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occurrence frequenc_\'

classification

(total : 349 persons)
Less than 30 persons

Business scale

(244 persons : 69.9%)

50 to 59 years old
» 39.5%)

Age—specific

(138 persons
Functional worker

By occupation

(228 persons : 65.3%)
A regular enployee

Employment

(137 persons ; 39.3%)

classification

Work content
classification

Installation of machinery and

equipment
(103 persons : 29.5%)

Head
; 81.9%)

Injury area

(286 persons
Less than 3m~5m
v 31.2%)

(109 persons

Fall height
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Product and Usage
Standard

=/t

ror

* KS G 3701 Aluminum Alloy Ladder and

Stepladder

Safety Certification for
Household Use (Legal

* Safety Criteria for Supplier Suitability
Confirmation (Annex 13 - Portable Ladders)

Regulation)

Usage Standard

* KOSHA Guide G-18-2019 (Technical Guidance
for Fabrication and Usage of Portable Metal

Ladders)

Code of Regulation

* Rules for Occupational Safety and Health

Standards

Product and Usage
Standard

«JIS S 1121 Aluminum Ladder and Stepladder

Safety Certification for
Household Use (Legal

* CPSA 0015 SG Standard for Metal Stepladder
for Household Use
* CPSA 0037 SG Standard for Metal Ladder for

Household Use

Regulation)

Safety Certification for
Industrial Use (Legal

e
rhT

10 Aluminum Alloy Stepladders)

* Certification Criteria for Temporary Equip-
ment (Chapter 7 Steel Stepladders and Chapter

Regulation)

Usage Guidance

Portable Ladders

* Usage Manual for Preventing Fall Accidents of

Code of Regulation
Product and Usage

* Rules for Occupational Safety and Health

Standard

for Ladders—Portable Metal

* ANSI ASC A14.2 American National Standard

Code of Regulation

* OSHA CFR 1926.1053 Ladders

Usage Guidance

0|2
Can Kill: Use Them Safely

* OSHA 3625-04R-2018 Falling Off Ladders

Product and Usage

Standard
Code of Regulation

*BS EN 131 - Ladders

Usage Guidance

* The Work at Height Regulations

Stepladders)

=
* HSE Guidance (Safe Use of Ladders and
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Abstract

A Study on Expanding the Field
Application of the K—Ladder(Korea—Style
Safety Ladder)

Objectives :

Ladders are widely used not only as means of vertical access to work
areas but also as substitutes for work platforms in both residential and
industrial settings. However, approximately 35 workers die each year
while using ladders at work, making them not just a convenient and

simple tool but also one of the leading causes of fatal accidents.

Among these, the most commonly used type is the step ladder(A-frame
ladder), which, under the industrial Standardization Act's ‘Safety
Management of Electrical and Household Products’ is classified as a
household ladder(for domestic use). As a result, safety certification is
implemented without evaluating its stability against tipping. It is important
to note that A—frame ladders have an inherently unstable design: when
a worker ascends, the center of gravity shifts upward, making the
ladders prone to tipping is crucial for preventing ladder-related
accidents. However, in most industrial settings, A-frame ladders that
have not undergone stability evaluations are still in use, exposing

workers to significant risk.
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To address this issue, the Ministry of Employment and Labor
strengthened relevant regulations and administrative efforts by implementing
the ‘Measures for Preventing Fatal Accidents Involving Mobile Ladders’
in 2018 and the ‘Safety Work Guidelines for Mobile Ladders’ in 2019,
in order to encourage proper usage. Despite these measures, however,

accidents continue to occur every vyear.

To prevent fatal ladder accidents, in 2022, KOSHA initiated a project to
develop the Korean-style safety ladder(K-Ladder) as a replacement for
the A-frame ladder, a major cause of ladder-related accidents. After a
year and eight months of in-depth analysis of accient causes, domestic
and international product and literature reviews, field surveys, full-scale
structural testing, and on-site verification, the project was completed with
input from a wide range of experts and users, including those involved in
occupaional safety and health. The K-Ladder is currently being distributed.
However, its widespread adoption has been hindered by factors such as
workers’ reluctance to use the new ladder due to their familiarity with
lightweight A-frame ladders that have not undergone stability evaluations,
the lack of a diverse range of products suited to specific work
characteristics, limited financial support for certain industries, and a lack
of promotion and awareness regarding industrial ladders.

This study aims to promote the expanded field application of the
Korean-style safety ladder by presenting design proposals for
industry—specific K-Ladder tailored to the needs of users and the
industry, as well as improvements to the existing K-Ladder. The goal
is to foster a culture of safe ladder use and maximize the effectiveness
of prventing fatal ladder accidents.
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Results :

Upon reviewing previous stuides, it was found that most ladder-related
research focuses on analyzing the causes of accidents and idengifying
issues through field surveys, subsequently proposing safety measures
primarily centered around administrative aspects such as safety
management and regulatory improvements. Despite being strictly
regulated as a means of access only under the Industrial Safety and
Health Act, with the use of ladders as work platforms being completely
prohibited, ladders are still widely used in ingustrial settings as
substitutes for work platforms due to their portability, usability, and
cost-effectiveness. This highlights the need for countermeasures to
prevent structurally unsafe ladder-related accidents. Additionally, in
relation to ladder products, it was pointed out that mandatory safety
certicication is only required for household ladders used in residential
settings, leaving workers in industrial enviroments unprotected from

potential hazards posed by the products.

An analysis of accident cases over the past decade revealed that
there have been 335 fatalities and 39,897 injuries related to ladder
accidents, with such incidents continuing to occur annually. Although
regulatory measures such as the complete ban on using ladders as
work platforms and the implementation of ladder safety work guidelines
by the Ministry of Employment and Labor initially seemed to reduce the
number of accidents, the trend reversed and began to increase,
indicating that the effects of regulatory measures were temporary.
Among industries, the construction sector had the highest proportion of
fatal ladder accidents, followed by the service and manufacturing
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sectors. In terms of company size, most accidents occurred in businesses
with fewer than 50 employees, particularly those with fewer 5 employees,
suggenting that accident prevention efforts should focus on these
areas. Regarding the height of falls, most accidents occurred at heights
of 1~3 meters, with the highest incidence at heights above 2 meters.
However, accidents also frequently occurred at lower height below 2
meters, highlighting that ladder use is hazardous regardless of working
height. When analyzing the causes of accidents, it was found that
ladders, compared to other temporary work platforms used for
high—altitude tasks, resulted in a significantly heigher number of
fatalities and injuries. This indicates that while ladder use is an
essential and widely used tool in high-altitude work, relying solely on
regulatory measures may have limitations in preventing such accidnets,

given their persistent frequency.

In terms of ladder-related regulations, South Korea's system differs
from those of other countries, particularly in terms of certification
standards. While foreign countries distinguish between different types of
ladders based on their intended use-such as industrial, household, and
commercial ladders—South Korea only implements certification standards
for household ladders used in residential settings, without differertiating
between household and industrial use. As a result, workers in industrial
environments are exposed to potential hazards because they are using
ladders that are designed for domestic use, and thus lack the necessary
safety protections. Notably, in Japan, in response to frequent accidents
occurring at work heights above 2 meters, there is a clear distinction
between industrial and household ladders, with a regulation prohibiting
the use of ladders for work at heights exceeding 2 meters. Similarly, in
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the UK, safety standards for ladder use are clearly outlined in terms of
the responsibilities of various stakeholders—including emplouers,
workers, and supervisors—demonstrating that key foreign countries have

implemented safety measures to prevent ladder-related accidents.

The online survey regarding ladder—related regulations revealed that
many respondents were unaware of key aspects related to ladder
manufacturing regulations. Specifically, they were not familiar with the
certification criteria for household ladders, and the exposure of
industrial workers to accident risks when using household ladders.
When it came to safety certifications under the industrial Standardization
Act(KC), respondents showed limited awareness. Regarding safety
features needed for industry—specific ladders, the survey found that the
most commonly cited requirements were anti-tip devices, work
platform, safety railings, and safety harness attachment points. In terms
of working height when using ladders, the majority of respondents
reported working at heights of 2~3 meters. Regarding safety devices
related to ladder weight, most respondents agreed that, even
considering the increased weight, work platforms, anti-tip devies, and
safety railings should be prioritized for installation. When asked about
the appropriate number of individuals for ladder use, the consensus
was that one person per ladder in most suitable. Concerning smart
technology, approximately half of the respondents reported having
experience with non-compliance to the current safety work guidelines
for mobile ladders. To address this, respondents suggested that smart
technologies such as horizontal detection of ladders, detection of
anti—tip device installation, work position monitoring, harness usage
detection, and helmet—-wearing detection could be employed for remote

131



( K-AtTh2|(BH=a QHHAILE2]) BiE ME&4Y =ity Wet et

lor

control and monitoring. Finally, regarding the improvements and
enhancements to the K-Ladder currently being distributed, many
respondents acknowledged that its safety and work efficiency had
significantly improved compared to the traditional A-frame ladder.
However, concerns remained about its portability and durability.
Suggestions for further improvement inclouded reducing physical strain
during transportation, enhancing the strength of welded joints, providing
intuitive usage instructions, and reducing the size for easier handling

and transport in confined spaces.

In the field survey, construction industry respondents noted that
safety railings sometimes interfere with ceiling work, and therefore
suggested improvements to the existing K-Ladder, such as the addition
of an adjustable height safety railing and the installation of a small shelf
for placing hand tools and materials. In the manufacturing sector, where
the risk of falls due to tipping from the use of portable scaffolding is
high in confined spaces, it was recommended to develop products that
ensure both safety and work efficiency. Addintionally, modular products
that could expand the working area for maintenance of large equipment
and facilities were proposed. In the service sector, it was noted that
there is a need for a new type of ladder for loading and unloading
cargo, particularly for use inside warehouses when moving items from
the interior to the exterior, which could improve the safety of existing
straight ladders. A common suggestion across all sectors was the need
to develop supplementary measures to improve the portability and
durability of the K-Ladder currently being distributed.
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Based on the previous research, a structural safety review was
conducted for the improved K-Ladder, the modular K-Ladder with
expanded work platform area, the K-Scaffolding with enhanced safety
features, and the straight K-Ladder for safe ascent and descent, using
structural analysis programs. In addition, domestic and intermational
regulations were throughly examined to address the absence of formal
calssifications and certification standards for industrial ladders, as well
as the lack of enforcement of existing regulations related to ladder
usage in South Korea. These considerations were applied in the review
of safety standards and design load requirements. The structural
analysis results were based on calculations of support reactions, stress
analysis for individual components(including compressive, shear,
bending stresses), and deformations. The results showed that the
outrigger performance for preventing tipping was satisfactory, and that
the axial, shear, and bending stresses remained withen allowable limits.
However, when the maximum stresses were assessed for the
K-Scaffolding and straight K-Ladder, it was found that some of the
allowable stresses were exceeded. This discrepancy is attributed to the
fact that the strength of the reinforcement supports, which were not
accounted for in the structural analysis, was not included. It is therefore
concluded that, in actual testing, the structural safety of the ladders can

be fully secured.

Considering that tipping is the primary cause of ladder accidents,
ensuring stability against tipping is of utmost importance. Therefore, it
was emphasized that certified verification by accredited institutions is
necessary during prototype development. Additionally, if the adjustable
height of the safety railing results in the railing height being lower than

133



( K-AtTh2|(BH=a QHHAILE2]) BiE ME&4Y =ity Wet et

ot

the legally required minimum, separate measures must be implemented
to prevent falls by the user. When applying international certification
standards to assess safety, it is also crucial to review and provide users
with the specific guidelines that must be followed during use. Lastly,
when incorporating smart remote monitering functions, it was noted that
the communication technology used must avoid potential errors caused

by dead zones in signal transmission, thus ensuring reliable operation.
Conclusion :

The findings derived from this study can be utilized as reference
material for the improvement of domestic ladder-related laws and
regulations, as well as for selecting finaccial support items in high-risk
accident prevention initiatives related tl ladder fatalities.

The proposed improvements to the Korean—style safety ladder,
developed by reflecting the characteristics of ladder work and practical
realities, as well as the development of industry—specific K-Ladders,
can be utilized as effective measures for the fundamental prevention of

ladder-related accidents.

The findings can serve as reference material for similar studies, such
as the development of safety technologies, and are expected to
significantly contribute to the growth of small and medium-sized
enterprises through the free licensing of related patented technologies,
as well as to the activation of the private sector market.

Key words : Fall accident, Ladder, Mobile Ladder, Ladder-type work

platform, work platform
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