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Abstract

In this paper, the computer simulations are carried out by using the peridynamic theory model with various conditions including
quasi-static loads, dynamic loads and crack propagation, branching crack pattern and isotropic materials, orthotropic materials. Three
examples, a plate with a hole under quasi-static loading, a plate with a pre-existing crack under dynamic loading and a lamina with
a pre-existing crack under quasi-static loading are analyzed by computational simulations. In order to simulate the quasi-static load,
an adaptive dynamic relaxation technique is used. In the orthotropic material analysis, a homogenization method is used considering
the strain energy density ratio between the classical continuum mechanics and the peridynamic. As a result, crack propagation and
branching cracks are observed successfully and the direction and initiation of the crack are also captured within the peridynamic
modeling. In case of applying peridynamic used homogenization method to a relatively complicated orthotropic material, it is also
verified by comparing with experimental results.

Keywords ' peridynamic, fracture mechanics, non-local theory, homogenization
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Fig. 2 Schematic peridynamic interaction between
material points
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Fig. 6 A plate with a hole under quasi-static loading
for peridynamic model
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Table 1 Geometric and peridynamic parameters of a

plate with a hole

Parameter Notation Value
Length L 50mm
Width W 50mm
Thickness h 0.05mm
Hole diameter D 10mm
The number of material points
in x-direction 100
The numik;ery_o;;relj;e;r;al points 100+3+3
The number of material points 1
in z-direction
Spacing between material points A 0.5mm
Incremental Vol.ume of material AV 0.125mm”
points
Volume of fictitious boundary AV, 37 5mm’
layer
Horizon 5 3.015A
Time step At 1s
The number of time step 1,000
Critical stretch s, 0.02
Young's modulus E 192GPa
Poisson’s ratio v 1/3
Mass density 0 8,000kg/m>
Te 5w oy 27 glol $9 4FHE Lohin ke AT
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Fig. 7 Damage plots for the plate with a hole
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(a) Discretization of a model
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(b) Geometry of a model

Fig. 8 A plate with a pre-existing crack under velocity
boundary conditions for peridynamic model

Table 2 Geometric and peridynamic parameters of a
plate with a pre-existing crack

Parameter Notation Value
Length L 50mm
Width W 50mm
Thickness h 0.1mm
Initial crack length 2a 10mm
The number of material points
in x-direction 500
The number of materi in
o ik;e yf)direjsinal pons p00+3+3
The number of material points 1
in z-direction
Spacing between material points A 0.1mm
Incremental ;Zlitrllltze of material AV 0.001mm®
Volume of fictitious boundary AV, 0.3mm’
layer
Horizon 5 3.0154
Time step At 1.3367x10°%s
The number of time step 1,000
Critical stretch s, 0.04472
Young's modulus E 192GPa
Poisson’s ratio v 1/3
Mass density p 8.000kg/m’
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Fig. 9 Damage plots for two dynamic conditions with
crack growth and branching at 1,000 time steps
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(b) Geometry of a model

Fig. 10 A lamina with a pre-existing crack and two
orientation, 0° and 90° under velocity boundary
conditions for peridynamic model

Table 3 Geometric and peridynamic parameters of a
lamina with a pre-existing crack

Parameter Notation Value
Length L 152.4mm
Width W 76.2mm
Thickness h 0.1651mm
Initial crack length 2a 17.78mm
The number of material points
in x-direction 240
The number of material points
in y-direction 120
The number of material points 1
in z-direction
Spacing between material points A 0.635mm
Incremental ;Zlilrllie of material AV 0.001mm®
Horizon 5 3.0154
Time step At 1s
The number of time step 4000
Critical stretch of fiber Sp 0.027
Critical stretch of matrix St 0.0135
Young’s modulus in ) 159.96GPa
fiber direction
Young’s modulus in transverse
; direction = 8.96GPa
Poisson’s ratio v 1/3
mass density p 8,000kg/m°®
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Fig. 11 Damage plots for the lamina
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