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Abstract

In this paper a risk assessment process is discussed by considering all kinds of body part wise injuries which are commonly
occurred in construction sites. The risk corresponding to each body part wise injuries are measured using a combination of fuzzy
reasoning and fuzzy-analytic hierarchy process. In the proposed methodology, risk scores corresponding to each body part wise
injuries are measured first using fuzzy reasoning. Then associated weights of each body part wise injuries are calculated on the
basis of current safety situation using fuzzy-analytic hierarchy process. The overall risk score of the concerned construction sites
are evaluated using sum of product method. This risk assessment system is advantageous in dealing with both qualitative and
quantitative risk data due to its capability of capturing vague and possibilistic data in an effective and efficient manner and which
may help safety professionals and engineers to improve their safety management system of the construction sites. A case study
on risk analysis of an Indian construction company is used to illustrate the application potentiality of the proposed approach.
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1. Introduction

From the beginning of industrial revolution, risk in construction sites remains a major concern for not only a
huge number of accidents occurred there but also for lethal consequences of these accidents. Thus in the present
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scenario risk analysis in constructionsites is getting more importance. Occupational health and safety is also
becoming a foremost concern all over the globe due to the fact that occupational risk is a major source of hazard. So,
the assessment and management of the risk is an activity that has a growing interest worldwide. Now-a-days, most
of the companies consider health and safety of their employees during work as one of their schedule administration
activities. Taking precautions against the risks and hazards in the workplace is one of the basic tasks of people with
management responsibility.Efforts to provide safety in workplaces are not only significant for the health of workers
but also inevitable managerial activities for economic and financial performance, productivity of the facility and the
quality and stability of production [1].

Furthermore, risk assessment is an essential and systematic process for assessing the impact, rate and the penalty
of human activities on systems with hazardous characteristics and constitutes a needful tool for the safety policy of a
company. The variety in risk analysis procedures is such that there are many suitable techniques for any situation
and the choice has become more a matter of taste [2].

A good number of research works have been done for assessing risk in construction industries by traditional tool
like probabilistic risk analysis, fault tree analysis, etc. based on historical data. The work by Hauptmanns et al. [3],
based on fault tree theory, is the systematic procedure to perform a quantitative risk assessment for occupational
accidents. According to Faber and Stewart[4], risk is defined as the expected consequences associated with a given
event. In occupational safety, a work accident is an event with consequences; risk is, therefore, the combination of
the probability that this accident will occur and the severity of consequences arising from the accident. But the
problem with these tools is that they are unable to capture the uncertainty or vagueness associated with historical
data. Thus fuzzy logic approach is seemed to be very much applicable for risk analysis.

Blockley[5] made penetrate in the study of structural safety in structural engineering by introducing fuzzy
concepts [6]. Blockley[7] sustained his work on this subject and introduced fuzzy set theoretic concepts for analysis
of the causes of structural accidents. Cheung-Mak and Le May [8] developed a fuzzy model to recognize the
damages due to one or more failures in a steam plant and piping; Christen et al. [9] have quantitatively assessed the
damages to population and environment following a catastrophic accident near a plant; Ikejima et al. [10] assessed
through fuzzy logic the socio-economic consequences derived from a catastrophic leakage from a gas piping; in the
end, Murlidharan et al. [I1]assessed risk and vulnerability in installations subjected to cyclones. Bell and
Badiru[12]noted that the growth of predictive models for occupational injuries is often held back by the
unpredictability associated with human abilities and performance; fuzzy set theory provides a tool to address this
unpredictability.

Based on the observation of global trends, it becomes evident that industry has to adapt itself, as soon as possible,
to the new requirements of business operation, in terms of organizing management activities according to the
requirements of standards and regulations related to risk-based approaches. Gurcanli&Mungen [13] demonstrated a
method for the assessment of the risks in construction sites using a fuzzy rule-base to deal with uncertain and
inadequate data. Considering the expenses in health care, safety training, up gradation process of machines and on
various safety tools, Beria et al. [14] illustrated another approach of assessing the risk in Indian industries.

In this present study all kinds of body part wise injury due to accidents which are commonly occurred in
construction sites are measured. Due to the unavailability of precise and accurate data, fuzzy numbers or linguistic
terms are used here as input value of each input parameters. Fuzzy reasoning approach (FRA) [15] is used to assess
the risk score (RS) of each type of body part wise injuries. Since the priority to each injury is very much depends on
the associated current safety situation (CSS), the weights of each body part wise injuries are evaluated by fuzzy
analytic hierarchy approach(FAHP) [16], as an extension of Saaty’s widely used AHP technique [17],based on fuzzy
set theory,is a systematic approach to the alternative selection and justification problem by using the concepts of and
hierarchical structure analysis. The overall risk of the industry is then evaluated using sum of product (SOP)
method.

2. Proposed Methodology
The process of risk analysis in this paper is performed first by assessing risk level in construction sites using FRA

and FAHP; and then the way of reducingthe assessed risk level to provide better work environment for the workers
associated with these sites is discussed by developing suitable maintenance and operation policies. The details of the
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proposed model are described in the following sub sections.
2.1. Risk assessment

Risk is generally assessed on the basis of historical data and experts judgments. So, the process of assessment
frequently faces the circumstances where the data are inadequate or imprecise and sometimes uncertain also. Again,
the experts involved in the process are often face difficulties to give a precise numerical value to express their
judgment due to the uncertainties involved in different hazardous event or due to presence of some quantitatively
immeasurable parameters in the risk assessment process. In such situation, the input values are justified to consider
as a range of numerical values, fuzzy numbers or linguistic terms to expresses their judgments. In this paper,
trapezoidal fuzzy numbers (TFNs), as a general form of linear type fuzzy numbers, areused to capture expert’s
judgment. A TFN is expressed in the form F = {a,, a,, as, a,} with its membership function

xX—a
L,a, <x<a,
| az—as
1, a, <x<az
#F(x) = { X—Qay (1)
—, a3 <x < ay
az—ay
0, otherwise

In the current risk assessment process, the following TFNs,as described in the following Table 1, are used
corresponding to different imprecise expressions to represent ambiguous data or expert’s opinion on the parameters
of the proposed model.

Table 1: Linguistic terms with their associated TFNs

Inexact expressions Fuzzy Inputs  Input types TFNs

"..isa" a Numerical value {a,a,a,a)

"...between a and b" [a, b] Range of numbers (a,(a+ b)/2,(a+Db)/2,b)
"...is between a and ¢ and most likely to be b" (a, b, c) Triangular fuzzy number {a,b,b,c)

"...is between a and d and most likely between b and ¢" (a,b,c,d) Trapezoidal fuzzy number (a,b,c,d)

"...is Odd" {a,b,c,d) Linguistic term Odd MF (a, b, c, d)

2.1.1.  Knowledge acquisition, data collection and data analysis

The collection and analysis of data helps in good understanding of different types of accidents occurred in
different construction sites. The records in the archive and the experts witness are important resources for the data
collection which includes preliminary official records, statements made by the injured workers and his/her relatives,
statements made by site engineers, safety managers, etc. If the data seemed to be insufficient or it is involved with
uncertainty, then expert’s knowledge is incorporated in the data acquisition process.

2.1.2.  Input parameters selection

On the basis of collected data, three input parameters, viz., accident percentage (AP), accident severity (AS) and
expenses (ES) in maintaining safety measures are identified as input parameters to assess the risk in construction
sites for the proposed methodology.

2.1.3.  FRA for RS assessment

In the present study, RS for each type of body part wise injuries is measured based on AP, AS and ES. Since all
the accidents are not always reported in these industries, AP for each type of accidents is not exact. So, range of
values is used to express the AP in order to capture the unreported accidents also. Again, it is very hard for an expert
to give a precise numerical value for AS due to uncertainty associated with the consequences of different types of
accidents. So, a range of numerical values or linguistic terms are considered to calculate AS on the basis of expert’s
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opinion. FRA is used here to capture the inexactness of available data.
Thus, if Fip, Fis and Figare three TFNs corresponding to three input parameters AP, AS and ES for i" body
part wise accident then the corresponding membership grades are Hei, (), u Fig (x,) and Mgl (x3) where x;, x, and

X5 are input variables in the universe of discourse X;, X, and X5 of AP, CS and ES, respectively.

Rules are generated to determine relations between input parameters AP, AS, ES and output parameter RS; and
then they are used to find the membership grades of output parameters RS determined by FRA evaluation process on
the basis of Mamdanimethod [18, 19] as follows.

The jt* rule for i*" body part wise accidentis

j

R:if x, is AiP and x, is Ais and x3 is Ay, then z is A{es ()

where zis a variable in the universe of discourse ZofRS; and Ailp, AQS, AJE.S and A;S are the respective qualitative
descriptors of AP, AS, ES and RS for the j*" rule, then the firing strength af of the j** rule with fuzzy inputs Fjp,
Flg and Fjg for i*" body part wise accident is calculated using fuzzy intersection operation as follows.

aji =min [max <ﬂF‘§1P (x) A MA{;‘P (x1)> ,max <,UFAS(x2) A ﬂA{"ls(xz));max (IIFIE_S(J%) A ﬂA{;S(x3)>] (3

where M, (xy), Hgi (x,) and Mgt (x3) are respectively membership grades corresponding to fuzzy inputs F/p,
F}s and Flsof i*" body part wise injuries and u o (e, (xp) and pyj (xs) are respectively membership grades
AP As ES

corresponding to qualitative descriptors Aip, Ais, Ai:s of AP, AS and ES for the j* rule. The output of the j¢" rule
is obtained as follows.

j —ai AL
Horsi@) = g Ay (2) (4)

(])RSi
membership grades of fuzzy output corresponding to fuzzy inputs F,, Fis and Figcorresponding to i®"body part
wise accident for the j rule in the universe of discourse Z of RS.

The aggregated output for i** body part wise injuries is calculated using fuzzy union operation as

where a} is the firing strength of the j‘" rulecorresponding to i*" body part wise accident, u’ = .(z) represent

Hagabs P = Vit Mot (2) 5)

whereu 466l (z) are the membership grades of the fuzzy set AGG} in the universe of discourse Z of RS for it"

body part wise injuries.
The aggregated output is defuzzified to a crisp number that represents the RS score corresponding to i** body
part wise injuries using the centroid of area method as follows.

Z;=1”AGG§S(ZI')'ZJ'

RS, = ©)

Z}q':l‘uAGGkS(Z")

where z; € Z,j = 1,2,---,s are s quantization of Z, 1, GGhs (Z}-) are their membership grades corresponding to

the fuzzy set AGGlg in the universe of discourse Z of RS for i** body part wise accident and RS; is the RS for i
body part wise injuries.

2.1.4. FAHP for weight evaluation

The contribution of each body part wise injuries to the overall risk differs due to the difference in quality of
safety measures used for different body parts. To obtain the overall risk level, weight of the contribution of each
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body part wise accidents are evaluated on the basis of CSS of different safety measures by FAHP.

Step 1: The pair wise comparison is made by using trapezoidal fuzzy comparison scale, (as described in Table 2)
from the list of all safety measures used for different body parts in construction sites on the basis of expert’s
judgment. The comparison matrix thus obtained is of the following form

C11 Clz“' Cln
c=la)=|% O Blij=120m o)
Chi Cppee Cpp

wherleC ) = (pU,qU,r”,SU) represents the quantified judgment on ¢; to ¢; and ¢; is more important than ¢;,
Ci= (S— = q— p—) represents the quantified judgment on ¢; to ¢; and n represents the number of criterion.
ij Tij 4dij Dij
Step 3: The fuzzy weights are calculated using geometric mean method [16, 18, 19]. The TFN geometric mean

C, of the i*" row in the comparison matrix is defined as

= (E' qu1y, §L) = (11\/1_[;[:1 Dij " H] 19ij " n Tij " H] 1Sij (8)

W; = (pi qu1,5) = (o= = o= =) 9

’ n n
=151 Li=1" Zi=1‘h Zi=1p1

whereW;represents the fuzzy weight of c;.

Table 2. Trapezoidal fuzzy conversion scale

Linguistic scale Trapezoidal fuzzy scale
Just equal (1,1,1,1)
Equally important (1,1,1,2)
Between equally and weakly important (1,2,2,3)
Weakly important (2,3,3,4)
Between weakly and strongly important (3,4,4,5)
Strongly important (4,5,5,6)
Between strongly and very strongly important (5,6,6,7)
Very strongly important (6,7,7,8)
Between very strongly and absolutely important ~ (7,8,8,9)
Absolutely important (8,9,9,9)

Step 4: Fuzzy weights are converted into crisp weights using a defuzzification method [18, 19] as defined below.

w; _w (10)

wherew; denotes the crisp value of fuzzy weight of c;.
Step 5: Crisp weights are normalized in this step as follows.

*
wr

j— L
M T (an

wherew;expresses the weight of ¢; after normalization process.
2.1.5.  SOP method for overall RS assessment

RS for all body part wise accidents are obtained by proceeding through the above steps 1 to 5 in section 2.1.3 and
then the overall RS of the construction industry has been calculated using the SOP method as



Debasish Majumder et al. / Procedia Technology 10 (2013) 604 — 614 609

RSovpraLL = Xi=1 RS;w; (12)

wherew; (i = 1,2,---,n) are weights corresponding to n body part wise accidents and RS,y gray; 1S the overall RS
of the construction industry.

2.2. Risk management

Managing risks in construction sites are recognized as a very important process in order to optimize time, cost,
quality and safety. Risk management can be viewed as an immediate step after risk assessment in developing
maintenance and operation policies. On the basis of estimated risk, safety personals and administrators need to

identify the sources of high risk and then risk reduction method must be applied to reduce the number of accidents
and to control the possible consequences.

3. Risk Assessment of Construction Sites: A Case Study

The proposed methodology is employed on an Indian construction company for illustration. On the basis of the
collected data, all accidents occurred for last 10 years in that company are classified as different body part wise
accidents as described in Table4. Different linguistic terms which are used for three input parameters, viz., AP, AS,
ES, and one output parameter, viz., RS are provided in Fig. 1.

a Rasesbly il N
' oy Mnde Ep Vaybih b | Segighie Memor Madarate e
\

[1%\ gf-%\ _f'—"; mM [—‘ \ [ ; '_ﬁ'.l [ ;’I—ll‘ :£'_|II'- II
 RVIRVIRYIRVIRY RVIRVERVARY
\o\ o\ vy

!
4V VYV A R
X ( \ }"\ | } | .
: ]

| [ | / \ /
fyv v 4 Vg A (T
i i 2 ] 4 ] § 7 ]
€ = D we m e 4 o e e e
\ [\ / \ [ T‘ﬁn ('( IR I(r_ri_‘\ [ -
o\ \ \ / I"-. / af \ | \ / \ / \ [
\ \ / \ / \ | | \/ \ / \ \ /
: \/ al ) [ \f [
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o .'I'. .‘='-‘ |':: | ,-11' o ! |=kl ,’: -"lH '<
||II Ill ,'III Il -"‘ II“, ': III | .I:l \ ||l| IIII ’I /\'
Py | \ [\ '\II al | \I f t\. / \ 'l \
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Fig. 1. (a) linguistic terms corresponding to input variable AP; (b)linguistic terms corresponding to input variable AS; (c) linguistic terms
corresponding to input variable ES; (d) linguistic terms corresponding to output variable RS.

3.1. Data preparation and input values evaluation

Collected data are processed to evaluate the input values corresponding to three input parameters AP, AS and ES
for each body part wise accidents. AP of each body part wise accidents are calculated in usual manner. Since in
construction sites some accidents remains unreported, expert’s judgments are incorporated along with the calculated
AP to capture the inexactness associated with percentage of accidents for each body part wise accidents.To evaluate
the AS for each body part wise accidents, expert’s opinions are taken on the basis of the preference scale as shown
in Table 3. Approximated expenses for safety measures corresponding to each body parts are scaled in between 0
and 10 which are considered asES. Due to vagueness in data acquisition and judgments, all input data and subjective
judgments are taken in the form of fuzzy numbers and then converted into TFNs using Table 1.
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Table 3. Preference scale for AS

Accident severity  Scale Score
Negligible First aid case/ No loss time incident case (LTI)/ No medical treatment case (MTC) 1
Minor Case referred to Medical Centre/ Hospital - No LTI/No MTC 2-3
Moderate Case referred to Medical Centre/ Hospital, leading to either MTC or LTI 4-5
Partial Permanent Disablement 6
Severe .
Total Permanent Disablement 7
Multiple injuries 8
Very Severe Fatality 9
Multiple fatality 10

3.2. Result and discussion

The evaluation of RS for each body part wise accident and membership grades of associated risk level is done as
described in section 2.1 using the sofiwareMATLAB(Ver. 2008b).The RS evaluation process is done by generating
a Mamdani based fuzzy inference system (FIS) which consists of three inputs (AP, AS, ES), one output (RS) and
150 IF-THEN rules. The fuzzy input values, corresponding RS value (crisp) and their membership grades of
associated risk level corresponding to each body part wise accidents are shown in Table 4.

Table 4. Fuzzy inputs, defuzzified RSs and membership grades of associated risk level for each body part wise accident

Body parts Accident percentage Accident severity  Expenses in safety RS Membership grades
Head (6.5,6.75,6.75,7) (2,2,5,9) (11,11.5,11.5,12) 7.4646 Medium: 1
Eye (22,23,24,25) (2,4.54.5,7) (6,6.5,6.5,7) 15.5299 Very high: 1
Ear (0,0.5,0.5,1) (1,3,3,5) (9,9.5,9.5,10) 3.2027 Safe: 1
Safe: 1
Mouth (0,0.5,0.5,0.851) (1,3,3,5) (4,4.25,4.25,4.5) 4.8507
Nose (0,0.5,0.5,0.851) (1,3,3,5) (4,4.25,4.25,4.5) 4.8507 Safe: 1
Safe: 0.23
Face (6,6.5,7,7.2) (1,3,3,5) (4.39,4.695,4.695) 6.5375 .
Medium: 0.77
Back (1,1.5,2,2.1) (1,3.5,3.5,6) (14.5,14.75,14.75,15)  3.1409 Safe: 1
Safe: 0.67
Neck (0,0.5,0.5,1) (2,7,9,9) (14.5,14.75,14.75,15)  5.6538 .
Medium: 0.33
Chest (2,2.5,2.8,3) (2,7,9,9) (24,24.5,24.5,25) 3.1328 Safe: 1
. Safe: 0.67
Pelvis (0,0.5,0.5,1) (2,7,9,9) (14.5,14.75,14.75,15)  5.6634 .
Medium: 0.33
Shoulder (2,2.25,2.25,2.5) (1,3.5,3.5,6) (14.5,14.75,14.75,15)  3.968 Safe: 1
Safe: 0.82
Forearm (3,3.3,3.3,3.6) (2,4.5,4.5,7) (13,13.1,13.1,13.2) 5.3526 .
Medium: 0.18
Safe: 0.5
Hand (9,9.2,9.6,10) (1,3.5,3.5,6) (11,11.5,11.5,12) 6 .
Medium: 0.5
. High: 1
Finger (17,17.25,17.25,17.5)  (1,3.5,3.5,6) (5,5.5,5.5,6) 12.4485
Thigh (1.5,1.6,1.6,1.7) (1,3.5,3.5,6) (7.7,7.85,7.85,8) 4.8745 Safe: 1
Safe: 0.47
Leg (13,13.25,13.25,13.5)  (1,4,4,7) (18,18.5,18.5,19) 6.062 .
Medium: 0.53
Safe: 0.65
Foot (7,7.2,7.5,7.6) (1,3.5,3.5,6) (11,11.25,11.25,11.5)  5.6973

Medium: 0.35




Eye Forearm Foot Thigh Leg Hand Shoulder Head

(1,1,1,1) (0.25,0.33,0.33,0.5) (0.25,0.33,0.33,0.5) (0.20,0.25,0.25,0.33) (0.20,0.25,0.25,0.33) (0.20,0.25,0.25,0.33) (0.20,0.25,0.25,0.33) (0.17,0.20,0.20,0.25)
(1,2,2,3) (0.33,0.5,0.5,1) (0.25,0.33,0.33,0.5) (0.20,0.25,0.25,0.33)  (0.20,0.25,0.25,0.33)  (0.20,0.25,0.25,0.33)  (0.20,0.25,0.25,0.33)  (0.17,0.20,0.20,0.25)
(2,3,3,4) (1,1,1,1) (0.25,0.33,0.33,0.5) (0.20,0.25,0.25,0.33) (0.17,0.20,0.20,0.25) (0.17,0.20,0.20,0.25) (0.17,0.20,0.20,0.25) (0.14,0.17,0.17,0.2)
(2,3,3,4) (2,3,3,4) (1,1,1,1) (0.25,0.33,0.33,0.5) (0.20,0.25,0.25,0.33)  (0.20,0.25,0.25,0.33)  (0.20,0.25,0.25,0.33)  (0.17,0.20,0.20,0.25)
(3,4,4,5) (3,4,4,5) (2,3,3,4) (1,1,1,1) (0.25,0.3,0.33,0.503) (0.25,0.3,0.33,0.503) (0.25,0.3,0.33,0.503) (0.20,0.25,0.25,0.33)
(3,44,5) (4,5,5,6) (3,4,4,5) (2,3,3,4) (1,1,1,1) (0.50,1,1,13) (0.50,1,1,13) (0.25,0.3,0.33,0.503)
(3,4,4,5) (4,5,5,6) (3,4,4,5) (2,3,34) (1,1,1,2) (1,1,1,1) (0.50,1,1,13) (0.25,0.3,0.33,0.503)
(3,4,4,5) (4,5,5,6) (3.4,4,5) (2,3,3,4) (1,1,1,2) (1,1,1,2) (1,1,1,1) (0.25,0.3,0.33,0.503)
(4,5,5,6) (5,6,6,7) (4,5,5,6) (3,4,4,5) (2,3,3,4) (2,3,34) (2,3,3,4) (1,1,1,1)

(5,6,6,7) (5,6,6,7) (4,5,5,6) (3,4,4,5) (2,3,34) (2,3,3,4) (2,3,34) (2,3,3,4)

(5,6,6,7) (6,7,7,8) (4,5,5,6) (4,5,5,6) (3,4,4,5) (2,3,3,4) (2,3,3,4) (2,3,3,4)

(5,6,6,7) (6,7,7,8) (7,8,8,9) (4,5,5,6) (3,4,4,5) (3,4,4,5) (3,4,4,5) (3,4,4,5)

(6,7,7,8) (6,7,7,8) (7,8,8,9) (7,8,8,9) (4,5,5,6) (3,4,4,5) (3,4,4,5) (3,4,4,5)

(6,7,7,8) (7,8,8,9) (7,8,8,9) (7,8,8,9) (4,5,5,6) (4,5,5,6) (4,5,5,6) (4,5,5,6)

(7,8,8,9) (7,8,8,9) (8,9,9,9) (7,8,8,9) (7,8,8,9) (4,5,5,6) (4,5,5,6) (4,5,5,6)

(7,8,8,9) (8,9,9,9) (8,9,9,9) (8,9,9,9) (7,8,8,9) (7,8,8,9) (7,8,8,9) (7,8,8,9)

(8,9,9,9) (8,9,9,9) (8,9,9,9) (8,9,9,9) (8,9,9,9) (8,9,9,9) (8,9,9,9) (7,8,8,9)
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#19 = #09 (€107) 01 {8ojouysaf vipadoLd / [v 12 Lapunivp ysisvqaq

"G 9[qRL Ul UMoys SIJH V. Suisn £q sseo01d uonenieas 1ySom oY) ul paure)qo xujew uostredwos osm ared oy,

119



Table 5. Pair wise comparison matrix of weights corresponding to different body part wise injuries

19

Body parts

Eye
Finger
Forearm

Foot
Thigh
Leg
Hand

Shoulder

Head
Nose

Mouth

Face
Ear
Neck
Chest
Pelvis
Back

Body parts Nose Mouth Face Ear Neck Chest Pelvis Back

Eye (0.14,017,017,0.2)  (0.14,0.17,0.17,0.2) (0.14,0.17,0.17,0.2) (0.13,0.14,0.14,017)  (0.13,0.14,0.14,017)  (0.11,0.13,0.13,0.14)  (0.11,0.13,0.13,0.14)  (0.11,0.11,0.11,0.13)
Finger (0.14,0.17,0.17,0.2)  (0.14,0.17,0.17,0.2) (0.14,0.17,0.17,0.2) (0.13,0.14,0.14,0.17) (0.13,0.14,0.14,0.17) (0.11,0.13,0.13,0.14) (0.11,0.13,0.13,0.14) (0.11,0.11,0.11,0.13)
Forearm (0.14,0.17,0.17,0.2) ~ (0.13,0.14,0.14,0.17) (0.13,0.14,0.14,0.17) (0.13,0.14,0.14,0.17) (0.11,0.13,0.13,0.14) (0.11,0.13,0.13,0.14) (0.11,0.11,0.11,0.13) (0.11,0.11,0.11,0.13)
Foot (0.17,0.20,0.20,0.25) (0.17,0.20,0.20,0.25)  (0.11,0.13,0.13,0.14)  (0.11,0.13,0.13,0.14)  (0.11,0.13,0.13,0.14)  (0.11,0.11,011,013)  (0.11,0.11,0.11,0.13)  (0.11,0.11,0.11,0.13)
Thigh (0.20,0.25,0.25,0.33)  (0.17,0.20,0.20,0.25) (0.17,0.20,0.20,0.25) (0.11,0.13,0.13,0.14) (0.11,0.13,0.13,0.14) (0.11,0.13,0.13,0.14) (0.11,0.11,0.11,0.13) (0.11,0.11,0.11,0.13)
Leg (0.25,0.3,0.33,0.503)  (0.20,0.25,0.25,0.33) (0.20,0.25,0.25,0.33) (0.17,0.20,0.20,0.25) (0.17,0.20,0.20,0.25) (0.11,0.13,0.13,0.14) (0.11,0.13,0.13,0.14) (0.11,0.11,0.11,0.13)
Hand (0.25,0.3,0.33,0.503)  (0.25,0.3,0.33,0.503) (0.20,0.25,0.25,0.33) (0.20,0.25,0.25,0.33) (0.17,0.20,0.20,0.25) (0.17,0.20,0.20,0.25) (0.11,0.13,0.13,0.14) (0.11,0.11,0.11,0.13)
Shoulder (0.25,0.3,0.33,0.503) (0.25,0.3,0.33,0.503)  (0.20,0.25,0.25,0.33)  (0.20,0.25,0.25,0.33)  (0.17,0.20,0.20,0.25)  (0.17,0.20,0.20,0.25)  (0.11,0.13,0.13,0.14)  (0.11,0.11,0.11,0.13)
Head (0.25,0.3,0.33,0.503) (0.25,0.3,0.33,0.503) (0.20,0.25,0.25,0.33) (0.20,0.25,0.25,0.33) (0.17,0.20,0.20,0.25) (0.17,0.20,0.20,0.25) (0.11,0.13,0.13,0.14) (0.11,0.13,0.13,0.14)
Nose (1,1,1,1) (0.25,0.3,0.33,0.503) (0.25,0.3,0.33,0.503) (0.20,0.25,0.25,0.33) (0.20,0.25,0.25,0.33) (0.17,0.20,0.20,0.25) (0.17,0.20,0.20,0.25) (0.11,0.13,0.13,0.14)
Mouth (2,3,3,4) (1,1,1,1) (0.25,0.3,0.33,0.503) (0.25,0.3,0.33,0.503) (0.20,0.25,0.25,0.33) (0.17,0.20,0.20,0.25) (0.17,0.20,0.20,0.25) (0.11,0.13,0.13,0.14)
Face (2,3,3,4) (23,3.4) (1,1,1,1) (0.25,0.3,0.33,0503)  (0.20,0.25,0.25,033)  (0.20,0.25,0.25,033)  (0.17,0.20,0.20,025)  (0.11,0.13,0.13,0.14)
Ear (3,4,4,5) (2,3,3.4) (1,1,1,1) (0.25,0.3,0.33,0.503)  (0.20,0.25,0.25,0.33)  (0.17,0.20,0.20,0.25)  (0.11,0.13,0.13,0.14)
Neck (3,4,4,5) (3,4,4,5) (2,3,3,4) (1,1,1,1) (0.25,0.33,0.33,0.5) (0.20,0.25,0.25,0.33) (0.17,0.20,0.20,0.25)
Chest (4,5,5,6) (4,5,5,6) (34,4,5) (3,4,4,5) (23,3,4) (1,1,1,1) (0.25,0.33,0.33,0.5) (0.17,0.20,0.20,0.25)
Pelvis (4,5,5,6) (4,5,5,6) (4,5,5,6) (4,5,5,6) (3,4,4,5) (23,3.4) (1,1,1,1) (0.20,0.25,0.25,0.33)
Back (7,8,8,9) (7,8,8,9) (7,8,8,9) (7,8,8,9) (4,5,5,6) (4,5,5,6) (3,4,4,5) (1,1,1,1)
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Table 6. Overall RS calculation

Body parts RS Weights  Weighted RS
Head 7.4646 0.0393 0.29
Eye 15.5299 0.1645 2.55
Ear 3.2027 0.017 0.05
Mouth 4.8507 0.266 1.29
Nose 4.8507 0.032 0.16
Face 6.5375 0.0212 0.14
Back 3.1409 0.0054 0.02
Neck 5.6538 0.013 0.07
Chest 3.1328 0.0102 0.03
Pelvis 5.6634 0.0077 0.04
Shoulder 3.968 0.0538 0.21
Forearm 5.3526 0.1456 0.78
Hand 6 0.0546 0.33
Finger 12.4485 0.1465 1.82
Thigh 4.8745 0.0882 0.43
Leg 6.062 0.0586 0.36
Foot 5.6973 0.1158 0.66
Overall RS 9.24

Considering all the values corresponding to the output variable RS in Table 4, the overall RS of the construction
sites are calculated as shown in Table 6. The overall RS is 9.24 which belong to risk level medium with degree of
membership grade 0.88 and high with membership grade 0.12. Fig. 2 shows how the overall RS of the construction
sites are related to the RS and weight of different body part wise injuries. So in order to reduce the overall risk
further the safety personals and administrators have to be more conscientious on taking necessary steps to control
those accidents corresponding to the body parts, viz., Eye, Finger, Head, Face, Leg, Hand, Foot, Pelvis, Neck,
Forearm with comparatively high RS. Occupational safety can be increased by implementing efficient preventive
measures and investing on machineries, safety equipment and better training of employees. But, above all,
prevention of accidents depends quite a lot on how well the employees respond in good safety environments and
adopt the safety culture. The attitude of the employees in the workplaces needs to remain the same as per legislation.

Weightsd risk score of Head accidents l

Weighted risk scors of Eye accidents ]

Weighted risk score of Ear accident ]

Weighted risk scors of Mouth accidents

Weighted risk score of Nose accidents

|
Weighted risk score of Face accidents ]]
Weighted rizk score of Back accidents |
Weighted risk score of Neck accidents ]
Weightad risk scor= of Chest zccidents ]
]

]

|

l

l

Weightad risk score of Pelvis 2ccidents

Weightad risk score of Shoulder zccidents

Weightad risk scors of Forearm zecidents

Weightad risk score of Hand zccidents

Weightad risk score of Finger zccidents

Weightad rizk score of Thigh accidents ]

Weightad risk scors of Lag accidents |

Weighted risk score of F oot accidents |

Fig. 2.hierarchical structure of overall risk.
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4. Conclusions

In this study, the risk assessment process is made by FRA and FAHP approach so that the real situation of the job
sites can be identified to motivate proprietors to invest on safety in their industry for ensuring business continuity.In
this approach, all the input parameters are measured in terms of fuzzy numbers which are associated with ambiguity
in historical raw data (accident percentage, accident severity and expenses of safety measures). The overall risk is
calculated as the sum of products of the RS and weight of each body part wise accidents. The weights are evaluated
on the basis of CSS of the associated accidents. So the overall risk indeed conveys the present risk level, which is
very foreseeable for the administration to assess the current situation.
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