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An Observation of the Failure Process of Softwood
under Compression Perpendicular to the Grain
in the Scanning Electron Microscope*

IV On the 45°-Compression to Annual Rings
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Summary

Intermediate orientation of annual rings between the radial and tangential directions has
been found to influence strength in compression perpendicular to the grain by many workers.
Several workers have indicated that transverse compression strength of softwoods decreases
to a minimum at an annual ring orientation of 45° to the direction of loading. This suggests
that the mechanical properties of softwoods in transverse compression depend on the orienta-
tion of annual rings with respect to the direction of stress. However, the microscopical
observation on the deformation and failure process of softwoods during 45°-compression is
very few.

1. Failure process of softwoods under compression in the 45°-direction to annual rings

A series of SEM micrographs shown in Fig. 1 shows the failure process of a particular
annual ring of Todomatsu wood during compression in the 45°-direction to annual rings.
The earlywood layer was clearly observed to slide along the annual ring relative to one ano-
ther with the progress of compression (Fig. 1-@, ®). As indicated by a few workers this
shearing action is due to low shearing modulus of the transverse plane in softwood. And
also the maximum shearing stress acts along planes which make an angle of 45 degrees with
the compressive stress. As compression increased, failures of the earlywood layer developed
along the annual ring (Fig. 1-®).

Fig. 3 shows failure development within an annual ring of Karamatsu wood compressed
in the 45°-direction with annual rings. In the beginning of failure, rays located in the early-
wood layer were observed to buckle with lateral displacement (Fig. 3-@, ®). This is due to
shearing action of earlywood layer in the tangential direction. Earlywood tracheids were
observed to crush in a row tangentially (Fig. 3-@). This observation agrees with one observed
using optical microscope by Wang. As compression increased, such crushing of earlywood
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tracheids occurred progressively (Fig. 3-®).

2. Deformation and failure process of the individual tracheids

A series of SEM micrographs shown in Fig. 2 show the failure process of earlywood
tracheids of Todomatsu wood during compression. As compression progresses, tangential
walls of earlywood tracheids were frequently observed to be deflected remarkably (Fig. 2-@, 4).
Fig. 6 shows the deformed state of Ezomatsu wood compressed. Tangential walls of earlywood
tracheids were deflected while radial walls were relatively unchanged. From these observations
it is obvious that the resulting deformation of the individual tracheids is strongly affected by
the shearing stresses.

Fig. 7 shows the details of the typical deformed state of a particular earlywood tracheids.
Tangential walls of the trachaid subjected to shearing stresses were clearly observed to be
deflected antisymmetrically. While radial walls of the tracheid were relatively unchanged.
Such deflection of the cell walls is due to bending moments acting at the juncture of the cell
wall. Therefore fine cracks (arrows) occurred on the tension sides near the cell corners of
a double wall. Moreover this suggests that tangential walls of earlywood tracheids are more
flexible than radial walls.

On the other hand, the deformed state of radially elongated tracheid in cross section
(Fig. 8) is different from those described above. In this case radial walls of a particular
earlywood tracheid were observed to be deflected remarkably (Fig. 8). Such differing defor-
mation modes of earlywood tracheids may be due to differences in stiffness between radial
and tangential walls.

In the case of the tracheids adjacent to the ray, tangential walls of them were frequently
observed to be deflected (Fig. 5, 9). This may be due to the effect of the high stiffness of
the ray which consists of ray parenchyma cells of round outline in cross section.
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Explanation of photographs

* The compressive force loaded is in a direction from top to bottom of each figure.

* All the photographs show transverse surfaces of softwoods.

Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

Fig. 5.

Fig. 6.

Fig. 7.

Fig. 8.

Fig. 9.

SEM micrographs showing the failure process of Todomatsu wood during
compression in the 45° direction to annual rings. Photographs were obtained
from the TV images reproduced by the VTR. 1, 2: The earlywood layer is
observed to slide along the annual ring relative to one another. 3: Failures
of the earlywood layer develop along the annual ring.

SEM micrographs showing failure development within an annual ring of
Todomatsu wood compressed. 1, 2: Rays located in the earywood layer are
observed to buckle with lateral displacement. Earlywood tracheids are ob-
served to crush in a row (arrows). 3: As compression increases, crushing of
earlywood tracheids occurs progressively.

SEM micrographs showing failure development within an annual ring of
Karamatsu wood compressed. Note that earlywood tracheids are crushed in

a row.

SEM micrograph showing shearing deformation of earlywood tracheids (ar-
rows) during compression.

SEM micrograph showing shearing deformation of the earlywood tracheids
(arrows) adjacent to the ray.

SEM' micrograph showing shearing deformation of earlywood tracheids (ar-
rows) of Ezomatsu wood during compression. Note that tangential walls of
the tracheids are deflected.

The deformed state of an earlywood tracheid. Tangential walls are bent
antisymmetrically and fine cracks (arrows) are seen near the cell corners.
RW : radial wall.

The deformed state of radially elongated tracheid in cross section. Note that
radial walls of the tracheid are deflected remarkably (arrows). RW: radial
wall, TW : tangential wall.

The deformed state of an earlywood tracheid adjacent to the ray. Tangential

walls are deflected and fine cracks (arrows) are seen near the cell corners.

RW : radial wall.
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