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EXECUTIVE SUMMARY

All findings and conclusions presented in this study are:
drawn from the original California Fire Chiefs' Fire Detector
Report. Results evaluate detector response, comparing them to
life safety in single-family dwellings only. They are not
intended for application to multi-family public corridors,
but could be applied té an individual dwelling unit of an
apartment building. |

As discussed in the Introduction of this report, the
three basic questions relating to detectors will be answered -
fype, quantity, and placement.

The first group of pie charts is an assessment of all
detector alarms, not just "best case" detectors. The first of
the Group 1 charts quantify "high occupancy" area detector
alarms for the entire test program. Tests were generally
terminated at 500°F. to give all detectors the opportunity
to alarm. The top graph of Group 1 provides an overall
assessment of the number of detectors installed to the number
of detectors actually alarming. They are also an indication

that a single detector in a single location is not sufficient

for adequate escape.

;The middle graph of Group 1 narrows the focus of detector
alarms by only considering detectors that alarmed prior to{
reaching any of the potentially hazardous levels. The percentage
of heat detector alarms fall off dramatically from the previous
graph ind$catinq heat detectors should not be depended upon

to provide the only alarm.
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The bottom graph of Qroup 3 adds two minutes to the previous
graph and considers only detectors that provided two minutes of
warning prior to reachiﬁg po£entially hazardous levels. Thesé
graphs further emphasize the need for more than one detector
in more than one location. Heat detectors by themselves
obviously do not provide sufficient warning.

In summary, Group}l charts indicate smoke detectprs,
either the ionization or.photoelectric type, must be relied
upon to provide an alarm for adequate escape.

"Type" of detector is a difficult question to answer.

The bar graphs in Group 2 record the earliest responding
detector for each test and compare its alarm time tod the
assumed hazardous levels. Only the earliest detector to alarm
is considered. All other detectbrs of a specific generic type
are disregarded. Taking the best response of a specific
generic type of detector is a conservative approach providing
maximum egcape time. The respoﬁse characteristics of heat
detectors are further graphically illustrated for each test.

The Group 3 matrix charts answer the "best type" detector
guestion by extracting from Group 2 and breaking the data down
into the following: initial ignition source, i.e., smoldering
or f%aming; room of fire origin; and detector location by rooms.
As might be expected, ionization detectors provided the hest
response to flaming ignition source and photoelectric detectors
responded best to smoldering fire sources. This matrix further
illustrates how well a detector fared to a remote source of
ignition,‘"i.e., detectors located in other than room of fire

origin.



Overall, for both one-story and two-story houses, the
results point to‘an ionization detector in the living room and
a photoelectric detector in the hall and bedrooms. Photoelectric
and ionization detectors fared equally well in the kitchen.
Subjectively, however, ionization detectors had to belfanned
to keep them guiet before the grease fire tests in a kitchen
could begin. That same problem did not occur with photoelectric
detectors in the kitchen. This report must further emphasize
that only the first detector of each generic type to alarm is
considered for the makeup of the matrix.

-The questions of how many (quantity) and where (location),
need to be answered. The common area, leading to all portions
of a house, is the hall. This area would be the natural location
if one were to provide only one detector. Fire protection
agencies recommend the public sleep with bedroom doors shut.
Closed doors will provide optimum escape time for a night time
scenario where an individual is asleep. The doors will diminish
the amount of heat and smoke transmitted to a sleeping individual
for all fires originating outside the bedroom.

For a fire originating in the bedroom, a detection device
should beiprovided in the bedroom; Group 2 charts illustrate
the need for a detection in a bedroom for a fire originating
in tﬁe bedroom whether the doors are open or closed.

Group 4 bar graphs evaluate the need for a living room
detector. Probable total escape or warning time provided by
detectors located in the living room and hallway for a fire

originatihg in the living room is depicted in ‘these bar graphs.



The.one*story houge had lQ gcenarios with the fire originating
in the living room. In all but two cases, the hall detectof
provided adeguate escapé timé. The two-story house with 14
gscenario fire starts in.the living room showed 50 percent of
the time a detector in the living room provided escape time
for the occupants of the house, in those cases a halludetector

did not.

SUMMARY AND FLOOR PLANS

Floor plans on the following pages have been provided
illustratinq typical one- and two-story conventional homes
of relatively modern construction. Photoelectric detectors
are suggested in each of the bedrooms and the hall for both
the cne-story and two-story configurations. An ionization
detector is added to the living room of the two-story home
only. TFor the one-story home, the "best case" detector in
the hall provided gufficient escape in 80 percent of the
cases. The above generic types of detectors have been added
£o the floor plans. This is a minimum reccmmendation of

life safety which affords a two minute adeguate escape time

[
from single-family residences.
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INTRODUCTION

Thé fire record of the United States has been by far the-
worst of any industrialized nation in the world. Fire deaths
occur at an alarming rate every yvear and most of these deaths
are attributed to residential fires. The public has largely
ignored this deplorable situation, although it has been
reported by many groupséincluding the National Commission on

Fire Prevention and Control in America Burning.

An accepted soluticn to part of the residential fire
problem ig the installatién of early warning fire detectors.
Fire departments and fire protection groups have encouraged
early warning fire detection in habitational cccupancies.:
Quicker detection means quicker response by the fire department,
less fatalities, less injuries to civilians and fire personnel,
and overall decrease in fire losses. Some jurisdictions mandate
the installation of fire detectors through local codes and
ordinances. The Department of Housing and Urban Development
{HUD) require detectors in single and multiple dwellings and
nursing homes insured or assisted by HUD.

Many of these local ordinances require a minimum of one

i

detector near the sleeping areas of a residence, generally

the héllway. America Burning recommends "all model codes

specify at least a single-station, early-warning detector
oriented to protect sleeping areas in every dwelling unit.”
As a result of model code changes and recommendations by the

fire community, the public may feel a single detector will
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provide adeguate warning. An obvious guestion to this presumption
is, "Is a single detector énough?"

Very lititle data was avéilable on fire detectors when the
California Fire Chiefs' Asscciation initiated a plan to test
fire detectors. At the same time, Chief John C. Gerard, then
the Fire Marshal of the City of Los Angeles, became interested
in evaluating detector response data, and he pregented a test
plan to the International Association of Fire Chiefs.‘ These
two test ideas merged into one called the California Fire
Chiefg' Association Joint Residential Fire Detection Test
Program.

Using both one- and two-story dwellings, the tests were
conducted under actual fire conditions as opposed to "laboratory"
testing. The houses were fully furnished and the fires were
started naturally, i.e., smocking fire - a cigarette was left
to smolder in a sofa and allowed to progress using no accelerant
to aid the fire development. Panels of eight detectors each
were located on the ceilings of various rooms in each house.
Each panel had three generic types of detectors - photoelectric,
ionization, and fixed-temperature heat detectors. Environmental
conditiong were monitored at various locations inside the house:
temperéture, smoke obscuration, carbon monoxide level, cairbon

)
dioxide level, and oxygen level.

Environmental levels of gas, smoke, and temperature were
assessed during each fire development. These potentially
hagardous levels established a time frame beyond which a
detector in alarm would potentially not help the occcupants

of the residence. An arbitrary time pericd of two minutes was



chosen as minimum escape time an average family needed to exit
the home. For a detector or group of detecltors to provide
adequate protection, the family should be warned at least two
minutes before the hazardous gas, smoke, or temperature level
is reached.
This report evaluates actual fire data from the California
Fire Chiefs' test program for one- and two-story houses to
provide answers to the following questions:
- How many detectors should be installed in a home
to provide a family adequate escape time?
- What generic type of detector should be installed
for optimum warning?

~ Where should detectors be installed for optimum warning?

SCENARTIOS AWD TEST SITE

Test scenarios were based upon an analysis of a statistical
study entitled "The California Fire Incident and Reporting
System," prepared by the California State Fire Marshal. This
study was based on a careful analysis of residential fires
occurring between 9 p.m. and 6 a.m. during the period from

]
1974 through 1976 to determine the most commonly occurring
lethél fires. The scenarics that were reenacted were
representative of the most typical residential fires.

One of the test houses was a typical one-story, three-
bedroom house with a central hall flocor plan. The second
test house was a conventional two-story dwelling with a basement

such as is commonly found in midwestern and eastern communities.

The test homes were completely furnished for the test with
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contemporary furnishings, complete with carpets, drapes,
curtains, books, bked sheets, bedspreads, blankets, etc, After
each test, the structuré waslrepaired, repainted, and furnishéd
preparatory to the next test. Bach of the basic scenarios was
repeated a number of times in each of the two houses with
slightly varying conditions. One test of each scenario was
intended to represent a summer pattern, i.e., the bed;oom doors
and windows were open and the forced air heater was off. The
other tests of each scenaric always had the forced air heater
on and the windows and doorg were open in the bedrcooms in
different predetermined combinations.

A series-of tests were also conducted in each house which
simulated a child playing with matches in a clothes closet.
The bedroom was completely furnished and the closel contained
50 pounds of cotton and polyester clothing hung on metal hangers
as well as 20 pounds of shoes, and four boxes of children's
games on the storage shelf. A iit candle placed under the
hanging clothing was used to simulate the child playing with
matches. In each case, the results of these tests were
startling. The environment in the area of the fire would
become life threatening within three minutes as judged by
temp?rature, carbon monoxide, and smoke levels. This scinario
was the most dangerous and damaging scenario tested.

While the test program was highly successful, there were
numerous problems to be overcome. For example, in some cases
if a burning cigarette placed in a couch self-extinguished, or

if a door'blew open, the entire test would be repeated.
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In many cases, this would reguire extensive repair work, the
retesting of all instrumentation, and otherwise making the
house ready again.

In each test, three iconization, three photoelectric,
and two heat detectors were used in various rooms of the house.
These detectors were mounted, one of each kind, on a éingle
panel. In the one-story house, seven of these panels, each
with eight detectors, were mounted in various rooms of the
house. 1In the two-story house, eight panels, each containing

eight detectors, were mounted at various locations.

ESCAPE CRITERIA

The adequacy of warning provided by various detectors
was evaluated along the normal escape path through high
occupancy areas - namely, the bedrooms, hall, and living room.
The detector warning times were compared in this study to
measurements of light/smoke obscuration, carbon monoxide
concentration, and temperature at the five-foot level above
the floor. Selected as potentially hazardous levels for
occupants of a residence were smoke obscuration of 11 ?ercent
per foot,‘carbon monoxide concentration of 1000 ppm, and
température of 150°9F. at the five-foot level. A brief summary

for these gelected values are as follows:

Smoke Obscuration Level

Light or smoke obscuration level relates to an individual's
ability to locate a door, negotiate stairs, or recognize contrasting
I

surfaces in order to exit a home. No attempt has heen made to

= P



evaluate the irrvitant properties or the physioclogical and
psvchological effects of smoke.

A search of techniéal literature produced a wide range
of estimates for potentially hazardous levels of optical
density or smoke obscuraticon. Smoke obscuration values
ranging from four percent per foot to 17 percent per foot
were considered by var%ous regearchers as a maximum lgvel
along the escape rcoute from a house.

The National Bureau of Standards considers 15 percent
to be the maximum point for safe evacuation. Underwriters
Laboratories has considered bhetween four percent and 17 percent
per foot in the smoldering crib sealed room test for its
Standard 217 and £inally settled on seven percent per foot.
Professor D. J. Rabash at the University of Fdinburgh, Scotland,
has shown that humans will turn back from an exit path where
vigibility is obscured over a 15-foot path by an amount of
10 percent per foot. A study performed by the Home Office of
Scotland indicated individuals familiar with their surroundings
can experience up to 11 percent per foot of smoke and only saven
percent per foot if the person is in a foreign environment.
Taking a ¢onservative approach with the consideration that
occu?ants of a home are familiar with their escape path,
11 pércent per foot of smoke obscuration was established as
potentially hazardous for this study.

Carbon Monoxide Concentration

A multitude of studies have heen completed on the toxicological
effects of carbon monoxide. However, the vast majority of these

tests have been laboratory situations on animals with little work
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on humang. Fulton (1955)‘indicates that hemoglobin of the
body's blood haé affinity for combining with carbon monoxide
200 to 300 times greatef than with oxygen. Studies conducted.
by Henderson and Haggard (1943), and A. L. Prince (1921)
suggest that concentrations of 1000 to 1200 ppm for one hour
will result in unpleasant to dangerous symptoms from éarbon
monoxide polsoning.

W, D. Claudy indicates that exposure to 800 ppm carbocn
monoxide for one to two hoursg may cause headache, dizziness,
and nausea. Hemoglebin can be saturated at a very low pressure
of carbon monoxide and within a short period of time result
in muscular incoordination, fixity of ideas and eventual
weakness, collapse, and unconsciousness. A level of 1000-ppm
(0.1 percent) appears to be sufficient to produce the above
effects over fairly short periods of exposure and was choosen
as the potentially hazardous level.

Temperature |

A human being's maximum temperature exposure limit has
been debated, discussed and has generated controversy for
years. Operation School Burning is an accepted reference for
the past fiwo decades. The value of 150°F. was adopted for this
studg as the potentially hazardous level. Obviously, this
température is dependent upon other environmental factors such
as particulates of smoke and gases which tend tc increase the

exposure and type of clothing being worn.
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GROUP 1

DETECTOR ALARM ASSESSMENT
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ONE STORY

31%

IONIZATION

IONIZATION

PHOTOELECTRIC

9.7%

HEAT

32.1%

PHOTOELECTRIC

HEAT

IONIZATION

ELECTRIC |/

IONIZATION

. PHOTOELECTRIC

- LEGEND: NO atanm !

ALARM D

TOTAL ALARMS

CHART ILLUSTRATES THE NUMBER OF DETECTGRS THAT PRO-
VIDED AN ALARM PRIOR TO TERMINATION OF A TEST. ONLY
DETECTORS LOCATED IN HiGH OCCUPANCY AREAS ARE IR
CLUDED. TEST TERMINATION CRITERIA WAS ONE CF THE FOL-
LOWING: TEMPERATURE GF 508 F, CARBON MONGXIDE LEVEL
OF 10,000 PPM, CARBON DIOXIDE LEVEL OF 18%, OXYGEN BE-

EI&ZIISEENDBY OF 10%, OR FIRE WAS JUDGED TO HAVE SELF EXTIN-

ALARMS PRIOR TO CRITICAL

CHART ILLUSTRATES THE NUMBER OF DETECTORS THAT PRO-
VIDED AN ALARM PRIOR TO REACHING POTENTIALLY HA-
ZARDOUS ENVIRONMENTAL LEVEL IN THE HIGH OCCUPANCY
AREAS OF THE HOUSE.

ALARMS 2 MINUTES PRIOR TO CRITICAL

CHART ILLUSTRATES THE NUMBER OF DVTECTORS THAT PRG-
VIDED AN ALARM Z MINUTES PRIOR TO REACHING A POTEN-
TIALLY HAZARDOUS ENVIRONMENTAL L=VEL IN THE HIGH
OCCUPANCY AREAS OF THE HOUSE. TWO MINUTES IS ASSUMED
TO BE THE TIME REQUIRED TQ ASSURE AN EFFECTIVE ES-
CAPE FROM THE HOUSE. DETECTORS LOCATED IN HIGH GC-
CUPANCY AREAS ONLY INCLUDED.
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, \1.1%
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TOTAL ALARMS

CHART ILLUSTRATES THE NUMBER OF DETECTORS THAT PRO-
VIDED AN ALARM PRIDOR TO TERMINATION OF A TEST. ONLY
DETECTORS LOCATED IN HIGH OCCUPANCY AREAS ARE IN-
CLUBED. TEST TERMINATION CRITERIA WAS ONE OF THE FOL-
LOWING: TEMPERATURE OF 500 F, CARBON MONOXIDE LEVEL
OF 10,00C PPM, CARBON DIGXIDE LEVEL OF 10%, OXYGEN DE-
FICIENCY OF 10%, OR FIRE WAS JUDGED TO HAVE SELF EXTIR-
GUISED. ‘

ALARMS PRIOR TO CRITICAL

CHART ILLUSTRATES THE RUMBER OF BDETECTGRS THAT PRG-
VIDED AN ALARM PRIOR TO REACHING POTENTIALLY HA-
ZARDODUS ENVIRONMENTAL LEVEL IN THE HIGH OCCUPANCY
AREAS GF THE HOUSE.

CHART ILLUSTRATES THE NUMBER OF DETECTORS THAT PRO-
VIDED AN ALARM 2 MINUTES PRIOR TO FEACHING A POTEN-
TIALLY HAZARDOUS ENVIRONMENTAL LEVEL IN THE HIGH
QCCUPANCY AREAS OF THE HOUSE. TWO MINUTES IS ASSUMED
TO BE THE TIME RECUIRED TO ASSURE AN EFFECTIVE ES-
CAPE FROM THE HOUSE. DETECTORS LOCATED IN HIGH OC-
CUPANCY AREAS ONLY INCLUBED.
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GROUP 2

COMPARING DETECTOR TYPE TO HAZARD LEVEL
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DETECTOR TYPE VS. HAZARD LEVELS

Data presented on ﬁhese.graphs relate potentially
hazardous environmental levels occurring during a fire to
the first alarm time of the three generic fire detectors
represented in the test program. |

The bar graphs depict the amount of advance warniﬁg
a detector provides prior to the time smoke, gas, or temperature
builds to potentially hazardous levels. Potentially hazardous
levels which impact upon an individual's ability to leave their
residence where chosen to be the following:

1000 ppm of carbon monoxide

150°F, temperature

11 percent per foot smoke obscuration
All values were measured at a height of five feet above the
floor.

Bar graphs are presented fbr each scenario. Twelve bars
represent the three generic types of detectors - photoelectric,
ionization, and heat. Bedrooms, hall, and living room - "high
occupancy" areas of the house are only illustrated. The escape
route from a house . .would normally be through these "high

occupancy" areas. An example of a graph:
1

T i T I TERMINATION

RITICAL TIME TEMP {150%)
RITICAL TIME CO (1000 PPM}
RITICAL TIME SMOKE (11%)

Pt H P I H P I H P I H
BR1 BR2 HALL LR
DETECTOR TYPE & LOCATION

P-PHOTO CLECTRIC, IWIONIZATION, H-HEAT DETECTOR



From this example, the potentially hazardous levels
reached are as follows: smoke obscuration reached at six
minutes into the test, carbon monoxide at eight minutes and
temperature at ten minutes.

In Bedrcom No. 1, the first photoelectric detector
to respond went into alarm at three minutes, providing
approximately three minutes of warning pricr to the smoke
reaching its potentiallylhazardous level. The ionization
detector alarmed at 1% minutes, thus providing 4% minutes
of advance warning. The heat detector went into alarm at
12 minutes, approximately two minutes prior to test termination
at 500°F. and gix minutes beyondrthe 11 percent per.foot smoke
level time.

Each bar graph represents only the "best case” genéric
detector. Probable escape time, as it relates to a potentially
hazardous level in the environment, is wvisually illustrated
for the “"best case" heat, photoelectric, or ionization smoke

detector.
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CRITICAL TIME SMOXE {11%)
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FIRE IN ~BEDROOM 1-OPEN FLAME
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DETECTOR TYPE & LOCATION

P-PHOTO ELECTRIC, I-IONIZATION, H-HEAT DETECTOHR
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NAPOLEON 17
FIRE IN - BEDROOM 1-OPEN FLAME

; TERMINATION

-J’“"*"j CRITICAL TIME TEMP (180%)

m CRITICAL TIMII CO (1000 PPAS)}

Pl H P iH P I H P I H
BRI BR2 HALL LR
DETECTOR TYPE & LOCATION

P-PHOTQ ELECTR!IC, I-IONIZATION, H-HEAT DETECTOR
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NAPOLEON 19 |
FIRE N ~ KITCHEN-OPEN FLAME
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P 1 H Pt H P I H P 1 H
HR1 BR2 HALL LR

DETECTOR TYPE & LOCATION

P~ PHOTO ELECTRIC, I-JONIZATION, H-HEAT DETECTOR
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CRITICAL TIME CC {_1009 PPM)

= CRITICAL TIME SMOKE {(11%)
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NAPOLEON 18 _
FIRE -~ KITCHEN-OPEN FLAKME

PIH PI!IH PIH P11 H
BR 1 BR2 HALL LR

DETECTOR TYPE & LOCATION

P~ PHOTO ELECTRIC, I~IONIZATION, H-HEAT DETECTOR

TERMINATION

. CRITICAL TIME CO (1000 PPM)

: CRITICAL TIME SMOKE (11%)
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NAPGLEON 20 |
FIRE IN - KITCHEN-OPEN FLAME

PI1H PIH PIH P H
BR1 BR2 HALL LR

DETECTOR TYPE & LOCATION

P- PHOTG ELECTRIC, -FOMIZATION, H~HEAT DETECTOR
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TERMINATION
CRITICAL TIME CO (1000 PPM)

CRITICAL TIME SMOKE (11%)

7 CRITICAL TIME TEMP (150°)
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NAPOLEON 21
FIRE I8 KITCHEN-SMOLDERING

P1H PIH PIH PIH
BRT BR2 HALL LR

DETECTOR TYPE & LOCATION

P-PHOTO ELECTRIC, I~IONIZATION, H-HEAT DETECTOR

wd 11—

TERMINATION

CRITICAL TIME SMOKE (11%}



NAPOLEON 22 _
FIRE IN - KITCHEN-SMOLDERING

SHR TERMINATION

CRITICAL TIME CO (1000 PPM)

sl CRITICAL TIME SMOKXE (11%)
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e

- 30

P I H P I H P I H P I H
BR1 BR2 HALL LR
DETECTOR TYPE & LOCATION

P-PHOTO ELECTRIC, I-1ONIZATION, H-HEAT DETECTOR
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NAPOLEON 23
FIRE IN KITCHEN-SMOLDERING

P I H P I H P I H P I H
BR1 BR2 HALL LR
DETECTOR TYPE & LOCATION

P-PHOTO ELECTRIC, IMIONIZATION, H-HEAT DETECTOR

-l -

TERMINATION

CRITICAL TIME CO (1000 PPM)

CRITICAL TIME SMOKE (11%)



NAPOLEORN 24 :
FIRE IN LIVIMG BOOM-SMOLDERING

| TERMINATION
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= {HR

VARIABLES DID NOT REACH
CRITICAL LEVELS
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20 |-

P I H P I H P I H P I H
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BR1 BR2 HALL LR
DETECTOR TYPE & LOCATION

P-PHOTO ELECTRIC, I-IONIZATION, H-HEAT DETECTOR
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NAPOLEON 25
FIRE IN LIVING ROOM- SMOLDERING

PtH PIH PIH PIH
BR1 BR2 HALL LR

DETECTOR TYPE & LOCATION

P-PHOTO ELECTRIC, I-IONIZATION, H-HEAT DETECTOR
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CRITICAL TIAE SMOKE (11%)
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NAPOLEON 27
FIRE IM ~ HEATER ROOM-SMOLDERING

PiH PIH PIH PiH
BR i BR2 HALL LR

DETECTOR TYPE & LOCATION
P- PHOTO ELECTRIC, I-IONIZATION, H-HEAT DETECTOR
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VARIABLES DID NOT REACH
CRITICAL LEVELS
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NAPOLEON 31 -
FIRE iN .= KITCHEN-OPEN FLAME

PtH PIH PIH PI1H
BR1 BR2 HALL LR

DETECTOR TYPE & LOCATION
P- PHOTO ELECTRIC, I~IONIZATION, H~HEAT DETECTOR
R

TERMINATION

VARIABLES DID NOT REACH
CRITICAL LEVELS
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NAPOLEON 33
FIRE 1IN = K17

TEN~OPEN FLAME

eod M Pl oM P I H P11 H
BR1 BR2 HALL iR

DETECTOR TYPE & LOCATION

P- PHOTO ELECTRIC, ISMIORIZATION, H-HEAT DETECTOR

TERMINATION

. VARIABLES DID MNOT REACH

CRITICAL LEVELS
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NAPOLEON 34 .
FIRE IN KITCHEN-SMOLDERING

P 1 H P 1 H P I H P I H
BR1 BR2 HALL LR
DETECTOR TYPE & LOCATION

P-PHOTO ELECTRIC, I-IONIZATION, H-HEAT DETECTOR
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VARIABLES DID NOT REACH
CRITICAL LEVELS
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MAPOLEON 38 :
FIRE IN KITCHEN-SMOLDERING

Pi1#H PIH PIH PIH
BR 1 BR2 HALL LR

DETECTOR TYPE & LOCATION
P-PHOTO ELECTRIC, I-JONIZATION, H-HEAT DETECTOR
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TERMINATION
CRITICAL TIME SMOKE (11%)
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NAPOLEON 36
FIRE IN KITCHEN-SMOLDERING

P i H Pt H P I H P 1 H

w

BH1 BR2 HALL LR
DETECTOR TYPE & LOCATION

P-PHOTO ELECTRIC, I-IONIZATION,
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H-HEAT DETECTOR

E TERMINATION

VARIABLES DID NOT REACH
CRITICAL LEVFLS
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PALACE 1

FIRE 1N LIVING ROOM-SMOLDERING

P L H P I H p |
BR 1 BR2 HALL LR
DETECTOR TYPE & LOCATION

P-PHOTOC ELECTRIC. I-IONIZATION,

H P 1 H

H-HEAT DETECTOR

TEAMINATION
CRITICAL TIME TEMP (150°)

CRITICAL TEME SKOKE {11%)

CRITICAL TIME CO (1000 PP}
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PALACE 2
FIRE I LIVING ROOM-SMOLDERING

P} H P I H P I H P 1| H
BR 1 BR2 HALL LR
DETECTOR TYPE & LOCATION

P-PHOTO ELECTRIC, IFIONIZATION, H-HEAT DETECTOR

TERMINATION

CRITICAL TIME CO (1000 PPH)

CRITICAL TIME SMOKE (11%),
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PALACE 3
FIRE IN LIVING ROOM, SMOLDERING FIRE

PIH PIH PIH PIH
BR 1 BR2 HALL LR
DETECTOR TYPE & LOCATION

P-PHOTO ELECTRIC, I-IONIZATION, H-HEAT DETECTOR
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TERMINATION

CRITICAL TIME TEMP (1507}
CRITICAL TIME CO {1000 PPM)

CRITICAL TINME SROXE (11%;



PALACE 4
FIRE [N -LIVING ROOM-OPEN FLAME
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TERMINATION
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3 MIN
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CRITICAL TiME SMOKE (11%)
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45
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PLH P I H P I H P I H
Bit1 BR2 HALL L&
DETECTOR TYPE & LOCATION

P~PHOTO ELECTRIC, I-IONIZATION, H-HEAT DETECTOR
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PALACE 5 |
FIRE 1N~ LIVING ROOM-OPEN FLAME

P P U H P I H P I H

BR1 BR2 HALL LR
DETECTOR TYPE & LOCATION

!

P-PHOTO ELECTRIC, -IONIZATION, H-HEAT DETECTOR

56—
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CRITICAL TIME TEMP ___(150“'}

CRITICAL TIME SMOKE (11%)
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PALACE ©

FIRE IN - LIVING ROOM ~OPEN FLAME

TERMINATION

G ZEH CRITICAL TIME TEMP (150°)

iREE CRITICAL TIMSE SMOKE (11%)

P §L
BRI

H

i

i H P I H P I H
BR2 HALL LR

DETECTOR TYPE & LOCATION

E-PHOTO ELECTRIC, I-IONIZATION, H-HEAT DETECTOR
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PALACE 7
FiRE (M LIVING ROOM-CPEN FLAME

60 T

a5

A0

4;}:}
N

¢
<

N
i

10

Pt i H P 1 H P I H P I H
BR1 BR2 HALL LR

DETECTOR TYPE & LOCATION

P-PHOTO ELECTRIC, 1-{ONIZATION, H-HEAT DETECTOR
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| CRITICAL TIME TEMP (150°)

| CRITICAL TIME CO (1000 PPM)

CRITICAL TIME SRIOXE (11%)
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FIRE 1 LIVING ROOM-0OPEN FLAME
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P I H P 1 H P oEH P I H

BR1 BR2 HALL LR
DETECTOR TYPE & LOCATION

P-PHOTO ELECTHIC, IFIONIZATION, H-HEAT DETECTOR
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CRITICAL TiME TEMP (150°)

£ CRITICAL TIME SRIOXKE (11%)
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FIRE IN - BEDROOWM 1-SMOLDERING
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P1H PIiIH PIH PIH
BR1 BR2 HALL LR
DETECTOR TYPE & LOCATION

P-PHOTO ELECTHIC, I-IONIZATION, H-HEAT DETECTOR

o £ Y e

TERMINATION

CRITICAL TIME TEMP (150°)

CRITICAL TIME CO (1000 PPM)

CRITICAL TIME SMOKE {11%)
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FIRE [N - BEDROOM 1-SMOLDERING
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| CRITICAL TIME TEMP (150°)
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DETECTOR TYPE & LOCATION

P-PHOTO ELECTRIC, I-IONIZATION, H-HEAT DETECTOR
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PALACE 11
FIRE IN BEDROOM 1 SMOLDERING

# ] H P I H P I H P I H
BRi BR2 HALL LB
DETECTOR TYPE & LOCATION

P-PHOTO ELECTRIC, I=IONIZATION, H-HEAT DETECTOR
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CRITICAL TIME TEMP (150°)
CRITICAL TIME SMOKE {11%)
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PALACGE 12
FIRE [N -BERDBEOOM 2-SMOLDERING

P i H P I H P 1 H P I H
B BR2 HALL LR
DETECTOR TYPE & LOCATION

P-PHOTO ELECTRIC, I-IONIZATION, H-HEAT RDETECTOR
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CRITICAL TIME SMOKE (11%)
CRITICAL TIME CO (1000 PPM)
CRITICAL TIME TEMP (150°)



£8:
ol

ik

OHR

5HE

4R

3HR

SHB

PALACE 13
FIRE IN-

BEDROOM. 2 -SMOLDERING FIR

Pl H PoiH P I H P I H
81 BR2 HALL LR
DETECTOR TYPE & LOCATION

P-PHOTO ELECTRIC, I-1ORIZATION, H-HEAT DETECTOR
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TERMINATION

VARIABLES DID NOT REAGH
CRITICAL LEVELS
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FIRE IN BEDROOM zmsm;@mmw@
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T CRITICAL TIME TEMP (150°)
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PI1H PI1H PIH PIH
BR1 BR2 HALL LR
DETECTOR TYPE & LOCATION

P-PHOTO ELECTRIC, I-IONIZATION, H-HEAT DETECTOR
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PALACE 15

FIRE IN ~ BEDROOM 1-OPEN FLAME

JMIEN

ey TERMINATION
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e

Y

CRITICAL TIME TEMP (1507%)

230

CRITICAL TIME SMOKE (11%)

CRITICAL TIME CO (1000 PPM)
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I H P I H

HALL LA

CETECTOR TYPE & LOCATION

P-PHOTO ELECTRIC, IFIONIZATION, H-HEAT DETECTOR
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PALACE 16
FIRE [N - BEDROOM 1-OPEN FLAME
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TERMINATION

CRITICAL THME TEMP (150°)
‘CRITICAL TIME SMOKE (11%)
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CRITICAL TIME CO (1000 PPM)
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BE1 BRZ HALL LR
DETECTOR TYPE & LOCATION

P-PHOTO ELECTRIC, I-IONIZATION, H-HEAT DETECTOR
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PALACE 17 | |
FIRE IN-BEDROOM 1-OPEN FLAME

TERMINATION

=8 CRITICAL TIME SMOKE (11%)

= CRITICAL TUAE TEMP (150°)

CRITICAL TIME CO (1000 PPH)
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PTH PIH PIH P1H

BRI BR2 HALL LR
DETECTOR TYPE & LOCATION

P-PHOTO ELECTRIC, I-1ONIZATION, H-HEAT DETECTOR
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PALACE 18
FIRE i KITCHEN-OPEN FLAME

wEE TERMINATION

I CRITICAL TILIE SRIOKE {(11%)

P1H PIH PI1H PI1H
BR 1 BR2 HALL LR

DETECTOR TYPE & LOCATION

P=-PHOTO ELECTRIC, I-IONIZATION, H-HEAT DETECTOCR
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PALACE 19
FIRE IN KITCHEN,OPEN FLAME

60 TERMINATION
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CRITICAL TIME SMOKE (11%)

10

Pi1H PI1H PI!H PIH

L

BR1 BR2 HALL LR
DETECTOR TYPE & LOCATION

P-PHOTO ELECTRIC, -1ONIZATION, H-HEAT DETECTOR
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PALACE 20
FIRE [N KITCHERN,OPEN FLAME

i

¢ L H P ILH P 1 H P 1 H
BR1 BR2 HALL L&
DETECTOR TYPE & LOCATION

P-PHOTO ELECTRIC, I-IONIZATION, H-HEAT DETECTOR
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PALACE 21
FIRE [N - KITCHEN-

Pl H Pl H P I H P 1 H
BR1 BHR2 HALL LR
DETECTOR TYPE & LOCATION

P~PHOTO ELECTRIC, I-IONIZATION, H-HEAT DETECTOR
L

F TERMINATION

VARIABLES DID NOT REACH
CRITICAL LEVELS
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BR Y BR2 HALL LR
DETECTOR TYPE & LOCATION

P-PHOTO ELECTRIC, {-10ONIZATION, H-HEAT DETECTOR
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DETECTOR TYPE & LOCATION

P-PHOTO ELECTRIC, I-IOMNIZATION, H-MEAT DETECTOR
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VARIABLES DID NOT REACH
CRITICAL LEVELS
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PALACE 24
FIRE 1IN LIVING ROOM SMOLDERING

A S e R LA SREREY TERMINATION
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DETECTOR TYPE & LOCATION

P-PHOTO ELECTRIC, I-IONIZATION, H-HEAT DETECTOR
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PALACE 28
FIRE IN LIVING ROOM-SMOLDERING

w1 ERMINATION

= CRITICAL TIME SMOKE (t1%)
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BR1 BR2 HALL LR
DETECTOR TYPE & LOCATION

P-PHOTO ELECTRIC, {-I1ONIZATION, H-HEAT DETECTOR
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FIRE IN - KITCHEN-OPEN FLAME
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BRt BR2 HALL LE

DETECTOR TYPE & LOCATION

P~ PHOTOQ ELECTRIC, I~1ONIZATION, H~HEAT DETECTOR
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VARIABLES DID NOT REACH
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DETECTOR TYPE & LOCATION

P-PHOTO ELECTRIC, IFIONIZATION, H-HEAT DETECTOR
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VARIABLES DID NOT REACH
CRITICAL LEVELS
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P-PHOTO ELECTRIC, I-IONIZATION, H-HEAT DETECTOR
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GROUP_3

BEST CASE DETECTCR
One—-Story
Two~-Story

Summary
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Chart indicates the "best case" generic type of detecteor that
provided two or more minutes of alarm prior to reaching a potentially
hazardous environmental level.

Reoom of Fire Origin

Room of Fire Origin

Room of Fire Origin

Tndicat

2a

Smoldering
, Living
Bedroom Hall Room Kitchen
Bedroom I P I P
Living
Room P P P/T I
Kitchen P/T T P/T I
P/T r I T
Open ¥lame
Living
Bedroom Hall Room Kitchen
Bedroom P/I P/I P/I P/I
Living
Room P/I P/T I P/I
Kitchen P P ——— b
P P T P
Summary
Living
i Bedroom Hall Room Kitchen
Bedrobm I P I P
Living
Room r p I I
Kitchen P P P/T P/I
Best Case
oop T I P/I Detector
P - Photoelectric Detector
I - Tonization Detector
I ~ Heat Detector
P/I - Equal Performance by Ionization and Photoelectric Datectors

2 no detaectors proyvided sufficiont 41 arm



Rocm of Fire Origin

Room of Fire Origin

TWO-STURY HOUSE )
Chart indicates the "best case" generic type of detector that

provided two or more minutes of alarm prior to reaching a potentially
hazardous environmental level.

Rocom of Fire Origin

VSmoldering
_ .1 Living
Bedroon Eall Room Kitchen
Bedroom P P - ———
Living
Room P/T B P/T P/I
Kitchen P P/I I P/
P P T P/I
— Open ﬁléme
Living
Baedroom Hall Room Kitchen
Badroom - - —-—- ———
Living
Room - I I I
Kitchen — P P/I P/T
— P/I T T
Summary
Living
pedroom Hall Room Kitchen
-
Bedrobn P P - ———
Living
Room B/I P/I I I
Kitchen P P I . P/I
_ Best Case
P P I I Detector
P - Photoelectric Detector
I ~ Tonization Detector
H - Heat Detector :
P/T ~ Eqgual Performance by Ionization and Photoelectric Detectors

~-- - Indicates no detectors provided sufficient alarm
LR B R e by B Pt ST e e



Room of Fire Crigin

SUMMARY FOR ONE- AND TWO-5TORY HOUSES

Chart indicates the "best case" generic type of detector

that provided two or more minutes of alarm prior to

reaching a potentially hazardous environmental level.

Bedroom Hall Living Roon Kitchen
-
Bedroom P/I r T P
Living
Room P P I I
Kitchen P _ P I P/T
Best Case
P P I P/I Detector
i
\
P -~ Photoelectric Detector
I - Ionization Detector
H ~ Heat Detector
P/I - Egqual Performance by Tonization and Photoelectric

Detectors.
Data does not reflect unwarranted alarms.




GROUP 4

LIVING ROOM AND HALL DETECTORS
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COMPARISON OF LIVING ROOM & HALL DETECTOR ALARMS
ONE STORY HOUSE

113 LEGEND N
LIVING ROOM

109 | HALL

107

28 r g%é; S

26

14

12

10

TIME (MINUTES)

1 2 3 4 5 6 7 8 24 25
SCENARIO NO.

Time (0 represents the time any one of the
potentially hazardous levels of temperature,
smoke, or carbon monoxide was first reached
plus an additional two (2) minutes for adequate
»escape.
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TIME (MINUTES)

148
147
24

22
20
18
16
14
12

10

COMPARISON OF LIVING & HALL DETECTOR ALARMS
TWO STORY HOUSE

: W= =Y

LEGEND
LIVING ROOM

HALL

1 2 3 4 5 6 7 3 24 25 1DC 2DC 4pC 7hC

SCENARIO NO.

Time 0 representg the time any one of the
potentially hazardous levels of temperature,
smoke, or carbon monoxide was first reached
plus an additional two (2) minutes for adeguate
escape.
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