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SUMMARY: 

Results of testing to determine flexural stif fnness, flexural strength and density through 
the thickness of three. types of structural particleboard are given. 
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INTRODUCTION 

Extensive work to  characterise various structural particleboards (Ref. 1) did not product 
significantly high correlation. coefficients between density and stiffness or strength, 
although such correlation is considered by the particleboard industry to be very good. 

TWP Project T74/524 (APRI 6-05) was to investigate variation of flexural stiffness and 
strength with density through the thickness of three board types. 

APPROACH 

Flexure specimens were prepared after conditioning from three sheets each of three 
board types to the dimensions shown in Figure 1. Test span/thickness ratio was 
maintained constant at  16:l. Test spanlwidth ratio for the coupons was constant at  3:l. 
One sample from each sheet - identified as DP in Figure 1 - was sent to G. Siempelkamp 
GmbH & Co in West Germany (by courtesy of CSR Pyneboard) for non-destructive 
density profile determination. Sheets from which coupons were prepared were previously 
identified (Ref. 1) as: SR3-15, -11, -2, PHG-4, -27, -2 and PSO-17, -31, -24 and represent 
respectively those sheets of each board type with high, average and low coupon 
transverse flexural properties. 
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j RESULTS 

After coupons had been machined to thickness by removal of equal depth of material 
from both sides, and following further conditioning, densities and flexural properties 
were measured with results shown in Figures 5, 6 and 7 .  Coefficients of correlation 
between density and MOR, MOE are  given in Figure 2. 

ID DENSITY - MOR DENSlTY - MOE MOR - MOE 

Figure 2 
Correlation Coefficients, r, of Measured Coupon Properties 

Note that values in Figure 2 are the correlation coefficient, r, whereas values in Ref. 1 
2 a re  r 

By repeatedly using the expression derived from Bodig, Ref. 2 and shown in Figure 4, the 
MOE of the various layers through the thickness of the sheets was found - Figures 8,  9 
and 10. Corresponding MOR's may be calculated from the layer MOE's by using the 
method of transformed sections. As up to 10 pairs of terms are  required for each of the 
more than 80 calculations needed, and as i t  is apparent that variations between coupons 
from the same sheet a re  of the same order of magnitude as  variations between layers, 
the calculations were not performed. Instead i t  has been assumed that the ultimate 
strain of a layer is given by the ultimate strain of the remainder of the coupon lying 
immediately beneath it. 

Then, starting from the innermost layer (core) and working outwards, the MOR of 
successive layers may be calculated using: 

- ;LZHI inner cou on x E ou te r  l aye r .  

MOR values thus calculated are given in Figures 8 ,  9 and 10, with densities taken from 
the West German information (see Appendix). 

Note that  the inner coupon values, not the inner layer values are used. Using inner layer 
values would assume that the strain at failure i s  constant for all layers which may not be 
SO. 

Resulting correlations be tween layer MOE's, MOR's and layer densities taken from the 
German da ta  a r e  given in Figure 3. 



ID DENSlTY - MOR DENSITY - MOE MOR - MOE 

Figure 3 
Correlation Coefficients, r, of Calculated Layer Properties 



where I; is the moment of inertia of the whole (transformed) cross section 
assuming that the whole section has the same E 3s the face (Ef). 

then Ef = 
Pt Lt3 P t  Lt3 
48I;St but Et  = 481;6t 

b ( t  + 2 t f l J  
C where I = 

t 12 

so E f I ;  = E I and both E and I known 
t t t t 

Figure 4 
Expression to find Layer MOE 



ID t(mm) DENSITY (kg/m3) MOR ( ~ e a )  MOE (MPa) 

Figure 5 
Coupon Densities and Flexural Properties for SR3 



t(mm) DENSlTY (kg/m3) MOR (MF'a) MOE (@a) 

Figure 6 
Coupon Densities and Flexural Properties for PHG 



t(mm) DENSITY &g/m3) MOR (MPa) 

Figure 7 
Coupon Densities and Flexural Properties for PSO 

MOE (MPa) 



DENSDY (~g/rn') 
nominal from 

ID t ( m d  Coupon Germany MOR ( M P 4  MOE (MPA) 

SR3-15-t5 0.5 896 
-6 
-7 
-8 
-9 

SR3-11-t5 0.5 94 1 

Figure 8 
Layer Densities and Flexural Properties for SR3 
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Figure 9 
Layer Densities and Flexural Properties for PHG 
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Figure 10 
Layer Densities and Flexural Properties for PSO 



h retrospect i t  may have been bet ter  to  reduce coupon thicknesses in 2 mm steps as 
property variation between adjacent coupons - indicated by density - was sometimes 

i greater than property variation through the corresponding 0.5 mm of thickness. 
t 

Considering particle size i t  is 'difficult to have confidence in flexure properties reported 
for the very small specimens. Specimens numbered -14 a r e  approximately the size of the 
side of a matchbox. 

SR3 exhibited least density variation across the sheet. Density values for that type 
generally decreased steadily through the sheet thickness both when determined by 
coupons and by Siempelkamp in Germany. PSO density values tend to  indicate variation 
across the sheet as  well as through the thickness. Although the Siemplekamp density 
plots are  reasonably smooth considering chip size the coupon densities do not vary in the 
same way. 

The German density profile curve for PSO-3 1 shows a distinct 'shoulder' on one side of 
the sheet centreline, indicating that density varies asymmetrically about the sheet 
centreline. Such variation could not be apparent from coupon density da ta  as material  
was milled symmetrically from both faces in coupon preparation. 

L 
Correlation between coupon density and MOR/MOE ranges from extremely good to  fair  

J (see Figure 2). Taken with correlation da ta  in Ref. 1, the present results tend t o  indicate 
that density/flexural properties correlation is usually very good within a sheet, not very 
good for sheets sampled over a long period, and poor for different types of board. It  can 
be inferred that  density/flexural properties correlation for sheets from the same batch 
should be very good, but tha t  once plant parameters are  changed, the relation between 
density and flexural properties, the regression lines, may also change. Such an  influence 
explains the differences between correlation da t a  reported herein, that reported in 

, Ref. 1, and the industry view mentioned in the Introduction. 

" Correlation between MOR and MOE of coupons is very good (Figure 2) as is tha t  of the 
layers (Figure 3). Since layer MOR's have been partially derived from layer MOE's 
however, their correlation, although very good, may not be significant. 

There are differences between densities determined in Germany and calculated layer 
densities. As no information on condition of samples tested in Germany is available and 
as layer densities derived from coupon densities are  approximate due to across-sheet 
variations, no conclusions on the reason for the differences can be reached. 

CONCLUSIONS 

1. MOR and MOE correlations with density a r e  significantly high for an individual 
sheet of particleboard. 

2. Density profiles, and hence flexural property profiles, a r e  of the form shown in 
the  Appendix. 

' 3. Non-symmetrical density variations through a sheet a re  easily seen when the 
1 Siemplekamp technique is used. 
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APPENDIX 

Data f rom G. Siempelkamp GmbH & Co., Krefeld,  W. Germany. 






















