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ABSTRACT. It is well known that chemical treatment with cement and 
reinforcement with polypropylene fibres are considered as a solution to soil 
stability problems. This technique ameliorates the mechanical and physical 
comportment of the soil. Based on this, this research paper aims at 
investigating the mechanical behaviour of a specific type of dried-cemented-
sandy soil reinforced with discrete elements such as polypropylene fibre 
basically through experimental tests. The latter is a series of consolidated 
drained triaxial tests which were carried out on sand samples that are prepared 
with 0, 3 and 6% of cement, reinforced with 1% of polypropylene fibre (12, 
18 mm) randomly distributed. Furthermore, those contents are measured by 
the volume of dry sand. In addition to these tests, the mechanical properties 
of two types of reinforced sand obtained experimentally, were used in a 
numerical analysis of a road embankment using a finite element program such 
as Plaxis 2D in order to observe the variation of different parameters like 
safety factor and the displacements (Ut, Ux, Uy). The test results showed that 
the addition of cement and polypropylene fibre of different accommodations 
increased both cohesion and friction angle of sands while the numerical results 
indicated that the presence of these additions improved the safety factor and 
decreased significantly the displacements. 
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INTRODUCTION  
 

s a result, of the noticeable demographic expansion and the different infrastructural causes are sometimes inevitable 
to build on an unsatisfactory Geotechnical site. On this basis the improvement of the mechanical characteristics of 
this site is required. Consequently, different techniques can be considered, namely: drainage, densification, 

cementation, strengthening, drying, and heat treatment. Those techniques have been part of soil development for a long 
time. Cement and fibre improvement have become a well-known and widely utilised methodology in Geotechnics. Fibres 
improved the soil's physical characteristics and increased its ability to support the charges. Cement stabilisation, on the other 
hand, made the soil more resistant to climate influences.  
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The act of including cement with various amounts in the reinforced sand displayed that it acts fragile due to the increase in 
the compression strength [1]. Additionally, the researchers discovered that the nature and length of the fibre had an impact 
on the yield matrix of fibre, cement, sand, and they found that the polypropylene fibres improved their mechanical behaviour 
and reduced the beach sand dilation [2-4]. Hamed et al [5], also tested sand specimens reinforced with glass and 
polypropylene fibres under varied confining pressures and relative densities in a series of monotonic triaxial tests. The results 
showed that fibres improved shear strength by increasing confinement and relative density. Hence, the features of bio-
cemented sand improved greatly after the addition of fibres and the rise of strength was larger when polypropylene fibres 
were present. A series of compression tests, tensile tests as well as calcium carbonate content tests were conducted to 
investigate the impact of different fibres on bio cemented sand. According to the findings the presence of inclusions 
converted the fragile failure mode to ductile, the non-confined compression resistance, improved and increased as the fibre 
concentration increased, but it dropped when polypropylene fibre percentage exceeded 0.2% (This drop resulted in the 
fibre’s low elastic modulus) [6,7]. Furthermore, the polypropylene fibre produced more residual resistance throughout the 
curing process. Dry density, permeability, non-confined compressive strength (UCS), tensile strength, and microstructure 
were measured to see how fibre addition, affected the characteristics of treated sand with calcium carbonate precipitation 
(MICP) created by scanning electron microscopy (SEM). The MICP-treated sand had a lower permeability, a higher dry 
density, and a lower confined compression resistance; however, the addition of fibre improved ductility, mode of failure, 
traction resistance, and dry density. The features of the treated sand were influenced by the length of the fibres as well as 
the fibre concentration [8]. On the other hand, a numerical modelling is one of the most widely used simulation approaches 
in civil engineering, notably in Geotechnical engineering. It was constructed in order to obtain a comprehensive description 
of soil behaviour. Skuodis et al [9], employed a Plaxis 3D model to evaluate the damage produced to the geogrid during 
triaxial tests performed on reinforced sand samples, this model offered a clear explanation of the major cause of the damage 
by analysing numerical and experimental results. Ver H. Abioghli and A. Hamidi [10], developed a constitutive model of 
generalised plasticity to predict the mechanical behaviour of sand reinforced with cement and fibre; as a result, the soil 
behaviour was well characterised by this model.   
The main aim of this research paper is to work on sandy soil (from two different regions) reinforced with fibre and cement, 
using 1% PP fibres (12, 18 mm) randomly distributed and 0, 3 and 6% cement. The first portion depicts the samples' 
mechanical behaviour in triaxial tests, while the second part is a parametric analysis on a road embankment with and without 
reinforcing using a finite element program and based on the experimental results. 
 

 
Figure 1: Grain size distribution curves for the sands 

 
 

EXPERIMENTAL  
 

he materials used and tested in this study are two dune grains of sand from Algeria, Skikda (Oued Zhour and Filfila). 
-  The sand of Oued Zhour (S1) had a density estimated at 1.62 g/cm³ with a uniformity coefficient Cu and curvature 
coefficient Cc of 1.5 and 0.93 respectively. 
- The sand of Filfila (S2) showed 1.65 g/cm³ of density with Cu and Cc of 1.03 and 1.9 respectively.  

Fig. 1 demonstrates the gradation of these sands while Tab. 1 presents their structures.  
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Physical property 
Value 

(Oued Zhour sand) 
Value 

(Filfila sand) 
Particle size such that 50% are smaller, D50 (mm) 0.35 0.38 

Particle size such that 10% are smaller, D10 (mm) 0.22 0.2 

Coefficient of uniformity, Cu 1.5 1.03 

Coefficient of curvature, Cc 0.93 1.9 

density (g/cm3) 1.62 1.65 

Particle size such that 50% are smaller, D50 (mm) 0.35 0.38 
 

Table 1: Physical properties of sands. 
 

The experiments were started on sand treated, with cement Portland type II (0, 3 and 6%) made by an Algerian cement 
company which contains 2.28% residues, 2.41% insoluble, 57.22% PAF 975, 27.83% CaO, 3.12% Fe3O3, 0.94% MgO, 2.02% 
SO3, and 0.88% CaO free. Then reinforced with 1% discrete components (12 and 18 mm) randomly distributed which has 
a circular section, 32 microns thickness, 0.8-1.00 g/cm³ density, 0,91 g/cm³ specific weight, 160° fusion point and two 
lengths (12, 18 mm). The characteristics of these elements are shown in Tab. 2 while the Tab. 3 shows the different 
components and its abbreviation. The experimental work includes the preparation of the samples and the triaxial shears 
(CD). 42 samples have been consolidated for 15 days under a cell pressure (CP) 50, 100 and 200 kPa. Fig. 2 presents the 
triaxial machine used in this work also Fig. 3 shows the specimen before and after shearing. The purpose of this study is 
investigating the effect of cement and the addition of PP fibre on those sands of the two different regions.  
 

Physical property Fibres 

Material Polypropylene virgin 

Colour Natural white 

Density 0.8 à 1.00 g/cm³ 

Dimension 6 mm 

Length 12/18 mm 

Section Circular 

Thickness 32 microns 

Specific weight 0.91 g/cm³ 

Fusion point 160° 
 

Table 2. Physical properties of the polypropylene fibres used. 
 

CC (%) FL (mm) Abbreviation 

0 0 0%C+0F 

 
 
3 

0 3%C 

12 3%C+F12 

18 3%C+F18 

 
6 

0 6%C 

12 6%C+F12 

18 6%C+F18 
 

Table 3: The proportion of cement and fibre. 
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Figure 2:  Triaxial machine. 
 
a) Before shears. b) After shears. 

Figure 3:  Sand specimen before and after performing the shear test. 

Triaxial test procedure 
The procedure followed in this test is mixing the cement and fibre contents of the samples calculated from the volume of 
dry sand by hand (ordinary method) until the distribution of fibres is achieved. Each sample is made up of five layers of 
mixed components, each weighing 125g. Then it is encased in a silicone membrane (38 mm diameter and 70 mm long). The 
layers are compacted slightly, then saturated, consolidated and sheared on triaxial. The test compression program (CD) has 
the following steps.  
1- The preparation of the samples. 
2- Applying a negative pressure to make the sample stable. 
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3- Injecting water into the specimen through the bottom drainage line to remove the air from the specimen by flushing it 
out. 
4- Saturating the samples by increasing cell pressure gradually, once the Skempton pore pressure parameter  exceeds by 
95%. 

 

                                                                                                            (1) 

 
: Skempton pore pressure parameter. 

: The resultant change in pore pressure obtained under the undrained isotropic compression condition. 
: The isotropic cell pressure. 

5- The consolidation of the samples under CP 50, 100, 200 KPa. When the volume variation reaches constant values, the 
consolidation is complete. 
6- Under draining circumstances with an axial displacement rate of 1 mm/min, shear loading is given with regard to a 
constant confining pressure to specimen failure [11-13]. 
 
Results and discussion of triaxial compression test  
Tab. 4 shows the main characteristics of the tests (deviator stress, confining pressure, and axial strain). While Figs. 4, 5 and 
6 illustrate the deviator stress as a function of axial strain for sand, cemented sand, and fibre cemented sand samples under 
various confining pressures (50, 100, 200 kPa). Furthermore, Fig. 4 shows the variation between deviator stress and axial 
strain in S1 (continuous line) and S2 (discontinuous line) at a confining pressure of around 50 kPa. Figs. 5 and 6 demonstrate 
the evolution of deviator stress with axial strain for S1 and S2 sheared at effective stress σ’c = 100 and 200 kPa respectively. 
It appears in Figs. 4, 5 and 6 that the deviator stress increases with the increase of axial strain until a maximum value than 
it drops after the failure.  
 

CC  
(%) 

FL 
 (mm) 

CP  
(kPa) 

Deviator Stress  
(kPa) 

Axial Strain 
 (%) 

   S1 S2 S1 S2 

0 0 50 0.13 0.12 5.61 6.57 

0 0 100 0.31 0.21 4.74 2.8 
0 0 200 0.5 0.51 6.51 5.63 

3 0 50 2.34 0.21 4.42 4.23 
3 0 100 4.19 0.39 6.51 9.11 

3 0 200 6.09 0.62 9.06 10.69 
3 12 50 0.43 0.42 5.75 6.39 
3 12 100 0.8 0.82 6.30 4.09 
3 12 200 1 .02 0.96 11.02 12.61 
3 18 50 0.7 0.61 12.57 13.67 
3 18 100 0.93 0.87 12.27 17.99 
3 18 200 1.5 1.38 7.40 11.26 
6 0 50 2.92 3.23 5.04 4.64 
6 0 100 4.35 4.16 12.97 15.73 
6 0 200 6.83 7.28 11.06 12.80 
6 12 50 0.77 0.76 7.69 4.37 
6 12 100 0.92 0.89 5.54 5.66 
6 12 200 1.58 1.52 4.39 4.21 
6 18 50 0.81 0.79 1.72 5.18 
6 18 100 1.46 1.14 9.91 12.46 
6 18 200 1.59 1.6 7.23 13.43 

 

Table 4: Summary of triaxial tests results. 

β

   3β u / σ  is  95 %

β
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Figure 4: Stress-strain behaviour of S1 and S2 samples with CP=50 kPa. 
 

 
Figure 5: Stress-strain behaviour of S1 and S2 samples with CP=100 kPa. 

 

 
Figure 6: Stress-strain behaviour of S1 and S2 samples with CP=200 kPa. 
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It is clearly seen in Tab. 5 and Figs. (7, 8) that the inclusion of cement and fibre improve the cohesiveness and friction angle 
of both of these grains of sand.  We can see that the cohesion is increasing gradually from 5.81 to 57.75 and from 6.97 to 
59.59 in S1, S2 respectively. As well the friction angle goes from 33.31, 34.81 to 47.70, 46.55 in S1, S2 respectively. Several 
studies have demonstrated that this improvement ameliorated the mechanical characteristics of the soil. Furthermore, 
according to this study [14], one of the most important elements affecting the strength of sandy soil compression was the 
cement content; while the introduction of the PP fibre into the soil in order to evaluate its behaviour showed that it was a 
reinforcing ingredient in the soil particle binding [15]. As well the results of other experiments which were done by M.M. 
Benziane et al [16], demonstrated that the inclusion and the increase of PP fibre improved the mechanical properties of the 
sandy soil. Additionally, researchers confirmed that Fibres have a significant impact on the mechanical performance of fibre-
reinforced cement treated sand (CTSF) utilised for road and pavement applications [17]. Moreover, the presence of cement 
simply reduced the deviator stress, according to triaxial testing, as well as the addition of fibre to cemented sand enhances 
this deviator stress (Fig. 4, 5 and 6). The failure is observed with the peak value. After failing, it decreases to a constant 
value. It has been discovered that ground strength with fibre had exhibited high strength, resulting in an increase in 
compression resistance and a considerable improvement in sand behaviour. Because of its flexible shape and force qualities, 
the polypropylene fibre provided better ground resistance [18]. Juan Du et al said that Cement soil stabilisation necessitated 
a high confinement pressure as well as a prolonged hard time. As confinement pressure rose, so did the tension of the 
deviator [19]. 
 

  C’ (kPa) Ф’ ° 

Cement content (%) Fibre length 
(mm) 

S1 S2 S1 S2 

0 0 5.81 6.97 33.31 34.81 

3 0 29.95 20.4 33.44 34.9 

3 12 50.23 48.4 41.13 40.81 

3 18 50.78 49.76 47.14 46.1 

6 0 36.46 35.24 34.38 35.43 

6 12 53.31 59.99 47.70 46.55 

6 18 57.75 76.18 47.87 46.71 
 

Table 5: Peak strength parameters for sands and fibre-reinforced cemented sands. 
 

 
Figure 7: Variation of cohesion in presence of components for S1 and S2. 
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Figure 8:  Variation of friction angle in presence of components for S1 and S2. 

 
Moreover, Fig. 9 represents the amelioration of deviator stress with the increase of the confining pressure. The test results 
show that the cement percentage and fibre length increase as the strength increases. These observations are shown in both 
S1 and S2. In conclusion, the figures clearly confirm that the deviator stress increases as cement content, fibre length and 
confining pressure. These ameliorations are confirmed by researchers where they improved the soil reinforcement with PP 
fibre, however the cohesion and shear resistance of sand improved significantly as fibre content and length increased [20]. 
Also in addition to this, the increase in the length of fibre has increased the ground compression indices so fibre have an 
impact on soil behaviour [21].  
 

 
 

Figure 9: Variation of deviator stress with different confining pressures of S1 and S2. 
 
 

NUMERICAL  MODELLING 
 

 his study investigates the stability of a road embankment using the finite element method of Plaxis 2D. This analysis 
was performed by using the results of the experimental tests. The model present in this study is 80m long and 10m 
high, the road embankment is 4 m high on top of two layers of foundation clay with varied characteristics, each layer 

is 3 m high. The studied variable is simulated on half of it because it is symmetrical as the Fig. 10 shows. The Mohr-Coulomb 
(MC) model was used to analyse the road embankment (with and without reinforcement) in a drained condition, whereas 
the examination of the foundation clay soil was done in an undrained situation [22]. The MC model is a well-known, widely 
utilised today and is an initial estimate of soil behaviour in Plaxis [23]. The 2D Plaxis model was used to simulate the 

T 
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investigation of an in-depth tunnel excavation by the MC model. Following this examination, the researchers discovered 
that as the tunnel's depth climbs, the colonies on the soil's surface shrink and approach their true values [24]. On the other 
hand, the excavation has increased again because of the unloading behaviour (softer or weaker) and the stiffness parameter 
that minimises deformation. [25]. Two different sequences-modelling methodologies were used in this investigation. The 
stability of an unreinforced road has been investigated for the first time and the stability of the reinforced embankment 
model was then evaluated using various cement props and fibre lengths. The material parameters of the two sands 
embankments and the road foundation clays are shown in Tab. 6. Although Figs. 11 and 12 depict the road's deformation 
before and after strengthening. 
A road embankment is achieved to calculate the safety factor, to observe displacement changes (total, horizontal and vertical) 
with and without reinforcing. The following steps have been used in the simulation of the problem: 

- Model creation; 
- The input of material parameter and a simple finite element mesh may be generated; 
- Consolidation phase to allow the excess pore pressure and analysis the ultimate time required; 
- Characteristics computation (safety factor, the displacements). 

 

 
Figure 10: Geometry model of road embankment. 

 

 
Parameter 

 
Name 

 
Clay 1 

 
Clay 2 

Embankment  
Unit 

S1 S2 

Material model Model MC MC MC MC - 

Type of drainage Type undrained undrained drained drained - 

Soil unit weight above 
phreatic level ϒunsat 16.6 16.6 18 16 kN/m³ 

Soil unit weight below 
phreatic level ϒsat 17.31 17.31 22 21 kN/m³ 

Young’s ratio Eᵣₑ∫ 2000 2000 2200 1500 kN/m² 

Cohesion C’ 33.02 12.01 5.81 6.97 kN/m² 

Friction angle Ф’ 1 1 33.31 34.81 ° 

Dilatancy angle Ψ 0.0 0.0 3.31 4.81 ° 

 

Table 6: Material properties used in finite element analysis. 
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Figure 11: Material Deformation mech of the road before reinforcement. 

 

 
Figure 12: Material Deformation mech of the road after reinforcement. 

 
Results of the numerical modelling and discussion   
Tab. 7 and Figs. (13-16) show the results of the numerical modelling. The safety factor increases as cement content and 
fibre lengthens. It goes from 1.38, 1.5 to 1.68, 1.8 in S1, S2 respectively. Sandbox 1 and 2 displacements variations reduce 
as cement and fibre length increase until they reach a minimal value then they increase significantly. These results were 
confirmed in previous studies. The stability of a roadway slope was explored using the 2D Plaxis to model the light weight 
of the embankment. The simulation revealed that employing Geogrids as a reinforcing material improved the security factor 
[26], as well a study of a road embankment reinforced by Geotextiles showed that the safety factor increased as the 
Geotextile's tensile strength increased, while the displacements dropped [22].  
In order to validate the existing model, the findings of the current investigation were compared to the data reported by P.S. 
Wulandari and D. Tjandra [22]. Based on the test model the road embankment stability was assessed using the finite element 
approach in Plaxis 2D. As a basic preliminary examination of the problem, the Mohr-Coulomb model was applied. 
According to the findings, level of the tensile strength of Geotextile reinforcement tend to raise the factor of safety while 
the displacement along the embankment's base is reduced by the increasing Geotextile tensile strength [22]. 
  

 

Table 7: Numeric model results. 
 

 
Abbreviation 

SF Ux (cm) Uy (cm)  Ut (cm) 

S1 S2 S1 S2 S1 S2 S1 S2 

0%C+0F 1.38 1.5 3.18 2.69 2.1 2.38 3.33 3.26 

3%C 1.64 1.69 2.79 2.70 2.12 2.39 2.99 3.03 

3%C+F12 1.67 1.8 2.79 2.68 2.13 2.43 2.98 2.99 

3%C+F18 1.68 1.8 2.77 2.70 2.12 2.33 2.96 3.01 

6%C 1.66 1.78 2.79 2.69 2.12 2.33 2.98 3.02 

6%C+F12 1.68 1.79 2.80 2.67 2.13 2.39 3.04 3.0 

6%C+F18 1.68 1.8 2.79 2.68 2.11 2.37 3.01 2.99 
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Figure 13:  Safety factor analysis of S1 and S2. Figure 14: Variation of Total Displacement of S1 and S2. 
 

Figure 15: Variation of Horizontal Displacement of S1 and S2. 
 

Figure 16: Variation of Vertical Displacement of S1 and S2.
 

 
 

CONCLUSION 

 
fter studying the impact of cement and fibre on the behaviour of two dune sand grains in addition to conducting 
the parametric study using Plaxis 2D which was used to assess the stability of the road embankment. On this basis, 
the results of this analysis are outlined as follows: 

- The addition of cement and fibre improved the sand's properties. 
- The cohesion and the fraction angle increased exponentially with cement and fibre length. 
- Deviator stress, increased exponentially with cement, fibre length, and confining pressure. 
- The increase in safety factor indicates the stability of the road embankment. 
- The cement and fibre enhanced the safety factor until it reached a needed value, whilst the displacements (total, 

vertical and horizontal) dropped to a minimal value, then rose. 
- When comparing the results, we find that the two studied sands have the same behaviour. 
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DATA AVAILABILITY  
 

he author did the experimental results and the Geotechnical analysis of sandy soil (Skikda city) himself, and the 
produced numerical model, which supports the conclusions in this work, is accessible upon request from the 
corresponding author. 

 
 
PERSPECTIVES  
 

einforcement is a well-known approach nowadays. The availability of fibre and cement has shown to be a solution 
in the laboratory for improving soil behaviour. Furthermore, the influence of additions on soil, ground 
characteristics (safety factor, displacements) may be numerically investigated. 

 
 
ABBREVIATIONS  
 
The following abbreviations are used in this paper: 
Cement content (CC). 
Fibre Length (FL). 
Oued Zour Sand (S1) with continuous line. 
Filfila Sand (S2) with discontinuous line. 
Polypropylene (PP). 
Consolidated drained (CD). 
Cell pressure (CP). 
Mohr Coulomb Model (MC). 
The total displacement (Ut). 
The displacements in direction x, y (Ux), (Uy). 
3% C+F12 means: 3% of cement, 1% of fibre length (12 mm). 
3%C means 3% of cement. 
0F means 0% fibre. 
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