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Noriyuki Kanava* and Tadashi Yamapa* : The Deformation of HINOKI
(Chamaecyparis obtusa Expr.) Wood by Transverse Tensile Tests
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Photo. 2. Microtensile testing apparatus.
A. specimen B. handle
C. vernier
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B. camera
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Photo. 3. Anatomical structure of HINOKI wood section under no load (a) and nearly
ultimate lIoad (b) in direction of 45° to annual ring (<200). arrow : tensile direction.

Photo. 4. Anatomical structure of HINOKI wood section under no load (a) and nearly
ultimate load (b) in direction of 60° to annual ring (<140). arrow : tensile direction.
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Fig. 3. Magnified sketch from photo. 3. showing the anatomical changes of springwood
tracheids (st) and ray tissue (7).
full line: under no load
dotted line : nearly ultimate load
arrow : tensile direction
% : basic point
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Fig. 4. Magnified sketch from photo. 4. showing the anatomical changes of springwood
tracheids (st) and ray tissue (7).
full line : under no load
dotted line : nearly ultimate Joad
arrow : tensile direction
X : basic point
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Table 1.

S/ - IHE e FHOTIRIC X BEH

Relation between elastic constant and thickness of specimen.

(GTR : %102 kg/cm? >
#/E: %10~%cm?/kg

thsiggélﬁisen(’f 50, 1004 1 mm 35 mm Reference
‘ |
1.25 2.41 3.50 2.711 f Authors
Grr
3.20 for spruce (bulk wood) [ JENKIN
|
rrr/Er 1.85 1.39 1.17 0.78
Authors
prrr/Er 2.41 1.64 1.65 0.90
I
[ .
prr/Ep=0.64 prr/Er=0.68 for spruce (bulk wood) ( JENKIN
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Fig. 6. The relation between the angle
(¢) and the Poisson’s ratio for bulk

wood and wood section.
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Table 2. The elastic constants for bulk wood and wood section of HINOKI in
each loading direction.

thickness loading direction to annual ring
of
specimen 0" (TR) 30° 45° 60° 90° (RT)
50 ¢ 2.75 0.80 0.59 1.05 3.39
Young’s Modulus*| 100 p 3.31 1,15 0.92 1.91 4,56
(<108 kg/cm?) 1 mm 3.52 1.55 1.43 1.86 4.30
35 mm 4,10 1.30 1.04 2.07 7.10
20 p 0.50 0.82 1.40 1.11 0.87
50 0.43 0.76 1.11 1.05 0.82
Poisson’s Ratio** | 100 p 0.42 1.08 0.97 0.76
1 mm 0.40 0.71 1.00 0.94 0.72
35 mm 0,32 0.70 0.82 0.84 0.69

* Average of thirty specimens.
**  Average of twenty specimens.
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Fig. 9. Photoelasticity for isotropic model of cells subjected to radial compression.
a: model P : loading direction
b: isoclinics
c: stress trajectories sp : singular point
d: isochromatics number shows fringe order
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“Fig. 10. Photoelasticity for isotropic model of cells subjected to tangential compression.

a: model P : loading direction

b: isoclinics A

c: stress trajectories sp : singular point
d: isochromatics
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Fig. 11. Photoelasticity for the isotropic model of cells for tension in 45° direction.
: model P : loading direction
: isoclinics
: stress trajectories sp : singular point
: isochromatics in circular portions
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Summary

In previous paper the authors dealt with the relation between the specific gravity
and the transverse Young’s mcdulus of wced in terms of its porous structure and
derived an equation of apparent tangential Young’s modulus for coniferous wood tis-
sues.

Comparing the calculated values with the experiment, it was found that the as-
sumption of deformation of wood in tangential direction was appropriated to the thin
wood section.

In this paper the authors observed, in the hope of obtaining intuitive evidence of
the derivation of the equaticn, the tensile deformation of cross section of HINOKI
wood by microscopical techniques and investigated the effects of thickness on the elastic
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~constants. Secondly they tried to analyse the stress distribution of the isotropic cell
model by photoelastic method.

The following results were obtained ;

1) When a section is subjected to a gradually increasing tension, it was found
that the microscopically visible deformation of cell shape occurred at first in the thinner
and weaker portion of springwood cell wall and succeeded to the overall springwood.

The deformation of cell shape is remarkable in tangential wall, but not in radial
wall. It would be due to the fact that radial wall was thicker and had more pits than
tangential. The latewood bands dislocated or curved with the deformation of springwood.
(Photos. 3, 4, Figs. 3, 4) _

2) The wave-like deformation of ray occurred with the deformation of springwood
and the dislocation of latewood. And the deformation of tracheids in the vicinity of
ray seemed to be restricted with the ray tissues. (Photo. 4, Figs. 3, 4)

3) As shown in Fig. 6, the Poisson’s ratio of thin section was larger than that of
bulk wood. This discrepancy will be attributed to the effects of thickness or dimen-
sion of specimen —Ilength, mutual adherence and overlapping area of cell fibres.

4) It is obvious that the deformation of the network structure of the cells has
the significant contribution to the mechanical properties of wood than that of the
individual unit cell element of Price and Barkas’s model. (Figs. 3, 4, Photos. 3, 4)

5) The failure of thin section occurred frequently in boundary layer of annual
ring and ray. (Photo. 5) ‘

6) The stress distribution of network structural model varied with loading direc-
tion, but the concentrated portion of stress appeared at the corner of node. (Figs.
11~13)

7) It is found that there are two or more singular points at each node. This
observation indicates that the deformation of network structure body is relatively
affected by shearing and bending in node without regard to loading direction.
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