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LIGHT WOOD TRUSSES1

By

R. F. LUXFORD, Engineer

Forest Products Laboratory,? Forest Service
U. S. Department of Agriculture

Introduction

The use of lightweight wood trusses is becoming Of increasing importance
in house and other light frame construction. There are a number of
reasons for this, including:

(1) The exterior walls and roof can be erected without the placement of
any interior walls, and thus the interior becomes one big unobstructed
area for further work.

(2) The entire ceiling and walls can be finished as one unit without
interruption of partitions. If dry-wall construction is used, sheets as
large as 4 by 12 feet can be installed uncut. The finish floor also can
be laid over the entire area without the cutting and fitting necessary
when partitions are in place.

(3) Roof trusses offer complete flexibility for utilization of interior
space. This means that, in later years, partitions can be moved to meet
changed living requirements without affecting the structural stability
of the house.

(4) Large unobstructed areas conforming to the present trend toward open
planning are more easily obtained.

(5) The house can be more quickly enclosed when trusses are used than
when the conventional rafter-and-joist construction is used.

(6) Truss construction requires less material, which reduces the cost of
the house.

=For presentation at the annual meeting of the Structural Division,
American Society of Civil Engineers, June 23-27, 1958, Portland, Oreg.

_Maintained at Madison, Wis., in cooperation with the University of
Wisconsin.
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Scope of Investigation 

Lightweight wood trusses now in common use are usually of nailed construc-
tion. When adequately designed and well manufactured, they give good
service. Glued trusses, however, offer some advantages, such as a
saving in materials and added stiffness, as compared to nailed trusses.
Therefore, special emphasis has been given to glued trusses in this
work.

Several series of tests were made. They included:

(1) Glued or nailed trusses of W type with 17-foot span and 5-in-12
slope. Some were subjected to severe atmospheric conditions before being
tested.

(2) Nailed trusses of W type with 24-foot span and 5-in-12 slope.

(3) Glued trusses of W type with 26-foot span and 3-in-12 slope.

(4) Glued trusses of W and king-post types with 32-foot span and 2-in-
12 slope.

(5) Glued trusses of box-beam type with 32-foot span and 1-in-12 slope.

General Considerations 

In these experiments, all structural members of the trusses were in the
same plane and hence free of the eccentricity at the joints that occurs
When the structural members are lapped--as is frequently done when bolts,
split rings, and nails are used. Trusses built by this method of
construction also have the advantage of easy stacking for storage or
transportation. Another advantage is that joints in ceiling material
need not be staggered because of lapped chord members.

In general, the gusset plates were of the same size on opposite sides
of a joint. This also eliminates some eccentricity that will occur when
gusset plates of different sizes are used on the two sides of a joint.

For the standard nailed joint, nails used were of sufficient length to
extend through both gusset plates and the central member. This type
of nailing is commonly used because it is more economical than nailing
from both sides. This means that the nails are acting in double shear,
and a few tests were made to determine what might be expected.

The plywood gusset plates were so cut and placed that the grain of the
main truss members and that of the face ply of the gusset plate were as
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nearly parallel as possible. Since exact parallelism is not always
possible, some rolling shear will occur between glued gusset plates and
the main structural members when the truss is loaded. Rolling shear
may also occur between adjacent plies of the plywood gusset plate. A
few exploratory tests were made with the grain of the face ply either
perpendicular or parallel to the grain of a 2- by 4-inch piece simulating
a truss joint.

Single-Joint  Assembly Tests 

Face Grain of Plywood at Right Angles to Applied Load

One assembly used for tests to ascertain the effects of nonparallelism
of grain of adjacent members in glue joints consisted of 2 pieces of ply-
wood 5 by 12 inches in size attached to a nominal 2- by 4-inch piece
12 inches in length. The face grain of the plywood was at right angles
to the applied load. The pieces were either nailed or glued to the
wide faces of the 2 by 4 at its midlength, as shown in figure 1. For
the nailed assembly, 8 eightpenny nails were used that were long enough
to penetrate the central member and both gusset plates. The nails were
not clinched, and no space was left between the members. In the glued
assemblies, the pressure necessary to set the glue was applied with
clamps.

A well made glue joint is a very effective means of joining two pieces
of wood, and its ultimate strength is developed at very small slippage.
A nailed joint can also be designed to give satisfactory service; some
slippage must take place, however, before the nails come into good
bearing, and considerable slippage occurs at maximum load.

In table 1 are given results of tests on specimens consisting of 3/8-,
1/2-, and 3/4-inch Douglas-fir plywood glued to nominal 2- by 4-inch
Douglas-fir, with the face grain of the plywood at right angles to that
of the 2 by Os. The plywood of the three thicknesses was not matched.
The glued area on each side was about 3-5/8 by 5 inches in size, or a
total for both sides of about 36 square inches. The results showed
considerable variation for the three thicknesses, which may have been due
to variation in the quality of the material, to variation in the thick-
ness of the outer ply used in plywood of the different thicknesses, or
to a combination of these variables. Even the lowest maximum load value
for a glue joint, 6,630 pounds, equals a glue strength of about 185
pounds per square inch. Hence, very few square inches of glue area
would be needed to develop adequate joint strength for lightweight roof
trusses. The accompanying deflection was very small--about 0.01 inch.
At this small deflection, a nailed joint developed less than one-half
its ultimate strength, as shown in table 1. Even at maximum load, the
nailed joint is much lower in strength than the glue joint, and the
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accompanying deflection is at least 20 times greater. Only those loads
causing relatively small slips, from 0.010 to 0.020 inch, need be con-
sidered for truss design, since large slippage would permit greater
deflection of a truss than is desirable for service.

Face Grain of Plywood Parallel to Applied Load 

Other exploratory tests of nailed joints were made with the load, the
face grain of plywood, and the face grain of, structural members all
parallel.

The assembly consisted of 2 pieces of 1/2-inch-thick plywood 3-1/2 by
12 inches in size attached to a nominal 2- by 4-inch piece 12 inches in
length. The plywood was attached to the wide faces of the 2 by 4 for
a distance of 8 inches and extended 4 inches beyond one end of it to
simulate a pair of splice plates, as shown in figure 1.

For most of the tests, a 0.027-inch space was left between the plywood
and the solid members to simulate the small separation of the parts of
a truss resulting from shrinkage during service. The slight separation
causes an appreciable reduction in holding power, since considerable
force is necessary to overcome friction in a tight joint. - A comparison
of the values in line 3 with those in line 1 of table 2 shows that a
multiple-nail joint with a space of 0.027 inch between the plywood and
the solid member has only about 70 percent the strength of a tight
multiple-nail joint.

Nails in double shear sustain loads about twice those for nails in
single shear at small deflections. As the loads approach maximums,
however, the efficiency of nails in double shear is only about 125
percent that of nails in single shear. When the comparison is based
on tests of individual nails, similar results are obtained, as shown
in figure 2.

If 1/2 of the nails subjected to double shear are driven into one
side and 1/2 into the other, their efficiency at small slips is more
than double that of nails in single shear, as shown by the ratios of
Values for lines 4 and 2 in table 2. At maximum load the ratio is
only about 1-1/2 to 1.

The relative efficiency of a joint with multiple nailing is lower than
that of a joint with a single nail, whether the comparison be based on
nails in single or double shear. For a joint with 7 nails, the
relative efficiency per nail is about 90 percent of that for a joint
with a single nail, as shown by values in lines 2, 3, 5, and 6 of
table 2.
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Construction of Trusses 

Douglas-fir lumber was used in these tests. Most of it was comparable
to the Construction grade as described in Rule Book 15, "Standard
Grading and Dressing Rules for Douglas Fir," dated March 15, 19560
published by the West Coast Lumbermen's Association. This grade has
an assigned working stress of 1,500 pounds per square inch over the
center 1/3 of the length of the piece. Since the stress in the chords
of a truss is, in general, uniform throughout the length of the mem-
bers, the material was regraded so that the Construction grade limita-
tions applicable to defects in the center one-third of the length were
applied to the entire length.

The plywood for the gusset plates was commercial, Exterior-type Douglas-fir.

A resorcinol type of glue was used whenever gusset plates were glued
to the trusses to eliminate the possibility of glue failures during
subsequent exposure of certain trusses to both high and low relative
humidities. During the setting of the glues, pressure was applied with
either clamps or nails, as detailed elsewhere in this report.

The glue was spread on both the truss members and the gussets, and a
closed-assembly period of 5 to 10 minutes was allowed between spreading
of the glue and application of pressure. The glue was spread at the
rate of about 80 pounds per 1,000 square feet of joint area. The tempera-
ture of the room at the time of gluing and during the subsequent 5-day
curing period was maintained at between 70° and 80° F.

Most of the trusses were of the W type. The trusses were so designed
that the distance between truss points of the lower chord was 1/3 of
the span, and the joint in the upper chord divided the chord length
into 2 equal parts.

Testing Procedure 

The earlier tests of trusses were made by means of dead loads placed on
platforms suspended at , various points along the upper chords with a
constant ceiling load hung from the lower chord.

Later, equipment for readily applying and removing load was secured and
used for a number of trusses. This equipment, designed especially for
the testing of trusses, applies the load through a system of cables
and sheaves, as:shown in figure 3. The cables were loaded by means of
a variable-speed winch. The load was measured at each reaction by means
of a calibrated load cell. Lateral movement or buckling of the truss
was resisted by restraining members that were fitted over the top chords
and were attached to a rigid wood frame.
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In general, three runs were made on each truss. The first run was made
by loading the truss at appropriate increments until its design load
was reached. The dials, stationed at truss points and midway between
truss points along the upper and lower chords, were read at each load
increment. After the design load was reached, the load was removed and
the dials were read again to record the set, or residual deflection.
The second run was made in a similar manner but was carried to 2-1/4
or 2-1/2 times design load. The load was again removed and residual
deflections read. Finally, the truss was loaded to failure, its
deflection being read at each load increment.

Discussion of Results

W Truss with 17-Foot Span and 5-in-12 Slope 

It is well known that a carefully made glue joint is a very efficient
joint immediately after manufacture. Not so well established is what
may happen to the glued joints of a truss during the high and low
relative humidities that may prevail during service.

One purpose of this investigation was to determine the effect of high
and low relative humidity on glued joints in a completed truss under
load. Since both high and low humidities could most easily be obtained
in one of the Laboratory's dry kilns, the length of these trusses was
limited by the kiln dimensions. A truss of 17-1/2-foot length with
a 5-in-12 slope was chosen and tested over a 17-foot span.

The type and dimensions of the truss are illustrated in figure 4. The
framing members were 2 by 4 I s, and the sizes of the nailed gusset
plates are those used by a commercial fabricator. The number of nine-
penny nails placed in double shear is based on the assumption that each
nail will withstand about 180 pounds of load with only 0.01 inch of
slip. Figure 5 shows a nailed truss with somewhat smaller gusset
plates but the same number of nails.

The size of the gusset plates for glued trusses can be considerably
smaller than for nailed trusses because of the greater efficiency of
the glued joint. The two sizes of gusset plates used are shown in
figure 6. The net glue area for each joint made with medium and small
gusset plates is shown in table 3. Clamps were used for applying
pressure during the glue-curing period.

A graphical analysis of the stresses for design and 2-1/4 times design
load is shown in figure 7. While a nailed joint is not truly a pin-
connected joint, for a practical analysis, it was considered acting as
such. These stresses are given in table 4.
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The number of nails used and the glue area for each joint are in about
the proportion indicated by the stress analysis.

The primary failure of all nailed trusses was at the center of the
lower chord. There was a gradual separation of the plywood gusset
plates from the central member. The plywood plate on the side with the
nail points protruding separated more rapidly than that holding the
nailheads (fig. 8). There was considerable pulling of the nailheads
into the plywood.

The glued trusses failed at different joints in the truss. In all
glued trusses, failures occurred in the face ply of the gusset plate,
adjacent to the central member, or between that face ply and second
ply as a rolling shear. There was no glue failure even after the
trusses were exposed to low and high relative humidities. Figure 9
shows a typical failure in the lower chord.

A representative load-deflection curve for a nailed truss is shown in
figure 10. The deflection values apply to the center of the lower
chord. There was gradual slipping of the nails even at low loads. At
a design roof load of 1,200 pounds (35 pounds per square foot), the
deflection was about 0.13 inch, and after release of load the deflec-
tion was about 0.05 inch. Similarly, at 2-1/4 times design load, the
deflection was about 0.48 inch and the residual deflection was about
0.34 inch. In other words, after releasing the roof load equal to
2-1/4 times design load, about 3/4 of the deflection remained. The
action of a glued joint is quite different, as shown in figure 11.
After applying and releasing the design roof load and also after apply-
ing and releasing 2-1/4 times the design roof load, no residual deflec-
tion was apparent.

Figure 12 shows average load-deflection curves for 3 nailed and 3
glued trusses when the load was applied in continuing increments until
failure occurred. The 3 nailed and 3 glued trusses were of similar
construction. Although there was some variation in behavior among the
3 glued trusses and also among the 3 nailed trusses, the 2 groups were
much more dissimilar in behavior. The glued trusses showed considerably
less deflection at low loads, and at failure their deflection was still
relatively small. When failure did occur, it was sudden and complete.
The nailed trusses, on the other hand, showed considerable deflection
at low loads. At a load of 1,200 pounds, equal to a design roof load
of 35 pounds per square foot, the deflection of the glued truss was
0.04 inch and that of the nailed truss, 0.08 inch. This difference
continued to increase until, at failure, the deflection of the nailed
truss was more than 4 times that of the glued truss, although the
maximum load was only about 3/4 as great.

In addition to comparing the relative merits of glued and nailed trusses,
some-variables within each group were also considered, as shown in
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table 5. For truss No. 5, the same size and number of nails were used
as for control trusses Nos. 1, 2, and 3 but differed in that approxi-
mately one-half of the nails were driven from each side. As shown in
table 6, truss No. 5 deflected somewhat less than the average of the
control trusses. The maximum load was also greater--200 pounds per
square foot as compared to 161 pounds for the control trusses.

There was some question as to whether gusset plates of the size used
for the nailed joints were actually necessary, especially at joints
other than at the center of the lower chord. Hence, in truss No. 6, all
gusset plates were reduced in size except at the center of the lower
chord. The comparative sizes are shown in figures 4 and 5. At low loads
the deflection was slightly greater, but thereafter the deflection was
even less than for the control trusses. The maximum load was somewhat
greater for truss No. 6 than for the control trusses. The failure
occurred at the center of the lower chord, where no reduction in size
of gusset plate was made. Apparently some saving could be made in the
amount of plywood used for gusset plates.

In truss No. 7, the gusset plates had the same area as the control trusses
but were 3/8 inch thick compared to the 1/2-inch thickness of the controls.
This reduction in thickness of gusset plates definitely increased the
deflection for given loads and also decreased the maximum load. As
shown in table 6, the maximum load was 118 pounds per square foot com-
pared to an average of 161 pounds per square foot for the control
trusses. The pulling of the heads of the nails into the 3/8-inch plywood
was more pronounced than it was in the 1/2-inch plywood gusset plates.

Humidity exposure.--One nailed truss and 2 glued trusses were exposed
to 2 cycles of high and low humidity before test. One cycle consisted
of exposing the trusses to 80 percent relative humidity for 30 days and
then to 20 percent relative humidity for 30 days. The range in moisture
content was from 15 to 7 percent; the length of exposure was not long
enough to bring the moisture content of the wood trusses into equili-
brium with the prevailing humidity. During the conditioning period, the
trusses were loaded to a design load equal to a roof load of approxi-
mately 35 pounds per square foot and to a ceiling load of 9 pounds per
square foot.

At the end of the humidity exposures, nailed truss No. 4 showed some
separation of plywood gusset plates from the main member. The glued
trusses showed no visible effect.

The separation of the plywood platesfrom the central members apparently
caused an increase in deflection for loads up to 1,600 pounds, equiv-
alent to a roof load of about 45 pounds per square foot. This load is
somewhat above the usual design roof load. At approximately 2,400
pounds, the deflection was the same as for the control trusses, and beyond
that the deflection was even less than for the control trusses (fig. 13):
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The control trusses of glued construction, Nos. 8, 9, and 10, exhibited
little difference among themselves up to 2-1/4 times design load,
whether the plywood gusset plates were medium or small in size. There
was some question, however, as to whether the size of gusset plates
might have some effect after subjecting the glued trusses to both low
and high humidity. Figure 14 shows load-deflection curves for the
average of the glued control trusses, for truss No. 11 with medium-size
gusset plates,' and for truss No. 12 with small-size gusset plates. The
sizes of gusset plates are shown in figure 6. Apparently, better
behavior is obtained for medium-size gusset plates. The deflections
for given loads with medium-size gusset plates are not greatly different
from those for the controls, although the maximum load for truss No. 11
is only about 70 percent that of the controls but still equal to the
nailed truss.

When truss No. 12 with the small gusset plates was subjected to both
high and low relative humidity, it was apparently considerably affected
by this exposure. The deflection at a load of 1,200 pounds, equivalent
`to a design roof load of 35 pounds per square foot, was about 1-1/2
times that of the glued control trusses. The maximum load was approxi-
mately one-half that of the controls but was still several times the
design load. Although the deflection at a load of 35 pounds per square
foot was greater than that of the glued control trusses, it was still
only 3/4 that of the nailed control trusses. Beyond this load,
the comparison of deflections was even more favorable for the glued
truss. The maximum load for truss No. 12 vas 118 pounds per square
foot. The lower strength of the glued trusses exposed to high and low
relative humidity for extended periods of time, as compared to the
glued controls, may possibly have been due to some breaking down of
the wood fiber directly behind the glue joint. This could have
occurred because of the unequal shrinking and swelling of plywood and
adjacent solid wood as their moisture content changed.

Other tests have shown that in cyclic exposures the major changes
frequently occur in the first two cycles; hence further exposure to
high and low humidity might not cause any appreciable further decrease.
Also, the 2 cycles of high and low humidity are believed to be much
more severe than 2 seasons of service, even under rather aggravating
moisture conditions.

Nailed W Trusses with. 24-Foot Span and 5-in-12 Slope 

Because the 17-1/2-foot trusses were shorter than those usually used
for house construction, a second group of W trusses, 24-1/2 feet long,
was subsequently built with a slope of 5 in 12 for strength tests.
All of these trusses were assembled with nails.

The material used in these trusses was 2- by 4-inch Douglas-fir of the
1;450f grade. The gusset plates were 1/2-inch, 5-ply Douglas-fir of
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Exterior type. Figure 15 is a sketch of the truss showing the sizes
of the plywood gusset plates used. Figure 16 shows the number and
placement of the tenpenny nails used for the truss designed for a snow
load of 25 pounds per square foot, and figure 17 shows the joint
details for a truss designed for a snow load of 4o pounds per square
foot. After nailing the truss was turned over and rested on a concrete
floor; then the nails were clinched with a hammer. Care was taken to
clinch the nails at right angles to the grain of the wood. Each row
of nails was slightly staggered to eliminate a:possible cause of splitting.

A graphical analysis of the 24-foot roof trusses is shown in figure 18.
Part (a) is the analysis for a snow load of 25 pounds per square foot
of horizontal roof projection, a dead roof load of 10 pounds per square
foot, based on horizontal roof projection, and a ceiling load of 10
pounds per square foot. A 2-foot spacing of., trusses is assumed. Part
(b) has the. same dead roof and ceiling load but an assumed snow load of
4o pounds per square foot.

The resulting calculated stresses, in pounds, for snow loads of both
25 and ho pounds per square foot, together with dead roof and ceiling
load, are shown in table 7, along with the calculated and actual numbers
of nails used for each joint. Each tenpenny nail in double shear was
calculated as good for 180 pounds of design load including an increase
of 15 percent for short-time loading.2.

The 17-foot nailed roof trusses previously discussed all failed at the
splice at the center of the lower chord; hence, the number of nails
calculated as being necessary at this point was Increased about 50
percent. The calculated load per nail at design load and that at maxi-
mum load are shown in table 7. It is interesting to note that the load
per nail at maximum load is approximately the same for the light and
heavy loading.

The deflections and residual deflections at the center of the lower
chord for snow loads of both 25 and 4o pounds per square foot are
given in table 6.

At a design snow load of 25 pounds per square foot, the deflection at
the center of the lower chord of truss No. 13 was only 1/1,930 of the
span; and for truss No. 14, designed for a snow load of 40 pounds per
square foot, the deflection was only 1/1 0 370 of the span. Even at 2-1/4
times design load, the deflections were small and much less than the
usual deflection requirement of 1/360 of the span at the design load.
The two trusses differed only in the number of nails used.

JiThe formula used for calculating load per nail in shear was P = KD3/2.
For Douglas-fir, K = 1,375. The diame D of tenpenny common nails
is 0.148 inch. Then P = 1,375 x 0.148)/' x 1.15 x 2 = 180 pounds.
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Load-deflection curves based on deflection at the center of the lower
chord for the truss designed for snow loads of 25 pounds per square
foot and 40 pounds per square foot are shown in figures 19 and 20.
Curves for design load, 2-1/4 times design load, and maximum load are
shown. The curves show some residual deflection. The ceiling load and
weight of weighing platforms, however, had not been removed when the
residual deflection was read. If adjustment is made for deflection caused
by these loads, as was done in table 6, the residuals are much smaller.

Truss No. 13, designed for a snow load of 25 pounds per square foot,
failed when the long diagonal split at the nails that joined it to the
lower chord, as shown in figure 21. There was some bending of the
nails and opening at the center of the lower chord previous to failure,
as shown in figure 22. This also occurred in truss No. 14, which was
designed for a snow load of 40 pounds per square foot. The principal
failure in the truss designed for a snow load of 40 pounds per square
foot was splitting of the upper chord between the heel and the first
joint, as shown in figure 23. This was preceded by some lateral buckling
of the upper chord.

W Trusses with 26-Foot Span and 3-in-12 Slope

TO compare nailed rafter-and-joist construction with glued trusses, tests
were conducted on a rafter-and-joist construction with a 4-in-12 slope
and a W truss with a 3-in-12 slope, both designed for a 26-foot clear
span and 24-inch spacing.

The rafter-ceiling joist construction consisted of two 2- by 6-inch
rafters and a continuous 2- by 10-inch joist. The size of the members
was in accordance with the Federal Housing Administration table of
maximum allowable spans. Each rafter was nailed to the joist with 9
twelvepenny common nails. They were nailed at the peak to a short
section of 1- by 8-inch ridge board with 2 twelvepenny nails in each
rafter.

All main members of the trusses were 2 by 4 1 s, and the gusset plates
were of 1/2-inch, 5-ply, Exterior-type Douglas-fir. The adhesive used
was a resorcinol resin. Gluing pressure was applied with nails. Truss
No. 16 differed from Nos. 17 through 20 in that gusset plates on both
sides were not used at all joints and when used were not always of the
same size. The amount of plywood used for gusset plates for each truss,
however, did not differ greatly. The diagonals of trusses Nos. 16,
17, 19, and 20 had square-cut ends, while the diagonals of truss No. 18
were cut to fit closely against the upper and lower chords. Trusses
Nos. 19 and 20 had solid wood splice plates at the center of the lower
chord, while the other had plywood gusset plates throughout. More
detailed information is given in table a.

The trusses showed greater stiffness than the rafter-and-joist construc-
tion (fig. 24). In general, the trusses carried more than twice the
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design load before a deflection of 1/360 of the span occurred (table
6). After removal of a load equivalent to 40 pounds per square foot,
the rafter-and-joist construction had a residual deflection several
times that of the trusses.

Truss No. 16, with asymmetrical gusset plates on opposite sides of
its joints, failed at a lower load than the other trusses. Trusses
Nos. 19 and 20, with solid wood tie plates for the lower chord, failed
at higher loads than the other trusses.

Trusses show considerable superiority over rafter-and-joist construction.

King-Post and W Trusses with 32-Foot Span and 2-in-12 Slope 

It was felt that, in addition to the experiments with W trusses of 17-,
24-, and 26-foot spans and with slopes of 5 in 12 and 3 in 12, trusses
of longer spans and lower slopes should also be tested. Therefore
both king-post and W trusses of 32-foot span and 2-in-12 slope were
included in this experiment.

The king-post and W trusses consisted of 2- by 6-inch members and
5/8-inch-thick plywood for gusset plates, except at the center of the
lower chord where solid wood splice plates were substituted. A
resorcinol-resin glue was used, and pressure was applied with nails.
Details of construction for the king-post truss are given in figure
25 and those for the W trusses in figure 26.

Both the king-post (Nos. 21, 22, and 23) and W trusses (Nos. 24 0 25,
and 26) sustained loads well above the design load before a deflection
of 1/360 of the span at the center of the lower chords was reached
(table 6, figs. 27 and 28). Both types sustained loads about 4 times
as great as the design roof load of 40 pounds per square foot. The
residual deflections of all trusses were very small immediately after
removal of the design load and also after removal of 2-1/2 times the
design load.

The W trusses failed because rolling shear developed in the plywood
of the peak gusset plates, as shown in figure 29. The king-post
trusses failed in bending of the upper chord, indicating a need for
high-grade material for this type of truss.

Tapered Box-Beam Truss with 32-Foot Span and 1-in-12 Slope 

Houses with very low-pitched roofs are becoming increasingly popular.
Such houses, with roof trusses, present problems of design and construc-
tion, since trusses with low slopes develop large horizontal thrust
under load.
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In an attempt to overcome these difficulties, trusses of the tapered
box-beam type with a 32-foot span and a 1-in-12 slope were investigated.
They consisted essentially of 2- by 4-inch or 2- by 6-inch top chords,
and 2- by 4-inch bottom chords. Douglas-fir plywood was applied con-
tinuously on both sides for their entire length, as shown in figure 30.
A resorcinol-resin glue was used, and pressure was applied with nails.
The construction details are shown in figure 31. In all trusses, solid
wood blocking was installed with its grain horizontal at every plywood
joint. In Addition, a 1-5/8- by 2-inch strip 36 inches long was glued
to the bottom chord to splice the pair of 2 by 4 1 s used for this chord.

These trusses had relatively large deflections as compared to other
trusses with steeper slopes. Truss No. 27, which had both top and bot-
tom chords made of 2 by 4 1 s, had a deflection-span ratio of'1/310 at
a design load of 40 pounds per square foot of roof load. This truss
sustained a maximum load equivalent to 137 pounds per square foot of
roof load (table 6, fig. 32). It failed at an outermost joint in the
plywood face.

Truss No. 28 was reinforced by gluing a strip 1-5/8 by 2 inches in size
on the top chord, thus making the top chord a 2- by 6-inch member. It
was further reinforced by gluing a cover plate on either side of the
truss at the plywood joint nearest the support. The reinforcement
helped considerably, and the deflection at design roof load of 40 pounds
per square foot was about 1/360 of the span. This is usually considered
adequate. The truss sustained a load of 130 pounds per square foot,
and failure occurred at a plywood joint nearest the center of the span.

Truss No. 29 had plywood cover plates at all joints in the plywood
faces and a 2- by 6-inch top chord. This truss gave the best perform-
lance of the 3, with a deflection at design load of 1/420 of the span
and a failing load equivalent to a roof load of approximately 150 pounds
per square foot. It failed in the plywood face about 6 feet from one
end of the truss.

General Conclusions

(1) The tests here reported indicate that well designed and well con-
structed nailed trusses with a slope of 4 in 12 or greater should give
adequate service.

(2) Glued trusses, because of their rigid joints, are much stiffer
than nailed trusses.

(3) Glued trusses show little increase in deflection even when carrying
near-maximum loads, whereas nailed trusses will deflect -considerably under
similar conditions.

Rept. No. 2113	 -13-



(4) Glued trusses show some loss in stiffness and considerable loss in
maximum load from exposure to cycles of high and low relative humidity.
Nailed trusses are less affected.

-
(5) ease with which high rigidity and strength can be obtained in
glued joints makes glued trusses particularly suitable for trusses with
low slopes.

(6) Because the strength of a glued truss is entirely dependent upon
the efficiency of the glued joints, only those glues that will perform
satisfactorily under adverse atmospheric conditions are recommended.

Rept. No. 2113	 -14-	 .1. -51
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Medium

Sq. in. 

U-1
	

25.3
U-2
	

20.0
L-1
	

40.0
L-2
	

14.5
V-1
	

8.2
D-1
	

12.6

Table 3.--Glued joint areas of W trusses 

Member Glued joint   

Small

Sq. in. 

12.0
6.8

27.0
7.3
3.6
5.3

Table 4.--Stresses from graphic analysis of a 
W-type roof truss with 5-in-12
slope for a 17-foot span, 2-foot 
spacing

Member: Design load	 :2-1/4 design load?

:Tension:Compression:Tension:Compression
•

	

Lb. :	 Lb.	 : Lb.	 Lb.

U-1 	 •	 1,405	 2,990
U-2 	  •	 1,230	 2,575
L-1 : 1,300 -	 • 2,760 • 	
L-2 :	 880 •	  1,870 • 
V-1 - 	 	280	 - 	 	66o
D-1 :	 415 • •	 820 - 	

-Ceiling, 300 pounds
foot; roof, 1,200
per square foot.

?Ceiling, 300 pounds
foot; roof, 2,800
per square foot.

or 8.8 pounds per square
pounds, or 35.3 pounds

, or 8.8 pounds per square
pounds, or 82.4 pounds
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Table 6.--Results of tests of lightweight wood trusses 

1Truss:	 Roof loads- and deflections at center of lower chord
No. : 	

Design roof load	 :2-1/4 or 2-1/2 times design roof load:	 Maximum roof load	 :Maximum recorded
• •	 : 	 :	 deflection
: Load :	 Deflection	 : Load :	 Deflection	 : Load :	 Deflection	 : 	

	 :	 : 	 : Load :Deflection
:Actual :Deflection/:Residual: 	 :Actual :Deflection/:Residual:	 :Actual :Deflection/:

:	 :span ratio :	 :	 :open ratio :	 .	 .	 :span ratio :	 :
	  • 	  : 	  : 	  : 	 .	 : 	  : :	 : 	 :	 : 	

:P.s.f.: In.	 :	 : In.	 : P.s.f. : In.	 :	 : In.	 :P.s.f.: In.	 :	 :P.s.f.:

1 : 35.3 : 0.132 : 1/1,550 : 0.055 :	 82.4 : 0.478 :	 1/430	 : 0.338 : 153 : 1.51 :	 1/140	 	
2 : 35.3: .029: 1/7,040 : 	 .005 :	 82.4: .275 :	 1/740	 :	 .133 : 153 : 1.07 :	 1/190
3 • 35.3 : .075 : 1/2,720 :	 .029 :	 82.4 : .330 :	 1/620	 :	 .187. 176 •	 • 165 :	 1.12

Av. : 35.3 : .079 : 1/2,580 :	 .026 :	 82.4 : .361 :	 1/560	 :	 .219 : 161 : 1.24 : 	 1/160	 :

4 : 35.3 : .151. 1/1,350 : 	 .014 :	 82.4 : .311 :	 1/660	 :	 .107. 165 : 1.04 :	 1/200	 	
5 : 35.3 	 .063 : 1/3,240 :	 .019 	 .280 :	 1/730 	 200 	  140 :	 .85
6 • 35.3 : .082 : 1/2,490 : 	 .021 :	 82.4 : .361 	 1/560	 :	 .170 : 175 	 • 130 :	 .69

• :	 •	 :	 :	 ,	 :	 .

7 : 35.3. .110. 1/1,650 : 	 .033 :	 82.4: .428 :	 1/480	 :	 .135. 118: .59 •	 1/350 	 •

8 : 35.3 : .023 : 1/8,880 :	 .000 :	 82.4 : .080 : 1/2,550 :	 .000 : 224 : .271 :	 1/750
9 • 35.3 • .019: 1/10,740 :	 .007 :	 82.4: .060: 1/3,400 :	 .003 : 260 : .304 :	 1/670	 	
10 : 35.3 : .070 : 1/2,920 :	 .013 :	 82.4 : .160 : 1/1,280 :	 .018 : 212 : .371 :	 1/550	 	
Av. : 35.3 • .037 : 1/5,520 •	 .002 :	 82.4 : .100 : 1/2,040 :	 .005 : 232 : .315 :	 1/650	 	

11 : 35.3 : .049 : 1/4,160 : 	 .001 :	 82.4 : .116 : 1/1,760 :	 .003 : 165 : .240 :	 1/850	 	

12 : 35.3 : .063 : 1/3,240 : 	 .013 :	 82.4 : .159 : 1/1,280 :	 .021 : 118 : .215 :	 1/950	 	 1 	

13 :235.5 : .149 : 1/1,930 :	 .011 : 281.5 : .317 :	 1/910	 :	 .000 : 2149 : 1.049 :	 1/270 	 s	

14 :252.0 : .209 : 1/1,370 : 	 .028 : g115.0 : .520 :	 1/550	 :	 .114 : .g249 : 1.975 :	 1/150	 :......: ...... 	

15 : 40.0 : .970 :	 1/320	 :	 .085 	 	 85 • 1.70 •	 1/180	 2 ... 	 ' 	 .

16 : 40.0 : .340 : 	 1/920	 .011 : 100	 : .880 :	 1/350	 :	 .033 : 100 : .88 :	 1/350	 • 
17 : 40.0 : .425 : 	 1/730	 .035 • 100	 : 1.110 :	 1/280	 :	 .105 : 128 : 1.48 : 	 1/210	 	
18 : 40.0 : .365 :	 1/850	 .019 : 100	 : .930 :	 1/340	 :	 .052 : 134 : 1.33 :	 1/230	 	
19 : 40.0 : .254 : 1/1,230 : 	 .000 : 100	 : .716 :	 1/440	 :	 .016 : 154 : 1.20 :	 1/260	 	  .
20 : 40.0 : .303 : 1/1,030 :	 .041 : 100	 : .701 :	 1/450	 :	 .037 :: 148 : 1.16 :	 1/270	 	
Av. : 40.0 : .337 :	 1/930	 .021 : 100	 : .867 :	 1/360	 :	 .049 : 133 : 1.21 :	 1/260	 :

21 : 40.0 : .270 : 1/1,420 : 	 .000 : 100	 .710 :	 1/540	 •

	

.	 .010 : 188 : 1.25 :	 1/310	 	
22 : 40.0 : .310 : 1/1,240 :	 .030 : 100	 : .750 :	 1/510	 •

	

.	 .o6o	 : 1.20 :	 1/320 	 :	
23 : 40.0 : .320 : 1/1,200 :	 .020 : 100	 : .790 :	 1/490	 •

	

.	 .040 : 177 : 1.23 :	 1/310	 	
Av. : 40.0 : .300 : 1/1,280 :	 .017 : 100	 : .750 :	 1/510	 •

	

.	 .037 : 177 : 1.23 :	 1/310

24 : 40.0 : .550 :	 1/700	 :	 .030 : 100	 : 1.490 :	 1/260	 •

	

.	 .060 : 158 : 2.34 :	 1/160	 	
25 : 40.0 : .480 :	 1/800	 :	 .040 : 100	 : 1.240 :	 1/310 ▪ 	 .100 : 165 : 2.04 :	 1/190	 	
26 : W3.0 : .510 :	 1/750	 :	 .060 : 100	 : 1.420 :	 1/270	 •

	

.	 .110 : 157 : 1.80 :	 1/210	 	
Av. : 40.0 : .513 :	 1/750	 :	 .043 : 100	 : 1.383 :	 1/280	 •

	

.	 .090 : 160 : 2.06 :	 1/190

27 : 40.0 : 1.24 :	 1/310	 .210 : 100	 : 3.330 :	 1/120	 .350 : 137 : 4.80 :	 1/80 	 :	

28 : 40.0 : 1.07 :	 1/360	 :	 .030 : 100	 : 2.640 :	 1/150	 .070 : 130 : 3.40 : 	 1/110	 	

29 : 40.0 : .91 : 	 1/420	 :	 .000 : 100	 : 2.300 :	 1/170	 .040 : 151 : 3.60 : 	 1/110	 	

1For trusses Nos. 1 to 12, inclusive, ceiling load of 8.8 pounds per square foot. For trusses Nos. 13 and 14, ceiling load
9.4 pounde ' per square foot.

• Includes 10-pound dead roof load.



•

: Nailing schedulel :

Heavy :Light load :Heavy load :Design
roof : 	

 per nailStress forMember:

load:Maximum load,: Light :
: roof2 :: load- : load3. : Re- :Used: Re- :Used:Light

:quired:	 :quired:	 :roof
• :	 :load
	  ----	 ---- :"	 ---

: Lb.	 Lb.	 : No. :No. : No. :No. : Lb. 

:Heavy:Light: Heavy
:roof :roof : roof
:load :load : load

: Lb. : Lb. : Lb.

Table 7.--Calculated stresses, nailing schedule, and load per nail for 
W roof truss with 24-foot span and 5-in-12 elope 

U-1 : -2,060 : -2,700 : 11.5 : 12 : 15.0 : 15 : 172

U-2 : -1,790 : -2,320 : 10.0 : 10 : 12.9 : 15 : 179

L-1 : +1,910 : +2,500 : 10.6 : 12 : 13.9 : 15 : 159

L-2 : +1,270 : +1,650 : 7.0 : 10 : 9.2 : 15 : 127

:	 -403 : 	-57o : 2.3 : 3 : 3.2 : 4 : 135

D-1 :	 +610 :	 +770 : 3.4 : 4 : 4.3 • 5 • 152

: 180 : 720 : 860

: 155 : 750 : 740

: 167 : 67o : 800

: 110 : 53o • 53o

: 142 : 57o : 68o

: 154 : 64o : 740

hateral resistance 180 pounds for tenpenny, clinched nail in double shear.

?Load per square foot; roof, 25 pounds live
10 pounds.

-Load per square foot; roof, 40 pounds live
10 pounds

.1-4Based on ratio of maximum to design loads,

Light roof load 2 --- = 4.2. Heavy roof1

plus 10 pounds dead; ceiling,

plus 10 pounds dead; ceiling,

considering roof loads only.

load 13—:-1.292 = 4.8.2,500



Table 8.--Construction details of rafter and trusses

Construction detail
'	 •. 	 .

Truss :	 Truss	 :	 Truss	 Trues	 :	 Truss	 Truss
No. 15 :	 No. 16	 :	 No. 17	 :	 No. 18	 :	 No. 19	 :	 No. 20  

in 12 : 3 in 12 3 in 12 : 3 in 12 : 3 in 12 : 3 in 12
Weight 	 lb  •
Structural members

104 :
.

100 :
.

104 : 110 :
:

112

Upper chard 	 in •	 2 by 6 :
Lover chord 	 in • 2 by 10 :
Diagonals 	 in. 	 None :
Ends square cut 	

2 by 4:
2 by 4 :
2 by 4 :

x :

2 by 4 :
2 by 4 :
2 by 4:

x :

2 by 4 :
2 by 4 :
2 by 4:

.

2 by 4 :
2 by 4 :
2 by 4:

x :

2 by 4
2 by 4
2 by 4

x
Ends cut to fit 	 : •. x : •

Gussets None : . •

Symmetrical
Heel	 :

No :
:

Yes : Yes 
:

Yes : Yes

Number 	 2: 2 t 2: 2: 2
Size 	 in.: 15 by 33 : 11 by 13 : 11 by 13 : 11 by 13 : 11 by 13

6 by 12 :
Size of nails 	 penny: 12 : 4 : 4	 : 4 : 6 : 6
Number of nails per gusset 	 • 36 : 16 : 16 : 16 : 16

•• 16 :
Number of nails at joint 	 9	 : •• •

Peak	 '. •. • •

Number 	 ' 2. 2: 2: 2. 2
Size 	 in.:

Size of nails 	 penny:

:
:

12 :

12 by 15 
3-5/8 by 15 :

4	 :

9 by 10 :

4	 :

9 by 10 :

4	 :

9 by 10 :

6	 :

9 by 10

6
6:

Number of nails per gusset 	
•

: 16 :
12 :

18 : 18 : 18 : 18

Number of nails at joint 	 • 4 : •.

Short diagonal-top chord 	 •. : •. •

Number 	 • None : 1	 : 2	 : 2	 : 2	 : 2
Size 	 in.: : 3-1/2 by 7 : 3-1/2 by 10 : 3-1/2 by 10 : 3-1/2 by 10 : 3-1/2 by 10
Size of nails 	 penny: 6 : 6	 : 6 : 6 : 6
Number of nails per gusset 	 • 8 : 8 : 8 : 8 : 8

Short diagonal-long diagonal- •. : . :

bottom chord : . •

Number 	 NOM : 1 : 2 : 2 : 2 : 2
Size 	 in.: 10 by 10 : 8 by 10 : 8 by 10 : 8 by 10 : 8 by 10
Size of nails 	 penny: 4 : 4 : 4 : 6 : 6
Number of nails per gusset 	 • 14 : 14 : 14 : 14 : 14

Bottom chord splice : : .
Number 	 None : 2	 : 2 : 2 : 2 : 2
Size 	 in.: 4 by 24 : 4 by 24 : 4 by 24 : 4 by 24 : 4 by 24
Size of nails 	 penny: •. 6 : 6 : 6 : 6 : 6
Number of nails per gusset 	 • •. 12 : 12 : 12	 : 12 : 12

Slope	 • 4







Figure 3. --W truss ready for test. The load is applied through a
system of cables and sheaves, and measured at each reaction by
means of a calibrated load cell.

Z M 109 845











Figure 8. --Failure in lower chord of nailed truss No. 3, showing that
plywood gusset plate with nailheada separates less rapidly from chord
members than opposite gusset plate.

Figure 9. --Failure in lower chord member of glued truss No. 9. Failure
was in face of plywood gusset plate adjacent to central member and was
a shearing failure combined with some tension parallel-to-grain failure.
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Figure 21. --Truss with 5-in-12 slope, designed for a snow load of 25
pounds per square foot, split at the nails joining the long diagonal to
the lower chord.

Figure 22. --Bending of nails and opening of the center junction of lower
chord in trusses Nos. 13 and 14.
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Figure 23. --Truss with 5-in-12 slope designed for snow load of 40 pounds
per square foot, failed when upper chord split between heel and first
joint. Some lateral buckling in upper chord preceded the splitting.
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Figure 29. --Rolling shear failure in plywood gusset plates at peak of
W trusses with 2-in-12 slope.

Figure 30. --Construction of truss with 1-in-12 slope. Plywood was
nail-glued to both faces. The sixpenny nails were spaced 8 inches
apart and 3 / 4 inch from each edge of both top and bottom chord.

Z M 113 476






	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51

