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S E C T I O N IX
IMPROVEMENT OF THE MECHANTCAL PROPERTIES OF SOIL.

S U B - S E C T I O N IXb
MECHANICAL METHODS

AN IMPROVED SOIL COMPACTION RAMMER
A.H. GAWITH, M.C.E., A.M.I.E. Aust.
Engineer for Tests, Country Roads Board of Victoria, Melbourne, Australia

FIG.1

The compaction rammer used in the
A.A.S.H.O. and Modified A.A.S.H.O. compaction
teBt commonly consists of a cylindrical metal
weight having an end area of three square in
ches attached to a rod of smaller diameter and
which is allowed to fall in a guide tube of
internal diameter slightly greater than the
weight.
Unless the guide tube is provided with
large air holes at the top and bottom, the
fall of the weight is impeded by the air com
pressed within the tube. In addition, certain
soils adhere to the rammer and to the guide
tube, introducing a source of friction and
reducing the velocity of impact.
Figure 1 shows two compaction rammers
designed for use in the Modified A.A.S.H.O.
compaction test. These rammers use parallel
steel rods in place of the more usual guide
tube.
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SOIL STABILIZATION IN ARGENTINE HIGHWAYS
LUIS MARIA ZALAZAR
Chief Roads Engineer
"Argentine Highway Administration" Buenos Aires, Argentina

In the first part of the paper, it is described the soil conditions in
Argentina, for the main purpose to build Highways and Airports.- Eastern
zone with heavy clays and plenty of rainfall is the wordt place, where the
Engineer has many problems to solve on Soil Stabilization. Detail of soils
from three typical roads of this zone are included.Second part, leads to the description of the different kind of stabili
zations applied in Argentina upon certain extent. Physico-chemical stabili
zations are not included, because the little work made..Mechanical stabili
zation with controlled moisture was used with success, according to some
results detailed.Physical stabilization, was the most applied. There are, from the experience
obtained, some interesting matters to quote, which mean several improvements
on the technique, like the influence ofcertain characteristics of the binder
soil on the stability.- Plasticity of the mixtures must be enlarged in the
specified limits for calcareous mixtures and upon the use of lateritic
binder soils.- It is pointed out the excellent behavior on calcareous granu
lar Bases, either with no very coarse gradation, and the successful use of

calcareous materials, to stabilize, clayey and elastic soils.-
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Third part refers to the heavy compaction of clays for changing their
structure and make them, water-repellent materials.- Also to reach with
the clays the Elastic Limit on the unconfined compression test, which means
to eliminate plastic deformations.- Thi6 method is now into the research
field. Laboratory tests and experimental job6 already planned, are
described.Chapter 1 : TYPES OP SOIL PROFILES. AND PAR
TICULAR PROBLEMS
During the development of the Highways
System, the use of the soil stabilization
technique have had a great importance for the
quick improvement of a vast length of roads,
spread in the large area of the Argentine Ter
ritory, which covers a surface of 2,79^,015
sq.kilometers (1,078,770 sq. miles)
Typical soil profiles are entirely differ
ent over the whole country, according of the
character of the following five zones: (see
figure#!)

ARGENTINE REPUBLIC
NATIONAL HIGHWAYS SYSTEM
THE FfVl
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No. 1. Middle Eastern Central zone, which is
almost flat with soils from Podzolic and Cher
nozem profiles. Scarcity of granular materials
and moderate climate. Loess is the parent mat
erial on a large area, but not over the SouthEastern part, where there are on "C" Horizon,
clayey soils.
"A" Horizon is a sandy loam, except on
the South-East where is a silty-loam, loam or
a silty-clay-loam.
'Ve have built excellent Loess Sub-bases
for pavements, compacted at the optimum moist
ure content (standard or modified Proctor
teste) with densities close 1,70 gr/cm3 and
porosity values averaging 0,35, using friable
materials.
No. 2. Eastern zone, very flat, except a narrow s'fcrip, which is rolling and forms the Pro
vince (State) of Entre Rios. 'Vet place (rain
fall from 1000 to 12^0 millimeters per year)
with moderate temperature. Soil profiles be
long to the Podzolic type with a clayey-organic
"A" Horizon, and heavy clays into the "B" and
"C". These profiles are not on the North-east
ern corner, which is sandy and rocky.
No. 3 iVestern and Northern Central zone, which
has very rolling and mountainous topography.
Dry place with cold climate on the west and
moderate on North. Zone is rich in gravel de
posits.
No. 4. North Eastern zone, very typical and
really sub-tropical with lateritic soils and
shallow rocky formations. Varm climatic condit
ions, heavy rainfall and plenty of vegetation.
No. 5. Southern zone, called Patagonia. Large
desert with plenty of gravel and very cold
climate. The extreme South, an island, is real
ly a continuation of the Andes mountains and
has fertile valleys.
?/ith the description made, is easy to
locate the main problems to solve, in soil stab
ilization, for Highways and Airports construct
ions, according to the following necessities:
a) To have a proper foundation for the type of
the chosen pavement
b) To design a good and stable flexible Base,
in case such a type be selected.
The critical problems are on zones# 1 &. 2
with the additional trouble to be the areas
most populated, but the worst conditions are
on the Province of Entre Rios..
Soil surveys made within part of three
roads in the latter Province gave the follow
ing results, which we can consider typical for
that. They are showed on figure#2.
In all the detailed Routes, "A" Horizon
is humic-clayey and its behavior is worse
than "C" Horizon, which contains more mineral
matters.
Cnapter II : KINDS OF SOIL STABILIZATIONS USED
AND DIFFERENT RESULTS.
^e have applied the Mechanical stabiliza
tion for pavements foundation on the whole
country and to a great extent, because the
lack of coarse materials, within the zones#1
and 2. The latter cases has meant to compact
the soils from bottom to top of the enbankmenta,
with the optimum moisture content to the maxi
mum density obtained with the standard Proctor
test or some modifications of the same, which
increase the compaction effect.
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FIG.2
An additional requeriment, very import
ant, have been used on the Mechanical stabil
ization, which means to reduce the moisture
content on the upper course, what forms the
real foundation or Sub-base of the pavement.
Such a moisture control was established between
75 to 80 jo of the Plastic Limit of the soil,
before the Base was laid.
Our experience in this matter is large
enough to point out that "Controlled moisture"
is very effective, and water content will have
only a little increase, for foundation courses,
and also into granular Base courses, if the
flexible Base or the concrete slab (in case of
a Fortland Cement Concrete pavement) is well
protected against the penetration of the rain
water. This situation happens on moderate
climatic conditions, either with heavy rain
fall, but we can't establish the same principle
for torrid zones with succeeding short inter
vals of cold and hot weather, where we have
not a profound experience, and according to
some investigators, the chance is to get a
great concentration of water from the conden
sation of the water-vapor, below the Base
course and the Bituminous treatment or mat.
Professor Hans 'iinterkorn, who wrote a paper
about this subject (1), said that beside the
climatic conditions already described, one
fact which helps the concentration of water is
the sufficient aeration to permit the passage
of a large volume of air into the soil. This
air carries the water what will be later con
centrated. Thus, a high compaction on shoul
ders is a factor to maintain the water content.

Moisture control, of course, doesn't
means an absolute abolishment of the increase
in the water content of the soil, but anyhow,
what is true and effective is the fact that
the difference is moisture is very little,
several years after the Highway was open to the
traffic. This situation was observed either on
clayey soils.
For Base courses, the requirements are
stronger than in case of foundation courses or
Sub-bases. Thus, before to prime the Base, its
water content was reduced from the optimum
moisture, used during the compaction operations,
to least than 60 % of the samen value.
As an example about what happened in one
of our Routes, submitted during its construct
ion to the described conditions, the results
showed on Figure #3 will illustrate in this
matter. Section of the Route #8 observed, is
located between the kilometers 222 and 402
from Buenos Aires city (see dotted line in fig.
1). The table of figure 3* shows the moisture
gained by Sub-base and granular Base at differ
ent locations, after the pavement was several
years in service. In no case the checked moist
ure into the foundation course was over the
Plastic Limit, and only for special reasons is
approching to it at Km. 255»7, where although
the wearing course (bituminous) had not imper
meability, because the existing cracks, primed
Base was enough to keep the Sub-base in good
conditions. Vater content in granular Base
course, reached very reasonable values with
only a Double Surface Treatment on top of the
pavement- Rainfall on job location is about
1000 millimeters per year.
Finally, before to finish with Mechanical
stabilization, we will say it is also applied
for flexible Bases as into foundation courses.
Physical Stabilization, is the most used in
our country lor riexiDie Bases. On zones#1 and
2, this kind of stabilization, called granular,
too arrived now to a high point, because the
recent discoveries of large deposits with cal
careous materials (Caliche and Limerock) into
the underground.
There are various interesting things to
quote, referring to the granular stabilization,
which meant several technical improvements.
Binder soil. The necessary coordination between
the physico-chemical properties of the binder
soil and the granular material is the explan
ation of a fact observed for a long time in
this country. Thus, in different jobs the
values of the "California Bearing Ratio" or
C.B.H. obtained on certain mixtures with smooth
shaped silicious sand or gravel as coarse mat
erial, and lateritic soil as cohesive soil,
were very high for such a kind of aggregate.
Among the many examples of that, we can
quote the granular mixture of the Base course
used in part of the Route#131 (Province of
Entre Rios) between Concepcion del Uruguay and
Caseros, which gave values over 100 % for the
C.B.R. at 0,1" penetration, after soaking,with
the following gradation:
Passing 1".... 100 %
"
3/8".....50 - 80
" No.10..... 25 - 50
" No.40..... 15 - 30
" No.200.... 5 - 15
Professor Winterkorn (2) explained this
fact, because the negative charge of the sili
cious gravel and sand which in contact with
the lateritic soil, positive, have an effective
attraction, what helps the stabilization. Same
thing happens, with the limestone (positive)
and the silicious clay (negative), which have
attraction, too.
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FIG.3
Another important thing what belongs to
the binder soil and influences the stability
of the granular mixtures, leads to the quality
of that material. Thus, the use of organichumic soils have given bad results, either with
a medium value of their P.I. The real fact that
P.I. doesn't measure true cohesion, is the rea
son of a belief which means the advantageous
change in the use of P.I. for cohesive soils,
by the "toughness index", what takes in con
sideration the slope of the "flow curve" ob
tained. from the Liquid Limit test. For our con
ditions, it seams to be a good practice the
use of superior values to 2 for the toughness
index of binder soils.
Plasticity on granular mixtures. According to
our experience L.L. and f.I. on granular mix
tures have an uncommon significance in two
opposite cases. First one is for calcareous ma
terials, which when are of soft nature or me
dium hardness, have values of P.I. between 3 to
8 and L.L. figures close 40, although the
C.B.R. reaches percents over 100. The Base
course designed for the Route # 9 (new location)
between Campana and San Nicolas, Province of
Buenos Aires, Zone #1, is in a situation like
this.
The second case belongs to granular stab
ilization with lateritic binder soil, what has
the peculiar situation of a high values for
both, L.L. and P.I. An example is on the mate
rials located for the Base course of the Access
to Posadas (Zone#4), one of which was a natur
al mixture with silicious gravel as coarse frac
tion. Its C.B.R. test reached a value of 128 %
for the 0,1" penetration, after soaking, al
though L.L. was about 40 and P.I. close 12. The
percent of the material retained on screen No.
10 was about 37, and the Swell factor (C.B.R.
test) only 0,5 %.
The conclusions on this subject arise on
the real fact of the major activity of silici
ous clays than lateritic cohesive soils and cal

careous binders. Then, ordinary specifications
for materials on the first case must be broaded
for the second and third ones, as we made it.
Another question about the plasticity of
the granular mixtures, leads to the modifica
tions of the specified limits for the P.I. and
L.L. according to the percent of fines (minus
No. 40 screen) and the shape of the coarse mate
rial. We work now in this sense with the help
of some experimental data obtained from the
"Texas Highway Department" (U.S.A.).
Calcareous mixtures. The use of these kinds of
granular mixtures is in a great deal now, for
Base courses, due to the good behaviour obtain
ed in the past on different roads submitted to
heavy traffic. Either the fine gradation with
only a reduced percent of metal (about 40) giv
es a high stability. Examples are numerous,
like that of Route # 9 , before quoted, and
some with C.B.R. values close 200
Before to finish with this kind of gran
ular stabilization we will refer briefly to
the use of the fine calcareous material to
stabilize the heavy or elastic soils for the
foundation courses. Mixtures "lime dust - soil"
have more stability than others obtained blend
ing sand and soil. One typical example in the
past, on the use of these mixtures was over
Route# 3, Province of Buenos Aires, zone #1,
between Juarez and Tres Arroyos, where we have
stabilized elastic soils with good success.
Chapter III ; THE STRONG MECHANICAL STABILIZ
ATION AND THE CHANGE ON THE STRUCTURE OF THE
SOILS
Some new ideas lead at the present time
to the increase in a high degree of the mech
anical compaction on clayey soils, with the
purpose to change their structure, making them
water-repellent materials.
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Mr. Henry Porter x ) who was for a long
time Research Engineer in the"Texas Highway
Department"(U.S.A.) worked in that sense with
very successful results on Laboratory deter
minations, and also on experimental Highway
jobs.
This proceeding permits to get Treated or
Processed clays using only the mechanical com
paction and attaining one special structure
within the soil, with a very high stability on
the whole mass, although the density has not
unusual values.
One principle, very necessary to apply
this technique for practical purposes, is the
possibility to keep the moisture content on
base and foundation courses, below a certain
percent, avoiding sudden changes, with the
point of view to get a permanent high density
and bearing value within the structures. Ac
cording what we have exposed in Chapter II,
the attempts made in our country for this pur
pose have had good success.
Then, we will try to use the method now
in describing, to solve the Entre Rios problem,
where the picture of soil conditions is as bad
as it was shown briefly on the table of Figure
#2. In favour of Texas (U.S.A.) experience
(3) ('4) (5) about this kind of treated clays,
is the fact found in our country of a good be
haviour in some Sub-bases, under pavements
with many years in service, composed basically
of clays, and incidentally submitted, before
the pavement was laid, to a compacting process
with the passage of heavy traffic.
A pavement with a situation like this is
on Route #■ 19 (Province of Cordoba: zone # 1 )
from San Francisco to Devoto, with an excellent
behaviour in its Water bound macadam Base,
built over a foundation course of silty-clayloam.
What is very important in the new treat
ment of clays, is one thing which arises from
the gain of the Elastic Limit into the new
structure. This fact means to eliminate plastic
and consolidation deformations and to obtain
one straight line in the "stress-strain" dia
gram.
We will describe the planning for next
future what our Administration will develop on
special treated clays. First work includes a
soil from Villaguay (Entre Rios) which has a
L.L. about 60 and P.I. close 30. Laboratory
tests, beside of routine determinations, will
have the molding of cylindrical specimens se
ries, with different degrees of compaction,
higher than the standard Proctor. Each one of
the series will be submitted to compression
strength till the failure, and the deforma
tions measured, to plot the curve "stress-

strain". Within the series of specimens, each
third part of them, will be tested with á dif
ferent moisture content, and the changes ob
tained very slowly, to avoid the loosening of
soil structure.
In the road,, we plan to build one experi
mental section on Route # 18 close Villaguay
with the purpose to correlate Laboratory re
sults with the field. The idea is to make a
foundation course with the clay soil, for an
ordinary granular Base (maximum size 1").
CONCLUSIONS on Soil Stabilization procedures
for Highways and Airports
1) Mechanical stabilization with controlled
moisture, is a proper proceeding to apply
if coarse materials are scarce. Results of
the method, can be expected in a correct be
haviour of natural foundations courses and
granular Bases, upon conditions of moderate
climates.
2) On Physical stabilization, it is necessary
to take care about the physico-chemical
character of the binder soil, respect to the
coarse fraction, and its quality. Also, to
enlarge the usual limits for P.I. and L.L. in
case of granular mixtures with calcareous mat
erials or lateritic binder soil. It is advis
able, to design the flexible Bases with calcar
eous mixtures, and the use of materials with
the same characteristics, on the stabilization
of elastic and plastic soils.
3) The special treatment of clays, to change
their structures, with a very heavy compac
tion, is an interesting matter, to work and in
vestigate. Principles of that, seems to be
good, and a few results permit to expect ac
ceptable behaviours on the jobs, although at
the present time the method is in Research.
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