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Executive Summary

This report provides an overview of a recent stintignded to indicate the relative
performance of smoke detectors and sprinklers @ and two-family dwellings and
apartments, commercial residential (i.e. hotelsgl iastitutional occupancies. In so
doing, the important roles of smoke detectors gumohklers to mitigate fire events are
illustrated. The studies included in this presgoteinclude statistical analyses of smoke
detector and sprinkler performance from fire inaidgata and data from experimental
programs.

The trend in all of the numerous recent researegstigations is that smoke alarms and
smoke detectors respond prior to residential oinarg sprinklers and thus have the
capability of providing the earliest warning ofigefto building occupants. While
responding later, sprinklers provide the complemsgnfunction of fire suppression to
limit the development of hazardous conditions.

The comparison of performance will be based onrs¢weeasures. In the review of data
from the experimental programs, the relative pentoice of smoke detectors and
sprinklers to fires will be assessed primarilyemis of response times or the period
between activation and the available safe egress tiThe performance measures applied
for the comparison of smoke detectors and sprisldased on fire incident data will be
the proportion of fires judged to be too smalldativation of the respective devices and
casualty rates (fatal and non-fatal).

Ahrens’ analysis of fire incident data includesagadbase of more than 378,000 fire
incidents that occurred from 2003 to 2006 in U@nhks. 96% of the homes were found
to have at least one smoke alarm, but only 31%@at&holds had smoke alarms in all
bedrooms. Ahrens’ analysis indicated that thed&ath rate in homes without a working
smoke alarm was approximately twice that in homiis working smoke alarms.

Hall's analysis of fire incident data in one- amtfamily dwellings and apartments with
sprinklers yielded the conclusion that the firetdeate was 80% lower in units with
sprinklers than without. Ahrens noted a 23% deszrea fires in residences extending
beyond room of origin with sprinklers.

Ahrens and Hall found that 5% of the fires in resides were judged to be too small for
activation of smoke alarms, while 54% of the resti# fires were too small to activate
sprinklers. In Flynn’s analysis of data from fireidents in nursing homes, 72% of the
fires were judged to be too small for sprinkler,iifr8% of the fire incidents in
hospitals and hospices were judged to be too goradprinkler operation.



The analysis of NFIRS data conducted by the Uniwyeod Maryland team considered
the response of smoke detectors and sprinkleiseintidents occurring from 2003-
2007 in 1-, 2- and multi-family residential dwetlisy, commercial residential facilities
and health-care facilities. Approximately 197,008 incidents were included in the

analysis.

In all three of these occupancy groups, the prapodf fires judged to be too small for
the operation of the smoke detectors was appreaciater than those for sprinklers.
The following table summarizes the results:

Proportion of FireIncidents Judged to be Too Small for Operation

Smoke Detectors
Non-sprinklered Sprinklered Sprinklers
property Property
1- and 2-family dwelling 13.1 12.8 38.9
Commercial residential 9.7 10.8 54.2
Health-care 11.4 17.8 65.4

The fact that fewer fires are judged to be too sfoalsmoke detector operation than for
sprinklers reflects the fact that smoke detectogscapable of responding to smaller fires
than sprinklers. Those fires which are “too sm#adl’smoke detector or sprinkler
response still pose a significant hazard, as itelitan casualty rates (fatal and non-fatal)
in such fires. The respective casualty rates perfites are indicated in the following

table:
Casualty Ratesfor FiresJudged Too Small for Operation

Occupanc Too Small for Too Small for Ratio: Sprinkler/

pancy Smoke Detector Sprinkler Smoke Detector
1- & 2-Family and, Multi-
Family Residential 0.36 Lar 4.1
Commercial Residential 0.11 1.70 15.5
Health-care 1.06 3.08 2.9




The significant difference in casualty rates in‘to® small” fires is an indication of the
potential contribution of smoke detectors to fiadesy in sprinklered buildings. In those
fires in 1- & 2-family and, multi-family residentiaccupancies where sprinklers did not
respond, smoke detectors alerted occupants in89%rof the incidents. Similarly, in
fire incidents in commercial residential occupascgmoke detectors alerted occupants
in approximately 94% of the cases where sprinld&sot operate. In health-care
occupancies, smoke detectors alerted occupanlisahthe cases where sprinklers did
not operate.

The review of data obtained in several experimgmagrams unanimously indicates that
smoke alarms respond prior to sprinklers. In aoldjttenability analyses conducted
using data from several of the experimental prograomcluded that sufficient egress
time is provided by smoke alarms, considering cioonal existing at the time of their
response. Often, sufficient warning and protecisoalso provided by sprinklers, with
the principal exception being those fires wherelstruction is present preventing the
sprinkler spray from reaching the burning fuelered¢d to as a “shielded fire”.

Casualty rates in fires that involve smoke deteatwt sprinkler operation are indicated in
the following table. Here, the function of sprieid to control the fire is demonstrated.

Casualty Ratesin Fireswith Smoke Detector and Sprinkler Operation

Occupanc Operating Smoke Operating Ratio: Sprinkler/
pancy Detector Sprinkler Smoke Detector

1- & 2-Family and Multi-

Family Residential 3.17 2.06 0.65

Commercial Residential 2.38 0.91 0.38

Health-care 3.08 1.14 0.37
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1. Introduction

Fire detection and suppression systems are ingtialleuildings to mitigate the threat due
to fires. The purpose of this report is to compdsults from previous studies and
indicate the relative performance of smoke detscod sprinklers in one- and two-
family dwellings and apartments, commercial resi@défi.e. hotels), and institutional
occupancies. In so doing, the important rolesélaah provide in reducing the threat due
to fire will be illustrated.

The studies included in this report can be grouptxtwo categories based on the
methodology followed. One category consists digtiaal analyses of smoke detector
and sprinkler performance from fire incident dat@he other category consists of
experimental programs conducted either with thdiekmtent of assessing the
performance of smoke detectors and/or sprinkletsharatory settings or where such
can be gleaned from a project that was conducteanfother purpose.

The statistical analyses of fire incident data regabin the literature is supplemented by a
new analysis of NFIRS fire incident data to be d@blprovide a more in-depth review of
the performance of smoke detectors and sprinktetisa noted occupancies. In so doing,
it is hoped that the respective benefits of smakeators and sprinklers in one- and two-
family dwellings and apartments, commercial resiidéii.e. hotels), and institutional
occupancies can be better appreciated.

Smoke detectors and sprinklers perform differeet $afety functions. As expressed by
Budnick,“Automatic sprinklers have been used to confinefitteeto the room of origin;
detectors are installed to provide adequate warrimgersons outside the room to
ensure escape or rescugBudnick, 1984]. Budnick also indicat8#/hile the rate of
temperature rise and smoke production are bothtfans of the rate of fire growth,
guantities of smoke sufficient to activate a snu#ector generally precede a gas
temperature sufficient to activate a sprinklehi’1984, Budnick projected that smoke
detectors could reduce fatalities in residenceSd® and using both sprinklers and
smoke detectors could reduce fatalities by 73%#idences.

Budnick’s observations reflect the key distinctidregween the basic intent of smoke
detectors and sprinklers. Smoke detectors aradetkto provide early warning of fires.
Sprinklers are intended to provide warning and i@nhe development of a fire. Smoke
detectors do not have the capability to controlftfeeexcept by alerting occupants at an
early enough stage when manual suppression sghitie feasible.



Numerous studies have been conducted to assegsrtbemance of various fire
protection components in buildings, including smdkgectors and sprinklers. Some of
these studies have included comparisons of thditesprotection approaches and some
have included stand-alone analyses of their pedaooa.

The comparison of performance of smoke detectatssprinklers will be based on
several measures. In the review of data from xipe@mental programs, the relative
performance of smoke detectors and sprinklerg¢s fs assessed by primarily by
considering either:

» response times of the respective component or
» the period between activation and the available sgfess time.

Using the fire incident data, the performance messapplied for the comparison of
smoke detectors and sprinklers is primarily based o

» the proportion of fires judged to be too small dativation of the respective
devices
» casualty rates (fatal and non-fatal)



2. Statistical Analyses of Fire Incident Statistics

2.1 Previous Statistical Analyses

Several statistical analyses of fire incidentshia ).S. have been conducted in recent
years. Ahrens [2009], Hall [2009] and Flynn [20@809] have provided the most
comprehensive view of the performance of smokectigte and sprinklers in fire
incidents in the U.S. occurring in many occupancies

2.1.1 Smoke Alarms in Residences

Ahrens’ analysis includes more than 378,000 ficedents that occurred from 2003 to
2006 in U.S. homes. 96% of the homes were fourdht@ at least one smoke alarm, but
only 31% of households had smoke alarms in alld@@ds. While the proportion of
homes with at least one smoke alarm is commendtidesmall proportion of homes

with a smoke alarm in every bedroom indicates ttni@tevel of protection provided by
smoke alarms in many homes is probably not in c@npé with the current edition of
NFPA 72 [2010].

Almost two-thirds (63%) of all home fire deaths2@03-2006 occurred in homes which
lacked working smoke alarms [Ahrens, 2009]. Thesans that the fire death rate in
homes without a working smoke alarm is approxinyat@ice that in homes with

working smoke alarms. In contrast, the fire injusye is approximately the same in
homes with working smoke alarms and those homd®owit A possible reason provided
for this high injury rate is that occupants wartgdsmoke alarms may be attempting fire
fighting actions and are getting injured in thaeatpt, though such a hypothesis is
unproven.

Table 1 summarizes the performance of smoke alara$ U.S. homes during the
period. The fire was judged to be too small fenake alarm to activate in only 1% of
the deaths, indicating that the fires posing aiBa@ant threat to human life were detected
by a smoke alarrh. Ahrens and Hall [2009] note that the statistisbpbly provide a
pessimistic view of smoke alarm performance retatosthe proportion of fire incidents
in which they respond. They propose that the wstgnation of the role of smoke
alarms in fire incident statistics is because efuhknown number of times that a smoke

! A fire which is deemed too small to cause a smoke alarm to activate would also likely produce too little
heat to activate a sprinkler.



alarm alerts an occupant of a fire at an early ghatage that it can be controlled by the
occupant and thus not be reported to the fire deygent (and thus not become an official
fire incident). Given that their analysis involvasly reported fire incidents and this
scenario involves unreported fires, no statistiesaavailable to indicate how frequently
such a scenario occurs.

Table 1. Performance of Smoke Alarmsin Firesin U.S. One- and Two-Family
Dwellings and Apar tments (2003-2006)

Performance % Fires % deaths
Operating smoke alarm 52 36
No operating smoke alarm 43 63
Fire too small 5 1

In a survey of fire incidents in residences by CPtB€ smoke alarm provided the first
means of alerting in 10% of the fire incidents [@re and Andres, 2008]. While
occupants who are alert and present in the vicofity fire may notice a fire prior to
activation of a smoke alarm, this statistic doekdate that there is an identifiable
proportion of incidents where the response of theke alarm is key to alerting
occupants of a fire in a timely manner.

The label “no working smoke alarm” in Table 1 irds cases where smoke alarms were
not present or a smoke alarm was present but nmabiiking condition. Hall [1987]
indicated that as many as one-third of smoke alamrisS. homes may not be
operational. In CPSC field investigations, 20%oimes were found to have had smoke
alarms which were not working [Smith, 1993].

Table 2 provides a summary of the fire death ratesme- and two-family dwellings and
apartments. As noted in the table, the presenopearfating smoke alarms decreases the
fire death rate in all home fires from 0.91 degibs 100 reported fire incidents to 0.62
deaths per 100 reported fire incidents, represgridecrease of about 30%. The fire
death rate in homes without an operating smokenailemore than twice that in homes
with working smoke alarms.

’ The relative fire death rate in homes without an operating smoke alarm to that in homes with working
smoke alarms s 2.11 (1.10/0.52).



Table2. Death Rates per 100 Reported FireIncidents U.S. One- and Two-Family

Dwellings and A par tments (2003-2006)

All Homes 13‘\/5;:??&3 Apartments
All fires 0.75 0.91 0.40
Operating smoke alarm 0.52 0.62 0.33
gllzrcr):l)eratmg smoke 1.10 1.27 0.56
Fire too small 0.15 0.10 0.26

Ahrens identifies the following trends in the ctaeaistics of victims suffering a fatal
injury in fire incidents with a working smoke alaf2009]:

» The victim is more likely to be in the room or adaorigin and involved with the
ignition process.

» The victim is more likely to either have been afpéimg extinguishment or unable
to act (i.e. either extreme of the spectrum of gdsdehaviors).

» The victim is more likely to be at least 65 yedid o

Marshall, et al. [1999] examined the impact of smakarms on preventing fire deaths in
residences. They observed that smoke alarms rédibeegisk of death ifire incidents

by about 60% and contributed to a mounting bodscntific evidence for the
effectiveness of these relativétexpensive devices. As such, the benefit of smoke
alarms has been relatively consistent from the '59&@d 2000’s, as judged by
Marshall's and Ahrens’ analyses. In Marshall’'slgsia, he found that fires in buildings
not provided with smoke alarms were more likeljh&we a greater fatality rate (52% vs.
43% in the fires with smoke alarms present) angeauhigh level of destruction to the
building.

2.1.2 Sprinklers in Residences

Hall's analysis of fire incident data in one- amtfamily dwellings and apartments with
sprinklers yielded the conclusion that the firetdeate was 80% lower in units with
sprinklers than without [2009]. However, he doelsnmwledge that the number of fire
incidents in sprinklered one- and two-family dwedjs is relatively small, thus making it
difficult to make a strong, definitive statemenbabthe effectiveness of NFPA 13D
systems. Table 3 summarizes the experience withkigrs in one- and two-family
dwellings and apartments.



Table 3. Performance of Sprinklersin U.S. One- and Two-Family Dwellings and

Apartments (2003-2006) (Per cent of fireincidents)”

All Homes 1§‘W29m?é!sy Apartments
Operated and effective 45 40 46
neflectve : 2 0
Fire too small 54 55 53
Failed to operate 1 3 0

* Numbers in columns may not add up to 100% dueuad off.

One significant aspect of the data provided in &@abis the appreciable number of fires
that are judged to be too small to activate thekfars. In both types of residences, the
proportion of incidents where the fire is judged®too small exceeds half of the total
number of fire incidents. This is in contrastlte statistics indicated in Table 1, where
the number of fires judged to be too small for senalkarm activation is only 5% of the
total. As such, the relative proportion of firesieh are too small for sprinklers is about
10 times that for smoke alarms. This statistioffour years of fire incident data
confirms Budnick’s comment that smoke alarms redgorsmaller fires.

Koffel [2005] reported that sprinklers were present6,900 fire incidents in one- and
two-family dwellings over a ten-year period (198%98) and operated in 80% of those
fires. He also noted that sprinklers operatednmoat 88% of 50,000 fire incidents in
apartments. Given that Koffel’s review only inchsdfire incidents where sprinklers
operated, his comment does not address the nurhbiesowhere the fire was deemed to
be too small or where sprinklers were absent fioenatrea of fire origin. In the
residential fires where the sprinklers operateey #xtinguished the fire in 19% of the
incidents, providing support for Koffel’s followingtatement:

“While property loss and life loss are greatly redal in buildings protected with
an automatic sprinkler system, the sprinkler systéane is not providing the
entire increased protection.”

As such, sprinklers are effective in controlling fire, though other unnamed systems
are recognized as being important in the observedatl reduction. This could include
smoke alarms and given that sprinklers extinguighedire in only 19% of the incidents,
some additional action is evidently needed by oaotgor fire service personnel to
achieve complete extinguishment.



The effectiveness of sprinklers to limit fire dem@inent in homes is illustrated in Table 4
[Hall, 2009]. Significant improvements are reatizn terms of the proportion of fires
which extend beyond the room of origin, thoughglgmificance of the improvement is
tempered by the small proportion (1%) of fire iremts that occur in one- and two-family
dwellings with sprinkler protection. This obseifeatis also confirmed in a previous
study by Thomas [2002].

Table 4. Percentage of FiresLimited to Room of Origin, U.S. One- and Two-Family
Dwellings and Apar tments (2003-2006)

, . . . % Improvement
Occupancy Without Sprinkler|  With Sprinkler | oo inkders
Al 77 95 23
1- & 2-famlly 71 83 17
dwellings
Apartments 89 97 9.0

Butry, et al., [2007] conducted a benefit-cost gsigl of sprinkler systems in new one-
and two-family dwellings. Costs were assessedititisix candidate designs in three
home designs (colonial, townhouse, and ranch).efsrwere extracted from fire
incident data from 2002-2005. The net conclusibtiis analysis was that one- and two-
family dwellings with a wet-pipe sprinkler systemdasmoke alarms were found, on
average, to have 100% fewer civilian fatalitiesiffir0.82 deaths per 100 fires in homes
with smoke alarms only to no deaths in homes witblse alarms and sprinklers). Butry,
et al., note that injury rates decrease from 4a&ies per 100 fires in homes with smoke
alarms only to 1.74 injuries per 100 fires in homath smoke alarms and sprinklers, a
decrease of 57%. Property damage per fire deadasa $21,990 in homes with smoke
alarms only to $15,028 in homes with smoke alamubssprinklers, a decrease of 32%.

2.1.3 Smoke Detector and Sprinkler Performance in Other Occupancies

Budnick and Bukowski [1997] assessed the poteimtiphct of smoke detection,
sprinklers and construction in residential, comna@nd institutional occupancies. The
impact of each system was evaluated primarily basedFIRS fire incident data and
supplemented by specific analyses using predictigthods to estimate the role of these
systems under common fire scenarios. Based onalgsss of fire incident data, they
note that the general trend is for smoke deted¢tiamprove life safety while suppression
and fire resistant construction decrease propesy.| Thomas’ study [2002] for all
occupancies makes the same observation concetrenglative benefits of sprinklers,
smoke detectors, and construction.



Concerning the performance of protection systemsstitutional occupancies, Flynn
provided data from fire incidents on the perform@antsprinklers. In 2,810 fire

incidents in U.S. nursing homes, the fire deatb veds 0.26 deaths per 100 fire incidents
in nursing homes with sprinklers, compared to 418&ths per 100 fire incidents in
nursing homes without sprinklers. The performaoicgprinklers in these fire incidents is
indicated in Table 5. The reasons for non-openatrere not identified, though at least
some of these are probably attributed to the #iadptoo small (as observed in
residential fires).

Table5. Sprinkler Performancein U.S. Nursing Home Fires, 2002-2005

Performance % of Fire Incidents
Fires too small to operate 72%
Operated and effective 22%
Failed to operate 5%
Operated and not effective 1%
Unknown 1%

Similarly, the performance of sprinklers in firecidents from 2003-2006 in hospitals and
hospice facilities is presented in Table 6. Wsmenklers operated, they were effective
in all cases.

Table 6. Sprinkler Performancein U.S. Hospital and Hospice Fires, 2003-2006

Performance % of Fire Incidents
Operated 22%
No operation-fire too small 78%

2.2 Statistical Analysis Conducted in this Study

An analysis of NFIRS fire incident data for thedfiyear period from 2003-2007 was
conducted. A total of approximately 259,500 fireidents were included in the analysis
of fire incidents occurring in one- and two familyellings, commercial residential (i.e.
hotels) and health-care facilities. There wer@33 fire incidents that included at least
one death or injury.

The types dwellings included in this analysis W&EIRS, 2008]:



419  1- or 2-family dwelling, detached, manufactunedhe, mobile home not in
transit, duplex.

429  Multifamily dwelling. Includes apartments, casgdtown houses, row houses,
tenements.

The commercial residential occupancy included is émalysis was [NFIRS, 2008]:
449  Hotel/motel, commercial

The types of health-care facilities included irstanalysis were [NFIRS, 2008]:

311  Nursing Home

321 Mental retardation/development disability licthat houses, on a 24-hour basis,
four or more persons

323  Asylum, mental institution. Includes facilgiér the criminally insane. Must
include sleeping facilities

331 Hospital

332  Hospice: includes facilities where the caré teatment of the terminally ill is
provided on a 24-hour basis.

Occupant characteristics included in the analysisewthose people who were either
1. Intimate with the fire, in the room of origin, adéd or were injured from:
a. burns
b. smoke inhalation
c. combination of burns and smoke inhalation
2. Not intimate with the fire (i.e. not in the roomafigin) and died or were injured
from:
a. burns
b. smoke inhalation
c. combination of burns and smoke inhalation
2. No casualty resulted from the fire.

The principal purpose of the analysis conductettisstudy was to provide a more
detailed analysis of the role of smoke alarms gumohklers in the occupancies noted
above, with special emphasis on exploring the obkiese components on deaths and
injuries.

The analysis divided the fire incidents in the adoecupancies for the following

conditions:

1. Non-sprinklered buildings with operational smokeedé&on
2. Fully-sprinklered buildings without smoke detection
3. Fully-sprinklered buildings with operational smatetection



The complete results of from the analyses conduategresented in the Appendix. The
principal observations resulting from the analysiglress the response of smoke
detectors and sprinklers and the relationship betveasualty rates and the performance
of smoke alarms and sprinklers.

2.2.1 1- and 2-Family and Multiple Family Dwellings

A total of 192,559 fire incidents occurred from 30 2007 in 1- and 2-family and
multiple family dwellings. Of these cases, 188,td8es occurred in non-sprinklered
residential buildings and 4,416 occurred in spengdl residential buildings.

The response of the smoke alarms in all of thelesgial fires included in the database is
summarized in Table 7. The proportion of incidemktere the fires were judged to be
too small for operation of a smoke alarm is latipan that reported by Ahrens for the
period from 2003-2006. Especially surprising is fignificant difference in the number
of smoke detectors which did not operate in nomg&fared residences as compared to
sprinklered residences. No reasons for smoke al#rat “failed to operate” are given in
NFIRS. Some of these cases may be attributalfieeteize (the assessment of the
adequacy of fire size necessary is done subjegtivethe individual completing the

form for a particular incident) or other factoremdified in the previous CPSC study
[Smith, 1993].

Table7. Smoke Detector Responsein 1- and 2-Family and Multi-Family Residences

Non-sprinklered 1- and 2- Sprinklered 1- and 2-
Family and Multi-Family | Family and Multi-Family
Residences Residences
Number of % of total in Number of % of total in
Response o non-spr. o spr.
incidents . incidents .
residences residences
Fire too small to operate 24646 13.1 564 12.8
Operated 105215 55.9 3097 70.1
Failed to operate 28703 15.3 283 6.4
Undetermined or no 29579 15.7 472 10.7
answer
Total 188143 4416

The performance of smoke detectors and sprinkfespiinklered 1- and 2-family and
multiple family dwellings is summarized in Table Bhe proportion of fires which were

10



judged to be too small for sprinklers to operats were than three times the proportion
for smoke detectors (45.1% to 12.8%).

Table 8. Smoke Detector and Sprinkler Responsein Sprinklered 1- and 2-Family

and Multi-Family Residences

Smoke Detectors Sprinklers

Number of | % of total of| Number of | % of total of
Response o . .

incidents detectors incidents sprinklers
Fire too small to operate 564 12.8 1990 45.1
Operated 3097 70.1 1738 38.9
Failed to operate 277 6.4 263 6.0
Undetermined or no answer 459 10.7 445 10.1
Total 4416 4416

The casualty rates in fire incidents in residencashich smoke detectors or sprinklers
were present are presented in Figures 1-3. Inr€iguthe casualty rate for fire incidents
where a smoke detector failed to operate is indécas being appreciably greater than
that for fire incidents where smoke detectors djgeralt’s unclear why the casualty rate
is greatest for the incidents where the fire wassimall for a smoke detector to be
expected to operate, especially relative to thasealties attributed to smoke inhalation.

For all types of casualties, the casualty ratelPérfire incidents where a smoke detector
failed to operate was 0.33 as compared to a vdlQeDa7 for fire incidents where a
smoke detector operated, the difference beingtarfa€ 12. Both of these cases were
considered by the fire service individual providihg data input to NFIRS as being large
enough for a detector to operate. As such, tlifisrdnce is a key indication of the

benefit provided by a functioning smoke detector.
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Figure 3. Casualty Ratesin Sprinklered 1- and 2-Family and Multi-Family
Residencesvs. Sprinkler Operation

For all types of casualties, the casualty ratelpérfire incidents where a smoke detector
failed to operate was 0.33 as compared to a vdlQeDa7 for fire incidents where a
smoke detector operated, the difference beingtarfa¢ 12. Both of these cases were
considered by the fire service individual providihg data input to NFIRS as being large
enough for a smoke detector to operate. As shchdifference is a key indication of the
benefit provided to mitigate the threat from sesiéives by a functioning smoke detector.

The trends indicated in the casualty rates depicté&tgures 2 and 3 are somewhat
puzzling. The casualty rates are greater for tisases where smoke detectors and
sprinklers operated than for those where theyddibeoperate. In some cases, this may
be due to the smoke detectors or sprinklers b&inmgpte from the area of origin.

The performance of smoke detectors that operategsidences without sprinklers or
where sprinklers did not operate is summarizedabld 9. As indicated in the table,
occupants were alerted by smoke detectors in 96fa¥%e fire incidents. No reasons are
provided in NFIRS to explain why the failures irring occurred or why occupants did
not respond appropriately.
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Table9. Detector Performancein 1- and 2-Family and Multi-Family Residences

Number of Number of :
. . Combined
incidents, Un-|  incidents,
Performance : . Number of % of total
sprinklered Sprinklered Incidents
Resid. Resid.*
Alerted occupants, 75849 122 75971 93.0
occupants responded
Alerted occu_pants, 2917 4 2921 36
occupants did not respond
. 2824
Failed to alert occupants 2819 5 3.5
Total 81585 131 81716

* Sprinkler did not operate in these incidents.

2.2.2 Commercial Residential Facilities

A total of 2,356 fire incidents occurred from 20032007 in the commercial residential
facilities. The response of the smoke detectodsspninklers in these fire incidents is
summarized in Tables 10 and 11. Only about 10%efires are judged to be too small
for smoke detectors to operate in all commercisibiential facilities.

Table 10. Detector Responsein Commer cial Residential Facilities

Non-sprinklered hotels Sprinklered Hotels
Number of | % of total in| Number of | % of total in
Response incidents non-spr. incidents spr. hotels
hotels
Fire too small to operate 143 9.7 95 10.8
Operated 789 53.6 646 73.2
Failed to operate 224 15.2 58 6.6
Undetermined or no answer 317 215 84 9.5
Total 1473 883
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Table11. Detector and Sprinkler Responsein Sprinklered Commercial Residential

Facilities

Detectors Sprinklers
Response Number of % of total of| Number of | % of total of

incidents detectors incidents sprinklers

Fire too small to operate 95 10.8 545 54.2
Operated 646 73.2 199 19.8
Failed to operate 58 6.6 53 5.3
Undetermined or no answer 84 9.5 209 20.8
Total 883 1006

The results in Table 11 indicate that there iggaificantly greater portion of fires judged
to be “too small to operate” for sprinklers thanoke detectors, i.e. 54.2% vs. 10.8%.
Alternatively, smoke detectors responded in alnié8s of the fire incidents where both
smoke detectors and sprinklers were present, whii@klers operated in only about 20%
of all incidents. The reason for this significaifference cannot be explained through
the NFIRS data and thus is a matter of conject@ee possible explanation follows
Hall's suggestion that the early warning providgdsinoke detectors may be providing
occupants an opportunity to control the fire ptmoperation of the sprinklers.

The casualty rates for the fire incidents in conuiaresidential facilities are presented

in Figures 4-6. This data is based on a relatilrelited number of fire incidents with
few casualties.

15



1.00
vl
2
i 0.80 -
o
S 060 -
o
=] 0.40 -
2
E 0.20 I I B Fire too Smell to Operate
Fil —
8 000 T T T T 1 IOpCI‘E]th
ks 2 5
12 6\3“ <°v® & ((\al'z 6‘\0‘(\ %&Q Failed to operate
S 0 < 8
. C e ’ C e
& e “\6 - & 2 &
S EFTTEE
.@@ N OIS
.\é\fo &é'e Q'((\ (5,\@ ;\-\6\‘ \‘\(‘0
& & A S o
& Qo \\0

Figure4. Casualty Ratesin Non-Sprinklered Commercial Residential Facilitiesvs.

Smoke Detector Operation

1.20
D
= 1.00
[V
S 0.80 -
—
S 0.60 -
o
E 0.40
E 0.20 ~ M Fire too small to operate
v —
S 000 T T T T T 1 .Opelated
G e o o &
- %@c\:‘* &‘c}(\ Q;&(\ 6‘6& 6;0‘0 %\g\“ Failed to operate
20 e T e
N ¢ & o &
& ¢ » & ¢
S & &
& & e & © .
& K2 © ¥ &
& & E & E S
' S
NG

Figure5. Casualty Ratesin Sprinklered Commercial Residential Facilitiesvs.

Smoke Detector Operation

16



1.20
]
= 1.00
[V
S  0.80
=
= 0.60 -
j= 5
E 0.40 —
prar]
S 0.20 B Fire too small to activate
Fil —
g 0.00 m Operated
lE < O (\C:' A " &
® RO S S R\ Failed to operate

TN P

N & @ e &

> & & o

& & X 2 &

e & x& &N &
& Ff e
& &€& S &

N )

SIS & &

Figure6. Casualty Ratesin Non-Sprinklered Commercial Residential Facilitiesvs.
Sprinkler Operation

The performance resulting from the activation obkedetectors is summarized in Table
12. Smoke detectors alerted occupants in 98%edfirh incidents. The reasons for the
failures to alert are not included in the NFIRSadat

Table 12. Detector Performancein Commercial Residential Facilities

Number of
Number of o .
incidents. Un- incidents, Combined
Performance : ’ Sprinklered Number of % of total
sprinklered .
Comm. Resid Comm. Incidents
' ! Resid.*
Alerted occupants, 532 91.1 562 91.3
occupants responded
Alerted occupants, 43 7.4 43 7.0
occupants did not respond
Failed to alert occupants 9 1.5 10 1.6
Total 584 615

*Sprinklers did not operate in these incidents.
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2.2.3 Health-care Facilities

A total of 1,865 fire incidents occurred from 20@32007 in the types of health-care
facilities noted previously. The response of ke detectors in these fires is
summarized in Tables 13 and 14. Fires were todl $ona smoke detector to operate in
11.4% of all fires in non-sprinklered facilitiescath7.8% in sprinklered health-care
facilities. Combined, there were 285 fire incideimt health-care facilities, or 15.3% of
the total, where fires were judged to be too sfiealsmoke detectors to operate. This
compares to 65.4% of the fire incidents which wadged to be too small for sprinklers

to operate.
Table 13. Detector Responsein Health-Care Facilities
Non-sprinklered health-care Sprinklered health-care
facilities facilities
0, i 0, i
Number of % of total in Number of % of total in
Response L non-spr. h-c| . . spr. h-c
incidents e incidents I
facilities facilities
Fire too small to operate 84 11.4 201 17.8
Operated 574 78.1 823 72.7
Failed to operate 30 4.1 48 4.2
Undetermined or no answer 47 6.4 60 5.3
Total 735 1132

Table 14. Detector and Sprinkler Responsein Sprinklered Health-Care Facilities

Detectors Sprinklers

Number of | % of total of| Number of | % of total of
Response .. . .

incidents detectors incidents sprinklers
Fire too small to operate 201 17.8 743 65.4
Operated 823 72.7 155 13.6
Failed to operate 48 4.2 62 5.5
Undetermined or no answer 60 5.3 175 15.5
Total 1132 1132

The casualty rates for smoke detector and spriideiormance in health-care facilities
are presented in Figures 7-8. The data depictdtkifigures needs to be considered
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carefully. As an example, the casualty rate fiar iincidents where smoke detectors
operate are greater than those where the firegisdé too small for them to operate.
This is due to the fire risk being much smallefiias that are too small, and should not
be interpreted to indicate that the operation efdmoke detector increased the fire risk.

The smoke inhalation casualty rates are partigufasteworthy. The greatest casualty
rate from the smoke detector perspective is obddveincidents where smoke detectors
operated. From the sprinkler perspective, thetgst@asualty rate is associated with the
fires judged to be too small to operate sprinkléree casualty rate for burn injuries
sustained by those intimate with the fire, butftrewas too small for sprinkler
operation, is about twice that for those fires thate too small for smoke detector
operation.
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Figure7. Casualty Ratefor Firelncidentsin Sprinklered Health Care Facilities
with Smoke Detectors.

The results of smoke detector operation are predentTable 15. As noted in Table 15,
when smoke detectors did operate, occupants resdan®8% of the cases. In only 2%
of the cases, did the smoke detector fail to éhertoccupants.
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Table 15. Detector Performancein Health-Care Facilities

Number of Number of .
- o Combined
incidents, Un-| incidents,
Performance : . Number of % of total
sprinklered Sprinklered Incidents
Health-care | Health-care*
Alerted occupants, 532 40 572 95.8
occupants responded
Alerted occupants, 10 3 13 2.2
occupants did not respond
Failed to alert occupants 12 0 12 2.0
Total 554 43 597

*Sprinklers did not operate in these incidents.
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3. Experimental Programs

Several experimental programs have been conduatetd purpose of evaluating the
response of smoke alarms or sprinklers. In sorses;doth technologies were included
in a particular experimental program. The printgexformance parameters of interest
involve the response time and conditions presetiiteatime of response.

3.1 Smoke Alarm Performance in One- and Two-Family Dwellings

Two projects were conducted by the National Ingitef Standards and Technology
(NIST) and the National Research Council of Can&RCC) in the same time period
with the primary purpose being to assess the respohsmoke alarms in residences.
The Home Smoke Alarm project, conducted by NISTs iméended to provide both
insight into siting and response characteristicsasfidential smoke alarms and a set of
reference data for future enhancements to alarrrtelogy based on fires from current
materials and constructiongBukowski, et al., 2008]. The appropriatenesthe

existing siting requirements included in NFPA 7Xvi@ing investigated to see whether
the requirements developed from the Indiana Durpsrenents conducted in the 1970’s
were still relevant. Reuvisiting the requirementsweeded because of suspected changes
in the fire characteristics of residential furnisgs and advances in smoke alarms since
the 1970's.

The experimental program consisted of 36 fire testaducted in two single family home
designs. One home was a manufactured Hame the other a two-story home. A
diagram of the manufactured home is provided asrEig. Fuels consisted of ordinary
combustibles which could be found in the home, aaghpholstered furniture,
mattresses, and cooking oil. Both flaming and si@ahg fire scenarios were
considered; based on leading residential fatalsitenarios. Measurements of
temperature, light obscuration and gas concentratigere collected for the purpose of
assessing when tenability would possibly be losindueach experiment. The response
time of smoke alarms, CO alarms, heat alarms, pnakders were also documented.

® The size of the manufactured home was similar to that of an apartment or condominium unit and as
such the authors noted that the results obtained in the manufactured home were also applicable to
apartment and condominium units.
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Figure4. Floor Plan of Manufactured Homein Home Smoke Alarm Project
[Bukowski, et al., 2008]

The results from a flaming mattress test initiateBedroom #1 are presented as an
example of the relative performance of smoke alantssprinklers and the conditions
present in the room of fire origin and adjacentiay that were observed in the Home
Smoke Alarm Project. The smoke alarms in the a&djbballway and living room
operated 32 and 42 sec after ignition. A tellsgdenkler (residential sprinkler with an
operating temperature of 155 °F) in the room ofioroperated 147 sec after ignition.
The gas temperatures and optical density in thenrafoorigin and adjacent hallway
during this test are presented in Figures 5-8.

The notation of “initiation of suppression” in tfigures relates to the manual operation
of a water spray device, not the residential speinno water was supplied to the
sprinkler to permit fire growth beyond the timeastuation of that sprinkler).

The temperature and optical density at the timenadke alarm and telltale sprinkler
operation in the two areas are presented in Tahle 1
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Table11. Conditionsin Bedroom and Adjacent Hallway at Smoke Alarm and
Sprinkler Activation Times, Test SDC 05, Home Smoke Alarm Proj ect

Bedroom Hallway
Component actuation 'II\'Ieer?:pce;?allltIS r%. Vis(ift:;lity 'Il\'lee;rpce;?allltlgrge Vis(i%lity
°C (°F) °C (°F)
(Sgrgos‘;ec)"’"arm in hallway 25 (77) 110 22 (72) Infinite
argZ‘;if'arm inliving room 55 gq) 110 25 (77) Infinite
(Rl‘f?idseerg)ia' sprinkler 95 (203) 7 80 (176) 110

* Noted temperatures and visibilities are approsxtamarhe visibility is estimated using the
correlation: visibility in ft = 11.0/(optical dertgiin m™) [Klote and Milke, 2002].

As indicated in Table 11, the conditions at theetioh smoke alarm activation were
relatively benign in this test. However, at thadiof activation of the residential
sprinkler, conditions are beginning to deterioratéhe room of origin and temperature
rise in the hallway is noteworthy.

The principal conclusions of the effort were [Bulgh et al., 2008]:

1. “Smoke alarms of either the ionization type or i@toelectric type consistently
provided time for occupants to escape from mostieasial fires.” This was
concluded despite using a highly conservative patamnof light obscuration for
tenability which would increase the margin of spi@tailable for escape.

2. “Smoke alarms may not provide protection for peaptectly exposed to the initial
fire development.”This has also been observed in the fire incidtatistics reviewed

in the previous section.

3. “Smoke alarms of either type installed on evergl®enerally provided positive

escape times for different fire types and locatigxdding smoke alarms in bedrooms

increased the escape time provided, especiallgrfavldering fires.” This issue was
raised by Ahrens, i.e. that the performance of sva&rms could be improved with
increased numbers of smoke alarms in residencasmply with the current
requirements in NFPA 72.
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4. "Residential sprinklers activated well after theake alarms and after the heat
alarms in all of the scenarios.”This trend has also been observed in the firelémt
statistics reviewed in the previous section.

The Kemano project conducted by the NRCC [Su,.eR@03] consisted of 13
experiments in two single-family dwellings. Onetloé houses was one-story, while the
other was two stories. In the NRCC experimentslsfaonsisted of representative
packages comprised of wood, polyurethane, coteom#l, upholstered furniture and
cooking oil. All of the fire scenarios used in tkemano project started as smoldering
fires, though they were permitted to transitiolbé@zome flaming fires. The tests started
with smoldering fires to involve longer responseds for smoke alarms.

A floor plan for the single-story home is presenteétigure 9.
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Figure9. Floor Plan of Single-story Home in Kemano Project [Su, et al., 2003]

The results from one test in the bedroom of thglsistory home conducted as part of
the Kemano Project are described as an examphegfdrformance of smoke alarms
observed in this experimental program. The coongipresent in the room of fire origin
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and adjacent hallway before, at, and followingtithee of smoke alarm activation are
presented in Figures 10-13. In this test, all bedr doors were left open. The fire
source in Bedroom 1 consisted of 5 pine stickse flile began as a smoldering fire and
transitioned to flaming after 388 sec.

The first smoke alarm activated prior to any sigaifit change in the temperature in the
room of origin (see Figure 10), and over a min®ie the transition to flaming
combustion. Similarly, the optical density had justiceably increased at the time of the
activation of the first smoke alarm in the roonoafyin. Even so, at an optical density of
0.1 m", the visibility would still be on the order of 16 and hence would not hinder
evacuation.
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Figure 10. Gas Temperaturein Room of Originin Test 1, Kemano Project [Su, et
al., 2003]
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In the hallway, temperature conditions are unchdrigem ambient at the time of
activation of all smoke alarms. Similarly, theiopt density is unchanged in the hallway
when the first smoke alarm activates, though iregeateadily thereafter.

In the Kemano Project, the smoke alarms withinrtien of origin responded within 10
minutes of ignition in every test. Smoke alarmssale of the room of origin responded
at about the same time as those in the room oiinoaig)long as all doors between the fire
location and smoke alarm were open. Not surprigjrodpsed doors between the fire
location and smoke alarm caused an appreciablyg gethe response of the smoke
alarms. In some cases, smoke alarms respondeaibetya closed door between the fire
and smoke alarm was opened. The range in op#caities measured at the time of
response of the smoke alarms in the 13 tests was:

+ 0.001-0.14 rit for ionization smoke alarms (visibility of at le&&9 ft).

« 0.001-0.12 rit for photoelectric smoke alarms (visibility of agbt 95 ft).

« 0.001-0.14 rit for multi-sensor (ionization-photoelectric) smakarms (visibility
of at least 79 ft).

The modest optical densities noted at the timerafke alarm response in the 13 tests
further reinforces the notion that smoke alarmpoed at early stages of fire

development.
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Two more recent experimental studies where theorespof smoke alarms was evaluated
in residential applications were those by Su, €808] and Mealy, et al. [2009]. The
primary intent of the experimental program desatibg Su, et al., was to assess the
response of several floor system designs for rasgle The experimental program by
Mealy was conducted primarily to improve fire intigation methods by observing
conditions created by residential fires with linditeentilation. In both cases, smoke
alarms were included in the experiments to colliata to provide additional insight on

the response characteristics of smoke alarms.

Su, et al., conducted their experiments in a sitedl&vo-story house with a basement.
All fires were initiated in the basement with “reducible” fuel packages, i.e. laboratory-
assembled packages of similar composition to iteonsmonly found in homes. The fuel
packages consisted of a mock-up sofa constructéd9nkg of exposed polyurethane
foam and wood cribs placed beside and underneatbaffa. During the test,
temperature, optical density, and gas concentrg@@ CQ, and Q) were measured to
assess tenability. Both photoelectric and ionimatimoke alarms were used in the
experiments, with alarms placed in the basement.

The results of the experiments are presented ifeTidb In every scenario, smoke
alarms responded within the first minute of ignitioT he stipulated incapacitation limit
for optical density of 2 frelates to a visibility of 5.5 ft. The FED (“Ftéonal

Effective Dose) refers to a tenability analysisdzhen gas concentrations. An FED of
0.3 is a conservative limit for incapacitation, ahxing a factor of safety of 3.3 for an
average, healthy adult. As noted in the tablejribapacitation time determined from
either visibility or gas concentrations ranges frb&i to 676 sec, depending on the
conditions created in each test. The differenetaéen smoke alarm response times and
the earliest incapacitation time, i.e. AvailabléeSagress Time (ASET), achieved in any
test are summarized in Table 13. Considering tBERs noted Table 13, the smoke
alarms provided sufficient time to permit escap®igeloss of tenability in every test.
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Table12. Summary of Results[Su, et al., 2008]

Floor Assembly Type | Test AF|irSt oD T FEstD=U.3-1 FIE[P=D.3-1 Stru_ctural
aam | 2m 1% storey | 2 storey Failure
Tests with open basement doorway
Solid wood joist UF-01 40 185 205-235 225-255 740
Wood I-joist A UF-03 48 183 205-213 225-247 490
Steel C-joist UF-04 30 195 207-215 245-280 462
Metal-plate wood truss | UF-05 40 190 206-232 235-260 469
UF-06 45 170 198-211 208-241 382
Wood I-joist B UF-06R 38 161 198-199 207-241 380
UF-06RR 43 184 203-216 218-248 414
Metal web wood truss | UF-07 40 170 192-207 230-255 325
Tests with closed basement doorway
Solid wood joist UF-02 42 297 466-676 362-501 1200
Metal web wood truss | UF-08 50 360 400-486 375-510 474
Wood I-joist A UF-09 44 318 329-484 364-504 778
Notes:

1. Values determined using the measurements at 1.5 m height (for gas concentrations and QD) or
1.4 m height (for temperatures);

2. The number with the ftalic font represents the calculated time for reaching the CO incapacitation
dose, while the number in bold represents the calculated time for reaching the heat
incapacitation dose, whichever occurred first;

3. All values shown in the table are before fire suppression.

Table 13. Differencein Smoke Alarm Response Time and First Encounter ed
Incapacitation Timein Testsby Su, et al. [2008]

Test Smoke Alarm | First Incapacitation
Response (sec) Limit (sec) ASET (sec)

UF-01 40 185 145
UF-03 48 183 135
UF-04 30 195 165
UF-05 40 190 150
UF-06 45 170 125
UF-06R 38 161 123
UF-06RR 43 184 141
UF-07 40 170 130
UF-02 42 297 255
UF-08 50 360 310
UF-09 44 319 275
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Seven experiments were conducted as part of tly bipMealy, et al. [2009]. These
experiments were conducted in a mock-up of a omeeloen apartment. The overall
dimensions of the apartment were 30 ft by 15 the Tires included smoldering and
flaming sources, including cotton batting, a safd a wooden kitchen cabinet.
Photoelectric, ionization and multi-sensor smolkerak were included in the tests. As
with the NIST Home Smoke Alarm Project, tenabilitgs determined through thermal,
and carbon monoxide measurements and a visiliiy Was identified from and light
obscuration measurements.

Results of the tenability analysis conducted by Iylezt al., are presented in Table 14.
In the smoldering tests and flaming cabinet tébsssmoke obscuration limit was
reached before either of the tenability limits (thal or carbon monoxide). The first
tenability limit reached was due to carbon monoXelels except in the flaming sofa
tests when the thermal tenability limit was reachesd. With the exception of two of the
smoldering tests, the response of all smoke alawgusrred prior to the onset of
untenable conditions.

Milke, et al., [2001] examined the interaction pfiaklers and smoke in order to assess
the level of hazard after residential sprinklersrape. The test facility represented a full-
scale residential bedroom. The overall dimensadrtbe space were 16 ft by 18 ft, with
a finished ceiling height of 7.67 ft. Several $estre conducted to explore temperature
rise and CO, kB, and @ concentrations leading up to and following spranidperation.
The operating temperature of the residential spgiskused in the tests was 1%5
Temperature measurements were taken at severatielevin the room of origin and

CO, H:S, and Qlevels were recorded in the upper portion of tiwm of fire origin, as
indicated in Figures 14 and 15.

The results from one test is presented in Figurelt4his test, the temperatures quickly
decreased in the space following sprinkler actbratiA modest increase in temperature
at the lower heights was observed following spenkiperation, most likely due to
mixing of the smoke throughout the space as atre§the thrust of the sprinkler spray
and reduction in buoyancy of the smoke. This ngxXdehavior was also observed
visually by noting that the entire room filled wismoke and visibility decreased
appreciably at all elevations in the room followsgyinkler activation.

CO and HS concentrations began to increase appreciablynittiie minute prior to
sprinkler operation. Following sprinkler activatidhe increasing CO and.8l
continued, even though the temperature measurennelitated that the fire was
controlled by the sprinkler.
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Table14. ASET Valuesfor Thermal, Toxic Gasand Visibility Tenability Criteria
[Mealy, et al., 2009]

. 1% Tenability 1* Visibility
Test1D Alarm Scenario Criterion (min.) Criterion (min.)
SM1 1st lon 52.9 43.8
Last lon 53 -3.8
1st Photo 545 455
Last Photo 11.5 2.5
1st Combo 57.2 48.1
Last Combo 36.3 27.3
SM2 All N/R -61
SM3 All N/R -5
SM4 1st lon 89.5 73.4
Last lon 67.3 51.2
1st Photo 91.4 75.3
Last Photo 86.1 69.9
1st Combo 92.7 76.5
Last Combo 89.6 73.5
S1 1st lon 57 4.0
Last lon 3.6 1.9
1st Photo 2.2 0.5
Last Photo 1.7 0.0
1st Combo 5.2 3.5
Last Combo 3.3 1.6
CH1 1st lon 6.5 3.5
Last lon 4.2 1.2
1st Photo 6.2 3.2
Last Photo 4.4 1.4
1st Combo 6.2 3.2
Last Combo 4.8 1.8
CH2 1st lon 4.8 2.4
Last lon 3.9 1.5
1st Photo 5.0 2.6
Last Photo 3.4 1.0
1st Combo 4.9 2.5
Last Combo 3.5 1.1
Key:

SM1: Smoldering cotton batting fire
SM2: Smoldering sofa fire

SM3: Smoldering sofa fire

SM4: Smoldering sofa fire

S1: Flaming sofa fire

CHL1: Flaming wood cabinet fire
CH2: Flaming wood cabinet fire
N/R - Tenability criteria not reached.
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Figure15: CO and H,S Concentrationsfor Test #4 [Milke, et al., 2001]

Sekizawa, et al., [1997] conducted a series of ixgats in a simulated living room in a
residence. The room dimensions were 12.5 x Miti, a ceiling height of 8 ft. Wood
cribs were used as the fuel source. A standasal/gmrinkler with an operating
temperature of 160 °F was located in the room, @as avwphotoelectric smoke detector. In
virtually all tests, the smoke detector activatebbast a minute prior to the sprinkler.
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Similar to Milke, et al., in some experiments th® €oncentration and smoke density
was observed to increase substantially followingn&ger operation. An example of that
observation is depicted in Figure 16 for one ofékperiments.
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Figure 16. O, and CO Concentrationsin Experiment by Sekizawa, et al. [1997]

3.2 Smoke Detectors and Sprinkler Performance in Hotels and Hospitals

Two sets of experiments were conducted in simuletedmercial occupancies where
observations of the response of sprinklers or snatdens were recorded. One of these
was conducted in a simulated hotel room [Bill, 9®8ll and Kung, 1989] while the
other was conducted in a simulated hospital roontdNanni, 1993].

3.2.1 Hotels

Bill and Kung completed eight experiments of a dated hotel room for the purpose of
evaluating the performance of one modediextended coverage horizontal sidewall
sprinkler equippewith a fast-response link and the response of srdekectors. Four of
the experiments involved flaming chair and mattfess, while four involved

35



smoldering mattresses. For the flaming-chair feésesroom also contained draperies, a
table, and a metal wastepaper basket with 10 sbéatsvspaper. For flaming and
smoldering mattress tests, the room containedeéldeabd a newspaper-filled basket.
Ventilation conditions were altered between fullam&nical ventilation (four air changes
per hour), natural ventilation via an open roomrgaad no ventilation (closed room
door). Tenability was evaluated as the time irdggg concentration of carbon monoxide
in the hotel room. Fifteen smoke detectors westalled at five stations in the room and
hallway. Two pendant sprinklers were located mlththroom and foyer and one
sidewall QR-EC sprinkler was located in the livenga.

For the flaming chair tests, the guest room smaheators activated at a gas temperature
of 38 °C (100 °F) and an obscuration of 4.6 %/mYd/&), which was approximately 3
minutes before sprinkler actuation. For all flaghtests with an open room door,
obscuration approached 100 percent with a gas tepe of approximately 93 ° C (200
°F) when the sprinkler actuated. As an exampkefemperature, carbon monoxide
concentration and light obscuration are presemtdtdgures 17-19 for one test involving
the flaming chair. In this test, sprinklers opethat 267 sec. Gas temperatures and
carbon monoxide concentration in the room decreappdeciably shortly after sprinkler
actuation. However, light obscuration in the rogihorigin and in the adjacent corridor
increased substantially immediately following sgham actuation.
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Figure17. Temperaturein Room, Flaming Chair Fire[Bill and Kung, 1989]
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Bill concluded [1990]:
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“The role of smoke detectors in life safety has dlsen clearly shown. Smoke
detectors warn room occupants in either fast-grgron smoldering fires while
the room environment is such that an occupant eeilyeescape. Moreover, the
warning occurs when the fire is small. Thus, trerhay possibly be
extinguished without intervention of sprinklers.”

3.2.2 Hospitals

Notarianni’'s experiment consisted of a simulated-tbved hospital room with the original
fire source being a wood crib [1993]. A diagrantta room is presented as Figure 20.
She included temperature measurements for an assassf tenability.
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0o

™ E l. 1.37m
2 Photaolootric GME:DTHI%B
® Photoelectric sensor i E
O |onization gl =
Bl -
= Wall panels i !
(Celingtotopof | | Tomm===- Group & |
panr:lg- O m M‘al]A
___DiA, P.*-Dz#._'_{
Hems
L (Celling)
I D7.08 .DSD
i 201m
0.3Dm-|l—l-
|
Fresh air inle
0.15 m from wall

020 m abova floar

Wals - 0.15 m fhick FIRE r

Figure 19. Diagram of Simulated Hospital Room [Notarianni, 1993]

In all tests, an ionization smoke detector respdrimbfore the sprinklers. In some tests, a

photoelectric detector responded prior to a speinkirhe reason for the slower response
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by photoelectric detectors than sprinklers in soesés was attributed to the use of
heptane as the initial fuel source, which produeksively small particles which the
photoelectric detector is not as sensitive to.

The temperature at the time of activation of theekjuesponse sprinklers was at or below
77 °C (171 °F) at the 5 ft level and at or below”@8(118 °F) at the 3 ft level between
the patient beds, in all tests with the exceptibthe shielded fire scenafiovhere
temperatures at the 5 and 3 ft levels reached C1(232 °F), and 78 °C (172 °F)
respectively. As an example, the temperature ¢mmgiin the room of origin at the time
of sprinkler response are presented in Table ldhs€guently, detectors and sprinklers
in all locations actuated before tenability wag losall scenarios with unshielded fires.

Deevice Deescription Aclivation Activation 1.5m (%) 0.91 m (3 i}
Numibes Time Time Elevation Elevation
min: & 5 Between Beds | Bstween Beds
Temp *C Temp *C
D2 ion, south wall, between beds L) 27 a2 22
DE ion, ceiling, center of room 036 36 2 22
D4 ion, cast wall, bathrmom 2:13 133 4 22
D& ion, ceiling, near room doog 2:37 157 25 23
312 QR sidewnll, overhead bed #1 5:58 35E 38 26
&4 QR pendent, shove foot bed #1 702 a2 49 29
s QR sidewall, everhsad bad #3 i1 431 50 o)
D7 phato, eeiling, center of room T:19 439 52 30
DsC phate sensor, ceiling, near rom 720 440 5z kL]
divo
53 QR-EC pendent, center of mom .20 440 52 30
D3 phato, eass wall, bathroom T2 441 53 31
52 QR pendent, above foot bad #2 T 449 53 31
[ELTH phate sensor, ceding, center of room 13 453 54 El
nER phats seneor, =ast wall, bathroom 7:37 457 £33 3
DS phate, ceilmg, near ream doar T:40 460 56 31
55 QR sidewall, across foot bed #1 227 507 L) 35
310 QR concealed pendent, above foot B:28 508 4 35
bed #1
57 QR sidewall, across foot bed #2 B850 53% T0 7
58 standard pendent, shove faat bed £1 9:09 549 T ]
59 QR concealed pendent, above foat %22 562 15 a0
bed #2
51 QR-EC sidewall, east wall, bathroom 939 7% T8 40
56 standard sidewsll, across foot bed ¥2 - - - -
M mis phatn, stk wn i, hetween hads - - —
DsA phate senser, south wall, between — - - -
beds

Table 10. Gas Temperaturesin Room of Origin at the Time of Sprinkler Response,
Closed Door Tests[Notarianni, 1993]

*“Shielded fire” refers to the case where an obsimnds present to prevent the sprinkler
spray from reaching the burning fuel.
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In the shielded fire test, some sprinklers actidatiter the thermal tenability criterion
was exceeded. Smoke detector activations occbeweeen 232-377 seconds prior to
activation of the first sprinkler, and 552-722 s&d® prior to activation of the QR-EC
sidewall sprinkler.

Notarianni noted:

“Sprinklers in all locations tested actuated befdine patient’s life would be
threatened by this nominally 65 kW fire for theseld door, closed door privacy
curtain, and open door privacy curtain tests. Heeare in the shielded fire test,
the sprinklers at locations S6 and S1, the standatdwall across from the foot
of patient bed #2, and the EC sidewall, on the eaditnear the bathroom,
respectively, activated after the life safety ergr in HAZARD | with regard to
temperature was exceeded. lonization and phottredetetectors in all locations
alarmed before the patient’s life would be threan
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4. Summary

The relative role of smoke alarms and sprinklesiteen demonstrated in numerous
recent research investigations. The trend infate studies is that smoke alarms
respond prior to residential or ordinary sprinklersl thus have the capability of
providing the earliest warning of a fire to buildinccupants. While responding later,
sprinklers provide the additional function of fsappression to limit the development of
hazardous conditions.

From the analysis of NFIRS fire incident data iis tstudy, the proportion of fires judged
to be too small for operation of the smoke detactars appreciably fewer those for
sprinklers in all three occupancy groups analyZEde following table summarizes the
results.

Proportion of FireIncidents Judged to be Too Small for Operation

Smoke Detectors .
Non-sprinklered Sprinklered Sprinklers
property Property
1- and 2-family dwelling 13.1 12.8 38.9
Commercial residential 9.7 10.8 54.2
Health-care 11.4 17.8 65.4

The fact that fewer fires are judged to be too sfoalsmoke detector operation than
sprinklers, especially when both are present imgjared buildings, reflects the faster
response capabilities of smoke detectors.

While Bill's following quote on the benefit of smeldetectors was relative to an
experimental program for hotel rooms, the commeipiplicable to a wide variety of
occupancies, as reflected in the variety of expenital and statistical indications:

“The role of smoke detectors in life safety has ddsen clearly shown. Smoke detectors
warn room occupants in either fast-growing or sneoidg fires while the room
environment is such that an occupant can easilgesc Moreover, the warning occurs
when the fire is small. Thus, the fire may pogdia extinguished without intervention of
sprinklers.”
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The need for warning while the fire is small ideeted in the casualty statistics for those
fires which are judged too small for smoke deteatat sprinkler activation. Even for
these “small” fires, some casualties do occur.

Nonetheless, where fire control is provided byrggdars, rather than extinguishment, the
environment following sprinkler operation is notgpine. This is caused by a decrease in
the efficiency of the combustion process causetheyvater application from sprinklers
on burning fuels. In such instances, the generatfcarbon monoxide increases during
fire control. In addition, light obscuration becesrwery significant throughout the room
of origin, especially in small rooms. Such smatims are characteristic of residences
and health care facilities.

As such, having both smoke alarms and sprinklessstgmificant advantages. With
smoke alarms providing the early indication ofdiréhis permits people to evacuate (or
be evacuated if assistance is needed) prior teeonse of sprinklers. In this way,
people can evacuate prior to the potential losgsability in the room of origin (and thus
find their way most easily without encountering istions) and not be subjected to the
increase in carbon monoxide (and other gases pedduocm incomplete combustion).
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Appendix: Results from Analysis of NFIRS Data

Legend

Letter Scenario

A Intimate with fire - Primary symptom = smoke idizon

B Intimate with fire - Primary symptom = Combinatio

C Intimate with fire - Primary symptom = Burns

D Not Intimate with fire - Primary symptom = smolkéalation
E Not Intimate with fire - Primary symptom = Comafion

F Not Intimate with fire - Primary symptom = Burns

G No Casualty (Note: Cannot provide detailed infation on

Smoke Detector Alerting Capabilities, Non-sprinkigiResidential (DACNSR)

1 - Alerted 2 - Alerted
occupants, occupants, | 3-There | 4 -failed
occupants occupants were no to alert u- Otherwise
TOTAL responded failed occupants| occupants| Undetermined|  Null Adult Child| Ambulatory impaired
A 1566 753 59 17 43 78 616 1295 269 1070 216
B 911 337 44 6 26 84 414 829 81 563 190
C 1477 708 19 11 26 107 606 1265 210 1012 174
D 1786 740 68 38 56 103 781 1345 440 1324 14%
E 330 118 8 3 8 23 170 280 50 233 42
F 317 182 5 3 8 13 106 291 25 236 19
G 181756 73011 2714 14764 2652 8380 80235 N/A NA /AN N/A
Total | 188143 75849 2917 14842 2819 8788 82928 5305 1075 438 4 786
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Smoke Detector Alerting Capabilities, Non-sprinkli@iICommercial Residential (DACNSCR)

Smoke Detector Age Impaired?
1 - Alerted 2 - Alerted
occupants, occupants, | 3-There | 4 - failed
occupants occupants were no to alert u- Otherwise
TOTAL responded failed occupants| occupants| Undetermined| Null Adult Child Ambulatory impaired
A 25 13 0 0 0 0 12 25 0 15 4
B 7 4 1 0 0 0 2 6 0 2 1
C 3 1 0 0 0 1 1 3 0 2 0
D 5 3 1 0 0 0 1 4 1 3 1
E 0 0 0 0 0 0 0 0 0 0 0
F 0 0 0 0 0 0 0 0 0 0 0
G 1433 532 43 124 9 57 668 N/A N/A N/A N/A
Total | 1473 553 45 124 9 58 684 38 1 22 6
Smoke Detector Alerting Capabilities, Non-sprinkliHospital (DACNSH)
Smoke Detector Age I mpaired?
1- Alerted 2 - Alerted
occupants, occupants, 3-There | 4 - failed
occupants occupants were no to alert u- Otherwise
TOTAL responded failed occupants| occupants| Undetermined Null] Adulf Child Ambulatory impaired
A 12 10 0 1 12 7 3
B 2 0 0 2 0 1
C 0 0 0 0 0 3 1 2 0 1
D 26 26 0 0 0 0 0 26 0 10 3
E 6 6 0 0 0 0 0 6 0 6 0
F 1 1 0 0 0 0 0 1 0 0 1
G 685 487 10 12 5 14 157  N/A  N/A N/A N/A
Total 735 532 10 12 5 15 161 48 2 24 9

46



Non-sprinklered Residential (NSR)

}

Smoke Detector Age Impaired?
1 - Fire too Small 2- 3 - Failed to u- Otherwise
TOTAL to Operate Operated operate Undetermined  Null Adult Child Ambulatory impaired
A 1566 49 950 397 170 0 1295 2609 1070 216
B 911 34 497 200 180 0 829 81 563 190
C 1477 170 871 255 181 0 1265 210 1012 174
D 1786 30 1005 481 270 0 1345 440 1324 145
E 330 1 160 94 75 0 280 50 233 42
F 317 17 211 67 22 0 291 25 236 19
G 181756 24345 101521 27209 28681 0 N/A NYA N/A N/A
Total | 188143 24646 105215 28703 29579 0 5305 1075 4438 78
Non-sprinklered Commercial Residential (NSCR)
Smoke Detector Age Impaired?
1- Fire
too Small
to 2- 3 - Failed u- Otherwise
TOTAL | Operate | Operated| to operate | Undetermined Null Adult Child Ambulatory impaired
A 25 2 13 7 3 0 25 0 15 4
B 7 0 5 1 1 0 6 0 2 1
C 3 0 2 0 1 0 3 0 2 0
D 5 0 4 1 0 0 4 1 3 1
E 0 0 0 0 0 0 0 0 0 0
F 0 0 0 0 0 0 0 0 0 0
G 1433 141 765 215 311 1 N/A N/A N/A N/A
Total | 1473 143 789 224 316 38 1 22 6
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Non-sprinklered Hospital (NSH)

Smoke Detector Age Impaired?
1 - Fire too
Small to 2- 3 - Failed u- Otherwise
TOTAL Operate Operated | to operate| Undetermined Null| Adulf Child Ambulatory impaired
A 12 0 11 1 0 0 12 0 7 3
B 2 0 2 0 0 0 0 1 1
C 3 3 0 0 0 2 0 1
D 26 0 26 0 0 0 26 0 10 3
E 6 0 6 0 0 0 6 0 6 0
F 1 0 1 0 0 0 1 0 0 1
G 685 81 528 29 a7 0 N/A  N/A N/A N/A
Total 735 84 574 30 47 0 48 2 24 9
Sprinklered Residential (SR)
Smoke Detector Age Impaired?
1 - Fire too
Small to 2- 3 - Failed u- Otherwise
TOTAL Operate Operated| to operate | Undetermined  Null Adult Child  Ambulatory] impaired
A 58 4 49 3 2 0 56 2 41 12
B 24 2 18 0 4 0 24 0 18 4
C 59 9 45 2 3 0 53 6 37 11
D 29 1 24 0 4 0 26 3 21 2
E 2 0 2 0 0 0 2 0 1 1
F 3 0 2 1 0 0 3 0 3
G 4241 548 2957 277 459 0 N/A N/A N/A N/A
Total | 4416 564 3097 283 472 0 164 11 121 30
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Sprinklered Commercial Residential (SCR)

Smoke Detector Age Impaired?
1 - Fire too
Small to 2- 3 - Failed u- Otherwise
TOTAL Operate Operated | to operate | Undetermined Null] Adulf Chilg Ambulatory impaired
A 11 0 10 0 1 0 11 0 6 3
B 0 0 0 0 0 0 0 0 0 0
C 9 1 5 0 3 0 8 1 5 3
D 6 0 6 0 0 0 4 2 6 0
E 0 0 0 0 0 0 0 0 0 0
F 0 0 0 0 0 0 0 0 0 0
G 857 94 625 58 80 0 N/A  N/A N/A N/A
Total 883 95 646 58 84 0 23 3 17 6
Sprinklered Hospital (SH)
Smoke Detector Age I mpaired?
1 - Fire too 3 - Failed
Small to 2- to u- Otherwise
TOTAL Operate Operated | operate | Undetermined  Null Adult Child| Ambulatory impaired
A 21 6 11 4 0 0 21 0 12 4
B 5 0 5 0 0 0 5 0 1 2
C 11 5 6 0 0 0 9 2 5 6
D 9 0 9 0 0 0 9 0 8 0
E 1 0 0 1 0 0 1 0 0 1
F 1 1 0 0 0 0 1 0 1 0
G 1084 189 792 43 60 0 N/A N/A N/A N/A
Total | 1132 201 823 48 60 46 2 27 13
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Sprinklered Residential Sprinkler Performance (SRSP

Smoke Detector Sprinkler Operation
2 -
1 - Fire too Operated| 3 - fire too | 4 - failed
Small to 2- 3 - Failed u - 1- Operated| and not | small to to u -

TOTAL Operate Operated| to operate| Undetermined| Null | and effective| effective | activate operate | Undetermined| Null
A 58 4 49 3 2 0 30 1 24 3 0 0
B 24 2 18 0 4 0 12 0 7 2 0 3
C 59 9 45 2 3 0 28 1 25 2 0 3
D 29 1 24 0 4 0 16 2 6 3 0 2
E 2 0 2 0 0 0 1 0 1 0 0 0
F 3 0 2 1 0 0 0 0 2 1 0 0
G 4241 548 2957 277 459 1564 63 1925 252 101 836

Total 4416 564 3097 283 472 1651 67 1990 263 101 344
Sprinkler Failure
3 - Agent
2 - Not discharged| 4 - 5 - fire

1- enough but did wrong | notin 6 - system

System | agent notreach | type of | area componenty 7 - lack of 8-manual | O0- uU-

Shut off | discharged | fire system | protected| damaged maintenance intervention| other undetermined Null
A 0 1 0 0 5 0 0 1 0 0 51
B 0 0 1 1 1 0 0 0 1 1 19
C 2 1 1 0 1 0 0 1 0 0 53
D 0 1 1 0 1 0 0 0 0 3 23
E 0 0 0 0 0 0 0 0 0 1 1
F 0 0 0 0 1 0 0 0 1 0 1
G 30 3 4 20 251 7 5 12 75 80 3754

Total 32 6 7 21 260 7 5 14 77 85 3902
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Sprinklered Residential Sprinkler Performance (SREéhtinued)

Age Impaired?
Otherwise
Adult Child | Ambulatory| impaired

A 56 2 41 12

B 24 0 18 4

C 53 6 37 11

D 26 3 21 2

E 2 0 1

F 3 0 3 0

G N/A N/A N/A N/A
Total 161 11 118 30
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Sprinklered Commercial Residential Sprinkler Parfance (SCRSP)

Smoke Detector Sprinkler
3 - fire
1 - Fire too 3 - Failed 2 - Operated too
Small to 2- to u - 1 - Operated and not smallto | 4 - failed u-

TOTAL Operate Operated | operate | Undetermined| Null and effective effective activate | to operate| Undetermined| Null

A 11 0 10 0 1 0 3 0 6 2 0 2
B 0 0 0 0 0 0 0 0 0 0 0 0
Cc 9 1 5 0 3 0 5 0 3 0 0 4
D 6 0 6 0 0 0 0 0 6 0 0 0
E 0 0 0 0 0 0 0 0 0 0 0 0
F 0 0 0 0 0 0 0 0 0 0 0 0

G 857 94 625 58 80 0 185 530 51 198
Total 883 95 646 58 84 193 545 53 204
Sprinkler Failure Reasons
2 - Not 5 - fire
enough 3 - Agent 4 - wrong not in 6 - system
1 - System agent discharged but did  type of area components| 7 -lack of | 8-manual u-

Shut off discharged not reach fire system protected | damaged | maintenance intervention| O - other| undetermined Null

A 0 0 0 0 2 0 1 0 0 0 8

B 0 0 0 0 0 0 0 0 0 0 0

C 0 0 0 0 0 0 0 0 0 0 9

D 0 0 0 0 0 0 0 0 0 0 6

E 0 0 0 0 0 0 0 0 0 0 0

F 0 0 0 0 0 0 0 0 0 0 0
G 1 0 1 3 49 0 1 8 18 33 74
Total 1 0 1 3 51 0 2 8 18 33 767
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Sprinklered Commercial Residential Sprinkler Parfance (SCRSP) (continued)

Age I mpaired?
Otherwise
Adult Child | Ambulatory| impaired
A 11 0 6 3
B 0 0 0 0
C 8 1 5 3
D 4 2 6 0
E 0 0 0 0
F 0 0 0 0
G N/A N/A N/A N/A
Total 23 3 17 6
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Sprinklered Hospital Sprinkler Performance (SHSP)

Smoke Detector Sprinkler
1- 2-
1- Fire Operated | Operated | 3 - fire too | 4 - failed uU-
too Small 2- 3 - Failed to u - and and not small to to Undetermin
TOTAL | to Operate| Operated operate Undetermined|  Null | effective | effective activate operate ed Null
A 23 5 14 4 0 0 3 0 19 0 0 1
B 1 0 0 0 2 0 5 0 0 1
C 9 5 4 0 0 0 1 0 7 1 0 0
D 10 0 10 0 0 0 7 0 2 1 0 0
E 1 0 0 1 0 0 0 0 1 0 0 0
F 1 1 0 0 0 0 0 0 1 0 0 0
G 1084 189 792 43 60 139 708 60 10 164
Total 1136 201 827 48 60 152 743 62 10 166
Sprinkler Failure Reasons
2 - Not 3 - Agent 4 -wrong | 5 -fire not 6 - system
1- System | enough agent| discharged but did type of in area components 7 -lackof | 8-manual| O- u-
Shut off discharged not reach fire system protected damaged maintenanceg intervention| other | undetermined  Null
A 0 0 0 0 4 0 0 1 2 0 16
B 0 0 0 0 1 0 0 0 0 0 7
C 0 0 0 0 0 0 0 0 0 0 9
D 0 0 0 0 1 0 0 0 0 0 9
F 0 0 0 0 0 0 0 0 0 0 1
G 0 0 0 0 0 0 0 0 0 0 1
Total 4 2 0 4 45 0 2 14 24 38 951
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Sprinklered Hospital Sprinkler Performance (SH3®h{inued)

Age Impaired?
Other
Adult Child Ambulatory | impairment
A 23 0 15 3
B 8 0 3 3
C 8 1 3 6
D 10 0 9 0
E 1 0 0 1
F 1 0 1 0
G N/A N/A N/A N/A
Total 51 1 31 13
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Sprinkler Didn't Operate Residential (SDOR)

Smoke Detector

Age I mpaired?
1 - Alerted 2 - Alerted
occupants, occupants,| 3-There | 4 - failed
occupants occupants | were no to alert u- Otherwise
TOTAL responded failed occupants| occupants Undetermined  Null Adult Child Ambulatory impaired
A 3 1 0 1 0 1 0 3 0 2 0
B 2 1 1 0 0 0 0 2 0 1 1
C 2 1 0 0 0 0 1 1 1 1 1
D 1 0 0 0 1 0 0 1 0 1 0
E 2 0 0 0 0 0 2 0 2 2 0
F 1 0 0 0 0 0 1 1 0 1 0
G 252 119 3 14 4 9 103 N/A N/A N/A N/A
Total 263 122 4 15 5 10 107 8 3 8 2
Sprinkler Didn't Operate Commercial Residential (SIR)
Smoke Detector Age Impaired?
1 - Alerted 2 - Alerted
occupants, occupants, | 3 - There | 4 - failed to
occupants occupants | were no alert u- Otherwise
TOTAL responded failed occupants| occupants | Undetermined | Null Adult Chilg Ambulatory impaired
A 2 1 0 0 0 0 1 2 0 1 0
B 0 0 0 0 0 0 0 0 0 0 0
C 0 0 0 0 0 0 0 0 0 0 0
D 0 0 0 0 0 0 0 0 0 0 0
E 0 0 0 0 0 0 0 0 0 0 0
F 0 0 0 0 0 0 0 0 0 0 0
G 51 30 1 0 2 0 18 N/A N/A N/A N/A
Total 53 31 1 0 2 0 19 2 0 1 0
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Sprinkler Didn't Operate Hospital (SDOH)

Smoke Detector

Age I mpaired?

1 - Alerted 2 - Alerted

occupants, occupants,| 3-There | 4 - failed to

occupants occupants | were no alert u- Otherwise

TOTAL responded failed occupants| occupants | Undetermined | Null| Adulf Chilg Ambulatory impaired
A 0 0 0 0 0 0 0 0 0 0 0
B 0 0 0 0 0 0 0 0 0 0 0
C 1 1 0 0 0 0 0 1 0 1 0
D 0 0 0 0 0 0 0 0 0 0 0
E 0 0 0 0 0 0 0 0 0 0 0
F 0 0 0 0 0 0 0 0 0 0 0
G 55 39 3 0 0 0 13 N/Al N/A N/A N/A
Total 56 40 3 0 0 0 13 1 0 1 0
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Sprinklered residential type of AES (SRTAES)

Sprinkler Type Age Impaired?
3 - Other
2 - Dry- Sprinkler Otherwise
TOTAL | 1-Wet Pipe| pipe system Adult Child| Ambulatory| impaired

A 58 53 5 0 56 2 41 12

B 24 22 1 1 24 0 18 4

C 59 55 1 3 53 6 37 11

D 29 24 5 0 26 3 21

E 2 2 0 0 2 0 1 1

F 3 3 0 0 3 0 3

G 4241 3903 253 85 N/A N/A N/A N/A
Total 4416 4062 265 89 164 11 121 30

Sprinklered commercial residential type of AES (JBES)

Sprinkler Type Age Impaired?
3 - Other Otherwise
TOTAL | 1 - Wet Pipe| 2 - Dry-pipe Sprinkler system Adult Child  Ambulatory impaired

A 11 8 3 0 11 0 6 3

B 0 0 0 0 0 0 0 0

C 9 9 0 0 8 1 5 3

D 6 6 0 0 4 2 6 0

E 0 0 0 0 0 0 0 0

F 0 0 0 0 0 0 0 0

G 857 790 57 10 N/A N/A N/A N/A
Total 883 813 60 10 23 3 17 6




Sprinklered Hospital type of AES (SHTAES)

Sprinkler Type Age Impaired?
3 - Other
1 - Wet Sprinkler Otherwise

TOTAL Pipe 2 - Dry-pipe system Adult Child| Ambulatory| impaired
A 23 19 0 4 23 0 15 3
B 8 8 0 0 8 0 3 3
C 9 9 0 0 8 1 3 6
D 10 9 1 0 10 0 9 0
E 1 1 0 0 1 0 0 1
F 1 1 0 0 1 0 1 0
G 1084 953 125 6 N/A N/A N/A N/A

Total 1136 1000 126 10 51 1 31 13
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