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Section 6/Chapter 13

FAST-RESPONSE
SPRINKLER
'TECHNOLOGY

The sbility to measure and control sprinkler sensitivity was the sin-
glé‘ most significant development in sprinkler technology in the
19805, This ability has led to the development of new fast-response
sprinkler technology that is demonstrating improved fire protection
for both life and property.

This chapter covers the development of residential and other

. fifresponse sprinklers, first for the residential environment and

Iater for other applications. Tt also discusses the specific types of
fast-response sprinklers currently available and some of the incen-
ivés that have been considered to encourage the widespread use of
tesidential spriniers.

General information on fire sprinklers can be found in and Sec-

tion 6, Chapter 9, “Automatic Sprinklers,” and Section 6, Chapter

1, “Automatic Sprinkler Systems.” A discussion of the theory of
fite sprinkler performance is in Section 6, Chapter 8, “Theory of

-Aﬁmmatic Sprinkler Performance.”

MEASURING SPRINKLER SENSITIVITY

Michiof the originat work in the area of measuring sprinkler sensi-
Wity was done a Factory Mutual Research Corporation (FMRC)

¥ € sponsorship of the United States Fire Administration (US-
‘ d“m_g the development of the residential sprinkler. 12 Impor-
_nénsbutmg research was also performed at the British Fire

ation and the National Institute of Standards and Tech-
(NIST) 34546 ‘

- The decade of progress in this area climaxed late in 1990,
Ereement was reached within the working group on sprinkler

~ SPray equipment of the International Standards Organiza-
" a standardized approach to sprinkler sensitivity re-

ifera :
% ents and testing. The agreement, included in ISO 6182/1,

A;T:eqts and Methodsj of Test for Sprinklers,” uses a combi-
?"I.lkler test procedures developed by laboratories in the
S and Burope and establishes the three ranges of sprin-

ity characteristics shown in Figure 6-13A.

,T%rg?gﬂfs of sensitivity are based bo_tl'{ on the response time
ure: ther;d]cwce-a-nq on its conductivity (C). RTIis a mea-
‘ iﬁbsmb al sensnmt.y, which indicates how _fast the sprin-

: heat from g surroundings sufficient to cause
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activation. The conductivity factor is important in measuring how
much of the heat picked up from the surrounding ajr will be lost to
the sprinkler fittings and waterway.

Figure 6-13A shows three broad ranges of sprinkler sensitiv-
ity: standard, special, and fast response. Traditional sprinkler hard-
ware falls into the standard-response category. The fast-response
category is being used for new types of sprinklers for which fast re-
sponse is considered important. The special-response category is
being used in some countries for special types of sprinklers that may
be installed in conformance with appropriate national installation
standards. In the United States, this includes some of the extended
coverage sprinklers. )

Standard response sprinklers

RTI {m-s)2

150

100

Special response sprinklers

— Fast response sprinklers
Py N A A
0 0.5 1.0 15 - 20
Clms)12

FIG. 6-13A. International sprinkler sensitivity ranges, RTT vs.
conductivity. (For U.S. conversion: 1 ft = 0.305 m.)
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Sprinkler response time as a function of the temperature rating
of the operating element is well understood, that is, a 165°F (74°C)
rated sprinkler would operate when:its femperature reaches 165°F
{(74°C), plus or minus a few degrees. Because of the “thermal lag”
of the link or bulb mass, however, the air temperature may be as
high as 1000°F (538°C) before the element operates. The smaller
mass of the operating element of a fast-response sprinkler permits it
to follow a temperature rise in the surrounding air more rapidly, re-
sulting in faster operation. The actual sensitivity requirements of the
first fast-response sprinklers, intended as residential sprinklers,
were arrived at somewhat by trial and error during developmental
test work. To measure sensitivity, FMRC researchers first applied
the concept of the “tau” factor and later developed the RTL

Both the tau factor and RTI refer to the performance of a sprin-
kler or its operating element in a standardized air oven tunne] test.
The test is known as a “plunge” test because a sprinkler at room
temperature is plunged into a heated air stream of known constant
temperature and velocity.!? In the plunge test, the tau factor is the
time at which the excess temperature of the sensing element of the
sprinkler is approximately 63 percent of the excess gas temperature.
In other words, the tau factor is the time at which the temperature of
the sprinkier thermal element has risen 63 percent of the way to the
higher temperature of the heated air. The smaller the tau factor, the
faster the sprinkler sensing element heats up and operates.

The tau factor is independent of the air temperature used in the
plunge test, bat is inversely proportional to the square root of the
air velocity. During the early development of the residential sprin-
kler, a tau factor of 21 sec was considered to indicate the needed
level of sensitivity, but this was associated with the specific veloc-
ity of 5 fifsec (1.52 m/s} used in the FMRC plunge test. Since the
tau factor changes with the velocity of heated air moving past the
sprinkler, it is a fairly inconvenient measure of sprinkler sensitivity.

The RTT has replaced the tau factor as the measure of sensitiv-

~ ity and is determined simply by multiplying the tau factor by the

square root of the air velocity at which it is found. The RTI is there-
fore practically independent of both air temperature and air velocity.
Comparisons of RTI give a good indication of relative sprinkler sen-
sitivity.

The smailer the RTI, the faster the sprinkler operation. Stan-
dard response sprinklers have RTIs in the range of 180 to 650
sec'2{t!’2 (100 to 350 s¥2fm1’2), whiie the RTI range for residential
sprinklers is about 50 to 90 sec!2ft!/2 (28 to 50 sV2/m172),

The need to add a conductivity term to the model of sprinkler
response was recognized in 1986.78 This term accounts for the loss
of heat from the sprinkler operating element to the sprinkler frame,
its mounting, and even the water in the pipe. These losses can be-
come significant under low-velocity conditions, particularly for
some of the flush-type sprinkler designs with little insulation be-
tween the operating element and the sprinkler body.

HISTORICAL DEVELOPMENT

Sensitivity was recognized as a key attribute of automatic sprinklers
almost from the start. An evaluation of “sensitiveness” was included
among the first comprehensive tests ever performed by C.J.H.
Woodbury of the Factory Mutual Fire Insurance Companies in
1884. Many of the refinements to the automatic sprinkler during its
first century of use were made with thermal sensitivity in rnind.

Yet the standard sprinkler of the 1970s was really little
changed from its ancestors. Except for the introduction of the spray

- sprinkler in the early 1950s to improve the sprinkler discharge pat-

tern, sprinkler design, including the sensitivity of release mecha-
nisms, remained about the same. Sprinklers were essentially

devices intended to protect property, although the;
providing life safety from fires was outstanding,

Development of NFPA 13D

In 1973, in response to recommendations in the Presidentia) g
mission report, “America Burning,” the NFPA Cotumittee on Eﬂm
matic Sprinklers appointed a Subcommittee op Residentjy Mo,
Light-Hazard Occupancies to prepare a residentia] Sprinkler 4
dard. In 1975, the first edition of NFPA 13D, Standgry for thz
stallation of Sprinkler Systems in One- and TWO-Famj]y DM”.I“'__
and Manufactured Homes (hereinafier referred to ag NFPA 1 ;’g‘ .
was published, based on expert judgment and the hegt informat; )

available at that time. (Note the first several editions of NFpa ];Dn
used the term “Mobile Home™ in the title).

The purpose of the standard was “to provide a sprinkler sysep,
that will aid in the detection and control of dwelling fires ang s
provide improved protection against injury, life loss, and pro
damage.” The standard required the use of an NFPA (3 Standarg
Jor the Installation of Sprinkler Systems (hereinafter referred togy
NFPA 13), light-hazard water application density of 0,10 EpmVie-
[4 mm/min], but it permitted other concessions. The water supp}y
could be based on the area of the largest room or 25 gpm (95 Limin),
whichever was less; the total water supply required was to be ond
250 gal (946 L); and sprinkler spacing of 256 sq ft (23.7 m?) was
permitted, even though NFPA 13 allowed only 225 sq ft (209 nf),
Further, NFPA 13D permitted sprinklers to be omitted from certain
areas where the incidence of life loss from fires was shown statisti.
cally to be low. NFPA 13 had always required complete sprinkier
protection in order to safeguard property properly. In depariing
from this ideal, the 1975 edition of NFPA 13D became the first at-
tempt at a “life safety” sprinkler standard. In spite of these conces-
sions, actual installations based on this standard were rare,
primarily due to cost.

Residential Sprinkler Research

ir effectivepgg

Beginning in 1976, the National Fire Prevention and Control Ad- 6L Maximi
ministration (NFPCA), which was later renamed the U.S. Fire Ad- (1.8 m)

ministration (USFA), acted on its mandate to reduce the nation’s fire :
losses and funded research programs focusing on the residential fire Applic;
problem in general and residential sprinkler protection in particolar .. [';'j‘“: :e;!gn

The NFPCA/USFA programs included studies to assess ﬂic.impqcl
sprinklers would have on reducing deaths and injuries i residential

B sidential i
fires.? Other studies evaluated the design, installation, practical 1+ '

Sprinkler (. C

age, and water acceptance factors that would have an impact 00 e e
achieving reliable and acceptable systems!®; the minimum Water Wing
discharge rates and automatic sprinkler flow required, and response - Erceptigy N

sensitivity and design criteria!!-1%; and full-scale tests of protoy
residential sprinkler systems, 1418

The research showed that a more sensitive sprinkler W& 3.
needed to respond faster to both smoldering and fast-developité E
residential fires for two reasons. First, fires had to be confre™*®
quickly in order to prevent the development of lethal conditions
small residential compariments. In addition, fires had to be atisct®™ 3¢
while still small if they were to be controlied with the watef sglﬁ [ |
plies typically available in residences, i.e., 20 to 30 gpm (7610} %
L/min), and if low costs were to be achieved.

Full-scale tests conducted by FMRC resulted in the devﬂllog; ¥
ment of a prototype fast-response sprinkler that could oo™
suppress typical residentiat fires with the operation of not MoF v
two sptinklers. It could also operate fast enough to maintaifl ¥ adi-
able conditions within the room of fire origin .t Survivable €= |
tions were established as follows:

', E .'DOm_;-no larg

are th o
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g Maximum ceiling surface temperature of 500°F (260°C).
; Maximum carbon menoxide concentration of 1,500 parts per

milliof.

Thus, the sprinkler concept expanded from the traditional role
of Pmpg[[y protection o include life safety. Full-scale field tests
were then conducted in Los Angeles to establish system design pa-
rameters using the new prototype fast-response “residential sprin-

kleruis-lﬁ

The data from these 'tests were studied by the National Fire
protection Association Technical Committee on Automatic Sprin-
Kess and used to establish the criteria for the 1980 edition of NFFA

13D. :
Revised NFPA 13D Design Requirements

The design criteria in the 1980 edition of NFPA 13D inciuded for
the first time the requirement that all sprinklers be “listed residential

sprinklers.” Figure 6-13B shows mc first two listed residential sprin-

klers. |
Other initial basic design requirements in the revamped NFPA
13D were as follows. i

Performance criteria:  To prevent flashover in the room of fire
origin, when sprinklered, and to improve the chance for occupants
to escape or be evacuated.

Design criteria:

1. Only listed residential sprinklers io be used.

2. Minimum 18 gpm (68 L/min} to any single operating sprinkler
and 13 gpm (49 L/min) to all operating sprinklers in the design
area up to a maximuom of two sprinklers.

3 foimum area protected by a single sprinkler of 144 sq ft (13.4
), ‘

4 Maximum distance between sprinklers of 12 ft (3.7 m).

5. Minimum distance between sprinklers of 8 ft (2.4 m).

8. ?ilasximlm distance from a sprinkler to a wall or partition of 6 ft

£m). ;

Application rates, design areas, areas of coverage, and mini-
Toum design pressures other than those specified above were permit-
ted 1o t.“‘- used with special sprinklers listed for such special
dential installation conditions.

) Sprinklers to be installed in all areas with
following exceptions. |

Exception No. 1: Sprinklers allowed to be omitted Jrom bath-
"™ o larger than 55 sq ft (5.1 m?).

35, l
e ; The first two listed residential sprinklers. Shown

5 el Model F954 (left) and Central “Omega” Model
Pendent sprinkiers,

Exception No. 2:  Sprinklers allowed to be omitted from closets
where the least dimension does not exceed 3 ft (0.9 m), the area does
not exceed 24 sq ft (2.2 m?), and the walls and ceiling are surfaced
with noncombusiible materials.

Exception No. 3. Sprinklers allowed to be omitted from open-at-
tached porches, garages, carports, and similar structures.

Exception No. 4. Sprinkiers allowed to be omitted from attics and
crawl spaces that are not used or intended for living purposes or
storage.

Exception No. 5:  Sprinklers allowed to be omitted from entrance
Jovers that are not the only means of egress.

TYPES OF FAST-RESPONSE SPRINKLERS

Today, fast-response sprinkler technology has been incorporated
into several different types of sprinklers, each with unique attribuges
and applications.

Residential Sprinklers

In the sixteen ycars following the development of the residential
sprinkler, special listings involving expanded protection areas and
reduced flows proliferated to the point that the original flow and
spacing criteria have become all but obsolete. Residential sprinklers
are now listed for coverage areas up to 400 sq ft (37.2 m?) per sprin-
kler. Table 6-13A contains a 1995 compilation of residential sprin-
klers listed by Underwriters Laboratories Inc. (UL), along with their
pressure and flow requirements.

It is important fo recognize that, in addition to their fast-re-
sponse characteristics, residential sprinklers have a special water
distribntion patiern. Because the effective control of residential fires
often depends on a single sprinkler in the room of fire origin, the
distribution of residential sprinklers is required to be more uniform
than that of standard spray sprinklers, which in large areas can rely
upon the overlapping pattemns of several sprinklers to make up for
voids. Additionally, residential sprinklers are required to protect so-
fas, drapes, and similar furnishings at the periphery of the room. In
their discharge patterns, therefore, the sprinklers must not only be
capable of delivering water to the walls of their assigned areas, but
high enough up on the walls to prevent the fire from getting “above”
the sprinklers. The water delivered close to the ceiling not only pro-
tects the portion of the wall close to the ceiling, but also enhances
the capacity of the spray o cool gases at the ceiling fevel, thus re-
ducing the likelihood of excessive sprinkler openings.

Because of their differences, residential sprinklers are not
listed by product evaluation crganizations under the same product
standards as standard sprinklers. Underwriters Laboratories Inc., for
example, has developed UL 1626 for residential sprinklers, and
FMRC has published its Approval Standard FM 2030 for residential
sprinklers. Both of these standards include a plunge test with spe-
cific sensitivity requirements and a distribution test that checks the
spray pattern in the vertical plane, as well as the horizontal plane.
The product standards for standard spray sprinklers contain neither
test.

Both UL 1626 and FM 2030 also include a fire test that is in-
tended to simulate a residential fire in the corner of a room contain-
ing combustible materials representative of a living room
environment. The fire test arrangements for UL 1626 are shown in
Figure 6-13C.

The UL 1626 test procedure contains a time-temperature curve
that is reproducible in actual tests. The curve parallels the time-tem-
perature relationship developed during the tests of the prototype res-
idential sprinkler in Los Angeles that was part of the ongoing
residential sprinkler research effort.!> {7, 18
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T TABLE 6-13A. 7996 Residential Sprinkler Lislings
& following updated roster of residential sprinkler listings of NFSA member manufacturers was prepared with data provided from th
iurers. All temperatures are in degrees threnheit, spacings in feet, flows in gallons per minute {gpm) and pressure in pounds per
{psi). Second (multiple) sprinkler flows have been increased in some cases to accommodate the new NFPA 13/13R/13D requirem
minimum pressures.

e Man
Square ip
ent for 7

Multiple —

Maximur 1-spr Sprinkler Non-
Temp Spacing Flow (Pres}) Flow (Pres) Standarg
Modet Style K F (ft) (gpm) {psi) {gpm) {psi) Notes

Badger Fire Protection Systems - Charloﬂesville, Virginia (804-973-4361)

HR-1 Pendent 43 . 155 12x12 14 (10.8) 115 7.1)

14x14 14 {10.6) 115 7.1)

16x16 16 (13.8) 12 (7.8)

18x18 18 {(17.5) 16 (13.8)

HR-1 Recessed 4.3 155 12x12 14 (10.6} 11.5 (7.1}

pendent 14x14 15 (12.2} 12 (7.8)

16x16 16 (13.8) 12 (7.8)

HR Pendent or 42 155 14x14 18 (18.0) 13 (10.0)

recessed 16x16 21 (25.0) 15 (13.0)

HR Horizontal 5.5 155 14x14 25 (21.0) 18 (11.0)

sidewall 14Wx16L 30 (30.0) 21 (15.0}

—~HR Recessed 55 155 14x14 25 (21.0) 18 (11.0)
’ sidewall

Ceniral Sprinkler Corporation - Lansdale, Pennsylvania (800-523-6512)

E - GBA-LF
R-1M Fiush 3.9 160 12x12 10.5 (7.2) 10.5 (7.2) £
pendent 14x14 105 (7.2} 105 {7.2)
16x16 14 {12.9) 1 (8.0)
18x18 14 (12.9) 12 - {9.5)
20x20 16 (16.8) 16 {16.8) B
B C5RLp
EC-20A Flush 5.6 160 12x12 19 (11.5) 16 8.1 3
pendent 14x14 25 (19.9) 18 (10.3)
16x16 30 (28.7) 21 {14.1)
18x18 32 {32.7) 29 {26.8)
HEC-12 Flugh 56 160 1212 26 216 18 {10.3) | Cobe rirp g
RES sidewall ) 14x14 27 (23.2) 21 (14.1) N
GBR Pendent 4.3 155 14x14 14 (10.6) 115 {7.1)
16x16 16 {13.8) 12 (7.8)
18x18 19 (19.5) 14 {(10.6) .
g
GBR Recessed 4.3 155 14x14 14 (10.6} 115 (7.1) ;
pendent 16x16 16 (13.8) 12 (7.8)
18x18 19 (19.5) - 16 (13.8)
GBR-2 Pendent or 43 155 12x12 13 {9.1) 1.5 (7.1)
recessed 14x14 18 (17.5) 14 (10.8)
- - 16x16 18 {17.5) 14 {10.6)
18x18 20 {(21.6) 16 (13.8)

20x20 20 | (216) . 16 (13.8)
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GBRSW

ROC

GBR-LF

GBR-LF

GBR-LF

TABLE 6-13A. (Continued)

Model

Mulitiple
Maximum 1-spr Sprinkler Non-
: Temp Spacing Flow (Pres) Flow {Pres) Standard
Style K 'F (ft) (gom) (psi) {apm) (psi) Notes

Concealed 4.3 155 12x12 13 8.1) 1.5 (7.1)

pendent ! 14x14 16 (13.8) 13.5 {9.8)
16x16 21 (23.8) 15 {12.2)

Horizontal 5.4 155 12x12 20 (13.7) 18 (11.1)
sidewall or 16Wx18L 22 (166) 20 (13.7)
recessed 16Wx20L 30 - {(30.9) 25 (21.4)

Concealed 42 165 12x12 18 (18.4) 13 {9.6)
pendent 14x14 18 (18.4) 13 {2.6)

16x16 18 {18.4) 13 (9.6)
18x18 24 {32.7) 17 {16.4)
20%20 24 327 17 (16.4)

Sidewall or 3.0 1558175 12x12 14 (16.0) 11 (9.9) - Deflector distance
recessed 14x14 14 {16.0} 12 (11.8) 4-12 in. bedow
sidewall 16x16 16 (20.9) 13 (13.8) ceiling for spacings

i 14x14 and smaller

Pendent ‘3.0 1565 12x12 10 (11.1) 8 7.1}
orrecessed | 14x14 10 (11.1) 8 (7.1}
pendent 16x16 10 (1.1 8 (7.1

18x18 14 (21.8) 10.5 (12.3)
20x20 16 (28.4) 13.5 (20.3)

Pendent 30 175 12x12 10 (1.1 8 (7.1)
or recessed 14x14 12 (160) 85 (8.0)
pendent 16x16 12 (160) 85 (8.0)

18x18 15 {25.0) 105 (12.3)
20x20 16 (28.4) 13.5 {20.3)
Pendent . 3.0 1558175 12x12 1" (13.4) 8 (7.1) Deflector distance
“extended” 14x14 12 (16.0y 9 (9.0) extended 4—8in.
16x16 14 (21.8) 10.5 (12.3) below ceiling
18x18 14 (21.8) 12 {16.0)
20x20 18 {28.4) 15 (25.0)
Pendent 12x12 13 {9.6) 11.5 (7.5}
14x14 20 (22.7) 14 (11.1)
16x16 20 (22.7) 14 {(11.1)
20x20 19 (20.5) 16 (14.5)
Recessed | 42 155 12x12 13 {9.6) 11.5 (7.5)
pendent 14x14 18 (184 13 (9.6)
16x16 18 (18.4) 13 (9.6)
18x18 18 (i8.4) 14 (11.1)
20x20 19 {20.5) 16 {14.5}
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TABLE 6-13A. (Confinued)

g Multiple
Maximum 1-spr : Sprinkler
Temp Spacing Flow (Pres) Flow (Pres)
Model Style K 'F {f) {gpm) {psi) (gpm) (psi)

JIN Conceated 4.2 155 12x12 13 (9.6) 11.5 (7.5)
pendent 14x14 17 {16.4} 13 (9.6)
16x16 22 (274) 18 {14.5)
JUN Horizontal 4.2 155 12x12 19 {20.5) 14 {(11.1)
sidewall or 14x14 2% (25.0) 16 (14.5)
recessed. 1616 24 (32.7) 19 (20.5)

sidewall
Horizontal 5.6 155 12x12 20 (12.8) 15 (7.2)
sidewall or 14x14 23 (16.9) 17 (9.2}
-recessed 16x16 24 {18.4) 20 (12.8)

sidewall
JRES2/ Horizontal 586 155 12x12 18 (10.9) 15 (7.2)
JNRES2 sidewall or 16Wx18L 30 (28.7) 22 {15.4)
recessed 16Wx20L a5 {39.1) 26 (21.8)

sidewall

Grinnell Corporation - Exeter, New Hampshire (603-778-9200)

a3 Pendent 4.4 155 12x12 12 (7.4) 12 (7.4)
14x14 15 (11.6) 12 {7.4)
16x16 15 (11.6) 12 (7.4)
18x18 8 (16.7) 14 {(10.1)
20x20 20 (20.7) 17 {(14.9)
175 12x12 12 (7.4) 12 (7.4)
14x14 16 (13.2) 12 (7.9
Fo73 Recessed 4.4 155 12x12 12 (7.4) 12 (7.4)
pendent 1414 15 (11.8y 12 (7.4)
16x16 15 (11.8) 12 (7.4)
18x18 18 (16.7) 14 (10.1)
20x20 20 (20.7) 17 {14.9)
F980 Fiush 42 160 12x12 12 (8.2) 115 (7.5)
pendent 14x14 14 (11.1) 115 (7.5)
16x16 16 (14.5) 12 {8.2)
18x18 18 (18.4} 14 (11.1)
20%20 22 (27.4) 18 (18.4)
F992 Flush 5.8 160 12x12 17 9.2) 15 (7.2)
pendent 14x14 20 (12.8) 17 (9.2
16x16 22 (15.4) 19 {11.5)
18x18 31 {30.6) 24 {18.4)
"7 Concealed 42 155 12x12 16 {14.5) 12 {8.2)
pendent 14x14 16 {(14.5) 12 (8.2)

Non-
Standarg
Noles

P roo

The Reliable

A

AFZ

X-RES

Zx
REs/p
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}
TABLE 6-13A. (Continued)
R St Multiple
n- k3 Maxirmum 1-spr Sprinkler Non-
dard § Temp Spacing Flow (Pres) Flow {Pres) Standard
fes - Model Style K F (ft) (gpm) (ps)  (gpm) (psi) Notes
16x16 16 (14.5) 12 (8.2)
18x18 24 (327 17 (16.4)
20x20 25 {35.4) 18 (18.4)
A Horizontal 5.6 165 12x12 21 (141 17 (9.2)
sidewall 1BWx20L 40 (51.00 37 (43.7)
8.1 140&165 12x12 26 {10.3) 24 (8.8)
16Wx20L 50 (38.1) 45 (30.9)
Faga Horizontal 44 . 85 12x12 13 ®7) 12 (7.4)
sidewall 14x14 21 (228) 15 (11.6)
16x16 21 (22.8) 15 {(11.6)
F974 Recessed 4.4 155 12x12 13 (8.7) 12 (7.4)
horizontal 14x14 21 (22.8) 15 (11.6)
sidewall 16x16 22 (22.8) 15 {(11.8)
‘Fag3 Flush 5.6 160 12x12 22 (15.4) 15.5 {7.7)
sidewall 14x14 30 (28.7) # {14.1)
. -The Reliable Automatic Sprinkie Company—Mount Vernon, New York (800-431-1588)
: A Pendent 4.15 165 14x14 18 {18.8) 13 (9.8)
o 16x16 25 (36.3) 18 (18.8)
5.5 165 12x12 21 (14.6) 15 (7.4}
14x14 24 (19.0) 17 {9.6)
Recessed 4.15 165 14x14 19 (21.0) 13.5 {10.6)
pendent 16x16 25 (36.3) 18 (18.8}
5.5 165 12x12 21 (14.6) 15 7.4
14x14 24 {19.0) 17 (9.8)
Herizontal 4.15 165 12x12 21 {25.6) 15 (13.1)
sidewall 14x14 25 (36.3) 18 {18.8)
Recessed 4.15 165 12x12 21 (25.6) 15 (13.1)
sidewall t4x14 25 (36.3) 18 (18.8)
Flush 4.1 165 14x14 18 (19.3) 13 (10.1)
pendent ‘ 16x16 24 (34.3) 17 (17.2)
. 6.4 165 14x14 26 (23.2) 18 (11.1)
16x16 30 (30.9) 21 {15.1)
18x18 325 (36.2) 23 (18.1)
Flush
Pendent 44 165 12x12 12 @6 1 (7.2)
‘ 14x14 13 {(10.1) 1 (7.2)
16x16 14 (11.7) 12 (8.6}
18x18 i6 (15.2) 14 (11.7}

20x20 18 {18.3) 16 (16.2)
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TABLE 6-13A. (Continued)

;/J—-i
Multiple
Maximum 1-spr Sprinkler Non-
Te_mp Spacing Flow (Pre_s) Ftow (Pre's) Standarg
Model Style K F {f)) (gpm) {psi) (gpm) {psi) Notes
ZX-RES Horizontal 5.4 165 14x14 24 (19.8) 17 {10.0)
sidewali
Fi/RES Pendent 5.6 155 14x14 20 (12.8) 15 (7.2)
16x16 20 (128) 20 {12.8)
18x18 28 (250) 22 (15.4)
FI/RES Horizontal 5.6 155 12x12 25 (19.9y 18 {10.3)
sidewall . 14x14 25 (19.9) 18 (10.3)
16x16 30 287 21 {(14.1)
16x18 34 (369) 24 (18.4)
16520 37 437y 28 (21.6)
F1/RES/2 Pendent 4.2 155 12x12 12 (8.2) 11 7.0)
and 14x14 13 (9.6) 11 (7.0)
recessed 16x16 15 (12.8) 12 (8.2)
pendent* 18x18 17 {(16.4) 15 (12.8)
20x20 19 (20.5) 17 (16.4)
F1/RES Recessed 5.6 156 T 14x14 20 (12.8) 15 (7.2)
T fF2 pendant 1 16x16 20 (128 20 {(12.8)
|
F1/RES Recessed é.e 155 12%12 25 {19.9) 18 {10.3)
/F2 horizontal 14x14 25 {(19.9) 18 {10.3)
sidewall ‘
\
F1/RES/3 Pendent 39 155&175 12x12 10.5 7.2) 10.5 (7.2) .
and 1558175 14x14 12 (9.5) 10.5 (7.2)  9-ft minimum o, e
recessed 155&175 16x16 12 (9.5) 10.5 (7.2)  spacing between .
pendent ** 155 18x18 15 {14.8) 10.5 {7.2) sprinklers
155 20%20 18 (21.3) 18 (21.3) :
. sﬂ'afS'c
F1/RES/3 Concealed 3.9 155 12x12 11 (8.0) 10.5 {7.2) _5 02
pendent 14x14 12 {9.5) 105 (7.2}
16x16 15 (14.8) 12 (9.5)
18x18 16 {16.8) 13 {11.1)
20x20 8 {21.3) 14 {(12.9)
F1/RES/3 Horizontal 39 155 12x12 13 (11.1) 11 (7.9) R
sidewall 14x14 14 (12.9) 12 (9.5)
16x16 17 (19.0) 14 (12.9)
16x18 18 (21.3) 165 (17.9)
1620 25 {(41.1) 19.5 (25.0)
18x18 22 (31.8) 21 {29.0) *
_ 12x12 13 (t1.1) 13 (11.1) Defector 6121 1 Sa-n
N  14xi4 17 (19.0) 18 (16.8)  distance :
16x16 20 (26.3) 17 (19.0)  below ceiing
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3 TABLE 6-13A. (Continued)
— - R — ‘ _ Multiple
Non- ' : Maximum 1-spr Sprinkler Non-
Standard N 3 i Temp Spacing Flow (Pres) Flow (Pres) Standard
Notes wodel Style K ‘F () {gpm) (psi) (gpm) {psi) Notes
— = 1
175 12x12 14 (12.9) 11 (7.9)
14x14 14 (12.9) 12 (9.5)
16x16 17 (19.0) 14 {12.9)
16x18 19 (23.7) 16.5 {(17.9)
16x20 25 {41.1) 20 (26.3)
12x12 13 {11.1) 13 {11.1) Deflector
1414 17 (19.0) 16 {16.8)  distance 612 in.
16x16 20, {26.3) 17 (19.0} below ceiling
b Fy/RES/3 Recessed 3.9 155 12x12 13 (11.1) 1 (7.9)
R hotizontal 14x14 14 (1299 12 (9.5)
sidewall 16x16 17 (19.0) 14 (12.9)
16x18 18 (21.3) 16.5 {17.9)
16x20 25 (41.1) 195 (25.0)
18x18 22 (31.8) 21 {29.0)
12x72 13 (11.1) 13 {(11.1)
14x14 17 {19.0) 16 (16.8)
16x16 20 {26.3) 17 {19.0)
175 12x12 14 (12.9) 1 (7.9
14x14 14 (12.9) 12 (9.5)
s 16x16 17 (19.0) 14 (12.9)
16x18 19 (23.7) 16.5 {17.9)
16x20 25 {41.1) 20 (26.3)
12x12 13 {(11.1) 13 {11.1) Deflector
14x14 17 {12.0) 16 (16.8} distance 6-12 in.
16x16 20 (26.3) 17 (19.0) below ceiling
minimum Concealed 5.5 135 12x12 22 {16.0) 20 (13.2)
»acing between 1414 27 (241 225 {(16.7)
arinklers 16x16 30 (20.8) 23 (17.5)
Brinkler Corporation—Mitwaukee, Wisconsin (800-558-5236; in Wisconsin 414-570-5000)
Pendent 45 165 12x12 18 (16.0) 13 {8.3)
or
recessed 14x14 20 (19.8) 14 9.7
16x16 20 (19.8)- 15 (11.1)
Horizonta) 45 165 12x12 17 {14.3) 12 (7.1)
sidewall or 14x14 21 (21.8) 15 (11.1)
fecessed 16x16 25 (30.9) 18 (16.0)
sidewall 43 165’ 12x12 17 (12.5) 13 {7.3)
: 16Wx20L as (62.7) 27 (31.6)
'Ffe”de"t ‘ 43 155 12x12 16 {(13.8) 11.5 (7.1)
‘ 14x14 16 (13.8) 115 (7.1}
16x16 17 (15.6) 13 {9.1)
18x18 19 (19.5) 14 (10.6)
20x20 20 (21.6) 17 (15.6)
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TABLE 6-13A. {Continued)

. ‘ Multiple
Maximum 1-spr Sprinkler
‘ Temp Spacing Flow (Pres) Flow (Pres) Standarg
Model Style K F (i) {gpm) (psi) {gpm) {psi)
SG-R Recessed 43 155 12x12 13 {9.1) 1.5 {(7.1)
‘ 14x14 16 (13.8) 1.5 tA)!
16x16 17 (15.6) 13 {9.1)
18x18 17 (15.6) 13 (9.1)
20x20 21 (23.9) 17 {15.6)
SG-RES Horizontal 4.3 155 12x12 15 (12.2) 12 (7.8)
sidewall or ‘ 12x12 17 (15.6) 12 (7.8) 6-t2in,
recessed 3 14x14 16 (13.8) 14 {10.6)
sidewalf i 14x14 19 (19.5) 15 (122) 6-12in
16x16 18 (17.5) 14 (10.8)
16Wx18L 21 (23.9) 19 (19.5)
5.8 155 12x12 18 (9.6) 15,5 (7.1)
1 12x12 17 {8.6) 15.5 (7.1)  &-12in,
16Wx18L 28 (23.3) 23 (15.7)
16Wx20L 29 {25.0) 26 {20.1)
Q Concealed 43, 155 12x12 13 ©.1) 11.5 (7.5)
| 14x14 i7 (15.8) 13 9.1)
16x16 20 (21.6) 15 {12.2)

* Viking Corporation—Hastings, Michigan (616-945-9501)

M Pendent or 42 1558175 12x12 15 (12.8) 1.5 {7.0)
recessed? } 14x14 18 (18.4) 13 (9.6)
1 16x16 24 (32.7) 17 {(16.4) "
M-2 Pendent 55 1558175 12x12 23 (17.5) - 16 {8.5)
or ’ 14x14 24 (19.0) 17 (9.6)
recessed{ E
| ' s
M Horizontal 55 = 155&175 12x12 21 - (14.6) 17 (9.6) -
sidewall or f 14x14 25 {20.7) 18 (10.7)
recessed ‘ ’
sidewallt
: j :. ece35ed ‘
M Horizontal 55 &= 156 16x16 27 (2a1) 23 (17.5) 2 Tﬁf"eiiﬁdhn
sidewall | 16x16 28 (259) 23 (17.5) 6=10in. | I
! T 16x18 28 {25.9) 23 (17.5) 4-10in. ;
16x20 37 {45.2) 30 (29.7) ; In s 3
f g . Ummg |
16x20 38 (47.7) 3 (31.7) 6-10in. F Winker P
18x16 29 (27.8) 25 {(20.6) 4-10in. itjeu_.'ng e regy
18x18 31 (31.7) 26 (22.3) 4-10in. ity
I The . :
H Flush 42 165 12x12 14 {11.1) 1.5 (7.5) ' B, m;mmu
. pendent : 16x16 17 (16.2) 12 (8.2) BT ;WZQ m
oo 18x18 20 (22.7) 14 (11.1) | . Y &
20x20 29 (47.7) 21 (25.0) H“de ;]Haximu,
4lf the ,
thap 200°p 0
'excecd |3
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—— —
P TABLE 6-13A. (Continued)
B - Multiple
Jon- Maximum 1-spr Sprinkler Non-
ndarg Temp Spacing Flow (Pres) Flow {Pres) Standard
lotes Mode! Style K F (f) (gpm) {psi) {gpm) (psi) Notes
e
' 55 165 12x12 18 {10.7) 14.5 (7.0)
16x16 22 {16.0) 16 (8.5)
18x18 22 (16.0) 18 (10.7)
20x20 30 (29.8) 21 (14.6)
Ho, H-3 Flush 3.8 165 12x12 10 (7.0) 10 (7.0
pendent 14x14 1 {8.4) 10 (7.0)
16x16 13 (11.7) 1 (8.4)
18x18 16 (17.7) 13 (11.7)
20x20 19 (25.0) 17 {20.0)
H3 Flush 38 165 16x16 16 (17.7) 12 (10.0) Listed for sloped
pendent ceilings to pitch
of6in 12
A1 Concealed 4.2 155 14x14 18 (18.4) 13 {9.6)
16x16 25 (35.4) 19 {20.5)
5.5 155 14x14 24 {19.0) 17 {8.8)
M-4 Pendent 4.3 155 12x12 11.5 (7.1) 11.5 (7.1}
or 3 1414 13 (@.1) 115 (7.1
recessed 16x16 13 (9.1) 115 {7.1)
pendent t1 18x18 16 {13.8) 135 (9.9)
3 20%20 19 (195) 17 (15.6)
Horizontal 43 - 155 12x12 19 (19.5) 15 {12.2) 612 in. below
sidewall or% 14x14 22 (26.2) 17 (15.6) sloped ceilings to
recessed . 16x16 22 (26.2) 17 {15.6} pitch of 4 in 12
" sidewall
Horizontal 55 155 12x12 21 (14.6) 15 (7.4) 6-12in. below
* sidewall or! 14x14 24 {19.0) 21 (14.8) sloped ceifings to
recessed | 16x16 24 {19.0) 21 {(14.6)  pitch of 6in 12
sidewall

ed pendent is model F1/RES/2/F2
d pendent is model F1/RES/3/F2
=Culcheon for recessed version
Mtchaon for recessed versian

ary, tﬁlmeet the UL 1626 test criteria, residential
Mstalled in a fire test enclosure with an 8-ft (2.4-m)
ited o control|a fire for 10 min with the following

> M gas or air temperature adjacent to the sprinkler—
m) below the ceiling and 8 in. (203 mm) horizon-
om the sprinkler—must not exceed 600°F (316°C).

um tcmpﬁrature‘:—s ft, 3 in. (1.6 m) above the floor

'(—9?%“ length away from each wall—must be less

130.,1_,‘) during the entire test. This temperature must
?F (34°C) for more than a 2-min period.

3. The maximum temperature Y/, in. (6.3 mm) behind the finished
surface of the ceiling material directly above the test fire must
not exceed 500°F (260°C). -

. No more than two residential sprinklers in the test enclosure can
operate.

The test enclosure is built to be twice the size of the proposed
maximum spacing of the residential sprinkler. In a typical test, the
walls of one corner of the test enclosure are covered with combus-
tible celiulosic acoustical panels /g-in. (3.2-mm) thick. Two com-
bustible structures with urethane foam, representing stuffed
furniture, are positioned at the same corner. (See Figure 6-13C.) The
enclosure is kept at an initial ambient temperature of 80°F (27°C)+
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FIG. 6-13C. Fire test arrangements for UL 1626 for pendent sprinklers (left) and sidewall sprinklers (right). The simulated furniture con-
sists of 3 in. (76 mm) thick uncovered urethane foam cushions 30 in. (762 mm) high by 30 in. (762 mm) wide. The foam has a density of

T |
L2 Simulated
furniture
Sprinkler 17 Thermocouples
1and 2
L 2L
Sprinkler 2
Thermocouple 1
e 3 12 Thermocouple 1
| Sprinkler 3
4 it @<P

Arrangement for pendem sprinklers

3ft
L2 . 3
Simulaied” Foam 184
fumiture Ol
Sprinkler 1 Themocouples
tand2
L BL+9f
Sprinkler 2
B ft
min.
Sprinkler 3
S
¥ —

Arrangement for sidewall sprinklers

Key: @ Hesidenﬁal pendent sprinkler

—» Residential sidewall sprinkler

L Sprinkler spacing specified by
manufacturer

0 Thermocouple location
1. 3in. below ceiling and 8 in. from sprinkler
2. 30 in. below ceiling and directly below Sprinkler 1
3. Directly above wood crib and embedded in

ceiling material

1.25 bfsq ft (6.1 kg/m®) and is attached to & woad frame. The walls of the test room are covered with 4 by 8 fix U in, (1.2 X 2.4 m x 3.2 mm)
decorative plywood paneling (flame spread rating 200) atiached to wood furring strips. The fire source consists of 12x 12 x 12 in. (6.3 x0.3x
0.3 m) wood cribs weighing 12 to 13 Ib (5.4 t0 5.9 kg). The ceiling of the test room is 8 ft (2.4 m) high and covered with 2x 4 ft x 'y in.
(6.1 X 1.2 m x 12.7 mm) thick acoustical panels attached to wood furring strips. (For S units: 1 in = 25.4 mm; 1ft=0.305m.)

5°F (3°C), and it is ventilated through two door openings on oppo-
site walls. The fire source is a wood |crib of 12 10 13 b (5.4 to 5.9
kg) mass, measuring approximately 12 by 12 by 12in. (0.3 by 0.3
by 0.3 m).

The wood crib is ignited by 8 oz. (24 mL) of N-heptane in a
pan direcily below the crib. Forty sec after ignition, the excelsior
[/, b (0.11 kg)] on the floor next to the simulated fumiture is ig-
nited. i

The fire test is conducted for 10 min after the ignition of the
wood crib. The water fiow to the first sprinkler that operates and the
total water flow when the second sprinkler operates are specified as
part of the listing limitations for the sprinklers in the test. The total
water flow for two sprinklers must be a minimum of 1.2 times the
minimum flow for a single sprinkler.

The water distribution fest requirements are based on the dis-
iribution pattern of the prototype residential sprinkler used in the
Los Angeles test fires.'® The distribution requirements involve col-
lections in both the horizontal and vertical planes.

All residential sprinklers in the test must discharge water at the
flow rate specified by the manufacturer for a 10-min period simulat-
ing one sprinkler operating and two sprinklers operating. The quan-
tity of water collected on both the horizontal and vertical surfaces is
measured and recorded. 3

Sprinklers being tested are required to discharge a rnim'mumlof
0.02 gpm per sq ft [0.8(L/min)/m?] at both flow rates over the entite
design area, plus an area 2 ft (0.61 m) beyond the listed coverag®
area in each direction (only three directions for horizontal sidewall
type sprinklers). They must also wei the walls of the test enclosure
to a height not less than 28 in. (711 mm) below the ceiling with oné
‘sprinkler operating and not less than 36 in. (914 mm) with (%0
sprinklers operating. Each wall surrounding the coverage area 1T
quired to be wetted with a minimum of 5 percent of the sprinkler ap*
plication densities at both fiow rates.

Since 1985, the use of residential sprinklers has also been P
mitted under some conditions in accordance with NFPA 13- Essel”
tially, NFPA 13 allows residential sprinklers in dwelling “’“ts‘
located in any occupancy, provided they are installed it confor™
ance with the requirements of their listing and the positionng ™
quirements of NFPA 13D. A dwelling unit is defined as one of mo
rooms artanged for the use of one or more individuals Jiving '
gether, as in a single housekeeping unit normally having co? I:el
living, sanitary, and sleeping facilities. Dwelling units inclode o
rooms, dormitory rooms, sleeping rooms in nursing bomes o
similar living units. Occupancies encompassing dwelling “‘?“S.Ls
clude apartment buildings, board and care facilities, dormitont»
condominiums, Jodging and rooming houses, and o
family dwellings.

ther multipl

|
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For NFPA 13 applications involving residential sprinklers in
dwelling units, the design area is required to consist of the four most
hydraulicaﬂy demanding sprinklers. (See Figure 6-13D).

Other areas, such as attics, basements, or other types of occu-
ancies outside of dwelling units but within the same structure, are
gired to be protected in accordance with regular provisions of
NFPA 13, including the appropriate water supply requirements. The
Jeciston as to which areas are to be protected with sprinkiers is also
regulated in accordance with the normal provisions of NFPA 13.
This means, for example, that combustible concealed spaces gener-
ally require sprinklers. Although the four—sprin%der design area can
pe used in the dwelling units when protected with residential Sprin-
Klers, any sprinklers installed within such concealed spaces would
have to use a different design approach.

o] (s} O O
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Exa:fg;ks of desién areas for dwelling units within

Residential sprinklers installed in systems designed to NFPA
13 requirements are spaced and positioned in accordance with their
residential listings, not with the spacing requirements of NFPA 13,
The water demands for the residential sprinklers are the same as in
NFPA 13 applications, except that the multiple sprinkler flow re-
quirement is extended to four sprinklers rather than the two stipu-
lated for one- and two-family dwellings and manufactured homes in
NFPA 13D. The more liberal piping, component, hanger location,
and water sopply duzation allowances of NFPA 13D arc not permiit-
ted in these systems.

Beginning in 1996, NFPA 13 requires residential sprinklers or
quick-response sprinklers in residential areas.

In 1989, a new standard was developed to bridge the gap be-
tween NFPA 13 and NFPA 13D. The new standard is NFPA 13R
Standard for the Installation of Sprinkler Systems in Residential Oc-
cupancies up to and Including Four Stories in Height (hereinafter
referred to as NFPA 13R),

Like NFPA 13D, NFPA 13R is oriented toward economical life
safety protection. Sprinklers are omitted from building areas that
have been found to have a low incidence of fata] fires originating in
them, including combustible concealed spaces, smail bathrooms
and closets, and attached porches. As with NFPA 13D, residential
sprinklers are required throughout dwelling units, with some minor
exceptions. A four-sprinkler design area is required unless the larg-
est compartment contains fewer sprinklers.

- In recognition of the greater risk associated with multifamily
occupancies, however, NFPA 13R is more conservative than NFPA
13D, in some areas. Requirements for plans, hydraulic caiculations,
and system acceptance cerlificates parallel those of NFPA 13. Un.
like NFPA 13D, NFPA 13R requires a consideration of the likeli-
hood that simultaneous domestic flows might occur through
combined service piping. In addition, pumps and other key equip-
mernt are required to be listed.

in NFPA 13R systems, areas outside dwelling units can be pro-
tected with standard spray sprinklers, using NFPA 13 design criteria,

Quick-Response Sprinklers

Quick-response sprinklers are designed to be used in hotels, motels,
offices, and other buildings where faster sprinkler operation could
enhance life safety. UL first listed these sprinklers as quick-re-
sponse sprinklers based on performance comparable to a standard
response sprinkler equipped with a quick-response electronic squib
actuator, a device marketed by one sprinkler manufacturer in the
1970s.

Quick-response sprinklers, which are essentially standard
spray sprinklers equipped with fast-response operating mecha-
pisms, were first introduced in 1983. They were developed by man-
ufaciurers in two different ways. One was to replace the actuating
mechanism of standard spray sprinklers with the more sensitive
heat-responsive element used in residential sprinklers, This sprin-
Kler was then resubmitted to a testing laboratory for testing and list-
ing under the product standard for standard spray sprinklers. The
other way was to simply submit a residential sprinkler to a testing
laboratory for testing and listing under the provisions of a product
standard for standard spray sprinklers.

It was not until 1988 that full-scale testing showed that quick-
response sprinklers could be used effectively with the traditional
arca/density design approaches found in sprinkler installation
standards.!?20 In “control-mode” testing of a 6-ft, 8-in. (2.0-m) ar-
rangement of a standard plastic commodity under a 20-ft (6.1-m)
ceiling, multiple tests involving sprinklers identical in all Tespects
except sensitivity indicated that on average fewer quick-response
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sprinklers activated to control

the fire than standard Iesponse
sprinklers.

Current NFPA standards require the use of quick-response
sprinklers throughout buildings of light-hazard occupancy. They are
also permitied for use in ordinary hazard occupancies but have not
yet been recognized for use in extra. hazard octupancies or for use
as ceiling sprinklers in occupancies involving high-piled storage.
Beginning with the 1995 edition of NFPA 231C, Standard for Rack
Storage of Maierials, quick-response sprinklers were permitted for
use as in-rack sprinklers. Research is currently underway to deter-
mine if quick-response sprinklers can be used successfully in dry
systems as well as wet systems.

Early Suppression Fast-Response Sprinklers

The early suppression Tast-response (ESFR) sprinklers were first
envisioned by the Factory Mutual Research Corporation 222 Work-
ing with FMRC, the National Fire Protection Research Foundation
funded full-scale testing to prove that fast-response sprinklers made
suppression of a high-challenge fire feasible 23

Like its predecessor, the large-drop sprinkler, the ESFR sprin-
kler is intended to prevail against the strong fire plumes associated
with fires in industrial and warehouse occupancies. However, its de-
livery of water o the burning fuel surfaces is accomplished by
means of spray momentum rather than the gravitational effects of
large droplets. L

Operating at a minimum pressure of 50 psi (7,25 kPa) so asto
produce a minimum flow per sprinkier of 100 gpm (380 L/min), the
original ESFR sprinkler could protect chailenges up to and includ-
ing 25 ft (7.6 m) of plastics storage under a 30-ft (8.1-m) ceiling,
without the use of in-rack sprinklers. Subsequent research and de.-
velopment has expanded the use of the ESFR sprinkier to protect

.~ ~eommodities up to 35 ft (10.6 m) high under a 40-ft (12.2-m) ceiling
without the use of in-rack sprinklers, and has also extended the ap-
plication of the sprinkler for the protection of aerosols and other
special hazards. - '

“Quick-Response, High-Ch?llenge” _
Large-Drop Sprinklers |

The “quick-response, high-challenge” sprinkler resulied from one
manufacturer’s insertion of a fast-response link into an approved
large-drop sprinkler. The large-drop sprinkler concept, pioneered
during the 1970s by FMRC, was based on the theory that larger
spray droplets would be more capable of achieving gravitational
penetration of a strong upward fire plume.

Product approval and installation standards were developed,
and specialized system design criteria found its way into NFPA
standards beginning with the 1985 edition of NFPA 13. The large-
drop sprinkler has a characteristic large deflector and is an upright
sprinkler with a 0.64-in. (16-mm) diametgr orifice.

The concept of combining the penetration capabilities of the
large-drop sprinkler with fast Tesponse was basic to the develop-
ment of the ESFR sprinkler program. In tests of the large-drop
sprinklers with and without fast-response links, the addition of fast
response to the penetration abilities of the sprinkier provided supe-
TioT protection against a high-challenge fire,

This particular sprinkler, however, later referred to as the
“quick-response, high-challenge” sprmkler, fell by the wayside dur-
ing the screening for the ESFR prototype sprinkier, due to its inabil-

ity to provide sufficient water directly under the sprinkler. As an
" Oright sprinkler, it could not handle the scenario in which a fire js
started directly under a single sprinkler with 5 to 15 ft (1.5t04.6m)
of clearance below a 30-ft (9.1-m) ceiling. The sprinkier’s water

|

penetration capability was considered Insufficien; due ¢
ing of the spray umbrella. The ESFR Pprototype, eVenma]?
was a pendent with a larger orifice. Y se

Nevertheless, this sprinkler had already established ji
the eyes of many. A variation of that sprinkley wa listaq i b
“specific application” sprinkler, permitted to Protecg com);nU‘I’*-
P {0 20 f (6.1 m) high undet a 25-1 (7.6 m) cefpny With o)
sprinklers only. Beginning with the 1994 edition of NFpa 4
NFPA Committee on Automatic Sprinklers expandeg the aljg
types of ESFR spriniklers to Permit such sprinklers g, fall Wiilﬁ‘ﬁ 3
category of ESFR sprinklers, B

Quick-Response, Early Suppression Sprink]

Quick-response, carly suppression (QRES) sprinklers are cbnﬁ’
ered a future area of product development within NFpa 13. Wi
QRES sprinkler, the same principles used in the development of

ESFR sprinkler could be applied to a smaller-orifice Sprinkler

which could be used in a wide variety of business, mercantile,
lic assembly, educational, and other applications. The prop
NFPA definition of QRES sprinklers is “fast-response sprinklag

that are listed for their ability to provide fire Suppression of specif;
hazards” It is expected that the final development of such sprinklary

is still several years away.

INCENTIVES TO MORE WIDESPREAD
USE OF RESIDENTIAL SPRINKLERS

There are certain incentives that can stimulate interest in residentia]
sprinklers. These incentives are discussed in the following pama-
graphs.

Reduction in Government Spending

Reduction in all forms of government spending, resulting from pub-
lic pressure to reduce Property taxes, is a prime factor in the futue
growth of the residential sprinkler concept. Many fire departments
are forced to protect larger areas and more subdivisions with the
same number of or even fewer people since financial restrictions
hamper a fire department’s ability to grow with the community. As
a result, alternates to traditional fire-fighting techniques must be
found. One of them is the use of residential sprinkiers.

San Clemente, CA, was the first community in the United
States to pass a residential sprinkler ordinance in 1980 as part ofthe
fire department’s master plan. This ordinance requires automflhﬂ
sprinkler systems to be installed in all new residential construction.
The prime motivation for the passage of this ordinance was S0
Clemente’s cutbacks in government spending brought about by
Proposition 13, the state’s tax-capping measure. Many comimunilies
across the country' face similar situations, Automatic sprinklers 11
residences may be the answer to fewer fire fi ghters and longer i
sponse times from the fire department,

Insurance Savings

Although the greatest benefit from widespread instailation of &5 ]

dential sprinkiers will be the lives saved and injuries prevented, lﬂa‘;'
er property losses will be a secondary and substantial benefit. Aﬂr \
hoc commitiee from the insurance industry sponsored a numbe’

the test fires in Los Angeles and concluded that residential ™ |

Klers have the potential for reducing homeowners’ claim paymﬂ:"
expenses.” As a result, the Insurance Services Office aso)?P a_rs?
al Lines Committee recommended thar 2 15-percent reductior "
homeowner’s policy premium be given for installation of 29 ihe
13D residential sprinkler system. While this would not pay for™*
system over a short period of time, as is the case in maty 60
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an open. 4 ;al instalfations, the continuing increases in the cost of insuring a
¥ selegr™ ™ o :ingle'famﬂy home make this a significant incentive nonetheless.
S Worth Real Estate Tax Reductions
4 U!a_a§ o In 1981, the State of Alaska enacted into law a significant piece of
r}:{lno iles Jegislation that hias a dramatic impact on the installation of sprinkler
EI’A ?gllmg ] gsrems throughout that state. The law provides that 2 percent of the
> allow, e ,-gsessed value of any structure is exempt from taxation if the struc-
2 [E)Nahle ‘ tare is protected with a fire protection system. The word “structure”
within ope js significant in the law, since it also applies to homes, In effect, if a
home were assessed at $100,000 for purposes of taxation, the as-
rinkle - sessed value would be computed at $98,000, provided that it con-
B E tained a fire protection systeru.
ate consig- - . ‘
13, Withine 4 Buyers’ Attitude |
::nmen;oi}he ] While one study indicated thatf 30 percent of the people interviewed
,Ce nil-,)len :2 3 , pérceived no need for a residential sprinkler system,'? a 1980 survey
ha m‘ El;e .3 published by the National Association of Home Builders on Tuxury
~: Sp rigklers : features that buyers want in a mf:w home showed that 14.3 percent in-
:n mle) specific - dicated “fire suppression systems” as a choice. For potential buyers
«ch SprankIETs E: with incomes over $50,000, the percentage rose to over 20 percent.
Zoning |
PREAD Gmater land use may be possible with zoning changes that would
LERS pertrit futly sprinklered residences to be built on smaller parcels of

{and. The assumption is that the space between houses will not be
~ &:important from a fire protection standpoint if an entire street or
borhood is fully sprinklered. One could argue, however, that if
rinkler system fails, the resultant fire invelving a number of
nices could be much greater.

t in residential
slowing pasi-g

i prinkler Legislation
Iting from Py

sor i the fu ‘;" on to the San Clemente ordinance, 2 number of other Cali-
ire departmet mmunities have passed residential sprinkler legislation, in-
risions with U g Orange County and Los Angeles County. By 1993, more
cial ;esu'iF : imillion Californians lived in communities in which residen-
_ community piinklers were mandated in all new homes 25

- s [ i
miques M ¢ S nce 1982, Greenburgh, N, and several surrounding commu-

18 E © enacted sprinkier ordinances that require the instailation
y in the u _ matic sprinklers in virruafl]y all new construction, including
980 as part g ‘Multiple- and ope- and two-family dwellings. A similar law
quires ";j'l' effect in Prince Georges County, MD, in 1992.

iial co:swas 1t of Florida in 1983 passed a law requiring that all
dmanl:t aboi "2 and time-share units three stories or more high in the
E:::;gcomm L Ssefed- It also required that all existing units be sprin-

1atic SpATTR 983 i ‘

» the City of Honolulu, HI, adopted legislation that re-
;W and existing hig -1ise hotels, which are those more
(23 m) above grade, to be sprinklered.
late 19805, additional jurisdictions, including Atlanta,

fation §  of Connecticut, and the Commonwealth of Massachu-
mstallt g . N

reve

tiie federa) government enacted the Hotel and Motel
t’. Which containg sirong incentives for complete
on of hotels, since only hotels with satisfactory

*Otection are eligible for federal employee travel.

7ol Fire Safety Act bf 1992 requires automatic sprin-
oeqUIVaI_em_ level of safety in all federally assisted
¢ Stories in height, as well as in office buildings

ould 1t ‘
d :
¢ for morg than 25 federal employees.

se in M

Pethaps the most significant legislation promoting the use of
sprinkler systems, however, is the 1990 Americans with Disabilities
Act. In 1991, the U.S. Department of Justice published criteria that
became mandatory for places of public accommodation and com-
mercial facilities designed for first occupation after January 26,
1993. Alterations to existing buildings must also comply. A key fea-
ture of the criteria is the need for areas of refu ge. Floors of buildings
that do not have direct access to the exterior at grade must provide
areas of rescue assistance, except those buildings that have a super-
vised automatic sprinkler system.

Construction Incentives

Many Autherities Having Jurisdiction have used building code
modifications as an incentive to install sprinklers. Cobb County,
GA, was one of the first communities to amend its Buildings and
Construction Code include to such an approach for multifamily
structures equipped with residential sprinkler systems.

While these construction alierations can be a major incentive
to instali residential sprinklers, the disaster potential must always be
considered if a fire, for whatever reason, should overpower the
sprinkier system. This is especially true if the systém is designed
with the minimal water supplies required by NFPA 13D,

The City of Dallas, TX, adopted a building code that requires
all new buildings or those undergoing major renovation, having an
area greater than 7,500 sq ft (697 m?), to have automatic sprinklers,
At the same time, this building code encourages the installation of
sprinkler systems by allowing desi gn options that may allow differ-
ent levels of “passive” fire protection features in exchange for “ac-
tive” automatic sprinkler alternatives.

Performance

Since 1983, Operation Life Safety, a project of the International As-
sociation of Fire Chiefs, has been collecting incident reports of res-
idential sprinkler activations in systems installed in accerdance
with NFPA 13D or NFPA 13R as of July 31, 1995. A total of 551
incidents have been reported. OF this total, 35.2 percent of the fires
that activated sprinklers were reporied to have originated in kitch-
ens, and 14.9 percent in bedrooms, with 20.3 percent listed as “not
reported.” Table 6-13B shows the reported activations by room of
origin. Figure 6-13E shows activations of residential sprinklers by
occupancy, as well as the number of sprinkler activations per fire 26

TABLE 6-13B. Room of Origin of Residential Sprinkiler

Activation
Kitchen 35.2%
Bedroom 14.9%
Living room 7.8%
Closet 3.6%
Laundry room 2.7%
Basement 2.2%
Bathroom 1.5%
Storerocom 2.4%
Garage 4.4%
QOthers 5.1%
Not reported 20.3%

Note: Data as of July 31, 1995.

Code Requirements

Beginning with the 1991 edition, NFPA 101®, Life Safety Code®,
required the use of guick-response or residential sprinklers in new
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FIG. 6-13E. Residential sprinkler activations.

heaith care occupancies in smoke compartments containing patient
sleeping rooms, This generally mc#ns all patient rooms and their ad-
Jjacent corridors. Beginning with the 1994 edition, quick-response
or residential sprinklers were also required in all new hote] and dor-
mitory guest rooms and guest room suites.

Because of these and other incentives the use of residential and
quick-response sprinklers nearly tjn’pl‘ed in the United Siates be-
tween 1987 and 1994, even though the total number of sprinklers in-
stalled increased only slightly. There is growing recognition of the
enhanced ability of fast-response sprinklers to protect life and prop-
erty from fires. ;
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