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jon of this model was obtained through an iterative procedure. With the aim to
enstre the correct implementation of the considered formulations, examples for
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were analyzed.

Positional finite element method

Reinforced mediums

Associative plasticity

1 Introduc

A composite matggRl is the result of the macroscopic combination between two or more materials, in which the
different phases can be seen with the naked eye. The advantage of composite materials is that, if well designed, they
usually exhibit the best qualities of their components or constituents and often some qualities that neither constituent
possesses [1].

The properties of a composite material depend on the properties of the constituents, their geometry, and the distribution
of the phases. One of the most important parameters is the volume (or weight) fraction of reinforcement or fiber volume
ratio [2].
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When the matrix is associated with fibers, there is a specific type of composite, referred to as a fiber-reinforced
composite. An example of this class of composites is fiber reinforced concrete. Depending on the volumetric fraction of
fibers, they play a different function in the set. When the fraction is less than 1%, the fibers have the reduction function of
cracking by retraction. Fractions between 1% and 2% increase the modulus of rupture, hardness to fracture and impact
strength. Beyond 2% increases the stiffness of the composite. Concretes that fit this condition are often called concretes
reinforced with high performance fibers [3].

In order to make good use of the materials in engineering, understanding and predicting the behavior of the composite
material in the short and long term should be possible. The main difficulty in dealing with composite materials is due to the
great quantity of existing types of materials, and it is necessary to study each class. As it is possible to predict the behavior
of a given composite by means of a numerical modelling, then it would be possible to have confidence that the projected
material will meet the requirements by which it was designed [4].

According to Vanalli [5], the importance of a good representation of fiber-reinforced meg gering analysis can
be identified when a large number of papers are related to the evaluation of the behavior of ¥ erial and several

Gomes and Awruch [6] mention that in the last decades, several models ave appeared to
represent the behavior of the material up to a limit point, given by the s state. They presented
satisfactory results for the needs they were designed for. For post-peak control techniques are

There are three methods in the literature for the consi
discretization and embedding. Homogenization is most appropri

ent in the set: homogenization,
such as shells and plaques, which
allow modelling of the reinforcement as a membrane layer s section. For non-uniformly distributed
reinforcement situations, the discretization and embedds
discretization techniques to depend on the location of the
of generating the mesh of the reinforcement, and there

ith the matrix mesh, occurring the difficulty
onstant process of generation of these until this

In the present work, the finite eleme positional, introduced by the works of [8, 9]. For this
purpose, the positions are used as no nitially from the classic approach by displacements, which
greatly facilitates the consideration n-linearity of the structure. Through a Total Lagrangian description,
where the adopted reference co configuration, the equilibrium of the system is established at the
current position, resulting i ns. For the resolution of these, Newton-Raphson's incremental-iterative

ibuting the effects of the fiber to the finite element representing the matrix, without

For the insertj I!’ e medium, the formulation used is proposed by [10] and found in works such as
9= ¥t freedom or the need for coincidence between the nodes of the finite elements of the

increasing the num® =
reinforcement and the ix. However, this method does not allow evaluating the sliding of the fiber, which is considered

perfectly adherent.

Depending on the type of fiber and the interface between the fiber and the matrix, the following failure modes may
occur: the crack develops and the fiber is stripped from the matrix, the matrix rupturing occurs, or the cracks propagate but
are controlled Fibers [12].

Some mechanisms are used to evaluate the fiber rupture or the sliding of the matrix through the evaluation of the
normal tension of the fiber and the shear stress of the interface between the fiber and the matrix, estimating forces to
evaluate the governing plastification mechanism.

With the adopted formulations, the present work aims to study the behavior of reinforced structures, the distribution of
the reinforcement in the medium, in a random or aligned way. Considering the elastoplastic behavior of both, it allows
evaluating the loss of rigidity of the structures, together with redistribution of efforts and, in some cases, the loss of
instability by formation of plastic hinges and the interaction between the elements.
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The present work utilizes formulations that allow the representation of the fiber reinforced composite without the need
of mesh coincidence. It also enables the simulation of the medium and the reinforcement at the elastoplastic regime, with
the objective study better the real behaviour.

2 Finite element of bar as reinforcement

The formulations described in this chapter consist of simulating the fibers as a finite element of bar, having as nodal
parameters the positions in each direction. The fibers are considered through two formulations. The first one considers the
fibers as perfectly adhered to the medium [5, 10]. The second refer to the calculation of the internal and Hessian forces of
the fibers, and the only difference between these topics is the degree of approximation of the element. The first item deals
with fiber with only two nodes (linear approximation), and the second with a more general rule valid for any degree of
approximation of fiber.

g contribution of the
sh, considering the

After the calculations of the internal and Hessian forces, the technique presented
fibers to the medium. This eliminates the coincidence of the nodes of the fiber mes
fibers as perfectly adhered to the medium and does not add degrees of freedom tq

2.1 Kinematics of straight Fiber Element

Figure 1 represents the different configurations that a finite oximation and its nodes can

assume, and their relations with the auxiliary dimensionless confi

b

Any poip i ed configuration Qg% presents the x/” coordinates in the Euclidean space, being

ation through the positions of nodes of the finite element, X* . The index i=1,2being the

1

form ¢/ for int8
directions, fib the refe®nce to the fiber element and the index n the number of nodes, in the case of the straight fiber

equals two. Therefore, we have:
5 =gl X (M
For the current or deformed configuration Q2 ,, , the coordinates ¥/ of any point are mapped through the auxiliary

dimensionless space with the current nodal positions Yi”’ﬁb as:

v =g )y )

. . —fib . . o .
The function change of configuration f° is the one who makes the transition from the initial configuration to the

final configuration, that is, that maps the coordinates xiﬁb to y;.ﬁb . Similar to the element of plate, this function can be



214 JOURNAL OF MATERIALS AND ENGINEERING STRUCTURES 4 (2017) 211-224

obtained according to a composition between the mappings of the two configurations in relation to the dimensionless
reference configuration as follows:

T, (70,/”' )’1 3)

3 Plasticity

The present topic and its considerations about the elastoplastic behavior of the structure and its constituent materials
are widely discussed in the literature and can be found for example in [13-16]. The focus will be given to the importance of
the study of plasticity and its differences in elastic behavior.

The plasticity is an observable phenomenon during the study of the materials microstructugg ich indicates that the
physical mechanism responsible for plasticity is the irreversible movement in defects in the g b, although there is
no loss of cohesion or ruptures in the bonds. However, hardening may occur, due t§ iDWes between the

disappearance of the structure deformations after the withdrawal of the force, th: e reversible and
are maintained only while the loading is applied. There is also viscoelasticity, vi j iD%Pout time-dependent
deformations, which increase with time after application of the charge and d

The emergence of permanent deformations from energy dissipation isti icity, being an irreversible
process. The recovery of the deformations after unloading is parti i on of residual deformation becomes
more evident in loading and unloading cycles. During unloading j i i slope is the same as loading and
unloading under the elastic regime.

Elastoplastic behavior is of interest in terms of thg
calculations and details of some usual structures do not a astically and should be limited to the elastic
regime, their disregard results in a waste of the additional ity that the plastic regime possesses.
4 Numerical treatment

In this section, seven exampl
presented in this paper. In all the

the validation of the developments and implementations
ents used are triangular with cubic approximation and the ones of
fiber present linear approxim . mples Uealing with perfect elastoplasticity, a nearly zero tangent modulus
was adopted, given the n ent for Newton-Raphson's convergence in case of force control, not
displacement.

4.1 Cantilever be,

This example pth the purpose of validating the correct implementation of the positional formulation,
which contemplates t ects of geometric nonlinearity. The results are compared with analytical results obtained in [17],
in which elliptic integra ¢ used in the developments. The following hypotheses were adopted in the mentioned work:
the material was considered linear elastic, deformations were ignored for axial effort and shear, the limbs were initially

considered straight and with constant section, and the loading plane coincides with the plane of flexion.

[17] Related the dimensionless quantities u / L and w/ L with another given by PL? / EI for a free and crimped beam
subjected to a load at the free end, as shown in Figure 2. Being u the horizontal displacement, w the vertical displacement,
P for the applied load, L the beam length, E the modulus of elasticity and I the moment of inertia.

For the present example, elastic modulus E = 3.10° KN/m? and a mesh with 448 triangular elements and 2176 degrees
of freedom were distributed, as shown in the scheme of Figure 3.

In Figure 4, a comparison between the results of horizontal and vertical displacement obtained in [17] (analytical) and
in the present work, for different levels of loading. It can be seen, the results compare very well, confirming the good
behavior of the positional formulation.
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In addition to the results of the present study, [17] showed that the maximum variation between the results is small and
negligible. This discrepancy can be due to the conditions of loading and binding, since the finite element of [17] is one-
dimensional beam and the present two-dimensional plate work.

Fig. 2 - Fixed and horizontal free beam subjected Fig. 3 - (a) Finite Eleme, e and boundary
to vertical loading

= ulL
84 e wL
—— u/L (Analytic)
—— wiL (Analytic)

AL=110°m

PLZEI

1,0m
0
0.0
Fig. 4 - Comparative re. ] Fig. 5 - Reinforced bar subjected to tensile stress
The present formula to measure the geometric nonlinearity in high beams, because it is a finite element
of plate, whereg cam is only able to adequately represent long beams, that is, they have a height of

To verify the corrc®t implementation of the formulation with the consideration of fiber reinforcement, the technical

solution obtained from the Strength of Materials is used, in which the following hypotheses are made: homogeneous,
isotropic, continuous, cohesive and linear materials.

Figure 5 shows the schematic referring to the structure and displacements prescribed: applied at the right tip of the
structure:

The matrix has a thickness of e = 0,1m; v = 0, modulus of elasticity E, = 2.10'' kN/m?. Each reinforcement has an area
equal to A, = 2.65.10* m? and modulus of elasticity E, = 3.10'2 kN/m?.

As the materials are consolidated, the reinforcements present the same displacement, which, according to the classical
theory, can be related to the acting tension, thus:

E
a=LL o 5 JALE
EA L

r o
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Substituting the values adopted, we have the classical theory:
o, =3.10°%N / m’

For the solution by the finite element method, 10 finite elements of single bar were used to simulate the reinforcements
and 70 triangular plate elements. The prescribed displacements were applied directly to the nodes of the plate metal mesh.
The result is shown in Figure 6.

As the prescribed displacements were applied directly to the nodes of the sheet mesh and not to reinforcement, together
with the fact that there was no difference between the values obtained for the stresses by the positional finite element
method and the classical theory, it can be concluded that Implementation of the formulation is correct. Considering also the
same structure under the same bonding and displacement conditions, considering a reinforcement rupture stress as

0, =2,01.10°kN / m* , the structure displacement analysis is performed after this tension, totallydisregarding contribution

of the reinforcement after it reaches the breaking stress level.

N ANANWANVAWAN FANWANWANEAN
A N S L o— KX —
VN NN NN N NN NN

1.1333E+MIE

Fig. 6 - Reinforcement stress by

As the stress distribution in the reinforcement is constant alon
of displacement. When breaking, the elements fail to
reaction values equal to the situation of the plate without
Figure 7.

th, all elements failed at the same moment
of the system, and they should then have
t from this point, as shown in the result obtained in

= Breaking
—— Reinforced
—— Without reinforcement

2500 -

=10 KNim

LU LT T T LT

2000

1500

Reaction (kN)

1000

20,
50m i

500 H

Horizontal dis

Fig. 7 - Load step x horizontal displacement Fig. 8 - Bi-supported beam subjected to bending

4.3 Elastoplastic bi-supported beam subjected to uniformly distributed loading

To verify the correct implementation of plasticity in the matrix, a comparison of the results between the present
formulation and commercial Ansys software was made.

Given the structure in Figure 8: for the material of the beam, the plastification stress o, = 3.10°4kN / m* , the modulus of

elasticity £ =2.10"kN /m* and the tangent modulus W =5.10""kN / m” .

For this example, a mesh with 940 elements and 8834 degrees of freedom was used. For Ansys, approximately 1300
elements with quadratic approximation were used. Figure 9, Figure 10 and Figure 11 present a comparison of the obtained
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results, for the lower face of the center of the span, in the present work and using the Ansys program, respectively, of
displacement in the direction y, normal tension in the direction x and plastic deformation in the x direction. The results
compare well with numerical solution:

1.04 1.0
—=— Ansys
——— Present - ;\”sys
08 08 resent
0.6 -
;\? 0.6 g‘
T o
§ 3
04 =
0.2
00 . . . . . i !
0.0 02 04 0.6 0.8 1.0 6 7
Vertical Displacement (mm)
Fig. 9 - Comparison between the values of values x- 4 etween stresses vertical

direction isplacements (y-axis)

ral tr when entering the plastic regime, as well as
e final values obtained in the Ansys and in the

displacement; 4.7% for the tension on the x-axis and

M, = o, b

Being / the ht of the section and b the width of the cross section of the beam, similar to the scheme of

Figure 12. By adopt plastification stress o, =3.10° kN /m”and h = 0.2 m, section width b = 0.1 m, it is possible to

conclude that the plastification moment for the adopted section is M, =12 kN.m .

The plastification moment is always the same for the same section with the same properties; however, the value of the
load applied at the free end of the beam that always generates the same moment value in the crimping depends on the
length of the beam. Adopting three beams with the adopted section, but with lengths of 3 m, 4 m and 5 m; the applied
concentrated loads associated with the plastification moment are 4 kN, 3 kN and 2,4 kN respectively. However, the loads
were uniformly distributed at the free end of the beam, corresponding to the loads distributed at the height with a value of
10 kN/m, 7.5 kN/m and 6 kN/m, according to the basic scheme of Figure 13.

For the structure with spans of 3m, 4m and 5m were used meshes with, respectively, 1290 triangular elements and
12002 degrees of freedom, 1372 triangular elements and 12788 degrees of freedom, 1262 triangular elements and 11828
degrees of freedom. Figure 14 shows the graph of the applied force x vertical displacement ratio at the free end of the beam
for the different length values adopted.
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Fig. 11 - Comparison between the values of plastic Fig. 12 - Elastic behavigr™¥ jor of a beam
deformation in the x direction

Where o; is the stress that limits the elastic regime.

It is possible to observe that there was agreement between the theoretj ation of the section of
the beam and the perfect elastoplastic behavior according to the presen i ds applied in the different
beam lengths. In this way, it is possible to conclude that the perfec
the representation of the loss of structure instability by the formatj

as satisfactorily achieved for
p in the crimping.

Figure 15 shows the stress distribution on the x-axis along th igure 16 shows the plastic deformation on
the x-axis. As shown in Figure 15, it is possible to observy hing the plastification value, even close to
the middle of the section and that this results in the fo all joint next to the crimping, as shown in
Figure 16, thus resulting in system instability.
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Fi iagram Fig. 14 - Graph (load x deformation) on beams of
different lengths
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Fig. 15 - Tension distribution in the perfect elastoplastic matrix.
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Fig. 16 - Distribution of the equivalent plastic deformation in the perfect elastoplastic matrix.
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4.5 Plasticity in reinforcement

In this example, when using the same structure and conditions of linkage and displacements of example 4.2, it is
desired to evaluate the implemented formulation with regard to plasticity in reinforcement. Assigning a near zero tangent
modulus and setting the plastification stress of the reinforcement as the half of the tension in the last step of the elastic case

of example 4.2, that is, S, = 1,5.10° kN / m*, the result in Figure 17 was obtained for the normal stress in the reinforcement

according to the applied displacement level.

By analyzing the obtained graph, it is possible to verify the consistency of the results, because when fixing the
plastification tension as half of the tension obtained in the last step for the elastic case, the plastification should occur in the
middle of the loading steps. Also, since the elastoplastic model adopted was the perfect one, the tension level must remain
constant, even if the prescribed displacement value is increased.

4.6 Analysis of the governing plasticity mechanism for the fibers

or of a structure with
pfication, either by normal

The present example is inspired by the one realized by [18], which ai
perfectly adhered fibers arranged randomly and to verify the governing
stress in the fiber or shear at the interface.

Figure 18 illustrates the structure adopted and its boundary ¢

To evaluate the different plastification mechanisms, tw e same physical properties, but with

lengths L= 3 c¢m and 6 cm were chosen. Both have modul i =2,1.10" kN /em’, area A =1cm® and

perimeter p =2 cm.

1.6E+04

1AEH04 [-mmmnn-

12E+04 |-------

& 20 cm g =2,1.10° KNfem
10E+04 [----n=-

T T T TT TTTTTT T

SOE+03 [--mm---besie LA L A - __

GOEHD3 [------N A -

HIH

40E+03 [---for- - -

Force in fiber (kN)

- 200 cm

Y

20E+H)3

e s
1
1
1
1
1
1
1
—

0.0E+030

Fig. 18 - Schematic of the drawn plate

Adopting that the plastification tension for the fiber-matrix interface is 7, =6.10* kN /cm® and the normal

plast

plastification tension in the perfectly adhered fiber is 0 ., = 2.10°kN / em’, different mechanisms govern the plastification

for each fiber length, according to the implemented formulation. For both, almost null tangent modulus was adopted.
Applying the values adopted for the equations, we have:

For 3 cm fibers For 6 cm fibers

N, <o, A= N, =2.10".1=2.10° kN

N, <7, épﬁb =N, = 6.104.(%)2 =1,8.10° kN

<o, A= N, =2.10"1=2.10" kN

6

N,
N, <7, épﬁb =N, = 6.104.(5].2 =3,6.10° kN




220 JOURNAL OF MATERIALS AND ENGINEERING STRUCTURES 4 (2017) 211-224

In both cases, a fiber volume fraction of 50% was used in relation to the structure. For the situation of the fibers with
length of 3cm, the force associated with the plastification of the fiber is ]\_/1 =2.10° kN and for the plastification of the

interface is ]Vz =1,8.10° kN , and therefore, the plastification occurs according to the strain-strain curve of the interface. For
the situation of the fibers with a length of 6 cm, the force associated with the plastification of the fiber is N, = 2.10° kN and

for the plastification of the interface is N, =3,6.10° kN, and therefore, the plastification occurs according to the strain-

strain curve of the Normal fiber stress.
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Fig. 19 - (a) normal tension in the elastoplastic fibers of
3cm, (b) normal tension in the elastoplastic fibers of 6¢cm

ements with elastic fibers,
gcements with plastic fibers

Figure 19 shows the tensions in the fibers for the ca ibers of 3 cm and 6 cm, respectively:

consideration of fibers, 3cm in length, elastic and

Figure 20 shows the horizontal displacements in the
i orizontal displacements for the 6cm long fiber.

elastoplastic, respectively; and in an analogous

Analyzing the results of Figure 2( i le to observe that, for the same case of fiber, the horizontal
displacements were greater when vior of the fibers was considered and the distribution of horizontal
displacement was smoother. Thi e fibers considered as perfect elastoplastic only contribute in the
rigidity until the plastificati i hose considered elastic continue to concentrate tensions in the levels of
greater loads.

By comparing th ith those of 6cm in Figure 19, it is possible to visualize that the smaller fibers
had larger displagle i cause they are plasticized by the criterion of the interface tension, which has a

are at the criterion effort. It is also possible to observe, as shown in Figure 19, that the tensions in the

elastoplastic fibers of b ases present values around the plastification stress according to each strain-strain curve.

4.7 Perfect elastoplasticity in reinforced crimped-free beam

This example aims to present the potentialities of the obtained formulation with respect to the consideration of the
elastoplastic behavior for both the matrix and the fibers. For the present example, we consider a beam of length L = 4 m,
the half-height value # = 0.2 m and width of the unitary section, plastification stress of the matrix material

S, =3.10° kN / m” and a prescribed displacement at the free end, as Shown in the scheme of Figure 22.

The prescribed displacement used has its value sufficient to form the plastic kneecap in the structure without the
reinforcement, as shown in Figure 23. However, it is possible to observe that this does not occur with consideration of the
elastic reinforcement in Figure 24.
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Fig. 22 - Reinforced crimped-free beam
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400 fiber elements were used to simulate the
representation.

nt and 476 triangular plate elements for the matrix

Figure 25 shows the graphs of the of tIMtotal
the behavior of elastic fiber and plateghe i

tion as a function of the prescribed vertical displacement for
oplastic plate and the elastoplastic fiber and plate.
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Fig. 26 - Graph of tension in the reinforcement x

Fig. 25 - Reaction vs. displacement graph displacement

Analyzing Figure 25, it is possible to observe that, considering the perfect elastoplastic reinforcement, given the
applied displacement, there was also the flow of the reinforcement, since the reaction remained unchanged from
approximately one-third of the elastic-elastic displacement applied plastic fiber . As expected, by adopting fiber as elastic,
the reaction continues to grow, but at a slower rate than the case with elastic sheet and reinforcement, because the matrix
entered the perfect plastic regime, presenting a less rigid system.

Figure 26 shows the tension diagram in the reinforcement next to the crimping as a function of the prescribed vertical
displacement adopted.
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Analyzing Figure 26, it is possible to observe in section (1) a non-linearity, which occurs by the plastification of the
matrix, and not of the material itself. This fact is corroborated by the fact that from this moment, in the section (2), the
inclination of the graph with the horizontal increases because there is a greater transfer of effort to the material of the fiber,
because when the matrix plastification occurs, it loses stiffness. Only in section (3) does the nonlinearity of the graph occur
due to the plastification of the reinforcement itself, adopted as perfect elastoplastic.

These analyzes are carried out only for the purpose of comparing the elastic results of the matrix and the fiber obtained
in the present work with results of the technical theory of homogenization of the section.

The homogenization is done with a correction in the inertia of the reinforcement according to the relation between the

reinf or

moduli of elasticity n = . As the moduli of elasticity of the reinforcement and plate used are, respectively, 2.10'2

plate

kN/m? and 2.10'! kN/m?, we have n = 10.

Calculating the inertia of the reinforcement I, and the plate I,, where the reinforceme 03 m* with unit

width and, consequently, height 2 =0.03 m :

3 3
I, = n(%+ A,distzJ = 10(0'(1)2 1 +0.03(0.06667,

_ b(2h)* _ l(2.0, 2)’

1
r 12 12

=5,333.10" m*

es of displacement in the last step, length of the

span, modulus of elasticity and inertia, and
value of 178,23 kN for the classical solufg

substitutions are known, it is possible to reach a reaction
Pure 25, it is possible to observe that the result obtained by

the values obtained.

Thus, it is possible to veid computational code is coherent with the classical theory, which considers
small displacements and 1 d i wever, it goes beyond and allows analyzing means reinforcements with
physical nonlinearity in
displacements, thu ent types of non-linearity.

5 Final cons

The paper has des recent progress on materials modelling and numerical simulation of the phenomenon of
physical and geometric nofMlinearity in flat reinforced composites with fibers. The work is based on the application of the
finite element formulation positional, which has nodal parameters the positions of the nodes and uses a total Lagrangian
description for the nonlinear geometric balance. The static equilibrium of the system was obtained by the principle of
stationary total potential energy and the resolution of the nonlinear system was obtained by Newton-Raphson's iterative-
incremental method.

The constitutive law of Saint-Venant Kirchhoff was adopted, which uses the measure of deformation of Green-
Lagrange and the tensor of tensions of Piola-Kirchhoff of second species.

Numerical simulation using the finite element of bar with the insertion of the reinforcement in the medium, whose
contribution in the medium is made according to the finite element shape functions of sheet and a compatibilization in the
contribution in the degrees of freedom of this, with no increase of degrees of freedom in the system, were compared with
analytic formulation gave encouraging results.
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The model of plasticity adopted for the matrix was von Mises associative and the solution of the nonlinear equation
resulting from its consistency condition was obtained according to iterative solution by the Newton-Raphson method. The
model adopted for the fibers, in which the possibility of failure in the fibers or fiber-matrix interface was considered,
presented good results, opening possibilities of future analysis.

The efficiency and correct implementation of the adopted formulations can be proven by the several examples shown,
in which the obtained results presented values close to the theoretical values and consistent behavior throughout all the
analyzes. For the perfect elastoplasticity, the displacement control was more stable in the results and with a lower
processing time than the force control.

The computational code developed in the present work allows evaluating different mechanisms involved in
reinforcement plasticity, besides correctly representing the plasticity in the plate and the interaction between the two
elastoplastic phases. Reinforcement can be considered at random or fixed and aligned.

The positional finite element used has as reference the initial configuration, thus dg [ agrangian Total. For
the present work, the cubic approximation for the positions was adopted.

Afterwards, the reinforcement code was implemented. The verification of ha@Ph comparison with
technical solutions (with simplifying hypotheses) of the Resistance of Materj

Ansys software for the plate metal element. In order to verify fiber i ed with technical solutions, as
well as in the implementation phase of the reinforcement itself.

Future developments will, on the one hand, aim at t
representations of the most varied structures, the possibility t

ase that increases the possibility of
itc elements that simulate particles and voids,

culminating in an increasingly real simulation of tja ials, and the implementation of a temporal

integrator allowing analysis of problems in which § cant to the results. With an eventual use of a
temporal integrator, it becomes interesting to paralle C ed code, since the computational cost spent in these
analyzes with consideration of the dynamig ior be mUch larger, when compared to the static cases. On the

other hand, the implementation of a da C a matter of extreme importance, since, as previously seen, one
of the main functions of fiber uscg : agking, in addition to this phenomenon being able to occur
simultaneously with plasticity.
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