COMPACTION OF EMBANKMENTS, SUBGRADE TREATMENTS AND
SOIL STABILIZATION!

By HaroLp ALLEN, Malerials Engineer
U S Bureau of Public Roads

The American Association of State
Highway Officials has set up a standard
method which describes 1n detail the
steps necessary to obtain the moisture
density relationship for soils

This method has been adopted by a
large number of State highway depart-
ments without variation, as standard for
determination of the weight per cubic
foot for soil in place mm embankments
Kansas and Cabforma report depar-
tures from this procedure Kansas uses
an 18-in drop of the standard hammer
and requires that the soil be placed in
the mold 1n four Lifts instead of three
when the plasticity index of the soil
exceeds 25.

Califorma compacts the soil sample

. under a static load of 2000 b per sq. 1n

or uses a mold 2} 1n 1n diameter and a
sample thickness of approximately 10 in
The compaction hammer weighs 10 Ib
and is dropped 20 times on each of five
layers of soill The Cabforma report
indicates that a moisture-density curve
was not plotted, but that the proper
quantity of moisture was determined by
the appearance of the soil.

The purpose of the tests for finding the
optimum moisture content and maximum
density is to determine the characterstics
of the soil which will be productive of the
least settlement or volume change in
the embankment after 1t is in place
After the moisture density relation has
been found and a conclusion has been
reached as to the optimum moisture and
maximum density, the soil matenals

1 A digest of the reports presented at the
Eighteenth Annual Meeting (1938) of the High-
way Research Board The complete reports
will be found 1n Part II, Vol 18, Proceedings,
Highway Research Board

must be placed accordingly Construc-
tion procedures for the accomplishment
of thuis vary but lttle throughout the
United States.

When the addition of water 1s neces-
sary, 1t is accomplished by irrigating
borrow pits, or by sprinkling the soil on
the fill by means of pipe lines and hose-
nozzle connections, or by tank wagons
and sprnklers. If the soil 18 moistened
after delivery it is necessary to mixit
by means of blades, harrows, discs, etc.
The reports indicate that tank wagons
and sprinklers are used most widely
because more uniform moisture distrnbu-
tion can be obtained, especially in heavy
solls

Roller equipment does not seem to
vary much There is a general trend
toward heavier equipment and lower
moisture content to accomplish the de-
sired results Most specifications pro-
vide for the use of both smooth face and
tamping rollers The latter type are
used in the majonty of the work. The
minmmum pressure per square mnch under
the feet of tamping rollers vanes from
50 Ib, specified by the Cabfornia Divi-
sion of Highways to 270 b, specified by
the Bureau of Reclamation The Bureau
of Reclamation reports special rollers
which will furnish compacting pressures
from 270 to 675 1b per sq in. The use
of such rollers may brnng about higher
densities at lower optimum moisture
contents which are indicated by increas-
ing the number of blows of the hammer 1n
the compaction test

The Reclamation Service also reports
that very little increase in density 18
obtamned 1n average soils by more than
12 tnps of the roller regardless of the
weight It follows, therefore, that if
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the same or higher densities are to be
obtained at lower moisture contents, the
weight of the rolling equipment must be
mncreased

After the soil has been rolled in place,
1t 18 necessary to check the density and
moisture content. The Proctor needle 1s
useful 1 checking these values If
the Proctor needle 1s used 1t is necessary
to plot a penetration resistance moisture
curve at the time the data for the com-
paction curve 1s obtamned The moisture
content 1s then obtammed by compacting
two layers of the soil taken from the
fill 1n the mold and obtamning the re-
sistance to penetration Comparison of
the readings taken 1n the field with
values from laboratory curves indicates
the moisture content The needle may
also be used to check the density of the
soil 1n place The sand method, which
consists of removing a quantity of soil
from the fill with a posthole augur,
weighing the soil carefully and finding
the volume of the soi removed by filling
the hole with dry sand of known weight
per cubic foot, 13 most commonly used
to check the density of compacted earth

The results of many compaction tests
made in Ohio and Kansas indicate that
all curves have characteristic shape.
The sandy soius, having the higher
weights per cubic foot, have steep slopes
and the maximum compaction 1s obtained
with relatively low moisture contents
The clay sois on the other hand give
curves with much flatter slopes and have
relatively high moisture contents at
maximum densities Ohio has found 1t
of practical value to compile all of the
compaction data obtained in the State
during each construction season and to
plot a series of compaction curves from
the data so obtamned. The maximum
dry weight per cubic foot values are
divided into intervals of 5 Ib , all samples
m each 5lb. interval are averaged and
one curve drawn from these averages to
represent all curves for the interval

The result 1s a series of curves which
may be used durmng the early stages of
construction where 1t has not been
possible to obtain samples for the prepa-
ration of compaction curves The proper
curve for use with the type of soil in
question 18 chosen by the correlation of
the penetration resistance, the weight per
cubic foot and the moisture content.
The method 1s offered as a temporary
measure until complete data can be ob-
tamed from samples taken from the em-
bankment soils

Recogmtion 1s made of poor founda-
tion conditions and while this cannot be
corrected by compaction of the fill, provi-
sion 1s made for conditioming the layer
upon which the fill 1s started It 1s
required that the surface be scanfied
and recompacted to maximum density
before the placing of the embankment
18 started

Since most of the projects on which
the compaction methods desecribed above
have been used have been 1n service only
a short time, information indicating the
success of the procedure in reducing the
settlement or detrimental volume change
of embankments is not available How-
ever, the Calforma Highway Depart-
ment reports that very little settlement
has occurred on projects bwlt 1n 1929
under controlled conditions

The compaction of embankments is
tied very closely to the preparation of
subgrades since the objective of both
operations 18 to provide a foundation for
pavements which will have maximum
bearing capacity and will be subject to
mimmum changes due to the action of
the elements The selection of non-
expansive sois for use in the fimshed
subgrade 1s the simplest and perhaps the
most effective subgrade treatment  Such
sols are usually located in the sous
survey which should be made a part of
the plans on every highway project

If nonexpansive soils are not available
on the project, i1t becomes necessary to
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change the charactenstics of the existing
sol or to replace 1t with nonexpansive
matenals from borrow pits, screening
piles, or other available waste matenals

The charactenistics of the soil may be
changed by muxang the existing soill with
granular material or other admixtures
such as portland cement Since the
solls to be treated in most instances are
heavy expansive clays, difficult to break
down, without considerable expense, to
sizes which will mix with sand or cement,
the procedure 1s not used very exten-
sively

When granular or other nonexpansive
matenal 1s used the depth of treatment
must be designated Calfornia arrives
at the depth of granular matenal necessary
by means of swell and bearing tests on
available materials The maximum total
depth of acceptable subgrade matenal
and surfacing 1s 18 in

New Hampshire reports that as much
as 4 ft of granular matenal 1s used n
some locations Other States report
depths of treatment from 9 to 12 1n

Nebraska, Texas, and Calhfornia re-
port that the compaction of soil to
maximum density at optimum moisture
content 1s a satisfactory subgrade treat-
ment provided the moisture can be re-
tamed Texas and Califormia advocate
the protection of subgrades with im-
pervious coverings to retain the moisture
Texas places a bitumimous membrane
from shoulder slope to shoulder slope
at the bottom of the pavement and
covers 1t with a light covering of sand
Calhfornia uses the same procedure ex-
cept that the bituminous membrane 1s
covered with 9 to 12 1n of nonexpansive
material when available Results re-
ported by Kansas indicate that the use of
a membrane or other protective treat-
ment 18 not necessary to retain the mois-
ture 1n the soil after 1t has been com-
pacted to maximum density Texas
reports excessive shrinkage and subse-
quent swell on heavy clay subgrades

SOILS INVESTIGATIONS

which were placed when the so1l moisture
was equal to or greater than the field
moisture equivalent at the time of the
concreting and when no effort was made
to 1ncrease the density of the soil

Texas, Calfornia and Nebraska report
that pervious matenals used as base
courses should be carned to the shoulder
slope 1n order to prevent the trapping of
water under the pavement In other
words the use of the trench method of
construction should be avoided

Stabihzation of base and surface
courses 1s divided 1nto four main divisions
as follows

1 Soil Stabilized Aggregate Mixtures

2 Soil Stabilized Aggregate Mixtures
plus Chemical Admixtures

3 Soi-Bituminous Mixtures

4 Soi1l-Cement Mixtures

The specifications for materals for
soill stabilized aggregate muxtures for
base and surface courses have been stand-
ardized through the efforts of State hmgh-
way departments and the Bureau of
Public Roads Such specifications 1n-
clude the gradation from the maximum
size to the matenal passing the No 200
sieve, the hiquid limit and plasticity index
and have been adopted as standard by
the Amernican Association of State High-
way Offimals These specifications are
mtended for use with matenals of aver-
age charactenstics Notable exceptions
are such matenals as topsoil, pebble soil,
sand-clay, etc, which occur m the
southeastern section of the United States,
especially m the States of Alabama,
Georgia, North Carohna, and South
Carohna Georgia reports the use of
all these matenals under a grading spe-
cification without regard to plasticity
requirements North Carolina, on the
other hand, has set up specifications
which require lower plasticity indexes
than those specified in the Amercan
Association of State Highway Officials
specifications The most sigmificant
trend in the matenals specifications for
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base courses 1s the lowering of the plas-
ticity index requirements and the nar-
rowing of the range used. For example,
Missoun 1s of the opimion that a max-
mum plasticity index of 4 1s satisfactory
and Indiana specifies 1 5 to 4 5 for gravel
or 0 to 3 for hmestone

The construction methods i this type
of stabihized road consist of proportion-
ing and mixing the materials, spreading,
wetting and compacting The mixing
of the matenals is accomplished by the
road-mix method and by means of travel-
mg or stationary plants The compac-
tion is done with smooth face or multiple
tire rollers and 1s checked by some modifi-
cation of the standard compaction tests.

For control of matenals most States
depend upon the sieve analysis and a
wash test made in the field Pennsyl-
vama has developed apparatus which
consists of a metal hydrometer and soil
container, scales and pans by means of
which the matenal passing the No 270
sieve can be determined accurately
enough 1n the field for control purposes

The use of chemical admixtures 1s
divided nto three parts as based on the
method of apphcation of the salt,—
(1) Dust control, (2) surface consolhda-
tion, (3) integral muxtures The dust
control consists of the surface applca-
tion of calcium chlorde to the surface
and results 1n surface consohdation if the
materials 1n the road surface are suit-
able The integral mixture of salt and
caleium chloride wmith aggregates properly
graded and with plasticity indexes the
same as those required for soil-aggregate
mixtures without admixture brings about
the retention of moisture in the base
course or road surface The Canadian
representatives reported that the use of
sodium or calcium chlonde results in
mcreased resistance to frost action It
1s reported that the surfaces are so tough®
ened that roads which have previously
been closed due to frost boils have been
kept open through the entire year after
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treatment It was also reported that
the use of chemucals has resulted in 1n-
creased density in the compacted ma-
tenal

A report was made by the Calcium
Chloride Association of a field device for
checking the stability of base courses
and subgrades.

Tars, emulsions, asphalts are used 1n
the stabihzation of soils without the
addition of granular materials How-
ever, due to the large amount of bitum-
nous matenals necessary to use with
raw sous 1t 15 usually customary to add
granular material retained on the 200
mesh sieve as a matter of economy.
The gradation of such granular material
1s not important and 1t can often be ob-
tamned from waste piles or other local
sources.

The procedures for determination of
the quantity of bituminous materials
vary with the different types or kinds.
Most of the methods include some type
of modified Hubbard-Field stabihity test
or some other shear testing device In
all of the methods the test pieces are
molded under pressure. In all of the
methods the samples are subjected to
water curing of some type

Absorption by capillanty alone, total
immmersion 1n water, and the 1mmersion
of the test pieces to half their depth n
water are used to determine absorption.
One of these methods or a combination
of two of them are used by several manu-
facturers of matenals.

The mimmum absorption and maxi-
mum shear values are used for setting
the percentage of bitumen  All tests are
made on the soi1l mortar fraction passing
the No 10 sieve.

The Koppers Company has devel-
oped a plastigraph which shows promise
as a method for deterrning the per-
centage of bitumen in tar-soil mixtures,
The machine records automatically the
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stability or workability of water-tar soil
mixes

The grades of tar or asphalt for use 1n
soil mixtures have not been defimitely
decided. The tar industry reports that
the heaviest tar possible to mix seems to
give the best results.

Bituminous matenals, soill and water
are mixed during construction by road-
mix methods, traveling plants and sta-
tionary plants The trend is toward
traveling or stationary plant mixes due
to the ease of control of proportioning
and miang and to the ease of handling
matenal on the road

Drymng, spreadmng and rolling the
mixed matenals are accomplshed by
means of blades, tamping and smooth
face or multiple tire rollers

The density of the compacted materials
is usually checked by the standard com-
paction test used 1n the compaction of
embankments Moisture-density curves
are plotted from test data obtained pnor

to construction using the soil-bitumen
mixture and varymg percentages of
water It 1s a simple matter to compact
the completed mixture i the mold and
check the density

The drymng requrements for tar and
emulsified asphalts soill mixtures were
reported as decidedly different The tar
industry advocates the retention of
moisture and specifies a seal coat 1mme-
diately after completion of rolling so as
to avoid loss of moisture during compac-
tion by traffic The emulsified asphalt
users, on the other hand, have found that
the moisture content of the mixture
should be reduced to a minimum by
traffic before the surface 18 sealed

In conclusion, it 18 evident that test
procedures for determination of bitumen
and moisture contents should be checked
against, field conditions and an effort
made toward standardization and simpli-
fication
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