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Abstract: Scores are given in different shapes known as patterns for weight decrease and for giving attached
joints. The comprehension of the impacts of cut-out on the heap bearing limit and stress centralization of such
plates is significant in planning of structures on account of the subsequent diminished quality of parts and
higher measure of harm around this district. Studies were directed already for scored composite plate under
strain and pressure. The primary target of this examination is to explore the impact of geometrical parameters
and material parameters on shear stacked scored composite board. Numerical examination was broadly done
on ASTM D5766 OHT model for various kinds of indents of fluctuating shapes just as for materials-carbon
epoxy and fiber strengthened plastic. Contrasted with different sorts of stacking, shear stacking displayed more
impact on pressure focus around scores. Additionally, variety of stress focus factor as for geometric parameters
was significantly more when contrasted and material parameters. Among geometric variables, various shapes
and directions effectsly affected pressure focus factor.
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I. Introduction

Notched or holes are provided in various shapes known as cut outs for weight reduction and for
providing fastened joints. In addition, Notches in the structure are often used for providing access to areas for
damage inspection or installation of electrical and piping systems. The presence of notches in a structure results
in a high stress gradient at the vicinity of their edges. The ratio of the maximum stress at the cut-out edge to the
nominal stress is called the stress concentration factor (SCF). The understanding of the effects of cut-out on the
load bearing capacity and stress concentration of such plates is very important in designing of structures because
of the resulting reduced strength of components and higher amount of damage around this region. The point
near maximum stress concentration is often the location of initialization of damage in the structure. Currently,
the study of SCF around circular notches for isotropic material has reached a high level. The strength prediction
of isotropic material with a notch can be accurately predicted since the stress gradient around the notch is not
dependent of the material. However, unlike isotropic material, the stress gradient around a notch in laminated
composites can be affected by various parameters like material constants, fibre orientation, laminate stacking
sequence etc. [1-6]. This complex stress gradient results in a complicated failure mechanism near the notch.

Tension and compression loadings are the common types of loading which are applied to the material
for the investigation. But in many cases, notched composites may undergo shear loading as seen widely used in
aerospace structures. When the composite materials are subjected to these type of shear loads the chances of
failure are very high. It is also seen that geometry of the notch plays a significant role in the stress concentration.
Extensive studies are done for composite panels in tension and compression. In this study, an investigation is
conducted to determine the effect of shear loading in composite panels with different geometric parameters and
material parameters for effective design of composite structures with notches.

Il. Material

One of the material used for this study is Fibre reinforced plastic (FRP) In this fibre glass acts as fibre and
matrix material used is Polyester Resin GP 002. Fiberglass is a lightweight, extremely strong, and robust
material. Its bulk strength and weight properties are also very favorable when compared to metals. Other
material used is the Carbon fibre reinforced is an extremely strong and light fiber-reinforced plastic which
contains carbon fibers. The binding polymer is often a thermoset resin such as epoxy, but other thermoset or
thermoplastic polymers, such as polyester, vinyl ester or nylon, are sometimes used. Material properties are
shown in Table 1
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Table 1 Material properties

Material Density, E1: ( N/mm?) E.. (N/mm?) v12 v13,v23 |G12, G23, G13,
kg/mm?) N/mm?)

Fibre 1.8x10% 18576 0976 0.29 0.25 1800

reinforced

plastic

Carbon fibre 1.99x10% 138000 0500 0.40 0.28 5200

reinforced

polymer

I11.Numerical Model
ASTM D5766 OHT model is a widely accepted model for studies related to composite materials. Numerical
model of the OHT specimen is prepared using ABAQUS software. Three dimensional study is conducted. A
typical OHT specimen is shown in Fig 1 below.

30

Figure 1 ASTM D5766 OHT model

Suitable size for the notches are being taken in account, based on constant area. The different notch
shapes considered for the study and their dimensions are given in Table 2

Table 2 Notch dimensions

Shape of notch Dimensions

Circle Radius, r =4 mm

Ellipse Half major axis, x = 6 mm, Half minor axis, y = 2.7
mm

Square Side, a =7 mm

Triangle (Equilateral) Side, a =11 mm

IV. Mesh Convergence Study
Accuracy of the solution of a FE problem depends on the discretization of the domain or the order of the
finite element being used. A numerical analysis on composite panel with selected material and selected notch
shape is conducted in different global mesh size (4mm, 3mm, 2mm, 1mm) for the mesh convergence study.
FEM analysis on both tensile and compressive loading are done on the notched composite panel as per the
ASTM D5766 standard.
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Figure_3 Schematic diagram of plate with central hole uniaxial tension loading

The dimensions of the ASTM model is 150 mm x 36 mm x 2 mm. The material selected for mesh convergence
study is Fibre Reinforced Plastic, whose properties are given in Table 1. The load applied is 50 N/mm?.
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Figure 4 Mesh convergence study

Mesh convergence study with uniaxial tensile loading on selected composite panel with different
notches are done. Result obtained from the FEM analysis is shown in the Table 3. Convergence graph for the
Circular notch under tensile load is shown in Fig 4. Element mesh size (Global mesh size) selected is ‘2 mm’

from the study.

Table 3 Mesh convergence study-Tension test

Von Mises stress (N/mm?) v/s Global mesh Selected
Notch Orientation
size global
Type with x-axis
4 3 2 1 element size
Circular 0° 139.9 139.9 139.9 140 2
0° 126.3 126.3 126.3 126.4 2
Double 45° 191.9 191.9 191.6 1915 2
Circle
90° 238.7 238.8 238.6 239.9 2
0° 116.4 116.4 116.4 116.2 2
Square 45° 194.4 194.4 194.4 191.1 2
0° 108.3 108 108 107.9 2
Ellipse 45 170.4 169.8 169.9 170.3 3
90° 210.6 210.6 210.6 2115 2
Triangle o0 193.7 193.7 193.7 187 2

DOI: 10.9790/1676- 1403035462

www.iosrjournals.org

56 | Page



Study On Effect Of Geometric And Material Parameters On Shear Loaded Notched Composite Panels

45° 190.6 190.6 190.6 188.7 2

V. Notched Composite Panels Under Shear Loading
A large number of applications are available, where shear loading is applied on notched composite
panels. The present study concentrates on how shear load on the composite panel affects the stress concentration
factor of the notches. The influence of geometric parameters (notch shapes) and material parameters (materials
considered are FRP and Carbon Epoxy). The study is conducted on quasi-isotropic layup also.

5.1. Numerical Analysis-Geometrical Parameters

Test No. 1

Material used: Fibre Reinforced Plastic (FRP)
Dimensions: 150 mm x 36 mm x 2 mm

Type of element: 3D Shell element

Selected Notch: Ellipse (0° orientation, 0° fibre orientation)
Boundary condition: One end fixed

Applied shear stress (1): 50 N/mm?

&
50 N/mite’

Figure 6 Shear loaded composite panel with 0° Elliptical notch (FRP) - FEM result

Usually elliptical notches have less Stress Concentration Factor (SCF) in tensile and compressive
loads. The maximum stress produced due to the shear loading is 88.42 N/mm?Z,

Therefore SCF = = =176

Similarly shear loading is applied for all the selected types of notches with selected material (FRP).
Von Mises value obtained and the corresponding SCF of each tests are shown in the Table.4

Table 4 Numerical Analysis-Geometrical parameters- Fibre Reinforced Plastic

Von Mises Applied shear
Orientation Fibre SCF
Notch Type stress (Gmax) stress () -
with X-axis Orientation (N/mm?) (N/mm?) ( )
0° 85.62 50 1.71
Circular 0° 450 1015 50 2.03
90° 84.39 50 1.68
0° 1129 50 2.25
00 45° 124.4 50 248
90° 136.6 50 2.73
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0° 1415 50 2.83
Two circular
45° 45° 126.1 50 2.52
holes
90° 142.8 50 2.85
0° 147.7 50 2.95
90° 45° 130.7 50 2.61
90° 106.6 50 2.13
0° 101.7 50 2.03
0° 45° 105.7 50 211
Square
90° 99.91 50 1.99
45° 0° 74.07 50 1.48
45° 77.72 50 155
90° 72.18 50 1.44
0° 88.42 50 1.76
0° 450 102.6 50 2.05
90° 88.58 50 1.77
0° 102.7 50 2.05
Ellipse 45° 45° 88.47 50 1.76
90° 102.2 50 2.04
0° 90.05 50 1.80
90° 45° 108.8 50 217
90° 89.78 50 1.79
0° 119.6 50 2.39
0° 45° 124.7 50 2.49
90° 103.6 50 2.07
Triangle
0° 98.39 50 1.96
90° 45° 111.9 50 2.23
90° 114.2 50 2.28
5.2. Numerical Analysis-Material Parameters
Test No. 2
Material used: Carbon Epoxy
Dimensions: 150 mm x 36 mm x 2 mm
Type of element : 3D Shell element
Selected Notch: Ellipse (0° orientation, 0° fibre orientation)
Boundary condition: One end fixed
Applied shear stress (t) : 50 N/mm?
S0 N/m®
|
2
" I ‘!
I

Figure 7 Shear loaded composite panel with 0° Elliptical notch
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|

The maximum stress produced due to the shear loading is 106.9 N/mm?,

Therefore SCF = =

=2.138

Figure 8 Shear loaded composite panel with 0° Elliptical notch (Carbon Epoxy) — FEM result

Similarly shear loading is applied for all the selected types of notches with selected material (Carbon Epoxy).

VVon Mises value obtained and the corresponding SCF of each tests are shown in the Table.5

Table 5 Numerical Analysis-Material parameters- Carbon Epoxy

Von Mises Applied shear
Orientation Fibre SCF
Notch Type stress (Gmax) stress (1) -
with X-axis Orientation (N/mm?) (N/mm?)
0° 103.2 50 2.06
Circular 0° 450 162.9 50 3.25
90° 110.2 50 2.20
0° 182.7 50 3.65
0° 450 2315 50 4.63
90° 221.9 50 4.43
0° 142.2 50 2.84
Two circular
450 450 184.4 50 3.68
holes
90° 144.5 50 2.89
0° 254.5 50 5.09
90° 45° 240.1 50 4.80
90° 214.0 50 4.28
0° 177.9 50 3.55
0° 450 166 50 3.32
90° 190.3 50 3.80
Square
0° 88.96 50 1.77
450 450 138 50 2.76
90° 88.30 50 1.76
0° 106.9 50 2.13
Q° 450 151 50 3.02
90° 111 50 222
0° 117.6 50 2.35
Ellipse 450 450 136.8 50 2.73
90° 133.3 50 2.66
0° 99.39 50 1.98
90° 450 174 50 3.48
90° 109.5 50 2.19
0° 207.3 50 4.14
0° 450 227.36 50 4.54
Triangle 90° 97.29 50 1.94
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e 95.72 50 1.91
90° 45° 164.9 50 3.29
90° 2155 50 431

5.3. Numerical analysis- Quasi-lIsotropic layup 1

Test. No.3

Material used: Fibre Reinforced Plastic (FRP)

Dimensions: 150 mm x 36 mm x 2 mm

Type of element: 3D Shell element

Applied shear stress (t) = 50 N/mm?

Selected Notch: Elliptical (0° orientation, 0° fibre orientation)
Boundary Condition: One end fixed

Stacking order: 0°/90%+45°/-45°/-45°/+45°/90°/0° (N=4, A6=45°)
Number of Plies: 8 (Thickness = 0.25 mm; 0.25x8 = 2 mm)
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Figure 9a. Quasi-Isotropic layup with

0° Elliptical notch (FRP) — FEM result

Table 6 Numerical Analysis — Quasi-Isotropic — Fibre Reinforced Plastic

Figure 9b. Quasi-Isotropic layup stack plot

Von Mises stress

Notch Orientation Applied shear stress (t)
Type with X-axis (omax) 2 (N/mm?) SCF=( )
(N/mm )
Circular 0° 84.7 50 1.69
Two 0° 117.4 50 2.34
circular 45° 135.6 50 271
holes 90° 151.7 50 3.03
0° 102.1 50 2.04
Square
450 60.88 50 1.21
0° 93.7 50 1.87
Ellipse 450 104.2 50 2.08
90° 82.16 50 1.64
0° 110.7 50 2.21
Triangle
90° 110.8 50 2.21

The maximum stress producetdue to theshear loading is 93.7 N/mm?.

Therefore SCF=———=—-=187
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Similarly shear loading is applied for all the selected types of notches with selected material (FRP) in Quasi-
Isotropic Layup. Von Mises value obtained and the corresponding SCF of each tests are shown in the Table.6

5.4. Numerical analysis- Quasi-lsotropic layup 2

Test. No.4

Material used: Carbon Epoxy
Dimensions: 150 mm x 36 mm x 2 mm
Type of element: 3D Shell element
Applied shear stress (1) = 50 N/mm?

Selected Notch: Elliptical (0° orientation, 0° fibre orientation)

Boundary Condition: One end fixed

Stacking order: 0°/90°/+45°/-45°/-45°/+45°/90°/0° (N=4, AB=45°)

Number of Plies: 8 (Thickness = 0.25 mm; 0.25x8 = 2 mm)
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Figure 10 Quasi-Isotropic layup with 0° Elliptical notch (Carbon Epoxy) — FEM result

The maximum stress produced due to the shear loading is 93.7 N/mm?.

Therefore SCF = =

=2.85

Similarly shear loading is applied for all the selected types of notches with selected material (Carbon
Epoxy) in Quasi-Isotropic Layup. Von Mises value obtained and the corresponding SCF of each tests are shown

in the Table.7
Table 7 Numerical Analysis — Quasi-Isotropic —Carbon Epoxy
Von Mises stress Applied shear stress
Notch Orientation ()
Type with X-axis (omax) 2 (N/mm?) SCF=(
(N/mm )
Circular 0° 119.4 50 2.38
Two 0° 193 50 3.86
circular 45° 165.4 50 3.30
holes 90° 272.2 50 5.44
0° 207.3 50 4.14
Square
45° 62.78 50 1.25
0° 142.6 50 2.85
Ellipse 45° 149.1 50 2.98
90° 91.74 50 1.83
0° 234.02 50 4.68
Triangle
90° 164 50 3.28
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V1. Conclusions

The study was conducted to analyze the effect of various geometric and material parameters during
shear loading of composite panels. It is primarily established that shear has much more influence on stress
concentration around notches when compared to other types of loading - tensile and compressive. However, it is
also seen that geometric parameters, with respect of size and shape of notches, have comparably larger effect on
stress concentration than material parameters. In this study, the material parameters considered are changes in
material of matrix and fiber as well as the layup.

The presence of another hole in the vicinity of a hole is found to be the most contributing geometric
factor in raising stress concentration. In particular, when the holes are aligned at 90° to the loading direction,
maximum stress concentration is observed. Among different shapes, triangular shaped notch is found to induce
more stress intensity when compared to other shapes. Specifically, square shaped notch at 45° orientation shows
minimum stress concentration. Carbon epoxy exhibits more stress intensity when compared to fiber reinforced
plastic.
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