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Abstract: This study aims to identify and rank the obstacles to implementing a
safety program in the Iranian construction industry. The obstacles were
identified through literature review and interviews with experts in the Iranian
construction industry. Because of the complex structure of the relationships
between the obstacles and their mutual effects, the fuzzy analysis network
Process method was used to model them. Obstacles to safety implementation
were identified and ranked using the proposed model. Fourteen obstacles were
identified in the three organisational, contractors, and systems dimensions. The
most critical obstacles include tight project schedules, resource constraints,
fierce competition between contractors to reduce time and cost. This study
showed that the Iranian construction industry, despite its advantages, faces
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obstacles in the successful implementation of safety programs. It seems that the
identified obstacles can be removed by modelling the safety program in project
scheduling. However, more studies are needed in this area.

Keywords: safety; accidents; construction; analytic network process; ANP;
fuzzy evaluation.

Reference to this paper should be made as follows: Pouyakian, M.,
Shafikhani, A.A., Najafi, A.A., Afshar-Najafi, B. and Kavousi, A. (2024)
‘Utilising the fuzzy analytic network process technique to prioritise safety
challenges in construction projects’, Int. J. Critical Infrastructures, Vol. 20,
No. 1, pp.16-32.

Biographical notes: Mostafa Pouyakian obtained his PhD in Occupational
Health and Safety Engineering, in 2013. He currently works as an Associate
Professor at the School of Public Health and Safety, Shahid Beheshti
University of Medical Sciences, Tehran, Iran. His interesting research areas
are safety science, risk assessment and management and human-machine
interaction. He also has served as the Secretary of the board of the Iranian
Ergonomics Society since 2013.

Ali Akbar Shafikhani received his MS in Occupational Health and Safety
Engineering from the Hamedan University of Medical Sciences, in 2012. He is
currently a PhD student of Occupational Health and Safety Engineering at the
Shahid Beheshti University of Medical Sciences, Tehran, Iran. He works as a
researcher at the research centre, Qazvin University of Medical Sciences, Iran.
His research interests include industrial safety, ergonomics, risk assessment,
and project scheduling and management.

Amir Abbas Najafi received his BS in Industrial Engineering from the Isfahan
University of Technology in 1996, and MS and PhD in Industrial Engineering
from Sharif University of Technology, in 1998 and 2005, respectively. He is
currently an Associate Professor of Industrial Engineering at the K.N. Toosi
University of Technology. His research interests include financial machine
learning, portfolio selection models, project scheduling and management and
applied operations research.

Behrouz Afshar-Najafi received his BS in Industrial Engineering from the
Islamic Azad University, Qazvin Branch, Iran in 2001 and MS and PhD in
Industrial Engineering from Sharif University of Technology, in 2003 and
2008, respectively. He is currently an Associate Professor of Industrial
Engineering at the Islamic Azad University, Qazvin Branch, Iran. His research
interests include financial machine learning, portfolio selection models, project
scheduling and management and applied operations research.

Amir Kavousi has obtained his BA in Statistics from the Shiraz University and
MS and PhD from Tarbiat Modares University. He is a Professor in Statistics
at the Shahid Beheshti University of Medical Sciences and member of
Department of Epidemiology. His topics of interest are Bayesian statistics and
the analysis of spatial data in health and medicine. He is a Scientific Center for
Spatial Statistics member at the Tarbiat Modares University.

17




18 M. Pouyakian et al.
1 Introduction

The construction industry is one of the most dangerous industries in the world
(Pourmazaherian et al., 2021; Nassar and Hussein, 2021; Fonseca, 2021). In the USA, the
number of fatal injuries in the construction industry increased by 16% from 2011 to 2014
(Statistics, 2016). This trend has been increasing in recent years, so that in 2015, 2016,
2017, and 2018, the death toll has reached 985, 1,034, 1,013 and 1,038, respectively
(De la Fuente et al., 2014).

Construction companies utilise the project management concept to plan, organise,
execute and control their project’s progress. Project management plays a significant role
in the project’s timely completion under the approved budget and schedule (Ernest,
2014). Different methodologies have been used for safety interventions in the
construction industry. These interventions include safety integration in project
management (Badri, 2015; Castings, 2018), site layout planning (Kaveh et al., 2018;
Long et al., 2019), and safety interventions based on project scheduling (Li et al., 2017,
Ferreira et al., 2019). Despite these methods, we still see accidents in these industries.

Different opinions exist about the causes of accidents in the construction industry;
these shortcomings can prevent the implementation of practical solutions. This study
aims to identify and rank the obstacles to implementing safety programs in the Iranian
construction industry. Intervention strategies can be considered depending on the
significance and priority of these obstacles, enabling the successful implementation of
such safety programs. These obstacles are complex because they differ from one author
to another and affect each other. In this case, the usual methods of identifying and
ranking problems are inadequate; thus, it is necessary to use other methods to identify
and rank them. This study used a modelling approach using the analytic network process
(ANP) method to identify and rank the challenges facing safety. Fuzzy numbers were
used instead of crisp numbers to overcome the associated problems and limitations when
measuring these obstacles.

2 Literature review

Insufficient resources are one of the obstacles that can negatively affect safety programs.
In projects, these resources are in the form of non-renewable resources (materials and
money, etc.) and renewable resources (workforce and equipment). One of the most
critical activity risk factors is the equipment risk factor. Equipment unavailability shifts
the activity time to another time and affects the management of safety risks (Kogi, 2002;
Goh and Chua, 2013; Yiu et al., 2018; Buniya et al., 2021).

Another obstacle to implementing safety plans is the tight project schedule. This
obstacle is also one of the most challenging obstacles to safety management in the
construction sector in Hong Kong. Currently, most stakeholders use the penalty scheme
for any delay in the project contract, which causes contractors to execute the project
schedule tightly to avoid the additional overhead of project delays (Goh and Chua, 2013;
Ju and Rowlinson, 2014; Yiu et al., 2018; Buniya et al., 2021).

Another important reason for the high rate of accidents in the construction industry is
the management’s lack of commitment to occupational safety and health (OSH) and less
priority to OSH (compared to other goals). Commitment to safety depends on the level of
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safety awareness, which in turn affects its prioritisation. Assigning a lower priority to
safety leads to weak safety culture (Goh and Chua, 2013; Yiu et al., 2018).

Another obstacle is that the current project management system focuses more on time
and cost and places safety planning solely on safety personnel. This perception implies
that safety is unique and that the system is such that it separates safety management from
other goals of project management. This causes any safety intervention in the project
implementation phase to be ignored. In other words, the safety management system is no
longer integrated with the project management (Fan et al., 2014; Yiu et al., 2018, 2019).
In addition, limited awareness of safety considerations at higher management levels
affects perceptions and strategies of safety and risk management throughout the
organisation (Kogi, 2002; Stephen and Hunt, 2002).

Table 1

Summarises the limitations of safety enforcement in the construction industry

Obstacles to construction projects

Kartam  Stephen
etal and Hunt
(2000) (2002)

Kogi
(2002)

Fang  Goh and

et al.
(2006)

Chua
(2013)

Low priority for safety and health

Lack of proper training of workers, lack
of conception of risk, or insufficient

safety knowledge

Current project management systems
focus on other goals rather than safety

Tight project schedule

Resource constraints are an obstacle to
dynamic risk management

Rigid management style

Lack of management commitment to

OSH

Non-use of qualified workers

Poor safety culture

Competition between contractors to

reduce time and cost

High turnover of workers

Inconsistency of the contractor’s safety
and health management system with the

subcontractor

*

*

*

Obstacles to construction projects

Ju and
Rowlinson
(2014)

Sunindijo
(2015)

Yiu et al.
(2018)

Yiu et al.
(2019)

Buniya
etal.
(2021)

Low priority for safety and health

Lack of proper training of workers, lack
of conception of risk, or insufficient

safety knowledge

Current project management systems
focus on other goals rather than safety

Tight project schedule

*

*
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Table 1 Summarises the limitations of safety enforcement in the construction industry
(continued)

Kartam  Stephen Fang  Goh and

Obstacles to construction projects etal. and Hunt é((;) {‘)gzl ) etal. Chua
(2000) (2002) (2006)  (2013)

Resource constraints are an obstacle to * *

dynamic risk management

Rigid management style *

Lack of management commitment to *

OSH

Non-use of qualified workers *

Poor safety culture *

Competition between contractors to *

reduce time and cost

High turnover of workers * *

Inconsistency of the contractor’s safety *

and health management system with the

subcontractor

Some studies consider the lack of safety training the most common safety issue. Studies
have shown that safety education is essential to prevent and reduce accidents. The
shortage of skilled workers due to poor safety awareness and insufficient knowledge of
how to work safely leads to poor safety behaviours (Kartam et al., 2000; Yiu et al., 2019).
Table 1 summarises the limitations of safety enforcement in the construction industry.

3 Methods and materials

First, a literature review was conducted to identify the challenges to implementing safety
programs. In the next stage, interviews were conducted with 16 experts in the
construction industry in Iran. The specialists had at least seven years of experience in the
construction industry. Experts analysed challenges from the perspective of developing
countries such as Iran. The purpose of interviewing experts was to examine existing
obstacles (extracted from the literature review) and identify potential obstacles that had
not been identified previously. They identified several potential obstacles and confirmed
that the selected obstacles were related to the Iranian construction industry.

The fuzzy analytic network process (FANP) method was used in the present study to
rank the challenges facing safety implementation in construction firms (Ozdemir et al.,
2021; Pang et al., 2021). An ANP model consists of a network of criteria, sub-criteria,
and options grouped in a cluster. Various methods have been proposed for FANP. These
methods have a systematic approach used in fuzzy problems and the structure of network
analysis to select alternatives. Due to the need to use pairwise comparisons in the
network analysis process; also, considering the main objective of the problem, which is to
use fuzzy theory to eliminate the shortcomings in using inaccurate opinions of
decision-makers in determining the relative importance of criteria and sub-criteria; thus,
Chang’s method was used in this study (Mohammadfam et al., 2015, 2017).
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Chang’s method Mé{[(j=1, 2,..,myi=12,.,n) is based on the fuzzy triangular

number. Each triangular fuzzy number has a linear representation on its left and right

whose membership function can be defined as follows. Figure 1 shows a fuzzy triangular
number.

0, x<lI,
~ (x=D/(m=1), [<x<m,
,u(x/M B (u—x)/(u—m), m<x<u, )
0, x<u.

Figure 1 Shows a triangular fuzzy number
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The steps to obtain the local weight of the criteria and sub-criteria in this method are as
follows:

Step 1  The value of fuzzy extent for the i object is defined as follows:

1
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=1

=l j=1

-1
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1 i=1 1 i=1 j=1
formulas. " : j
iMéi:[il/’im/’iujj ©)
j=1 j=l =l Jj=1

ZM=(ZlZm > uj @

-1
o ; 1 1 1
|: ZMé’:| = n 2 4 (5)
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Step 2

Figure 2

Step 3

Step 4

M. Pouyakian et al.

The degree of possibility M, = (I, ma, u2) > M, = (I1, m1, u;) is defined as
follows:

V(M2 M) = SUP| min (pun (x), () ] ©

And its equation is defined as follows:

1, if ny > my,
V(Mz ZM])Zhgt(Mzli)zluMz(d): 0, if 2w,
l] —Up . (7)
otherwise,

(my —uy)—(mi ~1y)
where d is the ordinate of the highest intersection point D between uyn and pup:

Intersection between M1, M-

r
"I'.\I

V(M,2M,)

i}

To compare Mi, M> we need both the values of V(M, = M,) and V(M = M>).

The degree of possibility for a convex fuzzy number greater than K convex
fuzzy number is defined as follows:

V(M2M, My, ... My)=V][(M2M)and (M 2M,) and ...and (M = M) |

=minV(M>M,),i=1,2,..,k ®

Assume that:

d'(4)=minV (S; >Sx),for K=1,2,...mk#i )
Therefore, the weights of the vectors are obtained as follows:

W =min(d’'(4).d"(4),...d"(4,)) (10)
where Ai(i=1, 2, ..., n) are the same n elements.
Normalisation: the weight of normalised factors is obtained as follows:

W=(d(4).d(4)...d(4,)) (11)

where W is a non-fuzzy number.
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The proposed model was developed to identify and rank the challenges of safety
implementation in project-oriented companies in the following seven steps:

Step 1: Identify the factors and sub-factors used in the model.

Step 2: Build an ANP model hierarchy that includes goal setting, factors, and
sub-factors.

Step 3: The local weights of the factors and sub-factors were determined using the
pairwise comparison matrix. It should be noted that fuzzy scales for determining the
relative importance of weights are given in Table 2 based on research by Kahraman
et al. (2006).

Step 4: Using the fuzzy scales presented in Table 2, the inner dependence matrix of
each factor relative to the other factor was calculated. The inner dependence matrix
was multiplied by the local weight of the factors obtained in Step 3 to obtain the
interdependent weights of the factors. The dependence between the factors was
determined by analysing the effects of each factor on the other factor using pairwise
comparisons.

Steps 5 and 6: Calculate the global weights for the sub-factors by multiplying the
local weight of the sub-factors (Step 3) by the interdependent weights of the factors
(Step 4) to which it belongs.

Step 7: At this stage, the challenges of safety implementation in project-oriented
companies were ranked using the global weight of the following factors.

Table 2 Language scale to express the degree of importance
Linguistic scale for importance Triangular fuzzy numbers  Inverse fuzzy numbers
Just equal (1,1, 1) 1,1, 1)
Equally important (ET) (172, 1, 3/2) (2/3,1,2)
Weakly more important (WMI) (1,3/2,2) (1/2,2/3,1)
Strongly more important (SMI) (3/2,2,5/2) (2/5,1/2,2/3)
Very strongly more important (VSMI) (2,5/2,3) (1/3,2/5,1/2)
Absolutely more important (AMI) (5/2,3,7/2) (2/7, 173, 2/5)

4 Results

Findings from the implementation of the study based on the steps above are presented in
the following section:

Step 1  For modelling, several obstacles related to developing countries were first

selected from the obstacles identified from different sources. The
decision-making committee then assessed these obstacles using the fuzzy Delphi
method (Bui et al., 2020). Finally, 14 factors were classified into three groups:
organisational-related factors, contractors, and safety systems. In addition to the
obstacles in Table 1, four obstacles were added to the obstacles by experts.
These obstacles included ‘system imposed by senior management without
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consultation’, ‘unnecessary paperwork’, ‘lack of short-term financial benefits in
safety and health investment’ and ‘insufficient legal requirements for
contractors’.

Step2 The ANP model formed by the elements specified in Step 1 is shown in
Figure 3. The model consists of three parts. The first part is the goal, and the
second and third parts consist of criteria and sub-criteria, respectively. The aim
is to identify and rank the challenges facing safety enforcement in Iran. In the
second part, the criteria are classified into clusters, including three sections:
organisational factors, contractors, and factors related to the company’s safety
and project management system. The criteria of the second part are related to the
goal and sub-criteria by a directional vector (external dependence). In addition,
the elements within this cluster are internally related to each other (internal
dependence).

Figure 3 Factors and sub-factors for obstacles to implement the safety program (see online
version for colours)

Obstacles to safety implementation

T 1
Systemic factors (c;) Factors related to contractors (c,) Organizational
ctors(c,}
Insufficient legal requirements for || Poor safety culture ( ) |
contractors (cx)
Competition between contractors to Part-time workforce and high
reduce time and cost (cza) u turnover workers [cy5) ]

Contradiction of the safety and health
management system of the contractors

Lack of short-term financial
profability in safety and health
investment {ca;)

Current project management systems
focus on other goals rather than safety

{cz)

System impaosed by senior || Lack of resources is an obstacle to

management without consultation
{cas)

L] T e s || Lack of management commitment to
Unnecessary paperwork (as) c2s) safety low priority for safety and health
(Caa)
o Tight Project Schedule (Cys) [

In other words, other organisational factors, contractors, and the safety system
also affect each other, the effect of which will be considered in the model. The
arc shown in the second section in Figure 3 shows the internal dependence
between the factors. The following criteria are shown in the third section. In
other words, the following sub-factors are evaluated in this section, which are
the same elements specified in Step 1. These sub-factors include a poor safety
culture in the industry, especially among small companies, part-time workforce
and high workforce turnover, resource constraints (constraint of equipment and
other resource constraints) as an obstacle to dynamic risk management, senior
management’s lack of commitment to OSH and giving less priority to OSH,
tight project schedule, insufficient legal requirements for contractors, fierce
competition between contractors to reduce time and cost, inconsistency of the
contractor’s and sub-contractors safety and health management systems, lack of
proper worker training, lack of qualified workers, no short-term financial gain in

dynamic risk management {Cya}

Non-use of qualified workers (Cs)
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OSH investment systems, the focus of project management systems on other
goals instead of safety, the system imposed by senior management without
consultation, and administrative formalities (paperwork) are high.

Table 3 Local weights and pairwise comparison matrix of main factors
Factors Ci C: Cs Local weights
Ci (1,1, 1) (12, 1,3/2) (1,3/2,2) 0.37
C (2/3,1,2) 1,1,1) (172, 1, 3/2) 0.33
Cs (1/2,2/3, 1) (2/3,1,2) 1,1, 1) 0.3

Notes: Calculate the local weight vector
Sci=(2.5,3.5,4.5) ® (1/13, 1/9.17, 1/6.83) = (0.19, 0.38, 0.66),
Sc2=(2.17,3, 4.5) ® (1/13, 1/9.17, 1/6.83) = (0.17, 0.33, 0.66),
Scs = (2.17, 2.67, 4) ® (1/13, 1/9.17, 1/6.83) = (0.17, 0.3, 0.59).
V(S c1 =8 c2) =1.00,
V(S c1 =S c3)=1.00,
V(S c2=8S ¢1) =0.90,
V(S 228 ¢3) =1.00,
V(S c3>Sc1)=0.81,
V(S c3>S c2)=0.92.

Table 4 Local weights and pairwise comparison matrix of organisational sub-factor
Organisational Local
sub-factor Cri Ci2 Cis Cis4 Cis weights
Cii (1,1, 1) (2/3,1,2)  (2/5,172,  (1/2,1,3/2)  (2/5,1/2, 0.12

2/3) 2/3)
Ci2 1/2,1,372)  (1,1,1) (172, 2/3, (1,3/2,2) (1/2,2/3, 0.17
1) 1)
Cis (3/2,2,52) (1,3/2,2) (1,1, 1) 3/2,2,52) (1,1,1) 0.30
Cisa (2/3,1,2) (1/2,2/3, (2/5, 172, (1,1, 1) (1/3,2/5, 0.0.9
1) 2/3) )
Cis (3/2,2,52)  (1,3/2,2) (1,1, 1) (2,5/2,3) 1,1, 1) 0.32

Table 5 Local weights and pairwise comparison matrix of contractors sub-factor
Contractors Local
sub-factor Cai Cz2 C23 Cos Cs weights
Cai 1,1, 1) (1/3, 2/5, (2/3,1,2) (2/5, 172, (172, 2/3, 0.09

1/2) 2/3) 1)
Ca2 (2,5/2,3) 1,1, 1) (2,5/2,3)  (1/2,1,3/2) (1,3/2,2) 0.33
Ca3 12,1, (173, 2/5, (1,1, 1) (172,2/3,1)  (2/5,1/2, 0.07
3/2) 1/2) 2/3)
Cas (32,2, (2/3,1,2)  (1,3/2,2) 1,1, 1) (172, 1, 0.26
5/2) 3/2)
Cas (1,3/2,2) (172, 2/3, (372, 2, (2/3,1,2) (1,1, 1) 0.24
1) 5/2)

Step 3 The fuzzy scale to determine the relative importance of the weights is given in
Table 2. At this stage, the weight of factors and sub-factors shown in the second
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and third parts of the model, shown in Figure 3, was calculated. This is achieved
through a pairwise comparison matrix by the decision-making committee using
the scales given in Table 2. An example of a pairwise comparison matrix is
shown in Tables 3, 4, 5, and 6 with local weights:

Table 6 Local weights and pairwise comparison matrix of Systemic sub-factor
2§;§zic Cs.i Cs2 Css3 Cs4 Local weights
Cs. 1,1, 1) (1/2,2/3,1) (1,1,1) 1,3/2,2) 0.24
Csa (1,3/2,2) 1,1, 1) (12,1, 3/2) (3/2,2,5/2) 0.35
Css 1,1, 1) (2/3,1,2) (1,1, 1) (1,3/2,2) 0.28
Csa4 (172,273, 1) (2/5,1/2,2/3) (172,273, 1) 1,1, 1) 0.12

Step 4 Using Table 2, the inner dependence matrix of each factor was determined
relative to the other factors. This inner dependence matrix is multiplied by the
weight of the factors obtained in Step 3 to obtain the weight of the inner
dependence of the factors. The dependence between the factors is determined by
analysing the effects of each factor on the other factor and using pairwise
comparisons. Given the dependencies presented in the second part of the ANP
model presented in Figure 3, examples of the pairwise comparison matrix for the
factors are presented in Tables 7, 8 and 9. For example, the question ‘what is the
relative importance of contractor-related factors compared to system-related
factors when the organisation-related factors are under control?’ The “very
detailed significant’ answer is equivalent to its triangular fuzzy number in
Table 7 (1/2, 1, 3/2).

Table 7 Internal dependence matrix of factors according to organisational factors
Ci C Cs Relative importance weights
C2 (1,1, 1) (172, 1, 3/2) 0.5
Cs (273, 1,2) (1,1, 1) 0.5

Table 8 Internal dependence matrix of factors according to the factors of contractors
G Ci Cs Relative importance weights
Ci (1,1, 1) (3/2,2,2.5) 1
Cs (2/5,1/2,2/3) (1,1, 1) 0

Table 9 Internal dependence matrix of factors with respect to systemic factors
C Ci Cs Relative importance weights
Ci (1,1, 1) (1,3/2,2) 0.69
C2 (1/2,2/3, 1) (1,1, 1) 0.31

As shown in Figure 4. As long as the correlation and relationship between the
criteria were considered, there was a significant difference in the results, so that
the factors related to the organisation from 0.37 to 0.45, the contractors’ factors
from 0.33 to 0.30, and the systemic factors from 0.30 to 0.25 were altered.



Utilising the fuzzy ANP technique to prioritise safety challenges

Figure 4 Matrix of weight dependence of the main factors

1.00 1.00 0.69| [0.37| [0.90 0.45
0.50 1.00 0.31x|0.33 =] 0.60 |—|0.30
050 0 1.00] |030| |0.49 0.25
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Steps 5 and 6  The final weight of the sub-factors is calculated by multiplying the local
weight of the sub-factors (Step 3) by the inner dependence weight of the
factors (Step 4), shown in Table 10.

Table 10  Calculation of global weight of sub-factors

Local Global
Factors Sub-factors weights weights
(0.45) (Cr1) Poor safety culture in industry, especially 0.12 0.06
Organisational among small companies
factors (C1) (Ci12) Part-time workforce and high turnover 0.17 0.07
workers
(C13) Resource constraints (equipment) are an 0.3 0.14
obstacle to dynamic management risk
(Ci4)  Lack of management commitment to OHS, 0.09 0.04
low priority for safety and health

(Cis) Tight Project schedule 0.32 0.15
(0.30) Factors ~ (Cz2.1) Insufficient legal requirements for 0.09 0.03
contractors contractors
(€2) (C22)  Competition between contractors to reduce 0.33 0.1

time and cost
(C23)  inconsistency of the contractor’s safety and 0.07 0.02
health management system with the
subcontractor

(Ca4) Lack of proper training of workers 0.26 0.08

(Cas) Non-use of qualified workers 0.24 0.07
(0.25) (Cs) Lack of short-term financial benefits in 0.24 0.06
Systemic safety and health investment
factors (C3) (Cs2)  Current project management systems focus 0.35 0.09

on other goals rather than safety
(C33) System imposed by senior management 0.28 0.07
without consultation
(c34) unnecessary paperwork 0.12 0.03

Step 7 In this step, the challenges (obstacles) of implementing safety in construction
companies were prioritised in order of ranking using the global weight of the
sub-factors (Table 10) and are shown in Table 11.
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Table 11  Global weight of sub-factors in order of prioritisation rank

Global

Sub-factors weights Rank
Tight project schedule (Ci.5) 0.15 1
Resource constraints are an obstacle to dynamic risk management (C1.3) 0.14 2
Competition between contractors to reduce time and cost (C2.2) 0.1 3
Current project management systems focus on other goals rather than safety 0.09 4
(Cs2)

Lack of proper training of workers (C2.4) 0.08 5
Part-time workforce and high turnover of workers (Ci.2) 0.07 6
Non-use of qualified workers (Cz.5) 0.07 7
System imposed by senior management without consultation (C3.3) 0.07 8
Lack of short-term financial benefits in safety and health investment (Cs.1) 0.06 9
Poor safety culture in industry, especially among small companies (C1.1) 0.06 10
Lack of management commitment to safety and health and low priority for 0.04 11
safety and health (C1.4)

unnecessary paperwork (Cs.4) 0.03 12
Insufficient legal requirements for contractors (Ca.1) 0.03 13
inconsistency of the contractor’s safety and health management system with 0.02 14

the subcontractor (C2.3)

5 Discussion

Despite its advantages, the Iranian construction industry faces obstacles in successfully
implementing safety programs (Naderpour et al., 2019). This study identified 14 main
obstacles in the three groups of organisations, contractors, and systems that must be
overcome to support implementing safety programs in the Iranian construction industry.
The results showed that the most critical obstacles include tight project schedule,
resource constraints, fierce competition between contractors to reduce time and cost, the
focus of current project management systems on other goals instead of safety, lack of
proper worker training, part-time workforce, worker turnover, non-use of qualified
workers and the system imposed by senior management without consultation.

Among the sub-criteria of organisational obstacles, the most critical identified
obstacles were tight project planning and resource constraints (equipment and other
resources). Other studies have achieved similar results in this regard and showed that the
two obstacles are imperative to the implementation of the safety program (Goh and Chua,
2013; Buniya et al., 2021). Most construction companies now use a tight time
management style to better control site improvements, as most work plans submitted by
the client or main contractor are considered in a tight and limited time frame (Goh and
Chua, 2013; Ju and Rowlinson, 2014). The mentioned limitation is an obstacle in
implementing the safety management system. The consequence of such an obstacle
increases workers’ pressure and stress, which often leads to safety issues and reduced
productivity (Goh and Chua, 2013; Ju and Rowlinson, 2014; Stephen and Hunt, 2002).
Kogi (2002) and Goh and Chua (2013) also showed that some construction companies,
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especially those with smaller construction projects, have insufficient resources for their
business purposes. This makes staff and project management less committed to OSH
issues (Kogi, 2002; Goh and Chua, 2013).

Among the sub-criteria related to contractors, ‘fierce competition between contractors
to reduce time and costs’ and ‘lack of proper worker training’ had the highest ratings.
Fierce competition between contractors to reduce time and cost may cause them to resist
safety changes because they feel that the methods developed in the safety management
system are redundant and, in some cases, unnecessary (Sunindijo, 2015). The
consequence of this action is that they make safety a lower priority than project time and
cost, which is another limitation of this system (Sunindijo, 2015; Yiu et al., 2018).
Another critical obstacle among the sub-criteria of contractors is the lack of proper
worker training and insufficient time for worker training. Kartam et al. (2000) and Yiu
et al. (2019) also reached common conclusions about the lack of proper worker training
(Kartam et al., 2000; Yiu et al., 2019). They believed that the said factor was a significant
obstacle to implementing the safety program. The reason for this should be stated, as the
project has specific scheduling, penalty costs, and critical activities. It will not be possible
to train staff at any time during project implementation, and safety training interventions
need to be performed at specific stages of the project schedule that have a floating time
(Yiu et al., 2018). This training should never be done in the path of critical activities in a
project, as any delay in carrying out activities in this path will cause the project time and
cost to exceed the specified amount set by the stakeholders.

In the subgroup of factors related to Safety systems and project management, the
most critical obstacles were identified as sub-factors such as ‘focus of current project
management systems on other goals instead of safety’ as well as ‘system imposed by
senior management without consultation’. In a study by Yiu et al. (2018), eight obstacles
were identified through structured interviews. These obstacles were mainly associated
with project management and leadership. There is a need for adequate support from
managers and the government for construction industries to ensure the safe completion of
the project while observing the associated time, resources, and cost limitations (Suresh,
2017; Zou and Sunindijo, 2015). Therefore, in addition to the raised obstacles,
management’s poor understanding of safety and health is another limitation. In Brazil, a
2018 study by Garnica and Barriga (2018) found that management tends to blame
employees and government for implementing safety and health policies, while foreign
actors tend to blame management and problems. They believe that problems result from a
lack of resource allocation.

Further studies on the causality of identified obstacles and methods to prevent them
are needed but can make suggestions according to the identified obstacles. As mentioned,
the most critical obstacles identified in this study were related to tight scheduling and
resource constraints. Although a tight project schedule may reduce direct costs, it does
increase safety risk scores. On the other hand, the action of the safety management
system to minimise the safety risk score may increase the project time and the total cost
of the project (Koulinas et al., 2020; Yi and Langford, 2006). Therefore, a safety program
effectively reduces the safety risk in such a complex situation. Given the identified
obstacles, it is thought that contractor safety programs can be supported by modelling a
safety program in integration project scheduling and equipment scheduling. Many studies
are needed to prove such a hypothesis. If proper interventions are not implemented, the
project team will focus on goals other than safety, and safety will be neglected.
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6 Conclusions

This study showed that the Iranian construction industry, despite its advantages, faces
obstacles in the successful implementation of safety programs. The analysis identified
14 obstacles in three dimensions (organisational, contractors, and system). The most
critical obstacles include tight project schedule, resource constraints, and fierce
competition between contractors to reduce time, and cost, the focus of current project
management systems on other goals instead of safety goals, lack of proper worker
training, part-time workforce, and high worker turnover, lack of qualified workers, and a
system imposed by senior management without consultation. It seems that the identified
obstacles can be removed by modelling the safety program in project scheduling.
However, more studies are needed in this area. If the safety program is designed based on
the identified obstacles, safety gradually becomes an integral part of construction project
activities.
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