
N
ominal reductions in the
dead weight of concre t e
a re generally bro u g h t
about through the use of

m a n u f a c t u red lightweight stru c t u r-
al aggre g a t e s. Co n c retes pro d u c e d
with such materials are bro a d l y
classified as stru c t u ral lightwe i g h t
c o n c re t e s, and they usually fall in
the range of 90 to 120 pounds per
cubic foot on a plastic or wet we i g h t
b a s i s, or 80 to 110 pounds per cu-
bic foot on an oven dry basis. When
m o re drastic weight reductions are
n e c e s s a ry, such as for floor and ro o f
insulating fills and fire re t a rd a n t s,
the designer may use perlite1 or
ve rmiculite2 aggregates or he may
call for any one of a number of
types of cellular concrete in which
coarse aggregates have been re-
placed altogether by air or gas in
the form of tiny bubbles. The
weight of such concretes will large-
ly determine whether they are to be
used strictly for fill purposes or may
be classified as semi-stru c t u ral or
structural materials.

The individual bubbles or cells in
cellular concrete va ry from almost
m i c roscopic size to about the size of
a grain of sand. They can be bound
together in seve ral ways: with port-
land cement alone; with a cement-
l i m e, cement-sand, or cement-poz-
zolan combination; or included as a
p a rtial replacement for conve n t i o n-
al or lightweight aggre g a t e. The con-
c rete so produced, va riously know n
as foamed, gas, aerated or cellular
c o n c re t e, provides a lightwe i g h t
m a t e rial that excels in thermal insu-
lation va l u e, is fire- and water- re s i s-
tant, and can be sawed, drilled and
o t h e rwise worked with ord i n a ry
hand tools.

The use of air in concrete is, of
c o u r s e, nothing new. Air entra i n-
ment is now standard practice to
i m p rove both durability and work a-
b i l i t y. For this purpose the amount
of air entrained is normally less than
7 percent by volume; for cellular
c o n c rete the voids may occupy any-
thing from 25 to 80 percent of the
total vo l u m e. The dry density of cel-
lular concrete can then range fro m
as little as 20 pounds per cubic foot
or less with no mineral aggre g a t e
( p o rtland cement only as a binder)
to 110 pounds per cubic foot or
higher with conventional aggre g a t e.

Cellular concretes we re first de-
veloped in Scandinavia some thirt y
years ago. Today four out of eve ry
f i ve buildings erected in Sweden are
built of cellular concrete and in
many other countries its use is
w i d e s p re a d .

A large number of pro p ri e t a ry
methods and agents are used to
p roduce cellular concrete but es-
sentially they can be considered in
two groups: those using a chemical

reaction, and those relying on me-
chanical beating. Chemical meth-
o d s, more suitable for plant pre c a s t-
ing than for field use, will not be
c o n s i d e red here.

Mechanical beating or mix foam-
ing of concrete to entrain air has
much to recommend it. The pro c e s s
is much easier to control than the
chemical methods and is genera l l y
much more economical. It is also
possible to design a mix without
w o r rying about water hard n e s s,
t e m p e ra t u re changes or any other
factors that affect chemical re a c-
t i o n s. The foams used are complete-
ly neutral which means that corro-
sion and safety hazards present no
p roblem. Two approaches are possi-
ble: air can be whipped into a slurry
that contains a foaming or air- e n-
t raining agent; or a stable pre-
f o rmed foam (similar in appeara n c e
to shaving soap obtained from an
a e rosol can) can be added to the
m i x .

In the first system only one piece
of equipment is needed—a high

Cellular Concrete

The magnified portion of this insulating cellular concrete shows the remarkable
size and shape uniformity of the tiny non-connecting air cells.

1See “Perlite Insulating Concrete,”
Concrete Construction, June 1960,
page 160.

2See “Vermiculite Roof Deck and In-
sulating Concrete,” Concrete Con-
struction, March 1961, page 66.



speed mixer. The mixer must have a
high shearing action; this can easily
be provided by operating a standard
paddle type mixer at high speed. A
h o ri zontal propellor type mixer is
p re f e r red by some pro d u c e r s, and
for one process blades of 3⁄4- i n c h
heavy wire mesh, rotating at 55 to 60
rpm, are recommended. For ve ry
l ow density cellular concrete con-
taining little or no aggre g a t e, the
p ractice is to mix water and foaming
agent first to produce the foam, and
then to add portland cement (and
sand, if needed) slowly while blend-
ing the mass together. For denser
c o n c re t e s, with higher pro p o rt i o n s
of aggre g a t e, the pro c e d u re is re-
versed. The agent can be a pro p ri-
e t a ry compound or any of the usual

a d m i x t u res for air entra i n m e n t —
sodium lauryl sulfate, alkyl aryl sul-
f o n a t e, or the va rious soaps, deter-
gents and re s i n s — e xcept that they
a re needed in much larger quanti-
ties than for normal air entra i n e d
c o n c re t e. A wide range of densities
can be produced by va rying the
amount of additive, the mixing time,
or both.

The second approach, with pre-
f o rmed foam, uses a liquid based on
h yd ro l y zed protein, free fro m
s t a rches and sugar. The protein is
usually obtained as waste materi a l
f rom packing houses (hoove s, horn ,
h a i r, blood) or from fish scales. The
liquid is delive red to the site in
d rums and is subject to the action of
c o m p ressed air to foam up to 20

times its original volume at a 90-
pound air pre s s u re. Foam so pro-
duced is essentially identical to that
used for fighting gasoline fire s. Mo s t
m a n u f a c t u rers of the base liquid
supply a simple foam genera t o r, ac-
c u rately calibrated to supply foam
at a given ra t e. This foam is fed into
a standard mixer where it has the
ability to more than double the vo l-
ume of the concre t e, depending up-
on the amount of agitation to which
it is subjected. Each bubble of air in
the foam is surrounded by a tough
p rotein membrane which insure s
stability during mixing and han-
dling. Howe ver since this mem-
b rane will eventually break down it
is recommended that mixing and
placing be completed within one

PORTLAND CEMENT/GROUND SILICA
SHALE, FOAMED WITH ALUMINUM
POWDER AND AUTOCLAVED.

PORTLAND CEMENT/GROUND SILICA
SHALE, MIX-FOAMED BY BEATING
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Textures of Various Cellular Concretes Shown in Full-Size Photographs
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WITH ALUMINUM POWDER AND
MOIST CURED.

A MIXTURE OF PORTLAND CEMENT
AND DUST FROM AN EXPANDED
SHALE KILN, AUTOCLAVED.



h o u r. The use of high-early- s t re n g t h
cement further insures rapid setting
and stability of foamed concre t e, al-
though good results are also ob-
tained with standard portland ce-
ment plus 2 percent calcium
c h l o ri d e, by weight of portland ce-
ment, as an accelera t o r.

Choice of aggregates for cellular
c o n c rete depends largely on the
method of curing to be followe d .
The type of curing, in turn, has the
major influence on the strength that
can be obtained for the mix. Fo r
moist curing at normal tempera-
t u res (3 to 7 days) or in steam at at-
m o s p h e ric pre s s u re, ord i n a ry con-
c rete sand or plaster sand may be
used, with portland cement as the
cementitious component.

When selecting a particular cellu-
lar concrete mix the choice will be
g ove rned basically by one of thre e
i n t e r related re q u i rements: we i g h t
(density), thermal insulating va l u e,
or strength. In the actual design of
the mix, the following factors will in-
fluence the pro p e rties obtained:
type and quantity of additive (foam-
ing agent); portland cement con-
tent; cement/sand/aggregate ra t i o ;
mixing pro c e d u re and action; size of
batch. It is then necessary to make
t rial mixes, taking all these factors
into account, until the basic re-
q u i rement for the application is
filled. Most of the suppliers of pro-
p ri e t a ry foaming agents have chart s
and mix details showing pre c i s e l y
what their products can offer for a
wide range of mix conditions and
p ro p o rt i o n s.

As with conventional concre t e,
the strength of cellular concrete de-
pends on its density. For any give n
cement/sand ra t i o, an increase in
the amount of air in cellular con-
c rete has the same effect on the
leanness of the mix as adding more
a g g re g a t e. Since the air cells cannot
offer any resistance to compre s s i o n ,
the strength of the mix decreases as
the amount of air incre a s e s. Thus a
m a t e rial can be made so light (dow n
to 12 pounds per cubic foot) that its
s t rength is only sufficient for it to re-
tain its shape during handling.

Actual figures for compre s s i ve

s t rength va ry considerably depend-
ing on the foaming agent used. De-
velopments have been rapid within
recent years and some of the pro p ri-
e t a ry agents now ava i l a b l e, contain-
ing special chemical additives and
re a g e n t s, offer strengths much in
e xcess of those obtained with the
n a t u ral agents. For site-cast (moist-
c u red) applications a standard cel-
lular concrete with a dry density
a round 20 pounds per cubic foot,
made with 5 bags of portland ce-
ment, will have a 28-day compre s-
s i ve strength of only around 95 psi.
With the same cement content and
n a t u ral sand in the pro p o rtion 1 : 4
to give a density of 75 pounds per
cubic foot, strength increases to 740
psi. For a 6-bag mix this figure is in-
c reased further to 1,300 psi, and
mixes designed to give densities up
to 110 pounds per cubic foot can of-
fer strengths up to 2,500 psi. A gen-
e ral picture for this trend, based on
data from va rious sourc e s, both offi-
cial studies and manufacture r s’ lit-
e ra t u re, is given in the accompany-
ing graph. The flexural strength of
cellular concrete is, in general, be-
t ween 1⁄5 and 1⁄3 of the compre s s i ve
s t re n g t h .

T h e rmal conductivity of cellular
c o n c rete is pro p o rtional to densi-
ty—the lighter the material the 
better the insulation it prov i d e s. 
K factors (BT U / h o u r / s q u a re
f o o t / F./inches thickness at 75 de-
g rees F.) range from 0.51 for 20
pounds per cubic foot concrete to
2.3 for a 90 pounds per cubic foot
mix. In practice this means that a
10-inch wall of 40 pounds per cubic
foot cellular concrete will have the
same insulating value as a brick wall
t h ree times as thick, or as a dense
c o n c rete wall eight times as thick.

The drying shrinkage of cellular
c o n c rete is considerably higher than
for ord i n a ry concrete and can be as
much as 0.5 percent with moist air
c u ring, although the more norm a l
range is from 0.01 to 0.10 perc e n t .
With ord i n a ry concre t e, dimension-
al stability is assured by the aggre-
g a t e s, which resist volume changes.
With cellular concrete this stabiliz-
ing factor is not ava i l a b l e, thus any

m e a s u res which will pre vent water
absorption are an adva n t a g e. In
site-cast work some shri n k a g e
c racking is almost inevitable, al-
though use of welded light-mesh re-
i n f o rcement placed near the surf a c e
can do much to re s t rict this. Bo n d-
ing with the re i n f o rcement pre s e n t s
no pro b l e m .

The thermal expansion of cellular
c o n c rete is negligible (.000004 inch
f rom minus 58 to plus 212 degre e s
F.). For pipeline insulation it is 
n e c e s s a ry to wrap the pipe in felt 
or paper to allow free fri c t i o n a l
movement.

Water resistance of cellular con-
c rete is high due to the uniform na-
t u re of the cells and the fact that
they are not interconnected; capil-
l a ry flow is thus avoided. In some
mixes this advantage is improved by
adding 2 percent of a plastic emul-
sion to give each air cell an individ-
ual waterproof coating. In genera l
water absorption is about one-quar-
ter of that of common brick. Fro s t
resistance is similarly high. The
m o i s t u re content of a wall or ro o f
deck of 30 pounds per cubic foot
cellular concre t e, in equilibrium at
50 percent re l a t i ve humidity, will be
less than 3 percent by weight; this
value rises to less than 5 percent for
a re l a t i ve humidity of 80 perc e n t .
These values are, of course, depen-
dent on the fact that one side of the
slab must be allowed to bre a t h e, as
with other materi a l s. Ex t e rior sur-
faces do need a we a t h e r- p ro t e c t i ve
t reatment; stucco or one of the ma-
s o n ry paints are frequently used.
W h e re the concrete is buried a va-
por barrier is advisable.

Some insurance companies offer
a substantial reduction in pre m i-
ums for cellular concrete buildings,
since the material is completely in-
o rganic and there f o re totally incom-
b u s t i b l e. Eight inches of cellular
c o n c rete re p resent a fire rating of
about 8 hours. This advantage can
be exploited for partition walls and
the fire p roofing of stru c t u ral steel.

Cellular concrete can be work e d
in the same way as wood, although
w h e re prolonged working is likely
long-life tools are re c o m m e n d e d .



Fu rther advantages are resistance to
f u n g u s, ve rmin and ro t .

All of the above pro p e rties point
to the conclusion that the cellular
c o n c retes are special materi a l s
highly suitable for many applica-
t i o n s. Typical of these is insulation
for piping and conduit, above or be-
l ow ground, as infilling for ducts.
Boilers and tanks can also be insu-
lated with cellular concre t e, as we l l
as cold storage and conve n t i o n a l
b u i l d i n g s. In floors both insulation
and weight saving can be exploited;
use as a topping over precast ele-
ments is common. Any type of

we a ring surface is possible. Ro o f
s c reeds are similarly a frequent ap-
plication. Cellular concrete has also
been spra yed successfully over steel
mesh re i n f o rcement. Obviously the
design and operating advantages to
be gained from the use of cellular
mixes can offer substantial eco-
nomic savings.                                    

The general relationship of compressive strength to density for cellular neat
cements and 1 : 4 cement/sand mixtures.
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