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In order to test the serviceability of paper-faced splined and
glued panels made from No. 3 Douglas-fir lumber that had been
dried to a moisture content of 17 per cent, an 8 x 8 x 8 foot cubical
structure was built of 32 x 96 inch panels, customary framing lumber, and plywood. During and after construction of the test structure the panels were subjected to alternate wetting and drying to
determine dimensional stability and the behavior of the paper face
materials under simulated adverse weather conditions. Following
these exposure conditions, the panels were observed for a period of
60 days. The floor and walls showed no excessive dimensional
changes and no buckling. Splined and glued panels reacted in an
identical and satisfactory manner. Because paper on the inside and
outside surfaces of the wall panels split and because the paper on the

exposed surface of the floor panels took a permanent set in a
shrunken condition after the wood had dried to a rather low moisture
content, the use of high wet-strength paper facings is suggested. Observations of the two types of panels during the construction of the
test structure revealed no great differences in workability. Prefabricated panels of each kind were as easily worked as finch plywood.

PANEL FABRICATION STUDIES
During and immediately following the recent war the demand
for lumber was active, and even the lower grades could be sold at a
profit. It was patent to most lumbermen, however, that this situation
would change with the first break in lumber demand because disposal
of low grades has always been an economic problem on competitive
markets. All species are affected; any differences in the seriousness
of the situation are only a matter of degree. It seemed desirable,
therefore, that the Oregon Forest Products Laboratory devote a substantial part of its research effort to exploring every possible outlet
for low grades of lumber.

The project herein reported represents one approach to the

problem. The basic plan of the investigation was suggested by Mr.

T. K. May, Director of Technical Service, West Coast Lumbermen's
Association. Douglas-fir was selected for preliminary study because,
of all the western commercial woods, the problem of low grades becomes most acute in this species. In general, however, the results of
the study can be applied to any species.
OBJECTIVES

The principal objective of this study was to enhance the value
of No. 3 Douglas-fir lumber through the development of general
utility panels that might be used for sheathing, subflooring, concrete
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forms, heavy crating, grain doors, rough construction, and related
uses. It was expected that lower labor charges for handling large
panels, rather than individual boards, might result in significant
reductions in building costs.

The Laboratory assumed responsibility for the preliminary investigation of the techniques that might be employed in the fabrication of such panels.

APPROACH
A panel constructed of shiplap held together mechani
splines and covered on both surfaces with paper was originally envisaged. The paper was expected to add strength to the panel, to
improve its appearance, and to take the place of the building paper
commonly used in construction. It was hoped that the panels could
be made of green lumber so that mills lacking drying facilities could
manufacture them; but it was suspected that difficulties might be
encountered in using green lumber and, also, that an edge-glued panel
might have certain advantages over a splined panel. Consequently,
a decision was made to work on the two types concurrently.

EXPERIMENTAL PROCEDURES

Two methods of panel fabrication were developed, one for
splined panels, the other for edge-glued panels. The basic construction was similar; individual pieces, with the long axis of the grain
parallel to the length of the panel, were joined to form a composite
panel. There were, however, two essential differences: the type of
lumber used and the manner of joining the component boards. In
the splined panels, shiplap was held together mechanically by means
of splines inserted at intervals across the width of the panel. In the
glued panels, ordinary boards, surfaced four sides, were joined by
edge gluing. The method of applying paper to the surfaces was
similar for both types.
Experimental procedures were more or less empirical. This
was necessary because of the nature of the raw materials used, the
large size of the panels, and the equipment that was available.
The different types of panels that were developed (specifically,
splined panels, green and dry, and glued panels, green and dry) are
discussed individually in the pages that follow.
Splined panels of green shiplap
First attention was directed to splined panels made from green
shiplap. The initial work was done with 30-inch by 72-inch panels;
later, 4-foot by 8-foot panels were made for demonstration purposes.
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It immediately became apparent that it was essential to use
dried splines (10 per cent or lower moisture content) because green
splines shrank, resulting in a loose panel. Obviously, panel construction was simplified by placing all splines on one side of the panel.
SPLINES

The optimum spline width appeared to be approximately 2
inches. Wider splines, which required more material and which re-

sulted in greater waste in cutting the spline grooves, did not appear
to increase the strength of the panels appreciably. Splines narrower
than 2 inches resulted in weaker panels. Dovetailed splines proved
most satisfactory, and dovetail angles of 12 to 15 degrees seemed to
give the best results. A tight fit of the spline in the groove was essential to assure a tight panel.
In 8-foot panels, a minimum number of five splines was indicated, spaced 21 inches center to center, with the end splines located
6 inches from each end of the panel. For ease in driving the splines,

it was found to be helpful to round the leading end of the spline
slightly and to coat the entire spline with a thin layer of paraffin.
The latter treatment had another purpose that will be discussed in
connection with paper faces. In the case of panels made from green
lumber, the length of the splines should be shortened so that the ends

will not protrude after the panels have shrunk to their final dimensions.

It was found that nothing was gained by fastening the splines
to the individual pieces of shiplap by mechanical means or by gluing.
In fact, in panels made from green lumber, these practices resulted
in considerable degrade because drying was accompanied by some
splitting and longitudinal separation of the shiplap components.
PAPER FACES

Without paper faces, the expected amount of shrinkage occurred
in individual boards, but the panels remained relatively free of warpage. When kraft paper was glued to both surfaces of green panels,
the over-all shrinkage was restrained to a considerable extent and,
while the spaces between the individual boards were visible as depressions in the paper, the panels were relatively tight and surprisingly
rigid.

The papers used in these experiments were unbleached 60 to
70 pound kraft, crepe kraft of about the same weight, and a laminated kraft-tar-kraft paper of 30-20-30 pound weight. All of the
papers used improved the appearance of the panels by masking
knots, white speck, pitch streaks, and other irregularities. They also
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added strength, although the actual amount was not determined.
While it may be too expensive for this application, it should be noted
that the crepe kraft paper had superior masking qualities. The wavy
surface of this paper was more effective in obscuring irregularities

in the panels. No particular attention was given to the economic
practicability of the grades of paper used; it was expected that this
would be determined during pilot plant operations.
While it is possible to provide moisture resistance to one or both
sides of a panel by the application of laminated tar paper or ordinary
building papers, the practice of applying such paper to one side only
often results in warpage. This is brought about by a relative retardation of the escape of moisture from the side covered with the moisture barrier. This warpage often will disappear as the moisture content of the panel becomes equalized, but in some instances a permanent set occurs. The extent to which this permanent warping may
be undesirable is not known. A small amount would probably not be
objectionable for most intended uses of the panels. There would be

much less likelihood of permanent warpage in panels made from
dried lumber, particularly since the latter can be bulk piled immediately after fabrication.
In all instances where dry splines were used in combination with
green shiplap, the paper faces were distorted, wrinkled, and some-

times ruptured in the vicinity of the splines after the panels had
dried. The shrinkage of normal wood is negligible along the grain
and quite sizable across the grain, particularly in flat-grained lumber.

For the panels in question, the long axis of the spline (the direction

of least shrinkage) is oriented at right angles to the width of the
green shiplap (the direction of greatest shrinkage).
This degradation of the paper was overcome to a certain extent
by applying paraffin to the splines to prevent bonding of the paper
to the splines or by omitting the adhesive entirely in the vicinities of
the splines. Even these practices left unsightly bulges in the paper
over the splines. Paraffin would probably be too expensive for a
commercial application of this kind; perhaps a cheaper stearate might
serve equally well.
PAPER ADHESIVES

As was the case with paper faces, only sufficient work was done
with paper adhesives to demonstrate the feasibility of covering the
panel surfaces with paper. Therefore, while there are other possibilities, only casein and vegetable adhesives were used. Low cost is,
of course, an important consideration in an application of this kind;
but, in the case of panels made from green lumber, the adhesive must
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be capable of producing a satisfactory bond on lumber of high moisture content. It should also be of the contact type; that is, one that
will bond almost instantaneously, since it is expected that the paper
would be applied by roll pressure.
It was found that Swift and Company's vegetable adhesive No.
1560 would produce a satisfactory bond between the paper and either
wet or green lumber, using a roll pressure method. Good results

were obtained when this adhesive was extended with as much as
25 per cent water. Doubtless there are other adhesives that will
serve equally well.

Experimental results indicated the desirability of incorporating
a mold inhibitor in the paper adhesive. Paper faces glued to green
panels with adhesives lacking an inhibitor supported heavy mold contamination. This contamination occurred when the panels were bulk
piled under temperature and humidity conditions comparable to those
that might be encountered in storage or in transit. Although an
adhesive fortified with an effective mold inhibitor might prevent
mold growth on the surface of the paper, it probably would not prevent such growth on the ends and edges of wet panels. Wet conditions tended to cause failure of the paper adhesive and delamination
of the paper.
The danger of contamination and delamination can be reduced
by stickering the panels until their moisture content is reduced to
approximately 18 per cent, but this process is too costly to be practicable in a commercial operation. This matter will be considered
more fully under the discussion of edge-glued panels made from dry
lumber.

Splined panels of dried shiplap

The troubles encountered in making panels from green shiplap
prompted experiments with seasoned material. It soon became apparent that warping, breaking and wrinkling of the paper, and attack
by molds could either be reduced or eliminated by using lumber dried
to 15 to 18 per cent moisture content. No. 3 lumber is usually dried
to this range of moisture content values in commercial kiln drying
schedules. Wrinkling and splitting of the paper faces and warping,
cupping, and bowing of the panels were reduced markedly. Mold

was virtually eliminated, even when the panels were bulk piled.
Nevertheless, there would always be the possibility of panels picking
up moisture either in transit or in storage, so it is considered essential

that a toxic paper adhesive be used even with dry lumber. No adhesives of this type were evaluated, but the results of other work
indicate the wisdom and effectiveness of their use.
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Glued panels of green lumber

Some of the difficulties encountered with splined panels suggested the desirability of experimenting with panels fabricated from
edge-glued boards. The use of glued construction was not expected
to eliminate the trouble caused by molds, but it was thought that most
of the wrinkling and tearing of the paper would be overcome. This
was confirmed and, further, it was found that the glued panels were
distinctly superior in appearance and rigidity.
Not all resins will bond green lumber, and those that will are
costly. The adhesive used in this experiment was a two-component
phenolresorcinol resin sold by the American-Marietta Company, Seattle, Washington, and identified as AM 2670-A and AM 2670-B.
This adhesive proved highly satisfactory for the purpose, and there
may be other resins that will perform equally well. A two-component
resin has the disadvantage of requiring a separate spread on the two
edges that are to be glued; but this is of minor importance, since the
addition of an extra glue spreader will overcome the difficulty. Rapid
setting under elevated temperatures characterized the American-Marietta resin. Sufficient curing to permit handling of panels and application of paper was accomplished, under laboratory conditions, in
5 to 10 seconds at 400° F. The heat was supplied by strip heaters.
It is probable that a somewhat longer curing cycle might be required
in a commercial operation.
Glued panels, while generally superior to splined panels, have
two disadvantages. First, they are somewhat weaker across the face

of the panel, since they lack the stiffening effect provided by the
transversely oriented splines. It is not known, however, whether or
not this difference would be significant after the panels were nailed
to floor joints, studs, and other framing members of a structure.
Second, the number of board widths that can be used is limited, and
they must be laid up in a predetermined pattern. This would not be

the case if a platen press were used for bonding the panels (or a
high-frequency press in the case of dry lumber) ; but, because of its
low cost, a strip heater press would probably find favor in a commercial operation.
Glued panels of dried lumber

Of all the panel types described in this report, glued panels
constructed from lumber dried to approximately 18 per cent had the
most advantages. These advantages will be discussed in another

part of this report, but a few are worthy of mention at this point.
Glued panels are far superior in appearance because the paper lies
flat and smooth on both surfaces. Also, the panels are always tight,
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with or without paper faces. In the splined panels, localized warpage in individual pieces of shiplap is largely unrestrained, often producing uneven panels and splitting of the paper faces. The distor-

tion in the vicinity of knots, wavy grain, cross grain, and other
irregularities is minimized by the composite nature of glued construction. Dry lumber panels are also less susceptible to mold than green
panels, either splined or glued.

Of considerable significance is the fact that wood dried to an
18 per cent or lower moisture content can be glued with craze-resistant urea formaldehyde resins that cost less than one-half as much as
the resins required to bond wet wood. Although this saving is small
in comparison to the cost of kiln drying lumber, the cost of drying

green paper-faced panels by stickering after manufacture would
probably exceed the cost of drying the lumber prior to fabrication.
Plain panels without paper faces

Nearly all of the foregoing discussion has been about panels
that were to be covered with paper surfaces. Many possible uses
exist, however, for uncovered panels, particularly glued panels, made
either from green or dried lumber. Grain doors, panels for heavy
crates and boxes, pallets, concrete forms, and temporary structures
of all kinds might be constructed from a composite material of this
type. Use of such panels, large units instead of individual pieces of

lumber, could bring about savings from reduced handling charges
and construction costs. These possible outlets should not be overlooked in planning a commercial operation to fabricate such panels.
MAJOR CONCLUSIONS REGARDING PANEL FABRICATION

As a result of the study of the feasibility of prefabricating
general utility panels from low-grade Douglas-fir lumber, several
major conclusions were reached. These conclusions are enumerated
as follows
Acceptable panels can be made by edge gluing boards and by
fastening shiplap with transverse dovetailed splines.
Each of the foregoing types of panels may be constructed of

green or dry (15 to 18 per cent moisture content) No. 3
Douglas-fir lumber.
Paper faces may be applied to both types of panels, irrespec-

tive of the use of green or dry lumber.
Paper-covered panels fabricated from green lumber are extremely susceptible to molds. An adhesive containing a
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mold inhibitor would reduce or prevent contamination of the
paper, but it probably would not eliminate the growth of mold
on the exposed ends and edges of bulk-piled panels.
Molding of paper-covered panels made from green lumber
can be reduced if they are stickered and allowed to dry to a
moisture content of about 18 per cent. The cost of this procedure would probably exceed the cost of drying the lumber
prior to its fabrication into panels.
Although paper-faced panels made from lumber not exceeding 18 per cent moisture content are relatively free from mold
attack, even when bulk piled, it may be desirable to use a toxic

paper adhesive to protect the panels in the event that they
are exposed to high humidity during storage or transit.
Panels of both types fabricated from dry lumber have several
distinct advantages. The tendency to warp and to tear or

wrinkle the paper faces, particularly in the case of splined
panels, is minimized because of lesser shrinkage, and the
cost of adhesives for edge gluing dry lumber is lower than
that of adhesives suitable for green lumber.

It is believed that the glued panels are, in the main, superior to
the splined panels. The evidence is epitomized in the following
listing of advantages and disadvantages of the two types of panels.
Glued panel advantages
Material waste during manufacture

is confined to that resulting from
edging and surfacing the boards.
Elimination of splines saves labor,
material, and equipment.
Localized warping in individual

Splined panel advantages
Conventional woodworking equipment and techniques, familiar to
sawmill and woodworking plant

operators, may be used for this
method.

Random width material may be

boards in the vicinity of knots, dis-

used in almost any mixture.

ties is minimized by the composite
nature of glued construction.
A tight even-surfaced panel, with

panel is

torted grain, and other irregulari-

or without paper
produced.

faces,

can be

No difficulty is experienced in the
application of paper to the panels.
Sections cut out of panels for window openings, etc., remain as integral units that can be used wherever smaller pieces are suitable.

Strength across the width of the
greater because of the

transverse orientation of the splines.

This factor becomes increasingly
important as the width of the panel
is increased.

Shrinking and swelling are con-

fined to individual pieces of shiplap, thereby reducing over-all dimensional changes.
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Specialized

Glued panel disadvantages
glue spreading and
pressing equipment, not commonly
used in sawmills and woodworking

Additional material waste results
from rabbeting shiplap, cutting out
spline grooves, and processing the

plants, is required for this method.

splines.

The number of board widths that
can be used is limited, and they

Extra material, labor, and equipment are required to manufacture

must be laid up in a predetermined

and dry the splines.
Localized warping is largely unre-

pattern.

Strength across the width of the

panel is lower than that of splined
although the extent of
strength reduction is not known.
Neither is it known whether the
difference would be significant after
a panel is nailed to joists, studs, or
other framing members.
The panel shrinks and swells as a
unit. The detrimental effect is propanels,

portional to the extent of change
in moisture content. This might

cause difficulty if the panels are
used as sheathing, subflooring, concrete forms, etc.

Splined panel disadvantages

strained. This often results in uneven panel surfaces, which adversely affect appearance and sometimes cause ruptures in paper
faces.

A tight panel is dependent on the
application of paper faces.

Longi-

tudinal ruptures of the paper can
be expected, in some instances, as
a result of shrinkage in the individual pieces of shiplap.
Localized distortions, wrinkles, and
ruptures may be encountered in the

paper where it overlies a spline.

This is caused by the difference in
the lengthwise shrinkage of the
splines and shrinkage in width of
the shiplap. Special measures are
required to avoid this difficulty.
A section cut out of a splined panel
will generally break down into its
original components and will, there-

fore, be of little further use.

RECOMMENDATIONS

Although the preponderance of preliminary experimental evidence points to the superiority of glued panels, it is not sufficiently
conclusive to warrant a categorical recommendation that only the
glued panel is worthy of further consideration. The relative costs
of manufacturing the glued and splined types might well be a decisive factor, and it would appear desirable to determine these costs
before a final decision is made. To do this it would be necessary to
design plants for each type of panel and to make estimates for equipment and manufacturing costs. This will require the services of a
competent and experienced mechanical engineer. Much assistance
could probably be obtained from equipment and adhesives manufacturers.
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The next step would be to interest sawmill and woodworking
firms in pioneering one or both of the processes on a pilot-plant
scale. This is the only manner in which reasonably accurate estimates of manufacturing costs can be made.
The third step would be to obtain market acceptance and to develop sales promotion.

The Oregon Forest Products Laboratory has neither the personnel nor the equipment to carry the work much further than has
been done to date. Staff members can, however, render consulting
services and technical assistance to those who may engage in the
developmental program. As a step in this direction, the next part
of this report presents schematic flow charts and plans for some of
the equipment that might be used for manufacturing glued panels.
It should be remembered, however, that considerable latitude is possible in both layout and design, and that each plant must adopt machinery and methods that are suited to its own operating conditions.
SUGGESTIONS FOR MANUFACTURE OF GLUED PANELS

Figure 1 indicates, by schematic diagram, the operations that
would be involved in manufacturing edge-bonded panels. Several
suggestions regarding fabrication technique are discussed briefly in
the following paragraphs.

$1

STOCK PILE OF BOARDS
FEED CONVEYOR. CONSTANT TRAVEL

C - PLANER
O-

AOHESIVE SPREADER ASSEMBLY

- TRANSFER
F- END TRIM ANO ASSFMBLY CONVEYOR.
INTERMITTENT TRAVEL
S - FEED CONVEYOR INTERMITTENT TRAVEL
H - PANEL BONDING PRESS
- FEED CONVEYOR. CONSTANT TRAVEL
PAPER STOCK. GLUING AND PRESSURE ROLL ASSEMBLY

M

TO STOCK

TRANSFER

OFF- BEARING CONVEYOR

Figure 1. Schematic flow diagram for glued panels.
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SPREADER ROLL
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DOCTOR ROLLS
HORIZONTAL
ADJUSTMENT
PLANER

Figure 2. Scheme for adhesive spreader.
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Preparation of lumber
Either green or kiln dried lumber could be used. In either case,

it should be at least edge surfaced just prior to the glue spreading
operation. This would eliminate bow and other defects that might
develop during drying, thus assuring better contact of the edges to
be bonded. A smoother panel would be obtained if lumber were
surfaced after drying. Lumber that has been surfaced in the green
condition is subject to warpage that would militate against good glue
bonds and smooth panel surfaces.
Width of boards

Practical limitations of press design may make it mandatory
that the width of component boards be constant or varied according
to a predetermined plan. Minimum and maximum widths of 6

inches and 8 inches, respectively, were used in the experimental
work because of the ease with which these sizes could be combined
to give proposed panel widths. The use of boards wider than 8
inches should be avoided because of their greater tendency to split
and warp on drying. The use of lumber narrower than 6 inches
would result in an improved panel, but adhesive costs per square foot
of panel would be increased. Sufficient flexibility of operation
could probably be incorporated into the glue spreader to accommodate desirable width variations.
Application of glue

As indicated in Figure 2, a double-wheel glue spreader could
be placed at the discharge end of the planer to coat the edges of the
surfaced stock. The rate of feeding material thrqtigh the surfacer

and the glue spreader should be synchronized with subsequent
operations.
Layup

After spreading, the boards could be fed by conveyor through
equalizing saws and from there to a panel assembly section, where
layup to a predetermined width could be accomplished.
Edge gluing

A variety of presses may be used for edge gluing boards into
unit panels. A time-cycled press, fed by an intermittent-travel conveyor, would probably be the most efficient. The conveyor from the
layup table to the press could be operated either manually or mechanically. Figure 3 suggests general construction details of a twoway pressure press that would be suitable for panel manufacture.

16
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Pressures required should be approximately 150 p.s.i. on the glue
lines (horizontal) and 15 p.s.i. on the surface (vertical), the latter
being required only to hold the panels flat during the pressing cycle.
A press provided with electric strip resistance heaters of the
"Calrod" type would probably be the cheapest equipment to build.
In fact, heat must be limited to the area of the glue lines when gluing
green lumber to avoid excessive warping and other degrade. The
heaters should be embedded in platens made of an insulating material,
and they should be located opposite each other, over and under each
glue line. With proper planning, the heater arrangement could be.

designed to accommodate several board widths or combinations of
widths. A pressed asbestos board, such as "Transite," placed in
multiple layers to provide the desired thickness, would probably make
a satisfactory insulated platen. If the adhesive used for green lumber
in the experimental work were adopted, a 20-second curing cycle
could probably be achieved with strip-heater temperatures of approximately 400° F.

A - SUPPORTING FRAMEWORK

B- VERTICAL THRUST CAMS
0- HORIZONTAL PLATEN AREA
E - "CALROD STRIP RESISTANCE
HEATERS

THRUST PLATE
HORIZONTAL THRUST CYLINDERS
PANEL LAYUP

Figure 3. Scheme for two-way pressure panel bonding press.
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Application of paper
On completion of the edge-gluing operation, the panels, already
cut to size, would be fed by conveyor through a machine designed to

apply paper to either one or both surfaces, as desired (Figure 4).
This operation could be continuous. The details of applying paper
to panels have been discussed in the section explaining experimental
procedures.
Adhesive costs

Adhesive costs will be a sizable item in the manufacture of the
panels under discussion. A wide variety of adhesives can be used
for most of the gluing operation, and it is obvious that they would
vary somewhat in price. Figures 5, 6, and 7 are presented to give a
general idea of the effect of glue prices on the cost per thousand
square feet of panel. Figure 5 deals with paper adhesives, while
Figures 6 and 7 show the effect of panel size and board widths on
adhesive costs.
Size of panels

The panels, particularly when used for building applications,
should be fabricated to conform to the accepted 16-inch building
modulus. On this basis, 32-inch by 96-inch and 48-inch by 96-inch
panels appear to be the best possibilities. From the standpoint of
manufacture, the larger panel is probably preferable, but it is heavy
and somewhat awkward to handle. Building contractors have expressed a preference for the smaller panel, believing that it would
cut building costs because of greater ease in handling.

FINE SPINAL GROOVED fl UBBER SURFACE
DOCTOR

ROLL

aBONDING PRESSURE ROLL
FINE

CROOVEO

RUNNER

r- enact LAata

Figure 4.

Scheme for paper bonding assembly.
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All experimental work was based on a 25/32-inch thickness.
There is a possibility that -inch panels might be satisfactory. Tests
doubtless would have to be made to demonstrate that they were sufficiently strong for building components, such as sheathing and subflooring.
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for edge bonding 6 inch and 8 inch boards are $4.71 and $3.78 respectively. Similarly, if an adhesive suitable for gluing lumber of 18 per

cent moisture content costs 27.5ç per pound and a single 35-pound
spread is needed, the adhesive costs per thousand square feet of panel
for edge bonding 6 inch and 8 inch boards are $1.36 and $1.08, respectively.
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SUGGESTIONS FOR MANUFACTURE OF SPLINED PANELS

Information on which to base even schematic plans for the
equipment that would be required to construct splined panels was
not available. Essentially, the steps would be somewhat as follows:
Shiplap would be cut to exact length, laid up to a predetermined
width, and conveyed to an automatic machine equipped with traveling router heads for cutting the spline grooves. An intermittenttravel conveyor, carrying routed panels in fixed positions, could
then convey the panels to a pneumatic spline-inserting machine, or
the two operations could be combined in one machine. Splines
would be manufactured on other equipment. The details of spline
design have been discussed in the section dealing with experimental
procedure. Paper would be applied in the manner indicated for glued
panels.

SERVICEABILITY OF PREFABRICATED PANELS
Following the initial fabrication technique studies, it was decided that additional data should be obtained relative to the service
characteristics of glued and splined panels. A testing program that
permitted investigation of the probable effects of mold and fungus
growth during shipping and storing of panels was established. The
major portion of this program was devoted to determining the extent
and seriousness of the effects of shrinking and swelling of panels
after they had been installed as substitutes for conventional sheathing
and subflooring in a frame structure. Testing of the effectiveness
of a mold- and fungus-inhibiting ingredient that had been added to
one vegetable adhesive used to bond paper to the panel faces was
also included in the study. Such information would be necessary

to determine the practicability of using prefabricated panels in
building construction.
APPROACH

It was decided, on the basis of previously acquired knowledge,
that the splined and edge-bonded panels to be studied for dimensional
changes would be fabricated from No. 3 Douglas-fir lumber dried to
17 per cent moisture content and, also, that all panels would conform
to the recommended size for modular construction, 32 inches wide by
96 inches long. Panels to be applied as sheathing were faced with
laminated kraft-tar-kraft paper on One surface, and plain kraft paper

on the opposite surface.

Subfloor panels with and without paper

faces were tested.

U
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Exposure of panels to conditions simulating those that might
be experienced in normal construction was sought by installing the
panels in an 8 foot x 8 foot x 8 foot cubical structure. The structure
was located so that it would be subjected to representative effects of
exposure to weather. The interior was provided with a means of
artificial heat so that a minimum temperature could be maintained;

maximum temperature resulting from summer weather was not
controlled.

Evaluation of the mold- and fungus-inhibiting qualities incorporated in Swift and Company's vegetable adhesive No. 1844 was
accomplished by confining artificially contaminated sample panels to
a controlled environment.

Determination of the working characteristics of the two panel
types was based on handling during construction of the test structure
and on cut-out tests made with a hand power saw.
EXPERIMENTAL PROCEDURE
The experimental work covered three investigations: (1) dimen-

sional changes of panels exposed to alternate wetting and drying,
(2) workability, and (3) evaluation of one adhesive containing a
mold- and fungus-inhibiting agent.
Dimensional changes

A description of the test structure and the exposure conditions
used in the study of panel dimensional changes follows.
TEST STRUCTURE

An 8 foot x 8 foot square floor frame was constructed from
No. 2 Douglas-fir lumber, using 2 inch x 6 inch joists and headers
set on 2 inch x 4 inch sill pieces. Joists were positioned on 16-inch
centers. Three 32 inch x 96 inch panels were laid as a subfloor over
this frame. The panels were numbered consecutively from west to
east: iF, 2F, and 3F. Panel iF was an edge-bonded assembly,

papered with plain kraft paper (60-pound weight) on the under
surface and 30-20-30 weight kraft-tar laminated paper on the upper
surface. Pai-iel No. 2F was identical in construction with No. iF,
but with paper faces omitted. Panel No. 3F was of splined con-

struction, having the same kind of paper facing that was applied
to No. iF.
Following controlled exposure of the floor assembly, four side
walls with 2 inch x 4 inch studding positioned on 16-inch centers
were erected in a manner simulating standard building construction
practices. The walls were fastened into position by nailing through
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the sole plates and subflooring into floor frame members. The north

and south walls and the roof of the structure were sheathed with
1-inch exterior grade plywood to enclose the structure; the south
end was provided with a small door that allowed access for the purpose of inspecting the interior. Three edge-bonded panels (lv, 2V,

and 3V), papered with 60-pound kraft on the interior surface and
30-20-30 weight kraft-tar laminated paper on the exterior surface,
were applied as sheathing on the east wall frame. The kraft-tar
laminated paper was used merely to replace the customary building
paper and not to act as a vapor barrier. Three splined panels,
(4V, 5V, and 6V) having identical paper facing, were applied to
the west wall frame. Wall panels were so oriented that they acted
as horizontal sheathing.
Details of assembling and nailing component pieces into position

conformed precisely to the recommendations given in the bulletin,
"Technique of House Nailing," prepared by the U. S. Forest Prod-

ucts Laboratory for the Housing and Home Financing Agency.
Edge-bonded panels were nailed as individual units, with nails placed

at 5-inch intervals around the edges and at 10-inch intervals over
intermediate studs and joists. Splined panels were not considered
to be units; each individual piece of shiplap in a panel was nailed
with two nails at every joist or stud crossing.
The panels used in this study were made from standard 25/32inch No. 3 Douglas-fir lumber, and all lumber used in panel assembly
was conditioned to a moisture content of 17 per cent. Following

fabrication, individual panels were stored so as to maintain this
moisture content until they were nailed to the test structure.
A thermostatically controlled heating unit was mounted on the
interior surface of the north wall of the structure. This unit pro-

vided uniform distribution of heat throughout the interior. Controls were set to maintain a minimum temperature of 70° F. Maximum temperatures were entirely dependent on the amount of sunshine and the exterior air temperature. Some degree of temperature
control was attained on hot days by opening the access door, thus
allowing air circulation within the structure.
EXPOSURE CONDITIONS

Prior to the erection of side walls, the floor assembly was subjected to a water spray for a period of 24 hours. A drying period of

48 hours was allowed before the remainder of the structure was
built.

This wetting and drying tended to approximate the extremes

of exposure that might be encountered during the building of a
house or similar structure.
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After the sheathing panels had been installed, they were subjeCted to four complete cycles of 24-hour wetting and 24-hour drying.

Observations were made for a period of 60 days following

that exposure. During this time, occasional rain storms, periods of
high humidity and high temperature, and frequent cool sunny days
provided representative climatic conditions.
Photographs were taken to show the appearance of the structure
and panels at intervals during the period of exposure. These photographs, arranged in chronological order, are reproduced in Figures
8 to 18. The structure is to be left intact for further observations
over a period of many months.
Workability

Representative panels of each type, including paper-faced and
unfaced assemblies, were evaluated for ease of cutting by making
saw cuts in different directions and of various lengths with a 10-inch
hand power saw. Factors, such as binding, twisting, and jamming
caused by the presence of face materials were given full consideration
in observing results.

Figure 8. Subfloor assembly before start of exposure tests.

Figure 9.

Subfloor, showing spray head arrangement.
structure in background.

Frame of test

Figure 10. Subfloor during 24-hour water soaking.
25

Figure 11. Subfloor at end of 24-hour water soaking.

Figure 12.

Edge-bonded sheathing before start of exposure tests.
(East exposure.)
26

Figure 13. Splined sheathing before start of exposure test.
(West exposure.)

Edge-bonded sheathing during cyclic exposure to water
soaking.
27

Figure 15. Splined sheathing during cyclic exposure to water soaking.

Figure 16. Edge-bonded sheathing at end of 60-day exposure.
28

Figure 17. Splined sheathing at end of 60-day exposure.

Figure 18. Interior exposed surface of edge-bonded sheathing showing

small cracks that developed at low moisture content values.
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Laboratory test of mold and fungus inhibitor

Several small sized sample panels were constructed of edgebonded lumber that had a moisture content of 17 per cent. Half of
the panels were faced with paper that was bonded to the wood with
a standard vegetable adhesive (Swift's No. 1560), while the paper
facings of the remaining panels were bonded with a specially formulated vegetable adhesive (Swift's No. 1844) that contained a toxic
chemical intended to inhibit the growth of molds and fungi. Following application of the paper, the panels were bulk piled in a closed
chamber, wherein a temperature of 86° F. and a relative humidity of
95 per cent were maintained for a period of 7 days. At the end of
this exposure, the panels were inspected for evidences of mold and
fungus attack. As a check, the panels were recontaminated and subjected again to the same exposure.
DISCUSSION OF RESULTS

The results of the observations of dimensional changes, workability, and the effectiveness of the mold and fungus inhibitor in one
adhesive used to apply paper faces to the wood panels are outlined
in the following paragraphs.
Dimensional stability of test structure floor
No excessive stresses because of dimensional changes were in

evidence, either immediately at the end of the 24-hour period of
wetting or at the end of the 48-hour drying period. Splined and
edge-bonded panels reacted in an identical and satisfactory manner
to the exposure; the only obvious change was a small increase in the
width of each panel. No buckling was evident.
The paper used on the exposed surface of the floor panels took
a permanent set in a shrunken condition after drying. As a result,
it is suggested that wet-strength papers should be specified for panel
facings. Such papers are ordinarily available at little additional cost.
During the course of continued exposure, the moisture content
of the floor panels dropped steadily to an average of 7.2 per cent at
the end of the study. This drop was accompanied by shrinkage in
total width of the individual panels. Component boards of glued
panels showed minor scattered season checks.
Dimensional stability of test structure walls

The reactions of splined and edge-bonded sheathing can be
considered to be identical. Increase in moisture content resulted in
an increase in dimension across the face of individual panels. This
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increase was not sufficient to have detrimental effects on the test
structure. It is recommended, however, that sheathing panels be
applied in such a manner that there is some space between adjacent
panels.

This space should permit enough swelling to prevent buck-

ling and distortion that might otherwise be the result of moisture
absorption. If panel edges are rabbeted, the necessary spacing can
be provided between panels without producing openings that extend
through the sheathing thickness.
Following termination of the wetting and drying procedures,
wall sheathing panels, like the subflooring panels, dropped steadily
in moisture content to an average value of 7.2 per cent. This loss
of moisture was accompanied by the appearance of small cracks in
the edge-bonded panels. Splits developed in the paper on the exterior
and interior surfaces of both types of panels. This condition offered
further evidence that wet-strength papers should be used for facings.
Workability of panels
No great differences were found in the workabilities of the various types of panels. Binding that might be expected because of dislocation of component pieces in splined assemblies did not occur. It
was evident, though, that caution should be exercised when sawing
unfaced splined panels. With certain saw cuts, it is possible to leave
component pieces without sufficient support for the remainder of
the panel to hold them securely. Glued panels and paper-faced panels
are as easily workable as i-inch plywood panels.
Evaluation of mold and fungus inhibitor
Visual examination of sample panels immediately after removal
from exposure under controlled conditions revealed no trace of mold
growth. As a check, the panels were recontaminated and again subjected to the same exposure. The second procedure gave the same
results as the first. Evidently the toxic chemical included in Swift's
No. 1844 vegetable adhesive is of sufficient quality to inhibit molds

and similar fungi, even under ideal conditions for mold growth.
From this fact, it may be concluded that properly made panels of
relatively high moisture content may be bulk piled for the purpose
of shipping or storage, without fear of deterioration.

Forest resource data for Jackson County are shown in tables 9 and 10:
Table 9. SAWTIMBER VOLUME OF COMMERCIAL FOREST LAND IN
JACKSON COUNTY, 1947

Sawtimber volumeall ownerships
Distribution
\Toiurne

Species

MM fhm*

Per cent

4,230

19

Othe r species

17,820

81

Total

22,050

100

Sul fite-puip species

Scribner log scale.

nd small areas of Public Domain,

Of the total volume in species suitable

Co unty, and State-owned lands. The

for sulfite pulp only 5 per cent was

pr ivate forest lands as well as the maority of the other public holdings oc-

hemlock and the remaining 95 per cent
true firs, mainly white and Shasta red

Curred

at the lower elevations while the
N ational forest lands were at the highr elevations in the county,
Most of the sulfite-pulp species ocCu rring

in the County were true firs.

Table 10.

fir. White fir occurred as a common
component of the ponderosa and sugar

pine stands at the lower elevations,
while at higher altitudes white and
Shasta red fir were dominant.

AREA OF COMMERCIAL FOREST LAND IN JACKSON COUNTY, 1947
Sulfite-pulp types

Forest land
Distri-

Ownership

Private
National forest
her public

Total area

Distri-

Area

bution

Area

bution

A crt's

Per cent

ii crcs

Per ccif

607,000
411,000
430,000

42
28
30

39,000
71,000
33,000

6
17
8

1,457,000

100

I 43,000

10

L umber production trends
Past lumber production for the
coun ty is shown in Figure 9. There
was a rather rapid increase in the rate
0f lumber production for the county
between 1945 and 1955. The forest resou rce inventory indicated lumber pro-

production. The proportion of lumber
cut in 1955 from the true firs and hem-

lock was 26 per cent. In recent years,
from private lands furnished
from 80 to 90 per cent of the total cut.
As more of the cut is obtained from
duct ion probably could not be sustained public lands the amount of sulfite-pulp
species obtained probably will agree
a the production rate in 1955.
Lumber production from sulfite-pulp more nearly with the i'atio of the area
;pecies was not significant prior to in sulfite-pulp types, with a range of
1945; since then it became an increas- from 10 to 20 per cent depending upon
ingly large part of the total lumber the location of the timber harvest.
logs
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