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ABSTRACT 

The construction industry, often deemed high-risk due to complex tasks, heavy machinery, and 

hazardous work environments, faces persistent safety challenges. This research proposes a framework 

model to cultivate a robust construction safety culture aimed at accident prevention. The model 

integrates leadership commitment, employee involvement, and well-established safety policies to 

foster a safety-conscious environment. It emphasizes cultural elements, such as shared values and 

attitudes, to create a shift in safety perception throughout all project phases. Through an empirical 

research approach, the framework is validated by analysing real-world construction safety data. A key 

contribution of this study is the development of a modified Hazard Identification and Risk Assessment 

(HIRA) framework that incorporates risk multiplication factors (RMFs), ensuring a more 

comprehensive risk assessment process. The findings suggest that the new model not only enhances 

safety outcomes but also positively impacts overall project performance, reducing accident rates and 

improving worker morale. The study highlights the critical importance of leadership, policy, and 

resources in shaping safety culture, while also addressing the broader societal, financial, and legal 

implications of construction safety. Ultimately, the framework provides a structured approach to 

improving safety practices and outcomes across construction projects, contributing to industry-wide 

best practices for safety management. 
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I.  Introduction 

The construction industry, known for its high-risk environment, faces persistent challenges in ensuring 

the safety of workers. With complex tasks involving heavy machinery, precarious work environments, 

and tight project timelines, accidents remain a major concern [1]. A safety culture, which reflects the 

shared values, attitudes, and behaviours of an organization towards safety, is crucial in preventing 

these accidents. Despite the implementation of safety protocols, accidents continue to occur, pointing 

to the need for a more integrated, proactive approach to safety management. The development of a 

framework model for construction safety culture is aimed at embedding safety into every facet of 

project execution, with a focus on accident prevention [3]. 

The framework model being developed seeks to address the gaps identified in existing safety 

management systems by integrating cultural elements into safety practices. This model will combine 

leadership commitment, employee involvement, and the establishment of robust safety policies to 

foster a safety-conscious environment across all project phases. By focusing on the cultural and 

behavioural aspects of safety, the model aims to create a shift in how safety is perceived and acted 
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upon within the industry. Furthermore, the framework will be validated through empirical research, 

ensuring its applicability and effectiveness in real-world construction settings [3]. The significance of 

this framework lies not only in improving safety outcomes but also in enhancing the overall 

performance of construction projects. A positive safety culture has been shown to reduce accident 

rates, improve worker morale, and increase productivity by creating an environment where safety is 

prioritized by all stakeholders. The proposed model will therefore play a vital role in reshaping the 

safety landscape of the construction industry, providing organizations with a structured approach to 

reduce accidents and foster a culture of continuous safety improvement. Through the validation of this 

model, this study aims to contribute to the establishment of industry-wide best practices that prioritize 

safety and ensure the well-being of workers across construction sites [4]. 

 

1.1 Importance of Construction Safety Culture 

In the construction industry, safety is essential for both worker well-being and successful project 

execution. Given the inherent risks such as working at heights and operating heavy machinery a robust 

safety culture is crucial. This culture goes beyond compliance with regulations; it involves a shared 

mindset across all levels, from workers to executives [5]. 

A strong safety culture not only reduces accidents but also ensures timely and cost-effective project 

completion, fostering trust among stakeholders and enhancing the industry's reputation. Originating 

from the Chernobyl disaster, safety culture has become a key concept in organizational management, 

emphasizing shared values and attitudes towards health and safety. Over time, this concept has evolved 

to include psychological, behavioural, and corporate dimensions, highlighting its critical role in 

proactively addressing risks and preventing accidents [6]. 

 
Fig 1. Construction Safety Culture Model 

 

II. Literature 

The construction industry, known for its inherent risks and complex operations, requires effective 

safety measures to prevent accidents and ensure worker well-being. Recent studies have focused on 

various safety-related aspects, including the development of decision aids, the role of safety climate, 

and the adoption of innovative technologies like exoskeletons and virtual reality. Researchers have 

explored factors influencing safety performance, such as leadership, worker empowerment, and hazard 

identification, offering valuable insights into improving safety practices. This collection of studies 

highlights the ongoing efforts to enhance safety culture, identify risks, and develop predictive models, 

ultimately aiming to reduce accidents and improve construction site safety management. 

Sean M. Whitaker et al. (2002) developed SCAFPASS, a decision aid to improve scaffold safety. It 

identifies common issues like improper installations and poor supervision. By enhancing safety 

management, SCAFPASS aims to reduce scaffold-related injuries in construction projects. Gunjan 

Tripathi et al. (2014) surveyed 100 retail investors in India to understand their perceptions of derivative 
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trading. They found that income influences investment decisions, while other factors like gender and 

education do not significantly affect investor behaviour in derivatives. Tariq Umar et al. (2015) 

analysed safety climate factors in Omani construction. They identified leadership commitment, worker 

empowerment, and communication as key influences. The study recommends further validation of 

these factors across broader construction teams to improve safety practices and performance. Sunwook 

Kim et al. (2019) explored the use of exoskeletons to reduce musculoskeletal injuries in construction 

workers. They found potential benefits but also concerns regarding practical application. The study 

calls for further research to overcome obstacles to exoskeleton adoption in construction. M. Loosemore 

et al. (2019) evaluated the effectiveness of safety training in Australian construction. Their survey 

revealed that while training improved workers' understanding of safety hazards, it had little effect on 

altering their safety attitudes. More engaging training methods are recommended. 

Ivan W. H. Fung et al. (2022) introduced the Stress-strain Model to enhance construction safety and 

risk management. It helps organizations identify hazard release points and manage risks effectively, 

aiming to improve safety performance in dynamic construction environments. Siddharth Bhandar et 

al. (2019) studied how emotions affect hazard identification, risk assessment, and safety decisions in 

construction. Using augmented reality, they found that emotions influenced risk assessments and safety 

decisions but did not significantly impact hazard identification processes. Sooyoung Choe et al. (2020) 

proposed a safety risk generation and control model for construction. The model examines factors like 

resources, temporal risks, and management control, aiming to enhance safety risk analysis and promote 

proactive safety management on construction sites. Tao Shen et al. (2019) developed a construction 

safety prediction model using an optimized BP neural network algorithm. The model accurately 

predicted safety risks and reduced casualties by providing proactive measures to manage risks before 

construction issues occurred. 

Mohammad Tanvi Newaz et al. (2018) proposed a five-factor safety climate model for construction. 

Their systematic review highlighted factors like worker engagement and supervisor accountability as 

key to safety climate. The model aims to standardize safety climate evaluation across the industry. 

Feng Bin et al. (2019) developed a virtual realitybased safety training system for construction. The 

system enhances hazard awareness by immersing workers in realistic virtual environments, helping 

them respond to safety risks, thereby improving overall safety training effectiveness on construction 

sites. Tao Chen et al. (2020) analyzed the correlation between construction safety factors and non-fatal 

accidents in China using multiple regression. Their findings suggest that higher labor productivity 

decreases accidents, while increased profits and mortality rates contribute to higher non-fatal accidents. 

Saeed Reza Mohandes et al. (2019) developed the CHFORAM model to improve risk assessment for 

construction workers. The model enhances risk analysis accuracy by reducing uncertainties and 

proposing effective mitigation strategies, offering practical guidance for safety managers to improve 

worker safety. Murat Gunduz et al. (2018) created a fuzzy structural equation model to assess safety 

performance on construction sites. The model combines fuzzy set theory with structural equation 

modelling to evaluate safety indices, providing an effective tool for real -time safety assessments via 

a mobile app. Eiei Soewin et al. (2022) used system dynamics modelling to analyse construction 

performance indices. The study found that collaboration, management, and internal stakeholders 

impact safety and performance. It emphasizes the importance of integrating environmental policies 

into long-term performance improvement strategies. 

 

III.  Methodology 

The methodology involves identifying key factors influencing construction safety culture through 

literature review and expert consultation. Variables like leadership, communication, and safety policies 

are highlighted. Data is organized in Excel using HIRA, ensuring clarity and consistency by defining 

columns for each variable to support structured analysis and informed decision-making in accident 

prevention efforts. 

3.1. Conceptual Model Development 
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The study developed a structural equation model of construction safety culture, focusing on six key 

enablers leadership, policy, people, partnerships, processes, and goals. It hypothesized relationships 

between these latent constructs and their attributes to improve safety outcomes, emphasizing 

leadership's pivotal role in fostering a positive safety culture. 

Enablers Goals 

 
Fig 2. Proposed Conceptual Model of Construction Safety Culture 

The diagram represents a strategic model where Leadership (LDS) drives enablers like People (PPL), 

Policy & Strategy (POL), and Partnerships & Resources (PRS). These elements influence Processes 

(PRO), which collectively contribute to achieving organizational Goals. It highlights the 

interconnected role of leadership, planning, and resources in delivering results. 

3.2. Data Collection 

Data were collected using a structured questionnaire survey designed to assess construction safety 

culture. Respondents rated statements on a five-point Likert scale (l = strongly disagree to 5 = strongly 

agree). The survey also captured demographic and organizational data, enabling analysis of safety 

performance, policies, reporting systems, and resource allocation across different construction 

organizations. 

3.3. Data Analysis 

The collected data were first analysed using exploratory factor analysis (EFA) to identify underlying 

factors and validate the grouping of attributes in the conceptual model. Subsequently, structural 

equation modelling (SEM) was applied to examine the relationships among the enablers, revealing 

complex interactions within the construction safety culture. 

Exploratory Factor Analysis (EFA) identifies the underlying structure of variables by grouping them 

into factors based on their correlations. It helps uncover latent constructs by finding the smallest 

number of factors explaining maximum variance. Researchers interpret factors by examining variable 

loadings and their theoretical context, enabling a better understanding of complex data patterns. 

Structural Equation Modelling (SEM) tests and estimates complex relationships among observed and 

latent variables. It combines confirmatory factor analysis and path analysis to evaluate direct and 

indirect effects, assess model fit, and account for measurement error. SEM is widely used for 

modelling intricate variable relationships in social sciences and beyond. 

3.4. Modified HIRA Framework for Dynamic Risk Assessment 

Traditional Hazard Identification and Risk Assessment (HIRA) models are static in nature, primarily 

relying on the basic formula of Probability x Severity to evaluate risks. However, this approach often 

overlooks crucial contextual factors such as environmental conditions, organizational dynamics, and 

human factors. To address these limitations, a modified HIRA framework is proposed, integrating Risk 

Multiplication Factors (RMFs). This enhanced model aims to provide a more comprehensive and 

realistic assessment of risk by incorporating variables related to Environmental, Occupational Health 

and Safety (OH&S), and Operational aspects. The modified approach ensures that risk levels are more 

reflective of actual working conditions, thereby supporting more effective safety management and 

decision-making. 
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 Traditional Risk = Probability x Severity 

 Modified Risk = (Probability x Severity) x Risk Multiplication Factors 

 RMFs derived from 12 X 5 real-world influencing factors. 

Table 2. Probability Rating 

Probability/Likelihood 

Rating Occurrence 

 of 

Description 

1. Very Unlikely 

(Improbable) 

1 IN EVERY 10,000 OPERATIONS or 1 IN EVERY 

10 YEARS OPERATION 

2. Unlikely (Remote) 
1 IN EVERY 1000 OPERATIONS or 1 IN EVERY 

05 YEARS OPERATION 

3. Likely (Possible) 1 IN EVERY 100 OPERATIONS or 1 IN EVERY  

YEAR OPERATION 

4. Very Likely (Probable) 
INCIDENT MOST LIKELY TO HAPPEN or 1 IN 

EVERY MONTH OPERATION 

 

Table 3. Severity Rating 

Severity 

Rating Occurrence Description 

1. Negligible                                 Minor injuries such as small cuts and bruise, back to work 

2. Minor 
Injury/ill health with short term effect, not reportable — 

away from work for less than two days 

3. Severe Major injury or permanent disability or ill health with long 

term effect reportable 

4. Major Fatality, disasters. 

 

IV.  Result and Discussion 

The table presents a comprehensive framework for the development of a safety culture within the 

construction industry, aimed at accident prevention. It encompasses various aspects including risk 

assessment, societal engagement, financial assessment, design assessment, advisor evaluation, 

stakeholder perspective, contractor assessment, safety assessment, asset evaluation, workforce 

management, legal issues, and detrimental issues. Each aspect is evaluated based on multiple criteria, 

with checkboxes indicating the degree of adherence or risk level. For instance, under risk assessment, 

factors such as environmental impact, societal engagement, financial assessment, design assessment, 

advisor evaluation, stakeholder perspective, contractor assessment, safety assessment, asset 

evaluation, workforce management, legal issues, and detrimental issues are assessed. The checkboxes 

provide ranges or options for each criterion, allowing for a detailed evaluation. 

 

Table 4: Framework of risk assessment model  

(a) Environmental impact, social engagement, financial assessment and design assessment 
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(b) Advisor evaluation, stakeholder’s perspectives, contractor and safety assessment 

 
(c) Asset evaluation, workforce, legal issue and detrimental issue 

 
The framework aims to provide a holistic view of safety culture within construction projects, 

considering not only traditional safety metrics but also societal, financial, and legal aspects. This 

multifaceted approach recognizes that safety in construction is influenced by various factors beyond 

technical measures. To validate this framework, a risk multiplication factor of 0.52 is provided. This 

factor likely represents the overall risk level derived from the various assessed criteria. It suggests that 

despite efforts to mitigate risks, there remains a residual risk associated with construction projects, 

highlighting the importance of continuous improvement in safety practices. Performing validation of 

the developed model involves comparing the predicted risk multiplication factor with actual accident 
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data from construction sites. If the predicted factor aligns closely with observed accident rates, it 

indicates the effectiveness of the framework in assessing and managing risks. Conversely, significant 

discrepancies may signal areas where the framework needs refinement or where additional safety 

measures are warranted. In conclusion, the table presents a structured framework for assessing and 

fostering a safety culture within the construction industry. It provides a systematic approach to 

identifying and managing risks, encompassing diverse aspects relevant to construction safety. 

Validation of this framework is crucial to ensuring its effectiveness in preventing accidents and 

promoting a safer working environment in construction projects. 

 

V.  Discussions 

The proposed framework model for construction safety culture demonstrates a significant shift 

towards a more integrated approach to accident prevention. By embedding safety into organizational 

culture through leadership commitment, employee involvement, and comprehensive safety policies, 

the model aims to reduce the risks inherent in construction environments. Traditional safety protocols 

often fall short in addressing the behavioural and cultural factors that contribute to accidents. This 

study bridges that gap by emphasizing the psychological and organizational dimensions of safety. One 

key aspect of this research is the development and validation of the modified HIRA framework, which 

incorporates Risk Multiplication Factors (RMFs). This enhanced model allows for a more nuanced 

assessment of risks by considering contextual factors that traditional models overlook, such as 

environmental conditions and human factors. Through data analysis and validation, the framework's 

effectiveness in reducing accidents and improving safety performance is evident. The study also 

emphasizes the role of leadership and proactive safety measures in fostering a culture where safety is 

prioritized across all levels ofa construction project. The findings align with prior research, which 

suggests that a strong safety culture positively influences worker morale, reduces accident rates, and 

improves productivity. Therefore, the model presented here serves as a valuable tool for reshaping 

safety practices within the construction industry and ensuring the well-being of all stakeholders. 

 

VI. Conclusion 

In conclusion, the research offers a comprehensive framework for developing a safety culture within 

the construction industry, aiming to reduce accidents and enhance safety outcomes. The study's core 

contribution is the establishment of a safety culture model that incorporates leadership, 

communication, and policy integration into all stages of a construction project. This model seeks to 

address the gaps in existing safety systems by embedding cultural elements that emphasize the shared 

responsibility of all stakeholders in ensuring safety. The validation of this framework, using empirical 

data, underscores its applicability and effectiveness in real-world construction environments. The 

inclusion of a modified Hazard Identification and Risk Assessment (HIRA) model, which incorporates 

Risk Multiplication Factors (RMFs), offers a more holistic approach to risk assessment. By 

considering contextual and environmental factors, this enhanced framework provides a more accurate 

reflection of the actual risks in construction settings. The findings from the study suggest that a robust 

safety culture not only leads to a reduction in accidents but also improves worker morale, project 

timelines, and overall productivity. The framework offers a structured approach to creating a safety-

conscious environment, which could ultimately shape industry-wide best practices. It contributes 

significantly to improving safety management strategies and underscores the importance of continuous 

safety culture development in construction projects. 
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