Flow of calculations

/ Read inputs: geometry and be's /

( Generate PD mesh and construct PD point families )

( Initialize displacement vector )

(Start Newton Raphson iteralion)

A

(Loop over loading steps ) <

_—>(Loop over internal iteration of Newton Raphson)
}

(Calculate Jacobian matrix and residual vector (see Fig. A.2) )
!
(Apply boundary conditions)
!

( Solve for incremental displacements )

}

(Updatc the displacement vectorJ

}

( Calculate the error in displacement vector J

!

False True

error <tolerance

( End of loop over load steps )

End

( Loop over all PD points, k=1,....N ]

(Loop over the family members (f's) of £" PD point )

( Obtain the PD points in the intersected horizon of £ and j points ]

( Evaluate peridynamic functions for the bond &-j )

Calculate Cy,
(bisection method)

Is plane stress?

[ Calculate éC;;/ aF]

Calculate ¢P/CF

Calculate dF/cu

( End of loop over j's )

( End of loop over k's)
!

( Obtain Jacobian matrix and residual vector)
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Discretization and PD family members
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Failure/damage

When the bond stretch reaches its critical value, bond breakage

occurs
(X' —x) 1, s<s,
X —X) =+«
g 0, s=s
y' -y
S =
x’—x|
L7 (x,8) = [ (11 (%, X)P, 0 — pah (< X)PY 9 0)) aV,
HX
_[ u(X'=x)dV,,
o(x) =11 Local damage is the ratio of number of

[ av,
Hy

broken bonds to total number of bonds
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Rubber sheet with a hole under tension

Rigid bar

U,

%107

—PD
---FEM

<

Lad
LA

m)

Lad
=

u, = 30 mm

'll

= 20 mm

W

Vertical displacement, u
T

Horizontal displacement, u (m)

| —PD |
) ---FEM | |
0.1 0.05 0 0.05 0.1 .1 0.5 0 0.05 0.1
1 Distance, y (m) Distance, y (m)
/1777777777777
| L |
L =80mm, W = 200mm, t = 3mm Ay =1.0 mm’
K =2.68 MPa, u=0.268 MPa S5 = 3.015AX
Au, =0.25mm
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PD vertical displacements

Applied stretch 110 mm

30 mm
10 mm

1.1¢-01
[ 0.08

3.0e-02

1.0e-02
— 0.06
0.008 - 0.025
. 0.04
— 0.006 — 0.02
— 0.015 0.02
__0.004
0.0e+00

0.01
0.002

0.005
0.0e+00 0.0e+00
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Movie

1.1e-01

U2 WIIR[dSIP [BINIIA

0.08
— 0.06
— 0.04

0.02

]

0.0e+00
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Rubber sheet with double edge notches

Rigid bar
U
T L =80mm,W =200mm, t =3mm ﬂmzlﬂnmf
a=12,16,20,24,28mm S = 3.015Ax
K =2.68 MPa, 1 =0.268 MPa
Au, =0.25mm
] 4 s, =3.1
— ; % 30 -
—PD
—_ FEM + Phase ficld
| E§L Talamini et al. (2018)
W2 W  ___ Experiment
o 20 Hocine et al. (1998) Y
& :
o :
1 .8 :
YIiiiiiiiis 5107 ':
| L | § :l
Hocine NA, Abdelaziz MN and Mesmacque G. Experimental and numerical :

investigation on single specimen methods of determination of J in rubber

materials. IntJ Fract 1998; 94: 321-338. 0

0 10 20 30 40
B Talamini, Y Mao, L Anand Progressive damage and rupture in polymers . .
Journal of the Mechanics and Physics of Solids 2018 111, 434-457 Appl ]'Ed dlbplﬂcel’l’l ent (ITI I‘I’l)



— PD
~40 F - FEM + Phase field “
Z. Talamini et al. (2018) o
Z ___ Experiment I~ - '
O 3() Hocine et al. (1998) = !
':491 ,.o""-" :I:
£20 ii
= & :
210+ | :
= :
a=12mm '
0 ' ' -
0 20 40 60
Applied displacement (mm)
40 - — PD
~ | __ FEM + Phase field
Z Talamini et al. (2018)
o307 ___ Experiment el
o Hocine et al. (1998) L
= . :
o 207 * i
2 |
S |
& 107 P
a=20mm )
0 L 1 1
0 20 40 60

Applied displacement (mm)

. — PD
,—-\40 _____ FEM + Phase field
7 Talamini et al. (2018)
© 3() - ... Experiment \
o Hocine et al. (1998) .« "
3 zz
g2 :
: |
2 107 f
a=16mm .
0 | | .
0 20 40 60
Applied displacement (mm)
—PD
~30  FEM + Phase field
Z Talamini et al. (2018) P
5 ___ Experiment A
g 7|  Hocineetal (1998)
&= I
g < 1
2 v ¥
g IO B _’,-"" I :|
& K
g a=24mm K
0 i . . . i
0 10 20 30 40 50

Applied displacement (mm)
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Damage initiation, growth and rupture

Damage
4.1e-01

[ 0.35

— 0.3
—0.25

— 0.2
—0.15

0.1

0.05

0.0e+00
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Movie

Damage

4.1e-01
[ 0.35

— 0.3

— 0.25

— 0.2

— 0.15
0.1
0.05
0.0e+00
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Vertical displacement as damage propagates

1.5e-02 ~ 3.0e-02 —~ 4.0e-02 ~
£ £ £
= = 0.035 =
0.012 & 0.025 = "
5} 15) 0.03 5}
— 0.01 E ‘ ' — 0.02 E JL —0.025 §
5 —0.008 & é ‘ ks | &
) g = — 0.015 = 0.02 =
=V S _ 0.01 5 — 0.015 5
0.004 = 001 W
z 0.005 -3 =
0.002 E - E 0.005
L
0.0e+00 > 0.0e+00 > 0.0e+00 >
4'1e.02 E 4.1e'02 E . 418-02 E
E E E
0.035 = 0.035 0.035 =
003 5§ 1 0.03 g foos 3
- —0.025 § —0.025 8 —0025 8
< It 5
— 0.02 a —002 & — 0.02 2
0015 F - 0015 T — 0015 5
= i X =
0.01 _§ 0.01 _§ 0.01 g
0.005 E 0.005 g 0.005 E
0.0e+00 = 0.0e+00 > 0.0e+00 =
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Rubber sheet with a radial notch from
rigiavar NOlE boundary

U,

L =80mm, W = 200mm, t =3mm Ay =1.0 mm?
=5 mm, 0:20 5:3015AX
K =2.68 MPa, 1=0.268 MPa
Au, =0.25mm
S, =3.1
W 50 —PD
Z.40}
E 30
520F
S
1 = 10
/11777777777
} 7 | 0 ' ' |
0 20 40 60

Applied displacement (mm)



Damage initiation and growth

Damage

5. 0e-00]
' 0.4

0.3

— 0.2

I 0.1
0, O 4 D)
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Movie

Damage
5.0e-01

0.4
— 0.3
— 0.2
0.1

0.0e+00
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Remarks

o Force density vector - bond-associated deformation
gradient
o Free of oscillations and zero energy modes
o PD form of deformation gradient - PDDO
o Weak form of PD governing equations - virtual work
o Direct imposition of boundary conditions

o Implicit solution
o Verification against FEA
o Comparison with experimental results
o Comparison with FEA coupled with phase field

o PD predictions capture the deformation and failure
response
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