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Abstract

According to the " Foam Head Approval Standards ; announced by the MINSTRY OF
THE INTERIOR,R.O.C in 2003, more than 21 years have passed. However, it is common
that during the final site acceptance tests, the foam Expansion value or the 25% drain time
fails to meet the required standards. The primary reason for these failures lies in the
compatibility between the Foam Head and the Foam Concentrate. Additionally, there are
currently no established testing standards for Foam Concentrate in the country.

This study selected four Foam Heads that have been approved by inspection authorities
and four types of Foam Concentrates announced by the National Fire Agency, Ministry Of
The Interior on January 1, 2023, which do not contain Perfluorooctanesulfonic acid
(PFOS) Lithium perfluorooctane sulfonate (LPOS)Perfluorooctane sulfonyl fluoride(POSF)
and Perfluorooctanoic acid (PFOA). These were used to conduct experiments ' Foam
Expansion value |, '25%draintime ,and ' Fire extinguishing ; performance.

The research found that when Foam Heads were paired with Foam Concentrates for the

F25% drain time ; experiment, there were instances where the 25% drain time did not
exceed 60 seconds, and the " Fire extinguishing ; could not be completed within 60 seconds.
This highlights the critical importance of compatibility between Foam Head and Foam
concentrates."

In light of the National Fire Agency, Ministry Of The Interior announcement that the
four types of Foam Concentrates do not contain four specific fluorinated compounds, all fire
extinguishing experiments conducted with these four types of Foam Concentrates paired with
four models of Foam Head successfully extinguished fires. If the Foam Heads are matched
with compatible Foam Concentrates, their fire extinguishing efficacy is enhanced and also
meets the requirements of the " Foam Head Approval Standards ; .

The study also identified the following trends " Lower pressure — Higher Foam
Expansion value — Faster 25% drain time 5 * " Higher pressure — Lower Foam Expansion
value — Slower 25% drain time 4~ " Slower 25% drain time — Faster Fire Extinguishing
times and T Faster 25% drain time — Slower Fire Extinguishing time g .

Therefore, this study recommends that when certifying Foam Head, the corresponding
Foam Concentrate used in pairing should also be submitted. Once tested and approved, this
information should be noted on the certification document. Additionally, it is recommended
that domestic standards for testing Foam Concentrates be established for certification
purposes.

Key words: Indoor Parking Garage * Foam Fire Suppression System > Foam Head »
Foam Concentrate > Fire Extinguishing Efficient
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AT

RIANEERFE SR IARRAYE AR RE 72

i B IR 4 1 AN SR T # e bk (PFOS) 4

F 2 E el e (LPOS) o~ T & hemlE (T —)&(POSF) 5 2 T &
FE(PFOA) g 55 4 THZ I K EEF] » B2 FHIAE (A15R 3) /K BB IR R IR i B A%

—HES
= 3 KRR IGIRIE—E

R FH Z A T

o *ﬁiﬂﬁ KRR | AR | AR
EE B 3% 3% 3% 3%
AR L F A i) il i3l il

hE 1.002 1.002 1.004 1.004

PH & 8.12 7.41 8.79 8.77

- AR . . .

L 0°C=100cst 2~6¢st(20°C) | <10cst(20°C) | <10cst(20°C)

(BRICE © AR RIE)
2. YEIRIEEH

AT

i B RN 4 FRUIREEE - FRISNBERZ AL T

P EH A R a R sk bR o SRR ARG - BRERRS (A0ER 4)— K -
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R

ZEERWE\BE N

=4 HAEER AR —E
B e A B C D
5 FH JBR 7 i [
2.5~6.0 2.5~6.0 2.5~6.0 2.5~6.0
(kgf/cm?)
T i ]
_ 35~54 35~54 35~54 35~54
(L/min)
L EEEEE (m) 2~5 2~6 2~6 1.5~8.0
215 (mm) 40.8+0.5 42 3+1 4642 53+1.5
= /Q{
BT 47+0.5 57.5+1 55.542 34+1.5
(mm)
CEIS| 16 14 16 16
(ERHE AR EE)
L EHEpRas i

1. BERREEEAEIE 5)



AR AR IA R AR A EET R

&5 EaRafERg—E

BN ERI
B RO ERAR

EA1-001

R : T&D

HUBE : TR-72Ui

fEF%IE : 10°C~40°C
40%~100%

FENTRE : 0.1°C > 1%

FC0-901

=

WhER © CASIO
UBE : fx-350Ms
TR « 8 Bl |-

|

K b

TTBRS2 7k 8
BHEPTER)

EC0-096

R = o

HUBE : 80DL50-25X7

XPEFAE © 0-10000 LPM
0-50 kgf

PR

ED1-019

ED1-020

k% © UKB

AUG% : UKB-15
xRk © 0~15kg
fig At B+ 0.001 kg

isEas

EA1-003

EA3-002

JiZh# © CASIO

HUBE : HS-80TW ~ HS-80TW-1
APERS ¢ 0~9:59°5999sec
fE Bt &t 0.01s
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" e
6 | EESjfEEEE EA1-024 | Fgh# © WIKA
AU5E 1 S-20
AIEFRRE © 0~40 kgf/cm?
FENTHEE : 0.001kgf/cm?
7| gt | ANV ECO-081 | 4H : URUETEAA A
25%: IR ] HUBE © N/A
BRI U PSRRI PRI
HEHE
8 | WKEABEEY EC0-081 | 41 : VPRI SRR i
B RUGR © N/A
o ISR < A TR R
HERE
9 RETE EC0-081 | M : YUIRIEHHAA BRI
A% 1 N/A
o PR SR = 75 IR R
HEHE
10 | HEEF b ECO-039 | %71 : HEHER Lk
B RUGR © N/A
o P s = kKRR
(BRI © AR
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ERSEARKAR RS 25% 1EFT <R o (RIERPAE /K Z IR FrRE T il
IRZTRENTE - L NYIREE » HITE 25%35 i R ] (R DA B i iR

FiTHZ ARHETT - ARG R IR B0 R DY 00 BRI 1S Fr SRk s
W 25% (BALme) - Ryl R B bR AT RERsH - ST R A B
L MHERE L L EEEERRARKSROREIRE 25% ZFTRRkRiHE - K5

IR 25%:2 R IR 60 sec LA L » JIRFGHUEM

10 : 25%;3 5 HF
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(2) R TER Bt RIE BHZ S 2 5 3R - -
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(5) BEREIRHE/KE HEAR -

(6) FEEISIRET (kegf/om?) ERrs HFT 2 BE ST £~ TIRMA -
(7) ARG SR SR B T PRI B A7 Y 0.8m~1.2m HEEIA -
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= A I MHIBAJEEER < Ik -

(11) FHRERMERER L A RERRKERER R 25% KR Z ATl
fi] o
(REIIAREA R IR E By 160g 1 g #A5 1m/ > 25% BREEF 160+4=
40(m¢) » HEHIE 58 40m AT TERERT - DU @ HAERE

(12) ‘BREIFERE 25%HHF - (5 1R -

(13) FOERHEARER

5. BERER : BUKENE 11)

PHPREH S E N BEE B ST MRER (SEZEHREE N

PREER AgE RIETE il PR ) » IR K SEFIRE A S R A N IR M(E

ZIRIKESE » TREGK 1 3% - DORPRIEEEE R T N IRERC 1 478
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(3) AE SR B HREEL MR E -
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(6) R ATERERELE T 7 E— s R
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(10) CIHTREIE 1 /8 G e -
(11) FCFRHELAGE -



R A RAFRAYE A EER 72

e
&S

JEIAN

P9~ BRI H R (A1 6)

7 6 BRIAH KRR

wooxX | W

R I 5O b & W DS 5 Ee

®WooxX w3

FE S HO G RN e HE ED

woxX e W

R AR O & W e R B

wooxX o @

RS HO b W e HE O

wooxX W

R HO i B U IS HE T

wooxX B W

RS OB B W DS HE S

®HoOoX

R I HO i & W oS EE §S

wooxX o @

R JE) HO i &)W 0k HE B

EoOX W @

A I HO i &YW W HE 8D

B X W 8@

B I Ho b &N e HE §0

BEOX | @&

M I HO B &N I HR ES

EOX o @

R0 Ho b E N DS HE BT

woxX B @

I HO i & W e iR B

BooxX B @

RS HO b &N DS iR B

oo 3

I HO B & W DS EE B

BooxX B

R I HO i &)W s iR B

141



— ~ EEERT R BRI R 25%38 SR ~ BRI D)

1. AL EEEHED A ~ B~ C ~ D DUFRVH RS BEEf T2 53R B 25%38 5
FFTatEs - ElaiE RNz 7 ¢

< 7 RFRIEEC ABCD 588 38 /BfERER 25%: 2 [RASfE B EafiR

e Py BRER|BRRBR| BA [FRI R FREL ek e o |2OWF K| BARR | 208 | 208 R
: C) €)) (m/sec) m) | (kgf/em®)| # £ () "Tlart@| (sec) 55 P (sec)
25 123 81 30 89.5 3.0 902

S A 264 | 70 0 22 126 79 31 909
6.0 149 6.7 37| 1536 66| 1581

153 6.5 38| 162.6
25 113 8.8 28 56.3 38 559

& B 283 67 0 22 112 89 28 555
6.0 185 54 46| 1200 57| 1185

165 6.0 41] 1171
25 112 8.9 28| 117.7 89| 1208

& C 267 | 69 0 22 110 9.0 27| 1240
6.0 131 76 32| 1735 74| 1808

136 73 34| 1882
25 108 9.2 27 95.2 95| 1010

@ D 271 69 0 17 102 9.8 25| 106.9
6.0 129 77 32| 1683 771 1671

128 7.8 32| 1659

(BRICE © AR RIR)
2. AWFFRLLZIFHRIEHED A ~ B ~ C ~ D DUFRVH RS BE T T 2 53R Ed 25%58 5
FfEtEs - BRI 8 ¢

7 8 ZJFMRHEHEC ABCD NEEA 38 /B S RER 25% = FRRfE B Euft R

T r Ty Iih‘i-}ﬁ?i HRBRE| RE (RBEFR éf“ﬁﬁr'ﬁz -;’.e;‘ﬁ'};;fg i ?59.654?;‘%1\' & R pE R iuaxe T8 R
(G} G | (m/sec) [ (m) |(kgf/em) | * £ (g) At (@] (sec) a% @ E(sec)
25 120 8.3 30 737 o .
zZ A 314 | 68 0 22 117 8.5 29 66.8
' ' 0 48| 67| 37| 1245] [
) 147 6.8 36| 119.7 ) :
25 116 8.6 29 523 g S0
89 11.2 22| 488
& B 31.2 68 0 2.2
6.0 143 6.9 35 79.7 0 46
) 193 5.1 48 69.6 ) :
25 108 9.2 27 88.8 - -~
115 8.6 28 88.0
z @ 311 | 69 0 22
6.0 138 7.2 34| 1186 22l e
) 136 73 34| 1397 : :
25 106 9.4 26| 742 5 e
106 9.4 26| 744
z D 311 | 69 0 17
6.0 127 7.8 31| 1253 el s
) 126 7.9 31| 1147 ’ :

(BHKR © KR EE)
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AR AR IA R AR A EET R

3. AWFFELIANERIER A ~ B ~ C ~ D PUREIRIRIE B TRIE AT REL 25%:8
IR FIRAE - BB RN 9
7< 9 AERIZAC ABCD 858,235 /{5 REH 25% 2[RRI BERHE R
& e |BREARBBA| R [WkAA[FRBI ekl | L, [25%E kK| BREE | o | TR
J it % BL(f B FRBL o %) | (m/sec) m | (kgf/cnd)| i i(g? CRLACE Birt (g (Zec) =% g (sec)
116 8.6 29| 819
A | A |273| 82 | o | 22 2 121] 82| 30| 783| o4 801
. . 6.0 160| 62 20| 1312 | 1335
' 163 6.1 40| 1359 ] :
124 8.0 31 623
A B | 275 | 80 0o | 22 20 121 82 0] ssz| | 692
V ' 6.0 193 51 48] 915 s3] 906
' 178 5.6 44| 897 g !
108 9.2 27 91.8
4] C | 275 | 80 0 22 > 119 8.4 9 907 88| 912
. ' 6.0 118 84 29[ 1391 0| 1365
' 130 7.6 32| 1339 j -
115 8.6 28] 807
[ D | 277 | 79 0 17 > 116 8.6 91 801 86| 804
. ‘ 6.0 146 6.8 36| 136.9 67| 1354
‘ 150 6.6 37] 1340 ) :
(BHAIR © AR EE)
4. ARWFELUT JRIIERD A~ B~ C~ D PUFE RS, TR 53R 25%38 7

RefelRE - B

BEEE IR 10 -
#< 10 T RIRIZEC ABCD IE5R, 23808

TRE] 25% = [ARFE EERAE R

g [PARARABR| RE RRBR|EREL ekis | |05 k| BREE | S0 | 2R
T T © ) | /sec) | () |(kgf/en®) | # £ () T Bart(@| (seo) B3 PR (sec)
13| 88 28| 944
2' . .
T A | 2730 62 | o | 22 > 110] 9.0 27| 1026 29| %83
‘ ' - 132] 75 3] 15271 5| 1268
' 28] 78 32| 1403 ' :
. 109 o1 271 5931 oo ol
T B 278 61 0 29 97 10.3 24 63.9
‘ ' -~ 157] 63 39] 10161 55| 10as
) 108 9.2 27| 1074 ) ’
25 13, 88 8L 4 g6| 1015
T c | 283 | 60 0 22 117 8.5 29| 1076
‘ ' -~ i oo 27] 1405] .| 13,
) 163 6.1 40| 1217 ) :
T L R
’ e B R . 16| 86 291 1381] .| 1385
: 120 83 30| 1390 ' :

(BHKR © KR EE)
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5. ARWFFELLHREREEES A ~ B~ C » D VUEIRETEE TRk GRS - EESER
k11
% 11 BEVRIER ABCD IEI82 R NS BEL R
@ & g7 BBER | REER b ik REF R | BB | RAERF
TR iy | R C) %) (m/sec) m)  |(kgf/cm®)| (sec)
=2 A 28.6 74 0 2.0 2.5 48
=2 B 29.5 64 0 2.0 2.5 41
=2 C 32.3 6l 0 2.0 2.5 54
=2 D 333 59 0 15 2.5 47
(BRIZIR © AR EEIE)
6. AWFELIZJFIRIERC A > B~ C ~ D VYRRV IRIETEES T KRB - BB RE R
12 ¢
% 12 ZERIARR ABCD B352SR BEG LR
o 57 ik BFBER | RBERE B i# BB R | RS | RAER
T s LT (C) %) (m/sec) (m) |(kgf/cm®)| (sec)
Ve A 339 57 0 2.0 25 59
Ve B 34.1 55 0 2.0 25 52
; C 335 57 0 2.0 25 75
e D 293 67 0 1.5 25 76
(BRIZR © AR EEIE)



AR AR IA R AR A EET R

7. AWHEELIRERIEEC A ~ B~ C ~ D VYRRV EIRMETEES TRk ERES - B R
13 ¢
% 13 REVRIAAD ABCD B352SR BEGL R
oy 1k o 57 1k EB R BB RR b i B R | BRBA | R ER
A2 | AT C) %) (m/sec) (m) |(kgf/cm®)| (sec)
%) A 27.7 77 0 2.0 2.5 51
%) B 28.4 55 0 2.0 2.5 47
%) C 28.6 56 0 2.0 2.5 73
7] D 28.5 57 0 1.5 2.5 64

(BRER © AR RIE)
8. AWFFELAPIEIRFANC A ~ B ~ C ~ D VYRR A

TTIRKEAEE > BB R

sk 14 :
7= 14 TERIZES ABCD 18582/ XS EERER
op i |pepig | FRER RARR | BE HAFR | FREL E R
) %) (m/sec) (m) (kgf/cm”)| (sec)

T A 28.2 60 0 2.0 25 41
T B 27.8 64 0 2.0 2.5 43
T C 27.2 65 0 2.0 2.5 57
T D 26.9 66 0 15 2.5 49

(BHR - AFEELR)
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o EERER S

AWH5ELL A~ B~ C~ D BEIEFERCH ~ £~ N~ T DU R SR ET TR ST R
(2.5kgf/em?) [ JBE T _EFR(6.0 kgflem?)Z B AT REES - EEGFERMEE 12 o
A AP B AR R EE S 5P E -

Qe
ABCD"EBEHEBFLATRRFHELERZGRE
10 9.9
9.7
D(&Okgf/cm?)g"s,,_i__%ﬁ
o |C(6.0kgf/cm?) g g 8.9
B(6.0kgf/cm?) " ) TR 6 z 89
238 an \' - —a86
/ﬂ 8.4
8 | A(6.0kgf/cm?) §é0 =
— . e 7.7
D(2.5kgf/cm?) g%
? 7.8 7.6
C(2.5kgf/ecm?) e 7.5
7.4
7
A(2.5kgf/cm?) .
6.6
6
B(2.5kgf/cm?)
5
5.3
5 k-mmmmmme e ————— hmmmmmmmmme e ———— hrmmmmmmm e —————— -A
BEES 5 5 5
4
FiagasR(F Rk) FHgaEF(C R gk (mRk) FgasE (T RR)
—dbe- R —X=— A(2.5kgf/cm?) —X=— A(6.0kgf/cm?)
—@—B(2.5kgffcm?) —@— B(6.0kgf/cm?) —0— C(2.5kgf/cm?)
—&— C(6.0kgf/cm?) —@®— D(2.5kgf/cm?) ~—&— D(6.0kgf/cm?)

[& 12 : ABCD MEHEFEHL HH 4 P9 T IR K o) 2 v % == dh g [l
(ERIE © AR EE)
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2. AWZELL A~ B~ C~ D BEEEIEEH ~ £~ W~ TR RETRR T TR
(2.5kgtlem?) S JBE J7 EFR(6.0 kegtlem?)iZ 25% i Ji IR ] £ 75 3 SR RS ) ) B
Ba o BESERAE 13 FufEA  BRT B EEHREEST I R2.5 kef/em?)#EHT
FR e SR IR ASERUEE 60 B LA LAN - HERIGFFEEMERUE -

ABCD'RIAHE T ZA T RR-FHRR TR &R E

190

2) ,180.8
180 C(6.0kgf/cm?)

170
D(G.Okgf/cmz)16

160 0
A(6.0kgf/cm?) %
158

C(2.5kgf/cm?)120.8

120
B(6.0kgf/cm?)
118

110

1101.0
100 D(2.5kgf/cm?)
A(2.5kgf/cm?) o
90.2

90

80

70

60

50

40
PR R OF Rak) PR R (T RHD P34 SRR W R (5 R A P3RBT R%&)

— & E#(H(sec) —%—A(2.5kgf/cm?) —x— A(6.0kgf/cm?) —B— B(2.5kgf/cm?) —m— B(6.0kgf/cm?)
—&— C(2.5kgf/cm?) —&— C(6.0kgf/cm?) —@&— D(2.5kgf/cm?) —&— D(6.0kgf/cm?)

[ 13 : ABCD MEUHFATCH 2P T R P28 P ] e o ]
(BRIZER : AR RIE)
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EEBHH EEA
oy

3. AWFELL A~B~CD #

R

BCH ~ 40~ N T PUREIFORGET TIRET T IR
(2.5kgflem?)ig K B - BB EE 14 HHR]1S1 C » D HEE BIFERC L
PRIRIRY - FLE K IRF TR 60 5 - FLERAIS]

R EMERUE -
ABCD*E SAH-BLF T A T R IRZ A Ko ] dh 42 B
80
76
75 7 -
7 75
i)
70
65
E#(H 60 60 ) 60
60 . —aA
Y 59 ©57
C(2.5kg1’/cm2)4 _
50 48 7 55l
A(2.5kgf/cm2)y \ b49
45 D25kgf/emdG;
m43
40 B(Z.Skgf/cm2)41 41
35
KRR (F Rak) KRR (T R a) KR (AR AR) KB (T Rk)
— & EHi#f{H(sec) —x—A(2.5kgf/cm?) —m—B(2.5kgf/cm?) —e—C(2.5kgf/cm?) -—@— D(2.5kgf/cm?)
14 : ABCD MEHEFERCH 2P T TR 1k K R b e

(BRIRIR - AT EEIE)
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4. AWFELL A HEEHEECH ~ £~ N~ T R R T PR 53R EL Y
25% i IR [ (R A~ 2 I R ) B B+ BB R4S 15(A)~8 15(D) :
(1) EEE & 15(A)FAIA] :

a. B A WTELURR ST RFR(Q2.5 kef/em?) BB FT_EIR(6.0 kgflem?)HEHIHT
Zo~ N~ T UERGETT TEREaE R, B TR . B
Batk - XRREIER R EIE B MK P HES ] » BRI ST T RR(2.5
kgf/em?)BERE JJ EFR(6.0 kgflem?)H TSEgE8EAER , B T S258 R
RFRH] o FIIMEREE < AERA T -

b. (HEFERF—EOM A BIEREE I FIRQ.S kgflem?) &R LR
(6.kgf/em?ERCH ~ 2~ A~ T VYRR RIS T T P EnuassR ,
PRI R o BERAEE - SRR M IRF & LR T |
PR (RIS EAE R ) IR & LU T ERRER » )z -

AEERFLATRARFHBASEFHIHERFMNGLE

B158.1
T 1465
S — BT
100.0 A(2.5kgf/cm?)x X

ERYE5 g 90.2 X
A 80,1 7,702
3438 B R
PIEREE
189 B 8.0 x84 Z84

100 X £ E
A@R.Skgf/emZy e ———— B e —
E 6.6 T76 6.1 zl67

A(6.0kgf/cm?)

1.0
1 2 3 4
=x=E19 5 A1EE (A 2.5kgf/cm?) =x= 15 E RRFRsec(A 2.5kgf/cm?)
=4 F19EREFE (A 6.0kgf/cm?) =1 ERFFRsec(A 6.0kgf/cm?)

[l 15 (A) © A BEEERSECFH AP T IR P e sR B P e ] e ]
(BRIRIR - AT EEIE)
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a. ‘i B MWEUELUEE T FERQ2.5 kgflem?) KB 7 EFR(6.0 kgf/em?)&HEH
Z~ A~ TVUREREST TR, B TSR B
Batk - XRREIER RSB PR P HED ] » BRI ST T RR(2.5
kgf/em?)BRE T FRR(6.0 kgf/em?)H: TSEE8uA5E , Bl TSP
R g SfedE g 2 AHRA M -

b. (B[R —#E 4T B MESHREE ST T ER(2.5 kef/em?) KJEES] EFR(6.0
kgf/em)IEECH ~ £~ P~ T UREEIREST T 3ifsaR , Bl TS
ERIRR R o BT BRI IR 3R 7 LR
SRR LR ) _BRRR 5 ERE ) LIRES ~ 2553 ELER )T MR
R A LR ST R E -

BEBRFLATRRAFHBOERHFHRE G &R E
1185 T 1045
1000 B(6.0kgf/cm2)® & : ﬁ?ﬁ 2746
B(2.5kgf/cm2pX X X >4
T 616 A 60.2 tHib 5 Z. 505
*ﬁﬂ’ SERE TR E
To7
8.8 229
100 g2 skgf/cm?2)* ﬁf 1 = i
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B57 753 Bipa
L0
1 2 3 4
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P38 s
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