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Abstract This paper presents an overview of human factois callected
via an online survey related to the use of lifte\ators) and stairs during both
circulation and evacuation scenarios. Survey ppeits were presented with a
series of hypothetical situations and asked how theuld behave. The survey
was split into two broad sections, the first deghvith normal circulation usage of
lifts/stairs and the second dealing with evacuatisage of lifts/stairs. Detailed
demographic information about each participant aiae collected. In total some
468 people from 23 countries completed the survag. overview of the survey
and initial results are presented in this paper.

Introduction

How will people behave when given the option to lite during emergency

evacuation situations within high-rise buildingd® countries such as the UK,
Australia, Malaysia, China and USA, lifts are eitlheing used or being consid-
ered for use as part of building evacuation systeimspast ad-hoc egress situa-
tions lifts have been used to good effect to agsithe rapid evacuation of high-
rise buildings [1]. In such cases lifts were miended to form part of the evacua-
tion system but were used by residents for rapidssy Computer modelling also
suggests that if used correctly, the combined diddt® and stairs can speed up
full building evacuation process by as much as ®@¥pared to the use of stairs
alone [2]. However, in these modelling examplass tb lack of human factors
data, ideal “compliant” occupant behaviour was es=ili This meant that all the
agents that were designated to use the lifts waitede the lifts for as long as re-
quired. However, how many people would actuallpsider using a lift rather

than the stairs? How long would people wait fdift2 Some evidence suggests
that when faced with large queues occupants willb@oprepared to wait for lifts

[3]. Under what conditions will people wait for th&? Would people in different



countries behave differently? Answers to these tipresare essential if engineers
are to realistically model building evacuation gsilifts and design reliable
evacuation systems in which both stairs and liftsused.

While several studies have postulated human resptmshe use of lifts during
evacuations [4, 5], certain studies have interviéwervivors who used lifts dur-
ing real evacuations/drill [1, 3, 6] and some stgdihave conducted surveys [6],
there is still a lack of understanding regarding Key factors which influence
human behaviour relating to lift/stair selectiorridg evacuations. Indeed whilst
past studies have provided insight into such behayimost have been narrow in
their focus resulting in questionable general aalility, for example, focusing
on narrow population age groups (e.g. student®rigld involving populations
with little or no experience of high-rise buildingdrawn from potentially biased
populations (e.g. businesses involved in fire eegimg), or from a very narrow
cultural diversity. Further to this, very littlaublically accessible data pertaining
to human factors associated with normal lift usagavailable. Use of lifts for
evacuations may be related to experiences and &tjpes drawn from normal
lift usage and so an understanding of human faesseciated with normal lift us-
age is considered important. To address the alssues and attempt to gain a
better understanding of human factors associatéd liftfstair use during circula-
tion and evacuation scenarios, an online surhép:(/fseg.gre.ac.uk/elevajowas
developed, asking participants how they would behaith regards to lift/stair us-
age within a series of hypothetical situations. Tise of a publically accessible
online survey was intended to reach as wide amnatmnal audience as possible
coming from a broad variety of different culturadkgrounds.

Survey Description

The survey was made available in two languagesiéingind Chinese. The later
was selected as it enabled a specific culturalgrother than English only speak-
ers, to respond to the survey. In addition, in@@hina possessed six of the
world’s ten tallest completed buildings and citmgch as Shanghai and Beijing
have a large number of high-rise residential arftefuildings. The survey is
split into three parts, the first addresses citiutaissues, the second evacuation
issues while the third part concerns requestsqgigatit demographic information.
The survey requires approximately 20 minutes topleta. The first part of the
survey explores the influence of travel distanagups and groups on exit/stair
choice. Here participants are requested to staerthximum number of floors
they would consider walking on the stairs in a @griof situations. Each situation
explored the influence of direction (travelling dpwn), familiarity (being famil-
iar/unfamiliar), trip purpose (being in a leisuneginess activity) and time pressure
(having/not having time pressure). The second q@fattie survey focused specifi-
cally on evacuation usage and informed particip#mas it was safe to use a lift



during the hypothetical evacuation. Participantsentben asked a series of ques-
tions related to whether they would consider usnift and, if so, a variety of
guestions as to some of the influences effectiig ghlection and the amount of
time they would wait for a lift.

Participant Characteristics and Demographics

In total 468 participants either fully or partialjpmpleted the survey, of which
424 provided complete main demographic informati@f.all participants 60.6%
(269) were male and 39.4% (175) were fem@l&all participants who provided
age data (N=444), the average age was 35.0 yea¥odbetween 18-30 years,
26.6% between 31-40 years, 15.3% between 41-5G,y8ar% between 51-60
years and 3.8% were over 60 years. Consideringcjpamts who provided their
occupation (N=449): 18.9% were students, 7.6% wdrem the fire
safety/protection profession and 1.6% came fromlithendustry. The remaining
71.9% of participant occupations were either cfeessias coming from other pro-
fessions or non-specific (e.g. office worker, stafsistant etc). Of all the partici-
pants, 63.5% confirmed that their place of worldgtpossessed lifts with these
buildings varying from 2 to 78 floors with an avgeaof 10.1 floors, with over
half (54.9%) of those buildings being over 5 floans height. Approximately
15.6% of all participants had at least one liftheir place of residence, varying
from 3 to 35 floors with an average of 10.8 floorsheight, with approximately
three quarters (75.3%) of those buildings beinggrethan 5 floors in height.
Whilst overall participants came from some 23 défé countries, six countries
made up approximately 88.9% of all participants: (3R.8%), China (25.9%), US
(12.8%), Germany (11.1%), Japan (5.6%), Australid%). Using the WHO
(World Health Organisation) classification of bohass indexing (BMI), of the
participants who provided plausible height/weighformation (N=445), 6.7%
were classed as underweight, 56.4% were normalhiye?d.7% were overweight,
11.0% were obese and just 1.1% were classed ag imgirbidly obese.

Results - Circulation and Evacuation Usage

Each section within the survey is based aroundpmtgtical scenario. The core
part of the scenario description, unless statedrufise, is identical for each ques-
tion and consists of the following information:

* You are familiar with the layout of the building.
» The lifts/stairs are located in the same area.
« You are not carrying or wearing anything to restyimur movement.



» Alift is not currently on your floor and you do tnknow how long you will
have to wait for a lift to return.

Circulation Usage

The first part of the survey, addressing circulati@haviour, explored issues to do
with vertical travel distance, queue length in lifiavaiting area and group behav-
iour. Three specific variations of the core scenarere presented to the partici-
pants. Additional situational information relating the nature of these various
scenarios is presented in Table 1. Given thesedfipsituations, participants were
asked what is the maximum number of floors they ldi@monsider travelling on
the stairs before electing to use a lift. Partinip@sponses either stated that they
always consider using the stairs, never considegube stairs (always use the
lift), or sometimes consider using the stairs (fyag a finite number of floors
they would walk on the stairs). Answers to the masi questions were further
categorised according to: building familiarity, wher or not travel was time criti-
cal and whether or not the travel was for leisurbéusiness. While these factors
have varying influences upon the responses, dapaoe limitations these various
categories have been collapsed into direction afeirand trip purpose with the
average results presented in Table 2.

Table 1. Additional situation information provided for each section.

Base Case Queues Groups

You are alone in a lift There are a number of peo| You are travelling with a group of 2-

waiting area on your in the lift waiting area on yoi people.
floor. floor. The people in the group are all of
similar physical ability and fitness to

yourself.
The lift waiting area on your floor is

empty.

In the base case, 87.8% of the participants wolwéys or sometimes consider
using the stairs to travel down and 84.2% to tranel This is rather a high per-
centage of people who would consider using thesstaiith slightly more partici-
pants prepared to travel down the stairs comparagt On average participants
were prepared to walk 2.0 floors further down them 6.7 floors down and 4.7
floors up.

When faced with a queue in the lift waiting ardeghgly more participants would
always or sometimes consider using the stairs cogdpto the base case, with
89.4% of participants always or sometimes congiderg the stairs to travel down
(compared with 87.8%) and 87.3% to travel up (camgbavith 84.2%). This
highlights a slight decrease in attractivenesshef lift due to congestion in the
waiting area. When faced with a queue, participamere prepared to walk



slightly further up/down (mean 5.0/7.0 floors) caamgd to the base case (mean
4.7/6.7 floors).

When travelling in a small group, slightly fewenti@pants would consider using
the stairs compared to the base case, with 81.0pamitipants always or some-
times considering using the stairs to travel dowarmpared with 87.8%) and
76.4% to travel up (compared with 84.2%). Thishhights a decrease in attrac-
tiveness of the stair when travelling in groups paned to the queue scenario
where an increase was observed. On average partisiwere prepared to walk
5.3 floors down (median 4.0) and 4.2 floors up (fmed3.0). This represents a
20.9% (1.4) and 10.6% (0.5) decrease in the numbéoors participants would
consider walking on the stairs in the down and inpction respectively compared
to the base case. When travelling in groups theeedonsiderable reduction in the
distance people are prepared to travel on stairs.

Table 2. Overall Combined Average Results Irrespeste of Time Pressure or Familiarity
for the Base, Queue and Groups cases.

Base Case Queues Groups
Up Always use lift 15.8% 12.7% 23.5%
[592] [474] [875]
Always consider 3. 7% 4.5% 4.3%
using Stairs [138] [169] [161]
Sometimes consider 80.5% 82.8% 72.1%
using Stairs [3008] [3091] [2682]
Median Stair Travel (floors) 3.8 4.0 3.0
Mean Stair Travel (floors) 4.7 5.0 4.2
Total Frequency 3738 3734 3718
Down Always use lift 12.2% 10.6% 19.0%
[450] [392] [701]
Always consider 5.6% 7.6% 5.0%
using Stairs [208] [281] [184]
Sometimes consider 82.2% 81.8% 76.0%
using Stairs [3036] [3027] [2799]
Median Stair Travel (floors) 5.1 5.3 4.0
Mean Stair Travel (floors) 6.7 7.0 5.3
Total Frequency 3694 3700 3684

Evacuation Usage

The evacuation section of the survey was intendddvestigate whether partici-
pants would consider using a lift to evacuate éytlvere informed that it was ac-
ceptable to do so during an emergency, and ifdemtify and quantify influencing
factors that would cause them to redirect to usesthirs. For the evacuation base
scenario the following additional information wa®yided to the participants:

e You are travelling alone.



* You have been instructed that it is acceptableseoaither a lift or stairs to
evacuate from your building in emergency situatidsring an evacuation
you are free to choose to use a lift or stairs.

Of the participants who answered whether they waddsider using a lift to
evacuate (N=467), approximately a third (33.0% j)5gaid that they would con-
sider using a lift. Thus, two thirds of the pami@nts would not consider using a
lift to evacuate, even though they knew it was ptaigle to do so.

Of the participants who would consider using adifid answered whether or not
they would always use a lift (152), a small projoort(7.2% (11)) said that they
would always use a lift. Of the 154 participantsowkiould consider using a lift,
78.6% (121) replied that the height of the floayttwere on would influence their
decision. These participants were then asked égifypa maximum/minimum
number of floors above/below which they would nonsider using the lift. Of the
participants who specified a maximum number of fkoiney would be prepared to
travel by lift (120), 46.7% (56) answered that th@ras no maximum number of
floors, 22.5% (27) answered 100+ floors, and theaiaing 30.8% (37) specified
a varying number of floors with an average maxinnfr21.9 floors. Of the par-
ticipants who specified a minimum number of flothhey would be prepared to
travel by lift (121), 9.9% (12) answered that theras no minimum number of
floors, 0.83% (1) answered 100+, and the remaiBth§% (108) specified a vary-
ing number of floors with an average minimum of 8obrs. When asked if the
height of the building would influence their deoisito use a lift (N=136), almost
two thirds (65.4% (89)) said that the height of thelding would influence their
decision. Of this group (N=86), 80.2% (69) saidtttiee higher the building the
more likely they would be to use a lift.

For the remaining evacuation related questionsfdtewing additional scenario
information was provided:

* You are instructed to evacuate from a multi-stdreyding.

e Itis not a drill but you are not in immediate dang

e You have a choice to use one of the 4 lifts semggiour floor or the stairs.

< Each lift has a capacity of 10 people.

e The lift waiting area on your floor is crowded witkople.

Participants were then asked, given that they Wemr@ted on progressively higher
floor ranges in the building, would they considsing a lift to evacuate and if so,
after arriving in the lift waiting area, what levef crowd size/density already
waiting for the lift would cause them to redirectuse the stairs. To quantify the
crowd density, six different crowd densities (rarggfrom A to F) were presented
to the participants based on graphics generatetlebyrEXODUS software, three
of which are presented in Fig. 1. Participants whigren asked for each floor
range to specify the crowd density that would détem from waiting for a lift

and to estimate, providing the crowd density wdswehat stated level, how long



they would be prepared to wait in the crowd foifablefore they decided to use

el

the stairs.

F: 200 people,

A: 10 people, C: 80 people,
0.13p/nf 1.0p/nf 2.5pint
Fig. 1. Three of the six Crowd Levels in the lift witing area.

As with the circulation based questions, answetkédovarious questions were fur-
ther categorised according to building familiarihile there were some differ-
ences due to building familiarity, due to spacdtétions the responses have been
collapsed into a single category and the averageltseare presented here (see
Fig. 2 and Table 3).

Table 3. Frequency of participant responses that waéd consider using a lift as a function of
crowd density (familiar and unfamiliar combined).

Proportion of partici-
Floor pants that would con- Of participants that would initially choose to usea lift, the
Range sider waiting to use crowd density in the lift waiting area that would @use a pro-
Location lift on a given floor portion of those participants to redirect to use tle stairs.

range

boesit A B C D E F Fr

Yes No # sy 013 05 10 15 20 25 25

p/m?> p/m?> p/m®> p/m® p/m?> p/m?® p/m*

o10 113%  88.7% o 158% 18.4%44.7%73.7% 78.9% 78.9% 84.2%84.2%
[39] [306] (6] [71 [17] [28] [30] [30] ([32] [32]

333%  66.7% 10.5% 14.0%31.6%60.5% 84.2% 86.8% 89.5% 89.5%

11:20 114 [228] M 2] 6] [36] [69] [96] [99] [102] [102]
63.5%  36.5% ., 7.0% 5.6% 25.7%61.7% 82.2% 89.7% 93.0%93.0%

21-30  216] [124] [15] [12] [55] [132] [176] [192] [199] [199]
77.8%  22.2% 9.9% 2.8% 19.0%49.2% 77.8% 86.9% 90.1%90.1%

3140 ;o5  [73]  2°% 28] [7] 48] [124] [196] [219] [227] [227]
79.0%  21.0% g, 9.1% 2.8% 14.6%39.0% 64.2% 83.5% 90.6%90.9%

41-50  1260] [69] 231 [71 [37] [99] [163] [212] [230] [231]
80.5%  195% .. 10.5% 3.1% 13.29633.5% 56.4% 72.8% 84.8%89.5%

51-60  265] [64] 271 [8] [34] [86] [145] [187] [218] [230]

Presented in Table 3 is the overall proportion atipipants that would consider
using a lift/stair for each floor range. As theditcheight increases the proportion
of participants that would consider using the dif$o increases. We note that ap-
proximately 10% of the population would use a éiften if located on the lowest
floors i.e. 2-10. The proportion of the populatitiat would use the lift increases
to approximately 80% at floor range 31-40 and remait this level for the higher
floor ranges. This suggests that when locatedrabove floors 21-30, the major-



ity of people on each floor would elect to use tifiecompared to the stairs.
Above floor 30, approximately 20% of the populatiane not prepared to use the
lifts to evacuate irrespective of floor height.

In addition, presented within Table 3 is the curtiuéaproportion of those partici-
pants that would choose to redirect to use thessbaised on crowd density within
the lift waiting area. We note that of those el to wait to use the lift given a
crowd in the lift waiting area, an average 10.5%h&f population would be pre-
pared to wait for the lift, regardless of floor ¢iei or crowd density. Furthermore,
the average crowd density that participants woddbbepared to tolerate before
redirecting to the stairs increases as the flogghtencreases. For a floor height
of 2-10, 70% of the population waiting for the liftould redirect to the stairs
when the average congestion levels are betweerdBC&0.5 p/ri and 1.0 p/rf),
while for a floor height of 21-30, this increasesbetween C and D (1.0 p/rand
1.5 p/nf) and for a floor height of 51-60, this increasedetween D and E (1.5
p/mf and 2.0 p/ff). Participants who would consider using a kit & given floor
range were asked, providing the crowd level did neaich or exceed the density
which would cause them to redirect, what was th&imam time they would be
prepared to wait to use a lift. For each floor agsmall number of participants
(0%-7%) stated that they would wait for a lift f&rs long as it takes" with an av-
erage proportion of 5.8% for all floor ranges. tdaion, a small number of par-
ticipants (6.1% (14)) said that they would not begared to wait for a lift, regard-
less of floor height.
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Fig. 2. Cumulative proportion of participants that would wait for a lift (grouped into 5 min
intervals) for each floor range.

In Fig. 2 the normalised cumulative frequency disition of the remaining par-
ticipants who specified the maximum time they wobl prepared to wait for a
lift on each floor range can be seen. As the flogight increases the proportion of
participants that would wait a longer amount ofdim the lift waiting area also
approximately increases. This reflects participamseased tolerance to waiting a



longer amount of time for a lift on progressiveligtrer floors in light of the added
travel time and energy expenditure they would needxpend travelling on the
stairs. Fig. 2 also suggests that the majorityastipipants who initially chose to
use a lift in floor range 2-40 would only be pregzhto wait between 1-5 minutes
for a lift before redirecting to the stairs. Foetfioor range 40-60 the majority of
participants would be prepared to wait between Brirutes. For all floor ranges,
approximately less than 10% of participants wowddpbepared to wait more than
15 minutes for a lift before redirecting to theirstahighlighting participants intol-

erance to wait long periods of time for a lift dagian evacuation.

Conclusion

This paper has presented an analysis of data tedldrom participant responses
to an online survey in order to gain an understagdif human factors associated
with lift/stair selection in both circulation andiauation scenarios. In normal
circulation conditions, between 90%-85% of the syrpopulation would be pre-
pared to use the stairs to travel down/up. Onamesiparticipants were prepared
to walk 6.7/4.2 floors in the down/up directionpestively. Results suggest that a
gueue in the lift waiting area does not influenisese numbers greatly however,
travelling in groups does. When travelling is aafingroup (up to four people),
the percentage of the survey population preparedis® the stairs to travel
down/up decreases to 80%/76% and the distance d@heyprepared to walk
down/up decreases to 4.8/3.2 floors.

In evacuation conditions, despite being informedat the lifts were a safe and ac-
ceptable option, two thirds of the sample (308) $hey would not consider using
a lift to evacuate. This suggests that if buildiraye being designed on the as-
sumption that occupants will utilise lifts for ewmtion, an extensive training
campaign will be essential. This poses difficsltier buildings that are largely
frequented by casual visitors. Of the participanhom would consider using a
lift (152), less than 10% said that they would alsvaise a lift, while over 75%
(121) said that the height of the floor they wenevmuld influence their decision
to use a lift. The height of the building was adssignificant factor in determin-
ing whether or not they would use the lift. Of tharticipants who specified a
maximum number of floors they would be preparettawel by lift (120), almost
70% (83) effectively indicated that there was noimaim number of floors while
of those specifying a minimum number of floors, aétn90% (108) specified a
varying minimum number of floors with an averagenimum of 8.4 floors. As
the floor height increases the proportion of pgtots that would consider using
the lift increases. Approximately 10% of the popiola would use a lift even if
located below the 1bfloor. The proportion of the population that woulse the
lift increases to approximately 80% up to floor &@d remains at this level even
for higher floors. This suggests that approxinya®9% of the population will



not use a lift to evacuate irrespective of flooight A very small proportion of
participants stated that they would wait in a Wfiting area regardless of crowd
density and/or would wait for "as long as it takés" a lift to service their floor.
However, the majority of participants indicatedrthevas a critical level of crowd
density in the lift waiting area which, if reachedexceeded, they would redirect
to the stairs. Furthermore, this critical densipp@ars to increase as the floor
height increases; reflecting the decreased atteawiss of using the stairs on pro-
gressively higher floors. The majority of partiaigs also specified a finite time
they would be prepared to wait for a lift; whilashvas dependent on floor height
(the higher the floor, the longer the acceptablé time), less than 10% of par-
ticipants were prepared to wait more than 15 mmumgardless of floor height.

These results clearly show that in evacuation s@ns, building occupants are
prepared to utilise lifts for evacuation but thiaistis strongly dependent on floor
height, crowd density and expected lift wait tirRarticipants in the study clearly
exhibit anticipatory behaviour and would expectieq level of service from an
lift system during an evacuation. Further analgdishe survey data is currently
underway examining the impact of pedestrian charestics such as age, gender,
country, building familiarity etc on both circulati and evacuation behaviours.
The data is being used to enhance the agent bas#el associated with lift usage
within the evacuation modelling software buildingBRUS.
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