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

II. Morphology of the Failure as observed in Longitudinal
Section of Tracheid Wall**
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Summary

The specimens to be observed were taken from softwood blocks (Abies sachalinensis)
compressed perpendicularly to the grain in the radial, tangential and 45° directions in the
scanning electron microscope (SEM). The radial and tangential longitudinal sections were
prepared by a razor blade in order to examine the failure morphology in the internal surface
of the deformed or failed tracheid walls. These specimens were coated with gold in a sputter
coating unit and examined by the SEM.

In the radially compressed specimen, cracks running obliquely to the tracheid axis were
observed in the internal surfaces in the tension side of the radial walls bent (Figs. 3 and 6).
Such cracks appeared to be oriented in the same direction as that of the microfibrils in the
S 2 layer. Splitting of the S 2 layer along its fibrillar orientation was observed in the internal
surface of the radial wall bent severly (Fig. 8). The scission of the S3 layer followed the
breaks of the adjacent S 2 layer (Fig. 8). The pits in the compression side of the radial wall
bent were slightly crushed (Fig. 9). While, the pits subjected to tensile stress were not broken
and cracks occurred around them (Fig. 10). In the cross field, cracks (arrows) in the internal
surface developed from pit apertures having their major axis oriented nearly parallel to the
fibrillar orientation of the S 2 layer (Fig. 5). The minute folding (arrow) running longitudinally
was observed on the inner surface in the compression side of the radial wall bent (Fig. 6).

In the 45°-specimen, cracks running obliquely to the tracheid axis were observed in the
internal surfaces of the tangential walls bent (Figs. 11 and 13). Such cracks were simillar to
those observed in the radial specimens stated above. The minute folding running longi-
tudinally was also observed on the inner surface in the compression side of the tangential
wall bent (Fig. 13, arrow). This may be due to the buckling of the inner layer (S 3) caused
by lateral compression.

In the tangential specimen, cracks simillar to those observed in both the radial and 45°-
specimens were observed in the internal surface in the tension side of the tangential wall bent
(Fig. 15).

A separated, fibrillar bundles of the S 2 layer was observed in the internal surfaces of the
tracheid walls bent severely (Figs. 18 and 19). Such bundles were found to be nearly parallel to
the tracheid axis since the bundles of the S 2 layer were distorted due to bending (Fig. 20).
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Explanation of Figures

The tracheid axis in the figures (3-22) is vertical (1 ).

All the figures are SEM micrographs.

1.

2.

9.

10.

11.

12.

13.

14.

Deflection of the tangential wall in the transverse surface. Fine cracks (arrows)
occur in the tension side of the double wall bent. Peeling of the S3 layer from
the adjacent S2 layer is seen in the compression side.

Breaks of the tangential wall. Peeling and folding (circle) of the S3 layer are seen
in the compression side of the double wall bent.

Longitudinal failures in the internal surface of the radial wall bent in radial com-
pression. Cracks running obliquely to the tracheid axis occur in the internal surface.

Longitudinal failures in the more inner portion of the tracheid wall shown in Fig. 3.
Cracks in the internal surface are smaller than those in Fig. 3. Failures in the

cross field are also seen.
Cracks (arrows) in the internal surface of the cross field develop from pit apertures.

Longitudinal failures in the internal surface of the radial wall bent in radial com-
pression. Cracks running obliquely to the tracheid axis occur in the tension side
of the radial wall bent. Note minute folding (arrow) of the S3 layer in the com-
pression side.

Longitudinal failures in the internal surfaces of radial walls. The radial wall in the
center is bent, while one on the right is crushed.

Higher magnification of the area outlined in Fig. 7. Cracks in the internal surface
are severer than those shown in Fig. 6. The S2 layer is split along its fibrillar
orientation. The scission of the S3 layer follows the breaks of the adjacent S2

layer.

Higher magnification of the pits (arrows) in the radial wall on the right shown in
Fig. 7. The shape of pit apertures is deformed.

A pit in the bent radial wall. Cracks are seen around the pit, but failure of itself
is not seen.

Longitudinal failures in the internal surface of the tangential wall bent severely in
45°-compression. Cracks running obliquely to the tracheid axis occur in the tension
side of the tangential wall.

Higher magnification of the area outlined in Fig. 11. The S2 layer is split along its
fibrillar orientation. The scission of the S3 layer occurs in the same way as shown
in Fig. 8.

Longitudinal failures in the internal surface of the tangential wall deflected mildly
in 45°-compression. Cracks running zig-zag occur in the tension side of the tangential
wall. Note the folding (arrow) of minute sort running longitudinally on the inner
surface in the compression side of the tangential wall.

Higher magnification of the area outlined in Fig. 13. The S2 layer is split slightly
along its fibrillar orientation. The fracture face of the S3 layer due to splitting of
the S2 layer is irregular, while that of the S3 layer along its fibrillar orientation is
relatively smooth.
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Fig. 15. Longitudinal failures in the internal surface of the tangential wall deflected mildly

in tangential compression. Cracks running obliquely to the tracheid axis occur in
the tension side of the tangential wall.

Fig. 16. Higher magnification of the area outlined in Fig. 15. The scission of the S3 layer
is seen, but failure of the adjacent S2 layer is not obvious.

Fig. 17. The great cracks in the internal surface of the tangential wall bent severely in 45°
compression. The S2 layer is split along its fibrillar orientation.

Fig. 18. Higher magnification of cracks shown in Fig. 17. The ruptured S2 layer is oriented
parallel to the tracheid axis. The S3 layer is separated from the adjacent S2 layer.
Fig. 19. Rupture of the S2 layer simillar to Fig. 18.

Fig. 20. The internal surface of the tangential wall bent severely in 45°-compression. The
fibrillar bundles of the S2 layer are distorted.

Fig. 21. Separation of lamellae of the S2 layer distorted.

Fig. 22. Scission of the S3 layer and splitting of the S2 layer (arrows) along its fibrillar
orientation.
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