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Abstract: In this study, we propose a safety risk assessment process using the fuzzy extension of
the technique for order of preference by similarity to ideal solution (TOPSIS) for assigning priorities
to risks in worksites, in order to promote the health, safety and well-being of workers, issues that
are embedded within the concept of sustainability, specifically belonging to the social sphere of
sustainability. The multicriteria method works in cooperation with a simple quantitative risk analysis
and assessment process, the proportional risk assessment technique (PRAT), the functionality of
which is based on real data. The efficiency of this approach is validated through treating a construction
project example in Greece, and the results are compared with real fatal and non-fatal accidents data
for the years 2014–2016. This integrated multicriteria approach can be used by risk managers as a tool
for assessing safety risks and making informed decisions about the manner that a constraint budget
would be spent in order to maximize health and safety in workplace.
Keywords: risk assessment; Fuzzy TOPSIS; construction safety; PRAT method; sustainability

1. Introduction
Preserving the health, safety and well-being of labor on work sites is a key concern worldwide
as part of the effort to increase the productivity and promote the sustainable growth of business.
The World Health Organization (WHO) [1], refers to sustainable development as a strategy to “meet the
needs of the present world population without causing adverse effect on health and on the environment,
and without depleting or endangering the global resource base, hence without compromising the
ability of future generations to meet their needs.” Recently, the U.S. Occupational Safety and Health
Administration (OSHA) [2] recognized that actions for ensuring occupational health and safety can be
integrated into sustainability efforts and benefit from sustainability movement dynamics in order to
make work sites safer and healthy.
In addition, reduced accidents costs can save private and state budget resources that can be used
more efficiently in sectors that need them more. Reports of the International Labor Organization (ILO)
state that in the region of Europe and Central Asia, for the period 2009–2015, there were 64,230,125
workdays lost in the manufacturing sector due to injuries caused by accidents in the workspace and
44,723,674 workdays lost in the construction sector, as well [3].
Moreover, the European Agency for Safety and Health at Work [4] and the ILO [3] reported that,
according to estimates, the cost of work-related injuries and illnesses worldwide is up to 3.9% of gross
domestic product (GDP), namely about €2680 billion. As for the European Union (EU), injuries and
illnesses related to the workplace costs 3.3% of its GDP, namely €476 billion annually, a part of which
could be saved using more efficient health and safety practices, and thus, redirected to help treating
many serious economic and societal problems.
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Today, OSH issues are considered to be very important for organizations for economic
(e.g., decrease lost working days), environmental (e.g., environmental hazards for employees), and
social issues (e.g., ethical working conditions). Actually, the idea of sustainability has been utilized as a
frame for OSHA and also for the Occupational Safety and Health (OSH) standards and techniques [5].
So far, the majority of OSH topics have been associated with organizations’ compliance with legislation
requirements, while a great part of the literature has recently incorporated OSH issues into the concept
of social responsibility of organizations, which should go beyond the law by adopting voluntary OSH
standards. However, the voluntary trend of organizations has lately gained ground in the context
of the social responsibility of organizations to contribute to sustainable development [5,6]. This is
integrated into the context of organizations as a commitment to OSH issues beyond the law which
should be achieved through voluntary OSH standards (e.g., OSHAS 18001, ISO 45001). By this logic,
the concept of sustainability is utilized as a frame to classify current OSH standards and techniques.
The main contribution of this study is the integration of the fuzzy extension of the most popular
compromise programming multicriteria method, the technique for order of preference by similarity to
ideal solution (TOPSIS), with a proven efficient quantitative technique for risk assessing and analysis,
the proportional risk assessment technique (PRAT). The proposed process aims to be a useful tool for
making informed decisions and assist systematic knowledge transfer between managers and engineers
and practitioners. This study is organized into six sections: (1) the introduction, (2) the review of recent
scientific literature, (3) the description of the fuzzy TOPSIS method, (4) the description of the proposed
approach, (5) the application and results discussion, and (6) the conclusions.
2. Literature Review
In recent years there has been rising interest in the research field of occupational health and safety
hazards assessment. Marhavilas and Koulouriotis [7] developed the “proportional risk assessment
technique” (PRAT) and a “decision matrix technique”, for quantification of risks, and applied them
to a Greek aluminum extrusion company. Marhavilas and Koulouriotis [8] used an assessment
approach using both stochastic and deterministic processes, and applied it in the largest Greek
industry, the Public Power Corporation (PPC) and Aneziris et al. [9] proposed a model for construction
projects risk quantification. Aminbakhsh, Gunduz, and Sonmez [10] used an approach for robust
construction risks assessment while allocating budget. Marhavilas et al. [11] proposed an approach
based on time-series harmonic analysis of accidents in the workplace. Guo and Haimes [12] proposed
a framework for precursor analysis to assist the development of a precursor monitoring and decision
support system. A great recent review on quantitative risk analysis is presented in Goerlandt et al. [13].
In the study of Dehdasht et al. [14] used the Decision Making Trial and Evaluation Laboratory
(DEMATEL) method in association with Analytical Network Process (ANP) for risk assessment,
specifically in oil and gas construction projects. Also, [15] and [16] used ANP and fuzzy systems
for e-procurement risk factors estimation in a manufacturing company. The study of Jo et al. [17]
analyzed data from accidents in Korean construction sector between years 2011 and 2015, in order
to provide crucial information for defining policies to reduce construction accidents. Ghodrati, Yiu,
Wilkinson, and Shahbazpour [18] proposed models to predict the safety outcome in the construction
industry. Wu et al. [19] used neutrosophic sets for modifying operators that used with multiple
attribute decision-making methods to assess risks in engineering construction projects.
In addition, great reviews of research directions and contributions in the occupational safety
and health field with applications in the construction industry were undertaken by [20], and [21].
Recently, [5] conducted a comprehensive review to map the field of the interaction of sustainability and
health-safety management systems, and provides an analytic description of the usage of occupational
health and safety management standards in work sites. Finally, [22] proposed a framework for
incorporating the fuzzy extension of a popular multicriteria decision making method, such as AHP,
with a quantitative method for prioritizing risks in the workplace.
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TOPSIS, was introduced by Hwang, C.L., and Yoon [23] as a multicriteria method for ranking and
selection of alternatives using distance measures. The fuzzy-TOPSIS which is the extension of classic
TOPSIS to fuzzy logic, has been introduced by [24], including ratings and weightings description
by triangular fuzzy numbers. There is a wide range of applications for TOPSIS. Jozi and Majd [25],
used TOPSIS for identifying risks from pollutants in the steel production process. Mahdevari, Shahriar,
and Esfahanipour [26] proposed a process based on fuzzy TOPSIS for assessing health and safety risks
and produce balanced budget plans, and Jozi, Shoshtary, and Zadeh [27] used AHP and TOPSIS for
prioritization of hazardous factors identified by a Delphi method application in a construction project.
Cococcioni, Lazzerini, and Pistolesi [28] proposed a multi-objective learning evolutionary algorithm
for the classification of workers according to their risk perception for assigned tasks. TOPSIS is used for
selecting the best Pareto-optimal solution. The TOPSIS method is used to select the best Pareto-optimal
solution, among those generated by a non-dominated sorting artificial bee colony (NSBC) algorithm.
3. The Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS) and Fuzzy
TOPSIS Methods
3.1. TOPSIS Method
The functionality of the TOPSIS method is based on the consideration of two ideal solutions,
the positive and the negative one. Then, the method works to find the shortest distance from the
positive ideal solution and the longest distance from the negative ideal solution. TOPSIS belongs to
the compromise programming methods, as its main principle is that the feasible solution sets’ ranking
depends on both their proximity to the positive ideal solution (PIS) (Equation (1)) and the negative
ideal solution (NIS) (Equation (2)) [29].
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where x ∈ A, and m = number of alternatives,
Taking into consideration the fact that in TOPSIS the Euclidean distance measure is applied (p = 2)
for the calculation of the distance from the positive ideal solution and the negative ideal solution,
this comprises a special case of the compromise programming methods.
The method’s model can further be simplified by expressing the distances from the optimal and
the worst points of the analysis for the closeness coefficient of each alternative in a function form, as
shown for the benefit criteria ( f t+ ) and the cost criteria ( f k− ) respectively (Equations (3) and (4)).
f j+ = { X = max(or min) f t ( x )(or f k ( x )), ∀t(or k) eB( and K ) }

(3)

f j− = { X = min(or max) f t ( x )(or f k ( x )), ∀t(or k) eB( and K ) }

(4)

The basic concept of this method is based on the monotonicity (increasing or decreasing) of each
criterion, implying the easiness of defining the positive ideal solution and the negative ideal solution.
Therefore, the alternatives’ ranking depends on their distance from the best and the worst points of
the analysis. The shorter the distance from the optimal solution and the farther the distance from the
worst solution, the better the alternative.
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The closeness coefficient (ci ), for the alternatives’ ranking, is measured according to Equation (5)
based on their distance from the positive ideal solution (Si+ ) and the negative ideal solution (Si− ) [23,29].
Ci =

Si−

Si+ + Si−

, 0 ≤ Ci ≤ 1

(5)

However, the uncertainty that real-world problems involve, increase the complexity of the
decision making process, and as a result exact numeric values cannot represent decision maker’s
preferential system. For this reason, the use of linguistic variables introduced, to facilitate decision
making ranking process.
3.2. Fuzzy TOPSIS Method
Initial efforts for extending the TOPSIS method to fuzzy sets were made by the study of Rebai [30]
in which proposed the first fuzzy extension of TOPSIS method to rank alternatives using types of
non-cardinal measures for measuring attributes’ performance in a framework named “BBTOPSIS”.
However, the fuzzy extension of the TOPSIS method, used in the present study was, firstly, introduced
by [24] to express the uncertainty existing in multicriteria decision support methods and specifically in
the experts’ judgements. Given the fact that the TOPSIS method aims at the alternatives ranking based
on their distance from the PIS and NIS, these two points have to be identified first. Hereafter, each
alternative’s distance is measured from PIS and NIS and the alternative with the smallest distance
from the PIS and the largest distance from the NIS is considered the best [29].
At first, as the analysis alternatives have been evaluated according to their severity and probability
through the use of linguistic variables, they converted into fuzzy numbers according to the selected
fuzzy scale. The normalization process is applied so as fuzzy numbers ranging between 0 to 1
(Equations (6) and (7)).
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The normalized fuzzy decision matrix, in case of m alternatives and n criteria, is constructed
as follows:
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Finally each alternative’s distance from the PIS (di+ ) and NIS (di− ) points is calculated to be ranked
using the closeness coefficient Ci as follows:
di+ =

di− =

n

∑d



veij , ve+
j



(12)
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Given that, the distance between two triangular fuzzy numbers (TFN) is obtained as
f,e
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(
)
With di+ , di− ≥ 0 and Ci ∈ [0, 1]
4. The Proposed Approach
The proposed risk assessment framework, works as follows: the well-known multicriteria
compromise programming method, the fuzzy TOPSIS, is used for corresponding the decision maker’s
values and opinions regarding the importance of safety risk factors. In cooperation with this, PRAT [7]
has been selected, due to its simplicity and effectiveness, to handle the real accidents’ data and evaluate
safety risks. This TOPSIS-PRAT mixed approach aims to provide to the risk manager a tool that can
produce results using real-world accident data and the decision maker’s value system and specific
experience,
as well.
ThePEER
flowchart
of the proposed approach is shown in Figure 1.
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As illustrated, after identifying the safety risk factors for a given project, calculations for TOPSIS
and PRAT realized separately. Next, the integrated fuzzy TOPSIS and PRAT (IFTPR) index is
constructed as a part of the risk management process. Finally, the risk factors are ranked according
to their merged index score, and the risk manager makes the decision about the tolerance of the total
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The proposed method was applied in a construction project of a total building renovation in the
region of Halkidiki, Greece. The project was the reconstruction of a luxurious 5-star hotel with about
200 rooms, suites and bungalows. In addition, the facilities include a large swimming area with a
complex of pools, and many rooms with private gardens and exclusive pools, as well.
The building area is up to 10,000 m2 including foyers, halls, a conference center and a fitness
room. More specifically, the building was initially constructed in the 1980s and with only some
minor improvements of the furniture had been used since then. It is worth mentioning that
reconstruction activities included strengthening the stability of the building, a complete replacement of
all electromechanical installations and the plumbing networks, as well. Furthermore, all the window
frames of the building were replaced while its energy efficiency was upgraded. In addition, decoration
and furnishings were also completely renewed. According to the TOPSIS methodology, an expert site
manager is needed for making the prerequisite judgments that the method uses to build its output
rankings of the safety risk factors. In our case, the supervising project manager of the construction
company plays the role of the decision maker for making the judgements required by the multicriteria
method employed.
For validating the functionality of the method, we used real accident data for the years 2014, 2015
and 2016 from the Hellenic Statistical Authority (ELSTAT), which is an independent authority being
the national statistics representative of Greece in the service of the EU and in any other international
organization. These data are collected constantly every year from ELSTAT and conform to the ESAW
methodology [31,32]. The main goal of our approach is to create a hybrid ranking of risk factors
consisting of the ranking of the most frequent and severe safety risk factors using the real data and
PRAT method, and the preferential system corresponding to the judgements of the expert using the
fuzzy TOPSIS method.
The present study aims to provide project managers a tool for ranking risks and consequently,
lead to efficient accident preventing investments, in order to minimize total risk.
5.1. TOPSIS Method Calculations
The nine risk factors included in this study (Table 1) are these used by the ELSTAT’s
methodology, which follows the European Statistics on Accidents at Work (ESAW) methodology [31,32].
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After that, the linguistic variables’ scale defined according to the decision maker’s preferential system.
Tables 2 and 3 present the linguistic variables for evaluating the analysis criteria regarding severity
and probability respectively.
Table 1. The risk factors of the analysis and their codes.
Description of Risk Factors

Code

Contact with electrical voltage, temperature, hazardous substances
Drowned, buried, enveloped
Horizontal or vertical impact with or against a stationary object (the victim is in motion)
Struck by object in motion collision with
Contact with sharp, pointed, rough, coarse material agent
Trapped, crushed etc.
Physical or mental stress
Bite, Kick etc. (animal or human)
Other contacts-modes of injury not listed in this classification

F1
F2
F3
F4
F5
F6
F7
F8
F9

Table 2. Probability-frequency scale, including ten gradation levels, in order to estimate the
probability factor.
Probability
Factor (P)

Description of Undesirable Event

Frequency of Events Occurring

10
9
8
7
6
5
4
3
2
1

Unavoidable
Almost assured
Frequent
Probable
Probability slightly greater than 50%
Probability 50%
Probability slightly less than 50%
Almost improbable (or remote)
Improbable
Impossible

1 event during a time period of ∆t << 103 h
1 event during a time period of ∆t < 103 h
1 event during a time period of ∆t almost equal to 103 h
1 event during a time period of 103 < ∆t < 10ˆ4 h
1 event during a time period of 104 < ∆t < 105 h
1 event during a time period of ∆t almost equal to 105 h
1 event during a time period of 105 < ∆t < 106 h
1 event during a time period of 106 < ∆t < 107 h
1 event during a time period of ∆t almost equal to 107 h
1 event during a time period of ∆t > 107 h

Table 3. Gradation severity of harm factor in association with the undesirable event.
Severity of Harm Factor (S)

Description of Undesirable Event

10
9
8
7
6
5
4
3
2
1

Death
Permanent total inefficiency
Permanent serious inefficiency
Permanent slight inefficiency
Absence from work > 3 weeks, and return with health problems
Absence from work > 3 weeks, and return after full recovery
Absence from work > 3 days and < 3 weeks, and return after full recovery
Absence from work < 3 days, and return after full recovery
Slight injuring without absence from the work, and with full recovery
No human injury

Then the TFN scale is constructed expressing the smallest possible value (l), the most promising
value (m), and the largest possible value (u) that describes each fuzzy event. In the present paper, the
following fuzzy scale is applied (Table 4).
According to the TOPSIS process, the construction expert selected as the decision maker has to
evaluate each factor of this analysis, and make judgements regarding their severity and probability.
These judgements are presented in Table 5. Next, the total risk for each factor is estimated by
multiplying the TFN probability with the TFN severity.
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Table 4. Fuzzy scale for linguistic variables evaluation.
Probability Factor (P)

Severity Factor (S)

Triangular Fuzzy Scale

P10
P9
P8
P7
P6
P5
P4
P3
P2
P1

S10
S9
S8
S7
S6
S5
S4
S3
S2
S1

(0.80, 0.90, 1.00)
(0.75, 0.85, 0.95)
(0.70, 0.80, 0.85)
(0.55, 0.65, 0.75)
(0.50, 0.60, 0.65)
(0.35, 0.55, 0.60)
(0.25, 0.40, 0.45)
(0.20, 0.30, 0.35)
(0.15, 0.20, 0.25)
(0.00, 0.10, 0.15)

Table 5. Analysis factors’ evaluation.
Factor

P

TFN (P)

S

TFN (S)

TFN (P x S)

F1
F2
F3
F4
F5
F6
F7
F8
F9

P5
P5
P7
P7
P3
P6
P5
P6
P2

(0.35, 0.55, 0.60)
(0.35, 0.55, 0.60)
(0.55, 0.65, 0.75)
(0.55, 0.65, 0.75)
(0.20, 0.30, 0.35)
(0.50, 0.60, 0.65)
(0.35, 0.55, 0.60)
(0.50, 0.60, 0.65)
(0.15, 0.20, 0.25)

S8
S2
S8
S7
S3
S7
S3
S2
S2

(0.70, 0.80, 0.85)
(0.15, 0.20, 0.25)
(0.70, 0.80, 0.85)
(0.55, 0.65, 0.75)
(0.20, 0.30, 0.35)
(0.55, 0.65, 0.75)
(0.20, 0.30, 0.35)
(0.15, 0.20, 0.25)
(0.15, 0.20, 0.25)

(0.245, 0.440, 0.510)
(0.053, 0.110, 0.150)
(0.385, 0.520, 0,638)
(0.303, 0.423, 0,563)
(0.040, 0.090, 0.123)
(0.275, 0.390, 0.488)
(0.070, 0.165, 0.210)
(0.075, 0.120, 0.163)
(0.023, 0.040, 0.063)

From Table 5 the PIS (0.385, 0.520, 0.638) and NIS (0.023, 0.040, 0.063) points are estimated
according to Equations (10) and (11). Then, the closeness coefficient Ci is calculated with the use of
Equations (12)–(14) (Table 6). Given the fact that the factors’ ranking is based on their risk, when the
coefficient Ci is more close to 1 the factor is considered to be of high-risk and when the coefficient Ci is
more close to 0 the factor is considered to be of low risk.
Table 6. The Ci estimation.
Factor

d+

d−

Ci

Normalized Ci

F1
F2
F3
F4
F5
F6
F7
F8
F9

0.119
0.415
0.000
0.086
0.436
0.131
0.369
0.401
0.481

0.369
0.067
0.480
0.397
0.046
0.349
0.115
0.080
0.000

0.757
0.138
1.000
0.823
0.095
0.727
0.237
0.166
0.000
3.943

19.20%
3.50%
25.36%
20.87%
2.41%
18.44%
6.01%
4.21%
0.00%

5.2. Proportional Risk Assessment Technique (PRAT) Method Calculations
In parallel, the risk estimation using the PRAT method proceeds. This simple process uses real
accidents data included in Tables 7 and 8. For each safety risk factor, a risk value (R) is calculated by:
R = P × S × Fr

(15)

where P is the probability of an accident type occurring, S is the severity of harm for a given risk factor,
and Fr is the frequency of an accident type occurrence. According to Tables 2, 3 and 9, these three factors,
can take values in the scale of 1–10, besides the quantity R that can be expressed in the scale of 1–1000.
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Table 7. Non-fatal accidents at work by contact/mode of injury. (Source: Hellenic Statistics Authority, Press Release Survey on Accidents at Work (2014), (2015), (2016)).

F1
F2
F3
F4
F5
F6
F7
F8
F9

Mode of Injury

2014

2015

2016

Total %

Events/Hour

Average Time for an Event (Hours)

Contact with electrical voltage, temperature, hazardous substances
Drowned, buried, enveloped
Horizontal or vertical impact with or against a stationary object (the victim is in motion)
Struck by object in motion collision with
Contact with sharp, pointed, rough, coarse material agent
Trapped, crushed etc.
Physical or mental stress
Bite, Kick etc. (animal or human)
Other contacts/modes of injury not listed in this classification
No information
Sum

112
0
1534
980
514
410
458
44
4
139
4195

142
1
1702
975
555
422
408
59
3
192
4459

132
1
1778
1027
561
484
446
55
2
253
4739

2.88%
0.01%
37.44%
22.27%
12.17%
9.83%
9.80%
1.18%
0.07%
4.36%
100.0

0.0335
0.0002
0.4352
0.2589
0.1415
0.1142
0.1139
0.0137
0.0335
0.0507

29.84
5760.00
2.30
3.86
7.07
8.75
8.78
72.91
1280.00
19.73

Table 8. Fatal accidents at work by contact/mode of injury. (Source: Hellenic Statistics Authority, Press Release Survey On Accidents At Work (2014), (2015), (2016)).

F1
F2
F3
F4
F5
F6
F7
F8
F9

Mode of Injury

2014

2015

2016

Total %

Events/Hour

Average Time for an Event (Hours)

Contact with electrical voltage, temperature, hazardous substances
Drowned, buried, enveloped
Horizontal or vertical impact with or against a stationary object (the victim is in motion)
Struck by object in motion collision with
Contact with sharp, pointed, rough, coarse material agent
Trapped, crushed etc.
Physical or mental stress
Bite, Kick etc. (animal or human)
Other contacts/modes of injury not listed in this classification
No information
Sum

4
4
17
11
0
5
1
2
0
2
46

7
1
17
17
0
2
0
0
0
1
45

3
1
11
17
1
7
0
0
0
7
47

10.14%
4.35%
32.61%
32.61%
0.72%
10.14%
0.72%
1.45%
0.00%
7.25%
100.0

0.0009
0.0012
0.0005
0.0039
0.0039
0.0001
0.0012
0.0001
0.0002
0.0009

822.86
1920.00
256.00
256.00
11520.00
822.86
11520.00
5760.00
0.00
1152.00
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Table 9. Gradation of the frequency (or the exposure) factor in association with the undesirable event.
Frequency Factor (Fr)

Description of Undesirable Event

10
9
8
7
6
5
4
3
2
1

Permanent presence of damage
Presence of damage every 30 s
Presence of damage every 1 min
Presence of damage every 30 min
Presence of damage every 1 h
Presence of damage every 8 h
Presence of damage every 1 week (182.5 h)
Presence of damage every 1 month (730 h)
Presence of damage every 1 year (8760 h)
Presence of damage every 5 years (43800 h)

The real data included in Tables 7 and 8 were used to define the values for P, S, and F factors,
which are illustrated in Table 10.
Table 10. Classification of important hazard sources after PRAT.
Description of Risk Factors

Probability
Factor (P)

Severity of
Harm Factor
(S)

Frequency
Factor (Fr)

Tables 7
and 8

Tables 7
and 8

Tables 7
and 8

Risk
Value
(R)

Normalized
Risk Value

Contact with electrical voltage,
temperature, hazardous substances

F1

10

10

3

300

14.08%

Drowned, buried, enveloped

F2

8

10

2

160

7.51%

Horizontal or vertical impact with or
against a stationary object (the victim is
in motion)

F3

10

10

4

400

18.78%

Struck by object in motion collision with

F4

10

10

4

400

18.78%

Contact with sharp, pointed, rough,
coarse material agent

F5

10

7

2

140

6.57%

Trapped, crushed etc.

F6

10

10

3

300

14.08%

Physical or mental stress

F7

10

7

1

70

3.29%

Bite, Kick etc. (animal or human)

F8

10

8

2

160

7.51%

Other contacts/modes of injury not
listed in this classification

F9

7

0

0

0

0.00%

-

10

10

2

200

9.39%

2130

100.00%

No information
Sum

In this analysis, the level of each factor is considered as follows:
For estimating the level of factor P, we use the average time for an accident to occur (Table 7,
column 8), and for severity factor (S) we considered that if a risk factor resulted to at least one fatal
incident for each year, it is assigned the highest level (10). The rest of the factors were assigned levels
according to the expert’s experience. Regarding factor Fr, we have assigned different levels according
to the “average time for a (fatal) accident to occur” (Table 8, column 8) data. For computing the
values of the columns “Events/hour” and “Average time for an event (hours)” in Table 7, we have
considered the working weeks being 48 per year, having 5 working days each, and 16 working hours
per day, resulting in a total of D = 1 × 48 × 5 × 16 = 3840 hours/year. It is worth mentioning that
the construction company uses two shifts per day, namely 16 working hours. After computing the
R values, we sum these values for every factor. The normalized risk value for each factor defined by
dividing each factor’s R value with the total (Table 10).

Sustainability 2019, 11, 615

11 of 15

5.3. Integrated TOPSIS with PRAT
The IFTPR index consist of the TOPSIS score (TPS) with a weighting of w1 = 50%, and the risk
value (R) calculated with PRA technique, with a weighting of w2 = 50%. Initially, we considered these
factors (TPS and R) as equally important for computing the IFTPR.
IFTPR = 0.5 × TPS + 0.5 × R

(16)

The calculations leading to this index are shown in Table 11, while ranking of risk factors according
to the IFTPR index are illustrated in the last column of Table 12. In addition, Table 12 summarizes
rankings with solely fuzzy TOPSIS, PRAT, and real fatal and non-fatal accidents.
Table 11. Calculations for the integrated fuzzy TOPSIS and PRAT (IFTPR) method ranking.
Description of Risk Factors

PRAT
(R)

F-TOPSIS
(TPS)

IFTPR
(0.5 × R + 0.5 × TPS)

Contact with electrical voltage, temperature,
hazardous substances

14.08%

19.20%

16.64%

Drowned, buried, enveloped

7.51%

3.50%

5.51%

Horizontal or vertical impact with or against a stationary
object (the victim is in motion)

18.78%

25.36%

22.07%

Struck by object in motion collision with

18.78%

20.87%

19.83%

Contact with sharp, pointed, rough, coarse material agent

6.57%

2.41%

4.49%

Trapped, crushed etc.

14.08%

18.44%

16.26%

Physical or mental stress

3.29%

6.01%

4.65%

Bite, Kick etc. (animal or human)

7.51%

4.21%

5.86%

Other contacts-modes of injury not listed in this classification

0.00%

0.00%

0.00%

No Information

9.39%

0.00%

4.69%

Table 12. Rankings of risk factors for the different approaches used.
Real Fatal
Accidents Data

Real Non Fatal
Accidents Data

Fuzzy
TOPSIS

PRAT

F-TOPSIS &
PRAT

a

b

d

e

f

F3 (32.61%)
F4 (32.61%)
F1 (10.14%)
F6 (1.14%)
F2 (4.35%)
F8 (1.45%)
F5 (0.72%)
F7 (0.72%)
F9 (0.00%)

F3 (37.44%)
F4 (22.27%)
F5 (12.17%)
F6 (9.83%)
F7 (9.80%)
F1 (2.88%)
F8 (1.18%)
F9 (0.07%)
F2 (0.01%)

F3 (25.36%)
F4 (20.87%)
F1 (19.20%)
F6 (18.22%)
F7 (6.01%)
F8 (4.21%)
F2 (3.50%)
F5 (2.41%)
F9 (0.00%)

F3 (18.78%)
F4 (18.78%)
F1 (14.08%)
F6 (14.08%)
F2 (7.51%)
F8 (7.51%)
F5 (6.57%)
F7 (3.29%)
F9 (0.00%)

F3 (22.07%)
F4 (19.83%)
F1 (16.64%)
F6 (16.26%)
F8 (5.86%)
F2 (5.51%)
F7 (4.65%)
F5 (4.49%)
F9 (0.00%)

5.4. Results
Table 12 summarizes rankings with applying solely the Fuzzy TOPSIS, and PRAT methods and
rankings extracted by the data of real fatal and non-fatal accidents.
According to the TOPSIS results (Tables 6 and 12), the decision maker evaluates the F3 (horizontal
or vertical impact with or against a stationary object) as the most important risk factor in the project.
Next, he ranks F4 (Struck by object in motion-collision with), and third F1 (Contact with electrical
voltage, temperature, hazardous substances), while F6 (Trapped, crushed, etc.) has ranked fourth.
This ranking corresponding the decision maker’s previous experience is in accordance with the ranking
from the real data of fatal accidents, which means that the manager is informed about the four most
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important risks that workers treat in their workplace in a construction project. As for the remaining five
factors, the decision maker ranks F7 (Physical or mental stress), and then F8 (Bite, Kick, etc. (animal
or human)), F2 (Drowned, buried, enveloped) and F5 (Contact with sharp, pointed, rough, coarse
material agent), respectively. Note that the F9 (No information), although existing in the statistical
data, cannot be evaluated by the decision maker. The rankings of the rest four factors illustrate that the
manager has no clear view about how important these risks are, and so, a supplementary process is
needed to support the decision maker’s opinion in order to make better informed decisions.
According to the PRAT results, most important factors are F3 and F4, followed by F1 and F6,
which have a relative small difference from the first two factors. In the next three places are the F2, F8
and F5 factors, having clearly smaller risk value than the previous four factors. The next two factors
are F7 and F9 that due to their relatively small frequency of appearance have the last two places in the
list. Note that the PRAT ranking does not include the “No information” factor since it only exists for
statistical reasons.
The cooperation of the fuzzy TOPSIS and PRAT methods results in clearly more efficient output
than applying each method separately. Also, it can be stated that this ranking is an indicator
about which safety measures should the manager chose with a priority when he allocates the
constrained budget.
More specifically, the factors “Horizontal or vertical impact with or against a stationary object”
(F3), “Struck by object in motion collision with” (F4), “Contact with electrical voltage, temperature,
hazardous substances”(F1) and “Trapped, crushed etc.”(F6) are proved to be much more important
risk sources than the other factors since they cause about 74.8% of the total accidents.
The next group of factors including “Bite, Kick etc.” (F8), “Drowned, buried, enveloped” (F2),
“Physical or mental stress”(F7) and “Contact with sharp, pointed, rough, coarse material agent”(F5)
are ranked to have smaller importance due to the small numbers of real accidents caused during
the last three years. In addition, as illustrated by the given judgements, the decision maker has no
such previous experience in the work site of a construction project since the rankings are extracted by
fuzzy TOPSIS.
Grouping the risk factors in such a manner, illustrates that the decision maker is relatively
experienced since he recognizes the four most important risk factors. As for the rest of them, probably
because he rarely treats such a kind of risks, the ranking of the expert is quite different than reality.
The informed ranking list after applying PRAT and merging with fuzzy TOPSIS results is, as expected,
slightly different than the original constructed with the multicriteria method alone, and surely could
be used for allocating constrained budget more efficiently to measures that can prevent accidents in
the workplace. The contribution of merging these two powerful methods is that the ranking of the
decision maker is modified and transformed to obtain facts about accidents that are closer to reality.
6. Conclusions
As OSHA [2] states in a recently published report “A building, no matter how energy efficient
or healthy for occupants, is not sustainable if a construction worker is killed while building it”.
Furthermore, an employer can really be considered as sustainable only if it ensures the safety and
health of their employees [2]. Conforming to these statements, an assessment of risk factors in the
workplace is a key aspect in every project. Accidents can surely lead to exceeding budget and time
constraints and often can cause lengthy and costly trials and compensation payments for a company.
On the other hand, investments in safety measures can reduce risks to a tolerable amount, but in
order to do this, near optimal allocation of available budget is crucial. The main contribution of the
proposed approach is the cooperation of the fuzzy extension of TOPSIS multicriteria method, the fuzzy
TOPSIS, with a simple quantitative process (PRAT) the function of which is based on real accident data.
The TOPSIS method is based in linear programming and works with distances from the positive and
negative ideal solution. More specifically, it is considered an ideal and a non-ideal solution, and the
process aims to find the shortest distance from the positive ideal solution and the longest distance from

Sustainability 2019, 11, 615

13 of 15

the negative ideal solution. This synergic framework is employed for assessment and prioritization
of risks that construction workers often treat in their work sites. Generally, fuzzy TOPSIS is used to
express the decision maker’s experience and PRAT to update knowledge and experience of the expert,
using real accident data.
Regarding the implications of the present approach, in practice it can be a very useful framework
for risk managers and management practitioners for supporting semi-automatic and fast safety risk
prioritization that benefits both from the expertise of the manager, and from real data that the decision
maker may not know when treating emergency instances, and then allocating constrained budget in
such a manner as to maximize health and safety and minimize the total risk in the workplace. Also, the
proposed approach can be used as a knowledge and experience transfer tool from more experienced
risk managers to less experienced practitioners in order to assist them in learning how to make
informed decisions. In addition, the framework of the present study, and more specific data, can be
used to develop hybrid multicriteria methods with other existing quantitative techniques for specific
sectors of an economy such as manufacturing and heavy industry where frequently serious accidents
occur. Nevertheless, the present process could be improved in the future, by employing sensitivity
analysis on the weights of TPS and R that fuzzy TOPSIS and PRAT contribute to the integrated index
IFTPR in order to understand if there are some circumstances under which it is needed as a method to
override others.
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