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Abstract

Purpose: Identifying critical activities and allocating resources effectively are among the most important challenges in project
management. Traditional approaches typically assess activity criticality based on time or cost considerations, while other factors,
such as activity importance, interdependencies, and float, may also significantly influence project success. Moreover, focusing on
individual activities rather than groups of similar activities may reduce the effectiveness of project planning and control efforts.
Therefore, this study aims to identify, cluster, and prioritize critical project activities based on multiple influential factors using a
multi-criteria decision-making framework.

Methodology: This applied study proposes a hybrid framework combining clustering and multi-criteria decision-making
techniques. Project activities and influencing factors were first identified through a literature review and consultations with
academic and industry experts. Four key criteria, including time importance, cost importance, activity importance, and activity
float, were selected for evaluation. Project activities were then clustered using the K-Means algorithm and categorized into five
levels according to their degree of criticality. Subsequently, criterion weights were determined using the SWARA method, and
critical activities were prioritized through the ARAS method. The proposed framework was implemented and evaluated in a project
at Mobarakeh Steel Company, which involved 90 project activities.

Findings: The results demonstrate that project activities can be classified into five groups: highly critical, critical, moderately
critical, low critical, and non-critical. Among the evaluation criteria, cost importance received the highest weight, followed by time
importance, activity importance, and activity float. The ranking results further reveal that activities on the critical path do not
necessarily share the same level of importance, and that some require greater managerial attention and resource allocation due to
their stronger influence on project performance. The findings also indicate that integrating clustering and multi-criteria decision-
making provides a more comprehensive understanding of project priorities.

Originality/Value: This study extends traditional critical path analysis by integrating activity clustering with the SWARA and
ARAS methods. Its primary contribution lies in evaluating activity criticality by considering multiple influencing factors and
forming critical activity clusters, rather than focusing solely on individual activities. The proposed framework enables project
managers to allocate scarce resources more effectively, focus managerial attention on the most influential activity groups, and
reduce the likelihood of project deviations in time, cost, and quality objectives.
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Figure 1- Research method algorithm.
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Table 3- Indicators obtained from the project data center (case study).

AF Al CI TI Activity Name Row AF Al CI TI Activity Name  Row
0 02222 0.1350 0.0191 Belt Conveyors 1
0.2766 0 0.5866 0.3355 o ,.5)Le 81 0 02222 02151 0.0178  Belt Conveyors
0.3435 0 0.0293 0.1729 WP 8 Olasie ags 82 0 02222 0.1458 0.0191 Belt Conveyor 3
Ol
0.5137 0.3333  0.0293 0.2719 Dy 8 Slasine ags 83 0 02222 0.1664 0.0191 Dedusting 4
Somologil Sl
0.6049 0.3333  0.0293  0.2427 Wy (8 Slasiie s 84 0 0.2222 0.0603 0.0191 Vibration feeder 5
&8l oligzs
0.6353 0.3333  0.0293 0.2254 Ny 8 Olasie s 85 0 02222 0.1183 0.0191 Elevator 6
ki s
0.6900 0.3333 0.0293  0.5985 OBALS G yae Cennd ags 86 0 02222 0.2164 0.0229  Belt Conveyors 7
S
0.7660  0.3333  0.0293  0.5985 Sl o8 Slasie 87 0 02222 0.0308 0.0127 Dedusting
1 0.2222 0.0117 0.0407 YT cpisle aadlio sliwl ays 88 0 02222 0.0308 0.0191 Vibration feeder
cusls g cusls!
1 02222 0.0234 0.1169 Electrical Design Criteria 89 0 0.2222 0.1183 0.0127 Elevator 10
1 02222 0.0234 0.1347 S5 ¢85 Olalllas el 90
(5390 aalllae) clad 12 sl Sy slo prally uani=F Jpor
Table 4-Determination of critical parameters for each activity (case study).
AF Al CI TI Activity Name Row AF AI CI TI  Activity Name Row
1 1 1 0  Belt Conveyors 1
0 1 0 0 5L 81 1 1 1 0  Belt Conveyors 2
0 1 0 0 S Olgas 0,5 (G Olaseie ags 82 1 1 1 0 Belt Conveyor 3
0 1 0 0 Slogil Ol gz 0 3 (8 Slasiie 4l 83 1 1 1 0 Dedusting 4
0 1 0 0 &30 Il Oliges 0 )5 (68 Olaseie ags 84 1 1 0 0  Vibration feeder 5
0 1 0 0 ClEn ol HSolaxisags 85 1 1 10 Elevator 6
0 1 0 1 Sy oS Gyas cund agg 86 1 1 1 0  Belt Conveyors 7
0 1 0 1 (PMS) Sl (8 wlasin 87 1 1 1 0 Dedusting 8
0 0 0 0 edlsyy g cudlsl YT pile aaslio sliwl ags 88 1 1 0 0  Vibration feeder 9
0 0 0 0 Electrical Design Criteria 89 1 1 1 0 Elevator 10
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Table 5- Critical indicators for each activity (case study).

CD Activity Name  Row  CD  Activity Name Row
.... 075  Belt Conveyors 1
0 .55l 81 0.75  Belt Conveyors 2
0.5 S r Ol a5 (S8 Slasie g 82 0.75  Belt Conveyor 3
0.5 Somlogil Dl oy B b slasie ey 83 075 Dedusting 4
0.5 330 Hlpl ol B Solaxisags 84 0.5 Vibration feeder 5
0.5 e Ol wp Solaxieags 85 0.75 Elevator 6
0.5 S OBAS B pas Cand 4y 86 0.75  Belt Conveyors 7
0.5 Sl (8 Slasie 87 0.75 Dedusting 8
075  cudloy g cadlol o (dlo acdlio slwlags 88 0.5 Vibration feeder 9
0.5 Electrical Design Criteria 89 0.75 Elevator 10
0.5 S5 g5y wllllas plesl 90
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Table 6- Criticality of each cluster of activities (case study).
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Table 7- Determining the rank of each indicator based on expert opinion.
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Table 8- Decision-making matrix in the ARAS method (case study).

TI CI Al AF ACT AF CI Al TI ACT
0.0079  0.0427 0.0188 1.0000 ACT 15 1.0000 0.0122 0.0094 0.0006 ACT 1
0.0185 0.0906 0.0141 1.0000 ACT 17 1.0000 0.0195 0.0094 0.0006 ACT?2
0.0085 0.0159 0.0094 1.0000 ACT 18 1.0000 0.0132 0.0094 0.0006 ACT3
0.0175 0.0525 0.0188 1.0000 ACT 19 1.0000 0.0151 0.0094 0.0006 ACT 4
0.0335 0.0865 0.0094 1.0000 ACT21 1.0000 0.0107 0.0094 0.0006 ACT 6
0.0292  0.0429 0.0094 1.0000 ACT22 1.0000 0.0196 0.0094 0.0008 ACT7
0.0059 0.0091 0.0094 1.0000 ACT28 1.0000 0.0132 0.0094 0.0004 ACTS8
0.0149 0.0565 0.0094 1.0000 ACT30 1.0000 0.0107 0.0094 0.0004 ACT 10
0.0172  0.0135 0.0094 1.0000 ACT41 1.0000 0.0112 0.0094 0.0006 ACT 12
1.0000 0.0112 0.0094 0.0006 ACT 14
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Table 9- Ranking in the ARAS method (case study).

ACT Rank ACT Rank
ACT 1 10 ACT15 7

ACT 2 6 ACT17 1
ACT 3 9 ACT 18 17
ACT 4 8 ACT19 5

ACT 6 14 ACT21 16
ACT 7 11 ACT22 2
ACT 8 3 ACT28 19
ACT10 4 ACT 30 15
ACT12 12 ACT 41 18
ACT14 12
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