Mem. Fac. Sci. Eng. Shimane Univ.
Series A
33, pp. 149-157 (1999)

EARIRENE S IG T FIC B8 % K D
NF2EE) L EERE

B
BRAFREBETFEHR T =« 2 THH

Mechanical Behavior and Piezoelectric Phenomenon of Wood under Combined
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Abstract

This study investigated the relation between the piezoelectric voltage and microscopic fracture of a
Hinoki (Chamaecyparis obtusa Endl.), in particular the deformation of the cross-sectional wall of the
tracheid under combined compression and vibration stresses, and clarified the relation as described below.

1. The piezoelectric voltage-displacement (P-D) curve consisted of a linear region starting from the
origin followed by a convex curved region. The linear region of the P-D curve was only about 60 percent of
that of the load-displacement (L-D) curve.

2. By applying stresses to a specimen, the cross-sectional walls of the tracheid were deformed mainly
at the radial walls. When a tracheid was regarded approximately as a hexagonal prism, the elastic buckling
stress of the cross-sectional wall of the tracheid was estimated from SEM images and our method based on
a modification of the Gibson and Ashby method. As a result, it was estimated that the elastic buckling
stress of a radial wall of tracheid was only about 80 percent of the stress at the proportional limit of the P-D
curve.

3. Itis found that there are two consecutive regions before proportional limit of the P-D curve: one
is the region up to the spot where the radial cell wall generates the elastic buckling, and the other is the
region starting from the end of the above region up to the proportional limit of the P-D curve.

4. The P-D curve changed from the linear-elastic region to the convex curved region as soon as a radi-
al wall of the tracheid generated an elastic buckling. A maximal point on the convex curve was observed.
The maximal point of the P-D curve coincides with the proportional limit of the L-D curve. After reaching
the proportional limit of the L-D curve, the piezoelectric voltage decreased gradually. The L-D curve after
the maximal point increased curvedly and shifted toward the plateau part caused by the buckling fracture
of the specimen.

5. It was supposed that the peak of the P-D curve which appeared in the nonlinear region was the
piezoelectric polarization which is caused by the non-uniform local strain.

Key words: combined compression and vibration stresses, piezoelectric voltage, cross-sectional wall of
tracheid, elastic buckling stress
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Fig. 1. The measurement system of piezoelectric voltage (load, displacement) and example of the
mountig of a test specimen.

Legend: @: Testing machine (Servo pulser), @: Controlled panel of SEM, @: Controlled panel of the.
testing machine, @: Personal computer for recording the output values, @: 1/3 octave band
pass filter of input impedance 10 MQ, @: Highly sensitive alternating current voltmeter built-in
AC-DC converter, @: Data acquisition controller, @: Storagescope, @: Video recorder.

Note: The observation plane of the SEM is on the side plane of the L-R plane.
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Fig. 2. Examples of piezoelectric voltage and load-displacement curves and SEM images of a cross-sec-
tion of tracheid deformed after applying the combined compression and vibration stresses.
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(c) Anexample of an SEM image of a

(a) The hexagonal model of a tracheid. (b) A cross-section of a non-deformed cross-section of a tracheid deformed

tracheid.

after applying the combined
. - compression and vibration stresses
- < P (o).
g o M P
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—> - - - -
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Radial Tangential P 1(92)
cell wall cell wall P M

(d) The model of a tracheid to which the (e) A shematic diagram of a deformed (f) A schematic model of a piece of
combined compression and vibration radial wall. buckled column.
stresses ( 0') have been applied.

Fig. 4. The deformation of a cross-section of a tracheid.
Legend: /and &: Lengths of the radial and tangential cell wall, respectively, # Thickness of the cell wall,
P: Compression load, P: Component force of P, M: Bending moment.
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Fig. 5. Comparison of ¢y and op.p.

Legend: @: Averaged value of one test specimen, ——1: Upper and lower values of the standard devia-
tion, ——: Regression line, 6, =0.83 X op_p (R=0.97).
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