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function that can be fit to the data collected at 
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canonical form of the polynomial, which is de­
rived by applying a restriction that the terms in 
a standard polynomial of a mixture design sum 
to one (Cornell 1981). In matrix notation, the 
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Estimates of the ~i parameters are determined 
using the method of least squares which mini­
mizes the square of the error. Knowing strand 
density and the amount of resin used, the pro­
portions of the components of each of the test 
strands were determined. Knowing proportions 
of the three constituents, the ADX module in the 
statistical package SAS (SAS Institute Inc. 
1999) was utilized to analyze the data and fit a 
response model, as per the mixture design, to 
predict E] and V 12 of strands after subjecting 
them to the hot-pressing process. This response 
model is only valid for the manufacturing pa­
rameters and ranges of strand constituents ex­
amined in this study (Fig. 2). 
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FIG. 2. {3. 2) simplex factor space. Shaded area is the 
experimental region for this study, and the points are the 
design points where response was measured (C = cell wall, 
V = void volume, and R = resin content). 

RESULTS AND DISCUSSION 

Strand properties prior to hot-pressing 

Transformation equations along with strand 
fiber angle, E" and vxy' were utilized to deter­
mine strand properties prior to hot-pressing. 
Since the variation in density of strands is sig­
nificant, measured strand elastic properties were 
normalized to the average specific gravity of 
0.39 using a linear relation suggested by others 
(Palka 1973; Kellogg and Ifju 1962). Then, 
strands were grouped by their fiber angles and 
transformation equations (Eqs. 1 and 2) were 
applied based on average Ex and V,y to determine 
Ez and G IZ for each of the groups. Ez and G IZ 

determined for each of the angle groups were 
averaged to obtain mean elastic constants for all 
strands (Ez = 573 MPa and G12 = 494 MPa). 
There is, however, a lot of variation in the values 
of Ez (coefficient of variation (COV) of 61 %) 
and G 12 (COV of 39%), which could be a result 
of the high degree of variation in vxy of strands 
and relatively small fiber angles within strands. 
The longitudinal Young's modulus in the mate­
rial direction, E], of aspen strands was 12,060 
MPa with a COY of 13%. In this study, based on 
strand properties prior to hot-pressing, it was 
established that C\ = Ez/E 1 = [/21 and Cz = 

G 12/E, = 1/24. 
A plot of normalized Young's modulus, Ex, 

against the fiber angle for all tested strands, as 
well as mean normalized Young's modulus for 
strand groups based on fiber angles is shown in 
Fig. 3. The plot also shows the theoretical curve 
relating fiber angle to Ex based on the transfor­
mation relationship (Eq. ]) and experimentally 
determined E 1, Ez, G,z and VIZ (0.5). The results 
indicate that tensor transformation is an effective 
way to describe the effect of fiber angle on the 
longitudinal elastic modulus of aspen strands. It 
is well established in the literature that E, rap­
idly decreases with an initial increase in fiber 
angle. As the graph indicates, E, at a 10-degree 
fiber angle is about 60% of its value at a zero 
degree fiber angle. Using Eq. (2), Poisson's ra­
tio, V,y' was plotted against changing fiber angle 
in Fig. 4. Variation in measured Poisson's ratio 
is very high, illustrating the degree of difficulty 



!

750 WOOD AND FIBER SCIENCE, OCTOBER 2006, V. 38(4) 

sis of gross adhesive penetration in wood using fluores­
cence microscopy. Journal of Adhesion. 40:47-61. 

JONES, R. M. 1999. Mechanics of composite materials. 2nd 

Edition. Taylor & Francis, Philadelphia, PA. 
KAMKE, F. A. ANI) L. J. CASEY. 1988a. Fundamentals of 

flakeboard manufacture: internal-mat conditions. Forest 
Products Journal. 38(6):38-44. 

KELLOGG, R. M. AND G. IFJu. 1962. Influence of specific 
gravity and certain other factors on thc tcnsile properties 
of wood. Forest Products Journal. 12(10):463-470. 

LABORIE, M-P. G. 2002. Investigation of the wood/phenol­
formaldehyde adhesive interphase morphology. Ph.D. 
Disseration. Virginia Polytechnic Institute and State Uni­
versity, Blacksburg, VA. 

MAHONEY, R. J. 1980. Physical changes in wood particles 
induced by the particleboard hot-pressing operation. M.S. 
Thesis. Washington State University. 35 pp. 

MARRA, A. A. 1992. Technology of Wood Bonding Prin­

cip1es in Practice. Van Nostrand Reinhold, New York, 
NY. 

MEYERS, K. L. 2001. Impact of strand geometry and orien­
tation on mechanical properties of strand composites. 
Master's Thesis. Dept. of Civil and Environmental Engi­
neering, Washington State University. 115 pp. 

PALKA, L. C. 1973. Predicting the effect of specific gravity, 
moisture content, temperature and strain rate on the elas­
tic properties of softwoods. Wood Science and Technol­
ogy. 7: 127 -141. 

PRICE, E. W. 1976. Determining tensile properties of sweet­
gum veneer flakes. Forest Products Journal. 26(10):50­
53. 

SAS INSTITUTE INC. 1999. SAS for Windows Version 8. 
Cary, North Carolina. 

YADAMA, V. 2002. Characterization and modeling of ori­
ented strand composites. Ph.D. Dissertation. Washington 
State University. 

The SWST Disting 
wood science and tee 
industrial, or scientif 
Technology, as outlil 

This year's award 

Past recipients of 

1966-Harry Tiemm 
1968-Alfred Stamn 
1980-Jim Bethel 
1981-George Garr 
1982~Alex Panshi 
1983~Fred Dickin 

~Fred Wanga 
~Frank Kaufe 
~Herbert Flei 
~Herbert Mc 
~Alfred Staml 

1984-George Ma 
1985-John Haygr, 
1986~Christen Sk 
1987-Peter Koch 
1988-Stanley Su 
1989-Robert Yo 
1990-Wilfred Co 

Wood (lnt! Fiber Scif'nr.e, 38' 
© 2006 by the Society of W 


