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1.0 INTRODUCTION:

The following Report will serve as a statement and
evaluation of results obtained for supplementary fire
experiments performed as an extension of contract
No. 4-36092 (IITRI Project J6340). The primary purpose of
this study is to determine how to properly site detectors
and to evaluate their associated sensitivity requirements
for a particular dwelling.

During the original work in 1974-75, 40 experiments
were performed in two structures provided by the U.S. Department
of the Interior, Indiana Dunes National Lake Shore. Ambient
conditions for those experiments included summer conditions
with the building air conditioned and winter conditions with
the building heated and the furnace blower on or off. Fires
were initiated in real furnishings at various locations
throughout the residence, and comparisons were then made
between operation of generic classes of detectors (at several
locations and several sensitivity levels). Also, the hazards
to life, including concentrations of CO and CO,, temperature,
and smoke density, were monitored and recorded. This information
clearly defined several hazardous configurations of fire and
detector locations previously thought safe. Proper detector
sensitivity and location were determined for those cases.

The objective of the second phase of the program,
detailed herein, was to gather information on fires under
summer/fall conditions without air conditioning and to
expand available information on high volume, two-story
structures. Actual home furnishings were employed during
most of the tests, along with an attempt to simulate furniture
using mock-ups. As in the original research, a cross-
section of detectors using detection principles currently
available was chosen for use in these experiments. It was
not the objective of this study to judge the individual
detectors for their usefulness or to rank each manufacturer
in order of response time. They were selected merely to
represent the current level of technology available in
residential type detectors.



As more and more jurisdictions make fire detectors
mandatory in certain dwellings, it becomes increasingly
important to assure that the standards that these jurisdictions
are using for a reference are correct in their guidelines
and recommendations. At the present time, unfortunately,
there is very little actual field data to back up the current
standards, which seem to be chiefly based on laboratory
experience and engineering judgement. The following is an
attempt to improve upon this situation.

2.0 EXPERIMENTAI PROCEDURE:

DESCRIPTION OF TEST BUILDINGS

Two test buildings were available for this phase of the
program. These homes, provided by the U.S. Department of
the Interior, Dunes National Lake Shore, were scheduled for
demolition as part of a land clearance program associated
with the establishment and expansion of the Indiana Dunes
National Lake Shore.

The first set of test fires were performed in a two-
story brick structure having a basement. Interior walls on
first and second stories of the residence were plaster on
wood lathe and floors were hardwood. The basement walls
were paneled with wood. The building had a gas forced-air
heating system to which IITRI personnel fitted a central air
conditioning unit for the late summer test conditions.
Registers were located in every room with returns in all
first floor rooms except the bathroom. There were no returns
on the second floor. See Fig. 1 for photographs of the
building and Appendix F for floor plans.

The second test site was a two-story brick structure
selected primarily because of its large interior volume and
the similarity of floor space on the first and second level.
Fires in this residence were performed with the heating
system operating, which consisted of hot water, baseboard
convectors located in specific rooms throughout the residence.
See Fig. 2 for photographs of the exterior and interior of
the building, and Appendix G for floor plans.

Although the HVAC system for the first test site (J. R.
Whitehouse residence) could have been somewhat larger in
capacity, these two types of heating systems are fairly
representative of the major types of heating systems most
commonly used in residential buildings.
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FIGURE 1

J.R. WHITEHOUSE
HOME

LIVING ROOM




FIGURE 2.

WABASH AVENUE
HOME

LIVING ROOM
(FACING WEST)




FIGURE 3.
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Obviously the data sample is too small to draw any significant
correlations or major conclusions. However, it has been shown
that a significant measure of escape time can he readily added to
the scope of future fire experiments. ‘

It is important to perform ancillary studies which will iden-
tify the contribution and potentiating or attenuating effects of
the various smoke fractions so that a better correlation between
animal behavior and human response to fire can be obtained.

In addition the behavior of firefighters being trained in a
smoke filled room could be compared with the response of animals
trapped in the same chamber. Such experiments would provide a
wealth of data unobtainable from other sources. Experiments of
this type can be readily performed at existing training facilities.
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PLAN

The approach taken upon return to the J. R. Whitehouse
residence was to conduct experiments under summer conditions
with the air conditioning system shut down just prior to
start of the test, with all windows closed for some tests
and in other tests having certain portions of certain windows
open. The Wabash Avenue residence was utilized to examine
the effect of the hot water baseboard heat while operating
under spring conditions. Special attention was directed to
the effect that the high internal volume, for both the first
and second floors, would have on smoke spread and general
detector response. An attempt was also made in this residence
to simulate household furniture using certain combustibles
placed in a mock-up configuration.

Detector locations in each residence were selected to
conform to the levels of protection outlined in the 1975
edition of NFPA No. 74, Standard for Household Fire Warning
Equipment published by the National Fire Protection Association.
It was the intention of this study to employ detectors
preset for 1 percent per foot obscuration, however, there
seemed to be a large variation in the actual sensitivities
recorded prior to the actual testing probably due to the
difference in sensitivity testing performed by each manufacturer.
See Appendix A for the sensitivity levels recorded before
each set of tests. See Figs. 3 and 4 for photographs of the
typical installation for the detector test boards.

Instrumentation for the experiments included 5-ft light
beams for measuring smoke obscuration on the ceiling in the
room of fire origin, on the ceiling at each detector location,
and at the 5-ft level along each primary escape path and in
representative bedrooms. Individual thermocouples and
vertical thermocouple arrays were installed in the room of
fire origin and the primary escape path and several representative
locations throughout each dwelling. Tubing for the sampling
of combustion gas levels was installed in the room of fire
origin, primary escape path, and representative bedrooms.

Fires were initiated in the various rooms of the dwellings
using combustible materials in fire modes (smoldering or
flaming) typifying the respective rooms.



DETECTORS

The fire sensing techniques displayed by the detectors
selected for this test series included ionization and
photoelectric type smoke detectors, fixed-temperature heat
detectors, and semiconductor gas sensors. More specifically,
the ionization type detectors included both single and dual
chamber types; the photoelectric detectors included open
optics, rate compensation, and light scattering types; and
the heat detectors included a spring-wound bell type and a
freon powered type. The semiconductor crystal sensing
elements in all the gas sensors were similar if not identical
in construction and represented a range of sensitivies.

Prior to the start of each test series at each residence,
the sensitivity of each detector (excluding the heat detectors)
employed was determined by Underwriters Laboratories Inc. in
accordance with the sensitivity test requirements of their
applicable Standards. For the ionization and photoelectric
type detectors, a preset sensitivity of 1 percent per foot
obscuration was requested from the manufacturers. Variations
in sensitivity did exist probably due to the difference in
manufacturer's calibration techniques. The heat detectors
employed were rated for a 50 ft spacing schedule. The
semiconductor gas sensors were provided by the National
Bureau of Standards.

For the actual sensitivities recorded for the applicable
detectors for each test series refer to Appendix A.



3.0 RESULTS:

In total, 36 experiments were conducted in this program;
19 experiments at the J. R. Whitehouse test site, and 17 at
the Wabash Avenue site. Narrative descriptions of all
experiments are included in Appendix C.

Identification of the detectors used in the test series
by generic type, sensitivity before each test series, and
clock number is given in Appendix A, Table 1. Tables 2, 3,
and 4 of Appendix A contain the experiment configurations
for both test sites. A summary of detector operating times
for the Whitehouse site is contained in Table 5 of Appendix A;
Table 6 contains the operating times for those detectors
employed at the Wabash Avenue site.

Appendix B has data summary sheets which have been
generated for each test fire in each residence. Each sheet
contains pertinent information including fire type, ambient
conditions, experiment configuration, detector response and
escape times, and the tenability limit for that fire.
Detectors that were located at the same position in the
residence were segregated by location and arranged in the
order of maximum escape time.

During the test series at the Wabash Avenue site, the
feasibility of using mice to determine escape time limits
for humans was explored. The results obtained from that
examination are contained in Appendix E.

Appendix H gives performance curves for the actual
detectors employed during the test series. These curves
indicate the frequency of success (ordinate) that each
detector examined would provide for any required escape time
(abscissa). -

In Appendix J, curves showing the time histories of
various measured quantities throughout both test buildings
are given. These include light obscuration, temperature,
and concentrations of combustion gases in the room of fire
origin, bedrooms, and other positions along the primary
escape route. On each graph, for the specific location
monitored for the conditions above, the relative response
times of the detectors at that location are also plotted.



4.0 DISCUSSION OF RESULTS:

RESPONSE TO FIRES

Supporting the earlier test series results, once again
the smoke detectors (photoelectric and ionization types) responded
well to all fires where actual home furnishings were used. As
before, the photoelectric type detectors in general respond
slightly better to the smoldering type fires, and the ionization
type detectors respond slightly better to the flaming fires. The
only point at which an appreciable change in sensitivity of these
detectors may have taken place was immediately following those
test fires where bare polyurethane foam was ignited and resulted
in a flaming fire. After those tests, it seemed as though those
detectors located in the immediate vicinity of the fire changed
somewhat in sensitivity, that is, the photoelectric type detectors
were slightly less sensitive and the ionization type detectors
were slightly more sensitive.

To examine the effect of wall mounting versus ceiling mounting
of detectors, a smoldering fire was performed at the Whitehouse
residence (JR53) in the living room with certain windows open
throughout the residence. To examine this effect in the extreme
sense, the wall mounted detectors were placed at the 9 ft level
in the living room and the ceiling mounted detectors were placed
in the center of the ceiling 13 ft above the floor. For this
particular test configuration and residence, five of the six wall
mounted detectors responded on the average approximately 3 min
prior to those detectors mounted at the ceiling. Even with this
response difference, the least amount of escape time available
from any detector in the living room was slightly over 20 min.
These results tend to support the earlier test series results.

Escape potential curves for each detector used throughout
the test series for each residence (excluding the semiconductor
gas sensors) are given in Appendix H. These curves illustrate
the frequency of success (ordinate) that each detector would
provide for any required escape time (abscissa). Figures 21
and 22 of this Appendix illustrate escape time versus detector
location for the last two fires performed at the Wabash site
on the second floor. For this test series, curves were generated
only for actual detectors and not theoretical. The results
obtained for the Whitehouse tests tend to support the results of
the earlier test series, that is, the curves follow closely.

For the Wabash site no curves were generated for the hallway H
detectors since the detectors at the top of the stairs in

gameroom G were more effective in maximizing escape time. Thus,
curves were generated for these detectors at the top of the stairs.
Due to the unusual escape routes possible at the Wabash site,

two escape times are given for those tests, one for the second
floor bedrooms and the other for the first floor bedrooms.

-10-



In light of the success frequency curves described
above, it should be remembered that the required escape time
may vary considerably depending on size and configuration of
the residence, and age and physical condition of the occupants.
Times in the range of 2 to 5 min seem reasonable.

In regard to escape criteria, the critical values
adopted as the limits beyond which escape may not be possible
(except through windows) were an optical density of 0.07 per
foot, a temperature of 150 F, or a time-averaged concentration
of CO of 0.04 percent over a 1 hr period. 1In all but two of
the 36 test fires, an optical density of 0.07 per foot was
attained before any other condition. 1In the remaining two
fires the temperature criteria of 150 F was reached first.
Using these results the escape potential curves show that
the actual detectors provide inadequate prctection when
fires and detectors are on different floors.

The results obtained in the Wabash Avenue site further
emphasized the results of the earlier test series in that
the escape times obtained from detectors installed on the
second floor responding to first floor fires seem somewhat
marginal. If one were to install detectors in compliance
with NFPA No. 74 (1975), Standard for Household Fire Warning
Equipment, there would be no detector on the first floor if
there were no first floor bedrooms. The results of the
experiments seem to indicate that this situation would
result in marginal performance under many first floor fire
conditions. Refer to Figs. 14 through 20 of Appendix H for
these results.

In the earlier test series conducted in 1974-1975, all
summer experiments were conducted with the HVAC system
operating. It was noted in the Report generated for that
earlier work that poor performance of the second floor
detectors with first floor fires was accentuated in the
summer, particularly for smoldering ignitions. The gquestion
was then posed as to whether a no-forced circulation condition
would further emphasize this effect. From the recent results
covered by this Report, it was shown that the no-forced
circulation condition did not affect detector response any
more than the forced circulation condition.

Once again, this study has confirmed the importance of
regular maintenance and cleaning of the detector by the
homeowner to maintain proper operation of the detector. On
those tests following the fires that were initiated with
bare polyurethane it was noticed that certain photoelectric
detectors became less sensitive and certain ionization
detectors became more sensitive due to the particulates
given off by the polyurethane during combustion. Refer to
the data summary sheets in Appendix B for Tests 72 through
76 for detectors from manufacturers P, N, and K.

-11-



Again supporting the first year test results, the last two
tests performed at the Wabash Avenue site generated escape
potential curves which tend to support the idea that in a long
hallway if detectors are placed approximately every 30 £ft, the
escaped time potential is significantly increased. See Figs. 21
and 22 of Appendix H.

The heat detectors employed for this test series were the
fixed-temperature type each rated for 50 ft spacing, however,
one was a spring-wound bell type and the other a freon powered
horn type. In each test that these detectors were used, they
were located on the wall 6 in. from the ceiling to the top
of the detector in the vicinity of the test fire. 1In effect,
these detectors were at the same level as the smoke detector
board in the room of fire origin. As in the earlier tests,
these detectors were ineffective in providing any reasonable
escape potential. As indicated in the data summary sheets
in Appendix B, the heat detectors failed to respond to the
majority of the fires performed. When they did respond,
little or no escape time was given prior to occurrence of
dangerous conditions along the primary escape path. Response
from the smoke detectors far exceeded the heat detector
response. For actual test results refer to Appendix B and
the escape potential curves given in Appendix H for the
J. R. Whitehouse residence.

At the Whitehouse residence, fires were performed under
summer conditions with certain windows open to examine the effect
that these open windows would have on detector response and
spread of smoke or heat. The results indicate that escape time
and detector operating times are affected by an equivalent amount
so that the end result is satisfactory detector performance with
adequate escape time. Refer to the data summary sheets in
Appendix B for the Whitehouse fires.

-12-



The localized convection currents induced by the hot water,
baseboard heating system in the Wabash site appeared to have little
or no effect on detector response or smoke flow patterns during
any of the experiments. Slight stratification levels were noticed
during the experiments in this residence, but these levels did
not adversely affect escape potential. In the Whitehouse
residence, shutting the air conditioning system down just prior
to commencement of the test did not create a situation any worse
than when the air conditioning was operated throughout the test.
This result may better explain one of the results noted during
the first year tests. 1In the first year test it was observed
that during fires conducted under summer condition, there was
very little smoke in bedrooms with closed doors as compared to
a similar experiment carried out under winter conditions. The
explanation proposed in the first Report was that this was caused
by the scavenging and filtering effect of the wet cooling coil
of the air conditioner. With the latest results, it now appears
that perhaps during the first year test the air conditioning system
was circulating cool, clear air across the bottom part of the floor
in the living room. Accumulation of smoke during those tests was
in a space above that flow since the flow of cold air stabilized
the temperature gradient which prevented the smoke from rising
to the detector levels. 1In the latest test series, the shutdown
of the-air conditioning system prior to test commencement may
have allowed the temperature gradient to disappear thus letting
the smoke rise to each detector location in the living room.

At the Wabash Avenue site, an attempt was made at performing
several synthesized fires. For these fires certain items of
furniture were simulated with polyurethane bricks set up in a
particular configuration such as a chair, a mattress on a frame
above the floor, and a mattress directly on the floor. The four
fires performed with these configurations burned for only 6-8 min.
Obviously these fires were much faster than those where actual
furnishings employing polyurethane were used. Therefore, it appears
as though in order to use a simulated fire combustible as attempted
above, the configuration used must approximate the actual furniture
construction much more closely. This statement is supported by
the exercise described in the next paragraph.

-13-



The following table was generated to provide a comparison
between the fires where actual furnishings with polyurethane were
used and the fires where the bare polyurethane was used to
simulate furniture. Tests 64 and 66 used actual furnishings with
polyurethane; Tests 68-71 used the polyurethane bricks set up
in a simulated configuration. The data under each test number
is the response time sequence for detectors in the living room,
bedroom C, and gameroom G.

Living Room Bedroom C Gameroomnm .G
Actual Simulated Actual Simulated Actual Simulated
©4 66 &8 69 70 7L 64 66 68 69 70 71 64 &6 B8 69 70 71
F K G F K P F K K K K G F K G K K K
K F N K F N K G N G F P K G N F F F
S S K G G F S F G N G N P F K G N N
G F S S K G S S S )4 F N P F S G

P N S N 34 S 4 N P F S K G N S N S S
N P E P N E N P F P N S S S E E p P
E E P E E G E E E E E E E E P P E E

Upon reviewing the above table, it is seen that for the two
fires where actual furniture was used, the response time sequence
is nearly identical except for slight reversing between four
manufacturers. For all three locations the simulated fire response
time sequence which most closely approximates the sequence obtained
for the actual furnishings is in Test 70. Of all the simulated fires,
the configuration in Test 70 comes closest to simulating the actual
condition. For this test a 2 by 5 ft sheet of polyurethane was
formed using 12 by 12 by 3 in. bricks of polyurethane and was
then placed on a section of screen approximately 2 ft from the
floor. The bottom and top portion of this polyurethane sheet was
covered with cotton or acrylic type blankets. Therefore, the
simulated configuration used in Test 70 does have some merit in
that it produces a similar response time sequence as obtained in
the fires where actual furnishings with polyurethane were used.
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In the Wabash Avenue test series, a group of semiconductor
gas sensors was initially placed on the ceiling in hallway J
alongside the detector board containing the conventional detectors.
Due to a lack of response at that location, prior to Test 65, this
group was moved to the ceiling at the top of the stairway in
gameroom G alongside the detectors at that location. For Tests 65
through ‘71 at the Wabash site, the gas sensors did not respond for
the majority of the fires. When they did respond, their operation
was erratic and very often the detector could not be reset for
the next test. All four appeared to be very sensitive to transients
induced on the same branch circuit by deenergizing or alarming
detectors. If left deenergized over a 1 hr period, when reenergized,
the same period of time was required before the sensor could be
reset for the normal standby condition from alarm. Therefore,
for this test series the sensors had to be energized overnight to
assure the resetting operation for the next day's testing.

For the fires in the bedroom test series at the Wabash
residence (72-76) where cotton innerspring mattresses were the
test combustible, the response of three of the four semiconductor
gas sensors was comparable to the response of the conventional
detectors at the same location. The fourth detector (clock No. 36)
displayed erratic behavior throughout the entire test series.

This detector was noted to have the highest calibration
sensitivity and it is suspected that it was on the threshold of
alarm at all times due to one or more elements of its background
environment. For example, semiconductor gas sensors have been
known to exhibit extreme sensitivity to aldehydes, at concentra-
tions of several parts per billion.

Reviewing Tests 60-71 (and disregarding the high sensitivity
detector on clock No. 36) it appears that the semiconductor
detectors are less responsive to fires in polyurethane foams
than to those in cellulosic fuels. Several .Tests (65, 66, 67,
and 70) appear to indicate that the semiconductor detectors are
poisoned by smoke from synthetics and loose sensitivity to the
cellulosic components of the mixed fuel source. In this regard,
it should be noted that the units remained on overnight prior
to initiation of Test 72 where good response occurred to a
mattress fire.

In two of the fires performed at the Wabash site, the
feasibility of using mice to determine escape time limits for
humans was explored. For a more detailed description of the
test configuration and results, refer to Appendix E, Sensory
Irritation.

-15--



CONCLUSIONS

In general, the results stated in this Report support and
expand on the results obtained in the original work.

1. A residential smoke detector of either the ionization
or photoelectric type set at the sensitivity levels encountered
during this study would provide adequate life saving potential
under most real residential fire conditions when properly installed.
Once again, even in the case of rapidly building flaming ignition
fires the detectors would provide adequate warning before dangerous

conditions were reached in the primary escape path.

2. Supporting the first year results, the fixed temperature
heat detectors rated for 50 ft spacing (135 F) used in this test
series, in the room of fire origin, provided little life saving
potential. These detectors failed to respond to a majority of the
fires and when they did respond they were considerably slower than
smoke detectors located remotely from the fire.

3. Response time of detectors on the second floor for first
floor fires should be considered inadequate. Thus, once again it
appears that NFPA No. 74 should be revised to require at least one
smoke detector on each level of a residence.

In addition to the above, the data taken at the Wabash residence
strongly suggests that a detector used in the basement of a residence
should be located on the basement ceiling and not at the top
of the basement stairway.

4. 1Installation of one smoke detector at each end of a long
central hall would significantly increase the escape time potential
in comparison with one detector at one end of the hall. Both this
and the previocus study suggest installation of a smoke detector
approximately every 30 ft in a long hallway.

5. As in the first year study, there is no apparent difference
in life saving potential between ionization and photoelectric
detectors under the fire conditions tested during this series.
Although the photoelectric detectors in general respond better to
a smoldering fire, and ionization type detectors in general respond
better to a flaming fire, the time difference between these detectors
are minimal when compared on an escape time and life saving
potential basis.
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6. The level of technology represented by the semiconductor
gas sensors employed during this test series did not provide
adequate life saving potential and reliable operation as
compared to the conventional type detectors used. The
sensors used were erratic in behavior and very sensitive to
transients and contamination of the semiconductor crystal.

7. In the Whitehouse residence, having certain windows
open while performing fires under summer conditions, did not
adversely affect detector response time and escape potential.

8. The simulated polyurethane mock-ups did not produce
a fire equivalent to those where actual furniture with
polyurethane was used. The buildup of smoke and products of
combustion was faster than in the actual furnishings fires.
Evidently, the simple mock-ups used in this test series were
not sufficient, and closer matching to the real item construction
is required before fires of this configuration can be used.

5.0 RECOMMENDED AREAS FOR FURTHER STUDY:

Upon review of the results obtained for the research
performed under this study, it is evident that basing Standards
for fire detection location and sensitivity on laboratory
data and engineering judgement is not sufficient to assure
positive life saving potential. Accordingly, it is essential
that these Standards be verified in additional actual field
testing. After reviewing this year's results, the following
items are proposed for further study.

1. Experiments should be performed in a split level
residence to determine the protection level requirements for
this type of building. Every level protection is not clearly
defined for this building layout.

2. Detector response to fires originating in structural
components due to electrical overload or improperly spaced
flues, etc. should be examined. The Wabash Avenue site
could serve this purpose since the site is to be demolished
in the near future and these tests might cause significant
structural damage. More specifically, experiments could be
set up for exposed studding in a furnace room being overheated
from a radiant source or overloading segments of wiring in
stud spaces. The effect of fires exterior to wood joist
construction could be studied by preparing exterior wall
sections to inset in the overhead door spaces on either end
of the "family room".

-17-



3. Since the HVAC system at the J. R. whitehouse residence
was marginal in capacity and did not adequately mix the cool air
into each room, detector response to fires in a building having
a high volume air conditioning system should be studied. For this
testing a new site would have to be searched for, but if necessary
the Whitehouse residence could be modified for this purpose.

4. Detector performance in commercial, industrial, and public
buildings should be studied in regard to public and property
protection.

5. Research should be performed to study the relationship

petween distance, volume, and required detector sensitivity in a

large volume residence to determine if a more accurate method of
siting detectors could be established.

6. Although touched upon in this year's study, further
experimentation with monitoring the respiration rate of mice at
different locations in a residence may prove to be a valuable
tool to more accurately define escape criteria for humans.

7. TFurther study is needed of detectors exposed to synthesized
fires in real residences. Although this was touched upon at the
Wabash Avenue site for this test series, a more extensive study
may aid development of a more accurate, meaningful bench test. The
present bench test smoke generation methods could be duplicated as
well as an examination carried out on other simple fire and/or
smoke sources at full scale. Comparisons could then be made
between these results and those with actual furnishings.

-18-



APPENDIX A

SUMMARIES OF

* Detector Identification
* Experiment Configuration
* Detector Response Times
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KEY FOR TABLE 2

F - Flaming Ignition.
S - Smoldering Ignition.
L - Living Room.

A&B - First Floor Bedrooms.
Es&F - Second Floor Bedrooms.

X - Basement.

* - Normally, smoldering ignition was accomplished

* %

on furniture item and flaming ignition on waste-
basket contents. Experiment 50 was the exception
since bedding flamed as calrod heater (used to
induce smoldering) stuck to fabric and raised

it during removal.

Air conditioning left on by mistake. Normal
procedure for experiments with windows closed
was to shut down air conditioning about

15 sec prior to start of ignition procedure.
Normal windows open experiments had air
conditioning off.
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TABLE 3

WINDOW OPENINGS FOR TEST SERIES NOC. 4
(J. R. WHITEHOUSE RESIDENCE)

Window H 1Y h(sill)
Room Location Inches Inches Inches
Living Room East Window/ 47-3/8 19-1/2 24-1/2 Screened
South Wall
Bedroom A East Window/  63(61) 14-1/2 24
North Wall '
A' West Window/ 63(61) 14-1/2 24
North wall
Bedroom B East Wall 63(61) 15-1/4 24
Bedroom E East Wall 19-1/2 15-1/2 29-1/2 Screened
Bedroom F East Wall 19-1/2 15-3/8 29-1/2 Screened
f— W —s b W —>
T

!

h (sill)

|

(H) Average

}

I

h (sill)

:

P T S 7 T e T T e T o o o
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KEY FOR TABLE 4

FIRE LOCATION:

L - Living Room.
C - First Floor Bedroom.
Y - Second Floor Bedroom.
IGNITION TYPE:
S - Smoldering.
F - Flaming.
DETECTOR BOARD LOCATIONS:
L - Living Room.
C - First Floor Bedroom.
G - Second Floor Game Room (Top Stairs).
H, J - Second Floor Halls.
F - First Floor Family Room (Bottom Stairs).
D - Second Floor Den.
DETECTOR BOARD IDENTIFICATION:
Board I - Detectors 1, 2, 3, 4, 5, 21, and 30.
Board II - Detectors 16, 17, 18, 19, 20, 24, and 29.
Board III - Detectors 6, 7, 8, 9, 10, 22, and 31.
Board IV - Detectors 11, 12, 13, 14, 15, 23, and 32.
Board V - Detectors 33, 34, 35, and 36.
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APPENDIX B
SUMMARY OF INDIVIDUAL EXPERIMENTS

DATA SUMMARY SHEETS
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APPENDIX C

NARRATIVE DESCRIPTIONS OF FIRES






J. R. WHITEHOUSE TEST SERIES:

The test narratives found on the following pages describe
full-scale fire tests which were a continuation of the Indiana
Dunes Research Project. Nineteen experiments were conducted
at the J. R. Whitehouse test site on East Lake Park Avenue
between September 15 and September 24, 1975. These were con-
ducted under conditions which represented late summer and fall
conditions. The experiments included fires initiated just
after shut down of the air conditioning system and fires
initiated with certain windows opened and air conditioning off
Test numbering continues that of the previous years work.

(Ref., *)

The instrumentation employed to start this test series
was as follows:

The first detector board, with detectors 1, 2, 3, 4, 5,
and 21, was located on the ceiling in the second floor hall
outside the bedrooms. Also in that hall were 5-ft light beams
at the 5-ft level and at the ceiling, along with one gas
sampling tube located at the 5-ft level. Bedroom E contained
one gas sampling tube at 5-ft. Bedroom F contained a 5-ft
light beam and one gas sampling tube at 5-ft.

The second detector board was located on the ceiling of
the first floor hall just outside the bedrooms, with detectors
6, 7, 8, 9, 10, and 22. Five-foot light beams were situated
at the 5-ft level and at the ceiling in the hall. That hall
also had one gas sampling tube at 5-ft. Bedrooms A and B
each contained a 5-ft light beam and a gas sampling tube at
the 5-ft level.

The third detector board location, with detectors 11, 12,
13, 14, 15, and 23, was located about 9-ft high on the north
wall in the living room. A 5-ft light beam was situated at
the 8 ft level and a gas sampling tube was located 3-ft below
the light beam. Just below the light beam two thermally
operated devices were mounted in the form of a wind-up bell
and a freon horn.

The fourth detector board, with detectors l6, 17, 18, 19,
20, and 24 was located on the ceiling at the head of the
basement stairway.

Thermocouples in vertical arrays were located in the
living room and each hall.

*Bukowski, R. W., Waterman, T. E., Christian, w.J.,

"Detector Sensitivity and Siting Requirements for
Dwellings", IITRI Project J6340, August, 1975.
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LIVING ROOM SERIES

Test No. 41, in the living room, was a smoldering ignition
of the back of a sofa section having no cushion. The upholstery
was a nylon pile with cotton and rayon backing placed over
cotton padding. For this and subsequent smoldering fires, the
ignition source was a 500 w charcoal igniter with approximately
20 in. of exposed cal-rod and energized from 120 v ac. At the
commencement of each test the charcoal igniter was energized
and placed immediately upon the test furniture. The location
and time of application is described for each test.

Prior to the start of this test all windows were closed
and all interior doors were allowed to remain open. The air
conditioning system was operated so that a defined differential
was established between the temperature inside the residence
and the outside ambient temperature. Approximately 15 sec
prior to the start of the ignition procedure the air conditioning
was shut down. The test was started at 3:00 p.m., Monday,
September 15.

Weather Conditions - Wind, very calm. Partly cloudy with
occasional drops of rain. Relative humidity, 72 percent.
Temperature, 59.5 F.

Time After

Ignition, Sec Test No. 41 - Observations
32 First smoke noted. Upholstery apparently
melting.
90 Heavy smoldering. Smoke rising to ceiling
in steady column.
120 Ignition source removed from back of sofa.

U-shaped char near seat left from source.
Apparent sweet smell from smoldering.

600 ) Char spreading unevenly in spikes from char.

630 ' No heavy stratification. Smoke rising to
approximately the 10-ft level and moving
to the center of the room. The charred
sections are moving slowly down the
sectional upholstery. Material is melting
at the fringe areas of the char.

1800 Smoke drifting slowly from slits in the
upholstery of the furniture back. The
smoke seems to reach the detector location
in the first floor hall before that on
the wall in the living room.

1980 Smoke barely visible in first floor hallway.
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Time After

Ignition,

Sec

3000

3180

3780

4020

4200

4440

5040

5400

5460

6180
6360

6480

6780

7680

7800

Test No. 41 - Observations (Cont'd)

Moderate smoldering from the charred areas.
U-shaped mark completely consumed by
charring.

Smoke build-up in the 1living room stratifying
at the 3-ft level.

Charred area apparently producing a small
amount of heat since the upper portions of
the char are slightly brown.

Interior portions of the char opening up
revealing inside of the sectional. Smoke
build-up in the living room is very
irritating to the nose.

Only two detectors have alarmed on the
second floor hallway. No detector at the
head of the basement stairway has alarmed
to this point.

Smoldering appears from the juncture of the
sofa back and seat.

Visible char area is a circle approximately
2-ft in diameter located on the back of
the furniture.

The detector board located on the living
room wall is barely perceptible as viewed
from the front vestibule, approximately
20-ft from that location.

Small section of char falls to the seat
portion. Heavy smoldering from the hole
in the main char area.

Char starting to move down the arm of the
furniture.

Char area extends down to the seat portion
for 4 to 5 in.

One detector at the head of the basement
has alarmed at this point. Using the
basement as an escape route is questionable
at this point however. The wall-mounted
detectors in the living room are no
longer visible.

The interior padding of the sectional is
falling from the inside of the hole in the
center of the main char area. Charring
has reached the top of the sectional
completely covering approximately one-half
of the furniture back. Smoke issuing from
all charred sections.

Char fanned attempting to produce flaming.
No flame results.

Test terminated.
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Upon entering the residence after Test No. 41, the
basement was relatively clean with little or no smoke in that
area. Heavy smoke build-up in the kitchen and first floor
hallway make it difficult to breath and see. The smoke
build-up on the second floor was uniform with no apparent
stratification; this area was on the borderline of being
passable.

Test No. 42 was identical to Test No. 41 except all
bedroom doors were closed. At the start of the test the
charcoal igniter was energized and placed at the lower right
portion of the back of a chair complete with integral cushion.
Upholstery was a rayon pile on cotton backing. The arms were
padded with cotton and the seat and back with foam rubber.
This was not discovered until during the test. The test was
started at 10:00 a.m., Tuesday, September 16.

Weather Conditions - Wind, calm. Cloudy. Relative
humidity, 76.2 percent. Temperature, 64 F.

Time After

Ignition, Sec Test No. 42 - Observations
75 _First smoke noted.
120 Ignition source removed. Column of smoke

rising to the ceiling and slowly drifting
to the edge of the room.

180 Slight smoldering.

240 Smell indicative of rubber. Further investi-
gation disclosed a rubber cushion used in
the chair, along with rubber backing.

900 Charred areas spreading uniformly in an
upward direction. Smoldering is moderate
and the column of smoke produced reaches
the ceiling in the living room.

1380 Moderate smoldering. Lower half of the
U-shaped mark is completely charred and
a 3 in. diameter circular char is located
on ‘the left portion of the char.

1695 Slight smoke build-up in living room. No
apparent stratification. Relatively no
movement of the smoke in the living room.

1860 Smoldering issuing from the back of the seat
cushion. White char areas now visible in
the interior sections of the char.

1980 Smoke very irritating to eyes and nose.
U-shaped area completely charred.
Moderate smoldering.
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Time After

Ignition, Sec Test No. 42 - Observations (Cont'd)
2700 Most smoldering at the bottom portion of the
back of the chair.
3000 All detectors have alarmed in the living room

at this point except for the thermally
operated devices.

3300 Upholstery flap created by the U-shaped char
curls out revealing the interior rubber
cushion.

3360 Smoldering appears on the seat cushion.

3480 Power discontinued to those detectors located
in the living room. (To decrease noise;
all have alarmed.)

3600 Moderate to heavy smoldering. Charred area
is half-way up the back of the chair.

4620 Char area is three-fourths of the way up the

back of the chair. Heavy smoke build-up
in living room.

4980 Charred area resembles silhouette of a house
with the apex of the roof reaching the top
of the back of the chair. Small char area
located on the seat cushion - most smoldering
in this area. The detector board located on
the wall cannot be seen from across the
roomn.

5040 All detectors alarmed in the residence except
for several detectors located at the head
of the basement stairway.

6300 Test terminated.

Upon entering the residence after test termination, the
basement stairway was fairly clean, as was the kitchen and
basement area. Bedroom B was relatively clean. Smoke build~up
in the first floor hallway was stratified so that passage was
possible at a low level (about 3-ft). Bedroom A was relatively
clean also. Smoke build-up in the stairway leading to the
second floor level was heavy. There was a small amount of
smoke in the second floor bedrooms from the floor up to the
1-1/2-ft level; each room was clean for the remainder of the
way to the ceiling.
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For Test No. 43 in the living room series all bedroom
doors were opened and certain portions of certain windows
throughout the residence were opened as described in
Tables 2 and 3. The test furniture was a cotton upholstered
sofa section with integral cushion having approximately 1 in.
of cotton padding on the seat and back. Before the test
commencement air flow of about 2-ft per sec was noted out the
living room window. At the start of the test the charcoal
igniter was energized and placed approximately 1 in. from the
left hand joint of the sectional. Test was started at 2:00 p.m.,
Tuesday, September 16.

Weather Conditions - Wind, NNE, calm, 2 mph., Sunny and
clear. Relative humidity, 68 percent. Temperature, 67 F.

Time After

Ignition, Sec Test No. 43 - Observations
54 First smoke noted. Smoke column rising
directly to the ceiling.
120 Ignition source removed. Smoldering somewhat
diminished after removal of source.
210 Wind direction through the living room window

apparently changed, blowing into the window,

causing three detectors in the living room

to alarm simultaneously. Air velocity was

3 to 4-ft per sec in the window of

Bedroom A - for Bedroom B it was 2-ft per sec
and variable - at Bedroom E it was
approximately 1-ft per sec out - at Bedroom F
the velocity was less than 1-ft per sec in.

650 Detector No. 11 which alarmed at 171 sec and
detector No. 15 which alarmed at 186 sec
were both reset on the annunciator clock
panel. In this situation a deep sleeper
may have not been awakened by these detectors
which alarmed momentarily as a result of the
quick inrush of wind through the living room
window.

750 Column of smoke from the test furniture
drifting toward the north wall of the living
room. Air shuffling in and out of living
room window.

840 Slight stratification noted at the 3-ft level
in the living room.
1020 Moderate smoke drifting in every direction
in the living room.
1500 Triangular-shaped char section starting up

the back of the sectional.
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Time After

Ignition,

Sec

1635

1800

1920

2100

2820

3120

3160

3600

3890

3960

Test No. 43 - Observations (Cont'd)

Relatively clean in the living room from the
floor to the 3-ft level. Above that, the
smoke is uniform.

Bedroom A clear. Small amount of build-up
in Bedroom B. Kitchen area clear. Small
build-up in first floor hallway. Moderate
build-up in the living room. All detectors
except those located at the head of the
basement stairway have alarmed.

Char area on the back of the furniture is
a 6 in. radius semicircle; approximately
the same area on the seat. Internal
sections of furniture cannot be seen.

Small rupture visible on the back of the
sectional, approximately 2 by 1 in.

Apparently a gust of smoke found its way
through the first floor hallway and up
the stairway to the second level, since
three detectors alarmed within 10 sec of
each other at the second floor hallway
location.

Most smoldering coming from the fringe areas
of the semicircles. Moderate to heavy
smoke generation.

Basement area clean. Small amount of build-up
noted at the top of the basement stairway.
Approximately 75 percent of the char area
open exposing interior. Moderate to heavy
smoke generation.

Bedroom A clear. Living room build-up heavy
and first floor hallway and kitchen area
moderately heavy. Build-up in Bedroom B
moderate. Build-up on the second floor
hallway fairly heavy along with the
build-up in both bedrooms on the second
level. Smoke moving slowly from the first
floor hallway to the kitchen. Wind leakage
from the north keeping area at the head of
the basement stairway clean.

Apparently a gust due to wind occurred at the
head of the basement stairway since three
detectors which were in alarm, momentarily
went out of alarm, and 10 sec later alarmed
again.

Detectors on the wall of the living room
cannot be viewed from the front living room
windows. Heavy smoke build-up in that area.
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Time After
Ignition, Sec Test No. 43 - Observations (Cont'd)

4320 Heat generation from the char area. Flaps of
upholstery waving due to hot air rising
from the char.

4440 40 percent transmission along light beams in
both hallways.
4500 Char area covers 50 percent of the back of the

furniture. 25 percent of the seat charred.
Smoke generated from outer fringe areas of
chars. Large gaping holes in both char
areas revealing cotton padding.

4800 Test terminated.

Upon entering the residence after Test No. 43 termination,
the basement was clear, but the stairway leading to the first floor
was heavy. Only small amount of smoke was visible in the kitchen
however. First floor hallway was passable at the 5-ft level. Very
little smoke build-up in Bedroom A. Heavy smoke build-up in
Bedroom B and in both second level bedrooms. Build-up in those
rooms was fairly uniform; no apparent stratification. Heavy smoke
build-up in the living room was very irritating to the eyes and
nose.

Test No. 44 was identical to No. 43 with the same windows
open. A flaming fire was initiated in the living room by igniting
assorted trash material in a metal waste basket which was
approximately 18 in. high with a 1-ft by 8 in. elliptical opening.
The waste basket was placed next to the right arm of a chair with
slipcover and upholstery covering 1/4 in. thick cotton over jute.
A seat cushion was included. The slipcover was all cotton. The
upholstery was wool pile (mohair) on a cotton base. One section
of a newspaper was draped over the arm so that the edge of the
section was approximately 6 in. from the top of the waste basket.
The test was started at 4:30 p.m., Tuesday, September 16.

Ignition was commenced by lighting a piece of trash paper with a
cigarette lighter and placing the flaming paper in the top of
the waste basket.

Weather Conditions - Wind, NE, 150-200 fpm. Sunny and clear.
Relative humidity, 68 percent. Temperature, 67 F.
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Time After

Ignition, Sec Test No. 44 - Observations
15 3 in. yellow flame noted; small amount of smoke.
27 Fringe of newspaper starting to burn; rapidly
spreading to other areas of the paper.
37 Inside portion of the arm starting to burn.

Flames issuing from newspaper, chair arm,
and waste basket, 7 to 8 in. in height.

75 Ashes floating in the area above the fire.
Newspaper almost completely consumed. Large
gaping hole in chair arm.

120 Paper consumed. 1-ft diameter hole in back of
chair arm beginning to burn. Paper still
flaming in waste basket. Not much smoke
generation.

150 Inside sections of the arm padding visible.
Entire arm in flames. Paper still burning
in waste basket. Small amount of smoke
generation from newspaper.

180 Flames increasing on chair arm, coming from
the underside. Large portion of padding
falling from chair arm. Trash in waste
basket still burning. Flames from left
hand portion of chair back coming from chair
arm approximately 1 to 2-ft high.

240 Relatively no smoke generation. Flames at
bottom skirt, inside chair arm, and in
waste basket, also on left side of rear of
chair.

290 Heavy smoke from the top back of chair. Flames
from back bottom of the chair moving up the
back. Very dense smoke layering down from
ceiling to 3-ft level. Approximately 1-ft
high flames on chair back. Material at char
starting to curl up. Small smoke columns
forming on back of chair. 6 in. high flames
from waste basket. Flame height increasing
from back of chair to 2 to 3-ft. 1Inside
portions of back starting to flame. Heavy
smoke issuing from back. Most flames on
back of chair. Small hole opening in front
of chair with smoke issuing from that area.

360 Small flaming portion drops from chair back.
Smoke heavy from ceiling to 3-ft level.
Detector board can not be seen from the
front window of the living room.

420 Heavy smoke from chair arm. Small flaming
in waste basket.
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Time After

Ignition, Sec Test No. 44 - Observations (Cont'd)

435 Three flaps on chair back waving from heat
generated by char section.

465 Small flames on the chair arm and inside arm.
Most of smoldering from inside of chair arm.

495 Smoke stratifying at 3-ft level and light haze
from 3-ft level to living room floor.

525 6 in. high flames from inside sections of chair

arm. 1-ft high flames from newspaper ashes.
No visible flaming from chair back, but
heavy smoldering.

555 ! No visible flaming from waste basket. Flames
increasing on top and interior of arm.

560 Flames appearing on left portion of chair rear.

580 Seat cushion ignited, 1-ft high flames.

630 Seat cushion has 6 in. high flames, 1 in. high

flames from interior section of arm, and
6 in. high flames from waste basket.

700 Moderate smoke generation from side of seat
cushion. 1 to 2-ft high flames from waste
basket.

740 1 to 2-ft high flaming on right side of the

chair and 2-ft high flames from waste
basket. No flaming of sofa arm or chair
back.

810 Seat cushion still burning with 1-ft high
flames, along with chair back. 1-ft high
flaming from waste basket.

855 6 in. high flames starting up the back of the
chair. 1-ft high flames from waste basket.
Small flames on interior of arm. No flames
on rear of chair.

900 Test terminated.

Upon entering the residence after test termination, the
living room was filled completely with smoke. Smoke was heavy in
every room of the house on the first and second levels. There was
a small amount of smoke build-up in the basement, but it was
relatively clean. The basement stairway and dining room had heavy
build-ups. It was found that the air conditioning had been left
‘on inadvertantly throughout this test.
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Test No. 45 was identical to Test No. 44, except for the
test furniture employed. The test furniture for this test was
a sofa section with no cushion having 1 in. cotton pad over
a thin layer of jute. Upholstery was an acetate design on
a cotton and rayon base. A waste basket of trash was located
next to the arm of the sectional and one section of a newspaper
was again draped across the arm so that the edge of the section
was approximately 8 in. from the top of the waste basket. The
test was started at 10:15 a.m., Wednesday, September 17 by
igniting a piece of newspaper and placing it in the top of the
waste basket of trash.

Weather Conditions - Wind, steady, SSW, 450 fpm. Cloudy.
Relative humidity, 79 percent. Temperature, 66.5 F.

Time After

Ignition, Sec Test No. 45 - Observations
15 4 to 5 in. high flames from waste basket.
25 1-ft high flames from waste basket.
75 Edge of paper on chair arm starting to burn

with small flames. 1 to 2-ft high flames
from the waste basket. Sectional arm
burning with 1-ft high flames.

120 No visible smoke. Some ashes flying around
above fire area. Flaming from waste
basket 6 in. high. Flaming on sectional
arm 1-ft high. Small flames from edge
of newspaper.

180 Small amount of smoke generation. Flames
dying down on the sectional arm and in
the waste basket; 3 to 4 in. high. Air
velocity at the living room window
alternating in and out from zero to
1-ft per sec.

240 Very little flaming from newspaper section.
Flaming on sectional arm 6 in. high.
Flames in waste basket 3 to 4 in. high.

300 1-ft diameter circular rupture on side of
sectional arm. Very little smoke
generation.

375 Side of arm burned away; no padding inside

arm chamber. Thus, fuel for fire now
approximately 6 to 8 in. from waste
basket. 6 in. to 1-ft high flames making
their way from front to back on side of
sectional arm.

540 Wood at base of back of arm ignited,
2 to 3 in. high flames.
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Time After

Ignition, Sec Test No. 45 - Observations (Cont'd)

675 Moderate smoke generation. Flames in waste
basket 1-ft high.

720 Flames around back corner of chair.

730 Front skirt of sectional ignited.

750 6 in. high flames from char section on right
side of base of seat cushion.

770 Embers visible around bottom of base of
sectional. Flaming around corner of chair
ceases.

795 Small smoke column from juncture of seat
and sectional arm. Moderate smoke generation.

840 Little flaming. '

855 Back flap of upholstery ignited, 1 to 2-ft
high flames starting at right hand section.

870 Flames about 3-ft high on righ hand section
of back.

910 1 to 1-1/2-ft flames moving across back of

chair. One-third of back of chair opened
and exposed.

970 Half of back of chair exposed.
985 Front section of chair beginning to burn.
995 Flames across back of chair. All interior
sections flaming.
1020 Flap on sectional back ignites and swings to

unignited material. Flame height approximately
2 to 3 ft. 1Interior section flame height

6 in.

1060 Flames from flap only 6 in. high. Smoke
generation from the waste basket.

1090 Bottom upholstery on left side ignites
(facing rear of the chair).

1095 Front of chair ignites. Flame along 6 in.
section is 1-ft high.

1140 Wood burning at steady pace at rear base
of chair.

1170 Smoke build-up heavy in living room from
ceiling to 3-ft level.

1260 Only slightly glowing embers now visible

in chair back. All flaming ceased. Heavy
smoldering from sectional arm, back, and
front.

1380 Wind velocity from south at 2 to 3 mph
causing smoke to exit all four bedroom
windows at slow pace.
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Time After

Ignition, Sec Test No. 45 - Observations (Cont'd)
1440 Heavy wind gust through living room window
blowing smoke toward north wall.
1500 Test terminated.

Upon entering the residence after test termination, a large
quantity of smoke was noted exiting Bedroom A window. Very
little smoke in the basement, however, smoke was heavy in the
basement stairway. Visibility in the kitchen, dining room, and
first floor hallway was approximately 10-ft. Most of the smoke
was exiting through the opened north side doors of the building
and the east bedroom windows. Examining the newspaper section
that was draped on the arm of the sectional showed only 3 to
4 in. of that paper burned leaving other parts uncharred.

Smoke was heavy in all bedrooms on the first floor and in the
stairway to the second floor. Smoke was also heavy in the
second level bedrooms. No stratification visible in any of
the bedrooms. Build-up was fairly uniform.

For the next test in the living room series, Test No. 46,
all windows and exterior doors were closed and the air
conditioning system was allowed to operate in order to obtain
a temperature differential between indoor and outdoor conditions.
Just before commencement of the test, the air conditioning was
shut down. All interior doors remained open. The test furniture
was an 80 in. couch without cushions. The upholstery was a nylon
design on a cotton and rayon base. Padding was approximately
1l in. thick cotton over a thin layer of jute. On the couch arms,
cotton covered excelsior. All interior sections were empty
having just springs. A smoldering fire was initiated at the
lower left portion of the sofa back at the intersection with the
sofa arm. The test was started at 2:00 p.m., Wednesday,
September 17.

Weather Conditions - Wind, steady, SSW, 350 fpm. Partly
cloudy. Relative humidity, 69 percent. Temperature, 72 F.
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Time After
Ignition, Sec

75
120
150

240
360
630
960
1380

1500

1620

1920

2040
2460

3240

3600

4080

4800

Test No. 46 - Observations

First smoke noted.

Charcoal igniter removed.

Smoke column rising to ceiling and immediately
dropping to 5-ft level.

Smoke near living room windows is heated and
rising rapidly. Smoke in the other areas
of the living room very still.

Slight smoldering from edges of char. Smoke
column rising to ceiling and falling to
3-ft level. :

Char spreading uniformly from U-shaped
area. Moderate smoke generation.

Width of char lines approximately 1 in.

U-shaped mark completely filled. Charring
moving in all directions. ,

U-shaped mark opens up exposing interior o
sofa. All detectors in living room in
alarm at this point.

Small circular char on top of left arm.
Smoke from two slashes in rear of sofa.

Smoke build-up uniform in living room - no
stratification. All detectors in living
room and first floor hallway in alarm at
this point. Smoke very irritating to the
eyes.

Main char on sofa back is 1-ft in diameter.

Smoke uniformly spread on first floor. No
distinct stratification. Very irritating
to eyes and nose. Interior of chair
now exposed in area of main char.

All detectors in living room, first floor
hallway, and second floor hallway had
alarmed at this point.

Main char area 2-ft in diameter. Semi-
circular char 1-ft in radius on seat of
the sofa. 6 in. diameter char on sofa
arm. Heavy smoke build-up on first floor;
however, still passable.

Main circular char (2-1/2 to 3-ft in diameter)
now at top of sofa back.

Test terminated.

Upon entering the residence after test termination, smoke
build-up was heavy in all rooms of the residence except for the

basement level.
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BEDROOM SERIES

Test No. 47 was the first test of the bedroom series con-
ducted in the northwest corner of Bedroom A on the first floor.
That detector board mounted on the living room wall in the
previous tests was moved into the bedroom and mounted in the
approximate center of the room on the ceiling. The thermally
actuated devices were mounted on the south wall of the bedroom
6 in. from the ceiling. The light beam and thermocouple array
(vertical profile) were ceiling mounted near the detectors.

A smoldering fire was initiated on a cotton spread which
was placed on a cotton innerspring mattress lying on a box
spring. The air conditioning was shut down several seconds
before the test was started. All windows and exterior doors
remained closed throughout the test. The test was started at
11:30 a.m., Thursday, September 18.

Weather Conditions - Wind, WSW, 200 fpm. Sunny with
scattered clouds. Relative humidity, 74 percent. Temperature,
69.5 F.

Time After

Ignition, Sec Test No. 47 - Observations
80 First smoke. Column rising to ceiling.
Moderate smoldering.
120 Igniter removed leaving U-shaped mark on spread.
165 Very little smoldering.
255 Two detectors in ignition room alarm as a

result of puff of smoke generated during
initiation of the fire.

300 Igniter reapplied to increase smoldering.
305 Smoldering redevelops.
330 Igniter again removed.
520 Detectors 6, 11, and 12 reset on the clock
annunciator panel.
600 Slight smoldering from edges of char.
900 Char areas spreading uniformly.
1800 Char fills U-shaped mark. Smoke build-up

uniform throughout Bedroom A. No
stratification and smoke very light.

2400 Char area is a circle 1-ft in diameter on
spread with 6 in diameter hole exposing
interior of mattress. Most smoldering
coming from edges of circle.

2700 Smoldering gradually increasing.

2820 Swirling above the smoldering, in a counter-
clockwise direction, resembles a miniature
tornado. Located primarily on north side
of char.
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Time After
Ignition, Sec Test No. 47 - Observations (Cont'd)

3240 Small amount of smoke in Bedroom B. Quite
heavy in Bedroom A. Not much smoke build-up
in first floor hallway or other areas of
house. Smoke seems to be drifting below
detectors in first floor hallway.

3540 Char section reaches edge of mattress.
Smoldering coming from that area is
moderate and gradually increasing. Char
area now 1l-1/2-ft in diameter.

3720 Smoke trails from side of mattress moving
toward north wall of Bedroom A.
4200 Char area 2-ft in diameter. Moderate to

heavy smoldering from all areas. Still have
smoke trails from edge of mattress.

4500 Smoke build-up in burn room is thick from
ceiling to 2-ft level.
4740 Heavy smoldering. Detector board (about

15-ft away from the bedroom window) can
not be seen.
5100 Test terminated.

Smoldering was quite heavy in the burn room at termination.
Upon examination of the box spring, there was a 2-ft diameter char
on that item also. Smoke build-up in all areas of the house was
heavy and very irritating to the eyes and nose. The basement
area only had a slight amount of smoke.

Test No. 48 was the second in the Bedroom A series. For
this test doors to Bedrooms B, E, and F were closed. Several
seconds before the test commencement the air conditioning was
again shut down. The test furniture was a cotton padding filled
innerspring mattress placed on top of a box spring. A cotton
spread was placed over a portion of the corner of the mattress.
Two shirts, a pair of pants, and a rag were placed along the
perimeter of the cotton spread. The fire was initiated by
placing the charcoal igniter on the spread to produce smoldering.
The test was started at 3:00 p.m., Thursday, September 18.

Weather Conditions - Wind, NNW, 100 fpm. Sunny and clear.
Relative humidity, 80 percent. Temperature, 69.5 F.
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Time After
Ignition, Sec

150
180
233
300
320
360
900
1200
1380

1800
2100

2700

2760
3180

3180

3480
3600

3780

4020

4200

Test No. 48 - Observations

Charcoal igniter removed.

Charcoal igniter reapplied and reenergized.

First smoke noted, rising to ceiling at
slow rate.

Igniter again removed. Heavy smoldering.

As the source is removed, the smoldering
decreases rapidly.

Only slight smoldering.

Detectors alarmed in burn room due to
"puff" of smoke produced by application of
igniter.

Char spread uniform from U-shaped mark.
Light smoke.

Circular char 1-ft in diameter. Light smoke
from center of circle. Light, hazy build-up
in ignition room.

Bedroom B clear. Slight build-up in Bedroom A.

6 in. diameter hole in center of char area.

Char spreading over edge of mattress.
Smoldering increasing, probably due to
increased draft at edge of mattress.

Char area 2 by 2-1/2-ft extending over edge
of mattress. Most smoldering at edge of
mattress, gradually increasing.

Tornado-shaped smoke column from edge of
mattress. Heavy smoldering at that point.

Smoke from edge of mattress drifting to
north wall of Bedroom A.

Smoke build-up in the first floor hallway
very irritating to the nose and eyes.
Visibility still good.

Smoke generation moderate to heavy. Most
of smoldering at edge of hole in char area.

Heavy smoke build-up in burn room. Heavy
smoldering.

Char area 2-1/2-ft in diameter extending
over edge of mattress. Most smoldering
from edge.

Smoke build-up in ignition room still heavy.
35 percent transmission on ceiling
photobeam. 62 percent transmission on
wall photobeam.

Test terminated.
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After termination, defined stratification at the 3-1/2-ft
level in the ignition room and first floor hallway. The second
level hallway was completely filled with dense smoke. Very
1ittle smoke was found in the upper bedrooms. Bedroom B had
light, hazy smoke, fairly uniform throughout the room.

Test No. 49, in Bedroom A, was conducted with all interior
doors open - all windows closed. A waste basket full of trash
was placed near the side of a mattress box spring with a
section of newspaper draped over the edge of the mattress
approximately 6 in. from the top of the waste basket. Flaming
was started by lighting a piece of paper and dropping it in the
top of the waste basket. Test No. 49 was started at 5:00 p.m.,
Thursday, September 18.

Weather Conditions - Wind, calm. Sunny and clear. Relative
humidity, 82 percent. Temperature, 68.5 F.

Time After

Ignition, Sec Test No. 49 - Observations

25 Flames 6 in. to 1-ft high in waste basket.

90 Flames 6 in. above top of waste basket.

135 Small puff of smoke from waste basket.

165 More smoke from waste basket.

340 Flames barely visible out of top of the waste
basket. Moderate smoke.

450 Section of newspaper ignited and placed in
waste basket.

495 First visible flaming on newspaper section

draped over mattress; flames are yellow,
6 in. high, all along paper edge.

520 Slight smoke drifting from newspaper fold
away from flames.

555 Some smoke appearing at edges of the mattress.
Apparently smoke is penetrating mattress
interior.

575 Black smoke generated from burning newspaper.

Flames are 2 to 3 in. high. Flames from
waste basket are 6 in. high.

600 6 in. flames on one corner of mattress.

610 6 in. high yellow flames from one corner of
newspaper. Smoke issuing from slashes
around edges of mattress.

705 Small area of flames coming from one-half of
newspaper section; 2 to 3 in. high. Smoke
issuing from sides of mattress.

750 Defined level of smoke at 3-ft level, heavy
to ceiling.
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Time After
Ignition, Sec Test No. 49 - Observations (Cont'd)

795 Large amount of smoke from top section of
mattress diagonally opposite newspaper
section. 6 in. high flames half way along
top edge of mattress.

810 Smoke very dense in ignition room.

825 Only visible flames are from top edge of
mattress.

870 1-ft high flames around top right-hand
edge of mattress.

900 Time clock cannot be seen at distance of
15-ft. Visible flames underneath mattress.

1020 Test terminated.

Upon entering the residence after termination, all areas
in the house were dense with smoke.

Test No. 50 was the next test in Bedroom A. Windows were
again opened as described in the living room series. All interior
doors were opened. A smoldering fire was attempted on a cotton
innerspring mattress covered with a cotton spread and three other
articles of clothing laid on the perimeter of the spread. The
mattress itself was cotton filled and placed on an aluminum frame
so that the bottom of the mattress was approximately 1-1/2-ft
off the floor. The charcoal igniter was placed on the spread.

The air conditioning was not operated prior to starting the test.
Test was started at 10:30 a.m., Friday, September 19.

Weather Conditions - Wind, south, steady at 180 fpm. Cloudy.
Rained in morning, occasional drops during test. Relative
humidity, 94 percent. Temperature, 66.5 F.

Time After

Ignition, Sec Test No. 50 - Observations
80 First smoke noted.
95 Smoke column rising to ceiling with moderate
generation.
120 Removal of igniter lifts spread and it bursts
into flames.
140 Flaming continuing.
180 Flames visible from area of char now spreading

uniformly from U-shaped mark. Flames are
yellow and 1/2 in. high all around mark.
225 Slight smoldering from char area.
250 U-shaped mark completely charred. Char is
l-ft in diameter. Slight flaming.
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Time After
Ignition, Sec

300
360

375
465

540

590
610

630

636

730

790

870

925

1030

1110

Test No. 50 - Observations (Cont'd)

Smoldering increasing with glowing embers
around hole that develops in mattress.

Char area extends over side of mattress. Hole
in bedspread is 6 in. in diameter.

Light smoke generation.

All detectors in Bedroom A and first floor
hallway had alarmed at this point. No
visible flames from 1-ft square char area.
Only slight smoldering.

Edge of bedspread started to flame with a
height of 5 to 6 in., burning along edge
in both directions.

Flame fronts 1l-ft apart on edge of spread.

Flames at head of spread, yellow and 6 in.
high. Smoldering from main char section.

Edge of spread being blown by air currents
due to heat of char.

Full length of spread burning. Pair of pants
on fire with yellow flames 2 to 3 in. high.

Dress at back portion of spread in flames,
yellow, 1 in. high. Pants have 2 in. high
yellow flames, and mattress has 3 in. high
yellow flames from the spread.

All smoldering coming from top section of
spread and area over edge of mattress.
Flames visible from pants, dress, and top
of the spread. .

Flames at pants, left side of spread, middle
of char area 1 in. yellow flames from
white dress along north edge of spread.
West edge of spread has 2 in. yellow flames.
Most of smoldering from middle of char area
and edge of mattress.

The north edge of dress has 2 in. high yellow
flames traveling along that edge. Only one
small 1 in. high flame visible from pants
on east edge of spread. Spread itself has
yellow 2 in. high flames. Heavy smoldering
from main char area.

1 in. high flames at west edge of dress and
spread. 2 in. high flames from pants. The
sweater on northeast edge of spread not
ignited at this point.

Distinct stratification at 3-ft level. Smoke
very dense from that level to ceiling.
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Weather Conditions - Wind, NNE, 100 fpm. Cloudy, started

to rain 48 min into test. Relative humidity, 96 percent.

Temperature,

Time After
Ignition, Sec

53
90

145
180

240
330

435
695

750

1140

1800
1940
2040
2310
2820

2895
3000

3120

3210

Test No. 51 - Observations

First smoke.

Igniter removed, smoldering diminishes to
slight.

Cotton spread is draped over char mark on
mattress left by igniter.

Slight breeze from first floor hallway into
Bedroom A.

Slight smoking throughout spread.

Brown areas appearing on spread, slight smoke
generation.

Smoke drifting to north side of room.

smoldering is slight on north side of
bedroom. Not irritating to nose.

Instrumentation shows slight smoke build-up
at 5-ft level in Bedroom A and holding.
Char area 2 by 4 in. rounded at corners and
slightly brown. Smoke coming from darkest
end of char and drifting to north wall at
20 deg angle from floor.

Wind blowing into north window of Bedroom A.
Smoke blowing in north-northeast direction.
Char area 3 in. diameter.

Char circular and 1-ft diameter. Slight to
moderate smoke generation.

smoldering traveling down two folds in
bedspread.

Smoke generation increased to moderate.

Smoke drifting vertically to ceiling.

Char reaches edge of mattress. Moderate
smoldering at char fringes.

Slight rain drizzle developing out-of-doors.

Defined layer of smoke at 6-ft level in
Bedroom A slowly drifting downward and
stabilizing at 5-ft. Layer very light and
hazy.

Air flow out of Bedroom A window, smoke
drifting slowly out top half of window.
smoke layer getting denser at 5-ft level
in burn room.

Swirling effect from char center in counter-
clockwise direction drifting slowly and
vertically to ceiling.
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Time After
Ignition, Sec

3300
3450

3540
3840

3975
4140

4440

4680

5040

5100
5220

5430

5580

5670

5760

5820

Test No. 51 - Observations (Cont'qd)

Circular char 1-1/2-ft diameter and 2 in. over
edge of mattress.

Moderate smoke generation, drifting in northerly
direction.

Smoke increase at edge of mattress.

Moderate to heavy smoldering - heavier at
mattress edge. Smoke drifting in northerly
direction. Large gusts of wind entering
Bedroom A window.

Edge of char increasing in length.

Char extends across width of mattress -
most of smoldering from south edge of
mattress.

Northern edge of char area visibly smoldering.
30 percent of bedspread charred.

Only slight smoke build-up in living room.
Moderate to heavy smoldering at edge of
mattress.

Heavy smoldering. Build-up very irritating
to eyes and nose in Bedroom A.

Heavy smoke generation from area of dress.

Slight smoke build-up in living room; steady
air flow through window. Most of the smoke
in first floor hall moving rapidly into
Bedroom B; not much entering living room.
Smoke traveling at 5 to 6-ft level. Build-
up in Bedroom B quite heavy.

Smoke build-up in living room gradually
increasing. Char area over mattress edge
is 2-ft in length. Heavy smoke generation
from that point. Smoke build-up in
Bedroom B is uniform.

Smoldering through depth of mattress. Shreds
of charred material hanging from bottom of
mattress. Smoke swirling in counter-
clockwise direction above center of char
area.

5-ft high light beams show 77 percent
transmission in second floor hallway,

82 percent in first floor hallway, and
50 percent in Bedroom A.

Air flow fluctuating in and out at living
room window.

60 percent of bedspread charred. Heavy
generation from all fringe areas.
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Time After

Ignition, Sec Test No. 51 - Observations (Cont'd)
5880 Smoldering on bottom of mattress gradually
increasing from moderate to heavy.
6120 Smoke build-up in Bedroom B much heavier than
in living room.
6210 Light transmission at the 5-ft level 75 percent

in second floor hallway, 80 percent in first
floor, and 44 percent in burn room.

6300 Heavy white smoke from fringe areas of char,
probably due to large hole which developed
in middle of char extending completely
through mattress. In burn room at 3 to 4-ft
level, air clear and visibility good.

6480 Dining room and top of basement stairs
relatively clean. Kitchen has light haze.
Visibility upstairs good, but acridity

very bad.
6720 Heavy smoke pouring from Bedroom A window.
7080 Smoke in first floor hallway barely embracing

one end of 5-ft high light beam. Smoke in
kitchen was at 6-ft level. Smoke flows
through doorways from first floor hallway
to connecting compartment to kitchen.
Appearance of water flowing over dams.

7200 Light haze in upper part of dining room.
Heavy smoldering from mattress.
7380 Bottom of the mattress falls to floor and

bursts to flames, yellow and 6 in. high.
Heavy smoke generation. Heavy flames from
chars, 6 in. to 1-ft high at char hole.

7440 6 in. high flames around interior of char
hole.
7456 Test terminated.

Upon termination of the teét, approximately one-half of the
mattress was in flames, 1-1/2-ft high and yellow.

Test No. 52 was identical to Test No. 51 except the westerly
window on the north wall of Bedroom A was open and the easterly
window closed. Any air flow through the bedroom would then have
to pass directly over the test mattress. Just before test
commencement, air flow through the living room window was slight.
There was a slight draft in the Bedroom A window. Test was
started at 11 a.m., Monday, September 22.

Weather Conditions - Wind, west, 200-250 fpm, gust to
450-500 fpm. Cloudy. Relative humidity, 74 percent.
Temperature, 54.5 F. .
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Time After
Ignition, Sec

55
66
75
120

180

405
455
1020
1275

1950

2120

2520
2580

2820

3600

3900
4500

4800
5400

5580
5700

Test No. 52 - Observations

Slight acrid odor.

First smoke.

Smoke column pushed to south side of room.

Igniter removed. Char mark covered with pair
of pajamas.

Slight smoke being generated at slow rate
underneath pajamas. Smoke drifting in all
directions in burn room.

Smoldering sufficient that smoke drifts slowly
out lower half of bedroom window.

Large gust of wind through Bedroom A window
moves smoke.

Char area is a 1-ft by 6 in. rectangle. Smoke
irregularly drifts in and out of window.
Glowing embers on pajamas in center of char.

Moderate smoke generation.

Charring spreads to lightweight jacket placed
next to pajamas. Light to moderate
smoldering.

Moderately heavy smoldering. Smoke swirling
in counterclockwise column. Glowing embers
still visible in char section.

Living room clear.

First floor level clear. Smoke from burn
room cascading under bedroom door lintel
and up to hall ceiling detectors. No
visible smoke at 5-ft level at that location.

Two-thirds of char area in ashes. Glowing
embers visible on fringe areas. Char is
rectangle, 1-1/2 by 2-ft.

Char is a 2-ft diameter circle. Smoldering
at outer fringes. Approximately 75 percent
of char is ashes, exposing inner mattress.
Moderate smoldering.

Smoldering on underside of mattress.

Char circular and 3-ft diameter. Moderate to
heavy smoldering. Large gusts of wind
through Bedroom A window.

Char extends to edge of mattress.

Char on side of mattress near window is
6 in. long by 3 in. high. Slight
smoldering.

Heavy smoldering.

Low heat generation felt 2-ft from char.
Heavy smoldering on underside of mattress.
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Time After
Ignition, Sec Test No. 52 - Observations (Cont'd)

5880 Flames 6 in. to l-ft high and yellow along
side of mattress; spreading along lightweight
jacket. Very dense white smoke from fringes
of flame on jacket.

6000 Flames 6 in. to 1-ft high around half of
circular char. Test terminated.

At test termination, all exit routes throughout the residence
were heavy with smoke.

LIVING ROOM

For Test No. 53 all burn room instrumentation was moved back
to the living room. The detector board located in the center of
the ceiling in Bedroom A was moved to the center of the ceiling
in the living room. The board from the head of the basement
stairway was mounted just above the light beam on the north wall
of the living room at approximately the 9-ft level. The
mechanically-operated devices were mounted 6 in. from the top
of the ceiling. All bedroom windows as previously described
were open. The window in the living room was closed. All interior
doors were open. The test furniture was a sofa section with one
cushion. The padding in the sectional back was 1/2 in. cotton
covered with upholstery of rayon pile on cotton/rayon backing.
The cushion was innersprings covered by 1/2 in. cotton and thin
cotton/acetate material. For this test the charcoal igniter was
placed at the lower left portion of the sectional back with one
bar slightly below the top of the cushion. There was a 1/2 in.
gap between the igniter and the seat cushion. The test was
started at 3:00 p.m., Monday, September 22.

Weather Conditions - Wind, west, steady at 500 fpm. Sunny
and clear. Relative humidity, 64 percent. Temperature, 60 F.
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Time After
Ignition, Sec

67
90

120
180

210
225
360
390

720
750
810
840
960
1110
1230
1320

1800

2180

2460

2495

2580

Test No. 53 - Observations

First smoke.

Igniter removed. Smoke column rising to
ceiling and dispersing.

No visible smoldering.

Iron reapplied (hot upon application). Smoke
column rising to ceiling at moderate rate.

Igniter removed; smoldering somewhat diminishes.

Smoke column shifts slightly to south.

Slight smoldering increase.

Smoke build-up at living room windows, slowly
drifting and hanging at 7 to 7-1/2-ft level.

Light to moderate smoldering. Char area
spreading upward on back of sectional in
uniform manner.

Back of seat cushion has a char 5 in. in length.

Light smoke visible in living room, no
stratification.

Moderate smoldering.

Moderate smoke generation from back of
cushion in a steady rapid stream rising to
ceiling.

All wall mounted detectors in living room in
alarm.

All detectors located in living room alarmed.

Smoke build-up in living room uniform to
8-ft, slightly heavier above. Smoke
slightly irritating to nose and eyes.

The U-shaped mark filled in by charring.
Moderate smoldering, smoke flow rate very
rapid. Char area is 1-ft radius semicircle
on back of sectional. Char area on seat
cushion cannot be distinguished from
viewer's perspective.

Faint ember glow at intersection of cushion
and back. Char on cushion is 1-ft radius
semicircle extending 3 to 4 in. over top
of seat cushion. Moderate to heavy
smoldering.

Glowing no longer visible. High rate of
smoking suggests heavy smoldering
somewhere in furniture interior.

Smoke from underneath sides of cushion.

Char area moving up back of sectional.

Slight glow noted at seat cushion edge.
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Time After

Ignition, Sec Test No. 53 - Observations (Cont'd)

2605 First flame noted - yellow, 1-ft high at edge
of seat cushion.

2625 Heavy smoke generation and 6 in. high, yellow
flames from char area.

2640 6 in. high, yellow flames restricted to one
edge of seat cushion.

2670 Flames visible from base of chair. Flames
spreading down side of chair, 1l-ft in
height.

2700 Test terminated.

Upon entering the residence after test termination, flames
were located down the edge of the sectional and were 1l-ft high
and yellow. Small flames visible underneath the sectional.
Smoke build-up in the living room was extremely heavy. Little
or no smoke in the basement and at the top of the basement
stairway. Slight build-up in the kitchen area and dining room.
First floor hallway was slightly heavier with moderate build-up
in the first floor bedrooms. Visibility was quite good on the
first floor level except in the living room. Smoke level on
the second floor was moderate.

BASEMENT SERIES

Test No. 54 was the first in the basement series. Those
detectors mounted on the ceiling in the living room in the
previous test were installed on the center beam of the basement
which extended approximately 10 in. down from the ceiling. The
detector board was mounted at the bottom of the beam so that it
was flush with the side nearest the fire bay area. Those
detectors mounted on the wall in the living room were replaced
at the top of the basement stairway. A 5-ft light beam
supporting a thermocouple array was placed adjacent to the
detector board in the basement. One gas-sampling tube was
located on the west wall. Two samples of each thermally-actuated
device were mounted approximately 10-ft from the fire and 6 in.
from the ceiling; one each in the center of the basement on
the center column and the other two on the south wall in the
fire bay area. All bedroom windows were allowed to remain open
for this test as previously described; the living room window
remained closed. All interior doors of the residence were open.
The test furniture was a sectional sofa having an odd cushion.
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The sectional material was acetate pile on cotton/rayon base
covering 1 in. of cotton batting over burlap. The cushion

was acetate design on cotton/rayon base covering 1 in. of

cotton batting over springs. A smoldering fire was initiated by
placing the charcoal igniter at the left portion of the
sectional back about 1 in. below the top of the cushion but not
touching that cushion. The fire was started at 9:45, Tuesday,
September 23.

Weather Conditions - Wind, south, 300-400 fpm. Sunny and
clear. Relative humidity, 65 percent. Temperature, 62 F.

Time After

Ignition, Sec Test No. 54 - Observation
72 First smoke.
90 Igniter removed. A small puff of smoke results.
Smoldering diminishes to slight.
150 Igniter reapplied. Smoke column rising directly

to ceiling, spreading uniformly throughout
living room.

165 Igniter removed. Smoldering continues.

240 Slight smoldering. Smoke follows contour of
sectional back and rises directly to ceiling.

540 Smoldering increasing slightly. Char area

spreading uniformly upward. Smoke column
rising vertically to ceiling.

660 Slight build-up of smoke in living room from
ceiling to 5-ft level.
885 Column of smoke at right rear of sectional.

Charred area completely covers U-shaped
mark. Moderate smoldering. Smoke pouring
from slash in rear of sectional.

930 Two distinct columns of smoke visible; one
at front of sectional and one at rear.
These columns are approximately 3-ft apart.

975 Fire bay area filled with smoke. Smoke

rolling over 10 in. beam in center of
basement where detector board is mounted.
Distinct stratification at 6-ft height.

1080 Smoldering moderate to heavy from char areas.

1200 More smoke build-up in fire bay area than in
bays away from fire. Distinct stratification
in fire bay, very dense smoke from 5-ft level
up. All detectors in basement in alarm.

1260 Heavy smoldering. Smoke build-up very dense
above 5-ft level. Visibility very poor.
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Time After
Ignition, Sec Test No. 54 - Observation (Cont'd)

1500 Living room clear. Slight build-up in kitchen
and dining room area from 5-ft level and up.
Very slight smoke build-up in first floor
hallway. Other areas of house are clear.

1620 Defined stratification at 3-ft level in
basement - very dense smoke above. Still
passable below 3-ft level. Smoke slowly
drifting up stairway to first floor.

1800 Test furniture not visible from 25-ft. Smoke
build-up slightly denser in fire bay area
about 5-ft level.

1980 Light transmission level 10 percent over 5-ft
distance at basement beam.
2160 Living room and Bedroom B clear. Slight

smoke build-up in Bedroom A and at 5-ft
level in first floor hallway. Smoke uniform
in dining room and kitchen, slightly heavy.
Basement build-up extremely heavy.

2700 Transmission level at 5-ft was 90 percent in
second floor hallway; 60 percent in first
floor hallway. Still an escapable route
from bedrooms.

3300 Large quantity of smoke exiting Bedroom A
window. No stratification in Bedroom A.
Small quantity of smoke exiting Bedroom B

window.
3510 Basement temperature, 78 F.
3840 Test terminated.

Upon entering the residence after test termination, smoke
build-up in the living room was moderate to heavy, marginally
passable. The same goes for the other rooms in the residence
except the basement where build-up was extremely heavy. It
should be noted that the test furniture never flamed during
this test.

Test No. 55 was obviated by loss of detector operating times.
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Test No. 56 was the next test in the basement series.
Prior to starting the test fire, the air conditioning system
was operated so that a temperature differential could be
established between indoor and outdoor conditions. All exterior
doors and windows were closed. All interior doors were open.
A smoldering fire was initiated on a rocking chair by placing
the charcoal igniter in the lower right portion of the back of
the chair with the lower arm of the igniter at the top of the
seat cushion, but not touching the cushion. The test
furniture itself was 1/2 in. cotton batting over jute upholstered
with rayon pile on cotton/rayon base. The cushion was 1/2 in.
cotton over springs upholstered with nylon pile on cotton/rayon
base. The test was started at 2:30 p.m., Tuesday, September 23.

Weather Conditions - Wind, ESE, steady at 200 fpm.

Partly cloudy. Relative humidity, 56 percent. Temperature,
67.5 F.

Time After

Ignition, Sec Test No. 56 - Observations
65 First smoke.
75 Smoke column follows contour of chair, rises
to ceiling,
85 Moderate smoldering.
90 Igniter removed. Smoldering diminishes.
120 No visible smoldering.
150 Hot igniter reapplied in same area.
154 Heavy smoke column produced rising directly
to ceiling.
165 Igniter again removed. Smoldering diminishes
to slight.
420 Light haze in burn room.
900 Small thin column of smoke originating from

char, rising directly to ceiling. Char
spreading uniformly up back of chair.

1500 Half of U-shaped mark filled by char.
Slight smoldering via thin smoke column
from char.

2400 Igniter reapplied to same area. (Igniter
heated up 30 sec before application.)
Char is 6 in. diameter.

2425 First smoking from this application noted.

2460 Igniter again removed. Heavy smoldering
until removal - smoldering diminishes
rapidly upon removal.

2490 No smoldering apparent from seat cushion.

2550 Cushion smoking slightly.
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Time After
Ignition, Sec

2580
3600

3810
3840
3820
3900

4260

4380
4440

4500
4560

4980
5010
5040
5100

5400
5407
5430
5440
5450
5505
5730
5835

6000

6120

6300

6315

Test No. 56 - Observations (Cont'd)

All detectors in burn room in alarm. -

Light to moderate smoldering from char on
seat cushion. No smoldering from chair back.
Slight build-up in burn room.

Char area fanned to increase smoldering.

Fanning ceased.

Char again fanned.

Fanning ceased. Moderate smoldering from
seat cushion.

smoldering from all top sections of seat
cushion.

Igniter preheated.

Igniter applied to a different location -
left portion of back at base of seat cushion,

Igniter removed and applied to seat cushion.

Igniter removed. Heavy smoldering diminishes
to moderate upon removal. Layer of smoke
in fire bay area from 6 ft level up. Clear
to floor.

Smoldering fanned.

Fanning ceased.

Fanned for 30 sec.

Char on seat cushion 1-ft square in right
corner. Moderate smoldering.

Cigarette lighter applied to upholstery at
lower right flap at base of chair.

1 in. high flame at point of application.

Flames move up arm of chair.

Flames 6 in. high, orange in color.

1-ft high flames on each arm.

Flames 6 in. high.

Flames 10 in. high, yellow, along front edge
of seat cushion.

6 in. high flames on right bottom edge of
chair arm.

10 in. high flames along front edge of
seat cushion. Flames on back portion of
chair arm 3 to 4 in. high. Visibility very
poor in basement.

Flames on front of cushion have decreased leaving
1 in. flame. Flames on top of chair arm
2 to 3 in. in height.

Small, slender 5 in. high flame on rear of
chair arm.

1-ft high flames on arm. Back of chair also
in flames; flame height difficult to
determine due to dense smoke build-up in
burn room. :
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Time After
Ignition, Sec Test No. 56 - Observations (Cont'd)

6844 Large burst of flame from back of chair.
Temperature rising very quickly in burn room.
Freon operated horn on beam and both bells
alarm.

7100 The second freon operated horn (mounted on
south wall) alarms due to another large
burst of flame.

7200 Test terminated. Visibility near zero in the
basement.

Test No. 57 was the next test in the basement series. For
this test, the only windows open in the residence were on the
second floor. For this test, only one set of bells and horns were
used, and these were located in the center of the basement on the
center beam. The test furniture was a sofa section having no arms.
The back portion of the furniture was upholstered with a thick
cotton covering a 1/4 in. cotton pad over animal hair. The seat
cushion was 1 in. cotton over springs upholstered with a wool
design on cotton base. A smoldering fire was initiated by
placing the charcoal igniter at the lower left portion of the back
of the sectional approximately 1 in. from the top of the seat
cushion, and just touching the cushion. The test was started at
10:00 a.m., Wednesday, September 24.

Weather Conditions - Wind, north, 400-450 fpm, gusting to
650 fpm. Sunny and clear. Relative humidity, 64 percent.
Temperature, 60 F.

Time After

Ignition, Sec Test No. 57 - Observations

80 First smoke.

120 Igniter removed.

150 Light to moderate smoke generation, following
contour of sectional and rising to ceiling.

210 Moderate smoke throughout fire bay area at
6-ft level and up.

360 Smoke cascading under 10 in. beam running across

center of basement. Light smoke build-up
stratifying at 4-ft level.

420 Light haze reaches opposite end of basement.
Defined stratification at 4-ft level more
prominent in fire bay than in opposite bay.

510 Glowing ember noted at lower left portion of
char. Char areas spreading uniformly.
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Time After
Ignition, Sec

600

660
690
720
780
920

1200

1440

2100

2340
2700

2920

3190

3290
3333

3388

3465

3600
3687
3800

Test No. 57 - Observations (Cont'd)

Smoke build-up heavier in fire bay and slowly
drifting to east wall of basement. Light
layer at 4-ft level still prevalent.

Moderate to heavy smoldering.

Smoke level rising to 5-ft level.

Smoke build-up drops once again to 4-ft level.

Light gray smoke generation at moderate to
heavy rate. Most of smoldering at inter-
section of sectional back and cushion.

Smoke build-up in fire bay approximately twice
that in other bay.

Glowing embers noted at top of char. Heavy
smoldering from intersection of seat and back.

Char on sectional back 1-ft in diameter.

Smoke level in opposite bay more defined at
5-ft level and slowly dropping.

No defined stratification at this point. Smoke
build-up now fairly uniform in basement,
however, slightly heavier at ceiling. Smoke
slowly drifting or hanging with very little
movement.

Visibility at 30-ft very poor; at 10-ft very
good. Basement passable close to floor.

Char area 2-ft diameter circle extending to
left edge of test furniture.

Smoke very irritating to eyes in basement.

The 12 in. diameter time clock near sofa can not
viewed from 30-ft. ’

Both test furniture and time clock still not
visible from 30-ft.

Transmission level at 5-ft in second floor
hall was 92 percent - first floor hall was
80 percent.

Flames at intersection of back and cushion,

6 in. in height.

Rapid build-up. Flames difficult to view,

estimated 1l-ft in height.

‘Flames appear to be moving up back of

sectional. Approximate flame height,
1-1/2 to 2-ft.

Smoke build-up beginning to spread quickly
through basement.

Quick burst of flame from sectional back.

Basement temperature, 180 F.

Test terminated.
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Upon entering the residence after termination, the build-up
in the living room was uniform and slightly heavy. Build-up in
Bedroom A was also heavy, along with that area in the kitchen and
dining room. Suprisingly, Bedroom B was relatively heavy. The
first floor hallway was passable at low levels close to the
floor. The basement was untenable. '

Test No. 58 was also conducted in the basement. For this
test all bedroom windows were allowed to remain open in the
manner previously described. The living room window was again
closed. All interior doors were open. The test furniture for
this test was two matching chairs having wooden legs, each chair
having 3/4 in. cotton covering a thin layer of jute covering
springs. Upholstery was a thin cotton/cotton-rayon weave. The
chairs were placed side by side with a wastebasket full of trash
placed between them. Chairs were spaced approximately 1-ft
apart. The wastebasket was touching the right chair and
approximately 1 in. from the left chair. A newspaper section
was draped over the left arm of the right-hand chair extending
about 1-ft from the top of the wastebasket. A flaming fire was
initiated by placing a 1lit match in the top of the wastebasket.
The test was started at 11:50 a.m., Wednesday, September 24.

Weather Conditions - Wind, NE, 100-300 fpm, gusting to
450 fpm. Sunny and clear. Relative humidity, 58 percent.
Temperature, 62 F.

Time After

Ignition, Sec Test No. 58 - Observations

15 2 to 3 in. high flames at top of wastebasket.

30 Flame area 6 by 3 in. with a height of 2 to
3 in.

60 Slight smoking.

85 Smoking increasing. Flame height 4 in.

120 Arm of right-hand chair on fire. Flame
height 3~ft from wastebasket.

220 Light column of smoke from arm with flames

2 to 3 in. high. Wastebasket flames yellow
and 6 in. high.

205 Edge of newspaper on fire. 1-ft high flames
from wastebasket. 2 to 3 in. high flames
on arm of right-hand chair.

275 5 in. high flame on back of arm of right-hand
chair. 1-ft high flames from wastebasket.
Slight smoldering from newspaper.

315 Burst of flame at left base of right-hand
chair nearest wastebasket.
325 Flames on right chair arm 1-ft high.
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Time After
Ignition, Sec

350

385

420

430

600

635

690

800

840

850

900

990

1020
1200

1380

1415
1450

1485

1500

1512
1535

Test No. 58 - Observations (Cont'd)

3 in. high flame on right chair arm. 1-ft high
flame from wastebasket. Defined level of
smoke in fire bay at 5-ft level.

Flames over top edge of arm on right-hand chair
1 in. high. Flames from wastebasket 1-ft
in height.

Stratification dropping slowly to 4-1/2-ft
level in fire bay.

Moderate to heavy smoldering from arm of
right-hand chair. Flames in wastebasket
1-ft high. No flaming from newspaper.

All detectors in basement, at head of
pasement stairway, and in first floor hallway
had alarmed at this point.

Moderate smoldering from wastebasket and chair
arm. No visible flames except those extending
1 in. above top of wastebasket.

Flames continuing on inside of arm of right-
hand chair. Slight flaming from wastebasket.

Well-defined smoke layer in entire basement
at 5-ft level.

Occasional flicker of flames from wastebasket
extending 2 to 3 in. above top.

Heavy dark gray smoke from wastebasket.

Defined layer at 5-ft level growing denser.
Smoke laying lazily in room with very little
movement.

Small candle-like flame at interior of arm on
right-hand chair. No other flames visible.

Moderate to heavy smoke from wastebasket.

Defined smoke layer at 4-1/2-ft level - light
haze to floor.

Left-hand chair removed from fire area since
no smoldering or flaming could be
distinguished. Right-hand chair ignited
on back with cigarette lighter.

2 to 3-ft high flames from back of chair.

Flames diminish to 6 in. high over top of
chair.

Piece of flaming material drops to floor,
underneath chair, with 2 to 3 in. high
flames.

Stratification no longer evident. Dense,
uniform build-up in basement.

No visible flaming from chair.

Flames again visible from rear of chair.
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Time After
Ignition, Sec

1635
1790
1820
1920

2010
2100

2225
2400

2700
2738

2860

2990

3025
3212

3333

3423
3530

3600

Test No. 58 - Observations (Cont'd)

Flames diminish. Heavy smoldering. No
stratification at this point.

Flames from wastebasket 1-ft high.

No flames from wastebasket.

Visibility at 30-ft was good for light-shaded
objects, but poor for darker shades.

Light blue flame visible at rear of chair.

3 in. flame along left side of seat cushion
and arm of chair.

Time clock viewed with difficulty from 30-ft.

Only two candle-like flames visible at front
of chair with a height of 1 in.

Second hand of clock no longer distinguishable.

All flames died down except for one small
6 in. high flame on chair arm.

Both minute and second hand of time clock not
distinguishable at this point. 2 to 3 in.
high flames on chair arm.

No visible flames White clock face not
visible at this point.

3 in. high flames on chair arm.

Flames on seat cushion and chair arm 6 in.
high.

No visible flaming.

1-ft high flames on back of chair.

Crackling heard from fire area, but no flames
visible due to dense smoke build-up in
basement.

Test terminated.

Upon entering the residence after termination, the basement
build-up was extremely heavy. Moderate smoke build-up noted in the
living room, no stratification. Heavy smoke issuing from
the kitchen into the first floor hallway. Build-up in Bedroom A
was slightly heavier than in Bedroom B, but both only moderate.
Build-up was heavy and uniform on the second level.
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Test No. 59 was the last fire in the test series at the
J. R. Whitehouse residence. For this test, two chairs were
placed side by side approximately 1-ft apart. Between the
two chairs a plastic wastebasket was placed, filled with assorted
trash. The wastebasket was 10 in. in diameter and 15 in. high.
The side of the wastebasket was marked and separated into four
divisions so that the amount of burning of the wastebasket
could be monitored throughout the test. A section of newspaper
was draped over the right arm of the left-hand chair and was
approximately 1l-ft above the wastebasket. For this test, all
bedroom windows were open and living room window closed as
previously described. The edge of the wastebasket was
approximately 1/2 in. from the edge of each chair. The left-
hand chair was that salvaged from Test No. 58. The right-hand
chair was 1 in. of cotton over 1/2 in. jute upholstered with a
rayon pile yarn on a cotton ground warp and filling. A flaming
fire was initiated by placing a lit match in the top of the
wastebasket. The test was started at 2:30 p.m., Wednesday,
September 24.

Weather Conditions - Wind, ENE, 100-300 fpm, gusting to
450 fpm. Sunny and clear. Relative humidity, 51 percent.
Temperature, 65 F.

Time After

Ignition, Sec Test No. 59 - Observations
13 3 in. high flames at front of wastebasket.
20 Flames diminish.
40 6 in. high flames from front of wastebasket.
55 Slight smoking, rising rapidly to ceiling
from wastebasket.
75 side of the right-hand chair in flames. Front

of wastebasket begins to melt down to lower
one-fourth section.

90 Flames 2-ft high from wastebasket and edge of
chair.
105 Flames 3~-ft high from wastebasket. Front of
the wastebasket melted away to floor level.
120 Left-hand chair arm chars.
140 Newspaper in flames - 1-ft high and yellow.

Wastebasket flames 2-ft in height. Frame
of wastebasket completely melted away.
1-ft high flames on right-hand chair.
190 6 in. high flames from wastebasket, 1l-ft high
flames from one arm of each chair, and
3 in. high flames along one edge of
newspaper.
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Time After

Ignition, Sec Test No. 59 - Observations (Cont'd)
220 Moderate smoldering from underneath
newspaper section.
240 Wastebasket melted into a puddle, stringing

down from trash that filled basket. 1-ft
high flames in that area. Wastebasket
burned away before trash.

300 Ashes flying up from area of wastebasket.
Puddle from wastebasket burning with 3 in.
high flames along with 6 in. high flames from
trash. 1-ft high flames on left-hand chair
and 6 in. high flames on right-hand chair
arm. 3 in. high flames from newspaper.

330 Moderate smoke generation from right-hand
chair arm.

340 Most of flaming from left-hand chair 1-ft in
height along arm.

360 Heavy ashes in vicinity of test area.

390 Heavy black smoke build-up in fire bay area.

420 2-ft high flames from right-hand chair arm.

440 Half of left-hand chair back charred with

flaming along fringe areas. 1-ft high
flames on that arm.

450 Heavy smoldering from back of left-hand chair.
Flames on chair arm 2 to 3-ft in height.
Flames from puddle of plastic 6 in. in

height.
470 Smoke build-up in fire bay began to spread
to other bay in main basement.
510 Heavy dense smoke build-up at 3-ft level.
525 3-ft high flames between chairs.
540 Moderate smoking of left-hand chair.
550 2-ft high flames from back of left-hand chair.
570 4-ft high flames from back of left-hand chair.

Heavy, gray smoke generation from right-
hand chair. Smoke build-up in basement
was at 2~1/2-ft level.

620 Visibility very poor at 2 ft level to ceiling
at short distance. Build-up slowly drifted
down during course of fire.

635 The second hand of time clock no longer
visible.

655 Very dense, black smoke in basement, making
fire area difficult to describe.

675 Zero visibility in burn room.

838 Test terminated. Temperature extremely high

and visibility zero at point of termination.
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Upon entering the residence after termination, smoke
build-up was heavy in all areas of the house with no apparent
stratification. Basement was untenable and the test furniture

had flames reaching to the ceiling making it hazardous to
extinguish the fire.
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WABASH AVENUE TEST SERIES:

Test fires Nos. 60 through 76 were performed at the
Wabash Avenue residence between May 3 and May 11, 1976. These
were conducted under conditions which represented spring con-
ditions with the heating System operating. The heating system
for this residence consisted of hot water baseboard convectors.

The instrumentation employed for this test series was as
follows:

The first detector board (I), with Detectors 1, 2, 3, 4,
5, 21, and 30, was located on the ceiling in Hallway J on the
second floor just outside Bedroom Z. Next to this, a group
of Taguchi Semiconductor gas sensors (V) , were mounted with
Detectors 33, 34, 35, and 36. A 5-ft light beam and gas
sampling tube was placed on the ceiling near these boards. 1In
Bedroom Z (second floor), there was a 5-ft light beam and gas
sampling at the 5-ft level.

The second primary detector board (IT), with Detectors 16,
17, 18, 19, 20, 24, and 29, was located in Gameroom G (second
level) on the ceiling at the top of the stairway. Five-foot
light beams and gas sampling tubes were placed on the ceiling
and at the 5-ft level in the same room.

Board III, with Detectors 6, 7, 8, 9, 10, 22, and 31, was
located on the first floor in the living room. The board was
mounted on the underside of a 1-ft square beam which ran through
the center of the living room. The board was located in that
portion of the room nearest the front of the residence. A
freon horn and wind-up bell (thermal detectors) were mounted on
the fire side of that same beam with the top of each unit
6 in. from the ceiling. Five-foot light beams and gas sampling
tubes were located on the beam next to the detectors, and at
the 5-ft level. A 5-ft light beam and gas sampling tube was
located at the 5-ft level in Family Room F. No instrumentation
in the kitchen.

The fourth detector board (IV), with Detectors 11, 12, 13, 14,
15, 23, and 32, was located on the ceiling in the center of
Bedroom C on the first floor. 1In Bedroom A, there was a
5-ft light beam and gas sampling tube at the 5-ft level.
There was no instrumentation in Bedroom B or C.

Thermocouple arrays were located at each 5-ft light beam
located at the ceiling.
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LIVING ROOM SERIES

Test fire No. 60, in the southern bay of the living room,
(near Bedroom B), was a smoldering ignition of a recliner chair
having rayon warp upholstery with rayon filling over 1 in.
cotton padding. For all the tests described hereafter, all
bedroom doors were open and all windows to the outside were
closed. Doors between the family room, kitchen, and living
room on level one were alsoc open.

The fire was initiated by energizing the 500 w charcoal
igniter at time zero and placing it at the right back portion
of the recliner (facing front of test furniture). Test was
started at 6:00 p.m., Monday, May 3, 1976.

Weather Conditions - Wind, NNW, steady at 250 fpm.

Time After

Ignition, Sec Test Fire No. 60 - Observations
70 First smoke noted.
90 Charcoal igniter removed. Smoldering diminishes
rapidly upon removal.

180 Hot iron placed again in same area on test
furniture for 30 sec. Smoke noted
immediately.

240 Slight smoldering.

360 Slight smoke drifting to west wall of living

room. Slight haze in southern bay at 6-ft
level. Noticeable odor.

900 Slight to moderate smoldering. Faint haze at
4-ft level in area above test furniture in
living room. Smoke still drifting in westerly
direction.

1080 Stratification in southern bay of living room
at 4-ft level. Level of stratification is
slowly dropping. =

1200 Stratification at 4 to 6-ft level. Above and
below layer is relatively clear and not
irritating to eyes or nose.

1380 Moderate smoldering. U-shaped mark left by
charcoal igniter is almost a complete char.

1680 Stratification confined to southern bay of
living room.

1780 Stratification slowly rising in what appears

to be two different levels, one at 5-1/2-ft
level, other at 6-1/2-ft level.
1860 Slight haze noted in first floor family room.
2340 Most of smoke buildup in southern bay from
5-ft level up, slightly dense. Smoldering
is moderate to heavy. ’
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Time After

Ignition, Sec Test Fire No. 60 - Observations (Cont'd)
2640 All detectors in living room had alarmed at
this point.
2760 Embers sighted at lower right edge of char area.

Heavy smoldering at this point. South bay of
living room has slightly heavier buildup than
north bay. Smoke beginning to fill all areas
of living room. At 5-ft level, smoke very
irritating to eyes.

3000 Dense smoke buildup in living room from 6-ft
level to ceiling, irritating to eyes and
nose. Haze in family room gradually
increasing.

3180 6 in. high flames noted from char area.

3210 1-ft high flames along back edge of seat
cushion.

3300 Flames edging up back of chair, 2-ft high at
seat cushion.

3360 White, billowy smoke from left edge of chair.
1l to 2-ft high flames from back of chair.

3423 Entire chair in flames. Entire chair in

flames. Freon operated horn and wind-up
bell operate simultaneously. Maximum
flame height on chair was 3-ft.

3440 Test terminated.

Upon entering the residence after test termination, smoke was
heavy moving up the stairway to the second floor, but not too heavy
on the second level. Hallway J had little Or no smoke buildup.
Where there was buildup upstairs, it was uniform throughout the
room. The first floor at test termination was heavy with smoke.
Escape was possible at the 2 to 3-ft level from the floor.

Test No. 61 was similar to Test No. 60. The test furniture
was a recliner upholstered in cotton/nylon on a rayon warp over
1/2 in. cotton padding. A smoldering ignition was initiated at
11:00 a.m., Tuesday, May 4, 1976.

Weather Conditions - Wind, west, calm. Relative humidity,
33 percent. Temperature, 67 F.
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Time After
Ignition, Sec

80
120

300

600

660

870

1065

1200

1380

1620

2100

2340

2640
2760

Test Fire No. 61 - Observations

First smoke noted. Material is melting.

Charcoal igniter removed from test furniture.
Smoldering diminishes to slight. Smoldering
drifts to west wall of room.

At 15-ft, first faint smell of burning material
is noted.

Small, glowing embers noted around fringe of
U-shaped char. Smoldering slight.

Slight stratification noticed at 4-ft level in
south bay of living room, just above test
furniture area.

Layer of stratification slowly rising and
falling from 4-5-ft level.

Layer of stratification has risen to 5-1/2-ft
level throughout entire living room. Near
kitchen, smoke is more irritating to eyes
and nose than in rest of living room. Area
above and below stratification is very clear.

Layer of smoke somewhat denser in western
half of living room at 6-ft level. Layer
1-2-ft thick.

U-shaped char now filled in and circular in
shape. Char area has moved down to inter-
section with seat cushion and melting can be
noted at that point. Layer of smoke between
5 and 6-ft from floor. Areas above and
below are clear. Layer of stratification
still denser in western portion of living
room. Smoldering still only slight.

Smoke drifting in westerly direction toward
exit area of kitchen. Air very clear at
entrance of Bedrooms A and B.

Char area on lower right hand side of back of
chair is approximately 1-ft by 6 in. There
is 4 in. long by 2 in. wide strip on right
back edge of seat cushion. Only slight
smoldering. Layer of smoke now 2-ft deep,
from 5 to 7-ft level in living room.

The detectors that had alarmed in living
room reset themselves for approximately
1 min and then start alarming again. This
probably due to slow smoke buildup.

Smoldering moderate.

Buildup light and uniform in family room on
first floor and up stairway.
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Time After
Ignition, Sec Test Fire No. 61 - Observations (Cont'd)

3000 Very slow buildup rate causing detectors to
alarm intermittently. Detector 6, living
room, not actuating for alarm crisply, but
slowly stuttering.

3240 Buildup in living room more uniform; however,
still slightly denser from 5-ft level to
ceiling.

3300 Relatively little buildup in Bedroom C, however,
detectors alarming.

3360 Uniform, light smoke buildup in kitchen.

3480 We now have situation where Detector 11 in

Bedroom C is in alarm, but Detector 6 in
living room is intermittent. (Same model.)

3900 Very little smoke buildup in Hallway J.

4080 Exit from living room by crawling on floor would
be very uncomfortable at this point. Smoke
very irritating to eyes and nose even at floor
level. Visibility still fair in living room.

4320 Horizontal 1/4 in. diameter rib in upholstery seems
to be hampering progress of char area on back
of chair.

4980 Only smoldering is at char area on seat cushion.
Little or no smoldering at back of test
furniture.

5100 Little or no visible smoke in second floor
Hallway J. Slight, uniform smoke buildup in
game room. Buildup in first floor living
room is now more uniform, stratification not
noticeable; same for family room on first
level. Smoke not visible on first level.
Smoke not visible but very irritating to
eyes and nose in this area.

5520 Pieces of clothing placed on char area to
produce more smoldering. Smoldering slight.

6300 Smoldering increase to moderate.

6900 Moderate smoldering from uppermost part of
pile of clothing.

7200 Detectors in living room, approximately 10-ft
from fire, are still only alarming inter-
mittently.

7260 Clothing lifted several inches, char fanned

. to induce more smoldering.
7320 Entire chair fanned to induce more smoldering.
7620 First flames noted, as result of fanning.

Flames are 6 in. high, orange in color, on
clothing. Flames gradually growing in
intensity.
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Time After
Ignition, Sec

7680

7740

7980

8040
8280

8400

Test Fire No. 61 - Observations (Cont'd)

2-ft high flames along back of test furniture.
Smoke buildup extremely dense from 4-ft level
to ceiling in living room. Temperature is 155 F.

Intense flaming of top center portion of chair
back.

75 percent of chair in flames, 1 to 2-ft high.
Black dense smoke in room from 4-ft level to
to ceiling.

Flames starting to decrease in height.
Visibility nearly zero.

The clock cannot be seen from outside eastern
window. Flames visible from test furniture.

Test terminated.

At test termination, 6 in. high flames were visible from the
test furniture. Upon attempting to enter the front door of the
residence through the family room, the smoke buildup was so dense
as to be difficult to penetrate. The same remark applies to the

back door of the res
from the house. All
very dense with smok

Test No. 62 was
test furniture was a
warp upholstery over
the charcoal igniter
seat cushion (facing
started at 3:00 p.m.

Weather Conditi

idence where the test furniture was removed
areas of the second floor level were also
e.

a smoldering fire in the living room. The
rocking chair with cotton pile on rayon/cotton
1/2 in. of cotton padding. For this test,
was placed at the right-hand corner of the
the front of the chair). The test was
, Tuesday, May 4, 1976. :

ons - Wind, south, 400-550 fpm, gusting to

1200 fpm. Relative

Time After
Ignition, Sec

65
120

300
1500

1800

1920

1980

humidity, 36 percent. Temperature, 66 F.

Test Fire No. 62 - Observations

First smoke noted.

Charcoal igniter removed. Smoldering diminishes
from moderate to slight.

Smoldering only slightly visible.

Slight smoke stratification at 5-ft level in
south bay of living room.

Smoke very irritating to eyes and nose at 5-ft
level in living room. No noticeable smoke
in Bedroom A, B, or C.

Smoke noticeable in light beam at ceiling of
living room.

Moderate smoldering.
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Time After
Ignition, Sec

2160
2430
2820

3000
3180

3300
3600

3840

4200
4500

4980

5100
5120

5210

Test Fire No. 62 - Observations (Cont'q)

Smoke is drifting toward exit directly under
detector board near kitchen.

Most smoke buildup in south bay from 6-ft level to
ceiling.

Smoke buildup in Bedrooms A, B, and C very light.
Uniform buildup in family room.

Moderate smoldering.

Embers noticed at intersection of chair arm and
seat cushion.

Small, glowing ember noticed at top of chair arm.

Heavy smoldering from seat cushion and chair
arm. Smoke buildup in living room is heavy
from 7-ft level to ceiling, moderately heavy
throughout remaining area. Visibility still
excellent.

Smoke buildup heavy from 6~ft level to ceiling
in living room. Buildup light and uniform
in bedrooms and family room on first floor.
Smoke seems to be halting at top of
stairway and not moving throughout second
level.

Level of smoke slowly dropping from 6-ft level
down. Visibility very poor.

The test furniture is just visible at a
distance of 25-ft.

First flames noted. 1-2-ft high on edge of
arm. Flames gradually growing in intensity
making their way along top edge of chair.
Right-half portion of chair in flames.

190 F in living room. Flames are 1-ft high.

White, billowy smoke issuing from area of
flames.

Test terminated as a result of large flames
on chair. Estimate is that flashover of
fully furnished room would occur within
minutes.

Upon entering the residence, after termination, the first
floor area was filled with dense smoke. On the second level,
smoke buildup was uniform, not very heavy, and very irritating to

the eyes and nose.
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Test fire No. 63 was a flaming fire in the same test
area of the living room. For this test, an oval metal waste can
approximately 1-ft by 6 in. by 1-1/2-ft high was filled with
assorted paper and placed on the floor approximately 3 in.
from the right side of an overstuffed chair. The chair was
upholstered in rayon/cotton pile on a cotton warp over a
1 in. cotton pad. The fire was started by placing a match
to the paper exposed at the top of the waste can.

The test was started at 6:00 p.m., Tuesday, May 4, 1976.

Weather Conditions -~ Wind, south, 250-350 fpm, gusting to
900 fpm. Relative humidity, 31 percent. Temperature, 64 F.

Time After

Ignition, Sec Test Fire No. 63 - Observations
10 6 in. high flames from top of waste can.
20 1-ft high flames from waste can.
75 Slight smoldering on arm of chair.
240 6 in. high flames from top of waste can.

Slight smoldering on arm of chair. No
photoelectric detector has alarmed at this
point in living room.

270 Flaming diminished. Moderate smoldering.

320 More newspaper added to waste can in attempt
to ignite chair.

340 2-ft high flames from waste can.

420 Slight smoke buildup in south bay of living
room from 6-ft level to ceiling.

435 Section of newspaper laid over chair arm.

465 1-ft high flames on right arm of chair.

505 Bottom of chair blows out, apparently due

to small gas explosion in interior of
right arm of chair.

570 Flames along back side of chair.

630 Interior of chair arm exposed, flaming.
Dense smoke buildup in living room from
5-ft level to-.ceiling.

720 2-ft high flames from inside of chair arm
and on back of chair. Flaming is gradually
growing in intensity. Smoke buildup in
living room is very heavy.

810 Smoke very dense in living room, from 3-ft
level to ceiling. Temperature 195 F near
ceiling. :

900 50 percent of test chair in flames, 1-ft

high. Dense smoke emitted from chair.
Temperature 160 F near ceiling.
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Time After
Ignition, Sec Test Fire No. 63 - Observations (Cont'Qd)

1020 2-ft high flames from rear of chair. Other
areas in flames are approximately 6 in. to
1-ft in height.

1065 Entire back of chair in flames, 1-ft in height.
1140 Temperature is 175 F near living room ceiling.
1260 3-ft high flames from right-hand side of the

chair. Temperature 195 F near ceiling.
Visibility very poor.

1320 Temperature 200 F. Transmission level on
, second floor was 46 percent at 5-ft level.
1500 Visibility poor in living room. Smoke in

second floor game room at 5-ft level allowed
42 percent transmission. Living room
ceiling temperature was 185 F.

1590 Test terminated.

Prior to Test No. 64, the sensitivity potentiometer on
Detector 14 located in Bedroom C was turned counterclockwise
just enough so that the detector would not keep false alarming.

Test No. 64 was a flaming fire in the living room. The test
furniture was a chair with polyurethane foam padding. Upholstery
was rayon/acetate pile on rayon/acetate backing. The cushion was a
solid biscuit of polyurethane, the back cushion contained
crumbled polyurethane. Other areas of the chair contained a
thin pad of cotton. The furniture was ignited by applying a
cigarette lighter to a small bare spot exposing the polyurethane
at the front of the seat cushion. Test was started at 10:00 a.m.,
Wednesday, May 5, 1976.

Weather Conditions - Wind, SSW, 300-500 fpm, gusting to
900 fpm. Relative humidity, 46 percent. Temperature, 78 F.
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Time After
Ignition, Sec

30
150

250
430

480

495

540

600

840

915
1110

1170

1260

1380

1620

1740

Test Fire No. 64 - Observations

6 in. high flame at edge of seat cushion.

No visible smoke. Flame height approximately
3 to 4 in.

First slight smoking noted from area of flame.

Moderate smoking now visible from flame area.
Smoke is puffing up intermittently.

Right arm of chair starting to char. Flame
height approximately 6 in. on seat cushion.

Right arm of chair ignited, 6 in. flames,
gradually growing in intensity.

As soon as arm of chair ignited, flaming
progressed at a rapid rate. Flame height
is approximately 1l-ft from seat cushion
and chair arm. Black smoke being emitted
from test area, whereas before it was white.

Smell of bitter almonds now noticeable in
living room 20-ft from test furniture.

Flames traveling toward back of chair. Flame
height on chair arm is 3 in., flame height
on polyurethane-filled cushion is 6 in.

Smoke issuing from underneath chair.

3 in. high flame along intersection of seat
cushion and chair arm. Smoke issuing from
flame increasing. Flames visible along
underside of chair.

Heavy white smoke issuing from underneath
chair.

Flame intensity increasing in area where
char started. Flames have reached back
portion of seat cushion containing crumbled
urethane foam. As soon as this occurred,
intensity of flaming increased rapidly.
Flame height increasing to approximately
2-ft on back portion of cushion.

Flame height increasing rapidly on chair back,
1 to 2-ft in height. Facing front of chair,
left-hand portions of both cushions are in
flames.

Both cushions entirely in flames. Flame
height approximately l1-ft. Heavy white
smoke issuing from right chair arm.

Right arm of chair completely burned through
revealing frame of chair. Left arm starting
to flame rapidly.
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Time After

Ignition, Sec Test Fire No. 64 - Observations (Cont'd)
1800 90 percent of chair in flames. Temperature
increasing in living room.
1980 Visibility decreasing in living room.

Temperature decreasing to 185 F in living
room. Smoke level on second floor game room at
5-ft is 80 percent transmission.

2160 Entire chair in flames with majority of flaming
on back of chair. Visibility very poor in
living room.

2400 Burn-through of bottom portion of chair reveals
lower part of wooden frame. Flames on
95 percent of chair ranging from 1-ft to
2-ft in height. Most of flaming on front
portion of chair.

2520 Flaming increasing rapidly. Flames are 5 to
6~ft in height and entire chair in flames.
2581 Test terminated. At termination, intense

flaming and heat generation causing plastic
straps on venetian blinds to melt and drop
blinds in living room. All areas of first
floor are saturated with smoke.

Prior to Test No. 65, mice were placed into respiration rate
monitoring holders located near the 5-ft high light beams in the
first floor living room (north wall) and second floor game room
(south wall). 1In addition, Detector Board V (Detectors 33-36) was
relocated from Hallway J to the ceiling at the top of the stairway
in the game room.

Test No. 65 was initiated in a chair in the living room. The
chair was upholstered in rayon pile on rayon backing.
The seat cushion is a sandwich with urethane foam core and facings
of polyester fibers. The back is padded with 1 in. cotton. A
smoldering fire was initiated on the back just above the seat
cushion. The test was started at 12:00 noon, Wednesday, May 5,
1976.

Weather Conditions - Wind, SSW, 300-500 fpm, gusting to
900 fpm. Relative humidity, 46 percent. Temperature, 78 F.

~C51-



Time After
Ignition, Sec

90
120
180
480
780

930
1200

1320

1500

1560
1620

1775

1800

1920

2010

2100

2220

Test Fire No. 65 - Observations

First smoke noted.

Igniter removed. Smoldering diminishes rapidly.

Slight smoldering. A puff of smoke resulting
from removal of igniter stratified at 6-ft
level above test furniture.

Stratification forming at 6-ft level above test
furniture.

Smoke buildup in south bay is from 5-1/2-ft
level to ceiling.

Moderate smoldering.

Smoke buildup in south bay from 6-ft level to
the ceiling, starting to pour over beam into
north bay. Clear air from 6-ft level down to
floor.

Smoke reaches east wall near windows and drops
gquickly to 4-ft level. Char area has opened
up revealing ashes of inside of cushion back.
At intersection of back and seat cushion,
edge of seat cushion is beginning to char.
Moderate to heavy smoldering.

Smoke attempting to enter Bedroom C is forced
back by air flow through first floor.

Smoke beginning to pour into Bedrooms A and B.

In Bedroom A, distinct stratification noted
from 3-ft level to ceiling. Just outside
that bedroom door, stratification is at
6-ft level. In kitchen, smoke buildup is
from 6-ft to ceiling. Rapid smoke movement
out kitchen door to family room. Buildup
in family room is uniform throughout room.

In Bedroom C, smoke is moving under door lintel
into room.

Small embers noted at intersection of chair
arm and seat cushion. Heavy smoldering.

Smoke level near kitchen exit way approximately
1-ft below light beam. Glowing embers noted
around char area.

Small ashes visible in area of test furniture.
These ashes rise above test furniture, above
smoke level, and then fall to floor. Heavy
smoldering.

Smoke is irritating to eyes at 2-ft level in
living room.

First flames notes.

-C52-



Time After
Ignition, Sec Test Fire No. 65 - Observations (Cont'd)

2250 Flames along right portion of chair near
intersection of seat and back, approximately
3-ft in height.

2340 Most flames are from area of seat cushion.

2400 Flame area is concentrated in right~hand area of
seat cushion.

2410 White billowy smoke visible from left rear of
seat cushion.

2460 1-ft high flames starting at left side of back.

2490 Flame area confined to seat cushion and up
both sides of back.

2610 Temperature is 200 F near ceiling of ignition

room. Transmission level at ceiling of
second floor game room 60 percent.

2779 Test terminated. At test termination, flame
height approximately 4-ft on all areas of
test furniture.

Test fire No. 66 was located in the living room. A flaming
fire was initiated on a swivel rocking chair, upholstered in
rayon on a nylon/cotton backing. The seat cushion was

a2 block of polyurethane foam. Back padding was 1/2 in. polyurethane

foam over cotton. Chair arms were padded with cotton. The fire
was initiated on the chair seat adjacent to the back. There, a
cigarette lighter was applied to a small area of exposed foam.
Test was started at 2:00 p.m., Wednesday, May 5, 1976.

Weather Conditions - Wind, south. Light rain drizzle.
Temperature, 68 F.

Time After

Ignition, Sec Test Fire No. 66 - Observations

10 1/2 in. flame from exposed polyurethane.

45 3 in. high flames extending up chair back.
Gradually growing in intensity.

80 Flames spreading up back of chair, 6 in. in
height.

120 Flame is halfway up back of chair. Flame
height, 5 to 6 in.

165 Flames are three-fourths of way up chair back,

and extending downward toward front of seat
cushion approximately 6 in.

180 Flames reach top of chair back. Black smoke
issuing from flames.
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Time After
Ignition, Sec Test Fire No. 66 - Observations (Cont'd)

240 One-third of right-hand side of chair back in
flames. A 6 by 6 in. square section on
right-hand back of seat cushion also in flames.
Flame height approaching 1-ft.

360 Right half of chair in flames. Smoke issuing
from bottom of chair. Flame height 1-1/2 ft.

420 Smoke buildup in south bay of living room is
stratified at 6-ft level, extending to
ceiling.

450 Facing front of chair, right arm starting to

flame. Two-thirds of chair back in flames,
1-ft in height.

630 Approximately one-half of seat cushion in flames.
Right arm still flaming. Left side of chair
back has 1-ft high flames from seat to top.
Brownish-white smoke issuing from bottom of

chair.
750 Heavy white smoke issuing from bottom of chair.
795 Flaming embers dropping from bottom of chair.

Heavy white smoke growing denser. Flaming
limited to left-hand arm and seat cushion,
approximately 6 in. high.

900 Flaming decreasing. Smoldering increasing
rapidly with heavy white smoke emitted.
Evidently, polyurethane melting and falling
to floor underneath chair and still flaming.

1020 Flame height reaching 2 to 3-ft, increasing
in intensity.

1025 Flames reaching to 5 and 6-ft level.

1030 Entire chair in flames, maximum height 4-ft.

1140 Test terminated.

Test Fire No. 67 at the Wabash site was once again located
in the living room. The test furniture was a sofa section with
odd cushion. The sofa was upholstered in cotton/nylon pile on
rayon backing covering a 3/4 in. cotton pad. The seat cushion
was upholstered in metallic fiber pile on rayon backing over
cotton padding. The cushion had a slip cover of cotton fabric.
A smoldering fire was initiated at 10:00 a.m., Thursday,

May 6, 1976.

Weather Conditions - Wind, north, 600-700 fpm, gusting to
900 fpm. Rain during entire test. Temperature, 41 F.
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Time After
Ignition, Sec

0

75
120

180
210
300

330

510
675

720

930
1650

2160

2700

2940

3300

3600

Test Fire No. 67 - Observations

Charcoal igniter is energized and placed on
right-hand portion of sectional back,
approximately 3 to 4 in. below top of seat
cushion at intersection. Igniter does not
touch cushion.

First smoke noted.

Puff of smoke upon removal of igniter.
Smoldering diminishes rapidly.

Puff of smoke above test area stratifying at
6-1/2-ft level.

No visible smoldering.

The charcoal igniter (after being energized
for approximately 1 min) placed once again
on same char area.

Charcoal igniter removed. Another puff of
smoke, drifts toward west wall of living
room.

1-ft layer of stratification starting to take
shape at 5 to 6-ft level. Slight smoldering.

Layer of stratification moving slightly to
west wall of living room.

Smoke buildup in living room decreasing to
point of being barely noticeable. Slight
smoldering. Smoke still moving toward west
wall, at a more rapid pace than in previous
tests.

Smoldering increasing slightly.

Smoldering increasing to moderate stage.
Smoke from furniture is pushing up through
5-ft level of stratification and then
settling back down to that level.

Smoke from test furniture punching through
5-ft layer of stratification and staying
at ceiling.

No visible smoke in Bedroom C. Smoke buildup
is contained in living room, kitchen,
family room, and up stairway.

Smoke beginning to enter Bedroom C area.
Majority of smoke buildup in south bay of
living room from 5-ft to ceiling. Air
movement toward kitchen area.

Smoke beginning to fill entire living room.
The heavier concentration of smoke is
from 5-ft level to ceiling.

Moderate smoldering. Smoke irritating to
eyes at 3-ft level, north wall of living
room.
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Time After

Ignition, Sec Test Fire No. 67 - Observations (Cont'd)
3720 Char area on sectional back approximately 1-ft
diameter, small char areas on arm and seat
cushion.
4440 Heavy smoldering. Char area halfway up

sectional back. Most smoldering coming from
intersection of back and seat.

4560 Heaviest smoke buildup from 5-ft level to
ceiling.

4545 First flame noted. Flames increasing to a
height of 2-ft on right side of sectional.

4620 4-ft high flames from rear of chair, increasing

in intensity. Right half of sectional back
in flames.

4740 Test terminated. Flames were 2 to 3-ft high
on sectional back. No flaming on front edge
of seat cushion or chair arm. Smoke buildup
very dense, and temperature steadily
increasing on first floor.

Test Fire No. 68 was located in the living room. The test

material was eight sheets of polyurethane foam, approximately
12 by 12 by 3 in., placed together on a bent screen to simulate
a chair. Four sheets represented the back, and four sheets the
seat cushion. The simulated chair was ignited with a cigarette
lighter applied 1 in. from the intersection of the seat cushion
and the back. Test was started at 2:00 p.m., Thursday, May 6,
1976.

Weather Conditions - Wind, north, 500-650 fpm, gusting to

900 fpm. Rain. Temperature, 37 F.
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Time After

Ignition, Sec Test Fire No. 68 - Observations
17 Back of simulated chair igniting rapidly, flames
spreading up back and reaching top at
% approximately 30 sec.
50 2-ft high flames up right half of chair back.

(Flames spreading more rapidly than if there
had been upholstery.)

90 Foam starting to fall from back in flaming
particles. Entire chair back in flames,
reaching to ceiling. Smoke buildup in
ignition room from 5-ft level to ceiling.
Buildup very dense and black. The air

_ underneath is clear.

180 No material left from simulated chair back.
2-ft high flames from seat cushion on all
areas. 2-ft high flames at both sides of
chair from floor where polyurethane has
melted forming puddles.

220 Heavy black smoke from 4-ft level to ceiling
in living room and family room.
270 2-ft high flames on floor from melted

polyurethane. Small flames from material
left on simulated chair.

300 Entire living room becoming filled with dense
smoke.
390 Two small pools of melted polyurethane still

burning on floor. Small flames on
simulated cushion.

420 No flaming from cushion. 6 in. high flames
from pools of polyurethane on floor.
480 Test terminated. At termination, 3 in. high

flames from melted pools. Very dense smoke
buildup in living room and family room
from 3-ft level to ceiling. Buildup not
too heavy from 3-ft level to floor.

Test Fire No. 69 was the next fire in the living room series.
The test material was once again 12 by 12 by 3 in. sheets of
polyurethane. For this test, a 24 by 60 in. sheet of polyurethane
was formed on a flat screen approximately 2-ft off the floor.
Fire was started by applying a cigarette lighter flame to the
top right corner of the front sheet. Test was started at
3:00 p.m., Thursday, May 6, 1976.

Weather Conditions - Wind, north, 500-650 fpm, gusting to
900 fpm. Rain. Temperature, 39 F.
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Time After

Ignition, Sec Test Fire No. 69 - Observations
5 3 in. high flames at top part of right-hand
corner.
20 6 in. high flames.
25 Polyurethane starting to melt, flaming
particles dripping to floor.
85 Right, front sheet entirely in flames and
spreading to second sheet.
105 Four sheets are flaming, majority of flaming

on right-hand portion. Flaming particles
still dripping to floor.
120 4-ft high flames. One-half of layer in
flames. Smoke buildup in living room from
5-ft to ceiling, very dense black smoke.

160 Smoke pouring through doorway to family
room at 5-ft level.
180 Entire test layer in flames reaching to

ceiling. Melted pools burning on floor
where flaming particles have dropped.

210 Dense layer of smoke from 3-1/2-ft level to
ceiling.
240 Flaming decreases. Smoke buildup dropping

rapidly to floor 1n living room and
family room.

360 Test terminated. At termination, 6 in. high
flames on portion of screen and small
flaming areas on floor from melted
polyurethane. Visibility at 3-ft level
down to floor still fairly good.

Test Fire No. 70 was again in the living room using
polyurethane sheets in the same arrangement as Test No. 69
except two cotton receiving blankets were placed across the
entire top of the layer and the layer was resting on a cotton
towel and an acrylic type blanket. This test layer was ignited
at the front portion on the top center. Test was started at
4:00 p.m., Thursday, May 6, 1976.

Weather Conditions - Wind, north, 500-650 fpm, gusting to
900 fpm. Rain. Temperature, 39 F.
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Time After

Ignition, Sec Test Fire No. 70 - Observations

15 Flames through cotton blanket on top of poly-
urethane. Sparkling from the acrylic blanket.

60 Front portion of layer is in flames. Maximum
flame height 1-ft. Flaming particles dripping
to floor.

95 Acrylic blanket burned free and one edge dropped
to floor.

135 2-ft high flames at front end of test bed.

1-ft high flames from pool of melted poly-
urethane on floor.

180 Heavy smoke buildup in living room from 5-ft
level to ceiling.
210 5-ft high flames from front portion of test bed.

One-third in flames Dripping and streaming
particles falling to floor.

255 Flames reaching ceiling.

285 Dense smoke buildup from 4-ft to ceiling in
living room and family room. Entire bed
now in flames reaching to ceiling. High
temperatures in living room.

360 Slight flaming at back portion of bed. Flame
height from 6 in. to 1-1/2-ft.
420 Test terminated. Flaming has ceased.

Test Fire No. 71 was once again in the living room. The test
furniture was various widths of polyurethane foam with a nominal
thickness of 4 in. all placed in line on a gypsum board lying on
the floor. The gypsum board was 4 by 6-ft and the layer of
polyurethane covered an area in the center of the board
approximately 5 by 2-ft. The fire was initiated by applying a
cigarette lighter flame to the top-half, right-hand corner of the
polyurethane layer. Test was started at 10:00 a.m., Friday,

May 7, 1976. )

Weather Conditions - Wind, north, 500-600 fpm. Relative
humidity, 81 percent. Temperature, 50 F.
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Time After

Ignition, Sec Test Fire No. 71 - Observations
20 6 in. high flame on right portion of foam layer.
Flame is traveling diagonally across layer.
60 1-ft high flames from right front corner,

covering approximately one-half of layer,
6 in. down the side.

75 Flames spreading across width of layer. Dense
black smoke emitted from flame area.
100 Dense smoke stratifying from 6-ft to ceiling in

living room only. Smoke beginning to flow
into family room via northeast doorway.

120 Approximately one-half of foam layer in flames,
3-ft maximum height.
150 Layer of smoke in living room has stratified

from 4-ft to ceiling. Smoke entering family
room and bedroom areas.

180 75 percent of foam layer in flames. Maximum
flame height, 4-ft.

200 From 4-ft to floor, air relatively clean.

210 Entire foam layer in flames. Maximum flame
height, 5-ft.

255 Flaming starting to decrease. Flame height,
3-ft.

285 Layer extending from 4-ft to floor (previously

clear) beginning to fill with smoke.
Visibility still fair in this area.

300 Maximum flame height 1-ft.

360 Melted polyurethane still burning on gypsum
board with height of 1-ft.

480 Test terminated.

BEDROOM C SERIES

Test Fire No. 72 was the first test in the Bedroom C series.
prior to the start of this test, Detector Board IV which had
been located in that bedroom was relocated to the bottom of the
stairway in the family room. For this test, a cotton innerspring
mattress covered with 5 lb of blankets and other items of clothing
was placed on a metal frame, 1-ft off the floor. A smoldering
fire was initiated by energizing the charcoal igniter at the
start of the test, placing it directly on the mattress for 2 min,
then removing the igniter and covering the char with one of the
blankets. The test was started at 12:00 noon, Friday, May 7.
1976.

Weather Conditions - Wind, north, 600-800 fpm, gusting to
1500 fpm. Relative humidity, 75 percent. Temperature, 50 F.
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Time After
Ignition, Sec

0
48

120
135

330

420

720
840
940

1050

1320

1500

1740
1980
2040

2070

Test Fire No. 72 - Observations

Charcoal igniter energized and placed directly
on left corner of top of mattress.

First smoke noted.

Charcoal igniter removed.

Puff of smoke resulting from smoldering is
moving through bedroom door leading to 1living
room. Slight smoldering visible from edge of
blanket covering char.

Light brown char starting to show through
blanket.

Smoke starting to come from char area on
blanket instead of underneath edges. Slight
smoldering. Brown char on blanket slowly
getting darker.

Char area on blanket becoming black. 6 in.
diameter circle.

Slight to moderate smoke from blanket char
area and underneath edge.

Slight material ripping can be heard from char
area.

Char area 1-ft diameter circle, very black,
with moderate smoldering. Smoke still
drifting in direction of door to living
room.

Most smoke is drifting through doorway into
living room. Once in living room is
stratifying from 6-ft to ceiling in both bays.
It should be noted that south bay is not
filling with smoke before north bay as in
previous tests. This buildup only a light
haze stratifying at 3-ft level in living room.
The route taken by smoke is once again toward
kitchen door, but it is bypassing detector
location in living room.

Smoldering from fringe of 1-ft diameter char
on blanket moves toward center of char,
then upward toward ceiling.

At 2-ft level in bedroom, smoke is irritating to
eyes. '

Char area 1-1/2-ft in diameter and starting to
creep over edge of mattress.

Smoke buildup in living room is uniform
throughout height.

Smoke buildup in family room and up stairway
is uniform.
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Time After

Ignition, Sec Test Fire No. 72 - Observations (Cont'd)

2220 Char area beginning to creep over mattress edge,
extending halfway down edge.

2250 Very little buildup in Bedroom C and adjoining
bathroom. Smoke is very acrid. Moderate
smoldering.

2400 2-ft diameter char area on mattress top. Char

on side of mattress approximately 1 in. from
bottom and 1-ft long. Uniform smoke buildup
in Bedroom C. No apparent stratification.
2550 Char reaching bottom of mattress. Small hole
has opened up on side of mattress revealing
inner sections.

2580 Small slit has opened on top of mattress.

2670 First smoldering from underneath mattress.

2700 Small glowing embers around open hole on
side of mattress.

3180 Smoke rising around both sides of mattress.

Evidently an area underneath mattress, below
the char, is starting to burn.

3600 Moderate to heavy smoldering.

3750 First flames noted. 2-ft high flames from
char area. Small flames around char fringe.

3840 6 in. high flames around char fringe.

4020 Area of original char starting to open up
with 6 in. high flames from interior. 2-ft
high flames from one edge of char fringe.

4200 White billowy smoke rolling over edge of

mattress from underneath. 1-ft high flaming
from center of mattress and along three
sides of edge.

4380 2-ft high flames from front edge of mattress.
Approximately 25 percent of mattress is
charred.

4800 4-ft high flames along edge, near wall,
coming from underneath mattress.

5100 Test terminated. At termination, there were

4-ft high flames from mattress along east
wall of bedroom.

Test Fire No. 73 was located in Bedroom C. A smoldering
mattress fire was initiated with approximately 5 1b of bedding
and clothing on top of a cotton innerspring mattress. Once
again the charcoal igniter was applied directly to the mattress
for 2 min and then the char covered with a blanket. The test
was started at 12:00 noon, Monday, May 10, 1976.
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Weather Conditions - Wind, SSW, 400-500 fpm. Relative

humidity, 42 percent. Temperature, 74 F.

Time After
Ignition, Sec

80
120
160

220

600

660

300
1230

1680

1800

2100

2280

Test Fire No. 73 - Observations

First smoke noted.

Charcoal igniter removed.

First smoke coming through acrylic blanket over
char. Ripping of material can be heard from
char area.

Char noticeable on blanket. Smoke is
drifting toward door leading to 1living room.

Brown, U-shaped char on blanket, slight to
moderate smoldering. Smoke is drifting more
vertically to bedroom ceiling.

Large quantity of smoke drifting into living
room on east wall, underneath beam through
center of room, and out door leading to
family room. This is a slightly different
route than previously taken by smoldering.

A light haze developing in family room,
uniform throughout area. Small quantity of
smoke can be noted, however, in 5-ft light
beam located next to detectors in living
room.

Minimal smoke buildup in Bedroom C. Most
smoke drifting into living room.

Circular char is 10 in. diameter. Slight
to moderate smoldering at fringe areas.

Slight smoke buildup in Bedroom C. 1In living
room, there are two layers of stratification,
one at 3-ft level and one from 5-ft to
ceiling. Light hazy buildup above and
below these layers. No noticeable buildup
in Bedroom A or B.

Slight to moderate smoldering. Char area is
square with 1-ft sides. Slight ripping of
material can be heard from char area.

In Bedroom C, smoke beginning to irritate
eyes and nose at 2-ft level. Char area
15 in. diameter circle. Detector 9
in living room has been chirping
intermittently as result of very slow
buildup. Char creeping over mattress edge.

Slight smoke at right end of mattress from
underneath clothing. Either smoke has
traveled underneath all material on top of
mattress or has traveled through interior
of mattress and is coming out through slits
in mattress. Either way, a distance of
approximately 5~ft has been traveled by smoke.
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Time After
Ignition, Sec

2460
2580

3360

3600
3780
4080

4090

4200

4440

4740

4980
5400
5580

5940

At termination,

smoke 1i

Te
mattres

edge.
mattres

n all areas.

Test Fire No. 73 - Observations (Cont'd)

Detector 9 is chirping once every 5 sec.

Char halfway down side of mattress, slowly
melting blanket away. Moderate smoldering.
Char area expanding by melting process.

Char area on blanket is 2-ft, semicircle,
has reached bottom of mattress edge.
Moderate to heavy smoldering.

Smoke dense in Bedroom C. Small flying ashes
above char.

side of mattress has opened revealing mattress
interior.

small gas explosion from char area producing
1-ft high flames from mattress hole.

2-ft high flames on mattress top. Smoldering
along side of mattress increasing. Most
flaming from inside mattress.

Char area 2-ft diameter. 1-ft high flames

from hole in center of char. 2 in. high
flames along fringe of char.
Small flames on north edge of mattress. 3 in.

high flames along east edge of char. 1-ft
high flames from large opening at middle of
char.

White billowy smoke issuing from mattress
side. The north corner of mattress has
1-ft high flames. Also, 1-ft high flames
from center of char.

Flames gradually growing in intensity.

Approximately 25 percent of mattress in flames.

2 to 3-ft high flames from opening in main
char area. 6 in. high flames moving along
south part of char toward south window of
room.

Test terminated.

the first floor was saturated with heavy
Buildup was fairly heavy on the second level.

st No. 74, in Bedroom C, involved a cotton innerspring
s with various items of clothing on top, along with a
wastebasket of assorted paper placed on the floor near the mattress

To start the

test, a newspaper section was placed on the

s edge and draped 6 in. over the wastebasket. The paper
in the wastebasket was then ignited with a cigarette lighter. Test
was started 5:00 p.m., Monday, May 10, 1976.
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Weather Conditions - Wind, south, 200-300 fpm. Relative
humidity, 39 percent. Temperature, 75 F.

Time After

Ignition, Sec Test Fire No. 74 - Observations

17 Paper draped over wastebasket gives off white
puff of smoke and 1-ft high flames.

40 2-ft high flames from newspaper section. Very
little flaming from wastebasket.

60 Flying ashes in bedroom. 1-ft high flames from
newspaper section. Same from wastebasket.

75 Flaming visible on side of mattress and along
top edge.

240 Most flaming on mattress has subsided. 6 in.

high flames from wastebasket. Small flaming
at bottom of side of mattress.

375 The wastebasket is moved closer to edge of
mattress so that flaming is directly
underneath mattress edge.

405 6 in. high flames from top edge of mattress
as a result of moving wastebasket. The
length of flaming 1-1/2-ft across edge.

480 Heavy, white billowy smoke from char area.
6 in. high flames on edge of mattress.
1-ft high flames from wastebasket.

540 Fire spreading down edge of mattress with
4-ft length of flaming and smoldering.
660 Flaming along entire side of mattress. Flame

height approximately 3 to 6 in. Most of
flaming in area of char.

810 2-ft high flames from area of original char.

840 Heavy smoldering from southwest corner of
mattress.

855 6 in. high flames on north edge of mattress,
burning along mattress edge.

1020 Heavy smoldering from west edge of mattress.
Flames around fringe of original char,
2-ft high.

1260 2-ft high flames along west edge of mattress.

1350 4-ft high flames on southwest corner of
mattress.

1500 Approximately 50 percent of mattress is
charred.

1589 Test terminated.
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At test termination, the first floor was laden with dense
smoke. The second level puildup was passable. Buildup was
slightly heavier on the west side of the second level than on
the east.

BEDROOM Y SERIES

Test No. 75 was the first fire in the Bedroom Y Series on
the second floor. Prior to the start of this test, all instru-
mentation from the first level was relocated at various positions
on the second level.

In Bedroom Y there was a 5-ft light beam on the ceiling
with a thermocouple array alongside. Gas sampling tubes were
jocated on the south wall and the ceiling. In Hallway J, there
were 5-ft light beams on the ceiling and at the 5-ft level near
the detector board. A gas sampling tube was located at the
5-ft level in that hall. 1In Bedroom Z, there was a 5-ft light
peam at the 5-ft level with a gas sampling tube located in the
center of the beam. No instrumentation in Den S. In the Game
Room G, 5-ft light beams were located on the ceiling near the
detector board and at the 5-ft level. Gas sampling tubes were
located at the 5-ft level and the ceiling, near the center of
both beams. Thermocouple arrays were located at the detector
board locations in Hallway J and the game room. Detector
Board III, Detectors 6, 7, 8, 9, 10, 22, and 31, was relocated on
the ceiling of Den D. 1In Hallway H, Detector Board IV was relocated
on the ceiling, with Detectors 11-15, 23, and 32. Light beams
were located at the ceiling and at the 5-ft level in that hall.
Gas sampling tubes were located in the center of both those
beams.

Test No. 75 was a mattress fire located in Bedroom Y. A
smoldering ignition was initiated by energizing a charcoal
igniter at 0 secC, placing it directly on the mattress, removing
the igniter, and then covering the resulting char with an
article of clothing. The articles of clothing on the mattress
included two shirts, one sweater, one slip, a pair of pajamas,
and a bathrobe.

The test was started at 10:00 a.m., Tuesday, May 11, 1976.

Weather Conditions - Wind, north, 800-950 fpm. Relative
humidity, 65 percent. Temperature, 53 F.
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Time After
Ignition, Sec

75
120

140
300

720

840
1440

1800

1920
2520

3000
3300
3420

3660

3840
4200
4260
4440

Test Fire No. 75 - Observations

First smoke noted.

Charcoal igniter removed and shirt placed over
char.

Brown char showing through shirt. Slight
smoldering.

U-shaped char on shirt. Slight smoke slowly
drifting to ceiling, no general direction.

Funnel-shaped column of smoke at one end of
char. No apparent stratification. All
smoke seems to be rising to ceiling in
Bedroom Y and Hallway J.

Char is 6 in. circle.

Moderate smoke buildup in Bedroom Y. Smoke
beginning to enter game room. No smoke buildup
visible in west portion of second level.
Swirling effect above char area very
prevalent for this test. Reason unknown.
Smoke buildup in Hallway J irritating to
eyes and nose at all heights. No apparent
stratification.

Char area 1-ft in diameter, moderate
smoldering. Smoke buildup in Bedroom Y
uniform throughout room and irritating to
eyes and nose. Smoke still entering into game
room, light haze developing around door. No
buildup noticeable in west half of second
level.

Char has reached edge of mattress.

Moderate smoldering from 2-ft diameter
circular char. Char extended halfway down
edge of mattress.

Fairly heavy smoke buildup in Bedroom Y.

Smoke beginning to enter Hallway H and Den D. .
No smoke in downstairs area.

Char area taking shape of 2-ft square on
mattress.

Light haze developing uniformly in west half
of second level. No stratification anywhere
on second level. No smoke buildup whatsoever
on first floor.

Heavy smoldering.

Visibility poor in Bedroom Y.

Opening has appeared in middle of original char.

Glowing embers in open char area.
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Time After
Ignition, Sec Test Fire No. 75 - Observations (Cont'd)

4980 Char area approximately 2 by 3-ft rectangle.
Large gaping hole in center extending through
side of mattress. Heavy smoldering.

5400 Visibility very poor at a distance of 10-ft
in Bedroom Y.
5405 First flames noted, approximately 1-ft in

height. Flames spreading rapidly around
fringe areas of char.

5580 Approximately 75 percent of mattress in flames
or charred. Flame height does not exceed
1-ft.

5760 Most flaming has ceased. 1 to 2 in. high

flames in isolated spots around char.
Heavy smoldering.

5940 Flames starting to increase slightly. Three
separate flame locations at least 2-ft from
each other.

6000 1-ft high flames from west edge of mattress.

6686 Test terminated.

Upon entering the residence after termination, there was no
visible smoke buildup on the first level. On the second level,
the east portion, including Hallway J, was saturated with dense
smoke. Buildup in Hallway H was very dense, but passable at
low levels near the floor.

Test No. 76 was once again in Bedroom Y on the second level.
A flaming mattress fire was initiated by placing a wastebasket
of assorted trash near the edge of the mattress, placing a
newspaper section on the mattress edge hanging over the top of
the wastebasket, and lighting a match and dropping it in the
wastebasket. The articles of clothing included two sweaters,
a pair of trousers, a dress, and two sets of pajamas. The
assorted trash included newspaper, napkins, and an egg carton.
Prior to the start of the test Detectors 4 and 19 in Hallway J
and at the top of the stairs respectively, were false alarming
intermittently approximately once every 30 sec. Test was
started at 4:00 p.m., Tuesday, May 11, 1976.

Weather Conditions - Wind, north, 400-550 fpm, gusting to
1100 fpm. Relative humidity, 64 percent. Temperature, 51 F.
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Time After
Ignition, Sec

30
45
60
90

165

300

360
420
435

480
540

600

690

720
780

910

Test Fire No. 76 - Observations

1-ft high flames from trash can and newspaper
section.

One-half of newspaper section in flames.

Edge of mattress flaming.

Newspaper section entirely in flames. 1-ft
high flames from trash can.

All detectors in Hallway J alarmed at this
point. Flaming confined to rectangular
area on mattress approximately 1-1/2 by
2-ft, and also on side of mattress. 6 in.
high flames from wastebasket. Smoke
buildup in Bedroom Y from 4-ft level to
ceiling is fair. Layer is slowly dropping
to floor.

Buildup in Bedroom Y and Hallway J from 4-ft
to ceiling. Not very heavy. Flames
spreading toward all areas of mattress with
maximum height of 1-ft, 1-ft high flames
from the wastebasket.

Smoke irritating to eyes and nose at 3-ft
level in Hallway J.

Window at east end of game room discovered
open, was closed.

1-ft high flames along center of mattress.
Heavy white billowy smoke visible from
edge. Flame height, maximum of 2-ft.

Flames visible from wastebasket,

Maximum flame height 2-ft at western portion
of mattress. 1-ft high flames in center
portion of mattress. 6 in. high flames at
eastern edge.

2-ft high flames on south side of mattress.
Heavy white billowy smoke on north edge of
mattress in area where flame originated.
Visibility poor in bedroom.

Most flaming confined to south edge of
mattress with maximum flame height of 2-ft.
Small flames still visible from wastebasket.

Heavy smoldering.

2-ft high flames from south edge of mattress.
This is the only visible flaming.

Test terminated.
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APPENDIX D

ESCAPE CRITERIA






In order to judge adequacy of the warning provided by
various detectors used in this study, measurements were made
of temperatures, carbon monoxide concentrations, and light
Obscuration at 5 ft above the floor in bedrooms and along
routes of escape to ground level doors. Critical values
adopted as the limits beyond which escape would not be possible
were optical density of 0.07 per ft, temperature of 150 F, or
a time-averaged concentration of CO of 0.04 percent over a 1 hr
period. The basis for these choices are given in the following
paragraphs.

CRITICAL SMOKE LEVEL:

Presently, there does not appear to be any completely
satisfactory way to specify the tenability limits in terms of
optical properties of smoke. The situation would be complicated
enough if only light transmission through smoke were important,
but the effects of respiratory and eye irritation on behavior
and visual accuity are also involved.

Table 1 shows some frequently-cited values of critical
smoke level from the literature. Obviously, a wide range of
smoke densities is represented there. Among References 1, 4,

6, and 7, at least a rough consensus can be found for a critical
optical density of 0.07 per ft over a viewing distance of about
15 ft, when only light obscuration is involved.

References 3 and 5 cite critical smoke densities which are
said to take account of eye irritation. The optical density of
0.002 per ft derived from Reference 3 is probably unreasonably
low because it represents the unset of apprehension rather than
the limit of endurance of the observers. The optical density of
0.07 per ft derived from Reference 5 is said to be based on the
results of the Los Angeles School Burns No. 2 (8). Nowhere in
those results is a critical value of 20 percent light transmission
over a 10 ft path length to be found. As a matter of fact,
Reference 8 mentions only that 80 percent obscuration is the
critical value for tenability, but identifies neither the location
nor the length of the light path. From the information given in
Reference 8 and its predecessor study (9), it is possible to
surmise that the light beam subject to 80 percent obscuration
might have been as short as 11 ft or as long as 60 ft. It appears
most probable that the light beam involved a double traverse
of a corridor 10-15 ft wide, or a path length of 20-30 ft.
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The critical optical density for that case would be 0.023 to
0.035 per £t. On this basis, it appears more reasonable to
assign a critical optical density of about 0.03 per ft to the
results of the Los Angeles School Burns. Rasbash (10)
reassessed his earlier work and later work by Jin (11, 12,

13) and concluded that his original correlation (1) represents
a useful worst condition which includes in an approximate way
the effects of eye irritation. From a study of behavior of
people in fires by Wwood (14), he also judged that a minimum
visibility for escape from fire is about 30 ft, and that this
corresponds to an optical density of 0.08 per meter or 0.025 per ft.
Thus, the best estimates now possible suggest limits of 0.03 to
0.07 per ft for the critical optical density.

For the dwelling fire situation, escape routes are not
usually long and are familiar to occupants. Thus, it appears
reasonable to adopt a critical smoke level of 0.07 per ft
along escape routes.
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Table 1 - Frequently-Cited Critical Smoke Levels

Minimum
Light Viewing Optical
Transmission Distance Density
Source (Percent) (Foot) Per Foot Criterior Applied
Rasbash (1) 10 10 0.10 (Empirical correlation*
10.5 15 0.065 of visibility of
12.6 20 0.045 illuminated objects)
Kingman, et al (2) 5 2 0.65 Visibility of sign
held 4 ft away and
illuminated by hand-
held lamp in smoke-
filled room
Shern (3) 80 0.002 Apprehension in
observers without
OBA in smoke-filled
room
Shern (3) 60 0.0044 Judgement of
observers with OBA
in smoke-filled room
Gross, et al (4) le6 10 0.079 Assumed value
Los Angeles Fire 20 10 0.070 Visibility and eye
Department (5) irritation of
observers in smoke-
filled corridor
Bono and Breed (6) 10 11.3 0.088 Visibility of
illuminated exit
signs photographed
from outside smoke-
filled room
Malhotra (7) 11 14.8 0.064 Visibility of

illuminated signs
observed from
outside smoke-
filled room

*Correlation: V = 1.40/D -767

where D is optical density per meter
V is distance of vision in meters
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CRITICAL CARBON MONOXIDE CONCENTRATIONS:

The toxicology of carbon monoxide is probably better under-
stood and more fully reported than that of other constituents of
fire gases, nevertheless there are areas of considerable
disagreement concerning its effects. This is true particularly
for long term exposure to low concentrations of carbon monoxide.
Table 1 shows the physiological effects of carbon monoxide as
reported by various sources. A reasonable 1 hr limit of
0.04 percent may be inferred from these data.

Since all of the data in Table 1 are for situations wherein
carbon monoxide concentration does not vary with time, it is
reasonable to expect that the minimum concentration allowable
in a fire situation will be greater than 0.04 percent. This is
because the carbon monoxide concentration will be near zero at
the start of the fire, and will increase with time as fire gases
permeate the space. If the carbon monoxide concentration
increases linearly with time, the maximum concentration attained
will be twice the average concentration.

The treatment due to Minchin (23) suggests that the average
carbon monoxide concentration, rather than the maximum, is the
appropriate indicator of physiological response. Thus, it
appears that a logical 1 hr limit for a fire situation in which
carbon monoxide increases linearly with time would be one having
a maximum average carbon monoxide concentration of 0.04 percent.

The data indicate that carbon monoxide concentration does
in fact increase almost linearly with time during the time
periods of interest, and a time-average concentration of
0.04 percent has been chosen as the critical level.
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TABLE 1

ALLOWABLE CARBON MONOXIDE LEVELS FROM VARIOUS SOURCES

Carbon
Monoxide Physiological
Reference Percent ExXposure Effect
Bowes and
Field (15) 0.1 1 hr Unstated
Pryor, et all 0.04 4 hr Lethal
(l6) 0.04 2 hr Collapse
0.04 1l hr Headache
0.03 3 hr Collapse
0.03 1.5 hr Headache
0.02 4-5 hr Collapse
0.02 2~3 hr Headache
Yuill (17) 1.5 5 sec Lethal
0.3 5 min Lethal
0.15 30 min Lethal
0.045 2 hr Lethal
Gross, et al (18) 0.005 8 hr None
(Based on 1.0 2-5 min Lethal
References 19,
20, and 21)
Autian (22) 0.01 8 hr None
Minchin (23) 0.1 45 min Collapse
0.05 90 min Collapse
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CRITICAL TEMPERATURE:

The maximum temperatures to which humans may be exposed
are not well defined, and thus are subject to considerable
controversy. Yuill's (17) data showing a 4 hr limit of 130 F
indicates that the appropriate temperature limit for escape
from a dwelling must be somewhat higher. The value of 150 F
was adopted as the criteria of untenability in Reference 9,
and this appears to be the minimum which could be considered
applicable to the present experiments.
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APPENDIX E

SENSORY IRRITATION






The escape criteria discussed in Appendix D consider:

e visual obscuration
® excessive temperatures
® excessive CO concentration

A strong argument can be made that these are incomplete in that
irritating particles or gases may interfere with the ability of

the resident to function properlyin attempting to flee his burning
home. Irritation to the eyes reducing vision can be postulated

as implicit in the 0.07 OD/ft selected as critical. However, irri-
tation of the upper respiratory tract causing sneezing, coughing
and choking is not specifically covered by any one of the stated
escape criteria and cannot be related to some simple combination
of their effects.

A simple experiment for assessing sensory irritation has
been developed by Alarie (1,2). 1In it, the respiration rates of
mice exposed to fire gases are used to predict the level of re-
sponse of humans to the same exposure. Essentially, the concen-
tration of gases causing a 50 percent reduction in mouse breathing
rate (RD5) is determined and used to "quantitatively speculate"
on the effects on humans as shown in Table I.

Table I Effects of Fire Gases on Mice and Men
According to Alarie (1,2)

Results for Mice Probable Human Response
Concentration = RD50 Intolerable, rapidly in-
capacitating
Concentration = 1/10 RD50 Slightly irritating, burn-

ing sensation of eyes-
nose-throat

1/100 RD50 Tolerable, slight or no
irritating sensation

Concentration

. The experimental procedure is to restrain the mice in simple
cylinders with a seal/collar at the neck and a pressure transducer
at the rear. This whole body plethysmograph successfully re-
strains the mouse with his head exposed to all fire gases reach-
ing his position. Respiration rate is thus measured without
attaching instrumentation directly to the mouse. This is accom-
plished by monitoring the residual volume (or pressure) of the
containment cylinder.

To examine Alarie's concept for field use, IITRI (H. Wakeley)
undertook a small independent effort to place mice in two of the
detector/fire experiments of this series (W-65 and W-66). For
each experiment, one mouse was placed at the 5 ft high light beam
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in the first floor family room and one mouse was placed at the

5 ft high light beam in the second floor game room. Fig. 1

shows a typical installation of a mouse in the cylindrical holder.
Fig. 2 is an example of the record for both mice prior to one of
the tests. The control respiration rate (no irritants) varies
from about 3 to 4/second for each mouse and is determined prior

to the fire; but, after the mouse has been in place for sufficient
time to relax to a relatively steady level.

Both fires to which mice were exposed were initiated in the
Wabash Ave. Living Room. W-65 was a smouldering ignition of the
cotton padded back of a chair with urethane foam seat cushion.

W-66 was flaming ignition of a chair fully padded with urethane foam.

Respiration rates and fire smoke and gas data are shown in
Figs. 3,4,5 and 6.

The mean respiration rate for each subject obtained prior
to the test is shown as a dotted line across each figure bounded
by lines representing a range of plus or minus three standard
deviations from the mean respiration rate. The area enclosed rep-
resents the bound for a 99 percent confidence in difference from
control values. It should be noted that most statistics should
not be applied to the test described because successive measures
on a single subject are involved.

During the first series of tests (W65) the record was followed
visually as the fire progressed. When it appeared that respiration
rate of the downstairs mouse had been depressed significantly the
mouse was removed to determine whether recovery was immediate or
delayed. Recovery to above control rates was immediate. The high
respiration rate during recovery may be attributable to a number
of factors including exposure to the toxic gases and the alarm
reaction elicited by first time exposure. It is interesting that
after the subject was replaced in the test environment, respiration
rate did not drop to the previous observed levels although it did
remain at the lower 99 percent level of the control rate until the
room was finally cleared of smoke when the response rate increase
momentarily. It is wise not to over-interpret the results of a
single test.

Examining the results of the remaining three tests it appears
that respiration rate invariably decreases as light transmittance
decreases. Inspecting the results of test W66 for the downstairs
mouse, the marked increase in respiration following increase in CO»
level resembles the pattern ohserved in test W65 downstairs. It is
possible that increased CO2 concentrations tend to stimulate res-
piration in spite of the attenuation attributable to irritants and
other gases. This effect if it is in fact present, could be
attributable to the stimulation of baroreceptors specifically sen-
sitive to COZ‘
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APPENDIX F
FLOOR PLANS OF TEST BUILDING
SHOWING DETECTOR, FIRE, AND
INSTRUMENT LOCATIONS
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APPENDIX G
FLOOR PLANS OF TEST BUILDING
SHOWING DETECTOR, FIRE, AND
INSTRUMENT LOCATIONS
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ESCAPE POTENTIAL CURVES
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APPENDIX J

TIME HISTORIES OF SMOKE, TEMPERATURE,
AND GAS CONCENTRATIONS
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