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EXECUTIVE SUMMARY

In the past decade, there has been agreet dedl of interest in North Americain providing
equa accessibility to buildingsto al people. For example, alarge number of resdentid, office,
ingtitutiona and mercantile buildings are now accessible, or being retrofitted for accessibility, to
people with different degrees of disability. While bility is being promoted, the question of
"equa egressihility” is now becoming a subject of concern. Egressibility means that, in case of
an emergency, the occupants have the ability to leave a building or to reach an area of sdfety. It
does not mean that every occupant should egress in the same manner or through the same route;
rather, it intends to provide an equd levd of life safety for everyone.

At the Nationa Fire Laboratory of the Indtitute for Research in Construction, numerous
requests have been received regarding how to plan fire safety procedures for a building when
some of the occupants have disabilities. This paper reviews the different strategies presented in
the literature and discusses various approaches being considered in Canada. One of the
suggested optionsis the use of refuge areasin abuilding. This option implies that occupants
with disabilities do not have to evacuate during afire; rather they move to an area of refuge
where they can be rescued later. Another option being consdered isthe provison of "safe
elevators' in highrise buildings. Mogt of the technica problems required to ensure that such
elevators can be operated safely in afire emergency have been addressed, however, there are
gill some outstanding human factorsissues. A third option isto develop specific evacuation
procedures for people with disabilities. The "buddy” system, for example, identifiesone or a
few persons who have the respongbility of looking after or reporting the presence of a person
with limitationsin case of an emergency. Another system isto have an avallable lig, for the
responding firefighters, of the people who may have problems evacuating. These specid
evacuation drategies assume that the people with disabilities will be carried out by hand or by
using specid devices.

In ng the effectiveness of these various life safety strategies for occupants with
disghilities, the generd opinion isthat thereis no single life safety option that will solve dl the
problems. Mogt likely, a combination of different options will be used to ensure an acceptable
leve of life safety for al occupantsin abuilding. The physica layout of a building, the type of
occupancy and the characteristics of the occupants are important parameters that should be
considered when determining how to provide life safety. There are aso culturd factors that
should be taken into account, since a solution suitable for one group may not be suitable for
another from adifferent cultura background.
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1.0 INTRODUCTION

Theissue of "equd accesshility” to buildings for occupants with physica disabilities has
been resolved over the years[1], with, for example, the introduction of elevators and access
ramps to most buildings. The access of perceptually-impaired people was dso facilitated by
changes such as the use of raised or Braille characters for the blind on evators buttons, and the
introduction of smple signs and pictograms for the hearing-impaired. Too often, however, the
problem of "equa egressibility” has not yet been taken into account. In Canada, in 1991,
15.5% of the population had alimitation of some type, and of those, 93.7% lived in private
households [2]. Thus, disabled people represent a sgnificant percentage of occupants in multi-
leve buildings and dl of them have the right to live in an environment with an acceptable level of
life sofety.

The concept of "equa egressibility” does not imply that the means of egresswill be the
same for everyone, but thet there should be an equd leve of life safety for everyone.
Furthermore, not al disabled people are the same, and there should not be an attempt to
necessarily solve everyone's problem with one ided solution [3]. Four main types of disabilities
have been identified and will be discussed: mobility impairments, visud impairments, auditory
imparments and mental impairments. Each of these limitations leads to specific problems
related to egressibility. In looking for solutions, it isimportant to keep in mind that a solution
that is acceptable for one group may impede others. Idedlly, the chosen solution should benefit
more than one group or aleast not impede the safety of any other.

Standards have been st in the UK in British Standard 5588, Part 8 [4, 5] and in the
USA following the Americans with Disabilities Act [6, 7, 8]. In Canada, the Nationa Building
Code and National Fire Code of Canada [9, 10, 11] present the minima fire safety
requirements. All of these documents provide generd guidance for designers, builders and fire
safety engineers.

A number of optionsfor the safe evacuation of disabled people have been detailed in
the literature [12]. Solutions such as areas of refuge, safe devators, buddy systems and
stroboscopic darms are among those that exist. Thisarticle will review the wide literature on
the subject and identify methods that gppear to be the most feasible to implement and also be
acceptable to al occupants in Canadian buildings.

The evacuation of hospita patientsis well documented [13, 14, 15, 16] and includes
many good ideas for lift and carry techniques, however, there are mgor differences between the
evacuation of hospita patients and that of autonomous, disabled occupants. All hospitals can
rely on highly trained staff, whereas office or gpartment building occupants mugt rely on their



families, neighbours or colleagues until the arriva of rescue personnd. Another differenceisin
the type of occupants; hospitals house patients that are, in most cases, highly dependent on the
care personnd for any movement. In generd, multi-level building occupants, disabled or not,
are independent and sdlf-sufficient when it comes to taking care of themsalves and, under
normal circumstances, most can easily enter and leave the building. Because of these
differences, it should not be assumed that a solution that has been proven effective in a hospita
will bejust as vauable in other occupancies.

There are two approaches in designing a safe environment for disabled people. Inthe
context of egressibility, the 'micro’ gpproach to design conssts of finding solutions specificaly
for disabled occupants, and these solutions will likely be different from evacuation procedures
for non-disabled occupants. On the other hand, the 'macro’ approach focuses on finding
evacuation procedures that can be used by all occupants dike. Many experts believe that, in a
fire Stuation, al occupants are impaired to some degree, for example, either by the presence of
amoke, or thelack of familiarity with the building. Furthermore, dmost everyone, at some point
in life, is subject to mild or temporary disabilities, such as asthma, injuries or pregnancies that
can affect their evacuation potentid. Researchers suggest that ided solutions would facilitate the
evacuation of every occupant, and not only of those traditionally designated as disabled [17, 18,
19].

2.0 FIRE SAFETY PLANNING

A darting point in planning fire safety procedures for a specific building isto determine
what the building dready providesin terms of fire safety, as well as the needs and capabilities of
the building users[20]. Such information will help identify the areas needing improvement and
the problems to be resolved.

Thefire ssfety planning initidly involves the definition of adrategy. The Strategy should
reflect the management's evacuation philosophy, taking into account fire safety requirements
imposed by regulations and by occupants needs as well as the building's possbilities and the
feashility of various options. Once the Strategy is determined, a procedure can be defined. The
procedure will describe the role and respongbilities of staff and occupants. 1t should include the
precise sequence of actionsto be taken in the case of an emergency. Finaly, aplanisdevised
basad on the procedure and consists of clear and concise ingtructions intended for the
occupants of the building. Copies of the plan are usudly displayed in or near elevators, but can
aso be provided in employees manuas or distributed when a person signs alease for an

apartment.

Defining the drategy will involve a decision between two options. protect-in-place or
everybody-out [21]. The protect-in-place option implies that some or al occupants will stay
in the building during afire and will, therefore, need afire and smoke-safe compartment where
they can wait until firefighters control the Stuation or rescue them. Such compartments are



referred to as areas of refuge, and include enclosed rooms and balconies. The everybody-out
option refers to immediate evacuation of the full building or of the floors where the occupants
could be affected by the fire. In this case, those with mohility impairments can ether evacuate
using safe elevators or be carried down the gairs.

For many highrise buildings, the everybody-out option, which implies tota evacuation,
may not be the best srategy. Evacuating dl occupants of a highrise building could require
consderable time, and could delay the evacuation of those who arein red danger. Sequentia
evacuation, where floors are evacuated by priority, starting with the affected floor and those
directly above and below, is often the best solution. In many cases, occupants on floors remote
from the fire floor may not need to evacuate at al. Occupants on the selected floors to be
evacuated can move down to ground level or can go to asafe floor below. This strategy implies
that occupants with disabilities may have to be moved up or down anumber of floors.
Implementing a sequentia evacuation procedure requires training and a good communication
system. The protect-in-place option means that occupants will stay where they are or move
horizontaly to an area of refuge during afire. It impliesfire safety features including a smoke
control system, fire and smoke resstant walls, celling and doors, and possibilities for occupants
to communicate with people outside if they need help.

Decisions on the chosen gtrategy should be made based on the design of the building,
the fire safety features, the modification possibilities and the cogisinvolved. For dl buildings, the
grategy will have to be explained to occupants using the plan and should be assessed through
drills. In most highrise buildings, a communication system to inform occupants of the Stuation
and provide ingructions would be an ast.

Once a drategy has been sdected, it should be incorporated in the building evacuation
procedure. From that procedure, a plan can be defined and may vary between occupants
depending on occupants characteristics and needs. The plan should be discussed with the
people concerned especialy when different procedures are planned for specific groups. Some
indructions may gpply to dl the occupants, including the mildly, temporarily or permanently
disabled, following the macro approach.

Whatever the Situation and procedures being considered, disabled occupants who will
follow the plan must be comfortable with it. A procedure is only useful insofar as people are
willing and ready to useit. Getting disabled occupants opinionsin the early stages of the
planning might facilitate the process and ensure that the procedures are accepted by the
disabled occupants. It isessentid that the details of the procedure be discussed with the local
fire department to obtain their comments and suggestions, and to assess how their rescue
procedure relates to the evacuation procedure devel oped.

It cannot be over-emphasized that the success of an evacuation procedure depends on
the occupants familiarity with it. In too many cases, the emergency provisonsinvolve taking
routes that are not commonly used, such as specid emergency exit doors. Too often, if



occupants have never usad these exits, they will not think of using them during an emergency.
Occupants may aso not be willing to try a new route during an emergency, fearing it will not
lead them to safety. Drills are vauable opportunities for occupants to become familiar with
evacuation routes. Idedlly, emergency procedures should make use of routes commonly used
by occupants.

For many building users, especidly in non-residentia buildings, planning for an
emergency is not ahigh priority [22]. Many occupants are not willing to spend endlesstime
familiarizing themsdlves with complicated procedures. Keeping the procedures clear and smple
is the best way to ensure that occupants will know how to react during an emergency. Training
is an important factor in improving occupants knowledge of fire safety procedures and three
stages of training can be planned. During the firgt stage, talk-throughs will describe the
procedure to the occupants who can ask for explanations and discuss their specific needs and
concerns. The second stage is to proceed with announced drills which put into practice the
information received during the talk-through. Findly surprise drills as athird stage should be
used to assess the procedure and to improve the occupants training. This three-step training
procedure should be carried out every year. Drills are essential because they are the best way
to assess the procedure and they offer an opportunity for actively training occupants [23].

Many managers are reluctant to carry out unannounced evacuation drills because they
fear occupants will panic. The concern about people panicking during adrill isjust as unjustified
as the fear of people panicking during afire[22]. Panic has never been shown to have an
important influence on the behaviour of occupants during afire. Infact, panic rardly occurs,
even during avery serious blaze [24, 25]. The primary concern should be to motivate all
occupants to participate in the fire safety education and training being provided. Training should
not be seen as a burden or awaste of time, but should be seen as essential for a person's own
safety and that of others. Drills, announced or unannounced, should never last much more than
10 min, which would be the time available in most buildings for occupants to reach safety during
an actud fire.

3.0 BUILDING CHARACTERISTICS

The building characteristicsinclude al components that are related to afire safety
procedure. Design and architectura properties of the building, such as the size and location of
gtaircases and exits, will affect occupants evacuation possibilities. Those factors should be
taken into account when developing the fire safety strategy and procedure. Certain features can
be implemented in a building specificaly for emergency situations. These include aress of
refuges, safe eevators and sprinkler systems. Some other features can be used at al time such
as communication systems and wayfinding sgnage. All of these festures can, in most cases,
improve fire safety not only for disabled occupants, but for al building users,



3.1 Areasof refuge

Areas of refuge, aso known as safe areas, staging areas, areas of rescue assistance or
aress of evacuation assistance, consst of an accessible space, separated from the rest of the
building by fire-ressting materias and fire doors that limit the passage of fire and snoke. They
arerequired by the Americans with Disabilities Act (ADA) in buildings where there are no
sprinklers and no ble exits[6]. The area of refuge should offer the same protection and
fire-rating as an exit daircase. Some buildings use staircase landings as their areas of refuge. In
these cases, the landing area must be large enough so that the staircase is not obstructed by
disabled occupants waiting there, including whedlchair users. Some researchers believe that an
area of refuge should be directly connected to an escape route, such as a Saircase or elevator.
Such areas are cdled areas of rescue assstance [26]. In Stuations where firefighters plan to use
elevators to evacuate occupants, the elevator lobby can be designed to serve as an area of
refuge, protecting occupants while they wait to use the devators if leaving the floor is necessary
[27]. If an areadoes not open directly onto a Stairway or eevator, it should at least be Situated
close to one so that people seeking refuge are easily accessible for rescuers, should the need
arise to evacuate them [27].

Other locations for areas of refuge include same-level connections between two
buildings [3], where two separate buildings are linked by a passageway, through which
occupants can move to the next building and use its eevators to egress. Another option isthe
horizontal separation of floors, where floors are divided into two or more sections, with fire and
smoke resistant doors between each compartment [27]. In the event of afirein one of the
zones, occupants move to the other zone and wait there until the fire is extinguished or until they
arerescued. Power-operated fire doors with a specified fire endurance could be used to
protect areas of refuge. Door holders and closers can be wired into the darm, which would
result in the closing of dl such doors when the darm is activated [28]. The evacuation flow
would be disrupted in the whole building if dl fire doorswere to close a once. Alternatively,
each door can be equipped with an integral smoke detector or be connected to zones which
would close only the doors Situated close to the fire. Since someone in awhedlchair may have
difficulty opening and closing fire doors, an autometic mechanism would be of substantia help.

In gpartment buildings, balconies are often defined as areas of refuge. The balcony asa
refuge areamay not be appropriate during Canadian winters since the door to the bacony could
be blocked by snow or ice and since people could be forced to wait outside for along timein
very cold temperatures. In many gpartments, occupants must move up or down one step to get
from their gpartment to the ba cony, such a step would be difficult to negotiate for whedchair
users[18].

The safety of areas of refuge depends on the details of the design, the type of fire
exposure, the outside wind, the temperature conditions and the capability and reliability of the
smoke control system. Without pressurization, aress of refuge can become dangerous [27, 29].
There is dso some concern about areas of refuge without a second means of escape, asthe



areamust alow escape and rescue [27]. Another fear isthat some people may be unable to
reach the area before the pathways becomes lethal [18, 27, 29]. From an owner's point of
view, areas of refuge should not represent non-leasable space. Owners can therefore use
existing areas, such as elevator |obbies needed in everyday operations but modified to serve this

purpose in an emergency.

The acceptance of areas of refuge by occupants, as a safe place to wait during an
emergency, is aso dependant on design details. telephone, window, chairs, distance to exit, €tc.
A crucia aspect of the success of the area of refuge concept is the occupants willingness to
accept and use these areas during afire[27]. The organizationa and human behaviour aspects
of the use of areas of refuge are more complex than those of the traditiond tota evacuation
[27]. Two-way communication should be provided in each area of refuge to allow occupants
to Sgna their presence to rescue officers and to obtain information on the situation [30]. Chairs
should be ingaled since many of the people using the refuge area may not be in awhedchair.
Such occupants may be suffering from heart problems or rheumatism and may not be able to
stand-up for prolonged periods of time [31]. Windows looking either to the outside or ingde of
the building could prove to be a source of reassurance for occupants having to stay in refuge
areas for a prolonged period of time [31]. Areas of refuge must be clearly indicated as such,
and suitable signs should beingaled [32]. Thereisyet no convention on a standard sign to
indicate an area of refuge. A standardized sign would increase the familiarity and the
acceptance of the concept.

Some firefighters are reluctant to rely on aress of refuge and till prefer the total
evacuation of the building [32]. Co-ordination of the evacuation procedure with the fire
department and other rescuersis essentia, asthe people in the area of refuge may need to be
evacuated [27]. Depending on their size and location, the areas of refuge can be used either
only for disabled occupants, or for al occupants. For example a staircase landing cannot hold
more than afew occupants, while a horizontal separation may alow al occupantsto remainin
the building to wait for further ingtructions,

3.2 Safe Elevators

The term 'safe eevator' refers to an devator that can be safely used by occupants
during afire. A number of technica aspects should be considered before devators are used
during afire, even though it has been stated that there is no clear evidence showing that existing
elevators are systematicdly unsafe in fires [20]. The technology to ensure that €levators are safe
touseinafireisavalable, but it still must be accepted by the codes before building owners are
willing to ingal them in their facilities[33]. Safe devators should be protected from fire, heet,
smoke, water damage and power loss[34]. Fire-resstant doors are needed, pressurization
againg piston and stake effect throughout the shaft is essentid to control the smoke [3], dua
power systems must be ingtdled for reliability [3] and components that can function in awet
environment are also needed. Some options such as floor drains and doped floors have been
consdered in an attempt to limit the water from entering the shaft, however, these have



important architecturd limitations and must be studied further [34]. Findly, each floor should
have an enclosed eevator lobby, smilar to an area of refuge, where occupants can wait for the
elevator [5, 34].

The organizationa aspects of using safe eevators can be quite complex. First it must be
determined if the use of the eevators during afire will be restricted to disabled occupants only.
If &l able-bodied occupants use the sairs to evacuate, while only the occupants with mobility
impairments use the eevators, the evacuation of those who cannot use the stairs will not be
delayed [35]. If the elevators are to be used for the evacuation of a much greater number of
people, the limited capacity of the devatorswill require a careful management of people, and
some prioritizing will be essentid, such as evacuating only specific floors unless the Stuation is
threatening to al [35].

In many buildings, sefe eevaorsfor firefighters are available, but currently their useis
limited to the rescue team during afire. Fire safety procedures can be changed to
accommodate disabled occupants, but it might be problematic if firefighters need the elevators
to ded with fire suppression, while occupants are waiting to evacuate using the same elevators
[18]. If the elevator lobby can serve as an area of refuge, the disabled occupants can safely
wait until the elevator isfree, or until the firefighters choose the best time to evacuate them [26].
The evacuation procedures should indicate clearly which of the occupants, the firefighters or a
third party, has priority and the respongbility for operating the elevators. Regardless of who is
in charge of managing and directing the eevators, disabled occupants should be able to contact
aperson in charge, or directly contact the eevator operator to identify themselves and
communicate their status and location [35].

Findly the sgnsingdled should dways provide clear and correct information about
elevator use during afire. For example, if safe eevators are provided, old sgnsindicating that
occupants should not use devators during fires should be replaced by signsindicating that these
elevators can be safely used during an emergency and how and by whom they can be used.
The use of devators during afire emergency will necesstate a complete re-education of
occupants. Through the years, people have learned that in case of fire, they should not use the
elevators. Reversing these indructions implies that people must be re-educated and must
understand where and when evators can be safdly used in fires.

3.3 Sprinkler Systems

It has been said that "the operation of a properly designed sprinkler system eliminates
the life threat to al occupants' [27]. This might be true theoreticdly, but sprinklers are not a
perfect solution, for instance, they may not be triggered during a smouldering or ashielded fire.
Furthermore, sprinkler systems need regular care and maintenance and can be negated by
human error [26]. Aswdll, even asprinklered fire can generate Significant quantities of smoke
that could endanger the life of occupants.



All occupants should therefore be provided with some means to be separated from the
area of thefire, even in abuilding equipped with sprinklers. Setting up aress of refuge could
prove to be an excdlent complementary solution.

Properly desgned and maintained, sprinklers will, in most cases, limit the fire to the
compartment of origin, which could reduce the need for complete evacuation. The need to
move some occupants to another area, however, may gtill be present. Thus, even if sprinklers
are 95% reliable at limiting the fire to the area of origin, as reported in the literature, a backup
plan for disabled occupantsis apriority [3].

3.4 Communications

The evacuation plan provided to occupants should specify the type of darm that is used
during fire emergency, whether it will be a dow-whoop, a continuous bell, or the new Tempora
3. Until dl buildings upgrade their darm sounders to the Tempord 3 standard, it is essentid to
specify in the emergency plan which fire darm sound is used in the building, to help occupants
recognize the firedarm. If information will come through aP.A. system, it should dso be
mentioned in the plan.

It has been said that, during an emergency, what occupants need mogt is useful
information [35]. For example, the location of the fire could influence the choice of egress
route, and a P.A. system could be an effective way of keegping occupants informed about the
unfolding Stuation [35]. It isimportant to provide occupants with information on the fact that
thereisafire, where thefire islocated, and what is the best course of action.

Aswell, communication among occupants or between the occupants and the rescue
team during an evacuation should not be overlooked. Occupants with disabilities have distinct
needs in terms of communication, which vary from one person to the other, depending on the
nature of their limitations and on the fire safety procedure intended for them. Communication
needs should be determined on a case by case basis.

Throughout an evacuation, the darm can serioudy inhibit communication if the sound
level isvery high [36]. It issuggested that darm sounders be ingdled in living and working
aress rather than in circulation areas such as corridors or staircases, where the sound of the
adarm may prevent essentid communication between occupants during an emergency. Itisaso
important to interrupt the aarm while messages are given through the P.A. system to ensure
their audibility [9]. When firefighters arrive at a building, they sometimes turn off the darm, even
if the Stuation is not entirely under control. This procedure can lead occupants to believe that
the emergency is over and they may decide to return to their initid location. To maintain the
dert mode while alowing communication between people, it would be useful if the firefighters
could switch the darm to apulsing tone. This continuing signa would keep occupants aware
that the situation is ftill under investigation and that they should remain in a safe location.
Disabled occupants unfamiliar with evacuation procedures are very likely to need more



information than most occupants, and the loud noise of the darm may increase their anxiety over
along period of time, while preventing them from communicating with each other.

40 COMPLEMENTARY PROCEDURES

Three systems can be implemented to complement afire safety procedure. Thefirgt
one, the fire warden system, can benefit al occupants. The other two, the list of occupantsin
need of assistance and the buddy system can be especially useful for disabled occupants. None
of these systems condtitutes an fire safety procedure in itsdf. Means of reaching safety must be
determined independently, however the implementation of these sysemsisakey dement in
improving the efficiency of various evacuation procedures.

4.1 FireWardens

Many office buildings have a system of fire wardens. Generdly, one employee, working
in each section of the building on every floor, is desgnated as afire warden. Fire wardens
usualy receive some training and should be well aware of the evacuation procedure. They are
also expected to inform occupants of the evacuation procedure and to make sure that everyone
reaches an area of safety during an emergency. Thiskind of system seemsto work well
because it ensures that one person will take aleadership role during an emergency, informing the
others and directing them to safety. It may create problemsif the person chosen asthefire
warden is not a person with a position of authority in everyday operations since during an
emergency, others might not be willing to listen to the ingtructions provided by awarden who is
usudly in a subordinate position. Also, the warden should not be a person who frequently has
to work outside the premises, because that person may well be absent during an emergency.
Alternate wardens have to be identified to replace fire wardens who may be away for holidays,
Sck leaves or other reasons.

It is more complicated to implement afire warden system in apartment buildings. Inan
gpartment building, it is not reasonable to expect aresident to ensure that everyone has
evacuated a section of the building; this person would need to have accessto al the private
gpartments under his or her responsibility to make sure that al occupantsleave. Identifying the
gppropriate person for the role could aso be difficult. The person must be willing to take on the
duty, should be physicdly able to help or to find help, and should not be someone who is often
away from the building. It isfdt, however, that the role of fire warden could be modified to
accommodate the needs of gpartment buildings. The responsibilities could be limited to
providing fire safety information to other occupants, to knock on al doorsin the event of afire,
to be aware of the occupants who may need ass stance and to report the location of occupants
in need of assstance to the firefighters or rescue officers. Since the fire warden cannot be
expected to be in his or her gpartment at al times, there is no assurance that the warden will be
there to help during afire. Identifying more than one fire warden could resolve that problem,
increasing the chances that at least one of them would be present during an emergency.
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4.2 List of Occupantsin Need of Assistance

Many highrise buildings have what is sometimes cdled a"fire list", which contains an up-
to-date account of disabled people, a description of their limitations and their respective
locationsin the building. The list system, if kept up-to-date, is useful in quickly identifying the
people needing assistance, and can be consulted by rescue officers when they arrive on the
scene. It should be stored where it can easily be accessed by arriving firefighters.

Thefire lig, unfortunately, is not dways a complete listing of al the occupants with
disabilities. Some occupants may refuse to be on the list or may not come forward and ask to
be liged. Some others may have a disability that they refuse to acknowledge or which they fed
does not impact their capacity to react during an emergency. Furthermore, visitors with
disabilitieswould not be on the ligt.

The main problem with fire lists is that often, they are not kept updated. If theligt is not
accurate, firefighters may waste va uable time attempting to rescue occupants that have moved
out of the building. For afirelist to be a useful tool, someone has to be given the responsbility
for updating every 3 to 6 months, making sure the latest verson is avallable to firefighters (for
example, by placing it in the fire darm control panel, which is one of thefirgt locations
firefighters will investigate on arrival.)

4.3 Buddy System

Many office buildings where disabled occupants are present have implemented the
buddy system. Each person with alimitation is paired with one or more people with no
limitations. It is suggested that a person with avighility or hearing impairment be assgned one
buddy, and that a person with amobility impairment be assigned two buddies[32]. Others
suggest that every person with alimitation be assgned two buddies in case one is absent during
afire[3]. Thissystem cannot be used if the person with alimitation does not want to be
identified as such or does not want to receive specid treatment.

The buddies should be selected carefully. The buddy and the person with a disability
have to be able to quickly make contact with each other in case of an emergency. If abuddy is
untrained or inappropriate (e.g., not strong enough if the person must be carried), the system
becomes ineffective. If the buddy appears untrained, it is unlikely that he or she will inspire the
confidence necessary to motivate the disabled person to evacuate. In most cases, the disabled
person should be able to determine if help is redlly needed and, if so, what form of help is
desired [18].

The buddy is expected to remain with the person throughout the evacuation. If moving
to another floor is necessary, some suggest that the buddy and the person with alimitation
should wait until others are gone and the stairwells are free to evacuate [32]. This should
depend on the type of evacuation technique used. For example, a deaf person can easily
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evacuate with the occupants flow, at the same speed as other occupants, while carrying a
person in awheelchair down the stairs could block the entire staircase and, therefore, should be
performed after most occupants have evacuated. Whatever the procedure agreed on, it should
be practised ahead of time so that both the buddy and the person with the disability are familiar
and comfortable with this procedure.

The buddy system could dso be implemented in gpartment buildings, but is not as
convenient when neighbours do not know each other very well. Some people with disabilities
could fed that having a stranger designated to help them and having to practice the procedure
goes againg their need for privacy. It should be reassuring, however, for the person with the
disability to have someone who knows how to help in case of an emergency. The buddy
systemn should not be seen as a burden by either party if the buddies are carefully paired off. A
person who is congtantly away from the apartment or office building would not be a good
choice of buddy. Assigning more than one buddy to each disabled person could prevent such
gtuations.

Assgning a buddy ensures that aleast one person iswilling to take the responghility of
helping the disabled person. If no oneis designated as a buddy, thereisarisk that al occupants
will assume that someone else is going to help the disabled person and, meanwhile, this person
could be left without help. The buddy system is epecialy useful for disabled occupants living
aone.

5.0 OCCUPANTS CHARACTERISTICS

The nature of each occupant's disability will determine the best evacuation procedure
for that person. Fire safety issues for occupants with mobility impairments, visua impairments,
auditory impairments and menta imparments are discussed.

5.1 Mobility-Impaired Occupants

Mohility impaired occupants include those with any type of limitation on movement, and
not necessarily just whedchair users. In fact, mohility-impaired occupants can be classfied in
different categories; the two most common are semi-ambulant or non-ambulant people, based
on whether they can walk to some degree, or not [19]. Because of these differences,
evacuation procedures should not necessarily be the same for al mobility-impaired occupants.

In the case of semi-ambulant occupants, research has shown that if they have some
capacity to wak by themsalves, they generally move faster without any direct help [37, 38].
The best way to help them isto ensure that they are free to move and are not caught in crowded
corridors or staircases. People prone to frequent spasms, however, are more likely to benefit
from help [38]. Non-ambulant people are those who cannot walk by themsdvesin any way,
and must use awhedlchair or be carried. They are the people for whom the question of egress



isof grestest concern. There are, however, options to provide them with satisfactory life safety
measures.

5.11 Liftsand Transfers

If the evacuation plan favours the everybody-out option and, assuming safe elevators
are not available, everyone will have to evacuate usng the gairs. One option for the non-
ambulant occupantsis to be carried down the stairs. Many reports have been published
explaining techniques to carry people down gtairs. One conclusion isvery clear: no onelift is
idedl for every Stuation [39]. Each type of lift has advantages and disadvantages that must be
carefully weighted when sdecting an appropriate lift. The non-ambulant person is often able to
indicate which method is best suited to him or her.

Each of these lifts requires that the carrier and non-ambulant person receive training to
be used efficiently [30]. Carrying a non-ambulant person requires movement that can be
strenuous and risky. Untrained people can easily injure themsalves or the non-ambulant person
in atempting to lift another person. Without appropriate planning and training of the potentia
cariers, it isunlikely that non-ambulant persons can participate in atota building evacuation
where only stairswill be used [38].

Further biomedical assessment is needed to determine appropriate lifts for different
Stuations. For example, previous studies have found that the traditiona "fireman's carry™ should
not be used as it compresses the chest of the person being carried. The choice of lift depends
on the characterigtics of the person being carried: weight, disability, flexibility, muscle strength.
It also depends on the characterigtics of the person(s) carrying him or her and on the building
design and areain which the lift is being performed: width of the saircase, number of floorsto
travel, etc.

If aperson is being carried down the stairs without his or her whedlchair, it is strongly
recommended that someone follow carrying the wheelchair. Non-ambulant occupants spend
mogt of thelr time in whedchars. They will fed much more comfortable and secure once they
have reeched safety if they can get back into their wheelchair as soon as possible. Without their
chairs, they lose their autonomy and are completely dependent on others to move around.

Rether than smply carrying a non-ambulant person to safety, there are techniquesto
carry the person while gtting in achair. Some techniques are used to carry someone seated in a
conventiona straight chair (e.g., kitchen chair, office chair), while other techniques are used to
carry someonein amanua whedlchair. In genera, motorized wheelchairs and scooters are
much too heavy and cannot be evacuated with the person. People can only be carried in
draight chairs and whedchairsif the width of the Saircase dlowsit [39]. Aswell, numerous
manuals and videos are available on carrying techniques [30, 38, 39, 40, 41, 42, 43].
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5.1.2 Evacuation Chairsand Other Devices

Some evacuation chairs have been designed specificaly to take people up or down
darsin an emergency. Different modeds have been tested and are available in some buildings
[42]. Typicd models have anumber of auxiliary whedsthat easly step over stair nosesto
provide a smooth ride during descent. Most are also equipped with brakes, bdlts, kick-stands
and footrests to ensure the security of therider.

During an evacuation drill in ahighrise building in Montred, firefighters used such a chair
to evacuate two mohility-impaired occupants. It was found that training improved the efficient
use of such aspecid chair. Even though the second person was evacuated down a staircase
that was narrower than the first, the time to evacuate was less during that second trid. The
speed of descent and the manoeuvrability of the chair increased significantly with practice.
Carrying the empty chair up the stairs was somewhat of a problem because it was heavy and
did not have a handle that would have made it easier to carry. The chair al'so had atendency to
open while being carried up the stairs which was inconvenient and dowed down the firefighters
ascent.

Due to the width of most staircases, it is unlikely that someone can be taken down the
dairs usng an evacuation chair, while able-bodied occupants are still evacuating through the
darcase. Mohility-impaired people will usualy have to wait until other occupants have
evacuated and the staircase isfree [44]. It isimportant that there is an appropriate waiting area
for mobility impaired occupants. Depending on the building design, the staircase landing may
serve as awaiting area.

The decision to purchase such chairs requires congderable thought. The disabled
occupants should be consulted to determine their willingness to be evacuated with an evacuation
char. Fre safety officers must decide how many chairs are needed and where the chairs should
be kept. Since anumber of different models are available, it will aso take sometimeto
consder the advantages and disadvantages of the different chairs. Findly, people who use
evacuation chairs to evacuate disabled occupants must be identified and properly trained.

5.2 Visually-lmpaired Occupants

Thereisawide range of visud impairments. Even for those faling in the category of the
“legdly blind”, many variations are observed. In fact, only afew of those considered legally
blind have absolutely no visua perception. Most visudly-impaired people have some visud
resdue even though their eyesght is limited in terms of acuity or visud field, such asin the case
of people with light vison or tunnd vison. Visudly-impaired people can suffer from avariety of
conditions such as macular degeneration, cataracts or glaucoma. Mogt visudly-impaired people
will be ble to participate in an evacuation with aminimum of help.
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Familiarity with the building is the paramount factor in the evacuation behaviour of
occupants with visua impairments. Occupants who are familiar with the building normaly have
few problems using their usua exit route, unless this exit isinaccessble or unssfe. In the case
where such occupants have to take an unfamiliar route to evacuate, or if they are not familiar
with the building, they need guidance to reach safety and avoid obstacles. Visudly-impaired
people can usudly travel in the stairs at speeds comparable to others, especialy when the steps
follow a consstent pattern. People accompanied by guide dogs should aso have no problem
evacuating the building by the gairs with the evacuation flow.

Many visudly-impaired persons rely heavily on the surrounding sounds to orient
themsalvesin abuilding. The darm sounding may very well prevent them from hearing most of
the ambient noise, consequently depriving them of one of their means of orientation [36, 38]. A
lower darm sound in the circulation area could help them use auditory cues to move around.
They aso rely on their other senses; for example, if smoke were present in the staircase, they
would not seeit, but would likely be able to smdll it and fed the heet on their face and hands.

The 1995 Nationa Building Code of Canada requires that raised characters be placed
in elevators and on staircase access doors on each floor to indicate the floor number [9]. The
Americans with Disabilities Act (ADA) requires that raised and Brailled characters be placed on
exit doors, these measures are useful but can only be used for occupants who know where the
doors are located [6].

5.3 Auditory-Impaired Occupants

People suffer from auditory impairments to varying degrees. Some people have specific
ranges of the sound spectrum which they cannot hear; for example, many older occupants
cannot hear high frequencies, which can impede their perception of fire darms[45]. To account
for this variety of impairments, evacuation procedures must be adapted to accommodate such
occupants. First, and most important, a plan to dert hearing-impaired occupants of afire must
be prepared, snce the fire darm providing an auditory signal may not be perceived by them.
Secondly, ingtructions during an emergency must be provided to them through means other than
aP.A. sysem.

Inther daily lives, people with hearing impairments use a number of visud sgnasto
compensate for their hearing problem. For example, flashing lights are coupled to auditory
sgndsto inform them of aphone or doorbell ringing. Such lights could aso be used to Sgnd a
firedarm. Research has been carried out on visud darms and on their success rate in waking
deeping occupants [46]. Visua darms studied included strobe flash and incandescent lights.
Researchers found that visud darms are as effective in waking hearing-impaired people as
audible darms are at waking hearing subjects. They have dso determined that strobe lights
were much more effective than incandescent bulbs.
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Medical specidists have warned that flash rates above 5 Hz are capable of triggering
saizure in people suffering from epilepsy and should not be ingadled in premises. Visud darms
flashing at frequencies between 1 Hz and 3 Hz should not cause this problem, but the close
proximity of many such aarms could result in frequencies above the 5 Hz threshold [6]. Such
issues must be consdered when ingdling visud firedarms. The question of the number and
location of the visud darms must aso be evduated in rdaion to ther ingtdlation and
maintenance costs. The presence of visua darms, when supplementing auditory aarms, can
aso benefit hearing occupants, especiadly in areas where the background noise leve is very high,
such as arcades or discotheques.

Telephone devices for the deaf (TDD) and teletypewriters (TTY) are now widdy used.
Such systems could be used to give information to the hearing impaired that would otherwise be
given over aP.A. sysem. Teephones with captions can provide essentia information.
Provison must be made to ensure that TDD's move with a hearing-impaired occupant, should
they move about in abuilding. To counteract this problem, some hearing-impaired workers at
Public Works and Government Services Canada are equipped with asmall vibrating pager,
which they carry when they move about in the building. The pager is combined with asmall
liquid-crystd display on which short messages can be read. These pagers and displays are used
for daily ingructions, emergency warnings can aso be sent viathismeans. A number of other
devices are available for the hearing impaired and may aso offer vauable solutions [38].

When providing fire safety information or training for the hearing-impaired, the method
of communication must be adapted. Many of those who have had a hearing impairment since
birth have weaker language skills than the average person [47]. Using Smple words and smple
sentence structures should make it easier to get the message across. Seldom used words such
as “Evacuate’, can be replaced by more common phrases such as "Get out” while il
conveying the correct message.

5.4 Mentally-Impaired Occupants

Only limited research has been done on evacuation procedures for mentaly-impaired
occupants. Most research on this subject presents specific case studies, where a person with a
menta disability has been trained to evacuate a building under various stimulus conditions using
reinforcement [48]. Long-term training and constant reminders appear to be the best gpproach
for thisgroup. Itislikely that most mentaly-impaired individuds found in highrise buildings will
ether be accompanied, or if they are by themsdves, will only be dightly impaired. Individuas
with serious menta impairments are generdly under supervison or care in specid care facilities.

According to the literature available on the subject, mentaly-impaired individuas can be
trained to respond to afire darm by evacuating the building. Many trids are needed, however,
to achieve appropriate behaviour. Training must be repeated periodicaly to ensure that the
procedures learned are not forgotten [48].
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6.0 CONCLUSIONS

Therisk of fire cannot be completdly removed from modern buildings. Many
aternatives, however, are available at reasonable cost to ensure an acceptable risk-to-life for dl
occupants, including occupants with disabilities. The first step should be to decide on a
philosophy: ether dl occupants exit the building, or safe areas are desgned so that some or dll
occupants can find refuge during an emergency. Once an approach is selected, a procedure
must be established, clearly defining evacuation actions to be performed by al occupants. The
life safety measures implemented in buildings involve dl occupants, whether disabled or not. At
one point, anyone may be affected by an impairment, or be caled upon to assst someone who
isdisabled, so it isimperative that everyone be aware of the procedures. To convey the
information to the occupants, the emergency plan should be posted in the building and
digtributed to occupants. Regular training and practice for al occupants is an essentia part of
any successtul fire safety procedure.
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