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ABSTRACT

  Estimation equations of shear modulus in the plane of laminated veneer lumber (LVL) were compared 

each other through uniaxial tension test results. The equations — basic elastic equation in the dimensional 

orthotropic case, Hankinson’s formula and empirical equation proposed by Salikis and Falk, were applied 

to determine the elastic constants at various angles to the grain, which were needed for determination of 

shear modulus. Tensile elastic modulus of LVL predicted from these equations were compared with test 

data to evaluate the accuracy of the equation. Tensile elastic modulus rapidly decreased at orientations be-

tween 0 and 15 degrees and elastic modulus at grain angles of 15, 30, and 45 degrees overestimated in 

the presented equations. But the proposed equation by Salikis and Falk showed better prediction, especially 

at 30, and 45 degrees. This proposed formula would be more useful and practical for estimating of shear 

modulus of wood composites like LVL to minimize the effect of Poisson’s ratio term.

  Keywords : Hankinson’s formula, shear modulus, Poisson’s ratio, tensile elastic modulus, LVL.

1. INTRODUCTION
 

Structural composite lumber (SCL) like lami-

nated veneer lumber (LVL), parallel strand lum-

ber (PSL) and laminated strand lumber (LSL) 

are engineered wood products mainly used in 

wood construction. These wood based compo-

sites are designed to resist several type of loads 

and considered to maintain its elastic behavior. 

Basically 6 types of allowable stress are applied 

to design of wood structure and are given in the 

design code including the National Design 

Specification (AF&PA, 2005). The shear mod-

ulus and strength of SCL are required to design 

in vertical or horizontal diaphragm and the 

shear modulus is often determined by experi-

mental procedure. But determining the shear mod-

ulus is often inaccurate and present difficulties. 

Wood and wood composites are modeled as 

orthotropic materials and has more elastic con-

stants than the isotropic material. In the applica-

tion of orthotropic elasticity to describe the 

characteristics of wood composite, 2-dimensional 

approximations, called plane system, are fre-

quently introduced (Bodig and Jayne, 1982). In 

this condition, only three components of stress 

exit; two normal and one shear. If the wood ve-

neer composite like LVL is subjected to uni-
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axial tensile stress in the loading direction par-

allel to grain, the longitudinal (EL), tangential 

(ET) and shear (GLT) elastic constant are three 

component. Also longitudinal shear modulus 

would be simply estimated by ± 45° laminate 

through tensile test (Rosen, 1972). If the grain 

direction is not parallel to with the longitudinal 

direction of the specimen, the modulus of elas-

ticity at an angle θ to the longitudinal direction 

is given by a transformation equation (Wangaard, 

1979) : 
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where,   is poisson’s ratio

In the equation 1, EL, ET, Eθ and poisson’s 

ratio 


 are given by experimental data, then 

equation 1 can be solved for GLT as :
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Also, the elastic properties in direction other 

to along the longitudinal direction of the speci-

men can be approximated using Hankinson’s 

formula and this formula has been used mod-

ulus of elasticity (Forest Products Lab, 2010) :
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The value of n may be obtained by ex-

perimental data, but the value of n specify n = 

2 from Wood Handbook (2010). Although rea-

sonable estimation may be obtained by Hankinson’s 

formula, the equation 1 is better suited to the 

calculation of properties in the direction ranging 

from longitudinal to perpendicular to the direc-

tion of wood fiber (Bodig and Jayne, 1982).

But the equation 1 and 3 were found in-

effective in modelling Eθ (Salikis and Falk, 

2000). They proposed modified equation from 

experimentally obtained data, and their proce-

dure to derive new empirical equation is sum-

marized as follows.
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where 







From the equation 4,
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However, equation 5 may have large varia-

tion in determining Eθ then resulting GLT may 

have large variation (Seo et al, 1992) and they 

optimized shear modulus as follows. From their 

work, 
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where i = 1,2,3 ......... n, number of test.  

Define 
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The partial differential of equation 7 with re-

spect to S,  
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Sample No. of ply Manufacturing condition LVL dimension (mm)
Average 

M.C.&Density 

Laminated 

Veneer Lumber

(LVL)

3

Veneer ; radiata pine 2.9mm 

6.2 (T) × 450 (W)

× 450 (L)

12.1%

0.52 g/cm
3

Adhesive ; Soyad
Ⓡ

 

Spread rate ; 200 g/m
2

Pressing ; 110°C, 550 sec, 10 kg/cm
2
 

Table 1. Preparation and manufacturing condition of test specimens

Dimension (mm) Grain angle (degree)* Test Method 

6.2 (T) × 25 (W) × 200 (L)

0

15

30

45

90

· Tension test :  

  - Loading rate : 1 mm/min

  - Gauge length : 25 mm

* the angle between grain direction and loading direction 

Table 2. Test materials and methods




 (8)

yields 
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Then, calculated shear modulus is 

 























(10)

Equation 10 has not include Poisson’s ratio 

term   and is resonable because the Poisson’s 

ratio   varies considerably, for example, 0.37 

(Desch and Dinwoodie, 1996), 0.449 (Forest 

Products Lab, 2010) for the Douglas-fir and 

0.45 for all softwood (Wanggard, 1981). Also, 

the Poisson’s ratio is more variable in test 

pieces as well as tested panels (Thomas, 2003). 

Furthermore, the uniaxial tension test be-

comes attractive to determine shear properties 

of composite materials and suitable to apply 

failure theories to wood composites (Clouston, 

et al. 1998). If the EL, ET, and Eθ are obtained 

by uniaxial tension test, it is desirable and may 

be effective method to determine the shear 

modulus of LVL. 

The purpose of this study is to compare and 

discuss the application of presented equations 

for the materials loading to an angle θ to the 

direction of longitudinal direction of wood fiber 

of LVL by uniaxial tension test and examine 

the approach to determine the shear modulus of 

LVL using the elastic constants to grain direc-

tion proposed by Salikis and Falk (2000).

2. MATERIALS and METHODS

The tested materials and test procedure were 

presented in previous work (Oh, 2011). These 

are summarized in Table 1 and Table 2.

Specimens with grain angles of 0, 15, 30, 45, 

and 90 degrees to the loading direction were 
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Fig. 1. Tension test specimens according to grain direction and tension test set-up (Oh, 2011).

Grain angle

(degree) 




 (N/mm
2
)

Ratio 

(2)/(1)(1) 


= 0.025 (2) 


= 0.25

15 241 232 0.96

30 306 293 0.95

45 339 322 0.96

Average 0.96

Table 3. Comparison of shear modulus 


derived from equation 2 using elastic 

constants obtained from experimental 

data

prepared for the tension test, as shown in Fig. 

1. Also, the cutting pattern to get the angled 

specimen is also presented in Oh (2011). 

Twelve samples were prepared and tested for 

each grain angle as shown in Fig. 1.

     

3. RESULTS and DISCUSSION 

3.1. Estimation of GLT with Poisson’s 

Ratio 

The uniaxial tension test to get the EL, ET, Eθ 

for the LVL were conducted at five angles (0, 

15, 30, 45, 90) and 10 replications per each 

angle. EL is to 0 degree, ET is to 90 degree and 

Eθ is to 15, 30, 45 degree elastic modulus. 

After EL, ET, Eθ were determined from the test,  

the GLT is determined from the equation 1. In 

applying to equation 1 to get the value of GLT,  

the two poisson’s ratio 


 were applied to es-

timate the tensile modulus of LVL. The 


 = 

0.25 obtained from Ling et al. (2009) for radia-

ta pine, and 


 = 0.025 is chosen for compar-

ison about one order magnitude difference. 

From the test results, it was showed that the 

shear modulus GLT was increased with increas-

ing grain angles ranging from 15 to 45 degree 

and the shear modulus GLT relating to two 

Poisson’s ratios were very close in spite of their 

difference of one order magnitude (Table 3). 

Their difference was less than 4% and this re-

sult brings into question that the Poisson’s ratio 

is a crucial factor in determining the shear 

modulus. Also, GLT is more variable according 

to grain direction, equation 1 is more different 

to get the shear modulus because the Poisson’s 

ratios are needed for each case. If the Poisson’s 

ratio is not included in the equation 1, it leads 

to simplify to get shear modulus without meas-

uring the transverse strain and would be prac-

tical way to estimate of shear modulus. 

Salikis and Falk (2000) proposed equation 10 

and, the estimated shear modulus GLT of LVL 
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Item  

 

Grain angle(degree) 

0 15 30 45 90

Tensile modulus (N/mm
2
) 

Experimental data
2910

 (0.14)*

1770

(0.02)

1098

(0.14)

793

(0.10)

565

(0.22)

Predicted 

Equation 1 (


 = 0.25) 2910 2558 1801 1158 565

Equation 1 (


 = 0.025) 2910 2497 1712 1108 565

Equation 3 (Hankinson formula) 2910 2276 1427 946 565

Equation 4 (Salikis and Falk) 2910 1999 1132 769 565

* coefficient of variation

Table 5. Measured and predicted tensile elastic modulus of LVL

Grain angle

(degree) 

Equation 10

Experimental data
X1 X2 X1

2
X1X2










15 2910 565 1770 0.12755 -2.5788E-04 0.01627 -3.3E-05

30 2910 565 1097 0.38267 -6.0765E-04 0.14643 -2.3E-04

45 2910 565 793 0.51023 -7.3254E-04 0.26033 -3.7E-04

                                            Sum 0.4230 -6.3E-04 

                                                










 

 
 

Table 4. Determining the shear modulus from the extraction of data using the process presented 

by Salikis and Falk (2000)

using the equation 10 was 661 N/mm
2
 and the 

process to estimate the shear modulus GLT was 

shown in Table 4. This value was applied to 

equation 4 to determine the elastic modulus of 

LVL according to the grain direction.  

3.2. Comparison of Tensile Elastic 

Modulus Using the Value of De-

rived Shear Modulus 

The measured and predicted tensile elastic 

modulus of LVL are shown in Table 5. In 

equation 1, the two Poisson’s ratio   were 

applied to estimate the tensile elastic modulus. 

The tensile elastic modulus rapidly decreased at 

an orientation between 0 and 15 degrees in the 

experiment, this tendency was also found in 

equation 4. But the gradual change was found 

in predicted values in equation 1 and 3. The ra-

tio of tensile elastic modulus parallel to the 

grain (0 degrees) to that perpendicular to the 

grain (90 degrees) was about 5.15. Liu (2002) 

reported that the tensile elastic modulus of  par-

allel to the grain to that perpendicular to the 
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Grain angle

(degree) 

Equation 1/Exp*
Equation 3/Exp Equation 4/Exp




 = 0.25 


 = 0.025

15 1.45 1.41 1.29 1.13

30 1.64 1.56 1.30 1.03

45 1.46 1.40 1.19 0.97

Average 1.52 1.46 1.26 1.04

* Experimental data 

Table 6. The ratios of predicted tensile elastic modulus to experimental data

(VLT=0.025)

(VLT=0.25)

Fig. 2. Comparison of tensile elastic modulus obtained 

from presented equations in this study

grain in Sitka spruce was 5.32 and the results 

was comparable to this study. 

The comparisons of predicted elastic modulus 

to experimental data are shown in Table 6. The 

tensile elastic moduli from equation 1 were 

greater than those of experimental data about 

52%, whereas the tensile elastic moduli form 

equation 4 were very close to experimental data 

and the difference between the two values was 

only 4%. The equation 3, Hankinson formula, 

showed comparable results and the difference 

between the two values was about 26%. 

Their comparison curves of tensile elastic 

modulus among the equation 1 (  = 0.25, 


 = 0.025), equation 3, and equation 4 are 

presented in Fig. 2. Form the curve, the meas-

ured tensile elastic moduli of LVL were very 

close to the predicted value from the equation 

4, and coincide in 30 and 45 degrees, whereas 

other values from the equation 1 and 3 showed 

greater difference than those of experimental 

data. This means that the equation 4 would be 

successfully applied to estimate the tensile elas-

tic modulus of LVL without the consideration 

of Poisson’s ratio and provides an effective way 

to determine the shear modulus of LVL.

4. CONCLUSION

This study was undertaken to find an effec-

tive method to determine the shear modulus of 

LVL using limited number of experimental data 

regardless of Poisson’s ratio. The Hankinson 

formula, basic equation between elastic constant 

in two dimensional orthotropic materials and new 

equation presented by Salikis and Falk were es-

timated to get the elastic moduli in the several 

grain directions. The shear modulus GLT relating 

to two Poisson’s ratios were very close in spite 

of their difference of one order magnitude. The 

tensile elastic modulus from equation 1 was 

greater than those of experimental data whereas 

the tensile elastic modulus form equation 4 al-
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most coincide with experimental data. This means 

that the equation 4 would be useful method to 

estimate the shear modulus of LVL without the 

consideration of Poisson’s ratio by simple uni-

axial tensile test.   
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