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Long before any building codes were published, 
conventional roof framing methods developed through 
practice, resulting in approaches to roof framing that 
are as varied as the framers themselves. In the past, 
methods described by the three main building codes 
(BOCA, UBC, and SBC), though similar, differed based 
on climatic factors—such as expected wind and snow 
loads—local habits, and available materials. Between 
the Eastern and Western codes, there were even differ-
ent names for identical parts. Combining these dispa-
rate styles and standards into a single code—the Inter-
national Residential Code (IRC)—was no easy feat, and 
seemingly fundamental aspects of roof construction 
are still up for debate.

Understanding this history provides perspective on 
why the treatment of roof construction in the IRC and 
the associated Wood Frame Construction Manual (WFCM) 
allows for such broad interpretation. But when it’s 
boiled down, there are essentially two standard meth-
ods of roof construction, each having some flexibility. 

They’re most easily identified by the type of ridge used: 
either a ridge beam, which is a structural or load-bear-
ing member, or a ridge board, which is a non-structur-
al framing member. The rest of the roof framing then 
follows suit.

FRAMING WITH A RIDGE BEAM
A roof with a ridge beam (1) can be more easily under-
stood if it’s imagined to be a flat surface—like a deck 
in plan view. The ridge is constructed as a beam that 
runs from end to end. The ends of the beam must be 
supported as concentrated loads, generally by posts 
inside walls or in the middle of a room. The rafters 
are then connected to the beam and transmit their 
full vertical load downward. Again, picture deck joists 
connected to a beam with hangers. The other ends of 
the rafters bear on the exterior walls. 

In an actual ridge-beam roof—rather than in our 
imaginary flat surface—the center beam can be raised to 
any height (see illustration, above), creating a vaulted 

Conventional Roof Framing: A Code’s-Eye View
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On the Job / Conventional Roof Framing

ceiling below without an attic space (al-
though the code does allow for building an 
attic by adding properly sized ceiling joists). 
The ridge-beam approach is simple except for 
the sizing of the beam, for which the IRC does 
not provide guidance. Using an engineered 
beam (such as an LVL) for the ridge is helpful 
in this regard because large spans can be 
achieved and span tables are usually avail-
able from the manufacturer.

In ridge-beam roof construction, the con-
nection of the rafters to the ridge must handle 
the entire gravity load on the rafters. In most 
cases that connection is achieved with man-
ufactured load-rated hardware. However, the 
IRC does allow a prescriptive wood-to-wood 
connection of the rafters to the ridge for slopes 
of 3:12 and greater. Table R602.3(1) requires 
that either four 16d toenails or three 16d end 
nails be used for the connection. But when 
using this nailing schedule, keep in mind 
that uplift must still be addressed using either 
collar ties or ridge straps (more on that later).

FRAMING WITH A RIDGE BOARD
A ridge board (2) is used in a complete-
ly different method of construction. This 
conventional framing system can be used 
for roofs with a 3:12 slope or greater and 
works like a triangle, requiring all three 
sides and points to be provided, as shown 
in the illustration above. The ridge board 
merely holds the top point of the triangle 
together and can be omitted altogether if 
the tops of opposing rafters are connected 
with a gusset plate. Unlike a ridge beam, 
which is structural, a ridge board can be a 
simple 1-by (3/4 inch thick) that’s at least as 
wide as the cut end of the rafter. 

The roof peak is the top of the triangle, 
and the rafters make up the two sides that 
slope down to the bottom points at the tops 
of the walls. A rafter tie connected to the 
bottom ends of the rafters creates the third 
side (the base) of the triangle, and can also 
function as a ceiling joist. Though rafter 
ties are commonly and historically in-

stalled on 48-inch centers, the 2012 IRC re-
quires a rafter tie for every pair of rafters. 
With this type of roof framing, the down-
ward loads on the roof put the rafter ties at 
the bottom in tension as they resist the 
rafter thrust that would otherwise push 
outward on the walls.

That’s the general concept of the ridge-
board roof system, but there are a few more 
details to consider.

CEILING JOISTS VS. RAFTER TIES
First, there is a difference between a ceil-
ing joist and a rafter tie, terms that many 
people incorrectly use interchangeably. A 
ceiling joist is simply a horizontal framing 
member that runs between walls or rafters 
to support a ceiling. A rafter tie is a hori-
zontal framing member that runs between 
rafters to resist the outward thrust of the 
rafters (3). The confusion arises from not 
differentiating the two “objects” from their 
“functions.” A single framing member can, 

Ridge Board (Non-Structural)

Tension

Downward loads put 
rafter ties in tension, 
resisting rafter 
thrust pushing 
outward on walls

Ridge board, may be 
a simple 1x (width 
greater than or equal 
to cut end of rafter) or 
eliminated altogether

Heel connection,
fastened per code
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however, function as both a rafter tie and a 
ceiling joist.

When a builder wants to create a vaulted 
ceiling below this type of roof assembly—or 
in the rare case that ceiling joists run per-
pendicular to the rafters and cannot func-
tion as ties—the code allows rafter ties to be 
raised by up to 1/3 the total vertical height of 
the roof assembly measured from the top of 
the wall to the ridge (see Ceiling Joists vs. 
Rafter Ties illustration, above). In this con-
figuration, the triangle shape is still present 
to keep the roof rigid. 

But when rafter ties connect to the raf-
ters at a point above the tops of the walls, the 
rafters are subject to additional bending 
forces that reduce their allowable span. In 
these instances, the IRC provides reduction 
factors (see Rafter Span Adjustment table, 
above). In other words, if a roof is designed 

with the rafters already at their maximum 
allowable span, raising the rafter ties to cre-
ate a vaulted ceiling would require using a 
larger stock size for those rafters, according 
to the code.

As the height of the rafter ties above the 
supporting walls increases, the tension on 
the ties also increases. But instead of requir-
ing a larger stock size for the ties, the IRC 
requires additional nailing as outlined in 
Table R802.5.1(9).

NAILING REQUIREMENTS
The nailing schedule required by the IRC 
for connecting rafters to the ridge board is 
the same as that described earlier for ridge 
beams. Oddly enough, if the ridge board is 
omitted and two opposing rafters are con-
nected to each other with a gusset plate, 
the IRC does not provide fastening re-

quirements. But if you use nailing that’s at 
least equivalent to what’s required for the 
ridge-board connection, there shouldn’t 
be any questions.

The IRC more carefully addresses the 
connections of the rafter ties to the lower 
ends of the rafters (the heel connection) be-
cause the loads that work to thrust the 
walls outward change dramatically with 
roof pitch, snow load, and rafter span. The 
lower the roof pitch, the more robust the 
connection must be. Similarly, the force at 
the connection between the rafter and the 
rafter tie increases with larger design snow 
loads or with longer rafters carrying larger 
roof loads.

Table R802.5.1(9) provides information 
for all these variables, and the required nail-
ing can be anywhere from 3 to 39 16d nails at 
each connection. And if 39 nails in one con-
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Ridge board

Ceiling Joists vs. Rafter Ties

Minimum
3:12 pitch

H/3

H/3H

H/3

Collar tie in
upper third

Rafter tie in bottom third (rafter tie 
may also be a ceiling joist, if sized properly)

Clear span

Rafter Span Adjustment
HC  / HR Rafter Span Adjustment Factor

1/3 0.67

1/4 0.76

1/5 0.83

1/6 0.90

1/7.5 or less 1.00

Where: 
HC = Height of ceiling joists 
or rafter ties measured 
vertically above the top of 
the rafter support walls. 

HR = Height of roof ridge 
measured vertically 
above the top of the rafter 
support walls. 
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nection sounds like a lot of nails, that’s not 
even close to the upper limit. When the 
rafter ties are raised above the tops of the 
walls, the code applies an adjustment factor 
to the connection, with more nailing re-
quired the higher the tie is raised. As an 
extreme example, with a 70-psf snow load, 
an 18-foot rafter span, 24-inch on-center 
rafter spacing, and rafter ties raised to their 
maximum 1/3 height, a 1.5 multiplier is ap-
plied, which results in a requirement of 59 
nails for each rafter/rafter tie connection. 
(That number sounds as crazy to read as it 
does to write, but that’s the IRC.) 

Alternative fasteners or connections 
may be used, and specially designed and 
engineered connections make sense for ex-
treme situations, but it’s up to the person 
submitting the alternative to prove its 
equivalency to the IRC prescription. In 
those cases, the building official has the fi-
nal word.

If rafter ties need to be spliced, such as 
when they span a roof wider than the avail-

able stock, the same nailing is required for 
the splice as for the connection at the rafter 
heel. Also, when a rafter tie is acting as a 
ceiling joist, it must be properly sized and 
nailed for the span. Though not often 
thought of as a structural member, a ceiling 
joist must support the dead weight of the 
ceiling finish and lighting, as well as any 
loads from above if it also functions as part 
of an attic floor.

THE MUCH-MALIGNED COLLAR TIE
The last roof framing member to discuss is 
the collar tie, also called a “collar beam” (4). 
First referenced in the IRC in 2006, collar 
ties had been required long before that in 
the Southern Standard Building Code and 
in the high-wind provisions of the Uniform 
Building Code. Although many people in 
the field argue that collar ties are unneces-
sary, they do resist uplift forces that try to 
pull the ridge apart (see Collar Ties illustra-
tion, above) in both ridge-beam and ridge-
board roof construction. 

According to the American Wood Council 
and the WFCM, collar ties are required only for 
areas with winds 85 mph and greater. In areas 
not subject to strong winds, the likelihood of 
damage from uplift is much lower. Nonethe-
less, the IRC makes no mention of the high-
wind stipulation and states that collar ties 
must always be installed in the upper third of 
the rafter span and spaced at 48 inches on-cen-
ter or less. Alternatively, ridge straps can be 
installed across the tops of the rafters and over 
the ridge at the same on-center spacing.

Collar ties must be at least 1x4s; when at-
tached to a small rafter, such as a 2x4 or 2x6, 
a larger collar tie can provide more nailing 
area. The IRC one-size-fits-all requirement 
for collar ties and ridge straps is three 10d 
nails at each end of the collar tie or strap, as 
provided in Table R602.3(1). 

Former house framer Glenn Mathewson is a cer-
tified ICC Master Code Professional and a plans 
analyst/building inspector for the City of West-
minster, Colo.
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Collar Ties

Collar tie in 
tension (or 
ridge strap)

Wind loads Ridge beam or ridge board
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On the Job / Foam Subfloor Adhesive

Last fall, DAP introduced SmartBond, a polyurethane 
subfloor adhesive that goes on like a foam sealant but col-
lapses to a sticky gel (see photos above) after two to five 
minutes, depending on jobsite humidity. According to DAP 
product engineer Steve Padget, the foam presents millions 
of tiny cells—a lot of surface area—to the air. Those cells pull 
moisture out of the air, which allows the material to cure. 
The more humid it is, the less ti me you have. In a moderate 
climate, you have about 20 minutes before the glue sets up. 
In a hot, muggy climate, this “open time” is about 10 to 12 
minutes—still time to get sheathing in place, but you’ll 
want to stay in front with measuring and cutting.

Delivering adhesive to the top edge of the joist is re-
portedly faster with pressurized foam. Like any adhesive, 
the rate at which you move the gun determines how thick 
a bead gets applied. Ideally, Padgett says, you’re looking 
for full coverage over the top edge of a 2-by joist (this is 
how the ASTM spec reads). With SmartBond, a 1/2-inch 
foam bead will deliver that coverage once the foam col-
lapses and the sheathing is pressed into place. DAP offers 
a “pro gun” with a knob that allows you to maintain a 
consistent flow rate to match your speed. (It also offers 
cans with a built-in nozzle cap that you operate with your 
finger. Most framers will want the pro-gun, but for occa-
sional use, the DAP cap works decidedly better than the 
typical nozzle on a can of window sealant.)

Northwest framer Tim Uhler wasn’t convinced by the 
“easy application” claims. For Uhler, it was all about bend-

ing over. He and his crew have gotten used to the Milwau-
kee M12 Caulk and Adhesive Gun for delivering subfloor 
adhesive. A quart-size tube extends the cordless gun—not 
by a lot—but enough to make all the difference in how 
hunched they feel at the end of the day. 

For Austin, Texas–based builder Matt Risinger, the 
reasons for using SmartBond are cost and performance. 
At first, he winced at the $20-per-can price tag … until he 
realized that one can delivers as much adhesive as six or 
so tubes. (DAP advertises eight 28-ounce tubes to one 
20-ounce can at that perfect 1/2-inch-diameter bead size.)

Risinger and Uhler are both using Huber Engineered 
Wood’s AdvanTech, an “enhanced OSB” subflooring that 
requires a more expensive “premium” polyurethane 
adhesive. Regular subfloor adhesive won’t bond well to 
enhanced OSB. Risinger has done some interesting tests 
using a come-along and a scale to measure the force 
needed to yank off a piece of bonded subfloor (search 
YouTube for “Risinger subfloor adhesive test”), and 
found that SmartBond provides about three times more 
holding power than Loctite PL 400.

The only downside to SmartBond that Risinger re-
ports is the lack of squeeze-out. Not a big deal; he trusts 
his framer. But he notes that if you’re looking for 
squeeze-out to verify that your framers actually used 
adhesive, you aren’t likely to see it with SmartBond.  

Clayton DeKorne is executive editor of JLC.

Working With Foam Subfloor Adhesive


