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Soil-Cement for Water Control:
Laboratory Tests

One of the key factors that accounts for the successful
use of soil-cement in the paving and water resources
fields is careful predetermination of engineering control
factory in the laboratory and their application during
construction.

The comiposition of soils varies considerably, and
these variations affect the manner in which the soils
react when combined with portland cement and water.
The way a given soil reacts with cement is determined
by simple laboratory tests made on mixtures of cement
with the soil. These tests determine the three funda-
mental requirements for soil-cement:

"Phe minimum cement content needed to harden

the soil adequately.

2. The proper moisture content.

3. The density to which the soil-cement must be

compacted.

Detailed test methods for determining these control
factors were approved by the American Society for
Testing and Materials in 1944 and by the American
Association of State Highway and Transportation Of-
ficials in 1945, After 13 years of successful use, the test
methods were revised by ASTM®* and \\SHTO in
1957 to incorporate the information and experience
gained during that pmiod These test methods are:

Methods of Test for Moisture-Density Relations
of Roil-Cement Mixtures, ASTM Designation:
D558; AASHTO Designation: T134.

Methods of Wetting and Drying Test of Com-
pacted Soil-Cement Mixtures, ASTM Designa-
tion: D559, AASHTO Designation: T135.

Methods of ¥Freezing and Thawing Test of Com-
pacted Soil-Cement Mixtures, ASTM Designa-
tion: D5H60; AASHTO Designation: T136.

The dependability of the standard tests has been
proved by the outstanding service records of soil-cement
pavements and slope protection. As noted on page 18,
cement content to be used in soil-cement for water
control is somewhat higher than for paving.

Invaluable as the standard tests are, they require
considerable time to obtain the factors needed for con-
struction. To reduce this time the Portland Cement As-

*Available for a nominal charge from the American Society for
Testing and Materials, 1916 Race Street, Philadelphia, Pa. 19103.

sociation has developed a special short-cut test method
for determining cement factors for sandy soils.

GENERAL DISCUSSION OF
ASTM AND SHORT-CUT TESTS

ASTM Moisture-Density Test

The moisture-density test is used to determine the
proper moisture content and density (termed the op-
timum moisture content and maximum density) for
molding laboratory test specimens. It is also used in
the field during construction to determine the quantity
of water to be added and the density to which the
mixture should be compacted.

While soil, cement, and water are being mixed, a
distinet change is taking place in the mixture, Appar-
ently a base exchange phenomenon is occurring. The
soil becomes coagulated, which causes an increase in
internal friction. Moisture-density relations of a soil-
cement mixture will vary slightly as a result of this
chemical phenomenon and of the partial cement hydra-
tion that takes place during damp-mixing. These effects
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will be noted-as an increase in the optimum moisture
content and a decrease in. the maximum density of the
soil-cement mixture as the damp-mixing time increases.

- For this reason, moisture-density tests on the soil-ce-
ment mixture are made in the laboratory as rapidly as
possible. This is necessary because test specimens, which
are designed from these test data, are molded after a
few minutes of mixing soil, cement, and water, and
before cement hydration.

Specifications for soil-cement construction require
that moisture-density relations be established in the
field, toward the end of damp-mixing, with soil-cement,
taken directly from the area being constructed. Details
of the moisture-density test are given starting on page 4.

ASTM Freeze-Thaw and Wet-Dry Tests

The freeze-thaw and wet-dry tests were designed to
reproduce in the laboratory the moisture and tempera-
ture changes in soils. They measure the effect of internal
volume changes produced by changes in moisture and
temperature. Thus the tests determine whether the soil-
cement will stay hard, or whether it will expand and
contract excessively and soften with moisture variations
and alternate freezing and thawing— conditions that
produce disastrous results in untreated soil.

The freeze-thaw and wet-dry tests determine the min-
imum cement content required to produce a structural
material that will resist volume changes produced by
changes in moisture and temperature. Since moisture
and temperature changes occur in varying degrees in
all climatic and geographic areas, use of both the freeze-
thaw and wet-dry tests assures that an adequately hard-
ened, durable material is produced for any climatic area.

The procedures used in the freeze-thaw and wet-dry
tests are given starting on page 9.

Short-Cut Test Method for Sandy Soils

Short-cut test procedures have been developed to de-
termine adequate cement contents for sandy soils.*
These procedures do not involve new tests or additional
equipment. Instead, data and charts developed from
previous tests of similar soils are used to eliminate some
tests and greatly reduce the amount of work required.
The only laboratory tests required are a grain-size an-
alysis, a moisture-density test, and compressive-strength
tests. Relatively small soil samples are needed, and all
tests can be completed in about one week.

While these procedures do not always give the mini-
mum cement factor that can be used, they almost al-
ways provide a safe cement factor generally close to
that indicated by standard ASTM-AASHTO wet-dry

*Soil-Cement Test Data Correlation in Determining Cement Fac-
tors for Sandy Soils, Highway Research Board Bulletin 69, 1952.
Also, Expanded Short-Cut Test Methods for Determining Cement
Faclors for Sandy Soils, Highway Research Board Bulletin 198,
1958.

and freeze-thaw tests. The procedure can be made even
more accurate by modifying the charts, using data from
local soils.

The short-cut test method is described in detail start-
ing on page 22.

SELECTION OF CEMENT CONTENTS
FOR TESTS

The following information will aid the laboratory
engineer in determining the cement factors to investi-
gate in the standard laberatory tests.

Table 1 gives the cement requirements to use in the
moisture-density test with subsurface soils of the various
Unified and AASHTO soil groups. Topsoils may contain
organic or other material detrimental to cement reac-
tion and often require higher cement factors. For most
topsoils the eement content in Table 1 should be in-
creased 4 percentage points if the soil is dark grey to
grey, and 6 percentage points if the soil is black. It is
usually not necessary to increase the cement factor for
a brown or red topsoil. | R

After the moisture-density ‘test has been completed
and the maximum density determined, the cement con-
tents to investigate in the freeze-thaw and wet-dry tests

AASHTO ASTM (Unified) Cement conteﬁt,
soil group* soil group** percent: by weight
A-l-a SV‘VV i 5
A-l-b ?VIXI ZIM GP 0
A-3 SP 9
A-4 %VIII s(f\II SC 10
A5 M, Or. 1

*Charts and tables for use in classifying soils by the American
Association of State Highway and Transportation Officials Soil Clas-
sification System (AASHTO M145) are given in Portland Cement
Association’s Soil Primer, EB007S. Data for A-6 and A-7 soils are
not included in this table since these soils have not been used for
soil-cernent slope protection. They usually require higher cement fac-
tors than granular soils, cannot be adequately mixed in a central
plant, and are more dependent on weather conditions during con-
struction.

**Possible Unified soil group comparable to the AASHTO soil
group. Charts and tables to classify soils by the Unified system are
also given in the Soil Primer.




are selected. Table 2, which considers the maximum
density of the soil-cement mixture and other properties
of the soil, can be used to determine the median cement
content. Since three cement contents usually are in-
vestigated, test specimens are molded at the cement
content determined from Table 2 and at cement con-
tents 2 percentage points above and below that cement
factor.® In case of topsoils, the cement factors should
be increased as discussed in the preceding paragraph.

To further aid in selecting cement contents for the
freeze-thaw and wet-dry tests and to determine how
well the soil is reacting with cement, it is helpful to
save half of the last moisture-density test specimen and
place it in an atmosphere of high humidity for inspec-
tion daily. This half specimen, called the ‘“tail-end”
specimen (see Iig. 2), is obtained during the usual
procedure of cutting the last specimen of the moisture-
density test in half vertically (details are given on page
5) so that a representative moisture sample can be
taken. The tail-end specimen is inspected daily by
“picking” with a sharp-pointed instrument such as a
dull ice pick and by sharply “clicking” the specimen
against a hard object such as concrete.

In the pick test the specimen is held in one hand
and the ice pick is lightly jabbed into the specimen
from a distance of 2 or 3 in. If the specimen resists
this light picking, the force of impact is increased until
the pick is striking the specimen with considerable force.
Specimens that are hardening satisfactorily will defi-
nitely resist the penetration of the pick, whereas speci-
mens that are not hardening properly will have little
resistance.

In the click test the tail-end specimen and hard object

*If the median cement content is 5 percent or less, it is good
practice to use 1 percentage point increments.

are held about 4 in. apart, one in each hand. They then
are clicked together a number of times. If the tail-end
specimen is hardening satisfactorily, a ringing or solid
tone will be produced. A dull or “punky” sound in-
dicates the tail-end specimen is not hardening
satisfactorily.

Generally, tail-end specimens are satisfactorily hard-
ened in two to four days, and it is not uncommon for
them to be satisfactory a day after molding. If the
specimen has not hardened in about four days, the

median cement content to investigate in the freeze-

Cement content,
percent by weight
Type of
ml:ﬁgltlgg;(l)us Moisture- | Freeze-thaw
density and wet-dry
test tests

Shell soils 7 5-7-9
Limestone screenings 5 3-4-5-7
Red dog 8 6-8-10
Shale or disintegrated shale 10 8-10-12
Caliche 7 5-7-9
Cinders 8 6-8-10
Chert 8 6-8-10
Chat 7 5-7-9
Marl 11 9-11-13
Scoria containing material re-

tained on the No. 4 sieve 11 9-11-13
Scoria not containing material

retained on the No. 4 sieve 7 5-7-9
Air-cooled slag 7 5-7-9
Water-cooled slag 12 10-12-14

Fig. 2. fSoil-cement specimens
Kot Tl ed tail-end of mois-
Material Material Maximum density, Ib. per cu.ft. ;‘l‘r‘%_ denf:i?; t:;t :‘e i:sp?c‘;Ls(;
retained smaller ) daily to determine the rate o
on No. 4 than 105-100 | 110-114 | 115-119 | 120-124 | 125-120 | 130 or more | narqening of the soil-cement
sieve, 0.05 mm.,
percent pereent Cement content, percent by weight
0-19 10 9 8 7 6 5
0-14 20-39 9 8 7 7 b 5
40-50 11 10 9 8 6 5
0-19 10 9 8 6 5 5
15-29 20-39 9 8 7 6 6 5
40-50 12 10 9 8 7 6
0-19 10 8 7 6 5 5
30-45 20-39 11 9 8 7 6 5
40-50 12 11 10 9 8 6




thaw and wet-dry tests (determined from Table 2)
should be increased. ,

A number of miscellaneous materials such as caliche,
chert, cinders, scoria, shale, etc., have been used suc-
cessfully in soil-cement pavement construction. If these
materials are being considered for soil-cement slope pro-
tection, Table 3 can be used to determine the cement
contents to use in the laboratory tests.

The cement contents given in Tables 1, 2, and 3 can
be converted to the indicated cement requirement for
construction of slope protection by increasing them by
2 percentage points. Thus, work on the plans and speci-
fications can proceed while laboratory tests are under
way, with the understanding that the recommended
cement content based on final test data may differ
slightly from the indicated value.

DETAILS OF STANDARD TESTS

Proportioning Cement

In soil-cement testing, cement quantities are pro-
portioned on a weight basis in terms of percent of total
oven-dry soil. At the completion of tests, the recom-
mended cement content by weight may be converted
to the equivalent cement content by volume for field
construction. Proportioning on a volume basis for field
construction is in terms of percent of a U.S. bag of
cement in a compacted cubic foot of soil-cement, assum-
ing that a bag of cement weighs 94 1b.* Thus 10 percent
by volume indicates 9.4 lb. of cement per cubic foot
of compacted soil-cement. If the layer being constructed
i 6 in. thick, 1 sq.yd. contains 3 X 3 X 14 X 0.10 X 94,
or 42.3 lb. of cement.

Preparing Soil for Testing

About 75 Ib. of soil is sufficient to run a complete
series of soil-cement tests.

When necessary, the sample is first dried until it is
friable under a trowel. Drying may be accomplished by
air-drying or by using a drying apparatus that limits
the temperature of the sample to 140 deg.}. (60 deg.C.).
To prepare the soil for testing it is separated on the
2-in., 34-in., and No. 4 sieves. All clods are broken up
or pulverized in such a way as to avoid reducing the
natural size of individual particles. The pulverized soil
passing the No. 4 sieve should be well mixed and then
stored in a covered container throughout the duration
of the tests to prevent any major moisture changes.

The quantity of material larger than 2 in. is not
included in calculations of grain-size distribution. The
quantity, however, is noted and the material discarded.
If the soil contains material retained on the 34-in. and
No. 4 sieves, the quantities are calculated, recorded,
and included in calculations of grain-size distribution in
the total sample.

*Canadian bags of cement weight 80 Ib.

The material larger than 34 In. is stored until soil-
cement test specimens have been molded, after which
it is usually discarded. The material larger than the
No. 4 sieve and smaller than 34 in. is later incorporated,
in a saturated and surface-dry condition, with the soil
used for the moisture-density test and in the wet-dry
and freeze-thaw test specimens. It is added in such
amount, by dry weight, that the percentage of material
from the No. 4 sieve size up to 34-in. size in an individual
soil-cement test specimen equals the percentage of
material larger than the No. 4 sieve and smaller than
2 in. in the original total sample.

Moisture-Density Test
(ASTM D558 or AASHTO TI34)

Two methods for determining moisture-density rela-
tions of soil-cement mixtures and for molding wet-dry
and freeze-thaw test specimens are described. The first
is to be used with soils containing material retained on
the No. 4 sieve, and the second with soils not containing
material retained on the No. 4 sieve.

Method for Soils with Material Retained
on No. 4 Sieve

To facilitate discussions of the moisture-density test
and molding test specimens, illustrations of calculations
are included. Assume that a brown, C horizon, A-1-a(0)
or SP soil 1s to be tested. As shown on the summary
data sheet, Fig. 19, page 20, the soil contains 30 percent
material retained on the No. 4 sieve that has an ab-
sorption™ of 2.0 percent. From Table 1, 5 percent by
weight will be used in the moisture-density test.

Detailed caleulations can be made to determine the
quantity of soil needed for a 4- or 5-point moisture-
density test. However, to simplify calculations 11.0 Ib.
of oven-dry soil is generally used for soil-cement mix-
tures that contain material retained on the No. 4 sieve,
and this amount will be used in this illustration.

Since the soil in this illustration contains 30 percent
material retained on the No. 4 sieve, 11.0 X 0.30, or
3.30 b, of oven-dry coarse material is required. It is
added in a saturated, surface-dry condition;t therefore,
3.30 X 1.02, or 3.37 Ib., of saturated, surface-dry coarse
material is weighed out. (The material retained on the
No. 4 sieve in this example has an absorption of 2 per-
cent.) Since the specimen is only 4 in. in diameter, it is
necessary to set a maximum size of material that may
be used. A maximum size of 34 in. has been selected,
since material up to this size can be handled readily in
the laboratory. Should material larger than 34 in. occur
in the field sample, it is replaced in the specimen with

**As determined in accordance with ASTM C127, using the

following formula: absorption, percent, equals

saturated surface-dry weight — oven-dry weight
oven-dry weight

X 100.

iThe material retained on the No. 4 sieve is prepared by
soaking it in water overnight and then surface-drying it im-
mediately before it is added to the rest of the material.
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an equivalent dry weight of the No. 4 to 34-in. material.

In those isolated cases where material that is retained
on the No. 4 sieve and passes the 2-in. sieve is also
retained on the 34-in. sieve, the material shall be
crushed, and that portion then passing the %4-in. sieve
and retained on the No. 4 sieve is used in the proper
dry-weight proportions. '

The required amount of oven-dry soil passing the
No. 4 sieve 1s 11.0 — 3.30, or 7.70 Ib. The hygroscopic*
moisture content of this material has been determined
by test to be 1 percent. Thus, 7.70 X 1.010, or 7.78 1b.,
of air-dry material is weighed out.

The quantity of cement required is 11.0 X 0.05, or
0.55 Ib., which is 0.55 X 454, or 250 g.

To reduce laboratory calculations, quantities of sat-
urated, surface-dry material retained on the No. 4 sieve,
of air-dry soil passing the No. 4 sieve, and of cement
needed to run a moisture-density test with soils that
contain material retained on the No. 4 sieve may be
obtained from Tables 4, 5, and 6.

When performing the test, the air-dry soil passing
the No. 4 sieve (7.78 Ib. in this example) is first weighed
out. The required cement (250 g.) is added to the pul-
verized soil and the two are thoroughly mixed to uni-
form color. A quantity of water sufficient to dampen
the mixture to a degree approximately 4 to 6 percentage
points below the estimated optimum moisture content
is then thoroughly incorporated.

The saturated, surface-dry material retained on the
No. 4 sieve (3.37 lb. in this example) is added next and
intimately mixed in.

The soil-cement mixture is then immediately com-
pacted in the mold in three layers of approximately
equal thickness, to give a total compacted depth of
about 5 in.** Each layer is compacted by 25 uniformly
spaced blows of a 5.5-lb. rammer with a 2-in.-diameter
striking face dropping free from a height of 12 in. above
the final elevation of each compacted layer. During
compaction, the mold rests on a uniform, rigid founda-
tion that weighs approximately 200 1b.

After compaction, the collar on the mold is removed
and excess compacted soil-cement is carefully trimmed
level with the top of the mold with a knife and straight-
edge. During this trimming operation all particles that
extend above the top of the mold are removed. This
may cause some irregularities in the surface of the
specimen, which can be corrected by hand-tamping fine
material into these irregularities and leveling the speci-
men again with a straightedge.

The compacted specimen and mold are then weighed
and the tare of the mold is subtracted to give the wet

*The hygroscopic - moisture content may be defined as the
moisture content of the material as used in testing. This is
determined by completely oven-drying a small representative
portion of the total soil sample after the total soil sample has
been partially dried to a friable state.

**Dimensions and tolerances for the 1/30-cu.ft. mold and sleeve
rammer are given in ASTM D558, Moisture-Density Relations
of Soil-Cement Mixtures. A mechanically operated rammer is
also permitted if it is calibrated using ASTM D2168, Method for
Calibration of Mechanical Laboratory Soil Compactors.

weight of the specimen. The specimen is removed from
the mold and sliced vertically through the center. A
representative 750-g. sample of the material is taken
from the full height of one of the cut faces, weighed
immediately, and placed in an oven to dry at 230 deg.F.
(110 deg.C.) for at least 12 hours or to constant weight
to permit determination of the moisture content.

The remaining soil-cement mixture is then broken
up to pass a 34-in. sieve. All lumps made up of particies
larger than the No. 4 sieve are broken up again to
pass a No. 4 sieve. Sufficient water to increase the
moisture content of the mixture by approximately 2
percentage points is added and thoroughly mixed with
the soil-cement.t The moistened soil-cement mixture
is again compacted in the mold as previously deseribed,
and the procedure is repeated for each increment of
water until the wet weight of the compacted soil-cement
mixture decreases or until the specimen becomes spongy.
“M]‘T)\?ilen a moisture-density test is being performed on fragile
materials that tend to crush or break down under the weight
of the rammer, a separate batch of soil-cement is used for each
trial.

Fig. 3. The quantity of soil-cement to be placed in the mcld for each
of the three equal compacted layers can be easily judged with a
scoop.

Fig. 4. Taking moisture sample from center plane of specimen dur-
ing moisture-density test.




Absorption of material retained on No. 4 sieve, percent

Material Oven-dry

retained material
on No. 4 retained 0.5 1.0 1.5 2.0 2.5 4.0 4.5 5.0

sieve, on No. 4

percent sieve, Ib. Saturated, surface-dry material retained on No. 4 sieve, 1b.

5 0.55 0.55 | 0.56 | 0.56 | 0.56 | 0.56 0.57 | 0.57 | 0.58
6 0.66 0.66 | 0.67 | 0.67 | 0.67 | 0.68 0.69 | 0.69 | 0.69
7 0.77 0.77 | 078 | 078 | 0.79 | 0.79 0.80 | 0.80 | 0.81
8 0.88 0.88 | 0.89 | 0.89 | 0.90 | 0.90 0.92 | 092 | 092
9 0.99 0.99 | 1.00 | 1.00 | 1.01 | 1.0l 1.03 | 1.03 | 1.04
10 1.106 1.11 1.11 1.12 | 112 | 1.13 1.14 | 1.15 | 1.16
11 1.21 1.22 1122 | 1.28 | 1.23 | 1.24 1.26 | 1.26 | 1.27
12 1.32 133 | 1.33 | 1.34 | 1.35 | 1.35 1.37 | 1.38 | 1.39
13 1.43 144 | 1.44 | 145 | 146 | 147 1.49 | 1.49 | 1.50
14 1.54 1,55 | 1.56 | 1.56 | 1.57 | 1.58 1.60 | 1.61 | 1.62
15 1.65 1.66 | 1.67 | 1.67 | 1.68 | 1.69 1.72 1 1.72 | 1.73
16 1.76 L77 1178 | 1.79 | 1.80 | 1.80 1.83 | 1.84 | 1.85
17 1.87 1.88 | 1.89 | 1.90 | 1.91 | 1.92 1.94 | 1.95 | 1.96
18 1.98 1.99 | 2.00 | 2.01 | 2.02 | 2.03 2.06 | 2.07 | 2.08
19 2.09 210 | 211 | 212 | 213 | 2.4 2.17 | 2.18 | 2.19
20 2.20 221 1222 | 223 | 224 | 2.26 2.29 | 2.30 | 2.31
21 2.31 232 | 233 | 234 | 236 | 2.37 240 | 241 | 243
22 2.42 243 | 244 | 246 | 247 | 248 2.52 | 2.53 | 2.54
23 2.53 2,54 | 256 | 2.57 | 2.58 | 2.59 2.63 | 2.64 | 2.66
24 2.64 2.65 | 2.67 | 2.68 | 2.69 | 2.71 2.75 | 2.76 | 2.77
25 2.75 276 | 278 | 2.79 | 2.81 | 2.82 2.86 | 2.87 | 2.89
26 2.86 2.87 | 2.89 | 290 | 292 | 293 297 | 2.99 | 3.00
27 2.97 2.98 | 3.00 | 3.01 | 3.03 | 3.04 3.09 | 310 | 3.12
28 3.08 3.10 | 3.11 | 3.13 | 3.14 | 3.16 3.20 | 3.22 | 3.23
29 3.19 3.21 | 3.22 | 3.24 | 325 | 3.27 3.32 | 3.33 | 3.35
30 3.30 3.32 | 3.33 | 335 | 3.37 | 3.38 343 | 3.45 | 3.47
31 3.41 3.43 | 344 | 346 | 3.48 | 3.50 3.55 | 3.56 | 3.58
32 3.52 3.54 | 3.56 | 3.57 | 3.59 | 3.61 3.66 | 3.68 | 3.70
33 3.63 3.65 | 3.67 | 3.68 | 3.70 | 3.72 3.78 | 3.79 | 3.81
34 3.74 3.76 | 3.78 | 3.80 | 3.81 | 3.83 3.89 1 3.91 | 3.93
35 3.85 3.87 | 3.89 | 391 | 3.93 | 3.95 4.00 | 4.02 | 4.04
36 3.96 3.98 | 4.00 | 4.02 | 4.04 | 4.06 4.12 | 4.14 | 4.16
37 4.07 4.09 | 4.11 | 413 | 4.15 | 4.17 4.23 | 4.25 | 4.27
38 4.18 420 | 422 | 424 | 4.26 | 4.28 . 435 | 4.37 | 4.39
39 4.29 4.31 | 433 | 435 | 438 | 440 | 442 446 | 448 | 4.50
40 4.40 442 | 444 | 447 | 449 | 451 | 4.53 4.58 | 4.60 | 4.62
41 4.51 453 | 4.56 | 4.58 | 4.60 | 4.62 | 4.65 4.69 | 471 | 4.74
42 4.62 4.64 | 467 | 4.69 | 471 | 474 | 476 480 | 4.83 | 4.85
43 4.73 4.75 | 478 | 480 | 4.82 | 4.85 | 4.87 4.92 | 4.94 | 4.97
44 4.84 486 | 4.89 | 491 | 4.94 | 496 | 4.9 503 | 5.06 | 5.08
45 4.95 4.97 | 5.00 | 5.02 | 505 | 5.07 | 5.10 515 | 5.17 | 5.20




Material Oven-dry Hygroscopic moisture content of material passing No. 4 sieve, percent
retained material
on No. 4 passing 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
sieve, No. 4
percent sieve, 1b. Air-dry material passing No. 4 sieve, 1b.
5 10.45 10.50 | 10.55 | 10.61 | 10.66 | 10.71 | 10.76 | 10.82 | 10.87 | 10.92 | 10.97
6 10.34 10.39 | 10.44 | 10.50 | 10.55 | 10.60 | 10.65 | 10.70 | 10.75 | 10.81 | 10.86
7 10.23 10.28 | 10.33 | 10.38 1 10.43 | 10.49 | 10.54 | 10.59 | 10.64 | 10.69 | 10.74
8 10.12 10.17 | 10.22 | 10.27 | 10.32 | 10.37 | 10.42 | 10.47 | 10.52 | 10.58 | 10.63
9 10.01 10.06 | 10.11 | 10.16 | 10.21 | 10.26 | 10.31 | 10.36 | 10.41 | 10.46 | 10.51
10 9.90 9.05 | 10.00 | 10.05 | 10.10 | 10.15 | 10.20 | 10.25 | 10.30 | 10.35 | 10.40
11 9.79 9.84  9.89 | 9.94 | 9.99 | 10.03] 10.08 | 10.13 | 10.18 | 10.23 | 10.28
12 9.68 9.73 0 978 9.83 | 9.87 | 992 997 110.02 10.07 | 10.12 | 10.16
13 9.57 962 9.67 | 971 | 976 | 981 9.86 | 9.90 9.95 |10.00 | 10.05
14 9.46 951 955 960 965 | 970 | 974 979 984 | 983 9.93
15 9.35 040 944 | 949 | 954 9.58| 9.63 | 9.68 972 997 9.82
16 9.24 9.29 | 9.33 ] 938 942 947 952 956 | 9.61 | 966 9.70
17 9.13 9181 9.22 | 927 931 936 940, 945 950 | 954 9.59
18 9.02 9.07 | 911 ] 9161 920 9.25| 9291 934 | 938 | 943 947
19 8.91 8951 9.00] 9.04 ] 9.09] 913 9.18 | 9.22 | 927 931  9.36
20 8.80 8.84 | 889 | 893 | 898 | 9.02| 906 | 9.11 ] 915 | 920 ] 9.24
21 8.69 8.73 ] 878 | 882 | 886 | 891 | 895 899 | 9.04 | 9.08 | 9.12
22 8.58 62| 867 | 871 | 875 879 884 | 888 | 892 897 9.01
23 8.47 8511 855 | 860 | 8.64 | 868 872 | 877 | 881 | 885 8.89
24 8.36 8.40 | 844 | 849 | 853 | 857 | 861 865 | 869 | 874 | 878
25 8.25 829 | 833 | 837 | 842 846 | 850 | 854 | 858 | 862 8.66
26 8.14 818 | 822 | 826 | 830 834 | 838 | 842 | 847 | 851 855
27 8.03 807 | 811 815 | 8.19 | 823 | 827 | 831 | 835 839 843
28 7.92 796 800 804 | 808 812 816 | 820 824 | 828 832
29 7.81 7851 7.89 | 793 | 7.97 801 8.04| 808 812 | 816 8.20
30 7.70 774 798 782 7.85| 7.89 ) 7.93 | 7.97 | 801 | 805 | 8.09
31 7.59 763 7.67 770 774 778 7.82 | 786 7.89 ) 7.93 | 7.97
32 7.48 752 7.55 ) 759 | 7.63 | 767 770 74| 708 7.82 | 7.85
33 7.37 741 744 | 748 | 752 | 755 759 | 763 | 766 | 770 | 7.74
34 7.26 730 733 737 TAl| 744 748 751 755 7.59 | 7.62
35 7.15 709 722 726 729 | 733 7.36 | 740 | 744 747 | 7.51
36 7.04 708 71| 715 78| 722 725 729 732 736 | 7.39
37 6.93 696 | 7.00| 7.03 | 7.07 | 710 714 | 7.A7 | 721 | 724 7.28
38 6.82 6.85| 6.80| 6.92| 696 699 7.02| 7.06| 7.09| 7.13  7.16
39 6.71 6741 678 681 684 688| 691 | 694 | 698 | 7.01 @ 7.05
40 6.60 6.631 6.67| 670 673, 677, 680 6.83| 6.86 | 6.90 | 6.93
41 6.49 6.52 | 6.55 | 6.59 | 6.62 | 6.65| 6.68 | 672 675 678 681
42 6.38 6.41 | 6.44 | 648 | 6.51 | 6.54| 6.57 | 6.60 | 6.64 | 6.67 | 6.70
43 6.27 630 | 6.33 | 636 640 | 643 | 646 | 6.49 | 6.52 | 6.55 | 6.58
44 6.16 6.19 | 6.22 | 625 | 628 | 631 | 634 | 6.38 | 641 | 644 | 6.47
45 6.05 6.08 | 6.11 | 6.14 | 6.17 | 620 623 | 6.26 | 6.29 | 632 | 6.35




Cement 6.0-Ib. batch of soil 11.0-1b. batch
content, passing No. 4 sieve of total soil
percent
by weight|Cement, 1b.|Cement, g.|Cement, 1b.| Cement, g.
3 0.18 82 0.33 150
4 0.24 109 0.44 200
5 0.30 136 0.55 250
6 0.36 163 0.66 300
7 0.42 191 0.77 350
8 0.48 218 0.88 400
9 0.54 245 0.99 449
10 0.60 272 1.10 499
11 0.66 300 1.21 549
12 0.72 327 1.32 599
13 0.78 354 1.43 649
14 0.84 381 1.54 699
15 0.90 409 1.65 749
16 0.96 436 1.76 799

With coarse, sandy soils that contain very few fines,
the compacting action may force a portion of the water
downward and out of the mold. This loss makes it
difficult to obtain a decrease in density. Loss of water
can be prevented by sealing the point of contact between
the bottom of the mold and the base plate with petrole-
um jelly or some similar material. Due to the migration
of water in these coarse soils, it i1s difficult to obtain a
representative moisture sample after compaction. This
may be overcome by taking the moisture sample from
the soil-cement mix before compaction.

As discussed on page 3, considerable information can
be obtained by saving half of the last specimen made
on the wet side of optimum moisture. This tail-end
specimen ig stored in the moist room and inspected
daily to determine the rate of hardening.

The moisture content and oven-dry weight of the
soil-cement mixture as compacted in each trial are
calculated as follows:

A — B
W= X 100, and
=0
w -+ 100 ’
where
w = moisture content of specimen, percent;
A = weight of moisture can and wet soil-cement;
B = weight of moisture can and dry soil-cement;
C = weight of moisture can;
W = dry weight of compacted soil-cement, pounds

per cubice foot;

Wi = wet weight of compacted soil-cement, pounds

per cubic foot.

After caleulating the moisture content and corre-
sponding oven-dry weight (density) of the compacted
soil-cement for each test made on the mixture, the
densities are plotted as ordinates and the corresponding

moisture contents as abscissas. By connecting the
plotted points with a smooth line, a curve is produced
ag in Fig. 1. The moisture content at which maximum
density is obtained is called the “optimum moisture
content’” of the soil-cement mixture. The oven-dry
weight per cubic foot of the mixture at optimum mois-
ture content is called the “maximum density.” This
maximum density and optimum moisture content are
used for design of wet-dry and freeze-thaw test speci-
mens.

Method for Soils with Material Not Refained
on No. 4 Sieve

The moisture-density relations of soil-cement mixtures
for soils that do not contain material retained on the
No. 4 sieve are determined in essentially the same
manner as that just described for soils containing this
material. However, the handling of the coarse material
and caleulations relating thereto are not required.

Six pounds of oven-dry soil is adequate for running
the test with mixtures that do not contain material
retained on the No. 4 sieve. Quantities of cement and
air-dry soil needed can be conveniently obtained from
Tables 6 and 7.

In performing the test, the necessary quantity of
air-dry soil 1s first weighed out. The cement is added
to the pulverized soil and the two are thoroughly mixed
to uniform ecolor. A quantity of water sufficient to
dampen the mixture to approximately 4 to 6 percentage
points below the estimated optimum moisture is then
incorporated. The soil-cement mixture is then
immediately compacted in the mold as deseribed on
page 5, and the procedure repeated until there is a
decrease in the wet weight of the compacted soil-cement
mixture or until the specimen becomes spongy.

A 100-g. moisture sample will suffice.

Caleulations of moisture content and corresponding
oven-dry weight (density) of the compacted soil-cement
for each test made on the mixture and plotting of the

moisture-density curve are the same as those for soils
containing material retained on the No. 4 sieve.

Hygroscopic moisture content, Air-dry soil,
percent 1b.
0.5 6.03
1.0 6.06
1.5 6.09
2.0 6.12
2.5 6.15
3.0 6.18
3.5 6.21
4.0 6.24
4.5 6.27
5.0 6.30




Freeze-Thaw and Wet-Dry Tests

Designing Test Speciméns

After the maximum density and optimum moisture
content of the soil-cement mixture have been deter-
mined, specimens at different cement contents are
molded for the wet-dry and freeze-thaw tests. These
tests will determine the minimum amount of cement
required to harden the soil properly. The test speci-
mens are molded at the optimum moisture content
determined from the moisture-density test with the
same compaction equipment. The density of the test
specimens will therefore be comparable to the maxi-
mum density obtained in the moisture-density test and
to the density that will be obtained during construction.

The cement contents to be investigated in the freeze-
thaw and wet-dry tests will depend on the type of soil
being tested. Tables 2 and 3 on page 3 can be used as
a guide. Also, as discussed on page 3, the condition of
the moisture-density tail-end specimen can be used to
ald in selecting cement contents for testing. Three
cement contents, in an ascending order of 2 percentage
points difference,* are usually selected.

Two specimens may be molded at each cement con-
tent, one for testing in the freeze-thaw test and one for
the wet-dry test. However, experience has shown that
the freeze-thaw test is generally the critical test except
for soil-cement mixtures that contain relatively large
amounts of clay. Therefore, time and work can be saved
by molding only one wet-dry test specimen—generally
at the median cement content.

CALCULATIONS FOR SoI1Ls WITH MATERIAL
Rerainep oN No. 4 SiEVE

Assume that the moisture-density relations obtained
for the A-1-a(0) or SP soil at 5 percent cement by weight
are 129.5 1b. per cubic foot maximum density at 9.2 per-
cent optimum moisture. The soil contains 30 percent
material retained on the No. 4 sieve, and this material
has an absorption of 2 percent. The hygroscopic moisture
content of the soil passing the No. 4 sieve is 1 percent.

From Table 2, the median cement content for freeze-
thaw and wet-dry test specimens is 5 percent. Speci-
mens will be molded at 3, 4, 5, and 7 percent cement
by weight.

The amount of soil required for one specimen is first
calculated. In making these computations, the quantity
of soil that is required for molding a specimen having
the median cement content is first computed; this quan-
tity of soil is then used for molding all specimens. Of
course the cement quantities and water quantities vary
for specimens that contain different percentages of
cement. In this example the median cement content is
5 percent, and the following calculations will be those
required to mold a test specimen at that cement content.

*If the median cement is 5 percent or less, it is good practice
to use 1 percentage point increments in the low cement content
range.

The maximum density of the soil-cement mixture
being illustrated is 129.5 1b. per cubic foot, and a cubic
M 29.5 ) & [ M L2 Bl Al

foot contains o5 OF 123.33 1b. of soil. The amount of
oven-dry soil needed for one specimen (1/30 cu.ft.) is

123.33

, or 4.11 Ib. This amount is increased by 1/10

(0.411b.) to proyide soil for manipulation and by 1.65 1b.
(750 g.) for a moisture sample. (Increasing soil quan-
tities by 1/10 gives sufficient soil to provide a specimen
5 in. in height before the collar of the mold is removed.
The excess soil-cement is then trimmed from the top
to give a specimen the exact height of the mold.) Thus
the total soil required per specimen is equal to 4.11
+ 0.41 + 1.65, or 6.17 1b.

Since the soil in this illustration contains 30 percent
material retained on the No. 4 sieve, 6.17 X 0.30, or
1.85 1b., of this oven-dry material is required for one
specimen. It 1s added in a saturated, surface-dry condi-
tion; therefore, 1.85 X 1.020, or 1.89 1b., of saturated,
surface-dry material is weighed out. (The material re-
tained on the No. 4 sieve has an absorption factor of
2 percent.)

The amount of oven-dry soil passing the No. 4 sieve
required for one specimen is 6.17 — 1.85, or 4.32 1b.
The hygroscopic moisture content of this soil is 1 per-
cent. Thus 4.32 X 1.010, or 4.36 1b., of air-dry soil
is weighed out. '

These quantities of material retained on and passing
the No. 4 sieve will be used for molding each specimen.

The quantity of cement required for molding a speci-
men that contains 5 percent cement by weight is 6.17
X 0.05, or 0.309 Ib., which is 0.309 X 454, or 140 ¢,

The water required to bring the soil-cement mixture
to its optimum moisture content equals the weight of
total oven-dry soil plus the weight of cement multiplied
by the optimum moisture content: (6.17 + 0.309)
X 0.092 X 454 = 271 g., or 271 cc (1 g. of water is
equal to 1 ec); minus the amount of water already in
the voids of the saturated, surface-dry material retained
on the No. 4 sieve: 1.85 X 0.02 X 454, or 17 ¢c; minus
the hygroscopic moisture in the soil passing the No. 4
sieve: 4.32 X 0.01 X 454, or 20 cc; plus an extra amount,
for evaporation loss during mixing, which is assumed
in this case as 1 percent of the weight of soil passing
the No. 4 sieve plus cement: (4.32 + 0.309) X 0.01
X 454, or 21 ¢e. The total quantity of water to add for
accurate control equals 271 — 17 — 20 + 21, or 255 ce
net water.

The above caleulations are tabulated on Form Sheet
No. 6, Fig. 5.

CALCULATIONS FOR SoILS WITH MATERIAL
Nor Rerainep oN No. 4 SievE

The calculations of batch quantities for soils that
do not contain material retained on the No. 4 sieve
are essentially the same as those just deseribed for soils
containing this material. However, calculations relating
to the coarse material are not required.




Soil-Cement Laboratory, Form Sheet No. 6

DESIGN AND MOLDING WET-DRY AND FREEZE-THAW TEST SPECIMENS

DATA ON SOIL NO, / QUANTITIES FOR MOLDING SPECIMENS

129.5+ - (i
Maximum Density/2 9.5 1b. pet cu. ft. Total Oven-dry Soil &. / 7.ib. 706" go;‘g"w
Optimum Moisture 9 = % Material Retained on No. 4 Sieve +/'65
Oven-dry /, & & Ib. 6.17
Material Retained on No. 4 Sieve Saturated, Surface Dry / 8 ? b, *
30 % Absorption 2,0 %
Material Passing No. 4 Sieve
Material Passing No. 4 Sieve Oven-dry 4.3 2 Ib.
Hygroscopic Moisture /. O % Air-dry %_ 3 E b, *
Cement Content Total Mat'l, Water for batch
by wt.|Batch|Batch|Oven-dry| pass. |Theo.| Abs. Hygro. moist.,| Evaporation| Net
Ty Ib. |grams| soil + |[No. 4 +| cc. mat'l, mat'l. pass. % cc. |cc.
% cement, |cement, ret. on No. 4, cc. %
Ib. 1b. No.4,cc.
3.0 1485 84| 6£.36 4.5/ 266 /7 20 / 120.[249
4.0 1.247 /(2| 6§42 (4.57]126 L7 2 0 ] e[ 182
5-01.30%1/40| 6.4814.63|27/| 17 20 [ |2/ |259]
7.0 1432|/96| 6.60|4.751276| 17 20 I |22z61
*To be weighed out for molding specimens
DATA FROM MOLDED SPECIMENS
Tare 8 50 Operator Date
Cement | Wet wt. Wet wt, Moisture Determination
content spec. spec. Can | Wet Dry | Wt. | Mois- | Dry | Mois- | Density
% by wt. plus 1b. No soil soil | can | ture wt. | ture Ib. per
mold, lb. +can| + can | gr.| loss | soil % cu, ft.
gr. gr. gr. gr.
F-3.0|13.17|4.67 7.0 /1285
F-4.01/3./814.68 701288
wW-5.01/3.1714.69 9.1 |129.0
F-5.0//3.18|4.69 9.0 1/2%.8
F-701/3./1714.69 ©.91/1292
Fig. 5. Calculations for wet-dry and freeze-thaw test specimens for soils containing material retained on the No. 4 sieve. Soil No. 1.
i0




Soil-Cement Laboratory. Form Sheet No. 6

DESIGN AND MOLDING WET-DRY AND FREEZE-THAW TEST SPECIMENS

DATA ON SOIL NO, 2.

Maximum Density/ 2 /« J 1b. per cu.{t.

Optimum Moisture / a. 5%

QUANTITIES FOR MOLDING SPECIMENS
/219:30-3.77

Total Oven-dry Soil 4.3 7

b./¢05 + 0‘38
Material Retained on No. 4 Sieve +0.22

Oven-dry — 1b. 4.37
Material Retained on No. 4 Sieve Saturated, Surface Dry — b, ™
—_ % Absorption — %
Material Passing No. 4 Sieve
Material Passing No. 4 Sieve Oven-dry 4.3 Ib.
Hygroscopic Moisture /[, 3 % Air-dry .4 31b.*
Cement Content Total Mat'l, Water for batch
by wt.|BatchjBatch;Oven-dry| pass. |Theo.| Abs, Hygro. moist.,| Evaporation{ Net
% Ib. |grams| soil + |[No. 4 +| cc. mat'l. mat'l. pass. %o cc. |cc.
b cement, {cement, ret. on No. 4, cc. *
1b. 1b. No.4,cc.
5.01.2190 99 4.59219] - 26 [ |21 |214H
7.01.306|/37 4.63223| — 26 [ |21 |pIg
9.01393|/78 4.761227| — 26 | |22 pe3
*To be weighed out for molding specimens
DATA FROM MOLDED SPECIMENS
Tare G, 50 Operator Date
Cement | Wet wt. Wet wt. Moisture Determination
content spec. spec. Can | Wet Dry | Wt. | Mois~- | Dry | Mois~- | Density
% by wt. plus 1b. No. | soil soil | can |ture wt. | ture Ib. per
mold, lb, + can| + can | gr.| loss soil % cu, ft.
gr. gr. gr. gr.
F-5.0/2.93|4.43 (0.81/19.9
W-7.0[/12.9514.45 [0.71/20.6
F-7.0/2.94 |4 .44 /0.8120.2
F-9.0112.95 |4.45 10.6|/120.7

Fig. 6. Calculations for wet-dry and freeze-thaw test specimens for soils not containing material retained on the Mo. 4 sieve. Soil No. 2.




To illustrate the caleulations, assume that a soil-
cement mixture has a maximum density of 121.0 1b. per
cubic foot and an optimum moisture content of 10.5
percent. The hygroscopic moisture content of the soil
is 1.3 percent. Test specimens will be molded at 5, 7,
and 9 percent by weight. The following calculations are
those required for a 7 percent test specimen, the median
cement content.

The maximum density of the soil-cement mixture
being illustrated is 121.0 Ib. per cubic foot, and a cubic

foot contains 1o oF 113.08 Ib. of soil. The amount of

oven-dry soil needed for one specimen (1/30 cu.ft.) is

113.08 . .
30 or 3.77 lb. This amount is increased by 1/10

(0.38 1b.) to provide soil for manipulation and by 0.22
Ib. (100 g.) for a moisture sample. Thus the oven-dry
soil required for one specimen is equal to 3.77 + 0.38
+ 0.22, or 4.37 Ib. The hygroscopic moisture content
of the soil is 1.3 percent. Thus the air-dry soil required
is 4.37 X 1.013, or 4.43 lb. This quantity of soil is
used for molding specimens of all cement contents.

The quantity of cement required for molding a speci-
men containing 7 percent cement by weight is 4.37
X 0.07, or 0.306 1b., which is 0.306 X 454, or 139 g.

The water required to bring the soil-cement mixture
to its optimum moisture content equals the oven-dry
weight of soil plus the weight of cement multiplied by
the optimum moisture content: (4.37 4+ 0.306) X 0.105
X 454, or 223 cc; minus the hygroscopic moisture in
the soil: 4.37 X 0.013 X 454, or 26 cc; plus an extra
amount for evaporation loss (1 percent assumed in this
example): (4.37 4+ 0.306) X 0.010 X 454, or 21 ce.
The total quantity of water to add for accurate control
equals 223 — 26 4+ 21, or 218 cc net water.

The above calculations are tabulated on Form Sheet
No. 6, Fig. 6.

Molding Test Specimens

MEeTHOD FOR SOILS WITH MATERIAL RETAINED
oN No. 4 SIgvE

The designed quantities of air-dry soil passing the
No. 4 sieve (4.36 Ib. in this example) and cement (140 g.
for a 5 percent specimen) are weighed out and mixed
together. The designed quantity of water (255 cc) is
added, and mixing is continued until the mixture is of
uniform color.

The designed quantity of saturated, surface-dry ma-
terial retained on the No. 4 sieve (1.891b.) is then added
and uniformly mixed with the soil-cement-water mix-
ture. (The material retained on the No. 4 sieve is pre-
pared by being soaked in water overnight and then
surface-dried immediately before being added.)

The soil-cement mixture is then compacted with the
same compaction equipment used to make the moisture-
density test and in the same manner, except that as
the soil-cement mixture for each layer is placed in the
mold, a knife blade is used to spade along the inside
of the mold before compaction to obtain uniform dis-

tribution of the material retained on the No. 4 sieve.
Also, the top surfaces of the first and second compacted
layers are scarified to remove smooth compaction planes.
Particular attention must be given to this scarifyinyg
operation to ensure adequate bond between layers. At
the time the second layer of the specimen is being
placed, a 750-g. representative sample for moisture
determination is taken from the batch.

After the third layer has been compacted, the collar
of the mold is removed and the surface of the specimen
is leveled with a straightedge. All particles that extend
above the top level of the mold are removed. This may
cause some irregularities in the surface of the speci-
men, which should be corrected by hand-tamping fine
material into these irregularities and leveling the speci-
men again with a straightedge.

The weight of the molded specimen is obtained and
used in conjunction with the moisture determination
to compute the dry weight (density) of the molded
specimen. It is then carefully removed from the mold.
Laboratory equipment for this purpose is shown in Fig. 9.

After the specimens are molded they are placed in
an atmosphere of nearly 100 percent humidity to per-
mit cement hydration for 7 days before wet-dry and
freeze-thaw tests are started. If the soil is very sandy
and the specimens are fragile at the time of molding,
they may need to be placed on specimen carriers for
safe handling.

MzeTHOD FOR SOILS WITH MATERIAL NoT RETAINED -
oN No. 4 SIEVE

The procedure for molding freeze-thaw and wet-dry
test specimens with soils that do not contain material
retained on the No. 4 sieve is essentially the same as
that just described for soils that contain this material,
except that handling of the coarse material is not re-
quired, and it is not necessary to spade along the inside
of the mold. It is very important, however, that the top
surfaces of the first and second compacted layers be
scarified to remove smooth compaction planes.

A 100-g. moisture sample is taken at the time the
second layer is being placed. The weight of the molded
specimen is obtained and the specimen is placed in an
atmosphere of high humidity for 7 days, as previously
deseribed.

Checking Molded Specimens

As specimens are molded, data are entered on Form
Sheet No. 6, as illustrated in Figs. 5 and 6. A portion
of the sheet is provided for check calculations of the
molded specimens.

As an illustration, assume that the 5 percent cement
specimen previously designed for the soil containing
material retained on the No. 4 sieve has been molded
and the following data have been obtained:

Wet weight of specimen = 4.68 Ib.
Moisture content of specimen = 9 percent

The cement content of the specimen is 5 percent by
weight as designed and the moisture content is 9 per-
cent as determined from the moisture sample. The dry




£

Fig. 7. Spading along inside of mold with knife blade to obtain
uniform distribution of material retained on the No. 4 sieve.

) . ) . 4.68 X 30
density of the specimen is — Tooo 0 Or 128.8 1h. per
cubic foot. The theoretical values were 129.5 Ib. per
cubic foot oven-dry density and 9.2 percent moisture.

TOLERANCES

The objective when molding soil-cement test speci-
mens I8 to obtain specimens with the designed theo-
retical moisture content and density. However, for prac-
tical considerations some variation must be permitted.

For routine testing, the following tolerances are used
to determine whether the test specimens are satisfac-
torily molded or whether they should be remolded:

Moisture content: plus or minus 1 percentage point.
Density: plus or minus 3 1b. per cubic foot.

Conducting Freeze-Thaw Test
(ASTM D560 or AASHTO T136)

At the end of the 7-day storage period in an atmos-
phere of high humidity, water-saturated felt pads about
Y6 in. thick, blotters, or similar ahsorptive material are
placed between the specimens and specimen carriers,
and the assembly is placed in a refrigerator with a
constant temperature not warmer than —10 deg.I'.
(—23 deg.C.) for 24 hours and then removed.

Fig. 8. Scarifying top of first and second compacted layers toremove
smooth compaction planes.

Fig. 9. Apparatus forremoving soil~-cement specimens from the mold.

Fig. 10. First portion of freeze-
thaw test cycle consists of 24
hours' freezing at a tempera-
ture not warmer than —10
deg.F.
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FREEZING-THAWING TEST OF COMPACTED SOIL-CEMENT MIXTURES

Soil No. __/ Date Molded

Cement content, % by wt. 3.0 4.0 520|170

Initial moisture content, % 9. O 9.0 5 ol 2.9

Initial celculeted oven-dry wt.,lb.| 4 > o 2.29 la.29\a.3/

finel ovemdry w-o70 0.00 | 3,0% |3594./2
Final corrected oven-dry wt.,lb.®* 0.00 3.04 |13.56]4.08
Soil-cement loss, % /00 29 /7 6

#After 12 cycles of testing and after drying to constant wt. at 110° C.
#tAfter correcting for water of hydration, ( %)

SCHEDULE FOR SPECIMENS DURING TEST

Remove | Cycles Place Remove
from com- in from
Date moist pleted | refrig- Date refrig. Remarks
roon & erator, & place
brush -10°F, in moist
room
start
of
4//3 test | 0An| 4/14| (OANM
4/¢5 | FAM| 1 [OAM| 4/16| JoAM
' ’ Acid Tn reFrig,
4/17 FaM| 2 JOAM| 419 10AM| o Sundax
4/z20] - ’ — | 4/21 — )
4/22 v 4 | 4/23 o
held in rFeFrs
4/2 4 v > o 4/2¢6 v on Sunda,y
4/27| ~ 6 - 14/28 v
4/279 v 7 — 14/30 .
held in FeFriy.
‘g// “ 8 el \5/3 o 0 Sundﬁy
<5}/4* v ¢ o ;;/(5‘ g
$/6 10 —~ |s/7 o
held in reFrig.
5/8 - 11 - 5//0 “ 017 SundaJv
S/ - 12

Fig. 11. Data for calculating soil-cement losses and schedule for handling freeze-thaw specimens during test.




Next, the assembly is placed to thaw in the moist
room or in suitable covered containers at a temperature
of 70-deg.F. (21 deg.C.) and a relative humidity of
100 percent for 23 hours and then removed. Free water
is made available to the absorbent pads to permit the
specimens to absorb water by capillary action during
the thawing period.

The specimens are then given two firm strokes on all
areas with a wire scratch brush® to remove all material
loosened during the freeze-thaw cycles. These strokes,
corresponding to approximately 3-1b. force,** are
applied to the full height and width of the specimen.
Approximately 18 to 20 vertical brush strokes are re-
quired to cover the sides of the specimen twice and
four strokes are required on each end.

After being brushed at the end of each thawing
period, the specimens are turned over end for end be-
fore they are replaced on the water-saturated pads.

Some specimens made of fine sands or silty and clayey
soils may scale on sides and ends, particularly after
about the sixth cycle of test. This scale should be re-
moved with a sharp-pointed instrument such as an ice
pick, since the regular brushing may not be effective.

The procedure described in the preceding paragraphs
constitutes one cycle (48 hours) of freezing and thawing,
The specimens are then replaced in the refrigerator and
the freezing-thawing continued for 12 cycles.

If 1t is not possible to run the cycles continuously—
for example, because of weekends or holidays—the
specimens should be held in the freezing cabinet during
the layover period.

After 12 cycles of test the specimens are dried to
constant weight at 230 deg.I”. (110 deg.C.) and weighed
to determine their oven-dry weights.

Conducting Wet-Dry Test
(ASTM D559 or AASHTO T135)

At the end of the 7-day storage period in an atmos-
phere of high humidity, the specimens are submerged
in tap water at room temperature for a period of 5
hours and then removed. The specimens are next placed
in an oven at 160 deg.F. (71 deg.C.) for 42 hours and
removed.

The specimens are then brushed in the same manner
as just deseribed for the freeze-thaw test.

The procedure described in the preceding paragraphs
constitutes one cycle (48 hours) of wetting and drying.
The specimens are then again submerged in water and
the wetting-drying continued for 12 cycles.

If it is not possible to run the cyeles continuously-—
for example, because of weekends or holidays— the

*Wire brushes for use in the freeze-thaw and wet-dry tests
consist of 2xlg-in. flat No. 26 gage wire bristles assembled in
50 groups of 10 bristles each and mounted to form 5 longitudinal
rows and 10 transverse rows of bristle groups on a 714x2M4-in.
hardwood block (see Fig. 13).

**This force is measured as follows: Clamp a specimen in a
vertical position on the edge of a platform scale and set the scale
at zero. Apply vertical brushing strokes to the specimen and
note the force necessary to register approximately 3 lb.

Fig. 12. During the thawing portion of the freeze-thaw test the spec-
imens are in contact with saturated absorbent pads that supply
water for the specimens to absorb by capillary action.

Fig. 13. Soil-cement specimens are given two firm strokes on all
areas with a wire scratch brush after each cycle of freezing and
thawing or wetting and drying.

Fig. 14. Wet-dry test specimens are immersed in water for 5 hours
of each cycle.

Fig. 15. Forty-two hours’ drying at 160 deg.F. completes one cycle
of wet-dry test.
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WETTING-DRYING TEST OF COMPACTED SOIL~CEMENT MIXTURES

Soil No.___[________ Date Molded
Cement content, % by wt. 5.0

Initial moisture content, % L./

Initial calculated oven-dry wt.,lb. 4-. 30

Final oven-dry wt.,lb.%* 4 .02

Final corrected oven-dry wt.,lb.** 3.97
Soll-cement loss, % 2;

#After 12 cycles of testing and after drying to constant wt. at 110° C.

#hfter correcting for water of hydration. ( %)
SCHEDULE FOR SPECIMENS DURING TEST
Remove | Cycles Place Place
from com- to in
Date | oven & | pleted soak oven Remarks
brush 160°F.
start
of
4/i3 test | /OAM| 3 Pr7
4/75 1 TAM| L | (OAM| 3 P/
4/17 | TAM| 2 |/0AM] 3 P
4}/’/? - 3 v L
4/2/ v 4 v v
feid oVvEeFr 1A oven
4/26| - 6 v v on Svnday
P4
/29| o | 7 . P
4%/:363 v 8 1% v ‘
Reld OVver /n oven
5737 - o “ < on Svnday
S/§| v | W — “ /
5/7 il 11 [ v
held over in oven
s/ro0] ~ 12 07 Svunday

Fig. 16. Data for calculating soil-cement losses and typical schedule for handling wet-dry specimens during test.




specimens should be held in the oven during the layover
period. . ,

After 12 cyeles of tests the specimens are dried to
constant weight at 230 deg. F. (110 deg.C.) and weighed
to determine their oven-dry weights.

Calculating Soil-Cement Loss of Specimens

The weight of soil-cement specimens dried out at
230 deg. ¥, (110 deg.C.) includes some water used for
cement hydration that cannot be driven off at this
temperature, and the oven-dry weight of the specimen
must be corrected for this retained water. The percent
water of hydration is approximately equal to 14 of the
percent cement in the specimen. I'or example, a speci-
men containing 8 percent cement by weight would re-
tain about 8/4 or 2 percent water. The oven-dry weight
of the specimen Is corrected for this water of hydration.
Jorrected oven-dry weight equals

oven-dry weight after
drving at 230 deg.F.
(at 110 deg.C.)
percent water of
<hy(lmtion 1'(3tz,n,irm<l> + 100
in specimen

X 100.

The soil-cement loss of the specimen is then caleu-
lated as a percentage of the original oven-dry weight.
Soil-cement loss, percent, equals

original ecalculated) [ final corrected
.Vg)verll—('h'y weight W()ven-(:h'_xi‘weight’, % 100.
original ealculated oven-dry weight

To illustrate the calculation of soil-cement losses,
assume that the oven-dry weight of the wet-dry test
specimen molded with the A-1-a (0) soil previously illus-
trated is 4.02 lb. after 12 eycles of testing and after
drying to constant weight at 230 deg.I'.

The original caleulated oven-dry weight of the speci-
men was 4.30 1b. The percent of water of hydration for
this 5 percent cement specimen is 5/4 or 1.2 percent.
The final oven-dry weight corrected for the retained

¢

water is - X 100, or 3.97 Ib. The soil-cement loss

101.2
i 4.30 — 3.97 - ) )
is then ————-—— X 100, or 7.7 percent. Since soil-

cement losses are usually reported to the nearest whole
number, the 7.7 percent would be considered 8 percent.
The above calculations and a typical schedule for han-
dling the freeze-thaw and wet-dry test specimens during
testing are given in Figs. 11 and 16.

Inspecting Specimens During Test

Visual inspections of test specimens are generally
made every three cycles of test by subjecting them to
“picking” and “clicking” as discussed on page 3. This

will furnish information on the condition of the speci-
mens as testing progresses and will permit a check on
the estimated cement requirement. It also will deter-
mine whether an adequate number of cement contents
are being investigated. For instance, if test specimens
are molded at 8, 10, and 12 percent cement by weight,
and if after six cycles of test the 8 percent cement speci-
mens are very hard and have low soil-cement losses,
it is advisable to mold specimens containing ¢ percent
cement by weight in order to determine the most eco-
nomical cement content that will adequately harden
the soil. The other extreme will occur when the 12 per-
cent cement specimens are inadequately hardened. It
is then necessary to mold test specimens containing
{4 and 16 percent cement by weight to determine a
satisfactory cement content.

COMPRESSIVE-STRENGTH TESTS

Compressive-strength tests are generally made as
supplementary to the freeze-thaw and wet-dry tests.
Compressive-strength test specimens are commonly
broken in compression at ages of 2, 7, and 28 days.
They are stored at room temperature in an atmosphere
of approximately 100 percent humidity until the day
of testing and are then broken in compression after
being sonked in water for 4 hours. A rate of applica-
tion of load of approximately 20 psi per second should
be used. :

The specimens are molded at cement contents cover-
ing the range of cement factors being investigated in
the freeze-thaw and wet-dry tests. Specimens of 4-in.
and 2-in. diameter are most commonly used. Other
size specimens, such as those 2.8 in. in diameter and
5.6 in. high,* may also be practical. Since compressive-
strength test data are not used for design purposes
but only to determine the rate of hardening and whether
the soil is reacting normally, the size of the specimens
is not too important.

Four-inch-Diameter Specimens

The 4-in.-diameter, 4.6-in.-high specimens are gener-
ally molded with the same compaction equipment used
to make the moisture~density test and to mold wet-dry
and freeze-thaw test specimens. They are molded at the
optimum moisture content, determined from the mois-
ture-density test, and contain the percent of material
retained ‘on the No. 4 sieve that occurs in the soil
sample. The calculations required and the procedure
for molding are the same as those described for wet-dry
and freeze-thaw test specimens. These specimens are
capped and soaked in water for 4 hours before they
are broken.

Test Specimens in the Laboratory, ASTM D1632, and Compres-
sive Strength of Molded Soil-Cement Cylinders, ASTM D1633.




Two-Inch-Diameter Specimens

Specimens 2 in. in diameter and 2 in. in height can be
molded in the machine shown in Fig. 17 when the soil
does not contain material retained on the No. 4 sieve.
These specimens are soaked in water for 1 hour before
they are tested. A designed quantity of soil-cement at
optimum moisture is weighed out and compacted to a
height of exactly 2 in. Force of compaction is applied
by the double-piston method in which force is applied
to the top piston but both top and bottom pistons are
left free to move during compaction. The quantity of
soil-cement weighed out and placed in the machine
is such that the specimens have the designed density.

These 2-in.-diameter, 2-in.-high specimens can also
be molded in a hydraulic testing machine, using molds
similar to those shown in Fig. 17. Hydraulic testing
machines will shut off automatically when a certain
distance is reached between the head and the compres-
ston block. This automatic shutoff can be used to con-
trol the 2-in. height of the specimen merely by making
the base-plate thickness of the mold 2 in. less than the
space between the head and the compression block of

the machine at the time of shutoff

Analysis of Data

The influence of cement in producing compressive
strength in compacted soil-cement mixtures can be
analyzed from two viewpoints. The cement influence
will be evidenced by increases in strength with increases
m age and by increases in strength with increases in
cement content. The 7-day compressive strengths of
saturated specimens at the minimum cement content
that produces adequately hardened soil-cement will
generally be between 300 and 800 psi.

Fig. 17. Molding 2-in. compressive-strength test specimens.
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Compressive-strength tests are also used to check
soils previously tested. When the field data indicate
that a soil has the same texture and is from the same
U.S. Department of Agriculture soil series and horizon
as a previously tested soil, compressive strengths should
be about the same.

ESTABLISHMENT OF CEMENT
FACTORS FOR CONSTRUCTION

The principal requirement of a hardened soil-cement
mixture is that 1t withstand exposure to the elements.
Thus the primary basis of design of soil-cement mixtures
is the cement content required to produce a mixture
that will withstand the stresses induced by the wet-dry
and freeze-thaw tests. The service record of projects
in use proves the reliability both of the results based
upon these tests and of the criteria given below.

The following criteria for soil-cement pavement base
construction are based on considerable laboratory test
data, on the performance of many pavement base proj-
ects in service, and on the information obtained from
the outdoor exposure of several thousand specimens.
The use of these criteria will provide the minimum
cement content required to produce hard, durable soil-
cement suitable for pavement base course construction
of the highest quality.

1. Soil-cement losses during 12 cycles of either the
wet-dry test or freeze-thaw test shall conform to
the following limits:

Soil Groups A-1, A-2-4, A-2-5, and A-3, not over
14 percent;

Soil Groups A-2-6, A-2-7, A-4, and A-5, not over
10 percent;

Soil Groups A-6 and A-7, not over 7 percent.

2. Compressive strengths should increase both with
age and with increases in cement content in the
ranges of cement content producing results that
meet, requirement 1.

The cement content determined as adequate for pave-
ment, using the above criteria, will be adequate for soil-
cement slope protection that is 5 ft. or more below the
minemum pool clevation. For soil-cement that is higher
than that elevation the cement content should be tncreased
2 percentage points. 1f it is necessary to use a soil con-
taining more than 50 percent fines, the cement con-
tent increase required for erosion resistance is 4 per-
centage points.

The magnitude of the soil-cement losses is applicable
only when two or more cement contents have been
investigated. This makes it possible to determine the
decrease in loss caused by an increase in cement content.
For instance, assume that wet-dry and freeze-thaw test
specimens were molded with an A-2-4(0) soil at cement
contents of 5, 7, and 9 percent and that the soil-cement
losses for these specimens were 70, 14, and 5 percent,
respectively. In this case, 8 percent cement would be
recommended for a pavement base (10 percent for slope
protection) because of the critical reaction of less than
7 percent cement contents with this particular soil. On




the other hand, if the losses for these specimens were
19, 13, and 6 percent, and if the compressive strengths
were satisfactorily increasing with cement content and
with age, it would be satisfactory to recommend 7 per-
cent cement for a pavement base (9 percent for slope
protection) because the cement reaction with the soil
is not critical in that particular range.

It is the practice in most laboratories to inspect indi-
vidual specimens for hardness during the wet-dry and
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freeze-thaw tests and also at the completion of tests.
The specimens are rapped together or picked with an
ice pick to determine if they are thoroughly hardened.
Recommendations are then made both on the basis of
soil-cement-loss data and visual inspection. Good soil-
cement specimens are hard and stable even when wet.

If it is desired to convert the recommended cement
content by weight to the equivalent cement content
by volume, this conversion can be made by using Iig.
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Fig. 18. Relation of cement content by weight of oven-dry soil to cement content by volume of com-

pacted soil~-cement mixture.
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Date tests completed

SUMMARY OF TESTS ON SOIL-CEMENT MIXTURES

PORTLAND CEMENT ASSOCIATION

PCA Soil No. 2

State Project
County Field Project No.
Sampling location
DATA FROM WET-DRY AND
GRADATION FREEZE-THAW SPECIMENS
Soil Total Total soil
) mortar sample Cement c;nem lo;s, %
Per cent passing COMPRESSIVE STRENGTH, pei® content Wer. r—
2-i‘n. sieve /09 Cement Age when tested, days % by wt. Dry Thaw
%-in. sieve roo content, twenty- 5‘ (0] —_—
No. 4 sieve (4.76 mm.) ) _7.%% % by wt. two seven eight s 3 %
No. 10 sieve (2.00 mm.) 00 7.0
No. 18 sieve (1.00 mm.) %—_&- 5‘0 /6‘5- 2‘28 285 (7 7 /3
No. 35 sieve (0.50 mm.) _/7 y 7.0 232 425 5673 . O = 5-
No. 40 sieve (0.4 mm.)
No. 60 sieve (025 mm.) % q‘o 395 688 8 77
No. 140 sieve (0.105mm.) MATERIAL RETAINED
No. 200 sieve (0.074mm.) 14 14 ON NO. 4 SIEVE
*Specimens saturated in water Absorption. % :
Per cent smaller than before testing Mrp -
0.05 mm. /3 / °p. gvhy
0.005mm. I/ _L_.._
MM ATIONS
0.002mm. —5 O Recommended cement content }(Eg)- 5 EPSD % by volume (_g_‘_.?_% by weight)
U.S. DEPT. OF AGRICULTURE which is Z-4Q “;' per &q. Z:' ot inch
of compact ckness.
SOIL IFICATION Laboratory optimum moisture content®® [ Oa 5 %
Soil series
Soil horizon Weold Laboratory maximum density®*® / E /s O Ib. per cu. fi.

Textural class_ LO A /MY Sgnd
Color of moist soil S 7 OV [

PHYSICAL TEST AASHTO
CONSTANTS SOIL

LL_/N P _ CLASSIFICATION

PL_NP A-2-4(©

Unified Class: SM

Fig. 20. Summary of soil and soil-cement tests, Soil No. 2.

Tests made on total sample using 3 in. maximum size material.

#*Moisture-density test made during construction govern field control.

Remarke(DTHis T €COM Mmendation For Slope oroleclion
tclvdes a g percenfage poin7 /ncreasé over a7
regui e 7 e Jue 7o exposur
coENno/7rorns,




18 or the following formula:
D
\ D — —
Percent cement by volume = mgz— X 100,
where

D = oven-dry density of soil-cement, pounds per

cubice foot;

¢ = 100 + percent cement by weight of oven-dry

so0il, the quantity divided by 100.

The final test data report (Figs. 19 and 20) should
include the following:

—Recommended cement content for slope
protection

— Laboratory maximum density and optimum
moisture content

—Soil-cement losses from the freeze-thaw and
wet-dry tests

—Compressive strength data

—CGradation analysis of the soil

—Color of the soil

—Physical test constants (liquid limit and
plasticity index)

—AASHTO and Unified (ASTM) soil classification

—TUSDA soil series and horizon

The laboratory moisture-density test data are not,
of course, directly applicable to field control. Moisture-
density tests on representative samples taken during
construction toward the end of the damp-mixing opera-
tions show the optimum moisture content of the mix-
ture and the density to which the mix should be com-
pacted. This procedure covers small variations in soil
type and variations in optimum moisture and maximum
density that result from more prolonged construction
operations. However, the laboratory moisture-density
test data for the soil-cement mixtures oceurring on a
project are sufficiently close to the field moisture-den-
sity data that they can be used for estimating equip-
ment needs and for setting up bid items in the contract
proposal.

The information on gradation, physical test constants,
color, soil series, and horizon will aid the construction
engineer and inspector in comparing the soils to be
processed with the samples tested. This will assure the
use of the proper amount of cement.

The gradation and physical test constants will also
be helpful to the contractor in determining the ease of
pulverization and mixing in the field and in choosing the
type and weight of compaction equipment.

SHORT-CUT TEST FOR SANDY SOILS

The following short-cut test for sandy soils was de-
veloped as a result of a correlation made by the Portland
Cement Association of the data obtained from ASTM-
AASHTO tests of 2,438 sandy soils.® The procedures
do not involve new tests or additional equipment. In-
stead, some tests can be eliminated by the use of charts.
The only tests required are a grain-size analysis, a mois-

*See footnote giving two references on page 2.
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ture-density test, and compressive-strength tests. Rela-
tively small samples are needed. All tests can be com-
pleted in about a week.

The procedures can be used only with soils containing
Jess than 50 percent material smaller than 0.05 mm.
(silt and elay), less than 20 percent material smaller
than 0.005 mm. (clay), and less than 45 percent material
retained on the No. 4 sieve—the gradation limits for
the soils that were included in the correlation used to
develop the original charts. Dark grey to black soils
with appreciable amounts of organic impurities were
not included in the correlation and therefore cannot be
tested by these procedures. This also is true of mis-
cellaneous granular materials such as cinders, caliche,
chat, chert, marl, red dog, scoria, shale, slag, ete. More-
over, the short-cut procedures cannot be used with
granular soils containing material retained on the No. 4
sieve if that material has a bulk specific gravity less
than 2.45.

The short-cut test procedures determine a cement
requirement for pavement base construction. This ce-
ment factor may not always be the minimum cement
factor that can be used with a particular sandy soil;
however, it almost always is a safe cement factor, gener-
ally close to that indicated by standard ASTM-AASHTO
freeze-thaw and wet-dry tests. Ilor soil-cement slope pro-
tection the cement requirements obtained by the short-cut
test procedures are increased as indicated on page 18.

"The short-cut procedures are bemng widely applied by
engineers and builders and may largely replace the
standard tests when experience in their use is gained.
The charts and procedures may be modified to conform
to local climatic and soil conditions if necessary.

Step-by-Step Procedures

Short-cut test procedures involve:

1. Running a moisture-density test on a mixture of

the soil and portland cement.

2. Determining the indicated portland cement re-

quirement by the use of charts.

3. Verifying the indicated cement requirement by

compressive-strength tests.

Before applying the short-cut test procedures it is
necessary to determine (1) the gradation of the soil
and (2) the bulk specific gravity of the material retained
on the No. 4 sieve. If all the soil passes the No. 4
sieve, Method A is used. If material is retained on the
No. 4 sieve, Method B is used.

Method A

Strep 1: Determine by test the maximum density and
optimum moisture content for a mixture of the soil
and portland cement. -

Note 1: Use Fig. 21 to obtain an estimated maximum
density of the soil-cement mixture being tested. This
estimated maximum density and the percentage of mate-
rial smaller than 0.05 mm. (No. 270 sieve) can be used
with Fig. 22 to determine the cement content by weight
to use for the test.




Stip 2: Use the maximum density obtained by test in
Step 1 to determine from Fig. 22 the indicated cement
requirement.

<

Step 3: Use the indicated cement factor obtained in
Step 2 to mold compressive-strength test specimens® in
triplicate at maximum density and optimum moisture
content.

Step 4: Determine the average compressive strength
of the specimens after 7 days’ moist-curing.

SreEP 5: On Fig. 23, plot the average compressive-
strength value obtained in Step 4. If this value plots
above the curve, the indicated cement factor by weight,
determined in Step 2, is adequate for pavement base
construction. For soil-cement slope protection, add cement
as indicated on page 18.

If it is desired to convert the recommended cement
content by weight to the equivalent cement content by
volume, the conversion can be made using Fig. 18.

Note 2: 1f the average compressive-strength value plots
above the curve of Fig. 23, the cement content indicated
in Fig. 22 is verified. Strengths at higher or lower cement
contents are not determined since these data cannot be
used in the procedure. In most cases the strength will
be substantially higher than the minimum allowable
value. This merely indicates that the soil is reacting
normally. When high strengths are obtained, it is not
correct to reduce the cement factor so that a strength
value close to the curve in Fig. 23 is obtained. Such a

diameter and 4.6-in. height may be molded. The 2-in. specimens
shall bé submerged in water for 1 hour before testing and the
4-in. specimens for 4 hours. The 4-in. specimens shall be capped
before testing.
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Fig. 21. Average maximum densities of soil-cement mixtures not
containing material retained on the Mo. 4 sieve.
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Fig. 23. Minimum 7-day compressive strengths required for soil-cement mixtures not containing material retained

on the No. 4 sieve.

reduction invalidates the reliability of the procedure and
will usually result in a cement content that is not suffi-
cient to meet ASTM-AASHTO freeze-thaw and wet-dry
test criteria. Although a very high compressive strength
may indicate that the soil is reacting better than average,
any reduction in the cement factor can only be made
based on freeze-thaw tests at lower cement contents.

Note 3: If the average compressive-strength value plots
below the curve of Fig. 23, the indicated cement factor
obtained in Step 2 is probably too low for base construc-
tion. Additional tests will be needed to establish a cement
requirement. These tests generally require the molding
of two test specimens, one at the indicated cement factor
obtained in Step 2 and one at a cement content 2 per-
centage points higher. The specimens are then tested by
ASTM-AASHTO freeze-thaw test procedures.

Method B

Step 1: Determine by test the maximum density and

optimum moisture content for a mixture of the soil and

portland cement.
Note 4: Use Fig. 24 to determine an estimated maximum
density of the soil-cement mixture being tested. This
estimated maximum density, the percentage of material
smaller than 0.05 mm. (No. 270 sieve), and the percentage
of material retained on the No. 4 sieve can be used with
Tig. 25 to determine the cement content by weight to use
in the test.

The soil sample for the test shall contain the same
percentage of material retained on the No. 4 sieve as
the original soil sample contains. However, 3{-in. ma-
terial is the maximum size used. Should there be mate-
rial larger than this in the original soil sample, it is
replaced in the test sample with an equivalent weight
of material passing the 3{-in. sieve and retained on the
No. 4 sieve.

Step 2: Use the maximum density obtained by test in
Step 1 to determine from Fig. 25 the indicated cement
requirement.

SteEP 3: Use total material as described in Step I and
the indicated cement factor obtained in Step 2 to mold
compressive-strength test specimens* in triplicate at
maximum density and optimum moisture content.
Step 4: Determine the average compressive strength
of the specimens after 7 days’ moist-curing.

*Sﬁécimens of 4-in. diameter and 4.6-in. height shall be molded.
They shall be submerged in water for 4 hours and shall be capped
before testing.
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SteEP 5: Determine from Iig. 26 the minimum allow-
able compressive strength for the soil-cement mixture.
If the average compressive strength obtained in Step 4
equals or exceeds the minimum allowable strength,
the indicated cement factor by weight obtained in
Step 2 is adequate for pavement base construction. For
sotl-cement slope protection, add cement as indicated on
page 18.

If it is desired to convert the recommended cement
content by weight to the equivalent cement content by
volume, the conversion can be made using Fig. 18.

Note 5: If the average compressive-strength value equals
or exceeds the minimum allowable strength obtained in
Fig. 26, the cement content indicated in Fig. 25 is verified.
Strengths at higher or lower cement contents are not
determined since these data cannot be used in the pro-
cedure. In most cases the strength will be substantially
higher than the minimum allowable value. This merely
indicates that the soil is reacting normally. When high
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Fig. 24. Average maximum densities of soil-cement mixtures con-
taining material retained on the No. 4 sieve.
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strengths are obtained, it is not correct to reduce the
cement factor so that a strength value close to the
minimum allowable from Fig. 26 is obtained. Such a
réduction invalidates the reliability of the procedure and
will usually result in a cement content that is not suffi-
cient to meet ASTM-AASHTO freeze-thaw and wet-dry
test criteria. Although a very high compressive strength
may indicate that the soil is reacting better than average,
any reduction in the cement factor can only be made
based on freeze-thaw tests at lower cement contents.
Note 6. If the average compressive-strength value is lower
than the minimum allowable, the indicated cement factor
obtained in Step 2 is probably too low. Additional tests
as deseribed in Note 3 are needed.

Example

Preliminary tests determine the gradation of the soil
and bulk speecific gravity of the material, if any, retained
on the No. 4 sieve. For this example the data obtained
from these tests are tabulated below.

Gradation:
Passing
No.dsieve. . .......... .. ......... 82 percent
No. 10sieve. . .................... 77 percent
No. 60 sieve. . .................... 58 percent
No. 200 sieve. .................. .. 37 percent

Smaller than
0.05 mm. (silt and clay combined) .. . 32 percent
0.005 mm. (elay). ........ .. ... ..] 13 percent
Color: Brown
Bulk specific gravity of material retained on No. 4
sieve: 2.50
Method B should be used since the soil contains ma-~
terial retained on the No. 4 steve.

Step 1

From Fig. 24 the estimated maximum density of the
soil-cement mixture is 122 Ib. per cubic foot, since the
soll contains 32 percent material smaller than 0.05 mm.
and 23 percent material retained on the No. 10 sieve.

[Mig. 25 is used to determine the cement content by
weight to use in the moisture-density test. Since the
soil contains 32 percent material smaller than 0.05 mm.
and 18 percent material retained on the No. 4 sieve,
and since the estimated maximum density is 122 1b. per
cubic foot, 6 percent cement by weight is indicated.
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Perform the moisture-density test using 6 percent
cement. For this example, assume the maximum density
obtained by test to be 123.2 Ib. per cubic foot at 10.2
percent moisture.

Step 2

Fig. 25 indicates a cement requirement of 6 percent,
using the calculated actual maximum density of 123.2
Ib. per cubic foot.

Step 3

Using total material and 6 percent cement by weight,
mold compressive-strength test specimens in triplicate
at maximum density (123.2 lb. per cubic foot) and
optimum moisture (10.2 percent).

Step 4

Determine the average 7-day compressive strength.
IFror this example, assume the average compressive
strength to be 345 psi.

Step §

Since the soil contains 32 percent material smaller
than 0.05 mm. and 18 percent material retained on the
No. 4 sieve, the minimum allowable compressive strength
for this soil-cement mixture is 280 psi, as shown in
Fig. 26. The average compressive strength of the mix-
ture used in this example (345 psi), as obtained in
Step 4, is higher than the minimum allowable strength.
Therefore, the indicated cement content of 6 percent-by
weight is adequate for pavement base construction. An
additional 2 percentage points of cement or a tolal of 8
percent cement by weight s required for slope protection
construction. Eight percent cement by weight is equiva-
lent to 9.7 percent by volume (Fig. 18).

If the average compressive strength in Step 4 had
been lower than the minimum allowable strength, say
245 psi, 6 percent cement by weight probably would
not be adequate for pavement base construction. Addi-
tional testing would then have been required to estab-
lish the cement requirement for the soil. These tests
would involve molding and testing freeze-thaw speci-
mens according to ASTM-AASHTO procedures. Freeze-
thaw specimens containing 6 and 8 percent cement by
weight probably would be adequate in this instance.




This publication is based on the facts, tests, and authorities stated
herein. It is intended for the use of professional personnel compe-
tent to evaluate the significance and limitations of the reported find-
ings and who will accept responsibility for the application of the
material it contains. Obviously, the Portland Cement Association dis-
claims any and all responsibility for application of the siated prin-
ciples or for the accuracy of any of the sources other than work per-
formed or information developed by the Association.
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