
BY R. W. STEIGER, DESIGNER, AND

M. K. HURD, CONSULTANT

FARMINGTON, MICHIGAN

The cost of energy production and the consequences
of its indiscriminate use impel us to thoughts of

c o n s e rvation and the construction technologies that
make it possible. Just as the human head loses a dis-
proportionate amount of heat when not properly insu-
lated with a cove ring, so a building can manifest a dis-
p ro p o rtionately high level of thermal transfer thro u g h
its roof to the outside atmosphere if it lacks adequate in-
sulation. De s i g n e r s, builders and owners today as nev-
er before must become aware of the energ y-saving po-
tential of lightweight concrete used as insulating fill for
floors and roofs.

This article is re s t ricted pri m a rily to the thermal insu-
lation qualities of lightweight concre t e s, although many
of these concretes serve capably for other insulation
p u r p o s e s. The insulating lightweight concretes may be
c o n s i d e red according to composition in three gro u p s :

I — Co n c retes made with expanded perlite or ve r-
miculite aggregate or expanded polystyrene pellets.

O ve n - d ry weight ranges from 15 to 60 pounds per
cubic foot.
I I — Cellular concretes made by incorporating air
voids in a cement paste or cement-sand mort a r,
t h rough use of either pre f o rmed or form e d - i n - p l a c e
foam. These concretes weigh from 15 to 90 pounds
per cubic foot.
I I I — Co n c retes made with aggregates pre p a red by
calcining, sintering, or expanding such products as
slag, clay, fly ash, shale or slate; also made with ag-
g regates processed from natural materials such as
s c o ria, pumice, or tuff. Co n c retes in this gro u p
range in weight from 45 to 90 pounds per cubic foot.

Data are given here for Groups I and II, because gener-
ally the most effective thermal insulation is found in the
l ower density ranges of these gro u p s. Howe ve r, attra c t i ve
combinations of insulating and strength pro p e rties may
be achieved with Group III concre t e s, and the reader is
a l e rted to these possibilities (see box ) .

Design considerations

Looking at the broad spectrum of lightweight con-
c retes now available (Fi g u re 1), we find an almost infinite
va riety of mixes and a wide range of densities. It is diffi-
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Figure 1. The full spectrum of lightweight concretes. Low density mixes discussed in this article (shaded band at left) offer
best insulating properties. Chart adapted from ACI 213 report “Guide for Structural Lightweight Aggregate Concrete,”
Journal of the American Concrete Institute, August 1967, pages 433-469.



cult to draw a sharp line between stru c t u ral and non-
s t ru c t u ral capabilities, or to say at just what density a
g i ven type of concrete ceases to provide effective insula-
tion. Ge n e ra l l y, the heavier concretes in the group have
higher strength and are less effective as insulation. The
lightest concretes provide the best insulation—k-va l u e s
f rom 0.4 to 0.7 Btu inch per hour square foot degree F—
but ve ry little strength. The designer must consider not
only the insulating value of the concrete material, but al-
so how it combines with other flooring or roofing mate-
rials and what the thermal transmittance (U-value) of
the total system is. Trade and technical litera t u re re f e r-
enced at the end of this article provides much useful de-
tail, and only general pro p e rties are mentioned here.

Thermal conductivity—This must be determined by
l a b o ra t o ry test (ASTM C 177†) for each concrete mix de-
sign. As a general guide when test data are not ava i l a b l e,
the k-values (thermal conductivities) for ove n - d ry con-
c retes shown in Fi g u re 2 may be used. Mo i s t u re in the
c o n c rete affects thermal conductivity. There is genera l l y

a 5 percent increase in thermal conductivity for each
p e rcent increase in unit weight due to free moisture.

C o m p re s s i ve stre n g t h —As shown in Fi g u re 3, com-
p re s s i ve strength increases with increasing unit we i g h t .
Design re q u i rements depend pri m a rily on the installa-
tion. A compre s s i ve strength of 100 psi or even less may
be quite acceptable for insulating underg round steam
lines; howe ve r, roof and floor fill re q u i res enough early
s t rength to withstand the traffic of workmen. St re n g t h s
of 100 to 200 psi are usually adequate, although up to 500
psi is sometimes specified.

D rying shrinkage—Sh rinkage is not usually cri t i c a l
for low density fill or insulating concre t e s, although ex-
c e s s i ve shrinkage can cause curling. Moist cured cellular
c o n c retes made without aggregates do have high shri n k-
a g e.

Resistance to freezing and thawing—L i g h t weight insu-
lating concrete is usually cove red by roofing materi a l
such as hot mopped asphalt or pitch, and there f o re not
exposed directly to the elements. As for normal we i g h t
c o n c re t e s, resistance to damage by fre ezing and thawing
depends on the entrained air content of the mix.

Expansion joints: to use or not to use?– Fo l l ow the ag-
g regate pro d u c e r s’ re c o m m e n d a t i o n s. Some re c o m-
mend insertion of a 1-inch expansion joint at the junc-
t u re of all roof projections and the concre t e. Tra n s ve r s e
expansion joints are used at a maximum spacing of 100

Figure 2. Approximate relationship between oven-dry unit
weight and thermal conductivity of lightweight insulating
concretes. From Special Types of Concrete, Portland
Cement Association, Skokie, Illinois, Publication IS183T, 
6 pages, 1977.

Figure 3. Approximate relationship between oven-dry unit
weight and compressive strength of lightweight insulating
concretes tested in air-dry conditions.
Note: mix proportions for perlite and vermiculite concretes
range from 1:3 to 1:10 by volume. From Special 
Types of Concrete, Portland Cement Association, Skokie,
Illinois, Publication IS183T, 6 pages, 1977.

† Standard Test Method for Seady-State Thermal Trans-
mission Properties by Means of the Guarded Hot Plate.



feet in any direction to allow for a thermal expansion of
1 inch per 100 lineal feet. A joint material that will com-
p ress to one-half its thickness under a stress of 25 psi is
g e n e rally used. With other aggre g a t e s, expansion joints
may not be necessary because the initial shrinkage of
the concrete is greater than any combination of therm a l ,
m o i s t u re or fre ezing expansion that will occur in a ro o f
d e c k .

Construction practices

Whether low density concrete is used as a floor fill or
p a rt of a roof deck, the form which supports it genera l l y
becomes a permanent part of the in-place constru c t i o n .
Typical forming or support systems include:
• Co r rugated, galva n i zed sheet metal, appro p ri a t e l y

vented and designed to carry the roof load.

• Insulating acoustical form board supported on flanges
of steel subpurlins, with woven wire mesh re i n f o rc e-
ment draped over the subpurlins to lie in the lowe r
p a rt of the concre t e.

• Lath and mesh systems, where the concrete is placed
on either paper backed wire mesh or a ribbed, ex-
panded metal lath.

• St ru c t u ral precast concrete or wood floors or ro o f s,
w h e re concrete serves as either leveling or insulating
f i l l .

All of these systems re q u i re adequate venting in accor-
dance with the recommendations of manufacturers and
the National Roofing Co n t ractors Association.

Mixing, placing and finishing—Proper consistency
and uniform distribution of materials are necessary to
a c h i e ve the re q u i red unit weight and can only be ac-
complished by mechanical means. Exc e s s i ve mixing and
handling can break down aggregate particles and should
be avoided. Insulating concretes should be placed im-
mediately after mixing by qualified technicians. Co n-
ventional placement methods can be used, but pump-
ing is ideal and customarily used due to the norm a l
consistency of lightweight insulating concre t e.

L ow density concrete should not be placed during ra i n
or snow, nor should it be placed on a deck or form where
standing water, snow or ice are pre s e n t .

Wo rk a b i l i t y—Insulating concretes have exc e l l e n t
w o rkability because of their high air content. Ap p e a r-
ance of the mix may be the most reliable indication of
c o n s i s t e n c y. Slumps of 5 to 7 inches are usually quite sat-
i s f a c t o ry, and the mixtures are highly plastic and homo-
g e n e o u s.

Bleeding and segregation problems will not ord i n a ri-
ly be present. These mixtures can usually be placed sim-
ply by pouring and screeding, without further consoli-
dation. This is particularly true with the cellular
c o n c retes which can be handled as liquids.

Curing and weather conditions—The surface of fre s h-
ly smoothed low density concrete should be pre ve n t e d
f rom drying for not less than 3 days. If tempera t u res are

a b ove 40°F during the first 24 hours after placing, stan-
d a rd curing practices may be used. When tempera t u re s
d u ring the first 24 hours are predicted to be from 30 to
4 0 ° F, high-early- s t rength cement and heated mixing wa-
ter are recommended. Low density concrete should not
be placed during fre ezing weather unless special cold
weather pro c e d u res are followe d .

Perlite concrete

Pe r l i t e, deri ved from the French word perle, re s e m b l e s
tiny clusters of pearls when viewed under the micro-
s c o p e. Perlite is a type of lava mined in large open pits
in the we s t e rn United St a t e s, and then crushed to sand
s i zed particles for shipment to processing plants in 32
s t a t e s. A small amount of water is locked inside the tiny
p a rticles and when heated to between 1500 and 2000° F
the particles “p o p” or expand, just like popcorn. The
c rude rock expands to about ten times its original vo l-
u m e.

Expanded perlite weighs only 7 1/2 to 10 pounds per
cubic foot, approximately one-twelfth as much as sand.
Du ring the popping pro c e s s, it changes to almost pure
white from gray or black. The tiny perlite particles are
composed of many minute glass-sealed dead air cells.
The thermal conductivity of expanded perlite itself is
0.34 Btu inch per hour square foot degree F when gra d-
ed for use as a concrete aggre g a t e, which explains its ex-
cellent insulating va l u e.

Perlite insulating concrete consists of a mixture of ex-
panded perlite, portland cement, water and an air- e n-
t raining agent. The dry concrete weighs from 20 to 50
pounds per cubic foot, depending on the mix design se-
lected. Perlite concrete can be placed monolithically on
flat, uneven, curved or sloping surf a c e s. On flat ro o f s, the
thickness of perlite concrete can be va ried to prov i d e
specified drainage slopes.

The designer must select the strength and insulating
value that he considers most appro p riate to his pro j e c t .
The physical pro p e rties of perlite concrete are contro l l e d
by its dry density which is the principal factor in its spec-
ification. An ideal balance between reduced dead load,
adequate compression and indentation strengths and
good insulating value can be achieved with a density of
24 to 28 pounds per cubic foot. Greater densities can be
specified if higher strengths or better nail holding ca-
pacity are more important than insulating va l u e. For in-
sulated floor slabs on gra d e, a density of 20 to 24 pounds
per cubic foot is re c o m m e n d e d .

Perlite roofs may have polystyrene insulation board
sandwiched between layers of perlite concrete and sup-
p o rted on a metal deck. This system is capable of achiev-
ing U-values as low as 0.04 Btu per hour square foot de-
g ree F with a 2-hour fire ra t i n g .

Perlite concrete should meet the specified physical
p ro p e rties at the point of placement. It should be de-
posited and screeded in a continuous operation until the
placing of a panel or section is completed. The 1-inch



expansion joints mentioned earlier should be installed
t h rough the full depth of the concrete around the
p e rimeter of the roof deck and at the juncture of all ro o f
p rojections (skylights, penthouses, ve n t i l a t o r s, para p e t
walls) and perlite concre t e.

The built-up roofing should be applied as soon as the
perlite insulating concrete can carry construction tra f f i c
and is dry enough to develop adhesion with hot asphalt
or pitch. No rmally the perlite concrete should be per-
mitted to cure at least three days.

For greater strength and corresponding higher densi-
t y, blends of perlite and medium weight aggregates may
be used. Howe ve r, due to va rying chara c t e ristics of nat-
u rally occurring aggregates in different parts of the
c o u n t ry, the local perlite aggregate manufacturer should
be consulted before specifying blends.

Vermiculite concrete

Ve rmiculite is a soft, laminated, mica-like material in
its raw form. It is found in twe l ve states and mined com-
m e rcially in seven. Ve rmiculite is a mineral that has few
uses in its natural state but when heated and exfoliated
becomes a lightweight aggregate of great value for fill
and insulating concre t e. The crude ve rmiculite is
c rushed, cleaned, dried and sized, and the resulting con-
c e n t rate is shipped to processing centers, where it is
heated in furnaces at tempera t u res of 1800 to 2000°F.
Water molecules trapped in the flakes of ve rmiculite ore
t u rn to steam and force the micaceous plates of the ma-
t e rial to expand or exfoliate in an accordion-like fashion.
Each individual granule is expanded to 10 to 15 times its
o riginal size. Air spaces thus formed conve rt the ve rm i-
culite into an aggregate that provides excellent insulat-
ing pro p e rt i e s. Usually light brown or golden in color,
the expanded product weighs from 6 to 10 pounds per
cubic foot.

The components of ve rmiculite insulating concre t e
a re expanded ve rmiculite aggre g a t e, air- e n t raining ad-
m i x t u re, portland cement, and water, all mixed and ap-

plied according to precise pro c e d u re s. The ratio of ce-
ment to aggregate determines the density, strength and
insulating value of the finished concre t e. As used in the
a ve rage roof deck, the ratio ranges from 1:4 to 1:8 by vo l-
u m e.

The resulting concrete mixture is usually pumped to
the roof site and screeded into place over the stru c t u ra l
b a s e. Ve rmiculite concrete is installed in thicknesses of 2
inches and gre a t e r, depending on design needs and
s t rength re q u i re m e n t s. It weighs from 20 to 40 pounds
per cubic foot, with compre s s i ve strengths from 90 to
500 psi.

Ve rmiculite roof deck assemblies have been deve l-
oped using a slotted or perf o rated corrugated metal
deck. These positive vented decks offer up to 3 perc e n t
open area in the steel form at no penalty or loss in stru c-
t u ral perf o rm a n c e. The openings help to speed up ve n-
tilating and drying of the insulating concre t e. In s u l a t i o n
values are there f o re quickly reached. In the event of sub-
sequent roofing membrane leaks, the point of leakage is
easily located on the underside of the metal decking.

Ve rmiculite concrete roof insulation, like perlite, can
also be cast around a layer of polystyrene insulation
b o a rd. A slotted opening pattern in the polystyrene per-
mits ve rtical vapor flow through the board, in order to
p romote faster, more complete drying and venting of the
c o n c re t e. The slots also ensure the positive locking and
keying of the polystyrene board to the ve rmiculite con-
c rete to enhance the shear strength of the insulation
sandwich and provide a strong, composite roof insula-
tion system. This system provides insulation with a U-
value of 0.10 Btu per hour square foot degree F or less
and a 1 1/2-hour fire ra t i n g .

Ve rmiculite lightweight concrete is best mixed and
placed by experienced, licensed contra c t o r s. Cu r re n t
technology now permits contractors to pour quality
decks in marginal we a t h e r, down to 32°F and even lowe r
in certain cases.

Expanded polystyrene bead concrete

Expanded polystyre n e, processed to a nominal densi-
ty of 1 pound per cubic foot, serves as a stable, nonab-
s o r p t i ve aggregate in lightweight insulating concre t e.
Po l y s t y re n e, unlike perlite and ve rmiculite aggregate ra w
m a t e rials which are found in nature, is a polymer of
s t y rene which is created by an invo l ved chemical
p rocess from a liquid unsaturated hyd rocarbon. The
p o l y s t y rene is foamed to produce a lightweight aggre-
g a t e. The polystyrene can be pre-expanded or supplied
in an unexpanded form and foamed on the site by appli-
cation of steam. Du ring this process it expands to ap-
p roximately 50 times its original size. Each closed cell ag-
g regate particle contains prepackaged air and is

HEAVIER, STRONGER CONCRETES 
ALSO INSULATE

L ow density concrete—50 pounds per cubic foot or
l e s s — p rovides the best insulation, but has limited
s t rength. The user who needs greater strength with-
out sacrificing all insulating pro p e rties should con-
sider both aggregate and cellular concretes in the
m o d e rate density ra n g e. For information, consult
the compre h e n s i ve (and encyclopedically titled) re-
p o rt of ACI Committee 523, “Guide for Cellular Co n-
c retes Ab ove 50 pcf, and for Aggregate Co n c re t e s
Ab ove 50 pcf with Co m p re s s i ve St rengths Less Than
2500 psi.” This re p o rt was published in the Fe b ru a ry
1975 issue of the Jo u rnal of the American Co n c re t e
In s t i t u t e, pages 51-66, and is re p rinted in Pa rt 3 of
the ACI Manual of Co n c rete Pra c t i c e. * Standard Method of Fire Tests of Building Constru c-

tion and Materials



s p h e rical in shape.
Ty p i c a l l y, polystyrene bead lightweight insulating

c o n c rete consists of Type I or Type II portland cement,
p o l y s t y rene aggregate expanded to a nominal density of
1 pound per cubic foot, air- e n t raining agent and water.

To enhance specific physical pro p e rties for a given ap-
plication, additional mix components such as sand,
limestone or poz zolans may be used. Depending upon
the conditions of application, tensile stresses may be
met by using mesh re i n f o rcement, special bead aggre-
gate coatings or a combination of the two.

Insulating roof fill of polystyrene bead concrete usual-
ly has a dry density of 26 to 30 pounds per cubic foot.
Densities are available from 25 to 60 pounds per cubic
foot. Fi re re s i s t a n c e, ve rified by small scale ASTM E 119*
f i re tests conducted by the Po rtland Cement Associa-
tion on 46-pound-per-cubic-foot-density concre t e, re-
sulted in the following ratings: 2 1/2-inch slab, 2 hours;
5-inch slab, 6 hours; 7-inch slab, 11 hours.

Po l y s t y rene beads tend to resist absorption of water
and are not readily wetted by water. Ac c o rd i n g l y, cement
paste or mortar does not adhere ve ry well to them. Fu r-
t h e rm o re, their extremely low density makes them tend
to segregate by floating out of the mix. To ove rcome this,
the manufacturers have developed a number of bond-
i m p roving additive s. Ep oxy resin or an aqueous disper-
sion of polyvinyl propionate are re c o m m e n d e d .

Sh rinkage and swelling strains are high compared to
dense concre t e s, and allowance must be made for this in
the design. Po l y s t y rene bead concrete has good work a-
b i l i t y, is quite pumpable, and re q u i res minimum vibra-
tion in placement. Frost resistance is enhanced by en-
t rained air, ranging from 5 to 10 percent of the matrix by
vo l u m e.

As with all special types of concrete a technical con-
sultant specializing in polystyrene lightweight concre t e
should be contacted for detailed recommendations cov-
e ring formulations and mixing/placing techniques for
your application.

Cellular concrete

Cellular insulating lightweight concrete owes its dis-
t i n c t i ve pro p e rties to a multitude of macroscopic, dis-
c rete air cells uniformly distributed throughout the mix.
These cells may account for up to 80 percent of the total
vo l u m e. Weight of the concrete may range from 12 to 90
pounds per cubic foot. Density and strength can be con-
t rolled to meet specific design re q u i rements by va ry i n g
the amount of air.

Nu m e rous pro p ri e t a ry methods and agents are used
to produce cellular concrete but essentially they can be
c o n s i d e red in two gro u p s, those using a pre f o rmed foam
and those using formed-in-place foam. Fo rm e d - i n -
place foam is generated by special high speed mixing of
w a t e r, foaming agent, cement and aggregates (if any) to
a l l ow foam to form in the mixer. Initially large air bub-
bles are reduced to a reasonably uniform size as mixing
p ro c e e d s.

By the other method, a uniform pre f o rmed aqueous
foam is blended with a portland cement and water slur-
ry using only enough water to ensure proper hyd ra t i o n
of the cement and facilitate the placing operation. The
p o rtland cement used may be Type I, II, III or port l a n d
b l a s t - f u rnace slag cement, Type IS. The foam itself is
made by blending a foam concentra t e, water and com-
p ressed air in pre d e t e rmined pro p o rtions in a foam gen-
e rator calibrated for discharge ra t e. The concrete mix is
blended in a mortar mixer or in a specially designed con-
tinuous blender. Each bubble of air in the foam is sur-
rounded by a tough protein membrane which ensure s
stability during mixing and handling. Howe ve r, since
this membrane will eventually break down it is re c o m-
mended that mixing and placing be completed within
one hour. Use of high-early- s t rength cement (Type III)
f u rther ensures rapid setting and stability of cellular con-
c re t e, although good results are also obtained with re g-
ular portland cement (Type I) plus 2 percent calcium
c h l o ri d e, by weight of cement, as an accelera t o r.

As with other lightweight insulating concre t e, the
s t rength and thermal conductivity depend on density.
The material can be made so light (down to 12 pounds
per cubic foot) that its strength is only sufficient for it to
retain its shape during handling. Thermal conductivities
range from 0.51 Btu inch per hour square foot degree F
for a density of 20 pounds per cubic foot to 2.3 Btu inch
per hour square foot degree F for a density of 90 pounds
per cubic foot.

Cellular concrete is totally incombustible (8 inches of
c o n c rete re p resents a fire rating of about 8 hours); yet it
can be worked much like wood. Where prolonged work-
ing is likely, long-life tools are advised. These and other
p ro p e rties enhance the attra c t i veness of cellular con-
c retes for floor and roof deck fill and insulation.

For more information

O bv i o u s l y, subtle differences exist between the va ri-
ous lightweight insulating concretes ava i l a b l e, which
may recommend one type over another to satisfy some
specific design objective. Costs and availability in the
local market must also be considere d .

Each type of insulating concre t e, if mixed pro p e r l y
with high quality materials and placed and finished
p ro p e r l y, will do an excellent job. Fu rther re s e a rch and
study may re veal just the right chara c t e ristic that suits
your need. A list of re f e rences for  further information is
g i ven below.
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