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Abstract: 

Working at heights is one of the most hazardous activities in construction, often leading to fatal or severe injuries. 

It involves tasks performed above ground level, where the risk of falling is significant if proper precautions are 

not taken. A majority of workplace accidents in the construction industry are attributed to falls, accounting for 

40% of all fall-related fatalities. These accidents frequently occur due to inadequate training, improper use of 

equipment, or faulty apparatus. Effective fall protection systems, regular inspection of surfaces, and ensuring 

structural integrity are essential to minimize such risks. Workers must be adequately trained to identify hazards 

and use equipment safely to prevent incidents. 

Scaffolds, often used in height-related construction tasks, are temporary structures designed to support workers 

and materials. However, improper use of ladders or scaffolding can result in disastrous outcomes. The safety of 

workers and their surroundings must be a priority, with measures to eliminate fall hazards, protect against falls, 

and ensure rapid rescue when necessary. Hybrid evaluation models, such as those incorporating the Decision-

Making Trial and Evaluation Laboratory (DEMATEL) and Analytic Network Process (ANP), are increasingly 

utilized to assess risks and identify critical factors, such as safety supervision and organizational responsibility. 

This study emphasizes the need for effective safety management systems and highlights the importance of 

training, proper planning, and the use of reliable equipment to reduce workplace fatalities and injuries. 

Implementing these measures can ensure a safer working environment, particularly in high-risk industries such 

as hydropower and construction. 
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1. Introduction: 

1.1 Working at Heights in Construction Safety   

Working at heights is widely acknowledged as one of the most hazardous activities at construction sites. 

It is a primary contributor to workplace accidents, with a significant number of fatal incidents occurring 

during such operations. The term "working at heights" refers to any work carried out above ground level, 
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where the potential for a fall from one level to another pose’s risks of injury or death. This necessitates 

rigorous safety precautions to mitigate these dangers.  

 

For any activity involving working at heights, fall protection is crucial when employees are exposed to 

falls of five feet or greater to a lower level. Surfaces must be thoroughly inspected before work begins, 

and employees are only permitted to operate on surfaces strong enough to support their weight and 

equipment. Despite the simplicity or complexity of the task, ensuring the safety of workers and their 

surroundings is paramount. Accidents resulting from inadequate planning, system failures, or negligence 

not only endanger workers but also jeopardize the overall project environment. 

 

A closer analysis of hazards associated with working at heights reveals that incidents frequently result 

from insufficient training, improper use of equipment, or faulty apparatus. Ensuring worker and 

workplace safety involves addressing these issues and implementing preventive measures. This is 

particularly critical in the construction industry, where working at heights accounts for approximately 

40% of all fall-related fatalities. Statistics from the Health and Safety Executive (HSE) further emphasize 

the severity of the issue, indicating that working at height is the leading cause of workplace fatalities and 

a significant contributor to non-fatal injuries. In 2021/22 alone, 8% of over 51,000 workplace injuries 

resulted from falls during such activities. 

 

1.2 Understanding Risks and Prevention Measures   

 

Accidents can occur in almost any workplace setting, including falls from roofs, access equipment, and 

structures. It is important to recognize that working at height includes even low-level fall hazards, where 

a fall from a seemingly minor height can result in serious injuries. Many such incidents occur due to 

negligence, such as overlooking safety protocols, lack of awareness, or improper handling of tools and 

equipment. Remaining vigilant and adhering to established safety procedures is crucial to minimize risks. 

 

Scaffolding, a commonly used temporary structure, plays a vital role in elevating and supporting workers 

and materials during construction, repair, or surface finishing tasks. Scaffolds are typically required when 

working at heights exceeding 1.5 meters above ground level. These structures can be made from materials 

such as timber, bamboo, or metal (steel or aluminum). Those responsible for assembling scaffolds are 

called scaffolders, while workers using them for tasks like painting or bricklaying are referred to as 

scaffold users. The individual components used in assembling a scaffold are collectively referred to as 

scaffolding.   

 

Each level of a scaffold, above the ground floor (known as the kicker lift), is referred to as a platform. 

However, scaffolding and ladders, frequently used in height-related tasks, can present significant hazards 

if not properly managed. Ladders, in particular, can lead to catastrophic consequences when used 

incorrectly, underscoring the importance of proper training and usage protocols. 
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1.3 Purposes of Height-Related Safety Measures   

The primary objectives of ensuring safety when working at heights include the following:   

i. General Awareness: Educating workers about the risks associated with working at heights and 

equipping them with the knowledge to identify potential hazards.   

ii. Fall Hazard Identification: Recognizing the types of fall hazards present in the workplace 

environment and assessing their impact.   

iii. Safety Precautions: Understanding and implementing safety measures to minimize the likelihood 

of accidents.   

iv. Hazard Elimination: Identifying methods to eliminate fall hazards altogether wherever possible.   

v. Fall Protection: Ensuring appropriate measures are in place to protect workers from falls, 

including the use of safety harnesses, guardrails, and safety nets.   

vi. Rescue Preparedness: Developing and implementing effective rescue plans for situations where 

a fall occurs.   

vii. Workplace Safety Assurance: Creating and maintaining a safe work environment for all 

employees involved in height-related activities.   

 

1.4 Importance of Proactive Planning and Supervision   

 

Effective planning and supervision are essential for maintaining safety standards when working at 

heights. Supervisors and project managers must ensure that safety protocols are consistently followed, 

and workers are adequately trained in the use of tools, equipment, and protective measures. Conducting 

regular inspections of scaffolds, ladders, and other equipment is crucial to identifying and addressing 

potential hazards before accidents occur. 

 

The incorporation of safety training programs is equally important. Workers must be trained not only in 

the technical aspects of their tasks but also in recognizing and responding to safety risks. Proper training 

on the use of ladders, scaffolds, and personal protective equipment (PPE) significantly reduces the 

likelihood of accidents. Additionally, establishing a culture of safety awareness within the workplace 

encourages workers to remain vigilant and proactive in mitigating risks. 

1.5 Addressing Challenges and Ensuring Compliance   

 

One of the key challenges in working at heights is ensuring that safety measures are adhered to at all 

times. Compliance with safety regulations and guidelines, such as those established by the HSE and other 

industry authorities, is non-negotiable. Employers have a responsibility to provide workers with the 

necessary tools, training, and resources to perform their tasks safely. Workers, in turn, must commit to 

following safety protocols and reporting any concerns or hazards to their supervisors. 

 

The implementation of advanced safety technologies can further enhance compliance and risk 

management. For instance, modern scaffolding systems equipped with safety locks and anti-slip surfaces, 

along with wearable devices that monitor worker activity, can help reduce accidents. The use of digital 

tools for hazard identification and safety assessments also improves the overall efficiency of safety 

management. 
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1.6 Inference   

 

Working at heights remains one of the most dangerous activities in construction and other industries. 

However, with proper planning, rigorous safety measures, and a commitment to worker education and 

training, the risks associated with these activities can be significantly reduced. The construction industry, 

which accounts for a substantial percentage of fall-related fatalities, must prioritize the implementation 

of comprehensive safety strategies to protect workers and ensure project success.   

 

By recognizing the critical importance of scaffolding, ladders, and other height-related tools, and 

addressing their associated risks through proactive measures, employers can create a safer work 

environment. Continuous efforts to enhance safety awareness and compliance, coupled with the adoption 

of innovative technologies, will play a pivotal role in reducing accidents and improving workplace safety 

in height-related activities. 

 2.1 Hazard Identification 

 

FIG 2(a) UNSTABLE WORKING SURFACE 
 

Identifying hazards is crucial to ensure workplace safety, especially when working at heights. Common hazards 

include: 

- Falls from Height: A leading cause of fatalities, often due to improper equipment or lack of safety measures.   

- Unstable Working Surfaces: Slippery, uneven, or weak surfaces can lead to slips, trips, and falls.   

- Inadequate Edge Protection: Lack of guardrails or barriers increases the risk of falls.   

- Falling Objects: Tools or materials falling from heights can cause severe injuries.   

- Scaffolding Collapse: Poorly constructed or overloaded scaffolding can lead to catastrophic accidents.   

- Failure of Lifting Equipment: Malfunctioning or improperly used equipment poses significant risks.   

- Poor Weather Conditions: Rain, wind, or extreme temperatures can create unsafe working environments.   

- Lack of Training: Untrained workers may misuse equipment or fail to follow safety protocols.   

- Improper Use of Equipment: Using the wrong tools or improper handling of equipment can lead to accidents.   

- Lack of Personal Protective Equipment (PPE): Absence of essential safety gear heightens injury risks.   

 2.2 Hierarchy of Control Measures for Fall Protection 

To prevent accidents at heights, a hierarchy of fall protection measures is recommended: 

 

i. Elimination: Avoid working at heights unless essential. For instance, assemble guardrails on the ground 

and lift them into place.   

ii. Fall Prevention:   

a. Use secure workspaces with permanent edge protection, such as flat roofs.   
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b. Deploy access equipment with guardrails, like scaffolds, mobile elevating work platforms 

(MEWPs), or mast climbing platforms.   

c. Use work restraint systems like harnesses to prevent workers from reaching fall-risk areas.   

 

iii. Fall Arrest Systems:   

a. Install nets, soft-landing systems, or personal fall arrest systems to minimize fall impacts.   

b. Ensure anchorage points are positioned above the worker’s head to reduce the fall distance.   

 

iv. Administrative Controls:   

a. Provide regular training and inspections.   

b. Ensure proper equipment usage and maintenance.   

c. Enforce housekeeping and demarcation of hazardous zones. 

2.3 Working at Height Hazards and Control Measures 

 

 2.3.1 Health Hazards 

Health hazards in the workplace, such as noise, vibration, or harmful substances, can lead to acute or chronic 

illnesses. Workers might be exposed to chemicals, dust, heat, or noise, often exacerbated by poor ergonomic 

practices.   

Control Measures:   

- Regular health monitoring and medical checkups.   

- Provide adequate PPE, like earplugs or gloves.   

- Implement engineering controls to reduce exposure to harmful agents.   

 2.3.2 Unstable Working Surfaces 

Unstable surfaces, including slippery platforms or fragile roofs, pose a significant fall risk. Factors such as 

weather, debris, or poor design can compromise stability.   

 

Control Measures:   

- Conduct regular surface inspections.   

- Use slip-resistant materials and ensure proper footwear.   

- Maintain clean, clutter-free surfaces and utilize appropriate tools.   

 2.3.3 Falls from Height  

FIG 2(b) FALL FROM HEIGHT 
 

Falls from even modest heights, like ladders or rooftops, can lead to severe injuries. Such incidents often arise 

due to fragile surfaces, lack of guardrails, or improper use of ladders.   

Control Measures:   
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- Install guardrails, toe boards, and safety netting.   

- Utilize fall arrest systems and safety harnesses.   

- Deploy trained personnel to monitor work safety.   

 2.3.4 Falling Objects 

 

 

FIG 2( c)  FALLING OBJECT 

Objects falling from elevated positions, such as tools or materials, can injure workers below. These risks increase 

during activities like demolition or in windy conditions.   

Control Measures:   

- Use tool lanyards to secure tools.   

- Install safety nets and overhead protection.   

- Restrict access to areas below ongoing work.   

 2.3.5 Scaffolding Collapse 

Scaffolding collapses result from overloading, improper assembly, or environmental factors like strong winds.   

Control Measures:   

- Ensure scaffolding is constructed and inspected by qualified personnel.   

- Adhere to load limits and use proper foundations.   

- Secure scaffolds against environmental threats, like wind or machinery impact.   

 2.3.6 Improper Use of Equipment 

Using equipment incorrectly, such as standing on the top rung of a ladder or failing to secure a harness, increases 

accident risks.   

Control Measures:   

- Train workers in proper equipment usage.   

- Supervise work to enforce safety protocols.   

- Conduct regular maintenance and replace damaged tools promptly.   
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 2.3.7 Lack of Personal Protective Equipment (PPE) 

 

FIG 2 (d) LACK OF PPE 
 

 

Inadequate or missing PPE, like harnesses or helmets, leaves workers vulnerable to injuries from falls or falling 

objects.   

Control Measures:   

- Supply appropriate PPE for tasks, including harnesses, helmets, and slip-resistant footwear.   

- Train workers on correct PPE usage and conduct regular equipment inspections.   

- Enforce strict adherence to PPE requirements.   

2.3.8 Inadequate Edge Protection 

Lack of barriers near edges significantly increases the likelihood of falls.   

Control Measures:   

- Install guardrails, toe boards, and safety nets.   

- Use fall arrest systems where guardrails are not feasible.   

- Train workers to identify edge hazards and maintain situational awareness.   

2.3.9 Poor Weather Conditions 

Rain, ice, or wind can make surfaces slippery or cause instability, increasing accident risks.   

Control Measures:   

- Monitor weather conditions and postpone work during adverse weather.   

- Equip workers with weather-appropriate PPE and clothing.   

- Use temporary shelters or covers to protect work areas from weather exposure.   

3. SCAFFOLDING SAFETY STANDARD 

 3.1 Scaffolding   

 

Scaffolding is an elevated, temporary work platform and its supporting structure used for working at height, 

supporting workers, materials, or both. Scaffolding is commonly employed in the following:   

- Construction   

- Maintenance   

- Repairs and Demolition   

 

 3.2 Types of Scaffolding   

 

Scaffolding techniques include various types, categorized as follows:   

 

 3.2.1 Supported Scaffolding   

Supported scaffolds are composed of one or more platforms supported by rigid structures such as outrigger 

beams, brackets, poles, or frames. This type is widely used due to its versatility.   
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a) Tube and Coupler Scaffold 

 

Fig.3 (a)TUBE AND COUPLER SCAFFOLDS 
 

 

System scaffolding (or modular scaffolding) features pre-engineered components assembled in a specific order. 

This design simplifies usage and allows for rapid adjustments, making it popular across various industries.   

 

 3.2.2 Mobile Scaffold   

Mobile scaffolds are supported scaffolds equipped with wheels or casters for easy movement. Commonly used 

for tasks like painting and plastering, they enable workers to change positions quickly.   

 

 3.2.3 Suspended Scaffold   

Suspended scaffolds consist of platforms suspended by ropes or similar flexible means from an overhead 

structure. The two-point suspended scaffold is the most commonly used type, ideal for window cleaning and 

maintenance work on tall buildings.   

 

3.3 Load Rating   

 

Scaffold designs and load ratings are classified into three categories:   

 

- Light-Duty: Designed for workers only, with minimal material storage, such as tools. Used for painting, 

inspection, and light cleaning. Maximum load: 150 kg/sq.m.   

- Medium-Duty: Designed to carry light materials, tools, and workers. Suitable for tasks like abrasive blasting 

with potential debris accumulation. Maximum load: 240 kg/sq.m.   

- Special-Duty: Built to carry loads exceeding 240 kg/sq.m for tasks like masonry or heavy equipment work.   

 

 

 

 Key Scaffold Types and Features   

 

 Tube and Coupler Scaffold   

- Provides robust support for heavy loads and irregular surfaces.   

- Can be assembled in multiple directions.   
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 Tubular Welded Frame Scaffold   

 

 
 

FIG 3(b) TUBULAR WELDED FRAME SCAFFOLDS 

 

- Most commonly used for its simplicity and adaptability.   

- Suitable for both small-scale residential and large-scale industrial tasks.   

 

 System Scaffold   

- Pre-engineered for fast assembly and ease of use.   

- Highly adaptable to different structural needs.   

 

 Mobile Scaffold   

 
FIG 3 (c ) MOBILE SCAFFOLD 

 

 

- Equipped with wheels for mobility.   

- Ideal for dynamic tasks requiring frequent repositioning.   
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 Suspended Scaffold   

 

 

FIG 3 (d) SUSPENDED SCAFFOLD 
 

- Platforms suspended from above.   

- Common in high-rise building maintenance and cleaning.   

 

 

A tube and coupler scaffold utilizes tubing connected with couplers to form a platform. It is ideal for heavy loads 

or multi-story applications, and its adaptability makes it suitable for irregularly shaped work surfaces.   

 

 b) Tubular Welded Frame Scaffold   

The most commonly used scaffold, tubular welded frames are versatile, cost-effective, and easy to assemble. 

Residential contractors and large construction projects frequently use them.   

 

 c) System Scaffold   

 

4. SCAFFOLD HAZARD 

 4.1 Scaffolding Hazards   

 

Scaffolding poses several safety risks, with data indicating that approximately 70% of scaffold-related accidents 

are caused by:   

- Scaffold collapses   

- Falls from heights   

- Falling objects   

 

Workers using scaffolds are exposed to various hazards, including:   

- Falls from elevation due to slipping, unsafe access, or lack of fall protection.   

- Falling objects, such as tools or debris.   

- Electrocution, often from contact with overhead power lines.   

- Scaffold collapse resulting from overloading or instability.   

- Weak or poorly constructed planking.   

- Ergonomic issues, particularly when working at awkward angles.   
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 4.1.1 Mandatory Requirements for Scaffolding   

 

To ensure safety, the following requirements must be met:   

- Use only tested and certified scaffolding materials.   

- Scaffolding must be designed for its intended purpose.   

- Scaffolders and users must undergo proper training and be qualified.   

- Routine inspections should be carried out, and scaffolds must have valid certification and inspection tags.   

- Fall protection systems, such as safety harnesses, must be provided.   

- Ladders must not be used as work platforms.   

 

 

 

4.2 Platforms   

 FIG 4.a 

PLATFORMS 

 

 

Scaffold platforms must meet the following criteria:   

- Platforms should be fully decked with no gaps exceeding 25 mm.   

- Boards used should measure at least 150 mm wide and 50 mm thick.   

- Landing platforms are recommended every 6 meters for safety.   

 

 

 

 4.3 Guardrails   

 

FIG 4.b GUARDRAILS 
 

 

All scaffolds must be equipped with:   

- Handrails, midrails, and toe boards for safety.   

- If guardrails are absent, workers must wear safety harnesses.   

- Mobile scaffolds must only be used on level surfaces, and no personnel should be on them during movement.   

- Casters on mobile scaffolds must be securely attached to the legs and locked during use.   

- Workers should stay within the platform area and avoid overreaching beyond guardrails.   

- Before moving scaffolds, ensure the surface is free of obstructions, and secure all materials to prevent falling.   

- Overhead obstructions, such as power lines, should be avoided.   

- Mobile scaffolds should only be moved by pushing at the base level to maintain stability.   
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 4.4 Scaffolding Tags   

 

Scaffold tags are critical for worker safety, indicating whether a scaffold is safe to use:   

- Red Tags: Indicate danger. The scaffold must not be used.   

- Green Tags: Confirm the scaffold meets safety standards and is ready for use.   

Tags must be placed by a competent person experienced in scaffold erection, ensuring clear communication of 

scaffold status.   

 

 

 

4.5 Scaffolding Checklist   

 

Scaffold inspections are crucial to identify potential hazards and ensure compliance with safety standards. A 

checklist should evaluate:   

1. If scaffolding is erected as per the required load duty.   

2. Installation of handrails, midrails, and toe boards.   

3. Proper leveling and plumb alignment.   

4. Correct placement and anchoring of planks or gratings.   

5. Secure footing and anchorage to handle maximum intended loads.   

6. Adequate bracing to prevent swaying or displacement.   

7. Provision of base plates (100x100x6 mm) and sole plates (300x300x6 mm) in unpaved areas.   

8. Screening of gaps between toe boards and railings above walkways.   

9. Provision of overhead protection if work is being done above others.   

 

 

 

 4.6 Key Points for Scaffold Users   

 

For safe scaffold use, workers should:   

- Ensure scaffolds are inspected by a competent person.   

- Avoid modifying or removing any scaffold components without supervision.   

- Refrain from using scaffolds that appear faulty; instead, report them for inspection.   

- Avoid overloading scaffolds with personnel, tools, or materials.   

- Use ladders for access and maintain three-point contact when climbing.   

- Keep platforms clean and free of hazards like oil, grease, or debris.   

- Decontaminate scaffolds used around hazardous materials after the job is done.   

- Never extend working heights by placing ladders or planks on guardrails.   

- Avoid using scaffold components for unintended purposes, such as cribbing or lifting.   

 

 

 

 4.7 Do’s for Scaffolding Safety   

 

- Use only certified scaffolding tagged as "Ready for Use."   

- Maintain three-point contact when climbing ladders.   

- Use suitable tools like ropes or containers to lift or lower materials.   

- Keep the work platform clean and free of clutter.   

- Wear a full-body safety harness with a double lanyard (Personal Fall Arrest System - PFAS) while on scaffolds.   

- Take precautions when working near mobile cranes or overhead electrical lines.   

- Ensure emergency evacuation routes and means of access are adequate.   

- Report unsafe conditions, such as missing ladders, incomplete decking, or improper guarding, to supervisors.   

- Verify weekly scaffold certifications.   
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 4.8 Don’ts for Scaffolding Safety   

 

- Do not use operational pipelines or pressurized lines as supports for scaffolds.   

- Avoid mixing different types of scaffold materials (e.g., wooden boards with metal).   

- Refrain from working at height during thunderstorms to avoid lightning exposure.   

- Do not leave tools or materials unsecured at height where they could fall.   

- Never use cross-bracing or non-specialized end-frames as access points.   

- Prevent overloading and impact loading on scaffolds.   

- Do not throw tools or materials from height.   

- Avoid using incomplete scaffolds.   

 

By adhering to these guidelines, workers and organizations can significantly reduce scaffolding-related risks and 

maintain a safe working environment. 

 

5. Conclusion 

Working at heights involves numerous inherent risks, but these can be effectively minimized through proactive 

measures and a commitment to safety. Employers must focus on identifying potential hazards and implementing 

control measures to create a safer work environment. Key risks such as falls from heights, unstable surfaces, or 

improper use of lifting equipment require particular attention to ensure worker safety. 

A cornerstone of mitigating these risks is providing comprehensive training for all employees working at heights. 

Workers must understand the correct use of Personal Protective Equipment (PPE) and be educated on the 

procedures required to maintain safety in various scenarios. Employers must ensure that PPE is readily available, 

properly maintained, and correctly utilized. 

Adhering to safety regulations is non-negotiable, and employers should embed these practices within the 

workplace culture. Regular safety inspections and maintenance routines are critical to maintaining safe working 

conditions. These routines should include inspecting scaffolds, guardrails, ladders, and other equipment to 

identify and address potential hazards before they lead to accidents. 

Although common hazards and their control measures have been outlined, it’s important to note that every 

workplace is unique. Hazards can vary depending on the specific environment, tasks, and equipment used. 

Conducting regular, tailored risk assessments is essential to identify workplace-specific dangers and implement 

the most effective control measures. 

Prioritizing safety is a shared responsibility that benefits both workers and employers. Preventing accidents not 

only saves lives but also contributes to a more productive and efficient workplace. The combination of vigilance, 

ongoing education, and fostering a safety-conscious culture is the key to effective safety management for work 

at heights. 

Ultimately, a strong commitment to safety practices ensures that workers are protected, risks are minimized, and 

a safe working environment is maintained for all. 
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