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House construction involves material and labor costs. Reduction in the amount
of either or both, especially of labor costs, would permit an appreciable saving.
Labor could be lessened by using fewer members in the fabricated structure.
Material volume could be reduced by decreasing member sizes or by using fewer
members but of the same size. Since the use of less material through fewer
members but of the same size involves also less labor, it would appear to be the
most economical method. Because of the indicated cost reduction by savings of
material or labor or both, the Housing and Home Finance Agency requested the
cooperation of the Forest Products Laboratory in making tests on light frame-wall
construction, braced and unbraced, and involving several types of sheathing,
size, and spacing of studs.

The wall panels were tested for resistance to such racking and static-bending
loads as might be imposed on the wall of a house due to wind.

Panel Construction

The test panels for the racking tests were 8 by 12 feet in size to be repre-
sentative of story heights and to be of sufficient length to approximate practi-
cal conditions. The panel frames were of No. 1 Douglas-fir and consisted of
either 2- by 4- or 2- by 3-inch studs spaced either 16 or 24 inches on center,
and held in position by two nails through the plates into their ends. The
plates were similar in size to the studs used in the panels. Each end post con-
sisted of three studs of appropriate size nailed to form a channel shape (fig.
1). The braced frames contained three let-in diagonal braces placed on the

1
—Original report prepared in 1950.

1	 2
—Maintained in Madison, Wis., in cooperation with the University of Wisconsin.
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side opposite the sheathing. One long brace extended from top to bottom plate
at an angle of 45 degrees, starting at the top corner of one end of the panel.
The other two were placed at the opposite end of the panel across upper and
lower corners, starting near midheight of the end post and making an angle of
45 degrees with the top and bottom plates.

The panels for the static-bending tests were 4 by 8 feet in size with and with-
out bracing. To simulate the bracing for actual construction, the long let-in
diagonal brace placed at 45 degrees passed through the midlength of the panel
(fig. 1). The brace was placed on the side opposite the sheathing. The panel
frames, like those for the racking tests, were No. 1 Douglas-fir and consisted
of either 2- by 4- or 2- by 3-inch studs spaced either 16 or 24 inches on center
and held in position by two nails through the plates into their ends. The
plates were similar in size to the studs used in the panel. The outside studs
of the panels were only half as thick as the interior studs.

To these basic frames were added two types of sheathing: (1) horizontal boards,
and (2) large sheet material. The sheathing boards were southern yellow pine,
No. 1 sheathing grade, 1- by 8-inch square-edged boards; and the sheet material
consisted of 4- by 8-foot sheets of 1/4-inch exterior-grade Douglas-fir plywood,
sound two sides. The lumber sheathing was attached horizontally with two eight-
penny nails at each stud crossing. The plywood sheets were placed with the 8-
foot dimension vertical and were attached with sixpenny nails spaced 5 inches on
center around the perimeter of the sheets and 10 inches on center on all inter-
mediate studs. None of the panels had any openings.

Test Procedure 

In the racking test, a horizontal load acting parallel to the length of the
panel was applied at the upper corner of the panel so as to place the long
diagonal brace in compression. The lower, or sole, plate of each panel was
bolted to a heavy timber, which, in turn, was fastened to the fixed platen of
the testing machine (fig. 2). The resistance to lateral buckling normally pro-
vided by the upper floor system was supplied, in test, by a heavy timber to
which the upper plate was attached. The overturning tendency, which is re-
sisted in service by upper-story and roof loads, was resisted in test by hold-
down rods. The alining action of cross walls was simulated by two blocks
equipped with rollers placed approximately 2 feet from each end of the panel.
The blocks were anchored to the frame of the testing machine and positioned so
that only the rollers came into contact with the timber attached to the upper
plate. Cables attached to the movable platen of the testing machine and passing
around sheaves permitted horizontal application of load to the panel.

Rigidity in resistance to racking loads was measured by movement of the upper
plate with respect to the lower at specific loads. The strength of a panel was
taken as the maximum load sustained during test.
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In the static-bending test the I. by 8-foot panels were supported, with the
sheathing side up, on rollers extending across the width of the panel. The
test span was 7 feet 6 inches, and the load was applied at the quarter points
through two additional rollers extending across the width of the panel. Rigidi-
ty in resistance to bending was measured by the deflection at the center of
panel read for specific increments of load. The strength of a panel was taken
as the maximum load sustained during test.

Discussion of Results 

A frame covered only with sheathing constitutes the practical minimum of shelter
afforded by a wall. Since the simplest and most common type is lumber sheathing,
a wall frame covered with square-edged sheathing of 1- by 8-inch lumber placed
horizontally and fastened with two eightpenny nails at each stud crossing, with
studs spaced 16 inches on center, and with no bracing, was taken as the standard
of comparison. This standard was chosen for convenience in comparison of the
test results only, and should not be construed as in accordance with generally
recommended good practice or Federal Housing Administration Minimum Property
Requirements. The results of the racking test are shown in table 1 and of the
static-bending tests in table 2, while figures 3, 4, 5, and 6 present the data
in graph form.

Racking

With horizontal lumber sheathing, the principal resistance to longitudinal
thrust is afforded by the reaction couples established by the nails at the stud
crossing. In any untriangulated framework such as this, rigidity comes from
the fixity of the joints. The rigidity of the test panels sheathed horizontally
with lumber and no bracing is obtained through each pair of nails at the stud
crossings. The addition of a third nail at each stud crossing has been found
not to increase panel rigidities. When sheathing wider than 8 inches was used,
which required more nailing than three nails on each stud, the nails appeared
to take up the loads in pairs. The outside nails nearest the edges took up the
load first, and the nails second from the edges next came into action. The
second pair of nails appeared to take very little, if any, load until the bend-
ing of the first pair or the crushing of the sheathing material under the nail
pressure permitted the panel to deflect. Panel loads that caused bending of the
outside nail in each board or crushing of sheathing under them were of such a
magnitude that the resisting couple of the second pair of nails in each board as
they came into action was not sufficient to materially affect the early deflec-
tions.

The rigidity in racking resistance of horizontal lumber-sheathed panels was
greatly increased by the addition of let-in diagonal bracing (fig. 3). The
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diagonally braced panels were from 2 to 5 times as rigid, depending upon stud

size and spacing, as an unbraced panel for a load of 2100 pounds per lineal foot
of panel length (table 1).

Stud size was of less importance than stud spacing. Decreasing the stud size
from 2 by 4 to 2 by 3 inches increased the deflection for loads up to 1225
pounds per lineal foot by about 25 percent. Increasing the spacing from 16 to
24 inches increased the deflection by about 75 to 100 percent for similar loads.
The reduced resistance of the horizontally lumber-sheathed panels to racking
with 24-inch stud spacing was undoubtedly caused largely by the fewer nail
couples that resisted the longitudinal thrust. The 24-inch spacing of studs
also somewhat reduced the effectiveness of the bracing by the increased space
between supports. The long brace in compression during test acts as a series
of columns extending from stud to stud, and lengthening of those columns by
increasing stud spacing reduces resistance of the bracing to the column action.
The braced panels sustained from 1-1/2 to 3 times the maximum loads of panels
without bracing. Had the let-in bracing been placed on the sheathing side of
the frames, instead of on the side opposite the sheathing, even greater rigidi-
ty and strength would have resulted.

Panels sheathed with 1/4-inch plywood were 8 to 9 times as rigid as unbraced
panels for loads up to 100 pounds per lineal foot of panel length (table 1).
They sustained about 3-1/2 times the maximum loads. The size of the stud or
spacing of these members for loads up to 225 pounds per lineal foot apparently
had little effect. The comparatively satisfactory performance in racking of the
panels having 24-inch stud spacing and sheathed with large sheets (plywood) was
due to the 4- by 8-foot sheets of material used. The perimeter nailing of these
sheets carried the preponderance of the racking load. The nailing into those
studs away from the edges of the sheets carried the least racking load and,
therefore, stud spacing was of little importance (fig. 4). Had the plywood been

5/16-inch thick, the minimum thickness required by the Federal Housing Adminis-
tration for exterior wall sheathing, the rigidity and strength might have been
slightly higher.

Bending 

In static bending, the unbraced wall panels were the most rigid and sustained
the highest maximum loads (figs. 5 and 6). The panels having let-in diagonal
bracing (wood-sheathed panels) were weakened by the notches in the studs to
accommodate the bracing. Thus it would appear that a brace so beneficial in
racking would be a detriment to bending resistance of a wall. This disadvantage

Loads of 100 and 225 pounds per lineal foot represent minimum design load and
ultimate load without failure, respectively, as recommended in Performance
Standards, Structural and Insulation Requirements for Houses, dated June
1947, published by Housing and Home Finance Agency, Washington, D. C.

Rept. No. 2137	 -4-



is not as serious, however, as might be supposed. While all studs of the test
panels were notched within the middle one-half of their length to receive the
brace, all of the studs in a house wall would not be. Therefore, the studs in
a house trail weakened in bending resistance by notching would be relatively few,
and rigidity and strength of such a wall would not be reduced as much as indi-
cated by the results of these tests on braced and unbraced 4- by 8-foot panels.

Plywood sheathing (4- by 8-foot sheets) tended to add rigidity in bending over
those panels having wood sheathing for loads of 15 to 30 pounds per square foot
(table 2, figs. 5 and 6). The practically unavoidable space between edges of
wood sheathing is largely responsible for the difference. Increasing the stud
spacing reduced bending strength and stiffness less than decreasing the stud
size (table 2 and figs. 5 and 6). For example, increasing the spacing of studs
of panels with plywood coverings from 16 to 24 inches reduced the bending
strength about 30 percent, while reducing the stud size decreased the bending
strength about 45 percent. Similarly, by increasing the stud spacing, the
stiffness was decreased about 30 percent, the same as the bending strength.
Decreasing the stud size, however, decreased the stiffness about 60 percent,
which is a considerably greater decrease than that in bending strength. The
decreases in bending strength and stiffness for panels with 8-inch wood sheath-
ing, because of increased stud spacing or decreased stud size, were rather er-
ratic. These deviations were probably caused by the notches in the studding
made to receive the bracing. These notches were also an important factor in
the lower maximum loads of the panels with 8-inch wood sheathing as compared to
panels with plywood sheathing and unnotched studs.

Conclusions 

In the racking test, panels with plywood sheathing and with complete perimeter
nailing performed similarly regardless of size of studs or spacing. Lumber-
sheathed panels with bracing were affected in racking more by stud spacing than
by stud size. In static bending, panels with plywood sheathing or lumber sheath-
ing were affected both by stud size and by stud spacing, but stud size was of
most importance.

In house construction the performance of a panel in racking is sometimes con-
sidered more critical than in bending. Under this assumption and, if less
framing material is to be used, small-size studs would be more desirable than
wider spacing of framing members. Smaller studs, however, have a disadvantage
in that millwork is usually fabricated on the basis of 2- by 4-inch studs. On
the other hand, if wider spacing is used in wall construction, selection of in-
terior finish must be made so that the deflection of the covering between studs
is not objectionable.
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SUBJECT LISTS OF PUBLICATIONS ISSUED BY 

FOREST PRODUCTS LABORATORY

The following are obtainable free on request from the Director, Forest
Products Laboratory, Madison 5, Wisconsin:

List of publications on
Box and Crate Construction
and Packaging Data

List of publications on
Chemistry of Wood and
Derived Products

List of publications on
Fungus Defects in Forest
Products and Decay in Trees

List of publications on
Glue, Glued Products,
and Veneer

List of publications on
Growth, Structure, and
Identification of Wood

List of publications on
Mechanical Properties and
Structural Uses of Wood
and Wood Products

Partial list of publications for
Architects, Builders,
Engineers, and Retail
Lumbermen

List of publications on
Fire Protection

List of publications on
Logging, Milling, and
Utilization of Timber
Products

List of publications on
Pulp and Paper

List of publications on
Seasoning of Wood

List of publications on
Structural Sandwich, Plastic
Laminates, and Wood-Base
Aircraft Components

List of publications on
Wood Finishing

List of publications on
Wood Preservation

Partial list of publications for
Furniture Manufacturers,
Woodworkers and Teachers of
Woodshop Practice

Note: Since Forest Products Laboratory publications are so varied in
subject no single list is issued. Instead a list is made up
for each Laboratory division. Twice a year, December 31 and
June 30, a list is made up showing new reports for the previous
six months. This is the only item sent regularly to the Labora-
tory's mailing list. Anyone who has asked for and received the
proper subject lists and who has had his name placed on the
mailing list can keep up to date on Forest Products Laboratory
publications. Each subject list carries descriptions of all
other subject lists.
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