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From caves to superinsulated houses, human beings have demon-
strated the need for protection from the elements. The true origins
of the science of thermal insulation, however, are difficult to iden-
tify. Organic materials have served as the natural prototype for
thermal insulators. Evolutionary examples include fur covering the
polar bear or feathers on a bird, cotton, wool, straw, and even hair.
Similarly, prehistoric human beings clothed themselves with wool
and skins from animals and built homes of wood, stone, earth, and
other materials for protection from the cold winter and the heat of
summer.

For thousands of years, house structures were designed to best
suit the climate of their location. For example, using the earth as
an insulator, the Egyptians retired to the coolness of subterranean
chambers and grottoes on hot days.! Historians believe that the
ancient Greeks and Romans discovered asbestos and found many
uses for it because of its resistance to heat and fire. The Romans
even used cork for insulation in shoes in order to keep their feet
warm. Pliny, in the first century, referred to the use of cork as an
insulating material for roofs. Early inhabitants of Spain lined their
stone houses with cork bark, and North African natives used cork
mixed with clay for the walls of their dwellings.2

As technology developed, so did innovations to improve the com-
fort of human beings. Introduction of the fireplace and chimney by
the Norwegians and people of Iceland during the twelfth and thir-
teenth centuries provided controlled, artificial heat.! It was evident
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that the task soon became not only how to keep heat out but also
how to keep heat in. The thatched huts of northern Europe were
built with a roof, up to 2 ft thick, of woven straw and walls of clay
and straw (Fig. 1.1) Early Spanish mission houses of the south-
western United States, where temps rose to 120 to 140°F, were
comparatively cool due to clay straw walls several feet thick.
Similarly, the indigenous peoples of the South Seas built huts of
dried sea grass. The hollow fiber of the dried sea grass provided a
good degree of thermal resistance.? Mineral fiber—another impor-
tant insulating material—was first used by the natives of the
Hawaiian Islands to blanket their huts. The fibers came from vol-
canic deposits, where escaping steam had broken the molten lava
into fluffy fibers.

It was not until the advent of the industrial revolution of the late
nineteenth century that deliberate commercial application of ther-
mal insulations became mainstream. For example, blanket-type
insulations were being developed throughout the 1890s. One such
product, known as Cabot’s Quilt, was introduced by Samuel Cabot
in 1891. The material consisted of a matting of Zostera marina, a
marine plant also known as eel grass, sandwiched or stitched
between two layers of kraft paper. (An unrefined use of this mate-
rial was found in the Pierce house of Dorchester, Massachusetts,
built in 1635, with Zostera marina stuffed between the framing
members.)?

Mineral wool was first commercially produced as a pipe insulator
in Wales in 1840 and in the United States for the first time in
1875.3 It was almost 60 years later, in 1897, that C. C. Hall, a chem-
ical engineer, produced rock wool. By 1901, he was producing this
product commercially at a plant in Alexandria, Indiana.? Hall
formed a partnership to make the new product and later founded
Banner Rock Products Co. (which was purchased by Johns
Manville Co. in 1929). By 1928, there were eight plants manufac-
turing either rock wool or slag wool insulation in the United States.
(By the 1950s, this number had increased to approximately 90 but
has since declined to about 15 to 20 today.*)

Fiberglass had its first beginnings in ancient Egypt, when people
discovered that they could draw hot glass into threads, which were
placed around vessels for decoration. The modern technique of
making fiberglass insulation, developed in 1931, involves jetting of
molten glass through tiny heated holes into high-speed air
streams, wherein the resulting fibers are drawn very thin and to
great length.’ Developed by Owens-Illinois, the Corning Glass
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Company was the sole producer of this material, later known as
Owens-Corning fiberglass, until an antitrust action filed in 1949 by
the Department of Justice.*

Wood shavings were a very popular insulation product due to the
wide availability of raw materials and their low cost at the turn of
the century. Shavings often were treated with lime or some other
chemicals to increase resistance to water absorption, fire, and fun-
gal growth. These were called balsa wool or balsa batt (actually
sawdust wrapped in paper) and were popular in homes of north-
eastern United States.

Straw bale construction also has been around since the “frontier
days” of the United States and is most common in the western
Plains states. When the Kincaid Act of 1904 opened part of
Nebraska to homesteading, straw was one of the only indigenous
materials available. Housing became an urgent necessity for fron-
tiersmen, and straw bale construction flourished in the Sandhills
of Nebraska more than any other known location. Although these
settlers planned to build a “real” house as soon as enough money
could be saved, such houses often were left exposed on the outside,
but they were plastered on the inside to enhance tidiness and pre-
vent drafts. Although the process sometimes took as long as 10
years, the outside walls would finally get a thick coat of mud plas-
ter or cement stucco.

Straw bale construction was an appropriate, sometimes neces-
sary response to a unique combination of legislative, geologic, nat-
ural resource, and socioeconomic factors that prevailed in that
region. The building of railroads through the Midwest is one factor
that added to the reduction of straw use. Railroads and merchan-
dizing enabled wood products to replace Nebraska’s indigenous
materials for buildings needs.

Reflective insulation materials, using bright metallic surfaces,
were first patented in 1804. Aluminum eventually became the pre-
dominant reflective material, but it did not achieve commercial
popularity until the 1930s.2

The genesis of insulation board products dates to 1910. Two
semirigid insulation products made from flax (a textile fiber made
from plants) were manufactured in Minnesota, called Flaxlinum
and Fibrofelt. These ultimately were replaced by rigid insulation
board products, also first produced in Minnesota, in 1914. Insulite
was manufactured by taking wood pulp waste products, known as
sulfite screenings, and processing and drying them into a rigid,
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lightweight insulating material. This plant produced up to 60,000
square feet of Insulite per day.® By 1920, Celotex Company intro-
duced an insulating board made from bagasse, a waste by-product
of sugar cane after the juice has been extracted.2 This was followed
by Celotex’s Cenesto, a fire-resistant insulation board surfaced on
one or both sides with asbestos cement, used primarily for low-cost
housing.¢ Lower-density insulation boards, generically belonging to
the family of fiberboard products, were available in thicknesses
ranging from s to 1" and in some cases up to 3". Fiberboard insu-
lation commonly was used as an insulating lath over the wood
studs, a plaster base over masonry, and even in some cases as an
interior finish.6

The 1920s saw a measurable rise in public awareness of the val-
ue of thermal insulation. While fiberboard was advertised as the
most economical insulation of its time, batts began a rise in pop-
ularity as well. Aluminum and copper also were applied to the
batts as reflective foils.® Slag wool is a material made by blowing
steam through fluid slag (molten rock). Also known as rock wool,
this product was later replaced by asbestos, similar in appearance
and promoted as the best alternative by heating engineers who
dealt with the control and handling of steam. Glass fiber produc-
tion started in the mid-1930s.

The case also can be made that insulation was not as necessary
prior to the 1920s as it is now because of the construction materi-
als and methods used at that time. Materials were heavier, includ-
ing windows and door sashes, which provided adequate weather
resistance. The growing popularity and use of lighter building
materials increased the need for insulation products.? The gradual
introduction of air-conditioning systems into home design also con-
tributed to a greater need for thermal insulation.

In 1928, the Milam Building in San Antonio, Texas, became the
first high-rise office building to be completely air conditioned. In
that same year, Willis Carrier installed the first residential air con-
ditioner, called the Weathermaker, that heated, cooled, humidified,
cleaned, and circulated air in homes.” One year later, in 1929, the
Frigidaire division of General Motors introduced its first room cool-
er. Several other manufacturers, including York and General
Electric, began to offer room coolers soon after. The first window air
conditioners were developed in the 1930s, but it was 1936 when
Philco-York introduced a 3675 Btu/h window unit. Popularity
increased throughout the next two decades, sales of window units
approaching 300,000 in 1952. The early 1950s also saw the evolu-
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tion of smaller central air-conditioning systems, using water-cooled
condensers, and they become more commonplace in residential use.?

During World War II, the use of building insulation was made
mandatory to conserve metal required for heating and air-condi-
tioning equipment and to save fuel.® This probably contributed to
a greater awareness by the general population of the sensible
applications of insulation in residences as well. This was explored
further by a special report developed by the Secretary of Defense
in 1957. Capehart housing was rented to civilian employees at
remote military institutions. The study concluded that if the
72,000 Capehart act houses would have been designed to suffi-
cient thermal standard s, the United States government, which
pays the heating bill as part of the rent, would save $52 million
over a 30-year period.®

Extruded polystyrene insulation originally was developed by the
Dow Chemical Company in the United States in the early 1940s.
Known proprietarily as Styrofoam, it was first used as a flotation
material in liferafts and lifeboats because its fully closed cell struc-
ture renders it highly resistant to water absorption. The insulating
properties of Styrofoam, combined with the advantage of the closed
cell structure, led to its development as a thermal insulation mate-
rial. Initial applications were in low-temperature situations for
cold-store floors, wall, and ceiling panels and pipe insulation. In
the 1950s, Dow’s extruded polystyrene foam extended its impact to
other areas of the construction industry—as a thermal insultant in
commercial and residential buildings.

The 1970s saw a dramatic shift in public awareness and sensi-
bility toward energy conservation. The production of domestic oil
had peaked in 1970, which subsequently created a greater depen-
dence on foreign exports. Many researchers point to the Arab oil
embargo of 1973 and 1974 as the catalyst for the energy crisis. A
second sharp rise in oil prices occurred in 1979 following the
Iranian revolution, further contributing to public discussion as well
as new energy programs. Government mandates have continued
this trend, with the Federal Energy Management Improvement Act
(FEMIA) of 1988 requiring a 10 percent reduction in per-square-
foot energy use by federal buildings between 1985 and 1995, fol-
lowed by the sweeping Energy Policy Act of 1992 (EPACT). This act
increased conservation and energy-efficiency requirements for gov-
ernment, energy, and consumers. Federal agencies, for example,
were required to attain a 20 percent reduction in per-square-foot
energy consumption by 2000 compared with a 1985 baseline. All
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these initiatives contributed to a greater awareness of energy con-
servation not only by the general public but also by producers,
installers, and designers of insulation installation materials and
methods.

As the U.S. paper industry grew in the 1940s, it was only nat-
ural to look to paper by-products for insulation. Originally man-
ufactured as a sound deadener, paper-based cellulose soon
caught on as an effective, dense insulation material. Early cellu-
lose insulation did not benefit from today’s fiber technology and
application equipment, however, so it garnered only a small por-
tion of the market as fiberglass became increasingly popular
after World War II.1° (Cellulosic fiber insulation had several
patents issued in the nineteenth century but gained little, if any,
popularity.4)

As a result of the 1970s energy crisis, heavy demand for insula-
tion induced many new producers to enter the cellulose industry,
causing a resurgence of cellulose insulation popularity. Once the
crisis passed, however, only a few companies remained committed
to refining the material.”!

Urea formaldehyde foam insulation (UFFI) was introduced to the
building industry in 1960. Health complaints started from the
occupants of UFFI-insulated homes in 1978, and by 1980, UFFI
was banned across Canada, reportedly due to long-term health risk
to occupants of houses insulated with UFFI. (Urea formaldehyde is
one of the main resin mixtures of formaldehyde, and of all the
formaldehyde compounds, it contributes the most to indoor air
problems because of its water solubility.)2
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Temperature and temperature variations govern much of our daily
lives. Shelter, clothing, heating, air conditioning, and building
insulation influence the thermal forces that determine a person’s
state of comfort. It is this idea of “thermal comfort” that designers,
builders, and architects attempt to provide by active or passive
means when creating shelter.

Thermal comfort, ever a vague and ambiguous term given the
varying nature of the human condition, has been described as a
feeling of well-being, an absence of discomfort, or a state of mind
that is satisfied with the thermal environment. The body’s network
of sensory organs, such as the eyes, ears, nose, tactile sensors, heat
sensors, and brain all contribute to the physiologic and psychologi-
cal awareness of thermal responses.

Thermoregulation

As my college professor once said, “Human bodies are like a bunch
of little furnaces running around.” Truer words were never spoken,
since each human body generates heat. As warm-blooded mam-
mals, humans produce energy by metabolizing food, with most of
this energy taking the form of heat. Metabolic heat is produced by
the body all the time, mainly as a result of muscular activity,
although almost all bodily functions produce some heat. It is no
secret that the more active we are, the more heat we produce.!
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Heat is transported around the body by the blood. To balance
the metabolic input, heat is lost continually to the environment
through the skin and through the surfaces of the lungs.
Subsequently, human thermal comfort is also determined by the
body’s ability to dissipate the heat and moisture that are pro-
duced continuously by metabolic action.

Heat is measured in British thermal units (a Btu is the quanti-
ty of heat required to raise one pound of water one degree
Fahrenheit). For men of average size, seated and doing light
work, the metabolic rate is about 450 Btu/h. Women under simi-
lar circumstances generate about 385 Btu/h. For a 155-1b man,
seated and doing moderate to heavy work, the rate ranges from
650 to 800 Btu/h; standing and walking about while doing moder-
ately heavy work will raise the rate to 1000 Btu/h, whereas the
hardest sustained work will result in a metabolic rate of 2000 to
2400 Btu/h.

Thermal comfort is said to be attained when the environment
surrounding the individual is in a state of equilibrium; i.e., the heat
and moisture produced by the body are removed at the rate at
which they are being produced. One method in which the human
body maintains thermal equilibrium with its environment is by
means of physiologic thermoregulation. For example, in situations
of prolonged sweating, skin wetness slowly increases with time
because of accumulating salt on the skin. The increasing salt occurs
because the water in perspiration evaporates, while the dissolved
materials, principally sodium chloride, remain on the surface. It is
also thought that part of the relief that bathing brings after a warm
day or strenuous activity is that by cleaning the skin, the salt is
removed and the perspiration can evaporate more efficiently with
reduced skin wetness. Another method of physiologic thermoregula-
tion is shivering. The muscle tensions that cause shivering create a
300 percent increase in heat production, while the body also tries to
cut heat loss by limiting blood flow to the skin and extremities.!

While some heat is removed through breathing, heat loss
through the skin is by far the major path. Cold receptors in the skin
signal the brain if the temperature on the skin drops at a rate
faster than 0.5°F (0.25°C) per minute. This process allows people
to adapt to indoor and outdoor climates by means of behavioral
adjustments such as light or heavy clothing, low- or high-speed
fans, open or closed windows, etc. An event as mundane as a cool
draft of air can change local air temperatures by 2°F (1°C) in a
matter of seconds.
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Humidity

Humidity affects comfort in a number of ways, both directly and
indirectly. The evaporation of water from mucous and sweating
surfaces and its diffusion through the skin affect the energy bal-
ance and subsequently body temperatures and thermal sensations.
When evaporation processes of the skin are compromised or
enhanced, skin temperatures change, which is directly sensed by
the temperature sensors of the skin. For example, a 30 percent
change in relative humidity has the same effect on thermal balance
and thermal sensation as a 2°F (1°C) change in temperature with
regard to a sedentary person.

Low humidity, or dry air, absorbs moisture from the skin at a
rapid rate and produces a chilling effect that can only be offset by
increasing air temperature. Dry air also makes fabrics feel
smoother and more pleasant, and the air is perceived to be fresher,
less stale, and more acceptable. At a given temperature, decreased
humidity results in occupants feeling cooler, drier, and more com-
fortable, but low humidity also can adversely affect comfort and
health. Dry nose, throat, eyes, skin, and other mucous surfaces typ-
ically occur in low-humidity conditions, usually when the dew point
is less than 32°F (0°C). Excessive drying of the skin can even lead
to lesions, skin roughness, and discomfort, and impair the skin’s
protective functions. Dusty environments can further exacerbate
low-humidity dry-skin conditions.!

On the other hand, high humidity helps our bodies retain heat.
In warm conditions, however, thermal discomfort increases with
humidity. The discomfort appears linked with skin moisture, as
persons rarely judge themselves comfortable in situations where
skin wetness is above 25 percent.! The discomfort associated with
skin moisture could be due, in part, to friction between skin and
clothing. When fabrics ranging from rough burlap to wool, cotton,
polyester, and smooth silk are pulled across the skin, the measured
pull force increases with humidity and perspiration, as does the
fabric’s perceived texture or roughness.

Thermal comfort is also directly related to the manner in which
heat flows through or about building materials, whether by means
of convection, radiation, or conduction. While convection may be
most noticeable in the form of a breeze or draft, radiation may seem
to cause more dramatic comfort variations. Standing next to a large
window is an obvious example. These concepts will be discussed
further in Chap. 3.
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ASHRAE Standard 55

As mentioned earlier, occupant complaints of discomfort in build-
ings may be caused by uncomfortable temperatures or extreme
humidity levels. In 1966, the American Society of Heating,
Refrigerating and Air-Conditioning Engineers (ASHRAE) created
a standard to quantify thermal comfort. Entitled ASHRAE
Standard 55-1966, “Thermal Environmental Conditions for
Human Occupancy,” this document introduced a definition for
thermal comfort that states: “Thermal comfort is that condition of
mind that expresses satisfaction with the thermal environment.”
Standard 55 specified the appropriate environment that would
lead to thermal comfort for indoor inhabitants of building spaces.
Based on summer and winter temperatures with indoor relative
humidity as the variable, the 1992 edition of ASHRAE Standard
55 specifies that the optimal comfort range for indoor relative
humidity is between 30 and 60 percent. The standard also speci-
fies that to decrease the possibility of discomfort due to low humid-
ity, dew-point temperature in occupied spaces should not be less
than 37°F (3°C).t

The upper range of the comfort zone for summer use will be tol-
erable for most lightly clothed adults until the relative humidity
rises above 60 to 65 percent. At that condition, discomfort will be
experienced by many building occupants because of their inability
to dissipate metabolic moisture. Increases in air velocity are bene-
ficial under these conditions, but velocities above about 70 ft/min
generally will result in unpleasant working conditions because of
drafts, blowing papers, and so on.2

Conclusion

Comfort seems to occur when body temperatures are maintained
with the minimum of physiologic regulatory effort.! Thermal sen-
sation depends on body temperature, which in turn depends on
thermal balance and the effects of environmental factors (temper-
ature, radiation, air motion, and humidity), as well as on personal
factors such as an individual’s metabolism and clothing selection.
Skin moisture, physiologic processes, and skin and internal body
temperatures all contribute to the state of thermal comfort.
Although many of these factors are constantly in flux, the proper
use of insulation, placement of vapor barriers, and understanding
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of heat transfer will contribute to providing an environment con-
ducive to thermal comfort within the residence.

Appendix

ASHRAE Headquarters
1791 Tullie Circle, N.E.

Atlanta, GA 30329-2305
800-527-4723

http:/ lwww.ashrae.org/
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Heat-Transfer Mechanisms

It is no secret that a house will lose heat in the winter and allow heat
in during the summer. Heat, or thermal energy, flows continuously
through materials and space, taking the path of least resistance and
flowing from the warmer object to the colder object. Insulation
attempts to keep thermal heat where it is wanted. To understand how
thermal insulation works, it helps to understand the three mecha-
nisms of heat energy transfer: convection, conduction, and radiation.

In winter, the heat in a family’s living room invariably flows by air
movement to spaces that are not heated, such as the basement, attic,
or garage. This is an example of heat flowing through moving air,
known as convection. Another example is when heat is transferred from
hot coffee, through the cup, to the hand holding the cup. This is known
as conduction, or the process by which heat transfer takes place in sol-
id matter. A third example can be found when a rooftop is warmed by
the energy of the sun. This an example of the transfer of heat through
space via electromagnetic waves (radiant energy), known as radiation.

Convection

Convection is the transfer of heat by physically moving the molecules
from one place to another. Convection takes place when a fluid, such as
gas or a liquid, is heated and moved from one place to another. When
warm air in a room rises and forces the cooler air down, convection is
taking place. For example, air, when heated, expands and rises. If this
air movement is created mechanically by a floor register, fan, or the
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wind, it is called forced convection. When the sun heats the warm air
and it rises, causing the cold air to settle to create a convection loop, it
is termed free convection. Free convection also occurs when the sun,
shining through a window, heats the air inside a building.

Conduction

Conduction is the process by which heat transfer takes place in solid
matter, such as the direct flow of heat through a material within a sin-
gle or two separate bodies in direct contact. Scientifically, it is the mol-
ecule-to-molecule transfer of kinetic energy. One molecule becomes
energized and, in turn, energizes adjacent molecules. A cast-iron skil-
let handle heats up because of conduction through the metal from the
heat energy provided by the burner on the stove. This also occurs when
a person touches a sun-warmed window or when the handle of a pok-
er gets warm after the other end has been placed in a fire for a few
minutes.

Convection and conduction are functions of the roughness of sur-
faces, air movement, and the temperature difference between the air
and surface. Mass insulations, because of their low densities, are
designed to suppress conduction and convection across their sections
by the entrapment of air molecules within their structure. Convective
air currents are stilled by the surrounding matrix of fibers or cells, and
the chances of heat transfer by the collision of air molecules are
reduced. Foam insulations operate under the same principle, although
gas is used instead of air within their structure.

Radiation

The third way energy is transferred is through radiation. This is evi-
dent in the way the sun warms the surface of the earth, which involves
the transfer of heat through electromagnetic waves and absorption of
that energy by a surface. A person sitting in the sun by a window
absorbs radiant heat. Inside a home, surfaces may exchange heat with
other surfaces through radiation, which can have some impact on
indoor ambient temperature. Heat energy from radiation is most rele-
vant to home comfort in the summertime, however, when the roof and
exterior walls absorb heat from the sun. (This heat subsequently
enters the interior space through conduction and convection.) This
process is more critical in hot climates.

Radiant heat transfer between objects operates independently of air
currents and is controlled by the character of the surface (emissivity)
and the temperature difference between warm objects emitting radia-
tion and cooler objects absorbing radiation. Emittance (or emissivity)



Insulation Fundamentals and Principles 23

refers to the ability of a material’s surface to emit radiant energy. All
materials have emissivities ranging from 0 to 1. The lower the emit-
tance of a material, the lower is the heat radiated from its surface.
Aluminum foil has a very low emittance, which explains its use in
reflective insulation. This will be further explored in Chap. 12.

Reflectance (or reflectivity) refers to the fraction of incoming radiant
energy that is reflected from a surface. Reflectivity and emissivity are
related, and a low emittance is indicative of a highly reflective sur-
face. For example, aluminum with an emissivity of 0.03 has a
reflectance of 0.97.

The resistance of these modes of heat transfer may be retarded by
the elements of a building wall section. Elements include

1. Outside surface films. The outside surface traps a thin film of air,
which resists heat flow. This film varies with wind velocity and sur-
face roughness.

2. Material layers. Each layer of material contributes to the resistance
of heat flow, usually according to its density. A layer of suitable insu-
lation is normally many times more effective in resisting heat trans-
fer than the combination of all other materials in the section.

3. Airspace. Each measurable airspace, as well as its thickness, also
adds to the overall resistance. Foil-faced surfaces of low emissivities
that form the boundaries of the airspace can further reduce the rate
of radiant transfer across the space (provided the airspace is at
least %/," to 1").

4. Inside surface film. The inside surface of a building section also
traps a thin film of air. The air film thus formed is usually thicker
because of much lower air velocities.!

Heat Flow

It is important to point out again that heat (thermal energy) always
flows from a warmer object to a colder object. In terms of buildings, we
refer to heat flow in a number of different ways. It is the measurement
of this heat flow that allows for the mathematical analysis of wall,
floor, and ceiling assemblies. U-value and R-value are the most com-
mon methods used.

U-value

The flow rate of heat through a building product is known as the
U-value. The U-value (or U-factor) is a measure of the flow of heat
(thermal transmittance) through a material, given a difference in
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temperature on either side. In the inch-pound (I-P) system, the U-
factor is the number of British thermal units (Btu) of energy passing
through a square foot of the material in an hour for every degree
Fahrenheit difference in temperature across the material
(Btu/ft2-h-°F). In the metric system, it is usually given in watts per
square meter per degree Celsius (W/m2.°C).

Since the U-value is a measurement of heat flow, the lower the U-
value, the more slowly does the material transfer heat in and out of the
home. The U-value typically is used in expressing overall thermal con-
ductance, since it is a measurement of the rate of heat flow through
the complete heat barrier, from room air to outside air. The lower the
U-value, the better is the insulating value. U-value is the customary
unit used by the fenestration industry to quantify conducted heat gain
or loss. With other building materials, such as insulation, roofing, and
flooring materials, the R-value is frequently used for conducted heat
gain or loss.

R-value

Another mathematical expression used in thermal quantification,
and the most common reference used by the insulation industry, is R-
value, or resistance to heat flow. Since the R-value is the measure-
ment of a product’s resistance to heat flow, the higher the R-value,
the better is the resistance to the flow of heat (expressed in British
thermal units). Insulation is rated in terms of thermal resistance,
called R-value, which indicates the resistance to heat flow. The high-
er the R-value, the greater is the insulating effectiveness of mass-
type insulations.

R-values are measured by testing laboratories, usually in something
called a guarded hot box. Heat flow through the layer of material can be
calculated by keeping one side of the material at a constant tempera-
ture, say, 90°F (32°C), and measuring how much supplemental energy
is required to keep the other side of the material at a different constant
temperature, say, 50°F (10°C). [This process is defined in great detail in
American Society of Testing and Materials (ASTM) procedures. The
result is a steady-state R-value. It is called steady state because the dif-
ference in temperature across the material is kept steady.?]

To ensure that consumers are provided with accurate information
regarding R-values, the Federal Trade Commission (FTC) in 1980
established a rule that mandates that specific R-value information for
home insulation products be disclosed in certain ads and at the point
of sale. The purpose of the FTC R-value disclosure requirement for
advertising is to prevent consumers from being mislead by certain
claims that have a bearing on insulating value.?
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In the flow of heat through a solid body to air, it was observed that the
passage of heat into the air was not accomplished solely through con-
duction. Instead, it occurred partly by radiation and partly by free con-
vection. A temperature difference existed between the hot solid and the
average temperature of the air. In this case, the resistance to heat trans-
fer cannot be computed using the thermal conductivity of air alone.
Instead, the resistance has to be determined experimentally by mea-
suring the surface temperature of the solid, the temperature of the air,
and the heat transferred from the solid to air. The resistance computed
is the combined resistance of conduction, free convection, and radiation.

R-value requirements for a specific house design in a certain locale
are mandated by the IECC, formerly the Model Energy Code. Many
state agencies simplify this process for residential design by outlining
general rules of thumb. Manufacturers often provide general planning
guidelines as well (Fig. 3.1). Always verify specific thermal require-
ments with the aforementioned organizations or local building officials.

R-values are reported for 1" of thickness and are not necessarily per
inch of thickness (for residential construction only). R-values usually
are reported at mean temperatures of 75°F per FTC regulations. The
R-value per inch of a specific material is not necessarily always the
same. It can be affected by several factors, including temperature, den-
sity, and thickness.

Temperature

Test results at 75°F are adequate for controlled comparisons when
choosing materials, but most insulation materials have a higher R-
value at lower temperatures. The variation in value is caused by
changes in the conductivity of air within the insulation and by changes
in radiant heat transfer.

In some cases, this variation can be significant. For example, in win-
ter, the outside temperature may be 0°F and the inside temperature
70°F, resulting in a mean temperature of 35°F. Alternatively, for sum-
mer conditions, particularly in southern climates, mean temperatures
of 90 to 110°F can be experienced. The variation in R-value between
these two extremes can be as much as 27 percent.*

Thickness

Generally, R-value increases linearly with thickness. For example, a
2" thickness of a material will have twice the R-value of a 1" thickness
of the same material. Recent advances in thermal insulation technol-
ogy, however, have shown a phenomenon known as the thickness effect
in low-density materials. Simply stated, the thickness effect is an
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Attic Floor
Zone (Ceilings) Sidewalls Floors
1 R-19 R-12 R-11
2 R-30 R-19 R-11
3 R-38 R-19 R-13
4 R-38 R-19 R-19
5 R-49 R-19 R-25

R-values on the chart represent CertainTeed recommendations based on the
latest Model Energy Code and DOE recommendations. The wall R-values include
those for both insulation and sheathing. R-values of individual products can be
added to achieve recommended R-values. For example, R-38 added to an R-11
results in R-49. Wall R-values include length, insulation and sheathing.

Figure 3.1 R-values. (CertainTeed.)

apparent decrease in R-value per inch with increased thickness.
Many examples suggest that conduction is actually taking place, com-
promising the R-value.

Density

The R-value of certain insulation materials can vary considerably
with density. This has important implications in the use of blown-in
insulation, the installed density of which is under the direct control of
the contractor. For example, blown-in fiberglass is usually listed as
having an R-value of about R-2.2 per inch. But this is measured at its
“settled” density of about 0.7 Ib/ft3; if that same material is forced into
walls at a density of 2.0 1b/ft3, the R-value jumps to almost R-4.0 per
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inch. The same effect does not hold for cellulose, which decreases in
R-value as its density increases.*

Blanket insulation is also affected by density. Stuffing a thick batt
(or roll) into a narrow stud cavity will result in a more densely
installed material. R-13 batt insulation is designed for proper place-
ment into 2 X 4 wood frame wall. However, if an R-19 fiberglass batt,
which is designed for a 2 X 6 wood frame wall, is stuffed into a stud
cavity that is only 3.5", the total R-value of the batt will be less than
R-19. This is simply due to the fact that the fiberglass batt insulation
R-value relies on air as part of the resistance equation. Compressing
the batt reduces the airspace between the fibers, which in turn reduces
the R-value per inch.

This explanation of density is not to be confused with insulations
that have different design densities. Typically specified in units of
pounds per cubic foot, different products can be optimized for certain
locations and higher R-values when manufactured with different
densities.

Technically, any air-based insulation material such as fiberglass
batt cannot exceed a theoretical maximum R-value of R-5.5 per inch
because 5.5 is the R-value of still air. Plastic foams such as urethane
and polystyrene sometimes exceed this value by using a fluorocar-
bon gas instead of air within the insulation cells. These factors will
be discussed in greater detail later in the book. Other exceptions to
the preceding maximum are experimental air-based insulation
materials that contain very fine powders. These materials increase
R-value by virtue of extremely small powder particles that interfere
with conduction through air. Although they are not available com-
mercially at present, they may appear on the market some time in
the future.

As mentioned earlier, U-value is the customary unit used by the fen-
estration industry to quantify conducted heat gain or loss. With other
building materials such as insulation, roofing, and flooring materials,
the R-value is used frequently for conducted heat gain or loss. There is
a simple relationship between u- and R-values, namely,

U=1R or R=1/U

For example, a U-value of 0.25 equals Y25, or an R-value of 4.
Conversely, in order to establish the R-value from the U-value, divide
1 by the U-value, that is,

R =1U or U = 1/R.
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Whole-Wall System

Currently, most wall R-value calculation procedures are based on
experience with conventional wood frame construction, and they do
not factor in all the effects of additional structural members at win-
dows, doors, and exterior wall corners. Thus they tend to overestimate
the actual field thermal performance of the whole-wall system.?

Clear-wall R-value (Rew) accounts for the exterior wall area that
contains only insulation and the necessary framing materials for a
clear section, with no windows, doors, corners, or connections between
other envelope elements, such as roofs and foundations.

Center-of-cavity R-value (Rcc) is the R-value estimation at the point
in the wall that contains the most insulation. This uses a 0 percent
framing factor and does not account for any of the thermal short cir-
cuits that exist through the framing.

Whole-wall R-value (Rww) is an R-value estimation for the whole
opaque wall, including the thermal performance of both the clear-wall
area and typical interface details such as all typical envelope interface
details [e.g., wall-wall (corners), wall-roof, wall-floor, wall-door, and wall-
window connections]. The whole-wall R-value is a better criterion than
the clear-wall R-value, and much better than the center-of-cavity R-value
methods used to compare most types of wall systems. The value includes
the effect of the wall interface details used to connect the wall to other
walls, windows, doors, ceilings, and foundations. Taking into account the
interface details can have an impact on as much as 50 percent of the
overall wall area. For some conventional wall systems, the whole-
wall R-value is as much as 40 percent less than the clear-wall value.®

With the increasing use of alternatives to dimensional lumber-based
systems (such as metal-frame and masonry systems) for residential
construction, this procedure highlights the importance of using inter-
face details that minimize thermal shorts. Local heat loss through
some wall interface details may be double that estimated by simplified
design calculation procedures that focus only on the clear wall.

The effect of extensive thermal shorts on performance is not reflect-
ed accurately in commonly used simplified energy calculations that
are the current bases for consumer wall thermal comparisons.
Consequently, the marketplace does not currently account for the ther-
mal shorts that exist in building walls. Computer software for model-
ing is available, but is beyond the scope of this text.
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Vapor and Air Retarders



Vapor Retarders

Vapor retarders are materials that restrict or reduce the rate and vol-
ume of water vapor diffusion through a building’s ceilings, walls, and
floors. Available in a variety of materials, they are commonly made of
polyethylene sheets, treated papers, and metallic foils. Historically,
they have been called vapor barriers but are now called vapor diffu-
sion retarders or simply vapor retarders. Although the familiar term
vapor barrier implies that the material halts all moisture transfer,
this is incorrect. Vapor retarders actually only reduce the rate of mois-
ture transfer, they do not stop moisture flow completely. As you will
discover in this chapter, the main reason to retard the transmission of
gaseous water vapor through building envelopes is to prevent it from
condensing to liquid water within the structure or insulation.
Thermal insulation has only been prevalent in residential construction
during the last 50 years. As originally designed, older structures did
not need to restrict the flow of airborne moisture because there was
little within the affected cavities to hold it. Older homes tend to have
less insulation and more air gaps in their thermal envelope. The wall
cavities, if wetted, dried quickly because of the leaky construction
methods employed. Windows and doors were not sealed tightly, and
most construction materials were not vapor-tight. Simply stated,
water vapor was able to pass through the building envelope unob-
structed, thereby not becoming trapped within the structural assem-
bly. As residential design became more energy conscious during the
second half of the twentieth century, the homes became more airtight.
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Storm windows, caulking, weatherstripping, and thermal insulation
interfered with the movement of water vapor. It soon became evident
that moisture movement was of prime concern if insulation was to
remain effective and structures were to remain sound.

Water vapor/moisture migration

Water exists in the atmosphere in three forms: as an invisible, gaseous
vapor, as liquid droplets, and as solid ice crystals. One important and
relatively unique characteristic of water is its almost universal exis-
tence in air in the form of vapor, its gaseous form. Vapor is not to be
confused with steam. Steam is water that has been elevated in tem-
perature above its boiling point (212°F or 100°C), whereas water
vapor, also in a gaseous state, is below the boiling point.

Water is present as vapor in indoor and outdoor air and as absorbed
moisture in many building materials. Water moisture is continuously
being generated by the activities and bodies of a home’s occupants. A
family of three generates 16 1b per day. Additional activities such as
cleaning, cooking, and showering, and even the presence of plants,
produce 1 lb of moisture per day.! The amount of moisture in a home
is also especially high immediately after construction is completed.
For example, significant amounts of water are used in the mixing
of concrete, mortar, and even plaster when applicable. A new house of
medium size may require 300 gal of water to be mixed in the concrete
alone.?

Moisture-related problems may arise from changes in moisture con-
tent, from the presence of excessive moisture, or from the effects of
changes of state, such as freezing, within walls or deterioration of
materials due to rotting or corrosion.

Moisture moves in four ways: bulk moisture, capillary action, air
leakage, and vapor diffusion. The primary source of bulk moisture is
rainwater. Improper flashing and caulking permit bulk moisture to
enter a building envelope. Capillary action occurs when moisture
moves through porous materials such as concrete or through cracks in
materials. Proper detailing and waterproofing help prevent capillary
action. Both air leakage and vapor diffusion transport vapor in its
gaseous state. This is more difficult to eliminate because the average
person respires up to 1 gal of water vapor per day.

Relative humidity

The term relative humidity is a measure of the amount of water vapor
held in a given volume of air compared with the maximum amount of
moisture the air could hold at the same temperature. The ratio is usu-
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ally expressed as percent relative humidity. Thus, 50 percent relative
humidity means that the air contains half the water vapor it is capa-
ble of holding at that temperature. At 100 percent relative humidity,
air contains the maximum amount of vapor it can hold, and such air is
said to be saturated. The temperature at which saturation occurs is
called the dew-point temperature.

Since psychrometry is the branch of physics relating to the mea-
surement or determination of atmospheric conditions, particularly
regarding the moisture mixed with the air, humidity is measured
using an instrument called a psychrometer. It involves measurements
of dry-bulb temperature and wet-bulb temperature.

The dry-bulb temperature is simply the air temperature and is some-
times called ambient or sensible temperature, commonly measured
using a thermometer. The wet-bulb temperature is the temperature
indicated by a wet-bulb transducer (thermometer), at which liquid or
solid water, by evaporating into air, can bring the air to saturation at
the same temperature. The results are plotted on a psychrometric
chart, a graph drawn to represent the thermodynamic properties of
moist air. A psychometric chart provides data to analyze the interac-
tion between dry-bulb temperature and relative humidity. This allows
experts to predict whether moisture condensation may occur on a par-
ticular surface, given the air temperature (dry bulb), the relative
humidity, and the temperature of the particular surface. Knowing the
air temperature and relative humidity, “they” also can predict the con-
densation temperature necessary to convert water vapor into liquid
water.?

There are two simple facts to keep in mind:

1. As air warms, its ability to hold a greater quantity of water vapor
increases.

2. As air cools, its capacity to retain moisture decreases.

For example, air at 68°F (20°C) with 0.216 oz of water (H,O) per pound
of air (14.8 g H,O/kg air) has a 100 percent relative humidity. The
same air at 59°F (15°C) reaches 100 percent relative humidity with
only 0.156 oz of water per pound of air (10.7 g H,O/kg air). The colder
air loses the capacity to hold about 28 percent of the previous temper-
ature’s airborne moisture. This moisture will condense on the first cold
surface it encounters. If this surface is within an exterior wall cavity,
for instance, wet insulation and framing may be an early result.?
When the relative humidity of air approaches about 92 to 98 percent,
a drop in temperature of as little as one degree, or the addition of a
small amount of water vapor, will cause the vapor to condense and pre-
cipitate from the air. In nature, this is known as rain, sleet, or snow.
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When it occurs in our dwellings, we refer to it as steaming or sweating
on windows and other surfaces. Sweating can be found easily as a dew
formation on a surface such as a cold glass of iced liquid or on the inner
surfaces of window panes. Sweating or condensation also can occur in
walls, roofs, ceilings, and floors of buildings. When it does, it can make
insulation inefficient; cause rot, decay, or mildew on wood framing; and
even result in deterioration of masonry materials. To make matters
worse, this type of damage occurs inside the wall cavity, where it is hid-
den from sight and can go unnoticed for long periods of time.

Dew point

The temperature at which water vapor will condense from the air at
any specific relative humidity is called its dew point. As mentioned
earlier, water vapor within dwellings normally is present only in its
invisible gaseous state. However, when vapor-laden air comes into con-
tact with a cold surface, at or below its dew point, such as a window
pane in winter or an article removed from the refrigerator, it prompt-
ly condenses into water droplets (dew). If the surface it contacts is
below 32°F (0°C), the vapor becomes ice crystals. Air with a high rela-
tive humidity always has a higher dew point than does drier air. A giv-
en temperature and relative humidity determine the dew point.

Temperature differences between indoor and outdoor environments
create conditions that promote condensation. The difference between
outdoor temperatures and indoor thermostat set points is typically
greater in the winter than in the summer. This leads to a greater like-
lihood of condensation occurring in the winter season.

In the design and construction of the thermal envelope of buildings
(the enclosure of desired temperatures and humidities), the behavior
of moisture must be considered, particularly the change of state from
vapor to liquid (condensation). Problems arise when moisture comes
into contact with a relatively cold surface (temperature below the dew
point), such as a window or within outdoor walls or under-roof ceilings.
Excessive condensation within indoor walls that enclose cold spaces
must also be considered.

Moisture problems

Moisture problems in residences generally occur in seasons when the
outdoor temperature and vapor pressure are low and there are many
indoor vapor sources. As mentioned earlier, these may include cooking,
laundering, bathing, breathing, and perspiration for the occupants, as
well as automatic washers and dryers, dishwashers, and humidifiers.
All these sources combine to cause vapor pressure indoors to be much
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higher than outdoors so that the vapor tends to migrate outward
through the building envelope.

In an ideal world, construction water should be evaporated before
the building is occupied. Concrete, plaster, even water-based paints
all evaporate water and could contribute to potential condensation
problems. Construction water is usually removed within a year, but
other sources still exist. Moisture is constantly being generated with-
in a home by the users after occupancy as well. For example, in the
winter months, Y/, Ib of moisture is generated with each shower,
whereas 0.12 1b is generated per bath. Appliances generate 5.66 1b per
day, including dishwashing, and a person generates 11 Ib in a 24-hour
period.* Venting of moisture-laden air from bathrooms, laundry
rooms, and kitchens will reduce indoor vapor pressure, as will the
introduction of outdoor air with low moisture content. Finally,
undrained and unvented crawl spaces, as well as wet basements or
bare-earth floors, will continue to be a problem unless corrective mea-
sures are performed.*

Moisture in building materials usually increases their thermal con-
ductance significantly and unpredictably. Porous materials that
become saturated with moisture lose most of their insulating capabil-
ity and may not regain it when they dry out. Dust, which usually set-
tles in airspaces, may become permanently affixed to originally
reflective surfaces. Moisture migration by evaporation, vapor flow, and
condensation can transport significant quantities of latent heat, par-
ticularly through fibrous insulating materials.

More than 90 percent of the moisture entering a perimeter struc-
tural cavity is from air leakage. The other 10 percent or less occurs as
vapor diffusion. This happens because air, by nature, moves toward
low pressure through any possible pathway. It acts as a fluid, draining
through any imperfection. Moisture diffusion directly through a mate-
rial is usually a much slower process. Most materials of any density
retard this flow somewhat. Standard gypsum wallboard or plaster
assemblies, once painted, seriously impede moisture diffusion.?

There are several ways to prevent condensation inside and outside
a home:

1. Moisture should be removed by drainage, venting, or isolating mois-
ture-generating sources.

2. Moist air should be kept away from cold surfaces within walls,
floors, or roof by means of a vapor barrier.

3. Sufficient insulation should be used on the cold side of assemblies
to keep critical surfaces warmer than the dew point temperature.
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4. Water vapor within the construction assembly should be allowed to
escape by using vapor-porous materials.

5. Vapor traps (i.e., double vapor barriers) formed between two vapor-
resistant components must be avoided* (Fig. 4.1).

History of Vapor Retarders

Historically, vapor accumulation has been remedied by a number of
strategies. Prior to the construction of energy-efficient homes, less
vapor-resistant materials were used in outer walls. Lowering the
indoor relative humidity can be accomplished either by lowering the
rate at which water vapor is added to the indoor air or by increasing
the ventilation of the house indoor air to the exterior. With today’s
lifestyle and indoor activities such as clothes washing and drying,
showers, baths, hot tubs and spas, dishwashers, and humidifiers that
tend to raise the indoor relative humidity, it has become necessary to
increase the vapor resistance on the warm side of the insulation. These
behaviors and design preferences have led to the scientific study of the
proper placement of a vapor retarder.
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Historically, the implementation of an insulating material with an
asphalt/kraft paper or aluminum foil backing resulted in one of the
first simple means of achieving a relatively effective “barrier” to the
transmission of water vapor through exterior walls. The attachment
flanges were configured to require the material to be installed with the
backing material on the warm interior side of the walls in an effort to
make the installation foolproof. The method was not entirely perfect,
however, because water vapor could pass readily through the studs
themselves and through the significant crack length where the insula-
tion was attached to the studs.

The relative success of this first step led to further consideration of
the problem. Before long, the application of 6-mil-thick sheets of poly-
ethylene film on the interior sides of exterior walls, under the dry wall,
or other finish, lapping and taping all joints, became standard prac-
tice. It is one of the most effective available means of inhibiting the
transmission of water vapor through exterior walls that is currently
employed.? Even this concept is now being scrutinized by many
experts.

Perm ratings

Perm ratings are assigned to many of the materials intended for use as
vapor retarders. Materials intended for use as vapor retarders are con-
stantly being improved and tested to establish their effectiveness. The
perm ratings assigned to such materials are usually established by a
reputable testing laboratory. Such ratings may be considered reliable
when the data are published, or certified, by the testing laboratory.
Water vapor transmission is the rate of water vapor flow expressed
in grains per hour per square foot. A pound contains 7000 gr, and a
gram contains 15.43 gr. Permeance is the water vapor transmission of
a material under unit vapor pressure difference between two specific
surfaces. The concentration of water vapor also may be stated by giv-
ing its pressure, commonly expressed in inches of mercury (inHg). The
unit of permeance is the perm, which is equal to grains per hour per
square foot per inch of mercury. The ability of a material to retard the
diffusion of water vapor is measured in units known as perms, short
for permeance. A perm measures, at 73.4°F (23°C), the number of
grains of water vapor that pass through a square foot of material per
hour at a differential vapor pressure equal to one inch of mercury.
Technically, a vapor diffusion retarder is a material with a perm value
of 1.0 or less. A material with a perm value greater than 1.0 is not a
vapor diffusion retarder because it allows too much water vapor to
pass through it. Knowledgeable professionals typically use vapor dif-
fusion retarders with ratings of 0.1 or less to guard against possible
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future changes in building science. One square foot of a material with
a rating of 0.1 perm will transmit approximately 2 fluid ounces of
water in 1 year. Polyethylene films, which have perm ratings in the
0.02 to 0.08 range, are the most popular. Several new products that are
more resistant to tearing than polyethylene are also available.

There is a common rule of thumb, as reported by the Department of
Energy and the Southface Energy Institute, to prevent trapping any
moisture that may enter a perimeter structural assembly. The struc-
ture’s cold-side material permeance should be at least 5 times greater
than the perm value of the warm-side vapor retarder.

Product types

Vapor retarders typically are available as membranes or coatings.
Membranes generally are thin, flexible materials but also include
thicker sheet material sometimes termed structural vapor diffusion
retarders. Thin membrane vapor diffusion retarders come in rolls or
as integral parts of building materials. One such integrated product
is the single-side aluminum-faced or specially treated kraft
paper—faced batt insulation. Foil-backed wallboard is another popular
material incorporating a vapor diffusion retarder. Polyethylene, a
plastic sheet material, is perhaps the most commonly used vapor dif-
fusion retarder. It is available in various roll configurations. Thus
4-mil or 6-mil polyethylene sheeting, available in rolls, is rolled out
horizontally and stapled to the face of the framing after installation
of unfaced insulation. Materials such as rigid insulation, reinforced
plastics, aluminum, and stainless steel are also relatively resistant to
water vapor diffusion. These types of vapor diffusion retarders usual-
ly are fastened mechanically. When sealed at joints, they seriously
restrict air leakage. [A vapor diffusion retarder is only effective when
it is continuous, fully covering the exterior envelope (walls, floors, and
ceilings). By contrast, a sheet of drywall only retards vapor diffusion
over the area it covers, not the edge joints, holes for electrical outlets,
or window openings.?]

Paints and other coatings, when applied to a finished wall or ceiling,
also may retard vapor diffusion. These coatings are asphaltic,
resinous, or polymeric. They are applied by brush, trowel, roller, spray-
ing, or dipping, depending on the surface. “Vapor barrier” paints are
an effective option, but always verify that the paint formula is low in
pigment. The paint label usually indicates the percentage of pigment.

It is best to use paint labeled as a vapor retarder. Most paint experts
agree that, for this purpose, glossy paints work better than flat paints,
acrylic paints are generally better than latex paints, and the more
coats applied, the better.
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Placement within the wall, floor, or
ceiling assembly

The need for vapor retarders and their proper location within a wall
assembly is influenced by the interior and exterior environmental con-
ditions as well as the wall’s thermal and vapor flow characteristics. It
is important to note that each building is fairly unique in terms of wall
construction, interior use, and environmental conditions, and should
be evaluated individually by the building designer.

When a vapor-pressure differential exists, water vapor will move
toward the lower pressure independently of air. For instance, with a
winter condition of 0°F and 75 percent relative humidity, an outside
vapor pressure of 0.027 inHg would exist. Inside a building heated to
70°F and with 35 percent relative humidity, vapor pressure would
equal 0.259 inHg. The vapor pressure inside would be nearly 10 times
as high as outside. Like other gases, water vapor moves from an area
of high pressure to an area of low pressure until equilibrium is estab-
lished. During cold weather, the difference in pressure between inside
and outside causes vapor to move out through every available crack
and directly through many materials that are permeable to water
vapor. When vapor passes through pores of homogeneous walls, which
are warm on one side and cold on the other, it may reach its dew point
and condense into water within the wall.®

Vapor retarders are applied to the warm side of an exterior struc-
tural assembly. In cold climates this occurs toward the interior of the
building, whereas in hot climates this occurs toward the exterior of
the building. Generally speaking, the dividing line can be drawn
between the southern tip of Texas and the Florida-Georgia border on
the Atlantic Ocean. (Always verify with local building officials as to
the proper placement.) Two vapor retarders on opposite sides of a sin-
gle wall can trap water vapor between them and create moisture-
related problems in core materials (Fig. 4.2).

A cold climate is an area that has more than 2200 heating degree-
days. (A degree-day is a unit that measures the extent to which the
outdoor mean daily dry-bulb temperature falls below or rises above an
assumed base, normally 65°F (18°C), for heating and for cooling.
Although specific exceptions may apply to a particular area, it is best
to verify with local practice.®> Unless relative humidity is extremely
high, moisture will not condense on a warm surface. This is usually
accomplished by using vapor retarder-faced insulation or unfaced
insulation plus a separate polyethylene vapor retarder.”

This practice prevents wintertime condensation, but summertime
conditions on buildings that are cooled instead of heated also must be
examined. Even though an interior side vapor retarder is on the “cold”
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Vapor barrier placement by
geographical location

== Omitvapor barrier

B Exterior or
no vapor barrier

Perm Ratings of Different Materials
(Rating of 1 or less qualifies as a vapor barrier)

Asphalt-coated paper backing on insulation 0.40
Polyethylene plastic (6 mil) 0.06
Plywood with exterior glue 0.70
Plastic-coated insulated foam sheathing 041t01.2
Aluminum foil (.35 mil) 0.05
Vapor barrier paint or primer 0.45
Drywall (unpainted) 50
Drywall (painted - latex paint) 23

Figure 4.2 Vapor retarder placement. (Southface Energy Institute)

side in summer, the dew-point temperature of hot, humid summer air
is nearly always lower than the temperature to which we cool build-
ings. That means that an interior-side vapor retarder will nearly
always be warmer than the dew-point temperature, and therefore,
condensation will occur only very rarely and will be of very short dura-
tion, causing no problems.?

In warm, humid climates, the flow of water vapor will be reversed,
and vapor will flow from the outside to the inside.® These areas are
defined as cooling-dominated climates below the 2200 heating degree-
day [base 65°F (18°C)] mark set by the American Society of Heating,
Refrigeration and Air Conditioning Engineers (ASHRAE).® In some
areas of the South, it may be difficult to determine where the vapor
retarder should be placed. Where there is uncertainty, it is best to fol-
low local practice and local codes. In southern coastal areas with a
long cooling season and high exterior humidity, air conditioning caus-
es continuous moisture flow from the exterior toward the interior
cooled area. If a vapor retarder is used, it should be on the exterior of
the wall.
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Many professionals believe that in such situations a continuous
air/vapor retarder such as polyethylene should not be used. The rea-
son is that there may be times when the weather becomes cool and
vapor movement reverses and moves from the interior toward the
exterior (winter condition). When this happens, it is best to have a dis-
continuous retarder such as that provided by faced fiberglass insula-
tion, to retard the passage of vapor but permit some vapor to pass.
This approach is reinforced by a number of sources that state that in
humid climates where very little heating is required, vapor retarders
can be placed on the exterior side of insulation without causing prob-
lems in winter.” Under such circumstances, it is necessary to avoid use
of interior wall coverings, i.e., vinyl wallpaper, that have low perme-
ance to water vapor.® Avoid using low-perm products on the outer skin
of a wall in areas with high indoor humidity. This includes vinyl or
metal siding without vents, metal siding used on uninsulated homes
in cold climates, insulated sheathings with foil coverings, and low-
perm plastics that are substituted for breathable building papers.®

Some professionals dispute the need for a continuous, sealed, vapor
diffusion retarder in warmer climates. ASHRAE, on the other hand,
makes no recommendation on where or whether to install a vapor dif-
fusion retarder in the fringe zone. In the remaining zone, one generally
hotter and more humid, ASHRAE recommends omitting a vapor diffu-
sion retarder.® In a fringe zone nearest where interior vapor diffusion
retarders are recommended, the placement gets a little trickier.
According to North American Insulation Manufacturers Association
(NAIMA), the highest dew-point temperatures in the United States
occur in places like Biloxi, Mississippi, and Galveston, Texas, where
dew-point temperatures sometimes reach 78°F. Fortunately, this
happens rarely; dew-point temperatures are nearly always 75°F or
lower. And because winter temperatures in Biloxi and Galveston
drop below freezing temperatures on occasion, there is some justifi-
cation for interior-side vapor retarders there.”

NAIMA recommends another option of using either an interior- or
exterior-side vapor retarder with moderate permeance. Inset stapled
(or unstapled) kraft facing, with a permeance of about 1 perm, meets
this requirement. Foil and polyethylene do not; their permeance rat-
ings are much lower. (Omitting the vapor retarder entirely would work
but would not allow energy-efficient cooling. However, if the building
structure itself is a vapor retarder, unfaced insulation would be suit-
able.)” Where winter heating loads and summer cooling loads are equal,
the vapor diffusion retarder will be on the wrong side for half the year.
An air retarder, described later in this book, may be a better choice.

Cellulose Insulation Manufacturers Association (CIMA), along with
the year 2000 editions of the International Building Code (IBC), the
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International Residential Code (IRC), and the International Energy
Conservation Code (IECC), has provided several exceptions to the pre-
scriptive vapor retarder requirement. These include moisture-resistant
materials, certain geographic areas, and “where other approved means
to avoid condensation in unventilated frame wall, floor, roof, and ceiling
cavities are provided.” A growing number of experts are of the opinion
that the matter of moisture control is too complex to be addressed by an
absolute universal prescriptive requirement for a 1-perm vapor retarder.
As studies continue, more will be learned about the complicated task of
limiting moisture-related damage inside walls. Breathable walls, moder-
ate climate zones, and the actual water vapor transportation aspects of
air movement, as opposed to vapor diffusion, are of interest. As stated
earlier, if unsure as to the vapor retarder placement within a wall, floor,
or ceiling assembly, it is best to follow local practice and local codes.

Vapor retarder locations in the home

As mentioned earlier, water vapor that is trapped in a wall, ceiling, or
floor assembly can lead to a number of problems. There are some loca-
tions in the home, under certain conditions, where a vapor retarder is
not required. Attic vapor retarders are commonly omitted when blown-
in insulations are used. If sufficient attic ventilation exists, condensa-
tion problems do not occur in most U.S. climates. CIMA does provide
general guidelines for attic ventilation. In vented attics without vapor
retarders, standard practice is to provide 1 ft? (0.093 m?) of net vent
area for each 150 ft? (13.94 m?) of ceiling area. In vented attics with
vapor retarders, standard practice is to provide 1 ft2 (.0903 m?) of net
vent area for each 300 ft? (27.87 m?) of attic floor area. When using a
combination of roof and eave vents and no ceiling vapor barrier, there
should be 1 ft? (0.093 m?) of net vent area for each 300 ft? (27.87 m?) of
ceiling area. Vents should be installed with 50 percent of the total area
in the eaves and 50 percent of the total area in the roof near the peak.
The design professional or builder should verify these required mini-
mums with local building codes.

In homes with cathedral ceilings, a continuous vapor diffusion
retarder with sound, reliable airsealing is very important. Moisture
vapor can move through many materials, including fibrous insulation,
by diffusion. Therefore, moisture vapor that gets around or through a
vapor retarder must be allowed to exit a cathedral ceiling rafter bay
through a vent opening even when an airspace does not exist. Moving
air can carry lots of moisture, but air movement is not necessary for
moisture to escape from buildings. For example, since commonly used
asphalt roof shingles have very low vapor permeance, cathedral ceil-
ings can be likened to walls with very-low-permeance exterior skins.
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Continuous vapor retarders can prevent condensation problems, but if
the vapor retarder is penetrated by recessed lights that are not
air/vapor-tight, some means must be provided to allow moisture to
escape. (When ventilated airspaces are provided in milder climate
areas, kraft vapor retarders may be adequate.) This can be accom-
plished with eave, ridge, or other vents. Note that airspaces alone,
without both eave and ridge vents, will not add protection against
moisture condensation in sloped ceilings. Air will not move through a
space unless it has a place to exit as well as a place to enter. When both
eave and ridge vents are provided, a '/," or thicker airspace between
the top of the insulation and the roof sheathing is desirable. As stated
before, the design professional or builder should verify these required
minimums with local building codes. Not only does this arrangement
remove any unwanted moisture vapor, an airspace also helps remove
heat in hot weather, and many professionals believe that it extends the
life of roofing shingles as well.

Even when not required to prevent condensation problems, attic
vapor retarders may be worthwhile; their presence may help maintain
more comfortable humidity levels. When a vapor retarder is desired and
blown-in ceiling insulation is used, a combination of faced batts and
blown-in insulation, followed by a vapor retarder ceiling paint, can be
used. Homes with irregular ventilation or high moisture levels should
have a continuous vapor retarder. Vapor retarders are not necessary or
recommended on interior walls where unfaced sound batts are installed.

As with wall assemblies, vapor retarders in floor assemblies should
be installed on the warm side of the structure. In a heating climate,
install it either in the space between the subfloor and finish floor or
between the floor joists and the subfloor. An exception to placing the
vapor diffusion retarder on the warm side of the floor is in houses con-
structed over a concrete slab. To protect the slab from soil moisture,
place the vapor diffusion retarder above the gravel subbase.

In any climate, a crawl space vapor retarder may be necessary to
reduce condensation resulting from ground moisture. In most tradi-
tionally constructed homes, the ground is a significant source of
moisture. Moisture condenses on the colder sections of the founda-
tion and framing, including nail penetrations. Placing 6-mil polyeth-
ylene sheeting directly over the ground cover reduces this likelihood.
Local building codes require vapor retarders unless minimum crawl
space vent requirements are adhered to. Additional strategies to help
eliminate unwanted crawl-space moisture should include making
sure the minimal constructed clearance meets all regulatory require-
ments, installing small, area, or through-the-wall drains, sloping the
grade toward the drain intakes, verifying that all polyethylene seams
are overlapped at least 6 in (seal to drain), and extending it up the
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foundation wall on the interior (avoid covering vents). Regardless of
the number of foundation vents or climate, it is always good practice
to install a vapor retarder over the soil.

For extensive renovations where wall cavities are opened and filled
with blanket or rigid board insulation, it is simple to add a vapor
retarder before the wall is refinished. Walls that have been retrofitted
with blown-in or loose-fill insulation typically do not have vapor
retarders. In cases where indoor moisture levels are not extreme,
researchers have found that moisture that enters the wall eventually
will evaporate and not damage the building materials. Many design
professionals guard against this strategy because a homeowner’s
activities and lifestyles vary with time and technology, leading to
unpredictable and possibly undesirable consequences.

Vapor retarder installation guidelines

Polyethylene sheeting (usually 4 or 6 mil) is used when an improved
continuous, airtight vapor retarder is desired because of added mois-
ture. The polyethylene sheeting, available in rolls, is rolled out hori-
zontally and stapled to the face of the framing. It is recommended that
the polyethylene be stapled at the sides and the excess material fold-
ed back into the room. If more than one sheet of polyethylene is
required, a double fold should be made at the meeting of the two pieces
and stapled, or the sheets may be overlapped and taped. The pieces, if
stapled, should meet only at a stud or a joist. Foil-backed gypsum wall-
board is also an effective vapor retarder. It is important to cover the
polyethylene with gypsum wallboard or other approved interior mate-
rial, as required by local codes, as soon as the insulation and polyeth-
ylene have been installed properly.

In general, the colder the climate, the tighter the vapor retarder
should be. Also, the more vapor-tight the building’s outer skin, the
tighter the vapor retarder should be (relative to the 5 to 1 rule men-
tioned earlier). In milder climates of less than 4000 heating degree-
days, inset stapled kraft facing is adequate for most installations. Inset
stapled kraft paper—faced insulation is also adequate in cooler climates
in buildings whose outer skins are vapor-permeable, as in those with
wood fiber sheathing and loose-jointed vinyl or aluminum siding. In
northern areas with 6000+ heating degree-days, face-stapled or sepa-
rate polyethylene vapor retarders should be considered. Polyethylene
or other tight, continuous vapor retarders should be installed in all but
deep South/Gulf Coast areas when very-low-permeance exterior
sheathing/siding combinations are used.?

Research indicates that vapor retarders may not be required for
basements, but it is prudent to keep moisture vapor away from cold
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surfaces such as basement walls where they are above grade.
Therefore, for watertight walls in cool climate areas, vapor retarders
are recommended in basements. Unfortunately, not all basement walls
are watertight. While poured concrete walls usually are both water-
tight and vapor-tight, block walls are often neither. For this reason,
vapor retarders are not always recommended for below-grade block
basement walls unless they have been waterproofed as opposed to the
usual damp-proofed.®

Vapor retarders are not recommended for all insulation types. For
example, most cellulose manufacturers recommend against the use of
vapor retarders in walls insulated with spray-applied cellulose. Most
cellulose producers regard vapor retarders as unnecessary with dense-
pack cellulose under most conditions. If design temperatures are below
—15°F (—26°C) the interior surfaces of exterior walls and ceilings,
where the cold side cannot be ventilated, can be painted with a vapor
barrier paint.

Some insulation facings are intended only for installation behind
ceiling, wall, or flooring materials because they are flammable.
(Always verify installation procedures with the manufacturer’s
instructions.) A great deal of air leakage can occur through penetra-
tions in the exterior envelope of a building. Plumbing, ductwork,
wiring, and electrical outlets are a few of the less obvious points
where air can move through a building’s thermal envelope.
Strategies that include caulking, weatherstripping, and careful insu-
lation installation should be implemented in these inconspicuous
areas.

Air Barrier/Retarder

An air barrier or air retarder is any material on a building that pre-
vents the movement of air from the interior to the exterior (infiltra-
tion) or from the exterior to the interior (exfiltration). Also called
housewraps, these materials are barriers to air and liquid water but
not to water vapor. Typical exterior housewraps are not vapor
retarders and will allow water vapor to diffuse easily through them.
Infiltration can comprise almost 50 percent of all heat loss from a
home during the winter months. The major sources of air infiltration
are sill plates (25 percent), wall outlets (20 percent), and duct systems
(14 percent), followed by windows (12 percent).! These sources can be
reduced by the use of caulking, weatherstripping, and air infiltration
barriers. It is important to note that homes need some fresh air to
remove odors, chemicals from interior sources, and even exhaust gases.
Tests have shown that a building with a poorly air-sealed exterior suf-
fers accelerated heat loss or gain because of outside air infiltration into



48 Chapter Four

Figure 4.3 Housewrap. (Owens Corning)

the wall cavity. Exterior air retarders protect the wall from the effects
of weather and help eliminate air infiltration.

Product description

The most popular, flexible air retarders (also called housewrap) are
composed of polyolefins, which include polyethylene and polypropy-
lene. These air retarder materials typically are fiber-reinforced as
spunbonded, woven, or laminated products. Standard gypsum panels,
cement board, no. 15 felt, industry building wrap, and other common
construction materials also can serve as air barriers if installed prop-
erly (but not as vapor retarders)!© (Fig. 4.3).

Installation

All joints and seams must be sealed to create a truly continuous, effec-
tive air retarder. Installation errors not only increase energy use but
also increase the risk of moisture damage to a house. An air retarder,
therefore, should be inspected carefully after installation and before
other work covers it. Small holes in an air retarder can be repaired with
polyethylene or foil tape, whereas large holes can be repaired with a
large patch of polyethylene. Patches always should be large enough to
cover the damage and overlap any adjacent wood framing. Sealant
should be used to thoroughly seal the joint.
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Applications

The primary purpose of thermal insulation is to control heat trans-
fer through the exterior assemblies of a house. The thermal envelope
of the home is considered to be the exterior perimeter where an
energy breach may occur. This last line of defense, where heat gain
or heat loss can occur, is not to be taken for granted. In fact, to guar-
antee the comfort of the occupants and the energy efficiency and
durability of the home, the thermal barrier, or insulation, and the
air barrier should form a continuous envelope around the house.
All components of the air and thermal barriers must be in physical
contact with each other to prevent any inferior or omitted element
from getting within the envelope. Improperly installed materials,
inferior-quality materials, or omitted areas will compromise the effi-
ciency of a homeowner’s heating and cooling system.

Locations

Insulation is not just for attics and outside walls. Many areas of a
home that are often overlooked include ceilings with unheated
spaces above (including dormer ceilings), knee walls of attic spaces
finished as living areas, sloped walls and ceilings of attics finished
as living areas, cathedral or vaulted ceilings, perimeters around
slabs, floors above vented crawl spaces, floors over unheated or
open spaces such as over garages or porches, basement walls, band
and header joists, floors over unconditioned basements, soffits
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below cantilevered second-floor rooms, knee walls of closets in
“bonus” rooms, and even areas where acoustical dampening is
required such as laundry rooms or bathrooms.

Gaps and voids are areas where insulation should be installed
but is omitted, thereby causing conductive and convective heat
loss. A gap is a place where the insulation does not come all the way
to the edge of the space to be insulated. A void is a hole in the enve-
lope of the building. Examples include plumbing chases, wiring pen-
etrations, fireplace cavities, dropped ceilings, soffits, and venting.

Foundations

In certain climates, an uninsulated foundation may account for up
to 50 percent of the heat lost from an otherwise tightly sealed, well-
insulated house.! Proper installation of foundation insulation
material is necessary to avoid moisture condensation, material
damage, and structural decay caused by the differences in temper-
ature between the house interior and the adjacent earth. Poor
design and installation also may aggravate radon infiltration and
insect infestation. It is best to research common methods and local
guidelines depending on the specific climate, soil type, and design
conditions.

Although considerable savings in heating costs can be achieved
by insulating a foundation, installation costs are often high, par-
ticularly for retrofit projects. The materials used, the location of
the application, and the extent and timing of the work all affect
the overall cost. While savings are accrued through energy-use
reductions, “energy savers” financing packages, and home
improvement savings programs, simple payback is typically the
most popular analysis method. The payback period can range from
6 months for a simple do-it-yourself installation to 20 years for
more involved work.!

Basement Walls

Installing insulation on the exterior of a basement wall (exterior
insulation) is usually good practice. Exterior insulation can mini-
mize thermal bridging and subsequently reduce heat loss through
the foundation, can protect waterproofing, and can help serve as a
capillary break to moisture intrusion, and can help prevent any
freeze-thaw cycle damage to the foundation. Some exterior insula-
tion materials are susceptible to insect infestation, so material
selection is paramount to good performance. Foam insulation
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impregnated with insecticidal boric acid has yielded some success
in discouraging termite infestations. Although termites avoid it,
boric acid slowly leaches out of most materials exposed to moisture.
Installation of a good gravel or manufactured “rain screen”
drainage element outside the insulation can reduce moisture prob-
lems significantly and structurally protect the insulation.

More comprehensive analysis is needed to better identify appro-
priate protective coatings, address insulation moisture absorption,
and understand long-term insulation R-value degradation. One
study conducted by the Minnesota Department of Public Service,
Office of Energy Conservation, surveyed 59 houses in the
Minneapolis—St. Paul area from April to June of 1988. The study
sampled foundation insulation specimens and soil specimens to
determine long-term performance.

The survey’s results showed that the durability and performance
of exterior foundations are due to installation quality and above-
grade protective coatings rather than the type of insulation mater-
ial used. Most coatings help to minimize moisture absorption and
foster R-value retention. However, almost 60 percent of the bitu-
men coatings (commonly used to protect spray urethane insulation)
sampled showed flaking, gouging, or other damage that could
reduce effectiveness.!

The U.S. Department of Energy is working with regulatory
groups to help establish appropriate guidelines that provide cost-
effective thermal protection for buildings. Building scientists theo-
rize that the best way to build a dry basement is to insulate the
outside of exterior walls with a rigid, fibrous, insulating drainage
layer, such as fiberglass or rock wool, and omit the common appli-
cation of exterior damp-proof coating or interior vapor retarder.!
Conventional damp proofing should be applied from 6" below grade
down to 3' below grade. The fibrous insulation acts as a capillary
break that keeps bulk water out even during floods. The concrete
will always dry to the exterior because of the vapor pressure dif-
ferentials. This construction resists summer wall condensation and
potentially can act as a passive dehumidifier for the basement. In
winter, water vapor will diffuse inward whenever the relative
humidity of the basement air is below 33 percent.

Cavity foundation materials, such as concrete block, potentially
lend themselves to both retrofit and new construction installations
of foamed-in, blown-in, and poured-in insulations. The most com-
monly used materials include foamed-in insulations or poured-in
polystyrene beads and granular materials such as vermiculite.



56 Chapter Five

Concrete block is also available with insulating inserts for new con-
struction. These materials reduce convection within the cells (the
hollow cavity), but significant levels of heat can still conduct
through the webs of the masonry. Some concrete block manufac-
turers attempt to increase the thermal resistance of their product
by adding materials such as polystyrene or wood chips to the con-
crete mix.

Insulation also may be applied to the interior of a foundation
or basement wall. This method is especially suited for renovation or
remodeling projects without excavation. Material analysis is essen-
tial for proper placement, as well as for ensuring the safety and
structural integrity of the home. For example, some types of insu-
lation require separation from habitable spaces by a fire-rated
material because they are extremely flammable and release toxic
gases when ignited. Interior insulation applications fail to protect
the waterproofing or structure as well as exterior insulation.
Proper installation of sealants and vapor retarders is important for
adequate performance of interior insulation.

Slab-on-grade foundations

Floor heat loss generally comprises about 10 percent of the total
heat loss of a house.? This may sound minimal, but from a comfort
standpoint, cold floors are usually not very desirable. Slab-on-
grade foundations, or foundations for homes that have no base-
ments, may require the insulation to be placed vertically on the
exterior or the interior of the foundation wall or horizontally above
or below the floor slab. Continuous vertical exterior insulation
placed outside the foundation wall reduces heat loss from both the
foundation and the slab. To reduce heat flow from the slab floor to
the ground outside, extend the insulation below grade to the foot-
ing. Insulate any exposed slab edge above grade.

A homebuilder also can install insulation vertically on the interi-
or side of the foundation before pouring the slab. R-10 perimeter
insulation around the edge of a slab is probably the most common
type. If the highest known water table of a site is 2' or more below
outside grade, perimeter insulation may be placed in a vertical or
horizontal position. If the highest known water table is less than
2' below the outside grade, perimeter insulation may be placed in a
horizontal or L-shaped position.2 Special consideration always
must be given to the potential for insect or vermin infestation when
using exterior or interior foundation insulation products.
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Walls

As will be discussed in the next chapter, energy or building codes
will prescribe the insulation values of exterior walls. Research
seems to indicate that a total wall R-value of R-19, using batts,
blankets, blown-in insulation, or sheathings, is typically recom-
mended. Cracks around windows and doors should be addressed,
whereas loose insulation or foam should be used in spaces around
the rough framing and around the heads, jambs, and sills. Insulated
doors are available, some with a thermal resistance value of R-5.

Insulated window units have airspaces between double or triple
panes of glass that slow heat loss. To be truly effective, the units
actually should contain an inert gas in the airspace; however, such
windows are a little more expensive.

Floors

In most climates, insulation with a minimum thermal resistance
value of R-19 should be installed beneath the floors of heated
rooms located over unheated areas such as basements, beneath
stairwells and stair landings between heated and unheated areas,
and above garages, porches, or areas with an overhang subject to
outside temperatures. Insulation can be omitted from floors over
heated basements or heated crawl space areas if the foundation
walls are fully insulated. Foundation walls of heated basements
typically do not need to be insulated, except where 50 percent of
the wall is exposed to outside air or if the basement contains a
habitable room.?

Ceilings

Ceiling insulation should extend over the top of interior wall parti-
tions and over the top of the plate at the outside wall. The insulation,
however, should not block eave ventilation.

Attics

Attic areas typically should be filled with loose-fill or blanket insu-
lation between and over ceiling joists in order to achieve a thermal
resistance value of R-38. Cathedral ceilings and slanted ceiling
areas are especially problematic due to the restricted space for
insulation installation. As a minimal requirement for most cli-
mates, a total value of R-30 in any combination of building materi-
als and insulation should be achieved with preferably 2" of
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clearance between the insulation and the underside of the roof
sheathing. Standard framing practices typically allow for only 1" of
clearance. This should be considered the absolute minimum for
proper ventilation.

As mentioned earlier, finished attic areas with knee walls
should not be overlooked. Each of these assemblies is analogous to
those already mentioned, with the walls receiving a total wall val-
ue of R-19 in the knee walls, R-30 between the sloped roof joists,
and R-38 between the horizontal ceiling joists (Fig. 5.1).

Dormers
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Figure 5.1 Areas to insulate. (NAIMA)
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Superinsulation

Around 1980, a new approach to fuel and energy conservation came
to the attention of architects and builders. Called superinsulation,
this approach provided a high degree of comfort in winter and sum-
mer and reduced fuel consumption by 75 to 95 percent relative to
conventional houses.? The method was announced and explained in
talks at building construction conferences, in magazine articles, and
in books. Enthusiasm spread rapidly, with the result that by 1987
there were several tens of thousands of superinsulated houses in
routine use in the United States and Canada. The origins of
superinsulated design actually date back to the 1940s, when a
group of individuals at the University of Illinois began analyzing
heat losses from houses.? In 1976, researchers were able to prove
that superinsulated design concepts would need only as much as
one-third as much auxiliary heat as the designs being promoted by
the U.S. Department of Housing and Urban Development (HUD).3
A new moniker for superinsulation being used today is the airtight
drywall approach (ADA).

In some very cold regions, this new method now dominates home
construction.? It is important to note that a universal standard is
not possible because a design that is optimal for Boston will not be
optimal for sunny Colorado, cloudy Rochester, or bitterly cold
Anchorage. Because its main reliance is on heat conservation
(excellent insulation, excellent retention of intrinsic heat) rather
than on solar radiation, the superinsulated house is tolerant of less
favorable sites and orientations. It is permissible to locate such a
house in a moderately wooded area and to employ a far from south-
facing direction (orientation).

The main distinguishing characteristic, or hallmark, of a
superinsulated house is thick and widely applied insulation. An
actual effective R-value of R-25 in all walls, ceilings, and floors is a
minimum standard.* Even at the sills, headers, eaves, window
frames, door frames, and electric outlet boxes, a moderate amount
of insulation is provided. The construction must be airtight but still
introduce a steady and controlled supply of fresh air. The occupants
benefit from the absence of drafts, cold floors, and cold spots near
windows. A superinsulated house, throughout most of the winter, is
kept warm almost entirely by the modest amount of solar energy
received through the windows and by intrinsic heat. Interior heat
is generated by systems and appliances typically functioning with-
in the home. These sources include stoves for cooking, domestic hot
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water systems, human bodies, clothes washers, clothes dryers, dish
washers, electric lights, television and radio sets, refrigerators, and
other electric appliances.

A conventional furnace typically is not used. Most homes rely on
“borrowing” from the domestic hot water system, or on a minimal
amount of electrical heating. A wood stove or portable electric space
heaters may be used during extreme temperature dips to keep such
a house comfortable. There is not a significant added expense for
superinsulated housing mainly due to the elimination of a furnace
or a big heat distribution system.* In fact, what little auxiliary heat
is needed is less than 15 percent of that required for typical hous-
es of comparable size built before 1974.2 In summer, the house
stays cool because south-facing heat gain has been minimized due
to the reduction of window area as well as the use of roof eaves.*

The extra cost of superinsulating a house is usually only 3 to
6 percent of the total construction cost.? Experts suggest that the
best insulations for superinsulated home design are those with
highest R-value per inch, lowest cost per R-value, durability, and
great resistance to settling. Fiberglass blanket products are espe-
cially popular owing to their low cost, ease of installation, and good
fire resistance. Blown-in fiberglass when installed in dense quanti-
ties is gaining popularity and because of its ability to be installed
in hard-to-reach places; however, settling can be problematic. Some
insulation types are not recommended. These include vermiculite
and perlite. Urea formaldehyde foam insulation (UFFI) is discour-
aged due to shrinkage problems and an errant controversy over
formaldehyde emission. Balloon framing is preferred over platform
framing because platform framing, although more popular, easier
to construct, and less expensive, is inherently problematical from a
thermal standpoint, owing to areas around floor joists, band joists,
and headers that act as thermal bridges.*
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Building standards and model codes that address the energy-effi-
cient design of residential buildings have been around for over 30
years. It was the energy crisis of the 1970s, however, that launched
a plethora of federal regulations, testing standards, and guidelines
have now been developed not only to provide more energy-efficient
home construction but also to help provide consumer safety, elimi-
nate fraud, and even assist in home mortgage financing.

The American Society of Heating,
Refrigerating and Air-Conditioning Engineers

The American Society of Heating, Refrigerating and Air-
Conditioning Engineers (ASHRAE) is an international organiza-
tion with over 50,000 members and numerous chapters located
throughout the world. ASHRAE writes standards and guidelines
to guide industry in the delivery of goods and services to the pub-
lic. These standards and guidelines include uniform methods of
testing for rating purposes, recommended practices in designing
and installing equipment, and provide other industry-related
information.

The original ASHRAE Standard 90-1975, “Energy Conservation
in New Building Design,” was first published in 1975. The scope
of this document covered both residential and commercial build-
ings and became the historical and technical basis for most cur-
rent model codes and standards for residential construction. Two
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significant modifications to Standard 90 were 90A and 90B, pub-
lished in 1980. These original ASHRAE standards served as the
basis for ASHRAE Standard 90.2-1993 and the Model Code for
Energy Conservation, published in 1977. This became known as the
Model Energy Code (MEC) of the Council of American Building
Officials (CABO) throughout the 1980s and 1990s. The Model
Energy Code is now published as the International Energy
Conservation Code (IECC) by the International Code Council (ICC).1

ASHRAE Standard 90.2, “Energy-Efficient Design of New Low-
Rise Residential Buildings,” was first published in 1993. This stan-
dard was specifically created to provide design requirements for
the efficient use of energy for new residential dwellings that are
three stories or less above grade. These include single houses, mul-
tifamily structures (of three stories or fewer above grade), and
manufactured houses (both mobile homes and modular homes).

This standard deals with the building envelope, heating equip-
ment and systems, air-conditioning equipment and systems,
domestic water-heating equipment and systems, and provisions for
overall building design alternatives and tradeoffs. Compliance can
be calculated using the prescriptive requirements method and the
annual energy cost method (systems-analysis approach). Standard
90.2 has been modified since its publication by several published
addenda and continues to be under “continuous maintenance” per
ASHRAE procedures.

International Energy Conservation Code

The International Energy Conservation Code (IECC), formerly
known as the Model Energy Code (MEC), is a voluntary code that
sets energy-efficiency standards for furnaces, air conditioners, win-
dows, and insulation for commercial and residential construction.
The Model Energy Code (MEC) was developed jointly by Building
Officials and Code Administrators International, Inc. (BOCA), the
International Conference of Building Officials (ICBO), the National
Conference of States on Building Codes and Standards (NCSBCS),
and Southern Building Code Conference International, Inc. (SBC-
CI), under a contract funded by the United States Department of
Energy (DOE). First published in 1983, subsequent full editions of
the MEC were published in 1986, 1989, 1992, 1993, and 1995.

The MEC was first referenced in the National Affordable
Housing Act of 1990, and then in the Energy Policy Act (EPAct) of
1992. EPAct was signed into law by President Bush in 1992 and
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referenced the 1992 MEC as the energy-efficiency standard to be
used for new residential construction. Additionally, EPAct required
federal mortgage lenders to ensure that homes using their products
also comply with the 1992 MEC as a minimum standard.
Subsequently, the DOE determined that the 1993 MEC and later
the 1995 MEC provided greater energy efficiency for residential
buildings and required states to consider adopting the later ver-
sion. In concurrence with EPAct, the U.S. Department of Housing
and Urban Development (HUD) required compliance with the 1992
MEC as part of its minimum property standards. HUD currently
has a final rule pending to upgrade its minimum property stan-
dards to the 1995 MEC level. Whether a state has adopted it or not,
the MEC applies to houses financed through the Federal Housing
Administration (FHA), the Department of Veterans Affairs (VA),
and the Rural Economic and Community Development (RECD, for-
merly Farmers’ Home Administration). Loans received from or
guaranteed by these agencies require that the financed house com-
ply with the MEC.

The International Code Council (ICC) was formed in late 1994 by
BOCA, ICBO, and SBCCI with the objective of developing a com-
prehensive set of U.S. model building codes, known as the
International Building Code (IBC). The IBC is a synthesis of the
building codes of the three regional model code organizations.
These are BOCA’s National Building Code, SBCCI’s Standard
Building Code, and ICBO’s Uniform Building Code.

The MEC had been maintained until 1998 as an activity of the
Council of American Building Officials (CABO) and incorporated by
reference in each of the three regional model building codes:
BOCA’s National Building Code (in Chap. 13), SBCCI’s Standard
Building Code (in an appendix), and ICBO’s Uniform Building
Code (in an appendix). The ICC has assumed responsibility from
the CABO for maintenance of the CABO One- and Two-Family
Duwelling Code and the Model Energy Code to provide proper inter-
faces with the international codes. States will have a time window
in which to adopt the new ICC model codes.

The 1998 version of the MEC was published as the first
International Energy Conservation Code (IECC). The current 2000
IECC addresses the design of energy-efficient building envelopes
and the installation of energy-efficient mechanical, lighting, and
power systems through requirements emphasizing performance.
This comprehensive code establishes minimum regulations for
energy-efficient buildings using prescriptive and performance-
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related provisions. It makes possible the use of new materials and
innovative techniques that conserve energy. This second edition
incorporates the provisions of the 1998 IECC and its approved
changes. Preliminary review of the 2000 IECC seems to indicate
that it is more “user-friendly.”

The International Residential Code (IRC), released in 2000,
replaces the CABO One- and Two-Family Dwelling Code. A chapter
in the IRC addresses energy efficiency but looks significantly dif-
ferent from the IECC. Intended to be a simplified prescriptive
approach to achieving equivalent compliance with the “perfor-
mance” requirements of the IECC, the IRC energy chapter is a
table of prescriptive insulation and window requirements.

Most states have adopted some version of the MEC. In states
that do not have a statewide energy code, the MEC has also been
adopted by individual counties and cities. With continuously
changing regulations, as well as the introduction of the IRC in
2000, the status of most states will most likely change. It is impor-
tant to check with the local building officials or the state energy
office for current requirements.

Most states have adopted a version of the MEC or a similar
equivalent energy code. Only six states, Arizona, Illinois,
Louisiana, Missouri, South Dakota, Hawaii, and Texas, do not have
any statewide mandatory energy codes for low-rise residential con-
struction.2 (Hawaii and Louisiana have statewide mandated codes
for low-rise multifamily construction.)

Currently, the 1992 MEC has been adopted by Indiana, Iowa,
Kentucky, New Mexico, and Tennessee, whereas the 1993 MEC has
been adopted by Delaware, Kansas, Montana, and North Dakota.
States that have adopted the 1995 MEC are as follows:
Connecticut, Georgia, Maryland, Massachusetts, Ohio, Oklahoma,
Rhode Island, South Carolina, Utah, Virginia, and Washington,
D.C. Nevada still enforces the 1986 MEC, whereas Nebraska uses
the 1983 MEC.2

Alabama, Alaska, Arkansas, California, Florida, Minnesota, New
York, North Carolina, Oregon, Vermont, Washington, and
Wisconsin have adopted a state-developed code that exceeds or
meets MEC requirements, whereas Colorado, Idaho, and Maine
have adopted a state-developed code that is less stringent than the
MEC. Mississippi, New Hampshire, and Wyoming still reference
ASHRAE 90-1975, whereas Michigan, New Jersey, and West
Virginia reference ASHRAE 90A-1980. Pennsylvania has officially
adopted the IECC as a state-mandated energy code.2
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Requirements

The IECC and the MEC allow designers a variety of calculation
methods to comply with code requirements. The prescriptive
approach, the simplest of the three approaches, allows builders or
designers to select from various combinations of energy-conserva-
tion measures based on “climate zone” location. Each combination
or “package” specifies insulation levels, glazing areas, glazing U-
values (thermal performance), and sometimes heating and cooling
equipment efficiency. By locating the correct climate zone and look-
ing up the appropriate table of packages, builders and officials can
ensure that their projects meet or exceed one of the packages list-
ed for that zone.? Few calculations are required.

The tradeoff worksheet approach enables builders to vary insu-
lation levels in the ceilings, walls, floors, basement walls, slab
edges, and crawl spaces; glazing and door areas; and glazing and
door U-values. Based on the proposed plans and specifications, the
builder enters simple information on a worksheet and then hand-
calculates a total U-value for the project. By comparing the pro-
ject’s U-value with the value required for the climate zone, the
builder can determine if the project passes the energy code require-
ments. The impact of this approach is that as window area increas-
es, the thermal performance of the windows must be improved
(lowering U-value) or the insulation must be increased in the
opaque portion (raising the R-value) in order to satisfy the overall
U-value requirement. If the project does not pass, the builder can
use the worksheet to examine a different combination of insulation
levels, window or door products, and areas for compliance. The
worksheet is suitable for use during the plan check and field
inspection phases of a project.?

Simplified software products that allow tradeoffs and demon-
strate compliance may offer the best combination of simplicity and
flexibility. The software approach does the same calculations as the
tradeoff worksheet but automates the procedure using a computer.
Special features allow builders to trade off heating and air-condi-
tioning equipment efficiency, as well as windows and insulation.
The software generates a report that is suitable for plan checking
and field inspection.? The “rules” for the assumptions or standard
conditions to be used when performing such analyses have been
revised substantially in the IECC over those in the MEC.! Finally,
many state energy code offices also provide quantitative R-value
standards for the specific locale in order to simplify residential
design energy calculations. It is important to consult with local
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building officials to determine which energy code has been adopted
and the calculation methods available.

In addition to the insulation and window requirements, there are
basic criteria that must be met regardless of which envelope compli-
ance approach is used. These include the following: sealing the build-
ing envelope to restrict air leakage (caulking, sealing, and
weatherstripping at all penetrations and joints); installing vapor
retarders in most climates; identifying materials used for energy code
compliance (such as insulation R-values) on plans, specifications,
and/or directly on materials in the residence; and insulating and seal-
ing ducts in unconditioned spaces as well as insulating pipes for
hydronic heating and circulating hot water systems. Tightly sealed
structures also can prevent the proper exchange of the minimum ven-
tilation needed for the physiologic needs of people. Makeup air, usu-
ally through a means of mechanical ventilation, can be implemented
to guarantee the proper number of air changes in a home.

Model Energy Code compliance assistance

The DOE has developed a number of resources to guide architects,
builders, designers, plan checkers, and field inspectors in meeting
the requirements of the MEC and the newer IECC. The MECcheck
Manual is a clear and comprehensive compliance guide that
describes the basic requirements of the code for building envelopes,
heating and cooling, electrical systems, materials, and equipment.
Included are three approaches for attaining compliance, guidance
for plan checkers and field inspectors, and several forms and check-
lists. The MECcheck Software calculates tradeoffs between all
building envelope components and heating and cooling equipment
efficiencies. The software is capable of generating reports that can
be used to document code compliance. MECcheck Prescriptive
Packages instruct design and construction professionals on how to
select a package of insulation and window requirements based on
the specific climate zone in which their building is located. Each cli-
mate zone package lists all compliance standards for insulation,
glazing areas, glazing U-values, and heating and cooling efficiency.

Miscellaneous Building Codes

There are many energy-related provisions, guidelines, and stan-
dards that are referenced throughout the new IBC as well as all
previous model building codes. Thermal and sound insulating
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materials, vapor retarder requirements, foam plastic and loose-fill
cellulose insulation restrictions, and flame spread ratings are but
a few of the issues referenced.

Home Energy Rating System Council
Guidelines

The Home Energy Rating Systems Council (HERSC) is a nonprofit
association whose focus is to promote residential energy efficiency
nationwide by linking home energy rating programs with financing
for energy-efficiency improvements. The council maintains that
once the linkage between home energy ratings and energy-efficiency
financing is established, energy-efficient homes will become more
available and affordable.

The council draws its members from the full spectrum of the
housing industry and financial community. These include individu-
als from the appraisal industry, builders, certified raters, consumer
groups, contractors/retrofitters, energy and environmental groups,
state and local governments, mortgage companies, product and
equipment manufacturers, real estate professionals, and utilities.

Home energy rating systems (HERS) measure and rate the rela-
tive energy efficiency of any house, regardless of its age, location,
construction type, or fuel use. The rating evaluates the performance
of the thermal envelope; glazing strategies; siting; the heating, ven-
tilation, and air-condition (HVAC) system; and other criteria and is
obtained by onsite inspection. HERS calculations include estimates
of annual energy performance and costs and can provide insight into
cost-effective, energy-efficiency improvements. Under the voluntary
guidelines, homes would receive an energy performance rating of one
to five-plus stars. The guidelines spell out the minimum appropriate
procedures for assigning energy ratings to homes and encourage con-
sistency with a uniform plan for energy-efficiency financing.

Federal Trade Commission

The Federal Trade Commission (FTC) home insulation regulation
(16 CFR Part 460) requires the seller of a new home to provide
information on the type, thickness, and R-value of the insulation
that will be installed in each part of the house in every sales con-
tract. Commonly known as the R-Value Rule, it is intended to elim-
inate dishonest or misleading insulation marketing claims and to
ensure publication of accurate R-value and coverage data.
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American Society for Testing and Materials

Organized in 1898, the American Society for Testing and Materials
(ASTM) is a not-for-profit organization and one of the largest vol-
untary standards development organizations in the world. More
than 32,000 members representing producers, users, ultimate con-
sumers, and representatives of government and academia from
over 100 countries develop documents that serve as a basis for
manufacturing, procurement, and regulatory activities.

ASTM provides a forum for the development and publication of
voluntary consensus standards for materials, products, systems,
and services. These standards are documents that have been devel-
oped and established within the consensus principles of the society
and meet the approval requirements of ASTM procedures and reg-
ulations. ASTM standards are developed and used voluntarily.
They become legally binding only when a government body makes
them so or when they are cited in a contract. ASTM headquarters
has no technical research or testing facilities; such work is done
voluntarily by the ASTM members located throughout the world.

The following is a list of many of the ASTM standards that are
referenced in many of the building and energy codes with respect
to building insulation:

C208-95, “Standard Specification for Cellulosic Fiber Insulating
Board”

C209-98, “Standard Test Methods for Cellulosic Fiber Insulating
Board”

C665-98, “Standard Specification for Mineral-Fiber Blanket
Thermal Insulation for Light Frame Construction and
Manufactured Housing”

C687-96, “Standard Practice for Determination of Thermal
Resistance of Loose-Fill Building Insulation”

C727-90(1996)el, “Standard Practice for Installation and Use of
Reflective Insulation in Building Constructions”

C755-97, “Standard Practice for Selection of Vapor Retarders for
Thermal Insulation”

C976-90(1996)e, “Standard Test Method for Thermal
Performance of Building Assemblies by Means of a Calibrated
Hot Box”
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C1015-84(1995)el1, “Standard Practice for Installation of
Cellulosic and Mineral Fiber Loose-Fill Thermal Insulation”

C1049-85(1995)el, “Standard Practice for Installation of
Granular Loose-Fill Thermal Insulation”

C1058-97, “Standard Practice for Selecting Temperatures for
Evaluating and Reporting Thermal Properties of Thermal
Insulation”

C1224-99, “Standard Specification for Reflective Insulation for
Building Applications”

C1373-98, “Standard Practice for Determination of Thermal
Resistance of Attic Insulation Systems under Simulated Winter
Conditions”

C1374-97, “Standard Test Method for Determination of Installed
Thickness of Pneumatically Applied Loose-Fill Building
Insulation”

E84-99, “Standard Test Method for Surface Burning
Characteristics of Building Materials”

E1574-98, “Standard Test Method for Measurement of Sound in
Residential Spaces”

U.S. Consumer Product Safety Commission

The U.S. Consumer Product Safety Commission (CPSC) is an inde-
pendent federal regulatory agency that was created in 1972 by
Congress in the Consumer Product Safety Act. The agency’s mis-
sion, as directed by Congress, is to “protect the public against
unreasonable risks of injuries and deaths associated with con-
sumer products.”

The CPSC has jurisdiction affecting 15,000 types of consumer
products, from automatic-drip coffee makers to toys to lawn mow-
ers. There a number of standards under CPSC Standard 16 CFR
(Code of Federal Regulations) that deal with the labeling and
advertising of home insulation as well as the installation and han-
dling of cellulose insulation.

Appendix

ASHRAE Headquarters
1791 Tullie Circle, N.E.
Atlanta, GA 30329-2305
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800-527-4723
http:/ lwww.ashrae.org/

American Society for Testing and Materials
100 Barr Harbor Drive

West Conshohocken,

Pennsylvania, USA 19428-2959

http:/ lwww.astm.org /index.html

U.S. Department of Energy

Building Research and Technology Office
Stephen Turchen

http:/ lwww.eren.doe.gov / buildings/

Federal Trade Commission
CRC-240

Washington, D.C. 20580
1-877-FTC-HELP (382-4357)

Home Energy Rating Systems (HERS) Council
Ms. Cynthia Gardstein, Executive Director
1331 H Street N.W., Suite 1000

Washington, DC 20005 USA

202-638-3700

Fax: 202-393-5043

International Code Council
5203 Leesburg Pike, Suite 708
Falls Church, VA 22041
703-931-4533

Fax: 703-379-1546

http:/ lwww.intlcode.org/

U.S. Consumer Product Safety Commission
Washington, D.C. 20207-0001
1-800-638-2772

http:/ lwww.cpse.gov
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Loose-Fill Insulation



Loose-fill insulation materials are distinguished from other insula-
tion types by the size of the individual unit of material. Produced as
shreds, granules, or nodules, loose-fill insulation products can either
be poured or blown into place depending on the material or the con-
struction application. Generally speaking, loose-fill insulation mate-
rials for pouring applications are most commonly sold in bags.
Larger applications, such as attic installations, may require mechan-
ical blowing equipment available from professional insulation
installers. Pneumatic applications probably account for about 90
percent of residential installations of loose-fill insulation (Fig. 7.1).
Loose-fill insulations are well suited for places where it is difficult
to install other types of insulation, such as irregularly shaped areas,
around obstructions (such as plumbing stacks), and in hard-to-
reach places. Framing that is irregularly spaced or out of square can
be especially problematic with standard-sized blanket insulation
products. Loose-fill insulation products can be installed in either
enclosed cavities such as concrete block walls, wood frame walls
when an additional barrier is installed, or unenclosed spaces such
as attics. Blown-in loose-fill insulation is particularly useful for ren-
ovation and retrofit installation because it can be installed with
minimal disturbance of existing interior or exterior finishes. Hand-
packed fills are also useful for hand fitting into odd spaces such as
around door and window frames in wood frame construction.!
Loose-fill insulation materials that are modified with water-acti-
vated binders or adhesives and installed by pneumatic methods are
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Figure 7.1 Blowing loose fill insulation. (NREL/DOE)

discussed in Chap. 9. This chapter explores the use of nonmodified
loose-fill insulation materials or systems that are simply poured or
blown in.

General Description

Loose-fill materials such as cellulose, fiberglass, mineral wool (rock
wool and slag wool), vermiculite, perlite, wood shavings, and
expanded polystyrene will be discussed in this chapter. Although
specific properties of each will be discussed, there are general char-
acteristics relating to the generic performance of loose-fill insula-
tions that should first be reviewed.

Weight

Ceiling gypsum wallboard can sag under heavy loads, especially
those sometimes created by insulation. One gypsum wallboard
manufacturer recommends loads of no more than 1.3 1b/ft? for ¥/,"
ceiling gypsum wallboard with framing spaced 24" on center. The
limit increases to 2.2 1b/ft? for framing spaced 16" on center and for
5" gypsum wallboard.? Cellulose and rock wool insulation manu-
facturers usually include weight-limit information on the bag
because the thickness required may cause excessive weight limits.
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Because fiberglass is much less dense, its weight on ceiling gypsum
wallboard may not be a concern.

Convective heat loss

As discussed in Chap. 3, convection is heat flow caused by air cur-
rents. Although convective heat loss in insulation is rare, it can
occur when large temperature differences above and below the
insulation create tiny air currents, called convection loops, within
the insulation. Studies have shown that convective heat loss typi-
cally occurs with lighter-density loose-fill materials, such as fiber-
glass, at the very low attic temperatures possible in extremely cold
climates. Depending on the attic temperature, the insulation’s
measured R-value could decrease by as much as 50 percent. These
convection loops can be minimized by installing material in accor-
dance with the manufacturer’s winter design conditions, installing
blown-in cellulose, or placing a fiberglass or mineral wool blanket
on top of the loose-fill fiberglass? (Fig. 7.2).

Settling

Some loose-fill insulations installed in attic cavities will lose some
of their installed R-value over time because of settling. Installers
need to refer to the “installed thickness” specifications. Researchers
say that it is possible, however, to install loose-fill insulations in
wall cavities without settling if the cavity is completely filled with
insulation at the proper density. A general density guideline for
walls is roughly 3.5 1b/ft? of wall cavity for cellulose and 1.5 1b/ft? for
fiberglass or rock wool. These specifications are roughly two or
three times the density of horizontal applications.2

Density measurements may not be practical for do-it-yourself
installers. Another guideline to ensure that wall cavities are being
filled at a density sufficient to prevent settling is based on the quanti-
ty of material. For example, if installing in 8-ft walls with 16" on-cen-
ter wall cavities and 2 X 4" framing, use roughly one 30-lb bag of
cellulose or about 15 1b of fiberglass or rock wool for every three wall
cavities to be filled.? (These quantities are for general information
only. Consult the manufacturer’s literature for a specific application.)

Moisture resistance

All loose-fill insulations are permeable to water vapor. (As dis-
cussed in Chap. 4, permeability is the extent to which water
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Figure 7.2 Cellulose insulation on top of fiberglass batts. (Greenstone)

vapor can pass through a given material.) Fiberglass and rock
wool absorb less than 1 percent of their weight, whereas cellulose
absorbs 5 to 20 percent of its weight. It is important to note that
any insulation can absorb moisture if exposed to extremely high
humidity.

If water penetrates a cavity, such as with a roof leak, moisture
can accumulate in the attic cavity and wet the insulation to the
point that it mats and compacts. Enough moisture penetration
could even cause the ceiling to sag under the extra weight.
Typically, if insulation is saturated only one time, it will dry even-
tually and regain most of its original R-value unless permanent
compression is present (i.e., matted down.) However, loose-fill
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insulations that are repeatedly saturated will lose much of their
R-value. Mold and mildew growth also can develop under exten-
sive conditions.

Insulation blown into ceiling cavities should cover the top plate
of the wall, but be sure the eave vents are not covered. These vents
provide necessary ventilation to the attic, and covering them could
result in severe moisture problems.

Voids and gaps

Voids or gaps will occur if the insulation is installed at too low a
density or the cavity is not completely filled. Voids are most likely
to occur at the top of wall cavities, above windows, around door-
ways, and in the corners of ceiling cavities. Voids also occur if the
installation holes are improperly located between the vertical
framing studs or if there are too few fill holes. It also may be diffi-
cult to achieve the recommended R-values with loose-fill insulation
in the eave area of an attic.

Fluffing

Fluffing occurs when insulation is installed to a minimum thick-
ness but not to the minimum weight requirements. The result is a
less dense application of insulation that requires fewer bags. When
insulation is fluffed, air passes more easily through it, leading to
increased heat loss. Additionally, the fluffed loose-fill insulation
eventually may settle and result in a thinner layer with a lower
overall R-value.? Fiberglass is typically more problematic with
fluffing than cellulose or rock wool. The best way to verify if fluff-
ing has occurred, either accidentally or by dishonest contractors, is
to count the number of bags used during installation and compare
it to the instructions and coverage charts on the bag. The manu-
facturer should specify the amount of insulation per square foot (or
square meter) of space needed to obtain the required R-value.

Safety guidelines

Pipes for kitchen stoves, wood stoves, and furnaces should only be
insulated with fiberglass or rock wool because cellulose may smol-
der if flue temperatures become hot enough. Similarly, electrical
devices and recessed lights, except those which are rated for direct
contact with insulation, require a minimum of 3" of clearance from
insulation.?
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Health considerations

While the debate continues as to the health effects of loose-fill insu-
lations, it is important to be protected during any type of insulation
installation. A National Institute of Occupational Safety and
Health (NIOSH)-approved respirator and protective eyewear and
clothing such as goggles, gloves, long-sleeved shirts, and pants will
minimize contact with the insulation. The home’s ductwork should
be sealed properly, as well as any other openings where insulation
could leak out of the wall or ceiling cavities and into the living
space. Insulation fibers also can be drawn into air-distribution sys-
tems if the ducts are not sealed properly, allowing the fibers to cir-
culate within the living space.

Cellulose Loose-Fill Insulation

The term cellulose refers to the base fiber for all plant life. Wood,
paper, and other plant-based products all are cellulosic materials.
Cellulose loose-fill insulation is produced from recovered wood pulp
materials. These include used newsprint and boxes that have been
shredded and pulverized into small fibrous particles and subse-
quently treated with boron-based chemicals to make the material fire
retardant. Dry loose-fill cellulose insulation is installed in attics and
walls with pneumatic blowing machines, whereas existing walls may
be insulated by blowing insulation in through access holes (Fig. 7.3).

Figure 7.3 Cellulose installation by pneumatic equipment. (Greenstone)
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Originally manufactured as a sound deadener, cellulose soon
caught on as an effective, dense insulation material. Early cellulose
insulation remained a small portion of the market as fiberglass
became increasingly popular after World War II. When the energy
crisis arose in the 1970s, the demand for better insulation grew,
and a resurgence of interest in cellulose insulation soon followed.
The cellulose industry expanded rapidly, but the increased demand
allowed a number of inferior manufacturers to enter the competi-
tion. Once the energy crisis subsided, the cellulose industry experi-
enced a shakeout and again settled into a relatively small share of
the insulation market. The 1980s saw relatively few changes in the
products or the ranks of major cellulose insulation producers.
Consequently, the number of active cellulose producers reduced in
number from 200 companies in 1983 to 61 companies in 1991.3

According to the Cellulose Insulation Manufacturers Association
(CIMA), an advocacy organization for the cellulose insulation indus-
try, cellulose commands about 10 percent of the insulation market.
Cellulose dominates the manufactured homes market (at least 60
percent) and enjoys a healthy share of the retrofit industry.

Another form of cellulose insulation, spray-applied in wet or
damp form, is covered in Chap. 9. As a self-supporting material, it
relies on water, adhesive, or a combination of both to build bond
strength to a substrate and within itself. Spray-on products also
may be used in wall cavities (fully open and dried before covering)
or on other suitable exposed wall or overhead surfaces.

Standards

Cellulose insulation has been exposed to a broad range of con-
struction, environmental, and various code requirements that have
called for a more elaborate definition of physical properties. These
requirements have been identified and met in the following feder-
al regulations, federal procurement specifications, and industry
standards*:

16 CFR Part 1209 (The CPSC Safety Standard). This is the
Consumer Products Safety Commission (CPSC) safety standard
that covers four product attributes: settled density, corrosiveness,
critical radiant flux (a measure of surface burning), and smoldering
combustion. It is illegal to market cellulose insulation that does not
conform with this section of the Code of Federal Regulations.

16 CFR Part 460 (The FTC R-Value Rule)



ASTM C-739 [Standard Specification for Cellulosic Fiber (Wood-
Base) Loose-Fill Thermal insulation/. This is the industry standard
for loose-fill cellulose insulation. It covers all the factors of the CPSC
regulation and five additional characteristics: R-value, starch con-
tent, moisture absorption, odor, and resistance to fungus growth.

ASTM C-1149 (Standard Specification for Self-Supported Spray
Applied Cellulosic Thermal/Acoustical Insulation)

HH-1-515E (The General Services Administration Purchasing
Specification for Loose-Fill Cellulose Insulation; requires ASTM
C-739 conformance)

The states of California and Minnesota have their own insulation
regulations that are based on the American Society for Testing and
Materials (ASTM) standards and, in the case of cellulose insula-
tion, on the CPSC standard. Of course, the insulation requirements
of all pertinent building codes also apply to the installation of cel-
lulose. Building codes are required by the Consumer Products
Safety Act to follow the CPSC standard. Thus cellulose insulation
conforming with the federal standard is approved for installation
in any code jurisdiction.*

Loose-fill cellulose insulation, like all loose-fill insulation, should
be installed in accordance with ASTM Standard C-1015, “Standard
Practice for Installation of Cellulosic and Mineral Fiber Loose-Fill
Thermal Insulation.”

Product description

Cellulose is a relatively low-cost insulation product, is easy to
install, and is not subject to convective heat loss. Studies show that
cellulose (as well as rock wool) is more resistant to airflow than
fiberglass because it has greater density. Cellulose (as well as rock
wool) also may be more effective at reducing air leakage and asso-
ciated heat loss because its higher density causes it to settle and
seal more around rafters and in corners.?

Cellulose loose-fill insulation settles more than rock wool or
fiberglass loose-fill insulation. The proportions are about 20 per-
cent for cellulose, 2 percent for rock wool, and 4 percent fiberglass.
Therefore, install about 20 percent more blown-in cellulose insula-
tion to offset this settling. Cellulose manufacturers are required by
federal law to state “settled thickness” on their bags. Because this
can be confusing to consumers, many cellulose producers also spec-
ify the “installed thickness.”
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Blow-in methods are also referred to as dense-packing. Dense-
pack cellulose is installed at densities of at least 3.5 1b/ft? and up to
approximately 4.0 1b/ft2. The insulation flows from a high-velocity
insulation blower at 100 ft/s. The air that is trapped between the
cellulose fibers contributes to the insulating value, approximately
R-3.8 per inch. Technique is important in work with a higher-den-
sity installation. The hose has a tendency to become clogged if the
installer is inexperienced.

New cellulose insulation technologies are increasing the use of
lower-density cellulose produced by “fiberizing” newspaper.
Fiberizing breaks the raw material down into individual fibers that
are fluffier. This modification means that the product is cleaner,
creates less dust, and has a slightly higher R-value.

R-value

The typical R-value of cellulose insulation is between 3.6 and 3.8
per inch. For example, an attic with 10 in of dry cellulose could pro-
vide an R-value of 38. A typical manufacturer’s coverage chart is
shown in Fig. 7.4.

Limitations

Moisture absorption, ranging from 5 to 20 percent of its weight, is
one disadvantage of cellulose insulation. This also may alter its
physical and chemical properties, as well as settle, if the insulation
is not applied at the correct density. Other concerns with loose-fill
fiber insulation are displacement as a result of wind and infesta-
tions of rodents. It is also possible that, over many decades, dust
and dirt accumulation could reduce the R-value, either by com-
pressing the insulation or by filling air pockets.

Weight considerations

Loose-fill cellulose could cause the ceiling to sag if installed at R-38
on Y," ceiling gypsum wallboard with framing spaced 24" on center.
Therefore, when deciding whether to use these materials for new
construction, consider switching to ;" ceiling gypsum wallboard or, if
possible, changing your ceiling framing widths to 16" on center.

Health considerations

Cellulose fiber is characterized as a nuisance dust but is not a
health hazard. The fire retardants used in cellulose insulation are
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30 1b. bag
PNEUMATIC APPLICATION
COVERAGE CHART
Net Coverage No Adjustment for Trusses
R-yalue at N Gross G 8
Tzi\;e'\rﬂaiz?e i Thckness Maximum Net \AV\/AE\‘”Q\LT;UPF; 2 Xrgssﬂug:z?g: 125%1&1{5
Coverage Square Foot
Installed The Weight Per
Requiri
T? Ob:am an Sh\ns‘ula,\t‘\on ’Thlckne‘ss Square Feet Bat';‘st‘?quu?ed sq?zrsetaf\?e? : Square Feet Bang 1983\0&1
A nsu angn ould Not Be After Settiing Per Bag Per 1.000 Insulation Per Bag Square Feet
esistance (R of Less Than (inches} Saquare Feet Should Not Be
tnches) Less Than (Ibs }
R-50 15.0 13.5 16.7 60.1 1.802 17.3 57.8
R-42 126 11.4 19.8 50.5 1514 20.8 48.2
R-40 12.0 10.8 20.8 48.0 1.441 219 458
R-38 11.4 10.3 21.9 45.6 1.369 23.1 434
R-32 9.6 8.6 26.0 38.4 1.163 27.7 36.1
R-30 9.0 8.1 27.8 36.0 1.081 29.6 337
R-24 7.2 6.5 347 28.8 865 377 26.5
R-22 6.6 5.9 37.8 264 793 41.4 241
R-19 57 5.1 43.8 22.8 685 483 20.7
R-13 39 3.5 64.0 15.6 468 70.7 14.2
R-11 3.3 3.0 75.7 13.2 .396 83.5 12.0
Sidewalls (pressure filled-density 2.6 PPCF}
R13(2x4)| 35 35 39.6 253 0.758 437 229
R20(2x6)| 55 55 25.2 39.7 1192 27.8 36.0

Figure 7.4 Typical manufacturer’s coverage chart. (Greenstone)

also regarded as nonhazardous. For example, the toxicity of boric
acid is one-sixth that of table salt. Nevertheless, respiratory pro-
tection should be worn while handling and installing the insulation
material.

Environmental considerations

Cellulose is an excellent example of recycled material use in insu-
lation. Insulating a typical 1500-ft? ranch-style home with cellulose
insulation productively recycles as much newsprint as an individ-
ual will consume in 40 years.® Most cellulose insulation is approxi-
mately 80 percent postconsumer recycled newspaper by weight.
The remaining 20 percent is comprised of fire-retardant chemicals
and/or acrylic binders depending on the product. In 1994 alone, the
cellulose industry used approximately 840 lb of recycled newspa-
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per. Experts suggest that if all new homes constructed in the
United States were insulated with cellulose, over 3.2 million tons
of waste newsprint would be used each year.?

According to CIMA, cellulose has a very low comparative embod-
ied energy, calculated to be 20 to 40 times less than mineral fiber
insulations. (Embodied energy is the total energy, such as the fuels,
electric power, transportation, and job-site related power, used to
extract, fabricate, package, transport, install, and commission a
building product, material or system.)

Fire resistance

Ever since cellulose insulation was first marketed in the late
1940s, sellers of competing products have raised questions about
the safety of the material. Cellulose insulation, as an organic mate-
rial, will burn without special processing. Unlike two competing
insulation materials, fiberglass and rock wool, which are naturally
fire resistant, cellulose’s fire resistance is achieved by adding chem-
icals.

According to Dan Lea, executive director of CIMA, the common
fire retardants in cellulose insulation are borax, boric acid, and
ammonium sulfate. Public concerns may be due more to misinfor-
mation than fact. For example, boric acid is commonly used as an
eyewash. The salts of borax are used in laundry products but have
a toxicity level even lower than that of boric acid. Ammonium sul-
fate is used as a food preservative and a soil fertilizer.

The CPSC does not believe cellulose insulation is a hazardous
product. Fire statistics do not support the hazard claim, and knowl-
edgeable fire officials who have studied the matter agree.
Extensive evidence indicates that cellulose is a positive factor in
residential building fire safety, mainly due to the material charac-
teristics of cellulose. Once the surface of a cellulose insulation lay-
er is charred, it no longer flames, and the charred material actually
becomes a barrier against rapid combustion deeper in the insula-
tion. Smoldering combustion may continue, but its progress
through the insulation will be very slow due to the dense fiber
structure of cellulose and its fire-retardant characteristics.b

The most recent findings were released in test results made avail-
able in February 2000. Independent laboratory tests, commissioned
by CIMA and conducted according to the ASTM E119 protocol by
Omega Point Laboratories of Elmendorf, Texas, have shown that cel-
lulose insulation can increase the fire resistance of walls by up to 77
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percent compared with uninsulated walls. Cellulose can now be used
in a 1-hour fire-wall assembly that meets the new International
Building Code and International Residential Code. Walls for the test
were constructed with both ," and °/" type X gypsum wallboard.
The insulation was standard off-the-shelf cellulose installed by a
local contractor.” This is an increase in fire resistance as compared
with earlier tests sponsored by the cellulose industry and the min-
eral fiber insulation industry. These stated that cellulose produced a
22 to 55 percent increase in fire resistance.b

The biggest long-term performance concern with cellulose insu-
lation is the possible loss of fire-retardant chemicals. There are oth-
er reports that claim cellulose insulation may be safe initially but
that over time the fire retardants bake out, leech out, settle out,
break down, sublime, evaporate, or somehow disappear. Because
borates are water soluble, they can leach out if the insulation gets
wet. Some people claim that the chemicals gradually disappear
even if the material does not get wet, although these claims have
not been substantiated independently. According to Dan Lea of
CIMA, there is a shift within the industry toward ammonium sul-
fate fire retardants, which actually improve in fire-retardant per-
formance over time. A concern with ammonium sulfate, however, is
the corrosion of metals in contact with the insulation, particularly
with wet-spray applications.

According to CIMA, the Forest Products Laboratory of the
University of California at Berkeley performed an extensive litera-
ture search and reviewed all relevant published studies on cellu-
lose insulation chemical permanency. The study concluded that
“the only substantive report that indicated an aging effect is that
recently reported by the California Bureau of Home Furnishings
and Thermal Insulation.” CBHF said of its study: “The results are
inconclusive and variable, and certainly cannot be used to condemn
this material.” Numerous other studies, including tests by scien-
tists and technicians at Oak Ridge National Laboratory, Tennessee
Technological University, Allied Signal Corp., U.S. Borax Corp.,
Underwriters Laboratories, and the United States Testing
Company, found no sign of “disappearing fire retardants.”®

The competitive nature of the insulation business has generated
a great amount of literature in support of, or in defense of, the
material characteristics and performance of each product. Since an
independent test is not within the scope of this book, one must weigh
all the information in order to arrive at a general consensus as to the
actual fire-resistance characteristics of cellulose insulation.
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For example, the North American Insulation Manufacturers
Association (NAIMA) claimed in one report that “independent tests
confirm [the] potential fire hazards of cellulose insulation.” In
defense of cellulose insulation, CIMA states that “all six cellulose
products tested exceeded the requirements of the only material
standard that references the test method used in the study.”
According to CIMA, the NAIMA tests “actually proved the safety of
cellulose insulation.”®

Even when a fire is classified as “insulation related,” the insula-
tion is seldom the first material to ignite. Heat-producing devices
and electrical short circuits were major factors in insulated-related
fires. In the vast majority of cases, a heat-producing device, such as
a recessed lighting fixture, is covered by the insulation. Heat builds
up and is conducted through wiring or metal brackets to a wood
structural member. This indicates that it is usually the wood or
electrical insulation that ignites first.

Installation standards and practices

Dry loose-fill cellulose insulation is typically installed in attics and
walls with pneumatic blowing machines (although in some attics the
insulation can be poured in place). Even though installation methods
may vary slightly depending on the material, the machine used, or
the actual job-site conditions, the CIMA standard guidelines will
provide a general framework in order to better understand installa-
tion procedures. The following specifications are for general infor-
mation only?® These guidelines cover the application of cellulosic
loose-fill thermal insulation in attics, sidewall cavities, and between
floors of single- and multifamily dwellings by means of pneumatic
equipment and by pouring in place in attics (see Fig. 7.1).

Preliminary inspection

An inspection of the building should be made prior to installation,
with special consideration given to the following areas:

1. Holes in ceilings or sidewalls that would allow the insulation to
escape should be sealed.

2. Weak areas of interior walls that may not be able to withstand
pressures during the filling operation should be reinforced or
filled using less pressure.

3. Walls with alterations, such as built-in bookshelves and cabinets,
that may create isolated cavities require special entry holes.
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4. Wall cavities that are used as air ducts for heating or air-condi-
tioning systems must not be filled with insulation.

5. Openings in heating or air-conditioning systems in insulated
areas must have blocking placed around them but not so as to
restrict airflow.

6. Wall cavities that open into basements or crawl spaces must be
sealed.

7. The external siding of existing buildings should be inspected for
paint peeling or other evidence of moisture problems because
insulation or a vapor barrier alone may not solve such problems.
Other remedial actions may be necessary.

Preparation

For new construction, several key areas need to be addressed. First
of all, if individual vents are used in the soffit, the rafter space
immediately in front of and on either side of the vent should be pro-
vided with an air chute (Figs. 7.5 and 7.6). Other spaces should be
totally blocked. Where a continuous strip vent is used in a soffit, an
air chute should be provided every third rafter space, with the oth-
er spaces completely blocked. The small cavities around door and
window frames should be insulated prior to installation of the inte-
rior covering. The material should not be forced into the cavity so
tightly that frames or finishes are distorted. Finally, insulating the
corners of attics in buildings with hip roofs may require special
nozzles or placement tools. Alternately, corners can be insulated
with suitable insulation before the gypsum wallboard or plaster-
board is installed. Any other areas that will be inaccessible after
the interior finish is installed must be handled in like manner.®

For existing structures, preparation should be performed in crit-
ical areas where the insulation may not be contained. For example,
in joist areas, where soffit vents are installed, the opening from the
attic into the soffit area may be blocked by use of pieces of batt-type
insulation between and at the ends of the joists. Insulation should
not totally fill the space between ceiling and roof. There should be
a 1-in opening next to the roof for ventilation from the soffit area
(or a chute or baffle may be installed).

For new and existing structures, a number of areas typically will be
addressed in a similar manner for each project type. These include

1. Blocking should be placed around access to the attic to prevent
insulation from falling out.
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2. Blocking should be placed around recessed light or heating fix-
tures, chimneys, and flues. Clearance between heat-producing
elements and combustible construction should follow applicable
codes. Blocking should be placed permanently so as to keep
insulation a minimum of 3 in away from all sides of recessed
lighting fixtures and other heat-producing devices. The open
area above recessed lighting fixtures and other heat-producing
devices should not be insulated, per the National Electrical
Code.

3. Cabinet bulkheads, stairway wells, and wall cavities that open
into an attic should be covered by backer board to support the
insulation.

4. The open side of any wall between a heated and unheated area
should be covered by backer board to form a cavity for retaining
the loose-fill material.

Coverage requirements

When installing insulation, care should be taken not to exceed the
square-foot coverage shown on the label. (ASTM C739 requires
that each bag of cellulose loose-fill insulation be labeled with tech-
nical information, including the maximum net coverage per bag of
the particular insulation for all commonly specified R-values.) The
labeled thickness is the minimum thickness required for a given R-
value. The initial installed thickness in ceiling applications will
exceed the settled thickness shown on the coverage chart. The bag
count and weight-per-square-foot requirements of the coverage
chart must be followed to provide the specified R-value at settled
density.

Application procedures

Ceiling areas. When installing insulation by pneumatic means in
accessible ceilings, it is important that the blowing machine be set
as recommended by the machine manufacturer. Specifiers do not
need to compensate for settling in attics because federal law (the
CPSC standard and the FTC R-Value Rule) requires R-value and
coverage data to be stated at settled density. Specifiers, installers,
and buyers need to understand that the “minimum thickness” col-
umn on cellulose coverage charts represents settled thickness if the
chart has only one thickness column. The “bag count” and “weight”
columns are the “official” coverage statements.*
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Installations in enclosed ceiling cavities must be made by pneu-
matic means, and the cavity should be filled completely. This is done
by inserting a fill tube into each cavity and withdrawing it as the
cavity is filled. The air setting on the machine should be set as rec-
ommended by the machine manufacturer for sidewall application.
Coverage will be proportional to that shown on the manufacturer’s
coverage chart under sidewalls, depending on the cavity size.?

Sidewalls in existing buildings. Installation into sidewall cavities
must be made by pneumatic means. The air setting on the machine
should be set as recommended by the machine manufacturer
according to the size nozzle being used. After fill holes are drilled,
all cavities should be checked for fire blocking or other obstructions
with an electrician’s fish tape or other similar tool. A mathematical
check should be made in the first few stud spaces to ensure that the
proper amount of insulation is being installed. Installers also
should verify with the manufacturer’s coverage chart.

In wall applications, standard practice is to compact loose-fill cel-
lulose to a density that will prevent settling. While this is a matter
of some controversy, most authorities recommend a density of at
least 3.0 Ib/ft? for cellulose insulation in walls. Materials with high
nominal settled densities (2.0 1b/ft? and higher) should be installed
at 3.5 Ib/ft?. Research has confirmed that settling is virtually nil
with any cellulose insulation at densities of 3.5 1b/ft? or higher.
Compacting cellulose insulation may produce a very slight reduc-
tion in R-value.*

If filling the wall cavity through the external siding in an exist-
ing building, the following procedure is recommended by CIMA.
First, drill holes from %/, to 2" in diameter, depending on the siding,
in each wall cavity. The vertical distance between the access holes
and the top or bottom plate should not exceed 2 ft; the vertical dis-
tance between the holes should not exceed 5 ft. Homes with shin-
gle or lapped siding should have the holes drilled as near the
shadow line as possible. Homes with brick veneer should have
holes %, to %," in diameter drilled in the mortar joints. All holes
should be filled with suitable plugs® (Fig. 7.7).

Filling the wall cavity with a fill tube in some applications is
desirable. When using this method, only one entry hole per cavity
is necessary. The fill tube should be inserted far enough to reach
within 18" (45.72 cm) of the plate farthest from the point of entry.
Fill-tube size will depend on the size of hole that can be drilled (see
Figs. 7.8 and 7.9 for alternate points of entry for the fill tube).
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Figure 7.7 Installation holes. (CIMA)
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Figure 7.8 Soffit access. (CIMA)

Sidewalls in new buildings. Various types of permanent retainer sys-
tems are used to install dry cellulose insulation in new walls. All
systems are proprietary, and the manufacturers provide detailed
instructions and often special training programs for their use. All
systems require pneumatic installation and compression of the
material to sufficient density to prevent settlement. The Insulation
Contractors Association of America (ICAA) recommends a density
of 1.5 times nominal settled density for sidewall installations.
Some manufacturers recommend an installed density of at least 3.5
Ib/ft? in sidewalls.

Dry cellulose insulation can be installed in new walls using tem-
porary retainers that are clamped in place to create a closed cavity.
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Insulation is blown into the temporary cavity at sufficient density
to keep it in place when the retainer is removed.

One manufacturer of a proprietary product uses a polyester tire
chord vapor retarder as the retainer during installation. Convenient
access to the cavity is advantageous and allows visual inspection of
the process during installation. The ParPac system uses any loose-
fill cellulose insulation and is installed at a density of 3 1b/ft3, result-
ing in an R-value of 3.61 per inch (Figs. 7.10 and 7.11).

Vapor retarders. As discussed in Chap. 4, the need for vapor
retarders and their proper location within a wall assembly are
influenced by the interior and exterior environmental conditions as
well as the wall’s thermal and vapor flow characteristics. It is
important to note that each building is fairly unique in terms of
wall construction, interior use, and environmental conditions, and
should be evaluated individually by the building designer. The
homeowner also could consult an insulation manufacturer and
building code official for recommendations on where to place a
vapor retarder.

When installing loose-fill insulations, a material such as 6-mil
(0.006") polyethylene plastic sheeting can be used as a vapor
retarder. Some cellulose manufacturers recommend against use of
vapor retarders in walls insulated with spray-applied cellulose.
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Figure 7.10 Polyester tire chord

vapor retarder. (ParPac, Inc.)

Figure 7.11 Installation through
vapor retarder. (ParPac, Inc.)

CIMA is not aware of any endemic problems resulting from this
practice.

A vapor retarder is typically not required under attic insulation
when the attic is adequately ventilated, but a vapor retarder must
be used when the cold side of ceilings cannot be ventilated. A
ground-surface vapor retarder such as plastic film is recommended
when there is a crawl space beneath a floor.

In existing construction, most cellulose producers regard vapor
retarders as unnecessary with dense-pack cellulose under most
conditions. If design temperatures are below —15°F (—26°C), the
interior surfaces of exterior walls and ceilings where the cold side
cannot be ventilated can be painted with a vapor barrier paint. As
with new construction, a ground-surface vapor retarder, such as
plastic film, is recommended when there is a crawl space beneath
a floor.
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Ventilation. Ventilation guidelines are specified in the locally adopt-
ed building codes. The more stringent requirement should be used
if the following CIMA guidelines contradict with the building code.
In vented attics without vapor retarders, standard practice is to
provide 1 ft? of net vent area for each 150 ft? of ceiling area. In vent-
ed attics with vapor retarders, standard practice is to provide 1 ft2
of net vent area for each 300 ft? of attic floor area. When using a
combination of roof and eave vents and no ceiling vapor barrier,
there should be 1 ft2 of net vent area for each 300 ft2 of ceiling area.
Vents should be installed with 50 percent of the total area in the
eaves and 50 percent of the total area in the roof near the peak. If
the residence is built over an unheated crawl space, there should
be 1 ft2 of net vent area for each 150 ft? of floor area.

Installation precautions and limitations

As stated earlier, the following items may be in concert with or in
contradiction with the adopted state and federal building codes.
The building codes are a minimum level of safety and quality and
must be adhered to.

1. Heaters and recessed light fixtures must not be covered by the
insulation unless the fixture has a direct contact rating. It is
recommended that a minimum of 3" of airspace be maintained
between any fixtures and the blocking.

2. Cold air returns and combustion air intakes for hot air fur-
naces must not be blocked or insulation be installed in a man-
ner that would allow it to be drawn into the system.

3. Insulation must not be in contact with chimneys or flues. A
minimum of 3" of airspace must be maintained, with blocking
used to retain the insulation.

4. The homeowner should be advised that in tightly constructed
homes or when insulating existing homes that have fuel-fired
heating systems within the living area or basement, an air
duct must be installed between the furnace room and a well-
ventilated outside area to provide combustion air. A local
heating contractor should be contacted for proper duct size
and installation.

5. The homeowner should be advised that the relative humidity
within the living area should be kept below 40 percent when
outside temperatures fall below 32°F (0°C).
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6. Dry cellulose insulation is not recommended for use in side-
walls below grade.

7. Dry cellulose insulation is not recommended for filling the cav-
ities of masonry walls.

8. Dry cellulose insulation is to be used in the temperature range
of —50 to 180°F (—45.6 to 82.2°C).

9. The installer must wear appropriate respiratory protective
equipment.

10. Installers and specifiers are advised to refer to other relevant
documents, including the National Electrical Code, ASTM
Standard C1015, CIMA Technical Bulletin 1, and CIMA
Technical Bulletin 3 for additional information.

Fiberglass

Fiberglass is one of a group of glassy, noncrystalline materials his-
torically referred to as man-made mineral fibers (MMMF's) or man-
made vitreous fibers (MMVFs). Glass fibers are made from molten
sand, glass, or other inorganic materials under highly controlled
conditions. The glass typically is melted in high-temperature gas or
electric furnaces. The material is then spun or blown into fibers
that are then processed into the final product.

Most major manufacturers use 20 to 30 percent recycled glass
content. Rock wool (or slag wool) loose-fill insulation is similar to
fiberglass except that it is spun from blast furnace slag (the scum
that forms on the surface of molten metal) and other rocklike mate-
rials instead of molten glass.

Fiberglass loose-fill insulation is available in two forms:
processed either from a by-product of manufacturing batts or rolls
or from “prime” fibers produced especially for blowing applications.
Both must be applied through pneumatic means using a mechani-
cal blowing machine, whether it be “open blow” applications such
as attic spaces or closed-cavity applications such as those found
inside walls or covered attic floors.

Product description

Fiberglass loose-fill insulation is inorganic and noncombustible.
The fibers will not rot or absorb moisture and do not support the
growth of mildew, mold, or fungus. Fiberglass absorbs about 1 per-
cent of its weight, but any insulation can absorb moisture if
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exposed to extremely high humidity. The moisture vapor absorp-
tion of fiberglass loose-fill insulation shall not be more than 5 per-
cent by weight when tested in accordance with ASTM C1104. It is
also not subject to drastic settling, usually about 1 or 2 percent in
attic spaces up to a maximum of 4 percent.?

R-value

The R-value of loose-fill fiberglass, when settled naturally as in an
attic at 0.7 1b/ft?, is 2.2 per inch. When installed at a density of 2.0
Ib/ft? in a wall, the R-value is 4.0 per inch. One of the most signifi-
cant criteria for achieving the desired R-value is meeting the des-
ignated minimum weight per square foot of material. It is also
important that the minimum thickness be achieved, since this,
along with the required weight per square foot of material, is
essential to obtain the desired R-value. As mentioned earlier, the
correct values for coverage with each loose-fill material are stated
by the manufacturer in a bag label specifications chart.

Fiberglass blown insulation can be purchased installed for about
7 cents per inch-thick square foot. Except for blown cellulose insu-
lation, which costs about the same, fiberglass in blown (or batt)
form is the cheapest insulation on the market for the insulating
value achieved.?

Limitations

Laboratory attic tests have shown that light-density loose-fill prod-
ucts may suffer a reduction as attic temperatures drop further. For
example, the actual R-value of loose-fill fiberglass insulation has
been shown to decrease by 20 to 40 percent under extreme winter
conditions. Oak Ridge National Laboratory measured R-values as
low as R-12 at an attic temperature of 9°F for an R-19 fiberglass
installation. Follow-up testing at the same laboratory seems to sug-
gest that convection currents actually resulted in an increase of
only $20 in energy cost (gas heating bills) per annum. Electric
resistance heat costs were slightly higher.1°

Health considerations

A contentious point of debate continues to revolve around the
health concerns of fiberglass insulation. Health and safety research
on fiberglass has been ongoing for nearly 60 years. Member com-
panies with NAIMA, the trade association of North American
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manufacturers of fiberglass, rock wool, and slag wool insulation
products, have committed tens of millions of dollars in research
projects with leading independent laboratories and universities in
the United States and abroad. Recent studies have presented
results that suggest that the carcinogenic concerns about fiberglass
may only have an impact under extreme exposure conditions. An
Occupational Safety and Health administration (OSHA) report in
1994 stated that fiberglass insulation is carcinogenic, but results
indicated that there was virtually no risk to home occupants. The
greatest risk was the exposure to installers during installation.™

In 1997, the American Conference of Governmental Industrial
Hygienists (ACGIH), representing over 1600 academic and govern-
ment professionals engaged in occupational safety and health pro-
grams, concluded that the “available evidence suggests that
[fiberglass]...is not likely to cause cancer in humans except under
uncommon or unlikely routes or levels of exposures.” The ACGIH
designated fiberglass as an “A3, animal carcinogen.” The A3 desig-
nation indicates that the substance may cause cancer in experi-
mental animals at relatively high doses and by routes of exposure
that “are not considered relevant” to workers.!2

The Canadian government classified fiberglass as “unlikely to be
carcinogenic to humans” and concluded that glass wool “is not
entering the environment in quantities or under conditions that
may constitute a danger in Canada to human life or health.” The
CPSC (1992) also has found that “fibrous glass is carcinogenic in
animals only when surgically implanted into the lung or abdomen.
In tests where animals were exposed by inhalation, the expected
route of human exposure, the animals did not develop tumors.
Therefore, the animal implantation studies do not establish a haz-
ard to humans.”’?

Nevertheless, fiberglass as a simple irritant is well documented.
Workers in fiberglass manufacturing plants, as well as people work-
ing with or using materials that contain fiberglass, may develop a
skin irritation. This mechanical irritation is a physical reaction of
the skin to the ends of fibers that have rubbed against or become
embedded in the skin’s outer layer. Any skin irritation caused by
fiberglass is temporary. Washing the exposed skin gently with warm
water and mild soap can relieve it. The vast majority of workers and
consumers, however, can control skin irritation by following recom-
mended work practices when handling the material. Fiberglass is
also a catalyst for eye irritation if deposited in the eye by the user’s
fingers or through fibers in the air. If this should happen, the eyes



Loose-Fill Insulation 99

should not be rubbed but rinsed thoroughly with warm water, and
a doctor should be consulted if irritation persists.?

Fiberglass released into the air during its manufacture or han-
dling also may create temporary upper respiratory irritation. Like
skin irritation, upper respiratory irritation is a mechanical reac-
tion to the fibers. It is not an allergic reaction, and the irritation
generally does not persist. Such exposures to high concentrations
of airborne fiberglass may result in temporary coughing or wheez-
ing. These effects will subside after the worker is removed from
exposure.!?

As will be discussed later in this chapter, proper clothing and
handling and the use of approved respiratory protection can effec-
tively control exposure to airborne fibers and therefore reduce the
likelihood of skin or upper respiratory tract irritation.

Environmental considerations

NAIMA tracks the fiberglass industry’s recycling efforts through
an annual survey of its members. A total of 6,107,397,000 1b of pre-
and postconsumer glass waste have been recycled during the pro-
duction of fiberglass insulation over the past 6 years. Much of pre-
sent-day fiberglass insulation contains upwards of 40 percent
recycled glass depending on the manufacturing facility.™

Fire resistance

Loose-fill fiber glass is naturally fire resistant.

Installation standards and practices

Fiberglass loose-fill insulation typically is installed in attics and
walls with blowing machines, but most attics can be poured in
place if necessary. Although installation methods may vary slightly
depending on the material, the machine used, or the actual job-site
conditions, the NAIMA standard guidelines will provide a general
framework to better understand installation procedures.'

In order to estimate the amount of loose-fill fiberglass insulation
to be installed, the area to be insulated is measured first. This
should be the net area only, since the area occupied by framing
members should be deducted from the total wall or attic space.
From these calculations, the required number of bags or pounds of
insulation is determined from the bag label chart for the desired
R-value. (ASTM C764 requires that each bag of fiberglass loose-fill
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insulation be labeled with technical information, including the
maximum net coverage per bag of the particular insulation for all
commonly specified R-values.) Any deviation from the quantity
specified will affect the desired R-value. This holds true in both
open- and closed-blow installations.

According to NAIMA, thickness must not be used as the sole fac-
tor in determining the R-value of loose-fill insulation. When blown-
in insulation is installed properly (at the recommended weight per
square foot or bags per 1000 ft2), it may have an “installed thick-
ness which is greater than the stated minimum thickness.” This is
sometimes described as overblow in order to compensate for any
potential insulation settlement. If the correct number of bags are
installed and the thickness exceeds the minimum thickness, the
labeled R-value will be achieved or exceeded.!®

If these products were installed at the minimum thickness, the
overblow would produce a coverage per bag that would exceed the
maximum net coverage shown on the bag label, but the weight per
square foot would be less and the R-value would be lower than the
intended R-value. In any event, if the thickness installed using the
correct number of bags is less than the stated minimum, then addi-
tional material must be added to bring the installed thickness up
to the required minimum thickness.!¢

If an existing installed insulation amount needs to be verified,
NAIMA provides a few recommendations. These involve taking
measurements of the insulation thickness, removing and weighing
a known area of insulation, and calculating the weight per square
foot of the insulation. The measured weight per square foot and the
installed thickness are then compared with the value shown on the
manufacturer’s label. Meeting or exceeding the labeled values
ensures that the proper R-value has been achieved.¢

Installers are required to provide a data sheet verifying the
amount and achieved R-value installed. This is known as the
United States Federal Trade Commission’s Labeling and
Advertising of Home Insulation Rule, and it mandates that the con-
sumer is to receive a signed and dated contract or receipt for the
insulation thickness installed. The receipt for loose-fill insulation
must show the type of insulation, the coverage area, the thickness,
the R-value, and the number of bags installed. The installer also
must provide a manufacturer’s fact sheet. The fact sheet for loose-
fill insulation must contain, in addition to the manufacturer’s
name, address, and type of insulation, a chart containing the R-val-
ue and coverage information. Installers must have this information
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and must show it to customers before they agree to buy the insula-
tion. Similarly, a seller of new homes must put the following infor-
mation in every sales contract: the type, thickness, and R-value of
the insulation that will be installed in each part of the house.®

General work practices applicable to all work involving synthet-
ic vitreous fibers (SVF) such as fiberglass (rock wool and slag wool)
have been established by OSHA. Excerpts of the guidelines are as
follows!":

1. Minimize dust generation.

Keep the material in its packaging as long as practicable and
if possible.

Tools that generate the least amount of dust should be used. If
power tools are to be used, they should be equipped with
appropriate dust-collection systems as necessary.

m Keep work areas clean and free of scrap SVF material.
® Do not use compressed air for cleanup unless there is no oth-

er effective method. If compressed air must be used, proper
procedures and control measures must be implemented. Other
workers in the immediate area must be removed or similarly
protected.

Where repair or maintenance of equipment that is either insu-
lated with SVF or covered with settled SVF dust is necessary,
clean the equipment first with a HEPA vacuum or equivalent
(where possible) or wipe the surface clean with a wet rag to
remove excess dust and loose fibers. If compressed air must be
used, proper procedures and control measures must be imple-
mented. Other workers in the immediate area must be
removed or similarly protected.

Avoid unnecessary handling of scrap materials by placing them
in waste disposal containers and by keeping equipment as close
to working areas as possible, which prevents release of fibers.

2. Ventilation

Unless other proper procedures and control measures have
been implemented, dust collection systems should be used in
manufacturing and fabrication settings where appropriate
and feasible.

Exhausted air containing SVFs should be filtered prior to
recirculation into interior workspaces.

If ventilation systems are used to capture SVFs, they should
be checked and maintained regularly.
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3. Wear appropriate clothing.

m Loose-fitting, long-sleeved, and long-legged clothing is recom-
mended to prevent irritation. A head cover is also recommend-
ed, especially when working with material overhead. Gloves
are also recommended. Skin irritation cannot occur if there is
no contact with the skin. Do not tape sleeves or pants at wrists
or ankles.

m Remove SVF dust from the work clothes before leaving work
to reduce potential for skin irritation.

4. Wear appropriate personal protective equipment.

® To minimize upper respiratory tract irritation, measures
should be taken to control the exposure. Such measures will be
dictated by the work environment and may include appropri-
ate respiratory protective equipment. See OSHA’s respiratory
protection standard.

m When appropriate, eye protection should be worn whenever
SVF products are being handled.

m Personal protective equipment should be fitted properly and
worn when required.

5. Removal of fibers from the skin and eyes.

m If fibers accumulate on the skin, do not rub or scratch. Never
remove fibers from the skin by blowing with compressed air.

m If fibers are seen penetrating the skin, they may be removed
by applying and then removing adhesive tape so that the
fibers adhere to the tape and are pulled out of the skin.

m SVFs may be deposited in the eye. If this should happen, do
not rub the eyes. Flush them with water or eyewash solution
(if available). Consult a physician if the irritation persists.

Before starting, verify that the machine is set in accordance with
the instructions on the bag. The machine settings were developed
by manufacturers using machines in good working order and prop-
er application techniques. Always keep the hose level, and install
with a minimum of hand deflection. It is also important to always
blow parallel with, and not across, the joists. To verify that proper
amounts are being applied, it is wise to section the attic into quad-
rants and make sure one-quarter of the specified number of bags is
used in each section to achieve the desired R-value.

Applying insulation in unfloored attics. NAIMA recommends that the
installer keep the hose parallel to the floor, with the insulation falling
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10 to 12 ft in front of the hose. It is best to back away from the work
while blowing, to prevent packing. The installer can blow three or
four joist spaces from one position by moving the hose to the right or
to the left. Where working space is tight, the installer should prevent
the insulation from packing by allowing it to blow off his or her hand.

Special construction conditions will require extra attention dur-
ing installation. For example, the insulation is to be installed on
both sides of obstructions such as solid cross-bracing, wiring, and
masonry chimneys. If a batt or baffle is not used to block off the
ends of joists, the insulation is to be applied to the outer edge of the
plate. When roof construction does not allow full depth to the ends
of the joists, the insulation can be “bounced” off the underside of
the roof to increase density in that area, but be sure not to block
the eave vents? (Fig. 7.12).

Clearance needs to be maintained around heat-producing
devices, fossil-fuel appliances, and light fixtures, or as specified in
the local building code. For example, the insulation is not to be
placed in airspaces surrounding metal chimneys or fireplaces.
Unfaced fiberglass insulation can be used between wood framing
and masonry chimneys.

The installer should even out any high or low spots to verify that
the minimum thickness has been achieved. Some areas will not be
covered by design. Access panels, stair wells, and fan covers will
need a piece of batt insulation on top of areas where loose-fill insu-
lation has not been applied.

If the attic space is already floored, the installer should attempt
to blow no more than 4 to 6 ft under flooring. This will require the
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Figure 7.12 Air flow clearance. (NAIMA)
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removal of floorboards (or plywood sheathing) approximately every
8 to 12 ft to guarantee adequate blowing coverage. When blowing
below a floor, the installer should insert the hose approximately 4
to 6 ft under the floor and gradually pull it out as the space fills
with insulation. Twist and turn the hose as it is removed to ensure
complete coverage of the area under the floor. In finished attic knee
walls and slopes, it is possible to use retainers and blow knee walls,
but it is easier to use batts (Fig. 7.13).

Applying insulation in sidewalls. Regardless of the outside finish, all
existing house sidewalls are insulated in a similar manner. [As
opposed to the Blow-In Blanket System (BIBS), which is installed
while the home is under construction. See Chap. 9.] The only vari-
able is the method required to remove the exterior finish in order
to access the stud cavity. There can be many variations of the pro-
cedures for the removal and replacement of different types of side-
wall materials. Any method that gives sufficient access to the
sidewall area can be used, but an experienced carpenter, framer, or
mason should be used to guarantee that the existing exterior finish
material will be returned to its original condition.

Generically speaking, the first step is to have isolated portions of
the outside finish removed. Openings are then made in the sheath-

BLOWN

FIBER GLASS
FIBER GLASS
BLOWN BLANKETS
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Figure 7.13 Attic knee walls and slopes. (NAIMA)
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ing so that the loose-fill fiberglass can be blown into the empty stud
spaces. The “double blow” method, with two openings (top and bot-
tom), is commonly used for sidewalls. Different applicators have
different methods of filling sidewalls, but it is generally recom-
mended that the lower holes be filled first to ensure that the lower
parts of stud cavities are filled. Some stud sections may require
three or more openings because of construction features, such as
firestops, blocking, junction boxes, electrical cables, and bracing
(Fig. 7.14).

NAIMA'’s guidelines state that openings should be made into the
stud area for each 4 to 5 ft in wall height. Since blowing is limited
to no more than 4 ft down or 12" up a space, this is the only way to
ensure the stud space will be filled properly. Blowing through a sin-
gle opening in an 8-ft wall could leave some of the stud space with
voids or no insulation. One way to check the actual stud cavity
depth is to drop a plumb bob into the wall. Areas above and below
windows and below firestops and bracing also must be opened to
determine the exact location of obstructions and ensure that the
cavity is filled completely.s

Mineral Wool

The term mineral wool historically refers to two materials: rock
wool and slag wool. (Fiberglass is also included in some refer-
ences to mineral wool.) Rock and slag wool fall within a group of
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Figure 7.14 Application holes. (NAIMA)
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materials historically referred to as man-made mineral fibers
(MMMFSs) or synthetic vitreous fibers (SVFs); however, a more
appropriate name is man-made vitreous fibers (MMVFs), reflect-
ing the glassy, noncrystalline nature of these materials.

The mineral wool form of MMVFs was developed initially in the
late 1800s by melting slag and spinning it into insulation for use in
homes and industry. Over the past century, mineral wool manufac-
turing has evolved into a large and diversified industry as more
and more products have been developed.

Rock wool and slag wool each use different raw materials in their
manufacture. Rock wool is made from natural minerals, made pri-
marily from natural rock such as basalt or diabase. Slag wool is
made primarily from iron ore blast furnace slag. Slag wool accounts
for roughly 80 percent of the mineral wool industry, compared with
20 percent for rock wool, in the United States. These proportions
are reversed in European countries.!8

While mineral wool was at one time the most common type of
insulation, its market share was lost largely to fiberglass in the
1960s and 1970s. In the past few years, however, the product
appears to have been making a comeback. There are currently sev-
eral manufacturers of mineral wool in the United States and about
eight plants that produce it.!8

Rock and slag wool insulations are produced by a centrifugal
wheel process. Natural rocks or iron ore blast furnace slag are
melted, and the hot, viscous material is spun into fiber by pouring
a stream of molten material onto one or several rapidly spinning
wheels. As droplets of the molten material are thrown from the
wheel(s), fibers are generated. As the material fiberizes, its surface
generally is coated with a binder and/or dedusting agent (e.g., min-
eral oil) to suppress dust and maintain shape. The fiber is then col-
lected and formed into batts or blankets or baled for use in other
products, such as acoustical ceiling tile and spray-applied fire-
proofing, insulating, and acoustical materials.!?

Because of the manufacturing process and the differing perfor-
mance characteristics of specific products, rock or slag wool insula-
tion materials are comprised of a wide range of fibers with varying
thicknesses or diameters. Typically, individual fibers range
between 1 and 15 pm in diameter, with an average diameter of 3 to
7 pm. (A micron is 1/1,000,000 of a meter or 1/25,400 of an inch.)
By comparison, a human hair is about 70 pm in diameter.!?

When viewed under a microscope, rock and slag wool fibers
resemble single rods. Because they are noncrystalline in nature,
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these fibers break across their long axis, resulting in shorter fibers
of the same diameter. They do not split lengthwise into thinner,
smaller-diameter fibers, as do many crystalline fibers such as
asbestos, an important factor when considering potential exposures.

Product description

Similar to fiberglass in texture and appearance, mineral wool, an
inorganic fiber, will not absorb moisture. Rock and slag wool fibers
are dimensionally stable, have high tensile strength, and do not
support combustion. There is no significant settling with rock and
slag wool as long as it is installed properly. Mineral wool will not
support the growth of mildew, mold, or bacteria when tested in
accordance with the specifications of the ASTM (ASTM C665).

R-value

The blown material has an R-value of 2.7 per inch depending on the
installed density. The poured material has the same characteristics
as the blown material, but with a slightly higher R-value of 3 per
inch. Small amounts of moisture have little effect on the material’s
R-value.

Limitations

Mineral wool (and to a lesser extent, fiberglass) tends to “hang up”
on protrusions and nails in the wall cavity. It also can settle over

time if not blown properly, so the manufacturer’s recommendations
should be followed.

Weight

Loose-fill rock wool, being a heavier material, can cause ceiling sag
if installed at R-38 on Y/," ceiling gypsum wallboard with framing
spaced 24" on center. Consider switching to °," ceiling gypsum
wallboard or, if possible, changing the ceiling joist spacing to 16" on
center.?

Health considerations

Health and safety research on rock and slag wool has been ongoing
for more than 50 years. NAIMA member companies have helped fund
three areas of research involving rock and slag wool. These include
exposure assessments of current production workers and end users,
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analyses of the rates and causes of death of former production
employees, and animal test studies. Airborne levels of respirable
rock and slag wool fibers have been demonstrated to be very low, less
than 1 fiber per cubic centimeter of air in most instances. Human
epidemiologic studies have not demonstrated evidence of a dose-
related causal association between lung cancer or nonmalignant res-
piratory disease and occupational exposure to rock and slag wool.
Animal inhalation studies using massive doses of rock and slag wool
fibers, hundreds to thousands of times greater than human expo-
sures, have not shown a relationship between inhalation of rock and
slag wool fibers and lung cancer either. Since 1987, several major
reviews have been undertaken on the health and safety of rock and
slag wool. All these reviews concluded that inhalation of rock and
slag wool fibers does not induce significant disease in animals."

Various other studies have not established a link between casual
exposure to rock and slag wool and lung cancer either; however,
limited evidence does demonstrate an association between expo-
sure to rock wool and cancer in manufacturing workers.

The use of injection/implantation studies as the sole determinant
of the carcinogenic hazard of a fibrous material is not generally
accepted for human health hazard assessment. These studies, how-
ever, have not produced significant tumors, except for one injection
test at an exceedingly high concentration.?’ However, the fact that
rock wool fibers, when intentionally inserted into animals, have pro-
duced tumors may not be a practical analysis for casual exposure.
Based primarily on these studies using nonphysiologic routes of
exposure, the International Agency for Research on Cancer (IARC)
considered the animal evidence as limited for rock wool and inade-
quate for slag wool and, following its own guidelines, has classified
both rock and slag wool as a “2B, possibly carcinogenic to humans.”
For reference purposes, the IARC also has classified coffee, saccha-
rin, gasoline engine exhaust, and more than 150 other common sub-
stances as “possibly carcinogenic to humans.” In general, IARC rules
dictate that this designation be given if there is sufficient evidence
of carcinogenicity in animals, even if the route of exposure is artifi-
cial (nonphysiologic) and human data are inadequate or limited.*

Rock and slag wool fibers are a catalyst for skin irritation. This
irritation is a mechanical reaction of the skin to the ends of rock
and slag wool fibers that have rubbed against or become embedded
in the skin’s outer layer. Workers in contact with mineral wool dur-
ing manufacturing processes or installation are susceptible to this
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temporary nuisance. It can be relieved by gently rinsing the
exposed skin with warm water. Hot water and scrubbing will exac-
erbate the condition.

Eye irritation occurs when rock or slag wool are deposited in the
eye by the user’s fingers or through airborne fibers. If this occurs,
the eyes should not be rubbed but rinsed thoroughly with warm
water. A doctor should be consulted if the irritation persists.

If sufficient amounts of rock and slag wool are released into the air
during manufacture or handling, some workers may experience tem-
porary upper respiratory tract irritation. Such exposures to high con-
centrations of airborne rock and slag wool fibers may result in
temporary coughing or wheezing, a mechanical reaction. These
effects will subside after the worker is removed from exposure. The
use of approved respiratory protection can effectively control upper
respiratory tract irritation by limiting exposure to airborne fibers.

With publication of the OSHA hazard communication standard
in 1983 and the IARC decision in 1987 to classify rock and slag
wool as “possibly carcinogenic to humans,” rock and slag wool man-
ufacturers have added cancer warnings to their product labels.
While this may appear alarming to an uninformed user of rock and
slag wool products, the primary purpose of the labels is simply to
identify a potential hazard. The labels do not signify that there is
any real risk to humans at actual levels of exposure. The manufac-
turers of these products remain confident that the risk associated
with the use of rock and slag wool products, if there is any risk at
all, can be effectively controlled via reduction of workplace expo-
sures and adherence to simple recommended work practices.®

Some of the mineral wool insulation manufactured before about
1970 has been found to contain lead particles. According to industry
sources, lead slag is no longer used in the manufacture of mineral
wool, although lead can be present as a trace impurity. OSHA has
expressed concern in situations where new insulation is installed
over pre-1970 mineral wool and lead particulates are released into
the air. Exposures will vary markedly from job site to job site because
of such factors as the size of the space, the method of application, and
the amount of lead dust in the mineral wool. Exposures are likely to
be highest when insulation is blown into place in a confined space.?

Environmental considerations

NAIMA tracks the slag wool industry’s recycling efforts through an
annual survey of its members. During the past 6 years, NAIMA’s
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data show that 6,289,156,000 1b of blast furnace slag have been
recycled during the production of slag wool insulation.

Fire resistance

Rock and slag wool have good fire resistance due to the physical
and chemical properties. The fibers are noncombustible and have
melting temperatures in excess of 2000°F and supply fire protec-
tion, as well as sound control and attenuation.* Mineral wool is
also a good material for insulating around chimneys because it
does not support combustion.

Installation standards and practices

General work practices, applicable to all work involving synthetic
vitreous fibers (SVFs) such as rock wool and slag wool, have been
established by OSHA. These are listed in the loose-fill fiberglass

section of this chapter.

Perlite

Perlite is a granular-type loose-fill insulation quarried mainly in
the western United States. It is a naturally occurring silicous
rock. Perlite is different from other volcanic glasses because when
the crushed ore is heated to a suitable point in its softening range,
it expands from 4 to 20 times its original volume. This expansion
is attributed to the presence of water, between 2 and 6 percent, in
the crude perlite rock. When the rock is quickly heated to above
1800°F, the material pops in a manner similar to popcorn as the
trapped water vaporizes to form microscopic cells, or voids, in the
heat-softened glass. After expansion, an air blast separates and
grades the particles according to size. This expansion process
accounts for the lightweight quality of expanded perlite. While
the crude rock may range from transparent light gray to glossy
black, the color of expanded perlite ranges from snowy white to
grayish white.

Product description

Perlite is used widely as a loose-fill insulation in masonry con-
struction. In this application, perlite is poured into the cavities of
concrete block, where it completely fills all cores, crevices, mortar
areas, and ear holes. A nominal R-value of 2.7 per inch typically is
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used for calculation purposes; however, a range of 2.5 to 4.0 has
been achieved. Expanded perlite can be manufactured to weigh as
little as 2 1b/ft?, making it adaptable for numerous applications. In
addition to providing thermal insulation, perlite is fire-resistant,
has low water absorption, reduces noise transmission, and is resis-
tant to rot, vermin, and termites. Perlite loose-fill insulation is
packaged in bags and must be poured into place. It is not suitable
for blow-in installation methods. It is best used for attics and is
reasonably well suited for walls.

Vermiculite

Vermiculite is a mineral closely related to mica, primarily mined in
Montana and South Carolina. Consisting of silica, magnesium
dioxide, aluminum oxides, and other minerals, vermiculite expands
when heated to form a lightweight material with insulating prop-
erties. There are two types of vermiculite: untreated and treated.
The treated material is coated with asphalt to make it water-repel-
lent for use in high-moisture areas. Untreated vermiculite absorbs
water and, once wet, dries very slowly.

Product description

Aluminum magnesium silicate is constructed of approximately 1
million separate layers per inch, with a minute amount of water
between each layer. Flakes of the mineral are placed in a furnace
at 1800°F, which changes the water to steam, causing the vermi-
culite to expand to 15 times its original size. (The name origi-
nates from the vermicular, or wormlike, movement of the layers
during expansion.) The expanded material is soft and pliable, sil-
very or gold in color, and contains less than 1 percent water by
weight (Fig. 7.15).

Untreated vermiculite has an R-value of 2.3 per inch, compared
with an R-value of 2.5 per inch for the treated material.
Vermiculite is usually hand-installed, is nonabrasive, pours easily
into irregular spaces, and is suitable for both horizontal and verti-
cal applications. It is noncombustible, odorless, resistant to vermin,
and nonirritating.

As discussed in Chap. 16, W. R. Grace Co., the manufacturer of
Zonolite vermiculite loose-fill insulation, was hit with three class-
action lawsuits after failing to warn the public that the Zonolite
attic insulation it sold from 1963 through 1984 contained tremolite
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Figure 7.15 Vermiculite. (Strong Lite Products Corp.)

asbestos. Grace discontinued its attic insulation in 1984 but still
produces a loose-fill vermiculite masonry insulation. The U.S.
Environmental Protection Agency (EPA) estimated in 1985 that
940,000 American homes contained or had contained Zonolite attic
fill.22 Although it is not possible that all Zonolite installations were
contaminated, more than 70 percent of the vermiculite ore mined
in the world came from the Libby Montana mine, which has been
closed since 1990. This particular mine was unusual because the
area also included a natural deposit of tremolite asbestos.

If you know you have vermiculite insulation in your attic or walls
and you are concerned about it, it probably makes sense to test the
material to see if it contains asbestos. A trained consultant or
licensed contractor should collect the sample and get it analyzed at
a laboratory.

Small-Market Products

Wood shavings, granulated cork, and expanded polystyrene beads
are loose-fill insulation products that are seldom seen today. For
example, wood shavings, although rarely used today, were once a
very popular insulation product because of their wide availability
and low cost. Shavings often were treated with lime or other chem-
icals to increase resistance to water absorption, fire, and fungal
growth. This insulation product is still a common sight in older
homes across North America.
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Appendix

The Energy Efficiency and Renewable Energy Clearinghouse (EREC)
P.O. Box 3048

Merrifield, VA 22116

800-DOE-EREC (363-3732)

Fax: 703-893-0400

Cellulose Insulation Manufacturers Association (CIMA)
136 South Keowee Street

Dayton, OH 45402

513-222-2462

Insulation Contractors Association of America (ICAA)
1321 Duke Street, Suite 303

Alexandria, VA 22314

703-739-0356

North American Insulation Manufacturers Association (NAIMA)
44 Canal Center Plaza, Suite 310

Alexandria, VA 22314

703-684-0084

Fax: 703-684-0427

E-mail: insulation@naima.org

Web site: hitp:/ /www.naima.org

CertainTeed Corporation
Insulation Group

Mike Lacher

P.O. Box 860

Valley Forge, PA 19482
610-341-7000

Fax: 610-341-7571

Cocoon/Greenstone

6500 Rock Spring Dr.

Suite 400 Bethesda, MD 20817
888-592-7684

Fax: 402-379-2780

http:/ lwww.greenstone.com /

Knauf Fiber Glass

Glenn Brower

One Knauf Drive

Shelbyville, IN 46176
800-825-4434

317-398-4434

Fax: 317-398-3675

Email: gab2@knauffiberglass.com.
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ParPac® Dry Pac Systems
27 Main Street

Swanzey, NH 03446
1-877-937-3257

The Perlite Institute Inc.

88 New Dorp Plaza

Staten Island, NY 10306-2994
718-351-5723

Fax: 718-351-5725

http:/ lwww.perlite.org/

The Vermiculite Association

Contact: Dr. Michael J. Allen
Whitegate Acre

Metheringham Fen

Lincoln, LN4 3AL UK

+44 1526 323990

Fax: +44 1526 323181

E-mail: tva@uermiculite.org

Web site: http:/ /www.vermiculite.org/

Thermafiber Mineral Wool
James Shriver

3711 W. Mill Street

Wabash, IN 46992

219-563-2111

Fax: 219-563-8979

E-mail: jshriver@thermafiber.com.
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Blanket Insulation: Batts and
Rolls



Blanket insulations are flexible, bound products made from miner-
al (glass, rock, and slag) or cotton fibers. They are available in
widths suited to standard spacings of wall studs and attic or floor
joists. They come in rolls or batts in standard widths, usually to fit
between framing on 16 or 24" centers. Continuous rolls can be
hand-cut and trimmed to fit. Batts are available in a variety of pre-
cut lengths. Available with or without vapor retarder facings, the
thickness and density of the insulation varies depending on the R-
value desired. Batts with a special flame-resistant facing are also
available in various widths for applications such as basement walls
where the insulation will be left exposed. Newer products on the
market include plastic-wrapped batts and fiberglass batts encap-
sulated in nonwoven fabric.

Fiberglass Batts and Rolls

As discussed in Chap. 7, fiberglass is one of a group of glassy, non-
crystalline materials historically referred to as man-made mineral
fibers (MMMF's) or man-made vitreous fibers (MMVFs). The cur-
rent terminology is synthetic vitreous fibers (SVFs). The synthetic
fiber is made from molten sand, glass, or other inorganic materials
under highly controlled conditions. After the glass is melted in
high-temperature gas or electric furnaces, the material is spun or
blown into fibers that are then processed into the final product.
Batt insulation is glass that is spun into threads, coated with a
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binding agent, and collected into a thick matte of fibers of varying
thicknesses. Perhaps the most common of all residential insulation
materials, it is estimated that since the development of fiberglass
insulation in the 1910s, it has been used in approximately 90 per-
cent of homes in the United States (that contain insulation).!

Product description

Fiberglass blanket insulation is made from sand (SiO,), limestone
(CaCO03), and sodium carbonate (Na,COs) and is usually the least
expensive insulation on the market for the insulating value
achieved.? Because it is inorganic, it will not rot or absorb moisture,
is noncombustible, and does not support the growth of mildew,
mold, or fungus. The North American Insulation Manufacturers
Association (NAIMA) recommends the use of fiberglass insulation
that meets the requirements of the current edition of American
Society for Testing and Materials (ASTM) C665 Standard,
“Specification for Mineral Fiber Blanket Thermal Insulation.”

Each type comes either in continuous rolls or in packages of pre-
cut lengths called batts (Fig. 8.1). Relatively easy to install, both
types are roughly equal in price per square foot. The decision to
purchase batts or rolls depends on the specific application and/or
preference of the installer. This is covered in more detail later in
this chapter.

Batts and rolls are manufactured for standard joist and stud
spacings. Lengths of batts available include 47, 48, 90, 93, 94, and
96 in. Rolls are available in lengths of 39 ft 2 in, 40 ft, and 70 ft 6
in. Widths of rolls and batts can be found in the following sizes: 11,
15, 15Y,, 16, 23, 237 and 24 in.

e
Nominal Dimensions Available

Batts Rolls

Lengths 47" (1194 mm), 48" (1219 mm) 39’2 (11.94 M)
90” (2286 mm), 93" (2362 mm) 40’ (12.19 M)
94" (2388 mm), 96" (2438 mm)  70'6" (21.49 M)

Widths 11” (279 mm), 15” (381 mm) 11”7 (279 mm)
15%" (387 mm), 16” (406 mm) 15" (381 mm)
23" (584 mm), 23%” (590 mm) 23" (584 mm)
24" (610 mm)

Figure 8.1 Typical sizes of batts and rolls. (NAIMA)
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Fiberglass does not take up water within the glass fibers, but
water vapor passes freely between the fibers. Therefore, fiberglass
insulation must be used in conjunction with a vapor barrier placed
on the appropriate side. Batt and roll insulation is available
unfaced or with a facing already attached. Unfaced blankets are
used in conjunction with a polyethylene vapor barrier where
applicable. The most common facings available for blanket prod-
ucts are kraft paper and foil (Figs. 8.2 through 8.5).

All manufacturers of fiberglass insulation products provide per-
formance and installation information such as R-value, number of

Figure 8.2 Unfaced batt. (CertainTeed)

Figure 8.3 Kraft paper—faced batt. (CertainTeed)
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Y

Figure 8.4 Foil-faced batt. (CertainTeed)

Batt Insulation Characteristics

Thickness R-value Cost
(inches) (¢/sq.ft.)
314 11 12-16
358 13 15-20
3% 15 (high density) 34-40
610 6% 19 27-34
54 21 (high density) 33-39
8 to 8% 25 37-45
8 30 (high density) 45-49
914 30 (standard) 3943
12 38 55-60
This chart is for comparison only. Determine actual thickness,
R-value, and cost from manufacturer or local building supply.

Figure 8.5 Typical cost.

pieces per package, coverage per bag, size, and type either on
preprinted bags or on labels attached to generic bags.

R-value

Although the typical R-value is 3.2 per inch, R-values can range
from 3.04 to 4.3 for fiberglass blanket insulation. In addition to bag
labeling, R-values are also printed on the facings of batts and rolls.
Unfaced insulation is coded with stripes or ink-jet-printed to iden-
tify the R-value. The most common R-values in standard sizes for
fiberglass insulation are R-11, R-13, and R-15 for 3/,"-thick prod-
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ucts; R-19, R-21, and R-22 for 5Y,"-thick products; and R-25, R-30,
and R-38. One manufacturer’s table of standard sizes and R-values
for batt insulation is shown in Fig. 8.6.

If greater R-values are desired, it is possible to install multiple
layers of blanket insulation where there is adequate space. Since
R-values can be added, thermal calculations are simple. For exam-
ple, if a ceiling requires R-38 insulation, then two layers of R-19
batts or rolls can be used. Only one layer should have a vapor
retarder, facing the correct side of the wall depending on the cli-
mate, while additional layers normally should be unfaced. It is

R-Value Thickness Wwidth
R RSI in.  (mm) in. (mm)
UNFACED
8 1.4 212 64) 16 & 24 (406 & 610)
n 19 ) 11V, 15, 15Va, 19, 23, 23Va, (286, 381, 387, 483, 584, 591,
44,48 & 84 1118, 1219 & 2134)
13 2.3 3 (89 154,16, 234 & 24 (387, 406, 591 & 610}
15 2.6 32 (89) 15Va & 23V (387 & 591)
19 33 6% (159) 11, 11Y4, 15, 15%4, 16, 19, (279, 286, 381, 387, 406, 483,
23,231, 24 & 48 584, 591, 610 & 1219)
21 37 52 (140) 15, 15a & 23V4 (381, 387 & 591)
25 4.4 8 (203) 15,16, 19, 23, 24, 32 & 4672 (381, 406, 483, 584, 610, 813 & 1181)
30 53 10 (254) 16,19 & 24 (406, 483 & 610)
30C* 53 8va  (210) 15Va & 23Va (387 & 591)
38 6.7 12 (305) 16 & 24 (406 & 610)
38C* 6.7 10 (254) 15Va & 23V (387 & 591)
KRAFT-FACED
1 19 312 89) 11,15,16, 23 & 24 (279, 381, 406, 584 & 610)
13 23 3 (89 11,15,16,19, 23 & 24 (279, 381, 406, 483, 584 & 610)
15 26 32 89) 15&23 (381 & 584)
19 33 6Ya (159 11,15,16,19,23 & 24 (279, 381, 406, 483, 584 & 610)
21 37 52 (140) 15&23 {381 & 584)
22 39 8 (203) 15,19 & 23 (381, 483 & 584)
25 44 8 (203) 15&23 (381 & 584)
26 4.6 8 (203) 16 & 24 (406 & 610)
30 53 10 (254) 11,15,16,19, 19Vs, & 24 (279, 381, 406, 483, 489 & 610)
30C* 53 8¥a  (210) 15&23 (381 & 584)
38 6.7 12 (305) 16 & 24 (406 & 610)
38C* 6.7 10 (254) 15&23 (381 & 584)

*Cathedral Ceiling Batts

Figure 8.6 Batt insulation specifications. (CertainTeed)
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important not to compress the blankets to a less than normal thick-
ness during installation because the rated R-value will be reduced.

The popularity of cathedral ceilings over the last 10 years has cre-
ated the demand for a modified type of blanket insulation. R-30 and
R-38 fiberglass insulation batts are 10 and 12", respectively. These
sizes are too thick when placed between nominal 2 X 10 or 2 X 12
framing members, and still maintain the 1" continuous airspace
required by most building codes for roof-ceiling ventilation require-
ments. Known as high-performance or high-density batts, the mod-
ified R-30 and R-38 insulations typically are designated with a “C”
suffix. The R-30 superbatts are 8Y/, to 8'/," thick, as opposed to stan-
dard R-30 fiberglass batts of 9Y, to 10". (Thickness may vary by
manufacturer.) R-38 superbatts are 10 to 10%," thick, as opposed to
standard. Since these batts achieve the same R-value as the thick-
er types, they do not need to be compressed to fit the angles and
spaces typically found in cathedral ceilings. Because they contain
more fiberglass, these higher-density batts are more expensive than
low-density batts. Similarly, medium-density batt insulation is also
becoming increasingly popular. Measuring the same thickness as R-
11, a 3Y,"-thick batt can now achieve R-values of 13 or 15.

Sidewalls

Fiberglass blanket insulation products are manufactured to fit in
both 2 X 4 and 2 X 6 wood frame construction. Standard sidewall
widths of both 15 and 23 in are available. If steel stud framing is
used, 16- and 24" widths are available for steel stud construction.
R-11, R-13, and R-15 are used in nominal 4" walls, whereas R-19
and R-21 are used for nominal 6" walls (Fig. 8.7).

It is important to note that proper installation is necessary in order
to guarantee that the actual R-value achieved is the R-value intend-
ed. For example, homes built with 2 X 6 construction typically use a
standard R-19 batt that measures 6 to 6%," thick to fill a 5%," wall cav-
ity. Compressing the insulation causes it to lose some of its thermal
effectiveness, reducing its R-value to approximately R-18. Using an
R-21 high-density batt that measures 5Y," thick guarantees that
there is no compromise to the R-value during installation.

Attics and ceilings

The most common blanket products for attics and flat ceilings are
R-30 and R-38 batts. As mentioned earlier, high-performance batts
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Figure 8.7 Installing batt insulation. (CertainTeed)

are also available as R-30C or R-38C. Because the high-perfor-
mance batts achieve the recommended R-values in less space, they
allow room for ventilation between the insulation and the roof deck
without the need for roof baffles or the installation of larger roof
joists (Fig. 8.8).

In order to achieve R-values of 38 and higher, two layers can be
used and their R-values combined. For example, an R-19 batt
added to an R-30 will yield an R-49. When installing a second lay-
er, always use unfaced insulation, because using a second vapor
retarder will trap moisture between the two layers. It is also rec-
ommended that the second layer be applied across the joists in
open attic spaces (Fig. 8.9).

A combination of blankets and blown-in insulation also can be
used. A batt or roll can be installed during the initial construction
process, and a layer of blown insulation can be added at a later time.

Floors and crawl spaces

R-11, R-13, R-15, R-19, R-21, R-25, and R-30 roll or batt insulation
can be used under floors and in crawl spaces, as determined by the
locally adopted building code and/or International Energy
Conservation Code (IECC). When insulating floors over unheated
basements or crawl spaces, faced products should be used.
Another strategy is to insulate the walls in well-sealed crawled
spaces as an effective alternative to underfloor insulation. This
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Figure 8.8 High-performance fiber glass batt. (CertainTeed)

Figure 8.9 Encapsulated fiber glass insulation. (CertainTeed)

method usually requires less insulation, minimizes temperature
swing in piping and ductwork, and may even help cool the house
in summer because some heat can escape through the uninsulat-
ed floor. It is critical that the space not have air leakage to the
exterior, because this would allow heat to escape during the win-
ter months.?
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For insulating foundation walls of heated crawl spaces, use
either unfaced insulation where the building code does not require
a vapor retarder, or insulation with a special facing recommended
for exposed applications. The insulation should be fastened to the
sill plate and draped down the wall. The recommended R-value for
this application varies by geographic area.

Basements

For finished basements, standard or high-performance batts can be
used depending on the R-value required. It is important to verify if
there are any moisture penetrations in the basement walls prior to
insulation installation. As in sidewall construction, vapor retarders
should be installed either as facing on the insulation or as polyeth-
ylene sheeting.

For unfinished basements that contain furnaces, water heaters,
ducts, etc., manufacturers offer special basement wall insulation
that is available in 4- or 6-ft widths in 50-ft rolls. It typically comes
with a white or aluminum, flame-resistant polypropylene protec-
tive facing and is intended for use in applications where the insu-
lation will be left exposed. It can be applied either full or half wall
height (Fig. 8.10).

Limitations

Unlike loose-fill insulation products, fiberglass blanket insulation
can be difficult to work with in tight or irregular spaces. Special
attention to wall obstructions or areas where compression may
occur is necessary so as not to compromise the overall effectiveness
of the installation. This is also true if heavier insulations, such as
cellulose or slag wool loose-fill insulation, are installed over (and
compress) fiberglass blanket insulation.

Health considerations

As discussed in Chap. 7, debates have been intensifying since the
mid-1980s as to the safety of using fiberglass insulation. The con-
cern has been that the fibers that comprise fiberglass may replicate
the affects of the fibers found in another silicon dioxide material,
asbestos. The structure and size of these glass fibers vary. The
smaller fibers, which cannot be seen by the naked eye, can enter
the lungs, whereas larger, visible fiberglass particles can be irri-
tating to the skin, eyes, nose, and throat. According to a recent
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Figure 8.10 Polypropylene-faced fiber glass roll. (CertainTeed)

report, the larger size of fiberglass fibers is a critical physical prop-
erty difference from asbestos. “Since large-diameter fibers fall out
of suspension in the air faster than small-diameter fibers, work
with SVFs is less likely to generate high concentrations of airborne
fibers than work with asbestos.”™

Fiberglass is listed by the International Agency for Research on
Cancer (IARC) as a possible carcinogen and by the National
Toxicology Program (NTP) as “reasonably anticipated to be a car-
cinogen.”® Although occupational and residential exposures to
fiberglass fibers are low when compared with past asbestos expo-
sures, all fiberglass insulation is required to have a cancer warning
label as mandated by the Occupational Safety and Health
Administration’s (OSHA) hazard communication standard.! Full
hazard disclosure is also found in the product’s Manufacturer’s
Safety Data Sheet (MSDS).

The Consumer Product Safety Commission (CPSC) also has
found (1992) that “fibrous glass is carcinogenic in animals only
when surgically implanted into the lung or abdomen. In tests
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where animals were exposed by inhalation, the expected route of
human exposure, the animals did not develop tumors. Therefore,
the animal implantation studies do not establish a hazard to
humans.”

A common complaint about fiberglass has been the use of
formaldehyde in its manufacturing process, and the danger the
chemical may present to humans. Conventional fiberglass insula-
tion is made with 5 to 7 percent phenol formaldehyde resin.t
Industry officials report that formaldehyde is found in the final
product in only trace amounts. After being sprayed on as part of the
manufacturing process, it goes through an oven curing process
where the majority of the formaldehyde is cured and the excess col-
lected by precipitators to ensure that harmful amounts are not
released into the atmosphere.!

The greatest concern with fiberglass, however, is not necessarily
aimed at the home occupants surrounded by the insulation but at
the installers of the insulation. Workers in fiberglass manufactur-
ing plants, as well as people working with or using materials that
contain fiberglass, may develop a skin irritation. This mechanical
irritation is a physical reaction of the skin to the ends of fibers that
have rubbed against or become embedded in the skin’s outer layer.
Any skin irritation caused by fiberglass is temporary. Washing the
exposed skin gently with warm water and mild soap can relieve it.
The vast majority of workers and consumers, however, can control
skin irritation by following recommended work practices when
handling the material. Fiberglass is also the catalyst for eye irrita-
tion if deposited in the eye by the user’s fingers or through fibers in
the air. If this should happen, the eyes should not be rubbed but
rinsed thoroughly with warm water, and a doctor consulted if irri-
tation persists.”

Fiberglass released into the air during its manufacture or han-
dling also may create temporary upper respiratory tract irritation.
Like skin irritation, upper respiratory tract irritation is a mechan-
ical reaction to the fibers. It is not an allergic reaction, and the irri-
tation generally does not persist. Such exposures to high
concentrations of airborne fiberglass may result in temporary
coughing or wheezing. These effects will subside after the worker
is removed from exposure.”

In response to these health concerns, several manufacturers
have developed new products that attempt to reduce the amount of
airborne glass fibers. Generically called encapsulated batts, these
blanket products seal the fiberglass in a polyethylene covering that
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minimizes contact and also serves as a vapor barrier. Reportedly
easier to install, there is no itching, and the price is only about 5
to 30 percent higher than traditional batts depending on the
manufacturer.

One product is produced by fusing together two different types of
glass, which gives the fiber a curving or twisted configuration and
eliminates the need for binders to hold the fibers together. The
fibers are more resilient, stronger, and less prone to breakage, so
fewer fiber particles will get into the air or into the installer’s skin.
Since the fiber is twisted, a binder (typically formaldehyde) is not
required to hold batts together.

Another formaldehyde-free fiberglass insulation product uses an
acrylic binder to hold the fibers together. Unlike the phenol-
formaldehyde resin used in conventional fiberglass, it does not off-
gas formaldehyde during either manufacture or use. The acrylic
binder is a thermosetting resin. Although heat is used to cure the
binder, as with phenol-formaldehyde, this binder releases very few
volatiles.?

As will be discussed later in this chapter, proper clothing and
handling and the use of approved respiratory protection can effec-
tively control exposure to airborne fibers and therefore reduce the
likelihood of skin or upper respiratory tract irritation.

Environmental considerations

Fiberglass uses two resources, sand and recycled glass. Sand does
not have an impact on nonrenewable natural resources. Recycled
plate and bottle glass is considered a secondary raw material, so,
when used as raw material, recycled glass is changed into a prod-
uct that can save energy and reduce pollution.!

All fiberglass companies use at least 20 percent recycled glass
cullet in their insulation products to comply with the U.S.
Environmental Protection Agency (EPA) recycled-content pro-
curement guidelines. Johns Manville’s fiberglass is certified by
Scientific Certification Systems (SCS) to contain 25 percent recy-
cled glass (18 percent postconsumer bottles and 7 percent postin-
dustrial cullet). Johns Manville’s manufacturing equipment
readily handles colored glass, making it easier for the company to
use postconsumer recycled cullet. CertainTeed and Owens
Corning rely primarily on postindustrial cullet from flat glass
manufacturers.®
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Fire resistance

Fiberglass is naturally fire resistant, but faced insulations will con-
tribute to flame spread unless flame-resistant materials are used.

Vapor retarder

Batts and rolls are available with facings of asphalt-coated kraft
paper, aluminum foil, or plastic film already attached. The facings
extend over the sides of the insulation to provide strengthened
flanges that can be stapled to wood framing to hold the insulation
in place where recommended by the manufacturer. (Some faced
products may be pressure-fit between framing without stapling.)

The kraft paper or standard foil vapor retarder facings on many
blanket insulation products are combustible and should not be left
exposed. Gypsum board is one such covering material. Special care
must be taken to keep open flame and other sources of heat away
from the facing. In addition to the home’s habitable rooms, garages,
storage rooms, utility rooms, and laundries are areas where faced
insulation also should be covered. If in doubt, always consult indi-
vidual manufacturers’ installation instructions. It is also important
to repair damaged vapor retarders by covering the damaged area
with scrap vapor retarder material and taping it in place or, in the
case of small rips, by using duct tape or polyvinyl tape.

The National Institute of Standards and Technology (NIST)
recently published a study that demonstrated that the permeance
of the asphalt-impregnated kraft facing used as a vapor retarder on
batt insulation can rise dramatically under very humid conditions.
These results suggest that in very moist areas such as shower
rooms, kraft paper alone may not be sufficient to keep moisture out
of the walls. A better strategy is to install a continuous polyethyl-
ene vapor retarder.'

Some blanket products are available without these facings. If
unfaced fiberglass insulation is used, a separate vapor retarder
should be applied after the insulation is installed.

Special low-flame-spread vapor-retarder facings are available
that can be left exposed. (Flame-resistant facings are labeled FS25,
or flame spread index 25.) Sometimes, the flame-resistant cover
can be purchased separately from the insulation. Fiberglass blan-
ket products also are available for basement walls that can be left
exposed. These blankets have a flame-resistant facing and are
labeled to show that they comply with ASTM C665, type II, class A.
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Installation standards and practices

As mentioned in Chap. 7, general work practices applicable to all
work involving SVFs such as fiberglass (rock wool and slag wool)
have been established by U.S. Occupational Safety and Health
Administration (OSHA). Excerpts of the guidelines are as follows!:

1. Minimize dust generation.

Keep the material in its packaging as long as practicable and
if possible.

Tools that generate the least amount of dust should be used. If
power tools are to be used, they should be equipped with
appropriate dust-collection systems as necessary.

m Keep work areas clean and free of scrap SVF material.
® Do not use compressed air for cleanup unless there is no oth-

er effective method. If compressed air must be used, proper
procedures and control measures must be implemented. Other
workers in the immediate area must be removed or similarly
protected.

Where repair or maintenance of equipment that is either insu-
lated with SVF or covered with settled SVF dust is necessary,
clean the equipment first with a HEPA vacuum or equivalent
(where possible), or wipe the surface clean with a wet rag to
remove excess dust and loose fibers. If compressed air must be
used, proper procedures and control measures must be imple-
mented. Other workers in the immediate area must be
removed or similarly protected.

Avoid unnecessary handling of scrap materials by placing them
in waste disposal containers and by keeping equipment as close
to working areas as possible that prevents release of fibers.

2. Ventilation

Unless other proper procedures and control measures have
been implemented, dust-collection systems should be used in
manufacturing and fabrication settings where appropriate
and feasible.

Exhausted air containing SVFs should be filtered prior to
recirculation into interior workspaces.

If ventilation systems are used to capture SVFs, they should
be checked and maintained regularly.

3. Wear appropriate clothing.

Loose-fitting, long-sleeved and long-legged clothing is recom-
mended to prevent irritation. A head cover is also recommend-



Blanket Insulation: Batts and Rolls 133

ed, especially when working with material overhead. Gloves
are also recommended. Skin irritation cannot occur if there is
no contact with the skin. Do not tape sleeves or pants at wrists
or ankles.

m Remove SVF dust from the work clothes before leaving work
to reduce potential for skin irritation.

4. Wear appropriate personal protective equipment.

m To minimize upper respiratory tract irritation, measures
should be taken to control the exposure. Such measures will be
dictated by the work environment and may include appropri-
ate respiratory protective equipment. See OSHA’s respiratory
protection standard.

m When appropriate, eye protection should be worn whenever
SVF products are being handled.

m Personal protective equipment should be fitted properly and
worn when required.

5. Removal of fibers from the skin and eyes.

m If fibers accumulate on the skin, do not rub or scratch. Never
remove fibers from the skin by blowing with compressed air.

m If fibers are seen penetrating the skin, they may be removed
by applying and then removing adhesive tape so that the
fibers adhere to the tape and are pulled out of the skin.

m SVFs may be deposited in the eye. If this should happen, do
not rub the eyes. Flush them with water or eyewash solution
(if available). Consult a physician if the irritation persists.

Insulation should be installed just before the interior finish is
applied. In addition to the removal of all construction debris from
the spaces to be insulated, the following checklist should be com-
pleted. (If any part of this work is done following the installation of
the insulation, the vapor retarder may be damaged, and gaps may
be made in the insulation.)

1. Sidewalls, floors, roofs, and ceilings have been framed.

2. Roofing is finished and doors, windows, subflooring, and sheath-
ing are in place.

3. Plumbing, heating, ventilating, and air-conditioning work has
been completely roughed in.

4. Cabling and wiring (including telephone and other low-voltage
wiring) have been completely roughed in.
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Stapling methods. There are three commonly accepted methods of
installing faced insulation in wood framing members. These are
referred to as inset stapling, face stapling, and pressure fit. (Faced
blanket insulations typically provide a stapling flange for attaching
the insulation to the framing members; Fig. 8.11.)

It is important to note that wherever batts or rolls of any type are
too short to fill a stud cavity, a piece should be cut to size to fill the
gap. When insulation is too long, it should be cut to fit properly, not
doubled over or compressed. For standard wall heights, use precut
batts rather than continuous rolls. This will tend to expedite the
installation process. Rolls should be used where length require-
ments permit. If cutting is necessary, the best knife has been found
to be one with a serrated blade. Utility knifes are more common.

It is easiest to cut kraft-faced batts with the paper face down.
Cutting from the paper side can rip the paper and ruin its efficien-
cy as a vapor barrier. To cut insulation properly, lay the blanket on
a board with the kraft or foil facing down. Place a straight edge or
2 X 4-in piece of lumber over the area of insulation to be cut. Press
the straight edge down hard, and cut with the knife. Blades should
be replaced periodically because they tend to dull during use.

Inset stapling. When using the inset stapling method, place the insu-
lation in the cavity, and check to be sure that it completely fills the
cavity, top to bottom. It is recommended that a single batt be used
in sidewalls. However, when insulating with 47- or 48-in batts,
make sure the two pieces are butted snugly together. Gently press
the insulation at the sides into the framing cavity, usually about %,

STAPLING
FLANGE

Figure 8.11 Stapling flange.
(NAIMA)
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in, until the outside edge of the flange is flush with the face of the
framing. When inset stapling insulation between inclined or verti-
cal framing members, as in cathedral ceilings or walls, start sta-
pling at the top and work down. Use enough staples to hold the
insulation firmly in place, and avoid gaps and “fishmouths”
between flanges and framing?? (Fig. 8.12).

Face stapling. Place the insulation between the framing members,
and check to be sure that the blanket fits the cavity at both ends.
With facing material flush with the face of the framing, the flanges
will overlap the framing. Staple the flanges to the face of the fram-
ing using enough staples to hold the insulation firmly in place, and
avoid gaps and fishmouths. The flange of the faced insulation
placed in the next cavity will overlap the previously stapled
flange? (Fig. 8.13).

Both methods are used widely and can provide acceptable perfor-
mance. Inset stapling is usually preferred by the wall finish trades
because it allows adhesive application of wall board. Another problem
occurs when stapling over the face of the framing; the layers of paper
can get bunched up. This makes it harder for the gypsum wallboard
crew to find places to nail, and often results in more nail pops.

Figure 8.12 Inset stapling.
(NAIMA)

Figure 8.13 Face stapling.
(NAIMA)




136 Chapter Eight

Pressure fit. To install faced products by pressure fit, gently place
the insulation into the cavity space between the framing members.
The insulation facing must be flush with the face of the stud and fit
snugly at the sides and ends.?

Unfaced insulation. Many insulation subcontractors prefer unfaced
batts for most applications because they are faster to install.
Similar to the pressure-fit technique, gently place the insulation
into the cavity space between framing members. It is important
that insulation be correctly sized for the cavity, and fit snugly at
the sides and ends.

Sidewalls. First of all, verify with the local building code all
requirements regarding insulation materials, ventilation clear-
ances, and firestops. Make sure that any openings between floors
are fire-stopped with fireproof caulk, unfaced fiberglass, or rock
wool. Plumbing and wiring chases, flue chases, hearths, and chim-
neys all need fire stops.

Measure the ceilings and walls to determine the square footage,
and divide by the number of square feet in a package. The coverage
of each package of insulation varies according to manufacturer, R-
value, and width. Some installers prefer the 16"-wide batts rather
than the typical 15"-wide batts. These wider batts are made for
walls framed with metal studs, but when used with wood framing,
the extra inch of width makes a good, snug fit between studs.

In order to avoid incidental compression during packaging, it is
wise to fluff up the batts, making sure that each is expanded to its
full thickness. Running a thin putty knife between the fiberglass
and the stud also fluffs and aligns the batt after it is in place. Full-
length batts, which are typically cut to 93" for an 8-ft wall, can be
used in empty stud bays where there are no electrical or plumbing
obstacles.

An all-too-common practice by installers when encountering
obstacles within the stud cavity is to omit the insulation, or incor-
rectly compress the batt. This may be marginally sufficient when
the electrical wiring is located close to the inside wall surface.
When the wiring is in the center of the cavity, either a shallow cut
in the insulation may be used to allow the wiring to pass through
the insulation or it may be split lengthwise and the wiring sand-
wiched within (Figs. 8.14 and 8.15).

The splitting technique also works for insulating behind vertical
runs of plumbing, and not only insulates copper pipes but also
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A
Figure 8.14 Splitting technique.
(NAIMA)
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Figure 8.15 Splitting technique.
(NAIMA)

helps to reduce noise from PVC waste stacks. To guard against
pipes freezing, insulation should never be placed between piping
and the warm side of the wall.

Junction boxes for wall switches and convenience outlets at out-
side walls should be insulated between the rear of the box and the
sheathing. Place insulation behind the junction box, and if neces-
sary, cut insulation to fit snugly around it. If installing kraft-faced
batt insulation, use the outside of the box as a guide to slice the
paper carefully, which lessens the chance of ripping it.

Some installers prefer using 4-ft batt lengths because they are
easier to maneuver around wiring and plumbing in the bays. If
batts are stacked in a bay, make sure that the butt joint between
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the batts is tight. The batts should fit snugly in the bay and should
fill the width of the stud from the sheathing inward.

Special cutting of insulation may be required for less than stan-
dard width or length cavities or for insulating around window and
door framing, stud corners, and band joists and between chimneys
and framing.

Ceiling joists below an attic. When ceiling insulation is installed at
the same time as wall insulation, it can be installed from below.
Batts or rolls, faced or unfaced, are installed between ceiling joists
and butted together. Faced batts should be stapled to joists unless
the manufacturer recommends pressure-fit applications.

It is particularly important that clearance for air movement from
vent openings be maintained. This should be a minimum of 1 in of
unblocked free airspace between the roof sheathing and the insu-
lation. (Verify the amount of airspace required with all applicable
building codes.) The insulation should extend far enough to cover
the tops of the exterior walls but should not block the flow of air
from the eave vents. To make sure that the eave vents (also
referred to as soffit vents) are not blocked, attic vents or baffles
should be installed to provide unrestricted airflow from the soffit to
the attic if prohibited by insulation placement. It is important also
for the insulation to cover the top plate. Use baffles if necessary to
keep the insulation from blocking the passage of air (Fig. 8.16).

Vapor retarders are not a standard recommendation for attics.
Exceptions may include very cold climates or isolated cases where
there is high humidity in the house during the winter. An attic
vapor barrier is not required by building codes, as long as the attic
is sufficiently ventilated. If used, proper orientation of the vapor
retarder is consistent with other locations in the home. For exam-
ple, if the vapor retarder faces the inside of the room in sidewall
installation, it also will face the inside of the room from the ceiling.
Penetration of the vapor retarder by recessed lights, attic openings,
and vents can provide paths for conditioned air and moisture to
escape into the attic.2

Bridging or cross-bracing of ceiling or floor joists is insulated by
splitting a batt vertically at the center and packing one half into
the lower opening and the other half into the upper opening.
Another method is to butt the insulation to the bridging and then
fill the bridging space with scrap or loose insulation.?

After the ceiling gypsum wallboard has been installed, tempo-
rary flooring should be laid across the joists to provide some foot-
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Figure 8.16 Baffle placement. (NAIMA)

ing. It is easiest to place the insulation blanket at the outer edge of
the attic space and work toward the center. This allows for more
headroom in the center of the space, where cutting and fitting can
be performed. Stapling is not required if insulation is laid in over
finished ceilings.

If the joist cavities are completely filled and the required R-val-
ue has not been achieved, insulation in long runs perpendicular to
the direction of the joists should then be placed. Leftover pieces can
be used for small spaces.

Insulation should be kept 3 in away from recessed lighting fix-
tures unless the fixture has an IC rating. (The IC label, for insula-
tion contact, can be found on the inside of the fixture.) A type IC
insulated ceiling fixture is designed for direct contact with insula-
tion. If insulation is placed over an unrated fixture, it may cause
the fixture to overheat and perhaps start a fire. Insulation always
should be installed at least 3 in away from the recessed fixture’s
wiring compartment or ballast or any metal chimneys, gas water
heater flues, or other heat-producing devices.

Attic rooms. Attics that are used as living spaces are to be insulat-
ed as other habitable rooms are. Attic framing can be a little diffi-
cult to work with, so rafters and collar beams should be insulated
with separate pieces of fiberglass insulation. Trying to fit a contin-
uous length of insulation where collar beams and rafters meet may
result in gaps or compression of the insulation.

When selecting and installing insulation for the rafter portion, 1
in of ventilation space should be provided between the insulation
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and the roof sheathing. Eave vents and baffles that run along the
entire ceiling cavity will ensure proper airflow.

The framing member size of the rafter will determine the batt
selection. For example, 2" X 10" joists will require R-30C high-den-
sity insulation that measures 8',", and will automatically provide
the required ventilation space when installed properly.

Verify that the exterior thermal envelope is insulated. This will
require insulation in knee walls, end walls, dormers, and any oth-
er surface that encompasses the conditioned space. As soon as the
insulation has been installed, finish the walls and ceiling with an
approved interior finish, such as gypsum wallboard.'? See Fig. 8.17
for proper attic insulation locations.

Cathedral ceilings. The “rules” for cathedral ceilings are similar to
those applied to attic rooms. A ventilation baffle should be installed
at the eave of every joist to make sure that the ventilation space is
not blocked by insulation. Baffles used in cathedral ceilings to
maintain an air passage to the ridge should not extend farther than
the wall plate and should not block soffit vents, because any
obstructions in the soffit will disrupt airflow. As mentioned earlier,
fixture ratings, vapor retarder orientation, and proper placement
must be respected.

Floors. Floor insulation limits all three modes of heat loss. A
warmer floor reduces the temperature difference that drives con-
vection. Floor insulation also directly impedes conduction and radi-
ation to the colder air below the floor. Like walls, floor cavities
should be completely filled with insulation without gaps or voids.

(1) Between collar beams. (2) Between rafters.

(3) Knee walls. (4) Ceilings with cold spaces above.
(5) Dormer walls. (6) Dormer ceilings.

Figure 8.17 Attic rooms. (NAIMA)
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The most efficient use of floor insulation requires contact with the
subfloor and both joists.

Given the deeper joist members commonly used in the longer
spans of engineered wood systems, the amount of floor insulation
required by some codes can be less than the space available. For
example, an R-19 batt is 6Y/," thick. A floor framed with 2 X 8s is
about 7%," deep, whereas a 2 X 10 floor is 9%,". To avoid a gap in
this situation, the batt must be pushed up into the cavity. This is
easily achieved with the proper intermittent supports.

The easiest and most effective method of holding insulation in
place is to use straight, rigid wire insulation hangers (preferably
galvanized) with pointed ends. The hangers are made for joist spac-
ings of 12, 16, 18, 20, and 24", and may be used against wood, met-
al, or concrete. The hangers, which are slightly longer than the joist
spacing, are placed by hand between the joists and bowed upward
into the insulation, causing the insulation to press gently against
the subflooring. Spacing of hangers is as required to prevent sag-
ging of the insulation, preferably 12" apart and not more than 6"
from ends of batts and rolls (Fig. 8.18).

When insulating floors where the insulation is less than the
thickness of the joists and the method of installation does not hold
the insulation up against the subflooring, it will be necessary to
insulate the headers or band joists at outside walls. This is so
because there will be an airspace between the top of the insulation
and the subfloor that will allow heat to be lost at outside walls.
Therefore, it is recommended that the insulation be pushed up to
the subfloor.

Although floor framing is typically 16 or 24" on-center bays, his-
torical home designs may vary. Therefore, a number of insulation
hanger systems are available:

1. Metal rods, or spring rods, or “tiger claws” are available through
insulation distributors. They are easy to use, but compress the
insulation in the middle.

2. Wood lath provides a sturdy support for insulation.

Figure 8.18 Insulation hangers.
(NAIMA)
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3. Plastic mesh should be attached to the bottom of the framing.
Draping the mesh over the joists leads to compression that
reduces insulating value.

4. Polypropylene twine resists rot, mildew, rodents, and other dan-
gers. The twine needs to be stapled every 12 to 18".

5. Plastic straps are typically a thin strap made of recycled plas-
tic. The ends are wider for easy stapling. The strap can attach
to the joist bottom or lift a batt up into the cavity without com-
pressing it.

6. Galvanized wire, nylon mesh, or galvanized screen (chicken wire
is also suitable) will hold the insulation in place. After the insu-
lation has been pushed into place, the mesh or screen is stapled
or nailed to the joist faces.

7. Galvanized, malleable wire may be laced around nails protrud-
ing from the faces of the joists, or the wire may be stapled to the
joists. Wire and nail spacings are as required to prevent sagging
of the insulation.

Buying a thicker batt may be a better option than trying to lift a
thinner batt into the proper position. Material costs will climb
slightly, but labor should be the same. Attaching the insulation
support to the bottom of the floor joist will be easier. It also could
lead to a higher-quality job, because there is less chance for com-
pression or gaps.

If insulating over an unheated area, the vapor retarder should be
in substantial contact with the subfloor. Where the header is paral-
lel with the floor joists, it may be necessary to adhere insulation to
the header or fill the joist area with insulation. If you insulate above
an unheated crawl space or basement, you also will need to insulate
any ducts or pipes running through this space. Otherwise, pipes
could freeze and burst during cold weather in northern climates.

Cantilevered overhang areas must not be overlooked. If the
underside of the cantilever has been closed, insulation must be
installed by sliding batts into place from the room below (Fig. 8.19).

For homes where the underside of the floor is exposed and read-
ily accessible, such as homes on pilings or certain garage areas, the
insulation should be covered with a suitable exterior material to
protect it from high winds and physical abuse.

Heated crawl space. More common in northern climates, heated
crawl spaces help protect water pipes from freezing while also elim-
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Figure 8.19 Cantilevered over-
hang. (NAIMA)

inating the need for under-floor insulation. The first step is to mea-
sure and cut small pieces of insulation and fit them snugly into the
band joist between the floor joists. (Before installing the insulation,
check for any air leakage at the foundation sill joint, and caulk or
seal this joint as needed.) Use R-13 blanket insulation as a minimum
on structures with 2 X 4" sill plates, and R-19 with 6"-wide sill
plates. If the fiberglass has a facing or vapor retarder, be sure that
the insulation is installed with the vapor retarder toward the heat-
ed space (only in cold climates). The insulation can be stapled by the
paper or foil facing or fastened with wire fasteners. (Verify with local
practice and building codes for proper vapor retarder placement.)

On the two sides where the floor joists are perpendicular to the
band joist, cut the insulation material to a snug fit, and gently push
it into place between the floor joists. Be sure that it fits snugly
against the band joist without being compressed. On the sides where
the floor joists are parallel to the band joist, cut longer pieces of insu-
lation (sections of 4 ft or less are easiest to work with). The insula-
tion can be held in place with staples (if faced), tiger claws, thin wire,
or fishing line criss-crossed around tacks or nails at 1-ft intervals.

Insulation for the crawl space walls should be cut long enough to
cascade down the walls and extend 2 ft along the ground on the
crawl space floor. Furring strips should then be installed to hold
the insulation in place by nailing it to the sill. By not driving the
nails completely through the furring strips the insulation is com-
pressed as little as possible. After the insulation has been installed,
a 6-mil polyethylene vapor retarder should be spread across the
entire floor. The vapor retarder should be placed under the crawl-
space wall insulation (Fig. 8.20). Rocks or bricks can be set on top
of the crawl-space wall insulation that extends out on the floor in
order to hold it in place.

Basement walls. If fiberglass blanket insulation is to be used for
masonry or concrete basement walls, there are two methods that
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Figure 8.20 Heated crawl space
AN __ walls. (NAIMA)

can be adopted. Installing furring strips directly to the masonry
wall will allow the use of R-3 or R-6 batt insulation applied direct-
ly to the wall (Fig. 8.21). A separate frame wall also could be built,
usually of 2 X 4" or 2 X 6" wood framing. The top plate is nailed to
the underside of the joists or to blocking between joists. Batt insu-
lation is then installed as in typical sidewall applications.

The framed wall can be very advantageous for installing thicker
insulation or if additional electrical wiring is to be run, as is com-
mon in most basement renovation projects. It is important to note
that the band joists need to be insulated separately. Insulation is
then installed as described earlier under “Sidewalls.”

It is important to note that the sealing of a basement may pose a
threat of radon gas. If the home is in an area that is known to have
soils containing radon, testing measures must be implemented.
Venting measures and proper concrete slab construction will be
mandatory if a significant concentration (greater than 4.0 pCi/liter)
is discovered.

Slag Wool and Rock Wool

As discussed in Chap. 7, mineral wool refers to three types of insu-
lation made from raw materials that are spun into loose-fill or batt
products:

1. Glass wool, or fiberglass, made from recycled glass or silicates
2. Rock wool, made from virgin basalt, an igneous rock

3. Slag wool, made from steel-mill slag

Rock and slag wool fall within a group of materials referred to as
man-made vitreous fibers (MMVFs), reflecting the glassy, noncrys-
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Figure 8.21 R-3 masonry wall insulation between furring strips.
(CertainTeed)

talline nature of these materials. The mineral wool form of MMVF's
was developed initially in the late 1800s by melting slag and spinning
it into insulation for use in homes and industry. Over the past centu-
ry, mineral wool manufacturing has evolved into a large and diversi-
fied industry as more and more products have been developed.

Rock wool and slag wool each use different raw materials in their
manufacture. Rock wool is made from natural minerals, primarily
natural rock such as basalt or diabase. Slag wool is made primari-
ly from iron ore blast furnace slag. Slag wool accounts for roughly
80 percent of the mineral wool industry, compared with 20 percent
for rock wool.® Rock wool is predominantly used in blanket insula-
tion products.

Rock and slag wool insulations are produced by a centrifugal
wheel process. Natural rocks or iron ore blast furnace slag are
melted, and the hot, viscous material is spun into fiber by pouring
a stream of molten material onto one or several rapidly spinning
wheels. As droplets of the molten material are thrown from the
wheel(s), fibers are generated. As the material fiberizes, its surface
generally is coated with a binder and/or dedusting agent (e.g., min-
eral oil) to suppress dust and maintain shape. The fiber is then col-
lected and formed into batts or blankets or baled for use in other
products, such as acoustical ceiling tile and spray-applied fire-
proofing, insulating, and acoustical materials.'?
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Product description

The mechanics of rock wool blanket insulation are similar to those
of fiberglass blanket insulation. The batt insulation has an R-val-
ue of 3.6 per inch and is manufactured for standard joist and stud
spacings. Unfaced batts are a good material for insulating around
chimneys because the material does not support combustion. Small
amounts of moisture have little effect on R-value.

Health considerations

An extensive discussion of the health effects of mineral wool insu-
lation was presented in Chap. 7. In review, injection/implantation
studies have determined the carcinogenic hazard of this fibrous
material. Although not generally accepted for human health haz-
ard assessment, the International Agency for Research on Cancer
(IARC) has classified both rock and slag wool as a “2B, possibly car-
cinogenic to humans.”

Mineral wool is a form of insulation that in the past has been
shown to contain lead particles. The lead health hazard during
installation came from lead particulate released into the air.
Exposure levels were found to be higher than acceptable standards,
especially with blown-in applications.!*

Rock and slag wool fibers are a catalyst for skin irritation. This
irritation is a mechanical reaction of the skin to the ends of rock
and slag wool fibers that have rubbed against or become embed-
ded in the skin’s outer layer. Workers in contact with mineral
wool during manufacturing processes or installation are suscepti-
ble to this temporary nuisance. It can be relieved by gently rins-
ing the exposed skin with warm water and then washing with
mild soap.

Eye irritation occurs when rock wool fibers or slag wool are
deposited in the eye by the user’s fingers or through airborne min-
eral wool fibers. If this occurs, the eyes should not be rubbed but
rinsed thoroughly with warm water. A doctor should be consulted if
the irritation persists.

If sufficient amounts of rock and slag wool are released into the
air during manufacture or handling, some workers may experience
temporary upper respiratory tract irritation. Such exposures to
high concentrations of airborne rock and slag wool fibers may
result in temporary coughing or wheezing, a mechanical reaction.
These effects will subside after the worker is removed from expo-
sure. The use of approved respiratory protection can effectively
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control upper respiratory tract irritation by limiting exposure to
airborne fibers.

Environmental considerations

Given the relative use of these two materials, mineral wool has, on
average, 75 percent postindustrial recycled content. (Postindustrial
recycling refers to the use of industrial by-products, as distin-
guished from material that has been in consumer use.)!® According
to the North American Insulation Manufacturers Association
(NAIMA), over 938 million 1b (425 million kg) of blast furnace slag
was used in 1992 to produce slag wool.?

Fire resistance

Rock and slag wools have good fire resistance because of their phys-
ical and chemical properties. The fibers are noncombustible and
have melting temperatures in excess of 2000°F, supplying fire pro-
tection as well as sound control and attenuation.® Mineral wool is
also a good material for insulating around chimneys because it
does not support combustion.

Availability

Mineral wool insulation products also appear to be extremely pop-
ular outside the United States. For example, a softer mineral wool
batt product is now available from a Canadian manufacturer. In
contrast to the stiff and brittle rock wool batts, this new product is
highly compressible, which allows easier insertion between fram-
ing members and a friction-fit installation. At the present time, the
soft mineral wool batt insulation is more fragile than fiberglass
insulation and is about 15 percent higher in cost.!¢

Installation standards and practices

General work practices, applicable to all work involving synthetic
vitreous fibers (SVF's) such as rock and slag wool, have been estab-
lished by OSHA. These are listed in the fiberglass section of this
chapter.

In all cases, however, manufacturers’ specific recommendations as
outlined in their Material Safety Data Sheets (MSDSs) should be
consulted. The installation methods for rock wool batt insulation are
similar to those for fiberglass batt insulation. Please refer to the pre-
ceding section for general installation guidelines and procedures.
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Plastic Fiber Insulation

The recycled content and clean manufacturing process of plastic
fiber insulation are expected to make this product quite popular
when it enters the marketplace in the near future. Plastic fiber
batts are made from recycled polyethylene terephthalate (PET),
commonly used to make milk containers. Although the batts are
difficult to cut with standard tools, the insulation does not cause
skin irritation. The batt insulation is extremely soft yet looks
like high-density fiberglass.

R-values vary depending on the density of the product. R-val-
ues range from 3.8 to 4.3 per inch. The material does not burn
when exposed to an open flame, but it melts at a low temperature.
Major U.S. insulation manufacturers are expected to produce plas-
tic fiber insulation products within the next few years.'

Cotton

Cotton insulation, also known as agricultural fiber, is available in
blanket form and is installed in the same manner as fiberglass
batts. This material has been produced for years, but develop-
mental and marketing strategy changes have not allowed this
product to gain a significant foothold in the residential market.
Cotton insulation was developed originally as Insulcot by a small
West Texas company using virgin cotton. Promoted initially as a
nonirritating alternative to fiberglass, early market research
revealed a consumer interest in the use of recycled fiber, and the
company switched to mill scraps from denim and T-shirt mills.
The developer eventually licensed production of the insulation to
Greenwood Mills, a large textile manufacturer.® This was discon-
tinued in late 1997 due to the excessive cost of production.!” Inno-
Therm Products, LLC, has now purchased the equipment and
technology for manufacturing batt insulation out of recycled cot-
ton fabric from Greenwood Cotton Insulation Products. Inno-
Therm expects to begin commercial production of the insulation
in 2000. The company is planning to pursue both automotive and
building insulation markets, focusing initially on commercial
building applications.®

Product description

Cotton insulation is a batt insulation with kraft paper facing made
from polyester fibers and ground-up denim scrap from blue jean
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and T-shirt factories. Cotton thermal insulation is 75 percent cot-
ton and 25 percent polyester and is treated with a flame retardant
and insect/rodent repellents. The polyester improves tear
strength and recoil characteristics. It meets the same class I
standards for fire resistance as fiberglass insulation. The batts
come in widths of 15, 16, 23, and 24". R-values include R-11, R-13,
R-19, and R-30.%°

Cotton insulation does not irritate the skin during installation
and is composed of approximately 95 percent postindustrial recy-
cled fiber. According to one installer, the fibers are a lot tougher
than glass fibers, making cutting with a knife a little difficult.??

Fire resistance

Although treated with borates as a fire retardant, a Habitat for
Humanity environmental home insulated with Insulcot in Austin,
Texas, burned in March 1994 when a plumber’s torch ignited some
exposed insulation. Fire retardants for cellulose insulation were
reportedly used in Insulcot, but different chemicals were used in a
later composition.?

Availability

New production of cotton insulation is scheduled to start in 2000.

Appendix

The Energy Efficiency and Renewable Energy Clearinghouse (EREC)
P.O. Box 3048

Merrifield, VA 22116

800-DOE-EREC

Fax: 703-893-0400

Cellulose Insulation Manufacturers Association (CIMA)
136 South Keowee Street

Dayton, OH 45402

937-222-2462

http: | lwww.cellulose.org/

CertainTeed Corporation

750 E. Swedesford Road

Valley Forge, PA 19482

800-233-8990

800-782-8777

http:/ lwww.certainteed.com / pro/insulation/
http:/ www.cphome.com /
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Johns Manville

P.O. Box 5108
Denver, CO 80217
800-654-3103
303-978-2000

http: /| lwww.jm.com/

Knauf Fiber Glass

Glenn Brower

One Knauf Dr.

Shelbyville, IN 46176
800-825-4434

317-398-4434

Fax: 317-398-3675

Email: gab2@knauffiberglass.com

North American Insulation Manufacturers Association (NAIMA)
Catherine L. Imus

44 Canal Center Plaza, Suite 310

Alexandria, VA 22314

703-684-0084

Fax: 703-684-0427

E-mail: insulation@naima.org

Website: http:/ /www.naima.org

Owens Corning

Bill Edmunds

Fiberglas Tower

Toledo, OH 43659
800-438-7465

614-321-7731

Fax: 614-321-5606

http:/ lwww.owenscorning.com

Southface Energy Institute
241 Pine Street

Atlanta, Georgia 30308
404-872-3549

Fax: 404-872-5009

http:/ www.southface.org

Thermafiber Mineral Wool
James Shriver

3711 W. Mill Street

Wabash, IN 46992

219-563-2111

Fax: 219-563-8979

E-mail: jshriver@thermafiber.com
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Sprayed-in-Place Insulation



Whether referred to as self-supported, wet-spray, damp-spray sta-
bilized, spray-on, or dimensionally stable, sprayed-in-place insula-
tions are basically modified loose-fill products that are blown into
wall cavities or attics. Cellulose, fiberglass, and rock wool are the
most common materials used today. This method is similar to the
exposed sprayed fireproofing systems commonly found on structur-
al members in many commercial buildings. In contrast to the mate-
rials discussed in Chap. 7, a special blowing machine that combines
an adhesive, water, and the insulating materials sprays the mix-
ture into or over open wall and ceiling cavities. Sprayed-in-place
insulation systems are especially advantageous when insulating
irregular or out-of-square framed structures as well as walls with
unusual interior geometry (such as cross-bracing, blocking).

Sprayed-in-place insulation adheres tightly to walls, framing
members, and any other construction materials it may come into
contact with. When installed properly, sprayed-in-place insulation
uniformly covers the applied area, completely surrounding any
obstructions within the cavity. The adhesive binds the insulation
material to itself and to the application area. The adhesive is either
a liquid that mixes with the insulation at the nozzle of the blowing
machine or a powder premixed in the insulation material.

When applied correctly, this insulation resists settling and shift-
ing and allows the cavity to be filled completely. By forming a con-
tinuously uniform blanket throughout the wall cavity,
sprayed-in-place insulation allows no air gaps and provides very
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good resistance to air leakage while not creating any inherent
resistance to moisture transmission.

Sprayed-in-place insulation is most practical for new construc-
tion or unfinished spaces such as basements with exposed studs.
Installing sprayed-in-place insulation is often messy, since some of
the insulation can become airborne or adhere to the stud faces and
floor. After spraying, the stud faces are scraped clean to provide a
flush blanket in the wall cavity. The excess insulation is recycled
into the blowing machine for reuse as long as it is free of debris.

Sprayed-in-place insulation in unfinished spaces needs time to
dry before being enclosed or sheathed. Sealing up the wall too soon
after application sometimes leads to moisture problems, such as
mold and mildew growth. The drying time for the insulation varies
depending on the type of insulation material and its moisture con-
tent, the moisture content of the framing members, and the cli-
mate. Most products in use today require no more than 24 hours for
drying.

There are a few general limitations. For example, the chemical
fire retardants in some products may corrode the metal fasteners,
piping, conduit, or structural members they contact. The long-term
stability of some plastics in contact with such chemicals is also of
concern.

R-value is important, but it is only one of the many factors that
affect the actual performance of insulation as installed. Other
important factors to consider include air permeability, ability of the
insulation to “tighten” the building against air infiltration, suscep-
tibility to convective heat loss under cold conditions, the potential
for moisture permeation and accumulation and its deteriorating
effects, and proper installation.

Sprayed-in-place insulation of any form should not be relied on to
prevent moisture movement within an insulated cavity. Whether
blown-in fiberglass, rock wool, slag wool, or cellulose is used, vapor
retarders are required unless proper ventilation is provided. As
with fiberglass batt insulation, materials used for vapor retarders
for blown-in insulations must have a permanence rating of less
than 1 perm. In a ceiling where the space above is adequately ven-
tilated, a vapor retarder may not be required. The exception would
be in cases where the cold side cannot be ventilated.!

Generally speaking, sprayed-in-place insulation systems (includ-
ing installation costs) are usually more expensive than blanket
insulation products. When comparing “apples with apples,”
sprayed-in-place fiberglass or cellulose insulation costs are compa-
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rable. Wet-spray rock wool and slag wool are often less expensive
where available. Prices vary, however, depending on local supply
and on labor rates.?

A similar system, proprietarily known as the Blow-In-Blanket
System (BIBS), uses a form of wet- or dry-applied wall insulation.
Fiberglass material is blown into the netted wall cavity either dry
or with an adhesive binder.

Wet-Spray Cellulose

Cellulose insulation, as discussed in Chap. 7, is produced from
recovered wood pulp materials. These include used newsprint and
boxes that have been shredded and pulverized into small fibrous
particles. Wet-spray cellulose, sometimes called damp-spray cellu-
lose or water-stabilized cellulose, uses the same base material as
loose-fill insulation, except that it is applied using special applica-
tors that mix the material with an adhesive, allowing it to adhere
to the surface it is applied to (Fig. 9.1). The adhesive(s) may be
added to the insulation at the time of manufacture and, if neces-
sary, activated by the addition of water when installed, or the
adhesive may be added to the insulation at the time of installa-
tion.? Application of the insulation with the glue binder and liquid
purportedly results in lower-density cellulose insulations that do
not settle like dry-applied loose-fill cellulose insulations. This pro-
cedure requires trained or certified contractors for this specific

Figure 9.1 Applying wet-spray cellulose. (Greenstone)
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installation. Wet-spray cellulose is excellent for sound control. It
can be used in walls between rooms and other areas that require
sound control. Many application systems are proprietary and are
designed for use with specific products and equipment.

Product description

Wet-spray cellulose is designed for use in attics or wall cavities that
are fully open (prior to the installation of the interior finish mate-
rial). The sprayed material conforms to any substrate, around
pipes, obstructions, and over cracks, reducing air infiltration and
forming a highly efficient and effective thermal barrier.

After application, the insulation is planed even with the stud
faces by the use of a “stud scrubber” (Fig. 9.2). The scrubber shaves
the insulation mass so that it is flush with the face of the studs,
thereby creating an insulation “blanket” custom-fit to the wall cav-
ity (Fig. 9.3). The wall can be closed shortly after installation of the
insulation; however, vapor retarders, as well as some types of paint
and vinyl wallcoverings, should not be applied to the inner surface
of the wall until the insulation has dried. Moisture-to-fiber ratios
influence the drying time required after application. Although
these times may vary with each manufacturer, 24 hours is a con-
sistent average among most products. Moisture control is critical
with wet-blown insulation because overly moist insulation requires
a longer drying period before a wall can be closed up. It is also rec-
ommended by some that vapor retarders of any type should not be
used with spray-applied cellulose. This recommendation may con-
flict with some building codes.

Standards

Cellulose insulation has been exposed to a broad range of con-
struction, environmental, and various code requirements that have
called for a more elaborate definition of physical properties. These
requirements have been identified and met in the following feder-
al regulations, federal procurement specifications, and industry
standards.*

Cellulose insulation intended for spray-on application in new
walls is classified as a type II material under American Society
for Testing and Materials (ASTM) Standard C1149. These mate-
rials normally contain adhesive to produce the cohesion neces-
sary to make the insulation self-supporting. The adhesive may be
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Figure 9.2 Stud scrubber. (Greenstone)

liquid added during the spraying process, or it may be dry adhe-
sive contained in the insulation during the manufacturing
process and activated by moisture during application.

16 CFR Part 1209, “Consumer Products Safety Commission
Interim Safety Standard for Cellulose Insulation,” also referred
to as the CPSC Safety Standard. This is the Consumer Products
Safety Commission (CPSC) safety standard that covers four
product attributes: settled density, corrosiveness, critical radiant



160 Chapter Nine

Figure 9.3 Fiberglass (far left) and

cellulose (near left) (Greenstone)

flux (a measure of surface burning), and smoldering combustion.
It is illegal to market cellulose insulation that does not conform
with this section of the Code of Federal Regulations.

16 CFR Part 460, “FTC Trade Regulation Rule, Labeling and
Advertising of Home Insulation,” also known as the FTC R-Value
Rule.

ASTM C167, “Test Methods for Thickness and Density of Blanket
or Batt Thermal Insulations.”

ASTM C168, “Terminology of Terms Relating to Thermal
Insulating Materials.”

ASTM C739, “Specification for Cellulosic Fiber (Wood Based)
Loose Fill Thermal Insulation.” This is the industry standard for
loose-fill cellulose insulation. It covers all the factors of the CPSC
regulation and five additional characteristics: R-value, starch
content, moisture absorption, odor, and resistance to fungus
growth.
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ASTM C755, “Recommended Practice for Selection of Vapor
Barriers for Thermal Insulation.”

ASTM C1015, “Practice for Installation of Cellulosic and Mineral
Fiber Loose Fill Thermal Insulation.”

ASTM C1149, “Standard Specification for Self-Supported Spray
Applied Cellulosic Thermal/Acoustical Insulation.”

ASTM C1338, “Test Method for Determining Fungi Resistance of
Insulation Materials and Facings.”!!

ASTM E 970-89, “Test Method for Critical Radiant Flux of Exposed
Attic Floor Insulation Using Radiant Heat Energy Source.”

Cellulose insulation is formulated and labeled as self-supporting,
spray-applied material. Spray-applied cellulose installed in closed
walls and in attics is approved for use in every code jurisdiction on
the basis of conformance with the CPSC safety standard for loose-
fill cellulose.

Although many of the tests described in ASTM C1149 differ from
those in C739 and the similar CPSC 16 CFR Part 1209 procedures,
manufacturers are justified in claiming CPSC compliance on the
basis of the C1149 methodology because the tests described in
C1149 are “reasonable test procedures.”

ASTM C1149 covers 10 material attributes: density, thermal
resistance, surface burning characteristics, adhesive/cohesive
strength, smoldering combustion, fungi resistance, corrosion, mois-
ture vapor absorption, odor, and flame resistance permanency.
Material installed using liquid adhesive (type I) also has substrate
deflection and air erosion characteristic requirements. Obviously,
under C1149, spray-applied material is tested in the sprayed state.
The requirements for type III material defined by ASTM C1149
cover some attributes of stabilized cellulose. Specifiers may wish to
require conformance with this standard.*

R-value

The typical R-value of spray cellulose insulation ranges from 3.5 to
3.8 per inch depending on the manufacturer. See Fig. 9.4 for one
manufacturer’s coverage specification sheet.

Limitations

Wet-spray cellulose for residential application is limited to enclosed
or covered applications.
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COCOON STABILIZED INSULATION
ATOMIZED PNEUMATIC APPLICATION
COVERAGE CHART
Net Coverage No Adjustment for Trusses
R-Value at Mini .
e f";e'\('aﬁgpe Thickness Maxiumum V\')/girahmtuFr,g ]
Coverage Square Foot
Wt. . Ft.
To Obtain ILnssl}g{?odn Minimum Oft'i‘sstg.”eé
an Insulation | Should Not Sguare roags | 'S”ﬁ“""}goq
Resistance | Beless | oétBeg Per 1,000 Be |
an: . .
)o (inches) Square Feet Les(slbg;an.
R-50 13.5 20.5 48.8 1.464
R-42 114 24.4 41.0 1.230
R-40 10.8 25.6 39.0 1.172
R-38 10.3 27.0 37.1 1.113
R-32 8.6 32.0 34.1 937
R-30 8.1 34.2 29.3 .878
R-24 6.5 42.7 23.4 .703
R-22 5.9 46.6 21.5 .644
R-19 51 53.9 18.5 .556
R-13 3.5 78.8 127 381
R-11 3.0 93.1 10.7 322
Sidewalls (Wall Spray)
R-13 (2 x 4) 3.5 51.4 19.4 .583
R-20 (2 x 6) 5.5 32.7 30.6 917
NOTE: The above coverage figures compensate for settling and are for estimating purposes only. To
achieve stated R-Value do not exceed minimum square feet coverage per bag. Actual coverage will be
influenced by job conditions and application techniques. This product is intended for spray applied
application. This coverage chart does not apply to dry loose fill application.

Figure 9.4 Coverage chart. (Greenstone)

Health considerations

Cellulose fiber is characterized as a nuisance dust but is not a
health hazard. The fire retardants used in cellulose insulation are
also regarded as nonhazardous. For example, the toxicity of boric
acid is one-sixth that of table salt. Nevertheless, respiratory pro-
tection should be worn while handling and installing the insulation
material. Cellulose will not cause skin irritation. Special clothing is

not required during installation.
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Environmental considerations

Most cellulose insulation is approximately 80 percent postcon-
sumer recycled newspaper by weight. The remaining 20 percent is
comprised of fire-retardant chemicals and/or acrylic binders
depending on the product. In 1994 alone, the cellulose industry
used approximately 840 million 1b of recycled newspaper. Experts
suggest that if all new home construction in the United States were
insulated with cellulose, over 3.2 million tons of waste newsprint
would be used each year.*

According to the Cellulose Insulation Manufacturers Association
(CIMA), cellulose has a very low comparative embodied energy, cal-
culated to be 20 to 40 times less than mineral fiber insulations.
(Embodied energy is the total energy, such as the fuels, electric
power, transportation, and job-site power, used to extract, fabri-
cate, package, transport, install, and commission a building prod-
uct, material, or system.)

Fire resistance

Boron-based chemicals are added to the cellulose as a fire retar-
dant. These chemicals also work as fungicides in protecting against
mold, mildew, and other microbes. Manufacturers will list the spe-
cific product as having a class 1 rating for flame spread and smoke
development when tested in accordance with ASTM E84.5

Cellulose insulation made from postconsumer paper is not a fire
hazard. All cellulose insulation, including that made from postcon-
sumer materials, must meet the flammability standards set by the
CPSC. Because of its density, cellulose insulation keeps oxygen (the
fuel of fire) away from structural building components, making
them fire resistant.

In fire testing done at the National Research Council of Canada
(NRCC), wet-spray cellulose, although not combustible, may have
contributed to poor fire resistance as compared with dry-blown cel-
lulose or rock wool batts. Since wet-spray insulation adheres to the
wall sheathing, when the sheathing is exposed to the fire and col-
lapses, it pulls the insulation out of the cavity, exposing the entire
cavity to the fire. A cavity without any fireblocking or fireproof
insulation functions like a chimney, but this may only be a problem
with party (fire) walls that separate habitable dwellings.2

Installation standards and practices

Although this book is not intended to serve as a training manual for
wet-spray cellulose installers, the following guidelines will provide
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a general framework for a better understanding of the application
procedures. The guidelines listed below are to be used for general
information purposes only and are not intended to supplant or over-
ride instructions provided by a specific manufacturer or applicable
installation standards. When installing wet-spray cellulose materi-
als, it is essential that the guidelines of the manufacturer are fol-
lowed, unless superseded by local, state, or federal codes.¢

Preliminary inspection and equipment. An inspection of the building
should be made prior to installation, with special consideration giv-
en to the following areas:

1. All voids around windows and doors should be sealed to stop air
infiltration. Various materials such as foam backer rod or ure-
thane spray foam are available for this purpose.

2. All pipes, ducts, conduits, wiring, and outlets should be installed
in the wall before the insulation is applied.

3. Any small areas from which the insulation is to be excluded,
such as electrical boxes, should be masked.

4. Seal all vertical plumbing and electrical penetrations through
both top and bottom plates of all walls.

5. Cover finished areas including windows, doors, fireplaces, ete. It
is faster to protect finished surfaces than to clean them later.
For this purpose, 2 or 4 mil polyethylene sheeting works well.

6. Cover electrical boxes until the spraying is completed. Duct tape
works well.

7. If recycling the wet-spray cellulose, a totally clean floor is
absolutely essential before starting to spray. Objects such as
nails, wood, wire, etc. could damage the machine. Sweep these
from the floor before starting to spray the wet-spray cellulose.

8. Shovels, brooms, and trash cans are usually needed for recycling
and cleanup.

Application. Wet-spray cellulose insulation should be applied with
the manufacturer-approved spray application machines and spray
nozzles. The nozzles are a tube with a liquid atomizing unit
attached to intermix fibers and liquid. Nozzles may have from two
to six spray tips and must provide a consistent fiber-to-water ratio.
A 2%," semispiral hose, which allows the material to tumble and
stay in the air stream, should be used. A diaphragm pump capable
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of 200 to 300 Ib/in? at a flow rate of 2 to 5 gal/min is used to supply
the pressure.

The blower machine may be mounted in a truck or trailer to be
positioned at the job site as close to a door as practicable to make
recycling easier and increase production. An alternative is to take
the machine into the building in a central location. This works very
well when spraying in cold weather.

The hose, a minimum of 100 ft in length, should be pulled to the
farthest point to be insulated and have as few bends as possible.
The water line, run alongside the hose, should be taped to the last
10 or 12 ft of insulation hose for ease of use. After all hoses and noz-
zles have been connected and properly tested, the installer is ready
to begin. It is important to note that specific recommendations from
the thermal insulation manufacturer must be followed. Liquid flow
tests also should be made periodically to ensure a proper liquid-to-
fiber ratio.

When spraying, the installer should aim with a downward spray
angle of approximately 5 to 10 degrees and about 4 ft away from
the wall. When spraying layers on layers, the cavity becomes one
solid mass, with no inner voids, giving it structural integrity. As the
nozzle moves from one side to the other, angle the nozzle sideways
and maintain 5 to 10 degrees down, spraying into the existing insu-
lation. Nearing the top of the wall, keep the nozzle angled down. To
fill the very top, under the plate, turn the nozzle angle up and step
in a little closer to pack the insulation against and into the top of
the cavity. After the top portion is almost full, step back and level
out the nozzle to finish the cavity. Be careful not to overfill the top
portion of the wall cavity. The cavities under windows, soffits, etc.
must be treated the same as the top plate.

A smooth and steady movement of the nozzle also will help to
decrease the amount of overspray (the portion of material from a
spray pattern not filling or adhering to intended substrates). Many
new applicators have problems with falloff.

The thicker the wall, the more weight is pulling on the sprayed
insulation. Therefore, it is very important to know the fiber-to-
water ratio and keep it consistent. The thicker the walls, the more
important this becomes.

The wider the distance between the studs, the less surface area
the sprayed material has to attach itself to. Thus, 16" on-center
stud spacing is much more forgiving than 24" on-center stud spac-
ing. In framing with 2 X 8s, 24" on-center studs can be sprayed suc-
cessfully with the right equipment and material.
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The angle of the nozzle and the velocity of the material are the
two most important factors to reduce falloff. The sprayed insula-
tion must hit the substrate and stay. This can be achieved only with
the proper angle. If the angle is not correct, the material will tend
to deflect or slide off the studs and substrate. This can be mastered
with practice and training.

A “stud scrubber,” a rotating brush that grooms the insulation
level with the face of the studs, is the best tool for cleaning down
walls. Scrubbing typically can be performed immediately after the
spray-on application. The product does not have to be dry in order
to plane the wall cavity. Recycling of excess material is also per-
formed as the installation process progresses. Normal drying will
occur within 24 to 48 hours depending on climatic conditions, depth
of fill, and initial moisture content. The manufacturer’s recom-
mended drying times should be followed.

Recycling the excess material translates to very little waste,
although it can be more time-consuming. The material must be
mixed properly when recycling, or problems are likely to occur. If
the material is mixed improperly, the wall cavity insulation may
be too wet, causing inconsistent flow and leading to instability,
and the insulation may fall out of the wall cavity. The moisture or
fiber volume must be adjusted carefully when the recycling
method begins. The recycled material adds moisture mixed with
the dry product. Adjusting the water pressure or changing the
spray tips will help maintain the same moisture percentage
throughout the job.

Installation of the interior finish should not be done until the
insulation has dried. This should be monitored using a moisture
meter. (CIMA recommends the Wagner Electronics Model L.6101.)
The wet-spray cellulose may be enclosed when it is sufficiently dry,
having a measured moisture content of 25 percent or less.

Wet-spray cellulose can be applied successfully in freezing condi-
tions, but the manufacturer should be consulted for recommenda-
tions on spraying in severe climates and conditions. Since the
entire spray system can freeze up, heating the building while
spraying is necessary if the temperatures are below freezing. After
the spraying is completed, the heat can be turned off. The windows
should be opened in order to facilitate air movement and moisture
removal. If heat is used during the drying process, it is imperative
to have ventilation to the outside. Dry heat, such as electric, works
the best. It will speed up the drying process. Propane or gas heat
can add high percentages of moisture and should be avoided.
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The wet-spray cellulose will take longer to dry in colder climates.
If ambient temperatures are expected to drop below 40°F before
drying is completed, it may be necessary to use supplemental heat
until the moisture content measures 25 percent or less.

Vapor retarders

As discussed in Chap. 4, the need for vapor retarders and their
proper location within a wall assembly are influenced by the interi-
or and exterior environmental conditions, as well as the wall’s ther-
mal and vapor flow characteristics. When installing loose-fill
insulations, a material such as 6-mil (0.006-in) polyethylene plastic
sheeting can be used as a vapor retarder. Some cellulose manufac-
turers recommend against the use of vapor retarders in walls insu-
lated with spray-applied cellulose. CIMA is not aware of any
endemic problems resulting from this practice.” Research reviewed
for this book does not suggest that there is sufficient evidence to
eliminate vapor retarders from conventional construction. It is
important to note that each building is fairly unique in terms of wall
construction, interior use, and environmental conditions, and
should be evaluated individually by the building designer. If unsure,
the homeowner could consult the local or state building codes about
the use of vapor retarders. The insulation manufacturer also may
provide recommendations on where to place a vapor retarder.

Installation precautions and limitations

As stated earlier, the following items may be in concert with or in
contradiction with the adopted state and federal building codes.
The building codes are a minimum level of safety and quality and
must be adhered to.

1. Heaters and recessed light fixtures must not be covered by the
insulation unless the fixture has a direct-contact rating. It is
recommended that a minimum of 3 in of airspace be maintained
between any fixtures and the blocking.

2. Cold air returns and combustion air intakes for hot-air furnaces
must not be blocked, or the insulation installed in such a man-
ner as to allow it to be drawn into the system.

3. Insulation must not be in contact with chimneys or flues. A min-
imum of 3" of airspace must be maintained, with blocking used
to retain the insulation.
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4. This insulation is not recommended for filling the cavities of
masonry walls.

5. Consult the manufacturer about using wet-spray cellulose below
grade or ground level because of moisture considerations.

6. This insulation is to be used in the temperatures range of —50
to 180°F.

7. The installer must wear appropriate respiratory protective
equipment.

Spray-on Fiberglass

As discussed in Chap. 7, fiberglass is one of a group of glassy, non-
crystalline materials historically referred to as man-made mineral
fibers MMMF's) or man-made vitreous fibers (MMVFs). The fiber is
made from molten sand, glass, or other inorganic materials under
highly controlled conditions. After the glass is melted in a high-
temperature gas or electric furnace, the material is spun or blown
into fibers that are then processed into the final product. The base
material for spray-on fiberglass is fiberglass loose-fill insulation.
Inorganic and noncombustible, the fibers will not rot or absorb sig-
nificant amounts of moisture. Fiberglass does not support the
growth of mildew, mold, or fungus.

The terminology used in the spray-on fiberglass industry can be
overlapping in discipline and at times confusing. Applying wet-
spray fiberglass is similar to applying sprayed-on fireproofing. The
material typically is left exposed and is suited for commercial pro-
jects or, on rare occasions, high-end residential projects. There are
two predominant methods of spraying fiberglass loose-fill in resi-
dential construction. The most common method is proprietarily
known as the Blow-In-Blanket System (BIBS). A second method,
known as dimensionally stable fiberglass, uses loose-fill insulation
applied in a manner similar to stabilized cellulose insulation and is
discussed later in this chapter.

The Blow-In-Blanket System (BIBS)

A technological variation from the simple blown-in loose-fill fiber-
glass insulation discussed in Chap. 7 is the Blow-In-Blanket
System (BIBS). Developed by Ark-Seal, Inc., in 1985, BIBS is a
patented and trademarked system that is installed exclusively by
certified contractors using proprietary equipment and approved
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ingredients. The system is used in residential and commercial con-
struction for thermal and acoustical insulation. The system also
can be used to insulate floors, attics, and cathedral ceilings. BIBS
insulation technically could qualify as a loose-fill insulation prod-
uct because the netting used in this system is actually creating the
wall cavity. The presence of a binder is the reason it is included in
this chapter (Figs. 9.5 and 9.6).

In 1998, Ark-Seal unveiled a dry product, proprietarily known as
the Blow-In-Blanket Dry System. R-values for a 2 X 4 wall and a 2

Figure 9.6 BIBs in cathedral ceiling. (Ark-Seal)
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X 6 wall are R-15 and R-23, respectively. As with the original sys-
tem, fiberglass is blown in behind a special netting. Since the insu-
lation is dry, gypsum wallboard can be applied immediately. The
original Blow-In-Blanket System will be discussed in this chapter.

Product description

The original BIBS insulation consists of adhesive-coated white
fiberglass loose-fill fibers that are blown into wall cavities and
retained by a lightweight polypropylene netting that is typically
stapled to wood framing studs. Double-sided tape or special hooks
are used for attaching the netting to metal stud framing. The net-
ting is slit with a utility knife where necessary so that the instal-
lation hose will fit through to the area to be filled. Wall cavities are
then filled with insulation through a hose connected to the “heart”
of the system, a patented high-pressure machine called “the big
blower.” A thin mist of latex binder blends with the fiberglass at the
blower to prevent the fiberglass from sagging. Insulation is added
to the wall cavity until the netting bulges out about 1 to 1%,". The
fibers will compress beneath the gypsum wallboard to achieve the
proper density and R-value (Fig. 9.7).

The Blow-In-Blanket System completely fills the wall cavity,
including all wiring and fixtures, while eliminating voids and air
gaps. Tests conducted by the National Association of Home
Builders’ (NAHB) National Research Center show that the Blow-
In-Blanket System reduces air infiltration by up to 68 percent
over conventional batt-type insulation. (This may not be as dra-
matic as it appears, since tests show that wall insulation is
insignificant in controlling air leakage; gypsum wallboard is a
much bigger factor.)?

The BIBS