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Engineering Properties of Structural
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and J. DOBBIN McNATT

Introduction

The property requirements of structural particleboards will ultimately be determined by

end-use criteria. Requirements for wall sheathing, for instance, are necessarily different from

those of roof or floor sheathing and may best be fulfilled by a specific board type. Load-carrying

capacity, stiffness, and dimensional stability properties are especially relevant to structural

boards. An important consideration is that by manipulation of the processing technique

particleboard may be manufactured to meet a variety of performance specifications. As structural

particleboard gains acceptance, some existing plants will explore the possibility of converting a

portion of their production to structural panels and new plants will be built to produce various

specialized structural panel types.

Objective

The purpose of this study was to utilize forest residues, along with other raw material

sources, to manufacture various types of particleboards with characteristics desired for structural

uses, and to measure the basic mechanical properties of these panels. These data could then

furnish necessary criteria for the further design and construction of structural-type panels.

Requirements for specific applications will necessarily be established by those concerned with

actual panel usage.
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Experimental Procedure

Panel Preparation

Forest residues, primarily Douglas-fir, were obtained from the western slopes of the

Cascade Range in Washington and Oregon. These materials were sorted into four different groups

and combined as follows: 1

Soundwood: +4 inches in diameter 75.00 percent

Bark 6.25 percent

Soundwood and bark: -4 inches in diameter

(bark estimated at 25 percent of this portion)

Wood containing visible decay

6.25 percent

12.50 percent

100.00 percent

From the residues, suitable amounts of the following particle types were prepared to

manufacture the panels used in the study:

a. 0.020- by 0.5- by 2-inch flakes, disc flaked

b. 0.020- by 2-inch flakes, ring flaked from 2-inch chips

c. 0.020- by l-inch flakes, ring flaked from l-inch chips

d. planer shavings, hammermilled without screen

e. fiber, from MacMillan defiberizer

f. bark, processed through ring flaker.

The thickness, length, and width of disc-cut flakes are closely controlled and all surfaces

are relatively smooth. Thus disc-cut flakes are generally considered to be of higher quality than

ring-cut flakes. Ring-cut flakes are random in width, vary much more in length and vary a little

more in thickness. Their ends may be ragged and the flakes may have cross-grain. More fines are

created in production. In turn, planer shavings are generally considered to be of lower quality

than ring-cut flakes because of more cross-grain and fines.

All material was processed in conditions as harvested, without further consideration to

dirt and bark removal, dried to appropriate moisture content, and stored for use in preparation

of 12 panel types:
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Random Orientation

Homogeneous

1. 0.020- by l-inch ring-cut flakes

2. 0.020- by 2-inch ring-cut flakes

3. 0.020- by 0.5- by 2-inch disc-cut flakes

Three-layer

4. faces: 0.020- by l-inch ring-cut flakes

5.

6.

7.

core : milled shavings

faces: fiber

core : 0.020- by 2-inch ring-cut flakes

faces: -1/8-inch mesh, 0.020- by l-inch ringcut flakes

core : +1/8-inch mesh, 0.020- by l-inch ring-cut flakes

faces: 0.020- by 0.5- by 2-inch disc-cut flakes

core: 0.020- by l-inch ring-cut flakes

A lined Particle Orientation

Homogeneous

8. 0.020- by 0.5- by 2-inch disc-cut flakes

Three-layer

9. faces: 0.020- by l-inch ring-cut flakes

core : milled shavings (nonoriented)

10. faces: 0.020- by 0.5- by 2-inch disc-cut flakes

core : 0.020- by l-inch ring-cut flakes (cross-oriented)

11. faces: 0.020- by 0.5- by 2-inch disc-cut flakes

core : 0.020- by l-inch ring-cut flakes (nonoriented)

12. faces: veneer (0.10 in. rotary cut from Douglas-fir logs)

core: 0.020- by 2-inch ring-cut flakes (nonoriented)

The appearance of various panel types and materials of construction are illustrated in

Figure 1. Particles were alined with the aid of a l-inch-deep frame fitted with parallel fins at 3/4

inch spacings. Free fall of material between the bottom of the fins and the top of the mat in

construction was held to a minimum to achieve the best alinement possible with this equipment.

Actual degree of alinement was not measured.
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All panels were prepared using the previously outlined proportions of residues as nearly

as possible. In three-layer panels, however, the bark portion was added to the core fraction only.

The following conditions remained constant throughout the panel manufacturing phase, with

noted exceptions.

Panel size : Rough, l/2 by 24 by 28 inches

Trimmed, l/2 by 22 by 26 inches

Density: 40 pounds per cubic food (ovendry [OD] weight, volume at 65 percent

relative humidity [ RH])

Face-core ratio of three-layer panels: 15-70-15 percent of panel weight

Face-core-Face ratio of veneered panels: 16-68-16 percent of panel weight

Resin : 5 percent phenol-formaldehyde (PF) (solids content based on OD weight

wood weight). Panels 5 and 6 contained 7 percent PF in face materials.

Bonding of veneer to core in the veneer-faced panel was done in a single

operation during hot pressing. The veneer was sprayed with an amount of

PF resin equivalent to one-half of a typical plywood glue spread (4 lb dry

resin per 1,000 square feet of single glue line)

Wax: 1 percent wax emulsion (solids content based on OD wood weight)

Mat moisture content: 10 percent (based on OD weight of wood, resin, and wax)

Pressing conditions: 10 minutes at 350° F, 1 minute to final board thickness

Hot stacking: Panels were stored overnight in an insulated box following removal

from press.

Testing

Five replications of each panel type were prepared for testing of basic engineering

properties in this portion of the study. Ten additional replications of each of panel types 7, 8, 9,

and 11 were prepared for later use in determination of effects of moisture content and loading

conditions on engineering properties. After being removed from hot-stacking, panels were

conditioned at 73° F, 64 percent relative humidity (RH) and cut into specimens for

determination of the following properties using ASTM2 Standard Test Methods. Panels were not

sanded.

1. Static bending

Modulus of rupture (MOR)

Apparent modulus of elasticity (EB)
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2. Tension parallel to surface

Tensile strength (ST)

3.

Apparent modulus of elasticity in tension (ET)

Compression parallel to surface

Compressive strength (SC)

4.

5.

6.

7.

Apparent modulus of elasticity in compression (EC)

Edgewise shear strength (SE)

Interlaminar shear 

Shear strength (SI)

Shear modulus (GI)

Internal bond strength (IB)

Plate shear

Shear modulus (GPL)

One specimen of each type was prepared from each of the five replicate panels. All tests

except 6 and 7 were made both parallel and perpendicular to the direction of surface grain

alinement on those panels with oriented flakes or veneer overlays.

In addition to tests at standard conditions, static bending and internal bond tests were

conducted after exposure to six cycles of accelerated aging (ASTM Standard D 1037-72a,

Sections 120-122). Linear expansion, thickness swelling, and moisture content were determined

at conditions of 212° F and 0 percent RH, 80° F and 12, 30, 42, 50, 65, 80, 90 percent RH,

and vacuum-pressure-soak in water at 70° F.

Results and Discussion

Basic Engineering Properties

Strength properties: A summary of basic engineering properties of the 12 panel types is

presented in Table 1. Corresponding coefficients of variation are shown in Table 2. The various

property means are compared graphically in Figures 2, 3, 4, and 5. Bending, tension, and

compression strength properties are shown in Figure 2. These properties follow the general

pattern of improvements with better flake geometry and flake orientation. Addition of fiber

and/or fines faces to boards (Nos. 5 and 6) made with l-inch ring-cut flakes was not detrimental



T
ab

le
 1

. B
as

ic
 E

ng
in

ee
ri

ng
 P

ro
pe

rt
ie

s 
of

 S
tr

uc
tu

ra
l P

ar
tic

le
bo

ar
ds

.



T
ab

le
 2

. C
oe

ff
ic

ie
nt

 o
f 

V
ar

ia
tio

n 
fo

r 
St

re
ng

th
 V

al
ue

s 
of

 V
ar

io
us

 S
tr

uc
tu

ra
l-

T
yp

e 
Pa

rt
ic

le
bo

ar
ds

 a
s 

G
iv

en
 in

 T
ab

le
 1

.



127

Figure 2. Comparison of Various Strength Properties of the 12 Structural Particleboards.
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to bending strength. Use of 1-inch ring-cut flakes as faces for a planer shavings board (No. 4)

improved MOR from an average of 2,200 psi (for an all-shavings board3) to 3,220 psi. However,

this board still had the lowest MOR of the structural board types constructed. Alinement of the

l-inch face flakes board type (No. 9) increased effective bending strength in the direction of

alinement only 15 percent to 3,700 psi.

Use of quality, precision-cut, 2-inch disc-cut flakes in combination with a core of l-inch

ring-cut flakes (No. 7) resulted in a much higher average panel bending strength of 5,430 psi.

Alinement of the face flakes further increased the MOR of this board (No. 11) almost 50

percent to 8,100 psi in the direction of alinement.

The steam release problem inherent in manufacturing boards with large flakes was

encountered in pressing the homogeneous, randomly formed flakeboard (No. 3) made of 2-inch

disc-cut flakes. Although no “blows” were apparent, poor core integrity is indicated by the low

average internal bond strength of the board (36 psi), and partially explains why the bending

strength of the homogeneous board is below that of the three-layer board (No. 7). No problem

was encountered with the homogeneous board of alined flakes (No. 8). This is in accord with

work of Klimova et al. showing lower internal steam pressure in boards with alined particles.4

Apparent panel moduli of elasticity in bending, tension, and compression (Figure 3) show

trends, by panel types, similar to those for strength properties. One noticeable difference was the

higher tensile and compressive modulus (parallel to alinement) of the homogeneous flakeboard of

alined flakes (No. 8) as compared to the veneer-overlaid panel (No. 12). Probably, this was

related to the fact that all of the material in board No. 8 tended to be alined whereas only a

fraction of the random core flakes in board No. 12 tended to lie in the same direction as the

grain of the veneer faces. Panel No. 8, of course, suffered from low properties in the alternate

panel direction.

Interlaminar shear and internal bond strengths, shown in Figure 4, are both measures of

panel core integrity and as such are influenced only to a minor extent by face flake or particle

geometry. With two exceptions (boards of random homogeneous disc-cut flakes (No. 3) and

alined homogeneous disc-cut flakes (No. 8)) these two properties were quite similar in all panel

types. Property levels were low with the random homogeneous panel of disc-cut flakes (No. 3)

due to the poor bonding associated with poor steam release as described -earlier. The presence of

alined flakes in the core of the alined homogeneous disc flake panel, on the other hand, resulted

in higher interlaminar shear properties, parallel to flake alinement. As in other properties,

interlaminar shear strength perpendicular to the flake alinement was lower than in other panel

types. This effect was not apparent in the cross-alined board (No. 10).
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Figure 3. Comparison of Various Apparent Moduli of Elasticity in the 12 Structural
Particleboards.
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Figure 4. Comparison of Interlaminar Shear Strength and Internal Bond Strength in the 12

Structural Particleboards.
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Property levels for plate shear modulus and interlaminar shear modulus are shown in

Figure 5. Panels made of similar flake types had significantly higher plate shear moduli when

flakes were randomly distributed than when flakes were alined.

Edgewise shear strength (not shown graphically) was also higher in random boards. As

such, the random homogeneous 2-inch disc flakeboard (No. 3) had the highest edgewise shear

strength, while the same board made with alined flakes (No. 8) possessed the lowest edgewise

shear strength in a direction parallel to flake alinement.

Regression equations: Relationships between the various properties were developed

through a series of linear and multiple linear regression equations. Previous research by McNatt5

had shown several linear relationships to exist between various engineering properties of

conventional particleboard panels. Highly correlated relationships would permit prediction of

strength parameters which are more difficult to measure, from those properties which are more

easily obtained.

Table 3 illustrates several examples of regression equations in which this principle may be

used. Many of the properties evaluated are shown to be related for the 12 board types in this

study; the most important are summarized:

a. Bending strength (MOR) properties may be confidently predicted from their

corresponding bending stiffness (EB).

b. Bending properties after accelerated aging (ASTM D 1037)2 can be predicted

from initial bending tests.

c. Tensile and compressive strength and stiffness can be predicted from the bending

strength or stiffness.

d. Compressive strength and stiffness correlates well with respective tensile strength

or stiffness.

Thus the 11 basic engineering properties shown in Table 1, as well as the two static

bending properties after aging, may be predicted by the following five tests: static bending,

edgewise shear, interlaminar shear, plate shear, and internal bond.

The table shows, by means of selected multiple regressions, that interrelationship exists

among various properties, and particularly illustrates the practicality of using nondestructive

stiffness tests to predict strength. These relationships are likely to be different for other board

types. For example, internal bond strength was not found to be closely related to any other

property measured in this study; whereas in a previous study,5 internal bond strength correlated

well with interlaminar shear strength (R2 = 0.88).

Accelerated aging: Properties of panels after exposure to the ASTM D 1037 accelerated

aging procedure are shown in Table 4 and compared graphically in Figure 6.
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Figure 5. Comparison Of Shear Moduli in 12 Structural Particleboards.
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Table 3. Summary of Regression Equations1
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Figure 6. Retention of Internal Bond, Bending Strength, and Bending Modulus Following

Accelerated Aging.



136

Internal bond levels were more seriously affected by the aging test than were the bending

properties. Numerical bending strength and stiffness losses occurring during accelerated aging

were approximately the same between panel types. Consequently the percent of strength loss was

small for panels processing high initial strength values and large for those panels with initially

low properties. Average retention levels for random and alined panels are shown in the following

tabulation:
Specific
Gravity MOR MOE IB

(%) (%) (%) (%)
Random 84 80 73 47

Alined parallel 89 93 87 59

Alined perpendicular 84 65 69 --

As shown, average retention levels in bending were best in the specimens with flakes

alined parallel to the specimen length, but poorer when flakes were perpendicular to specimen

length. Another indication of constant strength loss is shown in Table 3 where the linear

regressions relating bending properties before and after aging indicated a relatively uniform

reduction of about 650 psi in MOR and about 140,000 psi in MOE due to the aging, regardless

of panel type or flake orientation.

Dimensional stability: Results of the various dimensional stability tests are summarized in

Table 5. Thickness springback data after accelerated aging and reconditioning to 73° F and 64

percent RH also are included. OD-VPS thickness swelling data compared by panel types in Figure

7 show that better thickness stability is associated with shorter flakes or particles with the one

exception of the alined homogeneous disc-cut flake panel (No. 8). Here, improved thickness

stability is associated with fewer or lower glue line stresses inherent in an alined flake

construction. Thickness swelling from 50 to 90 percent RH, from 30 to 90 percent RH, and

springback after aging were all quite closely related, following the same trend as illustrated in

Figure 7.

Thickness swelling curves from ovendry through various humidities to the soaked

condition are shown in Figure 8 for seven representative panels and illustrate the similarity of

swelling between panel types. Again, the notable exception is the homogeneous disc-cut flake

panels having high swelling in the random flake construction and minimal swelling in the alined

flake construction.

Linear expansion data from ovendry to vacuum-pressure-soak conditions are summarized

by panel type in Figure 9. As opposed to thickness swelling, low lineal movement was associated

with long flake length and thus good lineal stability was indirectly related to high strength. This
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Figure 7. Thickness Swelling by Panel Type as a Result of Exposure to OD-VPS.
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Figure 8. Thickness Swelling of Seven Panel Types from Ovendry Through Various Moisture

Contents to Soaked Condition.
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Figure 9. Linear Expansion by Panel Type After Exposure to OD-VPS-Conditions.
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figure also demonstrates the high linear movement associated with the “cross-grain” flake

direction in alined flake panels and the benefit or necessity of a random or cross-alined flake

core layer in reducing this linear cross-panel dimensional change. Linear movement curves from

ovendry through various humidities to the soaked condition are illustrated in Figure 10 for the

same panel types as depicted in Figure 8. This graph demonstrates the high linear stability

attained with alined flakes in the direction of fiber alinement, but also shows the great instability

in the cross-panel direction. Panels made with long flakes randomly oriented are nearly equal in

linear stability to that found in the fiber direction of an alined flakeboard. Most linear

movement, in the more stable panels, occurred below 42 percent RH or at about the 7 percent

MC level, with practically no lineal change occurring above this level even when soaked.

Conclusions

Within the scope of this research on structural particleboards from forest residues, the

following conclusions are presented:

1. Highquality structural particleboards of many types can be made from forest

residues containing as much as 8 percent bark and 12 percent decayed wood.

2. Depending on design criteria, some panel types are more efficient in usage of

materials than others. Where stiffness is a controlling factor, thinner panels can be

utilized if large flakes, oriented flakes, or veneer overlays are incorporated in the

panel design.

3. Many engineering properties were closely interrelated; both tensile and

compressive strength and stiffness could be predicted from bending tests. Internal

bond was not well correlated with other properties.

4. Most panel types were quite durable as determined by the ASTM accelerated

aging test (ASTM Standard D 1037-72a). The panels retained an average of 80

percent of their initial bending strength, 76 percent of initial bending stiffness,

and 52 percent of initial internal bond strength.

5. Dimensional stability was closely related to flake or particle geometry and quality

with best thickness stability associated with small particles and best linear stability

with larger flakes.

6. The high instability and low strength in the cross-grain direction must be

considered to insure proper use of an alined homogeneous flakeboard in structural

applications.
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Figure 10. Linear Expansion of Seven Panel Types from Ovendry Through Various Moisture

Contents to Soaked Condition.
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