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SOIL-CEMENT INFORMATION
SOIL.CEMENT BUREAU
PORTLAND CEMENT ASSOCIATION

No.SCB13

APPLICATION OF SOIL-CEMENT TO LOW-COST
HOUSE AND FARM BUILDING CONSTRUCTION

uE use of soil-cement for paving construetion
Tis a sound, scientific engineering procedure
proved by the service record and present (Novem-
ber 1946) condition of over 47,000,000 sqyd. of
soll-cement in the United States, In recent years
there has been increasing interest, particularly in
rural areas, in the use of soil-cement for low-cost
building construction, This interest has usually
been manifested by people who have observed the
construction and then the durability of soil-cement
roads, streets and airport runways. They could
picture how soil-cement would be readily available,
simple and economical to use; or, having an appre-
ciation of historical construction methods, they saw
the possibilities of using weather-resistant soil-
cement for improving on the construction obtained
with adobe or rammed earth,

Following are among the more important ex-

amples of structures built with soil-cement:

— 1. A school shop and poultry house constructed
with soil-cement block at Fort Washakie,
Wryo., by the Office of Tndian Affairs with the
cooperation of the Work Projects Administra-
tion, in 1940

2. Airport building at Lawrence, Kan, con-
structed with soil-cement block, in 1941,
Work directed by the city engineer.

3. Two-family house built near Alexandria, Va.,
in 1941, with rammed soil-cement (cast-in-
place} construction. In addition, the bearing
walls of two buildings, housing several Tam-
ilies, were built of rammed soil-cement as part
of a federal Jow-cost housing experiment and
investigation.

4. Soil-cement block was used for constructing
a double-wall, 1Z-room, one-story research
laboratory at University of Kansas, Lawrence,
Kan., in 1942,

5. Buildings have been constructed also in
Mexico and the Gold Coast, West Africa since
Waorld War 1L

Those soil-cement buildings for which records

are available have proved to be quite satisfactory.
The walls are attractive and have shown no de-
terioration from weathering. There had been prob-
lems, however, during the construction of each
which emphasized the need for determmmg thc
~ structural characteristics of soil L in siff
detail to permit intelligent designs and construc-

tion recommendations to be made,

‘The Portland Cement Association has given con-
siderable thought to these problems and a research
testing and development project is under way.

At the present time, studies show that where
concrete masonry units are readily available they
are probably as economical as soil-cement block
might be. A further important point is that the
structural qualities and design requirements of con-
crete block are well known, The Portland Cement
Asspciation has made literature available for many
years on how they may be made and used properly.
However, there does seem to be a use developing
for soil-cement particularly in rural areas where
concrete block may not be available,

This summary on the use of soil-cement for
building low-cost houses and farm structures has
been prepared to give interested persons the results
of experiments which have been conducted to date
and suggestions for improving observed methods
of construction.

Terms Used lo Sell-Cement Werk

A knowledge of the following soil-cement terms
will be of value to the reader.

Optimum Moisture Content, Maximum Density.
Under a constant force of compaction the density
of a soil-cement mixture varies as the moisture
content of the mixture varies. If the moisture con-
tents are plotted against corresponding dry densi-
ties the points will usuvally form a parabolic type
curve, the peak of which will indicate optimum
moisture content and maximum density.

Standard Consisteney. A soil-cement mixture at
standard consist the mais-
ture content. It wil[ feel “damp” in ‘the hands.

Plastic Comsistency. That moisture content at
which a soil-cement mixture will begin to “How
together™ in mixing is referred to as plastic con-
sistency. A soil-cement mixture at plastic con-
sistency is sufficiently wet to be puddled into forms,

Standard Recommended Cement Content. The
cement content is always referred to as percentage
by volume of the compa:tnd or plldd]ed soil-cement

The d cement eon-
tent is that percentage which will produce idequall
hardness for pavement construction and is deter-
mined by ASTM Standard wet-dry and freeze-thaw
tests, D550-44 and D560-44.
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RESEARCH ON SOIL-CEMENT
FOR BUILDINGS

At the outset of the studies made by the Pori-
land Cement Association it appeared that if seil-
cement mixtures placed at higher moisture contents
than used for read, street or airport runway con-
struction would harden adequately with economical
cement contents, these wetter, plastic mixtures
would be particularly practical for making block
or constructing walls by cast-in-place methods.
Thus, both plastic mixtures (placed by puddling)
and the well-established standard mixtures (com-
pacted at optimum moisture content to maximuam
density} were included in the research tests.

The problems encountered in experimental soil-
cement buoilding constroction hinged vpon a lack
of knowledge of the physical properties soil-cement
possesses as a building material ; therefore, the main
purpose of the research project was to obtain some
data on the following properties of puddled and
ratmmed soil-cement mixtures:

1. Compressive and fexural strengths.

2, Resistances to ASTM Standard wet-dry and
freeze-thaw tests, which are criteria for. se-
lecting soil-cement mixtures for pavement
construction.

3. Length changes due to variations in tem-
perature and moisture content comparable to
extreme weathering conditions,

4. Resistances to natural weathering.

_5._Heat conductivity values.

Tests for all physical properiies except heat cor-
ductivity values were made by the soil-cement lab-
oratory of the Association with block specimens
# in. wide, 12 in. long and 4 in. thick, and segments
thereof. Heat conductivity tests were made by the
University of Minnesota with panel specimens
24x24x2 in. The specimens were molded with a
wide range of soils and cement contents varying
above and below the standard recommended
amounts for pavement construction.

Conelusions

The following comments relative to experimental
spil-cement building construction with plastic and
standard soil-cement mixtures are based upon the
results of the research tests, upon observations of

~soil-cement buildings eonstructed and upon present
construction practices for raw-earth methods of
construction (that is, adobe and rammed earth con-
struction}.

L. At present, soils used to make soil-cement
block or construct cast-in-place walls should be
limited to those in USPRA soil groups A-2, A-2-4
and A-4-2, containing less than 50 per cent com-
bined silt and clay having a osual affinity for
cement, which may be hardened with relatively
low percentages of cement.

The sod and surface layer of soils should be re-
moved as they ussally contain humus material

% &

which may have a deleterious effect upon a soil-
cement mixture.

2. Either of two methods may be used to select
suitable plastic or standard soil-cement mixtures
for building construction with the soils in the above
USPRA soil groups. ASTM tests, described in
ASTM Methods of Test for Soil-Cement Miriures¥,
may be used to determine cement contents for
standard zoil-cement mixtures, and then it may be
assumed with reasonable assurance that plastic
soil-cement mixtures made with the same soils will
be suitable with 4 per cent cement in addition to
the standard recommended amounts.

In an emergency, sample hlock approximately
8 in. wide, 12 in. long and 4 in. thick may be made
with the soils and various cement contents at either
plastic or standard consistencies, and those mix-
tures selected which will give minimum com-
pressive strengths of 250 psi and exural strengths
of 50 p.si, when the block are tested at the age of
28 days, after damp-curing 7 days, air-deying 14
days, oven-drying § days, and soaking in water
2 days. The block should be broken in flexure frst,
then the segments tested for compressive strength
by ASTM procedure Cl16-44, Method of Test for
Compressive Strength of Concrete Using Portions
of Beams Broken in Flexure, The upper and lower
bearing plates for the compression test should be
3% in. square, At the time they are broken in
flexure the block should resist picking with a rela-
twely sharp-pointed instrument, such as a dull ice

: mvlﬁﬁenﬂy%prw:nh—pmhm to.a depth
greater than about ¥4 to ¥ in, even when the
black surface is hit with considerable force,

Adequate cement contents will vary from about
6 to 12 per cent by volume of the compacted
specimens for standard soil-cement mixtures and
from about 10 to 16 per cent by volume of the
puddled specimens for plastic soil-cement mixtures.

Facilities for conducting the ASTM Standard
tests for soil-cement mixtures are usually available
at state universities, highway and private testing
laboratories, The laboratory which will test the
soil-cement mixtures for a particular job should be
consuited as to the methods of taking samples and
the amount of soil required for each. The criteria
of successful test results are given on page 54 of
Soil-Cement Mixiures Loboratory Handbaok®,

The test procedure may seem rather complicated ;
actually very little testing must be done to con-
struct a group of buildings, since one set of tests
is all that is necessary if all the soil used in the
construction is the same type. If satisfactory seil
is not available on the construction site, it i usu-
ally economical to transport a more favorable soil
to the job,

3. Tests have heen developed and proved in soil-
cement paving construction which determine the

*Available free in United States and Canads wpon request
to Portland Cement Association.
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