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Abstract: The study evaluates the shear resistance gain of dune sands reinforced by a geotexte.
The reinforcing geotextile is regularly perforated and inserted to provide a fictitious 'cohesion' to
the latter. The shear resistance test of the sand, before and after geotextile addition, is perceived
through parameterised triaxial tests.

The results showed a gain in 'cohesion’ of the sand-geotextile compound up to 380 kPa. However,
the internal friction weakens by 16% compared to the sand alone. The optimal pattern of the
perforated geotextile has also been identified based on the required shear strength characteristics.
The optimisation of the perforation pattern of the geotextile introduced into the sand makes it
possible to reduce the surface area of the geotextile used by almost half.

Moreover, the analytical examination of the obtained results makes it possible to predict the values
of the 'cohesion' and the friction of the sand-geotextile compound according to the sand used and
the chosen pattern of the perforated geotextile.The correlation between experimental results and
predicted values exceeds 98%.

Keywords: Dune sand; Shear strength; Geotextile; Perforation; Reinforcement; Entanglement
Correlation.
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1. Introduction

Dune sand (DS), recognised as an eolian deposit, is a vast tract of natural material found in various regions
around the world. In the northern Sahara, this material occupies an area of almost 9 million km?, of which
approximately 22% is located in Algeria [1-2]. The abundance and gratuity of this material evoke the temptation of
its use in civil engineering and linear structures such as roads, railways, agriculcural tracks, and trench bottoms [3-4].
The mechanical advantages of this dune sand are indisputable and noticeably appreciated compared with finer
materials such as silts and clays [5-7]. These advantages include permeability, bearing capacity, friction, resistance to
compaction, abrasion, wear, dissolution/solubility, and chemical aggression [8-11]. In addition, dune sand has
typical advantages over other types of sand, such as alluvial, crushing, and carbonate. Among its advantages is that it
is available in large quantities, concentrated in multiple zones, and already sorted by size into solid grains. In
addition, it is easy to extract and contains a high proportion of insoluble particles, making it resistant to water and
chemical agents. In contrast, some intrinsic defects are recognised as typical characteristics of dune sand (DS). These
include friability, brittle behaviour, slope instability, collapse of excavations, and often rather loose conditions [12—
15]. A long-targeted objective of the scientific and technical community is the development of DS [16-23]. That is
to say, to benefit from its physical and mechanical advantages in parallel with compensation for its defects via various
technical tricks. Dune sands are widespread in the northern Sahara but are almost unused in several technical fields
such as civil engineering, geotechnical works, agriculture, industry, crafts, and tourism. Several studies have
investigated the effect of geotextile (GTX) reinforcement on the shear strength of sandy soil. Denine et al. [2-26]
highlighted the positive impact of geotextile reinforcement on the mechanical behaviour of loose sand. Studies have
shown that geotextile inclusion increases shear strength and cohesion (C) value, with higher confining pressure
restricting sand shear dilatancy and reinforcing effect. Benessalah et al. [26] and Abdelkader et al. [27] also
investigated the impact of geotextiles on stress-strain and volumetric change behaviour in reinforced sandy soil, with
both studies showing an increase in stress deviator and volume contraction. Feng et al. [28] revealed that geotextiles
significantly reinforce desert sand, with geogrid-nonwoven composites showing the highest strength and ductility.
Similarly, Skuodis et al. [29] found that reinforced sand samples exhibit higher shearing strength than unreinforced
samples.Reza Jamshidi Chenari et al. [30] investigated the interface properties between sand-expanded polystyrene
mixtures and geogrid reinforcement under cyclic loading. Experiments show that adding 0.9% EPS beads to the
sand bed decreases interface shear stiffness by 30% to 63%, while interface damping increases twice. The hardening
factor also increases with cycle number under different stress levels. This study is crucial for designing geosynthetic-
reinforced soil structures. Markou [32-33] investigated the impact of sand grain shape and size on the mechanical
behaviour of geotextile-reinforced sands. Both studies demonstrated that reinforced sands exhibit higher strength
and axial strain at failure. Lakkimsetti and Latha [33] also highlighted the positive impact of geotextile inclusion on
sand resistance to liquefaction. They observed that geotextile inclusion increased liquefaction resistance and post-
liquefaction shear strength, especially for angular particles. Lal et al. [34] studied the behaviour of coir geotextile-
reinforced sandy soil foundations and showed that coir geocell reinforcement offers superior performance compared
with planar and discrete forms. Goodarzi and Shahnazari[35] examined the mechanical behaviour of carbonate sand
reinforced with horizontal geotextile layers using drained compression triaxial tests. Their results reveal that
geotextile inclusion increases peak strength and strain at failure while reducing post-peak strength loss. Strength
enhancement is greater at high strains, and increased relative density increases peak strength. Hussein Aldeeky et al.
[36] They examined the impact of sand placement method on interface shear strength behaviour in geotextile layers.
Seven types of woven and non-woven geotextiles were used with poorly graded sand. They found that deposit plane
significantly influenced soil behaviour, particularly for non-woven geotextiles. Higher mass per unit area and

opening sizes resulted in higher interface friction angles.

This study is based on the same technology and benefits geotechnical engineering by combining DS with a
geotextile (GTX) to overcome rheological issues. The new material investigated in this research is a mix of dune sand

and perforated geotextile (DS/GTX). Some mechanical quantities of this compound were measured and compared

Tob Regul Sci.™ 2024;10(1): 351 - 364 352



Goudjil Ishak et al.
Enhancing Shear Resistance of Dune Sand with Perforated Geotextile Reinforcement

with those of commonly used materials to identify potential variables and assess the likelihood of using the
compound in question in the appropriate domains. Another objective of this study is to indirectly estimate the shear
strength characteristics of the DS/GTX compound based on the physical parameters of the two materials (DS and
GTX). The results of this study are not sufficient to determine whether the DS/GTX compound is suitable for road
construction. However, it does sheds light on the importance of local material recovery. The motivation behind this
research stems from the extensive potential for the profitable use of DS. This resource is abundant, cost-effective,

and easily modifiable; however, its application remains largely untapped.

This study aims to measure and investigate the shear strength of a DS/GTX compound while considering the
geometric configuration of the GTX integrated with sand. GTX layers were placed on the sand matrix to improve
cohesion in the DS. The GTX is regularly perforated to promote its entanglement with sand and to economise the
amount of GTX material used. The perforation pattern of GTX was varied to observe its influence on the shear

strength parameters of the DS/GTX compound.
2. Analytical Approach

The analytical approach adopted in this study is mainly experimental. It consists of performing triaxial tests of the
drained consolidated type (CD), on sand alone (DS), and then on the DS/GTX compound.A GTX disc was placed
in the middle of the sand specimen (Figure 1). The compound, thus prepared, was submitted to the usual triaxial
test (CD). The GTX has perforated according to a rectangular grid, in which the diameter (¢) of the holes and the
spacing (SP) between them changed for each test performed.

The triaxial shear tests follow a standard experimental procedure. The shear strength properties of sand alone (DS)
and when combined with GTX (DS/GTX) are determined by analysing stress results plotted on the Mohr-Coulomb
plane. These characteristics are usually known (cohesion and internal friction angle). For the specific case of the
DS/GTX compound, the cohesion deduced from the tests performed is noted as 'cohesion' in quotation marks to
remind us that, in reality, it is fictitious compared to the DS and due only to the GTX introduced in the sand

matrix.

Taking into account that the results of this experimental investigation will be projected on a road project located in
the region of Ouargla in the South-East of Algeria (Latitude: 31.9629, Longitude: 5.34193, Altitude: 123m to
315m), the sand specimens tested must formed in a dry state. This aims to simulate the arid (dry) conditions of the

region where these road projects are carried out. To prepare specimens for triaxial tests, follow these simple steps:

Filling the cylindrical mould (¢=5cm and H=10cm) with sand up to mid-height, then vibration,
Placement of the GTX sheet prepared in the form of a circular disc and regularly perforated (Figure 2),
Filling the cylindrical mould with vibration undil it reaches its total height (H=10cm)

At the end of this preparation, all the specimens are obtained from almost the same density of the material to be
tested (1.75 + 0.1).In addition, the CD indication of the tests performed does not insinuate the presence of water in
the prepared DS/GTX compound.The total stresses (03 and 01) applied to the specimens are themselves the actual

stresses (0'3= 03 and 6'1= 01).No water or water pressure exists.
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GTX

Figure 1: Location of the GTX in the sand specimen
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Figure 2: The GTX perforating

pattern

Table 1 expresses the characteristics of the two materials used: dune sand and geotextile.Figure 3 shows the particle

size distribution of the dune sand used.The two materials shown in Table 1 and Figure 3 have the following physical

and mechanical characteristics:

Table 1: Characteristics of the used materials (DS) and (GTX).

Dune sand (DS)

Geotextile (GTX)

. . Sidi ..
Sampling site Khouiled Nomination AS10
Grain Density (kN/m?) 27.1 Area Density (g/m?) 100
Minimum Density (kN/m?) 13.4 Thickness below 2 kPa (mm) 0.5
Maximum Density (kN/m?) 17.7 ) MD* |6
Tensil h(kN/
Natural Density (kN/m3) 17.2 ensile strength(kN/m) CMD* |7
Sand equivalent (%) 76.62 . . . MD* 70
M 1 9
Porosity (%) 18.25 aximum tensile strain (%) CMD* 190
Natural water content (%) 2.5 Dynamic perforation (mm) 30
uniformity coefficient 1.74 Resistance to CBR punching (kN) 1
Curvature coefficient 0.89 Resistance to pyramidal punching (kN) 0.7
Internal friction angle (°) 33.35 Normal permeability on the plan (m/sec) 0.08
Cohesion (kPa) 0 Filcration opening (pm) 90
MD* Machine direction (Longitudinal) CMD*  Cross-machine direction (Transversal)
| Sand
Fine | Medium Coarse
100 =
90
- 80
% Cc,—1.74
g 70 C.= 0.85
? 60
§ —©O— Specimenl
E_ 50
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Figure 3: Particle size curves of the dune sand used (MIT classification)
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The dune sand (DS) used is of fairly tight particle size and contains very few fines and impurities. This is a direct
consequence of how this sand formed. Local wind intensity must have selected the solid grains of sand deposited in
the study area. The size of the grains of sand stands out as a very observable characteristic of this material.

Moreover, the modest difference between the natural density of the sand and its dense mass attests to a low
compaction capacity.In other words, the sand piles up almost wholly by simple deposition in place. Its tight grain
size gives it quite more compaction. In addition, the sand is relatively porous, even permeable. Its internal friction is
also well appreciated. Its loose state becomes apparent because of the zero value of its cohesion.

Geotextile does not have specific characteristics except that it gets chosen from those of low quality. This is to limit
(up to the threshold of required technical performance) the cost of the DS/GTX compound.The weak physical
characteristics of the GTX are observable due to its surface mass and thickness. Its various resistances are substantial

and testify to a low mechanical quality.
The dimensions of the cylindrical sandy specimen are §ep=5cm and Hep=10cm.Among the concepts demonstrated in

shear rupture mechanics is the failure plane of a shear-stress material inclined from thehorizontal [37]:

9=£+¢_ (1)
4 2

Where @' means the internal friction angle of the material in question. For the compound case (DS/GTX), this
plane must encounter the GTX layer placed at the mid-height of the test specimen (Figure 4).Considering the

combined composition of the compound (DS/GTX), the angle (¢"'), shown here, is between:

The internal friction angle of sand alone: @ps = 33.35° (Table 1), and
The friction angle of the DS/GTX compound:19,29° <¢<29,03° (Section 3: figure 7).

Therefore, 19.29°<¢" <33.35°,which makes 54.65° <0< 59.52°.The included GTX in the sand intercepts the failure
plane by triaxial shear (Figure 4).
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Figure 4: Range of the triaxial failure plane.
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3. Results And Interpretations
Figure 5 shows the variation of the deviatoric Stress (Ac)versusas a function of the axial deformation of the

sand specimens alone (DS).Figure 6 is an example (among the results obtained) of variation of the same

dimension (Ac)for the case of sand reinforced by GTX. Both families of curves show an inclined behaviour

leaning towards a not -very -fragile rupture. The membrane presence around the test specimens must have
masked the peak generally seen on the compression curve of the sand alone.
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Figure 5:Ac(AH), case of sand alone. Figure 6:Ac(AH), case of sand+ GTX (4-7).

Table 2 displays first the percentage of perforated GTX material compared to the unperforated unit area. This

percentage is, obviously, all the more reduced as the perforations are large and closely spaced. In the case of

perforations 8-11, where $=8mm and SP=11mm, the gain of GTX material is almost half.

Table 2 also shows the values of the maximum deviatoric stress recorded (respectively) in each test.These are the

values assigned to the rupture of the tested specimens. Table 2 clearly shows an increase in the deviatoric stress with

the spacing between the holes of the perforated GTX. This finding is valid:

*  both the diameters (4mm and 8mm) suggest that this variation is independent of the perforation diameter.

= for each confining stress case 3= 100kPa, 3= 200kPa et 3= 300kPa.Therefore, this result can be
projected on the axial stress (i.e. major principal stress) as long as the latter is only the sum (o3 +Ac).

Table 2:

Deviatoric stresses (Aomax) recorded at failure

GTX © Aomax (kPa)

area

(%) o3= 100 kPajo3= 200 kPa| 55= 300 kPa|

Dune Sand alone 0.00 299 507 753

4-7 |74.35 702 831 1048
DS/GTX

4-9 |84.49 851 913 1117
O(mm)-SP(mm)

4-11189.61 991 1120 1184
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4-13192.56 1091 1099 1292
8-11]58.46 718 1004 1187
8-13(70.26 900 1029 1215
8-15177.66 1100 1245 1287
8-17 | 82.61 1161 1174 1372

Table 2 additionally presents a decrease in the deviatoric stress () with the diameter (¢) of the perforations. The
comparative values of ( )between (respectively) the pairs of patterns (4-11 and 8-11) and (4-13 and 8-13) attest to
this decrease. This influence of the diameter of the perforations is logical because the larger the diameter, the more

one tends to an unreinforced sand.That means low resistance to the deviatoric stress( ) or that axial ( ).

After conducting shear tests often, Mohr circles of stresses were created for the harmonic values of 3 and 1, which
helped determine the shear strength parameters (C and ¢).Figures 7 and 8 summarise all the results obtained for the

shear strength characteristics (C and ). The curves shown in Figure 7 represent:

the variation in cohesion according to the spacing between the perforations (diameter 4mm and 8mm),
the variation in friction angle according to the spacing between the perforations (diameter 4mm and 8mm),
The cohesion and friction angle values of dune sand reinforced with unperforated GTX have been successfully

obtained and analysed.

400 34
A $4dmm
350 o ¢8mm - 32
—————— DS+Full GTX

300 — Cohesion - 30
- — — - Friction angle o
Ei 250 A - 28 ps
50
§ ) -
@ 200 20 o
g
@] A E
150 24 =

100 - 22

50 - 20

0 18

6 8 10 12 14 16 18
Spacing (mm)

Figure 7: Shear strength characteristics of DS/GTX material as a function of ¢ and SP.

Tob Regul Sci.™ 2024;10(1): 351 - 364 357



Goudjil Ishak et al.
Enhancing Shear Resistance of Dune Sand with Perforated Geotextile Reinforcement

The results shown in Figure 7 demonstrate a nearly linear change in both cohesion and friction angle of the
DS/GTX combination with variations in the distance between perforations.Cohesion (C), even if considered
fictitious, within the DS/GTX compound increases when the spacing between the perforations increases.In contrast,
the compound friction angle (¢) decreases when the spacing between the perforations increases. These two

observations apply to both diameters of the perforations (4mm and 8mm).

The representative curves of the friction angle (Figure 7) show that the latter is even closer to that of sand alone (=
33.35°) because the spacing (SP) between the perforations is small. This is a logical and consistent outcome, and the
same applies to the case of "cohesion’. As the distance between the holes decreases, cohesion tends to decrease as well,
with the lowest values reached at the limit of sand alone (C=0kPa). These variations can be accounted for by the fact

that:

when the perforations are close to each other (so SP is small), there is litle GTX at the crossing of the fracture plane
of the specimens tested in the triaxial test. The less GTX there is in the compound material, the sandier it is and,
therefore, of sandy characteristics (C and ¢).

In contrast, since the DS-GTX friction is lower than the internal friction of the DS (29.03° compared to 33.35°), it
becomes understandable that the more SP increases, the larger the GTX surface included in the DS makes the
friction tend toward values increasingly close to that of DS-GTX. That is to say, down.

as well as the reasoning adopted for the friction between the two materials (DS and GTX), the 'cohesion' between
the two materials is undeniable given the adhesion of the grains of sand on the surface of the GTX and also the
"cohesion" detected through the shear tests carried out. A 'cohesion’ gain is noted (30 kPa between sand and the
entire GTX, compared to 0 kPa for DS alone). It becomes understandable that the more SP increases, the larger the
area of GTX included in the DS, which increases the 'cohesion’ and makes it tend towards that between sand and

the entire GTX.

Finally, Figure 7 clearly shows a reproduction of the curve shapes representative of the diameter of the 8mm holes
compared to those representative of the 4mm diameter. The extreme results of the two characteristics (C and ¢) are
recognized, sweeping a broad spectrum of values manipulated in practice: 164 kPa < C < 375 kPa and 19.29° < @ <
28.03°. Values slightly exceeding these limits are desired using simple extrapolation based on the available linear
lines. Reducing the SP spaces may result in the overlapping of perforations, leading to the loss of the perforation
network's regular structure. Similarly, a tendency to extrapolate the lines representative of the results obtained does

not seem necessary as long as the 'cohesion' reached is already appreciable enough (375 kPa).

The combinations (¢-SP) giving a minimum of GTX material used per unit area of it are the (4-7) and the (8-
11).Based on Table 2, the corresponding percentages of GTX material per unit perforated area are 74.35% and
58.46%, respectively.Referring to Figure 7, the C and ¢ of these two combinations show a slight loss in friction
compared to the case of sand alone (28.03° compared to 33.35°), but an enormous gain in cohesion qualified as
fictitious:164 kPa compared to 0 kPa. It is an extraordinary gain that perfectly compensates for the cohesion defect
indicated in section 1 (INTRODUCTION) of this article. Keep in mind the saving of almost half of GTX material.

Figure 8 shows the same values of shear strength characteristics (C and ¢ ) as a percentage of GTX available after
perforation via any pattern ( ¢ , SP).As shown in Figure 7, cohesion increases, and friction decreases as the spacing
between perforations increases, i.e., the available percentage area of the perforated GTX (GTXuuible) tends to be
100%.This remains valid up to (GTXuwitble) almost 100% (figure 8).When (GTX,vible) approaches 100%, a change
inversion is observed.This is explained by the fact that when (GTX available) is almost 100%, i.e., the perforation
pattern has nearly disappeared, it is the pattern and manufacturing method of the GTX that controls the shear
resistance at the DS-GTX interface. The manufacturing method of the GTX includes all the descriptive aspects such

as woven, non-woven: needled, thermo-linked, or knitted. On a scale of less than a millimetre, such aspects are
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manifested in terms of the GTXsurface roughness, the porosities and the spaces between the constituent

filaments.So, the texture of the GTX is expressed as (C) and (¢) rather than the perforation pattern itself.

This resonance and interpretation are supported by the proximity of the curves associated with ¢=4mm of the 100%
limit compared to those associated with ¢p=8mm (Figure 8). In other words, when the perforation diameter of the

GTX approaches the size of the gaps and pores specific to the texture of the manufactured GTX.

Moreover, Figure 8 expresses a preferential order of perforation pattern concerning the economy in GTX material
used. The distinction between the curves relating to ¢p=4mm and that for ¢=8mm results in the same percentage of

GTX surface available after perforation (GTXquitabie):

if the cohesion, even if apparent, of the DS/GTX compound is claimed, the preferred perforation diameter should
be large (8mm for the case of this research).
if, on the contrary, it is the friction that is stressed, the diameter of the perforation should be small (4mm for the

case of the present investigation).

The above two deductions are valid, as shown in Figure 8, up to an GTXuuitble limit of about 80%. When this rate

exceeds this limit, the texture effects of the GTX come into line and significantly affect the expression of shear

strength on the DS-GTX interface.

400 a} 34
....s
350 T¥Saaal
300 TSl
s 250 A ¢4mm o <
£ o ¢ 8mm ib."n
< 200 Cohesion %
E = = = Friction angle £
o =
2 150 2
&} o
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0 o 18

0 10 20 30 40 50 60 70 80 90 100
Remaining area of perforated GTX (%)

Figure 8: Variation of the shear strength parameters of the compound (DS/GTX) according to the available
surface of the perforated GTX.

4. Analytical Treatment

In view of the almost straight lines results obtained (Figure 7), the observed linear variations can be analytically
expressed.Table 3 groups the linear equations from the results obtained for cohesion (C) and friction angle (@)

shown in Figure 7.
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Table 3: Analytical equations for C and ¢, and corresponding correlation coefficients.

DS alone| DS/GTX (¢=4 mm)| DSIGTX ($=8 mm)| DS+ Full GTX

Cohesion (kPa)

Equation C=0 C=3195SP-53.75/ C=30.1SP-1359 =300
Correlation coefficient| 99.23 (%) 99.06 (%) e

Friction Angle (°)

Equation 0=3335 0 =136.58 -1.356 SP | 9 =41.983 -1.257 SP

Correlation coefficient 97.68 (%) 98.27 (%) 9=29.03

The almost straight lines of the variations in Figure 7 show that the slope of the curves (C-SP and ¢-SP, respectively)

are independent:

The perforation diameter of the GTX: it is the same slope whether it is the diameter ¢=4mm or ¢=8mm,

The spacing between perforations is due to the consistency of the slope over the entire SP interval.

The variation of the perforation pattern of the GTX (¢ and SP),thus, does not affect the values of the observed
slopes.It can, therefore, be assumed that the type of sand used significantly affects the slope of the resultant straight
lines.C.is one of the most representative and intrinsic parameters of sand particle size. The uniformity coefficient bias
(Cu=1.74, as shown in Table 1) is an excellent example of the latter. The starting ordinate of each line (respectively

¢=4mm or ¢p=8mm) is visibly proven related to the perforation diameter of the GTX.

For the case of cohesion (C), the two equations obtained at the end of Figure 7 (Table 3) are of the type ~ C= a.SP
+b where (a) is very close to the value 31 and (b) variable according to the diameter (¢).Linking the values of (b)
with those of diameter (¢), (-53.75 kPa and -135.9 kPa with, respectively, 4mm and 8mm) resulted in b= 28.4 -
20.54¢.

Similarly, for the case of the internal friction angle (¢), the two equations obtained at the end of Figure 7 (Table 3)
are of the type ¢@=a'. SP +b' where (') is on average equal to -1.3 and (b') variable according to the diameter ().
Linking the values of (b") with those of the diameter (¢), (36.58° and 41.98° with, respectively, 4mm and 8mm)
resulted in b'= 1.35¢ + 31.18.

Hence, the equations of the 04 lines shown in Figure 7, after the expression of the slopes (a) as a function of the

coefficient of uniformity of the sand (Cu=1.74):

DS/GTX (4= 4 mm):C= 1836 C,xSP — 20.54 ¢ + 28.4 and ¢ = 1.35 ¢ — 0.78C,xSP + 3118 (2)

DS/GTX (4= 8mm):C= 1730 C,xSP — 20.54 ¢ + 284 and ¢ = 1354 — 0.72C,xSP + 3118 (3)

Considering the values very close to the (respective) coefficients shown in the above equations, the latter can simplify

to:

C(kPa) = 1783C,xSP - 2054 + 284 and  ¢(°) = 135 — 075C,xSP + 3118 (4

Where SP and ¢ are expressed in mm.
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These last two empirical relationships allow a prediction of the 'fictitious cohesion' and the internal friction of the
DS/GTX compound based on the knowledge of the particle size of the sand used (represented by the uniformity
coefficient) and the perforation pattern of the GTX. That is the perforation diameter and the spacing between the
perforations. This deduction can be retained at least for the interval of the diameters of the perforations and the

spacing manipulated.
5. Conclusion

At the end of the study, some remarkable results are worth recalling. These are, indeed, exploitable on the academic
and application levels. The conclusions outlined in this section lead to a technical framework for the valorisation of
dune sand, recognized as almost free and abundant in southern Algeria but very little used in several economic

sectors.

A low-quality geotextile is voluntarily associated with dune sand to guarantee a low-cost price for the manufactured
compound. The association of the perforated geotextile with the sand of dunes demonstrates a notable compensation
for the lack of cohesion of the sand. The cohesion of the DS/GTX compound, even if said fictitious because due to
geotextile, exceeds 164 kPa, while it is zero for sand alone. The internal friction of the compound is little reduced:
28° compared to 33° for sand alone. The perforation of the GTX promotes the entanglement of the latter with the

sand and reduces, up to half, the amount of geotextile material used.

The GTX's perforation patterns are carefully chosen and used as indicators to find the best configuration for the
compound material. Through several triaxial tests conducted solely on perforations with diameters of 4mm and
8mm, it has been discovered that the 8mm perforation is ideal for determining the compound's cohesion, while the
4mm perforation is better suited for assessing its friction.When the perforations approach the millimetre scale, the
effect of the GTX texture becomes sensitive and affects the measurement results targeted for the applied perforation

pattern.

In addition, the analytical treatment of the results of the shear strength characteristics of the DS/GTX compound
allowed us to deduce two empirical expressions. These permit us to predict, quite absolutely (likelihood exceeding
97%),the 'cohesion’ of the DS/GTX compound and its internal friction according to the grain size of the sand used
and the perforation pattern of the geotextile used. The demonstrated expressions function as tools for estimating the

shear strength parameters of a dune sand and geotextile compound.
6 Recommandations

In conclusion, the study suggested the following recommendations for practical purposes, such as enhancing and
expanding upon the ideas explored. These recommendations are closely related to the fundamental concept of this

research, which is to exploit dune sand for geotechnical purposes.

A good complement to the results of the tests carried out lies in the modification (quite numerous) of the
perforation pattern (¢ and SP) of the GTX included in the sand.A selection of the most accurate results, as well as a
statistical treatment of the latter, are strongly indicated before attempting their interpretation or inferring a
conclusion.

The study could cover several types of geotextiles, but it is vital to consider their economic feasibility. Furthermore,
various types of sand could also be studied, especially if they are easily accessible. The method used to establish a
predictive model for the compound's behaviour under shear stress can be replicated in this study. However, it will
take many tests and comparisons with direct measurements of shear resistance parameters to develop a predictive
model for the cohesion and friction of the sand/geotextile compound.

The customary analytical systems can incorporate many other physical parameters of sand and geotextile materials.

Similarly, the results and deductions should be confronted from various mathematical and practical analyses to reach
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the most general conclusions possible. The design of experiments (DOE) methodology strongly indicates
investigative techniques to detect key parameters influencing the shear resistance indicators of the compound. These
parameters encompass attributes such as perforation shape, dimensions, hole spacing, GTX thickness, and toughness
of the latter...Moreover, a numerical simulation of the parameters and quantities concerning the shear resistance of
the perforated GTX-reinforced sand must be intriguing to study. However, it requires a large number of tests in
order to evaluate the interface effects between sand and the geotextile layer for each perforation pattern. Therefore, a

more efficient approach involves relying on tests to evaluate this lift.
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