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Failure Behavior of Wood (Japanese cypress)
under Combined Axial Force and Torque
(Effects of Loading Method and Loading Path)

Mariko YAMASAKI*® and Yasutoshi SASAKI

*3 Nagoya University, Graduate School of Bioagricultural Sciences,
Chikusa, Nagoya, Aichi, 464-8601 Japan

Mechanical behavior of wood subjected to normal-shear combined stress conditions was
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 following two loading methods, that is, the
proportional deformation loading method and the initially constant loading method which has two
loading paths. The obtained results are summarized as follows: (1) When the torsional moment
was applied to the specimen slightly, the obtained failure strength tended to be measured larger than
the pure normal strength. (2) The failure loci of whole testing data could be expressed by the
ellipse formula. (3) The failure loci seemed not to be influenced by the loading method and loading
path, although the failure mode seemed to be influenced by the loading path.

Key Words: Combined Stress, Anisotropy, Material Testing, Torsion, Failure Loci, Failure Crite-
rion, Loading Method, Loading Path, Wood
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Table 1. Maximum strengths as basic values.

Tension Compression Maximum torque Shear (LT) Shear (LR)
(MPa) (MPa) (N - m) (MPa) (MPa)
63.9 (6.8) 38.1 (2.7) 20.66 (1.30) 18.3 (1.2) 19.3 (1.3)
Note : Parenthesized numbers mean standard deviations.
Table 2. Values of initial constant loads.
Initial constant loads
Types of
ramp loads Types Ratios to the maximum strengths (%) Units
20 40 60 70 80
torque tension 12.78 25.56 38.34 44,73 51.12 MPa
tension torque 4.13 8.26 12.40 14.46 16.53 Nem
torque compression 7.62 - 1524 22.86 26.67 30.48 MPa
compression torque 4.13 8.26 12.40 14.46 16.53 Nem
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Fig. 2. Failure modes under normal-shear combin-
ed stresses.

Legend: From left to right: Uni-compression, Co-
mbined compression-shear, Pure torsion,
Combined tension-shear, Uni-tension.
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Fig. 3. Definition of the failure stresses under normal-shear combined stresses.
Legend: Solid line: LT plane; Dashed line: LR plane; @: Failure points defined.
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Fig. 4. Failure loci under normal-shear combined stresses.

Legend: (O, X: Failure stresses in LR and LT planes respectively obtained by eq. (1);
@, /\: Failure stresses in LR and LT planes respectively obtained by eq. (4).
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Fig. 5. Conventional failure loci under normal-shear combined stresses.

Legend: @, A: Failured by mainly shear or normal stress in proportional deformation loading method; O, /\: Shear or

axial test in initial constant loading method; Narrow dashed line : Eq. (7); Narrow solid line : Eq. (8); Narrow
dashed-dotted line : Eq. (9); Bold solid line : Eq. (10).
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Fig. 7. Conventional relationships between the failure stresses and the angle « in the failure loci.

Legend: See as Fig. S.
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Table 3. Parameters(J/ ) obtained by the regression

into Wu - Scheublein's criterion.

Loading method LT plane LR plane
Proportional deformation 0.0137 0.0125
Initial constant 0.0195 0.0171
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