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Fire protection requirement of R503.1, IRC-2012
Here are some solutions to meeting the fire protection requirements of IRC-2012 that are available
for IB wood I-joists today:
1. ½ inch thick gypsum board ceiling over basement
2. Partial sprinkler system (ceiling over basement only)
3. Field-applied fire-retardant paint (applied to I-joists, subfloor and rimboard)
4. ½ inch thick gypsum board cladding per APA report ESR-1405 (either full-height fastened to
the flanges or fastened to OSB webs only)
Another solution proposed to meet this IRC fire protection requirement is the use of mineral wool
insulation between I-joists in the ceiling cavity over the basement. However, this may not be the
panacea that the homebuilding industry has been looking for.
The following discussion will explain the IRC energy-insulation requirements and will illustrate why
most homebuilders are choosing to insulate at basement foundation walls, not at the ceiling above
the basement.
Insulation requirements for basements and crawlspaces per IRC-2012
Definition of terms
R-values
I have assumed that the audience for this article consists of homebuilders, homeowners,
and designers who have a basic understanding of what an “R” value is. R-values can be
achieved with a single type of insulation, various types of insulation used in combination, or
built up with multiple thicknesses. R-values are strictly a measurement of insulation
properties. Properties of the construction that affect moisture and condensation are also
important and should be evaluated (think mold).
Cavity insulation: Insulation inside a wall, floor or ceiling installed between framing.
Thermal bridging can occur at framing members (a 2x6 wall stud has an R-value of 7, which
may be less than the R-value of the adjacent insulation).
Continuous insulation: Insulation installed on the surface of a wall, floor or ceiling (can be
installed on either the inside or outside surface). Thermal bridging does not occur with
continuous insulation.
Here is a good resource for locating your climate zone by state and county:
http://energycode.pnl.gov/EnergyCodeReqs/index.jsp
The energy climate zones have not changed since 2009, but the insulation requirements have.
IRC-2012 Table R402.1.1 requires more insulation than IRC-2009. Keep this in mind when
designing for new construction. An online source for this table is:
http://publicecodes.cyberregs.com/icod/irc/2012/icod_irc_2012_11_sec002.htm
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This discussion will focus on basements and crawlspaces in colder climate zones. In general,
locations north of the Mason-Dixon line are climate zones 5 thru 8 (colder zones). This will vary in
mountainous and some western regions. Check the climate zone map county by county to verify
the energy climate zone for your particular location.
Climate zones 5 through 8 all require R49 for new construction in ventilated attics (16 inches
nominal thickness for fiberglass insulation). Wood framed walls and roofs above the basement
level are topics for a different discussion. For this discussion we will be focusing on insulation
requirements in basements and crawlspaces based on IRC-2012.
Ceilings over basements
R30 (9 ½ inch thick fiberglass insulation or 7 inch thick mineral wool insulation) for zones 5
and 6
R38 (12 inch thick fiberglass insulation or 9 1/2 inch thick mineral wool insulation) for zones
7 and 8
An exception is made in footnote g of the above-referenced IRC table:
“Or insulation sufficient to fill the framing cavity, R-19 minimum”.
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Walls at basements and crawlspaces
All of these options are permitted in zones 5 thru 8:
R15 continuous insulation (3 inches of rigid insulation or other) on the interior or exterior of
the wall
or
R19 cavity insulation on the interior of the wall (fiberglass insulation between 2x6 wall studs)
or
R13 cavity insulation on the interior of the wall (fiberglass insulation between 2x4 wall studs)
PLUS R5 continuous insulation (1 thick rigid insulation or other) on the interior or exterior
wall
Crawlspaces
Per R402.2.10 in IRC-2013, insulation requirements for crawlspaces are the same as for
basements with the following additional requirements.
Insulation in ceilings above crawlspaces is permitted only for vented crawlspaces.
Insulation at crawlspace walls is permitted only for unvented crawlspaces. Insulation must
start at the top of the wall and extend an additional 24 inches (horizontally or vertically)
beyond the finished grade level.
Exposed earth in unvented crawlspaces must have a vapor retarder.
Code minimum or beyond code minimum?
O.K. You should now have a grasp of the insulation R-value requirements for basements and
crawlspaces in your climate zone. You might have heard this expression: “Build it today: the rules
will change tomorrow”. This is especially true for energy requirements that have been mandated to
increase over the coming decades. Whenever possible, you should exceed the building code
minimum requirements for insulation. When you are buying a computer and the specifications for
software applications say you need minimum 1GB of RAM, you buy a computer with 2GB of RAM
so that it will not be obsolete in a couple of years. You should apply the same logic to insulation
whenever possible.
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Should you insulate basement foundation walls or ceilings?
For a conditioned basement, the answer is easy. R402.2.8 in IRC-2012 requires that basement
foundation walls be insulated in a conditioned basement. The basement is going to be heated and
cooled so you do not want to lose or gain heat through the foundation walls do you?
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For an unconditioned basement, you have choices. You can insulate either the foundation walls or
the ceiling over the basement. Now you have a decision to make.
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Cost
Based strictly on cost, insulating basement foundation walls is more economical than in ceilings
above basements. Here is an example.
A 30’x50’ basement (without accounting for stair opening) will require 1500 square feet of
insulation at the ceiling above the basement.
8’ basement walls (accounting for insulation at 1’ deep rimboard at floor but without accounting for
any wall openings) will require 1440 square feet of insulation.
So, for this example, the square foot coverage is about the same for both options, but the
insulation R-value requirements for basement foundation walls is about half that of ceilings above
basements. You do the math. You get more bang for your buck when you insulate basement
foundation walls.
Thermal envelope
Based on thermal envelope, insulating the basement foundation walls makes more sense. Let’s
say that upstairs you maintain an average temperature of 70 degrees in the winter. Yes, heat
rises, but due to heat radiation, an uninsulated basement will still maintain an average temperature
of from 50 to 55 degrees. So the temperature differential between the upper floor and the
basement is only 15 to 20 degrees in the winter. Let’s say the outdoor temperature is 35 degrees.
The temperature differential between the basement and outdoor air is 15 to 20 degrees. So, if the
outdoor temperature is less than 35 degrees, the temperature differential will be more. In colder
regions, you want to insulate where the temperature differential (and thus, the heat loss) is
greatest, so it makes more sense to insulate the basement foundation walls instead of the ceiling.
Comfort
R402.2.7 in IRC-2012 requires that “Floor insulation shall be installed to maintain permanent
contact with the underside of the subfloor decking”. This is the most energy efficient way to install
insulation in the ceiling over a basement. However, floors insulated in this manner feel colder to
the person walking on the floor above. Don’t take my word for it. Do your own research. This is a
well-documented fact. You can make a case for dropping the insulation down to create an
airspace between it and the subfloor. This would make for a warmer floor. However, asking a
local building official to approve something that is outside the building code is a hard sell.
Unintended consequences
Option 1: You have chosen to install insulation in the ceiling cavity over the basement instead of at
the foundation walls. It will work, right? Yes it will. You have installed 9½” fiberglass insulation in
a 9½” deep floor system and have satisfied the R30 building code requirement for insulation for
zones 5 and 6. O.K., what about the mechanical, electrical, and plumbing systems? Where will
they go?
Ductwork
You can drop the ductwork below the ceiling cavity. Fine, but unless you also insulate the
basement foundation walls, you will have an unconditioned basement and ductwork will
need to be insulated.
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Wiring
Frequently, wiring is installed through small holes drilled in the floor joists. Now your pristine
insulation installation may be damaged.
Plumbing
Plumbing may also be installed in small holes drilled in the floor joists. Condensation on
pipes inside the insulation will reduce the effectiveness of the insulation and may promote
growth of mold. If the plumbing is dropped below the ceiling, you will need to fir down to
create a finished ceiling. Unless you also insulate the basement foundation walls, plumbing
may be subject to freezing. Unfinished areas (storage, workshops) may need to be heated
to avoid freezing pipes when outside temperatures are extremely low.
Leaky insulation
All of these, if located inside the floor/ceiling cavity, can create patches of insulation where
the insulation is thinner, has air leaks, or thermal bridges are created.
Fire-resistant surface
Unfaced fiberglass insulation will require a fire-resistive covering. Fiberglass insulation may
have a kraft paper or foil vapor retarder with the following label: “This vapor retarder is
flammable and should not be left exposed.” The best way to provide this protection is with a
½” thick gypsum board ceiling. If you were not planning to finish the basement, this may be
an added cost. Certain classes of mineral wool insulation may not need to be covered since
they are inherently somewhat fire-resistant. If you use mineral wool you may be able to
defer finishing the ceiling to another day.
Option 2: You have chosen to install insulation at basement foundation walls. As already
explained, you have the benefits of lower cost, a sensible thermal envelope, and greater comfort
compared to insulating the ceiling above the basement. All is well, right? Yes, most likely.
Mitigation of moisture
You will still need to consider how to handle moisture and condensation. If wall insulation is
not installed properly for your climate zone, moisture and condensation can cause structural
framing to rot and promote the growth of mold. A common builder-installed insulation at
poured concrete foundation walls in my area (south-central PA) is a continuous system of
fiberglass insulation with a vapor barrier on the inside face. This may not be appropriate for
a concrete block wall that may be porous enough to allow some moisture to seep in from
the outside. Continuous sprayed-on or rigid insulation may be more appropriate if the
insulation is to be in direct contact with the foundation wall. Fiberglass insulation may be
more appropriate in a wall cavity that is not in direct contact with the foundation wall (may
be 2x4 or 2x6 wood framing for the wall). Combinations of continuous and cavity insulation
can be used. A full discussion of moisture and condensation considerations is beyond the
scope of this article.
Fire-resistive surface
Most insulation will need a fire-resistant covering. I have builder-grade continuous
fiberglass insulation in the unfinished rooms of my basement (built in 2006) and it only has a
vapor barrier on the inside face. In many cases, the required fire protective surface is
provided with the wall finish: either ½” gypsum board or a proprietary wall finish system.
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O.K., so this subject is not quite as simple as you had hoped, but now you should have a better
idea why most homebuilders are choosing to insulate basement foundation walls, not the ceiling
cavity above the basement. However, you need to do your own research and make your own
decision to decide what is best in your market.
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