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Abstract

Cost is considered as one of the most important parameters for the success of any construction project. Therefore the risk
factors causing cost overrun in the construction industry should be assessed. In this study, 55 important risk factors causing
cost overrun in Indian construction projects are identified through intensive literature review and expert opinion. A new fuzzy
based model has been proposed to estimate the risk magnitude of these factors, as the theory has the potential to deal with
the vagueness, uncertainty and subjective nature of any problems and It is capable of handling the almost same analogous
which is found in the complex construction projects. In order to assess the risk factors causing cost overrun, probability
index and severity index are considered. A new cost overrun factor index, namely fuzzy index for cost overrun is calculated
which indicates the risk magnitude of a certain factor. The applicability of the model has been shown by an example. The
risk magnitude for the factor “fluctuation in price material” is determined by collecting the data from the experts of Indian
construction industry. On the basis of these risk magnitudes, the importance level the factors are assessed. Top ten factors
for causing cost overrun in the Indian construction industry are recognised as fluctuation in price material, lowest bid pro-
curement policy, inflation inappropriate govt. Policy, mistakes and discrepancies in the contract document, inaccurate time
and cost estimate, additional work, frequent design change, unrealistic contract duration and financial difficulty faced by
contractors.

Keywords Construction - Cost overrun - Fuzzy system - Risk assessment - India

1 Introduction

Cost overrun, which can be defined as an excess of actual
cost over budgeted [3, 4] in construction projects, has
become a global phenomenon [15]. All project participants
are affected by cost overruns. They are the causes of less
return-on-investment for the client and additional charges
for end-users. Similarly the contractors are not able to earn
enough profit [2]. Cost overruns in the Indian construction
industry are also very common. The Construction indus-
try in India is the second largest industry of the country
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after agriculture and accounts for some 6.5% of GDP [10].
It is observed that problem of cost overrun has not been
addressed and handled with required attention and due
consideration that its impact over the Indian construction
industries has been witnessed significantly to the extent
that almost 60% project have undergone the time and cost
overrun problem. According to the reports published by
programme implementation division of the Ministry of Sta-
tistics and Programme Implementation (MOSPI) May 2016
[48], total original cost of implementation of 86 projects
when sanctioned, was of the order of Rs. 179,120.81 crore
but this was subsequently anticipated to Rs. 230,344.92
crore implying a cost overrun of 28.6%. The expenditure
incurred on these projects till May, 2016 is Rs. 30,149.3
crore, which is 13.1% of the revised cost of the projects.
Hence it is a matter of great concern to assess the causes of
cost overrun to alleviate the issue of cost overrun.

During the project cycle cost overrun occurs due to the
involvement of various factors. These factors are associated
with some form of risk resulting from different sources. Hence,
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risk assessment of factors causing cost overrun has become a
required mission of the construction industry. The can identify
the importance of risk factor causing cost overrun so that they
can deploy more resources on it to eliminate or mitigate the
expected consequences. It is considered a necessary feature in
the decision-making process.

The main objective of risk assessment is to estimate risk by
identifying the factors causing the risk, the likelihood of occur-
rence of risk factor, and the severity of such risk. The existing
approaches for risk analysis are qualitative, based on the fully
subjective judgment of the competent personnel or quantitative
such as, Monte-Carlo simulation, sensitive analysis, fault tree
analysis, event tree analysis, failure mode effects and critical-
ity analysis, based on precise data. The exact data required for
these quantitative methods are very difficult for complex and
real situations like construction projects as they involve too
many factors with a high level of uncertainty.

A model based on the qualitative approach to assess the
risk can be developed by incorporating linguistic variables to
address the uncertainties associated with construction activi-
ties. The fuzzy set theory (FST) has the potential to deal with
incomplete, imprecise and uncertain data. It is better equipped
to handle the almost same analogous which is found in the
complex construction projects. It can be used for non-accurate
inputs also. Baloi and Price [5] compare different theories used
for dealing with uncertainty within the construction industry
and recommend FST as a vital solution for assessing construc-
tion uncertainty. Regarding the uses of fuzzy techniques in cost
overrun assessment problems, very limited studies have been
found in India during literature survey. This has encouraged
for the application of fuzzy techniques in this paper.

Therefore the objective of this study is to propose a model
based on fuzzy technique to estimate the magnitude of the
risk factors causing cost overrun in the Indian construction
industry. On the basis of risk magnitude, the cost overrun
factors are prioritized in Indian construction industry. In
order to assess the magnitude of the risk factors causing cost
overrun, Probability index (PI) and severity index (SI) in the
form of fuzzy linguistic variables are considered and the
risk magnitude, namely fuzzy index for cost overrun (FIC)
for each factor is calculated using the risk matrix originated
from PMBOK (version, 2004).

This study will help the participants of Indian construc-
tion industry to understand the causes of cost overrun factors
associated with construction projects and it will provide a
solid overview of the knowledge domain for practitioners.

2 Related work

The fuzzy set theory has been used for decision support
tool, evaluation and assessment, forecasting and model-
ling risks in construction projects. Kangari and Riggs [22]
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proposed a risk assessment model based on fuzzy set the-
ory (FST) by incorporating natural language computation,
a fuzzy set’s evaluation of risk, and linguistic approxima-
tion modes [41]. The linguistic approximation technique
deals with the subjectivity matters in construction risk
assessments by determining the nearest natural language
expression for the estimated fuzzy set numbers. Paek et al.
[35] developed a risk-pricing algorithm, using FST to cal-
culate the bid price of a construction project. Fuzzy arith-
metic operations are applied to compute the risk contin-
gency value. Wirba et al. [47] also proposed a fuzzy based
risk management system, which recognized risks, checked
for dependence amongst them and assessed the risk likeli-
hood of occurrence by using linguistic variables. Tah and
Carr [42] also presented a model by incorporating linguis-
tic variables to analyse risk. Kuchta [27] used fuzzy num-
bers to assess the risks of construction projects. Cho et al.
[8] proposed a methodology for risk assessment by com-
bining uncertainty (using fuzzy concepts) and traditional
frameworks of risk assessment. Knight and Fayek [25] also
made use of fuzzy theory to predict potential cost overruns
on engineering design projects. Wang and Liang [44] then
proposed the multiple fuzzy goals programming model to
minimize project total costs, total completion time, and
total crashing costs. Choi et al. [9] presented a risk assess-
ment methodology for underground construction projects.
Zheng and Ng [51] analyzed cost and time in the construc-
tion projects management, the authors provided methods
and tools based on fuzzy sets, to evaluate and manage risks
in the underground construction projects. The proposed
methodology used a fuzzy risk assessment approach to
assess the priority of risks in terms of extra costs over
the budget. Shang et al. [39] developed a FST based risk
model to assess the risk probability and impact by using
linguistic variables in design and conceptual stages. Dik-
men and Birgonul [11] presented a methodology to fuzzy
risk assessment for international construction projects.
The proposed methodology uses effect diagrams to build
the risk model and a fuzzy risk assessment approach to
estimate priority of risks in terms of extra costs over the
budget. Dikmen et al. [12] proposed a fuzzy risk assess-
ment methodology for assessing the risk of cost overrun of
international construction projects. Wang and Elhag [45]
presented grouped fuzzy decision making approach for
assessment of risks in bridge construction project. Lee and
Lin [28] presented a new method for fuzzy risk assessment
by using fuzzy numbers directly instead of linguistic vari-
ables. Chen and Wang [7] have proposed the fuzzy AHP
method for evaluation of risks within global construction
projects. Karimiazari et al. [23], and Nieto-Morote and
Ruz-Vila [33] introduced fuzzy set theory (FST) based risk
modelling and analytic methods to deal with ill-defined,
vague, imprecise, and complex risk analysis problems.
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Yeung et al. [49] adopted fuzzy set theory to measure the
performance of relationship-based construction projects
in Australia. San Cristobal [38] proposed the use of the
PROMETHEE method under fuzzy environments in order
to determine the critical path of a network, considering
not only time but also cost, quality and safety criteria.
Gunduz et al. [18] proposed a fuzzy Assessment Model to
Estimate the Probability of delay in Turkish Construction
Projects. Shaktawat, and Vadhera [40] presented a fuzzy
tool for determination of cost overrun of a river type hydro
power plant. Khalek et al. [24] developed the risk mod-
els for the global construction market using the analytic
hierarchy process (AHP) to evaluate risk factors weights
(likelihood) and FUZZY LOGIC approach to evaluate risk
factors impact (Risk consequences) using software aids
such as EXCEL and MATLAB software. Manoliadis [31]
applied the concepts of fuzzy association and fuzzy com-
position to identify relationships between risks and the
consequences on projects performance measures.

3 Proposed approach for developing
the model

This section discusses the proposed methodology for devel-
oping the model for assessing the risk factors causing cost
overrun in detail. The following steps are performed to
develop the model.

1. Cost overrun factor identification The risk factors caus-
ing cost overrun in construction projects are identified
through literature review.

2. Model development A model is developed to assess the
risk factors causing cost overrun using fuzzy inference
system.

3.1 Cost overrun factor identification

Risk factors causing cost overrun prevailing in the construc-
tion industry are identified through literature review. Due
to the seriousness of the problem of cost overrun in con-
struction projects the literature survey reveal a quite number
of research studies that discussed and investigated the cost
overrun factors in both developed and developing countries.
Table 1 illustrates the studies regarding cost overrun factors
from different part of the world.

On the basis of the above studies and with the opinion
of the experts from Indian construction industry 55 com-
monly occurred risk factors causing cost overrun in Indian
construction projects are considered for assessment. Table 2

shows the commonly occurred risk factors causing cost over-
run in Indian construction projects.

3.2 Model development

A model to assess the risk magnitude of the factors causing
cost overrun is developed using fuzzy theory. Hence some
fundamentals of fuzzy set theory (FST) and fuzzy inference
process have been described here.

3.2.1 Basic concept of fuzzy set theory

3.2.1.1 Fuzzy set The fuzzy set theory was first introduced
by Zadah [50]. Formally, a fuzzy set A of a universe of dis-
course X is characterized by a membership function pA (x):
X — [0, 1] that takes values in the interval [0 1], can be
defined as

A = (X p()) /x € Ay (x) € [0, 17)

where pA(x) is a membership function, which states the
degree to which any element X in A is a member of the fuzzy
set A. This definition unites each element x in A with yA (x)
in the interval [0, 1] which is assigned to x.

3.2.1.2 Membership functions In fuzzy logic a member-
ship function (MF) is represented by a curve that defines
the fuzziness value (or degree of membership) of linguistic
variables in between 0 and 1. Membership function gives
a numerical meaning for each label. There are different
shapes of membership functions, viz, triangular, trapezoi-
dal, Gaussian, bell-shaped, piecewise-linear etc. A triangu-
lar fuzzy number x (see Fig. 1) with membership function
can be expressed by the Eq. (1) given below

x—a))/(a,—2a;) a, <x<a,

(a2 - X)/(aZ - am) ay, <x< H (1)
0 otherwise

Hax) =

3.2.1.3 Fuzzy operators Important fuzzy operators “AND”,
“OR” and “NOT” are used to make fuzzy rules. These “fuzzy
combination” operators can be explained as follows.
Consider the two fuzzy sets A and B be with membership
functions p,(x) and uB(x) respectively.
The intersection operation (corresponds to the logical
‘AND’) can be defined as:

PANB(x) = min [pA(x), pB(x)|

Union operation (which corresponds to the logical ‘OR”)
can be defined as:

BAUB(x) = max [pA(x), pB(x)]
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Table 1 Studies regarding risk factors causing cost overrun from different part of the world

S.no. Authors Country  Causes of cost overrun

1 Okpala and Aniekwu [34] Nigeria  Price fluctuations, additional works, delays, fraudulent practices, shortening of contract period,
inaccurate estimates

2 Mansfield et al. [30] Nigeria ~ Poor planning, shortage in materials, imported materials, changes in site conditions, design
changes were the main causes of construction delays and cost overrun

3 Jackson [21] UK Poor project planning and management, unexpected ground condition, design development, lack
of information, estimating method, time limit, commercial pressure, procurement route and
external factor

4 Frimpong et al. [16] Ghana Groundwater planning and scheduling deficiencies, deficiencies the prepared cost estimates,
inadequate control procedures, delays in work approval, waiting for information, mistakes dur-
ing construction, delays in inspection and testing of work and cash flow during construction,
frequent breakdowns of construction plant and equipment, shortages of technical personnel,
labour shortage, monthly payment difficulties, poor contract management, shortage of materi-
als, plant/equipment parts, contractor’s financial difficulties, low bid, material procurement,
imported materials, late delivery of materials and equipment, escalation of material prices,
slow decision-making, inflation, difficulties in obtaining construction materials at official cur-
rent price, ground problem, bad weather and unexpected geological conditions

Koushki et al. [26] Kuwait Contractor-related problems, material-related problems and owners’ financial constraints

Iyer and Jha [20] India Conflict among project participants, ignorance and lack of knowledge, presence of poor project
specific attributes and non existence of cooperation, hostile socio-economic and climatic
conditions, reluctance in timely decision, aggressive competition at tender stage and short bid
preparation time

7 Azhar et al. [4] Pakistan  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 methods
of cost estimation

8 Enshassi et al. [14] Gaza Location of the project, segmentation of the Gaza strip and limitation of movements between
areas, political situation, and financial status of the owner

9 Memon et al. [32] Malaysia cash flow and financial difficulties faced by contractors, contractor’s poor site management, inad-
equate contractor experience, shortage of site workers and incorrect planning and scheduling
by contractors

10 Wakjira [43] Ethiopian Incomplete drawings; poor pre planning process; escalating cost of material, lack of timely deci-
sion and excessive change order

11 Doloi et al. [13] Australia Planning process and scheduling deficiency, method and technique of construction, effective
monitoring and feedback, complexity of design and construction, improper control over site
resources allocation

12 Ismail et al. [19] Malaysia Fluctuation of prices of materials, cash flow and financial difficulties faced by contractors, poor
site management and supervision and shortages of materials, shortage of site workers and
Financial difficulties of owner

13 Rosenfeld [37] Universal Premature tender documents, insufficient information about ground conditions, too small a
design budget, force majeure strikes/weather/regulation changes/accidents, etc., too many
changes in owners’ requirements or definitions, late start of the planning process, and with too
low a budget, insufficient, unstandardized owner’s brief, shortage in high-quality management
personnel, culture of conflicts and lack of trust, unconstructable design, tender-winning prices
are unrealistically low (suicide tendering), lack of standard requirements from designers and
poorly enforced professional, liability of designers, unclear, ambiguous, and contradicting
terms in the tender documents, unbalanced distribution of risk between owner and contractor,
unclear division of responsibilities and lack of clear requirements for professional management

14 Wanjari and Dobariya [46] India Price escalation of raw material, dispute on bill settlement, delay in planned activity, ambiguous
or incomplete tender document, additional work, frequent design changes, lack of co-ordina-
tion between construction parties, fraudulent practices and kick backs, mistake during con-
struction, force majeure, high quality expectation from owner, shortening of contract period,
wastage on site, relationship between site management and labor, poor financial control on site

15 Al-Hazim et al. [1] Jordan Terrain and weather conditions, variation orders, availibility of labour, mistakes in design
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Table2 commonly occurred risk factors causing cost overrun in
Indian construction projects

No. Factors

1 Slow payment of complete work by owner
2 Slow decision making

3 Mode of finance and payment

4 Interference by owner

5 Unrealistic contract duration

6 Poor planning and scheduling

7 Disputes on sites

8 Rework due to error

9 Wastes on site

10 Poor site management

11 Contractor lack of experience

12 Incompetent sub contractor

13 Financial difficulty faced by contractor

14 Obsolete and improper construction technique
15 Inaccurate time and cost estimate

16 Contract management

17 Delay in performing inspection

18 Quality assurance and quality control

19 Inadequate experience of technical consultant
20 Delay in approval of design

21 Improper design and delay in producing design document
22 Frequent design change

23 Change in the scope of the project

24 Lowest bid procurement policy

25 Additional work

26 Cost of material

27 Late material delivery

28 Delay in procurement of material

29 Shortage of construction material

30 Change in material specification

31 Unqualified labour

32 Labour disputes and strikes

33 Low level productivity of labour

34 High cost of labour

35 Shortage of labour

36 Shortage of equipment

37 Equipment availability and failure

38 High cost of machineries

39 Mistakes and discrepancies in contract document
40 Contractual procedure and type of contract
41 Poor coordination between parties

42 Slow information flow in between parties
43 Lack of communication between parties

44 Fluctuation in price materials

45 Inflation

46 Inappropriate govt policy

47 Exchange rate

48 High interest rate charged by bank and loan
49 Fraudulent practices and kickbacks

Table 2 (continued)

No. Factors
50 Insurance cost
51 Climatic condition
52 Social and cultural factor
53 Accident during construction
54 Acts of god
55 Differing site condition
Hax) A
1.0

v

aj am a;

Fig. 1 Triangular membership function

3.2.1.4 IF-THEN rules A fuzzy system is a compilation
of IF-THEN rules that connect input linguistic variables
to an output value. Each fuzzy rule contains the anteced-
ent and the consequent that includes fuzzy propositions.
These propositions in turn are statements and join the lin-
guistic variables with linguistic operators “and”, “or” and
“not”. In the majority of fuzzy modelling, only the lin-
guistic operator “and” is used to join the linguistic labels
of the antecedent, whereas the consequent is formed by
only one linguistic label. For this reason IF-THEN rules
with connective “and” is considered in this study. The
general form of a fuzzy rule used in fuzzy logic control
system can be explained by relation (2):

If x, is A; AND x, is A, theny is B )
where X, X, are input linguistic variables with A, A, being

their corresponding fuzzy values and y is the output linguis-
tic variable with B as its fuzzy value.

3.2.1.5 Fuzzy inference system Fuzzy inference is the
system to map from a given input to an output using fuzzy
logic. Mamdani Fuzzy Inference System and Takagi-Sug-
eno Fuzzy Model (TS Method) are two important methods
of FIS. Mamdani Fuzzy Inference System Mamdani and
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Assilian [29] is widely used therefore the basic steps of
this process are discussed here:

1. Set of fuzzy rules are established first
The crisp inputs are fuzzified by defining the member-
ship functions.

3. To establish rule strength fuzzified inputs are combined
according to the fuzzy rules.

4. The outcome of the rule are found by combining the rule
strength and the output membership function.

5. The outcomes are combined to get an output distribu-
tion, and

6. The output distribution is defuzzified to get a crisp out-
put.

Detailed description of this process is shown in Fig. 2.

3.3 Development of model to calculate the risk
magnitude of the factors causing cost overrun
using Fuzzy Logic Toolbox of the MATLAB
Program Software

Based on the above concepts, the following steps are per-
formed to calculate the risk magnitude of the factors causing
cost overrun using Fuzzy Logic Toolbox of the MATLAB
Program Software [17].

3.4 Define input and output

The risk magnitude usually can be assessed by two main
risk parameters, risk probability and risk severity. Therefore
the PI, and SI for risk factors causing cost overrun are used
as input variables in this model. In order to determine the
risk magnitude of the factors causing cost overrun, FIC is
measured as the output of this model as shown in Fig. 3. FIC
signifies the risk magnitude of a certain factor.

3.4.1 Membership function

Triangular membership function has been used in this study
for input and output variable. The triangular fuzzy value of
each linguistic variables such as PI, SI and FIC have been
shown in Tables 3 and 4. The graphical presentation of
membership function for these variables has been shown in
Figs. 4, 5 and 6 respectively.

3.4.2 Formation of rules

In the present study probability index and severity index
are considered for antecedent part and FIC is considered for
consequent part as shown in Fig. 6 to assess the magnitude
of the risk factors. The relationship among these parameters
is needed to introduce logical rules for the two inputs (prob-
ability index and severity index for each factor) and output
FIC. For this purpose fuzzy values given in risk matrix, as
shown in Table 5, originated from PMBOK (version, 2004)
[36] are used here.

Fig.2 Mamdani fuzzy inference
system

Rule
Strength

THEN

Input
Distributions

Xy

Output
Distribution

Yo
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Fig. 3 Input and output of the 4 Fuzzy Logic Designer: FIC _ O %
model
File Edit View
\ .
Pl
/ {mamdani)
XX FIC
Sl
FIS Name: FIC FIS Type: mamdani
And method — o Current Variable
Or method max - R
Implication i " Type
Range
Aggregation max £
Defuzzification centroid w Help Close
Ready
'Itable'3 ) Fuzz.y value Of Fuzzy variable  Fuzzy number Membership function plots 2t 2nts: 181
linguistic variables for input
Very low 0.0,025 V.LOW Low MEDIUM HIGH V.HIGH
Low 0,0.25,0.5
Medium 0.25,0.5,0.75
High 0.5,0.75, 1
Very high 0.75,1,1
inout variable *Pl1*

Table 4 Fuzzy value of linguistic variables for output

Fuzzy variable

Fuzzy number

Low
Medium
High
Very high

0.3333,0.3333
0.3333, 0.6667
0.3333, 0.6667, 1
0.6667, 1, 1

There are two input variables and each input variables
consists of five fuzzy sets. in general, if n is the number of
fuzzy sets representing one input variable and m is the num-
ber of fuzzy sets representing second input variable, then
the maximum number of propositions that can be written is
m*n. Therefore, there are 25 propositions. Some of the valid

propositions are as follow:

1. If probability index is very low and severity index is very
low then fuzzy index for cost overrun is low.

Fig.4 Graphical presentation of linguistic variables for probability

index

V.LOW

Mambarship function plots
Low MEDIUM

plot points: 181

HIGH V.HIGH

input variable *S|*

Fig.5 Graphical presentation of linguistic variables for severity index

2. If probability index is low and severity index is very low
then fuzzy index for cost overrun is low.
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e T st po: o 3. If probability index is medium and severity index is very
mbership function plots . . .
: ' low then fuzzy index for cost overrun is medium.
MEDIUM HIGH V.HIGH

Low

outout vadable “"FIC*

Fig.6 Graphical presentation of linguistic variables for fuzzy index
for cost overrun

Table 5 Risk matrix

Fuzzy index Probability of occurrence

for cost - - -
overrun Very low Low Medium  High Very high
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

4. If probability index is high and severity index is very
low then fuzzy index for cost overrun is high.

5. If probability index is very high and severity index is
very low then fuzzy index for cost overrun is high.

The above rules are generated using the rule editor of
Fuzzy Logic Toolbox of the MATLAB Program Software as
shown in Fig. 7. Based on the descriptions of the input and
output variables defined with the FIS Editor, the Rule Edi-
tor allows us to construct the rule statements automatically.

3.4.3 Defuzzification

Finally, the model performed defuzzification of the com-
bined fuzzy output to generate crisp output value. The mag-
nitude of the FIC is determined as an exact number in the
interval of zero to one. The complete procedure is shown
in the rule viewer window of Fuzzy Logic Toolbox of the
MATLAB Program Software as shown in Fig. 8. The rule
viewer displays a roadmap of the whole fuzzy inference pro-
cess. It allows us to interpret the entire fuzzy inference pro-
cess at once. The Rule Viewer also shows how the shape of
certain membership functions influences the overall result.

Fig.7 fuzzy rules of the model

4\ Rule Editor: FIC — O *
File Edit View Options

1. If (Plis V.LOW) and (Sl is V.LOW) then (FIC is LOW) (1) ~
2. If (Plis W.LOW) and (Sl iz LOW) then (FIC is LOW) (1)

3. If (Pl is V.LOW) and (Sl is MEDIUM) then (FIC is LOW) (1)

4. If (Plis V.LOW) and (Sl is HIGH) then (FIC is MEDIUM) (1)

S, If (Plis V.LOW) and (Sl is V.HIGH) then (FIC is HIGH} (1}

8. If (Plis LOW) and (Sl is V.LOW) then (FIC is LOW) (1)

7. If (Pliz LOW) and (S1is LOW) then (FIC iz LOW) (1)

8. If (Pl is LOW) and (Sl is MEDIUM) then (FIC is MEDIUM) (1)

9. If (Plis LOW) and (Sl is HIGH) then (FIC iz HIGH) (1)

10. If (Plis LOW) and (Sl is V.HIGH) then (FIC is HIGH) (1} )
If and Then

Plis Slis FIC iz

W.LOW ~ W .LOW S Low ~
LOW LOW MEDIUM

MEDIUK MEDIUM HIGH

HIGH HIGH V. HIGH

V. HIGH W HIGH none

none R none e e
|:| not D not |:| not

- Connection Weight:

(Jor
(® and 1 Delete rule | | Add rule Change rule | 2z | ==

Renamed FIS to "FIC” Help | Close |
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Fig.8 Defuzzification % Rule Viewer: EIC _ O %
File Edit View Options
Pl =0.566 S1=0.85 FIC = 0.694
1
3 — 4
4 T |
5 : = : '
6 — ¢
7 — —
8 [ — — e —
9 [ C———
10 [ - C———
n — —— ]
12 | —— e ——
13 — e ——
14 | | | ——
15 | = —
16 | C— C ——
17 | ——— | E———
18 | —— [
19 ! _/d—-
20 | —_
21
4 = :%
25 -
Input: [0.568;0.85] Plot points: 14 Move: left I right | dm'"“l up ‘|
Opened system FIC, 25 rules Help I Close I
Table 6 Experience of the experts Table 7 Responses of experts
S. no. Designation of expert No. Experi- Expert PI SI Fuzzy value of PI Fuzzy value of SI
ence
(years) 1 4 5 0.5,0.75, 1 0.75,1,1
e - 5 2 3 4 0.25,0.5,0.75 0.5,0.75, 1
ssistant engineer 3 0 3 25 0,02505 0.75.1.1
Executive engineer 3 10 4 4 4 0.5,0.75, 1 0.5,0.75, 1
3 Project manager 4 15 5 35 02505075 075.1,1
6 4 5 0.5,0.75,1 0.75,1,1
7 5 5 0.75,1,1 0.75,1,1
4 Application of developed model 8 2 4 00205 0.5,0.75, 1
9 3 4 0.25,0.5,0.75 0.5,0.75, 1
10 3 5 0.25,0.5,0.75 0.75, 1,1

The application of the developed fuzzy risk assessment
model is illustrated by means of a practical case study from
India. The developed methodology is applied for determin-
ing the risk magnitude of factor “Fluctuation in price mate-
rial”. Following steps are performed for determining the FIC
of factor “Fluctuation in price material”.

4.1 Data collection

The data was collected from the experts of construction
industry in India to know the perceptions on the prob-
ability index and severity index of the factor “Fluctua-
tion in price material” in Indian construction industry. For
this purpose an interview was developed with a panel of
ten experts. Experts had a vast experience in construction

projects such as water and waste water, roads and railways
and public buildings. Table 6 shows the experience of the
experts.

A five-point scale of 1-5 was adopted for getting the
opinion of the experts for probability and severity index of
the factor. These numerical values of the respondents were
assigned linguistic values such as ‘1 =very low; 2 =low;
3 =medium; 4 =high; 5=very high’ for both probability
index and severity index. The fuzzy values used in devel-
oped model were then assigned to these linguistic variables.
Table 7 shows the responses of the experts and their respec-
tive fuzzy values.
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4.2 Average of expert’s opinions

To obtain the average of experts opinions, the fuzzy average
operation for aggregate method that is known as the ‘‘Trian-
gular Average Formula’’ [6] is used.

Triangular average formula for n number of experts.

Consider n experts and fuzzy number
A =, a,D ", i=1,23..n

The average of two fuzzy numbers Al and A2 can be
calculated as

A + Az)/2 ((al(l) + am(l) + az(l)) + (31(2) + am(2) + a2(2)))/2

1 2 1 2 1 2
((al( ) + al( )), (am( ) + am( ))’ (az( ) + az( )))/2

The average of n fuzzy number can be calculated as

Aye = Aj+-Ay/n
A

ae = @Y+ a2,V +2,") + @™+ 2, +a,")/n

Using the above formula the fuzzy values for probability
and severity index are determined as follows:

Average fuzzy value for probability index (PI)=(0.325,
0.575, 0.8).

Average fuzzy number for severity index (SI) =(0.65, 0.9,
1).

To obtain a crisp value, the fuzzy value (a,, a,,, a,) then
got converted into best non fuzzy performance (BNP) value
using the following formula:

((a2 - al) + (am —a]))/3 + a

Best non fuzzy performance (BNP) value for probability
index =0.566.

Best non fuzzy performance (BNP) value for severity
index =0.85.

Using the probability and severity index FIC of risk fac-
tor “Fluctuation in price material” is determined as 0.694,
which indicates the magnitude of the risk factor.

Similarly the risk magnitude of the other factors is cal-
culated by collecting data regarding the perceptions on the
probability index and severity index. The risk magnitude of
the other factors causing cost overrun is shown in Table 8.

5 Important factors causing cost overrun
in Indian construction industry

On the basis of the perceptions on the probability index and
severity index of the factor of experts from Indian construc-
tion industry, model calculated the top ten most important
causes of cost overruns in construction projects of India
included fluctuation in price material, lowest bid procure-
ment policy, inflation, inappropriate govt. policy, inaccurate
time and cost estimate, mistakes and discrepancies in con-
tract document, additional work, frequent design change,
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unrealistic contract duration and financial difficulty faced
by the contractor.

6 Conclusion

Cost is one of the fundamental criteria for measuring the
success of the project. Therefore the risk factors causing
cost overrun in the construction industry should be identified
and assessed, for the managers to deploy more resources on
critical factors, to eliminate or mitigate the expected con-
sequences due to these factors. It is considered a necessary
feature in the decision-making process. The Indian construc-
tion industry is also suffering from the problem of cost over-
run. Hence in this study 55 important risk factors causing
cost overrun in Indian construction projects are identified
through intensive literature review and experts opinion. This
paper also proposes a new fuzzy based model to assess the
risk magnitude of these risk factors, as the theory has the
potential to deal with the vagueness, uncertainty and subjec-
tive nature of any problems. It is better equipped to handle
the almost same analogous which is found in the complex
construction projects. In order to assess the risk factors caus-
ing cost overrun, PI and SI are considered and cost overrun
factor index namely FIC is calculated, which indicates the
risk magnitude of a certain factor. An interview was devel-
oped with a panel of ten experts from Indian construction
industry, to assess the perceptions on the probability index
and severity index of the risk factors causing cost over-
run and FIC of risk factors are determined. The factors are
ranked according to their risk magnitude. The model is use-
ful for project managers to take proper action against these
risk factors causing cost overrun.

The top ten factors for causing cost overrun in Indian
construction industry are recognised as fluctuation in price
material, lowest bid procurement policy, inflation inappro-
priate govt. Policy, mistakes and discrepancies in contract
document, inaccurate time and cost estimate, additional
work, frequent design change, unrealistic contract duration
and financial difficulty faced by contractor.

6.1 Limitation of approach and future scope

The model is based on fuzzy approach. It cannot be accepted
as a universal model. It can be considered as an example of
how magnitude of risk factors causing cost overrun may be
determined using this model in construction projects. The
types of membership function used for developing the fuzzy
model can be different. Fuzzy rules are based on matrix. A
standard matrix is not available in the literature. Defuzzi-
fication method can also be changed. Using the methods
based on fuzzy logic subjectivity can be reduced to accept-
able level by converting the linguistic values to quantitative
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Table 8 Risk magnitude of the
factors causing cost overrun

Factors causing cost overrun Risk magnitude Rank
Fluctuation in price materials 0.694 1
Lowest bid procurement policy 0.69 2
Inflation 0.687 3
Inappropriate govtpolicy 0.682 4
Inaccurate time and cost estimate 0.68 5
Mistakes and discrepancies in contract document 0.678 6
Additional work 0.675 7
Frequent design change 0.673 8
Unrealistic contract duration 0.669 9
High cost of labour 0.664 10
Financial difficulty faced by contractor 0.661 11
Poor planning and scheduling 0.658 12
Slow decision making 0.652 13
Poor coordination between parties 0.648 14
Exchange rate 0.642 15
Contract management 0.635 16
Cost of material 0.622 17
High interest rate charged by bank and loan 0.618 18
Change in the scope of the project 0.591 19
Disputes on sites 0.576 20
Fraudulent practices and kickbacks 0.572 21
Insurance cost 0.566 22
High cost of machineries 0.562 23
Climatic condition 0.552 24
Rework due to error 0.508 25
Improper design and delay in producing design document 0.505 26
Slow payment of complete work by owner 0.498 27
Quality assurance 0.497 28
Inadequate experience of technical consultant 0.459 29
Lack of communication between parties 0.456 30
Change in material specification 0.452 31
Wastes on site 0.445 32
Delay in approval of design 0.442 33
Slow information flow in between parties 0.440 34
Mode of finance and payment 0.425 35
Social and cultural factor 0.423 36
Slow payment of completed work 0.417 37
Poor site management 0.409 38
Contractual procedure and type of contract 0.382 39
Shortage of labour 0.380 40
Shortage of construction material 0.371 41
Accident during construction 0.37 42
Low level productivity of labour 0.355 43
Interference by owner 0.355 44
Contractor lack of experience 0.352 45
Late material delivery 0.343 46
Incompetent sub contractor 0.340 47
Delay in performing inspection 0.338 48
Unqualified labour 0.332 49
Labour disputes and strikes 0.331 50
Acts of god 0.324 51
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Table 8 (continued)

Factors causing cost overrun Risk magnitude Rank
Obsolete and improper construction technique 0.322 52
Delay in procurement of material 0.319 53
Shortage of equipment 0.318 54
Equipment availability and failure 0.308 55

values but it is not eliminated completely. Risk factors caus-
ing cost overrun in Indian construction industry are based
on literature survey result and opinion from the experts
of Indian construction industry. Number of respondents
selected in the study might have been increased. Numbers
of experts included for getting opinion were also very few
in comparison to the size of industry. The lack of data and
information was one of the main limitations.

The fuzzy inference system used for developing the model
can be extended using other fuzzy membership functions
and performance of models could have been compared. In
addition, the results of fuzzy inference system can be com-
pared with other predictive tools. The developed model may
be extended to other industrial sectors for assessing the risks.
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