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ABSTRACT

The objective of this study is to find ways of improving the waking effectiveness of
fire dams manly in resdentid areas. The main god is to find out why fatdlities are
occurring when  occupants are deeping, by anadysing deep characteridtics, fire darm
characteristics, human arousd and reasons for not waking up or taking any action
during an emergency fire darm sgnd.

This report describes the deegp characteristics of humans and shows the difference in
deep patterns with age and gender. It then covers the fire darm characteristics and
how the sound can  affect awakenings from deep. It includes fire darm characteristics
and looks a how different frequencies, loudness and sound patterns affect human’
aousa during deep.

This report then looks at factors affecting awakenings such as people affected by
drugs, adcohol, deep deprivation and hearing impairment and how this affects the
deep patterns. Also it looks a solutions to lowering the awakening thresholds such
as motiva tiond traning.

The following section looks into human behaviour in fires such as how and why
people react in a fire emergency. Then it looks at satistics from various countries and
compares fire Itrends such as time of fataities and regions where fires occur. Finaly
the report closes with recommendations and conclusions, such as improving fire darm
dgnds and points about improving the waking effectiveness of fire darms.
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CHAPTER 1. INTRODUCTION

1.1 Statement of Problem

The problem is that too many fatdities in fires are occurring while occupants are
desping. Statistics have shown that the pesk hours of home fire fataities occurred
between 1 an - 4 am. This is the time range when most people are in ther deepest

dage of deep.

1.2 Scope
This report deals with finding improvements with waking effectiveness of darms in
NewZedand . Therefore, it shows that many detectors (or fire darms) are not waking

occupants during  deep and this report intends to ‘find the answers to these questions.

1.3 Method

My report is based on an extensve literature research by reviewing the following:

o Seep paterns
o Alam characteristics

+ Arousa response and problems from the darms

+ Human behaviour

+ Review gaidics from New Zedand, Audrdia and USA
o Condder solutions

1.4 Background

Firgly | look at the deep characteristics which forms the basis of this report. Sleep
patterns can be changed by a wide number of factors such as individua differences,
age, gender, deep deprivation and so on.



The experimentd study of deep can be dated back to 1862 when a student named
Kohlshutter tested the auditory thresholds during deep for one subject by using a
sound pendulum. Similar experiments followed in the next 40 - 50 years. The mgor
bregkthrough was in the 1930's by a man named Klatman who found that the initia
rise of threshold occurred in the first hour of deep (deep deep) and then through out
the rest of the night, the rate of threshold decreased.

In 1937 the eectroencephalogram (EEG) was first used as a measure of deep
behaviour by Blake and Gerard. The EEG was able to look a peoples degp patterns,
deep cycles different stages of deep and confirmed dream behaviour. The following
years up to the present have resulted in extensve experimentation on threshold vaues
and response to certan stimuli and a wide range of factors during deep.

By researching information  about deep patterns | will be able to find a reason why
humans react during deep to fire cues. It has been shown by many experiments that
the occupants may deep through alarms because of many factors such as, background
noises are too high, attenuation of sound due to location of darm and congtruction
material, sound may be incorporated into dreams or the occupant may not hear or
recognise the adarm sound.

In the United States, 93 % of homes had at least one smoke detector (ie 13 of every
14 homes). It was shown that homes with detectors have a death rate of about 40 -
50 % less than the rate for homes without detectors. So people are dill dying in fires
even with smoke detectors, hopefully my investigations will show the reasons for this.



Tendble limit: can occur in a very short time within minutes of a fire igniting in a
home, therefc re the occupant needs to respond quickly to a fire darm by recognising
it as a fire cue and to regain composure and take gppropriate action ie. escaping.

The following graph shows a typica fire development curve, (Buchanan, 1994). As
can be seen the first stage shows fire growth occurring a a dow rate depending on
the combudible materids and the intervention from the growth stage to the burning

stage is know | as flashover where anything combustible in the fire area is burning.
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Actir e controt Extinguish by hand, Cantrot by Fire Service
sprinklers or Fire Service.
Smoke control
Pas: lve control Flammability, surface Fife remiftice, comainment, collapse
spread of flame

Fig 1.1: Fire devdopment curve

If a deeping person does not have a fire detection darm such as a smoke detector
indtalled they till decrease their chances of surviva rapidly. The response time for a
smnoke detector  can activate within 1 - 3 min from a fire igniting giving the occupant
plenty of time to escape.



CHAPTER 2. SLEEP CHARACTERISTICS

2.1 General

In this section the background of deep, deep characteristics and deep stages are
measured do the deep patterns are shown which vary with age and gender.
lllustrations of deep patterns are shown of the age groups with the highest fire fataity
rates ie, 20 - 29 year olds and under 9 year olds and dso the deep pattern of the age
group of 70 - 80 which has the lowest fire fatdity rate. Comparisons were made of
stage of degp to fire deaths occurring in the first four hours of deep.

Background materid not referenced in this chapter were: Webb (1969, 1975),
Okuma e d ( 1966), Ephron et d (1966), Dement et d (1957), Rechtschaffen et d
(1968) and Davis (1976).

2.2 Assessment of deep

To study deep, various physiologicd variables need to be measured to ad in the
investigation of deep patterns. The most common means is by continuous recording
of the eectricd activity of the brain by usng an electroencephadogram (BEG). To
supplement the EEG identification additiond information is required such as,
recordings of the electro - oculogram (EOG) to measure the potentia difference
between the front and back of the eye, to detect vertica and horizontad eye

movements (rapid eye movements, REM). The eectromyogran (EMG) is dso used
to measure the muscle areas in the chin or neck as these muscles relax indicating REM
deep. Other methods such as continuous visua observation, interviews and
questionnaires are occasondly employed

There are tree  behaviourd deeping dtates which include wakefulness (W), rapid eye
movement de ep (REM) and non rapid eye movement deep (NREM). NREM deep



physology is summarised as ‘a relaively inactive, yet actively regulated brain in a
movedble body,” whereas REM deep physology is summarised as ‘a highly activated
brain in a paraysed body.

The routine of deep and waking behaviour is known as the deep pattern. It has been
edablished from research by Loomis, Harvey and Hobart then later by Dement and
Kletman that the deep patterns are not uniform (steady State), but occur in various
sages. These stages are Stage (W) waking, (NREM) stages 1,2, 3,4 and (REM)
deep dage.

From EEG recordings the stages can be shown by the following characterigtics:

Stage W - is characterised by dpha activity and / or low voltage, mixed frequency
EEG of 8 - 12 Hz. Some subjects may show little or no apha activity in the waking
record. This stage may aso be accompanied by a high tonic EMG, where REM and
eye blinks may be present in the EOG recording. This is when the person is fully
awake.

Stage 1 Seep - a reldivdy low voltage, mixed frequency EEG with a prominence of
activity inthe 2 - 7 Hz range. A dominant mixture of low amplitude high frequency
waves, and fast frequencies where dpha waves will tend to drop out and appear only
intermittently. Stage 1 tends to range in duraion from 1 to 7 mins. This stage is
where the person is fdling adeegp and is in a trangtiond phase between waking and
deeping. People in this stage are easlly awakened by noise.

Stage 2 Sleep - is identified by the presence of deep spindles and | or K complexes. K
complexes are ddfined as a negaive sharp wave which is immediately followed by a
postive component. Sleep spindles have more sharply pointed waves than dpha



waves and of 12 - 14 Hz These waves tend to occur in intermittent and frequent
bursts over a low voltage background. This stage is the actual onset of deep, stage 2
is a very important  stage of deep since its duration takes up more than haf the total
time spent deeping. The person in this stage is sound aslegp and easily awakened.

Stage 3 Seep - this is a transent stage between stages 2 and 4 and is often combined
with stage 4. 1t is characterised by a least 20 % but less than 50 % of high amplitude
dow wave activity of 1 to 2 Hz, where deep spindles may or may not occur. An
intense noises  required to awaken the person.

Stage 4 Seep - includes 50 % or more of high amplitude, dow wave activity. This is
dso described  as the ‘deepest’ stageof deep where deep spindles may or may not
occur. Stages 3 and 4 are usudly described as dow wave deep or delta deep due to

the similarities of both stages. This dtage requires even more intense stimuli to waken
a person.

Sage REM - is defined as a relaively low voltage, mixed frequency EEG activity and
episodic REM. The EEG paitern resembles stage 1, except the vertex sharp waves
are not promi rent in dage REM. Seep spindles and K complexes are absent from
this stage. Tc help in measuring the REM dstage, the EOG was used to reflect the
presence of rapid eye movements where the EMG showed a sharp reduction in
anplitude a the onst of dage REM. REM has been characterised by intense
dreaming and rapid eye movements.

For norma adults about 50 % of total deep is spent in stage 2,20 % in stage 3 and 4,
25%in REM deep and 5 % in stage 1 and W deep



The following graph shows the electroencephadogram (EEG) recordings of human
deep dtages, (Home, 1988). Wakefulness shows dpha activity (subject relaxed) and
beta activity (dert). Theta activity can be seen in stage 1 deep. Stage 2 deep shows
soindles and a K complex.  Note the large dow waves (delta activity) of stage 4, dso
apparent to some extent in dage 3 degp. Stages 3 and 4 together are ‘Sow wave

degp’. REM deep dage is smilar to awake and stage 1 with both theta and beta
activity.
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Stage 1 sleep
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REM sleep

e e
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Figure 2.1: EEG of human sleep stages



2.3 Sleep patterns

The deep stages vary in depth, where the depth of deep becomes greater from stage 1
through to stae 4. The tendency for deep stage changes is to follow an ordina
sequence; dage 1 to stage 4 and stage 4 to stage 1, where stage 4 is regarded as the

despest stage of deep. REM typicely emerges from stage 2 and occurs mainly in the
second half of  deep.

An andogy from Webb (1972), imagine four rooms, one behind the other (Stages 1,
2, 3 and 4) with a front door to the first room (Stage 1) and no back door to the last
room (Stage 4); off the room labdled 2 is a porch. This room is labdled REM.

Slow Wave Slegp (SWS), occurs predominantly in the first haf of the deep period
and succesiv. SWS periods become progressively shorter throughout the night.
REM deep is found predominantly in the second hdf of the night and successve
REM periods becoming progressvely longer throughout the night.

The deep stages follow a fairly orderly cyclic pattern. REM occurs at regular
intervals, whee the EEG shows a regular and concomitant variation. These regular
sequences of variation are cdled cycles. The first cycle is defined from the onset of
deep to the end of the firs REM period. The second cycle is defined as the end of
the firs REM period to the end of the second REM period and so on. There are

usudly 5 to 6 cycles occurring throughout the deep period, where each cycle has a
duration of about 90 - 120 minutes.

After the onsd of deep, EEG recordings show that progress from stage W to stage 4
is quite a rgpid progression and stays around stage 4 for about 30 minutes. Then an
abrupt change takes place when stage 4 progresses back to stage 1 then into REM.

After the firt REM period ends the change from stage 1 to stage 3 or 4 takes place



10

and perssts for a time before going back abruptly to REM period. This cycle
continues throughout the night.

The following graphs show the deep patterns of three age groups, 20 - 29, (Home,
1988) under 9 and 70 - 80 year olds, (Monk, 1991). Mog fire fadlities occur in the
first haf of the night, (Chapter 7, figure 7.2). It was aso shown tha the age groups
of the highest fataity rates were 20 - 29 and under 9 year olds, (Chapter 7, figure
7.4).

The 20 - 29 year old graph shows tha there is a high amount of deep deep in the first
haf of the night, which requires an intense noise to awaken from this stage. The
under 9 year olds show that they have more deep deep overdl and basicaly they
should not be Ieft borne done. | included the graph showing the age group of 70 - 80
year olds, who had the lowest figure of fatdlities in a fire. It shows that there is a

disupted deep patern, with continuous awakenings throughout the night, including a
very low amount of stage 3 and 4 deep.

Sleep Patterns

| WJ\U_HL

0 1 2 3 4 5 6 7 8

Sleep Stages
N

Hours of Sleep

Fig 22: Sleep pattern of 20 - 29 year old age group
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2.4 Gender and Age

Among 3 to 5 year olds tota deep time was greater for boys than for girls, as was the
time spent in dtage 2 deep. Between the ages of 6 and 19, few sex differences in

deep profiles emerged. In the twenties, men experienced more nocturna awakenings
than did women and aso less stage 2 deep, and from the age of 40 onwards both total
deep time and the amount of REM were greater for women than for men.

Women aso awoke less frequently and obtained more SWS. It was found that after
the age of 30, fewer men than women were found to exhibit stage 4 and in the 70 year

and above age group, stage 4 was completely absent in men, while being present in
some  women.

The total deep time decreases with age especialy between the ages of 3 - 12 and 12 -
20, but more marked in men than women. For deep between the ages 6 - 16 years,
the deep duration declines from about 11 hours to 8 hours. Stage 1 - REM desp,
declines from about 30 percent to 25 percent by the age of 12.

It appears that there are two maor age changes, Stage REM deep increases from
birth to a stable figure a abut 10 years of age; Stage 4 begins showing a rapid decline
in the mid thirties which is dso accompanied by an increase in sage W and stage 1
deep. The amount of time spent in each deep stage consstently and dramaticaly
changes throughout life. Where SWS represents some 40 - 50 % of night deep in
infants this amount decreases to 15 - 20 % in adolescents, 10 - 15 % in the middle
aged, and 0 - 5 % in the dderly. The percentage of REM deep dso decreases with
age. The deep of women is, in generd, more resstant to age changes. One study

found the deep of 60 year old women essentidly 10 years younger than the deep of
men of the same age.
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The following graph shows the deep duration of a wide range of age groups,
(Colquhoun,  1972). It shows that NREM deep is highest between the age groups of
5 months to 9 years, and this duration decreases with increasing age. It aso shows

tha REM sleep decreases with increasing age.

20 1

= ga g |

Weeks smefpe=—= Months { ¥—e a r s

Fig 2.5 Duration of deep stages with age

The dgnificance of this graph is that young children should not be left home done as
they have the longest deep duration, which includes the longest stage 3 and 4 deep
patterns, which makes it very difficult for them to awaken to an darm.
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CHAPTER 3. ALARM CHARACTERISTICS

3.1 Generdl

This chapter begins with types of fire darms available and then looks a the darm
intengties and frequencies. Following is an invedtigation of the types of fire darm
dgnds avalable and ther problems. Findly voice fire darms will be looked a, to see
if this can be of any benefit.

3.2 Types of Smoke Alarms

Smoke aarms, monitor the air, detecting the smoke that enters the sensing chamber
and thereby provides an early warning of potentidly life threatening fires. When
smoke is detected the unit will sound a built in darm, and when interconnected to

other smoke and heat darms, dl the units will automaticaly sound, aerting occupants
throughout the building.

There are two types of smoke aarms currently in use for both commercid and
domestic Situations which are the lonisation and Optica (photoelectric) detectors.

An ionisation chamber conssts of two electricaly charged electrodes and a
radioactive source for ionising the air between the eectrodes in order to cary a small
current. As particles from combustion present in smoke enter the chamber, the
ionised ar molecules or ions attach to them, the current carrying capecity of the ions
is then reduced, and this change is detected by the eectronic circuitry and then the
darm sounds.



The following diagram shows an illugtration of how the lonisation chamber works.

=

To alarm circuit

Amplitier

Negative

Positive ions
ions $ d

Electrodes

Yo alarm circuit

Amplilier

Fig 3.1: lonisation chamber smoke detector

Domestic type opticd smoke adarms operate on the light scatter principle. When
smoke fills the light proof chamber the light from the infra - red beam is scattered or

diffracted, so that it fals on a sensor (photo diode) that would not normaly see the
infra - red beam, and then will trigger the darm.

16
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The following diagran shows an illustration of how the Opticd detector works

Heat detector Mounting box

h

©

tndicator tamp Smoke chamber

Light source Photo-electric cell Daeflected tight

5

Light trap

indicator tamgp Smoke cha;nber Smoke particles

"Nonire"  condition ‘Fir*’  condition

Fig 3.2 Optical detector

lonisation smoke darms are the most popular in domestic Situations, mainly due to
the fact that they are the least costly to produce. They respond to a very wide range
of fires to be of generd use and they are particularly responsive to fast flaming fires
where little vigble smoke may occur. But, ionisation darms are vulnerable to
irritating nuisance aarms caused by cooking, or portable gas heaters, which may lead
to the darm being disconnected. Furthermore ionisation darms will be dower to
respond to smoke produced by low smouldering fire.

Opticd smoke darms sense visble smoke particles, where again they respond to a
wide range of fires to be of generd use, but they are particulally responsive to
smouldering fires and the dense smoke given off by foam filled furnishings or
overhested PVC wiring. They are less prone to nuisance darms from cooking and
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furthermore, contain no radioactive materid. It is impossible to make the darms dust

proof, since they would then be smoke proof which defeats the purpose. That is why
it is essentid that opticd smoke darms are adways kept clean.

The following diagram shows the optimum locations of smoke adarms in the home or

resdentid  area. As can be seen the best locations are the bedrooms so that the darms
have the best chance of awakening the occupant.

Recommended protection, Figures 1,2 & 3
B Minimum protection
= - each storey
each sleeping area.
every 7.5 metres (25 ft} of hallways and rooms.
Maximum protection.

u]
< Al rooms (except bathroom & kilchens)

Figure 1: Single Storey  Dwelling

WYCHEN / DINNG
]
= g
=~
Figure 2 Single Storey Dwelling with
separate sleeping areas
witenen | omwg
o| g
e <=
[] RECREATIGN
= =
LIVING ==
s
=
BLOROOM
g
ﬁ

frigure 3 Multi  Storey Dwelling

=7 = =
= A =2
= - =

Best position L

for a single

Smoke Alarm

Fig 3.3: Recommended alarm locations
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3.3 Alarm Intendties and Frequencies

LeVere e d (1973), showed tha the lower frequencies had a better arousa rate than
the higher fi-equencies. It appears that the frequency region between 750 and 1500
Hz are best suited as the region of maximum output for audible darms. As of interest
people over 60 years of age generdly have difficulty percelving frequencies higher
than 10 000 Hz Usudly losses between 250 and 1500 Hz are less severe for dl age
groups, with progressively more severe losses in the region from 2000 and 8000 Hz.
Spectrd andyss showed that most smoke detector intensty / frequency spectra
characteridtics were relatively similar with bimoda energy pesks at 2000 Hz and 4000
Hz

(Nober et d, 1981 and 1983) The experiment assessed the intensity/frequency

spectral characterigtics of five popular household smoke darm units sold in the USA.
Sound level measurements (dBA) were taken in an anechoic  chamber and reverberant
room a 10 and 15 feet in a 360 degree directiond polar axis and anadysed as octave
and 113 octave bands.

An assessment of the intengty - frequency spectral characteristics of the acoustic
signd by smoke darms were undertaken. The frequencies tested ranged from 63 Hz
to 16000 Hz, with distances from the source to subject of 10 ft and 15 A. The tests

were conducted in an anechoic chamber and a reverberant room.
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Spectrd  analysis showed the smoke detectors intensity/frequency spectral
characteristics peaked near the 4000 Hz octave band and ancther cluster of energy

occurred near the 2000 Hz band. This can be seen in the following diagram of a
typica smoke detector.

Smoke Detector Frequency vs Decibels Relative to
Peak Amplitude
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Fig 3.4: Smoke detector frequencies

The five smoke detector adarms tested showed that there were no significance
between the distances to receiver (10 ft and 15 ft) and the sound intensty level.
Measures from 10 feet showed a mean of 85 dBA (consstent with manufacturers
clams) with a range from 80 - 92 dBA. At 15 fedt, the mean was 81 BA> with a
range from 74 - 87 dBA. Also the frequency levels of 63,125 and 250 Hz were too
low to be of any sgnificance.
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Comparison of gpectral characterigtics in the anechoic  and reverberant rooms revealed
somewhat greater intensity variability in the reverberant room. Furthermore, there
was a great angle of incidence variance in peak energy (up to 10 dBA) in the anechoic
chamber but only up to 35 dBA in the reverberant room. Thus data from the
anechoic  chamber representing ‘pesk value and data from the reverberant room
representing ‘average value  were relatively comparable. Collectively these data
should sample the extremes of possble household acoustic environments.

At any location within the Sgna reception area, the A - weighted sound pressure level
of the audible derting devices measured by a meter to BS 5969, with the time
weighting “I? (fast) shall exceed by a minimum of 5 dB the noisest background
sound pressure level averaged overa period of 60 sec except that where voice
facilities are used for evacuation purposes the sound pressure level shal exceed the
noisest sound pressure level by 10 dB. The sound pressure level of the audible
sgnas shdl not be less than 65 dBA and not more than 100 dBA. In buildings
providing accommodation the minimum sound shal be 75 dBA & the bed - head with
dl doors closed.

34 Types of Fire Alarm Sgnals

The audible sgnd produced by the derting devices shdl be easly distinguishable
againg the ambient noise and shal be of a character distinguishable from other
dgnas. Audible devices used throughout a sysem shal produce identica derting
sgnds.

The problem is that there are too many fire darm signals in use a the present time.
The following diagrams will show some of the fire darm sgnas used a this present
time, (Humphreys, 1973). All the fire darms create confusion as to what is the
difference between a fire, burglar, car or microwave oven darm.
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A common inddllaion practise is to see wha type of burglar darm signd is used in a
residential occupancy ard then use a fire darm with a different signa. Now this fire
dam dgnd inddled in, this building may be used as the burglar darm sgnad next

door, so its no wonder why people don't recognise fire darm signds in their home.
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Fig 3.5 Fire alarm signals part 1
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To dleviate the problem of too many fire darm sgna an internationa recognised
audible emergency evacuaion signd was made, (ISO, 1987). It was made so that the
fire darm dgnd could be universdly recognised where a code 3 tempord pattern was
to be used to combat the problem of too many different fire darm signds.

It was shown that the fire darm signd had to be universdly recognised where a
recommended code 3 tempora pattern will be used. An international recognised
audible emergency evacuation sgnd was made. It was a tempora pattern 3 - pulse of
0.5 sec duration on, followed by 0.5 sec duration off. When the 3 - pulse sgnd

ended, a duration of 1.5 sec occurred before the 3 - signa repeats again. There were
various 3 - pulse signds. saw tooth tones, two tone, high low or low high sound and
dngle stoke bel or chime.

(Humphreys, 1973) Sverd criteria were used in selecting the proposed fire alarm
deting dgnd:

1. Uniqueness. The signd shal not be in wide use a the present time, and it should
be diginguishable from audible sgnas tha are commonly used.

2. Practicdity. The sgnd shdl be producible by smple, low cost means within the
present state of the art.

3. Exclusveness. There shdl be no legd or exclusive rights on use of the sgnd. It
shdl be non - proprietary

4. Generation. The signd shdl be producible by various means - ether
electromechanicdly, pneumaticaly or eectronicaly.

5. Loudness. The sgnd shdl be capable of being produced to cover large, noisy
aess as well as smdl, quiet aress.
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6. Modulation. Since it is well recognised that people respond better to interrupted
dgnds than to steady sgnds and that frequency modulated sounds are more eesily
distinguished from ambient noise than are constant frequency sounds, the signa shall
be amplitude and frequency modulated.

7. Frequency. Since mid frequencies are less attenuated than high frequencies  when
passing through ar or sructures, since the average human ear ismore sengtive to mid
frequencies than to low or high frequencies, and since mid frequencies are easly
transduced and transmitted over dectrical transmission lines, the sgnd shal have
condderable sound power in the mid frequency range.

The reason for the three - pulse tempord audible darm sgnd was used to avoid
possble confuson with other darms and s0 the signd can be clearly distinguishable

from other sgnas. Also the smple three pulse pattern would be used for derting the
deaf such as the use with visud and tactile devices and dso used in connection with a
telephone for derting the guests.

Eire Alarm Signals
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Fig 3.7: Three - pulse temporal fire alarm sgnal
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3.5 Voice Fire Alarm Systems
(Hicks, 1994) The Ealy Voice Fire Alam Sysem (VFAS) was firsd used in USA,

1974. Mogt vocal emergency adarms today are used in public places such as hospitals,
nursing homes and hotels.

Technologica advancements have been made to create naturd voice libraries giving
end users more flexibility in which to convey their message. For example the system
can cdl up a floor , wing or the entire building to deliver their message. This is

because the building may be an enormous multi - storey complex, containing mixed

occupancies where only some people need immediate evacuation and others need to
be told to remain in the safe aress.

It was shown that the VFAS should:
- provide precise ingructions for a variety of emergencies, eg bomb threat or fire,
- send various ingructions to different areas of the building based on specific needs,

- include derting sounds to get aert occupants and get their atention so the VFAS
can deliver its message,

- include specific messages for a wide range of conditions,

- be able to modify and update information,

- include manua voice directions that can override or cancel al other messages.
Some factors which need to be assessed before placement of VFAS are that speech

intelligibility needs to be consdered where this will depend on sound levels,
background noise and reverberation.
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Speakers must be placed in areas of most effectiveness eg a door openings, where
Speakers must be in an area where people on both Sdes can understand the message.
Masking of the VFAS due to auditory background noises may cause cancelling each
other out, which is a problem.

Sound levels play a large pat in VFAS where Sgnd to noise ratios higher than 25
decibds are recommended. The design speech is mogt intdligible in range of 70 - 90
dB therefore more speakers are recommended instead of louder speakers. Frequency
and pitch are dso influencing factors where a femae or mae voice do differ in
frequency and inflect ion.

Sound clarity is better in 8 - inch speakers than in 4 - inch speskers due to

propagation of sound. A new method of testing the speech intdligibility of voice fire
darm sysems being established. It is caled the Rapid Speech Transmission Index
(RASTI)and works by integrating signa level background noise and reverberation.

(Keating and Loftus, 1977)
The authors have shown that fire darm messages are best used in hospitas and
nursing facilities. To make an effective warning system for the delivery of an darm

message, the signal should possess the following characterigtics:

1) Audible (heard above background noise)
2) Quick - acting (capable of evoking a quick reaction)
3) Alerting (catching peoples attention)

4) Discriminable (easy to differentiate from other signas)
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5 Informative

6) Compatible (consstent with others in use)

7) Non - masking (not prone to interfere with other functions by drowning other
audio sgnds)

8) Non - didracting (not startling)

9) Non - damaging (not cause irreversble damage)

The above characteristics should be satisfied in accordance that the sound levels of the
system are to be at least 20 dB above background noises a 1000 Hz and it reiterates
what Hicks has said.

The derting emergency voice darms in the hedth care facilities were coded to the
staff, this was to hide from the patients that a fire dert was being sounded. The
reasons were that in a generd hospital that had intensve care patients as well as bum
victims the disguised derts were seen as exercisng sengtivity towards such patients
as well as ther vigtors. In nursing homes where between 50 and 70 % of the
population was either immobile or not mentdly adert, supervisors believed that
confusion  evoked by awareness that a fire was in the building would be detrimentd to
the safety of the patients and the staff. Similar reasons for disguising the message
where given by supervisors in facilities that were treating mentally disturbed patients.

A sample message for an emergency fire situation was “‘Nurse Blaze, 4 West”, this
means that this message is targeted for the dtaff ie “Nurse’. The code for a fire
emergency is “Blaze’, and the location of the fire is “4 Wed".
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The main problem with this message is that it varies from one hospitd to another, and
gaff moving from one to the other may get confused, so standardisation may be
necessary or repeated traning drills. Messages should not be too confusng where in

a fire emergency the message said code red, but one doctor asked a nurse whether it
was a code red for fire or cardiac arrest.



29

CHAPTER 4. EFFECTS OF AWAKENING DUE TO ALARM

4.1 General

The response to awakenings to the audible fire darm sounds are investigated by
looking at responses for different stages of deep. Following is a look a how humans
ae able to discriminate between different sounds during deep. Findly solutions such
as motivation and training are shown tha could increase the awakenings to adarms

while people were desping.

4.2 Response to Auditory Alarms During Sleep

From EEG responses to auditory stimulation, it was shown that the percentage of
subjects responding to auditory stimuli decreased as they went through the stages of
deep from dage 1 to stage 4, (Rechtschaffen et d 1966). EEG response to auditory
gimulation was related to the depth of deep and to the ambient noise levd in the
room. Obsarvations were made of the EEG response to auditory stimulation to
aousd from deep and the ability to discriminate between auditory stimuli a various
dages of deep. Responses from stage 1 require less stimulation than from stage 4.

In response to a standard signd, there is a negative relationship between the intengty
of the Sgna required to obtain a response and deep stages 1,2,3, and 4 in that order.
Responses from dtage 1 require less stimulation than from  stage 4, where low

intengties may not wake a person up but loud noises will.

It appears that awakening threshold is similar for REM periods and stage , but both
have lower awakening thresholds than delta deep, (LeVere et d, 1973). Results of

his experiments indicate that auditory stimuli are adequate stimuli in terms of arousing
deping  individuds.
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Obsarvations were made of the relaionship of content of auditory stimulation to
aousa from deep at the various stages of deep, (Zung et a, 1966d). Responses to
auditory simulation by 15 norma deeping maes indicate that when they were in the
deep stages 1, 2 and 3 stages of deep response to auditory stimulation was 7, 5.5 and

4 times more frequent respectively, compared with the stage 4 of deep. This can be
seen in the following graph.

Response to auditory stimulation during sleep
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Fig 4.1: Response to auditory stimuli

The results show that the percentage responded to auditory stimulation according to
the various stages of deep are Stage 1 - 57.1 %, Stage 2 - 45.1%, Stage 3 - 32.2 %

and Stage 4 - 7.6 %. As can be seen from the above graph, the SWS is the hardest to
awaken from in deep.
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Men in there twenties experienced more nocturna awakenings than did women and
dso less stage 2 deep. It was found that after the age of 30, fewer men than women
were found to exhibit stage 4 and from the age of 40 onwards both total deep time
and the amount of REM were greater for women than for men. Women aso awoke
less frequently and obtained more dow wave deep. and in the 70 year and above
dage 4 was completely absent in men, while being present in some women. The dep
of women is, in generd, more resstant to age changes. One study found the deep of
60 year old women essentidly 10 years younger than the deep of men of the same
ae.

Older people awaken faster, have less stage 3 and stage 4 and have an increase in
latency to deep onset and increased spontaneous awakening. Hence a gredter
frequency of arousal with advancing age. The ederly have shorter ‘grogginess
periods after arousal, become dert faster when aroused from deep and are easier to

aouse from al stages.

The quedtion as to which stage of deep is the deepest is determined by the awakening
threshold. Many varidbles are associated with the awakening threshold namely;
dimulus intensity, deep stage, subject differences, accumulated deep time, amount of
prior deep deprivation and past experience with the stimulus.

The average auditory awakening threshold (AAT) was about 65 dBA. Comparisons
of deep stages with auditory awakening thresholds were made where the delta deep
(stages 3 and 4) had the highest awakening thresholds. Awakenings were more
frequent in stage 2 degp and were similar to REM deep. The accumulated deep
caused lower awakening thresholds in al stages of deep. Awakening thresholds
became lower with accumulated deep, independent of deep stage.
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4.3 Discrimination, Responses
The arousa response of certain sounds will be sgnificant such as a mother awakening
to the sound of her child but will not awaken in a thunder storm.

Subjects in a study by Kahn (1983) were unable to identify smoke aarm sounds
despite that many had heard darms before. It was likely that the subjects had trained
themsdves in reacting to an darm sound by battery testing and accidental activation
by cooking. But when awakened by a different darm sound, the stimulus was

unfamiliar, training was lost and the subject was not able to identify the darm as a fire
warning.

Experiments of response from subjects during deep were recorded. The subjects
were asked to respond to their names or a name given to them by clenching their fists
during deep. The names were spoken a a set intengty by tape recorder. Results
showed that hand movements were significant when hearing the names. The EEG
showed dgnificant K - complexes when subjects heard names including responses by
gdvanic skin response (GSR). Therefore it was shown tha deeping subjects can
discriminate  between auditory  stimuli.

It is generd knowledge that people can discriminate between auditory gimuli while
adeep, (Zung et d, 1966h). The use of eectroencephalography  had been used to
show the ability of a deeper to discriminate auditory stimulation, by the EEG changes
in response to auditory  simulation. Also EEG response to auditory stimulation was
related to depth of deep and to the ambient noise level in the room. The experiment
showed that the responses depended on the content on the sound rather than on its
intengity.



Pre - taped recording of various sounds, which would be familiar or unfamiliar to the
deeping subject were played. Familiar sounds included cars starting and  stopping,

bagpipes playing and gun shots. All sounds played were of the same approximate
intensity as measured in decibels.

Other experiments have used names as a badis for discrimination during deep,
(Oswald, Taylor and Treisman, 1960). Where some words (a subjects name for
example) hold more relevance for the subject than others and, thus, could be termed
dgnd  gimuli. They had found that subjects responded more often (hand clasp
response) to tlheir own names than other names. The production of a K - complex
response to the names was aso scored. A K - complex was sgnificantly more likely
to follow the presentation of the subjects name than other names.

4.4 Motivational Responses

The EEG responses adso showed that the percentage responded for motivated

subjects were very high for al stages of deep, (Zung e d, 1966). As the deep Stages
increased for the motivated subjects, their percentage responded also increased, where
100% responded in the deep stages of deep namely 3 and 4. An example of
motivation responsiveness is where certain sounds will be sgnificant such as a mother
awakening to the sound of her child.

Therefore it shows that smple experimenta instructions could greatly influence
responsveness during deep and that people were capable of making significant
modifications of thelr responsveness during deep.

There were no ggnificant differences of response to familiar and unfamiliar sounds in
each of the stages of deep. Some subjects were motivated (rewarded by extra pay) to
waking up to specific sounds eg bagpipes playing and phone ringing.
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For motivated and neutral subjects, stages 1,2, and 3 showed that there was a
dgnificant difference but in stage 4 there was none. But further analyss showed that
comparing response to motivated subjects and control group, it was shown that their
were significant respohse differences for stages 2, 3 and 4 but not stage 2.

Although a person does not discriminate between familiar and unfamiliar sounds at
ay deep stages, he/she can and does discriminate between sounds in al stages of
deep when motivated.  The specificity of the discriminatory ability of the deeping
person can be further, seen when one can discriminate the motivated stimulus of a
telephone ringing from those neutrd stimuli such as the door bell ringing, chimes and
clock griking, which are dl very smilar in their sound.

Therefore norma deeping subjects, who had been previoudy motivated to
discriminate auditory  stimuli, were able to make this discrimination in al dages of
deep, the people waking up more frequently to the motivating auditory stimuli.

The arousd responses between men and women for neutrd auditory stimuli during
deep stages 1,2,3 and 4 showed that there was a Sgnificant difference when more
women responded than men. But there was no significant differences in the REM
dage. Arousd threshold differences between mae and femae subjects were for

inggnificant auditory gtimuli but, females had a lower threshold and therefore a higher
responsively.

In comparing the ability of men and women for responses to motivating auditory
gimuli it showed that there were no significant differences.
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The following graph shows results which indicate that when degping, mde and femde
subjects were presented sounds which have meaning and are motivating, the overal
aousad pattern is sgnificantly different from that when neutra non - motivating

sounds are perceived.
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Fig 4.2: Mativating vs neutral sounds

Arousad to auditory stimulation during deep is dependent upon its affective content.
Sounds which are emotiondly laden and important fire cues which evoke more
response than the deeper than sounds that have little or no emotional content. For
exanple, the phenomena of mothers waking up to the cry of infants, or the arousa to
telephone ringing to doctors on cal. A ‘dgnificant’ auditory stimulus could adso be
thought of in terms of a cessation of sound, where previoudy there was continuous or
background auditory  stimulation. Where the offset of a particular sound with its

slence has become the meaningful sensory signd eg, a person who is in the habit of
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degping with a room ar - conditioner on, wakes up during the night when it suddenly
goes off.

People can discriminate between complex simuli by awakening from deep to a
certain  stimulus. By responding to the sound of a telephone ringing, one can

discriminate it from other similar sounds such as, a door bel ringing, or a clock
griking.

In a study by Kahn (1983) many people were unable to identify smoke adarm sounds

despite that many had heard adarms before. But when awakened by a different darm
sound:

- the sound was unfamiliar,
- traning was lost

- they were not able to identify the darm as a fire warning.

In another experiment subjects were told that either an 800 or 1200 Hz tone was a
‘criticd’ tone and the other was not. Under one condition. non - response to the
critical tone was punished by a fire darm, flashing light and threat of shock. Subjects
displayed an ahility to push a microswitch proportionaly better to the critical tone
than to the neutra tone in stages 1,2 and REM, with the best discrimination seen in
dage 1. Response to the neutrd tone was uniformly low (20%) in al stages under all
conditions, while responses to the criticd tone averaged about 70% across dll
conditions in stage 1, 30% in stage 2 and 35% in REM. Response rate in stages 3 and
4 was very low in dl conditions.
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It had been clearly demondrated that deeping subjects can make complex
discriminations between repetitive auditory stimuli where they can for instance,
discriminate between meaningful words such as the subjects name, (LeVere € d,
1976).

Therefore it has been confirmed of the belief, that a person can set themsdlves the task
of awakening to some particular stimulus and can in fact, succeed in that task to some
extent.

4.5 Waking Effectiveness to Fire Alarms

(Nober et d, 1983) The experiments were about subject response to smoke detector
darm ggnds for actud experiments in the subjects home

Three experiments were used to test the response times of motivated subjects for
three smoke detector aarms of 55,70 and 85 dBA for waking effectiveness using
young adults aged between 19 and 29 years of age. The response times started from
darm activation to switching off the darm and / or telephoning the fire department.

The shut off latency’s measured from when the aarm went on to when the subject
shut off the dlarm were 13.6 s, 9.5 ¢ and 7.4 s for the 55, 70 and 85 dBA
respectively. Mean response to telephoning the fire department was 70 sec, 61.6 s
and 53.6 sec respectively.

It is clear that the rapid subject responses represent performance by a motivated

population of young adult volunteers. While the test environment was field - based at
the subject's home, the subtle implications of the indructions, the visua and physica
presence of the gpparatus, the expectation of an dam to be activated and a sdf driven
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desire to respond well may have influenced the subjects to yield this high level of
performance.

The first experiment was the response times for the darm signd only. It was shown
that the 85 dBA caused the fastest response times but 70 dBA had similar response
times for the experiments.

Experiment two assessed the waking effectiveness of the detector darm dgnd in the
presence of an air - conditioner noise background of 53 dBA.

Al subjects recelved the darm signd of 55 and 70 dBA near 3.30 am.

Response times for the 55 dBA sound was very dow where some subjects did not
wake up a dl.

Three subjects did not wake up where the mean waking response latency for the 55
BA darm was 434 s where the signal to noise ratio was 4.2 dBA. For the 70
dBA dam the laency for the waking response was 18.8 sc where the signd to noise

ratio was 21 dBA. Therefore subjects respond faster when the signa to noise ratio
was 21 dBA than 42 BA.

As of interest the fast response subjects consstently normaly awakening an average
of one time per night as a regular pattern while the dow response subjects never or
rarely awakened throughout the night. The subjects with no response averaged 90
mins into deep when the alarm was activated whereas the faster response subjects
averaged about 200 mins into deep, which means that the latter went to deep ealier.
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Therefore the no response subjects with only 1.5 hours into deep was consistent with
the previous literature which reported greater resistance to arousd from deep during
this period of 3:30 am.

The last experiment involved the response times of three populations (norma
households, geriatric households and mentaly retarded groups) to a smoke detector
dam. The response times were measured from darm activation to last person
leaving the find exit.

It was shown that evacuation times for the elderly and retarded groups were
sgnificantly longer than norma households. The norma household with or without
children had a response time of 48 sec, whereas the ederly was 67 ss¢ and mentaly
retarded was 58 sec, <0 the response times were very good. This shows that
households can be totaly evacuated in one minute from darm activation during deep.
These fagter response times including evacuation shows that discrimination to the
darm ggnad and motivation to awaken due to wanting to perform well for the
experiment.

Two experiments were undertaken by Proulx et d, (1995), the firgt involved the
evacuation and behaviour of resdents from four apartment buildings. The occupants
included a wide range of people such as children, adults, seniors and disabled people.

It was shown that building 1 had the shortest time delay of 2.3 min, where each
bedroom had its own fire darm spesker whereas the other buildings only had adarms
in corridors and staircases. The average time delays were 822 min and 9.42 min,
where 25 % of the occupants did not hear the darm. The last buildings average time
delay was 3.08 min where 17% of the occupants did not hear the aarm.
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The second experiment involved three buildings where the darms were located in
vaious areas of the apartments. It was that with or without aarm bells the overal
sound pressure levels were amost identical except for the corridor where 94 dBA  was
recorded.

Results were obtained for the comparison of frequency and dB SPL by a software
package caled Detect Sound™. |t was shown that the fire darm had a low audibility
whereas the corridor was too loud. The darm signd was affected by the background

noise. Many occupants did not hear the darm, so if they were deeping it could have
been worse.

(Bruck et d, 1993). The am of this experiment was to ‘find out how reliably a smoke
detector darm when activated & a level found in a typicd inddlation in residentia
homes would awaken a norma deeper when not trained to expect the sgnal.

Field work showed that the type of aarm commonly used in households was a
dandard smoke detector on sde in Audrdia It could emit a sound level of 85 dBA,
with an average sound level of 60 dBA & the pillow.

The darm was presented for a maximum time of 10 mins uninterrupted, and if the
person was ill adeep the darm was presented again. All stages of deep were.
assessed, where darm activation for stage 4 was in the first third of the night, stage 2
in second third and REM dtage in the last third of the night.
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It was found that five out of 24 subjects were not aroused by one or more
presentations of the darm. It was shown that one person could not awaken to the
darm in stage 3 and 4 deep, even when the darm was repeated gx times. The other
people dept through the darm when presented in the REM deep stage (which may be
atributed to incorporation of the aarm into dreams) and two cases where a person
dept in dage 2 during the darm.

The following graph shows the times that were taken from activation of the darm to a
person regaining full EEG wakefulness. Data from the experiment showed that the
mean latencies for awakenings were longer and more variable in dtage 4 deep than in
dage 2 or REM deep. It was shown that 23 % of the awakenings from stage 4 deep
had a laency longer than two minutes, while al other awakenings were within two

minutes.
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Fig 4.3: Timesto awaken at different deep stages
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4.6 Response to Different Auditory Frequencies
The aousa produced by auditory stimuli is affected by varying its auditory frequency.

An dam of 80 dBA with a45 dBA background noise, was trided with various
frequencies of 125250 and 1000 Hz, (LeVere et d, 1973). The experiments were
made to see if the subjects response was similar to deep as it was during waking. The

comparisons were made between fast waves and dow wave patterns recorded by an
EEG.

It was shown that for fast wave deep, the different frequencies were al effective in
aousng the subjects, But the dow wave deep showed that that arousd rate was
faster than the fast waves.

The following graphs shows that during SWS, the participants arousal effectiveness
has a faster rate than the deep stages 1 and 2. Also it can be seen that the lower
frequencies have a better arousd rate than the higher frequencies, but the problem
with the lower frequencies is that it needs more intendty in loudness to have an equd
sound intensity as the other higher frequencies.
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Lower frequency stimuli must be physicaly more intense to be judged equa in

loudness to higher frequency stimuli, (LeVere et d, 1974). The following graph
shows the average sound pressure level (SPL) which was required to make the 50 Hz
gimulus and the 250 Hz simulus equaly loud to the reference 1000 Hz stimulus.
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Fig 4.6: Different frequencies equated for equal loudness
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CHAPTER 5. FACTORS AFFECTING AWAKENINGS

5.1 General

In this chapter the problems of awakenings such as the detrimental effects that drugs
and acohol have on the deep patterns are shown, including the problems of darm
frequencies and how these characteristics affects certain age groups. Sleep

deprivation is an area of concern where responses to fire darms are looked & Thena
look into aarm incorporation into dreams and how this could affect awakenings.
Findly the effects of darms in building layouts and the responses to various fire

related cues are shown.

5.2 Effects of’ Drugs and Alcohol

The response of subjects under the effects of a drug caled Triazolam to the smoke
detector darm were tested, (Johnson et a, 1987). The dose levels were 0.25 mg and
0.50 mg, where placebo was used as well. The darm was 78 dBA with a 32-34 dBA
background noise It was shown that al the placebo subjects were awakened by the
dam dggnd. Whereas 50% of the subjects affected by Triazolan did not awaken on
the firg darm sgnal.

The response times of subjects during the second stage of deep was longest for the
050 mg of dosage, the dow wave deep showed both 0.25 mg and 0.50 mg had very
dow reaction times. The second night showed that al response times had decreased
but the arousa levels for the Triazolan users were dill higher than the placebo users.

Alcohol reduces deep latency and improves deep continuity in low concentrations
such as a pint of beer or a glass of wine, (Monk, 1991). But excessve intake of
doohol will have more sgnificant effects on the deep patterns.
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The following graph shows that SWS amounts increases in the first haf of the night
with REM deep decreasing. The second haf of the night shows that SWS becomes
non - exigent where REM deep and stage 2 deep dominated. Also there were more

awakenings in the second haf of the night.

Sleep Patterns
Awake T .
1.
REM ‘——*‘

o {2 3 4 5 & 1 8

Sleep Stages

Hours of Sleep

Fig 5.1: Sleep pattern after alcohol intake

The increase in wakefulness and SWS and decreases in REM deep and deep latency
due to acohol are dl dose - related, ie the more drinks one has the more effect it has

on the deep patterns. Alcohol does indeed impair performance such as reection time

to an dam or motor coordination and problem solving upon awakening.
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Gender, age and using other drugs are factors which will change deep patterns and
awakenings. Increasing age increases performance impairment with acohol where
use of other drugs with acohol will cause more SWS with the result ending in a

coma. As a mater of fact women have a greater performance impairment than men.

Following is a table of drugs and their effect on deep and performance.

Drug Pharmacological | Effects on Sleep Effects on
Properties Performance
Clonidine Rapid, complete SWS increases Subjective  reports
absorption Wakefulness increases  |of mentd dowing,
Stage 2 increases impared  mentd
REM Seep decreasss | acuity
L - Dopa Rapid absorption | SWS increases Improves desp in
REM Seep decreases | Pakinsons  patients
Anti - Ord  absorption Depth of desp Motor  performance
psychotics unpredictable Increases decreases
SWS and REM Seep | Attention  decreases
Increases

Wakefulness  decreases

Anti - Rapid absorption | S WS increases Psychomotor and
chalinergic given REM Seep decreases | memory  imparment
agents intravenoudy Seep  continuity in young and ederly
disturbed subjects
L - Tryptophan | Well absorbed, SWS increases No data
incorporated into | REM  increases
proteins

Barbiturates Wel  absorbed Wakefulness  decreases | Impaired  attention,
SWS remains the same | vigilance,

REM  decreases judgement  and
Sleep length decreases | motor  kills
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Aspirin Repid absorption | SWS  decreases Impaired
Wide distribution | REM Sleep decreases | concentration,
Wakefulness  increases perception,
coordination,
learning  and
memory
Lithium Completely SWS increases Performance
absorbed REM Seep decreases | decreases and minor
Wide didribution | Wakefulness decreases | memory  impairment
Phenytoin Slow  absorption SWS increases No daa
Wide didribution | REM Seep decreases
Sleep latency decreases
Zopiclone Rapidly absorbed | Improved desp quaity | Impaired

Widdy ~disributed

SWS increases REM
Seep remains the same
Wakefulness  decreases

performance  after
doses

Table 5.1: Effects of different drugs on deep performance

As can be seen manp prescribed drugs affect the deeping patterns of humans. The
main effect was anincrease in the SWS, which means that high arousd thresholds are

needed to awaken from these longer desp deep periods. The more acohol or drugs
people use will cause longer stages of deep deep which may leave the person in a

comatose State.
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5.3 Communication Systems for Disabled Users

(Collins e d, 198 1) Communication systems provides emergency and directiond
information.  The requirements for disabled users during an emergency was by use of
visud, auditory and/or tactile simuli. The visud darms were varied form rotating
lights to flashing lights, aso including letter sizes, background colours and text
instructions.  The tactile darm used tactile communication where various surfaces had

different textures to imply emergency escape or danger (warnings).

The auditory darms in some cases may have to be supplemented by visud darms and
lor speech communication systems. The darm must exceed the background noise by
a least 15 dBA or exceed a maximum sound level with duration of 10 sc by 5 dBA,
whichever is louder. The sound level should not exceed 120 dBA and the optimum
frequency range for an audible fire dam is between 750 - 1500 Hz because the lower
frequencies had a better arousa rate than the higher frequencies.

Audible emergency signads must have an intensty and frequency that can attract
dtention of individuds who have partid hearing loss. People over 60 years of age
generdly have difficulty perceiving frequencies higher than 10 000 Hz.

Loss of high frequency hearing with age (presbycusis) is not limited to frequencies
above 10 000 Hz. In fact, perception of frequencies as low as 250 Hz has been

shown to be affected. Usually losses between 250 and 1500 Hz are less severe, with
progressively more severe losses in the region from 2000 and 8000 Hz. This
frequency dependent varigtion becomes more extreme with increasing age. However
for dl age groups, the region between 250 and 1500 Hz would be a region of minima
loss.
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Those individuas wearing hearing aids will have a specific frequency region over
which their aids provide maximum gain. Most types of hearing aid shows that
maximum gain typicaly is present in the vicinity of 1000 Hz, the region most
important for speech intelligibility.

The atenuation of darm sgna levels will be affected by the transmisson of its sgna

in the building. Typical building partitions including brickwork, gypsum board on
wooden studs, concrete and so on, have transmisson loss vaues that increase rapidly
with frequency.

Therefore in an effort to maximise transmisson through these obstacles, the British
Standard 5839 recommends maximum acoustic output between 500 and 1000 Hz.
Unfortunately many yarning devices have maximum output well above this frequency

region. It appears tha the frequency region between 750 and 1500 Hz is best suited
as the region of maximum output for audible aarms.

5.4 Seep Deprivation

Response to dams is affected by deep deprivation where an experiment by a
researcher named Borbely, showed that subjects were tested three times a day ie.
morning, afternoon and evening.

The following graph shows the performance to signa detection versus the amount of
hours a person has dept ie. 0, 1,2,3, 5 and 7.5 hours. It shows a rapid decrease
between the deep deprivation of 3 - 7.5 hours, and a decrease in the rate of signas
detected from the times of O - 3 hours. The graph clearly shows that deep deprivation

severey affects the signals detected. If the deep deprivation increases for the next
few days sgnas detected will aso decrease.
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Sleep Deprivation
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80 +— |

Hours of Sleep

Fig 5.2 Seep deprivation responsveness to alarms

After deep deprivation, the subjects would go to deep dmost immediately, and
reached stage 4 within a few minutes, (Bonnet et a, 1987). Seep loss caused
increases in dtages 3 and 4, and no sgnificant changes in stage 1 and in the time taken
to go to deep.

The next graph shows that the some deep stage amounts change for naturd long,
norma and short deepers, (Home, 1988). The participants of this experiment showed
their normal amounts of deep stages through the night (Basding). Then they had 36
hours of deep deprivation before deeping again (Recovery). During recovery their
deep stage amounts had changed, where dl participants showed large increases in
SWS (40 %) ie stages 3 and 4 and smaller increases in REM deep (20 %).  Sep
length was only ggnificantly longer in the norma and short deepers.
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Fig 5.3: Sleep stage amountsfor sleep deprivation

(Bonnet et d, 1987) In another experiment three groups of people were used, norma
young adults (YN) 18 - 28 yrs, norma older maes (ON) 55 - 70 yrs and insomnia
older males (01) 55 - 70 yrs. Their performance was studied under three conditions,
basdine nights (BL), sleep deprivation (SD) for 64 hours and recovery nights (R).
Performance was asspssed by word memory tests and reaction times.
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Results showed that YN had dower reaction times for nearly al awakenings than did
ON and 01. All subjects responded dowly during SD but YN responded the dowest.
The first R showed dow responses for al subjects but by the second R al subjects
were responding the same as BL.

Word memory - YN recaled more words than others, where ON and Ol recorded
congtant scores from BL to R. The YN decreased in memory and then regained
position after second R.

Sleep EEG - deep increased from BL to the fird R. YN increased deep in dage 4
and arousd thresholds were higher.for YN (60 dBA) than older groups (45 dBA).

ON and 01 showed reaction times were less affected by deep loss, initid recovery
deep and returned to BL fadter than YN. Therefore YN were more impacted by totd
deep loss.

55 Alarm Incorporation Into Dreams

People often report deeping through an darm because its sgnificance was often
digtorted by the dream, (Bradley and Meddis, 1974). It was confirmed that externa
gimuli could be incorporated into dreams and be interpreted as pat of a dream.

The arousa thresholds in the experiment showed that 43 % of the 39 retained dream
reports showed incorporation of the stimulus when awoken from REM deep. The
reports were accompanied by an average arousa threshold of 70 dB, which was 10

dB above the threshold for non - incorporation reports, thus incorporaion resulted in
higher arousd thresholds.
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Incorporation of olfactory stimuli can aso interpreted as part of a dream, (Trotter et
a, 1988). Out of 84 trids, 79 trids showed that people did not wake up to the
gimulus where 19 % of the 79 incorporated the stimulus into their dreams. The
participants could describe whether the stimuli were pleasant or unpleasant smells.

Experiments demonstrated that externd stimuli presented during stage REM could be
perceived by the subjects without apparent awakening, (At-kin and Antrobus, 1991).
The experiments involved participants describing their dreams upon awakening from
extend dimuli. The stimuli conssted of either a 1000 Hz tone, a series of light

flashes or a spray of water on the skin.

Upon awakening from the 1000 Hz tone subjects described it as a brief roaring sound,
or an earthquake or plane crash. The light flashes were described as shooting stars or

flash of lightning. The water spray was described as rainfal or a lesking roof.

There are a wide range of variability in the experimenta results of incorporation of
externd stimuli and non - incorporation of externa stimuli. Some of the causes are
individual differences such as cognitive style, responsveness and persondlity
characteristics.  Also type and intengity of stimulus such as water spray and strong

anxiety levels cause an increase of incorporation into dream content.

Although REM thresholds are lower than stage 3 and 4, some REM thresholds values
exceeded the loudest intensties needed to produce awakenings from the deep deep
stages. The reason wes found to be an association with high intensity REM  threshold
vaues and reports of dreams, which was caused by incorporation of adarm into the

dream. The participant found it difficult to awaken to an dam because he thought he
was dreaming.
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The following are examples of actud dream reports during the activation of an audible
darm, (Rechtschaffen, 1966).

‘I was in my room with a friend. We were arguing over the pronunciation of a
German word. Suddenly my friend said that he had hidden a voltmeter in the closet
which was going dl the time. | said | had one too, and we both compared voltmeters.
My friend's was unusud in that it lit up and made a noise every time he plugged it into
a higher voltage. As he plugged it into higher and higher voltages, the sound got
louder and louder.

‘I was a a lecture or something or other. Then | found mysdf in a laboratory giving
sound tests to mice in a cage. | don't know what the mice were supposed to do or

how they would react. As | gave louder sounds they just seemed to ignore it

5.6 Effects of the Building Layout
Factors affected by attenuation of fire darm sgnad from source to receiver,

(Robinson, 1988). The factors include absorption, sound reflection, reverberation and
diffraction.

Most absorptions of sounds are by the furnishings, such as soft furniture, curtains and
carpets. Acoustics ceilings can absorb from 50 % to 80 % of the sound energy that
gtrikes the surfaces. Where a soft thick carpet with felt padding placed on the floor
will absorb 50 % to 60 % of sound energy striking it.

It was shown that drapery and carpeting absorb high frequency sounds much more
effectively than low frequency sounds. The high frequency sounds tend to have much
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more directivity, whereas low frequency sounds tend to spread out more uniformly in
dl directions due to their longer wavelengths.

The tota sound pressure, in a space where the darm is located, is the combination of
pressure due to the origind direct wave and the pressures due to the reflected waves.
The direct sound dominates close to the darm whilst the reflective sound dominates
further out from the source ie in the reverberant field.

Another important concept is the sound caused by diffraction which occurs when the
sound waves drike the edge of a solid barrier causing the sound waves to bend.

Sound will dso be diffracted as it passes through small openings such as the clearance
a the bottom of a door. Diffraction and reflection enhance the transmission of the

fire darm sgnd.

An example of the sound level aong a corridor, can be shown by dividing it into three
sections.  The first section is close to the sound source, which is the direct field in
which the sound level decreases rapidly. Beyond the direct field is the second section
where atenuation of the sound is dependent on the boundary materids and
dimensons. The third section depends on the end wall, where most of the sound
energy travelling towards the wal is reflected back. This causes an increase in the
sound level near the pal and aso decreases the rate of attenuation.

Under the worst conditions a fire darm signal attenuates less than 6 dB in ar for each
doubling of digtance from the source, but this is less in a reverberant field.

Attenuation increases as the sound encounters a barrier, for example a 20 dB loss for
a 1.75 inch solid osk door and a 45 dB loss for a 4 inch brick wall. But a smdl one

square inch opening till greatly reduce transmisson losses. Therefore the
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transmisson loss from the sound source to the degtination is greatly dependent on the
acoudtical  attenuation properties dong the path.

5.7 Identification of Fire Cues

Fire cues such. as various smoke aarm intensities, smoke odour and heat were used to
try and awaken subjects, (Kahn, 1984). The subjects were tested for their recognition
of the fire cues and aso for their response time to the fire cues. The smoke detector
darm intengties were 44, 54 and 78 dBA including a 44 dBA background noise.

It was found that the 78 dBA darm had the highest frequency of detection and fastest
response time by the subjects. Whereas the heat, smoke and 44 dBA dam sgnd had
the lowest frequency of detection and the dowest response times by the subjects.

Mogt subjects upon hearing the smoke detector darm did not recognise it as a fire
dam sgnd and repeatedly dept through darm warnings equa to those presented in a
home sdtting. Kahn emphasises the high unresponsiveness to 4 of the 5 fire cues.

The following graph shows most responses to the fire cues occurred in the 20th
minute, which was much too long. Whereas the next highest number of observations
occurred in the firs minute. The graphs following will show that the dow response
times were for the low detection fire cues eg. smoke and heat cues.
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Fig 5.4 Distribution of response times

The next graph shows. the frequency of detection of fire cues with most detection for
the 78 dBA darm, dgnificantly higher than the 58 dBA dam. The other fire cues
had a very low frequency of detection.
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Fig 5.5. Frequency of detection of fire cues
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The last graph shows mainly that the fastest response time was significantly highest
for the 78 dBA aarm of 50 sec. Whereas the heat, smoke and 44 dBA dam had the

dowest response times ranging from 800 sc to 1000 sec.
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Fig 5.6: Mean responsetimesfor fire cues
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CHAPTER 6. HUMAN BEHAVIOUR IN FIRES

6.1 General

In this chapter highlights of the importance of human behaviour in fires are shown,
including how panic is not aways the reason why people die in fires. It will be shown
that humans follow a pattern in a fire from al the confusion and one can take
advantage of this to train people to use a systematic response to a fire.  Some
questions were to find out, what the reasoning and motivation was behind a persons
action in a fire emergency. Why would a person take a particular course of action, is
it panic, past experience, heroism or Supidity?

6.2 Human Behaviour

The whole behaviourd  process is taking place as the fire itself may be rapidly
developing and what is an appropriate action a one stage may be quite ingppropriate
a minute later (Paulsen, 1984).

Humen behaviour in an emergency can only be properly judged againg the individuas
awvareness of the options avalable at different stages throughout the fire. For
example, familiaity ~with the building, general congdraints of the fire Stuaion and
levels of expe tise.

Panic may be characterised by an irrationd or maadaptive behaviour where the
outcome may be fatd, for example, jumping from a high rise building or returning into
a building. Bu it is more important to consider the circumstances which caused the
behaviour, not the inappropriateness of behaviour as judged from another persons
perspective.
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In a fire stuation people may have been forced into a pogtion where they have been
unable to act immediately because the options available have been reduced. The
resulting action may be at the time the mogt sensible and logica action to teke. For
example the fire in the Empire hotel, New Zedland where a person jumped to his
death from the third floor may have been seen as panic. But this person was forced
into a comer from the heat of the fire with only a window as the logicad means of

escape.

Madadaptive behaviour is when a group of people are trying to escape out of a
building in an emergency, where a the same time ancther person may be trying to get
into the building disrupting the occupants escaping. But to this person it is regarded
as adaptive behaviour because the person may be trying to find his / her child.

Therefore the concept  of panic which is most commonly associated with fire
emergencies is regarded by many researchers as a myth. Although evidence of panic
reactions should be looked a, it has been believed that more attention should be

focused a other failures such as response to darms and re entry of a burning building.

6.3 Domestic Fires in the Home

(Canter, 1990) Given the high proportion of desths which occur in domestic fires
people frequently rely on others for information and check the information they are
given. It is dso apparent that people frequently have to cope with smoke and other
environmenta difficulties in fire events. Furthermore, even though they often come
into contact with smoke and other fire cues there is a tendency to ignore or
misinterpret this as being an indicator of a serious event.
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The sequence of events for domestic fires are as follows:

1) In the very early stages people report noticing cues but finding them ambiguous,
often hearing noises, misinterpreting or ignoring these, or discussng them with
anyone prese nt. If the cues perss, investigation will take place to find the source of
the noise or smell. The only variaion from this initid group of actions is if smoke or
the fire is encountered  directly.

2) If invedtigations follow the early ambiguous cues, then it inevitably leads to
encountering smoke, either within the room of fire origin or outsde this room if the
smoke is spreading. If the latter, people are ll likely to enter the room where the
fire is.

3) A direct encounter with the smoke or fire generates variability in the likely
response  sequence. This variability is a function of the stage of fire growth and
location of the fire a the time when it is encountered. Much of the variahility present
can be accounted for by differences between men and women, occupants and
neighbours.  In other words, it is the difference in the roles which people have in the
seting which underlies their different behaviour.

4) The man differences exis a the initid interpretation stage and the behaviour
following investigation and encountering the smoke. While both maes and feméaes
tend to misnterpret ambiguous cues, maes are more likely to do so and delay
investigation.  The response of a femae may be delayed by interaction with a mae if
present. Eventudly one of them initigtes investigaive activity. Both maes and
femaes are likely to investigate.
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5) If informed by someone who has returned to say there is a fire, the tendency is to
check this information for onesdf The indications are that this may be more likely if
males initidly recelve warning from femaes than vice versa This tendency to
continue investigation after being informed, is particularly characteristic of domestic
as opposed to other building / occupancy types. It is apparently related to the role of
the individud in his or her own home as well as the proximity of a fire. More

responsibility may be felt for the safety of others who are likdy to be present and for
the prevention of damage.

6) The variability of the actions which follow the encounter with the smoke and fire
itsdf is explaned by mde / female differences. Femdes are more likdy to warn
others and wait for further instruction (for example if husband and wife are both

present). Alternatively, they will close the door to the room of fire origin and leave
the house.

7) In both cases femdes are more likely to seek assstance fi-om neighbours. Mae
occupants are more likely to attempt to fight the fire. Mades are dso more likely to
search for people in smoke and attempt a rescue.

6.4 General Modds
The fire is seen as having three broad stages.

1) the individud receives initid cues and invedtigates or misnterprets these initid
CUes,

2) once the fire is gpparent the individua will try to obtan further information,
contacts others or leaves,

3) theresfter the individua will ded with the fire, interact with others or escape.
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Mode of Human Behaviour in Fire

Stages
Receive  information
/\
Interpret Ignore Investigate
// \,
Prepaie Ins}ruct Explore Withdraw
/ N\ N\
Act Evacuate Fight Warn Wait

Fig 6.1: Simplisgic modd of human behaviour in a fire

Definitions of the above terms:

Interpretation

Individuds may or may not have redised there is a fire. An understanding of their
behaviour must take account of whether or not they have defined their Stuation
correctly. Because people act on ther definition of a Stuetion the clues and
information that lead to this must be taken into account, with due consderation of the

influence of both the place and roles of the people concerned.
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In a domestic fire the presence of smoke is a clear indicator of the need for fire related
activity which is more likely to follow as their is no reliance on others for action. In
an organisation a fire will be quickly interpreted if a drict hierarchy is dready in
exisence, with a senior member clearly responsible for defining the actions of his / her
juniors.

Prepare

Once the fire has been defined the ‘prepare’ stage occurs which includes instruct,
explore and withdraw. The paticular type of occupancy is likely to have a great
influence on exactly how this stage develops.

1) Ingruct. Who does the ingructing depends admogt entirdy on their existing role in
an organisation.

2) Explore. Consigs of a variety of activities associated with establishing exactly
what is happening. It frequently congsts of going to the room of fire origin and trying

to see the fire directly, being a development of other less intrusive investigations.

3) Withdraw. The phenomenon of withdraw / wait is most typica in the context of
hotels where the privacy and sdlf - reliance associated with being a hotel guest seems
crucid.

Act

The find stage depends consderably on role, occupancy and earlier behaviour and

experience.  With early definition it may be possble for early evacuation or effective
fire fighting to occur. Both maes and femaes will fight the fire but a more dynamic
role is apparent for males.
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Wat may be confined to hotels and guests, however in other circumstances people
may wait dter giving ingtructions.

6.5 Actions Taken
Decison making is a very important process especidly during the process of various
actions taken in a fire emergency. This is because every fire stuation is different and

coping with an emergency may require one to adapt to the dtuation rather than follow
a set of previoudy memorised actions.

The more frequently people had received training on what to do in a fire, the more
likely they were to raise the darm and /or organise evacuation from the building as a
firg action, regardliess of familiarity with the building.

Whereas people  who were not as familiar with emergencies were more likely to go
back into the building or delay evacuation while trying to get their persond effects,

this may be due to security reasons or to give them some comfort in an unfamiliar
environment.



68

Behaviour category

Per centage of a personsfirst action

1. Take some fire fighting action
Contact fire brigade

Investigate fire

Warn others

Do something to minimise danger
Evacuate onesdlf from building

Evacuate others from building

15
13
12
11
10
9.5

7

Table 6.1: The following table shows the first actions taken by people in a fire.

The categories describe 80 % of thefirst actionstaken.

Information received from the fire service was used to assst in study of occurrences

of fire. Interviews where conducted where the participants in a red fire were told to
give a detaled account of everything that happened over the course of the fire.
Analyss required the breakdown of the participants actions into single acts, where
notes were taken of the pogtion in the sequence of events and physicd location of
each act. For each building occupancy type it was posshble to ascertain which act had
followed each of the other acts. The acts where taken from the agenda for interview

namely:

« Recognition of fire
¢ Location of occupant
« Ongoing behaviour

e Sequence of actions

o Perception of the stuation including:

o« Other peoples behaviour

o Physicad circumstances of fire
o Time edimates

« Reaed past experience

« Background detals, such as.
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- Role of person
- Layout of building
- Fire damage.

The acts were collected together and then their sequences were determined where it
was shown that the greater the intricacy of the behaviour, the greater the number of
acts and the more complicated the connections between each act.

The resultant set of related act sequences were represented in the following
decomposition diagram. The decomposition diagram shows that the acts are
represented by circles whereas dashed circles indicate acts which occur with a lower
frequency and aso give an idea of behavioura relationships. The arrows represent
the relationships between the acts. The numbers next to an arrow represent the
srength of association between the two acts.

The diagrams are vauable in that it summarises in a visud form the complexity of
events taking place.
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6.6 Effects of Alarms

(Canter, 199C) The study evaluated the effectiveness of conventiond adarm systems
in motivating egress found them to be ineffective and associated with the following
three failures:

1) A falure of people to differentiate fire darms from other types of dams

People rely on being familiar in which they perceive the darm but if  not familiar they
need additiona confirmation that the darm is a red fire dam.

2) A falure of people to regard fire darms as authentic warnings of a genuine fire.
Mog fire darms are usudly heard as drills and fase darms where it may send them
into a sense of false security.

3) A falure of darms to present information which will assgt fire victims in ther
atempt to cope with the fire.

People who recognise  a fire darm will initidly atempt to authenticate the darm
warning and then establish a course of action they think appropriate. The frequency

of fdse dams, meaning of the darm and people looking for evidence of a fire instead
of evacuating are dl factors which will determine the effectiveness of darms in

producing inmediate  evacuation.

It was found that motivation to evacuate is related to the following:

Gender. Women are more likely to evacuate immediatdy than men, who initialy
intend to fight the fire
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Knowledge of an escape route. If people are aware that an escape route exidts, then
they are less likely to leave because they fed less threatened by the fire. Thus the

motivation to escape is only dominant when other objectives, such as extinguishing
the fire are percelved as unobtainable.

Intengty and spread of smoke. The presence and densty of smoke is directly related
to the level of perceived threat, so that smoke encourages people to leave. The
perceptiond relationship cited is believed to outweigh the physologicad and spatid
disorientationd  difficulties.

Previous experience of fire. People are less likely to leave if they have experienced a
fire previoudy. It would appear that people who have learnt that they can cope with a
fire threat believe that they can pursue objectives other than evacuation.

Training. The more training an individud has received, the more the person is likely
to attempt to control the threat and less likely to leave. Again the leaning factor is
important but it is likely tha fire training in occupancies such as hospitas will give
individuals a st of organisationd responshilities to which they are responding,
independently of the intengty of the threat.

Direct threat perception. If a fire is judged to be extremely serious, then those facing
the threat are more likely to leave. In the early stages of fire growth people have
misunderstood the early cues, nature and speed of the fire growth. Some of these
errors have led to many fadlities where people were unaware of the danger and
thought they could handle the Stuation,
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A common belief was that dangerous fires are experienced as conflagrations but its
presence canbe indicated by early cues such as sounds like glass bresking, people
shouting and smells of smoke.

Other beliefs were that people thought that the growth of a fire was dow and
managesble, tit the rate of fire increases exponentidly with time in only a matter of
minutes, before it cannot be contained.

An experiment by Canter was used to study the subjective estimation of fire growth.
Twenty individuds were shown seven photographs of an actual fire growth taken
from the reconstruction or the Stardust Club tragedy, Dublin, 1981. Each person was
asked to edimate the difference in time between each stage of fire growth shown by
the photographs.

The results as can be seen from the graphs are that the people under estimated the rate
of fire growth. It aso shows that people can predict the initid fire growth but are
unable to predict the times due to changes involving laterd spread of flames and
obscurity due to smoke production.

Hopefully the graph will show that upon hearing a fire darm, evacuate immediately
and don't re - enter the building.
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1983) He shows a model based on Schwams which shows the behaviourd

times necessary to complete human fire behaviours.

Detection Decision | Action
. . - .
Time Time Time

Fig 6.4: Smple model of response times

The delay in response to fires can be fatd and the importance of early fire detection
cannot be stressed. He dtates that any time lost between fire onset and fire detection
may be critical, due to the fact that egress routes may become impassable by the time

the fire detection occurs.
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(Demers, 1978) In his article of ten sudents die in a college dormitory fire on the
fourth floor due to highly combustible Chrismas decorations piled up in the corridor.

The high fuel content in the decorations caused a very fast fire to develop.

The building bad a fire darm system that conssted of manua pull dtations, three
combination rate - of - rise, fixed - temperature (13 5%) heat detectors and interior
darm horns but, no smoke detectors or automatic sprinklers. The fire detection was
menudly activated by the fire darm pull station located on the fourth floor, this action

was too late as fire had dready began developing and it did not give enough decision
and action tin e for the occupants to escape.

A firea S Joseph's hospital had been detected by a staff member, a the time of the
fire it had an occupancy of 171 patients including community citizens. The patients
were evecuded within seven minutes from the area of fire origin. It took 19 minutes
to evacuate the entire hospital which was deemed a success. The invedtigation had
shown that the period between detection of the fire and the arrival of the fire
department was the most crucid life saving period. Because within three minutes the
dtaff had evauated 22 patients from the area of fire origin just as the fire service
arived.

The evaoudtion was successful because of the benefits of a comprehensive staff

training program provided by the fire department hospita team and in - house drills.
(Lerup, 1978) For fires in nursing facilities there are genera principas of emergency
behaviour which are a s&t of life saving actions made up of behavioural episodes. The
life saving actions are described as episodes which may occur for a variety of

purposes, objectives such as arousing a patient and mechanism such as pulling the
darm or shout ing at others.



The table shows the episode, objective and mechanism array.

EPISODE

OBJECTIVE

|MECHANISM

nvestigate

Alam

Notify fire department

IPuUll fire darm

IPhone fire department

‘Seek hdp

Alet staff

Pull fire darm

‘Shout

I Face to face

Arouse occupants

Pull fire darm

Shout

Face to face

Attack

Manage smoke

Ventilate

Compartmentalise

Control fire growth

Compartmentalise

Manud  suppression

|solate fuds

Hlight

Move to holding area

Veticd movement

Horizontd  movement

Move to outdde

Verticd movement

Horizontd  movement

Rescue

Remove occupants

Cary

Lead

Manage evacuation

Hold in place

Direct movement

No Action

Table 6.2: Life saving actions
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These squences of life saving actions were derived from ten fire scenarios by Nelson,
Lerup and Canter. It was shown that the nursing staff involved themselves in decisive
action such as rasng thedarm, investigation and rescue. Whereas the patients
confirmed ther indecisveness by showing a wide range of actions including a high
percentage of no action compared with the nursng dtaff
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CHAPTER 7. STATISTICS

7.1 General

The fdlonvng statistics are taken from New Zedand, Audrdia and USA.

Comparisons were made from the fire statistics by finding when and where fires were
occurring. It was shown from the statistics what type of people were dying ie. age
and sex, and d0 wha the victims actions were immediately before death occurred in
the fire. Findly the smoke detector dtatistics in the USA were investigated to find out
the causes why people were gill dying with these detectors.

7.2 Australia, New Zealand and USA
Australia

23 % of dl fires were structura fires, where fires in residentia properties accounted
for 58 % of all the structural fires. 77 % of dl resdentia fires occurred in one and

two family dwellings.

Fatdities occurred manly in gructurd fires where 60 out of 107 fatdlities and 624 out
of 879 casudties were reported. 32 fatalities and 335 casudties occurred in one and
two family dwellings. Most of the casuaties occur from 1 pm to about 11 pm, where
mogt fataities were occurring between 1 am and 2 am.

United States of America

22 % (1965 500) of al fires occurred in resdentiad properties. 79 % (3622) of al fire
deaths occurr ed in the home while 74 % (19125) of al injuries occurred in residentid
properties.
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The pesk period for home fires was between 6 pm to 7 pm which reflects the effects
of household members ariving home. The pesk period for home fire deaths,
however, was early morning, 2 am to 3 am when most people are adeep. The fire
deaths increase from 9.8 % a 10 pm to 14.9 % at 4 am then decrease t0 8.1 % at 8
am. As of interest, a resdentiad fire occurs every 74 seconds.

New Zedand

40 % (8548) of al fires occurred in structura property. Where resdentid fires
accounted for 8138 fires and one and two family dwellings accounted for 7545 of the
resdentia  fires.

67 % of dl fatalities occurred in residentid areas. Most fires occurred between 5 pm
and 7 pm with a smal amount of fires occurring between 12 pm to 8 am (200 to 800
fire incidents) when most people were deeping.
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7.3 Fire Fatalities
As most fires occur in the resdential areas | will now look a times when these fires

were occurring.

The folowing graph shows that the pesk periods for home fires occurred between 4
pm and 8 pm for New Zedand, (IrwinKDJ, 1997). This is due to the fact that the
leading cause; of most home fires were by cooking of evening medls and / or turning
on the heaters during the Winter seasons.

Avrrage Nummber of Domestic Fires and Donestic Fire Casualties Each Year By
Time Of Day, 1986-1994
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Fig 7.1: Number of fires and causalities in New Zealand, 1986 - 1994



82

Mog fire fatdities occur very early in the morning for al three countries when people
are deeping, even though the previous graph showed that a very smal amount of fires
were occurring ealy in the morning. There were very few deaths occurring
throughout the day and most of the night

The following graph show that the peak period for fataities of home fire desths were
occurring between 1 am and 4 am, when most occupants are deeping, (Hall, 19964).

This is a graph taken from the USA datistics and is very similar to Austraia and | will
use it to represent New Zedand.

Home Fire Deaths by Time of Day
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Victims actions before or during a fire can mean the difference between life and desth.
The following graph shows the victims actions immediately before thelr fataity
according to fire dtatistics in New Zedand and Audrdia The most numbers of
fatdities were occurring when people were deeping followed by other actions such as
a heart attack or stroke. The third most common cause was by people trying to
escape ie. they reacted too late or left the fire establishment too late resulting in ther
deaths.

Victims Action | diatel f li

Other action
Irratinznal action
Unable to act
Sleeping

Response  or return
Fire control

Resc Le attempt

Escaping

20
Number of Fatalities

Fig 7.3: Victims action before fatality
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The following graph shows ages of the victims killed in a fire from the Audrdian and
New Zedand datistics. It can be seen that the highest fatdities were occurring in the
range of 0 - 9,20 - 29 and over 89 age groups. The age of victims with the lowest
fatdities occurred between the 70 and 80 year old age groups.

Age of Victims Killed in_a Fire

Over 89
80 - 89
70-79
60 - 69
50 - 59
40 - 49
30-39
20-29
10-19

0-9

Age

0 5 10 15 20

Number of Fatalities

Fig 7.4. Age of fatalities
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7.4 Household Smoke Detectors

(Hall, 1996b) For the USA it has been shown that up to the year 1995,93% of
homes had at least one smoke detector, this approximates to 13 of every 14
households.

Approximately, one fifth of al detectors were non operaiond, this is manly due to
dead or missing batteries which accounted for 69 % of al detectors that faled to
activate in a fire. Other causes were incorrect instalation (12 percent) and incorrect
location (11 percent). Indtalation errors were due to poor location of detectors such
as, to low on a wall, too close to an ar return or located in a dead ar space.

The leading cause for missng batteries was that they had been removed because of
nuisance dams The reasons for this were that most darms were indaled too close
to areas which have a potentid source of smoke, steam or moisture eg the kitchen.
Other solutions apart from the detector relocation would be to subgtitute the more
sengtive ionisttion - type detectors with the photoelectric - type detectors and more
frequent, effective detector cleaning.

The reason for dead batteries is mainly due to poor maintenance ie not regularly
checking and testing the detector periodicaly say every month.

One third of a homes fires were reported to have occurred in homes with smoke
detectors. The reasons for the reaively low numbers of reported fires has been firgt
that the kind of households that would be less likely to buy or own smoke detectors
such as run down poverty stricken households. Secondly, smoke detectors discover
some fires so early that they can be controlled by the occupants without involving or
notifying the fire department.
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The homes that do use a smoke detector typicaly have a death rate of about 40 - 50
% less than the rate for the homes without detectors. That means homes with smoke
detectors have dightly more than half the risk that a death will occur in the event of a

fire.

Table showing deaths per 100 fires in the USA.

a r ' Detectors Present

Y e No Detector  Death Rate With

Present Detectors Present
1985 0.62 1.02 39%
1986 | 0.55 | 1.07 49 %
1987 | 0.59 'I-0.99 40 %
1988 | 0.66 | 1.16 43 %
1989 0.65 1.06 39 %
1990 0.61 1.14 46 %
1991 0.53 0.84 37%
1992 0.57 1.03 45%
1993 0.50 1.03 51%
1994 0.51 1.03. 51%
Average | 0.57 1.04 45 %

Table 7.1; Death rate of homes with /without detectors
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CHAPTER 8. RECOMMENDATIONS AND CONCLUSIONS.

81 Summary

The main points from this report was the high unresponsiveness of people to a fire
darm during deep. Many people faled to awaken to the fire darm because the sound
was not loud enough or many other problems such as background noise was too high.
The unresponsveness was adso due to unfamiliarity to the fire darm due to so many
fire darm signas where if a person awoke to the fire darm they may not recognise it
as an emergency fire darm and go back to deep or delay there response to it. It was
dso shown that people who were motivated or trained were very successful in
awakening to an darm.

There is a trend between deep deep and time of fire fatdities where both events occur
a its highest in the first haf of the night. There is enough evidence from various
experiments to show tha even with audible darms people gill will reman adeep
during ectivation of an darm especidly during deep deep.

8.2 General Conclusions
The factors affecting performance after sudden arousal were: stage of deep, time of
night and nature of required performance (human behaviour).

It was also shown that the young adults ie 20 - 29 and under 9 year olds were the
mog resgtant to awakening to a fire darm due to more SWS deep. This is reflected
in the statistics which show that mogt fatdities occur in these age groups.

Sound was found to atenuate greatly if it has to travel from one room to ancther. A

solution would be to have the audible darm device in the occupied space ie. bedroom.
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The smoke detector darm signals have acoustic spectral characteristics that vary
among manufacturers models. Mogt units have bimoda energy pesks with the
primary pesk aound 4000 Hz and the secondary peak around 2000 Hz

Most deegp occurs in stage 2 for dl ages where younger people spend more time in
dage 4 deep than the elderly. Elderly people awaken more rapidly from deep, and

their hearing impairment to higher frequency may need changes in the characterigtics
of the darm.

Arousd thresholds as a function of deep stage was related to deep depth as a greater
darm intensty was required for a response from wakefulness to stage 4.

Arousd as a function of sgnd meaningfulness and deeper motivation responded more

frequently to motivating stimuli eg. hearing sounds such as own name or baby crying.

Use of drugs and adcohol causes longer deep deep when one becomes more

intoxicated, especialy a the beginning of deep, and arousd is a a dower rate. Also
a smoke darm may not wake a person who is intoxicated.

8.3 Recommendations

Use of a unique, universd emergency fire darm sgnd with a sound that could easlly
be recognised as a fire darm cue and to diminae confuson from al other sgnals.

The 75 dBA sound level in detectors according to New Zedand Standards are

adequate in awakening a person when this sound level is heard a the bed - head with
dl doors closed.
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Compulsory smoke detectors in New Zedand including public education about

ingdlation of smoke detectors, and maintenance including planning and practising
evacuation.

Audible warning systems should as part of their design and ingdlation, include
condgderation of the following:

1) the design characterigtics of the aarm (including power spectrum, frequency
response and directivity),

2) the location and spacing of the alarm devices,

3) the sound transmission properties of the building in which the system is to be
indalled,

4) the background noise levels over which the sgnd must be heard.

8.3 Further Research

More research is needed into incorporation of adarms into dreams. A sudy of how
the dream incorporation affects the awakening threshold and time to react to the
dam. See if there are any posshilities as to lowering the threshold and gain
knowledge of how much of a problem this issue is, by interviewing survivors in a fire
and by experimentation and research.

Further research into self training methods to improve human awakenings, such as

motivationa techniques, especidly to recognise fire darms in their household.



More research is needed for darm characteristics and presentation of audible darms
to target awakenings from deep deep (ie. bells, horns, frequency and meaningfulness
of the darm).
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