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Abstract:
Introduction: This study provides a comprehensive comparative analysis of conventional concrete (CC) and Sisal
Fiber Concrete (SFC) and incorporates sisal fiber into a concrete blend for the M25 grade concrete mix.

Methods: In order to evaluate the efficacy of both variations of concrete, mechanical and durability parameters were
examined. As compared to CC, the results indicated that SFC had a substantially greater compressive strength. The
average  compressive  strength  of  SFC  at  the  28-day  was  29.47  N/mm2,  which  signified  a  significant  incremental
percentage growth of 9.58% in comparison to CC. In the same way, SFC exhibited an exceptional flexural strength, as
evidenced by its mean value of 7.81 N/mm2, which represented a significant 34.42% improvement in comparison to
CC.  The  Bayesian  factor  independent  sample  test  yielded  a  t-test  value  of  12.495  for  compressive  strength,
accompanied  by  a  p-value  below  0.001.  These  results  suggest  that  the  observed  difference  was  statistically
significant. Conversely, a t-test value of 19.380 and a p-value below 0.001 were produced by the Bayesian factor
independent  sample  test  for  flexural  strength,  both  of  which  further  supported  the  existence  of  a  significant
difference.  The  mean  disparity  in  compressive  strength  between  CC  and  SFC  was  5.1522  N/mm2,  with  a  95%
confidence  interval  encompassing  values  between  4.2856  and  6.0188  N/mm2.  In  a  similar  manner,  the  mean
discrepancy in flexural strength was 2.0000 N/mm2, accompanied by a 95% confidence interval that varied between
1.7831 and 2.2169 N/mm2.

Results:  The  obtained  results  provide  further  evidence  that  SFC  is  stronger  than  CC  in  both  compressive  and
flexural strength, which is consistent with the results obtained from the frequentist statistical analysis.

Conclusion: With its eco-friendly properties, sisal fiber concrete could indeed play a significant role in the future of
sustainable construction.
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1. INTRODUCTION
Concrete  has  been  the  primary  building  material  for

centuries,  and  recent  advancements  have  led  to

modifications  aimed  at  improving  its  performance,
strength, and sustainability. One such improvement is the
integration  of  natural  fibers  like  sisal  fiber  into  the
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concrete  mix,  resulting  in  sisal  fiber  concrete  [1].  This
innovative material deals with several benefits, including
enhanced mechanical  properties,  reduced environmental
impact, and better sustainability. Conventional concrete is
still widely used today due to its affordability and ease of
use.  It  finds  extensive  use  in  the  construction  of
residential,  commercial,  and  infrastructure  projects,
including  the  structural  foundation  of  bridges,  dams,
highways,  and  the  development  of  modern  architectural
designs. Its strength, durability, and versatility make it an
indispensable material in the construction industry [2]. In
comparison to conventional concrete, sisal fiber concrete
has  unique  constituent  materials  and  production
processes. It also boasts different physical properties and
mechanical  strength  [3].  Applications  of  sisal  fiber
concrete  range  from  structural  to  non-structural  use
cases.  While  it  offers  many  advantages  over  traditional
concrete,  such  as  increased  durability  and  decreased
carbon footprint, there are also some disadvantages, such
as  higher  production  costs.  As  the  construction  industry
becomes  increasingly  eco-conscious,  sustainable
construction materials like sisal fiber concrete are gaining
popularity.  It  is  worth  exploring  the  future  prospects  of
this material in the industry as it holds immense potential
in  terms  of  reducing  greenhouse  gas  emissions  and
promoting  sustainable  practices  [4].

The sisal fiber research showed around 816 topics in
Google  Scholar  during  the  examination  of  the  past  five
years.  Hence,  this  research  will  be  helpful  in  giving
guidance to construction engineers as newer or advanced
materials that reduce the cracks in concrete. Sisal fiber,
derived from the Agave sisalana plant,  has been utilized
for centuries for ropes and twine production [5, 6]. Such
applications  are  deemed  suitable  due  to  the  fiber's

strength,  durability,  and  resistance  to  deterioration.
Specifically,  the  3%  polypropylene  fiber  concrete  mix
exhibited  the  highest  average  compressive  strength  at
both 28 and 90 days, while the 2% polypropylene fiber mix
showed  the  highest  split-tensile  strength.  Flexural
strength  results  followed  a  similar  trend.  Results  show
that  3% HHF addition  leads  to  notable  improvements  in
concrete strength properties,  albeit  not  as  significant  as
with  polypropylene  fibers  [7].  Over  time,  sisal  fiber  has
been  utilized  in  various  other  industries,  including  the
manufacturing  of  carpets,  geotextiles,  paper,  and  even
automotive  components.  More  recently,  sisal  fiber  has
been  incorporated  into  the  construction  industry  as
reinforcement  for  building  materials.  This  shift  towards
sisal fiber reinforcement is attributed to the eco-friendly
and biodegradable properties of the fiber, rendering it an
attractive  alternative  to  conventional  reinforcement
materials, such as steel [8]. Sisal, a renewable resource,
can  be  grown  quickly  and  sustainably.  The  use  of  sisal
fibers in concrete reduces the reliance on non-renewable
materials, such as steel or synthetic fibers, rendering it an
eco-friendly  option  for  construction  projects.  Many
advantages  are  offered  by  sisal  fiber  concrete  over
traditional  concrete  and  other  building  materials.  The
fiber  mechanism  of  concrete  is  shown  in  Fig.  (1).  Its
exceptional  durability,  strength,  and  resistance  to
environmental factors make it an ideal choice for a wide
range of construction applications [9].

Modern  construction  material,  sisal  fiber  concrete,
also  known  as  fiber-reinforced  concrete,  is  composed  of
sisal  and  other  natural  fibers  that  are  incorporated  into
the mixture design [10]. Conventional concrete, which is
the prevailing variant utilized in the construction sector,
primarily consists of coarse aggregate, fine aggregate,

Fig. (1a,b). Fiber mechanisms in concrete.
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Portland cement, and water. Sisal fiber, renowned for its
remarkable  attributes,  including  resilience  and  springi-
ness,  has  been  implemented  across  diverse  sectors  for
millennia. It is derived from the foliage of the agave plant
and is distributed across multiple nations globally [11, 12].
Since its introduction in the 1960s, sisal fiber concrete has
grown in popularity due to its  numerous advantages.  An
important benefit of sisal fiber concrete in comparison to
conventional concrete is its improved tensile strength and
resistance to impacts. It also exhibits enhanced resistance
to  cracks  and  prolonged  durability  [13].  It  is  an  ideal
material for construction projects requiring high levels of
strength  and  stability  due  to  these  characteristics.  Sisal
fiber  concrete  presents  a  multitude  of  benefits  in
comparison  to  conventional  concrete  on  account  of  its
distinctive  characteristics,  which  augment  its  overall
efficacy.  Sisal  fiber  concrete  is  reinforced  with  natural
fibers, including sisal fiber, which enhances the material's
tensile  strength  and  fracture  resistance  [14].  Recycled
aggregate may be incorporated into sisal fiber concrete in
certain  instances,  thereby  further  reducing  the
environmental  impact  of  the  material  and  enhancing  its
sustainability [15]. The compressive strength of sisal fiber
concrete  is  significantly  influenced  by  the  cement

proportion,  whereas  the  incorporation  of  sisal  fiber  into
concrete yields enhanced mechanical characteristics [16].

2. METHODS
The production of  2% of  sisal  fiber concrete involves

proportioning  materials  (cement,  fine  aggregate,  water,
and  sisal  fiber)  based  on  the  mix  design,  followed  by
thorough  mixing  for  proper  fiber  dispersion.  The  mix  is
then  cast,  compacted  using  manual  or  mechanical
methods,  and  undergoes  an  initial  curing  period.
Subsequently,  mechanical  performance  tests  assess
compressive,  tensile,  and  flexural  strengths  to  ensure
material  quality.  The  mix  proportions  may  need
adjustment  to  accommodate  the  presence  of  fibers,  and
trial  mixes  should  be  conducted  to  ensure  the  desired
properties  are achieved.  The M25 grade concrete mix is
used to find the experimental  test,  and this  ratio  can be
expressed  as  1:1:2  for  cement,  sand,  and  aggregate.
Additionally,  the  water-cement  ratio  is  taken  as  0.45.
Moreover, conventional concrete follows a similar process,
determining mix design, blending materials,  casting into
molds,  and  undergoing  curing.  Sisal  fiber  concrete  is  a
durable  material  that  is  well-suited  for  use  in  harsh
conditions.

Flowchart 1. Methodology representation of this research work.
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Table 1. Properties of sisal fiber.

S.No. Fibre Type Result

1 Fiber length (mm) 25
2 Fiber diameter (mm) 0.25
3 Aspect ratio 100
4 Elongation (%) 268
5 Tensile strength (MPa) 14.8
6 Modulus of elasticity (GPa) 42.5
7 Density (g/cm3) 1.70

The  reinforcement  provided  in  the  form  of  fibers
enhances  the  strength  of  the  concrete,  resulting  in  a
material  with  comparable  properties  to  conventional
concrete. Table 1 shows the properties of Sisal Fiber. This
contributes to its overall mechanical performance, making
it  an ideal choice for projects that require high levels of
strength  and  durability.  Moreover,  2%  of  sisal  fiber
concrete  has  been  found  to  have  excellent  resistance  to
environmental  factors,  such  as  moisture,  heat,  and
chemicals. This makes it a popular choice for applications
in  marine  environments  or  areas  prone  to  extreme
weather  conditions.

Fig. (2). Sisal fiber.

The alkaline  treatment  involves  soaking the  fibers  in
an alkaline solution, typically sodium hydroxide (NaOH) or
potassium  hydroxide  (KOH)  [17].  Here  is  a  general
guideline for the chemical treatment: Materials needed for
the alkaline treatment of sisal fibers include sisal fibers,
10%  NaOH  solution  for  24  hours  -  an  alkaline  solution
(sodium hydroxide or potassium hydroxide), and protective
equipment  (gloves,  goggles,  etc.).  Dissolve  sodium
hydroxide  or  potassium  hydroxide  in  water  to  create  an
alkaline  solution.  The  concentration  and  temperature  of
the solution can vary based on the desired treatment level.
Immerse  the  sisal  fibers  in  the  alkaline  solution  for  a
specific duration.  Fig.  (2)  shows the sisal  fiber,  and Fig.
(3)  shows  the  pre-treating  of  sisal  fiber  with  alkaline
solution for 24 hours. The soaking time can range from a
few minutes to several hours, depending on factors, such
as  fiber  type  and  desired  properties.  After  soaking,
thoroughly  rinse  the  fibers  with  water  to  eliminate  any

residual  alkali  [18].  Fig.  (4)  shows  the  slump  test  of
concrete,  and  Fig.  (5)  shows  the  mixing  of  concrete.
Neutralize  the  fibers  with  an  acid  solution  (e.g.,  acetic
acid)  to  ensure  complete  removal  of  alkaline  residues.
Allow  the  treated  fibers  to  air  dry.  Fig.  (6)  shows  the
casting of a concrete cube, and Fig. (7) shows the casting
of a flexural beam.

Fig. (3). Pre-treating of sisal fiber with alkaline.

Fig. (4). Slump test.

Fig. (5). Concrete mixing.
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Fig. (6). Casting of concrete cubes.

Fig. (7). Casting of flexural beam.

Fig. (8). Compressive strength test.

In  this  study,  two  groups  of  concrete  were
investigated: Group 1 consisted of conventional concrete,
while Group 2 involved sisal fiber-reinforced concrete. The
evaluation  of  the  concrete  in  both  groups  focused  on
several key parameters, including compressive strength of
cubes, flexural beam tests, and a durability test. A total of
18  samples  were  prepared  for  compressive  and  flexural

strength  tests  and  8  cubes  for  the  durability  test  for
conventional  and  modified  concrete  after  28  days  of
curing. Figs. (8 and 9) show the compressive strength and
flexural  strength  testing  arrangements.  This  involved
preparing  standard  cube  specimens  from  each  concrete
mix, subjecting them to the prescribed curing conditions,
and subsequently testing their compressive strength using
a hydraulic press. The compressive strength, denoted by
fc′, was calculated using the formula in Eq. (1):

(1)

where  P  is  the  maximum  applied  load,  and  A  is  the
cross-sectional area of the cube.

The  flexural  strength  of  the  concrete  in  both  groups
was assessed through a flexural beam test. Standard beam
specimens were prepared, cured, and tested using a three-
point  bending  setup.  The  flexural  strength  (flex)  was
determined  using  the  formula  in  Eq.  (2):

(2)

where P is the maximum load, L is the span length, b is
the width, and d is the depth of the beam.

Fig. (9). Flexural strength test.

Durability  was  evaluated  through  a  specific  test
designed to assess the resistance of the concrete to harsh
environmental  conditions.  Sodium  Hydroxide  (NaOH)  is
often  chosen  because  it  is  aggressive  and  can  cause
degradation  in  concrete,  making  it  a  suitable  choice  for
evaluating the durability of concrete structures in acidic
environments  [19,  20].  For  this  study,  a  28-days  cured
cube from each group was immersed in an acid solution
within  the  range  of  5  to  10%.  The  mass  loss  and  visual
inspection after exposure to acid provided insights into the
durability  performance  of  both  types  of  concrete.  The
curing  period  for  all  specimens  was  standardized  at  28
days, allowing the concrete to attain its optimum strength
and  durability  characteristics.  Fig.  (10)  shows  the
concrete  cube  after  the  durability  test  is  done.

fc′=P/A

flex = (3PL)/(2bd2)
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Fig. (10). Concrete cube after durability test.

3. RESULTS
Adding sisal fiber to concrete can indeed improve its

tensile strength and help prevent cracking when subjected
to  loads.  Sisal  fibers  are  natural  fibers  derived from the
agave  plant,  and  they  are  known  for  their  strength  and
durability. When these fibers are mixed into concrete, they
act  as  reinforcement,  providing  additional  support  and
reducing  the  likelihood  of  cracks  forming  under  stress.
The  average  compressive  strength  for  the  18  cubes  of
conventional  concrete  was  21.17  N/mm2,  and  sisal  fiber
concrete was 30.82 N/mm2. The average flexural strength
for the 18 cubes of conventional concrete was 5.81 N/mm2,

and  sisal  fiber  concrete  was  7.81  N/mm2.  The  average
durability of concrete by compression test for the 18 cubes
of conventional concrete was 19.23 N/mm2, and sisal fiber
concrete  was 25.21 N/mm2.  Table  1  shows the compres-

sive  strength  of  M25  Grade  for  28  Days:  Comparison  of
both conventional concrete and sisal fiber. Table 2 shows
the  flexural  strength  of  M25  Grade  for  28  Days:
Comparison of both conventional concrete and sisal fiber.
Table  3  depicts  the  durability  test  of  M25  Grade  for  28
Days: Comparison of both conventional concrete and sisal
fiber.  The  mean  durability  for  sisal  fiber  concrete  after
acid  immersion  is  approximately  8.723  g,  and  for
conventional concrete, it is approximately 8.134 g. Tables
4  and  5  show  the  maximum  change  in  percentage  and
compressive strength of mixes after H2SO4. Table 5 shows
the mean strength of durability test results. Table 6 shows
the  Bayesian  independent  sample  test  for  compressive
strength:  Group  Statistics  Report  –  Total  number  of
sample:  18,  Mean  (27.17,  30.82),  Standard  Deviation
(1.017, 1.422),  and Standard Error Mean (0.239, 0.335).
Table  7  shows  the  Bayesian  factor  independent  sample
test  (Method  =  Rouder)a:  The  observations  were  as
follows: The t-test value: 12.495, Degree of Freedom (df):
34, sig. (2-tailed) value less than 0.05, i.e., p<0.05; hence,
there  was  no  significant  difference  statistically.  Table  8
shows  the  posterior  distribution  characterization  for
independent  sample  meana.  Table  9  shows  the  Bayesian
independent  sample  test  for  flexural  strength:  Group
Statistics  Report  –  Total  number  of  sample:  18,  Mean
(5.81,  7.81),  Standard  Deviation  (0.239,  0.366),  and
Standard Error Mean (0.056, 0.086). Table 10 shows the
Bayesian  factor  independent  sample  test  (Method  =
Rouder)a:  The  observations  were  as  follows:  The  t-test
value: 19.380, Degree of Freedom (df): 34, sig. (2-tailed)
value  less  than  0.05,  i.e.,  p<0.05;  hence,  there  was  no
significant difference statistically.

Table 2. Compressive Strength of M25 Grade for 28 Days: Comparison of both Conventional Concrete and Sisal
fiber.

Compressive Strength (N/mm2) For M25 Grade

S.No. Conventional Concrete (CC)
Sisal Fiber

7 Days Strength 28 Days Strength

1. 24.69 27.82 28.78
2. 23.73 26.89 29.47
3. 23.87 26.43 29.20
4. 23.96 27.42 29.57
5. 24.98 26.44 30.78
6. 24.09 25.25 31.99
7. 22.98 26.67 30.20
8. 21.87 28.73 29.41
9. 22.67 31.54 30.62
10. 24.44 24.90 28.43
11. 22.84 28.70 31.04
12. 22.09 28.97 31.25
13. 25.47 30.45 32.64
14. 22.22 30.00 32.67
15. 23.96 28.35 31.88
16. 24.18 29.89 32.09
17. 24.27 28.94 32.30
18. 23.78 26.04 32.51
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Table 3. Flexural strength of M25 grade for 28 days: Comparison of both conventional concrete and sisal fiber.

Flexural Strength (N/mm2) For M25 Grade

Sl.No. Conventional Concrete (CC) Sisal Fiber Concrete (SFC)

1. 5.67 7.35
2. 5.68 7.84
3. 4.84 8.24
4. 5.68 7.31
5. 5.45 8.00
6. 5.50 7.44
7. 4.98 8.09
8. 5.70 7.76
9. 4.20 7.78

10. 5.78 7.81
11. 5.53 7.84
12. 5.86 7.59
13. 5.59 8.74
14. 5.79 7.16
15. 5.87 7.87
16. 4.14 7.90
17. 4.10 7.92
18. 4.23 7.95

Table 4. Durability test of M25 grade for 28 days: Comparison of both conventional concrete and sisal fiber.

Durability of Concrete Cube

Sample Name Weight Before Exposure (Kg) Weight After Exposure (Kg) % Change

CC1 8.45 8.26 2.25
CC2 8.42 8.25 2.02
CC3 8.50 8.32 2.12
CC4 8.48 8.29 2.31
CC5 8.43 8.22 2.49
CC6 8.47 8.28 2.24
CC7 8.41 8.20 2.50
CC8 8.44 8.25 2.17
SFC1 8.75 8.72 0.54
SFC2 8.69 8.65 0.46
SFC3 8.78 8.70 0.91
SFC4 8.80 8.68 1.36
SFC5 8.72 8.66 0.69
SFC6 8.71 8.64 0.80
SFC7 8.73 8.67 0.68
SFC8 8.77 8.70 0.80

Table 5. Compressive strength of mixes after H2SO4.

S.No Mix Name Max Value for Before and After Exposure (Kg) Max. % Change Mean Strength After Exposure (N/mm2) % Change

1 CC 8.41 8.20 2.50 19.23 6.95
2 Sisal fiber 8.80 8.68 1.36 25.21 5.31

Table  11  shows  the  posterior  distribution
characterization for independent sample meana. Table 12
shows the Bayesian independent sample test for durability
test:  Group Statistics  Report  –  Total  Number of  Sample:
18,  Mean  (19.23,  25.21),  Standard  Deviation  (1.776,

1.543) and Standard Error Mean (0.418, 0.363). Table 13
shows  the  Bayesian  factor  independent  sample  test
(Method  =  Rouder)a:  The  observations  were  as  follows:
The t-test value: 10.784, Degree of Freedom (df): 34, sig.
(2-tailed) value less than 0.05, i.e.,  p<0.05; hence, there
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was no significant difference statistically. Table 14 shows
the posterior distribution characterization for independent
sample meana. Figs. (11a,b,c) show the simple bar chart
mean  of  compressive  strength,  flexure  strength,  and

durability  test.  Figs.  (13-15)  illustrate  the  Bayesian
statistics of the log-likelihood function, prior distribution,
and posterior distribution: Mean of compressive strength
in N/mm2, flexural strength in N/mm2, and durability test.

Table 6. Bayesian independent sample test for compressive strength.

Group Statistics

Variables Groups N Mean Std. Deviation Std. Error Mean

Compressive Strength, N/mm2 Conventional Concrete 18 27.1717 1.01789 0.23992
Sisal fiber Concrete 18 30.8239 1.42286 0.33537

Note: Group Statistics Report – Total Number of Sample: 18, Mean (27.17, 30.82), Standard Deviation (1.017, 1.422) and Standard Error Mean (0.239,
0.335).

Table 7. Bayesian factor independent sample test (Method = Rouder)a.

Variables Mean Difference Pooled Std. Error Difference Bayes Factorb t df Sig.(2-tailed)

Compressive Strength, N/mm2 5.1522 0.41235 .000 12.495 34 <.001
Note:  The  t-test  value:  12.495,  Degree  of  Freedom (df):  34,  Sig.  (2-tailed)  value  less  than  0.05,  i.e.,  p<0.05;  hence,  there  is  no  significant  difference
statistically.

Table 8. Posterior distribution characterization for independent sample meana.

Compressive Strength, N/mm2
Posterior 95% Credible Interval

Mode Mean Variance Lower Bound Upper Bound

- 5.1522 5.1522 0.193 4.2856 6.0188
Note: a. Prior for Variance: Diffuse. Prior for Mean: Diffuse.

Table 9. Bayesian independent sample test for flexural strength.

Group Statistics

Variables Groups N Mean Std. Deviation Std. Error Mean

Flexural Strength, N/mm2 Conventional Concrete 18 5.8106 0.23969 0.05650
Sisal fiber Concrete 18 7.8106 0.36640 0.08636

Note: Group Statistics Report – Total Number of Sample: 18, Mean (5.81, 7.81), Standard Deviation (0.239, 0.366) and Standard Error Mean (0.056, 0.086).

Table 10. Bayesian factor independent sample test (method = rouder)a.

Variables Mean Difference Pooled Std. Error Difference Bayes Factorb t df Sig.(2-tailed)

Flexural Strength, N/mm2 2.0000 0.10320 0.000 19.380 34 <0.001
Note:  the  t-test  value:  19.380,  Degree  of  Freedom  (df):  34,  Sig.  (2-tailed)  value  less  than  0.05,  i.e.,  p<0.05,  hence,  there  is  no  significant  difference
statistically.

Table 11. Posterior distribution characterization for independent sample meana.

Variables
Posterior 95% Credible Interval

Mode Mean Variance Lower Bound Upper Bound

Flexural Strength, N/mm2 2.0000 2.0000 0.012 1.7831 2.2169
Note: a. Prior for Variance: Diffuse. Prior for Mean: Diffuse.



A Sustainable Revolution in Sisal Fiber 9

Table 12. Bayesian independent sample test for durability test.

Group Statistics

Variables Groups N Mean Std. Deviation Std. Error Mean

Durability Test
Conventional Concrete 18 19.2300 1.77652 0.41873

Sisal fiber Concrete 18 25.2117 1.54342 0.36379
Note: Group Statistics Report – Total Number of Sample: 18, Mean (19.23, 25.21), Standard Deviation (1.776, 1.543) and Standard Error Mean (0.418,
0.363).

Table 13. Bayesian factor independent sample test (method = rouder)a.

Bayes Factor Independent Sample Test (Method = Rouder)a

Variables Mean Difference Pooled Std. Error Difference Bayes Factorb t df Sig.(2-tailed)

Durability Test 5.9817 0.55469 0.000 10.784 34 <.001
Note:  The  t-test  value:  10.784,  Degree  of  Freedom (df):  34,  Sig.  (2-tailed)  value  less  than  0.05,  i.e.,  p<0.05;  hence,  there  is  no  significant  difference
statistically.
a. Assumes unequal variance between groups.
b. Bayes factor: Null versus alternative hypothesis.

Table 14. Posterior distribution characterization for independent sample meana.

Variables
Posterior 95% Credible Interval

Mode Mean Variance Lower Bound Upper Bound

Durability Test 5.9817 5.9817 .349 4.8165 7.1469
Note: a. Prior for Variance: Diffuse. Prior for Mean: Diffuse.

Fig.  (11a).  Simple  bar  chart  mean  of  compressive  strength.  X-axis:  Comparison  between  the  conventional  concrete  and  sisal  fiber
concrete. Y-axis: Experimental test result for 28 days curing M25 grade compressive strength N/mm2.
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Fig. (11b). Simple bar chart mean of flexure strength. X-axis: Comparison between the conventional concrete and sisal fiber concrete. Y-
axis: Experimental test result for 28 days curing M25 grade flexural strength N/mm2.

Fig. (12). Simple bar chart mean of durability test.
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Fig. (13). Bayesian statistics of the log-likelihood function, prior distribution, and posterior distribution: Mean of compressive strength in
N/mm2 with the comparison of conventional concrete and sisal fiber concrete.



12   The Open Civil Engineering Journal, 2024, Vol. 18 Selvam et al.

Fig. (14). Bayesian statistics of log-likelihood function, prior distribution, and posterior distribution: mean of flexural strength in N/mm2

with the comparison of conventional concrete and sisal fiber concrete.
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Fig. (15). Bayesian statistics of log-likelihood function, prior distribution, and posterior distribution: mean of compressive strength in
N/mm2 with the comparison of conventional concrete and sisal fiber concrete for durability test.



14   The Open Civil Engineering Journal, 2024, Vol. 18 Selvam et al.

4. DISCUSSION
The results of this study regarding the benefits of sisal

fiber  concrete  in  sustainable  building  practices  are
consistent  with  previous  research  by  Ferraz  et  al.  [21],
which  also  emphasized  the  eco-friendly  properties  of  sisal
fiber concrete. This consistency reinforces the growing body
of  evidence  supporting  the  environmental  advantages  of
using natural fiber-reinforced concrete compared to conven-
tional  concrete.  The  findings  of  reduced  environmental
impact  and  enhanced  sustainability  associated  with  sisal
fiber  concrete  align  with  the  increasing  emphasis  on
environmentally conscious building materials, as noted by de
Lima et al. [22]. This alignment underscores the relevance of
sisal fiber concrete in addressing sustainability challenges in
the  construction  industry  and  supports  the  broader  trend
towards eco-friendly construction practices.

Further,  the  results  highlighting  the  mechanical
properties  of  sisal  fiber  concrete,  such  as  strength  and
durability, reinforce previous research by Gu et al. [23]. This
consistency  underscores  the  long-term  structural  benefits
offered by sisal  fiber  concrete  and establishes  a  recurring
pattern of its superior mechanical performance compared to
conventional  concrete.  The  identification  of  drawbacks
associated with sisal fiber concrete, such as reduced tensile
strength and limitations in flexural strength, contributes to a
nuanced understanding of the performance characteristics
of the material. This recognition of potential limitations adds
depth  to  existing  literature  and  provides  valuable  insights
for  practitioners  considering  the  adoption  of  sisal  fiber
concrete  in  construction  projects  [24,  25].

Additionally, the discussion on the cost-effectiveness of
sisal  fiber  concrete  in  supporting  sustainable  building
practices  echoes  the  findings  of  Joseph  et  al.  [2]  and
Palanisamy  et  al.  [26],  who  also  highlighted  the  economic
advantages  of  the  material.  This  consistency  suggests  a
robust pattern of sisal fiber concrete offering cost-effective
solutions for sustainable construction, further supporting its
viability  as  a  mainstream  building  material.  The  authors'
exploration of potential improvements in sisal fiber concrete
production, such as optimizing mix designs and enhancing
manufacturing  processes,  aligns  with  ongoing  research
efforts documented by Natarajan et al. [27]. This emphasis
on innovation underscores the dynamic nature of  the field
and  signals  a  collective  effort  towards  advancing  the
performance  and  sustainability  of  sisal  fiber  concrete.

CONCLUSION
In  conclusion,  comparing  sisal  fiber  concrete  to

conventional concrete reveals that sisal fiber concrete offers
several  advantages  in  terms  of  sustainability  and
environmental  impact.  With  its  natural  fibers,  sisal  fiber
concrete provides better durability and strength, making it a
suitable choice for sustainable construction. The sisal fiber
concrete exhibits superior mechanical properties, including
higher  compressive  and  flexural  strengths  compared  to
conventional  concrete,  as  well  as  enhanced  durability,  as
evidenced by the Bayesian analysis results.

In  conclusion,  the  study  compared  the  properties  of
conventional  concrete  and concrete  reinforced with  2%
sisal fibers.

The average compressive strength of sisal fiber concrete
increased  by  45.5%  to  30.82  N/mm2,  significantly
surpassing  the  21.17  N/mm2  of  conventional  concrete.
Similarly,  the  flexural  strength  of  sisal  fiber  concrete
increased  by  34.4%  to  7.81  N/mm2,  outperforming  the
5.81 N/mm2 of conventional concrete.
The  durability  test  results  also  showed  a  significant
improvement,  with  sisal  fiber  concrete  achieving  a
compressive strength of 25.21 N/mm2, a 31.1% increase
compared to the 19.23 N/mm2 of conventional concrete.
Statistical  analyses,  including  ANOVA  and  Bayesian
independent  sample  tests,  were  performed,  and  the
results  indicated  no  significant  statistical  differences
between  the  two  types  of  concrete  in  terms  of
compressive  strength,  flexural  strength,  and  durability.
The  graphical  representations,  including  Simple  Bar
Charts  and  Bayesian  Statistics,  further  support  the
findings.

AUTHORS’ CONTRIBUTION
Vijayan Selvam contributed to the data collection, data

analysis,  and  manuscript  writing.  Tholkapiyan  Muniyandi
and  Ramadhansyah  Putra  Jaya  contributed  to  the
conceptualization, data validation, and critical review of the
manuscript.

LIST OF ABBREVIATIONS

CC = Conventional Concrete
SFC = Sisal Fiber Concrete
df = Degree of Freedom

CONSENT FOR PUBLICATION
Not applicable.

AVAILABILITY OF DATA AND MATERIALS
The  data  and  supportive  information  are  available

within  the  article.

FUNDING
None.

CONFLICT OF INTEREST
Ramadhansyah  Putra  Jaya  is  the  Editorial  Board

Member  of  The  Open  Civil  Engineering  Journal.

ACKNOWLEDGEMENTS
The  authors  would  like  to  express  their  gratitude  to

Saveetha School of Engineering and Saveetha Institute of
Medical  and  Technical  Sciences  (Formerly  known  as
Saveetha  University)  for  providing  the  necessary
infrastructure  to  carry  out  this  work  successfully.

REFERENCES
B.  Meskhi,  A.N.  Beskopylny,  S.A.  Stel’makh,  E.M.  Shcherban’,[1]
L.R.  Mailyan,  N.  Beskopylny,  A.  Chernil’nik,  and  D.  El’shaeva,
"Insulation  foam  concrete  nanomodified  with  microsilica  and
reinforced  with  polypropylene  fiber  for  the  improvement  of
characteristics",  Polymers,  vol.  14,  no.  20,  p.  4401,  2022.
[http://dx.doi.org/10.3390/polym14204401] [PMID: 36297976]

http://dx.doi.org/10.3390/polym14204401
http://www.ncbi.nlm.nih.gov/pubmed/36297976


A Sustainable Revolution in Sisal Fiber 15

L.  Joseph,  M.K.  Madhavan,  K.  Jayanarayanan,  and A.  Pegoretti,[2]
"High  temperature  performance  of  concrete  confinement  by
MWCNT  modified  epoxy  based  fiber  reinforced  composites",
Materials,  vol.  15,  no.  24,  p.  9051,  2022.
[http://dx.doi.org/10.3390/ma15249051] [PMID: 36556856]
Y.M. Abbas, and M.I. Khan, "Robust machine learning framework[3]
for  modeling  the  compressive  strength  of  SFRC:  Database
compilation,  predictive  analysis,  and  empirical  verification",
Materials,  vol.  16,  no.  22,  p.  7178,  2023.
[http://dx.doi.org/10.3390/ma16227178] [PMID: 38005107]
C.D. Agor, E.M. Mbadike, and G.U. Alaneme, "Evaluation of sisal[4]
fiber  and  aluminum  waste  concrete  blend  for  sustainable
construction using adaptive neuro-fuzzy inference system",  Sci.
Rep., vol. 13, no. 1, p. 2814, 2023.
[http://dx.doi.org/10.1038/s41598-023-30008-0]  [PMID:
36797414]
R.P. Araldi, M.O. dos Santos, F.F. Barbon, B.A. Manjerona, B.R.[5]
Meirelles,  d.O.P.  Neto,  P.I.  da  Silva,  L.  dos  Santos,  I.C.C.
Camargo, and E.B. de Souza, "Analysis of antioxidant, cytotoxic
and mutagenic potential of Agave sisalana Perrine extracts using
Vero  cells,  human  lymphocytes  and  mice  polychromatic
erythrocytes", Biomed. Pharmacother., vol. 98, pp. 873-885, 2018.
[http://dx.doi.org/10.1016/j.biopha.2018.01.022]  [PMID:
29571258]
T.R.  Annunciado,  T.H.D.  Sydenstricker,  and  S.C.  Amico,[6]
"Experimental investigation of various vegetable fibers as sorbent
materials  for  oil  spills",  Mar.  Pollut.  Bull.,  vol.  50,  no.  11,  pp.
1340-1346, 2005.
[http://dx.doi.org/10.1016/j.marpolbul.2005.04.043]  [PMID:
15946707]
V. Selvam, and T. Muniyandi, Assessing novel fiber reinforcement[7]
against  conventional  mix  by  using  both  natural  and  synthetic
fibers  in  concrete  with  statistical  performance  analysis.,  Ép  -
Építtud, 2024.
[http://dx.doi.org/10.1556/096.2024.00114]
C. Gao, Q. Fu, L. Huang, L. Yan, and G. Gu, "Jute fiber-reinforced[8]
polymer tube-confined sisal  fiber-reinforced recycled aggregate
concrete waste", Polymers, vol. 14, no. 6, p. 1260, 2022.
[http://dx.doi.org/10.3390/polym14061260] [PMID: 35335589]
H.  Jamshaid,  H.  Ali,  R.K.  Mishra,  S.  Nazari,  and  V.  Chandan,[9]
"Durability and accelerated ageing of natural fibers in concrete as
a sustainable construction material", Materials, vol. 16, no. 21, p.
6905, 2023.
[http://dx.doi.org/10.3390/ma16216905] [PMID: 37959502]
W.V. Silva, R. Silva, L.M. Bezerra, C.A.S. Freitas, and J. Bonilla,[10]
"Experimental analysis of space trusses using spacers of concrete
with steel fiber and sisal fiber", Materials, vol. 13, no. 10, p. 2305,
2020.
[http://dx.doi.org/10.3390/ma13102305] [PMID: 32429451]
K.  Rodsin,  A.  Ejaz,  Q.  Hussain,  and  R.  Parichatprecha,[11]
"Experimental  and  analytical  studies  on  Low-Cost  Glass-Fiber-
Reinforced-Polymer-composite-strengthened  reinforced  concrete
beams:  A  comparison  with  Carbon/sisal  Fiber-reinforced
polymers",  Polymers,  vol.  15,  no.  19,  p.  4027,  2023.
[http://dx.doi.org/10.3390/polym15194027] [PMID: 37836076]
A. Okeola, S. Abuodha, and J. Mwero, "Experimental investigation[12]
of the physical and mechanical properties of sisal fiber-reinforced
concrete", Fibers, vol. 6, no. 3, p. 53, 2018.
[http://dx.doi.org/10.3390/fib6030053]
S.J.  Kim,  S.  Mondal,  B.K.  Min,  and C.G.  Choi,  "Highly  sensitive[13]
and flexible strain–pressure sensors with cracked paddy-shaped
MoS2/graphene foam/ecoflex hybrid nanostructures", ACS Appl.
Mater. Interfaces, vol. 10, no. 42, pp. 36377-36384, 2018.
[http://dx.doi.org/10.1021/acsami.8b11233] [PMID: 30259730]
S.J.  Choi, S.H. Bae, J.I.  Lee, E.J.  Bang, H.Y. Choi, and H.M. Ko,[14]
"Effect  of  bio-inspired  polymer  types  on  engineering
characteristics of cement composites", Polymers, vol. 14, no. 9, p.
1808, 2022.

[http://dx.doi.org/10.3390/polym14091808] [PMID: 35566976]
J. Huang, G. Tian, P. Huang, and Z. Chen, "Flexural performance[15]
of sisal fiber reinforced foamed concrete under static and fatigue
loading", Materials, vol. 13, no. 14, p. 3098, 2020.
[http://dx.doi.org/10.3390/ma13143098] [PMID: 32664433]
A. Mahmood, M.T. Noman, M. Pechočiaková, N. Amor, M. Petrů,[16]
M.  Abdelkader,  J.  Militký,  S.  Sozcu,  and  S.Z.U.  Hassan,
"Geopolymers  and  fiber-reinforced  concrete  composites  in  civil
engineering", Polymers, vol. 13, no. 13, p. 2099, 2021.
[http://dx.doi.org/10.3390/polym13132099] [PMID: 34202211]
J.Q.A.  Brito,  F.D.S.  Dias,  S.  Cunha,  L.P.  Ramos,  and  L.S.G.[17]
Teixeira, "Multiple response optimization of alkaline pretreatment
of  sisal  fiber  (  Agave  sisalana  )  assisted  by  ultrasound",
Biotechnol.  Prog.,  vol.  35,  no.  3,  p.  e2802,  2019.
[http://dx.doi.org/10.1002/btpr.2802] [PMID: 30843373]
A.S.M.S.  Hamid,  A.O.A.  Qabandi,  E.  N A S,  M.  Bassyouni,  M.S.[18]
Zoromba,  A.M.H.  Aziz,  H.  Mira,  and  E.  y,  "Fabrication  and
characterization  of  microcellular  polyurethane  sisal
biocomposites",  Molecules,  vol.  24,  no.  24,  p.  4585,  2019.
[http://dx.doi.org/10.3390/molecules24244585] [PMID: 31847377]
I. Shah, L. Jing, Z.M. Fei, Y.S. Yuan, M.U. Farooq, and N. Kanjana,[19]
"A  review on  chemical  modification  by  using  sodium hydroxide
(NaOH) to investigate the mechanical properties of sisal, coir and
hemp fiber reinforced concrete composites", J.  Nat. Fibers, vol.
19, no. 13, pp. 5133-5151, 2022.
[http://dx.doi.org/10.1080/15440478.2021.1875359]
F.A. Silva, B. Mobasher, and R.D.T. Filho, "Cracking mechanisms[20]
in  durable  sisal  fiber  reinforced  cement  composites",  Cement
Concr. Compos., vol. 31, no. 10, pp. 721-730, 2009.
[http://dx.doi.org/10.1016/j.cemconcomp.2009.07.004]
C.G. Ferraz, P.R. Ribeiro, B.V. Verde, D.S.R. Silva, d.C.C.M. Silva,[21]
C.O. do Carmo, J.M. Bazioli, D.I.B.F. Santos, T.P. Fill, M.L. Sforca,
F. Silva, d.S.A. Magaton, and A.C.F. Soares, "Metabolite profiling
of  Pleurotus  ostreatus  grown  on  sisal  Agro‐industrial  waste
supplemented  with  cocoa  almond  tegument  and  wheat  bran",
Chem. Biodivers., vol. 20, no. 9, p. e202300346, 2023.
[http://dx.doi.org/10.1002/cbdv.202300346] [PMID: 37503864]
T. de Lima, A. de Azevedo, M. Marvila, V. Candido, R. Fediuk, and[22]
S. Monteiro, "Potential of using Amazon natural fibers to reinforce
cementitious composites: A review", Polymers, vol. 14, no. 3, p.
647, 2022.
[http://dx.doi.org/10.3390/polym14030647] [PMID: 35160636]
M. Gu, W. Ahmad, T.M. Alaboud, A. Zia, U. Akmal, Y.A. Awad, and[23]
H. Alabduljabbar, "Scientometric analysis and research mapping
knowledge of coconut fibers in concrete", Materials, vol. 15, no.
16, p. 5639, 2022.
[http://dx.doi.org/10.3390/ma15165639] [PMID: 36013776]
C.  Frazão,  J.  Barros,  T.R.  Filho,  S.  Ferreira,  and  D.  Gonçalves,[24]
"Development of sandwich panels combining Sisal Fiber-Cement
Composites and Fiber-Reinforced Lightweight Concrete", Cement
Concr. Compos., vol. 86, pp. 206-223, 2018.
[http://dx.doi.org/10.1016/j.cemconcomp.2017.11.008]
G. Ren, T. Chen, X. Gao, and A. Su, "Insights into thermal stability[25]
and  interface  bond  performance  of  sisal  fiber  in  ultra-high
performance concrete under different curing conditions", Cement
Concr. Compos., vol. 137, p. 104910, 2023.
[http://dx.doi.org/10.1016/j.cemconcomp.2022.104910]
E.  Palanisamy,  and  M.  Ramasamy,  "Dependency  of  sisal  and[26]
banana  fiber  on  mechanical  and  durability  properties  of
polypropylene  hybrid  fiber  reinforced  concrete",  J.  Nat.  Fibers,
vol. 19, no. 8, pp. 3147-3157, 2022.
[http://dx.doi.org/10.1080/15440478.2020.1840477]
K.S.  Natarajan,  D.  Ramalingasekar,  S.  Palanisamy,  and  M.[27]
Ashokan,  "Effect  on  mechanical  properties  of  lightweight
sustainable  concrete  with  the  use  of  waste  coconut  shell  as
replacement for coarse aggregate", Environ. Sci. Pollut. Res. Int.,
vol. 29, no. 26, pp. 39421-39426, 2022.
[http://dx.doi.org/10.1007/s11356-022-18905-9]  [PMID:
35106723]

http://dx.doi.org/10.3390/ma15249051
http://www.ncbi.nlm.nih.gov/pubmed/36556856
http://dx.doi.org/10.3390/ma16227178
http://www.ncbi.nlm.nih.gov/pubmed/38005107
http://dx.doi.org/10.1038/s41598-023-30008-0
http://www.ncbi.nlm.nih.gov/pubmed/36797414
http://dx.doi.org/10.1016/j.biopha.2018.01.022
http://www.ncbi.nlm.nih.gov/pubmed/29571258
http://dx.doi.org/10.1016/j.marpolbul.2005.04.043
http://www.ncbi.nlm.nih.gov/pubmed/15946707
http://dx.doi.org/10.1556/096.2024.00114
http://dx.doi.org/10.3390/polym14061260
http://www.ncbi.nlm.nih.gov/pubmed/35335589
http://dx.doi.org/10.3390/ma16216905
http://www.ncbi.nlm.nih.gov/pubmed/37959502
http://dx.doi.org/10.3390/ma13102305
http://www.ncbi.nlm.nih.gov/pubmed/32429451
http://dx.doi.org/10.3390/polym15194027
http://www.ncbi.nlm.nih.gov/pubmed/37836076
http://dx.doi.org/10.3390/fib6030053
http://dx.doi.org/10.1021/acsami.8b11233
http://www.ncbi.nlm.nih.gov/pubmed/30259730
http://dx.doi.org/10.3390/polym14091808
http://www.ncbi.nlm.nih.gov/pubmed/35566976
http://dx.doi.org/10.3390/ma13143098
http://www.ncbi.nlm.nih.gov/pubmed/32664433
http://dx.doi.org/10.3390/polym13132099
http://www.ncbi.nlm.nih.gov/pubmed/34202211
http://dx.doi.org/10.1002/btpr.2802
http://www.ncbi.nlm.nih.gov/pubmed/30843373
http://dx.doi.org/10.3390/molecules24244585
http://www.ncbi.nlm.nih.gov/pubmed/31847377
http://dx.doi.org/10.1080/15440478.2021.1875359
http://dx.doi.org/10.1016/j.cemconcomp.2009.07.004
http://dx.doi.org/10.1002/cbdv.202300346
http://www.ncbi.nlm.nih.gov/pubmed/37503864
http://dx.doi.org/10.3390/polym14030647
http://www.ncbi.nlm.nih.gov/pubmed/35160636
http://dx.doi.org/10.3390/ma15165639
http://www.ncbi.nlm.nih.gov/pubmed/36013776
http://dx.doi.org/10.1016/j.cemconcomp.2017.11.008
http://dx.doi.org/10.1016/j.cemconcomp.2022.104910
http://dx.doi.org/10.1080/15440478.2020.1840477
http://dx.doi.org/10.1007/s11356-022-18905-9
http://www.ncbi.nlm.nih.gov/pubmed/35106723

	[1. INTRODUCTION]
	1. INTRODUCTION
	2. METHODS
	3. RESULTS
	4. DISCUSSION
	CONCLUSION
	AUTHORS’ CONTRIBUTION
	LIST OF ABBREVIATIONS
	CONSENT FOR PUBLICATION
	AVAILABILITY OF DATA AND MATERIALS
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES

	Untitled

