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ABSTRACT

Introduction: Nearly half of occupational accidents in Iran occur in construction sites. Therefore,
modeling of occupational accidents in these sites is one of the solutions to design safety strategies to
reduce occupational accidents in the field of construction. This study was designed and conducted with
the aim of modeling the cause-consequence of accidents in construction sites.

Material and Methods: This study was conducted based on a retrospective analysis of 10-year accident
data (2010-2019) in Iranian construction sitesin 2020. The main variable included the types of occupational
accidents in construction sites. The study tool included accidents checklist as well as a detailed report
of the studiedaccidents. The required data were collected based on a conceptual model designed to
model the cause-consequence of accidents in the construction sites. Cause-consequence modeling of the
studied accidents has been done based on the structural equation modeling and using IBM SPSS AMOS
v. 22.0.

Results: The frequency of the studied accidents was 3854 accidents. The annual averages of AFR and
ASR indices were 17.27 + 8.54 and 322.42 + 44.23 days, respectively. The results of cause-consequence
modeling of these construction accidents showed that individual and occupational, safety training and risk
assessment factors as well as variables related to these factors have a negative and significant relationship
with the indicators of the construction accidents, and the factors of environmental conditions and unsafe
acts and variables belonged to these factors have a positive and significant relationship with these
indicators (p < 0.05).

Conclusion: The findings of the study revealed that the highest impact factors on accident indicators were
related to safety training, risk assessment and unsafe acts and their variables. Therefore, the results of this
modeling can help to design safety strategies in construction sites.
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1. INTRODUCTION

Construction workshops can be considered
as the most challenging field of construction for
various reasons. In construction sites, all team
members are directly exposed to safety risksall of
which, in addition to inflicting all kinds of damages
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to workers, affect the costs of these projects as well
as the schedule and quality of implementation of
them.

Using a software modeling that can, in addition
to using a conceptual model designed with CCA,
estimate the relationship between the identified
risk factors and the impact of each of these risk
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factors will be very useful and will lead to a more
realistic understanding of the factors affecting the
events. Therefore, the structural equation modeling
(SEM) approach as a mathematical, technical
and software modeling tool, capable of analyzing
and characterizing the complex relationships and
interactions of different variables, analyzing hidden
factors and variables, determining the share of each
factor and causes involved in a phenomenon or
dependent variable can be very suitable for this
purpose.

Therefore, the present study was designed and
conducted with the aim of modeling the risk factors
affecting accidents in construction sites in the form
of a comprehensive retrospective study using the
CCA approach and SEM.

2. MATERIAL AND METHODS

This study is a cross-sectional descriptive-analytical
study conducted in 2020 on the data of 10-year
accidents (2010-2019) of construction workshops
in Iran. Therefore, the study population included
all active construction workshops during this 10-
year period. Also, the statistical sample in this study
included all accidents resulting in human injury
that occurred in these projects during the studied
period. The main variable included the accidents
and their indicators in the studied construction
workshops.

Steps of the study

This study was conducted in five steps:

Step 1: Data related to 10-year accidents occured
in construction workshops in Iran were collected
and screened by the study team. This screening was
based on inclusion criteria. Inclusion criteria in
this study included the complete filling of all items
in the accident report checklist. Incidents that did
not meet this criterion were excluded. Finally, out
of 3968 collected incidents, 3854 accidents were
selected as the accidednts analyzed in this study. It
should be noted that the main source of data in this
study was the labor office in the studied cities.

Step 2: Data related to these accidents were entered
into SPSS software version 22.0. The accuracy of
data entry was independently checked in 3 shifts by
three of the research team members.

Step 3: The conceptual model of the study was
drawn based on the Cause-Impact Analysis (CCA)
approach and review of different texts. In the process
of this analysis, three important questions were
answered, including “what happened”, “how” and
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“why”. The implementation steps to answer these
three questions included a descriptive review of
the accident and the damage occurred, sequencing
events, identifying the factors affecting the
occurrence, collecting additional information and
identifying the chain of causes led to consequences
in the studied accidents.

Step 4: After assessing the normality of
the collected data, descriptive analysis of all
studied parameters and also evaluating the direct
relationships between these risk factors and the
calculated indicators of accidents in construction
sites was performed using related statistical tests.

Step 5: Finally, accidents cause-and- effect
modeling in construction sites was conducted
with the aim of determining the type and extent
of relationship, actions and interactions of all risk
factors on each other and on the studied accidents,
based on the proposed conceptual model, using
SEM approach.

Data analysis

In the present study, SEM was performed using
IBM SPSS AMOS software version 22.0. In addition,
the evaluation of the good fit of the studied model
was performed using general indices x*/DF (2-
3), RMSEA (0.05-0.08) and adaptive indices CFI
(0.95-1), NFI (0.95-1) and NNFI or TLI (0.95-1).
The statistical tests used in this study were two-way
and the significance level was less than 0.05.

3. RESULTS AND DISCUSSION

The annual average of AFR and ASR indices
for 3854 studied accidents were 17.27 + 8.54 and
322.42 + 44.23 days, respectively. In addition, the
assessment of the consequences of these accidents
showed that 4084 workers were injured as a result
of these accidents. Of all human injuries, 4.4%
were deaths (179 cases), 9.8% were disabilities (401
cases) and 85.8% were traumas (3504 cases).

The results of SEM showed that the cause-and-
effect model presented for occupational accidents
in the studied construction workshops was an
acceptable and valid model. Evaluation of goodness
offitofthismodel showed that the values of goodness
of fit indices including x2 / DF, RMSEA, CFI, NFI
and NNFI (TLI) were estimated at 2.78, 0.062,
0.890, 0.922 and 0.925, respectively. These results
showed that individual and occupational variables,
training and risk assessment could be considered
as indirect risk factors and environmental variables
and unsafe practices were considered as direct risk
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factors of the accident.

The results of this modeling showed an inverse
significant  relationship  between  individual
and occupational risk factors, training and risk
assessment with accident indicators (p < 0.05)
and a positive significant relationship between
environmental risk factors and unsafe practices
with accident indicators (p < 0.05). The results of
cause-and-effect modeling based on the designed
conceptual model showed the strongest path
including safety training in construction activities
- unsafe actions (misunderstanding) - accident
(ASR) and safety risk assessment - unsafe actions
(misunderstanding) - accident (ASR).

The findings of this study, presented in the form
of a cause-and-effect analytical model of accidents
in construction workshops, showed that a set of
risk factors including individual variables such
as work experience, marriage and education, job
variables (such as type of activity, type of job and
the time of the accident), environmental conditions
at the time of the accident , types of safety training
and risk assessment in construction workshops
and construction projects as well as environmental
conditions in this projects and variables such
as inadequate housekeeping, faulty equipment,
and unsafe practices, including human error and
misconduct, have been identified as the risk factors
of the studied accidents.

These findings have shown a significant
relationshipbetween the identified risk factors
and the accident indicators such as AFR and ASR
as well as the type of accidents. The results of this
study, in line with the findings of other studies,
indicate that the construction site environment is
a “potential accident and disaster world” that can
lead to a catastrophic accident or emergency if the
least force or the slightest unwanted change exists.

448

The findings of SEM goodness of fit of accidents
cause-and-effect analysis in construction sites
with a large sample of 3854 accidents and 682
construction workshops also indicated that the
findings of this study could be used as a tool for
macro decision making to reduce the risk of
construction accidents. Occupational accidents
in Iran and their catastrophic human, social and
economic consequences have been used in this
study.The effectiveness of applying these findings
in reducing the incidence and severity of accidents
in construction workshops are suggested to be
investigated in future prospective studies.

4. CONCLUSION

The results of this study indicated that safety
improvement in construction workshops requires
intelligent and operational planning to address
several important risk factors, including efficient
and effective training, attention to project-related
risk factors and workplace safety conditions using
a specific tool to identify hazards, assessment their
risk leading to the implementation of control
measures through continuous safety monitoring
in these projects. In addition, the results of this
study show that the use of a multi-causal analytical
approach such as “cause-effect analysis approach”
and the use of a comprehensive software approach
such as “SEM” can be very effective and useful
in identifying and analyzing the effects safety
measures as well as monitoring of them.
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