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Investigation of Quasi-noncombustible Plywood
Made from Trees Grown in Hokkaido

Masayuki KAWARASAKI Ryoichi HIRADATE Sigeichi YOSHIDA
KazuhisaTAKIZAWA Asao OKANO

Manufacture of quasi-noncombustible plywood made from trees (Cryptomeria japonica, Larix
leptolepis, Abies sachalinensis, Tilia japonica) grown in Hokkaido was investigated. Veneers of those
species were impregnated with boron-type fire retardant solution in hot bath treatment. In 30% fire
retardant solution, the chemical contents in veneer after treatment were 237kg/m3 for C. japonica
(sapwood) and 217kg/me for C. japonica (heartwood). The chemical content in veneer after treatment
was influenced by the species. In comparison with C. japonica (sapwood), the chemical contents of
L. leptolepis, A. sachalinensis and T. japonica were 41%, 75% and 70% respectively, in 30% fire
retardant solution treatment. The chemical content impregnated in L. leptolepis was extremely low,
showing that more investigation about treatment conditions is needed for L. leptolepis. Therefore, the
fire performance of plywood made with treated veneer, except for L. leptolepis, was evaluated by cone
calorimeter. For C. japonica, the 15-mm-thick plywood consisted of sapwood veneers and heartwood
veneer treated with a chemical content of 208kg/m? to satisfy the standard for quasi-noncombustible
materials in the cone calorimeter. For A. sachalinensis and T. japonica, the total heat release of the
plywood made of treated veneer tended to be high in comparison with C. japonica. The increase of total
heat release of those species may be attributed to the behavior of the exposed area and the difference
of the mass loss rate during heating.
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Table 1. Manufacturing conditions for plywood.

6000

1
) Phenolite 6000Y
Adhesive
S (Dainippon Ink and Chemicals, Incorporated)
TD-473
. Catalyst TD-473
Addit
tve (Dainippon Ink and Chemicals, Incorporated)
6000 TD-473=100 15
Mixingratio (w:w) Phenolite 6000: Catalyst TD-473=100: 15
3 Y
40g/900cm?
Spread amount
80
Temperature
1.18MPa
Press Pressure
2 conditions 12mm 60 15mm 90
50kw/m Time 12mm thickness: 60min., 15mm thickness: 90min.
1
50%R H 1) Resorcinol formaldehyde resin adhesive.
oR.M.
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Table 2. Impregnated chemical contents in veneers.
Fecies Concentration of chemical solution
10% 20% 25%  30%
X 81 155 222 237
94 x 94mm Ave.
Sapwood
2.7 . 4. 2
sp. 6.8 9 9
C.Japonica 60 135 198 217
Ave.
Heartwood 34 54 165 115
SD.
7
2 Ave. ° %
L. leptolepis Heartwood 76 76
10% 81kg/m? SD. ' '
222kg/m®  30% Ave. 106 179
A. sachalinensis 56 20.1
SD.
102 165
Ave.
85 920 T. japonica 56 08
SD.
kg/m?3
Unit: kg/m3
37 41%
66 70% 12
15mm
3
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Table 3. Specific gravity of plywood and chemical content of veneer.
Treatment conditions of veneers
mm
Species Thickness Non- Concentration of chemical solution
treatment 10% 20% 25% 30%
Specific gravity of plywood 0.40 0.46 0.55 0.57
1 0 67 135 182
12 2 0 72 151 203
kg/m3 3 0 78 154 222
Chemical contents 4 0 84 167 227
of veneers 0 75 152 209
Average
C. japonica
Specific gravity of plywood 0.39 0.46 0.53 0.60
1 0 67 130 184
15 2 0 73 138 197
kg/m3 3 0 78 141 214
Chemical contents 4 0 80 151 219
of veneers 5 0 82 152 223
0 76 142 208
Average
Soecific gravity of plywood 0.40 0.53 0.59
1 0 100 159
15 2 0 101 167
A. sachalinensis kg/m3 3 0 107 179
Chemical contents 4 0 110 185
of veneers 5 0 111 200
0 106 178
Average
Secific gravity of plywood 0.51 0.67
1 0 158
15 2 0 160
T. japonica kg/m3 3 0 160
Chemical contents 4 0 172
of veneers 5 0 181
Average 0 166
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Table 4. Results of cone calorimeter tests for plywood treated with chemicals.

10
The number of specimensthat satisfied the standard
mm % kg/m?3 kW/m? MJIm? Sec
Species  Thickness Concentration Chemical Maximum Total heat Time The standard items
of chemical content heat release  releasefor toignition| 1 1 2 23 3
solution rate 10min Total heat Shape? Maximum heat
release! release rate?
0 213 50.2 13 0 0 1
12 10 75 126 21.7 39 0 0 3
20 152 81 12.8 300 0 0 3
25 209 83 9.8 399 0 2 3
C. japonica 0 228 56.9 17 0 0 0
15 10 76 176 17.7 157 0 2 3
20 142 54 9.8 181 1 3 3
25 208 15 1.9 5554 3 3 3
0 202 61.5 16 0 1 3
A. sachalinensis 20 106 79 20.7 43 0 3 3
30 178 43 11.7 186 0 3 3
0 305 88.5 18 0 0 0
T. japonica 30 166 88 21.2 47 0 3 3
10 3
1 8MJ/m?2 2 3 10 200kW/m?
4 2 1

Maximum heat release rate, total heat release for 10min and time to ignition are average values.
1) The standard: The total heat release in the heating time is 8MJ/m? or less. 2) The standard: No harmfull shrinking and no crack penetrating to the back
surface during the heating time. 3) The standard: The maximum heat release rate that exceeds 200kW/m? is not more than 10 seconds during the heating
time. 4) 2 specimens did not ignite. This is the value of 1 specimen that ignited during the heating time.
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Fig. 1. Heat release rate of C. japonica plywood
treated with different concentrations of chemical
solution.
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Fig. 2. Heat release rate and total heat release of
treated C. japonica plywood. (Veneer treated with

25% chemical solution)
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Fig. 3. Relationship between chemical content and
total heat release for 10 min (15mm thick plywood
treated with chemicals).
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Fig. 4. Heat release rate of non-treated plywood
(15mm thick).
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