
Stress Fields Around Dislocation Arrays With Distributed Cores

Kevin T. Chu†

August 29, 2007

Introduction

Using the basic sum formulae in Section 19-5 from [1] and the nonsingular stress fields from Section 5 of [2],
we can derive the stress fields around dislocation arrays composed of dislocation lines with distributed cores.

In all of the formulae in these notes, D is the spacing between dislocations and a is effective radius over
which the dislocation core is distributed. All spatial coordinates are in the same orientation as they are in
section 19-5 of [1].

Edge Dislocation Array

Burgers Vector Normal to Dislocation Array

The following formulae are written in terms of the reduced variables X = x/D, Y = y/D, and A = a/D.

σarray
xx = −σ0 sin(2πY )

[
cosh

(
2π

√
X2 + A2

)
− cos(2πY ) + 2π

√
X2 + A2 sinh

(
2π

√
X2 + A2

)]
(1)

σarray
yy = −σ0 sin(2πY )

[
cosh

(
2π

√
X2 + A2

)
− cos(2πY )− 2π

√
X2 + A2 sinh

(
2π

√
X2 + A2

)]
− σ0

2A2π√
X2 + A2

sinh
(
2π

√
X2 + A2

)
sin(2πY ) (2)

σarray
xy = σ02πX

[
cosh

(
2π

√
X2 + A2

)
cos(2πY )− 1

]
, (3)

where
σ0 =

µb

2D(1− ν)
[
cosh

(
2π
√

X2 + A2
)
− cos(2πY )

]2 (4)

Burgers Vector Parallel to Dislocation Array

The following formulae are written in terms of the reduced variables X = x/D, Y = y/D, and A = a/D.

σarray
xx = −σ02πX

[
cosh

(
2π

√
X2 + A2

)
cos(2πY )− 1

]
(5)
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σarray
yy = −σ0

X√
X2 + A2

sinh
(
2π

√
X2 + A2

) [
cosh

(
2π

√
X2 + A2

)
− cos(2πY )

] (
2 +

A2

X2 + A2

)
+ σ02πX

[
cosh

(
2π

√
X2 + A2

)
cos(2πY )− 1

] (
1− A2

X2 + A2

)
(6)

σarray
xy = σ0 sin(2πY )

[
cosh

(
2π

√
X2 + A2

)
− cos(2πY )− 2π

√
X2 + A2 sinh

(
2π

√
X2 + A2

)]
+ σ0

2A2π√
X2 + A2

sinh
(
2π

√
X2 + A2

)
sin(2πY ), (7)

where
σ0 =

µb

2D(1− ν)
[
cosh

(
2π
√

X2 + A2
)
− cos(2πY )

]2 (8)

Screw Dislocation Array

The following formulae are written in terms of the reduced variables X = x/D, Y = y/D, and A = a/D.

σarray
xz = −σ0 sin(2πY )

[
cosh

(
2π

√
X2 + A2

)
− cos(2πY )

]
− σ0

(
A2π√

X2 + A2

)
sinh

(
2π

√
X2 + A2

)
sin(2πY ) (9)

σarray
yz = σ0

(
X√

X2 + A2

)
sinh

(
2π

√
X2 + A2

) [
cosh

(
2π

√
X2 + A2

)
− cos(2πY )

] (
1 +

A2

2 (X2 + A2)

)
+ σ02πX

(
A2

2 (X2 + A2)

) [
cosh

(
2π

√
X2 + A2

)
cos(2πY )− 1

]
, (10)

where
σ0 =

µb

2D
[
cosh

(
2π
√

X2 + A2
)
− cos(2πY )

]2 (11)

A Stress Fields for Edge Dislocation with Burgers Vector (0,1,0)

The following stress fields are computed by applying a coordinate transformation that maps x̂ to −ŷ and ŷ
to x̂.

σns
xx =

µb

2π(1− ν)
x

ρ2
a

[
1−

2
(
x2 + a2

)
ρ2

a

]
(12)

σns
yy = − µb

2π(1− ν)
x

ρ2
a

[
1 +

2
(
y2 + a2

)
ρ2

a

]
(13)

σns
xy =

µb

2π(1− ν)
y

ρ2
a

[
1− 2x2

ρ2
a

]
(14)
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