AGRI-BASED

“THE SPRAYERS FOAM”

SALES BROCHURE
SPRAY POLYURETHANE FOAM INSULATION
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Think about the effectiveness of some common foam products that we use
on a regular basis:
The foam coffee cup: “R” value = less than 1
Just 1/8” of foam with an R-value of less than 1 !! Go to your favorite fast food restaurant or
convenient store and buy a cup of coffee. Hold the foam cup in one hand and pour yourself a cup
of steaming hot coffee with the other hand. Go ahead…you won’t burn your hand. The foam cup
will only be warm to the touch. In fact, if the foam was a bit thicker, it is doubtful that you could
feel whether the coffee was hot or cold. Only the steam would give it away. In this example, we
think you’ll agree that just 1/8” of foam is a pretty effective insulator.
The Foam Picnic Chest…
Just 1/2” of foam with an R-value of only about 2 This is the classic example of the insulating power
of foam and a great illustration of the importance of air sealing the area you want to heat or cool.
You can learn a great deal about insulating your house from its performance. You buy a foam cooler
for a couple of bucks and you entrust it to keep your beverages cold for the weekend. Put in drinks
and a bag of ice on Saturday morning, put the lid down tight, and it’s pretty likely that you’ll still
have some ice left on Sunday night.
You have just proven the insulating power of about 1/2” of foam with a relatively low R-Value
(resistance to heat flow) of only about R-2. If your house was as efficient as this foam cooler, you’d
be ecstatic!
Let’s say, for example that you put in the beverages and the ice in the foam cooler above, but didn’t
put the lid down tight. The ice would only last a few hours at best, and your drinks would probably
be lukewarm (or hot) by mid-day Saturday. What happened? This is an extremely important question. The R-Value didn’t change... it’s still an R-2! So why did the ice melt? Because you allowed
air to leak into the cooler. The efficiency of the cooler does depend on the insulating power of the
foam (it’s R-Value), but its insulating ability is somewhat irrelevant if you don’t control air infiltration.
What does this have to do with your house?
We think the same is true for your home, and we believe that your experience with a foam cooler
is the most convincing argument that you should insulate your home with foam.
Why? Because foam not only insulates extremely well, but will also stop air infiltration
far better than fiberglass products!

G

REEN
INSULATION

ECHNOLOGIES

TRUE “R” VALUE AT 0
DEGREES FARENHEIT

P.O. BOX 6 • 11614 ST ROUTE 88
GARRETTSVILLE, OHIO 44231

“R”	
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  Foam	
  Vs.	
  Fiberglass	
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These energy statistics may help you sell spray foam insulation, or help you
understand the reasons you should have it in your home. They have been
compiled from various sources. Mostly DOE.
1.
2.
3.
		
		

According to the U.S. Dept. of Energy, the average home spends $1,300/year on energy utility costs.
1/6th of total electricity consumed in the U.S. is used for cooling, costing $40 billion per year.
The US Department of Energy (DOE) studies show that 40% of your home’s energy is lost due
to air infiltration. This air infiltrates the home in the form of drafts through walls sockets,
windows and doorways.

There is no better home insulating material than Spray Foam. SPF can seal your home from air and
moisture intrusion, save on costly utility bills, strengthen your home, and protect your family’s health
from dangerous mold, airborne pollutants, and allergens.
Monthly energy and utility savings of 40% or greater can be achieved when compared to the alternative insulation systems. The cost of an SPF insulation system can often be recovered in less than 5
years, simply through energy savings alone.

Benefits of Spray Foam Insulation
•
•
•
•
•
•

Stops air and moisture infiltration
It is permanent and will not age or loose insulation value
Saves on energy costs
Adds strength to the building structure
Keeps dust and pollen out
Reduces capacity requirements, maintenance and wear of HVAC equipment
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The “R” value of an insulating material, by itself, is not an accurate
measurement of insulating effectiveness.
Tests performed by the Oak Ridge National Laboratories (federally funded tests) prove that the “R”
value of some insulating materials are reduced by standard installation techniques and age.
When measured by Oak Ridge, Fiberglass Batts labeled as R19 when installed in walls, using common installation procedures, measured a R11. Also Oak Ridge measured “R” value in cold temperatures (0 degrees F) and R38 fiberglass batts measured R17.7 - a loss of 53% of the R factor.
Fiberglass Batts, as commonly installed, are not an effective barrier against heat/cooling loss due to
air infiltration.
Blown in Cellulose insulation settles and as it settles the “R” value changes. Cellulose insulation
manufacturers measure the “R” value on settled material. If you have 15” of cellulose blown, the
“R” value needs to be measured, not for the 15”, but the settled total which may be only 10 or
12”. Moisture degrades the insulating value of Cellulose and can cause the cellulose to compact
more. Also In order to have the maximum insulating value, the paper is ground up into a very fine
powder that can easily float around the air. This powder, containing residues from the original papermaking process, the different inks used each time it was recycled and the added chemical compounds, is easily inhaled.
Only Spray Polyurethane Foam does not change.
• SPF does not settle, its rigidity actually adds to the strength of the building
• SPF “R” value remains constant for the life of the building
• SPF blocks air infiltration - a leading cause of heat/cooling loss
• SPF is inert, it does not add dust or chemicals into the air
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New research from Oak ridge National Laboratories (ORNL) confirms that fiberglass batts in 2” x 4” and 2” x 6” walls provide much less than their stated
R-Value. Many builders and homeowners are considering other insulation systems that deliver substantially better performance.
ENERGY DESIGN UPDATE notes that “at this point, researchers have a good understanding of stick-built
[framed], fiberglass insulated walls”. This understanding is based on countless tests and field studies
shown that fiberglass batts do not deliver their labeled R-Value.

EVEN PERFECT INSTALLATIONS SUFFER
The research team at ORNL’s Building Technology Center first tested “perfectly installed” batts. The batts
were precisely cut and perfectly fit to create an ideal situation. Even when installed in this manner, the
R-19 batts mustered only an R-13.2 insulation value!

THE REAL WORLD
When the research team installed the batts according to common building practices, the performance
was even more disastrous. The tests show that in REAL homes, an R-19 batt only provides an R-Value of
R-10.3.

WE KNEW THIS 20 YEARS AGO!!!
Yes, since at least 1979 when Johns-Manville conducted tests of batt insulated walls. Their results were
nearly identical to those from Oak Ridge 20 years later. Wall assemblies built to simulate real world construction and installation revealed that R-19 batts lost from 24% to 49% of their R-Value.

BETTER CHOICES
More builders and homeowners are insisting on insulation products that deliver the performance they
expect and have paid for. SPF wall-spray insulation, for instance, eliminates voids and gaps and provides
dependable R-Value.
Sources
Energy Design Update “How Thermal Shorts and Insulation Flaws Can Degrade an ‘R-19’ stud wall to a measly ‘R-11”’.
Johns-Manville Research and Development Center “Effects of Insulation Gaps”, Nov. 1979.
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Spray Polyurethane Foam Insulation can be used in two common ways to insulate your attic space
and protect your home from other weather and moisture related damages.

Spray Foam Insulation in the Attic Floor (Vented Attic Spaces)
The method of use for spray foam in the attic is often dictated by the building science and design
principles your architect and/or builder subscribes to. In a traditional vented attic, insulation is used
on the attic floor to insulate the ceiling from the seasonal heat and/or cold. Spray foam is used
where traditional fiberglass batts, or cellulose is used; between the floor joists. The rest if the attic is
left un-insulated and highly vented through gable, soffit, and ridge vents in the roof structure. This
type of engineered system is the most common throughout the US, but may not be the most effective.

Spray Foam Insulation in the Attic (Non-Vented Attic Spaces)
In this application, considered the most effective, by most of the SPF industry, the foam is sprayed
directly to the underside of the roof between the joists, down around the rim and into the soffit
areas, on the gable wall ends, and effectively sealing off and insulating the entire attic space from
any air infiltration.
The traditional practice of insulating the underside of the roof in the attic has raised much debate
in the building industry because “standard” roofing and design techniques call for the attic to be
ventilated in order to reduce moisture problems and heat build-up in the hot summer months.
However, a vented attic situation it will become approximately 130-degrees in the summer. There’s
no reason for your air-conditioning and vent-ductwork to have to work in that type of severe conditions. There is also opportunity for moisture to form due to condensation on the roof surfaces as
the temperature varies with sunlight and dark.
By applying spray foam directly to the underside of the roof deck, it now insulates the attic space
from the extreme heat that once radiated thorough the hot shingles sheathing and roof. The severe
temperatures no longer exist in the attic. In short, the attic now becomes a “conditioned” space of
the house that is just as comfortable as any other room in the home.
Most builders and designers will tell you that this system is no good because wood needs to breathe
and that the shingles on your roof will now overheat, get too hot and curl off.
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We have done a great deal of research on the “breathing wood” issue and have found that most furniture manufactures actually kiln dry wood before use. They claim that if any wood is permitted to
“breathe” this adds to deterioration over time. Kiln dry wood, used in all furniture, contains a small
amount of moisture. If that moisture continues to dry out you will start to see cracks and splits. They
take extra precautions to make sure that wood is sealed completely. Wood must be totally sealed. Properly finished and maintained furniture will not have this problem. Perhaps this is why we paint our house,
and our fences, and everything else. I put up a fence a few years ago, left it to breathe, and now it is
falling down because it is rotten. So much for breathing wood…
I recently met with an ELK Premium Building Products rep at a trade show last year, and they claimed their
shingles have no problems whatsoever being used over an un-vented roof deck. So much for curling
shingles…
A roof system insulated with spray foam reduces energy several ways. Energy loss from ducts located in
the attic is essentially eliminated. The top of the building is much tighter resulting in less infiltration and
exfiltration, so excess moisture isn’t pulled into the attic. Infiltration through the ceiling is also reduced. In
addition, the attic temperature is lower, which further reduces energy loads.
In a standard insulation system, ceiling insulation reduces the transfer of heat from the attic to the living
space (in the summer). Attic temperatures can often approach 140F during the day. Most of this heat
enters the attic space through a multi-step process. First, solar energy warms the shingles and sheathing.
The hot sheathing then transfers heat to the rest of the attic through conduction, convection and radiant
heat transfer. The 140F temperature of the underside roof surface drives the heat transfer process.
By insulating the roof surface with spray foam, the surface temperature exposed to the attic (the temperature driving the heat transfer) is reduced by as much as 40F. Both conduction and convection heat
transfer are proportional to a temperature difference, so that heat transfer will be reduced proportional
to a drop in surface temperature.
The benefits of including the attic in the insulated space are:
•
•
•
•

Duct leakage and heat loss/gain from ducts is much less of an issue.
Air sealing is easier in the roof than in the ceiling.
Dust and loose insulation are less likely to migrate down to the living space.
Tests show energy costs are lower when the attic is sealed.

Further information is available from ASHRAE (8700-527-4723) in a publication titled “Vented and
Sealed Attics in Hot Climates”.
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Exerpts from: Building Science Digests
BSD-106: Understanding Vapor Barriers
By Joseph Lstiburek
Created: 2006/10/24

Confusion on the issue of vapor barriers and air barriers is common. The confusion arises because air often holds a great deal of moisture in the vapor form. When this air moves from location to location due
to an air pressure difference, the vapor moves with it. This is a type of migration of water vapor. In the
strictest sense air barriers are also vapor barriers when they control the transport of moisture-laden air.
Incorrect use of vapor barriers is leading to an increase in moisture related problems. Vapor barriers were
originally intended to prevent assemblies from getting wet. However, they often prevent assemblies from
drying. Vapor barriers installed on the interior of assemblies prevent assemblies from drying inward. This
can be a problem in any air-conditioned enclosure. This can be a problem in any below grade space. This
can be a problem when there is also a vapor barrier on the exterior. This can be a problem where brick is
installed over building paper and vapor permeable sheathing.
The fundamental principle of control of water in the vapor form is to keep it out and to let it out if it gets
in. Simple right? No chance. It gets complicated because sometimes the best strategies to keep water
vapor out also trap water vapor in. This can be a real problem if the assemblies start out wet because of
rain or the use of wet materials.
It gets even more complicated because of climate. In general water vapor moves from the warm side
of building assemblies to the cold side of building assemblies. This is simple to understand, except we
have trouble deciding what side of a wall is the cold or warm side. Logically, this means we need different strategies for different climates. We also have to take into account differences between summer and
winter.
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The recommendations are based on the following principles:

Avoidance of using vapor barriers where vapor retarders will provide satisfactory performance.
Avoidance of using vapor retarders where vapor permeable materials will provide satisfactory performance. Thereby encouraging drying mechanisms over wetting prevention mechanisms.
Avoidance of the installation of vapor barriers on both sides of assemblies – i.e. “double vapor barriers”
in order to facilitate assembly drying in at least one direction.
Avoidance of the installation of vapor barriers such as polyethylene vapor barriers, foil faced batt insulation and reflective radiant barrier foil insulation on the interior of air-conditioned assemblies – a practice
that has been linked with moldy buildings (Lstiburek, 2002).
Avoidance of the installation of vinyl wall coverings on the inside of air-conditioned assemblies – a practice that has been linked with moldy buildings (Lstiburek, 1993).
Enclosures are ventilated meeting ASHRAE Standard 62.2 or 62.1.

Questions to ask:
Is there a Vapor Barrier in the exterior construction of the wall? (housewrap, expanded polystyrene
boards, etc.)
Is the interior construction of the walls producing a vapor barrier? (some paints and wallpapers are
vapor barriers)
Is water trapped in the walls during construction able to diffuse out? (rain during construction, water
from drywall mudding or plastering, etc.)
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In recent years, insulation science and technology has grown by leaps and bounds. New products and new
techniques are constantly hitting the market. Added to this, is the fact that we live in an information age.
Information about the latest and greatest ways to insulate your new home is at our fingertips. A few clicks
of a computer mouse, or a few buttons on the television remote control, and we have a banquet of ideas,
all courtesy of our favorite do-it-yourself show or website. This is a good thing. Knowledge is power. Homeowners are empowered to be able to make informed decisions in regards to how their home is to be built.
But not always.
An inherent danger of the information age is that much of the time we have a lot of incomplete information. We see this in the news broadcasts where much of the time, all we get is the headlines. This
happens, at least in part, because of of time constraints. Too much information but too little time. The
same is true with the insulation products and techniques that are demonstrated on our favorite do-ityourself show. They just do not have the time to explain all the pros and cons. We just get the headlines.
A example of this is the use of the insulation technique called “Flash and Batt”.

Flash and Batt
Flash and batt is a hybrid application of 2 insulation materials, fiber glass and spray foam. Fiber glass
has the advantage of being easily available and relatively inexpensive. The biggest disadvantage of
fiber glass is that it does not control air movement, within it and through it. At best, it only slows
the airflow, never stopping it. On the other hand, spray foam has the advantages of excelling in
controlling air movement, as well as a high insulation value. The biggest problem with spray foam
is the cost. Spray foam is very, very expensive. In order to try to maximize the benefits and minimize
the cost, flash and batt was born.
Flash and batt consists of two steps. The first step is coating the exterior sheeting of the wall stud
cavities with a layer of spray foam, usually 1” - 2” thick. This greatly reduces the amount of spray
foam that is used (Did I mention that spray foam is very, very expensive?). The remaining space of
the cavity is then filled with less expensive fiber glass. The result is that the strengths of both materials are used and the cost is kept down. A first glance, this seems like a good application. But appearances can be deceiving. Let’s look beyond the headlines.

Flash and Batt – the Risks
When flash and batt started to become more prevalent, and some of my competitors starting using
it, something about it just didn’t seem right to me. It seemed to be flouting the basic laws of physics. The biggest concern I had was the potential created for moisture problems.
In an any insulation system, moisture is controlled by managing vapor movement and air movement.
Both of these need to be controlled for the best results. Vapor movement is controlled by a vapor barrier,
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and air movement is controlled by an air barrier. It is important, not only for these to be managed, but
also for them to be properly placed in the insulation system. This is the problem with flash and batt in cold
weather applications. Both the air and vapor barriers are in the wrong place!
In a flash and batt application, both the vapor barrier
and the primary air barrier
are on the exterior half of
the insulation area. In a
cold weather climate, they
need to be to the inside,
in fact the more inside the
better. The best application is that both the vapor
barrier and the primary air
tight barrier be in conjunction with the interior wall
material so that all the
insulation is to the exterior. The reason for this is if moisture can get into the insulation, in cold weather, it
will find a cold spot and condense. The more moisture, the greater the chance for moisture problems, such
as mold and structural deterioration. In a flash and batt system, the greatest risk for condensation is at the
weakest point, where the spray foam meets the wall stud.
These concerns were raised in a recent article that appeared in the March 2011 edition of “Fine Homebuilding” magazine in the
article entitled “Why Flash
and Batt Makes Sense”. It
brought out that in southern areas where cooling is
the main concern, “...flash
and batt can be a good
choice”. But it had this to
say about flash and batt in
cold climates: “The colder
the climate, the riskier is
to use the flash-and-batt
technique...” , “in cold
zones, … there is far more
danger of condensation
causing problems ...”,
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Inadequate Attic Insulation Causes Ice Dams.  Ice dams occur when snow melts on sloped roofs and
then refreezes again. They are most often caused by attics and roofs with inadequate insulation.
Two circumstances combine to make an ice dam.
If your home does not have proper and effective attic insulation, heat can escape from the living
space during the cold winter months. Heat is transferred from the living space and also generated
from recessed light fixtures, air ducts, furnaces and other appliances and equipment located in the
attic. This heat raises the roof temperature above the freezing point, causing the snow and ice on
the roof to melt and flow downward.
This area is often just inside the perimeter of the outside walls. Once the melted snow, or water,
meets back up with the colder part of the roof (overhang) that hangs over and outside of the interior walls (just above the soffit vent area), it begins to freeze again, expand and back up. This dam
that forms is where this effect gets its name from; ice dam.
Have you ever noticed one house that is completely covered with snow on the roof? Then you see
a house with no snow, or with areas that have completely melted away. Contrary to one’s belief,
the house with all the snow on its roof, typically resembles the better insulated one. You may also
notice huge, long icicles hanging down off the roof of one house, but not on another. These are all
signs of an inadequately insulated roof and/or attic space.  

Damages Can Occur
Backed up water can get under the shingles and through the roof deck. It can drip on the ceiling insulation or run down the underside of the deck to the connection between the roof and the
walls. It then makes its way into the building in the form of damaging leaks. It can also lead to
mold and mildew.
Melt water under the unmelted snow can decrease the friction between the snow and the roof and
cause a dangerous snow slide, like an avalanche. Melt water often refreezes as icicles hanging from
the gutters or edge of the roof. These icicles eventually break off when they get too heavy. Both
snow slides and falling icicles endanger passersby.
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SPRAY POLYURETHANE FOAM HAS BEEN TESTED AND APPROVED FOR APPLICATION TO BOTH
INSIDE AND OUTSIDE OF BASEMENT WALLS.
2 LB FOAM HAS BEEN TESTED AND APPROVED FOR APPLICATION ON OUTSIDE BASEMENT WALLS
BY THE NATIONAL RESEARCH COUNCIL OF CANADA AFTER AN EXHAUSTIVE 2 YEAR STUDY. THE
ONLY REQUIREMENT WAS THAT WHEN FOAM IS EXPOSED TO SUNLIGHT THAT IT BE COATED WITH
PAINT.
2 INCHES OF 2 LB FOAM HAS BEEN A STANDARD FOR INSULATING BASEMENT WALLS FOR YEARS.
THE INTRODUCTION OF 1 LB FOAM PROVIDES OPTIONS AS 3 INCHES OF 1 LB INSULATION HAS A
GREATER “R” VALUE THAN 2 INCHES OF 2 LB AND AT LOWER COST.
IN FLOOR HEATING CAN ALSO BENEFIT FROM FOAM INSULATION. TRADITIONALLY ONCE THE
GROUND IS PREPARED SHEETS OF STYROFOAM OR EXPANDED POLYSTYRENE BOARDS ARE TAPED
OR CAULKED TOGETHER TO PROVIDE A BASE FOR THE HEAT ASSEMBLY. THE BOARDS CAN LEAK
AT THE SEAMS AND CAN ALSO CRACK AS THE PLUMBER INSTALLS THE HEATING ASSEMBLY ON
THEM. INSTEAD A LAYER OF 2 LB FOAM CAN BE SPRAYED ON THE GROUND AND IS STABLE,
SEAMLESS AND WILL SUPPORT THE INSTALLATION OF THE HEAT ASSEMBLY WITHOUT CRACKING
OR FAILING.
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“GET THE MOST BANG FOR YOUR BUCK”
SPRAY POLYURETHANE FOAM IS THE MOST EFFICIENT AND COST EFFECTIVE
INSULATION FOR FARM BUILDINGS ON THE MARKET TODAY
1. GREATEST “R” VALUE PER INCH
“R” VALUE IS THE MEASURE OF THERMAL RESISTANCE

2. PROVIDES AN AIRTIGHT BARRIER AGAINST “AIR INFILTRATION”
ELIMINATES DRAFTS FROM AROUND WINDOWS & DOORS AND
OPENINGS IN THE BUILDING WALLS AND ROOF

3. ADHERES DIRECTLY TO THE BUILDING WALLS AND ROOF
ADHERES DIRECTLY TO WOOD, METAL ETC.
WILL NOT SAG OR WARP WITH TIME

4. DOES NOT NEED TO BE COVERED BY AN EXPENSIVE IGNITION OR THERMAL BARRIER
AGRICULTURAL BUILDINGS ARE EXEMPT FROM MOST RESIDENTIAL
BUILDING CODES

5. CAN BE SPRAY PAINTED EASILY
ANY STANDARD INTERIOR PAINT CAN BE USED

6. DOES NOT AGE OR DETERIORATE WITH TIME
JUST AS EFFICIENT AN INSULATOR 20 YEARS FROM TODAY AS IT IS TODAY

7. IN CASE OF DAMAGE SPRAY FOAM CAN EASILY
BE REPAIRED USING DISPOSABLE CANS OF FOAM - EITHER PROFESSIONAL GRADE OR
CONSUMER GRADE SUCH AS GREAT STUFF.
OUR GREEN INSULATION TECHNOLOGIES SPRAYER IN YOUR AREA IS:
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YOUR INSTALLING GEO-THERMAL FOR IT’S EFFICIENCY AND COST SAVINGS
THE BETTER INSULATED YOUR HOME IS THE MORE MONEY YOU WILL SAVE
AND THE BEST INSULATION FOR THE MONEY IS
SPRAY POLYURETHANE FOAM
There is no better home insulating material that can seal your home from air and moisture intrusion, save on costly utility bills, strengthen your home, and protect your family’s health from
dangerous mold, airborne pollutants, and allergens than Spray Foam insulation.

Benefits of Spray Foam Insulation
Stops air and moisture infiltration
Makes your home more comfortable
Saves on energy costs
Adds strength to the building structure
It is permanent and will not sag
Keeps dust and pollen out
Reduces capacity requirements, maintenance and wear of HVAC equipment

OUR GREEN INSULATION TECHNOLOGIES SPRAYER IN YOUR AREA IS:
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NO SPRAY POLYURETHANE INSULATION IS DESIGNED TO STOP A ROOF LEAK.
1/2 LB - 1 LB - 2 LB SPF WILL ALL BE DAMAGED BY WATER LEAKS IN THE ROOF.
TO SEAL A LEAK A SOLID WATERPROOF COATING IS NEEDED, SPF FOAM INSULATION IS CELLULAR
IN STRUCTURE TO PRODUCE THE BEST INSULATING VALUES. SPF IS NOT WATERPROOF, EVEN THE
NAVY REQUIRES A WATERPROOF COATING BE APPLIED TO POLYURETHANE FOAM USED IN LIFE
JACKETS.
ONCE WATER HAS “LEAKED” BETWEEN THE SUBSTRATA AND YOUR FOAM INSULATION THE LEAK
WILL ONLY GET WORSE. BECAUSE THE MOISTURE IS BETWEEN THE INSULATION AND THE OUTSIDE
TEMPERATURE IT WILL FREEZE AND THAW CONTINOUSLY AS THE OUTSIDE TEMPERATURE GOES
ABOVE AND BELOW FREEZING. AS WATER FREEZES IT EXPANDS FORCING THE INSULATION AWAY
FROM THE SUBSTRATA AND ENLARGING THE EFFECTED AREA WITH EVERY CYCLE. THIS FREEZING
AND THAWING WILL ALSO DESTROY THE CELL STRUCTURE OF THE FOAM FURTHER DAMAGING
THE INSULATION AND ENLARGING THE LEAK.
IF YOU HAVE LEAKS, SEAL THEM PRIOR TO APPLYING THE SPF INSULATION. IF YOU DISCOVER A
LEAK AFTER THE SPF HAS BEEN APPLIED YOU MUST REMOVE THE EFFECTED INSULATION, SEAL
THE LEAK AND REAPPLY NEW INSULATION. THE BEST REPAIR FOR A LEAK IN THE ROOF IS TO SEAL
THE LEAK FROM THE OUTSIDE AND THEN REPLACE THE DAMAGED FOAM. IF IT IS NOT FEASIBLE
TO SEAL THE LEAK FROM OUTSIDE THAN ONE METHOD TO REPAIR LEAKS IS TO REMOVE THE AFFECTED INSULATION AND SEAL THE LEAK WITH A COMMERCIALLY AVAILABLE PRODUCT SUCH AS
RUSTOLEUM SPRAY - RUBBERIZED UNDERCOATING. ONCE THE LEAK IS SEALED THE SPRAY FOAM
CAN BE REPAIRED, SMALL REPAIRS CAN BE DONE BY THE CONSUMER AND LARGE REPAIRS CAN
BE DONE BY THE SPRAYER.

OUR GREEN INSULATION TECHNOLOGIES SPRAYER IN YOUR AREA IS:
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When you plan Spray Polyurethane Foam (SPF) insulation into the cost of your
new home, SPF can save you money on the building costs as well as heating and
cooling costs.
SPF insulation will cost more to install in your new home than other insulations. Depending on the
type of insulation SPF is being compared to, SPF insulation can cost twice as much. However when
SPF is being planned into the construction of the home the savings can be significantly greater than
the costs and here is the rest of the story:
Using SPF insulation your HVAC budget can be decreased because you builder can use
smaller heating and air conditioning units. The efficiency of SPF has been tested and documented to
show that both heating and air conditioning units can be downsized without any loss of efficiency
or comfort.
Using SPF insulation can decrease your construction costs by using 2x4 instead of 2x6
construction and have a stronger home! A 2x6 wall with fiberglass insulation will have, as
measured by Oak Ridge National Laboratories, an R 13.2 insulation value in spite of the batt being
labeled R19! If we use 3 inches of closed cell Spray foam insulation, a 2x4 wall will have an
insulation value of R20 with 3” of closed cell foam and stronger walls!
“SPF also can add structural strength to buildings. National Association of Home
Builders Research demonstrated SPF filled walls could add from 75% to 200%
racking strength to walls of OSB, plywood, light gauge metal, vinyl siding or
gypsum board.”
There is also the significant cost savings throughout the entire house by using 2x4 instead of 2x6
construction:
“There are some significant costs to 2x6 construction, the window and door jambs must be wider,
requiring the purchase of a jamb extender which can increase the cost by $12 to $15 per opening.
The cost of 2x4x8’ studs is 40% less than a 2x6x8’ studs. On top of that, there are the bottom and
the two top plates.”
Bottom line: a better insulated and stronger home that costs less to build!
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Consumer Update: Insulation Effectiveness Bulletin

Summary:

Oak Ridge National Laboratory research shows that “perfectly installed” batts
lose 11% of their labeled R-Value, and that “commonly installed” fiberglass batts
lose 28% of their labeled R-value.1
This study confirms tests conducted 20 years ago by fiberglass manufacturers, and
reveals the surprisingly large disparity between the labeled R-value and the
installed R-value of fiberglass batts. 2

Who:

Oak Ridge National Laboratory 3

What Was
Measured:

The R-value results presented here are the clear
wall R-values, which Andre Desjarlais of Oak
Ridge explains, “includes the studs, top and
bottom plates, sheathings and exterior façade…
It does not include additional structural
components around details such as corners,
windows, etc.” 4
“The clear wall R-value… represents the area
of the wall containing insulation and only the
necessary structural member away from all
interface details.” 5

Why:

How:

What Did
They Find:

“To address the number one wall research
need…whole wall performance was ranked by
270 private building industry contributors as
the most important public sector R&D need to
accelerate the development and application of
energy-efficient building walls.” 6
Full-size walls were constructed and tested to
determine their thermal conductivity. 7
The highest tested R-value for “R-19” labeled
batts was R-17.4 for batts before they were
installed. From there, the test results dropped to
R-17 and then R-13.7 8

“R-19” batts have an Rvalue of 13.7 when
installed as commonly
found in actual walls. 9

2” x 6”
Wood framing
8’
24”O.C.

8’

Figure 1 – Full size 8’ x 8’ wall sections were
built using 2 x 6 wood framing 24” o.c.
(Note that 89% of the surface area of the wall is
insulated with “R-19” labeled batts and just
11% is wood framing.)

5/8 inch exterior OSB
sheathing
R-19 Labeled fiberglass
batt insulation

1/2 inch gypsum board

2” x 6” wood framing

Figure 2 – The 2” x 6” wood framed wall was
insulated with “R-19” labeled fiberglass batts
and enclosed with 5/8 inch exterior OSB
sheathing and 1/2 inch gypsum board.
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A:

Q:
A:

Q:
A:

Q:
A:

Q:
A:

Did an independent laboratory conduct the tests? Who
funded the tests?
Oak Ridge National Laboratory conducted the research.
Oak Ridge is completely independent and funded by the
US Department of Energy. 10
Why were the tests conducted?
According to Oak Ridge, builders, architects, designers,
and homeowners want energy-efficient walls. The best
way to determine how insulation systems perform is to
build and test full-size walls. 11
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Labeled R-value

8% loss

18
17

17.4

16
15
14
13

Can’t R-values be used to compare insulation systems?
R-values are a good starting point – but they are the results
of small, meticulously prepared laboratory samples and do
not necessarily reveal how an insulation system performs
once installed in actual buildings. Different insulation
systems with the same laboratory “R-value” can deliver
much different levels of comfort and energy efficiency. 12

Fiberglass batts
before it is installed.
Figure 3 – Before any of the installation
tests were begun, the fiberglass batts were
tested and found to provide R-17.4

What did the researchers find?
The researchers found that fiberglass batts deliver far less
than their labeled R-value in real walls, as shown in
Figures 3 and 4. 13

19

Where does the R-value go?
Technically, the “R-value” doesn’t change because it is
based on specific laboratory test claims by the fiberglass
manufacturers. However, the Oak Ridge research reveals
the following:
 “R-19” labeled fiberglass batts have an R-value of
17.4 before they are installed. 14
 “R-19” fiberglass batts have an R-value of 17.0 when
installed perfectly (the scientists installed the batts
before installing the exterior sheathing to precisely fit
the batts in place from both sides). 15
 “R-19” fiberglass batts have an R-value of 13.7 when
installed as commonly found in actual walls. 16

16

Sources:
1
J.E. Christian, J. Kosny, A.O. Desjarlasi, and P.w. Childs, “The Whole Wall Thermal Performance Calculator –On the Net”, Thermal Performance
of the Exterior Envelopes of Buildings VII, 1998.
2
R.M. Neisel, “A Study of the Effects of Insulation Gaps on Building Heat Losses, Final Report,” Johns-Manville Sales Corp, 1979
3
Christian, et al.
4
“Wall R-Values”, Personal Correspondence, 2000
5-9
Christian, et al.
10
D.W. Yarbrough, Telephone Conversation, 2000.
11 Christian, et al.
12
Yarbrough
13-16
Christian, et al.
Source for Figures 1-4: Christian, et al.

- Explained

18

Labeled R-value

11% loss

17

15

17.0
28% loss

14
13

13.7

“Perfectly
“Commonly
installed”
installed”
Fiberglass batts. Fiberglass batts.

Figure 4 – Taking the framing, OSB, and
gypsum board into account, the R-19
fiberglass batt insulation provided much
less than its labeled R-value
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Introduction
A series of thermal tests that included two types of sprayapplied polyurethane foam installed on the bottom side of roof
sheathing have been completed using the Large-Scale Climate
Tests performed at Oak
Simulator at the Oak Ridge National Laboratory (ORNL). LooseRidge National Laboratory
fill fiberglass installed on the floor of the attic test module was
also tested in this project. The thermal tests involved both winter and summer conditions for each
of the three attic insulation systems that were studied. The three systems were tested with the same
thermal boundary conditions, inside temperature and outside temperature, to facilitate comparisons
of performance.
This research was carried out in the Large-Scale Climate Simulator (LSCS) at the Oak Ridge National
Laboratory. The LSCS is a unique hot-box facility that operates in accordance with ASTM C 1363. [1]
Material R-values for the insulations included in the study were determined using a heat-flow meter
apparatus operated in conformance with ASTM C 518. [2]

Research Plan
The base-line insulation for this project was loose-fill fiberglass insulation installed on the attic floor
to a depth of 14 inches. The insulation label for the fiberglass indicated that this depth of insulation
provides R 38 ft2∙h∙ºF/Btu at 75 ºF.
Two spray-applied polyurethane foam systems were tested in the same attic module as the loose-fill
fiberglass. The first was low-density open cell polyurethane foam with a nominal density of 0.5 lb/
ft3. The second foam system was closed-cell spray-applied polyurethane foam with a nominal density of 2 lb/ft3. The attic module and the thermal conditions were the same for all three tests.

Test Facility
The LSCS at ORNL is a hot-box facility capable of testing 12x12 ft assemblies with heat flow either
up (winter condition) or down (summer condition). Horizontally oriented test assemblies are positioned above a conditioned enclosure (metering chamber) that represents the interior side of the
building envelope. The metering chamber contacts an 8x8 ft. section of the 12x12 ft. attic module.
The test module can be many shapes including a typical shingled roof construction with 5/12 pitch
such as that used in this study. Figure 1 contains a photograph of the test module before the roof
sheathing was completed. The photograph shows the loose-fill fiberglass on the floor of the attic.
The 8x8 ft metering area is partitioned from the rest of the attic space with extruded polystyrene
board stock that forms a wall around the metered area.
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Figure 1. Photograph of
Attic Test Module without
Roof Sheathing
Figure 3. Photograph of Roof
Shingles being Applied to the
Test Module

Figure 2. Photograph of
Complete Attic Module
without Roof Shingles

The exterior side of the test module, the region above the roof, is a controlled region that can simulate either summer or winter conditions.nThe metering chamber is instrumented to measure either
the heat added or heat removed from the metering chamber to maintain constant temperature.
Figure 2 is a photograph of the enclosed test module. Figure 3 shows asphalt shingles being applied
to the roof.
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The LSCS has a computer data acquisition system that records temperatures and heat flows at selected locations in the test assembly. Heat-flux data and temperature difference s are used to calculate thermal resistance. The analysis can be characterized as one-dimensional steady-state measurement and analysis.
The test module was an attic section with a floor area of 144 ft2 bordered by nominal 2x10 inch framing. Trusses with nominal 2x4 inch joists and 2x6 inch rafters were set on 24-inch centers. The floor of
the attic was ½-inch thick gypsum attached to the bottom side of the joists. The gypsum was as a result the ceiling of the metering chamber. The ends of the test module were enclosed with ½-ich thick
plywood. The rood sheathing was also ½-inch thick plywood. All joints and spaces were either taped
or caulked to eliminate air exchange between the attic air and the exterior of the module.
An extension or chimney can be seen in Figure 1. This extension was fabricated from rigid foam
board insulation that was instrumented to determine horizontal heat flow from the enclosed region
of the attic. The horizontal heat flow was included in the analysis of the thermal performance of
insulation systems.

Test Results
The results for thermal testing done in accordance with ASTM C 518 and ASTM C 1363 are summarized in this report. The thermal performance of three insulation products that were included
in the project were determined as a function of temperature by R & D Services, Inc. using ASTM
Test Method C 518. The thermal performances of three systems each including one product were
determined as a function of temperature using the Large Scale Climate Simulator at the Oak Ridge
National Laboratory. The LSCS operates in accordance with ASTM Test Method C 1363.

Material Measurements Using C 518
Loose–fill fiberglass insulation at density 0.44 lb/ft³, low-density spray-applied polyurethane foam at
density 0.60 lb/ft³, and high–density spray–applied polyurethane foam at density 2.6 lb/ft³ were each
used in the attic test module at ORNL. The apparent thermal conductive ,ka , and the thermal resistively, R*, of each of these products was determined. The results are contained in Tables 1, 2 and 3
with equations for ka as a function of temperatures below each of the three tables.  The test specimen for the low-density foam was a nominal one-inch thick slice cut from the core of a four-inch thick
piece of the insulation that was collected when the foam was installed in the LSCS test module. The
test specimens for high-density foam were nominal one-inch thick slices cut from the core of a fourinch thick section of foam that were approximately 34 days old when tested using C 518.
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Table 1. R* and ka for the Loose-Fill Fiberglass used in the Spray-Foam Project
		
		

Average Temperature
(oF)

ka
(Btu∙in/ft2∙ h∙oF)

R*			
(ft2 ∙h∙oF/Btu∙in.)

		
		
		

45.00
75.06
105.11

0.3943		 2.536
0.4511		2.217
0.5066		1.974		

		

ka = 0.001868T + 0.310443

(1)

Table 2. R* and ka for Low-Density Spray-Applied Polyurethane Foam
		
		

Average Temperature
(oF)

ka		 R*
(Btu∙in/ft2∙ h∙oF)
(ft2 ∙h∙oF/Btu∙in.)

		
		
		
		

64.25
75.06
85.86
96.66

0.2680
0.2767
0.2856
0.295+

		

ka = 0.000843T + 0.213577

3.731
3.614
3.200
3.100
(2)

Table 3. R* and ka for High-Density Spray-Applied Polyurethane Foam
Average Temperatures
		
ºF__________

ka
(Btu∙in/ft2∙ h∙oF)

R*
(ft2 ∙h∙oF/Btu∙in.)

		
		
		
		

64.27
75.09
8589
96.69

0.1415, 0.1430
0.1460, 0.1473
0.1509, 0.1520
0.1561, 0.1570

7.067, 6.993
6.849, 6.789
6.627, 6.579
6.406, 6.369

		

ka = 0.000441T + 0.113698

(3)
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System Measurements Using C 1363
Three attic insulation systems were tested in the LSCS for both winter and summer conditions.
The systems and the test conditions are listed in Table 4. The thermal test section was 8x8 ft.
and 64 ft2 in area.

Table 4. System Tests Using the ORNL LSCS
Test Element						
Test ID		
Interior Temperature		External 			
			
(oF)		
Temperature (oF)
Loose-fill fiberglass on
floor of attic (depth 14 in.)
			
			
			

1a
1b
1c
1d

69.99
69.98
69.96
70.06

0.20
0.09
30.12
109.93

Low-Density foam between
rafters (depth 5.5 in.)
			
			
			

2a
2b
2c
2d

70.02
70.01
69.99
70.03

-0.21
0.00
30.15
109.87

High-Density foam between
rafter (depth 4.0 in.)
			
			
			

3a
3b
3c
3d

70.03
70.02
70.01
69.97

0.10
0.23
29.99
109.95

Heat flux and temperature data were used to calculate thermal resistance and overall heat transfer
coefficients for the twelve cases listed Table 4. The results are shown in Table 5.			
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Table 5. R and U-Values for the Twelve LSCS Measurements
Test Number
		

R-Values
Ceiling-to-Deck
Air-to- Air
Insulation 			

U-Value
Air-to-Air

17.7
17.7
29.0
20.2

Fiberglass
1a
1b
1c
1d

19.2
19.3
31.2
21.6

22.2
22.4
34.5
23.4

0.045
0.045
0.029
0.043

13.9
14.0
13.2
12.2

16.9
17.0
16.0
14.6

0.059
0.059
0.063
0.068

20.1
20.0
17.9
17.0

23.7
23.6
21.3
19.4

0.042
0.042
0.047
0.052

Low-Density Foam
2a
2b
2c
2d

14.7
14.7
13.6
12.1

High-Density Foam
3a
3b
3c
3d

22.8
22.7
19.8
18.1

The insulation R-Values in Table 5 are calculated from the measured heat-flux across the insulation and
the measured temperature difference across the insulation. The results have been corrected for the presence of framing. The framing correction is negligible in the case of the attic-floor insulation (loose-fill
fiberglass) while the correction is significant for the foam installations since the foam regions are in parallel with word framing for their entire thickness.
The ceiling-to-deck R-Values are based the temperature differences between the top of the gypsum that
forms the floor of the attic and the bottom of the plywood that was used as roof sheathing. The air-toair R-Values and U-Values are based on the difference in temperature between the metering chamber
and the climate chamber.
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Table 6 compares the material R-Values for the three insulations determined from the LSCS (ASTM C
1363) measurements and ka measured in accordance with ASTM C 518. The ka and R-Values are
at the average insulation temperatures determined in the LSCS. The thickness of the fiberglass
insulation was 14 inches, the thickness of the low-density foam was 5.5 inches, and the thickness
of the high-density foam was 4.0 inches. The high-density foam was 34 or 35 days old at the time
thermal resistance was measured using ASTM C 518. The high-density foam was 20 to 30 days old
during the LSCS test. The thermal resistance for the fiberglass are based on an area of 64 ft2 while
the foam values are based on 70.7 ft.2   The ka-values in Table 6 were calculated from Equations
1,2, or 3 as appropriate.  The variation of R with temperature is qualitatively correct for the foam test.  
The low-density loose-fill fiberglass insulation exhibited significant reduction in thermal resistance
at low temperature due to free convection.

Table 6. Material R-Values Determined by Two Methods
Test Number

Insulation Temp (oF)

R (C 1363)

ka (C 518)

R (C 518)

1a
1b
1c
1d

38.01
38.03
51.75
88.97

17.7
17.7
29.0
20.2

0.3814
0.3815
0.4071
0.4766

36.7
36.7
34.4
29.4

2a
2b
2c
2d

32.61
32.73
48.49
93.00

14.7
14.7
13.6
12.1

0.2411
0.2412
0.2545
0.2920

22.8
22.8
21.6
18.8

3a
32.89
22.8
0.1282
31.2
3b
33.01
22.7
0.1283
31.2
3c
48.79
19.8
0.1352
29.6
3d
93.07
18.1
0.1547
25.9
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Summary
This research provides a comparison of the performance of roof-deck applied spray-applied polyurethane
foam insulation with loose-fill fiberglass insulation installed on the attic floor of a test module.
• The R-values determined from LSCS measurements for loose-fill fiberglass were less than the material
R-values measured using a heat-flow meter apparatus. The differences at low temperatures were most
likely due to free convection, The loose-fill fiberglass provided about 50% of the thermal resistance measured by the heat-flow meter apparatus.
• The low-density open-cell spray-applied polyurethane foam installed below the roof sheathing provided about 64% of the R-value measured by the heat-flow meter apparatus. The thermal performance
was consistent over the range of temperatures investigated.
• The high-density closed-cell spray-applied polyurethane foam installed below the roof sheathing
performed at about 70% of the R-values measured by the heat-flow-meter apparatus. The air-to-air Uvalues for the high-density foam were less than the corresponding U-values for the fiberglass insulation
for winter conditions. The air-to-air U-values for the high-density foam were greater than the U-values
for the fiberglass insulation under summer conditions.

References
[1] ASTM C 1363, “Standard Test Method for the Thermal Performance of
Building Assemblies by Means of a Hot Box Apparatus”, 2002 Annual
Book of ASTM Standards, Vol. 04.06 (2002) pp. 739-769.
[2] ASTM C 518, “Standard test Method for Steady-State Thermal
Transmission Properties by Means of the Heat Flow Meter Apparatus”,
2002 Annual Book of ASTM Standards, Vol. 04.06 (2002) pp. 156-167.

David W. Yarbrough, PhD, PE
May 8, 2006
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visual flame
existing forward of
Fianl calibration
test:
test
sample

BURN THROUGH !

Fianl calibration test:
BURN THROUGH !

InsulGuard
Half Pound
Final calibration test:
THROUGH !
Spray BURN
Foam:
3:40 Surface intermittent
InsulGuard
ignition of foam.
Half Pound

es: Flames
eck system
on test

Fianl calibration test:
BURN THROUGH !
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InsulGuard
Half Pound
Spray Foam:
3:40 Surface intermittent
ignition of foam.

InsulGuard
Half Pound
Spray Foam:
3:40 Surface intermittent
ignition of foam.

CLASS 1 FIRE RATED
HALF POUND FOAM:

CLASS 1 FIRE RATED
HALF POUND FOAM:

1:40 seconds into test,
no flame spread or
ignition

3:40 Surface intermittent
ignition of foam.

InsulGuard
Half Pound
Spray Foam:

9:50 Minutes: Fire still
ignited, No burn through.

CLASS 1 FIRE RATED
HALF POUND FOAM:

InsulGuard
Half Pound

8:30 Minutes: Foam Ignition ceases to
spread. Surface charing protects
underlying foam

InsulGuard
Half Pound
Spray Foam:

9:50 Minutes: Fire still
ignited, No burn through.

CLASS 1 FIRE RATED
HALF POUND FOAM:

9:50 Minutes: Fire still
InsulGuard
ignited, No burn
through.
Half Pound

lGuard
Pound
ay
m: 8:30

Foam
ceases to
urface
protects
ng foam.

InsulGuard
Half Pound
Spray Foam:

9:50 Minutes: Fire still
ignited, No burn through.

InsulGuard
Half Pound
REEN
Spray Foam:
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ignited, No burn through.
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lGuard
Pound
ay
m: 20:40
Corner crib

InsulGuard
Half Pound
Spray
Foam: Test

complete at 26:00
Minutes: No burnthrough,
low smoke deveopment,
low flame
spread
CLASS
1 FOAM
CLASS
1 FIRE
RATED
HALF! POUND FOAM:

InsulGuard
Half Pound
Spray
Foam: Test

complete at 26:00
Minutes: No burnthrough,
low smoke deveopment,
low flame
spread CLASS 1 FOAM
!
CLASS 1 FIRE RATED
HALF POUND FOAM:

In interior applications
Polyurethane
foam must be
20:40 Minutes: envirofoam of Illinois.
Test complete
at 26:00 Minutes:
crib expired!15 minute thermalNo
burn through,
low
smoke barrier mus
withCorner
an Illinois.
approved
barrier.
thermal
licationscovered
envirofoam
of
Polyurethane foamdeveopment
must
beThe
low flame spread
be
applied
in
accordance
with
the
manufacturer's
instructions.
CLASS
1 FOAM
!
approved 15 minute thermal barrier. The thermal barrier
must

ed in accordance
with the manufacturer's instructions.
Prior to designing and installing a spray polyurethane foam perimeter insulation system, code officials

should be consulted for recommendations and approvals. Federal, local and state building codes vary. All
nstalling arequire
spray polyurethane
foampolyurethane
perimeter insulation
system,becode
officials
that spray applied
foam insulation
covered
with an approved 15 minute fire rated
recommendations
and approvals.
Federal,
local and
stateisbuilding
codes
Allwallboard applied over the spra
thermal barrier.
One typically
approved
material
1/2" (1.27
cm) vary.
gypsum
Prior
to
designing
and
installing
a
spray
polyurethane
foam
perimeter
insulation
system, code of-and
polyurethane
foam insulation.
However,
check 15
with
local officials
ed polyurethane
foam insulation
be covered
with always
an approved
minute
fire ratedfor recommendations
ficials
should
be
consulted
for
recommendations
and
approvals.
Federal,
local
and
state
approvals.
It is recommended
that the
approved
thermalapplied
barrierover
be installed
the same
daybuilding
the foam is
pically approved
material
is 1/2" (1.27 cm)
gypsum
wallboard
the spray
codes
vary.
All
require
that
spray
applied
polyurethane
foam
insulation
be
covered
with
an
approved
applied.always check with local officials for recommendations and
lation. However,
15 minute fire rated thermal barrier. One typically approved material is 1/2” (1.27 cm) gypsum

ended that thewallboard
approvedapplied
thermal
barrier
be installed
the same
the foam
is
over
the spray
polyurethane
foam day
insulation.
However,
always check with local

Allofficials
hot work,
welding, torches
open flame
work, must have
prior tobarrier
commencing
for i.e.,
recommendations
andand
approvals.
It is recommended
thatbeen
the completed
approved thermal
the be
installation
of
the
polyurethane
foam
insulation.
installed the same day the foam is applied.

ing, torches and open flame work, must have been completed prior to commencing
All hot
work, i.e., welding, torches and open flame work, must have been completed prior to
olyurethane foam
insulation.
commencing the installation of the polyurethane foam insulation.
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By David B. South
One of the fairy tales of our time is the “R-value.” The “R-value” is touted
to the American consumer to the point where it has taken a “chiseled in
stone” status. The saddest part of the fairy tale is the R-value by itself is
almost a worthless number.
It is impossible to define an insulation with a single number. It is imperative we know more than a single
“R” number. So why do we allow the R-value fairy tale to be perpetuated? I don’t know. I don’t know
if anybody knows. It obviously favors fiber insulation. Consider the R-value of an insulation after it has
been submersed in water or with a 20 mile per hour wind blowing through it. Obviously the R-value
of fiber insulations would go to zero. Under the same conditions, the solid insulations would be largely
unaffected. Again R-value numbers are “funny” numbers. They are meaningless unless we know other
characteristics.
None of us would ever buy a piece of property if we knew only one dimension. Suppose someone offered a property for $10,000 and told you it was a seven. You would instantly wonder if that meant
seven acres, seven square feet, seven miles square, or what. You would want to know where it was -- in
a swamp, on a mountain, in downtown Dallas. In other words, one number cannot accurately describe
anything. The use of an R-value alone is absolutely ridiculous. Yet we have Code bodies mandating Rvalues of 20’s or 30’s or 40’s. A fiber insulation having an R-value of 25 placed in a house not properly
sealed will allow the wind to blow through it as if there were no insulation. Maybe the R-value is accurate in the tested material in the lab, but it is not even remotely part of the real world. We must start asking for some additional dimensions to our insulation. We need to know its resistance to air penetration,
to free water, and to vapor drive. What is the R-value after it is subjected to real world conditions?
The R-value is a fictitious number supposed to indicate a material’s ability to resist heat loss. It is derived
by taking the “k” value of a product and dividing it into the number one. The “k” value is the actual
measurement of heat transferred through a specific material.

Test to Determine the R-Value
The test used to produce the “k” value is an ASTM test. This ASTM test was designed by a committee to
give us measurement values that hopefully would be meaningful. A major part of the problem lies in the
design of the test. The test favors the fiber insulations -- fiberglass, rock wool, and cellulose fiber. Very
little input went into the test for the solid insulations, such as foam glass, cork, expanded polystyrene or
urethane foam.
The test does not account for air movement (wind) or any amount of moisture (water vapor). In other
words, the test used to create the R-value is a test in non-real-world conditions. For instance, fiberglass is
generally assigned an R-value of approximately 3.5. It will only achieve that R-value if tested in an ab-
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is generally assigned an R-value of approximately 3.5. It will only achieve that R-value if tested in an absolute zero wind and zero moisture environment. Zero wind and zero moisture are not real-world. Our
houses leak air, all our buildings leak air, and they often leak water. Water vapor from the atmosphere,
solute zero wind
andcooking,
zero moisture
environment.
Zero
wind
andand
zero
moisture
real-world.
OurIf an
showers,
breathing,
etc. constantly
moves
back
forth
throughare
thenot
walls
and ceilings.
houses leakattic
air, all
our
buildings
leak
air,
and
they
often
leak
water.
Water
vapor
from
the
atmosphere,
is not properly ventilated, the water vapor from inside a house will very quickly semi-saturate the
showers, cooking,
breathing,
constantly
moves
back of
and
forth through
the
walls anddrop
ceilings.
If an
insulation
above theetc.
ceiling.
Even small
amounts
moisture
will cause
a dramatic
in ﬁber
insulaattic is not properly
ventilated,
the water
vapor from
inside a house will very quickly semi-saturate the intion’s R-value
-- as much
as 50 percent
or more.
sulation above the ceiling. Even small amounts of moisture will cause a dramatic drop in fiber insulation’s
R-value -- as much as 50 percent or more.
Vapor Barriers

Vapor Barriers

arevery
told,good
with very
goodthat
reason,
that
We are told,We
with
reason,
insulainsulation
should
have
a
vapor
barrier
on
tion should have a vapor barrier on the warm side.
warmside
side.
is the
side of
Which is thethe
warm
ofWhich
the wall
of awarm
house?
the
wall
of
a
house?
Obviously,
it
changes
Obviously, it changes from summer to winter -- even
summer
to winter
-- even
day
from day tofrom
night.
If it is 20
F below
zero from
outside,
night.
If it is house
20 F below
zero outside,
the inside oftoan
occupied
is certainly
the
the
inside
of
an
occupied
house
is
cer-the
warm side. During the summer months, when
tainly
warm side.
sun is shining,
verytheobviously
theDuring
warmthe
sidesummer
is the
months,
when
the
sun
is
shining,
very
outside. Sometimes the novice will try to put vapor
obviously
side is theVapor
outside.
barriers on both
sidesthe
of warm
the insulation.
barriSometimes
the
novice
will
try
to
put
vapor
ers on both sides of fiber insulation generally prove
barriers
on boththe
sides
of the
insulation.
to be disastrous.
It seems
vapor
barriers
will stop
barriers
on both
sides of
ﬁber insumost of theVapor
moisture
but not
all. Small
amounts
of
lation
generally
prove
to
be
disastrous.
It
moisture will move into the fiber insulation between
seems
the vapor
will stop
most
of
the two vapor
barriers
and barriers
be trapped.
It will
accuthetemperature
moisture butswings
not all. Small
amounts
mulate as the
back and
forth.of
moisture
will
move
into
the
ﬁber
insulaThis accumulation can become a huge problem.
tion between
the two vapor
barriers
and be trapped. It will accumulate as the temperature swings back
We have re-insulated
a number
of potato
storage’s
and
forth.
This
accumulation
can
become
a huge
problem.
Weon
have
re-insulated
a number
of or
potato
which originally were insulated with fiberglass having
a vapor
barrier
both
sides. Within
a year
two
storage’
s which
originally
insulatedThe
with
ﬁberglass
havingget
a vapor
barrier
on both
sides.
Within
the insulation
would
completely
failwere
to insulate.
moisture
would
trapped
between
the
vapor
bar- a
year orthe
twofiberglass
the insulation
would to
completely
insulate.buckets
The moisture
would
getinsulation
trapped between
riers and saturate
insulation
the pointfail
oftoholding
of water.
Fiber
needs
the
vapor
barriers
and
saturate
the
ﬁberglass
insulation
to
the
point
of
holding
buckets
of
water.
ventilation on one side; therefore, the vapor barrier should go on the side where it will do the most Fiber
insulation needs ventilation on one side; therefore, the vapor barrier should go on the side where it will
good.
do the most good.
We understand air penetration through the wall of the house. In some homes when the wind blows, we
Weit.understand
penetration
through the
wallengineers,
of the house.
some
homes
whenthere
the wind
blows, we
often can feel
But what air
most
people, including
many
doInnot
realize
is that
are very
often
can
feel
it.
But
what
most
people,
including
many
engineers,
do
not
realize
is
that
there
are
very
serious convection currents that occur within the fiber insulations. These convection currents rotate vast
currents
that
occur
within
insulations.
These
currents
amounts of serious
air. Theconvection
air currents
are not
fast
enough
tothe
feelﬁber
or even
measure
withconvection
any but the
mostrotate
sensivast
amounts
of
air.
The
air
currents
are
not
fast
enough
to
feel
or
even
measure
with
any
but
the
most
tive instruments. Nevertheless, the air is constantly carrying heat from the underside of the pile of fibers
to the top side, letting it escape. If we seal off the air movement, we generally seal in water vapor. The
additional water often will condense (this now becomes a source of water for rotting of the structure).
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The water, as a vapor or condensation, will seriously decrease the insulation value -- the R-value. The only
way to deal with a fiber insulation is to ventilate. But to ventilate means moving air which also decreases
the R-value.

Air Penetration
The filter medium for most furnace filters is fiberglass -- the same spun fiberglass used as insulation.
Fiberglass is used for an air filter because it has less impedance to the air flow, and it is cheap. In other
words, the air flows through it very readily. It is ironic how we wrap our house in a furnace filter that will
strain the bugs out of the wind as it blows through the house. There are tremendous air currents that
blow through the walls of a typical home. As a demonstration, hold a lit candle near an electrical outlet
on an outside wall when the wind is blowing. The average home with all its doors and windows closed
has a combination of air leaks equal to the size of an open door. Even if we do a perfect job of installing
the fiber insulation in our house and bring the air infiltration very close to zero from one side of the wall
to the other, we still do not stop the air from moving through the insulation itself vertically both in the
ceiling and the walls.
The best known solid insulation is expanded polystyrene. Other solid insulations include cork, foam glass
and polyisocyanate or polyisocyanurate board stock. The latter two being variations of urethane foam.
Each of these insulations are ideally suited for many uses. Foam glass has been used for years on hot and
cold tanks, especially in places where vapor drive is a problem. Cork is of course a very old standby often
used in freezer applications. EPS or expanded polystyrene is seemingly used everywhere from throw away
drinking cups and food containers to perimeter foundation insulation, masonry insulations, and more.
Urethane board stock is becoming the standard for roof insulation, especially for hot mopped roofs. It is
also widely used for exterior sheathing on many of the new houses. The R-value of the urethane board
stock is of course better than any of the other solid insulations. All of the solid insulations will perform far
better than fiber insulations whenever there is wind or moisture involved.
Most of the solid insulations are placed as sheets or board stock. They suffer from one very common
problem. They generally don’t fit tight enough to prevent air infiltration. It does not matters how thick
these board stocks are if the wind gets behind it. We see this often in masonry construction where board
stock is used between a brick and a block wall. Unless the board stock is actually physically glued to the
block wall air will infiltrate behind it. In this case as the air flows through the weep holes in the brick and
around the insulation it is rendered virtually useless. Great care must be exercised in placing the solid
insulations. The brick ties need to be fitted at the joints and then sealed to prevent air flow behind the
insulation.
The only commonly used solid insulation that absolutely protects itself from air infiltration is the spray-inplace polyurethane. When it is properly placed between two studs or against the concrete block wall or
wherever, the bonding of the spray plus the expansion of the material in place will effect a total seal. This

the walls of the home have to do with the seal rather than the insulation.
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During the 1970s my ﬁrm insulated a bunch of new homes in the Snake River Valley of Idaho with
1.25 inches of spray-in-place polyurethane foam in the walls. In 1970 the popular number for the Rof oneimpossible
inch of urethane
foam was 9.09
per opinion
inch. Using
thisofvalue,
we were
an R of
total sealvalue
is almost
to overestimate.
In my
most
the heat
loss putting
in the walls
of 1.25
the x
9.09
=
11.36
in
the
walls.
This
was
much
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than
the
R
=
16
claimed
by
the
ﬁberglass
insulators.
Tohome have to do with the seal rather than the insulation.
day, using the charts from an ASHRAE book, we would only be able to claim an R-value for the 1.25
inches
of 7.5 to
9. Neither
of conduct
these numbers
make for
a veryasbig
R-value.
The reality
is that
the people
For physical
reasons,
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does not
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nearly
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as it does
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if
for no
whom
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us forairtight
the savings
theirwould
heat bills.
there were
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in thetheir
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of the
homes, would
but anthank
absolute
seal, in
there
not They
necesus their heating
halfThis
of their
neighbor’
They
feltifasthe
if they
saved the
of the from
sarily be would
a hugetelldifference
in the bill
heatwas
loss.
would
not bes.the
case
insulation
wascost
missing
polyurethane
in
one,
or
at
most
two,
years.
This
is
anecdotal
evidence,
I
know,
but
anecdotal
evidence
is
the ceiling. Air infiltration can most effectively be stopped with spray-in-place polyurethane. It is the only
compelling
and that
very will
real fill
in our
world.
Most the
of these
customers
were savvy
people.
They
wouldtop
not
materialalso
(properly
applied)
in the
corners,
cripples,
the double
studs,
bottom
plates,
have
paid
the
extra
to
get
the
urethane
insulation
if
it
had
not
been
better.
plates, etc. The R-value of a material is of no interest or consequence if air can get past it.
About mid 1975 I received a call from
Anecdotes
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During the
1970smanager
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insulated
a bunch
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of new homes
in insulation
the Snakemanufacturers.
River Valley ofThe
caller
asked,
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understand
that you are
Idaho with 1.25 inches of spray-in-place
spraying
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polyurethane
foam
in the walls.
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popular homes?”
numberIfor
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of true.
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was calling
because
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R of in
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area.
He
asked,
“How
can
you
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it?”
9.09 = 11.36 in the walls. This was much
less than the R = 16 claimed by the fiberglass
insulators.
Today,
using
the charts
from an
I knew
what
he meant.
He wanted
to
ASHRAEknow
book,how
weIwould
onlysomebody
be able toin
could look
claim anthe
R-value
forsell
thethem
1.25a inches
of 7.5 to
eye and
more expensive
9. Neither
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numbers
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big R-value.
is that
I toldThe
himreality
the way
I didthe
it ispeople
with a for
whom we
insulated
their
homes
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spray gun. Of course, that wasn’t the
would thank
ushe
forwanted.
the savings
in their
answer
He wanted
to heat
know
bills. They
would
tell
us
their
heating
bill
was
how I could not feel guilty. I told him
half of their
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as ifidentical
they houses built side by side. We insulated the walls of one with
of insulating
one They
of twofelt
nearly
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cost
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in one,
or atwas
most
two, years.
Thisthick
is anecdotal
but
1.25
inches
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urethane. The other
house
insulated
with full
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batts put inI know,
place by
a
anecdotal
evidence
is
also
compelling
and
very
real
in
our
world.
Most
of
these
customers
were
savvy
reputable installer. Not only did we use only 1.25 inches of urethane as the total wall insulation, but we
people. They would not have paid the extra to get the urethane insulation if it had not been better.
About mid 1975 I received a call from a division manager of one of the major fiberglass insulation manufacturers. The caller asked, “I understand that you are spraying polyurethane in the walls of homes?” I
told him that was true. He was calling because we were cutting into the fiberglass insulation sales in our
area. He asked, “How can you do it?”
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I am not sure he was convinced, but it should be noted that same company jumped into the urethane
foam supply business the next year.

I knew what he meant. He wanted to know how I could look somebody in the eye and sell them a more
One and a quarter inch of polyurethane sprayed properly in the wall of a house will prevent more heat
expensive insulation than the cheap old fiberglass. I told him the way I did it is with a spray gun. Of
loss than all the ﬁber insulation that can be crammed in the walls -- even up to an eight inch thickness.
course, that wasn’t the answer he wanted. He wanted to know how I could not feel guilty. I told him of
Not only does it provide better insulation, but it provides signiﬁcant additional strength to the house.
insulating one of two nearly identical houses built side by side. We insulated the walls of one with 1.25
inches of urethane. The other house was insulated with full thick fiberglass batts put in place by a repuOne of Not
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R-value tables are truly part of the “Fairy Tale.” They show the solid and the ﬁber insulations side by
side, implying they can be compared. The fact is, without taking installation conditions into account,
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built houses. He told me he would explain to his clients the best insulation was the spray-in-place urethane. It would cost a little more, but it was by far the best. Most of the owners opted for the urethane.
Never have I had a customer tell me that he did not save money by using the urethane spray-in-place
insulation. You can spend all the time you want with R-values and “k” factors, and “prove” on paper
there is no way the urethane can do the insulation job that the fiberglass will. In the real world, I can
assure anyone there is no way fiber insulation can be as effective as spray-in-place urethane -- not even
close.
R-value tables are truly part of the “Fairy Tale.” They show the solid and the fiber insulations side by side,
implying they can be compared. The fact is, without taking installation conditions into account, comparisons are meaningless. Spray-in-place urethane foam provides its own vapor barrier, water barrier, and
wind barrier. None of the other insulations are as effective without special care taken at installation. The
fiber insulations must be protected from wind, water and water vapor. Again the tables need a second
table to state installation conditions.

Consider the following anecdotes:
Meadow Gold Company was going to build a freezer in Idaho Falls, Idaho. Chet, the plant manager was
a good friend of the local Butler dealer. The local Butler dealer and I had become good friends. A Butler
building does not lend itself very well to a freezer if you are going to insulate the freezer with expanded
polystyrene. So the three of us got together and planned a freezer that would accommodate the needs
of Meadow Gold yet be built of a Butler building and be properly insulated. This was in my first year of
spraying polyurethane foam, and at that time I believed all the literature and knew what we were doing
was going to be just right. It turned out even better. The then current R-value table showed one inch of
urethane equal to 2.5 inches of expanded polystyrene. So, I suggested we spray the metal building with
four inches of urethane to replace the 10 inches of expanded polystyrene normally used by Meadow
Gold for freezers.
Meadow Gold Company was going to build a freezer in Idaho Falls, Idaho. Chet, the plant manager was
a good friend of the local Butler dealer. The local Butler dealer and I had become good friends. A Butler
building does not lend itself very well to a freezer if you are going to insulate the freezer with expanded
polystyrene. So the three of us got together and planned a freezer that would accommodate the needs
of Meadow Gold yet be built of a Butler building and be properly insulated. This was in my first year of
spraying polyurethane foam, and at that time I believed all the literature and knew what we were doing
was going to be just right. It turned out even better. The then current R-value table showed one inch of
urethane equal to 2.5 inches of expanded polystyrene. So, I suggested we spray the metal building with
four inches of urethane to replace the 10 inches of expanded polystyrene normally used by Meadow
Gold for freezers.
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Chet considered one alternative to his predicament was to turn one of the older freezers that had been
used as a cooler back into a freezer. Then maybe he could make a cooler out of the new building with
the just the one compressor. It was not a satisfactory arrangement, but it maybe could work. The other
thing Chet kept telling us was that he would know as soon as he turned on the freezer equipment
whether or not the building would work. When I pressed him, he said that normally it takes five days to
bring a freezer down to 10 F below zero -- needed for ice cream. When he turned on the new freezer,
with only the one compressor, the temperature dropped to 18F degrees below zero by the second morning. They had their freezer. It ran the entire summer using only the single compressor.
A few weeks after start up of the freezer, I was visited by a Meadow Gold engineer from Chicago. He
wanted to know exactly what we had done to insulate the freezer. One compressor should not be able
to hold the temperature as it was doing. I explained to him exactly what we had done. He seemed satisfied and he left. A few weeks later he showed up again with his boss. We went to the plant and verified
with an ice pick the thickness of the foam. It was indeed four inches in the walls and five inches in the
ceiling. Here again they reiterated that the building should not be operating as it was. What they were
telling me was that even though I had used one inch of urethane to replace 2.5 inches of expanded
polystyrene, the building was still requiring only 50 percent of the normal compressor power for cooling.
As you can imagine, the experience made me a lot more bold, and I used the information to sell more
freezer insulation jobs.
One of our largest freezer insulation projects was a sixty thousand square foot freezer at Clearfield, Utah.
I was able to talk the general contractor into letting us insulate with spray-in-place polyurethane foam
the brand-new all-concrete freezer he was building. This building was the 12th in a chain of freezers. My
friend Bob, the contractor, had taken it upon himself to make the switch from the ten inches of expanded polystyrene to four inches of urethane with a fifth inch on the roof. The building was built with tilt up
concrete insulated on the interior side of the concrete with spray-in-place urethane. We then sprayed on
a three-fourths of an inch thick layer of plaster as the thermal barrier. Over the pre-stressed concrete roof
panels, we put five inches of spray-in-place urethane and then covered it with hot tar and rock. (This is
an old CPR-specification).
I was on the job the last day. As we finished up the owner showed up. He had expected to see ten inches
of expanded polystyrene, and here was four inches of urethane. I told him he would like the four inches
of urethane as it would be even better than the expanded polystyrene, based on my previous experience.
He told me he was sicker than a dog because he felt like there was no way that could be true. It was too
late for him to do anything about it. If he could have, he would have changed the contract instantly, but he
was stuck and felt stuck.
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They had 12 other similar size freezers, except the others were insulated with expanded polystyrene. The
normal way of operating them was to use three large compressor assemblies. Two of the compressors
would be needed all summer to keep the building cold, and the third one would be a standby unit, in
case one of the other two had problems.
About a year later, I received a phone call from one of the managers. He asked me if I had time to insulate another sixty thousand square foot freezer in Clearfield, Utah. I assured him we had the time, the
inclination, and the excitement to do it, but I thought the owner wanted nothing to do with urethane
foam insulation. The manager explained to me that not only had the Clearfield freezer operated better
than any other freezer in their line, it had operated for less than half the costs of any others. They were
adding another sixty thousand square feet without adding more compressors. The compressor power
available to them because of the urethane insulation efficiency allowed them to do it. The building had
run very nicely through the hot part of the summer with just one compressor. Now they would be able
to run two buildings off of two compressors and still have a spare.
Again, this is anecdotal evidence, but let me assure you that you will get the same results if you do the
same thing as we have. I have insulated too many buildings now to know that this will happen in every case. Never can you use an R-value from a fiber insulation and compare it to the R-value of a foam
insulation. Nor can you use the R-value of a foam insulation if it is in sheet form and compare it to the
R-value of the foam insulation if it is spray-in-place. Spray-in-place polyurethane is an absolute minimum
of three to ten times as effective as any other insulation available today.
During the late 1970s, the FTC went after the urethane foam suppliers for misleading advertising especially with regard to fire claims. A consent decree followed. It destroyed a tremendous amount of
confidence in the use of urethane. Up to that point, Commonwealth Edison would give Gold Medallion
approval for homes insulated with 1.25 inches of spray-in-place urethane in the side walls of masonry
constructed homes. True, that was anecdotal evidence, but also true, it worked. Much work was done
in the early 1970s using a 1.25 inches urethane as a replacement for wall insulation in a home. Not only
did it replace the wall insulation, it also replaced the exterior sheathing. The buildings are stronger and
better insulated when sprayed with the 1.25 inches of urethane.

better insulated when sprayed with the 1.25 inches of urethane.
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calculate effective R-values in excess of 60. A heat sink is any substance capable of storing large amounts
of heat. Most commonly we think of concrete, brick, water, adobe and earth as heat sink materials used
in building. The property of a heat sink to act as an insulation is called thermal diffusivity.
The simple explanation for the way it works is: As the temperature of the atmosphere cycles from cold to
hot to cold to hot the heat sink absorbs or gives up heat. But because the heat sink can absorb so much
heat it never catches up with the full range of the cycle. Therefore, the temperature of the heat sink
tends to average. Large heat sinks will average over many days, weeks or even months.
An example is the adobe hacienda with its 2 to 6 foot thick walls. By the time the adobe walls begin to
absorb the daytime heat it is night time and the same heat then escapes into the cooler night. Therefore
the temperature would average. Because the mass of the adobe is so large the temperature averages
over periods of months. Adobe acts as an insulation even though adobe has a minimal “R” value.
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You can see from the graph that urethane thicknesses beyond four or five inches is practically immaterial.
We use three inches for most of our construction. Two inches will do a very superior job. We have insulated many metal buildings with one inch of urethane and the drop in heat loss is absolutely dramatic.
Obviously the first quarter inch takes care of the wind blowing through the cracks. (It usually takes an
inch to be sure the cracks are all filled.) The balance of the inch adds the thermal protection.

II. Surface temperature control
Surface temperature control is the second reason for insulation. In many cases it is the most important
reason for the insulation. I noticed this phenomena first while insulating potato storages.
We had various customers ask us to insulate the buildings anywhere from two to five inches of urethane.
The buildings insulated with two inches would hold the temperatures of the potatoes properly, just as
well as the buildings insulated with five inches. The difference came in the condensation. Potato storages are kept up at very high humidity levels. The buildings with the two inches of urethane would have
far more condensation than those with An engineer from the Upjohn company explained this to me.
He stated that thicker insulation is absolutely necessary to maintain higher interior surface temperatures.
One and a half inches of urethane on the walls and ceiling of a potato storage would control the heat
loss from the building, but it took a minimum of three inches of urethane to control the interior surface
temperature. Four inches was even better. With five inches the difference is practically negligible. The
only place where we have felt the need for five inches of urethane was insulating the roof or ceiling of a
sub-zero freezer.

Underground housing — surface temperature control vs. heat loss control.
Most underground housing is in trouble from mold and mildew growth. The cause is not enough insulation to control interior surface temperatures. Rarely is there a problem with total heat loss. Water vapor
condenses on the surface allowing mold to grow. Mold makes people sick. The only solution is lots of
insulation for temperature control and ignore total heat loss.
My experience is that R-value tables can be used as indicators. They need modifications to make them
equal to real world conditions. There needs to be allowances made. They must show equivalents. These
equivalents will be more like one inch of spray-in-place urethane equal to four inches of fiberglass in a
normal installation. Footnotes to the table will need to define degradation of insulations in real world
conditions. Only then will the “R-value” Fairy Tale become a real world success story.
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POLICY STATEMENT
It is the policy and recommendation of the Spray Polyurethane Foam Alliance that spray polyurethane foams
installed within buildings be covered with a thermal or ignition barrier as soon as possible after the initial
application, except as an assembly specifically approved by a building code authority based on fire tests specific
to the application.
Why Do Codes Require Thermal or Ignition Barriers?
Spray polyurethane foam (SPF), like most other organic materials, is combustible. SPFs are formulated with
flame retardants to decrease the flame spread as measured by ASTM E-84 (Test for Surface Burning
Characteristics for Building Materials) and other tests. However, these flame spread indices are used solely to
measure and describe properties of products in response to heat and flame under controlled laboratory
conditions. The numerical flame spread indexes are not intended to reflect hazards presented by SPFs or any
other material under actual fire conditions.
When exposed to fire sources, such as trash fires, welding arcs, cutting torches, or red-hot metal, unprotected SPF
can ignite and may result in a flash fire. Although burning SPF will form a surface layer of less flammable char, the
initial burning can produce combustible gases and black smoke. In confined interiors, these combustible gases can
accumulate and ignite resulting in flashover, a dangerous fire situation. Under these conditions, additional foam
and/or other combustibles can become involved in the fire creating additional combustible gases and feeding the
fire.
For these reasons, and to allow sufficient time for occupants to escape during a fire, model building codes require
SPF to be covered by thermal barriers, ignition barriers or have the SPF assemblies meet the acceptance criteria of
large-scale fire tests as described in this document.
Note 1: These fire scenarios depend on the accumulation of combustible gases. Exterior
applications of SPF, such as roof systems, where combustible gases can dissipate, are less likely to
become involved in flash fires and are subject to different requirements under the model building
codes.
What Is A Thermal Barrier?
A thermal barrier is a material, applied between foam plastics (including spray polyurethane foam) and interior
spaces designed to delay the temperature rise of the foam during a fire situation and to delay or prevent the
foam's involvement in a fire. The International Building Code® (IBC) and the International Residential Code® (IRC)
define an approved thermal barrier as one which is equal in fire resistance to 12.7 mm (1/2 inch) gypsum
wallboard. In essence, the model building codes define ½-inch gypsum wallboard as a prescriptive thermal barrier;
approved equivalents (non-prescriptive thermal barriers) must perform as well as or better than ½-inch gypsum
wallboard in fire testing as described below.
Non-prescriptive thermal barriers (termed “equivalent thermal barriers”) must undergo a temperature
transmission fire test wherein the temperature rise of the underlying polyurethane foam is limited to not more
than 121ºC (250ºF) after 15 minutes of fire exposure complying with the standard time temperature curve of ASTM
E 119 (Test Methods for Fire Tests of Building Construction Materials). Additionally, equivalent thermal barriers
must undergo a fire integrity test to establish that they will sufficiently remain in place during a fire scenario by
passing a large-scale, 15-minute fire test. Equivalent thermal barriers meeting this criterion are termed a “15minute thermal barrier” or classified as having an “index of 15.”
In effect, equivalent thermal barriers (i.e., other than the prescriptive ½-inch thick gypsum wallboard) must
undergo two fire tests:
THERMAL BARRIERS AND IGNITION BARRIERS FOR THE SPRAY POLYURETHANE FOAM
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(1) A temperature transmission test (such as a modified
ASTM E 119, the actual thermal barrier test apparatus
being smaller than the typical large-scale wall or roof/
ceiling test assemblies); and
(2) A fire integrity test (a large-scale fire test such as NFPA
286 [with a specific acceptance criteria defined within
the IBC or IRC], UL 1040, UL 1715 or FM 4880).
NFPA 275 (Standard Method of Fire Tests for the Evaluation of
Thermal Barriers Used over Foam Plastic Insulation) is an
approved test standard per AC 377 for equivalent thermal
barriers that incorporates both a temperature transmission fire
test and a fire integrity test. Future editions of model building
codes will likely include NFPA 275 as an acceptable test method.
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Since alternative assemblies must undergo the same
room corner fire test(s) as equivalent thermal
barriers, many manufacturers have foregone the
temperature transmission testing (e.g., ASTM E
119). Such materials are not classified as equivalent
thermal barriers but may be used as an alternative
assembly provided it has been approved by the
code authority having jurisdiction.
AC 377 is the Acceptance Criteria for Spray-Applied
Foam Plastic Insulation published by International
Code Council Evaluation Service (ICC-ES) for the
purpose of preparing evaluation reports. Copies are
available at the ICC-ES website www.ICC-ES.org.

Under specific conditions, the temperature transmission test
can be waived if approved by building code authorities on the
basis of large-scale fire testing representing actual end uses. Many materials which are not “15-minute thermal
barriers” per ASTM E 119 or NFPA 275, or classified as equivalent thermal barriers have earned various building
code acceptances as an alternate to the use of thermal barriers over spray polyurethane foam (SPF) based on large
-scale fire testing. The assembly, consisting of either the exposed foam plastic or the foam plastic with a fireretardant coating is tested using one of the following procedures:
 NFPA 286 Standard Methods of Fire Tests for Evaluating Contribution of Wall and Ceiling Interior Finish to
Room Fire Growth (Note: NFPA 286 does not include pass/fail criteria within it; the criteria is specifically
defined within the IBC and IRC.)
 UL 1715 Fire Test of Interior Finish Material
 UL 1040 Insulated Wall Construction
 FM 4880 Building Corner Fire Test
What is an Ignition Barrier?
Model building codes allow an exception to the thermal barrier requirement in attics and crawlspaces where entry
is made only for repairs or maintenance (IRC) or for the service of utilities (IBC) [see Note 3 below]. In these cases:
The foam plastic insulation is protected against ignition using one of the following ignition barrier
materials:
 1 ½-inch-thick (38 mm) mineral fiber insulation;
 1/4-inch-thick (6.4 mm) wood structural panels;
 3/8-inch (9.5 mm) particleboard (1/4-inch thick under the IBC)
 1/4-inch (6.4 mm) hardboard;
 3/8-inch (9.5 mm) gypsum board;
 Corrosion-resistant steel having a base metal thickness of 0.016 inch (0.406 mm); or
 1 1/2 inch-thick cellulose insulation (per 2012 IRC)
[Paraphrased from 2009 IRC Sections R316.5.3 and R316.5.4. 2009 IBC Section 2306.4.1.6 contains equivalent
language.]
The materials referenced above from the IRC and IBC are termed “prescriptive ignition barriers.”
Ignition barriers do not afford as high a degree of protection from fire as thermal barriers but are considered
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acceptable for attic and crawlspaces where entry is limited. Building code authorities may accept alternative
ignition barrier materials and/or alternative assemblies based on large-scale tests such as outlined in ICC-ES
Acceptance Criteria 377, Appendix X (On attic floors, ASTM E 970 [as outlined in AC 377] may be used to qualify
alternate ignition barriers or qualify exposed SPF).
Note 2: A thermal barrier is still required between attic and crawlspace areas and interior living spaces. The
ignition barrier exception is only applicable to the SPF surfaces facing attic and crawlspace areas. Typically,
ceiling treatments or floor treatments provide separation from interior living spaces and serve as the
thermal barrier in these cases.
Where Is A Thermal Barrier Required?
All model building codes require that SPF, with some exceptions, be separated from interior living spaces by an
“approved thermal barrier.” Therefore, unless an exception applies, all interior SPF applications are required to be
covered with a thermal barrier, covered with an equivalent thermal barrier or be part of a tested alternative
assembly.
Exceptions to the thermal barrier requirement include:
 Exterior applications as part of certain tested and classified roof assemblies;
 Certain masonry or concrete constructions;
 Certain attics and crawlspaces (see discussion under “Where Is An Ignition Barrier Permitted?”);
 Sill plates and headers (limited to certain SPFs in Type V construction); and
 Others as provided by the model building codes.
Review the specific code requirements on a case-by-case basis.
Where Is An Ignition Barrier Permitted?
The IBC and IRC permit the use of an ignition barrier as an alternative to installing a thermal barrier in attics and
crawlspaces where entry is made only for repairs and maintenance (IRC) or for the service of utilities (IBC) [see
Note 3 below]. Therefore, in such attics or crawlspaces, SPF surfaces need not be covered with a thermal barrier
provided it is (1) covered with a prescriptive ignition barrier; or (2) part of an assembly tested in accordance with
AC 377, Appendix X (or ASTM E 970 for attic floors only).
Note 3: Model building codes allow an exception to the thermal barrier requirement in attics and
crawlspaces where entry is made only for repairs or maintenance (IRC) or for the service of utilities
(IBC). This language is often misunderstood and misinterpreted by designers, builders, SPF applicators
and building officials alike.



While the ultimate decision is left to the discretion of the local code authority, ICC Staff and ICC-ES
engineers offer the following conditions that would determine if the space is entered only for repairs,
maintenance or service of utilities:
 Limited access (hatch, small door, etc)
 Utilities within space including, but not limited to, HVAC equipment, ductwork, electrical lines,
plumbing, wiring of any type ( telephone, internet, cable, security, etc), radiant heating, etc
 Possibility that any utility as described above may be installed in the future
Based on this interpretation of the building code, the following criteria are often applied to determine
appropriate fire protection for SPF surfaces in attics and crawlspaces:
Thermal Barrier: Whenever the attic or crawlspace is used or could reasonably be used as an auxiliary
living space or for storage. Criteria for such space may include: ease of entry, or fixed stairs, and
presence of usable flooring (other than minimal pathways for equipment access). It should be noted that the
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presence of any of the previous criteria does not automatically require thermal barrier protection, but rather
offers guidance on what a code official might consider when determining the use of the space.

Ignition Barrier: Whenever the attic or crawlspace is not or could not be used as an auxiliary living
space or for storage. Criteria include difficulty of entry (for example a hatch or opening not easily
accessible) and lack of flooring.
 Neither Barriers: Whenever no access exists to the space and the space is not connected and does
not communicate with other spaces. (See Note 2 regarding ceiling and floor treatments).
Selection of Thermal Barriers
Generally, SPF installers have three choices:
(1) Prescriptive thermal barrier: The IBC and IRC specifically name ½-inch gypsum wallboard as an “approved”
thermal barrier.
(2) Equivalent thermal barriers: Materials equivalent to ½-inch gypsum wallboard can be used as thermal
barriers provided they have been tested in accordance with the IBC or IRC to limit temperature rise and
remain in place for 15 minutes as described above
in the “What is a Thermal Barrier” section. Typical Equivalent thermal barriers and alternative assemblies
are tested as part of assemblies which include specific
equivalent thermal barriers include:
formulations, materials, thicknesses and densities.
a. Spray-applied cementitious materials
Unless otherwise approved by the code authority having
b. Spray-applied cellulose materials
jurisdiction, the following rules apply:
c. Portland cement plaster
1. SPF must be installed at thicknesses and density
d. Intumescent coatings
equal to or less than tested;
e. Other various proprietary materials.
2. Protective materials must be installed at
Evaluation reports can assist code officials in
thicknesses equal to or greater than tested;
determining the code compliance of equivalent
3. Formulations, materials and construction must
thermal barriers. Local building code officials are
conform to that which was tested.
permitted to allow the use of an equivalent thermal
barrier which has not been issued an evaluation report provided that data satisfactory to the code official is
submitted for approval.
(3) Alternative assemblies: SPF may be covered with other materials (such as intumescent or other coating
systems) or left exposed provided the assembly has been specifically approved on the basis of large-scale
fire testing representing the actual end-use configuration. Alternative assemblies may have a currently
valid evaluation report. Local building code officials are permitted to allow the use of an alternate assembly
which has not been issued an evaluation report provided that data satisfactory to the code official is
submitted for approval. Generally accepted tests for alternative assemblies include:
 NFPA 286 Standard Methods of Fire Tests for Evaluating Contribution of Wall and Ceiling Interior Finish
to Room Fire Growth (with specific acceptance criteria defined within the IBC or IRC)
 UL 1715 Fire Test of Interior Finish Material
 UL 1040 Insulated Wall Construction)
 FM 4880 Building Corner Fire Test)
Alternative assemblies tested under AC 377, Appendix X or ASTM E 970 are not appropriate alternative
assemblies for meeting thermal barrier requirements.
Caution: Just because a material is advertised as a “thermal barrier” or an assembly is advertised as not requiring a
thermal barrier does not mean that it has been approved by a code agency or a local code official. Ask for test data
and code body approvals, listings, or other written indications of acceptability under the code to be sure that the
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product selected offers the fire protection that the code requires.
Selection of Ignition Barriers
Generally, SPF installers have three choices:
(1) Prescriptive ignition barriers: These are specifically named in the IBC and IRC by type and thickness (for a
list, see the “What is an Ignition Barrier” section above).
(2) Alternative materials: Alternate coatings or coverings Alternative ignition barrier materials and alternative
may be approved by code authorities having assemblies are tested as part of assemblies which
jurisdiction. Proof of appropriate testing in accordance include specific formulations, materials, thicknesses
with AC 377, Appendix X supported by an evaluation and densities. Unless otherwise approved by the
report may be required (additional limitations are
code authority having jurisdiction, the following
applicable, see Note 4).
rules apply:
(3) Alternative assemblies: Leaving SPF exposed in an attic
1. SPF must be installed at thicknesses and
or crawlspace may be permitted provided the SPF has
density equal to or less than tested;
been tested and passed in accordance with AC 377,
2.
Protective
materials must be installed at
Appendix X or ASTM E 970. An evaluation report maybe
thicknesses equal to or greater than tested;
required by the code authority having jurisdiction
3. Formulations, materials and construction
before approving such an installation (additional
must conform to that which was tested.
limitations are applicable, see Note 4).
Note 4: AC 377, Appendix X limits alternative materials and assemblies in attic and crawlspaces as
follows:
a. Entry to the attic or crawl space is only to service utilities, and no storage is permitted.
b. There are no interconnected attic or crawl space areas.
c. Air in the attic or crawl space is not circulated to other parts of the building.
d. Attic ventilation is provided when required by IBC Section 1203.2 or IRC Section R806,
except when air-impermeable insulation is permitted in unvented attics in accordance with
Section R806.4 of IRC, Under-floor (crawl space) ventilation is provided when required by
IBC Section 1203.3 or IRC Section R408.1, as applicable.
e. The foam plastic insulation is limited to the maximum thickness and density tested.
f. Combustion air is provided in accordance with Sections 701 and 703 (2006 IMC) and
Section 701 (2009 IMC).
g. The installed coverage rate or thickness of coatings, if part of the insulation system, shall
be equal to or greater than that which was tested.
[Cited from AC 377, effective November 1, 2010]
Caution: Just because a material is advertised as an “ignition barrier” or an assembly is advertised as not requiring
an ignition barrier does not mean that it has been approved by a code agency or a local code official. Ask for test
data and code body approvals, listings, or other written indications of acceptability under the code to be sure that
the product selected offers the fire protection that the code requires.
This document was developed to assist in selecting thermal barriers or ignition barriers over spray-applied polyurethane foam
and/or the use of alternative assemblies. The information provided herein, based on current model building codes, customs
and practices of the trade, is offered in good faith and believed to be true, but is made WITHOUT WARRANTY, EITHER EXPRESS
OR IMPLIED, AS TO FITNESS, MERCHANTABILITY, OR ANY OTHER MATTER. SPFA DISCLAIMS ALL LIABILITY FOR ANY LOSS OR
DAMAGE ARISING OUT OF ITS USE. Individual manufacturers, contractors and building code authorities should be consulted
for specific information. SPFA does not endorse the proprietary products or processes of any individual manufacturer or the
services of any individual contractor.
THERMAL BARRIERS AND IGNITION BARRIERS FOR THE SPRAY POLYURETHANE FOAM
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ASTM E-84 The Test Standard
About Fire Ratings (Flame Spread & Smoke Development)

All building materials are evaluated in accordance with ASTM Test Method E84
“Standard Test Method for Surface Burning Characteristics of Building Materials”
to comply with building or mechanical code requirements such as the International Residential Code
(IRC), International Energy Conservation Code (IECC), International Building Code, (IBC), and other
major building code bodies. The purpose of this test method is to determine the relative burning
behavior of the material by observing the flame spread along the specimen. As a result of this test,
building materials are provided with test results regarding:
• flame spread index - indicates the relative rate at which flame will spread over the surface
		 of the material as compared with flame spread on asbestos-cement board, which is rated 0,
		 and on red oak, which is rated 100. Note that this rating is not the rate at which the flame
		 actually spreads along the surface and is not at all an indication of the fire resistance of the
		material.
• smoke developed index - characteristic of a material to emit smoke when exposed to
		 flame or fire.
The flame spread index and smoke developed index values obtained by the ASTM E84 test are used
by code officials and regulatory agencies (such as IRC, IECC, IBC) in the acceptance of interior finish
materials for various applications. The most widely accepted classification system is described by the
National Fire Protection Association as follows:
Class A: flame spread index 0-25; smoke developed index 0-450
Class B: flame spread index 26-75; smoke developed index 0-450
Class C: flame spread index 76-200; smoke developed index 0-450
All Polyurethane Spray Foam Insulation is a Class A (1) Material

UL723 – Underwriters Laboratories lab test number for ASTM E-84 test
UL 1715 Same as E-84 with 3 other tests
This test method is intended for use in the evaluation of the flammability contribution of wall material assemblies, ceiling material assemblies, or both, exposed to early fire growth under specified
room fire exposure conditions. The effectiveness of fire barrier materials as protection for other
combustible materials or components within the assembly is of primary interest for this evaluation.

3 other components for UL 1715 which does not concern SPF:
Fire-Resistance (hourly rating): Standard for Fire Tests of Building Construction and Materials, UL 263.
Roof-Covering Materials: the Standard for Test Methods for Fire Resistance of Roof-Covering Materials,
UL 790.
Roof-Deck Construction Materials: Standard for Fire Test of Roof Deck Constructions, UL 1256.
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ANSI Standard FM4880 (Similar to UL 1715)
Purpose:
This standards states the test requirements for insulated wall or wall and roof/ceiling assemblies,
plastic interior finish materials, plastic exterior building panels, wall/ceiling coating systems and
interior or exterior finish systems for use in wall or wall and roof/ceiling constructions

NFPA 286: Standard Methods of Fire Tests for Evaluating Contribution of
Wall and Ceiling Interior Finish to Room Fire Growth
This standard describes a method for determining the contribution of interior finish materials to
room fire growth during specified fire exposure conditions. This method is not intended to
evaluate the fire endurance of assemblies, nor is it able to evaluate the effect of
fires originating within the wall assembly. The method is not intended for the evaluation of floor finishes. This method is to be used to evaluate the flammability characteristics of interior finish materials when such materials constitute the exposed
interior surfaces of buildings. This test method specifies three types of specimen mounting,
depending on the application of the interior finish material.
This test was designed for Interior finishes such as paint and wallpaper

