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ABSTRACT

In recent years, there has been an increasing interest in the composite materials reinforced with natural fibers. Due
to the easy and cheap methods of obtaining raw materials, the possibility of recycling, biodegradability, production
and processing safe for health, such materials can be a good alternative to the composite materials reinforced with
glass or carbon fibers. However, due to the lower mechanical properties of natural composites, their use as con-
struction materials is still limited. Nevertheless, natural fiber composites have the characteristics that can be used
in structural applications as long as the mechanical behavior is well understood, reliable and predictable. The paper
presents the results of numerical calculations of the compression process of a composite reinforced with a fabric
made of flax and jute fibers (trade names: Biotex Flax 400g/cm?* and Biotex Jute 400 g/cm?) on a basis of Kinetix
R240 epoxy resin. The data necessary for the numerical analysis were calculated in the Digimat software using
the Double Inclusion micromechanical model, while the simulations of compression of the details were carried
out in the Ansys software. Sections with different number of layers were tested. The results were compared with
the experiment. The buckling forces obtained in the numerical analysis are comparable to the experimental results.
Two types of C — section buckling modes were obtained and they consisted of two or three half-waves of buckling.
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INTRODUCTION

Nowadays, there is a noticeable increase
in the use of plant-origin fibers as fillers in the
polymer matrix. The main fillers of plant origin
used in the form of short and continuous fiber are:
hemp, jute, flax, sisal, pineapple, etc. These mate-
rials are characterized by a relatively low density
while maintaining high strength and stiffness. It
should be noted that these types of fillers are ful-
ly renewable and their production requires little
energy expenditure. On the other hand, their dis-
posal does not generate toxic fumes/waste. These
fibers are also characterized by lower durability
than in the case of synthetic composites, higher
water absorption, lower degradation temperature
and high variability of properties, which directly
affects the high variability of the properties of
composites filled with this type of fibers. The
positive aspects of the above-mentioned fibers
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significantly outweigh the above-mentioned dis-
advantages; hence, in the current world trend to
reduce the storage of synthetic waste, these mate-
rials will be still improved and used to an increas-
ing extent [1+3]. In most cases, the mechanical
properties of composites are improved by adding
fibers to the polymer matrix, because the fibers
have much higher strength and stiffness than the
polymer matrix [4, 5]. On the other hand, a sig-
nificant problem in the use of natural fibers is
the fact that the water absorption increases along
with the proportion of fibers in the polymer ma-
trix, which may consequently lead to the destruc-
tion of the composite [6]. However, it should be
noted that the properties of fibers of plant origin
are characterized by a large discrepancy [7, §].
For example, in the literature it was mentioned
that the Young’s modulus of cotton fibers ranges
from about 5.5 to about 12.6 MPa, while the ten-
sile strength of ramie fibers can range from about
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400 MPa to about 938 MPa [9]. The variability
of the properties of a particular type of fiber may
result from variable geometry of the fibers, struc-
tural and material properties. Interestingly, the
factors influencing such a large spread may de-
pend on the cultivation conditions, harvest time,
storage method, degree of humidity, etc. [10, 11].
The result of the above-mentioned high variabil-
ity of the properties of fibers is the problem of
predicting both the properties of the fibers in vari-
ous forms and their biocomposites.

In the current reality, modeling the work of
a sample made of a specific composite material
requires detailed calculations on the micro and
macro scale of the material. These problems are
not well described in the publications mentioned
above. It is important to analyze the properties
of the material on a micro scale, choosing an ap-
propriate homogenization model. Then, in the
next step, to determine the properties of a repre-
sentative volume element (RVE), it is possible to
simulate the tests for a sample made of a specific
composite, taking into account the heterogeneous
structure of the material and the filler geometry.
Such an advanced type of the analysis may reflect
the behavior of the sample during a real test or an
operation of a specific product made of a com-
posite reinforced with continuous fibers of a plant
origin. A new trend in forecasting and verifying
the properties of polymer composites filled with
short and continuous fibers of the plant origin
may be the use of Digimat software in microme-
chanical calculations [12, 13]. This software uses
micromechanical models of Mori-Tanaka and
Double Inclusion, based on the Eshelby’s solu-
tion. Moreover, in the aspect of finite elements,
it is possible to generate advanced geometry of
reinforcement, reflecting their real structure. An
example is the publication [14] where the fore-
casting of the properties of flax fabric-epoxy
resin composite was performed using the Mori-
Tanaka and Double Inclusion homogenization
model in micromechanical modeling. Moreover,
the second significant practical problem that was
implemented in the study was the assessment of
the impact of the size of the RVE on the received
results. The calculations were conducted for the
composites with a polymer reinforced with flax
fabrics type of: twill 2x2, twill 3x1 and plain. It
was noted that the received results depend on: a
properly selected homogenization method, the
dimension of the RVE, the amount of yarns in
the RVE and the sort of weave in the fabric. The

received data may be used, among others, to carry
out the practical calculations of the work of a real
product made of the analyzed composite.

Due to the relatively high variability of the
properties of natural fibers, the use of appropriate
computational methods to predict and verify the
properties of the resulting composites filled with
natural fibers constitutes a great problem. This ex-
plains a very small number of publications, espe-
cially those concerning natural continuous fiber as
reinforcement in the polymer matrix. In the work
[15], the numerical calculations for simulating the
mechanical properties of polymer composites re-
inforced with long flax fibers in the form of a fab-
ric were presented. By means of a Python script
within Salome-Meca 2015 software, the geometry
of composite was generated. The bidirectional flax
fabric was created and discretized by finite ele-
ments type of 4-node tetrahedron. For defects in
fibers and interfacial zones of fiber yarns, the law
of brittle material was selected. Taking into ac-
count the isotropic hardening law and non-local
continuum failure mechanics, flax/epoxy compos-
ite including fabrics, was modeled with a nonlinear
plasticity model. The nonlinear system of equa-
tion was solved by using the Newtone-Raphson
method. The results of numerical simulations were
compared with the experimental data. The results
of this paper show that the simulation can properly
capture the main failure mechanisms of compos-
ites, such as fiber breakage, damage to the polymer
matrix and fiber separation at the matrix/fiber con-
nection. Moreover, the numerical method results
present a good agreement with the experimental
results in terms of elastic and non-linear proper-
ties in the stress-strain behavior of polymer com-
posites reinforced with fibrous fabric. The paper
[16] analyzed the tensile behavior of epoxy resin
composite reinforced with jute fibers using the
Siemens PLM NX 10.0 software. This type of ma-
terials must have sufficient stiffness to withstand
deformation of the geometry under normal load-
ing circumstances. Therefore, the work focused
on the analysis of the load - deformation behavior
of the prepared jute/epoxy composite. A three-di-
mensional model of the tested detail, including the
arrangement of layers was created. The values of
stress-strain characteristics were verified on the ba-
sis of the literature. The applied model enabled to
achieve good compliance between the simulation
and experimental results. It should be noted that
the study investigated the influence on the type of
fiber, fiber content, layers number, layers angle and
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fiber shape in the weft on the laminate stiffness.
In work [17] the finite element analysis of multi
panel structures made of composites reinforced
with coir and jute fibers was conducted. The com-
posites were interpreted as isotropic material with
uniform Young’s modulus and Poisson’s ratio. In
the Abacus software, the mechanical behavior of
a two-panel plate and a six panel box structure un-
der various loading conditions was analyzed. In
order to examine the relationships between vari-
ous parameters, deflections of the panels and stress
distributions, exhaustive parametric studies were
also performed. The results were compared with
the experiment, where a good level of agreement
was found. The research [18] presents the simu-
lation of a composite consisted of unidirectional
flax in a polypropylene matrix under quasi-static
tensile loading, where an anisotropic continuum
failure modeling approach was applied to damage
a model. An anisotropic strain-dependent material
failure model was calculated and applied, based
on the experimental damage and strength values.
Numerical simulation was performed in the Aba-
cus software, where geometric models of the fabric
including yarn geometry were prepared. A com-
parative analysis of the simulation with the experi-
ment was performed in the field of the stress-strain
characteristic, determining the failure strength of
the material, where the differences in the values
amounted to approx. 3.1%. In paper [19], the me-
chanical behavior of unidirectional bamboo fiber-
composites exanimated in the uniaxial tensile test
was predicted. To this end, multi-scale approach
calculations were conducted based on the micro-
mechanical analysis of the failure at the matrix and
fiber scale. The above-mentioned composite was
analyzed under the transverse matrix cracking and
the conditions of fiber cracking, taking into ac-
count longitudinal splitting resulting from a poor
interfacial bonding between the matrix and filler.
The improved Weibull model was selected to pres-
ent the fiber strength distributions that are affected
by changing the diameter of the fiber. In order to
characterize the progressive damage of the com-
posite, a simulation package was performed using
the Monte Carlo method. The accuracy of the se-
lected model to predict the strength of the analyzed
composite was noted, based on the comparison of
the results from the simulation and the experiment.
In work [20], panels consisted of unidirectional
flax fibers tapes with polypropylene films were ex-
perimentally and simulating studied in terms of the
bending and tensile properties. The changing in the
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properties of the above-mentioned composite was
found to be relatively moderate as compared with
that of single natural filler. Multi-scale finite ele-
ment analysis (FEA) calculations for the progres-
sive failure prediction of composite were conduct-
ed. The first step was a micromechanical analysis
using a representative volume element (RVE) to
predict the property of the unidirectional flax layer.
Then, using the obtained results, the macro-scale
forecasting of the composite layer package proper-
ties was carried out. The prepared multi-scale finite
element model allowed forecasting the composite
bending behavior and the tensile strength, by tak-
ing into account the main model determining the
damage of the PP-flax fiber composite.

On the basis of the possibilities of microme-
chanical calculations with the use of homogeniza-
tion models, it is possible to obtain, among oth-
ers, the data such as engineering constants and
stiffness matrices. These data can be used, inter
alia, to define the material data in the programs
used to simulate the work of specific utility prod-
ucts and intended for testing. Due to the small
number of scientific reports on the possibility
of forecasting the properties and performance of
products made of composite materials reinforced
with plant-based fiber fabrics, simulation studies
were carried out to perform micromechanical cal-
culations and then the obtained data were used to
simulate the work/load of a specific detail made
of the above-mentioned composites. Therefore,
it is worth noting that the performed calculations
and simulations refer to the actual results of ex-
perimental tests in order to verify the obtained
results; therefore, the simulation tests performed
concerned the properties of composites and prod-
ucts made of them, tested in the paper [21].

MICROMECHANICAL MODELING
OF COMPOSITES PROPERTIES

This study was based on the results of experi-
mental work [21] performed on the composites
based on natural fabrics (Biotex Flax 400g/cm?
and Biotex Jute 400 g/cm?) and the Kinetix R240
epoxy resin made by hand lamination.

In order to create a correct numerical model
of a composite material based on layers made of a
fabric on a resin matrix, a correct yarn model and
then a fabric model should be created, followed by
a composite model in the last stage. Such a multi-
stage process of building a numerical model allows
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Table 1. Mechanical properties of used materials

Parameters Kinetix R240 [14] flax fiber [15] jute fiber [16+18]
E, MPa 3650 12000 8300
f,r, MPa 83.3 - -
f.c MPa 98 - -
Density, g/cm?® 11 1.5 1.46
Poisson ratio 0.4 0.3 0.3

Note: E—Young’s modulus, f,7— tensile strength, f,c — compressive strength.

Table 2. Properties of flax fiber and jute fiber

Table 3. Results of numerical calculations

Parameters Flax [15] | Jute [16] of mechanical properties for yarn
Yarn linear density, Tex 250 250 Parameters Flax Jute
Fiber diameter, pm 20 20 Axial Young’s modulus, MPa 8209.9 6264.9
Fiber volume fraction (Yarn) 0.545 0.56 In-plane Young’s modulus, MPa 6741.2 5757.8
Yarn cross section (H/W), mm 0.35/1.2 0.35/1.2 In-plane Poisson’s ratio 0.4156 0.3877
Warp count 7 ends/cm | 7 ends/cm Transverse Poisson’s ratio 0.3436 0.3432
Weft count 7 ends/cm | 7 ends/cm Transverse shear modulus, MPa 2446.7 2105.6

obtaining a wide range of information both on the
geometry and mechanical properties of the material
under study. It also allows one to control the prop-
erties at each stage (fiber properties, yarn proper-
ties, fabric properties and finally the properties of
the composite). On the basis of the manufacturer’s
data, the mechanical properties of the yarns (flax
yarn and jute yarn) (Table 1 and 2) were calculated
using the data on the mechanical properties of in-
dividual flax and jute fibers (Table 3).

The next stage of calculations was to obtain
the parameters of the fabric with a given weave
pattern based on the properties of yarn after ho-
mogenization. It was assumed that the distribu-
tion of reinforcement in the composite was reg-
ular; therefore, it was possible to determine the
RVE. The calculations for various RVE sizes us-
ing Digimat MF software were performed.

The Double Inclusion first order homogeniza-
tion scheme was used in the calculations. The RVE
unit cell comprised three warp strands and three
weft strands. The dimensions of the unit cell were
selected on the basis of the research presented in
the paper [14]. Figure 1 shows a view of the actual
fabrics and the geometric model. At this stage, the
data on the properties of the tested fabrics were
obtained, which are presented in Table 4.

After the homogenization process, the detailed
results were obtained in the form of engineering
constants necessary for further calculations regard-
ing compression of composite profiles with a given
layer arrangement (Table 5). The stiffness matrices
for the tested composite materials were also obtained
(Table 6 and 7). The received results of the mechani-
cal properties of the composite were compared with
those obtained experimentally (Table 8) [21].

Fig. 1. View of Biotex Jute 400 g/m?* 2x2 twill fabric [24] — a) Bio-
tex Flax 400 g/m? 2x2 twill fabric [23] — b) and fabric model — ¢)
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Table 4. Geometric data of composites filled with: Biotex Flax 400 g/m? 2x2 twill fabric and Biotex Jute 400 g/

m? 2x2 twill fabric
Parameters Biotex flax Biotex jute
Unit cel size, mm 4.28571x4.28571x 0.7 4.28571x4.28571x 0.7
Areal density (dry), g/cm? 388.038 388.038
Porosity (inter-yarn) 0.322745 0.322745
Fiber volume fraction 0.368943 0.379263

NUMERICAL MODELLING

The fastest method to check the loss of sta-
bility of a section is the Linear Buckling Analy-
sis. However, the method has limitations. This
analysis ignores key factors such as material and
geometric nonlinearity problems and imperfec-
tions. Therefore, a more demanding but detailed
nonlinear analysis was performed in the Ansys
Workbench software, with little information
about the material tested and its behavior. In or-
der to check the correctness of numerical model
with experiment, the geometry and conditions

Table 5. Engineering constant (calculated values) of
composites reinforced with: Biotex Flax 400 g/m? 2x2
twill fabric and Biotex Jute 400 g/m? 2x2 twill fabric

for modelling were based on the tests presented
in research [21]. The finite element 3D com-
posite model was designed by using ACP (Pre)
module (Fig. 2). In this module, the fabrics and
ply lay-out were defined. It was assumed that the
thickness of each ply was constant and equaled
0.7 mm. A numerical analysis was carried out for
channels with 2, 3, and 4 number of plies for one
direction ply angle (0°) and for channels with
2 and 3 number of plies for different ply angle.
The finite element model consists of hexahedral
elements (HEX20) with maximal edge size of 2
mm. The size of finite elements was defined with
convergence analysis under compression con-
ditions with small deformation, where reaction
force and maximum stress value was taken into
account. The number of elements was limited

Table 6. Stiffness matrix of Biotex Jute 400 g/
m? 2x2 twill fabric reinforced composite

1 22 33 12 23 13
11| 8931 | 5077.4 | 51541 0 0 0
22| 5077.4 | 8931 | 5154.1 0 0 0
33 | 5154.1 | 5154.1 | 8804.6 0 0 0
12 0 0 0 18241 0 0
23 0 0 0 0 1819.6 0
13 0 0 0 0 0 1819.6
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Parameters Biotex flax Biotex jute
Young’s modulus E;, MPa 6133.7 5196.1 Table 7. Stiffness matrix of Biotex Flax 400 g/
Young's modulus E;, MPa 61337 5196.1 m? 2x2 twill fabric reinforced composite
Young’s modulus E3, MPa 5654.6 5011.8 11 22 33 12 23 13
Poisson’s ratio v;, 0.3305 0.3483 11 | 10300 | 5690.4 | 5804.9 0 0 0
Poisson'’s ratio v, 0.3305 0.3483 22 | 5690.4 | 10300 | 5804.9 0 0 0
Poisson’s ratio v, 0.3937 0.3679 33 | 5804.9 | 5804.9 | 9869.1 0 0 0
Poisson’s ratio v3; 0.3630 0.3814 12 0 0 0 2053.5 0 0
Poisson’s ratio v, 0.3937 0.3679 23 0 0 0 0 2048.8 0
Poisson’s ratio v, 0.3630 0.3814 13 0 0 0 0 0 2048.8
Shear modulus G;, MPa 2053.5 1824.1
Shear modulus G;,, MPa 2048.8 1819.6
Shear modulus Gy;, MPa 2048.8 1819.6 Table 8. Material properties of flax-epoxy
Global density, glom® 12476 12365 composite and jute-epoxy composite [21]

Parameters | 0 compostts

Er, MPa 6030 5184

£, MPa 454 52.1

eur % 3.1 1.6

E, MPa 4199 3523

f,c, MPa 38.5 40.2

Vi % 425 443
Note: E¢ — Young’s modulus (compression); Ef
—Young’s modulus (tensile); f,c — compressive

strength; f,,7— tensile strength; V¢— volume fraction;
&y — tensile elongation.
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Fig. 2. Finite element model of 4 layers composite channel

by computer calculation power and time. Thus,
number of elements is 29400 for 2 plies, 42300
for 3 plies and 55200 for 4 plies respectively.

In numerical model additional plates were
considered symmetrically on both ends of the
channel (Fig. 2). The contact conditions between
the channel and the plate were defined as “bond-
ed”. For this type of connection no separation in
normal direction and no sliding in tangential di-
rection are possible in contact pairs.

The lower plate was fixed, while for the upper
plate displacement in longitudinal direction of 2
mm was established. The material model of com-
posites was assumed as orthotropic elastic type
and resin was modelled as isotropic elastic model.
The material data were provided by Digimat MF
software. For the damage analysis Tsai-Wu 3D
criterion was chosen.

An application of orthotropic material model
affects the material properties dependence on the
direction. Ansys ACP (Pre) allows generating a
graphic presentation of material changes in polar

+
_/'3.07e403

| 7'1.5?{13-’!-03
N e

270

Flax Jute

Fig. 3. Properties of the composites for different
woven fabrics (in form of in polar coordinates)

coordinates (Fig. 3). It is evident from these dia-
grams that the properties composite with flax wo-
ven fabric shows greater sensitivity on the direc-
tion changes than jute woven fabric composite.
However, in both cases this variation of proper-
ties is small. For elastic modulus, the maximum
change is 7.81% for flax, and 3.55% for jute. In
the case of shear modulus, the maximum variation
is 0.23% for flax and 0.25% for jute, respectively.

The channel test results for one directional
plies angle are presented in table 9 and compres-
sion curves are presented in Figure 4. The chan-
nels compression response is similar to each con-
sidered cases. Two stages of compression can be
distinguished: the linear response until bulking
inflection point is reached and the short nonlin-
ear response to obtain the maximum force for the
displacement of 2 mm. In the first stage, the nu-
merical results are close to the experimental data
(Fig 4). After bulking initiation, the curves are
diverging. No material damaged effect was im-
plemented in the numerical model, thus ultimate
force was not reached and material weakening ef-
fect was not included. Only failure initiation force
was determined by using Tsai-Wu failure criterion
(Table 9). The failure initiation force is obviously
lower than ultimate force of channel, thus cannot
be used directly for defining ultimate strength of
analyzed object. However it allows determining
the point at which microcars of material can occur
and predict the construction failure.

The numerical results of bulking force are close
to the experimental data. The highest differences
were observed for 2-layer flax and 3-layer jute, and
are 30% and 25%, respectively, in comparison to
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Table 9. Results of bulking force and failure initiation force for channels in comparison with experimental data [21]

Fiber | Layers Ply Buckle F buckle exp. F buckle num. F ultimate — Failure initiation
angle | mode results (N) [13] results (N) exp. (N) [13] force — num. (N)

Flax 2 0° 3 965 1257 2802 2458

Flax 3 0° 3 3782 3670 6639 5168

Flax 4 0° 3 9110 9198 11339 9697

Jute 2 0° 3 926 1065 2981 2395

Jute 3 0° 2 4333 3117 7644 5227

Jute 4 0° 3 7584 7692 9816 8465

experimental results. The mean deviation is under
13%. This divergence can be explained by assum-
ing of constant ply thickness in numerical model,
while experimental research presents different
thicknesses of prepared channels for each case
[21]. Two buckle modes were obtained in simula-
tions, which composed of two or three half waves
of buckling (Fig. 5). However, no dependency with
material or number of layers was found. The same
buckling half waves were observed for web and

Numerical result ====- Experimental result
14000
— 12000 Flax, 4 layers
TN
= g st
8 10000 e V8
— \\
2 8000 ir..
5 FIaf,_% layers =
% 6000 = Zas
(0] ~
S -
g 4000 EIE:IX, 2 layers
© 2000 Saee
o]

0 2 4 6 8
Displacement, mm

flanges. The results of the numerical analyses are
in line with the experimental studies [21].

The results of compression test for channels
with different ply angle are presented in Table 10.
The changes of the ply angle for 2-layer channels
affect the value of buckling force and failure ini-
tiation force (Fig. 6). The maximum changes of
buckling force for the flax composite do not exceed
28% and 25% for the jute composite. No significant
relationship between ply angle and buckle force

Numerical result ====- Experimental result
12000

Jute, 4 layers
= 10000 S
qJ_ ” \\
S 000 /27 lute, 3 layers “~
2 g

<

S 6000 S
vy ~
©
[
& 4000 Jute, 2 layers
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8 2000 e T T

0 2 4 6 8
Displacement, mm

Fig. 4. Composite channels compression curves (compared with experimental data [21])

Fig. 5. Examples of composite channel bulking modes: a) 3-layer jute, b) 4-layer jute, ¢) exemplary result of
experimental work 2-layer jute after [21], d) exemplary result of experimental work 4-layer jute after [21]
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Table 10. Results of bulking force and failure initiation force for channels with different plies angle

Fiber Layers Ply angle Buckle mode F buckle num. results (N) | Failure initiation force (N)
Flax 2 0°, 30° 2 979 2635
Flax 2 0°, 45° 2 981 2640
Jute 2 0°, 30° 2 849 2666
Jute 2 0°, 45° 3 968 2549
Flax 3 0°, 30°, 90° 2 3797 4998
Flax 3 0°, 45°,90° 3 3805 5120
Flax 3 0°, 30°, 45° 2 3727 5199
Jute 3 0°, 30°, 90° 3 3271 4953
Jute 3 0°, 45°,90° 3 3263 5007
Jute 3 0°, 30°, 45° 3 3236 5003

and failure initiation force is observed for 3-layer
sections (Fig. 7). Maximum difference: in buckling
force does not exceed 5%, in failure initiation force
it is within range 4-6%. The effect of bulking mode
on bulking force and failure initiation force can be
found for two layers channels (Fig. 6). For two half
waves mode, the buckle force is reduced by approx.
22% for the flax woven fabric, and 16% for the jute
woven fabric (Fig 6a), while the failure initiation
force is increased by approx. 7% in comparison

a) M 2 layers 0°,90° M 2 layers 0°, 30° W 2 layers 0°, 45°

Flax
Composite type

R
[
o u
o o

1050
1000
950
90
850
800

Compression force, N
o

Jute

with three waves buckle mode (Fig 6b). Three lay-
ers channels do not show a clear relationship be-
tween the buckling mode and the buckling force.

CONCLUSIONS

The procedure for numerical modelling of
composites with natural fiber by using Digimat
MF and Ansys software was presented. Digimat

b) W 2 layers 0°,90° M 2 layers 0°, 30° M 2 layers 0°, 45°

Flax Jute
Composite type

2700
2650
2600
2550
2500
2450
2400
2350
2300

Compression force, N

Fig. 6. Bulking force a) and failure initiation force b) for 2 layers channels

a) M 3 layers 0°,90°, 0° ™3 layers 0°, 30°, 90°
= 3 layers 0°, 45°, 90° 1= 3 layers 0°, 30°, 45°
o 4000
=
£ 3800
c .

S |

7 3600 |

]

a 3400

5 |

Q

O 3200 ‘ I I ;
3000 . u -

Flax Jute

Composite type

M 3 layers 0°,90°,0° m 3 layers 0°, 30°, 90°

5250
5200
5150
5100
5050
5000
4950
4900

3 layers 0°, 45°%,90° 1 3 layers 0°, 30°, 45°

Jute

Compression force, N

Flax

Composite type

Fig. 7. Bulking force a) and failure initiation force b) for 3 layers channels
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MF software allowed determining the mechanical
properties of the composite materials with natu-
ral woven fabric for numerical modeling based
on the properties of the fibers and the matrix.
Double inclusion homogenization model was ap-
plied caused by reinforcement nature of chosen
fabric weave. As a result, it was possible to obtain
the information about the mechanical properties
of the tested composites in three directions. The
calculated values of Young’s modulus obtained in
the direction of E1 in comparison to the experi-
ment are higher for Biotex Flax by 1.7%, for Bio-
tex Jute by 0.23%.

Buckling forces value deviation did not ex-
ceed of 13% in comparison to the experiment.
The values of force failure initiation are approx.
19% lesser than experimental ultimate forces and
only indicate the starting point of material failure.
The shape of compression curves received from
simulations are close to experiment, until buckling
force is reached. Further differences are observed
because no material damage was applied in the
model. Two types of C — section buckling modes
were obtained and they consisted of two or three
half-waves of buckling, which is consistent with
the experiment. The buckling mode shape effect on
the buckle force and failure initiation force for two
layers channels is observed. It was noticed that for
2 — layers composites the ply angle effect on buck-
ling force changing in maximum value of 25%. In
the composites with 3 layers, the ply angle changes
do not have a significant influence (less than 5%)
on buckling and failure initiation force.
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