
2017-06-19

재료의기계적거동
(Mechanical Behavior of Materials)

Lecture 9 – Dislocations

(Elastic Properties)

Heung Nam Han
Professor

Department of Materials Science & Engineering

College of Engineering 

Seoul National University

Seoul 151-744, Korea

Tel : +82-2-880-9240

Fax : +82-2-885-9647

email : hnhan@snu.ac.kr

Office hours : Tuesday, Thursday 16:45~17:30

Homepage : http://mmmpdl.snu.ac.kr

mailto:hnhan@snu.ac.kr
http://mmmpd.snu.ac.kr/


2

2017-06-19

Introduction

 Dislocations are line defects. Thus, they distort 

the perfect crystal lattice.

 This lattice distortion increases the free energy 

of the crystal lattice. This is a direct result of the 

elastic strain fields that surround dislocations.

 Interactions between the strain fields (i.e., the 

distorted regions) around dislocations (and those of 

other defects) ultimately determines the mechanical 

properties of the lattice.
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Stress field of a straight screw dislocation

Near the center of the dislocation along the dislocation line, the displacements are 

too large to be calculated with elasticity theory. Hooke’s law does not apply here. 

This region is called the dislocation core. A few lattice spacings from the core, 

say at a distance ro, we can model things using elasticity theory. Hooke’s law 

applies here. ro is called the cutoff radius. It typically has a value near b.
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Stress field of a straight screw dislocation
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Stress field of a straight screw dislocation

( ,  ,  )r z

ree



r

x

y

rzz

zrz

rr



r

x

y

r



r

xx

yy

yx
xy

rr

   

2 2

2 2

2 2

cos sin 2 sin cos

sin cos 2 sin cos

sin cos cos sin

cos sin

sin cos

rr xx yy xy

xx yy xy

r yy xx xy

zz zz

rz xz yz

z xz yz







       

       

       

 

    

    

  

  

    



 

  

Cylindrical coordinate



6

2017-06-19

Stress field of a straight edge dislocation

The pure edge dislocation has a plane strain condition since the displacement 

along the dislocation line, uz, is absent. The stress field around a straight edge 

dislocation is obtained from the equilibrium condition.
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Stress field of a straight edge dislocation
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Stress field of a straight edge dislocation
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Stress field of a straight edge dislocation
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Strain energy of a dislocation
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Strain energy of a dislocation

Elastic strain energy per unit length in edge dislocation
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Strain energy of a dislocation

Elastic strain energy per unit length in mixed dislocation
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Strain energy of a dislocation

• One of the important consequences of this

relationship is that it allows us to determine whether

or not it is energetically feasible for two dislocations

to react and combine to form another. This is known

as Frank’s Rule.
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What will happen when the dislocations 
adopt different configurations?

?
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Force Acting on a Dislocation

dl

ds

- Total area of slip plane : A

- Average shear displacement : (dl ds/A)b

- Shear force on slip plane : A

- Work done when the element of slip occurs :

dW= A (dl ds/A)b = (dl ds)b

- The glide force  F on a unit length of dislocation 

F=dW/(dl ds) =dW/dA= b

Glide force is always directed normal to the dislocation line.
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Peach-Koehler equation

F= (  b)  t
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G3= 31b1+ 32b2 + 33b3

Applied stress : 

Dislocation line vector (unit vector) : t
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What will happen when the dislocations 
adopt different configurations?
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What will happen when the dislocations 
adopt different configurations?

F
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What will happen when the dislocations 
adopt different configurations?
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What will happen when the dislocations 
adopt different configurations?
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Screw dislocation :


