CHAPTER ONE: Introduction

1.1 Background :

Construction, like all industries today, is looking to improve
business efficiencies. However it faces unique challenges due
to the complexity of construction projects. These complexities
create greater risks for inefficiencies than those faced by other
industries. Providing research into construction risk mitigation
is particularly critical in order to help the industry become more

successful in overcoming its challenges ™.

Risk Management (RM) is a concept which is used in all
industries, from IT related business, automobile or
pharmaceutical industry, to the construction sector. Each
industry has developed its own RM standards, but the general
ideas of the concept usually remain the same regardless of the
sector. According to the Project Management Institute (PMlI)
(2004), project risk management is one of the nine most critical
parts of project commissioning. This indicates a strong
relationship between managing risks and a project success.RM
is described as the most difficult area within construction

management ),

Risk is an uncertain event or condition that, if it occurs, has an
effect on at least one project objective. Objectives can include
scope, schedule, cost, and quality. Risk is defined as any action
or occurrence which will affect the achievement of project
objectives @,



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 if 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

Risks and uncertainties inherent in the construction industry
are more than any other industries. Many industries have
become more proactive about using risk management
techniques in project. However, with respect to the construction
industry, the same is not used commonly. Risk is an integral
component of any project. Risk is present in all projects
irrespective of their size or sector. No project is totally free from
risks. If risks are not properly analyzed and strategies are not
trained to deal with them, the project is likely to lead to

failures.
1.2 Project life cycle :

Each activity or process, regardless of the area of business
domain, has a beginning and an end. Similar concepts are used
in the engineering world to systemize projects over time. The
term project life cycle is used as a management tool to improve
a projects performance. The scope of life cycles differs among
industries and diverse terminology with a various number of
phases is used depending on the sectors. However, several
terms are often used within one particular sector even though a

number of phases can vary Y



Therefore, it is difficult to systemize and provide one common

scope and definition of a project life cycle.

The various forms of PLC frameworks described in the literature
are a result of variety of project types. For construction
projects, for instance, the PLC model can consist of eight
succeeding phases including pre-feasibility, feasibility, design,
contract/procurement, implementation, commissioning,
handover and operation %Y In contrast, other researchers
present a four stage as the most widely used framework, where
conceptualization, planning & Design , execution and closing
are the main phases.

The same authors in another publication make a further
division of each of the four phases into another number of
stages and steps. Such fragmentation of the activities provides
easier and more accurate potential risk identification and
makes risk management processes more effective **. Due to
the variety of project types, PLC requires adjustments and an
individual approach. A number of further stages within each
phase should be adjusted to a particular project depending on
its scope and structure. Since each project is unique, a
framework used in one project can turn out to be completely
inapplicable in another. Therefore the model, as the one
proposed by should be used as an example and not as
ready-made template.
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Figure 1.1 Project life cycle ©®

1.2.1 Conceptualization Phase :

« During the first of these phases, the conceptualization phase, the project
objective or need is identified; this can be a business problem or
opportunity. An appropriate response to the need is documented with
recommended solution options. A feasibility study is conducted to
investigate whether each option addresses the project objective and a final
recommended solution is determined. Issues of feasibility (“can we do the

project?”) and justification (“should we do the project?”) are addressed.

« Once the recommended solution is approved, a project is initiated to
deliver the approved solution and a project manager is appointed. The
major deliverables and the participating work groups are identified, and
the project team begins to take shape. Approval is then sought by the

project manager to move onto the detailed planning phase.

1.2.2 Planning & Design Phase



The next phase, the planning phase, is where the project solution is
further developed in as much detail as possible and the steps necessary to
meet the project’s objective are planned. In this step, the designer identify
all of the work to be done. The project’s tasks and resource requirements
are identified, along with the strategy for producing them. This is also
referred to as “scope management.” A project plan is created outlining the
activities, tasks, dependencies, and timeframes. The project manager
coordinates the preparation of a project budget by providing cost
estimates for the labor, equipment, and materials costs. The budget is
used to monitor and control cost expenditures during project

implementation.

Once the project team has identified the work, prepared the schedule, and
estimated the costs, the three fundamental components of the planning
process are complete. This is an excellent time to identify and try to deal
with anything that might pose a threat to the successful completion of the
project. This is called risk management. In risk management,
“high-threat” potential problems are identified along with the action that
is to be taken on each high-threat potential problem, either to reduce the
probability that the problem will occur or to reduce the impact on the
project if it does occur. This is also a good time to identify all project
stakeholders and establish a communication plan describing the
information needed and the delivery method to be used to keep the

stakeholders informed.

Finally, you will want to document a quality plan, providing quality
targets, assurance, and control measures, along with an acceptance plan,
listing the criteria to be met to gain customer acceptance. At this point,

the project would have been planned in detail and is ready to be executed



1.2.3. Implementation (Execution) Phase

During the third phase, the implementation phase, the project plan is put
into motion and the work of the project is performed. It is important to
maintain control and communicate as needed during implementation.
Progress is continuously monitored and appropriate adjustments are made
and recorded as variances from the original plan. In any project, a project
manager spends most of the time in this step. During project
implementation, people are carrying out the tasks, and progress
information is being reported through regular team meetings. The project
manager uses this information to maintain control over the direction of
the project by comparing the progress reports with the project plan to
measure the performance of the project activities and take corrective
action as needed. The first course of action should always be to bring the
project back on course (i.e., to return it to the original plan). If that cannot
happen, the team should record variations from the original plan and
record and publish modifications to the plan. Throughout this step,
project sponsors and other key stakeholders should be kept informed of
the project’s status according to the agreed-on frequency and format of
communication. The plan should be updated and published on a regular

basis.

Status reports should always emphasize the anticipated end point in terms
of cost, schedule, and quality of deliverables. Each project deliverable
produced should be reviewed for quality and measured against the
acceptance criteria. Once all of the deliverables have been produced and
the customer has accepted the final solution, the project is ready for

closure.

1.2.4 Closing Phase



During the final closure, or completion phase, the emphasis
is on releasing the final deliverables to the customer,
handing over project documentation to the business,
terminating supplier contracts, releasing project resources,
and communicating the closure of the project to all
stakeholders. The last remaining step is to conduct
lessons-learned studies to examine what went well and what
didn't. Through this type of analysis, the wisdom of
experience is transferred back to the project organization,

which will help future project teams.
1.3 Research problem

The management of risks is a central issue in the planning and
management of any venture. Construction industry is subject to
more risk and uncertainty than many other industries. The
process of taking a project from initial investment appraisal to
completion and into use is a complex process. Construction
industry in Sudan is suffering from the misunderstanding of risk
management including risk identification, analysis and
assessment, and that is why this research is important, where it
will discover the risk factors in the construction industry in
Sudan and determine the importance of each factors in terms
of severity and allocation.

1.4 Justification of the study

Risk management became an essential mission of the
construction industry projects. Taking into account that the
construction industry is considered one of the most risky
industries, it is important for the engineers to be aware of the
negative consequences that might result from lack of risk
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management, which in turn affect the submission of the project
on the planned time. Considering the unstable financial status
in Sudan, time factor plays an essential role since any delay in
the project submission will affect its cost.

Unfortunately, only few researchers have participated in
addressing the problem of risk factors affecting the
construction industry projects in Sudan. Therefore, this study
aims to identify these factors in order to mitigate the negative
consequences.

1.5 Research questions

In order to achieve the purpose, the following research
questions have been formulated to support the investigation:

- What are the risk factors affecting construction project in

Sudan?
- What are the roles of the project parties-consultant &

contractor- in managing project risks and mitigating its

impacts?
- What are the risk preventive methods which could be used

to avoid risk?
- Are there any local legislations or polices to mitigate risk

impact?
1.6 Research objectives

This research sets sights on introducing the risk management in
building projects from the engineers’ perspectives and
identifies key risk factors and their impacts on the projects.
1.6.1 General Objectives
« To increase the probability and impact of positive events,
and decrease the probability and impact of negative

events in the project.



1.6.2 Specific Objectives

- To identify the risk factors that might face the construction
projects and its impact.

- To assess engineers’ awareness about managing risk
factors before and through project implementation.

« To investigate the practices of risk management across
project organization of Sudan construction companies.

- To allocate the roles of the project parties in managing

different risk factors

To identify the preventive and metegitave methods before
and after project implementations in order to reduce the
possible future risks and maximizing Profitability.

1.7 Hypothesis

In order to conduct this research, certain hypothesis was
adopted such as:-

1. Problems are expected because of the lack of engineers’
knowledge and practice about risk factors management.

2. Risk management leads to achieve high productivity and
improve performance levels in construction companies.

3. Lack of legislation and policies are behind risk impact.

4. The short comings in playing contractual roles by the parties
increase the probability of risk impact.

1.8 Research Importance and limitation

This research is considered to be of an important effect on the

construction industry in Sudan. Being the cause is the current

situation of the industry. Projects end up with disputes,

conflicts between parties of the project, lack of quality and
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creep in project duration due that increase in the total cost of
the project thereby engineers should be more aware about
practicing of risk management.

1.9 Research Methodology

The study was conducted through several phases’ namely
theoretical part, data collection, data analysis results and
discussion, conclusions and recommendations.The theoretical
part conducted in order to provide the literature overview
about the construction project in general with the focus on
the risk management and identifying risk factors and the
relevant information from books, papers, previous researches
and websites related. Data collocation was collected by using
a self-administer questionnaire which was distributed to the

engineers in different firms.

Subsequently, chapter four showed results and discussion.
Finally the final recommendations are drawn up in the

conclusion section.

10



CHAPTER TWO: Literature Review

2.1 The nature of the construction industry

The nature of the construction projects makes the industry
unique in that the manufacturing facility or plant must move to
the construction site. There are many different descriptions of
the construction industry, drawn from different specialist
disciplines. This vagueness is compounded by the fact that the
construction involves such a wide range of activity that the
industry's external boundaries are also unclear ®. For example,
the term "construction" can include the erection, repair, and
demolition of things and diverse as houses, offices, shapes,
dames,...etc. Construction is difficult to

Comprehend fully because the relationships between the parts
are not always clear and the boundaries of the industry may be
characterized as:

- It is fragmented

- It is sensitive to economic cycles

- There are extraordinary diversity of professions, specialists
and suppliers

- It is largely affected by external environments. There is no other
industry that requires the proper application of business practices much as

construction industry. The many variables and complex relationships that exist
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between variables that must be considered in the process of building a
construction project necessitates sound business practices and decisions. The
coordination and use of many types of labor skills, materials and equipment that
are used to build a project require daily application of proper business practices
(Adrian, 1975). The variable environment surrounding the construction project
complicated decisions to be made concerning the use of labor, materials and

equipment. 4,

2.2 The Size of the Construction Industry

There is no doubt that construction is a key activity in any economy, it
influences and is influenced by the gross domestic product (GDP) of any nation
®), Construction industry is defined as a risky industry with uncertainties that
management has to deal with. A variety of external and internal factors
influencing the construction process are main reasons of this situation .

The construction industry is characterized by having many players of multiple
disciplines who are brought together at various stages throughout a single
project. Construction projects are complex and time-consuming undertakings.
The structure must be designed in accordance with applicable codes and
standards, culminating in working drawings and specifications that describe the
work in sufficient details for its accomplishment in the field (Clough,1986). The
construction projects have been divided into four main categories: residential
construction, building construction, heavy engineering construction and

industrial construction. ¥

2.3 Construction industry in Sudan

The Sudanese construction sector is characterized by many small and large

projects and high labor intensity; it is also highly dependent on public
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regulations and public investments. The Sudanese construction industry also

has a number of factories and material suppliers that provide building

materials and specialist fittings. The scope of Sudanese construction industry

is very wide, includes residential construction, building construction of

commercial, irrigation, roads, tunnels, transportation, facility building, and

heavy engineering construction refer to infrastructure construction and

industrial construction. The construction sector is an important to the Sudan

economy; the construction sector accounted for 3.2% of the country’s GDP in

2009 and grew by about 10% in 2010 in nominal terms, according to the

Central Bank of Sudan .*’

2.4 Management in Construction

On the whole, construction contractors have been slow in applying proper

management methods to the conduct of their business ®. Management in

construction industry have been characterized as being weak, insufficient,

nebulous, backward and slow to react to changing conditions. Nevertheless, in

the overall picture, the construction industry is at or near the top in the annual

rate of business failures and resulting liabilities ©® Explanations are given for

why the construction has been slow in applying management procedures that

have proven effective in other industries. The reasons are :

Construction projects are unique
Construction projects involve many skills largely non-repetitive in nature
Projects are constructed under local conditions of weather, location,

transportation and labor that are more or less beyond the contractor's

control.
Construction firms, in main, are small operations, with the management

decisions being made by one or two persons ©

There are special problems in construction
The future cannot be forecasted
Construction is a high-risk business ¥,

2.5 The risk management
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Risk management is very important for accomplishing any project and should
be developed in the planning stage of the project.Many explanations and
definitions of risks and risk management have been recently developed, and
thus it is difficult to choose one which is always true. Each author provides his
own perception of what risk means and how to manage it. The description
depends on the profession, project and type of business - Risk management in
general is a very broad subject and definitions of risk can therefore differ and be
difficult to apply in all industries in general. For the purpose of this thesis one
definition of risk and risk management will be chosen, in order to have a clear
understanding of these concepts in construction industry. ‘%!

2.5.1 Defining OF Risk
Risk can be defined as an uncertain event or condition that, if it
occurs, has a positive or a negative effect on a project
objective. A risk has a cause and, if it occurs, a consequence -
Events are said to be certain if the probability of their occurrence is 100% or
totally uncertain if the probability of occurrence is 0%. In between these
extremes the uncertainty varies quite widely.
The Project Management Institute (1996) introduced a simple definition for risk
as a discrete occurrence that may affect the project for better or worse. In order
to emphasize the major objectives of survey on risk management actions, risk
has been defined as the probability of occurrence of some uncertain,
unpredictable and even undesirable events that would change the prospects for
the profitability on a given investment ©

Risk exists when a decision is expressed in terms of range

of possible outcomes and when known probabilities can be

attached to the outcomes.
« Uncertainty exists when there is more than one possible

outcome of a course of action but the probability of each

outcome is unknown. ©®
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Risk and uncertainty are the two most often used concepts in
the literature covering RM field. Although these terms are
closely related, a number of authors differentiate between
them ¥, Also practitioners working with risk have difficulty in
Often
definitions of risk or uncertainty are tailored for the use of a

defining and distinguishing between these two.

particular project. To make it more systematized, a literature
research was done. The findings of this search resulted in a
number of definitions of risk and uncertainties. These have

been compiled and are presented in Table ( 2.1 ) .

Author: Risk definition Uncertainty definition

Winch (2002) | A stage where there is a lack of information, | Uncertainty is a part of the
but by looking at past experience, it is easier | information required in order
to predict the future. Events where the | to take a decision. The
outcome is known and expected. required information consists

of the amount of available
information and uncertainty.
The level of uncertainty will
decrease the further a project
is proceeding throughout the
lifecycle.

Cleden (2009) | Risk is the statement of what may arise | Uncertainty is the intangible
from that lack of knowledge. Risks are gaps | measure of what we don’t
in knowledge which we think constitute a | know. Uncertainty is what is
threat to the project. left behind when all the risks

have been identified.
Uncertainty is gaps in our
knowledge we may not

Smith et al. | Risks occur where there is some knowledge | There might be not enough

(2006) about the event. information about the

occurrence of an event, but
we know that it might occur.

Webb (2003) Risk is a situation in which he possesses | Uncertainty is a situation
some objectives information about what the | with an outcome about which
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outcome might be. Risk exposure can be | a person has no knowledge.
valued either positively or negatively.

Darnall  and | Risk is a possibility of loss or injury.
Preston (2010)

Table 2.1 Definitions of risk and uncertainty

All risk definitions complied in Table (2.1) describes risk as a
situation where lack of some aspect can cause a threat to the
project. Lack of information and knowledge are those factors
which are most commonly mentioned by all the authors as
leading reasons for a failure. ?

A risk is defined as the potential for complications and
problems with
respect to the completion of a project and the achievement of a
project goal and as an uncertain future event or condition with
the occurrence rate of greater than 0% but less than 100% that
has an effect on at least one of project objectives (/.e., scope,
schedule, cost, or quality, etc.). In addition, the impact or
consequences of this future event must be unexpected or
unplanned. It is well accepted that risk can be effectively
managed to mitigate its’ adverse impacts on project objectives,
even if it is inevitable in all project undertakings. ®

2.5.2 Risks in Construction
The construction industry generally has a bad reputation for its
work. The industry has a reputation for time and cost overruns.
This bad reputation is due to many reasons. One of them is that
the construction industry is one of riskiest of all business types

16



©) There are a number of risks which can be identified in the
construction industry and which can be faced in each
construction project regardless of its size and scope. Changes
in design and scope along with time frames for project
completion are the most common risks for the construction
sector. The further in the process, changes in scope or design
are implemented, the more additional resources, time and cost,
those changes require. Project completion ahead of time may
be as troublesome as delays in a schedule. Too quick
completion may be a result of insufficient planning or design
problems which in fact shorten the completion time but on the
other hand lead to a low quality of final product and increased
overall cost. Being behind schedule generates greater costs for
both investors and contractors due to non-compliance with
contracted works.®? And thus it is important to keep a balance
in the concept of time-cost-quality trade off, which more widely
is becoming an important issue for the construction
sector®® -Depending on the project scope, sources of risks will
identify risk categories or risk factors for the construction
sector which will be a subject of one of the next titles.

2.5.3 Sources of Risks
Checklist of risk drivers ® :

Commercial risk.

- Financial risk.

« Legal risks.

 Political risks.

« Social risks.
Environmental risks.
Communications risks.
Geographical risks.
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« Geotechnical risks.
« Construction risk

These sources of risk relate to project-specific and non-project-specific risks, as
both these types of risk need to be considered when identifying the risks in a
project or a process. The institution, assisted by the project team, need to define
the boundaries of these sources and to break down these sources into detailed
risk elements. This will allow a common understanding amongst those

attempting to identify the risks in a project.

2.5.4 Typical Risks on a Construction Project

« Occurrence of accidents to operatives on site causing physical injury.
« Failure to complete within the stipulated design and construction time.
- Failure to obtain the expected outline planning, detailed planning or

building code/regulation approvals within the time allowed in the design

program.
« Unforeseen adverse ground conditions delaying the project.
« Unexpected rises for labor and materials.
« Force majeure.
« Failure to complete the project within the client's budget allowance.
- Loss of the contractor caused by the late production *?

It is important to distinguish the sources of risk form their effects.
Ultimately, all risk encountered on a project is related to one or more of the
12)

following

- Failure to keep within the cost budget/forecast/estimate/tender.
- Failure to keep within the time stipulated for the approvals, design,

construction and occupancy.
« Failure to meet the required technical standards for quality, functions,

fitness for purpose, safety and environment preservation.
The effect of adverse events will be financial loss. The task of professional
advisors, contractors and suppliers is to identify the discrete sources of risk
which cause to failure occur, and to develop a risk management strategy that

provides for the most appropriate organizations to carry that risk 2"
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2.5.5 Risk Categories

Risk classification is an important step in the risk assessment process, as it
attempts to structure the diverse risks that may affect a project. There are many
approaches in literature for construction risk classification. ©®

The obvious problem with categorizing risk, apart from the cultural Perceptions
noted by the royal society report, is that there is a danger of confusing sources,
causes, effects and fields of study for the risk domain. A source approach to risk
categorizations is shown in Figure (2.1). It is proposed that the risks can be
considered to six categories: financial and economic, political and environment,
design, site construction, physical and Environmental factors.*® These Risk

Factors modified according to factors existing in Sudan and has been adopted

in this research.

Risk Identification List For Construction Project

p- \ a » P N P N P

Acts of God ~ Physical itical & Environment Design ite Construction

Financial & Econom!i

p y p ) y ) a

~ *Incomplete design scope
~Changes in lay esign changes

*Equipment daATRSi§on & regulation *Labour
*Flood *Landslide *WiH@Hor injurieg .o\ 1ofauit of sub-cofor Permits&  Specifications *Weather delay
*Material damageor theft their approval *Defective *Defective work

* Pollution & design “*Access to site
safety rules  *Dijfferent site

conditions

Figure 2.1 Risk Categorization List **
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2.6 Risk Management Process
In Risk management, risk identification and classification are
needed in order to
analyse the risk and start to treat process in the project. Risk
management also
concerns the decisions that are made when the results from the
risk analysis are
obtained. The decisions can be made towards risk reduction,
avoiding or transferring to another phase of the project task,
the building project or the project participants. ¥
Figure (2.2) provides a summary of the literature research, in
order to facilitate the use of the RMP. All four steps are included
and are placed on the left hand side. On the right, the follow up
procedures are listed to clarify some of the techniques used to
manage the risks in the most effective way. By following the
arrows on the graph, all the necessary steps of RM will be
performed. This process should be continuously performed
throughout the whole project in order to keep track of all

potential risks.

20



Workshops Visit locations
Brainctormuing Dratabases, historical data
Interviews Templates
| Juestionnaires Checklists
_r_ ) Benchmarking Smdy project docmmentation
Idantifiqation [|—» Consuning experts Study specialist literature
Past experience Stakeholder analvsis
Dielphi techmirmue Eesearch assumpiions
Risk breakadown struchire Research inferfices
: AR R
Assdssesmantysis JI Quantintbannay|sis
= MontmEatle Earelation
= SeositBimulations
=« Todhbenigrankylsis
= _ Eventtree analvsis, .
L]
W
Qualitativenanaylsis
. ~  Hisiprobability andmpact
impactigssessment
s Fevabiliy/impifhbeatiog
rEEEE matrix
< AlskcateEI SN
5 sk Urgency Assessment,
¥
REB@&B@“SG = e Avoidancéiprevent)
" = Seyucrion (mitigation)
¢ REWGEfion(mitigatio
. r%emnuun
h
Montonitiol @neol
rAantrnl

Figure 2.2 Diagram of Risk Management process ?



Fig (2.2) illustrates the steps of managing risk where main four

steps are concerned namely:

2.6.1 Risk Identification

This is the first stage in risk management and it entails
capturing all the potential risks that could arise within the
project. It is commonly acknowledged that of all the stages of
risk management process, risk identification stage has the
largest impact on the accuracy of any risk assessment. *>'Risks
and other threats can be hard to eliminate, but when they have
been identified, it is easier to take actions and have control
over them. If the causes of the risks have been identified and
allocated before any problems occur, the risk management will
be more effective. ®® RM is not only solving problems in
advance, but also being prepared for potential problems that
can occur unexpectedly. Handling potential threats is not only a
way to minimize losses within the project, but also a way to
transfer risks into opportunities, which can lead to economical
profitability, environmental and other advantages. In project
context, risk identification is also concerned with opportunities
(positive outcomes) as well as threats (negative outcomes) a
clear view of the event is the first equipment, focusing on the
sources of risk and effect of the event.*?While extensive
catalogues of risk can be devised, these are always likely to be
incomplete and therefore inadequate. This may lead to
decision-makers failing to consider the full spectrum of
potential risks for a project. Developing categories of risk is one
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way of typifying risks so that this danger can be minimized. can

be done by the following methods:

2.6.1.1 Brainstorming: This is one of the most popular techniques. Generally,
it is used for idea generation; it is also very useful for risk identification. All
relevant persons associated with project gather at one place. There is one
facilitator who is briefing about various aspects with the participants and then
after note down the factors. Before closing it the facilitator review the factors

eliminate the unnecessary ones.

2.6.1.2 Delphi Technique: This technique is similar to brainstorming but the
participants in this do not know each other and they are not at the same place.
They will identify the factors without consulting other participants. The

facilitator like in brain storming , sums up the identified factors.

2.6.1.3 Interview/Expert Opinion: Experts or personnel with sufficient
experience in a project can be a great help in avoiding/solving similar problems
over and over again. All the participants or the relevant persons in the project

can be interviewed for the identification of factors affecting risk.

2.6.1.4 Past Experience: Past experience from the same kind of project, the
analogy can be formed for identification of the factors. When comparing the

characteristics of projects will provide insight about the common factors. 18

2.6.2 Risk Analysis

Risk analysis, a component of the risk management process, deals with the
causes and effects of events which cause harm. The aim behind such analysis is
a precise and objective calculation of risk. To the extent that this is possible, it

(17

allows the decision making process to be more certain *” the essence of risk
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analysis is that it attempts to capture all feasible options and to analyze the
various outcomes of any decision. For building projects, clients are mainly
interested in the most likely price, but projects do have cost over-runs and, too

frequently, the 'what if' question is not asked %

2.6.2.1 Methods of Risk Analysis

The analysis of risks can be quantitative or qualitative in nature depending on
the amount of information available, Qualitative analysis focuses on
identification together with assessment of risk, and quantitative analysis focuses
on the evaluation of risk, Indeed there may be so little information about
certain risks that no analysis is possible.

A. Methods of Quantitative Risk Analysis

Any specific risk analysis technique is going to require a
strategy. It is best to begin by providing a way of thinking about
risk analysis that is applicable to any specific tool might be
used.

Sensitivity Analysis This is carried out to identify the
uncertain project components which will have maximum impact
on the outcome of the project. After a risk model is made a
sensitivity analysis is carried out to check the sensitivity of
different elements of the model on project outcome. To do
these the values of one variable at a time is changed and the
impact of these changes is then seen on the project. ¥

Monte Carlo Simulation is presented as the technique of
primary interest because it is the tool that is used most often. A
project simulation is done using a model to show the potential
impact of different level of uncertainties on project objectives.
Monte Carlo Simulation is generally used for this analysis. It can

quantify the effect of uncertainties and risks on project budget

24



and schedule. It simulates the full system many times, each
time randomly choosing a value for each factor from its
probability distribution. It uses three point estimates like most
likely, worst case and best case duration for each task in time
management. (8

Breakeven Analysis is an application of a sensitivity analysis.
It can be used to

measure the key variables which show a project to be
attractive or unattractive.

Scenario Analysis: Scenario analysis gives the impact of
different scenario of the project or impact of different risk if that
occurs simultaneously. A fair decision can be made after this
analysis , the option which will give lesser loss or hazards that
option can be opted.The aim is to consider various scenarios as
options. 8

Decision Trees: This analysis is carried out by decision tree
diagram. Decision trees are very helpful to both formulate the
problem and evaluate options. In this analysis there are
graphical models used to represent a project and can clearly
reflect the effects of each decision taken in the project. 8

B. Methods of Qualitative Risk Analysis

Qualitative methods for risk assessment are based on
descriptive scales, and are used for describing the likelihood
and impact of a risk. These relatively simple techniques apply
when quick assessment is required in small and medium size
projects % Moreover, this method is often used in case of
inadequate, limited or unavailable numerical data as well as

limited resources of time and money. The main aim is to
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prioritize potential threats in order to identify those of greatest

impact on the project.

- Risk probability and impact assessment
- Probability/impact risk rating matrix
- Risk categorization, and Risk Urgency Assessment

2.6.3 Risk response

This third step of the RMP indicates what action should be
taken towards the identified risks and threats. The response
strategy and approach chosen depend on the kind of risks
concerned. Other requirements are that the risk needs to have
a supervisor to monitor the development of the response,
which will be agreed by the actors involved in this risk
management process. (¢
There are four distinct ways of responding to risks in a construction project,
namely, risk avoidance, risk reduction, risk retention and risk transfer. Those

ways are discussed in below briefly.

2.6.3.1 Risk Avoidance

The risk is classified as bringing negative consequences to the
whole project, it is of importance to review the projects aim. In
other words, if the risk has significant impact on the project, the
best solution is to avoid it by changing the scope of the project
or, worst scenario, cancel it. There are many potential risks that
a project can be exposed to, and which can impact its success.
20 This is why risk management is required in the early stages
of a project instead of dealing with the damage after the

occurrence of the risk. ©
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list some activities that can help to avoid potential risk ¢

- More detailed planning

- Alternative approaches

- Protection and safety systems

« Operation reviews

- Regular inspections

- Training and skills enhancement
- Permits to work

- Procedural changes

- Preventive maintenance

2.6.3.2 Risk Transfer

Transferring risk involves finding some other party who is
willing to accept responsibility for its management, and who
will bear the liability of the risk should it occur, transferring a
threat does not eliminate it; the threat still exists however it is
owned and managed by another party. Transferring risk can be
an effective way to deal with financial risk exposure. The aim is
to ensure that the risk is owned and managed by the party best
able to deal with it effectively. *®

2.6.3.3 Risk Retention

When a risk cannot be transferred or avoided, the best solution
is to retain the risk. In this case the risk must be controlled , in
order to minimize the impact of its occurrence 2%  Retention

can also be an option when other solutions are uneconomical.

2.6.3.4 Risk Reduction
Risk mitigation reduces the probability and/or impact of an
adverse risk event to an acceptable threshold. Taking early
action to reduce the probability and/or impact of a risk is often
more effective than attempting to repair the damage after the
risk has passed. *®
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2.6.4 Monitor & Control Risks

is the final step of the process. After we have implemented response actions, we
must track and record their effectiveness and any changes to the project risk
profile. Did the response actions have a positive or negative effect on achieving
project objectives? Responses taken in risks should also be documented for

future reference and project plans.

CHAPTER THREE: Data Collection
Methodology

3.1 Research tool (Questionnaire):

A -based cross- sectional survey tool was used as it is assumed
to be the most appropriate way to answer the research
questions and to compile data. A comprehensive questionnaire
was designed and structured in many sections in order to

achieve the research objectives.

3.2. Study variables:
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The questions incorporated in the document addressed the
variables such as:

3.2.1 Demographic variables:

Academic qualification, years of experience speciality, job
description, sector

3.2.2. Variables according to the specific objectives:
- Type of risk factor

- Impact of risk factor

- Engineers’ awareness level

- Risk responsibility (allocation)
- Type of preventive method before & through implantation

phase

3.3 Scope of the research:

The construction industry in Sudan confronts a genuine
challenges that constituted by risk impacts. There are many
sources of risks which could affect the achievement of the
project objectives.

This research is concerned of illustrating such factors that
might be behind the risk attacks. The aim of any project is to
achieve some prescribed objectives, so in order to do so it is
every essential to manage the risks through the project life
cycle. The study addressed the area of management that

related to project risk management.

3.4 Research population:

As the research is about risks impact in construction projects, it
is very vital to involve the groups that interact in this field. The
engineers regarding-their professional levels as per Sudanese
engineering council registrations are considered part of the
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population. The engineering entities either in the field of
contracting or consultancy works are part of the population.
3.5 Data collection

The established questionnaire was piloted and revised
accordingly and then it was distributed (after pre-test was
done) to the adopted samples (70) to be answered by the
engineers in contracting and consultants firms (a copy is
attached). The aim of the study was explained to the
participants and a verbal consent was obtained from them

before answering the questionnaire.
3.6 sample selection:

A statistical method was used in to identify the sample size, so
out of the population the samples were taken in a random
systemic way and it represented the characteristics of the

population.

CHAPTER FOUR: Results and
Discussion
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4.1 Introduction

The aim of this study is to determine the risk factors impact
degree in construction industry, allocation of these factors,
methods used to deal with risks. The results of the study are
concluded and discussed in details in this chapter.

4.2 Risk factors

The questionnaire included 27 risk factors, which have been
categorized in nine main groups, these groups were: physical
group, environmental group, design group, logistics group,
financial group, legal group, construction group, political group
and management group. The factors of each group will be
demonstrated in the terms of severity and allocation according

to the engineers answers.

Frequency Percent
Academic Bachelor's degree 59 84.3
Qualification | Master's degree 7 10.0
Higher diploma 4 5.7
Years of less than 5 years 29 41.4
experience |5-10 years 20 28.6
11-15 years 10 14.3
more than 15 years 11 15.7
Speciality Architect 24 34.3
Civil 34 48.6
Other 12 17.1
Job Consultant 30 42.9
Description | Contractor 30 42.9
Owner 4 5.7
Other 6 8.6
Sector General 8 11.4
Private 6l 87.1
Other 1 1.4
Total 70 100.0

Table 4.1 (illustrate demographic data)
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4.2.1 Physical Factors

4.2.1.1 Risk impact

Results showed that the defective supply materials has the highest impact risk in
the physical factors (65.7%), these results indicate the concerns about absence
of a standardized description method for building materials in Sudan.
Occurrence of accidents was the second from importance (52.9
%), and the third was decline in the productive capacity of
workers and machinery breakdowns (32.9%) this result is
supported by other researchers.

Physical Risk Factors

Occurrence of 11.4 35.7 52.9
accidents because of
poor safety procedures

Poor / defective supply 10.0 24.3 65.7
materials
Decline in the 12.9 54.3 32.9

productive capacity of
workers and machinery
breakdowns

Table4.2. Physical Factors

4.2.1.2 Risk Responsibility (allocation)

The respondents indicated that the contractor is responsible for
all the physical risk factors, being the highest risk factor is the
decline in the productive capacity of workers and machinery
breakdowns (88.6%) ,and this finding is supported by the
Sudanese terms & conditions for construction and Fidic
Conditions.
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Figurea.1. Physical Factors

4.2.2 Environmental Factors

4.2.2.1 Risk impact

Respondents considered that natural disasters as a main cause of delay (50 % )
that due to this risk category increase the probability of uncertain, unpredictable
and even undesirable factors in the construction site. However, the risks of
adverse weather conditions and site accessibility did not appear with high
significant risks among the surveyed risks. Environmental factors occurred
hardly ever, that is why the impact of the risk of Environmental factors was

relatively low.

Environmental Risk

Factors
Natural disasters 22.9 27.1 50.0
Difficulty to access the 30.0 44.3 25.7
site
Adverse weather 41.4 35.7 22.9
conditions

Table4.3.Enviromental Factors

4.2.2.2 Risk Responsibility (allocation)
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Figure (4.2) demonstrates that respondents could not decide on the allocation of
natural disasters,( 67.1 % ) chose that the responsible is unknown, Risk of site
access was considered as a high allocation to owner ( 34.3 %) ,this result
indicate that site access risk need to be borne by the owner who should evaluate
the needs during the planning phase, but some respondents allocate site access
risk to contractor, but due to the on-going tense situation, contractors and
owners have to coordinate their efforts to get a best handling of such risks. 64%
of respondents supposed to allocate the risks of adverse weather conditions to
insurance, but it is known that weather conditions are out of control and such

risk should be shared to get better handling and to reduce conflicts probabilities.

Figure4.2. Environmental Factors
4.2.3 Design Factors
4.2.3.1 Risk impact
Regarding the design risk factors, the highest impact degree
was found to be the lack of giving the design to unqualified
designer (77.1%), and this high percentage might indicate the
lack of awareness and good training procedures of the technical
staff.

Design Risk Factors

Not coordinated design

(structural, mechanical, | 5.7 37.1 57.1
electrical, etc.)

Inaccurate quantities 21.4 45.7 32.9
Lack of consistency between

bill of quantities, drawings|15.7 44.3 40.0
and specifications
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Awarding the design to 8.6

unqualified designers 14.3 77.1

Table4.4. Design Factors

4.2.3.2 Risk Responsibility (allocation)

(77.1%) of respondents indicated that the consultant is
responsible for all the design risk factors except for the factor
of awarding the design to unqualified designers which was
referred to contractor’s responsibility. This finding explains the
important role of the consultant from the initial phase of the
project specially at the design stage, although (34.3% ) of respondents
allocate responsibility into owners who are in a better position to choose a

qualified designer.

Figurea4.3. Design Factors

4.2.4 Logistics Factors

4.2.4.1 Risk impact

Respondents believed that the risk of Shortage of human resources,
machinery, and resources is medium significant risk relatively, It is
obvious that the mentioned risk 1is serious risk that could be faced, the
unavailability of labor and materials is somehow connected to the managing of
the project, the second risk from importance is undefined scope of
work and inaccurate project program approximately, it have medium impact
which pointed to the misunderstanding of these matters among contractors.

These risks need to be fully defined to manage the work properly.
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Logistics Risk
Factors

Shortage of human

resources, machinery, | 12.9 41.4 45.7
and resources

Scope of work

defining 20 44.3 35.7

Tabled4.5. Logistics Factors

4.2.4.2 Risk Responsibility (allocation)

Contractors should give attention of this problem by working
out and applying management standards to control such
problems. It should be the contractor’s responsibility to make
sure that labor and materials are available to execute the
works.

Figurea4.4. Logistics Factor

4.2.5 Financial Factors

4.2.5.1 Risk impact

Respondents considered the Instability of currency exchange
(57.1%) is the highest impact risk in the financial Factors that's
due to the situations of the Sudan, Delayed payment on
contract was the second from importance and (55.7 %) that's
could be because of lack of capital ,lack of experience in contracts or

might be of awarding contracts to lowest price.
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Financial Risk Factor

Financial inflation 12.9 37.1 50
Instability of currency
exchange 14.3 28.6 57.1
Delayed payment on
contract 8.6 35.7 55.7
Poor cash flow
management 18.6 31.4 50

Table4.6. Financial Factors

4.2.5.2Risk Responsibility (allocation)
The respondents indicated that the owner is responsible for all
the financial risk factors, this finding explains the role of the

owner in financing the project.

Figure4.5. Financial Factors
4.2.6 Legal Factors
4.2.6.1 Risk impact
Disputes are normal in their occurrences it is very important to resolve any
rising dispute before the increase of their impact. 54.3 % of the respondents
believe that the delay in resolving such disputes represent a high score in impact

causing by risk factors.

Legal Risk Factors I

Difficulty to get permits 22.9 50.0 27.1
Occurrence of legal Disputes
during the implementation
phase of the project between
the parties

14.3 37.1 48.6
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Delays in resolving disputes 12.9 329 54.3
between parties Project

Table4.7. Legal Factors

4.2.6.2 Risk Responsibility (allocation)

The respondents indicated that the owner is responsible for
difficulty to get permits (47.1 %) in the legal risk factors and
that is a fact, this finding explains the role of the owner, figure
(4.6) illustrates the allocation of legal risk factors according to respondents. It is
obvious that the greatest part of respondents deal with legal risks allocation to
owner, (47.1%) of respondents indicated that the owner is
responsible for difficulty to get permits, but the allocation
percentage of disputes during implementation was almost
equal between consultant ( 32.9 % ) and owner (30%) also the
delays in resolving disputes was between consultant and owner
some respondents(12.9%) answered as the responsible is
unknown that's why disputes could originate due to mistake or
misunderstanding by either party. Hence, these risks should really be shared

risks.

Figure4.6. Legal Factors

4.2.7 Construction Factors

4.2.7.1 Risk impact

As illustrated in table 4.8 the highest risk impact (67%) was
gaps between the implementation and the specifications due
to misunderstanding of drawings and specifications this risk can
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cause significant work delays, that is why contractors exhibit an
awareness towards this risk, it’'s a fact in Sudan that’'s some
delays happened because misunderstanding drawing because
of unqualified site engineers, the second factor from severity is
Lower work quality in presence of time constraints ( 42.9 %)
due that contractors avoid any penalties written in the contract
because of the delay of submitting the work in the planned
time. Design changes (35.7% ), difference between actual and contract
quantities (38.6% ) were in the same risk impact with medium severities, this
reflects the little attention paid by contractors to these issues.
Factors

Design changes 24.3 40.0 35.7

Gaps between the
implementation and the

specifications due to
misunderstanding of >-7 27.1 8l
drawings and

specifications

Lower work quality in
presence of time | 10.0 47.1 42.9
constraints

Actual quantities differ
from the contract | 18.6 42.9 38.6
guantities

Table4.8. Construction Factors

4.2.7.2 Risk Responsibility (allocation)

Figure (4.7) shows the allocation of construction risks. . Majority of respondents
(51.4%) design changes of, and difference between actual and contract
quantities (52.9%) allocate the risks on consultant. Allocating design changes

risk category to the consultant reflects that contractors are not very much
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concerned with changes in the work, but (12.9%) allocate changes in design to
be shared between owner and consultant and that is could be a fact due
consultant cannot bear all the responsibility while the responsible of these
changes is the owner because he is the one who take decisions through the
implementation phase in the construction project. Misunderstanding of
drawings and specifications and low quality work allocation
distributed between contractor and consultant that explains the
obligations and role of each one facing these risks.

Figure4.7. Construction Factors

4.2.8 Political Factors

4.2.8.1 Risk impact

Respondents appear that Political risk factors have no high risk impact , The
reason is that these acts have limited effects on construction issues, and rarely

when it happens.

Political Risk Factors
Unstable security

circumstances 32.9 28.6 38.6

(Demonstrations)

New governmental acts
or legislations

25.7 35.7 38.6

Table4.9. Political Factors
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4.2.8.2 Risk Responsibility (allocation)

In figure (4.8) allocation of political risks is viewed. Clearly, respondents
reported that responsible is unknown, In fact all risks that cannot be controlled
should be shared risks but some respondents considered that government have a

hand in these factors.

Figured4.8. Political Factors
4.2.9 Management Factors
4.2.9.1 Risk impact
Table (4.10) illustrates the importance of management risks.
Poor Resource management was the most important risk
(44.7%) in management factors, This could be interpreted by
the lack of recourse management in the construction field
whatever it is a human or material resource, The lack of
training process might be an obvious phenomena in the sector,
miss use of available. Other Management risks, ambiguous
planning and poor communication are considered with medium
importance with risk impact of (37.1%). It is thought that
management of projects need more and more training to

properly manage projects specially the large ones.

Management Risk

Factors

Ambiguous planning

due to project | 20.0 42.9 37.1
complexity

Poor Resource 18.6 35.7 44.7
management

Information

unavailability (include | 28.6 42.9 28.6
uncertainty)
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Poor communication
between involved | 22.9 40.0 37.1
parties

Table4.10. Management Factors
4.2.9.2 Risk Responsibility (allocation)

In figure 4.9 it is obvious that respondents considered that
consultant almost responsible of most the management risk
factors, but in poor communication between involved parties
the allocation distributed between contractor, consultant and
owner this consideration is sensible, since it is contractors’,
consultants’ and owners’ responsibility to maintain a good level
of communication. Results showed that poor resource
management risk allocated to contractor (71.4%), that explain
the important role of contractor on the site.

Figure 4.9 Management Factors

4.3 Risk Management Action

4.3.1 Use of preventive methods before the
implementation phase

According to the survey results (Figure 4.10), respondents show the most used
preventive method is usually depend on practical experience in
preparing executable construction work (3.30) that may become the

most valuable information source for the use when there is limited time for
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preparing the project program, consider reserves timetable for the
construction period as a precaution schedule, and updating
work schedule according to project situation were the second
used methods ,the third method mainly used was the Computer
Systems such as programs like Ms. project, Primavera ,etc...,
the 4" method was referring to similar projects,judgment or
subjective probability uses the experience gained from similar projects
undertaken in the past by the decision maker to decide on the probability of
facing risk and the outcomes, the lowest rank of preventive methods are sharing
risk among parties of the projects, and using quantitative methods to analyse the
risks can face a project, that’s explains when inflects happen due risk
appearance without any one can bear it or take their responsibility.

Construction, however, is subjected to a dynamic environment, that is why risk
managers must constantly strive to improve their estimates. Even with near
perfect estimates, decision making about risk is a difficult task. Thus depending
only on experience and subjective judgment may not be enough, and updated
project information should be obtained and applied. Consequently, contractors
considered getting updated project information and add risk time difference to
time estimation at the project planning stage to be effective risk preventive

method.

Figure 4.10 (Preventive methods)

4.3.2 Use of mitigative methods through the

implementation

Figure (4.11) represents the five mitigative methods being
proposed. The number above the column is mean of

respondents use for each method. The first mitigative methods
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used by the respondents are coordinate closely with
subcontractors and close supervision to subordinates for
minimizing abortive work. Increase manpower and working
hours were the second most used mitigative methods for
minimizing the impacts of delay while Change the

construction method was rarely used as a mitigative method.
This could mean that the effort driven on site is one of the most
important variables to project progress, since construction
projects generally include many labor-intensive operations. In
fact, shortage of manpower in subcontractors’ firms is one of
the most serious risks to project delays. Therefore, increasing
the work hours normally speeds up progress subject to the
availability of materials and supervisors, physical constraints of
the site, and construction sequence.

Figure 4.11 (Mitigation methods)

Chapter Five: Conclusions and

Recommendations

5.1 Conclusions

The findings of this study concluded that the most significant
risk factors identified to have a serious impact in construction
projects were the following factors.

Note : Risk factors sequence are in the order which had been
mentioned in chapter four
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- Physical Factors: Poor / defective supply materials

(65.7%) responsible by contractor
- Environmental Factors: Natural disasters responsible

(50%) by contractor
- Design Factors :Awarding the design to unqualified

designers responsible (77.1 % ) by contractor
- Logistics Factors :Shortage of human resources,

machinery, and material resources(45.7%) responsible by

contractor
- Financial Factors : Instability of currency

exchange(57.1%) responsible by owner
- Legal Factors : Delays in resolving disputes between

parties Project responsible(54.3%) by consultant
. Construction Factors ; Gaps between the

implementation and the specifications due to
misunderstanding of drawings and specifications (67.1%)

responsible by consultant
- Political Factors : Unstable security circumstances

(Demonstrations), New governmental acts or legislations

(38.6%)responsible by contractor
- Management Factors : Poor Resource

management(44.7%) responsible by contractor
- The findings of this study concluded that the highest

preventive method before the implementation
phase is depend on practical experience in preparing
executable construction work (68.4%) and the highest
meditative method through the implementation
phase increase manpower and/or equipment (58.6%)

5.2 Recommendations

After interpreting the obtained results in the light of the
theoretical part and in order to close the gap of
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misunderstanding concepts of risk management in construction
projects, the research ended with general recommendations that

could be useful if taken by firm such as :
Possible risks should be allocated contractually and clearly on

each party. That could be done by defining the potential risk
factors and allocate them on the party which is in the best place

to manage these risks.
There is an essential need for more standardization and

effective forms of contract, which address issues of clarity,
fairness, roles and responsibilities, allocation of risks, dispute
resolutio and payment - this could be done by adopting a
standard form of contracts e.qg. “FIDIC".

Allow engineers to develop a project's risk management based
on best practices through identifying the risk factors, and also to
improve the performance of this function.

A satisfactory level of communications between parties should be maintained to

exchange needed information using documents
Contracting firms should compute and consider risks by adding the risk factors

before quotation and time estimation.
Contractors should learn how to share and shift different risks by hiring

specialized staff or specialized sub-contractors.
Contracting firms should utilize computerized approaches used for risk

analysis and evaluation such as Primavera which integrates with widely used
programs like Ms Project and Microsoft Excel. Otherwise, apply manual

approach.
Moreover, contractors should work on training their personnel to properly

apply management principles. It is the duty of institutes to provide such training.
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This questionnaire has been developed by a researcher as a requirement to obtain a master's
degree in construction management titled by:

Allocation of Risk Factors and their Impact on
Construction Projects on Sudan

The aim of this questionnaire is to collect data about the severity of Risk factors in
construction projects in Khartoum city and its impacts on projects Implementation, allocation
of each factor and methods of dealing with risks.

(The data you will provide will remain confidential and only the researcher will has access to it)

Part 1: Social demographic Data
Put (V') in front of the selected answer:

1- Academic Qualification

Bachelor’s degree D Master’s degree D
Higher Diploma D Ph.D D
2- Years of experience
less than 5 [ ] H
5-10 L]
10-15 [ ] more than 15
3- Specialty
Architect ] Civil ]
........................................... other
4- Job description
Consultant [ ] Contractor |
Mixed [ ] other
5- Sector
General [ ] Private |
other ...
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Part 2:

Risk Factors (Impact and Allocation)

Below is the table which contains the risk factors, please assign the
impact of each factor, and allocate each on one of the parts shown.

Meaning Symbol
Low impact risk A
Medium impact risk B
High impact risk C
Risk Responsibility Impact Risk Factors

(Allocation )

Degree of
Risk Factors

Other | consulta | Owne | Contract | C B A
(specif nt r or
y)

Physical 1
Occurrence of accidents 1.1
because of poor safety
procedures

Poor / defective supply 1.2
materials
Decline in the productive | 1.3
capacity of workers and
machinery breakdowns
Environmental | geographical 2
Natural disasters | 2.1
Difficulty to access the site 2.2
Adverse weather conditions | 2.3
Design | 3
Not coordinated 31
design(structural, mechanical,
electrical, etc.)
Inaccurate quantities 32
Lack of consistency between 33
bill of quantities, drawings and
specifications
Awarding the design to 34
unqualified designers
Logistics | 4
Shortage of human resources, | 41
machinery, and resources
Scope of work defining 4.2
Financial | 5
Financial inflation | 51
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Instability of currency 5.2
exchange
Delayed payment on contract | 53
Poor cash flow management 5.4
Legal | 6
Difficulty to get permits | 6.1
Occurrence of legal Disputes | 6.2
during the implementation
phase of the project between
the parties
Delays in resolving disputes | 6.3
between parties Project
Construction | 7
Design changes | 7.1
Gaps between the | 7.2
implementation and the
specifications due to
misunderstanding of drawings
and specifications
Lower work quality in presence | 7.3
of time constraints
Actual quantities differ from 7.4
the contract quantities
Political | 8
Unstable security | 81
circumstances
(Demonstrations)
New governmental acts or | 82
legislations
Management | 9
Ambiguous planning due to 9.1
project complexity
Poor Resource management | 9.2
Information unavailability 9.3
(include
uncertainty)
Poor communication between 9.4

involved parties

Risk Management Action Part Three :

: 3.1 Before the implementation phase

In the table shown below, please determine the relative use of each
preventive method before the implementation phase in the table :
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alwa
ys

Ofte

rarel

In applicable

1

Preventive Method

Use the methods of quantitative risk analysis to
manage the expected duration of the establishment
of the project

=

Depend on practical experience in preparing
executable construction work.

Consider reserves timetable for the construction
period as a precaution schedule.

Transfer or share risk to/with other parties
Risk-sharing or transfer among the parties of the
project

B EWEIN e

Refer to similar implemented or ongoing projects
for accurate program

Work schedule updatable access to all the updated
information about the project

Computer Systems (Ms project, Primavera,etc..)

N HoE 0

: 3.2 Through the implementation phase

In the table shown below, please determine the relative use of each
preventive method through the implementation phase in the table :

alwa
ys

Often

rarel
y

In applicable

2

1

Mitigative Method

Increase manpower and/or equipment

Increase the working hours.

Changing in the implementation method or the
sequence of work by overlapping activities

Coordinate closely with subcontractors

Close supervision to subordinates for minimizing
abortive work
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