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Abstract:

Introduction/purpose: This work aims to create a novel model that predicts
the burst pressure of straight flaws under internal pressure in corroded
pipes that have been repaired with bonded composite wraps.

Methods: Geometrical aspects affected the repair performances. The
composite patch behaviour strongly depends on several parameters such
as pipe size, defect size, composite ply number, ply orientation, composite
properties, and adhesive thickness. The effects of all these parameters on
the repair efficiency were analyzed.

Results: The obtained results showed that the composite wrap reduces the
stress concentration caused by the corrosion defect, which improves the
long-term durability of pipes.

Conclusion: The comparison between the new analytically developed
model and the finite element (FE) calculations showed good agreement for
the repaired corroded pipe.

Keywords: corrosion, uniform pressure, analytical model, pipe, bonded
composite repairs
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Introduction

Composites are materials of two or more distinct components, offering
superior properties to individual materials. However, if a composite has
defects, its rigidity decreases (Metehri et al, 2009; 2019; 2024a; Nadia et
al, 2024).

Surface flaws are believed to be most common in pipe systems and
pressure containers (Mechab et al, 2011; 2014; 2018). A surface fracture
is often overlooked during the inspection of a structural component
(Mechab et al, 2020). Deterministic approaches are commonly employed
in fracture mechanics to evaluate components with suspected or
confirmed flaws. These approaches depend on precise hypotheses about
the condition of the fault, the material's strength and durability, and the
applied force (Fezazi et al, 2021).

Pipe corrosion is a common problem that can lead to leaks and
failures. Causes include water or gas quality, temperature, internal
pressure, manufacturing defects, etc. Regarding the research method,
many researchers have studied the behaviours of composite-repaired
corroded pipelines employing field experiments, theoretical deductions,
and numerical simulations (Metehri et al, 2024b; 2024c; Alabtah et al,
2021; Kong et al, 2022).

Bonded composite repairs of the structure have become a helpful
piping life extension solution over the last two decades (Benyahia et al,
2014; Ibrahim et al, 2018). These repairs provide an efficient method for
restoring the ultimate load capability of the structure (Madjdoub et al,
2019). The durability and reliability of structures repaired with composite
patches depend mainly on the mechanical and thermal behaviour of the
adhesive layer. These are the essential points for studying the causes of
failure and the degradation of the entire repair (Lim et al, 2019; Singh et
al, 2021).

Glass fibre hoop-reinforced composite systems have proven to be an
effective and successful approach for repairing onshore pipelines that
have suffered from corrosion and mechanical damage, mainly when the
primary stress factor is internal pressure (Chandra Khan et al, 2017).
Extending these repair methods to offshore pipelines, such as risers,
necessitates a comprehensive understanding of intricate combined load
profiles, including substantial tension overlay (De Barros et al, 2018).

Repair methods utilizing glass fiber reinforced materials are employed
to restore corroded or damaged pipelines. In this approach, the affected
section is strengthened by applying a composite wrap, typically made of
glass/epoxy or carbon/epoxy, around the transmission pipelines (Da
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Costa-Mattos et al, 2009; Budhe et al, 2017; Alexander et al, 2014). The
ability of these Glass fibre-reinforced materials to resist corrosion, their
relatively high strength-to-weight ratio, load-bearing capacity, and stiffness
makes them an excellent choice for rehabilitating corroded steel pipelines
and other mechanical structures. The composite overwrap can ensure an
optimal level of pressure-bearing capacity and structural integrity in cases
of partial corrosion or partial wall loss defects. However, they may be less
effective in preventing leaks in localized through-thickness corrosion
defects (Budhe et al, 2020).

Few models in the literature forecast burst pressure in repaired pipes,
so we conducted this study to create an analytical model that makes this
prediction possible and aids in composite wrap repair design. A finite
element analysis presented in this work also describes the impacts of
different parameters influencing the repair performances of corroded
pipes. The constructed analytical model included each of these
parameters.

Geometrical model

In this study, it is supposed that there exists a corrosion defect of a
rectangular shape in the central outer wall of a pipeline. The dimensions
of the defect are: length (L=300 mm), width (I=200 mm) and defect ratio of
the defect depth on the pipe thickness (r=d/t =0.1, 0.2, 0.3, 0.4 and 0.5
mm). The outside diameter of the pipe Dext is 600 mm, Dint represents
the inside diameter (Dint = 580 mm), and "t" designates the pipe thickness
(t = 10mm); the length of the pipe is 2500mm. The pipeline is subjected to
an internal uniform pressure of P=8.42 MPa. Figure 1 illustrates the
geometric characteristics of the pipe.

The pipe is made of APC X65 steel, and the corrosion defect is
repaired using a glass/epoxy composite wrap with two layers of 0.5 mm
thickness for each layer. The ply orientation in the composite is [55/-55].
The composite wrap is bidirectional. We chose to adopt the [55/-55] fiber
orientations in the wrapping composite, as this configuration promotes
better shear stress absorption which can be significant when repairing
pipes exposed to internal pressures. These orientations allow the
composite to better withstand the pressure forces exerted on the corroded
pipe during its operation, which is crucial for ensuring the repair’s
effectiveness. Furthermore, the [55/-55] orientations provide increased
flexibility, enabling them to more easily conform to the shape of the pipe
and ensure optimal adhesion to the corroded surface. This is particularly
important for preventing delamination or failure of the repair.
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Defective pipe '

Composite wrap

Figure 1 — Corroded pipe repaired with a composite patch wrap and putty

Table 1 — Mechanical properties of different materials used in this study
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Materials
Steel Glass/epox | Carbone/ Araldite 2015 Putty:
X65 y Epoxy Adhesive Resin
(Fatoba & (Campilho | (Arroussi (Arroussi et al, | Epoxy
Akid, 2014) etal, 2011) | etal, 2023) | 2023)

E1 (GPa) 211 50 112 1.85 35.9

E2 (GPa) 14.5 8.20

E3 (GPa) 14.5 8.20

u12 0.3 0.33 0.3 0.33 0.389

u13 0.33 0.3

u23 0.33 0.3

G12 (GPa) 2.56 4.5

G13 (GPa) 2.56 4.5

G23 (GPa) 2.24 45

Guits 500

(MPa)

oe (MPa) 380

n 0.127
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The corrosion defect is then cleaned, and a layer of epoxy putty is
applied to fill the cavity with a thickness of 0.5 mm. The adhesive used for
bonding the pipe to the composite wrap is the Araldite 2015 Epoxy with a
thickness of ta= 0.3 mm.

Table 1 shows the elastic properties of the pipe, the patch, and the
adhesive. Pipe steel is supposed to have an elastic-plastic behaviour.

Initial conditions and limitations

The extremities of the pipe were constrained (all displacements and
rotations were blocked), i.e., U1 =U2 =U3 =0, UR1=UR2 =UR3 =0) to
ensure the proper execution of the calculation. Furthermore, the length of
the section was chosen so that this indentation does not affect the stress
calculations in the corroded and repaired areas. The pipe is subjected to
a constant internal pressure of 8.42 MPa, applied uniformly, without
considering other real-world specific effects. (The boundary conditions are
presented in Figure 2).

In Abaqus software, the contact between the three components in an
assembly (pipe, putty, and composite wrap) can be defined by assigning
suitable interaction properties (normal and tangential) to the surface-to-
surface contacts.

Figure 2 — Boundary condition of the corroded pipe
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FEM model and convergence analysis

The Abaqus calculation code (Dassault Systems, The 3D
EXPERIENCE platform, 2014) was used to calculate the stresses in the
corroded and repaired pipe. The finite element model was divided into
three subsections: the repaired pipe, the epoxy putty, and the composite
wrap. The pipe is modelled with different elements along the thickness
direction: one layer for the pipe, one layer for the repair putty, and two
layers for the composite wrap.

Changing the density of the mesh elements stabilized the equivalent
stress value in the repaired pipe (see Figure 3).

Table 2 — Numbers of the nodes and the mesh elements

Model Number of Number of
nodes elements

Pipe with a rectangular defect 61248 40475

Repaired pipe with a composite 67030 45788
patch wrap

382-
3804 —3%— Mesh density
378
376-
374
372-
370+
368
366
364+
362

(MPa)

Sequivalent

0 10000 20000 30000 40000 50000
Number of elements

Figure 3 — Variation of von Mises stress in the corroded pipe repaired with composite
material as a function of mesh density

Several computational runs with mesh density optimization were used

to obtain reliable results and good convergence (see Figure 3). To assess
the impact of the number of nodes on stress variation, the type of structural
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hexahedral linear element was fixed, and an attempt was made to increase
the number of nodes to refine the model progressively. Figure 3 illustrates
the mesh of the repaired pipe based on the number of nodes.

Figure 4 — Detailed mesh used for a numerical model of the defective pipe with composite
repair: a) refined mesh, b) medium mesh, and c) non-refined mesh.

The type of element chosen must correspond to the topological shape
of the model structure. The element types depend on the three-
dimensional shapes, such as tetrahedra, wedges, and hexahedra.

In previous studies (Medjdoub et al, 2018) on the behaviour of
repaired pipelines, C3D8R mesh elements were tested and they provided
reliable results.

However, the element type was not altered in this work, as the C3D8R
element is the most efficient in most numerical analyses; therefore, this
element type was selected at the outset of the analysis.

In terms of the mesh type, we opted for the elements (C3D8R) which
have been frequently used in the modelling of such structures, along with
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5040 linear quadrilateral elements of type S4R for the envelope and 40748
linear hexahedral elements of type C3D8R for the pipe and the putty.
Refining the mesh at a defect level is also important to better determine
the value of the equivalent and circumferential stresses. The general
configuration is based on a regular mesh, which is kept constant for all the
analyses carried out in this study to avoid any influence of the mesh on the
results. The total number of the nodes and the pipe elements is
demonstrated in Table 2. Figure 4 illustrates the structure of the mesh
employed for this calculation.

The mesh models shown in Figures 4a, b, and ¢ were generated by
adjusting the element density for each material until a mesh size was
achieved. This ensured a regular and refined mesh, particularly at the
defect level, where corrosion necessitates a refined mesh with a minimum
element size.

Finite element results

Comparison between repaired and non-repaired pipes

A comparative study analyzed the stress distribution between an
unrepaired corroded pipe and a corroded pipe repaired with a glass/epoxy
wrap consisting of two composite layers [55/-55]. The internal uniform
pressure applied was 8.42 MPa. The circumferential stress distributions
are shown in Figure 5. This Figure shows that the composite wrap's
presence considerably reduces the pipe's equivalent stresses, particularly
in the corroded region. The presence of the composite shell increases the
lifespan of the corroded pipe.

5,522
5 522 SNEG, (fraction = -1.0], Layer = 1

Ay 75%)
+4 457402
+4.073e+02
+3.688e+02
+3.304e402
+2.920e+02
+2.53%e+02
+2.151e402
+1.766e+02
+1.382e+02
+0.977e401
+6.134e+01
+2,290e+01
-1.554e401

{fvg: 75%)
+4,195e+02
+3.827e+02
+3.460e+02
+3.092e+02
+2.724e+02
+2.357e+02
+1.989e+02
+1.621e+02
+1.254e+02
+8.860e+01
+5.183e+01
+1.506e+01
-2.171e+01

Figure 5 — Contour of circumferential stress with a rectangular centred defect, a) pipe
without repaired, b) repaired pipe, under internal pressure. (d/t=0.5)
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The stress reduction can be seen more clearly in Figure 6, which
shows the maximum stresses for a repaired pipe and an unrepaired pipe
as a function of the d/t ratio. From this Figure, it can be seen that the
increase in the d/t ratio leads to an increase in the maximum stresses of
about 160 MPa from 0.1 to 0.5 for both repaired and unrepaired pipes.
However, according to Figure 6, it can be seen that the reduction of the
circumferential stress by the composite wrap is constant regardless of the
values of the d/t ratio. This means that the rate of stress transfer from the
corroded pipe to the composite repair through the adhesive layer is
independent of the d/t ratio.

W

Pa
N
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7 =0~ Pipe without repaired

€ 10 2~ Pipe with repaired

w w S
D O O
o O O
1 1 1

0 O DN
o O o
1 1 1

Maximum circumferential stress (
DD DD W W g
o

D
o

01 02 03 04 05
dt Ratio

Figure 6 —Variation of the maximum circumferential stress with the repaired pipe and the
non- repaired pipe in accordance with the d/t ratio

Effects of the geometrical parameters on the repair
performances

Pipe size effect

This part presents the influence of the d/t ratio on the maximum value
of the circumferential stress. The study was carried out on a pipe repaired
with a composite wrap in glass/epoxy with the ply orientation of [55/-55];
each ply is 0.5 mm thick. The internal uniform pressure of P= 8.42 MPa
was applied.

Figure 7 presents the variation of the maximum circumferential stress
in the repaired pipe as a function of the d/t ratio for different pipe diameters
(400, 500, and 600 mm). From this Figure, it can be noted that the
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maximum stresses are higher for higher pipe diameters regardless of the
d/t ratio. This shows that repair efficiency will be reduced as the pipe
diameter increases. This behaviour is due to the fact that the load transfer
from the pipe to the composite wrap will be less significant as the pipe
diameter increases. It is, therefore, easier to repair a smaller pipe.
However, this disadvantage can be overcome by increasing the thickness
of the composite by increasing the number of plies, which will result in a
higher stress transfer to the composite wrap. Thus, the effectiveness of
the repair will be improved.

B —————
228-—0— D,=600mm

0 D,=500mm
4004~ Do=400mm

380

340
320
300
280
260
240
220
200
180
160
140 T T T T T T T T T
0.1 0.2 03 04 05

dt Ratio

Maximum circumferential stress (MPa)

Figure 7 — Variation of the maximum circumferential stress in the repaired pipe as a
function of the d/t ratio and the exterior radius

Effect of the defect length

This part of the study focuses on analyzing the effect of defect length
on the level of the circumferential stresses in the repaired pipe. For this
reason, the defect lengths were L1=500mm, L2=350mm, and L3=110mm.
Figure 8 presents the variation of the maximum stress in the repaired pipe
as a function of the ratio (d/t) of different defect lengths (L).

This Figure shows that defect length considerably determines the
level of circumferential stresses. The repair efficiency is closely related to
defect length. For more significant defects, the stress level will be higher
and significant even after repair. However, many authors have
investigated the effect of defect length (Al-Amin & Zhou, 2013; Hocine et
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al, 2024; Netto et al, 2007). We can solve this problem by increasing the
composite thickness, which will improve the repair effectiveness.

~ 460 T T T T T

2
260- |.3=1 10mm

240 T T T T T
01 02 03 04 05

Figure 8 — Variation of the maximum circumferential stress in the repaired pipe as a
function of the d/t ratio of different defect lengths
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Figure 9 — Maximum circumferential stress variation in accordance with the composite
patch thickness
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Effect of the composite wrap thickness

To analyze the effects of the composite envelope thickness on the
repair effectiveness, we considered three thicknesses of the repair
composite: tr =1, 3, and 7 mm (as shown in Figure 9). It can be seen from
this last Figure that increasing the thickness of the composite gives a
considerable reduction in the maximum stress in the repaired pipe, which
allows us to assert that increasing the number of layers of the repair
composite improves the repair effectiveness and thus increases the
longevity of the pipe. However, we recommend optimizing this thickness
to avoid high repair costs, as costly repair may be less cost-effective than
replacing the corroded part of the pipe.

Effect of the material properties of the composite wrap

The choice of the composite wrap type is of paramount importance
when reinforcing pipelines. Several types of reinforcement are available,
the most effective choices being glass/epoxy and carbon/epoxy. These
types of composite wraps have demonstrated superior performance by
improving mechanical properties.

Table 1 presents the elastic properties of carbon and epoxy compared
to those of glass and epoxy.

Figure 10 presents the variation of the maximum circumferential of
the repaired corroded pipe with both composites (glass/epoxy and
carbon/epoxy). A comparison between the two patches, glass/epoxy and
carbon/epoxy, reveals that the glass/epoxy patches offer superior
performance in corroded pipeline repair. The stress in the corroded pipe is
lower when it is repaired with glass/epoxy than when it is repaired with
carbon epoxy, particularly for a lower ratio (d/t). For higher values of the
d/t ratio, the two composites give the same circumferential stress. We
conclude that the choice of the composite type significantly impacts the
repair efficiency. It is recommended for corroded pipes under internal
pressure to use glass/epoxy because of its relatively low cost and best
efficiency.
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Figure 10 — Variation of the maximum circumferential stress of a repaired pipe in
accordance with the composite wrap type

Several studies have been conducted to assess the mechanical
properties in order to select the proper material for repairing the damaged
cavity of a damaged pipeline (Lim et al, 2019; Da Costa Mattos et al, 2009;
Djahida et al, 2021; Zecheru et al, 2018; Duell et al, 2008).

Effect of the adhesive thickness

The adhesive layer plays an important role in the repair of corroded
pipes. The thickness and mechanical properties of the adhesive are
essential in the load transfer between the corroded pipe and the composite
wrap. Figure 11 presents the variation of the repaired pipe's maximum von
Mises stress in accordance with the adhesive thickness. From Figure 11,
it can be seen that increasing the adhesive thickness leads to a decrease
in the equivalent stresses of the corroded pipe. This increase indicates that
a moderately thin adhesive (ta=0.4mm) facilitates better load transfers from
the defect to the composite patch. It can be seen that the adhesive
thickness influences the equivalent stresses. The minimum value of the
equivalent stress is recorded in the interval of (0.3-0.4 mm) for the
adhesive thickness; for the adhesive thicknesses higher than 0.4 mm, the
stresses increase considerably, and the repair efficiency will be reduced.
We recommend using the optimum value of the adhesive thickness
(ta=0.3mm) to repair corroded pipelines.
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Figure 11 — Variation of the repaired pipe's maximum von Mises stress as a function of
the adhesive thickness

Analytical model of the burst pressure of a repaired pipe

Finite element analysis has shown that several parameters influence
the burst pressure of a corroded steel pipe repaired with a composite wrap.
These parameters include the geometric properties of the pipe, the
corrosion defect and the repair composite, the elastic properties of the
composite, and the internal pressure applied to the pipe. We have
combined all these parameters into an analytical model estimating the
burst pressure of the repaired pipe. This model, developed for the first
time, can be used to design the composite wrap repair. This model is
written in the form:

zzwuts For 1,345<——— <6455 ,01<2<05
SR L T (™)
L d
Hoeent [ETJ @
e
G12J\E3/( G23
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$ = ; 4)
E v

- 2a || e (5)

’ (EPJ{UPJ

f[J_L _JZA 4 [J_L J 4 (J_]Z
Dt t 0rAl Dt 2 Dt (6)
d)2 d
AO=—13,13312(TJ +11,17065(T)+1,93764
d)2 d
A1:5,05975(Tj —3,2674(TJ+0,36372 7)

d)2 d
A, = —0,60838(Tj + 0,40765&) —0,0331

This model is one of a few ones in the literature to predict the burst
pressure of a corroded pipe repaired with a composite wrap. Comparing
its results with those obtained by finite element analysis shows an
excellent agreement (see Figure 12). Indeed, the relative difference
between the burst pressure estimated by the model and that calculated by

finite elements does not exceed 0.1 %.
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Figure 12 — Burst pressure of the corroded pipe vs L/ (Dt) 0.5

Conclusion

This work develops a new predictive model for calculating the burst
pressure of straight defects subjected to internal pressure in corroded
pipes that have been repaired with bonded composite coverings. Various
criteria are examined, including pipe dimensions, defect size, number of
composite plies, ply orientation, composite material characteristics, and

adhesive thickness. The following conclusions can be made:

v" The increase in the (d/t) ratio leads to an increase in the

maximum stresses for both repaired and unrepaired pipes.
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As the pipe diameter increases, the load transfer from the pipe
to the composite wrap becomes less significant, making repairs
easier for smaller pipes. However, this limitation can be mitigated
by increasing the composite thickness with additional plies,
which improves stress transfer to the composite wrap. As a
result, the effectiveness of the repair is enhanced.

The defect length plays a crucial role in determining the level of
circumferential stresses and directly affects the repair efficiency.
For larger defects, stress levels remain high even after the repair.
However, increasing the composite thickness helps distribute the
stresses more effectively, thereby improving the overall
effectiveness of the repair.

Increasing the thickness of the composite significantly reduces
the maximum stress in the repaired pipe. This demonstrates that
adding more layers of the composite improves the repair
effectiveness and extends the pipe's service life.

Glass/epoxy offers better performance in terms of strength and
flexibility, making it more effective in restoring the integrity of
damaged pipes. This combination proves to be more
advantageous for ensuring durable and reliable repair.

It has been determined that the adhesive thickness should be 0.3
mm to ensure optimum adhesion between the composite layer
and the thick pipe. This precise value guarantees an effective
repair by maintaining a strong and uniform interface between the
different layers of the repair system.

The present model exhibits excellent agreement with finite
element results in predicting the burst pressure of a corroded
pipe repaired with a composite wrap, with the relative difference
not exceeding 0.1%.

Nomenclature

FEM:

Ceq-
Soo:
Guits-
Oe .
a:

d:

Next-

Finite element method

Maximum von-Mises equivalent stress
Circumferential (Hoop) stress

Ultimate stress

Yield stress

Pipe length

Ao, A1 and Az: Integration functions

Defect depth
Pipe external diameter
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Dint: Pipe internal diameter

Eq: Young's modulus in the X direction (GPa)
E:: Young's modulus in the Y direction (GPa)
Es: Young's modulus in the Z direction (GPa)
Ea: Young's modulus of adhesive

Ep: Young's modulus of steel

Giz2: Shear modulus in the X-Y plan (GPa)
Gis: Shear modulus in the X-Z plan (GPa)
Gas: Shear modulus in the Y-Z plan (GPa)

l: Defect width

L4, Lo, L3 : Defect length

n: Work hardening coefficient

LPC: Line pipe corrosion model

P: Internal pressure

Po: Burst pressure

r=d/t: Geometrical ratio of the defect

t: Pipe thickness

Tal Adhesive thickness

T Patch thickness

C: Properties ratio of the composite

n: Function depending on the ratio of the defect
Vi2 Poisson's ratio in the X-Y plan

V13 Poisson's ratio in the X-Z plan

Vo3 ! Poisson's ratio in the Y-Z plan

& Thickness ratio

X: Properties ratio of steel and adhesive
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Resumen:

Introduccién/objetivo: Este trabajo tiene como objetivo crear un nuevo
modelo que prediga la presion de ruptura de fallas rectas bajo presion
interna en tuberias corroidas que han sido reparadas con envolturas
compuestas.

Métodos: Los aspectos geométricos influyeron en el rendimiento de la
reparacién. EI comportamiento del parche compuesto depende en gran
medida de varios parametros, como el tamario de la tuberia, el tamafio del
defecto, el nimero de capas del compuesto, la orientacion de las capas,
las propiedades del compuesto y el espesor del adhesivo. Se analizaron
los efectos de todos estos parametros en la eficiencia de la reparacion.

Resultados: Los resultados obtenidos mostraron que la envoltura
compuesta reduce la concentracion de tensiones causada por el defecto
de corrosion, lo que mejora la durabilidad a largo plazo de las tuberias.

Conclusién:  La comparacion entre el nuevo modelo desarrollado
analiticamente y los calculos de elementos finitos (EF) mostraron una
buena concordancia para la tuberia corroida reparada.

Palabras claves: corrosion, presion uniforme, modelo analitico,
tuberias, reparaciones con compuestos adheridos
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WMcnonb3oBaHue MeToga KOHEYHbIX 3/1IEMEHTOB B pa3paboTke HOBON
MOZenu, NPOrHo3npyloLLen AaBneHne paspbiBa NpsMoro gedekra B
KOppPOAMPOBaHHOM Tpybe, OTPEMOHTUPOBAHHON C NOMOLLBIO KIeeBow
KOMMNO3UTHOM 3annarhbl

Arwa MaTepu, koppenoHaeHT, benang Meyab,
Benb-Ab6ec Bawwup Byagxpa

YHueepcuteT Cuan-benb-Ab6ec, TexHonormyecknii akynoTeT,
oTAeNneHne MalMHOCTPOEHWS,

nabopatopusi U3NYECKON MEXAHWKN MaTepuraros,

Cuan-benb-Ab6ec, Amkupckan HapogHas [lemokpaTtuieckasi Pecny6nuka.

PYBPUKA TPHTW: 23.25 MIHdopMmaLnOHHbIE CUCTEMbI C 6HazamMu 3HaHUN,
30.15.35 Teopus MexaHN3MOB 1 MaLUWH,
81.09.00 MaTtepunanosegeHve

BWO CTATbW: opurmHanbHas Hay4Has ctaTes
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Peswome:

BeedeHue/uenb: Llenb daHHOU cmambu 3akndaemcsi 8 co3daHuu
Hoeol MmoOenu, rpoeHosupyuweld OasrneHUe paspbiea PSMbIX
Oepekmoes ecriedcmeue sHympeHHe20 0asrieHUsi 8 KOppoOUPO8aHHbIX
mpy6ax, ompeMoHMUPOBaHHbLIX C MOMOWbI0 KOMMIO3UMHOU 3annamsi.

MemoObi:  [eomempudeckue  xapakmepucmuKku  enusiom  Ha
agpgpekmusHocmb pemoHma. [loeedeHue KOMMIO3UMHOU 3arnniamel
CUMbHO 3asucum Om HECKOJIbKUX rapamMempos8 Mmakux Kak pasmep
mpy6ebl, pa3mep Oeghbekma, KOMUYECMBO CrI0e8 KOMIO3uma,
opueHmauyusi croes, ceolicmea Komrioduma u mosiuuHa kKies. B
cmambe nposedeH aHa/u3 BNUsHUSI 8CeX 3amux napamMempos Ha
aghghekmusHoCcmMb peMoHma.

Pesynbmamsbi:  [lonydyeHHbie  pesynbmambl — fokasanau,  4mo
KOMMo3umHasi 3anfiama CHUXaem KOHUEHMpauuto HarpsiKeHus,
8bI38aHHO20  KOPPO3UOHHbLIM  Oeghbekmom, ymo  roebiwaem
donzoee4yHoCcmMb Mpybhbl.

Bbieo0ki: CpasHeHue HOBOU aHannumu4ecku paspabomaHHoUl modenu ¢
pacyemamu MemoOOM KOHeYHbIX anemeHmos (FE) nokasarno
rosioxumesibHoe cosrnadeHue KacameslbHO OMPeMOHMUPO8aHHbIX
KoppodupoeaHHbIX mpy6.

Krnroyeesbie criosa. KOPPO3UH; pasHomMmepHoe OaerneHue;
aHanumu4yeckas moderib; mpy6a; PEMOHM KOMITO3UMHbIX
Mamepuarsioe Ha Kiieegeom COeOUHEeHUU.

Kopuwhere meToae kpajwbux enemMeHarta pagu pa3sujala HOBOr
mMogerna 3a npeasuhare NpuTMcKa nyuama NnpaBosiMHujckor gedhekTta
y KOpogMpaHUM LeBUMa NnonpaBbeHUM NenrbeHoM KOMMO3UTHOM
3aKprnom

Ajwa MeTtexpw, ayTop 3a npenucky, benaud Mexab, ben Abec baxup
Byaupa

YHueepauteT Cugn ben Abeca, TexHonowwku dakynTer,

Operbere 3a MaLLMHCTBO,

TNabopaTopuja punanyke mexaHuke matepujana,
Cwnamn ben Abec, HapogHa [lemokpatcka Peny6nuka Amxup

OBNACT: pauyHapcke Hayke, MexaHuka, Matepujanu
KATETOPWUJA (TWUM) YITAHKA: opyruHanHu Hay4Hu paa

Caxemak:

Yeod/yurb: Uurb 0802 pala jecme Kpeupare Hoso2 Modena 3a
npedsuharbe npumucka nyyara paesosiuHujckux Oegbekama ycred
yHympawrmea npumucka y KopoOupaHUM uesuma [ornpasrbeHuM
J1eNbLEHOM KOMIMO3UMHOM 3aKPIIOM.
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Memode: eomempujcke Kapakmepucmuke ymudy Ha rnepghopmaHce
riorpaske. [NoHawarb-e KOMMO3UMHe 3akpre y 6e/IUKoj Mepu 3asucu 00
HEKOMUKO rnapamemapa, Kao Wmo Cy 6efluduHa Uesu, B8erluduHa
Oechekma, bpoj criojesa Komrio3uma, opujeHmauyuja criojesa, ceojcmea
Komnosuma u debrbuHa rnenka. AHanusupaH je ymuuyaj ceux HagedeHux
napamMemapa Ha ehukacHOCm rorpaske.

Pesynmamu: [obujeHu pe3ynmamu cy rnokasanu 0a je KOMMo3umHa
0bri02a cmarsuna KOHUeHmpauujy HaroHa rpoy3poKosaHo2 0egeKmom
ycned Kopoauje, YuMe ce rnobosbuiasa 0y20poyHa U30PXKbUBOCM UEBU.

Sakrbyqak: [lopehere HOB02, aHanUMUYKU passujeHoz Mmodena u
rnpopadyyHa MemoOOM KOHayHux erniemeHama (FE) rokasano je 0obpo
criazarbe KOO ronpasrbLeHUx KopooupaHUX Uesu.

KrbyyHe peyqu: Kopo3auja, pa8HOMEPHU rpumucak, aHaaumu4yku Mooern,
ues, rnornpaesKe NenbLeHe KOMIosuma.
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