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Abstract— Soil treatment describes the procedure under which a 
soil acquires certain characteristics that did not originally have. 
This paper is focused in the field of road earthworks and the 
treatment of a material found in the region of Sidi Bel Abbes, 
Algeria. This material has poor characteristics that do not meet 
the standards used in road geotechnics. To remedy this, firstly, 
the Proctor Standard characteristics of this material were 
improved using mechanical treatment that increased the 
compaction energy. Then a chemical treatment was employed, 
adding some cement dosages, and results show that the material 
classified in the A1h class, for an increased maximum dry density 
and a reduction in water content. A comparative study is made 
on the optimal properties of the material between the two modes 
of treatment. On the other hand, after treatment, one finds a 
decrease in the plasticity index and the methylene blue value. 
This material exhibits a change of class. Therefore, soil class CL 
turned into a soil class CL-ML (silt of low plasticity). This 
observation allows the material to be used as backfill or 
subgrade. 

Keywords-treatment of soil; cement; methylene blue value; 
embankment; subgrade 

I. INTRODUCTION 

Using local materials of poor quality that are generally 
ignored in favor of good soils provides obvious economical 
advantages. Different mechanical or chemical methods are 
used in the treatment of soil compaction [1-2], pre-loading [3] 
and chemical treatment [4-9]. Today hydraulic binders 
treatment extends to an increasingly large number of soils: silt, 
clay, marl, sandy material, sandy-gravelly and gravelly etc... 
Cement appears to be a very effective stabilizer product. On the 
other hand, it has a high cost and requires a particular 
implementation. The cement stabilization develops from 
cementing ties between the hydration products of calcium 
silicate and aluminate and soil particles [10]. The addition of 
cement in clay soils reduces the liquid limit, plasticity index, 
swelling potential and increases the withdrawal limit and the 
shear strength [6, 11].  

 

This work contributes to the treatment procedures 
employed to improve the physical properties of a material by 
adding cement. This method can be applied to fill and shape 
layers constituting the pavement structure in accordance with 
the standard/technical guide followed [12]. The processing 
technique is based on the formulation of mixtures at different 
percentages of cement and poor materials, in order to have a 
good quality material that is both economical and easy to 
implement. 

II. CHARACTERISTICS OF THE CONSIDERED MATERIALS  

The considered material was collected in a site located 50 
km west of Sidi Bel Abbes, Algeria in a depth of about 65 cm. 
Its physical and chemical properties are shown in Table 1. The 
result of the grading curve shows that the material is very fine 
silty and sandy. According to [12-13], it is classified in the 
heading of fine soils rated Class A with Dmax≤50 mm and  
passing of 80µm>35%. The subclass may be determined 
according to the methylene blue value: VBS equal to 1.23 
which gives the subclass A1 [14]. For Atterberg limits we refer 
to [15]. The frequently water "wet" condition of the soil 
characterized by a relative sensitivity to water does not allow 
efficient compaction.  

The treatment with cement is particularly suitable for less  
plastic soils, which are a priori unsuitable for lime treatments 
because of their low clay content. The adjustment of water 
status is determined by the natural water content (wn): 
0.9·wOPN≤wn≤1.1·wOPN with wn = 18.86% [16]. 

From this analysis, it was considered useful to improve the 
characteristics of the material by a chemical treatment with 
cement in order to meet the requirements in terms of load 
capacity and deformation in pavement structures. The cement 
used is Portland Cement Artificial (CEM I) from the cement 
works of Chlef, Algeria. The physical and chemical properties 
of the cement are summarized in Table 2. 
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TABLE I.  PROPERTIES OF THE CONSIDERED MATERIAL 

Plasticity 
wL % 
IP % 

 
33,00 
11,97 

Particle size analysis 
< 80 m (%) 
Cc = d30 

2/ d10. d60 

Cu = d60/ d10 

 
56,80 
37,94 
0,84 

Characteristics OPN 
wopn (%) 
d /w 

 
16,40 
1,68 

Grain density (s /w) 
Methylene Blue Value 
Specific Surface area (cm2/g) 

2,55 
1,23 

25,75 
Natural water content (%) 14,86 

Chemical properties 
Silica (%) 
Lime 
Organic matter 
Iron oxide 
Alumina oxide 
CaCO3  (%) 

 
38,86 
27,01 
1,35 
1,36 

- 
52 

 

TABLE II.  PROPERTIES OF THE CEMENT USED 

Physical Characteristics Values 
Specific Surface area  (cm2/g) 
Consistance (%) 
Curing time  (h, mn) 
Warm dough expansion (mm) 

3500 
19 

2:13 
1,51 

Chemical Characteristics Values 
Insoluble (%) 
Loss on ignition (%) 
Free CaO (%) 
SiO2 
Fe2O3 
CaO 
MgO 
SO3 

0,97 
5,14 
0,70 
20,71 
3,47 
62,07 
1,12 
1,66 

III. EXPRIMENTAL PROCEDURE  

The processing procedure begins by drying the samples in 
the oven at 60°C for 24 h, then the dry material is thoroughly 
mixed for about 15 min with different percentages of cement 
(2%, 3% and 4% by [17]). The mixing is done using a mixer 
with knives and optionally distilled water, until a homogeneous 
material is achieved. Atterberg limits and blue tests were 
performed on natural samples and treated in accordance with 
[14, 15]. 

IV. RESULT AND DISCUSSION  

A. Effect of the cement on the liquid limit  

Atterberg limits of soil samples found in the natural state 
and mixed with different percentages of cement are shown in 
Figure 1. There is a strong limit liquidity passing 33% to 
29.34% decrease. This decrease is due to the variation of water 
content with increasing cement content. This observation is in 
good agreement with the results in [6, 18-20]. Similar trends of 
the liquid limit have been observed by other researchers on 

materials treated with lime and pozzolan [9, 21], and on 
materials treated with fly ash [22-24]. 

The implication of this reduction in soil plasticity, with an 
increasing amount of cement is attributed to the process of 
exchange of cations between the soil and stabilizers [6]. Other 
authors [4, 25] explained that the cation exchange, flocculation 
of clay particles and reaction sintering process are the main 
physico-chemical mechanisms responsible for the improvement 
of mechanical properties of soils when treated with lime. In 
contrast, an increase in liquid limit when increasing the 
percentage of cement has been shown in [26]. We can say that 
this difference depends on the nature of the soil: namely an 
increase can occur for kaolinitic clay soils and a decrease may 
occur for clay montmorillonite [27]. 
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Fig. 1.  Variation of the  liquid limite and plasticity                                       

varius percentage of cement. 

B. Effect of the cement on the plastic limit 

Regarding the plastic limit wp, the treated samples showed 
an increase of the limit with the increase of the amount of 
cement (Figure 2). This limit increased from 21% to 23.93%. 
The same trends have been observed on materials treated with 
lime [28] and on materials treated with limestone [5]. The same 
behavior was also observed in [9, 22, 29-30]. It has been shown 
that the addition of fly ash at low calcium soil swelling causes 
an increase in the plasticity limit, this is due to the replacement 
of the fine particles by the larger particles [7, 9]. However, 
some authors have shown a decrease in the plastic limit, when 
the material is treated with a mixture of lime-pozzolana with a 
high content of lime (> 10% lime) [9]. 

C. Effect of the cement on the plastic index 

The variation of the plasticity index based on the 
percentage of cement is shown in Figure 2. It shows a decrease 
in the plasticity index when the cement content increases. This 
means an improvement in the behavior of the plastic material. 
The same trend was observed in [5, 31].  
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Fig. 2.  Influence of cement on the plasticity index                                             

and the methylene blue value 

D. Effect of the cement on the methylene blue value 

The Methylene blue test [18], identifies the reactivity of the 
clay fraction (<2 microns) present in a material by measuring 
the ability of the fine particles to absorb methylene blue. After 
several attempts to blue on samples treated and untreated 
cement, there has been a significant change in measurements of 
blue with increasing percentage of cement. The results shown 
in Figure 2 show a decrease in the blue value from 1.23 to 0.59 
(g/100 g) with the increase of the cement content. This 
highlights the insensitivity of the material after water treatment.  

E. Effect of the cement on the classification of the material 

The different results of tests on Atterberg limits, natural 
material and treated are shown in the diagram of plasticity of 
Casagrande (Figure 3). According to this diagram, the 
untreated material is associated with the class of so-called low 
plasticity clay loam (CL) materials. After adding different 
percentages of cement, the material exhibits a change of class 
and is positioned below the A-line. Therefore, soil class of CL 
turned into a soil class of CL-ML (silt of low plasticity). These 
class changes are assigned by the flocculation of the material 
when the cement stabilized. In addition, changes in plasticity 
characteristics of the treated material, allow therefore its use in 
roadworks (subgrade). Even after treatment we found that the 
material remains in the same family group (A1) according to 
[12]. Despite the considerable decrease in the blue value and 
the plasticity index, similar results were found in [9]. 

F. Effect of the cement on the properties of  optimum Proctor 

In our case, the material to be treated contains a large 
proportion of fine particles (56.80%) and an organic matter 
content of about 1.35%. The selected additive is artificial 
Portland Cement (CEM I). Treatment with cement according to 
[17] is made. Doses vary from 2 to 4% by weight of dry soil. 
The soil cement mixture is homogenized for about 15 min. 
However, we proceed in the same way to the Standard Proctor 
test in CBR mold. The results before and after treatment are 
shown in Figure 4. It is found that the dry density significantly 
increases the dry side of the optimum and remains substantially 

equal to the wet side of the optimum for different percentages 
of cement imposed. This leads us to say that the maximum dry 
density increases with increase in the percentage of cement in a 
CBR mold. In contrast, the corresponding optimal water 
content decreases as the addition of cement is important. 
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Fig. 3.  Diagram of plasticity of Casagrande : - case of the material studied 

We can say that the behavior during the compaction of soil 
treated with hydraulic binder is slightly modified compared to 
treatment with lime. It should be noted that the optimum water 
content is shifted to the higher water content and dry density is 
equal to or slightly lower, the optimum moisture content is 
decreased and dry density is increased when treating a ground 
hydraulic binder. The addition of a binder in the soil causes a 
change in its water content. This effect is more significant with 
the lime than with hydraulic binders. It should also be noted 
that, for a given water content of the wet side of the optimum 
resistance measured using the CBR test are lower for samples 
that are subjected to high energy compaction (Case of modified 
Proctor). 

  

12 16 20 2414 18 22

Water content (%)

15.00

16.00

17.00

18.00

14.50

15.50

16.50

17.50

18.50

D
ry

 u
n

it
 w

ei
g

h
t 

(k
N

/m
3 )

Standard Proctor

Soil+0% Ciment

Soil+2% Cement

Soil+3% Cement

Soil+4% Ciment

Sr = 1
0.900.8

d max = 16.37 kN /m3

wOPN = 18.4 %
  Sr   = 83 %

Proctor tests made in the CBR mold 56 shots

 
Fig. 4.  Influence of cemnt on the optimal properties    
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V. CONCLUSIONS  

The objective of the study was to characterize a material to be 
used in road construction, relying on a process of recovery, 
taking into account treatment with reasonable dosages of 
cement with normal compaction. Results allow the 
consideration of the use of the material as subgrade in a body 
floor. Improving material properties by a significant energy 
compaction is not an effective solution as it required an 
increase of the maximum dry density of 1.1 kN/m3 which is 
not consistently seen in the measurement tolerance specified 
by the standards. It is therefore best to follow a different path, 
aiming to improve the geotechnical properties of soils by 
adding a chemical compound such as cement strength class 
32.5 (CEM I) and proceed to a standard compaction (OPN). 
The amount of treatment product is expected to be 3% cement 
and it is expected to reduce the water content due to 
hydrations phenomena and improve the dry density. 
According to the results of this study, the cement can be a 
good treatment for a class A1h material. The pattern of results 
show a slight reduction in the liquid limit, an increase of the 
plastic limit, and therefore, a reduction of the plasticity index. 
As shown, when applying a certain amount of cement to the 
soil it passes brutally from a plastic state to the crumbly state. 
The analysis reveals a difference of the soil’s behavior in 
regards of the way of treatment (mechanical or chemical). The 
major difference between the two types of treatment relates to 
the size of the mold, which on site, may result to less roller 
passes and thus avoidance of over-compaction.  
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