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Executive Summary

Automatic orinklers are highly effective dements of total system designs for fire protection in
buildings. When sprinklers are present, the chances of dying in afire and the average property loss per
fire are both cut by one-hdf to two-thirds, compared to fires where sprinklers are not present. What's
more, this smple comparison understates the potentia value of sprinklers because it lumps together all
sprinklers, regardless of type, coverage, or operationd status, and is limited to fires reported to fire
departments. If unreported fires could be included and if complete, well maintained, and properly
ingtalled and designed systems could be isolated, sprinkler effectiveness would be seen as even more
impressve.

In 1999, there were a number of useful changes to the coding of automeatic suppression equipment
performance in the NFIRS database, but these changes required most reported data to be converted
from the old Verson 4.1 to the new Verson 5.0. Some of the conversions were problematic, and so this
report does not combine1999 data with previous data and uses the period ending in 1998 for any multi-
year analyses.

When measured by the average number of civilian desths per thousand firesin 1989-1998 (and
with the limitations cited above), the reduction associated with automatic suppression equipment is 60%
for manufacturing properties (from 2.0 to 0.8 desths per thousand fires), 74% for stores and offices (from
1.0 to 0.3 deaths per thousand fires), 75% for health care properties that care for the aged or the sick
(from 4.9 to 1.2), and 91% for hotels and motels (from 9.1 to 0.8). Public assembly and educational
properties show no deaths in reported firesin sprinklered properties in 1989-1998, but for educational
properties, this was true of unsprinklered propertiesaswell. The estimated impact of resdentia sprinkler
systemsin homesis a 74% reduction in desth rate, which shows that the large impact of sorinklers on life
safety aso applies where mogt fire deaths occur.

When measured by the average number of dollarslost to direct property damage per firein
1989-1998 (and again with the limitations cited above), reductions associated with automatic
suppression equipment areillugtrated by the following: 53% for stores and offices (from an average of
$25,000 to an average of $11,700 per fire), 64% for manufacturing properties (from $52,500 to
$18,700 per fire), 66% for health care properties that care for the aged or the sick (from $4,800 to
$1,700 per fire), and 70% for public assembly properties (from $21,800 to $6,500 per fire).
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When sprinklers do not produce satisfactory results, the reasons usudly involve one or more of
the following: (1) partial, antiquated, poorly maintained, or ingppropriate systems;

(2) explosions or flash fires that overpower the system before it can react; or (3) firesvery closeto
people or to sengtive, vauable property such that fatal injury or expensive damage, respectively, can
occur before asystem can react. "Poor maintenance” refers primarily to the problem of valves being
shut off and inadvertently left shut off. "Ingppropriate’ systems are systems whose design is not
adequate for the current level of hazard in the building.

Except for hedth care facilities, hotels and motels, department stores, and high-rise generd office
buildings, sorinkler usageis il rare in properties with large potentid for lifeloss. While the public may
hear more about the spectacular firesin office buildings or places of public assembly, the truth is thet the
most dangerous place to be, with respect to fire, isin the home.

Most of our statistics capture only sprinkler usage in properties that have fires reported to fire
departments, so they will tend to understate sprinkler usage. For example, an industry-sponsored survey
11 years earlier, in 1988, showed sprinklers already in guest rooms of 45% of hotels and motels, while
only 29.0% of hotel and mote fires showed sprinklers present. 1n 1999, only 49.1% of reported hotel
and motd fires were shown as occurring in properties with automatic suppression equipment, which
suggests that actua usage of sprinklersin hotels and motds, not limited to those that have fires, may be up
to 60-70%.

The highest levels of sprinkler usage in other high-occupancy properties appear to be in hedth care
facilities that care for the sick or aged (77.6% of 1999 fires reported as occurring in facilities with automatic
suppression equipment). High levels of usage aso probably exist in manufacturing properties (61.9%) and
department stores (60.4%), based on the percentages of firesin sprinklered properties. However,
sprinklers were cited in only 35.4% of reported firesin educationa properties, 34.3% of firesin public
assembly properties, 30.2% of firesin stores and offices, 28.5% of firesin correctiona facilities, 12.9% of
firesin gpatments, and 3.4% of firesin dwellings and duplexes.

Sprinkler usage is growing in most properties, but most fires fill occur in properties without
gorinklers. There is consderable potential for expanded use of sprinklers to reduce the loss of life and
property to fire.
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Introduction

Most of what we know about nationa trends and patterns, whether it be characteristics of fire,
the method of extinguishment, or the usage and effectiveness of sprinklers, comes from the Nationa Fire
Incident Reporting System (NFIRS), the most detailed of the representative, nationd fire incident data
bases. Interms of sprinklers, NFIRS Version 4.1 groups al automatic suppression equipment together
and does not digtinguish systems by type or extent of coverage. Therefore, it isimportant to keep in
mind throughout this report that in most cases the gatistics provided here are for dl automatic
suppression equipment combined - partia or complete; water-based, Halon, carbon dioxide, or dry
chemical; operationd or turned-off; adequate for hazard or not adequate; etc.

Changesin Sprinkler Performance Coding in NFIRS 5.0

NFIRS Verson 4.1 had one data e ement for orinkler performance, and it had five vaues. (1)
sprinkler operated, (2) sprinkler did not operate but should have, (3) fire too smdl to activate sprinkler,
(4) unclassified, and (5) unknown. In NFIRS Verson 5.0, there are multiple data elements, induding
two that divide the information on presence and operation contained in the one data dement in Verson
4.1.

Sprinkler presence has two choices: Yesand No. Thereis no code for unknown, which
should be treated as a proportional mix of sprinklers present vs. no sprinklers, smilar to the mix found
cases where sprinkler presence was reported as known. Instead, datareported in Version 4.1 as
sprinklers satus unknown was converted to no-sprinkler. 1t was necessary to use pre-1999 datato
edimate what fraction of the 1999 fires coded as no-sprinkler redly were no-sprinkler.

Sprinkler operation has sx choices: (1) operated and effective, (2) operated and not effective,
(3) firetoo small to activate, (4) failed to operate, (5) other (i.e., unclassified), and (6) undetermined
(i.e, unknown). Lacking acode for sprinkler operated with unknown effectiveness, the conversion of
datareported in Version 4.1 converted al fires where sprinklers operated to other/unclassified. It was
necessary to use pre-1999 data to estimate what fraction of the 1999 fires coded as other operation
were redly sprinkler-operated (which was most of them).

Because of these specid problems with converted data, satitics for 1999 have not been
combined with pre-1999 statistics with caution. Change in estimates from 1998 to 1999 may be
artifacts of coding and related andyss methods rather than red changes.
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There is anew data dement for type of system and equipment, differentiating wet-pipe, dry-
pipe and other sprinkler systems from each other and from other types of automatic suppression
equipment.

Thereisdso anew sngle-digit data dement with eight choices, plus other/unclassified and
unknown, for a Single reason for unsatisfactory automatic suppression equipment performance.
Previous sprinkler performance gpproaches have aso focused on the single reason for fallure, usng a
short ligt of candidate reasons. NFPA’s old sprinkler performance tables had alist of candidate
reasons roughly twice aslong as the eight codesin NFIRS Version 5.0.
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Who Has Sprinklers?

Table 1 suggests a number of observations. First, with 78% of reported firesin care-of-aged and
care-of-gck facilities occurring in properties with sprinklers it is probably safe to say that hedlth care
facilities without sprinklers are now asmdl minority of al such fadilities, even if one includes those that are
unlicensed and those that were built under older, less demanding codes. Sprinklers also gppear to be
present in most manufacturing facilities and department stores. However, sorinklers are dill rare in storage
facilities and appear to be the exception, not the rule, in most property classes where large numbers of
people are at risk - public assembly properties, schools, stores and offices, and dormitories and barracks.
Resdentid sprinkler sysems for one- and two-family dwdlings are reported in only 3.4% of thefiresin
those properties. Clearly, thereis great potential for expanded use of sprinklers.

Outside the limited data obtained through NFIRS, we know very little about the extent of usage of
sprinklers or other automatic suppression systems in buildingsin generd, overdl or for any specific property
class. Surveys of such usage are quiterare.

One exception isthe lodgng industry (see Figure 1). Fifteen years ago, nearly hdf of dl hotels and
motels surveyed had sprinkler systems. The survey may have been under-represented among poore,
poverty-area hotds, but its results still should be fairly representative of the lodging industry as awhole at
thet time.

Figure 1.
Sprinkler Usagein Hotelsand Motels, 1988

Per centage of Hotels With These Areas Sprinklered

Areas of Hotel Large-Chain Hotels Independent Hotels ~ All Hotels

Guest rooms (al) 49 41 45

Corridors (someor dl) 42 33 38

Public and service areas 48 49 49
(someor dl)

Source: "Fire Protection in the Lodging Industry," Washington, DC: American Hotel and Motel Association, June 30,
1988, pages 6 and 18-19. The"all hotel" figureis provided only for guest rooms but provides a basis for
calculating the figures for the other two areas.
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These results can be compared to the percentage of hotel and motel fires occurring in properties
with sprinklers, as shown in Table 2. In 1988, that percentage was 29.0, or 10 to 20 percentage points
below the percentages for dl hotels and motels having sprinklered areas early in 1988. This provides a
useful cdibration for the figuresin Table 2, which cover far more property classes. In generd, the extent of
usage of sprinklersin any property classwill be consderably higher than the percentage of fires occurring in
sprinklered properties in that property class. Aswith detection/darm systems and al other fire protection
features, in property classes where sprinklers are not required, they will tend to go firgt into the properties
that can afford them mogt, not the high-risk fire-prone properties that would benefit most from their
presence.

It may seem surprising that sprinkler usage is so low in generd item storage properties (14.1% of
1998 fires were in properties with sprinklers). Even if the focusis narrowed to generd warehouses, the
percentage of 1998 fires in properties with sprinklers was only 26.1%. Sinceit is known that the larger
warehouses qudifying as highly protected risks tend to be sprinklered as a requirement of insurance
coverage, it must be concluded that these warehouses represent only afraction of al general warehouses,
let done dl sorage facilities. Table 2 aso shows that high-rise gpartments, hotels, and genera office
buildings (those that are at least seven storiestal) are much more likely than their shorter counterparts to
show sprinklers present when they have reported fires.
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Table 1.
Per centage of Structure FiresEstimated

to Have Occurred in Structures With Sprinklersin 1999

Property Use

Public assembly
Eating and drinking
Educational
Health care and correctional
Care of sick and aged
Correctional
Residential
Homes
One- and two family dwdlingss
Apartments
Boarding houses
Hotds and motels
Dormitories
Stores and offices
Food or beverage store
Department store
Offices
Indudtrial
Manufacturing
Storage facilities
Dwdling garages
Storage excluding dwelling garages
Special properties
Unclassfied or unknown-type
property

Total

Fires
With Sprinklers
4,200 (34.3%)
3,000 (37.7%)
1,800 (35.4%)
4,000 (66.8%)
3,500 (77.6%)
400 (28.5%)
18,400 (6.7%)
15,400 (5.8%)
6,600 (3.4%)
8,800 (12.9%)
300 (23.3%)
1,600 (49.1%)
600 (35.2%)
5,000 (30.2%)
1,100 (36.0%)
900 (60.4%)
1,500 (39.4%)
500 (18.7%)
5,900 (61.9%)
1,700 (5.9%)
1,500 (6.0%)
1,500 (6.0%)
300 (7.1%)
1,000 (16.0%)
42,800 (11.6%)

Fires
Without Sprinklers

8,100

4,900
3,300
2,000

1,000

900
254,700

248,300

188,80
59,40

900

1,700

1,100
11,600

1,900

600

2,300
2,200
3,600
26,800

24,000

24,000
4,200

5,200

325,500

(65.7%)
(62.3%)
(64.6%)
(33.2%)
(22.4%)
(71.5%)
(93.3%)
(94.2%)
(96.6%
(87.1%
(76.7%)
(50.9%)
(64.8%)
(69.8%)
(64.0%)
(39.6%)
(60.6%)
(81.3%)
(38.1%)
(94.1%)
(95.0%)
(94.0%)
(92.9%)

(84.0%)

(88.4%)

Datareported in Version 4.1 as sprinkler status unknown was converted to no-sprinkler. It was necessary to use pre-1999
data to estimate what fraction of the 1999 fires coded as non-sprinkler really were no-sprinkler. The conversion of data
reported in Version 4.1 converted all fires where sprinklers operated to other/unclassified. It was necessary to use pre-
1999 data to estimate what fraction of the 1999 fires coded as other operation were really sprinkler-operated.

These arefires reported to U.S. municipal fire departments and so exclude fire reported only to Federal or state agencies or

industrial fire brigades. Coding for firesisfor all automatic suppression equipment, not just fire sprinklers, and does not
indicate type of system or partial vs. complete coverage.

Source: National estimates based on 1999 NFIRS and NFPA Survey.

U.S. Experience With Sprinklers, 11/03

NFPA Fire Analysis and Research, Quincy, MA



Table 2.
Per centage of Structure Fires Estimated
to Have Occurred in Structures With Sprinklers

Property Use 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989
Public assembly properties 12.2 12.3 135 14.3 14.6 15.6 15.9 17.9 185 19.2
(Eating and drinking establishment) (143) (146) (164 (174 (177 (190 (@87 (228 (221) (227
Educetiond properties 13.0 13.6 12.6 131 141 164 15.0 164 17.0 17.2
Hesdlth care and correctiond facilities* 37.1 38.5 36.7 39.2 39.9 44.0 45.7 48.5 48.1 46.9
(Care of aged facilities) (61.6) (643) (56.00 (596) (575 (60.8) (643) (66.7) (66.5) (69.6)
(Care of dck facilities) (435 (436) (483) (463) (474) (56.2) (59.3) (60.7) (58.5) (59.2)
(Correctiond facilities) (8.6) (9.2 84 (114 (158 (196) (1700 (1920 (156) (16.2
Property Use 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
Public assembly properties 20.1 198 20.9 21.2 22.6 24.2 24.5 25.6 30.7 34.3
(Eating and drinking establishment) (238) (232 (249 (249 (263) (289 (287 (306) (315 (37.7)
Educeationd properties 189 18.1 19.0 215 23.6 22.7 21.9 25.9 25.3 354
Hesdlth care and correctiond facilities* 49.0 48.7 51.7 65.2 54.6 56.8 55.3 574 58.0 66.8
(Care of aged facilities) (695 (70.8) (69.00 (71.3) (733) (712) (725 (739 (76.9) (77.6)**
(Careof Sck facilities) (625) (60.7) (66.7) (68.8) (65.6) (69.1) (69.5) (71.7) (70.7)
(Correctiond facilities) (158 (148) (223) (232 (163) (2180 (1720 (201) (224) (285)

*Includes only care of aged, care of sick, and correctional facilities.
** |ncludes care of aged and care of sick facilities.

These arefiresreported to U.S. municipal fire departments and so exclude fire reported only to Federal or state agencies or industrial fire brigades. Coding for firesisfor

all automatic suppression equipment, not just fire sprinklers, and does not indicate type of system or partial vs. complete coverage.
Source: National estimates based on 1980-1998 NFIRS and NFPA Survey.
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Table 2. (Continued)
Per centage of Structure Fires Estimated
to Have Occurred in Structures With Sprinklers

Property Use 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

Residential properties 09 12 1.0 0.9 12 14 17 17 24 2.4
(One- and two-family dwellings) 02 (02 (02 (02 (02 (04 (05 (04 (09 (08
(Apartments) (32 (44 (38 (33 (41) (420 (45 (@5 (60 (59
(Apartments a least 7 stories tall) NA  NA NA NA  NA (118 (215 (2320 (239 (231)
(Hotels and motels) (115) (148 (167) (152) (176) (190) (234) (249 (2900 (30.1)
(Hotels a least 7 doriestall) NA  NA  NA  NA NA (514 (607) (59.0) (632 (63.0)
(Dormitories and barracks) (165) (195 (121) (156) (152) (228 (1720 (2200 (213) (2L7)
Property Use 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999

Residential properties 26 25 27 2.6 25 22 2.6 30 31 6.7
(One- and two-family dwellings) (08 (08 (07 (07 (07 (04 (06 (©7 (©7) (34
(Apartments) (59 (®1) (69 (668 (63 (56) (68 (7.7) (7.9 (129
(Apartments at leagt 7 Sories tall) (245) (258 (31.3) (302) (30.1) (30.0) (283) (356) (359  N/A
(Hotels and motels) (3L.7) (306) (31.6) (321) (319 (323) (346) (340) (404)  (49.1)
(Hotels at leagt 7 Storiestall) (69.4) (66.1) (71.7) (751 (686) (719) (76.1) (67.4) (771  N/A
(Dormitories and barracks) (28.7) (21.3) (222) (241 (247) (318) (259 (284) (349 (352

N/A-Not available.

These arefires reported to U.S. municipal fire departments and so exclude fire reported only to Federal or state agencies or industrial fire brigades. Coding for firesisfor al
automatic suppression equipment, not just fire sprinklers, and does not indicate type of system or partial vs. complete coverage. Statisticsfor 1980-1984 are not available
for high-rise buildings, because height of building wastoo rarely coded prior to 1985. These are marked by N/A.

Source: National estimates based on 1980-1998 NFIRS and NFPA Survey.
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Property Use

Stores and offices
(Food or beverage saes stores)
(Department stores)
(Offices)
(Generd office buildings)
(Office buildings a leest 7 Soriestal)

Indugtry, utility, or defense facilities
Property Use

Stores and offices
(Food or beverage sales stores)
(Department stores)
(Offices)
(Generd office buildings)
(Office buildings & least 7 Soriestal)

Indudtry, utility, or defense facilities

N/A-Not available

Table 2. (Continued)
Per centage of Structure Fires Estimated
to Have Occurred in Structures With Sprinklers

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

119 124 122 129 137 146 159 184 188 197
(140) (130) (138 (172) (169) (166) (201 (222) (221) (23.4)
(47.2) (482) (441) (414) (392) (428) (467) (498) (540) (52.5)

(990 (11.3) (128 (127) (143) (162) (159 (19.3) (201) (21.1)
(102) (1190 (1270 (131 (154) (156) (173) (21.0) (221) (219
N/A N/A N/A NA  NA (4290 (437) (454) (48.1) (46.9)

54 4.9 5.0 6.5 5.8 6.8 1.2 8.5 8.1 11.6
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999

196 192 203 206 209 201 211 222 227 302
(231) (236) (248 (21.8) (259 (251) (268 (2790 (280) (36.0)
(505) (491) (54.2) (555) (505) (495) (527) (530) (521)  (60.4)
(228)  (220) (241) (254) (239) (253) (254) (255 (269  (39.4)
(240) (245 (264) (273) (263) (260) (273) (273 (280) N/A
(55.7) (53.7) (54.8) (58.2) (630) (59.3) (59.8) (623) (659  N/A

N/A

131 110 125 148 101 126 119 144 146 187

These arefiresreported to U.S. municipal fire departments and so exclude fire reported only to Federal or state agencies or industrial fire brigades. Coding for firesisfor
all automatic suppression equipment, not just fire sprinklers, and does not indicate type of system or partial vs. complete coverage. Statisticsfor 1980-1984 are not
availablefor high-rise buildings, because height of building was too rarely coded prior to 1985. These are marked by N/A. “Genera office building” isonly one type of
office building. The high-rise office building statisticsinclude all types of office buildings.

Source: National estimates based on 1980-1998 NFIRS and NFPA Survey.
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Table 2. (Continued)
Per centage of Structure Fires Estimated to Have Occurred in Structures With Sprinklers

Property Use 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989
Manufacturing facilities 44.9 44.2 42.1 44.6 44.8 46.5 47.7 49.1 48.5 49.0
(Food product manufacturer) (29.0) (26.2) (225) (235 (269 (286) (3L7) (29.7) (29.6) (30.0
(Textile product manufacturer) (69.1) (651 (534) (645) (66.0) (71.3) (742) (669 (61.6) (67.3)
(Footwear, wearing apparel, leather (60.2) (615 (57.3) (60.3) (628) (62.6) (616) (58.3) (64.6) (67.2
or rubber product manufacturer)
(Wood, furniture, paper, or printing (56.1) (56.3) (53.4) (55.0) (53.2) (55.7) (53.6) (55.6) (57.3) (54.6)
product manufacturer)
(Chemicdl, plagtic, or petroleum (511 (509 (4900 (50.3) (56.6) (55.00 (44 (57.2) (59.4) (58.0)
product manufacturer)
(Meta product manufacturer) (385 (357 (367 (373) (3B4) (393) (430 (423 (412 (44
(Vehicle assembly plant/manufacturer) (50.8) (442) (386) (487) (4500 (399 (367 (B51L0) (435 (42.6)
(Other manufacturer) (395 (396) (39.1) (4100 (386) (3700 (4020 (464) (473) (445
Property Use 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
Manufacturing facilities 49.3 48.9 48.6 50.1 48.5 50.1 50.7 51.2 515 61.9
(Food product manufacturer) (328 (354) (3200 (404) (3HB1) @419 (@377 (416) (381 N/A
(Textile product manufacturer) (675) (701) (720) (755) (71.3) (724) (781) (747) (749 N/A
(Footwear, wearing appared, lesther (65.6) (685) (65.3) (68.0) (639 (615 (615 (70.8) (76.0) N/A
or rubber product manufacturer)
(Wood, furniture, paper, or printing (549 (534) (518) (B57) (526) (43) (539 (5°16) (53.6) N/A
product manufacturer)
(Chemicd, pladtic, or petroleum (60.3) (584) (58.2) (584) (57.1) (626) (626) (625) (61.4) N/A
product manufacturer)
(Metd product manufacturer) (434) (443) (441) (429 (4120 (430 (448 (451) (457 N/A
(Vehide assembly plant/manufacturer (428) (424) (56.00 (53.7) (57.8) (5200 (494) (514 (639 N/A
(Other manufacturer) (45.3) (420) (434) (446) (466) (456) (511) (526) (449 N/A

N/A-Not available

These are fires reported to U.S. municipal fire departments and so exclude fire reported only to Federal or state agencies or industrial fire brigades. Coding for firesisfor
all automatic suppression equipment, not just fire sprinklers, and does not indicate type of system or partial vs. complete coverage.
Source: National estimates based on 1980-1998 NFIRS and NFPA Survey.
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Table 2. (Continued)
Per centage of Structure Fires Estimated to Have Occurred in Structures With Sprinklers

Property Use 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989
Storage facilities 3.8 3.0 34 3.8 4.4 5.0 4.7 4.7 4.0 5.2
(excluding dwelling garages)
(Generd item Storage) (122 (7.9 (6.9 (8.4 (9.0 (1126) (104) (130 (@17 (132
All structures* 4.0 4.1 4.0 39 4.3 5.0 5.2 5.6 5.7 5.9
Property Use 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
Storage facilities 5.0 49 4.7 5.0 4.8 4.5 4.6 51 5.0 6.0
(exduding dwelling garages)
(Generd item storage) (137 (11.3) (121 (1220 (138) (118 (126) (159 (141 N/A
All structures* 6.1 6.0 6.1 6.1 6.1 5.8 6.3 7.1 7.2 11.6

N/A-Not available

*Includes dwelling garages, special structures, and structures of unknown type, not shown separately.

These arefiresreported to U.S. municipal fire departments and so exclude fire reported only to Federal or state agencies or industrial fire brigades. Coding for firesisfor
all automatic suppression equipment, not just fire sprinklers, and does not indicate type of system or partial vs. complete coverage.

Source: National estimates based on 1980-1998 NFIRS and NFPA Survey.
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Sprinkler Presence and Operationality

Table 3 shows the percent of fires that occur in properties where sprinklers operated. Table 3
suggests a number of observations. Firg, during 1989-1998 in fires large enough to activete the
sprinklers, 74-91% of structure firesin properties with sprinklers occurred where sprinklers operated
properly, 78-99% in 1999. These percentages are lower than sprinkler performance satistics typicaly
cited in older studies, but the percentages may be mideadingly low, because the data do not separate
cases where sprinklers could not be expected to operate, because the system was shut off or because
coverage was incomplete.

Partid ingdlations may be mideadingly coded, for example. Structure fires with sprinklers where
the sprinklers did not operate may have been too smal to activate. Second, while sprinklerstend to
operate when they are present, the percentage of fires where sprinklers were present isso low in
residential, manufacturing and storage properties that the net percentage of firesin properties with
sprinklersthat operateis quite low. Clearly, thereis great potentia for expanded use of sprinklersin these
properties.

Percentages and rates for fires when automatic suppression systems were present were obtained
by examining only those fires for which the status was known and classified.

Edtimates of darm performancein fires may be made using the Nationd Fire Incident Reporting
System (NFIRS), managed by the U.S. Fire Administration. Sprinkler performance in thefiresin
NFIRS s coded asfollows:
System operated and was effective
System operated and was not effective
Firetoo smdl to activate the system
System did not operate
Other
Undetermined
This coding indicates whether sprinklers operated but not whether they were operationd. If the “fire

CoOrhWNPR

too smal” code were used whenever it was gppropriate, then one could estimate the percentage of
sprinklers operational as the total of fires coded 1 divided by the total of firescoded 1, 2, 3, or 4. Itis
possible to check whether the “fire too smal” code is being used whenever it is gppropriate. If so, the
estimated percentage of fires for which the sprinkler activated would be the same for smadl and large fires,
because dl characterizations of sprinklers having operated or not operated would be limited to fires
deemed large enough to activate an operationd sprinkler.
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Table 3.
Sprinkler Presence and Operationality in Structure Fires, by Property Use,

Per centage of Operating Sprinklers Where Sprinklers Wer e Present*

Per cent of Per cent of
FiresDuring Firesin
Property Use 1989-1998 1999+ *

Public assembly properties (73.9%) (70.2%)

Educationd properties (79.6%) (76.2%)

Hedth care or correctiond facilities (80.0%) (80.5%)

All resdentid properties (84.6%) (86.3%)
One- and two-family dwdlings (80.0%) (81.8%)
Apartments (87.6%) (89.2%)
Hotels and motels (82.7%) (90.4%)

Stores (90.1%) (88.3%)

Offices (80.6%) (81.1%)

Industrid facilities (85.9%) (88.3%)

Manufacturing facilities (91.1%) (90.7%)

Storage properties (84.0%) (84.5%)

*Excludes fires where sprinkler was present but fire was coded astoo small to test operational status of sprinklers.
Does not distinguish type of sprinklers or completeness of coverage.

** Datareportedin Version 4.1 as sprinkler status unknown was converted to no-sprinkler. It was necessary to use
pre-1999 data to estimate what fraction of the 1999 fires coded as non-sprinkler really were no-sprinkler. The
conversion of datareported in Version 4.1 converted all fires where sprinklers operated to other/unclassified. It was
necessary to use pre-1999 data to estimate what fraction of the 1999 fires coded as other operation were really
sprinkler-operated.

These arefires reported to U.S. municipal fire departments and so exclude fire reported only to Federal or state agencies
or industrial fire brigades. Fire statistics do notinclude proportional shares of fireswith sprinkler status unknown or
unreported.

Source: National estimates based on 1989-1998, 1999 NFIRS and NFPA Survey.
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Number of Sprinklers Operating by Type of Sprinkler System

Table 4 shows, for wet and dry systems separately, the percentage of fires controlled by
number of prinklers operating. Ninety-six (96.3%) percent of al the fires were controlled by 10 or
fewer gorinklers on wet pipe systems, 92.9 percent on dry pipe systems.

In certain occupancies, two or three sprinklers should be able to establish control if and when a
fire occurs, while others may demand over 100. The sprinkler system and its water supply should be
designed for the occupancy. When this purpose is defeated, the effect the fire has on the tota lossis
very goparent. The next section of this report goes into more detail on loss per fire with and without the
presence of sprinklers.

In the average fire, more sprinklers open on dry-pipe systems than on wet- pipe systems, because
of thetime delay in tripping the dry-pipe valve and in passing water through the piping to the opened
sorinklers. The delay permits hest to travel more widely and to open more sprinklers than is the case
with the wet systems. Usudly this fact does not prevent the establishment of contral, athough under
certain margina conditions it may.

InVerson 5.0 of NFIRS, if multiple systems are present, thisis to be coded in terms of the
(presumably) one system designed to protect the hazard where the fire started. Thisisarequired fidd if
the fire began within the designed range of the system. It isnot clear whether questions might arise over
asysem that is not located in the area of fire origin but has the area of fire origin within its designed
range; this has to do with the interpretation of the “area’ of fire origin.

This datais based on sprinkler activations collected in NFIRS Verson 5.0 only.
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Table 4.
Number of SprinklersOperatingin
Structure FiresWhere Sprinklers Wer e Present and Operated,
by Typeof Sprinkler System, 1999

Number of

Sprinklers Wet Dry Other or All Types
Operating Pipe Pipe Unknown of Sprinklers
1 or fewer 62.3% 21.5% 42.7% 52.7%

2 or fewer 79.9% 42.9% 71.5% 72.2%

3 or fewer 86.3% 61.0% 78.6% 80.7%

4 or fewer 90.0% 78.7% 85.8% 87.9%

5 or fewer 90.9% 78.7% 85.8% 89.1%

6 or fewer 92.7% 82.3% 85.8% 91.0%

7 or fewer 93.6% 82.3% 85.8% 91.6%

9 or fewer 95.4% 82.3% 85.8% 92.8%
10 or fewer 96.3% 92.9% 85.8% 95.2%

These arefires reported to U.S. municipal fire departments and so exclude fire reported only to Federal or state agencies or
industrial fire brigades. Fire statistics do not include proportional shares of fires with sprinkler presence or operation
unknown or unreported. Wet-pipe systems outnumbered dry -pipe systems by more than 4-to-1; however roughly half
(48%) the incidents had type of sprinkler system unreported.

Source: National estimates based on 1999 NFIRS Version 5.0 and NFPA Survey. Based on an estimated 474 fireswhere
sprinklers were reported present and operating and there was reported information on number of sprinklers operating.
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Extent of Flame Damage When Sprinklersare Present

Sprinkler effectivenessin reducing loss of life and property has been clearly documented in this
report. Now the question is, how effective are sprinklersin containing afire to an area near the point of
fireorigin? Fire confinement measures are intended to more clearly define “success’ and “falure’ in
engineering terms than loss-based measures do. Moreover, the fire confinement measures focus on the
type of confinement sprinklers are designed to achieve, thereby more closdly digning the measure of
sprinkler performance (confinement to a defined space) with a criterion of achievement of design goas
(typicaly cdled “fire control”).

These cdculations have some limitations. Firg, it isnot as clear asit is with loss measures what
the benefit of sprinkler performanceis, in terms of intringicaly meaningful outcomes. Money or lives
saved cannot be safely inferred from a measure of fire confinement, as the size of the loss depends on
much more than the Sze of thefire. Also, thisis aless quantitative measure, being based on aquditetive
outcome.

Second, by not including damage due to water, these cal culations leave open the possibility that
reduced fire damage is offset by increased water damage.

Third, the concept of “fire control” raises anumber of definitiona questions that are difficult to
answer in amanner that is consstent from one observer to the next. If fire szeislimited by the
intervention of walls or other barriers, it may not be clear how much of arole the sprinkler system
played in stopping fire growth. If an activated sprinkler system is always assumed to have had a
sgnificant role, then “fire control” may be indistinguishable in practice from “confined to room of fire
origin.” If not, then some judgments must be made, and the measure itsdlf can become highly
subjective.

Even more subjective is the approach used in NFIRS Version 5.0, which focuses on ajudgment
of “effective’ performance. Here, you have dl the potentia ambiguitiesin “fire control” plus the much
greater potentid variaionsin definition of what condtitutes “effective’ performance. It isunlikdy that
every fire officer will define “ effective’ performance asfire control.

Table 5 examines sdlected occupancies and indicates the dollar loss per fire, with and without
sprinklers and for different conditions of flame damage confinement.

Table 5 shows that every mgor property class except public assembly had gresater successin
confining firesto room of origin with sprinklers than without. Sometimes, the difference was quite
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subgtantia, as with department stores and offices buildings. The public assembly exception may reflect
the unusud diversity of sizes of properties and types of activities among public assembly properties,
combined with wide variaions in sprinkler usage between different types of assembly properties. It may
be too much to expect a distinct overal pattern to emerge from a category that combines, stadiums,
nightclubs, restaurants, and bowling dleys. Thisis especidly true with only one year of data, as Table 6
demonstrates.

Table 6 provides asmilar breakdown but with results for more degrees of fire confinement and
with loss-per-fire figures. The latter show smdler fires are typicaly less coslly fires. Note, too, that
gporinklers not only keep more fires smdl, in terms of the quditative categories, but also typicaly keep
fires smdler within those categories, as evidenced by typically lower loss-per-fire figures for fires of a
given size in sprinklered properties, as compared to unspinklered properties.
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Tableb5.
Extent of Flame Damage by Major Property Use, 1999
Structure Fires Reported to U.S. Fire Departments

With Sprinklers Without Sprinklers
Total Confined Total Confined
Number to Room Number to Room
Property Use of Fires of Origin of Fires of Origin
Public assembly properties 4,200 (68.2%) 8,100 (77.1%)
Educationa properties 1,810 (97.6%) 3,300 (88.4%)
Hedth care or correctiond facilities 3,980 (98.1%) 2,000 (94.3%)
All resdentid properties 18,390 (86.8%) 254,700 (72.0%)
One- and two-family dwdlings 6,620 (74.0%) 188,800 (69.0%)
Apartments 8,770 (93.7%) 59,400 (81.5%)
Hotels and motels 1,650 (96.4%) 1,700 (83.3%)
Department stores 930 (91.3%) 600 (71.5%)
Offices 1,520 (92.6%) 2,300 (76.4%)
Indugtrid fadilities 500 (82.1%) 2,200 (44.9%)
Manufacturing fecilities 5,910 (89.6%) 3,600 (75.0%)
Storage properties 1,690 (67.0%) 24,000 (38.1%)
Tota 42,820 (88.6%) 325,500 (68.6%)

These arefires reported to U.S. municipal fire departments and so exclude fires reported only to Federal or state agencies or industrial fire brigades.
Firesin which the extent of flame damage was unknown or not reported have been allocated proportionately among fires with known extent of flame
damage. Property damage figures have not been adjusted for inflation. Fires are rounded to the nearest ten. Sums may not equal total due to rounding
Eerrors.

Source: National estimates based on 1999 NFIRS and NFPA Survey.
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Table6.
Lossper Firein Public Assembly Properties, by Extent of Flame Damage
Annual Average of 1989-1998 Structure Fires Reported to U.S. Fire Departments

With Sprinklers Without Sprinklers

Lossper Fire Lossper Fire
Extent of Flame Damage Fires (in Thousands) Fires (in Thousands)
Confined to object of origin 2,080 (69.3%) $1.2 4,790 (47.7%) $1.5
Confined to area of origin 610 (20.3%) $5.1 2,200 (21.9%) $5.5
Confined to room of origin 150 (5.0%) $13.9 770 (7.7%) $18.0
Confined to fire-rated compartment of origin 20 (0.7%) $25.1 90 (0.9%) $34.4
Confined to floor of origin 20 (0.7%) $32.9 250 (2.5%) $45.8
Confined to structure of origin 110 (3.7%) $89.1 1,710 (17.0%) $88.8
Extended beyond structure of origin 10 (0.3%) $100.1 230 (2.3%) $85.6
Tota 3,000 (100.0%) $6.5 10,040 (100.0%) $21.8

These arefiresreported to U.S. municipal fire departments and so exclude fires reported only to Federal or state agencies or industrial fire brigades. Firesin which
the extent of flame damage was unknown or not reported have been allocated proportionately among fires with known extent of flame damage. Property damage
figures have not been adjusted for inflation. Fires are rounded to the nearest ten and property damage is rounded to the nearest hundred dollars. Sums may not
equal total dueto rounding errors.

Source: National estimates based on NFIRS and NFPA Survey.

U.S. Experience With Sprinklers, 11/03 18 NFPA Fire Analysis and Research, Quincy, MA



Extent of Flame Damage

Confined to object of origin 840
Confined to area of origin 230
Confined to room of origin 70
Confined to fire-rated compartment of origin 10
Confined to floor of origin 10
Confined to Structure of origin 20
Extended beyond structure of origin 0
Total 1,170

Table 6. (Continued)
Loss per Firein Educational Properties, by Extent of Flame Damage
Annual Average of 1989-1998 Structure Fires Reported to U.S. Fire Departments

With Sprinklers

Fires

(71.8%)
(19.7%)
(6.0%)
(0.9%)
(0.9%)
(1.7%)
(0.0%)

(100.0%)

Lossper Fire
(in Thousands)

$14
$5.1
$11.2
$30.9
$61.9
$61.5
$5.6

$4.1

Without Sprinklers

Fires

2,560 (60.2%)
950 (22.4%)

350 (8.2%)
20 (0.5%)
60 (1.4%)

260 (6.1%)
50 (1.2%)

4250  (100.0%)

Lossper Fire
(in Thousands)

$1.1
$7.4
$17.3
$61.2
$77.7
$121.0
$58.5

$13.1

These arefires reported to U.S. municipal fire departments and so exclude fires reported only to Federal or state agencies or industrial fire brigades. Firesin which
the extent of flame damage was unknown or not reported have been allocated proportionately among fires with known extent of flame damage. Property damage
figures have not been adjusted for inflation. Fires are rounded to the nearest ten and property damage is rounded to the nearest hundred dollars. Sums may not

equal total dueto rounding errors.

Source: National estimates based on NFIRS and NFPA Survey.
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Table 6. (Continued)
Lossper Firein Health Care Properties, by Extent of Flame Damage
Annual Average of 1989-1998 Structure Fires Reported to U.S. Fire Departments

With Sprinklers Without Sprinklers

Lossper Fire Lossper Fire
Extent of Flame Damage Fires (in Thousands) Fires (in Thousands)
Confined to object of origin 3,410 (81.4%) $0.9 2,780 (69.8%) $2.3
Confined to area of origin 540 (12.9%) $2.7 750 (18.8%) $2.7
Confined to room of origin 170 (4.1%) $6.1 250 (6.3%) $10.3
Confined to fire-rated compartment of origin 20 (0.5%) $4.7 20 (0.5%) $31.3
Confined to floor of origin 20 (0.5%) $16.6 50 (1.3%) $30.3
Confined to structure of origin 30 (0.7%) $66.4 120 (3.0%) $48.7
Extended beyond structure of origin 0 (0.0%) $100.6 10 (0.3%) $37.5
Tota 4,190 (100.0%) $2.0 3,980 (100.0%) $4.9

These are fires reported to U.S. municipal fire departments and so exclude fires reported only to Federal or state agencies or industrial fire brigades. Firesin which
the extent of flame damage was unknown or not reported have been allocated proportionately among fires with known extent of flame damage. Property damage
figures have not been adjusted for inflation. Fires are rounded to the nearest ten and property damage is rounded to the nearest hundred dollars. Sums may not
equal total due to rounding errors.

Source: National estimates based on NFIRS and NFPA Survey.
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Table 6. (Continued)
Lossper Firein Residential Properties, by Extent of Flame Damage
Annual Average of 1989-1998 Structure Fires Reported to U.S. Fire Departments

With Sprinklers Without Sprinklers

Lossper Fire Lossper Fire
Extent of Flame Damage Fires (in Thousands) Fires (in Thousands)
Confined to object of origin 5,780 (66.1%) $1.3 129,130 (39.5%) $1.0
Confined to area of origin 1,780 (20.3%) $4.5 74,490 (22.8%) $3.2
Confined to room of origin 580 (6.6%) $9.1 34,610 (10.6%) $8.8
Confined to fire-rated compartment of origin 130 (1.5%) $19.6 3,580 (1.1%) $15.1
Confined to floor of origin 140 (1.6%) $26.4 13,700 (4.2%) $22.0
Confined to structure of origin 290 (3.3%) $55.7 61,540 (18.8%) $30.0
Extended beyond structure of origin 50 (0.6%) $86.0 9,810 (3.0%) $35.9
Total 8,750 (100.0%) $5.5 326,860 (100.0%) $9.9

These arefires reported to U.S. municipal fire departments and so exclude fires reported only to Federal or state agencies or industrial fire brigades. Firesin which
the extent of flame damage was unknown or not reported have been allocated proportionately among fires with known extent of flame damage. Property damage
figures have not been adjusted for inflation. Fires are rounded to the nearest ten and property damage is rounded to the nearest hundred dollars. Sums may not
equal total dueto rounding errors.

Source: National estimates based on NFIRS and NFPA Survey.
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Table 6. (Continued)
Lossper Firein Oneand Two-Family Dwellings, by Extent of Flame Damage
Annual Average of 1989-1998 Structure Fires Reported to U.S. Fire Departments

With Sprinklers Without Sprinklers

Lossper Fire Lossper Fire
Extent of Flame Damage Fires (in Thousands) Fires (in Thousands)
Confined to object of origin 900 (53.3%) $2.2 93,230 (37.5%) $1.1
Confined to area of origin 370 (21.9%) $4.4 55,450 (22.3%) $3.4
Confined to room of origin 140 (8.3%) $10.9 25,810 (10.4%) $9.3
Confined to fire-rated compartment of origin 30 (1.8%) $13.3 2,030 (0.8%) $12.1
Confined to floor of origin 60 (3.6%) $26.6 10,330 (4.2%) $21.3
Confined to structure of origin 160 (9.5%) $39.7 53,390 (21.5%) $27.6
Extended beyond structure of origin 30 (1.8%) $40.8 8,390 (3.4%) $31.8
Total 1,690 (100.0%) $8.6 248,630 (100.0%) $10.1

These arefires reported to U.S. municipal fire departments and so exclude fires reported only to Federal or state agencies or industrial fire brigades. Firesin which
the extent of flame damage was unknown or not reported have been allocated proportionately among fires with known extent of flame damage. Property damage
figures have not been adjusted for inflation. Fires are rounded to the nearest ten and property damage is rounded to the nearest hundred dollars. Sums may not
equal total dueto rounding errors.

Source: National estimates based on NFIRS and NFPA Survey.
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Table 6. (Continued)
Lossper Firein Apartments, by Extent of Flame Damage
Annual Average of 1989-1998 Structure Fires Reported to U.S. Fire Departments

With Sprinklers Without Sprinklers

Lossper Fire Lossper Fire
Extent of Flame Damage Fires (in Thousands) Fires (in Thousands)
Confined to object of origin 3,450 (69.0%) $0.9 32,830 (46.2%) $0.6
Confined to area of origin 990 (19.8%) $3.4 17,510 (24.6%) $2.5
Confined to room of origin 310 (6.2%) $8.3 7,970 (11.2%) $7.2
Confined to fire-rated compartment of origin 80 (1.6%) $24.4 1,480 (2.1%) $18.7
Confined to floor of origin 60 (1.2%) $28.6 3,150 (4.4%) $22.7
Confined to structure of origin 100 (2.0%) $59.0 6,950 (9.8%) $46.6
Extended beyond structure of origin 20 (0.4%) $118.8 1,150 (1.6%) $64.9
Tota 5,000 (100.0%) $4.2 71,040 (100.0%) $8.7

These arefires reported to U.S. municipal fire departments and so exclude fires reported only to Federal or state agencies or industrial fire brigades. Firesin which
the extent of flame damage was unknown or not reported have been allocated proportionately among fires with known extent of flame damage. Property damage
figures have not been adjusted for inflation. Fires are rounded to the nearest ten and property damage is rounded to the nearest hundred dollars. Sums may not
equal total dueto rounding errors.

Source: National estimates based on NFIRS and NFPA Survey.
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Table 6. (Continued)
Loss per Firein Hotelsand Motels, by Extent of Flame Damage
Annual Average of 1989-1998 Structure Fires Reported to U.S. Fire Departments

With Sprinklers Without Sprinklers

Lossper Fire Lossper Fire
Extent of Flame Damage Fires (in Thousands) Fires (in Thousands)
Confined to object of origin 900 (69.8%) $1.3 1,150 (43.6%) $1.5
Confined to area of origin 260 (20.2%) $6.8 640 (24.2%) $3.7
Confined to room of origin 90 (7.0%) $12.2 390 (14.8%) $9.6
Confined to fire-rated compartment of origin 10 (0.8%) $6.8 40 (1.5%) $28.1
Confined to floor of origin 10 (0.8%) $13.4 90 (3.4%) $49.4
Confined to structure of origin 20 (1.6%) $122.5 280 (10.6%) $67.2
Extended beyond structure of origin 0 (0.0%) $278.8 40 (1.5%) $84.6
Tota 1,290 (100.0%) $6.0 2,640 (100.0%) $13.5

These arefires reported to U.S. municipal fire departments and so exclude fires reported only to Federal or state agencies or industrial fire brigades. Firesin which
the extent of flame damage was unknown or not reported have been allocated proportionately among fires with known extent of flame damage. Property damage
figures have not been adjusted for inflation. Fires are rounded to the nearest ten and property damage is rounded to the nearest hundred dollars. Sums may not
equal total dueto rounding errors.

Source: National estimates based on NFIRS and NFPA Survey.
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Table 6. (Continued)
Lossper Firein Stores, by Extent of Flame Damage
Annual Average of 1989-1998 Structure Fires Reported to U.S. Fire Departments

With Sprinklers Without Sprinklers

Lossper Fire Lossper Fire
Extent of Flame Damage Fires (in Thousands) Fires (in Thousands)
Confined to object of origin 1,720 (59.9%) $3.0 4,790 (40.6%) $2.6
Confined to area of origin 780 (27.2%) $12.7 2,580 (21.9%) $6.9
Confined to room of origin 190 (6.6%) $23.8 950 (8.1%) $20.5
Confined to fire-rated compartment of origin 30 (1.0%) $29.3 140 (1.2%) $42.1
Confined to floor of origin 30 (1.0%) $34.3 280 (2.4%) $45.1
Confined to structure of origin 100 (3.5%) $112.7 2,470 (20.9%) $71.3
Extended beyond structure of origin 20 (0.7%) $121.0 580 (4.9%) $94.9
Total 2,870 (100.0%) $12.1 11,790 (100.0%) $25.4

These arefires reported to U.S. municipal fire departments and so exclude fires reported only to Federal or state agencies or industrial fire brigades. Firesin which
the extent of flame damage was unknown or not reported have been allocated proportionately among fires with known extent of flame damage. Property damage
figures have not been adjusted for inflation. Fires are rounded to the nearest ten and property damage is rounded to the nearest hundred dollars. Sums may not
equal total dueto rounding errors.

Source: National estimates based on NFIRS and NFPA Survey.
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Extent of Flame Damage

Confined to object of origin 730
Confined to area of origin 230
Confined to room of origin 60
Confined to fire-rated compartment of origin 10
Confined to floor of origin 10
Confined to Structure of origin 20
Extended beyond structure of origin 0
Total 1,070

Table 6. (Continued)
Loss per Firein Offices, by Extent of Flame Damage
Annual Average of 1989-1998 Structure Fires Reported to U.S. Fire Departments

Fires

With Sprinklers Without Sprinklers
Lossper Fire Lossper Fire
(in Thousands) Fires (in Thousands)
(68.2%) $2.9 1,570 (46.9%) $1.4
(21.5%) $10.6 760 (22.7%) $6.1
(5.6%) $23.1 270 (8.1%) $16.4
(0.9%) $142.1 40 (1.2%) $47.0
(0.9%) $96.2 120 (3.6%) $142.2
(1.9%) $115.0 500 (14.9%) $84.0
(0.0%) $95.0 80 (2.4%) $96.6
(100.0%) $10.7 3,350 (100.0%) $23.6

These arefires reported to U.S. municipal fire departments and so exclude fires reported only to Federal or state agencies or industrial fire brigades. Firesin which
the extent of flame damage was unknown or not reported have been allocated proportionately among fires with known extent of flame damage. Property damage
figures have not been adjusted for inflation. Fires are rounded to the nearest ten and property damage is rounded to the nearest hundred dollars. Sums may not

equal total dueto rounding errors.

Source: National estimates based on NFIRS and NFPA Survey.
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Table 6. (Continued)
Lossper Firein Indudgtrial Facilities, by Extent of Flame Damage
Annual Average of 1989-1998 Structure Fires Reported to U.S. Fire Departments

With Sprinklers Without Sprinklers

Lossper Fire Lossper Fire
Extent of Flame Damage Fires (in Thousands) Fires (in Thousands)
Confined to object of origin 250 (61.0%) $5.7 840 (29.8%) $11.5
Confined to area of origin 90 (22.0%) $31.2 370 (13.1%) $8.7
Confined to room of origin 20 (4.9%) $29.2 160 (5.7%) $57.4
Confined to fire-rated compartment of origin 10 (2.4%) $71.3 20 (0.7%) $17.3
Confined to floor of origin 10 (2.4%) $51.0 40 (1.4%) $34.5
Confined to structure of origin 30 (7.3%) $58.4 1,110 (39.4%) $46.2
Extended beyond structure of origin 0 (0.0%) $62.5 290 (10.3%) $46.4
Tota 410 (100.0%) $19.1 2,820 (100.0%) $31.3

These arefires reported to U.S. municipal fire departments and so exclude fires reported only to Federal or state agencies or industrial fire brigades. Firesin which
the extent of flame damage was unknown or not reported have been allocated proportionately among fires with known extent of flame damage. Property damage
figures have not been adjusted for inflation. Fires are rounded to the nearest ten and property damage is rounded to the nearest hundred dollars. Sums may not
equal total dueto rounding errors.

Source: National estimates based on NFIRS and NFPA Survey.
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Table 6. (Continued)
Loss per Firein Manufacturing Facilities, by Extent of Flame Damage
Annual Average of 1989-1998 Structure Fires Reported to U.S. Fire Departments

With Sprinklers Without Sprinklers

Lossper Fire Lossper Fire
Extent of Flame Damage Fires (in Thousands) Fires (in Thousands)
Confined to object of origin 3,040 (61.0%) $4.9 2,280 (45.3%) $4.8
Confined to area of origin 1,160 (23.3%) $14.0 1,070 (21.3%) $13.1
Confined to room of origin 330 (6.6%) $28.2 380 (7.6%) $29.1
Confined to fire-rated compartment of origin 50 (1.0%) $21.2 60 (1.2%) $88.3
Confined to floor of origin 70 (1.4%) $71.5 90 (1.8%) $96.7
Confined to Structure of origin 290 (5.8%) $124.6 950 (18.9%) $182.8
Extended beyond structure of origin 40 (0.8%) $254.9 190 (3.8%) $204.8
Total 4,980 (100.0%) $18.7 5,030 (100.0%) $52.5

These arefires reported to U.S. municipal fire departments and so exclude fires reported only to Federal or state agencies or industrial fire brigades. Firesin which
the extent of flame damage wasunknown or not reported have been allocated proportionately among fires with known extent of flame damage. Property damage
figures have not been adjusted for inflation. Firesarerounded to the nearest ten and property damage is rounded to the nearest hundred dollars. Sums may not
equal total dueto rounding errors.

Source: National estimates based on NFIRS and NFPA Survey.
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Table 6. (Continued)
Lossper Firein Storage Facilities, by Extent of Flame Damage
Annual Average of 1989-1998 Structure Fires Reported to U.S. Fire Departments

With Sprinklers Without Sprinklers

Lossper Fire Lossper Fire
Extent of Flame Damage Fires (in Thousands) Fires (in Thousands)
Confined to object of origin 450 (50.0%) $4.6 5,840 (19.9%) $3.1
Confined to area of origin 250 (27.8%) $19.8 4,150 (14.1%) $3.0
Confined to room of origin 60 (6.7%) $31.5 1,450 (4.9%) $7.4
Confined to fire-rated compartment of origin 10 (1.1%) $59.1 180 (0.6%) $13.5
Confined to floor of origin 20 (2.2%) $46.7 320 (1.1%) $15.0
Confined to dructure of origin 90 (10.0%) $310.7 13,200 (45.0%) $18.6
Extended beyond structure of origin 20 (2.2%) $1,716.2 4,190 (14.3%) $22.6
Tota 900 (100.0%) $79.2 29,330 (100.0%) $13.2

These are fires reported to U.S. municipal fire departments and so exclude fires reported only to Federal or state agencies or industrial fire brigades. Firesin which
the extent of flame damage was unknown or not reported have been allocated proportionately among fires with known extent of flame damage. Property damage
figures have not been adjusted for inflation. Fires are rounded to the nearest ten and property damage is rounded to the nearest hundred dollars. Sums may not
equal total dueto rounding errors.

Source: National estimates based on NFIRS and NFPA Survey.
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How Effective Are Sprinklersin Saving Lives?

Up until about 1970, NFPA measured sprinkler effectiveness by looking at the percentage of
firesin sorinklered properties showing satisfactory sprinkler performance. This Satistic was then
discontinued because of arecognition of a substantial and growing bias. Fewer and fewer small and
even medium-sized fires could be captured. NFPA's data-collection procedures therefore were
unavoidably biased toward cases of poor sprinkler performance because those cases produced larger
firesthat were more likdly to require fire department intervention or insurance company attention and
therefore were more likely to be reported to NFPA. The most dramatic sprinkler successes were so
complete that no one but the managers of the facility might ever know of them. What redly forced the
discontinuation of NFPA''s tracking was the redlization that this bias was becoming worse each year and
was causing some people to believe that sprinkler effectiveness was declining.

Another limitation in the old procedure was the ambiguous and subjective character of the term
"satisfactory sprinkler performance.” Such ameasureis not nearly so straightforward as a measure of
lives or property saved. Therefore, dl subsequent attempts to measure sprinkler effectiveness have
attempted to ded directly in impacts on measures of red fire loss.

Preventing Large L oss-of-L ife Incidents

For the past decade a least, NFPA's principal statistic on sprinkler effectiveness has dravn
attention to the ability of properly ingtalled and maintained sprinklers to prevent desths outside the area
of fireoriginin dl but afew unusud Studions

NFPA has no record of afire killing more than two people in acompletely sprinklered
building where the system was properly operating, except in an explosion or flash fire or
where indugtrid fire brigade members or employees were killed during fire suppression
operations.

And since explosons, flash fires, and industrid fire brigades are rardly found outsde mercantile
and indudtria properties and associated storage facilities, the following statement is aso true:

NFPA has no record of afire killing more than two people in acompletely sprinklered
public assembly, educationd, indtitutiond, or resdentid building where the system was

properly operating.
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These two statements compress a number of pointsinto asmall number of words, soit is useful
to review the key elements, see what these statements do and do not say, and use these results to point
to the vaue of other measures of sprinkler effectiveness that might supplement the onesjust given.

Fird, the statement's limitation to fires killing more than two people is linked to the fact that
sprinkler systems (and al other fire protection systems and features) cannot be expected to prevent fatal
fireinjuriesinflicted on someone very close to the sarting point of argpidly developing fire. Even fires
involving cigarettes discarded onto mattresses, bedding, or clothing may cause fatd injury fagter than a
sprinkler can react. On the other hand, people worry most about the large fires sarting in remote
locations that grow large enough to thresten people throughout alarge building, and these are precisdy
the fire risks that NFPA's statement addresses. At the same time, most fire degths - even outside the
home - occur in ones and twos. From another angle, then, this statement addresses only fatd fire
scenarios (the fires that kill more than two persons) that are comparatively rare even in unsprinklered
properties. Seen in thisway, the statements do not say anything about the substantia impact of
gprinklers on the risk of desth in what would have been one- and two-desth fires. That isareason for
developing new measures of sprinkler effectiveness that do address those benefits.

Second, the statement leaves open the possibility that no multiple-death fires have been
recorded under these circumstances because few properties have complete sprinkler systems. In fact,
because most properties do not have any sprinkler system, it is also true that most properties do not
have complete sprinkler systems. That is agood reason for trying to develop sprinkler effectiveness
datistics that separate their impact on risk from their breadth of use, asisdone later. At the sametime,
Table 2 showed that in some property classes, sprinklers are now more the rule than the exception. For
these property classes, the absence of multiple-degth incidentsis a clear testament to the vaue of
sorinklers.

Third, the statement says it excludes systems that were not "properly operating.” Nearly al the
systems that were present in multiple-death fires but not properly operating have been systems damaged
by explosons. An exception, where poor ingtdlation or maintenance was involved, was a 1990
Alabamaboard and care facility fire where the water supply was insufficient to support the sprinklers.

Findly, there are dangersin placing too much emphasis on statements that rely on dl-or-nothing
satigtics. Until 1980, the exception for industria brigades or employees engaged in fire fighting was not
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needed because a multiple-deeth fire under those circumstances had not occurred. Until 1981, a
separate, broader statement on hotels and motels coud be used and sometimes was, because NFPA
had no record of afatd fireinvolving any number of desthsin fully sprinklered hotels or motels. In fact,
though, it was only a matter of time before these exceptions had to be listed because sprinklers cannot
hope to exclude dl deaths under these circumstances. Similarly, it isremotdy possible that amultiple-
desth fire will eventudly occur in afully sprinklered property involving afire that developsin
combustibles located in conced ed spaces not protected by sprinklers. Many things would have to go
wrong with the rest of the building's fire protection for this to happen, but it does represent a scenario
where perfect sprinkler success cannot be expected, even if the performance to date has been perfect.

Overall Impact on Life Safety

These considerations suggest there might be value in another gpproach to measuring sprinkler
effectiveness, which isto compare the number of deaths per thousand firesin buildings with sprinklers
(or other automatic suppression equipment) present with the deeth rate in buildings without sprinklers.
Figures on deeth rates with and without sprinklers are shown in Tables 7 and 8 for severd property
classes where sprinkler usage is sufficiently common to permit meaningful calculations. Severd points
may be made from these figures.

Firg, the figures by property classin Table 7 indicate sprinklers typicaly reduce the rate of fire
desths per thousand fires by one-hdf to two-thirds. In fact, the impact for the most recent 10 years
analyzed has been even better in most property classes.

Second, fatal fires are dill asmall fraction of dl fires, S0 even in atenyear average, one can see
some unusud results by chance. A related point is that the impact of sprinklers on the degth rate
depends to some degree on how low the basic firerisk isin the property before sprinklers are added.
For example, in educationa properties, there have been no reported desths, with or without sprinklers,
for more than adecade. Conversaly, in aproperty class with a comparatively high rate of desths per
100 fires in the absence of sprinklers, such as hotels and motels, the impact of sprinklers on that desth
rate (100% in 1999, 91% in 1989-1998) can trandate into a substantial number of lives saved, even
with comparatively few fires per year.

Third, if the basic risk islow, the results may be very senstive to the effects of one mgor fire.
For example, Tables 7 and 8 seems to show sprinklers as totaly effective in protecting life safety in
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public assembly properties. However, if the calculation had included 1980, statistical projection of the
26 degths in the 1980 Stouffer's Inn firein New Y ork would have raised thetotal estimated number of
deaths per year in sprinklered public assembly properties severd times. Y et that property had
sprinklers only in agairway, a corridor length away from the origin of the fire, so the high degth tall in
that fire said little or nothing about the value of sprinklers. These results show that this crude Statitical
gpproach is only meaningful for properties with a substantial body of fatal fire experience.

Fourth, these figures understate the potential vaue of a properly ingaled, well-maintained
complete sprinkler syssem.  Asillustrated in the previous paragraph, the fires and fire deaths registered
as occurring in properties with sprinklersin Tables 7 and 8 include cases of partid systems, antiquated
systems, systems not designed for the current hazard, systems that had been turned off, and so on.
Also, the fires shown are only those reported to fire departments. Sprinklers will control many fires
before the fire department is notified, which can paradoxically appear to raise the degth rate per
thousand fires for the fires that remain to be handled by the fire department. On the other hand,
gprinklered properties may tend to be better built and better maintained in terms of dl other fire safety
and fire protection features. This point done will tend to mean that sprinklers will receive some credit
for life savings that are actualy produced by the whole integrated system of balanced fire protection in
which sprinklers are an essentid part but not the only part. Nevertheless, on baance, the figuresin
these tables probably reflect the positive impact that sprinklers will have, even with anorma dose of
human error in their ingalation and maintenance and with afair proportion of partia or outdated
ingalations. Thefact that these savings are as large as they are in spite of these condderationsiseven

more evidence of sprinkler effectiveness.
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Table?7.
Estimated Reduction in 1999 Civilian Deaths per Thousand
FiresDueto Sprinklers, in Selected Property Classes

Civilian Deaths per Thousand Fires Estimated Number of Firesin 1999
Without With Per cent Without With
Property Use Sprinklers Sprinklers Reduction* Sprinklers Sprinklers
Public assembly 1.1 0.0 100% 8,100 4,200
Eating and drinking 11 0.0 100% 4,900 3,000
Educational 0.0 0.0 N/A 3,300 1,800
Health careand correctional 0.6 0.4 31% 2,000 4,000
Care of sick and aged 1.1 0.5 60% 1,000 3,500
Residential properties 9.0 29 67% 254,700 18,400
One- and two family dwdlings 9.8 5.9 40% 188,800 6,600
Apartments 6.8 14 80% 59,400 8,800
Homes 9.1 3.3 64% 248,300 15,400
Hotels and motels 10.8 0.0 100% 1,700 1,600
Stores and offices 1.2 0.0 100% 11,600 5,000
Food or beverage store 0.0 0.0 N/A 1,900 1,100
Offices 21 0.0 100% 2,300 1,500
Total 7.2 15 79% 325,500 42,800

* Percent reductions cal cul ated before death rates are rounded.
N/A- Not applicable because baseline was zero.

Datareported in Version 4.1 as sprinkler status unknown was converted to no-sprinkler. It was necessary to use pre-1999 data to estimate what fraction of the 1999
fires coded as non-sprinkler really were no-sprinkler. The conversion of datareported in Version 4.1 converted all fires where sprinklers operated to other/unclassified.
It was necessary to use pre-1999 data to estimate what fraction of the 1999 fires coded as other operation were really sprinkler-operated.

These arefiresreported to U.S. municipal fire departments and so exclude fire reported only to Federal or state agencies or industrial fire brigades. Fire
statistics do not include proportional shares of fires with sprinkler status unknown or unreported. Fires are estimated to the nearest hundred. Sums may not
equal total dueto rounding errors. Total includesfiresin properties without high occupancy, such as manufacturing and storage properties.

Source: National estimates based on 1999 NFIRS and NFPA Survey.
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Table8.
Estimated Reduction in 1989-1998 Civilian Deaths per Thousand
FiresDueto Sprinklers, in Selected Property Classes

Civilian Deaths per Thousand Fires Average Number of Fires per Year, 1989-1998

Without With Per cent Without With
Property Use Sprinklers Sprinklers Reduction** Sprinklers Sprinklers
Public assembly properties 0.8 0.0* 100% 10,000 3,000
Eating and drinking facilities 0.8 0.0* 100% 6,200 2,300
Educational properties 0.0* 0.0* N/A% 4,200 1,200
Health carefacilities 4.9 12 75% 1,400 3,200
Care of aged facilities 7.1 1.7 76% 700 1,800
Careof gck facilities 2.7 0.7 74% 700 1,400
Residential properties 9.4 2.1 78% 326,900 8,700
One- and two-family dwdlings 9.7 4.7 51% 248,600 1,700
Apartments 8.2 1.6 81% 71,000 5,000
Hotels and motels 9.1 0.8* 91% 2,600 1,300
Dormitories and barracks 1.5 0.0* 100% 1,300 500
Stores and offices 1.0 0.3* 74% 15,100 3,900
Food or beverage store 1.2 0.0* 100% 2,600 900
Department store 1.2* 0.0* 100% 800 900
Generd office building 0.6* 0.0* 100% 3,300 1,100
Indusgtrial facilities 11 0.0* 100% 2,800 400
Manufacturing facilities 2.0 0.8 60% 5,000 5,000
Storage facilities 10 0.0* 100% 29,300 900
Total 7.6 11 86% 419,100 28,100

*Based on fewer than two deaths per year in the entire ten-year period. Results may not be significant.

** Percent reductions cal cul ated before death rates are rounded.

These are firesreported to U.S. municipal fire departments and so exclude fire reported only to Federal or state agencies or industrial fire brigades. Fire statistics
do not include proportional shares of fireswith sprinkler status unknown or unreported. Fires are estimated to the nearest hundred. Sums may not equal total due

to rounding errors.

Source: National estimates based on 1989-1998 NFIRS and NFPA Survey.
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Sprinklersin Homes

The discussion above suggested that the higher the fire death rate is in the abosence of sprinklers, the
greater the percentage reduction in fire degth rate due to sprinklersislikely to be. That is another reason to be
especidly optimigtic about the potentia impact of the current residentia sprinkler technology in homes, where
the overdl fire desth rate per thousand fires where sprinklers were not present is till much higher (9.4 in 1989-
1998 and 8.2 in 1999) than in most of the other property classes dready discussed. But that potential will be
reglized only if Americans canbe convinced of their value. As Tables 1 and 2 showed, sprinkler usagein
homesthat have firesis extremdy rare. At the same time, home fires are o much more numerous than other
dructure firesthat it is dso true that nearly hdf of dl reported firesin orinklered buildings now occur in homes
and dwelling garages.

Anaydss at the Nationd Ingtitute of Standards and Technology (NIST) conducted an andlysis of the
estimated impact of sprinklers on home fires and associated losses, using laboratory test data, etimates from
pands of fire researchers, and datistics on the relative frequency of various fire scenarios and of the proximity of
victimsto thosefires. Table 9 summarizes those results for one- and two-family dwdlings The key resultisa
63-69% reduction in the death rate per thousand fires if sprinklers are added to dwellings that do or do not
dready have smoke alarms, respectively.

Despite the extremely low proportion of firesin homes showing sprinklers present, the number of such
firesislarge enough to permit an estimate of their impact. In 1989-1998 there was a 74% reduction in deaths
per thousand fires, based on 16 deaths in 6,700 fires with sprinklers present and 2,996 degths in 319,700 fires
with no sprinklers.  Our latest estimate based on 1999 data is a 64% reduction in deaths per thousand fires,
based on 51 deaths in 15,384 fires with sprinklers present and 2,257 deaths in 248,275 fires with no sprinklers.
Both figures are close to the NIST estimates, but in our andysis, "homes' include gpartments and townhouses,
which the NIST andysis did not include.

Note that the NIST anadys's shows how sprinklers and smoke darms both have an essentia role to play
in providing life sefety from firesin homes. If smoke darms are introduced first (which isthe way most people
would do it), the NIST study estimates fire death rates would fal by 52%. Adding sprinklers would further
reduce by 63% the 48% of the original desth rate that remains, producing a 30% reduction relative to that
origina degth rate, or atotal reduction of 82%. Or, if orinklers are introduced firgt, the origind degth rate
would be estimated to fal by 69%. Then adding smoke aarms would reduce by 42% the 31% of the origina
death rate that remained, producing a 13% reduction relaive to that origind degth rate, for the same totd
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reduction of 82%. What this means s that sprinklers will save many people who would not be saved by smoke
darms, and smoke aarms will save many people who would not be saved by sprinklers.

The same NIST study estimated that, as aresult of poor ingtdlation or maintenance, the sprinkler
system would not operate effectively 8% of the time, while the smoke alarms would not operate effectively 15%
of thetime. Later studies by NFPA have indicated that home smoke alarms actudly are non-operationd in
about 25% of the reported fires* This means good ingtalation and maintenance practices are likely to need
close atention for sorinklersas well. 1t suggests that the andlysts a NIST may have been too optimistic about
the operationa status of sprinklers, too, so their estimates of the impact of both systems may be overgated. Or,
it could mean that a home sprinkler system, which is designed to need only minor maintenance, will have even
more impact than estimated because the unexpectedly high rate of non-operationa smoke aarms leaves more
people needing to be saved by something dse, like sprinklers.

Thisanayss can be restructured in the following very smplified form. When Ruegg and Fuller
performed their analys's, they were using fire experience from the early 1980's. 1n 1981, say, there were 5,400
home fire deeths, and their analysis would have predicted that sprinklers and smoke alarms could lower that
figure to about 1,100. The 4,300 death reduction would have consisted of a combination of about 2,500 lives
saved by completing the process of putting smoke darmsin al homes and 1,800 more lives saved by ingdling
gorinklers. Asof 1999, the home fire degth toll had falen by 3,100 from the 1981 figure, with much of the
decline probably due to the steady growth in smoke darm use. Meanwhile, the potentid of home sprinklers il
remains largely untapped.

Who DiesWhen Sprinklersare Present?
A second report from NIST provided a particularly concise description of the kinds of fire scenarios
that account for the deaths that would still occur even if operationd detector and sprinkler systems, designed to

current codes, were in universal use in homes:
Fires that begin 0 close to avictim that he or she could be described as being intimate with the
ignition of thefire
Firesthat begin in combustibles in a concedled space.

*See Marty Ahrens, U.S. Experience With Smoke Alarms, Quincy, MA: NFPA Fire Analysis and Research Division, October
2003.
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Some fireswith subgtantia smoldering periods in the same room with a victim who isimmobile (eg.,
bedridden or incapacitated by drugs or alcohol) and has no prospects for quick rescue.

Some fast-flaming fires that begin in locations shielded from the sprinkler.

The mgority of these desths that would occur even with universal use of current smoke darm and

sprinkler technology probably would be of the firdt type - victims intimate with ignition.
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Table9.

Estimated Impact of Residential Sprinkler System

in One- and Two-Family Dwellings

Residential Sprinkler
Impact of Sprinklers System and No
Base of Comparison Smoke Alarms

A. Civilian Deaths

1.  Edimated reductionredive 69%
to degath rate per thousand
fireswhen no sprinklers or
smoke darms are present.

2. Edtimated reduction rdative Not gpplicable
to degth rate per thousand
fires when smoke darms
are present.

B. Civilian Injuries

1. Estimated reduction relative to 46%
injury rate per thousand fires
when no sprinklers or smoke
adams are present.

2. Edtimated reduction reative to Not applicable
injury rate per thousand fires
when smoke alarms are present.

Residential Sprinkler
System With Smoke
Alarms

82%

63%

46%

44%

Source: Rosdlie T. Ruegg and Sieglinde K. Fuller, A Benefit-Cost Model of Residential Fire Sprinkler Systems, NBS
Technical Note 1203, Gaithersburg, Maryland: U.S. Department of Commerce, National Bureau of Standards,

November 1984, Table 6.
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How Effective Are Sprinklersin Saving Property?

Table 10 and 11 show that sprinklerstypicaly cut the average loss by one haf to two-thirds, dthough the
estimated impact for particular property classeswas aslow as 19% and as high as 88%. Public assembly,
educational, manufacturing, and health care properties show the largest reductionsin Table 11, where there are
enough years of datafor reasonable confidence in the results, while the reduction is notably lower, but il
subgtantia, for resdential and industrid properties.

The property use classes shown in Tables 10 and 11 are limited to those with sSgnificant numbers of fires
in sprinklered properties, based on Table 2. (Thisis necessary to produce reasonably stable statistical
edimates) That iswhy industrid and storage properties are not shown. Clearly, many of the property classes
not listed in these tables could benefit greatly from expanded sprinkler use.

The percentage reductions shown in both Tables 10 and 11 amost certainly understate the actual
impact of a properly designed and maintained complete sprinkler system. The "with sprinklers’ column includes
an unknown number of properties with partia, antiquated, or poorly maintained sprinkler sysems. This makes
the large percentage reductions that much more impressve. Also, sprinklers will control or extinguish many fires
S0 quickly thet fire departments will not need to be notified, which may increase the loss per fire in sprinklered-
property fires seen by fire departments.

Idedlly, one would like to compare loss per fire, with and without sprinklers, in comparablefires.
Sometimes, a couple of large-loss fires can overwhelm the underlying evidence of the effectiveness of sprinklers.
Conversdly, other differences may cloud the measurement of effectiveness of sprinklers. Sprinklered properties
tend to be larger and may contain more va uable contents (which means a higher potentia |oss per fire).

Sprinklered properties a'so may tend to be handled with greater attention to al other aspects of fire
safety than is seen in unsprinklered properties (which means some of the reduced loss per fire is due to the
larger fire protection system of which sprinklers are part). Most of these points were made earlier with respect
to sorinkler effectivenessin saving lives

Table 11 dso shows high-rise buildings separatdy. As noted earlier in Table 2, high-rise gpartment
buildings, hotels, and generd office buildings are much more likely than their shorter counterparts to report
gprinklers present whenthey report fires. However, Table 11 shows that the estimated impact of sprinklersis
not substantialy higher or lower in high-rise apartment buildings or generd office buildingsthan it isin those
properties generaly.
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Table 10.

Estimated Reductions in 1999 Average Direct Property Damage per Fire
Dueto Sprinklersin Selected Property Classes

Without With Per cent
Property Use Sprinklers Sprinklers Reduction

Public assembly properties $31,700 $9,200 71%
Eating and drinking facilities $25,300 $7,700 69%

Educational $16,500 $4,200 74%

Health care and correctional facilities $6,100 $2,400 61%
Facilities that care for sick or aged $8,500 $2,300 73%
Correctiond fecilities $3,600 $500 86%

Residential properties $13,500 $10,300 24%

Homes (e.g., one- and two family dwellings

and apartments) $13,200 $11,000 17%
Apartments $10,800 $6,000 45%
Boarding houses $11,200 $1,900 83%
Hotels and motels $34,600 $8,600 75%
Dormitories $23,200 $2,600 89%

Storesand offices $47,800 $21,200 56%
Food or beverage stores $15,000 $8,600 43%
Department stores $33,000 $17,300 48%

Manufacturing facilities $51,000 $26,200 49%

Datareported in Version 4.1 as sprinkler status unknown was converted to no-sprinkler. It was necessary to use pre-

1999 datato estimate what fraction of the 1999 fires coded as non-sprinkler really were no-sprinkler. The conversion of
datareported in Version 4.1 converted all fires where sprinklers operated to other/unclassified. It was necessary to use
pre-1999 data to estimate what fraction of the 1999 fires coded as other operation were really sprinkler-operated.

These arefires reported to U.S. municipal fire departments and so exclude fire reported only to Federal or state agencies
or industrial fire brigades. Fire statistics do not include proportional shares of fireswith sprinkler status unknown or
unreported. Direct property damage is estimated to the nearest hundred dollars.

Source: National estimates based on 1999 NFIRS and NFPA Survey.
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Table 11.

Estimated Reductionsin 1989-1998 Aver age Direct Property Damage per Fire
Dueto Sprinklersin Selected Property Classes

Without With Per cent
Property Use Sprinklers Sprinklers Reduction

Public assembly properties $21,600 $6,500 70%
Eating and drinking establishments $17,200 $5,900 66%

Educational properties $13,900 $4,400 68%

Health care and correctional facilities $4,700 $1,700 64%
Care of sck and aged facilities $4,000 $1,600 59%

Residential properties $9,400 $5,400 42%
One- and two-family dwellings $9,600 $7,800 19%
Apartments $8,500 $4,400 49%
Apartments (at least 7 soriestal) $3,200 $1,800 43%
Hotels and motels $13,400 $5,900 56%
Hotels and motels (at least 7 storiestal) $13,400 $4,500 67%
Dormitories and barracks $7,400 $4,700 36%

Stores and offices $24,400 $12,200 50%
Food or beverage stores $21,000 $6,500 69%
Department stores $36,900 $14,900 60%
Offices $22,700 $10,100 55%
Gengd office buildings $23,100 $10,800 53%
Generd office buildings $27,700 $13,000 53%

(at least 7 Soriestdl)

M anufacturing properties $50,200 $16,700 67%
Food product manufacturers $66,100 $23,300 65%
Textile product manufacturers $23,100 $12,000 48%
Footwear or wearing apparel manufacturers $137,500 $16,500 88%
Wood product manufacturers $47,700 $14,100 70%
Chemica product manufacturers $60,700 $24,900 59%
Metd product manufacturers $45,800 $15,000 67%
Vehicle assembly manufacturers $45,400 $21,600 52%
Other manufacturers $39,900 $15,400 61%

*Refersto care of aged and care of sick facilitiesonly.

These arefires reported to U.S. municipal fire departments and so exclude fire reported only to Federal or state agencies
or industrial fire brigades. Fire statistics do not include proportional shares of fires with sprinkler status unknown or
unreported. Direct property damage is estimated to the nearest hundred dollars.

Source: National estimates based on 1989-1998 NFIRS and NFPA Survey.
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What Causes Unsatisfactory Sprinkler Performance When It Occur s?

As previoudy noted, NFPA discontinued its sprinkler performance tracking data base after
1970 because it became clear that the data collection was biased toward cases of poor sprinkler
performance. But a database that tends to miss success sories may il be useful for analyzing failures.
In other words, that database till may give valid results on why unsatisfactory performance occurs
when it occurs.

Table 12 summarizes the causes of unsatisfactory sprinkler performance, based on the 45 years
of cases reported to NFPA from 1925 to 1969. Table 13 reorganizes these causes into magor problem
groups. (@) falureto maintain the system in operationd status (primarily because of closed valves),
which accounts for more than haf the unsatisfactory- performance cases; (b) failure to assure that the
system in place is complete and adequate for the current use of the property, which accounts for nearly
one-fourth of the unsatisfactory- performance cases; (c) defectsin other parts of the building's system of
fire protection; (d) inadequate performance by components of the sprinkler system itslf, which
accounts for less than 6% of the unsatisfactory- performance cases; and (€) other factors.

With NFIRS Verson 5.0, it is possible to recreate tables smilar to the old NFPA sprinkler
performance tables, but using representative nationd data rather than anecdota data favoring larger
fires, asthe old tables were forced to do. (See Table 14.) There are two important differences. Firgt,
there is no measure directly based on fire control; it is necessary to use either “ effectiveness’ or fire
confinement to room of origin as a subgtitute. Second, the list of possible reasons for system failure has
weaknesses as a guide to action because it does not extinguish between problems in the sprinkler
system and problems in the environment of the sprinkler system.

For example, “not enough agent discharged” could be coded because the sprinkler pipes were
blocked or frozen (a system problem) or because the water supply was inadequate (a system
environment problem). “Agent discharged but did not reach fire” could be coded because damaged
sprinklers blocked or misdirected the water spray or because high-piled stock or some other
arrangement shielded thefire. “Fire not in area protected” could be coded because the system was a
partia system or had coverage not in compliance with the relevant slandard or because the fire origin
wasin an area (e.g., exterior of building, concedled space) that was not part of the required coverage
areafor that property use.
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Hndly, NFIRS remains limited to reported incidents. Fires not reported to the fire department
—including fires quickly controlled by sprinklers— are not included, which means the database will be
missng a potentidly large number of particularly notable successes.

Another perspective is provided by H.W. Marryaitt's records on a century of automatic
sprinkler protection in Australiaand New Zedland. Marryait estimates that his andysis was able to
capture 99% of dl firesinvolving sprinklers - much more completeness than any existing U.S. data base
can achieve. This completeness and the superiority of performance (relaive to sprinklersin the U.S)
shown by these records are credited by Marryatt to their high-dendty gpplication of water, their
universd use of darm connections from sprinkler systems to fire departments, and their unusudly high
sandard of ingtalation, service, maintenance, and regular
testing. The analyssis based on Marryatt's review of 49 incidents*

While Maryatt's categories differ dightly from those used in NFPA's study, the principa
problems identified are the same, but the shares are not. Water valves shut off, which led the U.S. ligt
with 35.4%, are cited in only 4 of the 49 cases (8%), and half of those were cases of arsonists
sabotaging aworking system. The higher sandard of maintenance and vave supervisonis clear.
Systems not adequate for the hazard, especidly high-piled stock, rise from
#2 on the U.S. list to #1, with 16 of 49 cases (33%), followed by fire origin in or early spread to
unprotected areas (12 of 49 cases, or 24%), and explosions or flash fires (8 of 49 cases, or 16%).

Tables 12 and 13 demonstrate the three keys to obtaining full benefit from sprinklers and other
automatic suppression systems. Firgt and foremog, these systems need to be regularly maintained and
tested. In particular, keeping the water turned on isatop priority. Use of atag system to provide
unambiguous visud reminders of the on/off status of the system is a good way to prevent ingppropriate
and dangerous water shutoff conditions. Vave supervison using atamper switch connected to a centra
aarm monitoring station can aso be helpful.

Second, a sprinkler system needs to be designed to fit the current needs of a property. If the
property use changes, it is essentid to review the adequacy of the sprinkler syssem. Even if the property
use has not changed, the passage of time aone can dictate areview of the sysem. And no one should
confuse a partid sprinkler system with complete sprinkler protection.

*H.W. Marryatt, Fire: A Century of Automatic Sprinkler Protection in Australia and New Zealand, 1886-1986,
Second Edition, Victoria, Australia: Australian Fire Protection Association, 1988, pp. 385-410, 443, 445.
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Third, even awdl-maintained, complete, gppropriate sprinkler system is not amagic wand. It
requires the support of awell-consdered integrated design for dl the other eements of the building's fire
protection. Unsatisfactory sprinkler performance can result from an inadequate water supply or faulty
building congtruction. More broadly, unsatisfactory fire protection performance can occur if the
building's design does not address dll five eements of an integrated system - dowing the growth of fire,

automatic detection, automatic suppresson, confining the fire, and occupant evacuation.
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Table 12.

L eading Reasons When Sprinkler
Performance I s Unsatisfactory

Problem
Water shut off

System not adequate for leve of
hazard in occupancy

|nadequate water supplies

| nadequate mai ntenance
Obstruction to water distribution
System designed for partia protection only
Faulty building congtruction
Antiquated system

Slow operation

Defective dry-pipe vave
Exposurefire

System frozen

Other or unknown

Tota

Per centage of Cases
35.4

135

9.9
8.4
8.2
8.1
6.0
21
18
1.7
1.7
14
19

100.0

Source: "Automatic Sprinkler Performance Tables, 1970 Edition,” Fire Journal, July 1970, page 37.
Based on 3,134 fires reported to NFPA during 1925 to 1969 for which sprinkler performance
was deemed unsatisfactory. Of these, 75.0% wereinindustrial facilities, 12.0% werein
storage facilities, 5.6% werein stores, and 7.4% werein all other properties.
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Table 13.

Groups of Leading Reasons for Unsatisfactory
Sprinkler Performance

Problem Group

A.

Totd

Falureto mantan
operationa status of
system

Failureto assure
adequecy of system for
complete coverage

of current hazard

Defects affecting but not
involving sprinkler sysem
| nadequate performance
by sorinkler system itself

Other

% of Cases

53.4

21.6

159

5.6

3.6

100.0

Problem

Al
A2
A3.
A4

B1.

B2.

CL

D1
D2
D3.

EL
E2.

Water shut off

| nadequate maintenance

Obstruction to water
distribution

System frozen

System not adequate
for leve of hazard in
occupancy

System designed for partid
protection only

Inadequate water supply
Faulty building congtruction

Antiquated system
Slow operation of sprinklers
Defective dry-pipe vave

Exposure fire
Other or unknown

% of Cases

354
8.4

8.2
14

135

8.1

9.9
6.0

21
18
1.7

1.7
19

100.0

Source: "Automatic Sprinkler Performance Tables, 1970 Edition," Fire Journal, July 1970, page 37. Based on 3,134
fires reported to NFPA during 1925 to 1969 for which sprinkler performance was deemed unsatisfactory. Of
these, 75.0% werein industrial facilities, 12.0% were in storage facilities, 5.6% were in stores, and 7.4% werein
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Table 14.
Structure FiresWhere Sprinklers Wer e Present, by Performance, 1999

Sprinkler Performance Number of Fires
System Operated or Fire Too Small 22,120 (51.7%)
Fire not in area protected by the system 440 (1.0%)
Reason system not effective, other 420 (1.0%)
Agent discharged, but did not reach the fire 330 (0.8%)
System shut off 80 (0.2%)
Not enough agent discharged to control the fire 60 (0.1%)
Lack of maintenance, including corrosion or heads 50 (0.1%)
Inappropriate system for the type of fire 40 (0.1%)
Manud intervention defeated the system 20 (0.0%)
Undetermined 19,260 (45.0%)
Total 42,820 (100.0%)

Datareported in Version 4.1 as sprinkler status unknown was converted to no-sprinkler. It was necessary to use pre-
1999 data to estimate what fraction of the 1999 fires coded as non-sprinkler really were no-sprinkler. The conversion
of datareported in Version 4.1 converted all fires where sprinklers operated to other/unclassified. It was necessary to
use pre-1999 data to estimate what fraction of the 1999 fires coded as other operation were really sprinkler-operated.

These arefiresreported to U.S. municipal fire departments and so exclude fire reported only to Federal or state
agenciesor industrial fire brigades. Firesare estimated to the nearest ten. Sums may not equal total due to rounding
errors.

Source: National estimates based on 1999 NFIRS and NFPA Survey.
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What Other Issues Exist Regarding Sprinklers?

Much of the resistance to wider use of sprinklers ssems from a cluster of concerns that are not
so much issuesas myths. Most Americans have had little contact with sprinkler systems outside of their
portraya in movies and televison shows, where sprinklers al too often are portrayed inaccurately. For
instance, activation by common heat sources, activation of dl sprinklersif any oneis activated, even
drowning or swimming in the water released by sprinklers, al have been portrayed in the film versons of
sprinklers.

The truth isthat sprinkler systems are carefully designed to activate early in ared fire but not to
activate in anon-fire Stuation. Each sprinkler reacts only to the fire conditionsinitsarea. Water
releasein afireis generdly much less than would occur if the fire department had to suppress thefire,
because later action means more fire, which means more water is needed. Accidenta release of water
in anon-fire activation of a sprinkler appears to be less likely and much less damaging, according to the
best available evidence, than is accidentd water release involving other parts of abuilding's plumbing
and water supply.* Maryatt's sudy of sprinklersin Australia and New Zealand, cited earlier, found
water damage from non-fire accidental discharges added only 25% to the fire losses suffered by
sorinklered buildings**  Since the fire losses were so much lower as aresult of sprinkler effectiveness,
total fire and water damage was much lower, too. Prevention of non-fire water damage from sprinklers
involves the same safety rules as one uses for the other eements of building fire protection, need to be
approached cautioudy and not decided on a cost basis done.

Ancther myth hasto do with aesthetics. Again, when people outside the fire community think of
gorinklers, they may think of the exposed pipe and sprinkler arrays that are common in some large
manufacturing facilities. Inconspicuoudy mounted sprinklers, which are dready common in offices and
hotels and are available for homes, need to be better publicized.

The one legitimate concerniscost. Sprinklers are not inexpensive, dthough their effectiveness,
documented earlier, means that most people will find them well worth the cogt. In
*Walter W. Maybee, "A Brief History of Fire Protection in the United States Atomic Energy Commission 1947-1975",
paper presented to the NFPA Fall Meeting, 1978.

**Marryatt, op. cit., p. 435.
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many settings, this effectiveness can be incorporated into reduced insurance costs, dlowing the systems
to pay for themselves, in part or in whole, over an extended period of time.

Many people are not aware how much the cost of sprinkler systems and the cost of ingtalling
them have been reduced in recent years as aresult of continued innovation in the industry. Particularly

for new congtruction, a complete sorinkler syssem may add only one or two percent to total cost.
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Other Methods of Extinguishment Used

Table 15 examines the mechanism by which the fire was completely extinguished for reported
dructure fires, by al magor types of properties. Thistable gives an overal picture of the different
methods of extinguishment and how often each one is used when afire occurs.

Thefiguresin Table 15 aso show that in many high-occupancy property classes - public
assembly, educationd, hedlth care and correctiond, and hotels and motels - the fires were most often
put out with a portable extinguisher. However, the data cannot distinguish whether the portable
extinguisher was used by the occupant or the fire department. Homes, industrial properties (including
mines and some other structures thet are not buildings), and storage properties had the smallest shares
of fires extinguished by portable extinguishers. Thisis probably because proportiondly fewer of these
properties are equipped with portable extinguishers and proportionaly fewer of these occupants are
trained to operate an extinguisher effectively.

Early suppression by an gppropriately designed and properly maintained automatic system (e.g.,
sprinklers) or by the use, with proper training and safeguards, of a portable extinguisher means smdler
fireswith less damage to property by fire and water and lessrisk of death. Every property class
showed less than 10% of fires extinguished by sprinklers, and only manufacturing properties showed
more than 5%. However, prinklers are normally expected to control fires, not to extinguish them, so
these low percentages do not mean either low sprinkler usage or poor sprinkler performance.

Datafor 1999 is not provided because it is no longer being collected in Version 5.0 of NFIRS.
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Table 15.
Structure Firesin Specified Properties, by Method of Extinguishment
Annual Average of 1989-1998 Fireswith Method of Extinguishment Unknown Proportionally Allocated

All Public Hesalth Careor

Method of Extinguishment Properties Assembly Educational Correctional
Pre-connected hose line with water from

apparatus tanks 188,300 4,300 1,200 1,000
Pre-connected hose line with water from

hydrant, draft or standpipe 98,200 2,200 500 400
Make-shift aids (e.g., garden hoses, sand,

baking soda) 89,000 1,500 1,300 1,900
Fire sdf-extinguished 87,500 2,500 1,800 2,900
Portable extinguisher 76,100 5,000 2,300 3,600
Hand-laid hose line with water from standpipe,

hydrant or draft 27,800 600 100 100
Automatic suppression system 5,300 800 100 500
Master stream device used 4,200 200 0 0
Method not classified 15,500 400 200 400
Total 591,800 17,700 7,700 10,800
Per cent of fires extinguished by

automatic suppression system (0.9%) (4.5%) (1.3%) (4.6%)

These are fires reported to U.S. municipal fire departments and so exclude fire reported only to Federal or state agencies or industrial fire brigades. Firesare
estimated to the nearest hundred. Sums may not equal total dueto rounding errors.

Source: National estimates based on 1989-1998 NFIRS and NFPA Survey.
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Table 15. (Continued)
Structure Firesin Specified Properties, by Method of Extinguishment
Annual Average of 1989-1998 Fireswith Method of Extinguishment Unknown Proportionally Allocated

All One- and Two- Hotels

Method of Extinguishment Residential  Family Dwdlings  Apartments and Motels Stores
Pre-connected hose line with water from

apparatus tanks 134,800 105,300 19,300 1,300 5,900
Pre-connected hose line with water from

hydrant, draft or standpipe 70,900 52,300 13,900 600 3,400
Make-shift aids (e.g., garden hoses, sand,

baking soda) 79,800 51,200 23,900 800 1,400
Fire sdf-extinguished 73,100 48,300 20,000 900 2,800
Portable extinguisher 55,300 35,100 15,700 1,400 3,900
Hand-laid hose line with water from standpipe,

hydrant or draft 18,500 12,400 4,900 200 1,100
Automatic suppression system 1,700 300 1,000 200 600
Master stream device used 2,000 1,100 700 0 400
Method not classified 12,900 8,800 3,200 200 500
Total 449,000 333,700 102,700 5,600 19,900
Per cent of fires extinguished by

automatic suppression system (0.4%) (0.1%) (1.0%) (3.6%) (3.0%)

These arefiresreported to U.S. municipal fire departments and so exclude fire reported only to Federal or state agencies or industrial fire brigades. Fires are estimated
to the nearest hundred. Sums may not equal total dueto rounding errors.

Source: National estimates based on 1989-1998 NFIRS and NFPA Survey.
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Table 15. (Continued)
Structure Firesin Specified Properties, by Method of Extinguishment
Annual Average of 1989-1998 Fireswith Method of Extinguishment Unknown Proportionally Allocated

Method of Extinguishment Offices Indugtrial Manufacturing Storage
Pre-connected hose line with water from

apparatus tanks 1,300 2,300 3,500 14,100
Pre-connected hose line with water from

hydrant, draft or standpipe 900 500 2,600 4,000
Make-shift aids (e.g., garden hoses, sand,

baking soda) 600 200 700 800
Fire sdf-extinguished 1,700 400 1,000 1,100
Portable extinguisher 1,300 400 2,900 900
Hand-laid hose line with water from standpipe,

hydrant or draft 200 300 900 1,700
Automatic suppression system 200 100 1,300 300
Master stream device used 100 100 200 200
Method not classfied 200 100 300 400
Total 6,500 4,400 13,400 23,400

Per cent of fires extinguished by
automatic suppression system (3.1%) (2.3%) (9.7%) (0.9%)

These arefiresreported to U.S. municipal fire departments and so exclude fire reported only to Federal or state agencies or industrial fire brigades. Firesare
estimated to the nearest hundred. Sums may not equal total due to rounding errors.

Source: National estimates based on 1989-1998 NFIRS and NFPA Survey.
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Other Research, Ongoing Studies and Resour ces

Resear ch:
Free Scottsdale Report Available Online

In 1996 the Rurad/Metro Fire Department developed The Scottsdale Report, which examined loca
fire records for the last 10 years. During that time there were 598 home fires, 44 were in homes
with sprinklers. There were no deethsin the homes with sprinklers. Unfortunately there were 10
desths in the homes without sprinklers. Fifteen-year data now available. Thisreport is now
available for free on the Home Fire Sprinkler Codition (HFSC) webdte.

http:/Mmww.homefiresprinkler.org

USFA National Residential Fire Sprinkler Initiative

The United States Fire Administration (USFA) released areport that outlines an agreement
between the administration and nationa fire protection professonas advocating the use of fire
suppression and sprinkler systems. The report, titled National Residential Fire Sprinkler
Initiative, outlines specific nationa Strategies that might reduce the number of degths due to home
fires each year. In particular the report draws attention to the aspect of locaized fire suppressonin
high-risk areas of the home and residentid sprinklersin buildings supported by the federd
governmen.

http://Mmww.usfafema.gov/ing de-usfalmedi a/2003rel eases/03-071503.shtm

Online Resour ces:
www.homefiresprinkler.org

Home Fire Sprinkler Codition (HFSC) provides independent information about the life and
property saving benefits of home fire prinklers. For more information cal 1-888-635-7222.

www.sprinklernet.org

The American Fire Sprinkler Association (AFSA) is a non-profit, international association
representing open shop fire sprinkler contractors, dedicated to the educationa advancement of its
members and promotion of the use of automatic fire sprinkler systems.

www.nfsa.org

Nationd Fire Sprinkler Association (NFSA) is an organization dedicated to creating a market for
the widespread acceptance of competently installed automatic fire sprinkler systemsin both new
and exigting congruction, from homesto high-rise.
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NFPA Documents:

NFPA 13: Sandard for the Installation of Sprinkler Systems

NFPA 13D: Sandard for the Installation of Sprinkler Systems in One- and Two-Family
Dwellings and Manufactured Homes

NFPA 13E: Recommended Practice for Fire Department Operationsin Properties
Protected by Sorinkler and Standpipe Systems

NFPA 13R: Sandard for the Installation of Sprinkler Systems in Residential Occupancies
Up to and Including Four Soriesin Height

NFPA 16: Standard for the Installation of Foam-Water Sprinkler and Foam-Water Spray
Systems

NFPA 25: Sandard for the Inspection, Testing and Maintenance of Water-Based Fire
Protection Systems

NFPA 101: Life Safety Codea
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Discussion and Recommendations

1. Automatic sprinklers are highly effective dements of tota systems designsfor fire protection in
buildings. When sprinklers are present, the chances of dying in afire and the average property loss per fire
are both cut by one-hdf to two-thirds, compared to fires where sprinklers are not present. What's more,
this smple comparison understates the potentia vaue of sprinklers because it lumps together al sprinklers,
regardless of type, coverage, or operationd status, and is limited to fires reported to fire departments. If
unreported fires could be included and if complete, well maintained, and properly ingtalled and designed
systems could beisolated, sprinkler effectiveness would be seen as even more impressive.

2. When sprinklers do not perform satisfactorily, which israre, the reason is dmost dways some
type of human error - falure to maintain the system, failure to keep the system appropriate to the hazard, or
failure to provide for other aspects of building fire protection.

3. There are certain fire Stuations where even a complete sprinkler system will have limited impact:

(@ Explosonsand flash fires that may overpower the system;

(b) Fresthat begin very closeto a person (eg., clothing ignition) or unusudly senstive and
expensve property (e.g., an art gdlery) where fatd injury or substantia property loss can occur before
sprinklers can react; and

(¢) Firesthat originate in unsprinklered areas (e.g., concealed wall spaces) or adjacent
properties (e.g., exposure fires), which may grow to unmanagesble size outside the range of the sprinkler
system.

Thereis reason to believe that the importance of sprinklersin concedled ceiling spaces with
combustiblesis not universaly recognized, even though it has been a code requirement for many years.
Judging by fire reports available to NFPA, some "complete” systems omit these aress.

4. Sprinkler systems are S0 effective that it can be tempting to overstate just how effective they
are. For example, some sprinkler proponents have focused too narrowly on the reliability of the
components of the sprinkler system itsdlf. If thiswere the only concern in sprinkler performance, then
Tables 12-13 show there would be little reason for concern a dl, but human error is arelevant problem.
On the other hand, some people, concerned that sprinklers will be trested as a panacea to the detriment of
other essentia elements of fire protection, have treated the human errors that dominate Tables 12-13 as
intringc to sprinkler performance. In fact, dl the eements of fire protection tend to show more problems
with human eror than with intringc mechanicd or dectrica rdiability. It isimportant for dl concerned
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partiesto () distinguish between human and mechanica problems because they require different strategies;
(b) include both as concerns to be addressed when deciding when and how to ingdl, maintain, and rely on
gprinklers and other automatic suppresson systems, (C) strive to use performance anadyssin assessing any

other dement of fire protection; and (d) remember that the different e ements of fire protection support and
reinforce one another and so must aways be designed and considered as a system.

5. Because sprinkler systems are sophisticated enough to require competent fire protection
engineering and function best in buildings where there is a complete integrated system of fire protection, it is
especialy important that proper procedures be used in the ingtdlation and maintenance of sprinkler systems.
This means careful adherence to the relevant stlandards: NFPA 13, Standard for the Installation of
Sorinkler Systems, NFPA 13D, Standard for the Installation of Sprinkler Systemsin One- and Two-
Family Dwellings and Manufactured Homes; NFPA 13R, Standard for the Installation of Sprinkler
Systems in Residential Occupancies Up to and Including Four Soriesin Height; and NFPA 25,
Standard for the Inspection, Testing and Maintenance of Water-Based Fire Protection Systems

6. Because sorinkler systems are so demongtrably effective, they can make amgor contribution to
fire protection in any property. NFPA 101, the Life Safety Code®, identifies some properties where the
use of srinklersis essentia to produce minimal fire protection for life safety. These properties should
receive top priority in any natiiond program to expand the use of sorinklers. But no oneinthefire
community, least of dl the NFPA, endorses an approach of settling for minimum standards of fire safety.
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Appendix A: How National Estimates Statistics Are Calculated

Edtimates are made using the Nationa Fire Incident Reporting System (NFIRS) of the Federal Emergency
Management Agency's (FEMA's) United States Fire Administration (USFA), supplemented by the annual
dratified random-sample survey of fire experience conducted by the Nationa Fire Protection Association
(NFPA), which is used for cdibration.

Data Bases Used

NFIRS provides annua computerized data bases of fire incidents, with data classfied according to a
standard format based on the NFPA 901 Standard. Roughly three-fourths of dl states have NFIRS
coordinators, who receive fire incident data from participating fire departments and combine the data into a
dtate data base. These data are then transmitted to FEMA/USFA. Participation by the states, and by local
fire departments within participating states, is voluntary. NFIRS captures roughly one-third to one-hdf of dl
U.S. fireseach year. More than one-third of al U.S. fire departments are listed as participantsin NFIRS,
athough not al of these departments provide data every year.

The strength of NFIRS isthat it provides the most detailed incident information of any nationd data base not
limited to large fires. NFIRS isthe only data base capable of addressing national patterns for fires of all
sizes by specific property use and specific fire cause. (The NFPA Survey separates fewer than 20 of the
hundreds of property use categories defined by NFPA 901 and solicits no cause-related information except
for incendiary and suspicious fires) NFIRS aso captures information on the avenues and extent of flame
spread and smoke spread and on the performance of detectors and sprinklers.

The NFPA Survey is based on a gratified random sample of roughly 3,000 U.S. fire departments (or just
over one of every ten fire departments in the country). The survey includes the following informetion: (1)
the total number of fire incidents, civilian deeths, and civilian injuries, and the tota estimated property
damage (in dollars), for each of the mgor property use classes defined by the NFPA 901 Standard; (2) the
number of on-duty fire fighter injuries, by type of duty and nature of illness; and (3) information on the type
of community protected (e.g., county versus township versus city) and the size of the population protected,
which isused in the gatistica formulafor projecting nationd totas from sample results.

The NFPA Survey begins with the NFPA Fire Service Inventory, a computerized file of about 30,000 U.S.
fire departments, which is the most complete and thoroughly vaidated such ligting in existence. The survey
is dratified by sze of population protected to reduce the uncertainty of the find estimate. Smal rurd
communities protect fewer people per department and are less likely to respond to the survey, so alarge
number must be surveyed to obtain an adequate sample of those departments. (NFPA aso makes follow-
up cdlsto asample of the samdler fire departments that do not respond, to confirm that those that did
respond are truly representative of fire departments their size)) On the other hand, large city departments
are so few in number and protect such alarge proportion of the total U.S. population that it makes senseto
aurvey dl of them. Mogt respond, resulting in excdlent precison for their part of the finad estimate.

Projecting NFIRS to National Estimates

To project NFIRS results to nationa estimates, one needs at least an estimate of the NFIRSfiresasa
fraction of the totd o that the fraction can be inverted and used as amultiplier or scaling retio to generate

U.S. Experience With Sprinklers, 11/03 59 NFPA Fire Analysis and Research, Quincy, MA



nationa estimates from NFIRS data. But NFIRS is a sample from a universe whose size cannot be inferred
from NFIRS adone. Also, participation rates in NFIRS are not necessarily uniform across regions and sizes
of community, both of which are factors corrdated with frequency and severity of fires. Thismeans NFIRS
may be susceptible to systematic biases. No one a present can quantify the size of these deviations from
the idedl, representative sample, so no one can say with confidence that they are or are not serious
problems. But thereis enough reason for concern so that a second data base - the NFPA Survey - is
needed to project NFIRS to nationa estimates and to project different parts of NFIRS separately. This
multiple cdibration approach makes use of the annua NFPA Survey whereits Satigtica design advantages
are strongest.

There are separate projection formulas for four mgjor property classes (residentia structures, non
resdentid structures, vehicles, and other) and for each measure of fire severity (fireincidents, civilian deaths,
and civilian injuries, and direct property damage).

For example, the scaling ratio for 1998 civilian deathsin resdential structuresis equa to the total number of
1998 civilian deaths in resdentia structure fires reported to fire departments, according to the NFPA survey
(3,250), divided by the total number of 1998 civilian deaths in resdentid structure fires reported to NFIRS
(1,224). Therefore, the scaling ratio is 3,250/1,224 = 2.66.

The scding ratios for civilian deaths and injuries and direct property damage are often Sgnificantly different
from those for fireincidents. Except for fire service injuries, average severity per fire is generdly higher for
NFIRS than for the NFPA Survey. Use of different scaling ratios for each measure of severity is equivadent
to assuming that these differences are due ether to NFIRS under-reporting of smdl fires, resulting ina
higher-thanactud loss-per-fire ratio, or possible biasesin the NFIRS sample representation by region or
gze of community, resulting in severity-per-fire ratios characteristic only of the oversampled regions or
community Szes

Note that this gpproach aso means that the NFPA Survey results for detailed property-use classes (e.g.,
firesin storage structures) may not match the nationd estimates of the same vaue.

Calculating National Estimates of Particular Typesof Fires

Most andyses of interest involve the cdculation of the estimated number of fires not only within a particular
occupancy but aso of aparticular type. The types that are mostly frequently of interest are those defined by
some ignition cause characteristic. The six cause-related characteristics most commonly used to describe
firesare form of the heat that caused the ignition, equipment involved in ignition, form or type of materid
fird ignited, the ignition factor that brought heat source and ignited materia together, and area of origin.
Other characterigtics of interest are victim characteristics, such as ages of personskilled or injured infire.

For any characterigtic of interest in NFIRS, some reported fires have that characteristic unknown or not
reported. If the unknowns are not taken into account, then the propensity to report or not report a
characterigtic may influence the results far more than the actua patterns on that characteristic. For example,
suppose the number of fires remained the same for severa consecutive years, but the percentage of fires
with cause unreported steadily declined over those years. If the unknown-cause fires were ignored, it
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would appear asif fires due to every specific cause increased over time while totd fires remained
unchanged. This, of course, does not make sense.

Consequently, most nationd estimates anayses dlocate unknowns. Thisis done by using scding retios
defined by NFPA Survey estimates of totals divided by only those NFIRS fires for which the dimensioniin
question was known and reported. This approach is equivaent to assuming that the fires with unreported
characterigtics, if known, would show the same proportions as the fires with known characteristics. For
example, it assumes that the fires with unknown ignition factor contain the same relaive shares of child-
playing fires, incendiary-cause fires, short circuit fires, and so forth, as are found in the fireswhere ignition
factor was reported.

Rounding Errors

The possibility of rounding errors exigtsin dl our caculations. One of the notes on each table indicates the
extent of rounding for that table, e.g., deaths rounded to the nearest one, fires rounded to the nearest
hundred, property damage rounded to the nearest hundred thousand dollars. In rounding to the nearest one,
functiond values of 0.5 or more are rounded up and functiona vaues less than 0.5 are rounded down. For
example, 2.5 would round to 3, and 3.4 would round to 3. In rounding to the nearest one, a Stated estimate
of 1 could be any number from 0.5 to 1.49, aroughly threefold range.

Theimpact of rounding is greatest when the stated number is small rdative to the degree of rounding. As
noted, rounding to the nearest one means that sated values of 1 may vary by afactor of three. Similarly, the
cumulative impact of rounding error - the potentia gap between the estimated total and the sum of the
edimated vaues as rounded - is greatest when there are alarge number of vaues and the totd is small
reldive to the extent of rounding.

Suppose atable presented 5-year averages of estimated desths by item first ignited, al rounded to the
nearest one. Suppose there were atota of 30 deathsin the 5 years, so the total average would be 30/5 =
6.

In case 1, suppose 10 of the possbleitemsfirst ignited each accounted for 3 deathsin 5 years. Then there
would be 10 entries of 3/5 = 0.6, rounded to 1, and the sum would be 10, compared to the true total of 6.

In case 2, suppose 15 of the possbleitemsfirst ignited each accounted for 2 deathsin 5 years. Then there
would be 15 entries of 215 = 0.4, rounded to 0, and the sum would be 0, compared to the true total of 6.

Here is another example: Suppose there were an estimate of 7 deathstotal in 1992 through 1996. The 5
year average would be 1.4, which would round to 1, the number we would show asthetotd. Each death
would represent a 5-year average of 0.2.

If those 7 deaths split as 4 deaths in one category (e.g., smoking) and 3 deathsin a second category (e.g.,
heating), then we would show 4 x 0.2 = 0.8 deaths per year for smoking and 3 x 0.2 = 0.6 degaths per year
for heeting. Both would round to 1, there would be two entries of 1, and the sum would be 2, higher than
the actua rounded totdl.
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If those 7 deaths split as 1 death in each of 7 categories (quite possible since there are 12 mgor cause
categories), then we would show 0.2 in each category, aways rounding to O, and the sum would be O,

lower than the actual rounded total. The more categories there are, the farther apart the sum and total can -
- and often do -- get.

Note that percentages are caculated from unrounded values, and S0 it is quite possible to have a percentage
entry of up to 100%, even if the rounded number entry is zero.
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Appendix B: Sprinkler-Related Data Elementsin NFIRS 5.0
M1. Presence of Automatic Extinguishment System

Thisisto be coded based on whether a system was or was not present in the area of fire origin and is
designed to extinguish the fire that developed. (The latter condition might exclude, for example, arange
hood dry chemica extinguishing system from being consdered if the fire began in atoaster.)

Codes;

N None Present
1 Present

M2. Typeof Automatic Extinguishment System

If multiple systems are present, thisis to be coded in terms of the (presumably) one system designed to
protect the hazard where the fire started. Thisisarequired fidd if the fire began within the designed range
of the system. Itisnot clear whether questions might arise over a system that is not located in the area of
fire origin but has the area of fire origin within its designed range; this has to do with the interpretation of the
“aed’ of fireorigin.

Codes:

Wet pipe sprinkler

Dry pipe sprinkler

Other sprinkler system

Dry chemica system

Foam system

Halogen type system
Carbon dioxide system
Other specid hazard system
Undetermined

CO~NOUANWNPR

M3. Automatic Extinguishment System Operation

Thisis designed to capture the “operation and effectiveness’ of the system relative to area of fire origin. It
isaso sad to provide information on the “reiability” of the sysem. The indructions say that “ effective’
does not necessarily mean complete extinguishment but does mean containment and control until the fire
department can complete extinguishment.

Codes;

System operated and was effective
System operated and was not effective
Firetoo smdl to activate the system
System did not operate

Other

Undetermined

CoOoORNwWNP
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M4. Number of Sprinkler Operating

The ingtructions say thisis not an indication of the effectiveness of the sprinkler syssem. The ingtructions do
not explicitly indicate whether this data dement isrdevant if the autometic extinguishment sysem isnot a
sprinkler system (asindicated in M2). The actua number is recorded in the blank provided; there are no
codes.

M5. Automatic Extinguishment System Failure Reason

Thisis designed to capture the (one) reason why the system “failed to operate or did not operate properly.
The indructions dso say that this data dement provides information on the “effectiveness’ of the equipmen.
It is not clear whether thisisto be completed if the system operated properly but was not effective.

Text shown in brackets is text shown in the instructions but not on the form. Note that for code 4, the
phrase “wrong” isreplaced by “inappropriate’ in the ingtructions; the latter term is more precise and

appropriate.

Codes:

System shut off

Not enough agent discharged [to control thefire]

Agent discharged but did not reach [the] fire

Wrong type of system [Inappropriate system for the type of fire]
Fire not in area protected [by the system]

System components damaged

Lack of maintenance [including corrosion or heads painted]
Manud intervention [defeated the system)

Other [Other reason system not effective]
Undetermined

CoOo~NOUIhWNER
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Appendix C: Adjustments Madeto the Data Converted from Earlier Versonsof NFIRS

Verson 5.0 of NFIRS was initidly introduced in 1999. About 7% of the fires and 10% of the fire fatdities
reported in 1999 were originally reported in Verson 5.0 format.

Data that had been reported in an earlier version of NFIRS (the mgority of the database, and referred to
here as 4.1) was converted to Version 5.0 before the national database was released. The conversions
relevant to this report are shown below. 1

Figure2.
How Sprinkler Data from Earlier Versions of NFIRS Convert to Version 5.0
Version 5.0 Version 5.0
Version 4.1 and earlier sprinkler status sprinkler present sprinkler operation
1. Equipment operated Yes U. Undetermined
2. Equipment should have operated but did not Yes 4, System did not operate
3. Equipment present but fire too small to operate Yes 3. Firetoo small to activate the
system
8. None present No Not present
9. Unclassified Yes U. Undetermined
0. Undetermined No Not present

In the past, sprinkler status codes 1-3 indicated that sprinklers were present. The Verson 5.0 fidd asksif
sprinklers were present. The conversion process dropped sprinkler presence unknown. The presence of
these devicesin Version 4.1 could not be determined, so they were considered “not present” in the
conversion process. Incidents in which the sprinklers status was undetermined aso converted to “not
present.” Blanks remained blank. The unadjusted data show a smdler percentage of fires with sprinklers,
and alarger percentage with operating devices.

To compensate for these artificid changes introduced by the conversion process, NFPA developed a
procedure that made adjustments to the data originaly collected in the older format based on percentages
seen in 1989-1998 data. For purposes of convenience, the 1999 data collected in earlier versions of
NFIRS will dl be cdled 4.1 data.

The adjusted tota of sprinklers present in 4.1 data was cdculated by the following formula

Adjusted 4.1 data with sprinklers present =
(me 1999, 4. 1) X [(Codes 1, 2and 3 1989—1998) / (COdeS 1, 2, 3and9 1989—1998)]

To obtain the percent of fires with sprinklers present, it is necessary to know the number of firesin which
these devices were not present. The following adjustments were made to the 4.1 and 5.0 1999 data:

Adjugted 4.1 datawith sprinklersNOT present =

1 Extracted from the 7/30/2002 version of Table 3-55 “Sprinkler Performance Conversion,” of the NFIRS 4.1
to 5.0 Conversion Tables, available from http://www.nfirs.fema.gov/design.htm.
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(Not Present 1999, 4.1) X [(Code 8 1989-1908) /(codes 8 and O 19g9-1908)]

The percent Adjusted 4.1 present is based on the Adjusted 4.1 present divided by the sum of the Adjusted
4.1 present and Adjusted 4.1 not present.

Adjusted 5.0 data with sprinklersNOT present =
(Not Present 1999, 5.0) X [(Code 819g9.1998) /(codes 8 and O 19g9-1998)]

The percent Adjusted 5.0 present is based on the Adjusted 5.0 present divided by the sum of the Adjusted
5.0 present and Adjusted 5.0 not present.

Total present =
(4.1 adjusted present + 5.0 adjusted present)/(4.1 adjusted not present + 5.0 adjusted not
present)

The 1999 total was derived by adding the Adjusted 4.1 present and Adjusted 4.1 not present to the
corresponding data origindly collected in Verdon 5.0 and repeeting the division.

Adjustments were also needed to calculate the percentage of sprinklers that operated. The old code 2 —
equipment should have operated but did not - converted to “Present” in the firgt field, and “Failed to
operate’ in the operationality field. The old code 1 and 9 — present and unclassified,— converted to
“Undetermined” and the operationdity field was left blank. To track operationdity in a manner consistent
with previous years, the following ca culations were done to determine the number of fires with non
operationa sprinklers origindly collected in Verson 4.1.

Adjusted 4.1 data with sprinklers operating =
(U ndetermined 1999, 4. 1) X [(COde 1 1989-1998)/ (COdeS land 9 1989—1998)]

The percent Adjusted 4.1 operating is based on the 4.1 operating divided by the sum of the 4.1 operating
and Adjusted 4.1 Failed to operate.

The 1999 total was derived by adding the 4.1 operated and Adjusted 4.1 not operating to the
corresponding data origindly collected in Verson 5.0 and repeeting the divison.

1999-Per centage of operating sprinklerswhere sprinklerswere present =
(Codes 1& 21999 50 + Adj usted 4.1 Operated 1999)/ (Codes 1& 2199950 + Code 4 1999, 5.0 T
Adj usted 4.1 Operated 1999 + Code 4 1999, 4,1)

The percent Adjusted 4.1 operating is based on the 4.1 operating divided by the sum of the 4.1 operating
and Adjusted 4.1 Failed to operate.

The 1999 total was derived by adding the 4.1 operated and Adjusted 4.1 not operating to the
corresponding data origindly collected in Verson 5.0 and repeeting the divison.
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