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_— ’ CORE TRACTION CONTRIBUTION TO JOG STRAIN ENERGIES - ' R

In a previous(calculation1 based on the method of Kr'dner2 we

:;j'determined the energy of Jogs in several_types of uﬁdissociated dislocatieﬁet;;}
{:Thr°u8h.the work of Bullough and Foreman> it has come to our attention.u' E
%‘that a correction neglected in the Kr6nef formulation should be made
f;tb account’ for an additional core tfaction'energ&. .This'correction

'fhas been made as described below and the results are given in Table l.1j:i

% The reader will notice that the o fectote in the suggested core energy ‘uiff:;igj
:fforms have been defiﬁed in & slightly different manner here than in eur‘f
}fprevious wo;k iq'order tobpreserve the simple forms of the total Jog

iienergy expressions. . | | . ,

. Kr6ner'e'metﬁod‘of‘determining the enefgy ofxeidialocation loop

1nvolves the evaluation of a double 1ine integral. The 1ine 1ntegral

arises out of the volume integral for the energy of ‘an elastically

strained body

: where Elie'the energy of -the elastic material contained in volume f,ﬂ .;Exizﬁ}-fT
an element dv being subject to the stress oij and strain‘eidaf_Theﬂabove 'f%;ff.f

;'integral'cen be cbnvertedvto an area integfal=thfough the. relations

,g;*The convention of summing on repeated indices 15 used throughout this'
paper' . B . : . : e = CLt, .
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’&fplus the divergence theorem giving
E=2x ,[ o, u, dA, - - (u)
2 Ja %3 % T |

: therevA represents the area of a cut in the body on which elemental

. forces dF, = ¢

3 ij dAi act'over local displacements uJ. By making a ;ET j;e5
'?-plane cut over a surface A, displscing the surfaces relatively by uJ =

4 J’ and rewelding the surfaces, 8 dlslocation loop is produced. To

,} avoid infinite stresaes (and infinite E) in the theoretical body, & core -

.

5'reglon simllar to a wormhole following.the boundary of A must be cut
foui} If the surface of the, core volume A , is stress free one can

Tignore thia surface and integrate only over the surface area A in

(h) to obtain the 1ntegral

-

E=3Y, fAi opy @y - e B

- for the energy of a hollow-cored dislocation loop. ' Next for diJ is
Jj'inserted -an expression

52

) (6

: —9_ N ’
) oiJ =. 2G81k1 Jmn axkax (Xln.f 1-v xpp Gln‘
;where eikl and eJmn are permutatlon symbols defined so that they arf

;quero unless all the 1ndices are dlfferent and if they are different then
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""5 Gln is a8 Kronecker delta defined such that it is one when 1 = n and

“* . zero when 1 # n, G and v are the shear modulus and Poisson's ratio for

lbzﬁhe material, and X,, is a stress function, a generalization of the
* scalar potential, chosen by Kr&ner for convenience. Krdner, and here ‘is -

: "l# his unique contribution, expresses the stress function in terms of a -

- -dislocation density ,
: = ", | S
= e ' . )
Xin = B E[-. €nrs ( ) w v , .(7)
v r »

. i TR
- R B . .

3:ij,iffl'gQ;where R is the distance"\/gc'2 +y'2 + 2'2 from the coordinate origin

"’ at which we are evaluating X1p S oy (r')‘is a dislocation density such-fA5"x

“t;_that upon completing a Burgers' circuit about a local area element °

'ﬁﬁfy;dA ‘fﬁe closure'failure is db_ =, dA and the ( ) means that

fﬁonly the symmetrical part of the tensor is! to be ‘taken. If the energy

4f‘of a dislocation loop is to be calculated one can write -

[aks(r' )dl_t;‘] dli

b; dli (8)

" /(' _‘.,

<

o (r') dv'

<
n

" where in essence the core volume is expressed as a core area dA' normal -

~and the Burgers' vector of the dislocation, bé, is obtained through
{fintegrationlof the -dislocation density over the core area. One of the
»7 1lineé integrations is due to this term involving dli.

When Egs. (6),'(7) and (8) are insertéd into Eq. (5), it shoulh be

'Liyfnoted that a product of three permutation symbols results under the area,

:“*uks(r ) is regarded as so. large in the core so thax its product with
the infinitesimal core area dAk is finite...ll,, .

R o
L X v P

i

’fu.to the dislocation line times a length element dli along the dislocation, ;;"




.iﬁxintegral. .Two can‘be‘eliminatgd by the redadtion

=6, 6 _ -6 6 (9)

€ €
Jjmn "nrs Jr ms- mr Js

. and the third vanishes by application of Stokes' theorem:’

3T ' '. A
f € — dA, = 56 Td1 : - (10) i

. pt
] e

The end result is the ‘énergy of a dlslocation loop .

S e 2v
Y B e byd 95 56 3%, 3xk la1, d1 + o alf al, ] *.

2v [ 3 OR. j dl' dl

1*Y‘ ?xd Bxi ad ax ‘

S (11)

‘5ff,where,R2_='(xi\- xi)(xi - xi). To get the above expression the relation

oR ' —
9Sax a1, = j gk =— 2B =0 - (12)
1 : Bx axk i A
" . was used. Equation (11) was used alone to evaluate jog energies in -
“5f the previous work of the authors.
If one wishes now to treat a dislocation containing core materlal

73'instead of a hollow dislocation, it is not gufficient merely to add the

'5f'energy contained in the core. The effect of the core tractions on the

g oaeent 0ty o | _3%R 8RR
e ot ) 2 2 ¥ 7y -
oo ax, axij axZ2  ax3 'ax3

”'?The summation conventién applies to dgrivétives:as well as products, so fif‘f
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core surface which were 1gnored in the previous analysis, must be
3;i?1ncluded in the calculation of the elastic energy of the material around ?i*
Eﬁthe dislocation. An exact calculation of the effect of core tractions
i_requires a knowledge of the core stress-deformation relation, but the

‘ff»core traction energy may be approximated by calculating the energy

ifjwith and without a stress function that eliminates ‘the tractions

Affon the core surface. The stress fUnctions to which we refer are treated ?f

by Cottrell.h It is assumed that the energy is so localiZed near the

'"'core that it is the same per unit length of dislocation for a curved

dislocation, ‘The resultant core traction energy is

, _ G . 2 | '
ECT = mf b edge d(length oi‘ edge | (13)

1 dislocation)

‘It is noteworthy that there. is no core traction.energy associated with
'iia screw type dislocation. Addition of the results of Eq. (13) to those
;of Eq. (11) constitutes the core traction while Eq. (l3) is our
rﬁequation for the core traction energy. This correction is calcnlated
iéfsomewhat differently by Bullough and Foreman due to their different
17‘1ntegrat10n technique, which involves 1ntegrat1ng over slightly separated
5£¥lines and depends upon the relative position of the lines chosen.  Our
v";technique is to integrate twice over the same line eliminating self—

) Even when the Krdner calculation is supplemented by the core

] ;‘fiif:ﬁigi'.fitraction energy term further uncertainty exists in the energy calculation

when the - change in energy of a deformed loop is to be calculated. The
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~difference f6r the material outside the core of a cylindrical dislocation_& ,; ,

”[finteraction of segments by putting appropriate limits on the integrals. 'ff"

O
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" volume changes, and a rise in core volume acts to reduce the energy
’ It ‘is to this phenomenon that the negative elastic energy for a screw

u (4. e. the energy of the contents of the core) is included none of the

o R Y

: energ1es listed should be’ negative.

" This work vas done under the auspices of the u. S. Atomic Energy-'

kaommiaaion. R
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implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
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Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report. '
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