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Shear strength of nailed joints is
given in most textbooks on farm
buildings as well as in other publica
tions such as the National Building
Code (2). It is well established that
shear strength depends upon nail dia
meter, the species of lumber and the
moisture content of the lumber. Pene

tration of the point at least half way
into the receiving member is assumed
(5). Most sources give only the

strength in single shear, but it has
been shown that nails loaded in
double shear have approximately
twice the shear strength of nails load
ed in single shear (4). Most references
do not give any indication of the
ultimate strength of nails loaded in
shear; rather the allowable load or
safe load only is given. The author's
experience with lab tests suggests
that there is a factor of safety of ap
proximately six for dry lumber in
this safe load. The ultimate strength
may be of limited value since move
ment of the joints may be of the order
of yA inch before the ultimate strength
is reached. Distortion of this sort
will, in many cases, cause the joint
to be unserviceable.

When joints are loaded only in
tension or compression the load on
the nails is considered to be pure
shear. However, in many applications
the load on the joint will be torsion
or bending, and in some cases it
may be tension or compression com
bined with bending. Examples of this
may be seen in the rigid frame type
of building which is finding wide ap
plication for farm structures (1, 3).
There may be other uses which have
been overlooked where nailed joints
designed for torsion or bending loads
would have some advantage. For ex
ample, in the case of beams continu
ous over two or more spans the
bending moment at mid-span is
WL2 rather than WL2 as in the case

~I2~ —8~~
of a single span beam, suggesting that
a 50% reduction in bending moment
might conceivably be accomplished
by making the beam continuous. Roof
trusses are normally designed on the
assumption that joints are pin con
nected^ and the members between
joints act as simple columns or tension
members or simple beams. Making
these members continuous could con

ceivably result in economy. For wide
span buildings it may be necessary
to use lengths of lumber in excess

of twenty feet and these are higher
priced and not readily available. In
some cases it might be advantageous
to use splices designed for bending
rather than use the full length mater
ial. Splices might also make it pos
sible to employ short lengths salvaged
from a building which had been torn
down.

It is perhaps worthwhile to inter
ject at this point that bending
strength is not always the limiting
factor in the design of beams. On
short spans with heavy load, hori
zontal shear may be the controlling
factor. On the other hand, long spans
will often be limited by deflection of
the material.

THEORETICAL DESIGNS

A glued splice in a flexural mem
ber can be designed by the common
formula SB = Tc

T
Where
Ss = shear stress in glue or wood
T = torque or moment
J = polar moment of inertia of

the glued area,
c = distance from centroid of area

to farthest point of splice.

In effect, the design of a nailed
splice is the same except that the
nails are at discrete locations rather
than uniformly spread over the area.

Figure I. Nailed Joint.

Referring to Fig. 1, the torsional re
sistance of a group of nails is —
r} x S -f- r2 x S x r2 -f- r3 x S x r3 etc.

where S is the allowable shear
strength of one nail. By summing the
terms

T = S(r,» + r22 +r3» etc.)

or T = S (r mean )2 x no. of nails

Knowing S we can assume a value
for either r mean or the number of
nails and calculate the other unkown.
This approach to the problem im
plies that only the nails at the maxi
mum distance from the centre of

rotation will carry design load. For
overload conditions the outer nails
would presumably yield slightly, al
lowing the ones at less than maximum
distance to carry more. The design
appears to be conservative in this
respect.

A less conservative approach would
be to assume that a nail at the mean
radius would carry design load; nails
at greater distance would be over
loaded while those at less than the
mean radius would carry less than
design load. The mean value of r
should be calculated by the root mean
square method for best accuracy but
can be estimated rather quickly with
acceptable accuracy. The torsional
resistance, using this assumption is
T = S x r mean x No. of nails.
Some concern was felt lest there might
be sufficient yielding to cause serious
deflection at design load, since ap
proximately half the nails would be
overstressed.

SPLICE PLATE DESIGN

(a) For maximum strength
If the splice plates are of the same

material as the members being joined,
the depth and total thickness of the
splice plates should presumably be
equal to the dimensions of the main
members. However, short splice plates
of one inch material are subject to
splitting when loaded in torsion and
fastened with nails, suggesting that
plywood might be a better material.
When plywood is used, only those
plies parallel to the direction of load
can be considered. If two inch nomin

al material is to be joined, the two
plywood splice plates would have
a thickness considerably in excess
of H/2 inches, which is impractical.
The other alternative is to increase
the depth of the splice to a shape
such as is shown in Fig. 2. A short
piece of blocking nailed in stiffens
the joint, further increasing the fac-

and r mean = r,2 -|- r22 +r32 etc- jR
no. of nails

which is the familiar root mean

square form. This mean radius is
comparable to the radius of gyration.
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Figure 2. Nailed Joint with block.



tor of safety. The actual effect of
this blocking is difficult to assess.
This design can only be used where
space above or below the main mem
ber permits. However, the plywood
is obviously desirable from the stand
point of strength in horizontal shear
and the greater resistance to splitting.

(b) For less than maximum strength

In most situations it will be possible
to locate the splice where it will not
have to carry the maximum moment
for which the beam must be designed.
If the loading can be accurately pre
dicted, the joint could be at an in
flection point, and the bending mo
ment would be zero. In addition to

carrying bending moment, the splice
must carry the vertical shear. The
shear force will be zero at the points
of maximum moment, but will be
fairly large at the inflection points.
The maximum design shear that a
2" x 6" member can safey carry can
be supported by 5 three-inch nails
in double shear; for a 2" x 8", 7 three-
inch nails are required. These are
considerably less than the number of
nails required to support maximum
moment.
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Figure 3. Nailed Joint with block.

FABRICATION AND TESTING

OF SAMPLE JOINTS

Five different types of joints were
fabricated from construction grade
Douglas fir 2" x 6" material and
tested in the beam testing machine at
the University of Saskatchewan. The
five types were:

1. Splice plates of 1" x 6" fir, 24
inches long fastened with 3-inch
common nails in double shear.

2. Splice plates of 1" x 6" fir, 24
inches long glued and nailed using
21/9-inch coated nails.

3. Plywood splice plates i/?-inch
thick, 5i/2 inches deep and 24
inches long fastened with 3-inch
common nails driven through and
clinched.

4. Plywood splice plates i/2 inch
thick, 9 inches deep and 24 inches
long, fastened with 3-inch nails
clinched.

5. Plywood splice plates 3/8 inch
thick, 9 inches deep and 24 inches
long fastened with 2i/9-inch com
mon nails.

Figure 4 shows typical load deflec
tion plots for these types of joints.
It will be noted that all joints car
ried considerably more than the load
required to produce a stress of 1500
psi in the 2" x 6" member. Taking
a modulus of rupture in Douglas fir
at 11,700 pounds per square inch and
the strength ratio for construction
grade as 57%, the 2" x 6" material
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DEFLECTION

Figure 4. Deflection Curves for nailed joints.

could reasonably be expected to fail
at a calculated stress of 6,700 pounds
per square inch. Some glued joints
and the plywood spliced joints that
were 9 inches deep carried loads
which produced stresses in excess of
this value. The nailed joints using
1" x 6" material failed due to split
ting and the plywood joints with
splices only 5i/2 inches deep failed
by tearing of the plywood. In other
cases failure occurred in the 2" x 6"
member, usually due to flexture along
a row of nails.

It will be noted from Figure 4 that
some of the spliced members were
stiffer than might be expected. This
is probably due to the stiffness im
parted by the splice plates where they
lapped the 2" x 6" members.

CONCLUSIONS

Although the number of tests was
not sufficient for statistical accuracy,
the following conclusions appear to
be justified.

(1) Relatively simple nailed joints
can be used to develop the design
strength of 2" x 6" lumber in
bending.

(2) The factor of safety in the design
strength of lumber is approxi
mately the same as the factor of
safety for design load on nails.
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(3) The depth of splice plates made
from 1/,-inch plywood must be
greater than the depth of mem
bers being joined if the ultimate
strength of these members must
be developed, l/rinch plywood
splice plates the same depth as
the members will carry approxi
mately three times design load.

(4) The number and spacing of nails
in a joint subject to torsion can
safely be based on the assump
tion that a nail at the mean
radius carries the design shear
load.

(5) Figures 2 and 4 show nail joints
capable of withstanding full de
sign load for 2" x 6" and 2" x 8"
material respectively, when load
ed in bending. If the joints can
be located near inflection points
they can be much simpler.

(6) The use of waterproof glue for
joints in common lumber results
in rather unpredictable strength,
due to such things as warped
lumber and thin consistency of
glue.
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