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Table 1. Species and number of speceimens tested for shrinkage and mechanical properties.

Number of specimens

No. Species Trees Logs Radial strips *l Ssr;l:ilirgzsz
Ring-porous hardwoods
1 Ailanthus altissima (¥~ 3 2.) 7 14 10 37
2 Carya ovata™® (& v 31 —) 1 1 0 12
3 Fraxinus pennsylvanica (74 k41 2) 2 2 2 5
4 Gleditsia triacanthos *> (7 2 1) H¥ 4 5 F) 1 1 1 7
5  Kalopanax pictus VNV ¥1)) 1 1 2 3
6  Phellodendron amurense (¥/\%) 1 1 1 2
7 Quercus rubra (7 5+ 5) 1 1 1 4
8  Robinia pseudoacacia (=7 7137T) 6 9 9 27
9 Ubnus davidiana var. japonica (N)v=1) 6 10 4 27
Diffuse-porous hardwoods
10 Acer mono (% 5 L5) 1 2 1 6
11 Acer negundo (%7 ¥ ¥ LT5) 5 10 7 38
12 Aesculus glabra 2o X T 1 1 1 5
13 Alnus japonica ()N 7 F) 2 2 0 20
14 Betula platyphylla var. japonica (¥ 5 71 > 7N) 1 2 1 6
15 Juglans ailanthifolia (=7 3) 1 2 2 7
16 Juglans regia™® (h > 7V 3) 1 1 1 6
17 Magnolia heptapeta™® (N7 €27 L V) 1 2 2 9
18  Magnolia kobus var. borealis (3% 37 %) 1 2 2 7
19  Ostrya japonica (7% %) 1 2 2 5
20  Populus nigra var. italica (4 ¥ 7 7 aRTF) 1 2 2 7
21 Populus sieboldii (XY ~FF ) 1 2 1 4
22 Przmuspadus*2 (=) IXHFr5) 1 2 2 6
23 Prunus sargentii > (XY <¥ 27 5) 2 2 4 7
24 Salix hultenii var. angustifolia (> /Xy 23X FF) 1 2 2 4
25 Sorbus commixta (FF 5= F) 1 2 0 11
26  Tilia japonica (¥ F /7 %) 1 2 2 6
Softwoods

27 Ginkgo biloba (£ F 3 7) 5 4 13
28 Pinus bungeana™® (1<) 1 2 1 4
Total 53 87 67 295

1. Specimens for soft X-ray densitometry, *2. Collected from Hokkaido University Botanic Garden

MoOPGESR (Br, Br), BLOURKFE Br/Br) EK
T Table 2 123817720 I 7HOIGHERICKH LTT ¥
¥ —MoZFnig, SEROTFYT, HEEiTn, B

FoWTENZN, 1.38%, B L U2.83%HML 72,
T8 =R T I T HONHEEIVNES o7z b D
&, 3 TR R B & B A,

7: (Flg 1)0
I a7 4 7))

DK ED 720D LR,

BHEZ & D77 7 —HIZBT % HE & IR
DOBBRTIZZY ) 9T I XSy 5 EVF 7 FHRRRK
MR EERL, ke LTIV IEOMBEERL

PRSI (Br/Br) 1FMRELY & v o 723V ITHE
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Table 2. Shrinkage of sample species for outerwood and corewood.

Sampling Number of Specific

Species * bosition specimen Cambial age aravity Br (%) Br (%) T/R ratio

1 Core 8 8.4 0.606 0.328 0.131 2.5

Outer 20 19.0 0.654 0.337 0.144 2.4
3 Outer 4 14.3 0.724 0.311 0.204 1.6
4 Outer 2 54.8 0.703 0.355 0.201 1.8
5 Core 2 19.8 0.621 0.318 0.188 1.7
6 Outer 2 25.3 0.524 0.295 0.178 1.7
7 Core 1 9.0 0.740 0.391 0.167 2.3

Outer 1 38.0 0.691 0.340 0.138 2.5
8 Core 8 7.0 0.751 0.311 0.216 1.4

Outer 10 16.0 0.737 0.332 0.204 1.6
9 Core 4 7.3 0.634 0.374 0.110 3.7

Outer 16 50.9 0.621 0.397 0.191 2.1
10 Outer 4 33.8 0.648 0.327 0.127 2.6
11 Core 6 6.2 0.605 0.403 0.135 3.0

Outer 14 18.4 0.607 0.344 0.115 3.1
12 Outer 2 40.3 0.471 0.291 0.104 3.0
14 Outer 4 23.0 0.577 0.330 0.170 2.0
15 Core 2 7.5 0.526 0.248 0.159 1.6

Outer 2 18.5 0.580 0.361 0.256 1.4
16 Outer 2 28.5 0.582 0.291 0.159 1.8
17 Outer 4 30.8 0.495 0.266 0.140 1.9
18 Outer 4 21.5 0.517 0.319 0.132 2.5
19 Outer 4 45.3 0.739 0.324 0.205 1.6
20 Core 2 6.0 0.463 0.358 0.139 2.6

Outer 2 16.0 0.446 0.291 0.102 2.9
21 Core 2 7.0 0.495 0.290 0.154 1.9

Outer 2 17.0 0.455 0.260 0.082 3.2
22 Outer 4 24.8 0.514 0.447 0.243 1.9
23 Core 2 8.5 0.722 0.391 0.174 2.3

Outer 2 18.2 0.676 0.392 0.175 2.3
24 Core 2 7.5 0.501 0.232 0.056 4.2

Outer 2 18.5 0.466 0.263 0.072 3.7
26 Outer 4 16.0 0.447 0.386 0.246 1.6
27 Core 4 7.0 0.436 0.161 0.125 1.5

Outer 6 24.8 0.471 0.156 0.086 1.9
28 Outer 4 19.8 0.445 0.196 0.124 1.6

* Species numbers are listed in Table 1, B Tangential shrinkage per 1%-moisture-content decrease, Bg: Radial shrinkage per
1%-moisture-content decrease, T/R ratio: 1/Br
Note: Outerwood and corewood are defined as the wood outside of the 10th ring from the pith and inside of the 9th ring
from the pith, respectively.
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Fig. 1. Correlation between specific gravity and average
shrinkage of outerwood (outside of the 10th ring
from the pith). Br, Br: The same as in Table 2, :
Correlation coefficients, *: Significant at 5% level.
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Fig. 2. Relationship between ring width and ring density (average density within a ring) obtained from
soft X-ray densitometry analysis.
Black circles and error bars denote averages and standard deviations calculated at 0.5mm inter-
vals of ring width.
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Fig. 3. Relationship between cambial age and Eq/G.

Eg4: Dynamic modulus of elasticity, G: Mod-
ulus of rigidity
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Table 3. Mechanical properties of the outerwood for the sample species.
Species* ) ARW  SG G Eq E4SG E, MOR  CS SS LBS " U ™
pecies (vear)  (mm) (MPa) (GPa) (GPa) (GPa) (MPa) (MPa) (MPa) (MPa) (MPa) (kNm)
1 Mean 16.5 3.7  0.663 1230.3 13.6 20.6 10.5 95.6 49.1 14.4 19.0 22.6 15.3  0.687
S.D. 5.2 1.8 0.061 128.3 2.0 2.7 1.5 10.6 5.1 2.4 4.2 5.5 3.7 0.040
2 Mean 50.4 3.1 0.783 1277.2 14.9 19.0 1.4 104.4 49.6 14.1 19.7 23.5 30.9 0.773
S.D. 28.0 0.7 0.044 62.4 1.4 1.7 1.2 8.4 2.5 0.9 2.3 2.7 5.4 0.017
3 Mean 18.8 4.0 0.758 1301.9 15.5 20.4 12.4  117.5 57.1 15.8 24.7 26.1 19.8  0.678
S.D. 4.1 1.6 0.025 33.4 2.5 2.7 1.6 5.8 4.1 1.1 3.7 5.7 3.3 0.056
4 Mean 71.3 2.7 0.706 1345.3 14.9 21.1 11.9  102.9 58.2 14.7 20.7 24.4 7.3 0.715
S.D. 16.9 0.4 0.033 74.1 1.5 1.3 1.1 9.2 5.6 1.1 1.5 3.4 3.8 0.032
5 Mean 20.3 4.4 0.653 1181.4 13.2 20.1 9.7 78.0  41.5 14.1 14.9 15.8 12.8  0.718
S.D. 4.5 0.1  0.040 124.7 1.0 0.9 0.6 9.3 3.6 1.7 2.6 4.5 3.0 0.017
6 Mean 21.5 1.6 0.595 1220.1 12.8 21.5 10.7  105.3 53.5 1.7 18.6 21.0 22.1  0.731
S.D. 10.6 0.4 0.021 37.2 0.3 0.3 0.3 0.2 4.9 0.6 0.8 2.4 3.3 0.028
7 Mean 31.5 2.9 0.715 1154.7 13.9 19.4 0.6 102.8 56.6 13.7 20.3 23.3 13.7  0.642
S.D. 9.3 0.9 0.021 36.9 1.2 1.8 0.5 3.2 4.5 1.0 2.3 3.9 0.2 0.016
8 Mean 15.7 4.7 0.754 1600.3 16.9 22.4 13.6  134.0 70.3 15.8 27.4 31.7 26.4  0.710
S.D. 3.6 1.4 0.042  220.0 2.1 2.7 1.6 18.2 5.9 1.8 4.8 5.2 9.0  0.061
9  Mean 61.0 1.5 0.606  855.6 10.6 17.3 8.3 80.0 41.2 11.8 14.9 17.9 15.5  0.700
S.D. 34.5 1.1 0.070  129.0 3.1 3.5 2.2 16.4 7.2 1.9 2.8 6.0 5.9 0.047
10 Mean 33.7 1.6 0.675 1452.6 13.5 20.0 10.7 98.0 51.0 14.4 20.8 23.4 20.3  0.726
S.D. 13.5 0.1  0.008 26.5 1.4 2.1 1.3 10.7 2.1 1.0 3.4 1.7 6.7 0.051
11 Mean 17.4 4.1 0.602 1403.6 10.1 17.1 8.2 82.1 45.4 12.0 14.2 16.7 20.8  0.736
S.D. 5.7 1.2 0.062  248.0 1.7 3.5 1.5 10.6 3.9 1.8 3.0 3.8 9.6  0.053
12 Mean 42.0 2.8 0.476  835.8 7.6 16.1 5.8 51.2 32.1 8.5 8.1 9.2 9.9  0.730
S.D. 12.8 0.6 0.011 87.6 0.3 0.9 0.2 1.5 0.5 0.8 2.3 2.4 0.6 0.009
13 Mean 44.6 2.6 0.564 1012.3 11.8 20.9 9.0 74.9 40.4 8.9 11.4 13.6 9.8 0.667
S.D. 27.5 1.2 0.027 52.7 0.8 1.4 1.1 10.7 1.0 1.0 1.6 2.4 3.8 0.051
14  Mean 25.8 3.1 0.577 1207.1 10.8 18.8 7.9 79.2 42.0 11.4 10.9 12.0 15.8  0.709
S.D. 5.9 0.4 0.024 61.2 1.5 2.8 0.8 6.6 2.3 0.9 1.3 1.2 4.0 0.050
15 Mean 16.2 4.7 0.610 1083.0 15.6 25.5 12.3  105.4 57.5 12.5 14.5 16.9 18.1  0.721
S.D. 4.1 1.5 0.047  102.1 1.8 1.5 1.2 9.3 6.3 0.9 1.8 2.3 5.0 0.057
16 Mean 26.0 3.9 0.58 1367.1 9.2 15.7 7.6 81.9 45.5 12.4 16.1 19.4 21.6  0.752
S.D. 10.1 1.3 0.038 122.1 0.8 1.3 0.8 11.5 6.3 0.8 1.8 2.8 3.5 0.020
17 Mean 35.0 2.5 0.510  936.0 10.5 20.7 8.4 76.3 42.9 10.4 11.3 13.6 10.3  0.663
S.D. 22.3 0.7 0.005 58.2 1.1 2.1 1.0 7.9 3.2 0.6 0.8 0.9 3.3 0.048
18  Mean 19.3 3.4 0.504  962.5 1.7 23.1 9.1 78.2 43.0 9.2 9.8 12.1 13.6  0.723
S.D. 6.4 0.7 0.031 64.8 1.9 2.9 1.4 6.2 3.6 1.7 1.1 1.7 1.7 0.016
19  Mean 51.6 1.3 0.770 1327.9 16.1 21.0 12,9 119.8 61.7 15.5 22.0 25.7 17.6  0.676
S.D. 12.7 0.1  0.012 21.2 0.6 1.0 0.1 3.3 3.1 0.9 1.2 3.3 1.3 0.011
20  Mean 14.3 4.5  0.448  675.2 12.2 27.4 9.1 69.3 44.1 7.2 7.1 9.1 9.0 0.702
S.D. 2.8 0.6 0.017 24.1 0.2 0.9 0.3 1.5 2.1 0.7 0.5 0.5 1.3 0.029
21 Mean 26.8 3.8 0.458  763.1 11.7 25.5 9.0 69.3 39.0 8.3 7.5 9.2 8.7 0.685
S.D. 11.9 0.8  0.025 65.6 1.4 1.9 1.1 7.5 1.7 0.7 0.7 1.3 1.5  0.025
22 Mean 24.5 2.4 0.530 1131.9 9.6 18.0 7.7 70.3 38.1 10.2 11.1 13.6 11.7  0.699
S.D. 8.4 0.5 0.022 199.3 1.0 1.4 1.0 11.9 5.8 1.0 1.7 2.3 4.6 0.041
23 Mean 16.3 5.0 0.727 1424.3 12.9 17.9 9.9 101.2 52.4 15.0 22.1 23.0 20.3  0.709
S.D. 5.3 1.4 0.073  129.7 1.1 1.8 0.9 13.4 6.9 2.1 6.2 5.7 2.6 0.032
24  Mean 18.0 3.5 0.490 1040.0 8.9 18.2 6.8 68.6 40.1 9.2 9.9 10.8 11.3  0.689
S.D. 3.7 0.8 0.022 59.3 1.3 1.9 0.9 11.5 6.0 1.4 1.4 0.5 3.0 0.030
25 Mean 19.2 4.9 0.614 1047.7 9.2 14.9 7.6 76.0 38.1 9.1 12.6 14.6 21.6  0.754
S.D. 6.6 1.5 0.020 80.1 0.5 0.4 0.5 6.4 1.8 1.7 0.6 1.6 6.6 0.035
26 Mean 19.0 2.8  0.453  652.4 11.8 26.1 8.5 59.7 35.5 7.8 6.3 7.1 8.6  0.732
S.D. 4.1 0.3 0.017 27.0 0.8 1.2 0.4 3.8 2.2 0.2 0.3 1.8 0.6 0.009
27 Mean 23.3 2.7 0.471 1052.2 7.1 15.2 6.0 63.5 35.3 8.7 11.9 14.4 9.0  0.644
S.D. 9.7 0.5 0.049 151.9 0.8 2.7 0.7 6.8 3.8 1.3 2.3 4.3 3.0 0.030
28 Mean 24.0 2.7 0.457 1015.1 9.2 20.2 8.2 76.8  41.8 7.9 10.8 12.3 11.4  0.684
S.D. 6.2 0.8 0.006 4.7 1.0 2.3 0.5 2.5 1.4 0.8 1.0 0.7 0.2 0.004

* Species numbers are the same as in Table 1.

CA: Cambial age, ARW: Average ring width, SG: Specific gravity, G: Modulus of rigidity, E4: Dynamic modulus of elasticity, Ey,: Static mod-
ulus of elasticity, MOR: Modulus of rupture, CS: Compressive strength parallel to grain, SS: Shear strength, /7: Hardness, LBS: Local bearing
strength (stress when compressed to 95% of the heights of specimens), Uy, Integration value of load deflection curve in bending test up to

the maximum load, 7/ Tetmajer's modulus



Load (kN)

ABHEE R A DARALAR D U & SREEFFE VN 5)

3.0
2.5
2.0
1.5
1.0
0.5

2 Carya ovalis

1 Ailanthus altissima

o

3.0
2.5
2.0
1.5
1.0
0.5

4 Gleditsia triacanthos

3 Fraxinus pennsylvanica

3.0
2.5
2.0
1.5
1.0
0.5

5 Kalopanax pictus 6 Phellodendron amurense

3.0
2.5
2.0
1.5
1.0
0.5

8 Robinia pseudoacacia

7 Quercus rubra

o

3.0
2.5
2.0
1.5
1.0
0.5

9 Ulmus davidiana var. japonica 10 Acer mono

5 10 15 20 25 0 5 10 15 20 25

Mid-span deflection (mm)

(=]
o

Fig. 7. Load-deflection curves obtained from bending tests.
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Summary

We evaluated the shrinkage and mechanical properties of 53 trees of 28 species (26 broad-leaved and 2
coniferous) planted in Hokkaido University Campus and Hokkaido University Botanic Garden. The specimens
were collected from the undamaged logs of windfallen trees; these trees had fallen due to Typhoon 0418.
Tangential and radial shrinkages, wood density analyzed from soft X-ray densitometry, dynamic and static
Young's modulus, modulus of rigidity, modulus of rupture, strain energy up to maximum load in the bending
test, compressive strength parallel to the grain, local bearing strength, shear strength, and hardness were ev-
aluated. The strength properties were tested with reference to JIS-Z2101 (Japanese Industrial Standards con-
cerning test methods for small clear wood specimens).

The average density within a ring correlated positively with a ring width of 1-3mm for ring-porous hard-
wood and maintained constant values for diffuse-porous hardwood. The ratio of Young’s modulus to modulus
of rigidity was small for specimens of juvenile cambial ages, for example, in the case of some tested species
such as Ulmus davidiana var. japonica and Ailanthus altissima. The result may be attributed to large micro-
fibril angles of the juvenile wood. Specific Young's moduli were higher than average for Populus spp. and
other species. The wood of Robinia pseudoacacia showed the highest values for all strength properties mea-

sured, and it had broad annual rings.

Keywords: broad-leaved tree, shrinkage, mechanical properties, juvenile wood, windfall



