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distributed questionnaire. 
After developing the networks, they were analyzed based on 
the concept of the SNA. The networks depicted in Figure 4 
were modeled in a software named UCINET (Pryke, 2012) to 
calculate the parameters of the SNA. The results of the SNA 
have been tabulated in Table 2.
Step 5: Proposing safety level control: As shown in Table 
2, the density of networks in three accidents is not higher 
than 0.5, thus it can be concluded that the safety level 
control can be set in a medium range. Education strategies 
or implementing some engineering controls will be enough 
as a safety control in the project. In the case of this paper, 
the density of the network in falling from height is higher 

than others. It means that applying the contract terms as a 
general strategy is a useful approach while in the network 
developed based on excavation failures which have the lowest 
density tells analyzers that the roles related to the excavation 
activities for example client, contractor, consultant, HSE, S1 
and S2 should be paid more attention and specifically more 
technical training should be given.
Step 6: Strategy for High Centrality Actors: Regarding the 
centrality index, it can be specified who is the most effective 
actor to be engaged in the HSE plan. It is obvious that the 
higher the centrality index, the more effective the actors. 
As an instance, in the falling from the height network when 
the HSE is available, HSE, S1 and H1 have the highest 

Fig. 4. Figure 4. a) Networks developed by falling from height, b) Networks developed by falling objects, c) Networks developed by 
the excavation failure

Networks developed by falling from height

Networks developed by falling objects

Networks developed by the excavation failure

Without HSE With HSE
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centrality, respectively. It means that the concentration of 
safety team should be given to them. Some strategies such as 
setting high qualification criteria in the recruitment process, 
precise monitoring during the execution phase, etc. should be 
considered. When the HSE is unavailable, S1, H1, contractor 
and T1 have the highest centrality index. These are the roles 
that analyzer should manage carefully. As a suggestion, the 
actions below can be applied to them:
•	 Hiring persons with the good safety background 
•	 Hiring persons  having an official training in the field of 

safety
•	 Involving these persons in different safety courses
•	 Designing a safety reward system for these individuals 

and giving them some responsibilities
According to this analysis, other networks can be interpreted.

6- Discussion and Validation
This paper has applied two parameters of the SNA, including 
density, to discover which accident is more crucial than 
others in each studied project and centrality, to find the most 
influential persons in each accident. 
The results of framework implementation in a case study 
revealed that determining the most effective persons with 
respect to the safety is highly dependent on the types of 
actors, their relationships and the type of accident. The 
proposed framework applied the density of the network to 
show what the most important accident is in each case study. 
This finding is dependent on the relationships among actors 
in the network of the project. For example, falling from the 
height is the accident with the highest density between three 
accidents mentioned in the case study thus it can be concluded 
that the importance of falling from height is more than others 

and project’s officials should pay more attention to manage 
activities carried out in the height. It seems that the output 
of proposed framework adopts the reality and the previous 
statistics since several activities will be done in the height. 
It is obvious when the concept of the project is changed, 
the priority of accidents will be altered. Suppose that the 
studied project is excavating the tunnel. In this situation, the 
probability of increasing the density of network developed 
based on falling from a height in comparison with excavation 
failure is considerably low. The most important point that 
should be noticed is that the projects’ networks are developed 
based on the relationships and communications among actors 
and the effects of other parameters were not considered. 
The other issue that this paper has taken into account is the role 
of actors in the SNA. The centrality index is a parameter used 
to identify the role of each actor in the project by considering   
the studied accident. Regarding the actors, by adding or 
removing one individual in the project’s network, the shape 
of the network will be changed and as a consequence, the 
SNA outputs will be changed, as well. For instance, in the 
case of this paper, with or without the HSE, the shape of the 
network is different (see Figure 4). A change in the shape of 
network causes an alteration in the centrality of each actor 
and as a consequence, the most effective persons will be 
changed. Moreover, the concept of SNA emphasizes not only 
the number of actors is important in network analysis but also 
the relationships between the actors in projects is effective 
on the results, as well. The relationships among actors 
are different because the project organization breakdown 
structure can be different for each project. Preparing the 
networks of the paper’s case is based on the investigation in 
the organization breakdown structure of the studied project. 

Without HSE With HSE
NetworkExcavation 

Failure Falling Object Falling From 
A Height

Excavation 
Failure Falling Object Falling From 

Height
0.09 0.17 0.48 0.14 0.25 0.56 Density

0.176 0 0.036 0.143 0 0.038 Client

Centrality

0.235 0 0.036 0.179 0 0.038 Consultant
0.235 0 0.084 0.179 0 0.077 Contractor

0 0 0 0.214 0.151 0.106 HSE
0.235 0.105 0.108 0.179 0.094 0.096 S1
0.118 0.026 0.06 0.107 0.019 0.058 S2

0 0.026 0.06 0 0.019 0.058 S3
0 0.026 0.06 0 0.019 0.048 S4
0 0.026 0.06 0 0.019 0.048 S5
0 0.184 0.096 0 0.151 0.087 H1
0 0.105 0.048 0 0.094 0.048 H2
0 0.105 0.048 0 0.094 0.038 H3
0 0.105 0.048 0 0.094 0.038 H4
0 0.105 0.084 0 0.094 0.077 T1
0 0.026 0.036 0 0.019 0.029 T2
0 0.026 0.036 0 0.019 0.029 T3
0 0.105 0.072 0 0.094 0.067 M1
0 0.026 0.024 0 0.019 0.019 M2

Table 2. The measured parameters after analyzing the network
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If the analyzer intends to bring the precise conclusions, he/
she should discover the project communication plan in an 
appropriate way. In other words, it can be concluded that the 
results of implementing the proposed framework in projects 
will not be the same as each other since the types and the 
relationships of actors are different. In the case of this paper, 
by adding or removing HSE actor to the network, the most 
influential persons changed. 
Validation process checks whether the model represents 
the real situation correctly (Sargent, 2005). There are three 
approaches for validating the model, including expert 
intuition, real system measurements and theoretical results/
analysis. The expert intuition is used when there is no 
similar example for the model. Since the idea of this paper 
is new, the authors applied expert judgments to validate the 
proposed model. To do this, nine experts were selected. They 
are members and responsible for some parts of a company 
in which the case of paper was developed. Their average 
experience is about 12 years. Five questions were put to the 
experts as follows:
•	 Is the general concept of the model logical?
•	 Does the model cover the required safety considerations?
•	 Is the model applicable to different construction 

companies? 
•	 How much do you trust the output of the model? 
•	 Do you support the implementation of the paper’s 

framework in your company?
After holding some meetings with experts and describing 
the proposed framework, their answers were collected. The 
experts presented their ideas about the questions based on 
an ordinal scale from 1 (the lowest score) to 5 (the highest 
score). Table 3 presents the final results.
Results show that the validation of the proposed model is 
acceptable by the expert intuition.

7- Conclusions
There is no doubt that the safety issue is one of the most 
challengeable subjects in the construction industry. Annually 
the considerable amount of money is, directly and indirectly, 
spent for the cost of accidents in construction projects. A 
large number of investigators have oriented their studies 
to the safety issues in the construction industry. This paper 
investigates safety issue as well but uses a new approach. The 
main focus of this paper was on human errors, which is one of 
the most important reasons for accidents in the construction 
projects. Regarding the nature of human behavior, the social 
network, which is an innovative tool was applied to analyze 
the behaviors in the network of a project. The project safety 
level would be improved by managing the human resource 
in an appropriate way hence the SNA as a practical tool for 
recognizing the individuals’ behavior can be considered to 
develop an efficient plan for the safety improvement. The 
framework proposed by the authors has been comprised of six 

steps, including, strategy establishment, actors’ identification, 
data gathering, network analysis, proposing safety level 
control and the strategy for high centrality actors. Different 
networks based on the various reasons for the accidents can 
be designed. This paper used three criteria, including falling 
from a height, falling objects and excavation failure, which 
are the common accidents in construction projects in Iran. 
After designing the networks based on the data gathered from 
the site, the analyzing was done and subsequently, the density 
and the centrality of networks were calculated. According 
to the results, falling from height criterion can be improved 
by preparing the safety plan according to the contract terms. 
Other criteria such as excavation failure need specific 
considerations such as education or engineering control for 
the improvement. Also, the centrality index showed that 
which of the roles should be paid more attention. The main 
benefit of this paper in comparison with other research is to 
increase the project’s safety level by improving the roles’ 
behavior in the project. Applying the concept of SNA as a 
new tool in the step by step framework for analyzing the 
roles’ behavior is another benefit of this paper. Regarding 
the familiarity of authors with the different aspects of this 
subject, it is recommended that other investigations can be 
developed in proposing a model for combining the results of 
all of the networks as a single solution.
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