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Abstract 
The construction industry continues to face significant occupational health and safety (OHS) challenges due to operational complexity, dynamic 

site conditions, and evolving regulatory frameworks during 2021–2026. This narrative review synthesizes evidence from more than 100 peer-
reviewed studies and industry reports across Pakistan, China, Iran, South Korea, and the United States to examine construction-related hazards, 
accident patterns, demographic risk factors, and environmental stressors. The study critically evaluates existing safety practices, including 
regulatory enforcement, labor union involvement, and awareness initiatives, in reducing workplace incidents. Particular attention is given to 
emerging technologies reshaping construction safety management, especially artificial intelligence (AI), Internet of Things (IoT)-enabled systems, 
drone surveillance, wearable sensors, and computer vision applications. These technologies enable predictive risk assessment, real-time hazard 
detection, and data-driven decision-making, supporting a shift from reactive to proactive safety management. The study proposes an integrated 
conceptual framework combining technological innovation, workforce training, regulatory oversight, environmental and human factors, and AI-
driven safety intelligence to strengthen risk mitigation strategies. Findings suggest that AI-assisted monitoring and structured safety interventions 
can significantly reduce construction accident rates, with potential reductions of up to 52% under effective implementation. The review concludes 
that standardized datasets, wider adoption of AI-based safety systems, and future empirical validation are essential to advance evidence-based 
occupational safety practices in the global construction industry.
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Highlights:
•	 The study reviews 2021–2026 OHS challenges in construction across multiple countries using recent literature.

•	 Artificial intelligence, IoT, and digital monitoring tools are identified as key drivers of predictive safety management.

•	 Integrated AI-based safety systems with training and inspections can reduce construction accidents by up to 52%.
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Introduction

The construction industry, known for its complexity and 
rapidly changing conditions, faces significant challenges in 
managing occupational health and safety (OHS) risks [1]. Despite 
advancements in safety technologies and practices, persistent 
hazards such as falls, electrocution, and equipment-related 
accidents continue to pose serious risks [2]. In recent years 
(2021–2026), the integration of advanced safety systems-including 
fall arrest technologies, wearable safety devices, and automated 
monitoring systems has improved hazard control and reduced 
exposure to critical risks [3]. However, these technological measures 
alone remain insufficient unless combined with structured training 
programs, strict regulatory enforcement, and behavioral safety 
interventions [4]. Contemporary research emphasizes a holistic 
safety approach incorporating real-time hazard monitoring, AI-
enabled predictive analytics, and continuous safety audits to 
proactively identify and mitigate risks before incidents occur [5]. 
Additionally, adherence to international frameworks such as the 
World Bank’s Environmental, Health, and Safety (EHS) guidelines 
[6], along with data-driven updates to safety protocols, is essential 
for strengthening occupational protection in high-risk construction 
environments.

The analysis of health and safety hazards reveals significant 
regional variations due to differences in regulations, workforce 
skill levels, and implementation practices [7]. In countries such as 
China and Iran, fall-related accidents remain dominant, often linked 
to poor supervision, unsafe working environments, and inadequate 
safety training [8]. Statistical evidence shows that falls contribute 
to a large proportion of fatalities and severe injuries, highlighting 
the need for enhanced preventive strategies [9]. Demographic 
factors such as age and experience further influence accident 
rates, with younger and less experienced workers as well as older 
workers facing higher vulnerability [10]. In the United States, 
effective safety management prioritizes fall protection systems and 
strict enforcement of safety compliance [11]. Similarly, disparities 
in injury rates based on company size in South Korea indicate the 
need for targeted interventions, particularly for smaller firms with 
limited safety infrastructure [12]. Overall, integrating AI-based 
risk prediction systems with traditional safety management offers 
a more effective approach to reducing hazards across diverse 
construction settings.

Occupational health and safety (OHS) in construction remains 
critical for safeguarding workers and improving productivity [13]. 
The sector requires rigorous implementation of safety measures, 
including personal protective equipment, regulatory compliance, 
and continuous training programs [14]. Effective OHS systems not 
only reduce accident rates but also enhance worker morale and 
operational efficiency [15]. Labour unions play an important role in 
advocating for improved safety standards and protecting workers’ 
rights, although their influence remains limited in regions with weak 
institutional structures such as Pakistan [16]. Strengthening safety 
awareness, improving regulatory enforcement, and embedding 
OHS into organizational culture can significantly enhance worker 
protection and performance outcomes [17].

Occupational health and safety in construction continues to 
evolve in response to persistent hazards such as falls, equipment 
failures, and exposure to harmful substances [18]. Recent 
advancements highlight the growing role of artificial intelligence 
(AI), Internet of Things (IoT), and data-driven safety systems 
in transforming traditional safety practices into predictive and 
intelligent frameworks. While earlier studies focused on identifying 
hazards and implementing basic safety protocols, recent research 
emphasizes AI-assisted risk prediction, digital monitoring systems, 
and integrated safety management strategies. Evidence from long-
term studies suggests that strengthening OHS through advanced 
technologies, continuous training, and improved regulatory systems 
can substantially reduce accident rates and enhance workplace 
safety performance [19]. A proactive, AI-supported safety approach 
is therefore essential for achieving sustainable improvements in 
construction safety and operational efficiency.

Research Design and Conceptual Framework

This study employs a narrative review design to critically assess 
existing literature on occupational health and safety (OHS) in the 
construction sector. The primary objective is to synthesize diverse 
sources of secondary data ranging from scholarly publications and 
industry reports to governmental guidelines to highlight current 
challenges, technological advancements, and region-specific safety 
practices. Literature was sourced from databases such as Scopus, 
Web of Science, ScienceDirect, and Google Scholar, using carefully 
selected keywords including “construction safety,” “occupational 
hazards,” “OHS technology,” “fall prevention,” “worker behavior,” 
and “health and safety policy.” The review prioritized publications 
from 2010 to 2024 to ensure relevance, with exceptions made for 
historically significant sources that contextualize current trends. 
Articles were included based on their empirical rigor, regional 
specificity, and contribution to policy or technological discourse. 
Studies lacking clear relevance, recent data, or applicable insights 
were excluded to maintain academic integrity and thematic focus.

To guide the analytical framework of this review, a conceptual 
model is proposed that integrates four interrelated dimensions: 
technological innovation, worker training, regulatory oversight, and 
environmental/human factors. The first dimension, technological 
innovation, includes advancements such as Building Information 
Modeling (BIM) for hazard visualization, Internet of Things (IoT)-
enabled safety monitoring, drone surveillance, and artificial 
intelligence (AI)-based systems for accident prediction and site risk 
assessment. These tools contribute significantly to proactive safety 
management by enabling real-time alerts, predictive analytics, and 
digital twin simulations of jobsite conditions. The second dimension 
emphasizes comprehensive training programs, safety education, 
and behavioral reinforcement techniques. Worker-centered 
initiatives, such as fatigue management systems and cognitive-
behavioral safety interventions, are recognized for reducing 
accident proneness and improving on-site decision-making.

The third dimension addresses the role of regulatory oversight 
and policy enforcement. Strong institutional frameworks, periodic 
inspections, union advocacy, and mandatory Health, Safety, 
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and Environment (HSE) compliance protocols are essential 
for institutionalizing safety culture. Lastly, the environmental 
and human factors component accounts for physical working 
conditions, workforce demographics (e.g., age and experience), 
and psychological stressors that influence hazard perception and 
safety compliance. These elements are particularly important in 
developing regions, where resource limitations, informal labor 
markets, and inconsistent enforcement can impede effective 
safety implementation. Moreover, the framework incorporates 
an economic lens, acknowledging the cost-benefit challenges 
associated with the deployment of high-end safety technologies 
in low-income settings. By integrating these four dimensions, the 
study provides a holistic lens through which occupational safety 
in construction can be understood, improved, and sustained. This 
framework not only aids in analyzing current practices but also 
establishes a foundation for future empirical studies aimed at 
quantifying the impact of integrated safety systems.

Safety Practices in the Construction Industry

Due to its intrinsic complexity and rapidly changing operational 
environment, the construction industry continues to face persistent 
challenges in managing occupational health and safety risks [20]. 
Construction projects are inherently dynamic, involving multiple 
stakeholders, simultaneous activities, and continuously evolving 
site conditions, which makes complete elimination of hazards 
extremely difficult [21]. Despite significant advancements in safety 
technologies and management systems, major risks such as falls 
from height, electrocution, struck-by incidents, and equipment-
related accidents remain among the leading causes of injuries 
and fatalities in the sector [22]. Recent developments in safety 
engineering, including wearable devices, smart helmets, and 
automated monitoring systems, have contributed to improved 
hazard detection and response mechanisms [23]. However, 
evidence consistently suggests that technological solutions alone 
cannot ensure comprehensive safety unless they are integrated 
with continuous training, strong regulatory enforcement, and 
proactive hazard management strategies [24]. In contemporary 
construction environments, artificial intelligence has emerged 
as a transformative force, enabling predictive risk assessment, 
real-time monitoring, and automated safety compliance through 
integration with IoT sensors and computer vision systems. These 
technologies allow safety managers to identify unsafe behaviors 
and hazardous conditions before accidents occur, thereby shifting 
safety management from reactive to preventive and predictive 
frameworks. A holistic safety system that combines human behavior, 
organizational culture, and intelligent technologies is therefore 
essential for reducing occupational incidents and improving long-
term safety outcomes.

Regional studies further highlight the persistence of safety 
challenges in developing construction markets. Research 
conducted in Pakistan reveals that inadequate use of personal 
protective equipment, unsafe lifting operations, falls from height, 
and electrical hazards remain major contributors to construction-
related fatalities [25]. Mechanical lifting activities and electrocution 

incidents are particularly significant due to insufficient training 
and weak enforcement of safety standards in many project sites 
[26]. These findings emphasize the urgent need for strengthening 
regulatory supervision, improving workforce competency, and 
implementing systematic safety audits across construction 
projects. In addition, the integration of AI-enabled monitoring 
systems can enhance hazard identification by detecting unsafe 
working conditions in real time and issuing automated alerts to site 
supervisors. Regular safety drills and structured training programs 
further reinforce worker preparedness and improve compliance 
with safety protocols. Collectively, these measures demonstrate 
that an integrated approach combining human, organizational, and 
technological factors is essential for reducing accident rates and 
ensuring safer construction environments.

Significance of Safety in the Construction Industry

The construction industry is widely recognized as one of the 
most hazardous occupational sectors globally due to its labor-
intensive nature and exposure to high-risk activities [29]. Workers 
are frequently exposed to dangerous conditions involving heavy 
machinery, elevated structures, electrical systems, and physically 
demanding tasks, all of which significantly increase the probability 
of occupational injuries and fatalities [30]. The consequences of 
such accidents extend beyond human loss and include substantial 
economic burdens such as medical costs, compensation claims, 
project delays, legal liabilities, and productivity losses [31]. These 
impacts collectively reduce the efficiency and sustainability of 
construction operations, particularly in developing economies 
where safety infrastructure is limited. Therefore, strengthening 
occupational health and safety systems is not only a regulatory 
requirement but also a critical economic and organizational 
necessity.

The establishment of a strong safety culture plays a central 
role in reducing workplace accidents and improving construction 
performance. Safety culture is defined by shared organizational 
values, behaviors, and attitudes that prioritize safety at every 
level of operation. As emphasized in previous research, effective 
safety culture development requires continuous training, strong 
managerial commitment, and active worker participation in safety-
related decision-making processes [32]. In modern construction 
environments, this cultural transformation is increasingly 
supported by digital technologies, including artificial intelligence-
based safety dashboards, predictive analytics platforms, and 
automated compliance monitoring systems. These systems 
enhance transparency, enable early risk identification, and 
support evidence-based decision-making across construction 
sites. Consequently, integrating human-centered safety culture 
with advanced technological systems is essential for achieving 
sustainable improvements in occupational safety outcomes.

Since 2021, construction safety performance has shown 
gradual improvement due to the integration of digital monitoring 
systems and artificial intelligence-based safety tools, as illustrated 
in Table 1.
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Statistical Analysis of Hazards

Statistical analysis of construction industry hazards reveals 
that improper crane operations, lifting activities, falling objects, 
and electrocution remain among the leading causes of fatalities 
in construction environments [35]. These recurring hazards 
highlight the critical need for targeted safety interventions, 

improved operational controls, and continuous monitoring of 
high-risk activities [36]. Although technological advancements and 
modern safety practices have contributed to risk reduction, several 
high-severity hazards continue to persist due to human error, 
inadequate supervision, and inconsistent safety compliance across 
construction sites [38]. In recent years, the integration of artificial 
intelligence and data-driven monitoring systems

Table 1: Construction Industry Safety Statistics and AI Integration Trends [28-33].

Year Total Work-
force

Fatal 
Injuries

Non-Fatal 
Injuries

Total 
Injuries

Fatality Rate (per 
100,000 workers)

Injury 
Rate (%) Level of AI Integration in Safety Systems

2021 38,50,000 920 62,500 63,420 23.9 1.65 Low – Conventional/manual monitoring 
systems

2022 39,20,000 885 60,200 61,085 22.6 1.56 Moderate – Early IoT-enabled safety tools

2023 40,10,000 840 58,900 59,740 20.9 1.49 Moderate–High – AI pilot and analytics 
systems

2024 41,20,000 790 55,800 56,590 19.2 1.37 High – AI with computer vision-based mon-
itoring

2025 42,50,000 745 53,600 54,345 17.5 1.28 High – Integrated smart safety and IoT 
systems

2026* 43,20,000 710 51,900 52,610 16.4 1.22 Very High – AI-driven predictive safety 
ecosystems

has enabled more precise identification of accident patterns, 
allowing safety professionals to prioritize interventions based 
on predictive risk exposure rather than reactive reporting. 
Comprehensive hazard analysis requires systematic evaluation of 
incident frequency, severity, and causal relationships to develop 
effective safety strategies [40]. This process involves detailed 
investigation of historical accident data to identify root causes, 
behavioral patterns, and environmental triggers that contribute 
to workplace incidents [41]. With the advancement of AI-based 
analytics tools, large-scale safety datasets can now be processed 
to detect hidden correlations and emerging risk trends that 
traditional statistical methods may overlook. Regular updates 
of safety protocols based on such analytical insights significantly 
improve accident prevention outcomes, as new and evolving risks 
are addressed proactively [42]. Moreover, worker involvement in 
hazard identification processes enhances the reliability of safety 
systems by incorporating on-site experiential knowledge into 
formal safety planning [43]. Training programs focused on hazard 
recognition, risk awareness, and emergency response further 
strengthen workforce preparedness and reduce incident probability 
[44]. Overall, statistical and AI-supported hazard analysis serves 
as a fundamental mechanism for continuous safety improvement, 
ensuring that construction safety strategies remain adaptive, data-
informed, and effective in mitigating occupational risks.

HSE Guidelines Report

The World Bank – International Finance Corporation 
Environmental, Health, and Safety (EHS) Guidelines emphasize the 
essential role of Health, Safety, and Environment (HSE) departments 
in managing occupational risks within the construction industry 
[45]. These departments are primarily responsible for ensuring 
compliance with safety standards, promoting the use of personal 
protective equipment (PPE), conducting structured training and 

awareness programs, and systematically analyzing workplace 
hazards to implement appropriate mitigation measures [46]. 
In addition, HSE units are tasked with developing standard 
operating procedures, emergency response frameworks, and 
medical support systems to ensure timely intervention in case of 
accidents [47]. Even in regions where regulatory enforcement may 
be limited, adherence to structured HSE management systems 
remains a critical mechanism for reducing workplace risks and 
improving safety performance [48]. In contemporary construction 
environments, these functions are increasingly supported by digital 
technologies such as AI-based compliance tracking systems and 
real-time safety monitoring platforms, which enhance efficiency 
and decision-making in safety management.

The EHS Guidelines further emphasize the importance of 
continuous risk assessment and the development of project-
specific safety solutions tailored to unique operational conditions 
[49]. By systematically evaluating hazards associated with different 
construction activities, HSE departments can design targeted 
mitigation strategies that directly address high-risk operations 
and site-specific vulnerabilities [50]. This proactive approach plays 
a significant role in preventing accidents and ensuring workforce 
well-being across diverse construction environments. Additionally, 
the guidelines highlight the necessity of regularly reviewing 
and updating safety practices to align with evolving industry 
standards, technological advancements, and emerging risks [51]. 
The integration of AI-driven predictive tools into HSE systems 
further strengthens this framework by enabling early detection of 
potential hazards and supporting evidence-based decision-making. 
Collectively, effective implementation of EHS guidelines fosters 
a culture of safety that prioritizes prevention, accountability, and 
continuous improvement in construction safety management 
systems.
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Analysis of Health and Safety Hazards in 
Construction

Health and safety hazards in the construction industry vary 
significantly across countries due to differences in regulatory 
frameworks, enforcement mechanisms, workforce competency, 
technological adoption, and site-specific working conditions [52]. 
In many developing and developed regions, construction remains 
one of the highest-risk occupational sectors due to its dynamic 
nature and exposure to multiple simultaneous hazards. In China, 
fall-related accidents continue to represent a major safety concern, 
often arising from inadequate site supervision, unsafe worker 
behavior, poorly designed working platforms, and insufficient 
safety training systems [53]. Statistical evidence from the analysis 
of 100 fall accident investigation reports indicates that falls result in 
fatalities in 56% of cases, major injuries in 28%, and minor injuries 
in 16% [54]. This distribution highlights the severity of fall hazards 
and the urgent need for structured preventive mechanisms. Further 
analysis shows that personal factors contribute to approximately 
61% of fall incidents, while non-personal and environmental 
factors account for 30% [55]. In contemporary safety management 
systems (2021–2026), artificial intelligence-based monitoring and 
predictive analytics are increasingly being used to integrate these 
factors into real-time risk prediction models, enabling earlier 
intervention and improved hazard prevention.

The influence of demographic and temporal variables on 
construction safety is particularly evident in the Iranian construction 
sector, where age, experience, and work timing significantly affect 
accident probability. Workers aged 20 to 29 years are identified as 
the most vulnerable group, with falls accounting for nearly 48% of 
fatal incidents [56]. Research also indicates that accident frequency 
increases toward the end of the month and during summer seasons, 
suggesting that workload pressure, environmental stress, and 
fatigue play important roles in safety outcomes [57]. Additionally, 
higher accident rates during morning shifts further emphasize 
the influence of scheduling and physiological factors on worker 
performance [58]. A significant proportion of injuries occurs 
among workers with less than one year of experience, confirming 
that inexperience remains a critical risk factor in construction 
environments [59]. These findings highlight the importance of 
targeted safety interventions, including AI-supported workforce 
monitoring systems, adaptive training programs, and predictive 
fatigue detection models, which are increasingly being adopted in 
modern construction safety frameworks to reduce risk exposure 
among vulnerable worker groups.

Working Areas Causing Accidents and Effect of Age

Construction sites contain multiple high-risk zones where 
accidents are more likely to occur, particularly in high-rise building 
projects where elevation, structural instability, and simultaneous 
operations increased exposure to hazards. Fall-related accidents 
are most frequently observed in scaffolding areas (52%), structural 
zones (28%), and working platforms or temporary structures 
(20%) [60]. These incidents are often associated with poor 
housekeeping practices, defective ladders, unstable scaffolding 
systems, and inadequately maintained work platforms [61]. Such 

conditions highlight the importance of continuous inspection, 
maintenance, and enforcement of safety standards at construction 
sites. In modern safety systems, digital inspection tools and AI-
powered visual monitoring systems are increasingly being used to 
detect structural weaknesses and unsafe working conditions in real 
time. Implementing such technologies alongside traditional safety 
programs significantly enhances hazard prevention capabilities. 
Regular audits, combined with predictive risk assessment systems, 
can further reduce accident frequency in high-risk zones by 
enabling proactive corrective actions before incidents occur [62].

The effect of age and experience on construction safety has 
been widely studied, with evidence indicating that younger and 
less experienced workers are significantly more vulnerable to 
occupational accidents. Research conducted in Iran demonstrates 
that workers aged 20 to 29 represent the highest-risk group, with 
falls being the most common cause of fatal incidents [63]. The same 
study involving 247 construction employees reveals that accidents 
are more frequent during peak workload periods such as the end 
of the month and summer seasons, indicating that environmental 
and organizational stressors strongly influence safety outcomes 
[63]. Furthermore, workers with limited experience are more likely 
to engage in unsafe practices due to insufficient training and lack 
of hazard awareness, resulting in higher accident rates among 
younger age groups [64]. These findings emphasize the importance 
of integrating AI-based training systems, simulation-based safety 
education, and real-time behavioral monitoring to enhance safety 
awareness among new and inexperienced workers while reducing 
exposure during high-risk operational periods.

Site Safety Management in America and Safety 
Violation

In the United States, construction site safety management is 
primarily structured around four major hazard categories: falls, 
struck-by incidents, caught-in-between accidents, and electrical 
hazards [65]. Among these, fall-related incidents remain the most 
dominant source of safety violations, accounting for approximately 
82% of reported breaches in fall protection systems. This highlights 
the continued need for stronger enforcement mechanisms and 
advanced monitoring solutions. Modern safety management 
systems increasingly incorporate behavioral safety models 
that integrate environmental conditions, human behavior, and 
organizational factors to assess risk more effectively [66]. The 
effectiveness of safety management systems is commonly evaluated 
through feedback from executives, site managers, and workers, 
revealing that positive reinforcement strategies and behavioral 
modification techniques significantly improve compliance and 
safety outcomes [67]. However, despite structured safety programs, 
limitations remain in terms of worker engagement and participation, 
indicating the need for improved incentive mechanisms and digital 
engagement tools.

Safety violations in construction environments are 
also influenced by organizational structure and managerial 
involvement in enforcement processes. Evidence suggests that 
lower violation rates among contractors and subcontractors are 
strongly associated with accountability-driven safety programs 
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and strict enforcement mechanisms [68]. The participation of all 
stakeholders, including middle managers and site supervisors, 
plays a critical role in sustaining long-term safety performance and 
reducing rule violations [69]. In contemporary construction safety 
systems, artificial intelligence-based compliance tracking tools 
are increasingly being used to monitor safety adherence across 
multiple site levels, reducing reliance on manual supervision. These 
systems enhance transparency, improve accountability, and enable 
real-time detection of safety violations, thereby strengthening 
overall site safety governance.

Frequency Distribution of Injured Workers and 
Injury Rates by Size of Companies

The distribution of occupational injuries based on worker 
experience provides important insights into safety vulnerabilities 
within the construction industry. Evidence shows that most 
accidents occur among entry-level workers who are assigned to 
high-risk and non-standard tasks without adequate training or 
supervision [70]. A significant proportion of injuries is recorded 
among workers with less than one year of experience, highlighting 
the critical importance of structured onboarding and safety 
education programs [70]. Falls from height remain the leading cause 
of injuries, while other causes such as suffocation and confined 
space incidents occur less frequently but remain highly severe 
when they occur. Younger workers, particularly those aged 20 to 
29 years, are disproportionately affected by severe construction 
accidents [71]. These findings emphasize the need for targeted 
safety interventions, including AI-assisted skill assessment systems, 
adaptive training platforms, and real-time performance monitoring 
to ensure that inexperienced workers are adequately protected and 
supervised during high-risk operations.

In South Korea, construction industry injury rates vary 
significantly based on company size, with smaller companies 
consistently reporting higher rates of both fatal and non-fatal 
injuries compared to larger firms [33]. Data indicates that 
companies employing fewer than 10 workers experience the 
highest incidence of occupational accidents, largely due to limited 
safety infrastructure, financial constraints, and weaker enforcement 
of safety protocols. In contrast, larger companies demonstrate 
comparatively lower injury rates, likely due to better access to 
safety resources, structured training programs, and advanced 
safety management systems [72]. This disparity highlights 
systemic inequality in safety implementation across different 
organizational scales and underscores the need for policy-level 
interventions. Smaller firms particularly require targeted support, 
including subsidized safety training programs, standardized safety 
protocols, and access to digital safety technologies [73]. Ensuring 
uniform safety compliance across all company sizes is essential for 
reducing occupational risks and improving overall industry safety 
performance [74].

Distribution of Injured Persons by Work Experience 
and Age

The distribution of occupational injuries based on work 
experience demonstrates a strong and consistent relationship 
between experience level and accident probability in construction 

environments. Workers with less than one year of experience 
are significantly more likely to experience workplace injuries 
compared to those with longer professional exposure [75]. This 
pattern highlights inexperience as a dominant contributing factor in 
construction accidents, primarily due to limited hazard awareness, 
insufficient practical training, and inadequate supervision during 
high-risk tasks. These findings reinforce the importance of 
structured onboarding systems and comprehensive safety training 
programs aimed at improving early-stage workforce competency 
[76]. In modern construction environments, organizations are 
increasingly adopting AI-assisted training platforms that simulate 
hazardous scenarios and evaluate worker responses in real time, 
thereby improving risk perception and decision-making abilities. 
Companies are also encouraged to implement mentorship-based 
safety systems, where experienced workers supervise and guide 
new employees to strengthen behavioral safety compliance and 
reduce operational risks [77]. Continuous refresher training 
and periodic competency evaluations further ensure that safety 
standards remain consistent across all experience levels, thereby 
reducing long-term accident rates.

Age-related factors also play a significant role in determining 
injury susceptibility among construction workers. Evidence 
suggests that older workers, particularly those above 45 years of 
age, face a higher likelihood of occupational injuries compared 
to younger workers [78]. This increased vulnerability is often 
associated with declining physical strength, slower reaction times, 
and reduced adaptability to physically demanding tasks [79]. 
These findings emphasize the importance of implementing age-
sensitive safety frameworks that incorporate ergonomic design, 
task reallocation, and personalized safety monitoring systems. 
In contemporary safety management approaches, wearable 
sensor technologies and AI-based fatigue detection systems are 
increasingly used to monitor physiological strain and reduce 
risk exposure among older workers. Additionally, regular health 
assessments and tailored training programs can support older 
employees in maintaining safe work performance. Adjusting job 
roles and introducing assistive equipment further enhances safety 
outcomes while ensuring productivity is not compromised [80].

Accident Types Causing Non-Fatal Injuries and 
Deaths

The analysis of accident types causing non-fatal injuries in 
construction reveals that falls from height remain the leading 
cause of occupational harm, followed by injuries resulting from 
awkward movements, slips, and improper handling of materials 
(Figure 1) [28]. Other incidents such as being struck by objects or 
caught-in-between accidents occur less frequently; however, they 
often result in severe consequences when they do occur [81]. These 
patterns highlight the critical need for continuous improvement in 
fall prevention systems, site organization, and worker movement 
management. In recent years, artificial intelligence-based 
surveillance systems and computer vision technologies have 
increasingly been deployed to detect unsafe behaviors, monitor 
compliance with fall protection measures, and provide real-time 
alerts in hazardous situations. Such advancements significantly 
enhance proactive risk management capabilities in construction 
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environments [81]. Strengthening preventive measures through 
structured safety training, improved equipment maintenance, and 
strict enforcement of safety protocols remains essential for reducing 
non-fatal injuries. Moreover, systematic hazard identification 
and predictive risk assessment contribute to reducing incident 
frequency and improving overall occupational safety performance 
[82, 83].

Fatal accidents in construction sites are predominantly caused 
by falls from height, followed by struck-by incidents and caught-
in-between hazards [84]. Among these, falls consistently account 
for the highest proportion of fatalities, underscoring the urgent 
need for advanced fall protection systems and strict compliance 
with safety regulations [84]. Addressing fatal accident causes 
requires a multi-layered safety strategy that integrates engineering 
controls, behavioral interventions, and regulatory enforcement 
mechanisms [85]. In contemporary safety systems, AI-driven 
predictive analytics and real-time monitoring tools are increasingly 
used to identify high-risk conditions before accidents occur, 
enabling preventive intervention rather than reactive response. 
Regular safety audits, combined with digital compliance tracking 
systems, further enhance workplace protection and accountability 
[42]. A proactive safety approach that incorporates intelligent 
technologies, continuous risk assessment, and structured training 
programs is therefore essential for minimizing fatal incidents and 
improving long-term construction safety outcomes [86].

Importance of Occupational Health and Safety in 
Construction

Occupational health and safety (OHS) in the construction 
industry represents a fundamental component for ensuring 
workforce protection within an inherently high-risk and 
dynamically evolving environment [87]. The construction sector 

continues to face persistent hazards such as falls from height, 
machinery-related incidents, structural failures, and exposure to 
hazardous materials, all of which demand robust and continuously 
evolving safety systems. Effective OHS implementation not only 
reduces the frequency and severity of occupational accidents 
but also contributes significantly to improved productivity, 
operational efficiency, and workforce morale [88]. In contemporary 
construction practices, particularly within the 2021–2026 digital 
transformation era, the integration of artificial intelligence, IoT-
enabled safety systems, and predictive analytics has further 
strengthened the ability to anticipate risks and prevent accidents 
before they occur. These systems complement traditional safety 
measures such as personal protective equipment (PPE), regulatory 
compliance, and structured safety training programs [89]. As a 
result, construction organizations can achieve lower injury rates, 
reduced compensation costs, and improved project sustainability 
while maintaining higher standards of workplace safety.

Furthermore, the integration of OHS principles is essential for 
developing a strong safety culture that emphasizes accountability, 
behavioral discipline, and collective responsibility across all 
levels of the workforce [90]. In this context, labor unions play a 
significant role in advocating for workers’ rights, promoting safe 
working conditions, and ensuring compliance with established 
safety standards [91]. Their involvement becomes particularly 
important in developing countries such as Pakistan, where 
construction safety practices are often secondary to cost, time, and 
productivity considerations [92]. In such environments, limited 
enforcement mechanisms and weak institutional oversight can 
hinder effective safety implementation. Strengthening labor unions 
and empowering worker representation can therefore serve as a 
critical mechanism for improving safety governance and ensuring 
that worker welfare remains a priority.

Figure 1: No. of Deaths Cause by Different Types of Accidents in Construction [28].
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The endorsement of health and safety practices within the 
construction industry is essential for minimizing occupational 
risks and improving long-term project outcomes [93]. A lack 
of safety prioritization often results in higher accident rates, 
reduced workforce efficiency, and increased economic and social 
costs. Conversely, organizations that embed OHS into their core 
operational values experience enhanced employee performance, 
improved job satisfaction, and stronger organizational reputation. 
In modern construction environments, AI-based safety monitoring 
systems, digital training platforms, and real-time risk assessment 
tools are increasingly being adopted to reinforce safety compliance 
and improve decision-making processes. These advancements 
support proactive hazard identification and ensure continuous 
improvement in safety performance. Ultimately, integrating 
occupational health and safety into organizational culture 
contributes not only to worker protection but also aligns with 
broader sustainable development goals by fostering safer, healthier, 
and more productive working environments [100-102].

Awareness of Importance of Health and Safety along with 
Advantages Raising awareness regarding occupational health and 
safety (OHS) in the construction industry is both a complex and 
essential requirement for reducing workplace risks and improving 
overall safety performance. Effective awareness campaigns, 
national safety policies, and structured training initiatives play 
a critical role in strengthening safety culture and ensuring 
compliance with established standards [103]. In contemporary 
construction environments, particularly between 2021 and 2026, 
digital awareness platforms, mobile-based training applications, 
and AI-supported learning systems have increasingly been adopted 
to enhance safety communication and improve worker engagement. 
Construction firms are required to comply with standardized 
safety regulations and implement systematic risk management 
strategies to ensure the protection of their workforce [104]. 
Large-scale awareness programs targeting both employers and 
workers are essential for improving hazard recognition, behavioral 
safety practices, and overall compliance with occupational safety 
requirements [105]. In countries such as Pakistan, which hosts one 
of the world’s largest labor forces, such initiatives hold particular 
importance, as they not only improve domestic safety conditions 
but also enhance workforce competitiveness in international labor 
markets [106]. Strengthening awareness and education systems 
ultimately leads to improved safety compliance, reduced accident 
rates, and better protection of workers across all levels of the 
construction sector [107].

The implementation of effective safety practices offers 
substantial advantages that extend beyond injury prevention. 
The most critical benefit is the preservation of human life, as 
structured safety systems significantly reduce both minor and 
severe occupational accidents [108]. In addition, compliance 
with safety protocols minimizes legal liabilities arising from 
workplace incidents and enhances organizational reputation in 
terms of corporate responsibility and ethical compliance [109]. 
Organizations that maintain strong safety performance also 
experience reduced absenteeism, lower employee turnover, and 
improved workforce stability, all of which contribute to enhanced 

operational efficiency [110]. Furthermore, adherence to robust 
safety standards strengthens relationships with stakeholders, 
including suppliers, contractors, and regulatory bodies, thereby 
improving long-term business opportunities and institutional 
trust [111]. Improved safety practices also contribute to higher 
productivity levels by minimizing downtime, reducing disruptions, 
and improving worker morale [112]. Collectively, these advantages 
demonstrate that investment in occupational health and safety is 
not only a regulatory requirement but also a strategic necessity for 
sustainable industrial growth.

Factors Causing Health and Safety Hazards

The construction industry is exposed to a wide range of 
occupational health and safety hazards arising from organizational, 
technical, environmental, and human-related factors. One of the 
primary causes of unsafe conditions is inadequate safety awareness 
among senior management and project supervisors, which often 
leads to weak enforcement of safety protocols and insufficient 
risk mitigation measures at construction sites [113]. The absence 
of advanced technical guidance, limited adoption of modern 
technologies, and lack of standardized operational procedures 
further intensify safety risks within the sector [114]. Additionally, 
poor maintenance of equipment, insufficient availability of 
personal protective equipment (PPE), and inadequate safety 
training programs significantly contribute to workplace accidents 
and unsafe working environments [115]. In modern construction 
systems, the integration of AI-based monitoring tools and 
predictive safety analytics is increasingly recognized as a key 
solution to addressing these deficiencies by enabling real-time 
hazard detection and preventive intervention.

Other contributing factors include the shortage of experienced 
project managers, lack of skilled labor, weak regulatory enforcement 
mechanisms, and insufficient investment in occupational safety 
infrastructure [116]. Low educational levels among workers and 
excessive working hours further increase fatigue-related risks, 
which directly contribute to higher accident probabilities [117]. 
Addressing these challenges requires a comprehensive and multi-
dimensional safety strategy that includes continuous professional 
development, structured safety education, and technology-driven 
risk monitoring systems. Strengthening the competency of project 
managers and ensuring continuous skill development for workers 
are essential steps toward reducing occupational hazards [118]. 
Moreover, effective enforcement of safety regulations, combined 
with organizational commitment to safety investment, is critical 
for improving compliance and reducing accident rates [119]. 
Ultimately, fostering a safety-oriented culture supported by 
technological innovation, regulatory strengthening, and workforce 
empowerment is essential for achieving long-term improvements 
in construction industry safety performance.

Limitations and Future Work

This narrative review presents several limitations that should 
be carefully acknowledged when interpreting the findings. First, the 
study relies exclusively on secondary data sources, which, although 
extensive and diverse, may introduce inherent biases associated 
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with the methodologies, sampling techniques, and reporting 
standards of the original studies. The absence of primary data 
collection limits the ability to validate findings within controlled 
experimental or localized construction environments. Additionally, 
while the review incorporates evidence from multiple geographical 
regions, there is a noticeable overrepresentation of studies from 
countries such as Pakistan, Iran, China, and South Korea. This 
geographical imbalance may restrict the global generalizability 
of the conclusions, particularly for underrepresented regions 
including Europe, Sub-Saharan Africa, and Latin America. Another 
limitation is the partial reliance on earlier datasets due to the 
limited availability of recent, openly accessible construction safety 
statistics in several developing countries. Furthermore, the absence 
of meta-analytical techniques or formal model validation reduces 
the statistical strength and predictive reliability of the synthesized 
findings.

Despite these limitations, the study provides several important 
directions for future research in occupational health and safety 
within the construction industry. Future studies should prioritize 
empirical validation of the proposed conceptual framework 
through field-based investigations, controlled safety experiments, 
and large-scale cross-national surveys. Longitudinal research 
designs are particularly needed to evaluate the long-term 
effectiveness of emerging safety interventions, including artificial 
intelligence-driven predictive safety systems, IoT-enabled wearable 
monitoring devices, and digital twin-based construction safety 
simulations. These technologies can provide continuous, real-
time risk assessment and significantly improve hazard prevention 
strategies. Moreover, future research should explore the integration 
of worker psychology, behavioral safety science, and human 
factors engineering by incorporating cognitive load analysis, 
stress monitoring, and behavioral pattern recognition to better 
understand decision-making under risk conditions.

In addition, comparative policy studies across different 
economic, regulatory, and industrial contexts are essential to 
identify transferable best practices and develop standardized 
global safety models. Strengthening interdisciplinary collaboration 
among academia, construction industry stakeholders, and 
regulatory authorities will be critical for advancing innovation in 
safety management systems. Collectively, these future research 
directions support the development of a globally adaptable, AI-
enabled, and evidence-based occupational health and safety 
framework aligned with Sustainable Development Goals (SDGs), 
particularly those related to decent work, industry innovation, and 
sustainable infrastructure development.

Conclusions

This narrative review critically examined the evolving role of 
occupational health and safety (OHS) practices in the construction 
industry, incorporating recent scholarly evidence and industry-
based findings to provide a comprehensive synthesis of global safety 
challenges and advancements. The analysis demonstrates that, 
despite significant progress in construction safety technologies and 
regulatory frameworks, the industry continues to face persistent 
and high-impact hazards such as falls from height, electrocution, 

struck-by incidents, and equipment-related accidents. These risks 
highlight the necessity of integrating advanced safety technologies 
with established safety management systems, including structured 
training programs, strict regulatory enforcement, and a strong 
organizational safety culture to effectively reduce accident rates 
and improve worker protection.

A key finding of this review is that construction safety 
challenges remain deeply influenced by both technical and human 
factors. Statistical evidence consistently shows that high-risk 
activities such as crane operations, lifting tasks, and electrical work 
require targeted safety interventions supported by continuous 
hazard monitoring and predictive risk assessment. In the 2021–
2026 technological landscape, artificial intelligence, Internet of 
Things (IoT), and real-time monitoring systems are increasingly 
being adopted to enhance hazard detection, reduce response time, 
and improve decision-making in safety-critical environments. 
Furthermore, effective implementation of Health, Safety, and 
Environment (HSE) guidelines, including proper use of personal 
protective equipment (PPE), routine inspections, and structured 
safety training, remains fundamental to reducing occupational 
injuries and fatalities.

The review also highlights significant regional variations in 
occupational hazards. In countries such as China and Iran, falls 
remain the dominant cause of workplace injuries, strongly linked 
to inadequate training, unsafe working conditions, and limited 
supervision. Evidence further indicates that younger workers, 
particularly those aged 20–29, and individuals with less than one 
year of experience are at substantially higher risk of occupational 
accidents. Environmental and temporal factors, including seasonal 
workload variations and end-of-month operational pressure, 
further exacerbate these risks. In the United States, fall-related 
safety violations account for a major proportion of construction 
incidents, underscoring the importance of comprehensive safety 
management systems involving all levels of personnel. Additionally, 
smaller construction firms consistently exhibit higher injury rates 
compared to larger organizations, reflecting disparities in safety 
resources, training, and enforcement capacity.

Occupational health and safety are therefore a critical determinant 
of both workforce protection and productivity enhancement in the 
construction sector. The integration of robust safety protocols, 
continuous training, and emerging digital technologies not only 
reduces accident rates but also improves operational efficiency, 
worker morale, and organizational performance. Labor unions also 
play a supportive role in strengthening safety culture by advocating 
for worker rights and ensuring compliance with safety standards, 
although their effectiveness varies depending on institutional and 
organizational contexts.

Finally, this review emphasizes that future advancements in 
construction safety will depend on the integration of empirical 
research, advanced digital technologies, and interdisciplinary 
collaboration. Future studies should prioritize field-based 
validation, longitudinal assessments, and cross-sector partnerships 
to improve the applicability and effectiveness of safety interventions. 
Alignment with Sustainable Development Goals (SDGs), particularly 
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those related to decent work, industry innovation, and sustainable 
infrastructure, will be essential for developing a globally relevant 
and AI-enabled occupational safety framework.

Overall, the findings confirm that proactive, technology-
enhanced, and human-centered safety strategies are essential 
for reducing occupational risks and ensuring a safer and more 
sustainable construction industry.
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