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Abstract

Purpose: Data Envelopment Analysis (DEA) as one of the key subfields in mathematical planning has found a
prominent role in evaluating the efficiency of decision making units in various fields. Various work accidents remind us
to pay more attention to the development of safety models in the workplace. Although different paradigms have
suggested approaches to describing and developing safety methods and evaluating them, given the conditions of
ambiguity in the real world, there is a need for further completion and development to extend safety and evaluate them
in conditions of uncertainty. The use of intuitive fuzzy numbers is of particular importance due to the consideration of
indicators such as membership and non-membership of data.

Methodology: In this research, after analysis and initial processing, based on studies, a parametric and efficient method
for ranking intuitive fuzzy numbers is selected and proposed. The correctness of the performance of the selected method
is obvious due to its formulation in linear structures. The developed model of DEA, its mathematical formulation are
expressed in terms of governing the model structure and its implementation approach. A case study is presented to
determine the factors affecting safety performance using the model. In addition to ranking the units, sensitivity analysis
was performed to rank the specified indicators in the inputs and outputs.

Findings: The results of the DEA model with intuitive fuzzy data showed that with increasing k, the number of efficient
units increases. On the other hand, the lowest and highest efficiencies belong to the pessimistic view (k = 0) and the
balanced view (k=0.5), respectively. Sensitivity analysis also showed that the two factors of work pressure and the number
of injuries (physical and mental) are the most and the least safety factors affecting the efficiency results, respectively.
Originality/Value: Using a DEA model with intuitive fuzzy data to evaluate the performance of construction sites from
a safety perspective can provide significantly better results because in the real world, there is uncertainty, and intuitive
fuzzy data considers membership and non-membership at the same time.

Keywords: Safety dimensions, Construction projects, Data envelopment analysis, Intuitive fuzzy number ranking,
Intuitive fuzzy sets.
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Table 1- Information about 2 inputs and 2 outputs for 13 DMUs with intuitionistic fuzzy data.

DMUs Input 1 Input 2 Output 1 Output 2
DMU 1 (14.5,15,16,16.5; (12.25,13,14,14.5; (9.5,10,14,14.75; (11.5,12,15,15.5;
14,14.75,16.25,17) 12,12.5,14.25,15) 9,9.75,14.25,15.5) 11,11.75,15.25,16)

DMU 2 (10.25,11,12,12.5; (10.5,11,13,13.75; (12.5,13,15,15.5; (12,13,14,15;
9.5,10.75,12.25,13)  10,10.75,13.25,14.5) 12,12.75,15.25,16) 11.5,12.5,14.25,15.5)

DMU 3 (11.25,12,14,14.75; (13,14,16,16.5; (10.5,11,15,1575; (13.5,14,15,16;
10.5,11.75,14.25,15.5) 12.5,13.5,16.25,17) 10,10.75,15.25,16.5) 13,13.75,15.25,16.5)

DMU 4 (12.5,13,15,15.5; (14.5,15,16,16.5; (9.5,10,13,13.75; (12.5,13,15,15.75;
12,12.75,15.25,16.5) 14,14.75,16.25,17) 9,9.75,13.25,14.5) 12,12.75,15.25,16.5)

DMU 5 (11.5,12,13,13.5; (10.5,11,14,14.75; (11.25,12,15,16; (14.25,15,16,16.5;
11,11.75,13.25,14)  10,10.75,14.25,15.5)  10.5,11.75,15.25,16.5) 13.5,14.75,16.25,17)

DMU 6 (12.25,13,16,16.5; (14.25,15,17,17.5; (8.5,9,13,13.5; (12.25,13,15,15.75;
11.5,12.75,16.25,17) 14,14.75,17.25,18) 8,8.75,13.25,14)  11.5,12.75,15.25,16.5)

DMU 7 (11.5,12,14,14.5; (11.5,12,14,14.5; (9.5,10,12,12.5; (14.5,15,16,16.5;
11,11.75,14.25,15.5) 11,11.75,14.25,15) 9,9.75,12.25,13.5) 14,14.75,16.25,17)

DMU 8 (13.5,14,16,16.5; (14.5,15,16,16.5; (10.5,11,14,15; (13.25,14,16,16.5;
13,13.75,16.25,17) 14,14.75,16.25,17) 10,10.75,14.25,15.5) 12.5,13.75,16.25,17)

DMU 9 (12.25,13,15,15.75; (11.5,12,15,15.5; (12.5,13,14,14.75; (12.5,13,14,15;
12,12.5,15.25,16.5) 11,11.75,15.25,16) 12,12.75,14.25,15.5) 12,12.75,14.25,15.5)

DMU 10 (9,11.5,12.5,13.75; (13,14.25,15,15.5; (13.25,14.5,15.5,16; (14,15,15.5,16.25;
8.5,10,13,14) 12.25,14,15.25,16) 13,14,15.75,16.5) 13.5,14.5,16,17)

DMU 11 (10.25,11,11.5,14.25; (13.25,16,16.5,17; (11.5,12.5,13,14; (14,14.5,15,16.5;
10,10.5,15,15.5) 13,14,16.75,17.5) 11,12.25,13.5,15) 13.25,14.25,15.5,17)

DMU 12 (12,13.5,14,14.5; (15.25,16.5,17,18; (12,13.5,14,15.5; (13.5,14,14.75,15.25;
11.5,13,14.25,15) 15,16,17.5,18.5) 11.5,13,15,16.25) 13,13.75,15,16)

DMU 13 (8,9.5,10,11; (10.5,11.5,12,13.25; (11,12.25,13,13.5; (11.75,12.5,13,14;

7.5,8.5,10.5,11.5)

9.5,11,12.5,14)

10.25,11.5,13.25,14)

11,12,13.5,14.25)
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0.82 - 02)
Sos0 M) = 1-0)[ 14.5+16.5) 0.8 - 0) + 05 15*16-145- 16.5)]
1-0.1)2-0?)
+0[ 14 +17)(1-0.1) - 0) + —5qoon 175+1625-14-17)] = 62000,
0.82 - 0.62)
S0605 Mm) = 1~ 0.5)[ 14.5+16.5) 0.8 - 0.6) + —5 g 15r16-145- 16.5)]
1-01)2-0.6?)
+0.5[ 14 +17)(1-01) = 0.6) + ———— 5 1475+16.25 14 - 17)] = 7.7500,
0.82 - 0.62)
Sosn M) = 1=1)[14.5+16.5) 0.8 - 0.6) + —5 g 15r16-145- 16.5)]
1-01)2-0.6?)
+1[14+17)(1-0.1) - 0.6) + —iooq  W75+1625-14- 17)] = 9.3000.
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Table 2- Definitive information for a pessimistic scenario.

DMUs Inputl Input2 Outputl Output?2
DMU1 6.2000 5.3938 4.8063 5.4000
DMU2 45938  4.8063 5.6000 5.4000
DMU3 5.2000 5.9875 5.2063 5.8125
DMU4 56000 6.2000 4.6063 5.6063
DMU5  5.0000 5.0063 5.4063 6.1938
DMU6 5.7938  6.3938 4.4000 5.6000
DMU7 5.2000 5.2000 4.4000 6.2000
DMU8  6.0000 6.2000 5.0125 5.9938
_ DMU9  5.6000 5.4000 5.4063 5.4125

16 DMU 10 4.7688  5.3813 5.9813 6.0938
DMU 11 45500 6.4438 5.1000 5.9250
DMU 12 54750 6.6938 5.5000 5.7500
DMU 13 3.8875 4.7063 5.0313 5.1063

Jobuio ol5uus (gl (oxhad OleMbl -F Jguo
Table 3- Definitive information for a balanced scenario.

DMUs Inputl Input2 Outputl Output?2
DMU1 7.7500 5.3750 6.0156 6.7500
DMU2 57344  6.0156 7.0000 6.7188
DMU3  6.5000 7.4500 6.5156 7.2688
DMU4  7.0125  7.7500 5.7656 7.0156
DMU5 6.2500 6.2656 6.7531 7.7344
DMUG6  7.2344  7.9969 5.5000 7.0000
DMU7 65125  6.5000 5.5125 7.7500
DMU8  7.5000 7.7500 6.2688 7.4844
DMU9 6.9813  6.7500 6.7656 6.7688

DMU 10 58219 7.2781 7.4469 7.6219
DMU 11  6.1000 7.8281 6.4188 7.4375
DMU 12 6.8063 8.3719 6.9438 7.1938
DMU 13  4.7938 5.8781 6.2156 6.3719

by g ol gl 2had Sledbl -8 Jgus
Table 4- Definitive information for an optimistic scenario.

DMUs Inputl Input2 Outputl Output?2
DMU1 9.3000 5.3563 7.2250 8.1000
DMU2 6.8750  7.2250 8.4000 8.0375
DMU3  7.8000  8.9125 7.8250 8.7250
DMU4  8.4250  9.3000 6.9250 8.4250
DMU5  7.5000  7.5250 8.1000 9.2750
DMUG6  8.6750  9.6000 6.6000 8.4000
DMU7  7.8250  7.8000 6.6250 9.3000
DMU8  9.0000  9.3000 7.5250 8.9750
DMU9 8.3625  8.1000 8.1250 8.1250
DMU10 6.8750  8.7250 8.9125 9.1500
DMU 11  7.6500  9.2125 7.7375 8.9500
DMU 12  8.1375 10.0500 8.3775 8.6375

ol g8 250 165y 0 andlan) (63945 (551 (slaesls b il fdou Ll

;, DMU 13  5.7000  7.0500 7.4000 7.6375
3
-3 . =0.6L10-BCC 3CCR (slasigy 5!y g oas dus (wlisl 3 005 1S maoudi a1y V¥ (6l gooady g )5 ol =% Jguo
'?5 Table 5- the results of Efficiency and ranking of 13 DMUs based on three scenarios and for CCR, and 10-BCC
3 methods with o = 0.6.
3 oBass 4 4255 b 45 uatd
i DMUs k=0 k=0.5 k=1
3, CCR a3, l0-BCC 45, CCR a3, lO-BCC a5, CCR a3, l0-BCC s,
N
DMU1 0.8178 7 0.8876 3 1.0000 1 1.0000 1 1.0000 1 1.0000 1
DMU 2  1.0000 1 1.0000 1 1.0000 1 1.0000 1 1.0000 1 1.0000 1
DMU 3 0.8649 6 0.8764 4 0.8626 6 0.8694 4 0.8616 5 0.8661 3
DMU 4 0.7842 10 0.7849 7 0.7818 9 0.7820 7 0.7806 9 0.7815 7
DMU5 1.0000 1 1.0000 1 1.0000 1 1.0000 1 1.0000 1 1.0000 1
DMUG6 0.7579 11 0.7580 8 0.7561 10 0.7570 8 0.7551 10 0.7561 8
DMU 7 0.9637 4 1.0000 1 0.9657 3 1.0000 1 0.9654 3 1.0000 1
DMU8 0.7990 9 0.7991 6 0.7982 7 0.7990 6 0.7978 7 0.7978 6
DMU9 0.8731 5 0.8892 2 08724 5 0.8745 3 0.8590 6 0.8600 4
DMU 10 0.9728 3 1.0000 1 0.9865 2 1.0000 1 0.9986 2 1.0000 1
DMU 11 0.9914 2 1.0000 1 0.9173 4 0.9295 2 0.8826 4 0.8928 2
DMU 12  0.7996 8 0.8148 5 0.7952 8 0.8059 5 0.7944 8 0.8043 5
DMU 13  1.0000 1 1.0000 1 1.0000 1 1.0000 1 1.0000 1 1.0000 1
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Figure 2- Variation in the DMUs’ efficiency based on pesimistic attitude (k=0).
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Figure 3- Variation in the DMUs’ efficiency based on moderate attitude (k=0.5).
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Figure 3- Variation in the DMUs’ efficiency based on optimistic attitude (k=1).
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Figure 4- Variation in efficiency with CCR method based on three scenarios.

T
5

K

T
10

e

.LM:L»JO '/AQQ?) [AeYA /AQYY j"\)’ v_:}'j}'mml_.:: Jf}dém mL.:;.b ‘_SLAaLf.kib lej" L..»):.A ﬁ}l:u

1.0000-]

4500

9000+

Efficiency

8500

8000

7500

I

i

o0 dw 65l 4 10-BCC 0,509, b oyl Ol pomnits -0 JSCi
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