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All About Insulation 
Insulation is simply a method for 
slowing the movement of heat. Theoreti
cally the best insulator is a vacuum, with 
no air molecules to transmit heat. If we 
could design a house like a thermos bottle 
we wouldn't need insulation. The next 
best thing is to find a medium that has the 
least amount of molecules, so that there is 
less heat transmission. Gases fit this 
category, but because of cost, explosive
ness, and toxicity most aren't too useful for 
home insulation purposes. The air we 
breathe is also gaseous - it is safe, plentiful 
and cheap. The trick is to trap air into · 
minute particles so that little movement is 
allowed. 

Insulating materials work in the same way 
that goose down works - by trapping air in 
tiny pockets that resttict it from moving. 
In and of itself the material does not 
insulate. Air is actually tbe insulatgr; If. 
we squeeze or compress any insulating 
material until all the air pockets are gone, 
it becomes a solid mass, which is virtually ~ 
worthless as. insulation. 

The heat resistance capacity of a material 
is called its '"R-value." R-values of 
standard insulating materials range from 
2.1to7.7 per inch. 

The thickness of an insulating material 
isn't the only factor in determining its 
effectiveness. Some mate~als trap air · 

more effectively than others, and produce 
the same insulation value with less 
material thickness. One inch of mineral 
wool insulation, for instance, has the same 
"heat resistance" abilities as 15 inches of 
concrete. 

The stated R-value of a material may be _ 
reduced when the material is installed 
improperly. While tiny air spaces make 
insulation effective, that is because the air 
is trapped, "dead" air. Voids or gaps in 
coverage that allow for convective air 
currents can drastically decrease the 
effective R-value. A 4% void in an R.:.19 
fiberglass-insulated wall results in a 20% 
reduction in effective R-value. 

Another factor that will affect the effective 
R-value of insulation is compression. The 
rated R-value a8sumes that the insulation 
is installed at a certain density. Figure 1 
shows the relationship between compres~ 
sion and R-value. Compression of fiber
glass beyond 50% is difficult 

Even though overall R-value is decreased 
when fiberglass is compressed. up to a 
certain point R-value ner inch is iDcreased 
because the density is increased. While 
this fact may be useful in some retrofit · .· 
situations - for instance installing an R-19 
ban in a 2x4 wall cavity would yield an. 
overall R-value of R12.9 as opposed to the 

·typical R-11 batt- it is usually not cost
effective to install compressed insulation. 
It should also be noted that the new high · 
density batts are already near optimum 
density and will probably suffer greater 
loss ofR-value when compressed. 

All insulation products have strong and 
weak points. Where space is at a pre
mium, R value per inch is most importanL 
In large open spaces such as attics, 
however, an insulation with a low cost i>er 
R value would be more appropriate. · 

Below grade, the consideration of durabil- /"" 
ity over time may be most importanL 

Insulation material is available in three 
basic types - batts (or rolls), loose fill and 
rigid board. Some batt and rigid board 
insulation comes with an attached mois
ture-proof facing of foil or kraft paper 
which acts as a vapor barrier. Vapor 
barriers are always installed toward the 
heated space, and placed between the 
heated room and the, insulation. 
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Figure L R-value vs. Compression In 
Fiberglass Batt Insulation 

From "Superinsulared Design & Constructicn" 
by Lenchke. Mattoclc and Raabe, 19P:7 

Vapor barriers are important in most 
insulation installations, because they . 
protect the insulation from moisture 
produced in a heated house. The moisture 
produced by the everyday household 
activities can condense in the insulation or 
on the walls, floors, and ceiling in cold 
weather. Wet insulation is much less 
effective in preventing heat loss. The 
additional weight could also cause 
structural damage by exceeding the 
weight-bearing capacity of the ceiling. 

In most cases, if the insulation doesn't 
come with an attached vapor barrier, you 
must install one. However, if you already 
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have some insulation in your attic, do not 
install a vapor barrier~ the old 
insulation. You can cut slashes in the foil 
to ensure that it does not act as a vapor 
retarder. Otherwise moisture may build 
up in the old insulation. 

A recently released study, produced at 
Architectural Testing Incorporated (ATI) 
in York. PA, and reported in Energy 
Design Update in December 1990, 
suggests that at extremely cold outdoor 
temperatures (-25°F) convection in or 
around 6 inch unfaced. R-19 fiberglass 

Types or Insulation _,,.-.~----.. batts causes a nearly 50% increase in 
overall heat loss. While the unfaced batts 
showed no performance problem at 18°F, 
there were no tests performed between 

1. Batt or blanket 
insulation is made of 
mineral wool or 
fiberglass. Batt 
insulation is best used 
for crawl spaces or 
unfinished walls. It can 

~~~~:;"S:ri;;~:::=i~these two temperatures to 
. . ·. etermine where the problem 

begins to occur. The National 
Research Council of Canada has not 

found similar results in Northern Canadian 
tests, but stresses that Canadian batts are 
typically produced at a higher density than 
U.S. batts. The higher density makes the 
insulation more resistant to the formation 
of convection currents. (In Sweden 
regulations require that fiberglass batts 
have a minimum density of about 1.0 
pound per cubic foot . Typical American 

batts are about 2/3 as dense.) The · 
report did not comment on faced 
batts, however, and other 

3. Rigid board insulation 
(fiberglass, polystyrene, 
polyurethane) is usually 

studies by the Canadians 
.......... ~~~W1'aB indicate that faced bans are 

attached with adhesive mastic. Thie; type 
of insulation is used for crawl space 
perimeters, concrete walls and "exposed 
beam" ceilings. 

Fibergl8ss is the most commonly used 
insulalion. h is widely available, easy to 
inmD without special equipment., and less 
~than other typcS. Installed 
pupedy it is an effective thmnal barrier, 
but a sloppy installation job seriously 
afl'ccts perfmmancc. FibcrgWs is made 
from a molten blend of sand, soda ash and 
boron lhat is formed into hairlike fibers. 
The fabric of criss-crossing fibers and air 
pockets is 90% air. It's R-value per inch 
varies from R-2.5 to R-3.6 depending on 
density. 

much less susceptible to 
convection problems. 

Chopped fiberglass can be blown into 
attics and sealed. Ark Seal has a Blown
In-Blanket system that blows fiberglass 
into stud and cathedral-ceiling rafter bays 
in new construction walls, using a netting 
to keep it in place until it is covered with 
interior sheathing. Fiberglass can also be 
pressed into rigid panels that are used for 
wall sheathing. 

Rock wool, or slag wool, is made from 
the silica leavings when iron ore is melted 
to make steel. It is denser than fiberglass, 
giving it better sound-deadening proper
ties. Its R-value is similar and it is used in 
similar kinds of applications. 

Cellulose insulation is made from 
recycled paper products that have been 
broken down into tiny fibers. When 
packed into a space the fibers interlock to 
trap air, giving an R-value of 3.2-3.5 per 
inch. Cellulose must be treated with a 
fire retardant and should not be allowed to 
get wet 
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Both cellulose and blown fiberglass have 
potential for use as wall, cathedral ceiling, 
and underfloor insulations when suitable 
means can be found to keep them in place. 
One method consists of using fireproof 
and waterproof treated cardboard baffles 
that are stapled into the stud or joist cavity 
and then injected with the blown insula
tion to a specified density to fill all voids 
and eliminate the possibility of settlement. 
Another method uses a binder material to 
coat the fibers before injecting them into 
the cavity usually behind some type of 
mesh framework. The binder hardens the 
fibers into a rigid mass. Either is a cost
effective alternative to fiberglass batts. 

Polystyrene foam insulation is manufac
tured in two forms: extruded and molded 
expanded bead. Extruded polystyrene 
(XEPS) has a more consistent density, a 
more uniform appearance, and greater 
compressive and tensile strength than that 
produced by the molding process. It is the 
rigid insulation recommended by the DOE 
for use below grade. Its tough, closed-cell 
structure is less likely to take on moisture 
or to be damaged during backfill. 

Expanded polystyrene (EPS) is the 
source of styrofoarn coffee cups and 
"headboard" EPS has the lowest R
ratings of any of the foams (R-3.6-R-4.2, 
depending on density). The R-value of 
XEPS is higher because it has a mixture 
of air and fluorocarbon gas in the cells 
instead of just air. 

Because polystyrene is combustible, it 
must be covered with a flame resistant 
covering. It must also be protected from 
direct exposure to ultraviolet light These 
rigid boards, when used as sheathing, 
provide a barrier to air infdtration that iS 
superior to conventional sheathing; 
however, they are nonstructural materials 
with low nail-holding capabilities. 

Polyurethane and polyisocyanurate 
foams are fluorocarbon-blown materials 
which possess a rigid structure upon 
curing. They are available as rigid boards, 
foamed-in-place or sprayed-in-place 
insulation. A common cold-climate 
system called "flash and ban" combines a 
foamed-in-place layer of polyurethane at -
least 1 1/2 in. thick with fiberglass batts. · 

The polyurethane has a slightly lower R
value but it is less expensive and stronger. 
Both foams show dimensional change 
upon curing and aging. The degree of 
expansion or shrinkage is related to 
temperature and humidity conditions and 
the duration of exposure to extreme 
conditions. Because of the high closed cell 
content, water absorption and permeability 
are very low. They are resistant to fungal 
and bacterial growth, and are nontoxic 
except during fires. 

Phenolic foam has the highest R-value of 
any of the foams on the market, and it has 
a low-flammability rating. There have 
been many problems relating to its 
development At present it is manufac
tured in the U.S. only by The Manville 
Company, but it is seen by many as the 
hope of the future. 

All of these foams except EPS are 
produced with freon-blowing agents 
which has been linked to the degradation 
of the earth's ozone layer. Efforts to cut 
back the use of freon have led to research 
on vacuum-based insulations. Several · 
vacuum-based insulations being developed 
in this country could be exciting for the 
building industry as well. 

Oak Ridge National Labs is developing a 
vacuum powder using silica particles that 
are fused into tiny beads while under a
vacuum. The beads are compressed into a 
square slab and heat-sealed at the edges 
The lab-measured resistance to heat loss 
was about R-50/inch. Solar Energy 
Research Institute in Colorado is refining 
compact Vacuum Insulation, made of 
stainless steel panels separated by glass 
spacers. At R-15per1/10 inch these 
could become the material of future . 
window frames. Vacuum Gel is being 

. developed by Thermolux in Emeryville, 
California. It is a gel that congeals under 
a vacuum of 1/10 of an atmosphere. 98% 
of the mass is poured off, leaving a clear 
latticework that can be wrapped under a 
vacuum. With a rating of R-20/inch it is a 
start toward more thennally efficient 
windows. 

You can be certain that, as the cost of 
energy goes up, so will the number of new 
and better insulation products· available. · 

New Insulation Products 
Embrace Systems Corp. has developed a 
Plastic Fiber insulation with thermal 
resistance comparable to fiberglass (R-3 
per inch). It is made almost exclusively 
from recycled plastic. It has been ap
proved for use in Canada, with U.S. 
approval being sought and expectations 
for plants across the country within a year. 

CertainTeed and Owens-Corning 
Fiberglas both offer new, high-density, 
high R-value fiberglass insulations 
available in 3 sizes:3 1{2" R-15 batt (as 
opposed to standard R-11), the 5 1/2" R-
21 batt, and 8 1/2" rolls for R-30 in 2xl0 
roofs. Standard 6 1/4 inch R-19 batts 
compressed to fit a2x6 cavity only have 
value of R-18, so the new 5 1/2" R-21 
batts will increase R-value by 17%. 

For basement retrofits: 
Kwick-R is a rigid foam panel laminated 
to drywall which offers an alternative to 
building a stud wall inside the foundation 
when insulation must be retrofitted. The 
panels attach to the foundation with a 
foam adhesive and special nylon screws. 
Standard 4x8-foot panels are constructed 
of I 1/2-inch headboard and 1/2-inch 
drywall, producing an R-6-R-7 wall. 

FibreFast is a fire-rated fiberglass batt 
faced with polypropylene and kraft paper. 
The top edge of the blanket is stapled to . 
the mudsill. The bottom edge has a metal 
strip, which is attached with masonry nails 
to the foundation wall. Three sizes are 
available: 2-,3-and 4- inch blankets rated
at R-6, R-11, and R-13. 
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