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Abstract: A detailed comparative examination of the Weibull and Gaussian statistical methods is offered to analyze the

mechanical properties of natural date palm fibers. Tensile tests were conducted on 35 fiber samples using a universal

testing machine to gather data on stress, strain, and Young’s modulus. This data was then analyzed through both

statistical approaches to evaluate their ability to model important mechanical characteristics, including tensile strength,

strain at break, and Young’s modulus. The study identifies the strengths and weaknesses of each statistical method when

it is applied to natural fibers, emphasizing their suitability for modeling different mechanical properties. The results of

this analysis provide important insights that can guide the selection of the most appropriate statistical method, depending

on the type of mechanical property being studied and the specific characteristics of the data. This research makes

significant contributions to advancing the understanding of natural fiber mechanics and improving the methods used for

their characterization.
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0 Introduction

Statistical methods offer a large range of
approaches for analyzing data for different purposes.
For example,
establish

variables''! | while logistic regression is specific to

linear regression is employed to

relationships between continuous
continuous  or
the t-test and

Wilcoxon-Mann-Whitney test allow the means of two

predicting binary variables
[2]

using
categorical predictors Similarly ,
groups to be compared, but the former assumes
normality of the data while the latter is more robust to
non-normal data or outliers"*™.
means of several groups, ANOVA is preferred with
normally distributed data, but if this assumption is not
respected, the non-parametric Kruskal-Wallis test is

more appropriate for comparing groups when data do

To compare the

Received 2024-11-21.

Article ID. 1005-9113(2025)00-0000-06

not meet parametric assumptions. Dimensionality
reduction can be achieved using Principal Component
Analysis (PCA) , which identifies linear combinations
of variables that explain the maximum variance. In
contrast, factor analysis aims to uncover underlying

variables .

relationships among the observed
Finally, supervised classification uses labelled data to
predict new labels, while unsupervised classification,
such as clustering, looks for internal structures in
unlabeled data. The choice between these methods
depends on the characteristics of the data and the
specific objectives of the analysis, requiring in-depth
understanding for judicious selection.

This comparative study focuses on the detailed
evaluation of statistical methods, including Weibull
distribution and Gaussian distribution, applied to
modelling crucial mechanical properties of natural

fibers. These fibers are essential to many industries,
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from textiles to construction, and their mechanical
properties, such as tensile strength, elongation strain,
and Young’s modulus, determine their suitability for
different applications. Thus, a thorough understanding
crucial

of these traits is to comprehending the

mechanical behaviour of natural fibers and optimizing
their utilization'*™"®'.

The application of statistical methods to describe
the mechanical properties of natural fibers is critical
since it aids in understanding, predicting, and
improving the behavior of these materials in a variety
of applications. For illustration, some recent studies
have been conducted on jute, hemp, linen, sisal, and
banana fibers'"®’, Sida Rhombifolia fibers *", and
jute fibers in synergy with curaua, sisal, and glass

') 1t would be valuable to investigate how the

fibers
results would have been if statistical methods are
applied in the modeling process, and how this would
affect their momentum in terms of ensuring reliability
and  reproducibility,

quantifying variability ,

identifying patterns and relationships, facilitating
comparisons, developing predictive models, etc.

This study focuses on comprehensively analyzing
the ability of the Weibull distribution and Gaussian
distribution to accurately model these fundamental
mechanical properties of natural fibers directions. By
evaluating how each method captures and represents
tensile strength, strain, and Young’s modulus, this
research seeks to highlight the specific benefits and
limitations of each approach in this particular context.
These detailed analyses will provide valuable insights
into the relative effectiveness of these statistical
methods, allowing determination of the most suitable
method based on specific data or particular mechanical

property requirements for natural fibers.
1 Material and Methods

1.1 Samples Collection

Representative samples of natural date palm fibers
were collected to ensure sufficient diversity in the
mechanical properties of these fibres.
1.2 Samples Preparation

Samples were prepared according to specific
standards, likely by cutting or shaping fibers to
achieve standardized dimensions ( as shown in
Fig. 1).
1.3 Measuring Diameters

Prior to conducting quasi-static tensile tests, the

.2

diameters of the date palm fibers were measured at
three distinct locations along the length of each fiber.
These measurements were performed using an optical
microscope integrated with a digital camera and
managed by image processing software to ensure
precision and consistency. For each fiber, three
diameter readings were recorded, and their arithmetic
mean was considered as the representative diameter
value. The measured average diameter across all
380 + 35.43 pm, where 380 pm
and +35.43 pm denotes the
standard deviation, indicating the variation among the

samples was
represents the mean,

samples. To facilitate further mechanical analysis, the
fiber cross-section was assumed to be circular. Based
on this assumption, the cross-sectional area was
calculated using the averaged diameter ( as shown in

Fig.1).

Specimen under optical microscope

Optical microscope

Fig. 1 Date palm fibers and equipment used
measuring diameters

1.4 Tensile Tests

As shown in Fig. 2, tensile tests were carried out
on a universal machine, where the samples were
subjected to tensile stresses up to failure. During these
tests, stress, strain and Young’s modulus data were
recorded at regular intervals or until complete failure
of the samples.
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(a) Tensile test setup showing the (b) Close-up view of a date palm
mounted palm fiber specimen fiber during the tensile test
on the universal testing machine  under quasi-static loading

Fig. 2 Specimen tested in traction
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1.5 Data Analysis

Data collected from the tensile tests were
processed and analyzed. This includes calculating the
tensile strength, strain at break and Young’s modulus
for each sample.
1.6 Application of Statistical Methods

Both Weibull statistical method and Gaussian
distributions were applied to the data obtained from
the tensile tests. A comparison of the results show that
it possible to assess the adequacy of each model to
characterize the mechanical properties of natural date
palm fibers, and the capacity of each one to adapt to

the fibers mechanical data properties. This made it

experimental methods provide a framework for
evaluating the mechanical properties of natural fibers
and comparing the effectiveness of statistical methods

in this context.
2 Results and Discussion

2.1 Tensile Test Results

The data collected during the tensile tests on the
35 samples were analyzed to obtain the tensile
stress (o) , strain at break (&) and Young’s modulus
values (E) for each sample. These raw results are
presented in Fig. 3, with means ( mean ), standard

possible to highlight the strengths and limitations of  deviations ( StDev ), and other descriptive
each method in this specific context. These  parameters (N) .
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(a) Gaussian distribution of Young’s
modulus for natural date palm fibers

&

(b) Gaussian distribution of strain at
break for tested fibers

o(MPa)
(c) Gaussian distribution of tensile strength
values for date palm fibers

Fig. 3 Gauss distribution of fiber mechanical properties ( E, £ and o )

2.2 Application of Statistical Methods
The

methods and Gaussian distributions to the tensile test

results of applying Weibull statistical
data are shown in Figs. 4—6. This includes how each
method modeled the mechanical characteristics of
natural fibers and the corresponding parameters
obtained.
2.3 Comparison of Statistical Models

A detailed comparison of the models resulting
from the two statistical methods is carried out. This
includes the correspondence of the models to the
data, the

mechanical properties and the differences between the

experimental accuracy of predicting
two methods in terms of the validity of the models
obtained.
2.4 Discussion

As shown in Figs. 3(a), (b) and (c), the
distribution histograms of fiber mechanical properties
(E, € and o)

represent bell-shaped curves,

indicating that the measured data can be described
satisfactorily under the normal law or Gaussian law.
This
deformations and Young’s modulus ( as shown in
Fig.3(a)).

From Figs. 3(b) and (c), it can be seen that

later was more effective in describing

the rupture frequency of samples below the average
stress is twice that of recorded above. This makes the
latter not sufficient to clarify the rupture properties
nature of the fibers studied. This justifies the need to
use statistical rupture probability methods based on an
acceptable rupture probability.

Regarding the Gaussian adjustment, Figs. 4(a),
(b) and (c) show that it was acceptable for stress,
Young’s modulus, and average for deformation, with
R* of 0.91499, 0.77586 and 0.75353 respectively. It
should be noted that the same behaviour was repeated
for Lorentz model ( as shown in Figs. 5(a), (b)
and (c¢)).
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2.5 Weibull’s Method

The Weibull plots, illustrated in Figs. 6(a),6
(b) and 6 (c), were used to analyze three
mechanical properties; stress (o ), Young’s
modulus (E), and strain ( ¢ ). In Fig. 6 (a), the
normal probability plot displays the cumulative
probability against the raw data values. The data
points for all three properties closely follow linear
trends, indicating a reasonable fit to the Gaussian
distribution. The statistical parameters provided in the
inset table include the location ( mean ), scale
(standard deviation) , and Anderson-Darling ( AD ")
test values. Among the properties, strain exhibits the
lowest AD™ value (0.385), suggesting it conforms
more closely to a normal distribution, followed by
tensile strength (o) and Young’s modulus (E). This
indicates that the Gaussian model is particularly
effective for modeling continuous properties like
deformation and elastic behavior. In contrast, Fig. 6
(b) shows the Weibull probability plot, where data
are plotted against a threshold-adjusted scale. This

model 1is particularly suited for failure-related
properties. The plotted curves reveal greater
dispersion, especially for strain and modulus,

reflecting the presence of heterogeneous defects and
the The table
accompanying this plot lists the shape, scale, and

variability ~ among samples.
threshold parameters along with the AD* values. The

tensile strength data show a better alignment with the
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(a) Histogram and Gaussian fit of stress
distribution
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Weibull model, indicated by a shape parameter of
1.061 and a high scale value of 29.41. This suggests
that exhibits  the
characteristics typical of failure phenomena, making

tensile  strength stochastic
the Weibull distribution a more appropriate choice for
analyzing ¢. In summary, the normal distribution
provides a better fit for strain and Young’s modulus,
while the Weibull distribution is more suitable for
characterizing the variability in tensile strength due to
the presence of microstructural defects. Fig. 6 (c¢)
displays a more complex threshold-based probability
model, where the data are adjusted to include
threshold values before fitting. This approach is
particularly useful when the data exhibit a lower limit
or shift, often relevant in failure mechanics. The fitted
curves show noticeable deviation from linearity, and
the data appear more scattered, particularly for
Young’s modulus and strain. The table associated with
this figure provides statistical parameters including
threshold, and AD”
Interestingly, the tensile strength (o) again exhibits a
high threshold (92.74) and moderate AD" value
(0.681), that it

consistent with a threshold-based behavior, possibly

location, scale, values.

suggesting remains somewhat
due to fiber defects or pre-existing flaws. The unusual
negative thresholds observed for & and E indicate a
deviation from standard probabilistic trends, implying
that these parameters are not well captured by this

model.
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(b) Histogram and Gaussian fit of Young’s (c¢) Histogram and Gaussian fit of deformation
modulus distribution

distribution

Fig. 4 Gaussian model

3 Conclusions

This in-depth comparative study of statistical
the
properties of natural fibers highlights

4 .

methods applied to modeling mechanical

significant

conclusions. By evaluating the Weibull distribution
and Gaussian distribution to represent the tensile
strength, strain at break, and Young’s modulus of
natural fibers, the specific strengths and limitations of
each approach can be observed.
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(a) Lorentz distribution applied to tensile
strength of date palm fibers

(b) Lorentz fit to Young’s modulus
distribution of fiber samples

(¢) Lorentz model for strain at break across
tested fiber specimens

Fig. 5 Lorentz model
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Table of statistics
Loc Scale AD*F C

4.75139 0.112082 0.560 25 0
1.13980 0.133786 0.38525 0
1.44543 0.183651 0.620 25 0
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Table of statistics
Shape  Scale Thres AD* F

1.06117 29.4142 91.7679 0.300 25
166775 1.3300 1.9876 0.554 25
222219 3.0457 1.7144 0.58725
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(b) Weibull probability plot of o, ¢, and £ based on shape, scale, and threshold
parameters, illustrating variability due to fiber heterogeneity
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Table of statistics
Loc Scale  Thres AD* FC

2.83827 0.787217 92.740 0.681 25 0
4.91132 0.003055 -132.649 0.306 25 0
1.58104 0.160137  -0.601 0.633 25 0

(c) Threshold-adjusted distribution plot of ¢, ¢, and £, highlighting non-linear
fitting behavior and deviations in strain and modulus response

Fig. 6 Probabilities plots

It can be seen that the Weibull distribution proves
to be a robust model for representing the tensile
strength and durability of natural fibers. Its ability, to
model fracture data and estimate fiber’s life span, was
remarkable. In contrast, the Gaussian distribution was
found to be more suitable for characterizing aspects
such as deformation and Young’s modulus of natural
fibers, providing a better representation of morphological
variations and continuous measurements.

These highlight the of
choosing the statistical method based on the specific

results importance

properties to be modeled. For fibers strength and
durability, the Weibull distribution appears to be
a solid choice, while the Gaussian distribution is
more relevant for characterizing the morphological
properties and continuous measurements of natural
fibers.

This study provides crucial guidance for the
appropriate use of statistical methods in the analysis of
mechanical properties of natural fibers, thereby
helping to optimize their use in various industrial and

technical fields.

. 5.
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