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Studies on the Shearing of Wood
—Especially on the Elastic-Plastic Theory and Fracture Mechanics——

IV. Fracture Toughness of Wood in Forward Shear Mode

Katsumi OKUSA

(Laboratory of Forest Civil Engineering)
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Fig. 1. Cracked beam specimens for measuring the
fracture-toughness in forward shear mode.

b: beam width, h: beam depth, I: span,
a: crack length, c¢: distance from crack-
side supported point to the loaded point.
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Fig. 2. Load(P)-deflection (5) diagrams of cracked beam.
a: initial crack length (cm).
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Fig. 3. Relationships between compliance-ratio and
crack length.

a/P  : elastic compliance of cracked beam.
(d/P),: elastic compliance of beam before
cracking.
+ : measured value (a-:¢),
+: measured value (a>c¢),
. calculated value by egs. (8) and (9).
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Fig. 8. Representations of the result caiculated by FEM-method for cracked beam.

(A) Deformation in general form.
(B) Horizontal displacement(u) and vertical displacement(v) of points
on the crack surface in the vicinity of crack tip.
(C) Shearing stress (z,,) and vertical tensile stress (¢,) in the front of
crack tip.
r: distance measured from the crack tip.
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Summary

In “Fracture Mechanics”, types of the crack-extension are distinguished by three basic modes,
namely, opening, forward shear (sliding), and out-of-plane shear (tearing); which are to be called the
first, second and third mode, respectively. Previous studies on the fracture mechanics of wood have
been confined only to those on the fracture of the opening mode. Therefore, a few studies on the
forward shear mode were carried out. The object of this paper is to propose a test method applicable
to the second mode fracture-toughness (®::.) for wood.

As shown in Fig. 1, simply supported wooden beam specimen having rectangular cross-section
and initial horizontal crack (crack length: a), is subjected to the transverse load. When the load
increases slowly, the crack-extension in the sliding mode begins at a certain load value P. in the case
a>(0.10~0.15) /, (I: span). The strain evergy (U) of such specimen is to be estimated by eq. (4) or
(5), based on the beam theory of “Material Strength”. The energy release rate (&) at the infinitesimal
extension of the crack is to be defined by &=0U/bda (b: beam thickness), hence, the equation (10) or
(11) is derived.  The fracture-toughness (8.) is to be obtained by substituting the measured value P,
into P of eq. (10) or (11).

The displacement- and stress-distributions for the cracked-beam as shown in F ig. 1, were examined
by a finite element method. The results calculated are illustrated in Fig. 8. Fig. 8(B) shows that the
opening displacement (v) of the points on the crack surface is relatively quite negligible compared with
the sliding displacement (u), in the vicinity of crack tip. Fig. 8(C) also shows that the shearing stress
(xy) is remarkably large, compared with the vertical tensile stress (0,) in the front region of the crack
tip. Therefore, the crack-extension in this test method can be regarded as a pure mode II.

Experimental results for Sugi (Cryptomeria japonica) wood (moisture content: 14-15%, crack
surface: LT plane, crack-extension: L-direction) are shown in Fig. 6. The mean value and the variance-
coefficient of &, are 0.367kg/cm and 18 %, respectively. And ;. is independent of the initial crack
length of ao. Fig. 7 shows that &;;. is not to be affected by the span-to-depth ratio in the range used
here.



