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ABSTRACT: Despite safety regulations, the execution of construction projects has irreparable risks,

including physical accidents and financial crashes for human resources and the project. These events
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adversely affect the balance of cost, time, and quality of projects. Therefore, a safety management
system can play an effective role in improving the project management process. This research aims to
identify and evaluate the most important levels and safety criteria in construction projects, evaluate and
develop a safety management maturity model in workshops based on a case study, statistical analysis of
the data obtained from the questionnaire, and the combined multi-criteria decision-making method. It is
based on combining Analytical Hierarchy Process, Technique for Order Preference by Similarity to Ideal

Solution, and Decision-Making Trial and Evaluation Laboratory methods. Based on the study results,

twelve important safety criteria were identified and ranked according to the performed weighting. Then Keywords:

among the three study projects, one was selected as the project closest to the ideal solution. In the end, ~ Construction Projects Management
the most effective criteria were identified according to prioritization in the four main pillars of the
project. Components of using the integrated system of project safety documentation and records by

different stakeholders with scores of 15.39 and 17.9579, using optimal methodologies and processes

Safety maturity model
method of Multi-Criteria Decision

Making (MCDM)
based on UpToDate procedures with a score of 11.1443, and determining goals, procedures, strategies,

and project safety requirements and communicating its documents with stakeholders with a score of
6.6906 were recognized as the most important components in the pillars of leadership and management
of the project organization, key personnel and project staft, project partners and stakeholders, and
policies and strategies, respectively.

1- Introduction executive operations of that organization will be identified,

Accidents in the construction profession have caused great
damage to workers, their families, employees, and members of
the community [1, 2]. Accordingly, paying attention to human
resources as the main asset of the organization and improving
work processes to improve the productivity of this capital is
one of the most important criteria for the competitiveness of
organizations [3]. Also, the high social and economic impacts
of accidents and injuries have led to many efforts to solve the
unfavorable situation of occupational and safety health (OSH)
in the construction industry [4-6]. According to the statistics
of construction industry accidents, it can be found that the
same amount that paying attention to important components
such as cost, time, and quality, which are the three most
important vertices of the project management triangle, make
the project successful, paying attention to safety performance
also contributes to the success of the project [7]. Therefore,
with the implementation and establishment of a safety
management system in any organization, many risks of the
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and of course, suitable solutions can be provided to reduce
the risks to a significant extent [8].

2- Methodology

This study attempts to examine and identify the most
important criteria and parameters affecting the development
of the safety management maturity model and evaluate the
model in construction industry projects based on experts’
opinions. To achieve this goal, in the first stage, using the
library and documentary studies such as, project management
standards, maturity models are examined, and various levels
for the development of a maturity model such as, basic
levels, standards, integration, and measures will be identified
by monitoring and optimization. Then, the sub-criteria and
parameters affecting each of these levels to achieve a model
with safety management maturity in construction industry
projects will be identified. These components will then be
evaluated to develop a systematic model. This process uses
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Fig. 1. Conceptual model of the general stages of re-
search

data screening through a Likert-based questionnaire that will
be provided to the statistical population of the research. After
determining the importance of these criteria by experts, the
data are entered into SPSS software, and Friedman statistical
test is used to determine the most important cases. In the next
step, based on the most important criteria obtained from the
results of the Friedman test, weighting and prioritization of
identification parameters will be done using a combination
of multi-criteria decision methods based on the combination
of Analytic Hierarchy Process (AHP) and The Technique for
Order Preference by Similarity to Ideal Solution (TOPSIS).
First, the sub-criteria related to each level of the safety
management maturity model will be prioritized using
questionnaires based on pairwise comparisons and experts’
opinions to extract the most effective criteria. Then, the
parameters will be weighted using the scores obtained from
the previous step. Then, using the TOPSIS method, some
construction projects will be evaluated in terms of desirability
in the developed maturity model. Finally, the effectiveness
of the identified solutions is investigated using the Decision-
Making Trial and Evaluation Laboratory (DEMATEL). For
this purpose, the impact of the four basic pillars of the project
on these solutions is measured, besides the impact of the
solutions on each other in each pillar. It should be noted that
in all stages of the research, for evaluations, the opinions of
experts in the construction industry will be used with a case
study in the construction projects of the country (Figure 1).

3- Results, Discussion and Conclusion
According to previous researches that mostly deal with
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issues, such as identifying levels and criteria affecting the
maturity of safety management and also renting different
safety models with different methods, in this research,
experts weighted and prioritized safety criteria, as well as the
effectiveness of these criteria on the four important pillars
of the immune system after collecting safety criteria from
previous researches and then identifying the most important
ones. The most important safety criteria are the full application
of safety standards to develop a safety maturity model (W2),
setting the goals, procedures, strategies, safety requirements
of the project, and communicating its documentation with all
stakeholders (W3), using project safety management tools and
techniques (W5), establishment of project safety system and
its principle-based implementation (X1), compatibility and
coordination of tools, procedures and techniques of planning,
control and implementation based on safety strategies
(X5), using integrated project documentation system and
safety records by different stakeholders (X7), monitoring,
evaluating, and analyzing safety plans at different levels of
the project (Y1), conducting regular periodic inspections to
ensure compliance with safety regulations (Y8), developing
and updating complete regulations to enhance safety culture
(Z1), using optimal methodologies and processes based on
UpToDate procedures (Z5), safety quality improvement
through tools and techniques of planning, control, and
execution on a regular basis (Z7), and implementing safety
audits on a continuous basis to ensure compliance with
regulations and guidelines (Z9). Finally, the effect of safety
criteria in four pillars was discussed. Component Z5 is the
most important criterion (in terms of interaction with other
criteria) in the safety system. Components W5 and Z7 are the
most effective and the most impressive criteria in the safety
system from the leadership and management perspective.
Component X7 is the most important criterion (in terms of
interaction with other criteria) in the safety system. Also,
components W5 and Z9 are the most effective and the
most impressive criteria in terms of the role of partners and
stakeholders. Component Z5 is the most important criterion
(in terms of interaction with other criteria) in the safety system.
Components W3 and Z9 are the most effective and the most
impressive criteria in the safety system from the perspective
of the role of key personnel and employees. Component
W3 is the most important criterion (in terms of interaction
with other criteria) in the safety system. According to the
objectives set in this study, it seems that relevant bodies and
organizations, such as contractors of construction projects,
consulting engineers, various stakeholders in the construction
projects, such as companies and organizations active in
safety management systems in the country, are among the

advantages.
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Table 1. Types of safety maturity models proposed by researchers
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Fig. 1. Conceptual model of the general stages of research
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Table 3. Levels and sub-criteria determined by the safety management maturity model
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Table 4. Assessing the reliability of the main criteria

CVR Cronbach's Alpha
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Table 5. Assessing the reliability of all sub-criteria

Reliability Statistics
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Table 6. Friedman test

Test Statistics®
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Chart 1. Average Friedman rank of all criteria in ascending order

ol 05 Conl (sl a4 (BaoS 2 53 00l (Lol (Lol Jelgs
sokaie dy &S Cuol S5 p3Y b e aidhy B8 Gl Casp
mosls Julow 5 cluslie 3BT <1 Expertchoice jjsle s 1 pols

Cawl 005 w)f o2

)lre (ol (yjg Cpess —V-F-Y-Y
NS il g (g )lol (S al o 3l ol oo Jlamo Yo s ]
o1 (bl (layline o 5,135,150 5 o2 oo AHP 39, b ssica gl

Dl asude Y jlages Guo lodged S +/+Y (4YL )59 45

1874

5 e ylme 6 Sye jolaio @bl (sanas, «.’)3"’)'] &9 o 3l

() J15903) 395 o0 03litsl (yodsyB yaess S yiel LU (05
las a5 Joiz) otesd Gl j Jolbs gl & a5 b
bosls (39 (J93 w4 e (xSke 4y ) Jlged 3 5

05 (508 35 whee Jlre Vo cdlo yo cpl 43 sl 00D w3

o po Al iy & Lodls Julox togm dls yo =Y — -
(AHP")

1 Analytical Hierarchy process



YYVA B YVOR aio ¥+ )l &V o)l @F 0,93 S yual (] pos owdigen s

Lo LooF
W2 025
W3 o1z
w2 118
w3 0BY
wa o 055
Wws o .030
=1 ul=g|
=5 023
»=EB 025
T .033
1 043
rrd 023
= 015
W .o1a
e 033
=1 0239
=5 .0EZ2
=F B3
=9 Ay

Spnthesiz with respect bo:

Goal: zafety model

Owerall Inconsistency = .04

(Exper choice axi) ol Bud 4 Cownd b ylre 2l 359 Y 510900

Chart 2. The final weight of the criteria relative to the main goal (Exper choice result)
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Chart 3. Sensitivity analysis of data performance
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Table 7. Case study construction projects
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Table 8. Normal weighted matrix
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Table 9. The amount of distance from the positive and negative ideal solutions
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Chart S. Proximity to the positive and negative ideal solution
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Chart 6. Cause-effect diagram of the impact of project safety solutions in terms of leadership and management of

the project organization
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Chart 7. Cause-effect diagram of the impact of project safety solutions in terms of project partners and stakeholders
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Chart 8. Cause-effect diagram of the impact of project safety solutions in terms of key personnel and project staff
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Chart 9. Cause - Impact diagram of the impact of project safety solutions in terms of policy and strategy
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