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Logistics is one of the drivers of countries’ and companies’ aggressiveness and plays a vital
role in economic growth. However, the current logistics industry is still high-cost and low-
efficiency. The development of smart logistics brings opportunities to solve these problems.
Despite many possibilities, the existence of some barriers limits the implementation of these
systems. The purpose of this research is to evaluate the problem of the implementation of smart
logistics. A failure mode and effect analysis (FMEA) method based on the fuzzy pivot pair-
wise relative criteria importance assessment (F-PIPRECIA) and the weighted aggregated sum
product assessment method based on Z number theory (Z-WASPAS) was developed in three
phases. In the first phase of this smart technology, based on the literature, 16 smart logistics
implementation barriers are identified using the FMEA method. In the second phase, using the
fuzzy PIPRECIA method and experts' opinions, the weights of the factors are calculated. An
adjusted PIPRECIA is proposed in the third phase and according to the outputs of the previous
phases, the barriers are prioritized using the Z-WASPAS method. The FPIPRECIA-ZWASPAS
approach was proposed to cover some disadvantages of the FMEA method, including the
inability to consider the different significance of risk factors in an uncertain environment. In
addition to assigning different weights to factors and considering uncertainty, reliability is also
considered in experts’ opinions through the theory of Z numbers. The proposed approach of
this research was implemented in the evaluation of the barriers to smart logistics
implementation in a factory active in the field of home appliances assembly located in the Aras
Free Zone in Iran. Based on the results, this study has identified that “Lack of sufficient
resources” has the highest priority among barriers. Also, “Lack of qualified staff” and
“Administrative bureaucracy” are in the second and third priority, respectively. The results
show the capability and efficiency of the proposed approach compared to other traditional
methods such as FMEA and fuzzy WASPAS.
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Author(s) Definition Keywords
Smart logistics has three fundamental tasks: ensuring proper
S Yu. Zhow ¥ information flow to reduce costs and improve efficiency; Internet of Things (IoT), smart
ong, Yu, Zhou, Yang, implementing intelligent systems to automate processes; and isti i
and He (2020),2 p g g y p logistics, wireless

deepening collaboration and integration across various
dimensions.

communication

Lin and Yang (2018),1!

It relates to a logistics distribution system. It is a combination
of computers, intelligence using the Internet of Things (IoT),
and information technology. To achieve high efficiency, it
employs advanced technological management methods.

Computerization, artificial
intelligence, new technologies,
IoT

Zhang and Peng

Smart logistics emphasizes technological changes. Its focus is
on using systems such as big data, [oT, sensors, and other

Technological changes, Big

Li, Huisingh, and Wang
(2018),13

(2013),1121 technologies to improve logistics and distribution services and Data, Internet of Things
reduce their costs.
Smart logistics covers the entire process of moving goods—
Zhang, Liu, Liu, Yang, including transportation, storage, distribution, packaging,

loading and unloading, and information processing. With
real-time monitoring, it enhances logistics
resource-management efficiency.

The entire process of goods
transfer, management efficiency

Zhao (2005),114

Smart logistics is defined by intelligence, integration, and
flexibility.

Process integration, artificial
intelligence

McFarlane, Giannikas,
and Lu (2016),1"

Smart logistics means planning and controlling processes using
intelligent tools and methods.

Process control and planning
using intelligent methods,
Automation
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Phokee, et al (2025),1S] GRA, EDAS Surgical instrument x x
design
Kumari, et al (2025),["] Fuzzy AHP, Fuzzy VIKOR Water treatment plant v x
Pump
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[20] > )
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Oturak¢1 & Konyalioglu Occupational health & v <
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Bathrinath, et al (2022),1"] AHP, Fuzzy WASPAS Construction site v x
Pourmehdi, et al (2021),% ANP, Fuzzy TOPSIS Steel industry v x
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Linguistic Fuzzy number Linguistic Fuzzy number

term 1 m u term 1 m u
VH,VH 8.54 9.49 9.49 VH,H 7.53 8.37 8.37
VHM 6.36 7.07 7.07 VH,L 4.93 5.48 5.48
VH,VL 2.85 3.16 3.16 H,VH 6.64 8.54 9.49
H.H 5.86 7.53 8.37 H.M 4.95 6.36 7.07
H,L 3.84 4.93 5.48 H,VL 2.21 2.85 3.16
MH,VH 4.74 6.64 8.54 MH,H 4.18 5.86 7.53
MHM 3.54 4.95 6.36 MH,L 2.74 3.84 4.93
MH,VL 1.58 2.21 2.85 M,VH 2.85 4.74 6.64
M,H 2.51 4.28 5.86 MM 2.12 3.54 4.95
M,L 1.64 2.74 3.83 M,VL 0.95 1.58 2.21
ML,VH 0.95 2.85 4.74 ML,H 0.84 2.51 4.18
ML,M 0.71 2.12 3.54 ML,L 0.55 1.64 2.74
ML,VL 0.32 0.95 1.58 L,VH 0 0.95 2.85
LH 0 0.84 2.51 LM 0 0.71 2.12
L,L 0 0.55 1.64 L,VL 0 0.32 0.95
VL,VH 0 0 0.95 VL, H 0 0 0.84
VLM 0 0 0.71 VL,L 0 0 0.55
VL,VL 0 0 0.32
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Determining the S,
Identifying the 0O, D, and T factors
barriers of each barrier by

the FMEA team

Phase 1: FMEA
method

Determining the

) .
£ Sorting the criteria ———» relatlv.e m_lport‘ance
D of criteria using
& = Tables 3 and 4
g5 v
g
ﬁ Calculating criteria Implementing F-
A weights PIPRECIA method
=

v

Determining the Converting the
2 decision matrix linguistic terms of
& based on Z-number decision matrix to
< theory fuzzy numbers
22 ;
N ©
@ E The final Implementing the
% prioritizationof 4——  Z-WASPAS
= barriers method

v

Identifying the
critical barriers
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Symbol Barrier
B1 Lack of sufficient financial resources
B2 Lack of a development strategy
B3 Low risk-taking (low risk appetite)
B4 Shortage of qualified personnel
BS Insufficient number of staff
B6 No dedicated unit for implementing smart systems in logistics
B7 Lack of customer demand
B8 Poor linkage with the external environment
B9 Lack of trust among partners
B10 Deficiencies in regulations
B11 Unfavourable macroeconomic conditions
B12 Lack of government support
B13 High implementation costs
B14 System instability
B15 Divergent objectives among partners
B16 Administrative bureaucracy

L GLj s pie B 53 &ilgo slil & a3l polie ¥ Jgaxr

S (0] D T

DM1 DM2 DM3 DM1 DM2 DM3 DM1 DM2 DM3 DM1 DM2 DM3

Bl | VM | VHH | VHH | VH,VH | VH,VH | H,VH | VLVL | VLVL | MM | MH,VL | MH,VH | MH,VL

B2 | MHEH | VHRH | MHL | VHBH | VELVL | MM | MLH | HL | MHL | VAH | LVL | LVL

B3 | VUM | VHLVL | MLH | LM |MLVL | MHH | LH | VLVL | MELVL | MH,VL| MH | MHH

B4 |MH,VH | VHLVL | LH | VELVL | HL |MHVL | MLVL | ML,VL | L,VL HH VLM | VHH

B5 | MLVL | MHL | HH HM HM | MHH | MHH | HM | LVL | LVL | MLM | ML,VH

B6 | VHLH | VHLH | ML,VL | MHH | HM MM | VLVH | L,VL HL | MHH | HH | MLVL

B7 | MLLH | ML,VL | VLLVH | VH,H | VLM | ML,VL | VHH | VLVL | MH,VL | MH,L | MH,VL | MM

BS | VL,VH | MH,VL | HL HH HL | MLVL [ MLVL | MLVL| HM | VEEH | MM | MLM

B9 | VLM | ML,VL | MHH | MLM | MH,VL | VHEM | LH | VLVL | MHH | MHVL | VHH | MLM

B10 | VL,VL | VL,VL | MHH HH MH,H M,H VH,VL | VHH H,L ML,VL | MH,L VH,H

Bll | VEEH | VELH | ML,VL | MLH | VEEM | MM | VHLVH | L,VH HL MH,L HH | ML,VL

B12 | M,VH | LVL MH | VHVL | M,VH HL |MHVL| MHL | VHH | VH,VL | ML,VL | MHH

B13 | MHLVH | VH,VL | LH | VELVL | HL | MH,VL | MH,VL | ML,VL | L,VL HH | MLVL | VHH

Bl4 | VELVL | MJH | MHH | ML,VL | VH,H | MH,VL | VHMM | MLH | ML,VL | M\H | MHH | MHL

B15| VELVL | M,H | MHH | ML.VL | VH,H | MH,VL | LVL | MLH | ML,VL | M\H | MHH | MHL

B16 | VHM | VH,VH | VHM H,VH H,VH H,VH M,M VL,VH MM MH,VL | VH,VH | MH,VL
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8B PIPRECIA !y b wlio jl ooliiw! b o8 js oo (5,55 A Joua

S (0] D T
PIPR.
1 m u 1 m u 1 m u 1 m u
DM1 0.400 | 0.500 | 0.667 | 0.500 | 0.667 1.000 | 0.333 | 0.400 | 0.500
DM2 0.500 | 0.667 1.000 | 0.400 | 0.500 | 0.667 | 0.286 | 0.333 | 0.400
DM3 0.400 | 0.500 | 0.667 | 0.667 1.000 1.000 | 0.667 1.000 1.000
‘w5 536 PIPRECIA (g1 (Sbj (wldio j ool b oI5 s o (3,558 Jgur
T D (0] S
PIPR-I
1 m u 1 m u 1 m u 1 m u
DM1 1.300 | 1.450 | 1.500 | 0.667 | 1.000 | 1.000 | 1.100 | 1.150 | 1.200
DM2 1.500 1.750 1.800 | 0.500 | 0.667 1.000 1.300 1.450 | 1.500
DM3 1.400 | 1.600 | 1.650 | 0.667 | 1.000 | 1.000 | 1.300 | 1.450 | 1.500
&V PIPRECIA g wluwlxe wliye Ve Jous
Sj k; q; w;
PIPRECIA DF
1 m u 1 m u 1 m u 1 m u
S 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 0.323 | 0.382 | 0.426 | 0.380
(0] 0.433 | 0.556 | 0.778 | 1.222 | 1.444 | 1.567 | 0.638 | 0.692 | 0.818 | 0.206 | 0.265 | 0.349 | 0.269
D 0.522 | 0.722 | 0.889 | 1.111 | 1.278 | 1.478 | 0.432 | 0.542 | 0.737 | 0.140 | 0.207 | 0.314 | 0.214
T 0.429 | 0.578 | 0.633 | 1.367 | 1.422 | 1.571 | 0.275 | 0.381 | 0.539 | 0.089 | 0.146 | 0.230 | 0.150
z 2.345 | 2.615 | 3.094
w92 538 PIPRECIA gy Glawlxo wliye N Jaus
PIPRECIA- Sj k; q; w;
DF
I 1 m u 1 m u 1 m u 1 m u
S 1.233 | 1.350 | 1.400 | 0.600 | 0.650 | 0.767 | 1.565 | 3.462 | 4.762 | 0.136 | 0.376 | 0.877 | 0.419
(6] 0.611 | 0.889 | 1.000 | 1.000 | 1.111 | 1.389 | 1.200 | 2.250 | 2.857 | 0.105 | 0.244 | 0.526 | 0.268
D 1.400 | 1.600 | 1.650 | 0.350 | 0.400 | 0.600 | 1.667 | 2.500 | 2.857 | 0.145 | 0.271 | 0.526 | 0.293
T 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 0.087 | 0.109 | 0.184 | 0.118
hX 5.432 | 9.212 | 11.476

aglsl ped g Jgl sloslo gl (bl 5 (ooleiiin 9,505, po 51 50
el a2 3y ol Z-WASPAS gatilanmss by, 5l oolisl L alse
shael sloaslys B ;3 Z-WASPAS 5, (6 55 waacss (e lo di] 4
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Slea b bl slajlne ;LS 5500 o ile laggin 5 Blge (lon
A ) algeas (6 S peeal G ple el o s &5 ke Jalse
OF Jgaz) el oass adl)f alie 656 slael LIB j5 00l Jboy g 5 5
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PIPRECIA (o, b (olbie 3l ooliciad b l8 55 oo S5 51 USiiiie
Vs A sledsar 1 iy & osSae 38 PIPRECIA ol 5 56
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263 ol Loy g guweaxd s yilo VY Jgu

S 0] D T
1 m u 1 m u 1 m u 1 m u
B1 0.900 1.000 1.112 0.833 1.000 1.200 0.114 0.627 1.939 0.431 0.656 1.039
B2 0.607 0.759 0.972 0.439 0.548 0.695 0.044 0.197 0.554 0.411 0.535 0.749
B3 0.422 0.535 0.673 0.158 0.273 0.473 0.113 0.728 2.601 0.451 0.733 1.185
B4 0.319 0.447 0.663 0.290 0.374 0.484 0.156 1.000 6.422 0.731 0.944 1.273
BS5 0.375 0.517 0.695 0.495 0.675 0.914 0.041 0.177 0.450 0.091 0.314 0.673
B6 0.646 0.743 0.855 0.395 0.573 0.824 0.087 0.423 1.070 0.566 0.851 1.275
B7 0.049 0.145 0.313 0.276 0.339 0.449 0.055 0.210 0.451 0.352 0.569 0.929
B8 0.228 0.300 0.433 0.352 0.487 0.651 0.063 0.269 0.735 0.566 0.833 1.230
B9 0.189 0.286 0.458 0.304 0.414 0.567 0.062 0.331 0.983 0.536 0.754 1.077
B10 0.176 0.246 0.381 0.441 0.642 0.917 0.038 0.135 0.289 0.578 0.781 1.085
B11 0.646 0.743 0.855 0.327 0.477 0.683 0.036 0.144 0.332 0.487 0.731 1.085
B12 0.225 0.392 0.628 0.335 0.466 0.644 0.040 0.154 0.347 0.401 0.592 0.895
B13 0.319 0.447 0.663 0.290 0.374 0.484 0.119 0.638 2.163 0.748 1.000 1.336
B14 0.401 0.559 0.773 0.331 0.419 0.540 0.050 0.211 0.547 0.515 0.830 1.336
B15 0.401 0.559 0.773 0.331 0.419 0.540 0.095 0.587 3.543 0.515 0.830 1.336
B16 0.893 0.992 1.103 0.700 0.931 1.200 0.059 0.314 0.969 0.639 0.826 1.108
WSM gy 5l eolascwl b 5318 (gounidyoy39 s Flo AW Jour
S 0] D T
1 m u 1 m u 1 m u 1 m u
B1 0.359 0.400 0.444 0.224 0.268 0.322 0.029 0.159 0.491 0.058 0.088 0.139
B2 0.243 0.303 0.389 0.118 0.147 0.187 0.011 0.050 0.140 0.055 0.072 0.100
B3 0.169 0.214 0.269 0.042 0.073 0.127 0.029 0.184 0.659 0.060 0.098 0.159
B4 0.127 0.179 0.265 0.078 0.100 0.130 0.039 0.253 1.626 0.098 0.126 0.170
B5 0.150 0.207 0.278 0.133 0.181 0.245 0.010 0.045 0.114 0.012 0.042 0.090
B6 0.258 0.297 0.342 0.106 0.154 0.221 0.022 0.107 0.271 0.076 0.114 0.171
B7 0.019 0.058 0.125 0.074 0.091 0.121 0.014 0.053 0.114 0.047 0.076 0.124
B8 0.091 0.120 0.173 0.094 0.131 0.175 0.016 0.068 0.186 0.076 0.111 0.165
B9 0.076 0.114 0.183 0.082 0.111 0.152 0.016 0.084 0.249 0.072 0.101 0.144
B10 0.070 0.098 0.152 0.118 0.172 0.246 0.010 0.034 0.073 0.077 0.105 0.145
B11 0.258 0.297 0.342 0.088 0.128 0.183 0.009 0.037 0.084 0.065 0.098 0.145
B12 0.090 0.157 0.251 0.090 0.125 0.173 0.010 0.039 0.088 0.054 0.079 0.120
B13 0.127 0.179 0.265 0.078 0.100 0.130 0.030 0.162 0.548 0.100 0.134 0.179
B14 0.160 0.223 0.309 0.089 0.112 0.145 0.013 0.053 0.138 0.069 0.111 0.179
B15 0.160 0.223 0.309 0.089 0.112 0.145 0.024 0.149 0.897 0.069 0.111 0.179
B16 0.357 0.397 0.441 0.188 0.250 0.322 0.015 0.079 0.246 0.086 0.111 0.148
WPM 099 3l eoliwl b (6318 oul 1039 (o ylo NF Jous
S (0] D T
1 m u 1 m u 1 m u 1 m u
B1 0.96 1.00 1.04 0.67 0.70 0.74 0.41 0.63 0.84 0.68 0.72 0.77
B2 0.82 0.90 0.99 0.56 0.60 0.64 0.32 0.47 0.61 0.68 0.70 0.73
B3 0.71 0.78 0.85 0.43 0.50 0.57 0.41 0.65 0.90 0.69 0.73 0.78
B4 0.63 0.72 0.85 0.50 0.54 0.58 0.44 0.71 1.13 0.73 0.76 0.79
B5 0.68 0.77 0.86 0.58 0.63 0.69 0.31 0.46 0.58 0.55 0.65 0.72
B6 0.84 0.89 0.94 0.55 0.60 0.67 0.38 0.57 0.72 0.71 0.75 0.79
B7 0.30 0.46 0.63 0.50 0.53 0.57 0.34 0.48 0.58 0.66 0.71 0.76
B8 0.55 0.62 0.72 0.53 0.58 0.63 0.35 0.51 0.65 0.71 0.75 0.79
B9 0.51 0.61 0.73 0.51 0.55 0.60 0.35 0.53 0.70 0.70 0.74 0.77
B10 0.50 0.57 0.68 0.56 0.62 0.69 0.31 0.43 0.52 0.71 0.74 0.77
B11 0.84 0.89 0.94 0.52 0.58 0.63 0.30 0.43 0.53 0.69 0.73 0.77
B12 0.55 0.69 0.83 0.52 0.57 0.62 0.31 0.44 0.54 0.68 0.71 0.75
B13 0.63 0.72 0.85 0.50 0.54 0.58 0.41 0.63 0.86 0.73 0.76 0.79
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B16 0.96 1.00 1.04 0.64 0.69 0.74 0.34 0.53 0.70 0.72 0.74 0.77
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