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Influence of Density and Moisture Content

on Heat Release Properties of Wood

Shinichi KIKUCHI Masayuki KAWARASAKI

The building standard law of Japan was revised in 1998 and the test method for evaluating fire
prevention materials was changed from the conventional surface flammability test to the heat release
test. This is because the heat release property is the key factor in characterizing the flammability of
building materials. To develop fire prevention materials corresponding to various wood materials, it is
necessary to clarify the heat release properties of wood. To accomplish this, heat release tests were
carried out on six species using the ISO cone calorimeter.

The species tested were Pinus densiflora, Larix leptolepis, Chamaecyparis obtusa, Cryptomeria
Jjaponica, Abies sachalinensis and Fraxinus mandshurica. The specimens were heated at an irradiance
level of 50 kW/m?, heat release rate, total heat release and effective heat of combustion were measured.
Wood had a higher first peak heat release rate just after ignition and high second peak, when the back
of the specimen began to burn. After flaming combustion ceased, glowing combustion of the carbonized
layer continued for a long time. Heat release rate in the flaming period was related to the original moisture
content of the wood. There were clear differences in the total heat release of specimens between the
conifers and F. mandshurica, and these increased linearly with density. The effective heat of
combustion on a dry basis was 14-16 MJ/kg in the flaming period, and 29-32 MJ/kg in the glowing one.
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Table 1. Materials used for heat release experiments.

E s s Tt BRI R e
Seasoning Species Number of Density Mark
condition specimens (g/cmB)
TR 9 0.46~0.62 X
P. densiflora
h 7= 9 0.41~0.59 +
L. leptolepis
1 B/ * 12 0.41~0.58 O
23C C. obtusa

[SO%RI—J AF 11 0.27~0.39 O
C. japonica
N4 8 0.34~0.48 &
A. sachalinensis
YF&E 14 0.43~0.71
F. mandshurica
| 8 0.40~0.56 ([ J

| C. obtusa
[ 45C J 2 8 0.26~0.36 [ |
48 hr C. japonica

YF&E 9 0.40~0.67 A

F. mandshurica
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Fig. 1. Heat release rate, total heat release and weight loss
of A. sachalinensis and F. mandshurica at 50 kW/m?

irradiance (Condition I).
1) THR : #FEEGE, WL : B &
note) THR: Total heat release, WL: Weight loss.
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Fig. 2. Flaming period and total heat release in the

flaming period.
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Note) FLAME_T: End time of flaming combustion, COM_T: Flaming
period, F_THR: Total heat release in the flaming period.
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Fig. 3. Relation between density and flaming period.
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Legend) X, +, O, 0, O, A: See Table 1.

Note) COM_T: See Fig. 2.
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Fig. 4. Relation between density and total heat release in

the flaming period.
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Legend) X, +, O, 0, O, A: See Table 1.
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Fig. 5. Relation between density and flaming period of
specimens conditioned at I or II.
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Legend) ,II, O, 0, A, @, B, A: See Table 1.
Note) COM_T: See Fig. 2.
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Table 2. Effective heat of combustion.
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BN i B RNRBEEN
Seasoning Species Effective heat of combustion
condition MlJ/kg)
he wet ¥ he_dry? hc_glow?
Th= 13.4 14.7 37.9
P. densiflora
BT 13.3 14.6 314
L. leptolepis
1 IS 14.4 15.8 33.4
23°C C. obtusa
50%RH ZF 13.7 15.0 30.9
C. japonica
N4 14.0 15.4 32.9
A. sachalinensis
YFHE 12.4 13.6 31.7
F. mandshurica
b /% 15.0 15.8 32.6
i C. obtusa
45°C X 14.2 14.9 28.7
48hr C. japonica
YF &£ 13.3 14.0 30.0
F. mandshurica

) 1) FE SR DIRBER (R~ — A),
2) FERIRBEDPRBERA (RHL~— ),
3) IREMZ 1T D IR EER
note) 1) Effective heat of combustion in the flaming period (wet base),
2) Effective heat of combustion in the flaming period (dry base),
3) Effective heat of combustion in the glowing period.

WEARRICELTIRER—DOMEE R L, SHERMIX
14 ~ 16MJ/kg, “F¥)15.2Ml/kg, ¥ F % Ei% 14MJI/kg
BETH- T, AMERRITRESET5E, AM
DANRBERT Y 7 = EA R L HIBERICH Y,
HEEBIA DIRBEEADYRBERIFA K 0 b RE N Z L3R
VT EEGE AW L o T BN ST
WD, —TJ5, FRRIRBEBRETIE, T OMBEENTY 7
SUGABRICHBES AN LIRS TNDY),
UL, AR DI RIRBEBE BT H
R OFNRBERI Y TF X E LD b RELS 2D D
EPTRENTZ LMD, AMEUY &R EE L DR
EFHLMNCT B0, SHRBFEEZET R L
THRRT — 2 2 ERTOLENRD D,

he glow (37 1 Z [ & 29 ~33MJ/kg DOHiPHIZ
bot-, ZHUE, 600~900°C THBVLIE L 7= AR D
FEENE31.8~33.5MI/kg '9121EIF % L, FLAME T
LABE D IRENS IR FE DOIRILIRBE T 5 2 & BT 2
bOLEZLND,

4. FEOH

FHEERT 5 B & REERT L B IC O W Ca—s e
U —FHC X 2 REVERBR ATV, BEMEICK T 2%
JEB ORGSO E R LTz, TO/RREK, FERK
BEIZ 351 DT BB I T BHERT & Y 7 & (JRZER) &
KRB S, ZRENOEEOHEMNE & HInd
52 &, WG RERITFRRIRBER I L OV Do
FEGREICHBET DL Nbhote, £, BALY
M7 OFEEETH 2 HNRRERIL, S E R
N— AT, FERRPETIT14~16MI/kg, FREATIE29
~ 33MlJ/kg DFLFHIZ B o 7=,

-
-

X [y
Babrauskas, V., Peacock, R. D.: Fire Safety Journal 18
(3), 255-272 (1992).
Brenden, J. J.: Journal of Fire and Flammability 6 (1),
50-64 (1975).
ASTM E 906-83: "Standard test method for heat and
visible smoke release rates for materials and products.”,
1983.
Brenden, J. J.: Journal of Fire and Flammability 6 (3),
274-293 (1975).

)

2)

3)

4)

REERBR S 55228 H52%5)



Influence of Density and Moisture Content on Heat Release Properties of Wood

5 Smith, E. E.: Journal of Fire and Flammability 8 (3), 12) JIS A 1321 : “HEELH) D NEER B K OV T E O EEA
309-323 (1977). PERRBR 1L, 1994
6) Babrauskas, V.: Fire and Materials 8 (2), 81-95 (1984). 13) Hugi, E., Wuersch, M., Risi, W., Wakiki, K. G.: J. Wood
7)  ASTM E 1354-90: "Standard test method for heat and Science 53, 71-75 (2007).
visible smoke release rates for materials and products 14) White, R. H.: Wood and Fiber Science 19 (4), 446-452
using an oxygen consumption calorimeter.", 1990. (1987).
8) IS0 5660-1: "Reaction to fire tests - Heat release, smoke 15) Fangrat, J., Hasemi, Y., Yoshida, M., Kikuchi, S.: Fire
production and mass loss rate - Part 1: Heat release rate and Materials 22 (1), 1-6 (1998).
(cone calorimeter method)", 2002. 16) 88—« bl K7 R i AR FE R 22
9) Janssens, M.: Fire Safety Journal 17 (3), 217-238 (1991). (12), 609-814(1963).
10) Tran, H. C.: "Heat Release in Fires", Babrauskas, V.,
Grayson, S. K. ed., Elsevier Science Publishers LTD, —FAME—
London, 1992, pp.357-372. —*1: 4REED FHRMERERL—
11) JEHEFERS « A TZES9(10), 454-457(2004). ([RTE=IE : 08.3.24)

[J. Hokkaido For. Prod. Res. Inst. Vol.22, No.2, 2008)



