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Abstract

This paper presents the application of the Arcan shear test developed for com-
posite materids to determine the shear modulus in the longitudina-radia plane and the
elagticity modulus in the radial direction of wood. Variations of some transformed en-
gineering constants of Sitka spruce with grain dope are then analyzed.

Introduction

Wood may be described as an orthotropic materia with independent mechanical
properties in the directions of three mutually perpendicular axes-longitudina (L),
radid (R), and tangentid (T). These are caled the principal materia axes, and the re-
lated mechanical properties are the engineering constants. The material axes and the
geometrical axes used to describe a rectangular structural member do not usualy coin-
cide. The mechanical properties referred to the geometrical axes are called the trans-
formed engineering congtants. In a 2D dtuation, the relations between transformed
engineering constants and engineering constants are well documented (Jones 1975,
Danid and Ishal 1994). This study discusses some problems in determining the engi-
neering constants of Sitka spruce (Picea sitchensis (Bong.) Carr.), suggests appropriate
procedures to solve these problems, and then demondtrates the numerical variations of
some transformed engineering constants with grain dope.

Transformation Relations for Engineering Constants

Let the 1-2 coordinate system represent the principal material axes and the x-y
coordinate system the geometrical axes with angle g from the x axis to the 1 axis as
shown in Fig. 1. The transformed engineering constants can be expressed in terms of
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Figure 1. Principal axes of wood.
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the four basic engineering congtants. E, and E,, elagticity moduli in the 1 and 2 axes,
Gy,, shear modulus in the |-2 plane; and v, ,, Poisson’s ratio with 1 referring to direc-
tion of applied stress and 2 referring to direction of strain. Identifying the 1 axis with
the L axis and the 2 axis with the R axis of Sitka spruce, we have found that the con-
ventional methods used to generate data for G,, and E, cannot yield correct results,
while the data for E; and v,, are relatively consistent (Kollmann and Cété 1968).

Shear Modulus—The transformed shear modulus in the x-y plane is (Jones 1975)
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which can be reduced to the following form with G,, replaced by G(q):
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in which
¢=1+%(1+2v,2) (3)
At 0 = 0° in Eq. (2),
1/G(0°)=1/G, (4)
and at © =45°,
1/G(45°) = o/ E, (5)
Substituting Eqgs. (4) and (5) into Eq. (2) and inverting both sides yields
G(0°)G(45°)

G(8) =

G(0°)sin?20 + G(45°)cos’ 20

Applying Arcan shear test (Arcan et d. 1978, Liu and Ross 1997) on Sitka spruce
specimens, we obtained the results in Table 1. Using the G(0°) and G(45°) values in
Eq. (6) for g = 22.5°, we obtained G(22.5°) = 1,179 MPa.

Recently, Kubojima et a. (1996) performed torsion tests on Sitka spruce speci-
mens and obtained an average value of 884 MPa for G(0°). The G(0°) vaue listed in
Kollmann and Coté (1968) is 745 MPa, which was obtained using the method by
March et d. (1942) or ASTM Standard D3044-76 (ASTM 1976). The method is called
the plate twist test. For solid wood, it is very difficult to make a plate specimen of
practica size with uniform properties. Also, the plate twist test cannot consider the
effect of grain slope.

Elasticity Moduli—The transformed modulus of easticity in the x direction is
(Jones 1975)
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Table 1. Summary of shear modulus test data for Sitka spruce®

Slope of Number of Avg. shear  Coefficient of Avg. moisture Avg. specific
grain (deg) tests modulus (MPa) variation (%) content (%)  gravity

0 5 910 8.96 9.4 0.33
22.5 S 1,194 5.16 9.4 0.33
45 b 1,670 2.72 9.4 0.33

®Specimens were stabilized in conditioning room at 20°C and 50% RH.



which can be reduced to the form

E = 2 2 2= P .4 (8)
E, cos” B(cos“ 8+ ysin“ 0) + E, sin” 0
with
Y= EI/GIZ -2v, (9)

Kubojima et a. (1996) has E; = 11,800 MPa. Kollmann and Coté (1968) give
E, = 11,600 MPa, E, = 902 MPa, and v;, = 0.37.

From Egs. (3) and (5), we obtain
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which requires that E,> G(45°) since v, , > 0. This condition is not satisfied with
E, = 902 MPa and G(45°) = 1,670 MPa. We rewrite Eq. (10) in the form

£, - BOG5)
E -G(45°)(1+2v},)

With G(45°) = 1,670 MPa, E; = 11,800 MPa, and v;,= 0.37, Eq. (11) gives

E, = 2,216 MPa. The data for E, in Kollmann and C6té (1968) were obtained using a
compression test (Doyle et a. 1945). According to Pellicane et ad. (1994), compres-
sion test in the 2 axis as described in ASTM D143 (ASTM 1952) produces nonuniform
stress distribution and nonlinear stress-strain relation. Clearly, it can significantly un-
derestimate the E, values.

(11)

Shear Coupling Coefficient—The shear coupling coefficient h, is the ratio of
shear strain in the x-y planeto axial strain in the x direction with x referring to the
direction of applied stress and s to the induced shear strain. hg,, hy, and hg, are defined

likewise (Daniel and Ishai 1994). Here we show only the shear coupling coefftcient
hasaraiotoE,:
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Poisson’s Ratio-The transformed Poisson’ s ratio in the x-y planeis put asara
tio to E, (Danie and Ishai 1994) as

l"1=-\-’E(sin49+cos4 9)— L+—1——L sin’Bcos’ 0 (13)
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At g =90° V= Vv, and E, = E,, Eq. (13) becomes v,,/E, = v,,/E;, which agrees with
Betti’s reciproca law.

Resaults and Discussion

We have obtained numerica results for the transformed engineering constants for
Sitka spruce with the input E; = 11,800 MPa, E, = 2,216 MPa, G;,= 910 MPa, and
v;, = 0.37. Figure 2 shows G, increases from g = 0° to its maximum vaue a q = 45°.
The ratio of its maximum to minimum is 1.84. For E,, the maximum value occurs a
g = 0°. It decreases dradtically to q = 30° and reaches a constant value of E, at about
g = 55°. For q = 10°, the decrease in E, is about 23% of E;, which is significant.

Fig. 3 shows that h, is negative at 0° < g < 69° with a minimum vaue of -1.42 at
g=15° At 69° < g <90° h, is podtive with a maximum value of 0.04 a q = 79°.
The Poisson’ sratio starts from 0.37 at q = 0°, reaches a maximum value of 0.47 at
g = 25° and drops to 0.07 at q = 90°.
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Figure 3. Poisson’s ratio and shear
coupling coefficient of Sitka spruce as
functions of grain slope.

Figure 2. Elasticity and shear moduli of
Sitka spruce as functions of grain slope.

Conclusions

Wood in its clear state may be described as an orthotropic materia. However, G; »
in the L-R plane and E, in R direction of Sitka spruce cannot be correctly estimated
using the conventional test methods. The Arcan shear test developed for composite
materials has been shown to be adequate to meet the needs. Since grain dope often ex-
ists in structura members of wood, the transformation relations for engineering con-
gants in this study should be of practical significance in the design of wood structures.
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