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Observations on Cell Wall Response and
Mechanical Behaviour in Wood Subjected
to Repeated Static Bending Load™

Ryushi KiTAHARA*? , Juichi Tsutsumi ™
and Tsutomu MATSUMOTO*

Although many papers and reviews on the mechanism of fracture in wood have been
reported by a number of researchers, there are still problem areas. Hence, the purpose of this
study is to investigate: 1) the microscopic failure in the wood cell wall, which is due to
repeated bending load, 2) the effects of loading levels on cell wall damage, and 3) the
relationship between the cell wall damage caused by loading and the mechanical behaviour
of wood.

The cell walls of the wood specimens were continuously observed during repeated bending,
employing the techniques of scanning electron microscopy with filmy (acetyl cellulose) replica
method. The test specimens were prepared from SUGI (Cryptomeria japonica D. Don)-wood
and were conditioned to 12% M.C.

The results of the electron microscopic observations are summarised in Table 1. The wood
subjected to bending loads less than the proportional limit exhibited microscopic crease-like
compression failures (Fig. 3). These occurred to a slight degree in the cell walls in earlywood
on the compression side of the wooden beams. These microscopic compression creases in cell
walls were very closely correlated to the residual deformation of wood.
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Fig. 1. Dimensions of bending test specimen and
the method of loading.
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Fig. 2. Gross microscopic creases in the cell walls
on the compression side of the wooden
beam after the 5th of repeated bending
loads (0.95 of the breaking load).

Scanning electron micrograph of a micro-
tomed radial-longitudinal surface.

Fig. 3. Mild microscopic creases in the cell walls
on the compression side of the wooden
beam after the 15th of repeated bending
loads (0.3 of the breaking load).

Scanning electron micrograph of a filmy
replica radial-longitudinal surface.
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Fig. 4. Obvious microscopic creases in the cell
walls on the compression side of the
wooden beam under the 1st of repeated
bending loads (0.6 of the breaking load).
Scanning electron micrograph of a filmy
replica radial-longitudinal surface.
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Fig. 5. Serious microscopic creases in the cell walls
on the compression side of the wooden
beam under the 7th of repeated bending
loads (0.9 of the breaking load).

Scanning electron micrograph of a filmy
replica radial-longitudinal surface.

Fig. 6. Typical microscopic creases in the cell walls

on the compression side of the wooden
beam after the 7th of repeated bending
loads (0.6 of the breaking load).
Scanning electron micrograph of a filmy
replica radial-longitudinal surface.
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Fig. 7. Crack, which is indicated by an arrow, in
the cell wall on the tension side of the
wooden beam after the 5th of repeated
bending loads (0.95 of the breaking load).
Scanning electron micrograph of a micro-
tomed radial-longitudinal surface.
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Table 1. Electron microscopic observations on the 10 - L
cell wall in wood subjected to repeated
static bending loads.
Under After
P./P,| n loading unloading it o/ 0 |
Comp. | Tens. | Comp. | Tens. e
i + | - - - £
3 + - ~ - E
0.3 7 + - - -
12 + - - - ¢ 01r
15 + - + - o
1 + -~ + -
06 3 + - + - 4
7 + - + -
001}
1 TR = - o
0.7 3 + - + -
7 + + + i 1 i i [ I
) " L " . 02 04 06 08 10
3 + + + - Pan/Py
08 7 + + + + Fig. 8. Effect of the levels of applied load (Ps, /Py )
12 + + + + on the residual deflection (Ve)-
1 + + + - The number of repeated bending loads
0.9 3 + + + + (n): 1.
7 + + + + After unloading; O:0.01, @:7,
1 + + + + O 14 (days).
0.95 3 + + + + Py, : the repeated static bending loads
5 + + + + applied to test specimen.

P+ the repeated static bending loads applied to
test specimen.

Py, : the breaking load determined in a static
standard bending test.

n : the number of repeated bending loads.

Comp.: on the compression side of the wooden
beam.

Tens. : on the tension side of the wooden beam.

+ : some change in appearance of the cell wall was
obviously observed.

+:it is difficult but possible to observe the
changes in appearance of the cell wall.

—: no change in appearance of the cell wall was
observed.
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Py, : the breaking load determined in a
static standard bending test.
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Fig. 9. Residual deflection {y,5) as a function of
time (7).
a: the constant,
b: the gradient of straight line.
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Fig. 10. Effect of the levels of applied load
{(Psn/Py) on b representing the velocity of
residual deflection recovery.

b: the gradient obtained from the
straight line shown in Fig. 9.
The number of repeated bending loads;
0:1, @: ().
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Compression side
crease

Tension side

: the deformation on the compression

side of the wooden beam.
-/\/\/\/-: the deformation on the tension side
of the wooden beam.
Fig. 11. Schematic illustration of the condition of
the wooden beam containing residual
deflection.
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