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ABSTRACT

Motorable Local Road Bridge Programm is a project implemented by Department of
Local Infrastructure initiated from February, 2011. Since its initiation, construction of
346 bridges have been completed through this program using unit rate NCB contract. The
current phase of this project has set target for completing construction of additional 200

bridges in coming four years.

The aim of this research is to assess and analyze the risk factors resulting in cost overrun
and time delay of completed bridges and use this knowledge for mitigation of risks in

future projects.

Risk factors were identified and classified through literature review. A fuzzy inference
system based model was developed using MATLAB for calculation of risk indices based
on questionnaire survey. A set of 57 bridges were sampled from the entire population for

validation of model.

The study identified Government regulations/contract awarded to lowest bidder,
inadequate budget allocation and unexpected ground condition as the highest ranked risk
factor causing cost overrun and time delay in local road bridge construction. Risk
management plan including risk response planning for mitigation was prepared for the

principal risk factors.

Risk indices obtained from the study can be used as weightage factors for developing a

neuro-fuzzy based prediction model.

Keywords: Fuzzy Logic, Bridge Construction, Risk Assessment, Cost-Overrun, Time

Delay
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CHAPTER 1 INTRODUCTION

1.1 Background

According to the fifteenth five-year plan, FY 2019/20 — 2023/24, (NPC, 2019), Nepal
plans to reach the level of a middle-income country by 2030 along with graduating to a
developing country from the ranks of a Least Developed Country by 2022. Development
of internal and international interconnectivity is one of the important long-term national

strategies adopted by the government to achieve this goal.

Construction is a major sector which contributes to the development of a country.
According to the Economic Survey, 2077/78 (MoF, 2020), the contribution of
construction sector to the GDP of the country in in FY 2077/78 is projected to be 5.7%.
This value was 5.9% in FY 2076/77. In present context, construction sector is playing a
vital role in multidimensional impact on development of the country. (Bista & Dahal,

2018)

Transportation infrastructure is an important component of construction industry in
Nepal. A large amount of national budget is allocated to the construction of transport

infrastructures such as roads and bridges.

Prior to the adoption of federal system of governance in Nepal, there were two major
government organizations involved in the construction of roads and bridges in Nepal. The
Department of Roads (DoR) was responsible for the construction and maintenance of
transportation infrastructure along Strategic Road Network (SRN) whereas the
Department of Local Infrastructure Development and Agricultural Roads (DoLIDAR)
was responsible for construction and maintenance of roads and bridges along the Local

Road Network (LRN).

Motorable Local Road Bridges Program (MLRBP) is a program implemented by
Department of Local Infrastructure (DoLI) (formerly DoLIDAR) since February, 2011
with the technical assistance of Swiss Government through Swiss Development
Cooperation (SDC). The major aim of this program is to construct bridges along non-

strategic roads so that safe and dependable all-weather access to rural parts of Nepal can



be ensured. The first phase of this program started from February 2011 and ended on
May 2016. The second phase which was an interim phase commenced on June 2016 and
ended on February 2017. The Phase I and Phase II focused on the bridge design,
planning, selection and prioritization, together with capacity building of the public and
private sectors involved in the bridge building businesses. The phase III was initiated in
March 2017 and ended on December 2020. This phase included expansion, scaling up
and consolidation. A total of 346 bridges have been completed by this program through
unit rate National Competitive Bidding (NCB) contract from Phase I to Phase III.

With the promulgation of new constitution, Nepal transitioned into federal system of

governance.

The table below summarizes the budgets and expenditure to date on an annual basis,
expressed in millions of Rupees. Overall, these figures show an encouraging and
consistent upward trend. The budgets dipped slightly during FY 16/17 and 17/18 but have
now recovered. Similarly, expenditure dropped in FY 17/18. Both of these factors may be

due to changeover in the government system and the associated uncertainties.

Table 1. 1 Budget and Expenditure of MLRBP (LRBSU, 2020)

Budget in Mio NPR [11-12 [12-13 [13-14 [14-15 [15-16 |[16-17 |17-18 [18-19 19-20

7336
Construction Budget [377 406 1305 [1348 [3124 |2615 [2880  [3963

300
TA Budget 167 321 550 700 340 380 380 380

7339
Overall Budget 544 728 1855 2048 3464 2995 3260 4343

Construction Exp. 347 375 734 1069 1331 2314 1977 2122

TA Expenditure 76 130 1 740 566 365 182 216
Overall Expenditure
In million NPR 423 506 1050 |1808 |1897 |2679 [2158  |2338

The agreement for MLRBP Phase IV was signed on November 29, 2020 between the
Government of Nepal and the Government of Switzerland. This phase will be in
operation from January 2021 to December 2024. This phase was envisioned as the
consolidation and exit phase. In addition to supporting regular Technical Assistance
including capacity building on planning, designing, construction supervision and contract

management of bridges along non-strategic road. The scope will also include technology

2



transfers involving research and development for innovative bridge design. One of the

major output of this phase to construct 200 bridges along provincial and rural roads.

1.2 Statement of Problem

The failure to complete construction contracts within the stipulated time is a major
problem in Nepalese construction industry. According to a study carried out by CIAA,
(2020) considering the time duration up to Mangsir 2075, a total of 1,848 contracts worth
Nrs. 118.01 Arba were not completed within the stipulated time. Such contracts include
works ranging from construction of birthing center in rural areas to construction of water
supply projects, road projects, bridge projects, highway upgradation and transmission line
projects. The study also pointed out that the failure to complete the project could have

negative impact on employment and socio-economic sectors.

A completed bridge catalogue is prepared for bridges constructed through Motorable
Local Road Bridges Programme on an annual basis. The catalogue includes salient
features such as location, contract date, expected date of completion, actual date of
completion, name of the access road. It also includes information such as span,
foundation type, superstructure type, span arrangement and carriageway width.
Information regarding estimated amount, contract amount and total expenditure are also
catalogued. Study of this catalogue has shown that time delay and cost overrun are

common occurrence in local road bridge construction.

Poor cost performance is a very common occurrence in construction projects and this
phenomenon is more severe in developing countries. This is a major concern for all the

stakeholders involved in the project. (Baloi & Price, 2003)

Construction projects do not operate in isolation, rather they interact with the external
environment. The project environment can be further divided into inner layer or internal
environment; operational environment; and outer layer or general environment. The
operational and general environment together make up the external environment. The
assessment and decision-making process of a risk depends upon the type of data of
available. For deterministic problems, data are known with certainty and for stochastic
problems, the uncertainty inherent in the problem is represented by the means of

probability distribution. The problem is said to be uncertain if the data is completely

3



unknown. Most of the risks inherent in constructions projects are stochastic and uncertain
because of which a well algorithm and decision-making process cannot be developed.
Thus, risk assessment and management in construction projects is case-specific and relies

heavily on past experience and human judgement.

Considering the unique nature of risk assessment and management in construction

projects, Fuzzy logic can be a valuable tool in modelling such risks.

1.3 Research Questions
a) What are the risk factors causing cost-overrun and time delays in construction of
bridges along local roads?
b) Can Fuzzy Inference System be used to model the risk factors occurring in
bridges constructed along local roads?
c¢) Which risk factors are the most important and should be given the highest

attention to minimize cost overrun and time delay?

1.4 Research Objectives
The major objective of this study is to assess the risk factors causing cost overrun and
time delay in bridge constructed along local roads. The specific objectives of this

research are as follows:

a) To form a model based on fuzzy inference system to calculate cost overrun risk
index and time delay risk index using questionnaire survey.

b) To validate the fuzzy inference system model by testing correlation with sampled
bridges.

¢) To rank cost overrun and time delay factors and prepare risk mitigation plan for

major risk factors

1.5 Significance of Study

A large amount of budget of Government of Nepal is allocated towards construction of
transportation infrastructures such as roads and bridges. In addition to the Federal
government, Provincial and Local government have also started allocating budget for

construction of motorable bridges. In F/Y 77/78, Federal Government allocated Nrs 2.29



Arab and the seven provincial governments allocated a total of Nrs 5.02 Arab for

construction of bridges along local and provincial roads. (LRBSU, 2020)

The lack of attention by public entities in various stages of public procurement has lead
to possibilities of corruption in contract management, inability to achieve the project
objectives, difficulties for the public and a great deal of loss to the government. (CIAA,
2020)

Bridge construction is a high priority program for all levels of government. A major
chunk of taxpayer’s money is invested into transport infrastructure. This study will help
identify, assess and provide recommendation for appropriate measure of risk

management in bridge construction.

1.6 Scope and Limitations

The central theme of this study is to assess the cost overrun and time delay related risks
in construction of bridge along local roads. The risk factors are assessed on the basis of
model developed using fuzzy inference system. The limitations of this study are as

follows:

a) This study only includes bridge constructed along LRN, but does not include the
bridges constructed along SRN.

b) The study only includes the bridge constructed by Local Road Bridge Program
(LRBP) through unit rate National Competitive Bidding (NCB) Contract.

c) The whole population of 346 bridge cannot be analyzed in detail to determine the
risk factor, thus, sampling is done to make inferences regarding the whole
population.

d) The research is based on respondent's own perception rather than an actual case

study.

1.7 Organization of Thesis

The study is organized into five chapters as follows:

a) Chapter 1 (Introduction): This chapter provides a general background of the

research study. It comprised of background, statement of problem, research



b)

questions and objectives, significance of study, scope and limitations, and
organization of the thesis.

Chapter 2 (Literature Review): This chapter identifies, evaluates and synthesizes
the relevant literature in a particular field of research. This chapter provides the
basic foundation for the study.

Chapter 3 (Research Methodology): This chapter provides the process used for
collection of data, testing of data, formation of risk model and the technique used
for validation of the model.

Chapter 4 (Data Analysis and Discussions): This chapter analyses the results
obtained from the model and provides discussion of important parameters.
Chapter 5 (Conclusion): This chapter provides the conclusion of the study based

on the objectives. The chapter also explores the possible further studies.



CHAPTER 2 LITERATURE REVIEW

A Literature review constitutes the process of identifying, evaluating and synthesizing the
relevant literature within a particular field of research. According to W.R. Borg, the
literature in any field forms the foundation upon which all future work will be built. If we
fail to build the foundation of knowledge provided by the review of literature our work is
likely to be shallow and naive and will often duplicate work that has already been done

better by someone else.

2.1 Project Risk
Project Management Book of Knowledge (PMBOK), (PMI, 2004) defines project risk as
an uncertain event or condition that, if it occurs, has a positive or a negative effect on at
least one project objective, such a time, cost, scope or quality (i.e., where the project time
objective is to deliver in accordance with the agreed upon schedule; where the project
cost objective is to deliver within the agreed-upon cost; etc.). A risk may have one or
more causes and, if it occurs, one or more impacts. Risk conditions could include aspects
of the projects or organization’s environment that may contribute to project risks, such as
poor management practices, lack of integrated management systems, concurrent multiple

projects, or dependency on external participants who cannot be controlled.

Project Cost Overrun Risk: A cost overrun can be broadly defined as the amount by
which the actual expenditure exceeds the agreed upon contract amount. In Construction

projects, cost overrun manifests itself in the form of VO and CPA.

Project Time Delay Risk: A time delay in project can be defined as the increase in

duration above the stipulated time for completion of the project.
Project Risk Management
According to PMBOK, The project risk management processes include the following:

1. Risk Management Planning

Risk Identification

2

3. Qualitative Risk Analysis
4. Quantitative Risk Analysis
5

Risk Response Planning



6. Risk Monitoring and Control
Qualitative Risk Analysis

Qualitative risk analysis includes the methods for prioritizing the identified risks for
further action, such as Quantitative risk analysis, risk response planning. Organizations
can improve the project’s performance effectively by focusing on high-priority risks.
Qualitative risk analysis assesses the priority of identified risks using their probability of
occurring, the corresponding impact on project objectives if the risks do occur, as well as
other factors such as the time frame and risk tolerance of the project constraints cost,

schedule, scope and quality.
Probability and Impact Matrix

Risks can be prioritized for further quantitative analysis and response, based on their risk
rating. Ratings are assigned to risks based on their assessed probability and impact.
Evaluation of each risk’s importance and hence, priority for attention is typically

conducted using a look-up table or a probability and impact matrix.

Probability and Impact Matrix

Probability Threats Opportunities
0.90 0.05 0.09 0.18 0.36 0 0 0.36 0.18 0.09 0.05
0.70 0.04 0.07 0.14 0.28 0.56 3 5 0.24 | 007 | 0.04
0.50 0.03 0.05 0.10 4 0.40 0.20 0.10 | 005 | 003
0.30 0.02 0.03 0.08 0.12 0 012 | 006 | 003 | 002
0.10 0.01 0.01 0.02 0.04 0.08 008 | 004 | 002 | 001 | 0.01
0.05 0.10 0.20 0.40 0.80 080 | 040 | 020 | 0.10 | 0.08

Impact (ratio scale) on an objective (e.g., cost, time, scope or quality)

Each risk is rated on its probability of cocurring and impact on an objective if it does occur, The organization’s
thresholds for low, moderate or high risks are shown in the matrix and determine whether the risk is scored
as high, moderate or low for that objective.

Fig 2. 1 Probability and Impact Matrix (PMI, 2004)

The dark gray area in the figure above represents high risk; the medium gray area

represents low risk; and light gray area represents moderate risk. Usually, these risk



rating rules are specified by the organization in advance of the project, and included in

organizational process assets. Risk rating rules can be tailored in the Risk Management

process to the needs and requirements of the specific project. (PMI, 2004)

Planning Risk Response: The PMBOK 6™ edition has proposed five alternative strategies

for dealing with threats

1.

Escalate: This strategy is applicable when the project team or the project sponsor
agrees that a threat is outside the scope of the project or that the proposed
response would exceed the project manager’s authority. Escalated risks are
managed at the higher level and not at the project level. It is important that
ownership of escalated threats is accepted by the relevant party in the
organization. These risks are not further considered by the project team.

Avoid: This is when the project team adopts the strategy of eliminating the threat
or protect the project from its impact. It is usually adopted for high-priority threats
with a high probability of occurrence and a large negative impact. This may
involve changing aspect or objective of the project. Examples include practices
such as removing the cause of a threat, extending the schedule, changing the
project strategy, or reducing scope. They can also be avoided by clarifying
requirements, obtaining information, improving communication, or acquiring
expertise.

Transfer: This involves transferring the risk to a third party to manage the risk and
to bear the impact if the threat occurs. This method often involves payment of a
risk premium to the party taking on the threat. This method may include use of
insurance, performance bonds, warranties, guarantees, etc.

Mitigate: Action is taken towards reducing the probability of occurrence and/or
impact of a threat. Early mitigation action is often more effective than trying to
repair the damage of the threat that has occurred. Adopting fewer complex
processes, conducting more tests are examples of mitigation actions. Where it is
not possible to reduce probability, a mitigation response might reduce the impact

by targeting factor that drive the severity.



5. Accept: Risk acceptance acknowledges the existence of a threat, but no proactive
action is taken. This is recommended for low priority threats, and may also be
applicable where it is not possible or cost effective to address a threat in any other

way.

2.2 Review of previous studies

A detailed review of previous studies was done to identify risk factors causing cost
overrun and time delay in bridge construction. Some of the major studies reviewed have
been tabulated below:

Table 2. 1 Past Research

Sharma, S., Goyal, P. K. (2019). Fuzzy assessment of the risk factors causing cost

overrun in construction industry.

Timilsina, S. P., Ojha, S. K., & Dhungana, B. R. (2020). Causes of Delay in Construction
of Motorable Bridges under “Design and Build Model” of Bridge Project, Department of
Roads, Nepal

Karunakaran, S., Malek, M.A., & Ramli, M.Z. (2019). Causes of Delay in construction of
Highway Projects. A Review.

Bista, S.B., & Dahal, R.K. (2018). Assessment of Low Bidding in Bridge construction

with special reference to Nepal.

Suwal, A., & Shrestha, S. (2016). Causes of Delays of Motorable Bridge Construction
under Postal Highway Projects, Department of Roads.

Shah, K.J., & Apte, M.R. (2015). Causes of Delay in Construction of Bridge Girder.

Islam, M.S., & Trigunarsyah, B. (2017). Construction Delay in Developing Countries : A

Review.

Haseeb, M., Lu, X., Bibi, A, Dyian, M. U., & Rabbani, W. (2011). Problems of Projects
and Effects of Delay in the Construction Industry of Pakistan.

Pourostam, T., & Ismail, A. (2011). Significant factors causing and effects of delay in

Iranian Construction Projects.

Azhar, N., & Farooqui, R. U., Ahmed, S. M. (2008). Cost overrun factors in construction

industry of pakistan

Shah, R.(2016). An Exploration of causes for delay and cost overrun in construction

projects: A case study of Australia, Malaysia & Ghana
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Timilsina et al., (2020) identified a total of 56 causes for delay of bridge construction
through the use of different techniques. They used secondary sources such as literature
review and primary source such as pilot survey of three groups of respondents who were
involved in the construction of motorable bridges built under the Design and Build
Model. The research identified delay in bridge construction as the most serious problem
which can even slow down the national development. The research classified delays into

three types namely excusable, non-excusable and concurrent.

Karunakaran et al., (2019) have listed shortage of materials, failure of material and
equipment, poor communication and interaction, poor project planning and scheduling
followed by frequent design changes, unforeseen additional work, labor issues, weather,
improper construction method, inexperienced contractors and poor sire investigation as

cause for significant delay.

The outcome of a study carried out in Malaysia to identify the significant factor causing
cost overrun in large construction projects was categorization of the factors into seven
groups which was then validated through interview with five experts of the industry. The
study identified fluctuation of prices of material, cash flow and financial difficulites faced
by the contractor and poor site management and supervision as the top 3 most influencing

factors causing cost overrun in the project. (Rahman et al., 2013)

Bista & Dahal (2018) have identified low bidding as the major cause of delay along with
underlying factors such as unrealistic norms, unrealistic district rates, ambiguities in the

contract document, and social acceptance.

Suwal & Shrestha (2016) have identified the main cause of delay are unusual low bid by
contractors, delay in receiving clearances from various government authorities, poor site
management and supervision by contractors due to large number of works in hand, lack

of planned pre-execution of the project.

Samarghandi et al., (2016) carried out a study in Iran to determine reasons for delay and
cost overrun in Construction projects. A statistical model was developed in this research
to determine quantitative value of each factor’s importance. The study classified factors

into four groups as contractor defects, owner defects, consultant defects and law,
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regulation and other general defects. The significant delay factors were identified to be
inaccurate budgeting and resource planning, inaccuracies in technical documents and

outdated mandatory terms in contract.

Shah & Apte (2015) have concluded the major reasons for the delay are related to
contractor’s performance such as site management, labor productivity, and lack of expert
proficiency in supervision, etc. The client was held responsible for the delay in issuing

drawings and design.

Islam & Trigunarsyah (2017) have concluded that main reason for the delay as financial
issues like; contractor’s cash flow problem, and delay in progress payment by the
employer, managerial issues such as poor site management, contractor related factors, i.e,
improper planning and scheduling, and employer-related factor like order for design
change during construction are the most severe factor that result in delay all over the
developing world. The research conducted in Pakistan regarding effects of delays in the
construction industry concluded that the most common factor of delay is a natural
disaster in Pakistan like floods and earthquakes and some others like-financial and
payment problems, improper planning, poor site management, insufficient experience,

shortage of materials and equipment, etc. (Haseeb et al., 2011)

Pourrostam & Ismail (2011) have concluded that major cause of delay are delay in
progress payment by employers, change orders by an employer during construction, poor
site management and supervision, ineffective planning and scheduling of project by
contractor, financial difficulties of a contractor, slowness in the decision-making process
by an employer, delays in producing design documents, late in reviewing and approving
design documents by an employer, poor contract management by consultant and

problems with subcontractors.

Azhar et al., (2008) identified 42 factors causing cost overrun in Pakistan’s construction
industry. The top ten factors were identified to be: fluctuation in prices of raw materials,
unstable cost of manufactured materials, high cost of machineries, lowest bidding
procurement procedures, poor project (site) management/ poor cost control, delays
between design and procurement phases, incorrect/inappropriate method of cost

estimation, additional work, improper planning and unsupportive government policies.
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A study of Australia, Malaysia and Ghana concluded that the top three causes for delay
and cost overrun in construction projects in Australia were planning and scheduling
deficiencies, method of construction and effective monitoring and feedback process, in
Ghana were delay in payment certificates, underestimating of project cost and complexity
and size of projects whereas for Malaysia the factors were Contractor’s improper
planning, poor site management and inadequate contractor’s experience. (Raj Kapur

Shah, 2016)

Sharma & Goyal (2019) identified 55 important risk factors causing cost overrun in
Indian Construction Project. The research identified fluctuation in price of material,
lowest bid procurement policy, inflation inappropriate government policy, mistakes and
discrepancies in the contract document, inaccurate time and cost estimate, additional
work, frequent design change, unrealistic contract duration and financial difficulties faced
by the contractor as the top ten factors causing cost overrun in Indian Construction
Industry. The research used a new cost overrun factor index, namely fuzzy index for
calculation of cost overrun. This research proposed a new fuzzy based model for estimate
the risk magnitude of risk factors. The fuzzy logic theory has the potential to deal with
the vagueness and uncertainty and subjective nature of any problem and it is capable of

handling the almost same analogous which is found in the complex construction projects.

2.3 Fuzzy Logic
2.3.1 Introduction

There is a relation between precision and uncertainty in a problem.

The degree of precision in defining a problem decreases as the uncertainty in the problem
increases. Binary logic operates in extremes i.e., the value is either true of false. It does

not consider the degree of truth between the extreme ends.

The solution of most engineering problems requires understanding of precision,
information and complexity. Most of the phenomenon we observe around us are based on
human judgment, a form of judgment which is imprecise. Although such imprecise
information is unsuitable to computer application, they are valuable to humans. The
beauty of fuzzy logic is it allows modelling of uncertain and difficult to manage data.

(Ross, 2004)
13



Historical perspective: Probability theory was the predominant theory used in scientific
application from the period of 1800's to 1900's. The concept of Fuzzy sets introduced by
Zadeh in 1965 and Max Black's study in vagueness paved new avenues for the study of
uncertainty. Zadehs work in fuzzy logic challenged the classical view of binary (two-

valued) logic. (Klir & Yuan, 1995)

2.3.2 Fuzzy Sets and Memberships

The notion of a fuzzy set provides a convenient point of departure for the construction of
a conceptual framework which parallels in many respects the framework used in the case
of ordinary sets, but is more general than the latter and, potentially, may prove to have a
much wider scope of applicability, particularly in the fields of pattern classification and
information processing. Essentially, such a framework provides a natural way of dealing
with problems in which the source of imprecision is the absence of sharply defined
criteria of class membership rather than the presence of random variables. (Lofti A

Zadeh, 1965)

For example, let us consider the value of inflation in Nepalese Economy. We have to
assess if the inflation is above 6% in country. In a binary sense, the inflation is either
above 6% or not. There is no subjectivity attached to this decision. For instance, if "high"
is a set defined as inflation equal to or greater than 6%, a computer program would not
recognize the inflation value of 5.99% as being a member of the set "high". The problem
in this condition is assessing the uncertainty in the following question: Is the value of
inflation almost high? The uncertainty in this case is the result of ambiguity and
vagueness of the adjective nearly. An inflation value of 5.9% could clearly be a member
of the set "almost high". In the first situation, the uncertainty of a year’s inflation is
unknown, is 6% or not is binary; the value is or is not, and we can produce a probability
assessment of that parameter based on collection of annual data of past years. But the
uncertainty of whether the inflation is almost high is non-random. The degree to which
the inflation approaches a high value is fuzzy. In reality, "high-inflation" is a matter of
degree and is relative. For instance, during stable economic conditions, a 6% inflation
rate could be high whereas during tumultuous economy, this rate could be considered

low. So, a 6% rate can be high in one context and low in another.
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In the real (fuzzy) world, high inflation value can overlap with non-high inflation values,

an impossibility when one follows the precept of classical binary logic.

The idea of set membership is different for classical sets and fuzzy sets. The members of
classical sets have a definite value of membership. An element is either the member of
the set or not. Fuzzy sets contain objects that satisfy imprecise properties of membership,
thus membership of an object in a fuzzy set can be approximate. For example, the value
of inflation between 5% to 7% is precise (Crisp); the set of heights in the region around

6% is imprecise, or fuzzy.
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Fig 2. 2 Fuzzy Membership Values

For our example of the universe of values of inflation, suppose set A is the crisp set of all
values between 5%<x<7% shown in figure below. A particular year, x1, has inflation of
6%. The membership of this individual year in crisp set A is equal to 1, or full
membership. Another year, say x2, has a value of 4.9%. The membership of this
individual in Set A is equal to 0. In these cases the membership in a set is binary, either

an element is a member of a set or it is not.

The idea of binary membership was further extended by Zadeh to include various
"degress of membership" on the real continuous interval [0,1]. The boundary points of 0
and 1 represent no membership and full membership respectively. Similar to the indicator
function for crisp sets, infinite number of values in between the endpoints can represent

various degrees of membership for an element x in some set on the universe.

Zadeh defined "Fuzzy sets" as the sets on the universe X that can accommodate "degree

of membership".
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2.3.3 Logic and Fuzzy Systems
Logic for humans is a way to quantitatively develop a reasoning process that can be

replicated and manipulated with mathematical precepts.
Fuzzy Systems

Natural Language is perhaps the most powerful form of conveying information that
humans possess for any given problem or situation that requires solving or reasoning.
This power has largely remained untapped in today's mathematical paradigms; not so
anymore with the utility of fuzzy logic.(Ross, 2004) Although our spoken language has
elements of ambiguity and vagueness, humans have little trouble in expressing and
communicating our thoughts. In order to develop a model for representing the human

thought process, we must first be able to formulate the natural language.

Human language consists of individual terms (words) that can be regarded as the most
basic units of expression. The combination of these basic units makes up phrases of our
natural language. For instance, terms such as high, medium, low, very and few are
individual words and their combinations such as Very high inflation are composite terms.
If we define the atomic terms and combination of atomic terms as elements and sets on a
universe of natural language terms, say universe X. We aim to map this term to another
universe called Y, as a universe of cognitive interpretations, or meanings. Since, the
interpretation of elements in the universe Y can be vague, they can be best represented
using fuzzy sets. Thus, these basic terms or linguistic variables as Zadeh defined it, can

be interpreted using fuzzy sets.

With these definitions and foundations, we can now establish a formal model of

linguistics using fuzzy sets.

2.3.4 Fuzzy Rule Based Systems (FRBS)
Fuzzy rule-based systems are an extension of traditional rule-based systems, where the
humanistic knowledge about a problem and the interaction between its variables is

expressed through fuzzy sets and fuzzy logic.
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Components

The uncertainty and vagueness in human knowledge in FRBS are represented by the
means of linguistic variables and their values that are defined in fuzzy sets using
membership functions.(Magdalena, 2015) The generalized Modus Ponens and
generalized Modus Tollens are the commonly used Fuzzy logic inference method for
approximate reasoning. In this sense, Fuzzy Logic provides a unique framework for
inference in rule-based systems. There is a clear demarcation between the knowledge and

reasoning component of FRBS.

Mamdani proposed the first model of FRBS that dealt with real inputs and outputs that
used fuzzy system using the fuzzy control application.(Mamdani, 1974) The initial
application of Mamdani FRBS was in Fuzzy Logic Controller (FLC). Currently, control
is one the many applications of FRBS.

The prototype structure of a Mamdani FRBS is shown in the figure below. The
knowledge base is populated by the available knowledge about the problem in the form
of fuzzy IF-THEN rules. The processing component, on the basis of knowledge base

conducts the inference process on the inputs.

Knowledge base

Scaling
functions

Fuzzy Fuzzy
rules partitions

A4 A4 A4 Y

Input Fuzzi- Inference Defuzzi- Output
- > = - > - > = 5 > =
scaling fication engine fication scaling

Processing structure

Fig 2. 3 General Structure of a Mamdani FRBS (Magdalena, 2015)
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Knowledge Base

Knowledge base is the collection of information developed by human experience which
is used to model the relationship between input and output of a process. The knowledge is
expressed by the means of rules, and the most common rule structure in Mamdani FRBSs
involves the use of linguistic variables. Thus, while dealing with multiple inputs-single
output systems, these linguistic rules possess the following form

IF X;is LTiand X> is LT> and .... And X, is LT, THEN Y is LT,,

With Xj and Y being, respectively, the input and output linguistic variables, and with LT;

being linguistic terms associated with these variables.

The knowledge base can be further divided into two types of information. The first level
of information is the linguistic variables which provide the fuzzy rule semantics in the
form of fuzzy partitions.(Magdalena, 2015) These fuzzy partitions are defined by the use
of membership functions. The second level of information is the linguistic rules which

constitute the knowledge of experts.
Fuzzy Partitions/ Frames of Cognition

Fuzzy partitions define the sets of linguistic terms with different variables. These
variables are defined by the membership functions and used in the linguistic rules.
Different types of membership functions, such as triangular, trapezoidal, parabolic etc.
can be used to define a fuzzy partition. The figure below shows a fuzzy partition using

triangular membership functions.

VS S M L VL

Y /

Fig 2. 4 Fuzzy Partition (Magdalena, 2015)
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This structure provides a natural framework to include expert knowledge in the form of
fuzzy rules. The partition shown in the figure above used five linguistic terms {very
small, small, medium, large, and very large} with the interval [/, 7] being its domain
(Universe of discourse). Also shown is the membership function associated to each

linguistic term.
Rule Base

The rule base is composed of linguistic rules that are joined by logical operators. Since
the rule base is composed of multiple rules, there can be multiple processes for a single
input. The rule base can be represented by different means. It can be in the form of listed
rules. Another possibility is a rule matrix (also known as decision table) which is a

compact representation for the same set of linguistic rules.

Let us consider an FRBS consisting of two input variables a; and a2 and a single output
variable b which are defined as {low, medium, high}, {few, normal, many} and
{unsatisfactory, satisfactory, excellent} respectively. A rule base can be defined of five

linguistic rules

Ri: IF X is low and X> is few THEN Y is unsatisfactory,
Also

R>: IF X is low and X> is normal THEN Y is unsatisfactory,
also

R3: IF X is medium and X is few THEN Y is satisfactory,
also

Ry: IF X is high and X> is normal THEN Y is satisfactory,
also

Rs: IF Xi is high and X> is many THEN Y is excellent,
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These set of rules can be conveniently represented using the decision table shown below:

Table 2. 2 Decision Table

Xz X1
Low Medium High
Few Unsatisfactory Satisfactory
Normal Unsatisfactory Satisfactory
Many Excellent

Processing Structure

FRBS operates through the interaction between knowledge and reasoning. As shown in

Fig 2.3, the Mamdani FRBS can be broken down into following components:

e Input Scaling normalizes the values of input variables into the domain where the
input fuzzy partitions are defined. This process is also known as domain
adaptation.

e The Fuzzification interface transforms crisp input data into fuzzy values for
further processing.

e The inference engine performs the roles of mapping inputs to several resulting
output according to the information stored in the knowledge base.

e The defuzzification interface transform fuzzy values into crisp values.

e Output scaling transforms defuzzified values from the domain of fuzzy partitions

to the output variables.
Input/Output Scaling

Input/Output scaling performs the function of transforming the input/output variables
to/from the universe of discourse in which they were defined. Scaling can be achieved

through different

Means: Linear and Non-linear functions. A general linear scaling function has the form:

fx)=4.x+0o
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in which the scaling factor A has a multiplying effect that enlarges or reduces the
operating range, which in turn decreases or increases the sensitivity of the system with
respect to the input variable, or the corresponding gain in the case of an output variable.
The second parameter v shifts the operating range and plays the role of an offset for the

corresponding variable.

A commonly used nonlinear scaling function is

Sx) = sign(x) . |x|*

The nonlinear scaling increases (o > 1) or decreases (a < 1) the relative sensitivity in the
region closer to the central point of the interval and has the opposite effect when moving

away from the central point. (Magdalena, 1997)
Fuzzification Interface

This interface equips Mamdani FRBS to handle crisp input values. This maps crisp input
values into the universe of discourse of those inputs. The membership functions of the
fuzzy set 4’ defined over the universe of discourse U associated to a crisp input value x,

is computed as
pa = F(xo)
In which F'is a fuzzification operator.

The most common choice for the fuzzification operator F_is the point wise or singleton
fuzzification, where A’ is built in singleton with support x, i.e., it presents the following

membership function:

’ ={1, if x =xo
HA 0, otherwise

Inference System

This part of the FRBS maps the fuzzy inputs to the fuzzy outputs using the relation
defined through fuzzy rules. The usual fuzzy inference scheme employs the generalized

Modus Ponens, an extension to the classical Modus Ponens. (Lotfi A Zadeh, 1973)
IFXis ATHEN Y is B
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XisA’THEN Yis B’

Considering 4 and B to be fuzzy sets, and X and Y as linguistic variables, the above
expression is a fuzzy conditional statement. A fuzzy conditional statement like this one

represents a fuzzy relation between A and B.
Types of Fuzzy Rule Based Systems

Mamdani was the first to propose a FRBS. Various types have been further described

below:
Linguistic Fuzzy Rule-Based Systems

A Mamdani FRBS provides a natural framework to include expert knowledge in the form
of linguistic rules. This knowledge can be easily combined with rules which are
automatically generated from data sets that map system inputs to system outputs. Each
rule is a description of a condition-action statement that exhibits a clear interpretation to a
human — for this reason, these kinds of systems are usually called linguistic or descriptive
Mamdani FRBSs. This property makes Mamdani FRBSs appropriate for applications in
which the emphasis lies on model interpretability, such as fuzzy control and linguistic

modelling.
Variants of Mamdani FRBS

The Mamdani FRBS has some limitations. Accuracy of this model decreases as the
complexity of the problem increases because of the structure of the linguistic rules. Some

other drawbacks of this system are as follows:

e Sharply defined partitioning of input and output variables results in reduced
flexibility of the statement.

e Partitioning of the input space becomes difficult when input variables are
mutually dependent.

e As the complexity of the system increases, homogeneous partitioning of input and
output space becomes inefficient and does not scale well.

e As the number of variables and linguistic terms in the system increases, the size

of knowledge base and number of rules increases.
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The variants of linguistic Mamdani FRBSs attempt to solve the above-mentioned

problems by making the linguistic tule structure more flexible.
Disjunctive normal form (DNF) Mamdani FRBS

This variant aims at different rule structure with the following form:(Gonzalez et al.,

1994)
IF X;is A; and .... and X, is A,
THENY is B,

Where each input variable Xi takes as its value a set of linguistic terms A;, whose
members are joined by a disjunctive operator, while the output variable remains a usual
linguistic variable with a single label associated. Thus, the complete syntax for the

antecedent of the rule is
Xiis Ay ={Aior ...or Aii} and ... and Xy is Ay = {Ani or ... or A wi}

This expression contains an additional connective different than the and considered in all
previous rules. The or connective is computed through a t-conorm, the maximum being
the most commonly used. The major advantage of this variant is the ability to incorporate

multiple rules into a single expression
Approximate Mamdani-Type Fuzzy Rule-Based Systems

This variant provides better accuracy at the cost of reduced interpretability. In an
approximate FRBS, each rule defines its own fuzzy sets instead of using a linguistic label
pointing to a particular fuzzy set of the partition of the underlying linguistic variable.

Thus, an approximate fuzzy rule has the following form:
IF X;is A; and ...and X, is A, THEN Y is B

The major difference with respect to the rule structure considered in linguistic Mamdani
FRBSs is the fact that the input variable X; and the output one Y are fuzzy variables
instead of linguistic variables and, thus 4; and B are not linguistic terms (L7;) but

independently defined fuzzy sets that elude an intuitive linguistic interpretation.
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Therefore, approximate FRBSs do not rely on fuzzy partitions defining a semantic

context in the form of linguistic terms.
Takagi-Sugeno-Kang Fuzzy Rule-Based Systems

Different from working with linguistic rules used in the Mamdani FBRS, Sugeno et al.
(Takagi & Sugeno, 1985) proposed a new model based on rules whose antecedents are
defined in linguistic variables by the consequent is represented by a function of the input
variables. The most common form of this kind of rules is the one in which the consequent

expression contains a linear combination of the variables involved in the antecedent
IF X1 is A; and ... and X, is An
THENszo +p1.X1 + ... +pn.Xn

Where X; are the input variables, Y is the output variable, and p = (po, p1, ..., pn) 1s a
vector of real parameters. Regarding Aj they are either a direct specification of a fuzzy
set or a linguistic label that points to a particular member of a fuzzy partition of a

linguistic variable.

The output of a TSK FRBS, using a KB composed of m rules, is obtained as a weighted
sum of the individual outputs provided by each rule, Y;, i= 1, ...., m, as follows:

™ hi.Yi

T
i=1 i

in which h; = T(4i1(x1), ..., Ain(xn)) 1s the matching degree between the antecedent part of
the i rule and the current inputs to the system, x, = (x;, ..., xs). T stands for a
conjunctive operator modeled by a t-norm. Therefore, to design the inference engine of
TSK FRBSs, the designer only selects the conjunctive operator 7, with the most common
choices being the minimum and the product. As a consequence, TSK Systems do not

need defuzzification, being their outputs real numbers. (Magdalena, 2015)

TSK FRBS have been successfully applied to a large variety of practical problems. The
main advantage of these systems is that they present a set of compact system is that they
present a set of compact system equations that allows the parameters p; to be estimated by

means of classical regression methods, which facilitates the design process. However, the
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main drawback associated with TSK FRBSs is the form of the rule consequents, which
does not provide a natural framework for representing expert knowledge that is afflicted

with uncertainty.
Singleton FRBS

In this system, the rule consequent takes a single real-valued number. Its rule structure is

the following
IF Xjis Ajand ... and X, is An THEN Y is y,
Utility of Fuzzy Systems

Similar to the algebraic function which maps input variable to an output variable, a fuzzy
system maps an input group to an output group. Fuzzy system allows the use of linguistic

propositions. The basis of fuzzy system is the Stone-Weierstrass theorem.

The main application of fuzzy system is in the modeling of complex systems which are
not composed of analytic function or numerical relation. Fuzzy system is useful in
establishing relation between large number of inputs and outputs. Fuzzy system is
applicable to vague, unclear and completely unknown data. The system is also useful in

situations which require quick and approximate results for preliminary estimates.

In a robust system, the effect of change in input on the output is not significant as the
system is capable of incorporating uncertainty to a certain extent. In traditional form,
mathematical models of a system are constructed based on assumptions and
simplifications. The uncertainties in individual inputs to the system are then considered.
Contrary to the traditional model, a fuzzy system incorporates uncertainties in both input

and output during the formation of system. This makes fuzzy system robust.
Limitations of Fuzzy System

Fuzzy systems can be described as shallow models. This is because they are primarily
used in deductive reasoning. There is a difference between a mathematical model which
correlates the input and output of a system and a model which incorporates the

underlying phenomenon. (Arciszewski et al., 2002)
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The model which can describe the inherent process is a deep model whereas the model

which does not describe the underlying process is a shallow model.

2.3.5 Propertied of Membership Functions, Fuzzification, and Defuzzification

Properties of Membership Function
The basic terminology used in membership functions have been described below:

Core: The core of a membership function constitutes full membership in the set A. The

elements x of the universe is such that pA(x) = 1

Support: Support of a membership function constitutes a non-zero membership in the set

A. The elements x of the universe is such that pA(x) > 0.

Boundaries: Boundaries constitute a partial membership in the set A. The elements x of

the universe is such that 0<pA(x) < 1.

u(x) A

| Core |

1 F

Support

Boundary

Boundary

Fig 2. 5 Membership Function (Ross, 2004)

A normal fuzzy set is one whose membership function has at least one element x in the

universe whose membership value is unity.

A convex fuzzy set is described by a membership function whose membership values are
strictly monotonically increasing, or whose membership values are strictly monotonically
decreasing, or whose membership values are strictly monotonically increasing then

strictly monotonically decreasing with increasing values for elements in the universe.
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The crossover points of a membership function are defined as the elements in the

universe for which pA(x) = 0.5.

The height of a fuzzy set is the maximum value of the membership function, that is

hgt(A)= max {pA(x)}. If the hgt(A)<I, the fuzzy set is said to be subnormal.
The different types of membership functions used are

1. Triangular Membership Function

Trapezoidal Membership Function

2

3. Gaussian Membership Function

4. Generalized bell Membership Function
5

Sigmoid Membership Function

(a) Singleton b) Gaussian c) Generalized bell
0 0
(d) Sigmoidal (e) Triangular (f) Trapezoidal

1 1 /\v f\_

0 0 0
Fig 2. 6 Types of Membership Functions (Pedrycz, 1994)
The commonly used triangular membership functions constitute an immediate solution to
the optimization problems emerging in fuzzy modelling. The triangular membership

function with the one-half overlap level produce zero value of the reconstruction error.

(Pedrycz, 1994)

2.4 Provisions in Public Procurement Act (2007)
2.4.1 Evaluation of bids
According to the clause 25(5) of the act, Bid shall be evaluated in accordance with the

criteria and methodology set forth in the bidding documents; and in carrying out such
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evaluation, the bid with the lowest bid prices shall be determined by making comparison
of the evaluated price of the other bids. On examination, the qualification of the bidder of
the bid having the lowest bid price is conformity with the qualification evaluation criteria
set forth in the bidding documents, such bid shall be lowest evaluated substantively
responsive bid. The PPA and PPR have provisions of awarding contract to the lowest

evaluated substantively responsive bid.

2.4.2 Variation Order

According to the clause 54 of the act, a variation order can be issued if the circumstances
that could not be foreseen at the time of signing of procurement contract arise in the
course of implementation of the procurement contract. The competent authority can issue
a variation order of up to 25% and the variation above this value has to be issued as per
the decision made by the Government of Nepal Council of Ministers. An expert

committee has to be formed prior to issuing variation order.

2.4.3 Price Adjustment in Procurement Contract

According to the clause 55 of the act, if the price needs to be adjusted in the course of
implementation of a procurement contract having duration exceeding Twelve months the
competent authority may adjust price. For national level competitive bidding contracts
concerning construction works , if the price of any construction materials is increased or
decreased unexpectedly by more than ten percent of the previous price, price shall be
adjusted as prescribed by deducting ten percent in the amount so increased or decreased.
The act has also clearly stated that price adjustment cannot be made where the work
under contract is not completed within the period prescribed in such contracts and has
taken more time due to the delay by the person who has obtained procurement contract or

if procurement contract is concluded on the basis of lump sum contract or fixed budget.

2.4.4 Provision concerning Extension of Contract Period

According to the clause 56 of the act, the condition for extension of time shall be
mentioned in the contract. The act states that if the period of procurement contract is to
be inevitably extended due to force majeure, failure of the Public Entity to make

available the materials to be made available by it or other reasonable causes, the
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competent authority may extend the period on the prescribed grounds upon submission of

application by the person obtaining procurement contract.

2.5 Provision in the Public Procurement Regulation (2007)

2.5.1 Procedure relating to variation

The rule 118 of the regulation has set out the procedure related to variation in a contract.

The rule stated that if it is required to issue a variation order of a construction work, the

order shall set out the following details and be certified by the chief of public entity who

has the authority to approve such variation:

a)

b)
©)

Whether the drawing, design and specification etc. of the construction work need
to be changed or not and where such change is to be made, whether the basic
nature or scope of the construction work will be changed or not.

Technical justification and reason for the variation quantity of work.

Whether it is included in the approved budget program or not.

2.5.2 Price Adjustment

A per the rule 119 of the regulation, the following matters shall be set out in the

procurement contract regarding price adjustment:

a)
b)

g)

h)

Circumstances in which price adjustment may be made

The formula to determine it,

In determining a formula pursuant to this clause, the formula shall be so
determined as to adjust the price only of labor, material and equipment used in the
work completed.

Maximum amount of price adjustment

Component of price to be used in the formula under clause (b) (the price of labor,
equipment, materials, fuel etc.),

The relevant price indices to be used to adjust each price component.

The manner of measuring the fluctuations of exchange rate between the currency
to be used for making payment,

Baseline data to be taken for taken for the application of the price adjustment
formula,

Interval of time for the application of the price adjustment formula,
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1) Minimum price escalation to be demonstrated by the application of the price
adjustment formula and other conditions and restrictions to be fulfilled for the

application of the provision relating to price adjustment.

According to the rule, the maximum amount of price adjustment to be made shall not
generally be more than twenty five percent of the original contract price. The
procurement contract may provide that if the amount of price adjustment exceeds that
price, the public entity may terminate the procurement contract or negotiate with the
construction entrepreneur, supplier, service provider or consultant in order to limit the
contract price within the approved budget or may pursue other measures or that

additional budget shall be arranged.

2.5.3 Extension of period of procurement contract
According to the rule 120 of the regulation, on receipt of an application for contract
period extension, the competent authority may make, or cause to be made inquiry into the

matter. The following matters should be considered:

a) Whether the concerned construction entrepreneur, supplier, service provider or
consultant has made best efforts to complete the work under the procurement
contract in time or not,

b) Whether the concerned public entity has provided the construction entrepreneur,
supplier, service provider or consultant with the matters required to be provided
under the contract or not,

c) Whether the delay in work has been made because of the requirement of
documents

d) Whether the delay in work has been made because of a force majeure event or

not.

If the reason referred to in the application appears to be reasonable, the authority
accepting the bid may extend the term up to fifty percent of the original term of the
contract. The extension beyond this period has to be approved by the Council of Minister
of Government of Nepal. CIAA has provided its recommendation regarding the loopholes
and the improvements that can be made to the existing public procurement rules and

regulations. The latest amendments to the public procurement regulation have made it
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mandatory for the public entity to call for bids only after the budget has been ensured and
project site made available for construction. The amendment has also made provision for
a maximum time extension of Fifty percent of the initial contract duration.
Contractors/Suppliers have been granted an year for completing their projects and also
made provisions to ensure that contracts are awarded according to the financial and
technical capacity of the bidder. Similarly time durations have been fixed for public

entities to make decisions regarding contractual issues such as time extension. (CIAA,

2020)
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CHAPTER 3 RESEARCH METHODOLOGY

Research is the systematic, controlled, empirical and critical investigation of hypothetical
propositions about presumed relations among natural phenomena. (Kerlinger, 1970)

Research methodology is specific procedures of techniques used to identify, select,
process and analyze information about a topic. In a research, methodology section allows
the readers to critically evaluate a study’s overall validity and reliability. The
methodology section answers two main questions; how was the data collected or
generated? How was it analyzed?

In this research, I have utilized the unique capacity of fuzzy inference system to quantify
the risk magnitude of various factors from the qualitative linguistic data provided by the
experts. The accuracy and reliability of the data obtained from the fuzzy inference model
is validated through comparison with sample set of completed bridges.

3.1 Conceptual Framework

A conceptual framework is a synthesis of interrelated components and variables which
help in solving a real-world problem. The development of a conceptual framework begins
with a deductive assumption that a problem exists, and the application of processes,
procedures, functional approach, models, or theory may be used for problem
resolution.(Leshem, 2007)

A conceptual framework has been prepared for the research. Various steps of the research
have been summarized graphically in the conceptual framework. The framework shows
the step-by-step process adopted in the research. In the first stage, the risk factors are
identified and classified to generate a questionnaire survey. The survey is distributed to
respondents from client, consultant and contractor. The risk factors are ranked by using
the fuzzy inference model. Similarly, the data is verified using the analysis of sampled
bridges. After verifying the correlation between the two data series, the results obtained
from the model are further assessed to obtain results.

The sampled bridges are studied in detail to understand the risk factors causing cost
overrun and time delay. The secondary sources of data were EOT recommendations
provided by consultants, internal memo used by the public entities executing the project
and field reports. Further clarifications were obtained through primary sources of data
such as stakeholders involved in the project. A case specific approach was adopted to
better understand risk factors. Individuals involved in sampled bridges were interviewed
personally and through telephone communication to identify the specific cause for cost
overrun and time delay.
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3.2 Cost overrun and time delay factor identification

Extensive literature review was done to identify the factors causing cost overrun and time
delay in construction projects. Factors were identified for both developed and developing
countries. The risk factors were also identified for various geographical regions. On the
basis of the above studies and with the opinion of experts in local road bridge
construction, 31 risk factors were identified. The factors were further sub-grouped into
following three categories based on the period of contract when they can be mitigated:

A. Risk Factors in Pre-Contract Phase
B. Risk Factors in Contract Execution Phase
C. External Risk Factors

The table below shows the commonly occurring risk factors in local road bridge

construction.

Table 3. 1 Risk Factor Identification

Risk Factor | Risk Factor
Number
A. Risk Factors in Pre-Contract Phase
RF 1 Unexpected Ground Condition
RF 2 Faulty Design
RF 3 Unrealistic Cost Estimate
RF 4 Land Acquisition Issues
RF 5 Inappropriate Project Selection
RF 6 Unscientific Contract Duration
RF 7 Utility Relocation (Electric Poles, Irrigation Canals)
RF 8 Environmental Permits
RF 9 Government Regulation/Contract Awarded to Lowest Bidder
RF 10 Social Issues at Site
RF 11 Regional Topography and access to site
RF 12 Ineffective Contract Document
B. Risk Factors in Contract Execution Phase
RF 13 Inadequate Budget Allocation/ Delay in Payments
RF 14 Frequent Transfer of Project Staff
RF 15 Unrealistic Low Bid
RF 16 Lengthy Decision-Making Process/Bureaucratic Hurdles
RF 17 Inexperienced Consultant
RF 18 Inexperienced Contractor/Sub-Contractor
RF 19 Delay in approval of design
RF 20 Outdated Construction Technique/Practices
RF 21 Safety Related Issues
RF 22 Shortage of Equipment
RF 23 Improper Financial Management/ Misuse of Mobilization
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RF 24 Lack of Coordination/Cooperation between Stakeholders
RF 25 Contractual Disputes
RF 26 Contractor's Financial Problems
C. External Risk Factors

RF 27 Political Instability
RF 28 Force Majeure
RF 29 Large Variation in Raw Material Prices
RF 30 Non-availability of Construction Material
RF 31 Non-availability of Skilled/Unskilled Manpower

3.3 Reliability Test:

Cronbach's alpha is a measure of internal consistency. This parameter is a representation
of the closeness of a set of items are as a group. This value is considered to be a measure
of scale reliability. In a strictly technical manner, this parameter is not a statistical test but
a coefficient of reliability/consistency.

A high level for a implies that the items are highly correlated. However, a is dependent
on the number of items in a test. A large number of items can result in a high value of a
and a small number of items may result in smaller value. Adding more relevant items to
the test can increase o. Poor interrelatedness between test questions can also cause low
values, so can measuring more than one latent variable.(Lavrakas, 2008) Some typical
values of a and associated reliability have been shown in table below:

Table 3. 2 Alpha cronbach value (Konting et al., 2009)

Alpha Cronbach Value (o) Interpretation
0.91-1.00 Excellent

0.81-0.90 Good

0.71-0.80 Good and Acceptable
0.61-0.70 Acceptable

0.01-0.6 Non acceptable

3.4 Model Development using Fuzzy Logic Toolbox of the MATLAB program
software

The assessment of risk magnitude of the factors causing cost overrun and time delay is
based on fuzzy theory. Following steps are performed to calculate the risk magnitude for
cost overrun and time delay using Fuzzy Logic Toolbox of the MATLAB program
software. (Toolbox, 1995)

3.4.1 Defining Input and Output

The two major inputs in risk assessment are the probability of occurrence of a risk and
the severity of the risk if the risk were to manifest itself. Therefore, the Probability Index
(PI) and Severity Index (SI) for risk factors associated with cost overrun (PI, SIC) and
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time delay (PI, SIT) are used as input variable in this model. The output of the model is
the risk magnitude for an individual risk factor denoted by risk magnitude for cost
overrun (FIC) and risk magnitude for time delay (FIT) as shown in Fig. 3.2 and Fig. 3.3.

{4 Fuzzy Logic Designer: FIC - O X
uzzy Log 9
File Edit View

XX~
-

FIC

(mamdani)

(<[ < < il < | <]

Fig 3. 2 Fuzzy Logic Designer (FIC)

{4 Fuzzy Logic Designer: FIT - (] X
File Edit View

Pl \ FiT
/

e
g

Fig 3. 3 Fuzzy Logic Designer (FIT)
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3.4.2 Membership Function

Triangular membership function has been used in this research for input and output
variables. The triangular fuzzy values of each linguistic variable such as PI, SIC, SIT,
FIC and FIT have been shown in Table 3.3 and Table 3.4. The graphical presentation of
membership function for these variables have been shown in Fig, Fig and Fig

respectively

Table 3. 3 Input Table

Fuzzy variable Fuzzy Number
Very Low 0,0,0.25

Low 0, 0.25, 0.50
Medium 0.25, 0.5, 0.75
High 0.5,0.75, 1

Very High 0.5,1,1

Table 3. 4 Output Table

Fuzzy Variable Fuzzy Number
Low 0,0,0.3333
Medium 0, 0.3333, 0.6667
High 0.3333, 0.6667, 1
Very High 0.6667, 1, 1

File Edit View

181

Membership function plots 2! %"

FIS Variables
m V.Low MEDIUM HIGH V.HIGH
Pl FIT
SIT
input variable *PI*
Current Variable Current Membership Function (click on MF to select)
Name Pl Name V.Low
Type input Type trimf v
Params 000.25
Range 01 [ ]
Display Range [01] Help Close

Fig 3. 4 Membership function for PI
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File Edit View

S Variables  Membershiptunction plots %7 | 181)
V.LOW LOwW MEDIUM HIGH V.HIGH
\A\/
/N
Pl FIT
NZNY
bA‘A‘ o5t
SIT
0

0 0.1 02 03 04 05 06 07 08 09 1
input variable *SIT*

[0.250.50.75]

Fig 3. 5 Membership function for SIT

File Edit View
FIS Variables _ Membershipfuncienpios 1T | 161
Low MEDIUM HIGH V.High
\/\/\!
')A’A‘. 1
Pl FIT
msn_ 05r

0 0.1 02 03 04 05 086 07 08 09 1
output variable *FIT*

Fig 3. 6 Membership function for FIT
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3.4.3 Formation of Rules

We use the probability index and the severity index as the antecedent part of the IF-
THEN rule and FIC or FIT as the consequent part. The relationship among these
parameters is needed to introduce logical rules for the two inputs (probability index and
severity index for each factor) and output FIC/FIT. PMBOK risk matrix shown below is

used to define the relationship between inputs and outputs.

Table 3. 5 Risk Matrix

Fuzzy Index for | Probability of Occurrence

cost overrun/ | Very Low Low Medium High Very High
time-delay

Severity Level

Very Low Low Low Medium High High

Low Low Low Medium High Very High
Medium Low Medium High Very High Very High
High Medium High High Very High Very High
Very High High High Very High | Very High Very High

In general, if x is the number of fuzzy sets representing one input variable and y is the
number of fuzzy sets representing second input variable, then maximum number of
propositions that can be written is x*y. Since, there are five fuzzy sets in both the
variable, the total number of propositions is 25. Some examples of these propositions are
as follows:

1. If probability index is Medium and severity index is High then fuzzy index for
cost overrun or time delay is High.

2. If probability index is High and severity index is Medium then fuzzy index for
cost overrun or time delay is Very High.

3. If probability index is Very High and severity index is High then fuzzy index for
cost overrun or time delay is Very High.

The above displayed rules are generated using the rule editor of Fuzzy Logic Toolbox of
the MATLAB program software as shown in Fig. 3.7. The rule editor automatically
generates rule statements based on the descriptions of the input and output variables
defined with the FIS Editor.
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‘4 Rule Editor: FIC - O ¥
File Edit View Options

7. If (Plis Low) and (SIC is LOW) then (FIC is LOW) (1)

8. If (Plis Low) and (SIC is MEDIUM) then (FIC is MEDIUM) (1)

9. If (Plis Low) and (SIC is HIGH) then (FIC is HIGH) (1)

10. If (Plis Low) and (SIC is V.HIGH) then (FIC is HIGH) (1)

11. If (Pl is MEDIUM) and (SIC is V.LOW) then (FIC is MEDIUM) (1)
12. If (Plis MEDIUM) and (SIC is LOW) then (FIC is MEDIUM) (1)
13. If (Plis MEDIUM) and (SIC is MEDIUM) then (FIC is HIGH) (1

14 If (Plis MEDIUM) and (SIC is HIGH) then (FIC is HIGH) (1

1S. If (Plis MEDIUM) and (SIC is V.HIGH) then (FIC is V.High) (1)
16. If (Plis HIGH) and (SIC is V.LOW) then (FIC is HIGH) (1)

MEDIUM

Fig 3. 7 Rule Editor: FIC
3.4.4 Defuzzification

Crisp output value is generated from the combined fuzzy output through the process
of defuzzification. The magnitude of Fuzzy Index for Cost-overrun (FIC) and Fuzzy
Index for Time-delay (FIT) is determined as an exact number within the interval of 0
and 1. The Rule Viewer represents a complete roadmap of the whole fuzzy inference
process. The graphical representation enables us to visualize the inference process.
The complete procedure is shown in the rule viewer window of Fuzzy Logic Toolbox
of the MATLAB program software as shown in Fig. 3.8.
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Fig 3. 8 Rule Viewer: FIC

3.5 Data Collection

The data was collected from experts of different stakeholders (Client, Supervision
Consultant and Contractor). For this purpose, a questionnaire survey was prepared
and dispatched to individuals with long term experience in local road bridge
construction. The data obtained from MLRBP bridge catalogue was used to determine
the contractors who had frequent involvement in the construction of 346 bridges.
Similarly, mid to high level technical experts of LRBSU were requested for their
input into the research. Program Coordinators and Project Engineers involved in
LBS/DOLI provided their expert opinions based on their long-term managerial
experience in local road bridge construction.

A set of questionnaires used has been attached in Appendix A.
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Risk factor in Pre-Contract Phase

Risk Factor 1: Unexpected Ground Condition

Very Low Low Medium High Very High
Probability of
Occurence O O O O O
Severity in

terms of Cost O O O O O

Overrun

Severity in

terms of time O O O O O

delay

Fig 3. 9 Questionnaire Survey

3.6 Average of Expert’s Opinion

To calculate the average of expert’s opinion, the fuzzy average operation for
aggregate method that is known as the “Triangular Average Formula” is used.

Triangular Average Formula for n number of experts. Consider n experts and fuzzy
number

Ai= (a1, an®, a2, i=1,2,3 ...n.

The average of n fuzzy number can be calculated as
Aavg=(A1+.....+ An)n

Aave= (1Y, anV, 2D + ... + (1™, am™, a2™))/n

Using the above formula, Average value of Probability Index (PI) and Severity Index
(SI) can be determined. To obtain a crisp value, the fuzzy value (a1, am, a2), then get
converted into best non fuzzy performance (BNP) value using the following formula :

((az-a1) + (am-a1))/3 + a;

Using the probability and severity index FIC of a specific risk factor can be
calculated. This represents the magnitude of the risk factor. A typical calculation
sample for Risk Factor 17 has been shown in Appendix B.
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3.7 Data Verification
3.7.1 Sample Size Determination

The most ideal case for determining the characteristics of a population is to study the
entire population. The population includes a total of 350 bridges constructed through
unit rate NCB contract in different districts of Nepal in a period of 8 years. The
economical and practical limitations of the approach of using the entire population
compels us to resort to sampling. Researchers mostly prefer using formulas for
determining the sample size.(Singh & Masuku, 2012) Most commonly used formulas
include Cochran’s formula, Cohen’s formula, Yamane’s formula and Rao’s formula.

Total sample size n is calculated from the finite population as shown below using
Cochran equation.
Z*pq
eZ

n=

Where, Z : Z-score for level of significance (for 90% confidence interval) = 1.645
(from the Z table)

p = g = 0.5 (for maximum sample size)
e = margin of error = 10% =0.1

B 1.645% % 0.5 % 0.5
n= 0.12

n=67.65 i.e., approximately 68 samples

For finite population:

n
n-1

population size

68
n= 68—

1+2—
346

n = 56.96 (Approximately 57 samples)

Cost overrun and time delay data for 57 bridges constructed along non-strategic roads
were collected and analyzed in detail.

The sampled bridges are studied in detail to understand the risk factors causing cost
overrun and time delay. The secondary sources of data were EOT recommendations
provided by consultants, internal memo used by the public entities executing the
project and field reports. Further clarifications were obtained through primary sources
of data such as stakeholders involved in the project. A case specific approach was
adopted to better understand risk factors. Individuals involved in sampled bridges
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were interviewed personally and through telephone communication to identify the
specific cause for cost overrun and time delay.

3.7.2 Process for calculating the time delay
Time delay value for an individual risk factor =

Number of days extended due to occurence of arisk factor

Initial contract duration of the project
3.7.3 Process for calculating the cost overrun
a) Variation
Cost overrun value for an individual risk factor =

Variation amount due to occurence of arisk factor

Initial contract amount of the project

b) Contract Price Adjustment

First the approximate CPA in case of no time extension is calculated using the
following formula:

CPA without EOT = Average Price Adjustment Coefficient x Mobilization deduction
coefficient x Contract Amount

This value is deducted from the actual CPA to obtain the additional CPA because of
time extension.

Additional CPA because of EOT = Actual CPA given — CPA without EOT

The additional CPA is now distributed according to the weightage of time extension
factors as follows

Cost overrun value for and individual risk factor =

Number of days extended due to occurence of arisk factor Additional CPA because of EOT

Initial contract duration of the project Initial contract amount of the project

A detailed sample calculation of Bridge Number-17 has been included in the
Appendix C.

3.7.4 Testing Validity of the Model

The validity of the fuzzy inference system model is tested by comparing with the data
obtained from file analysis of 57 sampled bridges.
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Correlation:

A correlation exists between two variables when 