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Fig.1. Method of determining maximum elastic
strain energy (Ur)

Legend: Pmax, maximum load, 0 o, maximum
virtical deflection.
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Fig.2. The bending-stress relaxation test of a log in
field.

Note: Dot-lines indicate the wires of displacement

transducers.
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Table 1. Dimensions and mechanical properties of logs.
Diameter at Air-dry
. . .E'fr Eb MOR
)
‘ Number midlength density® (kN/mm2) ( kN/mm2) ( N/mm?) FEi 1 By
Species (mm) (kg/m3)
of logs
Mean Mean Mean Mean Mean Mean
(CV. %) (CV. %) (CV. %) (CV. %) (CV. %) (CV. %)
Todomatsu® 5 185 (20.1) 403 (10.7) 9.98(11.7) 5.23(29.7 37.3(26.7) 2.10(39.1)
Sugi? 5 98 (9.2) 332(14.8)  5.11(30.7) 3.44(27.6) 40.3(14.9) 1.42(9.3)
Karamatsu® 4 136 (10.4) 475(12.3) 854 (22.5) 4.78(25.1) 45.4(14.5) 1.82(18.8)
Akaezomatsud 8 155 (27.8) 400 (6.7)  7.81(10.6) 5.80(41.5) 38.6(22.9) 1.63(53.2)
Shirakamba® 7 128 (9.7) 581 (6.6) 11.3(12.8) 7.14(24.6) 55.3(12.8) 1.67(28.9)
Mizunara? 3 162 (6.5) 705 (6.1)  10.5(16.3) 7.26(7.20) 59.9(10.5) 1.45(11.3)

Note ¥ Abies sachalinensis; P Cryptomeria japonica; ©Larix kaempferi, 9 Picea glehnii, ©® Betula platyphylla;
Y Quercus crispula, ®Air-dry density was obtained from small clear specimens which were cut off from
logs after bending fracture tests. £k dynamic modulus of elasticity; £b: modulus of elasticity determined
by static bending test, MOR: modulus of rupture, Mean: average, CV: coefficient of variation.
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Table 2. Results of the bending-stress relaxation test for logs.

Parameters of

Species No. Diamzf; ;)f logs Air-((ilgligr)lsity Loa(((i)/ol)evel Eq. (4)

a9 b c
1 77 372 16 0.76  -0.17  0.02
Akaezomatsu? 2 130 288 28 0.81 -0.11 0.02
3 153 305 23 0.66 -0.21 0.02
4 124 502 29 0.72 -0.15 0.01
Shirakamba® 5 132 534 29 0.91 -0.05 0.06
6 148 442 36 0.67 -0.20 0.02
7 153 549 32 0.75 -0.18  0.03
Mizunara? 8 158 523 48 0.72  -0.17  0.02
9 173 535 26 0.80 -0.12 0.02

Note :9-9; See Table.1. ®; Parameter “a” means convergence load ratio.
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Fig.3. The device for stress-relaxation test for small
clear specimens.
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Fig.4. Average values of MOR? F for tested species.

Note: Error bars denote standard deviations. MOR,
modulus of rupture, £, modulus of elasticity
determined by bending test.
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Note: F£b, modulus of elasticity determined by
bending test, MOR, modulus of rupture.
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Fig.6. Stress relaxation curves of log specimens

Note: each plot was averaged for each day.
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Fig.8. Effects of load level on convergence load
ratio for small clear specimens (SCSs).
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Table 3. Results of the stress relaxation test for small clear specimens.

Parameters of

Species No Dlam?ter of logs  Air-dry density = Load level equation (4)
mm) (kg/m?) (%) 5
ay b c
1 413 20 0.77 -0.11 0.01
2 7 404 47 0.77 -0.13 0.01
3 431 53 0.75 -0.15 0.01
4 350 27 0.78 -0.14 0.02
Akaezomatsu?® 130
5 350 76 0.69 -0.23 0.03
6 388 21 0.72 -0.17 0.01
7 153 413 34 0.72 -0.17 0.01
8 419 59 0.73 -0.16 0.03
9 581 29 0.68 -0.18 0.01
10 124 577 56 0.79 -0.16 0.06
11 572 74 0.74 -0.30 0.13
. 12 572 30 0.69 -0.26 0.08
Shirakamba® 132
13 628 70 0.79 -0.33 0.46
14 585 27 0.66 -0.28 0.05
15 148 629 56 0.66 -0.23 0.02
16 507 89 0.58 -0.28 0.00
17 671 25 0.73 -0.19 0.01
153
18 664 77 0.68 -0.20 0.02
19 647 26 0.57 -0.28 0.01
Mizunara? 20 158 738 53 0.59 -0.35 0.00
21 749 79 0.75 -0.15 0.02
22 743 21 0.78 -0.16 0.01
173
23 722 59 0.76 -0.17 0.01

Note :9-9; See Table.1. ®; Parameter “a” means convergence load ratio.
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Summary

Spring-back risk at manual cutting operations was evaluated to discuss the differences among 6
wood species by using elastic strain energy as a predictor, which was obtained from bending rupture
test of logs. Furthermore, decrease of the risk considering stress relaxation in wind-thrown tree stems
was evaluated by bending-stress relaxation test. We also discussed the validity of evaluating the
differences in spring-back risks among species by using small clear specimens. Considering
characteristic value of MOR?/ £, for logs, the risks of mizunara (Quercus crispula), shirakamba (Betula
platyphylla), sugi (Cryptomeria japonica) and karamatsu (Larix kaempferi were significantly greater
than those of akaezomatsu (Picea glehni) and todomatsu (Abies sachalinensis). In the stress
relaxation test for logs, the relaxation speed decreased within 2 days after the test started and kept it
nearly constant after the seventh day. No effect of diameters and species on the stress relaxation
curves was found for almost all the specimens. It was suggested that spring-back risks could be

estimated using mechanical properties obtained by small clear specimen tests.

Keywords: spring-back risk, elastic strain energy, stress relaxation, wind-thrown tree, small clear

specimen.



