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ABSTRACT

RN )

In this study, the combustion characteristics of Hinoki Cypress Louver were measured after performing pressure
impregnation with aqueous solution of boric acid, borax, and ammonium phosphate. The characteristics measured include
ignition time, critical heat flux, and mass loss rate by incident hear flux (25, 30 and 50 kW/mz). The samples used for the
test were 100 x 100 x 10 mm, and the 5 min variation for each incident heat flux was measured 3 times. The results show
that the ignition time for incident heat flux of 25 kW/m” showed a delay effect of 17.4 to 21.3% except for Type C-H.
There was no significant difference at 35 and 50 kW/m” in the average mass loss rate in Types A-H and D-H, which had
lower rates than Type N-H, which was predicted to be higher than that of Type N-H (10.7 kW/m®) by 38.22 to 60.46%. It
is thus expected that at the time of initial primary fire, there would be a delay effect against fire spread.
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Table 1. Composition of Water-soluble Flame Retardants

Boric Ammonium
Type acid Borax phosphate Water

N-FRW | N-H - - - 30.0 kg
A-H | 0.90 kg - - 30.0 kg

B-H - 1.05 kg - 30.0 kg

FRW

C-H - - 1.05 kg 30.0 kg

D-H | 0.30 kg | 0.35 kg 0.35 kg 30.0 kg
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Table 2. Conditions for Experimental Procedure
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Figure 1. Experimental procedure.
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Steps of experimental procedure Conditions
Wood samples 100 x 100 x 10 mm
Primary, Secondary, Quartic drying 25°C, 24 hr

Primary vacuum

5% 10 torr, 1 hr

Water-soluble flame retardants

Water, Table 1 (A, B, C, D)

Primary pressurization

Nitrogen, 0.98 Mpa, 24 hr

Tertiary drying

55°C, 168 hr

Combustion experimental

Heat flux: 25, 35 and 50 kW/m®

S5k A) 4nbels] =8EA] #2998 A6s, 20153



AL B4 2 QuEES 7h

uje] H3}A]7He- Table 49} Figure 20 YERSITE £

=
g Bale] Hajol Wag BALU 16kw/

=22 v

4z o

Table 3. Variation of Weight in Before and After Impregna-
tion

) Impregnation Variation
Specimen o
Before [g] After [g] [g (%0)]
Type A-H 121.3 125.5 4.26 (3.56)
Type B-H 114.8 120.5 5.72 (5.00)
Type C-H 120.2 128.1 7.90 (6.64)
Type D-H 126.1 131.9 5.76 (4.60)
Table 4. Ignition Time and 1/sqrt (t;;) of Hinoki Cypress
. Heat flux Ignition time
Specimen kW, /mz] [sec] 1/sqrt (tig)
25 203.98 0.0700
Type N-H 35 34.95 0.1692
50 19.63 0.2240
25 239.40 0.0646
Type A-H 35 56.92 0.1325
50 15.01 0.2581
25 247.51 0.0636
Type B-H 35 43.80 0.1511
50 14.99 0.2583
25 140.73 0.0843
Type C-H 35 22.48 0.2109
50 8.82 0.3368
25 241.14 0.0644
Type D-H 35 32.60 0.1751
50 15.10 0.2574
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Figure 2. Average ignition time vs. incident heat flux for
Hinoki Cypress.
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Figure 3. Linear regression analysis of ignition time accord-
ing to incident heat flux.
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Table 5. Critical Heat Flux of Hinoki Cypress

e
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Specimen Critical heat flux [kW/m’] Equation R Rsqr
Type N-H 10.70 Y =0.0060x — 0.0642 0.9612 0.9239
Type A-H 17.17 Y =0.0078x — 0.1339 0.9985 0.9969
Type B-H 16.36 Y =0.0077x — 0.1260 0.9984 0.9968
Type C-H 15.47 Y =0.0100x — 0.1547 0.9932 0.9865
Type D-H 14.79 Y =0.0075x — 0.1109 0.9801 0.9605
10 Table 6. Average Mass Loss Rate and Rate of Weight
........ A %:Z;tﬂ Change for Hinoki Cypress
& ——-#—— TypeB-H .
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; — —&—  TypeD-H
2 ype [kW/m’] rate [g/s - m’] change [%]
. 25 4.16 32.27
p Type
3 N-H 35 6.59 51.93
§ 4l ) 50 8.75 68.34
5 A 25 2.92 20.88
g Type
§ 2 AH 35 5.79 42.10
< 50 7.36 52.81
0 25 4.76 34.76
0 10 20 30 40 50 60 :;YF;;? 35 7.33 55.25
Incident heat flux [kW/m?] i 50 838 63.59
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tig: Ignition time [s]
k: Thermal conductivity [W/mK]
p: Density [kg/m3]
c: Specific heat [J/kg - °C]
B: Ratio of convective grain and radiative loss with

incident heat flux [-]

§;: Incident heat flux [W/m’]
q..: Critical heat flux [W/m’]
Tiy: Ignition temperature [°C]
Ty: Ambient temperature [°C]
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