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This report was prepared by the Task Group on Smoke Detection Follow-up, a task group
of the NFPA 72 Technical Committee on Single- and Multiple-Station Alarms and
Household Fire Alarm System (TC). The report is a follow-up to the February 22, 2008
Task Group Report i Minimum Performance Requirements for Smoke Alarm Detection
Technology, prepared by the Task Group on Smoke Detection Technology.

Important Note about this Report: This report presents the findings of the Task Group
on Smoke Detection Follow-up, which was formed to follow-up on evaluations of an early
task group on the effectiveness of ionization and photoelectric smoke alarms. This report
is advisory only. The information and findings provided in this report do not necessarily
reflect the official position of the Technical Committee on Single- and Multiple-Station
Alarms and Household Fire Alarm Systems. The findings of this report do not
automatically become adopted as a part of NFPA 72, the National Fire Alarm Code.
Changes to NFPA 72 only occur as a result of being processed under NFPA Regulations
Governing Committee Projects. The processing of revisions for the 2010 edition of NFPA
72 has been running concurrent with the development of this report and will continue in
accordance with NFPA regulations under the following schedule:

e Technical Committee Report on Proposals Meetings i January 14-18, 2008
Technical Correlating Committee Report on Proposals Meeting 7 April 22-25,
2008

Report on Proposals Posted i June 20, 2008

Comment Closing T August 29, 2008

Technical Committee Report on Comments Meetings i October 20-24, 2008
Technical Correlating Committee Report on Comments Meeting 1 January 6-8,
2009

Report on Comments Posted i February 24, 2009

Intent to Make Motion Closing Date i April 3, 2009

NFPA Association Meeting i June 7-11, 2009

Standard Council Issuance i August 6, 2009
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TASK GROUP REPORT
Follow-on Study i Minimum Performance Requirements for Smoke Alarm Detection Technology

1. INTRODUCTION

This report was prepared by the Task Group on Smoke Detection Follow-up, a task group
of the NFPA 72 Technical Committee on Single- and Multiple-Station Smoke Alarms and
Household Fire Alarm Systems. The task group efforts as a whole were lead by L.J.
Dallaire of Code Consultants, Incorporated. These efforts follow from the work of an
earlier task group, the Task Group on Smoke Detection Technology, documented in Task
Group Report, Minimum Performance Requirements for Smoke Alarm Detection
Technology, dated February 22, 2008. Several areas for continued work were identified in
the earlier report and these areas were investigated further and the findings reported
herein.

The Task Group on Smoke Detection Follow-up involved two sub-task groups: Task
Group 1- Smoke Alarm Installation Strategy; and Task Group 2 i Performance Follow-up.

The NFPA Staff for these task groups was Lee Richardson (Staff Liaison for NFPA 72).

REPORT ON TASK GROUP 1 - Smoke Alarm Installation Strategy

Task Group 1-Smoke Alarm Installation Strategy was chaired by Tom Cleary i US
National Institute of Standards & Technology and included the following additional
members:

Melissa Chernovsky i Exponent, Inc

Dave Christian 1 Gentex Corporation

Wendy Gifford 1 United Technologies Corporation

Anna Kryagin i Port Authority of New York & New Jersey
Arthur Lee I US Consumer Product Safety Commission
Steve Orlowski T National Association of Home Builders
Paul Patty i Underwriters Laboratories Inc.

Jason Sutula i Combustion Science & Engineering, Inc.

Task Group 17 The Smoke Alarm Installation Strategy group was assigned to address
two basic areas: 1) Review of performance of combination smoke alarms (those that use
both ionization and photoelectric detection technology) as compared to performance of
individual smoke alarms (those that use only a single technology); and 2) Development of
installation criteria to minimize nuisance alarm activations.

The work of Task Group 1 involved two sub-task groups: Task A1 Combination Smoke
Alarm Performance; and Task B i Nuisance Alarm Installation Criteria.
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Task AT Combination Smoke Alarm Performance

Task A was derived from Recommendation 4 in the original Task Group Report, Minimum
Performance Requirements for Smoke Alarm Detection Technology, dated February 22,
2008:

fin current practice manufacturers can set alarm sensitivities in  dual

photoelectric/ionization alarms less sensitive than in individual sensor alarms with the
intent to reduce nuisance alarms while passing the UL 217 performance requirements.
Ideally the response of dual ionization/photoelectric units should not lag significantly
behind the collective response of individual units, especially to flaming fires. Further
evaluation of the dual ionization/photoelectric smoke alarms should be conducted to
establish the set point characteristics that allow for effective alarm response
comparable to individual units, while recognizing that set point changes may also be
beneficial in the reduction of false alarms.o

The task group reviewed dual alarm response as compared to individual photoelectric or

ionization alarms, or a combination of both alarms located side-by-side in fire tests. The

review focused on the work done by NIST subsequently documented in a paper presented

at the 2009 Fire Protection Research Foundationébs
Symposium, fPerformance of Dual Photoelectric/lonization Smoke Alarms in Full-Scale

Fi r e Thepg/iresnist.gdv/bfripubs/fire09/PDF/f09006.pdf). This work evaluated the

relative performance of individual ion and photo alarms to combination alarms. The

evaluation primarily used information from NIST TN 1455

(http://smokealarm.nist.gov/pdf files/NIST_TN_1455-1 Feb2008.pdf) and from the NRC

Kemano Smoke Alarm Study (http://irc.nrc-cnrc.gc.ca/pubs/rr/rr108/rr108.pdf).

The task group also considered the set point characteristics of off-the-shelf dual and
individual photoelectric and ionization alarms. Alarm times are dominated by the set point
characteristics of the individual sensors. Secondary effects like low-velocity smoke entry

|l ag, particle | osses, el ectronics, or sensor ori ent
response to a lesser extent compared to the set point for equivalent smoke exposures.
Rat her than undertaking an effort to establish set

approach instead was to review measurements of current smoke alarm production
sensitivities, compare them to the values assumed in the NIST Home Smoke Alarm report
(NIST TN 1455), and draw conclusions about expected fire performance of dual units
compared in individual photoelectric or ionization, or a combination of both.

Furthermore, the task group considered additional full-scale smoke alarm research
conducted by NIST (http://fire.nist.gov/bfripubs/fire09/PDF/f09007.pdf) to draw conclusions
about performance of current off-the-shelf dual alarms compared to photoelectric or
ionization alarms in detecting smoldering and flaming fires.

It is stressed that the task group work on TASK A did not consider the nuisance alarm
performance of dual alarms, thus observations and conclusions pertain only to smoke
detection. However, it recognized that the overall performance of any alarm including dual
alarms depends on effective fire detection and nuisance alarm performance (a function of
sensitivity and alarm location).

The fires in the NRC Canada Kemano Smoke Alarm study all started out as smoldering
sources. Most transitioned to flaming at some time during each test. Comparing co-
located alarms from all tests, the results for average alarm time showed that dual alarms
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responded 616 s faster on average than the ionization alarms, and 72 s faster on average
than the photoelectric alarms. Alarm sensitivities were not measured prior to testing, thus
there is no information on relative sensitivity between ionization, photoelectric or dual
alarms. However, the analysis concluded that the dual photoelectric sensor and the
photoelectric alarm had nominally the same alarm sensitivity settings, and the ionization
sensor in the dual alarm was more sensitive than the ionization alarm sensor, so some of
the benefit the dual alarm used in the NRC study can be attributed to a more sensitive
ionization sensor, than the sensor in the stand-alone ionization alarm. Therefore, the
assumption made by the Task Group on Smoke Detection Technology (who issued the
Task Group Report, Minimum Performance Requirements for Smoke Alarm Detection
Technology, dated February 22, 2008) of less sensitive sensors in dual alarms does not
appear be the case universally.

The fires in the NIST study included initially flaming fire, initially smoldering fire, and a
kitchen fire. In the analysis of the NIST data, alarm times from co-located sensors were
averaged for both photoelectric and ionization sensors at specified sensitivities. It was
possible to have two photoelectric sensors and three ionization sensors co-located from
one photoelectric alarm, two ionization alarms, and one dual alarm. Thus at each location,
representative photoelectric, ionization, and dual alarm times were computed. The
representative alarm times at the middle sensitivity setting were the same used in the
analysis performed by Task Group 2 below. The photoelectric sensor sensitivity was fixed
at the middle sensitivity setting for both the photoelectric and dual alarms. This sensitivity
setting was found to be consistent with measured sensitivities of off-the-shelf photoelectric
alarms used in the NIST study. All three ionization alarm sensitivities were considered for
the ionization and dual alarms to provide results for a range of ionization sensor sensitivity
settings.

The anal ysi s f o uaonidation dlaant waé tiiéHiestrio respgoed, the dual alarm
configurations (from high to low sensor sensitivities) alarmed 89 s, 67 s, and 47 s, faster

on average than the photoelectric alarm. When the photoelectric alarm was the first to

respond, the dual alarm configurations (from high to low sensor sensitivities) responded

535 s, 523 s, and 518 s faster on average than the ionization alarm at the middle
sensitivity setting.o And fAOver the sensitivity ral
alarms exhibited almost no average decrease in alarm time compared to photoelectric

alarms during initially smoldering fire scenarios, irrespective of the ionization sensor

sensitivity (4 s to 3 s from high to low sensitivity settings). Dual alarms exhibited a

pronounced average decrease in alarm times compared to photoelectric alarms for initially

flaming fire scenarios (38 s to 29 s from high to low sensitivity settings). For the kitchen

fires, the average decrease in alarm time was a strong function of ionization sensor

sensitivity (197 s to 18 s from high to low sensitivity settings). For the fires with the

bedroom door closed, dual alarms exhibited a sustained average decrease in alarm time

compared to photoelectric alarms (103 s to 94 s from high to low sensitivity s et ti ngs) . 0O
Thus there generally is a reduction in alarm time as the ionization sensor set point

sensitivity is increased.

Tests conducted in the NIST fire emulator/detector evaluator showed that the ionization
sensors in off-the-shelf ionization alarms and dual alarms span a range of sensitivity
settings as compared to a reference measuring ionization chamber. The prescribed
ionization sensor sensitivities in the NIST study were close to or lower than the measured
ionization sensor sensitivities of three off-the-shelf dual sensor alarms and four ionization
alarms. Therefore, an off-the-shelf dual alarm comparable to the three units examined
would not be expected to alarm later than the computed responses of the NIST dual alarm
configurations for flaming fires.

NIST conducted an additional set of full-scale smoke alarm experiments using chair
mockups. Four flaming fire configurations and four smoldering fire configurations were
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tested. Each configuration was repeated twice for a total of 24 full-scale fire tests. Off-
the-shelf photoelectric, ionization, and dual alarms were co-located at different locations in
order to compare alarm times from these technologies. Results for the alarm time of a set
of co-located alarms located nearest to the fire source (in or next to the room of fire origin)
were tabulated in the Report (http:/ffire.nist.gov/bfripubs/fire09/PDF/f09007.pdf).

An assessment of the relative sensitivity of the dual alarm sensors compared to
counterpart photoelectric and ionization alarm sensors for the set of alarms tested was
made using the measured alarm times listed in the appendix. The table below shows the
number of times a dual alarm responded before the photoelectric or ionization alarm for
smoldering or flaming fires.

Table 1.1 Alarm Time Comparison

Alarm Time Smoldering Fires Flaming Fires

Comparison (out of 12) (out of 11)
D2 <| 11 6
D2<P 11 10
Di<| 7 2
D1<P 5 10

D2 responded before the photoelectric alarm in 11 of 12 smoldering fires and responded
before the ionization alarm in 6 of 11 flaming fires. These observations imply that D2
responded as if it had a more sensitive photoelectric sensor set point than the
photoelectric alarm sensor, and as if it had an ionization sensor set point comparable to
the ionization alarm. D1 responded before the photoelectric alarm in 5 of 12 smoldering
fires and responded before the ionization alarm in 2 of 11 flaming fires. These
observations imply that D1 responded as if it had a photoelectric sensor set point
comparable to the photoelectric alarm, and as if it had an ionization sensor set point less
sensitive than the ionization alarm.

From the research reviewed, the following conclusions were drawn:

1. The assumption that sensors in dual alarms are always less sensitive than those
found in individual photoelectric or ionization alarms is false.

2. Typically, dual alarms respond before ionization alarms in smoldering fires and
before photoelectric alarms in flaming fires.

3. The measured sensitivity settings of ionization sensors in off-the-shelf dual alarms
were more sensitive than the low and middle ionization alarm sensitivities
specified in the NIST Home Smoke Alarm report. Therefore, an off-the-shelf dual
alarm comparable to the three units examined would not be expected to alarm
later than the computed responses of the NIST dual alarm configurations for
flaming fires.

4. A set of co-located photoelectric and ionization alarms may or may not respond
before a given dual alarm to any particular fire.

Generally, a dual alarm provides flexibility over a single sensor photoelectric or ionization
alarm in the sense that both individual
listing requirements. Therefore, the set points can be fixed for each sensor to contribute in
response, either wholly or partially, to at least one of the Fire Tests, or the Smoldering
Smoke Test. The end result is that the alarm responds to all of the Fire and Smoldering
Tests within the limits published in the UL Standard.

sensor 6s s¢

The optimum set point for each sensor (assuming {or} logic only) depends on the overall
objective such as high sensitivity to non-specific fires or good nuisance alarm rejection. It
is also possible that for a dual alarm if both sensor set points are set on the lower side of
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their sensitivities, then either a photoelectric or ionization alarm with a typical sensitivity
would alarm before the dual alarm.

Task BT Nuisance Alarm Installation Criteria

Task B was derived from Recommendation 5 in the original Task Group Report, Minimum
Performance Requirements for Smoke Alarm Detection Technology, dated February 22,
2008:

firhe TC HOU should develop guidance or provisions to further address the nuisance
alarm issues attributable to the installation of smoke alarms near a cooking appliance.

e Restrict the use of ionization type detector smoke alarms or detectors within 25
feet (horizontally) of a cooking appliance, unless listed for this application.

e Restrict the use of any smoke alarm to a clear minimum distance from cooking
appliances. Further investigation will be needed to establish this minimum
distance.

The TC HOU should develop ANNEX material to further address the nuisance alarm

issues attributable to the installation of smoke alarm near bathrooms.

e Include information in the Annex that the frequency of nuisance alarms from
bathroom steam can be reduced if the smoke alarm is located more than 3 feet
from the bathroom door. Locating the smoke alarm more than 10 feet from the
bathroom door most likely will not provide any additional benefits in reducing
nuisance alarms from bathroom steam.o

The Task Group considered Recommendation 5 along with the committee statement on
Proposal 72 566a and undertook a further review of available nuisance alarm data and
evaluations related to smoke alarm hush feature effectiveness, and minimum spacing
between smoke alarms and cooking appliances. The goal was to determine a specific
minimum distance (requirement/recommendation) for ionization detection and a specific
minimum distance (requirement/recommendation) for photoelectric detection and whether
the hush feature should continue to play a role in the minimum distance.

The original Task Group Report, Minimum Performance Requirements for Smoke Alarm
Detection Technology, dated February 22, 2008, included an extensive summary of
nuisance response characteristics. This summary included reviews of several studies.
The task group considered this summary and reviewed the information from additional
sources including the following:

e Proprietary work done by UL for NEMA in 1996

e UL Smoke Characterization Project Final Report (2007)

e NIST TN 1455-1 (2007) Performance of Home Smoke Alarms; Section 6,
Residential Smoke Alarm Nuisance Source Testing

e Randomized Controlled Trial of lonization and Photoelectric Smoke Alarm
Functionality (Washington State study) [Injury Prevention 2008;000:171 8.
doi:10.1136/ip.2007.016725]

e CPSC Preliminary Data on Cooking Nuisance Alarms (2008)

The fANui sance Response Char akgdrogprepsrt updatedto f r o m

include the Washington State study, is provided in Appendix D.

Based on these reviews, the consensus of the task group was that the Code should be
updated to restrict the placement of smoke alarms directly over or near cooking
appliances since either type of smoke alarm (ionization or photoelectric) is susceptible to
nuisance alarms from cooking activities when they are placed too close. It was also
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evident from these reviews that there was no new significant evidence regarding the
effectiveness or ineffectiveness of the fAhushodo f eat

Proposed revisions to the Code were developed and submitted as Comment 72-449
documented in the NFPA 2009 Annual Revision Cycle Report on Comments (ROC). A
detailed discussion of the rationale used for the development of Code revisions is included
in the Substantiation shown on page 72-251 of the ROC. Excerpts of the ROC containing
the complete text of Comment 72-449 are provided in Appendix D.
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2. REPORT ON TASK GROUP 2 - Performance Follow-up

Task Group 2 - Performance Follow-up was chaired by L.J. Dallaire i1 Code Consultants
Incorporated, and included the following additional members:

Oded Aron i Port Authority of New York & New Jersey
Dave Christian 1 Gentex Corporation

Tom Cleary 1 US National Institute of Standards & Technology
Ervin Cui i Schirmer Engineering Corp.

Arthur Lee i US Consumer Product Safety Commission
Dan @iboCioSchirmer Engineering Corp.

Stephen Olenick i Combustion Science & Engineering, Inc.
Steve Orlowski T National Association of Home Builders
Lynn Nielson i Technical Committee on Initiating Devices
Paul Patty i Underwriters Laboratories Inc.

Larry Ratzlaff i Kidde Safety

The objective of this task group was to evaluate the effectiveness of ionization smoke
detection technology when compared to photoelectric technology in residential
applications.

Task Group 27 Minimum Performance Follow-up was assigned to address three basic
areas: 1) Review of escape scenarios assumed in the evaluation of fire test data from the
NIST Report; 2) Review of the methods for the calculation of tenability limits used in
evaluating smoke alarm performance from NIST fire test data; and 3) Review of test
reports other than the NIST report for additional data to assess smoke alarm performance.

The work of Task Group 2 involved three sub-task groups: Task A1 Escape Scenarios;
Task B 7 Method of Calculating Tenability Limits; and Task C T Review of Other Reports.
Ultimately the work of Task A and Task B was combined.

Task C i Review of Other Reports

The work of Task C was done at the outset because its results could impact the work of
Task A and Task B. The committee considered the California Fire Chiefs studies (Rodin
and Graham, 1979 and Los Angeles Fire Department, 1981) and in reviewing the original
data, discovered that the data actually shows that either technology provides acceptable
warning for residential fires. The data in the Norway report (Meland and Lonvik,1991)
regarding UL listed alarms also shows that either technology provides sufficient warning.
The England study ( Kennedy et al) did not use smoke alarms and did not provide
correlation between the sensor measurements and actual smoke alarms.

Task A and B 1 Escape Scenarios and Method of Calculating Tenability
Limits

Tasks A and B were derived from Recommendations 1, 2 and 8 in the original Task Group
Report, Minimum Performance Requirements for Smoke Alarm Detection Technology,
dated February 22, 2008:
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Recommendation 1

Based on the Task Group on Smoke Detection Technc
1, using the escape scenarios considered in the NIST report, the Task Group

concludes that smoke alarms using either ionization or photoelectric smoke detection

technologies, installed per NFPA 72-2007, are generally providing acceptable

response to smoldering fires. Additional study is needed regard photoelectric alarm
response in flaming scenarios. The Task Gr oup6s concl usi on considers t
1455-1 used conservative methods of analysis including 1) conservative tenability

criteria based on incapacitation of the most vulnerable occupants, 2) visibility as a

tenability limit although true incapacitation does not occur until the heat or toxic gas

tenability limits are exceeded, 3) FED values were calculated for a person fixed in the

room rather than using the time integrated values along the path traveled by an

individual. Further analysis will also be required to fully assess results for escape

scenarios where occupants are located in the room of fire origin or egress through the

room of fire origin. Given this information (pending further evaluation of photoelectric

response data to flaming scenarios and the alternate escape scenarios) the TC HOU

should reaffirm the minimum requirements of Chapter 11, NFPA 72 allowing either

ionization or photoelectric smoke alarm technology, provided it is listed in accordance

with NFPA 72.

Recommendation 2

The NFPA Technical Committee on Single- and Multiple-Station Alarms and
Household Fire Alarm Systems (TC HOU) should review the assumptions of NFPA 72,
Chapter 11 to determine if any changes should be made to address one or more of
the identified challenging evacuation scenarios. If additional scenarios are to be
addressed the TG HOU should reevaluate how ionization and photoelectric smoke
alarm technology will serve any new scenarios and develop code/annex language that
addresses any additional scenarios.

Recommendation 8

Further analysis of the NIST TN 1455-1 data should be conducted to identify and
better define realistic FED values. The NIST tabulated FED values were calculated for
a person fixed in the room rather than using the time integrated values along the path
traveled by an individual. The time-integrated values would provide more appropriate
values for comparison in the ASET/RSET analysis. This additional analysis is
important to resolving questions regarding the observation that data on photoelectric
technology is showing potentially inadequate warning time for escape.

These recommendations identified the need to do follow-up evaluations of the NIST
Report escape scenarios and methods of calculating tenability limits. The NIST Report
assumed that individuals were not located in the room of fire origin and that occupants
could escape through any means of egress (doors or windows). The earlier task group
observed that these assumptions were not necessarily aligned with the assumptions in
NFPA 72.

The NIST Report also calculated available safe egress time as the time from the earliest
alarm (detection) time to the time when any tenability limit (heat, gas or obscuration) was
reached at any location. The earlier task group observed that tenability calculated on that
basis might produce overly pessimistic results since individuals do not necessarily remain
at a given location constantly exposed to the environment at that location. The Task Group
on Minimum Performance Follow-up recognized the need to address the follow-up
concerns.
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The Task Group next reviewed at the assumptions of NFPA 72-2007 and in particular
those in Section 11.2 (shown below).

11.2* Purpose. Fire-warning equipment for residential occupancies shall provide
a reliable means to notify the occupants of the presence of a threatening fire and
the need to escape to a place of safety before such escape might be impeded by
untenable conditions in the normal path of egress.

The Task Group first focused on the concept that warning should be provided before the

ability to escape using the normal path of egress was impeded. It was agreed that use of

the fAnor mal path of egresso was appropriate and wo.l
normally used, but not windows. It was agreed that the NIST Report data be reassessed

using this fAnor mal p alt was atsd agreegl that Sextion 4.2 was mpt i on.
appropriate as written and would not need revision but that 11.4.2 be revised to clarify that

the assumed escape route be along the normal path of egress for the occupant and not

include windows. Comment 72-430 was submitted to accomplish this.

A sub-group was assigned to reassess the NIST Report data assuming that occupants
could be in the room of fire origin or escape through the room of fire origin (but not
necessarily be intimate with the ignition). This sub-group reviewed the floor plan of the
manufactured home and developed escape scenarios to use for the reassessment. During
the development of these scenarios, the following assumption from NFPA 72 was noted:

11.4.1 Occupants. The requirements of this chapter shall assume that occupants
are not intimate with the ignition and are capable of self-rescue.

The sub-group discussed the need to go beyond this assumption in the evaluations since
in some fires, not all occupants within a residence are capable of self preservation. These
occupants, such as small children, elderly, or disabled adults, may require assistance in
awakening and/or egress. Therefore, two sets of basic scenarios were assumed: one for
direct escape (based on the assumptions in NFPA 72) and one for indirect escape (to
account for the need to awaken or assist other individuals). For the latter situation, an
individual from bedroom 2 would be assumed to awaken from the smoke alarm and then
proceed to bedroom 1 and bedroom 3 before exiting the home. This analysis resulted in
longer required egress times due to circuitous travel paths by the occupants. It should be
recognized that the evaluations focused on dwelling units, and would not necessarily apply
to other occupancies like dormitories.

Evaluations

The subgroup reviewed the floor plan of the manufactured home (Figure 87 from the NIST

report) and the locations of the instruments used in the manufactured home (Figure 91 of

the NIST report) and developed time-line tables (see Appendix A) to assess tenability

conditions over the travel route and egress path assumed for each case. As a as part of

the development of these tables the group reviewed Section 7.3, Time Needed for

Escape, 6 of the NI ST report and assigned appropriate
movement and movement speed) to the travel route and egress path segments used in

the tables.

Two categories of escape scenarios werand developed
Aindirecto escape scenari os. The direct scenari o
assumptions in NFPA 72 which consider that occupants are not intimate with the ignition,

are capable of self-rescue, have an escape plan and the ability to execute the plan.

Effectively, the direct scenario means that once a smoke alarm is sounded the

occupant(s) will awaken, begin to respond and then move directly to the closest available
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exit to safety. The direct scenarios account for time needed for premovement activities
such as dressing, calling the fire department, and gathering personal items before moving
to a safe exit, which is one of two exterior doors of the mobile home. The speeds at which
these actions take place are based upon conservative values to reflect reduced
capabilities of elderly individuals with arthritic impairments. This assumption is consistent
with that used in the NIST TN 1455-1. For example a normal walking speed is
approximately 235 ft/min (1.2 m/s), however, to reflect a reduced speed of elderly
individuals a walking speed of 148 ft/min (0.75 m/s) was used. Additionally, the
premovement activity times where based on values cited in NIST TN 1455-1 and also
increased by a factor of 1.44 to account for an expected slower response of elderly
individuals with arthritic impairments.

The indirect scenarios were developed to address more challenging (longer RSET)
escape scenarios. For the indirect scenarios it is assumed that only those occupants in
the master bedroom (Bedroom 2) awaken when the smoke alarms sound. Once the
Master Bedroom occupant is awakened, premovement activities such as dressing, calling
the fire department, and gathering personal items are assumed to occur. The Bedroom 2
individual then proceeds to travel to the far bedrooms of the mobile home and
awaken/dress/mobilize (15 s) the individuals sleeping in each room and then proceed as a
group to the nearest exit of the mobile home. When the fire is located in Bedroom 1 with a
person sleeping but not awake in the same room, two adjustments are considered in the
timeline of events. First, because the only person to awaken is in the Master
Bedroom(Bedroom 2) which is removed from the fire room(Bedroom 1), it is assumed that
after dressing, calling the fire department and gathering items, the Master Bedroom
occupant(s) travel through the mobile home to investigate. Upon entering Bedroom 1 and
discovering the fire and a sleeping occupant, it is recognized that the situation represents
a serious threat. Therefore, a short time (5 s) to awaken and mobilize the sleeping
occupant in Bedroom 1 and then Bedroom 3 is assumed. Again, the speeds at which
premovement and egress travel takes place are based upon conservative values to reflect
reduced capabilities of elderly individuals with arthritic impairments.

The group also reviewed the NIST data files. A review of the NIST Figure 91 determined
that there was an extra smoke alarm used in manufactured home (beyond what would be
required by NFPA 72). The group decided that the living room smoke alarm would most
|l i kely be considered the fiextraodo alarm | ocation an:
the response from the alarms at this location would not be used. The group also
discussed the approach to use in determining the alarm response times. The alarm used
was based on the location of the first alarm from among all the NFPA 72 required
locations (hallways or bedrooms) in the manufactured homes. It was decided to average
the alarm responses at the first alarm location by sensor type (ionization and
photoelectric) rather than picking the first ionization or photoelectric alarm to respond at
the location. This provided for a more conservative assessment if multiple ionization or
multiple photoelectric detectors were in place at the first alarm location.

The sub-group evaluated the integrated exposure to tenable conditions (heat, gas and

optical density) for the individual as they moved through the test home. It should be noted

that optical density was included as a tenability condition even though reduced visibility by

itself is not an incapacitating condition. The tenability criteria were identical to those

established in the Task Group Report, Minimum Performance Requirements for Smoke

Alarm Detection Technology, February 22, 2008. Specifically, for toxic gas and heat

exposure the international standard 1SO TC92 SC3, Fire Threat to People and the

Environment, has produced | SO 13571: 2007, dALife Thi
Guidelines on the Estimation of Time Available forEscapeUsi ng Fi re Data. 0 was US:é
The sub-group computed the toxic gas FED using carbon monoxide and carbon dioxide

concentration measurements from sampling probes located 5.0 ft off the floor. Heat FED

values were computed using temperature measurements from thermocouples located 5.0
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ft off the floor and the equation for lightly clothed subjects. No radiation exposure was
included in the Heat FED values. Additionally, the total convective heat FED integration
started only after a 5° C temperature rise above initial ambient temperature. This
additional criterion eliminates an artificial increase in FED observed during long
smoldering tests. The FED limit for toxic gas and heat was 0.3, which represents a threat
level where more vunerable populations may begin to experience incapacitation. The
visibility limit was an optical density value of 0.43 m™.

Following the analysis of the Task Group Report, Minimum Performance Requirements for
Smoke Alarm Detection Technology, February 22, 2008, and NIST TN 1455, the time from
an alarm response to a threshold FED or smoke optical density value is referred to as the
available safe egress time (ASET). As occupants move through the home in assumed
egress paths, their integrated toxic gas and heat FEDs are computed from the exposures
they receive along their travel path. The smoke optical density limit is the current value in
the room or egress path they are located in at any given time. The ASET value fixes the
amount of time an occupant needs to escape. The computed escape time depends on the
specific actions and travel paths a occupant takes, as well as their travel speed. Thisis
referred to as the required safe egress time (RSET). The escape scenarios described
below were used to define RSET. The desired outcome is to have alarms provide
available safe egress times that are greater than required safe egress times.

Escape scenarios were evaluated as follows:
e Direct Escape from Bedroom 17

For the direct escape cases where the fire was in the bedroom (bedroom 1)
the dose was calculated for the bedroom 1 individual accounting for human
response delays until he/she exited the home through the front door (see
Figure A.1 in Appendix A). The human response delays accounted for 50
seconds and travel time accounted for 13 seconds of this 63-second escape
scenario.

e Direct Escape from Bedroom 2 i
For the direct escape cases where the fire was in the living room or kitchen,
the dose was calculated for the bedroom 2 individual accounting for human
response delays until he/she exited the home through the back door (see
Figure A.2 in Appendix A). The human response delays accounted for 50
seconds and travel time accounted for 12 seconds of this 62 second escape
scenario. (Note: this calculation was a subset of the indirect escape cases)

e Indirect Escape from Bedroom 1-
For the indirect escape cases where the fire was in the bedroom (bedroom 1)
the dose was calculated for the bedroom 1 individual accounting for human
response delays as he/ she passed through bedroom 1 and 3 and then out
the front door (see Figure A.3 in Appendix A). Note that durations for this later
scenario were based on the travel times for the bedroom 2 individual to go to
bedroom 1 and awaken the bedroom 1 individual and then to bedroom 3 to
awaken that individual and then out the front door. The human response
delays accounted for 92 seconds and travel time accounted for 19 seconds of
this 111 second escape scenario.

e Indirect Escape from Bedroom 2-
For the indirect escape cases where the fire was in the living room or kitchen,
the dose was calculated for the bedroom 2 individual accounting for human
response delays as he/she passed through the kitchen and living room areas
to bedroom 1, bedroom 3 and then out the front door (see Figure A.4 in
Appendix A). The human response delays accounted for 80 seconds and
travel time accounted for 55 seconds of this 135-second escape scenario.
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A summary of test results using the above data assumptions are provided in Tables 2.1a,

2.1b, 2.2a and 2.2b.

Table 2.1a1 Bedroom 1 Fires, Direct Escape Scenarios from Bedroom 1

Fire In Bedroom
Alarm provides sufficient
safe egress time

Flaming Direct Escape

Door open Smoke Heat Gas

SDC5 ION Y Y Y
PHOTO Y Y Y

SDC 7 ION Y Y Y
PHOTO Y Y Y

SDC 38 ION Y Y Y
PHOTO N Y Y

SDC 39 ION - - -
PHOTO N - -

Smoldering

door closed

sbc 14! ION - N Y
PHOTO - Y Y

Flaming

door closed

sbc 9* ION - Y Y
PHOTO Y Y

SDC 36 ION Y Y Y
PHOTO Y Y Y

Smoldering

door open

SDC 4 ION Y Y Y
PHOTO Y Y Y

SDC 6 ION N Y Y
PHOTO Y Y Y

SDC 8 ION Y Y Y
PHOTO Y Y Y

SDC 37 ION Y Y Y
PHOTO Y Y Y

SDC 40° ION - - -
PHOTO Y Y Y

"No smoke measurement in room of origin

“Test stopped before escapes times were attained
3No ionization alarms available in bedrooms or corridors
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Table 2.1b 7 Living Room and Kitchen Fires, Direct Escape Scenarios from

Bedroom 2
Fire in Living room
Alarm provides sufficient
safe egress time
Direct Escape
Smoldering Smoke Heat Gas
SDC1 ION Y Y Y
PHOTO Y Y Y
SDC 11 ION N Y Y
PHOTO N Y Y
SDC 31 ION N Y Y
PHOTO N Y Y
SDC 34 ION - - -
PHOTO - - -
Flaming
SDC 2 ION Y Y Y
PHOTO Y Y Y
SDC 10 ION Y Y Y
PHOTO N Y Y
SDC 12 ION Y Y Y
PHOTO Y Y Y
SDC 13 ION Y Y Y
PHOTO Y Y Y
SDC 15 ION Y Y Y
PHOTO Y Y Y
SDC 33 ION Y Y Y
PHOTO Y Y Y
SDC 35 ION Y Y Y
PHOTO Y Y Y
SDC 41 ION Y Y Y
PHOTO Y Y Y

Test stopped before escapes times were attained
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Table 2.2a 1 Bedroom 1 Fires, Indirect Escape Scenarios from Bedroom 1

Fire In Bedroom
Alarm provides sufficient
safe egress time

Flaming Indirect Escape

Door open Smoke Heat Gas

SDC5 ION Y Y Y
PHOTO Y Y Y

SDC 7 ION Y Y Y
PHOTO N Y Y

SDC 38 ION Y Y Y
PHOTO N Y Y

SDC 39 ION - - -
PHOTO N - -

Smoldering

door closed

sbc 14! ION - N N
PHOTO - Y Y

Flaming

door closed

sDC 9* ION - Y Y
PHOTO - N Y

SDC 36 ION N Y Y
PHOTO N N Y

Smoldering

door open

SDC 4 ION N Y Y
PHOTO Y Y Y

SDC 6 ION N Y Y
PHOTO N Y Y

SDC 8 ION N Y Y
PHOTO Y Y Y

SDC 37 ION Y Y Y
PHOTO Y Y Y

SDC 40° ION - - -
PHOTO Y Y Y

"No smoke measurement in room of origin

“Test stopped before escapes times were attained
3No ionization alarms available in bedrooms or corridors
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Table 2.2b 7 Living Room and Kitchen Fires, Indirect Escape Scenarios from

Bedroom 2
Fire in Living room
Alarm provides sufficient
safe egress time
Indirect Escape
Smoldering Smoke Heat Gas
SDC1 ION Y Y Y
PHOTO Y Y Y
SDC 11 ION N Y Y
PHOTO N Y Y
SDC 31 ION N Y Y
PHOTO N Y Y
SDC 34 ION - - -
PHOTO - - -
Flaming
SDC 2 ION Y Y Y
PHOTO N Y Y
SDC 10 ION N Y Y
PHOTO N N N
SDC 12 ION Y Y Y
PHOTO Y Y Y
SDC 13 ION Y Y Y
PHOTO Y Y Y
SDC 15 ION Y Y Y
PHOTO Y Y Y
SDC 33 ION Y Y Y
PHOTO! - - -
SDC 35 ION Y Y Y
PHOTO! - - -
SDC 41 ION Y Y Y
PHOTO Y Y Y

Test stopped before escapes times were attained

Discussion

Note that Table 2.1a and Table 2.1b i Direct Escape Routes, represents occupants that
are capable of self preservation, as assumed by NFPA 72. Of the 24 possible direct-
escape scenarios, only a single test (SDC14) resulted in untenable conditions, based on
heat exposure only.

The rate of untenable conditions is slightly higher when an indirect escape route is
chosen. Four of the 24 possible escape scenarios (SDC 14, 36, 9 and 10) resulted in heat
or toxic gasses of sufficient intensity to present untenable conditions. Indirect escape
scenarios are beyond the assumptions outlined in NFPA 72.
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Conclusions

Based on the above data, the following points/conclusions where made:

The rate at which a particular type of detector did not provide adequate warning

was similar for ionization and photoelectric detectors regardless of whether the

AiDi rect Escapedo or il Aslexpeaed, oniZaton detpotors wa s
provided earlier warning to flaming fires, while photoelectric detectors provided

earlier warning to smoldering fires.

With the possible exception of response to fires in bedrooms with the doors

closed, for non specificfirest he response to the fADirect
generally adequate for either technology. There were only three tests for cases

with the bedroom door closed (two flaming and one smoldering). For these cases,
smoke density measurements were not made inside the bedroom itself so smoke
density tenability for these cases is unknown.

Several tests resulted in untenable smoke conditions. The extent to which these
results present a hazard is not clear, because lack of visibility alone is not likely to
incapacitate an occupant.

With respect to the indirect egress cases, the task group agreed that neither
ionization nor photoelectric technology offered an advantage relative to the other
when the type of fire is not known. The indirect egress analysis technically falls
outside of the scope of NFPA 72 Section 11.4.1.

The task group agreed that it should be recognized that not all occupants in a fire
are always capable of self rescue, and in those cases, there was a definite benefit
to having both technologies because the type of fire cannot be predicted. This
should be affirmed as a recommendation in NFPA 72. The use of the two current
technologies should not be mandatory code language.

For those in the majority, one of the reasons cited to continue to permit the use of
either stand-alone ionization or photoelectric technology in NFPA 72 was that a
reqguirement to use both technologies would stifle the development and
introduction of new technology. Another reason cited was that while NFPA 72
could describe desired equipment performance parameters, detailed test
requirements, such as time to alarm for various types of fires, were more properly
left to product safety standards ANSI/UL 217 and ANSI/UL 268. This would allow
desired test performance to dictate product design, rather than limiting products to
existing technologies. (The committee was aware that a revision to ANSI/UL 217
requirements is underway.)

A minority opinion was issued, recommending that both ionization and
photoelectric technologies be required with considerations noted in Appendix C.
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Committee Considerations

e Should section 11.2 of the code be changed to reflect tenability measured for an
individual rather than an area? There appeared to be general agreement that it
should reflect individuals.

e Should section 11.4.1 be changed to reflect the need for indirect escape rather
than just direct escape? No consensus was reached to make the change.

e Recent model building code changes will require automatic fire sprinklers in all
new residential occupancies, including one- and two-family homes, beginning in
2011. The impact of this potential change should be considered in any
recommendations to incorporate enhanced requirements for smoke alarms or
smoke detection.

Minority Report

While the conclusions noted above represent those of the majority of the task group
members, it should be recognized that a minority view was expressed. This view is
summarized in Appendix C.
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APPENDIX A1 Egress Scenarios

The Task Group first focused on the concept that warning should be provided before the ability to

escape using the nor mal path of egress washi mpeded.
of egresso was appropriate and would include any doo
windows.

A sub-group was assigned to reassess the NIST Report data assuming that occupants could be
in the room of fire origin or escape through the room of fire origin (but not necessarily be intimate
with the ignition). This sub-group reviewed the floor plan of the manufactured home and
developed escape scenarios to use for the reassessment. During the development of these
scenarios, the following assumption from NFPA 72 was noted:

11.4.1 Occupants. The requirements of this chapter shall assume that occupants are not
intimate with the ignition and are capable of self-rescue.

The sub-group discussed the need to go beyond this assumption in the evaluations since in some
fires, not all occupants within a residence are capable of self preservation. These occupants,
such as small children, elderly, or disabled adults, may require assistance in awakening and/or
egress. Therefore, two sets of basic scenarios were assumed: one for direct escape (based on
the assumptions in NFPA 72) and one for indirect escape (to account for the need to awaken or
assist other individuals). For the latter situation, an individual from bedroom 2 would be assumed
to awaken from the smoke alarm and then proceed to bedroom 1 and bedroom 3 before exiting
the home. This analysis resulted in longer required egress times due to circuitous travel paths by
the occupants.

Note: For the following tables, the displayed total times in whole integers may not represent the
summation of the individual times due to rounding.

Page 20 of 137



Appendix AT FED Calculations

Direct Escape Route from Bedroom 1 i Bedroom 1 Fires
This section corresponds to Table 2.1a in the report.

Figure A.1 7 Direct Escape Route from Bedrooms

1

c BR 1

) Living BR 3
[ Kitchen Room

5 ah m

BR 2

A
0 |

Il smoke alarm response
—o primary gas analysis
O temperature
== smoke obscuration
—> path of occupant where FED was calculated

Flaming (Door open)

SDCO05 i Flaming Mattress in Bedroom - Direct

[Test SDC05 Flaming Mattress in Bedroom |
1st Smoke Detectors to Activate DET 1 DET 2 DET 3 DET 4 Average
lonization: Location B 32 32 0 32.0
Photoelectric: Location B 42 0 42.0
Total
Response Travel Total Time Time
Timein  Timein in from Location
Distance Segment Segment Segment Ignition  to use
m ft s s s
Ignition 0 B
Time to alarm -lonization 32 B
Travel Segment 1 Bedroom #1 35 115 50 5 55 87 B
Travel Segment 2 Hallway to front door exit 6 19.7 0 8 8 95 Max. of C, D, E, or F
Travel Segment 3 NA 0 0.0 0 0 0 95 Max. of C, D, E, or F
Travel Segment 4 NA 0 0.0 0 [o] 0 95 Max. of C, D, E, or F
Travel Segment 5 NA 0 0.0 0 0 0 95 Max. of C, D, E, or F
Travel Segment 6 NA 0 0.0 0 0 0 95 Max. of C, D, E, or F
Travel Segment 7 NA 0 0.0 0 0 0 95 Max. of C, D, E, or F
0 0 0 0 0
TOTALS 9.5 31.2 50 13 63
Total
Response Travel Total time Time
Timein  Timein in from Location
Distance Segment Segment Segment Ignition  to use
m ft s s s
Ignition 0 B
Time to alarm - Photoelectric 42 B
Travel Segment 1 Bedroom #1 35 11.5 50 5 55 97 B
Travel Segment 2 Hallway to front door exit 6 19.7 0 8 8 105 Max. of C, D, E, or F
Travel Segment 3 NA 0 0.0 0 0 0 105 Max.ofC, D, E, or F
Travel Segment 4 NA 0 0.0 0 0 0 105 Max. of C, D, E, or F
Travel Segment 5 NA 0 0.0 0 0 0 105 Max. of C, D, E, or F
Travel Segment 6 NA 0 0.0 0 0 0 105 Max. of C, D, E, or F
Travel Segment 7 NA 0 0.0 0 0 0 105 Max. of C, D, E, or F
0 0 0 0 0
TOTALS 9.5 31.2 50 13 63
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SDCO07 i Flaming Mattress in Bedroom - Direct
ﬁmm

Flaming Mattress in Bedroom |

1st Smoke Detectors to Activate DET 1 DET 2 DET 3 DET 4
lonization: Location B 43 47 0
Photoelectric: Location B 85 0
Response Travel Total Time
Timein  Timein in
Distance Segment Segment Segment
m ft s s s
Ignition
Time to alarm -lonization
Travel Segment 1 Bedroom #1 35 11.5 50 5 55
Travel Segment 2 Hallway to front door exit 6 19.7 0 8 8
Travel Segment 3 NA 0 0.0 0 0 0
Travel Segment 4 NA 0 0.0 0 0 0
Travel Segment 5 NA 0 0.0 0 0 0
Travel Segment 6 NA 0 0.0 0 0 0
Travel Segment 7 NA 0 0.0 0 0 0
0 0 0 0 0
TOTALS 9.5 31.2 50 13 63
Response Travel Total time
Timein  Timein in
Distance Segment Segment Segment
m ft s s s
Ignition
Time to alarm - Photoelectric
Travel Segment 1 Bedroom #1 35 115 50 5 55
Travel Segment 2 Hallway to front door exit 6 19.7 0 8 8
Travel Segment 3 NA 0 0.0 0 0 [o]
Travel Segment 4 NA 0 0.0 0 0 0
Travel Segment 5 NA 0 0.0 0 0 0
Travel Segment 6 NA 0 0.0 0 0 0
Travel Segment 7 NA 0 0.0 0 0 0
0 0 0 0 0
TOTALS 9.5 31.2 50 13 63

Average
45.0
85.0

SDC38 i_Flaming Mattress in Bedroom - Direct
Test SDC38

Flaming Mattress in BedRoom JFED timelines for Bedroom 1 individual

1st Smoke Detectors to Activate DET1 DET 2 DET 3 DET 4
lonization: Location D 39 37 0 0
Photoelectric: Location C 95 0 0 0
Response Travel Total
Timein Timein Timein
Distance Segment Segment Segment
m ft s S s
Ignition
Time to alarm -lonization
Travel Segment 1 Bedroom #1 35 115 50 5 55
Travel Segment 2 Hallway to front door exit 6 19.7 0 8 8
Travel Segment 3 NA 0 0.0 0 0 0
Travel Segment 4 NA 0 0.0 0 0 0
Travel Segment 5 NA 0 0.0 0 0 0
Travel Segment 6 NA 0 0.0 0 0 0
Travel Segment 7 NA 0 0.0 0 0 0
TOTALS 9.5 31.2 50 13 63
Response Travel Total time
Timein Timein in
Distance Segment Segment Segment
m ft s s s
Ignition
Time to alarm - Photoelectric
Travel Segment 1 Bedroom #1 35 11.5 50 5 55
Travel Segment 2 Hallway to front door exit 6 19.7 0 8 8
Travel Segment 3 NA 0 0.0 0 0 0
Travel Segment 4 NA 0 0.0 0 0 0
Travel Segment 5 NA 0 0.0 0 0 0
Travel Segment 6 NA 0 0.0 0 0 0
Travel Segment 7 NA 0 0.0 0 0 0
TOTALS 9.5 31.2 50 13 63

Note 1: The Response time assumes an individual in Bedroom #1 ia awakened by the smoke alarm. The persons response time consists

of 50 s for waking, dressing, calling Fire dept. & gathering items before exiting the room.

Average
38.0
95

Total Time
from Ignition

38
93
101
101
101
101
101
101

Total Time
from Ignition

0
95
150
158
158
158
158
158
158

Total
Time
from
Ignition

0
45
100
108
108
108
108
108
108

Total
Time
from
Ignition

0
85
140
148
148
148
148
148
148

Note 1

Note 1

Location
to use

B

B

B

Max. of C, D, E, or F
Max. of C, D, E, or F
Max. of C, D, E, or F
NA

NA

NA

Location
to use

B

B

B

Max. of C, D, E, or F
Max. of C, D, E, or F
Max. of C, D, E, or F
NA

NA

NA

Instrumen
tation
Location

B

B

B

Max. of C, D, E, or F
Max. of C, D, E, or F
Max. of C, D, E, or F
NA

NA

NA

Instrumen
tation
Location
used for
FED
Calculatio
n

B

B

B

Max. of C, D, E, or F
Max. of C, D, E, or F
Max. of C, D, E, or F
NA

NA

NA
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SDC39 i Flaming Mattress in Bedroom - Direct
Test SDC39 Flaming Mattress in BedRoom JFED timelines for Bedroom 1 individual |

1st Smoke Detectors to Activate DET 1 DET 2 DET 3 DET 4 Average
lonization: Location D 34 34 0 0 34.0
Photoelectric: Location C 90 0 0 0 90
Response Travel Total Instrumen
Timein Timein Timein Total Time tation
Distance Segment Segment Segment from Ignition Location
m ft s s s
Ignition 0 B
Time to alarm -lonization 34 B
Travel Segment 1 Bedroom #1 35 11.5 50 5 55 89 Note 1 B
Travel Segment 2 Hallway to front door exit 6 19.7 0 8 8 97 Max. of C, D, E, or F
Travel Segment 3 NA 0 0.0 0 0 0 97 Max. of C, D, E, or F
Travel Segment 4 NA 0 0.0 0 0 0 97 Max. of C, D, E, or F
Travel Segment 5 NA 0 0.0 0 0 0 97 NA
Travel Segment 6 NA 0 0.0 0 0 0 97 NA
Travel Segment 7 NA 0 0.0 0 0 0 97 NA
TOTALS 9.5 312 50 13 63
Instrumen
tation
Location
used for
Response Travel Total time FED
Timein Timein in Total Time Calculatio
Distance Segment Segment Segment from Ignition n
m ft s s s
Ignition 0 B
Time to alarm - Photoelectric 90 B
Travel Segment 1 Bedroom #1 35 11.5 50 5 55 145 Note 1 B
Travel Segment 2 Hallway to front door exit 6 19.7 0 8 8 153 Max. of C, D, E, or F
Travel Segment 3 NA 0 0.0 0 0 0 153 Max. of C, D, E, or F
Travel Segment 4 NA 0 0.0 0 0 0 153 Max. of C, D, E, or F
Travel Segment 5 NA 0 0.0 0 0 0 153 NA
Travel Segment 6 NA 0 0.0 0 0 0 153 NA
Travel Segment 7 NA 0 0.0 0 0 0 153 NA
TOTALS 9.5 31.2 50 13 63

Note 1: The Response time assumes an individual in Bedroom #1 ia awakened by the smoke alarm. The persons response time consists
of 50 s for waking, dressing, calling Fire dept. & gathering items before exiting the room.

Smoldering (door closed)

SDC14 i Smoldering Mattress in Bedroom - Direct

|Test SDC14 Smoldering Mattress in Bedroom |
1st Smoke Detectors to Activate DET 1 DET 2 DET 3 DET 4 Average
lonization: Location B 3402 3406 0 3404.0
Photoelectric: Location B 2648 0 2648.0
Total
Response Travel Total Time Time
Timein  Timein in from Location
Distance Segment Segment Segment Ignition  to use
m ft s s s
Ignition 0 B
Time to alarm -lonization 3404 B
Travel Segment 1 Bedroom #1 35 115 50 5 55 3459 B
Travel Segment 2 Hallway to front door exit 6 19.7 0 8 8 3467 Max.of C,D, E, or F
Travel Segment 3 NA 0 0.0 0 0 0 3467 Max.of C,D,E,orF
Travel Segment 4 NA 0 0.0 0 0 0 3467 Max.of C,D,E,orF
Travel Segment 5 NA 0 0.0 0 0 0 3467 Max.of C,D,E,orF
Travel Segment 6 NA 0 0.0 0 0 0 3467 Max.of C,D,E,or F
Travel Segment 7 NA 0 0.0 0 0 0 3467 Max.of C,D, E, or F
0 0 0 0 0
TOTALS 95 312 50 13 63
Total
Response Travel Total time Time
Timein  Timein in from Location
Distance Segment Segment Segment Ignition  to use
m ft s s s
Ignition 0 B
Time to alarm - Photoelectric 2648 B
Travel Segment 1 Bedroom #1 35 115 50 5 55 2703 B
Travel Segment 2 Hallway to front door exit 6 19.7 0 8 8 2711 Max.of C,D, E, or F
Travel Segment 3 NA 0 0.0 o] 0 0 2711 Max.of C,D, E, or F
Travel Segment 4 NA 0 0.0 0 0 0 2711 Max.of C,D, E, or F
Travel Segment 5 NA 0 0.0 0 0 0 2711 Max.of C,D, E, or F
Travel Segment 6 NA 0 0.0 0 0 0 2711 Max.of C,D, E, or F
Travel Segment 7 NA 0 0.0 0 0 0 2711 Max.of C,D, E, or F
0 0 0 0 0
TOTALS 9.5 312 50 13 63
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Flaming (door closed)

SDC09 i Flaming Mattress in Bedroom - Direct

[Test SDC09 Flaming Mattress in Bedroom |
1st Smoke Detectors to Activate DET 1 DET 2 DET 3 DET 4 Average
lonization: Location B 29 29 0 29.0
Photoelectric: Location B 95 0 95.0
Total
Response Travel Total Time Time
Timein  Timein in from Location
Distance Segment Segment Segment Ignition  to use
m ft s s s
Ignition 0 B
Time to alarm -lonization 29 B
Travel Segment 1 Bedroom #1 35 115 50 5 55 84 B
Travel Segment 2 Hallway to front door exit 6 19.7 0 8 8 92 Max. of C, D, E, or F
Travel Segment 3 NA 0 0.0 0 0 0 92 Max. of C, D, E, or F
Travel Segment 4 NA 0 0.0 0 0 0 92 Max. of C, D, E, or F
Travel Segment 5 NA 0 0.0 0 0 0 92 Max. of C, D, E, or F
Travel Segment 6 NA 0 0.0 0 0 0 92 Max. of C, D, E, or F
Travel Segment 7 NA 0 0.0 0 0 0 92 Max. of C, D, E, or F
0 0 0 0 0
TOTALS 9.5 31.2 50 13 63
Total
Response Travel Total time Time
Timein  Timein in from Location
Distance Segment Segment Segment Ignition  to use
m ft s s s
Ignition 0 B
Time to alarm - Photoelectric 95 B
Travel Segment 1 Bedroom #1 35 11.5 50 5 55 150 B
Travel Segment 2 Hallway to front door exit 6 19.7 0 8 8 158 Max. of C, D, E, or F
Travel Segment 3 NA 0 0.0 0 0 0 158 Max. of C, D, E, or F
Travel Segment 4 NA 0 0.0 0 0 0 158 Max. of C, D, E, or F
Travel Segment 5 NA 0 0.0 0 0 0 158  Max.of C, D, E, or F
Travel Segment 6 NA 0 0.0 0 0 0 158 Max.of C, D, E, or F
Travel Segment 7 NA 0 0.0 0 0 0 158 Max. of C, D, E, or F
0 0 0 0 0
TOTALS 9.5 31.2 50 13 63
SDC36 i Flaming Mattress in Bedroom - Direct
Test SDC36 Flaming mattress in bedroom  |FED timelines for Bedroom 1 individual |
1st Smoke Detectors to Activate DET 1 DET 2 DET 3 DET 4 Average
lonization: Location B 38 44 0 0 41.0
Photoelectric: Location B 72 0 0 0 72
Response Travel Total Instrumen
Timein Timein Timein Total Time tation
Distance Segment Segment Segment from Ignition Location
m ft s s s
Ignition 0 B
Time to alarm -lonization 41 B
Travel Segment 1 Bedroom #1 35 115 50 5 55 96 Note 1 B
Travel Segment 2 Hallway to front door exit 6 19.7 0 8 8 104 Max. of C,D, E,or F
Travel Segment 3 NA 0 0.0 0 0 0 104 Max. of C, D, E, or F
Travel Segment 4 NA 0 0.0 0 0 0 104 Max. of C, D, E, or F
Travel Segment 5 NA 0 0.0 0 0 0 104 NA
Travel Segment 6 NA 0 0.0 0 0 0 104 NA
Travel Segment 7 NA 0 0.0 0 0 0 104 NA
TOTALS 9.5 31.2 50 13 63
Instrumen
tation
Location
used for
Response Travel Total time FED
Timein Timein in Total Time Calculatio
Distance Segment Segment Segment from Ignition n
m ft s s s
Ignition 0 B
Time to alarm - Photoelectric 72 B
Travel Segment 1 Bedroom #1 35 115 50 5 55 127 Note 1 B
Travel Segment 2 Hallway to front door exit 6 19.7 0 8 8 135 Max. of C, D, E, or F
Travel Segment 3 NA 0 0.0 0 0 0 135 Max. of C, D, E, or F
Travel Segment 4 NA 0 0.0 0 0 0 135 Max. of C, D, E, or F
Travel Segment 5 NA 0 0.0 0 0 0 135 NA
Travel Segment 6 NA 0 0.0 0 0 0 135 NA
Travel Segment 7 NA 0 0.0 0 0 0 135 NA
TOTALS 9.5 31.2 50 13 63

Note 1: The Response time assumes an individual in Bedroom #1 ia awakened by the smoke alarm. The persons response time consists
of 50 s for waking, dressing, calling Fire dept. & gathering items before exiting the room.
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Appendix AT FED Calculations

Smoldering (door open)

SDCO04 - Smoldering Mattress in Bedroom - Direct

|Test SDC04 Smoldering Mattress in Bedroom |
1st Smoke Detectors to Activate DET 1 DET 2 DET 3 DET 4
lonization: Location B 3338 3343 0
Photoelectric: Location D 1153 0
Response Travel Total Time
Timein  Timein in
Distance Segment Segment Segment
m ft s s s
Ignition
Time to alarm -lonization
Travel Segment 1 Bedroom #1 35 115 50 5 55
Travel Segment 2 Hallway to front door exit 6 19.7 0 8 8
Travel Segment 3 NA 0 0.0 0 0 0
Travel Segment 4 NA 0 0.0 0 0 0
Travel Segment 5 NA 0 0.0 0 0 0
Travel Segment 6 NA 0 0.0 0 0 0
Travel Segment 7 NA 0 0.0 0 0 0
0 0 0 0 0
TOTALS 9.5 31.2 50 13 63
Response Travel Total time
Timein  Timein in
Distance Segment Segment Segment
m ft s s s
Ignition
Time to alarm - Photoelectric
Travel Segment 1 Bedroom #1 35 115 50 5 55
Travel Segment 2 Hallway to front door exit 6 19.7 0 8 8
Travel Segment 3 NA 0 0.0 0 0 0
Travel Segment 4 NA 0 0.0 0 0 0
Travel Segment 5 NA 0 0.0 0 0 0
Travel Segment 6 NA 0 0.0 0 0 0
Travel Segment 7 NA 0 0.0 0 0 0
0 0 0 0 0
TOTALS 9.5 312 50 13 63
SDCO6 i_Smoldering Matiress in Bedroom - Direct
|Test SDC06 Smoldering Mattress in Bedroom |
1st Smoke Detectors to Activate DET 1 DET 2 DET 3 DET 4
lonization: Location B 5998 5998 0
Photoelectric: Location D 3418 0
Response Travel Total Time
Timein Timein in
Distance Segment Segment Segment
m ft s s s
Ignition
Time to alarm -lonization
Travel Segment 1 Bedroom #1 35 115 50 5 55
Travel Segment 2 Hallway to front door exit 6 19.7 0 8 8
Travel Segment 3 NA 0 0.0 0 0 0
Travel Segment 4 NA 0 0.0 0 0 0
Travel Segment 5 NA 0 0.0 0 0 0
Travel Segment 6 NA 0 0.0 0 0 0
Travel Segment 7 NA 0 0.0 0 0 0
0 0 0 0 0
TOTALS 9.5 31.2 50 13 63
Response Travel Total time
Timein  Timein in
Distance Segment Segment Segment
m ft s s s
Ignition
Time to alarm - Photoelectric
Travel Segment 1 Bedroom #1 35 115 50 5 55
Travel Segment 2 Hallway to front door exit 6 19.7 0 8 8
Travel Segment 3 NA 0 0.0 0 0 0
Travel Segment 4 NA 0 0.0 0 0 0
Travel Segment 5 NA 0 0.0 0 0 0
Travel Segment 6 NA 0 0.0 0 0 0
Travel Segment 7 NA 0 0.0 0 0 0
0 0 0 0 0
TOTALS 9.5 31.2 50 13 63

Average
3340.5
1153.0

Average
5998.0
3418.0

Total
Time
from
Ignition

0
3341
3395
3403
3403
3403
3403
3403
3403

Total
Time
from
Ignition

0
1153
1208
1216
1216
1216
1216
1216
1216

Total
Time
from
Ignition

[
5998
6053
6061
6061
6061
6061
6061
6061

Total
Time
from
Ignition

0
3418
3473
3481
3481
3481
3481
3481
3481

Location
to use

B

B

B

Max. of C, D, E, or F
Max. of C, D, E, or F
Max. of C, D, E, or F
NA

NA
NA

Location
to use

B

B

B

Max. of C, D, E, or F
Max. of C, D, E, or F
Max. of C, D, E, or F
NA

NA

NA

Location
to use

B

B

B

Max. of C, D, E, or F
Max. of C, D, E, or F
Max. of C, D, E, or F
NA

NA

NA

Location
to use

B

B

B

Max. of C, D, E, or F
Max. of C, D, E, or F
Max. of C, D, E, or F
NA

NA

NA
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Appendix AT FED Calculations

SDCO08 i Smoldering Mattress in Bedroom - Direct

|Test SDC08 Smoldering Mattress in Bedroom |
1st Smoke Detectors to Activate DET 1 DET 2 DET 3 DET 4 Average
lonization: Location B 3697 3699 0 3698.0
Photoelectric: Location B 2339 0 2339.0
Total
Response Travel Total Time Time
Timein  Timein in from
Distance Segment Segment Segment Ignition
m ft s s s
Ignition 0
Time to alarm -lonization 3698
Travel Segment 1 Bedroom #1 35 11.5 50 5 55 3753
Travel Segment 2 Hallway to front door exit 6 19.7 0 8 8 3761
Travel Segment 3 NA 0 0.0 0 0 0 3761
Travel Segment 4 NA 0 0.0 0 0 0 3761
Travel Segment 5 NA 0 0.0 0 0 0 3761
Travel Segment 6 NA 0 0.0 0 0 0 3761
Travel Segment 7 NA 0 0.0 0 0 0 3761
0 0 0 0 0
TOTALS 9.5 31.2 50 13 63
Total
Response Travel Total time Time
Timein  Timein in from
Distance Segment Segment Segment Ignition
m ft s s s
Ignition 0
Time to alarm - Photoelectric 2339
Travel Segment 1 Bedroom #1 35 11.5 50 5 55 2394
Travel Segment 2 Hallway to front door exit 6 19.7 0 8 8 2402
Travel Segment 3 NA 0 0.0 0 0 0 2402
Travel Segment 4 NA 0 0.0 0 0 0 2402
Travel Segment 5 NA 0 0.0 0 0 0 2402
Travel Segment 6 NA 0 0.0 0 0 0 2402
Travel Segment 7 NA 0 0.0 0 0 0 2402
0 0 0 0 0
TOTALS 9.5 31.2 50 13 63
SDC37 i _Smoldering Mattress in Bedroom - Direct
Test SDC37 Smoldering Mattress in BedRoor]FED timelines for Bedroom 1 individual
1st Smoke Detectors to Activate DET 1 DET 2 DET 3 DET 4 Average
lonization: Location D 1746 1736 0 0 1741.0
Photoelectric: Location C 1414 1438 0 0 1426
Location B
Response Travel Total
Timein Timein Timein Total Time
Distance Segment Segment Segment from Ignition
m ft s s s
Ignition 0
Time to alarm -lonization 1741
Travel Segment 1 Bedroom #1 35 115 50 5 55 1796 Note 1
Travel Segment 2 Hallway to front door exit 6 19.7 0 8 8 1804
Travel Segment 3 NA 0 0.0 0 0 0 1804
Travel Segment 4 NA 0 0.0 0 0 0 1804
Travel Segment 5 NA 0 0.0 0 0 0 1804
Travel Segment 6 NA 0 0.0 0 0 0 1804
Travel Segment 7 NA 0 0.0 0 0 0 1804
TOTALS 9.5 31.2 50 13 63
Response Travel Total time
Timein Timein in Total Time
Distance Segment Segment Segment from Ignition
m ft s s s
Ignition 0
Time to alarm - Photoelectric 1426
Travel Segment 1 Bedroom #1 35 11.5 50 5 55 1481 Note 1
Travel Segment 2 Hallway to front door exit 6 19.7 0 8 8 1489
Travel Segment 3 NA 0 0.0 0 0 0 1489
Travel Segment 4 NA 0 0.0 0 0 0 1489
Travel Segment 5 NA 0 0.0 0 0 0 1489
Travel Segment 6 NA 0 0.0 0 0 0 1489
Travel Segment 7 NA 0 0.0 0 0 0 1489
TOTALS 9.5 31.2 50 13 63

Note 1: The Response time assumes an individual in Bedroom #1 ia awakened by the smoke alarm. The persons response time consists
of 50 s for waking, dressing, calling Fire dept. & gathering items before exiting the room.

Location
to use

B

B

B

Max. of C, D, E, or F
Max. of C, D, E, or F
Max. of C, D, E, or F
NA

NA

NA

Location
to use

B

B

B

Max. of C, D, E, or F
Max. of C, D, E, or F
Max. of C, D, E, or F
NA

NA

NA

Instrumen
tation
Location

B

B

B

Max. of C, D, E, or F
Max. of C, D, E, or F
Max. of C, D, E, or F
NA

NA

NA

Instrumen
tation
Location
used for
FED
Calculatio
n

B

B

B

Max. of C, D, E, or F
Max. of C, D, E, or F
Max. of C, D, E, or F
NA

NA

NA

Page 26 of 137



Appendix AT FED Calculations

SDC40 i Smoldering Mattress in Bedroom - Direct

[Test SDC40

Smoldering Mattress in BedRoor{FED timelines for Bedroom 1 individual

1st Smoke Detectors to Activate DET 1 DET 2 DET 3 DET 4
lonization: Location D NA NA NA 0
Photoelectric: Location C 2570 0 0 0
Location B
Response Travel Total
Timein Timein Timein
Distance Segment Segment Segment
m ft s s s
Ignition
Time to alarm -lonization
Travel Segment 1 Bedroom #1 35 115 50 5 55
Travel Segment 2 Hallway to front door exit 6 19.7 0 8 8
Travel Segment 3 NA 0 0.0 0 0 0
Travel Segment 4 NA 0 0.0 0 0 0
Travel Segment 5 NA 0 0.0 0 0 0
Travel Segment 6 NA 0 0.0 0 0 0
Travel Segment 7 NA 0 0.0 0 0 0
TOTALS 9.5 31.2 50 13 63
Response Travel Total time
Timein Timein in
Distance Segment Segment Segment
m ft s s s
Ignition
Time to alarm - Photoelectric
Travel Segment 1 Bedroom #1 35 115 50 5 55
Travel Segment 2 Hallway to front door exit 6 19.7 0 8 8
Travel Segment 3 NA 0 0.0 0 0 0
Travel Segment 4 NA 0 0.0 0 0 0
Travel Segment 5 NA 0 0.0 0 0 0
Travel Segment 6 NA 0 0.0 0 0 0
Travel Segment 7 NA 0 0.0 0 0 0
TOTALS 9.5 31.2 50 13 63

Note 1: The Response time assumes an individual in Bedroom #1 ia awakened by the smoke alarm. The persons response time consists

of 50 s for waking, dressing, calling Fire dept. & gathering items before exiting the room.

Total Time
from Ignition

NA

NA
NA
NA
NA
NA
NA

Total Time
from Ignition

0
2570
2625
2633
2633
2633
2633
2633
2633

Note 1

Note 1

Instrumen
tation
Location

B

B

B

Max. of C, D, E, or F
Max. of C, D, E, or F
Max. of C, D, E, or F
NA

NA

NA

Instrumen
tation
Location
used for
FED
Calculatio
n

B

B

B

Max. of C, D, E, or F
Max. of C, D, E, or F
Max. of C, D, E, or F
NA

NA

NA
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Direct Escape Route from Bedroom 2 i Living Room and Kitchen Fires

Appendix AT FED Calculations

This section corresponds to Table 2.1b in the report.

Figure A.2 7 Direct Escape Route from Bedroom 2
Exit

Il smoke alarm response
—> primary gas analysis
O temperature
= smoke obscuration
—> path of occupant where FED was calculated

Smoldering

iTesI SDCO1

1st Smoke Detectors to Activate
lonization: Location C
Photoelectric: Location C

Ignition

Time to alarm -lonization

Travel Segment 1
Travel Segment 2
Travel Segment 3
Travel Segment 4
Travel Segment 5
Travel Segment 6
Travel Segment 7

Ignition

Time to alarm - Photoelectric

Travel Segment 1
Travel Segment 2
Travel Segment 3
Travel Segment 4
Travel Segment 5
Travel Segment 6
Travel Segment 7

Kitch Living BR 3
itchen Room
E A
&
SDCO01 - Flaming Chair in Living Room - Direct
Flaming chair in living room
DET 1 DET 2 DET 3 DET 4
6087 6112 5282
5262 5502
Response Travel Total Time
Timein  Timein in
Distance Segment Segment Segment
m ft s s S
Bedroom #2 6.5 213 50 9 59
Hallway to rear door exit 25 8.2 0 3 3
NA 0 0.0 0 0 0
NA 0 0.0 0 0 0
NA 0 0.0 0 0 0
NA 0 0.0 0 0 0
NA 0 0.0 0 0 0
0 0 0 0 0
TOTALS 9 295 50 12 62
Response Travel Total time
Timein  Timein in
Distance Segment Segment Segment
m ft s s s
Bedroom #2 6.5 21.3 50 9 59
Hallway to rear door exit 25 8.2 0 3 3
NA 0 0.0 0 0 0
NA 0 0.0 0 0 0
NA 0 0.0 0 0 0
NA 0 0.0 0 0 0
NA 0 0.0 0 0 0
0 0 0 0 0
TOTALS 9 29.5 50 12 62

Average
5827.0
5382.0

Total
Time
from
Ignition

0
5827
5886
5889
5889
5889
5889
5889
5889

Total
Time
from
Ignition

0
5382
5441
5444
5444
5444
5444
5444
5444

Location
to use

A
A

A

worstcaseof CDEF
worstcaseofCDEF
worstcaseof CDEF
worstcaseof CDEF
worstcaseofCDEF
worstcaseof CDEF

Location
to use

A
A
A
worstcaseof CDEF
worstcaseof CDEF
worstcaseof CDEF
worstcaseof CDEF
worstcaseof CDEF
worstcaseof CDEF
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Appendix AT FED Calculations

SDC11 i Smoldering Chair in Living Room - Direct

[Test SDC11 Smoldering chair in living room |
1st Smoke Detectors to Activate DET 1 DET 2 DET 3 DET 4 Average
lonization: Location D 4241 4245 4241 4242.3
Photoelectric: Location D 4241 0 4241.0
Response Travel Total Time
Timein  Timein in
Distance Segment Segment Segment
m ft s s S
Ignition
Time to alarm -lonization
Travel Segment 1 Bedroom #2 6.5 21.3 50 9 59
Travel Segment 2 Hallway to rear door exit 25 8.2 0 3 3
Travel Segment 3 NA 0 0.0 0 0 0
Travel Segment 4 NA 0 0.0 0 0 0
Travel Segment 5 NA 0 0.0 0 0 0
Travel Segment 6 NA 0 0.0 0 0 0
Travel Segment 7 NA 0 0.0 0 0 0
0 0 0 0 0
TOTALS 9 295 50 12 62
Response Travel Total time
Timein  Timein in
Distance Segment Segment Segment
m ft s s s
Ignition
Time to alarm - Photoelectric
Travel Segment 1 Bedroom #2 6.5 213 50 9 59
Travel Segment 2 Hallway to rear door exit 25 8.2 0 3 3
Travel Segment 3 NA 0 0.0 0 0 0
Travel Segment 4 NA 0 0.0 0 0 0
Travel Segment 5 NA 0 0.0 0 0 0
Travel Segment 6 NA 0 0.0 0 0 0
Travel Segment 7 NA 0 0.0 0 0 0
0 0 0 0 0
TOTALS 9 295 50 12 62

SDC31 i Smoldering Chair in Living Room - Direct

Average
5330.3
5041

Total
from

Total
from

|Test SDC31 Smoldering Chair in Living Room{FED timelines for Bedroom 2 individual
1st Smoke Detectors to Activate DET 1 DET 2 DET 3 DET 4
lonization: Location D 5091 5417 5483 0
Photoelectric: Location C 5051 5031 0 0
Response Travel Total
Timein Timein Timein
Distance Segment Segment Segment
m ft s s s
Ignition
Time to alarm -lonization
Travel Segment 1 Bedroom #2 6.5 21.3 50 9 59
Travel Segment 2 Hallway to rear door exit 25 8.2 0 3 3
Travel Segment 3 NA 0 0.0 0 0 0
Travel Segment 4 NA 0 0.0 0 0 0
Travel Segment 5 NA 0 0.0 0 0 0
Travel Segment 6 NA 0 0.0 0 0 0
Travel Segment 7 NA 0 0.0 0 0 0
TOTALS 9 295 50 12 62
Response Travel Total time
Timein Timein in
Distance Segment Segment Segment
m ft s s s
Ignition
Time to alarm - Photoelectric
Travel Segment 1 Bedroom #2 6.5 213 50 9 59
Travel Segment 2 Hallway to rear door exit 25 8.2 0 3 3
Travel Segment 3 NA 0 0.0 0 0 0
Travel Segment 4 NA 0 0.0 0 0 0
Travel Segment 5 NA 0 0.0 0 0 0
Travel Segment 6 NA 0 0.0 0 0 0
Travel Segment 7 NA 0 0.0 0 0 0
TOTALS 9 295 50 12 62

Time
Ignition

5330
5389
5392
5392
5392
5392
5392
5392

Time
Ignition

0
5041
5100
5103
5103
5103
5103
5103
5103

Total
Time
from
Ignition

0
4242
4301
4304
4304
4304
4304
4304
4304

Total
Time
from
Ignition

0
4241
4300
4303
4303
4303
4303
4303
4303

Location
to use

A
A

A

worstcaseof CDEF
worstcaseof CDEF
worstcaseof CDEF
worstcaseof CDEF
worstcaseofCDEF
worstcaseof CDEF

Location
to use

A
A
A
worstcaseof CDEF
worstcaseof CDEF
worstcaseof CDEF
worstcaseof CDEF
worstcaseof CDEF
worstcaseof CDEF

Instrumentation
Location used for
FED Calculation

Max. of C, D, E, or F
Max. of C, D, E, or F
Max. of C, D, E, or F
Max. of C, D, E, or F
Max. of C, D, E, or F
Max. of C, D, E, or F

Instrumentation
Location used for
FED Calculation

A
A
A
Max. of C, D, E, or F
Max. of C,D, E, or F
Max. of C, D, E, or F
Max. of C, D, E, or F
Max. of C,D, E, or F
Max. of C, D, E, or F
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Appendix AT FED Calculations

SDC34 i Smoldering Chair in Living Room - Direct

[Test SDC34 Smoldering Chair in Living RoonJFED timelines for Bedroom 2 individual ]
1st Smoke Detectors to Activate DET1 DET 2 DET 3 DET 4 Average
lonization: Location D 3904 3896 3898 0 3899.3
Photoelectric: Location C 3896 3864 0 0 3880
Response Travel Total Instrumen
Timein Timein  Timein Total Time tation
Distance Segment Segment Segment from Ignition Location
m ft s s s
Ignition A
Time to alarm -lonization 3899 A
Travel Segment 1 Bedroom #2 6.5 213 50 9 59 3958 A
Travel Segment 2 Hallway to rear door exit 25 8.2 0 3 3 3961 Max. of C, D, E, or F
Travel Segment 3 NA 0 0.0 0 0 0 3961 Max. of C, D, E, or F
Travel Segment 4 NA 0 0.0 0 0 0 3961 Max. of C, D, E, or F
Travel Segment 5 NA 0 0.0 0 0 0 3961 Max. of C, D, E, or F
Travel Segment 6 NA 0 0.0 0 0 0 3961 Max. of C, D, E, or F
Travel Segment 7 NA 0 0.0 0 0 0 3961 Max. of C, D, E, or F
TOTALS 9 29.5 50 12 62
Instrumen
tation
Location
used for
Response Travel Total time FED
Timein Timein in Total Time Calculatio
Distance Segment Segment Segment from Ignition n
m ft s s S
Ignition 0 A
Time to alarm - Photoelectric 3880 A
Travel Segment 1 Bedroom #2 6.5 21.3 50 9 59 3939 A
Travel Segment 2 Hallway to rear door exit 25 8.2 0 3 3 3942 Max. of C, D, E, or F
Travel Segment 3 NA 0 0.0 0 0 0 3942 Max. of C, D, E, or F
Travel Segment 4 NA 0 0.0 0 0 0 3942 Max. of C, D, E, or F
Travel Segment 5 NA 0 0.0 0 0 0 3942 Max. of C, D, E, or F
Travel Segment 6 NA 0 0.0 0 0 0 3942 Max. of C, D, E, or F
Travel Segment 7 NA 0 0.0 0 0 0 3942 Max. of C, D, E, or F
TOTALS 9 295 50 12 62
Flaming
SDCO02 i Flaming Chair in Living Room - Direct
Test SDC02 Flaming chair in living room ]
1st Smoke Detectors to Activate DET 1 DET 2 DET 3 DET 4 Average
lonization: Location D 44 48 0 46.0
Photoelectric: Location C 122 66 94.0
Total
Response Travel Total Time Time
Timein  Timein in from Location
Distance Segment Segment Segment Ignition  to use
m ft s s s
Ignition 0 A
Time to alarm -lonization 46 A
Travel Segment 1 Bedroom #2 6.5 213 50 9 59 105 A
Travel Segment 2 Hallway to rear door exit 25 8.2 0 3 3 108  worstcaseof CDEF
Travel Segment 3 NA 0 0.0 0 0 0 108 worstcaseof CDEF
Travel Segment 4 NA 0 0.0 0 0 0 108 worstcaseof CDEF
Travel Segment 5 NA 0 0.0 0 0 0 108 worstcaseof CDEF
Travel Segment 6 NA 0 0.0 0 0 0 108 worstcaseof CDEF
Travel Segment 7 NA 0 0.0 0 0 0 108 worstcaseof CDEF
0 0 0 0 0
TOTALS 9 29.5 50 12 62
Total
Response Travel Total time Time
Timein  Timein in from Location
Distance Segment Segment Segment Ignition  to use
m ft s s s
Ignition 0 A
Time to alarm - Photoelectric 94 A
Travel Segment 1 Bedroom #2 6.5 21.3 50 9 59 153 A
Travel Segment 2 Hallway to rear door exit 25 8.2 0 3 3 156  worstcaseof CDEF
Travel Segment 3 NA 0 0.0 0 0 0 156  worstcaseof CDEF
Travel Segment 4 NA 0 0.0 0 0 0 156  worstcaseof CDEF
Travel Segment 5 NA 0 0.0 0 0 0 156  worstcaseof CDEF
Travel Segment 6 NA 0 0.0 0 0 0 156  worstcaseof CDEF
Travel Segment 7 NA 0 0.0 0 0 0 156  worstcaseof CDEF
0 0 0 0 0
TOTALS 9 295 50 12 62
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SDC10 i Flaming Chair in Living Room - Direct
Test SDC10 Flaming chair in living room |

1st Smoke Detectors to Activate DET 1 DET 2 DET 3 DET 4 Average
lonization: Location D 76 82 74 773
Photoelectric: Location D 142 140 141.0
Response Travel Total Time
Timein  Timein in
Distance Segment Segment Segment
m s s s
Ignition
Time to alarm -lonization
Travel Segment 1 Bedroom #2 6.5 21.3 50 9 59
Travel Segment 2 Hallway to rear door exit 25 8.2 0 3 3
Travel Segment 3 NA 0 0.0 0 0 0
Travel Segment 4 NA 0 0.0 0 0 0
Travel Segment 5 NA 0 0.0 0 0 0
Travel Segment 6 NA 0 0.0 0 0 0
Travel Segment 7 NA 0 0.0 0 0 0
0 0 0 0 0
TOTALS 9 295 50 12 62
Response Travel Total time
Timein  Timein in
Distance Segment Segment Segment
m ft s s s
Ignition
Time to alarm - Photoelectric
Travel Segment 1 Bedroom #2 6.5 213 50 9 59
Travel Segment 2 Hallway to rear door exit 25 8.2 0 3 3
Travel Segment 3 NA 0 0.0 0 0 0
Travel Segment 4 NA 0 0.0 0 0 0
Travel Segment 5 NA 0 0.0 0 0 0
Travel Segment 6 NA 0 0.0 0 0 0
Travel Segment 7 NA 0 0.0 0 0 0
0 0 0 0 0
TOTALS 9 295 50 12 62
SDC12 i Kitchen Cooking Fire - Direct
[Test SDC12 Kitchen cooking oil |
1st Smoke Detectors to Activate DET 1 DET 2 DET 3 DET 4 Averag
lonization: Location D 737 795 657 729.7
Photoelectric: Location B 839 809 824.0
Response Travel Total Time
Timein  Timein in
Distance Segment Segment Segment
m ft s s s
Ignition
Time to alarm -lonization
Travel Segment 1 Bedroom #2 6.5 213 50 9 59
Travel Segment 2 Hallway to rear door exit 25 8.2 0 3 3
Travel Segment 3 NA 0 0.0 0 0 0
Travel Segment 4 NA 0 0.0 0 0 0
Travel Segment 5 NA 0 0.0 0 0 0
Travel Segment 6 NA 0 0.0 0 0 0
Travel Segment 7 NA 0 0.0 0 0 0
0 0 0 0 0
TOTALS 9 29.5 50 12 62
Response Travel Total time
Timein  Timein in
Distance Segment Segment Segment
m ft s s s
Ignition
Time to alarm - Photoelectric
Travel Segment 1 Bedroom #2 6.5 213 50 9 59
Travel Segment 2 Hallway to rear door exit 25 8.2 0 3 3
Travel Segment 3 NA 0 0.0 0 0 0
Travel Segment 4 NA 0 0.0 0 0 0
Travel Segment 5 NA 0 0.0 0 0 0
Travel Segment 6 NA 0 0.0 0 0 0
Travel Segment 7 NA 0 0.0 0 0 0
0 0 0 0 0
TOTALS 9 29.5 50 12 62

Total
Time
from
Ignition

Location
to use

0
7
136
139
139
139
139
139
139

A
A

A

worstcaseof CDEF
worstcaseof CDEF
worstcaseof CDEF
worstcaseof CDEF
worstcaseofCDEF
worstcaseof CDEF

Total
Time
from
Ignition

Location
to use

0
141
200
203
203
203
203
203
203

A
A
A
worstcaseof CDEF
worstcaseof CDEF
worstcaseof CDEF
worstcaseof CDEF
worstcaseof CDEF
worstcaseof CDEF

e

Total
Time
from
Ignition

Location
to use

0
730
788
792
792
792
792
792
792

A
A
A
worstcaseof CDEF
worstcaseof CDEF
worstcaseof CDEF
worstcaseof CDEF
worstcaseof CDEF
worstcaseofCDEF

Total
Time
from
Ignition

Location
to use

0
824
883
886
886
886
886
886
886

A
A
A
worstcaseof CDEF
worstcaseof CDEF
worstcaseof CDEF
worstcaseof CDEF
worstcaseof CDEF
worstcaseofCDEF
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SDC13 i Kitchen Cooking Fire - Direct

[Test SDC13 Kitchen cooking oil ]
1st Smoke Detectors to Activate DET 1 DET 2 DET 3 DET 4 Average
lonization: Location D 688 768 0 728.0
Photoelectric: Location D 810 0 810.0
Total
Response Travel Total Time Time
Timein  Timein in from Location
Distance Segment Segment Segment Ignition  to use
m ft s s s
Ignition 0 A
Time to alarm -lonization 728 A
Travel Segment 1 Bedroom #2 6.5 213 50 9 59 787 A
Travel Segment 2 Hallway to rear door exit 25 8.2 0 3 3 790  worstcaseof CDEF
Travel Segment 3 NA 0 0.0 0 0 0 790  worstcaseof CDEF
Travel Segment 4 NA 0 0.0 0 0 0 790 worstcaseof CDEF
Travel Segment 5 NA 0 0.0 0 0 0 790 worstcaseof CDEF
Travel Segment 6 NA 0 0.0 0 0 0 790 worstcaseof CDEF
Travel Segment 7 NA 0 0.0 0 0 0 790 worstcaseof CDEF
0 0 0 0 0
TOTALS 9 29.5 50 12 62
Total
Response Travel Total time Time
Timein Timein in from Location
Distance Segment Segment Segment Ignition  to use
m ft s s s
Ignition 0 A
Time to alarm - Photoelectric 810 A
Travel Segment 1 Bedroom #2 6.5 213 50 9 59 869 A
Travel Segment 2 Hallway to rear door exit 25 8.2 0 3 3 872 worstcaseof CDEF
Travel Segment 3 NA 0 0.0 0 0 0 872 worstcaseof CDEF
Travel Segment 4 NA 0 0.0 0 0 0 872  worstcaseof CDEF
Travel Segment 5 NA 0 0.0 0 0 0 872 worstcaseof CDEF
Travel Segment 6 NA 0 0.0 0 0 0 872 worstcaseof CDEF
Travel Segment 7 NA 0 0.0 0 0 0 872 worstcaseof CDEF
0 0 0 0 0
TOTALS 9 295 50 12 62
SDC15 i Flaming Chair Living Room - Direct
[Test SDC15 Flaming Living Room
1st Smoke Detectors to Activate DET 1 DET 2 DET 3 DET 4 Average
lonization: Location D v 107 85 89.7
Photoelectric: Location D 117 105 111.0
Total
Response Travel Total Time Time
Timein  Timein in from Location
Distance Segment Segment Segment Ignition  to use
m ft s s s
Ignition 0 A
Time to alarm -lonization 90 A
Travel Segment 1 Bedroom #2 6.5 21.3 50 9 59 148 A
Travel Segment 2 Hallway to rear door exit 25 8.2 0 3 3 152 worstcaseof CDEF
Travel Segment 3 NA 0 0.0 0 0 0 152 worstcaseof CDEF
Travel Segment 4 NA 0 0.0 0 0 0 152 worstcaseof CDEF
Travel Segment 5 NA 0 0.0 0 0 0 152 worstcaseof CDEF
Travel Segment 6 NA 0 0.0 0 0 0 152 worstcaseof CDEF
Travel Segment 7 NA o] 0.0 0 0 0 152 worstcaseof CDEF
0 0 0 0 0
TOTALS 9 295 50 12 62
Total
Response Travel Total time Time
Timein  Timein in from Location
Distance Segment Segment Segment Ignition  to use
m ft s s s
Ignition 0 A
Time to alarm - Photoelectric 111 A
Travel Segment 1 Bedroom #2 6.5 21.3 50 9 59 170 A
Travel Segment 2 Hallway to rear door exit 25 8.2 0 3 3 173 worstcaseof CDEF
Travel Segment 3 NA 0 0.0 0 0 0 173 worstcaseof CDEF
Travel Segment 4 NA 0 0.0 0 0 0 173 worstcaseof CDEF
Travel Segment 5 NA [o] 0.0 0 0 0 173 worstcaseof CDEF
Travel Segment 6 NA 0 0.0 0 0 0 173 worstcaseof CDEF
Travel Segment 7 NA 0 0.0 0 0 0 173 worstcaseof CDEF
0 0 0 0 0
TOTALS 9 29.5 50 12 62
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SDC33 i Flaming Chair in Living Room - Direct

[Test SDC33 Flaming Chair in Living Room — JFED timelines for Bedroom 2 individual
1st Smoke Detectors to Activate DET1 DET 2 DET 3 DET 4 Average
lonization: Location D 84 80 82 0 82.0
Photoelectric: Location C 138 160 0 0 149
Response Travel Total
Timein Timein Timein Total Time
Distance Segment Segment Segment from Ignition
m ft s s s
Ignition 0
Time to alarm -lonization 82
Travel Segment 1 Bedroom #2 6.5 213 50 9 59 141
Travel Segment 2 Hallway to rear door exit 25 8.2 0 3 3 144
Travel Segment 3 NA 0 0.0 0 0 0 144
Travel Segment 4 NA 0 0.0 0 0 0 144
Travel Segment 5 NA 0 0.0 0 0 0 144
Travel Segment 6 NA 0 0.0 0 0 0 144
Travel Segment 7 NA 0 0.0 0 0 0 144
TOTALS 9 29.5 50 12 62
Response Travel Total time
Timein Timein in Total Time
Distance Segment Segment Segment from Ignition
m ft s s S
Ignition 0
Time to alarm - Photoelectric 149
Travel Segment 1 Bedroom #2 6.5 21.3 50 9 59 208
Travel Segment 2 Hallway to rear door exit 25 8.2 0 3 3 211
Travel Segment 3 NA 0 0.0 0 0 0 211
Travel Segment 4 NA 0 0.0 0 0 0 211
Travel Segment 5 NA 0 0.0 0 0 0 211
Travel Segment 6 NA 0 0.0 0 0 0 211
Travel Segment 7 NA 0 0.0 0 0 0 211
TOTALS 9 295 50 12 62
SDC35 i Flaming Chair in Living Room - Direct
Test SDC35 Flaming Chair in Living Room  |FED timelines for Bedroom 2 individual
1st Smoke Detectors to Activate DET 1 DET 2 DET 3 DET 4 Average
lonization: Location D 88 86 94 0 89.3
Photoelectric: Location C 142 154 0 0 148
Response Travel Total
Timein Timein Timein Total Time
Distance Segment Segment Segment from Ignition
m ft s s s
Ignition 0
Time to alarm -lonization 89
Travel Segment 1 Bedroom #2 6.5 213 50 9 59 148
Travel Segment 2 Hallway to rear door exit 25 8.2 0 3 3 151
Travel Segment 3 NA 0 0.0 0 0 0 151
Travel Segment 4 NA 0 0.0 0 0 0 151
Travel Segment 5 NA 0 0.0 0 0 0 151
Travel Segment 6 NA 0 0.0 0 0 0 151
Travel Segment 7 NA 0 0.0 0 0 0 151
TOTALS 9 295 50 12 62
Response Travel Total time
Timein Timein in Total Time
Distance Segment Segment Segment from Ignition
m ft s s s
Ignition 0
Time to alarm - Photoelectric 148
Travel Segment 1 Bedroom #2 6.5 213 50 9 59 207
Travel Segment 2 Hallway to rear door exit 25 8.2 0 3 3 210
Travel Segment 3 NA 0 0.0 0 0 0 210
Travel Segment 4 NA 0 0.0 0 0 0 210
Travel Segment 5 NA 0 0.0 0 0 0 210
Travel Segment 6 NA 0 0.0 0 0 0 210
Travel Segment 7 NA 0 0.0 0 0 0 210
TOTALS 9 295 50 12 62

Instrumen
tation
Location

.ofC,D,E,or F
of C,D,E,or F
.ofC,D, E,or F
.ofC,D,E,or F
.ofC,D, E,or F
.ofC,D, E,or F

Instrumen
tation
Location
used for
FED
Calculatio
n

ax.
ax.
ax.

of C,D,E,or F
of C,D, E,or F
of C,D,E,or F
Max. of C, D, E, or F
Max. of C, D, E, or F
.ofC,D, E,or F

ZTITZI>>>

Instrumen
tation
Location

Max.
Max.
Max.
Max.
Max.
Max.

of C,D, E, or F
of C,D,E,or F
of C,D,E,or F
of C,D,E,or F
of C,D, E, or F
of C,D, E,or F

Instrumen
tation
Location
used for
FED
Calculatio
n

A
A
A
Max.
Max.
Max.
Max.
Max.
Max.

of C,D, E,or F
of C,D, E, or F
of C,D,E,or F
of C,D,E,or F
of C,D,E,or F
of C,D, E, or F
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SDC41 i Kitchen Fire - Direct

|Test SDC41 Heating cooking oil in Kitchen  |FED timelines for Bedroom 2 individual |
1st Smoke Detectors to Activate DET 1 DET 2 DET 3 DET 4 Average
lonization: Location D 136 230 0 0 183.0
Photoelectric: Location C 642 0 0 0 642
Response Travel Total Instrumen
Timein Timein Timein Total Time tation
Distance Segment Segment Segment from Ignition Location
m ft s s s
Ignition 0 A
Time to alarm -lonization 183 A
Travel Segment 1 Bedroom #2 6.5 213 50 9 59 242 A
Travel Segment 2 Hallway to rear door exit 25 8.2 0 3 3 245 Max. of C, D, E, or F
Travel Segment 3 NA 0 0.0 0 0 0 245 Max. of C, D, E, or F
Travel Segment 4 NA 0 0.0 0 0 0 245 Max. of C,D, E,or F
Travel Segment 5 NA 0 0.0 0 0 0 245 Max. of C, D, E, or F
Travel Segment 6 NA 0 0.0 0 0 0 245 Max. of C, D, E, or F
Travel Segment 7 NA 0 0.0 0 0 0 245 Max. of C, D, E, or F
TOTALS 9 295 50 12 62
Instrumen
tation
Location
used for
Response Travel Total time FED
Timein Timein in Total Time Calculatio
Distance Segment Segment Segment from Ignition n
m ft s s s
Ignition 0 A
Time to alarm - Photoelectric 642 A
Travel Segment 1 Bedroom #2 6.5 213 50 9 59 701 A
Travel Segment 2 Hallway to rear door exit 2.5 8.2 0 3 3 704 Max. of C, D, E, or F
Travel Segment 3 NA 0 0.0 0 0 0 704 Max. of C, D, E, or F
Travel Segment 4 NA 0 0.0 0 0 0 704 Max. of C, D, E, or F
Travel Segment 5 NA 0 0.0 0 0 0 704 Max. of C, D, E, or F
Travel Segment 6 NA 0 0.0 0 0 0 704 Max. of C, D, E, or F
Travel Segment 7 NA 0 0.0 0 0 0 704 Max. of C, D, E, or F
TOTALS 9 295 50 12 62
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Indirect Escape Route from Bedroom 1 i Bedroom 1 Fires
This section corresponds to Table 2.2a in the report.

Figure A.3 7 Indirect Escape Route from Bedroom 1

it

C

. Living
i ] >~~.,.|§|tchen Room
l:.l%n ~ ‘.“
CETARL e snneee
BR 2

Il smoke alarm response
—>o primary gas analysis
O temperature
= smoke obscuration
3> path of occupant traveling to awaken another occupant

—> path of occupant where FED was calculated

Flaming (door Open)

SDCO05 i Flaming Mattress in Bedroom - Indirect

[Test SDC05 Flaming Mattress in Bedroom |
1st Smoke Detectors to Activate DET 1 DET 2 DET 3 DET 4 Average
lonization: Location B 32 32 0 32.0
Photoelectric: Location B 42 0 42.0
Total
Response Travel Total Time Time
Timein  Timein in from Location
Distance Segment Segment Segment Ignition  to use
m ft s s s
Ignition 0 B
Time to alarm -lonization 32 B
Travel Segment 1 Bedroom #1 35 11.5 87 5 92 124 B
Travel Segment 2 Hallway to Bedroom #3 25 8.2 0 3 3 127 Max. of C, D, E, or F
Travel Segment 3 Bedroom #3 6 19.7 5 8 13 140 Max. of C, D, E, or F
Travel Segment 4 Hallway to front door exit 25 8.2 0 3 3 143 Max. of C, D, E, or F
Travel Segment 5 NA 0 0.0 0 0 0 143 Max. of C, D, E, or F
Travel Segment 6 NA 0 0.0 0 0 0 143 Max. of C, D, E, or F
Travel Segment 7 NA 0 0.0 0 0 0 143 Max. of C, D, E, or F
0 0 0 0 0
TOTALS 145 47.6 92 19 111
Total
Response Travel Total time Time
Timein  Timein in from Location
Distance Segment Segment Segment Ignition  to use
m ft s s s
Ignition 0 B
Time to alarm - Photoelectric 42 B
Travel Segment 1 Bedroom #1 35 11.5 87 5 92 134 B
Travel Segment 2 Hallway to Bedroom #3 25 8.2 0 3 3 137 Max. of C, D, E, or F
Travel Segment 3 Bedroom #3 6 19.7 5 8 13 150 Max. of C, D, E, or F
Travel Segment 4 Hallway to front door exit 25 8.2 0 3 3 153 Max. of C, D, E, or F
Travel Segment 5 NA 0 0.0 0 0 0 153  Max.of C,D, E, or F
Travel Segment 6 NA 0 0.0 0 0 0 153 Max. of C, D, E, or F
Travel Segment 7 NA 0 0.0 0 0 0 153 Max. of C, D, E, or F
0 0 0 0 0
TOTALS 145 47.6 92 19 111
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SDCOQ7 i Flaming Mattress in Bedroom - Indirect
Test SDCO07 Flaming Mattress in Bedroom |

1st Smoke Detectors to Activate DET 1 DET 2 DET 3 DET 4 Average
lonization: Location B 43 47 0 45.0
Photoelectric: Location B 85 0 85.0
Total
Response Travel Total Time Time
Timein  Timein in from Location
Distance Segment Segment Segment Ignition  to use
m ft s s s
Ignition 0 B
Time to alarm -lonization 45 B
Travel Segment 1 Bedroom #1 35 11.5 87 5 92 137 B
Travel Segment 2 Hallway to Bedroom #3 25 8.2 0 3 3 140 Max. of C, D, E, or F
Travel Segment 3 Bedroom #3 6 19.7 5 8 13 153 Max. of C, D, E, or F
Travel Segment 4 Hallway to front door exit 25 8.2 0 3 3 156 Max. of C, D, E, or F
Travel Segment 5 NA 0 0.0 0 0 0 156 NA
Travel Segment 6 NA 0 0.0 0 0 0 156 NA
Travel Segment 7 NA 0 0.0 0 0 0 156 NA
0 0 0 0 0
TOTALS 145 47.6 92 19 111
Total
Response Travel Total time Time
Timein  Timein in from Location
Distance Segment Segment Segment Ignition  to use
m ft s s s
Ignition 0 B
Time to alarm - Photoelectric 85 B
Travel Segment 1 Bedroom #1 35 11.5 87 5 92 177 B
Travel Segment 2 Hallway to Bedroom #3 25 8.2 0 3 3 180 Max. of C, D, E, or F
Travel Segment 3 Bedroom #3 6 19.7 5 8 13 193 Max. of C, D, E, or F
Travel Segment 4 Hallway to front door exit 2.5 8.2 0 3 3 196 Max. of C, D, E, or F
Travel Segment 5 NA 0 0.0 0 0 0 196 NA
Travel Segment 6 NA 0 0.0 0 0 0 196 NA
Travel Segment 7 NA 0 0.0 0 0 0 196 NA
0 0 0 0 0
TOTALS 145 47.6 92 19 111
SDC38 i Flaming Matiress in Bedroom i _Indirect
[Test SDC38 Flaming Mattress in BedRoom |FED timelines for Bedroom 1 individual |
1st Smoke Detectors to Activate DET 1 DET 2 DET 3 DET 4 Average
lonization: Location D 39 37 0 0 38.0
Photoelectric: Location C 95 0 0 0 95
Response Travel Total Instrumen
Timein Timein  Timein Total Time tation
Distance Segment Segment Segment from Ignition Location
m ft s s s
Ignition 0 B
Time to alarm -lonization 38 B
Travel Segment 1 Bedroom #1 35 11.5 87 5 92 130 Note 1 B
Travel Segment 2 Hallway to Bedroom #3 25 8.2 0 3 3 133 Max. of C, D, E, or F
Travel Segment 3 Bedroom #3 6 19.7 5 8 13 146 Max. of C, D, E, or F
Travel Segment 4 Hallway to front door exit 25 8.2 0 3 3 149 Max. of C, D, E, or F
Travel Segment 5 NA 0 0.0 0 0 0 149 NA
Travel Segment 6 NA 0 0.0 0 0 0 149 NA
Travel Segment 7 NA 0 0.0 0 0 0 149 NA
TOTALS 145 47.6 92 19 111
Instrumen
tation
Location
used for
Response Travel Total time FED
Timein Timein in Total Time Calculatio
Distance Segment Segment Segment from Ignition n
m ft s s s
Ignition 0 B
Time to alarm - Photoelectric 95 B
Travel Segment 1 Bedroom #1 35 11.5 87 5 92 187 Note 1 B
Travel Segment 2 Hallway to Bedroom #3 25 8.2 0 3 3 190 Max. of C, D, E, or F
Travel Segment 3 Bedroom #3 6 19.7 5 8 13 203 Max. of C, D, E, or F
Travel Segment 4 Hallway to front door exit 25 8.2 0 3 3 206 Max. of C, D, E, or F
Travel Segment 5 NA 0 0.0 0 0 0 206 NA
Travel Segment 6 NA 0 0.0 0 0 0 206 NA
Travel Segment 7 NA 0 0.0 0 0 0 206 NA
TOTALS 145 47.6 92 19 111

Note 1: The Response time assumes an individual from Bedroom #2 goes to Bedroom #1 to awaken the person in Bedroom #1. This
time consists of 50 s for waking, dressing, calling Fire dept. & gathering items; 32 s for 24 m travel to Bedroom #1, plus 5 s for waking
person in Bedroom #1.
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SDC39 i Flaming Mattress in Bedroom i Indirect

[Test SDC39

1st Smoke Detectors to Activate
lonization: Location D
Photoelectric: Location C

Ignition

Time to alarm -lonization

Travel Segment 1 Bedroom #1

Travel Segment 2 Hallway to Bedroom #3
Travel Segment 3 Bedroom #3

Travel Segment 4 Hallway to front door exit
Travel Segment 5 NA

Travel Segment 6 NA

Travel Segment 7 NA

Ignition

Time to alarm - Photoelectric

Travel Segment 1 Bedroom #1

Travel Segment 2 Hallway to Bedroom #3
Travel Segment 3 Bedroom #3

Travel Segment 4 Hallway to front door exit
Travel Segment 5 NA

Travel Segment 6 NA

Travel Segment 7 NA

Flaming Mattress in BedRoom |FED timelines for Bedroom 1 individual
DET 1 DET 2 DET 3 DET 4 Average
34 34 0 0 34.0
90 0 0 0 90
Response Travel Total
Timein Timein Timein Total Time
Distance Segment Segment Segment from Ignition
m ft s s s
0
34
35 115 87 5 92 126
25 8.2 0 3 3 129
6 19.7 5 8 13 142
25 8.2 0 3 3 145
0 0.0 0 0 0 145
0 0.0 0 0 0 145
0 0.0 0 0 0 145
TOTALS 145 47.6 92 19 111
Response Travel Total time
Timein Timein in Total Time
Distance Segment Segment Segment from Ignition
m ft s s s
0
90
35 115 87 5 92 182
25 8.2 0 3 3 185
6 19.7 5 8 13 198
25 8.2 0 3 3 201
0 0.0 0 0 0 201
0 0.0 0 0 0 201
0 0.0 0 0 0 201
TOTALS 145 47.6 92 19 111

Note 1: The Response time assumes an individual from Bedroom #2 goes to Bedroom #1 to awaken the person in Bedroom #1. This
time consists of 50 s for waking, dressing, calling Fire dept. & gathering items; 32 s for 24 m travel to Bedroom #1, plus 5 s for waking

person in Bedroom #1.

Smoldering (door closed)

1st Smoke Detectors to Activate DET 1 DET 2 DET 3 DET 4
lonization: Location B 3402 3406 0
Photoelectric: Location B 2648 0
Response Travel Total Time
Timein  Timein in
Distance Segment Segment Segment
m ft s s s
Ignition
Time to alarm -lonization
Travel Segment 1 Bedroom #1 3.5 115 87 5 92
Travel Segment 2 Hallway to Bedroom #3 25 8.2 0 3 3
Travel Segment 3 Bedroom #3 6 19.7 5 8 13
Travel Segment 4 Hallway to front door exit 25 8.2 0 3 3
Travel Segment 5 NA 0 0.0 0 0 0
Travel Segment 6 NA 0 0.0 0 0 0
Travel Segment 7 NA 0 0.0 0 0 0
0 0 0 0 0
TOTALS 145 47.6 92 19 111
Response Travel Total time
Timein  Timein in
Distance Segment Segment Segment
m ft s s s
Ignition
Time to alarm - Photoelectric
Travel Segment 1 Bedroom #1 35 115 87 5 92
Travel Segment 2 Hallway to Bedroom #3 25 8.2 0 3 3
Travel Segment 3 Bedroom #3 6 19.7 5 8 13
Travel Segment 4 Hallway to front door exit 25 8.2 0 3 3
Travel Segment 5 NA 0 0.0 0 0 0
Travel Segment 6 NA 0 0.0 0 0 0
Travel Segment 7 NA 0 0.0 0 0 0
0 0 0 0 0
TOTALS 14.5 47.6 92 19 111

Average
3404.0
2648.0

Note 1

Note 1

Total
Time
from
Ignition

0
3404
3496
3499
3512
3515
3515
3515
3515

Total
Time
from
Ignition

0
2648
2740
2743
2756
2759
2759
2759
2759

Instrumen
tation
Location

B

B

B

Max. of C,D, E, or F
Max. of C, D, E, or F
Max. of C, D, E, or F
NA

NA

NA

Instrumen
tation
Location
used for
FED
Calculatio
n

B

B

B

Max. of C, D, E, or F
Max. of C, D, E, or F
Max. of C, D, E, or F
NA

NA

NA

Location
to use

B
B
B
Max. of C, D, E, or F
Max. of C, D, E, or F
Max. of C, D, E, or F
Max. of C, D, E, or F
Max. of C, D, E, or F
Max. of C, D, E, or F

Location
to use

B
B
B
Max. of C, D, E, or F
Max. of C, D, E, or F
Max. of C, D, E, or F
Max. of C, D, E, or F
Max. of C, D, E, or F
Max. of C, D, E, or F
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Flaming (door closed)

SDCO09 i Flaming Mattress in Bedroom - Indirect
Test SDCO09 Flaming Mattress in Bedroom

1st Smoke Detectors to Activate
lonization: Location B
Photoelectric: Location B

Ignition

Time to alarm -lonization

Travel Segment 1
Travel Segment 2
Travel Segment 3
Travel Segment 4
Travel Segment 5
Travel Segment 6
Travel Segment 7

Ignition

Time to alarm - Photoelectric

Travel Segment 1
Travel Segment 2
Travel Segment 3
Travel Segment 4
Travel Segment 5
Travel Segment 6
Travel Segment 7

DET1 DET 2 DET 3 DET 4
29 29 0
95 0
Response Travel Total Time
Timein  Timein in
Distance Segment Segment Segment
m s s s
Bedroom #1 35 115 87 5 92
Hallway to Bedroom #3 25 8.2 0 3 3
Bedroom #3 6 19.7 5 8 13
Hallway to front door exit 25 8.2 0 3 3
NA 0 0.0 0 0 0
NA 0 0.0 0 0 0
NA 0 0.0 0 0 0
0 0 0 0 0
TOTALS 145 47.6 92 19 111
Response Travel Total time
Timein  Timein in
Distance Segment Segment Segment
m ft s s s

Bedroom #1 35 115 87 5 92
Hallway to Bedroom #3 25 8.2 0 3 3
Bedroom #3 6 19.7 5 8 13
Hallway to front door exit 25 8.2 0 3 3
NA 0 0.0 0 0 0
NA 0 0.0 0 0 0
NA 0 0.0 0 0 0
0 0 0 0 0
TOTALS 145 47.6 92 19 111

Average
29.0
95.0

Total
Time
from
Ignition

0
29
121
124
137
140
140
140
140

Total
Time
from
Ignition

0
95
187
190
203
206
206
206
206

Location
to use

B
B
B
Max.of C,D, E, or F
Max. of C, D, E, or F
Max. of C, D, E, or F
Max. of C, D, E, or F
Max. of C, D, E, or F
Max.of C,D, E, or F

Location
to use

ax. of C,D, E, or F
ax. of C, D, E, or F
Max. of C, D, E, or F
Max. of C,D, E, or F
Max. of C, D, E, or F
Max. of C, D, E, or F
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SDC36 i Flaming Matiress in Bedroom i _Indirect

[Test SDC36 Flaming mattress in bedroom  |FED timelines for Bedroom 1 individual |
1st Smoke Detectors to Activate DET 1 DET 2 DET 3 DET 4 Average
lonization: Location B 38 44 0 0 41.0
Photoelectric: Location B 72 0 0 0 72
Response Travel Total Instrumen
Timein Timein Timein Total Time tation
Distance Segment Segment Segment from Ignition Location
m ft s s s
Ignition 0 B
Time to alarm -lonization 41 B
Travel Segment 1 Bedroom #1 35 115 87 5 92 133 Note 1 B
Travel Segment 2 Hallway to Bedroom #3 25 8.2 0 3 3 136 Max. of C, D, E, or F
Travel Segment 3 Bedroom #3 6 19.7 5 8 13 149 Max. of C, D, E, or F
Travel Segment 4 Hallway to front door exit 25 8.2 0 3 3 152 Max. of C, D, E, or F
Travel Segment 5 NA 0 0.0 0 0 0 152 NA
Travel Segment 6 NA 0 0.0 0 0 0 152 NA
Travel Segment 7 NA 0 0.0 0 0 0 152 NA
TOTALS 145 47.6 92 19 111
Instrumen
tation
Location
used for
Response Travel Total time FED
Timein Timein in Total Time Calculatio
Distance Segment Segment Segment from Ignition n
m ft s s s
Ignition 0 B
Time to alarm - Photoelectric 72 B
Travel Segment 1 Bedroom #1 35 11.5 87 5 92 164 Note 1 B
Travel Segment 2 Hallway to Bedroom #3 25 8.2 0 3 3 167 Max. of C, D, E, or F
Travel Segment 3 Bedroom #3 6 19.7 5 8 13 180 Max. of C, D, E, or F
Travel Segment 4 Hallway to front door exit 25 8.2 0 3 3 183 Max. of C, D, E, or F
Travel Segment 5 NA 0 0.0 0 0 0 183 NA
Travel Segment 6 NA 0 0.0 0 0 0 183 NA
Travel Segment 7 NA 0 0.0 0 0 0 183 NA
TOTALS 145 47.6 92 19 111
Note 1: The Response time assumes an individual from Bedroom #2 goes to Bedroom #1 to awaken the person in Bedroom #1. This
time consists of 50 s for waking, dressing, calling Fire dept. & gathering items; 32 s for 24 m travel to Bedroom #1, plus 5 s for waking
person in Bedroom #1.
Smoldering (door open)
SDCO04 i_Smoldering Mattress in Bedroom - Indirect
|Test SDC04 Smoldering Mattress in Bedroom |
1st Smoke Detectors to Activate DET 1 DET 2 DET 3 DET 4 Average
lonization: Location B 3338 3343 0 3340.5
Photoelectric: Location D 1153 0 1153.0
Total
Response Travel Total Time Time
Timein  Timein in from Location
Distance Segment Segment Segment Ignition  to use
m ft s s s
Ignition 0 B
Time to alarm -lonization 3341 B
Travel Segment 1 Bedroom #1 35 115 87 5 92 3432 B
Travel Segment 2 Hallway to Bedroom #3 25 8.2 0 3 3 3436 Max.of C,D, E,or F
Travel Segment 3 Bedroom #3 6 19.7 5 8 13 3449 Max.of C,D, E,or F
Travel Segment 4 Hallway to front door exit 2.5 8.2 0 3 3 3452 Max.of C,D, E, or F
Travel Segment 5 NA 0 0.0 0 0 0 3452 NA
Travel Segment 6 NA 0 0.0 0 0 0 3452 NA
Travel Segment 7 NA 0 0.0 0 0 0 3452 NA
0 0 0 0 0
TOTALS 14.5 47.6 92 19 111
Total
Response Travel Total time Time
Timein  Timein in from Location
Distance Segment Segment Segment Ignition  to use
m ft s s s
Ignition [} B
Time to alarm - Photoelectric 1153 B
Travel Segment 1 Bedroom #1 35 115 87 5 92 1245 B
Travel Segment 2 Hallway to Bedroom #3 25 8.2 0 3 3 1248 Max.of C,D, E, or F
Travel Segment 3 Bedroom #3 6 19.7 5 8 13 1261 Max.of C,D, E, or F
Travel Segment 4 Hallway to front door exit 25 8.2 0 3 3 1264 Max.of C,D, E, or F
Travel Segment 5 NA 0 0.0 0 0 0 1264 NA
Travel Segment 6 NA 0 0.0 0 0 0 1264 NA
Travel Segment 7 NA 0 0.0 0 0 0 1264 NA
0 0 0 0 0
TOTALS 145 47.6 92 19 111
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SDCO06 i Smoldering Mattress in Bedroom - Indirect
Test SDCO06 Smoldering Mattress in Bedroom

1st Smoke Detectors to Activate DET 1 DET 2 DET 3 DET 4 Average
lonization: Location B 5998 5998 0 5998.0
Photoelectric: Location D 3418 0 3418.0
Response Travel Total Time
Timein  Timein in
Distance Segment Segment Segment
m ft s s S
Ignition
Time to alarm -lonization
Travel Segment 1 Bedroom #1 35 11.5 87 5 92
Travel Segment 2 Hallway to Bedroom #3 25 8.2 0 3 3
Travel Segment 3 Bedroom #3 6 19.7 5 8 13
Travel Segment 4 Hallway to front door exit 25 8.2 0 3 3
Travel Segment 5 NA 0 0.0 0 0 0
Travel Segment 6 NA 0 0.0 0 0 0
Travel Segment 7 NA 0 0.0 0 0 0
0 0 0 0 0
TOTALS 145 47.6 92 19 111
Response Travel Total time
Timein  Timein in
Distance Segment Segment Segment
m ft s s s
Ignition
Time to alarm - Photoelectric
Travel Segment 1 Bedroom #1 35 11.5 87 5 92
Travel Segment 2 Hallway to Bedroom #3 25 8.2 0 3 3
Travel Segment 3 Bedroom #3 6 19.7 5 8 13
Travel Segment 4 Hallway to front door exit 25 8.2 0 3 3
Travel Segment 5 NA 0 0.0 0 0 0
Travel Segment 6 NA 0 0.0 0 0 0
Travel Segment 7 NA 0 0.0 0 0 0
0 0 0 0 0
TOTALS 145 47.6 92 19 111
SDCO08 i_Smoldering Mattress in Bedroom - Indirect
ﬁest SDC08 Smoldering Mattress in Bedroom |
1st Smoke Detectors to Activate DET 1 DET 2 DET 3 DET 4 Average
lonization: Location B 3697 3699 [¢] 3698.0
Photoelectric: Location B 2339 0 2339.0
Response Travel Total Time
Timein  Timein in
Distance Segment Segment Segment
m ft s s s
Ignition
Time to alarm -lonization
Travel Segment 1 Bedroom #1 35 11.5 87 5 92
Travel Segment 2 Hallway to Bedroom #3 25 8.2 0 3 3
Travel Segment 3 Bedroom #3 6 19.7 5 8 13
Travel Segment 4 Hallway to front door exit 25 8.2 0 3 3
Travel Segment 5 NA 0 0.0 0 0 0
Travel Segment 6 NA 0 0.0 0 0 0
Travel Segment 7 NA 0 0.0 0 0 0
0 0 0 0 0
TOTALS 145 47.6 92 19 111
Response Travel Total time
Timein  Timein in
Distance Segment Segment Segment
m ft s s s
Ignition
Time to alarm - Photoelectric
Travel Segment 1 Bedroom #1 35 115 87 5 92
Travel Segment 2 Hallway to Bedroom #3 25 8.2 0 3 3
Travel Segment 3 Bedroom #3 6 19.7 5 8 13
Travel Segment 4 Hallway to front door exit 25 8.2 0 3 3
Travel Segment 5 NA 0 0.0 0 0 0
Travel Segment 6 NA 0 0.0 0 0 0
Travel Segment 7 NA 0 0.0 0 0 0
0 0 0 0 0
TOTALS 145 47.6 92 19 111

Total
Time
from Location
Ignition  to use
0 B
5998 B
6090 B
6093 Max.ofC,D, E,or F
6106 Max.ofC,D, E,or F
6109 Max.ofC,D, E,or F
6109 NA
6109 NA
6109 NA
Total
Time
from Location
Ignition  to use
0 B
3418 B
3510 B
3513 Max.of C, D, E, or F
3526 Max.ofC,D, E, or F
3529 Max.of C,D, E, or F
3529 NA
3529 NA
3529 NA
Total
Time
from Location
Ignition  to use
0 B
3698 B
3790 B
3793 Max.ofC,D, E,or F
3806 Max.ofC,D, E,or F
3809 Max.ofC,D, E,orF
3809 NA
3809 NA
3809 NA
Total
Time
from Location
Ignition  to use
0 B
2339 B
2431 B
2434 Max.of C,D, E,or F
2447 Max.of C,D, E, or F
2450 Max.of C,D, E, or F
2450 NA
2450 NA
2450 NA
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Appendix AT FED Calculations

SDC37 i1 Smoldering Mattress in Bedroom i _Indirect

[Test SDC37 Smoldering Mattress in BedRoor{FED timelines for Bedroom 1 individual
1st Smoke Detectors to Activate DET 1 DET 2 DET 3 DET 4
lonization: Location D 1746 1736 0 0
Photoelectric: Location C 1414 1438 0 0
Location B
Response Travel Total
Timein  Timein  Timein
Distance Segment Segment Segment
m ft s s s
Ignition
Time to alarm -lonization
Travel Segment 1 Bedroom #1 35 11.5 87 5 92
Travel Segment 2 Hallway to Bedroom #3 25 8.2 0 3 3
Travel Segment 3 Bedroom #3 6 19.7 5 8 13
Travel Segment 4 Hallway to front door exit 25 8.2 0 3 3
Travel Segment 5 NA 0 0.0 0 0 0
Travel Segment 6 NA 0 0.0 0 0 0
Travel Segment 7 NA 0 0.0 0 0 [o]
TOTALS 145 47.6 92 19 111
Response Travel Total time
Timein  Timein in
Distance Segment Segment Segment
m ft s s s
Ignition
Time to alarm - Photoelectric
Travel Segment 1 Bedroom #1 35 115 87 5 92
Travel Segment 2 Hallway to Bedroom #3 25 8.2 0 3 3
Travel Segment 3 Bedroom #3 6 19.7 5 8 13
Travel Segment 4 Hallway to front door exit 25 8.2 0 3 3
Travel Segment 5 NA 0 0.0 0 0 0
Travel Segment 6 NA 0 0.0 0 0 0
Travel Segment 7 NA 0 0.0 0 0 0
TOTALS 145 47.6 92 19 111

Average

1741.0
1426

Total
from

Total
from

Time
Ignition

1741
1833
1836
1849
1852
1852
1852
1852

Time
Ignition

0
1426
1518
1521
1534
1537
1537
1537
1537

Note 1: The Response time assumes an individual from Bedroom #2 goes to Bedroom #1 to awaken the person in Bedroom #1. This
time consists of 50 s for waking, dressing, calling Fire dept. & gathering items; 32 s for 24 m travel to Bedroom #1, plus 5 s for waking

person in Bedroom #1.

Note 1

Note 1

Instrumen
tation
Location

B

B

B

Max. of C, D, E, or F
Max. of C, D, E, or F
Max. of C, D, E, or F
NA

NA

NA

Instrumen
tation
Location
used for
FED
Calculatio
n

B

B

B

Max. of C, D, E, or F
Max. of C, D, E, or F
Max. of C, D, E, or F
NA

NA

NA
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Appendix AT FED Calculations

SDC40 i Smoldering Mattress in Bedroom i _Indirect

Total Time
from Ignition

NA
NA
NA
NA
NA
NA
NA
NA

Total Time
from Ignition

0
2570
2662
2665
2678
2681
2681
2681
2681

|Test SDC40 Smoldering Mattress in BedRoor{FED timelines for Bedroom 1 individual
1st Smoke Detectors to Activate DET 1 DET 2 DET 3 DET 4 Average
lonization: Location D NA NA NA 0 NA
Photoelectric: Location C 2570 0 0 0 2570
Location B
Response Travel Total
Timein Timein Timein
Distance Segment Segment Segment
m ft s s s
Ignition
Time to alarm -lonization
Travel Segment 1 Bedroom #1 35 11.5 87 5 92
Travel Segment 2 Hallway to Bedroom #3 25 8.2 0 3 3
Travel Segment 3 Bedroom #3 6 19.7 5 8 13
Travel Segment 4 Hallway to front door exit 25 8.2 0 3 3
Travel Segment 5 NA 0 0.0 0 0 0
Travel Segment 6 NA 0 0.0 0 0 0
Travel Segment 7 NA 0 0.0 0 0 0
TOTALS 145 47.6 92 19 111
Response Travel Total time
Timein Timein in
Distance Segment Segment Segment
m ft s S s
Ignition
Time to alarm - Photoelectric
Travel Segment 1 Bedroom #1 35 115 87 5 92
Travel Segment 2 Hallway to Bedroom #3 25 8.2 0 3 3
Travel Segment 3 Bedroom #3 6 19.7 5 8 13
Travel Segment 4 Hallway to front door exit 25 8.2 0 3 3
Travel Segment 5 NA 0 0.0 0 0 0
Travel Segment 6 NA 0 0.0 0 0 0
Travel Segment 7 NA 0 0.0 0 0 0
TOTALS 14.5 47.6 92 19 111

Note 1: The Response time assumes an individual from Bedroom #2 goes to Bedroom #1 to awaken the person in Bedroom #1. This
time consists of 50 s for waking, dressing, calling Fire dept. & gathering items; 32 s for 24 m travel to Bedroom #1, plus 5 s for waking

person in Bedroom #1.

Note 1

Note 1

Instrumen
tation
Location

B

B

B

Max. of C, D, E, or F
Max. of C, D, E, or F
Max. of C, D, E, or F
NA

NA

NA

Instrumen
tation
Location
used for
FED
Calculatio
n

B

B

B

Max. of C, D, E, or F
Max. of C, D, E, or F
Max. of C, D, E, or F
NA

NA

NA
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Appendix AT FED Calculations

Indirect Escape Route from Bedroom 2 i Living Room and Kitchen Fires

This section corresponds to Table 2.2b in the report.

Figure A.4 7 Indirect Escape Route from Bedroom 2

it

L Kitch Living BR 3
Itcnen
Room
CSTARTD Fep. 3
H 7
\
END
I smoke alarm response -
—o primary gas analysis Exit
O temperature
== smoke obscuration
—> path of occupant where FED was calculated
Smoldering
SDCO1 i Smoldering Chair in Living Room - Indirect
Test SDCO1 Smoldering chair in living room
1st Smoke Detectors to Activate DET 1 DET 2 DET 3 DET 4 Average
lonization: Location C 6087 6112 5282 5827.0
Photoelectric: Location C 5262 5502 5382.0
Response Travel Total Time
Time in Time in in
Distance Segment Segment Segment
m ft s s s
Ignition
Time to alarm -lonization
Travel Segment 1 Bedroom #2 6.5 21.3 50 9 59
Travel Segment 2 Kitchen, dining, living room 12 39.4 0 16 16
Travel Segment 3 Hallway to Bedrooms #1 4 13.1 0 5 5
Travel Segment 4 Bedroom #1 7 23.0 15 9 24
Travel Segment 5 Hallway to Bedroom #3 25 8.2 0 3 3
Travel Segment 6 Bedroom #3 6 19.7 15 8 23
Travel Segment 7 Hallway to Front door exit 3 9.8 0 4 4
0 0 0 0 0
TOTALS 41 1345 80 55 135
Response Travel Total time
Timein  Timein in
Distance Segment Segment Segment
m ft s s s
Ignition
Time to alarm - Photoelectric
Travel Segment 1 Bedroom #2 6.5 21.3 50 9 59
Travel Segment 2 Kitchen, dining, living room 12 39.4 0 16 16
Travel Segment 3 Hallway to Bedrooms #1 4 13.1 0 5 5
Travel Segment 4 Bedroom #1 7 23.0 15 9 24
Travel Segment 5 Hallway to Bedroom #3 25 8.2 0 3 3
Travel Segment 6 Bedroom #3 6 19.7 15 8 23
Travel Segment 7 Hallway to Front door exit 3 9.8 0 4 4
0 0 0 0 0
TOTALS 41 134.5 80 55 135

Total
Time
from
Ignition

0
5827
5886
5902
5907
5931
5935
5958
5962

Total
Time
from
Ignition

0
5382
5441
5457
5462
5486
5490
5513
5517

BR 1

Location
to use

A
A
A
worstcaseof CDEF
worstcaseofCDEF
worstcaseofCDEF
worstcaseof CDEF
worstcaseof CDEF
worstcaseofCDEF

Location
to use

A
A
A
worstcaseofCDEF
worstcaseofCDEF
worstcaseofCDEF
worstcaseof CDEF
worstcaseof CDEF
worstcaseofCDEF
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Appendix AT FED Calculations

SDC11 i Smoldering Chair in Living Room - Indirect
Test SDC11 Smoldering chair in living room

1st Smoke Detectors to Activate DET 1 DET 2 DET 3 DET 4 Average
lonization: Location D 4241 4245 4241 4242.3
Photoelectric: Location D 4241 0 4241.0
Total
Response Travel Total Time Time
Timein  Timein in from Location
Distance Segment Segment Segment Ignition  to use
m ft s s s
Ignition 0 A
Time to alarm -lonization 4242 A
Travel Segment 1 Bedroom #2 6.5 21.3 50 9 59 4301 A
Travel Segment 2 Kitchen, dining, living room 12 39.4 0 16 16 4317  worstcaseof CDEF
Travel Segment 3 Hallway to Bedrooms #1 4 13.1 0 5 5 4322  worstcaseof CDEF
Travel Segment 4 Bedroom #1 7 23.0 15 9 24 4347  worstcaseof CDEF
Travel Segment 5 Hallway to Bedroom #3 25 8.2 0 3 3 4350  worstcaseof CDEF
Travel Segment 6 Bedroom #3 6 19.7 15 8 23 4373  worstcaseof CDEF
Travel Segment 7 Hallway to Front door exit 3 9.8 0 4 4 4377  worstcaseof CDEF
0 0 0 0 0
TOTALS 41 134.5 80 55 135
Total
Response Travel Total time Time
Timein  Timein in from Location
Distance Segment Segment Segment Ignition  to use
m ft s s s
Ignition 0 A
Time to alarm - Photoelectric 4241 A
Travel Segment 1 Bedroom #2 6.5 21.3 50 9 59 4300 A
Travel Segment 2 Kitchen, dining, living room 12 39.4 0 16 16 4316  worstcaseof CDEF
Travel Segment 3 Hallway to Bedrooms #1 4 13.1 0 5 5 4321  worstcaseof CDEF
Travel Segment 4 Bedroom #1 7 23.0 15 9 24 4345  worstcaseof CDEF
Travel Segment 5 Hallway to Bedroom #3 25 8.2 0 3 3 4349  worstcaseof CDEF
Travel Segment 6 Bedroom #3 6 19.7 15 8 23 4372  worstcaseof CDEF
Travel Segment 7 Hallway to Front door exit 3 9.8 0 4 4 4376  worstcaseof CDEF
0 0 0 0 0
TOTALS 41 1345 80 55 135
SDC31 i Kitchen Fire i Indirect
[Test SDC31 Smoldering Chair in Living Room JFED timelines for Bedroom 2 individual ]
1st Smoke Detectors to Activate DET 1 DET 2 DET 3 DET 4 Average
lonization: Location D 5091 5417 5483 0 5330.3
Photoelectric: Location C 5051 5031 0 0 5041
Response Travel Total Instrumentation
Timein Timein Timein Total Time Location used for
Distance Segment Segment Segment from Ignition FED Calculation
m ft s s s
Ignition 0 A
Time to alarm -lonization 5330 A
Travel Segment 1 Bedroom #2 6.5 213 50 9 59 5389 A
Travel Segment 2 Kitchen, dining, living room 12.0 39.4 0 16 16 5405 Max. of C, D, E, or F
Travel Segment 3 Hallway to Bedrooms #1 4.0 13.1 0 5 5 5410 Max. of C, D, E, or F
Travel Segment 4 Bedroom #1 7.0 23.0 15 9 24 5435 Max. of C, D, E, or F
Travel Segment 5 Hallway to Bedroom #3 25 8.2 0 3 3 5438 Max. of C, D, E, or F
Travel Segment 6 Bedroom #3 6.0 19.7 15 8 23 5461 Max. of C, D, E, or F
Travel Segment 7 Hallway to Front door exit 3.0 9.8 0 4 4 5465 Max. of C, D, E, or F
TOTALS 41 1345 80 55 135
Response Travel Total time Instrumentation
Timein Timein in Total Time Location used for
Distance Segment Segment Segment from Ignition FED Calculation
m ft s s s
Ignition 0 A
Time to alarm - Photoelectric 5041 A
Travel Segment 1 Bedroom #2 6.5 213 50 9 59 5100 A
Travel Segment 2 Kitchen, dining, living room 12.0 39.4 0 16 16 5116 Max. of C, D, E, or F
Travel Segment 3 Hallway to Bedrooms #1 4.0 13.1 0 5 5 5121 Max. of C, D, E, or F
Travel Segment 4 Bedroom #1 7.0 23.0 15 9 24 5145 Max. of C, D, E, or F
Travel Segment 5 Hallway to Bedroom #3 2.5 8.2 0 3 3 5149 Max. of C, D, E, or F
Travel Segment 6 Bedroom #3 6.0 19.7 15 8 23 5172 Max. of C, D, E, or F
Travel Segment 7 Hallway to Front door exit 3.0 9.8 0 4 4 5176 Max. of C, D, E, or F
TOTALS 41 1345 80 55 135
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Appendix AT FED Calculations

SDC34 i Smoldering Chair in Living Room i Indirect

[Test SDC34 Smoldering Chair in Living Room{FED timelines for Bedroom 2 individual |
1st Smoke Detectors to Activate DET 1 DET 2 DET 3 DET 4 Average
lonization: Location D 3904 3896 3898 0 3899.3
Photoelectric: Location C 3896 3864 0 0 3880
Response Travel Total Instrumentation
Timein Timein Timein Total Time Location used for
Distance Segment Segment Segment from Ignition FED Calculation
m ft s s s
Ignition 0 A
Time to alarm -lonization 3899 A
Travel Segment 1 Bedroom #2 6.5 21.3 50 9 59 3958 A
Travel Segment 2 Kitchen, dining, living room 12.0 39.4 0 16 16 3974 Max. of C, D, E, or F
Travel Segment 3 Hallway to Bedrooms #1 4.0 13.1 0 5 5 3979 Max. of C, D, E, or F
Travel Segment 4 Bedroom #1 7.0 23.0 15 9 24 4004 Max. of C, D, E, or F
Travel Segment 5 Hallway to Bedroom #3 2.5 8.2 0 3 3 4007 Max. of C, D, E, or F
Travel Segment 6 Bedroom #3 6.0 19.7 15 8 23 4030 Max. of C, D, E, or F
Travel Segment 7 Hallway to Front door exit 3.0 9.8 0 4 4 4034 Max. of C, D, E, or F
TOTALS 41 1345 80 55 135
Response Travel Total time Instrumentation
Timein  Timein in Total Time Location used for
Distance Segment Segment Segment from Ignition FED Calculation
m ft s s s
Ignition 0 A
Time to alarm - Photoelectric 3880 A
Travel Segment 1 Bedroom #2 6.5 21.3 50 9 59 3939 A
Travel Segment 2 Kitchen, dining, living room 12.0 39.4 0 16 16 3955 Max. of C, D, E, or F
Travel Segment 3 Hallway to Bedrooms #1 4.0 13.1 0 5 5 3960 Max. of C, D, E, or F
Travel Segment 4 Bedroom #1 7.0 23.0 15 9 24 3984 Max. of C, D, E, or F
Travel Segment 5 Hallway to Bedroom #3 25 8.2 0 3 3 3988 Max. of C, D, E, or F
Travel Segment 6 Bedroom #3 6.0 19.7 15 8 23 4011 Max. of C, D, E, or F
Travel Segment 7 Hallway to Front door exit 3.0 9.8 0 4 4 4015 Max. of C, D, E, or F
TOTALS 41 1345 80 55 135

Flaming

SDCO02 i Flaming Chair in Living Room - Indirect
Test SDC02 Flaming chair in living room |

1st Smoke Detectors to Activate DET 1 DET 2 DET 3 DET 4 Average
lonization: Location D 44 48 0 46.0
Photoelectric: Location C 122 66 94.0
Total
Response Travel Total Time Time
Timein  Timein in from Location
Distance Segment Segment Segment Ignition  to use
m ft s s s
Ignition 0 A
Time to alarm -lonization 46 A
Travel Segment 1 Bedroom #2 6.5 21.3 50 9 59 105 A
Travel Segment 2 Kitchen, dining, living room 12 39.4 0 16 16 121  worstcaseof CDEF
Travel Segment 3 Hallway to Bedrooms #1 4 13.1 0 5 5 126 worstcaseof CDEF
Travel Segment 4 Bedroom #1 7 23.0 15 9 24 150  worstcaseof CDEF
Travel Segment 5 Hallway to Bedroom #3 25 8.2 0 3 3 154  worstcaseof CDEF
Travel Segment 6 Bedroom #3 6 19.7 15 8 23 177  worstcaseof CDEF
Travel Segment 7 Hallway to Front door exit 3 9.8 0 4 4 181  worstcaseof CDEF
0 0 0 0 0
TOTALS 41 1345 80 55 135
Total
Response Travel Total time Time
Timein  Timein in from Location
Distance Segment Segment Segment Ignition  to use
m ft s s s
Ignition 0 A
Time to alarm - Photoelectric 94 A
Travel Segment 1 Bedroom #2 6.5 21.3 50 9 59 153 A
Travel Segment 2 Kitchen, dining, living room 12 39.4 0 16 16 169  worstcaseof CDEF
Travel Segment 3 Hallway to Bedrooms #1 4 13.1 0 5 5 174  worstcaseof CDEF
Travel Segment 4 Bedroom #1 7 23.0 15 9 24 198  worstcaseof CDEF
Travel Segment 5 Hallway to Bedroom #3 25 8.2 0 3 3 202  worstcaseof CDEF
Travel Segment 6 Bedroom #3 6 19.7 15 8 23 225  worstcaseof CDEF
Travel Segment 7 Hallway to Front door exit 3 9.8 0 4 4 229  worstcaseof CDEF
0 0 0 0 0
TOTALS 41 1345 80 55 135
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SDC10 i Flaming Chair in Living Room - Indirect
Test SDC10 Flaming chair in living room |

1st Smoke Detectors to Activate DET 1 DET 2 DET 3 DET 4 Average
lonization: Location D 76 82 74 773
Photoelectric: Location D 142 140 141.0
Total
Response Travel Total Time Time
Timein  Timein in from
Distance Segment Segment Segment Ignition
m ft s s s
Ignition 0
Time to alarm -lonization 7
Travel Segment 1 Bedroom #2 6.5 21.3 50 9 59 136
Travel Segment 2 Kitchen, dining, living room 12 39.4 0 16 16 152
Travel Segment 3 Hallway to Bedrooms #1 4 13.1 0 5 5 157
Travel Segment 4 Bedroom #1 7 23.0 15 9 24 182
Travel Segment 5 Hallway to Bedroom #3 25 8.2 0 3 3 185
Travel Segment 6 Bedroom #3 6 19.7 15 8 23 208
Travel Segment 7 Hallway to Front door exit 3 9.8 0 4 4 212
0 0 0 0 0
TOTALS 41 1345 80 55 135
Total
Response Travel Total time Time
Timein  Timein in from
Distance Segment Segment Segment Ignition
m ft s s s
Ignition 0
Time to alarm - Photoelectric 141
Travel Segment 1 Bedroom #2 6.5 21.3 50 9 59 200
Travel Segment 2 Kitchen, dining, living room 12 39.4 0 16 16 216
Travel Segment 3 Hallway to Bedrooms #1 4 13.1 0 5 5 221
Travel Segment 4 Bedroom #1 7 23.0 15 9 24 245
Travel Segment 5 Hallway to Bedroom #3 25 8.2 0 3 3 249
Travel Segment 6 Bedroom #3 6 19.7 15 8 23 272
Travel Segment 7 Hallway to Front door exit 3 9.8 0 4 4 276
0 0 0 0 0
TOTALS 41 134.5 80 55 135
SDC12 i Kitchen Fire - Indirect
|Test SDC12 Kitchen cooking oil |
1st Smoke Detectors to Activate DET 1 DET 2 DET 3 DET 4 Average
lonization: Location D 737 795 657 729.7
Photoelectric: Location B 839 809 824.0
Total
Response Travel Total Time Time
Timein  Timein in from
Distance Segment Segment Segment Ignition
m ft s s s
Ignition 0
Time to alarm -lonization 730
Travel Segment 1 Bedroom #2 6.5 213 50 9 59 788
Travel Segment 2 Kitchen, dining, living room 12 39.4 0 16 16 804
Travel Segment 3 Hallway to Bedrooms #1 4 13.1 0 5 5 810
Travel Segment 4 Bedroom #1 7 23.0 15 9 24 834
Travel Segment 5 Hallway to Bedroom #3 25 8.2 0 3 3 837
Travel Segment 6 Bedroom #3 6 19.7 15 8 23 860
Travel Segment 7 Hallway to Front door exit 3 9.8 0 4 4 864
0 0 0 0 0
TOTALS 41 134.5 80 55 135
Total
Response Travel Total time Time
Timein  Timein in from
Distance Segment Segment Segment Ignition
m ft s s s
Ignition 0
Time to alarm - Photoelectric 824
Travel Segment 1 Bedroom #2 6.5 213 50 9 59 883
Travel Segment 2 Kitchen, dining, living room 12 39.4 0 16 16 899
Travel Segment 3 Hallway to Bedrooms #1 4 13.1 0 5 5 904
Travel Segment 4 Bedroom #1 7 23.0 15 9 24 928
Travel Segment 5 Hallway to Bedroom #3 25 8.2 0 3 3 932
Travel Segment 6 Bedroom #3 6 19.7 15 8 23 955
Travel Segment 7 Hallway to Front door exit 3 9.8 0 4 4 959
0 0 0 0 0
TOTALS 41 134.5 80 55 135

Location
to use

A
A
A
worstcaseof CDEF
worstcaseofCDEF
worstcaseof CDEF
worstcaseof CDEF
worstcaseofCDEF
worstcaseof CDEF

Location
to use

A
A
A
worstcaseof CDEF
worstcaseof CDEF
worstcaseof CDEF
worstcaseofCDEF
worstcaseof CDEF
worstcaseof CDEF

Location
to use

A
A
A
worstcaseof CDEF
worstcaseof CDEF
worstcaseof CDEF
worstcaseof CDEF
worstcaseof CDEF
worstcaseof CDEF

Location
to use

A
A
A
worstcaseof CDEF
worstcaseof CDEF
worstcaseof CDEF
worstcaseof CDEF
worstcaseof CDEF
worstcaseof CDEF
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SDC13 i Kitchen Fire - Indirect

[Test SDC13 Kitchen cooking oil ]
1st Smoke Detectors to Activate DET 1 DET 2 DET 3 DET 4 Average
lonization: Location D 688 768 0 728.0
Photoelectric: Location D 810 0 810.0
Total
Response Travel Total Time Time
Timein  Timein in from Location
Distance Segment Segment Segment Ignition  to use
m ft s s s
Ignition 0 A
Time to alarm -lonization 728 A
Travel Segment 1 Bedroom #2 6.5 213 50 9 59 787 A
Travel Segment 2 Kitchen, dining, living room 12 39.4 0 16 16 803 worstcaseof CDEF
Travel Segment 3 Hallway to Bedrooms #1 4 13.1 0 5 5 808  worstcaseof CDEF
Travel Segment 4 Bedroom #1 7 23.0 15 9 24 832 worstcaseof CDEF
Travel Segment 5 Hallway to Bedroom #3 25 8.2 0 3 3 836 worstcaseof CDEF
Travel Segment 6 Bedroom #3 6 19.7 15 8 23 859  worstcaseof CDEF
Travel Segment 7 Hallway to Front door exit 3 9.8 0 4 4 863  worstcaseof CDEF
0 0 0 0 0
TOTALS 41 134.5 80 55 135
Total
Response Travel Total time Time
Timein  Timein in from Location
Distance Segment Segment Segment Ignition  to use
m ft s s s
Ignition 0 A
Time to alarm - Photoelectric 810 A
Travel Segment 1 Bedroom #2 6.5 213 50 9 59 869 A
Travel Segment 2 Kitchen, dining, living room 12 39.4 0 16 16 885 worstcaseof CDEF
Travel Segment 3 Hallway to Bedrooms #1 4 13.1 0 5 5 890 worstcaseof CDEF
Travel Segment 4 Bedroom #1 7 23.0 15 9 24 914  worstcaseof CDEF
Travel Segment 5 Hallway to Bedroom #3 25 8.2 0 3 3 918  worstcaseof CDEF
Travel Segment 6 Bedroom #3 6 19.7 15 8 23 941  worstcaseof CDEF
Travel Segment 7 Hallway to Front door exit 3 9.8 0 4 4 945  worstcaseof CDEF
0 0 0 0 0
TOTALS 41 1345 80 55 135
SDC15 i Flaming Chair in Living Room - Indirect
Test SDC15 Flaming Living Room |
1st Smoke Detectors to Activate DET 1 DET 2 DET 3 DET 4 Average
lonization: Location D 7 107 85 89.7
Photoelectric: Location D 117 105 111.0
Total
Response Travel Total Time Time
Timein  Timein in from Location
Distance Segment Segment Segment Ignition  to use
m ft s s s
Ignition 0 A
Time to alarm -lonization 90 A
Travel Segment 1 Bedroom #2 6.5 21.3 50 9 59 148 A
Travel Segment 2 Kitchen, dining, living room 12 39.4 0 16 16 164  worstcaseof CDEF
Travel Segment 3 Hallway to Bedrooms #1 4 13.1 0 5 5 170  worstcaseof CDEF
Travel Segment 4 Bedroom #1 7 23.0 15 9 24 194  worstcaseof CDEF
Travel Segment 5 Hallway to Bedroom #3 25 8.2 0 3 3 197  worstcaseof CDEF
Travel Segment 6 Bedroom #3 6 19.7 15 8 23 220  worstcaseof CDEF
Travel Segment 7 Hallway to Front door exit 3 9.8 0 4 4 224  worstcaseof CDEF
0 0 0 0 0
TOTALS 41 1345 80 55 135
Total
Response Travel Total time Time
Timein  Timein in from Location
Distance Segment Segment Segment Ignition  to use
m ft s s s
Ignition 0 A
Time to alarm - Photoelectric 111 A
Travel Segment 1 Bedroom #2 6.5 21.3 50 9 59 170 A
Travel Segment 2 Kitchen, dining, living room 12 39.4 0 16 16 186  worstcaseof CDEF
Travel Segment 3 Hallway to Bedrooms #1 4 13.1 0 5 5 191  worstcaseof CDEF
Travel Segment 4 Bedroom #1 7 23.0 15 9 24 215  worstcaseof CDEF
Travel Segment 5 Hallway to Bedroom #3 25 8.2 0 3 3 219  worstcaseofCDEF
Travel Segment 6 Bedroom #3 6 19.7 15 8 23 242  worstcaseof CDEF
Travel Segment 7 Hallway to Front door exit 3 9.8 0 4 4 246  worstcaseof CDEF
0 0 0 0 0
TOTALS 41 134.5 80 55 135
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SDC33 i Flaming Chair in Living Room i Indirect

[Test SDC33 Flaming Chair in Living Room

[FED timelines for Bedroom 2 individual ]

1st Smoke Detectors to Activate DET 1 DET 2 DET 3 Average
lonization: Location D 84 80 82 0
Photoelectric: Location C 138 160 0 0 149
Response Travel Instrumentation
Time in Time in Total Time Location used for
Distance Segment Segment Segment from Ignition FED Calculation
m ft s
Ignition 0 A
Time to alarm -lonization 82 A
Travel Segment 1 Bedroom #2 6.5 213 50 9 59 141 A
Travel Segment 2 Kitchen, dining, living room 12.0 39.4 0 16 16 157 Max. of C, D, E, or F
Travel Segment 3 Hallway to Bedrooms #1 4.0 13.1 0 5 5 162 Max. of C, D, E, or F
Travel Segment 4 Bedroom #1 7.0 23.0 15 9 24 186 Max. of C, D, E, or F
Travel Segment 5 Hallway to Bedroom #3 25 8.2 0 3 3 190 Max. of C, D, E, or F
Travel Segment 6 Bedroom #3 6.0 19.7 15 8 23 213 Max. of C, D, E, or F
Travel Segment 7 Hallway to Front door exit 3.0 9.8 0 4 4 217 Max. of C, D, E, or F
TOTALS 41 1345 80 55 135
Response Travel Total time Instrumentation
Total Time Location used for
Distance Segment Segment Segment from Ignition FED Calculation
m ft
Ignition 0 A
Time to alarm - Photoelectric 149 A
Travel Segment 1 Bedroom #2 6.5 21.3 50 9 59 208 A
Travel Segment 2 Kitchen, dining, living room 12.0 39.4 0 16 16 224 Max. of C, D, E, or F
Travel Segment 3 Hallway to Bedrooms #1 4.0 13.1 0 5 5 229 Max. of C, D, E, or F
Travel Segment 4 Bedroom #1 7.0 23.0 15 9 24 253 Max. of C, D, E, or F
Travel Segment 5 Hallway to Bedroom #3 25 8.2 0 3 3 257 Max. of C, D, E, or F
Travel Segment 6 Bedroom #3 6.0 19.7 15 8 23 280 Max. of C, D, E, or F
Travel Segment 7 Hallway to Front door exit 3.0 9.8 0 4 4 284 Max. of C, D, E, or F
TOTALS 41 1345 80 55 135
SDC35 i Flaming Chair in Living Room i_Indirect
[Test SDC35 Flaming Chair in Living Room  JFED timelines for Bedroom 2 individual ]
1st Smoke Detectors to Activate DET 1 DET 2 DET 3 Average
lonization: Location D 88 86 94 0 89.3
Photoelectric: Location C 142 154 0 0 148
Response Travel Instrumentation
Time in Time in Total Time Location used for
Distance Segment Segment Segment from Ignition FED Calculation
m ft s
Ignition 0 A
Time to alarm -lonization 89 A
Travel Segment 1 Bedroom #2 6.5 21.3 50 9 59 148 A
Travel Segment 2 Kitchen, dining, living room 12.0 39.4 0 16 16 164 Max. of C, D, E, or F
Travel Segment 3 Hallway to Bedrooms #1 4.0 13.1 0 5 5 169 Max. of C, D, E, or F
Travel Segment 4 Bedroom #1 7.0 23.0 15 9 24 194 Max. of C, D, E, or F
Travel Segment 5 Hallway to Bedroom #3 25 8.2 0 3 3 197 Max. of C, D, E, or F
Travel Segment 6 Bedroom #3 6.0 19.7 15 8 23 220 Max. of C, D, E, or F
Travel Segment 7 Hallway to Front door exit 3.0 9.8 0 4 4 224 Max. of C, D, E, or F
TOTALS 41 1345 80 55 135
Response Travel Total time Instrumentation
Total Time Location used for
Distance Segment Segment Segment from Ignition FED Calculation
m ft
Ignition 0 A
Time to alarm - Photoelectric 148 A
Travel Segment 1 Bedroom #2 6.5 21.3 50 9 59 207 A
Travel Segment 2 Kitchen, dining, living room 12.0 39.4 0 16 16 223 Max. of C, D, E, or F
Travel Segment 3 Hallway to Bedrooms #1 4.0 13.1 0 5 5 228 Max. of C, D, E, or F
Travel Segment 4 Bedroom #1 7.0 23.0 15 9 24 252 Max. of C, D, E, or F
Travel Segment 5 Hallway to Bedroom #3 25 8.2 0 3 3 256 Max. of C, D, E, or F
Travel Segment 6 Bedroom #3 6.0 19.7 15 8 23 279 Max. of C, D, E, or F
Travel Segment 7 Hallway to Front door exit 3.0 9.8 0 4 4 283 Max. of C, D, E, or F
TOTALS 41 1345 80 55 135
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SDC41 i Kitchen Fire i Indirect

[Test

[FED timelines for Bedroom 2 individual

1st Smoke Detectors to Activate
lonization: Location D
Photoelectric: Location C

Ignition

Time to alarm -lonization

Travel Segment 1
Travel Segment 2
Travel Segment 3
Travel Segment 4
Travel Segment 5
Travel Segment 6
Travel Segment 7

Ignition

Time to alarm - Photoelectric

Travel Segment 1
Travel Segment 2
Travel Segment 3
Travel Segment 4
Travel Segment 5
Travel Segment 6
Travel Segment 7

SDC41 Heating cooking oil in Kitchen
DET 2
136 230 0
642 0 0
Response Travel
Distance Segment Segment Segment
ft
Bedroom #2 6.5 213 50 9
Kitchen, dining, living room 12.0 39.4 0
Hallway to Bedrooms #1 4.0 13.1 0 5
Bedroom #1 7.0 23.0 15 9
Hallway to Bedroom #3 25 8.2 0 3
Bedroom #3 6.0 19.7 15 8
Hallway to Front door exit 3.0 9.8 0 4
TOTALS 41 1345 80
Response Travel
Distance Segment Segment Segment
ft
Bedroom #2 6.5 21.3 50 9
Kitchen, dining, living room 12.0 39.4 0 16
Hallway to Bedrooms #1 4.0 13.1 0 5
Bedroom #1 7.0 23.0 15 9
Hallway to Bedroom #3 25 8.2 0 3
Bedroom #3 6.0 19.7 15 8
Hallway to Front door exit 3.0 9.8 0 4
TOTALS 41 1345 80

Instrumentation
Location used for
FED Calculation

ax. of C, D, E, or F
ax. of C, D, E, or F
Max. of C, D, E, or F
Max. of C, D, E, or F
Max. of C, D, E, or F
Max. of C, D, E, or F

Instrumentation
Location used for
FED Calculation

ax. of C, D, E, or F
ax. of C, D, E, or F
ax. of C, D, E, or F
Max. of C, D, E, or F
Max. of C, D, E, or F
Max. of C, D, E, or F

EZIZ> P>
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APPENDIX B 7 FED Curves

In order to assure that the NIST experiment data files would be properly assimilated into
Fractional Effective Dose (FED) calculations an initial meeting was conducted with Thomas
Cleary of NIST to review the nature and structure of the NIST data files. Two teams working
independently were established to perform a set of initial FED spreadsheet calculations using
identical NIST data sets for both smoldering and flaming fire scenarios. These initial sets of
calculations were then compared to determine if identical FED curves were achieved. Upon
comparison, a few minor discrepancies were noted and the two teams collaborated to identify the
reasons for the discrepancies. A second round of preliminary calculations was conducted and,
again, compared with identical FED results being achieved. At this time, it was agreed that there
was confidence and accuracy in the calculation method and that calculations for all the mobile
home scenarios could proceed.

With an agreed calculation procedure established, the two teams worked to complete FED
calculations and develop graphs showing the toxic gas exposure, heat exposure and visibility
conditions during the mobile home scenario timelines. The following graphs in this Appendix were
developed as follows: Team 1 developed the graphical data for Scenarios 1-15. Team 2
developed the data for Scenarios 30-41. Although the graphs for Scenarios 1-15 differ slightly in
appearance/format from Scenarios 30-41 the data reported in both groupings illustrate the toxic
gas exposure, heat exposure and visibility conditions during the mobile home scenario timelines
until the time of escape or exit from the mobile home.

As an example of how the FED calculations can be interpreted, the calculation for optical density
in test SDC31, a smoldering chair in the living room, is shown below as Figure Sample X. The
graph is for the calculations conducted for the direct escape route, as shown in the additional
Figure Samples Y below. As can be seen, with the fire located in the living room, the occupant in
Bedroom 2 is awakened by either a photoelectric or ionization alarm sounding, and after a pre-
movement time, proceeds to the door and escapes. The optical density seen by the occupant is
calculated based on where the occupant is located along the escape route.

For photoelectric installed alarms, the red curve below shows that the optical density for the
occupant in the bedroom is initially less than 0.1 m™. The photoelectric alarm sounds at
approximately 5050 seconds. During the pre-movement time, the occupant continues to be in the
bedroom and continues to be exposed to less than 0.1 m™. At approximately 5100 seconds, the
occupant moves through the hallway to the exit and is exposed to far more smoke during this
movement towards the fire source before escaping. Hence, there is a spike in the exposed
smoke just before escaping due to the higher smoke levels experienced during movement out of
the bedroom towards the exit.

For ionization installed alarms, the black curve below shows that the optical density for the
occupant in the bedroom is initially less than 0.1 m™ until approximately 5220 seconds. In this
particular test, the ionization alarms activated later than the photoelectric alarms. After 5220
seconds, the smoke density begins rising in the bedroom where the occupant is still located. At
approximately 5330 seconds, the ionization alarm sounds. The occupant continues to experience
the smoke in the bedroom during the pre-movement time. At approximately 5390 seconds, the
occupant begins to escape out of the bedroom. The movement towards the fire source results in
a short spike of denser smoke before escape, similar to what was found for an occupant alerted
by a photoelectric alarm.

In both cases, the optical density exceeded 0.43m™resulting i n t he ANos f or
and photoelectric alarms in Figure 2.1b. The graph, though, indicates that in both cases, the
optical density limit is not exceeded until the 3-second travel time through the hallway and out the
exit. Therefore, the FED curves can provide insight to supplement the data in Tables 2.1a, 2.1b,
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Appendix B 7 FED Curves

2.2a,and 2.2b. The Heat FED and Toxic FED calculations show that the heat and toxic gas
exposure does not cause significant impact to the person in the route of escape although the
optical density (visibility) exceeds the 0.43m-1 criteria in the hallway in the last three seconds of

escape.

O temperature

Il smoke alarm response
—> primary gas analysis

== smoke obscuration
—> path of occupant where FED was calculated

Exit

Kitchen

Living
Room

BR 3

E <

&

BR 1

gD

Figure Sample X. Direct escape route for SDC31.
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Figure Sample Y. Direct escape calculation for SDC31.
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TEST SDC 1 to SDC 15, Direct Escape

TESTS 1-15 - DIRECT ESCAPE

TYPE OF ESCAPE

TEST # FIRE ORIGIN SCE o

SDCO1 Smoldering  |Liwving Rioom Bed 2 Individual
SDCO2  [Flaming Living Room Bed 2 Individual
SDC03  [Smoldering  |Bedroom Bed 1 Individual
SDCH  [Smoldenng |Bedroom Bed 1 Indwvidual
SDCO5  Flaming Bedroom Bed 1 Individual
SDCO0S  [Smoldering  |Bedroom Bed 1 Individual
SDCO7T  |Flaming Bedroom Bed 1 Individual
SDCOE  [Smoldering  |Bedroom Bed 1 Individual
SocOo  |Framing Eedroom (259 [Bed 1 ingwidual
SDC10  [Flaming Living Foom Bed 2 Individual
SDC11  |Smoldering |Living Room Bed 2 Individual
SDC12 [Cocking Kiichen Bed 2 Individual
SDC13 |Cocking Kichen Bed 2 Individual
S0C14  |Smoldering ﬁﬁ;egw Bed 1 Indwidual
SDC15  |Flaming Living Foom Bed 2 Individual
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SDC 011 Direct Escape FED Curves
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