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Studies on the Fine Structure
and Mechanical Properties of Wood™

On the Longitudinal Young’s Modulus
and Shear Modulus of Rigidity of Cell Wall

Nobuo SosUE** and Ikuo AsaNo™*

The longitudinal Young’s modulus E, and the shear modulus of rigidity Gy, of the cell wall of Sugi
(Cryptomeria japonica D.Don) are studied in relation to the cellulose micell angle, the degree of
crystallinity and the inherent elastic constants of cell wall components which are the anisotropic cellulose
micell and the isotropic matrix.

As a result of the computer simulation for the double cell wall model used in this study, it became
clear that the micell angle, the longitudinal Young’s modulus of the cellulose micell £;, the Young’s
modulus of the isotropic matrix £4 and the degree of crystallinity C, affected significantly on £, and
Gy (Fig. 3). By the method of least squares, the combination of the values E3, E4 and C, were obtained
from the experimental values of £, as shown in Table 2.

E, and Gy, were also investigated in relating to the parameter p in Eq.s 11 and 12 on the internal
bonding rigidity of the double cell wall. If an axial or in-plane shearing stress is applied to the double
cell wall, there arises an interlayer stress between two single cell walls, and the deformation of each of
the single cell walls is restricted with each other. In the case in which the restriction of the deformation
of each single cell wall was imperfect, the longitudinal Young’s modulus fy, Eq. 13, and the shear
modulus of rigidity Gy, , Eq. 14, were induced by considering the parameter p. A value of E; obtained
from Eq. 13 is about 1.8 x 10° kg/cm? (Table 3 and Fig. 6).
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Table 1. Dimensions of samples.
length thickness width
(mm) (mm) (mm)

Ey ca. 20 (L) c.a. 0.1 (R)ic.a.3 (1)
Er | 25-30 (T) 0.7-1 (R)|6-7 (L)

Egs0| 25-30 (L-T,45%) | 0.7-1 (R)|6-7 (L-T,45%)

L: fiber direction, R: radial direction,
T: tangential direction
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Fig. 3. Effects of the values of E3, E4 and C, on Ey and Gyy.
: Model-A, ----- : Model-B. The dimension of E3 or E 4 is kg/cm?. In Figure (a) or (b), the elastic

constants except E; or E4 are equal to the values in Table 2 respectively and C,=0.3. In Figure (c),
the elastic constants except E3=1.135x10° kg/cm? are equal to the values in Table 2.
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Table 2. Estimated values of £3, E4 and C, (Sugi).

Ey (kgiem?) | Ey (kglem?) G
0.9x10° | 0.025x10° 0.30
0.8¢10° | 0.02 xI0° 0.35

Above values were estimated from the experimental
values of £ in Fig. 4 and Eq. 8 by the method of least
squares. Where the elastic constants £,=0.277x10° kg/
em?, G;3,=0.0449x10°® kg/cm*, N;;=0.1 and N4=0.3
which were calculated by Mark '® were used.
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Fig. 4. Relation between Ey or Gy, and mean micell
orientation angle.

respectively and the inherent elastic constants in Table 2.
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Fig. 5. Effect of the parameter p on E_‘y or 'G'xy of the

double cell wall in Eq. 13 or Eq. 14 respectively.
E5=1.135x10% kg/cm?, E 4=0.0204x10¢ kg/cm?, C,=0.3
and other elastic constants are equal to the values in
Table 2.

Table 3. Estimated values of E; and p when the
parameter p is considered (Sugi).

E; (kg/cm?) p
1.8x108 0.82

Above values were estimated from the experimental
values of E—y in Fig. 6 and Eq. 13 by the method of least
squares. Where E 4 =0.02x10°6 kg/cm? and C,=0.3, and
the other elastic constants are equal to the values in
Table 2.

0-5
0-4 ;; _
— 80'1 - °
NE 0-3r (Dg r .
(3} [=] L
902t = L
"Dg 0~05_
\5 0.] o o 9 Fonl
7 &\JS

PRI TP BTN SUNPN B PR STV T | L
1020 3040 O 10 20 30 40

Mean micell orientation angle (degree)
Relation between E), or G, and mean micell
orientation angle, when E3 and p are unknown
and E4=0.02x10° kg/cm?, C,=0.3.

o : experimental values, ——: calculated value of E_’y
or Gy, when the estimated values of £5=1.8x10° kg/cm?
and p=0.82 in Table 3 were used.
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