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Abstract:
Introduction:  The  use  of  geotextiles  is  now  well  established  in  the  field  of  civil  engineering,  particularly  in
geotechnics,  where  they  serve  a  range  of  functions  including  drainage,  filtration,  separation,  reinforcement,
protection, and erosion control. For over three decades, these materials have played a key role in the design and
long-term performance of infrastructure. The development of geotextiles made from natural plant fibers, especially
those derived from kenaf, represents a promising advancement that offers both economic and environmental benefits.
This study aims to evaluate the mechanical and hydraulic properties of woven geotextiles made from kenaf fibers
sourced from Nérékourosso, as well as their effectiveness in reinforcing road foundation layers.

Methods: Two types of geotextiles were produced by weaving, with mesh openings of 0 mm and 5 mm, respectively.
Mechanical  characterization  tests  were  carried  out,  along  with  static  puncture  resistance  and  normal-to-plane
permeability tests. CBR load-bearing tests were performed to evaluate reinforcement efficiency depending on the
geotextile’s position in the foundation layer. Mechanical tests showed higher tensile strength in the cross direction
for the geotextile with no mesh opening (17.19 kN/m) compared to the 5 mm mesh type (2.90 kN/m).

Results: The closed-mesh geotextile withstood a maximum puncture load of 1170 N, versus 540 N for the open-mesh
variant.  The  0  mm  mesh  geotextile  exhibited  a  surface  flow  rate  of  2200  L/min/m2.  CBR  tests  indicated  better
performance for the 5 mm mesh geotextile, especially when placed at mid-height within the reinforced layer.

Discussion:  These  results  suggest  that  while  the  closed-mesh  geotextile  offers  superior  intrinsic  mechanical
properties due to its dense structure, the open-mesh variant performs better in soil reinforcement applications, likely
because its structure allows better interaction with surrounding materials and more effective stress distribution.

Conclusion: Kenaf-based woven geotextiles show promising potential for road foundation reinforcement, with mesh
configuration significantly influencing performance.
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1. INTRODUCTION
Infrastructure development is a fundamental driver of

a  country's  economic  growth.  Roads,  buildings,  and
engineering structures constitute an important foundation
for a nation's socio-economic dynamism. However,  these
infrastructures  only  fulfill  their  role  as  pillars  of
development if they are constructed to high standards of
quality and sustainability [1, 2]. Modern construction faces
a  major  challenge:  the  poor  quality  of  many  sites,
exacerbated  by  the  increasing  scarcity  of  soils  with
favorable  geotechnical  characteristics—particularly  as  a
result of rapid urbanization and industrialization [3]. This
phenomenon leads to structural issues, such as differential
settlement  and  the  premature  deterioration  of
infrastructure  [4,  5].

Given  these  geotechnical  constraints,  the  use  of
reinforcement solutions has become essential. Geotextiles
represent  an  innovative  and  effective  approach.  Widely
used  in  road  geotechnics,  these  materials  enhance  the
mechanical  performance  of  soils  by  providing  improved
tensile strength and limiting particle displacement [6, 7].
Geotextiles  reinforce  road  structures  and  contribute  to
their  durability.  However,  their  production  raises
environmental  concerns.  Made  from  petroleum-derived
polymers  (polypropylene,  polyester,  polyethylene),  they
are  non-renewable  and  have  a  significant  ecological
footprint  [8].  To  address  this  dual  technical  and
environmental  challenge,  this  study  proposes  the
development of an eco-friendly geotextile for reinforcing
foundation layers, using natural kenaf fibers.

Numerous studies  have demonstrated the benefits  of
incorporating fibers into construction materials to improve
their  mechanical  properties.  For  example,  nylon  fibers
from  waste  tires  have  been  reported  to  enhance  the
dynamic  modulus  and  rutting  resistance  of  asphalt
mixtures  [9],  while  recycled  textile  fibers  contribute  to
increased  fatigue  resistance  through  a  microcrack
“stitching” effect [10]. Treated aramid fibers provide gains
in  tensile  strength,  although their  effectiveness  strongly
depends on the quality of dispersion [11]. Finally, biomass
fibers,  such  as  bamboo  and  corn  straw,  represent  a
sustainable  alternative  to  synthetic  fibers,  improving
durability  and  resistance  to  moisture-induced  damage
[12].

The solution explored in this study constitutes a high-
performance  alternative  capable  of  substantially
enhancing  the  soil’s  geotechnical  properties,  while
preserving  its  natural  structure  and  environmental
integrity  [13].  The  use  of  kenaf  fibers,  derived  from  a
renewable  resource  available  in  Burkina  Faso,  aims  to
combine  mechanical  performance  with  ecological
sustainability. Kenaf fiber (Hibiscus cannabinus L.) is often
considered more suitable than other natural fibers, such
as jute and coconut fiber, particularly for applications in
construction, composites, and engineering, due to several
physico-mechanical  and  environmental  characteristics.
Kenaf fiber offers notable advantages over jute, including
higher mechanical strength and elastic modulus, combined

with  a  low  density  that  improves  the  strength-to-weight
ratio. Its reduced lignin content promotes better adhesion
to matrices and limits  the need for  treatments,  while  its
lower  sensitivity  to  moisture  ensures  better  dimensional
stability compared to jute [14, 15]. In contrast to coconut
fiber,  which  is  too  elastic  for  applications  requiring
rigidity,  kenaf  provides  an  optimal  balance  between
stiffness and durability. Moreover, its rapid growth, high
yield,  and low agricultural  input  requirements make it  a
sustainable  resource  [16]  and  a  competitive  one,
particularly  suitable  for  composites,  construction
materials, and insulation applications, thus extending its
range of use beyond that of jute and coconut [17].

Kenaf is a plant that has long been used for its fibers,
traditionally employed in mask making or as rope in many
parts  of  Burkina  Faso.  Studies,  such  as  those  by  Muthu
[18], have shown that natural fibers can offer performance
comparable  to  synthetic  fibers  in  certain  applications,
particularly  for  temporary  solutions  like  erosion  control
and drainage.

Furthermore,  according  to  Millogo  et  al.  [17],  kenaf
fibers  possess  good  mechanical  properties  (tensile
strength, modulus of elasticity) and can be integrated into
geotextiles  to  reinforce  road  foundation  layers.  Kenaf
fibers also exhibit strong potential in the textile sector due
to  their  physical  and  mechanical  properties,  which  are
comparable to, or even superior to, those of other fibers
from  the  same  family,  the  bast  fibers.  This  makes  them
suitable for a wide range of textile applications, whether
for conventional or technical uses [18].

Thus, the overall  objective of this work is to improve
the  bearing  capacity  of  weak  subgrades  to  enable  the
construction  of  reliable  infrastructure  while  minimizing
environmental impact.

2. MATERIALS AND METHODS

2.1. Study Design
This  study  employs  an  analytical  and  experimental

approach  to  evaluate  the  mechanical  and  hydraulic
performance  of  kenaf  fiber  geotextiles  used  to  reinforce
road  foundation  layers.  The  experimental  design
comprised  three  main  phases:  (i)  fabrication  and
characterization of kenaf-based geotextiles with different
meshing  openings,  (ii)  laboratory  testing  of  mechanical
and hydraulic behavior, and (iii) comparative performance
assessment in soil reinforcement scenarios.

The  study  uses  a  quantitative  approach  focused  on
laboratory testing. The measured variables include, on one
hand, the thickness, surface mass, hydraulic conductivity,
and tensile  strength of  the geotextiles,  and on the other
hand,  the  bearing  capacity  of  reinforced  soils,  assessed
through the CBR index.

2.1.1. Literature Review Strategy
A literature review was conducted to guide the choice

of test parameters and to discuss the results. It focused on
studies  generally  published  between  2014  and  2024,
searching  the  ScienceDirect,  SpringerLink,  Scopus,  and
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Google  Scholar  databases.  The  keywords  used  included
“kenaf fiber geotextile,” “natural fiber reinforcement,” and
“CBR test with geotextiles.” Studies that did not present
experimental data or that used only synthetic geotextiles
were  excluded.  The  selection  process  extracted  relevant
data for a comparative synthesis.

2.1.2. Sample Size and Experimental Units
In  this  study,  the  experimental  units  consisted  of

samples  of  natural  geotextiles  alone  and  soil-geotextile
configurations  subjected  to  mechanical  testing,  with  or
without  reinforcement.  To  determine  the  physical
properties  of  the  geotextiles,  ten  samples  were  used.
Mechanical tests were performed on both the geotextiles
alone  and  on  soils  with  or  without  reinforcement  with
three  repetitions  for  each  configuration,  and  the  results
were  expressed  as  the  average  of  the  measured  values.
The  same  approach  was  adopted  for  the  hydraulic
characterization.  All  tests  were performed under strictly
identical  environmental  and  compaction  conditions  to
ensure  the  comparability  of  results.

2.1.3. Testing Procedures and Data Analysis
Mechanical  and  hydraulic  tests  were  performed  in

accordance with ASTM, AFNOR and ISO standards. Based
on  the  data  obtained,  a  comparative  analysis  was
conducted to assess the influence of geotextile type on soil
behavior.  Graphs  were  generated  using  MS  Excel
software.

2.2. Origin and Physico-chemical Properties of Kenaf
Fibers

The kenaf  fibers  used in  this  study were collected in
the municipalities of  Ouri  and Tchiériba,  both located in
the  province  of  Balès,  within  the  Boucle  du  Mouhoun
region  of  Burkina  Faso.  Chemically,  these  fibers  have  a
composition  comparable  to  that  of  other  plant  fibers
commonly  used  in  industrial  applications.  They  are
characterized  by  a  cellulose  content  of  45%,  a
hemicellulose content of 18%, a lignin content of 21%, and
a  pectin  content  of  14%.  Furthermore,  measurements
indicate  that  the  average  diameter  of  these  fibers  is

around 105 micrometers, making them suitable for use in
geotextiles.

2.3. Manufacture of Geotextiles
The geotextiles were woven from yarns obtained from

kenaf fibers by hand spinning (Fig. 1).
The geotextiles were woven according to two models:

one  without  mesh  openings  (0  mm),  identified  as  GTX 0
mm, and the other with 5 mm openings, identified as GTX
5  mm.  These  choices  were  mainly  based  on  technical
considerations.

According to  the literature,  geotextiles  with  a  closed
structure  have  the  best  mechanical  characteristics  [19].
Both  types  were  woven  manually.  They  were  designed
using  the  plain  weave  pattern,  which  is  the  strongest
weave  and  most  resistant  to  abrasion  due  to  its  short
undulations  between  the  threads  [20].  Figs.  (2  and  3)
illustrate the weaving process and the products obtained.

The closed-mesh geotextile (0 mm) is commonly used
for  its  high  mechanical  strength,  with  the  density  of  its
weave  providing  excellent  tensile  resistance  and  good
reinforcement capacity. The open-mesh geotextile (5 mm)
combines  strength  and  permeability,  ensuring  both
drainage and filtration. However, the choice of mesh size
does not depend solely on technical  criteria,  but also on
design  and  manufacturing  constraints.  In  the  case  of
manual weaving, it is particularly challenging to produce
openings smaller than 5 mm, which justifies the choice of
a minimum 5 mm opening.

The  remainder  of  this  study  is  devoted  to
characterizing  the  geotextiles  obtained,  with  a  focus  on
their mechanical, hydraulic, and physical properties. This
step  aims  to  evaluate  their  performance  and  determine
their  suitability  for  civil  engineering  applications,
particularly  in  soil  reinforcement  and  stabilization.

2.4. Physical Characterization of Geotextiles
Two  key  properties  of  geotextiles  were  determined:

thickness, which influences their ability to separate, filter,
and protect; and mass per unit area, an overall indicator of
the geotextile’s quality, strength, and durability.

Fig. (1). Raw kenaf fibers (a), manual spinning of the fibers (b), and yarns produced from spinning (c).
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Fig. (2). Weaving machine for 0 mm geotextile (a), weaving process for 0 mm geotextile (b, c), and final woven product (d).

Fig. (3). Weaving machine for 5 mm geotextile (a), weaving process for 5 mm geotextile (b and c), and final woven product (d).

2.4.1. Determination of the Geotextile Thickness

To  determine  the  thickness  of  the  geotextiles,  ten
samples were taken from each type (0 mm and 5 mm mesh
openings), in accordance with the requirements of Euro-
pean  standard  NF  EN  ISO  9862.  Each  sample,  cut
according to  standard NF EN ISO 9863-1,  has a  surface
area of  100 mm × 100 mm, with a  tolerance of  ±2 mm.
The test consisted of applying a specific pressure of 2 kPa
(±0.01) to each sample, placed between two plates, for 30
seconds,  in  accordance  with  the  standard  NF  EN  ISO
9863-1. A micrometer was used to measure the thickness
of  the  samples.  This  instrument  operates  by  applying  a
defined pressure to the sample placed between two plates,
then  reading  the  distance  between  the  ends  of  the
micrometer. This distance corresponds to the thickness of
the geotextile. The samples were cut using scissors. Fig.
(4) illustrates the procedure for measuring the thickness
of the geotextiles.

2.4.2.  Determination  of  the  Surface  Mass  of
Geotextiles

The  determination  of  the  surface  mass  required  the
use of ten samples for each type of geotextile (0 mm and 5
mm  mesh  openings),  as  was  done  for  the  thickness
measurement.  The  number  of  samples  is  defined  by  the
standard  NF  EN  ISO  9862.  Each  sample  had  the  same
dimensions as those used to determine thickness, i.e., 100
mm × 100 mm, in accordance with the above-mentioned
standard. The test was governed by standard NF EN ISO
9864  (October  2005).  It  involves  measuring  the  mass  of
each  sample  and  then  relating  this  value  to  its  surface
area to calculate the surface mass. To do this, the samples
were  cut  using  scissors  and  weighed  using  a  KERN
precision  scale.

The  surface  mass  σ  was  determined  using  the
following  formula  in  Eq  (1):

(1)
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where m is the mass of the geotextile sample, and S is
its surface area.

Figure  5  illustrates  the  procedure  for  measuring  the
surface mass of the geotextiles.

2.5. Mechanical Characterization
The  tensile  strength  and  puncture  resistance  of

geotextiles were evaluated in order to characterize their
mechanical  behavior  under  tensile  forces  and
concentrated local stresses commonly encountered in civil
engineering applications.

2.5.1. Tensile Test
The tensile test on geotextiles was carried out in both

directions  (production  direction  and  cross  direction)  in
accordance  with  European  standard  EN  10319  (2015).

This standard recommends a minimum of five test samples
for each direction.

The  test  samples  were  cut  in  accordance  with  ISO
9862,  which  specifies  a  nominal  width  of  20  mm  per
sample.  A  total  of  twenty  test  samples  were  prepared
using scissors for the tensile test, distributed as follows:

• Five test samples in the production direction and five
(5) in the cross direction for the 0 mm geotextile,

• Five test samples in the production direction and five
(5) in the cross direction for the 5 mm geotextile.

The samples were taken from across the entire width
of the geotextile in order to represent all parts of it. Once
cut,  they  were  fixed  one  by  one  to  the  tensile  testing
machine, maintaining a distance of 100 mm between the
jaws.  The  tensile  testing  machine  used  was  a  UtilCell
650S/FD  5017  model,  serial  number  1113680  (12)  i.

Fig. (4). Micrometer (a), measuring the thickness of a geotextile test sample (b).

Fig. (5). 0 mm geotextile samples (a) and 5 mm geotextile samples (b) used for surface mass determination, and the precision balance
used for weighing (c).
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The test consisted of holding the test sample between
the  jaws  of  a  tensile  testing  machine  (Fig.  6),  which
applied  a  constant  longitudinal  force  until  the  sample
broke.  The  tensile  properties  were  then  calculated  from
the  values  read  on  the  machine's  dial.  The  main
measurements  recorded  were:  the  breaking  force
(maximum  load)  and  the  final  length  of  the  test  sample
after traction.

The tensile characteristics were then determined using
the following formulas:

(2)

where ∆l is the elongation, l is the final length, and l0 is
the initial length.

(3)

where R is the tensile strength expressed in kN/m and
F is the maximum force.

(4)

Where Ɛ is the deformation expressed as a percentage
(%).

Figure 6  shows the tensile testing machine used and
the test procedure.

2.5.2. Puncture Testing on Geotextiles
The  puncture  resistance  test  on  a  geotextile  was

performed by placing a test sample on a CBR mold. A riser
was  then  positioned  above  the  geotextile  to  stabilize  it.
The  assembly  (mold,  riser,  and  geotextile)  was
consolidated  and  secured  with  nuts  to  ensure  optimal
support. The mold was then placed on a CBR press, which
applied  a  puncture  force  at  a  constant  speed  of  1.28
mm/min  until  the  geotextile  broke  due  to  excessive
elongation.  The  CBR  press  punch  was  circular  in  shape
with a diameter of 50 mm and a height of 150 mm. A total
of five samples were used for this test. Fig.7 illustrates the
punching  procedure  used  to  determine  the  geotextile’s
resistance  to  puncture.

2.5.3.  Punching  Test  on  Soils  reinforced  with
Geotextiles

In order to evaluate the reinforcement capacity of the
geotextile  in  soil,  four  CBR  tests  were  carried  out,
following  AFNOR  NF  P  94-093  standards.  The  material
studied was sourced from a borrow area identified as part
of  the  National  Road  4  (RN4)  widening  project;  it  is
intended to serve as a foundation layer for the access road
leading to Thomas Sankara University, located east of the
city  of  Ouagadougou.  Modified  Proctor  and  CBR  tests
were previously carried out on this soil. The results of the
tests on the reference soil are summarized in Table 1.

Fig. (6). Tensile testing machine (a), tensile testing on a GTX 0 mm test sample (b), tensile testing on a GTX 5 mm test sample (c).

Table 1. Proctor characteristics and CBR values of the material at different levels of relative compactness.

Designations
Proctor CBR

γdmax(g/cm3) ωopt (%) CBR at 98% OPM CBR at 95% OPM CBR at 90% OPM

Values 2.075 10.3 90 58 16
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Fig.  (7).  Assembly  (geotextile  and  mold)  mounted  on  the  CBR  press  (a),  0  mm geotextile  before  (b)  and  after  punching  (d),  5  mm
geotextile before (c) and after punching (e).

The first two tests were carried out with a geotextile
having 0 mm mesh opening:

The  first  test  consisted  of  placing  a  layer  of  geotextile
halfway up the CBR mold from the base of the mold.
The second test was carried out by placing two layers of
geotextile, respectively at one-third (1/3) and two-thirds
(2/3) of the height of the mold.

The  same  protocol  was  repeated  with  a  geotextile
having  a  5  mm  mesh  opening.

Indeed, in the first scenario, a single layer was placed
at  mid-height  to  intercept  the  zone  of  maximum  shear
generated  by  the  plunger,  where  the  geotextile  most
effectively  mobilizes  its  tensile  action  and  modifies  the
failure  mode  [21-23].  In  the  second  scenario  with  two
layers, positioning them at 1/3 and 2/3 of the height allows
coverage  of  the  entire  plastic  zone,  ensures  a  more

uniform  reinforcement  distribution,  and  improves  both
bearing  capacity  and  settlement  control,  which  is
consistent with experimental results reporting an optimum
near 1/3 of the height [24-26].

The  press  used  for  these  tests  was  the  same  as  that
used previously for punching the geotextile. The samples
were compacted at  56 blows,  25 blows,  and 10 blows in
accordance with standard NF P94-078.

The samples are rated as follows:

Soil + GTX 0 (01): reference soil (clayey lateritic gravel)
with a 0 mm geotextile layer,
Soil  +  GTX  0  (02):  reference  soil  with  two  0  mm
geotextile layers,
Soil + GTX 5 (01): reference soil with a 5 mm geotextile
layer,
Soil  +  GTX  5  (02):  reference  soil  with  two  5  mm
geotextile layers.
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Fig. (8). Position of geotextile layers within the CBR test samples.

Fig. (9). 0 mm geotextile samples cut (a) and placed halfway up the mold (c); 5 mm geotextile samples cut (b) and placed halfway up the
mold (d).

The  location  of  the  geotextiles  in  the  samples  is
illustrated in Figs.  (8  and 9)  shows the samples cut  and
placed in the mold.

2.6. Hydraulic Characterization
Water  permeability  is  a  very  important  criterion  for

reinforcement.  The  normal  permeability  of  a  geotextile
measures  its  ability  to  allow  water  to  pass  through  it
perpendicularly to its plane. In the presence of water, soil
loses  its  cohesion  and  therefore  its  strength  decreases.
Based on this analysis, the 0 mm geotextile can act as an
obstacle  if  it  is  not  sufficiently  permeable.  This  is  the

reason why permeability tests were only conducted on the
0 mm geotextile, whose very closed structure could create
a clogging effect or act as a hydraulic barrier. For the 5
mm  geotextile,  the  large  mesh  opening  is  assumed  to
provide sufficient permeability, in accordance with criteria
established in the literature and standards.

The principle of the normal permeability test is based
on the application, without constraint, of a unidirectional
flow  of  water  perpendicular  to  the  plane  of  a  layer  of
geotextile,  within  a  well-defined  range  of  water  heights.
The test is described in standard ISO 11058 (May 2019).
For this test, five test samples with dimensions compatible
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with the permeability apparatus are required. Before the
measurements, they are immersed in water for 12 hours to
ensure they are saturated. The test consists of attaching
the geotextile test sample to the lower end of a funnel. A
defined quantity of 100 mL of water is then measured and
poured into the funnel. At the same time, a stopwatch is
activated  to  measure  the  time  required  for  the  water  to
drain completely through the geotextile. The flow rate in
plane D is calculated using the following formula:

(5)

With  Q:  the  volume  of  water  (m3)  poured  into  the
funnel, and t: the time (s) taken by the geotextile to drain
the water. From this formula, we can deduce the specific
flow rate Ds. Ds​ is based on the geotextile sample surface
area S, expressed in L/min/m2.

(6)

The permeability coefficient k is calculated using the
following formula:

(7)

With s: the surface area of the lower end of the funnel.

3. RESULTS AND DISCUSSION

3.1. Physical characteristics
The  results  of  the  physical  characterization  are

summarized  in  Table  2.
The average thicknesses of geotextiles are 2.27 mm for

the 0 mm mesh opening geotextile (GTX 0) and 0.84 mm
for  the  5  mm  mesh  opening  geotextile  (GTX  5).  This
difference in thickness is likely due to the structure of the
mesh. GTX 0 is produced by tightly closing almost all of its
meshes using a comb, giving it a more compact structure
than  the  5  mm  geotextile.  This  increased  compactness
explains why GTX 0 is nearly three times thicker than GTX
5.

The tests revealed a surface mass of 828 g/m2 for the 0
mm geotextile  and 313 g/m2  for  the  5  mm geotextile,  as
shown in Table 2. This difference is likely due to the larger
mesh openings of the 5 mm geotextile.

It is worth noting that the thickness results (CV < 5%)
demonstrate  good  homogeneity.  In  contrast,  for  the
surface  weight  (5%  <  CV  <  15%),  the  coefficients  of
variation  indicate  a  moderate  variability.  Overall,  these
data nevertheless reflect a satisfactory reproducibility of
the measurements.

3.2. Mechanical Characteristics
Table 3 provides the results of the tensile tests on GTX

0 and GTX 5.
The maximum resistance of kenaf geotextiles with a 0

mm mesh opening (GTX 0) is 2.37 kN/m in the production
direction  and  17.19  kN/m  in  the  cross  direction.  For

geotextiles with a 5 mm mesh opening (GTX 5), the values
are 2.85 kN/m and 2.90 kN/m,  respectively.  Overall,  the
results  indicate  that  kenaf  geotextiles  exhibit  better
performance in the cross-direction than in the production
direction.  These  data  highlight  the  impact  of  mesh
openings on the tensile strength of geotextiles. For GTX 5,
the strengths are similar in both directions, while for GTX
0,  they  are  very  different:  the  strength  in  the  cross
direction  is  about  seven  times  greater  than  that  in  the
production direction.  This  difference could  be related to
the spacing between the warp threads.

Compared to the 0 mm geotextile, the cross-direction
strength of the kenaf geotextile is higher than that of the
coconut  geotextile.  However,  its  production  direction
strength  is  seven  times  lower,  which  leads  to  the
conclusion  that,  in  general,  coconut  geotextile  performs
better than kenaf geotextile in terms of tensile strength.

However, when comparing these results with those of
Texel  SX-60T,  SX-90T,  SX-110T,  and  SX-130T
polypropylene-reinforced  woven  geotextiles,  the  kenaf
geotextile  performs  well.  In  fact,  the  maximum  tensile
strength of Texel geotextiles varies between 890 and 1402
N/m [27], while the lowest tensile strength obtained with
kenaf  geotextiles  is  2370  N/m.  These  excellent  tensile
properties  of  kenaf  geotextiles  are  probably  due  to  the
good  mechanical  and  chemical  characteristics  of  kenaf
fibers  [17-29].

Static  puncture  testing  was  performed  on  the
geotextiles,  and  the  results  of  these  experiments  are
shown  in  Table  4.

The maximum static puncture resistance values for the
geotextiles are 1.17 kN for the 0 mm mesh geotextile (GTX
0)  and  0.54  kN  for  the  5  mm  geotextile  (GTX  5).  Once
again, there is a significant difference between these two
types of geotextiles. The puncture resistance of GTX 0 is
more  than  twice  that  of  GTX  5,  a  disproportion  that
appears  to  be  directly  related  to  the  mesh  openings.  In
view of the previous results on tensile strength, the weft
threads  likely  play  a  major  role  in  this  disparity  in
puncture resistance between GTX 0 and GTX 5. The good
performance  of  the  kenaf  geotextile  can  likely  be
attributed  to  its  weight  per  unit  area.  The  puncture
resistance  of  geotextiles  is  influenced  by  several
parameters, including the manufacturing process, weight
per unit area and thickness [30].

3.2.1.  Comparative  Analysis  of  the  Mechanical
Performance of Geotextiles

According to the literature and technical data sheets,
the higher the surface mass, the better the geotextile has
tensile and punching resistance [31]. This study supports
this  theory  because  the  0  mm  mesh  geotextile,  with  a
higher  surface  mass,  also  exhibits  the  best  tensile  and
punching resistance.

The  geotextiles  examined  in  our  study  exhibit
significantly  lower  mechanical  performance  compared
with commercially available industrial products. Consider,
for example, a lightweight geotextile: our results indicate
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a  tensile  strength  of  approximately  2.9  kN/m,  whereas
typical  specifications for a short-fiber product of  compa-
rable  mass,  according  to  industrial  standards,  report  a
minimum value of 11.3 kN/m. Similarly, the CBR puncture
resis-tance  of  our  sample  (0.54  kN)  is  well  below  the
standard  value  of  1.78  kN  [32].

For  heavier  samples  (828  g/m2),  the  performance  of
our  geotextiles  (tensile  strength  in  the  production
direction  =  2.37  kN/m;  puncture  resistance  =  1.17  kN)
also  remains  far  below  that  of  industrial  products.  For
instance, an 800 g/m2 needle-punched geotextile typically
exhibits  a  tensile  strength  of  25  kN/m,  a  CBR  puncture
resistance of 4 kN, and a thickness of approximately 5 mm

[33].  Furthermore,  Sikaplan-800,  which  is  used  in
demanding  protection  and  separation  applications,
achieves tensile strengths of 55 kN/m (in both production
and cross directions) and a static punching resistance of
9.5 kN [34].

These  deviations  may  result  from  differences  in  the
type and quality of fibers, needling density, manufacturing
processes,  and  possible  variations  in  anisotropy  or  test
execution.

3.4. Hydraulic Characteristics
The hydraulic characteristics are summarized in Table

5.

Table 2. Thicknesses of geotextiles.

Designations
Thickness (mm)

Coefficient of Variation

(CV) of thickness (%)

Surface weight

(g/m2)

Coefficient of Variation (CV)

of surface weight (%)Sample

Geotextile with 0 mm mesh opening (GTX 0) 2.27 ± 0.02 0.77 828 ± 57 10.86

Geotextile with 5 mm mesh opening (GTX 5) 0.84 ± 0.05 3.12 313 ± 26 13.35

Table 3. Tensile test results.

Designations
Geotextile with 0 mm mesh opening (GTX 0) Geotextile with 5 mm mesh opening (GTX 5)

Production direction Cross direction Production direction Cross direction

Maximum load (kN) 0.27±0.04 1.72±0.41 0.31±0.05 0.314±0.05

Elongation ∆l at failure (cm) 1.24±0.22 2.81±0.59 1.52±0.18 1.53±0.21

Tensile strength (kN/m) 2.37±0.51 17.19±3.58 2.85 ± 0.27 2.9 ± 0.40

Deformation Ɛ at failure (%) 10.91±1.46 28.5±6.71 14.04±1.71 14.20±2.11

Table 4. Puncture test results.

Designations Geotextile 0 mm Geotextile 5 mm

Maximum load (N) 1170 540

Penetration at failure (mm) 10.07 11.6

Table 5. Hydraulic characteristics of geotextiles.

Designations Geotextile 0 mm

D (m3/s) 1.52 x 10-5 ± 1.18 x 10-6

K (m/s) 3.67 x 10-2 ± 2.79 x 10-3

Ds (L/min/m2) 2200.6 ± 168.5
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The average values for the flow rate and permeability
of the 0 mm kenaf geotextile (GTX 0) are 1.52 × 10−5 m3/s
and  3.67  ×  10−2  m/s,  respectively.  When  reported  in
L/min/m2, the average flow rate reaches 2200.6 L/min/m2.
These results indicate that GTX 0 is suitable for filtration,
given  its  high  flow  rate  capability.  We  deduce  that  the
hydraulic  properties  of  GTX  5  are  also  adequate.
Compared  to  the  Texel  SX  104F  filtration  geotextile,  its
flow  rate  is  three  times  higher.  This  performance  is

reassuring  for  its  use  in  reinforcement,  as  it  allows  for
good water flow, an essential parameter in this function.

3.5.  Analysis  of  the  Behavior  of  Geotextiles
Integrated into Soils

After  the  tests,  the  results  were  obtained  by
calculating  the  bearing  capacity  and  plotting  the  load-
penetration  curves  for  the  reference  soil  and  the
reinforced  soil  samples.  (Figs.10-12)  show  these  curves
for all samples.

Fig. (10). Load-Penetration curves for samples compacted at 56 blows (98% of OPM).

Fig. (11). Load-Penetration curves for samples compacted at 25 blows (95% of OPM).
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Fig. (12). Load-Penetration curves for samples compacted at 10 blows (90% of OPM).

Table 6. Synthesis of bearing capacity values.

Designations
Bearing capacity

56 blows (98% of OPM) 25 blows (95% of OPM) 10 blows (90% of OPM)

Reference soil 90 62 14
Soil + GTX 0 (01) 64 48 08
Soil + GTX 0 (02) 43 22 03
Soil + GTX 5 (01) 98 69 16
Soil + GTX 5 (02) 88 48 13

The graph in Fig.  (10)  presents  the load–penetration
curves  for  four  soil  samples  reinforced  with  geotextile
layers  compacted  at  56  blows  (98%  of  the  optimum
Proctor  moisture,  OPM),  along  with  a  reference  sample
without geotextile reinforcement. The curve for the Soil +
GTX  5  (01)  sample  exceeds  that  of  the  reference  soil,
indicating improved performance, with a maximum stress
of 113 kPa compared with 104 kPa for the reference. The
Soil  +  GTX 5  (02)  sample  initially  shows  a  higher  curve
but  quickly  reaches  its  peak  before  declining  and
intersecting the  curve  of  the  unreinforced soil,  although
its maximum stress remains higher. In contrast, the curves
for the Soil + GTX 0 (01) and Soil + GTX 0 (02) samples lie
well  below  that  of  the  reference  soil,  demonstrating  no
improvement when using a geotextile with a mesh opening
of 0 mm.

The graph in Fig. (11) shows all the load-penetration
curves  for  all  samples  compacted  at  25  blows  (95%  of
OPM). Analysis of these curves reveals that only the curve
for  the  Soil  +  GTX  5  (01)  sample  is  above  that  of  the
reference  soil,  indicating  that  at  25  blows,  only  this
configuration  resulted  in  an  improvement  in  bearing
capacity.

The graph in Fig.  (12)  presents  the load–penetration
curves  for  the  different  samples  compacted  at  10  blows

(90% of the optimum Proctor moisture, OPM), showing no
significant  overall  improvement.  However,  when
comparing  the  curves  for  the  Soil  +  GTX  5  (02)  sample
and the reference soil, it can be observed that the Soil +
GTX 5 (02) curve slightly exceeds that of the reference soil
at a penetration of 4.5 mm. Similarly, the curve for Soil +
GTX  5  (01)  intersects  that  of  the  reference  soil  at  a
penetration of 5 mm, suggesting that these samples may
exhibit better performance beyond this limit. Overall, Soil
+ GTX 5 (01) enhances the soil’s bearing capacity, while
Soil  +  GTX  5  (02)  provides  a  more  moderate  level  of
reinforcement.  These  results  are  consistent  with  the
findings  of  Vittalaiah  et  al.  [2],  who  emphasized  the
influence  of  geotextile  layer  positioning  within  the  soil.

Table  6  summarizes  the  bearing  capacity  values
obtained  from  projections  on  the  synthesis  curves.  The
corresponding  synthesis  curves  are  presented  in  the
Appendix  (Annex  1-5).

In general, an increase in bearing capacity is observed
for  the  Soil  +  GTX  5  (01)  sample,  as  shown  in  Table  6.
Adding geotextile reinforcement to soil improves its CBR
index  and  overall  strength,  as  shown  in  studies  by
Rudramurthy and Vikram [35]. This improvement is likely
due  to  the  openness  of  the  geotextile  mesh,  which
promotes  better  interaction between the lower  layer,  on
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which  it  rests,  and  the  upper  layer.  The  position  of  the
geotextile  also  plays  a  key  role  in  this  performance.
Although the same type of geotextile was used for the Soil
+  GTX  5  (02)  sample,  no  significant  improvement  was
observed,  which  can  be  explained  by  the  difference  in
compaction energies applied during the installation of the
sheets.  Conversely,  a  decrease  in  bearing  capacity  is
observed for the other samples, in particular Soil + GTX 0
(01)  and  Soil  +  GTX  0  (02).  We  attribute  the  observed
decrease in CBR strength for closed-structure geotextiles
to  their  high  compressibility  and  significant  thickness.
Under  vertical  loading,  the  internal  cavities  compress,
resulting  in  material  settlement  and  a  corresponding
reduction  in  bearing  capacity.  Unlike  open-structure
geotextiles, these geotextiles exhibit a nonlinear response,
characterized  by  decreasing  stiffness  with  increasing
penetration.

4.  DISCUSSION  ON  THE  DURABILITY  OF  KENAF
FIBERS

Kenaf  fibers,  although  they  exhibit  attractive
mechanical properties, such as good tensile strength and
low  density,  are  limited  over  time  due  to  their
biodegradable  nature  and  sensitivity  to  environmental
factors,  including  humidity,  microorganisms,  and  UV
radiation.  This  fragility  reduces  their  durability  and
restricts  their  use  in  long-term  applications  unless  they
are treated or combined with other materials [12].

Indeed,  the  natural  biodegradability  of  kenaf  fibers,
while  an  environmental  advantage,  compromises  their
durability when used as reinforcing materials. Over time,
these  fibers  are  subject  to  biological  degradation
processes  such  as  rotting,  fungal  growth,  and  microbial
activity,  which  progressively  reduce  their  mechanical
properties  and,  consequently,  their  effectiveness  in
structural applications. This limitation means that, without
appropriate treatment, kenaf fibers are generally suitable
only for short-term or temporary uses. To overcome these
limitations, several treatment methods have been explored
in the literature and could be adapted, including asphalt-
based  coating,  alkaline  treatment,  and  polymer
impregnation. These different strategies aim to extend the
lifespan of kenaf fibers and make their use viable in long-
term contexts. However, it remains essential to preserve
their  ecological  character,  which  is  a  fundamental
criterion  in  the  promotion  of  bio-sourced  materials.
Therefore,  the real  challenge lies in achieving a balance
between  mechanical  performance  and  durability  on  the
one  hand,  and  environmental  sustainability  on  the  other
[12-37].

CONCLUSION
This study investigated the feasibility of manufacturing

geotextiles  from  kenaf  fibers,  a  locally  available  raw
material in Burkina Faso, for road pavement applications.

The measured physical characteristics (thickness and
surface  mass)  show  that  geotextiles  made  from  kenaf
fibers  could  be  considered  for  foundation  layer
reinforcement  applications.  According  to  SERE  (1995),

geotextiles with a surface mass greater than 300 g/m2 and
200  g/m2,  respectively,  are  considered  suitable  for
reinforcement work. In this study, the lowest surface mass
value obtained was 313 g/m2.

Tensile  and  puncture  tests  also  revealed  superior
performance compared to many polypropylene geotextiles
intended  for  reinforcement.  Specifically,  the  geotextile
with  a  0  mm  mesh  size  exhibited  a  static  puncture
resistance of 1170 N and a tensile strength of up to 17.19
kN/m  in  the  transverse  direction,  which  is  significantly
higher  than  that  of  many  synthetic  equivalents,  such  as
Texel SX-60T (890–1402 N/m).

Furthermore, hydraulic evaluation indicates that these
geotextiles  do not  impede water  flow,  which is  a  crucial
criterion  for  their  reinforcement  function.  In  terms  of
permeability,  the  geotextile  with  0  mm  mesh  size  has  a
surface flow rate of 2200.6 L/min/m2, which is three times
higher than the performance of some commercial filtration
geotextiles, thereby demonstrating its capacity to maintain
water flow and prevent pore clogging.

From  a  geotechnical  perspective,  the  reinforcement
function is well fulfilled with a geotextile layer with 5 mm
openings  placed  at  mid-height  of  a  lateritic  soil  sample.
The bearing capacity improves from 90 kPa (reference soil
value) to 98 kPa at 98% of OPM, and from 62 to 69 kPa at
95% of OPM. This increase also highlights the important
role of the geotextile mesh geometry and the role of the
position of the geotextile in the reinforcement function of
geotextiles.

However,  the  question  of  their  durability  in  the  soil
remains  a  challenge.  The  lifespan  of  plant-based
geotextiles typically ranges from 2 to 6 years, which limits
their suitability for long-term applications. In view of this
constraint, a study on treatments to enhance the durability
of kenaf geotextiles could be considered to adapt them for
long-term  use.  In  order  to  overcome  this  limitation,
various  treatment  strategies  have  been  proposed  in  the
literature,  including  asphalt-based  coating,  alkaline
treatment,  and  polymer  impregnation  [12,  36].  These
approaches  are  intended  to  enhance  the  durability  of
kenaf  fibers  and  ensure  their  suitability  for  long-term
applications.  Nevertheless,  it  is  crucial  to maintain their
ecological  attributes,  which  constitute  a  key  criterion  in
the  advancement  of  bio-based  construction  materials.
Consequently, as previously noted, the key challenge is to
achieve  an  optimal  balance  between  mechanical
performance,  long-term  durability,  and  environmental
sustainability.
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LIST OF ABBREVIATIONS

AFNOR = French Standardization Organization
CBR = California Bearing Ratio
CV = Coefficient of Variation
D = Flow rate in plane
Ds = Specific flow rate
EN = Europäische Norm
GTX = Geotextile
GTX 0 = 0 mm mesh opening geotextile
GTX 0 (01) = 0 mm geotextile layer
GTX 0 (02) = Two 0 mm geotextile layers
GTX 5 = 5 mm mesh opening geotextile
GTX 5 (01) = 5 mm geotextile layer
GTX 5 (02) = Two 5 mm geotextile layers
ISO = International Organization for

Standardization
NF = French Norm
Q = Volume of water (m3) poured into the

funnel
R = Tensile strength
RN4 = National Road N°4
S = Geotextile sample surface area
s = Surface area of the lower end of the funnel
t = Time
Ɛ = Deformation

γdmax = Maximum dry unit weight

ωopt = Optimum water content

∆l = Elongation
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