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Abstract

Risk is involved in every construction project. Residential building con-
struction projects comprise a variety of risks and are more likely to be
affected due to their difficulty and many operations and threats. The
study aims to identify the various risk elements and their effect on con-
struction projects of residential buildings using a fuzzy approach with
the help of MATLAB software. This studly includes 60 risk factors recog-
nised through an expert opinion and literature review. These factors are
categorised into 7 major groups, i.e,, construction, project manager, ar-
chitect/consultant, contractor, owner, resources, and external environ-
ment-specific risk factors. A questionnaire was prepared and sent using
emails based on the identified risk factors to befilled out by construction
industry professionals in India and by conducting in-person interviews.
Based on the risk severities obtained from the fuzzy model, the top 10
risk factors have been considered. As a result, for identified top severe
risk factors, a significant risk response strategy was implemented.

1 INTRODUCTION

India is a nation that is urbanising rapidly. The urban popu-
lation has grown from 290 million in 2001 to an estimated 340
million in 2008, with 590 million expected by 2030. Real estate
and homeownership grew by 5.6 percent in 2012-2013, with a 5.9
percent share of India’s GDP. Each rupee invested in the housing
and construction is expected to add 78 pairs of rupees to the GDP.
However, the growth of infrastructure and the positive efficiency
of Indian residential construction projects have not been encour-
aging expectations. Residential buildings, including the afford-
able housing sector, are expected to boost India’s demand for real
estate. The requirement of improved infrastructure is growing day
by day in huge quantities; hence, the size and volume of resi-
dential building projects in India have increased to a great extent
with highly cost-intensive projects, making construction tasks in-
creasingly challenging to manage, govern, and deliver with the
desired efficacy, timeline, and effectiveness. Risk management
has become more vital for the completion of residential building
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construction projects due to the increased complexity and the use
of modern equipment and techniques.

Unpredictable events, which may significantly impact a com-
pany, are likely to be faced by all organisations. The construction
of residential buildings is also vulnerable to uncertainties, which
include a different range of risks and complexity. The recent ten-
dency in residential construction projects is for size of a project to
get larger, which raises the project’s complexity, by their resulting
in a higher level of risk and uncertainty. In most residential build-
ing projects, the risk is ignored.

Consequently, many major residential construction projects
in India struggle to meet their expected deadlines and cost goals
successfully, resulting in losses for contractors and owners. These
risks may affect an organisation’s expected financial outcome, re-
sulting in massive losses by the organisation. International stan-
dards (BS ISO 31000, 2018) suggest that each company create,
adopt and continually enhance a risk management system and
incorporate it into its overall governance, planning and strategy
framework. The study aims to find the essential risk factors im-
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pacting the easy completion of residential building construction
projects in India. A fuzzy logic toolbox in MATLAB software
was used for analysing the risk factors. The findings of the study
would be helpful for project managers to assess and handle risks
in residential building construction projects with the help of a
model developed in the fuzzy logic toolbox, make suggestions on
the methods of risk evaluation and implement effective risk re-
sponse strategies for the most severe risks identified by the fuzzy
assessment model for the smooth completion of a project.

1.1 Why use fuzzy logic?

In today’s world, safety and reliability are significant consid-
erations. Modern equipment and systems should fulfil technical,
safety, and environmental protection standards. Personal harm or
death, mission deterioration, technological property damage, or
destruction are all possible outcomes of taking risks, which are
defined as the result of combining the likelihood and the conse-
quence of a particular hazard occurring. We need scientific per-
spectives to help make decisions, and we occasionally have to
consider moral issues. One of them is to manage the risk of human
activities. The risk of a specific system or process must be appro-
priately understood when making a reliable choice. Fuzzy logic is
a novel mathematical technique for modelling the actual world’s
inaccuracy, uncertainty, and human thinking. This research high-
lights how fuzzy logic can be used to assess risk.

1.2 Using fuzzy logic analysis for construction
projects

Risk analysis methods can be qualitative or quantitative (Ben-
nett, 1996). Quantitative approaches are based on a statistical
methodology. The Monte Carlo Simulation, Sensitivity Analysis
(White, 1995), Risk Exposure, Annual Loss Expectancy, Failure
Mode and Effective Analysis, Event Tree and Fault Analysis (Ben-
nett, 1996) and other tools are traditional quantitative approach-
es used in the construction industry for risk assessment. Because
these methods exclusively employ high-quality quantitative data
required for the efficient use of these traditionally complex quan-
titative procedures (Zadeh, 2007), fuzzy set theory can assess risk
based on a qualitative approach that relies on judgement rather
than numerical calculations (Rainer Jr, 1991). Quantitative pro-
cedures can incur high costs and are only justified in cases where
probability theory assumptions are met. Fuzzy set theory is suit-
able for risk assessment among these approaches because risk
analysis in a construction project is hugely subjective and con-
tains ambiguous and inexact data. One of the uses of fuzzy risk
analysis in the construction research field is to establish a linguis-
tic analytic method to analyse the risks of a construction project.
In a fuzzy system, the parallel nature of rule activation guarantees
that all the elements are evaluated in a coordinated manner. The
outputs of fuzzy systems can be scaled to be comparable using
scaling membership functions (Rainer Jr, 1991). Using linguistic
sets and rules by fuzzy logic enables the user interface terminol-
ogy and modelling structure to be customised to particular con-
texts. Thus, the risk analysis process, which employs fuzzy logic,
has been proven to be the most effective method for dealing with
project risk management, which is primarily subjective and varies
significantly from project to project.

1.3 Fuzzy logic Toolbox in MATLAB

A fuzzy logic toolbox is created with the MATLAB numeri-
cal computing environment, which includes tools for creating and
editing fuzzy inference systems. Alternatively, it uses Simulink to
incorporate fuzzy systems into simulations. This toolkit largely
depends on graphic user interface (GUI) features to assist in com-
pleting tasks, which work together to create an environment for
designing, analysing, and implementing fuzzy inference systems.
A set of blocks for use with the Simulink simulation programme
is the third category of tools. These were created with Simulink
in mind and are optimised for high-speed fuzzy logic inference.

FIS Editor

[ Membership
= Function Editor

Rule Editor

Fuzzy
Inference
System

Read-only
Ca) tools

Surface Viewer

Rule Viewer

Fig. 1 Fuzzy Inference System

2 LITERATURE REVIEW

In the management and evaluation of risk, a substantial amount
of research has been conducted. The risk is calculated in terms of
its consequences and effects. Each industry creates a concept of
risk by looking at it through its lens, resulting in a broad range of
interpretations of what “risk” entails. As an example, (Al-Bahar,
1990) defined risk as “the risk of events occurring that have a
negative or positive impact on project objectives as a result of
uncertainty”. (PMI, 2004) defines a project risk as an unforeseen
incident or scenario that has a positive or negative influence on a
project’s aim if it occurs.

According to (Krane, 2010), risk is a fundamental determinant
in guaranteeing a project’s success, and risk management is an
essential component of every capital project, particularly build-
ing projects. The risk may also be characterised as the impact of
uncertainty on objectives (BS ISO 31000, 2018), and the result
might be favourable, adverse, or out of the ordinary. Also, the risk
is sometimes characterised by an occurrence, a change in condi-
tions, or a consequence.

(Tah, 2001) defined risk management as “a systematic ap-
proach of looking at areas of risk and actively selecting how each
should be treated.” It is a risk and uncertainty management tech-
nique that tries to advise appropriate management solutions and
identify risk and uncertainty sources. Each risk has its features
that require specific management or analysis. As the nature of the
construction industry is very complex, a proper risk management
plan should be implemented throughout the various phases of res-
idential building projects in India. The objective of every firm
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is to succeed, and risk management may help them do so. Risk
Management is not a methodology that assures success; instead, it
is a tool that assists in raising the chances of success. As a result,
rather than being reactive, risk management is proactive. Prima-
ry risk reactions may be discovered during the risk identification
step in some situations. Identifying the key risk factors that affect
a project’s smooth completion is essential in risk management.

According to (El-Sayegh, 2008), attempting to identify all pos-
sible hazards for a building project is time-consuming, inefficient,
and impractical. As a result, the emphasis should be placed on
identifying the most essential and most often occurring hazards.

(Yong, 2012) Identified 37 elements that determine the success
of a construction project, of which 15 critical risk factors for the
success of a construction project in Malaysia were identified in their
study; Therefore, risks may also be perceived to link to an opportu-
nity or a failure or the existence of an organisation’s instability.

(Bu-Qammaz, 2009) observed that by offering an insight into
the nature of risks and their origins, organised risk categorisation
seeks to enhance the efficacy and quality of the evaluation stage.
(Zadeh, 1965) introduced the idea of a fuzzy system as a framework
of an ambiguous reality. In construction project scheduling, (Ayyub,
1984) applied fuzzy set concepts. (Kangari 1989) presented a mod-
el for the evaluation of risk based on fuzzy set theory through the
integration of the computation of natural languages, assessment of
the risk of a fuzzy set, and linguistic approximation models. (Tah,
2000) also proposed a risk analysis model that used linguistic vari-
ables. (Cho, 2002) suggested a risk assessment approach that com-
bined uncertainty with fuzzy notions within established risk assess-
ment frameworks. (Shang, 2005) created a fuzzy-based risk model
to evaluate risk probability and effects using linguistic parameters.
(Nieto-Morote, 2011) presented risk modelling and analytic tech-
niques based on fuzzy set theory to cope with ambiguous, indefi-
nite, and complicated risk analysis issues. (White, 1995) evaluated
the performance of building projects based on correlation using
fuzzy set theory. (Manoliadis, 2018) used the concepts of fuzzy
composition and fuzzy association to find correlations between
risks and their impacts on project performance measurements. As
a result, implementing consistent risk management processes and
identifying the risk factors using a fuzzy logic toolbox within a
comprehensive framework can assist in managing risks efficiently
and effectively across an organisation.

3 METHODOLOGY

3.1 Risk management

Risk management is the process of detecting, analysing, and
prioritising risks while simultaneously monitoring, controlling,
and deploying organisational resources cost effectively to reduce
the probability and/or impact of unfavourable occurrences and op-
timise the achievement of project objectives (Hubbard, 2020). Ef-
fective risk management can provide various benefits to the proj-
ect manager, including improved chances of success, more exact
estimates, greater confidence in accomplishing project objectives,
fewer surprises, and less variations in resource usage (Banner-
man, 2008). The construction industry has a reputation for being a
high-risk industry, with complex and unpredictable project situa-
tions that create a high level of risk. Various technological, social,
commercial, and other types of risks affect the construction sector.
The construction industry has a poor track record, with countless
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Fig. 2 Risk management elements and process (Nicholas, 2008)

projects failing to meet schedules, financial goals, and even the
scope of the work when it comes to risk management.

Consequently, investors and contractors of such projects
and the general public are subjected to a great deal of hardship.
Practical risk management skills are required if the projects are
completed on budget, on time, and meet quality requirements,
because construction projects need a significant amount of time
and money (Kangari, 1989). Projects can prevent unexpected and
costly consequences by integrating risk management with project
management, since resource allocation might be more effective;
it increases communication and gives a clear assessment of po-
tential hazards to the project, eventually assisting contractors in
making better decisions (Kangari, 1989).

3.2 Risk Identification

Risks are frequently the outcome of uncertainties. When
a project is surrounded by ambiguity, there is a marked lack of
confidence in the future outcome; therefore, we can mitigate
that uncertainty if we can detect where this uncertainty occurs.
Checklists, brainstorming, breakdown of work structure, the use
of professionals, the Delphi technique, past experience, and other
methods are examples of identifying risk. Changes may be imple-
mented with the least amount of interruption at this stage.

3.3 Risk Assessment

Risk assessment is used to determine and quantify the expect-
ed impact of any potential hazards. This evaluation process is di-
vided into two parts. The first part is a qualitative assessment in
which the source, origin, and effect of a possible danger are all
examined and discussed in depth. This allows for the creation of a
risk registry in which the state of each risk may be examined and
updated regularly; it is the most crucial part of continual risk man-
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agement. The second part is a quantitative assessment in which
the risk’s potential impact is examined in-depth, as is its knock-on
effect on the outcome of the project. The most likely and worst-
case project outcomes may be estimated using such extensive
analysis. In this study, the proposed fuzzy matrix has the benefit
of allowing for qualitative risk event assessment.

3.4 Risk Response and mitigate

The issue of how to cope with risk is addressed in risk re-
sponse planning. Transferring the risk, changing plans or process-
es to prevent or decrease the risk, preparing contingency plans or
accepting the risk are all options for dealing with an identified
risk. When deciding how to respond to danger, one must consider
the cost of the recommended course of action.

3.5 Track and control risk

The risks are documented and put on a list known as a risk log
or risk register, which ranks the highest risk consequences. Plans
and methods for mitigating the risks and that set out are the most
catastrophic implications are developed. The project should con-
tinually be examined for triggering indicators of previously known
hazards and signs of new, unidentified risks. All critical and rele-
vant risks should be tracked throughout the project or phases.

4 DEVELOPMENT OF A MODEL

In this section, a model of some construction techniques was
developed for analysing the critical risk factors. Using fuzzy the-
ory, the risk severity of factors affecting residential building con-
struction projects is quantified using the model. As a result, certain
fundamental concepts in the fuzzy inference process and fuzzy set
theory are discussed herein, along with the details of the model pre-
pared for assessing the severity of risk (Fuzzy Logic Toolbox™: 2015

4.1 The fundamental notion of fuzzy set theory

A fuzzy set X of a universe of discourse Y is defined by a
membership function X (y): Y [0, 1] that takes values in the inter-
val [0, 1], which is expressed as follows:

X={(y, uX(y)) 'y € X, pX(y) € [0, 1]}

where: X (y) is a membership function that expresses how meticu-
lously each element of y in X belongs to the fuzzy set X. This defi-
nition assigns the value uX (y) in the range 0 to 1 to each element y
in X.

4.2 Fuzzy inference system

The Fuzzy inference system is a method that uses fuzzy logic
to convert a given input into an output. Two notable fuzzy infer-
ence methods are the Takagi-Sugeno Fuzzy Model and Mamdani
Fuzzy Inference System. The Mamdani inference method is im-
plemented this study for the preparation of the model; the phases
used in this process are given below (Mamdani, 1975):

1. A set of the fuzzy rules is developed.

2. By establishing the membership functions, the crisp inputs

are fuzzified.

3. The fuzzified inputs are mixed with the fuzzy rules to deter-

mine the rule strength.

4. The results are aggregated to produce an output distribution.

5. The output distribution is defuzzified to provide a crisp result.

4.1 Defining input and output

Two essential risk factors, i.e., risk probability and impact, are
commonly used to quantify risk severity. As a result, the proba-
bility index and impact index for residential building risk factors
are employed in this model as input variables. The output of this
model is the severity of the risk, which is used to quantify its
magnitude.

4.2 Membership functions

A membership function is a curve that represents the approxi-
mate number of linguistic variables in a range of 0 to 1. It assigns
each label a number value. Membership functions come in vari-
ous forms, including triangular, trapezoidal, S-shaped, Z-shaped,
Gaussian, piecewise-linear, bell-shaped, etc. Equation (1) below
represents a triangular fuzzy number z with a membership func-
tion, as shown in Fig. 5.

Rule 1 If service is poor

Input 1

Service (0-10)
Rule 2 If service is good Output
Tip (5-25%)
Input 2
Food (0-10)

Rule 3 If service is excellent

I N .| =l

The inputs are crisp All rules are

(non-fuzzy) evaluated in parallel
numbers limited to a using fuzzy
specific range. reasoning.

Fig. 3 Mamdani Inference System

The resultis a
crisp (non-fuzzy)
number.

The results of the
rules are combined
and distilled
(defuzzified).
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Fig. 4 Defining the input and output

_ ((z — x1)/xm — x1)
HX(2) = {(xZ — z)/(x2 — xm)

In this study, the triangular membership function was em-
ployed for the input and output variables. Five membership func-
tions were assigned (Tab. 1) for the inputs; probability and im-
pact indices, and four membership functions were assigned (Tab.
2) for the outputs’ severity. Tabs. 1 and 2 display each linguistic
variable’s triangular fuzzy value, e.g., its probability, impact, or
severity index. The membership function for these variables is
graphically shown in Figs. 8, 9, and 10. The graphic representa-

xlSZSxm} )
xm < z < x2

4.4.1 Linguistic variable

Fuzzy sets deal with degrees of truth and membership in a
specific class. Fuzzy logic employs fuzzy rules to get desired out-
comes from linguistic data or variables. The linguistic variable is
a variable whose values are natural language sentences.

Tab. 1 Input linguistic variables

Fuzzy variable

Triangular number

tion of the rule base is shown in Fig. 11. Lowest 1.1.2
Hx(z) R (xm,1) Low 12,3
1.0 Moderate 2,3,4
High 3,4,5
Highest 4,5,5
Tab. 2 Output of linguistic variables
Fuzzy variable Triangular number
> Low 0,0,0.33
e S x2 Moderate 0, 0.33,0.67
Fig. 5 Triangular membership function (Karimi, 2011) High 0.33,0.67, 1
Highest 0.67,1,1
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Fig. 6 Membership function of input

Fig. 7 Membership function of output
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Fig. 10 Membership function of severity the index

4.5 Formation of rules

This study utilised the probability index and the impact index
for the precursor part and the severity index for the subsequent
part to find the magnitude of the risk factors, as shown in Fig. 10.
Rules were formed to link the two inputs’ probability and impact
indices into one output severity index. Simple reasoning for the
inputs, probability index, impact index, and output severity is re-
quired to link each element’s parameters.

4.5.1 Fuzzy operators

To create fuzzy rules, the fuzzy operators “AND,” “OR,”
and “NOT” are utilised. The following is an explanation of these
“fuzzy combination” operators. Consider the two fuzzy sets X and
Y, each with px(z) and py(z) membership functions.

The intersection operation (equivalent to the logical “AND”)
is given by:

Fig. 11 Graphic representation of the rule base

uXNY(z) = min [uX(2), uY(2)] @

The union operation (which is equivalent to the logical ‘OR”)
is defined as:
WXUY(x) = max [1X(2), 1Y (2)] 3)

4.5.2 If-then rules

A fuzzy logic system is a set of [IF-THEN rules that link lin-
guistic variables input to a final output value. Every fuzzy rule
includes a preceding and a following rule, both of which have
fuzzy theories. These theories, in turn, are assertions that use the
language operators “and,” “or,” and “not” to connect the linguis-
tic variables. While preparing a model in fuzzy logic most of the
time, the linguistic operator “and” is used to link the precursor’s
linguistic categorisation, but the subsequent one is made of sim-
ply one language categorisation. As a result, if-then rules using
the clamp “and” are applied in this study. The following relation
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(4) is used to explain the underlying premise of a fuzzy rule ap-
plied within the control systems of fuzzy logic:

Ifz1 is X1 AND z2 is X2, thenuis Y “4)

where the linguistic variables z1 and z2 input have fuzzy values of X1
and X2, and the linguistic variable output u has a fuzzy value of Y.

4.5.3 Risk matrix

As indicated in Tab. 3, fuzzy values from the risk matrix are
utilised to create a relationship between these parameters, which
are taken from (PMI, 2004). There are five fuzzy sets in each of
the two variables input. If the quantity of fuzzy sets given by m
expresses the probability index’s variable input, and n expresses
the impact index’s variable input, the possible quantity of the as-
sertions represented is m*n. As a result, there are a total of twen-
ty-five rules in this study.

1. If the probability is highest and the impact is highest, then
the degree of severity is highest.

2. If the probability is high and the impact is lowest, then the
degree of severity is highest.

3. If the probability is moderate and the impact is highest, then
the degree of severity is highest.

4. If the probability is low and the impact is highest, then the
degree of severity is high.

5. If the probability is lowest and the impact is highest, then
the degree of severity is high.

The rules as mentioned above were created in MATLAB
Program Software’s Fuzzy Logic Toolbox (the rule editor). It
uses the rule editor to automatically build the rule statements
based on the FIS Editor’s definitions of the input and output
variables.

Tab. 3 Risk matrix

Fuzzy Probability Index
variable | piohest | High |Moderate| Low Lowest
Lowest | Highest | Highest | Highest High High
Low Highest | Highest High High | Moderate
Moderate | Highest | Highest High |Moderate| Low
High Highest High | Moderate| Low Low
Highest High High | Moderate| Low Low

4.6 Defuzzify

The model then defuzzified the merged fuzzy output, yielding
an output value. The intensity of the severity was evaluated as a
distinct value between 0 and 1. As demonstrated in Fig. 12, the
complete procedure is represented in the Fuzzy Logic Toolbox’s
rule viewer window. The rule viewer depicts the entire fuzzy in-
ference process in a visual form. It provides the ability to com-
prehend the whole process of fuzzy inference at the same time.
The rule viewer also shows how the various membership function
parameters impact the final results.

Probaslyndex=27 impactindex= 138 oty =0317

— [=———

I el ]

Opend sy Ut 25 s
wew come

REnREE

e =

Fig. 12 Rule viewer

5 APPLICATION OF THE MODEL DEVELOPED

The conventional approach calculates the risk severity of the
factor “location and size of the project”. The “severity of the fac-
tor” location and the “size of the project” is calculated using the
procedures below.

5.1 Data collection

Because of the significance of the problem of risk factors
impacting construction projects, many research works that exam-
ined and explored the essential risk factors impacting construc-
tion projects were found in the literature review. A total of 60 risk
factors were identified through an intensive literature review and
the conducting of in-person interviews with professionals in the
construction industry. Subsequently, a pilot survey was conducted
to check the validity of the identified risk factors and eliminate
the risk factors that are faced the least and have considerably less
impact on residential building construction projects than other
key risk factors. The experts were requested to suggest additional
factors which were not on the list. These risk factors are classi-
fied into 7 major groups: construction, project manager, architect/
consultant, contractor, owner, resources, and external environ-
ment-specific risk factors. A questionnaire was prepared based on
the risk factors identified. Data obtained through the pilot study
was also used for the preparation of the central questionnaire sur-
vey. This questionnaire was sent to construction industry experts
via mail, and data was also collected by interviewing construction
industry experts in person. The questionnaire consisted of two
parts: the first part consisted of the personal details of the respon-
dents such as the name, email address, organisation’s name, des-
ignation, and their experience in years, while the second section
consisted of a technical part. The Likert scale was used to gather
the data because it is very convenient for respondents to provide
such data, and we could get as many answers as possible. The
Likert scale is used to collect data for both the probability of an
occurrence and the degree of the impact of a risk, ranging from
one to five. For the respondent’s numerical numbers, language
values ascribed for the probability index and the impact index
were: 1=Lowest, 2=Low, 3=Moderate, 4=High, 5=Highest. These
linguistic variables were given the fuzzy values utilised in the
constructed model. The prepared questionnaire was filled in by
general managers, project managers, assistant engineers, and site
engineers, as shown in Tab. 4; it was used for the final analysis
of the risk factors. Cover letter was attached to the questionnaire
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so the respondents could know the proper purposes of the study.
A total of 52 responses were received for this form, which can
be considered a successful response. Tab. 5 provides the experts’
responses as well as their respective fuzzy values.

5.2 Cronbach alpha

The Cronbach alpha test was carried out to check the reliabil-
ity of the data collected through the questionnaire. If its value is
greater than 0.7, then the data collected through the questionnaire
is considered reliable. The Cronbach alpha value obtained for the
probability is 0.93 and 0.91 for the impact. Therefore, the data
collected through the questionnaire is reliable and is used further
for the fuzzy analysis.

Tab. 4 Number of responses and experience

Sr. No. Designation No. Experience (Years)
1 General Manager | 3 More than 20
2 Project Manager | 18 More than 20
3 Assistant Engineer | 18 5-15
4 Site Engineer 13 3-5

5.3 Average using the fuzzy toolbox

The fuzzy averaging process for the aggregate method, which
is also called the Triangular Average Formula, was employed (Bo-
jadziev, 2007).

For n number of experts, the triangular average formula is
considered a fuzzy number, and n is the experts’ group.

X,_(x,%,x,9,%,9),i=1,2,3...n

The average fuzzy numbers, i.e., X, and X, were determined
as follows:

(X, +X,)/ 2= [(x,0+x O+ x0) + (x,2+x O +x,0)] 2
(%, +x,2), (x.0+x_@), (x,0+x,) 2 (6))

The average of n fuzzy numbers may be determined using the
following formula (6):

Xavcmgc: X1+ ....Xn/n 6)
Xavmge= ((xl(‘> + xm“) + xz“)) + ... (Xl<“) + xm(“) + xz‘“))) /n 7

using the equation given above for the probability index and impact
index.

The fuzzy values are derived as follows:

For the probability index the average fuzzy value = (1.807,
2.653,3.653)

For the impact index the average fuzzy value = (1.711, 2.634,
3.634)

The fuzzy value (x1, xm, x2) was translated into the greatest
non-fuzzy performance (GNP) value to generate a crisp value, us-
ing the following formula (8):

((x,—x) +(x,—x))/3+xl ®)

Tab. 5 Responses for the “location and size of the project” risk factor

Response | Probability | Impact ;‘I',Zrzoyb;’;:ﬁfy Fuzzy Value of
Index Index Impact Index
Index
1 3 2 2,3,4 1,2,3
2 3 4 2,3,4 3,4,5
3 1 1 1,1,2 1,1,2
4 3 2 2,3,4 1,2,3
5 5 4 4,4,5 3,4,5
6 3 4 2,3,4 3,4,5
7 5 5 4,4,5 4,4,5
8 3 3 2,3,4 2,3,4
9 2 3 1,2,3 2,3,4
10 2 3 1,2,3 2,3,4
11 3 3 2,3,4 2,3,4
12 3 3 2,3,4 2,3,4
13 3 3 2,3,4 2,3,4
14 4 3 3,4,5 2,3,4
15 4 4 3,4,5 3,4,5
16 2 1 1,2,3 1,1,2
17 2 2 1,2,3 1,2,3
18 3 4 2,3,4 3,4,5
19 4 2 3,4,5 1,2,3
20 3 2 2,3,4 1,2,3
21 3 2 2,3,4 1,2,3
22 3 2 2,3,4 1,2,3
23 4 2 3,4,5 1,2,3
24 3 1 2,3,4 1,1,2
25 4 4 3,4,5 3,4,5
26 2 2 1,2,3 1,2,3
27 2 3 1,2,3 2,3,4
28 3 2 2,3,4 1,2,3
29 3 2 2,3,4 1,2,3
30 3 2 2,3,4 1,2,3
31 4 3 3,4,5 2,3,4
32 2 3 1,2,3 2,3,4
33 3 3 2,3,4 2,3,4
34 2 3 1,2,3 2,3,4
35 3 2 2,3,4 1,2,3
36 2 3 1,2,3 2,3,4
37 3 3 2,3,4 2,3,4
38 2 3 1,2,3 2,3,4
39 2 3 1,2,3 2,3,4
40 2 2 1,2,3 1,2,3
41 3 2 2,3,4 1,2,3
42 3 4 2,3,4 3,4,5
43 1 3 1,1,2 2,3,4
44 1 2 1,1,2 1,2,3
45 4 2 3,4,5 1,2,3
46 1 2 1,1,2 1,2,3
47 1 3 1,1,2 2,3,4
48 2 2 1,2,3 1,2,3
49 1 2 1,1,2 1,2,3
50 2 2 1,2,3 1,2,3
51 3 4 2,3,4 3,4,5
52 2 2 1,2,3 1,2,3
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Tab. 6 Fuzzy output for each risk factor

RISK FACTORS Fuzzy Output Risk Severity Rank

A. Specific construction risk factors

1. Location and size of the project 0.317 57
2. Unsafe working conditions 0.624 28
3. Regulatory approval 0.722 9
4. Legal disputes 0.449 42
5. Labour accidents 0.428 49
6. Financial flow 0.646 24
7. Conflicts between actual and contract quantities 0.438 46
8. Unavoidable changes in climate 0.402 50
9. Unknown site conditions 0.677 17
10. Changes made at the request of the client 0.655 23
11. Improper planning of construction activities 0.728
12. No clear scope of project at the beginning 0.783 3
13. Improper construction methods 0.696 12

B. Project manager specific risk factors

1. Technical capability of project manager 0.659 22
2. Lack of leadership quality 0.603 33
3. Use of inappropriate planning tools and techniques by a project manager 0.549 34
4. Project manager’s chances of leaving the project 0.293 59
5. Lack of coordinating ability 0.722 9
6. Holding key decisions in abeyance 0.388 51
7. Top management is not adhering to the targeted timeline. 0.617 31
8. Lack of training in human resources 0.621 29

C. Architect & Consultant specific risk factors

1. Prior to the design, inadequate data collecting and surveying 0.754 6
2. Drawings with unclear and insufficient information 0.455 40
3. Insufficient involvement of a consultant 0.450 41
4. Design changes 0.776 5
5. Replacement of consultant 0.248 60
6. Consultant’s failure to conduct inspections and tests on time 0.687 14
7. Complex/non-executable design 0.513 36
8. Inflexibility of consultant 0.605 32

D. Contractor specific risk factors

1. Chances of facing a financial crisis 0.640 25
2. Putting off important choices 0.384 52
3. Delay in mobilisation 0.431 48
4. Contractor oversight and site management are inadequate 0.446 43
5. Work by a subcontractor is behind schedule 0.685 15
6. Poor qualifications or experience of the contractor 0.442 45
7. Improper construction methods/quality variations. 0.666 20

E. Owner specific risk factors

1. Financial problems of the owner 0.691 13
2. Unreasonably high expectations of the owner 0.373 54
3. Payment delays by the owner 0.785 2
4. During construction, changes made by the owner 0.664 21
5. Delay in handing the site to the contractor 0.355 56
6. Inefficient decision making 0.364 55
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RISK FACTORS Fuzzy Output Risk Severity Rank
F. Resources specific risk factors
1. Equipment shortage 0.515 35
2. Equipment quality 0.703 11
3. Selection of inappropriate equipment 0.678 16
4. Delay in delivery of materials 0.632 26
5. Changes in quality of material during execution 0.627 27
6. Lack of specialised staff 0.739 7
7. Shortage of labourers 0.670 19
8. Low labour productivity 0.457 39
9. Resource management 0.788 1
10. Supply of defective material 0.300 58
G. External environment-specific risk factors
1. Changing government policies 0.675 18
2. Force majeure 0.438 46
3. Labour strikes 0.618 30
4. Unfavourable social environment 0.468 37
5. Unfavourable political environment 0.381 53
6. Escalation of material prices 0.782 4

The probability index’s greatest non-fuzzy value = 2.704.

The impact index’s greatest non-fuzzy value = 1.377.

The severity of the location and size of the project risk factors
using probability index and impact index = 0.317 (See Fig. 12).

Similarly, the risk severity of the other components was esti-
mated based on the expert responses to the probability and impact
indexes. The risk severity of the other factors affecting residen-
tial building construction projects in India is shown in Tab 6. The
fuzzy output risk severity is ranked in all the seven major groups
in descending order.

6 OBSERVATIONS

While conducting the study, it was discovered that various
fuzzy logic models are available for construction projects. How-
ever, we created a basic fuzzy logic model that supported proper
risk assessment because there was no adequate fuzzy logic mod-
el for residential building construction projects. The risk factors
differ from one project to the next. As a result, the word “risk” is
very subjective and dependent on the project’s execution team. To
put it another way, the degree of risk in a project varies depending

Tab. 7 Highly severe factors

on the contract’s participants. Hence, in this study, all the risk
factors are categorised into 7 major groups: construction, project
manager, architect, consultant, contractor, owner, resources, and
external environment-specific risk factors. The risk factors are as-
sessed using a fuzzy toolbox in MATLAB software and ranked
in descending order, considering each risk factor’s fuzzy output
risk severity. It distinguishes between factors with a high level
of influence on a project and those with a low level of influence
or between extremely vital and extremely insignificant factors.
The ten most highly important and least important ten factors are
listed below. Tab. 7 shows the ten most highly important factors
with a high fuzzy output risk severity impacting project success.
The top ten most important risk factors affecting residential build-
ing construction projects in India were computed using a fuzzy
model based on the probability index and impact index, which
includes resource management, payment delays by the owner, no
clear scope of the project in the beginning, escalation of material
prices, design changes, inadequate data collection and surveying
prior to the design, lack of specialised staff, improper planning of
construction activities, regulatory approval, and lack of the co-
ordinating ability of the project manager. Tab. 8§ shows the ten
least important factors having the least fuzzy output risk severity.

RISK FACTORS Fuzzy Output Risk Severity Rank
1. Resource management 0.788 1
2. Payment delays by owner 0.785 2
3. No clear scope of project at the beginning 0.783 3
4. Escalation of material prices 0.782 4
5. Design changes 0.776 5
6. Inadequate data collection and surveying prior to design 0.754 6
7. Lack of specialised staff 0.739 7
8. Improper planning of construction activities 0.728 8
9. Regulatory approval 0.722 9
10. Lack of coordinating ability 0.722 9
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Tab. 8 Least severe factors

RISK FACTORS Fuzzy Output Risk Severity Rank
1. Replacement of consultant 0.248 60
2. Project manager’s chances of leaving the project 0.293 59
3. Supply of defective material 0.300 58
4. Location and size of the project 0.317 57
5. Delay in over hand of the construction site to the contractor 0.355 56
6. Owner inefficient in decision making 0.364 55
7. Unreasonable expectations of the owner 0.373 54
8. Unfavourable political environment 0.381 53
9. Contractor putting off important choices 0.384 52
10. Project manager holding critical decisions in abeyance 0.388 51

The low fuzzy output risk severity shows that such factors have
a low impact on a project’s success. As a result, a substantial risk
response strategy is necessary for the highly severe risk factors.

7 CONCLUSION

The focus of the study was to identify the most crucial risk
factors affecting the construction projects of residential buildings
in India. The study mainly contributed to ranking the key risk fac-
tors by evaluating their probability of occurrence and impact in
the fuzzy logic toolbox in MATLAB software. Because the theory
can deal with ambiguity, uncertainty, and the subjective aspects of
any circumstance, this study also provides a unique fuzzy-based
way to evaluate the risk severity of diverse risk factors. This meth-
odology ultimately supports the categorising and the prioritising
of all risk factors based on their probability of occurrence and de-
gree of impact, leading to improved decision making. Hence, the
study mainly contributes to ranking the key risk factors by as-
sessing their probability of occurrence and the degree of impact
in the fuzzy logic toolbox in MATLAB software. The capacity of
the fuzzy system to deal with ambiguous details and clarify the
reasoning process has made it possible to assess risk in this study.
This study proposes a fuzzy risk assessment methodology for res-
idential building construction projects in India, which can help
project managers to implement a risk evaluation methodology and
risk response strategy for the most severe risks identified by the
fuzzy evaluation model for the smooth completion of a project.
The top ten identified risk factors affecting construction proj-
ects of residential buildings are: resource management, payment
delays by the owner, no clear scope of project in the beginning,
escalation of material prices, design changes, inadequate data col-
lection and surveying prior to the design, lack of specialised staff,
improper planning of construction activities, regulatory approval,
and lack of coordinating ability of the project manager. As a re-
sult, for the top severe risk factors identified and a significant risk
response strategy was implemented.
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