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Abstract — The inclusion of human behaviour in fire enginegrifesign increasingly utilizes egress modelling
software to demonstrate the time required for esion in the case of a fire emergency. These maaledeing
developed to incorporate aspects of social inflegaccount for variations in pre-evacuation tines] movement
speeds. However, in order for these models to atelyrrepresent an egress scenario, they rely vindgpaccess to a
range of data, covering a variety of situationgupations and constraints. These models must aseabidated to
show that they can accurately represent possilst@humovement and behaviour. This paper criticadgnenes a fire
drill performed in 2016 at a retirement home in & and provides insights and guidance into modgbiderly
populations, both in general and situations spesifenarios.
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1. Introduction and Background

Changing demographics, particularly aging poputetj@re creating new societal demands in global
contemporary building design. Among this is a sungde creation and retrofitting of purpose bhitmes
for the aged. There are two types of these homéshwdre under consideration in the theme of aging
populations: retirement homes and long term cafECjLhomes. In both types of homes, the elderly
populations have various degrees of autonomy. Tuogitlations are generally vulnerable in the séinse
the residents have a reduced ability to avoidrfsk situations [1]. Based upon this increased, rikkse
homes are staffed with care takers whom have variggrees of responsibility to respond in emergency
situations such as fire.

The demographics of each type of home are uniqukitas often common to lump the two as one in
the same by many, however, they are distinct. Lo@ds are typically reserved for residents whomirequ
significant nursing and general care in regardse® mobility and generalized day to day tasketil@ment
homes may involve residents whom are at the indiagjes of requiring significant levels of careniro
assisting care-taker staff. Both house aged pdpuoktwhereas the LTC homes include significant
populations for those whom have advanced physitdloa cognitive impairments. A fire safe design and
staff response has to accommodate these popuditiersities.

Within the last 15 years there have been numertmlmbfires which have resulted in life loss of the
elderly in these types of homes for the aged. ©henfiost care home fire considered in literatureraadia
has been Rose Park in the UK which resulted inebthgs in 2004 [2]. That fire was said to be inficeh
in break downs in procedure and staff responshddite (details of which can be found elsewhei [2
Within Canada the recent L’isle-Verte fire in 2(ighlighted over 30 deaths of residents and théhdeat
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2 staff. In Canada alone in the last three ydhese have been five fires in care and retirementds, three
of which resulted in loss of lifg3].

At Carleton University, in collaboration with resela partners, a recent study has been underway to
develop a baseline for the behaviour and actioms$defrly people during the pre-evacuation and mar@m
stages of emergency egress situations. To datémprary results of four emergency drills have been
provided by these authors elsewhere [3, 4]. Thalle dave seen a diverse range of staff particypatyet
limited involvement of actual residents of the damenes, necessitating an extension of the worknsider
movement baselines of residents. The drills sugdasiat the role of staff was significant in theaquate
employment of evacuation procedures. Among previtiservations these drills had highlighted: a kit
communication between staff inside and outsidefitleezone, generalized uncertainty among staff, and
limited time spent checking for residents. The argthave previously critiqued the realism of thesks,
and whether the prime objective of these drillseMeeing met or if they were instead reinforcingvia
behaviour for the staff — particularly in the albsef realistic resident participations [3,4]. Atitahally,
previous work attempted rudimentary modelling udiagic software which did not account for specific
behaviours that residents of these homes wouladhberk to display. Moving forward, it was hypothesize
that for developing data which could competentfgiim the verification and validation of egress mtidg
software, future drills were needed with higheiidest participation. This paper explores theseaete
themes.

2. Methodology

2.1. Interviews and Fire Drill Observation

As part of an earlier research project, 14 LTC etitement homes were contacted and asked if an
interview with a senior staff member could be catdd regarding fire safety practices and procedites
four interviews conducted at LTC homes and théahiiterview conducted at the participating retient
home have been detailed elsewhere [3].

After the first interview, an inquiry wasaate to see if one of the retirement home’s manyldiier
drills could be observed by the research team.cbinéact agreed and it was decided that a drill didvel
observed in mid-June of 2016. In May, a second imgetas held in preparation for the planned find dr
observation. This drill was to be the mandated ahdrill observed by city fire protection office@ntario
provincial law in Canada requires that this dilpresent the worst case scenario for a fire emeygen
take place, and requires that all residents ifitbegone evacuate (or have a staff stand in ptheeresident
if extenuating circumstances occur). As in previdu#l observations there had been very little desi
participation [3,4], this drill was chosen to erestinat resident data could be collected. For tisament
home, the worst case scenario involved three [jaatiog staff members (number of staff on the naititt),
and took placen the floor of the home dedicated specificallyhi® care of residents with dementia as these
residents would require the most assistance tauavac

On the day of the drill observation, four membefrthe research team met with the retirement home
contact, fire protection officers, and participgtistaff members half an hour prior to the scheddieit
time. As residents could not give consent to bended due to their mental state, cameras were seat. u
Instead, the four research team members were prieséime fire zone during the drill and recorded al
observations by hand. The observation positiofisdrzone had been pre-determined after a criticais
of the floor plan so as to minimize the impact dhxservers would have on the drill while maximizihg
amount of data able to be collected. The team edhtibre fire zone along with one fire preventioriogf,
two supervising staff members and two participasitagf members just prior to the drill commenci@ace
the drill finished, the research team joined alll grarticipants (except residents) for a debrigfiiuring
which the details of the drill were discussed. &wlhg this, the research team asked the threecjpating
staff if they would be willing to answer a set afestions about the drill. All staff agreed.
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To maximize the integrity and amount of informatmnilected during the drill, the observations made
by the research team were compared and compikeg@ast-drill meeting. Due to the method of obséovat
and data recording, it is acknowledged that notekdinents of the drill were collected and a de@fee
variability exists. Alternative methods of dataleotion and observation are being explored forriuttrills.

2.2. Evacuation Modelling Validation Methodology

The data collected during the fire drills has besed in comparison with associated evacuation
modelling results using the software MassMotion ] a validation case study. This comprised of
performing three different types of evacuationl¢rizsing the software. The first trial was usedefaresent
the evacuation observed during the drill. To ds,thmput parameters of the model were defined baesed
data recorded. This represents an informed vadidagist case where information from a trial hashes=d
to configure the model. The second trial set waslue compare the data collected during the ditth w
existing data relating to similar population groupasmely, aging populations and care-type facdibased
on data within standard fire design guidance. Tépgesents a blind validation test case where loajc
prior information of the drills is utilised withithe initial model configuration i.e. occupancy nwerdband
location. Subsequently this represents a testroase akin to that which a fire safety engineer tlagose
to utilise during an evacuation analysis of sushation. For this casebest, mean, and worst case scenario
were simulated using range of values availableiwibtandard fire design guidance to identify thegeaof
results using such daféhe third trial consisted of incorporating a ramdgre-evacuation and movement
times as distributions within the software from sit@ndard fire design guidance data which wereaauhg
sampled. Consequently 10 repeat simulations af¥heuation scenario were conducted in order toymed
a range of results of the randomly sampled inpteaipaters. Analysis of all trial results were theedito
explore the current challenges and limitationsvafoeiation modelling retirement homes.

Prior to observing the fire drill and running thieose trials,the dimensions of the hallway in the
retirement home were taken along with the deptthefresident rooms. These dimensions were used in
correlation with a simple floor plan of the buildiprovided by the home to create a SketchUp mddako
fire zone. This model was then imported into Masstoand used as the base geometry for the trials.

3. Discussion of Findings

3.1. Fire Drill Observation

A day prior to the drill, the residents and staffthe home had been informed that a drill would be
taking place the following day. In general, ith&thome’s policy that notification be given torasidents
before a drill that will include the fire alarm &k place (as opposed to a silent drill). In thiscHjt case,
this notification was also necessary to inform goae that the drill was meant to test a specitigagion
(night shift, second floor) as opposed to a stath@diternoon drill. This ensured that only the thsesf
participating in the drill would respond to thelldais opposed to the standard response with staféting
from other floors.

Though the drill took place during the afternoaw of the three participating staff members norgnall
worked on the night shift. They came in to partakéhe drill as it was the night shift staffing &hthat the
drill was simulating. The third staff member wascakupposed to be from the night shift but due to
unforeseen circumstances, a staff member fromakeskift stepped in at the last minute.

During the pre-drill discussion, the fire preventiafficers went over the retirement home's firecbaf
plan, and verified what was supposed to happemgltine drill. As the officers were evaluating tlmte’s
ability to meet the time requirements and exedugesteps depicted in the safety plan, the drill mase
scripted than it would otherwise have been.
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The fire drill took place on the floor of the retinent home dedicated to the care of residentsaaitly
on sets of dementia. Dementia results in a broageraf cognitive impairments of a person which can
include inhibition of a person’s to think, speakterpret cues the surrounding environment and Irecal
information. As such the residents involved in thi#l depended heavily on staff during the evaaurati
which is described in further detail below.

The floor of the evacuation area was split into tempartments by a set of mag-lock fire doors. The
drill observed was a horizontal evacuation durirtgclv the residents on the “fire” side of the doeere
evacuated to the “safe” side of the doors. Thrembeegs of the nursing staff participated in thel dfiheir
role involved locating the fire; prompting, assistiand guiding residents to the safe zone; andieigsihat
the fire zone was fully evacuated. In addition e four members of the research team, three city fi
prevention officers and two senior staff memberseoled the drill.

The fire zone was comprised of 14 resident roondfiag room, a sitting lounge and a nursing statio
The designated fire room housed two residents axllecated at the end of the hall, farthest awam fr
the fire doors. Ten residents participated in thHik a@long with three staff stand-ins taking theagd of
particularly vulnerable or un-cooperative reside@$ the 14 resident rooms in the fire zone, twoeve
vacant at the time of the drill. The mobility levafl the participating residents, along with thealiben of
the fire room, the safe zone and the occupied razamse seen in Figure 1 below.

L egend: Occupant Detailsand Mobility

Fire Room: 1a, 1b

Safe Zone: 15

Vacant Rooms: 11, 12

Residents with a Walking Aid: 1b, 3, 6, 8, 9, 10
Residents in a Wheelchair: 1a, 14

Residents without a Walking Aid: 2, 5

Staff Stand-In: 4, 7, 13

Fig. 1: Fire Zone Floor Plan

The drill ended 13 minutes and 33 seconds afteratéyen first sounded. The alarm stayed on for
roughly 5 minutes after which the drill continuedheut the use of the alarms. According to the gane
manager of the home, this was done to preventmgdisither stress to the participating residergsyall
as to cause less of a disturbance to the residtettis rest of the building. During the drill, tiereesidents
exhibited information seeking behaviours, eithétimy their rooms or opening their room doors tsertve.
The one resident who left her room walked to the dioor after asking one of the participating stafft
to do. This resident stood at the fire doors withexiting them for 20 seconds, and was then estddek
into her room by a staff member who was particigatin the drill. This resident was then evacuated
approximately three minutes later when one of trigpating staff members prompted and walked with
her to the fire doors. This prompting and guidaocehe part of the staff was seen in all of thedest
evacuations. Even the residents who were physiabllyto move on their own did not evacuate urdtbdf
member went to their rooms, prompted them to leawe, walked with them to the fire doors. The one
exception was the resident mentioned above whialigiteft her room by herself. As the goal of tthell
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observation was to collect movement times and liebeal data, the research team recorded a spseific
of time stamps. These included when: the staffredtthe resident rooms, the staff left the resideoins,
the residents left their rooms, and when the resgdeeached the fire doors and exited the fire zdhe
latter two of these time sets are presented inelakidelow, along with the overall travel times. iarthis
table it can be see that it took the residents éetm?0 and 63 seconds to travel from their roothedire
doors. One note to be made is that Resident 1bcke#ie room 19 seconds before Resident 1a, arebexit
the fire zone 7 seconds after Resident 1a. Howagabpth residents moved down the hall togethdr avit
staff member, the time it took the residents tahahe fire doors was taken to be 39 seconds.

Table 1: Resident Travel Times

Time Exiting Time Exiting Overal
Room Travel Time
Room Fire Zone
(seconds)
1a 4:06 4:45 39
1b 3:45 4:52 39 (67)
2 2:34 3:17 43
3 10:16 11:19 63
5 5:17 5:37 20
6 6:07 6:42 35
8 6:45 7:18 33
9 5:17 5:37 20
10 8:01 8:27 26
14 8:50 9:05 15

The fire room was located at the end of the hath&st away from the fire doors and as such the
residents were meant to be evacuated sequenstdlying with those in the fire room and then mgvim
to rooms closest to the fire room and so forthsms generally the order which was observed dihag
drill, with a few exceptions. The most notable leése exceptions was that the resident in Room Jhwatas
evacuated from the room until 10:16, after all otlesidents had been evacuated from the fire ztespite
being two rooms over from the fire room. A staffmi®er had been noted going into the room at 3:3®, an
remaining inside the room for 23 seconds beforéimgxiwithout the resident. This same staff member
entered the room again at 9:27 and left with tisédest 49 seconds later. Upon leaving the room thi¢h
resident, the staff member was heard telling telemt that she was not supposed to hide in thediza.

As per the retirement home’s fire emergency promegjuthe resident rooms were to be checked a
second time after the initial sweep and evacuatfotine rooms. During this second check the staffewe
supposed to hang a sign on the resident door hémdleow one of two things: that either the resicess
no longer in the room, or that assistance was mkede a resident was still inside. This check was
completed predominantly by one staff member, sgaroughly 9 minutes into the drill. A second staff
member also began to check rooms at roughly 3 msnlatter. In these secondary room checks, the staff
member went into or looked into each room for betw8 to 10 seconds. This staff member checked all
rooms in this way with the exception of one. Irstbase, the staff member just hung an all clearaigthe
door handle and moved to the next room. While thiéorooms checked by this staff member had already
been evacuated, a resident and staff member wéne imchecked room. As discussed earlier, thisthes
resident who had not been evacuated during thterdiosn sweep. The all clear tag was hung on the @bo
9:58, and the resident and staff member withindeftO:16.

3.2. Data Validation and Egress Modelling

The first trial run using MassMotion simulated wisaturred during the observed fire dill, with the
exception that agents representing the staff weranluded. As the resident egress was almostusixaly
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dependant on the interaction between the residamisthe staff, a set of purely resident-based pre-
evacuation times and walking speeds were unatile twllected. However, given the specific time gtam
that were recorded (staff entering rooms, residants staff leaving the rooms, residents exitingfiree
zone), asituation specific set of pre-evacuation and movement times couldef@ed. To determine the
pre-evacuation time of each resident, the timedktfor a staff member to enter the resident’s roand
the time that the staff member was in the room Withresident before leaving the room with themewer
combined. The walking speeds of the residents wailated using the time it took the residentisdwel
from their rooms to the fire doors and the distagaeh resident travelled. This distance was cdklby
measuring the path deemed most likely traversatjubie created floorplan. Once the pre-evacuatioa t
and walking speed for each resident was determthede values were used directly create a scrifedd
representative of the actual drill. A visual dejoiotof this can be seen in Figure 2 below. The ab run
and the overall evacuation time for each residexst @ompared to the time observed. The overall eximru
times for each room determined by the trail wergilar to those seen in the actual drill, with minor
variations. The times predicted by the trial tenttede longer than the observed times. The masorefor
this is most likely due to the fact that the tinfreen the observed drill were recorded when thedierdi left
the room, whereas in the model, the agents startpamtal at the back of the resident room. Theegfimore
time is required in the model because the agents travel from the portal to the exit of the roosweell.

It was decided that the portals be placed at tiek bhthe rooms as continuity between the thres seéts
was required for comparisons and this placemenerttemost sense overall . The time discrepanoidd ¢
also have resulted from the fact that the pathexby the agents in the model may not have beesetine
as the paths taken by all of the residents dutiegdtill (as was observed during the drill obseorgt See
Figure 2 below.

0:43:12

0:36:00

0:28:48

0:21:36

0:14:24

Evacuation Time (min)

0:07:12

_./'_./‘ g
—
la 1b 2 3 5 6 8 9 10 14
Room #

0:00:00

== Best Case Mean Case Worst Case Actual Drill

Fig. 2: MassMotion First Trial Set Simulation Fig. 3: Evacuation Timeline Comparison for
Second Trail set

The second test set consisted of three differ@strepresentative of a worst, mean, and best cas
scenario. The data used for this was chosen frath 3F-PE Handbook [6]. A number of data sets within
the handbook were considered, and it was decidgddhthe pre-evacuation times, the data from Gweyn
et al.’s paper [7] was the most appropriate for garison, and for walking speed, Boyce et al.’s {@}a
was the most appropriate. The first data set wasdd most appropriate as it involved staff ancepadiat
an outpatient hospital and therefore most closgyasented the interaction and dependency of réside
staff. The second data set was determined to bpstsent the data as it dealt with people with ighls
handicaps and/or movement aids, which was sedwriretirement home. The first data set proved gaan
of pre-evacuation time for staff (Mean: 50.8 sesprRlange: 30-66 seconds) and outpatients (Meah: 44.
seconds, Range: 16-91 seconds) in an outpatiepithlod he second data set comprised a range &igal
speeds for people with various mobility aids. Theexls for people moving with a walking frame was
chosen to be most representative (Mean: 0.57 natsg® 0.10-1.02 m/s) as 60% of residents observed i
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the drill used a walking frame. As each data sevided a range of times/speeds, as well as a mean
time/speed, the three cases were created as folloevg/orst case used the longest staff and oetigtie-
evacuation times from the first data set, and kbwest walking speed from the second data set.oflner
two tests were created in the same manner onlg tisshmean values, and lastly, the shortest precegian
times and fastest walking speeds. As the evacuattoation observed during the drill was very much
dependant on the staff walking with the residethisse three trials were scripted to represent whbatd
happen if you had two staff members evacuatingfate residents, moving down the hall away from th
fire room. Therefore, the pre-evacuation time fa fire room included the staff pre-evacuation tiane
the resident pre-evacuation time; for the all sgbsat rooms, the pre-evacuation time included ithe t
required to evacuate all rooms preceding the raoiuiestion in addition to the time required fortaffs
member to walk back from the fire doors to the rodire walking speed chosen for the staff when wmglki
without a resident was kept constant during eacthefthree trials and was set to 1.35 m/s, theuttefa
walking speed in MassMotion (representative ofaherage walking speed of the general populous)eOnc
the three trials in the second set were run, thengwwompared to the first trial set representiegaibserved
drill. The comparison was made showing the timesluén each resident evacuated the fire zone and can
be seen in Figure 3 above. It was found the tintserwed in in the drill fell predominantly betwethe
best case and mean case scenarios. There weresadeptions, the most notable being the room irckvhi
the resident was initially missed (see Section. 3 hg evacuation of the fire room was also outsidiis
range, however to a lesser degree. The technifialtties which delayed locating the fire room rhbikely
contributed to this. It should be noted that thgaadifference in times between the worst casessteand
the mean and average case scenarios is in patt the set-up of the trials. Because the trialseveeripted

to represent a sequential evacuation and the @edation time of each room was dependant on how lon
it took to evacuate the previous rooms, the muoWwest walking speed, 0.10 m/s second played a taige

in the overall evacuation times.

The third set of trials set out to show wicatild and could not be modelled given the current
information known and MassMotion’s software’s capaes. The study serves as a preliminary analiesis
identify the extent to which the software is capatl representing key aspects of the evacuatiocegso
with little configuration utilising prior informatin from the drills. Using the same sets of pristalg data
from the 2015 SFPE Handbook that was used in thenseset of trials, a scenario was created which
incorporated a range of pre-evacuation and movetiraas for each agent, allowing for variability kiit
the outcome. As the previous set of trials had shthat the actual drill fell predominantly betwetie
mean and best case times, these were the setsaalisal to create these ranges. The upper bouheé of
range for each room was determined assuming thabahs prior to the one in question had taken the
average time to evacuate (using the mean pre-ettacuene and mean walking speed). The lower bound
was determined assuming that all previously evacuatoms took the least amount of time to evacuate
(shortest pre-evacuation time, fastest walking d@pe&s in the second set of trials, the staff wadkspeed
when not accompanied by a resident was set ta3%eni/s and this was used to determine the timenesju
to walk from the fire doors to each room and wawiporated in the pre-evacuation time. This metbfod
using a range of possible times was required tweibr the variability that would need to be accimahfor
when trying to use egress modelling software toehathat might happen in such a scenario. Withast th
the model would be scripted much like the two eatlial sets. However, this method does createassio
where the range of pre-evacuation times and wakkagds for each resident increases as you makerfar
away from the fire room due to the growing diffezerbetween the upper and lower bounds. In order to
have a more accurate depiction of a scenario ssidhig, the software needs to be able to account fo
situations where the behaviour and movement ofgeat is dependent upon the behaviour and movement
of another. This third test scenario was run teres so as to have a variety of evacuation timesdoh
room. The average evacuation time for each resmastcalculated from the trials and compared to the
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times from the first trial. This can be seen belowable 2. It is apparent from this comparisort thare

is a degree of variability between what the modetljcted and what was observed during the drithi@irly

to the second trial set, the comparison also shbassthe behavioural anomalies which were observed
during the drill (technical difficulties, not evaating a resident during the first room sweep), piay a
large role in the outcome of the duration of anceredion. It is also important to note that the catiiplity

of the data that the actual drill was being comgdinealso affect the validity of the model’s output

Table 2: Trial Three Data Comparison

Average Actual Drill

Evacuation Evacuation Time

Time Time Difference

Room {minutes) {minutes) {minutes)
1a 2:09 4:45 2:36
1b 2:16 4:52 2:36
2 4:25 3:17 1:08
3 6:19 11:19 500
4 8:03 5:37 2:26
=] 956 642 3:14
8 11:28 7:18 4:10
9 13:25 5:37 7:52
10 14:09 3:27 5:42
14 15:43 9:05 6:38

4. Conclusions and Further Work

Having observed four LTC home fire drills and nowe@t a retirement home, a number of comparisons
can be drawn. As noted in the LTC home drills wreetarge number of staff participated, there seetmed
be a general sense of confusion about what tondooritrast, while only three staff members partitgg
in the retirement home drill, the process of thacesation ran more smoothly, with the staff seenting
know how to respond. This brings in to questiontibkef that more staff members are better an@saise
thought of finding an optimum number of staff resgers; one which ensures there are enough staff to
evacuate residents in a safe period of time, Isatraalizes that too many staff can be the causerdiision
if not appropriately trained/organised. A seconthpto be made is the importance of checking regide
rooms thoroughly. It had been previously observed time spent by staff going into and ensuring tha
rooms were vacant did not seem long enough to erthat residents would not be missed if hidingsThi
too was observed in the latest drill and its im@oce became all the more apparent as a residemndesesd
missed during the first sweep of the rooms. La#tlig, retirement home drill was specifically chossrthe
research team as, given the provincial requirementse resident participation than seen in previbils
would be almost guaranteed. This was importartt@gtevious drills had provided little data on dotual
resident behaviour and movement, and instead gave imsight into the staff behaviour. However, diesp
having 10 residents participate, most of the infation was collected about the staff yet again as th
residents did not evacuated until prompted andegligy the staff. While this data is very useful tioe
purpose of understanding what happens during azuatian in a LTC or retirement home, it's applidiypi
for use of understanding the behaviours and moveaieging populations in a more general senselig v
limited. This is due not only to the fact that tlesident behaviour and movement was dependantéin st
but also because the residents observed had somefadementia.

From the modelling trials executed in this projéctan be seen that further work is required twoth
the modelling and available data side of things.sAewn by the preliminary tests in the last tried, s
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modelling an evacuation in a LTC or retirement haserery challenging at the moment, and if it is
attempted, a large amount of variability and uraiety will exist. This is due to the fact that theftware
cannot currently create a model where the pre-atamutimes and movement times of an agent/s are
directly dependant on that of other agents. Thiee tgf scenario, where the actions of some directly
determine the actions of others is a concept ngtrefevant LTC and retirement homes, it is alspamtant

in places such as schools, museums, hospitalaurasts, etc. While the software cannot currentbgleh
these types of interactions, steps are being tiekerove in this direction.

Heading forward, the research team is in the psoéfinding ways to collect more data about aging
populations when not directly influenced or deperndgon staff, looking at both emergency and non-
emergency situations. Further information aboutdesg behaviour in LTC and retirement homes is
continuing to be collected to further inform designso that when modelling software reaches thet poi
where it can more accurately model such environsaéiméy can make informed decisions about whatimigh
happen outside of what can be modelled.
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