
Forces between Dislocations 
•  Dislocation of like sign on the same plane repel each 

other.  
                               

    Energy α Gb2 
 

•  Dislocation of opposite sign on the same plane would 
attract each other and annihilate themselves.  

•  If they are close to each other, they may produce a 
vacancy or interstitials.  



Dislocation Climb 
•  Edge dislocation glide in the slip plane containing 

dislocation line and Burgers vector. 
•  Edge dislocation can move out of its plane onto a 

parallel plane directly above or below the slip plane by 
a process called climb. 

•  Dislocation climb occurs by the diffusion of vacancies 
or interstitials to or from the site of dislocation . 





Dislocation Climb	
  
•  Edge dislocation move upward            positive climb 
•  Edge dislocation move downward           negative climb 
•  Climb is not possible with screw dislocation, since 

there is no extra half plane of atoms. However screw 
dislocation can easily change its plane via a process 
called cross-slip.  
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Fig. 4.60 Overcoming of Peierls
barrier by Seeger kink pair
mechanism. (a) Original straight
dislocation. (b) Dislocation with
two kinks. (c) Kinks moving apart
at velocity vk.

b, the Burgers vector. In Figure 4.60(c) the velocity of movement of a
dislocation is vD, related to the kink velocity vk by

v D = vk
b
L

. (4.31)

The stress required to overcome the obstacle is known as the Peierls--
Nabarro stress. Calculations of this stress are fairly inaccurate because
the continuum treatment breaks down for distances on the order of
the atomic spacings. The energy of the dislocation is given by U(x) as
it moves through the barrier. The applied force required to bring this
dislocation to the top of the energy barrier is

F = −dU
dx

. (4.32)

But from the Peach--Koehler equation (F = τb), we have

τ = −1
b

dU
dx

. (4.33)

A sinusoidal form for U(x) was assumed by Peierls and Nabarro, lead-
ing to the expression

τP N = α
G b
2c

e−πa/c sin
2πx

c
, (4.34)

where c is the spacing of atoms in the x direction, a is the lattice
parameter, and α is a parameter that depends on the nature of the
barrier; for α = 1, the barrier is sinusoidal.

4.4.13 The Movement of Dislocations: Temperature and
Strain Rate Effects

The resistance of crystals to plastic deformation is determined by the
resolved shear stress that is required to make the dislocations glide in
their slip planes. If no obstacles were present, the dislocations would
move under infinitesimally small stresses. However, in real metals,
the nature and distribution of obstacles determines their mechanical
response. Becker10 was the first to point out the importance of ther-
mal energy in helping the applied stress overcome existing obstacles.

10 R. Becker, Z. Phys. 26 (1925) 919.

Mechanism of Cross-Slip (Seeger)	
  

Meyers&Chawla, Mech.Behav.of Materias, Cambridge University Press, 2008 



Intersection of Dislocations	
  



Intersection of Dislocations 

•  The intersection of two dislocations produces a sharp 
break (a few atom spacing in length) in dislocation 
line. 

Ø Jog: a sharp 
break in the 
dislocation line 
moving it out of 
the slip plane. 

Ø  Kink: a sharp 
break in the 
dislocation line 
which remains in 
the slip plane. 



Intersection of Dislocations	
  
•  An edge dislocation XY with Burgers vector b1 cuts 

through edge dislocation AB with Burgers vector b2. 
b1  ┴  b2 

Jog 



Intersection of Dislocations	
  
•  An edge dislocation XY with Burgers vector b1 cuts 

through edge dislocation AB with Burgers vector b2. 
b1  //  b2 

Kink 



Intersection of Dislocations	
  
•  An edge dislocation AB with Burgers vector b1 cuts 

through screw dislocation AB with Burgers vector b2. 

Kink 

Jog 



Intersection of Dislocations	
  
•  A screw dislocation AB with Burgers vector b1 cuts 

through screw dislocation AB with Burgers vector b2. 

Jog 
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Initially straight
dislocation moving
along direction shown
     by arrows

(a)

(b)

Fig. 4.55 (a) Edge dislocation
traversing “forest” dislocations.
(b) Screw dislocation traversing
“forest” dislocations.

be noted that some authors use the name ‘‘jog” for both types of
segments. Jogs and kinks can have either a screw or an edge char-
acter. From Figure 4.56(a), it can be seen that segments on an edge
dislocation cannot impede the motion of jogs or kinks, because the
segments can slip with the dislocation. On the other hand, in screw
dislocations, there are segments that can slip with the dislocations
and segments that cannot. When the segment can move with the
dislocation, the motion is called conservative. When the segment can-
not move by slip, the motion is called nonconservative. Figure 4.56(b)
shows some interactions. At the left there is a conservative motion
by slip, and at the right a nonconservative motion. The nonconser-
vative motion of a jog is, in essence, a climb process and requires
thermal activation. Vacancies or interstitials are produced as the
segment moves. If the temperature is not high enough to provide
sufficient thermal activation, the jog does not move, and loops are
formed as the dislocation advances; this is shown in Figure 4.57. The

Intersection of Dislocations	
  

Meyers&Chawla, Mech.Behav.of Materias, Cambridge University Press, 2008 



•  Many intersections occur when a screw dislocation 
encounter a forest of screw dislocations, producing 
jogs. 

•  Jogs act as pinning points and cause dislocations to 
bow out when the shear stress is applied. 

Direc'on	
  of	
  movement	
  



•  At some critical radius Rc, the shear stress required 
to further decrease R is greater than the stress 
needed to climb.  

•  Then the dislocation will move forward leaving a trail  
of vacancies (or interstitials) behind each jog. 
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Fig. 4.50 Sequence of the
formation of dislocation loop by
the Frank–Read mechanism.

Hence, the joint action of the internal stresses generated by the
oxide and the surface steps activates the dislocation sources at the
surface.

The classic mechanism for dislocation multiplication is called the
Frank--Read source. In Figure 4.50(a), there is a dislocation ABCD with
Burgers vector b. Only the segment BC is mobile in the slip plane
α. Segments AB and CD do not move under the imposed stress. The
applied stress will generate a force per unit length on segment BC
equal to (Section 4.45)

F = T ds
R

.

The radius of curvature of the dislocation segment decreases until it
reaches its minimum, equal to BC/2. At this point, the force is max-
imum (and so is the stress). Hence, the dislocation reaches a condi-
tion of instability beyond that point. The critical position is shown in
Figure 4.45(c). When P approaches P ′, the dislocation segments have
opposite signs; accordingly, they attract each other, forming a com-
plete loop when they touch, and are then pinched off. The stress
required to activate a Frank--Read source is equal to that needed to
curve the segment BC into a semicircle with radius BC/2; beyond this
point, the stress decreases. Thus from Equation 4.22d:

τ = G b
B C

= G b
2R

.

However, as loops are formed, they establish a back stress, so that the
stress required to generate successive loops increases steadily. If the
loops are expelled from the material, they cease to exert a back stress.

Only a few Frank--Read sources have been observed in metals. How-
ever, in a tridimensional array of dislocations, nodes define segments.
These segments can bow and effectively act as Frank--Read sources.
Another possibility is that the source forms when a screw disloca-
tion cross-slips and returns to a plane parallel to the original slip

Multiplication of Dislocations (Frank & Read) 

•  The dislocation line AB bulges out (b) as the shear stress 
is applied. 

•  Beyond the maximum bulging point (c), the dislocation loop 
continues to expand till parts P and P’ meet and annihilate 
each other to form a large loop and a new dislocation (e). 

Meyers&Chawla, Mech.Behav.of Materias, Cambridge University Press, 2008 





Dislocation-Point Defect Interaction 

•  solute atom > solvent atom: 

Ø Atom will be attracted to the tension side. 

•  solute atom < the solvent atom:  

Ø Atom will be attracted to the compression side. 

•  Vacancies will be attracted to regions of compression. 

•  Interstitials will be collected at regions of tension. 





Dislocation Pile-Up 

Dislocations often pile-up on slip planes at barriers i.e., 
grain boundaries or second phase particles. 

nb	
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Fig. 4.53 Pileup of dislocations
against a barrier.

Fig. 4.54 Pileup of dislocations
against grain boundaries (or
dislocations being emitted from
grain-boundary sources?) in
copper observed by etch pitting.

The subsequent dislocations will ‘‘pileup” behind the leading dis-
location, after being produced by the Frank--Read source. Figure 4.53
is a schematic diagram of a pileup. The distance between the disloca-
tions increases as their distance from the obstacle increases. On the
other hand, if the metal has a very high stacking-fault energy, cross-
slip will easily occur, and the planar array will be destroyed; edge dis-
locations cannot, obviously, cross-slip because of their Burgers vector.

Figure 4.54 shows an example of a pileup, obtained by etch pitting
in copper. Observe that the dislocation configurations for a pileup and
a grain-boundary source are similar and that many grain-boundary
sources have in the past been mistaken for pileups. Figure 4.48 shows
a grain-boundary source.

Each dislocation in a pileup is in equilibrium under the effect of
the applied stress and of the stresses due to the other dislocations (in
the pileup). Assuming that the dislocations are of edge character and
parallel, the resulting force acting on the ith dislocation is obtained

Dislocation Pile-Up 

Meyers	
  &	
  Chawla,	
  Mach.Behav.Mater,2008	
  



Dislocation Pile-Up 
•  The number of dislocations which can be supported by 

an obstacle will depend on  
Ø  type of barrier,  
Ø  orientation relationship between the slip plane and 

the structural features at the barrier,  
Ø material, 
Ø  temperature. 

•  Breakdown of a barrier can occur by  
Ø  slip on a new plane,  
Ø  climb of dislocations around the barrier,  
Ø  the generation of high enough tensile stresses to 

produce a crack. 



Bauschinger Effect 

The lowering of the yield stress when deformation in 
one direction is followed by deformation in the opposite 
direction is called the Bauschinger effect. 
 

•  Back stress  
•  Creation of dislocations with opposite sign 



Stacking Faults  
Errors, or faults, in the stacking sequence can be 
produced in most metals by plastic deformation. 

Slip on the {111} plane in an fcc lattice produces a 
deformation stacking fault 



The {111} planes of FCC lattice 
are stacked on a close packed 
sequence ABCABC 

Perfect dislocation with  b = (a0/2) [101]  can  decompose 
into two partial dislocations. 

Dieter, Mechanical Metallurgy, McGraw-Hill Book Company, 1988.  



This Shockley partials creates a stacking fault ABCAC/ABC. 

Dieter, Mechanical Metallurgy, McGraw-Hill Book Company, 1988.  



Deformation by Twinning 

•  Twinning occurs as atoms on one side of the boundary 
(plane) are located in mirror image positions of the 
atoms on the other side. The boundary is called 
twinning boundary. 

•  Twinning normally occurs when slip systems are 
restricted. 

 

Ø Mechanical Twin (BCC, 
HCP): rapid rate of loading 
( s h o c k l o a d i n g ) a n d 
decreased temperature. 

Ø Annealing Twin (FCC): 
Occurs during annealing 
heat treatment. 



Before deformation After deformation 

doitpo.ms.ac.uk 
Callister, Materials Science and Engineering: An Introduction, 7th ed., John Wiley&Sons, Inc, 2007.  



Deformation by Twinning	
  

•  The driving force: applied shear stress. 

•  Atom movements << atomic distance.  

•  small lattice strain    è no large deformation  

•  Twins do not extends beyond grain boundaries. 

Twinning changes orientation  
ê 

new slip systems in a favorable orientation  
ê 

additional slip can take place 


