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Heat Transfer and Ignition of the Extinguished
Wood Residue and the Wet Filter Paper

(Abstract)

Satoshi Takahashi
(Received May 10, 1983)

Study on the reignition process of the extinguished wood residue has important values
while there is a practical extinction mechanism as the competition between suppression and re-
ignition controls overall extinction. But we find little works on this problem.

The author® formerly gave statistical analysis based on Usui's experiments. In this paper.
reexamination was performed and confirmed the given equation hold well at higher tempera-
ture. But more precise agreement was obtained by adding the reignition time of the non-wet
carbonized wood itself.

Another type of the experiment is to test the form of heat transfer by using wet filter
paper as a model. It was confirmed that the form of heat transfer on wet filter paper is radia-
tion, and the ignition time of it is the sum of drying time and the ignition time of dry filter
paper itself.

Although the material may different, the ignition time of the both could be expressed by
the similar form.

The other type of reignition is the development from glowing to flaming combustion. Air
dried wood crib residue was used and the temperature distribution of the atmosphere among
the crib layer was measured.

The highest temperature zone located slightly up the bottom, and its temperature just
when flamed always exceeded 500°C. and was observed the temperature becomes higher as the
initial carbonization degree increases.
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Fig. 1 Relationship between extinction efficiency, o,
and weight loss ratio,¢..

(1) Explanation of the symbols

Application
Application method
Type of Extinguisher rate
(g/min) From Top Free

Surface
Water 240 o o
Water 940 - F
Wet water (29 dyne/cm) 240 - &
Wet water (29 dyne/cm) 940 ® -
Viscous water
(CMC 8.9 cp) 240 ¢ o
(NH,), HPO, 5%-Soln 240 s o
(NH,),HPO, 25%-Soln 240 A A

(2) Symbols encircled with dotted line belong to the
same group of weight loss ratio, i.e. ¢ = 0.2 or
0.4 or 0.6.

._.8_
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Extinction Mechanism and Efficiency by
Sprays of Water and Chemically
Improved Water

(Abstract)

Satoshi Takahashi
(Received May 10, 1983)

Extinction efficiency is largely influenced, for instance, such as by fuel configuration,
degree of combustion and also by liquid application method and its rate. These various
technical factors are involved in the extinction and make the mechanism obscurred.

The author® formerly reported that extinction phenomena could be more well correlated
using weight loss ratio in place of preburn time as a parameter.

In this study. some kinds of chemically improved water as well as plain water are tested on
wood crib fires and arranged by the method above mentioned. These results are shown in
Fig. 1.

The efficiency of the free oscillatory application from any side one likes and of applying
on top surface of the crib depended closely on weight loss ratio and the type of application,
and less on chemicals added.
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Fig. 1 High temperature ignition diagram for a typical
hydrocarbon and oxygen mixture
solid line : limit of normal explosions

dashed line : limit of weak explosions for lower
hydrocarbons
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Fig. 2 Pressure limits of propane/oxygen mixture with

and without halogen acid

1.C,H,+3.50,

2.C,H,+3.50,+0.5HC1

3.C,H,+3.50,+0.5HBr

4,4'.C,H,+120,

5,5'. C,H,+120,+0.5HCl

6.C,H,+120,+0.5HBr

---- : upper limit of weak explosion region
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Fig. 4 Ignition delay of 1:3.5:0.5 C,H,/0, /HCl mix-
ture as a function of 1/7(K"")

Table 2 Overall reaction order and activation energy
of mixtures in normal explosion region

. Additive E

Mixture 0.5 moles n (kcal/mol)
------ 1.9 | 629=x1.4

C,H,+3.50, HCl 14 48.8: 0.2
HBr 1.3 29.7 £ 0.6

------ 1.7 50.7+ 0.3

C,H,+120, HC! 14 49.0 £ 0.6
HBr 14 344+ 0.7
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Fig. 5 Variation of CH radical emission intensity with
time
1 : emission from all of the area of cell window
2 : emission from a partial area of cell window
(diameter, 18 mm)

(a)

(b)

Fig. 6 Variations of CH radical emission intensity of
1:5 C,H, /O, mixture

(a) Spontaneous ignition, 7=590°C, P=107.1
mmHg, 0.2 ms/div.

(b) Ignition by electric spark, 7=27°C, P=48.9
mmHg, 0.2 ms/div.
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Table 3 Relative values of burning velocity of mix-
tures at high temperature
Values under raws of nonadditive mixtures
are reciprocals of observed emission duration

Additive R;
Mixture 0.5
moles | 590°C | 615°C | 640°C

------ 1.00 1.00 1.00
1.41ms™ [1.54ms™ [1.67ms™!
C,H,+3.50,| N, 0.99 0.99 0.95
HCl 0.99 0.97 0.93
HBr 1.02 0.99 1.00

------ 1.00 1.00 1.00
1.11ms™ [1.19ms™! [1.23ms™!
C,H+120.| N, 094 | 093 | 0.94
HCl 0.91 0.87 0.90
HBr -0.91 0.95 0.95
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Combustion Inhibition Effects of Hydrogen
Chloride and Hydrogen Bromide at
High Temperature

(Abstract)

Naoshi Saito
(Recieved May 20, 1983)

The combustion inhibition effect of hydrogen chloride and hydrogen bromide for the
propane/oxygen mixture was investigated in the temperature range 590 ~ 640°C using a
static system equipped with a cylindrical cilica cell with 30 mm diameter and 80 mm length.

The upper limit of weak explosion region of 1:12 C, H, /O, mixture was affected by these
additives. In the case of 1:12:0.5 C,H,/O,/HC! mixture, it displaced toward lower pressure
and higher temperature than that of nonadditive mixture. While the mixture of 1:12:0.5
C,H, /O, /HBr did not have a weak explosion region in this temperature range. This result was
attributed to a hydrogen atom scavenging reaction by halogen acids. Then, hydrogen bromide
showed greater effect than hydrogen chloride.

With all the propanefoxygen mixtures studied. hydrogen bromide appeared to have a
promoting effect on the propane oxydation until an ignition occured. The same effect was
observed in the mixtures containing hydrogen chloride, however, its effect was smaller than
that of hydrogen bromide.

The combustion after ignition did not progress uniformly in all the space of cell, but it
seemed that a propagative combustion wave was formed.

Both hydrogen chloride and hydrogen bromide retarded the combustion of mixture after
ignition only as effective as nitrogen which acts as a physical diluent on inflammable mixtures.
Therefore, when a polymer including halogens is decomposed thermally. if halogens change into
some halomethanes, for example CCl, and/or CH, Br, it can be expected that a flame retarding
efficiency based on the suppression of gas phase combustion by halogens becomes greater than
the case of which the polymer evolves halogen acids.
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Fig. 1 Mortar-plastered wooden house used for fire
experiment
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Fig. 2 Schematic arrangement
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Table 1 Movable combustible items.

of movable combustible.

50mlND A= 72 7 AR A ZETZ 2 /OL 5L
LEREL, MARY 7 TRBEFZEFRESIL1Z, T8,
WA A BRITHEER YRGB L» T@EL:, #
ZBRIL A MEE L 2 DRE| <4 713, 29HRT

Item %ﬁ? Item “gg‘ 200m] A2 E) ) 2, MEBETAEFL TN T,
Wood cribs 3) | 393.2 | Cabinet @) ) 27, BHEOWSI L 7L, BERERBOEELE ¢
: : eDIZ7V R TAY Ky e —F—I2 k- TimkL 12,
Sofas (6) 1215 | fyashing machine | 304 7RI LA RIR & 472 7 2 D5 HE, LT
Bank bed (1) 80.8 | Desk (1) 3.0 KEERNWATATE FiZowTid, o> —F
: : : : eyt sue b o7EBESRGTREETF,
Drawers (3) 79.5 | gpying machine | 54 HEILAZEIZ DV Ti2, Mohrik & Liebig—Dénigesiko
L]y e - o ge
Beddings 56.9 | Carpet (1) 18.4 *ﬁ‘;;%;‘— T" ¢ *‘TE&‘} & ’;E”ﬁ’ . .
oo TH7) > 12 ADGHE, &
Curtains 55.7 | Shoe cabinet (1) 18.4 27m=t 757, HARICDE IS T— RS
Matresses 394 TVset 18.0 (GC—MS), FAPEKEIH AT, EHET2D
gaper stiding 36.9 | Besides 28.7 EEREITH N, TRIv=t 777090 ENLE
oors Table 21257, 273, GC-MS axzzu=t 77
Total Weight: 1054.1 ke 7 DG, TR T T <y 7QS (80~100 #
Table 2 Condition for gaschromatographic analysis
Gaschromatograph | Detector Clg;ugrt?]n Support Carrier gas Temo;;;:tur e Oggjsigt
. CO
. Molecular Sieve SA . . -
Shimadzu 4AIT TCD 3m (80 ~ 100 mesh) He: 50 ml/min. 80°C 1(3,
2
» + * (e}
Shimadzu 4APT TCD 2m Po?a%a}ing g:é):)kN He: 5 ml/min. 40°C Co,
Shimadzu 7A FID | 3m (Bopifﬁ%%kgish) He: 50 mi/min.| 110°C | Acrolein
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Table 3 Peak identification for fire products by

GC-MS.

Peak identification for fire products

Peak No. Mass spectrometric identification

1 Methane

2 Ethylene + Acetylene

3 Ethane

4 Propylene

5 Propane

6 Unknown

7 Methylacetylene

8 Methanol

9 Acetaldehyde
10 Butadiene + 1-Butene-3 ine
11 Unknown

12 "

13 Di-acetylene + Formic acid
14 Methyl cyanide

15 Furan

16 Acetone

17 Acrylonitrile

18 Cyclopentadiene

19 Isoprene

20 Ethy! cyanide

21 Methyl furan + Methy ethyl ketone
22 Benzene

23 Toluene
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Fig. 4 Gaschromatograms of fire products.

Column condition for gaschromatography: 2 m,

Porapak QS (80 ~ 100 mesh).
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Fig. 5 IR spectrogram of fire products at 2 min. after start of fire.
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Fig. 6 Concentrations of CO, CO,. O, and N, vs.
time after start of fire.
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start of fire,



BT B56% 198349 H
Bz, LIth-T, ERBLHREBBKD 30 co
LR T RS Tt mEL e v F 2 [(JHen
HLild, M M acrotein

Table 412 WRHLUF A 12 RUTL X472 77 204 ik e & 1 [[] ~ox

F. IR, SkES FEOTIEMTHY, Bk
KFZTO T, WA S8 S ufzhs, BH&IC
H TN TLLARADERAGAR IR 702 77
7ot TiimHEni o, oAk L T &
HBEBR~NEEGO—#HIZERL 72 K~OWRL L E ' E
Znhtd,

Table 4 Determination of bubbler-sampled gases by

colorimetric and titrimetric methods

HCN 372 ppm
HCl 354 ppm
Formaldehyde trace

Each concentration is the mean value for the first
5 minutes after the start of fire.

Methods of Analysis,
HCN: Pyridine-pyrazolone method

HCl: A combination of Mohr method and
Liebig-Deniges method

Formaldehyde: Chromotropic acid method
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Toxicity index T = £ Cp/Cy, where Cg is the
concentration of a product in fire gas, Cris
the fatal concentration of the same product
for a short time exposure CO 0.5% acrolein
30 ppm HCN 350 ppm, NOy 200 ppm.

Fig. 10 Toxicity index of fire gas vs. time after start
of fire.,
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Report of Fire Research Institute of Japan No.56(1983))

Analysis of Effluent Gas in Initial Stage of
Mortar - plastered Wooden House Fire

(Abstract)

Eiji Yanai and Tokio Morikawa

(Received May 26. 1983)

In a fire experiment of a mortar-plastered wooden house. the effluent gas in the early stage
of fully developed fire was analyzed chemically and instrumentally. The sampled gas for
analysis was drawn from near the ceiling of the house. The analysis of the sampled gas was
conducted using gaschromatography, infrared spectroscopy. GC-MS, and other methods. The
results are summarized as follows:

1) Most organic species evolved more at initial (flashover) stage than at any other stage of fire.

2) Carbon monoxide was found to be a decisive toxic product when the toxic index was
calculated.

3) NOx was detected in the early stage of fully developed fire.

4) Evolution of acrolein and HCN was not negligibly small in estimating toxicity index of
fire gase.
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Fig.1 (a) North side elevation of employed house.

(b) South side elevation of employed house.
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Fig. 3 Relation between heat tlux and time,

o Heat flux meter: Point A (§=2 m, H=1.5m)
x Radio-meter: Point C (§=3 m, H=2 m)
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BWRUOHITEERL, A1 R WA NOBFr & 8z
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Bl1i2 2 ~ 6 5r30Eb N BIZ ® 2 b5sH7:, MBERRIZM
O PSR TEREIHSIFIL 1 ~ 25 TH - 7z,
EERTEMAL AL, KILESEEX
g4 Table 1 1I2FT, BNiEiihsBHN L
HAam L, THEBZRIELAY HDvIZERENIE
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BREZFLMT, ML 10@&”4* BRALEE 212 /e
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TRILE *Sf:fi I A 325&#’1'?&. YA

EE2OMEL RN, 22 72— F—TEETE
L&EFI243 X110 kecal/m?hr 2 TTERU 3L
T2z, HE 3IemDHIHA 120 MOMBATHRERT S
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fHORILES L HEEEORE L L LI L THEE
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Table 1 Relation between maximum charring depth

and height above ground.
Thizl}ness Height above ground
No. square
timber 1m 2m Im
(mm)

1 - Burned out

2 34 315331 - -

3 29 0 18( 9) |28(20)

4 34 0 11 (10) | 24(19.5)

5 30 0 0 29 (15)

6 30 0 0 0

7 30 0 0 0

8 - Burned out

9 30 - - -
10 30 26 (18) - -
11 345 19.5( 9) |33.5(16.5) -
12 28 14 (4) 22 (11.5) -
13 30 0 0 -
14 30 0 0 0

( ) : Minimum values
=
a b

Height (m)

Distance (m)

Fig. 4 Estimated distribution of irradiance.

B8 ~ B14

————— Bl ~ B 7
keal

m?

{Unit of irradiance:

* hr )

mPhr T NEFAMBI B4 TR Eh g
ot RKRESDIIRBLIZAMOESSY SRR
H#I4mT, ZOMIEORNEEIZI.2X10%~6 X
104kcal/m?*hr 2 ¥EEE LB,

(2) #xoms

(a) iR

HADMBI IO, SN BOBBIRIZ L &
. KROHUBLH EHENES S THOBISIKAT 512
DRTHAOMBEME L FTHIZH-72, HADML N
L7z sl ok ies 2 sr 8T BOBW LS 5 K RAHE
LA T 2 LML 4 <30~50emD % HIFTI0~20
PO 2 72, HIROMBEIZ S DETERIZ LY, K
DIESIE5 ~10embeiE & THA L2, BiAOMMIITE
BT FERTHEMEE 5D KRERIGV-HBEBLC
El{fLat,

BWyteth b DK ROFBIKT R BIRD K RATHR
NEFMI AL 4 Fig. 31250, BRHERIC 2 o n5
THK3I~B8 kT H-72, SXKTREEKS HED
BADHES % Fig. 6(a),(b) 217 R ki3, U150
EIEA KR E N THZ T A Iz W TS,
b, RIS E iR, A7
KL T BHRNOWEILS ~10em - T4 - 72,

RN A DR % Fig. T(20R$ . Wb
DHEBUITRHN D ARIEE T, KRIZT L2,
2.3, 4mnip (PP Pa.Pik¥5) DL 0§,
FERAPUL, Y35 )VRBAXBEANEIALIIH AR
BIEHW a1z, THMDMAE TIE150~300T FLIE

Fig. 5 Contours of flame front

Tree: Kinmokusei (Osmanthus fragrans var. auranti-
acus) TNI
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Fig. 6 (a) Appearance of trees.

(b) Burning behaviour of trees.
(five minutes after ignition)

Tree: Kinmokusei (Osmanthus fragrans var. aurantiacus) TNl

1200 ¢

5 8 8

Temperature (°C)

o |

>3 4 5 6 7 6 o
Time (min.)

120071

Temperature (°C)

3 4 5 6 7 8 9
Time (min.)

Fig. 7 Relation between air temperature and time within trees.

{a) Tree : TN1

(b) Tree : TN2

— air temperature within tree crown
---- room air temperature

TFRRA - . ZHEHEANE TN R
FHi i { gD FER 2w t:hrlbnsd
AL B ARTN2o w2 KRB 2 (2 .£7kL”
ZUBARTNIS ) LR8O FER ThHh 200 KK
Mﬁ%ﬁ}i:: LA EFKL OSBRI IIIEA YL
DD, KRWEWIZ L b LKL 24 n

FHuLsa s, TGRS EKE -
BHBEDO KA KET 5P EROWRHFRE BN

R (RN RIS ST S AE I M T AR R AP AP |

BADEF KA LD e P HESN D
(b) #ErBIENME

ﬁtﬁ@#!mﬁ Taamuapadem 0 L Ln 0 K
BORE» L Sh s, EEPLZHTIDHCE
HE T B oksiadbiE s AW D

BEllZH - 12 BRI A KK ~ 6 FHIZ KRR
FBID L - THHRBAL, BBRNLIEEN ST
27, BARGBERBRY LGB En Ky a8z
HRL, SHOAENELL. MM snkEOm
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Fig. 8 (a). Appearance of arrangement of trees.

Tree

TS1: Mokkoku (Ternstroemia gymnanthera)

TS2: Kinmokusei (Osmanthus fragrans var.
aurantiacus)

TS3: Sangojyu (Vibrunum awabuki)

TS4: Chabohiba (Chamaecyparis obtusa cv.

H2EDY I ZAWNNMES YR, kK TWI0, W12,
WI3DMEZ dois A & iz 1 ~ 250 R R THEL 7.
KROVRPDLEH LT T KREANREMELTSI,
TS2, TS3NHillA HTS4~TSINH Iz BBEL 72,
BIATSI, TS2, TS3A M2 L 7o uE gl 3T EBE T
BHU & - TR SN L h o 1, RS KEFINIC B
MDD MM E L B~ i, HE™ AL 7
VAL IR A s e L HEEE RS, F
= K SDE LD — AL BEAR 2 Ay REE T
Rl vl _onBlgiapdsrmzaL) LAHED
Bhp b b BRI EHES DY, BOE
[ g R RN TR AT IR A

BIATS6~TSYUIBATSI~TS5L 0 4 < &S
FR G L T - Ttz ZOBEMIIEN T AW
TN KEDOHUNES G, ZOHED G BE D -
nreshThD EAKRL oL ATS6. TS8IEFEXKL
T et L ATST, TS9L O U2 AHEC, —hn
SERNHRH Mo L HEEE NS,

F M L k8 DB AN Y 1R % Fig. 8
@b izmhd, ¥ %7 L{ :FaHE NDKRHNBEK
HHDKRIN LA TV D5 bh B,

(3) HWMADOEMBHILEDE

AL Fig. 3o mid & 92 KRBT R 28T 51
) ThE, KREHARNDBEEZBRTE 4,2 £E
DKL & B L TR AT kDT R X £ M5+

(b) Burning behaviour of trees.
(eight minutes after ignition)

breviramea)
TSS: Sazanka (Camellia sasanqua)
TS6: Sazanka (Camellia sasanqua), water-supplied
TS7: Sazanka (Camellia sasanqua)
TS8: Sazanka (Camellia sasanqua), water-supplied
TS9: Sazanka (Camellia sasanqua)

. FRNEHBTLHAIL - TNV RIZAHB B
DBEEAHSIIR S LD 2 EHHLH L, R
Wl 52, 3RU6 mBEILZ i K G e WD EIE

8% Fig. 312RT. BHAB2Li#ANNSIZH, iR
B EE 65 h » 2L, BisB3, B6Ti24r
08I S MINL T4~59%T100CHL [zl /2. &
EBOLELMSEBIL ) LRI HD LB TV 51z
Lirdbo¥MEnEmisEdese . WhRoluon g
Wi oA (k4 9#%) % Fig 1002234 Bk
EDH B OFRINILE L R DL h S 150 E R
ELN LIRS, WA T o2 1% |- AT fER A 320
Stz RO B AR EAL Y LES L=

200 T T T T T T T
S 5
o
5 1507 1
o B2
@
g (e]s]
100t J
& 83
@
[} .
2 sof 1
3
m x
G L [} i 4 1 L ]
(o] | 2 3 4 5 6 7 8
Tirne (min.)

Fig. 9 Relation between the surface temperature of
square timbers behind trees and time.
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2o, BHADOUHAEMERI1 ~5mETTHLLS
Bk Wz, g7 BIADEEGEIE IR A OIRIL
REILEH LN, BB B3 & B0 H (3 k4R
HH LR ImBIRSII A bbbl T
Blofiritl bm Lol i~ Ty ey iz kL, B3
N3 mE THITR 72, BHNKILEE &S
SIF B bR DIE AU - 72B3, B4T, BT

3 1
|
— ! . 88~814
8 |
.
~ *xB1~B7
® 200
3
2
o
@
Q
E
v
—
o 100
(93
O
<
[
3
(V2]
] | 2 3 4 S 6 7 8

Distance from house (m)

Fig. 10 Relation between surface temperature of
square timber and distance from house.
(four minutes after ignition)

B2iiBiRA 2 2 L Bl
(4) HERKOEBE®HKR

#ihn@mik kiRt Fig. 11(a)(b) 2 RT. HADHE
ENLEM (AR ZEAVIIBEELTV- 20 L, Lo
TR - 72, BT ® M REepL s L
T60~90IE D EPL T, ) D300~2701E DFIKD kK
gAML T b, BBNRILESLMESED
Hig 4 Table 2 127, $oRILES /2L T
FKELL DY), BEI0.SmE iR ANA, Bl 5m
T TIRER LD HAETFTOS. izl T
B E2 mil LTI ROREE TIRIF, RIBEZ 2
£ TRLY oz, KEDBREA L2 mEL -
2hs LTI BE IR 222 2
BTz NGB AN E w2 enThsd, BERNKE
NEFRAGLFig 12277, 6kl ~1.5mz T2l

FHENNME TIZEL T 22 b3,
4. 3ZH

1. 50N K KEG T O 5H DK RDEHH
L, flEadih s 2 mBEn o (i ES 1.5
m DFH B2 &5 T7 X 10 keal'm*-hr Ll £z
Ll 2, BABWOBNIIITLAVD

jfé.; N ST ‘ .
F«gﬂr_.!g,_ S Joovte

Fig. 11 (a) The state of fire damage of tree.

Tree: Kinmokusei (Osmanthus fragrans var. auranti-
acus) TNI
This photo was taken from a point just above
tree. Minimum radius is 25 centimeters.

(b) The state of fire damage of tree.

Tree: Kinmokusei (Omanthus fragrans var. auranti-
acus) TN1
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Table 2 Fire damage of trunk and branches (Tree: TN1)

Height Estimated Fire Damage of Tree
above "
Ground Irradiance North Side Branches Trunk South Side Branches
(m) {kcal/m? «hr) of Tree of Tree
Several parts of
Unburned; 1.1 cm in dia. | barks cracked induced
by the spout of steam
0~1 14000 Unburned: 0.6 em in dia. | vapor. Burned out
Unburned; 0.3 emindia. | 11 _ 15 cmin dia. and
thickness of barks
are 2.6 ~ 4.0 cm,
Parts of barks and
alburnum are scorched.
Unburned; 1.3 cm in dia.
1~2 30000 5 ~ 9 cmin dia. and Burned out
Unburned; 0.8 cm in dia. | thjckness of barks
are 2.6 cm.
Barks, alburnum and
duraman are scorched.
Partialy burned; X
2~3 60000 Diameter of trunks Burned out
1.0 cm in dia. are 2 ~ 3 cmand
thickness of barks
are 1.2 ~ 2.6 cm,
3~4 67000 Burned out Burned out Burned out

(2 & BEKDO WG RIGHHBEY KE V2
HEFIIZBNM I NT -T2,

3. EARDIERELS b Eh Fi K RBEMZ 5y THAD
FTHHEENTREBETAEL, AHNEE FA
HEH T, KEBEENE T XS LIRS
LTI RN b RAFL (b L 7z,

4. 8kng LA Bz OV THHEE DS, &
YROERIHHDEEL VT oIz IS, K
KB L TIERIA A KEV Z LD DD S
iz, . —HEAXROK KB BRE BORLEK
ROBRHAS (20 » 72,

Fig. 12 Charring depth of fire-damaged tree.

Tree: Kinmokusei (Osmenthus fragrans var. auranti-

acus) TN2 (& =)

BILER D SHHBENER S ETEL. ZNEGHENIZH - TEBEN LM, BFERLFFT
L HREWE DL T5m R 2TICHE X R HBFI VT EMOBRN T 212, 228K

(#E4m) OBBRTEZFMBELL, 2D BiikontzshnGwiz bz TEEREHT L (22§
BIR DB BRI OGS AH SN, B EHBLFEGNNENFT 2 EALHBNLAS. &
KB EKL Thb 3 FHRICHLHEHE ~109 HItEGLRTIskpTEan 22208 LT
Bt T 2nkilarsl 2, 1EoTiHiEx BEOTEHRLIT.
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Report of Fire Research Institute of Japan No.56(1983))

Experimental Investigation of the Protection
of Fire Spread by Trees

(Abstract)

Kunihiro Yamashita, K&ji Hayashi and Minoru Inagaki

(Received May 31. 1983)

Fire-protective effect of trees was measured in the fire experiment of mortar-plastered
house. Two fragrant olive tree (Osmanthus fragrans var. aurantiacus), one of which was supplied
by water-spray, were planted 1.75 meters away from north side of house and nine various
potted trees were placed 1.5 meters south side of house.

Heat flux meter was set up at the north side of house and fourteen timbers were arranged
in two rows to estimate the irradiance distribution. Burning behaviour of trees was recorded on
the video tape recorder and analysed after fire experiment.

As a result of this study, it has been found that the trees burned out for four or five
minutes under the intense irradiation which was estimated to be over 7 X 10% keal/m* -hr. and
fire-protective effect of trees was recognized both on the surface temperature and cherring
depth of timbers behind trees.



HE O ERT R &

43567

198349 A

AN)ATI—-IhoDFFE

PR

g - i

(&L 2BHZE(CHOVLT(ED )
FiRH THREME, THRE—

BAHIS84E 6 A9 HZHR)

1. EANE

MEIHE KK, REFTEBIZELIN TV A1{E
RAFEIIESEZNT S Z 3 ALt R bfsws
rTHDH, DD, TYA, TLE, B
ﬁLt%ﬁmZE—ﬂ—liogmw¢w%ﬂ<m~
$I TR EHFERIITYbATVE, LA L, 2
néﬂﬁ$@m§WﬂzmaétvaLm
K IMOFEE LTI BT 2 IR R L
ik, BYFLLto R 2y, BRI LT
LR SEA T bILTV- 5D, M- BT 54
Fnfi, »5vHLIR THARLEOMILC L5 THA
HMAeELZELEZ LD, 2L L EZHTRE
Wi 08, HRILGEDRELEFHVL L S, W%
BAMOBEII L FIE L L TN 37 72— 5D
L& 2 BERES T I HEN LI LS,

ZOHERR, NI T I— LM L Bk
%mﬁm&%@@marmu,$Mr«u:77—¢
o (HE) TRIEL, ~) 278 =D 50D
TR, T%ﬁaﬁ.uEMm.ﬁﬂmﬁﬁﬁékﬁ
Fi-: 8005 5, HFEOMEBIY, FoE, Wi ¥
O THRIEILZ D THETLILNTH S,

2. ERIEM

FERI, FHBRE BRI OHOME - CTH D
FH L R T L bz, FEBH ARz E, K
BHG(, HLELLV-Br L Th D,

3. ANV TS -RULAEEKR

FEHICFHHL 2~ 27 5 —1%, ~N206BR Y 2
PL> Y x—ThHd, JOBHELT, ~N)27y—n

Tia Lvas,

B
TLHRMBEN DL 5 AT OAMRHTH D,

T o PIREERESRIISI200Wn Lot 2 SR L,
0V ThHE, 28— —(2, F—rHMAL—H—
(20X32em FEHAY) % 2@~ 375 —DBIL, B
T AR iy 7z,
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¥ind velocity

wind direction

Table I Experimental conditions

Temper-
. . " Direc- ature .
Expet;ll- Experi- Att:)tipde V?loc- Dtlir::' tion and Hetix;ltng Sex
ment Date | Time | mental f ty of | Weather | humid- of
classifi- No heli- of of heli- ity |PerSOm | yoice
cation ' copter | wind | wind copter at nel
15:00
13:08 0 7°C
Feb. 417"~ 1 |300m | ~ |ENE| E |Cloudy | gy | 13
The 1982 | 13:21 3m/s -
first 2 200 m
experi- | Feb. 5 12:58 3 150 m 0 WNW 6°C 3 Female
ment 2 ~ ~ ~ N clear 1
198 15:16 4 100 m 3 m/s N 44%
N 50 m
6 300 m
The
3:10| 7 [ 200m WNW
second |Feb. 26 ! 6 7°C
experi- | 1982 ~ 8 150m ~ ~ w clear 23% 13 Male
e 16:39 8 NNW
ment 9 | 100m |8mis
10 50m
10  Teb.4.1982 F Feb.5,1982 ~ 10 ~ Feb.26,1982
N /
Nt
| HH | FOH FOH HOHEOH »/\/\\/\4/\
&
B
- /\ : o1 o1 o4 o
o L)1 Lt 1 Ad 111 1) ;01|||11111111||1|l||
13 13 1213 13 13 14 14 15 15 13 13 15 15 15 15 15 16 16 1§
o7 17 57 07 22 32 46 56 06 16 30 40 10 20 30 4o s0 60 25 35
Time elapsed Time elapsed
(1) Wind velocity (The first experiment) (3) Wind velocity (The second experiment)
Feb. 26,1982
Feb.4,1982 £2b.5,1982
g b K- S r
ENE fe—e—e—e  nHW F“ /_\/\/ ‘5 Nt |- J_\ /—\
ws NW L\/\ ’ 3 LU A
wav T wEw e
4w FHOHA FOH HOHHFOH T a FHFEH HOH HOH
1111 Y T O OO Y O IO S 1 T T T T O T O B |
13 13 12 13 13 13 14 14 15 15 13 13 15 15 15 15 15 16 16 16
07 17 ST 07 22 312 45 S6 g6 1% 30 40 10 20 30 40 50 00 5 35
Time nlapred Tize elapsed

(2) Wind direction (The first experiment)

(4) Wind direction (The second experiment)

Fig. 1 Wind velocity and direction (numerals in circles
show the experimental No.)
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WhTHi-7:, BEE, TEERBONEI, KOB
NTHN, ERBOHREEETable 2107,
(1) YEoHmuERs

BHAHFEDTH LT THMWMOU % IHHEICR
E—A—5 ML, BMERSALZATFEINSUCAT
5,
(2) HFHTRERE

2L TETOARTRIVEEILAL—A—H 5L
L. RS- EBEEIIEATS,
(3) HEENTHERE

HIA, U TEOEELXIVHEIZALC-A—D
SHL., MERo N8BT CN->TE). B
Fitid, WERIBEAOT LRSI, FHEN
BF—FLI—FIIRBFENDI LI L 2T D,
(4) PO THERE

CHIEEC TS, BTy Tl % 5 kR

TAE—=A—75HL, ZOEEETFHICN-TEI.

5. RER&R

5.1 A7 9 —OETHEHLSOERC L S HBK
K, TREMEL
ANNITI—DET > =OEE L P r T 548450

mADFRENBENREBE, o, BiE HWoT

WIEF~) 277 —DEENI, § 1 MEICDwWTiE

Fig. 3 (1) 5 (312, 852 Fegkicov T Tig. 3 (6)

Ao (L) R, ko k52, WLy iz &

o THEEE, TREFKRE(ELTS 40T,

~) 37 F—DAETHLEALNLTIE, KRN

Fig. 2 Hearing test personnels and sound level meters
layout drawing.
o: Hearing test personnel with soundlevel meter

4 FODFHPY TR 22, BL1RETE, T 74N
FEITHEE, TRERABFT-Tv35, 12T
iZ, 0 (£—27400W), — 3, —10dBH7— % % ¥
LTHRL2Z, Fig. ICRLAEF— 52 8HT 52002
$E L 72 % Table 3 (23R T,

HB1IEBRTIE, N 279 —nETHLEDL S HTE450
mOEHN TITHEE, TREE2ERLREL T
HEIRTLI Ay, B2ERTIE, ~37 95—
DETHEH, LB DIZ0E ., HEER, THEHI AL
CEETLTVW%, 2oz, ~) 275Nk
ByC-BAICHAX I ZbN T3, R1EBNHY, &
2EBNBRHANT, FHEIFE(ETHV-TVH2E
Aoz,

5.2 AT 9—-DOMEIZLZBHE, THEOR

Lo

YT F NN L DB, THIENEW%
AMERL, 1Ko TizFig 4() &5 @)1z,
B2HEBIZO-TIiFig. 4 B 5 8)RT,

F1EBN~Y 237 7-NETFiEATIZ. Fig. 1(1)
IZRT & 9 IS0 ~300m NEEAR T, #E100m
THHEREE, TRUMEARREC, MEI00mE L T
SLETTaMuMERL T2, E2EBEH~NYIT
y—nETFieL iz, Fig. 4 Q) iZF/FT L2881
£ THEEE, TR RE(ESTI, HIE—%ET
Holz,

B1YHEBO~N) 27 7 —DETH S 82wy T,
Fig. 1+ Q) A5 D IZRT L1z, GE»RTT5 L
I, TRIERALLS LrEmETRL -5, &
2EBNNN 7 I -DETHrSENE T,
Fig. 4 (6) 25 B) [Z/RT & 5 IZREE, THIEIG

Table 2 The number of the articulation and intelligi-
billity test

C* The first The second

N experiment experiment

E* 2 0 |-3|-10(-20| 0dB (400W)
Single sounds | 20 | 20 | 20 | 20 80
Numerals 6112112 (12 42
Words S| 5| 5| 5 20
Questions 41 5| 5, 5 19

E*: Elements of the speach and questions
S*: Sound volume (dB)
C*: Experimental classification.



ISR RATERYE 565

198349 H

Bzl T—ELTv Ay, N 27 7 -t
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NN ITI—LDFRHEL LAFENCHE
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F1EBECHDVTIEFig. 5 M »56G) Iz, Hi2EE
122 TUgFig. 5 (6) 4+ & (10) (2 HFgE TR ¥,
BILERTE, To7HIE0(—7400W), -3,
—1dB D3 MEANT o 7HADTF— 2 % EHL TR
L7z, Fig. SIZTRL72EF— 7 2 BT 2 o1 43
L 7z Bifes £ Table 4127+,

B EE B2HEMI, ~NIVI—-DETH»L
B4 72 150m it 2 Tls, FNNEIETLHMIS LS
HERBENERILIXA YR G, -2, LirL,
BLEETIEI. N~ 277 —51E5200m L) 11285 ¢
LdE, N)2TI—DETH 5 #7300, 450
miE T, Fig. 5 (1), Gl izFm+ L1z, ~ya7re
—DEF O BHFIABEHIERT L 2,

54 7Zr7HACL S0, THREDRY,

FB1HEBETIZ, T 7HHI#%0(— 7400W), — 3,
—10, ~20dBD 4 FEIFI A2 TEBRL T/, 67>
TN B, THEEE £ Fig. 610RY, Fig. 8
IZRT &7 — 212138, SHHENOMENT— 7 %+
BLTRL 2, Fig. 6I2RLZETF— 228 diT 57
HIZEIL -G % Table 5127,

Fig.6 (mT L9512, P 7 HaitT4 5126,
BREEERY, THRIEAIIT > 7HH (dB) (CHFL T
T amExRLI,

~ 100
®
-
el
o
-
53
w0 50
Lo
&
=1
=
ca
= D
- o
<= 0

0 150 45490

300
Distance from spot just under helicopter (4 )

(1) Altitude of helicopter SOM (The first experiment)

Table 3 The number of inspection to show the mark
of Fig. 3 and Fig. 4.

% The first The second
experiment experiment
B* 150 150
Just | 300,450 Just |300,450
E* under | meters | under | meters
away away
Single 60 240 80 320
Numerals 30 120 42 168
Words 15 60 20 80
Questions 14 56 19 76
B*: Bx spot

Table 4 The number of inspection to show the mark

of Fig. 5.
c* The first The second
experiment experiment
D*

E#

All direction

All direction

Single sounds

60

80

D*: Direction taken from helicopter

Table 5 The number of inspection to show the mark

of Fig. 6.
S* -3,-10,-20

E* 0 dB (400W) 4B
Single sounds 1300 1300
Numerals 390 780
Words 325 325
Questions 260 325
100
&
>
z so
=
3
E

300

4350

Distance froz spot just under helicopter (M)

(6) Altitude of helicopter S0M (The second experiment)

Fig. 3 Relation between articulation and intelligibility, and distance from spot just under helicopter.

(Solid circle: Single

sound, Open circle: Numeral, Cross: Word, Triangle: Qeustion)
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Fig. 3 (continued)
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Fig. 4 Relation between articulation and intelligibility, and altitude of helicopter.
(Solid circle: Single sound, Open cirele: Numeral, Cross: Word, Triangle: Qeustion)
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Single sound articulation (%)
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) (E) (s) )

Dirrction taken from helicopter

(1) Altitude of helicopter SOM (The first experiment)

Stngle nound articnlation (%)

100
50
/O
-
o/ o =
1] 1 1 | 1
Front Right Rear Left
) (E) (s) w)

Directlon taken from helicopter

(2) Altitude of helicopter 100M (The first experiment)

Single sound articulatinn (%)

100
50
/0\ o
~ gl
o ‘~\*F___——a?——'
0 i 1 1 1
Front Right Rear Loft
() () (s) (W)

Direction taken from helicopter

(3) Altitude of helicopter 150M (The first experiment)

Single sound artieudation (%)

100
50
O e g — —
o °
o ] | T
Front Right Rear Left
() (B) (s) %)

Direction taken from helicopter

(4) Altitude of helicopter 200M (The first experiment)

Single sound nrticnlation (%)

Front Right Rear Laft
@) )y (&) ()

Direction taken froa helicopter

(6) Altitude of helicopter SOM (The second experiment)

Single sound artlcnlation (%)

0

0

0
Front Right Rear lLeft
() i) (E) (s)

Direotion taken from helicopter

(7) Altitude of helicopter 100M (The second experiment)

single sound artioculation (%)

Front Right Left
)y i)y () (8)

Direczion taken fros helicopter

(8) Altitude of helicopter 150M (The second experiment)

~
£
N
=
&
2
e}
=
5
3
]
%

00
50
0
Front Right Rear Left
W) (N) ) (s)

Direction taken from h~licopter

(9) Altitude of helicopter 200M (The second experiment)

Fig. 5 Relation between articulation and intelligibility, and direction. (The sign given in parentheses
represents the direction) (Open circle: Spot 150 meters away, Solid circle: Spot 300 meters

away, Cross: Spot 450 meters away)
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Fig. 5 (continued)

Table 6 Difference of rate correct interpretation de-
pending upon elements of the speech and

questions.
S 100
~ C* The first The second
.= E* experiment experiment
o -
Sz
Z:; ; 50 Single sounds 0.28 0.12
=
2 i‘; Numerals 0.75 0.54
b=
h o Words 0.52 0.22
—-20 -10 -3 " -
4wy C40w) (200WX 400%) Questions 0.35 0.15

Sound volume (4B )
(The figure given in parenthesis
represencs tha output conversion)

Fig. 6 Relation between articulation and intelligibili-

ty. and sound volume. (The first experiment) Table 7 Intelligibility of each numeral.

(Solid circle: Single sound, Open circle: Numeral
Numeral, Cross: Word, Triangle: Question) o 3 3 4 5 6 7
The first
experiment 0.7510.91 | 0.66 | 0.63 | 0.75 | 0.77
a The second
® experiment 0.50 ({ 0.42 1 0.46 | 0.59 1 0.57 | 0.71
60 —

g~
R
-~ 2 .
25 10
£ 5.5 EXDEMICL ZPRE, THREOEL.

£
e A 13364, 5 HSROBZIC 517 5 WEOHEE, 5.
= 20 - = - :
£ -t HE, HMOTRENCTHEE, H1%EE, #H2HR

o . == v > 3
Ze . .-I“ . ';. l . {2ov:TTable 6(2R+, £1 %5, £2E5H:C,
€ M T e se so WF, B, HM, BFEOMCEIETLTC5. &

Single sound articulation (%) i" {Emké L\ﬁ#: tﬁ!"’ ’j‘é v "E'J‘:g & '?ltéi-s- % )" M
(The fir=t experinant ) TOENHE LT -THEY), SEOBRIL-TK
Fig. 7 Scatter diagram of single sound articulation on ECRL B,
the first and second experiments. Fic, B198, S2EGOBROBTENTEE
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FH1EBDO~NY 279 —nTFiea 3, BEI00m
L THESE, THREXSLETT M+ RL
LTvad, JHud, SEI0Om LU TIZA3E, ~U2
TI-DNBEHNNETET, MEFLL 452,
EEI0mU FiZ s, RE—F—-2 LM EET
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Table 8 Articulation of each single sound

A smféeun d The first The second
C* experiment experiment
A 0.59 0.44
U 0.39 0.09
0 0.46 0.18
Ki 0.14 0.24
Ku 0.31 0.25
Shi 0.04 0.11
Su 0.06 0.04
Ta 0.29 0.08
Te 0.12 0.09
To 0.23 0.05
Ni 0.56 0.19
Ne 0.06 0.01
Ha 0.45 0.19
Mo 0.42 0.03
Yo 0.34 0.23
Ri 0.40 0.03
Wa 0.36 0.07
Ga 0.21 0.04
1 0.05 0.00
Ba 0.17 0.02
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Report of Fire Research Institute of Japan No.56(1983))

Voice Guidance for Evacuation from Helicopter
Part 1. Articulation and Intelligibility on
Flat Ground

(Abstract)

Yuichi Watanabe and Tadahisa Jin
(Received June 9, 1983)

Practicality of voice communicating safe routes to the evacuating crowd in conflagrations
has been examined using a helicopter. Measurements have been made on the sound pressure and
on the recognition aspect of speech from speakers on the helicopter flown over a flat ground to
people. and the followings are revealed:

(1) Depending on weather conditions, intelligibility may be lowered to a great extent at a
periphery away from a spot just under the helicipter. At the spot just under the helicopter.
however. the highest intelligibility can be expected under any weather conditions.

(2) Within the range of alititudes of 50 to 300 meters at the spot just under the helicopter,
there is no remarkable change in intelligibility depending on the altitude. At an altitude of
100 meters. slightly better results have been obtained with a high intelligibility rate of 80%
in response to questions.

(3) No difference is found of intelligibility on both windward and leeward depending upon the
direction of the wind. The difference of intelligibility in the direction of the periphery have
been observed because of the directivity of horn speakers due to the inclination of the
helicopter.

(4) With the BELL helicopter Model 206B, that an amplifier of at least 400W output capacity
is required to prevent the intelligibility.
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Fig. 4 Spectra of male and female voices used in hear-
ing test.

Table 1 S/N ratio (dB) of the speach to the helicopter noise in 1/3 octave band center frequency

(The first expriment)

F‘3
(Hz)
D‘l H*z
m\| 200 | 250 | 315 | 400 | 500 | 630 | 800 | 1000 | 1250 | 1600 | 2000
50 43 | 32167 | 13.5 | 106 | 13.1
Under | 100 20 | 46 06 | 06 | 138 | 6.0 | 182 | 14.2
the 1750 0.9 7.5 | 69 | 42 | 142 | 122 | 13.2
Helic-
opter | 200 106 | 60 | 148 [ 11.5 | 93| 84
300 115 [ 101 | 100 | 6.6 | 66| 5.7
50 L1 | 1.9 2.6
100 29 | 4.1 9.1 | 88 | &1 | 35
150 m I7rey 0.7 85| a1 | 93 ss5| 21
point
200 0.4 125 | 93 | 86 | 4.5
300 86 | 7.8 | 11.2 | 93| 77| 62
50 29 | 29 3.6
100 2.1 63 | 33 | 28 35
300 m 7y 23| 20| 76 | 21
point
200 63 | 3.4 | 5.3
300 s8 | 511 55/ 35 21 o4
50 09 | 1.7 | 25 1.1
100 0.2 | 2 s4 | 11| 26| o4
450 m -
point | 159 0. 3.8 | 1.8 | 3.8
200 66 | 2.8 | s5i1
300 63| so0 | 43| 22

*!) D: Distance from the grand point under the helicopter.

*2) H: Height of the helicopter.
*3) F: Frequency
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TVRENMERC I LW RELBERTHEEE 2
Hils,

3.5 ANYAFTI—poHLAENOEREESEES
wT
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279 —BENIS/N(B) 2 UA 7 5—7+5L F
BlE " LICKkev . £ &M 4, N1 EBIZSWT
i3Table 142, & 2 J28-Dvs Tt Table 21253 L 72,
HT2 SBOLME TN HHND g~ ith i )8
bhhdratzanT, Tabl 1, 2IRIERD S HHD 4
MENFEEMTTL 22,

5, TFHEORBEBEER, Bt o r—T7 0 ki
TANT—THTOE— 7% FASTHETHAH),
ZDBENNY 37 S —DBELEETE L THIER T
VWK, RRBEBROTREL N 6 SOBFENEY
EmL e,

Table 2 §/N ratio (dB) of the speech to the helicopter noise in 1/3 octave band center freqnency,

(The second experiment)

F‘!
(Hz)
D‘l Ht!
m)N\| 200 | 250 | 315 | 400 | s00 | 630 | 800 | 1000 | 1250 | 1600 | 2000
50 1 s | a9 | 70| 26 28] 1.5
Under | 100 24 | 2.9 70| 54| 66| 31| 1.1 | 07
the 750 0.9 9.3 | 100 | 9.2 | 54 | 42| 21
Helic-
opter | 200 3.8 | 3.1 77| 85109 | 76| 83| 84
300 92 | 24 | 105 | 73 [ 131 | 84 | 68| 26
50 2.0
100 1.8 | 0.2
150 m 7res 3.5 9.1 | 39| 38
point
200 49 | 1.6 81 | 58| 59| 29| o4
300 84 | 74 | 155 | 69 | 93 | 42 | 49
50
100 2.8
300 m 7oy 1.1 62 | 29 | 1.3
point
200 35 | 42| 07
300 s0 | 1.3 | 13.0 | 7.3 | st | 24
50 2.0
100 3.2
450 m I7rey 30 | 03
point
200 3.2 | 1.5
300 1.8 8.5 | 2.0
*!) D: Distance from the grand point under the helicopter.
*1) H: Height of the helicopter.
*3) F:  Frequency
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Voice Guidance for Evacuation from Helicopter
Part 2. Sound Pressure Level and Frequency
Characteristics on Flat Ground

(Abstract)

Yuichi Watanabe and Tadahisa Jin

(Received June 9, 1983)

To make sure of the practicality of guidance for evacuation through voice from a heli-
copter in conflagrations, the previous report!) refers to the articulation and intelligibility test.
This report relates to the study of effectiveness on guidance for evacuation through voice from
a helicopter by evaluating noises from the helicopter, sound pressure level of voice and
frequency characteristics from these sound pressures measured on a sound level meter.

The results are revealed as follows:

(1) When the altitude of the helicopter measures 100 meters or less, the noises will reach as
much as 80 dB (A) at a spot just under the helicopter. [t is desirable to keep the altitude of
the helicopter more than 150 meters to reduce the noises from the helicopter.

(2) The wider is the range of frequencies of voice louder than the noises from the helicopter.
the clearer is the voice. Particularly the voice of a male having no treble is not suitable as
voice from the helicopter.

(3) No difference of the sound pressure level on the windward and leeward is found like the
articulation reported in the previous report!).
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