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1.2.4 Stress fields of dislocations

For this description we apply continuum mechanics (i. e. we allow only elastic distortions introduced by
the stress field of dislocations)
For this purpose we introduce the general form of Hooke’s law:

035 = C €ij5
which derives from the fundamental physical law F = —D - x where a force F applied on a material
causes an elongation or compression x. D is the spring constantIn this general form o;; is a 3 X 3 matrix
containing e the normal principal stresses o;;

(within the main diagonal)
e shear stresses 7;; in the respective ij-planes

Ozz Ty Tzz
Oij = | Tyz Oyy Tyz
Tzz Tzy Ozz
The stress matrix describes the stress fields (conditions) of any volume element in bulk material. As the
matrix is symmetrical it holds:
Ozz Tzy Tzz
Oij = | Tay Oyy Tyz
Tzz Tyz Ozz
The strain matrix is equivalentely given by:
€xz Yoy Vzz

€ij = | Yey Cyy Vyz
Yoz Yyz €zz

e with normal strains €;;

e and shear strains -;;
— in scalar way: ¢ = Ee; 7 = Gy
G is the stiffness matrix (containing the elastic constants). It is a fourth-rank tensor - containing 81
elements at most.

stress field of a screw dislocation

Lt
T

Figure 1.22: Screw dislocation and the corresponding eigenstate of stress
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Consider a dislocation in a crystal and built a hollow cylinder around it. Use a hollow cylinder, because
the plastic strains in the core are much to high, as one can calculate it in terms of continuum mechanics.
Then consider the elastic distortion of this cylinder.

For screw dislocations it is useful to introduce cylindric coordinates:

x =rcosf
y =rsinf
z=2z

For the example given (Fig.1.22) a pure shear stress in z-direction is obtained, hence:

Oz = Oyy =0, =0 =17,y (carthesian coordinates)

Orp =099 =0, =0=1Tr9g =Ty, (cylindric coordinates)

Intersection: cylindric coordinates

z =rcosb
y =rsinf
z2=2z
2 2.2
z° =1’ cos” 6 9 9 9 2 . 9
. T =7r“(cos” 0 + sin“ g
g 50 =1 (cost 0 4 sin0) S

=1

Tllustration of cylindric coordinates by the use of karthesian coordinates
on the basis of the stress fields of screw dislocations:

Gb .
Toz = -— = —Tyz,Sinf + 7, cosf (1.1)
27r
def .
Trz = 0 =Ty, c080 + 7y, sinb (1.2)
i . — cos 6 s
eq.1.1/sin6: Tyz: = —Tazgny ineq.l.2
Gb ; 29 : Y

Tz = 5pp = ~Toz (Smg + %) -sin Yl o

= Gb ging = in26 29 def GJJ’%\,\ Tr
Tz = 5o Sin 0 = =7, (sin” § + cos” ) = —7,; o

SR %
= 3 «+o°6 O
y=rsiné 22 4y?=r? 6 : =

= _Gb 4 N _Gb N _Gh ! x
Tzz = T anr sinf ~= T 27r - T 27 2242 0.k
with the use of eq.1.2:

z=r cos 0

_ cosf _ Gb ~~~ Gb_=z !

Tyz = ~Taz5ing = 2ar cos - 27 x2+y2 0.k

Tp = Ty €080 + 7 sin 6
Tp = —Ty Sinf + 1, cos




20 1. CRYSTAL DEFECTS

shear stress in a radial plane (7 = const.) in z-direction: 75, =? Cut the hollow cylinder along
the xz-plane and deconvolute it (middle and right in Fig.1.23). Compare this with an analogous cylinder
which was around no dislocation.

— b

Figure 1.23: On the calculation of shearing and stress field of a screw dislocation by means of deconvoluting a
infinitesimally thin zylinder section.

Obviously one obtains a pure shear in z-direction. The amount of shear 7y is defined by the amount of
the Burger’s vector and the length 27r which is the perimeter of a circle with given radius r:

_ N _ Gb
10z = o T T oy
T=Gv
The stress matrix (in cylindric coordinates) is then:
0 0 O
o =10 0 7,
0 7, O

For a screw dislocation only two scalar components in the matrix are not zero. The result in carthesian
coordinates would have been (see intersection for a full derivation):

0 0 Taz Tyz = —ab zy 3
o™ =1 0 0 7y with: - +§$ pad
Trz Tyz 0 T 2mate?
af:2+;g:r2

stress field of edge dislocations

Again built a hollow cylinder around the dislocation and exclude the core due to plastic strains. It is
obvious from the plot, that there is no shear in z-direction.
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Figure 1.24: Edge dislocation and the corresponding eigenstate of stress

An edge dislocation has an extra half plane — there must be a zone of
compression and dilatation (as illustrated right).

= normal stresses must be present
= no shearing in z-direction! = 75, =7, =0

compression
= stress matrix
Ogz Toy O

0" = | Tpy Oy O
0 0 o,
Herein is (without proof):
e g, — —-_Gb y(32°+y>) _ _ Gb  sind(2+cos(20))
zz —  2n(1—v (224y2)2 —  2n(1-v) r

v =0...0.5 is the Poisson’s ratio

__Gb y(@®—y®) _ Gb__ sin 6 cos(26)
2n(1-v) (224472 — 27(1-v) T

[ ] a'yy =
® 0,z = V(Uzw + o'yy)

There is a normal stress in z-direction, because any compression of a body causes an elongation of the
body in the other two directions!

Gb _z(z®—y*) _ @b cosfcos(20)
2n(1—v) (z24y2)2 ~ 27(1—v) T

® Typy =

Up to now, we did not consider the core of the dislocation. We estimate the stress existing next to the
dislocation core of a screw dislocation: rqg = b.

G _Gb_G
2rrg  27b 2w

= this is the limit theoretical shear strength, i. e. the limit of validity of elastic continuum mechanics.

Tp(10) =



