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Abstract:

The construction industry is experiencing rapid growth driven by increasing demands for
infrastructure, residential, and commercial spaces. However, this dynamic sector remains
highly susceptible to a variety of health and safety risks, making worker protection a critical
concern. Studies have shown that unsafe behaviors are the primary cause of workplace injuries,
with addressing these behaviors being key to reducing accident rates and ensuring a safer work
environment. This paper aims to explore effective strategies to improve safety performance in
the construction industry. Specifically, it identifies the key factors influencing the successful
implementation of construction safety management systems. The review highlights major
challenges faced by the sector, including insufficient safety knowledge and awareness, which
contribute to preventable injuries and fatalities. Additionally, the paper examines the role of
traditional safety management systems and the increasing relevance of sensor-based
technologies in modern safety practices. These technologies offer promising solutions for real-
time data collection, accident prediction, and hazard identification, improving overall project
safety. Furthermore, the paper investigates the potential of drones as a tool for enhancing safety
management on construction sites. By integrating these innovative technologies, the
construction industry can reduce safety risks and ensure better health outcomes for workers.
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Applications, Construction Accidents, Health and Safety

Introduction

Workplace accidents that lead to physical injuries and fatalities continue to create serious social
and economic challenges worldwide. In the construction sector alone, approximately 60,000
fatal accidents occur annually—equating to the death of one worker every 10 minutes due to
job-related hazards.

As a labor-intensive and high-risk industry, construction is especially vulnerable to such
incidents, resulting in significant financial losses and human suffering. In countries like India,
construction site safety is often not given the priority it deserves. Promoting a culture of safety
and care is crucial for sustainable business development and for valuing the human aspect of
the workforce. Safety regulations play a vital role in ensuring the well-being of workers, with
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proper safety planning recognized as a fundamental requirement. Prior to 1970, there were
limited formal safety regulations in place. However, the establishment of the Occupational
Safety and Health Administration (OSHA) in the United States marked a turning point. OSHA
introduced clear safety standards aimed at protecting construction workers, significantly
improving health and safety conditions across the industry. The enactment of the Occupational
Safety and Health Act has led to measurable progress in reducing workplace accidents and
enhancing overall safety in construction environments.

Literature Review

The construction industry is increasingly characterized by its complexity, dynamic nature, and
hazardous working conditions, all of which contribute significantly to high accident and fatality
rates worldwide. The ongoing demand for high-rise and multi-story developments has further
exacerbated these risks, resulting in a notable rise in construction-related incidents [1].
Compared to other sectors, construction remains one of the most accident-prone industries.
Global data indicates that more than 474 million workers suffer from occupational illnesses or
non-fatal injuries annually, and approximately 2.3 million fatalities occur each year due to
work-related accidents and diseases [2]. Over the past five years, the global fatality rate has
surged from 15% to 19% [3].

In safety terminology, "safety" refers to a condition free from risk, harm, or hazard [4]. "Risk"
is the probability that exposure to a hazard will lead to an undesirable outcome, typically
involving injury or damage. It is influenced by how likely a hazard—defined as a condition,
situation, or event with the potential to cause harm—might lead to such outcomes [5][6]. The
rise in large-scale infrastructure developments and high-rise buildings, combined with
increasingly complex project requirements and growing injury statistics, has emphasized the
importance of robust safety management systems [7]. Researchers have extensively
investigated the causes of construction injuries and concluded that poor coordination among
stakeholders often contributes to accidents, especially as projects become more intricate [8].

Syed M. et al. (2000) highlighted that construction workers often have a distinct perspective
on safety due to their daily exposure to site hazards. Research indicates that individuals
working in construction may face a one-in-300 chance of a fatal incident during their careers.
One effective way to enhance safety is through safety audits—structured evaluations that assess
an organization's health and safety programs against specific, realistic standards. This paper
explores the concept of a site safety plan and also includes a questionnaire aimed at evaluating
the effectiveness of site safety management [9]. D. Manase et al. (2003) concluded that the
building industry has one of the worst safety records, every year, the Health and Safety
Executive receives reports of 150 deaths and 20,000 injuries. The data available is insufficient
to explain the underlying interactive factors in construction site accident causation. These
methods are focused on recent developments in 3D Geographical Information Systems (GIS)
and Virtual Reality (VR). Stakeholders in the industry will be able to identify risks and areas
for successful preventive actions by developing analytical tools to visualise incidents on site
using 3D GIS [10]. Ripon et al. (2006) examined the safety management systems within the
construction industry, with a focus on worker safety awareness, accident trends, and
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productivity demands. In Bangladesh, the construction sector is notably more labor-intensive
compared to that of developed nations. Common causes of accidents include cave-ins during
deep trench excavations, concreting without appropriate protective gear such as gloves and
boots, the use of unstable scaffolding, and prolonged exposure to extreme temperatures.
Additional issues such as inadequate housekeeping and the lack of personal protective
equipment (PPE) also contribute to unsafe working conditions. This paper outlines various
strategies to prevent such accidents and improve overall site safety[11].

Javier et al. (2012) explored the integration of drone technology into construction safety
practices. Drones provide safety managers with immediate access to images and live video
feeds from various locations on a construction site. These advancements in information
technology hold great potential for enhancing safety oversight. The study illustrates how drones
can be used to monitor and document all aspects of a construction project, ultimately
contributing to safer and more efficient work environments[12].

Reece A. et al. (2013) provided a high-level overview of the unique challenges faced by
experienced risk managers when implementing safety risk management processes for
unmanned aircraft systems (UAS). The safety risk management framework involves the
systematic application of management policies, procedures, and best practices. Key
components of the process include effective communication and consultation, establishing the
operational context, identifying and assessing risks, implementing mitigation strategies, and
continuously monitoring and reviewing potential hazards to ensure safety standards are
maintained[13].

William Devers et al. (2017) emphasized the importance of understanding the processes a
company must undertake to effectively integrate drone technology into construction projects.
Their study demonstrated how drones can enhance overall project performance by providing
valuable data. A key factor in this improvement is the development of advanced systems that
work alongside drones during their operations. These technologies enable construction
companies to collect and utilize accurate and timely information, leading to better decision-
making and increased efficiency on site[14].

Dheeraj Benny et al. (2017) highlighted the need for a comprehensive review of major safety
provisions and a detailed examination of safety management practices at construction sites.
Occupational health and safety remain critical concerns within the construction industry. Due
to inadequate safety controls, the construction sector has suffered significant financial and
human losses, impacting both the economy and society. This study focused on various factors
such as organizational safety policies, training programs, safety meetings, site inspections,
penalty systems, and workers’ attitudes towards safety measures within the construction
industry[15].

Yousif S. et al. (2017) identified several factors contributing to the high injury rates in
construction, including poor planning, inadequate safety-focused design, insufficient safety
training, risky worker behaviors, and a general lack of awareness about site safety rules. Their
study provided a theoretical framework for safety management, which was instrumental in
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developing a related questionnaire. The authors also examined the main causes of construction
accidents, emphasizing the significant role that falls play in leading to injuries and fatalities on
construction sites[ 16].

Prevention of Accidents on Construction Sites

The majority of workplace accidents are often due to a lack of expertise and skills among
employers and supervisors. This gap can be addressed effectively by conducting regular safety
training camps for all site workers and staff. Such camps should be facilitated by specially
trained professionals who can ensure proper knowledge transfer. When hiring new employees,
it is essential to verify their relevant experience and ensure they are well-acquainted with the
job requirements. Additionally, all incidents and accidents should be meticulously recorded
and analyzed to prevent recurrence.

Key safety principles to implement on construction sites include:
o Safe Access: Everyone should be able to reach their work area safely.

o Edge Protection: Use double guardrails or suitable edge protection where there is a
risk of falling.

e Covering Holes: Holes must be covered securely with clearly marked and fixed covers
to prevent falls.

e Adequate Lighting: Ensure good lighting throughout the construction site for clear
visibility.

o Site Security: The site should be fenced off from the public to prevent unauthorized
access.

e Accident Prevention: All accidents are preventable through proactive safety measures.

o Safe Work Practices: Every job must be carried out safely with appropriate
precautions.

e Incident Management: All incidents should be promptly addressed, with everyone
taking responsibility for their own safety.

e Continuous Improvement: Safety practices should be continually reviewed and
improved.

o Safety as a Lifestyle: Promote safety as a 24/7 mindset, both on and off the job.

o Shared Responsibility: Every person at the workplace has a duty to identify, reduce,
and manage risks.

e Personal Protective Equipment (PPE): Contractors in India should provide necessary
PPE and ensure its proper use.
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Application of Drones for Safety in Construction and Mining

Unmanned aerial vehicles, commonly known as drones, have become valuable tools in the
construction industry for various purposes such as site surveying, inspecting structures under
construction, and creating promotional videos. Beyond these uses, drones play an important
role in enhancing safety on construction sites by facilitating easy and thorough inspections. By
providing aerial views and access to hard-to-reach areas, drones help identify potential hazards
early, reducing the risk of accidents. Contractors also use drones to monitor worker activities
in real time, ensuring that safety protocols are followed consistently. Regular drone
surveillance helps management verify that workers are wearing protective gear and adhering
to safe working practices. Additionally, drones capture high-resolution images throughout the
construction process, which are used to create updated 3D models. These models keep all team
members informed about the evolving site conditions, enabling timely adjustments and safer
workflows.

In mining operations, which are among the most dangerous occupations, drones are particularly
valuable. They assist in inspecting and monitoring tailings dams—structures that store mining
waste—by conducting measurements remotely. This reduces the need for manual surveying,
which can be hazardous. Moreover, drones help monitor underground mining environments
where workers face risks such as rock falls, extreme humidity, gas leaks, dust explosions, and
flooding. By providing real-time data and visual information, drones enhance safety
management and enable quicker response to potential emergencies.

Overall, the integration of drone technology in construction and mining industries improves
safety oversight, reduces human exposure to dangerous situations, and supports efficient
project management.

Conclusion

a. The current research highlights safety inspections as a key responsibility of safety
managers, essential for maintaining workplace safety.

b. Conducting thorough safety evaluations on construction sites is critical to preventing
accidents. The use of Unmanned Aerial Vehicles (UAVs) enables rapid identification
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of critical hazards, allowing immediate implementation of accident prevention
measures.

c. One of the main advantages of drone technology is its application both before and
during construction, enhancing safety oversight and operational efficiency.

d. Planners and designers play a vital role in accident prevention by creating safer site
layouts and improving work conditions for construction workers.

The study further reveals that the chosen construction site demonstrates several effective safety
practices, including safety education and training programs, regular safety meetings, provision
of personal protective equipment (PPE), emergency first-aid systems, fall protection
mechanisms, and safety promotion activities. Proactive measures such as frequent safety
inspections and audits are actively conducted. However, the site shows gaps in adopting the
latest technologies and in the adequate design of layouts for the movement of equipment and
machinery, especially when compared against OSHA standards. Additionally, many accidents
stem from careless worker behavior, emphasizing the need for stronger safety culture and
behavioral interventions.
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