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 Construction safety has meliorated during the last twenty years. Yet, substantial amount 
of development and upgrading still need to be done in improving the overall 
construction safety to lighten the negative social impacts. This responsibility lies with 
the construction engineers and must be handled adequately. To this regard, safety 
factors are a critical aspect of all fields of engineering especially within construction 
field. The main objective of this study is to explore the extent of construction safety 
factors that has been established to improve safety performance of construction project. 
A method has been developed to ensure the safety of construction workers and impacts 
on safety performance. As a result, it is found strong correlation amongst research 
variables from data extracted experts and managers in this study. Since all the 
independent variables (including material management, lighting condition, and 
security) show significant link to overall safety of construction, it is perceived that early 
assumption of this study has been proven and the objectives have been achieved in this 

matter. 
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INTRODUCTION 

 
 Bearing in mind the essential features of construction sector, it has been labeled as the most hazardous 
industries with the highest fatality rate in the world. When dealing with structures in the field of construction 
engineering it is absolutely critical to ensure their safety. This means that structural, as well as any other kind of 
failure must be avoided. This responsibility lies with the construction engineers and must be handled adequately. 
By implementation of safety factors, the chance of failure is taken into account and ideally eliminated within the 
process(Mitropoulos, Cupido, & Namboodiri, 2007). 
 It is these safety factors that allow construction engineers to design structures, which are able to withstand 
all possible uncertainties and failures. Safety factors are a critical aspect of all fields of engineering. The focus 
of this study, however, lies on its importance in the area of construction industry. Here the importance of 
ensuring safety and reliability is amplified due to the direct connection between most structures and the large 
number of people who use them. This topic is one that has been around for quite some time and remained 
relevant and necessary as long as construction industry continues to design structures.  
 The process of selecting the appropriate safety factor begins by identifying the possible factors that could 
influence the reliability and functionality of the individual pieces or the overall structure. As absolutely essential 
step, this study covers and analyzes a wide range of influencing factors. The lack of continuity in construction 
process is apparent where the responsibility of construction teams involved in project management, design and 
project implementation vary from a project to another(Shirouyehzad, Khodadadi-Karimvand, && Dabestani, 
2011).  
 Habitually, design is detached from the procedure of actual construction with consequent problems in 
coordination, communication and interpretation. This detachment or separation is supplemented with substantial 
institutional, legal and professional obstacles which may result in the creation of continuity problems among 
members of project team, sub-contractors and constructors (Voordijk, 2011).  
 The separation of design from construction work is further strengthened with utilizing severe training in 
different design jobs (Wells, 1986). The divorce of design has resulted to take apart the professionals from 
industrial technical developments. Consequently, substitution to construction techniques and materials has 
gained little attention as the result of this separation. Additionally, the lack of safety consideration is the more 
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fundamental problem that is hardly ever been a central thinking issue for designers, unions and contractors 
(Haponava & Al-Jibouri, 2010). 
 In construction industry, safety engineers and managers are typically responsible for designing structures 
and strategy, which are getting used by a great number of employees and workers. Thus, it presents a highly 
appropriate example for the importance of designing safe structures and applying safety factors. Putting people’s 
lives at risk will never be tolerated in the field of construction. For this reason, a method needs to be developed 
to ensure the safety of construction workers and structure itself. Implementing a safety factor safeguards any 
possible failures or uncertainties. As a result, the main purpose of this study is to clearly demonstrate the 
importance of safety factors in construction industry. 
 
Construction Safety: 
 Most of the construction workers are unskilled laborers together with other workers categorized by different 
skilled crafts like electricians, plumbers and carpenters and many more. Construction plans engage in dynamic 
and complicated environments in addition to many simultaneous activities. During the existence of a project, the 
construction process will face several vulnerable situations and hazards which may vary from a day to another 
day or even by every hour. Measuring the extent of the accidents is a difficult task, indeed, some the expenses 
like human sufferings are not quantifiable (BLS, 2009; BLS, 2010). 
 Identification of the main factors that cause accidents is the initial step in stopping accidents. Therefore, by 
thorough understanding of the factors, effective accident prevention strategies can be developed. An accident 
could be defined as the final upshot of a sequence of happenings where at least one of the phases has failed and 
thus resulted in an unpleasant end. The lack of a true theoretical basis is apparent in safety topic which 
prevented it to be considered as a science. Many academics have been researched in realizing the safety to 
prevent the accidents; therefore, they have attempted to develop right strategies in improving safety 
performance. By all odds, the groundwork of effective accident prevention strategies could be found among 
prediction theories of accident causation, which will be discoursed in short to further clarify the issue (Jacinto & 
Aspinwall, 2003). 
 It has been suggested that the most lasting challenges to block accidents are related to activities that human 
errors happen. The remarkable clarification has been made by seminal work of James Reason on how to look at 
human error. He proposed that a system approach or a person approach is the best way to analyze human error. 
The system approach concentrates on the existed conditions under which the workers act and the errors are 
viewed as the consequences instead of the cause of the accident (Saurin, Formoso, Cambraia, & Howell, 2005).  
 Among the old models, the accident proneness model defined as some of workers’ group might be more 
likely to involve in accidents than other group. The model maintains that some individuals basically have 
inherent features of being more prone to accidents, thus it further claims that the accidents do not occur by 
chance (Hinze, 2009). By developing the domino model, it is asserted that all accidents are owing to three major 
causes, namely, 88% of all accidents are due to unsafe actions of workers, 10% due to unsafe procedures and 
2% due to the ‘acts of god’ (Heinrich, 1931). The pure chance model could further explain the 2% of acts of god 
that is questionable. This model supposes that the chances of being injured in accidents are equivalent among all 
individuals with no way to interfere in preventing them to happen (Raouf, 1998). 
 
Safety Factors: 
 Through safety measurements, corporations are able to evaluate the influence of their safety management 
endeavors on the construction safety. Measurements are helpful to assess the effectiveness of a process, i.e. the 
implementation of safety management practices or strategies of accident prevention, in which they are the 
concern of this study onward. As a universal measure, material reliability as one of many factors is considered 
as safety measure within an organization. The reliability rates are typically based on the number of recordable 
incidents that a company has experienced during and after construction period. However, there are other factors 
that can measure the overall safety of construction are: lighting equipment and quality for night-time projects, 
and security equipment and monitoring system during construction life cycle. Each factor will explain in details 
in following sections. 
 
Construction Material Management: 
 Construction sector enforces exclusive challenges due to its project-oriented concentration and continuously 
changing environment; however, construction material management gains its key practices from the 
manufacturing industry (Ibn-Homaid, 2002; Nwachukwu & Emoh, 2010). Consequently, several academic 
studies and development researches have been conducted to assist construction planners and contractors to 
project for material acquisition and quality enhancing in the most optimal manner. These academic and 
development researches can help to further appreciate the significance of material management in the safety of 
construction projects(Rawlinson & Farrell, 2010).  
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 Different researches examined the effect of material management practices in relation to material safety and 
endurance on construction general safety. A study by Thomas et al. (1999) attempted to measure the extent of 
utilizing effective material management in delivering possible benefits to construction projects. In this study, the 
researchers analyzed two comparable construction projects, while one used a systematic material management 
and the other one did not. The numbers of information were gathered from both projects such as safety issues on 
site, materials delivery and productivity rates. Then, the required quantitative and qualitative analyses were 
conducted to find out the effect of material management practices on the construction general safety and 
productivity interruptions. 
 The results of this research revealed that the project with the execution of effective material management 
acquired the benefit/cost ratio of 5.7. Ten years later, Thomas and his team investigated the effect of structural 
steel delivery techniques and weather on safety of workers (Thomas, Riley, & Sanvido, 1999). They found out 
that setting up the steel right away from the truck is effective due to this action will eliminate the off-loading 
and sorting times on-site. Furthermore, the deficiency of safety performance as a result of bad weather is 
measured to be 32% in cold weather and 41% in snow. In another study, Thomas and Sanvido (2000) 
investigated to find out how the relationship between fabricators and contractors can impact on the construction 
materials safety. The result showed that many safety losses were due to unordered deliveries and fabrication and 
manufacturing errors (Thomas & Sanvido, 2000).  
 
Lighting Condition: 
 The main distinction between nighttime and daytime work in construction industry is the absence of 
sunlight in nighttime working hours, which made the work zone lighting to be the key factor of construction in 
nighttime hours. The major impacts of working in nighttime are related to productivity, quality, cost and safety 
of projects. Another side-effect of this absence is linked to traveling motorists, who want to pass through the 
construction zone, in which the improper lighting may cause to lower the visibility of the working zone. 
Although, this consequence is not related to construction project itself, but improved lighting will positively 
effect on the environment of construction sites. With the objective of understanding work zone lighting, one 
needs to possess sufficient acquaintance with the technical terminology of lighting (Ullman, 2008).  
 Several successful framework and models has been developed previously in lighting sphere. Though, the 
proposed models assist in specifying the cost of lighting plans, none of them investigate the impact of lighting 
on other features of nighttime construction, namely, overall safety issue. The remarkable gap in this area of 
research is apparent. The current lighting plans implemented by practitioners of nighttime construction are in 
line with general stipulations and guidelines. These stipulations and guidelines are according to literatures and 
lighting criteria offered by various agencies, namely, the Occupational Safety and Health Administration 
(OSHA) and the Illuminating Engineering Society of North America (IESNA). However, the proposed 
guidelines determine parameters such as the required minimum luminance; they do not render info on how to 
attain these lighting conditions (IESNA, 2013; Nassar, 2008).  
 Moreover, the ability of visualizing the design of the lighting plan in the work would be useful to the 
contractors, since the plan is exclusive for each work zone. This ability would grant contractors to plan for the 
quantities and types of lighting equipment that is needed for the project. Many researchers have studied the issue 
of lighting related to nighttime working zone, by which they produced several tools to help contractors in 
developing appropriate lighting plans (Nassar, 2008; MENA, 2013).  
 
Security Regulation: 
 Different regulations have been developed to create security arrangements and requirements throughout the 
construction projects in order to make those projects safe (Branch & Baker, 2007). Structured Countermeasure 
Selection Process (SCSP) has been offered by Grassie et al. (1990) to assist security designers to choose the 
execution of various security countermeasures economically together with taking into account the general safety 
and current threats. The main objective of proposed system is to assist the decision-makers to choose the best 
available countermeasure choices of the main constituents related to security system, namely, detection 
equipment, security personnel, physical barriers, communication systems, and security policies and procedures.  
 SCSP consists of six major phases: a) distinguish assets; b) ascertain criticality of assets; c) ascertain 
threats; d) ascertain types of attacks; e) ascertain vulnerability; and f) ascertain essential protection. In the 
proposed system, security countermeasures are categorized into three classes, namely, site-specific, facility-
specific and asset-specific countermeasures (Grassie, Johnson, & Schneider, 1990).  
 The requisite countermeasures will be chosen by security system designer in relation to the general safety of 
the construction location which is the system summing up of all countermeasures. As a mathematical model, 
Comparative Layout Analysis for Secure Fences (CLASP) was designed to help security system practitioners 
and designers in comparing and assessing the potential alternatives for security fences with regard to cost and 
performance. CLASP has assessed the security fences with the help of six performance metrics, namely, 
detection, false alarms, intervention, worst intervention, equivalent annual cost and capital cost. CLASP is 
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Table 1: Demographic Analysis Result. 
 Frequency Percentage 

Age 
Below 20 Years 

20-30 Years 
31-40 Years 
41-50 Years 
Above 50 

 
3 
22 
42 
27 
5 

 
3.0 
22.2 
42.4 
27.3 
5.1 

Gender 
Male 

Female 

 
91 
8 

 
91.9 
8.1 

Education Level 
High school or equivalent 
Diploma (2-year college) 
Degree (4-year college) 
Others (post-graduate) 

 
5 
32 
42 
20 

 
5.1 
32.3 
42.4 
20.2 

Project Type 
Construction 
Maintenance 

Other 

 
68 
23 
8 

 
68.7 
23.2 
8.1 

Experience 
Below 1 year 

1-3 years 
3-5 years 
5-10 years 

Above 10 years 

 
32 
44 
16 
3 
4 

 
32.3 
44.4 
16.2 
3.0 
4.0 

Organization Size 
Small 

Medium 
Large 

 
38 
45 
16 

 
38.4 
45.5 
16.2 

 
Table 2: Correlation, Mean, and Standard Deviation. 

 Mean SD 1 2 3 4 
Age 3.09 0.905     

Gender 1.08 0.274     
Education Level 2.78 0.828     

Project Type 1.39 0.636     
Experience 2.02 0.990     

Organization Size 1.78 0.708     
Overall Safety 3.9495 0.54161 1.000    

Material Management 3.8182 0.61426 0.875 1.000   
Lighting Condition 3.9242 0.56181 0.708 0.762 1.000  
Security Regulation 3.8838 0.61478 0.612 0.602 0.506 1.000 

 
 For frequency and sample characteristics analysis, the study finds that experts and managers between the 
ages of 31 to 40 years old most likely contribute to safety factor analysis in construction industry. In terms of 
gender, males’ participants were believed to be more than the number of female. This data is proven and 
acceptable in construction industry as stated by the study of (Chandra & Loosemore, 2004).  
 The research participants were Iranian within construction industry. It also found that majority of 
participant were categorized as highly educated backgrounds. These findings show the developing industry need 
for educated participants providing safety for construction projects (NSDC, 2010). The study also found that the 
great number of participants in this study were from building construction projects. This was not that surprising, 
since the target group in this study was construction safety experts and managers in Iran. Further, majority of 
participants were joint the construction safety management less than 3 years, which may reflect their low level 
of working experience in the field (Aksorn & Hadikusumo, 2007); yet it cannot be hundred percent inferred it 
form demographic factors itself; other factors might impact the results. In terms of organization size, the 
medium sized industries revealed the most focused group in this research as extracted from participants. 
 According to results, the correlation between the study’s variables was tested in-line with the research 
framework and underlying hypotheses. Since all the independent variables (including material management, 
lighting condition, and security regulation) showed significant link to overall safety of construction, it is 
perceived that early assumption of this study has been proven and the objectives have been achieved in this 
matter. Table 3 shows the safety determinants (independent variables) affecting overall safety of construction in 
highest to lowest order. 
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Table 3: Research Factors Impacts on Overall Safety Level. 
Rank Safety Determinants Un-Standardized Beta Coefficient 

1 Material Management 0.700 
2 Security 0.118 
3 Lighting Condition 0. 085 

 
 From the perception of participants, overall safety of construction is determined most importantly by 
material management as one of the important safety determinants. Security regulation and physical security was 
the second most contributor factor from participants’ perception of overall safety in construction. The lighting 
condition was place in third position. This might result from the experts and managers’ understanding of 
lighting on their day to day operation. Altogether, this research suggests material management along with 
security condition control as best contributor towards overall safety of construction, yet the role lighting cannot 
be neglected in todays’ project environment. These results may occur when new framework was put on test for 
the first time; however, the further modification on measures can help improve the outcomes as expected. 
 
Conclusion: 
 This study starts with the introduction including definition of topic and background of study. The reviewed 
context helps further understanding of the construction safety factor background and their generalizability to 
explain overall safety in construction industry in Iran. The literature provides the factors that have contributed to 
the positive ties between the safety factors in construction and overall safety. By recognizing the significant 
factors, the responsibility of different parties for safety approaches to reduce incidents, more actual 
understanding can be achieved. For this mean, based on the literature review and safety experts and managers 
ideas, the several factors that are probable for increasing safety in construction projects in Iran have been 
identified. Some of these factors have been eliminated. Thus, in the final stage, three variables have been 
studied. Based on the discussion on the findings, results have shown similar concepts in comparison to the 
studies done by previous researchers. Significant relationship between safety factors and overall safety of 
construction, as well as the determination of  the  specific elements,  which are  prone to having positive impact 
on providing safety that are highly parallel with results drawn from past exploration. This study also inferred the 
importance of construction and its safety management component to improve the safety performance of a 
construction project. 
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