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ABSTRACT

This research set out to determine if the sgnd from an inexpendve domestic smoke
dam is dfective a providing early warning to a fire.

An experiment was devised to invedigae the effectiveness of the inexpensve
domegtic smoke darm sgnd a derting occupants to a fire event. The experiment
involved congdructing an derting device which could sound an darm, identica to that
of a domedic smoke dam, a predetermined times between 6pm and 6am.
Volunteers from the risk groups of students, Maori and ederly participated for two
weeks in the experiment by dlowing an derting device to be inddled in their home
and responding to three darm cdls. Data from the experiment was used to examine
response times to the darm dgnd and identify who is paticulaly at risk to harm
from fire. Andyss of the data from the experiment amed to conclude if inexpensve

smoke darms are effective a derting occupants to a fire event.

The inexpensve domestic smoke darm sgnd was found to be 85% rdiable a
aerting occupants to a fire event, with children aged under ten years and adults whose

deep was influenced by the effects of dcohol identified as not being reliably woken
by the darm.
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CHAPTER L INTRODUCTION

1.1 Why Study Domestic Smoke Alarms?

For as little as $NZ8, a dand-done smoke adam can be purchased from a
supermarket, department or hardware store. Provided with the darm are a set of
indructions as to how to indal and mantain the mechanism. Reputable brands,
registered to the standards acknowledged by the prefixes ANSI (American Nationa
Standards  Ingtitute), AS (Audrdian Standard), BS (British Standard), ULC
(Underwriters Laboratories Canada) and ULI (Underwriters Laboratories Inc) assure,
if ingaled and maintained correctly, the rdiability of the darm as an early detector of
fire. Less reidble are the human behavioura aspects associated with the ingtalation,

maintenance and response to the darm sgnd.

The following research sats out to determine if a sgnd from an inexpensve domestic

anoke darm is effective a providing early warning to a fire.

1.2 Research Impetus

The impetus for this research arises from publicity associated with the inddlation of
inexpendve, domesic smoke dams A project funded by the Christchurch City
Council, Canterbury, New Zealand offers an arrangement where for $NZ8,

(subgdised if required) a stand-done ionisation smoke adarm can be purchased and
inddled in a private home, Housng New Zedand plan to fit al their renta properties
with samoke dams, free of charge to the tenants, the New Zedand Fire Service are
promoting the benefits of purchasng and ingdling inexpensve domesic smoke
dams. Concans have been rased as to the rdiability and &bility of these
inexpensve smoke dams to produce dgnds loud enough to be effective a derting
occupants to a fire event.



Advice regading inddlaion of anoke dams for provison of minimum and
maximum protection is another motivation for the research. The research looks at
whether dams in dtes outdde bedrooms are loud enough to wake deeping
occupants. It is recommended that to hinder the movement of smoke and dow the
spread of fire, occupants deep with their bedroom doors closed; the research looks at
how this advice influences the weaking effectiveness of an darm pogtioned in a gSte
outside the bedroom.

1.3 Research Goals

The am of the research is to andyse the effectiveness of domestic smoke dams as
ealy waning systems by investigation of response times to the dam sgnd. By
activating dams during desping hours, the waking effectiveness of the domedtic
smoke darm can be assessed; by activating darms during waking hours, the ability of
the darm to be heard over ambient noise can be assessed.

The research is usad to determine if inexpensve smoke darms ae producing sgnds
which are capable of derting occupants to a fire event. The research ams to assess

the advice which suggests, for maximum protection, smoke darms should be placed
in every room.

A god of the research is to establish who is a risk of harm by not being derted by the
darm and give recommendations as to how this risk can be minimised.



14 Ressarch Limitations

Limitations to the scope of the research include sample size, bias, motivated response,
darm dgnd and condgderation of longevity and functiond effectiveness of the darm.

Forty darms were placed in homes in the community, reaching 128 people. The risk
groups of Students, Maori and Elderly were targeted in the sample size, athough each
group is not mutudly exdusve. There is a bias towards the student population as
these comprised of predominantly postgraduate engineering students and made up
over 50% of the sample population. Maori families were targeted with a bias towards
homes where there were no smoke darms inddled; the dderly made up a smal
proportion of the sdection.

The response time to the dam dgnd is influenced by motivaied response. The
motivation results from the paticipants being awvare of the darm in ther home and
primed for its activation. There is no time for cue identification incorporated in the
response time as participants are immediatdy familiar with the cue.

The research sats out to identify if the sgnd produced by the inexpensve dam is
effective a alerting occupants to a fire event. Only one type of dam dgnd is
investigated. No investigetion is to be done to determine the longevity and functiond
effectiveness of the darm. Conclusions from the research can only rlay confidence
in the darm’s ggnd, not confidence in the darm’s rdiability.



15 Report Outline

This report intends to evauate how effective inexpensve smoke darms are at derting
occupants to a fire event. Background information is used to provide explanations for
rescarch methodology and techniques. Statidics highlight the hazard of domedtic
fires in New Zedand; risk groups are defined; current recommendations concerning
snoke darm use ae given. Daa from the research experiments is validated by
comparison with dudies in human behaviour, degp and waking effectiveness of
domestic smoke dams. Relevant studies are outlined to provide background to the
research data andyss. A critique of research into the waking effectiveness of

domedtic smoke darms is given, highlighting the unique qudities of this research.

Chapter three outlines experimental procedure, the volunteers involved, apparatus
used and sequence of events. The mechanism and programming of the prototype
snoke darm ae described dong with a dassficaion of the darm ggnd. The
sequence of events, both managerid and for volunteers, is timetabled.

Results and subsequent discussion are described in chapter four. This chapter iterates
the am of the experiment by dating the hypotheses to be tested by data andyss.
Limitations to the data describe where experimenta uncertainties are incurred.
Statigtics of the base data are provided to give reference to the andyss. Response
times to the darm signal are provided and instances of ‘no response are described.
Response times are compared to the variables of audibility, amount of deep prior to
the darm and hearing impairment. The effect of ingested substances on response time
latency are described as wel as the influence of age on response time.  Some
obsarvations link experimental procedure with human behaviour.

The find chepter gives a summary of the results drawing conclusons from the
experiments.  Recommendations as to further research into the effectiveness of

domegtic smoke: darms are given.



CHAPTER 2: BACKGROUND

2.1 Introduction

The ealy dage of tire recognition is typicaly characterised by ambiguity (Canter,
1990); people typicdly respond to fire related cues by investigating their source.
Ambiguity can be compounded if the cues are unclear, unfamiliar or unrecognisable
The recognition of fire related cues as hazardous is aso dependent on the State of
mind of the investigator, their dertness, sobriety and wakefulness,

The following review highlights the problem of domedtic fires in New Zedand; which
groups of people are a risk and when these groups are most at risk. The review
describes domestic smoke adarms, the varieties available, function and market trends.
The darm sgnd is described and current recommendetions as to the location and
ingdlation of smoke dams are given. Sudies investigating human behaviour in
fires ae looked a including notes on peoples reaction to smoke and fire cue
recognition. ‘To assess the waking effectiveness of the smoke alarms, an
underdanding of deeping behaviour is required. Seep is explored, looking
particularly a deep patterns, the effect of degp on the senses and the ability of deep
to ater perceptions. To highlight the unique qudlities of this research and to build an

understanding of its origin, case studies on waking effectiveness are reviewed.

The resources reviewed by this literature survey are by no means exhaudtive, but

provide reasoning for the following research procedure and its data analyss.



2.2 Fire Hazard

Advice to ingdl smoke dams in family homes is driven by the proliferation and
severity of domegtic fires. A dudy of datigics from the New Zedand Fire Service's
Fire Incident Reporting System (FIRS) by Irwin (1997), dates that during the period
1986 to 1994 inclusve the New Zedland Fire Service attended a total of 198846 fire
incidents. This equates to an average of 22100 fire incidents each year. Of the 22100
total fire incidents per year, gpproximatdy 2 1% were domestic (Figure 2.1).

Proportions of Types of Fire Incidents 1986-19%4
Controlled Buming
9%
Other
26%
Other Structural
1%
Mobile Property
13%
Vegetation
19%

Figure 2.1: Percentages of the different areas where fires occurred over the years 1986-1994
(Reproduced from Irwin, 1997).

The following section summarises datigics concerning New Zedand's domegtic fire
problem. Groups paticularly at risk to fire are defined, as are the times where it
appears the risk of fire is heightened.

221 Domedic Fire Problem

Each year in New Zedand, agpproximatedy 5000 domedtic tires occur endangering
hundreds of lives. Domedtic fires between the years of 1986 and 1994 inclusive,
resulted in a totd of 1115 civilian injuries and 170 civilian fadities This is an



average of 124 injuries and 19 deaths each year (Irwin, 1997). From New Zedand

Fire Service Statistics (1986 - 1994), Irwin (1997) concludes that for domestic tires

resulting in injury, the most common aea of fire origin is the kitchen and for

domestic fires resulting in death, the most common area of fire origin is the bedroom.

Research done by the Depatment of Emergency Services in Queendand on Fire

Fatdities in Audrdia indicates that, paralld to New Zedand findings

o Mod fire death victims die before the Fire Brigade is notified

o Reddentid properties were the most frequently cited property in which fatal fires
occurred and in particular rental properties

e The mgor cause of desth was smoke inhaation

o The absence of smoke darms appear to contribute to the increased risk of death in
the event of afire (FPA, 1998).

It is estimated that approximately 50% of domestic properties in New Zedand have a

leest one smoke darm. Research in the United Kingdom and USA has concluded

that, by providing early warning of a fire, a smoke detector can reduce the risk of

reSdentid fire death by 40 percent or more (Kuklinski et d, 1996). With 50% of

homes in New Zedand lacking the early fire detection provided by smoke darms, the

hazard of domestic fires in New Zedand remains.

2.2.2 Risk Groups

Queendand Fire Fatdities Research Results conclude that the ederly, very young and
adults affected by dcohol are a the greatest risk in the event of a fire (FPA, 1998).
The dderly due to lack of mobility; the very young due to lack of mobility and
understanding; adults affected by dcohol due to dulled senses. Corrdating these risk
groups with thelr deeping characteristics, Grace (1997) finds that the very young have
more deep deep overdl, 20 to 29 year old adults, the most probable group to have
deep influenced by acohol, experience a high amount of deep deep in the firs haf of
the night and the elderly experience a disrupted deep pattern. Irwin (1997) finds from
New Zedand Statistics (1986 - 19%4), the age groups with the highest fire fatdity
rates are the 20 . 29 year olds and the under nine year olds.



Studies abroad (Munson and Oates, 1983) and in New Zedand (Ogilvy and Mather,
1994) indicate that socio-economic factors influence the probability of a fire occurring
in a domegic dwdling. Insufficient data and the quditetive nature of many varigbles
asociated with rating socio-economic datus, for example the level of education,
make it difficult to be conclusve on the effects of daus on the probability of fire.

The results of an empirical andysds peformed by Munson and Oates (1983)

concludes, there are relationships between the incidence of fire and the structurd and
socio-economic characteristics of a community; the authors suggest that a fire-prone
community will have a rdaivey cold cimae with dilgpidated houses contaning a
high percentage of rentad properties. In such a community the population would be
low wage eaners, have a high unemployment rate and contan a large minority
population. In addition, the resdents would live in overcrowded land areas and
households (Munson and Oates, 1983). The sudy, particular to New Zedand,
undertaken by Ogilvy and Mather (19%4), pronounces the risk group population to be
influenced by: the percentage of population aged under ten years, the percentage of
population aged. over 69, the income median, the percentage of unemployment, the
percentage claming benefits, the percentage of populaion unqudified, the percentage
of rentd properties, the amount of overcrowding and identification as an ethnic

minority (for example, Maori or Pecific Idander).

With datigics from the United States dating homes with smoke detectors have
dightly more than hdf the risk of incurring a desth should a fire occur than homes
without smoke detectors (Hdl, 1994), it is implied that people in homes which do not
have amoke darms are a greater risk of injury from fire than homes with smoke
dams. Of the 50% of homes in New Zedand having a least one smoke dam, 20%
are edimated to be non-operational. Many domestic smoke darms are disconnected
due to frequent nuisance alarms or are non-operational due to inadequate
maintenance.  Adding the proportion of homes where the smoke adams are not
working, the number of homes a risk of fire due to no early warning sysem is
increased to 60% - a ggnificant risk group.



223 Time Frame

Irwin (1997) provides a graph from New Zedand Satistics (1986- 1994) of the number
of injuries and fatdities caused by domedtic fires dong with the total number of

domedtic fires plotted by time of occurrence (Figure 2.2).

Number of Total Fires

Average Number of Domedic Fires and Domestic Fire Casuaties Each Year By
Time Of Day, 1986-19%4
500 7 . 1 9
as0 | ~— = Total Domestic Fires AW ls
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350 R / A S e
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Figure 2.2. Number of injuries and fatalities caused by domestic fires along with the total

number of domestic tires plotted by time of occurrence (Reproduced from Irwin, 1997).

The following trends can be gleaned from the graph, indicating the time of the day

where occupants gppear most at risk from a domestic fire:

The incidence of domedtic fires is rddively low during the early hours of the

morning

The incidence of domedtic fires increases between 6am and 10am, coinciding with
breskfast time

The totd number of fires peak between 6pm and 7pm, coincding with dinner time
The number of injuries caused by domedtic fires pesks around 6-7pm, coinciding
with the rise in totd number of domedtic fires

The number of injuries caused by domedtic fires peaks again around midnight

The number of domedic fire rdaed fadities during the early hours of the

morning is disproportionate to the number of fires occurring a the same time



The last note indicates that people are more susceptible to death from fire while
deeping (Irwin, 1997).

The day of the week dso influences the likdihood of the occurrence of a domestic

fire. Irwin (1997) provides a graph of the average number of domestic fires each year
by day of week (1986- 1994) (Figure 2.3).

Average Number of Domedic Fires Each vear by Day of Week, 1986-19%4
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Figure 2.3: Average number of total domestic fires, injuries and fatalities occurring on each day
of the week for the years 1986 to 1994 (Reproduced from Irwin, 1997).

The graph shows the days of the week where the probability of a domedtic fire

occurring increases. Trends of the grgph show:

+ The number of domedtic fires occurring is a its lowest on Tuesday and there is
little difference in the numbers of fires occurring between Tuesday and Thursday

« The number of domestic fires peek at the weekend - Friday night, Seturday “and
Sunday

+ The most domestic fires occur on Saturdays

o The most injuries and fatdities caused by domedtic fires occur on Sunday

The reaionship between the pesk number of fatdities and injuries and the pesk

number of fires occurring indicates there is an externd factor influencing the number
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of fatdities (Irwin, 1997). Invedtigation of prefire activity is required to determine
the influential externd factor.

2.3 Domestic Smoke Alarms

For as little as $NZ8, a battery operated smoke adarm can be purchased from a
hardware store, supermarket or department store. Instaled properly, the aarm acts as
an early detector of fire and can add vauable seconds to the escgpe time of an
occupant fi-om a burning building. In the absence of caculaions, 2 Il minutes is taken
as the time before fire causes conditions to become life threatening (Buchanan, 1994).

The following section briefly describes the most common varieties of domestic smoke
dams, thar function and avalable maket brands. The darm sgnd is investigated
and current recommendations as to the inddlation and maintenance of smoke darms

are given.

2.3.1 Varieties

An effective household warning sysem integrates three dements (1) Minimigng fire
hazards, (2) smoke detection equipment and (3) a family escape plan (Brennan, 1997).
Minimisng fire hazards and planning an escgpe route are issues which can be
controlled by human management; smoke detection equipment is sdf-sufficient as
long as the inddlation is correct and maintenance procedures are adhered to. The

following gives a description of the types of amoke darms which are in common use
for domestic Stuations.

There are two types of smoke darms currently available for domestic Stuations, the
ionistion smoke aarm and the photodectric smoke darm. Both darms operate by

sampling the ar to detect particles emitted by fire.

An ionisation smoke deaector has a amdl amount of radioactive materid in the

sensng chamber (Figure 24). This materid ionises the ar, rendeing the ar
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conductive and pemitting a current flow through the ar between two charged
electrodes. This gives the senang chamber an effective dectrica conductance. When
smoke particles enter the ionisation area, they decrease the conductance of the ar by
ataching themsdves to the ions, causng a reduction in ion mobility. The detector
responds when the conductance is below a predetermined level (Bukowski, 1987).

IONIZATION  DETECTOR

REFERENCE ~ REFERENCE

BASE REFERENCE \°PLATE B SOURCE SUPPORT
CONTACT- CHAMBER PLATE , TERMINAL
SPRING /SCREW

AR R N ) GO

DETECTOR
CONTACT

P.C. BOARD

A\ DETECTOR
COVER
MEASURING
MEASURING SOURCE
CHAMBER LMEASURING’

COVER CHAMBER

Figure 2.4: Cross section view of an ionisation smoke alarm (Reproduced from
Bukowski et al, 1987).

lonisation smoke darms are paticularly effective for domestic use as they respond to
a wide vaiety of fires, are particularly respongve to fagt flaming fires, such as tha

which would occur in a kitchen, and are rdatively inexpensve to manufacture.

A photoelectric detector uses a smal beam of light amed a a dark comer in the light-
chamber of the smoke detector (Figure 2.5). When particles of smoke get in front of
the light beam, they scatter the light and reflect it onto a light sengtive photocell. The
dam sounds when an eectrical current is produced after enough light is reflected
onto the photocel (Irwin, 1997).
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Hest detecior Mounting box

indicator lamp ~ Smoke chamber
Light source A Deflected light
Light trap -
A

indicator lamp Smoke chamber . Smoke particies

“Non-fire” condition ‘Flee” condition

Figure 2.5:Cross section view of a photoelectric smoke alarm (Reproduced from Irwin, 1997).

Photodectric smoke darms, like ionisation, are particularly effective for domestic use
as they respond to a wide variety of fires. The photodectric dams are suitable for
the domedic dtuation as they are paticularly responsve to smouldering fires and
dense smoke such as that given off by foam filled furnishings (Grace, 1997).

Either the ionisation or the photoelectric smoke alarm are appropriate for use as early
fire detectors in the domestic Stuation.

2.3.2 Function

Smoke darms are not a guarantee againgt loss of life, but add vauable seconds to the

time avalable for occupants to escape from a burning building. They do this by
detecting smoke before it reaches dangerous levels (BRANZ, 1998). Smilarly, hest
detectors can be used as early fire detection mechanisms. Heat detectors, adthough a
vaid means of early detection, are less gppropriate for use in the domegtic Stuation
due to their response time being longer than that of a smoke darm. In the case of a
smouldering fire, it may take minutes before the heat produced reaches levels high
enough to be sensed by a heat detector. The sengtivity of a smoke aarm enables fires
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to be detected more quickly, providing occupants with more time to react ether by
extinguishing or escgping the tire

Succinctly, the function of a domestic smoke darm is to:
o detect smoke before it reaches dangerous levels,

e dert occupants to the fire.

2.3.3 Market Brands

There are a variety of stand adone domestic smoke darms available, ranging in price
from $NZ8 to $NZ50. Fifty dollar darms incude an emergency light, test button and
slencer; a variety of darms are priced between $NZ15 and $NZ25 and include a test

button and slencer; for $NZ8 a basic smoke darm can be purchased.

Public campaigns encourage the inddlation of inexpensve domestic smoke dams.
The ability of these $NZ8 darms to dert occupants to a fire event serves as the
impetus for the following research.

2.3.4 Signal

The choice of sgnd for a smoke dam requires condderation of the environment
where the darm is to be placed. For the domestic smoke darm, the darm dgnd is
required to be distinguished from ambient ‘living’ noise and have the ahility to arouse
occupants from deep. The sgnd has to be unique, SO as not to be misinterpreted,
loud, so as to be heard over ambient noise and of the frequency and modulation to be
effective at awakening occupants.

An exhaudtive study of the response of a population to optimum warning signas was
undertaken to find that the characteristics of optimum derting sgnds were:

(1) frequency should be within the range of 700 ~ 4000 Hz;

(2) isolated pure tones do not have as greet an derting potentid as complex sgnals,

(3) frequency modulation between 5% and 10% a a rate of between four and eight

cycles per second increases the judged derting potential of Sren-type complex
sounds,
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(4) perceived loudness is the mgor determinant of judged derting potentid.

(Robinson, 1988)

The frequency of the sgnd rdates to the sgnd’s loudness and the ability of people to
hear the darm. Congderations of factors such as loss of high frequency hearing with
age are required in determination of the most effective darm signa (Robinson, 1988).

LeVere et d (1973), showed that the lower frequencies had a better arousal rate than
the higher frequencies.

Complex dgnds are dated as having a greater derting potentid than isolated pure
tones. The domestic smoke darm requires a unique d9gnd 0 as to be diginguished
from other darms, for example burglar or car darms. The uniqueness of the sgnd
decreases the ambiguity associated with the early stages of fire cue recognition; the
sound is immediately recognised as a smoke darm alowing action to be taken.

Desgn criteria for deeping occupancies date that a smoke darm must produce a
sound level 15 dBA above ambient at the pillow head (Schifility, 1995).
Congderations such as whether the bedroom door is open or closed must be
incorporated in design. Factors such as, the emphasis in modern congruction to
reduce noise using boundary treatments and increase sound transmisson losses of
walls and doors (Robinson, 1988, must aso be consdered in recommendations and
advice on issues. such as darm placement and whether bedroom doors should be open
or closed.

2.35 Recommendations

‘NZS 4514: 1989 The Ingdlation of Smoke Alarms is the New Zedand Standard
dictating procedure for the installation of smoke alarms. The following are
recommendations and advice associated with current smoke adarm technology from

research, prevention and production sectors.

The Building Research Association of New Zealand (BRANZ) has several
recommendations to make about the location and maintenance of smoke darms;

o Always locate darms between the living and deeping areas of the home. If there
is more than ten metres between the living and deeping aress, or if bedrooms have
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a living space between them, or there is more than one floor levd in the home, a
least two darms are needed to be effective;

o Mount the darm on the calling or close to it -~ smoke spreads from top down;

o Don't place the darm close to an opening window or other source of ventilation;

o Heavy deep, deafness, closed doors, background noise and drug or dcohol-
influenced deep dl limit the usefulness of darms. It may be necessary to consider
ingdling an darm in the bedroom itsdf if there is danger of it not being heard;

o Test smoke darms regularly (BRANZ, 1998).

Advice from the New Zedand Fire Service (NZFS) concerning domestic smoke
dams includes
Choose an darm of reputable qudity identified by the prefixes
ANS (American National Standards Ingtitute)
AS (Audrdian Standard)
BS (British Standard)
ULC (Underwriters Laboratories Canada)
ULI (Underwriters Laboratories Inc.);
Sleep with bedroom doors closed to hinder the spread of fire;

Ingal and maintain domestic smoke dams according to their provided ingructions.
Product labels include advice for minimum protection, darm placed between living

and deeping areas;, and for maximum protection, dams placed in every room
(excluding the kitchen) (Figure 2.6).

TYPICAL MULTIPLE

SINGLE FLOOR FLOOR  INSTALLATION
wow . o] o |2 m/\q\
— e Towm ]
L-m?nmm (¢} i el I
Bedroom room | Hat
& imoke Alarms for Minimum  Protection Lideg *

Room /" £ aevity Room
®
Bapemens

NOTE:THE PERFORMANCE OF SMOKE ALARMS MOUNTED ON WALLS IS UNPREDICTABLE ANDTHIS MOUNTING
POSITION IS NOT RECOMMENDED WHEN CEILING MOUNTING CAN BE IMPLEMENTED.

O Smoke Alarms for Addiional Protection

Figure 2.6: Recommended locations for domestic smoke alarms (Reproduced from PDL Smoke
Alarm SS 775 Instructions, 1997).
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2.4 Human Behaviour

Case dudies have highlighted the importance of early fire detection; the earlier the
fire is detected, the more likely it is to be able to be controlled, the greater chance
people have of escaping without injury. Mechanised early detection devices have
increesed the likelihood of fire being detected, but it is ultimately human behaviour
dictating the course of action in response to fire.

The ensuing section looks into the human component in fire cue recognition and how
humans react to smoke. Some gudies concerning human behaviour in fire are
investigated with paticular atention pad to human behaviour when aroused from

deep.

2.4.1 Recognition of Cues

Reaction of humans to fire can be categorised into three stages. (Grace, 1997)
(1) Interpretation
(2) Preparation
(3) Action
Important in the sequence of events in response to fire is the firs phase, interpretation.
Interpretation involves the individud receiving information, recognisng it as a fire
cue then invedtigating or misnterpreting the cue. Correct recognition of fire cues is
dependent on:
e Cue Intendty; the louder, brighter larger, more rgpidly risng or otherwise
more potent the cue the more likely its detection;
e Cue Sdience more important stimuli are more gpt to be noted;
e Focus of Attention; a person engaged in an engrossing task is less likely to
detect a cue from the environment;
e Drugged versus Undrugged; barbiturates tend to raise detection thresholds,
amphetamines to lower them;
e Adegp versus Awake, Slegping subjects are less apt to respond to equa
simuli than awake subjects (Kahn, 1984).
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Cue ambiguity festures as a mgor cause of dday in reaction to fire Ambiguity
causes midnterpretation of cues increedng detection time, leaving less time for
decison making and action. Canter (1990) factors misinterpretetion of fire cues
grongly into his decompostion diagram. The decomposition diagram attaches

probabilities of occurrence to the sequence of events of a fire scenario (Figure 2.7).

Pre-event activity
ypically sleeping)

s8¢
626
\‘/;\ Misinterpret
Hear strange «2— % J(ignore)
noises

083 09y 58!

134
Instruct/
reassure ‘a
Enter room
of fire
origin
oas

Go to neighbours
or return to house

@

Leave house
224
47
Meet fire brigade
on arrival 939
Note: Numbers on lines indicate End of involvement
strength of association
between two acts inked

by arrow

Figure 2.7: Decomposition Diagram (Reproduced from Grace, 1997).

People rely on information from others to cdaify ther interpretation of the cues.
Seeking confirmation of cue interpretation factors into the delay time as shown by the
decomposition diagram. Cue ambiguity in the domestic Stuation can be minimised by
use of smoke dams when resdents are familiar with ther disinctive sgnd.
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24.2 Reaction to Smoke

Research into the body’'s ability to smell smoke when adeep debates that a person’'s
sense of amel is dulled while adeep. Experiments usng smoke odour as a simulus
show that the smdl of smoke does not reliably arouse people from deep. While it is
proven that, while adeep, the ability to regiger smels is diminished, no research has
been done into the influence of irritations associsted with smoke on arousa from
deep. The irritation of heat and smoke particles as opposed to smoke odour, may be
the factors which arouse people from deep.

2.5 Sleep

Seep is not a date of unconsciousness but rather, a dynamic process of dternating
physiologica Iulls and turbulences, an ongoing progresson of rhythmic cycles
reflecting different phases of neurd functioning with varying sensory thresholds
(Nober et al, 1981).

The following section briefly describes deep patterns, factors affecting awakenings
and the idea of motivated response.

251 Paterns

Grace (1997) describes the degp characterigtics of humans, showing the difference in
degp patterns with age and gender. In summary, the following degp pétterns
influence the waking effectiveness of domestic smoke darms.

(1) Stage of deep; there are three behaviourd deeping states, wakefulness (W), rapid
eye movement (REM) and non-rgpid eye movement (NREM). Each stage of deep
is indicative of a depth of deep which in turn affects the ability to be woken.
Stages of deep, their characterigics and waking potential are summarised by the
following table (Table 2.1).
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Table 2.1: Sleep Stages.

NRR M
Sleep stage w Sage 1 Stage 2 Stage 3 | Stage 4 REM
Characteristic | Person Person Onset of Transient Deepest Intense
fully faling sleep between 2 stage of dreaming
awake aseep |-7 and 4 sleep and REM
minutes
Wakening Easly Person Intense More
Potential woken sound noise intense
asleep, required to | stimulant to
easily awaken waken
woken person person
NRE | =arela rdy inactive et ativy regil ated brain in amoveable bodly
REM = a highly activated brain in a paralysed body (Grace 1997 chapter 2)

(2) Age age influences the period of time spent in each stage of deep. Grace (1997)
concludes:
e 20 -~ 29 year olds experience a high amount of deep deep in the first haf of
the night, requiring an intense noise to be woken
o Under nine year olds experience the most deep deep over dl
e 70 - 80 year olds experience a disrupted deep pattern with a low amount of
deep deep (stages 3 and 4) and continuous awakenings.

252 Awakening Influences

Seeping patterns can be influenced by externd factors such as adcohol, medication
and deep deprivation. The factors re-proportion the time spent in each deeping stage.
Increasing the time spent in a deep deep dage is of detrimenta effect to the waking
effectiveness of domestic smoke dams. Factors which particulaly  influence
awakening include:
o Drugs and Alcohal, by increasing the amount of deep deep, particularly in the
firs couple of hours, and imparing performance such as reaction time and
motor coordination (Grace 1997).

o Sleep Deprivation, by increasing the amount of stages 3 and 4 (deep) deep.

Audibility of the dam a pillow levd d&fects the ability of the smoke dam to
awaken. Externd factors such as whether the bedroom door is open or closed and the
distance between the dam and the bedroom, influence the percelved loudness of the
dam and hence its ability to wake. Research shows that sounds can often be



incorporated into dreams. By combining the dreaming stage of degp with the darm
ggnd, sound incorporaion into dreams can dow the waking effectiveness of the

anoke dam.

253 Motivated Response

Motivated response occurs when a deeping subject is primed to respond to a known
dimulus, for example, a doctor on cdl responding to the ring of the telephone, a
mother responding to the cry of her child. Grace (1997) looks in depth at
motivationad responses and their effect on response to dam sgnds. Of paticular
interest to the weking effectiveness of domestic smoke darms includes the ideas of
the ability to discriminate between familiar and unfamiliar sounds while adegp and
the effect of emotiond content on the waking effectiveness

Research has shown that people have the ability to discriminate between sounds while
adeep. A study was done using a person’s name as the simulus for response. It was
found that subjects responded more often to their own name than any other name
(Grace 1997). Seepers can, if familiar with the signa, be primed to respond to the
sound of a smoke darm.

The more emotional content associated with the simulus, the more effective the
dimulus is a awakening people from deep. If there is an incentive to responding to
the sound, whether for personal gain, such as monetary, or persond concern, such as a
crying baby, a person can be motivated to respond. Grace (1997) concludes, that a
person can set themsdves the task of awakening to some particular stimulus and can
in fact, succeed in that task to some extent.

21



2.6 Waking Effectiveness - a literature survey

A vaiety of sudies have been done, evauding the effectiveness of domestic smoke
dams. Some dudies invedigae the weking effectiveness of smoke dams in
controlled environments, others utilise the familiar home setting as a forum for ther
invedtigations.  The following is a critique of some prominent research concerning
topics investigating the waking effectiveness of domestic smoke darms.

2.6.1 Case Studies

e Study 1. Non-arousa and Non-action of Norma Seepers in Response to a Smoke
Detector Alarm (Bruck, 1995)

In this study, twenty-four young adults were exposed twice to a smoke detector darm

activated of 60 dBA a pillow levd. The paticipants were in a controlled desping

environment and were unprepared for the firsd darm activation. Reaults of the

experiment show that:

i) 20% did not reliably awaken to the darm with this being associated with a
reported lack of deep the night before

i) of the awakenings, 87% occurred within one minute

i) when awoken by the firsg darm sgna, 95% took no action and 92% did not
correctly interpret the darm nature of the sgnd.

Conclusons from the experiment include

i) Seep deprivation appears to increase the probability of not awakening

i) Emphass must be given to the importance of smoke dams being indaled
cloe to the beddde and further studies of arousd in such circumstances
conducted

i) The darm sgnd must be more recognisable as a fire cue.
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e Study 2. Non-awakening in children in response to a smoke detector aarm
(Bruck, 1998)

Twenty juniors, aged six to 17 years, and ther parents, aged 30 - 50 years, were

exposed, on two different nights in their own homes, to an darm which sounded 60

dBA a the pillow. The deeping participants were asked to respond to the aarm

ggnd by activating a wrig actigrgph and completing a questionnaire. Results of the

experiment  show:

i) 85% of the juniors dept through one or both of the darms, 100% of the adults

religbly woke

i) where a participant awoke, 95% awoke within 32 seconds of darm activation

iii) on average, those who awoke reported being clear-headed

Research concludes that smoke alarms need to be interconnected. This

recommendation is in line with previous research consdering the optimum locetion of

darms which suggedts that the best location for an darm is not necessxily the best

location for a detector.

Daa currently being collected a Victoria Univerdty of Technology in Mebourne,
Audrdia, hopes to establish whether children aged between 6 and fifteen years will

reliably wake when a smoke darm of 85 - 90 dBA sounds in their own bedroom.

o Sudy 3. Waking Effectiveness of Household Smoke and Fire Detection Devices
(Nober e d, 198 1)
This gudy corrdates the weaking effectiveness of domedtic smoke darms to the
sensory threshold variations associated with the stages of deep. Three experiments
were designed to determine the waking effectiveness of a tgped smoke detector darm
sgnd. There were three darm dgnds presented to three groups of voluntegrs, 55
dBA, 70 dBA and 85 dBA. The darms were presented to the volunteers once over a
seven day ingament period in their own home. The volunteers were required to shut
off the dam ggnd and tdephone the fire depatment. Concdudons from the
experiment  include:
i) The three detector darm sgnas (55 dBA, 70 dBA, 85 dBA) were loud enough
to awaken normad-hearing college-age adults from deegp a varying hours of
the night.
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i) In the darm-alone condition, shut off latency was sgnificantly dower in the 55
dBA condition than in ether the 70 dBA and 85 dBA condition. Shut-off
latencies did not sgnificantly differ between 70 dBA and 85 dBA. Vaiadbles
of s, time of night and day of week did not yidd dgnificantly different
response  magnitudes.

iii) A taped 63 dBA noise from an ar conditioner dgnificantly increesed the
waking latency a the 55 dBA and the 70 dBA dam levels, compared to the
quiet conditions and the VCR-TV experimental conditions.

iv) Subjects who were awake watching a video when the darm sounded
responded with the shortest latency, shut-off time a both the 55 dBA and 70
dBA dam leves.

V) With approprite motivation and sendtisation norma-hearing young subjects
can be awakened from deep and expected to perform coherent tasks with a
detector darm at 55 dBA in a quiet setting. At 70 dBA, subjects in the quiet
and with the background air conditioner noise were awakened.

Vi) Quedtionnaire data generdly showed that subjects accurately projected
whether they were light or heavy deepers and would be awakened rapidly by
the detector darm signal. Subjects who reported that their deep tended to be
interrupted and subjects who reported that they played radio or TV sets in their
bedrooms prior to deep, generdly awakened faster than subjects who did not
make these reports.

o Study 4. Will Your Smoke Detector Wake You? (Berry, 1978)

This dudy looks into the &bility of a stand-done smoke aarm, Stuated outsde the
bedroom, to wake deeping occupants. The research argues that attenuation causes the
dams to be 0 dulled tha ther sgnd, when reaching the pillow, is less than the
required 15 dBA above ambient. An awakening worksheet is developed to determine
the probability of awakening from deep, given smoke detector activaion. The
worksheet is to be used to determine if a smoke darm in a Ste outsde the bedroom is
loud enough to wake, factoring into consderation attenuation losses due to distance,
open or closed doors, number of wals and number of storeys. Research recommends
tha a dand-done smoke aam, remote from the deeping aess, is not aways
aufficient to awaken. It is recommended that the awakening worksheet be used to
determine the number an location of smoke darms.
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+ Sudy 5 Rdiability and Effectiveness of Domegtic Smoke Alarms (Marriot, 1995)

A sudy was undertaken in England and Wales to determine how well smoke aarms

ae mantaned by the householder once inddled. Statistics show that the number of

households owning one or more smoke adarm is increasing, but little is know about

how well these smoke alarms are maintained once installed. This study, by

digtributing and monitoring ten thousand smoke dams over a three year period, st

out to prove how reliable the domestic smoke darm is. Results show that 89% of the

gmoke darms were Hill servicesble a the end of three years suggesting that domestic

anoke darms, in generd, are wel maintained. The sudy highlighted inadequacies in:

i) the method of cleaning smoke darms

i) the need for annud bettery replacement

i) the meaning of the low battery warning sgnd

iv) understanding the need for regular testing

V) the levd of protection afforded by fitting only one smoke darm per dweling
and the added leve of protection attainable by fitting more.

« Sudy 6: Smoke darms fitted on ground floors may not be loud enough for
deepers (FIRE, 1992)

It is unfortunate that most smoke darms are bought only if they are very chesp and
ae then unlikdy to have interconnection facilities. This aticle, from the United
Kingdom , highlights the concern that chesp, stand-done smoke darms may not be
able to produce a sound loud enough to be heard in a room remote from the device,
paticularly in a room updars. Experiments were caried out to determine if an
adam, stuated in a hadlway downdairs, could be heard in a bedroom upstairs. Sound
pressure measurements were taken and results show that sound levels in the bedroom
were not reaching the 15 dBA above ambient level sated as required for waking
desping occupants. Results dso show the effect furnishings have on reducing sound
attenuation. The research concludes that, in order to be effective, smoke darms must
be interconnected and sound simultaneoudy. The research recommends that the
inexpensgve smoke darms, dthough they work, are inadequate if not interconnected.
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e Sudy 7: U.S Research on Body's Ability to Smdl Smoke when Adegp (STAR,
1998)
Opinions were split between whether smoke dirred victims from deep or whether a
depressed sense of smell prevented this from happening. A study set out to prove if
smoke odour had the ability to awaken people from deep. Ten subjects were exposed
to a non-threstening smoke odour while adeep in a controlled environment. The
exposure was administered to the participants a the same stage of degp and lasted 90
seconds. Two of the ten subjects were aroused from deep by the smoke odour. The
rescarch concluded that, fire detection and suppresson darms are the only prudent

method of derting degping persons to a fire in their homes.

e Swudy 8 Improving the Waking Effectiveness of Alams in Resdentid Aress
(Grace, 199'7)

Thomas Grace's report, The Waking Effectiveness of Alarms in Resdentid Aress, is
referenced severa times in the preceding sections. Statisics and  information
provided by this Canterbury Universty Magters in Fire Engineering Research Report,
form the bads for a dgnificant pat of the following research andyss The dHatidtics
provided are paticular to New Zedand, the information provided strongly links
degping characteristics to the waking effectiveness of domestic smoke darms. Grace
(1997) succinctly references waking effectiveness literature and sudies.

Some gudies have been done in the United States which invetigate the benefits to
having a domestic smoke detector indtaled. Studies include: a cogt-benefit andyss of
domestic smoke adarms (Spearpoint, 1997), a probe into the reasons for smoke
detector nuisance darms paticulaly in the Naive American community (Kuklinski
et d, 199%), publishing of data recording the U.S. experience with the introduction of
domestic smoke adarms (Hal, 1994). Kahn (1984) looks a human awakening and its
effect on identification of fire rdated cues, highlighting how fire reaed cues can be
ambiguous. Information from these sudies can be gpplied to the New Zedand
dtudtion to gain an idea of the broader benefits of ingaling smoke darms in privae

homes.
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2.7 Summary

The research ams to determine whether inexpensve smoke darms are effective at
derting occupants to a fire event. Statistics specific to New Zedand are used to
devise an experiment which investigates human behaviour in response to a smoke
dam dggnd. Previous sudies have been done which look at the waking effectiveness
of the domestic smoke dam with this research building on established conclusons.
The following section highlights the unique qudities of this research.

271 Rescarch Differences

Although a variety of studies have been done which investigate the waking
effectiveness of domestic smoke darms, this research brings a new perspective to the
study as it looks particularly from the New Zedand viewpoint. Other research has
looked a what decibd levd is optimd for derting occupants, rather than investigating
the question, does what is out there work? Factors which create the uniqueness of the
research are the sudy environment, choice of participants, time choice of dam
events and the derting device mechaniam.

New Zedand fire incidence and fadity datiics determined choice of participants
and time of dam activation. The datigtics used are unique to the risk of a domestic
fire in New Zedand.

Development of the computer operated derting device is unique to the experiment.
The device adds a dimenson of authenticity to the research as the actud dam is
used, not a recorded signd.
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CHAPTER 3: PROCEDURE

3.1 Introduction

An experiment was devised to invedigae the effectiveness of the inexpensve
domegtic smoke darm sgnd a derting occupants to a fire event. The experiment
involved fabricating an derting device to sound an dam, identicadl to that of a
domestic smoke darm, a predetermined times between 6pm and 6am. Volunteers
from the risk groups of students, Maori and ederly participated for two weeks in the
experiment by allowing an alerting device to be installed in their home and
responding to three dam cdls. Daa from the experiment is used to examine
response times to the darm sgnd and identify who is particularly at risk to harm from
fire. Anayss of the data from the experiment ams to conclude if inexpensve smoke
dams are effective a derting occupants to a fire event.

The following section outlines the experimentd procedure. The risk groups involved
in the research are named and their sdection procedure explained. Demographics of
the volunteers involved in the experiment, are described. The derting device, its
mechanism, circuit and sgnd ae decribed and the audibility recording indruments
explaned. A sequence of events of the experimenta procedure is provided to
timetable and document the procedure practiced.
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3.2 Subjects

A ressarch brief and details of volunteer involvement were advertised to sudent,
Maori and ederly groups. Response to the advertisement resulted in forty homes
volunteering to participate in the smoke darm sudy. All volunteers received a

complementary smoke adarm for participating.

321 Risk Groups

The risk groups of students, Maori and dderly were determined by New Zedand's
tire incidence and fatdity datistics. The three particular risk groups were chosen due
to the higher probability of occurrence of a fire sarting in their homes.  The groups
are not mutudly exclusve, neither are they truly representative of a cross section of

New Zedand's community.

3.2.2 Sdection Procedure

All subjects volunteered to participate in the experiment. The Student group was
chosen from predominantly posigraduate engineers, with flaiting Stuations preferred.
A university lecturer, with two young children, was added to the student group for a
specific investigation of the response of under ten year olds to the smoke dam. A
contact from Nga Tahu, Christchurch’'s locad iwi, sdected Maori  volunteers.
Preference was given to Maori families without a smoke darm ingdled in their home.
Elderly volunteers were chosen from response to an advertisement in a loca dub's
newdetter.

3.2.3 Demographics

The volunteers are plit into two groups, the primary group and the tota group. The
primary group comprises of the principd members of each household. The principd
member is defined as the spokesperson for the home. Additional information, such as
type of degper and hisory of hearing imparment, is provided by the principd
members for further invedtigation into response time latency. The principd member
is the main respondent to the darm. The totd group comprises of al the people who
experienced an darm event.
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Forty homes participated in the study: 26 from the student group, 10 from the Maori
group, 4 from the elderly group (Figure 3.1).

Volunteer Group

Elderly

B

Maori Student
25% 65%

|

Figure 3.1: Distribution of volunteer group.

The primary group is comprised of 40 subjects aged between 21 and 79, with 13
femaes and 27 maes (Figure 3.2).

Age Distribution of Primary Group

- 55 - 60 yrs | 60 yrs +
50 - 55 yrs 5% J A 10%
8% |\ ]

45 - 50 yrs 20-25yrs
3% \\ 34%
40 - 45 yrs /

5%

/ AN )

[ 25-30

35-40yrs| | 25-30yrs 17°/yj
5% 13% i

Figure 3.2 Age distribution of primary group.
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128 subjects aged between one and 79, with 61 femaes and 67 males, participated in
the study and experienced a least one darm event (Figure 3.3).

Age Distribution of Total Population
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|r50 -55yrs 2% 6% Under 10 yrs
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1 S
45-50 yrs . T 10- 20 yrs
2% T e%

- \ 20-25yrs

40-45yrs // /
"
45%

4%

. /
35-40yrs|
0yrs)
2% 30- 35 yrs

8%

Figure 3.3: Age distribution of total population.

3.3 Alerting Device

To endble an dam dgnd to sound independently a a known date and time, a
computer operated smoke alarm mechanism was required. The aderting device was
required to be portable, programmable and piercing to meet the criteria of the
experiment.  Portable, with an independent power source and to enable easy
ingament; programmable, with the ability to recal dates and times of darm events
and record data of response times, piercing, having an darm dgnd the same as that of
the inexpensve domestic smoke darm. It was decided to adgpt an exiging domegtic

smoke darm to meet these criteria Twenty five derting devices were made.
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3.3.1 Mechanism

An eight dollar, ionisation smoke darm was adapted for use as a computer operated
derting device (Figure 34). The internd workings of the smoke dam were
removed, leaving only the sounding device Removd of the radioactive ionisation
chamber rendered the smoke darm unusable as a smoke detector, with this point
being stressed to the volunteers. The contents of the smoke adarm case were replaced
with a computer circuit (Figure 3.5). The computer circuit has programming capecity,
enabling dates and times of darm events to be stored. When the programmed time of
the darm event is reached, the derting device sounds an darm of the same sgnd as a
domestic smoke adarm; the aarm is deactivated when switched off by the volunteer.
The computer records the time difference between activation and deactivation and this
time is recognised as the response time to the darm sgnal. If not responded to, the
deting device automaticaly deectivates after 255 seconds. Information from the
derting device can be downloaded into a computer program devised for the

experiment.

Figure 3.4: Alerting device.
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Figure 3.5: Internal workings of alerting device.

3.3.2 Circuit Description

The following is a description of the computer circuit used in the experiment (Figure
3.6). The workings of the derting device are explaned by Michad Weavers,
electronics technician responsble for adgpting the domegtic smoke darm into a
computerised derting device.

Respond
Button

P.C. Micro- Realti
Interface — controller <::> eal-time
Socket O< Clock

Siren/LED TeTw

Driver :>I’))>> -

34




The core of the aderting device conssts of a Microprocessor (i P) chip and a Red-

Time Clock (RTC) chip. The uP has a serial interface which receives
commands/data from a computer running loading software devised for the
experiment. These commands, sent from the host computer via a smal RS232
interface cable to the nP, dlow the RTC's current time and the stored individud
dam times to be se&t. The 4P has the capacity to store four darm events in its
memory.

Normally the 4P is in ‘degp’ mode to conserve power. Four things can ‘wake' the
4P (1) a power-up, (2) the serid interface being plugged in, (3) the RTC’'s darm
going off, (4) the stroke of midnight. On power-up, the yP initidises the RTC 0
thet it ‘wakes the uP a the sroke of midnight every night. The xP dso initidises a
detus register and resets al variables. When the serid interface is plugged in, the 4P
‘wakes to receive commands/data from the host computer. The four alarm dates and
times are downloaded into the u P, dong with the current date and time; the serid
interface is then unplugged. Upon disconnection of the serid interface, the u P
checks the firg darm to see if it is for today and if o, it loads that darm hour and
minute into the RTC and enables the RTC's darm. If the darm is not for today, the
U P leaves the RTC's darm disdbled. The x4 P then goes back to ‘degp’. On the
groke of midnight, the RTC ‘wakes the u P to check if the next darm is for that
new day. The uP checks a register to see which darms have aready gone off and
which one is next in line. The uP then checks if the next darm’s month and date
match today’s month and date. If times match, the P loads that darm hour and
minute into the RTC and enables the RTC's darm. If darm times do not match, the
4 P leaves the RTC's darm disdbled. After this day preparation, the 4 P goes back to

‘deep’.
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When that day’s darm time matches the red time of day, the RTC ‘wakes the 4 P
which turns the darm sounder on and begins counting seconds. The y P monitors the
derting device's slencer button and as soon as the user presses it, the x4 P turns the
sounder off and stops counting seconds. The response time in seconds is then stored
in memary. If the silencer button is not pressed within 255 seconds, the g P turns off
the sounder and stores 255 seconds for the response time. The x P then updates the
datus regiger to indicate that darm ‘N’ has gone off and checks if the next darm is

for the same day, loading it if so. If not the u P distbles the RTC's darm. The u P
then goes back to ‘deep’.

When the fourth darm has gone off, the ;; P dissbles the midnight ‘wake-up' as well

as the darm and. goes to ‘deep’ until the next power-up or serid interface connection
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3.3.3 Signal
The deting device required an adam dgna identicdl to that sounded from an

inexpensve domestic smoke darm. It was decided to use the sounder from an eght
dollar, ionisation smoke dam. Adapting an exiging smoke dam to make the
derting device enabled the sound achieved to be identical to that of a domestic smoke

adam as the buzzer and subsequent resonance from the device are the same.

The inexpensave anoke darm and subsequently the derting device, produce a pulsng
darm digna. The darm, a the source, produces a maximum sound of 110 dBA.

The alarm signal repests at a frequency of four ‘beegps per second (Figure 3.7).

Tek Stopped: 1 Acquisitions
3 T

SN S un SRS RS B Sk S SRS S S S S R S A BN R B

L

Chl Freq
4.1830 Hz

Ch1 Max
135my

Figure 3.7: Alarm signal.
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The pitch of the darm is approximately three kilohertz, a the source (Figure 3.8).

Tek Stopped: 3 Acquisitions
. T

.. ...... .' ...... - .. ..... .... ...... Cthreq

Ch1 Max
50.0mv

Figure 3.8: Alarm signal pitch.

The darm sgnd used for the derting device has the characterisics of an darm
auitable for waking deeping occupants and derting occupants to a fire event. The
darm is a complex sgnd with greater derting potentid than an isolated pure tone; the
pitch of the darm dgnd (3kHz) has a frequency within the limits determined optima
for grestest derting potentia (700Hz-4kHz); the darm sgnd is unique, varying from

those used for household darms such as security and car darms.
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3.4 Audibility

Measurements of the audibility of the derting device were required to be taken in the
bedrooms of each home. The audibility was needed to compare the volume of the
anoke dam with its weking effectiveness and subsequent response times. The
generd unit for messurement of sound pressure levels ae A-weighted decibels
(dBA).

341 Apparatus

A hand-held so-und level meter was used to record the smoke darm signd (Figure
3.9). The battery operated device has two scaes, low and high, with the ability to
pick up sounds ranging from 40 to 120 dBA. The sound meter is linked to a pesk

levd meater which messures the sound levd in of the smoke darm in millivolts.

Figure 3.9: Peak level meter (left) and sound level meter.
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342 Cdibration

Due to the resolution of the scde in the sound meter and the pulsng sgnd of the

darm causng the needle of the sound level meter to fluctuate, readings of the pesk
level sound produced by the aerting device were taken from the pesk leve meter and

converted from millivolts to decibels (Figure 3.10). Five readings of the pesk sound
leve (millivolts) were averaged, then converted to decibds usng a cdibratiion. The
sound level meter and the pesk level meter were cdibrated by producing a pure tone
of a known decibel level in a quiet room. The pesk levd reading in millivolts was
taken, corresponding to the decibd level. The results of the cdibration were graphed
and a polynomid trend-line fitted. The equation of the trend-line was used to convert
the average millivolt reading to decibels.

Relationship « Millivolt and Decibel Readings

2000 .
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% 500 _— 4/
—
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Figure 3.10: Graph of relationship between millivolt and decibel readings of audibility.
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3.5 Sequence of Events

Experimental procedure can be gplit into three sections, prdiminary work, darm
events and post-darm events. The three sections can each be split in two parts,
actions of the researcher and actions of the volunteer. Prdiminary work involves the
researcher planning the number, date and time of each darm event. The researcher is
required to inddl each darm, take audibility readings of the darm in each volunteer’s
bedroom and record details of the occupants in each volunteer household. Prior to the
darm event, volunteers are briefed on experimenta procedure and details pertaining
to occupants in the home, are recorded. Each dam event sees the volunteer
responding to the darm and the researcher recording the response on an answer
machine. Pog-darm quedtioning is done the day following the dam event. The
derting device is collected by the researcher a the end of the two week experimenta

period.

The following section describes the sequence of events involving the researcher and
volunteer in the weaking effectiveness experiment.

351 Alating Device Activation

The experimental period ran from November 1, 1998 to December 23, 1998. Each
volunteer household had an derting device ingtdled for two weeks. The device was
st to activate three times during the two weeks, once in the early evening and twice
during the night. The darm events were programmed to occur between 6pm and 6am,
with one darm occurring in each of the time segments, 6pm-10pm, 10pm-2am and
2am-6am, for each household. The three time segments were chosen to correspond
with the pesk time of fire occurrence. 6pm-10pm, the early evening time frame, was
chosen to correspond with dinner and family times, a generdly noisy time of day.
This time frame was used to determine if the darm could be heard over everyday
living noisa The 10pm-2am time frame was chosen to correspond with the first
couple of hours of deep, generdly for adults. Slegp Satigtics indicate that the deegpest
period of degp occurs during the firs couple of hours. This 10pm-2am time frame
was used to determine if the darm was loud enough to wake deepers from ther
deepest deep. The 2am-6am time frame was chosen to both see the effect a few hours
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deep has on response time latency and catich deepers influenced by the effects of
substances, particularly adcohol. This time period aso corresponds to the time where
mod fire fatalities are occurring.

Volunteer households were told that the derting device was to be ingdled for two

weeks with the experiment running the entire period. To reduce expectancy of
dams, dl events were programmed to occur within ten days of ingdlation, not the
expected fourteen. By reducing the time of inddlation the anticipation of an dam

event was not heightened in the last couple of days of the experiment.

3.5.2 Installation

For minimum protection, it is recommended that domestic smoke darms be instdled
between the living areas and the bedrooms. For this experiment it was decided to test
the ability of an inexpendve smoke darm to dert occupants to a fire event when
placed in this minimum protection postion. The derting devices were postioned in
the halways, midway between bedrooms. Postioning of the derting device in a ste
outsde the bedroom enabled investigation of the effects of having the bedroom door
open compared with the bedroom door closed. The remote ste enabled the whole
household to participate in the experiment, widening the scope of the research. With
the derting device in the hdlway, the effects of attenuation on the darm sgnd could
be invedigated. The derting device was attached to the wal in the hdlway a ams
reach for ease of deactivation.

353 Audibility Measurement

A sound level meter and pesk level meter were used to measure the audibility of the
derting device in each of the bedrooms. The sound meters were positioned a pillow
level and the average of five readings were taken from the pesk leve meter, with the
door open then with the door closed. All appliances (TV, stereo, microwave) were
switched off to take the readings. The five readings from the pesk level meter were
averaged and cdibrated with the sound level meter to provide a decibd leve of the
derting device in each of the bedrooms. The accuracy of the audibility readings is
debated in the section 4.3.
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Taking audibility measurements with the door open and comparing them with the
door closed enables an evduation of the effect of attenuation on the audibility of the
domegtic smoke darm. The readings can adso be compared to the design criteria

suggesting that a door reduces the sound level of a smoke darm by 15 dBA.

3.5.4 Details

Detals of the members of each household were required for data andyds to
determine trends. Persond details of the primary occupant were taken, with details of
age, gender and deeping with the bedroom door open or closed dong with audibility
readings, taken for additiona occupants.

Persond details supplied by the primary occupant included status of home ownership,
presence of a fire safety sysgem in the home, identification as a light, medium or
heavy deeper and any acknowledged history of hearing imparment. These detals
were provided to determine if they are factors which influence response times.

35,5 Alam Action and Answver Machine

On hearing the derting device darm, participants were required to switch the aarm
off and telephone an answer machine to leave a recorded message. The first person to
hear the darm was required to switch the darm off to indicate how quickly a person
could be notified of a fire event in the home, subsequently notifying others. The
primary occupant was not soldy responsible for deectivating the darm as the research
was aso invedtigating the ability of people to deep through an darm.

A test in human behaviour involved leaving a recorded message on an answer
machine immediately after deactivating the darm. The participant was required to
date their name, their assgned code number, the time and estimate the number of
people who were woken by or heard the darm. The message was used to evauate the
ability of people to peform a ample task while in a lethargic deep date. The answer

machine messages were checked for coherence each morning, by the researcher.
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356 Post-Alarm

The day subsequent to the darm event, a follow up telephone cal was made to
investigete the details of the darm event. Questions were asked of the respondent to
the darm. If the darm was not acknowledged, the reason for this was recorded.
Questions asked included:
e The time the darm activated
e The number of occupants who were in the home and the number who heard or
were woken by the alarm
e The age and gender of the occupants who heard or were woken by the alarm
e The time the respondent fell adeegp prior to the darm
e Had the respondent consumed any substances which they consder may have
affected their deep

e Any comments or obsarvations from the darm event

The answers to the questions are compared, in chapter four, to response time,
audibility and waking effectiveness, to ettablish the effectiveness of the darm signd
a derting occupants to a fire event.

35.7 Data Collection

At the end of the two week period, the derting devices were collected from the
volunteer homes and the response time data down-loaded and recorded. The derting
devices were then reprogrammed and redistributed to the next set of homes. Details
of the household, primary occupant and from the post-alam questionnaires were
compared with the response times from the derting devices to determine the
efficiency of the domestic smoke dam dgnd.
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3.6 Summary

The experimental procedure was devised to collect data which could be used to
determine the effectiveness of the inexpensive domestic smoke darm. The use of a
progranmeble derting device enabled collection of response times to the aam
dgnd; the use of quettionnares and audibility readings enabled identification of
trends to the data. Trends to the data are identified in chapter four.
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CHAPTER 4: RESULTS AND DISCUSSION

4.1 Introduction

Data collected from the derting devices inddled in volunteer homes and the
guestionnaires relating to each dam event, is used to assess whether the domestic
snoke darm dSgnd is effective & derting occupants to a fire event. The following
section looks at what the data from the experiment sets out to prove, what limitations
are associated with the data collection and analyss and outlines the specifics of each
dam event. The data is andysed, providing results which can be categorised by
looking at response to the darm, the effects of substances on the response to the darm
and the response of children to the darm. Some obsarvations from participants in the
experiment are provided, with a summary concluding the results.

4.2 Hypothess

The am of this research is to andyse the effectiveness of inexpensive domestic smoke
dams as ealy waning sysems by invedigation of response times to the dam
sgnd. Daa provided by the experiments is focussed towards proving how effective
the smoke darm sgnd is. The following hypotheses are contrived from Satigtics and
previous sudies of domestic smoke alarms to evauate, from the experimenta data,
how effective the darm sgnd is.

The hypothess statements which the andyss of the experimentd data sets out to

evduae ae

(1) That domestic smoke aarms currently on the market, if placed in a ste outsde the
bedroom, are loud enough to wake deepers;
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(2) That people influenced by drugs or acohol will respond dower to the darm sgnd
than people not under the influence;

(3) Elderly will respond dower to the darm sgnd than younger adults,

(4) Children, under ten years old, will be dower to respond to the darm signd than
teenagers and adults,

(5) It is a vdid recommendation to put smoke darms in every room.

43 Limitations of Data

Adde from the limitations to the scope of the research, there are limitations and

uncertainties associated with the data collection and andyss for the research. The

following is a lig of the limitations and uncertainties associated with data collection
and andyss

« Audibility ~ Uncertainties arise with respect to collection and processing of

the derting device audibility measurements. Collection of the data is sendtive

to the accuracy of the device, device sendtivity, ambient noise, atenuation

and Stuation of respondent; processing of the data is sendtive to the accuracy

of the cdibration used to convert millivolt readings of pesk sound levd to

decibes. The measurement of the audibility of the derting device is accurate

to gpproximately five decibels. The readings are dependent on the resolution

of the scde. The sound levd meter is sendtive to the pulse sgnd of the

derting device. The sengtivity of the sound levdl meter made it necessary to

use a pesk level meter with the capacity to follow the signd; the pesk leve

audibility can be captured at an ingant. Ambient noise is incorporated into the

sound level readings of the derting device An average of five peak leve

readings are used to minimise the effects of ambient noise on the sound leve

reading. Measurements of the sound level of the derting device were taken

during the day when the device was indadled. Ambient noise varies diurndly

causing the derting device darm sgna to appear louder during the night than
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during the day. The more dgnificant difference between the sound levels may
have an affect on the response times. Attenuation causes vaiations in the
sound le-vel reading of the aderting device. Factors such as having doors open
or dosed can grongly influence the sound level of the darm. Stuation of the
occupant a the time of the darm influences ther ability to hear the darm. |f
the occupant is a pillow levd in ther bedroom, the audibility reading is
accurate;, if the occupant is anywhere e in the housg, it is unknown what the

gpproximate decibd reading of the derting device dam is. For cases where
the occupants are awake and in ther living aress, there are no audibility
messurements of the deting device dgnd. The cdibraion of millivolt
readings to decibe readings was done usng a pure tone in a quiet room.

Inaccuracies were involved when doing this cdibration.

Response times - There are uncertainties associated with the response times
recorded by the derting device Travel disgance and travel speed influence
respponse times. Travel digance is dependent on the proximity of the
respondent to the darm; the travel speed is dependent predominantly on the

age of the respondent. Neither the additiond time for travd distance nor
travel speed are subtracted from the response times recorded for each adarm
event due to the response times, on average, being less than thirty seconds.

Influences, such as a patner waking the darm respondent, are not factors
acknowledged as decreasing the response times.

Alarm times — Alarm events were digtributed one into each of the time frames
6pm1 Opm, 10pm-2am and 2am-6am. There was a dgnificant proportion of
‘no response’ in the 6pm-10pm time frame due to people not being home to

respond to the darm.

Imparment - Acknowledgment of auffering from hearing imparment is
quditative not quantitative. Four members of the primary group identify as
auffering from hearing impairment, but the experiment does not involve
measuring the severity of the imparment.

Substances ~ Acknowledgment of consuming substances which effect deep is
quditative not quantitative.  The respondents identify having consumed
ubstances, but the experiment does not involve measuring the quantity of
substances to correlate with the effect to response times.
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Risk groups -~ Risk groups ae identified from fire incidence and fadity
gatigtics. Comparison between risk groups of response time is limited due to
the number of members in each groups being disproportionate. Conclusve
trends between the groups cannot be defined.

Age of paticipants - There is a bias towards participants aged between twenty
and thirty (tudent risk group). There are not enough teenage age participants
in the experiment to determine trends for this group.

Time to deep - Respondents to the darms during deeping hours were
required to identify the time they went to deep. The time to deep is only an
gpproximation, subsequently causing the time difference between time to deep
and the darm time usad in the andyds, to be an gpproximation.

Fire safety sysem -~ There is a bias towards choosing Maori volunteers who
do not have a smoke darm in their home and a bias towards choosng students
with a superior knowledge of fire.

Motivated response -~ Mgor influence in the scope of the experiment.
Participants were primed to respond to the darm.
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4.4 Alarm Event Details

Forty homes participated in the experiment, volunteering to have an derting device
ingdled for two weeks 26 dudent homes and flats, ten Maori families and four
homes owned by ederly volunteered (Figure 4.1). In total, 128 people experienced at
least one dam event From the 128 people, there were 229 individual exposures to
the dam sgnd.

Volunteer Homes

Elderly
10%

Maori| |
25%

Student
65%

Figure 4.1: Volunteer homes.

The darm events were digributed into three time frames, 6pm-10pm, 10pm-2am,
2am-6am. Each home was exposed to one darm from each time frame, totaling three

dams per home. The 25 derting devices were able to successfully record 119 darm
events (Figure 4.2).
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Alarm Time Distribution

2am-6am 6pm-10pm
35% 31%

10pm-2am
34%

Figure 4.2: Alarm event distribution into time frames.

19 dam events, out of the 119 total were registered as ‘no events where the darm
was recorded to sound for 255 seconds. Of the 19 ‘no events, 18 occurred where
there was no one home to deactivate the darm. The one ingtance of ‘no event’ where
people were home but did not respond to the darm, the volunteers consdered they
had consumed substances which had affected their deep (Figure 4.3).

Alarm Events Registering No Response

No Response
5%

No One Home
95%

Figure 4.3: Alarm events registering no response.
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If the darm events were cases of red fires, the data shows there would have been 18

house fires with one reaulting in a fadity.

The experimental period ran from November 1, 1998 through to December 24, 1998.
The 119 darm events were distributed throughout the week with no day of the week
particularly targeted (Figure 4.4).

Distribution of Alarm Events per Day

Sunday Nb{‘lziay
13% 13%

/s

Saturday
11% Tuesday
— 1 16%
Friday, P
14% | :
\ﬁ
Wednesday

Thursday 20%
13%

Figure 4.4: Distribution of alarm events per day.

Two specid cases of dam were events investigated. The first case looks particularly
a dtered response due to consumption of substances which effect deep; the second

looks at children’s response to the domestic smoke darm.
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45 Response

Response to the darm is measured as the time between darm activation and dam
deactivation. Alerting devices were programmed to activate & a specific time, with
an interna cock counting the seconds from activation to deectivation. A ‘no
response’ is characterised by a recorded response time of 255 seconds « the time taken
for the derting device to automaticaly deactivate.

The following looks a patterns to response times as gleaned from data from the
experiment. Events of ‘no response are characterised, excluding the occasions where
consumption of substances are recognised as affecting respondent’s deep and cases
where children under ten years old are involved. The observed effects of audibility,

time to degp and impairment on response times are described and discussed.

45.1 Times

The following graph shows the didribution of response times to the darm sgnd
(Figure 4.5). Vdues of the digtribution exclude ‘no response’ events and the response
times for the case sudy involving children, but do include response times of
respondents impaired by consumption of substances they consder to have effected
their deep.

Response Times to the Alarm Signal
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Figure 4.5: Response times to the alarm signal.
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A summary of the response times to the derting device darm is shown by Table 4.1.
Vaues exclude ‘no response events and response times for the case study of children,
but do include response times of respondents impaired by consumption of substances

they consider to have effected their deep.

Table 4.1: Average response times.

Total Group Average response | 22 seconds
Maori 28 seconds
Risk Groups Students 19 seconds
Elderly 26 seconds
Male 23 seconds
Gender
Female 21 seconds
6pm — 10pm 15 seconds
Time frame 10pm — 2am 23 seconds
2am — 6am 26 seconds
Open 21 seconds
Bedroom Door
Closed 31 seconds

The experiment shows the average response to the darm sgnd to be 22 seconds,
ranging from a minimum of 4 seconds (recorded from the student group in the 6pm-
10pm time frame) to a maximum of 97 seconds (recorded from the ederly group in
the 10pm-2am time frame). From the data retrieved, it is shown that the response
time to the tested domestic smoke darm dgnd located a a Ste outsde the bedroom
IS, on average, less than 30 seconds.

Having the bedroom door open decreased the response time to the darm sgnal by ten
seconds. Closing the door was shown to muffle the darm signd by approximately ten
decibes, but results show tha the dam is suffidently audible with deeping
occupants reliably woken by the darm while having their bedroom doors closed.

Looking particularly a the identified risk groups, the data shows there to be no

sgnificant differences between the average response times of each group. The
average response time of students (19 seconds) is faster than the average response
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time of Maori (28 seconds) and elderly (26 seconds), but this trend cannot be certain
due to the digproportionate numbers comprising each group (26 students, 10 Maori, 4
Elderly). Of the dderly participants, there is only one reported case where the
paticipant identified as having a phydcd disadility. The average response time of
the edely participant with the physca disability (82 seconds) is sgnificantly higher
than the average response time for the total group (22 seconds). A larger population
of dderly and an invedtigation into the affect of physcd disgbilities on response time
would be essentia to enable conclusions to be drawn from the results.

Gender differences gppear to have little effect when comparing the response times of
femaes (21 seconds) to maes (23 seconds). Females responding to the darm sgna
ae, on average, dightly fagter than mades, dthough this trend is not conclusve as
more maes than femaes responded to the darms.

Results show that the time of night and level of wakefulness does have an affect on
response time. The average response time to the darm sounded between 6pm and
1 Opm (15 seconds) is ggnificantly faster than the average response times to the darms
sounded between 10pm and 2am (23 seconds), and 2am and 6am (26 seconds). The
average response time (15 seconds) recorded for the 6pm to 1 Opm time period,
indicates that the darm sgnd is loud enough to be heard above ambient ‘living

noise.

Average response times, for the tota group, are dowest between 2am and 6am (26
seconds), dthough more dam events occurred in this 2am to 6am time frame,
perhgps biasng the result. This trend is further investigated in the section comparing
response time to time to deep.
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452 No Response

Of the 229 individua exposures to an darm event, there were 35 reported cases (15
percent) where the darm was not heard by participants exposed to the darm (Figure
4.6).

Alarm Efficiency

No response
15%

Response
85%

Figure 4.6: Alarm efficiency.

Of the 35 reported cases of no response to the aarm, 9 (26 percent) acknowledged

consuming substances which affected their deegp. The effect of substances on
response time to the darm sgnd is investigated further in section 4.6. There are 26
reported cases (74 percent) of not being woken by the darm whereby no substances
which influence degp had been consumed. Of the 26 reported cases of not being
woken by the dam, 18 cases (69 percent) involved children under the age of ten.

The response of children under the age of ten to the darm is investigated further in
section 4.7. Eight cases, making up three percent of the total individua exposures,
are left where participants did not hear the darm (Figure 4.7).

57



Distribution of No Response

Not Woken
23%

Cohsumed
Substances
26%

en under
10yrs
51%

L

Figure 4.7: Distribution of no response.

The eight cases of no response to the darm where no degp-influencing substances had

been consumed were al members of the student group. There are no reported cases
where a participant, uninfluenced by substances and over ten years old, is repesatedly
not woken by the aarm. The eight cases of no response to the darm are described in

Table 4.2.

Table 4.2: Eight cases of no response.

Case | Age | Gender | Audibility | Door Time of alarm | Comment on
of alarm activation no response
1 25 F 71 dBA Closed 2:11 am Slept
2 17 F 71 dBA Closed 1:43 am Slept
3 34 F 66 dBA Closed 4:59 am Slept
4 | 23 F 65 dBA Closed 12:11 am Slept
5 41 M 65 dBA Closed 3:43 am Slept
6 21 F 62 dBA Closed 5:59 am Slept
7 28 M 62 dBA Closed 5:59 am Slept
8 24 F 66 dBA | Closed 12:32 am Slept

Audibility of the darm gppears not to be an influentid factor contributing to the ‘no
reqoonse as the audibility readings for the eight cases are not sgnificantly different
from the average audibility for the totad group (75 dBA, door open; 67 dBA door
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closed). The dams dl sound sgnificantly above ambient noise levels appropriate
for night time (estimated to be 20 dBA). The age of the participants not woken by the
dam relaes to the deep deep patterns characteristic of 20-26 year olds. Seep
datistics record that the 20-26 year old age group experience a high amount of deep
deep, requiring a srong gimulus to awaken. The results from this sudy show that it
is this 20-26 year old age group which are not being woken by the darm sgnd, but
more invedigation into the vdidity of this concluson is required.

The reported cases of not being woken by the alarm appear to be isolated cases where
people report being particularly tired or believe to have been in a paticularly deep
deep. The results do not show tha it is heavy deepers who are particularly
susceptible to degping through an darm as dl the identified heavy deepers from the
primary group were successfully woken by the darms.

4.5.3 Audibility

Audibility readings of the derting device dam were taken in each bedroom with the
door open then again with the door closed. Care was taken to place the darm in the
halway, midway between bedrooms, to ensure dl occupants could receive a sgnd.
The average audibility of the darm with the bedroom door open was found to be 75
decibels (61 dBA minimum, 93 dBA maximum); the average audibility of the darm
with the bedroom door closed was found to be 67 decibels (57 dBA minimum, 75
dBA maximum:) (Table 4.3). (Average vaues for audibility exclude those used for
the case study - section 4.7.1)

Table 4.3: Average audibility readings.

Door Average Audibility Maximum Minimum
Open 75 dBA 93 dBA 61 dBA
6 Closed 7 dBA75 dBA 57 dBA

The vaues from the experiment for audibility show that doors dampen the sound of
the darm by an average of nine decibels. Desgn cdculations for atenuation of aam
date that a door will muffle the sound of an darm, on average, by 15 dBA (Schifility
et d, 1995). The data sdection indicates that the vaue used for cdculation is
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conservative. Consideration should be made to the uncertainties associated with the
alarm. The uncertainties associated with the measurement of audibility of alarm
events are documented in the section 4.3. Sounding systems are designed to achieve
between 65 dBA and 75 dBA in rooms of sleeping accommodation (Schifility et al,
1995). The results show that the inexpensive smoke alarm signal is reaching sound

levels, on average, within those required for design calculations.

The data shows no trend to prove that there is a minimum level of audibility which the
alarm cannot be heard from. Section 4.5.2 shows the effect audibility of the alarm has

on the events of no response to the smoke alarm.

An assumption would be that the louder and more salient the alarm, the quicker the
alarm would wake and the faster the response time would be. Results would show a
negative correlation between response time and audibility; the louder the alarm, the
quicker the response. Results suggest that increased audibility has a minor effect on
decreasing the response times to being woken by the alarm; the relationship is

highlighted by the trendline of the graph (Figure 4.8).

Relationship between audibility and response time to being
woken by the alarm
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Figure 4.8: Relationship between audibility and response time to being woken by the alarm.
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The results show a slight trend towards increased audibility decreasing the response
time to the alarm signal but more investigation into this trend is required as the

number of events where the audibility of the alarm is above 75dBA, is limited.

4.5.4 Time to sleep

The results described in section 4.5.1 show that average response time to the alarm
sounded between 6pm and 10pm (15 seconds) is significantly faster than the average
response times to the alarms sounded between 10pm and 2am (23 seconds), and
between 2am and 6am (26 seconds). Studies investigating patterns to sleep indicate
that the stage of deepest sleep occurs within the first couple of hours of sleep. Data
shows that the majority of people participating in the experiment go to bed before
midnight, indicating that the first couple of hours of sleep occurs within the 10pm to
2am time period. The sleep data implies that the response time to the alarm signal
would be slower in the 10pm to 2am time period, where respondents are in their
deepest stage of sleep, than the 2am to 6am time period, where respondents have had
more sleep. The effects the amount of sleep prior to the alarm on the response time
are investigated to see if the amount of sleep has an effect on the ability to be woken

by a domestic smoke alarm.

To investigate the effects on response times caused by more sleep prior to the alarm,
data was looked at whereby the same participant had been woken by and responded to
the alarm twice; once between 10pm and 2am and once between 2am and 6am. The

comparison of the two sleeps is summarised in Table 4.4.

Of seventeen the cases where one participant responded to both alarms, five were
Maori, four were elderly and eight were students. Four females responded twice and

thirteen males responded twice to the alarm signal.

To compare the effects of more sleep on the response time to the alarm signal, the
response time of the alarm event between 2am and 6am was subtracted from the
response time of the alarm event between 10pm and 2am; a positive difference
implied that the response in the second time frame was faster than the response in the
first. The response was then compared to the difference in the amount of sleep had

prior to the alarm event. The difference in the amount of sleep was calculated by
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subtracting the amount of sleep had prior to alarm event between 10pm and 2am from
the amount of sleep had prior to the alarm event between 2am and 4am; a positive
difference implying more sleep was had prior to the alarm event between 2am and

4am.

Results show that there were four cases where the response to the alarm signal was
slower between 2am and 6am than it was between 10pm and 2am. In three of the four
cases, more sleep was had prior to the 2am-6am alarm. In one case of the four, more
sleep had been had prior to the 10pm-2am alarm than prior to the 2am-6am alarm,
proving the response to the alarm to be faster with more sleep. Thirteen cases of the
response to the alarm being faster in the 2am-6am time period where the occupants
had had more sleep prior to the alarm were recorded. Of the fifteen cases, six appear

not significant as the difference between the response times is less than two seconds.

The results from the experiment suggest that the response to the alarm signal is
quicker the more sleep is had prior to the alarm (Table 4.4). More investigation into
this finding is required due to the number of cases where the difference between the
two response times is not significant. Uncertainties arise in evaluating the amount of
time the respondents slept prior to the alarm; the time the respondent fell asleep is
only an approximation. Monitoring of sleep patterns would be required to report

accurate times to sleep.

62



Table 4.4: The affect more deep prior to the alarm has on response time to the alarm signal.

c Alarm Response Amount of sleep Response Comments
ase
time (seconds) prior to the alarm Difference
22:23 18 0:53 Faster with
1 9 sec
5:43 27 6:43 less sleep
’ 1:52 23 1:22 Faster with
2 7 sec
5:23 16 5:23 more sleep
1:43 21 2:13 Faster with
3 55 sec
4:59 76 5:59 less sleep
0:59 11 2:59 Faster with
4 4 sec
3:03 15 5:03 less sleep
0:03 97 1:03 Faster with
5 15 sec
4:03 82 5:03 more sleep
0:32 28 2:32 Faster with
6 11 sec
3:23 17 5:23 more sleep
21:43 14 0:43 Faster with
7 1 sec
23:23 13 2:08 more sleep
23:32 66 1:32 Faster with
8 25 sec
4:43 41 6:43 more sleep
23:11 31 1:41 Faster with
9 1 sec
4:52 30 7:22 more sleep
5:59 16 5:29 Faster with
10 9 sec
5:30 25 1:00 more sleep
1:11 16 1:41 Faster with
11 1 sec
5:52 15 7:22 more sleep
1:43 16 3:43 Faster with
12 1 sec
4:59 15 5:59 more sleep
0:52 71 0:52 Faster with
13 52 sec
3:11 19 3:41 more sleep
0:32 24 1:02 Faster with
14 10 sec
3:23 14 4:53 more sleep
0:43 35 3:13 Faster with
15 16 sec
3:32 19 3:32 more sleep
0:03 14 0:48 Faster with
16 1 sec
4:03 13 4:48 more sleep
23:23 18 0:23 Faster with
17 1 sec
4:32 17 6:02 more sleep
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455 Imparment

Studies suggest a sound pressure level between 55 and 70 dBA will awaken a college-
aged person with norma hearing (Schifility et d, 1995). There are three members of
the primary group who identify as suffering from a form of hearing imparment,
subsequently perceiving the darm signd at a different sound level from that measured
(Table 4.5).

Table 4.5: Details of hearing impaired.

Age | Gender | Alam Time | Response: { Audibility
19:03 13

25 Male 22:23 18 92 dBA
543 20
211! 68

76 Male 0:03 97 72 dBA
4:03 82
21:43 14

73 Male 73 dBA
23:23 13

Resaults from the sudy show that the darm sgnd was loud enough to awaken the
sleeping subjects who identified as suffering from hearing impairment. No
paticipants who identified as suffering from a form of heaing imparment dept
through an dam event. Ranges of the audibility of the darm ae, for the hearing
impaired, above the suggested sound pressure levels of between 55 and 70 dBA found
effective & awakening people with norma hearing (Schifility et d, 1995).

The average response time of a person with a hearing impairment is 41 seconds.  This
response time is sgnificantly different from that of the tota population (22 seconds).
Reasons for this dgnificant difference arise from the amdl sample sze of hearing
impaired (2.3 percent of the totd population). The individud cases where response
times are dgnificantly above the average response time of the tota population,
correspond to a 76 year old mae who suffers dso from a physical disability. The
average of the remaning response times (17 seconds) is not dgnificantly different
from the average response time of the total population (22 seconds).



Uncertainties with this result arise from the quditative measurement of the hearing
imparment; the degree to which the paticipant's heaing was affected is not
measured. The results suggest that the darm is loud enough to awaken people who
auffer from hearing imparment, but more invedigaion is required. Coincidentaly,
the participants who suffered from hearing impairment dept with their bedroom doors
open; the audibility of the darm is greater with the bedroom door open. Research into
the effects of clogng the door, hence lowering the audibility of the darm, is required.

4.6 Substances

Of the 128 people paticipating in the experiment, 13 acknowledged consuming
substances, prior to being woken by an dam, which they consider to have affected
their deep. Each of the 13 participants were members of the student group and
influenced by deep dtering substances once out of ther maximum of three exposures
to the dam; there are no repetitive cases. Of the 13 cases where deep dtering
substances were consumed, nine people (69 percent) did not respond to the darm
before it was deactivated by another occupant (Figure 4.9).

The Affect of Substances on Response to the Alarm

Respond
31%

No Res ponse'
69%

Figure 4.9: The affect of substances on response to the alarm signal.

There are two cases where the occupants who deectivated the darm acknowledge
being influenced by substances which effected their degp. The response times for
these cases were 25 seconds and 53 seconds. 25 seconds is not significantly different
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from the average response time of the total group of 22 seconds; the response time 53
seconds is ggnificantly different from the average response time of the total group.

Alcohol and marijuana were identified, by willing paticipants, as substances
congdered to have effected deep prior to the alarm.

4.6.1 No Response

The high proportion of cases (69 percent) who consumed deep dtering substances
prior to the darm and were not woken by the alarm, indicates that substances do have
a detrimental effect on response to a smoke darm. Studies show that people under the
influence of substances spend longer in the deep deep date during the initia stages of
their deep as compared to people whose deep is not influenced by substances. The
results suggest that a stronger stimulus is required to aweaken people from deep
influenced by deep-atering substances such as dcohol and marijuana.

Of the nine cases of no response, there is only one instance where fatdities would
have occurred had the derting device darm been a genuine fire cue. This case
involved a couple, living done, both having consumed large quantities of acohal;
neither heard the darm. This one insdtance makes up gpproximately one percent of the
sample population. Of the other instances where deep-atering substances had been
consumed, a least one member of the household had heard the darm endbling, in a
genuine fire dtuation, others to be derted. The data suggests recommendations to
make the fire darm dgnd more sdient would only be necessary for gpproximately
one percent of the population.
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4.6.2 Case Study
Background literature suggests that people's response to an dam sgnd will be

dower if ther senses are dulled due to the consumption of dcohol. To invedigate
this fact, an derting device was inddled in a sudent flat and programmed to activate
at 530am, the morning after a function where large quantities of acohol had been
consumed. The occupants had volunteered to participate in the two week study and
were aware the darm was inddled but naive of when the darm was st to activate.
Four people lived a the fla with five guests staying the night of the function; some of
the guedts were adegp in the living room a the time of the dam. The age of the
occupants ranged from 21 to 31 years. The occupants were adeep for approximately
one hour before the darm activated.

Of the nine people adeep in the flat a the time of the darm, three people (one third)
were woken by the aarm; the remaining sx occupants (two thirds) did not hear the
dam. Some guests deeping in the unfamiliar surroundings of the living room with
the darm audibility messuring 68 dBA, were not woken by the dam. The darm was
reponded to in 25 seconds, a response not sgnificantly different from that of the
average for the tota group (22 seconds) and the average for the student group (19
seconds).

Results from the case study suggest deeping people influenced by substances which
they consgder to have affected their deep, predominantly acohol, are less likely to be
woken by the snoke aarm sgnd. This concluson is reinforced by other cases from
the research where substances were consumed and people were dower than average to
respond to the alarm, or did not wake up.
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4.7 Children

Studies suggest that children under the age of ten are not reliably woken by the smoke
dam dgnd. Children spend longer than adults in periods of degp deep, requiring a
drong gimulus to be woken. The following section looks & the events of the
experiment where children were exposed to the smoke darm sgnd.

471 No Response

There were eight under ten year old children involved in the experiment, each being
exposed to at least one darm event. The children’s age ranged from one to nine years
old, with four femdes and four mdes. The average audibility of the dam sgnd in
the children’s bedroom is 78 dBA with the door open and 66 dBA with the door
closed, compared to 75 dBA (door open) and 67 dBA (door closed) for the tota
group. The audibility readings of the darm in the children's bedrooms ae not
ggnificantly different from the audibility of the dgnds weking adult participants
(Table 4.6).

Table 4.6: Details of the response of children to the alarm signal.

Case | Alarm Time | Age | Gender Door | Audibility | Woken
1:32 6 M Open 76 dBA NO
5 F Open 76 dBA NO
1
5:59 6 M Open 76 dBA NO
5 F Open | 76dBA NO
|
1 22:23 3 M Open 79 dBA NO
2
5:43 3 M Open 79 dBA NO
22:03 5 M Open 74 dBA NO
3
2:23 5 M Open 74 dBA NO
3 M Closed 65 dBA NO
1:23
1 F Closed 55 dBA NO
4
3 M Closed 65 dBA NO
5:32
1 F Closed 55 dBA NO
9 F Open 81 dBA YES
0:59
6 F Open 81 dBA NO
5
9 F Open 81 dBA YES
3:03
6 F Open 81 dBA NO
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Of the eight under ten year old children, one child (aged nine) was reliably woken by
the darm, seven (87.5%) did not respond when exposed to two adarms (Figure 4.10).

The Response of Children to the Alarm Signal

Reliably w oken by
the alarm
13%

No response to
the alarm
87%

Figure 410: Theresponse of children to the alarm signal.

The results from the investigation show that the sgna from the domestic smoke darm

does not reliably wake children aged under ten years old and children awake a the
time of the darm are likely to hear the darm and respond to it.

4.7.2 Case Study

A three year old made child was exposed to a totd of five darms between the hours of
6am and 6pm. The child was familiar with the dam dgnd but nave to the
possihility of the darm activating; there was no motivated response. Two postions of
an derting device were investigated in order to gauge the response of children to the
gnoke dam dgnd:

(1) In the hdlway outsde the bedroom,

(2) In the bedroom.
The audibility of the dam in the child's room with the dam postioned in the
hdlway was 65 dBA; the audibility of the dam a pillow levd was 91 dBA with the
adarm pogtioned in the child's bedroom. The audibility of the darm, postioned in the
hdlway, was not dgnificantly different from the average audibility used to dert adults
with their bedroom doors closed (67 dBA). The audibility of the darm pogtioned in
the bedroom is louder than the average audibility used to dert adults with the
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bedroom door opened (75 dBA). It was the responghbility of the parents to deectivate
the darm when they were derted to it.

The darm events and the child's response are described in the following table (Table
4.7).

Table 4.7: Case study results = child’s response.

Alarm Age | Gender | Alarm | Audibility | Response Response

Position Time time — adult of child

1:23 65 dBA 16 seconds SLEPT

Hallway 3 Male
5:32 65 dBA 15 seconds SLEPT

23:15 91 dBA 22 seconds SLEPT

Bedroom 3 Male 2:20 91 dBA 215 seconds SLEPT

5:30 91 dBA 20 seconds SLEPT

The results show that the child was not woken by the darm with it neither postioned
in the bedroom nor in the hdlway.

Limitations of the case sudy into the response of children to the darm include:

(1) The darm was deectivated within an adult's response time, with the dam
sounding for an average of 28 seconds. The child was not required to deactivate
the darm himsdf. No children aged under ten years were required to deectivate
the dam as pat of the experiment. Further invedtigation into the effects of
extending the darm time are required. It was not determined if the under ten aged
children would have eventualy been woken by the darm if their exposure time to
the darm sgnd were increased.

(2) A three year old male was the only child used to compare the effects of postion
of darm on the ability for it to awaken under ten year old children. A larger
sample size of children would be required in order to form conclusons from the

experiment.
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4.8 Comments

Discussion with participants involved in the response to the alerting device

experiment resulted in the following comments and observations

. Intoxicated people involved in the case study commented that they would not have
been woken by the dam if it had sounded for longer than the twenty-five

seconds.

o One mother tried to wake her six year old daughter after a 3:03am darm had been
deactivated -in 15 seconds to determine, as the child did not respond to the adarm,
how much noise would be required to wake the girl. The child's bed required
shaking before she was woken.

o A 76 year old man was disorientated when woken by a 4:43am dam and fel over

when moving to deactivate the darm; he was not injured.

o« A 72 year old lady comments she thought an 11:23pm darm, activating two hours
after she went to deep, was the timer from her bread-maker and thought the alarm
wes paticulaly loud thet morning. Although she was familiar with the dam
ggnd, the darm was ill identified as the more familiar cue of her bread-maker
which activated every morning. The lady’s 73 year old husband deectivated the

dam in 13 seconds.

49 Summary

The investigated smoke darm signd is loud enough to wake most occupants. The
exception to the rule are children under the age of ten and occupants whose deep is
influenced by substances. Having the bedroom door open or closed has no effect on
the ability of the darm to awaken deeping occupants. From the data gathered, the
adarm was found to be 85% reliable a derting occupants to a fire event, with only 35

incidents out of 229 where a participant did not hear the darm.
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bedroom door closed. At night, these sound pressure levels are more than the 15 dBA
above ambient noise advised as the sound level most effective a waking occupants
from deep.

The dam signal used was found to be 85% effective with only 35 out of a possble
229 dam events gone undetected. Of the 35 events, 9 (26%) involved participants
consuming substances which they consder to have affected their deep prior to the
dam event, 18 (51%) involved children under the age of ten and 8 (23%) were
genuine cases where adults were not woken by the darm. Removing the lack of
regponse to the darm caused by participants consuming substances which they
consgder to have effected their deep, the rdiability of the aarm increases to 8%%.
There were no reported cases of the darm not being heard by occupants who were
awake a the time of the darm.

The average response of the occupants to the aam dgnd was found to be 22
seconds, with response to the darm being quicker when occupants were awake (15
seconds) compared to response when the occupants had to be woken (10pm-2am - 23
seconds and 2am-6am - 26 seconds). Increased audibility had no effect on decreasing
the response time to the darm sgnd.

o Hypothess Two - That people influenced by drugs or acohol will respond dower
to the darm signd than people not under the influence.

From the data gathered, people influenced by drugs or acohol will respond dower to
the darm sgnd than people not under the influence. It was found that the intoxicated
do not reliably wake to the sound of the domestic smoke aarm. Of the 13 people who
identified as consuming substances which they consder to have effected their deep, 9
(69%) were not woken by the alarm. Response times to the darm recorded by two
people who were intoxicated a the time of the darm are not sgnificantly dower than
the average response time to the darm dgnd, but conclusons are limited due to the
gndl sample sze
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o Hypothesis ‘Three - Elderly will respond dower to the darm dgnd than younger
adults.

Reaults from the experiment were inconclusve in determining if the dderly respond
dower to the dam dgnd than younger adults. The sample sze of four dderly
limited the ability to draw conclusons from the results It was found that the darm
was successiul in derting the hearing impaired, with four participants recognised as
auffering from hearing impairment, reliably being woken by the darm. Recognition
of hearing imparment was quditative, with no measurement as to the severity of the
imparmen.

o Hypothesis Four - Children, under ten years old, will be dower to respond to the
dam sgnd than teenagers and adults.

Children, under ten years old, will be dower to respond to the darm sgnd than
teenagers and adults. Results from the experiment find that children, under the age of
ten, are not reliably woken by the darm sgnd. Eight out of nine children (89%) aged
under ten involved in the experiment, did not wake to one or more exposure to the
dam ggnd. The audibility of the dams inddled in children’'s bedrooms was not
ggnificantly different from the audibility of the darms in bedrooms of adults The
darms which children were exposed to were generdly terminated in less than -30

seconds. Limitations to these findings result from the exposure time to the darm.
Questions arise as to if under ten year old children will respond to the darm if the

dam is |eftto activate longer than 30 seconds.
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. Hypothess Five - It is a vdid recommendation to put smoke darms in every

room.

It is avdid recommendation to put smoke darms in every room. Literature suggests
that podtioning smoke darms in every room adds an extra two and one haf minutes
to the time available for occupants to escape a burning building. With generd trends
of literature suggesting the safety period before a fire becomes life threatening is two
and one hdf minutes, the extra warning time provided by the domestic snoke darm
has the potentid to be life saving.

Reaults from the experiment show that the domestic smoke dam placed in a hdlway

dgte outsde the bedroom is effective a derting occupants to a fire event. The darms

were proven to be 85% efficient.
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5.3 Recommendations

Research into the effectiveness of inexpensve domestic smoke darms have found that
they ae effective a derting occupants to a fire event. The dam was found to
reliably det 85% of the populaion. Of the 15% not woken by the dam, 4%
involved participants who acknowledged consuming substances which they consder
to have effected their deep prior to the darm. A registered one dam out of a total of
101 (less than 1%) would have resulted in a fataity. Of the additiona 100 darms, a
least one member of the household was derted to the event

The lack of response of children to the domestic smoke darm highlights an important
aspect with respect to the postioning of the dams The dams located in the
halways adjacent to bedrooms were loud enough to be heard by adults, but the
children were oblivious to the darm. For the darms to be effective as early warning
systems, research recommends that they be interconnected. Interconnectedness would
asure that if a fire occurred in a room remote from the area in which the adult is
living, the darm can be heard.

Seeping with the bedroom door closed has no influence on the ability of an dam
positioned in a site outside the bedroom darm to dert occupants to a fire event. The
dam dgnd regidered condderably above ambient night and day living noise and
was rdigble in both awakening and derting occupants.

In summary, the inexpensve smoke adarm is effective a derting occupants to a fire
event. The dam was found to be 85% rdiable, with children aged under ten years
and adults influenced by acohol and deep dtering subgtances, identified as not
relidbly being woken by the darm. It is recommended that domestic smoke aarms be
interconnected to ensure dl members of the home hear the darm. Alarms positioned
outsde the bedroom are able to dert deeping occupants but it is recommended that
adults who regularly experience deep influenced by acohol, inddl smoke dams in
bedrooms.
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Invedtigation into the ability of inexpendgve domegtic smoke dams to provide early
warning to a fire found the darms to be 86% reliable a awakening occupants, 33
incidents out of a totd of 226 (15%) occurred where the darm faled to dert.
Removing respondents to the aarm who had consumed substances which they

consder to have effected their deep, the rdiability of the darm increases to 89%.

To decrease the 11% - 15% of the populaion not religbly woken by the darm signd,
research is required to identify how these risk groups can be minimised. The
following are recommendations of aress, identified from this research, which have

potential for increasing the rdiability of the domestic smoke darm:

() Alam dgnd - The research investigated the sgnd of only one brand of
inexpensve domegtic smoke dam. Vaidions in the dam sgnd could be

studied to findthe optimum darm signd for aerting occupants to a fire event.

(2) Children = Research found tha children under the age of ten are not rdiably
woken by the sgnd of an inexpensve domestic smoke dam. Research into

increasing the ability of the domestic amoke darm to awake children is required.

(3) Alcohol ~ Research found that adults who had consumed substances which they
congder to have effected their deep, for example acohol, are not reiably woken
by the signal of the inexpendve smoke darm. Research into invedtigating how
the samoke darm sgnd can be made more dient to target the intoxicated, is
required.

There is a lot of scope for future research into the effectiveness of domestic smoke
dams. Domestic smoke aarms currently on the market are rdiable, but research is
required into ways of increesng thar rediability, particularly in the areas of the darm
sgnd, the ability to wake children and the effects of acohol on response.
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