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Abstract Controlling and managing project costs in infrastructure construction
projects within budget is a matter of prime importance since these projects require
a large amount of capital investment. The use of cost contingencies is found as an
effective tool for reducing the cost overrun. Traditionally, the contingency is esti-
mated using a fixed percentage of the estimated cost. Project costs’ sensitivity to risk
factors impacting the cost is not considered in this method resulting in underesti-
mated or overestimated values. Therefore, in this paper, an alternate methodology is
presented for developing a risk-induced model to predict the cost contingency after
identifying and quantifying the risks involved in the projects. To develop the model,
a rule-based fuzzy inference system has been used. The fuzzy theory can deal with
incomplete, imprecise and uncertain data intrinsic to complex construction projects.
This methodology provides a practical approach for estimating cost contingency by
considering the frequently occurring and important risk factors impacting the cost
of construction projects. Details about the development and validation of the model
are presented in this research study. Project managers and decision-makers will find
this model very useful for making decisions regarding various issues related to the
project such as contingency estimation, bid price calculation, mark-up estimation
and assessment of different projects.
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1 Introduction

The issue of cost overrun in the construction projects is a frequent and critical both
in developed and developing countries. Controlling and managing project costs in
infrastructure construction projects within budget is a matter of prime importance
because of the investment of a considerable capital cost. The use of cost contingencies
is found as an effective tool for reducing the cost overrun. The primary aim of
contingency planning is to avoid the cost overrun problem in construction projects
[5]. The contingency can be defined as the total quantity of budget, funds or time
required above the estimated amount to reduce the risk of overruns of project goals
to an acceptable level for the organisation [25]. Traditionally, the contingency is
estimated using a fixed per cent of estimated cost. This technique has also been
called as ‘across-the-board’ percentage addition [1] and ‘Crystal ball’ [23]. Using
thismethod, the contingency estimation usually varies from 1 to 5% and it rarely goes
beyond 10% [23]. The amounts are estimated on basis of the maximum cost, average
cost, expert judgement and experience which can result in the underestimated or
overestimated quantity [22]. This method is described as arbitrary and unscientific
by various researchers [1, 6]. Project costs’ sensitivity to risk factors impacting the
costs is not considered in this method. However, it is observed that on account of
the complexities involved with construction activities, risks and uncertainties are
increasing rapidly in construction projects. Effective risk management and adopting
contingency as a tool can be useful for construction project managers to control
and handle these risks and uncertainties [16, 25]. As stated by Ford [12] and Marco
et al. [21], contingency amount is a matter of prime importance for managing risks
associated with construction projects. Therefore, the contingency modelling using
knowledge-based risk assessment and incorporating integrating risk management
strategy is gaining importance. Various authors [8, 18, 23, 24] adopted a risk analysis
approach to estimate cost contingency in construction projects.

The risk can be analysed using quantitative and statistical methods such as Monte
Carlo simulation, fault tree analysis, sensitive analysis and failure mode analysis.
However, these methods require exact and accurate data. Acquiring these data for
complex situations such as those associated with construction projects is a chal-
lenging task as they contain too many variables with a high degree of uncertainty
and ambiguity. For dealing with the complex and subjective nature of the problems,
advanced techniques such as fuzzy logic have been gaining popularity. By comparing
the various techniques and theories which are employed for handling uncertainty in
the construction projects, Baloi and Price [2] proposed for FST as a robust tool for
analysing the uncertainties associated with construction-related activities. The fuzzy
set theory (FST) manages data that are partially defined, inexact and uncertain. It is
well-suited to deal with almost identical situations to those encountered in complex
and large infrastructure construction projects. Hence, this study attempts to provide
a framework for model development to predict project cost contingency by using the
fuzzy risk analysis approach.
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Section 2 of this research paper describes the relevant literature review. In Sect. 3,
the methodology is presented for developing the cost contingency model. The devel-
oped model is validated in Sect. 4 of this paper, and finally, the conclusion has been
drawn.

2 Literature Survey

Sections 2.1 and 2.2 present a brief literature review related to the development of a
model for estimating cost contingency in construction projects and fuzzy inference
systems, respectively.

2.1 Cost Contingency Models

Various methods such as the method of moments, factor rating, range estimating,
artificial neural network, Monte Carlo simulation, regression, analytical hierarchy
process, fuzzy set theory, CALM (computer-based), probabilistic model, PERT and
standard deviation have been used by the researchers for estimating cost contin-
gency. References [7, 23, 34] employed method of moments, whereas a proba-
bilistic model was suggested by Touran [31] to estimate the cost contingency of
a project by taking into consideration the expected number of variations and the
average cost of change orders. Barraza and Bueno’s [3] presented a method based
on Monte Carlo simulation. Activity costs in this model were assumed to be inde-
pendent and normally distributed [3]. Later on, Barraza [4] presented an empirical
methodology by employingMonte Carlo Simulation, and cost contingency was allo-
cated to project activities according to the detail of the work breakdown structure.
Lorance and Wendling [17] also proposed a Monte Carlo simulation for estimating
the cost contingency. Sonmez et al. [29] suggested a model based on regression anal-
ysis to forecast the cost contingencies for international projects after collecting the
data from Europe, Asia, Africa and the Middle East. Thal et al. [30] also suggested
a regression model to forecast the amount of contingency for a new construction
project after examining 203 projects of the U.S. Air Force. Artificial neural network
and multiple linear regression methods were investigated by Chen and Hartman [6]
on the basis of data collected from an oil and gas company for the prediction of
contingency; it was concluded by them that the artificial neural network method
was more accurate than the multiple linear regression method for the estimation of
contingency. Moselhi et al. [4] also found, based on an extensive literature review,
that the artificial neural network model had the potential of identifying the pattern
knowledge and data prediction. Artificial neural network methods were used by Jin
and Zhang [15] and Williams [33] also. It is found that to learn the knowledge or
the pattern by artificial neural network (ANN) is somewhat difficult, but the Fuzzy
system can improve the qualitative aspect of human knowledge such as reasoning,
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inference and explicit knowledge. Therefore, fuzzy methods have been used for
predicting the cost contingency. The important studies have discussed here in this
section. The probabilistic cost estimate of a project was predicted by Hassanein
and Cherlopalle [13] using fuzzy theory by considering the risks and uncertainties.
Another model was recommended by Paek et al. [24] to present a methodology for
evaluating project risk and contingency for reducing the risks related to a project
based on fuzzy logic. Fuzzy sets were also used by Shaheen et al. [26] for calcu-
lating project cost estimates. Many authors have suggested extracting fuzzy numbers
from the expert group and analysing the data in the fuzzy range estimating analysis.
Idrus et al. [14] recently proposed cost contingency estimating by using risk analysis
and a fuzzy expert system. The method is flexible, rational, and it is based on fuzzy
expert system. A neuro-fuzzy hybrid model, designed by Dominic et al. [9], is used
to predict the final cost of infrastructure projects of water. Wang et al. [32] developed
a method using neuro-fuzzy and multi-factor evaluation for estimation the cost of
projects.

Based on the comprehensive literature survey, it can be concluded that a variety
of models have been developed by researchers using several techniques such as
Monte Carlo simulation, multiple regression, artificial neural network and proba-
bilistic model. However, these techniques necessitate complex mathematical calcu-
lations, and predicting any information by recognising the knowledge and patterns
is relatively difficult. In contrast, fuzzy systems are proven to be more effective
for forecasting information since they can improve the qualitative aspect of human
knowledge, such as reasoning, inference and explicit knowledge. Models based on
fuzzy and fuzzy hybrid approaches have also been suggested for estimating the cost
contingencies depending on the research question and problem under consideration.
Despite the efficacy of fuzzy theory, there are only a few studies in the literature
for evaluating cost contingency, which motivated the author to propose an alter-
nate methodology using a rule-based fuzzy inference system for estimating cost
contingency in a construction project.

2.2 Concept of Fuzzy Theory

The fundamentals and concepts of the fuzzy theory, which are used for designing
the model, have been explained here in this section. The fuzzy inference system is
also described briefly as the model is developed using a rule-based fuzzy inference
system.

Fuzzy set

The concept of fuzzy logic was originally established by Zadah [35]. A fuzzy set A
of a universe of discourse X can be defined through Eq. (1):

A = {(x, µA(x))/x ∈ A, µA(x) ∈ [0, 1]} (1)
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Here µA(x) = Degree of membership function which provides X a membership
value in the range from 0 to 1.

Membership functions

Membership functions (MF) are used for the fuzzification and defuzzification process
of fuzzy inference system (FIS), for transforming the non-fuzzy or crisp input values
to fuzzy values in the form of linguistic terms and vice versa. MF can be defined by
a curve that represents the degree of membership of an element x in a fuzzy set in the
range from 0 and 1. Triangular, Gaussian, trapezoidal, piecewise-linear, bell-shaped,
sigmoid membership function, etc. are generally used as membership function. In
this study, a trapezoidal membership function is taken for input and output variables
based on literature review.

Fuzzy inference system

Fuzzy inference system (FIS) can be described as a rule-based reasoning system for
mapping a given input to an output by applying fuzzy logic theory. Takagi–Sugeno
and Mamdani processes are very important approaches for fuzzy inference. In this
research, study the Mamdani type fuzzy inference process has been used as it is
intuitive, well suitable to human cognition, and widely used in literature [11, 19, 20].
In the Mamdani process of FIS input members of the system are transformed into
fuzzy numbers by fuzzification usingmembership function, bywhich crisp inputs are
converted into a set of linguistic variables. A set of fuzzy rules in the form of if–then
is then formed with the help of various fuzzy operators. The fuzzified input members
are summed together as per the constructed rules, and the output distribution in the
form of fuzzy sets are obtained Finally, after the defuzzification process, a crisp
quantity is obtained from a fuzzy set.

3 Methodology for Developing the Model for Evaluating
Cost Contingency

In this section, the methodology has been presented for developing the model for
evaluating the cost contingency of a project. For this purpose, a case study has been
taken from Indian construction projects.

3.1 Identification of Risk Factors Impacting the Cost
of Construction Projects

For identification of the risk factors impacting the cost of construction, an extensive
literature survey was carried out across the globe by Sharma and Goyal [27] for
the construction industry. Fifty-five important factors impacting the construction
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Table 1 Frequently Occurring Cost Escalation Factors in Construction Industry

S No. Factors impacting cost Category

1 Fluctuation in the prices of materials Finance

2 Lowest possible bid procurement policy Project and contract

3 Inflation Finance

4 Improper govt. policy management

5 Incorrect estimation of time and cost construction

6 Errors and discrepancy in contract document Project and contract

7 Quantity of Extra work done construction

8 Frequent modification in design construction

9 Impracticable contract duration Project and contract

10 High project charge of labour Finance

11 Financial difficulty experienced by contractor Finance

12 Improper planning and scheduling of project by contractor construction

13 Slow procedure in taking decisions Management

14 Poor coordination between construction rticipants Management

15 Exchange rate Finance

16 Material Cost Finance

17 High level of interest rate of bank loan Finance

18 Modification in the scope of the project Project and contract

19 Contract management Project and contract

20 Conflicts and disputes on site Management

cost were identified through systematic and intensive literature review (Journals,
Proceedings, Web). After conducting interviews and a questionnaire survey with 50
construction practitioners from the Indian construction industry, only 20 important
factors are selected for developing the cost contingency model. Table 1 indicates 20
main factors impacting the cost of the Indian construction projects. These factors are
divided into four groups: ‘Finance’, ‘Construction’, ‘Management’ and ‘Project and
Contract’.

3.2 Risk Quantification of the Identified Factors Using
the Risk Matrix

The risk is then quantified using fuzzy theory and risk matrix as presented by Sharma
and Goyal [28]. In this method, the magnitude of the risk factors impacting cost has
been calculated after considering the probability and severity level of a certain factor.
The probability and severity index were estimated based on an interview conducted
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Table 2 Magnitude of Risk factors Impacting Cost

Abbreviation Factors impacting cost Category Quantity

R.F. 1 Fluctuation in the prices of
materials

Finance related 0.694

R.F. 2 Inflation 0.687

R.F. 3 Financial difficulty experienced by
contractor

0.661

R.F. 4 Exchange rate 0.642

R.F. 5 Material Cost 0.635

R.F. 6 High level of interest rate of bank
loan

0.622

R.F. 7 High project charge of labour 0.664

R.F. 8 Improper planning and scheduling
of project by contractor

Construction related 0.658

R.F. 9 Incorrect estimation of time and
cost

0.68

R.F. 10 Frequent modification in design 0.673

R.F. 11 Quantity of Extra work done 0.675

R.F. 12 Poor coordination between
construction participants

Management related 0.648

R.F. 13 Conflicts and disputes on site 0.576

R.F. 14 Slow procedure in taking decisions 0.652

R.F. 15 Improper govt. policy 0.682

R.F. 16 Contract management Project and Contract related 0.591

R.F. 17 Impracticable contract duration 0.669

R.F. 18 Errors and discrepancy in contract
document

0.678

R.F. 19 Lowest possible bid procurement
policy

0.69

R.F. 20 Modification in the scope of the
project

0.618

with 50 experts in the construction industry of India. The calculated magnitude of
the risk factors impacting cost has been presented in Table 2.

3.3 Developing a Model for Evaluating Cost Contingency
by Using Fuzzy Inference Process

To develop the model for evaluating cost contingency, a fuzzy inference process has
been implemented in two phases. In the first phase of the fuzzy inference process, the
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impact of the various risk factors of a group is taken as ‘input variables’, and ‘output
variable cost contingency’ is determined for this group. For example, as shown in
Fig. 1, the cost contingency of the group ‘Finance’ (‘C.C. Finance’) is estimated by
considering the impact of risk factors (I.L.F. 1, I.L.F.2, I.L.F. 3, I.L.F. 4, I.L.F. 5, I.L.F.
6, I.L.F. 7) related to the group ‘Finance’ as input variables. Similarly, The output
variable ‘C.C. Construction’, ‘C.C. Management’ and ‘C.C. Project and Contract’ is
determined for ‘Construction’, ‘Management’and ‘Project and Contract’ group.

In the secondphase of the fuzzy inference process, ‘C.C. Finance’, ‘C.C.Construc-
tion’, ‘C.C. Management’ and ‘C.C. Project and Contract’ determined in the first

Fig.1 Two phase fuzzy inference process for model development
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phase of themodel are taken as ‘input variables’ and output variable ‘cost contingency
of the project’ is then estimated.

3.3.1 Steps of Fuzzy Inference Process for Designing the First Phase
of the Model

The process is performed using Fuzzy Logic Toolbox™ software of MATLAB
Program. It consists of five primary graphical user interfaces (GUI) tools such as
FIS Editor, MF Editor, Rule Editor, Rule Viewer, and Surface Viewer. The various
steps of fuzzy inference system to design the model are as follows.

Defining Input and Output

The first step of model designing using the fuzzy inference process is to define the
input and output variables. The impact level of the factors is taken as the input vari-
ables and cost contingency is taken as output. The various factors of group ‘Finance’
are Fluctuation in the prices of materials, Inflation, Financial difficulty experienced
by contractor, Exchange rate, Material Cost, High level of interest rate of bank loan
and High project charge of labour. These factors’ impact level is considered input
variables for determining the output cost contingency for the finance group (‘C.C.
Finance). During model design, the impact level of factors is abbreviated as I.L.F.1,
I.L.F.2, I.L.F.3, I.L.F.4, and I.L.F.5, I.L.F.6 and, I.L.F.7 and the output variable is
abbreviated as ‘C.C.F’.

In Fig. 2 the input variables I.L. F1- to I.L.F.7, and output variables Cost Contin-
gency Finance (C.C.F) are shown in the FIS Editor window of the Fuzzy Logic
toolbox.

Similarly, input variables for group ‘Construction’ are I.L.F8, I.L.F9, I.L.F10,
and I.L.F.11. I.L.F. 12., I.L.F.13 and I.L.F.14. I.L.F.15 are input variables for the
‘Management’ group. I.L.F.16, I.L.F.17, I.L.F.18, and I.L.F. 19., I.L.F.20 are consid-
ered input variables for ‘Project & Contract’. Output variables for the groups are
‘C.C. Construction’, ‘C.C. Management’, and ‘C.C. Project and Contract’.

Fuzzy Membership Functions

The membership function associated with all the input variables and output variables
of all the factors of group ‘Finance’ are shown in Fig. 3.

Fuzzy Rules

The formation of fuzzy rules is an essential component of the fuzzy inference system.
The rules for this study are formedwith the help of experienced practitioners in Indian
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Fig. 2 Input and output variables of the group ‘Finance’ in FIS editor window

construction projects. Considering 20 risk factors, a total of 100 rules are formed.
Samples of the fuzzy rules of group ‘Finance’ are presented in Table 3.

Since the cost contingency of group ‘Finance’ is directly related to the magnitude
of impact level of factors fluctuation in the prices ofmaterials, inflation, financial diffi-
culty experienced by contractor, exchange rate, material cost, high level of interest
rate of bank loan and high project charge of labour, therefore the cost contingency
will get affected by the impact level of the factors of the group ‘Finance’. The magni-
tude of the risk calculated in Sect. 3.2 will be taken as weighting for the rules. The
sample rules constructed for the fuzzy model are shown in Table 4.

Similarly, the fuzzy rules were constructed for group ‘Construction’, ‘Manage-
ment’and ‘Project and Contract’.

Defuzzification

Finally, the ‘cost contingencyC.C.F’ for group ‘Finance’ is estimated bydefuzzifying
the rules by ‘centroid of area’ method as shown in Fig. 4
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Fig. 3 Membership function for the input and output variables of the group ‘Finance’ in FIS editor
window

Table 3 Sample of fuzzy rules group ‘Finance’

Rule Antecedent Consequence Weighting

1 If the impact level of risk factor
‘Fluctuation in the prices of
materials’ is very less

Then the cost contingency of the
group ‘Finance’ will be very less

0.694

31 If the impact of risk factor ‘High
project charge of labour.’ is very
less

Then the cost contingency of the
group ‘Finance’ will be very less

0.664

Table 4 Sample of Fuzzy
Rules of Group ‘Finance’ for
Fuzzy Inference

Rule Antecedent Consequence Weighting

1 If I.L. F. 1 is Very
less

Then C.C.F is Very
less

0.694

2 If I.L. F. 2 is Very
less

Then C.C.F is Very
less

0.687
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Fig. 4 Defuzzification process for cost contingency for group ‘Finance’

3.3.2 Fuzzy Inference System for the Second Phase of Model Designing

For the second phase of the model designing the same steps for fuzzy inference are
performed. The input members for this phase are cost contingency of finance group
(‘C.C. Finance’), cost contingency of construction group (‘C.C. Construction’), cost
contingency of management group (‘C.C. Management’) and cost contingency of
project and contract group (‘C.C. Project and Contract’). The output of the model
is overall contingency of the project. It is abbreviated as O.C.P. The fuzzy inference
process has been performed using Fuzzy Logic toolbox of MATLAB.

4 Testing of the Model

To test the reliability of the designed fuzzy model an interview has been conducted
with a team of experts of a leading Indian construction company. The panel of the
experts included the top 25 executive engineers, project managers, and site engineers
of the company. The experts were requested to examine the risk factors considered
for this research and filled in the required information regarding risk factors to test
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the proposed model. The information provided by the group of experts is presented
as shown in Table 5.

The determined impact level of the group by themodel is given in Table 6. The cost
contingency of the project evaluated by the proposed model was 14.4%, as shown in

Table 5 Impact level of the various factors for the selected project

S No. Abbreviation Factors impacting cost Impact level in percentage

1 R.F. 1 Fluctuation in the prices of materials 20

2 R.F. 2 Inflation 10

3 R.F. 3 Financial difficulty experienced by
contractor

10

4 R.F. 4 Exchange rate 5

5 R.F. 5 Material Cost 15

6 R.F. 6 High level of interest rate of bank loan 5

7 R.F. 7 High project charge of labour 5

8 R.F. 8 Improper planning and scheduling of
project by contractor

10

9 R.F. 9 Incorrect estimation of time and cost 5

10 R.F. 10 Frequent modification in design 5

11 R.F. 11 Quantity of Extra work done 10

12 R.F. 12 Poor coordination between
construction participants

5

13 R.F. 13 Conflicts and disputes on site 5

14 R.F. 14 Slow procedure in taking decisions 10

15 R.F. 15 Improper govt. policy 15

16 R.F. 16 Contract management 2

17 R.F. 17 Impracticable contract duration 5

18 R.F. 18 Errors and discrepancy in contract
document

5

19 R.F. 19 Lowest possible bid procurement
policy

10

20 R.F. 20 Modification in the scope of the project 5

Table 6 Overall Cost Contingency of Project

S No. Group Name of group Impact of risk factor (%) Overall cost contingency
(%)

1 C.C.F Finance 17.2 14.4

2 C.C.C Construction 11.5

3 C.C.M Management 17.4

4 C.C.P Project and Contract 28.5
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Table 6, whereas the actual cost contingency was taken as 10% in this project, which
shows an error of only 4.4%.

5 Conclusion

This paper has presented an alternate methodology for developing a risk-induced
model to predict the cost contingency. The risk factors have been analysed using
fuzzy theory as the theory is capable of dealing with incomplete, imprecise, and
uncertain data Intrinsic to real-world complex problems such as those found in
construction projects. The application of the proposed methodology has been illus-
trated for developing a model, by considering a case study of the Indian construc-
tion industry. Through an extensive literature review, 20 frequently occurring and
important risk factors impacting the cost of construction projects were identified
and classified into four groups as ‘Finance’, ‘Construction’, ‘Management’, and
‘Project & Contract’. After taking into account the likelihood and severity index,
the risk magnitude of these factors was then calculated by interviewing 20 experts
involved in Indian construction projects and then using theMamdani type rule-based
fuzzy inference system a model was developed. Trapezoidal type membership func-
tion was defined for the input and output variables. The Fuzzy logic toolbox of
MATLAB software was used for the process of the fuzzy inference system. This
model was validated also for a construction project. The value obtained from the
model was 14.4% and the actual cost contingency in the project was taken as 10%,
which is very close to the results obtained from the model. Therefore, the proposed
model for predicting the cost contingency can be used by customising according to the
specific project. The methodology provides a practical approach for estimating cost
contingency by taking into consideration the frequently occurring and important risk
factors impacting the cost of construction projects. Project managers and decision-
makers will find this model very useful for making decisions regarding various issues
related to the project such as contingency estimation, bid price calculation, mark-up
estimation, and assessment of different projects.
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