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Abstract

Keywords: water automatic fire extinguishing equipment, performance

test, waterway connection type, compartment division type

1 ~ Research origins :

Taiwan’s land is narrow and densely populated. In order to increase
the living or available space for the people, its architectural style has been
greatly changed compared with the previous building styles. Fire
accidents occur from time to time in places with small layout space. (for
example: long-term care institutions, medical institutions, residences,
hotels, etc.) If you want to add a water automatic fire extinguishing
system to the area of the compartment, it is necessary to use small water
or simple system equipment to achieve a balance between the design side
and the economic side. However, whether the small water automatic
sprinkler equipment (waterway connection type, community zone type
automatic sprinkler equipment) can still sprinkle water as expected and
meet the requirements of the nominal water discharge and fire
extinguishing efficiency while its discharge volume is lower than the
general automatic sprinkler head. It is also an important issue that needs

to be carefully evaluated during the setup process.

According to Article 46 of the "Standards for Fire Safety Equipment
Installation in Various Places" amended on October 17, 107 in Taiwan, it
i1s mentioned that the establishment of community-type sprinklers can be
used in Article 12, paragraph 1, item 3, item 6, and paragraph 2. Items 7
and Item 5, Item 1 and other places, rooms, wards, and other similar
places, it is obvious that there are a lot of construction sites that can be set
up with "compartment type automatic sprinkler equipment”, and

"Waterway-linked automatic sprinkler equipment installation standards"
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It is stipulated that the discharge amount of the sprinkler head should be
more than 30L/min, so the research team also included the channel-linked

sprinkler head into the scope of the small water sprinkler head.

The methods to prevent the spread of fire can be generally divided
into three methods: "extinguishing", "delayed", and "local control".
Extinguishing means using fire extinguishing equipment to extinguish or
suppress the fire at the initial stage. Among them, water extinguishing
systems are the most common [1]. Generally, local fires in buildings
usually only activate one or several sprinklers of adjacent fire sources to
suppress the fire. Therefore, the performance parameters such as the
setting distance, distribution and sprinkling amount of sprinklers should

be thoroughly considered for their complementary effects.

The water fire extinguishing system is an economical and reliable
fire extinguishing equipment. It has been developed for more than 200
years since Colonel Willian Congreve (1812) in the United Kingdom. The
fire field plays an important role and its installation cost is lower than
other fixed fire extinguishing systems [2]. According to the "Closed
Sprinkler Approval Standard Amendment Regulations", my country's
closed sprinklers only carry out tests including strength, action tests and
sprinkler distribution. Compared with the sprinkler test projects in Taiwan
or the United States, it lacks the ability to evaluate fire-fighting
effectiveness or performance. Test items for actual use performance
evaluation. Based on the current situation in our country, if only the
strength, action test and sprinkler distribution test are conducted for the
sprinkler, it may not be possible to ensure that the sprinkler has sufficient

fire extinguishing effect.

In order to clarify the fire extinguishing effect of small water fire

extinguishing equipment and achieve quantitative results, this research
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will refer to the test conditions, procedures and test standards of [ISO
6182-10 Fire protection Automatic sprinkler systems Part 10:
Requirements and test methods for domestic sprinklers] . Use the existing
commercially available waterway-linked sprinklers and compartment
type sprinklers as the test objects to test, determine the effect of the
sprinkler before and after discharge under the standard test space and
specified conditions, and target the test environment, equipment, and test

technology. Matters should be noted for compilation.

The experimental results can be used as a reference for the
subsequent establishment of a small water sprinkler fire extinguishing
efficiency standard test method in our country, and can allow fire-fighting
equipment engineers to know more clearly whether the installed sprinkler
fire extinguishing performance meets the fire extinguishing needs, or
fine-tune the sprinkler density. The potential demand for installation can
also be used as a place for installing small water automatic sprinkler
equipment (for example: hotels, low-rise residential spaces, small nursing
institutions, small hospital spaces, low-rise small commercial spaces) and
other building owners who want to strengthen the fire protection of
buildings. It is an important reference index for the safe and autonomous

addition of small water automatic sprinkler equipment.

2 ~ Research method and process :

The test items specified in my country's "Closed Sprinkler Approval
Standard Amendment Regulations" include leakage resistance, ambient
temperature, impact, assembly load, permanent deformation of the frame,
the strength of fusible components, the strength of the glass ball, the
strength of the release mechanism, and the vibration, water hammer,

corrosion, motion, sensitivity, hot air flow induction, water discharge...
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etc. The biggest difference from other countries' sprinkler head test
projects is that my country and Japan only conduct sprinkler distribution
tests, while the United States and China also conduct combustion tests on
sprinkler heads in addition to sprinkler distribution tests. The combustion
test 1s mainly to verify the fire extinguishing effect of different sprinklers
under the same combustion. The research team will refer to the relevant
specifications and standards of foreign sprinkler combustion tests,
conduct literature collection and comparative analysis, and provide a

reference basis for setting relevant test standards in the future.

In terms of the implementation of the plan, this year will be divided
into three parts for research. First, the first part is the collection and
comparison of evaluation, test specifications and standards for the fire
extinguishing effectiveness of domestic sprinklers used in foreign
accommodations; the second part is the establishment of our country
waterway-linked sprinklers and community zone-type sprinklers fire
extinguishing efficiency test planning and test method evaluation, and in
the Yunlin University of Science and Technology experimental site
reference foreign standards for the combustion test experimental design,
using existing commercially available waterway-linked sprinklers and
residential zone-type sprinklers are used as the subject to test fire
extinguishing performance; the third part puts forward the
recommendations and references of standard evaluation and test methods
for waterway-linked sprinklers and zone-type sprinklers for fire

extinguishing performance.

3 ~ Important findings -

1. Based on the current situation in our country, if only the strength,

action test and water distribution test are conducted for the

XX
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sprinkler, it may not be able to ensure that the sprinkler has
sufficient fire extinguishing effect, especially for the small water
sprinkler with a discharge volume of less than 80 liters/min (for
example: Waterway connection type sprinklers, community zone
type sprinklers), whether it meets the nominal fire extinguishing
efficiency is even more difficult to intuitively judge. In this study,
four small-volume sprinklers were used for testing. Based on the
research results, the fire-fighting efficiency standard test method
and evaluation benchmark recommendations for waterway-linked
sprinklers and community-type sprinklers in my country are

proposed.

According to the [ISO6182-10] standards for evaluating the
effectiveness  of  fire-fighting  sprinklers in  foreign
accommo-dations, the content of the combustion test was
compiled and a test space meeting the test requirements was set
up for the test. Based on the experimental results of this research,

the results are summarized as follows:

(1) The combustion test process is similar to the real fire
situation. The test process is to use the burning wood pile as
the fire load; the hot smoke generated by the combustion
stimulates the sprinkler head to actuate the sprinkler. Based
on the above-mentioned test principles, how to control the
thermal heating curve from the ignition of the fire source at
the beginning of the test to the start of the sprinkler is
particularly important. Collecting the results of a total of
eight experiments in this study, it is found that the thermal
ramp rate of one minute at the beginning of the experiment is

between 0.8 and 1.0 (°C/sec), which can indirectly indicate
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that the initial combustion phenomenon of the experiment in
this study is stable and conforms to the reproduction of the

experiment. Sexual requirements.

(2) In this study, four sprinklers were used and the two tests were
carried out separately. After collecting the results of the eight
experiments, it was found that the results of the eight
experiments all met the requirements of ISO6182-10 for the
test temperature limit. Simultaneously analyzing the start-up
time of the sprinklers in each experiment, it is found that the
nominal operating temperature of the first three sprinklers is
72°C, and the comparison experiment results show that the
start-up time of the three sprinklers falls between 1 minute 15
seconds and 1 minute 32 seconds; and The nominal operating
temperature of the fourth sprinkler (VK430) is 68°C, and the
start-up time of the sprinkler is between 1 minute and 07
seconds to 1 minute and 12 seconds, and its start-up time is
faster than the 72°C sprinkler. This phenomenon is in line

with the actual situation.

(3) Collecting the above-mentioned experimental results, this
study puts forward the experimental methods and evaluation
criteria for the fire-fighting effectiveness of small water such
as waterway-connected sprinklers and community-type

sprinklers in our country.

4 ~ Main recommendations :

Suggestion 1:

Immediately feasible proposal: establish a test method for sprinkler fire

extinguishing performance.
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Organizers: Fire Department, Ministry of Internal Affairs, Bureau of
Standards, Inspection and Quarantine, Ministry of Economic Affairs

Co-organizer: Institute of Architecture, Ministry of Interior

In this study, literature analysis was conducted on the [ISO6182-10]
sprinkler combustion test specification and combustion test content. At
the same time, a test space meeting the test specifications was established
with reference to the specification, and a small water sprinkler was
selected for several full-scale experiments. It is suggested that follow-up
research institutions can refer to the results of this research and the
precautions of the test process as a reference for the future establishment

of sprinkler fire extinguishing performance tests in my country.

Suggestion 2

Immediately feasible suggestions: Incorporate different sprinkling
radius, discharge amount, and type of sprinkler head into the combustion
test plan and optimize the test process from it
Organizer: Institute of Architecture, Ministry of Interior
Co-organizer: Fire Safety Center Foundation, Taiwan Fire Technology
Foundation

This research mainly uses a small-volume and downward-type
sprinkler as the test object. However, there are still several sprinklers with
different types, water discharge amounts, and sprinkler radii. All are
included in the test plan, and the test process is modified or supplemented
from the test results. It is suggested that follow-up studies may prioritize
the inclusion of sprinkler heads with different sprinkling radius and

discharge amount into the experimental plan.
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Guard shock test

30-Day Leakage test
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— PR E R E(6.18 iF)
pE

sprinklers shall meet the following requirements :

Maximum temperature for 76 mm below the ceiling shall
not exceed 315°C.

Maximum temperature for 1.6 m above the floor shall not
exceed 93°C.

Temperature at the location shall not exceed 54°C for
more than any continuous 2-min period.

Maximum ceiling material temperature for 6.0 mm
behind the finished ceiling surface shall not exceed
260°C.

FOREE R & T oliEid

1. [FFH#%4-52 =% JE3EX S T3 76mm Ao
BB RE 7+ F4218 315°C -
[ P15 42 =% )iE3s & 1.6mAs B384 7
{F421F 93°C -
[ FiE8 42 =% JiE3 & 1.6m Au iR B 7+ (F3F
oA > B 54°C o

[P 128 ] = 4 R 6.0mm o 241 B
B R R H FA21E 260°C -

(FH KRR 277 )
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POk R BB HORR K L RORTE L R %R AR

VRS U o & (7182 15 ~ 7.18.4 15 ~ 7.18.20 i)

r %

The test room dimensions shall be the sprinkler coverage
width by twice the sprinkler coverage length. The room shall
have a 2.4m high ceiling. The test room shall have provisions
for ventilation through two door openings on opposite test
room walls. Each opening shall be 2.2 m high.

FHRIPETIHIFRETRALA BHOREL A 3%
ZERE AL 24me PR S ®fF KT
B 5 2.2m) -

Ah (A

B2

FIARBCORGFrAR Y RERRSREL R TS HOGR
RAEH T 2BREATTRZEHRIT 2f S HOkE R
BRMCREHRAEE Capdgr > 3R R P LY
a8 FHRIFFR L 24m e

(FR &k 2mg L)
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LRI R £ K (7.18.8 5 ~ 7.18.9 i)
M %

Fod rpaiasy

The wood crib is to weigh 2.5 to 3.2 kg and is to be
dimensioned 305mmXx305mmX152mm high. The crib is to
consist of four alternate layers of four trade size
38.1mmxX38.1mm kiln-dried spruce or fir lumber 305 mm
long. The alternate layers of the lumber are to be placed at
right angles to the adjacent layers. The individual wood
members in each layer are to be evenly spaced along the
length of the previous layer of wood members and stapled.
The wood crib is to be placed on top of a nominal
300mmXx200mm X 100mm high,6 mm thick, steel test pan
positioned on the floor in a corner of the test enclosure. The
wood crib is to be positioned Smm from each wall.

(F

AHBER G 25kg T 32kgo <4 3 305mmx305mm
x152mm o hdd w g AT LI R e KD
FI#* 4432+ 5 38.1mmx38.1mm > & & 305mm A (2

P)re s o B g iR 2O IR E -

A AN 4 5 300 mmx300 mmx100mm 5 & B 4
omm g P X R NRRT A B G Y B LG

FE 50mm -

Hkih: 2= g KR
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PR E R BRORK A ZHORFFR VAR RE AT

e~ LRARGI(e KR R e ) (7.18.10 #F ~ 7.18.11 i¥)

r %
The simulated furniture is to consist of two 76 mm thick
uncovered pure polypropylene oxide polyol, polyether foam
cushions having a density of 27.2 kg/m’ to 30.4 kg/m’ 7
measuring 810mmXx760 mm. Each foam cushion is to be iR
glued to a 840X790mmx12.7 mm thick plywood backing.
The foam pad is glued to the plywood backing leaving a 12.7 ¢ =1+ 810x760(mm) e
mm space on both sides and a 25 mm space along the bottom. %R 1 27.2~30.4( kg/m’) -
The foam and plywood backing assembly is to be placed in a
steel frame to provide support for holding each assembly in BEFARR
the vertical orientation.The entire fire test package is to be
placed on top of a nomainal 6 mm thick cement board
sheathing or equivalent noncombustible sheathing material
having dimensions of 1.2mX1.2m). For each test, new or
dried sheathing shall be used.

WoBtih @ d @ 5 76mm e RIRF (%% 5 M o R
A i% % (polyether foam cushions)% & % 27.2 kg/m’~ 30.4
kg/m® 5 = <t 4 810mmX760mm o #-;¢ ;k Ak & 840mm
X790mmx12.7mm %% & 45 + ¥ ‘ff R i3 25mm ¢k o A
PR F 12.7mme @ 2 S} & HROTmE o F kX &
I A s T L T S
12mx1.2m > B A 5 6.0mm ki 45 8 3 7 %l b o &
OPIRERE Y i AT FOE PES o

& <1 1 840x790%12.7(mm) °

(FHR kR A F ER)
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BOKEALI(7.18.12 15 ~ 7.18.13 %)
pE

FoR rppatraEy

Three sprinklers are to be installed in the test room for each
fire test. Two are to be installed at their maximum length and
width coverage dimensions, and the third is to be installed
near the doorway farthest from the fire.The third sprinkler in
near the door shall have the same heat-responsive element and
temperature rating as the other sprinklers within the room. For
pendent sprinklers, the third sprinkler is to be located 51 mm
below the ceiling. Sprinklers are to be installed in pipe fittings
having a 25 mm inlet and an outlet the same size as the
sprinkler inlet, and are to be supplied with water through 25
mm piping.

F R R KRR o5 B ELREE AT
RETARDEFERPF > %2 B ARV RER O 0
oo B MHORFE RS E B RORFE & Y AP AR 2R
PR o FORFBRE XIS T S Slmm e Eok g F
JE0 % 25mm °
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POk R BB HORR & L RORTE L R R AR

(FH KR hm g )
SR BRAT AR R PR 2 (7.18.9 0% ~ 7.18.11 i ~ 7.18.6 iF ~ 7.18.15 i% ~ 7.18.17 % ~ 7.18.19 i¥)

M % M %
After the wood crib is assembled, it is to be conditioned at a The test room is to have an ambient air temperature of (27 £3)°C
temperature of (104+5)°C for not less than 24 h or more than measured at the thermocouple located 76 mm below the ceiling. All
72 h. Following the conditioning, the crib is to be placed in a water from previous testing shall be removed such that there is no
plastic bag and stored at room temperature for at least 4 h visible water on the floor, ceiling, or walls. The wood crib shall be
before being used in a test.The foam cushion and plywood ignited a pan of heptane and the simulated furniture is to be ignited
backing assembly shall be conditioned at 21°C+2.8°C and with two 150mm long by 6.4mm diameter cotton wicks soaked in
(50 +£10)% relative humidity for at least 24 h prior to test. . | heptane. The fire test shall be conducted for 30 minutes after the
ignition of the wood crib, unless after 10 minutes, all the
combustibles are extinguished or only the wood crib is sustaining
combustion at which point the test shall be terminated.

AT A iR B 104+5°C GIk B¢ o 3 M3 24 ] pF L RRREZ R R T 2 76 mm Al BB S 2743°C -

2 F T2 pPE COFERRE PR RS U G o RECRF AT

BT AT YR, TR ANFT R T N4 o CORBIEF RRL 2510 5 B R B R A 4R E A R
PR R afﬁ, Bz il 2142.8°C ~ Ap ¥R (&R S 150mm > EE 5 6.4mm)51 %t o

B 50£10% 3k B 1 5 24 /] BF o Mo s 30 A4 mE Ll 10 A4 0 g T

#%ﬁ@*ii%mﬁﬁﬁ%% PR BT S .
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