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SUMMARY
Research was conducted to determine the thermal sensitivity and water discharge requirements
for pendent and sidewall extended coverage sprinklers (with standard and quick response
thermal sensitive elements) in light hazard occupancies. Approval criteria were sought which
would allow for simpler installation standards than those of existing extended coverage
sprinklers. A series of free burn full-scale tests with heptane pool fires was conducted to
determine the response of sprinklers as a function of the Response Time Index (RTI), Conductivity Factor (C), temperature rating, and room dimensions for a selected fire size.
In addition, a series of six full-scale sprinklered fire tests was conducted to determine sprinkler
discharge requirements using a light hazard scenario. Based on the test results, recommendations for approval criteria for pendent and sidewall standard response and quick response,
extended coverage sprinklers have been made in terms of RTI, C, temperature rating, water
densities, and wall wetting capabilities. Sprinklers evaluated under the new criteria are recommended for installation in light hazard occupancies with smooth horizontal ceilings, having
ceiling heights no greater than 3 m.

I NTRODUCTION
Extended coverage (EC) sprinklers are
sprinklers designed to be installed at spacings
and coverage areas greater than the standard spacings specified under National Fire
Protection Association (NFPA) 131. For light
hazard occupancies, the maximum and most

spacing for standard pendent
sprinklers is 4.6 m x 4.6 m. For standard
sidewall sprinklers, the spacing and coverage area depends upon the combustibility of construction with the maximum spacing
of 4.3 m x 4.3 m being for noncombustible
common

construction.
In 1973, EC sprinklers were suggested
by Rolf Jensen and Associates for use in
hotels and condominiums2. They further
suggested that EC sprinklers respond
to the fire at least as fast as a standard
74° C temperature rated sprinkler located

at the center of the room ceiling. Testing
standards for EC sprinklers were proposed
in 1974 by Underwriters Laboratories (UL)2.
Also in 1974, UL introduced quick response
sprinklers (QR) which would respond more
rapidly than standard sprinklers.2 Since
that time, UL has introduced listings of
EC sprinklers, QR sprinklers, and QR-EC
sprinklers for use in light hazard occupancies. The response requirements of the current
UL-listed QR and QR-EC sprinklers resulted from the development of the residential sprinkler in tests conducted by
Factory Mutual Research Corporation (FMRC)3
and sponsored by the United States Fire
Administration (USFA).

QR sprinklers have been approved by FMRC
since 1990. FMRC approves QR sprinklers
as standard sprinklers which have a nominal Response Time Index (RTI) and Conductivity Factor (C) less than 55 (m-s)1~2
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and 1

(m/s)1~2, respectively.

The RTI and C

parameters are thermal sensitivity parameters
at FMRC4-s, which have been
shown to allow sprinkler response to be
predicted from ceiling gas temperatures
and velocities. These thermal sensitivity
parameters have been incorporated into
the International Organization for Standardization (ISO) standard for automatic
sprinklers and used to define ISO Standard Response, Special Response and Fast

developed

the

resulting standards would simplify
testing, inspection and installation, and
promote interchangeability of sprinklers.
In 1994, FMRC began approving EC and
QR-EC sprinklers and developing installation guidelines based in part upon the
research described in this paper.

OBJECTIVE

Response sprinklers7.

The overall

A discussion of the evolution of EC and
QR-EC sprinklers as listed by UL is given
in Reference 2. Currently UL lists under
UL Standard 1998, EC and QR-EC sprinklers for light hazard occupancies without
limitations on ceiling height, the combustible nature of construction, or number of
sprinklers in a compartment. The current
listings are based in part on research by
Suchomel and Castino9 at UL, which observed the effects of ceiling height, enclosure openings, soffits, and drafts on single
and multiple sprinklers installed on nonstandard spacings. UL lists pendent and
sidewall, EC and QR-EC sprinklers at a
variety of protection areas per sprinkler,
deflector distances from the ceiling, and
water flow ratesl°. The design densities
for different models may vary significantly
for sidewall sprinklers, resulting in potential difficulties during field inspections,
plan review, and sprinkler replacement.

dards which would

goal of the program was to
develop approval and installation stan-

that: (1) EC and
QR-EC sprinklers (pendent, upright, and
sidewall) in light hazard occupancies would
respond at least as rapidly as reference
standard and QR sprinklers at standard
assure

spacings; (2) such sprinklers would proadequate fire control; and (3) resultstandards
would simplify inspection
ing
and plan review, and promote sprinkler
vide

interchangeability.
EC and QR-EC sprinklers considered in
this study include the following ordinary
temperature rated sprinkler categories:
pendent and horizontal sidewall with
standard and large orifices. (The results,
however, also apply to upright sprinklers
and sprinklers with other orifice sizes.)
Response characteristics of the sprinklers
were envisioned to be controlled for ap-

proval in terms of RTI, C, and temperature rating. At the time of this study, thermal
sensitivity parameters could not be obtained for recessed, flush, and concealed
sprinklers, and hence were not addressed.
More recently, a method has been developed

Until recently, EC sprinklers were not approved
by FMRC, primarily due to the absence of
comprehensive approval and installation
standards. However, EC and QR-EC sprinklers
have been widely used in hotels and other
light-hazard occupancies. In 1991, as part
of the prioritization of short-range research
goals for FMRC, the Standards Division,
Approvals Division, and the directing insurance companies requested that research

at FMRC to evaluate the thermal sensitivof these sprinklers through plunge testing and will be reported in the future.12

ity

protection characteristics of the
EC and QR-EC sprinklers are based upon
water flux densities and wall wetting capabilities necessary to provide fire control
The fire

be conducted which would provide the support
data necessary to develop approval and
installation standards for extended coverage sprinklers intended for use in light
hazard occupanciesll. It was desired that

in the corner living room scenario that
was used in the Los Angeles Residential
Test Program3. This scenario was observed
to provide the most severe fire challenge
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in 60 residential fire tests conducted

by

FMRC.3
In addition to these residential fire tests,
FMRC has also investigated fire scenarios
in hotel rooms 13 and offices 14 . A comparison of sprinklered fire test results indicates that the corner living room scenario
of the Los Angeles Test Program is an
appropriate worst-case scenario for light
hazard occupancies.

RESPONSE TESTS
A series of fire tests was conducted in the
FMRC Fire Test Facilities in Norwood,
Massachusetts, to determine requirements
for response. The response requirements
were determined for a given sprinkler spacing
by conducting freeburn tests in rooms of
various sizes. In these tests, ceiling gas
temperatures and velocities were measured
and used to determine the RTI, C, and
actuation temperatures that a single EC
or QR-EC sprinkler, installed in the selected room size, would need to provide
response equal to that of hypothetical
(standard or QR) reference sprinklers installed in a 4.6 m x 4.6 m room with a 2.44
m high ceiling. The response times of the
hypothetical reference sprinklers (standard and QR) were based on calculations
using gas temperature and velocity data
from freeburn tests in a 4.6 m x 4.6 m
room. The selected thermal sensitivity
characteristics of the hypothetical reference sprinklers are discussed below. Preliminary fire tests were conducted to evaluate
the effects of ventilation, fire location, and
fire type on response. A standard fire scenario was then selected for the remainder
of the response testing.

Test

Facility

and Instrumentation

A plan view schematic of the test facility
is shown in Figure 1 (shown with general
dimensions X by Y). Two sprinkler stations are shown in Figure I and designated
A and B. At locations A and B, EC and QREC sprinklers were typically installed.

Figure

1. Schematic of Test

Facility for Response Tests.

However, for the fire
4.6

were

had

tests in the 4.6

m x

room, standard and QR sprinklers
installed at location A. Each station

m

a

bi-directional

thermocouples

probe

and 30 gauge
velocity and

to measure gas

so that sprinkler response
could
be made. Pendent sprinpredictions
klers were installed with their deflectors
7.6 cm below the ceiling. In Figure 2, corresponding to location B, the locations of
sidewall sprinklers and instrumentation
are shown. All instrumentation was located 44 mm from the back wall corresponding to the location of the thermal
sensitive elements of the sidewall sprinklers. At both sprinkler stations, sprinklers were connected to a 0.30 m length of
nominal 1 in. diameter pipe, which was
filled with 50 m o of water. The water temperature was monitored with thermocouples.
Disks simulating QR sprinkler links (RTI
of 23 [m-s] 1~2) were also installed at various distances from the ceiling at each station to provide insight into the effect on
sprinkler response of varying the sprinkler distance from the ceiling.

temperature
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Two types of fire

sources

were

attempted for the first

investix 4.6 m

in the 4.6 m
wood crib and heptane pool fires
with diameters of 0.30 m, 0.38 m, and 0.46
m. The respective convective heat release
rates of the heptane pool fires, based on
mass loss rates and convective heats of
combustionl5, were 63, 94 and 110 kW,
respectively. Based on the results of these
tests, as discussed in detail below, the 110
kW fire was selected as the standard fire
source. In the standard response test, the
room was unventilated, and the circular
pool fire source was placed 0.18 m from the
wall on the longitudinal axis of the room,
as shown in Figure 1.

gated during testing

time.

In Table 1, the experimental conditions
are listed for nine fire tests in the 4.6 m
x 4.6 m room. The table indicates the test
name (as recorded in computer files), the
diameter of the circular pan used for the
heptane pool fire, the convective heat release rate of the fires, the ventilation condition (whether the room was closed or the
doorway shown in Figure 1 was open), and
the location of the fire source. In regard to
the fire source locations, &dquo;center wall&dquo; indicates
the fire sources located on the longitudinal axis of the room as shown in Figure 1.
Typically 2 e of heptane was floated on 4 e
of water. The pans were placed on a load
cell (90 kg capacity) to measure the weight
loss from which the heat release rates were

room: a

Response Tests in a 4.6 m x 4.6 m Room
A series of tests was conducted within the
4.6 m x 4.6 m room, instrumented as shown
in Figure 1, in order to determine the
effects of fire size, location, and ventilation on sprinkler response and to observe
the differences in response occurring in
steady and growing fires. Another objective of the first series of tests was to add
to the existing experimental base, showing that the sprinkler response model can
be used accurately for calculating response.
In this program, the calculation of sprinkler response for sidewall sprinklers was

calculated.
In the last test in the series (ECS8), a
wood crib was used to provide a growing
fire source. The crib, placed in the same
&dquo;center wall&dquo; position, was made of pine
sticks 38 mm x 38 mm x 457 mm, spaced
100 mm apart. There were 4 sticks per
layer, and the crib was 14 layers high; the
crib dimensions were 0.46 m x 0.46 m x
0.53 m high. The crib was conditioned in
an oven at 93° C for 24 hours prior to the
test.

Table 1 also indicates experimental response times for the standard and QR pendent
sprinklers installed at Station A in Figure
1, and the QR-EC sidewall and standard
sidewall installed as in Figure 2. The thermal sensitivity parameters, RTI, C, and
liquid bath temperature are listed in Table
2 for all of the sprinkler models used in
this program. The thermal sensitivity
parameters were determined for sprinklers
in their standard position using the ISO
test method.

QR pendent sprinkler used in the response
tests was installed in its worst-case orientation with respect to the fire (frame arms
perpendicular to the north wall in Figure
1) in all tests except ECS5. In that test,
The

Figure 2. Schematic of Instrumentation and Sidewall Sprinkler Locations for All Response Tests (Station B) Looking
South.
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TABLE 1:

Description

of 4.6

m x

4.6

m

Room Tests

The order of sprinkler response was:
QR pendent, QR-EC sidewall at 0.51 m
below the ceiling, QR-EC sidewall at 0.10
m below the ceiling, standard pendent and
standard sidewall at 0.51 m (approximately
equal response), and standard sidewall at
0.10 m. Based upon these results, it appeared that the selection of a particular
fire size was not critical.

the sprinkler was installed in the standard position with respect to the fire (frame
arms parallel to the north wall). A discussion of the effect of frame arm orientation
is given in the section below, analyzing
the response results.

same.

It is clear upon review of Table 1 that all
sprinklers responded more rapidly as the
heat release rate of the pool fires increased.
For all heptane pool fire tests, the order of
sprinkler actuation was approximately the

In Tests

ECS1, 4 and 5, the fire size was
approximately the same as that used in
137

of 1000 kW assuming second power growth
[t2] ) was about 180 s. All sprinklers responded between 2 min 35 s and 3 min 35
s during the period of rapid growth. The
crib fire growth corresponds to a medium
growth fire under NFPA 7216 (150 s to 399
s), and is expected to be typical of light
hazard scenarios (see growth time examples
given in Reference 16). Because the order
of sprinkler actuation was comparable to
that observed in the steady heptane pool
fires, the pool fire generated by a 0.46 m
diameter pan in a closed room (tests ECS
1,4,5) was selected for simplicity as the
standard fire for the response tests in this

the UL response tests for QR-EC sprinklers. These tests also had the same common test conditions of no ventilation and
fire location at the &dquo;center wall&dquo; position.
The responses of the QR pendent and QREC sidewall sprinklers were close to the
UL test limit of 75 s8. Furthermore, the
repeatability of the sprinkler responses
was

quite good.

In ECS6, the effect of ventilation on sprinkler response was investigated. As seen in
Table 1, the responses were comparable to
those in unventilated tests with the same
size pool fires (ECS1, 4, and 5).

program.

wood crib was used as a
fire source to determine if a growing fire
would affect the order of sprinkler operation. Table 1 shows that the order of sprinkler operation in this test is comparable to
that observed with the heptane pool fires
of various sizes. The heat release rate of
the crib was calculated from mass loss
measurements using a chemical heat of
combustion. The fire developed slowly for
the first two minutes, after which there
was rapid growth in the fire size. During
the time period of 2 min to 3 min 30 s, it
is estimated that the fire grew such that
its growth time, t , (the time for a fire to
reach a chemical
heat release rate
In Test

ECS8,

a

Figures 3 through 6 show ceiling gas velocity and temperature at the room center
and back wall, and the temperatures measured by disks on the back wall for the

[total]

standard response test. Note that the velocity results on the back wall correspond
to the position of sidewall sprinklers 0.10
m below the ceiling. Figure 4 indicates
that the sidewall sprinklers at this position are in a recirculation zone caused by
the turning of the ceiling flow towards the
wall. It is also noteworthy that the gas
temperatures and disk temperatures from
instrumentation shown in Figure 2 were
consistent with the observation that the

3. Gas Velocity 0.05 m Below the Ceiling in the
Room Center in Standard Test with 0.46 m Diameter Heptane Pool Fire.

Figure 4. Gas Velocity 0.1 m Below the Ceiling, 0.04 m, Out
From the Back Wall in Standard Test with 0.46 m Diameter
Heptane Pool Fire.

Figure
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Figure 6. Simulated Sidewall Sprinkler Link (Disk RTI
[m-s]1/2) Distance Below Ceiling, 0.1m; 0.2 m;

Figure 5. Gas Temperatures in Standard Test with 0.46 m
Heptane Pool Fire; 0.05 m Below Ceiling Center,
0.3 m Below Ceiling
0.05 m Below Ceiling on Back Wall;
0.6 m Below Ceiling on Back Wall.
on Back Wall;
z

----

-

0.3 m;

---

-

sidewall

.

_0.41

m;

_

_

0.51

-

m.

-

sprinklers,

0.51

ing, actuated before the
below the ceiling.

m

stalled in the pendent position for tests in
each series. These sprinklers had 5 mm
and 3 mm bulbs, respectively, as heat responsive
elements. Each of the EC and QR-EC pendent sprinklers was tested at least once in
the standard and worst-case position (designated by &dquo;wc&dquo; in Table 3). All pendent
sprinklers installed at extended coverage
spacings were installed as shown at station A in Figure 1. The sidewall sprinklers
used in the tests at extended coverage
spacings were the same as those used in
the 4.6 m x 4.6 m room, and were installed
as shown in Figure 2. In two of the tests
(ECS6 and ECS20) reported in Table 3, the
test facility was ventilated by a 0.91 m x
2.03 m doorway in the southwest corner of
the room (see Figure 1). The sprinkler

below the ceil-

sprinklers

0.10

m

Response Tests at Extended
Coverage Spacing
Results from five sets of room fire tests
with the standard fire source (0.46 m diameter pan of heptane over water) are
listed in Table 3. The five sets correspond
to the following room dimensions: 4.6 m x
4.6 m, 4.9 m x 4.9 m, 4.9 m x 6.1 m, 4.9 m
and 6.1 m x 6.1 m. At least one
x 7.3 m,
test in each series used the standard pendent and QR pendent sprinklers in the
worst-case position used in the 4.6 m x 4.6
m test series. In addition to these sprinklers, EC and QR-EC sprinklers were in-

TABLE 2:

_

= 23

---

Sprinkler Sensitivity

Parameters
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TABLE 3:

Response Times for Tests at Extended Coverage Spacing
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ture of the

actuation times in these tests are comparable to the unventilated test results in
the same size rooms, confirming the noncritical nature of ventilation in these tests.
in Table 3, some tests were
replicated (i.e., the same model sprinklers
were used). Differences in response in replicate
tests were presumed to be primarily due to
differences in sprinkler operating temperatures or ambient conditions. The thermal
sensitivity parameters for all of the sprinklers used in the tests listed in Table 3 are
given in Table 2.

As

can

be

sprinkler, the gas velocity and
temperature, and the pipe fitting temperature
as a function of time, the response Equation 1 can be numerically integrated to
determine the time at which the sprinkler
operating element reaches the actuation

seen

temperature.
The model (Equation 1) has been tested
for steady and growing fires, for bulb and
solder type sprinklers of varying thermal
sensitivity, and has been found to provide
excellent agreement with observed response
times6,17-19. Complete discussions of the
sprinkler parameters RTI and C are given
in References 6, 17, and 18. In the International Standard for Automatic Sprinklers, IS0 6182-1’, thermal sensitivity measurement was standardized, and the sprinkler
types of &dquo;Standard&dquo; and &dquo;Fast Response&dquo;
were defined in terms of RTI and C.

A review of Table 3 indicates that the
standard pendent and EC pendent sprinklers in their worst-case (wc) orientations
were clearly slower than the QR or QR-EC
pendent sprinklers, regardless of orientation. However, the EC pendent sprinkler
in the standard orientation is comparable
to the QR and QR-EC pendent sprinklers
in their worst-case orientations. The QREC sidewall sprinklers responded more rapidly
than the standard sidewall, independent
of the distance below the ceiling.

ANALYSIS
RESULTS

OF

Calculation of

Response times for all sidewall sprinklers
installed 0.10 m below the ceiling and pendent
sprinklers in tests reported in Tables 1
and 3 were calculated using gas velocities
and temperatures analogous to those re-

ported in Figures 3 through 5. The pipe
fitting temperatures were obtained from
30 gauge thermocouples in the sprinkler

RESPONSE TEST

waterways as in References 6, 17, and 18.
When calculations proceeded past the time
when sprinkler actuation occurred, the fitting
temperature was assumed to be maintained
at the temperature just prior to actuation.

Sprinkler Response

Heskestad and Bill 6,17,18 proposed a thermal response model for sprinklers, taking
into account sprinkler heat loss due to
conduction. In the model, the time rate-ofrise of the sprinkler operating element

A comparison of model calculations and
observations is shown in Figure 7 for all
tests using the 0.46 m diameter heptane
pool fire. The solid line indicates exact
agreement. Calculations for pendent sprinklers in their worst-case orientation are
not shown, however, because calculated
times for this orientation were greater than
the observed response in all cases (on average
by 25 percent). Therefore, a new method of
obtaining worst-case orientation thermal
responsive characteristics was sought and
is discussed in the next section.

temperature, dT/dt, depends on two sprinkler parameters, Response Time Index (RTI)
and Conduction Factor (C), in addition to
the following conditions: gas velocity, Ug,
gas temperature, Tg, and the temperature
of the pipe fitting, Tf. The model is given
in Equation 1, where T represents the temperature of the sprinkler operating element :

From

a

knowledge

The overall agreement between calculated

of the initial tempera-141-

variations of about 15 percent. Based on
these results, it was concluded that sidewall
and pendent sprinkler actuation could be
calculated for a given RTI, C, and temperature rating for a given hypothetical
reference sprinkler installed in the room
sizes used in this program.

Effect of Frame Arm Orientation
Response Time

Figure 7. Comparison of Observed and Calculated
Actuation Times.

Figure 7 shows that the results are scattered about the line, indicating agreement
between calculations and observations with
Table 4: Prediction of

In the research conducted by Heskestad
and Bill to validate the sprinkler response
model given in Equation 1, the effect of
frame arm orientation was investigated6.17.
In that study, it was concluded that
measuring RTI in the desired orientation
and correcting C for orientation would
provide the thermal sensitivity parameters
required to accurately predict response
for a given orientation. However, the experimental scatter associated with results
for the worst-case orientation was somewhat greater than at other orientations’7.

Sprinkler

and actual operation times is good for the
pendent and the sidewall sprinklers. The
sprinkler response model indicated in Equation
1 had not previously been tested for sidewall
sprinklers, but it was implemented by using,
in Equation 1, the absolute value of the
gas velocity reported by the bidirectional
probe. Given the approximate nature of
the velocities measured, as typified by Figure
4, the agreement between calculations and
observations of actuation for sidewall sprinklers
is remarkable.

Response for the QR

on

.

In the present study, calculations using
worst-case orientation RTI and C, obtained
using the methods of Reference 6, resulted
in systematic overprediction (calculated
response greater than observed response)
of response in tests with sprinklers in their
worst-case orientation. Table 4 lists the

calculations for the QR pendent response
using the standard and worst-case orienPendent
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Sprinkler in the 4.6

m x

4.6

m

Room

tation RTI and C for the tests in the 4.6 m
x 4.6 m room. Table 4 shows that the observed results are bracketed by the calculations for standard and worst-case orientation. This suggests that the worst-case
orientation RTI might be measured at an

intermediate angle.
Table 5 shows the effect of orientation on
RTI. In this table, 0° orientation and 90°
orientation correspond to the worst-case
and standard orientation, respectively. The
RTI’s for the EC pendent sprinkler at all
orientations were obtained using the Reference 6 plunge tunnel conditions (see note
2, Table 5). Reference 6 and ISO plunge
tunnel conditions are the same for standard sprinklers. Plunge tests were performed under the ISO plunge tunnel fast
response sprinkler conditions (see note 1,
Table 5) for the QR and QR-EC sprinklers
at 0°, 20°, 25°, 30°, and 90°; however, no
solution for RTI was obtainable at 0° and
20°. Recall that at orientations other than
90°, the RTI of sprinklers is calculated
iteratively because C is proportional to
RTI6. Using the actuation times at 0° and
20°, obtained under ISO conditions, the
calculation did not converge. It is presumed that the relatively long actuation
times that occurred at these orientations
resulted in a significant temperature rise
in the sprinkler mount, thus invalidating
the test procedure. RTI’s were obtainable
at 0° using Reference 6 conditions because

TABLE 5: Effect of Orientation

on

RTI

the

higher gas velocities and temperatures
result in shorter actuation times and insignificant increases in sprinkler mount
temperature. As expected, the RTI decreases
as the sprinkler approaches the standard
orientation. The major impact of the frame
arm appears to occur within 25° to 30°.
The responses for the pendent sprinklers
in their worst-case orientation were calculated using the RTI values at various angles
shown in Table 5 with corrected C values.
The results indicated that using plunge
test results at 25° for the QR and QR-EC
sprinklers and at 15° for the EC pendent
sprinkler, gave the best agreement with
observed actuation times. Comparisons of
observed and calculated response are shown
in Figure 8. For the QR, QR-EC and EC
pendent sprinklers used in this program,
the percentage increases in RTI over the
standard orientation RTI (see Table 2)
were, respectively, 146 percent, 231 percent, and 176 percent.

SPRINKLER RESPONSE STANDARDS
The objective of the response testing portion of the program was to set response
time standards for pendent and sidewall,
EC and QR-EC, sprinklers in terms of their
RTI, C, and temperature rating for a given
size room. In order to do this, it was first
necessary to determine the maximum allowed response times for the various cat-

(m-s)1~2
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Figure 9. ISO Sensitivity Limits for Three Catagories of
Sprinkler (Adopted from Reference 7).

Figure 8. Comparison of Observed and Calculated Sprinkler
Actuation Times for Sprinklers Installed in Their Worst-Case
Orientation.

egories of sprinklers. For EC pendent sprinklers,
an appropriate response time is the actuation time of the slowest standard pendent
sprinkler allowed by IS07 with its heat
response element 51 mm below the ceiling,
as in a typical installation. Figure 9 shows
the ISO limits on thermal response characteristics for the &dquo;standard response, special
response, and fast response&dquo; categories.
The calculation of response time using the
test data from the standard heptane pool
fires in a 4.6 m x 4.6 m room (ECS 1,4,5)
indicates that sprinkler response is approximately constant along the upper sensitivity bound allowed by ISO, shown in
Figure 9. The slowest response, 179 s, occurs
for an RTI, C, and temperature rating of
350 (m - s ) 1/2, 1.0 (m / s ) 1/2, and 74° C, respectively. A maximum response of 179 s is
therefore taken as the standard for EC

pendent sprinklers.
the same upper bound in RTI and C
and a temperature rating of 74° C for the
sidewall sprinkler in Test ECS4 results in
a maximum response time of 367 s. Allowing such a difference in response for sidewall
sprinklers clearly would allow a significant degradation in fire protection afforded
by sidewall sprinklers compared to pendent sprinklers. A maximum response time
of 179 s for EC sidewall sprinklers assures
that the fire protection afforded by EC
pendent and sidewall sprinklers is the same.

Using

.

Fast response sprinkler sensitivity limits
are also shown in Figure 9. Currently, the
ISO sprinkler standard’ allows the RTI of
a fast response sprinkler in its worst-case
orientation to be as much as 2.5 times
greater than the RTI in the standard orientation. The QR-EC sprinkler used in
this program is near the limit of allowed
increase in RTI due to orientation. The
sprinkler uses a 3 mm bulb in a frame 8
mm wide at the frame-arm base and is
expected to be among the slowest responding QR or QR-EC sprinkler in the worstcase orientation. Using the data from Tests
ECS 1, 4 and 5, the average response of the
QR-EC sprinkler in the worst-case orientation is 88 s. Allowing for a 10 percent
slower response, the standard response
time for QR-EC pendents is 97 s.

If the RTI, C and temperature rating of
the QR-EC pendent sprinkler in the worstcase orientation are used to calculate sidewall
sprinkler response, the average response
is 164 s. This response time is not significantly less than that allowed for EC sidewalls.
Using an RTI, C, and temperature rating of
50 (m-s)l/2, 1.0 (m/s)1~2, and 74° C (nominally
the upper RTI and C limits for fast response
sprinklers), the response time was calculated to be 150 s. Using 150 s as the response standard, QR-EC sidewalls are intermediate in response between the QR-EC
pendent and the EC sidewall and pendents.
144

RTI, C, and temperature rating requirements needed to meet the response

The

time standards discussed above were computed for the various room sizes used in
this program. The requirements were computed
by fixing the actuation temperature and C
value, integrating Equation 1 with the appropriate room data for a given RTI, and
then changing RTI until the response time
was

principle,

thermal

sensitivity require-

ments could be determined for each room
size. However, to simplify standards and

promote interchangeability of sprinklers,
sensitivity requirements are based upon
the largest spacings: 6.1 m x 6.1 m for

pendents and

4.9 m x 7.3 m for sidewalls.
The results for the 6.1 m x 6.1 m and 4.9
m x 7.3 m rooms are shown in Tables 6 and

7, respectively.

obtained.

Table 6: Worst-Case RTI

In

(m-s)1/2

for Pendent EC and QR-EC
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Sprinklers

TABLE 7:

Worst-Case RTI

I (m - s ) 1/2

for Sidewall EC and QR-EC

FULL-SCALE SPRINKLERED
FIRE TESTS

the

Sprinklers

room fire test develet.al.3
in the Los Angeles
oped by Kung
Residential Test Program, which was conducted by FMRC for the USFA and the
NFPA. The scenario consists of combustible wall paneling and ceiling materials,
curtains, a vinyl-covered reclining chair
with polyurethane foam padding, end table,
and a simulated sofa end. A schematic of
the scenario is shown in Figure 10. Details
was

The next task in the program was to determine the water distribution requirements
for EC and QR-EC sprinklers. For pendent
sprinklers, the most challenging scenario
considered is protection of a 6.1 m x 6.1 m
room with a single sprinkler. The fire scenario selected, as discussed previously,
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corner

living

performance. As expected, performance
improved as sensitivity increased (RTI
decreased). However, flashover was avoided,
and the fire was adequately controlled in
all tests (including one in which a sprinkler lodgement occurred).
on

’

Figure 10. Schematic of Living
(Dimensions in Meters.)

Room

Furnishings.

of the burning characteristics of the scenario are discussed in References 20, 21
and 22. The maximum heat release rate of
the chair is 1.5 MW and the growth time
to 1 MW is 100 s, assuming second power
growth in time. Tests under a fire product
collector have shown that involvement of
the paneling behind the chair leads to a
heat release rate of 3.5 MW approximately
100 s after the curtains become involved
in the fire.
Five fire tests were conducted with pendent sprinklers in the 6.1 m x 6.1 m room.
In each test, the water flow to the sprinkler in the room was 151 e per min, giving
a calculated average density over the floor
area of 4.1 e per min/m2 (mm/min). (Factory Mutual Engineering and Research Data
Sheets require 4.1 e per min/m2 over an
area of 139 m2 in occupancies typical of
light hazard scenarios.) The measured local
applied density in the area of the chair
was typically 0.7 e per min/m2. Wall wetting in the chair area was to a height of
0.91 m.
of different thermal sensitiviused in the five fire tests to
investigate the effect of sprinkler response

Sprinklers
ties

were

The critical fire test in the series was one
in which an EC sprinkler was installed
with its frame arms directed towards the
ignition location. In this test, fire control
was deemed to be marginal in that charring occurred in the wooden joists supporting the combustible paneling. The
thermal sensitivity parameters, RTI, C,
and sprinkler operating temperature (based
on the plunge test procedures developed
here for determining the effect of frame
arm orientation) were 185 (m-s)1~2, 1.02
(m/s)1~2, and 68.3° C, respectively. The RTI
is somewhat higher than would be allowed
under the response requirements previously discussed; see Table 6. Thus, the
marginal performance in the test indicates
that the response requirements are appropriate. Figure 11 shows the gas temperature 76 mm below the ceiling and ceiling
surface temperature over ignition. Note
that the sprinkler actuated 71 s after involvement of the curtains (as indicated by
the gas temperature peak at about 2 min).
Thus, sprinkler actuation occurred prior
to full involvement of the combustible panel
behind the chair. Although rekindling occurred

Figure 11. Gas Temperature (0.8m below ceiling) and Ceiling Surface Temperature over Ignition in 6.1 m x 6.1 m Living
Room Fire Test with EC Sprinkler in Worst-Case Orientation.
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after initial suppression of the fire,
trol was maintained.

con-

In another fire test using the same EC
pendent sprinkler, the frame arms were
perpendicular to the north wall (see Figure

10), providing

a

thermal sensitivity

intermediate to the standard orientation
(RTI 105 (m-s)1~2) and the worst-case RTI
(185 (m-s)1~z). As a result, performance
was improved, as shown in Figure 12. The
RTI of the EC sprinkler in this test is
expected to be very near the requirements
of Table 6. Therefore, the performance of
EC sprinklers (pendent or sidewall) meeting the applicable response requirements
of either Table 6 or 7 is expected to be
acceptable with local application densities of 0.7 ~ per min/m2 and wall wetting
to a height of 0.91 m. Figure 13 shows the
result of a fire test using the QR-EC sprinkler with the frame arms oriented towards
ignition. Using the same water supply as
in the previous tests, improved performance
was obtained due to faster response. The
worst-case orientation RTI was 83 (m-s )1/2.

Table 7. The flow to the sprinkler was 166
e per min, giving a calculated density over
the floor area of 4.7 Q per min/m2. The
higher density relative to the pendent sprinklers
was necessary to provide wall wetting to
a height of 0.91 m on the back wall. The
local applied density in the chair area was
2.4 ~ per min/m2 and the fire was suppressed.

Water Flow and Distribution

Requirements
Because the

objective of the program was
provide approval and installation requirements for EC and QR-EC sprinklers
which could be used interchangeably within
each category (EC or QR-EC) in rooms as
large as 6.1 m x 6.1 m, for pendents, and
4.9 m x 7.3 m, for sidewall sprinklers, the
water distribution and wall wetting characteristics of EC pendent and sidewall
sprinklers were investigated for a variety
to

A

single fire test was conducted with a
QR-EC sidewall sprinkler in a room 4.9 m
(W) x 7.3 m (L). The RTI, C, and bath temperature were 28 (m-s)1~2, 0.54 (m/s)1~2, and
72.2° C, respectively. This is more sensitive than required for QR-EC sidewalls in

sizes (4.9 m x 4.9 m to 4.9 m x 7.3
and 4.9 m x 4.9 m to 6.1 m x 6.1 m).
Water distribution data indicated that for
a calculated average density of 4.1 e per
min/m2 for pendent sprinklers, and 5 ~ per
min/m2 for large orifice sidewall sprinklers, wall wetting could be obtained to a
height of at least 0.91 m. In addition, acceptable
average measured densities could be obtained (1.6 e per min/m2 with not more
than one 0.5 m2 area in the room having a

Figure 12. Gas Temperature (0.8 m below ceiling) and
Ceiling Surface Temperature Over Ignition in 6.1 m x 6.1 m
Living Room Fire Test with EC Sprinkler About 45° from

Figure 13. Gas Temperature (0.8 m below ceiling) and
Ceiling Surface Temperature Over Ignition in 6.1 m x 6.1 m
Living Room Fire Test with QR-EC Pendent Sprinkler in

Standard Orientation.

Worst-Case Orientation.

of

room

m
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density less than 0.6 ~

per min/m2 and

be installed on ceilings no greater than 3.05
m in height. This is a modest extrapolation
from the testing in the current program.

no

0.5 m2 area dry). At lower flow rates, the
wall wetting and/or the density distributions were found to be deficient. These
results were found for pendent sprinklers
with their deflectors no lower than 0.10 m
below the ceiling, and for sidewall sprinklers installed with their deflectors between 0.10 m and 0.30 m below the ceiling.
FMRC approval requires that the above
minimum water densities and wall wetting to a height of 0.91 m be obtained at
a 4.1 ~ per min/m2 density for pendents in
three different room sizes (4.9 m x 4.9 m,
5.5 m x 5.5 m, and 6.1 m x 6.1 m). The same
density and wall wetting requirements are
to be met by large orifice sidewall sprinklers in 4.9 m x 4.9 m, 4.9 m x 5.5 m, 4.9
m x 6.1 m, 4.9 m x 6.7 m, and 4.9 x 7.3 m;
however, water flow is designated through
end pressure rather than density (nominally 5 ~ per min/m2). Standard orifice sidewall
sprinklers are restricted to rooms no larger
than 4.9 m x 6.1 m due to the pressure
requirements at the larger room sizes being
impractical. For example, in a room 4.9 m
x 7.3 m, the required end pressure would
be 336 kPa. The nominal density is 4 E per
min/m2 due to the decreased difficulty in
wetting the far wall. Under these requirements, FMRC has now approved EC and
QR-EC pendent and sidewall sprinklers.

Fire testing with sidewall sprinklers24
indicates that the actuation pattern may
be more complex for EC sidewalls than EC
pendents or uprights, particularly in rooms
with irregular geometries and partitions.
Given the lack of data justifying the use of
EC sidewall sprinklers in unconfined areas, sidewall EC and QR-EC sprinklers
are to be limited to compartments no greater
than 150 m2. The water supply must be
sufficient for the room which creates the
largest demand. The 150 m2 maximum
compartment size assures that excessive
sprinkler actuation does not occur while
requiring a water supply comparable to
that for standard sprinklers in light hazard occupancies. For sidewall EC and QREC sprinklers, minimum operating pressure requirements are based on end head
pressures which have been determined to
give calculated nominal densities of 5 e
per min/m2 for large orifice sprinklers and
4 ~ per min/m2 for standard orifice sprinklers.
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Installation Requirements
Fire testing in this program was limited to
rooms with a smooth ceiling height of 2.44
m protected by a single sprinkler. How-

testing23 with FMRC approved
extended coverage ordinary hazard (ECOH)
pendent sprinklers indicates that extended
coverage pendent and upright sprinklers
can be used in open areas provided that a
water supply is provided for the most remote nine sprinklers, or all the sprinklers
in the largest compartment, whichever is
less. The density for the most remote sprinkler
in light hazard occupancies is 4.1 e per
min/m2. Because of the fire testing limitations, extended coverage pendent or upright
sprinklers approved for light hazard should
ever, fire
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