Total 92 100.0 100.0

Category of work

60.00%

54.30%

50.00%

40.00% 34.80%

30.00%

20.00%

10.00% 7.60%

0.00%
consultative contractor Owner
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Figure 4.2 Category of work

The configuration of the participants was as presented in table (4.2) and figure
(4.2), 54.30%were of the respondents were working as contractors, 7.60% were

owners, 34.80% were working as consultants and 3.30% were other.
(3) Participants’ type of business:

Table 4.3Type of business

Valid Cumulative

Frequency|Percent [Percent |Percent

Valid Public |77 83.7 83.7 83.7
Private |15 16.3 16.3 100.0
Total |92 100.0 100.0
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Type of busines
90.00% 83.70%
80.00%
70.00%
60.00%
50.00%
40.00%
30.00%

20.00% 16.30%
0.00%
Private Public

Figure 4.3Type of business

Regarding the work area, the results showed that: 83.70 % classify themselves
as public sector organizations, while 16.30% were private sector organizations
as shown in table (4.3) and figure (4.3).

(4) Participants Specialization:
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Table 4.4 Specified field

Valid Cumulative
Frequency|Percent  |Percent |Percent
Valid Civil 61 66.3 66.3 66.3
architect |21 22.8 22.8 89.1
other 5 5.4 5.4 94.6
Electricity |5 54 5.4 100.0
Total 92 100.0 100.0

70.00%

60.00%

50.00%

40.00%

30.00%

20.00%

10.00%

0.00%

5.40%

Electricity

Specified field

5.40%

other

22.80%

architect

66.30%

Civil

Figure 4.4 Specified field
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When asked participants to specify their area of specialization, 66.30% were
recorded as civil engineers, 22.80% were architects, 5.40% were electrical

engineers and 5.40% were other. As shown in table (4.4) and figure (4.4).
(5) Participants Experience

Table 4.5 Years of experience

Valid Cumulative
Frequency|Percent |Percent |Percent
Valid Less than 5

25 27.2 27.2 27.2
years
5-10 years 23 25.0 25.0 52.2
11-15years |25 27.2 27.2 79.3
16 - 20 years |3 3.3 3.3 82.6
More than 20

16 17.4 17.4 100.0
years
Total 92 100.0 |100.0
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Years of experience

30.00% 27.20% 27.20%

25%

25.00%

20.00% 17.40%

15.00%

10.00%
5.00% 3.30%
0.00% ]

More than 20 16 - 20 years 11- 15 years 5-10vyears Less than 5
years years

Figure 4.5 Years of experience

To evaluate the respondents experience, 27.20% admitted to be working in the
field less than 5 years, 25% were working for (5 — 10) years, 27.20% for (11-
15), 3.30% for (16-20) years and 17.40% for more than 20 years. This confirms
that (2/3) of participants have been working for more than 5 years which imply
a good experience to give a reasonable consent. As shown in table (4.5) and
figure (4.5).

(6) Years of experience in risk management:
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Table 4.6 Years of experience in risk management

Valid Cumulative
Frequency [Percent [Percent Percent

Valid Nill 26 28.3 28.3 28.3

less than 5 years |34 37.0 37.0 65.2

5-10 years 21 22.8 22.8 88.0

11-15 years 2 2.2 2.2 90.2

16-20 years 3 3.3 3.3 93.5

more than 20

6.5 6.5 100.0
years
Total 92 100.0 100.0

40.00%

35.00%

30.00%

25.00%

20.00%

15.00%

10.00%

5.00%

0.00%

Years of experience in risk management

6.50%

more than 20 16-20 years 11-15 years

years

22.80%

. 3.30% 2.20% I
|| m

5-10 years

37%

less than 5

years

28.30%

nill

Figure 4.6 Years of experience in risk management
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From table (4.6) and figure (4.6) we note that the Experience in risk
management of most of the individual’s study are( Less than 5 years) with
percentage (37%) and (1/3) of respondents have no Experience in risk
management, this indicates no experience enough for risk management in

Sudanese construction project.

(7) The number of annual executing projects

Table 4.7 The number of annual executing projects

Valid Cumulative
Frequency |Percent |[Percent Percent

Valid less than 5 28 30.4 30.4 30.4

5-10. 39 42.4 42.4 72.8

11-15. 13 141 141 87.0

16-20. 3 3.3 3.3 90.2

more than 20 9 9.8 9.8 100.0

Total 92 100.0 100.0
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number of annual executing projects

45.00% 42.40%
40.00%

35.00%

30.40%

30.00%

25.00%

20.00%

15.00% 14.10%

9.80%
10.00%

5.00% I 3.30%

more than 20  16-20 project  11-15 project ~ 5-10 project less than 5

Figure 4.7 The number of annual executing projects

From table (4.7) and figure (4.7) we note that number of annual executive
projects of most of the individual’s study are( 5-10 project) with percentage
(42.40%), less than 5 project with percentage (30.40%), (11-15 project) with
percentage (14.10%), (16-20 project) with percentage (3.30%) and more than
20 project with percentage (9.80%).
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(8) Type of executing projects:

Table 4.8 Type of executing projects

Valid Cumulative
Frequency |Percent [Percent Percent
Valid Residential building

: 35 38.0 38.0 38.0
projects
Infrastructure projects |39 42.4 42.4 80.4
Non Residential

o _ 18 19.6 19.6 100.0
building projects
Total 92 100.0 100.0
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45%
40%
35%
30%
25%
20%
15%
10%

5%

0%

Table 4.8 Type of executing projects
42.40%

19.60%

38%

Non Residential building Infrastructure projects  Residential building projects

projects

Figure 4.8 Type of executing projects

From table (4.8) and figure (4.8) we note that the type of work of most of the

individual’s study are (Infrastructure projects) with percentage (42.40%), this

indicates the most of attention to development in the field of Infrastructure

projects more than others.

4.3 The practice of apply risk management in Sudanese construction

project.

Table 4.9 Reliability Statistics of the tool study for Sector two:

NO | Questions Cronbach's
Alpha if Item
Deleted
Q1 | Sudanese construction companies are applying risk
0.861
management in their projects.
Q2 | There is risk management plan. 0.850
Q3 | Identify and define of risks which may face project. 0.855
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Q4 | There is risk responses plan. 0.850
Q5 | The responsible person is identified to remedy the
0.858
specific risk.
Q6 | There are specialized sections on costs and cash flow 0873
.87
accounts in construction companies.
Q7 | Contract parties have enough knowledge about type of
0.879
contracts and their consequences.
Q8 | The total project cost is estimated include cost of
0.860
reserves Contingency.
Q9 | The total project duration is estimated include schedule
0.858
reserves for risk.
Q10 | There is analysis for cash flow paths during execution
0.858

of projects.

Table 4.10 Reliability Statistics for Sector two

valitidy by
squared | Cronbach's| N of
islands Alpha Items
0.934 873 10

76




Reliability (Internal Consistency):

Table 4.10 above shows Cronbach’s alpha is 0.873, which does indicate a
questionable level of internal consistency for this sample of The practice of
apply risk management in Sudanese construction project. However, this could
reasonably be considered ‘good’ as it is fairly close to the range where alpha is

considered 0.7 < a < 0.9 Appendix 1 provides further test details.

Table (4.11) Q1 Sudanese construction companies are

applying risk management in their projects?

Valid |Cumulative|lmportance
Frequency|Percent| Percent | Percent index
Valid  Strongly
5 54 54 100.0
Agree
Agree 4 4.3 4.3 94.6
Sometimes 37 40.2 40.2 90.2
Disagree 17 18.5 18.5 50.0
Strongl
_ 4 29 315 315 31.5
Disagree
Total 3.65
92 100.0 | 100.0
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Sudanese construction companies are applying risk
management in their projects
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Figure 4.9 Sudanese construction companies are applying risk

management in their projects?

The above table 4.11 and figure 4.9 present if the Sudanese construction
companies are applying risk management in their projects, the results were as
follow: 5(5.4%) of the respondents were Strongly Agree, 4(4.30%) of the
respondents Agree, 37(40.2%) of the respondents Sometimes, 17(18.5%) of the
respondents Disagree and 29(31.5%) of the respondents Strongly Disagree.
From The above table 4.11 and figure 4.9 more than half of respondents (55.5%)
with important index (3.65) were respond that the Sudanese construction
companies are not applying risk management in their projects, and this indicate

there is lack of knowledge and experience of risk management.
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Table (4.12) Q2 There is risk management plan.

Valid Cumulative | Importance
Frequency| Percent | Percent Percent index
Valid Strongly Agree 5 5.4 5.4 100.0
Agree 8 8.7 8.7 94.6
Sometimes 28 30.4 30.4 85.9
Disagree 34 37.0 37.0 55.4
Strongl
] 4 17 18.5 18.5 18.5
Disagree
Total 3.55
92 100.0 100.0
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There is risk management plan in their projects
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Figure 4.10 There is risk management plan

The above table 4.12 and figure 4.10 present if the Sudanese construction
companies they have risk management plan in their projects, the results were as
follow: 5(5.4%) of the respondents were Strongly Agree, 8(8.7%) of the
respondents Agree, 28(30.4%) of the respondents Sometimes, 34(37%) of the
respondents Disagree and 17(18.5%) of the respondents Strongly Disagree.
50% of respondents with important index (3.55) were respond there is not risk
management plan in their projects, and this indicate there is lack of standards to
manage the risks.
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Table (4.13) Q3 Identify and define of risks which may face project.

Valid Cumulative | Importance

Frequency| Percent | Percent Percent index
Valid  Strongly Agree 7 7.6 7.6 7.6
Agree 20 21.7 21.7 29.3
Sometimes 40 43.5 43.5 72.8
Disagree 20 21.7 21.7 94.6
I?)tirs(;r;?z 5 5.4 5.4 100.0

Total 92 100.0 100.0 3

Identify and define of risks which may face

project

45 20
40
35
30
25 20 20
20
15
10 5 7

5 N

, I

Strongly Disagree Disagree Sometimes Agree Strongly Agree

Figure 4.11 Identify and define of risks which may face project.

The above table 4.13 and figure 4.11 present Identify and define of risks which

may face project, the results were as follow: 7(7.6%) of the respondents were
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Strongly Agree, 20(21.7%) of the respondents Agree, 40(43.5%) of the
respondents Sometimes, 20(21.7%) of the respondents Disagree and 5(5.4%) of

the respondents Strongly Disagree. with importance index (3).

Table (4.14) Q4 There is risk responses plan

Cumulative | Importance
Frequency | Percent |Valid Percent Percent index
Valid  Strongly Agree 6 6.5 6.5 6.5
Agree 4 4.3 4.3 100.0
Sometimes 24 26.1 26.1 75.0
Disagree 19 20.7 20.7 95.7
Strongly Disagree 39 42.4 42.4 48.9
Total 3.90
92 100.0 100.0

There is risk responses plan

45
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35
30
25
20
15

39

24
19

10 6
4
: ]
0 L
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Figure 4.12 There is risk responses plan
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The above table 4.14 and figure 4.12 present Identify and define of risks
which may face project, the results were as follow: 6(6.5%) of the respondents
were Strongly Agree, 4(4.3%) of the respondents Agree, 24(26.1%) of the
respondents Sometimes, 19(20.7%) of the respondents Disagree and
39(42.4%) of the respondents Strongly Disagree. with importance index
(3.90).

Table (4. 15) Q5 The responsible person is identified to remedy the

specific risk.
Valid Cumulative Importance
Frequency| Percent Percent Percent index
Valid  Strongl
d 5 54 54 54
Agree
Agree 16 17.4 17.4 22.8
Sometimes 38 41.3 41.3 64.1
Disagree 28 30.4 30.4 94.6
Strongl
) d 5 54 54 100.0
Disagree
Total 3.15
92 100.0 100.0
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Figure 4.13The responsible person is identified to remedy the specific risk.

The above table 4.15 and figure 4.13 present the responsible person is identified
to remedy the specific risk, the results were as follow: 5(5.4%) of the
respondents were Strongly Agree, 16(17.4%) of the respondents Agree,
38(41.4%) of the respondents Sometimes, 28(30.4%) of the respondents
Disagree and 5(5.4%) of the respondents Strongly Disagree. with importance
index (3.15).
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Table (4.16) Q6 There is specialized sections on costs and

cash flow accounts in construction companies.

Valid |Cumulative|importance
Frequency |Percent| Percent | Percent index
Valid Strongl
4 1 1.1 1.1 1.1
Agree
Agree 7 7.6 7.6 8.7
Sometimes 21 22.8 22.8 31.5
Disagree 47 51.1 51.1 82.6
Strongly
_ 16 17.4 17.4 100.0
Disagree
Total 3.75
92 100.0 | 100.0
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There are specialized sections on costs and cash
flow accounts in construction companies
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Figure 4.14 There is specialized sections on costs and cash flow accounts in

construction companies.

The above table 4.16 and figure 4.14 present There are specialized sections on
costs and cash flow accounts in construction companies, the results were as
follow: 1(1.2%) of the respondents were Strongly Agree, 7(7.6%) of the
respondents Agree, 21(22.8%) of the respondents Sometimes, 47(51.1%) of the
respondents Disagree and 16(17.4%) of the respondents Strongly Disagree. with

importance index (3.75)

Table (4.17) Q7 Contract parties have enough knowledge about type of contracts and

their consequences.
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. Importance
Cumulative P
. index
Frequency | Percent |Valid Percent Percent
Valid Strongly Agree 2 2.2 2.2 2.2
Agree 10 10.9 10.9 13.0
Sometimes 27 29.3 29.3 42.4
Disagree 43 46.7 46.7 89.1
Strongly
) 10 10.9 10.9 100.0
Disagree
Total 3.55
92 100.0 100.0

Contract parties have enough knowledge about
type of contracts and their consequences

50
40

30

43
27
20
10 10
10
O O :
O [ |
Strongly Disagree Disagree Sometimes Agree Strongly Agree

Figure 4.15 Contract parties have enough knowledge about type of
contracts and their consequences.

The above table 4.17 and figure 4.15 Contract parties have enough knowledge

about type of contracts and their consequences, the results were as follow:
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2(2.2%) of the respondents were Strongly Agree, 10(10.9%) of the respondents
Agree, 27(29.3%) of the respondents Sometimes, 43(46.7%) of the respondents
Disagree and 10(10.9%) of the respondents Strongly Disagree. with importance
index (3.55).

Table (4.18) Q8 The total project cost is estimated include cost of

reserves Contingency.

Valid Cumulative | Importance
Frequency | Percent Percent Percent index
Valid  Strongl
d 4 4.3 4.3 4.3
Agree
Agree 27 29.3 29.3 33.7
Sometimes 28 30.4 30.4 64.1
Disagree 27 29.3 29.3 93.5
Strongl
] d 6 6.5 6.5 100.0
Disagree
Total 3.05
92 100.0 100.0
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The total project cost is estimated include cost of
reserves Contingency
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Figure 4.16 the total project cost is estimated include cost of reserves

Contingency.

The above table 4.18 and figure 4.16 the total project cost is estimated include
cost of reserves Contingency, the results were as follow: 4(4.4%) of the
respondents were Strongly Agree, 27(29.3%) of the respondents Agree,
28(30.4%) of the respondents Sometimes, 27(29.3%) of the respondents
Disagree and 6(6.5%) of the respondents Strongly Disagree. with importance
index (3.05).
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Table (4.19) Q9The total project duration is estimated include

schedule reserves for risk.

Valid Cumulative | Importance

Frequency| Percent Percent Percent index
Valid Strongly Agree 7 7.6 7.6 7.6
Agree 25 27.2 27.2 34.8
Sometimes 27 29.3 29.3 64.1
Disagree 27 29.3 29.3 93.5
Zti:;;?z 6 6.5 6.5 100.0

Total 92 100.0 100.0 3

30
25
20
15
10

Strongly Disagree

The total project duration is estimated include
schedule reserves for risk

6

27

Disagree

27

Sometimes

25

Agree

7

Strongly Agree

Figure 4.17 the total project duration is estimated include schedule

reserves for risk.
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The above table 4.19 and figure 4.17 the total project duration is estimated
include schedule reserves for risk, the results were as follow: 7(7.6%) of the
respondents were Strongly Agree, 25(27.2%) of the respondents Agree,
27(29.3%) of the respondents Sometimes, 27(29.3%) of the respondents
Disagree and 6(6.5%) of the respondents Strongly Disagree. with importance
index (3.05).

Table (4.20) Q10 There is analysis for cash flow paths during

execution of projects.

Valid Cumulative | Importance
Frequency| Percent Percent Percent index
Valid Strongly Agree 2 2.2 2.2 2.2
Agree 10 10.9 10.9 13.0
Sometimes 33 35.9 35.9 48.9
Disagree 40 435 43.5 92.4
Strongl
) d 7 7.6 7.6 100.0
Disagree
Total 3.45
92 100.0 100.0
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There is analysis for cash flow paths during
execution of projects
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Figure 4.18 There is analysis for cash flow paths during execution of

projects.

The above table 4.20 and figure 4.18 There is analysis for cash flow paths during
execution of projects, the results were as follow: 2(2.2%) of the respondents
were Strongly Agree, 10(10.9%) of the respondents Agree, 33(35.9%) of the
respondents Sometimes, 40(43.5%) of the respondents Disagree and 7(7.6%) of

the respondents Strongly Disagree. with importance index (3.45).

4.4 Risk factors which have effects on time and cost performance in

construction projects in khartoum state.

4.4.1 Probability, impact and Importance Index of Risk factors related to

contractors:

Evaluation the impact of contractor's risk factors on time performance:
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Table 4.21 Probability of contractor’s risk factors, Cronbach's Alpha and

Importance Index

Cronbach's Importa
ID | Risk factors 1] 2] 3| & 5| Deleted Index
Decrease in
.. 0.607
R1 [ productivity of workers 8| 12| 17| 22| 33 3.65
lack on main resource
0.739
R2 of contractor 25| 13| 20| 14| 20 2.90
Bad understanding for
_ 0.658
R3 contract items. 30| 25| 20| 12 5 2.32
Shortage of contractors'
experience and 0.749
R4 technical skills 27 22| 16| 15| 12 2.60
Financial failure of the
0.839
R5 contractor 11 27 21| 12| 21 3.05
Financial failure of
] 0.607
R6 | supplier /subcontractor 9| 30| 25( 11| 17 2.97
Shortage of
subcontractors'
_ 0.539
experience and
R7 technical skills 45| 30 5 5 7 1.90
R8 | Technology changes 36| 33| 15 5 3 0.658 1.98
The scope of work for
the contractor is not 0.749
R9 | well defined 111 29| 22| 12| 18 2.97
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R10

Ambiguous planning
due to project

complexity

30

10

15

0.839

2.99

R11

Poor resource

management

14 31

24

13

10

0.707

2.72

R12

Occurrence of
accidents due to poor

safety procedure

23

29

35

0.639

4.00

R13

Non-compliance with
building codes and

regulations

40 33

15

0.558

1.83

Table 4.22 Reliability Statistics test of contractor's Probability risk

factors
Cronbach's
Alpha Based
on
Cronbach's Standardized
Alpha? Items N of Items
0.781 0.610 13
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Reliability (Internal Consistency):

Table 4.22 above shows Cronbach’s alpha is 0.781, which does indicate a
questionable level of internal consistency for this sample of Probability of
contractor's risk factors. However, this could reasonably be considered ‘good’
as it is fairly close to the range where alpha is considered 0.7 < o < 0.9 Appendix

1 provides further test details.

The risk factors on bellow tables were rank according to their Importance

Index (of probability / Impact) from highest to lowest.

Table 4.23 ranking of contractor’s risk factors probabilities (on time)

Importance | probability
ID Index scale
Risk Factors related to contractors
R12 4.00 High
R1 3.65 High
R5 3.05 High
R10 2.99 Medium
R6 2.97 Medium
R9 2.97 Medium
R2 2.90 Medium
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R11 2.72 Medium
R4 2.60 Medium
R3 2.32 Medium
R8 1.98 Low
R7 1.90 Low
R13 1.83 Low

Table 4.24 ranking of contractor's risk factors impacts (on time)

Importance

ID Index Impact scale

Risk Factors related to contractors

R1 4.08 Very High
R2 4.08 Very High
R4 4.08 Very High
R5 4.08 Very High
R10 4.08 Very High
R8 4.05 Very High
R3 3.05 High

R9 3.05 High
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R6 2.97 Medium
R7 1.90 Low
R11 1.90 Low
R13 1.66 Low
R12 1.64 Low
Impacts
Probabilities | Very Low | Low Medium | High | Very High
Very High
High R12
Medium R6 R9,R3
Low
Very Low

Figure 4.19 risk matrix to evaluate the impact of contractor's risk factors

on time performance

The results in figure (4.19) show that R1(Decrease in productivity of
workers), R5(Financial failure of the contractor), R10(Ambiguous
planning due to project complexity), R2 (lack on main resource of
contractor), R4(Shortage of contractors' experience and technical skills)

and R8(Technology changes) are requires the most attention ,further
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analysis, including quantification, and aggressive risk management (an

Immediate response).

e The results in figure (4.19) show that R9 (The scope of work for the
contractor is not well defined), R3 (Bad understanding for contract
items), R6 (Financial failure of supplier /subcontractor) and R12
(Occurrence of accidents due to poor safety procedure) are requires a

good amount of attention, should be put on the watch list

e The results in figure (4.19) show that R7 (Shortage of subcontractors'
experience and technical skills), R11 (Poor resource management) and
R13(Non-compliance with building codes and regulations) are requires

less attention to be paid, should be put on the watch list.

Evaluation the impact of contractor's risk factors on cost performance:

The risk factors on bellow tables were rank according to their Importance Index

(of probability / Impact) from highest to lowest.

Table 4.25 ranking of contractor's risk factors probabilities (on cost)

Importance | probability

ID Index scale

Risk Factors related to contractors

R12 4.00 High
R1 3.65 High
R5 3.05 High

98



R10 2.99 Medium
R6 2.97 Medium
R9 2.97 Medium
R2 2.90 Medium
R11 2.72 Medium
R4 2.60 Medium
R3 2.32 Medium
R8 1.98 Low

R7 1.90 Low

R13 1.83 Low

Table 4.26 ranking of contractor’s risk factors impacts (on cost)

Importance

ID Index Impact scale

Risk Factors related to contractors

R11 4.20 Very High
R9 4.08 Very High
R1 3.88 High

R3 3.34 High
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RS 3.11 High
R2 3.00 Medium
R8 3.00 Medium
R6 2.90 Medium
R10 2.89 Medium
R4 2.57 Medium
R7 1.91 Low
R12 1.83 Low
R13 1.82 Low
Impacts
Probabilities | Very Low Very High
Very High
High
Medium R10,R6,R2,R4
Low R8
Very Low

Figure 4.20 risk matrix to evaluate the impact of contractor's risk factors

on cost performance

e The results in figure (4.20) show that R1 (Decrease in productivity of

workers), R5 (Financial failure of the contractor), R9 (The scope of work
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for the contractor is not well defined), R11 (Poor resource management)
are requires the most attention, further analysis, including quantification,

and aggressive risk management (an immediate response).

The results in figure (4.20) show that, R3 (Bad understanding for
contract items), R10 (Ambiguous planning due to project complexity),
R6 (Financial failure of supplier /subcontractor), R2 (lack on main
resource of contractor), R4(Shortage of contractors' experience and
technical skills) and R8(Technology changes) and R12 (Occurrence of
accidents due to poor safety procedure) are requires a good amount of

attention, should be put on the watch list.

The results in figure (4.20) show that R7 (Shortage of subcontractors'’
experience and technical skills), and R13 (Non-compliance with building
codes and regulations) are requires less attention to be paid, should be put

on the watch list.

4.4.2 Probability, impact and Importance Index of Factors related to

consultant:

Evaluation the impact of consultant's risk factors on time performance:

Table (4.27) Probability of consultant's risk factors and Cronbach's
Alpha

Probability level
Importance

Risk factors 1 2 3 4 5 Index
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Cronbach's
Alpha if
Item Deleted
Shortage of
consultants' experience 0.658
R14 | and technical skills 21 9| 16| 18| 47 4,08
Delay from consultant
to approve executed 0.818
R15 works 30| 17| 24| 13 8 2.48
poor communication
between involved 0.687
R16 | parties 29| 18| 19( 17| 9 2.55
Materials not
conforming to 0.821
R17 | specifications 40 33| 15| 2| 2 1.84
Unethical practices of
0.709
R18 | consultant 39| 34| 16 21 1 1.83
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Table (4.28) Reliability Statistics
of consultant's Probability risk

factor

Cronbach's
Alpha
Based on
Cronbach's |Standardize| No of
Alpha? d Items? Items

0.791. 0.627 3)

Reliability (Internal Consistency):

Table 4.28above shows Cronbach’s alpha is 0.791, which does indicate a
questionable level of internal consistency for this sample of Probability of
consultant's risk factors. However, this could reasonably be considered ‘good’
as it is fairly close to the range where alpha is considered 0.7 < a. < 0.9 Appendix

1 provides further test details.

The risk factors on bellow tables were rank according to their Importance

Index (of probability / Impact) from highest to lowest.
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Table (4.29) ranking of consultant's risk factors probabilities (on time)

Risk factors related to consultant
Importance
ID Index probability scale
R14 4.08 Very High
R15 2.48 Medium
R16 2.55 Medium
R17 1.84 Low
R18 1.83 Low

Table (4.30) ranking of consultant's risk factors (on time) impacts

Risk factors related to consultant
Importance

ID Index Impact scale
R16 2.49 Medium
R15 2.46 Medium
R17 1.78 Low

R14 1.72 Low

R18 1.72 Low
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Impacts

Probabilities | Very Low Low Medium High Very High

Very High R14

High

Medium R15,R16

Low

Very Low

Figure 4.21 risk matrix to evaluate the impact of consultant’s risk factors

on time performance

e The results in figure (4.21) show that, R15 (Delay from consultant to
approve executed works), R16 (poor communication between involved
parties), R14 (Shortage of consultants' experience and technical skills)

are requires a good amount of attention, should be put on the watch list.

e The results in figure (4.21) show that R17 (Materials not conforming to
specifications) and R18 (Unethical practices of consultant) are requires

less attention to be paid, should be put on the watch list.
Evaluation the impact of consultant's risk factors on cost performance:

The risk factors on bellow tables were rank according to their Importance Index

(of probability / Impact) from highest to lowest.

Table (4.31) ranking of consultant's risk factors probabilities (on cost)
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Risk factors related to consultant
Importance
ID Index probability scale
R14 4.08 Very High
R15 2.48 Medium
R16 2.55 Medium
R17 1.84 Low
R18 1.83 Low

Table (4.32) ranking of consultant's risk factors impacts (on cost)

Risk factors related to consultant
Importance
ID Index Impact scale
R17 3.95 High
R16 1.88 Low
R15 1.87 Low
R14 1.83 Low
R18 1.83 Low
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Probabilities Impacts

Very Low | Low Very High

Very High

High

Medium

Low

Very Low

Figure 4.22 risk matrix to evaluate the impact of consultant’s risk factors

on cost performance

e The results in figure (4.22) show that R14 (Shortage of consultants'
experience and technical skills) and R17 (Materials not conforming to
specifications) are requires a good amount of attention, should be put on
the watch list.

e The results in figure (4.22) show that R15 (Delay from consultant to
approve executed works), R16 (poor communication between involved
parties) and R18 (Unethical practices of consultant) are requires less

attention to be paid, should be put on the watch list.
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4.4.3 Probability, impact and Importance Index of Factors related to

designer:

Evaluation the impact of designer’s risk factors on time performance:

Table (4.33) Probability of designer’s risk factors and Cronbach's Alpha

Cronbach'
Probability level s Alpha if
Item Importan
ID | Risk factors 11 2| 3 4 5| Deleted ce Index
R19 Design mistake 1413126 13 8 0.641 2.67
R20 | Design complexity 40 25(24| 1 2 0.801| 1.91
R21 | Lack/shortage of design | 2| 9|16| 19| 46 0.716 | 4.07

Table (4.34) Reliability Statistics of

designer’s risk factors

Cronbach's
Alpha Based
on
Cronbach's | Standardized | No of
Alpha Items? Items

0.843 0.712 3
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Reliability (Internal Consistency):

Table 4.34 above shows Cronbach’s alpha is 0.843, which does indicate a
questionable level of internal consistency for this sample of Probability of
designer's risk factors. However, this could reasonably be considered ‘good’ as
it is fairly close to the range where alpha is considered 0.7 < o < 0.9 Appendix

3 provides further test details.

The risk factors on bellow tables were rank according to their Importance Index

(of probability / Impact) from highest to lowest.

Table (4.35) ranking of designer’s risk factors probabilities (on time)

Risk factors related to designer
Importance
ID Index probability scale
R21 4.07 Very High
R19 2.67 Medium
R20 1.91 Low
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Table (4.36) ranking of designer’s risk factors impacts (on time)

Risk factors related to designer
Importance
ID Index Impact scale
R20 4.10 Very High
R19 2.68 Medium
R21 2.45 Low
Impacts

Probabilities | Very Low | Low Medium High | Very High
Very High R21
High
Medium R19
Low
Very Low

Figure 4.23 risk matrix to evaluate the impact of designer's risk factors

on time performance

e Theresults in figure (4.23) show that R20 (Complex of design) is requires
the most attention, further analysis, including quantification, and

aggressive risk management (an immediate response).
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e The results in figure (4.23) show that, R19 (Design mistake) and (Lack /
shortage of design) are requires a good amount of attention, should be put

on the watch list
Evaluation the impact of designer's risk factors on cost performance:

The risk factors on bellow tables were rank according to their Importance

Index (of probability / Impact) from highest to lowest

Table (4.37) ranking of designer’s risk factors probabilities (on cost)

Risk factors related to designer
Importance
ID Index probability scale
R21 4.07 Very High
R19 2.67 Medium
R20 1.91 Low

Table (4.38) ranking of designer’s risk factors impacts (on cost)

Risk factors related to designer
Importance
ID Index Impact scale
R19 2.67 Medium
R20 2.14 Medium
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2.00

Medium

Probabilities

Impacts

Very High

High

Medium

Low

Very Low

Very Low

Low

Medium

R21

High

Very High

Figure 4.24 risk matrix to evaluate the impact of designer’s risk factors on cost

performance

e The results in figure (4.24) show that, R19 (Design mistake), R20

(Complex of design) and R21 (Lack / shortage of design) are requires a

good amount of attention, should be put on the watch list.

4.4.4 Probability, impact and Importance Index of Factors related to client:

Evaluation the impact of client's risk factors on time performance:

Table (4.39) Probability of client's risk factors and Cronbach's Alpha

Cronbach's
Probability level Alpha if
Item Importance
ID | Risk factors 1 2 3| 4| 5| Deleted Index
Delay in payment from
yinpay 0.640
R22 | client 12 27 2111 21 3.02
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lack in financial resource 0772
R23 | of client 40 21| 20| 4| 7 ' 2.10
client required are not
0.871
R24 | clarified 3 9| 15| 18| 47 4.05
Change of Scope b
J peby 0.640
R25 | owner 40 35 14| 2| 1 1.79

Table (4.40) Reliability Statistics
of Probability for client's risk

factors

Cronbach's
Alpha
Based on
Cronbach's |Standardize| No of

Alpha d Items Items

0.927 0.760 4

Reliability (Internal Consistency):

Table 4.28above shows Cronbach’s alpha is 0.927, which does indicate a
questionable level of internal consistency for this sample of Probability of
client's risk factors. However, this could reasonably be considered ‘Excellent’
as it is fairly close to the range where alpha is considered o > 0.9Appendix 3

provides further test details.
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The risk factors on bellow tables were rank according to their Importance Index

(of probability / Impact) from highest to lowest.

Table (4.41) ranking of client's risk factors probabilities (on time)

Risk factors related to client
Importance
ID Index probability scale
R24 4.05 Very High
R22 3.02 High
R23 2.10 Medium
R25 1.79 Low

Table (4.42) ranking of client's risk factors Impact (on time)

Risk factors related to client
Importance
ID Index Impact scale
R22 4.10 Very High
R25 4.07 Very High
R23 3.05 High
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R24 ‘ 3.04 ‘ High ‘

Impacts

Probabilities | Very Low | Low Medium High | Very High

Very High

High

Medium R23

Low

Very Low

Figure 4.25 risk matrix to evaluate the impact of client's risk factors on

time performance

e Theresults in figure (4.25) show that R22 (Delay in payment from client),
R24 (client required are not clarified) and R25 (Change of Scope by
Owner) are requires the most attention, further analysis, including

guantification, and aggressive risk management (an immediate response).

e The results in figure (4.25) show that, R23 (lack in financial resource of
client) is requires a good amount of attention, should be put on the watch

list.
Evaluation the impact of client’s risk factors on cost performance:

The risk factors on bellow tables were rank according to their Importance Index

(of probability / Impact) from highest to lowest.

Table (4.43) ranking of client's probabilities risk factors (on cost)
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Risk factors related to client
Importance
ID Index probability scale
R24 4.05 Very High
R22 3.02 High
R23 2.10 Medium
R25 1.79 Low

Table (4.44) ranking of client's risk factors impacts (on cost)

Risk factors related to client
Importance
ID Index Impact scale
R25 4.04 Very High
R24 3.59 High
R22 1.86 Low
R23 1.79 Low
Probabilities Impacts
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Very Low Medium Very High

Very High

High

Medium

Low

Very Low

Figure 4.26 risk matrix to evaluate the impact of client's risk factors on

cost performance

e The results in figure (4.26) show that R24 (client required are not
clarified) and R25 (Change of Scope by Owner) are requires the most
attention, further analysis, including quantification, and aggressive risk

management (an immediate response).

e The results in figure (4.26) show that, R22 (Delay in payment from
client), is requires a good amount of attention, should be put on the watch

list.

e The results in figure (4.26) show that R23 (lack in financial resource of

client) is requires less attention to be paid, should be put on the watch list.

4.45 Probability, impact and Importance Index of Contractual risk
Factors:

Evaluation the impact of Contractual risk factors on time performance:
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Table (4.45) Probability of Contractual risk factors and Cronbach's

Alpha
Cronbach'
Probability level s Alpha if
Item Importanc
ID | Risk factors 1] 2 3| 4| 5| Deleted e Index
Errors in project
R2 | documents 2 0.871
6 | (invoices) 411 6| 11| 5| 9 2.08
Different
R2 | meanings of 2 0.873
7 | specifications 43| 0| 18| 4| 7 2.04
Not completing
R2 | information at the 2 0.790
8 tender stage 10| 5 21| 11| 25 3.17
R2 | Delayed disputes 2
0.737
9 resolutions 11 7| 21| 11| 22 3.07
R3 | Delayed disputes 2
0.601
0 resolutions 39| 6 11| 6] 10 2.15
R3 | Payment receiving 3
0.681
1 are not regular 14| 1| 24| 13| 10 2.72
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Table (4.46) Reliability Statistics
of Probability of Contractual

risk factors

Cronbach's
Alpha
Based on
Cronbach's |Standardize| N of

Alpha d Items Items

0.839 0.705 6

Reliability (Internal Consistency):

Table 4.46 above shows Cronbach’s alpha is 0.839, which does indicate a
guestionable level of internal consistency for this sample of Probability
Contractual risk factors. However, this could reasonably be considered ‘good’
as it is fairly close to the range where alpha is considered 0.7 < a < 0.9 Appendix

3 provides further test details.

The risk factors on bellow tables were rank according to their Importance Index

(of probability / Impact) from highest to lowest.

Table (4.47) ranking of Contractual risk factors probabilities (on time)

Contractual risk factors

R28 3.17 [High

R29 3.07 | High
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R31 2.72 Medium

R30 2.15 Medium
R26 2.08 Medium
R27 2.04 Medium

Table (4.48) ranking of Contractual risk factors impacts (on time)

Contractual risk factors
R28 3.17 High
R30 3.05 High
R26 3.04 High
R29 2.72 Medium
R31 2.72 Medium
R27 2.04 Medium

Impacts

Probabilities | Very Low Low [ Medium High Very High
Very High
High R29
Medium R31,R27 R30,R26

Low
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o N |

Figure 4.27 risk matrix to evaluate the impact of Contractual risk factors

on time performance

The results in figure (4.27) show that R28 (Not completing information
at the tender stage) is requires the most attention, further analysis,
including quantification, and aggressive risk management (an immediate

response).

The results in figure (4.27) show that R30 (Delayed disputes resolutions),
R26 (Errors in project documents (invoices)), R31 (Payment receiving
are not regular), R27 (Different meanings of specifications) and R29
(Delayed disputes resolutions) requires a good amount of attention,

should be put on the watch list.

Evaluation the impact of Contractual risk factors on cost performance:

The risk factors on bellow tables were rank according to their Importance Index

(of probability / Impact) from highest to lowest.

Table (4.49) ranking of Contractual risk factors probabilities (on cost)

Contractual risk factors
Importance
ID Index probability scale
R28 3.17 High
R29 3.07 High
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R31 2.72 Medium

R30 2.15 Medium

Table (4.50) ranking of Contractual risk factors impacts (on cost)

Contractual risk factors

Importance
ID Index Impact scale
R28 3.17 High
R31 2.72 Medium
R30 2.15 Medium
R26 2.08 Medium

122



Impacts

Very Very
Probabilities | Low Low | Medium High High

Very High

High R29

Medium R31,R30,R26.R27

Low

Very Low

Figure 4.28 risk matrix to evaluate the impact of Contractual risk factors

on cost performance

e The results in figure (4.28) show that R28 (Not completing information
at the tender stage) is requires the most attention, further analysis,
including quantification, and aggressive risk management (an immediate

response).

e The results in figure (4.28) show that R30 (Delayed disputes resolutions),
R26 (Errors in project documents (invoices)), R31 (Payment receiving
are not regular), R27 (Different meanings of specifications) and R29
(Delayed disputes resolutions) requires a good amount of attention,
should be put on the watch list.

4.4.6 Probability, impact and Importance Index of External risk Factors:
Evaluation the impact of External risk factors on time performance:
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Table (4.51) Probability of External risk factors and Cronbach's Alpha

Cronbach's
Probability level _
Alpha if
Item Importance
ID | Risk factors 1{ 2| 3| 4| 5| Deleted Index
New government
regulations and 0.587
R32 | legislation 41135114 1| 1 1.76
Non availability
of construction
manual and
0.562
procedure for
construction
R33 | projectinSudan |40| 33| 15| 2| 2 1.84
Financial
0.741
R34 | inflation 1|1 8| 13| 2149 4.18
Exchange rate
0.806
R35 | fluctuation 1| 6| 17| 22|46 4.15
Security
instability (e.g. 0.654
R36 demonstrations) 11| 27| 21| 11|22 3.07
R37 | Force Majeure 40 331 15| 3| 1 0.871 1.83
R38 | Bad weather 10| 27| 21| 11|23 0.708 3.11
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Table (4.52) Reliability Statistics
Probability of External risk

factors

Cronbach's
Alpha
Based on
Cronbach's |Standardize| N of

Alpha d Items Items

0.897 0.805 7

Reliability (Internal Consistency):

Table 4.52 above shows Cronbach’s alpha is 0.897, which does indicate a
questionable level of internal consistency for this sample of Probability of
External risk factors. However, this could reasonably be considered ‘good’ as it
is fairly close to the range where alpha is considered 0.7 < a. < 0.9 Appendix 3

provides further test details.

The risk factors on bellow tables were rank according to their Importance Index

(of probability / Impact) from highest to lowest.
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Table (4.53) ranking of External risk factors probabilities (on time)

External risk factors
Importance

ID Index probability scale
R34 4.18 Very High

R35 4.15 Very High

R38 3.11 High

R36 3.07 High

R33 1.84 Low

R37 1.83 Low

R32 1.76 Low

Table (4.54) ranking of External risk factors impacts (on time)

External risk factors
Importance
ID Index Impact scale
R34 4.22 Very High
R35 4.15 Very High
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R36 2.72 Medium
R38 2.50 Medium
R37 1.83 Low
R33 1.77 Low
R32 1.72 Low
Impacts
Probabilities | Very Low | Low Medium | High Very High
Very High
High R38,R36
Medium
Low
Very Low

Figure 4.29 risk matrix to evaluate the impact of External risk factors on

time performance

e The results in figure (4.29) show that R34 (Financial inflation) and R35

(Exchange rate fluctuation) are requires the most attention, further
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analysis, including quantification, and aggressive risk management (an

Immediate response).

e The results in figure (4.29) show that, R38 (Bad weather) and R36
(Security instability (e.g. demonstrations)) are requires a good amount of

attention, should be put on the watch list.

e The results in figure (4.29) show that R33 (Non availability of
construction manual and procedure for construction project in Sudan),
R37 (Force major) and R32 (New government regulations and
legislation) are requires less attention to be paid, should be put on the

watch list.

Evaluation the impact of External risk factors on cost performance:

The risk factors on bellow tables were rank according to their Importance Index

(of probability / Impact) from highest to lowest.

Table (4.55) ranking of External risk factors probabilities (on cost)

External risk factors
Importance
ID Index probability scale
R34 4.18 Very High
R35 4.15 Very High
R38 3.11 High
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R36 3.07 High

R33 1.84 Low
R37 1.83 Low
R32 1.76 Low

Table (4.56) ranking of External risk factors impacts (on cost)

External risk factors
Importance

ID Index Impact scale
R34 4.17 Very High
R35 4.14 Very High
R37 411 Very High
R38 2.15 Medium
R33 1.84 Low
R36 1.79 Low
R32 1.78 Low
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Impacts

Probabilities | Very Low Low Medium | High Very High

Very High

High R36 R38

Medium

Low

Very Low

Figure 4.30 risk matrix to evaluate the impact of External risk factors on

time performance

e The results in figure (4.30) show that R34 (Financial inflation), R35
(Exchange rate fluctuation) and R37 (Force major) are requires the most
attention, further analysis, including quantification, and aggressive risk

management (an immediate response).

e The results in figure (4.30) show that, R38 (Bad weather) and R36
(Security instability (e.g. demonstrations)) are requires a good amount of

attention, should be put on the watch list.

e The results in figure (4.30) show that R33 (Non availability of
construction manual and procedure for construction project in Sudan),
and R32 (New government regulations and legislation) are requires less

attention to be paid, should be put on the watch list.
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4.5 Risk Responses strategies which were applied in construction projects
in Khartoum state.

4.5.1 Importance Index of Preventive action:

Table (4.57) Preventive action

Strategy Strongly ) . Strongly | Importance
Phrase Agree Sometimes | Disagree . .
No Agree Disagree | index

Preventive action

Utilize quantitative or 7 10 17 33 25 2.36
Strategy | qualitative risk
1 analysis techniques for

accurate time estimate 7.61% | 10.8% 18.48% 35.8% 27.17%

Depend on subjective 35 24 18 10 5 3.80
Strategy | .
) judgment on produce a

proper program 38.0% [ 26.0% 19.57% 10.8% 5.43%

Make cost reserve to 2 5 19 26 40 1.95

meet the expected risks
Strategy . L .
3 (identified in the risk

register) and the

unexpected. 2.17% | 5.43% 20.65% 28.2% 43.48%

Consciously adjust for 6 15 25 33 13 2.65
Strategy . .
A bias risk premium to

time estimation 6.52% | 16.3% 27.17% 35.8% 14.13%
Strategy Transfer or share risk 12 25 32 19 4 3.24
5 to/ with other parties

13.0% | 27.1% 34.78% 20.6% 4.35%
Strategy Refer to previous and 16 28 36 8 4 3.48
6 ongoing similar
17.3% | 30.4% 39.13% 8.70% 4.35%
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projects for accurate

program

Produce a proper 5 21 44 19 3 3.07
Strategy | schedule by getting
7 updated project

information 5.43% 22.8% 47.83% 20.65% 3.26%

Expert systems 4 11 18 39 20 2.35

(including software

packages, decision
Strategy

6 support systems,

computer-based
analysis techniques
such as @Risk 4.35% | 11.96% 19.57% 42.39% 21.74%

Table (4.58) Reliability Statistics

Preventive action

Cronbach's
Alpha
Based on
Cronbach's |Standardize| N of

Alpha d Items Items

0.822 0.677 8

Table 4.58 above shows Cronbach’s alpha is 0.822, which does indicate a
questionable level of internal consistency for this sample of Preventive action.
However, this could reasonably be considered ‘good’ as it is fairly close to the
range where alpha is considered 0.7 < o < 0.9 Appendix 3 provides further test
details.
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50
45 Preventive action
40
35

30

25
20
15
; | | ‘
I 1

Strategy 1  Strategy 2  Strategy 3  Strategy4 Strategy5 Strategy 6 Strategy 7 Strategy 8

Frequencies

B Strongly Disagree Disagree ® Sometimes Agree W Strongly Agree
Figure 4.31 Preventive action

The above table 4.58 and figure 4.31 present Preventive actions, the results were

as follow:

o Strategyl (Utilize quantitative or qualitative risk analysis techniques for
accurate time estimate) 7(7.61%) of the respondents were Strongly
Agree, 10(10.8%) of the respondents Agree, 17(18.48%) of the
respondents Sometimes, 33(35%) of the respondents Disagree and

25(27.17%) of the respondents Strongly Disagree.

o Strategy2 (Depend on subjective judgment on produce a proper program)
35(38%) of the respondents were Strongly Agree, 24(26%) of the
respondents Agree, 18(19.57%) of the respondents Sometimes,
10(10.8%) of the respondents Disagree and 5(5.43%) of the respondents
Strongly Disagree.
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Strategy3 (Make cost reserve to meet the expected risks (identified in the
risk register) and the unexpected) 2(2.17%) of the respondents were
Strongly Agree, 5(5.43%) of the respondents Agree, 19(20.56%) of the
respondents Sometimes, 26(28.2%) of the respondents Disagree and

40(43.48%) of the respondents Strongly Disagree.

Strategy4 (Consciously adjust for bias risk premium to time estimation)
6(6.52%) of the respondents were Strongly Agree, 15(16.30%) of the
respondents Agree, 25(27.17%) of the respondents Sometimes,
33(35.80%) of the respondents Disagree and 13(14.13%) of the

respondents Strongly Disagree.

Strategy5 (Transfer or share risk to/ with other parties) 12(13%) of the
respondents were Strongly Agree, 25(27.1%) of the respondents Agree,
32(34.78%) of the respondents Sometimes, 19(20.60%) of the
respondents Disagree and 4(4.35%) of the respondents Strongly

Disagree.

Strategy6 (Refer to previous and ongoing similar projects for accurate
program) 16(17.3%) of the respondents were Strongly Agree,
28(30.40%) of the respondents Agree, 36(39.13%) of the respondents
Sometimes, 8(8.70%) of the respondents Disagree and 4(4.35%) of the

respondents Strongly Disagree.
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Strategy7 (Produce a proper schedule by getting updated project
information) 5(5.43%) of the respondents were Strongly Agree,
21(22.80%) of the respondents Agree, 44(47.83%) of the respondents
Sometimes, 19(20.56%) of the respondents Disagree and 3(3.26%) of the

respondents Strongly Disagree.

Strategy8 (Expert systems including software packages, decision support
systems, computer-based analysis techniques such as @Risk) 4(4.35%)
of the respondents were Strongly Agree, 11(11.96%) of the respondents
Agree, 18(19.57%) of the respondents Sometimes, 39(42.39%) of the
respondents Disagree and 20(21.74%) of the respondents Strongly

Disagree.
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Figure 4.32 Importance index Preventive actions

According to the survey result in (figure 4.32) respondents show the most
used Preventive method is usually depending on subjective judgment on
produce a proper program is most effective risk Preventive Actions with
importance index (3.80). Judgment or subjective probability uses the experience
gained from similar projects undertaken in the past by the decision maker to
decide on the likelihood of risk exposure and the outcomes. Judgment and
experience gained from previous contracts may become the most valuable
information source for the use when there limited time for preparing the project
program. Construction, however, is subjected to a dynamic environment, that is
why risk managers must constantly strive to improve their estimates. Even with
the near perfect estimates, decision making about risk is difficult task. Thus
depending only on experience subjective judgment may not be enough, and

updated project information should be obtained and applied.

Refer to previous and ongoing similar projects for accurate program with

importance index (3.48) was recommended by the practitioners to be an
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effective Preventive method. Consequently, Transfer or share risk to/ with other
parties and Produce a proper schedule by getting updated project information to
be effective risk preventive method with importance index (3.24) and (3.07)
consequently. Yet, this result was expected since taking into consideration such
as risk premiums would increase the price bid and would consequently decrease
the probability of gaining the bid due to highly competitive Sudan construction

market.

Utilize quantitative or qualitative risk analysis techniques for accurate time
estimate, make cost reserve to meet the expected risks (identified in the risk
register) and the unexpected, Expert systems including software packages,
decision support systems, computer-based analysis techniques such as @Risk
and Consciously adjust for bias risk premium to time estimation were not
applicable well to be an effective Preventive method for reducing the effects of
risk on construction project. These result reflected insufficient knowledge and

experience of analysis techniques and difficulty of apply them.

4.4.2 Importance Index of Mitigative actions:
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Table (4.59) Mitigative actions

Strategy Strongly ) . Strongly | Importance
Phrase Agree [Sometimes | Disagree . .
No Agree Disagree | index
Mitigative actions
Increase manpower 4 8 38 26 16 2.54
Strategy 1 | and/or equipment
4.35% | 8.70% 41.30% 28.26% 17.39%
Increase the working 3 9 40 23 15 2.52
Strategy 2 | hours
3.26% | 9.78% 43.48% 25.00% 16.30%
Change the sequence 28 34 22 6 2 3.87
Strategy 3 | of work by
overlapping activities 30.43% | 36.96% 23.91% 6.52% 2.17%
Coordinate closely 27 30 21 9 5 3.71
Strategy 4 | \ith subcontractors
29.35% | 32.61% 22.83% 9.78% 5.43%
Close supervision to 25 33 28 4 2 3.82
subordinates for
Strategy 5 L .
minimizing abortive
work 27.17% | 35.87% 30.43% 4.35% 2.17%

Table (4.60) Reliability Statistics

of Mitigative actions

Cronbach's
Alpha
Based on
Cronbach's |Standardize| N of
Alpha d Items Items
0.780 0.609 5
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Table 4.60 above shows Cronbach’s alpha is 0.780, which does indicate a
questionable level of internal consistency for this sample of Mitigative actions.
However, this could reasonably be considered ‘good’ as it is fairly close to the
range where alpha is considered 0.7 < a. < 0.9 Appendix 3 provides further test

details.
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B Strongly Disagree Disagree B Sometimes Agree  H Strongly Agree
Figure 4.33 Mitigative actions

The above table 4.10 and figure 4.33 present Mitigative actions, the results were

as follow:

o Strategyl (Increase manpower and/or equipment) 4(4.35%) of the
respondents were Strongly Agree, 8(8.70%) of the respondents Agree,
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38(41.30%) of the respondents Sometimes, 26(28.26%) of the
respondents Disagree and 16(17.39%) of the respondents Strongly

Disagree.

Strategy2 (Increase the working hours) 3(3.20%) of the respondents were
Strongly Agree, 9(9.78%) of the respondents Agree, 40(43.48%) of the
respondents Sometimes, 23(25%) of the respondents Disagree and

15(16.30%) of the respondents Strongly Disagree.

Strategy3 (Change the sequence of work by overlapping activities)
28(30.43%) of the respondents were Strongly Agree, 34(36.96%) of the
respondents Agree, 22(23.91%) of the respondents Sometimes, 6(6.52%)
of the respondents Disagree and 2(2.17%) of the respondents Strongly

Disagree.

Strategy4 (Coordinate closely with subcontractors) 27(29.35%) of the
respondents were Strongly Agree, 30(32.61%) of the respondents Agree,
21(22.83%) of the respondents Sometimes, 9(9.78%) of the respondents
Disagree and 5(5.43%) of the respondents Strongly Disagree.

Strategy5 (Close supervision to subordinates for minimizing abortive
work) 25(27.17%) of the respondents were Strongly Agree, 33(35.87%)
of the respondents Agree, 28(30.43%) of the respondents Sometimes,
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4(4.35%) of the respondents Disagree and 2(2.17%) of the respondents
Strongly Disagree.

5.00

Importance index of Mitigative actions
4.50

4.00

3.87
3.71 3.82
3.50
3.00
2.54 2.52
2.50
2.00
1.50
1.00

Strategy 1 Strategy 2 Strategy 3 Strategy 4 Strategy 5

B Importance index

Figure (4.34) relative importance index of Mitigative actions

According to the survey result in (figure 4.34) respondents show the most used
of five mitigative methods were Change the sequence of work by overlapping
activities, Close supervision to subordinates for minimizing abortive work and
Coordinate closely with subcontractors consequently, the number above the

column is relative importance index for each method.

And at the last using of mitigative methods were Increase manpower and/or

equipment and Increase the working hours.

141



142



CHAPTER YV

Conclusions and Recommendations



CHAPTER V

5.1 Introduction

This chapter was carried out to know how risk management is practiced in
Sudanese construction project. Furthermore, identify risk factors and evaluate
their impact on (time and cost) performance and known Risk Responses
strategies which were apply in construction project on Khartoum state. These
objective were brought out and some action that may improve risk management

Is practiced were recommended.

5.2Conclusions

1. From research result more than half of respondents (55.5%) with important
index (3.65) were respond that the Sudanese construction companies are not
applying risk management in their projects, and this indicate there is lack of
knowledge and experience of risk management. Project risk management is
a very complex and layered task, which has a significant impact on the
success of project goals. It is based on knowledge and experience and
communication and mutual understanding among stakeholders. Managing
risk is a difficult task that is avoided or performed with a minimal effort by
individuals, and this often results in delays and losses.

2. 50% of respondents with important index (3.55) were respond there is not
risk management plan in their projects, and this indicate there is lack of
standards to manage the risks. An initial step towards quality risk
management involves adopting a traditional approach and the use of
standards, such as PMBoK and ISO 31000, which provide a stable
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framework and precise steps such that managers can gain the experience
and knowledge necessary to progress towards the application of the holistic
approach.

Risk management in both construction business and construction projects
should be part of the organizational culture. This would allow its
development and implementation and to become a standard for planning
and implementation of projects. Important part of this is to generate an
effective management of knowledge to have a system, which can keep the
lessons learned so that they can be spread and reused in future projects.
Having the proper channels of communication between project parties for
risk management is also imperative as well as training on this topic.

. From research result more than half of respondents (57.6%) were respond
that Contract parties have not enough knowledge about type of contracts
and their consequences. risk analysis and management are important part of
the decision-making process in construction industry. To management the
risk effectively and efficiently, the contractor, consultant and client must
understand risk responsibilities, risk event conditions, risk preference, and
risk management capabilities.

. Contractors are more willing to adopt the risk management concept
especially the identification process of risk management as a first step.

. Most of consulting firms and construction companies in Sudan have no idea
about the concept of risk management as managing tool; (2/3) of
respondents are not using (Expert systems including software packages,
decision support systems, computer-based analysis techniques such as
@Risk) which are helpful in monitoring and controlling of projects.

. Risk management does not really take additional time; rather, it saves huge

amounts of time and money on projects.
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8. About the research Hypothesis: (1) Risk factors are prevalent on all
construction projects in Khartoum state -Sudan., we identified about 38 risk
factors and respondents were apply the rate of probabilities occurrence of
this factors with average important index (2.72) which does indicate a
(Medium) probabilities occurrence for all factors and (42%) of this risk
factors have (High and Very High) probabilities occurrence , (2) Risk
factors affect cost and time performance of construction project
dramatically. respondents were applying the rate of the impact on time and
cost for this factors with average important index (2.89, 2.68 respectively)
which does indicate a (Medium) impact for all factors and (48%) of this risk
factors have (High) impact on time performance, and (34%) of this risk
factors have (Very High) impact on cost performance, (3) The affect of risk
factors can be under control if a proper risk management strategies are
applying. We can reduce the impact or probabilities of threats (negative
risks) and increase the impact or probabilities of opportunity (positive risks)
through effective management strategies and effective risk responses
strategies which are concluded from this research survey or recommended.

9. From research result the most risk factors which have highest effect on time
performance in construction project.

e Factors related to contractors

Decrease in productivity of workers, Financial failure of the contractor,

Ambiguous planning due to project complexity, lack on main resource of

contractor, Shortage of contractors' experience and technical skills and

Technology changes.

e Factors related to consultant

146



Delay from consultant to approve executed works, poor communication
between involved parties and Shortage of consultants' experience and technical
skills.

e Factors related to designer

Complex of design.

e Factors related to client
Delay in payment from client, client required are not clarified and Change of

Scope by Owner.

e Contractual risk Factors

Not completing information at the tender stage.

e External risk Factors

Financial inflation and Exchange rate fluctuation.

10. And the most risk factors which have highest effect on cost performance in
construction projects are
e Factors related to contractors
Decrease in productivity of workers, Financial failure of the contractor, the
scope of work for the contractor is not well defined and Poor resource

management.

e Factors related to consultant
Shortage of consultants' experience and technical skills and Materials not

conforming to specifications.

e Factors related to client
Client required are not clarified and Change of Scope by Owner.
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e Contractual risk Factors

Not completing information at the tender stage.

e External risk Factors

Financial inflation, Exchange rate fluctuation and Force major.

11. From research result the most preventive actions which were implemented
in Sudanese construction projects are: Depend on subjective judgment on
produce a proper program and Refer to previous and ongoing similar
projects for accurate program.

12. And the most Mitigative actions were: Change the sequence of work by
overlapping activities, Coordinate closely with subcontractors and Close

supervision to subordinates for minimizing abortive work

5.3 Recommendations:

5.3.1 Recommendations from study:

1. Contracting companies should compute and consider risk by adding cost
reserves contingence to quotation and schedule reserves to time
estimation. This trend has to be supported by organizations like Sudanese
Contractors Union, and other organizations concerned about the
construction industry.

2. Expert techniques are available such as @Risk system, which integrates
with time schedules and spread sheets software, should be learned and
applied obtain adequate risk estimation.

3. There is an essential need for more standardization and effective forms

of contract, which address issues of clarity, fairness, roles and

148



5.3.2

responsibilities of risks, dispute resolution and payment — this could be
done by adopting a standard form of contracts e.g. "FIDIC".
Contracting firms should compute and consider risk by adding the risk
factors before quotation and time estimation.

The design process is most important phase in the construction process,
so it should have more focus by clients.

Documentation work should be applied widely in the industry. In
addition, contractors and clients are requested to keep computerized
historical data of finished project. this may help in rights reservation and
to be an information source for future comparison.

Assign responsibility for risk mitigation activities, and monitor progress

through a formal tracking system e.g. "Email™.

Future recommendations

Study the effect of the previously identified risk factors into construction
project cash flow. This will be through the development of a probabilistic
model for cash flow prediction.

Study the impact of the previously identified risk factors into cost and
time performance on construction project but this will be through the
quantitative evaluation (case study) by use Expert systems (including
software packages, decision support systems, computer-based analysis

techniques such as @Risk).
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Sudan University of Science and Technology

College of graduate Studies — Civil Engineering

EVALUATING THE IMPACT OF RISK MANAGRMENT ON TIME AND COST

PERFORMANCE IN CONSTRUCTION PROJECT ON KHARTOUM STATE

e The aim of this study is to know how risk management is practiced in Sudanese

construction project, identify risk factors and evaluate their impact on (time and
cost) performance and known Risk Responses strategies which were apply in

construction project on Khartoum state.

Thank you for filling out this questionnaire to contribute to the achievement

of the objectives of this study in the hope that the benefit to all.

The information to be used will be used for scientific research purposes only.

For any queries, please do not hesitate to contact on tell: 0123987172



- Sector 1 (General Questions):
L. Name (Optional)......ouiiii e

2. The name of the company (Optional)............c.oviiiiiiiiiiiiiiieeeee e

1. Scientific qualification

diploma Bachelor Master PHD Other
(specify)

2. Category of work

Owner contractor consultativ Other
e (specify)

3. Type of business

Private Gov. Other
sector sector (specify)
4.Specified field
Civil architect Other
(specify)
5. Years of experience
Less than 5 5-10 11-15 16-20 More than

20

6. Years of experience in risk management

Less than 5 5-10 11-15 16-20 More than
20

7. The number of annual executive projects

Less than 5 5-10 11-15 16-20 More than
20

8.Type of executive projects

Residential Infrastructure Non Residential
building projects building projects
projects




Sector 2 The practice of apply risk management in Sudanese construction project.

Please indicate (\) the answer that represents your point of view accurately

NO

Phrase

Strongly
Agree

Agree

Some
times

Disagree

Strongly
Disagree

Sudanese
construction
companies are
applying risk
management in their
projects.

There is risk
management plan.

Identify and define
of risks which may
face project.

There is risk
responses plan.

The responsible
person is identified
to remedy the
specific risk.

There are
specialized sections
on costs and cash
flow accounts in
construction
companies.

Contract parties
have enough
knowledge about
type of contracts
and their
consequences.

The total project
cost is estimated
include cost of




reserves
Contingency.

The total project
duration is
estimated include
schedule reserves
for risk.

10

There is analysis for
cash flow paths
during execution of
projects.




Sector 3

Risk factors which have effects on time and cost performance in construction
projects in khartoum state.
Please indicate () the answer that represents your point of view
accurately

The bellow table can help you to determine the probabilities and impacts
for risk factors.

Risk probability or | Risk probability or
Impact level Impact scale
Very high 5
High 4
Medium 3
Low 2
Very Low 1




Time Performance

Cost Performance

NO Risk factors Risk probability Risk impact Risk probability Risk impact
11213 14(5(1]12(3(4 21314151123 |4
1 Factors related to contractors
1.1 Decrease in productivity of workers
1.2 lack on main resource of contractor
1.3 Bad understanding for contract items.
Shortage of contractors' experience and technical
1.4 skills
1.5 Financial failure of the contractor
1.6 Financial failure of supplier /subcontractor
Shortage of subcontractors' experience and technical
1.7 skills




1.8 Technology changes

The scope of work for the contractor is not well
1.9 defined

1.10 Ambiguous planning due to project complexity

111 Poor resource management

Occurrence of accidents due to poor safety
1.12 procedure

1.13 Non-compliance with building codes and regulations
) Factors related to consultant
Shortage of consultants' experience and technical
2.1 skills
2.2 Delay from consultant to approve executed works
2.3 poor communication between involved parties
2.4 Materials not conforming to specifications
2.5 Unethical practices of consultant
3 Factors related to designer

3.1 Design mistake

3.2 Design complexity

3.3 Lack / shortage of design




Factors related to client

4
4.1 Delay in payment from client
4.2 lack in financial resource of client
4.3 client required are not clarified
4.4 Change of Scope by Owner

5 Contractual factors
5.1 Errors in project documents (invoices)
5.2 Different meanings of specifications
5.3 Not completing information at the tender stage
5.4 Delayed disputes resolutions
55 Payment receiving are not regular

External factors
6.1 New government regulations and legislation
Non availability of construction manual and

6.2 procedure for construction project in Sudan
6.3 Financial inflation
6.4 Exchange rate fluctuation




6.5

Security instability (e.g. demonstrations)

6.6

Force Majeure

6.7

Bad weather




Sector 4: (Risk Responses strategies)

The below table contents some of Risk Responses strategies which were
apply in construction project on Khartoum state. Please indicate (\) the

answer that represents your point of view accurately

NO

Phrase

Strongly
Agree

Agree

Some
times

Disagree

Strongly
Disagree

Preventive
action

1.1

Utilize quantitative
or qualitative risk
analysis techniques
for accurate time
estimate

1.2

Depend on
subjective judgment
on produce a proper
program

1.3

Make cost reserve to
meet the expected
risks (identified in
the risk register) and
the unexpected.

1.4

Consciously adjust
for bias risk
premium to time
estimation

1.5

Transfer or share risk
to/ with other parties

1.6

Refer to previous
and ongoing similar
projects for accurate
program

1.7

Produce a proper
schedule by getting




updated project
information

1.8

Expert systems
(including software
packages, decision
support systems,
computer-based
analysis techniques
such as @Risk

Mitigative actions

2.1

Increase manpower
and/or equipment

2.2

Increase the working
hours

2.3

Change the sequence
of work by
overlapping
activities

2.4

Coordinate closely
with subcontractors

2.5

Close supervision to
subordinates for
minimizing abortive
work
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The second sector of questionnaire

Reliability Statistics of the tool study:

Item-Total Statistics

Scale Corrected |Cronbach's
Scale Mean [Variance if (Iltem-Total |Alpha if
if Item Item Correlation [ltem
Deleted Deleted person Deleted
Q1 28.0543 36.316 0.592 0.861
Q2 27.9348 35.468 0.716 0.850
Q3 27.4348 36.732 0.669 0.855
Q4 27.6522 35.966 0.722 0.850
Q5 27.2609 37.514 0.622 0.858
Q6 26.6304 40.411 0.407 0.873
Q7 26.8587 41.068 0.325 0.879
Q8 27.3478 37.196 0.601 0.860
Q9 27.3913 36.417 0.629 0.858
Q10 26.9565 38.064 0.639 0.858
Reliability Statistics
valitidy by
squared Cronbach's [N of
islands Alpha Items
0.934 0.873 10




The third sector of questionnaire

Factors related to contractors

Item-Total Statistics

Scale Cronbach's
Scale Mean (Variance if [Corrected |Alpha if
if Item Item Item-Total [ltem
Deleted Deleted Correlation |Deleted
R1 |216.0000 |115.667 0.771 0.607
R2 |218.6154 |194.090 0.820 0.739
R3 |211.6923 |289.731 0.358 0.658
R4 |206.4615 |779.603 0.877 0.749
R5 |211.0000 |1128.333 |0.964 0.839
R6 |216.0000 |115.667 0.771 0.607
R7 |218.6154 |194.090 0.820 0.539
R8 |211.6923 |289.731 0.358 0.658
R9 |206.4615 |779.603 0.877 0.749
R10 |211.0000 (1128.333 [0.964 0.839
R11 |216.0000 |115.667 0.771 0.707
R12 |218.6154 |194.090 0.820 0.639
R13 |211.6923 (289.731 0.358 0.558

Table 4.22 Reliability Statistics

Cronbach's

Alpha Based

on

Cronbach's| Standardized
Alpha? Items| N of Items
0.781 0.610 13




Factors related to consultant

Item-Total Statistics

Scale Cronbach's
Scale Mean (Variance if [Corrected |Alpha if
if ltem Item Item-Total [ltem
Deleted Deleted Correlation |Deleted
R14 [78.6000 15.300 0.254 0.658
R15 |81.6000 12.300 0.547 0.818
R16 [74.0000 13.500 0.354 0.687
R17 169.8000 18.700 0.542 0.821
R18 [64.0000 23.500 0.597 0.709
Table 4.28 Reliability Statistics
Cronbach's
Alpha
Based on
Cronbach's |Standardize |N of
Alpha? d Items? Items
0.791. 0.627 5
Factors related to designer
Item-Total Statistics
Scale Cronbach's
Scale Mean (Variance if [Corrected |Alpha if
if Iltem Item Item-Total [ltem
Deleted Deleted Correlation |Deleted
R21 29.6667 30.333 0.889 0.716
R20 |40.6667 35.333 0.877 0.801
R19 |33.0000 52.000 0.360 0.641




Reliability Statistics

Cronbach's
Alpha

Cronbach's
Alpha
Based on
Standardize
d Items?

N of
Items

0.843

0.712

3

Factors related to client:

Item-Total Statistics

Scale Mean
if Item
Deleted

Scale

Item

Variance if

Deleted

Corrected
Item-Total
Correlation

Cronbach's
Alpha if
Item
Deleted

R22
R23
R24
R25

49.2500
59.5000
50.7500
45.2500

56.250

148.333
374.250
756.250

0.356
0.427
0.355
0.448

0.640
0.772
0.871

0.640

Reliability Statistics

Cronbach's
Alpha

Cronbach's
Alpha
Based on
Standardize
d Items

No of
Items

0.927

0.760

4




Contractual factors:

Item-Total Statistics

Scale Cronbach's
Scale Mean (Variance if [Corrected |Alpha if
if Item Item Item-Total |ltem
Deleted Deleted Correlation |Deleted
R26 |101.8333 [79.767 0.321 0.871
R27 ]107.3333 |17.067 0.412 0.873
R28 198.0000 36.400 0.254 0.790
R29 189.8333 8.567 0.265 0.737
R30 189.3333 25.267 0.423 0.601
R31 92.0000 24.000 0.247 0.681
Reliability Statistics
Cronbach's
Alpha
Based on
Cronbach's |Standardize |N of
Alpha? d Items? Items
0.839 0.705 6




External risk Factors:

Item-Total Statistics

Scale Cronbach's
Scale Mean (Variance if [Corrected |Alpha if
if ltem Item Item-Total |Iltem
Deleted Deleted Correlation |Deleted
R32 |118.2857 |493.905 0.324 0.587
R33 |128.7143 |135.905 0.365 0.562
R34 |122.2857 |65.238 0.410 0.741
R35 |114.7143 |200.905 0.487 0.806
R36 |118.2857 |441.571 0.359 0.654
R37 |109.7143 |22.571 0.549 0.871
R38 |121.1429 |75.810 0.258 0.708
Reliability Statistics
Cronbach's
Alpha
Based on
Cronbach's |Standardize [N of
Alpha d Items Iltems
0.897 0.805 7




The fourth sector of questionnaire

Preventive action:

Item-Total Statistics

Scale Cronbach's
Scale Mean (Variance if [Corrected |Alpha if
if Item Item Item-Total |ltem
Deleted Deleted Correlation |Deleted
R1 |23.50000 [9.364 0.552 0.610
R2 ]23.75000 (10.932 0.549 0.629
R3 |23.08333 |11.720 0.353 0.665
R4 ]23.08333 [11.174 0.296 0.679
R5 [23.16667 |8.152 0.841 0.518
R6 |22.41667 |[13.538 0.267 0.743
R7 |22.50000 |10.091 0.595 0.608
R8 23.41667 [12.811 0.430 0.735
Reliability Statistics
Cronbach's
Alpha
Based on
Cronbach's |Standardize [N of
Alpha d Items Iltems
0.822 0.677 8




Mitigative actions:
Item-Total Statistics

Scale Cronbach's
Scale Mean (Variance if [Corrected |Alpha if
if ltem Item Item-Total [ltem
Deleted Deleted Correlation |Deleted
R1 ]14.7500 4.386 0.421 0.795
R2 |14.5833 4.083 0.540 0.887
R3 ]15.2500 4.386 0.267 0.601
R4 |15.1667 3.970 0.211 0.802
R5
14.5833 4.265 0.392 0.818
Reliability Statistics
Cronbach's
Alpha
Based on
Cronbach's |Standardize |N of
Alpha d Items Items
0.780 0.609 5




