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Abstract Clay soil is the foundation for many buildings. Some families have the characteristic to be swelling or shrink.
However, construction on this type of soil requires a good companion for the recognition of identification and
characterization of their swelling potential. In this work we are interested by two aspects: -The first is on the tests
recommended for the identification of four expansive soils in the region of Tlemcen (Algeria); -The second is to assess the
influence ofthe addition of milk of lime and mineral salts (KCl Potassium Chloride, Magnesium Chloride MgCl,) at different
percentages on the physico-chemical parameters, the swelling potential of these soils from correlations approximate
estimates. The results obtained show that stabilization by the addition of milk of lime modifies the physico-chemical
characteristics of soil and the results are quite satisfactory in significantly reducing the phenomena of swelling, as regards
stabiliztion with milk of lime we notethat the salt concentration has little influence on the potential of swelling and it differs

fromone another salt.

Keywords Clay, Milk of lime, Swelling, Stabilization,Salts, KC1, Mg Cl,

1. Introduction

Excessive heave, settlement, low shear strength, and
internal erosion of soils can cause damage to engineering
structures. In order to overcome these difficulties and to
prevent structural damages during the site selection and/or
construction stages, engineers have developed several
techniques. They avoid potential soil problems by selecting
an alternative site or by removing the undesirable soil and
replacing it with desirable soil.

Engineering designs have been adopted for the conditions
at hand, lastly the soil can be improved. The last approach,
improvement or stabilization of a soil, is becoming the more
attractive method for the soil engineers.

Stabilization of clay soils using lime, cement, salts has
long been used to improve the workability and mechanical
characteristics of the soils in geotechnical engineering[5].

Some attempts have shown that the addition of a material
such as salts or the milk of lime appearance modifies the
physico-chemical parameters, and reduced the swelling in a
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remarkable manner.

This result has to consider the addition of this type of
material is a technique of stabilization promising. This
concept is the subject of this study.

2. Localization of the Site and
Geotechnical Identification

The soils objects of this study are reworked clays coming
from different regions of Tlemcen (north west of Algeria),
in an active area of swelling perspective (figurel).

Whatever the objectives sought in geotechnical study, the
rule is to make initial identification of concerned soils. This
procedure is used to guide further geotechnical analysis and
especially to make a classification of encountered materials.
The parameters required for this classification are both
physico-chemical and granulo metric.

The results of all tests performed on the four soils studied
are listed in Table 1:

The identification tests and  physico-chemical
classification of the GTR (Technical Design Guide
Earthworks and Subgrade; LCPC, SETRA 1992) , show that
soil 1 and 2 are very plastic clays marls, Class A 3. About
soils 3, 4 they are pure clay, very plastic with very little
calcium carbonate, and belong to the classA4.
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Figure 1. The geographical situation of studied sites geographical situation of studied sites

Table 1. Physicochemical characteristics of T lemcen clays

Symbol Soill Soil2 Soil3 Soil4
Profondeur (m) 3 4 8 6
4 (KN/m?) 1582 [ 16,19 16,5 13,33
Wopm(%0) 24,6 23 21,4 33
< 80u(%) 90 94 90 85
(%)organic matter | 122 1.67 191 1.77
<2u (%) 44 48 44.8 50
wi (%) 67 66,3 68,45 136
wp(%) 29,58 30 26,41 48,06
I (%) 37,42 36,2 42,04 87,94
Wr(%) 42 23 701 11
IR (%) 62,8 64 59,55 125
Ac 0,850 [ 0,754 0,938 1,107
Vbs 84 6.15 9.6 43.22
S.S.T (m*/g 1764 | 129.15 | 201,6 907.62
T CaCo3 (%) 13,84 | 16,45 2,469 1.89
Class GTR A3 A3 A4 A4

3. The Mineralogy Structure of Clay
Expansive

It is necessary to present the crystallographic structures of
different families of clay (common) to better understand
relations between water and clay.

Clays and micas are part of the family of phyllo silicates.
The crystal lattice of phyllo silicates is based on an array of
Si04 tetrahedra (Figure 2). Each tetrahedron SiO4 tetrahedra
sharing 3sommets with neighbors; vertex set is a shared
assembly hexagonal plane. The apex tetrahedron that is not
in the plan is shared an octahedron AlO6 (Figure 2). It is the
combination of tetrahedral layers (T) and octahedral layers
(O) which is the justification of the crystal lattice each of
clay.

At
}
o

J

Figure 2. tetrahedron Structure ( SiO4)and octahedron Structure( ARO6 )

Dxygen in the summit
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4. Classification of Expansive Soils

Carry out a proper classification ofexpansive soils implies
that the geotechnical parameters are known representative of
the swelling. The problem lies in the definition of these
parameters[13]. Practice has it that the pressure and the
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magnitude of swelling that are used to characterize
expansive soils.

Table 2. Empirical approaches Between hysicochemical characteristics
and swelling

Altmeyer (1955) Seed, Woodward et Lungreen(1962)
Wi | povenist | pontiomen | $CO | T
<10 High Low 0-1,5 0-10
10-12 Critical Medium 15-5 10-20
>12 Low High 5-25 20-35
Snethen (1980) Ranganatham et Satyanarayan (1965)
IS)wellir?g Ip SWe“iljlg I
otential Potential
Very High >35 Low 0-20
High 22-48 Medium 20-30
Medium 22-32 High 30-60
Low <18 Very High > 60

The literature contains a considerable number of empirical
approaches that assess the swelling potential of soils. Some
authors believe this potential link to a single parameter. Thus,
as shown in Table 2, below, Altmeyer, Ranganatham and
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Satyanarayan[3], and Snethen[3]propose classifications
which give respectively the swelling potential depending
WR, IR,IP (Table 3).

5. Correlation Between Swelling and
Physico-Chemical Parameters

To test the comparison of the classifications listed above,
they have been applied to soil samples fromsites of Tlemcen,
The identifications are given in Table 4.

Of these classifications, there emerges the following
remarks:

Some classifications like that of Altmeyer tend to
overestimate the swelling potential of soils as it provides all
the samples as highly expansive.

The various classifications do not converge to the same
qualification all the expansive potential for the same sample.

These contradictions find their explanation in the number
and nature of the parameters taken into account by each of
these classifications. It should be noted that the determining
parameters in the expansive characterof a soil are known. By
cons, the influence of each parameter in this expansive is

difficult to quantify.

Table 3. empirical approaches Between hysicochemical characteristics and swelling
Holtz Et Gibbs (1956) Ghen (1988)
7|5 | 5 s I z 22| 3¢
¥ |3 S 8 = £ = & | 82
5 S Y & 5 & E S iR | E®
>28 | >35 | <10 > 30 Very High > 95 > 60 10 E‘irgi/l
20-30 | 20-40 | 7-10 20-30 High 60-95 40-60 2.55 High
13-23 | 15-30 | 10-15 10-30 Medium 30-60 30-40 1525 | Medium
<15 <18 >15 <10 Low <30 <30 <0.5 Low
Holtz, Dakshanamurphy et Raman(1973)
Swelling Potential Ip (%) Wr(%i) Wi (%)
Low <18 > 15 3520
Medium 2515 1510 50-35
High 4125 12-7 70-50
Very High > 35 <11 > 70
Table 4.  Classification of studied soils
. Ranganatand | =g, oen Seed, Holtz Gibbs Holtz,
soils Altmeyer al Woodward et Ghen
Dakshanamurthy
Lungreen
Soill F VF VH H VH VH F
Soil2 F VF VH H H H F
Soil3 F F VH H VH VH F
Soil4 L VF VH H VH VH TF

F: fort ; C:critical TF: Very fort; H: High; VH: Very High; L:low
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6. Physics-Chemical Variation of The
parameters According to Percentages
of Milk of Lime

22+ soil
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Figure 4. Physicschemical variation of the parameters according to
percentages of milk of lime

The swelling of soils is sometimes correlated with some
physico-chemical parameters in order to study the influence
of stabilization on these parameters, measurements of
Atterberg limits and VBS were made with milk of lime at
different percentages.

Figure 4 shows the path followed by the clays of Tlemcen
after treatment with 2% -4% -6% - 8% milk of lime.

We notice that the clays which high plasticity seen after
treatment with milk of lime, consistence progress to low
plasticity. This change in the consistence related to the
percentage of milk of lime, translates into a decrease of
plasticity index which partly due to ionic reactions of milk of
lime (excess of cations calcium) with clay minerals which
causes a flocculation of the soil, and partly by an exchange of
calcium with other cations in the structure of the clay. We
also note a continued decrease in blue value and the index of
shrinkage according to the increased percentage of milk of
lime.

7. Correlation between Physicochemical

Parameters and Swelling after Using
8% af Milk af Lime

A correlation between physicochemical parameters and
swelling occurred after the use of 8% of milk of lime, we see
that the swelling is reduced after the use of milk of lime, For
example for the soil I according to the classification of Holtz
is a past from a high potential to medium potential (table 5).

Table 5. Correlation between physicochemical parameters and swelling
after using 8% of milk of lime

.| E o z| 2
= S L2 v o = gm
soils | B g 2 msgl 7 [23 =
g g Elas =~ 8 2| BF

€] 2 g = g

o a @ 5

- =
Soill F F M H M M M
Soil2 F F H H H E M
Soil3 C F M H H M M
Soil4 | L VF VH H VH VH VH

F: fort ; C:critical; VF: Very fort; H: High; VH: Very High; L:low

8. Action of Mineral Salts on the

Physicochemical Parameters of
Studied Soils

We have conducted a study on the effect of salts on the
physical-chemical parameters this study is addressed to four
soils.

Tables 6, 7 represent the variation of physicochemical
parameters depending of salt Concentrations (0.05, 0.1, 0.2
mol/ 1) for different types of salts (KCl, MgCl ).

The results show that the influence of salts on the
physicochemical parameters depends on the nature the salts
used and their concentrations.

Compared to kcl, magnesium chloride has the effect of
decreasing over the liquid limit and plasticity index and the
blue value.
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Table 6. Identification characteristics studied materials in the presence of saline solutions (Soill,2)
[
o~ g 52 KCL(mol/l) MgCLa(mol/l)
= 585 &
= g2 g
2= 0 0.05 0.1 02 0.05 0.1 0.2
W 67 66 66,3 65.5 67.2 65.25 63.45
Wp 29,58 30,1 30,28 31.2 31.15 33.21 32.5
P 37,42 35.9 36.02 34.3 35.7 33.03 30.95
Wr 42 440 4,8 52 53 6.2 75
Soil 1 IR 62.8 61.6 61.5 60.3 61.9 59.02 55.95
VBS 8.4 8 8.2 8.04 8 7.5 7.8
Wi 66.3 65.5 65 64.3 65.8 64.85 64.21
Wy 30 30,02 31,35 31.5 32.25 33.42 33.86
Ip 36,2 35.48 33.65 32.8 33.55 31.43 30.38
Soil 2 Wr 23 3,05 422 45 4.05 52 5.8
Ir 64 62.45 60.78 59.8 61.75 59.65 58.41
VBS 6.15 62 6,1 6 5.7 54 42
Table 7. Identification characteristics studied materials in the presence of saline solutions (Soil3 4)
s =
=
n RS KCL(mol/l) MgCLa(mol/l)
S, g eg &
g g=2 0 0.05 0.1 02 0.05 0.1 02
Wi 68.45 67.8 61,2 59.5 65.4 57.25 52.55
Wp 26.41 27,66 26,06 27.8 283 28.70 29.53
Ip 42.02 40.14 35,14 31.7 37.1 28.55 23.02
Wr 7.01 7,6 8.85 8.6 82 93 10.2
. Ir 59.55 60.2 52.35 50.9 57.2 47.95 42.35
Soil 3 VBS 96 9 6.7 72 85 757 545
Wi 136 135 13044 132.25 130 1275 126
Wy 48.06 47.58 51.4 52.45 51.2 52.37 54.56
Ip 87.94 87.42 79.04 79.8 78.8 75.13 71.44
Soil 4 Wr 11 10.47 11,8 12.4 11.2 12.5 13.5
Ir 125 124,53 118.64 119.85 118.8 11.5 1125
VBS 43.22 43 41.5 42 41.5 35.8 274

on the nature of the salts and their concentrations.
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The salts may increase the withdrawal limits and this is of
course reduces the potential swelling.

9. Conclusions

This study has helped to define and measure
characteristics mineralogical, chemical, Physical and soil
granulometric in the region of Tlemcen.

In this context, it was shown that from simple tests
performed in practically all campaigns preliminary
reconnaissances, it is possible to qualitatively identify
expansive soils and to obtain correlations from approximate
estimates of swelling.

The results obtained on the addition oflime milkshow that
treatment of soils with milk of lime modifies the
physicochemical characteristics of soil and the results are
quite satisfactory in considerably reducing the phenomenon
of swelling, and can be a solution to consider.

The mineral salts change the physicochemical
characteristics soils studied, compared with milk of lime, salt
concentration has little effect on the swelling and it depends
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