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ABSTRACT: The construction industry accounts for a large share of the industry in various countries. 
The rate of accidents and deaths in this industry is much higher than in other industries. Safety is a major 
concern in the construction industry. One of the most dangerous parts of the industry is the construction 
of high-rise buildings. In this research, an attempt has been made to evaluate the level of factors affecting 
the safety of the project, to be able to predict the level of safety of future projects based on the records 
and information of previous projects. Because with a correct understanding of the impact of factors 
on safety, it is possible to take the necessary policies to improve safety and reduce damage to this part 
of the industry and prevent the waste of resources. To achieve this purpose, first, the factors affecting 
safety have been identified by reviewing the literature and reviewing the unofficial statistics of work-
related accidents, and then the relationship between these factors and the level of project safety for 95 
projects in Tehran and Kish Island is developed. It was conducted with the help of a questionnaire, with 
the help of a Bayesian network and multiple linear regression. In the proposed model, the effect of each 
of the groups affecting the safety of the project is determined. “Monitoring and supervising the safety” 
and “safe process of doing work” are among the most influential factors on the safety level of high-rise 
building projects; regression coefficients were 0.338 and 0.264, respectively. 
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1- Introduction
The construction industry is recognized as one of the most 

unsafe sectors among all industries [1]. Workers perform 
construction activities through various procedures using 
different types of machinery, tools, and materials. Potential 
hazards for construction workers often cause serious safety 
risks. The rates of accidents, injuries, and deaths reported in 
the construction industry are significantly higher compared 
to other industries [2]. Iran’s construction industry is no 
exception. The studies report that while only 29% of the 
total workforce is involved in the construction industry, 
roughly 40% of the reported incidents have occurred in the 
construction sector [3]. An unofficial report from the bureau 
of technical execution system (2016) identifies the most 
common accidents in Iran’s construction industry during 
2012 - 2015 as follows: (1) Falls from heights, 56%; (2) 
Struck-by equipment and materials, 21%; (3) Caught in/
between equipment or material, 15%; and (4) Electrocution, 
3.5%.

Many types of research have been done to identify the 
safety influential factors (SIF) of projects. For example, 
the research reviewed 90 studies on safety and identified 
13 main factors (consisting of numerous sub-factors) 
influencing safety performance in construction projects [4]. 
This research aims to show how a model could be developed 
for the preliminary estimation of project safety level (PSL) 

by SIFs. In past literature, many different types of predictive 
models have been used for predicting PSL – for instance: 
fuzzy predictive tool, Bayesian belief network (BBN), linear 
models such as multiple linear regression (MLR), etc.

2- Methodology
To achieve the objectives goals, first, accidents that caused 

severe damage to workers have been identified by studying 
the unofficial statistics of accidents in the country. Because 
the presence or probability of occurrence of these risks has 
been used as a criterion for determining the level of safety 
in the present study, the high number of occurrences of these 
accidents or the high probability of their occurrence in a 
project indicates a low level of project safety and vice versa. 
Next, six factors that affect the level of safety of projects 
are identified and selected by reviewing the literature and 
unofficial statistics of accidents in the country, as follow: 

●Safety investigation, hazard evaluation, and safety risk 
assessment processes (SIF1) [5];

●Safety of scaffolds, access equipment, and protective 
structures (SIF2) [6];

●Safe work procedure (SIF3) [7];
●Safety training (SIF4) [8];
●Maintenance, repair, and proper use of tools and 

machines (SIF5) [9]; and
●Supervisory System (SIF6) [10].
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In the next step, the data of 95 high-rise building projects 
[based on Cochran’s formula] were collected using a 
questionnaire; then, this information was entered into 
Bayesian and regression models and processed to find a 
relationship between the factors affecting safety and safety 
level. The general research process can be summarized 
according to the flowchart of Fig. 1.

Assessing the SIFs levels and PSL is very complex and 
ambiguous and be accomplished under many uncertain 
conditions; As a result of these complex and ambiguous 
conditions, the use of qualitative and linguistic terms is 
inevitable [11]. Therefore, a six-point Likert scale has been 
used to assess the levels of SIFs and PSL.

3- Results and Discussion 
After a pilot survey, data from 95 steel structural 

building projects (18 - 26 floors) were collected through 
structured interviews and questionnaires. About 90% of the 
questionnaires were used to build the models, and the other 
10% was applied to measure the accuracy of the models.  
Table 1 summarizes the SIFs and PSL statistics collected 
from the conducted interviews and questionnaires. 

As the next step, MLR and Bayesian models were 
developed using the first category of extracted data to 
predict PLS based on previous projects’ information. 
“SPSS” software was used to build the MLR model. The 
best and final regression model for predicting the PSL 
level can be predicted by MLR using four factors: SIF6, 
SIF3, SIF4, and SIF2, which is represented by Eq. (1). To 
ensure that each independent variable is linearly related to 
the dependent variable, the assumptions of multiple linear 

regression should be properly verified before developing 
models: (1) Lack of multicollinearity, (2) Multivariate 
normality, and (3) Homoscedasticity. Violations of any of 
the following assumptions lead to the rejection of the MLR 
model [12].
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According to the research results, the supervisory 
system “SIF6” and safe work procedure “SIF3” are the 
most influential factors on the project safety level of 
high-rise building projects with regression coefficients of 
0.338 and 0.264.  

In continue, “GeNIe V.2/00 Academic” software was 
utilized to build the Bayesian model. The main formula 
applied in the Bayesian network is Bayes’ probability 
formula, as presented in Eq. (2). The value of P(Hi|E) in 
this equation indicates how new values of probabilities 
update P(Hi). This update is a crucial concept of learning 
in Bayesian Networks using past experiences [7]. In this 
way, after the network is built, the Bayesian network 
variables are regularly updated with the entry of new 
data. 
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The Bayesian network also proved the direct 
relationship of all six factors to the target parameter, 
which is the PSL. 

The MAPE calculated for the created models is 
8.14%, which indicates a very accurate accuracy for the 
model. Also, the MAPE calculated equal to 11.78% for 
the predicted PSL by using the second category of data, 
which indicates the accurate prediction ability of models. 
Therefore, created models could provide a good forecast 
for similar new projects. 

 
4. Conclusion 

The primary purpose of this research is to show how 
to create a framework that can provide a step-by-step 
preliminary estimation to determine the PSL level of 
current projects based on information from similar 
projects. Therefore, two methods that have relatively 
high functionality among previous researches, including 
linear regression and Bayesian network, were studied, 
and the present study confirmed the application of both 
methods for the studied projects. An advantage of the 
Bayesian network over the linear regression model is the 
ability to predict PSL when some factors data is not 
available in a project. In this case, the Bayesian model 
possibly has high potential in predicting the future project 
safety level; but in this situation, the regression model 
needs sufficient information from all factors to predict 
the future. 
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4- Conclusion
The primary purpose of this research is to show how to 

create a framework that can provide a step-by-step preliminary 
estimation to determine the PSL level of current projects 
based on information from similar projects. Therefore, 
two methods that have relatively high functionality among 
previous researches, including linear regression and Bayesian 
network, were studied, and the present study confirmed the 
application of both methods for the studied projects. An 
advantage of the Bayesian network over the linear regression 
model is the ability to predict PSL when some factors data is 
not available in a project. In this case, the Bayesian model 
possibly has high potential in predicting the future project 
safety level; but in this situation, the regression model needs 
sufficient information from all factors to predict the future.
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