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TECHNICAL SUMMARY

Flexural Properties of Structural Waferboard and Poplar Plywood

and

Use of the Lumber Testing Device to Test Composite Framing 
Members in Edgewise Flexure

Objectives : The aim of this study was (a) to determine the flexural properties
of waferboard and poplar plywood using Forintek's eastern laboratory post- 
Flexural testing machine (panel tester) and (b) to demonstrate the use of 
the laboratory's Lumber Testing Device in testing composite framing members 
in edgewise flexure.

Background: In a previous investigation, waferboard specimens from one
manufacturer consisting of two sizes, 1220 x 1220 mm (half-panels) and 
610 x 1220 mm (quarter-panels), each in three thicknesses were tested using 
the panel tester. The results showed that, on an overall average basis, 
the bending properties of quarter-panels were more or less equal to those of 
half-panels. The bending properties of quarter-panels tested perpendicular 
to panel length were significantly lower than those of specimens tested 
parallel to panel length. In this study, the bending properties of wafer- 
board from two other manufacturers and poplar plywood, also from two 
manufacturers, each in two thicknesses and same two sizes were determined 
using the panel tester. In addition, composite framing members were tested 
in edgewise flexure using the conventional Riehle testing machine and the 
Lumber Testing Device to demonstrate the device's potential for such applications.

Method- Waferboard and poplar plywood panels were tested in accordance to 
Methoa C of ASTM D 3043-76. Prior to testing, development work was carried 
out on the panel tester to achieve the required accuracy and reliability.
Five types of promising composite lumber beams were manufactured and tested 
using Forintek's Lumber Testing Device.

Resu1ts: On an overall average basis, the bending properties of half- and
quarter-panels were not significantly different for both waferboard and 
poplar plywood. The bending properties of waferboard specimens tested 
perpendicular to panel length were significantly lower than the corresponding 
properties tested parallel to panel length. Poplar plywood was twice as 
stiff and strong relative to waferboard in parallel to panel length comparisons. 
Degrade poplar plywood performed as well or better relative to one type of 
sheathing grade poplar plywood and the bending properties for both waferboard 
and poplar plywood were found to correlate in a linear fashion. The Lumber 
Testing Device can be easily applied to test composite beams in edqewise 
flexure.

Further Work: Development work should be carried out on the Lumber Testing
Device to improve accuracy in measuring beam stiffness.



SUMMARY

Modulus of Elasticity (MOE) and Modulus of Rupture (MOR) of aspen 

waferboard and poplar plywood of two thicknesses were determined using 

the post-flexural testing machine. They were tested in two sizes, half- 

and quarter-panel, and two test directions, parallel and perpendicular 

with respect to panel length. In addition, the use of the Lumber Testing 

Device was demonstrated in determining the elastic modulus of composite 

framing members in edgewise bending.

The results showed that, on an overall average basis, the bending 

properties of half- and quarter-panels were not significantly different 

for both waferboard and poplar plywood. The bending properties of 

waferboard specimens tested perpendicular to panel length were signifi-

cantly lower than the corresponding properties tested parallel to panel 

length. Poplar plywood was twice as stiff and strong relative to wafer- 

board in parallel to panel length comparisons. Degrade poplar plywood 

performed as well or better relative to one type of sheathing grade 

poplar plywood and the bending properties for both waferboard and poplar 

plywood were found to correlate in a linear fashion. The Lumber Testing 

Device can be easily applied to measure the elastic modulus of composite 

beams, however, additional work is desireable to improve the present 

method of compensating for machine frame deformation.



CONCLUSIONS

1. On an overall average basis, differences in bending properties of 

half- and quarter-panels within their respective thickness categories 

and test directions were found to be not significant, at the 0.01 

level, for both aspen waferboard and poplar plywood, when evaluated 

in the post-flexural testing apparatus.

2. The bending strength and stiffness of waferboard specimens tested 

perpendicular to panel length were significantly lower than the 

corresponding properties tested parallel to panel length, when 

evaluated in the panel tester.

3. In parallel to panel length comparisons, the bending properties of 

waferboard specimens were approximately half those of poplar plywood 

specimens.

4. Bending properties obtained with waferboard specimens in the panel 

tester were found to comply with the minimum requirements of CAN3- 

0188.2-M78.

5. Degrade poplar plywood (PD) performed as well as or better than one 

type of sheathing grade poplar plywood (PS2) when comparisons were 

made on a thickness for thickness basis in each test direction.

6. The bending properties for both waferboard and poplar plywood were 

found to correlate in a linear fashion, when evaluated in the panel 

tester.

7. The average variation in test results was higher for poplar plywood 

than for waferboard.

8. The Lumber Testing Device can be easily applied to test composite 

framing members in edgewise bending provided the specimen dimensions 

do not exceed those which the device can accommodate. Additional work 

to improve the present method of compensating for machine frame 

deformation is desirable.
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RECOMMENDATIONS

1. Improve the accuracy of the Lumber Testing Device in measuring beam 

sti ffness.
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BACKGROUND

Information on the structural performance of various wood-based 

building components and/or materials is often inadequate or non-existent. 

House construction is based on sheathing panels and framing members. 

Traditionally, the house was made with boards and lumber. Boards have 

been replaced by plywood and most recently by waferboard. The change 

in framing is also quite noticeable as trusses, built-up members and 

composite lumber are competing with solid lumber framing members in 

residential wood constructions. This product evolution can be attributed 

to the change in the available forest resource.

The flexural properties of both panels and framing members are factors 

of prime importance, since designs are most often limited by deflection 

and bending strength. It should be emphasized that these properties 

should be determined for both panels and framing members as they are 

required in actual usage, applying appropriate direct test methods.

In this study, appropriate testing procedures developed at Forintek's 

eastern laboratory were modified and used to determine the flexural 

properties of structural sheathing panels and composite framing members 

used in residential wood construction. Accordingly, this research 

work has two major objectives: (a) to determine the flexural properties

of eastern Canadian structural waferboard and poplar plywood using the 

eastern laboratory's panel testing device and (b) to demonstrate the 

use of the eastern laboratory's Lumber Testing Device for the characterization 

of composite lumber and/or built-up members in edgewise flexure.
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Part A. Flexural Properties of Structural 
Waferboard and Poplar Plywood

This study is a continuation on the flexural properties of panel 

products used in residential construction. In the previous investigation, 

the objective was to determine the effect of specimen size on the panel 

properties of waferboard in flexure. Two specimen sizes, 1220 x 1220 mm and 

610 x 1220 mm (half- and quarter-panels, respectively), each in three 

thicknesses, 7.9, 11.1 and 15.9 mm, from one manufacturer were tested 

using the laboratory's post-flexural testing machine (panel tester) in 

accordance with the test Method C of Section 7 of ASTM D 3043-76. The 

results indicated that on an overall average basis, the bending properties 

of quarter-panels were more or less equal to those of half-panels. In 

addition, it was found that the bending properties of quarter-panels 

tested perpendicular to panel length were significantly lower than the 

corresponding properties of specimens tested parallel to panel length.

In this study, preliminary quarter- and half-panel tests were carried 

out on aspen waferboard [Populus tremuloides Michx.) of other manufacturers 

and poplar plywood (Populus spp.) to determine whether the earlier findings 

apply to these types of panels. Subsequent tests were then carried out 

on a larger number of quarter-panels for each of the panel types.

Both aspen waferboard and poplar plywood are predominately eastern 

Canadian panel products. Waferboard was bonded with a powdered phenol- 

formaldehyde adhesive while, a liquid phenol-resorcinol exterior adhesive 

was used for poplar plywood.
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EXPERIMENTAL PLAN

Commercial size, 1220 x 2440 mm, waferboard panels consisting 

of two nominal thicknesses, 11.1 and 15.9 mm, were supplied by 

two manufacturers. Panels from the two manufacturers were identified 

as WB^ and WB^. Poplar plywood of similar sizes was obtained from 

two other manufacturers in two nominal thicknesses, 12.5 and 15.5 mm.

The two plywood thicknesses were composed of 4 plies and 5 plies, respectively, 

with each ply measuring approximately 3.2 mm (1/8-inch) in thickness.

Two grades were selected from one plywood manufacturer (exterior sheathing 

grade; designated as PS2, and exterior degrade; designated as PD) while 

only one grade (exterior sheathing grade; designated as PS^) was obtained 

from the second manufacturer.

The cutting pattern of specimens within each panel for the preliminary 

and subsequent quarter-panel tests is shown in Figure 1. Provisions were 

made for specimens to be tested parallel and perpendicular with respect 

to panel length. The experimental design (i.e., sample size per variable) 

for both sets of tests is provided in Table 1. In the preliminary tests 

there were approximately 5 half-panels and 10 quarter-panels for each 

specimen type, each thickness category, and each test direction. In 

subsequent quarter-panel tests, the sample size was approximately 30 per 

variable.

The specimens were tested in accordance with test Method C of Section 

7 of ASTM D 3043-76, as was the case in the earlier study. The panel 

tester used in these studies follows the principle outlined in this 

standard and is illustrated in Figure 2. Szabo (1980) explains in

3



A) Preliminary Half- and Quarter-Panel Tests

i) Tested Parallel With Respect to Panel Length ii)Tested Perpendicular With Respect to Panel Length

■ 1220 mm- -1220 mm
-2440 mm-

-1220 mm 610mm 610mm

-2440 mm------—

B) Subsequent Quarter-Panel Tests

E
E
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----------------------- 244C mm---------------------- ►
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A and B tested parallel with respect to panel length.

C and D tested perpendicular with respect to panel length. G I 14

Figure 1. Cutting Pattern of Specimens
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TABLE 1. Experimental Design 

A. Preliminary Half- and Quarter-Panel Tests

Specimen Nominal
Direction of Testing With 
Respect to Panel Length

Type Thickness Parallel Perpendicular
Total(mm) Half* Quarter** flaTT Quarter

Waferboard:

WB-j 11.1 5 10 5 10 30
15.9 5 10 5 10 30

WBo 11.1 5 10 5 10 30
15.9 5 10 5 10 30Plywood:

PS1 12.5 5 10 5 10 30
15.5 5 8 5 10 28

PS9 12.5 4 8 5 10 27c 15.5 5 10 5 10 30
PD 12.5 5 8 5 10 28

15.5 5 10 5 9 29

TOTAL 49 94 50 99 292

B. Subsequent Quarter-Panel Tests

Specimen
Type

Nominal
Thickness

(mm)

Direction of Testing With 
Respect to Panel Length 

Parallel Perpendicular Total

Waferboard:

WB1 11.1 30 30 60
15.9 30 30 60

wb9 11.1 28 30 58
15.9 30 30 60

Plywood:

psi 12.5 30 30 60
15.5 30 30 60

PS9 12.5 30 30 60
c 15.5 30 30 60

PD 12.5 30 30 60
15.5 30 30 60

TOTAL 298 300 598

* Half refers to 1220 x 1220-mm specimens (i.e., half-panel).
** Quarter refers to 610 x 1220-mm specimens (i .e., quarter-panel).
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detail the operation and principles of the panel tester. Panel deflection 

was measured according to the midordinate method using a linearly 

variable differential transducer (LVDT) as shown in Figure 3. The 

LVDT measured deflection over a span of 356 mm. To avoid damage, the 

LVDT and frame were removed from the specimens before failure. The 

surfaces of waferboard specimens with treatments, such as sanding, screen 

impressions and painting were placed on the tension sides when tested.

In the case of plywood, the faces that appeared to have the greatest 

amounts of defects were positioned on the tension sides.

The modulus of elasticity (MOE) and modulus of rupture (MOR) were 

determined using the equations given in the standard specified above.

The MOE and MOR of both panel types were calculated based on the section 

properties determined from the full cross-section of the panels. In 

addition, the bending properties of quarter-panel plywood specimens were 

calculated based on section properties determined from the thicknesses 

of plies parallel to the span alone. This common engineering approach 

(CSA, 1980) ignores the effect of cross-band plies upon plywood moments 

of inertia. The net ply thicknesses were determined from the net 

thicknesses of the plywood specimens and were assumed to be of equal 

thickness.

Prior to testing, development work was carried out on the panel 

tester to achieve the required accuracy and reliability. This involved 

the following modifications:

1. The machine was moved to a location where the environment was

maintained at 20°C and 65 percent relative humidity; the conditions

7



Figure 3. Linearly Variable Differential Transducer (LVDi) 
Used to Measure Deflection
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to which the specimens were equilibrated.

2. The hydraulic winch was equipped with thinner wire cables for 

greater sensitivity and accuracy.

3. A new load cell with thinner walls and greater sensitivity was 

added to the base of the other outer column to accommodate 

thinner and smaller specimens with greater accuracy.

4. Many friction areas were reduced or eliminated.

5. The load cells were calibrated to measure in metric units.

9



RESULTS AND DISCUSSION

The development work carried out on the panel tester resulted 

in more reliable and uniform results. The more sensitive load cell, 

proved very satisfactory with the thinner and smaller size specimens.

As a result of the thinner wire cables and reduction of friction among 

moving parts the recorded curves were1 more uniform and.smoother in.shape. 

Deflection and bending moments were conveniently measured in SI units.

The specimens required four to seven minutes to attain their maximum 

capacity (bending moment). With waferboard, approximately 16 percent of 

the total specimens failed in the vicinity of the inner torque bars, 12 

percent at centre and the remaining 72 percent between centre and either 

of the two inner torque bars. These results were similar to those observed 

in the earlier study. With plywood, the frequency was 14, 18, and 68 

percent, respectively.

The basic characteristics of preliminary waferboard and plywood specimens 

in terms of actual thickness, density , and moisture content are presented 

in Tables 2 and 3, respectively. From these tables it is interesting 

to observe the density differences between plywood and waferboard (average 

for plywood 446 kg/m3, for waferboard 629 kg/m3) and equilibrium moisture 

content differences (average for plywood 7 percent, for waferboard 5 percent).

The bending properties of preliminary waferboard and plywood 

specimens are summarized in Tables 4 and 5, respectively. Students " t" 

test analysis was used to compare the bending properties, MOE and MOR, 

for the two specimens sizes, within each specimen type, nominal thickness 

category and test direction. With waferboard, only two out of the sixteen

10



TABLE 2. Basic Characteristics of Half- and Quarter-Panel Waferboard Specimens

Specimen
Type

Nominal
Thickness

(mm)

Specimen
Size

Actual
Thickness (mm) Density (kg/m3)

Moisture 
Content (%)

Parallel'* Perpendicular* Parallel Perpendicular Parai 1el Perpendicular

WB, 11.1 Half 11.35** 11.27 603.6 617.5 5.5 5.4
l 2.1*** 1.9 1.8 1.6 2.4 3.1

Quarter 11.57 11.89 591.3 576.2 5.4 5.3
2.0 3.8 1.2 3.5 5.1 5.5

15.9 Half 15.46 15.79 636.1 613.2 5.0 5.1
1.2 1.2 1.2 2.1 3.1 2.2

Quarter 15.53 15.62 637.4 634.9 4.7 4.9
1.3 1.0 2.9 2.3 3.8 4.0

wb9 11.1 Half 11.04 10.91 626.4 632.7 5.3 5.3L 1.6 2.2 1.0 2.1 2.1 12.3

Quarter 11.21 11.31 621.3 611.8 5.2 5.4
3.5 3.2 2.5 2.3 4.2 2.3

15.9 Half 15.77 15.86 674.4 662.5 4.8 5.1
0.8 0.2 1.1 0.7 1.8 2.9

Quarter 15.92 16.04 666.2 664.3 5.0 5.2
1.4 1.4 2.2 2.3 4.0 6.6

* Parallel and perpendicular refer to direction of testing with respect to panel length.
** Refers to mean.
*** Refers to coefficient of variation, i.e., CV (%) _ standard deviation ,gg

mean
Note: Sample sizes are given in Table 1.



TABLE 3. Basic Characteristics of Half- and Quarter-Panel Plywood Specimens

Specimen Nominal Specimen Actual
Type Thickness Size Thickness (mm)

(mm) Parallel* Perpendicular*
Density (kg/m3) 

Parallel Perpendicular

Moisture 
Content (%)

Parallel Perpendicular

PS,

PS,

PD

12.5 Half 12.11 12.18 465.2 472.4 7.1 7.4
6.2 1.2 2.7 1.1 1.0 12.5

Quarter 12.14 12.14 463.4 471.8 6.7 6.8
1.6 0.9 3.7 0.3 3.6 3.3

15.5 Half 14.75 15.10 455.9 462.9 6.7 6.6
0.2 0.3 1.9 2.6 2.0 0.8

Quarter 14.74 15.09 447.5 463.3 7.8 6.5
1.7 0.8 2.2 2.2 11.3 1.6

12.5 Half 11.88 11.81 438.6 428.2 6.9 7.2
0.9 0.6 1.9 6.1 2.5 3.9

Quarter 12.02 11.68 429.8 428.0 6.5 8.1
1.2 1.0 1.4 7.2 3.1 4.9

15.5 Half 15.05 14.79 423.7 407.9 7.1 6.9
0.9 0.7 3.0 2.2 4.6 1.2

Quarter 15.09 15.01 424.9 409.7 6.8 7.0
1.3 1.7 2.1 3.5 5.4 2.2

12.5 Half 11.71 11.66 450.6 441.7 6.8 7.0
2.3 1.7 2.6 1.8 2.2 1.9

Quarter 11.81 11.66 441.5 450.4 6.6 6.9
1.5 2.0 3.0 2.5 5.0 3.3

15.5 Half 15.26 15,12 456.9 461.9 7.1 6.5
0.6 1.2 2.0 5.0 2.5 2.3

Quarter 15.15 14.87 450.2 447.1 6.8 6.8
1.2 2.5 2.0 3.4 2.0 1.9

* Parallel and perpendicular refer to 
in face plies with respect to span,

direction of testing with respect to panel length or, direction of grain 
in the case of plywood. Note: Sample sizes are given in Table 1.



TABLE 4. Bending Properties of Half- and Quarter-Panel Waferboard Specimens

Specimen Nominal

Direction of Testing With 
Respect to Panel Length

Specimen Parai lei Perpendicular
Type Thickness

(mm)
Size MOL

(GPa)
MÜR
(MPa)

mOET
(GPa)

MOR
(MPa)

WBj 11.1 Half 6.18
10.0

21.0
9.4

4.31**
4.2

15.9**
6.4

Quarter 5.51
10.0

18.4
7.5

3.38
11.1

13.3
11.2

15.9 Half 5.40
8.7

17.2
5.3

4.57
7.6

14.9
1.3

Quarter 5.18
8.0

18.5
7.2

4.86
9.5

16.9
9.0

WB2 11.1 Half 5.05
3.9

18.1
3.8

4.46
8.4

17.1
6.6

Quarter 5.12
14.0

17.7 _ 
10.3

4.02
15.9

15.7
16.0

15.9 Half 5.30
8.3

19.6
3.7

4.65
3.1

16.8
4.0

Quarter 5.14
6.6

19.1
6.1

4.50
7.9

17.5
4.5

** Indicates significant difference between half- and quarter-panels
at 0.01 confidence level; all other differences were non-significant.

Note: Sample sizes are given in Table 1.



TABLE 5. Bending Properteis of Half" and Quarter-Panels Plywood Specimens

Direction of Testing With 
Respect to Panel Length

Specimen Nominal Specimen Parallel Perpendicular
Type Thickness

(mm)
Size MOE*

(GPa)
MOR*
(MPa)

MOE
(GPa)

MOR
(MPa)

psi 12.5 Half 10.86
11.7

49.8
10.0

1.66**
6.9

19.7
10.1

Quarter 10.96
8.2

47.1
17.3

2.22
12.2

21.1
12.3

15.5 ■ Half 11.93
11.0

59.0
11.0

3.17
4.9

22.5
15.2

Quarter 12.18
5.3

56.9
8.0

3.05
4.9

23.4
10.5

ps2 12.5 Half 12.13
4.2

36.3**
2.8

2.61
13.5

21.6
7.9

Quarter 11.07
7.6

43.0
5.4

2.92
7.9

20.0
16.7

15.5 Half 9.71
6.0

46.6
11.0

3.08**
3.4

18.6
17.6

Quarter 10.37
2.8

53.6
14.6

3.36
5.2

20.3
19.7

PD 12.5 Half 11.48
11.1

40.6
12.1

2.47**
4.8

22.0
12.6

Quarter 10.09
9.5

45.3
14.7

2.98
5.0

24.8
11.8

15.5 Half 7.96**31.2 
11.3 18.2

4.23
16.8

22.2
23.1

Quarter . 9.86
9.0

37.5
11.2

4.10
6.7

23.5
25.3

* Both MOE and MOR are based on section properties determined from 
the full cross-section of the panels.

** Indicates significant difference between half- and quarter-panels 
at 0.01 confidence level.

Note: Sample sizes are given in Table 1.
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combinations were found to be significantly different, at the 0.01 level, 

while with plywood, five out of the twenty-four combinations showed 

significant differences. It can be concluded, therefore, as in the 

earlier study, that on an overall average basis, differences in bending 

stiffness and bending strength between quarter- and half-panels for both 

waferboard and plywood of different thicknesses for the two test directions 

were not significant at the 0.01 confidence level. Put in a 

different way, the bending properties of full-scale waferboard and plywood 

panels may be equally represented by 610 x 1220-mm and 1220 x 1220-mm 

specimens tested in the panel tester.

The 'basic characteristics of subsequent quarter-panel waferboard and 

plywood specimens are given in Table 6. Differences in density and 

moisture content are once again evident in this table.

The bending properties of subsequent quarter-panel waferboard and 

plywood specimens are summarized in Table 7. With both waferboard and 

plywood, the properties of specimens tested perpendicular with respect 

to panel length were consistently lower than the corresponding properties 

tested parallel to panel length. These differences were, as expected, 

significantly different with plywood, however, even within the waferboard 

specimens all differences were found to be significant at the 0.01 con-

fidence level. This result indicates that although the wafers are 

said to be randomly oriented,the bending properties of waferboard panels 

cannot be considered equal in the two directions. These differences can 

be attributed to the aligning effect of the mat formation in the 

process of waferboard manufacture.



TABLE 6. Basic Characteristics of Quarter-Panel Waferboard and Plywood Specimens

Specimen
Type

Nominal
Thickness

(mm)

Actual
Thickness (mm) Density (kg/m3)

Moisture 
Content {%)

Parallel Perpendicular Parallel Perpendicular Parallel Perpendicular

Waferboard:
WB, 11.1 11.12 11.24 621.6 614.3 6.2 6.0

1 3.1 2.9 2.6 2.5 3.2 2.3

15.9 15.63 15.72 631.2 625.0 5.7 5.9
1.2 1.8 1.7 2.4 6.3 3.4

WB9 11.1 11.11 11.37 629.8 606.5 5.8 5.8
c 3.1 3.6 2.7 2.6 3.6 0.1

15.9 15.83 15.88 667.9 661.7 5.3 5.6
1.2 1.5 2.2 1.6 5.1 2.9

Plywood:
PS, 12.5 12.01 12.01 462.2 467.5 6.8 7.0

1 1.7 1.3 3.0 2.9 2.4 2.5

15.5 15.01 15.07 460.3 459.7 6.6 6.7
1.9 1.2 3.1 2.5 3.4 2.8

PS9 12.5 . 11.91 11.85 ’ 430.7 435.9 7.3 7.4
2 1.7 2.0 3.2 4.2 3.6 6.3

15.5 15.06 15.01 425.5 427.4 7.1 7.1
1.0 1.1 2.4 4.7 4.0 3.7

PD 12.5 11.77 11.71 455.1 451.6 6.5 6.9
1.8 1.9 3.4 4.5 8.4 3.9

15.5 14.94 14.87 446.9 448.3 6.4 6.6
1.5 1.7 2.5. 2.5. 4.0. 3.9

. Note: Sample sizes are given in Table 1.



TABLE 7. Bending Properties of Quarter-Panel Waferboard. and Plywood Specimens

Nominal

Direction of Testing With 
Respect to Panel Length

Specimen Parallel Perpendicular
Type Thickness

(mm) (GPa)
MOR*
(MPa)

MÜE
(GPa)

MOR
(MPa)

Waferboard:
WB] 11.1 5.92

11.1
21.1
8.1

3.80
9.5

15.5
9.1

15.9 4.94
6.2

18.1
6.4

4.47
7.3

16.2
9.6

WB2 11.1 4.49
13.7

18.6
9.5

3.34
11.7

15.2
10.5

15.9 5.01
7.6

19.5
7.8

4.29
6.8

17.0
5.8

Plywood:

PS1
12.5 12.34 52.4 2.22 21.9

11.3 11.4 8.5 19.7

15.5 11.96
10.7

56.0
10.4

3.00
10.4

24.2
11.5

P52 12.5 10.14
12.1

34.4
18.7

2.98
9.1

23.1
16.4

15.5 10.54
10.9

44.1
11.3

4.11
11.3

22.9
19.6

PD 12.5 11.05
9.3

39.3
23.9

3.04
9.0

23.1
19.2

15.5 10.02
7.5

43.0
13.6

4.08
10.4

25.3
20.1

CAN3-0188.2-M78
Minimum Requirements 2.70 14.0 2.70 14.0

Both MOE and MOR are based on section properties determined 
from the full cross-section of the panels.

Note: Sample sizes are given in Table 1.
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Overall, in parallel to panel length comparisons, the waferboard 

specimens possessed bending properties that were approximately half 

those of plywood (see Table 7). In perpendicular to panel length 

comparisons, the waferboard specimens showed slightly higher MOE and 

approximately 30 percent less MOR. The average variation in test results 

was higher for the plywood specimens (13 percent with a range of 8 to 

24 percent) in comparison to the waferboard specimens (9 percent with 

a range of 6 to 14 percent). All properties of waferboard complied 

with the minimum requirements of CAN3-0188.2-M78 (see Table 7). If 

plywood is included in the comparisons, it can be seen that all prop-

erties, with the exception of MOE for PS-j with 12.5-mm nominal thick-

ness and tested perpendicular to panel length, met the specified 

requirements. It should be noted that plywood is seldom, if ever, used 

in situations where it would be stressed perpendicular to panel length.

Bending properties among a) thicknesses within each specimen type and 

b) among specimen types, within each thickness category, at their respective 

test directions cannot be considered equal (see Tables 8 through 11).

However, Table 11 indicated that when bending properties are compared 

within each thickness category within each test direction the plywood 

degrade specimens (PD) were not significantly different from the PS2 

specimens. Where significant difference is indicated the PD specimens 

had a higher average MOE value.

The test results were analysed by linear regression to show possible 

correlations between MOE and MOR. These relationships with their coefficients 

of determination (R2) are shown by thickness in Figure 4 for waferboard

18



TABLEE 8. Comparison of Quarter-Panel Waferbpard Bending Properties
Among Thicknesses Within Each Specimen Type Using Student's
" t" Test

A. Tested Parallel with Respect to Panel Length

15.9 mm WBj w b 2:

11.1 m m ^ \ MOE (GPa) MOR (MPa) MOE (GPa) MOR (MPa)
4.94 18.1 5.01 19.5

WBj

MOE (GPa) = 5.92 ** —

MOR (MPa) = 21.1 — **

w b~

MOE (GPa) = 4.49
** —

MOR (MPa) = 18.6 — NS

B. Tested Perpendicular with Respect to Panel Length

15.9 iran WBj wb2

11.1 mnis\ MOE (GPa) MOR (MPa) MOE (GPa) MOR (MPa)
4.47 16.2 4.29 17.0

WB1

MOE (GPa) = 3.80 ** . . . .

MOR (MPa) = 15.5 — NS

wb2

MOE (GPa) = 3.34 **
MOR (MPa) = 15.2 — **

** Indicates significant difference at 0.01 confidence level.
NS Indicates non-significant difference at 0.01 confidence level. 
Note: Where comparisons are not given, they were left out intentionally

for a clearer illustration of the comparisons concerned.
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A. Tested Parallel With Respect to Panel Length

TABLE 9. Comparison of Quarter-Panel Plywood Bending Properties Among
Thicknesses Within Each Specimen Type Using Student's " t" Test

15.5 mm psi ps2 PD

12.5 hmN. MOE '(GPa) 
11.96

MOR (MPa) 
56.0

MOE (GPa) 
10.54

MOR (MPa) 
44.1

MOE (GPa) MOR (MPa) 
10.02 43.0

PS1
MOE (GPa) = 12.34 
MOR (MPa) = 52.4

NS
NS

ps2

MOE (GPa) = 10.14 
MOR (MPa) =34.4

NS
**

PD
MOE (GPa) = 11.05 
MOR (MPa) =39.3

•kic _ _
NS

B- Tested Perpendicular With Respect to Panel Length

-

15.5 mm psi PS2 PD

12.5 m n v \ ^ MOE (GPa) 
3.00

MOR (MPA) 
24.2

MOE (GPa) 
4.11

MOR (MPa) 
22.9

MOE (GPa) MOR (MPa) 
4.08 25.3

PS1
MOE (GPa) = 2.22 
MOR (MPa) =21.9

**
NS

ps2

MOE (GPa) = 2.98 
MOR (MPa) =23.1

**
NS

PD
MOE (GPa) = 3.04 
MOR (MPa) = 23.1

**
NS



A. Tested Parallel With Respect to Panel Length

TABLE 10. Comparison of Quarter-Panel Waferboard Bending Properties
Among Specimen Types Within Each Thickness Category Using
Student's " t" Test

\  WB,
w bX  l

11.1 mm 15.9 mm
MOE (GPa) 

4.49
MOR (MPa) 

18.6
MOE (GPa) MOR (MPa) 

5.01: 19.5

11.1 mm
MOE (GPa) = 5.92 **
MOR (MPa) = 21.1 —

**

15.9 mm
MOE (GPa) = 4.94 
MOR (MPa) = 18.1

NS
**

B. Tested Perpendicular With Respect to Panel Length

\  WB? 11.1 mm 15.9 mm
w b X  c MOE (GPa) " MOR (MPa) MOE (GPa) MOR (MPa)

1 \ 3.34 15.2 4.29 17.0

11.1 mm
MOE (GPa) = 3.80 ** —

MOR (MPa) =15.5 -- NS

15.9 mm
MOE (GPa) = 4.47 NS —  -

MOR (MPa) =16.2 NS
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A. Tested Parallel With Respect to Panel Length

TABLE 11. Comparison of Quarter-Panel Plywood Bending Properties Among Specimen Types Within
Each Thickness Category Using Student's" t" Test

IV)
PO

X p s2 --- ' PD

X v  PS«f PD 12.5 mm 15.5 mm 12.5 mm 15.5 mm

PSr  pd MOE (GPa) M O R W à T  
10.14 34.4

MOE CG'PaT” 
10.54

MOR "(MPU 
44.1

MOE'TG'PAT-
11.05

MOR (MPa) 
39.3

MOE IGPaj 
10.02

MOR (MPaj 
43.0

PS1
12.5 mm
MOE (GPa) = 12.34 
MOE (MPa) = 52.4

**
**

**
**

15.5 mm
MOE (GPa) = 11.96 
MOR (MPa) =56.0

**
**

**
**

PD
12.5 mm
MOR (GPa) = 11.05 
MOR (MPa) =39.3

**
NS

15.5 mm
MOE (GPa) = 10.02 
MOR (MPa) =43.0

NS
NS

Table 11... continued



TABLE 11. Continued

B. Tested Perpendicular With Respect to Panel Length

12.5 mm
MOE (GPa) = 2.22 ** —

MOR (MPa) = 21.9 — NS

15.5 mm
MOE (GPa) = 3.00 ** --
MOR (MPa) = 24.2 — NS

PD
12.5 mm
MOE (GPa) = 3.04 NS - ~ i

MOR (MPa) = 23.1 — NS

15.5 mm
MOE (GPa) = 4.08 NS - -

MOR (MPa) = 25.3 — NS

**
NS

**
NS



and Figure 5 for plywood. The high R2 values are indicative of strong

■  relationships. The slopes of the straight lines are lower for the

»| thicker panels, especially for waferboard, perhaps as a result of

higher differences in thickness. When the data for both thicknesses 

Ê  are pooled (bottom curves in each figure), a linear model was found

again suitable for intercorrelation of MOE and MOR with similar R2 values.

■  The bending properties of quarter-panel plywood specimens based on

g  two cross sections are summarized in Table 12. When section properties

are based on thickness of plies with grain parallel to the span alone the 

B  MOE and MOR values are considerably higher,as expected, and the perpendicular

values, with the exception of one case, became higher than the corresponding 

»  parallel values. Table 13 shows that the percent increase in MOE and

■  MOR when considering the parallel plies only is greatest for specimens

! tested perpendicular with respect to panel length, especially for the

H  12.5-mm 4-ply specimens. The high stiffness value (i.e., 694 percent

increase) is not surprising as the plies with grain parallel to the 

I  span are very close to the neutral axis and the effective moment of

■  inertia is relatively small. An attempt was made through a literature 

survey and personal contacts in obtaining published data of similar

■  thicknesses and ply number of other species of plywood for comparisons, 

however, none was found.
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11.1 mm 15.9 mm

11.1 and 15.9 m m

Note: Each observation is the average of thirty values. G l 14

Figure 4. Linear Relationship Between Moduli of Elasticity and 
Rupture for Quarter-Panel Waferboard Specimens
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12.5 mm 15.5 mm

12.5 and 15.5 m m

Note: Each observation is the average of thirty values. Gl 14

Figure 5. Linear Relationship Between Moduli of Elasticity and 
Rupture for Quarter-Panel Plywood Specimens
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TABLE 12. Bending Properties of Quarter-Panel Plywood Specimens Based on Section Properties
Determined From the Full Cross Section and Plies With Grain Direction Parallel to the Span Only

Specimen Nominal
Direction of Testing With Respect to Panel Length

Parallel Perpendicular
Type Thickness

(mm)
MOE (GPa) MOR (MPa) MOE (GPa) MOR (MPa)

Full Cross 
Section

Parallel 
Plies Only

FuTT Cross 
Section

Parallel 
Plies Only

Full Cross 
Section

Parallel 
Plies Only

Full Cross 
Section

Parallel 
PIies Onlj

psi 12.5 12.34 13.81 52.4 69.0 2.22 17.43 21.9 86.6

15.5 11.96 15.27 56.0 83.0 3.00 14.75 24.2 76.7

PS2 12.5 10.14 11.71 34.4 46.1 2.98 23.75 23.1 91.9

15.5 10.54 13.50 44.1 65.5 4.11 19.77 22.9 71.7

PD 12.5 11.05 12.82 39.3 53.0 3.04 24.33 23.1 92.4

15.5 10.02 12.54 43.0
!

62.9 4.08 19.12 25.3 77.8



TABLE 13. Percent Increase in Bending Properties of Plywood When Section Properties are Based 
on the Cross Section Defined by the Plies With Grain Direction Parallel to the 
Span Only

Direction of Testing With Respect to Panel Length
Nominal Parallel Perpendicular

Thickness Statistics
(%)

MÛR
:(*)

MUE
■(*)

MUR
(*>

12.5 Mean*

Range

14.5

11.9-16,0

33.5

31.7-34.9

694.1

685.0-700.3

297.7

295.4-300.0

15.5 Mean*

Range

26.9

25.1-28.1

47.6

46.3-48.5

380,4

368.6-391.7

212.5

207.5-216.9

* Average of three values.



Part B. Use of the Lumber Testing Device to 
Test Composite Framing Members in Edgewise Flexure

The total timber resource in Canada is increasing, however, it is 

characterized by increasing volumes of hardwood, and smaller and lower 

quality timber. The forest resource is definitely changing and it no 

longer resembles the large, high quality old growth timber on which the 

existing forest products industry was established. Eastern Canada 

currently obtains half of its large dimension requirements from western 

Canadian mills (Forintek, 1983). Utilization of this source is expensive 

because the transporation charges can run as high as 40 to 50 percent of 

the delivered market price. There is mounting evidence that British Columbia 

will not be able to continue the sort of production increases it has 

enjoyed in the seventies.. If the demand for housing lumber continues at its 

historical levels, there will be increasing price pressure on the already 

beleaguered softwood resource (Forintek, 1983). There is a need to increase 

efficiency in the use of all available material.

Composite lumber products enable better utilization of the forest 

resource by increasing the effective yield of higher value end products 

from logs by approximately 20 to 25 percent over sawn lumber (Forintek, 1983). 

In addition, and more importantly, composites technology enable more 

of the resource to be economically available for conversion to high 

value end products.

The composite products that have been developed to date, such as 

Micro-Lam, Press-Lam, Corn-Ply, and plywood-webbed beams (Corrply in Europe
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and Wood-I in North America) are already economically competitive with 

solid sawn lumber (Forintek, 1983). They compare quite favorably with 

the structural properties and quality of solid sawn lumber. They are 

more uniform in terms of structural properties because they are 

engineered products. On a pound per pound basis, the composites more 

closely parallel the properties of the basic wood component and therefore 

are stronger than conventional lumber products (Forintek, 1983).

With the development and continual evolution of these reconstituted 

framing lumber products there is a need for a fast and accurate method 

for evaluating their properties. This study was undertaken to demonstrate 

the use and potential of the eastern laboratory's Lumber Testing Device 

for testing such products in edgewise flexure.
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EXPERIMENTAL PLAN

Five types of composite lumber beams were manufactured at the 

laboratory using materials that are predominantly eastern Canadian.

In all constructions phenol-resorcinol exterior adhesive was used to 

bind the elements together. All beams had an overall cross section of 

38 x 140 mm and moisture content ranging from 7 to 10 percent.

In three constructions, low grade, small diameter poplar logs 

were sawn to thin laminations, dried and glued together under pressure 

yielding a high quality large dimension lumber product. In two of 

these constructions, the laminations were glued horizontally (i.e., glue 

plane runs horizontally when the beam is stood on edge) with one type 

composed of 6.35-mm thick laminations and the other with 12.7-mm laminations. 

The third of these constructions used 11.1-mm thick laminations with 

vertical orientation. The laminations were glued both on the flat surfaces 

and on edge. All three constructions are illustrated in Figure 6.

The two other reconstituted members were of the " I" and Box 

configurations or cross sections. These are illustrated in Figure 7 

alongside a solid stud grade spruce-pine-fir (S-P-F) lumber beam.

The flanges of the composite beams were made of stud grade S-P-F lumber 

and the webs of commercial aspen waferboard. The dimensions of the beam 

components are shown in Figure 8.

The specimens were evaluated in edgewise using the Lumber Testing 

Device developed at Forintek's eastern laboratory. This machine was 

originally built to facilitate the study of flexural proof loading of 

dimension lumber and the acquisition of data on the in-grade strength of
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Figure 6. Laminated Lumber Beams
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Figure 7. Wood/Waferboard ("I" and Box Type) and Solid Lumber Beams
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I BEAM BOX BEAM

Note: (i) Webs are made of commercial aspen waferboard. 

(ii) Flanges are made of S-P-F stud grade lumber.

G 114

Figure 8. Cross Sections of Composite Wood/Waferboard Beams
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dimension lumber. Full details of its operation and principles are 

given by Forintek Canada Corp. (1981).

The device simulates a simply supported member with a uniformly 

distributed load by using third point loading on a piece of lumber that 

is supported on its edges over its maximum available span. Stiffness 

is measured by subjecting members to a chosen deflection so that 

the minimum stress level to which they are subjected is some multiple 

of the expected maximum stress in service. In addition, provision is 

made for obtaining ultimate strength data.

The device is shown in Figure 9. It consists basically of frames 

to support the specimen and to spread the applied load, a hydraulic system 

to apply the load at a specified rate, a linearly variable differential 

transducer (LVDT) and a load cell, and an electronic system to control 

the amount of deflection applied and to process and provide signals from 

the load cell and deflection transducer. The output of load and deflection 

are plotted as load against deflection on an X-Y recorder. The load 

cell has a capacity of 44,482 N (10,000 pounds-force) and the hydraulic 

jack a maximum travel of 254 mm (10 inches). The transducer is placed 

at the hydraulic cylinder and measures the movement of the piston and 

rod which is taken to be equal to the average deflection of the specimens 

at loading points. The speed of testing may be varied from 51 mm (2.0 inches) 

per second to 13 mm (0.5 inches) per second. The frame incorporates 

provisions for sequential testing of each specimen in two directions 

and for increasing the length of both the loading frame and resisting
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Figure 9. Lumber Testing Device
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frame to handle larger specimens. The present frame enables the 

testing of 38 x 184-mm (nominal 2 x 8-inch) lumber up to a span-to- 

depth ratio of 21.

Specimens were tested over a span of 2,210 mm (87 inches) with the 

load applied at two points at one-third the span. All were non-destructively 

deflected to 8 mm (0.3 inches) at a rate of 13 mm (0.5 inches) per minute. 

Load versus deflection were plotted on an X-Y recorder.

To evaluate the performance of the Lumber Testing Device the same 

specimens were tested using the conventional Riehle testing machine which 

had a capacity of 45,000 N (10,116 pounds-force). This procedure followed 

the recommendations of ASTM D 198-76 with the exception of rate of loading. 

The specimens were loaded to identical conditions as with the Lumber 

Testing Device, i.e. over the same span, at the same loading rate, to 

the same deflection limit, and in the same beam direction. However, 

deflection was measured at the neutral axis of the beams at centre-span 

using a yoke deflectometer as recommended by the standard. The setup is 

illustrated in Figure 10. A LVDT was used to measure deflection and load 

versus deflection were plotted on an X-Y recorder, as in the previous tests.

37



Figure 10. Riehle Testing Machine
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RESULTS AND DISCUSSION

The calculation of bending stiffness (El) involves the measured 

terms of span (L), load (P), and deflection (y). Deflection was 

measured at different locations using the two test machines, thus 

formulae must be used to account for these differences. These are 

given in Appendix " A" .

The bending stiffness of each of the beams including the solid 

S-P-F specimens using the two test machines are summarized in Table 

14. The laminated beams were superior and the " I" and box beams 

inferior relative to the solid S-P-F lumber beams. The bending stiffness 

values obtained using the Lumber Testing Device were consistently lower than 

the corresponding values obtained using the Riehle testing machine. The 

average bending stiffness of specimens tested using the device were 

approximately 7 percent lower with a standard deviation of 1 percent . 

Assuming the bending stiffness of the specimens obtained with the Riehle 

testing machine to be closest to the true value, several factors may be 

considered in explaining this difference:

1. Any deformation of the loading frame or the resisting frame in the 

Lumber Tesing Device as a result of the applied load is picked up

as deflection of the beam resulting in lower El values. Such deflection 

is not recorded when deflection is measured at centre-span relative 

to the neutral axis above the supports as in the Riehle setup.

2. Any compression deformation of the specimens beneath the load points 

and above the suports is, once again, interpreted as specimen deflection
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TABLE 14. Bending Stiffness of Test Beams

Beam
Type

Beam
No.

Bending Stiffness (EI-XIO10 MPa)
Riehle Testing 
Machine

Lumber Testing 
Device

Percent (%) 
Decrease

Solid S-P-F Lumber 1 9.18 8.36
2 8.84 8.56
3 8.79 8.02
Mean 8.94 8.31 7.1

Horizontally Laminated
6.35-mm laminations 1 9.85 9.18

2 10.10 9.54
Mean 9.98 9.36 6.2

Horizontally Laminated
12.7-mm laminations 1 10.32 9.51

2 11.76 10.80
3 11.92 10.84
4 12.16 11.24
Mean 11.54 10.60 8.2

Vertically Laminated
11.1-mm laminations 1 11.73 10.62

2 10.06 9.35
3 11.05 10.31
4 11.46 10.32
Mean 11.08 10.15 8.4

" I" Beams 1 7.67 7.15
2 9.10 8.26
3 6.35 6.02
4 8.59 7.72
Mean 7.93 7.29 8.1

Box Beams 1 6.60 6.30
2 6.35 6.01
3 6.73 6.13
4 5.98 5.74
Mean 6.42 6.05 5.8
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when measurements are taken at the load points.

3. The two bending stiffness formulae are equated on the basis that 

deflection measured at midspan is 15 percent greater than the 

deflection measured at the load points. This may be adequate 

for homogeneous materials having a high shear modulus, however, 

the same cannot necessarily be said for all wood-based products.

The Lumber Testing Device was designed to test dimension lumber in 

edgewise flexure. It can just as easily be applied to test composite 

beams provided their dimensions are within design limits. The specimens 

can be tested at a sufficiently rapid rate to match production speeds.

The device was constructed on a one and one-quarter, double-axle, trailer 

to give it portability needed to conduct tests at mill sites.

The results of this study indicate that further work to identify 

a uniform factor to compensate for machine frame deformation is desireable. 

A correction factor based on differences in results obtained using the two 

machines can be determined and incorporated in future tests for a better 

representation of bending stiffness of the specimen.
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APPENDIX " A" A
Bending Stiffness Formulae for Third-Point Loading

1. Deflection Measured at Neutral Axis at Centre-Span Relative 
to Neutral Axis Above the Supports (Riehle Testing Machine)

El = 23L3 ¥ P 
T Z $ E y

2. Deflection Measured at Load Points Relative to the Machine Frame 
(Lumber Testing Device)

El = 513 x PEI x y
Where: EI = bending stiffness (MPa)

L = span (mm)

P/y = slope of the load-deflection curve (N/mm)
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