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Executive summary

This research presents the results of a study that was commissioned by the ETUC in 2022 in

order to examine window-cleaning ladders and loft ladders with regard to their safety.

Literature research carried out in the course of the report has shown that accident occurrences in
the area of fall accidents continue to be high and that costs amounting to billions are incurred
annually for insurance carriers. Fatal accidents with high consequential costs are even possible
in cases of falls from low heights. The sometimes high divergence of accident figures within the

EU shows that different levels of importance are attached to safe handling at work.

In the case of shortening ladder stabilisers, a reduction in stability can be confirmed. The loss of
stability is linear and, depending on the boundary conditions, ranges around 0.36% per centimetre
of reduced stabiliser length. It has also been shown that the overall stability depends on many
other boundary conditions. Friction, person weightd ,sset-up angle and surface roughness could
be explicitly identified as the most significant influencing variables. It is also found that, in addition
to the percentage reduction due to the shortening of the stabiliser, the overturning moment can
be very low under certain circumstances, if the other variables are unfavourable. A situational and
individual examination of the circumstances is therefore always recommended to assess whether
the use of a ladder is justifiable. In general and to ensure safety, it is recommended that the
maximum standing height be limited when shortening the truss. Furthermore, stabilisation by
another worker at the foot of the ladder is possible in critical cases. The use of materials with
higher coefficients of friction at the head of the ladder can be another option to increase stability.
The underlying test procedures for approval of the ladders should be extended to include dynamic
forces. Attention should also be paid to the overturning moment, which could be tested likewise.

In the case of the loft ladder, a wooden stair was examined. The testing of the release torques
showed that humidity has a considerable influence on the loosening of the screw connections.
Due to the shrinkage and swelling of the wood, the release torques can change considerably,
both positively and negatively. It is precisely here that the use of locking devices to prevent screws
from loosening is recommended. Spring washers, serrated and toothed washers, disc springs or
tension washers are cost-effective and simple ways to significantly reduce screw loosening.
Special adhesives or pre-treated screws are another option for durable connections. Furthermore,
an inclusion of loft ladders in the EU Construction Products Regulation is an additional measure
to increase the underlying safety requirements and also to implement them in the long term.
Installation by specialist contractors or a regular maintenance by professional groups could also
be done. The existing test procedures should be expanded to include a Junker test (vibration test)
in order to prove the permanent reliability of the connections used. This way, it can be ensured

that adequate connections are used.
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1 Introduction and assignment

1.1 Initial Situation

International and European standards play a growing role not only in the economy, but also in the
organisation of production and working conditions. For example, working equipment complying
with good standards can improve safe working conditions. European standards can help to
achieve upwards convergence, meaning that workers in countries with lower requirements and/or
weak legislation would benefit from a better standard. Therefore, the European Trade Union
Confederation launched the ETUC STAND project?, which is aimed at sustaining and reinforcing
trade union representation and effective participation in European standardisation. The project
runs since 2015 with the financial support of the European Commission and the European Free
Trade Association (EFTA). One of the many aspects the ETUC is working on is occupational
health and safety. Prevention of risks is key. Over many years, the ETUC has been very active in
driving prevention measures. Unions make workplaces safer and union action to promote

improvement in Health and Safety rules is crucial.

Ladders are an indispensable tool that is used both in private everyday life and also at work. The
variety of materials used to manufacture ladders is diverse. At work, ladders are often used by
workers in the construction sector, agriculture and in the cleaning industry. However, working on
ladders involves many risks, as they are carried out at considerable heights. Fall accidents often
have dramatic consequences. The financial costs associated with fall injuries are significant.
Injuries range from broken arms and legs to fractures and even death. This can lead to lifelong
problems such as disability but also the payment of medical treatment and accident
compensations to the employees or their families they may leave behind. While ladders are
indispensable for the worker to get from one place to another, they are not suitable as a
workplace. Yet, workers spend many hours working on the ladder and lifting heavy weight. There
are a number of measures to prevent falls and other accidents when working with ladders. For
instance, the quality, ergonomics and safety of ladders can help to limit or even prevent accidents.
The design of ladders, but also the durability, ease of use and robustness can contribute a good,

safe and practice-oriented work equipment.

In the course of this study, two different ladder systems are examined with regard to their safety.
These are, on the one hand, loft ladders and, on the other hand, window-cleaning ladders. The
ETUC report on accidents with loft ladders used by chimney sweeps? describes accidents of
chimney sweeps using loft ladders. The aim of the first part of this study was therefore to test loft
ladders, covering temperature testing, humidity and mixture of materials (e.g. wooden ladder with

metal screws). The outcome of the tests were analysed and recommendations were provided.

1 etuc.org 2022, retrieved: 13.08.2022.
2ETUC.



The second research object are window-cleaning ladders. These are often supported by a ladder
foot to increase stability, especially for ladders which are reaching high. The modification of the

size of the ladder foot and the resulting stability of the ladder were investigated.

1.2 Objective

There are a number of measures to prevent falls and other accidents when working with ladders.
For instance, the quality, ergonomics and safety of ladders can help to limit or even prevent
accidents. The design of ladders, but also the durability, ease of use and robustness can
contribute to a good, safe and practice-oriented work equipment. Loft ladders are used by a range
of craftsmen such as chimney sweeps, carpenters and electricians. The loft ladders are installed
in a building usually at the time of construction and remain there for many decades without being
checked for their stability and robustness. Due to the high temperature differences, the
components are subjected to high stress. it must be investigated whether this can lead to failure
relevant to safety. Also, material fatigue may be caused by ageing, considering the loft ladders
remain in their place for a long time. Fatigue can result in the dissolving of anchorages. The first
objective of the study is therefore to test the durability, robustness and safety for use of different
materials of loft ladders, focusing also on different material for ladder parts (e.g. wooden ladder
with metal screws). The study investigates in solutions and recommendations to make the loft
ladder more robust and hence safer to use. The focus is on the manufacturing of the ladder. The
study also undertook a temperature test and check different test loads. Furthermore, the second
objective is to test a modification of size of the ladder foot and the resulting stability of window-
cleaning-ladders under different loads. The test took the typical use of a window-cleaner into

account but the results of this test should also be applicable to similar ladder types.

By conducting a study focusing on the testing conditions of loft ladders and the ladder foot of

window-cleaning ladders, the objectives are:

to collect accident data to assess the relevance of the study

to inform about the testing results for loft ladders / ladder foots with a view to improve
overall stability and robustness.

1 to provide recommendations for manufacturers and for standard-writers in CEN/TC 93

6Laddersdé6 with view to increase safety
and manufacturing.

Accident data for loft ladders and window-cleaning ladders in Europe was collected with view to
analyse the sources and technical shortcomings that cause occupational accidents. The stability
and safety of loft ladders was tested and modification of length of the ladder foot by ladders

particular window-cleaning ladders.

1.3 Limitation of the study

This research report shows the relevance of accidents at work with ladders and stairs by
comparing accident data in the European area. By testing the tipping stability of window-cleaning
ladders and checking the stability of screw connections on loft ladders, a recommendation for
action is drawn up. The results show recommendations for increasing the safety of the two objects

of investigation.

when
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1.4 Partner

The ETUC, as the client of this study, determined the content and the basic conditions for carrying
out this study in close coordination with PROSIBAU Helmus Kelm Meins-Becker GbR, which is
responsible for the scientific evaluation. The testing is being carried out with the support of the

Haan Occupational Safety and Health Centre, Germany.
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Figure 1: Partners of the study
2 Outline of the research project

The work packages are divided into 3 parts. After the kick-off meeting to discuss the different
steps of the study, first accident data for loft ladders and window-cleaning ladders in Europe was
collected and curated. The procedure and boundary conditions for the tests was also coordinated
and defined. The second work package was the preparation of the interim report, followed by a
second meeting to discuss the preliminary results of the testing and the report. After the first tests
have been carried out and the necessary information has been collected from the statistics, the
interim report was made available to the participants and the further procedure was discussed.
After the completion of the experiments, the final report was completed in time for the deadline
(01.11.2022). The research report concludes in a short, easy-to-understand summary. After

submission, up to two further meetings were held with the relevant stakeholders of CEN/TC 93.

2.1 Work package A

After the relevant accident data had been determined in consultation with the ETUC, the boundary
conditions of the tests were determined. Suitable laboratory and material tests are used to
examine step by step how the dimensioning of ladder feet affects the stability of the ladder under
various load scenarios. In the first scenario the appropriate ladder type was selected and typical
load scenarios were defined in coordination with ETUC. By alternating the combination of different
loads with ladder feet dimensions, the study examined whether the risk of the ladder tipping

increases significantly as a result of reducing the ladder feet dimensions.

The second scenario deals with the material fatigue and wear of loft ladders. Therefore, the
ladders were exposed to different environmental conditions that mimic the conditions of an attic.
Both, high and low temperatures, as well as a corresponding alternating humidity were tested to

determine which conditions are the most unfavourable for safe use. Likewise, the load cycles



were coordinated closely with the ETUC. The aim is to assess the safety risk of existing ladders
by evaluating their screw connections and check for characteristics that lead to failure. While the
work safety centre in Haan was responsible for carrying out the testing, the subcontractor

executed the scientific support and evaluation and made a final recommendation.

2.2 Work Package B

Following work package A, work package B deals with the implementation and evaluation of the
test results. The test results are summarised and evaluated in advance, so that they are discussed
in an interim report. The interim report prepared in package B contains the initial results as well
as relevant accident data. The data already collected and analysed offer the most meaningful
trends, which correlate with the objective of the study and thus provide a first outlook on the final
result. In the course of work package B, a second meeting took place to discuss the research
results obtained so far and, if necessary, to adjust or to examine certain boundary conditions in

more detail.

2.3 Work Package C

Work package C comprises the final consolidation of the information compiled in packages A and
B and focuses on completing the final research report. Here, the recommended action for the
further procedure of both research subjects is completed and the results are also presented in an

executive summary.



3 (Work package A) - Preliminary study on accident data

Since 2008, the Member States of the European Union have been obliged to publish data on
occupational accidents that have occurred in their country. This is based on the European
Statistics on Accidents at Work, which defines the methodology for data collection.® According to
Article 2 Annex IV of Regulation (EC) No 1338/2008 of the European Parliament and of the
Council, Member States are obliged to transmit their statistics accordingly. The indicators to be
transmitted include:

General information about the injured person
Degree of injury and lost time in days
Economic sector of the company

Characteristics of the workplace

=A =4 =4 =4 -4

Characteristics of the accident, cause and accompanying circumstances.*

An occupational accident is defined as "an event occurring during work or in the performance of
a professional activity or during the period spent at work, which can be clearly delimited and which
leads to physical or mental harm"S. This also includes accidents that do not occur within the first
place of work, but also take place on the premises of another organisation. Accidents occurring
during a business visit outside the company premises, as well as in public places or on means of
transport, are also included. Displacement accidents, intentional self-inflicted injuries and
accidents due to purely natural causes are not included. Only occupational accidents that result
in more than three full calendar days of absence or death are considered. A complete overview
of the variables and reporting requirements can be found in the European Statistics on Accidents
at Work (ESAW) Regulation.
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Figure 2: Development of occupational accidents in selected countries of the European Union (economic

sectors A_C-N)®

3 European Statistics on Accidents at Work (ESAW) - Summary methodology - 2013 edition 2022.
4 Ibid.

® lbid.

6 Statistics | Eurostat 2022a.



Figure 2 shows the development of occupational accidents in selected European countries since
2011. The highest number of occupational accidents can be attributed to Germany as the most
populous country in the European Union. Here, the rate remains constant at over 700,000 cases.
Only in 2022 can a reduction to just under 630,000 be recorded. This decline can be attributed
primarily to the SARS-CoV pandemic and the accompanying catalogue of government measures
in all data sets. In France, a slight upward trend in occupational accidents can be seen since
2012; here, the number of occupational accidents was around 440,000 in 2013 and subsequently
rose to 490,000 accidents. Italy, on the other hand, recorded a decline from 275,000 to around
220,000 in the same period. Apart from the Netherlands, where the numbers fell sharply between
2013 and 2014, the rise in the other countries shown remains constant and in the range of 30,000

to 80,000 accidents at work.
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Figure 3: Development of occupational accidents in the European Union

The cumulative view of occupational accidents for the entire European Union (economic sectors
A_C-N)7 shows a decline in the number of occupational accidents from 2011 to 2014 from 2.6
million to 2.2 million. From 2015, the number of occupational accidents rises steadily again to a
value of 2.37 million. The development of occupational accidents by lost time can be seen in
Figure 4. It is striking that the number of all occupational accidents up to a duration of 20 days
ranges between 300,000 and 650,000. For a duration of absence of more than 4 days, i.e. also
more than 20 days, the number in 2019 is approx. 2.3 million. This means that in approx. 980,000
cases, periods of absence of more than 20 days are the rule. This corresponds to a 40% share
of the total number of accidents. Overall, the development of the duration of absences has been

stable over the years. A slight increase can be detected around 2017.

7 Statistics | Eurostat 2022b.
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Figure 4: Development of occupational accidents by duration of absence

Looking at continental Europe (Figure 5), an accumulation of accidents at work can be seen in
the south-west. In particular, France, Spain, Portugal and Switzerland stand out due to an
increased number of incidence rate. These countries are also among the most densely populated.
The more north-east one goes, the fewer occupational accidents are registered.
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Figure 5: Cartographic representation of the distribution of occupational accidents by incidence (2018)2
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Occupational accidents resulting in death

In addition to occupational accidents resulting in long periods of absence, fatalities can also occur.
Again, based on the ESAW data, the economic sectors A_C-N [Agriculture; industry and
construction (except mining)] are considered. Figure 6 shows that Italy and Germany have by far
the most fatalities. Over the period 2011-2020, the numbers range between 510 and 349, with
the periodic fluctuation remaining fairly even. This is also evident in the other countries
considered. Only Poland records continuously decreasing numbers. The absolute numbers must
be considered in relation to the population density. The entire European Union remains constant
in the development of work-related deaths and falls slightly. Compared to 2011 with a total of
3519 fatalities, in 2019 there are still 3008 work-related fatalities. The exit of the United Kingdom

does not seem to have a significant influence on the development.
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Figure 6: Development of the absolute number of deaths within the EU °

Broken down by incidence, it can be seen that France, Italy and Austria in particular have above-
average death incidence rates. All other countries considered are consistently below the EU
average. Poland in particular stands out with the positive development of the incidence rate from
2.56 to 1.29. It should also be mentioned that Bulgaria has the highest value for occupational
accidents with an incidence of 4.51 (2020). Sweden has the lowest value with 0.76 (2020).
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Figure 7: Incidence rates of selected European countries, deaths per 100,000 population 1©
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Overall, there is a clustering of deaths in the south and east of the European Union. Incidence
rates are also higher in the south-west than in the northern part of the EU.
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Figure 8: Distribution of death incidence rates within the European Union incl. Great Britain (2019) !

With a total of more than 2.3 million accidents at work, a large proportion of which result in
absence from work for well over 4 days, this shows that there is still a need for action to further

improve existing safety standards.

1 Statistics | Eurostat 2022d.



3.1 National data

In addition to accessing the accident data published by the ESAW, some countries offer the
possibility of obtaining a more detailed breakdown of accident data via the statutory accident
insurance funds or other sources. In the following, the accident data of selected countries are
examined in more detail and explained in direct reference to fall accidents, especially with ladders
and stairs.

3.1.1 Germany

According to an evaluation by the BG Bau, "accidents involving ladders [...] account for almost
50% of fall accidents among insured persons of the BG BAU"2, In the period from 2009 to 2018,
BG Bau registered more than one third of the total of 871 fatal occupational accidents as fall
accidents. This is the most common cause of death in occupational accidents during construction
work.13

The German Social Accident Insurance (DGUV) documents annually the general statistics for
accident data with and without fatal consequences in order to get a picture of the status and
development of accidents.'* The data are divided into extensive areas, such as the distribution of
occupational accidents in the company according to main occupational groups or objects of the
accident black spots. Stairs play a significant role in this with 42,399 and 20,953 reportable
accidents (2020).%> Most accidents (approx. 24.6 %) occur in the commercial or industrial sector.
Other areas where accidents also occur are administrative buildings (13.7 %), health care facilities
(13.7& %), public buildings (12.4 %), recreational facilities (11.5 %), construction sites (9.9 %),
educational facilities (5.2 %), and home areas (5.8 %).16

The most frequent consequences of a ladder accident in the last 10 years can be seen in Table
1. The lower extremities are particularly affected. Fatalities are mainly caused by head injuries or
complications in multiple areas. Falls from low heights are also associated with considerable risks.

Almost half of the fatal accidents occur at a height of less than 5 metres.1’

12 Dipl.-Ing. Hendrikje Rahming 2018.

13 paua.de 2022.

14 Deutsche Gesetzliche Unfallversicherung e.V. 2010-2020, p. 6.
15 Deutsche Gesetzliche Unfallversicherung e.V. 2020, p. 63.

16 Deutsche Gesetzliche Unfallversicherung e.V. 2010, pp. 45i 50.
¥ baua.de 2022.
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Table 1: Ladder accidents by injured body part, 2010-20208

% %
_ 16094 6.2% 81 59.6%
_ 22274 8.5% 10 7.4%
_ 30417 11.7% 13 9.6%
_ 77191 29.6% 2 1.5%
_ 111578 42.8% 4 2.9%
_ 523 0.2% 26 19.1%
_ 1887 0.7% 0 0.0%
_ 260667 100 136 100

The development of portable ladder and staircase accidents shows a slight downward trend in
the case of ladder accidents. Here, accidents fall from 26,159 in 2010 to 20,953 in 2020. In the
case of reportable accidents involving stairs, no precise trend can be observed. Here, the

development stagnates on average at approx. 44,000 accidents per year.
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Figure 9: Development of ladder and stair accidents 2010-2020 in Germany, (all professions)!®

The age of the employees can be used as a further criterion. A significantly higher incidence of
fall accidents can be seen especially in the age group of 50 to 60 years. The number of fatalities
is also significantly higher in the 55 to 59 age group than in other age groups. In relation to
demographic change and the associated ageing of society, this can lead to an increase in

accidents in the older age groups.

18 Deutsche Gesetzliche Unfallversicherung e.V. 2010-2020.
19 Deutsche Gesetzliche Unfallversicherung e.V. 2010-2020.
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Figure 10: Percentage change in fall accidents by age®°

Overall, it shows that the number of fall accidents with ladders and stairs in Germany is constant,

with a slight downward trend.

3.1.2 Great Britain

The UK collects occupational accident data in the construction industry through the Health and
Safety Executive (HSE). Accidents at work in the construction industry have a slight downward
trend in recent years. In 2017, the incidence rate for fatalities in the UK was 1.37; in 2020, it is
1.62 per 100,000 inhabitants.
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Figure 11: Development of occupational accidents in Great Britain 2*

Falling and slipping are the most common causes of non-fatal accidents. The development of
these accident occurrences is still around 30% in 2017 and then diverges until 2019, only to
converge again at 25% on average in 2020. The proportion of accidents caused by these two
types of incidents has therefore not changed significantly and remains constant.

2 peutsche Gesetzliche Unfallversicherung e.V. 2020.
21 Health and Safety Executive Britain 2017-2021.
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Figure 12: Percentages of the type for non-fatal occupational accidents in Great Britain 22

In total, more than 6.3 million days have been lost due to occupational accidents (2020). This
results in costs of £16.2 trillion that have to be borne by insurance companies. In addition to the
pure accident statistics, the HSE also investigates the prohibition notices and improvement
notices used within the construction industry. These are used as the first means of dealing with
health and safety violations in order to improve the working environment or to immediately remedy

dangerous situations.
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Figure 13: Development of prohibition and improvement notices??

22 Health and Safety Executive Britain 2017-2021.
23 Health and Safety Executive Britain 2017-2021.
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3.1.3 Poland

I n Pol and, the UrzNd Statystyczny w Gda@Esku

occupational accident figures for the country. Overall, Poland has an incidence rate of 4.54

accidents at work per 1000 inhabitants. The construction industry has an incidence of about 4.

Map 1. Persons injured in accidents at work per 1,000 employed persons 2 in 2020

(excluding private farms in agriculture)
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Figure 14: Distribution of occupational accident incidence rates by area in Poland?*

Most of the serious and fatal accidents at work occur among new entrants with up to one year of
work experience (32.2% and 37.6%). The highest number of fatal accidents can be found in the
construction industry (56.4%). In 2020, 2.8 million working days were lost due to occupational
accidents. This represents a reduction of 20.4% compared to 2019. In most cases, lost days are
between 4-13 days (27.2%) and 31-90 days (25.1%).
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Figure 15: Age composition of employees in occupational accidents 2°

Most accidents took place due to slipping, tripping or falling (28.8%). This also includes accidents
on stairs and ladders, as well as falls from heights.

2Gg-wny UrzNd Statystyczny

X 2020.
%Gg-wny UrzNd Statystyczny 2020.
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Figure 16: Development of occupational accidents due to falls and falls from heights in Poland 2011-
2019%

Overall, it can be seen that the number of accidents due to falls has been decreasing slightly

since 2011. Fatal accidents decrease from 2011 to 2014 and then level off at around 15 per year.

3.14 Switzerland

In Switzerland, around 270,000 occupational accidents occur every year. The risk is highest in
the construction industry, at 315 per 1,000 full-time employees (2019, civil engineering and
building construction). More than every fourth accident is linked to slipping or sliding. Of these,
22% of accidents happen with stairs. Between 2015 and 2019, a total of 33.8% of accidents could
be attributed to slipping or falling down. The number of accidents involving stairs has increased
from 43,940 to 50,761 since 2010.%”
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Figure 17: Development of occupational accidents involving stairs 28

%Gg-wny UrzNd St-amystyczny 2011
27 Koordinationsgruppe firr die Statistik der Unfallversicherung UVG 2010-2021.
2 Koordinationsgruppe fur die Statistik der Unfallversicherung UVG 2010-2021.
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There are also clear age differences between the accident incidents. Slipping or sliding occurs

more frequently with increasing age. Falling accidents also increase with age.
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Figure 18: Development of occupational accidents due to slips and falls 2°

The most expensive accident categories are slips and accidents related to falls from height. On
average for the years 2015-2019, the accident insurance institutions in Switzerland attributed 41%
of the costs, i.e. the insurance benefits incurred, to occupational accidents caused by slipping and
sliding. The same applies to falls. These caused a total of 22% of all costs in the assessment
period.3°

29 Koordinationsgruppe fiir die Statistik der Unfallversicherung UVG 2015-2019.
30 Koordinationsgruppe fur die Statistik der Unfallversicherung UVG 2015-2019.
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3.2 Analysis and perspective

Overall, it is clear that accidents within the EU continue to be a significant issue. While the
accident figures in the EU have fallen on average at the beginning of the statistics, they have
stabilised in recent years and have remained largely constant at around 2.3 million cases. A closer
look at the incidences of fatal accidents in particular shows that there are sometimes large
differences between the individual Member States. In general, accidents at work are concentrated
in the north-west of the EU borders, while accidents at work resulting in death are more frequent
in the south-west and south-east. In 2.3 million cases, accidents at work resulted in lost work time
of more than 4 days and thus in economically significant costs. In 40% of the cases (980,000)
there are even lost working hours of more than 20 days. Whereas in Germany, for example, the
total costs in 2019 amount to U11.125 billion3! it was estimated to be as high as £16.2 billion in
the UK®2, In 2019, there were a total of 3008 fatalities across the EU. A closer look at the individual

countries has also shown that occupational accidents entail significant economic costs.

The European Union had a fatality incidence of 2.14 in 2019. The comparison of different member
states also shows that very different safety standards prevail in practice. While an incidence of
0.49 was found in the Netherlands, France has an incidence of 4.6. The high variance speaks for

an enormous potential for optimisation.

In perspective, a slight decrease in the number of accidents is due to the pandemic situation,
which can already be seen in some individual values. However, with abolition of restrictions
measures linked to the pandemic and with a rising economic performance, an increase in
accidents is expected again. Accidents at work will always occur, so it is important to take targeted
preventive measures and to adequately inform staff about the dangers and equip them with
appropriate protective equipment. The safer workplaces, tools and equipment as well as
machines are designed, the more accidents can be avoided. The comparison of incidences shows
that some countries seem to place more emphasis on safety than others. It has also been shown
that newcomers to the labour market and older workers in particular are often more affected by
accidents at work. This can be explained by a lack of knowledge in the former case, or by the
onset of motoric impairments and overestimation in the latter case. Repeated training and also
special consideration of the demographic conditions should be considered here. Looking at
accidents involving ladders and stairs, as well as slipping and falling in general, it was found to
be one of the main causes of occupational accidents. In fact, it is also one of the main causes of
all fatalities. Falling and slipping accidents cause above-average costs for insurance providers.
Even falls from low heights can lead to serious injuries.33 Therefore, appropriate measures must

be taken to improve or at least maintain the safety of ladders and stairs.

31 DGUV forum 2020.
32 Health and Safety Executive Britain 2017-2021.
33 BGBau 2022.
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4 Theoretical research framework

4.1 Definition of research subjects

In the following, the two test objects are described and the underlying boundary conditions are
presented. The general functional dimensions and applicable test specifications are explained in
terms of the task.

4.1.1 Window-cleaning ladders

Ladders are auxiliary devices for reaching various vertical levels. In most cases, they consist of
two bars that are connected by rungs. The rungs can be used for climbing up and down. Ladders
can be made of different materials or a combination of . Wood, steel, aluminium and some plastics
are used. Depending on the design principle, ladders can be leant against a wall or stand on their
own in the form of a stepladder. Plug-in, sliding or telescopic ladders offer the possibility of
individually changing the total length and thus also the working height.3* To increase stability, the
base of the ladder can be widened with additional crossbars. Single ladders are mainly used for

window and facade cleaning.
Functional dimensions

For the definition of the design features and test methods applied, EN 131-1:2015+A1:2019, as
well as EN 131-2:2010+A2:2017 and EN 131-3:2018 are decisive in the case of the ladder types
examined, particularly, the ladder types 3.7 and 3.8.35 According to the standard, the stabilising
traverse is a "device attached to the lower end of the ladder for increasing the stand width. & and
t o i ncr eas e.®Thh @arrenttmmimin standywidti for rung ladders, which also include

extension ladders, can be found in Table 2 in combination with Figure 19:

Table 2: Functional dimensions for rung ladders3”

&) © Q¢ i © Q¢ i ahe a
@O OTNMMT 0 OmMmm
min. 280 340 © Tmipd  ¢o Tud 250 65°
max. - 120 120 a puv 30 75°

ladders

manufacturer.

a: This dimension also applies to individual ladder sections if they can be used separately, e.g. as single

c: The measurement & for single ladders may be limited to a maximum of 1200 mm at the discretion of the

% DIN EN 131-1.

3 DIN EN 131-1, pp. 5i 12.
3 DIN EN 131-1, p. 11.
37 DIN EN 131-1, p. 13.
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Figure 19: Types of extension ladders®

For a ladder length of less than three metres, the minimum stand width ¢ of the truss is 34 cm.

For ladders longer than three metres, the formula applies:
W W Tpd o [139]

The width of the ladder & is the distance between the stiles. This is measured at the top of the
ladder, at the shortest rung. The total length & is the distance from the lower end of the ladder
foot to the uppermost point of the ladder set up in maximum length. Depending on the ladder type,
the ladder must be pushed apart or plugged together for this purpose. The stile thickness t is the
outer dimension of the spar profile, measured perpendicular to the spar axis. The outer width &
(stabiliser/traverse width) of the ladder may be limited to 120 cm at the discretion of the

manufacturer.

Test procedure

The previous general test procedures for single ladders according to EN131-2 can be found in
abbreviated form in Table 2. The prescribed tests have so far been limited to the material
behaviour and the load capacity of the ladders. The ladders are mainly tested under the aspect
of a static maximum load. Dynamic loads are not taken into account in the test procedures, apart
from the durability test. Safety-relevant effects, in particular tipping due to lateral or horizontal

forces, are also not considered at present.

S8 DIN EN 131-1, p. 14.
% DIN EN 131-1, p. 13.
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Table 3: Summary of test procedures for single ladders according to EN 131-24°

Procedure Criteria

Strength test 2700N vertical load, on middle rung, 50mm from stile
65° installation angle
Derivation:
150 kg (rated load) x 1.7 (dynamic factor) x 9.81 (gravity) x 1.44 (safety
factor) x 1.1 (material factor) x 0.6814 (factor for the simultaneous
occurrence of 0.08 x 4 factors) =2 700 N

Deflection spars Preload 100 N, test load 750 N for 1 min on the middle of the beam

Lateral deflection Preload 100 N, test load 250 N for 1 min on the span center of the spar

Buckling test Test load 1100 N over 50 mm long test block at the end of the bar
Only for ladders without stabilisers

Rung load Test load 2600 N distributed over 100 mm in the middle of the bay of the
weakest rung

Twisting of the rungs Torque 50 Nm over 100 mm on the weakest rung for 10 seconds

Tensile testing of ladder feet and 150N for 1min in the most unfavourable pulling direction

trusses

Slip resistance on the floor 1571 N in the middle of the 4th rung at an angle of 75°, place the ladder on
float glass at 20°C

Torsion test leaning ladders 491 N preload, 638 N test load in the middle of a stile, place the support
cylinder 200mm from the ends of the ladder

For the test methods listed in Table 3: Summary of test procedures for single ladders according
to EN 131-2, limit deviations of £1 mm for length measurements; £5 mm for distances between
supports, £1° for angle measurements and +1 % for static forces and torques apply. Strength
tests are carried out on the fully extended/erected ladder. The single ladders were placed at an
angle of 65° (75° for slip resistance testing) and leaning against a smooth vertical surface. At the

end of the test, the load is removed and the ladder examined.

For the occupational use test load, the requirements of a maximum working load of 1471 N
applied. The body weight and equipment of a professional are taken into account. These loads
are extended by dynamic factors, safety coefficients as well as material factors according to the

following formula.

PLURO OONOFPK QwE O OZ&ud p QA OV VO ©

P8 Ti O QB 026pH & OO QVIDGDDZE | (241

T P p O W OE T "Qa 6 & 0 BENDENG 1€ MBIAPQ QO WO € 1 i
With regard to the objective - the tilt stability test with reference to various boundary conditions
such as stabiliser length and angle of attack - a test is developed based on the existing test
procedures. Existing test criteria and test loads of EN131-2 are adopted, if reasonable. In
particular, the expected load for commercial use, which is specified in the strength test, is used
as the test variable for the maximum load on the conductors. However, as this load can also have
a positive effect on the overall stability of the system due to the large vertical tensor, a reduction
was investigated. The installation angle of the single ladder plays a role in the redirection of the
vertical forces to the wall. Since a flatter angle provides a higher contact pressure and thus a

stronger frictional force at the top of the ladder. This can also have a positive effect on the tipping

“DIN EN 131-2, pp. 15i 55.
“1 DIN EN 131-2, p. 19.
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stability. The exact test procedure and the underlying boundary conditions can be found in chapter

5.1 (work package B). The selected test forces are also determined.
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4.1.2 Loft ladders

Loft ladder systems are permanently fixed staircases that are installed in a ceiling opening. By
lowering and mechanically folding out or extending the stairs, access is provided from a lower
level to a higher level. Basically, a distinction can be made between concertina floor stairs,

sliding/folding floor stairs and pull-out floor stairs.*2
Functional dimensions

The functional dimensions of loft ladder systems are specified in Table 2 of EN
14975:2006+A1:2010. The angle of inclination of the installed loft ladder must be between 60°
and 80° for newel stairs and between 60° and 75° for stairs with treads. The installation of
handrails must be made possible by the manufacturer from a stile depth of 76 mm. The treads
must be profiled when metal and plastic are used to ensure adequate slip resistance. The distance
between the middle of the treads and the trapdoor must also be at least 100 mm when in use. No
specifications are made regarding the fasteners to be used and their durability; parts made of
steel that are susceptible to corrosion must only be protected. Floor stairs must be secured

against unintentional opening.

Table 4: Functional dimensions of loft ladder systems?*3

=

) @ W o} a a
min. 100 | 240 ¢m 6& Qi |230 Thva Thva 60°
Ymoi QaQi
max. - - - 300 & pu | 315 75° (treads)
80° (rungs)

a: There is no minimum dimension & for extendable pull-out loft ladders

“2 DIN EN 14975, pp. 4i 7.
“3DIN EN 14975, p. 14.
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Figure 20: lllustration of a sliding/folding loft ladder**

Testing criteria

An overview of the test methods according to EN 14975:2006+A1:201 can be found in table 4. In
principle, a maximum working load of 1471 N is assumed. The tests were carried out under room
temperatures between 15-20°C. The rungs/treading surfaces and the handrail were tested;
connections or joints must not show any permanent deformations after loading. The ladder was
also examined in a continuous load test. Here, the loft ladder was subjected to a cyclical load on
the rungs in the fully extended state. Fatigue of the joints and connections due to repeated
extension and retraction was not taken into account. The loosening of the connections over a

longer period of time or under temperature fluctuations was also not considered.

Table 5: Testing method for loft ladder systems according to EN14975:2006+A1:20104°

Procedure Test criteria

Static load test Preload of 1000N, at middle, top and most articulated tread surface.
Test load of 2600N for 60 s

Endurance test Cyclic 1500 N, 75 mm from the inside of the tie bar, 5000 times

Twist test of treads Torque of 50 Nm, over 100 mm wide at tread centre, 10 times
counterclockwise and clockwise for 10 s

Checking the handrail (only if Vertical, parallel, lateral to the stair axis to each other 100 N, downwards

provided by the manufacturer) 500 N, static load on the middle step 400 N

Testing the locking device of the Fixed, closed loft ladder is dropped 10 times from maximum height
loft ladder
Deflection test treads Test load 2600 N over 100 mm distributed on centre of middle tread, 60 s

Limit deviations of £1 mm for length measurements, +1° for angle measurements and +1 % for
static forces and torques applied for the methods mentioned in Table 5. Strength tests were
carried out on the fully extended/assembled ladder. The tests was carried out at a room

temperature of 15-20°C. At the end of the test, the load was removed and the ladder examined.

4 DIN EN 14975, p. 5.
% DIN EN 14975, pp. 8i 13.
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5 (Work package B) - Experimental Setup and results

On 27 July 2022, a kick-off meeting was held with representatives of the ETUC, the
Arbeitsschutzzentrum Haan and the contractor. The various boundary conditions of the
experiments carried out were discussed. The result of the coordination was that one ladder
system is tested in the case of window-cleaning ladders. Another system is additionally simulated
by calculation and validated by the data from the experiment. The aim is to determine the
force/impact required to cause the ladder system to tip. By adjusting the stabiliser lengths, it is
possible to investigate how much the overall stability in terms of lateral tipping suffers when the

stabilising stabiliser is shortened.

With the help of a climatic chamber, it was investigated whether the screw connections loosen in
the case of a wooden loft ladder system, which is mainly used in European households. Cyclic
temperature testing were used to compare the loosening torques of the screw connections in
order to make a statement about the durability and reliability of the connecting elements of simple

loft ladder systems. The first results were presented and discussed in a further meeting.

5.1 Methodic procedure research subject A

The stability test was carried out mathematically using two different commercially available ladder
systems that are typically used in window and facade cleaning. The test was then carried out on
a ladder and was intended to validate the preceding calculations. Figure 21 and Figure 22 show
ladders from the manufacturers Hymer and Munk. These ladders consist of light metal rectangular
bars and a rubber strap at the upper end. The aim of the investigations was to validate the
underlying calculation. The Excel tool developed could be fed with various parameters and
individually adapted to the boundary conditions and dimensions of the different ladders. It could
also be used to quickly calculate the parameters sought for other types of ladders. Due to the
applicable specifications, the stand and working height of both ladders were limited to a maximum

of 5 and 6.5 metres respectively.46

46 Ausschuss fiir Betriebssicherheit 2018.
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Figure 21: Window-cleaning ladder 47 Figure 22: Rung rope ladder 48
Art.-Nr.: 96687035 Art.-Nr. 021214

Table 6: Properties of the testing subjects

Properties Properties

ladder rail ca. mm 73 ladder rail ca. mm 89/100
length ca. m 7,1 length ca. m 7,22
stand height ca. m 5,00 stand height ca. m 5
working height ca. m | 6,50 working heightca. m | 6,5
manufacturer Hymer Manufacturer Munk
width ca. mm 110/845 width ca. mm 420
weight ca. kg 24 weight ca. kg 21

47 contorion.de 2022.
“8 steigtechnik.de 2022.



5.2 Methodic procedure research subject B

The ladder was gradually loaded horizontally in order to determine under which forces the stability
fails and tipping occurs. In order to precisely determine the forces, the expected forces were

briefly classified below.
Vertical and horizontal forces

In the case of the ladders under investigation, there is a general spatial force system. This means
that the forces of the system are not directed to a point and are not located in a plane.*® There
are different forces acting on the ladder in its state of use. To simplify matters, a distinction could
be made between 'vertical' and 'horizontal' forces. The self-weight and the applied test load could
be counted among the vertical forces. The dead weight was applied to the centre of gravity of the
ladder for theoretical consideration and calculation.° The vertical forces could be attributed to the
tilting force. This was applied at the working height of the ladder and should virtually cover the
effects of dynamic and wind loads. In other words, it was determined how high the resultant of
the external load may become before the system becomes unstable. Dynamic loads can be, for

example, the movement of a person on the ladder or external variable effects like wind forces.
Frictional force

The window-cleaning ladder makes contact with the wall surface when used and leaning against
the wall. The resulting static frictional force depends on the surface properties of the two bodies
that meet. In addition, the angle at which the ladder is set up has an influence on the amount of
force transferred from the ladder to the surface against which it is leaning, which in turn has an

effect on the maximum static frictional force.5!

4 Wetzell and Krings 1972, p. 1.
50 wetzell and Krings 1972, p. 65.
51 Hering et al. 2004, pp. 38i 39.
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Experimental set-up and execution

The test set-up consisted of investigating the influence of the stabilising stabilisers through
different dimensioning. The ladders were set up in their fully extended state. The ladders were
leant against a smooth surface at the most unfavourable angle of 75°. The test load was applied
in accordance with the manufacturer's specifications for the maximum permissible load of 150 kg
(approx. 1500N) to the maximum standing height of 5 m specified by the TRBS.52 The horizontal
position of the test load should be placed at the most unfavourable point. This was the respective
outermost area of the rung next to the tie bar, in the direction of the tilting force to be tested. The
stabilising stabilisers were exchanged step by step from 1200>1100>1000>900>800 mm. One
horizontal load per stabiliser was applied to the ladder stile at the specified working height
(standing height + 1.5m) and the tensile force was increased until the ladder began to tip. If the
test force could not be applied at this height, the results must have been converted accordingly.
The development of the test force was documented. The test was still repeated in the following
two variations.

1 The effect of a reduced test load of 650N was checked. The test was repeated
as described above. The results were recorded.
1 Finally, it was tested how the tipping force develops in the event that the load is

applied in the middle of the rung with a remaining crossbar length of 120 mm.

The ladder should not show any visible defects such as cracks or deformations during and after
the test and should remain functional. Otherwise, the test would have been aborted and carried

out under adapted boundary conditions.
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Figure 23: Schematic representation of the experimental set-up

52 Ausschuss fiir Betriebssicherheit 2018.
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521 Results

Prior calculations

In addition to the test execution and evaluation, the expected results were calculated manually as
an additional validation. For this purpose, an Excel worksheet was prepared that allows the
individual boundary conditions to be varied. Through the validation by the test, the Excel
worksheet could be used for the calculation of further ladder types. The calculation of the required
tilting force was initially calculated without considering the influence of friction as follows. The

location of the forces and variables could be seen in Figure 24.
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Figure 24: Forces and variables involving the calculations

The results show that the applied test force had a positive effect on stability and that its position
on the ladder is the decisive criterion. Using the variables from Table 6, which result from the
regulations and the manufacturer® specifications in Table 6, a tipping force of 112.47 N (11.47
kg) was obtained for a truss length of 120 cm. Figure 25 shows that the stability of the ladder
decreases linearly with the reduction of the truss length. The calculation of the tilting force K,

under the given boundary conditions, can therefore be done with the formula: ®
plo p qvo p pho w with x equal to the stabiliser length. 'O is 73.11 N (7.45 kg) for a truss

length of 90 cm. This corresponds to a loss of stability of 35 % with a reduction of the truss width
by 30 cm.
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Figure 25: Graphical representation of the correlation of the tilting force [N] to the stabiliser length
Consideration of the frictional force

Since the ladder was placed at the upper end against a smooth surface (metal in the experimental
setup) and was set up at an angle of between 65° and 75°, a force tensor was created which is
dissipated into the wall. Depending on the material properties, this force causes an additional
frictional force when the ladder moves horizontally, which acted against the tilting force. The
calculation of the static frictional force resulted in (4), with the addition of the angle-dependent
force acting perpendicularly on the wall:

4

Hur

®)

with 'O O 0 z & 2

dppmvzd T

The static frictional force 'O was added to formula (3). The overturning force including the static
friction force of the ladder was thus given by:

5
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With an as unfavourable as possible installation angle of 75 ° and a coefficient of friction *

miv (Rubber i Steel) with a stabiliser length of 120 cm and the test load at the axis height of the
beam,an 'O ¢ "Q21,4 N (32,76 kg) was calculated. If the stabiliser width is reduced to 90 cm,
"O is reduced to 282,03 N (28,75 kg). This corresponds to a loss of stability of 12.25 %.

Compared to the calculation without friction force, there is a significant difference. The graphical

comparison, with reference to the same parameters as in Table 6, can be seen in Figure 26.
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Table 7: New parameters including consideration of static friction force

Parameters

Ladder length 722cm Stabilisedengths 120.00
Workingheight 650[ cm Wall height 697.40
Standing height 500[cm Wall distance 186.87
Test load 1500( N Friction coefficient 0.50
Positiontest load 19,5 cm (from the centre)

Static friction Resulting force on

coefficient 0,5 - the wall 376.17
Setup angle 75]|° Static friction force 56.43
Own weight 21| kg

Ladder width 42]cm

The comparison of the different tipping forces and the associated loss of stability shows that the

frictional forces have a significant share in the stability of the ladder.
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Figure 26: Comparison of the calculated overturning forces with and without consideration of static friction
forces, orange: without static friction, blue: with static friction

The tilting force under the frictional influence of the ladders on the wall can also be calculated as
a linear formula with ® plo p @vo o ¢Ix pBoth graphs have the same slope. Overall,

a high relevance of static friction for the overall stability of the system can be noted.

In addition to the influence of static friction on stability, the influence of the test force or, ultimately,
the weight of the user is examined in the following pages. For this purpose, the parameters of

Table 7 are adjusted as follows. The test weight should reflect the impact of both heavy users
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and light users. Therefore, the test load was reduced from 1500 N to 650 N (66 kg). The angle of

attack, working height and standing height remained unchanged.

Table 8: Adjusted parameters

Parameter

Ladder length 722 QOm stabiliserlengths 120.00
Working height 650( On Wall height 697.40
Standing height 500[ Om Walldistance 186.87
Test load 650|N Friction coefficient 0.50
Paosition test load 19,5(Om (from the centre)

Static friction Resulting force on

coefficient 0.5]- the wall 17812
Setup angle 75| ° Static friction force 26.72
Own weight 21| Kg

Laddemwidth 42| QOn

Figure 27: shows the comparison of the new parameters with the previous calculation. Although

the loss of stability of the system is approximately the same at 12.47%, the force "O

with a

crossbar length of 120 cm lies at 158.44 N (16.15 kg). With a reduction to 90 cm, this is only

138.68 N (14.07 kg). The significance of the user's own weight can thus also be noted as decisive

for a stability consideration.

350,00

300,00

y=-1,3123x+322,71

250,00

200,00

150,00

y =-0,6585x+159,1

100,00

50,00

0,00

120
119
118
117
116
115

114
113
112
111
110
109
108
107
106
105
104

103
102
101
100

8
7

99
9
[
[
9
9
q
q

6
5
q
3
2
91
90
89
88
87

Figure 27: Comparison of the changed parameters, orange: 1500N, blue: 650N
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In addition to the test load caused by use, the frictional force could be considered one of the

greatest influencing factors on the stability of the ladder. Since the frictional force depends

essentially on the angle of installation and the surface roughness of the contact surfaces, a

complex scenario of various boundary conditions arises with every use. A direct comparison of
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the calculated scenarios shows that in the worst case a person with a low body weight and a
steep angle of attack uses the ladder. If, in addition, the contact surfaces of the ladder are wet,
e.g. due to rain or wiping water, the frictional force can quickly decrease, resulting in a severe

loss of stability.
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Figure 28: Overall comparison of the test objects [N]

Validation through testing

In addition to the pure calculation of the occurring forces for the prior estimation of the results, the
test was also carried out in the test laboratory of the Arbeitsschutzzentrum Haan. The ladder used
from the manufacturer Munk was also used as the basis for the calculations. Thus, the test can
ideally be used as a validation of the results or, in the case of deviations, point to further acting

forces that were not considered, or deviated.
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5.2.2 Test execution subject A

In the test hall of the Arbeitsschutzzentruniaan,
the Munk ladder was leaned against a stabiliser
at an angle of 75°. The ladder was only extended
to a standing height of 5 m and a corresponding
working height of 6.5 m. The ladder was then
used for the test. A scaffold was placed next to
the ladder, which allows the various test weights
to be changed on the ladder during the test
without stepping on it. At the level of the second
rung from the top, the test cell was placed to
measure the overturning force. The test cell was
loaded horizontally from the side via a pulley. The
test weight was attached to the outside left of the
rung with a loop. The test weights were brought
into position with a gantry crane and slowly
hooked in so that the load does not start abruptly.
The stabiliser was marked every 5 cm, for easy
adjustment. After the test, the weight was lifted
from the crane again, the stabiliser was loosened
and shifted by 5 cm, as in Figure31, so it became
shorter on one side. The tests were repeated per
test weight until all stabiliser lengths had been
tested. Then the test weight was changed. At the
end of the tests, the tipping force was determined
for both test weights in case they were placed in
the middle of the ladder rung.

Figure30: Test weight on the ladder

Figure29: Experimental setip

Figure31 Markedstabiliser
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