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Abstract:

Introduction/purpose: The present work utilizes a numerical and analytical
approach to predict the likelihood of interlaminar fracture in Mode | of a

composite structure under the peel test.
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Methods: The finite element approach, which incorporates the Virtual Crack
Closure (VCCT) method, is utilized to examine the delamination of the
composite structure. The research investigated the effects of many aspects,
including dimension, fiber alignment, and composite properties.

Results: The numerical results significantly concur with the analytical
solution recorded in the current body of literature. The Monte Carlo
technique predicts the distribution function of composite damage. As
previously stated, the probability of structural failure is assessed by
considering both the model's uncertainty and the statistical uncertainty
linked to the essential variables.

Conclusion: The probability density function (pdf) is derived by fitting
specific theoretical models to the histogram. The durability of composite
structures is primarily dependent on their mechanical properties.

Keywords: composite, delamination, peel test, VCCT method, durability.

Introduction

Composite structures are frequently employed in the aerospace,
construction, and automotive sectors to enhance the stiffness of various
elements. The degradation process of composite laminates leads to their
collapse over time. Load redistribution resulting from local failure leads to
the accumulation of different failure modes, hence compromising the
stiffness of the composite material, diminishing its load-bearing capacity,
and ultimately resulting in overall failure (Kishore et al, 2021; Hatti et al,
2022). The primary constraint in advancing composite materials for
aeronautical applications has consistently been the challenges associated
with accurately forecasting damage events and understanding their
interactions (lbrahim et al, 2018; Mechab et al, 2016; Serier et al, 2016).
The capacity of a design to mitigate damage and prevent severe structural
failure during flight or ground loads is frequently constrained by the
tendency for delamination in traditional laminated fiber-reinforced polymer
(FRP) constructions (Das et al, 2021).

Delamination arises from elevated interlaminar stresses, typically
caused by impact (De Carvalho et al, 2015), deviations in material and
structure (Fotouhi et al, 2020), or the propagation of further types of harm.
Within the aerospace industry, using design features like stiffener
terminations and ply-drops to modify thickness can result in multiple
regions of an aircraft that are subjected to elevated interlaminar stresses.
(Jokinen & Kanerva, 2019; Krueger, 2015). Hence, delamination is
frequently identified as the primary failure mode in composite airframe
design (Rybicki & Kanninen, 1977). The load capacity of a structure is
typically negatively impacted by delamination damage, especially when




exposed to compressive stress circumstances. Delaminations result in
reduced buckling loads (Madukauwa-David & Drissi-Habti, 2016). The
visible detection of delaminations is frequently challenging, and in the
majority of instances, internal delamination can only be identified by non-
destructive inspection (NDI) techniques like ultrasound (Kazmierczyk et al,
2022; Gliszczynski & Kubiak, 2017).

Several different approaches are used to predict and analyze
composite delamination. Among these methods is the Virtual Crack
Closure Technique (VCCT), which allows for the prediction of the
delamination growth from the first crack and includes both the
delamination initiation and growth (Rozylo, 2021; Yu et al, 2021). The
VCCT technique requires mesh size improvements and measuring the
critical strain energy release rate. Many authors have used the VCCT
method to evaluate the delamination spread in composite structures
subjected to different loading scenarios or impacts at low velocities
(Rozylo, 2022; Debski et al, 2021). However, the limitations resulting from
the discretization of the numerical model continue to impede the
application of the VCCT-based computational methodologies for damage
prediction and aircraft structure design (Aveiga & Ribeiro, 2018; Rozylo et
al, 2021; Cepero et al, 2019; Turon et al, 2010). This work aims to predict
when delamination will occur in Composite Structure Mode | under shear
stress circumstances. This study aimed to analyse the mode | interlaminar
fracture tests on unidirectional laminates under the peel test. The Virtual
Crack Closure Technique (VCCT) uses the finite element method to
assess a structure's delamination. The impact of fiber orientation,
thickness, and properties of the composite beam is investigated in this
work. The Monte Carlo method is used to predict the distribution function
of the composite damage.

Material and geometric model

This study presents interlaminar fracture in Mode | of the composite
structure under the peel test. The thickness of the composite beam ranges
from 1 mm to 3 mm, and the length is L=120 mm. The pre-crack a=25 mm
and Widthb=20mm.The diagram illustrates the geometric characteristics
and the applied load on the composite beam. A single load cell was used
for the test with displacement control at a 0.5 mm/min speed. The
developed composite structure exhibited a symmetrical stacking sequence
of laminate layers. [0/30/-30/0] s, [0/90/0/90] s, [0/45/-45/0] s, [90/0/90/0] s.

Benchaib, N. et al, Analytical and numerical methods for estimating the probability of interlaminar fracture in Mode | of composite structures under the peel test, pp.1601-1622



&VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2024, Vol. 72, Issue 4

Figure 1 — Geometrical model

Tables 1 and 2 show the mechanical properties of the material used
in this study.

Table 1 — Mechanical properties of different materials (Salem et al, 2015)

E+ E> Es v v v G2 Gis G23
(GPa) | (GPa) | (GPa) | '™ " % | (GPa) | (GPa) | (GPa)

Carbon/epoxy | 120.0 10.5 10.5 0.3 0.3 0.5 5.25 5.25 3.48

Glass/epoxy 45.6 16.2 16.2 0.278 | 0.278 | 0.4 5.83 5.83 4.5

Table 2 — Mechanical interface properties of different composites (Turon et al, 2010)

G 1c (kj/m?) Gie (kj/m?) n
Carbon/epoxy 0,260 1.002 2
Glass/epoxy 0.118 2.905 Two .6

FE Model

The numerical model using the VCCT was generated using ABAQUS
(Dassault Systems, The 3D EXPERIENCE platform, 2014) in this
investigation. The schematic depicted in Figure 2 illustrates the numerical
model subjected to mechanical load. The study employed solid finite
elements (C3D8R) with a regular hexagonal mesh. Every element consists
of eight nodes, each having three degrees of freedom. The shape function
is linear, and the integration is lowered. The discrete model consisted of
16.250 elements, specifically linear hexahedral elements of type C3D8R,
and 35.620 nodes. The boundary conditions were applied to the upper
(point A) item, allowing for movement only in the direction of the composite




beam with respect to the Y-axis, and at (point B) given embedded. Figure
2 represents the boundary conditions and the discrete model.

Uy
- v
Ury N z
k X

U=Uy=Us=Un=Un=Un=0 (B)

4 UA0(A)

Ux

URx

Figure 2 — Mesh and boundary conditions of the structure

Analytical formulation

The VCCT formulation

The VCCT employs an LEFM (Linear Elastic Fracture Mechanics)
based method for forecasting the propagation of cracks in epoxy fiber-
reinforced composites commonly used to construct aircraft structural
elements. The VCCT, as introduced by Rybicki and Kanninen (1977) offers
a notable reduction in the computational cost of the analysis compared to
the previous method.

For sufficiently small values of (Aa), implying a finely meshed scenario
where fracture propagation is anticipated, the extension of delamination
from (a+Aa) (node 1) to (a+2Aa) (node i) in the three-dimensional problem
illustrated in Figure 3 (Rybicki & Kanninen, 1977) does not significantly
impact the state at the crack tip. Consequently, the displacements behind
the extended crack tip at node (i) are approximately equal to those behind
the original crack tip at node (l). The strain energy release rate predictions
will utilize equations (1, 2, and 3).

The components of Mode-I, Mode-Il, and Mode-Ill strain energy
release rates, denoted as Gl, Gll, and Glll, are determined as follows:

- _ (1)
TV YLi(VLl VLl*)

S = 2ax XL (”Lz Y. *) (2)
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1

1= 24 “Li (WLI - WLI*) (3)
where (AA = b.Aa) represents the virtually closed area, with s being the
width of the elements at the delamination front. In Figure 3, the columns
are designated by capital letters, and the rows are identified by small
letters. Thus, (Xu), (Yu), and (Zu) denote the forces at the delamination
front in the column L, row i.

The corresponding displacements behind the delamination at the top
face in row | are denoted (up, vu, and wy ), while at the lower face in row
I*, they are denoted (urr), (vor), and (wyr)

local crack tip '_-,r',jn..",“l"I
sysiem

[ k:&" — X

k
¥y
> _._ - 1|I zWE
i1 Aa An | i
global &
system ®, X

Figure 3 — The virtual crack closure technique (VCCT) for 3D solid elements
(Rybicki & Kanninen, 1977)

Griffith's (1921) fracture theory obtained the fracture toughness
values, KC, for a wide range of materials. Under the assumption of the
plane stresses condition, the stress intensity factor K is related to the strain
energy release rates G by the following expressions:

K, =./GE (4)

K, =./G,E (5)




while the assumption of a plane strain condition yields

GE
K, = ' (6)
1—02
G, E (7)
K - |Cu
7\ ,2
_ G (8)
w2

The total energy release rate (Gt), assessed at a specific point along
the delamination front, attains a critical value denoted as (Gc),
representing the material's mixed-mode fracture toughness.

Gt 2 G¢ = Delamination propagation

Various criteria are accessible for establishing a precise estimation of
(Gc). Concerning (Gr), it can be computed as the summation of the nodal
energy release rates for pure Mode | (opening), Mode Il (sliding), and
Mode Il (scissoring).

G

.

fo >1.0
9
Gy + Gy ! ©

C cC C Gt

_ 10
Gr =G +G) +Gy (10)

where: G, Gy, and Gy are respectively the Mode I, II, and Ill energy release
rates, respectively.

f: the effective energy release rate ratio

n: the material constant

Analytical solution for the mode | DCB test

The analytical solution for the end-notched flexure specimens (ENF)
test can be split into the three stages of the load-displacement curve. The
load and displacement can be calculated with the following equations:
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The necessary force P for crack propagation is given by

(11)

¥ can be calculated as

(12)

where T is the transverse modulus correction parameter and can be
obtained using

E,E
r=1.18 |—H22 (13)
13

The corresponding displacement & is given by

8(a+ ;(h)3

5-P
bh3E1

(14)
1

where (Gic) is the critical mode | strain energy release rate, (B) is the width
of the test sample, (h) is the half of the thickness of the sample, (E1) is the
longitudinal Young’'s modulus, (P) is the applied force, (a) is the crack
length, and (L) is the half of the span.

Results and discussion

Validation of the model

Figure 5 demonstrates that the force-displacement curve of the FEM
findings closely aligns with the analytical solution for all two types of
materials. We note that the numerical results are in good agreement
compared with the analytical solution found in the literature (equation (14)).
The force exhibits a linear relationship with the applied displacement in the
first loading phase. Upon achieving the maximum load, a sudden decrease
in force suggests unstable delamination crack growth.
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Figure 4 — Curve force displacement in Mode | of the FEM results compared with the
analytical solution

Effect of the properties of the composite

The force-displacement curves for different materials, such as
carbon/epoxy and glass/epoxy, are depicted in Figure 5. The force
demonstrates a linear augmentation of the applied displacement during
the initial loading period. After attaining the maximum load, a rapid
decrease occurs, suggesting an unstable expansion of the delamination
fracture.

The carbon/epoxy beam provides good fracture resistance compared
to glass/epoxy beams and this composite increases the service life of the
composite beam. Upon analyzing the energy distribution inside the
delamination zone depicted in Figure 6, it is worth mentioning that the
carbon/epoxy material demonstrates a lower energy value for (G)) than the
glass/epoxy. This characteristic contributes to an increased ability of the
composite structure to withstand failure.

Benchaib, N. et al, Analytical and numerical methods for estimating the probability of interlaminar fracture in Mode | of composite structures under the peel test, pp.1601-1622



QVOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2024, Vol. 72, Issue 4

400 200
@) —— §=0°/30°1-30°10° (b) —— B=0°/30°1-30°/0°
2501 —— =05 45°10° 180 —— =045
——0=0°/90°/0°/90° 1604 — 6=0°/90°/0°/90°
300 6=90°/0°/90°/0° 6=90°/0°/90°/0°
Carbon epoxy 1401 Glass epoxy
2501 h=3mm =120 h=3mm
2100
S 80|
60 |
40

ol——" T T T T T T T T T
00 02 04 06 08 10 12 14 16 18 20 22
Displacement (mm)

L L L AL LN LU L S B B
00 02 04 06 08 10 12 14 16 18 20 22
Displacement (mm)

Figure 5 — Curve force-displacement in Mode | for different properties of the composite
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Figure 6 — Curve Energy (Gi) according to the true distance different properties of the
composite




Effect of fiber orientation

This section of the study investigates the impact of fiber orientation in
laminates as a determining factor that can enhance structural resistance
against damage. The load transfer inside the delamination zone is
facilitated by its rigidity, which is achieved through the alignment of the
fibers. Consequently, the aim is to assess the amount of the braking force
by adjusting the stiffness of the composite material.

Figure 7 illustrates the curve force-displacement for four different fiber
orientations, namely [0/30/-30/0]s, [0/45/-45/0]s, [90/0/90/0]s, and
[0/90/0/90]s, to evaluate the performance of the fiber orientation. The
results indicate that the orientation [0/30/-30/0] exhibits superior
performance in comparison to the other three orientations, namely [0/45/-
45/0]s, [90/0/90/0]s, and [0/90/0/90]s, respectively.

The energy distribution along the delamination zone, as depicted in
Figure 8, reveals that the energy value of (Gl) is comparatively smaller for
[0/30/30/0]s than in the other three samples. This observation confirms the
plate's resistance to failure for [0/30/30/0]s.

400

——06=0°/30°/-30°/0°

——0=0°/45°/-45°/0°
——06=0°/90°/0°/90°
6=90°/0°/90°/0°
h=3mm

Force (N)
—_ —_ N N w w
o (2] o o o [$2)
o o o o o o

133
o
!

0 : T T T T T T T T T T
00 02 04 06 08 10 12 14 16 18 20 22

Displacement (mm)

Figure 7 — Curve force-displacement in Mode | for different fiber orientations of carbon
epoxy
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h=3mm
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0.2 T e
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Figure 8 — Curve Energy (Gl)according to the true distance for different fiber orientations
for a thickness, h=3mm

Effect of the thickness of the composite

The force-displacement curves of the specimens at various
thicknesses, specifically 1, 2, and 3mm, are depicted in Figure 9. In the
initial loading phase, the force exhibits a linear relationship with the
increment in applied displacement. The load experiences a sudden
decrease following the peak load, suggesting the presence of unstable
delamination crack propagation. The beam with a thickness equal to 3 mm
gives excellent performance superior to those of beams with a thickness
of 1 mm and 2 mm, respectively, because to reach the beam fracture for
a thickness equal to 3 mm, it is necessary to apply a force higher than
300N compared to that applied to the beams of thickness 1 mm and 2 mm
which are significantly lower.

Figure 10 illustrates the energy distribution along the delamination
zone. It is evident that at a thickness of h=3mm, the energy value of (G))
is lower than that for other thicknesses. This decrease in energy value
enhances the composite structure's resistance to failure.
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Figure 9 — Curve force displacement in Mode | for three different thicknesses of carbon
epoxy
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Figure 10 — Curve Energy Gl according to the true distance for different thicknesses of
carbon epoxy

Analytical solution of the prediction of delamination

To comprehend the significance of the random variables, it is

imperative to initially examine the sensitivity of the displacement &(x)
concerning the uncertainties associated with the input parameters (refer to




Table 2). By calculating the dispersion of the mechanical reaction about
the scatter of the input parameters, it is possible to derive sensitivity
measurements. The authors have integrated two FORTRAN programs to
analyze the multi-layered composite pipe. The first program computes the
mechanical response by determining the stress distribution, while the
second program employs Monte Carlo simulations to calculate the
probabilistic response. To ensure a high level of accuracy in the obtained
results, a total of 105 simulations were conducted.

The abovementioned factors are denoted as stochastic variables that
exhibit distinct distribution classes and parameters. Effectively handling
the uncertainties present in the system is crucial to guarantee safety in the
design process, thus averting hazardous circumstances. Plate
uncertainties connected with geometry (Length (L) and thickness (h)) and
material properties (Young's modulus (E) and fiber orientation (8)) are
modeled using eight random variables.

Table 1 — Random variables and the corresponding parameters

Variable Mean Coefficient of variation
(Cov)

E (MPa) 120. 108 1%

L (mm) 120mm 2%

B (mm) 20mm 2%

h (mm) 3mm 2%

0(°) 0°/30°/-30°/0° 2%

The histogram plot of the displacement &(x) obtained from the Monte
Carlo simulations is depicted in Figure 11. The calculation of the probability
density function (pdf) involves the process of fitting a theoretical model to
the histogram. The Gaussian distribution is a reliable approximation of the
displacement &(x) probability density function, accurately estimating the
average, as seen in Figure 11.

Figure 12 displays the failure probability for the displacement & (x) in
different materials, specifically glass/epoxy and carbon/epoxy. It is worth
mentioning that the carbon/epoxy composite has a decreased likelihood of
failure compared to the glass/epoxy composite, as shown in Figure 12.
The presence of uncertainties related to the type of material and the
orientation of fibers significantly contributes to a notable augmentation in
the margin of failure. The likelihood of failure ultimately depends on the
selected materials and the orientation of the fibers.
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Conclusions

Because of their exceptional stiffness and strength, composite
materials are widely used in various industries, including aircraft,
transportation, automotive engineering, building infrastructure, and more.
The current work investigates the mechanical response of composite
structures subjected to peel loading through the development of analytical
and numerical methods. Our parametric analysis is more detailed and
more deepened than those found in the literature.

A methodology for predicting delamination propagation of interlaminar
fracture in Mode | of composite structures under the peel test with the
Virtual Crack Closure Technique (VCCT) approach is proposed in this
study using a three-dimensional finite element analysis of a composite
beam. The effects of the properties of the composite, the fiber orientation,
and the thickness are presented. The numerical results are in good
agreement with those of the analytical solution found in the literature
(equation 14).

The Monte Carlo method was used to predict the damage of the
composite. The structure failure probability is computed, considering the
statistical uncertainty associated with the fundamental variables and the
model uncertainty. The probability density function, or the pdf, is obtained
by fitting the histogram using theoretical models. It is important to note that
the mechanical properties parameter is vital in determining the degree to
which the composite structure offers increased durability.
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Resumen:

Introduccion/objetivo: El presente trabajo utiliza un enfoque numérico y
analitico para predecir la probabilidad de fractura interlaminar en el Modo |
de una estructura compuesta bajo la prueba de pelado.

Métodos: El método de elementos finitos, que incorpora el método de cierre
virtual de fisuras (VCCT), se utiliza para examinar la delaminacion de la
estructura compuesta. La investigacion exploré los efectos de muchos
aspectos, incluida la dimension, la alineacion de las fibras y las
propiedades del compuesto.

Resultados: Los resultados numeéricos coinciden significativamente con la
solucion analitica registrada en el cumulo de literatura actual. La técnica de
Monte Carlo predice la funcién de distribucién del dafio compuesto. Como
se indicé anteriormente, la probabilidad de falla estructural se evalia
considerando tanto la incertidumbre del modelo como la incertidumbre
estadistica vinculada a las variables esenciales.

Conclusion: La funcién de densidad de probabilidad (pdf) se obtiene
ajustando modelos tedricos especificos al histograma. La durabilidad de
las estructuras compuestas depende principalmente de sus propiedades
mecanicas.

Palabras claves: compuesto, delaminacion, prueba de pelado, método
VCCT, durabilidad.




AHanUTUYECKME U YUCTEHHbIE METOAbI OLIEHKN BEPOATHOCTH
MEXCMOMHOIo paspyLleHns B NepBOM PEXUME KOMMO3UTHBIX CTPYKTYP
NpW UCMbITAHUM Ha OTCnanBaHue

Haodsi BeHyen6?, benaud Mexab2,

Manuka Medxaxdu®, Aliwwa Memepu?, KOPPEeCNOHAEHT,

Mokadem Canem?, benn A6bac bawunp bysxpa?

YHuepcutet Cuan-benb-Abbec,

Cunan-benb-Ab6ec, Amxmpckan HapogHas [lemokpatuyeckas Pecnybnuka

a TexHonorn4yeckmmn dakynbTeT, Kadeapa MalMHOCTPOEHNS,
JTabopatopus umanyeckon mexaHukm MaTepumanos

6 NaGopaTopust NPUMEHEHS MIasMbl, SNEKTPOCTATUKA 1 31EKTPOMAarHUTHOM
COBMECTUMOCTHU

PYBEPUKA TPHTW: 55.09.43 KomMno3unumoHHblE MaTepurarnbl
BWO CTATbW: opurinHanbHasa Hay4Hast ctatbs

Pestome:

BeedeHue/uenb: B daHHOU cmambe uCnonb3yemcsi 4YUC/eHHbIU U
aHanumu4yeckuli nodxo0 Ornis  MPO2HO3UPO8aHUS  8EPOSIMHOCMU
MEXCIIOUHO20 paspyweHusi 8 [epeoM pexume KOMMIO3UMHoU
cmpykmype npu ucrbimaHuuU Ha omcrausaHue.

Memodbi: Memod KOHeYHbIX 3nemMeHmos, 8KtoYarouuli 8 cebst Mmemoo
supmyarnbHo20 3akpbimusi mpewuH (VCC), ucrionb3yemcsi 8 usy4yeHuu
paccriaueaHusi KoMrno3ummHol cmpykmypbl. B xode uccriedosaHus
ObInu U3y4eHbl MHO2UE acrekmel, 8K/o4asi pa3mMepbl, 8bipagHUBaHUEe
B0JIOKOH U ceolicmea KOMo3uma.

Pe3ynbmamei: YucneHHble pe3ynbmambl 8 3Ha4umesbHoU cmeneHu
coenacylomcs C  aHa/lumu4yecKuM  peweHUeM, OfuCaHHbIM 8
cospemeHHoU numepamype. Memodom Monme-Kapno
npoeHo3upyemcsi yHKUUST pacnpedeneHusi rnospexoeHutli
KOMMo3umHbIx Mamepuasnos. Kak yka3sbieanocb paHee, 8eposimHOCMb
paspyuweHust KOHCMpyKyuu oueHueaemcst c y4yemom
HeornpedeneHHocmMu modenu u cmamucmuydeckou
HeornpedenieHHocMu, C8s1I3aHHOU C OCHOBHLIMU NMEPEMEHHBIMU.

Bbi800: ®yHKYUS NIOmMHOCMU 8epOSIMHOCMU 0TyYeHa rmymem MoG20HKU
KOHKPEeMHbIX meopemuyecKux modernel K aucmozpamme.
JlornzocpoyHoCcmb KOMIO3UMHbIX CMPYKMyp 8 nepayto o4epedb 3asucum
om UX MexaHU4YecKux ceolicma.

Kntoyesble criosa: KOMMO3UMHbIe Mamepuarbl, paccrausaHue,
ucrnblimaHue Ha omcrnausaHue, Memod VCC, 0or2o8e4HOCMb.
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AHanuTuyke 1 Hymepuike MeToae 3a NpoueHy BepoBaTHohe
MHTEepramMuHapHor noma y Mogy 1 KoMno3uTHUX CTPyKTypa nyTem
TecTa rbylTera
Hadja Benuej6?, benaud Mexa6?, Manuka Meuaxau®, Ajwa MeTepu?, ayTop
3a npenucky, Mykejoam Canem?, ben A6bac bawwp Byjaxpa?
YHusep3auteT Cuam ben Abec,
Cwuan ben Abec, HapogHa OemokpaTtcka Penybnuka Amxmp
2 TexHonowku dakyntet, Oacek MalMHCTBA,

Jlabopatopwja 3a hranyky MexaHuky maTepujana

6 labopaTopuja 3a NpUMeHy nrasme, enekTPoCTaTUKe U enekTpoMarHeTHe
KOMMNaTUGUNHoCcTn

OBJIACT: mexaHuka
KATETOPWJA (TUIM) YIAHKA: opurHanHu HayvHu pag

Caxxemak:

Yeod/yurn: Y pady je kopuwheH Hymepuyku U aHaaumuyku rnpucmyn 3a
npedsuhare eeposamHohe uHmMepnamuHapHoz soma y Mody 1
KOMIMO3UmHe cmpyKmype moKoM mecma Jbylimersa.

Memode: Memoda KoHayHUX erfieMeHama, Koja yKibydyje Mmemody
supmyenHoza 3ameapara rpcrnuHe (Virtual Crack Closure — VCC),
Kopucmu ce 3a ucrumusarbe OennamuHayuje KOMro3umHe cmpyKkmype.
Ucmpaxyjy ce eghekmu MHO2uUX acriekama Kao wmo cy OuMeH3uje,
npasyu npyxarba erakaHa u ceojcmea KOMno3uma.

Pesynmamu: Hymepuyku pe3ynmamu ce y 6efluKoj Mepu craxy ca
aHanuMUYKuM pelwerbeM U3 akmyesHe numepamype. TexHuka MoHme
Kapno npedsuha cbyHKyUjy Oucmpubyyuje owmehera Kommosuma.
BeposamHoha cmpykmypHoz fioMa rpoueksyje ce yumarbem y ob3up u
HecuzaypHocmu modefia U cmamucmuyke HecueypHocmu roge3aHe ca
OCHOBHUM 8apujabnama.

Sakrpyyqak: ®yHKyuja eycmuHe eeposamHohe u3eedeHa je yKnarnaH-em
crneyuguyHUX  meopujckux modena y  xucmoepam.  TpajHocm
KOMIMO3UMHUX cmpyKmypa 3asucu, fpe ceeaa, 00 HUX08UX MeXaHUYKUX
ceojcmasa.

KrbyyHe peyu: komno3um, OenamuHayuja, mecm sbywmerba, Memooda
VCC, mpajHocm.
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