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NONLOCAL CONTINUUM THEORY
FOR DISLOCATION AND FRACTURE

A.C. Eringen

ABSTRACT - By means of linear theorv of nonlocal
elasticity, solutions are given for some Voltera
dislocations situated in an elastic solid., The
stress fields are determined for screw and edge
dislocations. The stresses and elastic energy
are devoid of usual singularities predicted by
the classical (local) elasticity. A theory is
developed for continuous distributions of dislo-
cations on the basis of nonlocal incompatible
elasticity. Stress fields are given for volume,
surface and line distributions of dislocations.
Celebrated Peach-Koehler formula is modified to
include nonlocal Green's functions. The stress
fields for three- and two-dimensional cases and
for the anti-plane strain are determined for line
distributions. Calculations are carried out for
the uniform distributions of edge and screw dis-
locations along a straight line segment. By means
of the maximum stress hypothesis, a fracture cri-
teria is introduced. Calculated theoretical
strengths are in good agreement with those based
on the atomic models. Reduction of material
strength with the presence of dislocation line
and the maximum number of dislocations are given.

IT IS A WELL-KNOWN FACT that stress fields //\\
due to Volterra dislocations, contain singulari-
ties at the center of the dislocation so that in
a small region around the center (the core region
classical elasticity fails to apply. The radius
of this region is estimated, usually by means of
atomic models, Because of these stress and energy
singularities, several other methods have been
devised for the prediction of fracture. C(learly
such singularities are non-physiczl and a proper
model should eliminate ther.

Phonon dispersion experiments have shown that
the phase velocity of plane waves in single ¢ryv-
stals depends on the wave length so that disper-
sion is the rule rather than the exception. \Yet
classical elasticity predicts constant phase velo-
cities for plane waves, inderendent of frequency
and wave length.

There ar¢ many other piveical phenomena in
the =icroscopic scaie, that cannot be predicted

by means of classical elasticity (linear or ncn-
linear,, Among these, we menticn the State
stress at a shary crach tip, surface tensi:n,
atomic inclusions, defects, granuiar, porcus
composite solids

In several previcus papers [cf,, 1-47,
shown that the stress '1e1ds, due tc disloca
and cracks, predicted by the noniocal elast
contains no singularities. In fact, tney van:ish

a

anc

at the center of d.slocatxows and at the ¢
tip. Moreover, the maximur stress occurs

short distance awa)y fron these po:
ing the maximur stress to tne cche

realistic fracture CTlIerla was estabh!

In the classical limit, the cele-ra:ec
criterion is obtained with the dividend
Griffith constant is determined without anv
tional assumption on the surface energy wh
could not be measured to within any reascn
accuracy, Estimated errors in s measurements

is known to be not less than severa: nundred per-
cent,

The dispersion curves predictel b the nomlic-
cal theory are nearly in coincident with those
based on the atomic Jattice dyvnamics and obser.a-
tions on phonon dispersions [of, -t

There exist armple evidence that recently de-
veloped theory of nonloca. elaszicity®-¥ is a
proper mathematica. model which can elirinat
foregoing difficulties, extendin: the domain of
applicability of continuur mechanics tC phyvsical
phenomenon with internal characteristic leng
at the molecular, atomic OT MISTOSTTUCTUTA. SCa.es,

Based on these observations, we expect tnad a
nonlocal theory mav bear fruit in deaiing se.r-
stress and energies of disjoc
the discrete and continuous d
locations. Moreover, the ons
the theoretical strengti of
ted by means of the contin
extensions tc amorpnous s
ralas, of the rres
tnhese observations,

the
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In section 2, ] present a summary of the
linear thecry of nonlocal isotropic elastic sclids,
In section 3, the stress field and energy due to a
screw dislocation are caiculated. Both tummeld out
to be devoid of singularities. The stress field
due to an edge dislocation is treated in sectiond,
In section 5, 1 develop a theory for the continuous
distribution of dislocations. Field equations are
obtained for stress functions for two and three-
dimensional state of strain.

Green's functions for the infinite solids are
obtained in section 6 leading to a generali:ed
Peach-Koehler formula for the stress field due to
line distribution of dislocations. Results are
gratifying in that they contain no singularities
so that calculations can be carried out with umi-
formity, for surface and line distributions of
disiocations throughout core regions. In fact,
stress fields due to a uniform distribution of
screws along a line segment verifies our predic-
tions. The theoretical strength of a single
crystal predicted by the nonlocal theory 1s in
agreement with that known in atomic theory. Also
given are the shear strengths reduction due to
line distributions and the maximur allowable num-
ber of screws within a straight line segment of
length I .

2. BASIC EQUATIONS

From the atomic theory of lattice dynamics
and experimental observations on phonon disper-
sions, it is weli-known that the stress at a
material point x in a body deperds not only on
strains at x bUt also on strains at all other
points x' of the body. In linear theory of
nonlocal elasticity, this is expressed by an in-
tegral constitutive equation of the form [cf. I,4].

.

2.1t o= . x'-x) e (x' VX'
(Felr g = ey xR e (X)) v
v
where Spomn AT the material property functions
which depernd on the vestor x'-x and e is
. . . S X
the linear strain measure defined by
x! su, (x'
(2.2 e . (a'; = é[u‘(‘ ‘1*("]
: | PR 2 RN :xi
s
where (x,t, is the displacement vector. For

homoger20us anc 1sotropic solids, (l.1) may be
simplitied to

(2.3 t, (x, = . u( X'ex :k'(z') d\'(i&'

wnere Th 1s the ciassical -local stress

tersor ygivel 0V Hoohe's ian:

e : v = e__.\'" - 2. e A
Ao~ b SRRN 1 he =
. . . -
in wihie. ¢ and . are tue usua. Larte con-

H
STANTS. I tu. teod , the nermel . a'en is

ar influence function
which brings influences
peints x' te Xx, 1in
According to the zzzevuas
thesis1®, it assumes the : -
x'=x, sharply decreasirg with the distance fro-
X." From Eq. (Z.3,, it 1s clear that o depeni:
on a length scale €. This 1s an internal charz.-
teristic length which may be selected to be rro-
portional to the lattice parameter a fcr sing.e¢
crvstals, i.e,

(2.5 €= e.a ,
C
average granular distance for amorphous bodies
and the average distarce for fiber compos:ites,
etc. In Eq. {2.5), e, 1s a nen-dimensics
stant which can be determined by one exper:
When e~+0, Eq. :I,3 nmust revert tc l.s .
This implies that 2 is a Dirac delta sec.en::
Thus, in this limit nonlcca. thecry reverts IC ine
classical elasticaty thecry., By discret:i:
(2.3), 1t can be shown that equations of nor
elasticity also reduce to those of atomic @
dvnamicsil, \
In several previous papers Faisyl , 1 gave
special representations fcr o a'-a hian
to excellent predictiens in acce¥rd
lattice dyvnamics, For example. f
sional case, an appropriate kerne

wr

(2.6] a(.x , = - hc yaeN f

where K is the modified Bessei's §
two-dimensional lattices, Eg. ..t prov
excellent match between acoustical dispe .
curves, based on the nonlocal elasticity and those
based on Bom-Kdrman thecry of atoric lattice o -
namics., In the entire Briliouin :=one, the errcr
is less than 6%. It is aisc interesting ts ncte
that for the infinite med:u- = 1s the Green's
function of a linear differential operator in

tial .
the case of Eq. (l.6, , this means that a satisfies

2.7 (1= 73a = . A

vanishing at infinity,

Under the mild assumptions of vanishing non-
local effects for the body forces and cour.les,
the momentur. balance laws of nonlocal ejast:cas:
reduces to Cauchyv's laws

(2.8 t, - < f- = 0

(2.9 h, ® t

where ¢ is the mass density and f is i
body force density,

As usual, repeate

over the range of ingd

partial differentiati
ar. index following a ¢
ot o indicate the fam

<
3
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The field equations of nonlocal elasticity

-~

are obtained by combining (2.1, (2.J) and (l.8.

- , - ! (tax S [
(2.10; N O L S emnké'J dak

+ co(f. - 0.) = 0
X

where a superposed prime denotes dependence on
5' , e.g. ué =um(5‘J ,  dv!=dvix'). In de-

riving (2.10), we used the identity

3¢
2 ' kimm
— (¢, . __e' ) 2 -
oA kimn “mn oxk m

- (ckxmn m’

ce!
* C 7——-m
Kimm ox!
K
and the Green-Gauss theorerm to convert the first
terr to the surface integral over 3V in (I.10).
In (2.10), the first integral represents the sur-
face stresses (e.g. surface tension)., Consequent-
1y, nonlocal theory accounts for the gurfzce
phyeics. This important asset of nonlocal theory
is not included in classical field theories,

The integro-partial differential equations
(2.10) replaces Mavier's equations of classical
elasticity, The displacement field u 1is to be
determined by solving {2.10; under appropriate
initial! and boundary conditions., Boundary and
initial conditions on displacement and velocity
fields are identical to those of classical elas-
ticity. Boundary conditions on tractions is
based on the true gcrege tenscr t,;» noton

Sh v i.e.

2.1 t..n. =t

¢ . Ko b AN,

where t(n . are prescribed boundary tractions.
Y

For mixed boundarv-value problems, to avoid a
possible overspecification, care is necessary
along the boundarv of the two surfaces on one of
which u; and on the other t, .. are pre-

(nj»

scribeald, N

1f we assume that the nonlocal kernmel a satis-
fies (2.7,, then for the homogeneous and isotropic
sclids of infinite extent, integro-differential
equations (2.1{ can be replaced by sinzularl;
perzurzed partial different:al eguations. This
15 achieved by noting

(2,12 11 -e"77 0t = -
-

ard using o.> an L. 12

2.13) (A .- u.
e W SER SN
. (1-:“7');:f‘ - :C; =

In the static case and vanishing body forces C..7
reduce to Navier's equations

(2,13 (l';)uk’k; I 0
However, note that the stress field 1s determnc.
by solving (2.12,.

3. SCREW DISLOCATION

A screw dislocation is introduced by
a solid along the piane . =0, x; > 0

troducing a constant displacement disgonting:
b (called Burger's vecter alony the \--u;re
of the rectangular coordinates. In this case
displacement field has only single component
us(xl,x,,t) which is determirel b:

(3.1) Ttu. o= 0

The stress field is obtained bty sclvin
where ¢, ané .. are the only nor
componentd of the - 1874l stress tensor.
u; are given byi3:

These an.

PN b .
(3.2 US = =%,
b .
(3.3 cSl = - E‘r sin <, S ces c

where (r,%,z are the cviindrical coordinates,
i.e,
(3.4) X, = r cos< , X. = T SInT, A TI

To obtain the stress tensor
mine the solution of (J.1J, under Ene cond
that 1t must vanish on a circular oy
surface” of radius r, =" l2<f<T
Such a solution was given in a previous

PR _ b _r R . e
(3.57 t,o = = [1 T M ], 4 c

This is regular for all C<r<e . It 15
in the core region, In fact, for r=(, t
vanishes so that the hoop stress i
the center of the dislocation, a result whilh 1s
in accord with the physics of the probier,
Classical elasticity solution results in the
case of £=0, leading to a stress s**g
r-1 . The strain energy per unit ieng:
in a regicn bounded by concentric Iriinoe

radius Ty an¢ R, is given b

(3.0 Lo - t_ . e_. rcrv




Contrary to the classical result, this has no
sirgularity for ro =0, In fact,
2
% (in{Ri2e) » Kj(R/E}]

(3.7} :/L[ =

|r030

which makes sense on physical grounds. For large

R, Eq. (3.7, may be approximated by
2
(5.8) I/L = B [4n(R/2e)

=0

‘TO
1,
+ (’.TE/’ZR)1 exp(-R/€}]

which exhibits the dependence of the energy on
the size of the solid.

4. EDGE DISLOCATION

A straight edge dislocation in a solid causes
plane strain with displacement vectors character-
ized by

(4.1 u = ul(xl,x:); u, =u:(xl,x2;, u3=O
where u, are the rectangular components of the
displacement vector. The displacement component
u; undergoes a constant jump discontinuity b
along the half plane x> 0, x,=0. The classi-

cal elasticity solution of this'problem is well-

knownl3, For convenience, we write the classical
stress in the form
e =~ - sipemlegit -i%.
< 1 *%as iBr “(e" -e I
(4.2
- . o e iRy T, =317
¢: 022 11 + 21 01: iBr “(e +e )
where
(4.3 B = gb/27(l-v)
From Eq. (2.12), it follows that the true stress
field satisfies
5 A
(3.4) (1-e7v7){c,¢} = {c_ ,¢.}
where € and ¢ have the forms
S C = = - +23
.5, C=tetan, @ = thamty ety

Thus, we must find the general solution of

-1 in¢ -

kIl
et (J-€TV F = (er. e, n=z1, -3

The solution of (4,6} which is regular at r=0

and r== is found tc be
in-
4.7 F = f (c- e
S . nL .
where

(

(2.8 fn(; = 1ot b tooart
=
N S
£ = r/c
Here, In(:) and Kn(:? are modified bessel':s
functions. By superposition, we obtain
R . -1 it -1t
(4.9 € = 1iBe fl(:,\e -e ,

(3,100 ¢ = iBe '[f,c, e
1

The integration can be carriec cut for n=l  so
that
(4.113 flle = ¢t K,
c
(3.13) £ =,[ Ij(e", Kyizode
:'az
« | Rg(e') Igesde

field follows
b

fror 4.5

The stress

T, 2 - =0 [53F.: o ie S - gim i
11 oo Pf - st :
413t = - _F?L — [f. ;. sini-f. sin %-
sy E TS i >
= Lbe F .- ces - e f sag X
tl: = - < [2} fE o1 3 f2 Jo8 s

In polar coordinates, cormponents cf the
tensor follows fror

3.14) t +t.. = % - « 1% .= % e
( / T tr? ' tt? tr? 1t <
Hence,
ub . .
Yrr T I ST R
1 s £0)
4,13 t.. = - < 35,00 - flir Jsim t
{ ’ T 47 l= £ [J n > :
S
.= = [<. . fL 1 :os
re 4= . l-. ¢ i K ‘




stress singularity 1s present at the ce
the dislocation.

It should alsc be noted that (4.15)
reduce to the formulas of the classical
by setting €=0. This situation is,

equations.

5. CONTINUOUS DISTRIBUTION OF DISLOCA

A small neighborhood n{(xj of x
istorzed body UV, may be relaxed to a
: neighborhood N(X)
an wndistorted (or vasural) configurati
by releasing constraints exerted to n(
rest of the body. A line element dx
; can be expressed in terms of its image

by
| (3.1 dx = A dX
i where A{(X; is called the elastis disz:
i We assume that AL\, 1$ continuously d
: tiable and possessés a unique inverse,
-1
(5.2) dx = A dx

Consider a smooth surface S in V
by a closed curve C . The true Burger
b of the dislocations piercing through
defined by

[}
—

B
df = i an da

(5.3) b=0 dx=
¢ $

o
12

where n is the unit normal to S, t
tive sense of C being counter-clochwis

sighting along n. Here, a is calle
true dislocazion dersity

-1 -1
(3.4 a=curl A, aJk * & m in,

For small distortions, we can write
-1

(5.5 A TR AL *5k‘ -9,
so that
(5.6, 3L T Sk tamyn

(2. ) ajk,k s

The linear strair tensor e, ar.d

tensor w, . are given by
5
(3.8 e . = ; (G L
' ks z Ao 3N
5.0 W= 2o
: [N - I LK

of the image X of

nter of

do not
theory
of course,

well-known for singularly perturbed differential

TIONS

in a
small

x, in
on~ V,
x) by the
at xen(x)
dNE N (%)

orTicm.
ifferen-
so that

bounded
's vector

S is

he posi-
e, when
d the

m

rotation

The strain incompatibility is exypressel ¢

5.10. €..,€. e .
(3.10. iik7imn Tan,im

where r .
ki
anc it is giver by

"

£, _a. .
AT nA,T

n. = % (

(5.11) hL

€ a_. .
kmr ni,m

All of these results are welli-hnown
theory (cf. [lo6] .

Nonlocal thecry stipulates that the stress
strain relations is given by (I.1 . For homoge-
neous, isotropic solids, under a milc assu
on the nature of the attenuating kerme., we

(2.12., i.e.

- -

5,125 1-€"77t,. = re_ i, « Il e..
( ! ( / kx T ~- »
From this we solve for e

- .

5.15 e = = 1-e797, 7t -« — ¢
t IN -t A i=. rry
where . =372 “ep 1s Poisson's ratic, 1Y e
substitute Lg. (5..15 into .3.i.., we orzzin
5.14, 1-e777, [V, v —— (1 L=
( t 2! ke T+ ‘Yrra T A

Y
These eguations muct be solvel
are subject tc the equilibraiur
Seald t =

Following hrorer's ;lassical arrrialt
ing the Beltrari sciuticon ¢f .13,

15.1¢ . Il =TT,
3 '
B -
< T {1 - h ooy
1-. TT,A TT A
where the svmmetri. stress fun;tio- .. FES
sub-ect to "
5437 1 = 0
» 1]
Substitutang S.l6 anto F,l4, we frtan
(5.1¢8 Tl e -
L »
Thus, giver the dis
through 3... ,

tensor . .
. L
give

As
cal eq
pert.r
tain




function, G.& (N, 7,y which must satasfy

At~
3.19 - E:V: 'JG o .o .
\2. ! LT © 7 Tkamn - 'kf 2! A Tmn
When is known, then the sclution of (5.18;
is gx\eh 154

2 T c N d
(5.200 x; = i Gkimn(f'zj mn(f) av(gy

U

In the case of the plane strain, introducing
Airy's stress function O\x],x,) by

{(3.21) Tyt $ .5, T, =@'11 , Tya - 21-

we obtain an equation replacing (5.18:

(5.22) (1-e°77) ¥ = 2.n

where

AL B Tl T T S - W

5,24 = .

(3ed) 37573y 272010 37% 27 %2y

depend on X and X4 only.

In the case of the @:ti-riae strain, equa-
tions of equilibrium are satisfied if

. Az 3 3¢
- - B ow— 2T e —
(5.25 13 ox. a3 B
N ]
and we obtain
A - -
g 220 2.
3.26 1«77 TS = La..
( 5 ( J 3.’3
where
(53.27) a,. = Q.. 4 -a.. .
\ / 33 31,2 32,1

6. GREEN'S FUNCTIONS: STATE OF STRESS

The determination of the stress fields aris-
ing from the continuous distributions of disloca-
tions requires that we obtain the Green function
for the stress functions ¢ and ¢ . Here
we determine Green's func.léns for solids of
infinite exten<,

(i) THREE-DIMENSIONAL INFINITE SOLID - The
operator .- 1S invariant under the rotations
of coordinates, For the infinite space, we seek
a solution of (5.158  which depends upon 'Xx-}
oniyv, i.e. -

, -2 4 . .
(0.1 {177, VG = Iyx-I-
Since the operators (1l -¢"77 and comnutes,

we Sel

0.2) .

For the infinite space, h 1is gi.en by

(6.3 H = « a7 8-

In spherical coordinates, using the operatc

-
—a

" = r-'iir
dar

we obtain

(6.4) G('i-éi) =

(6.5 G(‘f-g .= - a-l BT, 2=

where we also determined
T egular a x=3i,
kk T gular at x=:

The solution of (3.
media, is given by

(6.6) ki = . Cox-3 dv

t
which satisfies conditions 75.1° on accow
(5.7) and (5.11:. Upon substituting freo

this mayv be expressed as

. . 3 G
- | z e | —
(6.7 ka(f, = E;*k “a, (; — &V
LA R
] H ' rr :G A
* 3 Ptz o
- 1

where we used the Green-Gauss theorer. and
surface term at infinity to zero.

Eg. (6.7 may be used to study varicus
cases invelving surface and line distribut
dislocations. For exarmple, for a line dis
tion of dislocation along a cliosed curve
obtain

. L. .
(6.8: oy = T B @ .
£,
‘i:__ b, C == ds.
- P 3 .\-1 N
A
.

where b: is the Burger's vector per unit
of ( and ds1 1§ the exe«e“‘ of arc.
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The stress field duc tc a line dastribution The stress 1¢ calculatel &
of dislocation s obtained by substituting ‘o.f
into (3.1b. L |

= -7 G FE s
. A5 D R ol e SR S
, L s ;
(0.9 1,/ =4e__ b O [TG (i ds «i_ ds - ¢ -
ke RS £ SRR [EIRN 3 ri Tk
¢ (6.16) ta, = =2 (G ,..b.di. ~ G . .o 3.,
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This result is identical to the Peach-Noehler
formula with the modification that here G 1is the
nonlocal Green's function (b.4} with ¢ #u. The
most interesting new feature of (6.9’ is that it
deoes not exhibi: unbounded stress fields and ener-

.

where indices afrer a
tives with respect tc¢

comrma denote partial Jeriva-
X

gies ar any point on ( or elsewhere. ho €-E
(ii, TWO-DIMENSIONAL INFINITE PLANE - Green's G = 13
. . ; o ym :
function in this case can be fQund to be similar R
to decomposition (6.2, with - and H, given by 3
Lo S 1d L d o )
(e.10, A (iii, ANTI-FLANE STRAIN - The - ;
for the differential operator :in
1 tained tc be
16.11 H = - = in 'x-§
R 272
(6.17y G, a-< = - = {.n. T
Hence, PO 2 Tz
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(x= 3 1
P in A=l o, {6.18) G{ x-2 T = =— KL Ne© : =
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The stress function : 1s given b
(.25, G x=i ) = O (6.1¢ Sor o= o+ GUxel e, &
< ~ < RN
€=0 N
The s.ress fieig s founl ¢ De
where Kotz, is the modified Bessel's function.
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Airy's stress fucntion is obtained to be (6.20) tix %o . ol Cl;d~;v
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For a line distributieorn of disocaticns or
X, = 0-plane, the stress field 1t given by
where we used the Green-Gauss theorem and set a 2 ’ £
line integral tc zerc at infinity. For a oive
diszrituzion of dislocations in the .= 0-plane, (6.21 N = BT de .
we w1l] have N 13 ~ ’




Ir piane pelar coordinates r,” , we nhave
- P
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7. STRESS DISTRIBUTIONS

Here, 1 present some results on the stress
field due to continuous distributions of disloca-
tions along a line segment,

(1> EDGt DISLOCATION ALONG A LINE SEGMENT -
The stress field due to an edge dislocation can
pe calculated by using (0.16°., In this case,

b,z and we consider b1 = const. distributed
aiong a line segment x.,=0, X, < . . Using
tne fact that G , =36 *x.=- 3G/>I., the inte-
srations 1n (b.le. are performed readily
Tl = A~ - - A0
. LY By (6 aate) - G oalent],
AR - ~ Y
s:: = -hvl [G,JJ(-j G,~:(u: ] N
c.oo= = 2ub, [6Lfes -G L85
iz =by 165205 100
where
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R B O T SO -
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- 2%
.= [ix.s1 7« xT]Ye
Greern's function € 1s giver by (0.1l-.

(11 SCREi DISLOCATION - For a uniform distri-
butien cf screw dislocations along a line segment

aL=0, M <%+ , through (6.21,, we find that

4

t =

23

.b[G(:l - G\::)]

wnere G 1s given by (6.17) and 9 and -, by
TLl -

{f tiie number of dislocations is M over a dis-
tance & and b, 1is the atomi: Burger's vectlor,
we have for tie macroscopic Burger's vecter,

) o= b NC

The shear stress gi.en 3 ms. te
expressec in non-diTensiina.
(~.5 T: = t.g it oem . kLZW -
= ha Y el
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where
(".6, td = b It b NI,
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(111 SINGLE STREw - For a singie siTew, "*x
shear stresses can be ofta:tnel by surstitiilr
=T b.C = b
( ’ ~ L -
into c.-0 , whe [ 18 the Tairac-Cdolt,
measure., Tnis leads o
.- bl oAl
t = - cb - -~ T 3 - N
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where 1 = (xT - xT° 7, This result 1s identi:s
to Eg. (3.5, obtained differently, in poiar ooy
dinates.
For a singie screw, the shear stress Eo K
may be expressed in non-cimensional fors
(7.9 Tael = Ztoowb ot o=l C[i- NI
where
(TLlu; i = rec.
The stress field given by Eg. 7.9 as d
graphically in Fio, 1. It has nco singul
fact, contrary to the prediction rmade in

elasticity, T.(c vanishes at [ =¢
mum STress occurs at e and
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finite distance for amorphous and cOmposite ty \ .
marerials, It depends on the internal character- Tl =
istic length a (more precisely, e,3 .

This gives the shear stire

£
presence of I\ disloca

t o

Since ty St the maximur num
. . , . . . tions is given by
with this criterion, the maximur stress hypothesis g

for fracture is restored for micToscopic and atomic (~.16, N = C.3393
phenomena as well. . max T an -
If we write h=¢€/0.3993, Eq. (7.11; agrees Of course, this number will have to be moc:f:e:

Iy N . ]
sxth_Frenkel s estimate of the theoretzc;l strgngth wher the distribution 25 no: uniforr.
of single crystals, based on atomic considerations

(cf. Kelly_[lﬁ]. P. 1;‘. In fact,_1f‘we use The stress fields due to a un
€ =eqa =0.3%a, we find for the single aluminum tion of screw dislocations along
crystal, given in another publiczatior.
(7,12, t /e o= 0412 {ai: [111) <110}
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