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ENVIRONMENT EFFECT ON 
MECHANICAL PARAMETERS  
OF SOIL-MIXING

Soil improvement is originally an economical solution to make soil buildable, particularly compared to deep 
foundation methods using piles. The object of this research is the understanding of the behavior of soil-mixing 
material, in particular, what concerns the effect of environmental parameters, whether: temperature, water table 
level, chemical attacks, the phenomenon of aging etc. on the mechanical and physical characteristics (resistance 
to simple compression, resistance to simple bending, modulus of elasticity, porosity, density, etc.), of a soil-mixing 
column, in the short term and long term. The big problem is how to carry out experiments in the laboratory, which 
will be representative of the different phenomena that take place on a real scale (on site). To do this, our ap-
proach consists of studying different soil-mixing mixtures composed of «artificial» soils (clay and sand) and  
a CEM III/C cement, and with a variable W/C ratio. After making the test pieces, with the different dosages of 
cements and a ratio between clay and fixed sand, they were kept under normal temperature conditions, in order 
to reach a maturation age (180 days), to be able to begin the series of experiments. Once the specimens were 
subjected to the aging test, let’s begin to crush them with simple compression and simple bending. The parametric 
study highlights a percentage of clay beyond of which the resistance decreases and the rigidity of the material can 
pose a problem for certain structural uses. The different results obtained show that for a low cement dosage, the 
humidification-drying cycle influences both the resistance to simple compression and to bending simple, as well as 
the number of cycles affects the resistance values in a significant way. On the other hand, for a greater or lesser 
dosage of cement, the resistance values are not affected. Based on the results obtained, it is possible to conclude 
that the choice of cement dosage depending on the nature of the soil influences the soil-mixing column and plays 
an important role on the lifespan of the column; therefore, it is necessary to give primary importance to the choice 
of cement dosage depending on the nature of the soil treated.
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1.  Introduction

The Soil-Mixing method has many advantages (respect 
for the environment, easy and quick execution as well as 
low cost) which have greatly contributed to extending its 
field of applications (soil improvement, containment of 
pollution and creation of elements structures). These new 
applications required a better understanding of the method 
and the material. The characteristics of the Soil-Mixing 
material (in particular homogeneity and continuity) are 
increasingly studied as the field of application expands. 
Likewise, methods for predicting material strength are 
being developed  [1] cite four factors which influence the 
growth in the strength of the material: the characteris-
tics of the binder, the nature and condition of the soil 
encountered, mixing and curing conditions. In  [2, 3] is 
stating that it is commonly accepted that the resistance 
of soil treated with cement increases over time, in the 
same way as concrete.

Many studies have been carried out to propose formulas 
regarding the prediction of material strength. In  [4,  5] 
proposed general relationships linking the gain in resistance 
to the nature of the soil to be treated, as well as resistance 
ranges achievable for these same soils after 28 days of curing.  
Furthermore, formulas have been proposed to predict mate-
rial strength from one or more factors stated by  [1]. For 
concrete, laws relating to the development of strength 
and depending solely on the cement to water ratio of the 
mixture studied have been established. These laws have 
been tested on Soil-Mixing, but other formulas have been 
proposed, taking into account cement, water and/or the 
fines content of the treated soil. However, there is still 
no widely applicable formula for estimating the strength 
of the material and integrating all the factors that should 
be taken into account, because until now, no international 
standard exists for the preparation of soil samples processed 
in the laboratory  [6]. Additionally, some formulas can 
only be applied to a particular site, while others can only  
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be applied to certain soils  [7]. Additionally, some formulas 
can only be applied to a particular site, while others can 
only be applied to certain soils. In  [8, 9] cite the impact 
of the type of soil, the dosage of cement and the water 
content on the mechanical properties of soils treated with 
cement: the characteristics of the binder, the nature and 
condition of the soil encountered, mixing and curing con-
ditions. In  [10] studied the influence of environmental 
parameters on the physical and mechanical characteristics 
of an artificial floor  (concrete floor), where it cited the 
influence of temperature and chemical attacks on the me-
chanical characteristics of the floor artificial.

The aim of this research is to exhaustive parametric 
study which focused on the resistance of the Soil-Mixing 
material, and relationships linking resistance to Soil-Mix-
ing  parameters.

2.  Materials and Methods

2.1.  Origin and properties of studied materials
2.1.1.  Soil material (clay). The soil used in our study 

is taken from Algeria, whose geological nature is charac-
terized by an alternation between: silty clay, marly clay 
and gravelly clay  [11]. Laboratory tests gave in Table  1.

Table 1

Characteristics of laboratory tests

Features Values

Dry density, t/m3 2.00

Water content, % 14.60

Saturation degree, % 100

Wet density, t/m3 2.28

Granulometry

5 mm 88

2 mm 79

0.08 mm 66

Sedimentometry
20 µm 46

2 µm 28

Atterberg limits
Wl, % 36.79

Ip 19.34

2.1.2.  Sand material. The sand used in our study is 
taken from local region  [8], Table  2.

Table 2

Characteristics of the sand used

Features Values

Dry density, t/m3 2.66

Water absorption coefficient, % 0.53

Fines content, % 0.20

Equivalent sand 61

Blue value 1

2.1.3.  Cement. The cement used in our work is 
CEM  II/A-L 42.5 N, Portland limestone cement (CPC), 
from the factory: Groupe Industriel des Ciments d’Alg rie,  
Soci t  des Ciments de Ain KEBIRA (Table  3)  [8].

Table 3
The characteristics of cement

Features Values

Setting time >60 minutes

Compression resistance at 2 days >10 N/mm2

Compression resistance at 28 days >42.5 N/mm2

Sulfate content SO3 <3.5 %

Chloride content <0.10 %

Clinker content 80–94 %

Addition of limestone 6–20 %

Secondary constituent 0–5 %

2.2.  Experimental approaches. The objectives of this 
article are first presented in order to specify which pa-
rameters were studied to meet the need for prediction and 
reliability of soil-mixing performance. Different reasons and 
hypotheses led us to the choice of materials and formula-
tions. In the absence of standards and recommendations 
dedicated to soil-mixing, the working method is therefore 
based on studies already carried out  [6]. The different 
protocols adopted are also inspired by concrete and mortar 
standards. In this work research, let’s also detail the dif-
ferent means of mechanical characterization implemented. 
The accelerated aging tests implemented are also presented, 
specifying in particular at what intervals the characteriza-
tion tests are planned (number of cycles, time).

2.2.1.  Supply of materials. The first step in our work is 
to procure a quantity of materials necessary to carry out 
the various tests. Subsequently, the choice of laboratory was 
made where it is possible to carry out the experimental part, 
the laboratory is: the chosen laboratory is Public Works 
Laboratory East (LTPEst) situated in Bejaia Algeria, which 
provides the different means necessary to complete the ex-
perimental part. To source materials, let’s proceed as follows.

2.2.1.1.  Clay material
–	 Choice of intervention site: In the absence of material 
at laboratory level, first of all, we did prospect work 
to be able to choose the sample collection site (a site 
whose soil type is of low physical characteristics and 
mechanical, like clays). The chosen site is located in 
the commune and Da ra of Amizour, Wilaya of Bejaia, 
where a program of 150 housing units is implemented.
–	 Sampling: The samples are taken after earthworks 
to a depth of more than 4.00  m (because the site in 
question was used for agriculture), the samples taken 
were preserved in polyene bags (Fig.  1).

  
Fig. 1. Sample taken

–	 Cleaning: The samples will be thoroughly cleaned 
of any substances strange to the nature of the soil.
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–	 Baking: Once the samples are taken to the labora-
tory, they will be placed in the oven at a constant 
temperature of 150  °C for 24 hours (Fig.  2).

 
Fig. 2. Oven

–	 Grinding: After 24 hours in the oven the samples 
will be crushed to obtain the maximum number of 
fine particles.
–	 Sieving: Once the samples are crushed, let’s move 
on to sieving, where it is possible to pass the material 
through sieves of different diameters and take just the 
quantity passing through the 0.2  mm sieve (Fig.  3).

 
Fig. 3. Sample after sieving

–	 Conservation: The quantity obtained by sieving will 
be stored in polyene bags, in a place with constant 
temperature and humidity.

2.2.1.2.  Sand material. Concerning the sand, necessary 
quantity for making the test tubes is found at labora-
tory level.

2.2.1.3.  Cement. The cement used is that of Ainkbi-
rasetif, present in the laboratory in sufficient quantity.

2.2.2.  Preparation of mixtures (test tubes). In our re-
search work, let’s carry out three types of formulation 
depending on the percentage of soil and cement:

1) Formulation F1: 25 % soil, 75 % sand and 200 kg/m3  
cement.

2) Formulation F2: 25 % soil, 75 % sand and 250 kg/m3  
cement.

3) Formulation F3: 25 % soil, 75 % sand and 300 kg/m3  
cement.

Determination of the quantity of clay, sand, cement and 
water used for each formulation: The work consists of car-
rying out several experiments with different contents of 
water, cement, sand and clay, in order to have a spreading 
between 30 and 32  cm, Table  4.

Table 4
The dosage for each element

Element Cement, kg/m3 Clay, kg/m3 Sand, kg/m3 Water, kg/m3

25 % soil,
75 % sand

200 243 743 557

250 231 707 558

300 220 672 559

Mixing: The mixtures are made in the laboratory under 
«ideal» conditions so that mixing does not influence the results 
and is reproducible. The soil, sand and cement are first mixed 
manually dry (approximately 5 minutes) [9], so as to obtain  
a visually homogeneous mixture. Mechanical mixing with water 
is then carried out using a mixer, leaving for at least 10 minutes.

Preparation of specimens: In the literature, cylindrical 
specimens of 50  mm in diameter and 100  mm in height 
are widely used for mechanical characterization tests of soil-
mixing material. In our case, there aren’t cylindrical molds 
for making the test pieces, let’s use cubic molds, with the 
following dimensions: 4×4×12 cm3. The mold filling procedure 
greatly influences the physical and mechanical properties of 
soil-mixing mixtures. For all mixtures, filling of the molds is 
completed no later than 45 minutes following mixing with 
the cement. This makes it possible to limit the influence of 
the rest time before installation, on material characteristics.

In order to optimize sample quality, mold filling must also 
take into account the workability of the mixture (Fig. 4). During 
this important stage of making the test pieces, the objective 
is to extract as much occluded air as possible, whatever the 
method used. The molds are filled in a single layer. The 
soil-mixing is tightened by the tapping method (15  strokes) 
for formulations containing clay consistency.

 Fig. 4. Mold for making test specimens
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Test pieces storage: The storage of test pieces is in a cli
matic chamber at a temperature of 20 °C, in a basin filled with  
water for 180 days (Fig.  5).

Fig. 5. Storage of test specimens

   

2.2.3. Accelerated aging tests. The objective is accelerated 
aging tests to better understand the durability potential of 
the material. Accelerated aging tests include: humidification-
drying cycles or chemical attacks. In our study, humidification-
drying tests were carried out. Accelerated aging tests are 
launched after 180 days of endogenous curing in order to 
compensate for the particularly slow hydration reactions of 
blast furnace slag and avoid their interaction with the influ-
ence of accelerated aging tests on damage to the material.

Accelerated humidification-drying aging cycle: After 
180  days of storage, let’s begin the humidification-drying 
cycle according to the following protocol: 24 hours in an 
oven at 53  °C and 48 hours of immersion in water at 
20 °C vs. for the following cycles: 3, 6, 12 and 24 (Fig. 6).

Fig. 6. Accelerated humidification-drying aging cycle:  
a – specimens; b – oven

   
a b

2.2.4.  Simple compression tests. Crushing tests on the 
specimens: At the end of each cycle, let’s move on to crushing  
the specimens using simple compression tests with a hy-
draulic press (Fig.  7).

Fig. 7. Crushing tests on the specimens:  
a – crushing press; b –specimens after crushing

a b   

2.2.5.  Bending tests. At the end of each cycle, let’s 
move on to crushing the specimens using simple bending 
tests with a hydraulic press (Fig.  8).

Fig. 8. Placement of the specimen: a – before crushing; b – after crushing

a b   

In our case, the effect of the number of cycles on the 
compressive relative resistance was studied, as well as the 
effect of the cement dosage on the relative resistance to 
simple compression.

3.  Results and Discussion

3.1.  Effect of number of cycles on the relative resistance 
to simple compression. Monitoring the evolution of the 
relative resistance in simple compression (fc) as a func-
tion of the number of Humidification/Drying cycles is 
presented in Fig. 9, for different formulations cited above.

Fig. 9. Compressive relative resistance evolution function of number  
of Humidification/Drying cycles
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The obtained results are normalized in relation to the ini-
tial values determined in the endogenous state after 180 days  
of treatment. The compressive strength of different formula-
tions F1, F2 and F3 decreases depending on the number 
of cycles. It is possible to observe a practically identical 
reduction for the three formulations between 0 and 3  hu-
midification-drying cycles. It is also possible to see that 
from the third cycle the shape of the curve changes from 
one formulation to another: for formulation F1 the relative 
resistance to simple compression continues to decrease de-
pending on the number of cycles. On the other hand, for 
formulations F2 and F3, let’s notice a slight increase in 
the resistance relative to simple compression until the sixth 
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cycles after a sudden decrease, thereafter the rate continues 
to decrease. This sudden decrease between 0 and 3 cycles 
is however caused by an experimental artifact. The com-
pressive strength of earth-mixing decreases by 18 to 40  % 
between 3 and 24 cycles, regardless of the cement dosage.

3.2.  Effect of the cement dosage on the relative resis-
tance to simple compression. The evolution of compression 
relative resistance (fc) as a function of cement dosage and 
Humidification/Drying cycles number, for all the formula-
tions is presented in Fig.  10.

The obtained results are normalized in relation to the 
initial values, which are determined in the endogenous state 
after 180 days of treatment. The simple compressive strength 
increases as a function of cement dosage (Formulation), which 
is logical as the Water-Cement ratio has a significant influ-
ence on the simple compressive strength. It is also possible 
to see that for a low dosage of 200  kg/m3 the resistance is 
very low, however the dosage of 300  kg/m3 gives a greater 
resistance, which is around 30  %.

Fig. 10. Compressive relative resistance evolution function  
of cement dosage
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3.3.  Effect of number of cycles on the relative resistance to 
simple Bending. Monitoring the evolution of the relative resis-
tance in simple compression (fc) as a function of the number 
of Humidification/Drying cycles is presented in Fig. 11, for  
all the formulations.

Fig. 11. Bending relative resistance evolution function of number  
of Humidification/Drying cycles
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The obtained results show, that bending resistance de-
creases as a function of the number of cycles for all the 
formulations, this reduction is between 60 to 65 % whatever 
the cement dosage.

3.4.  Cement dosage effect on simple bending relative 
resistance. The relative resistance in bending (fc) evolu-
tion as a function of cement dosage and the number of 
Humidification/Drying cycles, for all the formulations is 
presented in Fig.  12.

Fig. 12. Bending relative resistance evolution function of cement dosage
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This graph shows the increase in the resistance to simple 
bending as a function of the cement dosage (Formulation), 
something which is expected because the W/C ratio has 
a  significant influence on the resistance to simple bending. 
It is also possible to see that for a low dosage of 200 kg/m3 
the resistance is very low, however the dosage of 300 kg/m3  
gives a greater resistance of around 18  %.

3.5.  Discussion. The various results and conclusions 
obtained from this research show the importance of carrying 
out an in-depth geotechnical study for the dimensioning 
of soil-mixing columns. The influence of environmental phe-
nomena on the lifespan of the soil-mixing column is shown 
for soils whose physical and mechanical characteristics are 
low (clay, silt, etc.) with a low cement dosage. Our work 
was located in a single region in the commune of Amizour, 
Wilaya of Beja a, the extension of the research to other 
regions whether in the Wilaya of Beja a or national territory 
may be possible, of course by expanding the experimenta-
tion of other mechanical and physical parameters of the 
soil-mixing column, the influence of other phenomena (tem-
perature, chemical attacks, long-term humidification-drying 
cycle, etc.) is examined.

The results presented in this experimental research work 
have raised the influence of the cement dosage and the 
number of humidification-drying cycles on the lifespan of 
the soil-mixing column, a well-determined adequate dosage 
can increase performance and durability of the soil-mixing 
column. The different areas of research that deserve to be 
explored in greater depth in order to improve the under-
standing of the behavior of Soil-Mixing are:

–	 study the effect of a different granular distribu-
tion  (for example continuous, or coarser, etc.) on the 
performance of Soil-Mixing;
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–	 the nature of the aggregates (silico-limestone or lime-
stone), the clay (illite or even montmorillonite in varying 
proportions), or even the binder (CEMIII with less slag 
for example, other binders than Portland);
–	 finally, given the significant spreading of these Soil-
Mixing, the addition of super-plasticizer could help 
reduce the water content and limit damage while better 
preserving the mechanical properties.
The extension of the study area can also be the subject 

of other research to better see the influence of the area 
on the lifespan of the soil-mixing column.

4.  Conclusions

This research work shows that it is possible to ac-
curately predict the evolution of the resistance in simple 
compression and simple bending, as a function of time, 
the number of humidification-drying cycles and the ce-
ment dosage, only from of fc28. An experimental campaign 
shows that the simple compressive strength of soil-mixing 
specimens decreases by 18 to 40  % between 3 and 24 
cycles, whatever the cement dosage. And the resistance 
to simple bending decreases depending on the number of 
cycles for all the formulations, this reduction is between 
60 to 65  % for the different formulations. Furthermore, it 
should be noted that: The presence of clay in Soil-Mixing 
promotes cracking of the material linked to Humidifica-
tion/Drying cycles. This type of disorder results both from 
the incompatibility of the deformations between the sand 
grains and the binding phase, and from the prevented 
shrinkage of the clay under the effect of a drying gradient.
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