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Starting point for peridynamics

Strain energy at x depends collectively on the deformation of the family of x.

Standard: Peridynamic:

W (g) W(Y)

Undeformed family of x Deformed family of x

The deformation state is the function that maps each bond £ into
its deformed image Y (&).
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orce state is the work conjugate to the
deformation state

e Suppose we perturb the deformed bond Y (£) by a virtual dis-
placement €. The resulting change in W (x) is

AW =T(E) - €
where T(&) is a vector.

e The “force state” T is the work conjugate to Y:

WTY] ¢) dvg

e T is the Frechet derivative of W(Y) — analogous to a stress
tensor.

Deformed family of x

Displace just one bond £
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Peridynamic equilibrium equation

e Total potential energy in B:
o= [WY) -b-u)d,
B
e Take first variation. Euler-Lagrange equation is

fH (I[X] (" —x) — T]{x — X’)) dVye +b(x) = 0.

e Write this in terms of the "bond force" :

Tlx|(x" — x) -
] f(x',x) dVy + b(x) = 0. / v__y\v
H

e where the bond force is defined by

f(x',x) = Tx[(x' — x) — T[x|{(x — x')
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Peridynamic equation of motion

e Equilibrium equation:
f f(x/,x) dVy + b(x) = 0.
H

e where
f(x',x) = T[x|(x' — x) — T[x[(x — x/)

e Now use d'Alembert’s principle to get the equation of motion:

PR)F(x, 1) = /H Flocl ) ik - bl )
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Bond breakage forms cracks “autonomously”

Broken bond
Crack path
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When a bond breaks, its load is shifted to its neighbors, leading to progressive failure.
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