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Abstract: In this study, the impact behavior of patch-repaired layered composite plates was numerically investigated under low
velocity impact loads. For this purpose, composite plates designed in different geometric combinations were repaired with patches
using various adhesives. Impact behavior of these composites investigated by dropping the strikers with different velocities on the
repaired composite plate. The laminated composite was used as the sheet and patch material, and the orientation angles were set
as [0°/45°/45°/0°] for the sheet and [0°/45°] for the patch. ANSYS-Ls-Dyna finite element packet program was used for three-
dimensional modelling and solution. It was determined that the hexagonal patch type performs better than other patch geometries.

Keywords: Fiber reinforced composites, patch repair, low velocity impact, finite element method.
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l. Introduction

In the light of technological developments, innovations
about the design, production and repair ability of ma-
terials have emerged and various researches are carried
out on their applicability. Composite materials, which
are obtained by combining more than one material at a
macro level, are one of these areas. Composite materials
are highly preferred in machinery and building systems
thanks to their ability to be produced in accordance with
the intended use to contain the features of the compo-
nents that make it up and to have higher strength and
performance. With the development of production tech-
niques, a significant part of the elements that constitute
the machine and building system can be produced from
composite materials.

Fiber reinforced composites are manufactured in thin
section, i.e plate form, due to their high mechanical
properties. Plates are exposed to impacts and stresses de-
pending on where they are used, and as a result, different
stresses occur. These stresses can damage the plates and
prevent them from performing their essential function.
Composites are mostly orthotropic materials that exhib-
it elastic behavior. Especially fiber reinforced composites
exhibit brittle fracture behavior and damage occurs due
to fiber breakage resulting from impact. These fractures
also cause the start and spread of the damage on the sur-
faces outside the impact contact area, and sometimes even
invisible delamination (separation between layers) dam-
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age. The effects of external impacts should be understood
from all such damages and necessary precautions should
be taken during the designing process. In addition, it is
important to carry out studies to increase impact resis-
tance during manufacturing or production phases.

There are various experimental and numerical studies on
the behavior of composite materials under low velocity
impact load; Chengetal. [1] performed experimental and
numerical impact tests on carbon fiber patch-repaired
composites at different angles. They evaluated the effects
of parameters such as patch angle and adhesive thickness
on impact strength and damage mechanism. Ivanez et
al. [2] examined the effect of impact locations on impact
strength by performing impact tests on patch centers and
edges of double-patch repaired carbon / epoxy compos-
ites. Tie et al. [3] made an optimization study on different
patch designs to maximize the impact strength of dou-
ble-patch repaired carbon fiber laminates. With this op-
timization, they established the most appropriate values
of parameters such as radius, angle and thickness of the
patch and numerically determined their effects on impact
strength. Kashfuddoja and Ramji [4] numerically per-
formed tensile tests by modeling carbon fiber reinforced
polymer composites with double-patch in different geo-
metric shapes. They compared the stress concentration
factor and the peel stress in the adhesive for different
patch geometries, keeping the patch volume constant.
After performing impact tests at different energy levels
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on glass fiber composite tubes wrapped with the filament
winding method, Kara et al. [5] repaired the damaged
tubes with composite patches with different layer num-
bers. They examined the effect of the patches on burst
pressure by subjecting the repaired tubes to monotonic
internal pressure tests. Andrew et al. [6] investigated the
effects of the repair by performing low velocity impact
tests on glass / epoxy composite patch-repaired samples
that they produced and hardened in a compression mold-
ing machine by using the hand lay-up method. Coclho et
al. [7] performed single and double-patch repairs on glass
fiber composites using the overlap patch technique. They
then subjected it to multiple impacts until full puncture
occurred in order to evaluate the impact fatigue strength.
Tie et al. [8] repaired carbon fiber reinforced composites
with single-patch of different geometries and sizes. They
examined the effect of patch parameters on delamination
surface area and impact absorption energy. Choi [9] in-
vestigated the effect of sample geometry on impact energy
by performing numerically low velocity impact tests on
cylindrical composite plates and shells with nonlinear ge-
ometries. Hu et al. [10] investigated the effect of kevlar fi-
ber on impact strength by performing low velocity impact
tests on carbon fiber reinforced polymer composites hard-
ened with short kevlar fibers. Zhang et al. [11] conducted
low velocity impact tests on steel-glass thermoplastic hy-
brid plates produced by direct injection molding process
and examined the impact responses of the plates such as
impact absorption energy, maximum load and damage
area. Liu et al. [12] compared the impact strengths of uni-
directional-woven hybrid composites and pure unidirec-
tional carbon fiber reinforced composites at different en-
ergy levels under the same boundary conditions. Liu et al.
[13] numerically and experimentally studied the impact
behavior of carbon fiber flat composite plates under low
velocity impact effect. Puck, Hashin and Chan-Chang
have studied the intralaminar damage of composites by
defining the damage criteria numerically. They evaluated
the effect of these criteria on the dynamic progressive fail-
ure properties of composites. Zhang et al. [14] presented a
finite element model based on continuum damage mech-
anisms to examine the dynamic mechanical response
and damage development of cross-ply composite under
different impact energies. They have applied the Hashin
criterion and a gradual degradation scheme to predict the
intralaminar damage initiation and evolution. They stud-
ied the damage evolution of matrix cracking and interface
delamination. Bunea et al. [15] investigated the effect of
the matrix properties of fiber reinforced and epoxy matrix
filled hybrid composites, the number of carbon and ara-
mid layers and the layer alignment orientation on the im-
pact behavior under low velocity impact. As a result of the
low velocity impact test, they analyzed the damage areas
with visual inspection and tomographic images. In order
to evaluate the mechanical behavior of multilayer carbon
nanotube, flax-carbon fiber composites and flax-glass fiber
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hybrid composites developed as nanophiles. Ismail et al.
[16] subjected them to impact tests under impact energies
ranging from 5 J to 20 J. Menna et al. [17] performed low
velocity impact tests at numerically different energy levels
on glass-epoxy layers of two different thicknesses. They
defined the orthotropic failure criterion to model the
damage in the layers, and the stress-based contact failure
to model the delamination mechanism between plies. As
aresult, they analyzed the impact strength and failure be-
havior by drawing the reaction force graphs depending on
the time and the displacement. Liu et al. [18] performed
experimental and numerically low velocity impact tests
on sandwich structures with carbon fiber reinforced poly-
mer and aluminum alloy corrugated cores by means of
strikers with different geometries. They investigated the
impact of striker’s geometries on the impact behavior of
these sandwich structures.

When the literature on this subject is examined, it is seen
that parameters such as adhesive thickness [1], patch an-
gle [1], impact position [2] and patch geometry [4] have
an effect on the impact strength of composites. Contrary
to experimental studies [4] in which impact was applied
to the center of the patch in composites repaired using
adhesive, a numerical approach was introduced in this
study. However, unlike the studies in which the impact
of the impact applied around the patch was investigated
numerically [8], the effect of the impact behavior applied
to the patch center was investigated in this study. In the
three-dimensional numerical model created for the solu-
tion, patched composite material was used, which was
repaired using ANSYS Ls-Dyna software. The effects of
the repair parameters on the repaired composite material
were examined and the results obtained for the variation
of the reaction force were presented in graphics.

2. Material and Method

2.1. Problem Definition

In the study, the composite plate with a hole has different
geometries in the middle was repaired with a composite
patch with different geometries and dimensions (Figure
1). Under low velocity impact, the effects of the impact
behavior of plate hole size and shape, adhesive type and
thickness, patch size and type on composite plate were in-
vestigated within different boundary conditions. In addi-
tion, the analyzes were repeated for the strikers of various

speeds.

As a result of the study, contact force, displacement, ten-
sile and compressive stresses were obtained depending
on time. Layered composite plate was four layer and its
orientation angles were: [09/45°/45°/0°]. Plate sizes were
set as 180 x 180mm? and each layer thickness was set as
0.5mm. The plate with a circular hole in the middle has
been modelled for 30, 40, 45 and 50mm diameters. In ad-
dition, solutions were made for square (40x40mm?) and
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hexagonal (edge length, 20mm) holes. Mechanical prop-
erties of the composite material used as plate and patch
material were given in Table 1.

Table |. Mechanic properties of composite plate and patch [19].

Mechanic properties Values
"""" Elasticity modulus in fiber direction (E) (GPa) 48

Elasticity modulus in cross direction (E,) (GPa) 153
Elasticity modulus in thickness direction (E,) (GPa) 153
In-plane shear modulus (G ,) (GPa) 5.1
Out-plane shear modulus (G,,) (GPa) 5.8
Out-plane shear modulus (G,,) (GPa) 5.1

Poisson’s ratio (v,,) 0.315

Poisson’s ratio (v,,) 0.332

Poisson’s ratio (v,,) 0.315

Density (p) (kg/m?) 2112

Furthermore, three-different adhesives have been pre-
ferred in the patch repaired composite and the properties
of these materials were presented in Table 2.

Table 2. Mechanic properties of adhesive [20,21,22].

Adhesives miI:Z:::slt(yE) Poisson’s ratio  Density (p)
(o) ©) (kg/m?)
"""" FM73[20] 2040 035 1150
EN 11343 [21] 1.000 0.40 1200
EA 9395 [22] 4.102 0.30 1273

The geometric model created for the circular hole of the

adhesives was given in Figure 2 and the adhesive thick-
nesses are Imm, 0.5mm and 0.25mm. Patches used in the
repair of composite plates were two-layered and [0°/45°]
alignment angles. Each layer with a thickness of 0.5mm
was modeled as circle (radius 30 mm), square (60x60mm?)
and hexagon (edge length 30mm). In addition, the patch
edge sizes were also changed as 50, 70 and 80mm for each
square patch.

The material properties of the striker model were given
in Table 3 and the weight of the striker was set as 5 kg.
By taking the density values into consideration, their vol-
umes were calculated and modeled in a way to provide
the striker weight (Figure 3) while designing the striker
geometries. Strike velocity was selected as 1, 2 and 3 m
/h. The boundary conditions of the composite material:
four different boundary conditions were used, and these
were fixed support on four sides of the plate, pin support
on four sides, fixed support on two sides, free support on
the other two sides, and finally pin support on two sides.

Table 3. Mechanic properties of striker

Mechanic properties Values
"""""""" Elasticity modulus (GPa) 200
Poisson’s ratio 0.3
Density (p) (kg/m?) 8107.62

2.2. Finite Element Model

ANSYS LS-Dyna software; It is one of the package pro-
grams used in the solution of engineering problems with
the computer aided finite element method and was pre-
ferred because it provides convenience and practicality

Repaired composite plate

V4

Adhesive

Plate

yw *
Figure 1. Model of repaired composite plate and striker
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Figure 2. The dimensions of adhesive model.

in solving problems. In the finite element model (FEM),
the SOLID 164 element type is used for the striker and
composite material. After defining and modeling the ma-
terial properties of the striker and the plate, finite element
division was performed at appropriate frequencies. In
addition, surface to surface —Automatic (ASTS) option
has been used to define the required contact properties
between the striker and the plate. The initial velocity of
the striker is 3 m / s, and the acceleration of gravity was
modeled in contact with the plate in order to be in contact
with the striker. The operational steps of ANSYS LS-Dy-

na software are shown in Figure 4.

The graph of the contact force node number depending
on the change in the number of nodes is given in Figure
5. The problem for values between 9600 and 10400 nodes
was solved in the graph. According to the results ob-
tained, it was observed that the force change was constant
for the number of 10280 nodes and thereafter. In the light
of this information, the number of node for finite element
model solutions was determined as 10280. The finite ele-

84 mm L 84 mm K
~ |
€
£ £
= 3z
€
E
3
gy
&
=)
Qx
20 mm

Figure 3. The striker model.
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Thickness: 0.25, 0.5 and 1mm

ment, the striker model of four-sided fixed support patch-
repaired plate and the finite element model of the contact

with the plate are presented in Figure 6.

3. Results and Discussion

In order to verify the results of the study, the existing ex-
perimental study in the literature [23] was taken as refer-
ence and the results were numerically analyzed and com-
pared under the same boundary conditions. In his study,
Kara [23] investigated the dynamic behavior of E — glass /
epoxy layered composites exposed to low velocity impact.

1. Determining the type of analysis

h-Method or LS-DYNA Explicit

R 2

accordance with the model used

&

3. Including material properties in the program

p

4. Modeling process

&

5. Obtaining finite element model

4

4

2. Determining the type of element
Determination of the element type for the plate and the striker in
[ 7. Application of initial velocity to the striker and activation of

|
)
J
6. Defining contact parameters J
J

a

{ 8. Application of loading and boundary conditions J

"

[ 9. Solution J

Figure 4. The operational steps of ANSYS LS-Dyna software.
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Figure 5. Variation of force with number of nodes.

E glass-epoxy composite plate were obtained by arranging
unidirectional reinforced composite layers as [0%/—45°/+
45°/0°/90°%/0°%/+45%/—-45°0°] s. Then, low-velocity impact
tests were carried out with the impact test device on these
plates. The striker used in impact tests weighs 30 kg and
was diameter of 24mm. Initial velocity of the striker with
a hemispherical tip is 3 m / s. Composite plates of 180
x S0mm?* were designed so as to have two free and two
fixed-support edges. The sample thickness is 7mm and the
striker tip positioned so as to hit the center of the plate. In
the light of the results obtained from the experiments, he
was evaluated the impact strength of the composite plates
by drawing a contact force-time diagram. While model-

ing the experimental study in the literature with FEM,
SHELL 163 for composite material and SOLID 164 ele-
ment type for the striker were used. The mechanical prop-
erties of the composite plate and striker model are given in
Table 4. In addition, the geometric features of the striker
model and the FEM model of the contact with the plate
are presented in Figure 7.

Table 4. Mechanic properties of composite plate [23]

Mechanic Properties

Density o(kg/m?) 1840 7860
E(GP) 42 200
E(GPa) 95 200
G, (GPa) 35 7692
v () 034 03

Elasticity modulus in fiber direction
Elasticity modulus in cross direction
In-plane shear modulus

Maximum Poisson’s ratio

In this study, which was carried out in parallel with the
experimental study, it was observed that the experimen-
tal and numerical results were compatible with each other
(Figure 8). In order to examine the effect of the striker
velocity on the impact behavior, the striker model, whose
geometric details are given in Figure 3, is used. The striker
weighs 5 kg and its initial velocity is 1, 2 and 3 m / s, re-
spectively. It is modeled to contact with the plate centers
(Figure 6c¢).

When the contact force-time diagram (Figure 9) is exam-

Figure 6. a) Finite element model of four-sided fixed support plate, b) Finite element model of the striker, c¢) Finite element model of the problem
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Figure 7. a) The dimensions of striker, b) Finite element of the problem [23]

ined, depending on the impact velocity change, it was ob-
served that the contact force increased in accordance with
the increase in impact velocities [12]. It was evaluated that
the initial steep increase in load was due to the elastic be-
havior of the samples and that the slope increased with
the velocity. its rising diagram is followed by a decrease in
loading (3m / s) corresponding to the initial major defor-
mation. In practical application, minor failures (intralam-
inar delamination and matrix cracking) caused by impact
begin to spread beyond the contact point [12]. The con-
tact force measured with the recoil of the striker contin-

16000 -
14000 -
12000 -
10000 -

8000 -

6000 -
—— Numerical

Contact force (N)

4000 | ——Experimental [23]

2000 -

0

000 000 000
Time (s)

Figure 8. Comparison of the results with the literature
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ues, gradually decreasing. In impact analysis, the impact
energy (kinetic energy) of the striker is transferred to the
plate after contact with it. At the time of impact, part of
this energy is the energy absorbed in the form of elastic
deformation (elastic energy) by the plate [24]. Excess ener-
gy is dissipated through various failure mechanisms such
as fiber breakage, delamination, fiber-matrix debonding,
and matrix cracking. Therefore, the energy absorbed by
the sample is an indicator of the extent of the failure [25].
When the impact energy of the plate is examined (Table
5) depending on the change of the striker velocity, its ki-
netic energy is expected to naturally increase with the in-

14000 -
12000
10000 -
g 8000
3 —3m/s
& 6000 - —2m/s
54 — 1 m/s
<
£ 4000 -
=]
Q
2000 -
0 , . , P -
0 0.001 0.002 0.003 0.004 0.005

Time (s)

Figure 9. Variation of contact force with time for different impact
velocity.
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Table 5. Total energy of striker depending on the impact velocity.

Striker velocity (m/s) Impact energy (j)

| 2.57
2 10.05
3 22.62

crease of the impact velocity.

Therefore, it was determined that the total energy in-
creased parallel to the impact velocity [23]. When the
maximum displacement-time diagram in the direction
parallel to the direction of impact (z-axis) of the plate de-
pending on the impact velocity is examined, it has been
observed that the displacement due to the impact on the
plate increased with the velocity increase [23] (Figure 10).

The maximum displacement in the z direction for Im /s
was approximately 1.1mm, 2.2mm for 2m /s, and 2.9mm
for 3m / s. Depending on the change of hole diameter
(¢30, 35, 40, 45 and 50mm), in the layered composite
plate with a circular hole in the middle, the contact force
time diagram at 0.001s was drawn along with the con-
tact of the striker with the plate (Figure 11). Sudden de-
creases in contact force were seen, especially at diameters
over 40mm. In addition, when the graph was examined,
it was observed that the reaction force decreased due to

Time (s)

0 . . ,
0.001 0.002 0.00 . 0.005
-0.0005
-0.001
-0.0015 1 m/s
—2m/s
—3m/s

-0.0025

Maximum displacement (m)
=)
(=3
S
S

-0.003 -

-0.0035 -

Figure 10. Variation of maximum displacement with time for differ-
entimpact velocity.

14000 -
12000 -
10000 -
8000 -

6000 -

Contact force (N)

4000

2000 -

0 T T T T T )
25 30 35 40 45 50 55

Hole diameter (mm)

Figure 11. Variation of contact force with hole diameter.
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the increase of hole diameter. This is because the increase
in hole size reduces the overlapping area, resulting in less
load transfer across the patch [4].

In Figure 12, the contact force time diagram was given de-
pending on the change of hole type (circle, square, hexa-
gon) in the center of the composite plate. The surface areas
of these holes are 1256mm?, 1600mm? and 1039mm? for
circle, square and hexagonal holes, respectively. Therefore,
the same situation with the change of hole diameter is
also seen here. Because of this, as the hole cross-section-
al area decreased, the contact surface of the patched plate
increased and accordingly the load carrying capacity in-
creased. Three different adhesive materials were used in
the patch repair of the plate with a circular hole in the

middle.

Figure 13 shows the effects of the adhesive materials on
the force time diagram. The elasticity modules of the
adhesives used in descending order; £49395> FM73>
ENI11343. When the graph is examined, it has been
observed that the contact forces related to this have in-
creased [26].

The adhesive material used for patch reinforcement is
FM 73, and a solution was made for different thicknesses
(0.25, 0.5 and 1mm) of this adhesive. According to the
results, just as the thickness of the adhesive increases, the

14000 1
12000 -
10000 -
g 8000 -
§ —— Hexagonal hole type
“E 6000 1 —— Circular hole type
é 4000 ——Square hole type
=]
O 2000 -
0 T T T T )
0.000 0.001 0.002 0.003 0.004 0.005

Time (s)
Figure 12. Variation of contact force with time for different hole
shape
14000 +
12000
10000 -

8000 -|

——EA 9395 adhesive
——FM 73 adhesive
——EN11343 adhesive

6000

Contact force (N)

4000 -

2000 -|

0 T T T )
0.000 0.001 0.002 0.003 0.004 0.005

Time (s)

Figure 13. Variation of contact force with time for different adhesive
material
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reaction force also increases (Figure 14). Cheng et al. [1]
repaired carbon fiber composites with adhesives of dif-
ferent thicknesses and passed them through low-velocity
impact tests. They determined that the maximum impact
force increased parallel to the thickness of the adhesive.
Composite plates with a circular hole in the center were
repaired by using square patches of different sizes (50x50,
60x60, 70x70 and 80x80mm?). When the effect of patch
size on contact force was examined, it was observed that
the contact force decreased as the patch size increased

(Figure 15).

Tie et al. [8] used circular patches of different radius in or-
der to examine the effect of patch size on the contact force
and determined that the contact force decreased as the
radius diameter increased. In order to examine the effect
of patch type on impact behavior, solutions were made by
using square, circle and hexagonal patches (Figure 16).
When the graph was examined, the results of the circle
and square patch types were similar, and higher contact
force was obtained in the hexagonal patch repaired plates.
However, when the force oscillation amplitude in the
graphs was evaluated, it was observed that the minimum
impact force change occurred in the hexagonal patch and
the maximum force oscillation occurred in the square
patch. This indicates that the hexagonal patch repaired
structure absorbs less impact energy than the others.

14000 -

12000 -

10000 -
[ 8000 - ——1 mm adhesive
@
@
:‘: 6000 ——0.5 mm adhesive
]
;E ——0.25 mm adhesive
S 4000 -
]

2000 -

0

0 0.001 0.002 0.003 0.004 0.005
Time (s)

Figure 14. Variation of contact force with time for different adhesive
thickness.

14000
12000
10000
g 8000
g ——50x50 mm2 patch
£ 6000 ——60x60 mm?2 patch
5 ——70 x70 mm2 patch
£ 4000 - ——80x80 mm?2 patch
S
2000
0 T )
0 0.001 0.002 0.003 0.004 0.005

Time (s)

Figure 15. Variation of contact force with time for different patch
size.

European Mechanical Science (2022), 6(1): 58-67

Low absorption energy determines the amount of ener-
gy absorbed by the plate that can cause damage, and this
amount was aimed to be at the minimum level. Therefore,
it is understood that the repair performance of the hexag-
onal patch is better than the other patch types. [8].

The effect of four different support conditions on the
impact behavior was evaluated: four-sided fixed support,
four-sided pin support, two-sided fixed support — two-sid-
ed free, two-sided pin support and two-sided free (Figure
17). According to the results, it was determined that the
contact force values of four-sided pin support and four-sid-
ed fixed support were close to each other. The same situ-
ation is true for two-sided fixed —two-sided free support
and two-sided fixed- two-sided free support. In addition
to this, % 9.86 more contact force was obtained in 4 side
supports (pin or fixed) compared to 2 sides supports. Fig-
ure 18-20 shows the graphs of the maximum tensile and
compression stresses in the striker direction (z-axis) for
the striker velocity of 1, 2 and 3m / s, respectively. As a
result of the contact of the striker with the plate, compres-
sion stresses were occurring on the patch contact surface
and maximum tensile stresses were occur on the opposite
surface. When the stress bar is examined, it has been
determined that the tensile-compression stresses taking
place in the striker plates increase in accordance with the
striker impact velocity and energy.

14000

12000

10000 -
% 8000 -
£
&
- 6000 Hexagonal type patch
]
- -
g 4000 Circle type patch

——Square type patch
2000 -
0 4 . . . )
0 0.001 0.002 0.003 0.004 0.005

Time (s)

Figure 16. Variation of contact force with time for different patch
size.

14000 -

12000 -

10000 -

— four-sided fixed

g 8000 support
P —— four-sided pin support
2 6000 4
S
& 4000 4
=
S

2000 -

0

0 0.001 0.002 0.003 0.004 0.005
Time (s)

Figure 17. Variation of contact force with time for different support
type.
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Figure 18. Stress distribution at the direction of striker.

-.392E+10 -.275E+10 -.158E+10 -.413E408 .756E+08
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Figure 19. Stress distribution at the direction of striker.

-.546E+10 -.380E+10 -.214E410 -.487E+08 1172410
-.463E+10 -.297E+10 -.132E410 .342E408 2000

Figure 20. Stress distribution at the direction of striker.

4. Conclusion

In this study, the impact behavior of patch-repaired
E-glass / epoxy laminates under low-velocity impact was
solved using a numerical approach. Patch-repaired sam-
ples were obtained on the plates where a hole was accept-
ed as failure. Numerically low velocity impact tests have
been successfully applied to examine the effect of various
patches and hole design parameters like shape and size on
the repair performance of variables such as striker speed,
adhesive material, and adhesive thickness. In order to
show the accuracy of the numerical study, it was solved
under the same boundary conditions with the existing
experimental study and it was observed that the results
obtained were compatible with each other. The results ob-
tained can be briefly summarized as follows;

o When evaluating the impact of the striker velocity on

@ European Mechanical Science (2022), 6(1): 58-67

the contact force, it was determined that the higher
the striker velocity, the more load was transferred to
the plate. In addition, it was observed that the total
energy and the amount of displacement increased due
to the impact on the plate in the direction of the strik-
er.

In order to recover damaged laminates, circular holes
of 40mm diameter are modeled in the center of the
plate. Comparing the repair performance of plates
which were reinforced with square patches of differ-
ent sizes, the increase of the patch surface enhanced
the contact with the plate and decreased the contact
force.

When the effect of adhesives having different thick-
nesses and material properties on impact strength is
examined, it has been observed that adhesives with
greater thickness and higher elasticity module have
positive contributions to the impact behavior.

When the effect of hole diameters of patch-repaired
plates on the impact behavior was investigated, it was
assessed that with the reduction of the hole diameter,
plates with higher impact strength were obtained and
more load transfer was provided by the patches.

Similar results are true for different hole geometries
(square, circle, and hexagon) with the same radius and
edge lengths. It has been observed that the hexagonal
hole which has the smallest surface showed a better
performance. When the effect of different patch ge-
ometries (square, circle and hexagon) is evaluated, it is
seen that hexagonal patches come to the fore.

When the repair performance parameters are studied,
it is revealed that the patch size and shape is an im-
portant design element. Designers may prefer the use
of hexagonal patches over patch-repaired composites
with as large a contact surface as possible. Adhesive
thickness and mechanical properties do not have as
much effect on the impact behavior as other param-
eters.
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