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Abstract Evacuating People with Reduced Mobility (PRM)nfranulti-storey
buildings can be a difficult task. A number of aoercially available devices can
be used to assist in moving the PRM to the grownwelver, there is little consis-
tent data quantifying the relative performancehafse devices. In this paper four
commonly used assist devices, the Evac+Chair, Galngjr, Stretcher and Drag
Mattress are used in a series of 32 evacuatiols Wiesigned to assess their per-
formance. The trials involve moving a PRM from &eelchair to the device,
moving the PRM along a long corridor to a stair d@imeh down 11 floors to the
ground. The performance of the devices is thensasskein terms of travel speed
on the flat and stairs, number of handlers requioedperate and ease of overtak-
ing by other stair users.

I ntroduction

Evacuating People with Reduced Mobility (PRM) fromlti-storey buildings can
be a difficult task. In the UK, some high-rise Idings are equipped with fire
fighter lifts which are designed to be operatefirsnconditions and can be used to
evacuate PRM. However, in most cases PRM are teghéo remain within the
building in a refuge or place of safety or can bsisted out of the building by fel-
low occupants. In some countries there is the eapien that the fire brigade will
be able to rescue PRM located in refuges or platssfety. While the fire bri-
gade (department) may be able to rescue PRM takifuge in places of safety,
there are several examples where this has tragicatibeen the case, for example
the WTC [1], where many PRM left in places of safetere not able to be res-
cued. The recent Lakanal House fire [2] in the WiKich claimed the lives of six
residents who were trapped by smoke in their 1degtapartment building also
serves to demonstrate that the fire brigade maplmays be able to rescue people
seeking refuge in perceived places of safety. ddd@n the UK, the Regulatory
Reform (Fire Safety) Order 2006, which relates laxes of employment, assem-
bly, health care facilities, educational establishts, etc emphasises that it is a



managements responsibility to ensure that everganeevacuate a building safely
and that it is not acceptable to simply rely on Ei@ and Rescue Services inter-
vention to enable the safe evacuation of occudahts

(a) Female handling team with (b) Female handling team with
Carry-Chair and female PRM Evac+Chair and male PRM
Fig. 1. Carry-Chair (a) and Evac+Chair (b) assist devices.

While evacuating PRM from high-rise buildings mag & difficult task, an even
more daunting situation involves the evacuatiorho$pitals and care facilities.
The recent Royal Marsden Hospital fire in the UKdémonstrates that it may be
necessary not simply to undertake a progressivizdmdal evacuation of patients
to places of relative safety, but to fully evacuate entire hospital. The added
complexity in hospital evacuations is due to a nemtf reasons including; the
large number of occupants (patients) requiringstessce to evacuate, the (poten-
tially) relatively small number of staff present dssist in the evacuation of pa-
tients (e.g. during night shifts), the need to hawdtiple staff to assist in the
evacuation of single patients, the impact of fatigesulting from the need for
staff to make repeat trips, the time required &ppre patients for assisted evacua-
tion and the potential blocking of stairs due te #ssist teams carrying PRM de-
laying the evacuation of able body occupants.

In both high-rise buildings and hospitals, PRM nhgyevacuated using a number
of different assist devices. Devices commonly usedssist in the evacuation of
PRM include; Carry-Chair and Evac+Chair, see Fidurén addition to these two
devices, in hospitals the drag mattress (with s$ideet) and the stretcher are also
used, see Figure 2. While these assist devicesamenonly used in both high-
rise buildings and hospitals, there is little cetesit data quantifying their relative
performance or identifying the level of trainingjuired to safely and efficiently
operate the devices. This includes issues sucthasrelative ease (including
number of required operators) in transporting tiRMPto the assist device, the
movement speed of the assist device on the flabanstairs, the number of peo-



ple required to operate the assist device, the é¢inibeat the device may have on
the evacuation of others and the training requibgdievice operators. It is thus
difficult for safety managers to assess the retatnerits of each device and more
importantly, realistically plan how the device slibbe deployed in their build-
ings. A key recommendation from the recent Honel&acurity Standards Panel
of ANSI was that additional work is required spgatandards for assist devices
and their usage [5]. Furthermore, if these devaesto be represented within
computer based evacuation models, it is essehtalheir performance is quanti-
fied.

(a) Female handling team with (b) Female handling team
Drag Mattress (with slide sheet) with Stretcher
Fig. 2. Drag Mattress (a) and Stretcher (b) assist devices

This paper addresses these issues by presentiligipegy results from a series
of experiments conducted by the Fire Safety EngingeGroup (FSEG) of the
University of Greenwich in collaboration with thenWersitair Ziekenhuis (UZ)
Gent (University Hospital of Gent) in Belgium meggsg the performance of four
commonly used assist devices (see Figures 1 andlBg trials were designed by
FSEG and conducted on the premises of UZ usingtbfZ s

Trial Plan, Building Layout and Data Collection M ethodology

In total a series of 32 trials were undertaken @avéwo day period from 17 tol18
September 2008. The trials were conducted in #ob4 building of the Univer-

sity Hospital of Gent (see Figure 3) using traiseadf from the UZ hospital. Four
handling teams, two male and two female, used eatfe four devices shown in
Figures 1 and 2. Two volunteers from the UZ aetedhe PRM. All 18 staff (16
in the handling teams and 2 PRM) were highly trdiive the use of the devices
and in handling patients and were members of theMarutentie Team. Using
highly trained handlers removes the issue of tngjirifom the device performance



analysis. While the two PRMs had different bodyighiés, for consistency the
weight of the two was made identical (i.e. 75 Kgptigh inserting lead weights
into the pockets of the lighter PRM. Half the tsi@lonsisted of individual device
trials while the other half consisted of trialsvithich a group of 24 people (stu-
dents from UZ) were injected onto the stair frora 8f floor to investigate the
ease with which other evacuees could pass the éessim with the PRM down the
stairs.

Fig. 3. Buildingin which evacuation trials underta.

For each trial the PRM was located in a room onitti&floor of the building and
was positioned in a wheelchair. At the soundinthef‘go’ signal, the assist team
would enter the room, move the PRM to the deviceyenthe PRM out of the
room into the corridor, travel 63.0 atlong the corridor, pass through three sets of
doors along the corridor, negotiate a left 90 dedgren into another corridor,
move past the lifts (elevators), enter the stasecésee Fig. 4.) and descend 11
floors to the ground level, exit the stairwell,vieh 5.0 malong the ground floor,
exit the building and travel a further 32.1 m toeard point outside the building.
The stairs were dog-legged, with a single flightvddo half landing followed by
another flight down to the next floor. The stairsre inclined at an angle of 34
were 1.4 m wide (handrail to handrail) and eaadfhflihad a drop of 2.1 m from
floor to half landing and from half landing to thext floor, with the exception of
the last flight which has a slightly shorter drophe main landing on each floor
measured 3.3 m x 2.1 m while the half landing mess3.3 m x 1.4 m. The total
travel distance down the stairs (as measured fh@stair entry point on the 11
floor to the stair exit point on the ground floaking a central path) was 169 m.

The progress of the handling teams was recorded) dsied and roaming video
cameras and fixed observers with stop watches oh #aor. The fixed video

cameras were positioned on each floor and recdtdethovement of the handling
team down the stair and on the landings. The negmideo camera followed the
handling team from the point that they first touthle PRM, transferred him/her



to the assist device, moved them down the corotts and down the stair in each
trial. In addition, at the end of each trial, #sist teams and the PRM completed
a questionnaire. Separate questionnaires werenilened to the handling team,
the PRM and the group of people attempting to akerthe PRM.
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Fig. 4. Floor plan of starting floor (floor 11).

UZ-Gent Hospital Building K12 E
Floor 11

L 33,18m

50,60 m

(measurements not to scale)

Results and Discussion

Here we present preliminary results based on timuhgrived from the stopwatch
data, some observations from video footage and swomabysis of the assist team
guestionnaire data. Presented in Table 1 is a suynaf the movement results for
the corridor. This involves moving the PRM fromeithstarting location to the
stair entry point a total distance of 63.0 m. Ajahis route the PRM must pass
through three sets of doors which were all oridinalosed. The results pre-
sented in Table 1 represent an average of eigis per device and represent trials
with both male and female assist teams and forgtbep and individual trials.
Clearly, the nature of the group trials did not éaan effect on the corridor per-
formance and so these performance results haveiheaded in these averages.

As seen in Table 1, the Evac+Chair and the CarrgiCére the fastest device,
achieving an average speed of 1.5 m/s. The dragess is the slowest device
achieving 0.9 m/s. The Evac+Chair and Carry-Chesrsome 50% faster than the



other two devices. However, all four devices pamiteasonable speeds, with the
Evac+Chair and the Carry-Chair producing speedspemable to unobstructed
fast walking speeds. It should be noted thatlithaise trials, the corridors where
unobstructed by other evacuating individuals.

Table 1. Average horizontal performancefor 8 trialsfor each device.

Device Average Travel Number of Handlersin Average Speed

Time (sec) Emergency (m/s)
Evac+Chair 41 1 (+1 for doors) 1.5
Carry-Chair 41 1 (+1 for doors) 1.5
Stretcher 58 4 11
Drag Mattress 69 2 0.9

The number of handlers required to operate thecdasianother important operat-
ing parameter. Clearly the fewer handlers requioegiperate the device, the more
efficient the process as this places a lower opgyéiurden on the facility, is more
likely to be successful as reliance is placed avefandividuals and frees staff to
assist other PRM. For the Evac+Chair and the @ahgir only a single handler
is required to move the device along the corridblowever, when closed doors
are encountered, a second handler can be usedetotbp doors. This is the
method used in the trials. Alternatively, the Hangushing the device would
need to stop, turn the device around and whileihglthe door open, pull the de-
vice through, then turn the device around and oomti While this is possible, it
would clearly have a negative impact the horizomtalel speed performance.
The Stretcher is not only one of the slowest ofdheices, but as it requires four
handlers, requires the most number of handlerpévate. It should be noted that
the Drag Mattress was pulled by both operatorscatbie corridor. As both the
Stretcher and the Drag Mattress had operators é@nfriint of the device, this
proved relatively easy to negotiate closed doomsewer; the device did have to
stop as the door was opened. In addition, botketlevices occupy a large foot-
print when moving along the corridor. Comparethi® other devices, which have
a considerably smaller footprint, this may provedisadvantage in crowded situa-
tions.

Presented in Table 2 is a summary of the movengsuolts down the stairs. This
involves moving the PRM from entry point of theistaon the 11 floor down 21
flights of stairs to the exit point of the stains thhe ground floor, a total distance of
169.0 m. The results presented in Table 2 repteseaverage of four trials per
device and represent trials with both male and feraasist teams. Unlike the
horizontal results presented in Table 1, the sesults are only for the individual
trials. As seen in Table 2, the Evac+Chair is tjethe fastest device, achieving
an average speed of 0.81 m/s. This is some 308 fdman the next fastest de-



vice, the Drag Mattress. However, all three ottievices produce comparable
speeds of approximately 0.58 m/s. The speed oEttse+Chair on the stair is
approximately half that of the same device on the f A significant difference

between the performance of the devices on theaftat down the stairs is that
when going down the stairs a number of stops wegiaired. This was for a num-
ber of reasons including, resting the handlerstirg the handlers or improving
the handlers grip on the device. The number gissfor each device varied con-
siderably as did the duration of the stop and domited to the difference in per-
formance. However, the Evac+Chair did not stomgls time during the descent.

Table 2. Average vertical performancefor 4 trialsfor each device.

Device Average Travel Number of Handlersin Average Speed

Time (sec) Emer gency (m/s)
Evac+Chair 209 1 0.81
Carry-Chair 297 3 male or 4 female 0.57
Stretcher 305 4 0.55
Drag Mattress 272 2 0.62

As with device performance on the flat, the numifedrandlers required to operate
each device on the stairs varied between deviCedy the Evac+Chair required a
single handler. It should be noted that while anlsingle handler is required, it is
considered good practice to have a second hamdiieont of the device to reas-
sure the PRM during the descent. During theséstiiee Evac+Chair was used in
this way however, the second handler played noindlee stair descent. It is sug-
gested in an actual emergency evacuation situdtisauld be possible to operate
the device with only a single handler. The Dragttkégs required two handlers,
one at the front and one in the rear. The haratlére rear assisted the descent in
a number of ways such as, supporting the end ofréitéress thereby reducing the
jolting to the head of PRM during the descent,rarts a break so that the descent
was controlled and assisting to turn the mattresthe landings (see Figure 2a).
The Stretcher required the largest number of hasidlequiring four as on the flat.

The Carry-Chair proved to be the only device thatwensitive to the gender of
the handlers. Using an all female handling tedma, Garry-Chair required four

operators, as shown in Figure 1a, while using kmale handling team the Carry-
Chair required three handlers. When using threelless, the Carry-Chair would

only be carried by two handlers, one at the frardt ane at the rear. When the
carry team needed a rest, the third handler waalieve one of the carry team. In
the four person female team, when the handlerseteadest, they would rotate
their location around the chair.



In an attempt to gauge the impact of the devicestber people simultaneously
using the stairs a series of 16 group trials wése eonducted. These involved a
group of 24 people who enter the stairs on tdl@or just after the device has

passed their location and who attempt to overthkedevice. From observing

video footage of these trials it is clear that Eheac+Chair creates the least ob-
struction to other stair users. Other stair useeseasily able to overtake the de-
vice on the stairs (see Figure 1b) as the deviceitarhandler occupies a single
lane on the 1.4 m wide stair. Other users can gdégaaround the device on the
landings. The Drag Mattress is the next best farinfy least resistance to other
stair users. The Drag Mattress can also be owartak the stairs (see Figure 2a)
but does occupy more of the width of the stair tthenEvac+Chair. However, the
Drag Mattress is more difficult to overtake on thadings, requiring a greater

turning circle than the Evac+Chair. This is partiely noticeable on the half

landing which is not as deep as the main landing.

The Carry-Chair when operated by all female hasdieres not provide an oppor-
tunity for overtaking on the stairs (see Figure 1@}her stair users can only over-
take when the handlers stop on the landing andvalliher users to pass. When
operated by all male handlers, the Carry-Chairtmaovertaken on stairs. In this
configuration, the Carry-Chair can also be oventade the landing if the handlers
stop and let the other users by. The Stretchenatabe overtaken on the stairs
(see Figure 2b) and can only be overtaken if thellesis stop on the landing and
let the other users by. It should be noted thasé¢ observations are specific to
the stair configuration found in these trials. eTtairs are particularly wide at 1.4
m and the landings are also quite wide. Stairaidom a typical office building
can be somewhat narrower, for example, two of thiessin the WTC (Stair A and
C) were 1.1 m wide while the third stair (Stairids 1.4 m wide [1]. In addition,
training of the handlers is also an important asfeconsider when assessing the
obstruction caused by the devices. Handlers ofcdevsuch as the Evac+Chair
and the Drag Mattress should be trained not tokbilbe stairs handlers of all de-
vices should be trained to allow others to paskpdings where possible.

The questionnaires provided an opportunity for plagticipants to express their
opinion on a range of issues associated with thicde The questions were in
Flemish and generally used a five point Likert 8calThe questionnaire for the
handlers consisted of 15 questions, some with plelparts and a section at the
end for comments. Question 2c asked the handlemm te “Please rate this device
on the physical effort to transport the PRM dowa #tairs (how demanding)”.
Respondents could select from 1 (Very Difficult)(Rifficult), 3 (Neither Diffi-
cult nor Easy), 4 (Easy) and 5 (Very Easy). Eaets@n in the handling teams
were requested to complete the questionnairesafidr ef trials. As the size of the
handling teams differed, the number of response difered. For example, a
Stretcher handling team consisted of four peoptethry undertake eight differ-
ent trials and so there would be 32 replies to Ques2c for the Stretcher,
whereas for the Drag Mattress, the handling tealp oonsisted of two people



and hence there would only be 16 replies to Queg® The responses for each
device in each category was thus normalised bydutgi by the total number of
responses for that device. In response to Quegtipi81.3% of the handlers re-
sponses classed the Evac+Chair in the Easy/Very &sgories while none of
the responses for the Evac+Chair were in the Hang/\Hard category. In con-
trast, 88.6% (67.9% and 53.2%) of the responsesseth the Drag Mattress
(Carry-Chair and Stretcher respectively) in thedAdery Hard category. Clearly,
the experienced handlers find that the Evac+Clejuired the least effort of all
the devices while the Drag Mattress required tleaigst effort in descending 11
floors. Question 11 asked the handlers to, “Rleate this device on your level
of discomfort from muscle soreness in the armséspgdndents could select from
1 (Very Much), 2 (Much), 3 (Neither Much nor Little4 (Little) and 5 (Very Lit-
tle). In response to Question 11, 93.8% of thedias responses classed the
Evac+Chair in the Little/Very Little categories WhiB2.2% (32.2% and 21.4%) of
the responses classed the Stretcher (Carry-ChdiDaag Mattress respectively)
in the Little/Very Little categories. For the E+#aChair, 0% of the respondents
classed the Evac+Chair in the Much/Very Much catiego In contrast, 71.5%
(48.4% and 39.3%) of the responses classed the Matgess (Stretcher and
Carry-Chair respectively) in the Much/Very Muchegdries. Clearly, all the ex-
perienced handlers found little muscle strain whideng the Evac+Chair while the
greatest muscle strain was experienced when ussBtag Mattress.

Conclusions

A series of 32 evacuation trials assessing the mew capabilities of four differ-
ent assist devices; Evac+Chair, Carry-Chair, Stextand Drag Mattress, have
been successfully completed. The trials evaluatadmaber of performance crite-
ria including; travel speed along a corridor andstairs, number of handlers re-
quired, ease of overtaking by other stair userssafijective to questionnaires by
handlers, PRMs and other stair users. Preliminasalysis presented in this paper
is based on stopwatch timings, observations ofosfdetage and questionnaire re-
sponses. These results allow different aspectevice performance to be as-
sessed, providing building operators and safetyagers a quantified basis upon
which to make implementation decisions.

The results clearly show that in the hands of erpeed handlers, the devices
have significantly different performance capal@kti When travelling over 63 m
of corridor, the Evac+Chair and the Carry-Chair egeal fastest (1.5 m/s), being
some 50% faster than the other devices and reguinmleast number of handlers.
While descending 11 floors using the stairs, thad®Chair is the fastest device
(0.81 m/s) being some 30% faster than the otheices\and requiring the least
number of handlers. The Evac+Chair also offeredi¢last degree of obstruction
to other stair users, enabling them to overtakil batlandings and on the stairs.



It should be noted that these observations areifgpéz the stair configuration
found in these trials. Furthermore, it again nhestmphasised that the handlers
used in these trials were professional staff of tsained in the correct use of each
devices. All the devices require that handlersmafessionally trained in their
use if they are to be used correctly and efficieatid in a manner that minimises
the threat of injury to the handlers, the PRM atitbpstair users.
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