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Abstract
Given the high complexity of construction projects, these projects carry numerous
inherent risks and uncertainties. Such risks if managed properly can turn threats into
opportunities. With the current decline in the construction and economic sectors in
Lebanon, the application of risk management in construction projects has become
imperative and more needed than ever. This master’s thesis 100ks into the current state-
of-the-practice of risk management in construction projects in Lebanon focusing on
procurement methods in these projects to identify the main obstacles in its application.
The thesis is three-fold: the first aims to assess the state of the practice of risk
management in the Lebanese construction industry and the attitude of civil engineers
towards the application of risk management through the use of a large-scale online survey
after a proper literature review & bibliometric analysis is done. The second fold of the
thesis aims to qualitatively assess the most important risks as identified by the Lebanese
civil engineers while taking into consideration design-bid-build lump sum projects by
using the result of the previous large-scale online survey and conducting in-depth
interviews with procurement experts working in this field. The outcome pinpointed the
level of each risk and the important role of the risk priority number. The third fold of the
thesis is a case study of quantitatively analyzing risks of a real design-bid-build lump sum
infrastructure project using Primavera Risk Analysis software. The case study analyzed
the risks quantitatively while using the outcome of the questionnaire and the in-depth
interview for identifying various risk responses and owners. This research reveals the

perception of Lebanese civil engineers of risks and compares the impact of risks after the
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application of specific response strategies.
It was found that they are mostly risk-averse or risk-neutral while the most occurring risk
is the poor risk identification where it is the most occurring and hardest to detect. In
addition, the research indicates that the main obstacles of applying risk management in
the Lebanese construction procurement are the lack of awareness of the benefits of risk
management and the lack of knowledge in risk management, thus, highlighting the
importance of annexing a third-party risk analysis consultant in construction projects
which would provide specialized training to procurement engineers, and the need for

more innovation in procurement and bidding practices.



1. Introduction

1.1 Problem Background

The construction industry is probably one of the main sectors that is always subjected to
high risk. Risk is defined by an unforeseen event with a known and controllable outcome
which if occurs can affect the scope, time, or cost of a construction project. A project risk
is made up of three components: the risk event itself, the likelihood of occurrence of the
risk and the impact the risk has on the impacted event(s) (Hilson, 2014). A risk can be
considered as an opportunity or threat if it causes a positive or negative impact
respectively. Risks are much different from uncertainties since uncertainties are
unforeseen events but associated with unknown outcomes that cannot be managed

(Usmani, 2019).

Risk management is the process of identifying the project risks, assessing the risks in
terms of their likelihood of occurrence, impact, and detection, responding to each risk
selectively, and monitoring the risks in order to track their effects and achieve continuous
improvement (Weaver, 2008). The topic of risk management was investigated the first
time after world war two, and the first two books written by Mehr, William, and Hens
were published in the years 1963 and 1964 respectively (Dionne, 2013). However, risk
management has not been applied in the construction industry until the 1990s where it
was first applied in few countries such as the United States of America and the United

Kingdom (Reilly, 2017).



Construction projects are highly volatile to risks since construction projects are conflict-
ridden by nature involving multi-stakeholders where each stakeholder has conflicting
interests. Additionally, construction projects have become global, multi-cultural, and
more complex surpassing the natural borders and making construction projects more
vulnerable to the risks of each local market (Mcnichol, 2013). Construction projects
could be faced with risks of different natures such as technical, construction, physical,
organizational, financial, socio-political, and environmental which necessitates the
application of risk management (Landage, 2016).

Risk management in the construction industry is very central if one seeks to increase the
effectiveness and profitability while decreasing the efforts needed. Procurement of
construction is the primary tool used for the allocation of different risks that occur in a
construction project where each contract type entails a varied risk distribution and risk

profile such as design-build contracts which allocate most of the risk to the contractor.

1.2 Problem Statement

The construction sector in Lebanon is one of the most essential sectors in Lebanon
accounting for 3.8% of Lebanon’s GDP (BRITE, 2018) and providing employment for
five percent of the total Lebanese workforce (UNDP, 2011). However, Lebanon’s
construction sector is very volatile as shown in figure 1 where the number of registered
construction meters decreased from 1.15 million m? in the year 1996 to almost 550,000
m? in the year 2000 after which it increased to reach its maximum of 1.5 million m? in the
year 2010. Then, the number of registered meters decreased to reach its all-time lowest of

490,000 m? in the year 2019.
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Figure 1: History of Registered Meters in the Order of Engineers and Architects in
Lebanon (OEA, 2020)

The latter decrease in the registered meters in the year 2019 may be because the Lebanese
construction industry lacks the efficient knowledge in risk management and has suffered
from major risks such as the freezing of the housing loans by the central bank, the
conditions in the neighboring countries, the fluctuation of the exchange rate, etc. All of
which necessitate the application of risk management in the construction industry in
Lebanon and the spread of awareness in risk management’s benefits. Thus, resulting in a
more stable construction sector for the welfare of the Lebanese workforce especially with
the current deteriorating economic conditions in Lebanon. The efficient knowledge and
application of risk management tools would also result in a much more resilient and
sustainable construction industry where contingency plans could be created to mitigate
and respond to severe risks such as the COVID-19 which is expected to correspond to a

loss of $2.7 trillion loss in the global economy (Bloomberg, 2020).



1.3 Research Objectives and Research Questions

The main objective of this master’s thesis is to determine the state-of-the-practice of risk
management in the procurement of the construction industry in Lebanon. Another
objective is to qualitatively assess the most important three risks in each phase of the
procurement cycle in design-bid-build lump sum construction projects. This master’s
thesis also aims to showcase a quantitative assessment of the most important three risks

in the execution phase of a real-world infrastructure project in Lebanon.

Based on the stated research objectives, the following research questions were

formulated:

1) What is the overview and attitude of civil engineers towards risk management in
procurement, and what are the appropriate project delivery methods and contract
types taking into consideration the presence of the numerous risks in
procurement?

2) What are the most important procurement risks that occur during each phase of
the construction procurement process, and to which level of risk do they belong
to? Which of the top three risks are the most occurring, cause the highest impact
to the project and are hardest to detect respectively in design-bid-build lump sum
construction projects?

3) What are the main barriers against the application of risk management in the

procurement of the construction industry in Lebanon?



4) How is risk management applied in the project execution phase of an actual
infrastructure project in Lebanon that uses a design-bid-build delivery method and

lump sum contract?

1.4 Research Methodology

The thesis objectives are achieved through a three-fold methodology made up of a

1) comprehensive literature review coupled with a bibliometric analysis of the review
and a large-scale online survey about risk management in the construction industry that
targets Lebanese civil engineers, 2) in-depth interviews and 3) a case study. The
methodology detailed flowchart is shown in figure 2. The literature review outcomes are
used to identify the main types of risks in the procurement of the construction industry
and track the main research topics in the procurement of the construction industry. While
the survey includes questions to identify the top and most important risks in each phase
of the procurement process in the construction industry from the perspective of the

Lebanese civil engineers.

Consequently, the likelihood of occurrence, severity, and detection of the most important
three risks in each phase of the procurement cycle as resulted in the survey will be
explored thoroughly for design-bid-build lump sum construction projects through an in-

depth interview with key experts working in the construction industry.

Then, a case study is made to show clearly how risk management is applied in the project

execution phase of a sample design-bid-build lump sum project in the construction



industry in Lebanon through the use of primavera risk analysis. Note that the study will

be restricted to construction projects and working civil engineers in Lebanon.
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Figure 2: Methodology Flowchart



2. Theoretical Background

The theoretical background is provided on the main topics which this master’s thesis
focuses on the main contract types and project delivery methods in the construction
industry and an overview of the process of the application of risk management in
construction in addition to its importance, benefits, and link with the procurement of
construction. The latter will provide the necessary information and concepts about the

main topics the master’s thesis aims to discover and investigate.

2.1 Main Contract Types in Construction

The three main types of contracts in the construction industry are as follows: fixed price
(lump sum), unit price, and negotiated contracts (Halpin and Senior, 2011). The main
characteristics of these contracts are presented in table 1. The latter table shows each
contract type and compares them with respect to the scope characteristics, price
characteristics, risk allocation, and flexibility. Moreover, each type of contract is
associated with certain features or results.

For example, lump-sum contracts result in claims and disputes. Several risks exist during
the procurement process that starts from strategic organizational procurement analysis
and planning to the planning of procurement activity, sourcing, selection of procurement
strategy, preparation and issuance of solicitation documents, receipt and opening of
offers, evaluation, procurement review and award, contract finalization and issuance,

contract management and logistics such as inadequate needs analysis, etc.



2.2 Main Project Delivery Methods in Construction
A project delivery method is a comprehensive process of assigning the contractual
responsibilities of designing and constructing a project (Ding, Wang and Hu, 2018). The
project delivery method affects the risk allocation between the different parties. There are
three procurement types as shown in figure3: designer-led, management-led, and
producer-led. Each of the latter procurement types differs according to the process and

the connections between the different parties involved in the project. These differences

Designer-Led
(Design-bid-build)
. Management-Led
Client — [V Pgr%]:ﬁi Team NN Pro%ureen;ent (Construction
g P Management)
Producer-Led
(Design Build)

Figure 3: Types of Procurement (Murdoch and Hughes, 2000)

will be discussed subsequently for each procurement type.

The main project delivery methods are design-bid-build, design-build, construction
management (CM), and partnership. Both design-build contracts and lump-sum contracts
share a common feature that the contractor has to do all that is necessary to achieve the
contractual scope of the works without an adjustment in price. Without any alteration to
the latter, the design-build contract is a subset of lump-sum contracts. The design-build
contracts provide a single point of contact to the owner where a single contractor

provides the entire project as a single contract package.



The designer-led procurement process starts first with the concept planning as shown in

figure 4 which identifies the owner’s needs and finished with the finished construction

process executed by the main contractor.

Table 1: Characteristics of Main Contracts

COT”;;";‘“ Scope Price Risk Allocation | Flexibility |  Results
Fixed Price Clear One price High uncertainty Low Disputes
(Lump Sum) Covering all work | for the contractor Claims
Low uncertainty Adverse
for the owner Relationships
Unit Price Unclear | Unit price for each Risk-sharing High Accommodati-
work item between the owner on of variation
and contractor between field
and estimated
quantities
Negotiated Unclear Different forms : Low uncertainty High Possible price
cost + % of cost for the contractor renegotiation
, cost + fixed fee, High uncertainty if the deviation
cost + sliding fee for the owner from estimated
guantities
exceeded 10%

The owner only signs a contract with the contractor as shown in figure 5 who will himself

or herself be contractually responsible and liable for the design and build of the facility.

There are several risks in this type of delivery method; however, most are taken care of

by the contractor. The only risk that the owner takes responsibility for according to the

procurement system shown in figures 4 and 5 is that the brief of the project must

adequately describe the requirements of the project. While all the remaining risks of the

design and construction are allocated to the contractor. In design-bid-build projects, the

main contract between the general contractor and the owner is mostly a lump sum

contract (Chipman and Asklof, 2015).




Preliminary Select Design/
Design Builder

Concept Planning

Final Design &

Construction Project Clearances

Figure 4:Design-Build Procurement Process (Jim Hall, 2010)

Owner

1
1

Architect

Subcontractor
|

Subcontractor

Figure 5:Parties in Design-Build Procurement (Gkk Works, 2013)

Design-bid-build is the lengthy traditional sequential approach where the owner holds
two separate contracts one with the architect/engineer for the design of the project and
another separate contract with the main contractor for the construction of the project
(Halpin and Senior, 2011). The process of the design-bid-build procurement process is
different from that of the design-build procurement process since the selection of the
contractor is done after the completion of the final design by the architect as shown in

figure 6.
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Moreover, the owner will sign two separate contracts with the architect and the contract
for the completion of the design and the construction of the project respectively as revealed

in figure 7.

Final Design &
Project
Clearances

Select Preliminary
Engineer Design

Concept

Planning

Select

Construction Contractor

Figure 6:Design-Bid-Build Procurement Process (Jim Hall, 2010)

il

Architect Contractor
Engineer Subcontractor

Engineer Subcontractor

Engineer Subcontractor

Figure 7:Parties in Design-Bid-Build Procurement (Gkk Works, 2013)

The main risks, according to the procurement system shown in figures 6 and 7, associated
with the owner are that the design meets the project brief, the contract documentation

reflects the design, and that the contract documents are complete. However, the
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contractor’s risks are mainly related to constructing the project within the specifications

and lump-sum specified and holding the responsibility for all workmanship and materials.

In CM contracts, one firm coordinates all types of activities from conceptualization to the
acceptance by the owner. The main risk associated with the owner is that the brief should
meet the project requirements. However, the CM firm takes full responsibility for design,
scope, construction, workmanship, and materials. Note that there is a special type of CM
contract named “construction management at-risk” where the construction manager will
hold more risks and will be responsible for the construction of the project within the
predetermined time and budget. The relationship between the owner and the other parties
in a CM contract is shown in figure 8. For example, the owner signs three different
contracts with the architect, the subcontractor and the CM where the architect will be
responsible for the project’s design, the subcontractors will be responsible for the project
execution and the CM firm will be held liable for the project management and
monitoring. The last type of delivery method to be discussed next is the partnership
where two or more parties share responsibility for all the risks. There are no claims and

no disputes in this type of delivery method.
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] CM as
Architect Subcontractor

Engineer Subcontractor

Engineer Subcontractor

Engineer

Figure 8:Parties in Construction Management Procurement (Gkk Works, 2013)

The selection process for the partnership is shown in figure 9 where there are two
possible routes. The best route according to Terra and Aqua (2015) is to select the best

contractor and invite him/her to participate in a workshop in preparation for the project.

To conclude, a design-build contract carries the highest risk for the contractor, whereas
the management contracting contract is the riskiest for the owner as shown in figure 10. It
is important to mention however that many risks are not allocated to specific owners
which could change the results shown in figure 10 had the latter risks been agreed upon

between the parties.
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Figure 9: Selection Process for Partnership Procurement Type (Terra et Aqua, 2005)

Note that there are risks of choosing the contractor solely based on price and not the
qualifications and the quality and other risks that are still not agreed upon between the
parties towards which party should hold the responsibility for them in the contract
documents.

This should be solved by using negotiation in cost-plus contracts where the owner can
choose a contractor based on his risk management skills and experience if he/she wishes
for example. Also, there are other forms of partnerships such as public-private
partnerships which are a form of contracts where the private entity holds more risk than

the public entity.
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T comracttype | mw

Employer Contractor
Design & Build
(Complete package by supplier)
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(Design input by employer)
Traditional Lump Sum
(Fixed Price)
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(Fluctuations)
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(Bill of Approx. Quantities)

Traditional Measurement
(Fixed Fee Prime Cost)

Traditional Measurement
(Percentage Fee Prime Cost)

Management Contracting

Figure 10: Risk Allocation between Parties (Ignatius and Buertey, 2016)

2.3 Overview of Risk Management Process
Risk management is the approach followed to proactively and systematically manage
uncertainty surrounding a project. It is an important aspect of effective project

management.

Risk management applies the law of Murphy “assuming that everything that can go
wrong will go wrong”. It includes several steps as shown in figure 11: identifying risks,
performing qualitative analysis and quantitative analysis, plan risk response, and monitor
risks (PMI, 2014). The latter figure elaborates on each step of the risk management

process.

Identification of risks is important to recognize threats or opportunities of growth that are

faced by the project at a certain uncertainty. The main tools used in identifying risks are



16
checklist, brainstorming, risk documentation form, periodic risk reporting, collaboration

with customers and stakeholders. The output of this process is the risk register.

-

Risk Risk
Monitoring Identification
Risk

Risk Response Assessment

-

Figure 11: Overview of Risk Management Process (PMI, 2014)

Qualitative risk analysis is done to prioritize the risks. Several tools are available for this
task such as SWOT analysis, root cause analysis, and Pl matrix which helps in

determining the probability and estimating the impact in order to prioritize the risks.

Quantitative risk analysis is done to determine the overall project risk. It is enacted using
tools such as sensitivity analysis using tornado diagram, expected monetary value,
decision trees (positive sign for opportunities and negative sign for threats), modeling,

and simulation such as Monte Carlo simulation.

The comparison between guantitative and qualitative risk analysis is shown in table 2.
However, it is important to mention that it is rare for qualitative risk analysis tools to be

solely applied unless the project is small and simple. Moreover, as displayed in the table
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below, quantitative risk analysis tools require more resources and expertise than
qualitative risk analysis tools. The response strategies for negative risks i.e. threats are to
avoid, mitigate, or to transfer. While, the response strategies for positive risks i.e.
opportunities are to exploit, to enhance, or to share. Other strategies for planning risk
response are as follows: risk avoidance when there is a high risk, risk mitigation when the
risk is unavoidable that one is forced to deal with the risk, risk transfer when one wants to
pay a premium to an insurance firm in order not to deal with risk and risk acceptance
when the expected profit is greater than the expected risk to deal with. The monitoring
and control process is through auditing and reports in order to identify new risks, monitor
triggering events, and track old and identified risks. The importance of risk management
lies in the following: better project decisions, prioritizing project tasks, effective resource

allocation, improved planning, and reduced project costs and stress.

Table 2: Evaluation of Quantitative and Qualitative Risk Analyses

Criteria\ Risk I . . o . .
Analysis Quialitative Risk Analysis Quantitative Risk Analysis
Type of Risks All project risks Risks prioritized thrc_)ugh qualitative
analysis
Application Performed in every project Performed in large and complex projects
Princinles Subjective judgment of Calculation and measurement of impact
P probability and impact on project objectives (cost and time)
Characteristics Quick and easy Time and cost intensive
Expert judgment, Pl analysis, EMV analysis, decision tree analysis,
Tools ; . .
urgency analysis, etc Monte Carlo simulation, etc
Special Tools No special software/tools May require special tools




Risk management principles are centered on value creation and protection such as
continuous improvement, best available information, human and cultural factors and

integration, collaboration, and customization.

Risk management is directly related to procurement through risk allocation where the
choice of the optimal contract type will lead to the success of the project and
collaboration between different parties. Whereas, choosing the ill-chosen contract type
and project delivery method might lead to an adverse relationship, losses, claims, and

disputes which might lead to a disaster to all parties.

18
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3. Literature Review and Bibliometric Analysis

3.1 Introduction

Risk management is the approach followed to proactively and systematically manage
uncertainty surrounding a project. It is an important aspect of effective project
management. The first publication on the topic of risk management in the procurement of
construction was in the year 2004, whereas contractual risks were first investigated in the
year 2007 which shows the necessity for further research and revision of the application
of risk management in the procurement of construction. Moreover, the number of
published articles on risk management in the procurement of construction has increased
in the recent years due to the increase in awareness of the advantages of the application of
risk management which results in augmented project performance, effective coordination
and increased profitability as shown in the bibliometric analysis done and which is
considered essential and vital especially in countries experiencing an economic crisis.
Furthermore, the increase in the research on the topic of risk management in the
procurement of construction might be due to the increase in the innovation in the
procurement of construction. As a result, a bibliometric analysis is presented in this
chapter in order to provide a comprehensive literature review on the topic of risk
management and risks in the procurement of construction where a brief introduction in
section 2 focusing on the methodology is described in detail showing the importance of
each step. After this, the bibliometric analysis outcomes in section 3 are presented in
addition to the content analysis in section 4 showing each of the five categories along

with their respective sub-categories.
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3.2 Methodology

A literature review and bibliometric analysis are conducted in order to explore and
investigate the topic of risk management in the procurement of construction between the
years 1989 and 2019. The latter methodology consists of the following steps as shown in

99 ¢c

figure 12: searching the following keywords: “procurement risks”, “risk management in

29 ¢

construction”, “procurement definition” and “risk management in the procurement of
construction”. Then, 143 articles were selected which are related to civil engineering and
in the English language. Subsequently, 106 articles were retained that were considered of
scientific significance and added value where the average number of journals left had an
impact factor greater than 1 and belonged to Q2 or Q1.Afterward, a search was made on
Google scholar to make sure that the retained pertinent articles included articles of the

highest number of citations on Google scholar. The next major step conducted was

conceptual analysis where the abstract and the full content of the articles were analyzed.

Definition of Risk
Management in
Procurement of

Construction

“Risk Management  “procurement Risks” Impact Factor > 1

in Procurement of  “Risk Management in
Construction” term  Construction™

first appearance “Procurement Definition™ Journal

Selection

Journal
Selection
Article

Selection
Data Collection 1989-2019 Keywords Selection of
Pertinent
Articles
) Content Content Top 50 Citations
LTI“;I,.(.P?I Analysis of Analysis of (Google Scholar)
Analysls Abstract Full Article
Categorizati Cohen’s Final Sub-
Relational Analysis -Ates Kappa Categorizati Categorizati

on Method

Figure 12: Research methodology:

on on

literature review and bibliometric analysis
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The last step included applying relational analysis where the articles were categorized
using content analysis and Cohen’s kappa method where Cohen’s coefficient was greater

than 0.8 showing great agreement.

3.3 Outcomes

The bibliometric analysis proves that the application of risk management in the
procurement of construction is very recent where only 10% of the articles were published
between the years 1989 and 2006. Most of the articles were published in the year 2014 as
depicted in figure 13 and table 3 after which there was a slight decrease in the number of
published articles. The journals with the highest number of published articles are
Procedia Engineering (7), Applied Mechanics and Materials (7), and International Journal

of Project Management (6).
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Figure 13: Risk Management in Procurement of Construction Papers Published over the
Last 3 Decades
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Table 3: Risk Management in Procurement of Construction Papers Published over the
Last Three Decades (Journal list)

- - - N N N N N N N N N N N N N N N N Ny N N —|
Journals glelglglelglglglglelelelglzlelelglelglslglgls
[{e] ~ [{e] o - N Y (5] (o2} ~ [e5) (e} o [ N w SN ()] (o2} ~ [oe) [{e} Q_’
International Journal of
Strategic Property ojofofojojojojofjojojof1fof1jofofjojojojojojoyg2
Management
1JPM ofi1fo0fojofof1fojofryo0fojofryo0fojrfyofjofoj1fo|e
CiB ofojfofojof1f0fojojof1fojofojofojofofofojofoyfz2
Applied Mechanicsand 1 | o[ o[ o] ol ofo|ololoflo|ololof1]3]|s|oflo]o]olo]7
Materials
International Research
Journal of Engineeringand | 0| O0O|JO|O]JO|JOfOJOJOfOjO]JOfO]JO]jJOJO]jO]jJO|1|2]2]|0]|4
Technology
Procedia Engineering ofojojojojofofofofojojojojofjof1rf1f2f(0]3|J0]0]|7
Project Management [ O]JO|O|JOJOJO|JOfO|JO|JOfO]JO|jOf21]O]JO]jOJOJOfjO]1]O|2
Cost Engineering i1{ojoj1J0fo0jojJofjoOfoj1]O0|J0OfO0jO]JO|JOfO]jO]jJO|jOfO]S3
European Journal of Social | | o1 o o|ofolofo|ofo]olo|2|ofo]ofo]olo]olo]o]2
Science Research
Engineering, Construction
and Architectural ojofi1fo0jo0jojojofjojojofofrfojofofjojoj1jojojoygs
Management
Creative Construction 1 o f 51 o1 ool o|ofo|o|olo]o|lolo]2folo]olo|o]olo]2
Conference
Construction Management | | 5| ol o|ofo|ofo|ofl1]oflo]1]ofloloflololo]o]o]2
and Economics
Management in olofofo|oflofofofofofofofofzfoflofofz|lolofofo]2
Engineering
Procedia Social and ololoflofloflololo|o]ofolololo|o]|z]|2|lzlo]lo|o]o]s
Behavioral Sciences
1
Total 11111131133267511198160
1132 0 6

As shown in table 4, most of the cited articles belong to Procedia social and behavioral

sciences and Procedia engineering. The articles were then distributed into specific

categories as explained in the methodology and shown in figure 13.

As observed in table 5 and figure 14, the research areas that are more appealing and

interesting to researchers are “overview of the application of risk management in

9% <

construction”,

rocess of risk management in construction” and “risk management in
f risk t truction” and “risk t in the
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procurement of construction”. The limitation of this methodology is that it does not point

out gaps in the literature of risk management in the procurement of construction.

Table 4: Top 50 Citations

Journals Numper of Nu_mb_er of
Avrticles Citations

International Journal of Project Management 3 1414
European Journal of Operational Research 1 436
Applied Soft Computing Journal 1 346
Procedia - Social and Behavioral Sciences 5 254
Procedia Engineering 5 186
International Journal of Strategic Property Management 2 140
Building and Environment 1 135
Emerald: Engineering, Construction and Architectural
Management 1 130
Journal of Business Economics and Management 1 100
Technological and Economic Development of Economy 2 87
Journal of Management in Engineering - ASCE 2 79
International Journal of Managing Projects in Business 1 78
Construction Management and Economics 1 78
Engineering, Construction and Architectural Management 2 71
Procedia Computer Science 1 59
Procedia Economics and Finance 1 51
Canadian Journal of Civil Engineering 2 49
European Commission 1 47
the European Journal of Social Science Research 1 47
Cost Engineering 2 46
journal of civil engineering science and application 1 46
International Research Journal of Engineering and
Technology 5 45
International Council for Building - CIB 2 43
Journal of Econometrics 1 40
KSCE Journal of Civil Engineering 1 40
Journal of Construction Management and Economics 2 36
HBRC Journal 1 35
Safety Science 1 27
Total 50 4145
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Table 5: Number of articles and citations by category (TOP 50 articles)

Cateqories Number of Number of
g articles Citations
Procurement in Construction 5 218
Risks in Procurement of Construction 8 324
Overview of the Application of Risk Management in
X 19 2119
Construction
Process of Risk Management in Construction 8 756
Risk Management in Procurement of Construction 10 728
Total 50 4145
40
2
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€ 30
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&
% 20
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Procurement in Risks in Overview of Process of Risk
Construction Procurement of Application of Management in Management in
Construction Risk Construction  Procurement of
Management in Construction
Construction

Figure 14: Risk Management in Procurement of Construction Categories

3.4 Content Analysis

The categories of relevant articles were divided into subcategories in order to perform a
qualitative analysis of the articles in each subcategory. It is important to note that only
relevant and cited articles are retained in the subcategories. The subcategories were
decided upon after analyzing the content of the relevant articles where 143 articles were
selected for review, yet only 106 articles were retained and applying Cohen’s Kapa

method.
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As a result, the articles are distributed into five categories: procurement in construction,
risks in the procurement of construction, overview of the application of risk management
in construction, process of risk management in construction, and risk management in the

procurement of construction.

3.4.1 Category: Procurement in Construction

This category introduces the topic of risk management in the procurement of construction
by defining procurement and the types of contracts applied in construction. This category
has a stable and constant growth throughout the years as shown in table 6. Moreover, this
category also focuses on methods to improve the procurement process in construction by
applying plan do study act cycle in order to achieve continuous improvement which is

one of the most familiar and common techniques adopted in lean construction.

Table 6: Procurement of Construction Category

Category and Sub- 2131951838822 |83]|8| e
. |||l |loclocolololol o] &
categories 4NN RI Q||| Q| Q| Q] F

Procurement in
Construction

[EEN
[EEN
[EEN
[EEN
[EEN
[EEN
[EEN
[EEN
[EEY
[EEY
[EEY
[EE
[EE

10

Continuous Improvement 0 0O 11010 OO0l O0O]0(fO 1 9

Procurement Definition 0 0 0 0 1 0 0 1 0 1 0 3 28

Types of Contracts 111110 fO0of1f212f0f2f|0]1] 7] 64

Sub-Category: Continuous Improvement
This sub-category has the least amount of articles where it only focuses on implementing

methods from lean construction to achieve continuous improvement.
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Continuous improvement can only be achieved through plan do check act cycle. The
latter cycle is one of the main principles of lean manufacturing and lean construction, and
its main purpose is to improve any process or individual. As a result, plan do study act
cycle should be done in all phases of a project including procurement to achieve kaizen

and sustainably better results (Bernardez, 2007).

Sub-Category: Procurement Definition

This sub-category focuses on providing a definition for the procurement process in
construction in order to clearly define the boundaries of this process and parties involved
in it. “A procurement system is an organizational system that assigns specific
responsibilities and authorities to people and organizations and defines the relationships

of the various elements in the construction of a project” (Naoum and Egbu, 2015).

As a result, procurement is directly related to risk management through the following
factors: project delivery method, payment method, and degree of the partnership
(Osipova and Eriksson, 2011a). However, despite the latter, there is a misalignment
between the risk management tools available and their usage in contract risk management
where the risk management tools are not used in an optimal and efficient way (Adams,

2008).

Sub-Category: Types of Contracts
The latter sub-category has the highest amount of articles in this category where it mainly
highlights the definition of each type of contract used in construction. It is important to

mention that the types of contracts used in construction are diverse and have unique
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characteristics that result in a different distribution of the risks between the involved

parties.

Moreover, the type of the chosen contract has several impacts on the project and its
objectives since it affects the control of quality, and the parties involved since the
financial incentive is considered a very important enticement to all parties especially the
contractors (Antoaneta Claudia Butuza, 2010). For instance, choosing the wrong
procurement type has been one of the main reasons for poor project performance in
African construction projects (Chege and Rwelamila, 2002). There are several types of
contracts such as fixed price, unit price, and cost-plus contracts. Fixed Price contracts are
used when the scope is well defined and work is quantifiable, whereas unit price
contracts are used when the scope is known but not easily quantified. On the other hand,
cost-plus contracts are only used when the scope is unclear (Ironmonger, 1989). Other
forms of contracts include but are not limited to the following contracts: design-build,
design-bid-build and public-private initiatives such as PPP and PFI (Oyegoke et al.,
2009) where PFI is an alternation of PPP with the difference in funding, and it is used
mostly in the construction of public schools (Frédéric BLANC-BRUDE, 2013).
Furthermore, contract costs are made up of direct costs and indirect costs in addition to
the profit (Floor, 2001) where numerous procurement mechanisms can be applied such as
multi-sourcing, single-point sourcing, average-bid method and truncated auction (Engel

and Wambach, 2019).
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3.4.2 Category: Risks in Procurement of Construction
This category introduces the concept of contractual risks in the procurement of
construction and discusses the risk allocation between different parties in the project and
the several models used in order to distribute the risks in an optimal manner where the

risk owner will be the most competent party to handle and deal the risk.

This category is very recent where the articles are spread between the years 2007 and
2019 and where the most growth has occurred between the years 2015 and 2019 as

depicted in table 7.

Table 7: Risks in Procurement of Construction Category

1002
8002
102
€102
102
5§T0C
910z
1102
810z
6102
[ejoL

Category and Sub-categories %

Risks in Procurement of
Construction

Overview of Contractual Risks 0 0 1 0 1 2 2 0 0 1 7 47
Risk Allocation 0 0 1 1 0 0 0 0 1 1 4 27
Risk Allocation Model 1 1 1 0 0 0 0 1 0 0 4 27

Sub-Category: Overview of Contractual Risks

This sub-category introduces the risks that occur in the procurement of construction
where construction, contractual and engineering risks are the most occurring type of risks
in construction (Mubin, Jahan and Gavrishyk, 2019). There are many procurements and
contractual risks in each project. Each risk has a certain probability of occurrence,

impact, and level of importance. An example of a highly occurring risk is a material
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requirement (Chen, 2012), whereas design error is regarded as the risk with the highest

impact in highway projects (Ankit Vishwakarma et al., 2016).

On another hand, having obtained the normal distribution, the probability of a particular
magnitude of risk for a particular contract type can be determined, and as a result, the size

of financial reserves could be planned (Dziadosz, Tomczyk and Kaplinski, 2015).

The risks that have the greatest impact on tenders are the safety of workers, the interest
rate, the disposal of bad plant and equipment, the unforeseen site conditions, the
contractor default, and the change in scope (Sunday, 2016).0n another hand, risk factors
are found in every project and have an impact on increasing poor project management

and costs.

The contractual risk factors that influence the construction procurement performance the
most are corruption risks, conflict of interest, and unsuccessful technical feasibility

(Dahiru and Bashir, 2015). For example, several types of risk factors are found in FIDIC
contracts such as claims, time delays, and scope changes which show the need for high-

quality risk management (Guo, Hu and Liu, 2014).

Sub-Category: Risk Allocation

The next sub-category in risks in the category of procurement of construction defines the
risk allocation and shows how it is applied through the procurement of construction. Risk
allocation, distribution of risks to different parties in the project, is usually done by the
owner which might bring unfavorable conditions upon the contractor to start with

(Peckiene, Komarovska, and Ustinovicius,2013).
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The risk and effort level of the firm must be distributed downward from the best level of
effort where an exogenous uncertainty can increase the effectiveness of the project
(Deneckere, de Palma and Leruth, 2019). Compared to the owners, contractors are less
indecisive on risk allocation (Ashmawi et al., 2018). On the other hand, a firm becomes

less risk-averse as it grows older and gains more experience (Campo, 2012).

Sub-Category: Risk Allocation Model

The last sub-category in the category of procurement of construction displays the several
risk allocation models applied in the procurement of construction in order to obtain a
sustainable and optimal risk allocation between the different parties in a project. This
sub-category has several advantages where it leads to the obtaining of maximum benefits
from risk allocation and mitigates any losses. Moreover, the choice of procurement is
critical when solving disputes especially with the inherent risk allocation in each type of
procurement (Younis and Wood, 2008). As a result, risk allocation models are needed to
examine the allocation of risks based on accepted risk allocation principles instead of
using the standard clauses of contracts (Lam et al., 2007). For example, multiple criteria
decision analysis can be used along with fuzzy topsis to determine the optimum risk
allocation (Garshasb Khazaeni, Mostafa Khanzadi, 2012). On the other hand, other
models are also in risk management such as maturity web-based models which are
created to assess organizations’ risk management maturity such as models based on ISO

31000 (Proenca et al., 2017).
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3.4.3 Category: Overview of Application of Risk Management in

Construction
This category provides an overview of the application of risk management in construction
by presenting the following sub-categories: definition of risk management, risk
management barriers, risk management advantages, and drivers and project risks. This
category contains articles dated from the year 1999 till the year 2018 proving that risk

management has been applied in construction very lately in the 20" century.

Moreover, this category experiences unsteady growth from the year 2013 until the year
2018 as displayed in table 8. The importance of this category lies in the fact that it gives
the reader a general and comprehensive view of the application of risk management in the

construction industry.

Table 8: Overview of Application of Risk Management in Construction Category

Category and Sub- gle18|12(2|12[312/8[5]88] ¢
categories SIQR|Q|L|R|IKQ|LKQ|QKQ|L[L)] °
Overview of Application of
Risk Management in 111111253 |4]|2]|6]|27|25
Construction
Definition of Risk ololol1lalolalolal2lslil m
Management
Risk Management Barriers ofofojJjojJofOoO]O|l2]1f0]0(f3] 11
Risk Management
Advantages and Drivers Ojojrfpojoprpopip1p0op1ysyis
Construction Project Risks 11110 fO0fO0O|J1|2]0(212]0(f2]8] 30

Sub-Category: Definition of Risk Management
A definition of risk management process in construction is provided in this sub-category

highlighting its importance and showing its connection and relevance with construction
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project management where this sub-category has the highest amount of articles in the
category of application of risk management in construction. Risk management, an
essential part of project management, is the complete process of identifying, assessing,
and responding to different types of risks in projects, and it is tightly linked with other
forms of management such as the management of subcontractors and stakeholders
(Ghaeli, 2018). For example, risk management can be integrated with stakeholder
management to be more effective (Xia et al., 2018). Furthermore, risk management can
also be used for resource allocation which is dependent on the type of risk being managed

(Zhao, Hwang, and Phng, 2014).

The earlier risk management is executed in a project, the more successful it is (Pawar,
Bajad, and Shinde, 2017). Another form of risk management is joint risk management
which could be achieved through several activities in procurement such as joint technical
specification by all parties to the contract, cost-plus contract, and joint contracting with

the subcontractors by the client and contractor (Osipova and Eriksson, 2011b).

Risk management should be done in every company in order to reduce the effects of
risks. Moreover, risk management is done mostly in an informal manner (Nadaf et al.,
2018). Risk management can be beneficial in small projects in the long run, while the
government can provide financial incentives such as tax rebates and grants (Hwang, Zhao
and Toh, 2014).Among the several parties applying risk management in construction
projects, project engineers are the party that uses the risk management tools the least in
Lebanon whereas the most occurring risks in Lebanon are client-related as indicated in a

quantitative risk assessment study done in Lebanon using risks identified in Malaysia and
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Pakistan (Abou Chakra and Ashi, 2017). While, the size of the project and experience of
the contractor plays an important role in the behavior and role of contractors in risk
management (Kululanga and Kuotcha, 2010). Among the plentiful risk management
techniques, expert judgment based on experience is considered as the most effective risk
management technique in African construction projects in Ghana (Gyamfi and Boateng,

2016).

Then, after the application of risk management, a web-based approach can be used for
answering questions to find out the level of maturity of risk management of an
organization and to keep a record of its risk management history and benefit from past

experiences (Serpella et al., 2014).

Sub-Category: Risk Management Barriers

Barriers play an important role in decreasing the effectiveness of risk management in the
procurement of construction. This sub-category discusses the main barriers in general and
points to the barriers related to specific parties in the project. The main risk management
barriers are the lack of knowledge and lack of experience (Serpell et al., 2015). Other
barriers are lack of awareness, passive consultants and clients, and the need for more

investment as learned from the IT industry (Hwang and Chen, 2015).

The disadvantage of risk management and risk analysis is that they are based on
principles that may mislead decision-makers such as how uncertainty is treated and how

risk analysis is combined with techniques (Aven, 2016).
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Sub-Category: Risk Management Advantages and Drivers
The role of this sub-category is to highlight the risk management advantages and drivers
in order to illustrate the significance of the application of risk management in
construction especially with the presence of several challenges. The advantages of risk
management are many such as less effort, more precision, increased profitability, and
more confidence in achieving the project objective as in increased project performance

(Renault and Agumba, 2016).

There are some preventive measures to enhance risk management such as having more
supervision from the government into risk insurance and enforcing internal risk
management in organizations (Zhang and Zhao, 2013). Meanwhile, a robust risk
management model is emphasized to be one of the optimal solutions that contribute to

effective project management (Titarenko et al., 2018).

On the other hand, the main risk management drivers are joint risk management, open
dialogue, effective coordination, training, general conditions of the contracts, and early
identification of potential risks (Osipova, 2008). While, schedule and quality are the main

cost risk drivers (Kordas, 2015).

Sub-Category: Construction Project Risks

Construction project risks are of several types where each type must be managed in a
unique and separate manner. As a result, this sub-category introduces several types of
construction project risks where risks must be categorized and managed during each
phase of the lifecycle of the project (Martin, 2006). Moreover, risks affect the objectives

of the project and the ability of the parties to meet their targets.
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There are several types of risks such as technical risks (e.g. change in the demand of the
client), financial risks, logistics and construction risks, management risks, socio-political
risks, and environmental risks (Sahu and Dudhe, 2016). Financial risks are more
important than country risks and construction and operation (Al-Azemi, Bhamra, and
F.M.Salman, 2014) and are regarded to have the highest likelihood of occurrence in
Arabian construction projects (Eskander, 2018). The latter risks could be handled by
using look-ahead schedules while implementing failure mode and effect analysis (Wehbe
and Hamzeh, 2013). Moreover, project risks are affected by several factors such as the
availability of resources and the level of complexity of the project (Akinbile, Ofuyatano,
Oni, and Agboola, 2018). Each party perceives risks differently from its point of view.
For example, the highest risk according to consultants was considered the low level of
productivity due to the poor performance of subcontractors, unskilled workers, and
difficulty in finding skilled workers on time (Vidivelli and Surjith, 2014).
In addition to the latter, both owners and contractors give the highest importance to risks
such as safety, quality of work and financial failure (Syed M. Ahmed, Riaz Ahmad,

1999).

3.4.4 Category: Process of Risk Management in Construction

This category has the highest percentage of articles since it focuses on the process of risk
management and the steps needed. As can be seen in table 9, there is a certain growth
experienced after the year 2010 which shows an increase of interest in the topic of risk
management in the construction industry where the highest number of articles were

published in the years 2013 and 2014.
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Sub-Category: Risk Identification
The most common set of steps of the risk management process are risk identification, risk
analysis, risk assessment, risk control, risk surveillance, and goal control (Szymanski,
2017a).This sub-category focuses on the first which is risk identification where risk
identification and preliminary risk analysis through matrix diagrams are the most popular
(Dziadosz and Rejment, 2015). The most used risk identification tools are brainstorming,
checklists, lessons learned, risk review meetings, and Delphi technique (Nawaz, Wagar,

Shah, Sajid and Khalid, 2019).

Table 9: Process of Risk Management in Construction Category

Category
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Sub-Category: Risk Analysis
The 2" step in the risk management process is risk analysis. This sub-category has the
largest number of articles in the category of the process of risk management in
construction which shows the criticality and importance of this step. Risk analysis is used
to assess the impact of a certain risk on the project objectives where time and cost risks
are correlated in order to obtain accurate results. The impact of a risk is obtained by
calculating the product of the probability of occurrence and level of severity (Chan et al.,
2011). The development of risk analysis techniques has very low growth (Olalekan

Mumuni Ogunbayo, 2014).

A radar diagram can be used to select the most appropriate risk analysis technique
according to four criteria such as maturity, complexity, size, and focus (De Marco and
Jamaluddin Thaheem, 2014). Note that radar diagrams are considered themselves as
qualitative risk analysis techniques (Marco et al., 2012). The main driver of risk
assessment is the coordination and involvement of construction teams (McGoey-Smith,

Poschmann, and Campbell, 2007).

While, the main barrier to risk analysis is the lack of understanding of project managers
which requires education and training (MacLeod and Akintoye, 1997). More innovative
risk analysis techniques can be created by combining several tools such as the fuzzy
approach and the analytical hierarchy process (Rezakhani, 2013). The fuzzy approach can
contribute by changing linguistic risk surveys into quantitative measures (Nieto-Morote
and Ruz-Vila, 2011). Else, fuzzy can be combined with other methods such as topsis to

develop more complex models (Taylan et al., 2014). As a result of applying risk
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assessment and risk mitigation, time and cost contingencies, and reserves decrease

(Aderbag, Elmabrouk, and Sherif, 2018).

Sub-category: Qualitative Risk Analysis Techniques

Few articles focus on qualitative risk analysis since they are fairly simple and do not
require major simulation or study. Qualitative risk analysis techniques include but are not
limited to the following: interviews, P-1 matrix, expert judgment, questionnaires, surveys,
risk breakdown structure, comparing options, root cause analysis, descriptive analysis,

and ranking options.

Moreover, surveys and interviews require reliable sources of information are engineers,
project managers, and doctorate holders (Liu and Li, 2014). Qualitative risk analysis
techniques are used more than quantitative risk analysis techniques in the construction

industry.

A typical example of the latter would be the Lithuanian construction industry

(Banaitiené, Banaitis, and Norkus, 2011).

Sub-Category: Quantitative Risk Analysis Techniques

Quantitative risk analysis techniques differ from qualitative risk analysis techniques since
they are more complex and require more specialized tools that offer more space for
research as shown in table 9 where authors are tempted to do more research on
quantitative risk analysis techniques. The quantitative risk analysis techniques are
numerous and include but are not limited to the following: fuzzy risk assessment to

appropriately deal with contractor’s risks, earned value management, judgmental risk
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analysis process which provides better risk prioritization when faced with limited data,
risk assessment impact model which is simple, not time-consuming and flexible, FMEA,
decision making/risk matrix, fault tree analysis, Monte Carlo simulation method, PERT,
fuzzy logic, FMEA in last planner system, AHP, breakeven analysis, multi-criteria risk
assessment, CPM with careful scheduling for claims, expected monetary value, trend
analysis where time and cost are related and sensitivity analysis.For instance, earned
value management (Devi, 2018), decision tree analysis (Thaheem, Marco and Barlish,
2012), multi-criteria risk assessment (Tamosaitiené, Zavadskas, and Turskis, 2013) and
topsis (Gupta and Thakkar, 2018) are used to analyze delays. While, critical path method
is important for contracts concerning settling down claims at the end of the project (Liu,

2013).

Each of the techniques stated above has its advantages and disadvantages, yet the most
suitable method for obtaining an output a range remains to be Monte Carlo simulation
(Wang and Shi, 2014) which depends on the different distribution of each risk studied

(Sato, Kitazume and Miyamoto, 2005).

Expert judgment, the likelihood of occurrence, and impact help to transform the risk
analysis procedure from qualitative and subjective to objective and quantitative (Lin, Lin
and Tyan, 2011). For the latter purpose, several techniques are invented such as the
analytical hierarchy process which is flexible, systematic and includes several views
through averaging, yet it is considered one of the time-consuming risk analysis

techniques (Sharma, 2015).
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Sub-Category: Project Safety Risk Assessment
Safety of workers and accidents are one of the most persistent concerns on a daily basis
for the project manager and site engineer. This sub-category explores project safety risk
assessment where it is considered as a key aspect for efficient construction project
management since construction sites serve as one of the most frequent places of accident
events (Aminbakhsh, Gunduz and Sonmez, 2013). Furthermore, falling from high
elevations and being trapped between two objects are given more significance when
studying occupational accidents due to their high level of severity (Koulinas et al., 2019).
Occupational safety can be increased by implementing efficient preventive measures and
investing in machinery, safety equipment, and better training of employees (Majumder,
Debnath and Biswas, 2014). However, data from previous construction accidents are
complex and cannot be used to predict the risk for a certain accident type due to the

specific and unique characteristics of each project site (Lin, Lin and Tyan, 2011).

Sub-Category: Risk Response
This sub-category focuses on risk response which depends on the attitude of the risk

owner where there is no one best way to deal with all types of risks (Perera, 2009).

For example, risk retention or mitigation depends mostly on the contractor’s willingness
(Jarkas and Haupt, 2015). As a result, several risk responses exist such as risk avoidance,
risk transfer, risk mitigation or reduction, risk exploit, risk share, risk enhance, risk
acceptance, and contingency plan. The risk response and plan are usually studied in order

to check how to share or mitigate the risks and their impacts (Rauzana, 2016).
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Risk reduction is the most used risk response after which comes risk transfer, risk
elimination, and risk retention (Lyons and Skitmore, 2004). Risk reduction includes but is
not limited to calculating the budget and time needed, risk description, and responsibility
allocation (Khumpaisal, 2010). On another hand, several activities can be done to transfer
risks in highway projects such as contract negotiation, subcontracting, insurance, claims,
or to avoid risks such as improving execution, signing favorable contracts, investigating
bid conditions, and signing supplementary contracts (Li, 2013). While for risk mitigation,
the most effective technique lies in producing an accurate schedule or close supervision
and coordination (Szymanski, 2017). After a risk response is enacted, the risk

management plan can be documented for future use (Kim and Bejaj, 2000).

3.4.5 Category: Risk Management in Procurement of Construction

This category is one of the most important categories since it further explores the process
of risk management in the procurement of construction. The growth rate fluctuates
between the years 2010 and 2019 as revealed in table 10. The latter category is made up
of the following sub-categories: the definition and application of risk management in the
procurement of construction and the effect of the chosen procurement type in

construction.

The effect of the chosen procurement type on the risk management in the procurement of
construction will make it the choice of contract type more clear for the parties in the
construction project which will decrease the need for arbitration, the number of disputes

and the stress and increase coordination between the parties in a construction project.
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Table 10: Procurement Risk Management Category
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Sub-Category: Definition of procurement risk management

The first sub-category in the category of risk management in the procurement of
construction focuses on defining the application of risk management in the procurement
of construction where the most important stage in procurement risk management is a
clear allocation of responsibility for the management of a certain contractual risk to an
accountable individual (Murray, 2013).

The latter is usually done in the general conditions of a contract which are well-
developed documents that facilitate clear risk allocation between the project’s actors
(Procurement, 2017). Another way of applying risk management is through studying each
clause and condition of the contract and then applying qualitative and quantitative risk
analysis and suggesting several methods of management such as payment for extra costs,
re-estimation, and insurance (Pawar, Jain and Gaikwad, 2015). The latter application of
risk management in procurement could be developed through a construction risk

management system (Park, Lee and Ahn, 2017).

Note that after the risks are identified and responded to using procurement risk

management in public contracts, risk can be decreased in public procurement by
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decreasing risk aversion and increasing innovation in procurement (L. Tsipouri et al.,
2010). For example, contractors’ bids could be evaluated on more sustainable criteria

such as level of expertise, risk maturity, quality of work, etc (Perrenoud et al., 2017).

On another hand among the different parties involved in a project, contractors are
considered to be most active in risk management, while joint risk management is still
considered to be the optimal procurement option for unknown risks (Gupat, Divya and
Sharma, 2017). In addition to the latter, for innovation to be applicable in the
procurement of construction, the public sector should become more familiar and able to
deal and manage all contractual risks using comprehensive risk management strategies

since the latter will become inevitable in high-risk projects (Kalvet, 2010).

Sub-Category: Effect of Chosen Procurement Type

The last sub-category focuses on the effect of the chosen procurement type on risk
management in the procurement of construction where it is proven that the frequency of
risk categories is directly related to the contract type chosen (Bloomfield et al., 2019).
There is a clear connection between the procurement option and risk management in the
chosen construction projects where the most recent trend is towards partnerships and the
integration of information technologies (Ruparathna and Hewage, 2015). For instance,
design-bid-build contracts do not create opportunities for open discussion of project risks
and joint risk management, design-build projects offer a higher degree of collaboration in
risk management due to the involvement of the contractor in early phases while

partnering helps to establish cooperative relationships.
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Meanwhile, all project risks including procurement risks change their rankings during the
project lifecycle which necessitates further actions in order to achieve effective risk
management in all contract types and delivery methods (Tsai and Yang, 2010).
Procurement options are more prone to technological risks than natural disasters (Gyamf,
2016). Moreover, lack of involvement and participation of contractors especially in the
tendering stage leads to increased financial risks such as poor resources (Taghipour et al.,
2015). For example, using CM, the errors in design and specifications will be minimized
since the contractor would be participating from the early phases of the project (R.A. et
al., 2016). On the other hand, a third-party contract is considered as a source of risk to the
owner in terms of finishing the project on time and within budget (CIDB: South Africa,
2004). Moreover, balancing the fixed price in design-build contracts and not failing at
tendering is very important to mitigate future risks in procurement where design-build
contracts are considered to be more sensitive to economic and political risks.
Furthermore, the client should pay great attention to providing detailed design drawings
in the bid documents and reducing the number of change orders to mitigate contractual

risks (Oztas and Okmen, 2004).
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4. State of the Practice of Risk Management in Procurement of
Construction Industry in Lebanon

4.1 Introduction

The first main objective of this research is to determine the state-of-the-practice of risk
management in the procurement of construction industry in Lebanon, identify the most
important risks as per practicing engineers, and to discern any obstacles for its full

deployment. To do so, a survey was conducted using an online questionnaire.

This survey was done according to the following steps: research on the population
involved, research on the survey method, research on analysis procedure of survey
results, and the preparation of the questionnaire and its translation to the languages

needed.

Target Population

The target population is working engineers in the construction industry in Lebanon. The
main organization that oversees the construction industry is the Order of Engineers and
Architects (OEA) in Lebanon. According to OEA, the total number of active and
registered civil engineers in Lebanon, excluding north Lebanon, is 6,413 engineers
(OEA,2019). Out of these, the number of civil engineers working in Lebanon is 2,402;
however, only 1,431 have provided their contacts to the OEA and can be contacted. The
sample size required when the population size is 1,431 while assuming a confidence level
of 95% and a margin of error of 10% is calculated using Cochran’s formula (Bartlett,

Kortlik and Higgins, 1977). Note that the population size does not affect the sample size
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needed as shown in Cochran’s formula. As a result, the survey was also shared on linked

in resulting in a population of 2000.

2 2,052 . .
Cochran’s formula is given by n = 2°ba _ LOBTO0F _ 67.65 where e is the estimated

e? 0.12

level of error, p is the estimated percentage of the population that possesses the tested
criteria where 50% is the maximum and conservative value and Z is the abscissa on the Z
curve corresponding to a certain confidence level. A margin of error of 10% is typical to
the margin of error assumed in all surveys used in the papers presented in the literature

review that include surveys. Therefore, a minimum of 68 respondents is required.

The Questionnaire

The questionnaire contained 21 questions with multi-choice answers as displayed in the
appendix. Note that the survey questions were made available in both the English
language and the Arabic language according to the preference of the respondent. The
questionnaire was developed after a comprehensive literature review of the topic and the
theoretical background. The direct results of the questionnaire are plotted using
histograms in addition to the correlation test to show the relationship between the
respondents’ backgrounds and the several aspects tested (Ramshaw, 2018). The
questionnaire was composed of four parts. The first part was made up of the first six
questions which are general questions focused on age, job position, formal education,
years of experience, nature of projects involved in, and work experience outside

Lebanon.
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The second part consisted of five questions which tend to investigate the attitude of
Lebanese civil engineers towards risk management where the questions are centered on
the following topics: perception of risks, the party applying risk, stage in the procurement
of construction in which the application of risk management is considered the most
effective and the knowledge and application of risk management stages in the
procurement of construction.
The third part includes only four direct questions that ask the respondent to choose the
most important risk in each of the following phases: preliminary, tendering, execution
and completion phases in the procurement of construction industry in Lebanon.
The final part focuses on risk response, risk monitoring and the main barriers of applying
risk management in the procurement of construction where the respondent will select the
main obstacle of applying effective risk management in the procurement of construction,
his/her preferred risk response strategy, risk monitoring tool, preferred contract type and
project delivery method taking into consideration the different risks that can occur in the

procurement of construction in the Lebanese industry.

Survey Implementation and Response Rate

The questionnaire was built using Google forms and sent to the intended population using
the following online platforms: bulk SMS, WhatsApp, LinkedIn, and e-mail. The
response rate obtained using each of the latter platforms is shown in table 11.

The overall response rate was 14 % which is acceptable as the response rate is expected
to be less than 20% for internet-based questionnaires (Wiley, 2015). The platform with

the highest response rate is Linkedin.
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Table 11: Response Rate for Each Platform Used

Tool Used Sent Received | Retained
What's App 300 22 22
Linked In 500 193 155
SMS 1000 29 27
Email 200 42 37
Total 2000 286 241
Percentage 100.00 14.30 84.27

Analysis Tools
After implementing the survey, 286 responses were received. These responses data were
validated, formatted, and inputted into SPSS, a statistical analysis software, where

different analysis tools were utilized.

4.2 Survey Statistical Validity

4.2.1 Internal Reliability

As mentioned earlier, 286 responses were received initially, yet after screening the
responses and eliminating non-valid responses 241, responses were retained. Cronbach’s
alpha was tested for internal reliability and internal consistency of the responses and it
resulted to be almost 0.6 as shown in table 12 which is considered acceptable for
exploratory studies (Leimeister, 2009). In non-explanatory studies, Cronbach’s alpha
should be at least 0.7 to be justified (Darren and Mallery, 2003).

Only numerical items were used to test the reliability factor to avoid any errors: age,
years of experience, number of countries the respondents worked in other than Lebanon,

number of types of projects the respondents were involved in, number of risk
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management stages respondents are familiar with and apply respectively, number of

parties that apply risk management and the number of preferred risk responses chosen.

Table 12: Reliability Statistics

Cronbach's Alpha
Cronbach's P .
Based on Standardized
Alpha
ltems
0.569 0.657

4.2.2 Normality Test

A normality test was conducted in order to check if parametric or non-parametric tests
should be used. Accordingly, the skewness and kurtosis were tested for all the data
obtained with the results shown in table 13.

Skewness is used to indicate the amount of the deviation of the overall shape of the data’s
distribution from a normal distribution. While kurtosis is tested to compare how much the
tails of the data distribution differ from the tails of a normal distribution.

For the data to be normally distributed, the skewness should be zero, and the kurtosis
should be greater than three (Date, 2019).As shown in the results, the skewness of all the
variables is different than zero and the kurtosis is less than three. Thus, the data is not

normal and non-parametric tests should be used.
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Table 13: Normality Test Using Kurtosis and Skewness

N Skewness Kurtosis
Criterion Tested Statistic | Statistic Standard Statistic Standard

Error Error

Most Important Risk in Preliminary Phase 241 -.786 157 -.313 312
Knowledge of Risk Management Stages 241 -.734 157 .045 312
Work Experience Outside Lebanon 241 -.570 157 -.956 312
Risk Response Strategy Preferred 241 -.503 157 -.594 312
Perception of Risks 241 -.296 157 -1.270 312
Application of Risk Management Stages 241 -.272 157 -.866 312
Contract Type Preferred 241 -.159 157 -1.530 312

Tools Used to Monitor Risks 241 -.115 157 -1.754 312
Most Important Risk in Execution Phase 241 -.113 157 -1.274 312
Most Important Risk in Completion Phase | 241 -.049 157 -.938 312
Party Applying Risk Management 241 179 157 -1.440 312
Phase for Most Effective Application 241 .186 157 -1.234 312
Main Obstacle for Applying Risk 241 597 157 544 312

Management

Job Position 241 .643 157 -1.362 312

Most Important Risk in Tendering Phase 241 .853 157 - 737 312
Years of Experience 241 .981 157 -.393 312

Nature of Projects Involved In 241 1.127 157 407 312
Delivery Method Preferred 241 1.198 157 .613 312
Formal Education 241 1.437 157 2.986 312

Age 241 1.933 157 2.458 312

Valid N 241

4.3 Survey Results

4.3.1 General Questions

The general questions asked the respondent to provide information about his background.
The majority of the respondents ranged from 24 and 34 years old. The average age of
respondents was 33.6 years with a standard deviation of 9.078. While, most of the
respondents were either site engineers, consultants, or construction project managers as
shown in figure 15. On another hand, when grouping site engineers, construction project
managers, procurement engineers, and contractors, it would result in almost 60% of the
respondents working in a contracting position, while only 35% of the respondents were

working in a consultancy position (estimation engineers and consultants).
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Figure 15: Job Position Distribution

With respect to formal education, the majority of the respondents held either a bachelor’s

or master’s degree as depicted in figure 16. While, only about 5% and 1% held a Ph.D.

and MBA degree respectively.
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Figure 16: Formal Education Distribution
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Concerning the years of experience, the average years of experience among the
respondents were 7.43 years with a standard deviation of 3.597 years. In addition to the

latter, only 18% of the respondents had 20 years of experience as displayed in figure 17.

While 42% of the Lebanese civil engineers worked in Lebanon only, about 38% of the

Lebanese civil engineers worked in the MENA region as it is clearly evident in figure 18.

Mane

MEMNA Region

Africa

Europe—

America

Australia

Asia

Work Experience in Countries Other than Lebanon

) T T T T T
[a] 10 20 30 40 S0

Percent

Figure 18: Work Experience outside Lebanon
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Finally, with respect to the nature of the projects, the respondents were involved in,
buildings; infrastructure, and transportation were the highest selected choices as depicted
in figure 19. Moreover, it is shown that on average each respondent worked in at least

two types of projects throughout his career as shown in figure 20.
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Figure 19: Histogram of the Nature of Projects Involved In
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Figure 20: Histogram of the Number of Types of Projects Respondents Were Involved In
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The survey responses indicated that 37% of Lebanese civil engineers claim to be familiar

with all risk management stages.

However, only 11.6% of the respondents apply all the risk management stages as shown

in tables 14 and 15. Moreover, on average each Lebanese civil engineer applies and is

familiar with only two risk management stages.

Furthermore, risk identification is the most applied and known risk management stage in

Lebanon. In addition to the latter, almost 50% of the Lebanese civil engineers agree on

the fact that the application of risk management would be most effective if applied in the

tendering phase of the procurement process as shown in figure 21.

Table 14: Knowledge and Application of Risk Management Stages

Risk Management Stage \ Criterion | Knowledge | Application
Risk Identification 31% 32.8%
Qualitative Risk Analysis 22.2% 18.3%
Quantitative Risk Analysis 21.1% 17.7%
Risk Response 21.5% 25%
None 4.2% 6.3%

Table 15: Number of Risk Management Stages: Known and Applied by the respondent

Number of Selected Risk Management Stages | Knowledge | Application
0 10% 12%
1 29.9% 33.6%
2 21.2% 27.8%
3 2.5% 14.9%
4 36.5% 11.6%
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Figure 21: Histogram of the Procurement Phase for the Most Effective Application
of Risk Management

On another hand, on average two parties with a standard deviation of one were involved
in the application of risk management as shown in figure 22. However, the contractors

were the parties mostly conducting risk management as depicted in figure 23.
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Figure 22: Histogram of the Number of Parties Applying Risk Management
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Figure 23: Histogram of the Party Applying Risk Management

With respect to the perception of risks, almost 39% of Lebanese civil engineers are risk-
neutral. While almost 38% of Lebanese civil engineers are risk-averse perceiving risks as
threats, and only 22% of Lebanese civil engineers are risk-seeking or risk-taking

perceiving risks as opportunities as shown in figure 24.
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Figure 24: Histogram of the Perception of Risks
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4.3.3 Risks in Each Procurement Phase

In this section, respondents were asked to identify various risks in order of importance as
per their opinion in four phases of construction: preliminary, tendering, execution, and
completion. The most important risks in each procurement phase are plotted versus the
percentage of votes each risk received in its respective phase in figure 25. The responses
show that the most important risks in the preliminary phase are poor risk identification
(35.7%), lack of financial resources (24.9%), and under/over-statement of the needs
(13.3%). Next, the most important risks in the tendering phase are the evaluation of
tenders according to the lowest cost only (42.7%), high competition between tenderers
(11.2%), and inadequate tenders full of errors (9.5%). Subsequently, the most important
risks in the execution phase are the unforeseen site conditions (23.2%), defective design
(14.1%), and communication barriers (9.5%). While, the most important risks in the
completion phase are difficulty obtaining the completion certificate due to construction
errors (24.9%), disputes/need for arbitration (20.7%) and delay in the release of the final

payment (19.9%).

Furthermore, the overall most important risks between all phases in decreasing order of
importance are the evaluation of tenders according to the cost only, poor risk

identification, and difficulty obtaining completion certificate due to construction errors.
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Figure 25: Most Important Risks in Each Procurement Phase

4.3.4 Risk Monitoring, Risk Response, and Barriers of the

Application of Risk Management

The survey results show that Lebanese civil engineers use reports and earned value
management mostly as tools for monitoring risks, yet only 20% of Lebanese civil

engineers use meetings as shown in figure 26.
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Figure 26: Histogram of Tools Used to Monitor Risks

With respect to the preferred risk response strategy, risk mitigation, avoidance and
sharing were the most selected risk responses, and each respondent prefers two risk
response strategies on average in order to deal with the variability of risks in the

procurement of construction industry in Lebanon.
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Figure 27: Histogram of Preferred Risk Response Strategy
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Regarding the preferred project delivery method and contract type, the respondents
indicated their preference of the “CM” delivery method and “unit price” contract as
shown in figures 28 and 29respectively with almost 80% of the respondents not

preferring any form of partnership and sharing of risks.

constreten Managemem—
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Figure 28: Histogram of Delivery Method Preferred
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The main barrier for applying risk management in the procurement of the construction
industry in Lebanon is the lack of awareness of the benefits of risk management as shown

in figure 30.
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Unforeseen Risks with High Cortingencies in Preliminary
hase

Percent

Figure 30: Histogram of Obstacles for Applying Risk Management

4.4 Survey Results Analysis

4.4.1 Cross-Tabulation
To check how the different characteristics provided by the respondents interact among

each other’s and investigate any trends or underlying patterns, these variables were cross-

tabulated using SPSS.

Knowledge of Risk Management Stages

Knowledge of risk management was checked against other parameters.
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The results indicated that the average number of risk management stages respondents are
familiar with is two throughout all the age ranges, level of education, and years of
experience.
The respondents who had the most knowledge of all the risk management processes are
from 24-34 years old (24.1%), have a master’s degree (18.3%), and 5-10 years of
experience (11.2%). On another hand, it was observed that respondents who were
involved in one or two (25.7%) specific types of construction projects and worked in
only one or two countries at most outside Lebanon (21.6%) or in MENA Region or
Lebanon only (19.1%) were familiar the most with all the risk management stages.
Furthermore, construction project managers (9.5%) and consultants (10.4%) are more

familiar with all the risk management stages.

Application of Risk Management Stages

With respect to the application of risk management stages, respondents of all ages, years
of experience, and formal education apply on average two risk management stages.
Respondents who mostly apply all risk management stages are 24-34 years old (7.5%),
have a bachelor’s degree (6.6%), and have either 0-2 or 20 years of experience (6.6%).
Furthermore, construction project managers (2.9%) and site engineers (3.3) apply all the
risk management stages the most. In addition to the latter, respondents who have worked
in only one type of project (4.1%) other than Lebanon or in the MENA region (3.7%)

have more applied all the risk management stages.
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Procurement Phase for the Most Effective Application of Risk Management
Consultants (14.1%) and contractors (4.6%) selected tendering as the procurement phase

for the most effective application of risk management.

Moreover, respondents mostly chose Tendering (45.2%) as the procurement phase for the
most effective application of risk management irrespective of the type of projects they

were involved in.

Party Applying Risk Management
The average number of parties applying risk management is two irrespective of the type

of project the respondents were involved in.

Perception of Risks
Analyzing the respondents’ perception of risks, it was found that most contractors
perceive risks as threats (55%), whereas consultants were more risk-neutral

(31.3%)seeking to maximize their profits without considering risks.

Additionally, Lebanese civil engineers who have only work experience in one type of
construction projects are considered to be the most risk-averse (17.4%) among all of the
respondents. While respondents who have worked in environmental projects only are the

most risk-seeking (6.6%).

Choice of Most Important Risk in Each Procurement Phase
The choice of the most important risks in each procurement phase is related to the job

position of the respondent. It is observed that there is an agreement between the choice of



64
the most important risks in the preliminary and tendering phase between the contractors

and consultants as shown in figures 31 and 32.
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Figure 31: Association between Job Position & Most Important Risks in Preliminary
Phase

Whereas in the execution phase, contractors chose communication barriers as the third
most important risk, unlike consultants who selected contract termination as a result of

the main contractor’s default as shown in figure 33.
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Figure 32: Association between Job Position & Most Important Risks in Tendering
Phase

Likewise, in the completion phase, the consultants selected the delay in the release of the
final payment and retention as the most important risk, unlike the contractors who chose

disputes/need for arbitration as observed in figure 34.

On another hand, a relationship was observed between the choices of the most important
risks in the preliminary, execution, and completion phases and the nature of the projects
respectively. However, the most important risks in the tendering phase were independent

of the nature of the projects the respondents were involved in.
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Figure 34: Association between Job Position & Most Important Risks in Completion

Phase
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In the preliminary phase, corruption-related risks were more relevant in infrastructure and
geotechnical projects whereas under/over-statement of the needs was more important in

transportation and building projects as it is vivid in figure 35.
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Figure 35: Association between Types of Projects & Most Important Risks in
Preliminary Phase

During the project execution phase as described in figure 36, communication barriers
were more pertinent in infrastructure, geotechnical, and environmental projects. While
team conflicts and delays in the release of progress payments were more present in
transportation and building projects. Finally, throughout the project completion phase,
disputes were more noteworthy in transportation, buildings, and geotechnical projects
unlike the delay in the release of the final payment and retention which was most vivid in

infrastructure projects as shown in figure 37.
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Figure 37: Association between Types of Projects & Most Important Risks in
Completion Phase
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Preferred Risk Monitoring Tool and Risk Response Strategy
Both contractors (14.1%) and consultants (28.2%) prefer the use of reports to monitor
risks and risk mitigation to respond to risks. Moreover, risk avoidance is mostly preferred
in geotechnical (12%) and environmental projects (8.3%) whereas risk mitigation is
mostly chosen in infrastructure (20.3%), transportation (13.3%), and buildings (41.9%)

projects.

Preferred Delivery Method and Contract Type
Both contractors (21.2%) and consultants (8.3%) prefer unit price contracts while taking

into consideration the different procurement risks.

On another hand, contractors (25%) prefer CM, while consultants prefer design-bid-build
(9.95%) as a contract to deal with the several types of risks in the procurement of

construction in the Lebanese industry.

Main Barriers for Applying Risk Management
Contractors (21.2%) and consultants (10.4%) experience mostly the lack of awareness of
the benefits of risk management which acts as the main obstacle against effectively

applying risk management in the procurement of construction in the Lebanese industry.

4.4.2 Independence/Association Test

Fisher’s exact test is usually done to check whether there is a non-random association
between two variables, however, it lacks to show whether independence is positive or
negative which necessitates the application of correlation tests (Weisstein, 2020). Two-

tailed fisher’s exact test was applied using a 95% level of confidence and Monte Carlo
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simulation between the different variables in the survey; however, no
dependence/association was observed between the selected variables that were already
mentioned in the cross-tabulation section. Accordingly, the test was repeated using a 75%
level of confidence. It was observed that there is an association between the perception of
risks (p-value of 0.05) and the most important risks (p-value of 0.04) in the tendering
phase and the job position respectively. While the number of risk management stages
respondents are familiar with (p-value of 0) is associated and dependent on the

respondent’s formal level of education.

4.4.3 Correlation Test

Two-tailed Kendall’s tau-b correlation test was applied at 75% confidence interval in
order to check the strength and direction of the association between all of the variables

(Lund, 2018), yet the results where only a correlation is found are summarized below:

Number of Types of Projects Respondents Were Involved In
Weak positive correlation: the number of parties that apply risk management (99% level

of confidence).

Number of Risk Management Stages Respondents Are Familiar With
Weak positive correlation: the number of parties that apply risk management and the

number of preferred risk responses chosen. (99% level of confidence).

Strong positive correlation: Numbers of risk management stages respondents apply (99%

level of confidence).
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Number of Risk Management Stages Respondents Apply
Weak positive correlation: number of parties that apply risk management, number of

preferred risk responses chosen and years of experience (99% level of confidence)

Number of Parties That Apply Risk Management
Weak positive correlation: the number of preferred risk responses chosen (99% level of

confidence)

Years of Experience
Weak positive correlation: number of countries respondents worked in other than

Lebanon (99% level of confidence)

4.4.4 Regression Test

Regression test was conducted at a 95% level of confidence in SPSS using automatic
linear regression for the following parameters: knowledge of risk management stages,
application of risk management stages, nature of projects, and preferred risk response
strategies. However, no significant results were obtained as the accuracy parameter “R?”

was low in all of the built models.

4.5 Discussion

Lebanese civil engineers on average apply and are familiar with only two risk
management stages which reiterate the fact that construction companies in the Middle
East have not yet effective and wholly encompassed risk management in the construction
industry (Deloitte, 2017). The most known and applied risk management stage is risk

identification which is the initial yet most important step of the risk management process.
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Concerning the perception of risks, Lebanese civil engineers are risk-neutral seeking to
maximize their profits irrespective of the identified risks which might lead to disastrous
impacts on the project and reduced profits had the risks occurred due to the absence of
any risk management plan. The latter was evident in the choices of risk mitigation and
risk avoidance as the most preferred risk response strategies to deal with a certain
potential risk in the procurement process. Moreover, the perception of risks is dependent
on the job position where contractors are proven to be more risk-averse than the
consultants. Lebanese civil engineers also chose Tendering as the phase for the most
efficient application of risk management which reiterates the important role contracts
play in the efficient allocation of the risks to the parties that can manage them the most
efficiently in the least costly and timely manner resulting in better communication and
collaboration between the parties. A comparative analysis done in a project in the MENA
region showed that when risk management is applied in the tendering and contract
negotiation stages, it resulted in a 68% decrease in the occurrence of unplanned variations
and a 36% decline in contingency expenditures proving the importance of the application

of risk management in the tendering phase (Turner & Townsend, 2018).

The overall most important risks are the evaluation of tenders according to the lowest
cost only, poor risk identification, and lack of financial resources. The latter proves that
financial risks are more important than country-specific risks as shown in Arabian
construction projects (Eskander, 2018).

The most important risks in the preliminary phase are poor risk identification, lack of

financial resources, and under/over-statement of the needs.
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Then, the most important risks in the tendering phase are the evaluation of tenders
according to the lowest cost only, high competition between tenderers, and inadequate

tenders full of errors.

The most important risks in the execution phase are unforeseen site conditions, defective
design, and communication barriers. While, the most important risks in the completion
phase are difficulty obtaining the completion certificate due to construction errors,

disputes/need for arbitration and delay in the release of the final payment and retention.

The choice of the most important risks in Lebanon is highly dependent on the perception
of risks where Lebanese civil engineers were noted to be risk-neutral and have a lack of
knowledge in risk management. The latter is greatly evident in the results where
Lebanese civil engineers as discussed previously are familiar with only half of the risk

management stages.

On another hand, a relationship was established between the choice of the risks and the
job position and nature of the projects respectively. For example, contractors prioritized
the following risks: contract termination and delays in the release of the final payment,
unlike consultants who ranked the disputes and communication barriers as one of the
most important risks. While, it was very noticeable that corruption-related risks were
mostly evident in infrastructure and geotechnical projects in Lebanon, and disputes were

noteworthy in transportation, building, and geotechnical projects.
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The preferred delivery method and contract type are construction management and unit
price contract respectively. The construction management delivery method allocates the

risks mostly to the owner, unlike the unit-price where the parties share the risk equally.

A more innovative project delivery method that provides better results than the traditional
methods is the integrated project delivery where the owner, architect, and general
contractor sign only one contract and are more involved and collaborate since the early

phases of the project (Rached et al., 2014).

The main obstacles for applying risk management efficiently is the lack of awareness of
the benefits of risk management and the lack of knowledge in civil engineering which is
one of the main barriers for the application of risk management in the construction
industry in the MENA region (Kotb et al., 2018). Thus, highlighting the need for a third-

party risk management consultant.

Correlation and regression tests were executed on selected variables in the questionnaire.
A weak association is observed between the perception of risks and the most important
risks in the tendering phase and the job position respectively. Whereas, a weak
association/dependence exists between the number of risk management stages
respondents are familiar with and the respondent’s formal level of education. The latter is
directly related to the increase in the knowledge and experience the Lebanese civil
engineers gain advanced formal education levels.

Regression test was also applied to several parameters, however low accuracy was
obtained because the risk is in its nature unpredictable and due to the need for

consideration of more variables to increase the accuracy of the models.
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5. In-depth Interviews

5.1 Introduction

The second tier of the research investigation was conducted through a qualitative risk
assessment that builds on the results of the first tier (i.e., the questionnaire) that identified
the top risks in each phase of the procurement process as per the opinion of the practicing
engineers.

The in-depth interviews seek to qualitative assess the top risks selected by the Lebanese
civil engineers in design-bid-build lump sum construction projects. In-depth interviews

are conducted with 12 experts in project management, consultancy, and contracting.

The experts were chosen after thorough research of reputable construction companies
working in Lebanon that have a considerable number of years of experience in the
construction of megaprojects in the region. Then, 24 companies were solicited for
potential in-depth interviews, yet only 12 experts from 12 different companies agreed and

participated.

5.2 In-depth Interview Questions

The interview includes general questions about the expert’s formal level of education,
years of experience, job position, and the average value of projects the respondent was
involved in. Then, the respondent was presented with the risks identified earlier in the
questionnaire and was asked about the likelihood of occurrence, the average severity of
risk on both the cost and duration of the project, risk detection, risk response, risk owner

and affected project activities of each risk-taking into consideration design-bid-build
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lump sum construction projects as per tables 16 and 17.Likert scale (one-five) is used for

consequences and probability of occurrence where one would represent the very low

impact and probability each of 0-20%, two would represent low impact and probability

each of 20-40%, three would represent moderate impact and probability each of 40-60%,

four would represent high impact and probability each of 60-80% and five would

represent the very high impact and probability each of 80-100%.

Table 16: Likelihood, Severity, and Detection of Procurement Risks

Procurement . o . .
Phase Procurement Risks Likelihood| Severity | Detection
Poor Risk Identification
Pre- Lack of Financial Resources
Conceptual
Under/Over-Statement of the Needs
Evaluation of Tenders according to the
Lowest Cost Only
Project High Competition between Tenderers
Tendering
Inadequate Tenders Full of Errors
Unforeseen Site Conditions
Project Defective Design
Execution
Communication Barriers
Difficulty Obtaining Completion
Certificate Due to Construction Errors
Project . I
Completion Disputes/Need for Arbitration
Delay in the Release of the Final
Payment and Retention
Use Likert scale (1 - 5): 1 (very low), 2 (low), 3 (medium), 4 (high), 5 (very
high)
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The t-test in SPSS will be used to analyze the data. T-tests are usually used for sample
sizes of less than 30 (Andrea, 2020). The one-sample and one-tail t-test are used to
compare the mean of the scores to a certain hypothesized population mean (Yeager,
2020). The hypothesis is that the mean is less than three, and then the likelihood of
occurrence, severity, or detection is respectively low. Else, the hypothesis is rejected and

the likelihood of occurrence, severity, or detection is respectively above average.

Table 17: Risk Response, Risk Owner and Affected Project Activities of Each Risk

Procurement . Phase of
Phase Procurement Risks | Risk Owner R Risk Aff_ec_t(_ad
eSponse - Activities

Poor Risk Identification

Pre- Lack of Financial Resources
Conceptual

Under/Over-Statement of the
Needs

Evaluation of Tenders
according to the Lowest Cost

High Competition between

Project Tenderers
Tendering Inadequate Tenders Full of
Errors

Unforeseen Site Conditions

Project Defective Design
Execution

Communication Barriers

Difficulty Obtaining
Completion Certificate Due to

Project

Completion Disputes/Need for Arbitration

Delay in the Release of the
Final Payment and Retention
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5.2 In-depth Interview Results

Results Reliability

The internal reliability was tested using Cronbach’s alpha where it was calculated to be
approximately 0.7 as shown in table 18 which is considered acceptable since Cronbach’s
alpha should be at least 0.7 to be accepted. The items tested include the likelihood of
occurrence, impact, and detection of all of the most important risks in each phase of the

procurement process.

Table 18: Internal Reliability of the Interview

Cronbach's | Cronbach's Alpha Based
Alpha on Standardized Items

0.670 0.616

General Questions Results

The job position of the respondents was equally split between contractors, project
managers, and consultants. Moreover, most of the experts interviewed held a master’s
degree in civil engineering, had on average 23 years of experience in the construction
industry and participated on average in approximately 200 million USD as shown in

figures 38, 39, and 40.
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Risks Assessment Questions Results

The average results for the likelihood, severity, and detection for each of the risks are

shown in figure 41. The risk response and risk owner for each of the risks are

summarized in table 19.
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The experts decided unanimously that each risk affects certain event or events in each of

the following procurement phases. It can be observed that risk mitigation and risk

avoidance are the most preferred risk response strategies, while the owner was allocated

the responsibility and ownership of most of the risks. The latter might be affected by the

attitude of Lebanese civil engineers towards risk management and their perception of

risks.
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Table 19: Risk Response and Owner of Each Risk

81

Risk \ Criterion Risk Response Risk Owner
Poor Risk Identification Mitigation Owner
Lack of Financial Resources Mitigation Owner
Under/Over-Statement of the Needs Avoidance Owner
Evaluation of Tenders According to the Lowest Mitigati
itigation Owner
Cost Only
High Competition between Tenderers Acceptance Contractor
Inadequate Tenders Full of Errors Avoidance and Mitigation Owner
Unforeseen Site Conditions Acceptance_, _Avc_)ldance and Contractor
Mitigation
Defective Design Mitigation Consultant
Communication Barriers Avoidance and Mitigation Owner
Difficulty Obtaining Com_pletlon Certificate Due to Acceptance Contractor
Construction Errors
Disputes/Need for Arbitration Avoidance Owner
Delay in the Release of the Final Payment and Acceptance owner
Retention

5.3 In-depth Interview Results Analysis

A one-sample one-tail t-test was conducted at a 95% level of confidence where the null

hypothesis was that the risks’ likelihood, severity are medium (score is less than or equal

to three). The calculated p-value was less than five percent for the following variables

which were considered significantly different from being average: poor risk

identification’s detection, lack of financial resources’ likelihood, under/over-statement of

the needs, unforeseen site conditions and high competition between tenderers likelihood,

severity, and detection, inadequate tenders full of errors’ likelihood, defective design’s

likelihood and detection, communication barriers’ likelihood, detection and severity and

difficulty obtaining completion certificate’s likelihood and severity.

On another hand, the detection, severity, and likelihood of occurrence of each of the risks
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are summarized in figure 41 where poor risk identification is the most occurring risk and
hardest to detect and defective design causes the most damage. A comparison was made
between the risk allocation choices of the experts based on their job position as shown in
table 20. It is evident that the experts agreed on the allocation of one-fourth of the risks,
yet they did not agree to share risks. However, project managers unlike consultants and
contractors (16%) proposed that 40% of the risks must be shared. Further analysis of the
results were conducted using the risk priority number (RPN) and the risk assessment
matrix. The RPN is calculated by multiplying the likelihood by the severity and detection
of each risk respectively as shown in figure 42. RPN allows the risks to be sorted from
highest to lowest in terms of importance and criticality where poor risk identification was

ranked first, defective design second and lack of financial resources third.

Table 20: Risk Allocation by Each Party

Risk \ Respondents Consultants Contractors Project Managers
Poor Risk Identification Owner and Owner Contractor, Owner and
Consultant Consultant
Lack of Financial Resources Owner Owner Owner
Under/Over-Statement of the Needs Owner Consultant Contractor
Evaluation of Tenders According to Project
the Lowest Cost Only Manager and Owner Contractor and Owner
High Competition between Tenderers Contractor Owner Contractor and Owner
Inadequate Tenders Full of Errors Owner Owner Contractor
Unforeseen Site Conditions Owner Consultant Contractor
Defective Design Consultant Consultant Consultant
Communication Barriers Owner Owner and Owner and Contractor
Consultant
Difficulty Obtaining Completion Contract Owner and 0
Certificate Due to Construction ontractor Contractor wner
Disputes/Need for Arbitration Owner Owner and Owner and Project
Contractor Manager
Delay in the Release_ of the Final owner owner owner
Payment and Retention
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Evaluation of Tenders According to the Lowest Cost
Only
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Figure 42: Risk Priority Number of Each Risk

Subsequently, a risk assessment matrix is done by plotting the likelihood of each risk in
terms of its severity to obtain the level of each risk and to be able to categorize it.

Four levels of risk exist which are as follows: minor risk which causes no effect -low
risk (green), a moderate risk which requires mitigation - medium risk (yellow), high risk
(pink), and extreme risks that require specific actions(red).The four levels of risks as
shown in figure 43.

Based on the severity and likely hood score of each risk, the risk assessment matrix is
developed as shown in figure 43 where the risk’s likelihood of is plotted versus the
average impact of the risk on the project’s time and cost. The label for each risk is shown

in table 21.
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Table 21 : Label of Each Risk in Risk Assessment Matrix

Risk Label

Poor Risk Identification A

Lack of Financial Resources

Under/Over-Statement of the Needs

Evaluation of Tenders According to the Lowest Cost Only

High Competition between Tenderers

Inadequate Tenders Full of Errors

Unforeseen Site Conditions

I G| |m| OO

Defective Design

Communication Barriers I

Difficulty Obtaining Completion Certificate Due to Construction Errors J

Disputes/Need for Arbitration K

Delay in the Release of the Final Payment and Retention

Unlikely
(1)
Seldom
(2)
Occasional
(3)
Likely
(4)
Definite

v (5)

Likelihood

Insignificant Marginal Moderate Critical Catastrophic

(1) (2) (3) (4) (5)

>

Consequence

Figure 43: Risk Assessment Matrix
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5.4 Discussion

As it was highlighted in the results, expert Lebanese civil engineers were mostly risk-
averse since the most chosen risk response is risk mitigation in addition to the fact that
most of the risks were allocated solely to the owner. The latter shows that expert
Lebanese civil engineers do not tend to share risks as it was already proven in the survey
where only 20% of the Lebanese civil engineers chose any form of partnership as a

delivery method or contract type.

After the experts allocated a score to each of the risks taking into consideration design-
bid-build lump sum projects, the most occurring and hardest to detect risk was discovered
to be poor risk identification which is directly related to the lack of knowledge in risk
management which could inhibit its proper and efficient application. Moreover, lack of
financial resources and design defects are the fifth most occurring risks although they

typically rank as the most occurring in construction projects (Eskander, 2018).

The most severe risk is the defective design which if occurs might cause drastic damages
to the construction project’s time and cost especially that the design is finalized before
the selection of the contractor and the construction project’s start date as discussed
previously in figure 6. However, design risks were proven to have an only moderate
impact on project’s cost and time in the MENA region from the perspective of
multinational companies where it was found that financial risks have a high impact on the

project’s cost and moderate impact on the project’s schedule (Al-Sabah, 2012).
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The qualitative risk assessment of the top risks in design-bid-build lump sum projects
was done using a risk assessment matrix and RPN respectively. The risk assessment
matrix showed that half of the risks are moderate level risks, whereas the extreme risks
are poor risk identification and evaluation of tenders according to the lowest cost only
where both were allocated solely to the owner. The latter is verified due to their high
likelihood of occurrence and impact where poor risk identification can lead to the
mismanagement of highly important risks which can cause severe damages to the
project’s scope, cost and time and might lead eventually to the project’s failure. Whereas,
evaluation of tenders according to the lowest cost only ignoring the worker’s experience
and other important qualifications can sabotage the quality, scope, and duration of the
project leading to eventually even more costs to the project and less efficiency. On
another hand, the experts allocated most of the risks (75%) solely to the owner, although
usually the contractor holds the responsibility for most of the risks in design-bid-build
fixed price projects (Nicat and Wodynski, 2015). The sole allocation of these risks to one
party only will cause less collaboration, communication & motivation between the parties
involved in the construction project which might decrease the effectiveness of the

application of risk management.

When the detection of the risks is considered, the risks are re-ordered in terms of their
importance and priority were the following risks were the most important in decreasing
order as follows: poor risk identification, defective design, and lack of financial
resources. The latter showed that even though the defective design and lack of financial

resources are high-level risks, yet they require more managerial attention and have higher
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priority since they are very difficult to detect. Thus, proving the importance of RPN to
track the reduction of the impact of negative risks and be able to avoid unprecedented

failures due to the poor ability to detect very severe risks.
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6. Case Study: Quantitative Risk Analysis of Construction Project

6.1 Introduction and Project Description

A case study is undertaken to illustrate the application of quantitative risk analysis of a
real-life construction project in the project execution phase. This application is built upon
the results of the previous sections concerning the prevailing risks in the Lebanese

construction industry as well as its likelihood, severity, and impacts.

The risk analysis results compare the impact of moderate and high-level risks in the
execution phase in the construction project while considering pre-mitigation and post-
mitigation stages. The project delivery method of the construction project is a design-bid-
build utilizing a lump sum type of contract. The case study involves the construction of a
bridge that has a length of 700m and a width of 20m. The planning of the project is done
using Primavera software resulting in project total cost of USD/4,544,220/, and a project

duration of 366 days.
The activities of the project are divided into the following main categories:

- general phase constituting mobilization and general requirements

- materials and shop drawing submittals and approval

- the procurement of long-lead items

- the first phase of construction works made up of constructing the pedestrian
underpass, the box culvert strengthening, the concrete works over the bridge culvert
and the finishing works on the bridge

- the second phase of construction works focusing on road works on road furniture
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- the final phase organizing the final testing and commissioning

2016 2017
i v [Sep | Oct | ow [Dec | dan Fab | bar | Apr May | Jun | dul | sug |Sep 0ot [Nov [Des Jan |Febs b

of Fireal Testing & C :-mnlissiqning

Figure 44: Gantt chart of the main categories of the construction project

Figure 44 illustrates the Gantt chart of the main categories of the construction project
while the appendix includes the full schedule including the critical path and the full 273
activities and resource tables. Note that the first phase has the highest cost since the
pedestrian underpass would result in a total cost of almost $1.5 million which is one-third

of the project’s total cost.

6.2 Risk Analysis: Input and Process

After obtaining the project schedule and costs, quantitative risk analysis is conducted
using Primavera Risk Analysis Software. The risks that are investigated in this case study
are based on the results obtained from the questionnaire which identified the three most

important risks in the project execution phase in the Lebanese construction industry.

These risks are unforeseen site conditions, defective design, and communication barriers.
The risks and their corresponding labels are shown in table 22. The latter risks are also

plotted in a risk matrix in figure 45 using their respective likelihood and severity as
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obtained in the in-depth interviews where it was proven that unforeseen site conditions
and defective design are high-level risks. While communication barriers are considered as

moderate level risks.

Table 22: Labels of Risks Investigated in Case Study

Risk Label
Unforeseen Site Conditions G
Defective Design H
Communication Barriers |

Unlikely
(1)
Seldom
(2)
Occasional
(3)
Likely
(4)

Definite

v 5)

Likelihood

Insignificant Marginal Moderate Critical  Catastrophic

(1) (2) (3) (4) (5)

>

Consequence

Figure 45: Risk Matrix - Case Study

The risk response and risk owner of each risk are obtained from the results of the in-depth
interviews, and a specific risk response method is suggested for each of the three risks as

shown in table 24.

The risk response method identifies the risk response, the cost of the risk response, the
residual risk, and the risk owner. The risk response and risk owner used are obtained

from the results of the in-depth interviews in section 5 of this thesis where risk
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acceptance would require no further action and the risk owner would retain 100% of the
risk, while risk avoidance would result in 0% residual risk since the risk would be

avoided by taking a completely different approach.

The following assumptions were made to calculate the cost of each risk response:

detailed site investigation costs 3% of total construction costs which is between

0.2 and 5% of total construction costs (Goldsworthy et al.,2007),

- the average cost of change in design/ redesign and 3™ party auditing is 5.36% and
2.89% of construction costs respectively (Wilson, 2012),

- design contingency cost is on average 2.68% of construction costs (Hawkes,
2017)

- the cost of pre-qualification is on average 2.07% of construction costs (Motiar
Rahman, 2015),

- acommunication platform is suggested to mitigate communication barriers where

30 members are assumed to be using the platform at a cost of 8 USD per month

(Field Chat, 2020).

Each risk and its associated parameters, shown in table 23, in addition to its severity
and impact is input into primavera risk analysis to compare the bearing of each of
these three risks on the project in terms of schedule and cost sensitivity using tornado

graphs.



Note that the simulation is repeated for each risk separately to obtain the most

optimum risk response strategy which has the lowest cost sensitivity and duration

sensitivity in the pre-mitigation and post-mitigation phases.

Then, a final simulation is executed using the three risks and response strategies

simultaneously to investigate which risk owner would be most affected.

The latter simulation would be done using the most optimum risk response strategy

for each risk which is obtained from individual risk simulations.

Table 23: Risk Response and Ownership of Risks - Case Study

. . . Residual Risk
Risk Risk Response Cost of Risk Response Risk owner
Risk Acceptance: No 0
Action Needed 0 100% Contractor
. . ] . 3% of Construction
Unforeseen | Risk Avoidance: Detailed Costs=0.03*4554220=$136 0% Contractor
Site Site Investigation 627
Conditions Risk Mitigation:
: ' $10,000 + 5.36% of 0
Topographic _Study and construction costs =$254106 50% Contractor
Redesign
Risk Mitigation: Third 2.89% Construction Costs 0
Party Auditing =$131617 50% Consultant
. Risk Mitigation: .
Defective : ; 5.36% Construction 0
Design RedeS|gDne/S%;]ange in Costs=$244106 10% Consultant
Risk Mitigation: Design 2.68% Construction 0
Contingency Costs=$122053 5% Consultant
Risk Mitigation : Project | ¢, 5/month = $12000 10% Owner
Coordinator
. Risk Mitigation: _
Comt?;znlca Communication 3 8${8T$}‘g/0rf$?2’g% - 5% Owner
: Platform: Field Chat -
Barriers Risk Avoidance: Pre-
: 0 .
Qualification for same 2.07% Construction 0% Owner

language

Costs=$94272




Risk Analysis: Results

6.2.1 Unforeseen Site Conditions

The impact and probability of each risk on the impacted activities is input into primavera

risk analysis and quantitative risk analysis is run using Monte Carlo simulation and 1000

iterations.

Table 24: Unforeseen Site Conditions Risk Input — Pre-mitigation Plan

R Risk Probability | Cost | Time | Response Actions | Phase of Affected Activities
esponse
Risk 60- 60- .
Acceptance 50% 80% | 80% No Action Needed . .
Risk 50% 60- 60- Detailed Site Phase 1: Setting out Site &
Avoidance ° 80% | 80% Investigation Sucr:vg/ Works for Zones A,
Risk 50% 60- 60- Topographic B, E
Mitigation 80% | 80% | Study & Redesign

Table 25: Unforeseen Site Conditions Risk Input — Post-mitigation Plan

The cost and duration sensitivity is investigated for each risk response technique in order
to show how much is the impact of the risk related to the project’s events. As shown in
table 26, the optimum risk response strategy for unforeseen site conditions is risk

avoidance since it would result in the lowest cost sensitivity and duration sensitivity in

Risk Response | Response Cost | Probability | Cost Time

Risk Acceptance $.00 50% 30-40% | 30-40%
Risk Avoidance | $136,626.60 0% 0.00% | 0.00%
Risk Mitigation | $254,106.19 25% 15-20% | 15-20%

the post-mitigation phase.




Table 26: Risk Response for Unforeseen Site Conditions
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Phase Pre-Mitigation Post-Mitigation
Cost Duration Cost Duration
Risk Response Strategy\Sensitivity Sensitivity | Sensitivity | Sensitivity | Sensitivity
(%) (%) (%) (%)
Risk Av0|danco_e - I?etalled Site 58 42 0 0
Investigation
Risk Acceptance - No Action Needed 61 67 91 95
Risk Mitigation - Topc_)graphlc Study and 58 a1 36 21
Redesign

6.2.2 Defective Design

The impact and likelihood of occurrence of the defective design risk are inputted into

primavera risk analysis for each of the pre-mitigated and post-mitigated plans using beta

pert distribution as shown in tables 27 and 28. Then, quantitative risk analysis is also run

to obtain the cost sensitivity and design sensitivity of each risk response technique.

Table 27: Defective Design Risk Input — Pre-mitigation Plan

Risk Probability Cost Time Resppnse Phase of Affected Activities
Response Actions
Risk 50% 60- 60- Design
Mitigation 80% 80% Contingency | Phases 0, 1&2: Setting out
Risk 50% 60- 60- Third Party | Site & Survey Works for
Mitigation 80% 80% Audit Zones A, B,C, E and Shop
Risk 60- 60- . Drawings.
Mitigation 50% 80% 80% Redesign

Table 28: Defective Design Risk Input — Post-mitigation Plan

Risk Response Re(s:[:())cs)?se Pmb;b'“t Cost | Time
Risk Mitigation - Design $131,617 25% | 3-4% | 3-4%
ontingency
Risk Mitigation - Third Party 0 30- 30-
Audit $244,106 25% 40% | 20%
Risk Mitigation - Redesign $122,053 5% 6-8% | 6-8%
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With respect to the defective design risk, risk mitigation using design contingency has the
lowest impact on the project although redesign or change in few concepts of the design is
relatively very close and considered the second-best risk response strategy as shown in

table 29.

Table 29: Risk Response for Defective Design

Phase Pre-Mitigation Post-Mitigation
Risk Response Cost Duration Cost Duration
s ponse. Sensitivity | Sensitivity | Sensitivity | Sensitivity
trategy\Sensitivity (%) (%) (%) (%)
Risk Mitigation - Design 61 a1 0 0
Contingency
Risk Mitigation - Third-Party Audit 57 39 100 100
Risk Mitigation - Redesign/ Change 57 40 8 6
in Design

6.2.3 Communication Barriers

The probability and impact of the communication barriers risk are inputted into
primavera risk analysis where all of the phases are impacted as displayed in tables 30 and
31. Then, quantitative risk analysis is done using Monte Carlo simulation and 1000
iterations in both the pre-mitigation and post-mitigation plans respectively in order to

compare the duration and cost sensitivity of each risk in both stages.

Table 30: Communication Barriers Risk Input — Pre-mitigation Plan

Risk Phase of
Probability | Cost | Time Response Actions Affected
Response ecte
Activities
Risk 0 40- 40- . .
Mitigation 50% 60% | 600 | Project Coordinator
Risk 0 40- 40- Communication
Mitigation 50% 60% | 60% Platform All Phases
Risk 0 40- 40- e .
Avoidance 50% 60% | 60% Pre-Qualifications




Table 31: Communication Barriers Risk Input — Post-mitigation Plan

Risk Response Response Cost | Probability | Cost | Time

Project Coordinator $12000 5% 4-6% | 4-6%

Communication Platform $4320 2.5% 2-3% | 2-3%
Pre-Qualifications $94272 0% 0% 0%

As clearly vivid in table 32, risk avoidance using pre-qualification is the most optimum

risk response strategy since it results in the lowest cost and duration sensitivity in the

post-mitigation phase. Moreover, there is only a 3% difference between the cost

sensitivity of any of the risk response strategies in the pre-mitigation plan.

Table 32: Risk Response for Communication Barriers

Phase Pre-Mitigation Post-Mitigation
Risk Response Cost Duration Cost Duration
Strate \Serr)witivi t Sensitivity | Sensitivity | Sensitivity Sensitivity
Nl y (%) (%) (%) (%)
Risk Mltlgatl_on - Project 57 M 95 5
Coordinator
Risk Mitigation - Communication 58 41 30 28
Platform
Risk Avoidance - Pre-Qualification 60 41 0 0

6.2.4 Case Study Outcomes
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A simulation is done using the optimum risk response strategy for each risk as done in the

previous sections. The new Gantt chart showing the link between the activities and the

risks of each activity is shown in full detail in the appendix.

As it is clearly shown in table 33, before risk response, the risks were arranged as

follows in ascending order in terms of the schedule and cost sensitivity: communication

barriers, unforeseen site conditions, and defective design.

Yet, after responding to each of the risks in an optimum manner, unforeseen site



97
conditions would result in the highest impact on the project as its duration sensitivity is
100% and its cost sensitivity is 87% as shown in table 28. Moreover, communication
barriers and design defect would impact the project in a negligible to very low manner

after the specific risk responses are enacted.

Table 33: Optimum Risk Response Strategy for Each of the Risks

Phase Pre-Mitigation Post-Mitigation
Cost Duration Cost Duration
Risk Response Strategy\Sensitivity | Sensitivity | Sensitivity | Sensitivity | Sensitivity
(%) (%) (%) (%)
Risk Avmdanc«_a - [_)etalled Site 58 51 87 100
Investigation
Risk Avoidance - Prequalification 47 40 0 0
Risk Mitigation - Design Contingency 63 61 0 0

On another hand, as shown in figures 46 and 47, there is only a 12% probability that the
deterministic duration and cost of the project will be achieved respectively in the pre-
mitigation plan. The latter is due to the severe impact of the risks in terms of cost and
time of the project. Spearman’s correlation is tested using primavera risk analysis and
recorded as 0.87 which indicates a high correlation between the cost and duration of the

project.
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Figure 46

GT Road-second submittal (Pre-mitigated)
Entire Plan : Duration

100% 1154
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90% 1010
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30% 744
25% 594
20% 558
15% 537
10% 366
5% 366
0% 366

Cumulative Frequency

Hits

50

o

Figure 47: Distribution of Project's Cost in Pre-mitigation Plan

After the appropriate risk responses are executed, there is a 98% probability that the

GT Road-second submittal (Pre-mitigated)

Entire Plan : Cost

] |

$5,000,000 $10,000,000
Distribution (start of interval)

100% $13,062,068
95% $12,588,721
90% $12,240,891
85% $10,386,584
80% $10,173,466
75% $10,011,799
70% $9,886,510
65% $9,768,212
60% $9,590,672
55% $9,397,984
50% $9,114,063
45% $7,654,079
40% $7,499,205
35% $7,347,532
30% $7,195,632
25% $7,003,047
20% $6,903,658
15% $6,699,035
10% $4,544,220
5% $4,544,220
0% $4,544,220

Cumulative Frequency

98

deterministic duration and cost of the project will be achieved as shown in figures 48 and

49 indicating that the effect of the risks on the project’s cost and time will be very low.

Spearman’s correlation coefficient between the cost and duration of the project is 0.92

which is almost 6% higher than the latter in the pre-mitigation phase.
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Figure 48: Distribution of Project's Duration in Post-mitigation Plan

GT Road-second submittal (Post-mitigated)
Entire Plan : Cost
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Figure 49: Distribution of Project's Cost in Post-mitigation Plan

Then, in order to calculate the average benefit-to-cost ratio “BCR” of applying risk
management, the difference between the average cost of the project in the pre-mitigation

and the post-mitigation plan is obtained as shown in table 34.



Plans
Minimum Maximum Deterministic
Plan\ Cost Cost Cost Average Cost Cost
Pre-Mitigation $4,544,220 $13,062,068 $8,533,110 $4,544,220
Post-Mitigation $4,912,878 $5,041,974 $4,915,309 $4,912,878

100

Table 34: Comparison between the Total Costs in the Pre-Mitigation & Post-Mitigation

8,533,110-4,915,309
131,617+94,272+136,627

BCR= = 14.80 > 1 which highlights the much-needed

implementation of risk management in the construction industry.

6.3 Discussion

The risk analysis of the project has resulted in identifying risk avoidance and risk
mitigation as the most optimum risk response strategies resulting in low-cost sensitivity
and duration sensitivity in the post-mitigation phase of the construction project. Prior to
the proper response to each of the risks, the consultant was the risk owner that was liable
to a high-cost sensitivity and duration sensitivity; on the other hand, in the post-
mitigation plan, the contractor is now responsible for the highest impact on the cost and
duration of the construction project with the owner held liable only for the
communication barriers risk which had a negligible impact on the cost and duration of the
project showcasing the uppermost impact that the unforeseen site conditions have on the

project (Sunday, 2016).

Moreover, it was noticeable that high-level risks cause a significantly higher impact on

the project than moderate level risks even in the pre-mitigation phase.
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Thus, showing that moderate level risks can be managed using additional managerial
effort or resources while high-level risks need senior management attention to make

major adjustments to the project plans (Government of Canada, 2018).

The application of risk management was proved to be justified and highly beneficial in
this project since the average BCR was much higher than 1 and the risks had only2%
impact on the project’s cost and time after the application of efficient and specific risk
responses. On another hand, the application of risk management also demonstrated that
fewer delays will occur in the project due to the significant increase in spearman’s

correlation.
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7. Conclusion

There is a significant lack of knowledge in risk management in Lebanon where on
average each Lebanese civil engineer is familiar with only half of the risk management
stages. The latter signifies the importance of a third-party risk management consultant or
training. Risk is perceived as a negative term although risks could also have positive
impacts which would lead to the Lebanese civil engineers missing on the opportunity to

exploit several risks.

The overall most important risks in the construction industry in Lebanon, as shown in the
results of the survey, are the evaluation of tenders according to the lowest cost only, poor
risk identification, and difficulty obtaining the completion certificate due to construction
errors. The latter risks were allocated all to the owner which shows that Lebanese civil
engineers are not willing to share risks. This could be solved through the implementation
of efficient risk allocation models where the risk is allocated to the most competent party
and the adoption of advanced forms of partnerships such as public-private partnerships.
While the most important risks in each procurement phase are as follows: poor risk
identification, lack of financial resources and under/over-statement of the needs in the
preliminary phase, evaluation of tenders according to the lowest cost only, high
competition between tenderers and inadequate tenders full of errors in the tendering

phase.

While the most important risks in the project execution phase are unforeseen site

conditions, defective design and communication barriers, and the most important risks in
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the project completion phase are difficulty obtaining the completion certificate due to

construction errors, defective design, and communication barriers.

Besides, the most important risks varied according to the nature of the projects involved
where it was revealed that corruption-related risks were vivid in infrastructure and

geotechnical projects in Lebanon.

The latter most important risks that were chosen by the Lebanese civil engineers were
then studied using in-depth interviews while taking into consideration design-bid-build
lump sum projects. It was revealed that the most occurring and hardest to detect risk is
poor risk identification, and the most severe risk is the defective design which is only
high-level risks. Taking into consideration the ability to detect the risks, the most
important risks become poor risk identification, defective design, and lack of financial
resources. The latter shows the importance of the application of RPN in order to be able
to efficiently manage and plan for unprecedented risks and avoid the occurrence of
several moderately severe yet hard to detect risks together which could lead to the

possible failure of construction projects.

After this, a quantitative risk analysis was implemented on a sample design-bid-build
lump sum project while using primavera risk analysis. It was vivid that risk mitigation
and risk avoidance are the most optimum risk response strategies since they cause the
least impact on the duration and cost of the project. Moreover, the application of the case
study resulted in a very high BCR and risks having only negligible impacts on the
project’s schedule and cost after the application of specific risk responses. Thus,

highlighting the necessity for the application of risk management in the construction
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industry in Lebanon which could result in the sustainable and resilient construction
industry especially with having several Lebanese families depending on its stability for
their livelihood and Lebanon having a high-risk profile and facing several disruptions
such as the Coronavirus of the year 2020 and the October Lebanese revolution in the year

20109.

On another hand, six sigma, lean, and lessons learned from the application of risk
management in the enterprises and the IT industry should be explored and implemented
in the construction industry in Lebanon in order to obtain continuous improvement and
be able to apply risk management in construction more efficiently. For example, risk
management in the construction industry can be automated like it is implemented in the

IT industry (Fadlallah, 2018).

8. Limitations

This research of this thesis was executed during critical times in Lebanon witnessing the
Lebanese October revolution and the spread of Coronavirus which have impacted the
choice of the most important risks in each phase. The latter explains why environmental
risks were not chosen by Lebanese civil engineers since EPA has ceased enforcing
environmental laws during the occurrence of the Coronavirus (Associated Press, 2020).
Moreover, the dwindling construction activity, as evident from the downward trend of the

number of construction permits, might have also impacted the response rate.
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9. Direction for Future Research

Corruption-related risks should be investigated in infrastructure and geotechnical projects
in Lebanon in terms of the size and value of the projects involved. Moreover, qualitative
and quantitative risk analyses could be done in other types of procurement for
construction projects such as design-build or construction management projects in order

to compare the results with design-bid-build lump sum projects.
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Questionnaire

What is your age?
24-34
34-44
44-54
54-64

What profession did you practice the most? *
Consultant

Procurement Engineer

Project Manager

Contractor

Design Engineer

Estimation Engineer

Others

What is the highest level of education that you have acquired? *
High School

Technical School

Bachelors Degree

Masters Degree

PhD

Postgraduate Studies

How many years of experience do you have?
0-2

2-5

5-10

10-15

>15

In addition to Lebanon, in which country did you also practice your profession?
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6) What was the nature(s) of the projects that you were involved in?
e Environmental

Transportation

Structural

Geotechnical

Others

\I
N—r

What How did you hear about this survey?
LinkedIn

Whatsapp

Email

SMS

Others

8) What stage(s) in risk management process are you familiar with? (You can choose

more than one)

¢ Risk identification (Brainstorming, checklist, documentation, meetings, etc.)

e Qualitative Risk Analysis (Survey, interview, expert judgement, SWOT analysis,
etc.)

e Quantitative Risk Analysis (Simulation, decision tree analysis, analytical
hierarchy process, etc.)

e Risk Response (Risk mitigation, risk acceptance, risk reduction, risk sharing, etc.)

e None

9) Which of the following step(s) in the risk management process do you apply in

the procurement of construction? (You can choose more than one)
¢ Risk identification (Brainstorming, checklist, documentation, meetings, etc.)
e Qualitative Risk Analysis (Survey, interview, expert judgement, etc.)
e Quantitative Risk Analysis (Simulation, decision tree analysis, analytical
hierarchy process, etc.)
e Risk Response (Risk mitigation, risk acceptance, risk reduction, risk sharing, etc.)
e None

10) In which stage in the procurement process is the application of risk management

mostly effective?

Preliminary (Defining needs, planning procurement process, bid solicitation)
Tendering (Bidder selection, tender evaluation, purchase order)

Project Execution (Contract amendments, project execution, progress payments)
Completion (Project closeout, financial audits, final contract amendment)
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11) In the projects you’ve worked on, which party(ies) was applying risk

management? (You can choose more than one)
Contractor

Engineering Consultant

Client

Project Engineer

Project Management Office

Others

None

12) In your opinion, how do you perceive/consider risks in procurement of

construction?
e Threats
e Opportunities
e Neutral

13) With respect to your work/profession, what is the most important risk that can

occur during the preliminary phase?
Corruption-related risks

Exchange rate fluctuations

Poor risk identification

Inadequate financial provisions for risks
Lack of financial resources

e Under/Over estimation of the budget

14) With respect to your work/profession, what is the most important risk that can

occur during the tendering phase?

Discrimination of tenderers

High competition between tenderers

Evaluation of tenders according to the lowest cost only

Impact of contract type

Impact of project delivery method

Obtaining building permit (duration, preparation of documents, etc.)
Inadequate tenders full of errors

Experience of selected contractor

Lack of procurement experts
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15) With respect to your work/profession, what is the important risk that can occur

during the project execution phase?

Team conflicts

Unforeseen site conditions

Changes in government acts and regulations
Communication barriers

Defective design

Third party delay

Contract termination as a result of the main contractor’s default
Country - Specific risks (Social, economic, etc.)
Force majeure

Safety and accidents

Delay in the release of progress payments
Change orders

16) With respect to your work/profession, what is the most important risk that can

occur during the project completion phase?

Disputes/Need for arbitration

Projectitis (Prolongation of the project due to deep attachment)
Difficulty obtaining completion certificate due to construction errors
Defective warranty

Delay in the release of final payment and retention

Difficulty agreeing on signoff on remaining punch-list issues

17) Which risk response strategy(ies) do you prefer/choose to use if you had to deal
with a certain risk in the procurement of construction? (You can choose more than
one)

e Risk Acceptance (i.e. to assume responsibility of the risk)

e Risk Transfer(i.e. to shift the responsibility of the risk from one party to another)

e Risk Mitigation(i.e. to reduce the exposure to a certain risk and/or its likelihood of
occurrence)

e Risk Exploitation(i.e. to turn the risk into your own advantage)

e Risk Avoidance(i.e. to eliminate activities and exposures that can negatively
affect the project)

e Risk Sharing(i.e. to distribute a risk’s contractual responsibility among several
parties)
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18) Which tool do you use to monitor the risks in the procurement of construction?

Reports (daily, weekly, special, etc.)

Earned value management (cost & schedule variances or indexes)
Meetings

Others

19) Which project delivery method do you prefer taking into consideration the

different risks in the procurement of construction?
Design Build

Design Bid Build

Partnership/ Consortium

Public Private Partnership

Construction Management

Others

20) Which contract type do you prefer taking into consideration the different risks in

the procurement of construction?
Fixed price contract

Unit price contract

Cost + % Cost

Cost + Fixed Fee

Cost + Sliding Fee

Guaranteed Maximum Price
Others

21) What is the main obstacle of applying effective risk management in procurement

of construction?

Lack of experts in risk management

Management does not require the application of risk management
No time

Lack of awareness of the benefits of risk management

Lack of knowledge in risk management

Others
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Case Study
Table 35: Unit Cost of Resources
Description Type Unit Cost
Preliminaries Materials $279,120
Provisional Sum for Day works Labor $28,250
Excavation /Clearing/ Removal of obstruction Labor $15
Aggregate base course & Sub-Base Course Materials $27
Bituminous Construction Materials $31
Blinding beds Materials $103
Cyclopean concrete under box structure Materials $114
Concrete, Steel and Structures Materials $340
Membrane waterproofing Labor $26
Bridge Expansion Joints Materials $248
Bridge Bearings Materials $402
Concrete bridge parapet Materials $246
One rail aluminum parapet Materials $89
Inspection of existing box culvert by approved team Labor $4,513
CFRP to strengthen existing box culvert & painting Materials $111
Diversion of existing box culvert Materials $30,685
Concrete Curbs, Gutters, Sidewalks and Paved Medians Materials $72
Highway Signing Materials $266
Pavement Markings for traffic Materials $11
Handrails and Guards Materials $82
Power supply to L.V. feeder pillar. FP-KT/fees to EDL +civil
works Materials $6,585
Dismantling and relocation of existing street lighting columns Materials $412
Low Voltage Feeder Pillars/ FP-KT Materials $9,157
Lighting Installation Materials $2,470
Earthing system Materials $925
Traffic Signals Materials $102,073
Electric Cabling Materials $111
Reinforced concrete base for 11m column Materials $603
Cable draw pit detail 18 Materials $697
MV Manhole Materials $9,810
Telecommunications Cabling Materials $73
Telephone manhole, type A Materials $8,036
PVC pipes including supply of materials, installation and testing Materials $72
Manholes and Gullies Materials $645
Gully complete as specified and shown on drawing 10 m deep Materials $37,369
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GA-1 GTRoad-second submittal | 366 |27/07/2015 |26/07/2016 |
GA-10 Phase General 366 |27/07/2015| 26072016 h '
GA-1.0010 Phase | 352 [27/072015 [ 12/072016 h T
GA-1.0010.0020 | Zone B / The Pedestrian 343 | 04/08/2015 | 11/07/2016 _
Underpass (STO to ST50) ’
GA-1.0010.002(| Zone B / Section 1/ The 126 {10/1012015 | 12/02/2016 vy v
Box Culvert ‘
PIB102B160 |Excavation for pipe 7 |10/102015 | 17/10/2015 | B02-1[0]
PIB102B260 |Filling work up to the 4 122/0112016 | 26/01/2016 g B02-1[0]
necessary levels around .. [ )
PIB105B030 | Cyclopean concrete under 15 [09/12/2015|26/1212015 B05-01.8(B)[680]
box structure i ]
PIB105B040 | diversion of existing Box 10 03/1212015 | 14/12/2015 B05.24 4(3)[1]
Culvert
PIB105B100 |Reinforced Concrete Works| 35 | 15/12/2015 | 26/01/2016 B05.01.8[510]
for the Box culvert
PIB105B130 | Waterproofing for 15 |27/01/2016 | 12/02/2016 B05.15.6(2)[1.855
Structures
PIB106B210 |Bituminous paint to 15 {27/01/2016 | 12/02/2016 B05.15.6(1)[4,500
concrete swrface
PIB107B120 | Electric Cabling civil 20 |[06/11/2015 | 28/11/2015 B07.22(0]
works
P1B107B130 | Telecommunucation 20 | 30/112015 22/12/2015 B07.28[55]
Cabling
PIB107B220 | MV Manholes For 20 [05/1212015|29/12/2015 B07.22-4(3B)[1]
Electrical Installation
PIB107B310 | Installation of Electric 20 |30/1122015|22/12/2015 B07.22(103.49]
Cables
PIBI10B110 |Piping /uPVC pipes 30 | 06/1122015|10/12/2015 B10.01[213.22]
including supply of mater...
GA-1.0010.002(| Zone B / Section 2 / The 99 |22/01/2016 | 29/04/2016
Pedestrian Undepass over...

Figure 50: Full Gantt Chart of the Deterministic Case Study (1)
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D Description’ i Start Finish
P1B202B260 |Filling work up to the 30 |26/03/2016 | 29/04/2016 B02-1[0]
necessary levels inside th...
P1B205B020 |Blinding under R.C. 10 |22/01/2016 | 02/02/2016 B05-01.8(A)[157.
structures
P1B205B050 |Foundations & footings for [ 20 |28/01/2016 | 19/02/2016 B05.01.8[200]
Retainning walls ‘
PIB205B100 |Reinforced Concrete Works| 45 | 03/02/2016 | 25/03/2016 B05.01.8[1,131]
for Pedestrian Underp
P1B205B110 |Reinforced Concrete Works| 45 | 03/02/2016 | 25/03/2016 B05.01.8[720]
for U Shape Walls
P1B205B120 | Waterproofing for 20 | 15/03/2016 | 06/04/2016 B05.15.6(2)[0]
Structures
PIB206B210 |Painting of Structures 5 26/03/2016 [31/03/2016 B06.09[215]
PIBG02B100 | Excavation Work part 1 38 [05/10/2015 | 051172015 | ﬁE-H B02-1{10,000]
|
PIBGO2B110 |Removal of existing 10 | 04/08/2015 | 14/08/2015
obstructions & Utilities
PIBG02B120 |Shoring and Anchoring 28 |29/08/2015 | 03/10/2015 _L!h_< B02-1[0]
before excavation part 1
PIBG02B130 | Shoring and Anchoring 28 |05/10/2015 | 05/11/2015 [l B02-1[0]
before excavation part 2
PIBG02B140 | Demolishing of existing 10 [03/12/2015 | 14/12/2015 q7 B02-1[0]
Culvert
PIBG02B150 |Excavation Work part 2 28 | 06/11/2015 | 08/12/2015 > B02-1[9,280.24]
PIBG02B160 | Excavation for pipe 5 130/04/2016 | 05/05/2016 _ﬂ_)’ B02-1[0]
trenches
PIBGO3B110 |Subbase and Aggregate 12 |06/05/2016 | 19/05/2016 4 B03-1[190]
Base Coarse
PIBG04B110 | Bituminous Coating 2 | 18/06/2016 | 20/06/2016 B04-1[615.91]
(Asphalt)
PIBGO6B110 | Curbs, Gutters & 25 [20/05/2016 | 17/06/2016 \_/’ B06.01[292.55]
Sidewalks-Medians
PIBGO6B400 | Highway Signing 10 |21/06/2016 [ 01/07/2016 B06.11[0]
PIBGO6B500 | Pavement Marking for 8 [21/06/2016 | 29/06/2016 | B06.12(72]
Traffic
PIBGO7B120 | Electric Cabling civil 15 |06/05/2016 | 23/05/2016 B07.22[0]
works

Figure 51: Full Gantt Chart of the Deterministic Case Study (2)
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D Start Finish. Resource U

PIBGO7B130 | Telecommunucation 20 | 24/05/2016 | 15/06/2016 B07.28[0]
Cabling

P1IBGO7B220 | MV Manholes For 20 |30/05/2016 | 21/06/2016 B07.22-4(3B)[0]
Electrical Installation

P1IBG07B240 | Reinforced Concrete Base 10 |28/01/2016 | 08/02/2016 B07.22-4Q2)[7]
For 11m columns

PIBGO7B260 |Dismantling and relocation | 25 | 06/11/2015 | 04/12/2015 \
of existing street lighting ... . )

PIBGO7B310 | Installation of Electric 20 |24/05/2016 | 15/06/2016 B07.22[0]
Cables

PIBGO7B750 | Lighting Poles 20 | 18/06/2016 | 11/07/2016 ._m‘ 7 B07.10.4[0]

PIBGO7B760 | Lighting installations 20 | 18/06/2016 | 11/07/2016 > B07.10.4[10]

PIBGI0B110 |Piping/uPVC pipes 10 | 06/05/2016 | 17/05/2016 - B10.01(0]
including supply of mater... i :

PIBG10B200 | Manholes & Gullies 30 | 06/0512016 | 09/06/2016 S i B10.05[5]

GA-1.0010.0030 | Zone E / Road 306 [29/08/2015 | 29/06/2016 ﬁ
Infrastructurer (ST188t0 ...

PIEG02B170 |Removal of existing 7 29/08/2015 | 05/09/2015
obstructions & Utilities —"“ Pl .

PIEG02B210 | Excavation Work 20 | 05/10/2015|27/10/2015 ;: B02-1[585.2]

PIEG02B220 | Excavation for trenches 15 | 14/11/2015 [ 01/12/2015 C B02-1[0]

PIEG03B110 | Subbase and Aggregate 15 |28/10/2015 | 13/11/2015 B03-1[190]
Base Coarse il )

PIEG04B110 | Bituminous Coating 2 12/05/2016 | 13/05/2016 B04-1[627.67]
(Asphalt)

PIEGO6B110 | Curbs, Gutters & 35 |22/01/2016 | 02/03/2016 Wi B06.01[292.55]
Sidewalks-Medians

PIEG06B400 |Highway Signing 20 | 14/05/2016 | 06/06/2016 )_”a__) B06.11[33]

PIEGO6B500 | Pavement Marking for 20 |07/06/2016 | 29/06/2016 :: B06.12[72]
Traffic .

PIEG07B130 |Electric Cabling civil 15 [02/12/2015 | 18/12/2015 B07.22[0]
works

P1EGO7B150 | Telecommunucation 20 | 14/01/2016 | 05/02/2016 B07.28[55]
Cabling f

Figure 52: Full Gantt Chart of the Deterministic Case Study (3)
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) ! ) 0 Assigned.
D Description ) Start Finish A 2 Aot | Ma Resource U
P1EG07B220 | MV Manholes For 12 {06/0212016 | 19/02/2016 B07.22-4(3B)[1]
Electrical Installation “
PIEG07B310 |Installation of Electric 20 |19/122015 | 13/01/2016 B07.22[103.49]
Cables
PIEGO7B780 | Lighting installations 20 [ 19/04/2016 | 11/05/2016 B07.10.4[6]
PIEG07B800 | Lighting Poles 20 | 19/04/2016 | 11/05/2016 i %‘5 B07.10.4[0]
PIEG10B110 |Piping/uPVC pipes 15 [02/12/2015|18/12/2015 | B10.01[168]
including supply of mater...
PIEG10B200 |Manholes & Gullies 20 | 19/12/2015 | 13/01/2016 B10.05[0]
GA-1.0010.0040 | Zone A /Traffic Area 296 |27/07/2015 | 17/05/2016
GA-1.0010.0041| Zone A/ Section 2 / 92 | 12/112015 | 11/02/2016
Manholes
P1A202B170 |Excavation for Gully 10m | 10 | 12/11/22015 | 23/11/2015 j B02-1[0]
P
P1A202B260 | Filling work up to the 15 126/01/2016 | 11/02/2016
necessary levels
P1A205B030 |Blinding under R.C. 2 [24/112015 | 25/11/2015 _,u_‘
structures
P1A205B130 | Waterproofing for 10 |14/01/2016 | 25/01/2016 B05.15.6(2)[0]
Structures
P1A206B210 |Bituminous Paint to 10 | 14/01/2016 | 25/01/2016 B06.09[215]
concrete of Manhole
P1A210B210 | Gully - Manhole complete | 40 | 26/11/2015 | 13/01/2016 B10.05.4[1]
as specified 10 m deep
GA-1.0010.004| Zone A /Section 1/ Traffic | 223 | 08/10/2015 | 17/05/2016
Signals Area
P1A102B160 |Excavation for pipe 5 |08/10/2015|13/10/2015 i~ B02-1[0]
trenches
P1A102B260 | Filling work up to the 10 12/01/2016 | 22/01/2016
necessary levels
PIAI107B110 | Electric Cabling civil 15 [12/112015| 28/11/2015 Ity B07.22[0]
works
P1A107B120 | Telecommunucation 25 | 11/122015 | 11/01/2016 jur B07.28[55]
Cabling
P1A107B220 | MV Manholes For 25 | 11/1222015 | 11/01/2016 4 ) B07.22-4(3B)[2]
Electrical Installation

Figure 53: Full Gantt Chart of the Deterministic Case Study (4)
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- m 2016 2|
D Description n Start B Jun Jul |Aug|Sep Oct!Nov/Dec Jan Feb| Mar| Apr|May|Jun| Jul Aug Sep|Oct | Nov|Dec | &
P1A107B310 |Installation of Electric 10 | 30/11/2015 | 10/12/2015 1 B07.22[210.77]
Cables
P1A107B750 |Lighting Poles 25 | 19/04/2016 | 17/05/2016 ,___,./___) B07.10.4[0]
P1A110B110 |Piping/uPVC pipes 15 |26/10/2015 | 11/11/2015 i B10.01[203]
including supply of mater...
PIAG02B060 | Verification & Diversionof | 15 [08/10/2015 |24/10/2015
existing Networks at this ...
P1AGO2B100 | Excavation Work 15 [17/09/2015 | 07/10/2015 B02-1[4,643.15)
P1AG02B110 |Removal of existing 45 [27/07/2015 | 16/09/2015
obstructions & Utilities i...
PIAGO3B110 |Subbase and Aggregate 15 |12/02/2016 | 29/02/2016 | | B03-1[190]
Base Coarse "‘
P1AG04B110 |Bituminous Coating 1 |22/03/2016 22/03/2016 L B04-1[724.23]
(Asphalt) [
PIAGOGBI10 | Curbs, Gutters & 18 |01/03201621/0372016 \ P TE B06.01[299.71]
Sid 1ks-Medians
PIAGO06B400 | Highway Signing 6 [23/03/2016 | 29/03/2016 t B06.11[0]
P1AGO6B500 | Pavement Marking for 6 [23/03/2016|29/03/2016 ! ! B06.12[72]
Traffic
PIAG07B240 |Reinforced Concrete Base 12 |23/01/2016 | 05/02/2016 B07.22-4(2)[7]
For 11m columns
P1AGO7B260 |Dismantling and relocation | 12 | 13/08/2015 | 26/08/2015
of existing street lighting ...
PIAGO7B510 | Traffic Signals 15 109/04/2016 | 26/04/2016 \._j ! B07.21.6[1]
PIAGO7B760 | Lighting nstallations 22 | 19/0412016 | 13/05/2016 a ' ' B07.104[10]
GA-1.0010.0070 | Zone C / The Bridge 318 | 13/08/2015 | 25/06/2016
Underpass (ST50 to STI...
GA-1.0010.007!| Zone C / Section 1/ The 97 | 14/09/2015 | 19/12/2015
Box Culvert strenghening
PIC102B260 |Filling work up to the 6 14/12/2015 | 19/12/2015 B02-1[0]
necessary levels )
P1C105B00 |CFRPto strengthen 75 |14/09/2015 | 12/12/2015 B05.24.4(2)[1.050
existing Box Culvert
GA-1.0010.007!| Zone C / Section 2 / 111 | 17/12/2015 | 05/04/2016
Concrete works over the ..

Figure 54: Full Gantt Chart of the Deterministic Case Study (5)
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= o
D Descripion v_ San Fiish A Resource U
P1C205B020 |Blinding under R.C. 15 | 17/122015 | 05/01/2016 > B05-01.8(A)[0]
structures

P1C205B050 |Foundations & footings for | 25 |21/12/2015 |20/01/2016 \ B05.01.8[1,030]
Retainning walls I

P1C205B100 |Reinforced Concrete Works| 60 | 28/12/2015 07/03/2016 B05.01.8[510]
for R. Walls with cantilever

P1C205B120 |Waterproofing for 15 ]09/01/2016 | 26/01/2016 B05.15.6(2)[0]
Structures i

P1C206B210 |Painting of Structures 10 {25/03/2016 | 05/04/2016 N B06.09[1,358.75]

1

GA-1.0010.007!| Zone C / Section 3 / The 87 |27/01/2016 | 22/04/2016 W
Bridge

PI1C305B400 |Prestressed Concrete 45 |27/01/2016 | 18/03/2016 B05.01.8[1,040]
Works for Slabs

P1C305B500 |Bridge Elestomeric 20 | 10/02/2016 | 03/03/2016 H J B05.19[94]
Bearings I

PIC305B550 | Bridge Expansion Joints 30 | 19/03/2016 | 22/0412016 [ B L".-F Ty e BO05.18[40]

P1CGO2B160 |Removal of existing 7 13/08/2015 {20/08/2015
obstructions & Utilities ! ] |

PICGO2B170 | Excavation Work 20 [21/08/2015 | 12/09/2015 \_,h_ B02-1[6,232.07]

P1CG02B190 |to clean pipe trenches 2 19/03/2016 | 21/03/2016 HI‘ B02-1[0]

P1CGO3B110 |Subbase and Aggregate 10 19/03/2016 | 30/03/2016 [ B03-1[190]
Base Coarse

P1CGO4B110 | Bituminous Coating 2 |23/05/2016 | 24/05/2016 I || i B04-1[615.91]
(Asphalt) ! ‘

PICGO6B110 | Curbs, Gutters & 25 |23/04/2016|21/05/2016 |l B06.01[292.55]
Sid 1ks-Medians

P1CGO6B400 | Highway Signing 10 [15/06/2016 | 25/06/2016 ! B06.11[0]

P1CGO6B500 | Pavement Marking for 8 15/06/2016 {23/06/2016 ‘ B06.12[72]
Traffic

PICGO7B130 |Electric Cabling civil 10 |22/03/2016 | 01/04/2016 y i B07.22[0]
works

P1CGO7B150 | Telecommunucation 10 02/04/2016 | 13/04/2016 1 B07.28(55]
Cabling

P1CG07B220 | MV Manholes For 10 | 08/04/2016 | 19/04/2016 L B07.22-4(3B)[1]
Electrical Installation

Figure 55: Full Gantt Chart of the Deterministic Case Study (6)



P1CGO7B310

Installation of Electric

02/04/2016

13/0412016

129

10 B07.22[178.76]
Cables
P1CGO7B760 | Lighting installations 20 |23/05/2016 | 14/06/2016 B07.10.4[6]
PICGO7B770 |Lighting Poles 20 |23/05/2016 | 14/06/2016 B07.10.4[0]
PICGI0B110 |Piping/uPVC pipes 10 |22/03/2016 | 01/042016 B10.01[213.22]
including supply of mater...
PICGI10B200 |Manholes & Gullies 10 |02/04/2016 | 13/042016 B10.05[5]
GA-1.0010.0100 | Zone D The Retaining 327 |21/08/2015 | 12/07/2016
Walls (ST107 to ST188)
GA-1.0010.010/| Zone D / Section 2 / 117 |26/112015 |2 16
Concrete retaining walls ...
P1D205B030 |Blinding under R.C. 15 | 26/112015 | 12/12/2015 B05-01.8(A)[122 1
structures
PID205B060 | Foundations & footings for | 20 | 30/11/2015 | 22/12/2015 B05.01.8[150]
Retainning walls with ca...
PI1D205B130 |Reinforced Concrete Works| 50 | 05/12/2015 | 03/02/2016 B05.01.8[202]
for R.Walls with cantilever
PID205B140 | Waterproofing for 15 | 117122015 | 29/12/2015 B05.15.6(2)[0]
Structures
PID206B220 |Painting of Structures 25 |22/02/2016 | 21/03/2016 B06.09[300]
GA-1.0010.010i| Zone D / Section 3 / 139 [14/12/2015 | 30/042016
Concrete retaining walls ...
PID305B030 |Blinding under R.C. 15 | 14/122015 | 317122015 B05-01.8(A)[70]
structures
PI1D305B080 |Foundations & footings for | 20 | 23/12/2015 | 16/01/2016 B05.01.8[324]
Retainning walls without...
PID305B150 |Reinforced Concrete Works| 35 | 04/02/2016 | 15/03/2016 B05.01.8[676]
for R Walls without canti...
PID305B160 | Waterproofing for 15 |06/01/2016 | 22/01/2016 B05.15.6(2)[0]
Structures
P1D306B230 |Painting of Structures 25 |02/04/2016 | 30/04/2016 B06.09[296]
GA-1.0010.0101| Zone D / Section 1 / The 52 |05/10/2015 | 25/11/2015
Box Culvert strenghenin...
l PID102B260 |Filling work up to the 15 |09/112015 | 25/11/2015 B02-1(0]
necessary levels

Figure 56: Full Gantt Chart of the Deterministic Case Study (7)



PHASE 1) Phase 1 B2 | 20072015
(GGO1E0 | Setting out the Ste &survey Works | 10| 0110812015
GGO180 | Verification of existing Netwarks 15| 13082015
(GGO1B0 | Coordination with Authoriesforsa.. | 22 | 27072015
(GGOSBD | Inspection of exising box cuhvertb. | 25 | 131082015
(ITRAFF | Zone A NTraffic Area 26 | 20072015

Verification & Diversionof existing.. | 15 | 08/1012015

‘Excavation Work 15 | 17092015
AGD2B1 | Removal of existing obstructions &..| 45 | 270072015

1200772016
121082015
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Figure 57: Full Gantt Chart of the Optimized Case Study (1)



Figure 58: Full Gantt Chart of the Optimized Case Study (2)
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Figure 59: Full Gantt Chart of the Optimized Case Study (3)
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Figure 60: Full Gantt Chart of the Optimized Case Study (4)



Figure 61: Full Gantt Chart of the Optimized Case Study (5)
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Figure 62: Full Gantt Chart of the Optimized Case Study (6)
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|B110B| Piping / uPVC pipes including supp... | 30 06/11/2015 | 10/12/2015 (7 B10.01[213.22]
50%
[ han |
S0% |
B202B2 Filling work up tothe necessarylev..| 30 | 26/03/2016 | 29/04/2016 RIS B2A0]
50%=+4
o
'B205B0: | Biinding under R.C. structures. 10 | 22012016 | 02/02/2016 1] HH 1 'B05-01.8(A)[157.5]
| 50%
i
50%
B205B0: | Foundations & foctings for Retainni... | 20 | 28/012016 | 19/0212016 [ B05.01.8[200]
50%
X
50%
50%
T
0%/
820581 | Reinforced Concrete Works forUS... | 45 | 03/0222016 | 25/03/2016 I THAHee 'B05.01.8(720]
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Figure 63: Full Gantt Chart of the Optimized Case Study (7)
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Figure 64: Full Gantt Chart of the Optimized Case Study (8)



Figure 65: Full Gantt Chart of the Optimized Case Study (9)
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Figure 66: Full Gantt Chart of the Optimized Case Study (10)
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Figure 67: Full Gantt Chart of the Optimized Case Study (11)
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Figure 68: Full Gantt Chart of the Optimized Case Study (12)
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Figure 69: Full Gantt Chart of the Optimized Case Study (13)



2G05BAE | Reinforced Concrete Works for para. 50 19/032016
mmq Handrails and Guards 25 17/05/2016
2G07B2( | Medium and Low Voltage cables 10 1710572016
[2G07BAC | Te civil s 15 171052016

15 171052016

2GO7B7E | Lighting installations
uminium parapets
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16/05/2016
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Figure 70: Full Gantt Chart of the Optimized Case Study (14)



Figure 71: Full Gantt Chart of the Optimized Case Study (15)




145

Figure 72: Full Gantt Chart of the Optimized Case Study (16)
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Figure 73: Full Gantt Chart of the Optimized Case Study (17)
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Figure 74: Full Gantt Chart of the Optimized Case Study (18)
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Figure 75: Full Gantt Chart of the Optimized Case Study (19)
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D ol x| Fos b [
[GO5B13(| Netenal submitials-Brdge Bearings | 30 | 27/0772015
Pso i "
[SGO6B1"| Material submittals- Highway signing | 21 | 31/08/2015 | 26/09/2015 1Y =
ol |
SG10B1: -
50% 4|
(GIOBTAI| Wateral submitals- Traic sgals zi [ ez | 2w | ||| | g
50%
ENERAI| Mobilization & General Requirements | 366 | 27/07/2015 | 26/07/2016 e
OFF010 | Official start date of the project 0 2710712016 131
£
)| & Site installation 15 2710772015 j|
e 1l
| ]
OFF025 | Mobiization and temporary works run. 309 200012015 | 2600772016 o i ‘ : T O1A(1]
OFF035 | Provisional sum for day works 309 27/07/2015 | 26/07/2016 ; " T " " ) BOTB{1]
e e . a1 o o i Wy
PFFO50: 1| Handing Over and close out includin... 15 04/0772016 | 20/07/2016 | i
5 —
FFo60. 1 5 | 2100772016 2016 |
- ol I
O LOF| Procurement of Long Lead ftems 215 | 770072015 | Te0arzois |
RO1B10 | All Matenial Procurements 171 17/09/72015 | 08/04/2016
'ROSB13 | Procurement Of Bridge Beanings & E..| 120 | 17/09/2015 | 09/02/2016
'RO6BT1(| Procurement of Highway signing 120 | 15/1012015 | 0410372016
'R10B12 | Procurement of Lighting fixtures. 140 07/11/2015 | 18/04/2016 ' il | 1)
'R10B13 | Procurement of Traffic signds 150 | 15/10/2015 | 0810472016
RYDUR | Summary Durations 2 | 270712015 | 0200712016
502B10C| Summary Duration for Earthworks 190 21/0872015 | 04/04/2016 e "’mmlmlllﬂlhll B02-1[0]
503B70(| Summary Duration for Base Courses 7] 120272016 | 1970572076 | g e S i BOF-1[0]
(504B70( | Summary Duration for BRumnous Co. 78 22/032016 | 20006/2016 i P ERT | i BO4-1[0]
505810 | Summary Duration for R. Concrele St 9 2610172016 | 1600572016 [SSE N 1,805, 16[0],B05. 19]0],BC
5068101 | Summary Duration for Incidental Con 107 01702016 | 0200772016 i - 'B06.11[0].806.120], BOE
507B10C| Summary Duration for Street Lighting 39 7970472016 | 020672076 [ | ] 07.25-12(2)[6]-B07 171
(510810C| Summary Duration for Environmental 47 26/1072015 | 18/12/2015 & e m | l I I 3 01[0],810.05[0],:810.05.

Figure 77: Full Gantt Chart of the Optimized Case Study (21)



