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Abstract. A fatal accident in South Korea in August 2010hwatmobility scooter user was the first
known mobility scooter fatality involving lifts. Bducts already exist which are said to be designed
to withstand the forces exerted by mobility scamteFhis paper examines the possible forces
involved using actual measurements and video ev&leaind compares the likely forces with the
requirements for the strength of landing doors aimieid in EN81-2050 and 71. The conclusions of
the paper include implications for designers, dpgsiand owners of lifts.

1 INTRODUCTION

Mobility Scooters are the commonly used term faissl2 and 3 Invalid Carriages as defined by the
Use of Invalid Carriages on Highways Regulation88L8s amended 2015 [1]. The regulations
consider that mobility vehicles are divided intoetl main categories. These include:-

» “Class 1 invalid carriage” which means an invalkdiriage which is not mechanically

» propelled i.e. a wheelchair.

* “Class 2 invalid carriage” which means a mechahjigatopelled invalid carriage which is
SO constructed or adapted as to be incapable ekékuy a speed of 4 miles per hour on the
level under its own power;

» “Class 3 invalid carriage” which means a mechahjigatopelled invalid carriage which is
so constructed or adapted as to be capable of dingea speed of 5 miles per hour but
incapable of exceeding a speed of 8 miles per touhe level under its own power;”

Research carried out by the Research Institut€bmsumer Affairs (Rica) [8] found that:-

Use of mobility scooters has increased signifigaver the last 15 years and today there are
thought to be over 350,000 units in the UK. Therease can be explained by the reduction in
manufacturing costs making the retail prices maeegally affordable as well as the emergence of
a second hand market, and a growth of overall ddnthue to increased obesity and an aging
population. The market is expected to continuertavgand we can expect more than 500,000 units
by 2016.

Other key findings of the Rica research were:-

a) fewer than 10% of scooter users were aged under 45
b) 88% of users used the scooters within buildings.
c) Class 3 scooters made up only 35% of the surveyplgam

Although incidents involving electric wheelchairavie been known for many years on lifts in
hospitals and residential nursing homes mostlyftlsas has been on the damage to the lift rather
than to the passenger.

There were fatalities involving the failure of liinding doors in Shirley Towers Southampton in
2001[11]. In that incident two men fighting in & lobby fell against the landing door with enough
force to push the landing door shoes out of thenitg slot in the sill or bottom track. This bea@am
commonly known as a “cat flap” incident. In a resig prosecution the route cause was attributed
by the Court to poor maintenance and the mainteneampany was fined £400,000.
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Soon after this incident pr EN81-71 appeared andtlie first time a test procedure for the
resilience of lift doors to impact by deliberatesmge was outlined in a European Standard. The full
standard was published in 2005.

In Berlin in May 2010[10] Elzie G, a 66 year oldadetic amputee drove her mobility scooter at full
speed into the landing doors of the lift in her raapant block. She had become unwell and was
trying to get home to her medication. The landingrd broke free of the door shoes and she and
the scooter fell in to the shaft falling about 5tres. She was rescued by the fire service and
survived the incident albeit with severe injuries.

In August 2010 in a South Korean shopping centte [dr. Lee, a 40 year old Mobility Scooter
user, tried to enter a scenic lift car whilst theos were closing. At the time of impact the doors
had fully closed and the impact could not have brothe landing door electrical interlock as the
lift set off in the down direction. Mr. Lee placadcall on the landing call not realising that ttie |
was already in transit. Mr. Lee then reversed alic2itmetres and accelerated his scooter into the
doors. The landing doors were two panel centre iogesf the stainless steel framed glass type and
on the second impact the left hand door panel bir@eeof the landing sill and swung into the shaft.
Not deterred by this Mr. Lee reversed about 1.5@sdbefore accelerating in to the landing door for
a third time. On this occasion the left hand doangd also broke free of the landing sill and the
momentum of the scooter pushed up both door pamesMr. Lee, still aboard the scooter, fell
about 6 metres down the lift shaft to his deatre Klorean Police investigation held that Mr. Lee’s
anger was the main cause of the incident.

2 LAWS AND CODES

2.1 S.I. 2015 No. 59 The Use of Invalid Carriages on glhways (Amendment)(England and
Scotland) Regulations 2015.

In March 2015 the limit on the maximum unladen yeigf a Class iii invalid carriage was
increased to 200kg to allow for the additional vrtigf medical equipment. The basic machine
however is still limited to 150kg. Class i andnwvalid carriages are limited to unladen weight of
113.5kg

Class 2 mobility vehicles are designed to be usepgavements and class 3 vehicles are equipped to
be used on the road as well as the pavement.

2.2 BS EN 12184:2014 Electrically powered wheelchairgcooters and their chargers —
Requirements and test methods(5)

This standard allows for a single passenger wegghip to 300kg (48 stones) but allows the
designer to define the limit for each design argjestt it to a suitable test.

Wheelchairs and scooter are classified in one orenod the following three classes, dependent
upon their intended use: —

Class A: compact, manoeuvrable wheelchairs not ssecdy capable of negotiating outdoor
obstacles;

Class B: wheelchairs sufficiently compact and mancable for some indoor environments and
capable of negotiating some outdoor obstacles;

Class C: wheelchairs, usually large in size, naessarily intended for indoor use but capable of
travelling over longer distances and negotiatingdoar obstacles. NOTE Scooters are included
within the classes above.

The maximum speed allowed is 15km/hr (9.32mph)
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It is therefore clear that there is little consmete between the constraints of UK law and the &hiti
and European Standard for these products. UK usknsobility scooters may be operating
machines which do not satisfy the legal requiresémt invalid carriages and may be breaking the
law by using them.

3 FORCE AND ENERGY

Before considering the forces and energy appliechblgility scooters and the forces and energy lift
doors are designed to resist under the EN81sefistmndards let us consider the requirements of
other standards controlling the design of builddagriers.

BS EN 1991-1-1 2002 [12] requires that balustraatesind atria and building perimeters are tested
by both pendulum shock tests and applied forces. rEélquirement for a balustrade is that it can
withstand a force of 1.5kn per metre at a height dIOmm and 1.5kn as a point load on an infill
panel. BS 6180:2011 [13] also considers the effegthicle impact on barriers.

3.1 A worst case scenario

The worst case scenario is for a 200kg Mobility @eo carrying a 300kg passenger hitting a
landing door at 15km/hr (4.166 m/sec) energy onaichp1/2MV = 0.5*500* 4.166 = 4.39KJ

E=1/2 mvV formula (1)
Where:-
m = the mass of scooter and passenger
v = the rated speed of the scooter assumed toebeethcity of the scooter at the point of impact.

Under BS EN 1991-1-1:2002 barriers in car parksregeired to resist the horizontal characteristic
force F (in KN), normal to and uniformly distribat@ver any length of 1,5 m of a barrier for a car
park, required to withstand the impact of a vehislgiven by:

F=0,5mV¥/ (c +b) formula (2)

Where:-

m is the gross mass of the vehicle in (Kg)

v is the velocity of the vehicle (in m/s) normaltke barrier
c is the deformations of the vehicle (in mm)

b is the deformations of the barrier (in mm)

If we apply this method to the mobility scooterfapgact on a landing door and for example we
assume it is a multi-panel door:-

The deformation of the door is limited by designiteoclearance from an adjacent panel (usually
5mm).

The deformation of the scooter bumper itself candm®red as it is a rigid component in most
cases.

Then using formula (2) this mitigates the force0td * 500* 4.166/5 = 867N acting at 250mm
above sill level.
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From test results carried out by Thomas Lernet &lynof Meiller and currently head of R&D for
door systems at Wittur [6] and the Author it isacl¢hat the maximum acceleration is developed by
the motor from start and peaks at 3.33nflséicthe batteries were able to supply the necgssar
current this would be a worst case scenario of FAM*500*3.333 = 1.66kN.

F=m*a formula (3)

Where:-

m= the mass of scooter and passenger

a= the maximum acceleration of the scooter at atfdiimpact

The impact of the bumper on a mobility scootergpraximately 250mm above the door sill over
an area of approximately 400m2.

In theory these are the worst conditions thattalbbr could face from a mobility scooter impact.

3.2 The Requirements of the EN81series of standards

Standard Force (N) =m*a formula (3) Energy (J) frependulum
test =m*g*h formula (4)
Where: m= mass
g=acceleration due to
gravity
h= height at release aboye
bottom dead centre

=N

EN81-20 without glass| Static force of 300 N, beegenly| 45*9.81*0.8 =353J applie
distributed over an area of 5 cm?|ih metre from sill level.

round or square section, is
applied at right angles to the
panel/frame at any point on either
face they shall resist without:
1) permanent deformation greater
than 1 mm,;
2) elastic deformation greater than (15
mm;
After such a test the safety functipn
of the door shall not be affected.

Static force of 1000 N, being evenly
distributed over an area of 100 cm?in
round or square
section, is applied at right angles|at
any point of the panel or frame from
the landing side for landing
doors or from the inside of the car
for car doors they shall resist withqut
significant permanent
deformation affecting functionality
and safety (See 5.3.1.4 [max.
clearance 10 mm]

EN81-20 doors with As above Hard pendulum m.g.h |=
glass 49.05J
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EN81-71 As above Category 1 309J
Category 2 442J
Retaining force 618J

EN81 does not address or consider the scale oé$aapplied by mobility scooters or other causes
of heavy impact in the way that BS EN 1991doess Tintans that the balustrade adjacent to a lift in
a shopping mall will be more likely to resist matyilscooter impact than the lift doors themselves.

3.3 Reasonably anticipated forces and energy

To be pragmatic in the evaluation of likely forcasd energy applied to lift doors by mobility
scooter impact the following assumptions could lzelen

Many lifts are installed in buildings where it willot be possible to accelerate from rest to
maximum speed. Therefore if it is unlikely that #teaight line acceleration distance is more than 2
metres, the maximum speed is unlikely to excee/kdc. This assumption is based on research
carried out by Thomas Lernet using high speed vidgneras to measure the distance covered by a
loaded mobility scooter in fixed time intervals. erfindings were corroborated by measurements
taken by the author using a Henning tri-axial asa@heter. If a landing door is so placed to be at
risk of a high speed collision other measures nesdrio be considered by either the lift designer or
the building designer.

Most Class 3 mobility scooters currently sold ie K have a maximum weight of 120kg and a
maximum passenger load set by the designer of 2g@kag a total load of 340Kg.

The maximum likely force using formula (3) is thieme 340 * 3.333 = 1132N. This is only slightly
greater than the static force required in EN81-Q00N over 100ct

The maximum energy is therefore 0.5*340%1:4333J which is only slightly more than the force
required under EN81-71 category 1 and less tharetaeing force 618J.

Wittur have patented a system for testing lift dofor mobility scooter impact which assumes a
combined scooter and passenger weight of 220kthdnUK as previously stated many mobility
scooter users weigh in excess of 75-100kg andestetit weight may not be adequate. However the
test methodology used by Wittur is appropriate emuald be easily adapted as it allows a single test
rig to verify that both force and energy appliedmobility scooter collisions are adequately dealt
with by the door design.

4 |IMPLICATIONS FOR DESIGNERS
4.1 Risk Assessment.

To follow the methodology of BS EN ISO 14798 [7¢tbonsequence of an accidental impact of a
mobility scooter at high speed (like the Elzie @Gident cited earlier) is foreseeable in a residnti
building for the elderly. It has a level of probiyi somewhere between remote and highly
improbable (level D and level E). The level of haswundoubtedly high (level 1). This means that
some form of protective action is required. In peiblccess buildings particularly those which allow
a longer acceleration distance in long corridoshsas shopping centres (like the Mr Lee incident)
and hospitals there is a greater probability ofastgncidents with forces and energy greater than
allowed for by EN81-20.

In the case of Mr Lee there were two simultaneats af imprudence:-

a) repeated attempts to ram the lift doors
b) repeatedly running the scooter on high speed iresiolglding.
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Under the assumptions of EN81-20

“0.4.9 A user may, in certain cases, make one iggmtact. The possibility of two simultaneous
acts of imprudence and/or the abuse of instructionase is not considered.”

A point for further consideration may be (takingsthase in mind): has a designer done enough by
complying with EN81 to satisfy his or her duty afre? Indeed building owners should consider
whether mobility scooters can be used within adiog that contains lifts

4.2 Implications for lift door design

Lift doors and lift cars have improved impact rémice under EN81-20 but as has been shown this
is not quite enough to protect against low speediliypscooter impact. Sematic, Meiller, Wittur,
and Fermator, all have existing products develdpedEN81-71 Category 2 applications. Meiller
has developed these products further to resistlityobtooter impact and this was demonstrated at
Interlift 2013 and there are testing devices tleatehbeen developed to verify door performance.

There are some simple changes all manufacturersntaike which can improve the impact
resistance:-

a) Use of stainless steel or cast iron door sills.
b) Improved strength of door shoes and fixingsdordshoes.
¢) Retaining plates located in between the dooesho prevent the door panel from cat flapping.

d) Use of 2 panel side opening door arrangementshwtrovide greater impact resistance at the
centre of the door entrance.

e) Use of spring fixings to allow temporary deflent of top tracks and sills to dissipate impact
energy.

NB The rear walls of single and adjacent entrydéts will also need to be suitably strengthened.

4.3 Implications for mobility scooter design

Mobility scooters main braking is by the retardatgrovided by the motor when disconnected from
the battery. Operator error and unintended operadiocontrols (by shopping baskets etc.) are
common and predictable events. It would be inexpenand would greatly improve safety if
proximity sensors were fitted as standard to alsSliii scooters and as an option on Class i
scooters.

The spirit of the UK legislation which requires evete to limit a Class iii scooter to 4 mph except
when on the road is being flouted. All that is natly supplied by manufacturers is a separate
switch for high speed operation which many scopéssengers use as their default speed. A greater
safeguard is required if further accidents inclgdimose not related to lifts are to be avoided.

4.4 Implications for Building Designers, Managers and @Qvners.

Can the building reasonably refuse access for ntplstooters? If so this is a simple building
management solution.

If not is the lay out of the lift such that it i®gsible to have a straight line journey greaten tha
metres and impact the landing door panel at anging?® This is likely to apply to most hospitals,
shopping centres, supermarkets, large retail @ thatports etc. In these cases consideration shoul
be given to either:-

a) Creating a lift lobby to reduce the risk of fullegd impact or
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b) Improving the resilience of any applicable landohgprs to the parameters suggested in 3.1
above.

NB in the buildings cited above other vehicles sasHuggage carts, food trolleys, portable X ray
machines, pallet trucks etc. may also present iskse same environment.

5 CONCLUSIONS

With the growth of mobility scooter usage insideldings the risk of accidents increases, albeit
from a very low base.

Usage of mobility scooters is not currently reséricin the UK by capability or improved by
training and the registration system for Classaéiboters is ineffective. The UK government is not
minded to tighten laws but to the contrary hasmdgeelaxed them.

The UK has an aging population and one which ioimag increasingly obese. All of this means
that the frequency of risk is increasing and in direumstances identified appropriate control
measures are required for all lifts.

Laws and Standards do not address the issue stoit $pecifiers, designers and building managers
to assess the risks on a site specific basis amot aésigns appropriately.

In buildings where space does not permit mobilttycters to accelerate to an impact speed of more
than 1.4m/sec (have more than a 2metre run upsduoanufactured to EN81-71 category 2 should
be sufficiently robust to prevent door failure.

In buildings where space permits mobility scootersaccelerate to an impact speed of more than
1.4m/sec additional measures are required to ptéugher fatalities.
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