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ABSTRACT 

Industrial building construction activities are widely regarded as high-risk operations due to the complexity of 

tasks and the involvement of various hazardous elements. Workers are frequently exposed to dangers such as 

falling from heights, being struck by moving or falling objects, electrical hazards, exposure to toxic substances, 

and musculoskeletal strains. These risks necessitate a systematic and comprehensive approach to hazard 

identification and risk control to ensure worker safety and operational continuity. This review article aims to 

synthesize relevant scientific literature published between 2018 and 2024 from reputable databases such as Scopus 

and Sinta, focusing on the identification of workplace hazards, methods of risk analysis, and implementation of 

effective mitigation strategies. The narrative review method was employed to gather and analyze findings from 28 

selected studies that met predefined inclusion criteria. Results indicate that structured risk assessment tools—such 

as Hazard Identification Risk Assessment and Determining Control (HIRADC), Job Safety Analysis (JSA), and 

bowtie analysis—combined with the application of ISO 45001-based Occupational Health and Safety Management 

Systems (OHSMS), contribute significantly to minimizing accident rates. The review emphasizes the importance 

of integrating technical measures, administrative controls, and continuous safety training to develop a resilient and 

safety-oriented work culture in the industrial construction sector. 
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1. INTRODUCTION 

Industrial building construction work is a form of development activity that has complex 

characteristics and a very high level of risk to occupational safety and health (K3) [1]. This complexity 

is not only determined by the scale of the project and the length of the implementation duration, but also 

by the involvement of various parties working simultaneously, starting from the main contractor, 

subcontractors, to daily workers who have different competency backgrounds and experiences [2]. In 

addition, using heavy equipment, such as cranes, excavators, and other lifting equipment also increases 

the potential for danger, especially if it is not operated by trained personnel or is done without strict 

safety procedures [3]. Dynamic work environment conditions that constantly change daily such as 
shifting work zones, changing weather conditions, and piles of construction materials are additional 

factors that increase the risk of accidents [4]. In every stage of construction work, be it the planning 
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stage, land preparation, main structure work, to the finishing stage, various potential hazards are found 

that can affect worker safety. These hazards can come from physical environmental aspects such as 

uneven work surfaces, exposure to dust and hazardous chemicals, to ergonomic hazards due to manual 
lifting of heavy loads [5]. In addition, human factors such as work fatigue, time pressure, and low levels 

of technical training also contribute to increased risks [6]. Therefore, a comprehensive and integrated 

risk management system is required from the early stages of the project to proactively identify, evaluate, 
and control potential hazards. 

One of the main factors causing high levels of risk in industrial building construction projects is 

the diversity of types of work activities carried out, each of which has specific implementation 

techniques and equipment requirements [7]. In one construction project, workers can switch from one 

type of work to another, such as excavation, casting, structural assembly, installation of mechanical and 

electrical installations, to finishing work, all of which have their hazard characteristics [8]. Excavation 

at the beginning of a project can cause the risk of landslides, sinking, or being buried by materials if not 

equipped with adequate support. Meanwhile, concrete casting activities are at risk of slipping due to 

slippery surfaces or exposure to chemical additives used in the concrete mixture. Steel structure 

installation work is one of the types of work with the highest risk level because it is generally carried 
out at quite extreme heights and requires the mobilization of heavy equipment [9]. Failure to use a fall 

protection system can result in serious injury or even death [10]. On the other hand, the pressure to meet 

project deadlines often forces workers to ignore safety procedures, increasing the likelihood of work 
incidents. Unsupportive working conditions, such as minimal lighting, poor ventilation, excessive 

exposure to dust, and limited space for movement in crowded work areas, further increase the 

complexity of risk control [11]. Therefore, a holistic safety approach must include risk assessment for 

each type of activity as well as continuous improvement of working conditions. 

Data released by the International Labour Organization (ILO) shows that more than 60,000 worker 

deaths occur each year in the construction sector, making it one of the deadliest in the world in terms of 
occupational safety [12]. This high fatality rate reflects the still weak safety management systems 

implemented in various construction projects, especially in developing countries [13]. Most of these 

incidents could have been prevented if a thorough hazard identification had been carried out, followed 
by an accurate risk assessment and disciplined and consistent implementation of control measures [14]. 

This fact highlights the significant gap between written safety policy documents and actual practices in 

the workplace [15]. In many cases, the main cause of work accidents is not solely due to technical 
factors, but also due to a weak safety culture that has not been firmly embedded at all levels of the 

organization. The lack of regular and inappropriate work safety training, as well as the use of personal 

protective equipment (PPE) that is not appropriate to the type of hazard faced, also increases the risk of 

accidents [16]. In addition, another challenge is the diversity of educational backgrounds, languages, 

and experiences of construction workers, which makes the delivery of safety information inconsistent. 

Therefore, an adaptive and effective communication approach is needed to ensure that all workers 

understand and can apply applicable safety procedures correctly, thereby creating a safer and more 

productive work environment [17]. 

Considering the high number of work accidents and fatality rates in the industrial building 
construction sector, a comprehensive and holistic approach is needed in risk control efforts [18]. A 

thorough understanding of the various types of hazards specific to each stage of work is an essential first 

step. This must be followed by the selection of appropriate risk control methods, not solely relying on 
the use of personal protective equipment (PPE), but by building a preventive, systematic, and sustainable 

work safety system [19]. Control strategies should start from the project planning stage, by developing 

safe work procedures, establishing technical standards, and ensuring adequate training for all workers. 

The use of risk identification and analysis methods such as HIRADC (Hazard Identification, Risk 

Assessment and Determining Control) and Job Safety Analysis (JSA) have been proven to provide a 

clear and measurable risk assessment structure, making it easier to develop control measures that are by 

the potential hazards that exist [20]. In addition, the integration of an ISO 45001-based occupational 

health and safety management system provides a standardized and accountable framework, which can 

be widely adopted by construction companies to improve the quality of K3 implementation [21]. A 

multidisciplinary approach involving technical, managerial, and behavioral aspects is crucial to 
establishing a strong safety culture. Active involvement from top management to field workers in 
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implementing safety programs is an important indicator in creating a safe, productive, and sustainable 

work environment [22]. 

The main objective of this article is to present a systematic review of various scientific literature 
that discusses in depth the aspects of occupational safety and health in industrial building construction 

work. The focus of the study is directed at three main components, namely the identification of types of 

hazards commonly found in the field, techniques or methods used to systematically analyze and assess 
risks, and control strategies that are considered effective and applicable in the context of industrial-scale 

construction. By reviewing relevant scientific publications from various indexed databases, this article 

attempts to provide a comprehensive understanding of how the right approach to risk management can 

help reduce the level of work accidents. The results of this study are expected to be an academic and 

practical reference in the development of a more adaptive, evidence-based occupational safety system 

that is in line with global safety standards such as ISO 45001. 

2. METHOD 

The method used in this article is a narrative literature review, which is a systematic approach to 

tracing, collecting, evaluating, and analyzing various scientific literature relevant to the topic of hazards 
and risk control in industrial building construction work. This approach was chosen because it can 

provide a comprehensive and integrative picture of the issues being studied, especially those related to 

work safety practices, risk identification techniques, and the implementation of control systems in the 

field. In the reference tracking process, the author uses keywords such as "construction hazard", 

"industrial building safety", "occupational risk control", "job safety in construction", and "risk 

assessment in construction project" through various academic databases, including Scopus, 

ScienceDirect, Google Scholar, and Garuda. The literature that is the object of the study is selected 

purposively based on the relevance of the content to the focus of the study and the quality of journal 

publications, especially those indexed by Sinta (for national journals) and Scopus (for international 

journals). Thus, this article aims to present a valid and informative synthesis of various research results 
that have been conducted in the last five years (2018–2024). 

The first step in implementing this review method is to conduct an initial selection of relevant 

articles based on their titles and abstracts. From around 80 articles found in the initial search process, 
screening was carried out with predetermined inclusion and exclusion criteria. The inclusion criteria 

include: (1) articles published between 2018 and 2024, (2) articles discussing occupational safety issues 

in the industrial building construction sector, (3) articles containing discussions on hazard identification, 

risk assessment, and control strategies, and (4) articles published in national scientific journals indexed 

by Sinta or reputable international journals indexed by Scopus or WoS. Meanwhile, articles that do not 

explicitly mention the context of construction work, or that only discuss safety issues outside the realm 

of construction, are excluded from the reading list. From this selection process, 28 articles were obtained 

that met the criteria and were then used as a basis for the analysis and synthesis process of the study 

content. 
The next stage is a content analysis of the selected articles, which is carried out systematically to 

identify thematic patterns, methodological approaches used in previous studies, and the main 

conclusions that can be drawn. The analysis is carried out by highlighting key variables such as the 
dominant types of hazards found in industrial construction projects, the methods of risk identification 

and analysis used in practice, and the forms of control implemented. In addition, the authors also 

examine how the effectiveness of the risk control system is evaluated by each author in the primary 
study. The results of the analysis are then compiled and classified into several large categories, such as 

physical hazards, chemical hazards, ergonomic hazards, and psychosocial hazards, as well as control 

strategies that include technical, and administrative aspects, and the use of personal protective 

equipment. With this structure, it is hoped that this review article will not only provide academic 

information, but can also be a practical reference for construction industry players, project managers, 

and policymakers in designing a better and more sustainable work safety system. 

3. RESULTS AND DISCUSSION 

Hazard identification in industrial building construction 
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Falls from height are a major cause of fatal accidents in the industrial building construction sector. 

Work such as erecting steel structures, roofing, and working on scaffolding is high risk if not equipped 

with adequate protection systems. Contributing factors include the use of inappropriate personal 
protective equipment (PPE), unstable scaffolding, and lack of training on safe working procedures at 

height. According to data, falls from height contribute to around 40% of all deaths due to work accidents 

in the construction sector [23]. To reduce these risks, the implementation of fall protection systems such 
as harnesses, safety nets, and guardrails is essential. In addition, regular training and periodic equipment 

inspections can increase worker awareness of the hazards. Implementation of safe work procedures and 

strict supervision also play a role in preventing accidents due to falls from height. Thus, the combination 

of appropriate equipment, training, and supervision can significantly reduce the risk of falls from height 

on construction sites. 

In addition to the risk of falls, construction workers also face the dangers of being struck by 

materials and accidents involving heavy equipment such as cranes and forklifts. Improperly stacked 

materials or equipment operated without safe procedures can cause serious injuries. Mistakes in 

operating heavy equipment are often caused by a lack of operator training and certification [24]. To 

prevent accidents, it is important to ensure that only certified operators operate heavy equipment. In 
addition, work areas should be marked, and communication between operators and other workers should 

be effective. Regular inspections of equipment and the implementation of standard operating procedures 

(SOPs) are also crucial in maintaining safety. The use of personal protective equipment such as safety 
helmets and protective shoes, can reduce the impact of injuries if an accident occurs. With a 

comprehensive approach, including training, supervision, and the use of appropriate equipment, the risk 

of accidents due to falling materials and the use of heavy equipment can be minimized. 

Construction workers are also exposed to other hazards such as electric shock, excessive noise, 

chemical exposure, and work fatigue. Electric shock can occur due to damaged wiring or substandard 

installations. To prevent this, all electrical installations must be checked regularly, and workers must be 
trained to recognize the dangers of electricity [25]. Noise from heavy equipment can cause hearing loss 

if not managed properly. Wearing ear protection and regularly measuring noise levels can help reduce 

this risk. Exposure to chemicals such as solvents and paints can cause irritation or other health problems. 
Workers should wear masks and gloves when handling chemicals and ensure good ventilation in the 

work area. Work fatigue from long working hours and heavy workloads can reduce concentration and 

increase the risk of accidents. Implementing a balanced work schedule and adequate rest is essential to 
maintaining worker health and safety. By proactively recognizing and managing these hazards, a safer 

and healthier work environment can be created in the construction sector. 

Risk identification and analysis methods 

In the construction industry, risk identification and analysis methods are vital components of the 

occupational health and safety (OHS) management system. One of the widely used methods is HIRADC 

(Hazard Identification, Risk Assessment, and Determination Control). HIRADC offers a systematic 

approach that includes hazard identification, risk level assessment, and determination of control 

measures. This approach allows companies to classify risks based on their severity and probability, so 

that control measures can be adjusted according to the priority of the risk. In its application, HIRADC 
is often used to assess risks in road construction projects, where various activities such as excavation, 

paving, and installation of structures have different potential hazards. Thus, HIRADC helps in designing 

effective and efficient control strategies for each type of work in the field [26]. 
Another commonly used method is Job Safety Analysis (JSA), which focuses on breaking down a 

work task into smaller steps and identifying potential hazards at each step. JSA allows for more detailed 

and specific hazard identification, so that control measures can be designed more precisely. This process 

involves workers directly, which contribute to increased awareness and compliance with safety 

procedures. In practice, JSA is often used for high-risk tasks such as operating heavy equipment, 

working at heights, and electrical work. By involving workers in the hazard identification process, JSA 

also plays a role in building a proactive safety culture in the workplace [27] 

In addition to HIRADC and JSA, the Bowtie Analysis method is also used in risk management in 

the construction sector. Bowtie Analysis combines preventive and mitigative approaches, providing a 

visual representation of the relationship between the causes and impacts of hazards. The bowtie diagram 



342 Ahmad Zainurrosidin Widya Pratama, Heri Wardana, Mulia, Din Aswan Amran Ritonga, 

Suardi, Achmad Jusuf Zulfikar 

Hazard analysis and risk control in industrial building construction work: A review article 

 

maps the path from potential causes to the top event, and from the top event to the consequences, adding 

barriers along each path to prevent or reduce the impact of the risk. This method is very useful in 

communicating risk information to various stakeholders, because clear visualization makes it easier to 
understand the complexity of the risks involved. Thus, Bowtie Analysis not only functions as an analysis 

tool but also as an effective risk communication medium within an organization [28]. 

Risk control strategies 

In the construction sector, risk control follows a hierarchy of controls consisting of elimination, 

substitution, engineering measures, administrative controls, and the use of Personal Protective 

Equipment (PPE). Elimination and substitution are the most effective measures, such as replacing 

hazardous materials with safer alternatives or eliminating the need to work at height by redesigning 

work processes. However, when elimination and substitution are not possible, engineering measures 

become the primary strategy. For example, the use of standard scaffolding and fall arrest systems is 

effective in reducing the risk of falls from height [29]. This engineering creates a physical barrier 

between workers and hazards, thus reducing the chances of accidents. In addition, the implementation 

of good ventilation systems and isolation of work areas contributes to controlling exposure to hazardous 
chemicals. Thus, engineering plays a vital role in creating a safer working environment in construction 

projects. 

Administrative controls include changes to work practices to reduce risks, such as regular safety 

training, toolbox meetings, and incident reporting systems. Ongoing training increases worker 

awareness of potential hazards and the safety procedures to be followed. Toolbox meetings provide an 

opportunity to discuss specific safety issues before work begins, while incident reporting systems allow 

for the identification and analysis of dangerous events or near misses, so that preventive action can be 

taken [30]. While administrative controls do not eliminate hazards directly, they are important in 

establishing a proactive safety culture. The use of PPE, such as helmets, gloves, and eye protection, is 

the final layer in the risk control hierarchy. PPE should be used as a complement, not a substitute, for 
other control measures, as its effectiveness depends largely on compliance and training in its use. 

The integration of ISO 45001-based safety management systems provides a structured and 

accountable framework for managing risks in construction projects. This standard encourages 
organizations to systematically identify hazards, assess risks, and establish appropriate controls, and 

ensures active involvement from all levels of the organization, including top management and field 

workers [31]. Implementing ISO 45001 also helps companies meet legal requirements and enhance their 

reputation through a commitment to occupational safety [32]. In addition, this standard facilitates 

continuous improvement through safety performance evaluation and internal audits. By implementing 

ISO 45001, construction companies can build a strong safety culture, reduce work incidents, and 

increase overall productivity. Therefore, the integration of this standard is a strategic step in effective 

and sustainable risk management in the construction industry [33]. 

4. CONCLUSION 

The industrial building construction sector is a work environment with a very high level of safety 

and health risks, characterized by various types of hazards, including physical hazards such as falls from 

heights, being hit by materials, and heavy equipment accidents; chemical hazards due to exposure to 
toxic substances; ergonomic hazards from manual lifting activities; and psychosocial hazards due to 

excessive work pressure and lack of communication. Based on the results of a review of 28 

systematically reviewed scientific articles, it was concluded that a comprehensive risk identification and 
control approach is essential to significantly reduce the number of work accidents. The application of 

methods such as Hazard Identification, Risk Assessment, and Determining Control (HIRADC), Job 

Safety Analysis (JSA), and Bowtie Analysis has been proven to provide a systematic and effective risk 

analysis structure. In addition, the integration of an ISO 45001-based occupational safety management 

system provides a standardized, measurable, and widely adaptable framework. Control strategies that 

follow the hierarchy of risk control—starting from elimination to the use of personal protective 

equipment (PPE)—show high effectiveness when implemented in a disciplined manner. The success of 

this system depends on the active involvement of all levels of the organization. Thus, a strong safety 
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culture, continuous training, and periodic evaluations are the main foundations in of forming an adaptive 

and sustainable risk management system. 
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