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Evaluation of Structural Glued Laminated Timber Composed of
Wood Grown in Hokkaido and Foreign Countries

Toshihiro TANSHO Makoto IMAI Takashi TAGUCHI
Noriaki MAEDA Osamu KUDO

To achieve practical use of structural glued laminated timber composed of different wood species
grown in Hokkaido and foreign countries, we eval uated their adhesive properties by short size specimens
and tested the adhesive properties and strength properties of full size specimens. The following results
were obtained.

1) Results of adhesion tests by short size specimens almost satisfied the Japanese agricultural standard

(JAS).

2) Results of strength tests and adhesion tests using full size structural glued laminated timber
composed of different wood species almost satisfied the JAS.
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Table 1. Combinations of species and densities used
short size specimens.

Outermost layer and outer layer  Middle layer and inner layer

Species Density Species Density
g/cm? g/cm3
D 0.50 0.70 K 0.45 0.60
B 0.40 0.60 T 0.30 0.40
K 0.50 0.65 A 0.35 0.45
S 0.30 0.40
D: B: K: T:
A: S

D: Larix gmelinii, B: Pseudotsuga menziesii, K: Larix leptolepis,
T: Abies sachalinensis, A: Picea glehnii, S. Cryptomeria japonica
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Fig. 1. Constitution of cross section.
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Table 2. Combinations of species and adhesives used full size outermst layer | 1140
specimens. Outer layer L125
Middlelayer L110
Outermosgt layer and outer layer ~ Middle layer and inner layer Adhesives L90
D K API.RF Inner layer
T API,RF Inner layer L90
B K API,RF Inner layer L90
B T API,RF L90
Inner layer
K T API,RF
Middlelayer L110
D: B: K: T:
API RF Outer layer L125
D: Larix gmelinii, B: Pseudotsuga menziesii, K: Larix leptolepis, T: Abies
sachalinensis Outermost layer L140
API: Aqueous vinyl polymer solution-isocyanate adhesive,
RF: Resorcinol-formaldehyde resin 2

Fig. 2. Constitution of cross section and grade.
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Table 3. Ratios of delamination by short size specimens (%).
E) b) o) a b) ) E) b) o)
Soecies  Adhesive ! B v Species Adhesive ! B Ve Species Adhesive ! B v
max. 5.7 7.4 31.6 max. 2.6 0 0 max. 2.1 0 1.6
DxD RF av. 0.3 0.2 0.9 DxK RF av. 0.3 0 0 BxA RF av. 0.2 0 0.2
min. 0 0 0 min. 0 0 0 min. 0 0 0
max. 13.2 3.2 9.5 max. 2.0 0 0 max. 1.8 0 0
BxB RF av. 1.2 0.2 1.0 DxT RF av. 0.4 0 0 BxS RF av. 0.3 0 0
min. 0 0 0 min. 0 0 0 min. 0 0 0
max. 7.9 5.0 5.3 max. 3.9 3.8 3.7 max. 0 0 15
KxK RF av. 0.4 0.2 0.3 DxA RF av. 0.4 0.6 0.4 KxT RF av. 0 0 0.2
min. 0 0 0 min. 0 0 0 min. 0 0 0
max. 3.8 2.1 0 max. 0 0 2.1 max. 5.3 4.7 0
TXT RF av. 0.2 0 0 DxS RF av. 0 0 0.2 KxA RF av. 15 1.2 0
min. 0 0 0 min. 0 0 0 min. 0 0 0
max. 13.7 7.9 2.1 max. 0 0 16.3 max. 0 0 0
AxA RF av. 1.2 0.4 0 BxK RF av. 0 0 1.9 KxS RF av. 0 0 0
min. 0 0 0 min. 0 0 0 min. 0 0 0
max. 4.3 4.7 1.6 max. 0 1.7 0
SXS RF av. 0.1 0.1 0 BxT RF av. 0 0.2 0
min. 0 0 0 min. 0 0 0
max. 2.6 5.3 9.5 max. 1.5 3.5 7.3 max. 0 0 0
DxD API av. 0.2 0.3 1.2 DxK API av. 0.2 0.4 2.8 BxA API av. 0 0 0
min. 0 0 0 min. 0 0 0 min. 0 0 0
max. 0 3.7 2.6 max. 0 0 0 max. 0 3.2 0
BxB API av. 0 0.2 0.1 DxT API av. 0 0 0 BxS API av. 0 0.3 0
min. 0 0 0 min. 0 0 0 min. 0 0 0
max. 184 185 24.2 max. 0 0 1.6 max. 0 0 0
KxK API av. 0.2 0.5 1.2 DxA API av. 0 0 0.2 KxT API av. 0 0 0
min. 0 0 0 min. 0 0 0 min. 0 0 0
max. 0 0 7.0 max. 0 0 3.7 max. 0 8.9 0
TXT API av. 0 0 0.1 DxS API av. 0 0 0.4 KxA API av. 0 0.9 0
min. 0 0 0 min. 0 0 0 min. 0 0 0
max. 0 1.8 2.9 max. 0 0 5.3 max. 0 0 0
AxA API av. 0 0 0 BxK API av. 0 0 0.7 KxS API av. 0 0 0
min. 0 0 0 min. 0 0 0 min. 0 0 0
max. 0 0 0 max. 0 0 0
SxS API av. 0 0 0 BxT API av. 0 0 0
min. 0 0 0 min. 0 0 0

D,B,K, T,A,S 1

Dx D:40,Bx B:40,Kx K:80, Tx T:75 Ax A:75 Sx S 75 Dx K:10,Dx T:10,Dx A:10,Dx S:10, Bx K: 10,
Bx T:10,Bx A:10,Bx S:10,Kx T:10,Kx A:10,Kx S: 10

Dx K

RF 2 API 1
a I b B: c V:
D,B,K, T,A,S: SeeTable 1.
Number of bond linesare D x D: 40, Bx B:40,Kx K:80, Tx T:75 Ax A:75 Sx S:75 Dx K:10,Dx T:10,Dx A:10,Dx S: 10,
Bx K:10,Bx T:10,Bx A:10,Bx S:10,Kx T:10,Kx A:10,Kx S: 10
D x K shows bond line composed Larix gmelinii and Larix leptolepis.
The ratios of delamination were measured after 2nd cycle of delamination for specimens bonded with RF , and after 1st cycle of delamination for specimens
bonded with API.
a) l:Immersion delamination test, b) B:Boiling water soak delamination test, ¢) V:Vacuum/pressure treatment test
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Fig. 3. Shear strength of adhesive bonds by short size specimens.
D,B,K,T,A,S 1

Dx D:40,Bx B:40,Kx K:80, Tx T:75 Ax A:75 Sx S:75 Dx K:10,Dx T:10,Dx A:10,Dx S:10,Bx K: 10,
Bx T:10,Bx A:10,Bx S:10,Kx T:10,Kx A:10,Kx S: 10

Dx K

D,B,K, T, A, S SeeTable 1.
Number of specimensare D x D: 40, Bx B:40,Kx K:80, Tx T:75 Ax A:75 Sx S:75 Dx K:10,Dx T:10,Dx A:10,Dx S: 10,
Bx K:10,Bx T:10,Bx A:10,Bx S:10,Kx T:10,Kx A:10,Kx S: 10
D x K shows bond line composed Larix gmelinii and Larix leptolepis.
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Table 4. Results of bending test.

Modulus of rupture  Modulusof elasticity Density  M.C. Modulus of rupture  Modulus of elasticity Density ~ M.C.
Specimens Adhesive  No. N/mm? kN/mm? g/lcm?® % Adhesive  No. N/mm? kN/mm? g/em® %
1 39.98 12.95 0.531 9.5 1 37.64 12.78 0.530 9.9
DxK RE 2 41.98 12.40 0.567 9.6 APl 2 34.45 13.05 0.559 10.0
3 35.82 12.90 0.531 9.5 3 41.23 12.97 0.532 9.7
av. 39.26 12.75 0.543 9.5 av. 37.77 12.93 0.540 9.8
1 42.10 12.52 0.457 9.5 1 38.69 12.28 0.468 9.7
DxT RE 2 34.23 13.10 0.465 9.0 APl 2 38.78 12.43 0.442 9.7
3 34.11 13.05 0.465 9.4 3 41.44 12.41 0.450 9.7
av. 36.81 12.89 0.462 9.3 av. 39.64 12.37 0.454 9.7
1 40.82 13.47 0.516 10.7 1 34.31 13.03 0.491 11.1
BxK RE 2 41.28 12.77 0.512 11.0 APl 2 40.62 13.04 0.502 11.1
3 41.53 13.04 0.492 10.2 3 26.94 13.12 0.505 11.3
av. 41.21 13.10 0.507 10.6 av. 33.95 13.06 0.499 11.2
1 41.51 13.30 0.435 10.6 1 33.06 13.06 0.443 11.3
BxT RE 2 41.02 12.72 0.427 10.6 APl 2 35.92 13.02 0.444 11.5
3 34.20 13.43 0.435 10.7 3 39.53 13.87 0.458 11.2
av. 38.91 13.15 0.432 10.6 av. 36.17 13.32 0.448 11.3
1 34.87 12.43 0.455 10.2 1 43.41 12.91 0.454 10.0
KxT RE 2 31.38 12.26 0.449 10.1 API 2 28.70 12.44 0.451 10.2
3 24.54 11.94 0.437 9.6 3 37.59 12.08 0.454 10.1
av. 30.27 12.21 0.447 9.9 av. 36.57 12.48 0.453 10.1
D,B,K, T: 1
D, B, K, T: See Table 1.
5
Table 5. Ratios of delamination by full size specimens.
b, C) b, C) b, C)
Soecies  Adhesive 1 B” Ve Jecies  Adhesive 17 BV Secies Adhesive 1 B” Ve
max. 1.4 2.7 10.5 max. 1.4 0 0 max. 0 0 7.6
DxD RF av. 0.1 0.1 0.8 =T RF av. 0 O 0 BxK RF av. 0 0 1.0
min. 0 0 0 min. 0 0 0 min. 0 0 0
max. 0 9.0 3.3 max. 1.9 0 5.2 max. 0 0 0
BxB RF av. 0 0.4 0.1 DxK RF av. 02 O 14 BxT RF av. 0 0 0
min. 0 0 0 min. 0 0 0 min. 0 0 0
max. 1.9 1.4 4.9 max. O 0 0 max. 0 0 0
KxK RF av. 0 0 0.3 DxT RF av. 0 0 0 KxT RF av. 0 0 0
min. 0 0 0 min. 0 0 0 min. 0 0 0
max. 0 0 4.1 max. 0 7.6 119 max. 0 0 5.8
DxD API av. 0 0 0.4 TxT API av. 0 03 03 BxK API av. 0 0 0.5
min. 0 0 0 min. 0 0 0 min. 0 0 0
max. 0 8.6 0 max. 0 44 56 max. 0 0 1.9
BxB API av. 0 0.4 0 DxK API av. 0 05 09 BxT API av. 0 0 0.2
min. 0 0 0 min. 0 0 0 min. 0 0 0
max. 0 35 286 max. O 0 133 max. 0 10.7 0
KxK API av. 0 0.2 2.2 DxT APl av. 0 0 1.6 KxT API av. 0 12 0
min. 0 0 0 min. 0 0 0 min. 0 0 0
D,B,K, T: 1
Dx D:24,Bx B:24,Kx K:72, Tx T:90,Dx K:12,Dx T:12,Bx K:12,Bx T:12,Kx T: 12
Dx K
RF 2 API 1
a I b B: c V:

D, B, K, T: See Table 1.

Number of bond linesareD x D:24,Bx B:24, Kx K:72, Tx T:90,Dx K:12,Dx T:12,Bx K:12,Bx T:12,Kx T: 12.

D x K shows bond line composed Larix gmelinii and Larix leptolepis.

The ratios of delamination were measured after 2nd cycle of delamination for specimens bonded with RF , and after 1st cycle of delamination for specimens
bonded with API.

a) l:Immersion delamination test, b) B:Boiling water soak delamination test, ¢) V:Vacuum/pressure treatment test

3.2.2

5 JAS
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1 JAS

JAS
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Fig. 4. Shear strength of adhesive bonds by full size specimens.

D,B,K,T: 1

Dx D:24,Bx B:24,Kx K:72,Tx T:90,Dx K:12,Dx T:12,Bx K:12,Bx T:12,Kx T:12

Dx K
D,B,K, T: SeeTable 1.

Number of specimensare D x D: 24,Bx B: 24, Kx K:72, Tx T:90,Dx K:12,Dx T:12,Bx K:12,Bx T:12,Kx T: 12.
D x K shows bond line composed Larix gmelinii and Larix leptolepis.
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