The Japan Soci ety of Mechanical Engineers

2144

H AR 30 (A BR)
66 % 652 5 (2000-12)

BEEHTICBITZAM (/%) OEMFHICRITT
AR DE

F@X No. 99-1668

IR I S e NI 3

‘ Effect of Lading Method on the Elastic Properties
of Wood (Japanese cypress) under Combined Axial Force and Torque

Mariko YAMASAKI*® and Yasutoshi SASAKI
*3 Nagoya University, Graduate School of Bioagricultural Sciences, Chikusa, Nagoya, Aichi, 464-8601 Japan

The elastic properties of wood subjected to axial-shear combined stress conditions were
examined. Wood specimens of rectangular bars of Japanese cypress were cut into those whose long
axis coincided with the longitudinal direction. These specimens were loaded and twisted in and
around the long axis, respectively, according to the proportional deformation loading method and the
initial constant loading method. The results obtained are summarized as follows: 1) Loading
methods had effects on the relationships between apparent shear moduli and conditions of combined
stresses. 2) In the case of the initial constant loading method, apparent Young’s moduli were influenced
by conditions of tension-shear combined stresses. 3) Apparent Young’s moduli under compression-
shear combined stresses tended to become larger than those under uni-compression, irrespectively of
loading method. 4) As for the anisotropy of the apparent elantic moduli, when axial (or shear) stress
was mainly applied under axial-torsion biaxial loading, the magnitude of apparent shear (or axial)
modulus showed much difference between two (LT and LR) planes of the wood specimen.

Key Words: Combined Stress, Anisotropy, Material Testing, Torsion, Elastic Properties, Loading
Method, Wood
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Fig. 1. Rectangular test specimen of wood ( unit : mm )-
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Table 1. Maximum strengths.
Tension Compression Maximum torque Shear (LT) Shear (L.R)
(MPa) (MPa) (N - m) (MPa) (MPa)
63.9 (6.8) 38.1 (2.7) 20.7 (1.3) 18.3 (1.2) 19.3 (1.3)

Note : Parenthesized numbers mean standard deviations.
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Table 2. Apparent shear moduli under pure torsion and axial-shear combined stresses.

. Ranges of ¢ Apparent shear moduli™ .
States of stresses Loading methods Planes Probabilities
(deg) (GPa)
LT 1.09 (0.12) —
Pure torsion — a=0
LR 1.23  (0.08) —
LT 1.26 (0.35) 0.089
90 <q@<0 N
Proportional LR 1.40 (0.30) 0.047
d ti di
Compression-shear eformation loading 50<g<0 LT 1.08 (0.15) 0.996
combined stress LR 1.26 (0.11) 0.360
LT 0.99 (0.11) 0.012 **
Initial constant loading S0<a<0
LR 1.14 (0.12) 0.011 *+*
LT 0.92 (0.19) 0.003 **
0<a<90
Proportional LR 1.14 (0.20) 0.096
f jon loadi
Tension-shear deformation loading 0<a<50 LT 1.05 (0.10) 0.379
combined stress LR 1.25 (0.12) 0.579
LT 0.99 (0.10) 0.016 *
Initial constant loading 0<@<50
LR 1.17 (0.10) 0.038 *

Note : *1: Parenthesized numbers mean standard deviations; *2 : Probabilities of nonsignificant between pure torsion and
axial-shear combined stresses; * : 95% significant; **: 99% significant.
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Table 3. Apparent Young's moduli under uni-axial stresses and axial-shear combined stresses.

. Ranges of « Apparent Young's moduli™ .
States of stresses Loading methods Planes Probabilities ™
(deg) (GPa)
. . LT 1012 (1.21) -
Uni-compression - a=-90
LR 10.53 (1.48) -
LT 1145 (2.58) 0.117
90<w<0
Proportional LR 1191 (2.59) 0.106
Compression-shear deformation loading 90 < g < -30 LT 11.90 (242) 0.028 *
combined stress @ LR 1213 (2.38) 0.046 *
LT 1132 (114 0.007 **
Initial constant loading  -90 <@ <-30 (1.14)
LR 11.40 (1.33) 0.091
LT 11.66 (1.38 -
Uni-tension - a=90 (1.38)
LR 11.87 (1.71) -
LT 10.80 (2.57) 0.244
0<@<90
Proportional LR 1123 (2.34) 0.359
tion loadi
Tension-shear deformation loading 20 <09 LT 1145 (1.82) 0.693
combined stress LR 11.81 (1.93) 0.924
LT 10.82 (1.17 0.048 *
Initial constant loading 30<@<90 (1.17)
LR 1109 (1.36) 0.121

Note : *1 : Parenthesized numbers mean standard deviations; *2 : Probabilities of nonsignificant between uni-axial stresses
and axial-shear combined stresses; * : 95% significant; ** : 99% significant.
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Fig. 5. Effects of combined stresses on the anisotropy of the apparent elastic moduli.

Legend: E

Lny | Apparent Young's moduli obtained in LR plane; £, +; Apparent Young's moduli obtained in LT plane.
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