T echnical Q & A
La t e ra l Lo a d C a p a c it y o f To e - N a ile d
Tru s s - t o -Tru s s Gird e r C o n n e c t io n s
by Scott Coffman, P.E.
Find out what documentation
is necessary when truss-to-truss
girder connections are used
in construction applications.

T

oe-nailing is often used to attach corner and end jack trusses to corner and
hip girder trusses, respectively. The relatively short spans and light end
reactions associated with most jack trusses makes toe-nailing an efficient and
effective attachment method. The International Building Code (IBC), International
Residential Code (IRC), and ANSI/TPI 1-2002 require that truss-to-truss girder connection information be included on the truss design drawing. Because of this, it is
not uncommon for building code officials and building designers to request “certification” of this connection. The challenge is to address these connections in a
timely manner and to know what documentation is available or can be provided.

Question
How much capacity does a toe-nailed connection have to resist the gravity and
uplift reaction loads from a jack truss attached to a girder truss?

Although this approach is usually
successful, some code officials and
building designers may request
additional verification. For these
situations, the lateral load capacities of a toe-nailed connection for
various nails and species of wood
are required. Table 3 on page 16
provides the nominal lateral design
capacity on a per toe-nail basis,
while Table 4 provides similar
information for two-, three- and
four-nail connections. Both tables
were developed using the yield
limit equations for dowel-type Table 2. Excerpts from Table 2304.9.1 of 2006 IBC and Table R602.3(1) of 2006 IRC respectively, showing minimum
fasteners provided in the 2005 fastener requirements for rafter connections to valley, hip rafter and ridge beam.
National Design Specification®
(NDS®) for Wood Construction. The capacities listed can be
used for toe-nailed connections for attaching a 2x_ end jack
truss to a single or multiple 2x_ hip girder truss (see Figure 2
on page 16) or for toe-nailed connections for attaching a 2x_
corner jack truss to a corner girder truss that intersect at a
45° angle as shown in Figure 3. Please note that the connection between the corner jack and corner girder assumes that
the chords of the jack truss are bevel cut and that the nails
Figure 1.
are driven at a 90° angle to the face of the jack into the girder
Open jack hip framing
Continued on page 16
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Table 1. Excerpt from Table R802.5.1(3) of the 2006 IRC showing allowable rafter spans for various sizes and species of lumber.

Answer

at a glance
❑ The relatively short spans and light end
reactions associated with most jack trusses makes toe-nailing an efficient and
effective attachment method.
❑ An open end jack truss (see Figure 1)
meeting the same design parameters
would perform in a similar manner as a
rafter and ceiling joist and generate comparable reactions. The top chord and bottom chord of the jack truss should correspond to the rafter and ceiling joist tables
provided in the code. For these situations,
the nail connections specified by the code
are also applicable to jack trusses.

Total Building Services Group provides builder customers
WHD with turnkey framing. Your responsibilities will be
comprehensive and no lumberyard to deal with. We align
our services with customers’ needs and maintain these
relationships through the outstanding quality of our products
and people. We are currently expanding our business and
recently opened these opportunities for top-notch designers
and sales people.

The IBC and IRC provide significant insight into wood members and their connections. Table 2308.10.3 of the 2003 and 2006 IBC and Table R802.5.1 (see Table 1 for
excerpt) of the 2003 and 2006 IRC provide maximum rafter spans for common lumber species at various on-center spacing and load conditions.
Similar tables are provided for ceiling joists. Minimum fastener requirements are
provided in Table 2304.9.1 (items 27 and 28) of the IBC and Table R602.3 (1) of the
IRC for rafter connections to a valley, hip rafter and ridge beam (see Table 2 for
excerpts).
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An open end jack truss (see Figure 1) meeting the same design parameters would
perform in a similar manner as a rafter and ceiling joist and generate comparable
reactions. The top chord and bottom chord of the jack truss should correspond to
the rafter and ceiling joist tables provided in the code. For these situations, the nail
connections specified by the code are also applicable to jack trusses. An inquiring
code official or building designer, therefore, can be directed to these specific provisions of the code for verification of this type of connection with jack trusses.
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When applied in accordance
with the provisions of NDS
and the building code, toenailing provides a verifiable
and acceptable connection.

Figure 2. End jack to hip girder.

Table 3. Nominal Lateral Design Capacity per Toe-Nail.
Footnotes:
1. Nominal lateral design capacities in table have already been adjusted by the toe-nail factor and represent normal load duration
values. To determine the adjusted lateral design values, multiply the table values by all other applicable adjustment factors provided in NDS® .
2. Nominal lateral capacities are based on framing conditions depicted in Figures 2 and 3.
3. Nominal lateral capacities are for a single-shear connection with both members of the same species. If the two members are of
different species, use the species with the lowest specific gravity to determine the lateral load capacity of the fastener.
4. Species designation is: SP = Southern Pine, DF-L = Douglas Fir-Larch, HF = Hem-Fir, SPF = Spruce-Pine-Fir and SPFs =
Spruce-Pine-Fir (South).
5. Nominal lateral capacities assume full penetration of the toe-nail into the supporting member.
6. Apply fire retardant treated lumber adjustment factors per manufacturer's specifications.
7. For nail capacities not shown here, consult a design professional.

Figure 3. Corner jack to corner girder.

Te c h n i c a l Q& A
Continued from page 15

In both cases, the nails are assumed
to be installed at either L/3 (i.e.
length of nail divided by 3) or 1-1/8"
from the end of the jack truss (see
Figures 2 and 3 above).

Example

Table 4. Nominal Lateral Design Capacity per Toe-Nail Joint Connection (see footnotes for Table 3).
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A roof corner jack frames into a hip
corner jack comprised of SP lumber.
The truss design drawing for the
corner jack displays a 200-lb top
chord calculated reaction from
snow and roof dead loads. The toenail connection of 2 - 16d gun nails
would be sufficient to transfer the
gravity load [i.e., 200 / (1.15*88)] =
1.97 or 2 nails. The same truss
design drawing also indicates that a
maximum top chord wind uplift
reaction of 295 pounds must be
resisted. The toe-nail connection of
3 - 16d gun nails would be required
to transfer the wind uplift load [i.e.
295 / (1.6*88)] = 2.11 or 3 nails. The
top chord connection of 3 - 16d gun
nails must be used. Nails should be
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specified by diameter and length, e.g.
0.131" by 3-1/2", to eliminate confusion
over the type and size of nail to use. A
similar analysis must be performed for
the bottom chord. This toe-nail connection information may be shown on the
truss design drawing, a standard detail,
or a schedule that identifies the truss
type, reaction, and nail size and quantity
required.
The building code and ICC Evaluation Service Report ESR-1539 (visit
S u p p o r t D o c s at www.sbcmag.
info to view this report) provide some
prescriptive guidelines for number of
nails per connection. Table 4 has been
prepared considering this information,
which is generally to limit the connection
to a maximum of three toe-nails for 2x4
chords and four toe-nails for 2x6 chords.
As previously mentioned, consideration
must be given to the lumber size when
evaluating any nailed connection. Toenail connections must be installed in a
specific manner to obtain the calculated
capacity and too many nails may split
the lumber, rendering the connection
inefficient. For this reason, toe-nailed
connections supporting gravity and uplift
load reactions from trusses and lumber
are typically limited to reactions of less
than 500 lbs. The support of larger reactions requires more sophisticated connections such as prefabricated metal
hangers, lag screws, bolts, or split ring
and shear plates.
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Conclusion
Toe-nailing has long been recognized as an acceptable means
of attaching intersecting light-frame wood structural members
together. For certain applications, toe-nailing can also be used
to effectively attach wood trusses to girder trusses and other
structural wood supports. The National Design Specification
(NDS) for Wood Construction provides the engineering basis
for toe-nail and slant-nail connections. When applied in accordance with the provisions of NDS and the building code, toenailing provides a verifiable and acceptable connection.
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The building code and Tables 3 and 4 of this article can be
used to verify the adequacy of toe-nailed connections
between jack trusses and the supporting girder. The truss
designer must communicate this information to the field,
usually on the truss design drawing, to satisfy the building
code and TPI 1. SB C
Scott Coffman, P.E. works for Builders FirstSource in Sumter, SC and
has more than 25 years in the wood design and component industry. To
pose a question for this column, call the WTCA technical department at
608/274-4849 or email technicalqa@sbcmag.info.
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