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ba = k(comst), (arb)=ali+k)

Fx aﬁoroac/les 2ero as a—o

e/p=1. a circwlar pok
,ub; a' z=ars
Fx = (277 X (x*-a') E.fﬁelé/.i —apression s << a.b
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3. let x=ats and J((ro(fz-i:)

b: { Ab b
Fe 2 Uz )35 = 47 (A= L)

Rice amd Thomson (1973), Asaro (1974)

If the dislocation <s much closer to the tip of the
crack than the minimum radius ?f curvatlure, the
dislocation sees a flane,

Let b=o. This (s the crack-{limct case

e =G YE =1 [( 2+ J@5=1)1]
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Dislocation Emission from Cracks

The force compornent in the Slip plane
k. bs

Re(f1r) = 7wt cos(#4) ,—ﬁr-rk SinBcos(93)
th,(Acoe (393} + Sinb5u(94)] )
R. Themsen. ICTP SHRfG90 ~1 (24.1)
let }—sf""’ :a/w':;j for »,
b If N>%(~b)  Dislocations never traverse an

attractive regime

Z, If <Yt (~b) the nef force is a!w-f repulsive

Let r=r, f ck)=o for .‘fd %; Chriviie)

the valie of k whick must be ‘ /
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The combined criterion for Cleavage/;,m{ssion L
pure Mode I
Kie < k. emission
kie > ki cleavage
Thermaﬂ@ activated emission
In 3-D, a sadd&—Poo‘nf configuration of a
distocation {oop of functe scze exdsts, the loaded
crack can emit a dislocation by thermal fluctuation.

Eat o5 an cmportant quantity,

Mode-l emission <n 3

the shape of the
critical nuclous vs
assumed fo be a
half -circhs.
kng kli’. ku_(a!.) _ku(t?) Ess.t_

Cu b4 321 8 o4

Al 3¢ 211 -0 o7

N¢ 8¢ S-47 2-6 |4

F2 §-8 9-34 §:2 22

Mo §-2 4.2
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TRACTAL MOl PO HACiU3s
..

—

DER HOKOGEZIS0US STRESS { K. Sieradzki, 1935 )

For  2-D fractuire problem the surface cnersy may be expressed asi
Xﬂ (L d-(
c}ﬁ = Jds /Lo) (1

where L,, Lb (z Z.a. ) the upper and lower limits of the self similar

cracks respectivelyr. Z—ag ~ average crack length. According to Griffith's

criterion of fracture

S H:Z:.;V DL I'/J: (2/}
I A/ ek

™

is the apolied stress. I is the elastic modulus of the system. Near

the percolation threshold coherence length and the modulus may be expressed by

L z [, PP ;7 ()
E RE (prp)t (4)

Svaluating eq.(2) and emnloxlng {3) and (2)
[Z’r r{z- d)J/Z

= <41L)A (/D -f) £

whene kl:(.zE di . Near the vercolaticn threshold d ¥, so that

55~(F}°) (6

N e

This implies that the rlgldltv exponent in the simulation performed by

Rav and Chakrabarte might have been close to 2.
Ray and Chaknbark; ( pﬂ'nh cowmunicabion, 1987)
E”i T’ ~ T’
o ~ e Apopl TIp-pel,
where T m [T +(d- dg) v]/a , EF ; l,il!'b'ng aversge 3Cmis aneryy
of bonds.
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nomans actual fraciure nrocesses, microcracks combine tn be

a man Lo opacs and then., the finsl fraciure nrocess is the provagation

of the main crack.
by step. The local
microcracks, voids

Provagation is due

It is well mowm that the macrocrack nropagates sten
material just ahead of the crack 1ip consists of man;’
etc. It seems reasonable to assume that crack

tu the local fracture of the porous structure Just

ahead of the crack tiwv. k
- of
acr? oy
| =
I
Y:_(_kf_r_)
I 2% d;

T o is the distance

-
n

q; as above, we may obtain the »

of the crack oropaguntion step.

axpressing kef ag a function of dislocation parameters and

£ in more detail form.

We remember that ( Lung ard Gao, 1935 )

The critiecal crack
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THE EFFECT OF EXTERNAL DISLOCATION ON CRACK TIP PROCESS

s J Zhou (a, b)

and C W Lung (a, ¢)

International Centre for Materials Physics,
Academia Sinica (a;

Institute of Corrosion and Protection of Metals,
Academia Sinica (Db)

Institute of Metal Research, Academia Sinica (¢}

BACKGROUND

experiments

1) dislocation emission from crack and external sources .
(Ohr 1986, adequately large applied stress);

2) eX/stemge of negative dislocations at immediate crack tip
(Ohr 1987, in stainless steel); |

3) many dislocation dipoles around a crack tip

.

(Narita et al 1987, with etch pits technique in Nacl) 

previous theories

1
'

‘Dai and Li 1982, Majumdar and Burns 1983, Ohr 1985, Pande
et al 1988, etc only discussed influence of crack-tip '
'—generated dislocations on crack tip process

 existence of negative dislocations at crack tip was pointbd 5
Thomson and Lin have done sbme -

‘out by Lung and Xiong (1983).
"work on it.

i

[what effact of e

ternal disloctions on crack tip process?
: i




ANALYSIS

mainly using a superdislocation pair model.

Ay Wy iy Wy gy A By By Ay By By By Py N By Gy Sn o hy by Ry Ty A Sy Ay By By A S Fe fe R S P iy By g B Ay R A

In terms of Li's analysis, force on negative dislocation

Kirr g (-b) ~(-b) Jd -b
(-b) + (- + ( )] (1)
J(2wX) 2w 2X JX¥ = da-x i

f = —

e r———

Critical stress intensity factor for an external screw
dislocation pair emission is

L pub
KIIIp = J[2n(S - *";‘ )] (-*of + -~

Condition for the negative one of an external dislocation
pair annihilation at crack is

) (5)

| X1 p! r, or KIII b KIIIa | (6{
where

) H b /d b o

X = J(2vr Yo .~ — | - ( —) ]} (7)

Illa Ol x,  Jr der, |

R P

. According to Majumdar and Burns (1981), stress inténsity
- factor due to an emitted external dislocation pair is

i ~b b

K = - ( + ) (8),
I rom /X 74 |

Stress exerted on external dislocation source is

Kigy # /X b w/d b 1
. + - () - (——) (9)
f(2n8) 2n /S - X-8 2%/s 4-§
D e
h‘
Q



Stress intensity factor due to negative dislocations

r/2 2Rcos8

u(-b) B /{2R)
KIiId = [ I [~ ] cos(— ) g rdrds (13)
: J{2nx) 2 Ir

-n/2 0

Critical stress intensity factor to operate external source

KIIIs = Uop J(2xS) (14)

Critical stress intensity factor for dislocation emission
from a crack defined by Ohr (1985), that is,

ub
K = ——— % g

7 (2nr. ) (15)
I1Te f(8vrc) f C

DISCUSSION AND CONCLUSIONS

= b/2, aI = oop = 4 /100

Ly . . -
(1) From (7) and (15}, KIIIa< KIIIe

e e EE e e e e A RS e -......__-._.__..;.=.=.;:-L._-_-._-_...,__—.__.__...—._....--—_—_-..---—

‘1et rc

if d >1.3 b.

_......._..._._,....___..--__.._—_..........___.._....__.........___....__

(wt® + yb) > 0

[

energy = [ ,
: tub” + yb) ¢ O (surface energy, y,~ub/20)

Why negative dislocation existence at crack tip
WARS observed rarely?

(ii) Since X ¢ d, K > 0 from (8) ji.e. net effect of an
| 15 ¢ [

- 1qu*
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_...—.-_-.._.___-—._..._-.--.-..._....._.__—.__-_.--—-__-——._.-._—........_.—___._.--..-_—_—--.

Let d= 200b and X =0, then X = 9b from (8). In this case,
| IIT

K . » 48 K .
IT1d IIIe

i

measured values, about 50 kPa /m in LiF (Burns 1986)

K
IIle [ '
theortical values, about 230 kPa /m, using theories

(Rice and Thomson 1974, Ohr 1985)
(1i1) For Frank-Read Source, if L » 16 b, KIIIp < 0 from (5).  '
(iv) From (14):lnd (15)'.l£ S ¢ 143 b, then KIIIs < KIIIe"

1f sufficiently close to a crack, an external source can

.__..._-__....___.......-__......-.——.-—-..-—-—u.——-.—-——-..———-—-—u._-—m.——-..—_-.-_-.-..-_

_-..—.-——......_....-..——..-.q..——.._—-.—-——._—-—o-.——..———.———_._—-.——-—.

Hockey's Mg0 observations: many cases where sources of
dislocations operate near the crack position (or near a

| previous crack position), but only a few where the crack
Itself may have been the source of the dislocations)

(V) Let 2R=143b, K > K  if N> 5.5 (g > 2.6 x 10'%/0%)
114 IIle b

dislocation densities for a recrystallized and a heavily
worked metal are about 10" /mz and 10”/&2 xespectively




a physical picture: ‘ &

when k . ka ; kq ¢ K ¢ k . ke, net effectiof exteinal

[=

if positive dislocations and remaining portions of negatlve .
dislocations reach an equilibrium distribution.

If npgatlve dlSlOCdtlonS plle up agalnst barrlers in front

external negative dislocations

1. may be closest to crack tip

2.annihilate or form locked dipoles with them
3.influence their emissiom from crack tip.

external dislocations play a very significant role in crack
‘| tip process and should be taken into account adequately.

E —
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Force f(2%/ub!

total ferce

-.15 :{4.7 e et el s = es

o 0.2 0.4 0.8 Y
Distance X/d

Figure 2. The farce on the neget ive external dislocation
near a creck tip of & mode [l1 creck.

dx, x
dr,”° 5:1’°

Forte f(2r/ub)

i
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Figure 3. The effect of the criek Lip stress intensity on

the force exerted on the negative external dislocetion.
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Figure 4.

Schematic showing two dimensional distribution of negative and
positive external dislocations near a sharp mode III crack tip
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Figure 5. ¥he positive external dislocations abd the redaining negative

external dislovations are 1A oquilibrium ia front of the Blunted crack.
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2. Gauﬂe theoy (AL Telalmas )
_ K oL yv _ 3
Fr *L”—& 5%tk G) exriicn

Cphy. stat. sol. @) #3, (119 1.

#) ap(¥m)kiB x"
(Ju/lwd:ﬂr/ouﬁ'm mooled

IC/§C 1oy )
rﬂ'
j:j;dr
LI - K e 24 ]
- fi=mee8v, ﬁ(—r—O‘ te t o
B, dus o phowan drag, elactrons % e
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p: the mean radius

of curvature

Yo the core "°3i°"
vadiue

Is ot still njﬁé Sor cons:b’enhj the slress

' fo'ela( near Z=o Onﬁl’ as 7he _C_ becomes 'éqcr ?

~21 -

2f



Gaujz tﬁgory 7‘ a@f«ér
— Limitation of the bocal approach

k . .
o = "/arE on fy Lrue for the région near

1he craclk +ib. ]’f recds a prarameter €o reflect
r /7
— e e

the c}z-{emz't/ o\f Stres s \7‘;‘&/5( n a /a.ge.r r‘ejfan.
~ J Int‘ggm( LS not /mu’f/ c'ndependenf L2

medc-um WL#) cfefeofs on lff-

In J , there are no J'r‘ﬂyulan't:b: rquunay the
dislocati'ons ?f the /9&:&5'. Zone , onér a ncp/oinqr

JtN.ﬂ - stmin constitutive taw

Is ot /oo.m]é/e to fimd another path nTepeddent

Jnt‘yra( ol a defect medium 7 1%
~22 -



Edelecs s Gauge 7 /:a.r:t;{ :

/‘/e;’fa'nj that the 5}'0@4/0 SO(3) »T(3)
moy ke viewed as a 6 - parameter gauge
g0t that (eave.;- +he [_ggran‘gc'a.n qf &/a.rfac'é/

f‘f:em}v varcant, 7he Y@ﬁ%" MMs wuniversal

structuon t5 used to erect a
com,v/ei‘e contineum t‘heor)/ g‘ material bodies
with dislocation and dislination Frelds.
Bmkl'nj of the /tomoyanm'ty of the action of

50(3) ¢S Shown ‘o yz’re rise to @Cé'ndﬁ'oa.r and

rotational dislocations while ﬁamogeneo'ﬁy bmkry
¢9f T 3:'res rise fo tm:/aﬁbm( dl.'r/ocat‘cbn._r_.

« A Gcch 7%097 Oj Dafr/occﬁf'ﬂu
and D:kécaﬁ'On: » /982,



ﬁ
>4

Trazle can ke tieated as a dictribution of
virtual “crack ” distocations.  Duolscations and
Adisclinations are taker as gauge f: ld c?](
classical  ebnstic field.
A covariant derivative (s taken as
(,. 4 4. 4. At
s X —,Dpx = 08X +j 71'] A,
. C
Where Ti; ave the Structure coeffecients and
/9: are gauge patentials.
. and
After proving E. Noether’s theorem, the conservatbion
lows , f.'o,(a[ <eguations oj the J/v.rt‘em wi'th both
?f two Kinds ?f a/efech are obtfaned.
The total o m'w'v forcc ( crack extension force"}
actt'r':ﬁ on a crack can be expressed as a

Paf‘ :va{gbndcnl c'nt'gm/ under the Cronsfabon
growp ?7‘ J,aqce.

~RY ~ >3



F_oaowfnj /Voeffzerf z%'eorem amf( .S?‘aﬂc/a-rd .s’l‘gh:
n qauge field z‘."ﬁé‘my . we gef freld equations of

a continuam w;"’ffz mo:{/qfeof: bréking Symmeby of SO()7TTL

£ = - _Q_l_._ ) = 0
{ oXe 3)‘«',» »

2L _ (..?-1:-) = 0
74; 34;,.: v

For an- elastic mediuwm with defects (in /o/ome statics) .
(elastic;
A= A= 0
Aa”n_ ::; =0 7
‘3( d"a.,)-;-A“.-—A.“':-'-a
4’(0"43 a!i"'Aau c’tl =eo
J";? + A: w- A =0
¢Jd"+ A:”" Al‘” =0
"'" +A‘,a.t Aa,u
\ - 7‘?-.“”1; n"A;,ru =0

(V= / a, -6)

For ome single straight edye dislocation ,(special defect)
( ~ V) ¢ ¢
= ._0&: L ;(A.,,,'A,,.,)I

Q>0 e T

For a crack as dislocation /w'[e ups, ( special c;fcfoq‘ )

k‘_ (} ﬁ-EM (4, “){Agu- 6"/ 0

‘—-M‘lm-— Q, e LTS

whore ce(—a,a), 20 1's the length 7f a creck,

— 7T .2s- 24~



The criterion for a Sinqu(ar:'t/y motion (or a
crack 'pr'opa‘ga.tt'on) ‘n aienera,@c( can-ér'nuu.:-
with defect:.  We can prove

L
§£(L82 axftx‘fk ) Pk)” d’.fxg— (s-prka 3: A )dV
The . b5 /s a /oa,ﬂ‘i {ha’epena"ewr zhfgjrd, the rh.s

is the energy releare rate or #He Sorce aaélj

on the singabarity (or crack extension Sorce ).
Fi = f“— S~ Xk~ 3:’*"4“)"‘ “s

Fe > Fue|  break of

where E,c (s the resictfance fo crack pm/payaff'm,(a

moterial conséant ) .

In the case of do‘fur free matenals,
Fe f(Lf 3)(,,. X: i) n:ds
J.D. Eshelty’s energy- momantum tensor

TR.Rite’s  J - integral,

— -
_Zé‘_



Ly md

F, __.;L{[g__,,{tﬂ,,)—;‘ w1 T F Tor A AL ) (AL
A K kK _, @ _éi M Mo
+3'TH£ A/AA*')SC 7 "\f;,hix‘;(dé; gd'*zA &)
+ (At 28T AnA»J)A }’7 ds
M
where Tox ure Struttare Constants oj Loe.@a/fdm

of bocal yop G = SO rT(3), and

( The detasls P}QQ.SQ. seQ, Don‘j, 2/:0.3 anal iung .

ICTP Pre.‘?r.'n{:, IC/O‘/I‘I-#, or Int. J. Selid J’druct«re;,

/f?f, cn /bm;_ )
We are on the way of exp/am:y /d)m'ca( wundersfandiay
oj Jracture, an every 46/ problem o materinls

SCrence and eay/'nun'?j.

-23- o



K a{mm

/, /? 77 oo, o~ J\o&‘a/ yﬂ:& /”9‘“‘%, val. 7 5. /FFs At a fosenca /pquqf /.
< B &ﬂ(?' ancl 7. Ei&%, v Fradlue” (H. EMM, ed.) C’;@( 2
Acadomic Pres, New Yok, 1768

3, JD Eskelly, oolid ftodh Fhpnic, 3, 790795
4. TD Es vwi Pislbseatins o S5l , ( FlMNatino, el ), o0 1 /378,
(A malondam, A/w‘f-/{r%,r.,(),/./s’ﬁ-
L IRRece amd R. Fliwacn, 1973 744 Hag., 32, 73
(L PS .«5{7@%' and S.17. Ok 1580/l Meg. A, 82753
T BABly A A Ml and K H Sunidom, [Foc. Rog. Joc. 4272, 305(175)
8. L.G Churmbers. [ntograk Eguations. [nbomat. Terdbeh Co_led, 574 p.173
g Cow ém}; and L Wawsg Al Mage A, 178% ot My 4 Ll L 22,
re. ¢ W.ch?- and L.V Xr'mf, jhga, k- ol (a) 77, £1(19£1),
160 S J. Zhouw and C W Zw?, J. /%/ﬁ .F=Mdﬂ%1.,/_g°(/7if/if/-o9€e.
120 CWlwrg and H.Gao. phye. B sl o) §7, S5 (1921
/3 C’.W.lm% avd kM. D,,,?, Ic/88/150, ICTP fhgpnind. 1787
Heritical ond applisd fondins Mebomica. /J25 (o przas.)
14 S J Zhow aud C W Lung, T (. Codovard sallon. (5F7. 0 frnne)

/F, ,i.k.ppy, ~, KZIW?, M,Fc.w.éw?t ICTP Praponi. ZS/88/ 10
J. ,? il Hadanr 1) (v presa.

3
528.-






