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EXECUTIVE SUMMARY
Objectives
This project was initiated primarily to answer the question of whether it could be considered a
tolerable practice to allow the movement of an occupied tallescope within a theatre environment
whilst focussing the luminaires suspended above the stage. This practice has benefits within
theatres of reducing set-up and changeover times, compared with a system of work that involves
the technician having to descend from the tallescope before it is moved and then re-ascend when
it is in position. The Association of British Theatre Technicians (ABTT) also make the point
that the fatigue that results from this repeated ladder climbing leads to safety issues, with, for
example, the operator being more likely to miss their footing. However there are also potential
instability risks involved with moving an occupied tallescope, and, the use of a tallescope in this
manner, contravenes the manufacturers guidelines.
In order to help answer this question, the work contained in this report was commissioned. This
work is divided into three categories:
~ A review of calculations and tests performed by Xolve Ltd on behalf of the ABTT.
~ Computer modelling and calculation performed by HSL.
~ An ergonomic review of the issues involved in the repeated ascending/descending of
a vertical ladder.
All work performed considers tallescope model 50524 (manufactured by Aluminium Access
Products); set at maximum platform height.
Main Findings
The primary aim of this project was to establish whether it could be considered a tolerable
practice to move an occupied tallescope, in a theatre environment, for the task of focussing
luminaires. This involves moving along a single lighting bar from which a number of luminaires
are suspended, focussing each luminaire in turn, once all lights on this bar have been set-up the
same process is repeated on the remaining lighting bars. In a typical theatre there may be up to
10 lighting bars, each containing up to 20 luminaires. Initial research into how this process is
currently performed in theatres immediately raised questions into the safety of this activity.
These included the fact that during focussing sessions the theatre houselights are switch off to
allow the lamp being work on to be accurately focussed; meaning that large portions of the
stage, including the area around the base of the tallescope are in near darkness making it
difficult to see potential obstructions/lips/scenery or the stage edge before or during tallescope
movement. It also became apparent that outriggers can often not be fully deployed due to space
restrictions from scenery or proximity to the stage edge. The author acknowledges that the
ABTT’s draft code for the movement of occupied tallescopes states that where necessary, light
levels are increased to allow good visibility, however it is foreseeable, that this requirement will
not always be adhered to.
The review of the Xolve Ltd. work showed that although the calculations and tests performed
were appropriate for the conditions that were considered, some important factors were neglected
which would have important consequences in real life situations. One of these is the possibility
of a dynamic force being applied to the tallescope’s cage handrail if the technician in the cage
stumbles or falls when the tallescope is involved in a collision with an object.
v

Due to the large distance between the point of application of these potential forces and the pivot
line on which the tallescope would tip, these forces, as shown in the computer modelling section
of this report (and evident in the movie files on the CD that accompanies this report), could
have significant consequences on tallescope stability and even result in the tallescope
overturning.
Both calculation and computer modelling indicated the relative instability of the tallescope in
the sideways direction, even without the tallescope being moved. Without the outriggers
deployed calculation found that less than 9kg force applied at the cage handrail, or a 43mm
height difference between the two sides of the tallescope would be sufficient to cause it to
topple in a static situation, or in a dynamic situation a collision with an object at ground level at
a speed of around 0.4m/s. Computer modelling easily found scenarios which resulted in the
tallescope overturning sideways if the outriggers weren’t correctly deployed. The ABTT
recommend outriggers to be deployed and set at a height of no more than 25mm above ground
level; this may prevent the tallescope from toppling initially but the tilt required for the
outrigger to come into contact with the ground results in approximately 150mm lateral
movement of the cage. This movement of the cage could forseeably cause the technician in it to
stumble or fall against the handrail causing possible injury and resulting in dynamic loads on the
handrails, further compromising tallescope stability.
Both the video’s provided by Xolve Ltd. of their dynamic testing, and the computer simulations
run at HSL, show that in the case of a collision of a moving tallescope it may, if overturn
doesn’t occur, still rebound, twist and roll over significant distances across the stage, this
movement may be sufficient to take the tallescope over the stage edge or into further collisions
with either people or stage scenery. The videos also showed the large amount of flex of the
tallescope ladder that occurs in a collision; this movement was not accounted for in either
calculation or computer modelling due to the rigid body approaches taken. However this
movement would likely result in the technician stumbling or falling within the tallescope cage,
again either causing potential for immediate injury or applying dynamic loadings at the top of
the tallescope, in doing so compromising its stability leading to possible overturn.
All situations, even statically, are made worse if considered on a raked stage with the tallescope
orientated in a non-preferential direction. As such the ABTT recommend that tallescopes always
be aligned lengthways up a rake if there is one present. However they also state that an occupied
tallescope should only be moved in the lengthways direction and that, while occupied, they
shouldn’t be moved between different lighting bars. As a majority of lighting bars in theatres
run cross-stage the ABTT themselves seem to be ruling out the movement of an occupied
tallescope on any raked stage.
The ergonomic assessment of the use of a tallescope acknowledges that there are increased risks
of falls from vertical ladders, when compared with inclined ladders. However, the general data
available at this time indicates that fatigue is not a significant safety issue when performing
repeated short physical tasks (less than 30 seconds), provided that there is a minimum of a 30
second break between each task (rotation of users could help ensure this). It should be noted
though that this data does not specifically refer to the repeated ascending/descending of a 5-8m
vertical ladder. It is acknowledged that ladder climbing of any type is potentially hazardous and
the more frequently a ladder is used the higher the likelihood of an accident occurring. This is
due to more time being spent on the ladder during which there is a constant risk, careful
stage/lighting planning and positioning of the tallescope to maximise the number of lights
reachable from each tallescope position would help manage this risk. There are also long-term
health issues linked to repeated ladder use, these have to be individually managed and
controlled by staff training, selection and sharing of climbing duties.
vi

Conclusions
This work has found that there are foreseeable situations in which the movement of an occupied
tallescope could lead to an accident which results in, at best, the technician in the cage falling
into a handrail and receiving minor impact injuries to, at worse, the tallescope overturning,
likely to result in severe or fatal injuries to both the individual in the cage and also the staff at
ground level. As such it is apparent that a tallescope should only be operated by a trained
person, in a static situation, with the wheels braked, with the outriggers fully deployed (and in
direct contact with the ground) and only for occasional light duty work.
Due to the numerous ascents/descents of the tallescope that would be required to focus all lights
within a theatre, and the known risks associated with any ladder climbing, it would be
preferable that, for the task of focussing multiple luminaires in limited time, where practicable
all theatres seek an alternative means of access to the luminaires other than the tallescope, for
example small MEWPS (mobile elevated working platforms), or, if possible, invest in lighting
systems that can be remotely focussed and directed.
As the ergonomic data available that could be specifically applied to issues relating to fatigue
and the repeated use of tallescope ladders was limited, a test programme to investigate these
issues could be instigated at HSL to provide further information on these issues if required.
Further aspects of tallescope use also need to be addressed. The tallescope is an elevated
working platform and as such falls under the working at height regulations, therefore a rescue
plan for the safe extraction of an individual from the cage is required. Many difficulties in
producing an effective, useable and safe rescue plan are foreseeable, these include the small size
of the working platform, the fact that it is only designed to carry one individual and the inability
to use any part of the tallescope as an attachment point for harnesses or rescue equipment.
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1

INTRODUCTION

Tallescopes are large, extendable, vertical ladders with a working platform or cage at the top
(like a crows nest) supported on a base frame that has wheels in the four corners. Tallescopes
are widely used within theatres and playhouses as a means of accessing the overhead lighting
bars that contain numerous luminaires or lamps. During the setting up of a stage for a particular
show these luminaires can all require individual focussing.
It appears to be common practice within theatres for a stage crew to manoeuvre an occupied
tallescope (i.e. with a technician present in the cage) from one working position to the next, and
indeed many theatres have their own written procedures and risk assessments in place
concerning this activity. However it is currently the position of one manufacturer of tallescopes
(Aluminium Access Products), and is stated in their literature supplied with a new tallescope
that the tallescope should not be moved with an occupied cage. This is also the view of the HSE
who may view the use of equipment in a manner disregarding the manufacturers guidance as a
breach of the PUWER regulations.
The Association of British Theatre Technicians (ABTT) argues that the need to continuously
ascend and descend the tallescope to allow movement between working positions creates its
own health and safety issues. Their main concerns are:
~ Exhaustion due to the operator having to continuously climb and descend the ladder
~ Excessively long changeovers of productions;
~ Resorting to less safe systems of focussing previously adopted before the invention of the
tallescope.
Further concerns arise from the possibility of significant operational problems occurring; for
example during touring productions where a large number of adjustments may need to be made
to the lights shortly before ‘curtain up’ or during intervals. The additional delays caused by
descending and re-ascending the ladders could put the technicians under duress and increase the
risk of a slip whilst using the ladder.
In order to support their claims that, in specified conditions, the movement of a tallescope with
an occupied cage can be deemed as tolerable, the ABTT commissioned ‘Xolve Ltd’ to write a
report detailing calculations on the stability of tallescopes, and to perform real-life tests on a
tallescope – these were performed at SATRA Technology Centre.
The Engineering Safety Unit, at the Health and Safety Laboratory, Buxton, were requested to
perform a review of the testing and calculations carried out by Xolve Ltd. on behalf of the
ABTT. Further to this, it was requested additional work be performed to show the effects of
someone falling against the handrail, taking into account the typical rake of theatre stages and
the deployment and orientation of outriggers.
Within the scope of the project an ergonomic assessment of the issues relating to the repeated
climbing of a tallescope in terms of operator fatigue and safety has been included; as have the
results of a computer model of a tallescope that was created and used to simulate a number of
potential situations that could affect the stability of a tallescope.
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2
2.1

TALLESCOPES AND THEIR USE IN THEATRES
THE FOCUSSING OF LUMINAIRES IN INDOOR THEATRES

A majority of UK theatres operate by showing a large variety of touring productions; indeed it’s
not uncommon for a theatre to be hosting a different show on every night of the week. All
shows and events held within the theatres have their own specific lighting requirements. Almost
all theatres have their own lighting systems; often consisting of one or more lighting bars
suspended above the stage from which luminaires are suspended, see Figure 1. Each lighting bar
will contain a number of luminaires, these need to be individually focussed, directed and fitted
with any necessary filters. This work could be carried out either by theatre staff or by staff from
the visiting company, or a combination of both.
The general procedure for focussing and directing the luminaires involves the house lights being
dimmed and all but the luminaire being worked on being turned off. A technician will be in a
position from which he can reach the luminaire and all its controls; they will then adjust the
light under the guidance of a lighting/technical director, who is normally a member of staff from
the touring company. For the lighting to be accurately directed and focussed the lighting bars
need to be in their raised, operating position during this procedure; hence the technician
performing the adjustments to the luminaires needs to be able to access them when they are
suspended up to 9m above the stage floor. A tallescope is a commonly used piece of equipment
to provide access to these raised lighting bars.

Figure 1 Theatre lighting bar
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2.2

TALLESCOPE DESIGN AND MODELS

Tallescopes had until recently been manufactured by Upright Ireland Ltd, but manufacture has
now been overtaken by Aluminium Access Products. A tallescope is described by Aluminium
Access Products as ‘a telescopic aluminium manually operated work platform. It is used
extensively in the UK and elsewhere for one-person spot access, particular in theatres, shopping
malls, leisure centres etc.’ As previously mentioned a tallescope consists of a vertical, telescopic
ladder which has an enclosed working platform/cage at the top and is mounted to a mobile
platform at its base. Movement is possible due to four castors, one at each corner of the base,
which can be braked. Tallescopes are also provided with outriggers, these protrude out sideways
from the scope and are normally held raised above ground level during movement and then
positioned in contact with the ground when the tallescope is in its working position. These are
intended to increase stability by preventing the tallescope from overturning sideways; a
tallescope is shown in Figure 2.

Figure 2 Picture of a tallescope
There are three standard models of tallescope, the main difference between them being the
height of the working platform; the model specifications are summarised in Table 1.
3

Table 1 Tallescope specifications
Model
No.
50524
50518
50512

2.3

Maximum
Minimum Platform Maximum Platform
Operator Reach
Height
Height
Height
(m)
(m)
(m)
4.7
7.5
9.5
3.9
5.9
7.9
3.2
4.4
6.4

Total Mass

Platform
Capacity

Base
Width

(kg)
127
112
100

(kg)
115
115
115

(m)
2.7
2.1
2.1

TALLESCOPE USE WITHIN THEATRES

The primary use of tallescopes within theatres, and the focus of this project, is to provide access
to luminaires for the directing and focussing of lights during the setting up of the stage for a
particular show. A typical lighting bar in an average sized theatre (10m stage width) will
normally hold between 15 and 20 luminaires and there could be up to 6 or more bars, meaning it
is not uncommon for there to be over 100 lights needing to be set-up. It is normal for the
lighting bars to run ‘cross-stage’, however some theatres do have bars that run in the ‘up-down’
stage direction but these are usually located in the wings of the stage.
The tallescope manufacturers and the HSE state that a tallescope should not be moved with
either a person or equipment in the cage. From a single position of the tallescope the technician
in the cage is unlikely to be able to safely reach anymore than two lamps. As a result during the
setting up procedure of the lighting system the technician is required to ascend and descend the
tallescope numerous times as the tallescope is moved from one working position to the next.
Generally, within theatres, the tallescope is owned by the theatre and made available for use to
the visiting companies; policies vary from theatre to theatre with regards to who is allowed to
use the tallescope and required supervision levels from theatre staff; indeed some theatres will
only allow their own staff to use the tallescope.

2.4

MOVEMENT OF OCCUPIED TALLESCOPES

As mentioned previously both the tallescope manufacturers and the HSE state that a tallescope
should not be moved with either a person or equipment in the cage. However due to the time
and fatigue implications of repeated ascending and descending of the tallescope ladder it is
common practice in some theatres for the tallescope to be moved from one working position to
the next with the cage occupied. There is no set standard procedure for doing this and indeed
contradicting the manufacturers guidance in this way could be seen as a breach of the PUWER
regulations. However the ABTT have drawn up a draft code of practice for the movement of an
occupied tallescope. In doing so they suggest that if the operation of moving an occupied
tallescope is performed in an appropriate manner, then this method of work could be deemed as
safe, if not safer, than methods involving the continuous ascending and descending of the
ladder; as well as having other benefits in terms of time savings and reduced fatigue of
technicians.
There are obviously serious safety implications if an occupied tallescope were to become
unstable and topple whilst it is being moved; at its full extension the operator head height when
using the largest model (50524) is over 9m – a fall from this height is likely to result in serious
or fatal injuries; as well as the possibilities of injuries to the staff moving the tallescope and
other staff in the vicinity.
4

2.5

COMMENTS ON THE ABTT’S DRAFT PROCEDURE FOR THE
MOVEMENT OF AN OCCUPIED TALLESCOPE

The ABTT have provided a copy of their draft code of practice entitled ‘The selection and use
of access equipment for work at height in theatres.’ Section 4 of this document concerns
tallescopes and of specific interest is section 4.9, entitled ‘Moving an occupied tallescope.’ This
contains a code for moving a tallescope with someone in the cage that is stated as being
provided for ‘information only’, with the acknowledgement that moving an occupied tallescope
is both against HSE instructions and breaching PUWER regulations. Relevant sections of this
code are in Appendix 1.
There appears to be contradictory statements within this code with regards to movement of an
occupied tallescope on a raked stage; section 4.9.1 states that ‘moving a tallescope with
someone in the cage should only take place where four people are used to move the base on
raked stages, one on each corner’ however section 4.9.2.4 states ‘the tallescope should not be
moved on a raked surface with someone in the cage.’ A significant number of older theatres
have raked stages, therefore it makes a significant difference to the number of theatres in which
the ABTT is recommending that the movement of an occupied tallescope be allowed.
Clarification of this point is especially important as it is mainly in these older theatres where
alternatives to tallescopes are least practical due to space and equipment restrictions as modern
theatres are commonly fitted with auto-focusing luminaires or alternative means of access such
as overhead gantries. Even if movement on a raked stage is being permitted it appears unlikely
that within the scope of this code it will ever be practically possible. Section 4.9.1 states ‘the
long axis is aligned with the direction of travel’ and section 4.4.3 “Moving on raked stages or
auditoria (unoccupied cage)” states ‘the tallescope should only be moved on a uniform gradient,
with the long axis running parallel to the slope.’ These two statements imply that an occupied
tallescope could only be moved up and down the stage, however nearly all lighting bars within
theatres run across the stage, as section 4.9.1 prohibits the movement of an occupied tallescope
between separate lighting bars; this all be eliminates any situation in which the ABTT code
would allow movement of an occupied tallescope on a raked stage.
Also included in this draft guidance is an example risk assessment for moving a tallescope with
someone in the cage; interestingly the risk weighting they give to the hazard of a fall because of
the tallescope overturning is the joint highest. They also give the risk of an incident due to
fatigue a relatively low rating, presumably because this risk assessment is for a procedure that
doesn’t involve repeated climbing. However under the controls for this hazard it is stated to
rotate users to reduce fatigue where possible. This control could also be applied to a system of
work that did involve repeated climbing, in doing so eliminating the risk of a fall due to the
tallescope overturning whilst being moved.
As previously mentioned, during the task of focussing a luminaire, the house lights are dimmed
and all other luminaires are switched off. This is to enable staff to precisely focus and direct the
light being worked on. However this results in all other areas of the stage, including that around
the base of the tallescope, being poorly lit. Whilst the draft guidance does state that light levels
should be adjusted to allow good visibility it is foreseeable that this would not be done due to
the time and extra staff effort involved to be continuously turning the house lights on and off. If
lighting levels are low when the tallescope is being moved this would greatly increase the risk
of striking an object, either at ground level or overhead.
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3

REVIEW OF XOLVE LTD. CALCULATIONS AND TESTS

3.1

WHAT XOLVE WERE COMMISSIONED TO DO BY THE ABTT

Following their own research into accidents that have occurred in theatres involving the use of a
tallescope, the ABTT commissioned independent consulting engineers (Xolve Ltd.) to carry out
both theoretical analyses and practical testing of the stability of tallescopes with a person in the
cage. The ABTT state that this research concluded that some common practices in the way that
tallescopes had been moved in the past could not be justified as safe, but that other ways of
moving an occupied tallescope when focussing luminaires in an indoor theatre were proven to
be sound. The work performed by Xolve Ltd. is analysed in the following sections.

3.2

BACKGROUND INFORMATION

Before analysing the calculations performed by Xolve, checks were made that the information
used in terms of material properties, dimensions and the British Standards referred to were both
correct and relevant. Properties for two aluminium grades have been quoted (6082T6 and
5251H22), the values used for minimum yield stress, minimum ultimate tensile stress, density
and Young’s modulus are all accurate and appropriate. Xolve has referred to a large number of
British Standards in their report; all references are to relevant and current standards. Xolve has
completed a full parts list for tallescope model 50524. Without having full access to the same
model of tallescope not all dimensions and masses of components could be checked. However
many of the parts appear to be made from standard sections of tubing and bar and the overall
mass shown by Xolve matches that quoted by the tallescope manufacturer.

3.3

GEOMETRICAL AND PHYSICAL CHARACTERISTICS

The first stage of Xolve’s calculations was to work out a so-called ‘stability ratio’ for each of
the three previously mentioned models of tallescope (see Table 1). This is a simple ratio based
on the mass of each tallescope, their height and the length of their base which are used to
calculate a ‘restoring’ and ‘overturning’ moment – these are the values used in calculating the
stability ratio. According to this method the tallest model is shown to be the most stable due to
its longer base and greater mass, with the mid-sized model being the least stable. Two other
methods are used at this time to assess the stability of each model of tallescope; the first of these
simply considers the ratio between the height of the tallescope and the length of its base, whilst
the final method adds a mass of 115kg to the mass of each model to represent an individual in
the cage before calculating another ‘stability ratio.’ All three of these methods show the mid
sized model to be the least stable, however none of these methods can be considered to give a
reliable measure of the relative stability of each model. This is because, as acknowledged in
Xolve’s report, the position of the centre of gravity is not included in the analysis. The vertical
position of the centre of gravity is crucial to the stability of an object, generally the higher it is,
the less stable the object can be considered, as a smaller angle of tilt will cause the object to tip.
Additionally the stability of the tallescopes is only considered in the ‘lengthways’ direction; the
base width is the same for all tallescope models, therefore if stability in the ‘sideways’ direction
was considered using the same methods the tallest model would be found to be the least stable.
It can be concluded that the stability calculations provided at this point are relatively
meaningless due to their simplicity.
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Despite their calculations showing the mid sized model to be least stable, Xolve have correctly
noted that due to the higher position of the centre of gravity of the largest model that, in fact,
this will be the least stable and ‘worst case scenario’ and have considered this model (50524) in
all further calculations and testing. However they have not proved this by calculation. It is this
same model that has been considered in both the further calculations and computer modelling
detailed later in this report.
The next section of Xolve’s report details how they found the position of the centre of mass for
this tallescope, both with and without an individual in the cage; these figures are widely used
throughout the rest of the report. To find these positions with true accuracy would involve
complicated mathematics and a full analysis of each component. Therefore to simplify this and
provide an estimate of the position of the centre of mass Xolve divided the tallescope into six
sections (outriggers, base, supports, lower ladder, upper ladder and the cage) and approximated
the centre of mass of each of these sections by finding the position of the centroid of the
bounding rectangle for each section (i.e. drawing a box around a 2-dimensional side view of
each section and then finding the position of the centre of this box.) By averaging the position
of these six centres of mass relative to the mass of each section an estimate for the position of
the centre of mass for the entire tallescope was found. To find this position for an occupied cage
a further mass of 100kg was included at a height 975mm above the cage floor. For an unoccupied cage the centre of mass was found to be at a height of 2603mm with a 24mm offset
from the centre line of the tallescope due to the offset position of the cage, for an occupied
tallescope these figures were 5188mm and 115mm respectively. The presence of an individual
in the cage raises the position of the centre of mass by over 2.5m, indicating that an occupied
tallescope is inherently considerably more unstable in terms of angle of tilt needed to cause it to
fall than an un-occupied one. Calculations have shown that, based on these figures, an angle of
tilt in the lengthways direction of approximately 26o or in the sideways direction (without
outriggers) of 7o will cause an un-occupied tallescope to topple, for an occupied tallescope these
values are reduced to 13o and 4o respectively.
Whilst the method used by Xolve to find the position of the centre of mass is only an
approximation it compares favourably with that found during the creation of the computer
model (discussed in Section 4 of this report). This is because each of the six sections the
tallescope was divided into are reasonably symmetrical around their centre lines, as a result the
centre of mass for each section will be close to the centre of their bounding rectangle. As such it
is felt that these values are appropriate for use in the calculations that follow.
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3.4

STATIC PERFORMANCE

With the tallescope model chosen and appropriate estimates for the position of the centre of
mass calculated, Xolve proceeded to look at the stability of a tallescope in static situations. In
doing this two situations were considered:
1. What horizontal force, applied at a given height, would be required to just
start to tilt the tallescope?
2. At what angle of tilt is the tallescope on the point of tipping over?
Both questions are considered both with an un-occupied and an occupied cage, and also in both
the ‘lengthways’ and ‘sideways’ (with and without outriggers) directions. This gave a total of
six scenarios to be considered when answering each of the two questions.
The first stage of these calculations involved finding the ‘self-restoring’ moment of the
tallescope, this was calculated for each of the six arrangements. For the four cases that didn’t
involve the use of the outriggers (lengthways tipping and sideways without outriggers) the pivot
line was taken to be a line between the two castors on the side the tallescope is tipping towards.
The restoring moment was calculated using the perpendicular distance between this line and the
position of the centre of mass. This is an appropriate method to use in these cases. However for
the other two cases involving sideways tipping with the outriggers deployed the pivot point is
taken as the position of the outrigger foot. In reality the true situation is more complex as the
outrigger feet are usually set at a height clear of the ground (often around 25mm) so in fact the
first pivot line will actually still be the line between the castors and will only become the
outrigger when the tallescope has tipped through a certain angle, depending on the height the
outrigger has been set at. However with an outrigger height of 25mm this angle of tilt will be
less than 1o, hence the calculations done will still give a reasonable approximation to the true
value.
Using the values found for the restoring moment of the tallescope in the different arrangements,
the next step was to find what horizontal forces applied at a given height would cause the
tallescope to start to tilt. This was done for forces applied at two different heights, one at
8395mm to represent the operator in the cage pushing or pulling at an object, and the second at
720mm (the height of the top member of the base) – this is presumably to represent the
tallescope being pushed from the bottom, however in some cases it may be that a technician
wouldn’t push on this part of the frame due to its low height. It is possible that pushing would
take place on the diagonal members, as observed by the author on an unoccupied tallescope (see
Figure 3), at a height of approximately 950mm. If this figure had been used rather than 720mm
the values found for the minimum force to tip the tallescope when pushing at the bottom would
be around 25% lower.
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Figure 3 Witnessed pushing position

The force required to tip the tallescope when applied at the designated height was found by a
simple balancing moment equation, with the point of tipping being found when the restoring
moment is equal to the moment tending to tip the tallescope. Unsurprisingly the lowest forces
required to tip an occupied tallescope were found in the sideways arrangement without
outriggers, in this case a force of just 88N (equivalent to around 9kgf) is required at a height of
8395mm to put the tallescope on the point of tipping. When considering this situation but with
pushing/pulling forces at the bottom of the tallescope the Xolve figures show that at a height of
720mm a force of 1031N (105kgf) is required to cause tipping, if however a height of 950mm is
used this figure drops to 785N (90kgf) which is just achievable by two men pushing or pulling,
however a situation in which a tallescope would be pushed with this force isn’t readily
foreseeable.
The calculated force of 3694N (2800N at a height of 950mm), required at the base to tip the
tallescope in the lengthways direction is well in excess of a force that could forseeably be
applied by staff attempting to move the tallescope. However, the force required at the top
position to give the same result of tipping in the lengthways direction is just 317N (27kgf)
which is well below the maximum push and pull forces quoted in the Xolve report which they
referenced from Bodyspace ergonomic data (Reference 2), see Table 2. Forces of this magnitude
could be achieved by activities such as drilling, but it is unlikely that they will be reached
during routine focussing tasks.
Table 2 Maximum acceptable forces in manual handling activities for occasional action
Force
kg
Men
Women

Push, two-handed
Optimal height
45
27

Pull, two-handed
Below optimal height Optimal height
18
50
11
30
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Below optimal height
20
12

These calculations are only relevant if the castors are restrained from rolling. In real life this
may be when the operator in the cage is working with the wheels braked, or if the ground level
technicians attempt to move the tallescope with the brakes on or with the castors up against a
solid object. If the castors are un-braked then the risk of tipping/toppling is replaced by a risk of
the tallescope rolling towards an edge, overhead obstruction or other hazard.
The second part of this section of the Xolve report looked at what angle of tilt would be
required to topple the tallescope. This was simply found by calculating the angle subtended
when the centre of mass of the tallescope was in a position vertically above the pivot line.
Again this pivot line was taken as a line joining the two castors on the side of the tallescope it is
tipping towards, or in the cases involving the outriggers a pivot point was taken at the position
of the outrigger foot. As could be expected these calculations showed that a large angle of tilt
would be required to tip the tallescope in a lengthways direction; with an occupied cage the
required angle of tilt is 13o, equivalent to one end of the tallescope being 595mm higher than the
opposing end. It is also shown that an even larger angle of tilt is required to tip the tallescope
sideways if the outriggers are deployed, in this case with an occupied cage an angle of 19o is
required – the opposing outrigger to the one acting as the pivot point would have to be over 1m
off the ground for this to happen. However, these calculations assume the tallescope would
pivot on the point the outrigger is in contact with the ground, in reality this would be very
unlikely, it would be more likely that the tallescope would also twist, and actually pivot on a
line between one of the castors and the outrigger foot.
The most significant situation that is covered by these angles of tilt calculations is that which
looks at the required angle to tilt an occupied tallescope in the sideways direction without the
outriggers deployed. Here it is found that an angle of tilt of just 3.7o would be required to place
the tallescope on the point of tipping. This is equivalent to one side of the tallescope being just
43mm higher than the other. If this situation is then considered on a raked stage with a typical
rake of 1 in 24, as indicated in the British Theatre Directory (Reference 1), and the tallescope is
aligned across the rake, then the side that is higher up the slope would only need to be raised by
15mm off the ground for the tallescope to be on the point of tipping. Situations in which this
could occur are easily foreseeable with the possibility of stage equipment/scenery/debris being
present on the stage. This finding gives further evidence that a tallescope should never be used
without the outriggers deployed, even in a static situation. Correct setting up of the tallescope
legs to level the tallescope would reduce the effects of the rake. However a safe system of work
would need to be in place to ensure the tallescope is always used in the correct orientation.
The final stage of Xolve’s static calculations mentions situations in which the outriggers are not
initially in contact with the ground, and calculates the initial height they will be set at if they
come into contact with the floor just as the tallescope reaches its tipping angle. The lowest
height found for this was 94mm, it is unlikely that the outrigger feet would ever be set higher
than this; therefore the situation should not arrive where the tallescope reaches the point of
tipping sideways before the outriggers (if properly deployed) come into contact with the floor.
Obviously in these cases the initial pivot line will be at the castors, with the outriggers only
coming into use once the tallescope has tipped through a sufficient angle. No calculations are
done by Xolve at this point to show how much actual movement of the tallescope there would
be before the outriggers were utilised, depending on their initial height. It has been found that if,
on a flat stage, the outriggers were initially positioned 25mm above the stage height then an
angle of tilt of approximately 1o is required to bring the outrigger into contact with the ground,
at a height of 9m (around the operators midriff in the cage) this equates to over 150mm of
lateral movement. The dynamic effects of this movement have not been considered, and indeed
the operators’ movements in the cage may exaggerate this as they naturally react to the lateral
movement of the cage or if this movement causes them to stumble or fall into the cage
handrails.
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3.5

DYNAMIC PERFORMANCE

The dynamic calculations performed by Xolve assume the whole tallescope to be perfectly rigid,
this is the most straightforward way to consider it, and is the approach HSL have used in
Section 4. However, in reality the tallescope would also react with some elastic behaviour
within the components and movement at joints and connections. Due to the number of
components and joints involved it would be extremely difficult within the scope of the work
being performed by Xolve to model the tallescope with true accuracy, it is for this reason they
have used the approach of assuming it to be perfectly rigid. This is acknowledged within the
Xolve report. Although this approach would give a reasonable indication of how the tallescope
may behave initially, viewing of the video clips showing the dynamic tests performed on a
tallescope showed that in a collision situation there is a large amount of flex and oscillating
movement that takes place within the tallescope mast (and hence cage). This is likely to have a
significant effect on tallescope stability, which isn’t been considered in the Xolve calculations.
The first stage of the dynamic calculations looked at the required velocity of the tallescope to
provide sufficient kinetic energy for the tallescope to tip if it were to be brought to an abrupt
halt. For this to occur the kinetic energy of the tallescope needs to match the required increase
of gravitational potential energy needed to raise the centre of mass of the tallescope such as the
tallescope is on the point of tipping. When considering tipping forwards in the lengthways
direction, with the tallescope pivoting in line with the front wheels, at their point of contact with
the floor, the centre of gravity will be 137mm higher than when in its normal position at the
point of tipping. In this example, for an occupied tallescope, this equates to a gain in
gravitational potential energy of 304J. This is equivalent to a minimum velocity at which
tipping can occur of 1.64m/s, assuming all kinetic energy is converted to gravitational potential
energy. When performing the same calculations but considering the tallescope travelling
sideways with no outriggers, the minimum velocity found to provide sufficient energy for
tipping is just 0.46m/s.
However, these calculations do not take into account any additional energy that would be put
into the system by those individuals moving the tallescope. It is possible that up to 4 individuals
could be moving the tallescope at any one time (based on 95th percentile individuals a combined
weight of movers of 400kg is possible), upon the tallescope contacting a solid object it is likely
that some of the kinetic energy of those moving the tallescope will be transferred to the
tallescope which they are holding onto. This is because it is unlikely that the ground staff will
stop pushing or release the tallescope at the instant moment of impact with an object, they will
in fact continue trying to push the tallescope for a short period of time after the initial collision.
It is difficult to say what proportion of the moving staffs’ kinetic energy might be transferred to
the tallescope at the time of an impact, however, to show the significance this factor could have,
if just a quarter of the kinetic energy of the ground staff is transferred to the tallescope the
minimum velocity required for tipping falls from 1.64 to 1.36m/s in the lengthways direction, or
from 0.46 to 0.38m/s in the sideways direction.
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3.6

SPACING OF TALLESCOPE FROM A WALL

It is suggested that if the presence of scenery/walls or other objects prevents the outriggers from
being deployed then it is reasonable to position the tallescope at such a distance from a wall (or
other load-resisting structure) that, if the tallescope were to tip, the wall would prevent the
tallescope from toppling. This approach is highly questionable and a number of factors need to
be taken into consideration, such as the strength of the wall and the effects of dynamic loading
at height that would be experienced as a tallescope fell into it (especially if it is not a permanent
wall but part of the scenery). Also this approach assumes that the tallescope wheels won’t move,
it is foreseeable that, as a tallescope tips and the top contacts the wall, that the wheels will move
away from the wall (either rolling if not braked or skidding if braked). This will increase the
angle of tilt, as the point of the tallescope in contact with the wall slides down, possibly to a
sufficient amount to take the tallescope past the point of toppling.
However, neglecting the potential issues with relying on a wall to prevent a tallescope from
toppling, Xolve have performed calculations showing what distance of the tallescope from a
wall, on a flat stage, would relate to the angle of topple, i.e. from what distance, if the tallescope
tips towards the wall, will the tallescope come into contact with the wall before the angle of
topple is reached. These calculations were done just for tipping in the sideways direction,
where it was found that, for an occupied cage, the base of the tallescope should be located no
more than 0.43m from the wall, any further than this and the tallescope would have reached its
toppling point before contacting the wall.
As mentioned previously even a relatively small angle of tilt results in a significant movement
at cage height. In this case if the tallescope base were positioned 0.43m from the wall there
would be over half a metre of lateral movement of the cage before it came into contact with the
wall in the case of a tip towards the wall. This adds further complications to this approach of
using a wall as a means of preventing the tallescope from toppling as a tip towards the wall
would likely result in the operator within the cage either stumbling or falling towards the wall.
There is great scope if this occurs for injury upon contact with the wall or the trapping of body
parts between the tallescope and the wall. Another foreseeable outcome is the operator reaching
out and pushing against the wall to counteract the tipping – this could add further instability to
the system and lead to tipping in the opposite direction.
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3.7

EFFECT OF UN-BRAKED WHEELS ON STATIC PERFORMANCE DUE
TO CHANGE IN GEOMETRY

All calculations discussed so far have been performed assuming that the tallescope wheels are in
a braked position. The nature of the tallescope wheels is such that when the castor is un-braked
there is a slight horizontal offset between the point of contact of the wheel with the ground and
the centre of the leg to which it is attached (when braked these are in-line). If the wheels are
offset ‘inboard’ this can have the effect of reducing the effective base dimensions of the
tallescope. A tallescope wheel is shown in Figure 4. Therefore the above calculations were
repeated but this time considering the wheels in their least favourable un-braked position, this
equated to a 60mm reduction in the wheelbase in either the lengthways or sideways direction.
These changes did not effect those calculations based on outrigger positions, as these are
unchanged.

Figure 4 Tallescope wheel
As the change in wheelbase is relatively small, for a majority of the calculations the effect of
this change on the final result in terms of force required or angle of tip needed for toppling to
occur is itself relatively small; albeit always tending to make the tallescope more unstable with
smaller forces/angles of tilt required. However in the most unstable arrangement, considering
sideways toppling with no outriggers in place the difference is significant. As discussed
previously, with braked castors, one side of the tallescope needs to be raised by 43mm to place
it on the point of toppling. With un-braked castors in an unfavourable orientation this height is
reduced by 16% to 36mm. If we consider again the situation of the tallescope being aligned
across a rake of 1 in 24 it now only requires the up-rake side of the tallescope to be raised by
10.6mm to place it on the point of toppling. This would to appear to be a very unstable situation,
bearing in mind that in a dynamic situation the wheels need to be un-braked for moving the
tallescope.
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It must also be considered that all calculations assume the operator (and hence their centre of
gravity) is central in the cage, it may be the case that the operator moves to one side of the cage,
hence shifting the centre of mass some distance in the same direction. If the tallescope is on a
raked stage and the operator were to move to the down-slope side of the cage this would make
the system even more unstable and liable to topple. Calculations were performed to see how
much movement of the individual in the cage would shift the centre of mass sufficiently to put
the tallescope on the point of toppling. The case considered was sideways toppling with the
tallescope positioned across a rake of 1 in 24 and with no outriggers deployed. It was found that,
for a braked tallescope, if the centre of mass shifted 118.5mm in the down-slope direction this
would be sufficient to place the tallescope on the point of toppling – this equates to the operator
moving their centre of mass 268mm down-slope; this is not likely as the platform is only
450mm wide (i.e. 225mm from centre to edge). However, when considering the tallescope in
an un-braked situation (with the potential reduction in wheelbase) these values reduce to an
88mm required down-rake shift in the centre of mass position, relating to an operator movement
of 199mm – this is feasible in real life use as the operator moves to the edge of the cage and
reaches out. This would indicate that the movement of the technician in the cage alone could
cause the tallescope to topple.
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3.8

PEOPLE CONTRIBUTING TO STABILITY

The next stage of the Xolve report considers the use of people to aid the stability of the
tallescope. It would seem that relying on people to provide stability to the tallescope would only
be required if it was being used in a manner not originally intended; the design of the tallescope
should be sufficient that it is stable when being used as recommended.
Two cases are examined in the report: the potential of a person acting as a substitute for an
outrigger and the potential action of people acting as ballast weight. The first of these situations
was looked at from two scenarios, one with a person supporting the tallescope as to prevent it
from being tilted sideways and the second a person acting to restore the tallescope to a vertical
position once it has tipped past its toppling point. It is assumed the wheels are un-braked and
free to roll – as such the pivot point for rotation is defined at the point the person is holding the
tallescope. This has the effect of reducing the lever arm distance from the cage, therefore the
force required to be applied by the operator at the top to tip the tallescope sideways increases to
91N, compared to the 88N seen earlier in an unsupported tallescope. This is only a minor
change and is still well within the scope of a load that could be applied by the operator in the
cage either pushing or pulling on an object. Further variations on this calculation are performed
which look at the effects of the ground person holding the tallescope at different heights, the
effects are minimal.
Looking at the second scenario, this time with braked wheels, it was shown that a person at
ground level (providing a force consistent with that stated in the ‘Bodyspace’ tables) could right
an occupied tallescope that had tilted 1.7o past its tipping point in a sideways orientation with no
outriggers (a total angle of tilt of 5.1o), this is equivalent to the wheels lifting 54mm off the
ground (compared with 43mm at the original topple angle). In this case the extra ‘stability’
provided by the person on the ground would not appear to be greatly significant, and indeed by
having an individual in this position at ground level if a topple did occur they too would be
likely to be injured as the tallescope falls onto them.
The second scenario looked at using people as ballast by having two individuals standing on the
tallescope base, one at each end, with the idea of lowering the centre of gravity of the system
and increasing its overall mass. Even with two 90kg individuals acting as ballast, a force of only
145N (14.8kgf) is needed at the top to tip the tallescope sideways (compared with the 9kgf
required without the additional ballast), this is still well within the limits of what could be
applied by an operator in the cage, alternatively an angle of tilt of just 5o needs applying. Other
issues would also need to be considered if this approach of using individuals as ballast were to
be used, such as the effects of the extra loading on the tallescope base frame (Xolve have shown
that the wheels would be capable of supporting the extra load) and the potential of injury to the
two individuals acting as ballast if the tallescope were to tip.
Any calculation involving interaction with people can only be considered as an indication to
what may occur in real life. All individuals will react differently in different situations, and no
two people will hold the tallescope in exactly the same position or apply the same forces.
Additionally, as acknowledged in the Xolve report, no account has been made of the complex
biomechanics involved. It is also possible that individuals holding onto the tallescope at ground
level may actually cause instability to it if they were to stumble or slip and apply dynamic loads
to the tallescope. It is also foreseeable that they could become distracted.
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3.9

DISCUSSION OF RESULTS OF XOLVE CALCULATIONS

The calculations performed by Xolve all considered the largest of the tallescope models (50524)
in its fully extended position with a platform height of 7.5m. This is considered to be the least
stable arrangement possible with a tallescope and the calculations are therefore being done for a
‘worst case scenario’. As expected it was found that the tallescope is at its most stable when in a
level position with its outriggers correctly deployed and its wheels braked. The tallescope is
also found to be more stable when an operator is in the cage due to the additional mass of the
system.
In a static situation it was found that, when considering forces potentially applied by staff at
ground level, an occupied tallescope is notionally stable, with a minimum force of 1031N
(105kgf) needing to be applied at height of 750mm to start to tilt the tallescope in a sideways
direction without outriggers deployed, the required forces are significantly higher for tipping in
the lengthways direction or with outriggers deployed, and are beyond those that could
reasonably be expected to be applied. However, when considering forces applied at cage height
(8395mm from ground level), it is seen that, due to the nature of the large moment arm that
exists, much lower forces are required to tilt the tallescope. Even considering the most stable
situation of sideways tipping with outriggers fully deployed a force of only 474N (48kgf) needs
to be applied at the tallescope top to cause tipping. This value is below the quoted maximum
acceptable force for a man to exert in a manual handling activity (a two-handed pull). When
considering sideways tipping without outriggers this force falls to just 88N (9kgf).
More noteworthy results that came from these calculations were those looking at the angle of tilt
required to topple the tallescope. In both the lengthways and sideways with outriggers
orientation a significant angle of tilt and lifting of wheels off the ground would be required.
However for a sideways topple without outriggers deployed, an angle of tilt of just 3.7o is
required. This is equivalent to two side wheels lifting 43mm off the ground. It should also be
noted that a common rake on theatre stages is 1 in 24, if this is applied across the width of the
tallescope a height difference of 28mm would exist between the two sides of the tallescope if it
was orientated across the rake and without the leg heights adjusted. Therefore the wheels on the
up-slope side of the tallescope would only require lifting by 15mm off the ground to place the
tallescope on the point of toppling. This situation is worsened further if the wheels are unbraked as, due to the nature of the castors, potentially the wheelbase could be reduced by up to
60mm, meaning only a 9mm rise from ground level of the up-slope wheels would be required to
topple the tallescope. Movement of the operator in the cage towards the down-slope side of the
tallescope would again worsen the situation by shifting the centre of gravity of the system in
this direction, meaning a smaller angle of tilt is required to place the tallescope on the point of
toppling. This highlights the importance of correctly setting up the tallescope, using the
outriggers and using it in an up-slope orientation wherever possible if a rake is present. This
indicates that an occupied tallescope should never be moved on raked stage, because, as stated
by the ABTT, tallescopes should only be moved in their lengthways direction, meaning that, if
occupied, they could not be moved cross-stage along the path of the lighting beams.
Of further interest is the calculated movement of the cage that occurs when the tallescope tips
onto one of its outriggers. The outriggers are normally positioned at some height above the floor
to allow free movement of the tallescope; typically they will be set at a height of up to 25mm.
The angle of tilt required to bring the outrigger into contact with the floor leads to a 150mm
movement of the cage. It is unclear how this movement, and subsequent reaction and movement
of the operator in the cage will affect the stability of the system.
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The use of additional individuals to act as ballast on the tallescope base was shown to have
some benefits in increasing the stability of the system. However the forces required to topple the
tallescope were still found to be within the scope of those which could potentially be applied.
The additional safety implications of having three individuals on a tallescope that could
potentially tip need to be considered. The other considered possibility of relying on an
individual to effectively act as a stabiliser to right the occupied tallescope if it tipped showed
that due to the large moment applied by the weight in the cage an individual could only be
relied upon to right a tallescope that was just 1.7o past its toppling angle. Presumably if the
individual failed to right the tallescope it could fall towards them, possibly resulting in serious
injury.
The other possibility looked into of using a wall as a means of preventing a tallescope from
tipping is also a practice that is potentially highly risky. When considering use on a theatre stage
this wall is likely to be a temporary structure as part of the scenery and will not be designed to
resist lateral dynamic loads at height. Also there will be significant movement of the cage before
it contacts the wall (approaching 0.5m), there is no feasible way in which this amount of
uncontrolled movement of an occupied cage could be deemed safe.
The calculations most relevant to the scope of this project performed by Xolve were those
looking at the dynamic situations when an occupied tallescope is being moved. However, these
calculations were limited to looking at what speed of tallescope is required to provide sufficient
kinetic energy to cause the tallescope to topple, by calculating the increase in gravitational
potential energy of the system required to raise the tallescope into a position at which it will
topple. This is a simplistic approach that neglects a number of other factors that would in
reality be involved in a real life dynamic situation. However many of these factors are
connected with the individuals moving the tallescope and the individual in the cage, and as such
are difficult to include in a calculation. The calculations performed by Xolve showed that a
velocity of 1.64m/s was required to provide enough energy to tip the tallescope lengthways and
0.46m/s to tip it sideways (without outriggers). It is unlikely that a speed of 1.64m/s would be
reached during the short movements between luminaires that the ABTT are suggesting should
be allowed, however 0.46m/s would be achievable. These values are only theoretical and in
reality speeds lower than these may cause the tallescope to topple as other factors are
considered. Some of these issues have been addressed in further calculations performed by HSL
and within the computer modelling performed (described in Section 4) and include situations
such as the tallescope impacting with an object at ground level, followed by the operator falling
into the cage handrail and imparting a dynamic load onto it.
In summary the theoretical calculations performed by Xolve show that in static situations and if
set-up, used and arranged correctly then a tallescope can be considered a stable piece of
equipment for use in theatres. However, any deviation from the correct procedure for use, such
as failing to deploy the outriggers or not adjusting the legs correctly can result in the tallescope
being used in a potentially unstable manner. Few conclusions can be drawn from the dynamic
calculations about the movement of an occupied tallescope. All that can be said is that if the
tallescope has been set up correctly and is being moved in its lengthways direction than there is
likely to be insufficient energy in the system (the tallescope and technician in the cage) to cause
toppling on initial impact.
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3.10

REVIEW OF TESTS PERFORMED AT SATRA

Following on from the calculations performed by Xolve, SATRA Technology Centre Ltd was
contracted to provide the test site and facilities for the practical testing of a tallescope, these
tests were coordinated by Xolve. The same tallescope was used for all tests, this was the largest
model (50524) and was used set at its maximum height – its least stable arrangement.

3.10.1

Static tests

A series of static tests were performed initially, with the purpose of verifying the results of the
calculations and answering the question “What is the stabilising (restoring) moment of the
Tallescope, with and without a person in the cage for both lengthways and sideways overturning
(with outriggers not in contact with the ground)?” In other words they are looking at the ‘selfrighting’ properties and the tendency of the tallescope to return to a stable position if tipping
were to occur.
The first stage of the testing was to weigh the mass of the tallescope being tested; this was
recorded as 124kg (3kg less than stated in the supplied product information.) The reasons for
this difference are unclear and no attempts to explain the variation were made due to it being
relatively minor.
Testing to find the ‘restoring’ moment of the tallescope in various orientations was performed
by abutting two wheels, which were positioned on a small step in order to raise them off the
ground, against a solid object. The opposing wheels were resting on the ground. A static load
was then applied between a point on the tallescope at a height of 1.67m and a rigid anchor point.
The force required to raise the opposing wheels off the ground and level the tallescope was used
to calculate the restoring moment of the tallescope. A 100kg dummy was placed in the cage to
represent a technician for those tests for which this was required. These tests again showed the
large discrepancy between stability in the lengthways direction compared with that in the
sideways direction. During the tests the restoring moment for an occupied cage was 4.5 times
greater in the lengthways direction than the sideways direction (3.24kNm compared with
0.72kNm). It should be noted though that the value of 3.24kNm found in testing in the
lengthways direction is 18% greater than the theoretical value; little has been done to explain
this discrepancy and repeat testing does not appear to have been carried out to verify the results.
One other result showed a large discrepancy from the theoretical value; this was for the
sideways tipping of an un-occupied tallescope; practical testing resulted in a value 25% less
(hence more unstable) than calculated. This was explained by the 20kg force measured being at
the bottom end of the range of the load cell. However, testing wasn’t repeated with a different
load cell to verify this. Results obtained in the remaining tests were close to the calculated
values. These tests confirmed the conclusions from the theoretical calculations that toppling in
the lengthways direction is unlikely in a static situation. However, the forces required to
overcome the restoring moment of the tallescope in the sideways direction are below those
which could reasonably be expected to be experienced during use.
Following on from these tests, ‘tilt’ testing was performed to check the suitability of the
outriggers. This simply involved tipping the tallescope to such a point that an outrigger came
into contact with the ground, at this point the force was removed and the tallescope observed.
As expected on every occasion the tallescope returned to its normal vertical position, indicating
that, if properly deployed, outriggers will help in preventing the tallescope from toppling
sideways.
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3.10.2

Dynamic tests

Of greatest interest to this project in terms of assessing whether or not it could be considered as
safe to allow the movement of an occupied tallescope are the results and observations made
during the dynamic testing. Dynamic testing was performed at SATRA, from pictures the
testing area appears to be an enclosed outdoors area, with a concrete floor. This floor appears to
be smooth and nominally flat (i.e. has no rake).
All tests involved moving the tallescope in a lengthways direction, with its outriggers deployed
and set 30mm above ground level, and at a known speed such that either one or both of its front
wheels collided with a rigid kerb attached to the floor. During the tests a 100kg dummy was
fastened in a set position within the cage to simulate a person. From pictures it appears the
dummy was positioned towards the rear of the cage (side closest to the ladder.) Positioning the
dummy at the front of the cage would have shifted the centre of gravity of the arrangement
slightly forwards, marginally increasing the likelihood of a forwards topple. Movement of the
tallescope was provided by means of a controllable winch; with the pulling load being removed
approximately 30mm before the point of impact. However, the winch cables remained attached.
The initial test plan involved colliding the tallescope with kerbs of three different heights
(25mm, 50mm and 100mm), with either one or both front wheels striking the kerb at
incrementing speeds between 0.1 and 1m/s. This plan was modified after initial tests when it
became apparent that use of three different kerb heights wasn’t necessary as the wheels did not
ride over the 25mm kerb as had originally been expected; also some lower speed tests were
eliminated.
Tests were observed by both SATRA and Xolve engineers, test results consisted of a
combination of visual observations made during the test as regards wheels lifting off the ground
and outriggers coming into contact with the floor (these relied on the observers ability to detect
these events), and a measurement made between a plumb line hanging from the cage and a
reference point at the front of the tallescope. The measurement was intended to detect
deformations of the tallescope after an impact; it is felt that more than this single measurement
should have been taken to fully assess the condition of the tallescope after collision. During
testing this measurement changed by a few millimetres from test to test, indicating movement
within the joints and/or components of the tallescope during a collision. However, no significant
trend was detected with movement occurring in both directions and with apparently no
permanent deformations occurring.
Throughout the test programme on no occasion did the tallescope topple. Lifting of rear wheels
was only reported at speeds of 0.9m/s and 1.0m/s; although with a one-wheel collision at 0.6m/s
with a 100mm kerb an outrigger was reported to have made contact with floor – presumably a
wheel would need to lift off the ground for this to occur. Outrigger contact with the floor was
only reported in two further cases – both one-wheel collisions with a 100mm kerb at 0.9 and
1.0m/s. At the lower speeds (less than 0.8m/s), in all cases, the tallescope was reported to be
maintained in a stable upright position, with no feet lifting off the ground. However, in all cases
there must have been some flex and oscillation of the tallescope after impact in order to absorb
the tallescope’s energy. The author observed this flexing in video clips of three of the tests
performed where it appeared to result in significant movement of the tallescope cage. In a real
life situation this would likely lead to the technician within the cage falling or stumbling into the
cage handrails. The effects of these additional dynamic loads are considered within the
computer modelling of the tallescope (described in section 4). Also, during testing, the pulling
force applied by the winch to move the tallescope is removed before the collision.
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As previously mentioned, in a real-life situation the tallescope will be being pushed/pulled at the
time of the collision and for a short time afterwards. The additional effects of these forces are
also considered in the computer models.
The dynamic tests performed at SATRA only considered the tallescope being moved in the
manner recommended by the ABTT – i.e. lengthways and with stabilisers deployed, and in this
case on a flat surface. The fact that the tallescope did not topple during these tests is being used
as an argument that it can be deemed as a tolerable practice to move an occupied tallescope.
However, for this statement to be validated, or otherwise, much more consideration needs to be
given to the effects of the significant movement of the cage which occurs during a collision and
how this will affect the technician and stability of the tallescope. Stumbling or falling within the
cage is likely, this could result in injuries; the dropping of tools onto individuals below and the
tendency to reach out and grab onto nearby objects (this could actually further destabilise the
tallescope by imparting further loads onto it). Also, as previously mentioned, the imparting of
dynamic loads by the technician as a result of stumbling or falling into the cage handrails could
have significant consequences on stability.
Furthermore a number of other dynamic collisions are foreseeable, such as contact with
overhead objects or impact with the outriggers, some of these are considered later in this report.
The movement of the entire tallescope after a collision may also be significant. As observed in
the test videos (especially those collisions made with one-wheel) the tallescope may rebound
and move sideways over a large distance. In a theatre this may bring the tallescope into collision
with scenery or personnel, or even take it off the edge the stage.
The scope and nature of the dynamic tests performed at SATRA was not wide-ranging or
comprehensive enough to cover sufficient situations to allow a judgement on whether or not the
movement of an occupied tallescope in a theatre is safe. Especially considering that the amount
of flex and movement of the tallescope ladder, and hence cage, seen in the tests that were
performed indicates that safety issues will still exist even if the tallescope doesn’t topple
immediately after an impact.
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4

4.1

COMPUTER MODELLING OF AN OCCUPIED
TALLESCOPE
INTRODUCTION

As part of this project to assess the stability of tallescopes a number of computer based
simulations were performed. The simulations were intended to predict the likely movement of
the tallescope during what were considered to be the foreseeable/likely worst-case scenarios that
may occur during everyday tallescope use within a theatre.
Section 4.2 is a brief description of the software that was used to carry out the simulations.
4.2

AUTODESK INVENTOR/VISUAL NASTRAN MOTION

For a number of years HSL staff have used 3 dimensional (3D) computer simulations to carry
out dynamic modelling of engineering components and mechanisms.
For this project 3 dimensional (3D) parts and assemblies were created using a computer aided
design (CAD) program called AutoDesk Inventor (AI). The assemblies were then transferred
into a dynamic modelling program, called Visual Nastran Motion (VNM).
In VNM individual parts are treated as rigid bodies. Constraints (e.g. rigid joints, revolute joints,
spherical joints etc.) are used to define/control the relative motion of connected parts. Collisions
between parts can also be modelled. Parameters such as coefficient of friction and coefficient of
restitution are defined for parts that are set to collide.
The motion of parts (e.g. accelerations, velocities and displacements) can be specified using
formulae, input tables or slide controls. Output data such as accelerations, velocities,
displacements, torques, forces etc. can be obtained from simulations. The simulations are based
on the laws of physics with the relative motion of parts being calculated on a time step basis.
Once a simulation has run successfully and a time-history has been generated individual bitmap
images and animation (.avi) files can be exported. Bitmap images have been used to create a
number of Figures used in this report and the .avi files are provided on a CD.
In Sections 4.3 and 4.4 it is described how the simulations for this project were generated.
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4.3

AUTODESK INVENTOR TALLESCOPE GEOMETRY AND MASS

The geometry for the tallescope model, used in the simulations, was obtained from
manufacturer’s literature and from measurements taken on a tallescope that is currently in use at
a local theatre. The AI model, created for the simulations, was based on the largest model of
tallescope that is manufactured by Upright Ireland Ltd. (Model 50524). In the manufacturers
literature, this model of tallescope is 2267 mm long, 737 mm wide (without stabilizers), 2256 to
4265 mm wide (with adjustable stabilizers) and with a maximum height of 7470 mm (to the
underside of the cage).
Figure 5 was created using a bitmap image exported from AI. In Figure 5 the main parts of the
tallescope have been labelled. To an extent, the model was simplified. From previous
experience, a large number of individual AI parts has a significant effect on simulation run
times when the model is transferred into VNM and a simulation created. Hence, for this work
the structure of the tallescope was created using three main AI parts to represent the cage, the
upper ladder and the lower ladder + frame. AI parts for the outriggers and leg assemblies (with
castors) were created separately. Fixings such as screws, nuts and bolts etc. were not included.
Therefore, it was anticipated that the AI predicted mass for the tallescope would be less than the
actual mass given in the manufacturer’s literature. It was decided that the AI predicted mass
would be adjusted to take account of this (see section 4.3.1).

Figure 5 AutoDesk inventor model of the tallescope
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4.3.1

Tallescope mass and position of centre of gravity (C of G)

Initially the AI predicted mass for the assembled tallescope, assuming an aluminium alloy for
the material, was 102.81 kg. The manufacturer’s literature stated that the mass should be 127
kg. Hence, the AI model was 24.19 kg less than this value. In the AI assembly, to compensate, I
increased the mass of the upper ladder by 5 kg and the mass of the lower ladder and supporting
frame by 19.19 kg. This was achieved by manually adjusting the mass of each part by slightly
increasing the material densities, this was done such that the position of centre of gravity of
each part, and hence the entire model, was unaffected.
The mass of the AI parts were as listed in Table 3.
Table 3 Mass of AutoDesk inventor tallescope parts

AI Part Description

Mass (kg)

Lower ladder and supporting frame

79.22

Upper ladder

22.24

Cage

10.05

Adjustable legs and castors

9.50

Outriggers and feet

5.99

TOTAL

127

For the simulations, it was jointly agreed that a 95th percentile male should be included in the
cage of the tallescope. Having discussed this with colleagues from HSL’s Ergonomics Section
and Engineering Safety Unit it was agreed that generally a 95th percentile male is taken as a 100
kg individual with a height of 6’ 1” (1854 mm). I was able to scale and use geometry of a male
figure, previously supplied by Ergonomics Section, to generate a suitable part in AI. Hence the
mass of the full assembly of the tallescope including the 95th percentile male was 227 kg.
For the AI assembly model of the tallescope and 95th percentile male, AI predicted that the C of
G was 5121 mm above ground level. When I examined the Xolve Ltd drawings of the tallescope
they estimate that the C of G was 5188 mm above ground level. Hence the AI estimate is within
2% of the Xolve Ltd estimate.
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4.4

VISUAL NASTRAN MOTION SIMULATIONS

In all the simulations, the coefficient of friction between contacting parts was set at 0.5 and the
coefficient of restitution was set at 0.1. There are numerous other simulation control parameters
that can be adjusted in VNM; these were set at levels that, from experience, would result in
successful simulation runs.
4.4.1

Simulations of Xolve Ltd physical tests

An initial set of simulations were created that were intended to replicate a number of physical
tests that were carried out by Xolve Ltd. In the tests, a fully extended and loaded tallescope was
pulled, using a cable winch, at a constant speed, along a level surface, into an obstruction. Xolve
Ltd then made observations of the results.
For the simulations I selected what appeared to be the worst-case scenarios (i.e. those at the
highest speed for each test set up). These were generally at the highest speed i.e. 1 ms-1.
Table 4 is a summary of the simulations that were created. For consistency I gave the VNM
model files (.wm3) names that correspond with the relevant physical test numbers used by
Xolve Ltd.

Table 4 Summary of Visual Nastran simulations of Xolve Ltd tests

Speed
(ms-1)

Height Of
Obstruction
(mm)

No. Of Castors
Impacting
Obstruction

test10.wm3

1.0

25

2

test20.wm3

“

“

1

test25.wm3

0.5

50

2

test30.wm3

1.0

100

“

test35.wm3

“

“

1

VNM file

In Table 5 the observations made by Xolve Ltd (in the physical tests) are compared with the
results obtained from the VNM simulations.
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Table 5 Comparison of physical test results with results from VNM
Test
No.
10

20

25

30

35

Xolve Ltd physical test
results/comments

VNM simulation results

“Tallescope maintained in stable
upright position. Movement of plumb
line = 3 mm (towards obstruction)”
“Tallescope maintained in stable
upright position. Tallescope shifted in
position and began to roll towards the
unobstructed side following impact.
Movement of plumb line = 0 mm”
“Tallescope maintained in stable
upright position. Movement of plumb
line = 5 mm (towards obstruction)”
“Tallescope maintained in stable
upright position. Rear wheels lifted off
surface under impact. Movement of
plumb line = 0 mm”
“Tallescope maintained in stable
upright position. Tallescope shifted in
position and began to roll towards the
unobstructed side following impact –
Rear wheel lifted from surface and
outrigger foot made contact with the
surface. Movement of plumb line = 2
mm (away from obstruction)”

Rear wheels lifted off surface (64 mm)
under impact. Tallescope rotated
forwards by 1.4o.
Rear wheels lifted off surface (40 mm)
under impact. Tallescope rotated
forwards by 0.9o. Tallescope shifted in
position and began to spin towards the
unobstructed side following impact.
Rear wheels lifted off surface (15 mm)
under impact. Tallescope rotated
forwards by 0.3o.
Rear wheels lifted off surface (59 mm)
under impact. Tallescope rotated
forwards by 1.3o.
Rear wheels lifted off surface (48 mm)
under impact. Tallescope rotated
forwards by 1.1o. Tallescope shifted in
position and began to spin towards the
unobstructed side following impact.

I observed that, in the simulations, the wheels appeared to more readily lift off the surface than
reported in the physical tests. I also observed that in the videos of the physical tests, during an
impact, the ladder flexed significantly such that the cage moved towards the tip line and
obstruction. Rotation of the whole tallescope or flexing of the ladder would both have the effect
of moving the C of G closer to the tip line.
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4.4.2

Simulations of agreed scenarios

In progress meetings, with Dr Arnold, a number of scenarios were discussed for further VNM
simulations. The simulations had some common parameters. These were as follows: •
•
•
•
•
•
•
•
•

the height of the tallescope was constant (7.5 m to the underside of the cage floor);
all simulations had a 95th percentile male in the cage (i.e. 100 kg & 6’ 1” tall);
the maximum slope (stage rake) was 1 in 24 (i.e. 2.4 degrees from horizontal);
the nominal velocity at impact was 1 ms-1;
at impact, a collision between pairs of leading castors, a single foot or between the
leading castor and stabiliser foot was to occur;
2 of the legs, at the front end, were adjusted such that, with the tallescope on the slope,
the cage was horizontal;
the outriggers were adjusted such that the feet were 25 mm above the stage/ground
surface
in some simulations, the individual was required to “stumble” into the cage handrail in
the direction of motion at impact, this was to be represented with a horizontal pulse
force acting on the handrail;
in some simulations, a pushing force or 2 pushing forces (when moving sideways) were
applied at pushing height (to simulate individual/s at ground level manoeuvring the
tallescope). The magnitude of the push force or forces was to be such that the velocity
was maintained at 1 ms-1 until the point of contact with the obstruction, at which point
the force was removed.

The agreed simulations are summarised in Table 6.
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Table 6 Summary of agreed simulations
VNM
file
name
(.wm3)

Simulation
(S = static)
(D = dynamic)

Sim1

D

Sim2

D

Sim3

D

Sim4

D

Sim5

D

Sim6

D

Sim7

D

Sim8

D

Sim9

D

Sim10

*Sim10s
ide

Motion at impact
(F = forwards)
(R = reverse)
(S = sideways)
(A = angled)

Outriggers
deployed

Stumbling
individual

Manual
pushing
forces

Handrail
force

9

9

8

8

9

9

8

8

9

9

9

8

9

9

9

8

9

9

9

8

9

9

9

8

8

9

9

8

8

9

9

8

8

9

9

9 (from
impact)

S

F (2 leading
castors impact)
F (1 outrigger
foot impact)
F (2 leading
castors impact)
F (1 outrigger
foot impact)
A (leading castor
and
outrigger
foot impact)
R (2 leading
castors impact)
S (2 leading
castors impact)
S (1 of the
leading castors
impacts)
S (up the stage
rake, impact at
cage
handrail
height)
N/A

8

8

8

S

“

8

8

8

9
(sufficient
to
overturn)
9
(sufficient
to
overturn)

9 included
8 not included
* Simulation added towards the end of the investigation in order to illustrate the low force required to
cause an overturn and because this was resulting in problems when attempting to run side impact dynamic
simulations (i.e. Sim7, Sim8 and Sim9).
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To represent the force from a stumbling individual colliding with the handrail of the cage, Dr
Arnold suggested that data from a study, carried out as part of a previous incident investigation,
could be used. For that investigation, Mr Edward Milnes, former colleague from Ergonomics
Section, HSL, measured forces, from foreseeable movements of a sample of individuals, on the
handrail of a cage that had been attached to the top of an elevating tower. The data obtained
from the study is presented in Appendix 2. For this project I observed that the highest force
from a male stumbling/falling into the handrail was recorded as 421 N. Unfortunately the time
against load was not logged during the trials. Hence, it was necessary to make assumptions
regarding this. I assumed, for all simulations with a stumbling individual, that the resulting force
was applied over a 1 second time period, using a pulse function in VNM (peak value = 421 N).
The main reason for the simulations was to determine, in foreseeable scenarios, if the tallescope
would be likely to overturn or be close to overturning. The results from the simulations are
summarised in Table 7.
Table 7 VNM results from agreed scenarios
VNM
file Overturn Observations
(Yes/No)
name
(.wm3)
Sim1

No

Sim2

No

Sim3

No

Sim4

No

Sim5

No

Sim6

Yes

Sim7

Yes

Sim8

N/A

Sim9

N/A

Sim10

Yes

*Sim10side

Yes

Forward rotation (peak = 1.2o, total off vertical angle = 3.6o)
following impact.
Tallescope shifted in position and began to spin towards the
unobstructed side following impact. When the tallescope was
side on to the slope, the outrigger prevented it from overturning.
Forward rotation (peak = 2.4o, total off-vertical angle = 4.8o)
following impact.
Tallescope shifted in position and began to spin towards the
unobstructed side following impact.
Forward rotation (magnitude not easily obtained from the
simulation due to the orientation of the tallescope) following
impact.
Forward rotation sufficient to result in an overturn.
Problems were encountered trying to run the simulation due to
the tallescope being statically very close to overturning. In a
successful run, an impact speed of 360 mms-1 was achieved and
the tallescope overturned (i.e. without applied forces from a
stumbling individual or manual pushing forces).
Problems were encountered trying to run the simulation due to
the tallescope being statically very close to overturning.
Problems were encountered trying to run the simulation due to
the tallescope being statically very close to overturning.
Static horizontal force required to overturn the tallescope = 343
N (35.0 kgf.).
Static horizontal force required to overturn the tallescope = 22
N (2.2 kgf.).

NB. - In Table 5, forward rotation refers to rotation down the slope. Hence, the total off vertical angle is
the forward rotation + slope angle (e.g. for Sim1 this is 1.2o + 2.4o = 3.6o).
* - Sim10side was an additional simulation that I created to illustrate how unstable the tallescope would
be on a 1 in 24 slope.
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The static simulation with the tallescope side on to the slope (Sim10side) required a very small
force (22 N) to result in an overturn. It is likely that light duty tasks performed by the individual
within the cage could result in an overturn. To emphasise how low this force is, in BS EN 1004,
2004, “Mobile access and working towers made of prefabricated elements - Materials,
dimensions, design loads, safety and performance requirements” specifies in Section 11.4 that
such towers should be able to withstand a horizontal service load of 300 N and have a safety
factor greater or equal to 1.5 against overturning. 300 N is over 1200% greater than the 22 N
required to overturn the tallescope in the scenario modeled for ‘Sim10side’.
To provide a visual illustration of how the tallescope would appear to witnesses to the above
scenarios, I have created Figures 6, 7 and 8. The Figures consist of bitmap images that were
exported from VNM. Figure 6 shows the tallescope on the 1 in 24 slope, with the front of the
tallescope pointing down the slope and with the legs adjusted such that the cage is level. The
bitmap images shown in Figures 7 and 8 were exported from ‘Sim3.wm3’ and ‘Sim5.wm3’
respectively and show the tallescope at the maximum forward rotation achieved, following the
collision with the obstruction.

o

Figure 6 Tallescope on 2.4 slope with cage levelled
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Figure 7 ‘Sim3.wm3’ Tallescope at maximum rotation achieved

Figure 8 ‘Sim5.wm3’ Tallescope at maximum rotation achieved
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4.5

DISCUSSION OF COMPUTER MODELLING

With any computer based modelling/simulations, assumptions have to be made. For this project,
as described previously, VNM assumes that individual parts act as rigid bodies. Hence, when
the model of the tallescope collides with an obstruction its parts do not flex as they would in
reality. It appears from the early simulations that this tends to result in greater rotation (i.e.
lifting of the trailing wheels) than may occur in reality. However, in reality, flexing of the
structure may result in the overall C of G moving closer to the tip line, meaning that a lesser
angle of tilt would be required for toppling to occur.
Assumptions were made with regard to the force applied from a stumbling individual (see
Section 4.3). In reality, if an individual was to stumble forward he/she may find it difficult to
recover and may push back off the handrail of the cage. This may result in higher/additional
forces to that applied or if recovery was not possible, this may result in a constant force on the
handrail. Hence, the way that the force is represented in the simulations may be under estimated
and in reality there could be a greater number of overturns.
This work has revealed that, with the tallescope sideways on to a 1 in 24 slope and at its full
height, it is close to overturning. Slight movements of the individual in the cage or the
performing of light duty tasks are likely to result in an overturn (only a 22 N horizontal force at
the cage handrail is required to cause an overturn). It is also important to note that, as rigid parts
are assumed, there is no side flexing of the ladders and supporting structure. Such flexing would
be likely to move the C of G closer to the tip line and reduce the force required to cause an
overturn.
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5

5.1

ERGONOMIC ASSESSMENT OF THE USE OF A
TALLESCOPE FOR THE SETTING UP OF LUMINAIRES
IN A THEATRE
AIMS

The purpose of this section is to provide information on ladder climbing activities and the safety
aspects concerning their use in relation to tallescopes by means of a literature review. The
information collected in this literature review will be used to help establish whether or not there
are any health risks associated with ladder climbing and if it is a tolerable practise to repeatedly
climb a vertical ladder to a height of up to 7.5 meters.

5.2

INTRODUCTION

Access to the tallescope platform is gained by climbing a vertical ladder that can be raised to a
height of up to 7.5 meters. To reflect this aspect of tallescope use, ladder climbing activities and
associated risk factors are reviewed. Presently it appears to be common practice that tallescopes
are ascended once and are then moved with the technician in situ in the cage at the top. The
alternative to this is to descend the tallescope; move the tallescope and ascend when it is in its
new position. This involves repetitive ladder climbing for short durations. At present it not
known whether or not it is a tolerable practice to ascend and descend the ladder every time the
tallescope is moved.
Very little research has been conducted on repetitive, short height ladder usage. Most of the
research is concerned with risks associated with the task of climbing tower cranes. These can be
over 40 meters high and as such the focus of the research is directed towards the risks associated
with prolonged ladder climbing. Despite this lack of specific research many of the risks
associated with prolonged climbing are considered to be transferable to repetitive climbing.
Tallescopes are predominantly used to adjust lighting rigs at theatres. An example lighting rig at
a local theatre would require 18 and ascents 18 descents to adjust the standard lighting rig.
During an interval this would need to be performed within a given time of approximately 30
minutes if all lights need to be adjusted.
Video observations of tallescope climbing activities showed that the climb to top took
approximately 15 seconds. Descent was slightly slower and took approximately 20 seconds.
These observations were of tallescope model 50524 with the platform set at a height of
approximately 5m. From this it can be inferred that ascending time at full extension would be
approximately 23s and descending 30s. These times include time taken to transfer from ladder
to platform and vice-versa.
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5.3

LADDER CLIMBING AND INJURY

A number of references recognize the risks posed by ladder climbing activities where injuries
from slips, falls and overexertion are common in both occupational and non-occupational
environments.
HSE reports that on average, 13 people a year die at work falling from ladders and nearly 1200
suffer major injuries (HSE, 2008). This data does not stipulate whether or not these injuries
were due to falling off the ladder during climbing or during carrying out work duties whilst on
the ladder.
More than a quarter of occupational falls happen from ladders (Bloswick, 1999) and experience
shows that they usually occur as a result of workers simply slipping or falling off the ladder
(Sidwell, A 1984), again the data does not distinguish between accidents occurring during actual
climbing and working from the ladder.
As Bloswick and Chaffin (1990) acknowledge, many employees are exposed to varying risks
associated with walking surfaces for example; stairs, walkways etc. However, only a fraction of
the population is exposed to ladders or other climbing systems, and then for only a fraction of
the workday.
With this in mind, the relatively high frequency of ladder injuries suggests that a significant
hazard exists in the work associated with ladder climbing activities with
ergonomic/biomechanical issues being a contributing factor. (Bloswick and Chaffin 1990,
Bloswick 1999).

5.4

PHYSICAL LADDER CHARACTERISTICS

It has been highlighted in the literature that the variation in the angle of a ladder can affect the
climber’s preference, as preference is given to a ladder with a degree of slant over a vertical
ladder (Irvine and Vejovoda, 1977. Hakkinen et al.,1988. Bloswick and Crookstone, 1992 cited
in Bloswick, 1999). Physiological measurements of blood lactate concentrations have been used
to determine physical stress. Greater concentrations of blood lactate indicate increased muscle
activity and increased energy expenditure (physical output). Energy expenditure and blood
lactate concentrations indicate that vertical ladder climbing presents a greater physical stress
than inclined ladder climber (Rutenfranz et al., 1990 and Klimmer et al 1991). For example
Rutenfranz goes on to say that vertical ladder climbing to a height of 35.9 meters produced a
higher average blood lactate concentration than higher climbs with an inclined slope.
The slant of the ladder affects the relative location of the body’s centre of mass and the support
required by the hands and feet to keep the body in balance with the ladder. The closer the
ladder is to a vertical position the, further away the centre of mass is from the ladder and the
greater the physical effort required (Dewar, 1977 quoted in Bloswick, 1999).
The angle of the ladder also impacts on the likelihood of falls. According to Rutenfranz et al.,
(1990) there is a higher risk of falling when climbing vertical ladders than ladders with an
incline of 74 degrees. Results of a study by Bloswick and Chaffin, (1990) also indicate that as
the ladder is slanted from vertical, support is transferred from the hands to the feet resulting in a
decrease in hand and foot slip potential (i.e. an increase in hand and foot slip potential with a
vertical ladder).
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5.5

BIOMECHANICAL AND PHYSIOLOGICAL EFFECTS

There is consensus within the literature that ladder climbing generates considerable
biomechanical and metabolic stresses on the body.
The physiological effects of climbing a ladder are evident in the study by Klimmer et al.,
(1991). The physical stress indicators of heart rate and blood lactate concentrations were
measured for a 15.6 m ladder climb. The maximum values for heart rate and blood lactate were
measured at 160 beats per minute (BPM) and 8 mmol/l respectively. These values are reported
to indicate that physical overstressing situations can arise even at heights of climbs below 30 m,
especially where there is an existing predisposition to heart/circulatory disease.

5.5.1

Heart rate

Studies have been undertaken to ascertain the effects of climbing ladders on heart rate. A study
by Klimmer et al., (1991) assessed 8 crane drivers climbing vertical ladders of various heights
(15.6, 29.1 and 45.7 meters) and results indicated that the heart rates at the end of the climbs
reached virtually the same maximum values for all conditions. The average heart rate when
climbing a vertical ladder 15.6 m high was 140 BPM after 1½ minute, by which time the climb
was completed. The maximum heart rate was measured at 160 beats per minute.
Rutenfranz et al., (1990) assessed heart rate in comparison to height of climb and varying
degrees of slant and found that the maximal heart rate did not differ greatly between the
conditions as was found in Klimmer et al., (1991). T
To put this into context, data from the graphs by Rutenfranz and Klimmer has been used to
provide a summary table of the relevant heart rate information. Based on video footage, it was
estimated that an ascent and descent of a tallescope takes around and 23 and 30 seconds
respectively. Data incorporating climbs over 30 seconds may therefore not be directly relevant
to this task.
A summary of the findings can been seen in the following table:
Table 8 Summary of findings from Rutenfranz (1990) and Klimmer (1991): Heart rate
increase in the first 15 and 30 seconds of vertical ladder climbing.
HR Start
HR after 15
HR after 30
Author
(BPM)
Seconds (BPM)
Seconds (BPM)
Rutenfranz

118

118

130

Klimmer

112

115

118

Based on the calculated maximum heart rate (220 minus age (Astrand et al., 2003) seen in Table
9 the measured heart rate during the first 30 seconds of climbing does not exceed calculated
maximum heart rate for any age. The maximum recorded heart rate of 130 BPM after 30
seconds is within the recommended 85% limit for safe exercise. Therefore, in theory the 23
seconds tallescope climb would result in little increase in heart rate. Hence a tallescope climb as
a one off event does not appear to be high risk from the heart rate perspective.
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However, there is nothing in the literature that speculates what effect repetitive climbing would
have on the heart and whether or not there would an accumulative effect. Astrand et al., (2003)
looked into the effect of constant versus intermittent exercise using a participant to accomplish a
certain amount of physical exercise (measured in watts) over the course of an hour. Exercising
continuously without rest, the participant was exhausted after 9 minutes. However, when
exercising for 30 seconds, resting for 30 seconds, exercising for 30 seconds etc. the exercise was
completed with only moderate exertion, with the heart rate rising no higher 150 beats per
minute. Translated to the use of tallescopes, if performing this task repeatedly with sufficient
breaks, this task should not pose a threat to the cardiovascular system in terms of over-work or
fatigue.
Table 9 Estimated maximum heart rate and estimated heart rate for non-maximal
exercise. Based on equation 220 – age.
Age

Exercise Heart Rate
50–85 % (BPM)

Average Maximum
Heart Rate 100% (BPM)

20 years

100–170

200

25 years

98–166

195

30 years

95–162

190

35 years

93–157

185

40 years

90–153

180

45 years

88–149

175

50 years

85–145

170

55 years

83–140

165

60 years

80–136

160

65 years

78–132

155

70 years

75–128

150
Astrand et al. 2003

5.6

EFFECTS ON THE BODY

5.6.1

Back

It is important to consider the forces and stress on the lower back during climbing. Bloswick
and Chaffin (1990) used integrated electromyography (IMG) of the erector spinea muscle to
assess this factor. This allows the load of single muscles and groups of muscles to be measured
during an activity. The greater the measurement, the greater the load on the muscle. For vertical
ladder climbing they found that the erector spinea activity was approximately 65% of static
maximum, meaning the muscle was working at 65% of it maximum capacity. When the ladder
climbing speed was increased this figure increased to 100% of static maximum. The authors
suggested that climbers who have a history of low back problems should be encouraged to
develop a climbing strategy that minimizes this hazard (possible by slow steady climbing with
frequent rests).
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5.6.2

Upper and lower limbs

During ladder climbing the hands are used as a method of balance and the legs are used to move
the body upwards (Lee et al. 1994, cited in Bloswick, 1999). Studies have measured both the
forces on the hands and feet. McIntyre (1979, cited in Bloswick, 1999) found that average foot
forces for one foot ranged from 48% to 60% of body weight throughout the climbing sequence.
In real terms, this means that for an 80 kg man, the foot would be loaded with 38.4 kg to 48 kg
respectively. Chaffin and Stobbe (1979) also cited in Bloswick (1999) found that peak foot
forces ranged from a high of 40% of body weight in the horizontal direction to 170% of body
weight in the vertical direction for vertical ladder climbing. 170% of body weight for an 80 kg
man, relates to a loading on the foot to the equivalent of 136 kg. Overall, an analysis of hand
and foot force data indicates that, under certain conditions, there may be a potential for hand slip
and forward foot slip which would result in a ladder fall.
The pull force on one hand has been reported to range between 20% and 36% of body weight
for males (Ayoud and Bakken, 1978, cited in the report by Bloswick, 1999). For a person
weighing 80 kg, this would equate to 16 kg and 28 kg respectively. As ladder climbing is a
repetitive activity, there is not much scope for the muscles to recover until climbing has ceased,
it is therefore likely that repetitive, high frequency climbing, without sufficient rest, could result
in muscle fatigue. Bloswick (1999) also found that hand forces on shorter subjects were higher
than those on taller subjects (McIntyre et al, 1983). Bloswick and Chaffin (1990) reported the
peak force on one hand during a vertical ladder ascent was 24.5% body weight.

5.7

RECOMMENDATIONS IN THE LITERATURE FOR THE DESIGN OF
LADDERS

In light of the risks, there have been many recommendations for the construction of ladders,
including slant, rung distance and toe clearance, all fundamental factors which affect ladder
climbing (Bloswick, 1999).
5.7.1

Consistent and adequate rung spacing

Ladder climbing is classed as a highly practised skill for those individuals who use a vertical
ladder everyday. This means that individuals do not have to consciously move each individual
limb and check that each movement has been completed satisfactorily, rather they have
developed a set of movements over which they maintain an automatic check. Because the
individual is working almost automatically, their level of attention to conditions may be
insufficient to quickly change their response, which may result in missing a rung. In order to
promote safe behaviour the ladder design should require a consistent motion pattern (Gray,
2002).
The dimensions of a ladder affect how readily it can be climbed. Several guides on ladder and
stair design cite the need to maintain the same rise because the user anticipates the proportions
of the next step based on the previous one. If the rungs are spaced too far apart an individual
may have difficulty placing their foot on the next rung up (or down); if the rungs are too narrow
then it will not be possible to put both feet on the rungs and hold the arm position (Gray, 2002).
The rungs on a tallescope ladder are evenly and appropriately spaced.
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5.7.2

Points of contact

Safety literature also advocates that the ladder user maintains three points of contact at all times
(Hammer and Schmalz 1992 cited in Gray, 2002).

5.8

SUMMARY OF MAIN POINTS FOUND IN THE LITERATURE

In light of the brief literature review, the following points highlight the main issues found:
Inclined ladders are preferred to vertical ladders;
Energy expenditure and blood lactate concentrations are lower on inclined ladders
compared with vertical ladders;
Climbing vertical ladders presents a higher risk of falling than from inclined ladders;
Speed of climbing increased erector spine activity to 100% of the muscles static
maximum capacity therefore those who have a history of low back problems should
climb slower with frequent rests;
Hand forces on shorter subjects higher than those on taller subjects;
Rungs should be consistently and suitably spaced;
A number of factors can contribute to the total stress on the climber including climbs
per shift, height, strength, habit, and sensitivity to stresses, physical or mental or
both.
When performing physical tasks of short duration (less than 30s) affects of cardiac
fatigue are minimal if performing these tasks repeatedly, assuming there is a break
between each task of at least 30s. When considering a tallescope, climbing times are
short (less than 30s) and breaks of 30s are likely to be the case between ascending
and descending as work is performed at height, however between descending and
ascending breaks could be shorter than this as the tallescope is only moved a short
distance between work positions. The affects of fatigue can be further minimised by
the rotation of technicians between climbs.
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5.9

CONCLUSIONS OF ERGONOMIC REVIEW

The aim of this literature review was to provide an overview of the risks associated with ladder
climbing, the main findings were:
Heart rate does not appear to rise to high risk levels on a single ladder climb during
the first 30 seconds of climbing. The effects on the heart rate of multiple climbs
cannot be concluded at this time;
More than a quarter of all occupational falls happen from ladders. However, only a
fraction of the population is exposed to ladders or other climbing systems, and then
for only a fraction of the workday. With this in mind, the relatively high frequency
of ladder injuries suggests that a significant hazard exists in the work associated
with ladder climbing activities (Bloswick and Chaffin 1990, Bloswick 1999);
Vertical ladder climbing poses a greater risk of falling off the ladder than ladders
with an incline. As highlighted by the fact that the most severe slip/fall hazards due
to the forces at the hands and feet was determined to be during the use of the vertical
ladder. The tallescope is designed with a vertical ladder;
As ladder climbing is a repetitive activity, there is not much opportunity for the
muscles to recover until climbing has ceased; it is therefore likely that repetitive,
high frequency climbing could result in muscle fatigue if sufficient breaks aren’t
taken. This could be achieved by a work system that involves rotation of operators.
Ladder climbing carries with it an inherent risk. The literature highlights the areas that present
the most risk to the climber, but giving an opinion on whether repetitive ladder climbing is a
tolerable activity is problematic, as no ladder climbing activity can be described as safe. Based
on the information provided in the literature, I would not advocate a single operative climbing a
ladder repeatedly in a short period of time. However by planning work to minimise the required
number of tallescope movements and by managing the rotation of operators to avoid fatigue
these risks can be keep as low as possible.

5.10

POTENTIAL CONTROLS

Vertical ladder climbing has been identified as a posing a greater risk, and is less preferable than
inclined ladders, however there are controls that can be implemented to reduce the risks
associated with frequent ladder climbing.
Ladder climbing should be slow and steady. This should prevent the heart rate from rising too
rapidly and reduce the energy expenditure that will in turn reduce the build up of fatigue.
Operatives with existing heart or expected heart conditions are advised not take part in
strenuous ladder climbing activities without consulting a medical practitioner.
There should be a sufficient break between ladder climbs to allow the operative to recover from
the physical activity. Where possible two (or more) operatives should work together, rotating
after each descent to further increase the recovery time.
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6

CONCLUSIONS

This work has found that there are foreseeable situations in which the movement of an occupied
tallescope could lead to an accident which results in, at best, the technician in the cage falling
into a handrail and receiving minor impact injuries to, at worse, the tallescope overturning,
likely to result in severe or fatal injuries to both the individual in the cage and also the staff at
ground level. As such it is apparent that a tallescope should only be operated by a trained
person, in a static situation, with the wheels braked, with the outriggers fully deployed (and
preferably in direct contact with the ground) and only for occasional light duty work.
Due to the numerous ascents/descents of the tallescope that would be required to focus all lights
within a theatre, and the known risks associated with any ladder climbing, it would be
preferable that, for the task of focussing multiple luminaires in limited time, where practicable
all theatres seek an alternative means of access to the luminaires other than the tallescope, for
example small MEWPS (mobile elevated working platforms), or, if possible, invest in lighting
systems that can be remotely focussed and directed.
As the ergonomic data available that could be specifically applied to issues relating to fatigue
and the repeated use of tallescope ladders was limited, a test programme to investigate these
issues could be instigated at HSL to provide further information on these issues if required.
Further aspects of tallescope use also need to be addressed. The tallescope is an elevated
working platform and as such falls under the working at height regulations, therefore a rescue
plan for the safe extraction of an individual from the cage is required. Many difficulties in
producing an effective, useable and safe rescue plan are foreseeable, these include the small size
of the working platform, the fact that it is only designed to carry one individual and the inability
to use any part of the tallescope as an attachment point.
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7
7.1

APPENDICES

EXTRACT FROM ABTT DRAFT CODE OF PRACTICE FOR THE
SELECTION AND USE OF ACCESS EQUIPMENT FOR WORK AT
HEIGHT IN THEATRES AND SIMILAR PLACES OF ENTERTAINMENT
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43

44

45

46
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7.2 HANDRAIL FORCES MEASURED DURING ERGONOMIC TESTS AT HSL
Participant

1

Gender

M

2

3

4*

5

6

7

Total Avg.

F

F

F

F

M

M

Height (mm)

1775

1564

1584

1498

1709

1664

1854

1664.0

Weight (kg)

66.4

68

47.5

56.5

56.2

80.8

97.6

67.6

171.6

196.7

124.1

120.6

111.8

172.6

280.5

180.5

235.4

155

185.9

94.1

174.6

276.6

202.1

215.8

160.9

129

118.7

245.7

294.3

184.7

216.0

146.7

145.2

108.2

197.6

283.8

182.6

200.2

164.8

189.8

150.8

358.4

293.8

209.0

250.4

200.4

224.2

139.6

392.2

314.0

211.0

259.6

196.8

202.4

135.2

421.0

296.8

200.9

236.7

187.3

205.5

141.9

390.5

301.5

256.4

250.8

321.2

149.2

214

358.6

337.4

329.6

239.8

226.2

228.4

178.8

483.6

367

345.6

306.8

277.2

228.4

211.6

577.2

351.6

310.5

265.8

274.9

202.0

201.5

473.1

352.0

413.5

356.1

277.1

229.0

275.1

221.7

423.8

403.2

381.6

285.9

234.9

252.6

329.1

412.0

466.0

370.8

274.2

281.5

292.8

227.1

477.7

427.6

369.5

279.1

248.5

273.5

259.3

437.8

225.0

163.8

160.4

84.3

116.7

208.9

298.2

202.1

183.9

190.8

87.9

115.7

231.0

283.0

194.7

198.1

201.6

83.3

120.0

248.7

305.1

207.3

181.9

184.3

85.2

117.5

229.5

295.4

325.2

267.3

233.0

205.0

362.5

788.8

426.2

288.9

249.6

237.4

269.8

642.1

383.1

294.8

287.9

215.3

328.1

738.7

378.2

283.7

256.8

219.2

320.1

723.2

Front bump
with hands (N)
Average

Front bump
no hands (N)
Average

Back bump
with hands (N)
Average

Dynamic
Pull 1 (N)
Average

Forward
Lean (N)
Average

Dynamic
Pull 2 (N)
Average

183.2

237.8

297.1

327.9

185.9

363.5

Measurements taken:
Front bump with hands = standing on platform - heels against back edge and falling forwards onto bar - with hands
used to take some of the impact
Front bump with no hands = standing on platform - heels against back edge and falling forwards onto bar - no hands
used to prevent impact
Back bump with hands = standing with toes against edge of platform and falling back against bar - hands out to take
some of the impact
Dynamic Pull 1= vertical downwards pulling force exerted on bar when gripping it and swinging under as though
gaining access to platform
Forward Lean = Leaning forwards against bar and reaching out with hands as though waving - followed by
straightening against bar to return to upright posture (this action appeared to generate the highest forces
Dynamic Pull 2 = horizontal forces exerted on bar when gripping it and swinging under as though gaining access to
platform
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