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The Modulus of Elasticity of Tree Trunks for Plantation-Grown
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Table 1. OQutline of the sample plots

Species Plot Cpt Established Stand Elevation ) Equsure and
No. No. year age (m) inclination of slope
Sugi 1 28 1967 21 240 SE 16°
2 28 1967 21 220 E 17
3 26 1966 22 190 E 25
4 26 1966 22 170 Gentle
5 17 1960 28 120 E 18
Karamatsu 6 13 1959 29 140 E 22
7 17 1960 28 110 E 14
Todomatsu 8 3 1957 31 150 SE 12
9 5-1 1957 31 110 E 25
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Fig.3. A typical trunk form for sugi.
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Table2, Taper factors for sugi

DBH L,

No. (em) (cr;) * (mnr?/m) R
1 13.8 42 1.046 3.11 1.004
2 15.5 42 1.076 5.68 0.990
3 16.6 51 1.070 5.59 0.989
4 17.2 30 1.071 5.96 0.988
5 17.5 57 1.034 2.89 1.001
6 18.7 68 1.086 7.66 1.001
7 19.8 48 1.038 3.66 0.997
8 22.2 70 1.057 6.18 0.996
9 22.2 41 1.039 4.25 1.007
10 25.4 60 1.064 7.80 0.998
11 25.8 63 1.026 3.30 1.004
Av. 19.5 51.8 1.055 5.10 0.998

C.V.(%) 19.3 23.5 1.8 33.0 0.6

Ly : Length of root flare

Trunk perimeter at 80cm high

a : Taper quotient=

¢ . Taper rate as for trunk radius

Trunk perimeter at 180cm high

Measured trunk radius at 120cm high

R =

Estimated radius by interpolation of trunk taper function
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Fig.4. The error involved in the MOE calculation ignoring the taper in
relation to the taper quotient.
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Table3. Test results

. Plot Number of DBH Trunk MOE
Species
No. sample trees Av.(cm) C.V.(%) Av.(tf/em®) C.V.(%)
Sugi 1 5 15.2 7.3 58.9 18.2
2 5 15.1 7.6 51.9 11.7
3 5 16.5 11.5 56.5 28.4
4 5 19.7 11.3 53.6 5.5
5 11 18.9 12.3 61.2 16.5
Karamatsu 6 10 17.7 12.0 93.1 12.6
7 10 18.6 7.8 121.0 10.6
Todomatsu 8 10 12.6 12.2 110.3 9.8
9 16 16.9 14.0 114.3 7.2
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Fig.5. DBH and trunk MOE for the sample trees of sugi.
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Table 4. Statistical differences of the trunk MOEs between
the contrastive sites

Species F f
Sugi 1.56- 0.04~
Karamatsu 1.30- 4.51**

Todomatsu 1.80- 1.03-

F, : Variance ratio; &: ¢ value.
- : Not significant
** . Significant at 1% level.
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Fig. 6. DBH and trunk MOE for the sample trees of karamatsu.
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Fig.7. DBH and trunk MOE for the sample trees of todomatsu.
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Summary

The authors have developed a tree bending test to evaluate the MOE of tree trunks'~* and
have conducted a series of tests at several plantation forests of conifers in Hokkaido. From the
research, the variation of the trunk MOE within a stand has been found to be small compared with
the DBH variation. The results suggest the applicability of the tree bending test to the prelimi-
nary stress rating of forest crops by section. It was also found that the average value of trunk
MOE varies according to the site or locality due to environmental factors or other inherent
characteristics.

In this investigation the trunk MOEs of sugi (Cryptomeria japonica), karamatsu (Larix
kaempferi) and todomatsu (Abies sachalinensis) grown in Hiyama Experiment Forest of Hokkaido
University were examined. The authors intention was to make advanced quality evaluation of
the planted stands as well as to discuss local environmental effects on trunk MOE values.
Materials and test method

Two sections of the forest having differing wind conditions were chosen for each species as
sampling areas (Fig.1 and Table1). The tree bending test was made on about ten trees per
section. The trunk MOE is calculated from the force applied to the tree given by an operator’s
weight, the deflection of the trunk as measured by a middle-ordinate gage and the moment of
inertia determined from the trunk circumference and the bark thickness at 120cm above ground
level (Fig. 2).

Results and discussion

Average trunk MOE values for sugi were small even in the 28-year-old stand (Table 3). It
can not be ascertained whether the low values were due to the lower degree of adaptability of this
species to the climate of Hokkaido or the inferior character of the original seeds. Karamatsu
and todomatsu show comparatively large trunk MOE values. They can be expected to produce
lumber of high structural quality.

Although all species showed faster radial growth at the calm site than at the windy site, the
environmental effects of wind conditions on trunk MOE was found to be different between the
species. No significant difference of trunk MOE was found between the windy site and the calm
site for sugi and todomatsu (Figs.5 and 7). However, karamatsu showed distinct differences
between the two sample plots with the average trunk MOE for the calm site exceeding that for
the windy site by 30tf/cm? (Fig.6). The result suggests that the influence of environmental
effects on the structural properties of the wood is greater than that of the growth rate for
karamatsu. This difference might be attributed to the process of latewood formation and its
anatomical characteristics in karamatsu, namely, karamatsu shows an immediate changeover
from earlywood to latewood and has thicker latewood than the other two species.

The special characteristics of karamatsu which help it to adapt to environmental effects and
which lead to both higher yields and better quality trees at the proper sites, make it a desirable
commercial species for plantations.



