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Abstract:

Ladders are among the most commonly used tools in domestic homes, construction sites, warehouses, factories,
and maintenance industries. They provide temporary vertical access for cleaning, repairs, painting, electrical
work, storage handling, and inspection. However, ladder accidents are frequent due to slipping, overturning,
improper angle placement, overloading, and unsafe surfaces. Friction between the ladder base and ground, as well
as between the ladder top and support wall, is the most important factor affecting ladder stability. This paper
presents a detailed safety analysis of ladder friction in domestic and industrial applications using Engineering
Mechanics principles. Static equilibrium, angle of repose, coefficient of friction, reaction forces, and safe loading
conditions are studied. Results indicate that correct ladder angle, adequate friction, and safe user practices
significantly reduce accident risk and improve operational safety.
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Introduction

Ladders are simple mechanical devices used to
reach elevated positions. They are widely used in
homes for cleaning fans, changing bulbs, painting
walls, and repairing roofs. In industries, ladders are
used for machine maintenance, warehouse access,
scaffolding support, electrical installations, and
inspection work.

Despite their simplicity, ladders are responsible for

many accidents every year. Common causes include:

e Base slipping on smooth floors
e Incorrect ladder angle

o Excessive side reaching

e Overloading

e Weak ladder structure

e Wet or oily surfaces
e Uneven ground support

The safety of a ladder depends mainly on frictional
resistance at the contact points. If friction is
insufficient, the ladder slides outward and may
collapse.

This paper studies ladder friction safety using
mechanics principles for both domestic and
industrial environments.

II. Literature Review

Many safety organizations and engineering
researchers have studied ladder accidents. Reports
indicate that most ladder failures occur due to user
error and poor frictional support.
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Studies found that:

e Recommended ladder angle is
approximately 75°.

Rubber feet increase base friction.

Oily and wet floors greatly reduce grip.
Aluminum ladders require anti-slip shoes.

Wall surface roughness affects top support
stability.

Industrial safety codes recommend regular ladder
inspection and safe placement procedures.

Objectives of the Study

1. To analyze friction effects in ladder stability.

2. To determine safe ladder angle and loading
conditions.

3. To compare domestic and industrial ladder
risks.

4. To study slipping and overturning
conditions.

5. To recommend safety measures for ladder
users.

Theory of Ladder Friction

A ladder leaning against a wall remains in
equilibrium under four forces:

Weight of ladder
Weight of person/load
Ground reaction at base
Wall reaction at top

Friction at the base:
F=puN
Where:

e F =Friction force

e = Coefficient of friction

e N = Normal reaction

For equilibrium:

YFx=0
dYFy=0
YM=0

Heavier top loads increase slipping tendency.

Moment about ladder base:
Wi(x1) + Wa(x2) = Rw(h)

Where:

W = Ladder weight
W. = Person weight
Rw = Wall reaction
h = Vertical height

V. Types of Ladders Studied

1 Domestic Ladder

Used in homes, lightweight, lower height.

2 Extension Ladder

Used for exterior walls and maintenance.

3 Step Ladder

Self-supporting ladder.

4 Industrial Ladder

Heavy-duty ladder used in factories and warehouses.
5 Fiberglass Ladder

Used for electrical safety applications.
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x=4cos75°=1.04 m

I

Industrial Ladder Fiberglass Ladder

VL.

Methodology

Three ladder conditions were analyzed:

Vertical height:

h=4sin75°=3.86 m

Maximum friction force:

F=puN

If normal reaction at base = 850 N:

F=0.4x850=340 N

If required friction exceeds 340 N, ladder may slip.

1. Ladder on dry concrete floor
2. Ladder on wet tile floor
3. Ladder in industrial oily workshop
Steps:
1. Measure ladder length and angle
2. Determine friction coefficient of surface
3. Apply ladder and worker loads
4. Calculate reactions and moments
5. Compare safety factors
Tools used:
« MATLAB
e ANSYS
e AutoCAD
o Spreadsheet analysis

VII. Sample Calculation

Given:
o Ladder length=4 m
e Ladder weight =150 N
e Worker weight = 700 N
e Ladder angle = 75°
o Coefficient of friction = 0.4

Horizontal distance of base:
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III. Results and Analysis
Surface Friction Safet
Condition Level y
Dry Concrete High Safe
Wooden Floor Medium Moderate
Wet Tile Low Unsafe
Oily Workshop | Very Low Dangerous
Rubber Mat .
Support High Very Safe
Findings
1. Wet and oily floors create highest risk.
2. Rubber foot pads improve grip significantly.
3. Angle less than 65° increases slipping risk.
4. Overreaching sideways causes overturning.
5. Industrial ladders need anti-slip design.
IX. Domestic Use Safety
Analysis

In homes, common unsafe practices include:

Using chair instead of ladder
Climbing barefoot

Using damaged ladder
Overloading top step

Using on polished tiles

Recommended safety:
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Use stable step ladder

Keep floor dry

Maintain three-point contact
Avoid topmost step use

X. Industrial Use Safety

Analysis
Industrial environments involve:

Oil spills

Uneven flooring

Heavy tools carried upward
High working heights
Frequent movement of ladders

Required precautions:

Safety harness for height work
Slip-resistant ladder shoes
Regular inspection

Trained operators

Barricaded work area

Discussion

Friction is the controlling factor in ladder safety.
Even a strong ladder may fail if surface friction is
poor.

Benefits of proper friction:

Prevents base sliding

Improves confidence of user
Allows safe vertical climbing
Reduces sudden collapse accidents

Challenges:

Wet weather conditions
Dust and oil contamination
Wrong ladder angle

Worn rubber feet

Uneven support wall

Modern ladder design should combine structural
strength with anti-slip technology.

Conclusion
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This study confirms that ladder safety depends
greatly on frictional support conditions. Domestic
and industrial ladder accidents can be significantly
reduced by proper ladder angle, anti-slip feet, dry
surfaces, and user awareness.

Engineering Mechanics principles help predict
slipping conditions and improve ladder design
standards.

XIII. Recommendations

Use ladder angle near 75°.

Install rubber anti-slip feet.

Never place ladder on wet or oily floors.
Inspect ladders regularly for wear.

Use industrial safety training programs.
Use fiberglass ladders for electrical work.
Avoid overreaching while standing on
ladder.

8. Use helper support for tall ladders.

Nowubkwd =
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