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Fig. 1-1. Hystogram of Young’s modulus (E).
n: frequency, f: probability density.
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Fig. 1-2. Hystogram of compressive strength (g,).
n: frequency, f: probability density.
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Table 1. Analysis of variance.

Table 1-1. Young’s modulus E (ton/cm?).

SS d.f. 52 842
x
Between-trees 236 330 135 1750.6 CV (%)
Within-tree 88 427 901 98.14 216.73
86.17
Total 324 757 1036 313.47 17.1

Table 1-2. Compressive strength o, (kg/cm?).

SS d.f. 52 G 42
x
Between-trees 2 594 200 135 19216.3 CV (%)
Within-tree 536 210 901 595.1 2442.3
384.6
Total 3130410 1036 3021.6 12.8
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Table 1-3. Specific gravity in air-dried condition 4.

SS d.f. s2 G 42
x
Between-trees 61.482 135 0.45542 CV (%)
Within-tree 38.065 901 0.04225 2.0033 x 10-3
0.4301
Total 99.547 1036 0.096088 10.4

Table 1-4. Average breadth of annual rings B (mm).

S§ d.f. 52 G 42
x
Between-trees 2.1265 135 0.015752 CV (%)
Within-tree 0.4304 901 0.000478 5.4189x 10-2
1.364
Total 2.5569 1036 0.002468 17.1
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Fig. 2-1. Correlation diagram (D X B).
D: diameter of disk, B: average breadth of annual rings.
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E: Young’s modulus.
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Fig. 2-8. Correlation diagram (r, X E).
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Table 2. Correlation coefficient (r) and 959, confidential limits (rq, 73).

B T
r r reg r 71 73
D 0.5639 ( 0.4371, 0.6688) —0.2851 (—0.1226, —0.4326)
B —0.2713 (—0.1079, —0.4205)
Ta
E
E T
r 7y Ty r 41 &)
D —0.3149 (—0.1548, —0.4589) —0.3600 (—0.2040, —0.4982)
B —0.2836 (—0.1210, —0.4313) —0.3860 (—0.2328, —0.5205)
Tq 0.7853 ( 0.7110, 0.8423) 0.8963 ( 0.8573, 0.9251)
E 0.9037 ( 0.8673, 0.9305)
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Table 3. Regression coefficients (b, b1), standard deviation (s,) and coefficient of variation (CV).

E G
bo bl Se cv bo b1 Se CV
D 108.01 —0.92833 14.54 16.99, 466.98 —3.5012 47.17 12.39,
B 110.25 —17.651 14.69 17.0 492.72 —79.267 46.64 12.1
Ta —27.176 263.53 9.48 11.0 —42.213 992.36 22.42 5.8
E 127.68 2.9816 21.65 5.6
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Table 4-1. Partial regression coefficients of E to D, B, r, and contribution ratio (R2, 1‘{2).

bl [72 bS

2 2
by (D) (B) (ra) R R v
—14.040 —0.24022 — 2.0721 252.71%* 0.6265 0.6180 11.0%
115.13 —0.67002%* — 9.6725 0.1157 0.1024 16.8
—16.222 —0.29219 254.05%% 0.6257 0.6201 10.9
—17.735 — 4.7363 256.60%* 0.6221 0.6164 11.0
108.01 —0.92833%* 0.0992 0.0925 16.9
110.25 — 17.65]%* 0.0804 0.0735 17.1
—27.176 263.53%* 0.6167 0.6138 11.0

*: significant at 5%, level, **: significant at 19, level
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Table 4-2. Partial regression coefficients of ¢, to D, B, r,, E and contribution ratio (R2, I~22).
bl bz b3 b4 ~
b (D) (8) (ra) () K Ra v
506.75 —0.03676  —23.443** 522 58%* 1.6480** 0.9199 0.9168 3.8%
275.38 —0.43264 —26.857**  939,03%* 0.8267 0.8214 5.5
180.27 —0.12522 —27.606%* 2.8428%* 0.8351 0.8301 5.4
263.54 —0.6182* 532.10%* 1.6704** 0.9112 0.9085 3.9
501.41 —23.842%% 522 71%* 1.6498** 0.9199 0.9174 3.7
507.51 —2.0297*  —55.099** 0.1787 0.1602 12.0
—0.7429 —1.1062** 956.46%%* 0.8153 0.8111 5.7
154.32 —0.8140%* 2.8946%* 0.8230 0.8190 5.6
20.883 —31.655%%  946.05%* 0.8254 0.8214 5.5
178.57 —28.970** 2.8496** 0.8350 0.8313 5.4
4.5344 539.03%* 1.7202%* 0.9076 0.9055 4.0
466.98 —3.5012%* 0.1296 0.1231 12.3
492.72 —79.267** 0.1490 0.1426 12.1
—42.213 992.36%* 0.8034 0.8019 5.8
127.68 2.9816** 0.8167 0.8153 5.6

*. significant at 59, level, **: significant at 19, level
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Summary

Even in the case of having no such macroscopic defects as knots, fluctuations in the wood-
properties are inevitable among trees as well as within the individual trees. In the wood used
as the structural-materials, the large variation in its mechanical properties turns to be a serious
demerit.

The purpose of this research is the practical estimation of the quantitative variabilities in
the compressive strength and Young’s modulus of wood, which are to be noted among the
individual trees grown within one small forest-stand.

Sample of the 136 trees were taken out, at random, from the trees grown in an artificially
planted forest-stand of SUGI (Yaku-strain, about 0.10 ha area, 50 age); a disk of stem was cut
out from the respective sample-trees 1.2 m above the ground; and 8 (or 7) small clear speci-
mens of 20 x 20X 80 mm were taken out from the wood near the bark of the respective disks.

The distributions of the measured values of Young’s modulus (E) and the compressive
strength (o.) tested in 1037 specimens formed such histograms as shown in Fig. 1-1 and Fig.
1-2, respectively.

By the analyses of variance made in one-way classification, variance between trees were
estimated 216.73 for £ and 2442.3 for ¢,, respectively; therefore the coeflicients of variation
(CV) were calculated 17.1%, for E and 12.89 for ¢,, respectively (Table 1-1, 1-2).

Concerning the variabilities of £ and ¢, within the individual SUGI-trees, the values above
109, in CV were resported to be quite unexceptional, in some literature.

Since the total variation is the sum of the between- and within-variations, CV in the infinite
population composed of the mechanical property-values of all the clear small wood-specimens
may probably exceed 309. '

Hence the near-minimum-value, or 59;-exclusion-limit, applied for mechanical property
of SUGI-wood, from which the present allowable stress of wood has been induced, ought to be
looked upon as an over-estimation.

Table 4-1, 4-2 shows the results of multiple regression analyses. From these results, it may
be confirmed that g, is to be estimated exactly by means of the regression-equation in which
B (average breadth of annual rings), r, (specific gravity in air-dried condition) and E were
taken as predictor-variables; and E is to be estimated by the regression to r,. Thus, the
problem of ascertaining the variabilities in the mechanical properties of wood may be solved

by applying the regression to some predictor-variables.



