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Table 1 Design quantity of extinguishing agents

in Japan
Carbon dioxide Halon 1301
kg/m? kg/m?
General 0.75 0.32
Cotton or the like 2.00 0.52
Rubber or the like 2.70 0.64
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Fig. 2 Fire model of paper (Corrugated fibre-board)
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Table 2 Result of experiments

(¢) Paper—Carbon dioxide

(a) Wood—Carbon dioxide Weight of Maximum con-
extinguishant | centration of gas Result
Weight of Maximum con- (kg) (%)
extinguishant | centration of gas Result*

(kg) (%) 31.90 54.1 o
8.10 35.0 o 30.85 60.3 ]
5.88 28.1 o 30.75 50.2 °
3.81 26.3 ° 29.00 57.9 °
3.68 23.7 o 28.50 (39.8) &
3.62 (18.8) o 2740 64.9 °
285 20.5 ° 24.70 66.2 o
275 18.4 % 18.20 48.1 X
260 18.4 % 17.42 51.5 X
998 16.1 A 13.36 42.8 X
1.70 15.5 X 27~ 30 55 ~ 60 Boundary range

2.7~3.0 20~ 21 Boundary range

* o Completely extinguished

(d) Paper—Halon 1

301

A& Barely extinguished
X Not extinguished

(b) Wood—Halon 1301

Weight of Maximum con-
extinguishant | centration of gas Result
(kg) (%)
2.22 5.58 o
2.14 4.40 o
1.89 5.02 o
1.89 7.15 o
1.84 4.78 o
1.84 4.73 o
1.58 4.37 o
1.46 3.03 o
1.24 3.50 o
1.01 3.05 o
<1.0 <3.0 Boundary range
o RO A °
TR ADERIZAT O L - 7295, / 1 1301 TH
KTELh - 2B, TR LREOTBRYDOEE

PIRACSBL CO B TEFERICAEL, FRICHE
BOBCEELRSBRTADREL THT, ZOHEAR
WEERLLAAR TS BLEBELNTH >,
UENEBERD> LR B &, BHRUBBOWKXIZIE
REMLEDLZTTEILBLATTTTH-T, 35
R L DR CHEL TREN T, i

Weight of Maximum con-
extinguishant | centration of gas Result

(kg) (%)

9.70 (8.98) X

8.58 (6.13) X

7.79 (7.10) X

4.03 (4.80) X

>10 >(15) Boundary range
9.00 (8.17) X

8.98 “4.77) X

8.20 (7.27) X

8.00 9.42) X

>10 >(15) Boundary range

REBSEIATONL L 2 FTEREZINZ CE
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BILE»523ZE00 v Blird-72, L
L EAISERE THET &) 2 EICh B EBICAF]
L - C, BEIIFTNELLVEV) D
B EPHIZ OBV En I T ek, Ly
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(e) Cotton—Carbon dioxide (g) Rubber—Carbon dioxide

Weight of Maximum con- Weight of Maximum con-
extinguishant | centration of gas Result extinguishant | centration of gas Result

(kg) (%) (kg) (%)
30.45 84.8 o 35.65 80.3 o
30.10 87.9 o 35.55 78.9 o
25.50 91.9 a 30.40 76.5 a
25.30 82.0 a 30.35 72.9 o
25.10 78.4 o 25.50 71.6 o
24 .80 72.9 o 25.10 68.6 o
20.25 60.3 X 20.90 64.1 IS
20.05 54.7 X 20.25 72.0 I
15.48 494 X 15.14 53.8 X
15.04 47.6 X 15.02 523 X

24 ~ 27 65~ 70 Boundary range 21 ~24 60 ~ 65 Boundary range

(f) Cotton—Halon 1301 (h) Rubber—-Halon 1301
Weight of Maximum con- Weight of Maximum con-
extinguishant | centration of gas Result extinguishant | centration of gas Result

(kg) (%) (kg) (%)
8.92 (10.10) X 9.66 ( 5.95) X
8.88 ( 9.46) X 8.17 ( 9.15) X
8.09 ( 8.58) X 7.93 ( 9.46) X
8.02 ( 8.94) X 7.08 ( 8.15) X
>10 >(15) Boundary range >10 >(15) Boundary range
9.24 ( 9.48) X 9.34 ( 7.93) X
9.08 (10.69) X 9.20 (11.83) X
8.03 ( 9.53) X 8.28 ( 6.36) X
7.92 (10.47) X 8.00 ( 8.06) X
>10 >(15) Boundary range >10 >(15) Boundary range

LIERBOBT 0130108y R T iy ZEHFEY, LriBERENET 2 bhd% 5%
5T, NuYHRTRSET I LI »Trhornyy  WHEHTIEBIRFEZLZHEADHI 01301k b
BAADERBDL FLP L THELDEVIENIHER SNDLEN, Lrdes, LL o 130022 %
ni{%b, LITBBHERIC 0 BT LD THBA AL

L72A 5 TUEDEREEBHNT 5 &, FHHEARYDD FHFEEL LTI b THEIBIFTFRHEND,
HAICIEBBEOHRICBIT L0850 ECnT
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Report of Fire Research Institute of Japan No.50(1980)

Extingishment of Deep-seated Fires
by Halon 1301 and Carbon Dioxide.

(Abstract)

by Shuzo Yamashika
(Received May 8, 1980)

In case of extinguishing class A fires by using gaseous agents, total flooding systems is used.
To extinguish the deep-seated fire, concentration of gaseous agents surrounding the fires must
be kept long time to cool down. As there is a severe difference between the flame extinguishing
concentration of Halon 1301 and that of carbon dioxide, the former has little effective decrease
of oxygen concentration to stop the smoldering combustion. It is a question whether Halon
1301 can extinguish the deep-seated fires or not. The object of this study is to make clear the
above.

The experiment was conducted by using wood crib, corrugated fibre-board, cotton for
cusion, and foam rubber for cushion shown in from Fig. 1 to Fig. 4 as models of deep seated
fires. After 6 min. preburn, the extinguishing agent was discharged. After 10 min. of discharg-
ing, the fire model in the enclosure was checked whether the fire was completely extinguished
or not.

The result shows that the deep-seated fires can be extinguished by application of a large
quantity of carbon dioxide and lacking oxygen as expected, but not Halon 1301 as a result of a
large amount of smoke and decomposition gas of Halon 1301 except the case of wood crib.

Then it was concluded that carbon dioxide should be used to extinguish the deep-seated
fires, and Halon 1301 should not be used.
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Table 1 Identification results of pyrolysis products by GC-MS

Untreated Cellulose

1 mol DAP treated Cellulose

Peak No. Compound Compound
1 Air Air
2 Carbon dioxide Carbon dioxide
3 Ethylene + Acetylene Ethylene + Acetylene
4 Ethane Ethane
5 Water Water
6 Propylene Propylene
7 Propane Propane
8 Methylacetylene or Allene Methylacetylene or Allene
9 Methyl Alcohol Methyl Alcohol
10 Acetoaldehyde Acetoaldehyde
11 Butane + Butadiene Butane + Butadiene
12
13 Acetonitrile
14 Acrolfi;r;plillg?éle;y%(éetone Furan (contain a little Acrolein)
15 Acetone
16 Isoprene
17 2,5-Dihydrofuran
18 Methyl vTé{&Z&%ﬁf:rlﬁf tr {%;g ﬁllyl ketone Propionitrile
19 Crotonaldehyde 2,5-Dihydrofuran
20 Benzene + Cyclohexane Methyl VT%{&?&?&L&? t.:l}[%gﬁ}lyl ketone
21 2,5-Dimethylfuran + [100] * Crotonaldehyde
22 Benzene + Cyclohexane
23 2,5-Dimethylfuran
24 Toluene
25 Furfural Toluene
26 Furfural
27
28 Xylene
29 Stylene + 2-Accetylfuran
30 5-Methyl-2-furfural 5-Methyl-2-furfural
31

[ JonFREBOMAMERLILETY,



Table 2

Analysis of primary pyrolysis products from untreated Cellulose by

infrared Spectroscopy and Gas chromatograph

Cellulose (untreated)

Decomp. Temp. (°C) 350 400 450 500 550
Oxgen Conc. (%) 15 21 15 21 15 21 15 21 15 21
Carbon dioxide 41.6 33.3 73.8 | 70.0 | 94.9 90.3 179 222 202 261
Carbon monooxide 26.5 22.5 356 | 39.3 | 446 | 49.3 104 114 154 171
Methane 0.08 0.08 0.32 | 0.29 0.52 | 048 2.07 2,55 | 4.86 | 5.13
Ethylene, Acetylene 0.07 0.07 0.33 | 0.30 | 0.71 0.64 3.26 5.19 | 7.10 | 8.69
Ethane 0.01 0.01 0.12 | 0.13 0.20 | 0.19 | 0.54 0.71 1.13 1.26
Propylene trace | 0.03 0.18 0.18 0.32 0.30 1.15 1.24 2.19 2.14
Propane trace | trace | 0.04 | 0.04 | 0.06 | 006 | 0.12 | 0.15 | 0.21 | 0.23
Methylacetylene of | trace | trace | 0.02 | trace | 0.09 | 0.08 | 0.27 | 031 | 0.44 | 049
Methy!l Alcohol 0.07 0.09 | 0.11 0.11 0.17 0.16 | 0.46 0.56 | 0.88 | 0.98
Acetoaldehyde 0.82 | 0.83 1.31 1.36 1.57 1.52 | 4.07 3.77 | 647 | 6.27
Butene 0.03 0.03 | 0.09 | 0.09 | 0.13 0.12 | 0.36 | 041 0.72 | 0.58
Acrolein trace | 0.27 042 | 042 | 0.79 0.70 | 2.18 1.71 2,72 | 2.65
Furan 1.26 1.87 1.35 1.64 1.00 1.86 1.33 1.34 1.44 141
Methyl Ethyl Ketone | 0.74 0.74 0.87 0.81 0.55 0.53 0.62 | 0.56 | 0.50 | 0.52
Residue (%) 39.0 | 40.9 17.8 18.4 9.1 9.2 3.8 4.2 1.5 1.2
300
CARBON DIOXIDE
200,
15%0; | 21%0; CARBON MONOXIDE
Untreated| o °
200 tmolDAP| 8 0 s T 5%0s | 71%.02

3 a Untreated o *

= ‘\E’ imot DAP

E ~ 100} -

- - o { S ozt

o o g o

g wor g

0 :}l L i . o ‘% 1 L 1
0 350 400 450 500 550 0 350 400 450 . 500 550
TEMP. (*C ) TEMP. (*C )

Fig. 5 Relation between temperature vs. evolution of
carbon dioxide from untreated cellulose and 1 mol

D A P treated cellulose.

mol D A P treated cellulose.

Fig. 6 Relation between temperature vs. evolution of
carbon monoxide from untreated cellulose and 1



Table 3 Analysis of primary pyrolysis products from 1 mol DAP treated Cellulose
by Infrared Spectroscopy and Gas chromatograph

Cellulose (1 mol DAP)

Decomp. Temp. (°C) 350 400 450 500 550
Oxgen Conc. (%) 15 21 15 21 15 21 15 21 15 21
Carbon dioxide 49.8 | 63.5 66.8 | 73.8 | 884 | 959 | 957 104 109 126

Carbon monooxide 448 404 47.1 46.8 63.4 61.5 85.7 80.3 97.2 91.7

Methane 0.12 | 0.11 0.22 | 024 | 046 | 045 | 092 0.92 | 1.88 | 1.83

Ethylene, Acetylene | 0.10 | 0.10 | 0.25 0.23 | 048 | 0.50 | 0.58 0.82 | 0.72 | 0.89

Ethane 0.02 | 0.02 | 0.04 | 004 | 0.09 | 0.10 | 0.15 | 0.15 | 0.25 | 0.22
Propylene 004 | 004 | 0.11 | 0.10 | 023 | 023 | 0.29 | 0.38 | 0.44 | 0.39
Propane trace | trace | 0.01 0.01 | 0.01 0.01 0.02 | 0.01 - 0.01
Methylacetylene of | trace | trace | 0.01 | 0.01 | 0.03 | 0.04 | 0.05 | 0.09 | 0.08 | 0.08
Methy! Alcohol 007 | 007 | 008 | 0.08 | 0.10 | 0.10 | 0.10 | 0.15 | 0.14 | 0.15
Acetoaldehyde 059 | 057 | 066 | 0.69 | 077 | 074 | 0.81 | 091 | 0.94 | 0.94
Butene 002 | 002 | 007 | 0.06 | 0.11 | 0.15 | 0.15 { 0.19 | 0.19 | 0.20
Acrolein 0.11 | 009 | 024 | 020 | 037 | 031 | 042 | 043 | 047 | 049
Furan 0.41 | 037 | 060 | 062 | 0.82 | 0.93 | 0.81 | 1.08 | 1.07 | 1.07

Methyl Ethyl Ketone | 2.50 | 2.74 2.68 2.88 | 2.39 | 2.08 1.78 1.99 | 2.38 1.96

Residue (%) 477 | 46.8 | 442 | 42.8 | 405 39.5 36.1 364 | 35.6 | 343
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Table 4 Toxicity index (/) and Hazard index (H,;4,) of untreated Cellulose and 1 mol DAP treated Cellulose

Untreated Cellulose

Decomp. Temp. (°C) 350 400 450 500 550
—(dX/[dt ), q5(1/min) 0.32 1.06 1.82 3.04 4.80
Oxygen Conc. (%) 15 21 15 15 21 15 21 15 21
CO, (mg/g) | 42 33 74 95 90 179 222 202 261
CO (mg/g) 27 23 36 45 49 100 110 150 170
Acrolein (mg/g) trace | 0.27 0.42 0.42 | 0.79 0.70 2.18 1.71 2.72 2.65
Ico, 4.6 3.6 8.1 7.6 10 9.8 20 24 22 28
Ico 98 84 131 142 164 178 364 400 546 619
Tacrolein - 66 | 102 | 102 | 192 | 170 | 529 | 415 | 660 | 643
zI 100 150 240 150 370 360 910 840 1200 | 1300
H 33 49 260 270 670 650 2800 | 2600 | 5900 | 6200
1 mod DAP treated Cellulose
Decomp Temp. (°C) 350 400 450 500 550
—(dx/dtymax (1/min) 1.38 1.80 2.26 2.78 3.30
Oxygen Conc. (%) 15 21 15 21 15 21 15 21 15 21
CO, (mg/g) 50 64 67 74 88 96 96 104 109 126
CO (mg/g)| 45 40 47 417 63 62 86 80 97 92
Acrolein (mg/g)| 0.11 0.09 0.24 0.20 0.37 0.31 0.42 043 0.47 0.49
Ico, 5.5 7.0 7.3 8.1 9.6 10 10 11 12 14
Ico 164 146 171 229 226 313 291 353 353 458
Tacrolin 27 22 s8 | 49 | 90 75 | 102 | 104 | 114 | 119
) 200 180 240 230 330 310 430 410 480 590
H 270 240 340 410 740 700 1200 | 1100 | 1600 | 2000
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Report of Fire Research Institute of Japan No.50(1980)

Toxic Gases from Flame Retardant Cellulosic
Materials
— Untreated Cellulose and Diammonium

Phosphate (DAP) treated Cellulose—

(Abstract)

Eiji Yanai and Naoshi Saito

(Received May 16, 1980)

The measurement of the weight loss rates and the analysis of the decomposition products
were carried out to estimate their toxicity of gases generated from untreated cellulose and
cellulose treated with flame retardant (D A P) in fire. The relation between absolute tempera-
ture vs. maximum weight loss rate is expressed by the following equations,

Untreated Cellulose

(~dX/dD)ay = 1.1 X 107 exp (—10.5 X 10%/T) (350 ~400°C)
(~dX/dD) . = 93 X 10° exp (=5.8 X 10%/T) (400 ~ 550°C)

1 mol D A P treated Cellulose

(—dX/dt) oy = 94 X 107 exp (—-10.5 X 103/T) (250 ~325°C)
(—dX/dt)max. = 82.3 exp (-2.23 X 10°/7) (325 ~550°C)

where W= W/W,, W is the residual weight at any time, ¢, and W, is the initial weight.

About thirty compounds of the decomposition products were identified by means of gas
chromatograph—mass spectrometry (GC—MS) and infrared spectroscopy. Carbon monoxide
and acrolein were found to be the key products in estimating the toxicity of fire gases. Other
compounds are considered to be negligible in estimating their toxic effects because of their
small evolution as long as the decomposition temperature is limited to 250 ~ 550°C. At low
temperature, untreated cellulose is less hazardous than diammonium phosphate-treated cellu-
lose but at high temperature, this relation is reversed.
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Table 1 Kind of generated sound

Kind of generated sound Frequency Contents
Human voice - NHK radio news, Male voice
1.5 kHz Repeated sound of 0.5 sec sinusoidal waves and 0.5 sec pause
Beep sound
3.0 kHz "
Whoop sound _ &ege}:i};izo;\no()fnsecylsxer\ccg Ii‘r(lic're:«xsed linearly frequency from 1 kHz
White noise - Continuous sound of white noise
0.375 kHz Continuous sound of sinusoidal waves
0.750 kHz "
Sinusoidal waveg 1.500 kHz "
3.000 kHz "
6.000 kHz "
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Table 2 Difference in the sensing of a sound direction due to the orientation of the subject
Sound Identification 0° 15° 30° 90°
direction of t.he spund
direction R % T sec R% T sec R% | Tsec| R% T sec
SPy direction 82.8 1.33 100 0.51 100 0.47 100 0.48
Generation
of sound SP 4 direction 8.6 2.71 0 0 0
from SP
B N 8.6 | 4.60 0 o T o
SP  direction 58.6 1.52 97.1 0.56 100 048 100 045
Generation
of sound SPp direction 27.1 1.52 2.9 1.12 0 0
from SP 5
N 14.3 3.55 0 0 0

R: Percentages of response
T: Reaction time

N: The direction in which the sound is heard cannot be identified.
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Table 3 Difference in the sensing of a sound direction due to the kinds of generated sounds.

Sound | dentification | Fiuman White Beep sound Whoor
directi of the sound 1.5 kHz 3.0kHz
irection di :
irection
R%| Tsec | R% | Tsec | R% | Tsec| R% | Tsec| R% | Tsec
SP 4 direction | 100 [ 0.52 | 100 | 0.61 | 100 | 0.65 | 100 | 0.74 | 100 | 0.88
Generation
of sound SPg direction 0 0 0 0 0
from SPA
N 0 0 0 0 0
SPg direction | 100 [ 0.49 | 100 | 0.61 | 100 { 0.77 | 100 | 0.64 | 97.1| 1.06
Generation
of sound SP y direction 0 0 0 0 0
from SPg
N 0 0 0 0 29 4.84
R: Percentages of response
T: Reaction time
N: The direction in which the sound is heard cannot be identified.
Table 4 Difference in the sensing of a sound direction due to sinusoidal waves.
Sinusoidal waves
Sound Identification
direction of the sound 0.375 kHz 0.750 kHz 1.500 kHz 3.000 kHz 6.000 kHz
direction
R% | Tsee | R% | Tsec | R% | Tsec | R% | Tsec | R% | T sec
SP direction | 56.7 | 0.93 | 60.0| 134 | 16.7{ 1.19 | 23.3| 0.88 | 53.3| 0.98
Generation
of sound SPy direction | 17.6 } 1.03 | 10.0( 091 | 80.0| 0.85 | 46.7| 1.38 | 10.0| 1.02
from SP
A N 26.7 | 0.84 | 30.0( 2.17 33| S5.02 | 30.0| 1.50 | 36.7| 1.32
SPg direction | 26.7 | 0.89 6.7 092 | 86.7| 093 | 53.3| 0.88 | 40.0| 1.06
Generation
of sound SP direction | 43.3| 1.06 | 63.3) 141 33| 181 | 16.7| 1.10 | 16.7 | 1.16
from SPy
N 300 0.86 | 30.0] 1.77 | 10.0 2.71 | 30.0} 1.54 | 433! 1.27

R: Percentages of response
T: Reaction time

N: The direction in which the sound is heard cannot be identified.
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Table 5 Influence by the echoes from the exit walls of the corridor.

Sound direction Identification of the sound direction i
R % T sec
SP  direction 100 0.56
Generation of sound from SP 5 SPy direction 0
N 0
SPg direction 100 0.76
Generation of sound from SPp SP direction 0
N 0

P: Position 3 m apart from the exit walls of the corridor.
R: Percentages of response
T: Reaction time

N: The direction in which the sound is heard cannot be identified.
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A Study on Sound Guidance for Evacuation (1)
—Sound Guidance of One Direction
in a Corridor —

(Abstract)

Yuichi Watanabe ~
(Received May 29, 1980)

Sound guidance by using the sensing of a sound direction was examined in a 45 m long
straight corridor in a building. A speaker was set at each of both the exits of the corridor, and
either speaker was sounded freely by a change-over switch. A subject sat down on a chair
specified in the corridor, and replied by pressing the pushbutton switch, as to the direction in
which he heard a sound. The pressing of the pushbutton switch enabled the direction of the
sound heard and reaction time to be known. Experiments were made by changing such
conditions as the kind of generated sound and orentation of the subject, and as a result,
the following were found.

(1) In a corridor of a building, the more the frequency and the sound pressure are changed in
relation with time, the easier the direction of sound source can be identified. Human
voices are the most effective and sinusoidal waves are the least effective in the identifica-
tion of the sound direction.

(2) When the face of a subject is in the corridor direction, the direction of sound source
cannot be understand. But since the head is surmised to be moved frequently in actual
evacuation behavior, the direction of sound will be able to be identified.

(3) In the present experiment, the direction of source is able to be identified without
influence by the echoes from the exit walls of the corridor.



THBARFRERTHE  #550%

19804 9 R

BIoL3HEFTECOVTOWE(E2R)

—BYRRICH TS

—HRINDEEHEE

EES B

(BEFISS4E 5 A29 0 S 5)

1. FAHNE

R T3, BY@EBommoHoc RS 22
—HDELLP—HDAEL—-AEBL L, TNHHEK
AR Ey N NENDY 1 55 - AN IR - 5l B A
L2 LEWHEEIC L - T, Zhm~ ks g
ALELHDERLNDL, FZTEBRTIE, TOHA
BRI LB 2 hi~oRBFEC O VTR LE,
HE~0FEELTEE LT3, AmoloAEe—s0%
HEELEWEICKEICH T HEEBHEOHOZ Y
—GOEFENELLLIICHEBICHET RN AL, &

Hicld HERHHR ] ORL A EOF NS EEIE
bé ETHBENT, ZITIREHAEOAE =D
F & EEFICB ST S wam&i%%ﬁcto

EBIIATH Y & F U BYSERN T, mmosoc
fHF72 2 —h 2 FERZBS L, m%%mﬁ%mmu
B, MElct-T¥bsninhrr sz T3
hE, WBRENLEIZL VKRN, Z0ERE, B4
EOMBENFELEZ TIT- 72,

2. EBRFE

2.1. BYEROEESH
FIIAMHNFE (=2 —2FTBE0E) 2B, HlIE
3IETBEH 2 HV72, Fig. 1IIRT A E—# SPANO.6
FIBLLIEE, AY—ASPeNO.6RMBL L -0k
WEBDENTNOEDHERMNE % Fig. 2107F, &
NEEKRE»HHE 1 mOBERPLICBIT 2AERET
Hb, TOERICEHL 2EWEBOEOHTEMIZA
E— 7% SPaNO.6 #1185 | 72850.46dB{(A)/m, AL —
77 SPENO.6 %P8 5 L 72850.37dB(A)/mThH 5, D
Bz & » TREEDF R > T B D(3RIEED 2 F—
NEE, WERORBESEFrEZEL (w5 8hbNn3,
XD AL —# DFRALE (Fig. 1015m i 4)
BT 5 EBMEOKE SN, BEEFRNOEESF %
ZH £ N Fig. 3 (a),Fig. 3 (DYICRT, BEMEOS
A, 1213 —HTH D,
2.2, XE—W

ZNEERTIL, ﬁ%%#ﬁ%ﬁ%%ﬁf%ﬁO;
BERTHIAC—NDOREMBLEL 2, TDO1H
mgleTl7Lﬁﬁ@&Db61mﬁrfW@#

LEH32.0mOMBEICIVETSEMITRZ, AE—HI(
FNFNELZ LWL, BHBHI20emT D, T 5L
TR, EFHET/ERICELBLIIIL, Ab—
AIFBY LR F Ty FERAE—ATh D,

FIL30m B2 His 2 B — A SPa & SPrOEFHE B H
FEFICIBZ &5 L7z, Yz S v FI L V@AY
—7ZNO. 1 25NO N FTHREENAL— /D 5B %2 H
BHEHicl, THICEY)REE, EoOREMNES
IOmDHETEZLDZEHNTES,
2.3. ZORECLEH*

WEREHEIREINLEFICEY, mEoBonE
BAE—#HSPatSPa% NO. 12 5LNO1IETT> %
AL L, BTV ERUMLERS > 24 v FEWF
FR-T, FhEofllp oMz T2 ELR, —
RRIZOE, HBRBCOBLTEHIAL—AHEST T &
uw@aL,EJUOIfﬁé

BLEKY > 24 v F TORBEHEFHTR ¢ 5L E
HTH5b,



45m
40m
-
——10m 10m
= : — N -
=3 Y e, 7 4, & £ Ny L L O S
T T oY T T T T : v 5
EIREREER RN l»\? Pl i
e i o
NOYI 234567831018 I NO1 23 4567839 10n
S S S R H I 1 1 T B SR ! 1 |
01 3 5 7 9 113 15 17 19 21 23 25 27 2930m
Fig. 1 Arrangement of speakers in a corridor
[> : Speaker (1 : Subject
=80 80
< —~
@ <
2 ®75 |-
-G_; O
v A
’9 K] a. © ° o o © o
k-] 370 - s - o
e °
3
265 -
»
60 _ 60 l 1 i ! L
| ] I | I ] | | I 0 03 0.6 09 1.2 1.5 1.8
60 3 6 9 12 15 18 21 24 27 30 Distance from the side (m)
Distance from speaker (m ) (a) Horizontal direction of corridor section
Fig. 2 Sound damping curve in a corridor 80
o SPA L SPB <
@75 |- _
°
2.4, REFOES -
. . @ | ° o N o ° ° _
WL REEOMEZ, AR L, AEL 2 7° v ;
BETH B AHOB (=2 2B THEORE), EHLHEOK T L )
BHE, AA—7F, K74 /AKX, EREOEEE A
7> 5*§3§Et Lf:.c 60 1 1 1 1 1
0 0.4 08 1.2 16 20 24

WmAOHOA A —H ZREFIZEL L 2EA, A —
HEHWBEROEROBEVIC I D BBECITET LS
ICBEEHIZEY S 5, HIFOREOH T, bT L LEHT
HLEVEBREIIECAC— A LDAB I 2 Bk
Hb, INTEOHBOH HIMEICKE L $E8EY 5 3
b, ZOEBRTIIESNIC ﬁ%&fm74b/4x
24 —=7F, ERENIBHEICO>NT, HIBHDHOES
BZzhwd iz, ZHIEHEOEDRIAHDO0.3
BRIZTHBREORICE VA — A OF Tlligo i

Distance from the floor (m)
(b) Vertical direction of corridor section
Fig. 3 Sound level distribution in a corridor
OAE—ADEE2AITH LI,
2.5. BEOFEHEOREF %
2.5.1. HEREOMES, MR L 3HEHMBEDEL
WBEOME, MBS > THEMESEN L 2
EbBHRENDL DI, BREFTEHNZ L —H 0k
ROME (Fig. 1015miA) T, AL—#SPehA



23 L To°,
fro7z,
FRIABOBEL L, BEL -~ 3 26— 7 SPa,
SPeOHRRNME CIUAB(A)ICH D L L7z, WA
e ﬁmﬁa*“imtutéiimLto
BEEITTR D 02.5.1. L E L BBRE T,
Thd,

2.5.2. RETOBHEICL I FEMEOEL
REBOMBIC L > THRMENG DL HIEDL D
HEND DI, B Yo Table 112K L 72 AR,
EREOMBRE, 24 —7%F, K74 /4 X, E#
HOEREEN S M SDWTERY T2, 2.5.1.7m
WBREOMEIZLZEVCOERT, UM E T3
BIL &9 il "SR BLNT, FITINE
BCl, BBRERWEHO A L — A Db RME( Fig. 1
NI5SmiE) T, AE—HSPeARIILHL T45° 12 fEv
RIS ERET» 0, BELVLVHIOER &
R X5, AE—7SPa, SPenf e fiE T70dB
(A% sEicl7, IAE—AOFERRLICA

LrozL,

WHREBIIFR 02.5.2. LR L BBECLIT4AT
HY, EREDEETIZITEIEE3ATH S,
2.5.3. BOKXKEIZLIFRMENEL

BEORE SN tHRMEN E DL I BEb b

15°, 45°, 90 ICM v 71D E

BEt7 A

FANDL 726, BEL L E AL — 7 SPa, SPpOHRE
DALE T60dB(A), 70dB(A), 80dB(A)CH B L 51
LCERSIT-72, WAY—AOERBIEFRLICA S &
2z L7,

BEEImBmH AL —pDhROME (Fig. 1015
mifs) TAE— A SPeAENIN L T4 T 72 i5F
ICHEYERYIT-72, TRAMOEL L, HEBEEE32.

S2OBEFOBEICLPBCNEREFEL4ATH

5,
2.5.4. EHOEARE—HOEBEIZLZFENE
DEV

MHOHOA L —HDEREEICL - THRAELG &
DEINELLIPFANLS, AE—HSPALD L2
E— 7 SPROEE® 6, 12, 15.6, 18dBk&E{ L TFE
BEiT-7, BEL~LEAE—#SPa, SPsfi
OALE TTAB (AN b & 512 L7z,
WEEIINC.6DT A E—#SPa, SPe&MBEL L7
B, EXMAADHIZIFTRCEATHI Z T 3@
TERET-72, FORHEREHNI6ABN & & Fig.]
D13m Mg, 12dB & 211 mH 2, 15.6dBM & 210m
M, 18BN & & 9 mHENE TR — A SPeHI
ING SRU I ) (AV AT = S A - A
FIIABOF L L, #BEI2.5.2.nREFNHTEH
WL BEVOEREFEL4ATH S,

3. XEARRrER

3.1. #BREOME, HEICLIFEAMEDEL

WBREOME, MBICL - TENFEGEF EFDL

WKEb LY, HBEENME LI Fig. 4 (a), (b),
(¢), (d)IZR"T

BE AR L TI5°, 45°, 90 IC A T v ARSI
IR FEDIEmEZBIC L TEOFHIEDLS, §
ThbAE—ASPAlEWHICAIET A HBREIT AL
—ASPaAMIA LB 2, A —#SPRIZIEWVHIZAL
BYA2HBEIIAEY—ASPAE»LHZ2 5, LY
L2 E— A OB REITICFEDH NG L W EFH D
SLbHD, EBRAFEICKHL T, 2% V@R 6
WTW B Fig. 4 @)ICRT LIS, FOHADS
5 WHIFEDIEEICRE W,

WBENMEBEIL L > TH 2 T 2O FRAH»ED
LI ELIIERDTAHAL, HEEIIEEERS
WP EREL T, BNERERERL TAR, 20
FER, Fig. 4 (a), (b), (¢), ()nEKNLIIZRY,
w%ﬁi%ﬁ&;<—ﬁtfwé %cf,ﬁxﬁﬁ

HIRMBMERSHER LA LEL DI 9

fi}?“xﬁ%ﬁﬁ {ZFig. 4 (a), (b), (c), (d)ﬁ)ﬁfﬁ?’(ﬂ?’d‘
oz, BEEFRUAEZEGTH LIS, EOHME
D5 N O REBEZTANEL k> T b, F0M
DEFE TILRIGFE» R, —ENEIcL->THE,
R T E T ES S ) By, Fig. 4 (a) D
BRAIZRNA TV LRSI, TRTOHBICHT -
TRIGHBISE > TB D, EOMETLENLM

*DIEREEH CHEL 2 fE
%2)ZE—AH 55 BAUBKL ) NDFHOZ ALY —
X3 FDRE Lok

—26—



DI »>Tw B,
FEOHAGHERICG L HEERDTHL, KRET
12, o OFMICEZ Ty 5EE4595%LLE

o
(a)e=0 —3
100 )
50
0
-
&
i
¢ s
c ~
0o
a
o .
d E
=
-
o
c
o
m -~
o
- o
o v
it o
[~
@
o
.
&
] 11 13 15 17 13 21
100
50
0

8 i 13 15 17 182
Position of subject (m)

Fig. 4 Difference in percentages of response as to the
sound direction and reaction time due to the
orientation of the subject.
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: Reaction time

: The direction in which the sound is heard
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—— — — : See the presents.
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Table 1 Difference in the reaction time due to the
orientation of the subject

Orientation of the ° ° ° o
subject 0 15 45 90
Reaction time of SP 0.651 0.70 | 0.54

direction (sec)

Reaction time of SPg

direction  (sec) 0.67 | 0.67 | 0.56
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Fig. 6 Difference in percentages of response as to the
sound direction and reaction time due to the
kinds of generated sounds.

e : Percentages of response to SPp direction
: Percentages of response to SPg direction
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& : Reaction time
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: See the presents.

Wb, ABRIOEIR 24 —7FIC T2, EnFm

DL VCHBEINES - TEY, FOHFITTED
FH D5 5 EHEIKE O,
(2)Sinusoidal wave 375Hz ok
100
— 2
° e
50 X ° X 8 e A ¢ o
f;‘ 3 o : ¥ % a & & a1
S ° e
.
o] f b4 [ o ] = ¢ 0
g 1 13 15 17 19 21
{b) Sinusoidal wave 750Hz _ ,
& 100
-2
A a -
L] A
o 50 % PO S PO
c Y X X w e < — 1
o] X X H x
Q o ° . . ° —_
e ol e st 1 o 9
f S
9 11 13 15 17 1321 @
- (c) Sinusoidal wave 1.5KHz _ 4
o o
100 E_E
o o — 2
003 °
50 * 2 a
g, R a 2 A ﬁ é LI — 1 c
b x H] Xoox 6 8 , )
q’ ] L ] X :
o o] 1 * ¢ o ¢ | 0 8
& 3 1 t3 15 17 18 21 &

|
N
3
|



(d) Sinusoidal wave 3.0KHz _ ,
100
,
° o o
so o ° e 0 o
8 & a 3 o A a a 8—1
;8 Tt
X X
ol [ S B ? 0
) 1 13 15 17 1921
(e) Sinusoidal wave 6.0 KHz o
100
— 2
50 X * 3
a2 0k .k £ X % 4 3 é e
* ox o * X
o ° ¢ o * 8 o .« * ®
0 | I o 1 | | | 0

El 1 13 15 17 19 21

(m)

Fig. 7 Difference in percentages of response as to the
sound direction and reaction time due to sinusoidal
waves.

e : Percentages of response to SP 4 direction

o : Percentages of response to SPy direction

& : Reaction time

X : The direction in which the sound is heard
cannot be identified.

Position of subject

ROGEER 2 BEF ORI Table 2127R$, TN
RIGEERHIE D FH MH95% LI ENENA THEEICS > 72
BOLOTHL, RSEHBOBGIERIZENS &, A
MoE, w74 /4 X, ERBEONET, A4 —7

T T T T T T T I
Human voice ¥ -
Beep 3.0KHzL i‘ —
Beep 15kHz|— SPy direction ¥ SPg direction |
White noise |- “; —
Whoop — \k —

| 11 L« 1 | { | !
o} 3 6 9 12 15 18 21 24 27 30

Position of subject (m)

Fig. 8 Difference in the range where the sound direc-
tion can be identified, due to the kinds of generated
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Table 2 Difference in the reaction time due to the kinds of generated sounds

. Human White Beep Beep
Kind of generated sound voice noise 3.0KHz 1.5 KHz Whoop
Reaction time of SP 5 direction (sec) 0.60 1.15 1.21 1.32 1.51
Reaction time of SPg direction (sec) 0.61 0.96 1.29 1.25 1.41
3.3. BEOKEILBZFEHMENEL ZEiETw,

FEOREJIZL>THAMBENED L FIZEDL DD,
EEE L~V 242 Fig. 9 (0), (b), ()ICRT, oo
e L3 L ERE, FoT MY HECH LHME Fig.9
(a), (b), (¢) D—HEHPLEFHNKREL T EITRD
5 L Fig. 10D L 512%h 5,

Fig. 1026, EXREL L3Iz REHEN TN
FEDG b wHRIE SR w 58, KELSEDLS

RIGEE # 0Kk s 502 Table 3127, ZOR
I FEOF A% LU EDES THREICH - 2k
NLDTH D, BEL~ILHI—FKEVEAB(A)T,
RGEEREIZ —FRE VDY, BEL LI L ->TKE(E
bz Eld v, EOKERL, FTOHFHEAMEIIZN
BERBL LW g1z,



(a) Sound levet 60dB 3

100
50
0
= 3
X
{b) Sound level 70dB -
O
@
@ Ir}
a -
S 100
a
n
. £
50 p
-
°
0
3 11 13 15 17 13 21 ¢
0 o
o °
g v
g (c) Sound level 80dB 43 B
o @
o 100
F—
]
a
50
0
9 1" 1315 17 39 21

Position of subject (m)

Fig. 9 Difference in percentages of response as to the
sound direction and reaction time due to sound
pressure level.

e : Percentages of response to SP 4 direction

o : Percentages of response to SPg direction

A : Reaction time

X : The direction in which the sound is heard

cannot be identified.
—— — —— : See the presents.
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Fig. 10 Difference in the range where the sound
direction can be identified, due to sound level.

Table 3 Difference in the reaction time due to sound
level.

Sound level (dB(A)) 60 70 80

Reaction time of SPp
direction (SBC) 0.46 | 0.60 | 0.45

Reaction time of SPg
direction  (sec) 0.52 ] 0.61)0.50
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Fig. 11 Difference in percentages of response as to
the sound direction and reaction time due to
volume difference between the speakers set at both
the exits.

e : Percentages of response to SPa direction
o : Percentages of response to SPg direction
& : Reaction time
X : The direction in which the sound is heard
cannot be identified.
— —— — : See the presents.
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Fig. 12 Difference in the range where the sound
direction can be identified, due to volume dif-
ference between the speakers set at both the exits.
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Table 4 Difference in the reaction time due to volume difference
between the speakers set at both the exits

Volume difference (dB) 4} 6 12 15.6 18
Reaction time of SPp direction (sec) 0.60 0.99 0.92 1.68
Reaction time of SPg direction (sec) 0.61 0.84 1.01 1.06
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Report of Fire Research Institute of Japan No.50(1980)

A Study on Sound Guidance for Evacuation (2)
—Sound Guidance of Two Directions
in a Corridor —

(Abstract)

Yuichi Watanabe
(Received May 29, 1980)

In the previous reportl), the speaker of either exit of a corridor in a building was sounded,
to examine the sound guidance in the direction of the speaker. However, it is surmised that
there are many cases where people can evacuate in both directions depending on the structures
of buildings. Therefore, in this report, sound guidance in two directions was examined, by
sounding the speakers set at both the exits of a corridor of a building. As in case of the previous
report, a subject sat down on a chair specified in the corridor, and replied by pressing a push-
button switch, as to the direction in which he heard a sound. Experiments were made by
changing such conditions as the kind of generated sound and orientation of the subject, and as
a result the following were found.

(1) When the speakers set at both the exits are sounded at equal volume, the sound can be
heard in the direction of the speaker which is nearer to the subject. There is a range of
about 4 m in which sound direction cannot be identified at the center of both the exits.

(2) Simultaneous sounding of the speakers at both the exits makes it difficult to judge the
sound direction, compared with the sounding of the speaker of either exit only.

(3) When there is a volume difference between the speakers of both the exits, the position at
which the sound direction shifts moves toward the speaker with a lower volume. In this
case, the range in which sound direction cannot be identified becomes large, and it is
more difficult to judge the sound direction, compared with the simultaneous sounding of
both the speakers at equal volume.

(4) In addition to the above-mentioned conclusions, the simultaneous sounding gives the same
effects as the conclusions (1), (2) and (3) of the previous reportl) obtained by sounding
the speaker of either exit only.
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Table 1 Classification of multiple fires.

S
Classifi- Sy D L
cation of fire k7 %o
Merged fire Sg+Sy, |nd+(n—1)s 1
" 1 5S¢ 11
+ 5 of LR
Transition Sk 5 So| nd \/Sk n[l+ > (TZ i)
%ﬁgependent Sy nd n

Sy : area covered by combustible matter
S, : open area

Sf : area covered by flame

n =Si/(Sk +Sp)

d : width of a crib

s : distance between cribs

n : number of cribs
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Table 2 Data of experimental or actual fires.

D, B, n Zo Um (z4) " z Um @) s _SL_ D (Z:
Test m | (m) (m) | (m/s) m) | (m/s) f Sk+S. | ™ | 25
Number .
1 17.0 17 0.68 2 2.5 1/7 10 3.1 Af+ A, 1.0 17 0.058
A
2 17.0 17 0.35 2 2.2 1/7 10 2.8 Af+ 70 0.675 13.9 | 0.058
A,
3 40.0 40 0.49 4 3.3 1/7 7 3.6 Af +—2 0.745 34.5 | 0.038
AO
4 40.0 40 0.49 4 2.9 1/7 7 3.1 Af +7 0.745 34.5 | 0.028
5 108 140 0.31 1.2 2.5 1/4 10, 4.2 Af 0.31 60.0 | 0.030
6 9.5 22 0.69 1.5 1.7 1/7 3 1.9 Af+ A, 1.0 9.5 0.039
7 19.5 22 0.67 1.5 4.7 1/7 3 5.2 Af+ A, 1.0 19.5 | 0.141
8 14.5 22 0.68 1.5 2.1 1/7 3 2.3 Af+ A, 1.0 14.5 | 0.037
9 8.9 204 0.79 1.5 4.9 1/7 3 5.4 Aft A, 1.0 8.9 0.334
10 8.9 20.4 0.79 1.5 4.0 1/7 3 4.4 Ar+ A, 1.0 8.9 0.222
11 13.5 45.7 0.78 1.5 5.0 1/7 3 5.5 Aft+ A, 1.0 13.5 | 0.229
12 7.0 12 0.71 1.5 3.9 1/7 3 4.3 Aft A, 1.0 7.0 0.270
13 7.0 12 0.71 1.5 39 1/7 3 4.3 Ar+ A, 1.0 7.0 0.270
* * *
14 100.0 80 0.80 | 13.0 10.0 1/4 30 12.3 Afr+ A, 1.0 100 | 0.154
*
* * A
15 150.0| 150 0.68 | 13.0 11.7 1/4 30 144 Af +7° 0.840 138 0.153

Note: 1. Umetatechi 16), 2. Umetatechi 26), 3. Nishinomiya 17), 4. Nishinomiya 27), 5. Matsuo 210),
6. Bosaikyoten B4)’5), 7. Bosaikyoten Dd)’s), 8. Bosaikyoten H4)’5), 9. Bosaikyoten H4)v5),
10. Bosaikyoten I4)-5), 11. Bosaikyoten M*)5), 12. Bosaikyoten M%)-3), 13. Bosaikyoten N4)»5),
14. Odate fire21), 15. Sakata big fire22)
* estimated values from fire reports.
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L L | m" o " J wane B8 ¢ K 80 \:
(m) D (m/s) | (kg/m?.s)| (Kcal/m.s) prgD J 4 <l7o: pcl
24 . 0.141 ) 4.51 0.085 5.29%X10%° | 2.56X10°% | 0.885 | 0.839 {0.948( 17.27 | 2.34 2.22
2.8 | 0.201 | 3.29 0.065 3.30Xx10°% | 1.84X10°5 | 0.713 | 0.600 |0.842] 9.59 1.30 2.12
26 | 0075 | 3.49 0.072 9.47x10% | 9.07x10°¢ | 0.590 | 0.700 |1.186| 28.05 | 2.49 229
2.8 | 0.081 ] 3.63 0.072 9.47%x10° | 9.07X10°¢ | 0.710 | 0.930 |1.310| 24.00 | 1.57 2.56
7.0 | 0.117 | 2.38 0.046 1.01X10* | 1.61x107¢ | 0.345 | 0.466 {1.351 35.52 | 249 2.08
1.2 { 0.126 | 3.19 0.033 1.15x10% | 6.92x10°¢ 1.021 | 0.932 (0913 17.23 | 1.57 2.19
24 | 0.123 | 4.51 0.083 5.90x10% | 2.13x10°° | 0.527 | 0.700 |1.328] 7.56 2.49 1.55
1.2 | 0.083 | 3.18 0.032 1.70X10° | 4.26X107°° | 0.840 | 0.650 [0.774] 32.62 | 2.82 2.09
14 | 0.157 | 345 0.050 1.58X10% | 1.69x107° | 0.338 | 0.460]1.361| 11.70] 9.13 1.08
1.4 | 0.157 | 345 0.050 1.58X10° | 1.69x10°° | 0476 | 0470|0987 9.64 5.00 1.25
14 | 0.104 | 345 0.050 245X10% | 1.12X10°° | 0.381 | 0.550|1.443| 26.93 | 1441 1.19
1.2 | 0.171 ] 3.19 0.045 1.15x10* | 1.38x10°° | 0451 | 0.550|1.220] 5.98 3.77 1.19
1.2 | 0.171 | 3.19 0.045 1.15x10% | 1.75x10°% | 0451 | 0.530|1.175] 6.38 4.03 1.19
* *
20.0 | 0.200 | 13.01 0.110 40.3X10* | 7.30x10°¢ | 0.643 | 0.700|1.089| 6.98 2.49 1.31
* *
12.0| 0.109 | 847 0.090 6.19x10% | 3.54x107¢ | 0.358 | 0.325|0.908| 33.89 | 9.95 1.30

D, : width of burning area, B, : wind sideward width of burning area, n: =S3/(Sk +S,), 2,: observational height,

U J (2,): observed value of w1nd velocity, #:index, Z: average height of interest.
velocxty, Sf“ area covered by flame, D: modified w1dth of burning area, U 2/gD Froude number,
length, Wy : upward air velocity at the flame tip, m": mass loss rate,

upward air flow, C f drag coefficient.
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Table 3 Summary of the relation about the bending of the
flame and upward air flow above fire.

Form of Maximum . .
burning area ?,vil(;?}? Relations Fuel Investigators
Wr
Linear 0.5m tan § = — Cedar Yokoi
. K ¥ Drm" . .
Upward Linear Im tan 8§ = (7— Gasoline Yokoi
air flow oo
above fire
. 1/ g0 \; .
Linear 0.lm tan g = 17)(_3 4 Alcohol Yokoi
Ucop("T;o
3
Rectangular 60 m tan6 = 0.87 J3 Wooden crib | Yamashita
: 0.2461703
fel;f;;gular 1.61 inches | tan o = ——= Natural gas | Pipkin et al
D
-0.
Circle 21t ane_ 33 pg.07 F;’-B(p—g> 6 Liquid fuel | Welker et al
rectangular oS & P
4D
Flame Rectangular 1m tan 6 = 7 Ceder Hamada
172 .553
Circular 0.6m tana = 0.721(Di> n-hexane Yumoto
[72 0.380
Circular 10m tan a = 1.00 D:)> Gasoline Yumoto
7D
Re : Reynolds Number (= —_—
v
y7 2
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4 < gD ) 5
s T
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An Approach to the Evaluation of the
Bending of Upward Air Flow above Fires

(Abstract)

K. Yamashita
(Received May 31, 1980)

A simple model is presented to evaluate the bending of upward air flow above fires in terms
of effective velocity ratio. The upward air flow velocity at the flame tip Wy, is assumed to be
equal to the characteristic velocity of upward air flow according to the following modified
Thomas’s formula.

_ 28(Ty~T )L S
Wy 0.36><\/% Xshf_,ﬁso

oo

where g is gravitational acceleration, L the average flame length, S the total area of combustible
material, S, the open area, Sy the area covered by flame, T the absolute temperature of sur-
rounding air and 7 the flame temperature.

In this model, the effective velocity ratio i.e., the root of the momentum ratio of upward air

, ; W . . .
flow to wind, J = FL \/p——L is introduced as an important parameter to describe the phenomena

oo

of interest. The ratio directly represents the bending of upward air flow in case that the effective
velocity at the flame tip is equivalent to the average value over the covering zone.

The correlation between the bending of upward air flow 4 and the effective velocity ratio
J has been investigated using the available data of thirteen fire experiments, and the following
approximated relation has been obtained.
3
5

A =087J

Besides, the dimensionless flame height L/D is expressed as a function of Froude number

,L__ _’ﬁ 0.10 Lji 0.14
D O'Séx(p;gD) X(gD)

where D is fire depth, m” the burning rate, p_ the density of surrounding air and U _ the wind
velocity.

Extensive discussions are concentrated on the dependence of the bending of the upward air
flow on the Froude number and the above relations are compared with the corresponding rela-
tions described by Yokoi and other authors. As a result of the present study, it has been clarified



that the bending of upward air flow is influenced by the upward air flow velocity which depends
on the heat release rate, fire width and wind velocity, and the bending is a slowly varying
function of Froude number when upward air velocity increases with wind velocity.
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Table 1 Details of the relative fire extinguishing ability, fuel vapor sealability, butnback

Properties of the foam |Temperature of fuel
Temper- Room
Preburn | Expansion| 25% before | after ?ture.of tempe-
Foam agent Water used Fuel used time ratio drainage | burning extin- oimzilgg rature
time guishing | 0¥
(min) (min.sec) | (°C) °C) C) (W)
Modified Nationa® Fresh water | Isobutanol | 10° 46 13'50" | 150 | 335 | 231 | 161
" " " " 46 941" | 190 | 305 | 250 | 199
" Synthetic " " 43 705" | 180 | 308 | 250 | 168
sea water
Light Water FC-3035 Fresh water " " 4.6 910" 14.1 30.0 25.0 149
" " " " 53 745" 220 31.0 25.0 234
" Synthetic " " 4.1 446" | 150 | 283 | 250 | 149
sea water
” " " " 3.8 4'38” 19.5 31.0 25.0 20.9
Hydrocarbon type " " g
Light Water FC-3031 Fresh water 5.7 2'49 21.0 31.0 23.0 21.0
" Synthetic " " iy gqn
sea water 4.6 3'14 15.9 28.1 25.0 17.1
Synthetic-A Fresh water " " 4.5 3'10" 15.0 - 25.0 18.3
" Synthetic " " iayn
sea water 5.0 2'31 19.0 - 25.0 19.9
New type protein-B Fresh water " " 5.0 3'59" 219 359 20.3 20.3
" " " “ 4.9 3'45" 13.5 34.0 25.0 139
" Synthetic " " e
sea water 4.6 3'58 22.0 455 21.8 22.8
" “ “ " 4.8 328" | 159 | 425 25.0 154
New type protein-C Fresh water " " 48 3'07" 18.2 34,1 25.0 20.8
" Synthetic " " gy
sea water 43 5'41 22.0 41.0 24.0 24.1
Conventional protein-D | Fresh water " " 4.1 <1'00" 19.1 - 25.0 20.0
Light Water FC-3035 Fresh water n-Butanol " 4.3 11'11” 22.0 34.0 20.5 234
New type protein-C " " " 4.8 337" 22.5 37.5 20.0 25.0
" “ Methanol 5 4.9 3'55” 22.1 37.0 20.0 24.6
" Synthetic " " rcgn
sea water 5.1 5'58 23.2 359 20.0 24.9
" Fresh water Acetone " 4.6 3'45" 21.0 35.8 19.0 20.5
" Synthetic " " req
soa water 4.7 5'51 23.0 320 20.0 21.6
Conventional protein-D | Fresh water " " 4.7 2'55" 18.0 - 16.2 19.1

Light water FC-3035: modified FC-600

Synthetic-A: a detergent-based foam liquid

Concentration of foam solution: 6 vol%; The foam solution was premixed.
Pan: 70.7 cm square and 40 cm high; Fuel depth: 15 cm, amount: 75 %
Application rate: 5+0.1 2/min-m?



resistance, and foaming properties of seven foam agents. (Gentle application method)

Extinguising time*

Fuel vapor sealability and burnback resistance

Foam Sealability test** Burnback test***
total per unit application Thick F
area period 2 min after 10 min after 1cf021enss ° Burnback
foam application foam application blanket area
(min-.sec) (min.sec/m?) {min-sec) (cm) (cm X c¢m)
1:05" 210" 205" No ignition Full fire - -
cqn e reqn " o Full fire after
0'59 1'58 5'59 No ignition 7.0 about 4'50"
1n g iyt " Ignition partially Full fire after
123 za6 423 -» self extinguishing 3.0 about 30"
0'50" 1'40" 3'50" " No ignition 5.0 25 X 25
0's0” 1'40" 5'50” " " 8.0 25 X 25
0'58" 1'56" 3'58" " " 5.0 33X 33
102" 2'04" 6'02" " " 8.0 31 x 30
e nar Y " " Full fire after
1'10 2720 6’10 9.0 about 3/45"
iegn reqn regn " " Full fire after
059 1'58 5'59 8.0 about §'
No control after 15'00" foam
15'00" foam - application - - - -
application stopped
No control after 24'00" foam
24’00" foam - application - - - -
application stopped
Ignition partially
5'04" 10'08” 604" No ignition (immediately 3.0 35 x 35
extinguishing)
Ignition partially
5'14" 10'28" 614" " (subsequently small 30 23X 25
edge fire continued)
13'14" 26'28" 14'14" " " 35 Full fize after
Ignition partially
12'40” 2520" 13'40" (immediately " 2.5 30x 30
extinguishing)
6'07" 12'14" 907" No ignition No ignition 6.5 20 X 20
856" 17'52" 11'56" " " 9.0 20 x 20
No control after 9'00” foam
9°00” foam - application — - - -
application stopped
1'00" 2'00" 4'00" No ignition No ignition 6.0 34 X 34
4'49" 938" 7'49" " " 6.5 21 X 21
5'43” 11'26" 6'43" " " 5.0 34 X 34
5'44" 1128” 644" " “ 6.5 20 x 20
7'41" 15'22" 8'41" " " 5.5 25 X 25
Ignition partially | Ignition —
3'50" 7'40" 4'50" (immediately self 7.5 20 X 20
extinguishing) extinguishing
No control after 11'00" foam
11'00” foam - application - - - -
application stopped

*

7.0+1 kg/em?.

*% -
*%k K.

Lighted torch was applied over the foam blanket 2, or 10 min after the foam application period.
15 min after the foam application period, a foam blanket of 15 cm X 15 cm was cut off, the thickness of foam blanket was

Two small scale foam nozzles used together, each capable of a solution rate of 1.25 2pm at a discharge pressure of

measured, continuously, the cut area was ignited. S min after the cut area was ignited, the burn area was measured.



Table 2 (a) Details of the relative fire extinguishing ability, fuel vapor sealability, fuel burning rate,

Properties of . Temperature
the foam Appli- | DI of fuel Tempe-
Solution | Fuel | Fuel Pan*! cation C;f;sg ’ o
A 2 - ft R
(mxm | oo time | (¢/min| (kg | ing |guishing| SOlutON
(amount) X mH) (min.sec)| -m?) | fem?) | (°C) ©C) O
Modified
National Premix Meth- 20 cm 2X%2 iy
Aero-Water | -Fresh water | anol (800 @) X 0.4 6.8 717 5.6 7.0 8.0 154 25.0
PSL
N:gt‘eyig_eg " " s " 5.7 rsi” | no 101 | 245 25.0
. Line pro-
C"r“(;’fe’i‘r‘l‘_‘f)“a‘ portioning " " " 5.5 <1'00" ” 6.3 8.1 | 23.6 25.0
p -Fresh water
Light Water | Premix " 1Sem  }2.13%2.13 reen
FC-3035 Fresh water (680 ) X0.9 7.0 2'55 5.0 7.0 23.0 343 20.9
New type " " " " 5.4 207" | - w130 | 373 | 206
protein-C N . . .
Modified
National " " 15em (1.95X1.95 rqqn "
o Vater 5709 | xos 70 | 1221" | 59 226 | 342 21.1
PSL
Lll?g(}fl-t3‘g§§e' ! " ” " 6.7 4'22" " “ 23.0 | 36.7 21.2
N % " " " " 5.5 200" | - w212 | 367 | 211
Light Water ’ Ace- . . 6.4 415" | - w1180 | 474 | 206
New type icqn
proteyig—C " i " " 5.7 r's1 " . 210 | 485 23.2
Modified
National " Meth- 15em |1.80x1.80 oy "
Aero-Water anol (480 9) X 0.9 7.0 10'52 6.9 32.2 37.1 28.2
PSL
Premix-
" Synthetic ” " " 7.8 11'03” " " 20.0 26.8 20.8
o sea water
Light Water | Premix " " " raqn " "
s | pemiX ater 6.7 332 269 | 389 | 269
Premix-
" Synthetic " " " 1.6 149" ” " 25.2 36.2 22.0
sea water
New type Premix " " " o " "
protomB | Fresh water 5.3 205 6.1 | 357 | 245
RS " " " " 6.3 a2 | o | 309 | 402 | 269
Premix-
" Synthetic ” “ ” 5.4 2'37" " " 23.7 354 24.1
sea water
; Line pro-
Conventional| portioning | ’ " 68 | <1'00" | » | 63 | 220 | 355 | 199
P -Fresh water

Light Water FC-3035: modified FC-600

Concentration of foam solution: 6 vol% (* 6.1 vol%)

Preburn time: 10'00"

Foam nozzle: U.S. standard nozzle (Fed. Spec. O-F-555C)
*1 Single side wall square pan




water content in fuel, and foaming properties of five foam agents. (Gentle application method)

Extinguishing time Fuel vapor sealability and burnback resistance Water content
Room ll):uur;l- Foalrp Sealability test*? Burnback test*? of fuel at
A erunit | PRV Y test ©s extinguishment
tempe-| ing | 4oy | P cation Thickne %)
rature | rate area period 2 min after 10 min after of foanfs Burnback
(mm (min | (min-sec | (min foam application | foam application blanket area ILs x4
(C) | /min) | -sec) | [m?) | -sec) (cm) (em X cm) Scm | 1.5 em
Full fire
10.9 - 122" | 021" 2'22" | No ignition No ignition 5.5 after about - -
326"
Ignition partially
_ r1an 13 1qan " (subsequently _ _
14.6 4'13 1'03 5'13 small edge fire 4.0 35 x 35
continued)
11.7 - 7'45" 1'56" 8'45" ” No ignition 10.0 13 x 13 - -
Flash at ignition
iy rygn apn | over whole "
24.0 2.0 711 1'35 10°00 surface — self 15.0 Full fire 15.6 20.0
extinguishing
22.0 2.5 15'32" 3'25" 15'32" | No ignition " 20.5 18 x 18 31.0 323
Flash at ignition
e tqn e | over whole " Foam surged,
249 2.1 705 1'52 10'00 surface — self 25.0 not ignited 14.1 16.0
extinguishing
23.8 19 7'35" 2'00" 10'00” | No ignition » 23.5 Full fire 24.7 27.7
24.0 2.0 10"3s8" 2'47" 1035" " " 17.5 19 x 19 29.5 30.8
g‘llaih“fﬁ ilgnition Ignition — self Full fire
220 | 27 | 1306" | 327" | 1500 | oV MOF ¢ | extinguishing 20.0 | after about 482 | 494
extinguishing after 2
'y g - L Ignition —»
24.0 3.2 11'47 3'06 11'47” | No ignition fall fire - - 47.0 49.5
Flash at ignition
L P 1ane | OVver whole P Foam surged,
31.1 2.0 1’40 0'31 8'00 surface — self No ignition 31.0 not ignited 2.5 1.8
extinguishing
20.2 1.9 1 0'22" 8'00" " " 31.5 " - -
28.8 20 3'40" 1'08" 8'00" | No ignition ” 26.5 35x 35 - -
25.2 1.9 2'40" | 049" 8'00" " " 27.0 45 x 52 - -
213 1.8 526" 141" 8'00" " " 13.0 19 X 20 - -
30.1 2.0 5'34" 143" 8'00" " " 12.0 26 X 26 16.3 19.8
26.1 1.9 430" 123" 8'00" " " 17.0 18x 18 - -
Ignition partially
22.9 1.8 844" 2'42" 8'44" | - self extin- " 10.0 28 X 28 - -
guishing

*?Lighted torch was applied over the foam blanket 2, or 10 min after the foam application period.
**15 min after the foam application period, a foam blanket of 15 cm X 15 cm was cut off, the thickness of foam blanket was
*Jmeasured, continuously, the cut area was ignited, S min after the cut area was ignited, the burn area was measured.

Level of fuel sampling (distance from the pan bottom).



Table 2 (b) Details of the relative fire extinguishing ability, fuel vapor sealability, fuel burning rate,

Properties of Temperature
the foam of fuel Tempe-
Soluti Fuel Appli- }13 is- ratLrlIr]g of tRO(;m
Foam agent e o | Expan- | 25% cation | Charge | pefore | after | foaming | ‘ST
mixing used sion drainage rate pressure burn- | extin- | solution ture
ratio time Ing | guishing
(min.sec) [(2/min.m?|(kg/em?)| (°C) O (8] (o8]
Modified National | Premix qan
Aero-Water PSL, | -Fresh water Acetone 6.6 1443 6.9 7.0 23.0 35.9 26.3 26.9
" Premix-Synthetic| 7.7 §-28" " " 42| 337 214 | 280
sea water
" Premix " 11Q" " "
* Fresh water 7.6 11'49 25.0 30.9 25.9 29.9
Light Water " " reqn ” .
FC-3035 6.7 3’53 22.0 38.6 24.5 26.8
" Premix-Synthetic| 7.8 148" " " 223 | 380 235 | 241
sea water
" * | Premix " 149" " "
Fresh water 6.7 3'49 19.2 32.0 204 239
New type " " g " "
protein-B 5.6 1'51 23.8 45.7 254 29.1
" * " " 5.1 2'03" " " 23.7 44.5 254 29.6
New type p p 1370 . p
protein-C . 6.0 1'37 25.7 38.9 243 28.7
N Premix-Synthetic B g R B
sea water 5.1 2'28 23.5 41.0 23.2 273
” * | Premix . ny " "
Fresh water 5.7 143 23.1 37.0 240 27.0
Conventional** Line proportion- " I "
protein-D ing-Fresh water 7.0 <1'00 6.3 18.8 41.6 20.8 22.3
Modified National | Premix Iso- [pgmns "
Aero-water PSL | -Fresh water butanol 6.8 1007 7.0 278 28.0 27.7 29.9
" Premix-Synthetic " raqn " "
sea water 8.1 932 21.0 32.5 223 21.7
Light water Premix . 13qn " .
FC-3035 Fresh water 7.0 3'33 256 35.1 259 32.0
" Premix-Synthetic) 8.1 159" " " 189 | 299 | 210 | 201
sea water
New type Premix " Py " "
protein-B Fresh water 54 135 27.0 384 24.9 28.6
New type " “ "46" " “
protein-C 5.9 1'46 28.0 39.2 28.9 31.0
" Premix-Synthetic| 5.1 243" " " 16.1 | 294 201 | 18.0
sea water
Conventional Line proportion- " o " _
protein-D ing-Fresh water 6.9 <1'00 6.3 21.3 20.8 21.9

Light Water FC-3035:

Preburn time:

Foam nozzle:
Pan:
Fuel depth:

modified FC-600
10'00" (*5'00")
Concentration of foam solution:

6 vol% (**6.1 vol%)

U.S. standard nozzle (Fed. Spec. O-F-555C)
Single side wall-type, 1.8 m square and 0.9 m high
15 cm, amount : 480 2




water content in fuel, and foaming properties of five foam agents, (Gentle application method)

Extinguishing time

Fuel vapor sealability and burnback resistance

Water content

Foam Sealability test*! Burnback test*? t?f fui:}l'tatent
Fuel per i - extinguishm
burlrll?ng unit 2§t;i’c1)ln Thick %)
rate total area eriod 2 min after 10 min after ness of | Burnback
] p foam application | foam application | foam area %3
(min.sec blanket
(mm/min) | (min.sec) /m?) | (min.sec) (cm) (cm X em) | 11.5cm | L.5Sem
Flash at ignition
Foam
rag” - At ko) hol O
4.0 1'39 031 000" | o o Gelr | No ignition 31.5 surged, not - -
extinguishing lgnt
ign inan " " " Not
3.5 1'16 023 10°00 43.0 ignited - -
Foam
34 125" 026" 800" " " 24.0 | surged, not 2.2 1.6
ignited
Flash at ignition
repn 1 an” " over whole _ _
3.6 3’50 111 10°00 surface — self 31.5 45 x 40
extinguishing
Full fire
3.5 2'49" 052" 10'00" No ignition No ignition 34.5 | after - -
about 5’
Flash at ignition
tqan vy i over whole " _ _
3.8 3'33 1'06 10°00 surface — self 38.0 35 x 35
extinguishing
Ignition partially
3.2 12'45" 3'56" 12'45" No ignition (immediately 11.0 22 x 22 - -
extinguishing)
3.8 11'39" 3'36" 13'39" " No ignition 14.0 20 X 19 27.6 349
33 544" 1'46” 10°00" " ” 22.0 22X 24 - -
4.1 701" 2'10" 10'00” " " 20.0 18 x 17 -
34 8'18" 2'34" 10'00" " ” 15.0 22 x 23 23.2 24.5
Ignition partially
Ny ey 101" " (subsequently _ _
3.7 12'01 3’43 13°01 small edge fire 9.0 30 x 35
continued)
‘ ” ’ " + " Foam
2.7 132 0728 800 " No ignition 23.0 | surged, not 2.7 0.8
ignited
34 1'03” 019" 8'00" ” " 27.0 " - -
3.0 110" 022" 8'00" ” " 27.0 35 x 35 2.5 0.8
Aqueous film
3.3 051" 016" 8'00" " " 31.0 | formed, not - -
ignited
2.9 8'26" 2'36" 10°00" " " 6.0 28 X 30 - -
3.1 4'31" 124" 8'00" " " 15.0 24 x 23 6.0 7.1
2.5 4'32" 1'24" 8'00" " " 14.0 23 x 21 -
No control 12'00”
31 after 12'00" ~ foam ap- _ B _ _ _
. foam plication
application stopped

*! Lighted torch was applied over the foam blanket 2, or 10 min after the foam application period

*2 15 min after the foam application period, a foam blanket of 15 cm X 15 cm was cut off, the thickness of foam blanket was
measured, continuously, the cut area was ignied. 5 min after the cut area was ignited, the burn area was measured.

*3Level of fuel sampling (distance from the pan bottom)
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Table 3 Details of the relative fire extinguishing ability, fuel vapor sealability, fuel burning rate,

Properties of Temperature e .
Extinguishing time
Fuel the foam of fuel Tempe-
uel F -
Foamagent |\ 4 |Expan-| 25% |before| after ra:)l;re tl:;(::- burlr]x?xl'tg per unit
sion | drainage | burn- | extin- foaming | rature rate total area
ratio time ing | guishing solution
. . . (min.sec
(min-sec)! (°C) Q) cO (O | (mm/min)| (min-sec) /m?)
Modified
National [y 1y regn
Aero-Water | Acetone 6.2 17’07 19.0 35.5 21.1 21.6 3.2 4'22 1'56
PSL
Light Water " 1y Qi ye ryqn
FC-3035 6.8 L 4'28 16.0 42.6 21.0 19.6 3.6 16'24 717
19'25"
New type " [ T PP
protein-C 5.6 2'03 17.3 - 20.0 19.1 3.6 ;zlit;;i);tgm- 838
" " 60 | Uss" | 170 | 418 | 210 | 169 | 31 | 2332 f 1036
guishing
Modified
National Iso- PR e o
Aero-Water | butanol | 62 17'27 20.0 47.5 20.3 20.3 3.0 15'52 7°03
PSL
Light Water . 'an '1n cgn
FC-3035 6.8 4'18 20.1 45.6 21.9 21.5 2.8 13’18 5'55
No control
New type Y . after 21'40"
protein-C 5.7 1'57 19.0 - 22.0 19.8 2.7 foam -
application
* No control
" " 57 | 200t | 170 | - 230 | 190 | 29 | 3Mter2130 -
application

modified FC-600

Light Water FC-3035:
6 vol%

Concentration of foam solution:

Preburn time:  30'00" (*31'30")
Foam nozzle:  U.S. standard nozzle (Fed.
Tank:

Fuel depth: 26.7 cm, amount : 600 £

Blafre T, §NTTFREEM2 R C 2 AR D

ALz, ZORREITFHINEYTH-T2,
3.5. ‘Hl‘i&g
Table. 5 W EAHABROHRIBERDILBE T,

HIEESHE26S (B 94 3H) T, ZHERBRIENF
BUBEIZO0.2vol BLUT EHEEINT 2, HEREE
BEHNI L, IHOFBERICZTING LT 2FHEE

DETHo72, LT, ZHOETHBEAROK
b b LBI b0 Ebnz,
3.6. EBEL

Spec. 0-F-555C)
Double side wall-type, 1.5 m sqaare and 1.45 m high
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ARASFEXTFETETRRBAELECTWEY, K
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water content in fuel, and foaming properties of three foam agents. (Gentle application method)

i Water content of fuel
Fuel vapor sealability test** at extinguishment
Foam
apggfiitcllon 2 min a.fter' 10 min z}fte{' 15 min gfte{ :;lsc‘:f 7
foam application | foam application | foam application foam ek
. blanket 25cm [ 20cem | 10em | Scom
(min.sec) (cm)
Flash at ignition
[P hol L c o
15'00 f,":;}"e;;nf“’face No ignition No ignition 69.0 - | 137|140 -
guishing after 20"
Ignition — self Ignition — self Ignition — self
18'00" extinguishing extinguishing extingushing 29.0 - 51.3 | 51.2 -
after 240" after 50" after 2'25"
19'10” foam s
application ;igr’;‘“"" - full - - - - | s72 | 831 | -
stopped
23'10" foam | Ignition — self Ignition — self Ignition — self
application extinguishing extinguishing extinguishing 62.0 — 51.9 51.0 51.7
stopped after 1'50" after 2'05" after 225"
Flash at ignition Fuel surface
rean over whole surface immediately
17'52 — self extinguish- exposed, no - - 12.6 13.3 95.1 -
ing further test
Ignition - self Ignition — self Ignition — self
15'18" extinguishing extinguishing fire after 21.0 11.6 11.6 36.6 -
after 4'15" after 30" about 13’
21'40” foam
application - — - - - - -
stopped
21'30” foam
application - — — - — - —
stopped
*x : Sealability test: Lighted torch was applied over the foam blanket 2, 10, or 15 min after the foam application

LT 2

period.

Level of fuel sampling (distance from the tank bottom)
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side wall temperature (°C)

Inner

Fig. 4 Variation of inner side wall temperature with
time at the alphabetical points indicated in Fig. 1 1.45 mH)

Table 4 Details of burning conditions and characteristics of fuels

. Fuel Fuel Maximum Fuel temperature "C)*
Burning burning burning temperature
vessel time rate* of side wall* Before Aftgr
(mXmXmH) (min) {mm/min) Q) burning burning
Single side
Methanol wall type 10 1.9 516 20.7 21.0
1.8x1.8X0.9
Acetone " " 3.6 643 18.5 26.5
Isobutanol " " 3.0 657 23.6 27.1
Double side
Methanol wall type 30 24 578 21.6 22.9
1.5x1.5x1.45
Acetone " " 34 706 16.6 27.3
Isobutanol " " 2.9 720 18.5 23.5

*

The fuel burning rate, the maximum temperatures of side wall and fuel temperatures are the average
of the results of the tests repeatedly conducted.

IL—Foom appiication  started
|
i

be— Fire extinguished

|=— Application  stopped

|
|
I
] Lighted torch applied
(

|
|
1 1 | 1 1 1 k
20 25 30 35 40 a5 50 55 [Se]

Time (min)
Tank: Double side wall-type (size, 1.5 m X 1.5 m X

Fuel: 600 2 of isobutanol (26.7 cmH)

Foam agent: Modifisd National Aero-Water PSL, USA Solution mixing: Premix-Fresh water
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Fig. 5§ Variation of inner side wall temperature with
time at the alphabetical points indicated in Fig. 1

Foam agent: New type protein-C

Tank: Double side wall-type (size, 1.5 m X 1.5 m X

1.45 mH)
Fuel: 600 2 of isobutanol (26.7 cmH)
Solution mixing: Premix-Fresh water

Ap—
———Bp——
j=— Foam appiication started
600 | fe— Fire extinguished
S ! |
e
i r——ApplicoHon stopped

e |
2 i Lighted torch applied
5 I
o
E | |— Burnback test started
pd | |
= |
= ]
z |
° {
Ay
P |

I

1

Time
Fig. 6 Variation of side wall temperature with time
at the points of A, and B, indicated in Fig. 2.

8N

Foam agent: Conventional protein-D

Square pan: Single side wall-type (size, 2 m X 2 m X
0.4 mH)

Fuel: 600 2 of methanol (15 cmH)

Solution mixing: Line proportioning-Fresh water
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Fig. 7 Variation of side wall temperature with time
at the alphabetical points indicated in Fig. 3

Foam agent: Modified National Aero-Water PSL, USA
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Square pan: Single side wall-type (size, 1.8 m X 1.8 m
X 0.9 mH)

Fuel: 480 % of acetone (15 cmH)

Solution mixing: Premix-Fresh water
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Fig. 8 Variation of side wall temperature with time
at the alphabetical points indicated in Fig. 3

Foam agent: Light Water FC-3035
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Square pan: Single side wall-type (size, 1.8 m X 1.8 m
X 0.9 mH)

Fuel: 480 ® of isobutanol (15 cmH)

Solution mixing: Premix-Sea water
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Fuel: 600 ¢ of isobutanol (26.7 cmH)

Foam agent: Modified National Aero-Water PSL, USA
Solution mixing: Premix-Fresh water

Tank: Double side wall-type (size, 1.5 m X 1.5 m X
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Time {(min)

15

10

Fig.9 Isobutanol temperature variation with time
at the alphabetical points indicated in Fig. 1
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Fig. 10 Isobutanol temperature variation with time at Tank: Double side wall-type (size, 1.5 m X 1.5 m X
the alphabetical points indicated in Fig. 1 1.45 mH)

Fuel: 600 ¢ of isobutanol (26.7 cmH)

Foam agent: New type protein C Solution mixing: Premix-Fresh water
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Foam agent: Conventional protein-D
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Table S Sediment of foam concentrates after aging

Amount of sediment
Foam agent (% by volume)

Modified National 0
Aero-Water PSL

Light Water FC-3035 1.0
Synthetic-A 0.2

New type protein-B 0.7

New type protein-C 0.6
Conventional protein-D 0.6

Aging procedure: A foam concentrate sample was maintained at 65°C
for 216 hours, then cooled at —18°C for 24 hours.

Table 6 Freezing point of foam concentrates

Foam agent Freezing point (°C)
Modified National _10
Aero-Water PSL
Light Water FC-3035 -13.5
Synthetic-A <-22
New type protein-B -18
New type protein-C =20
Conventional protein-D -19

Freezing point: Measured by using 2 C-C thermocouples, one for foam
concentrate the other for ice water as a reference material.



Table 7 Fuel temperature increase up to fire control during foam application

Fuel temperature (°C) Average
e Tempera- | temperature
) : At the ture increase rate
Pre- Fire Extin- f
Foam agent Fuel Burning vessel | burn | control | guishing ]ie\}”;);-e e;?e(_)f c/})tng:l dlge)f(ezn)ce ugo!notr%{e
: time time (1) time ing burn 3) GHDI)
(mxmXmH) | (min) | (min-sec) | (min.sec) ) cO) °C/min
: Single side
Conventional® | yreihanot | wall-type 10| ess | 745t | 96 | 125 | 235 | 110 16
protein-D IX2X0.4
: Single side
Light Water " wall-type . 33" | 711" | 160 | 160 | 31.8 | 158 2.8
2.13%x2.13%x0.9
New t.
protenC " " " 812 | 1532° | 177 | 177 | 367 | 190 23
. . Single side
Modified National " wall-type . 404" | 705" | 19.0 | 195 | 299 | 104 2.6
Aero-Water PSL 1.95X 1.95X0.9
Light Water " " " e racn
FC-3035 5'10 735 19.8 204 351 14.7 2.8
New type " " - 539" | 10°35" | 200 | 200 | 353 | 153 27
protein-C
Light Water " N e v
FC-3035 Acetone 10’55 13'06 152 | 29.8 | 49.7 19.9 1.8
New type " " " 10'52" 117477 | 15.6 | 31.2 | 49.3 18.1 1.7
protein-C
Modified National Single side
Methanol wall-type " 1'28” 1'40” 24.7 254 29.3 39 2.7
Aero-Water PSL 1.80X 1.80X0.9
Light Water " " " ryan e
FC-3035 3'14 3'40 22.5 226 353 12.7 39
New type " " " 5'00" §'34" | 242 | 248 | 386 138 2.8
protein-C
Conventionai* " . . 701° | ®44” | 170 | 17.9 | 324 | 145 2.1
protein-D
Modified National " " o ragr
Aero-Water PSL. | Acetone 125 1’39 200 | 304 | 354 5.0 35
Light Water " " " 217 en”
FC-3035 3'31 3'S0 18.1 27.5 36.5 9.0 2.6
New t
DTt . " " 435" | 544" | 229 | 287 | 374 8.7 1.9
Conventional®, * " . v 11035t | 1201t | 143 | 219 | 413 | 194 1.8
protein-D
Light Water Iso- " " " inan o
FC-3035 butanol 1'03 1'10 30.5 | 335 | 36.1 2.6 2.5
New type " " " 407" | 431" | 295 | 317 | 394 7.7 1.9
protein-C
. X Double side
Modified National | 5cetone | wall-type 30’ 1'58" 422" | 200 | 313 | 372 59 3.0
ero-water PSL 1.5X1.5X1.45
Light Water " " " gy g
FC-3035 8'41 16'24 15.7 30.2 49.8 19.6 2.3
New type " " " regr rgnn
protein-C 10'59 23'52 153 | 26.2 | 46.9 20.7 1.9
Modified National | Iso-
Nerowates Por | batanol " " 752 | 155520 | 213 | 276 | 550 ] 274 3.5
Light Water " " " iqq an
FC-3035 7'31 13°18 219 | 26.2 | 55.0 28.8 3.8
Solution mixing:  premix-Fresh water (* : Line proportioning — Fresh water)
Concentration of foam solution: 6.0 vol% (** : 6.1 vol%)
*** . The time required for the temperature at the lowest point on the side wall to decrease to T, —0.8 (T, - T,) where T, is the

temperature at the start of foam apllication, and T, the temperature at the fire extinction. The lowest pomt COITEeSPOn:
B,, and C, marked respectively in Figs. 1,2, and 3.

(fs to F,
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in Fig. 1
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in Fig. 1
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Fuel depth: 26.7 cm (600 @)
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Evaluation of Abilities of Fire-Fighting Foam
Agents to Extinguish Polar-Type Flammable
Liquids (II)

(Abstract)

Makoto Hoshino and Koji Hayashi
(Received June 6, 1980)

This study has the following three major objects. First is to evaluate the extinguishment
ability, fuel vapor sealability, and burnback resistance of various polar-solvent type foam
concentrates for large scale polarsolvent tank fires. Second is to obtain basic data necessary to
prepare the draft standard for polar-solvent type foam concentrates. Third is to clarify the
mechanism of extinguishment of polar-solvent fires by these concentrates.

The foam concentrates used in this study were on the Japanese market and were as
follows: A conventional protein-based foam concentrate containing metal soaps, two new type
protein-based foam concentrates containing fluorochemicals, a synthetic foam concentrate
containing detergent, a modified National Aero-Water PSL, an alcohol type light water FC-3035
(modified FC-600), and a hydrocarbon type light water FC-3031.

All the foam concentrates but the first one have no limitation to premix and transit time.

Methanol, acetone, n-butanol and isobutanol were selected from among polar solvents.

The experiments and their results are outlined below.

(1) A series of tests were conducted where square-shaped fires of 3.2 m? to 4.5 m? were
extinguished by means of the fixed top gentle application using a U.S. standard nozzle
(OF-555C) coupled with a C-shaped applicator. From the results of above tests, the
following fire test procedure recommendable for a new draft standard for polarsolvent
concentrates were obtained: test tray; 1.8mX1.8mX 0.9mH, fuels; acetone and isobutanol;
the former was selected as the representive of water soluble polar solvents and the latter as
the representive of less water soluble ones, fuel depth; 15¢m, preburn time; 10min, nozzle;
U.S. standard nozzle (OF-555C), applicator; C-shaped used succeedingly in the previous
paperl), application method; gentle application, foam solution; premixed type, rate of
application; 7¢/min - m? at 7.0 * 0.1kg/cm?; solution temperature; 20+2°C; fuel
temperature; 25+5°C.

(2) Concerning the first object, the following results were obtained: The modified National
Aero-Water PSL and light water FC-3035 were most suitable for extinguishing tank fires on
isobutanol because of their rapid extinguishment ability, excellent fuel vapor sealability,
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and burnback resistance, but had limitation to their application to tank fires on both
methanol and acetone, owing to their poor fuel vapor sealability. The hydrocarbon type
light water FC-3031 quickly extinguished isobutanol fire, but had poor burnback resistance.
So, light water FC-3031 will be more suitable for extinguishing spill fires on isobutanol. The
new type protein-based foams containing fluorochemicals were suitable for extinguishing
tank fires on methanol and acetone, but had limitation to tank fires on isobutanol because
of the possible fuel saturation in the case of plunging application. The conventional
proportioning type protein-based foam was successfully applied to tank fires on methanol
and acetone, but not to isobutanol fires, and their extinguishing times of both methanol
and acetone were the longest among modified Aero-Water PSL, light water FC-3035, and
two new type protein-based foams. The synthetic foam concentrate containing detergent
was found to be usable for spill fires on methanol and acetone, but not for isobutano! fires.
From the analyses of water content in fuel, flash points of aqueous fuel solutions, and side
wall and fuel temperatures, the extinguishing process was estimated without relying on
visual observation. It was also found that the fuel temperature increase after foam
application was closely related to both fire control and extinguishing times.

Polarsolvent fires were mainly controlled by the formation of less polar-solvent soluble
film or blanket on the fuel surface. The formation of the film or blanket was accelerated
by (1) the effect of fluorochemical on reducing the surface tension of aqueous fuel solu-
tions, and (2) the effect of fuel dilution. It is considered that for water-soluble polar solvents
such as methanol and acetone, both effects, (1) and (2), were responsible for the film
formation, while for less water-soluble polar solvents such as isobutanol, the former effect
(1) was.

(5) The three burning characteristics, i.e. burning rate, fuel temperature rise, and maximum

side wall temperature had a correlation with each other regardless of the kind of fuels.
This correlationship showed that the burning of acetone was the severest followed by
isobutanol and methanol.
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