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Dislocation structure parametrization

Internal variables:

Nα edge dislocation densities %α
edge

Nα dipole densities %α
dipole

Derived measures:

τα
c threshold shear stress

λα mean distance between 2 obstacles seen by a dislocation
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Dislocation structure parametrization

Threshold stress τα:

τα
c = Giso bα

√√√√ Nα∑
α̃ = 1

ξαα̃ (%α̃
edge + %α̃

dipole)

with:

Giso Isotropic shear modulus

bα Burgers vector of slip system α

ξαα̃ interaction strength (Kubin et al. 2008)
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Orowan’s kinetics

Shear rate γ̇α:

γ̇α = %α
edge bα vα

glide

Velocity vα
glide:

vα
glide = v0 exp

[
− Q

kB T

(
1−

(
|τα|
τα
c

)p)q]
sign(τα)

with:

v0 Velocity pre-factor

Q Activation energy for dislocation glide

kB T Boltzmann energy
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Dislocation multiplication

Multiplication:

%̇α
multiplication =

|γ̇α|
bα λα
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Dislocation dipole formation

Dipole formation:

%̇α
formation = 2

2 d̂α

bα

%α
edge

2
|γ̇α|

Length d̂α:

d̂α =
1

8 π

Giso bα

1− ν

1

|τα|
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Spontaneous annihilation of 2 single dislocations

Single-single annihilation:

%̇α
single-single = 2

2 ďα

bα

%α
edge

2
|γ̇α|

Length ďα:

ďα ∝ bα
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Spontaneous annihilation of one single dislocation and one
dipole constituent

Single-dipole constituent annihilation:

%̇α
single-dipole = 2

2 ďα

bα

%α
dipole

2
|γ̇α|
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Dislocation dipole climb

Dipole climb:

%̇α
climb = %α

dipole

4 vclimb

d̂α + ďα

Climb velocity vα
climb:

vα
climb =

D Ωα

bα kB T

Giso bα

2 π (1− ν)

2

d̂α + ďα
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Evolution of dislocation densities

Edge dislocation density rate:

%̇α
edge = %̇α

multiplication − %̇α
formation − %̇α

single-single

Dislocation dipole density rate:

%̇α
dipole = %̇α

formation − %̇α
single-dipole − %̇α

climb
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