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1e0 SIMNMARX

The dislocution mnd the srwek cre mechanions
et are Pundamental %o the ourrent theory of deformeticn,
The current view i6 thut during defusemilon, thete
mechenisms i iantroduced inte o erystal by & procesa
of generetion ihst reguires the pre-existence in the
deforming eryitsl of st lewet one of these mechunibos,

The writer hes excmined the grounds for sn sl termative
proceds, socopiing to widieh these mechaniems wre meleeted
in evystals subjectod to strvean, This hes led him

ts the thesis that the mucieation process ccemye in

resl erystals. . specific nusiesiion bypethwois ie

s18s put Torward and exsmined guelitetively. Gxpoerimentad
work , curried cut in order to obtein Fipet-iumnd dota,

sise favours thie thesis,.
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By 1934 the concept hed clready bocome well KNovi.
?aﬁuﬁ brought forwerd the hypothesis that the strength
of eryoials ie Geterndnsd Wy dislecuiion intercction.

In evysisls of low disioexifeon density the interection is
wosk end the prelutively free movenent of dislocctiions
permits deformstion &t « low streas ilevai. In the sune
your ﬂ%m? put forwsod & theowy of crysisl Mlanticity
which oosbined the dislocstisn consept of Folmyl”® with
the thermsl setivatien theory f Becker .

MMpmmwm:mmtmﬁ
e very fTundumentsl muturs. Frovieuwsly it o generelly
sssumed that & truly perfect wivey of stoms or raloorlies
had no meghunioe) stwength, Imt the presence of
imporfestions, ©asorpious” iatereryotaliine senmes ond
other "omoyphous” sones produced dering shesr defornation
were responsible Tor yield strengbh and work hervien ings
.'ﬁg’ Osirvith in ths paper elvsedy cited subseribes
to sueh & view, e cugessted thet ths foreeTleld ivoart
stems end moleculiss ig men-umnifern g0 thet in o
substance whos: wnlte were eriented in e Megulur Wy
gtrength in different dirvzetiens womld vary vomilting in
pleanes of WenXBOSEt. B-v&.u'a in deseribing the effeet
of thomwel setivation made use of thyer Muekenenad
exchonge of atess botween lstilee 8lios, el SYMNES
fiuotustions sud etrein hardening, theyely «volding the



problem of the exeet ntonle meehanimm ol shear flov,

P eeplior theowy ssered 1o be consistent with
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orilinary experisnes, Cevefully prepored vl wedi
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surfeceg. Te il epert two sdjatent planes ol &%8
of & pevfect orystal the surfhoe eneiygy wsaneioted with
these plenes must be provided. Fow the wngx of e
sttructive forces in & cryotel is kmown and is o the
opdar of 1077 ome 4 fom

5 R

soting theovgh e latance
miet Supply the nesoseery enebgy. The mgnibade of this
fores may thorefore e eptimated, s fu dnown e the
thoopetioul strength of the arystal.
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and Heed' " in 19506



another plemomenon that yecmired explenciion is
york hepdspince Duning deformation Ehe stvess required %o
maintaln flow inessanete Uavernsl wmechaniowe of work
homiening are avelichla. mﬁfz’f} proponed ot chntuglon,
madnly eoesile diplogations eculd csuse didioouiion %o
pile up snd eventuallily maka the penevuting swehanionn
inactive.
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eleatiz 4o Plandio dol sion in very awiion. Unttaeldd

and Bley' | sugmssted Vet eryetals

fopurity stove wodoh 41ffsee obont in $he fettice, moh
stong would be abfronted o and concentvaded In e

plephie Pield of ¢ dlsinoutione. Yhias wald taxl o anelnp
the dislooailon, =
fronty thevagl the 1-0tiow £9 pust be faan wesy e Al

3 weTnoy aueh o Gladonoiing Gn ove

“ainouphere” of Jogurity olomg.  SnGdem pleldlng u them

a conseguence of the brusiing ewey of dlglooutiom and



particulariy genorsting mechenienm fron tholyr achoving
stuospherecd.

elso %o explain alkrein asgd
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£ v il W ey
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sxtaustion ooy of teensiont creep dovelopod Ly HoBt
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wotie 55 BYED
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After 193 the dislocation concept domdinuted



itterature on deformution. Tt 1g pyobeble nmwwover that
some workers 4n this $i0id did eonsfdew mlturimtive
theories of dsforetisn. One such theery that woe sleo
publiched fs presestod by Furth®.  Furth mgweted thet
theye was on soulvalenos bobween the protess of weiting
and the sschenioel prosops of foilwes, Thie lad hin W

equate the letent host of fuelon o spesific meltlug ouelyy

%o the specifie eleotive omrgy o moaxions obPande iy
songidered 40 metale ol by using tenzile atwgth velues
extoupeloted to 0% ohlteived on averese velne of The watie
off Shose ten gnorgion of 1,050 and e stondord deviation
ef whont 2T

Hovever Surth mices no obterpt to dnbedpiet his
vooults ¢ s sbisde vowin. Henpe one moy Guooluds Wl
pather than poesenting » Ltheory on Jeforretion ba bheg
found & conpoetion betwweon welting and emile séweasth

which & setteforiory Qelowetion $heowy sunt oudaiie

The search for moye gonvineing aoerdasntal

evidence fur 4w Alsloentian concept natuwally lecls o

the ucupch Por direet experimenisl evideros o Gilaloustions .

The prepounders o the dlslocution esneupt used




using soep bubble rafts >, which served to illustrate the
properties of dielocstien tut gould Reydly erypert e
velidity of the eomcept (for the teible zuft conld not be
expected to simulete the quantum mechenicsl noture of s
bonds in aggregetes of stoms)e Tha scerch for &lrect
experimental svidenee far gisloeaticn hee ulireedy borne
fowit and VEreh® soviewsd o large body of litercture en
the direst svidence for disdeesilons in 153U

pislocstion mey be revealed in verious Wiy
The heart of & disloeuticn md the lsttice imaediviely
apomd it 48 et o Bigker peotentiel then the bulk of e
erystel lettien, Tighants, which aAtseslive o erntud
should vemove the stume sroamd s &lsipeation »t = grectedr
pste than the rate ot which thuy sre Pewoved ITrom &
undisturbed srvainl awrfese. Oiring etehing, one venld
axpset & series of ples tv Jewelop ot polute en & eryatal
surfeve st whieh dislogrtionc mwmpge. The ucelnlnunss

of ithis property of dislocstiens is well $1Inetrded by
the werk of mmﬂ?’ﬁ&m end gmmﬁ‘* 3 gio wepo sble
to study the generatiom, velesity, mltipiicstion s
density of dtelocaticon $n lithimm fimorids crysials.

The ciress Pl8lé around & Slsleention will
slmo atireot impuriiy stoms in & eyyeiol. .Imﬂ
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ptudied dilslogaticne in siltoon by doping Uw silieon
arvetal with & trece & copper, which migrafas o
dislocntionson heoting 4he exyetel end =0 iwlowe T
visidble for optical wemminstion (siliec: being

tpenoporant o fufve~pull wovelengtivie e produced

eryotals in wilch the oteh pltes on the SuUItOR WG
gornseted by previvitute iteous, o sonfiyming e volldalty

of the ctoiepit o presinituds mothed e o

teatmiove of this kRind, vhieh powdte ons oo pludy e
tnterior of & eryntal, it 4o peseible o oty e
phenomenon of “dlelnesticn-fres” crvutale” ', wideh lad
to the vherpeeles pesudt Bhet u opetud wleh o
e diplocetion froe i sot etrikingdy SLffes
eoviaining diglocsiionse

GO

w3 TP Lo

The spad dlveod mihod of dheeyving disloestions
ie doubtiove the obsuivotian of thln fi0ws of epeted
by electron mloyosncuot, The gunslnong oun b g ioabed

Lo gtrops e they org wanied in the elooiroy Alornaecye
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netuvorie, srouph of dlslovstiond piled wp s% SWdn

5 o

des, end ifuterceticns botwean moving GF eAaoaslonis
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The sketeiy outline of the developrent oy the
dislocation theory of defcrmution pressntod in the previous
pazes hoe (rueed the progrees of the dlslooution convapt 1o
Sepinnity a8 & poosible hypothesis 1t foumi
tnorousing eppdiestion in axplaining the mm@Fuedenl and
nndopes oy dlrectily

othar properties of solilde.
obeepving dislocations put the existencw of (ivioouiions
beyond dispute.

The d:islegsetion theory ae 1t stuuis, howover,
hes net been completely vindtcuted. Topetey with the
indiomtsble prood that disloostions emol eun fnfowiion
gbout Gwlr behavicw whieh esnfiietn with Yw Gisloestlon

thoorys. Dislogstions hove Baen chpapwsl B0 ;fﬁwmﬁm

when 90 gepepsiing machanima sppeared Lo he prowent
Aguewding to theory, thy olpess o8 wilelh this en hoppen

msi e very great aboud ,,‘L,‘ % {% belag Towmgs Yeinlube)

For the same rousotl, ﬁimzmaﬁm?’wa gupetels aogid be

Raul prostale comrently fves of

disjocstione spe not pseetly differant from Uose

containing some ¢iglocatinng.

It 1o pumedble et these end sindlex
discrepanties will dn tivw Lo explsined within Whe Trame-
work of the exiating

digmlogution theory. The opracrmsywos
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1.\04» sheence of gwmertting mechsnisms may bo proved to have
bae in rrole

1f this i8 not o, howsver, the dislocution theesy
will pecuire some modifiestion, It i the vriter's thesic
thet such modificstion i celled fore In the Tollewing
soctlions = moFe deteiled nmaiysis ie mede of tha points g
which disioeation iheory eonflicis with axperiment, wpd
the modifiention %o exteting thesry St £t iz elaimed
will remove theSe cisorepencies is yut forecrd.
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A thwory may Alffer from repility in VeRicus waySs
It may be & rather ineceurate £t of the experimental

regules; 4t may sugmeet tFends which ave Dot Daw
experiventally, anf, Finalily, 1t wmy be Lmpowalile &6
w by the sprlicesiam of the

exvlain some
Thaory«

The aislosation theory in ite present fowm is
usuelly not oepshle of gresi preeision ac Thet 4% i
discrepancies of the second and Zhiwd Xingd et on 59
smplioyed o grestest sffeet when uestlioning whe vuligity

of the thespy in 118 pregani fOPie

Ip the seetions & Pollow, disercpwion of
this king are oxamingd, with the IPerpoas of teating @

vaiidity of the Jdisloestimm (huoopy sd Intecduolng o
pocaibie modifiestion widen will tead 0 & Wiy that

embraces these Pucts oi welle
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pislocestions are murscanied by stwes Diaide.
Inmpurity atoms, gensrally are also surrcunded by O oldose
¢ ToRE I

4 substitution atom sy thvow the Xottlios abuat
1% fnto o coupressive oF Yanelile ptress.

An interetitlal wtom will penerelly Swow e
surprending lettice into oonpmession, Wt For veny ewldl

atoms cueh ap hydrosum, the reverse may b e Gaide

A veecsnoy w31 put the susrmmding leiSlee tnte
8 elate of tension, fur the veesney siate 'y be Likencd
¢ & sosp bble shich wlse tends o Alsdnigh veior Gw
infivence i ite surices eloti.

These defegte ure point sourees of' stress vhereas
e diglocutisn lg & Mile Yl o020

Three olssses of intewction are possible?

(1) iIstersction betweon Dised podnt sources wul mn

ghierviss bile 3isloenticte

-ty
Pz
g

Inteswotios oivesn msbids 28int sources of
ptrope st e ofherelise sobile dlalvoniione

Both fized end mebile poind souress My Wy

Foay
L7
Wl

presant &l the sane i
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Becsune of the nature of crystal latilicen, there
are certain pointe in the Jettice at wisch & puint dpfoet
18 at ite minimum potoniteis To move from one poasiile
jowspotontiel Bite to sapiioy the point derect st
treneverss on enermy fuusn. It follows thot peiut defvols
are inborently fixed. They moy become miuile undep
three omMiitions:

¢: Thermal epltaiion.

3
e

(4}
{(2) e lvenoe of e tlslocution stress Figide
{3

seddamtion of & dinlooetion Field sal Limmrmal

feag

feverwl epeeific euses of lnlersetion will now be
aisoneseils

Zated

Tt i cpownmsd thet the dialoeebtls: e o gerEred

friction charssterigiie oy ihe Xovm

e
. S 2 e W gagelde - .
P e hed v where cons { 3.1,

f « feteticn fuyos por unlt Jength
# ie & conatant

B i ¢ conatint

v is diniocadlion velegity end

n ig & ecnab:nt
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The velues ¢ e verlous Sonmtonie ave not

ptipulated g thot £= U may be seen af o opeclud 02pos

Beginodng with & wigiovetion loup which is not
in the isuedisie asighbouyhooe! of point dedeess It wlld
expond with appliceticn of stvops. Uhe peint cedvele fof
voth eigms) are fsben S0 be distribuied In & pawgion Wils

interseticne wilik Y sk L s ladvg op
attvootive. In the shoence of the Y V5 gome An

equadion {9, o3 attruetive inteenction o pot poturd the

dislocution. Yoo digloestion will tend to osowliorate LB

iomg a8 the attvective point defeet fe sbuwg oF Lie contre
endd slow down vl the o seative potint dedeets i hebdnd
its eenirss Hovower LY the derant Priction & the

&

digiovetion in wiloeglily dao

ferdl to dissipate the intemmetion enewsy iy viisoslng ke

& steing g Tiacdly eoming o vest with e Ltaipeting

?
!’;
M

deteet in ite lowed poteniial positism I the oW

fdislocation veloelly is wonil. pinlsention s a

grenter ovesull veloeisy vhe otiyuetive padnd defent will

sel Bigied enerygy disespatiom Ly oo

segment i the Glsizeaidon Iince

A pepeieive fntorsetion on LW
tend to atopr & dinioention witill sselions
iine on olther pide of 4ho laterueting Gelogt Rewe SRR

T MyAinive

e

Forveyd suifictieatly %o il the Il



= A + B’Vn, T =0
=: Const,

£ =A+BVY, B O,
T > 0,
o = Const.

f=A, T=0, E: Const.

/ T> 0, E0.
_{ £

FIG. 3.1 Stress-Strain Curves for & Dislocation in @
Crystal containing Fixed Point Defects.

—

3
FIG. 3.2 The Variation of the Sress and the Plastic Strain

Rate when & Crystal containing Fixed Point Defects
is strained at a constant Rate.
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ficld. In this procoss oxtre length of disiocution iine
ig Fivgt produced end then the sfiditionel 1ae cnapiyr I8
dissipated ne the dislocatics line petums to ite proviocus
length.

The *strope-ateain® curves thet awe W Le
sxpectad when & (Glslogation is sterted Yoroed threugh

s lettice contolaing point defeete is shown in Flmeee .1,

1P the friction fumetion fo of T fums £ e A
then the ptzess will inerscse alowg B0 o L ol of
breaking thwough the bewrtop of voiat defnety e
alioextion 1ins will apguive encugh domesbaE 0 IR
otture wad She ptvess w31l fell slong UB So N oanl yorin

ut thie Luwile

Henavewr, with the veloelly depsy
o b8 '@ﬁ !

o womentnn of the $lelovedisn emn ot DO

medntatned snd the cbrets revedns hghs. In ths Soroey

eone yielding seog slapiad is voyy anddoen, in Wo Latiaw

oentiong ape o

eape 1t i dlow Top e 4l vy gl vings

i the meessoupie sesie, the fun sowy il TAod
stress on sirein refe o caly be Daand whas 1% o Bnoam

how the rato of digloceiion geveretien vorlas with

eiroas. This euhioed vill be feft untdl Jale®e
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it ie assumed that the oint Gerfegls e
eseentially fined, nt theoomel apitetien o aw

Rotont W
give some uesistones o the disloeztion in overcondng the
recistence of the peint dedeobu.

If the styesm is velsed to “p and Held thore,

the disleontion will oomares Yo oovg slewlly o

At the

st puBlatence 3 owepecdng

Jettice, belng dopuient wn Shaw
thae point dalloeti. vl wEbivetion zeoialn Uw
diglocaticn in oworeordngy solnt doloots ep wall «i 2%0

iohorent Tyiction.

If the sivess i ruised suddenly bo ;a**ﬁ g
held there pleetic sitwadn does nod follow U
bullds up 1n & Phert erled %o e plosdy vilue. Thies deley

peried indleostes the tiow faleon by e vaidion thernd
srecesses o #elesss o dindonstion line Tronm n puint fafent

obatunle at et auplisdl gLread.

Witk the intveiuetia ol thic thermad offect, the
distinetion botwoun dimlogaticng of tw type

£ = 4 veoae (3.2)
f“’"f?@*ﬂvn vece o :_:.:"f

ie greatly reduced becouse in the suse ¥ = Ay, the momentum



€ = Const, T > 0.

' Time
FIG. 3.3 The Variation of Stress with Time when a
Cryastal contaihing Dislpcations and Fixed
Point Defects is suddenly subjected to a

constant Strain.

/

A + BvD ;+ Cks,
0,
0.

4 R
T

—er -
Ep
FIG. 3.4 BStress V¥s. Strain for a single Dislocation in
a Lattice containing Mobile Point Defects.
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of the dialecction ie dissipeted by vibmtions of o
relessed cspont of disiocution line betvoen otheyr sagsents
which are not yet reloseed. However, e swrentya oay
not be somlotely dissijpetsd so thaet the thopal procoas
cart e sesloted somowinnt by Ce Einedlo encrgy oF WO
disloention, shich ineresses the rate of

If, inatesd of o conetunit styess, & oconstent
strain yote I spilicd, the ety of vlretie stivin
ingreases from sero 4o o el Then Telle oY 0 o obosdly
velus,.

Ftrens bhiwves dn o aladlor spaveer, vism &
songtant gtrpuin rate is oppdied, wad ie 11 Ivgivedad in

Piegave .2,

If en elastic strain fs suwdienly swoided
held the wivess will délmdnleh o3 mn coselesstod rete wntil
1t felle to parn. Thisc process is LYlustyabed in

Fipuye %e 3.

This proeess lo vory sindlsy So dalared Fialdling

but theve is the olymiftomnt 4itfuponta 4

- Fhalddng 18
not suddan but comences «b an socelerating pues feon the

mousnt oF Ioedlnge.

et ol
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Teindet

$hp Sntoreation betweon point deyeots @il
adislocatione mey be 8o slpog thet the dadeet 1 Giaespiemedl
aleng with the aledecviicn. Thie Ingrcasoe the resistuwnce
of the dislocetion to rotion and the eguetlon Tor friction
takep the form

£n i ¢BW~@ Ym where wane el

C ig @ evnetent depanding on the mobile point fafent
m is She iinear deusity of sobile poind dodectn
slong the dislocution lines

4 dislopstlon 1s sgoused %o begin in o 2008 of
erystal ©ree from polnt dofudtne. Mebile point Jeleots
spw sostisred in o Fendos neuser thrayfoul the lottlos.
in the diclocstion mowes it will plok W sOEG Gao D0 g
Snese woint dafsota Wi e feletionad popioteen INOPeeREne
IF the aistepibution of peint defoete dw Dewlid e
unif oo,

7 [ -
m= k8 wmen | »

vhere k is & ometunt and
g 18 the (lstance trewelled by the dlulosction
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m hes a limiting velue m » when the dislecution
is sstapated.

“hones

fauAdeld * + C ks esse (SeB)

The stress requirzed to move suweh o dislovatlion
#4311 increzse linesoyly with the distance truvelled by the
alzlecsilon, wnd with ths ;lendle streln g . Thie
18 rupresented Lo Pigure Zele m

If s« series of dislecetions spe gencrcied cn the
gome slip plane ths Pirst dislocntion will iend W s leas
ell the mebile peint defeets. Subsequent diziocuiions
will move ruptdly wntil ther inlepeet with the Dieat
digioention where = pilewsn of dislosetions wuulits. The
firpt disloentlon is thorefor: sesieted by JdislosoSions
behind it

1f saei: & "1
smerging from ths erpotul, the 2ebile peinl Callteis will

a8ed" dteloostion pugoecds in

Bsve boen swepd Ives shis silpBane; ond Mmbseuent wllp
¥ill fteke plaee Lfor wore rescdly o $hst Plane thaa on
other surallel 2lip rlansi.

ﬁuﬁ uﬁﬁ* Qt

Ialtislly the afivet of fixed ypoint defeets may



= A+ Bvy? + Cks,

T:O.

&

FI1G., 3.5 8Stress-Srain Curves for types of Dislocation
in a Lattice containing Fixed and Mobile Point

"Defects,.

o b

A + Bv® & Cks,
0,
Const,

>

B

€

FIG. 3.6 Btress-Strain Curves for two types of Dislocation
in a Lattice containing Fixed and Mobile Point
Defeets, subjected to Thermal Agitation.
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be for move fmpoptent thon the effeet of moblle delocts,
If the voloeity dependence of dislocation friction is
smsil, momentum may aSsiot in overcoming fixed defoets Wl
thie effeet will gredually disimish in comparison %o e
strass resuived in overeose frietion due %o wobile poind
defuets, The siress~atrain curve for sueh 2 dirlacction
is presented in Figers %.5. Te seintein the resontas of
the dislosuiion, the soyiied stress mast be ine-oused @
compensats for the inerecaing point dafeet druge

If ihe momsntun effect doos nol oporate, the
strege<struin enrve for z dislenvilon hue the pemercl
foum of Flgave 3.4, with the Aiffermee hut the picld
gtrese is Righer than in the sheence of fized joint defvals,
&8 oo be saen Trum FLgure JeSe

Thersel eritetion sesicts the apnilied oliress
in moving the disloection. n afge digleerilon %6 ak
1ts lowvest netentiel whee 1t fe Pymemtyiesl chout the hedf
siene, Tenee, the szsllest Jury for o sepsnt of edge
élptoestion ig Fror ene Relf plepe to the naxte T opch
strest, & winimor longth of disleestion line sogeent will
remcin one helf plene Terwund of the segments on cither side
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e 1t. Using thie jusp lengih, the awvey Involved angd
the toaperuturg, oim ¢on conpute the rete ot wnigh the

digiocailion will siove weery Shoral csolstonos.

Hobile point Jefeote tend (o hold the dislocation
line beck. Sepuwentp of dielovwtise Yioe beolwoen those
point defects will tond o oniwe Matwesis, Sodng o @
eudi: 6% ecadh point defeet. o of the enavpy raciived
o move the point def%et s now suwliled o the dloicusilion
1ine, The dipitribuilon Lelny gugh Lot ot point dolfseia
ané dleleostion line mow ot the gseae rote. The
corgutnticn of the dislocstion veloeity is wouin o slrveight-
Torword Proccet.

When the spucing of point defests is equel te oy

o)

Secetinn 1ine segent Yo fovsond

lese then ihe mindmus 43

Jurm, the polint defeet od half e dlsiotalion oot on

edther alde muy Lo faius %o he e e Ing

and the wlgelty-pipsseltougperstuors swlotionghdy Jousls

Le whe disloontion mows Dnvush the ludlicsn 1te
denpity of woblle roint defecte will inepsese until o

theymal omilinpive is puaghede

Por a constent styein rate {or d@islocation
velseity) *he styess to move s single dlelonctlon will weay

s8 shown in Pigure 3.6. 1% ihe boginndng e dinlocation
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is reletively free of polnt defects anl the stress is louw.
A8 the soncentraticn oF puint defectes lnopeunerg, e otPobl
elsp insyeepes teniing to & oonstant veiuse whae e
conuaniyetion of sobile point dofeste in iw Gieloenl ifaﬂ

hes reached it equiiivpium valuGs

Fith thermsl usitation, the mobile point devecle
are p%1ll sweot out of e 2lipdene, Wi o groater
nusher of diglecations will be seonimed.  Aleoy su Ywre

@il: Be « Alffueion of potnt defeute intn thoe mwept paw &

gontinuoue aupply oFf digincetione io reusirad O GuseR s
the point deleeta.

The pitosbion wrwiesesd in thds ooed 1o oohile
dislocetion, mobils poiut defeets, oud oliey polnt dedeais
whioh diffuse pe dlovdy thed thelr wobdlily oely Doovsod

slpndiftesnt o3th stobiouuey disglotnliongds

The wasiyeis fov o (ixlotution with o Jow
dengity of sobile Jdefects will aleo opgldy i

difference thet 4w energy vwelunss willd be ¢

If & eonstaodé sipein rete s wprlled o o eyyvelal
gontsintng o Sigloentien e rewvitiag stveeneninoain Lo

will be one of two kindo. IF e poele of thowred Nlanoe




Limiting Stress

[r—— i —— S e S— CE—— —— — oty ve— mm———— S  Gemwe  Cm—— —— G

| B=20
f =4+ B ¢ Cm,
T>0
€ = Const.

o=
3

PIG. 3.7 The Stress required to move & Dislocation
inh & lattice containing Fixed and Mobile
Point Defeectm, and subjected to Thermal
Agitation.
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from fived point defeets is low enough and the dislocaflon
friction 1s velocity independent, the dislocation may build
up encagh momentum to travel some distence without requiring
thermal sssistancs to pose Tixed point defoects. As whe
density of mobile peint defeets increzsen, hovever the
Gialovaiion will eveniuslly zlow down to = thermally
controlled rate.

Without the momentum effect the sirain will
peal bofepe Felling buach to a nltowdy vilue. Phe twe
stress plote ere illusirated in Pigare 3 7.

It 1o seen that Uw curve for mobile point
defects but ae fixed point defects is very aimiler to the
case with fixed poini defecic Dut no momenium effect, the
difrerence being that to muintein the same strain rate the
rield point in Flgure 3.7, i well s ihe lindting stress
sre highsr than the corresponding mentitien for the eude
ef Piguare Zefe

If the terpersturs ic elevated, the meint Jdofeels
wihich heve been trested sg fixed shove becone nore noblles
Thay mey them be {rested in the sswe wuy zs the swiile
dislocations were treatel above. The diffeycncs it thet
the squilibrium conemtretion for these juint defects will
be much lowere
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Heving discasaed the intersction of Gisin

ené point Gefestn, the use mde of theee phenomen: ¥4I
now bo Toviaedts

The clessic papor on b offedt o fag
of Cotirell ond BN

2w o8 2 otd e

They poooiey thoet b

dron) bekee plade ap anay o
geypiuie huve beoien way (e thelr sbhug

iurity otow whioh luwe s@ouwmledol in thas

“hie theooyy maversd mador Lo Sheenly

, fhee Suekion

sn eotivetion provesd Luvnlves

prior to plelding sg sedl sa the mgnitods o

(535 St N There o o

nover tokon ploode Above el alpeos |

Fieldtng phenomanon i nitele

The presonsn o a yleld etyess balow whieh &

epyntal roselns slanlig § Ll ien &

siah e oither oF & Biod wob daflueoeed W

iy

agtivetion oy aon i i

arpe thad setivebion
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This yield point veries =ith Locpuribiirg,
dscrezaing s the tenperceture inereosos ki wiihangh

Cotipell and BLIby e ¢ble te Tit helr cotivetion Lunetion

te the sxpopimentsl veriustion of the yield jpoiat with
tomperature, the problen pobod cbove rem:ing wnd aniy

bagraos the more INTFignlog.

*?iaiwﬁ & sypifed Cottwoll's theowy %o deloyed
yieldings & e obieins on oxpression for aalapnd time
which hae the Pform

vhere 4 ung ¥ sve eonptenty
¢ is shmuy snmdue
¢ apliod aivew plvens e

T the sbecluty Serpurelave

This eoetion Pils expordewntal AGTY
ressenebly wolle The gumebands 4 end B o anioled fov

& pardi eulse Bind oF sl W1th o glven

2;5‘:’ “} g‘ sftqa’

Ty taupeteiude ead gbPons veites LN frmertad, LGAng

exporimentel conditiong.

The P4t hovwewier, 18 not completoly sullafaguoris

vhile the gepves e o spoonimately e i i AT

(the agreement Boing ot nt lov toogaedu ) with the
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right sdope, thoey eppeny to huve the wrony niwpe. It oan
e seen by inspooticn ¥at steraighit 1ines wmld #1¢ e
experimental points fay botter, This is eoniirmad Ly
vood el Clael who deew 2traisghit 1ioee through theiyr points

{shick weres uleo Baa¢ by Fishay)e

Frotrvert arplove e observation #wt peier @
deleyes yielding w voell wwvunt o plastic dGeforsdilon

secures During thle proeyicld intapvel NV disioustion

gopraate Bove veds

How the frogoongy of @ perblond.y pandom event

at & pepileuler place ig gleen by e exprasion
P WP T
v ow £ ﬁm“’ﬁ%ﬁ where etesn { Se 8)

y i the freguenoy of the ovent

?3 e Deberye Vesguegy

£

£ the energy sssociuted =ith the event
k Solgen’e veontont sl

T the wbarivte temperoture,

The fregeney of § eventes heppening in suvecession
ie

[EE RN (3!9)
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and if the perieé for thim sequence of svents ie T ,

'XEER] (jt10}

E R N N (3‘11)

e

How Pfeiffeyr chiaing an oxposaian foy O

E o5 j;a “ﬁ%" }5‘}@1 'ERE R (3012)
whore B0 is the setivotion energy in the chsonce o Blresse

& g syplisd ptress
b e Surgher's veolow
8 19 lonpth of dlslocetion segrent ailceted W &
1 ig distence eegrent dlsplsost Ly @

5 " N =
m‘r“ ln’%é&‘” B Af saesoe (:)11,'}}
@

where v = Bal vense (3ol

Phis ecustion my be eonbrested te Want off
Piehey who hee he stress is Ue Gemondnedops  PEaliTeg
chtoing otyeight Iises wad s oble B0 oitaly ostineied

for % end v shioh see ulde ressineble.



PPeiffer doss not explain snd 1t is not covious
wiy N events with sedivaiion energy & shoulc Iy to
occuy in succession sspoeially wines ¥ Lo shlalamd Y
counting the number of dislocution cepwnte wiieh hnve
moved before sudsen yvielding tekes ploos.

Pepher'c estiosate fur the sotiveiion ensryy ie
baged on the sesueption it & pupaent of digiepntion
loop brecks swey Teom fie “Cotteell) stoubopy” weisp
therael setivation ond soplied siveses. Tiw length of

Bhooc o e s Tigi s

%

hogen by Bept suay From We sals

segment whieh
aprlied stvess hoe & eriticsd siatmy velvpe Loice @ ok

the loop retumns to  1te previcus ponltlon wiils cbove

this dimoneion She dtslocation sepaent fres of the loeklayg

stopephore enloipos wiey the apyilsl stivgo. F ERiTC Al

method penteine w seosmtion thet e enmyy vosceiobed

with femuyity lochiap is disteiurted wnlie niong the

dizlocation 1890

Puher® s wnoiyele bes enother deficieey when

sorpured & syperinmiate ovetyding o the wudynlie ssgh

disloeation 1ooy i rlopsed by mme sobivweiion Movone

giate

Laly W%

Censlder & alngle
unéey srolisd ctrese thig dieiooniion will Lo relunma

Lyrom 1te Jocking ebmosphere 18 sero % the romat 560



FIG. 3. 8 The Nunber 6f Dislocation out of a total of N
released by Thermal Agitation, vs. the
Duration of the applied Stress.

1. If the Dislocation is released by a
s}zégle Activation Process of frequency
1/T.

2+ If the Dislocation is released by a
series of Activation Processes of total
period T,

3. The Ideal variation for Sudden Yielding.
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ie applied and increuses continuously from that peint
onwards tending 6 weitys I there are ¥ dislocstions
whieh muy e freed by Fleber's sotivetion ywoges: then the
nwiier of dislccations whigh Bave toen frost ot Wy
moment wey be plotted sgpinat the losding indswved o
ghoem in Plguredf. ¥t Tellows that o single cuondon

sotivetion proeses will ot mlsess the disloostloane

pucdenly. Hovavar $F coveral cotivation vroosoo o 0%

toke plage belfows the dieiccation i selocunily W ghange~
over from the conditi oo shere ey few dlsiceotiong we

relecged $0 Uw condlidien whwepe nessdy all sre selesaed

gon happonr in a tle fokervel eoh sendlor then She Laeding

intervel resolting in “"mudoen® yielddng.

Melffer®s cxalyais not only agrees ehier wlih

experinental rosulis bWt i consiotent with ihe very

suddon yieiding procesd. o hlmeall offubs it
moghenlem whiceh would yalade the series o sotivation

procssses hie soxlysis vogolyes, with e phonomenon oF

suddan riclding. & voepibie wwmdunstion ie offerer luter

whow % Bov raclosnlion process in intenducols
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Senclusion
The use of point defects and theranl setivotion
goneepts in expleininy the yisld peint and deluyed wialding

Delayed yiciiing phenomena aye (ecerised well Wy
g function uhich involvee sopliect styvess, sobivelicn

enevey oo & series 6f sotivetion procgsees., & pweical

g

dipioestion reohsnigs vhich wonld &1t dn with Whooe

conditione ig, lwwnuwvar, oY aupankanbe

Thile Pfolifer'e euclysis dosoribos celuyed
yislding well, i’ e malyeie bos sore relevance o Lhe

ptetie rield podnt (lee. She slvone Twlow whieh the wEeleld

will cerpy an alontic losd indetiad WY e
deisy time ie chosen, ois obimive s welsvion o i

yield stress with beuperatuys wiooh mey be TLHWG

exportmaniel polotse Yho CLpGIpenar DOEG B bt W
theovy srediets Tindde Joloy timoe whioh aie b A0ngoR
pelevint boesups oxosriaental cedey tlaes TR slPoboes
pelew the visld point epe Infinite,s

Agein ¢ veeiuadan which would explain sy deley
times sre ame predietsd in one Slpess EBge snd WO Nw

longer yelevant i s lowoer stress renghs is naaieds
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Thin wets: fells trenemit electyom, but nod
withont diffrecoting ond pedieciing them. lLouow
spengission eleetvon mioposesyy hap Heoord £ poeesiel
tool in oxeoining elbeit thinned down sectione ol meldal

grocelnensd,

Prior to the dswvelppmant of #leptron niarosonpys
. G i high
leval of developumb. The invoreotion 7 4is shGensia

with point defeaty, grain gad twin ¥

the cislocetion theory iwd alvasdy Yesn Lretid

el on, with asah

otheps the genersbism of dislscoticas sud the dupandence
of the noture of tlhw disliceation on the eivootuore ad
enorgy properties of the lattiee belng the main divisions

of the €ipleesiion theoyy.

The teenireas Pov the divect wwwrevntion of

dislocsiione would netuwelly be enployed o wepdly hoee
thseraticsl structuree., To dete smny mbals el «1lepe
Bevo been dnvestignted. hile meny of W ongerbles of
sy vevlftled, svidenee fur a dislocation

genereting meohonias is Wwapeoteddy PEATO0. ‘E.@A*"ﬁg

dislooation huve b

Por extrwlc, Iu cerrving out & eeprchensive axamination

of atainiese atoel which revesded dlslocutiom noluoriuy
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pile-ups sgeinst grein bounduries snd even & pile-uy of
very closely speced dislocutions termdnaiing 1n = oraek
failed to seweel o somres which eould have pmemted e
disloention, Oae xiorograph, Filgmure &s"m‘, SR
dislecotion belng meslented st an adge of fha foll, =
teevelling o ohopt distammes ~iu nte the foll. . nother
intevesting fexture of this mievegwaph i€ ihail near Whe

Sae of the fell eere ars grextly sxiended disloestilons
{the stocking favlt stinding outl wite #intinetlyi, while
furthep Inwepés the dislosutions sre nit simificuntly
extundeda

uhelan slse notes that vhan a 2ixloeution splive
into & peir of particis, the process appears s take »lace
very madienly. ‘ngther rrocese whieh zise ingliles
Sislocotion nwelsziion iz seoen in Figure § 2”"3”. The apiit
diel ovation °n¥ expunds mrodmeing o yelstively lomg
stesking Pavl t band. subsecuwmely & pelir o Destisl
dislecations copesy ou the plens previossly ®mpt over BY
one yariisl of Gislocation *3%  The swomed pulr of
partisie i of oprosite algm and wnihdlates #igigesiion
S:V.  tm the wpiter’s view the seeond pair of purtiale
ware puclected on this ®iiprlenes Ihe poanibility of &
penereting meshonism ol be AlseoumSed becwine the fiide
plene on shieh this mehenlien would heve to operate dad
just besn swept sver By a partisl dislecation. “he
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possibility that & dislocstion emtered this plane by
climb esn sleo be dlneomted, Very mamilsar disioeciion
srreye are shown in Figure 9%,  If disleestions in
stainless oteel were premc %o #1ismb at the temperature

of the chservations mude by "helsn, this would be mevecled

Ly dislocation arruys.

Parther evicence thet dislocstiant muy be
neclested ir metels ie provided Wy the axpersipments of
E'ric#‘k"*ﬁ oii6 on 2ints Mg preperved whiskers sed laedtslste
with a pange in thickness of 0,085 o Jx vhieh had sn
{600 ) ordenteilon d spposred to be disicontion 7

These epeglmems veye ohle fo sustain m slrotie steain of
D {5 4 {_“fﬁ, ad the 2lsetie a8t the Plew sirees Tpll
mmddenly to sbaut 273 of the yhald stress.

Becsuse of the ovientzticn of the epocivens, Whe
metolved sheer ctreses o tha besed flome woe sers, wu
geformation wos By p¥reaidel #lipe Flastle dalsmantion
rne slvaye Pound to %&r:%ﬁi&i st o ghresy concenitrnticn, In &
naprew scne whieh itrsverned the whole eresye-seoilon of
the cpecimene & thie sope herdened elip woulé coniinue
to spread inte wndefored muris of the erystul.

Thet deforsation slwsyes begsn ot the roat highly
stiressad poini, wnd thet 4t =prosds to the romainder
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of the erystal from thet peint fmpdies elther that thare
i1e & prelifie supply of dislocation penersftore vhich 3%
huve nsarly the same retiveiios strese oo “hni the
inttiation of defomuatior snd prebshly the »ropocfion af
aefomaiion throush the ervatel has nothing o 4o with

disiocstion wm&.ﬂﬂj paanotens of ths Prpdewlins? ¢rpe.

For s erystel of such emall Aimeunions {the
emallest shbout 2 mme m 10u = 05/ e first wliewseiive
1r ¥ phly unlikely snd the sppurent perfaation of $he
cryetals ndde furiher walishit fo the seoond ~ltorv tive,
namely that e
otrenses measured is Involwved,

kind of Maloertion mueiccilon -t The

The poboibility thet disioseticns muy be nudlested
nt opdinery stresy lovels does nct invelidste Alsiooation
generaiing sechaniems such sz the Vpunk=igol SOUNCRe
It 30 Itkely howeowee, Hhot in erpotels whiich potoass a
low Sleieveiion density, the role of aneh pumerwidng

mechrnisme 18 secondayy
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The notsble sbesenge or seureity of diclecution

wroters soonget the wony dilslieeatione revesles Ly e

w

hypothasis of dislossiion mpclsntion, Juntifies the

peareh for ¢ mochenien by <hieh disleonrtions may De
mepoieeied in & élpleoation-Tres eryetul ot noral streas

lovaise
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Before the olegsic work of Pried o0 geoatnie
of other estbetences ked olreudy beun mede, vwhioh Ty rdl the
evidence mupsered 0 b disloestion Frec. shs&rﬂ’ in 4958
presonted evidence ot he hed gyowm sllioon exyelids which
were froo of dislceoction. Yot ke reporie no wastied
properties of these dialcontionedipoe cryelals. In @
saviiew ;gmg;mnf‘“? in whioh he peesenbe e pmeellant Frank
Bond souress, Denh nloo yeesents niopoppeghs of othwer hedf
loops of disleovsdlom ohdeh begpdn e onf o o sifene aad

Bowve no wpparent amapod.

E83ann and Join amm

mielestion in lithiue MIuoeice. afbor poving thet Padr

stehing teoinicue revenied il Glsioondivs

introonesd dlsipeetion 9910 The eFyntalo Ly preesing ptesl

gm ppeudt B gnge ia 4
iraﬁg':«ssﬁ i’,’-«?‘i&fﬁ?’hﬁ ’\‘ »g&’ﬁ."ta"tl

bulle weninet e ours

strugreg. Thelr culieeistiong ohored thet T

ginloertions haed Doon mmeleoted in Ghe F1%hdum flhapide

grystole &b mieene loveln sivieh s Sade

C s Ppaiiiloe Pisd

a8 the ylolé ppint

oprrdnl spoels

gloe intypencsd LBy b

im enbpeguent ¢t

In edddtiom, gvoups oF Tun, fowr or sl ofeh pLW

found, inciccting thet one, tvo op tiwws disinvobion loope
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were present. These loops eounld be “popped out” of the
erystel By spplying o reversed sivresc or etehed @it

ip elther e=se the resdy eacepe of the dirloention Mrom
the erystel snd the sboence 6 sny further evidence o
dislecaticon strongly suggests thaet these dislocsticn: wore
intreduceld into ithe eryotal bWy = procsss of ruclenticie

4lmen eng Jobunston alse noted thet if o #ingie
digloeation helf leor iv eyvended Yy the spvdicntion of
etrese, other Belf Joope for: in the wake of the frst helf
joop though genersiiy ot i the sdme plane, 8 thie
procoss continees, & merrer glip bund is foresd whleh hue
¢ conelant ¢isloccklion denelily and econtimnee Lo expsd
with further stratning, his behaviowr iz nipwdy
resiniseient of Frice®s sine erystals wiich »1so exhibiled
8 viGening zoie of defornatione

“hen moving dlsiocalions cre viewed under the
electisron sierowcops they sre semn 1o lewye = tres in Uiy
weke whieh groiuaily fwies.s This yhanoesnon sy have
some comnection with fle olsmervetiony iy Gilg o
Johnsten, thst new Jdisleestien half loops ppecr In he
weig of & moving cisloeution helfl looDe

Hagieeting Tor the present the prebles of how
disiocetions ere ruelosted st ardineey stress lewals, it

cen 541131 be srgmed ithot disloeniion muclestisn will oceur
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preforenticily nesr a orystal surface, end aise Bwt 18

+

there £Pe sy Si1sdd

mtions alreedy axioting o e awiece,

& new dislecstion will be nuelested in thelyr vieinity.

Po suclesiec & given Jencth of dislocution line,
the mueleating proceen svat provide the eromy et s
pEsceisted with 1t. If ‘e digiovution 1ins le imelepted
fn the budy of e orvetiel, 1% w213 B& p oo oF Ieal
eivenlary cisloeation loop. P e swidus of this 2oep ie

ped bieel whive, e oxiatiig ofvosd will

greeter than o

expendt 3% wad 1¥ Yoo podtue dig below thet wlue, the ioop

will oollspse,.

The eame lonsih of disiswstion 1ine naolooted
aesy o cpgeted enofoes will ke Ghe down oF o Lwldf ooy

whics srefore hog duiee She padius o e

il loop fomeed inelde (he eryetuls Coos gl o
hel? loop will exmpend ad o sfwvees level only hwll Wwdt st

wiieh & full loop axmenise

IFf sueh o hed¥ Joop is mueleated in the wislnlyy

of en exieting disloostion, the line enewyy sstceiated with

aone of the raelenied looyp Forbhape, the

dielooetion nook Bk the ey Wlf de mucleated is

not piomed, it con ecctminde 1Leelf o S alupe of

the now i Joor od o0 deergass Yot ey e onoy

recuired to foys & new holf Joops
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The spgusment mey now be summeized:

1. Digloestion linee o macleated on arystallopraphie
plunes on wileh stuble leuvps forn Tivugt.

2, FProvided thet the meelestion energy ie mude svailuble
as readlily neus the purface we in the lk of
the epyabulu, the nueleation of holf loops ie
preferred,

3. IMelecetions are mmolested preforentivlly in We
vieinity of existing diglocutions which are not
planed dosn In the 1at8io@.

In teras of thip mmelestiien hypotheais muny of
the rosults obteissd by Gilwan and Jolnston bocomo

axpl icnble.

Por exssile, they messured e veissity of

s & i-ii’-.a;‘ L . ; “;.' Ty A
dlelocetion in the mangs 10 ! cofese eaf 167 @yfsss. For

volecitios selow eboud +OF aw'ase, the deponcdence on slress

mey be expres-ed in the ﬂmnu

YV o« 1;”3’3“{ é seoee (3«1.5.-})
wheye T arplied otrees
T, wess ot wideh V = 1 evsse
n e Sk

Yor o given epvelel =% o given terpuraiume.
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The quantity 1"° depends on the prior trestnent of the eryelal
{90 Lomurities, neutron bombardiment ete. us well ue the
tenperature).

This velatienghiy cleariy implies thet Vel vhen
™0, But this ig no% so. For sl] sltresses helow the
wield etress ry there is uo deforamtlon, whieh mesns wlso
Lhet theve is Be CialoBubivy pticle It sppeevs than Bhat
st the yisld atress dislecations vndergo ¢ ouwlden cunge

$n wobility whick iz rolated fo dlalecetion melenBitie

Their ' obecrvedicn of the forwtlion ol Isops
in the sehe of exieting diulocastione 1 exploined reilliy.

If the digloet o in wempopnbed lowly, 90 Looks ThvmE.

Howevaw, o 3500 ovessizess semlte in yewdace disiopation
Fformation. The new dldloontien emat Yo oo JAGW plones
afijucent to the plene on whieh the existing dislocution
moves, the distosee between these plooge would Laowe 3o L6
sbout *ﬁﬁ’a’w Yor e otieetive internedisn @ Do poweriul
enougdie  In thin way & oilp Lend groen Lo wiOGh Ge
deforsstion continues; exhibiting u definite Lounlory on
ite edgen.

Gilmen and Jmm” alse found that surfuce

preperation hed & nelfoebls effeet on the ahupe of Pt
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strepowstrain curve for the eryatal. For aseclouvved
epsoimens, the yield point end subsequet o b 0P
vhont e eRade 1¥ the surfages of the el o¥e
slectrolytieanlly pol laded howover, ylelding tokos nluee
shave the flow etress, exhibiting o stpess poilis i the
pi} rohed murfaee 16 gurigelec  with earborundun, whieh
introcuese fresh dlelsortions into the oryatal the atreun
posk ip peomvede 14 may be concluded that o goull omoimd
of surfece dswmepe aasinie apPornsion by providing sltes

on which @islecations my e muglested more Poudilye

Another deforrwiion phenomenon w0 vhich the
puelestion hypothesls tun e applied is tha repulerily ol
the spsoing ef iy Deis. Pt widp besdn it 13thiam
fluosride poasess & regilol Epeoing SB be ssen for exanple

36, 34 15 clesr thet the yuclostion onergy

fyom Figuse 19
1a provided oy the applled FI¥eeS. when o dlslocotion iB
maclosted &t ony point in tha cerntel, the melection
procese popelicw epneentreien alpablie enovyy in Gk
gurrsunding ledties W muelonde & Aldlocntion. e
bourieiier 6 wiilp Twogie LUh LONED o élolocotine ruckention
and i¥ they ore too olope dopaiood s ratio of maolssbion
points tv cryeisl weldums bocomes top hdgh Wl o bl

styoesy in then rounized 40 operste the eiiy AV

Conmequently the slip bend spaeing o B opyatul tenos to be

unitorie



An anomely very similer to thail prosented by
deloayed yielding vhanomena sppeare &lso whon remlts of
diclocation welpsity messuresents ore taken inte poaminte

From thelr moasurements, #1lmen wnd JW
formlated an expression

el

Vg™ £ i e 2

250 7 » - 50%)
cress (3416)
Stein end Lo soriing with eillce iron oblained

an expreseion

Ve (n/z)® where v is epplied stvess and
7, the etweas ab wnieh ¥V = 9 ofece. mss.r rosults were
ebtained in the veloeeiiy rungs 3 *f“z to $G yfee A
similar expression otuld be epplled to the rosults of Gilman
and Johnaton which would be valid over the runge 107
16F en/sse. The work of Iptescn’®, whieh extends twi of

2enin ond Low sonPiyse This disleestion Laiavisile

stein ond Lo’ teeted theiw spesians oves the
renge 76% te 373%. They find (Pigure O) Wt wi dow
strose end bigh lesgorcture ke pled of In V ¥8 %g 16 ©
strelght liae et oo ptrese Anovespes end b geeuinre

decresses the cevieiion from & strelght line InCroasos.

stpetgnt 1line geaphe Lupky a pure Shagresd
ectivation procese wileh ceapes =% 0% el consequently
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the dislocaticne would nlso ceuse moving regirdilees of what
strose iv mpiisd. lMateriuls do defornm ot even the lowent
tenperature snd the devistion from a pure vetivation wrocess
£s 0 be expected.

This mast be taken together with wmoilep
oheorvetion by Gilmon axd r?ﬂ?mﬁ%mfw ghe find that in the
tenperotuve renge 8% e 500%K the yield point ie desoribed
well by the Fenction

Ty » 5695 a-m ki enane (3.17)

Thie expreesion is bounded st 9% and prolobly predicts the

¥leid siress pd this (onpeinluy@s

Pime the ezvmamcion for the yleld sivess whieh 18
heidly an setivetion pwoeeee (for beilow the yield stress
the erystel vepistes Flos Ludefiniielyj. » woilvetion type
expressian i found o B¢ suitebla, whlle o Ciaioartiem
motion, wirdlchk gonld mzi e dependent on wn sptivailion

procaed, o e ooailiootad process & involvaed.

1P the cobivetion ewdey for dislocotion motion
wepe of the Togrm B = Gy » @ T wlese 7 ie o spplicd otrens
the in ¥ ve e plote womld be & sories of slralpht iines
whick tend to the horisondal 68 % .0

The eheps ef the experimental curves saguete

pother thet © i depwsdent en the disleeation velocity a8
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well ss elther styess or tevperature or bothes

Phe pature of the mucleation procesy wihich is o
be developed in the following Poges Wy Wk T tseo
gnom:lioe. Jf the mucleation hypothesls is indeed relovant
then one mey well reguire that 1t should throw mach 1izhe
on problems of thie kind.
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In the previcus seetion some of Uw daficdsncles
of tihe theory of deforwtion in 1te proscnt i werw
alecunceds

Sxperiamentsl ik wves cited, shich 1o of euah &
neture oo to sogpeet the existence of & dluiec:lion
melesting mechsnism espoble of produnding diice fione at
meagured otrese levels.

Such e moehsnlon nent not depond on omywtol
yrperfootionte Consogiontily, tis moohonia i, ir shore 1o
ong, will be o proporty of the perfoot weul anyutald, i)
meons that 14 meet Do inhevent in the netuww of U intor-
sionde bonde
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{2}

(b

"hile a muelocling mechsnisn 18 soudit ehisfly to
provife .n explsnudion for low-etess muclesdion of
dielocution, such o mecianion, 4 it exists, Wil lxwe
othoy effeets a6 wsil,. O suitedle sechonis: et parfomm
the following functicnes

{13

Relate the stress sequired % melonte o dislocation
to the dimmmsions of the eryetal en kit lavge
eryetale whieh fadl of etvese lowls Lelow AL
ao il o el coes {videbore) wdich e dlastiec
Relate the muslostisn etrees to Uw lorporotue
of the eryetel, onad 00, incidemtally previde =
explonetion for nelting mnd the 1igdd alatoe
Relete the musicsiing sipess to the dusction of
the stress, wich provides en expliosticn Por cuch
phanmene 6 dolayed ylelding (nd cPOUD.

Relste the muclesting etress to eny Leerfectilons
thet mey be oresmnt In the peed gmmlil. Undew
this heading i included every fector thot cinoes
e ol ovpetad to deviste Fvom 1% repdow
epyetalline netune.
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The flow styvss of & cpyetsl ray bo e stmees ob
vhich @islocstions will mowve or the atress of which Vey
are muclested, depending on which is @ loayes. These
a8 mbility controlled or mmelendion eoniyridlod ey be
distingished fyom coch olher in thet in the lomwr SuaG
the Geneity of mobile dislocetionse will be igh, Llle iIn
the latter cuee 1t will be muoh 1050w

If the recistanee to the motiom of dislecstiong
iz coumed by point defecte, then laiocetlon crmuys will
be fevoured, oo wes shown in tho provient scotlon Jele
In thic cuse mobility eentrolled flow will wim loce
srefaventislly in noprow piloe boasdse

In enopuring the predictions of ¢ muclovtimm
hypothoois with expervimentsl vesulte 2% 1o neccomuy to bo
e to dletinguish the twe modes of 1ol

4 simflor cpgmeant sprlies to fcture, Tt 19
1ikely that a mechmmismn thut muclestos dleloc tions will
dlso mcloste erods, It moy eseon ot Dt sight that
onoe & stsble erock is malested 1% w11} bo propugted In
malostion eontvaliiete I wiil be seon in oootion § hat
& crughk mey sise bo bwelied such that 1t is in ofTogt
“mebdlity” conirolilale
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POSSTRI.E MUCE S ST
S INSY YU At e

These models sye depived withoul widng ey
account of ithi matur of the inter-atomie Londing in
ooretelBe

LeZet

| ' Rech 1sglated orvetel i hoonded by o cloood
gepfoct. A eryetsl In « prlyEeyetaliine salid my bo
fncioned purtly by o crystelline surfsce md Pertly 1y o
infes~eryotelline LOMNGIETe

s

Surpees thet inside thio closed wfios, o NEWy
“WWW&?MWWHWerm@
of the enclosing swduse. Thore 18 seawmed To e o
dofinite welstionship of the for

reiloy cloded mavous §

g“" & ﬂﬁ aseew finl

2

there ":' 18 the surfuce energy of the nov pupios of 6IGiy

"u?, end S the sorfuce ensvgy of the snolosing surfies

of areu A%,

Thore are psoamed to e two kinde of supfiae
The totsl surfuce 18 the boundopy hotween the cystad and
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veouum or air. Vhem 2 suxfsce 18 within tie woae of
influence of mothor smurivse 1t fe definad o be o
portizi surfuce.

& partivl sarfuoe of speclel leportence io that
which pesuite when tro luyeve of etoms ove dimpluoed Ty
relativn ehoer. This kind of Lowmdnyy my (vise Wolle
e exietel, ot is tuon fo Do of the s nutur ob intar
eryetalline bomdeyicss

The surfuee chergy of v subsguritee vitidn the
eryetel bovmderies muy be 60 Lok that o totul op pordtiad
surfuoe may result when otywes is epplicds This suwduce
may develep inte 6 disloostion or & oregk il Teoow
ged Deprantoelalie

T peke the Ippotheeis axplieit Lt mwt o odded
that ¥ more ther one sube-gurfeoe 18 molestod, thely
by inscvting

ourfece onawyy i el ond is Jeotesnined
the mz: of theiy syous in suotion Lele

Sonetion hel han intyodnced fhe ofTool of wints
A ep. e o dislocction bDecomes adlfetuntulning ob & ctywes
towd dotemdond by the (bnmanston of e vold cul Y
speoelated suvfeee enomys The vedd do the Goooe
encloged by the oo surTlCU.

The effoet of terpeveture muy aleo o introdceds
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it 18 appevent thet if the totad area *a’ is concentreted
in one veid, the deformetion meehanism {ersclk or
A4slocstion) becomos self=gustedning at & lower streas
thon would be the case if the same ares wes distributed
over o number of voids. The effect of themad vglitation
is %o enlarge snd diminioh existing welds in ¢ randon
mannePe Smell voidse may be annihilsted exgpileiclye

The surfece energy of the remsining volds is deerecsed,
snd they cre enlarged. In this wey thermul o ctivation
fuveure the developmnt of a limited mumber of voids, end
80 reduces ithe stress at which the crystal will deforme

Thormal cgitation cen zien produce teoporery
voidn. At temperviuves approsching the meliing point
ef the eryetal, the themelly cetivated volds nwe 80
lsrge, thet stable dislocutions gen be intyoducal at very
lov sipens lovelss

ol ting iu esmploined ss follows: vhen themsel
ectiveiion is sufficiont, the themwl meleation of
gurfuces may oilew smdl fragwents of svyednl to 1w
momentuprily dlscomnseted from the mein ciystal un ell
sidon, Tuis sliows the Cragment to rotate and move out
of siigament with the meln ewystel. Should this huppen
on the surfece of the main erpstsl, the fragant my
remain missligned for & comsidervble tirw Intervl.
Another phase eonsisting of cueh frogrants if possibiles
This iz tha 1i¢uid stala.
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The melting point is the terperature ut which
the rate of condensatics of these frugments end theiy rete
of reformetion is egual both in the liguid snd ot e
solid=liguid interfuee. Thie defines u wni(me oo e T

The effeet of imperfections in the vesl cryetel
i to hemden ite These imperfoctions will often encourage
the formation of voids in thelr vielnity. The gronter
the density of imperfecticne, the greater the mmiber of
WMMIIOQMQM“M&M‘G&
Wumwmwmwmmnmo
againet thermel sanihdlation them they wvuld be otherwiee.
Izperfections which cre aupuble of indueling volde inteo
the cryotal in their vieiniiy may slse be ghle to induee
melting in the some locations st eleveted tumporatured,
thereby producing soft spote at these temporE uarets

be2e2

intvedueni. In this seotion & purticulsy kind of partial
surfsee is tsken into comsiderction.

1f & surfece iz formed by the grodusl sepamtion
#mwnmtammwmamm,@mmm
betweon theese two lsyere of ntoms, denevibed a8 the void,



pances thwrough c etege intomediate to the undisturbed
lattice and the Pully developed surfuocs

In this inteomdiate stags, e e lLuyess of
atoms apre 6141l «bies to cmoyt fovees upen outlh UIDEE.
Tho eacrgy ascoelated wiih the porticl swrfMec my lhove
eny veine lase tihwn e I suvfooe gneryy of the coystonle
The vold sssoolsted with & portial surfece 1o dalined %o be
a peetisl vold.

secopiing to the portisl surfece hypotiosis, ven
a crystal is stressed, soma of the eleetic wnergy ie
convopted tc surfeee anergy by the formation of partial
wids. The feliosing enorgy reloetionsiziy is veoussd to
be valid

o %’:@p e a' "*.;?@ seseu ied

m@Pummm@wm,%mmmal vodd vlngsi,
8, the totel partisl surfece aree wd ﬁ:} the svoruge pertisd

surfuce enerpVe

The seoomnsl ssozption of thic lypothwels o that
amall perticl voifs moy he anibiloted with Ye
seoorpenying growth of coe oy more lavger voldo, coul thad
8 loops veld wiii slso cmtelin o proportion ef its cuxdoce
thot te either fully Jdeveloped (oo that stres: Lo no Llenpey
tronmstitted serost thet portion of the woid) or devalaoped
to veeh o degres thot disloeations muy mecdily foe. The
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mhatmﬂosﬂuamﬂmhﬁwiﬁmﬂﬁwoﬂmram
stress muclieated volde

The appliestion of this hypothesis ta obtain a
dimengion, tomperetre nd inperfection dwponience of U
foslurz otyees is anslogous to the appliestion of Uw
varisble surfsoe aergy lypothesis, i will not be
repeated hores
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5%

In the previous seotion Iypoiheses wars wiyeoated
which mipht corpelate o diverelty of experimeniol Gutoe
I this pection %he swwe thing will be atiapuod, Wt
fron o MErevont point of views namoly on the boals of
e perticular theory of twvdings

hedet She Masellic Bond

A Sivmlitied version of the fese-ciaetion Lwory
of metuls will bo egloyal basse 40 oNOLyDis i
pregented in Appendiz %% In geatics T4 1T L0 ciomn
reletive &0 esch otier, Ww guentum state of e article
iz wmdietarbed.

Por o cevetsl Nude meens thet eluatie
Goforrmtion does pot Gleturh the gumniom 8loto of the
fren oloctyrunta

IF o ewyaiel io divided into mmedlew Tragan by
syamde 46 inowe oad
bwmmmmmmgmmmm

the rotontisl cnergy of G I

surfoce cnergy my be interproted by Ue uwe
of the model of Apponlix Yo%  Aotopiing %o Uds sied 5
a geyetal onn bove goPoce emergy only 4P the Towwtlon
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volum. ot €1} the eloctyons ore equally cffvcted -
the lov energy eleoticns muy be eonfined to ¢ wwlier
wolure then electrons of ldpher saePgre (oo uy deline
an evercge volume refuetion for the slecteome o a wiwde
by the eguation

Sn Po AN PR

vhere 5 15 the surfoge @yl
F is the kinstic cloction precouro, d
A% 4o the effective distunce Hwoughs widal the
glactn peo is dhigihnesd Inwrmds oo the suzdnoe
forns,

In the soctions that follow, & ypoli=sin
inwsliving the eppuaronce of new glectyon stalen in the
erystel, w1l be Jdevelople

e Sed

Conaider o oryatad in which there cre oo repiong,
A end B under diffesrcet oteeling £, ad He In the other

i

reglon, U, the olrein wories frem B, W B, In this
voglon, therelfors, o otrudn grelient et oiote



€8 < &

FIG. 4.1.
Fig. 4.2,
FiG, 4.3,
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If B, . 5, then clectrone entering the yogion B
have boen acealeratad, for the potentisl of Ye sleoltvons
tn this reglon is more positive (due % the closer gpoeing
of the lonw} &nd the chonge in potential wpuurs oo
increased kinetic mergye

In Plpare et the region C vhere the otawdn
vories hos beon presaris: @8 bawing dune bowmulaioss
Phie meano that all clectvoms with thedr cuwambs meders
%xw@@m take up poeitions diectuted by e stradn
pobantlel gradient = an ineitepetod by Plpow Leds
The cioetyons vaikeh huve u velooity in the & diveetion
(B, = B}, hove o denedty on Uhe loft eids of
Popion § aud s Dngressed domelty on the Plgl iidite
The ssgociated clesotrvetutic potamlivi gmdiont is
opposite in Girection to the etrsin potentisl grudiicnte
If enough electrons ore disglensd, $he strain otonild
grodieat ie conpillisd out vmylo

G

fiow comsifier o sybaricel peogion in Wdoh the
otrain hae the velue Hze ¥ ho Pogion C hes now Becone
e @holl, Piogave Leje The surfeoss of constint steein
agresd ol any elsetron with e quatm mrler Og
euzal o sero (bul fige Ty # 4) spuld enter ond leave
roglen ¢ and oo o loempor fllsw o owrfoace of oonetunt
strein. This morne thot the kind of clawge poprovtion et
esn toke place when the surfages of amstunt otwmin ove




4

Region B Region C Region A
Pogitive
“Potential
Strain Potential
Nett
f’pPotential
— =" x
Elecrostatic
Potential
Centre of
Region B

FIG. 4.4 The Potential Field that is capable of
Isolating Electrons in Region B
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plenc is no longer possivle. Any eleetron Wiloh posoes
threonsh segion ¢ periodiecily will be mjested %o o
periodic motion in the X diredtion. Thie in not
msmemakuo,mwmmmlmw
thie sepion in o nomeperiodie {les. madom) onove

Thes, for o curved zone of stpein proadiont,
the strain rotomticl grodlont een no longer Do conoeiled
by @ emal sed cpoeits clectrostotie potenticd g idente

The strin rotentisl @esdlent will el %o
reficet clectrons roving sut o o Pegion B beel into
thic regica. This bullds wp sa excess negitive oy e
vhich tends to be dlsteibuted svenly Shwongwat rogion Be
Pigmre b4 $ilestestes the mot potentied variciion
Gue m-ammanmafmmmmm unél
clootrostatic potential Swe to moving chergeee IO 16
eppeyent that eleetroms appwosehing reglon B are reflocted
By the initlsl potentdal riso ocutside vegiop O, ol
sleetronse moving themph reglen C fyon B ey vlieo
reficetoi. hom the o effects vre the mww, ¥he overall
potentisl of the region D hes o stationsyy veliuse

Le%el w
In the srovious seetion it wes chowm that o
certain king of potenticl wrietion 18 sesecistod with a
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a corved zome in which theve 15 « strein ghwilonte

Suppose thet the epheplesl ghall prooentod in
Pigero Le3 wers to ampend. The sscocksted otmilsd
pettern would then empend #lele How, thewn ore low
mammgmammmmm
18 mo smsll that they cre Mgy reflouted wWwan
Sonmprosoed” fate & eualler volums by the aREsEing
potanticl patiome.

The low cnergy <¢lectvens of region I we wile
to £411 sn incrensing voluwse. These eleglrons e
MMM&IW#”WW%
potentisl tappiesr enich emfines them. Toss edectyons
mﬁ@ﬁmhﬂ&mﬁ%ﬁanﬂﬂ!mﬁ%m
uﬁwwwmﬂrﬁmhw&-ummnmm
are not isolated.

Thope cloctrass which ave etrawiy wufleotsl
bty the potentisl boreler sufier o change in kinetie
energy decenoe the -ofenilul burrie? 45 In tione
the sctlon of a pleston in conprotcing op epaoding o
page  The kinetic soorpy of the clodtmems 1o clesurd,
al though thedp @uanton olutes pernin unsltersde
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Those electrons wileh ave only partludly
gones 4 end B, so thet there is no overall awmpge in
theip kinetic energy.

The isnluting of dlectyone in the »eglun B
moens that the gquentum stetes which these eloatuns
f1lled in the wndisturbed crystel cre pow wfMiied in
repion 2. (me wesla therefore expeot electrona in e
higher guantum etatos (o give up some eneRgy (il CGCWY -
these wnfiliw levalie

The muder of clectvens isclated in sone B
1s detcrmined by the remiremsnts o aleotricul neutnliity.
It wea noted esrlier that clectrons ere aseslemited sa
entering sae Be Tho durntion of their sty 1is
thorefore reduced. This would recuce the nepntive
spune ohurgts Uhmn theoe electiwms lesve tho Ciw,
they my be meflevts: ot the polential gredicnd
surpconditng 1%. Thls tends to inovuase Uw 00000 dede

I9 $her bolanoe is toward & net negolive chnpps,
the potentisl gpedisni ie woeh ap b remove Uwe
poteniia} gredisnt het scoclerstes the elevirms. Tho
isolated cnergy lswele cre diminishod cign. Toth
of these changss sot o us to refuce the unbelante
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I§¥ the bulconee iz towsids o not peeitive choPge,
the potentisl {n »plon ¥ ic mede merve posiiive mad oo
imeleted electdon stuten cre mede srailoble. & Hwse
gtaden are $illed, the vonitive potenticdl dlminishon
w1l 8 volnt of belunan ie resched.

The nusber of cluotrons thatl may ooy
iookated energy states i we o Dmetion of the voluww
oyailsble,. ol Uhe hAgeoet anergy et oleoipon may

e snt remmin in wn leclated level. The moclmun energy
i & Dunetion of the potentlel mWmmp wiidh contnine thece
sleetraiie

If it 4s sseumsd thai the requirewmio of
neutrel 1ty heve o peglicitle eficet an i number ‘ocloted
enerpgy ototes svellaiils, than the Gepth of tho potenti:d
weil ihet contuine these electpans wili be proportiond
to the d4iffsyense of the swuwein of Togdioms 4 wxl B

N o« Vol &) V2 snae lalbi

where V §& the wolww of pogion B
and AR = By = Fpe

i the volmwe of vegion D inecrsusen, the eurveiors
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of region ¢ Qiminishes. llectrons with one of the (mantan
mehers {nge a,, or 33&%:9 » O s¥e conoentyated in pmets of the
lattice oo shown in Pimre 4.3 @0 that the sleetrieal
potential éifference exicte in regiome C i < This
potentisl difference is induced W the strein potmtlsl
gradionte e sloetede Field in & pertloulog
eryeinllogrerhlie pliums peacing thmugh Megion O is I;o

end the exivaldent Tiold due % the potontis] peadiont 10

% ® # cwons lla5

whoys ?«;% end 1 are Ve Slstaness Crewelled Wy o elociion
sopenph wogion €, mné o shiole crveind vesnootivwly.e
Thie reletionahiy shows et he sdpain geailend 1s
eomplaotely coumterectad whxy the zone ¥ has Smavuroal

the antire crysisl. The effective poienticd gmdiont 18
thewere i% s :ﬁ%@.‘g omd

iz‘\;‘ *ﬁtéﬁ%{fﬁ"@ sesee lisd

Aw the efYeoiive otemtlied Jdeeronsus, the ruximan
eneryy of the isclatod emergy levels is demreranl ciide
Thie poduoss the moder of loolafod aleoien ololen

GVEiicbige
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FIG. 445

Lines of constant Principal Strain in a
Crystal under stress, containing a Void.
The Strain is assumed to be zero in Regions
immediately adjacent to the Void.



hen tre adjocont laxyers of atome in a erystal
move apart, ¢ epace forms batween then, This space
i = vold,

if a void is formed in u orystal under temsile
strain, the portiems of civitsl sdjscent to the void have
théir strain reduced. This ife $1lustrated in Pigure L%
It iz seen that there 10 ¢ rogion whore the sirain is
snsl ler shen the wverepe atwein, sd mmother reglon where
the sirein is greater,

Two regioms in which eleetrm stetes of low
cneryy mey be fsclatec; v nesselated with the volds
These Fegions sre bounder by the wvoid, the truneition
suriece beiween the hiih-strein and low stroin sones
(vixieh =30 cylindricsl surfuces for « round veid), ol
the strain potontial grwiient. The lutter forms the
boundury direetly upvesite tv the volde

The strain potentid gredient in the direction
normal to the wold surfoce 18 much emaller than wy of
the octher gredionte. Ieot the X diveetion be normal to
the surisee of the wvodd,

To be fsolated,; en oleciron muat huve cusntum
oambare defined by
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: > : Eﬁ ha cssne el
v k:w

MMMMM%,%@&&%; The void and
ite sseoocluted oirein zutlom sre oymmteiced tout
axis is the X direction, vhence

?% @ :1,?1 = R eaoss el
: b

The total mwbor of electron stutes yourilble
mey bo found by using the rethod of Appendlin U. 9.7, Wilch

4

2 Ll 2 2 2 &9

%ﬂg - %gm

It 1o esoumned ot 5,4 e The gustity o'bv'e*
defines fhe volume cccupled by the isoluted oloctsuncs
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The ratio of the jisslotod states to the totyl! muder of
eleotron states in the undisturbed oryetsl is

¥y

vhove ¥ = 2'B%" and i, 16 the muximmm Binctic enevgy of
dleoteons in the cpyotul.

¥l
v "eEBNe 334’0

Uhile clectrone moving in the ¥7 yllvne e be
contatned in the isclsted stute AT thedp enosyy in @ue
lene 1 owmel to or lems thew 2%, 314 does mot $983ew  that
@anbty: stetes vhich setie®y Uds onmd o will o Dand.

For euerle, o oloety

s in S State fge HL. A ey f)
%o suother availctic lswl {af + $is Sp O, videh 18 not
loolotel beomine B,  Ble ¥ WSe lisdtetion o el
intc eccount, the retic of dleetmn ticlos boomws

r . ¥'€ 3 seeen &‘;,.“l‘i

(o P
¥ L 3V ¥

in pwovices sogtione, the eltmetion Wat osuldd
lead to the generation o tfsoloted sloetyon oluten wupe
considereds
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“hen & feoluted energy etate Decwms vl A,
cleotrons in the hMghar energy levels emn give uy e
of tholir kinetic eneryy i ceoupy these ner otolus. This
ey hoppen in soveral W{le

Tho proeens oF grectect intevrest hore Lo et
flls ints 4hde iowles Uhw Jowel vaontie L9 odioly
131ed by @ oisoiven in o 11433y Mepher lowl ol 90 e

Buch ney dleotron ftets wwt e inwmlve
tyunafer of & lerge nusbor of clegtyoae fronm e lowid o
& $iightly iover lowl. e energy medp acsiloble nood
not be pelested Lemediiiolve The nepddecoble tion Jelay
in gSven by the NHelasenberp maserisinly relotioneilip

fife &3 =2 N Fraegpepere LI 3

vhere AR ie 4in soeryy thot must eventuanlly be esitted ond
At the 223ovwed Golave

Thon & new surfuce devolepe, the clceotymng a3
confined fv o seulior wnlnas.e Tho weil tone oninet
the slootven iselic prosonye eppoers o an inmuoebe in
the Rinetie ewegy oF (he vlegtrons. Tho avsym in wloolly
of =n electyon whons X cvupanent of veloelly is v Ay
from oopebion YedE
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AW, = W, 5 Ty 127.13

shere &K is the distinee by which the effuctive F~dlmension,
a,,@fmmmwmmwmwmorum
surfedie

The necoecioted change in kinctie cnomy is

é@ﬂm n v, ﬁwﬁm mvlz i‘ snsne Ueilh

g‘ﬁ'@m = %ﬁw B eseve a1l
™

vhich shows thet provided AX o the swae for o0l n, e
chonge in kinstlc energy wscocloted with the formtien

of o mwiece 1o proportloncl %© :r*;m
The energy rudoe avelloble when an dlectiva

goee from ng to (A=) 19

= m% LR 2 !%-?5

‘ﬁﬁ% = %‘ix e ?tg;‘?;%f

ﬁ.x - k:;! . %: esvew it T
Ln
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7% 18 upperent thot the emorgy inerorent guined
wcam-mmanmmummm auwld to
the energy made evailshle by an eleetyon thet gnwes Tpom
ene enomy level fo the o jucent lower lowel iIF

i

s = ;5 G 8 ue 1&*18

which implies thet & ghould not be the v for oIl
woluoeg @@ﬁip

sufficient enerpy #ill be meilohie Tor U
foprtion of o sarfuce i¥

j& 2 —“ sanvesiinl )

Votide do not penciuily cover the eniive oeg
escetion of o oyvetal. The ncesae in e Minetio eueryy

of tho cleotsene when o vold fomwm i given Wy

%E = ﬁ ® _ap & ensse el
& oo

vhere A {8 the svss of the vold, snd "’ the ssotimnel
agen of the crystel. It is opmvmed thel eergy =y be
exchenged by cloctsons vith the ssoe X uentom muixd,
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The tyeasfer of sleotroms o lower lowale will

> ‘Qg sanse liall

sewse e

nu,wnmumnmmm
that elecirens are tensferving from c@s Jewl W o

Levew

SenNeYiie

e 3s6
The poseibilily of new enowgy ctateo in wryatulds
eonteining woide hue bewn sasidsied. The emidlitions
fop the trameformction of enewgy velouned, vhan dleotians
& 4o lover enevgy stalas, into surfece anewyy w6 clse

MW&W@M&%W&WM
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If o partial vold appesyrs in thie erystal, new oy
steter will be sepooiutel with 1%, The enewy mode
svelloble through the ymocarancs of the nev anaryy ciotes
fumishes eurfece energy for the developiny voide

BEquation 4.71 shows that the ruiic of the new
slooteon states to thooe of the winle exyeted 1o o Dmetion
maxdems c3lowed auersy of the confined slections.

The sliowed moryy 5, Wil e o fancetion of the
epplied styalin z@ﬁ mad the dlemeter of the wide The
volupe of the opace into which the new eleeiven etiles
5P@ confined 18 smouwed o Yo graortionsd o the thind
poweyr of the dlamwter of the viide

Thus asoums
gﬁ = ﬁm’;&’ﬁ) sowse Lispid
Y 3&5 snosw Sellil

The dismeter of the veid influencen the olioved
anorgy in that the curvmture of the linge of eoontnl®
etreie Goleredne Phe dorens Lo wideh on electroatoile
potontial gredient can noutvelise the strein potentiald
prodient.
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If the void ie 20 smedll thaet this efTeet i
nemigible the releticnship

53 =« Ex op 'R susne el
cin be asoumede A woid fop whieh this rlationeidp holds

fo da¥ined ce g ewdl voids

The developaent of maall volds will now be
eonGitemda

The suriace enorgy ssscelatsd with » ewil vold
is vroportionsl te fto overs

Thus

Eg w0 e’ sosss LoD

vhere 8 18 the surfuce enorgy por uRlt Litie

H* new enorgy stotss aye sssoeluted with thie
vodd so that the svailellieo eoevgy

Ee e "‘*’% seese ielfT

ig By = %Exmﬁ
V'n.?&!,fe

sesey lelD

i
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o xS b
E. = N ﬁ {f"‘—"’ :5 3- enes (hc?g)

Put ¥ = gV shere p is the nunber of slectrons per unit
volune (a property of the arystal), them
Ry &
g™ ﬂ-ﬁ} { R ) By seece (Lel0)

It fo considersd that

%’g » Ex, so thet
- £ )
E.":" #ﬁ’j“‘mﬁw . conns i)

slaoy AT g is the sepuoreation of atoms in a

v Bf of —,
i wvold is peseidle AT
CE ewese (L o33
fees oy (B3 vosas (hia)
using F ;“13
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Agoording to eumetion L4, the slihitest applied
strein will Jead to the fammetion of o woid of wlisdited
extante Very omsll eryatals in whieh even the lurgest
vosaible veoid sutisfics the regmiremsnts for o “swdl™
veid, would therefore heve no atrvemgth at sil.

The relationshipy L.22 18 boasi on tw nore
restricted sssusption that if cne ojesison of X Quatem
mpber n, hee semired excoss enewyy, only those slectromw
with the osme X quantan mwiber may sbare this enemyve

The sree of & susll wvoid Wil elougys We lees
than the total sectionsl syea of the erystal i

vhenoe fron Les?

& ‘ml- esese lsa3b

k ( : ] *RAYN i}nf?

The fellowing ccnclusione esn be drugn fvom
thie:

Por omsll crystals the void is limdted in size
Uy the remirenent 428, The vold apec wil) wlweys be
a certain Ipegtice of the seetional area of the empulale




FIG. 4.6 Illustrating the Atomlc Arrengement that

Constitutes a Shear Void.
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noutraiization of the atyvin poltentlal pyaiis
eleetrostatic potsntinl gradients The siue of oudh a
void wil) be indepsndent of the sise of tho cwyetdl.

Unter strees, these volds csn becume eroadis whidch
cin treverss the Wwle mection of the cxyntul. s e
wmid srows, uwnder the influence of he rilel slyese,
the €leetroms in the ilsclated stutes are Pelumal %o
the remcinder of the cwystsl, and the “bowyrowed” wnergy
sesocicted with the iselatud eneryy otutes i=s voluaned

the ayotems

e 3a7

So fer only tonmile volds have beun cr@ilovade
The shesr void 18 defined as the region M¥voen bw
afitecont vlengs of stoms which hove undewgne » wlotive
ghese medtion michk Inreer thon ether paire of aton plines

A shesr voild com be expected to obatwuet the
pogsage 6f destems with ¢ wiloeelly campomant in o
direetion aormel to the surfsce of the wolde Fiawe 46
ghowe » ehese voide It 12 apparent thet the poth of
clecivess will be sbatameteds A Gefinite cwrduce onergy
will be sspocicted with ¢ dhesr voids
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The Aifferonce botveen & ftanslils mnd & shess Void
fe thot the surfsce encrgy ssconluted with o wumaile veld
ineresses linearly with the ecperetion of the stem plnes
at Pirst, ond levels ofY tn o constant velis. The ahaar
7A8 exhibits the esme inltiad Inevesss, bul o swtuoe
waﬁwm@mmmmmum
to zero when the two aton planes sye in stop cundle

Cenaifar the beheviour of wuedl seystads (vhere
the vold spee is 1imited sscording o el LeiRle
e the veid has stteinud its 1Smdting eius, 1t resisis
he affoots of inerecsing siyese wndil e stwenc io
lampe soough to fumish the neceorary surfogs owilfe A8
he voild ddesoter foereoses with ingwsseings olovos, e
surfece amemgr o% $he esntee II1 roseds the moatine.
e ourdnee energy =il nov Simintsh eo el o rlng of veld
o produced which may bevom on ONGANSX diplocotione

£¢ the exyetal is isrge the listtins wid
almension may be oo graut et s serdes of riags ot whidh
the sucfacs cpeysy 46 s moxiemam are ferists s o et
gsn genevete an indefinite nusber of dislgesticne Wien
sfvieient alawes s appliode

74 i2 notewordly thet if the cxyetulline plane
$u romph o the stomle ey, e yelative whwar of T
guch plemes will ies inwolve a sepuretion of the rAINes
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from esch others This will oncoursge the forntim of a
teneile wid, uhich mey opon vp into o creck LT o sudiadie
strecs is presente The otpess ot whieh 4w vodd
develops inte dlelocotions in dlse inerentode

1"‘5;- .. & ¥ ¢ STEYE R LT B is e O et A, I""f. o) -"'!"‘I-' 4
R T I TR T b § R T

According to tids hypotiweis, oo cgresdte of
otome behuvee In such o wy wWaw ploeed under ctiess, thot
aev slectron atutes of lov energy are Intyudneced into the
oexnen srellichle fox macleoting @ weide IO o
sufficiantly high etyeee lo wuiisd, the wid ny develon,
rentoring thoe enersy mulossed by the olectyoms uhigh
have entered the now stotes, und sem3tiog In o el
or o dislocetion.

Cpvalont bonds are simllor %o the molellico bomd
in that the olectson orbitels of adjecent tove wvuElme
The rersit & o aiagle olsotwon syeten In whulsd: cadh
eleectron st have o differcnt set of (uontm: readern,
it iz ooncelveble thud wdar steads s covelentiy bondod
metericl will aise pvoduce new electyen Siaiowe

Ir the electroms in fonic seyetals vese totally
confined to ihe nepetive lomp, & conpeoteod oyoton wemidd
not be poseible. Thio is not the case lowrwr, i S
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mmmumwummmmm
posoiblo.

similer ergmonto sprly to molemulor chaine soeh
ummmﬂmmmwmma
molecules such as thooe found in gloass

mmm&mm;nmmw
hwrothogies. It sswmmmmmxw
20 £ind e very gemorsl cyplication, end eo cerve o
explain the propertics of; 1% 1 hoped, all kinds of colids.

The treatmmnt of the variecus pecperties of oolidoe
will be undertoken in o qualitative wey omiy. it 1=
intendied %o chow the sppilestion of the hypothenisms
A guentitetive interpretution would douwbtlens be o botier
proocd of the velidity of this hypothesis, but that 1o
alse & taok of coneldercble megnituda.

heBe¥et  Zhe llsld Fodak

Agcording to the hypothesie, & wvoid of
significent dimension ic nuclesteds The 1l of thie
vold ere determined by the oise of the eryetel ov tho aize
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of the voide 7The vold sxists on "borrowed” energy, In
the senss thut ir it iz oxtended i cover the entire
erystel seciion, the energy nresceisted with ites maiection
met be sspplied to the cxyeiel in addition te the surfuce
energy sesoedated witk ite cxiennion.

Yor & given coyeiel, the cine of e nucisated
void iz detemdnei. The stress Thai must ve poiled
to davelep this woid intc » digiecuiion ie Jdetermiined
siste The eryitsl therelfore hse ¢ definite yiald peinte
sbove the yield poini, dlaloestions e ssdiiisiledl. Zolow
this point the generstiom of dislogetiont coavss oltogethers

A volg ney alee Do wheselsted with o movVing
dislooution, I the reosistuee $¢ $Phe motion o «
disioention o7 the dlascical kiInd Lo kdgher s the
piress &t vilel e dislocations sre pganercted, e
Sislnvetion my widen by e fopmetion of & vold 4iY a
videned disleoasdion iz likely 4o wnocounier lesc PoGistanote
Thes the propcgetion ok well a6 the generstion of

Lone ey e nusication sontrolled, wnd the offaet
of imporfections such =8 Jmpurity ctone ip diminishade

The setivetion encrey wads ewvelleble by Yhoroad
Muetustions exn wesiet o wppited strese in proiueing

¢ dislecstion, inel = procese iz time derendent, ond

exsieinge the ereed DIrotelsb,
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Thermed agitation con have anothor effest by
aisturbint the horogenity of the eryotele The process by
which & slectrostotie rotontisl gredient commliepets a
gtyain potentis) gredient io thereby modificl, 48 a
pocult, lurger voids aepe poscible, and the yicld joint
i poduesd. This tenporoture dependencs ic not o tme
sgtivation proceas for it i= oaly the @lsmpting effoet
apgsocicted with therex? Muetnetions not the anorgy ca
such, that is involveds

The yield point at eagh terperature will hove e
definite wniuee Thorml fluctactions will neveriicicss
hoos & amell effect on the pemerstion of diclocollonde
48 the applied strues spprooches the yield siyecs some of
the rnope favoupsbly sotiveted voiée will devoelop, mddng
the ¢wonsition from cleetic to pleatic behoviour rore
grodual, Oryetsl izporfections can heve o clndlor effects

e 5eTel

Although tecgorstupe o invoived in detorrmining
the yield point it is not o activetion procenc and o veRy
2lizht time dependence only iz to be expoctads.

It peems that delsyed yielding is cssocictod with
impurity ctoms that fomn otrong bonds with the cwetd



81

atomse Uben & choar vedd forme, these ctonn honds ramedn
end constrain the tweo atom plemee fomdng tiw voids The
void con develop whan cufficient of these oltoms have
diffused awsy Trom the wide The gruator the sppldied
strecs, the greeter the encrgy suppdied % the Logusity
atom bonds, end the lower the ecotivation enaryy reuived.

The ensiysis of Pfeiffor’', deserited in
eection 5.2, which erploye ¢ lepge meder of activition
procesnes thet cccur in puwailel, el an eetivwition onevey
that desrceses with inorecting syplied etyess wplies
readily to the adove hypothesise e Lo adso Uwe
snalysis wihiich fite esporimentol results bent.

Sudden yiclding e ~heyecteristic of W deloyed
vicldainge procese. It cduo oocure if the epeciman is
loaded very slowly. In this cooe the frpuridy atone
on the void are sble to ramcin in noapesuilibelum with
the surrounding eryniol. A8 the otress incrosces tho
forority ctone in the vold diminial in mwber until e
v4d iz released snd develops wepddiye Thisc hocorms
evident macroscopicolly if the mucloating etyeas s
greatsr then the flow stress = alse o necsosnry owndltion
oy doieynd Fleldinge

Piglocotion avroys produced Ly the Tired
gonerutors eon produce fuwvourstie etress ficlide fop
subseguent generctore, The result s 2 widoning
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dsformaticn dand cuch o the Teuswn bande, In ¢his way
the oversll otress cun be lowey than the etrecs ot whidch
dislocutione are setuclly vedng generated,

be3e%e3 Simuin liuxienisg

Price??, tecting cine emystals found ris
cpecinens (which vere of high perfoction) ylolded firet
vhere the stress cmuld be expeeted %o be higheat. /ey
the onset of deforruticn, the styess flall to «bout W
thirds of the peak value. 48 deformation continued the
reglon ot which yislding took place widened into a
defommtion bend that evemtually inclwded We whole cmyetal.
hen this had heppaned, the flow stress begn to rias.

Apparently in Prics's specimens, the stwess fov
mcleation axcecded the styress at vhieh the dicdoeutions
cie mbiloe Omeoe 2 single source 1o netive, tw
dislocstion gmercted Ly 1% may pile up in sush o woy
ao to inereuse the styess in emall portions of the esywilal.
Hew goneratore would be cetivated in such regions mnd
the deformtion tend weuld cantirme o expande

The seoond stope of the defomsstion process
begine vhen the entlre eryetel is incindel in the
defopmation Lonfle During thic stage, the density of
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tntorection betwoen dimlccutions emmtimnes % udse e
fiow astress,

The thini defommtion stsgs begine vwith he
cnset of tensile veids, Thess do not gpenexelly reoult
in 2 cleavege failure fur the specimen contoins o0 reny
diciocations that o creek is readily svreosted. The
strese concentruiions sosoclated with these wolds muintain
deformation for e time wmtil the specimon ruile by
frsetaring.

Bridgemess | hes shoem that 4€ the opoeimen 48
plsced wnder hydrostatic pmoseuwe, the secund otgw
(whieh iz iinesw) csm bo extonded far beyond the wousl
fallure ptycine. A high hpdrestatie pressurs would be
expected to do that, for it provents the devel cmunt
of cavoeks (oo he himeel? writes).

Cpgeteln in vhich ocveral intercectins gdlide

gysteme con be oetivatad will de afpected to otmdn
harden more repldlye

be%aQul  Oxxdn illis

It o clready bDeen shown that for annll esyotsln,
the sise of the maclieated voide is 1indted W e
dimensions of the ervelale



According to Pajita’® the Grifrith eveck
beecomes mobile shen

G = {2@?}‘ )i sssas la30

vhere % 1o the Young'a lodulus, ¥ the surfuce enovyy
end 7. the half longth of the emek, Accomiing to
equetion 5,37, the helf leugth I my be defined o

L=k Yeoctional wyos of exyetsl  sevee e

« kd

wvhere k<1, € ic the square voot of the emyutal arene
Inserting in eguation L38

; |
Fow ‘BJ ”ﬁc.w
1.8 o aﬁ’i secen Dol
Sweh & velationship 38 indecd found o <ol e
sithough the ebove melyuis srpiies strletly to o eveck,

$t will osrve equally for determining Uhe otress et
which @lsiocciions will be penseruted,
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A8 the sine of the eryetale fmorecses, the styongth
does not fall indefinitely but tends toverds = conetond
volue, for the sive of o wid is selflimitod.

he3e9«5 Jnmmziiiae sod lnmorfoetisng

The effest of Luyurity etons oo woving disliacctiong,
end in causing delryed yiclding hes alyesdy boun dicmesed
in section 3! 0d Be50.%

Inperfections can encoursge the muclestion of o
void in their vicinity. Vor exmugle, if = povies of
veconoy sites eondense into & disk, & void mueleated in
thet pegion will require lese energy 4o be Jdevelopeds IF
s lerge number of such wemmey digks are present, rsmy
voids appesr, and they influenee osch otinr cuch thot the
stress vequired to setivate them increasess

The behoviour of (menched=in vegmoles foliows
thie pettem. Heshls snd Esufmsand® guenched yure pnld ond
moasured the yielé peint cfier various ageing intervaise
The speeimens were quenched fyom Just helow the mel tiag
point. Thir found thet the yleld stress increcsed linoosly
with inoreceing uenching rets botween 167 and 10° %0 ger
secosd.. On oubseguent ageing at 100% ths yield otvese
increased further, tending towsyds o otesdy velue, I
the specimen is anpealed ot higher terpercture, it softens
againe
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This mey Le interpreted &8 follows: he hseated
specimen contoins meny voeomeles. I 1t wre uenched
ocuddenly {i.ee 0t an infinite rete) to & low tupercture,
theee vegencies would o fmocen in Just as they wore ub
elewated temperatuye. [liowever the quench extenlu over
a finite tesperature so that some of the wouncies will
have diffused out of the eryntels end othere will hove

condensed into luarger veomndy groS.

The lapgey of theoe vecandy groups cun atimet a
void, and the specimen is hoawdened by the precanes of mmy
voids. With furthor epning, more of the veomoios
condense cnte the axisting groups, «a woll oo Towsing now
oncee The number of voids is ineressed furthor, ad the
spocimen boouones hawnier otille A8 tho veosnoy
concentretion pecches 1t eguilibeium veluwe, the plaid
atyess also levels off to o steady valuse

If the specimen 25 aged 8% Migher tarporatore,
the veconey groups groduslly winich by the alffusdnn
of vaganeles ocut of the erysiels. The yield propertien
of the specimen epprouch those of a fumace-aocded

cpocimans
It 12 chesorved cliso thet the specinens with a

high yleld stress hove a low strein hapdGening mtoe The
high stress is determined by the requirements of dinloestiom
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mucleaction. Once o diclocution is fopmed 1% will
propsgete repldlye Thio heaps the disloction densilty
at & lover jevel mnd theredy reduces the mrioy of
dielocetion intersetions and the consecuent ct@dn

Diseolved impuvities een et in the sune Wy
ae voguneics, Thay wre eclubde &n he eryotol ot Digh
terpereture but preeipitote ont on coclivige

The procipitation of sueh sclutions on mony
sitce 10 encouraged by introfucing disloesticm inte We
eryetals, ¥hich my then cot o mcleation sites for
procivitotion. This struin ageing trestmmt 1o used %o
tuprove the propertios of a materiale

The eoffest of nixing varicus elcrwmis in the
molten state on ¢he cubsequent 20314 28 weriode

IP & £0lid solution s formed, thoe effeet of
the alloying element ic to incrense the flow otress of
the crysinilBe

it wes peinted out previously thot during the
formation of & ehwmar vold mwlsilive 82iding tilten pluGes
If the stom plenee eoutain ecluts ctoms of different aize,
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the surfoce onergy cesceioted with o sheer void ia

increcssads. This will sppesr oo o highey dislocotion
genorating otress. The progress of dislgentions WLl
e siafleply affected so thot the flow otress 1o aloe

If the «lloping clomemte intyofuce T oF ~ore
phaoee into the finel enlid, colution hardening will
8211} oocur (for the verious pheoss cre meudlly solutions),
Wt o new control over the geein sise of Tw ndild 1o
meds oveilsbles Trmeformetion terperutures in the
eslic stets male 41t posaible to reduce the eryatel
niions of 8 o0lid cpocimen.

Phuges muy be progipitated cut os lLawllos,
apheraidn, neodiev, otes These precipitotos e cot ue
numerous nuclestion sitec, theredy hadening Ww cryotaly
or the: cen ijeclete vorious portions of the oryntad
from each other, with the save resulte

Son-metellic colute stome maeh o8 exypen
introduce iscleted bonde intoc the eryetal wiuch resiat
the Gevslopment of velde, (nd so inorecee the yleld
stpots,.

beJeGe? Ealiume

tinder repeatad locding voide will cpposy and
vanieh with cseh losl cyoles If the aryatal coniadne
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irpurities that een diffuse, they will tend to accmrdate
&t pleces vhere woids regulerly appeer, end precipitate

ocute Fith every losding cyele ¢ small et of energy
ie sdded to the veid =md 1t contimmes % grow.

Up 2411 now the locutien of the wvoid in the
eryste) hue been ignoredes 1% omm oepily ho chom that
if the vold foras ad the surface of €he erystal it will
develop with ¢ sunllep opplied stress then u void in the
body of o eryntel,

medle velds thet hove developed ot the crystal
surfeoe are therofore cpen to the atwoechoms. L the
pad Dook, atmoepheric meleculss or ions my entor
the vold and beoomo ailtachad to woid swrfuces, ‘hom the
ioed 18 removed, the woid does not sellopee conpletolfe
Some of the elastic energy has beon owwvertsd into
surfooe saatgys, On the next leading cyelie, the veold
i1z 815ty grester mnd the sdsorbed moleenles penetrule

The existence of s enderence lirdt suggeots
that below & certain aepplied aitrmess Jevel, lmpurity atom
bonds csa prevent the void from opaning sufficliently for
foreign sojecuises to pamatrotes It lo eigificant thet
the meterisle thet axlidbit on endurence linit cleo exdilil

delayed yieiding end o mudden yield point,
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Agcopding to this interpsutation, surdace
treotment anéd protection us well as the medim auromds
ing the specimen should all uffect the Tatigue 1ife of
the spoelmene 18 f8 woll known that thde is the cuns.

he3eYele smiasn LLlonis

rntreae™ alsausces the effect of w oxide
layer on the mochmnicsd pruperties of singls cuyotolie
The effect of en oxide loyer (o0 1itlle s 20 atonas
thick) on codnium 1s to increcse the cpitical shear
otress by 50%. This inowcuee in Rirees renuins
constant fop glides of up to GOGH.

The intorpretation of thie phencronon 26 oo
foliows: the oxide iayer represents u source uf wypm
ionw. “hen the cryetal is otrained, wvoids Tom
proforentlially at the swfocs. Defore theue volds are
fully developed, oxygen ions howe ponetmeted them
end spennad the vold sdth 1soleted bondse. /8 long B
the Geformetion et¥ens io mucloation centrolled, Uw
ineresse in Fflow siress due t© the oxide layor remnins
congtant and iwdepondent of the omount of ¢lide,

If surfuee veide cre jnhibited ol tomathar,
intemel wids are cetiveind, Intomal voids oo not
affected by surfece Gaponlia,



Vacancies are generated at the Void by
Thermal Agitation, and diffused away,
leaving Interstitial Atoms in the Voiad.
These Atoms aggregate to form a new
Atom Plane., -

L = - T

As the new Atom Plane grows, the Void relesses & 1. .oolic,

a Dislocation Loop. The Atom Plane may be
looked upon as a Prismatic Dislocation Loop.

FIG. 4.7 Thermally Assisted Developement of a Void.
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The behavicus of silver, wlso reported by
indvode, 16 unmeusl in the® the cxide leyor notudlly
ccuooe on inereseing otrength of the capetel with
inerosaing tempersre clove eboat 180°%C, vhen
teated in alw,

The affindty of eilver for aypen iu relotively
anall =~ the oxide layor 1o 60 thin es to e lnwisibla,
possibly o monatomie luyors

If two similor epystals are tosted in alyr ond
srgon et room tesperaturo, doth yield at the wow
strese but the spoeimen exposced to sip etsuin lhepdiens
et a much gyveeter rele so that et 207 giide, the
difference 48 & Yeotor of 10,

The oxygen ion being cnly lightly =tluched
to the ellver surface 1o oore mobile than o olhes

motale. The ion does not cometyain #m wold, bul tende
te be carried ewey by the dislosutions gonerstod Ly the
- fepnpity etomn oo dlotedbated Croughout
tho $1ite plope incresse the heck styess, causing olle®
fiide eystems to b ecliveded. Uy the time the
styrese hee reached the “ovel where intemnal wolls ocom
bogome Gebive, the lmpurily is distributed so evenly thab
intemeal dislocotions cre impeded e muoch co thooe frea
surfage voidse Surface voilds ean thevefore contine
te (onerste dlslocotions and the hapdening contirmeos,
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be3.2.9 Juinmning
(m cortuin stomio planes in & ¢eyyetal o shear

displecsemeni of one plsne relative to the next dees not
dring the twe plenes inte :ligment 8 & dislocation
sormelly does. & disloeantion thet produces such s miafit
meet be driven Ly ¢ gtress large opengh to supply the
mefit surfuce wepsys - nother dislocution on the wdijeommt
Plene fegpons thic =isfiv souse The energy sassociated
with the misfit will aot increase if those dislocuiions
prosues o new aryetel vhieh basg the same structure s the
pePpent erystal Wt with z different ocxfientzition.

Zomeeguently, such nlsaes of siefit will tend to
widen iute crystels, s dofopsation #ill be comummirated
inte thi= oystem in preTerence $0 the nuddesiion of NuDy
infividmel Afslocations aun iselnted glice ploneS,

2 maelesntion rechentam whleh osn genorcte sz series
of finlecsiions in piescen Jletsted Ly minirmye: onorgy
pecuivemente {8 needsd %o custefin the WWiRhiny PLOO:de
The proposed nuciestion hypethesis meete fhds requirerent,
and oo provides en explunution for the twinning procoss.

he3s%.4C The Nffeet of s& !l trapen ; |

An nitrssonie sound fleld of sxell wuvelongth o
have the same affe¢t m » wodd a6 & themssl dioturbance.

This 1s ne way in whieh ihe suolestien hyretheuie hoo booh
tested, Xlshs end Langenecker” fomd thet o erystel subjects
ei to sn ultremonie soumi Iield hed it flow civevs doerocbod,
and inoressed ugein 8 soon as the field io swiitched off,
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Be3eDe11  Chugm

The energy cesocisted with a dieioontion loop
that is otable even at high stress amounts o mny
hundreds of electyon volts, The averuge Uhamul amerny
ascoetetod vith eay mode of vibration 10 sboud F, esve
at 1000°%. Cleerly the pemeration of o stadile
disiocution Joop bWy & singis stuge asetivation process
is unlikely.

The energy required to muclecte « point Jefect
poir - gn interotitial wnd & vecangy,; in the awystal
1attice 9ill be highs I the vacunoy is forasd on
vo less becouse the atom must not de wedged inte the
lattice. The formtion of 2 veooney ot the surfoge
aramdmhaﬁmcmmmlmw
begsuse an atom will requive less snergy to mior a
partial vold than it reguires to tranafer onto o full
surfaCe.

Voids will therofore be intenso suuroees of
vacenciese T ciomn Pelocced vhon the veemoios are
forued sccumuloting in the veid. Thio plune of atome
in effect comverts the void into v wage Thin i
i1lustyreted in Figure 4.7, Vhile the atoms on elther
side of the vold ave in line the two zones hive been



reletively displecod by ome or more intomitonic Giumoters.
Uhen the dislvestion is "inally releesod, o dlolk-like
layor of atoms remsirt,

The rete ot ulidoh the dislosutions are gonerstod
depende on the cpplicd stwvwoe end the temper:tunge
Temperature determdines the rete ot which weoemeloes are
pmorated at the vold and the sprlfed stresc detowaines the
oize shdg: the void ring must seguire before the dlolocation
1oy cen be reloased.

The atom Gisk moy be seon o8 o pedonntie
dislocution 1o0p.

The propegatiom of the relessed diclovntion loop
will &lso depend on agtivotion.

e SeTe i

In lerge cyystals the sise of voids is limited
by the «bilily of a potantisl gredient %o loclate new
extent to whieh = gloctyoststie potential prodiemt oon
bild up to neutralive the otpeln potanticl grediont,

Thormel o giltetion distorts the ptrudn pultemn
cpound a void and dloturbe the eleoectrans thotl produce the
eloctrostatic potential gradiente The consequent roduction
in the cleeotroetatic nentrolisetion silove the vold to
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grow largeys A lamger void csn be dGeveloped Ly o lowey
otress, g0 that the stmength of the crystsl is reducele

A the terpercture 1o inoreageli, thomsl
aetivation sseiote the applics strese in genereting mnd
prepagating disloentions, but activation slome will not
genorate dlzlocationde

Voids will not only fomm when a at¥ess is applied
to @ orystal but mey also bo fosred by themwl rgitstion.
Such volds ore terporurye NHevertheles:, Hw ponerciion
of veesncies csn Le sehioved in two steges with the
sseietance of terporsry velds. Thie will wpprexinadely
squere the rete of vaumney gamerstion,

If the voids sre below the surfges, the resdt
is s mixture of veceneioo snd interstiticde. At the
sarfoce of the eryatal, c toms reloused into U erporasy
gurfoce volds cen Giffwse ento ths eurfucee This rodwes
the density of intsrctitisl atems and the concentpetion
of vetonoies will Lo highore

A new phase 12 possidle, for if the eryutal vere
tc @isintegrete into & largs number of audll cxystallites,
the bdoundsries betwoon these crystallites will w0t a8
surfuces. No part of the cxystallite is fur remowved from
the surface end the lerge wmemney concentration em be
meintained,
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The eryotaliliites may be fomed at the surfuce
of e crystel by (he condensation of vweomelen Into Aldkb,
The crystalilites in the 1imid phese 9111 el wp Wy a
gimilar process. The melting tosperaiure is the
temperature at which the rete of condensntion ! e rate
of genervution of eryeiailites at the eryetul surdfuge e
ogual end simflerly for the 1icuid phoses

A definite tenpereiure is defined Wy this, which
12 cemnictent with the obeurvatian that solids howe a
Sofirite salting point, ond liquids & definito freezing
points

Cryntullites will do omell, o that 1igmids hove
no long reage order. The presunce of & high omomiretion
of vecenecieos combined vith themmel sagitetion will disrupt
the shorterengs ordor clave

Liguido will conduet hout end olootricity but
these propertics while snclogous in some wespectie fo those
of = polyeryutalline oolid, will aiffer fron e onlld
stote properties of the coms materiale

e329e43 Lonsluaion

Although dervived from different peinte of view,
the varisble surfaoe energy hypotheaie and the teporoay
electron etate hypothesiz haove some resadiunce o codh
othape
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The temporary elootyon state hypothouis 1o one
thet ahould be appliceble %o 1) soldds. It my Lo used
to interpret the beheviour of solids siemg the lincs
indiceted 1n ithis soction,

The usefulneac of this lypotheeis in wyluaining
the proochs of malidng d e =l ten atate 1o o oudld
triumph.

A uantitative applicetion of this lypothenis
awclits ¢ Figorous develommont of the theory.
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mping the course of this investipgution seversl
avenues of experisenial wessareh weye underitulun. Lheeg
voret
{4} Shear Deforuution Teste.
{2) Cresk iropugaticn Tewte.
{3) Hiero-indeniation Tests.

The gemerel wim in porfomming this sories of
experiments was o defor: epecimens in shear over o wide

renge o dafowmution rates, i towporstaren, bisln cuala

o the csformetion Steouse putiem, riovw lines g ohiain
& ecorse)ation Lotheon e Pedulis aad qeforuetion heody.

Gxperinents inveolving ssrions shewr rotes snd
tost torpereturer spw Joseribed in the Jilcrcature, Tents
in which severs! Rinds of InFormuilon sye teken {ran the
epecimen simmlteneo.dly ove lese freguents his svries
wes imtendsd to favestipctc the problenm W corvelsting the
meximamn inforsation sith & dsfommtion lheory aiwmltuosouelys

Low sheur rete toste (shear pates (O-1000 pap
soc.] were carried out im = shaper, iha fopoes being

recorded om {ilm vis & catiwde ray oseillogph. lobs

5
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were m-wummmsowﬁ per seeond by
ailéing = special testing wige Tuls deviee wos «ine fo
be sdapted to very low sipsin rete tests, l.o. sleadn
rates below 10 per seeond,
At e Sime ihe weiter's intestlen nod been o

low up - Beries of superiments wilen weuld by e
cevere & tout ae yosalble of the cureent delomuanilion
theory w8 well . oy theowy that he mishi yrowsce e
eventunlly docideld Lisd while he ahesl BEBUILNK & URDLOR
pight yielic =
fite sypiication in oriticieiar o dufommgiinn theory wouid

sopticeredie aunt &0 slgdiiewmit dete

be at more effeative thn - large oo

o expoerinental
duts alpecdy swuilable In the lltersturs,. Turther gy
s Lime hm:-",. % thite

wag theprolors uneponced vy e
point ihs low shewr rPulte metiod had beww woll teatol and
the bigh zate iy bed boun Ffindahsd el Toatsd Wl
without odSoining furee rewmiings. The shear tost
gpparetus ie desoridald In poendlz S.4,

Al
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FIG. 5.1 Illustrating the Practure Specimen of
the first Kind ( Type 1 ).

FIG. 5.2 Illustrating the Fracture Specimen of the
second Kind ( Type ).
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5«2 Cregk Ipopscntion Tesks
Beversl materizis were subjeoted to Uds feet,
cunt irem, & Migh grede steel (guenghed snd teigwped),
mié steel, cine, bieowmth wnd eaGeiume Codsius eould not
be mede to Propoguts @ ersck A e recults were oblalned
for this motuli. Teoute wern carvisd ont at room, dry Ace

o ovbuin
& measure of the energy sheorbed By Y preposcting orei
s specimen prepovsatien of Wwpe 4 wes enpdored. The
second mreparetion wes intended alee to peait o wiomoe
egopie etudy of the crach uping progsgdiion vhieh wen

coypiod out Wy =% pony eporetire og bewih, The
tuc preparations sre sbhow: iN PREuras et snid Dol

It v found thav dpeaimms mashined coecording
te Figore S.1 proposnisd & oreed wesolily in e slenc of
the reduced secidion. The apssiasmne were Louded by
inserting & sepsw into the tappsé Hole 1) 7imre S.t snd

toraing the e B & wnd B spurts
Se¥s? Ihp Fapes Celd

To meesure the energy sbeorbed by the apeeiman
during the pyepugation of the ernok, tha muymitude of the
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FIG. 5.3 Showing the Location of the Force Cell
on Specimens of Type 1.

_'—_K --------- 1 |

iF T location iF T
of the

strain gauges.,

FIG., 5.4 Details of the Force Cell.

By

FIG. 5.5 The Strain Gauge Circuit,
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louding force and the distanee throngh which thils fowece
cobe wove pbituined. 4 fovee oeil, Plpure S wob
designed and made eo Twt 1% eould bo inserted into the

epacs botwessn the ventilevers 4 wid B, Plame Dele

The peparaticn of the ten centllovars 2 be
obtatned simply by messuring the smpuler rotation of e

Annding APV

The bridge elreuit for thw fores cell ie shown In
Plenwre 5% ’ﬂw‘ gyl i'furg wre stesdn ponpe resiotonces el
are atteched s L mm auld g srvenged 90 W porelleld
and perpendiecvivy o the atrsin in the foree cell
resyeetivelye  I6 Pellomw that g, ie pepaitive %o Uw
losd seting on the Towes oells while Fg, 2

us # temperature companssiing roelslendd.

are Luilt iudts the Philipe Gteuin Deidge vl i Whooe

experiusatos Up, B0 wurdied seeeldly W twing B Bieved

By
ﬁi?} P S The byidpe wilegs ‘l“{ﬁ fa Blsh Usoy ¢ B

t@.e gueilitets the sl ifiention of ax penl o Lwernapy the
penelitivity o e z%;«&mww ¢ mniznmni$e P wgmde o
By, ke eelibrntel dtruetly ia odoportruin.

e

fe2e3 Qalibpating o She Forve

To celibpate the Tores oell, o ofesl eeliipuitop

was swde, whilch would ¥4 inte the testing »iy in tha S0



PE— beam length ____,

FIG. 5.6 The Force Cell Calibrator.

Scerewdriver
Pointer

. Angular Scale
‘ Cover
Insulation

7

FIG. 5,7 Controlled Temperature Testing Rig.
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vay 28 the specimens and go mede it possible to calilLpate
the force cell at voom terperature as weil so the 1iquid
nitrogen temperature : {56} e The esdibretor is shown in

Fogure 5.6

The celibrator may be ageumed to be Xinear up loag

a8 the steel {toash high cuslity steel, quenahed and

tespami) ie beolow the elaeblie lowdd, ac U
of the tee cantilevere with forece wplisd o e omiere
line of the hole, o be coloulsted ond wuamnde Tl

meraured #0lfTnese peg outedined by medling dhe two lovesa

epart 2% the sonter line oF e hole with o Erown Doped, sl

meassing the relative el e eilavire

with & rdopraetore. Tesdings obGsined by peversing W
aireedion of the Pores {ocushing $he tve ounbilovers
togpather) gove Uhe s oblifness i e owsaind slifie

ness soyend ell with Uw oewsanesd Wluots

Y ﬁaé—}

e overell dlasnglone oF apeglnans

" Swoe B oore
Wox it e e Whe teating vig, Piouee SeT, snwiote of
an insuloted contuniney in shieh U eceeingn o By

iocuted ond coveresd by 10086 nitvopon. e cowniclner ia

eovered by & glass cover with e ¢:3%:bly Joooted wle W
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milovw ¢ scrow~driver to be inserted to roucte the ilosding
serews The rotation of the sorew-driver is used =
mossite the vototien of the lesding eevew w honoe the
sepurstion of e Ywn cuntilevers on e Gpoolldte The
speoinen jo loecstsd in sueh e way thed 4% »i11 net ot te
when the lecding torque Tyom the eerew-dviver i wpplied to
its

The ealibrutor »ith the Toros w=il is inmerted
fnte the vig i the sue sy ag e ayesinme 10 2oon
femporotore eelibrotion Lo roouived, the cover is st isced

end the system is pemuitied ie vesch o tsiyeralure
esnilibpive. The looding serew ia tumned Lhweugh aboud
ene turn (piteh '/3p luch) In abewt 15 atoges end unlooded

apaln 1o sm equel nunfer of sleps. Pov oech 9 s dag

petting the bypidse is Ll

s pnd s poadiing rou sl

with a knowledge ef the stiffhess of the
eslibratoy o celliwetion mupve, foren el bEldpw vonding
san e pietted. Phe points on thils plol adw Foamy: o 1le
on & stEeight lime with meell ssoebiswr anly, wodecSing
o the foree cell arvangerent ie boih procies ond
gl ieblo.

To ealibrete the foree eell &b 1igudd nEipogsn

gumnarature, the eontelnoy is Tilled with the il wi'tew
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snserting the eelibwator end peplenished wmtil boiling
cecses, indieating thet the ealilbretop hus hoeen broayht o
the tepersture of liguid nitrogem. The eovay is now
revieesd snd the celibpation enprled out o pRevioualys
vhen pedueing the dete ovtained for plotiing aiiowaes ot
be mode Tor the slldht inerense in the vluntic mwidus of
the ealibroator muterlols

E?’#ﬁ’lé

The proceizye cutlined shove for colilpsiing the
load cell also epplies when the spocimense i weBuelly
guk jeeted to the mpdifhing test vhieh dontosye the apecimon

The vepulis ere roduced mnd pletie. o @ihlosl
pint is shown in Figuwe 4.8, This piot willi e IR =)
in the next seetione.

The joud which will propagute « cruck is generall
eliphtly deperdent on dhe lesding el The howdiing rete
vug not controlled protisely the iIntervel Lolwoon SLOCOEE™
ive losdinge being oheut 10 seomsis. o Riph apeed
plotting tects wore CeFviod out, ef that Whe agremierne of

she srpiled lood on Josidng ede could sk bwr SEBeRvdnet.

It fs 1ikely, howsver that the depentonce o looding pele

wili not be very nianificant, This con be suid boccuoe



Load

Separation of Cantilevers

FiIG. 5.8 Typical Controlled Fracture Plot.

Load

T
Separation of Cantilevers

FIG., 5.9 Typical Semi-Controlled Fracture Plot.
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of the generel charucteristice of britile frvucture and
becaige of o experimamnitel evidence wiich wup oubtained
from the steel spevimens,

“hen plotted, the graphs &7 lemiing Toroe Vi

ddeplecement of the cantilover =yl ususily aupEsw o8

ghovn Lo Viguwe GeE P Gele The plot whow IB Pgars Sob
mey be deseribed os o fonlpnlled oPaoR GIK wnehingy Lelle
$he orogk woves in reapines 4o losding.  The plot An
Fipupe B9 howevew ig otk Coscrived e o sed-controlled
PROPEEREAGE. shen the ovesk moves it dous @0 al @B

uneciiipelied pete bul the specimen ned noY brealk Gorouiiis

Consider fizst the propupnifon chwaxots Aotic
of Pigure Se.fs From ke osrigin 1o A s ppecimen iz

jouded elastioniiy. & geoge is v ol e

perresed ssetion [Figre51) end propogutes in @ uncentrelied

mennoy foy some Gletantt. Ourding thie Inelent, o wnap ia

hoeprd and the lond zeading felis el wdwe Thie owent i
W

expresze€ by the vertiesl line 4B on Bw plod (Pignve Sedle

Ppeim thale poind g, contismed Jesiing cunled
the epruek 4o move eontiymcualy towerde e owy o of

the spoeisen. A8 the ok moves vack, the loverage of



Apex Constant Width

l l /r-_-Neutral Axis

8

-

)

F:::____l_______L__".

e e

P
Moment of Force at Crack = F.x

FIG. 5,10 The Specimen mey be looked upon as a
Curved Beam.

Stress
Tension
Fa Y
v
Compression
eutral Axis
End of
Root of
Crack Specimen

FIG. 5.11 The Stress Pattern in the Vacinity of the
Cracke.
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the foree epplied with the loudling sgrow IROIBLABU. Howaver
the two esntilevers Looome longer in the pwocoRn arkl it the
lesd serew £8 Dot Mvenced, on cdvenge of o orech euews
the epplied lved %o fell hy veducing the oiilinese of the

twe boamBe

FPigure 5410 showa thet the speciien nay be
1ikened o 5 curved bess WL ¢ very emall intermel wodius
{the rediue of the Poot of thse cpeck) and The stresses peepP
s eveok @0 shown in TLiame S.i1. It ool Bo sald without

satering & lenpthy rood thet the etrosces oo B e

vending moment of the losding force predominate ot the

The esyserinete condltion of eyniliuplum my e
expresred in the form

=kl evan u¥
where ¥ = Px the wmomeed$ o the ereek due to the lewiing
Forey
3 = lensth of oredh and
3 4

k = genaota
4% those pointe on $he specimen where the wideh of U
reduecd section is coasbunt, % ie fehen to Ho emelant ed
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M = gonstent

1.0 Fx = congtont « X ssne Sell

For a esntilover the deflection & ie reluted to
its other properties by the expression

o B

where £ = Youngs Modulus
I = Vodulus of swetion

vhen & oregl propsontes in e controlled raowmery

: 4 b ' ?;" % k' " o, e Np— =y - i
the roguirsd fores F, { @ ) i el to e wpulicd fowes
erech in propagoted siiltiy.

22 %0 gien the oreck will ston, i.e.

Suppose thnt § Lo held ommebint wxl Ye

&y
L s
5%

¥ F
the progessdion ie oonlywollels Tow, Teon He¥

% < -
: - - &’ Fwhw .')JI-
“‘@;E& 5

and from 5%

o et P
¥ T = - cwaw el
X

5 i ’g sens Tl



Stress
Tension
FanY
\Y >4
Compression
Heutral
Axis
End of
Crack Root Specimen

FIG. 5.12 The Effect of the End of the Specimen
on the Stress Pattern : Rear. the Crack.

a) Straight Crack b) Curved Crack

FIG. 5,13 If the Crack is Curved, a greater Proportion
of its Length is near the Boundary of the
Fracture Zone where the Steess is not
tﬂ-malc
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4@ long ¢6 the equatimslel und S« oxe sutiafied
propagetion ie coniroliad.

Ap the evesk epproaches the end of the specimen,
the sesumptiorswhich ieud to eguoilon St uPe not
sppilosble ene the exuak beoomes unconirolled sgain. It
e Le seen Prom PLure .12 thot the stross petiern in he
gpecimen alters mgireflly ap the erack spprocches the ond
of the spoeimen.

Two oouses con Do offersd for the smdiecontyroliod
propegntion ehows In Pigaes 5.9, Firetly, 1€ o cbuak can
ve propeguted = eusily bt high epeed then a
dleonntlinuens piot of the Wind chown in Yigow Tald G DO
expocteds The losd wed b Built wp 1o SovG “hes Cpede
28 Low ppeed $2itinilye Fovover an 81 seoelarotot, e
moment which wili medotedn 39 falie and the owdh i

unecutrnlled wntll he epitied lesd Falle !

Sgw the vaive

recuired to muintain 4he dynede PRy ST B e 1

The ecems camae of swrfegonioalisg ornolt
propugetion is due to ibs fendlendgy of W ioigtn of Giw
ek to varye The coetlon thwsugh whioh 1% i intended
that the ovaok should tpowvel de lese Qs e owmpadld
width of the epocimn.  IF the orack leuves Wi
narrowed poction its louncth met inevense. oo 0 lesgth

of the erack inecrecgou, the lesd o propuynts 1% aloo
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increages. Yventunlly the erachk retumne o the narrover
pection. The length of ths cored: now deoyecsst o It
progresces snd propsgmtion mey be unecnty iled mniil the
erecic has egein entered the narrower secticn. The syetimen
reteias » pocord of the msanderings of iie orsgh and o
pericdic voriation of the widih of the Jruetured on

clenved eurfeee can b¢ compured to the poricdic variation

of thae loed.

4 third factor must aleo be taken into aecomte
Craohe were Propocsded 38 smitertels shich wwe nowweldly
duotile, =e for cxempte 2did sisel. The wcapes of thie
method depended om gemersting o tplendsl sbwess @itellone
whiews the crugh emerges Fyom U Wl of the apesiinn, W

sivess aituetlon ds nod, boweved, rlaxlcl. Wi

glgnificencs of those i offeote desonds on tho shape &

the cratlie Flgmre 513 phows o abPelshit ol 6 euwrwed

oveok. For oose {n) s propaetion pf the ook In the
pastPlasial strees Piald 1s e leme then Top ooap ) e

T & T
win Glwsae W

I e ghepe oF the orachk variles ek
exivames, the comseqmunt verieticn In ¥ my be quile lurpe.

W e & g W PR reg—" s dace s P T, FUNP. RS e 4720 %
Por csoe (L) there are otwive of apoelionn oh %

which sre cosentially wiey & pupe benpile sipoes axi yiald

in the uesel wey befors teneils Falluve tulos latle
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FIG. B.14 The Cast Iron Specimens,
r
r w
FIG. 5.15 Mode of Failure of the Trial Cast Iron Specimens.
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Se2+8 Results of SRAAStIng Teats
The materisls ituatedl were:
(1} Cast ivem (oommereiel grade)
(2} Mila steel {comsoreial opmis)
{3} High tenwile tool steel {F.il.)
(4 zine
{s) Diemth.

GeZebet Lipgh

Ppeliminury tests weve carried out with vsot ivemn »
The purtoss in his inglence wae nol on Mmieh: %0 sbleln
rasul ts of significiwe to defopmption Uuopy s6 W Loss
the vaefulness of peddmens of the ki duperiied in

¥ipure 541

Four spocimens o¢ the kind mbown in Figwe Seid
wore prepured snd testad o destructiom. hw worland
dizensione =re todsted in Peble St doguihor wi® Bhe
mode of feiluve shieh i8 Liluetruted fn Plavze Yetfe  Ald

fouy zpeeimons falled in thie mnner, 0 By e gocn PO
Figues Seils

Thi moos An whioh these specimens Tulled is
sveingy fron the nuovowved seoation,

encmelonse Vi oresiy i
which 1%t wun intended ¢ fullow inte the wider Jawy wm
(ukich §n sil coese ia move then three times as wide)
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% & A3 # Wt | a ¥

L 8,97 | 90800 Gar® | G 00T | W | 57| o3F

2 148" B0 | Ba29 | 0,085 | 428 o382 | o

i

e g et | DB 5 | o5 | him | SUF

9 &5 Fel® e28 V3 il «23 |t et &

appesred to teke the couvse of highest raihor Sun 1loteny

CROVEY e

It 18 slso spperent from examdnstion that the
cracike prefer to cune Lo the spfese ot e connoR 2® in
Figare Seilie Thic fo %0 B enpeated s Wwpe 1 an

sfzitional strees concentyeting sffeot in that Locsillye

the graek turns Zmbte the hoss scobion whee: bhe bduaiihg
atyess recches o cortaln valves Pyoen o LR e o By

wiate (&) of She rofvged section ot M polad
tums sné eqnetion et , the bending mopunt M i glven by
M= ke

The beam stress ¥ 3o given by the ummal

expression

R
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If the hypethesis is vedid, the quantity "“ﬁ"ﬁ' 'lgg will be the
same for esch speeimen. The various quantities ave 0%
out in Tebles Sy

IiDLE 532 /inelyais of trisl resulte.

4 Getth Talels Gei 1l 17k
B A b S B e e
b et & Qng%& (a12 i f . Y
3 Ded ¥ DuliS Gei el Telh

Cu2% B8 ™

b
£
il

Eehak g

e
.J'P
e
o

1% in soon that the wipywseion Tovy wivess ‘im | ;::: £
is not conptant out ifndicates a definite trend =
diminisifng with dncrccaing been stiffness. 0 the olhep
Yol g "géi whieh is ooulvedent o (Lo doos nod ohow aw
significwt teend dtiough the eeatter in vong

This can be exploinsd es Poliowvee o voleddich
iteelf in L Doum. & opetl et pensierats to o
ooneléerable denth asay Tresn the reduced septinn. The
greator the Gepth of the bos, he soee sloviy will the
gveileble ptvess dirdnilah as the ersel apvroscthns U
ponteel sxils, «ilovine the omek o peastecie Jurltixy Into

the beam and so preporing the way for the endsg of the eradk
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to move cway from the comure *CF ahown An Pliuwre Delle

To concluds ihem, the results ssored to indieste
thot the oresek i1l folley 14e inlapdad courae (8 Z0n2 4l
the nensity gg wi*% sinee the pemulits 4o not ot e
test for the simificsnee of 'Y to be mede «p this
Mantity wee kept slmoot constent) i less Lhan sous

e S weine

Thes velue 6f his maximuwm can bo cipeeied O
depené on the whmi «f meverisl veed Mt ths shove peeuite
indieste thet for cogh meterisl o oultadle shepe cun e
feoande

Cagd irven 4s more bpittis under normel clvoum=
stenoes than the ether sutericle ueed Lexoept e wiw
quenched stesl Bpecimen. Wil siEc very er in horognletF
The usefulnese of the Fulie cotalned had Lo be eotimsted
wvith some reservetions, Tewertisiess it indiciicd the
forsibllity of $his sprrocel and the superiment was
emdurkted upon in eamesnt,

» commereiel, RMigh madidsy toel fleel woo uded
in this experimente Two (rial speolrsnn wers LHpepared
Uiret, ¢ gain some nrolindsoery intormatisn swoius the
bebaviour ¢f the syeoiswse Yhe spegimons wero machined in
the snnesied stalsz, end subseguently quenched in o1l from
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the prescribed terperuturce They were tegted in tho as~
quenciad stute. ‘

The composition and other inforactics supplled by
the mumieotures is presented belowt
Compositient ¢ (.90}, 51 { gttty Mn (402055,

op gam.‘ iie W igf%?qu

The Rockwell Hardnesy and tensile strength vary with

t@emeping temperoture iy %

% Gk RO | e R

i 8,8 Py Py ;
Tals faded L - 355 245 e T

— § o ‘?
wa weds obbained

The feasile shoengdh 0
indireotly from dute spylied Wy the pome meaafeeturey Hbout

senph Baain g

anothsr tool slesi of prsvebnd LT erent ©

B ‘f«"vgw

slmost idenbicsl hrdueas=tesparing oo

choraeteriotio.
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Both specizums lauke through loaving twe Bnives,
end exhidviting & Fine snd honogeneous syryioe GEtaen
wvhese the eragk was prepwegetod, The frouluring prosust

expeated) the prepopuiicn becume sudceniy penif end Feadted
in the congleto sepePution of the two bulvos. The latiew
ptege of pepid propegstion 444 not resilt in o notlooebly
Girfepent supfece ntUNe.

If the Swe helves of ©he ppeelmen o pleased

sgalont each other baek o ey o yupld s vansonclly
seneitive toet for bending of e contllovar o in mdite
T4 sppesrs thot benddng wiile alight we praweat (reamliting

v & pap of thent 005 loeh e § el poowm! Bo biv oeniin

to the end wheve o width 4o be Speetoved wug HUERINT.

Yhe tee halves when plsesd topether in Uiy

pelative poeition priss Ba Frectese eye fomd o wabs Wil
the crost beevaing sivest lavigible., I Gw dpaeturing
procoss hed Boon eemaganled oy wisptic defummtlion, such

e clopw £it would ot b posEiblcs

Vouy sd8itionsl opcedmay: ware now prepuped Tup
8 fully instrosemtod tents. Twe o e poosdrons Toee uebl
40 The epa-menebod atale, @l WL gty two woye trpaerocd

im Boiling wetey {&Cﬁ@é;’} For o Lo ie
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FIG. 5.17 Dimensions of the Steel Specimens (inches).
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one eoch of the seeguenched and te peved specimens
vore tosted at poom terpereture (157¢) and the other
ut the tewpsrature oi cwy lce («78%). @ be corinin thet
the syocimen sotuelly setiied down W that trzeyalude, a
otelil dudng pows
o eelivpadtion or toet, the dry foe chipe being henped over
the specimen or calllraior.

afd of pove then an houp v silowed wefove

The yeoulta in reduced For: cve preserded in

Tohle Tiele

Yhe gussotey of the ppoeissns {whieh i the sue
Pfor seeh of thom) Lo showe in Pigare SeiT. T cotatied
rossl i of the fmey spllitting tenils ore PamIied i
grephicel fora in Flmres FeiG Tn La88 i photograph of
$he speelmens ie shown in Migure “utlle

SeZallaZat Specimen X
PeaaEre Sa1Y swws he eeslts for spoclmen 4
vhose new surfaces ¥ay be seon in Plgure | Vietile g
raculte eonld heve bowo daoet prodioteds Ty €0X129%1ng

proesse may bo broken wp into four sbogess S Ty U s Yo

Ctage & ip the Towling slege Guring whieh fafprnaion 1o

oluestio. 4 oreek shdeh o be dletinevly eyt bpdnes in

0

wine W loed lnwenaees o6 She

stope Be Purimg hie o%
length of the erack iueresses fester ey tho DoMONT G870
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The linearity of four pointe defining this purt of the lood
curve is notevortiy. ‘hen the ereck snters the poarallel
saction, the loed oo be expeetod Yo fail w the mwems
s inoresecs. Thie is cooerved daving otege Y. The
lapt otegs 18 very brief « the wmeontyelied vowoppption of
the ¢wack out of e wpoolmen, leuviag ¥t I two plegos.

Too things ey be polnted ont concoyning elum G
Firstly,; siille e lowd fils in o gmoersd wiy 1% i
aetuzlly incresping ob sewseal poluats.e Thie vws e redatod
to the seeaderings of i redh intc sl sal oF Who Lo
scetione I ie pesedbla by thie mesne 4o :ola%: the

poeiticn of e gepd to $he 1028 et et raint.

o

i eseund] and move iwportent phonomonon s that
the load wus chegrved to doovesse while no s8aiticnod
rotation s syplisd %o e lowding oowows  Vho wmead

ver gwrpay and

record the fompedlsts bwldes sopling end e new enmloe
pouiing. After ihilwm, U Lyidpge veudling will hewe Tsilen
onid this process will sveniowlly eppoer o oolin.  The

sec i Lyldpe rendtny wes hen recordot. Whls nlowwad

iz of the order of one wimbo. The geaph (0
shows two pilote, he uppor recording the Lyldew Tuding
imwdiotely affur ioaiing and e losor e lool wvien aptlon

of the eraeol apparently censes., It ig seen that thw two
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curves spe related, for thwy very togethars

The movement of the cpetl daring these intervals

gen be computed. Hefewring to equation Te 3

Y

};a‘-'t-‘ _ P TR :’*i&

Lele ~ X '“? ; -

L% %

i the inidial welue of x io owm, el tUhe
eruci ie aseumed Mot o mows during ¥ peloiively alord
jesding peviod, then the distence tsavelles: by the ek

then

csn Do eorpmted feom the imesledes of the Iosd walucse
Compewinen with the sotusl trovel shruld Wan Sseb fhie
hypotosla. Yhe starding wine X, wild e Ghodh eorzeauents
iag to the point on sbesw B shere the tww jloto ot 5 R
velue 18 estbactsd to be 1.40%,  From ouatiin el ud
each screw setting,

2
:’i

¥, .
;f mé,lang sans o9

and the cumlutive product 7 is given by
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*? 9

T | I :
¥ (ﬁ; x i X gaoe & "‘ﬁ’

e i = B % n
vhere n i the mumber demoting the serew setting (in thie
exss 17)je The velue of ¥ in found to ba f.08, wvhahos

sss Dai0y

s -

from

S‘ 4 ’D ¥ P €53!1*}
the distance rrom the loud asepew womld be 3,00 1nchef,
The s@iuel value 1s L7 inchen.

The loading time wes 1= codmnde viile the
period betveen the meximu end mdndmes PELGIE YLE
504K peoondt, lesrly the ermel wil) ftrowel comewhet
vetore the Piret resding iz tolen (about 4 te L poconds
sfter the loeding ie cowsameced] =2 the avorsye wloeity

will be welstively hipgh during this perlod,

It con bBe concluded then that te propogute o
ereck, » ariticsl stvevs must be imposed om the Specinen
gnd the pete of propagulion inereasves with Tha GEoess
of stross above this oriticel wlus. The foms of fhe
valztioneidp exnnot be deduced fyow the duls sblafned
feor sveoimen I, YWt spoctwen I Murnlehed noe duta

en this muttars
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Inspection of stege B shows that the two curves seporclte
gpome time after the ersew bos been inftlated. This esn
be cxplatoef se fellows: slun e ereak hoo just begum,

8 smell movemsnt will inovecss ite Jength by o considersble
proportion of the indtinl lenygth fo¥

o o :
w s Jolsw xt) esaw St

vhere w ie the width in the tapered sogment of Hwm aduced
section end 2* 48 o detence of the vy (vhero the eredh
begine) from the losding point

L 'z-e'% anne 5613

AKX
whiech - = when x @ﬁa

This mesng that as the orack moves it
widens roplily, =0 et Hel peviion of B0 applied momont
whieh eonle cones e gl {0 wove ¢ spasrceble distonce

8 nesd up in propegeting s eddidlorwd Bongth of cpak
smeller dluluoie The veloeify «iivet will

over & sueh

tharefore Lecome wpporony oily whon ths v
some distance into the apecimen.

The josition of the erack wvhen thias seporation
first vecomss apporent we cuatinetad by using equuition 4,9
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with the difference that the force ratic is obtalved by
Josning the point (om the prah) viers S twe Guoes Mmoot
o the ovigine. #% & given losfling eeresr aiyfie Wis ling
and segment & will give two forees whoee rotio is Tixed.

A mathemsticsl wvolatlonshipy betweesn lowe ad the
bean deflection L& cuwshersome and go o theovetieel loud~
defloetion surve wop goaputed using egniione Je¥, Do

ond Seilly vnd dete Trme Pigawe Sei¥e Thdn supve in

propented in Pionre .23 ond sy be cumpetwil 1th Pligave
Heilla 48 oxpeoeted, the Joed resches o marlsm at e
poind where the taperad segnent ende {x « 1.,75") ond

falle oiT ooy hnle

The steges & and B oopprespon! $o thot purt of the
Quive TROm X v 48 €0 2w 1475 o tvensitlon s ol
gourse, epparent in the oaloulated ouwrwve, Uhis dlfierchee
Jmdive et e slveos 2ogadred do lnirduos W orealt
ie smeh lorger then thed segulved to prepogte 1% Shde
is to be expeted, fox a8 lone ws the epsel in cbeaent the
spex of the topored peebion will tend to pilelde Than the
ereck fimally Yeoras {in cooh of the Pour speclames the
eree: begna in e plene oF the Pnoey paeite of ong o the
cantilever arms wvhere ihe epiress concentpatinn offect I8
greatost) it is repi@ly propelled amsy fron L% point of
fosestion and from thore on eome eorrespondence belwaon 9w

saivelotod end enevlrental spuphs s to e wwelad. Yhe
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linearity of steges B is therefore somswhat anccidental end
the pointe will generslly be expected to iie on a curved
iine.

?he previcus getimaite for X, ©can now be rovised
end mmother vslue substituteds The point (on Figure 5.17)
where the tvo curves begin ieg at 6,8 meximum load. On
the celculsted ourve, the value of x &t 0.8 meximum load
t1e 1.52" (previous value 1,18"), Using the pravious
ocurmlative proeduct T' = 2,50, the velue of x b now beeames
3,80 {previous velue %.00) and is en improvement an the
previous veluve, being closer to the hypothetical L.78.
spert from the explanction wlready offersd nemely, thet a
simificent intervsl elopsed between the spplication of
loed and obteining the first veading, the distance
covered by the crsck when 1t is propugated out of the
spaeimen in en uncontrolled rmguner, wmust slsc Lo tulen

inte aceount, This distence can enly be estinmataeds

It is interesting to note that if the pesition
of the crack, when the last force reeding wus taken (Just
before uncontrolled failure) is computed by using equation
5,9, the result is 3,32%, This means that the uncontrolled
propagation took place over a distunce of 1«5 inches, sboud
six 2imes the thickness of the loading arme., It must be
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noted that thia distance estinmateo 1o a mumimmm velue. AW
plastic ending in the loeding arme will vemut in an
gatimts for the digtmnoe of the evack fyom the losding
point that is too great.

5+28.242 gpegimen X1
The results soteined Cram spiititing thie apesiuen

sre shown gpeanicelly &n Plouse 5620 v the wmuwfoce Torted
in Plsure Se1ds The load meximum v nod shave 11 should Doe
The ereck hes penetrotsd ane of Yhe fesiing e end the
width of the ersck iy etill inoveasing iun s poreileld
sectisn. o this gpocimen ihe leed maximom end croek
maximam esn be correlafed with preticuler cose so that the
quentiiios X » .09, sorew polsticn 329 degrees ind Wpidge
rording 1«17 oconr togntiwp. Apard from thds, e
eorregpondened bBolwes: the experimental ail caloulsnted

curven in noille

For this speclmen the estimete Lor 3 218 137
inches {using the csleulated cuvwe, Plium 5.28, ow
wEnd %0 BE 2.88

proviouelyi. The cwmistive profset wes 9
&n thet x@ﬁ’ prine bo NeU0 nehos, shioh @uugeres well with
the value obfsined Fov epectrsn I (3.80 inshes) o) %humgh
the teo srepbe (Figures 5419 and 5.80; sve wignificantly
different.



125

During this epeviment informuiion woa obtainad,
shich 18 not evoileble from the provious mm, Bemely volues
of the bridge resding wi vowioune time intervels o0iew
loading. Foowm this datn Uw veloolty of peop sulim of
the crpel can be o-wputed. Thin infersction ghuve how the
veloeity of propagetion of the orack depends an the Iondiing
momonte In nll sbout forty computed poinis wre plotied In
Pianse Se23e

Fo obtein the mugnitide ol the cred: wioelty od
the verious tivee (and Losie), e velwe of @ fa egulssd
for osch points This con be found in Ted soile S Aoy
use the custilstive proeduct wethod edvesdy Tpeapiiod O oDe
mey use enothey move secipate metiod whieh io decoribed

balee

of Flgure 519 (ond aipe Ploure 5a48) Begln wilh o wignlaint

< LT B BT i & Wity wond g cen STk
p Lebedlod op glage de  Impiyg WiB

Jine whioh hat L
intervel Swes io oot yot & oreel fu Ge ppalipn soxl the
deficetion io cosnierdiated hy Leading of fhe londien w8

The doficetieon e given by the sipreasion

1 gg" = where seae Geil

%, is the Aiplence beiwwen the locling point wnd S apex
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of tho tupered seetden (L = 1,0%;, lLatsw, vhen » ereck
hap baen feiwmed end has penetruted imte the apceimen
the relationshipy is

30
{r e?‘f‘és "h’ sssee Uotd

If the ersck ie lawobile, the lowcing aras =0t .8
contilevers with o etiffaeee given by

r‘a’ -3 u 3'\ " 26
2 S ] sesss &
£ o

'3 z-omet

Thue 37 the alopes 3&’
find = wmlative to 5%‘ eceonding e

9 4 31 and X are known then ane omn

3

N
|

(2 2 % F ;i.‘?
if i1 = ecnatent

r f.‘l. / gﬁéﬁ + ¥
Ad a4

LA SRR ] <:7918

3’.“&&1

How, 4 the epsck is fixed, the lend Alsplaeemeny
ezrve L8 a slirafieht limce poeeing throuph the orlpgin ond
dhe E@fiﬂt. rappecenting the mustuped lead ot whiy dln)lides
ment, (This sseumes =lastic dending and ne luostie oot

in the louding
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erms)e Thus, through cvery veint on the Toesi=d S moiotent
plet of the kind ehowa in Pigures Ce1% and S459, u 1100
could be drewn peesing Shwough the origin und shoving the
verintion of loed wit: displecement fop thol vedus Of X

.,,fiﬁ:g {8 alrendy lmown and o ean be easily found.
Xy lalmomwﬁx'w % thms be corguitad.

one of the things censequent e thie ies that A7
she ersck doee not ove Duwing 4 losding e Ww waint

eorpeapnding 4o e recding tuken Just before Turn

lociing sovew snd the yoint corrempuaiing to U gresidngg
obtained just aftor, cPe oollinesy with ihs opigine ueh
1ines cre Gvewn Gn Tlouses Sa49 o 580, IR Wil &
poted thet the 1ias Trom the orign Ywaugh o polod on
the lower onvve doep venelly poes theoush o podnt an the

upper cueve Wt 1t soowtinee psoces o e aft and

sometimes to the rignt of the respeeiive seint on U8 Wper
SUIVie

I¥ this leowdng 1ine peases on the left side of
the peint on the uppeP CuPve one oun sy et e e O
pest heve Toved during the los@ing interveld (pmvided that
hs GicCrenongy fo 0ot o6 %o nsWmamsiad I .
Houevay &7 the losdtug 1ine puspew o fthe sk of Yo nintG

y and one

Tonetdon s forthoossls

on the upper OuFdh. KO &3



128

ean cnly essume thet the Alsorepenay ie due to some kind
of experinentsl erroy. Foaoible sources of oPror “0el
sdsresding the angle of sotation of e soPew or of We
ptrein widge velus, 0 unfavourehle eombinatiom off wonddon
errore ivherent in e eppevatus ong & weYo shift in e
gtyuin brides. The indtey appears %o be the moot Tikely
snd may be due %o fepersture diffeventiasle in S roe
esll ow the wiring, o 1% my oleo be (oo o W cleeteosie

eumimment Baod.

Gy uokng oetla %08 one osl sbinin dnot op

value of x ot the lowling covew whele wt whieh Yeiluse

gventuslly poourreds These valued Wy Lo otogeded
curisliutive producd mothod foy 3% emuleys o iiformd®
anitial value Yor ze I v fomd et thene velilue 030
Be Bl fiehws twh S.7% Inchew Yep spoedmone T owd X3
rogpectivoly nd gy e orgesed to G vaduse Sl € onud

2,00 Inchay obtelned sldh the oadeiive 1 £ ety

and uging Floure Va3 o dotomdos the Iniitial poind.

411 of thess weluvues fall short of thw lumalgus
vouatble value for & (L.80) sne e velunes dowived bp
usine eqnaticn %.98 ave even lover. One obvicue
sorveetion 1o ihet vhdeh secounts for the veristion uf the
stiftnoss of the inading srag due te e pedoond sodiom
whieh bogine =t the point whers the evaalr vleo baging,
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From equution S.¢7 this corveetion fogtor is given by

"y
A (W"w & x ,gtf ssee ‘a%Y
?:_,g corvesponds o X,

. B
etnoe I = R where v « wia,
I = depth of yectuntulay beam

l]‘}_ . t
e “: { oo Plguwe Befis)

Haw~ a)t/D
a

R e TR S
1&*&%

e 5405 {¥igmee Se16)

n
i

I¥ thie fector ie ineluded, the veluos J.9 and
2.74 beocome 388 wni Helle

inother corpoction feetor which in vove dirfiedt
e estimste 1o Wt the epsx of the tapered soetion yields
during lowding up se Pat the 1nitisl wduve e is in
effeat lowvger Wan 1.9 fncha

Popure Y2l shove thet the ocipuied veloeiGy
volues for the opuel are subjeet to & ennsideruile WaLtlePs

A gtvedght line ie deaun throuph the pointa. T wloclly
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of the oreck olearly falle to gero vi some cviticsl losd
moment (loading foves 2 2)s  The natuse of he Jdopondsnee
of this velocity on o losd monnt o fndieudsd by thie
grarh: ie vepresented ns well by & steaelight 1line oo ey
othar.

The reccinge sbbuined ot the finsl loeld sorew
getting (ehow: se x§ 186 oo n appreximele RUNDOLIO QUITe.
The vologity decrecscn un Bhe Josl woment fudle bul
avantuglly incoresses agein as the sotunl sivess rises
becauss of the @ offott. Dogwuse of the end wiieel,
these readings were not teaken inte seoccunt when drewing
in the stealight 1ios.

Sefeltein? [pegimen JIX

$his specimsn Lo muybudly aifferont from the

provious Secs  The eplililang Sout eas omepist out ot the

b

tompareture of soilid cerUon Glosxide ﬁ'n(é:%‘:‘uu The

tendeney of the leoad Powdilng B fpil after the ¢
of & potadtich %o e looding sevey 10 nollosonly clmonts
In $te plece ic Uhe semlmcontrolled eplitiing proctss
5B in the

{Fisure 5e%4) wlth the onduespending verisll

width of the orecked seotion {Pigure S.iile

In the coures of ihis test, the londing screw
ran out of twreuds 00 that the speeimem hed So be unlouded,
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a gpacer inserted, snd the specimen loaded sgnine The
unloading end lozding line should be straight ut ure Seon
%o be subjeet to consiferdibie coabter wbout a sixunirht line.

The iecad vequired to etart the ool up simin

and to propugete 1€ i» sose Lo be lsge ofter fthe wdseding
period (which: is separuted from the provious reodings by

sy Anterval of obout oo bhourl. This pestill et e Wopbed
witd some yosorvetion in view of the sewtisy of points

e the vwnlosiing wed loading curve. The differvnoe may bo
due to & newrs ehirt, but 11 must be plated twt the sevo

at the comsenomnt of e fest, daving the Insection oF

the specer and ot Pedlure of the specimen we noted to e
the same in sech cope (.00}

%3

ing educes

It may e euld tendtetively thet unloos
the lesd swouires fo muintain the erock.

It mey eleoo o gedd el ot & rofus tenyeinwe
the tondency of the crack to »un inte the loading wwe
{a greater,

Gedeliatiels Lpeoimen IV
This epecimm is simdlop W0 No, TII except that
the perturbstions of the ereck are not 80 vivlunt. &
ek LPSpmue Te8R)

greger hud o e lnseried nasine. The
showe that the points obtained alfter wnleading uppouy 48
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be displaced for the ioading end unloading curve should
ecorrespond mach more clomely.

fic mew phenomena were found in the results of
this experiment., The loud efter unlcading is egeln lese
then prior to 1f.

Se2s8.2.3 Disguaelon of &)l four gnoci ensd
Seversl comaricons betuvoen the four specinens
ean now be made.

Mpptly there 1o en cbssyvably depwxience on
erack veleoity on the loating moment at room tesperature.
At peduced temperoture this vaniehioss

Becondly, the onergy conmwnd dnyving the
progegation of he cradl fs  gmster for e speoinend
teutsd ol redeced touporeture. Thip is clearly supported

Sk

by Piguens 5000 oni 540 which ere plots of leading s

ageinet the pesition of the oreck. Faeelly thw iocsdiag
moment viess fyom sevv st 2 e .07 {the apex of {8
tepered sestion) to o Gefinite value at x = 175 {ndwrve
the voction is purellsl) :ad vemnine st this welug until
the corpek spprosstae the ond of (he spetlssl Wiwo vl
moment beglne to 781, reaching gerc when the orudlk emerges
from the specimen.

The recl curves aiffer fyom the idesdl ones in
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seversl reapects. Fiestly the load moment =t the value

x = 1,0 (whore the oraek begine} is not serce econdly
the purt of the curve beyond x « 1,785" is nat meoth

but enbjeet &0 periedie fluctustions which ¢ be
eerreleted o Lhe vardstlon of e width ¢l Lhe mufvece

8f fraoctures Thimily. the lettor sasrt of She curve wiwdo
the lov€ing womamt felle sgsein 46 aot avall blae becsuse the
grogk booomes anoomiroclied and DO EBBLBUre NS Cu De

Ladi e

vith specimen iII o compepdecn of Uwe loou movwnte
and the width of the surfage of Tracture is pocuiblas
The nonent pecke ure ot X « 1:75, L0205 27 s » Jolre
The wicth mexime <20 b X = Zedy Telp Heb wil n vidinnd
maximp At LeXe it ie deabtivi whetheor the elight width
maxdseas 6% 5 = Be?2 will pive & notiedsble Yoed morimm.
Aleo the Mret moment pesk on the erash 36 suorted by
one point ondy (Bes PSppre f,06),  IF this poul 18 ipwcesd,
then the earrecpondence botwean the x viluecs ot moment
gnd wldth maxime ie el hetler, numely Cecy 26203 BoTe%eT3
%5@ 3’0’5;0



FIG. 5.16 THE FRACTURE SURFACES AND MODE OF FAILURE
OF THE TRIAL CAST IRON SPECIMENS.

FIG. 5.18 THE FRACTURE SURFACES AND MODE OF FAILURE
OF THE STEEL SPECIMENS.
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FIG. 5.20 THE LOAD DISPLACEMENT PLOT FOR SPECIMEN 2
FRACTURED AT ROOM TEMPERATURE.,
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FIG. 5.21 THE LOAD DISPLACEMENT PLOT FOR STEEL SPECIMEN 3
FRACTURED AT -78"C.

v 13
- [ -
: - - l b4t lamtl } "y i
-y L i - Wk e 3= : 3 1_‘_;:_‘ o
- - - - =< 4 £2 -rea — 1y
TS _t.o.u_<.:’,' -;‘HH =k 1o b fav 4
-+ (e—{iECIE Lt iiaant =i i
e b
":::1!1’ f . ‘M- = ..'.. TS
LI 4 .5 }?;: R
Lietite I i 3t
ai L
:l.
zs == |-
it -
bhpes
34
X
s s 4
Tritefesss .
7 34 .'l-'vi.
DSt i -
4 4 XL
W) o ol
awiear
EE
il

FIG. 5.22 THE LOAD DISPLACEMENT PLOT FOR STEEL SPECIMEN 4
FRACTURED AT -78°C,
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FIG, 5,24 THE VARTATION OF THE FRACTURE RATE WITH

THE APPLIED LOAD FOR STEEL SPECIMENS AT
ROOM TEMPERATURE.
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Be2ebe® Uidd Jle)
it wes consldered that mild ctecl wonld flow
oo ponGlly ot soud tesporotupe ang oo 811 teots were suprisd
eut with the speeimsn under liguid nitropen.

An fmitisl dest spoelimen meohlnsd T the wawe
Aimensione st tho peoviens stoel spuolmon L4 rot prenbgnle
she ovsel in the deeised some Dol Peseited inutecd i Bhe
fatlope of ene 6F the loading s  The Dmeiole suos
vae thegefore reduced five: ¢ width of sbout f.2% inches %o
ubout Ge3 78 {nchnde

Theee woepre soalad et g00°c (am.'tho o
treesition tempereture] sni cuenched i wiep. Three
26 5t 90670 s faranes gonled to pOOR0 in 20
hourne The versining foes sore hedd In wsoonss. 1%
met be remared that v protest the epecliens aminst
excescive corrosion they ware ssaled inte o wiid oowd
contuiney, The webep yuench wog fheretors Doy Losc Govore
then it wouls Bews beon Bod (e epeeimens beon Leurht
inte aireet comiaet with the wlels

u}é-i»

In visw of the cnouiews wheviony of the ateel
gpecimong which ebsorbed more energy sl LW
temporuture {ohon $9 wuld have been expeetol 6 LO "OFe
britilo) pocm terperuture teets &n the wld etecl wore

AL
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later carried cut o8 well uning the thret PesOIve EpoCirense
One wos uged in the se~omohined condition, the ethep sotked
at 900°c end soenehed In vetop end the thimd «dao onokad ot
900° ané slovly ecoled in the furnoess

fnly ene of e thyee mposirens, e e teated
in the eg-mechined graditien moe apilte Towwer, in the
provose the two loading awme were severcly bent and ©he
frecture oould U progoageted ml: with the rpentest
gieviouitve Soversd tires Yhe spooimon vue unlonded fow
B¢ desmptar the food 20ll, ond Jonded witheot the il
The ppecter loeding pato nhdeh s poscibde whon Peuadings

ape not token eppesrs ¢ Faveuy e pympugetlion of the
Frectuse Tor e sreck 430 2ot eppeby %o move vhen She 1o
ol eno insevted ané Uhe ltsddng yotw (beosnoe of delnys
in obtaining recdlngs) was wueh Lowile

The heeted ww cuussehed speedmen (Ue. 187 kegn

to frecture % sopiiuedily Ua 1w 3y et

g

fime e sl

cutwsrine. Pope mpnds $ho leoding men wiith thoe ool oald
woB abssdonsd snd e mweolmen wen losded soolh withoat

the use o the fores oelle.

soeuingn fio. 4 which hed been hpated and furncoe~
cocled (ebeut ¢0 heves] sould not oven be muds fo Login
0 FraotuPe.

The vemulis obisined ere pregentad in Table f.0e
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* See Pigures 14 15 for the simificnon of the

various dimenaiond.
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This group includes epecinens ¢ %o s Opeglmen 2
faoiled by bresking oo of the Ionding wvme.  Speeinane ¢
gad % however Pfailed by the byeuking of both lowding apes,
Flgure %27 The surfuees of frogtuve of the Sisve
epegimena ere vory similsy and cve conrser then thoune of
the group Leo6 and the apenp T+i. Dending o the louding
epae wae not noticecblos

The loed éisplocerent plote ses choructorised
by @i eerly pesk shegs the freni ip estuilishvd wrul &
seriss of waor peels hich oy ot Peadily eomwlated o the
supfece mrvings. The losding foves vorcing mibatanticlly
hopigontel until one or Loth loading sime Tull, Figewme

Gelatie lek

This Jowding aros wope Poed W Dol off anllew

then in the provicvs mavun {the sverge wives of » balng

Belll up apninet 108 for the previeus gneis p
(e Apaidng
bending of thw Joakiiag v wel chaonty aeo fen of W
ugolten afd,

ie coupasr, ool eryoted fuoote caem 0 e oo

specimene, % wnd €, hw both Youiing ue

Flovipes Nedl e

The introduetict: of the creck inty spoeinsn 6 18
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-manmwnmmuzmmagmﬁnw he
loud 1o seen te incrense asatimuously until Lol lesding
spme f2ile After bDeginning et the epex of the tapersd
seeticn, the frecture onteved cae of the leowliing om ang
pommined there until feilure took plecs. Thue, We length
of the ereek euf considevcbly groster than the widdh 4f whe
tepered scotion, cs mey bo econ by Enspooting Piowe Telia

BedelieteS

A1) of tie spocinens
pocucec region, Figure %35 4 anticscble wount of
bending of the losfing wwe seonrgpanied the propaiumtion
of the ovadi,

The freeture curfuce is fine gupavred o that of
the cthor twd groupbe

Tre loudwdofleation plote, Flaures S5V to 538,
exhivit s proncunced initied lend pead Tollowed W &
eongidereiie mawer of swil dvew jesles. The lond tended
to ressin constant after the indtiud pewk, s situstion wileh
i 8o ne oupected beesusc the fepered gove eontirues olrmoet
to the end o W@ cpeciemn, #6 ot the iy nomwnt
arny/width is slmost eonmtants

An examination of the freeture owiucen will shew
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thet no eurfece merkings can be correlated with the series
of minop peske in the losd displecement pleto. Nt appears
as if eruek propugntion st very low speed o vary high
speed tekee :inee st o @moaller etwees then propogntion

st intersadicate speode.

fiog’ té};w .’%ﬁh

Theoe cpstinems wee foated ot vomm terporctures
foe 10 in the eo-umohined afute, Ues 14 in the alow-
annsul end Sce 42 % the quenched iate.

Speeimen 10 welit Whpough i refuesd seotiom

R . . E o apt % s Al U iy A 45 & £ T g SERPTON. e 2
(see Figurs 5e35) Yut with gpoet A50ficulty ond wm baal

govercly in the procea:. [Tt pecdlope onuli B9 Tl

The freeture surfsee shovs o fandaney to be inclined %2 e
plane of ihe veduced sectien ot an
of sotuticn bedng eleny e lenpitviinel cmis of e
gpecizans A peatiern of stedatlions ranning long the
frocture surfuce ie wiso veiy GHVEMIEGs

in speeimon ¢4 o opechk could be etarted with
great aiffioulty onlye This frecture becarw Lmwbile
ofter =oving lees ties half oo iosh end the & onding :svd
vegen to bend, Vippwe Ykl

#4th speeimen i1 & eraek could not bo gumEmesd
st ol end the igediing oyaw commenved to bend imedictely.
soe alao Miguve “Heitls
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Calibrstion mme were performd ot the beglimning
and et the end of the low tepeyeture toctn. Thoes e
shown in Piguse Seie

It smet e noted that the Jouding serew on the
calivpstor had & pites of /oy oFf wme ineh, while the midd
steel epocimone were leudod by mesns of serews with a */ip

%“he points from the calibpation mn wlen ¢ the
end of the oxperiment ionist o eandsy fron the lincap
palstionship drown thevasd $hone fuah o verpintion d8
snuensl hivever, oo on lngpoetics of 4w linoww povtn of

e Tleom Be00 wdld
show, I% ig gpassible 7ed e sugudy of 1igudd nitropon
might huve been running Iowe In wddidiom, oo angulep
3036 4F the angolsr scele 1o nod
eentyed yroaisaly o the loading seiavs

resding crrey 1@ Do

1% ie supesetod that fthe doelation from lincarily
is for more 1ikaiy o W@ (ue f & sorinetion of those
errors than 4o on inhepeny nonelinceplty in tha Jguade
Pooding syabsn. The alvedght line dveen throgyh tese
peints fo therefore the best sotismte for tw lood celld
eherootoriatio, naonly G.4F bridge wnits por Jdegreo of
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votaticn and when the wtiffmess of' the cslibeator (1430
In/ial fe talen into cpcount, the calibration fueter ie
033 10/bridpe unit.

BB, B8
Bedeile Zab

The surfute cowmryy of fposotupe for the mild stadd
apecimens ie presentad In Teble Vi, Prom the ealibvrntisn
mana presonted in Figws 5.5 tha ecale feator Teor the
BpiGre reading wes foum: fo Be D33 Ihfnid.

The pilteh of the ‘eeding sorewy wg 4#’3@ inch anfl
the aesie fuctor for coaweriing The ave todss 1w 1aadw
dismleomynl alols Lo an
exampie, AF the heriscnisi woels le 500 degpece of
youption pop fnod s S vorticel soale 100 brlun unite

ey e thus resilly foeyi.  Poy

per inoh, the enopsy raproccnted by ouch swusye inoh vniee
the suwe e

100 = o33 = ﬁ = 'b b /in

= §a05 E.Wa

It 1o found that the energy conmumwd By the heat
trested speclmons o cheud 37 b I8 por ool S, while
the seemechined ppoeinond pemised ouly 17 1b dnfin’,
Cosparieon with $he stenl specieens {Yedle V) the miid otesd
in the fupnsce towvetod nisfe conswwéd tan timsa e meh
CNePEYe
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spnothar intercating reapdt 6 Y Tohdongy % &

gimltsneoe foilvre @F both leading amute Thie huypened
to four of the spoeimeng vhile ftve others bl Wy e
losding arm Dyokon. Thepe ave soveral wyn in videh thds
muy happene
(¢} 4 simltenesus 7wddure Sue only o HhWOE.
{z; PTivipion of one eragk inte tww widch tyvovel gt
{20 The Yossotlon of o Diw credh eled of B Ppoovare

with ite plose noevel Yo o longitodinal cods of the
(L) A sedellurgicsl Flow in Go epecimeids

fhe Piret elteretive sy be ulod ond bodatie
o sirmltanecue fulluve U rondom af7e0%8 AUl coour very
infrecuenitlye

The seeond omnd thimd sltemativens (o nore pleneible
end & zechonian for ocoth may Do ot

It ip concelvaide Bwt plaues of woddmoess

poppendioudar to the direation of rallfsg iy Do Dotn

introduced into the spagimes duelng ite poopard
appoerence of the fmebwe s@rface dooe ot Indieste @y
visibie trege of such ¢ 2lew DENGVEEe

s i3 sdend apeclmns cbeorboed

maoh move energy Hes io noodsl cerely 9o fopn e IR0

T2 49 eleay Sl s

of fyooture, lost of tho enovgy chbeorbed will have Laan
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expendéed in preducing plouvtie deformmtion.

e oteese dependence oF ti¢ propugation of the
fractures wes sgein notlesi. The teo disconntimmitics
petor 4o the fregture vf (e spocimen Hoe § Yl piloos
whon ke odditiondd 1oading wus belng ausliad, He wisy

being sbout twe sceomis. Flanl fellwpe sonurond oFlep
a Gelay of thwes scools ofter the list Jeading inerawats

The fomanoe eofled end seder quaeiyd epooinens
sbgorbed ebout the sewm craeppys ThHe epooimenn wore sesiod
in » odle ateel coniolnor, 8o et Uw wder geneh ek
shoul oms or twe mimstes {wgeinet 20 hours for the Mmoos
cesied speclimens). & Aieedd (uonoh wald have ropulted
8 & Piaey gputn wEeebwe tills. e inddicctions of

Wils sxperizent wpe Vet suefuee crergy e aod preolly
degendant o the grain siss oF Hhe 9138 stels

The se-maohined e0Sonnd (8%
teo grenps i et the peeins have been snvesily @olé

wostads They eonowed oboamt Bed? oo ouneh onevgy ws the

othey zuooinems 34, A compnrisun of the ssesaldned
spueimene tested ot popm ferpercture and 1.5 nitregon
tompe reture g lnstruative,

Yhe jow Wwomerature mudnee hod o DONORIe0nE,
Fine structure oppeurunoe, with & epeinkliiny of fine
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bright spets that indicate flat epyetelline AUTHOCG. Thore
ie no pronounced orisatation of the surfeee, for whe

gurfece eppeers sguelly Lelght when viewed Opom verious
englece The irreguluritios ure en » arpatailics senle

and veriations on 2 lerger scele e shutnte

The poon tomePstups speelmen wiioh cbsorbed muy
times as mich energy (seusurements hed te b chandoned for
faoy of deraging the leud osil, et e enewyy congunption
woulé be in the vieinity of 100 te 500 Xb /i) sloo hed
treossleriiics on the sppstailine sesie. The coly lanmp
seale irepsnlarity is the tendency «f the freture goarfuoe
£~ b dneline ot ohoud 07 e ©w ploae oF Y rodsesd
gootion, the vetetion belng sbout Ww tensd hianed sules of
the speeimen. The bwigbinesws of this ersoen 1o oResuldy
dovondent on the smelooe srlenialion, «o My Lo soen 3 e 2
Figmre Se3H {epeeimen e

it i5 cluce e specimon 10 in un exmiple of
ahoap Froeturs, @Yl bo u emneRgones, the other epeoinend
which wars feoted of low Sepepsiues oy be lookeld upon &8
hawing fuiled by bHplvtie
sheoy defoimeticiie

The milé stest spocimens Lreasnt o body of
asvidence that eugpesds ¢ geocase in ¢hich ono Mrooltare
gyeten ean indtipte o seuond Freeture oyniaie Caspadi



a) The as-machined Specimen (10) tested
at Room Temperature.

b) The as-machined Specimen (8) tested at

\

¢) The Cusp on the Fracture Sharface ¢§ those
Specimens ¥hickhPeh both Loading Ams
b roke oﬂ's;bmultaneousiy.

FIG. 5.1 Various Fracture Characteristice of the Milda
Steel Specimens.
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detsils of this proces: cre howevey peduilar to coch epecimen.

A epvospesegtion of fhe sgemeiinoed spogioon fested
a6t yoom tempercture is mhown in Fipuye Se.ila. The widges
snd velleys shown in this dlegrem vun the fuli langih of
the freeture, The oniy weeluiion s et of soue pointd
the freacture eurface felioss tha dotiad Yine. Fhe Cleiype
over from ene configuvelion %o the otwy Lo flts ariiche
s the refuool section =8
the sosner ‘', ¢ nov frecture might form fwon corner *u°

Time 17 the freetoys aorges 08

inperds wtone the (otlod 1inge. The e e eputans

might #on topethor fov o sherd distenes Tul ey oe

eyentuelly jolned by o foeoturs Iying in e ple

ernps sootion and fhe new feeobure bogrmes port of e spin
eystese i4ns" efveet muy be sean
en the photegreph of smpocimen 40 in Pigee Tl

)

e resul ting *Gosded

Another plemomensn ic obeerved on specimen B
which w0 fasted in the spwmebined siole ot reduced
temporciures Thie effesd in twicd peepr ¥ ond of ¥e
gpecimeon whare the feuoture iorfege Lo wideet, = A8
1llustroted in Plawe J.41h. ¥ sppeese ag AF o soomndesy
erag hed ran through the weierded ower o &

e g claond
one kel oF s inch, jevdoeing o Cun Poil & ooled abowt
017" thick {visnsd estisedel. This foil
about »030° wide and showed mo “31€8%3 feu. 4% wue w2t
pulled sway fyom the boly of the specineli,s VATH o Fuuol

s Bo e
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blade it oould be resdily 1ifted., It o concailwvolile that
the o1l ves 1iFted duping the ropegution o W 0utlty
vat eceidsantally pushed baek before beiny noltloond.

e BhivE plmnovwnon g obearved on spoclien e
Hore & frogasnt ohont Gl faoh loug i o1 ineh wide end
n thicknese of 06 indh e perdly tepm Troo one Jooding o,
shout one cuapter oFf @ inch before this wm teoke Toom
the romainder of the epecimen, 9 seere Thet in this oue0
the feoetupre teook Guw difforent pathe whieh met ning

leasving B frogvade.

The 1z0% piunomenchn, ahibited by all four
specimens, whoee looding csme bpehs 0 slrulowounly,
te Sllusieetel in Plrmie lelte, Wadr the Druoebure dividen

utn tee frsctoresn cugh onlfeping ono o te louding v

the vornliliag Feesfure ool vhoub ¢ ougy ut the Holnt
San BTG

shpee the singls freetard oy

it sppeews thed soms Risd of mechoniam by whdoh @
freoture ayates sun Givide 1o op
that 1f the too oudie of e orsgl passtrete Into tiw
lesding arms in oopseits dlvections sguelly then two
fructure syutoam #3111 renlde If ame and of the ook
deviotes move then e pbieoe, 1t of oot wiii predodnote
ot e fregoent o speeionn will be gerdly torm Tren the

sreiivns 1% fs soypested
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This is suprorted by twe of the specimms (Wom, 4
and 3) 4n whieh the fracture width is the grectest. The
cusp~line on these iwe Specimens ren Glugonelly Trom one
corner of the reduced sesiion to the other, m afueet whieh
13 not readily upperent fros Figurs 5.87.

gicrosetpie exminetion of the fruoture murfueee
gave independent supyort to the previeus coneiuneion that
spocimen 10 failed by ductile fracture widle apecimens 1 to
7 feiled by Brivtle fregture. Under o mebaliursieowd
mioroioope épacimns ¢ %o 9 were foumd B¢ IHUGGEE NUMCEDONS
erystslline Trseture Uoon, very simllsr to those
presented in the litersture, Hadle small reflostive
surfages oould alime be found on pseimen 10, thens nrews
Iueked tha usual sleswise merkings nd were pralnily
wmished daring the shoer freotule process,

The fructure faoes of speeimens 78 were the
smsilent, theee of cpscimons 1«3 onme newd sud the goup
=6 had the lergest feoes., The latter provy of spotinens
alse indidected the grestest density of cderviugm slupl.

The expected trend wveuld v eold worked, wuter quenched
and furnase so0led, Mt the last two amre Povorsod. IR
might be suspeeted thatl the wrong hest trectuent miyghé
hive boen aseribed to the preup 13 wd Leb, Bui the
oxide leyer on the gmoup 1+3 is more developsd then that on
the group L~6 incloating that the furser spucimene hud heen
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at elevated tempersture for the greotest poriod of time.
Thiz agreed with the hest trestment = fumuece cooled =
which 15 sseridbed to this group.

Cleme excminction of the spoeimens 1-0 phowe thet
moat of the surfees ie compoted of clesyege Tuopits 0
negestsrily asscclated with some kind of shear deforaation,

“hile Bech amm,fz 21l produes clecvege Yooets
eorrepponding 6 its oriontetion, snd foms orinitule
probubly heve seversl, clesvige oppess# 40 hove moved fros
one oryatel to the next with only e change in direatinke

502:.80%:7 wenelusion

teyerel aigmiricqnt phonomens howw emerged fpom
this series of cxperimsnis, M‘imm weing adngie oryatals
propagutes aleave e with neglighile plastic deforvasiion.
The polyerysielline oteal specimens o7 the previeus pootion
propegueted o clenvage Frochurs with u signdTicunt emound
of eproelated sheny deforwtion. The onld worked wiid
stecl spcelmms shanrded sbhowt e timen 9 ach wnNergy
gt padnesd tumpareturs @wl ubout ane hundyed timoe an
emeh ot reom temparature, At Shie polnt Treotare wad

ne more by €leavende

inother interecting phenomencn te asarge se fap
is the tendency of a Tracture syste: to multiply.



FIG. 5.27 THE RACTURE SURFACES AND MODE OF FAILURE OF
THE FUR§ACE COOLED MILD STEEL SPECIMENS TESTED
AT -196°C.

FIG. 5,31 THE FRACTURE SUFACES AND MODE OF FAILURE OF
THE WATanQUENCHED MILD STEEL SPECIMENS TESTED
AT -196°C.



FIG. 5.35. THE FRACTURE SURFACES AND MODE OF FAILURE OF
THE AS-MACHINED SPECIMENS (7-9), FRACTURED
AT ~1960C, AND THE SPECIMEN 410 FRACTURED IN
THE AS-MACHINED STATE AT ROOM TEMPERATURE,

FIG. 5,40 THE MODE OF FAILURE OF THE FURNACE COOLED
AND QUENCHED SPECIMENS (NOS. 11 AND 12),

TESTED AT ROOM TEMPERATURE,



FIGS. 5.28, 5.29, 5.30, 5.32, 5.33, 5.34, 5,36,
5.37 AND 5.38.
THE LOAD-DISPLACEMENT PLOTS FOR THE MILD
STEEL SPECIMENS 1-9, FRACEURED AT -196°C,

FIG. 5.39.
THE CALIBRATION PLOTS OBTAINED BEFORE AND
AFTER THE FRACTURE TESTS.



MilD STEEL

L i
i g |
llllllllllll Ilumm. g 2 .Mm:;
. Kz m |
£ < S n e I = ;mn |
§: g
¥ cmm |
18 o
e
J/ m / i

/

12100 1

Bk 83

ONIOV3s 300148

123001
12600

ONIQV3H 300i¥8

FPIG. 65.28,



wak 118s¢
12000 {
12100 I
[ 1 ! |
' ! /g/'n l |
] 4 !
20t | 14 E/ |
® | MILD STEEL
-4 ]
a P
3 | wes
wl 12300 4 l
& |
w ¢ I
(L]
= |
o 12400 4
m
|
12500 |
!
500 1000 1500 2000 2800 3000
LOADING SREW ROTATION degrees
FlG. 5,30,
ﬂ
neoo 4 |l |
A a
I/
I/
1900 ¢ |
| MILD STEEL
|
No: 4
£ 12000 '
= i
< |
w 1
[« 4 |
w 12200 1 |
(L]
o |
aaed '\\‘\
i e \‘ e
500 1000 1500 2000 2500 3000 3500

LOADING ANGLE degrees

FIG. 5,32,



11800

12000

12200 1

12400

BRIDGE READING

12600 -

MILD STEEL
No:5

FIG, 5,33,

11800

12000 4

12200 1

12400 A

BRIDGE REACING

12600

500

A\l

1000 1500
LOADING SKEW ROTATION degrees

2000 250C

MILD STEEL
No:6

n n )

3000

3500

FIG. 5,34,

500

2000 2500 3000
LOADING SREW ROTATION degrees

1500

3500



12300 -

12400 4 |
| MILD STEEL
g | No: 7
S 12500 4 ||
& I /1
| i/“\-%W

§ y\/' I/‘,/'/':/" L=
S 12600 4
m

12800

z
|
!
!
|

500 1000 1500 2000 2500 3000

LOADING SREW ROTATION degrees

FI G‘ 5 - :36.
12400
12500 4+ MILD STEEL
No:8
o 12600 - \// :/1/} /V?
- A A N
<
: |
w 12700 A
: |
: |
12800 I|
f

* 500 1000 1500 2000 2500 3000
LOADING SREW ROTATION degrees

FIG. 5.5

~
.



PIG.

HIG,

12400 ¥+

12500 A

j
|
|
!

MILD STEEL
No:9

©
Z 12600 - , !
a |
@
- |
8 12700 ,’
&
L 1
I
12600 - |
t
500 1560 2000 2500 3000 3500
LOADING SREw ROTATION degrees
5. 38,
12400 '
€nd of test
12500 ’ :
124 CALIBRATION PLOTS
£ 12600
I ( MILD STEEL SPECIMEN )
&
w
8 12700
@
]
Beginning of test
12800

5. 39,

100 200 300 400 500 600
LOADING SREW ROTATION degrees



150

SeZalalte  SANG
4% the tise vian this experinsnt wo perfouved,
the writer vee unsvore 0F the exoellont woyl: clrouly e
w@ﬁm‘wmmmwwmmn
eryetein; ineluting wine.

flodt he sleotad to perform his oplitting teate on
single erystels of sing, tha writer Wwoalé huve Gupldicsted
Cllmn's wrk. TPortumotely, he choeo pelyeryniailine
apeeinens, eondaining of tho omier of 10 or ose aryotuls,

There reye seversl rocsons for thin. Oine
this test sué %o be one of soverel exporiomta 1t e
desireble to recucs the wwumt of eguipment wndl el Andnoey
properation needed. i giowing of single cwynitale with
gpecific ortentetion would doubllesr have beem o roew
exacting and longdhy procoss then giowing ¢ specinon of the
peas Shape but containing several lorge, yntorlly oriented

If the cwystals ore 00 ladge thet the Omwture
eould be ampeeted iv W conteined in oo oY Shen ot sy
specimene would be provided by the polyevpeialline epecinmns
sigoe  Thie meent thoet o eeving n Eoe end evulpmnt
was poseible et the expense perhupe of levn Lidy semites
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Howeveyr there wio wieo & pO¥0 Deallive Poaanhe
These lurge erystale eould hw expected te LW iuwmoe euoh
othey Guring the pussage of the feueture axl Lo s6AILIoN,
tho behoviour of the creek ot & @wein bovixiory conld Le
studisd. Inforosiion Ceem this source nist ot Le
obteinad in eny othor way, se thet the polymynilsliine
speoimen presented @ dlotinet sivantngo.

Accoréingly polyeryetalline specisens of o wile
range of grain sizes weye yrepared end testod,

Ap there wop no ebvicus yeeson for ueing sing of
supovhigh purity, metepicd sveilcble leoslly woo unads
A ghesieal sawslyveliz of the pediagng 40 fockutud In
Tuble S5e¥

ﬁioaﬂhq

The siee weed In thess SpoePd
in the forw of bers. Thess bupe vere rplted in o aldd
steel crueibvle and poured into pre-heated feal Wilas.
These teet tudes wore yleced vertieally onto o atend and
inperted ints s owdl Mumoes wliose opening Fuoed domumnrGos

The test~tuls ctand hae tho property thet It
mves dowswerds ot o clesdy mte ¢ o grodnnlly withdrews
the tost tube fyom the Numeeoe. The fammuee o of &
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FIG. 5.43 The Apparatus used in preparing the Zinc
Specimens from the Melt.
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FIG., 5.44 The Provésion of a Cold Spot to initiate
Solidification.
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FIG 5. 45 The Heat Flux Pattermn around the Test Tube
that detemines the Temperature Distribution
in the Zinec.
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gerperetupe considerebly grecter than the melting peint of
sine {439°0) 8o thet op the bottom of e test Do GrEYENS,
o stoady=state hoot flow balenve 48 sot up in wileh the
melting point tempurature Fivet appecre on Ww loiiew of the
tent tubt end greduelly rovos upwnrGS.

Thie eppovetus i@ shown &n Piguro J.4%. The
lesk voive wes edjustod oo that the ploten Goscended 1yon
the fop %o the bottom of e e¥linder fn cboul Wo Ay
IT & sore popdd desosnt wee voguired welghvie Jooed on the
heat beffle schioved the desived rete of fall,

To initiste erystellisstion at ¥ botlton of Whe
teet tude the mild sdeol ewpporting Fol ws exlended 8o
thet it eupported the welght of the tast tube direotly,
sy be sesh fron Plgure S.0ke. This provided o ooldd apot
ot which eryntall isution wue %o Lo Initistaed,

Pigwre S.45 i2lustretes the feetore nvalwed in
detemdning the legperebue dletpibution 1 Whe isse
1% 39 imvedictely epperent that the taperciuve virdution
glong the cutsice surfees of the teeh Wbe im grecter then
the veriation in the sins. Indtialdly, wae G Wole
of 3o teat tube 13 In the Dusneen, wil of e sine 18
whews the melting point. Opedually, ao the Lotion eepges
from the fumses, the heat lose fwom the mine Inoyounus
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FIG, 5.46 The Distribution of Temperature in the Zinc
for various Positions of the Test Thbe in
the Furnace.
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FIG. 5.47 The Interval during which the Zinec is
undergoing a change of State.
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end the tospercture of Ww asine fullsy the fuldl being
grocteat st the bottom ef the test tube. /1 wolimote of
the variotion of the terpeoreture of the pine 1o prenentedd
grephicslly in Fiure .40 fop veriouns poslitiong of the
test ftube in the furnoew, o Filgure .47 alwin e interval
Guring which thers 45 o solideliquid interiteoe. I the
test tube 18 fuliing sleodily then the siope of Whe urve
10 Plpupe SekT wogrwscnta the velooity of the Intarios.
Thie is only an entimete, but 4% Jllvetvetes thot e
rete of eclidiffiestion s smllest at @99 beghming ad
grestest «b the end of the fyeeping peosesn. It Wise
$1iustretes thet eryetal gwowth 16 Sekbag pluce during e
frogtion only of the dumution of the progeiire.

s, 4 o 0" dset Wwbe in used, wul e role of
denoont 18 § inch per houw, then orystal growih will abe
vinoe Guplng perbogs 2 ouve of S hie-bour Moy, ool 9he
pol dded touds tntorfuce lue (n eversge spesd of | Ingh
pe houre

One other copect of the precess of nel Mification
et be oonsideref. Vhen the zine wee poured Intoc W
tent tubes iInitielly, ite eppecsunce throush e gloums
wed jovapicbly siivewy. After the molidificction wam,
the eurfeoe generslly uppesred irvegulsy md disorlonpol,
ss if covered by en oxide loyer, This sageste that
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¢ 18 in pert wt lecot an secumlaetion of Lmpuritics
preseat in the siaee Thus in the course of proparing the
fpeclimens, the iine was alsc ymrified,

One may oxpest that s urset and largest
eryetein would He found of the botton of the teut tube
where euifdifizetion took jlises at the lowest Putoe

The segrepation of fspuritieos Yo the sine-pluse
interfoce ie #ssistad it Wy ¢ aolide=liould inteylode
thet 18 eonverx upwarde oo that $he solld iv hishwes at the
eentre of the iset tubes Thore spprers $o b N0 Pecson
however for this situetion, snd the interfeee was probably
Fiane, whioh #3111 permite the trunafer of lrpurities 0
the emter supfies of the zine,

The next siop in the procedure wes %o »anve the
glews Lfyom the apeoimens. Lt wes found %that ¢ Penove
the test subes it wee necessary to dsotroy Thene. This
wat dons by esrefully tepping the gless with o ahwrp
inatyument to produee sucll Trapaente whleh might Tall
eff or might require snotheyr small blew % disleder thes.

This ig one of e leent contmilied iinks in the
proestinre, for during the rewoval of the gioee, the
spseimens conld wall bLe Geformed. Deforrwtion of fhe
erystels wue not sxpected o be sn impertint noramster in



e

FIG. 5.48 Full Scale Drawing of the Zinc Specimens.,
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the spiitting teste. [Novertlwleas, %Wils dsfcrvwetion
would be both random and anknewn and wes therefoye
nininised by exereieing the nhnet CuI0.

In pluces, the giaws wes bonded to the opecianna,
At thene points, the gloee wee eayefully cromyl tny.
The wpiter as-umed thet ay deforustion of the speciruons
et thic stegw of thelr preparation wes bDoth mlmute wd
eonfined 0 @hw cudersost loyers of the speeiymu, wileh
vere subbeently mwahiined away,

The sine speelowns were whout 6 inches long el
§ inoh in dicowter. The wpper end gave e wpearenee
of cantaining oxide wnd sthey lapuritiee. Thie oyl we
cut off and Ghe remaindeyr cut ints two egued bosw.

These bure wore then mugidned & ho slupe
indiosted in Pigure S.ill. At this séegw defomwiion (ue
o the meohining operetion wee fnevitebic,. Vory 14t
euts eould be wxpeeted o preduce o tiin sane of deformstion

It sy b rernaioed that while sine oetels we
vepy directional in both flow end cleavege, o trunoition
of the out from cne erystel ¢ unether wue not secorponided
by any visible murkings on the mechined suuson.
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Two batelws of speeimens were propored. The
firet bateh contained cryetale of She ordar of 1 amn.
diameter snd the seeund oryntals of MW onier of U an
Siametals

Gadobelied Erpesdure
The epecimens were teated ot the twrperuiture of
1iguid sitreges. The test iy wwe the one exgdopd in
the steel snd mild stecl tuets, and the procudups W
escentinily the sww (800 weotions B.ie5 endl B.0.0je

22000l  Lomalie

7he £iret butoh, opoeinmens =5y wee tonto! bLefore
the second betoh wuo maehinods It u8 Tound thed In all
oF the opeeimens in this beteh the frecture ovon left e
nayrowsd Fogion £t wee intended that Lt showid follor,
and entered ons of the lowding smwm, csusing it o Lresk off,
Flgave SeliSs

In twe of the speeimens of e becond butelh,
Hove 7 onfl iy the roduced section was meGe VN DAFMOW,
Pigure 5,50 ahows thot in only one of these spocimans afd
the feucturs rewein in the reduced seotion. Thosne
specimne are Interesting in that Uwy per-dt e %o shudy
the changes that taks place when the Seeturs puscen Dron
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e reglon in whieh the frueture width end the ewynicl sizo
ave of the same order to & reglon in vhich the faoture
width is much greater,

The loaf-displocument plote for the twelve
epegimens® testec are prasented in Pigures 5.1 to S.02.
Cther date ave given in Tulle 5.8, inciuding the énergy
exponded in the formmtion of unit projected aren of
Freotuped surfuece.

gpeetmen | § Wmmﬁ G Gonveraion| Boxdnd Rerurks
Hioe ma% Apeg |(Pootor E Speclfic
36€ fu Tefin” | Surlece

4 (L @%%;& o.cn iﬁiﬁ Bedd: §
2 a8 Got| 0,130 | 7.b il
3 0s23 thef| Cu056 | 4.0} Value
u 0.20 S5 030 | 2.8 Lo Sl
5 0o 06 137 e SV )

6 0. 09 Je¥ 0.0819 Bl
7 0.05 S 0,001 8 Gald
8 [E L LY i.%’n‘% ?miﬂ Boteh 2
g 0e39 || 16.8| 0,163 | B [gheeeee
10 De$ @ Bl QL0818 | H8 Be 00

14 Ry Bely Gt 50 it

i 660 Bels 050815 | 3.7

Oversll averepe = L.28
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The Impurities present in %inc.
Impurity Fe P Bl Cu
Specimen 4 trace none faint trace trace
Epseimen 6 trace trace faint trece trace
Totel Impurities by weight, 0,017 .

Ciogse-up phoilogrnis, with megnificotion of Ww
order of 10x ané some rdevographs of theve cloelim® cre
presented in Filgures 5.63 % 5.105.

FeRelalie Jut

An emsmination fevesla thet these ove ot locet
tve modes of trens~orynteliling frectuye in thooe SECIUERS
One mode suggests the idecl cloevage proccin. The
frecture eurface is flet wnd mivroreiike, il croseed by
occsoional , i¥regulor, docvage staps. Fore Mregient on
these surfuces are mpie or lege regulap sFreye of twin
the directiens of tho twin Dends eve inclined ot &0° to
esch other, Excaples of such Surfueee are presented in
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Plgupres S5.71, 5.88, 5.83, 5,89, 5:90, 5,99 end 5,500, In
Figures 5,83 and 5,99 the density of wlip bande 1s seen W@
be relstivoly high neer the beuntGmry of the clouvage fece
{vaien also defines the extent of the aryetal.) It seons
that in theose fastenose the eloeved cyystul coomsrwdated
iteadf to the aeighbouring erystels through sheop delfomaution,

Specimen L conteined e lepge aryoiul oo opientad
thet & large ocleavage eurfiee of the Fimt kil we farumi.
Pigure 5.71, which i un @derged photogeerh of W0i6
Puring the test on thin cpeoimen the Pragrents chom in
Flanze S.45 wepe elso foymads Tiey wore 6Mill atlached
to the muin pert of the apeaimen, ond were Wawken ey
easily to liluvetrete the complex nature of the Dueting,
At leust two clesvege procesces on pasallael plines cbout
1 nin, spart auet hove beon setive during the test on thie
fpegimene

Te obtedn Figure %71, the opooimmn woo
photegraphed #ith ¢ Gireotionsl 1ight Gouros, asdld
enguler chinges on the cleavuge surface are therufore
movealad by intemelty chengos in the photoyah. These
defecta were protably present in the eyystal peilor Yo e
test as varping of the letidce and low mgle boundisries,
It 19 unliksly that thay weve formed during the test.
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Ome of the more wmucusl phescmens found on thess
surfeees is presentad In Figume S5.100 which 10 o mezogrueph
of e vlsavage fucet Tound cn the pelympetailine opeailwm,
Foe 1. Fore & clesvege Step Degine et the bounday of
the fecst and fellews s intespupted coures Lo ads the
ccntye vwhers 4t dividee into two dleavuge steps whleh are
continucs. The eleavage step lines ore MWlogh initiadly
but become white end comtimue to the bowndury of the facet,
The change-over fron Dlack to white 18 quite ouddan s 3%
§s temptiing to regerd the deshedwline appeuimvve of tUe
singieo cleevege atep ao o sequence of Llaek and 11t
mapkings,

Unfortunately it wee fupossible to bwing en
ebjeative of uigher reeclution within foeusing distenes of
this feset. The following interpretetion of W1ds result
is mggestedy & clocveps step my e revsaled In one of
thyes weys; by the ehsadow eust Ly 1t, Ly its tianay to
vofloot (neitumt light coming fran the unleyosogpe in euch
a direction that the 1isht doee net enler the cdbjeetive,
end thindiy, by refleeting light bagk morw styemly then
theiyr lrediste surroundings. 4 fourth poaribility not
rolovant hore $& tho change in fooul &istenoe covoes the
cleuvnro StUD,

Cleavepe steps cre generelly inelined steeply
to the plane in whieh oy ife, in the epechams ewsdasd,
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80 that s chenge from ook to 1light sugests m e
ehenge 15 the eleavage stey which apprecches 90°, 1If
the dsshed=line effeet framd io Pigure 5.9 i» due % such
enguler changes then the ovent fe indesd wmowd.

Anothey phenorenen sasceivted sl Meoturme of
thie kiné may be noticed on cxsefring Figwe 5.08. Two
frecture plenes reet in e ctraight 1ine and deviste fyem
cseh othey by sbeut 307 {centre of spectien.) / sindler
srrangemont $8 found en the mdédie left eide of this
specimen with the difference thet the twe plones foam &
depression.

S18p bends, eleo Jound en these surThoNl, OCORP
loss fyeguontly then twin Dinde snd 2re wRlly fwand neap
the houndeyy of the eurfuee whave the cryetel lve probsbly
deformed to ecocompdate neighbouring ewyelals durin: e
fracture procese, OClip bends mey be distingiehed MNram
¢win bends by belng thinner (they appesr &s lines in
these sicrogrephs), stveighter end aye inolined, weunlly
o8 30° er 90° %0 gae of the twin Glvections. Thay wre
present in Figures 5,02, 5.03, 5.80, 5.88, 5.08, 590,
SePM s 599 md 5,100,

HeZallabie3e2 Zha Sosond lete qf Daustum
The second kind of trunswerystaliinge frocture
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ey be distinguished fyon the fivet in v Wy, in the
pome oryuial, the two kiate of Meeture suwivoe cre inolined
ot epproximetely 90 deprece to cach other. leonndly, tho
fractuye onrfeee while plane en o meovsesplic soido, 16
morked by o eopies of puvailel lines, In el nulunens
where the twp kinde of fyuwcdture wers found o cooup
intersection with surfueet chowing fueiure of the Limt kinde

A1l of the spoeinmens exhiblt both kinds of
Proctunes Frectuse of the eecond Bind s espoelnlly
prominent in epeeimens 1, 2 wnd 5, Plaumen Hl40, Telh
ol GeT8e The divectisn of these Zines doon nol wpooy W
duperd on the dlrectfen Ln whieh the fpenture troverced e
oryetol, compere Plaumos S0l oad 70 fop woiple.
Howover, if ¢he plame of fyectures of the Clyet ki Lios
eppreximetoly pasallel W ihe glems o windeh 10 wes
intended that the Frwoture ehouldd Yo jeupapoted, then oooe
of the 1ines on freotorse of the second kind (v on
strangly proncanced,

On gloaor ewmlnotion, these lince fuam out %o Le
froctures of the Firet kind, o oy b Geen Pwes Plouss 593
on the lower Pight, or %64 ot the lower righs od 1efl
Theee secondapy frectures, a8 €Oy may b elled, ww
excecdingly penetyuting. In the ouse of Upectmn 4, the
Frugnents shown in Plgurs 5.50 ave the resclt of oudh
seeondayy Traoturinge
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Cleser emmdnotien of the speelimun wveads neny
finor secondary frocture 1inoe from & WAAW: of 107 tu,
vpeepds. The rexaining line mogkings wiich wiyoey W bo
& serics of porellel clesvege stepe sould well wak the
pregence of emsllier secondayy fruoture sites. The
epaging between the line murkings 8 yeglar 0% cbout
16™ gn,

The persllel iine meskings twrd %o drodnnte
fpeotuve curfoces of thie ktnd. Fowewse sore Win ade
were found om the Pight of apecimen foe £ {(Flouve S.80 eud
Se8i8}, shieh wore normel o e probable direetion of e
Praoture, fete INERined ot sbout 457 to the 1ine potlemn,

It i1e madovsnd o ook how Uw deeliy of e
1ines &5 relsted to their cngmler ordentotions Fom s
parpone the howrisontel, i.¢« ibe pone n whiah 45 wea
intendod thot the fesctove showld e (Plguse 5.00), wall
ool a0 peforunes, mepsring the egde betvwesn e We
plenes in o vortiosd axially Gipeoted plane.

was constent with peapeet to orientation st o wive of
hout 0.001%, The helight of Uhe cleavige stope 1s MO
vapladies A freetuse surfoce of this kdnd fumd on
opeolsen Keos Ly ingitned ot 1357 fo G horisentid looe
oxhibites oleavuge steps viose height apposred to be W i
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20 /s the aistence botween the cleavege otops, Figure 570
in other speoimens the leuvags step helpht Lo of the oxder

Two nderescapes weye fuaund te be unafl In
exemining the frasture surfeces, The one 1n o sptaliurg»
ical miomoscope with jlobe Llluminatien and o i
object=objeotive Gistance in the vieinity of | inchs The
asecond micpescope intemdod wore for use in o wvorwhop Lod
o cmmstont megnification of @ze The chjeot-objontive
dietencs 4 steut 49 fochen end in daylight oo eowld
roudily distinguieh clesvage oteps end eeconisey frooturo
linen, Lo the sosibes of opeclmen i wirecdy malerred Yo,
uwmiotakable secondury Trueture lines wers found to be
seperated by 3 %o 7 clesvege ostepe.

GeRubolioTel

The speclnane for wiiah the swriuoe enamy
[Tobie S.0) we fowl to bo preutosty tody . & il 19,
especisliy the Fivet ww, hove o lowge proportion o
fructure surfooe coverod with the persllol 1ine mrefdngd.
The surfene meryy sosocloted wish Sot. 5 and 7 i
omeoptiousdly loB. About half the freotse swinee of
Hee 3 10 o0t & Creotuss &t 2] because U spoclosn eoniuined
e wosknoss theye in the form of an oxide lwyer. ‘ah
of the remsining sufeos shows the line mudings houuveds
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4% closer cxeminetien in duylight, the surfiose with lino
markings sppeer to bo twisted,

Tus epeciman Ye. 7 which alep hue o yulher low
eurfoce ergy velue, diffeve from the olhwe epocimons in
that fractures of the cecond kind olww = Jes: repmdow
iine patiorn, el the denulty of imvepder alawam vlep
mestings on the clewvoge fuoete 10 grwetor, Piouse Sl

Speclnen Ne, § provides sn oppertunity oz

regions are appurant. The wide gone contalne o
preCosinance of frecturen of the fived kind, ws is
spperent from Figure 5,00, On the other hind, the
nagrew S io oerpooed antlrely of freoture sufhoos of
e second kind, met ene surfece of the firet ldnd bulng
epporent. Some o e lndepegErtelling Coooture ondoses
ape shown in Piguree 5.8 & %% It 40 olwvicus Wud &
i sopkinge ere lose wopulor then thone of Pisuse 5.0
for emyle. Opecioem Pe. T vlon asedoad cdes showe

o compiote cheange of audaoes of the firet M. lose
of tha frecture suvrfooes, for exsmde that ahow: in

Pigure 5.78, sye higily sufleotive, tut the line pettemn




Multiple Fracture

)

L

—

FIG. 5,104 The Appearance of the Multiple Fracture
on Specimen 9.
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ts there, Another peouilerity of the nearrow Jeture sone
in both Hom. 7 aund 8 is dhot the deviation of Lndivicuad
inter-orystalline frecture ouwrfeces from he el rsee
is emall. Thie i to be expeeted howsver, Tur in Uw
wide fructure zones of all the cpecimens, frooture mmrfuces
of the cecond kind aye eiso less pione to dovistion vos
the mea: surface Hun frectures of the fret kind,

Selellelie 545

Spoeilmons & andl 9 wre good exnsples of wore thim
cne frogture proces: helng active eimmltewounly. In the
foprep this ie¢d ¢ &« number of fregments but for (pecimen O
the othey freoture ayeten Lo not cpperent fyon e wricus
photo= and micrograrhs. 4 sheteh of the second Truolure
prooens found io this specimen i piven in Piguwe Dot

The sketeh shows o nusber of ahort, prullel
fraoture 1inos, one of which eventuelly tuww up into the
losding sgm. Several of the other lines slso autanded
some Gistence Anto the looding wivie

Thege parsiliel froctures must necwtrily be
prospeseing oimml teneously wherover twe or moiw of then
overlap, Yoy if one overtekes the others, tho latter will
not be under stress eny more end csese to boe Muperiteds



(1012)

(1010)
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5e2.8.04 Disgugnion of Results

It is well to list briefly the et Loportint
wechenical propertice of sine crystals. Vor this parposs
the unit cell of sine 1o presented in Figwme 5,105,

In zine erystals, slip takes plece in the basal
(000t} plane in the [2TT0] and [41%0] dsmections.

feinning tekos plece on the (10T2) plane in the
divection [101%] .

Cleevage taktes place on two plenve (0001} and
{30i0)s 1t 18 interesting to note that the nowmed etress
for cleavege on the twe plunes st «185%0 i G.19 ol .80 kge
per Sy.mi. vespectively, Table 267,

It followe from thie thal Mseture surfeces of
the firet kind ave dleuvage surfaces parsllel to the bassl
plane of the govysial. The dleavage facets on rootuyes
of the second kiné ere dleavage surfuces o the {10T0) plene.

BeZelielieliat  Lumuld Jlann Exuciio

The various mudcings found on buecl plane
surfooee will be disounsed First. On severul phoitomicreo=
In sine, twinning i the mode by wiich glide In o Jfane
other then the besel pleme ean resdily toke jdoce. Heave
ene would expeet twin bunds to be leng in the [0100]
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direoticn end narvow in the [1T00] divection, u» wewm on

the booel plenee Further, if twimming is confined to the
(1072) plene one would expect only one oot of prsullel Win
bendse In some insteness, for eswple Flawos 5.97 el

5,90 there sppesre to Le only one set of twin Lendie. In

PLgurct 5.82; 5+83 und 5491, two sots of tein Lunds ot o 60°
reletive orientetion sre clewriy present.

Other mesiings which heve the sppevscwes of 821D
lines ov slip bends moy clso be found in the phwoipalovogrephs
referved to chove, Two scte of parallel 11060 LHPotde
tne ie 2% piohit magliles o one of the twin hand pmonpe end
the other inelined st 30° to the seme twin Lunds.

Unitke siip, Pteinning e coafined to o velwme of
eryotal seihey $hen te & oot of giide plence. © Win
zone grows Af the deforveation sseocioted with Wile provess
e eveileble soongh amewgy to meintain 1te The growth
of » twinned mone in ivectiens lying in the twincing plune
ie 1ikely & be the mout fevoured medee  Dut growih in
dipeotions whioh do met 1le in the twinndng plaie 10 not
exoluded, It appeers fram the evidence presenied «hove
thet growth in & divectics inclined et 60° to We twinuing
giene e «ise peesilile though the erlticel wesdived alwop
strese for this mode of growth is likely %o Lo higher,




Single large Cleavage Step

r—'—"_;_

Series of smaller Cleawage Steps

FiG. 5.106 Stages in Transfomation of a large Cleavage
Step into a number of smaller Steps.
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The problen of the markings which wgpesy % b
s1ip bends remeins however, and will be taken W upeln
i

Figures 5.68 0 5.90 preeont o ruther striking
petitere of clesvage Lliness A total of chout 100 dlovvege
atep merkings ran tegether into four mejor cdloavegm staps.
There ie no ressen o suppese that the amall decsvege atops
weye forned Firmt Jor 410 40 Gifficult to find any Peuson
for the wuy in which thay join ube

Bt i olmoot certedn thet tho leme oleovoom
otepe ware fommed firet, und thet the emallor clouviym
stepe wre derived from thame I thoe wocese ic viewed in
section the phenomenon michkt appoar somewh:ad e presentad
&a&#&@&mﬁﬁa&. The reason WY = Jupgw @ecwgn step
mmm-m@fmmmen
second kinte

SeZeBolielie? Jicm, Baged PRAGiI®

The most striking footuye of fyschue surfuces
of the second kind is the line markiogs foud on thas.
Theoe lines nro feound to be clesvage ateps,. Sow of these
eleps hnve cpened up into secondayy frectures viile wpe
excocdingly penetruting. The sesondary Cravture mufhoos
ere on the beenl plane as sre the cleavege stap e Thosls
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FIG. 5.107 Illustreting the Creck-Nucleated Glide
Mechanism which @8R arrest a @rack,
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From thie foel ewrges u vory Lportnt ol
It wes pointed out thal dleavage on the Lusd Pawe on
occour 5% & clsvee only ene tenth the wolue repided te
maintetn 4% on the other docvoge plano. mm
surfoce oa the {170} mmmmmm,\
vot the main frecture 440 not deviate fyvem e murfhee
on which the propegution of the Dmeture is more dSITioWits

There mppecrs %o Lo only one peseiblc Cnalublong
namoly thed the seconduyy Truetures wpe fomwnd oftor the
pegsngs of the orsek wdong o (170 sheese Than Goed

§@ @ L é’&'&’}g

To fic thie 1% 40 neocuseyy to meoume that ollp
ic nucleated in the vieinily of e ewed: swule WIS
io peeesnted in Fipae S.147. The effvet of clipy of
th4p kind is fo veduce e stress comcontyvtion fvateor &t
the orve: Pools Thie cles means et 4F o owegk of
the Yype savisoped i et (a) of the Figuse fo %o formy
6 must be nuciodtal onove

P u eresk of thin Bind i woelsated conuwiade
it will epreed into tho coyatad wnd townevervoly. 168
progress inde the ereesel WiAl comde be ayveotol W
tyeneverse silp end the process repeats Lteal?, (.
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FIG. 5,108 A cross Sectional View of the Fracture
Process predicted by the Crack-~Nucleated
Glide Hypothesis,



171

The elip fene preduces a pono of ayeial in
whioh atyess §o taneile mmdl varying only slewiye e
point ot whieh the new orud: 16 formed is not well Gefined
and cleavege ateps of cunsidersble height romilte

it followe Trom this apgaent el e couvegm
step supfaces fopma 42 o result of the liding ot of e
twe cryetel segaente. This glide will ef coursa ke
slece oa the siip plence setiveted by the fruetare. The
kind of situstion which omn be expeeted $o develop Drom
this 18 chewm in Pigwe J.100,

In thic Piguze the eredke ore presaniod oo bulng
well shosd of the point vhich the eantimcus fvetore
enrfuoe heo setusliy sttolned, ©he a@iding cport vhich
ponults i G fomueticn of the dlewwage oleps not uly
ahasshe enorgy essoeisted with e new purfioe Tomwwd,
Wyt energy 16 elso reguired to meintain the shour
deformstiche

if the clesvoge surfuce §8 «ong We (1070) plne,
the olipdans @il be the Wesal plieme. 13 50 well mown
thet oleevegs along the (1070) plone ceoquizes o highew
novus:l 8tPoss thwn clecvage on e LeBsl lanw. 3% 19
howily curprising, then, thet some of the ellp plines
peowas secondery froetures, se the rieyogmoiy onrly
Showe
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Fartheor the moot likely point for Ge eppaiavace
of & cocondayy fractupe is o plone such ae (o) of Piguwe
B.i0B, which defines the "woot" of the frocture, This
slene 40 clesys well boidnd the leoding eves: en the (1070)
plones 7This is in cgrecommt with o eonclusion recghod
earlier, that the secondspy frsctures sat bo formod «f

The hypotiesie that 5t the ded: ruct alip is
nagleated, il the ressening which fellows thin sammplien
ie verifiel in o ey of weys LWy the ssaudte o WUe
exyporiments with aivu.

e of the reonlis that 4944 hypethonls cplaing
iu the diserspumer Toud (o aslet between vuluo of Ww
eurfeae guergy of sine and s sRwleoe sheryy ohooboed
duping the fracture tests. Oflm'® whe seb out to
mecsure the surfeee energy of uine d{peetly obteinod a
jowent velue of B iy now fae 0me P Llguid nitvogun
tomperature. THAD comverts 20 Set 2 107 10 in per oue in
and mey be omperad to the wweragn of L2l 1belits por 8¢
in, for the zine speolianens,

sbsorbed not only by he mwdn ereel bat by seveswd other
mechunigut. Tobsn 1o owier of ogoursrencs, the mucleution
i propegation of wlip whilch eyvrests the csuel 1o Uw
#4968 nechenin: of enevsy cheorption hed fo cotivitads
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After this there io the slip cliong the Munes widch

T scooniary freoturss ayve found %o bo voiy
mmmm-:aww@fmmwm
Those two mechanisms are thorefore iikcly W Lo Ww maln

Peopg 18 snother rechaniss of encryy cbsorpiion
not velated o feoetuye phenomens o8 dopieter (NG

of the speelmeme, sl 18 peitoesdbly presont oy in the
rraganent of Hoe s & otudy of the foreesiicydaccssent
7l0te for the varions specimens, which will Lo wnderbalen
leter ©itl @8 Ferdber weight to the cleis thet Wiile ool
of The onePpy wend Into layge seeie defomwdlion, rwot of
the onergy wes indoed choerbed by e (Fsotura.

Pae ohsprwedion that e jine meddngs 1ie in
the bessl plene when S mein freeture 46 (long the (1070)
sheme, I6 quite counlotunt with thie hypotiesls for Sw
vasel ylone 16 o Fleoe of esay glide and the iine mufdngd
wili b the linc of intervection of the twe plunes. Thoeo
mepkinge oo thopefore intependent of the diraction in




Double Cleavage

— i, — — o ——

FIG. 5.109 Showing a Double Cleavage which can lead
to the formation of a Filament.
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whieh the fracgture treversce the eryetal, It follces frem
the nutuve of the asperimcntal results that i the Jweture
movee in & dlrection normal to the line martliyw He oo
i sogmiarly erpovtod by slip. If the frectuse them
expenés in e dipection pursllel o the lioe aswiings, the
clesvage stepe are propagatoed elong twir divection, ad
the crecks on the {(10T0) plone sre not erweotsd ot regded
Aintarviln.

Zepienation of other obeervetions muc no the
great Moplepity of the line merkings and e more viedobls
nature of the clecvage stop leights, regulre Turiler
aiditione %o Yhe ocbove hypotheols as rogords the notuwe

of e mechenism by which dhe ereth ie arpected, wileh

is left $432 latewe

Pigave 567 revecls a filanent of capetal widah
wns torn froe the Cvssiure gsurfuces. Ite width ia dheud
3.600 3nch end §96 ohaps sepmdar. Thoge proportleon muggeet
et 190 odded ere Trocturw fecete end clovwviyn stupe.

It wap pointed out earlicy thet eecording to Uw lypothosis
put forwerd, Qlomweps 10 nuclested ot regulor Intorvile,
and &he locotlon of he new olenvww 10 not Wl defined.
Consscuently oleavege ey be mucieatad of rove Yen ong
oint i e sone betwean fws aiip plones, 17 twwo sush
Qlesvages dovelop, on showm in Plgure Hi08, o Tillemont
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mey form end 1f 4t s ottached to the different kives of
the specimon st esch end 4% will be yaldled vwey fron the
surfnos, which then reveris 1ts prosenct.

The pres¢nce of & series of peseiliel line muricings
on husel plane frecture surfeces other then twin Lande
mey oleo bo expluined by using the proposed hypotheolds
Zine orystals de not exhibit olip in nohwbesel dlones,
et wder the conditions essccieted with e oot of &
crook, non=basal elip mey be mucleated. The propopntion
of such #1ip protubly rewuiree n high styesc end 10 wiil
horefoie be less pemstmuting. The stwens conocentwtion
st the "peot® of o basel cvsek i pot reduced o We s
extent s 7Fo¥ nomebessl fraoture and & new fraoture will
be mucleatod in 6 plame Weser %o the plane of e previoun
erack. Line murisings of thic kind thal eve spperent o
Pigume 9.2 spe epuend ot woroximetelyO.din ineh wwi e
popileviy spaoed. Shodlor gonclunions oan be dyown DPom
sopropeiete micpograple of epesimema 8 end 1. [llovegrepns
of specizen § siso show twe eets of porilel lines croncings

Asgording to She hypothesics o froatuw i lmpedec
£ it treverses pooeibls ¢lide plenes. Thus 17 » waek 16
moving in o Sipecticn perellel tc ene oot of glide plase
14 sy 98111 be ayecetsd by another et of glide plines,
The ramvey of nucleoticn altes reguived in propagotien of
this kind 46 facrecsed greatly a8 @ eonBOuEmCa. Pl
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FI1G, 5.110 The Fracture Process according to the
Hypothesis when two Slip Systems are
active,
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%110 shows how simil tansous nweleantion Ly ¢ sarios of
adjecont mueleation zones, which mukes cvail ble more energy
for the 81ip syotowm, yesulde in o reguler fructhue front,

Figare 5,90 presonte e complicated fsvotupe
surfuce the feotures of which can now be epluined, The
river-like irrepuler aleavage etep markings my be smplained
by supposing that the luvgy cloavape otap frum whilch e
emaller clesvage eteps sudiste 10 really o fmoture Gafhon
of tiw @scond king whooe line markings becons the spreading
cleavege o%OT0,

The phenomencn of multiple freoturing noted oo
Eocatuen 9 which Laptided Bt seversl lopely apooxd (odout
Det0 inch spart) Fructures were propagaded simil tunecusly
vecomes Intelitsivis when 1t is considewsd in the 14t of
the above hypothesis.

Two fregture eyetoms on parnllel plowo con shade
the saad ailp eyatems thut ore essccioted with avwenting a
ereel: if thay are ehreost o7 angh oibore Hlip in the
portion of oppatsl bebesan the twe Mrectures 15 roinesd
becsuse the disleontien fyom the twe scurges i mwihilew
gach othery, @ simlteneous Cpeetusdng will bo fowured
especinlily when bueul plane fyuvetures v pruperoted (e
ie the cuss for speciman D), for the alip eywten in Wde
oane is nomsbesal end & Migh styess is yequired o medndain
@y 0%,




Force -+ |-

Fractare Surface
of Specimen 1,

T Displacement

FIG. 5.111 The expected Shape of the Force-Displacement
Plot for Specimen 1.
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Hicrographe 5,03 end 5,99 show elipy linesa or bunds
concentrated nesr the erystul boundery supmwesiiag Wt
the eryetsl defors:ad to ncovmmodate noighbouring eryuiale,
The Oreoture surfege 1o ¢ basal Pane, The slip syuiew
gpsocinted #ith theee lines are non~basal wwl uwecowiing
%o the hypothinsis fhey are nualeated by the pussugs of
the freeture. The more provinent sppoarunee o thase
ines o o portion of the cleavege face own Do oxplained
by = Mgher logal shesr stiwes dus ¢ peighbouring cmretels
end & omssquently givater penctration o3 tha alip syotom@,s

GeReBolipiials

The relsticusskly between the loading Lfewes and
the ;rogress of & Fyeoture wer disoussed in Jetedl in
seotion %.2.7e Vpom Lhie, me oy devive fhe Xind of
slet one could expeet Trmm the various ulne ajeolmms,
“he zine srecimens sre Mlutiwely inhewpanicons o
fores vesdietions net pradioted by e simplified theory
vefopred {6 shove suet olte b eypostad, By wer of
examplie, the sxpectad plot Jor speeimen {1 iz presentod in
Plgaye %111 wideh alec whows o ley-out of the fracture
surf:coe

The oetusl olet,; ap may be seen Trom Flpuos S5,

diflere in that the indtlal bulld-up &f fores 1o reiher
repil st fipat, then inoresses more slevly mily to ineyresce
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at & repld rate ageln, The frecture fwem the wpex of the
peduced ssotion to the point where the frewture entors the
ieading ame, 38 of the firet kind,

This engeests the fellowing seqenas of events,
The initial stesdy sod vepld rise of the locding foroe i8
due to elastic loeding ef the system. This otage is
terminsed by the wpesrunce of & frecture of the fires
kind which is propegeied while the force incressse slowdy.
This frocture iz terdnuted, spparently by Wifevoursiiy
oriented erystels snd the loud Ineroeses egein ot o wpdd
Ftee At the highey lesd, & new Dyectuve syuten of the
gocond Eind sppsers el 1n propagated into onw of the louding
spame This event is sccompenied by e yepid £l in Josts
Taereefter the foree remwins rather conBlant ol after noms
digtemon falls suddenly %o o igw vwiug. Oneo waldd wgpoet
the load %o P83l %o serw oo the frechuye jeeses Wowowd: the
tosfing eim, Inctend, the loed remeins comatint. (ne
concludes thet much of e onergy sbborbed o conatant lowd
geeo inte bending the specinen.

Specimen Wo. 7 49 ales of interest in thie respoeot
for in this cuee bonding cen be checked yeedily. It %0
found that dending will secowmnt for a divplescenent
seuiveient % sbout 300 wegvees of voltetion of the laweling
slep aspertained thet this bending wen
cenocentrnted fntec the omive of The apotimm.

sewe, NG o
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If 4¢ 18 soapmed that Specimen & hehoved in o
einmjler munner until the fracture turnad inte e loading
apm, then the merrow Cracture extonds over thowt LHOO
degrece of losding serev ywiation,s The leod mindlmw st
LS50 degrece in Figure 5,50 tends to support this, I it
is esoumed thet during propagetion in the norwow neno, sbout
hed? of the swergy wes eorbod by beading thoe loading orms,
then eince the eres to the iafd of the LR dejave omiinate
boepe the seme retio o the remeining aves of the yiot ue
the nerrow fracture wree bears to the loading owm Deucture
Lpon, the proportien of mergy cbsovbed in large seile
cofometion In ke vids fweture ip the ssow, nawly sbeut
803 goes dnto lerge vesle bending, and the mvndnder i
asseocinted with the frecture mocheniem,

The foree-displeoenent plot that ecorrec onds pood
elosely ¢o the "1deal™ plot of Figupe 5,140 in Ut of
Speeimen $2. A8 may bo seen from Plgure 5.50, tw frecture
mmtorsd (he loading nwm imwdialely at o shvap comor.
The nitisd load fogresse coryespemds prolslly o
widening of the fescture. The loud recchos o pook b
faiis off smeothly $o & atesdy, non-oero velue. It is
terpting to sseribe the shupe of tha plot between snglos
00 ead TOO degress to banding slthough no evidemes of
such bending can be detected.
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It wus pointed out previously thet the nsrvow
frecture wus deveid off surduees similer o Treotures of
the firet kind,

Exacinetion of the polycryetalline spocinens of
Bateh 2 especially ahove thet besal frecture surfocon 2%
alvays elongated towmapds ithe ocantye of the speclsen,

these Zpecimena wore formed Cryotsle con be capacted
grow from the outslde towamds the centre, It apposrs thet
maximum rate of growth far sine oxyetals i in o dimsetion
iving In the desal plong, se that the nerrovw fPeoture sotes
of Opecimans 7 snd 8 vere sluply develd of el tally
oplented boesl plenes, This alsc explaineg wiy he fractuve
tumed 2o resdily inte the losding smmge

‘The specimens of Batel 4 however wore grown noye
slowly and the direction of growdh would bo clang Uw wmes
of the specimeme, — Conseguently ome would expoet miltably
orfented “asal plenes in the intonded fragture plecs,

Thie 1o ivdesd oo, 20 an exsminaticn of epecinmems af Gpurse
praln etmetare such a0 Hos, 14 & aud § shown, Yot the
freeture 2141l turned into the lsoeding sims Drom bused o
nonebesid Sreeture.

This indiectes that the frooture i pyopegnted
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mope resdily in & zone vhose dimensions execl Lone of Ww

ceyetel {en apgument thet owm not apply S Upsolme b,
hOwevere o

It fe muggentod thet shen a frecture pusees through
a cryatsl in the losding urm, the cryotade adjecunt %o 1t
limit 1te deforvmtion and B0 yeouce the enswy ahaorbed,
Mees erystals which fregture with Qiffiendty tend %o be
isolated so that they curyy en incresging shore of the
losd end finelly fedl,

Begeuee of this ysoleting provess oryetals wideh
poquire ¢ higher etyess to frocture cun be subjsetsd W
& higher Stvone without swjeeting the Muminier of We
apeoimen %o higher stress, vhdeh might lesd %o lurge-soule
deformation. This mechenls: also reduoes Use anergy
spaociated with wide freoluret.

The merkef tandency of the freeture o hum
ints the lceding eme fo therefore axplained,

Gulle gm%&ﬂ&

snother the surfege sarkiage and the inclimation of %We
frecture supfzoe change :Druptlys This belwwionr i
consistent with the ites, imglied by We hypotbesis, el
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frecture 10 o function of the reletive orientution of e
epplied stress snd tho cyyotsl lettice,  There s nothing
in the sppesrenge of the photorwepbs op of the spesinmmnd
under the mieroscope o sugusnt thet Sruchue mechamimng such

as eyacks cross the interexystalline houndssys |-



FIG. 5.50 THE FRACTURE SURFACES AND MODE OF PFAILURE
OF THE ZINC SPECIMENS, BATCH 2,

FIG. 5.49 THE FRACTURE SURFACE AND MODE OF FAILURE
OF THE ZINC SPECIMENS, BATCH 1.
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Se2ebel  LDimrmih
Sxpevience with aine has shown thot the %echmique
vhich works well for ctoel 1o lepe asultebdle for o matariodl
such as zine. A1l but one oF the pine spocineny frootured
through one of the louliing oM.

The blamuth spocimens wewe ohaped cad louded in
such & eay u8 to enecourage Procture theouph the Lody of
the epeelnans in & dircction normel to the longdfwiined
iy

An fdealily Lritile material would feolure in &
pindle uneontEiiod proeess LY prosceed mnd Joated in Whie
wzye The eteel specimens would huwve behoved oindloyly,
bt biemth me expected ¥ @xhibit e controlled fyooture
process undey thves Glvonstenobe

he fragture wes expected % wmerge ot tho aldes
of the fpeoizm® oo Thet obsepvsilcn of the pre pess of
e frostore wulf be ponnibie. Some of e opocliens
were therefore prepured for visual observeijnn of the
frugtupe DPOCEES.
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FIG. 5.112 The Dimensions of the Bismuth Specimens.

o
Padlished i

FIG. 5.114 The Preparation of the Specimens Gaand

ﬁb fér viual Observation of the Fracture
Process.
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in grennleteod form, but wvith wimown fnpurily contont.
The pesulte of a suboeunent chomfesl snpiyels cro given in
Teblo S5+10.

The metal wes molted down in e nild 2%l
erueible cad o0t fnde o reetengulor mild steel ruidide
Ro offort vep i to obtalin single cryetuis. tomo dsyree
of eontrol over e éoviing rote end therefore the ovyetal
pise could be esercised by varying the degree of prehoeat
gleen to the would, Thds prehoct wae veried Tronm full,
Lewe sHOVE Uhe nmeliiup point of blemuth {F{H0), widdh
geve the lovwent eroling vute, t leeser voinet.

Ten specimens in =31 wewe @it UF these
specimens =i wope to Do tosted wcor Fiquid nitrogsn.
For them only ome vtage ¢4 preporation remained, which
wes the mschining of o 90° gwoove sewves o wide face ab
the middie of the epeclad, & Dly mopeded spotimen
of thio kind is precented in Figure 5,118

Speetimon & wen gut into two egued ports mnd
prepared o8 showm in Figure Je.%ilke Those wero lobelled
epeoimens G snd Ok, Thay wupe pelishsd en coeh pilo,
so of e reveal the surivee ovents aseociuted wilh the
frocture moat recdily.

Specimens 7, 9 sad 10 vepre prepored in the same
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F1G. 5.113 The Loading Rig for the Bismuth Specimens.,
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mennoy o8 Specimens ied, snd were polishod on eanch side.

Opecinen & wee to be tested at roon tarporaiure
end wos prepeped in the sane way us Hode ie3s

Be2eBo5ef  LuGORMUES

A gpecicl looding ¥ig wes prepeved ond is
presented in Plgure 5.39% £t 48 uppapent thet the
msxisus bending moment iz applied at the canire of the
specimen, end the mesimm tensile otress ot the noteh
root.

The loeding foree ie spplied by the leading
eevew, the Fsree bekng teenesdtted through o force oall
which supplice the force smasupexmt. The dletnoe
messurenent appecrs as & resding of the louding sSovew
rotution,

The stiffness &f s pigy vhioh e Ve
ssgortained pesdily io mmel sveoler then that of the
specimens, but is not nogligitle. Howevey I7; ws iIs the
cope here, the Joad fulls stesdily towverds peve, the
stored-up clastic enery in the rig es well o e
gpecimen being tested hocomet nepdigibly wrwdl

Specimeng i~ were tosted under liculd nitsogen
in this loading »igs
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Specimen B wus tested vt voom Serperv ture,
;d the weadings reoonyder,

Speetmans 66 end Gb were festened onto a
metallurgicnl miovoecope, and the surfoee evenis
essocioted with the frecture process were obeevved,
Gpecimon 6b wos subsequently etchod on eie oide.

el To © end 10 vere mountl & the
loading vig, ¥high wee then festened onto the object
wible of » metadlurgicsi =iesvseopd. The surfuee ovanits
sppociatod with the fyectupring of these specisyms Wus
180 obBsyved, No readings of lesding force i looding
sorev rotetion were tokan.

Gefalnfel Homills

These are precented wder three howsiinge in
eocoordance with the threedfold pur ose of this serien of
teate.

Se2ebeDe Jat

The jowi end engflo measurenonts vwere roduced spd
plotted. Tha pleds o obfuined ape precented in Fijures
5s12% {0 %120, Frum thaoe the bohuvieur of apeelneng
iw$ pan be compoered with coeh other and with spocinem 0,
which wvee teeted ot Poom TaPperature.



187

The loed displeeonent plots for the epecimmns
frectored ¢t lov tesmperuture show no diseontinuitios.
The roon temperature spoeimen, however, showe coversl emeldd
and one lorge dlecontinultys

JALE Se10 Chemiesd Jnslveds of Jisguth

Impurity Fe Ag Po Cu

Opecimen 1 trace emell trace | emall trace| less than
10p.p.m,

Specimen © trace emall trace none lese than
10 p.p-m.

Totel Immurities by

then 0,017.

weisht less

g u.
o 4
Y zl 4!
1| 663 o128 0,28
o] 347 | .29 | eum b
3| w6 | . 0u29 o i
5{ 5.00 +360 @38 | 1,29 a6 e i
8| s | 44898 0,28 | 700 hos |es lee

The fuctor for converting the sren wler e loude
distence plote for spocimens 1e5 8 0,072 Ih.in. por Sq.ine
end for Mo, 8 U306 1bin. por Sguin, They orve derived e

proeviocusly.
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In efdition to the surfuce uergy vaiues,
Table S5.11 aleo gives pesk lesds, totsl looding sevew
rotetion and a crystal count en the fyuecture curincs,

Inspection of Migure 5,117 abowe that thore wes
obvioucly o sere drift. I¥ it is cosumed thet U rjot
should tersinete at 300 deprees lowiing sarev rotution,

6 257 reduetion in the ;lot apea yesults i t1de would
bring the surface msnergy value to 0,00 ib.dn. por oie Yiey
which is compurchbie W FWes. 2 end & The corvectod velue
is indicated in besgkets in Toble fetia

Por specimens ¢ tv 5y Wie psel losd nd Wo
varies in mn inverse mawmesrs in fuel, If the poul Jjowding
foras, and the surface anergy o plotied qsdnst the
eryetsl onber, then, &8 nay be cesn fyom Fiay
the surfuce enovEy veries approximetely oo inm) U** g the
m.zmﬁmiga;%‘%ﬁ@ were n 1s the number of coiyntale
en the Nvpture surface, I the mean cryetal dlmension
ie defined by the ampresaion

‘ L igﬁ EEEN i)0”‘-“

end since the speeimme v similapy,

B el 24
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‘ C g.ﬁ}.é . “ os see ﬁ'_:e '
surface enersy, nc(e&}"@’% RS .
peak load, ea(a)*®C ama ...

The specimens opre geomstrically sindlur ond aXe
locded in the oome manncr. It may therefore be cosumed
S0t the peek 1osé peprooente the norusl etyess thet in
geguired to propagste the frecture initisily. Ao the
frooture penetretes the speeimen, the beem depth dininishes,
and & Aimindehing losé 18 cble to maintain the vemired
normul etress.

Gedaiee et

Fhotogrephe a:l photomderogriphe relating to e
verious epecimens ore preseated in Figures 5,132 to 5.98k
Specinen D

Cue of the moat interveting frocture surfuces is
thot of speeciman T, Thore wppeay to be only two crystale
end they eve so oriented thet they fructured in & plene
nesyly porpshiiculsy to the longitudinel exis of the
gpoeninen.

The one cryetul exhivits a plane, dryor-iike
surfsoe on which the verious merkings are bopely alscemed
with the unalded eye.



FIG. 5. 122 A Sketch showing the relative Location
of the various Surface Features on the
Fracture Surface of Specimen 9.
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The surfece exhiibited by the other eroyeted
shows & series of pupcllel line wmaritings. The surCuoens
between these markings cre plane end mirror-iike. These
linee cre found %o bo stepe or seoonduyy fructures or both.

he polished aides of the specimen uhow vete
of psrellel bemds and eracks whieh ure elso poradlel
to esgh otbar. These crughks covrespond to the line
mapkings on the frocture surfece, wad give suw idea of
the penetreticn of the sscandury Trectures,

Photogrephs of the whole frueture surfuce off thie
opeeimen are prepented in Pigure 54149 showing clondily the
two kinds of fructure surfuge.,. The frectusre begn: ab the
top of this surfeoe and temulnetsd at the botbom.

in ordey 12 fuellitate the prosaatation of voviocus
line sopitings end thol? locstion & sketeh of thle Cfpooture
surfuos is prescntod in Figure S.138 wilh thw verione
surfece features mapked io end numbered.

Region % iz ersdl end Wwimgnicy, ot the only
plece where twin bande veorve found, Plgups H.4%0. It s
loeatod ot one comor of the Ceseliys

Fegion @ i0 mavked by two kinds of iine meaidnge,
The ome et of lines sugont contoure on 2 g, Wt show
no sudden changes in direction angd bogin end and ot o
boundeyy of the eryetai. 4 portion of Whis rogion is



3//“//3(///%////////3

FIG. 5.123 An elongated Leaf of Cfystal associated
with a Cleavage Step reflects Light away
from the Microscope Objective and appears
as a dark Band, so revealing the Bresence
of the Cleavage Step which might othewise
be invisible.



191

ehown in Figure S5.151, Gxesination of the polished silde
Goes not reveal sy dlrect ecorrecpondence botwenn these
1ines end those on the polished surfson.

The second set of lines aye were Lrvepdar oand may
change divection suddeniy. Thay upve alveys approximitely
normel to the contour lines referved to ubove, They ave
sags dleavly in Pilgure S41535 for exsagle in which thwree of
the contour lines < also be diseemed., That theoe iines
are cleavage stepe can e ehown omnelusively by reforence to
their occasional eundden widening inteo bends. Theoe wide
bends, when examined, tum out te be bimmth loal that
Pave bess 150ted swvng from the body of the cryutol on one
side. Thin yotatios couecs them to refleet 140G cwsy frem
$he mievosecpe objcative mmd 8o sppesr as dork bands,
Pigure 5,133,

Yheore ths contour lines encownter v 1P0¢ Loundayy

of the erystal, the situation is rether coniused, a may
be seen: from Figure 5,150,

Regions 4, 5 and 9 ere wleo chureeterised by Whe
presencs of contour lines. Prem these reglons, othas
charecterictics of the contour lines becom wpycrent.
Pigure 51454 shows that the ccamlour lines ore rothiw
efnusoidel, snd thet «djucent lines sre alwgnw sut of
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phase by helf the wavelength, It moy cleo beo noted that
come of these lines regulia¥ly curve more chorply on one
Bide of the "mewn)” than on fw oilhwee Thoe enlorpoent,
Pagnare 54157 in which the emtour 1lines cre mproximclely
borgzontal, shows that ot pointe of great curviture, the
line widena into = bund.

Figmre 56155 slowe another phenctenon oconnogied
with the ewmtour iince. The bund mardng thet crosces
the peth of the contour linecsuses the linse o chwnge
direction umtil they i jowdlel 1o Side hende  Swrednod
under High megnifiostio, e bend i moon %W candudn o
erech, which ie someded vore spporent fron Pligure Zeifh.
T Mook ead oo the et of e Megawe
contimation of e 1ive Wt ¢ Jasvego obop vhore o thin
ateiy of tho opyuenl e beoen pulled ocway on one alde, B

snother somewhat clmiler situction is presantoed
by Pigure S.t56 where the eantour linee ore suuin shuisueied
by whet eppeoer® %o Lo s aragi. This segion I8 wovme)
in thet %o ovudh ie surrounded o euch elde Wy o purdece,
possesuing the wowel inds oF 1ine mewkings vhich zyw
novever nnt solated o the lapper ayotaw on el 01dee

iz not o

1llumination through the objeetive., Tha pgrectent wylle
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of incidence of the incident Iight is tme spproximately
emel) %0 helf the angleo subtended by the objective sporture
at e speeimen suwrfsce, The grectest mgie of reflection
of light that eppears in the imege 18 slmilorly defined,
% foilowe thot the objeetives of lowest power, whiah wve
further removed from the objeot, operste with the lovest
angles of incidencs wnd poflection.

Pigore %15 yronents a pattern thud appoare oidy
when the fix shjeedive iz wieds, The condbour lines groduslly
beeome widey sud thelr sinueoldel shepe i& Iosh. “ith o
10x objootive, these unds pemain, but ave borely visible.
boundary between vegion: i i Je

Bogiom % iu uansned §n thet the contous lines ave
sbsants The cloavege otan IIN00 G pRUnend Jeeovns
Thoe olemvsge obup soidngs frevuenitdy Fosm ¢
thet sze slongtaed In Who 1t to right direction, Vipure
5988, Ome muoh 100p Whone boudaies wo node pertiouloxdy
noticeside by Guplr hokde diwoody deseribed, ol aotehed iIn
Pipse 56403 to ehown by Figure 5.90T. A photondercgroph
of this fiad of surfenc i Pigure 5.148 which olso elows o
sudden ehinipe in the Jdenolty of the dsevege oLong.

Seglone ¥ and § 49 not present sny new phenoudinte
They ere surfuces with & lov density of osvage otey 1ines.
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A greci ond 1t8 sssocinted mepkings found in region J i
shown in Filgure 5.159,

Both porte of this specimen comdd he recdily
ezumineds The two frogante ean therefore W corpureds
“he voems fragment Bos The somp penend fectiren ot 319D
counterpert, The cvagie cre wider end wwdntokoesble,
rogion U hes been retoted oo that 1% appooye Block ovem
under the &Ux objestive, md the beaf=iile pourmes of
Figure 50128 $& absandts One nov marking not found em the
firet fregnent 16 prosenied by Pignres 5497 @0 G404, &
sepien of otyuight povalileld bents constont widih crons

The veotmd eryoitd on the fmeture swdace of
speeinea ¥ in chepseterins’ by thw pesuilel nocondimy
frectures that cover the entire fwocture suritues of this
s of these dccondery froctures fu usuelly o shown by
Figure G162, uhich i vory similer to regioms &, fy, 5 wnd
9 on the other cryotol) fmwwiuge Bduces

The suviver Uoteesn the crechks muy Lo dpwedd of
contour 1ines o PLouroo Z.98%, G100 ond 5968 alow,
Bende such 0 those of P1;umw 5.163 wikioh weve found to be
assoeicted with fysotures on the other cvyntel murfuoe,
usuelly revesl a crachk en this suwrfuce also,
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The dovelojment of bends on puyte of the condoup
lines 18 wleo cbecrved on this cpyeted us Pignre 5,167 chowe.

The secondary Mrectures in thie exyotal ore
usually etreight, Occasionclly e streight iine e
interrupted by o kink such a8 that shown in Pigare 5,400,
Guoh iinke are perticnluzly frequent in region "¢ of the
eryntel surf oo, S il

Bands in wiloh the markings huve a diffeowent
direction elec sppear, Piguse 5,168, These bhonds «ve
purellal, etreight and tPaverse seeondery fyotures withoud

hede They ave readily fdentifisd e twin Lands
4 before the frooture pesped through Lises,

mnmmm&mmmzm
regulerly on the right pide of Pigure 5122 and tho contoup
lines «3¢ choent,

There are no noticesble differencen betwesn tho
Surfuces en the two fragnents of the epecimmn,

Photogrephe of the polished eidee of the fyegrente
Cre shown In FLamen Sei 75 ond SeiThe The SHTTOB OGN0
af the secondury frecturss with eseh other in neldiliee
i upper Tragnent of Vigwe 5,47 ahowe = sopies of
perallel bemén, This fregnent i cloo the omo with e
pepallel bonds on the fracturs surfuce presented in Pimpes
5169 and 5.7172e
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spegipen 30

40 may be soun from Pimre 34175 thore cre two
Jupge fesctured oryetalu,. The one at the botton of this
nmum-m»uumm-xm
smaﬁmmwam&w@m&mmm
froctusres, These seeondury fruoturce are gloser tojother
on this epecimen, and the contour lines wideh mn Fro
one eeonadary frseture %0 Whe next are umally move sloualy
aspaced e well,

This ie epparent fyon Plgipes 5,476 wnd 5,177
The epseing of the eontonr ituss dous not seon bo dopand
en the witth of the fveetupe surfuce which ey Swn. Theip
specisg 16 verisble, wsud the density of dosvoge atep 1inon
teoms ¢ follow the dmaity of these 1inas. The Conpsy
Qoavage otep 1inesd are mich more diffiend st to doteet,
however, indicating thut the stops are psobobly awller.

e dlegmsd 1ines in the lowew vight of Pigare
5478 fuse out % e twin conds with thely ow: neoandory
mmmmmmﬁ-mmmmmm
complicated se the Figuws 5178 shove, While the twin
bend remaine cttached o the cryetel on one side, on the
other side, secondepy fructures in beth ﬂaltdn wd the
#dn crystel huve Tormad,
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The eryotel wisoe frecture sppeurs on the top of
Pigure 5475 oconaists of & sepies of yplens frueture syecs
ot Gifferent heights, /2 & eonsequence tho noot powerdul
wmﬁnmthmummthd
mo6t avess of intercnt.

cnother, of Pignees 5«170 o 5.188 atwe. In Pigwre 5,472
tip purfece i consecd W o eeried of pepiisl Win bonds

withont 1ine strueture and snother, wider Dend with o 136G
pattern of i%e owm. It io poseille that the wyrried

The sipesag petlern in Figure 5.100 is produosd
by o seriss of porellsl sad epeletively wide twin bands
in shich the warfuce mesiings ce inelined ot G0° to the
The contour lisss, hsn they ere found oo lesd
Peguicr then in cthop instences s Figaveo H.t01 mdl 5.102
6howe

fo new meiings ove found on the other frogwent
of thie apeecinen,

Zpeoduen.d

7his specimen tngether with the other four which
worpe submerged in licuid nitvogen bhave younded meshings on
the fpactuse surfece, vhich spe probobly euuood by olihew,
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chemiesls in this 1iquid oy the moisture which we dovesited
on the epeeimen aftey racoval from the testing wig, deapite
the precaution token sgsinet this,.

The moot noticeshle diffesonce betvean Wds
gpecinen end the ones etudied proviously is ot e
eontour 1ines ave copletely eiment. In other rospecis
the eurfuges ore eseemticlly the seme, Thers ore luvge
Mot sigroielike surfuces merited by cleavege olop 1inoG,
and twin bende whose surfuce 1o not merked Ly iines,
Plgure 9ot 35

Twin bende with Gense line masdinge wve wlso
froouant, o6 spe euefeces merked By & eorioe of pamilel
ptenight lines thet peyresent vecondury frusturce., The
spneing of these Lioss is wite verdeble and mey be meh
closer then in epecimens fomeerly studied, Pigwre D150

Lines rupning coeross soveral second .y fTeoture
iines hBove sles been fouwnd, Thay ere infyrocuent wnd do
not apposy %0 be indiusncad by the presence of the soeondary
frogture Lineds Vigue 5.3 %, The seomndery feolupe lines
epe slse etepes of comsiderble height, for tho Tynoture
in feeus ot the scme time,

Spoglneny 2 30 3
The remecining spoeimens tected under 13quid
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nitvogen provide very 1ittle information not clrecdy noted
on epecimen 1, Some of dhe effects are presant in o Nore
etriking fomu. Por emwvple, cleavage step lines ure often
rether reguler in shepe, and may exhibit ¢« sevieo of oteps
or even be etreight for ssme distence, ne Pigwe D.148
Ghewe. The iines ol Figure Je.13h aye found on cpocimen B
eélen, and with en objective of lewer power thote 1lines oPo
@#lgo seen to be the boundaries between wegions of different
she@ing, Figure G.ild,

Seeehmens 7 w06 8

Theee specimwns were fractured ot roon
tonporatups, i, 68 Qupee¥sd, exhibit the contour lines
in poofuanicns. 4 partiesizsdy Anterveting ewaple feo
speeinsm 7, Pigure 5.147 slows these linee curving thveugh
180°,

On specimen 8 (win bunds without Line moxicdngs ave
found, bat they sre eocller wnd fer lese froquent then those
found on the specimons tented at low temperuiums,.

gnk@;ﬂ@f‘s'g‘ﬁ

This phage of the experiment wes not perticdienly
fruitful. The writer wie concemed to cbuerve the “reot”
of ths frzcture vhile 4% wue movings It 18 spparent, now
that the fructure eurfuoee have been corefilly etudied,
thet s series of phwiogrerhic reccras teken »% vovious
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atages in the progroes af the fracture might have fwmished
sdditionz]l information of sG1e CORSEGRONCE,

It wee noted, however, that the maridngs on the
polished sides of the spesimens = twin Lande wnd secumtLEy
freotures developed prudusily «e the looding sopow wus
rotated, slthough the interval over wiich a partioulay
meyieing appeared to be deweloping wus generully anly o
freetion of the tetel Jowiing intepwd. Tho voglon i
which twin bande developed generully follewod ax! proceded
the frecture,

Twin bends in particouler were 2sen to grow when
the icading sevew wes rotated, cnd continue for o &wil
intervel after the potation of the leoading sarow huwl CORBOd,

Photogrephic recerds of the surfuoe uakdngs are
presented in Figuwse 5173, Sl Thy 54963, Setiltlyy Sat142,
5‘9&39 Teilily snd Sethi,

It iz epporent thet the twin bends extend wall
back into ke cryeisi, moet of them tewmwdnsting on the
frecture surfuCee

The stehed surfuos of epecimen Ob ahowstwin bonds
1n erystals fsp resoved fron the frectups. Theso wepe nmodt
probebly intpeduced during the preparstlon of e ppocimon.
The polished surfues provides o better indleotiom off
deformution evente that coturred duving the froturing
PrOCeSte



FIG., 5.124 The Unit Cell for a Rhombohedral Crystal.
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BeeleRol  Llnoupgdon nf Neoulls

Biamath hee o phonbohedyul epystal otruetuye,
Awndt eell) of this kind 1o presented in Fipnwe 5.8, Whe
vapious plenee of interest in deformution bedny mesled 5.

8i4p in bismt: ccours on the (111) e in
the [10T] aiveetion ot & otyese of chout Ul Mgt F62 Bueinle
Twinning cecurs en the (011) plene and clesvise on e (144
wad {997} planes pespectively. The nomwl otveso fop
eloaveps on theee planee 10 G338 and Gu69 ko, DoY Boeiins
POBpOCELvElye

it ie noteworthy thet the twinning plene intsreccts
both of the clewvesse plones e thal Win bunds 0w be
expeeted to oppoary on LOth cleavoge Lot

et clenvige

stop linee ara in Tuet whot thelip
nane owifes cun b ebsertnd with owiden bleo conflioence.
feversl oveervations support this.

Theee ilines e ifrropdor snd enpulor, sonetinoe
exhdbiténe o ater=iibe sopoarones Timpe Delih,  URe
wenld ot sxpeet » phenomonon whlch chanaes dlzoation
Frecusatly o hoeve e penetrution into the eryotal thot is
grantor than the dlatunce between suctecsive cluages in
direction,

They frequently fom cleoeed leopo, o phymomenon
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eonsistent with the hypethcels that they swe closvipge stepe.

They exhibit relatively wide, doxf: Lumde whieh
are slso consiotent with the hypotheels ui Figupe 5.923
8howS.

!cothncﬂmﬂmmhdmummmt
with these propertics of cloavuge etep 1inos.

Cleevepe etep iinse, vhile they e iwegilur o
s emell sesle &b have @ opiepteticn on a lorgey cele o
many 2f the photonderogruphe shove

Slecvnge etep 1ies hot do not foms Qlosed
icops muy fede out st oie end but not ai Loth andid,
tne ené sy be tesmlanted ot e apsiney oF o Peocture
supfece oueh =t & cecondnyy frecture Live op 1% My
torminate ot the jemetion oF o of popd slmilop 1in06 .

Thic behaviour sugrests that cleswye oteps
sve fosmad in the following wayl

“hen o Proeture is prepsieted along o porticundor
epyotalioprurhie plane, » slmilep Precture PFOOCES Nuy
begin om & perallel jlunc elightly dlspligsd oo B
firet plene.

The ctrees eltuation requires that two sueh
frectures cen only e propageted if they up: ahreost of
oaoh otho¥. Tho freeture thet loge bebind s no longer
agtivuteds



,,_,.1. - New Fracture on a

’ ~ displaced but
/ ) parallel Plane
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! Fra.chuee

The Appearance of a new Fracidre System
in front of an established Fracture Systen.

/
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{ A\
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Interaction of the two Fracture Systems.

e

Established
Fracture

Fracture on

The Boundary between the two Fracture
Systems becomed a Cleavage Step Line.

G, 5.125 A Mechaniem for the Initiation &f
Cleavage Step Lines.



Vigible

Cleavake ~———
Step Invisible
Line Cleavage
fades out 8tep Lines

FIG. 5.126 A Mechanism to explain the fading out of
Cleavage Step Lines.
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The stress in Zront of an estoblished Pacture
is high, and Af e second fracture eysten is cetivited
by this strees, it et form ehesd of the frueeture thet
activates 1%,

The new fracture procvess 1e thorefore
inevitably in front of the eetablished Crcture i
aotive frectupiug contiomes on the nev plane oo wll oo
the plane on which the Teecture iz ostablished, the
bownéery botween tha two belng mariced by » clovvegn bYep,
whigh beeomes ¢ Iine ce the pYocess epatinuon, This
peguence of ovents fe presented in Tiguwre Yol

Aegording o this wndel the clesvege etep will
be generclly dirsoted in the direction of mption of e

fraciure PPOCORT.

if the smow frecture procese diminishes in length
1% mey venish, lesving ¢ glogvage atep Logp.

Yhenevey rrecture s tranefermd Fiv one plong
0 snothey, o closview %ey ook, Yhileh oftey apponrs
a8 tro linee with » eooxa ovdgin, 6 fermed. A0
elevvoge etey 4o il 11 sy be Invielble, Yihaw a
vielbvie clesvese etep line may sppear to fude out va
Nlustreted in Flamwve S8,

The seperetion of the two eurfuges along the
cleavage steyn mey tuke vlece by roiotive shewr, The



—

/ Cleavage
Minor Step Line

A -t - A

LLLLLLLLLL

777/ / oy Shear Stress
// 7’7/////////
Minor /////////

Fracture

Section A=A,

FIG, 5.127 A Mechanism for the Pomation of the
elongated Crystal Leaf at Cleavage Step
Lines.
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ahouy strees that oproses this rotion mey cwse o minor
eruck &b Fipure 5,427 1liustestes. Tie filn of ovyutal
80 formed will be turmed up in the meomer of Flpure 5,123
end give pise to the aypewrence of deplt Dends cliong the
cleavoge sbtep linacu.

ase the separation aleng the clouvige step
will be by awer or frvetuve {depaniing ¢ the inelinetion
of the clesvege etep to the wmain fracture surfoce), certein
directions will be prefesvad ond the clecvige otep line mey
be strudlght or have the uppeurance of o ghedmmy,

“o Zhe Cgntoup Linco
Those lines, nnticed enly on spocimme Crotured
et room tenpersiurs spe cluagys nowwl ¢ e deouvege niep

iines, which mecne thet they will Lo popellel o Hw 1inos
traced cut by tha "root" of the fracture ot varicus vointe
in the proceas.

2% ie suggested thot these contour linow ape
indocd formed wt e “"sont” of o frecture whom 1t becomes
6tationsyy. On the besis of results obtained Tz e
piperisents perionsed with sdne 1% v swypeoted thet ot the
oot of en féead epsel lide is nueleated which pecuces e
siyens coneantration iu Luds reglon and 8o crrests the crucke.
Thie rewiree Lthe g@mmm mcdention of e, e vinle
PProvoes being deseribed hw the temm “"fracture’,
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This hypothealin mey elseo be applied to bisesith,
It 18 suggested in adiition, that due to thowmua)
agslstance ot roow tesperuture, the orsck mclouted sheaP
is mude more pemetrating, ceusing the st¥ess conoentmtion
factor st the yoot of the cyack to be reduced o » grecter
extent. Thie teade to muke the mevement of the Tracture
diseontinucus when losfing is epplied eontimuounly. At
peints where the fructumw is moving slowly the fructare i
“"anchored” ®o that the prucess stops until the cmplited
stress hes bufilt uwp sufficientliyv. The fracturo then
cceeleretes end "overshwolts” the pesitisn dleZated by the
existing astress, ond S0 comwe % rest again,

The feot thoet those 1ines elways bogin end end
at the doundsrice of the fructure area on which they sre
fomd suggests etrongly that they epe fomed st the woot
of the freeture. The oot of the frectuxe i the only
noen phenomencn which maet temdnate st the bomdories
of the erystal being fructureds

The continmity of the lines sugpents Shot one
line presents the iocation of the Trecture root of o
perticuler time,

The phase releticnahipy of undulstions on
Succesgive contour lines sugreets & disommtimnity prodenss



|
Fracture
"Mean"

————-Direction
of Motion
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Fracture
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FIG. 5.128 The &inustidal Outline of the Contoéur
Lines is self-propagating.

”

Fracture
Line
Glide J
Planes J)
J)J -

FIG. 5.129 The leading Parts of the Fracture are resisted
more than the trailing Barts, making the sinusoidal
Gutline of the Contour Lines stable.
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PG, 5.130 A Fracture Line that is inclined to a
@Glide System, can be retabded by the
Widening of existing Glide Systems.
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This 1 illustrnted in Pigure 5.1£28, Ouppose that the
o0t of the freecture wee loceted an one of theee contour
lines. ‘hereever the frecture "reoi” is behindéd the meon
iine, the seting sirecas ie higher then ir niscen where it
is aheed of the menn lins., “hen the frscture is
relegeed, thosge parte under high strese sagelerste more
recidly and trevel s grester disntsnce, 'Ythus the snti-
phase veletionship of Yiourve 8,189 pregults.

Contour lines ere guserved 5 be devold of sharp
changes in direction, If s {rreture line is inclined to
& glide system, then the frscture crn propagete glide
by widening existine disloection loope, Figure 5.130. tince
dislocatione need not be nucleated, gilde cen ocour &1
strepses below the sirecse st which the dislocations are
muelented, 2t the trailing portione i the contour line
{(which represente & Precture line ), dislocations of uspposlie
gign ssn meet, Figure 5,129, Twice the muwmber of dislocstions
gere eveileble for glide in this reglion snd the stresg doe-
concentration due to glide ie grestest here, allowing ihe
fracture ts suntein & grester appiled atress. The trailing
nortionm of the Trecture sre necesssrily under & groesier
applied sitress and the piabiiity s the undulationnm ia
thereby szxplained,

At the more highly curved points, the contour

iines sre osteerved to open un into & bend, susreniings
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that the frecture wos progreseing siowly vt these points
while the remuindesr wis otutionawy.

The widening of comtour lines into bends oo
Figare S.158 showe remeins to be exploined, This is
most marked fmmodiatoly after an intervel in which no
contour iives are sproapent, sné gredually mergen with
the ususl line meshing. Thie bend 1s mede cpporent by
the chenge in surface inclinetion in & mconor very
similar to twine, Theee bDends are also paralicl to twin
lines found on the other fragment of this specimmn. It
is conceiveble that in plece of giide, the frecture
nucleated & twimming nroeess, Thue, inetead of the
pericdic arrvest of the freature cé sugpested for contoup
iines, these emmiocur bendes lod to the frecture boing
propegated at two diffemmt velocitics. The chownoe
the ilihes eppeur 16 eimificent in this respoct.

The sbeence of the comtour lines on tho low
tenperature specimens is expledined by soying that without
themal essistance to Ziide, the frecture is not arvested
periodically.

3o lecondery Practure Linss

In speciman 9 these lines are directed slmoat
horisantully scross the specimen,
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The pascage af the fracture se indicated hy
cleavage step and contour lines i8 in e direction perslilel
to the seeondary frecture linee, frem the bowmdary Lotwean
the too cryetals tovspds the side of the spocimen,

The explanution put forwerd for the sogondayy
frugture lines in zine cen be aprlied here.

A Tracture thet moves vertically o 1% @id in the
other erystel would be arrested by gliide on the (111) pleme
(12 the fracture surfsce e (117), =i the secondary
frectures on {1t1) j« 4 froctare moving in o divection
perellel to the glide plone doos not encounter eagy glide
syetens end is propegctod more readily.

It io ouggested that the process ws ce followes
Both the (117) and the scoondery (991) frecture begm at the
intercrystalline boundory, and moved horisantally towepds
the side of the epseimsn. They were initisted successively
80 that the seeondnry froctures formed effective
boundaries to frocture puvecsses on the (14T) plmme.

The emtour lines clesrly indiccte thnt the frocture
processes betwgen the ceemdury fructures occuriyed
indepeniently of vech othare

At the boumdarier of the fracture, the contour
iinee tend to get left Lehind and cyowded logether indiceting
that the frocture proces: progresses more alowly in theee
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regions, On the mirrcr-iike surfuce of specinmen 9 theve
ere poversl binds near which the comtour linec bohave in a
similar menner, 8 Pigure 5,155 1lluntrates. On cloeor
exemination freeture lines are foamd to de in the emtre
of these bands, The line markings in these bLinds wre not
reloted to those outside them, Pigure 51564

It oppeers that these frecturen were formod before
the frscture wvhich prodmeed the mirver-like surfuoe
appeared, The bend of line morkings i then the surfsee
of = frecture secondery to the frecturs tiat ie representsd
by the dleck line in the ommtre of the hond.

4o Ihe Fepcemdieslucumunt L1oLe

It 13 spparent from the results presented in
Table 5.11 that the nominel surfuce energy ussocloted with
the freciwure is much greeter then the surfuce mmeryy of o
biemuth crystel.

As before, this energy mast somehow bo acssocioted
with the freeture precese for the specimons verv not bent
significsntly, =ué the losd wee cleurly controlliasd by the
freetore prooesce

4 @locussion of the surfuge features of thote
specimens h:e slready chown that the hypothssis put forward
to explain certain festures of the sine spocimmme crn «lso
be uppliied here,



FIG. 5.131 The Fracture Process in the Bismuth
Specimens sccording to the Nucleated
Glide Hypothesis.
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The sppearmnce of contour lines hos odded aimost
divect support to the omeept of ereghenuclocted @1dse

In & lerge eryetal the pemetrstion of the oveak-
-dumamamﬁmwﬁ-mm
Smell crystsis, if they ococur in & polycryotulline cpoeimon,
present an effective chotructien to ench glide ot the
intererystalline bounderye. IF this happens, tho orgy
sbeorbed by a glide sycten is redueed, ond the outuce
enopgy ssscoisted with the frecture i reducods

It wue found thet the suyface enorgy woo indeed
less for specimens containing smeller cryotalte

Plgare 5.1 % showe echemetioslly the wiy in which
mwmmummnm
glide nucleation hypothenis.

“hem the fescturc has penetrute; somo distinee
into the specimen, the beun depth is "h*, If glide hese
an effective penetrution "p' then the es yot undioturbed
portion of crystal mey be tyeated as o bean of lemgth "2p°,
dopth *h%, sné width ogusl to the width of the spocimen.

It 18 eocumed thet frwcture is propuguted whon
the cutermost fibre stress of the beem has ctiained o
certein valne, le2. the outemmmst fibre stvein ° 7 10
constant fop sl *h'. The cupweture of this bemm I8
therefore Gafined by the expreasion



211

o

43 the frocture panetreates the specimen, the
carvature of the mndisturbud erysts]l chesd of the Traelure
curveturs, and 8 fracturing continues, these glide piones
will either secommdate theamselves to the nev curvotupre
with eGditiecnal glide, or, altematively they cre isclsted
from further changes of curvature by the formation of
seconiary fructures.

Secondayy Trectures sye found reguiaxly on same
fructure surfuges, suggosting thet the mcooywmdution of
glide plenes to changing curveture is limited to o
Fedistribution and porieps o scmewhet inerocsed ponotyotion
of exicting dislocotions. If this is the csse, then the
specing of secondory fractupe lines begone closer on the
velue of "»* diminfshes, o= is indeed the suse fop
speciman G,

The enguler inclinstion of the two fragwnts %6
each othey, AF 13 given Ly

& = ? & &'r'l ..... 5426

The maent carmying cepacity of the beam of
this model 1o proportioncd fo the aguare of the Loum depthe
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The loeding foree is proportiondd to this moment mnd the
losding seorew rotation is proportionsl %o OF so that

] i o e :;%’5" pecun Ia¥7
where { 10 the loading Toras
fe0s £ = b
L
The general sypesrsnes of the load displaeenent
slote wfter the pous loeud confopan to thie,
liore preecieely
. * ]
f e m;:'M 'Y TE2) 5038

where ¢ is the =lagilid Vodulue of nigrmtli

This yuletionshid ahvws b =801%Ian the powarful
#7ect o7 penstPation wac the RePnsl UGS Moguired
e pyopsgete the Ipelude. Fommiretiomn i8, of seuree,

sseumed e be coastont Lhpoughomte

The surfuee snorgy e is

e 3 P sl "
o w T2SET | i8¥ veves 5e29
& 9, ,

whe re a' fe the welune ot pesk losd.

liow @7‘ s A@‘ﬁ TYT R .

v
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P10, 5,132 FHOTOGRATH. FRACTUERE SURFACE OF
SPECIMEN 1, TA¥EW INW BDAYLITHT,
( 8x ).

FIG. 5,133 MICKOGRAPH, IMRACTURE SURFACE OF
THE SECONT KINT OW SPRECIVED 1.
VOTE CLOSE SPACING OF CECOYDARY
FRACTURE LIWES, { 75x ).

FIG. 5.134 NICROGRAPH. FRACTURE SURFACGL OF
THE SECOND KIND ON SPECIMEY 1.
OTE WIDE TAND "RAVERSING SECONDARY
FRACTURE LINES, ( 75x ).

FIG. 5.135 MICROGRAPH. FRACTURE SURFACE OF
THE FIRST XIND ON SPECIMEM 1.
NOTE WULTIPLICITY OF CLEAVAGE
STEP JUNCTIONS AND TWIN BANDS ON
WHICH THERE ARE 70 NEW LINE
vARKINS, ( 75x ).



FIGURE 5.13L, FIGURE 5.13%5.



FIG. 5.13%6 PHOTOGRAPH. FRACTURE LURFACE OF
OPECIMEN 2, ( 8x ).

FIG., 5.137 PHOTOGRAPH. FHACTURE CURVACE OF
SPECINEN 3, TAYEN IN DAYLIGHT, ( 8x ).

PIG, 5.138 PHOTOGRAPH. FRACTURE SURFACE OF
SPECIVEN 4, TAYEW IN TAYLIGHR, ( 8x ).

PIG, 5,139 PHOTOGRAPH. FRACTURE SURFACE OF
SPECIMEN 5, TAXEN I DAYLIGHT, ( 8x ).



FIGURE 5,138, FIGURE 5,137,

FIGURE 5, 138, FIGURE 5,139,



FIG. 5,140

¥IG. 5.141

MICROGRAPH, FRACTURE SURFACE OF
THE FIRST XKIND @Y SPECIMEN 5.
NOTE STAIRWAY-LIKE APPEARANCE
OF CLEAVAGE STEP LITES, ( 75x ).

MICROGRAPH. FRAGCTURE SURVACE OF
THE SECOND XIWD ON SPECIMEM 5,
NOTE BAIDS TRAVERSING GECOYDARY
PRACTURE TIwES, ( 37x ).

FIGUREE 5.142 AND 5,143

PHOTOGRAPHS. DEFORYATION MARKINGS
ON THE POLISHED SIDES OF SPECIMEN

60 ( 4x ).



FIGURE 5,140, FIGURE 5,141,

FIGURE 5,142, FIGURE 5,143,



FIG. 5,144 AND FIG. 5,145
PHOTOGRAPHS. DETORVATION MARXIMDS
OW THE POLISHED CITES OF SPECIMEY
6,» ETCHED AFTER DEFORVATION, ( 4x ).

FIG. 5.146 PHOTOGRAPH., FRACTURE SURFACE OF
GPECIMEN 7, TAXKEN IN DAYLIGHT, ( 8% ).

PIG, 5,147 MICROGRAPH. FRACTURE SURFACL OF
THE SECOND ZITD ON SPECIMEN 7.
HOTE CONTOUR T.TNED CTURVING THROUGH
180°, ( 75x }.



FIGURE 5,144,
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FIGURE 5,146,

FIGURE 5, 145.

FIGURE 5,147,
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1G.

FIG.

H.148

5.14¢9

5.180

5.151

PHOTOGRAPH., FRACTURE
SPRECIMEN 9, TAKEN IN
{ 8x ).

MICROGRAPH., FRACTURE

(TRFADE OF

DAYLIGHT,

GURFAQE COF
PDAYLICHT,

JURFACE

VARKINGS I"' REGION 1 OF THE

FRACTURE
{ 78x ).

SURE .'r"‘

MICROGRAPH.
QF THE FIRST T
PRACTIRE SURFACE

(37%) .

FRACTURE

Yiv‘r\‘
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: R?GIO'
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O SPECIMER 9,

CURTACE

E’CI?"‘TI 2,
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FIGURE 5.150, FIGURE 5.151,



PIG. B,162

PI%. 8,183

15, 5.154

F1G. B.1556

BICHRH }{fdﬁ’“i CORTOUR LI“;L A :NJI’LTIEQ
ON THE BOUETARY OF THE FRACTURE
DURFACL OF BPRCIMEY 9,REGION 2,

( 3o0x }.

YICRDGRAPHG, THE ODVDOUR LIyio
CLEAVAGE JTEP LINEL ARE ﬁP?ROXI“ﬁihL?
PERPENTICULAR TO HACH OTHER, REZION
% 0% THE FRACTURE SURFPACE O

SPECIVEY ¢, { 300z ).

¥ICROIRAPH. SINUCOIDAL UNTULATIONG
OF THE CONWTOUR LINES. ARJACENT
GONTOUR LINED ARE ONE HALF OF OHE
WAVELEMGTH OUT OF OTEP WITH ZACH
OTHEN, REGIOY B, OPECIEEN O, { a7z ).

HICROGRAPH, THE LFPZCT OF A GECONLARY
FRACTURE OF THE CONTOUR LINES.
REGION 4, GPECIVEN a9, { 76x ).



FIGURE 5.152, FIGURE 5,153,

FIGURE 5.154, FIGURE 5,155,



PIG. 5.156 HICROGRAPH. PORTION OF SURFACE
SHOWT I¥ FIGURE 3.155 sﬁmmm*«m
‘uwwwa SLO@UTARY RPRACTURE (DAL
Bame) , { 308x ).

P1G. 5,157 “aﬂ' ii"‘mﬁ{» P, THE TRAILING 2O8TIONG
iE GOR QUR LINES TEND TC
aIT‘ Iw;ﬁﬂ{‘) ;t‘\"'wuy -MJ ?IO¥ %’
GEEC I!li:r ¢, ( 800x }.

FI0, §. 168 RICROGRAPH, WHL7 THE FRACTURE EZNTIRE
REGION 4 ¥ROM REGION § ( WHEREL TIERE
ARE VO COWTOUR LINED ), THE FIRST
SOTPOUR LINED RAVE ;z APSEARANDE
OF BAMDS. arncIvsn o, ( $7x ).

FIG. B.159 YICROGHAPH. THE SUDPAOE MARMIMNGL
I¥ THE VISINITY OF A GECONDARY
PRAGTURE, TEOION 8§, SPESIMEY 9.
( 300x ).



FIGURE 5,156, FIGURE 5,157,

FIGURE 5,158, FIGURE 5,159,



FIC,

FiG.

5.160

5,461

5.168

5.163

:"-'ICE(&"'!”:EJ«.?E’}?. A mu.»l'rI g’ ';3-" f’{. :'?':3
LINES THAT ﬂmx,a ARD EYD AT THE
BOUNTARY BLTVEEY THEZ CORYSTALS
OF SPECIUVEY 93 ‘a"zm" m { 37x ).

HICROO-APH, SHOMING 7oy TERZIA0IOT
¥ THE CONTOUR LINES OF FISURE
@.150¢ { 76x

a*miz:zf‘wﬁsa PRACTURE CURFAGE OF
SECOND KIYT, CPRCIMEY §.
‘Ez. APPEARANCE OF TUE GURFACE
STUEAY THO SECOMTARY FRACTURL
( 78x ).

VICROGHAPH. PRACTURE SURFACE OF
TH& SECOND Kl“? * SPEL TEEN gl %fLLL
BECORI'ARY FRACTURER ARE REVEALED
BY BAWDE OF MARKINGE, ( 200x O.



FIGURE 5.1€0. FIGURE 5,161,

FIGURE 5,163,
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F

Fide

5.164

5.18%

5.16€

5.167

KICROGCEAPH, FRACTUKE SURFACE OF
THE CECOWD XIED. C'J NTOUR LINES
BIDEY INTO RAWDD, CEPECIVEN 9,

{ &&‘}03: |

TRIGRAYTH. PRHA "‘T’Hhm GURFAMSE OF
7’:{3* CECOWD KIND, SOWTOUR uIm.b;J
ARE ABDENT. TE ‘TZITY OF CLEAVAGL
STEPD LIVED IC LOVER,., SVECINEY 9,
( s00x ).

HICRO-’%L‘J.PH. TRA m% CURFAGE OF
vw“{“l'i! RS, u.»:%‘mzm 9, ( 300x Yo

€‘"‘IAR{} m?ﬁu FI'&;‘:»GTU&;A,‘ t.»JR ’\} u ' m»;‘
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FIGURE 5,164. FIGURE 5.165,

FIGURE 5,166, FIGURE 5,167,



PO, 5,168 UICROGRAFH. %G’"ﬂﬂ L OGURPACE OF THE
SECOXD ¥IRD. UPECIMEN 9. TWIW BATO
#ITH THEIR '31’” LINE waArEINSD. ( 300x ).

FIGUERD 5,168 AND 5,470
EHOTOGRAMIG . PRACTURE GURFAUE OF
SPECIEEY 8, QIRL(‘TIG“I'L LG ‘“’I RATIO
TO REVEAL TRIN BANDD OR THE PRACT ?;;‘ -
BURFACE OF THE FIRST EIND, { 4x ;.

¥15, 5.172 MICROOKRAPH., FRACTURE CURFACE F ™K
#IROT 5I:314 u?hﬂuﬁi,‘: Pe THE
APPLARANCE OF REGIOY 8, CONTOUR
LIRES ARE ABLh.n. { arx ).



FIGURE 5,168, FIGURE 5.169.

FMGQURE 5.170. FIGURE 5.172.



PICURLG §,178AND 5,174
PHOTOGRAPHS, THE DEFORMATION
MARKIZOS O¥ THE POLISHED SIDRE
OF SPECINEN 9 BHICH WA PRACTURLD
AT ROOW TEWPEIATURE, { 2x ).

THE FRACTURE BURFACEL OF THE TIC
FRAGUENTS OP CPECIMER 9.



FIGURE 5,173, FIGURE 5.,174.




WIG. 8.175 DPHOTOGRAPH, THE FRACTURE DURPACE
OF SPRCINMEN 10, TAKEN IN DAYLISHT.
( 8x )

FIGUREDS B.176 AND 85,277
EICROGGRAFHS, FRACTURED NP Tk
SECONT: ®IND ON € ECIMLN 10. THR
OECONTARY SRACTURES AND CONTOUR
LINES ARE MORKE CLOSELY £PACED THAN
I THE CASE OF BPECIVEN @, { 78x ).

PIG. B.378 UNICROGRAPH. A PRACTDRE SURFACE OF
THE SECONT ZIND., INTERACTION =umwEs:
A TEIN BAND AND THE REMAINDER OF
THE CRYSTAL RESULTING IN SECONDAY
PRACTURZE, ( 78x ).




FIGURE 5.177. FIGURE 5.178.



FIG. 5.179 VICKROGRAPH. FRACTURE SURFACE OF WHE
SECOND KIND, SPECIMEN 10, TWIN
BANDS WITH AND WITHOUT A LINE
STRUCTURE. ( 75x ).

FIG. 5.180 MICROGRAPH. FRACTURE SURWACE OF THE
SECOND KIND, SPECIMEN 10. ZIG-ZAG
PATTERNS PRODECED RY TWIN BANDS
( 75x ).

FIGURES 5.181 AND 5.182
FICROGRAPHS. FRACTURE SURFACLZ OF THE
SECOWD KIND, SPECIMEN 10. IRREGULAR
CONTOUR BINE PATTERNS. { 756x ).



FIGURE 5.,179. FIGURE 5.180.

FIGURE 5,181, FIGURE 5,182,



PHOTOGRAPHE. DERORMATION MARKINGE
2% 7HE POLIGHED EIDES ‘3'“ SYRCGIHEN
p s &HIGH WAE FRACTURED .AT RO

TEMPER o ( 4% 3.

THE FRACTURE SURFACES OF THE TRO
FRAGUERTS OF BPECIHE?? 0.



FIGURE 5.184. FIGURE 5,183.
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Bxperimants on whiakeys wnd metel Clicwento have
besn performed by verious workere. 0?52  These provide
crooo=-soction.

The present esporiment wes desipgus’ i ilnvewntic.to
the properties of a ansll portion of & relatively lowge
eryetal. A sherp nesdle wua byvught sgeinet tho wwrfuse
of the eryetal being Investigsted., By thie mewne, o omll
volume of erystal could e subjseted %o o high sirusn,
the pereaeters cf intarest bedng the yield siyess In e
vieinity of the needle point, end the defurutlon paltem
obtoined vhan the nesdle panetrates,

The current deropastion theowy i Dol cn the
soncept of disleocstion. In s severely deforood eypoiel,
the dlslocstion demsity ie in the repton of 10'F Jineo por
89, OGN In o oo propered crystul, the Cennity
om ccsily be kept below 10° 1ince per sue @ue 1T the
curfoce of the cxystsl whoss @isleostion dewity is 10P
1inee per 0. Gme 16 pewbed with e neodle of tip mdius
10™0 ome, thon one een cxpect the needle to encowtor
dlclecstion=free scnes, of Glmension 10 or myw thwme the

tip redius, quite Iyuuently.
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This experiment was designed initiuily to rwebe
cpystal surfeces with a dislocution epseing ecier then
the neodle tiy redius Ly a fector of the owiew of 10 ov
OOPSe

A suitolle cxyetsl ourfece had o 'w preporod
by a mothod that 4id not increspe the dmeity of dislocutlions.
This mey be dome Dy chomiec]l end eleectwolytie poliahing
of a eryetal, It wae considersd st that time thot
preperution of & eryetal surfate by clesvage wonld not ondly
provide e surfece with the same dislecation dencity =e
the bulk of the wndicturbed cryetal, but in oddition, mele
availshle e crystallogrghic surfuce.

Lapge erystels of zime gyown daring the
preporcetion of zine epocimme for the splitting tents weve
elroudy svellsble. They vers cleaved ot wmoom trporoian
ad the surfeose 8o produced were used in the Indmitotion
tonine

In order to explein some of the ebeorvutions made
during the cplitting tests, the writer has it forewad the
hypothesis thet giide (i.e. disdoestions) mey be mmcloated
by © oreakte fecomiing to this hypothesis, o cleuvege
eurface will not possees o Jdisloceticn density slallor
o thet of the Lulk of the undisturbed erysicls /A0 a
conseguence exyerinentis in which dleaved surfuces ePe
employed emn bo expected to yleld resulta That wre
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FIG. 5.185) Accomodation by Brismatic Dislocations

Dislocation Loop
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Disloecation Rosette
FIG. 5.188) Accomodation by noymal Dislocatione

F08. 5.185 ang 5.186 Two Ways in which a Crystal
can acconodate a Needle by Plastic
Defonrmnation.
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relevert to this hypothesis,

If a neefle 1o brought sguinst the owduos of o
dislocution~free crystel, then smy plestic panctmeiien
will be secowpanied by the muelestion of disicentions,
The neodle is ascumed to mvialn 1te shape oo thet 1% emiy

These ere two ways in which the enystudl omn
agcomandate the meodle through dislecation mucleotione
These sre: by the formstion of primmatic loope o8 ahown
by Flgure 5.185 or by the fornmtion of half-loope on ot
least two glide systeme as abown by Flgure 5,100,

The second procuss results in the frvetion of
Jotnston .2 $hese woskere pressed o steel bull aginet
the surfece of o dislecution~fres LIF ewyoted md otehed
to wvesl any dislocutions thet may heve uppecred,

This substentistes the existonce of such hulf=loopae
not have been detected by this otahe
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Se2et  [ppamuine sud Loosediie

Two kinds of noedled were prepuved: steol and
glaos. The steel necdios were obtoined in the o of
oritnery soving necdles ubout -Ygth ineh in dlmwier ad
polished to & finsr points This wes dome in o muber of
ategee from & coaree inidial grind on 300 geade metullurgiesl
peper %o o polish with medivm earborundum polisidng pouder,
thie stege being performad on a pelishing mochdne.

The glses wes obtained in the for of veds 3oth
inch in @lameter. The ¥od wes dresm t0 s point by hecting
in a2 narrow flame end pulling «t the eppropricts momente
The rod would geneselly drew down to & Pilve o fow
thousandths of an fooh in dleesteyr. This Cihpe wuo Lwoken
off Juet shesd of the spex of the tapering rorfion umd
polished on the polishing rmehine with a oouree gredo of
corundue

Theve sppesye o be 2 1imit to the ) rediuwe
that mey ba obtainad by thds procedure, This 1imit seens
to be 0,00005 ineh, and is probebly st by the solt jolishing
cloth used. 4 more riid lopping swrfuce woiild pProixdly
mele i¢ possible to atteln even finer vedii.

#ish the cpticeal microscope avweilibic, the weiter
ecwld expoet to mewolve two peints 1077 ineh spart.. o
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produce indentatione of this erder of mgnitoade would
involve considersble AArfiendty in finding then and even
more in mecssuping then. leodlen with e tip wedius of
551077 tnch wore thosefore censidercd to e sulficlentdy
horpe

Two loeding Gwutions were coneidered, Ou the
one hmd, the needle wue o be projJected vouinnt the
spocinen with & kaven wilecity. The locd duration wvorld
than be of the erier of the time taken by o prescure oignd
loaving the tip of the necdle %o trawdl % W other end
end come bBatk. The megutude of the load o wlvo be
coputed. 4n emslysie of such sn fmpect in procmted in
Appendix 9.1 in which thw shegpe of the stieso~iime surve
ie cico Gerived. Thie ingplies & loading Guwtien In the
vegion of 10™> pecond.

The sscond loeding interwsl wes to he of w
order of cne secusde The nesdle wes to bo Lrought into
contact with the curfuce being inwestigsted ul u wioelty
80 low that lapoct «ffocts are nogligibie, The lowd wee
Inown ond the speeimen wes to de owundned swbeonantly to
find out which leading emndition preduced sn indentations
Thoss lowds which Go not produce en indentatian losve no
visible marikt, The succvess of this caperiment deponds on
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FIG. 5.187 The Dynamic Pendulum Indentation Apparatus.
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erpunging the loeution of the indentution in sush o maner
that from the indentstions the probable leestion of
points where no fndemtotions were prodneed omiid be
predioted, ond the szes subjected to copeful omodnations
This serics would sise Miwmish infommtion on the
vepistion, if eny, of the yidld etress with the size of
the indemtation.

Impect cxporiaunis wepe perforsed in two Wde
Initially the meedic was suspmnded on two 1ight stvings
s shown in Figure 3.507, The needle wos pillof beak by
a thind string end clupeld wmder o woight,. "hon 1l
moticn hefl been Guiped ocut, the welght wee IiMtad snd the
needie moved of f to impaet on the specimone / sexle
along the path of the ngedle (in this case grech Dupes)
peraite ane to obtuin o rebound of the neadlce

Although the apecimen is not roved botwean
successive Lmpoets the tremsveree fyecdom of the neode
ensupee thst impuet in the same region of the epecinen 18

The potenticl encrgy of the needle is proportionsd
to the esrere of the dleplecenent of the needic frem ite
neutpal point (for seall displecements). Time o sebound
dlstance of /40 tnpect Glotence yepressnte /100 of the
impect cnergye The pendulun $5 therefore wall winpiod to
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the meesuriag of cmall rdhound energies.

Unfortmately, the stwings which suapend the
nec@le aloo set e lower limit to the velocitics at which
meaningful rebound reudings csn de expecteds Un e one
hend thepe is the Gooping due to the sir theough which the
string moves, OConversely, s slight alyr curvent een have
& lerge effeet on the veloeity of the nesdic. Tiose
yroblams could be wolved by enclosing the sipving end
calidrating the system hy Cinding the mate of deewy of fvee
pndulum oseillation of the neddle.

The second pronlen is concemmed with the string
inertic. ‘hon the needie stops on impeet, the olring
continues to move. A% it does 8o, 1L Lows out nd 18
brought to Pest coly when the string tension e rocchod
s sufficient value, The éuretion of the setuld Louet
18 toc chort to be affcoted, but o portien of the rebound
energy of the needle in conwerted into verticcl rolimm,
which in therefore lost, end the chenge in mmymGm of the
steing is provided by the rebounding meedle., This couldd
elso be allowed fag. DBut when the needle lwe o rebound
the necdls omn mot rebound &t £ll end no mwemranent is
possidle, 4 more detalled snslysis of this llvditation
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FIG, 5.188 The Inclined Plane Apparatus in which the
Needle is supported by an Air Cushion.
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on the dynasds penduluwn osystes s presented lo . ppendix
Dol

In prelizinaey tosts it wes found el while o
6 measupeble vaiuc, zine spooimens which were of fpoatost
interest failed %o give a rebound even with string lengths
of 60 inches snd o pre-lopeet travel of § dnch or a
penduivz length of 22 inchos anéd a pre-impoet trovel of
el inche

The dynazde pondmlum epperotul e chandmmodls
/nother metbod of guiding the neodles wue aldoptod, This
epparetus coneints sscenticlly of sn inclined jlmme., The
frictics: botween the incline and the needie wes redGiced
by supporting the needle on am aly cushion, The wy
in which the needle ves supported is indicateod by Pigre
S.180., The guide ic mownted on & (let plete with Gwee
levelling serers, Thoe procedure wes o pisce tUw nedle
oato the gnide & epeeifie. distawe from the specinmun,
iy oir so thet the nesdle 18 fyee to mlide and out 4F
off when the nesdle hut youched the pock of the rabounds
Ay wee supplied by & vegwmez clemmer, Bulber tubing
econveyed the siy to the apparetus, The flow could be out
off by sgneesing the twibe botweon the fingors. The
secaleration of the necdle was foumd by mesouring the
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FIG, 5.189 The Static Indentation Apparatus.
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timo taken by the neodle to impact on the apecimen Trom
various distences, The lowest preectice] velowities vere
dbout 1 inch per second.

This method of projecting the needle hed twe
shorteomings. The noodlo hed a tendency to opin dbout
its longitudinsl exis end with vory iov iaclinctions 1t
would move bavk end feorth along e guide In o rendon
msoneaPe The end oF the guide behsved diffesently from the
mein purt, which mesnt thet o needis tvuwel of | inch oP
lees hud doubtiul sigrificsncs. This preciwied the vee of
a mierosecpe and stort nesdle trevel, Another fuctor
sgeinet short truvel i its shewt duzetion (with o pendnlum
the period 19 independent of the swplitude), midng
mecsurenent more difficults

The recuiresmts of the ststie lesding esporinent
wore less Aiffieult to meet, The neodle hod to be buought
egninet the specimen at o veloeity ®» Jow thet hapust
effects are negligiile, The stotic lood e to be copubile
of veriation over = wide rumge, and of being recsursd with
at leost two=-Tigure 0OCTIretYe

The spparatus Cinally adopted &8 slown In Pignve
S5.189, The neeflle is eugported by fvur sivinge, whish
reotreing transveres motion, end drewn bugl: o given distence
from the neutyel point,. If the direction of the necdie is
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Mhmwmwmm
with wiioh 1t becr® ageinst a surfsse 18 given Ly the

expression
Pe ? anene (Ge3B)

whepe ¥ i3 the weight of the nesdle
x it the horizonta) dispiscement Trom the neutaesd
point
1 is the otring lengths
Anothey stving 10 stteched to e bluwnt ed o the
supporting bers By pulling in the yositioning oWring,
the neodle could e brousht back to eny desired dlslccenents
The supporting bupy wee then potated to being the neodlie
axis nomosl to the steings wnd minop adjustmie o the
positioning atring modcs

e socgntvie i8 rotated by o felling wedght,
the rotationsl speed being limdited by o visssous GropPcle
vhen the ecosntrie 1o rotating, the neodle mowes boek i
forth & distoneo of sbout § imehe At the extre-dtion of
the necdle trevel, its veloeity ie very awli. e
positics of the nee@e is so edjusted thet it rulwe contact
with the speocimen nesp the lower 1imit of ite twowale The
mumwmmuwmmm



Secale Pointer

Specimen

FIG, 5.190 The Apparatus for the transverse Trenslation
of the Indentation Specimens.
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aecdle speeds of 1/500 indh per second wt the moment of
eontueit are quite Teessble.

To vary the statie leed, stimmps of Whick copper
wire vere mng from the necdle. hen the sppermtus is oot
up oa & tsble the falling weight con tum the eecemtrie
chout &iz times defore cordng %o veat on the floow, This
—n&awoumnnlm-aammm
in susceseion, The devics shown in Pigure 5950 wun uned
to disploce the spocimen tmumavereely oo that neodle
contect eould talke plece st five points s enmtmlled ¢istence
aperte

After scuch of these loeding runs the nsodle
load wes vazied by odding or removing & stimuy i the
experiment repeatods

The experimemt wos performed ot roor teporotare
end under Miquid atwe I W ietter lnstonce, the speciaen
wes pleced inde & contuiner which wos then filled with
the liguid until thwe specimen end neodle were mimorgsie
The specimen was displeced tremeversely by edifiing the
contatner, In this cuse the lgod wes chenged sfter osch
louding, and the conteinor wes Aisplaged beforo rouosling
the looding run, Betwcon suceessive loadingm, e
seduetion of needle load consed o wiight ehunge In steing
length suffieient to disyloce succescive jovding pointe
fpom each others
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It wae found that with sine speclmonn, no
moosurchie rebound was obtcined with o pre-tvvel trvel
of the neodle of 0,020 inch end o pendulws Iength of 22
inchege

The needle hed o length of 45 mue snd & Glumeter
of 0u8 e, the tip Pedlue deing 13 x 107 an.

An ensiysis of sn impeeting needls ie prosenled
in Appendix Tels Fop the present purpose, the
elmplifisd expression (8.5} will suffize. Tho otweos
concentyating foctor due to the toper ot the neodle, i,

is syproximetely
2 .%}’-9.5:10‘

sssee (5e37)

thence, the styees ot the needle tip

o = 9.5 x 10% x 0,09 x 7.9 x 5210° amen/of
SEECE ‘M}

o = J4x ﬁ@-ﬁﬁ dynes/s eane sanne LHe30)

This 16 ¢ comgutotion besed on the ssanmptlon
thet the needle encovmters o rigid obstugle. If Thw
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surfece yields, the ctress 18 clearly less. Copsemontly
the enly couclusion thet omn be dmem is thet zine ylelds

n-mmmuwé'@w dince the
sodound is seeller then 0,002 in., the stress ot e nesdle
ip will be less then chout 4x10° dynen/sq.om.

The static tecots produced a grestor body of
rosults. The indentotions were Ipected on thoe epeelimen
surfsces end photegrepghod of s magnification of 120x,
Further megnification by projecting sgudnet o well mede 1%
poesible te reud the dimmeter of the Indentulion with s
mlers

The romlts obteinsd during ono such serion ore
presented in Toble S5.18. This test we perdowmsad of
Foom tempericture, the specirwn sarfuee being prepured by
cerelnily clesving o zine exystel &t potn fonporotunse
The pendulus length wes 16,5 ine cnd the displocewnt of
the needle from the momm o8 J.0 Ine
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A8 the Indsmtutions were penersdly elengnted, T
perpendiculer diemoters were mecsured, the mocimmm and
cinimeg, the arec wves oogmted by treatiay the indentution
g8 sn @1lipes, the resdings being inserted for the mjer
ond minor EXet.

o indentotions sure found for the emnilest
loaBing forcs of U111 e, whlch would emert ¢ beowing
etyoee of pproximntely % 166 prfinetme 1T thw tpon of
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contaot 3G tsken to be e cves of o ofrele with medive
equsl to the rediue of he needle Tip.

he computed nerdnel stress velues do not «Idbit
a trend in thet the atyess for the smaller indentations ie
eguel to thet at which the larger indentations cve fommsde

Pisplacement 13 in.
Stirmp welght 142 gne, necdle 0,52 pre

PO e

e oL 2o%Evn LRGBS

Etivevpe Uorppmnent | Ares of E;?m
OF Laped friengation Slelile
Fe 29 £

o Tad Q.@}ﬁ B3 ﬁj‘s@ teI ¥ 1”5?
A 63 | osbxeo® | tsutel

Gt

bia® 5,32 5 46™0 ‘As ot

Turing the lov fomeretore %esi, soven Loating
s wers token, Those soe 83x Jond velwss in such Wm
sp thot the necdlo was browsht ageinet the oosolvn h2
thmes,. Ouiy 17 indentetions weve foumd hovewaws The
indemtations were ceottored in this cosde oo thut the points
obteined during & perticulay looding vem emild not be
seperated from the remsinders The soven largoet
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indentaetions were therefore sgeumed to be due o We
grestest load and o one

The recults of Tuble 5,15 indlcute et the
stresp 18 egein indepenient of the eime of the Indentstiche
The averege otlyess is zboutl three timms gyeoter Wun
the cvercgs for the yoom tengereture fest,

%he appesreece of the mpface croumd e
rdentsiton doss vetl lend itaedf weodily to photogranive
sketeias of typlosl imdiertstion meykings cye thewmolore
prensntod in Pipmes 5991 fo %.1935. Thewe is o Metinet
atscinilaxity botusen the indemtations produced 1y o
ptatieo loud end indeniotlens of ecsmpursklde eise wut -
prodaend dmesienlly Wwih ot oo tenporctulive

The twin bends near the stetie Indentation e
ghorter, mnd the éuforcution erowmd the Indenistion in
continuons fme aliy bade) od @ose to s bowndaey of
the indontetion. The dynende Indeniotion on the olhew
pend hee lower tvin boads, snd 8 sevies of elly wnds
of hexsgonel epposrsnes cround the indentation ol
extonding o compifemdMa distimce (move then 5 dloneters)
en a2ithey cids of the indemtation.

Dypecde indenietiaas obtaimed with » needle of
higher voloeity sbhow rore pametreting tvin bhunds sodinting
cut in siz Givectiens ot 60° to eseh other, of Wwhich tw
collinses syetems hnve move twin bemd wpee then ho othelGs
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The hoxngoned slip Jinee oo oo pwecent,; aiandinge as fap
as the twins,

Plgare S.19 ahows & Wydeodl fodentotlon oihicined
ot high velooity (sbout 100x the energy of the low veloelly
indentetionl, which uve ners aaenuble 0 Hote v dis
FepFodnetion.

The tnéentotisns obtadned «t low Wwpersonrs with
& stetie losd, differ Pren Voos cbtained ot Peom
tarporature I the coypeurones of Qe daforition Loyl and
the sterting point ond mgolisy Mlstionsiipy of Uw tinge
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From ¥ Qmeeds lceding test remdis it we
caleulated that the yield otress of the spocimen wundey
Gynsmic eonditions wes lose then obout Lx 100 gw/sc.mn
The yield styess velues for the yom tegeraturs statie
tost wes found to be 52 90° gmfeecm. Twse tw
veluce upe of the swo omier, md engmet Uatl the ylda
sivess 1o not affeetsl W the loed Gwefics, Tw wpearnoe
is thet in the dmade ase the deformotion crowmd the
of besegponed (3o bendz, widdh s Yo we W Dovered
idemntars fove the indenintions In @ stetic Toud cude
e twin wnde sre 0till Thewe Yot B bowepand 2460
o heve discppessed. The volome of erywuteld dloglaped
from the indentetisn scems %o Lo »idaed = on eltlsy aide
@2 Plguee 5.992 ougedio.

ndicings: sround indentatione obSulined at low
tepereture with ¢ stetic lowd e Giffeopent Cyon toee
wamd the yoom lemperainre and dymuesie fndmutione. The
tvin bende ore no lemger in iine, wd ¢ wids dlde Lund
thet will ot iy iate Tinoy bends is Phe wily othey
evidence of deforntlion,
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Line Segment

Glide Band

Twin Band
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FIG. 5.195 Interpretation of the Patterns of Figure 5.191.
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1t seenmoc recsoncihie that the high ewengy
infentetions will ozididt ovesy posaible sode of deforantion.
Twin bends rediate out ia six eguelly opaced divections,
el gilde bands cun form hosgonad cuoilines symmd the
indentations olthousgh this hexegon 16 ot ewyploled cveund
ny ane indentsticil.

The t#iv bonds hve en appenysnee thoet is vory
simtlicy to the diciocation resgties seferrad o ccalicis
deform:tion mode, This ie $1lusteuted fn Vioure Feiife
e idening of the indentetiom siong e G0 and o0*
divection ie Ly the AMide bends ghame I0 aypeses tul
mowe togother, reoulting in e 60° beas in the Aide bunds
At the ends of these glice bends dlolocstion 1lwe
terednatse. Thay soe conneeted in the samney ¢hown in
pert (o) of the Pigere. F3ile these disloonlion loepe

adl Su Uhe OX and ©X° @ivectione, Yy do oo ot
e contidoreile duritle Touy the surfoeg, coonrruodation
in these divections iv Uwredore by twiseifnge

Aoesrding %o this interpretetion, e jowoiap
concantyetion of 2ide for the statie Iocfiny o0 et
tamperatures iudics thet not 11 the events Wat met




235

neoeesarily ocour in oxer to seeorpwdete the nendie asve
viaiblaes T4 12 roesible thut ceecmund . tion of the Tpe
tnficoted in Fimure 5,186 ceoure §» these instinens.

Flpure 54193 showd & glide bend on one side of
the indestution taly, the twins bsglnning on the oppasite
boundery of the indentstiem. elY seple necommod.tlen
{40 soecmmodate the shape of fhe npadie! of the tyoe
tndtostsd in "igprse 99268 48 Jikely in thia onaa.

Twin Dends wrfe 20Ps Jiontiful sround the high

W

pae peglon wacer swrnin

energy dmende inueniations. ig
15 lurge, Wwinning seeme S0 cocur nope recdlly than when
it dc emsll, even i $he mivess in both esses Lo U HLuSe
This may be taken to imuly that twinoiug le propegnted
mope poedlly tha glidee  Tmue, if glice wgpoude ot &
lower strees then twinaning, Wie doullar ndentoilans will
heve Pewsp toin berde Shan he lerppsy onos. Thds
hyyothests ie suptorted bW the grest lempth oven of

nerro¥ twin hends or the sine elesyvage murTuooh,

The speginen rorfupes were on the tengl lne
eonseiently the giice Lends repFesunt nonehiLl a0
ang the strec: valuew obtsdned give some indigetien of
ths stress negessery to mulatain noa=busal LS.

The thaeefold increcse of dhe etyess <3 ligpid
eir temperszture suggests that st Feduced tegperiture the
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stress to move dislocation ie Mgher. It doos not wpesp
1ikely thet yoom tesperoture hes o signifiownd efect on the
dialocatior muclesting meslumisn. Cold moched sine ameds
at room tesmpersturs. It 18 not surprising tiet thopesd
aasistance to the motion of dindocutien shonld be
eignificwt. If this is oo, then tie yield otromn ia
ftide not macleation contralleds

Exarination of the indentation mspkingm ougests
that tenperature affeets the steess reading by leo
influencing the inciinetion of the glide plune %o the
speeisun surfuce. I thin mpglo of Lmdinotion in amell,
surfues serklngd ¢ eonsidorsble Gintemoe fyuc the
indentotion oo Foand. Fooun this Ue onier of the
indentotions in deoveusiny inclinstiom 18t sloile woam
teuporatuve, statie lov tepeyeture snd dynvde 1o
tonpe returc.

Assuming that the influwence of teporuinve is
due to thoe ocessionsl high thermsl energy, i, ot sy
e asrociuded with & pestionler group of witawm, Ww

w of such bigh snergy velues in

Y = s«-& ensee (G0}
where E is the energy
k Boltsmen's conotant
T ebsolute torperutudee



9, /7, = t-géc-&a) ssves (Selst)
i 2

$
In twe intorwels of g
teoperatures, the rstieo of the o
is given by the sbove empromes renuion avaris
b i B o St S
at the smme temporul performed

-V

M\w %mmmmm

The Gynonie indentation may be toelen o8 being
edvelent to o lov toporature statie Indentation. Tho
gonivlent temperciure % ia definad by the vresoion

% s 1 #i"l Ia % oo | Bl

vhere t, i& the etstle lowd duration and
¥y 3% the tanperuiure ot whieh both atalle wnd
ynasie tests aye sotmally perfoiniode
If e static lood Guretion 1@ 1 oute, the dynaddo
aurstion 1675 see., wmd the yom tovporeture 290°%, the
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eguivelent tenpereinve

;’- = 1 ¢ !‘&(1".3') eesae [ Hedt3}

shence 1f §g = 10, 5, 2
-%?gm1n‘k. 58%, 43°K respootively.
The intemating sspeet of this is thet ca e

setivetion eNGEIYs %, Sands towands the thomwl oo KT,
the equivelent Leop:

static indentations eve more extended then Uwie cround the
room temperelure indemtnifcnsm, W mgbdngs cvound the
dynermde indentetions Siffer were from those syrund the

low tespereture ptatic iIndenteilong Tum U o stetie
indentatione d1ffer fron coch other, This ougoests @
squivalent tezpersturs ewe: lever e 80 (the teacratare
of 114uid #ir}, @ & corresponding sotivetion energy of
jooe thon (U GeVe

The neminel otyess 12 aeecsurefl ot vuives B
high 28 §.4 = *é‘ﬁ g/Euatne This reprosants
dlastic styein of i & 9% i utue (B e 190 paoceen).
“hen compeved wAth the yicld otwain of $07 Fuw hueel
#1348 53 oo tempereture (using mecroscopde cpouimule
tho jnevease 8 by o fortor e Fl. Ths otatle lood
indentations do not show uny dependience ¢f yisld stress on
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stress suggests thoat the flow siress is Getewdned Ly e
otreee yocuired to move o dislocetion. {1t is vemsed thet
ummmmnmquWn
to tespeovetupel. Lf %do is the case, then tm
indentation cxperimmts brve messured the Mov ctyees ToP
non=besii Flides

On the ether hand, 1f o diglocutiwn mucloating
mechaniens e sotiveted and if such o mechenisn is teporetise
sensitive, them the yleld styess messured by the indentotion
exportmente may be the siras at wiich this rudlection tukes

While the Indentstion experimmmis give o nomined
stress value, the uestimn of the moximua locul Stress
remsing wnonswored. There cre two rousoms Lo woumdng
thet the maximum stress does not excecd the pondnadl stress
by o lavge fecksre A lurge stress would hove deforeed
the needle. The neocdle contuine s high denmity of
dinlocotion end the smuli-seccle flow stress would not
aiffer greetly from the lurge-sesle wedns. A lavge slaatic
strein in tho sine would Lewome sypsrent, wem the nsedle
ie vozoved, ap = irregdsrity in the indentotion. Ul
incentaticn surfecs is noted to be amoolh, rowmdied snd e
sume for cll indemtotiones of the sawe sizs. A emniend
needle with o rpound tiy setivetes many @ids Jloas fn
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the spocimen Af 1t is %o confoms ¢ the neellie. This
maens that Zislovations rmet be nuslested elvsl Lnsoamly
in mamy plecse; fhe vemeld being that lurge atross
varletinms ot the nesdice-epeeimen intorfucs ciw wnl thelye

In s dlocussion of the spiitting @perinonts
peprforasd o siat, e ypothesis wse put forwerd Wt
dnping clevvags Adloceilons sye introduced into tha
spocinon. Teo defomation ssyhings - the twin bands @l
the hexagonal @ide henda ~ gon W% o ssoribod to aracke
oacleated glifde.,. in explenation of the Geferwiion
megdings syound indentetions in teme of thove dinlew tions
enly is therefore only pertisle
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Glide " Twin Bands

Bands

High Energy Dynamic
Indentation

FIG., 5.191 Defomation Pattems around Dynamie
Indentations obtained at Room Temperature.

Note the relative Orientstion of the
Deformation Pattems of the high and
low Inergy Indentations.
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The marked Areas appear as dark
Shading under the Microscope.

FIG., 5.192 The Defomation Pattern around
saS8%atic Indentation obtained at
Room Temperature.



Twin

Glide Indentation

Band

FIG., 5.193 The Defomation Patterm near a Stati® Indentation
obtained at -1860C,



PIG. 5.194a MICROGRAPH, 40x OBJECTVE. A HIGH ENERGY
DYNAMIC INDENTATION OBTAINED AT ROOM
TEMPERATURE, ( 600x).

FIG. 5.194b MICROGRAPH, 10x OBJECTIVE. THE SHME
INDENTATION SEEN THROUGH ANOTHER MICROSCOPE
OBJECTIVE, ( 300x ).
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In the precading seotion, the develapmeni of the
vislocation Thaory of eformation, 1ts shortecaings, on
sitemative mcleation hypothesis, and the resulis of &
series of experimenis were consldmred,

The mmclention hypothesis propessd in seetion L
will now be er~Yiad in greoter dotall to the exparinmanial
reculte presented in scetion Se

o cwmmeey of the surfege snerpy viluas ebtoined
for the verlous specimeny is presented im Tible fete 1%
1% seam that these velues ou% in ke yoglon of 1000 Simes
precter than the surfses wnergy of the molten metsl, which
i1a teken %o ba a geod synroximstion o the oclid surfree
margy valud,

4 mechsnisnm capablie of sbesrbing all Wis onergy
hes elresdy been Dropeseie it WS sugpestod Wit Sae
styees (10ld srounl = evgek oauses ithe mueiosiisn of glidcs
@n ide plemes that interseet the vmufuces produced Uy
the oradi,. 7This ilde ir exergizad Ly the conoonteated
stress in the neighbourhiced of the ersek root, with the
pesult that the stress Tleld becomes lotw intense, mnd
the oregk ucsaor to be propagsled,



=

FIG. B.1 The Root of a Crack in a real Crystal
according to the Concepts of the
current Theory of Defomation.
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frooturing is the orad:.

The mechanism besie to € curvent thecory of

surfaces aye formed.

Fhen 6 eryetsl tuotures, now

The region in vhiteh thesws suvricos
apde bolog produced is demeribed ot the reetl of the orucks

This pavcess ies illustroted in Fignve Gel, which ahown twe

ligers of atoms belng sepsrsiad By = igh strese.

Bigh ztrens valuwe 16 goncPutled by (e oragk iteell,

Thim



It fellowse that in s perfoct jatillice where craocks
aye ubapnt frecture c:mnnot be expected unitil o stress
compersbls to the styese st the »oot of the ceraek hes been
imponad i the spoaims. Jrontals pensrelly Tsil at
stresses for lower ther Wis wine.

The position a8 regurds fracture is tharefors
anulogons to that regerding shesr caforwstion.
theory thet expieine the low Traoture siren:th of
netoriols will teke con of twe Topast
(1) The orecz or » suitsble weedmass Le present in
the orystal vhon stiees 16 agpdlod.
12 4 oxmek ie psnersted whan the ewvoisd i ploced
URGEP @ lPokSe

The theory proreses by CEIfFith' bolamgs to ihe
firet goovg. The hypotheeis that sotallle wpyatals
contain erudis, a@ weaknesces thatl o seissse & vrwlk at
moderste wppiled streas is not uweed in indscereting the
brittle ehuviour of metallieo evyntels,.

lee of the seeond kind have Olalnce tioae
as the setive Yastoy in sounreting & epade,
Epehler,?> Uott T snd Stroh®? huve sugmested

that a oimek mey be rslevend By & plled-wp geowy of
d1sloontions,
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Pajita® {and others before him) hew put
forwurd anothar hypothesis socording to whiech dialecotions
of cppuatite slge on Lurellel vlenes & Povr clomie diasstore
spard,; snihilsate ead¢h otbee, forsdng #n o) o o volds
This vodd sventusily rolecoos a crael

in view of e writeod’s hyoothenis oa oracik-
suclested glide, it is Impryles
values Gt we by arpocted o ocour newyr the oot of &
eraniie Clewriy, Af the sheey stress i the eruvk root
exonels the viress =t wileh dlaliopstiens e nuclested
in & cryeial (whleh hss oee sslenlated st 17800, than &

pure ovesk will act be prapugited at @), for @ scon o8
6 SruOR Supeasrts the secuspenying stress potiom plves
rize to dialecntians thetd redice She ciress coanoentrution
fastor, il e o5,

ihe Crack-fueieoiion G13de Bypothesin wmn bo
interproted by uua of the avreont theopisw of frsstere and
disleeation, No ome, f0 the writed'n Emevledps, hee
exaoined the possidility tiet the siress Tieic croumd a
erack ey necleate Sislooniions.

Thiz plide ruoloation medhipdem will hewe ite
sffeoet o the Witileness or othareise of wy glven
sterdal. The siress regimé to propogste & Tresture in
shieh gilde s rwmrelested will e Lighay then UYw stvess
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reguired %0 propegite 4 yure erack in the sene meterial,
Haterdele in whieh the orachk mealestes @iide will hove
an apparent surfaco ensrgy thot mey be ey tises the

Thas, & smtericl un frasture saly 17 & suitdlle
erack osn bde prmerated, nd 1F the applied streas is
sufficient to sopdly the enorgy recuirad by the nmelosiion

w6 of wall sz the energy sesociatsd with the new
surfate Yeing fomueds

sxpevicaes with mild stesl, toel etesl, zinc =nd
Wiemth suggests that 1Y the orecd mhclented 214w medhunion
existe ot all, it 18 2 cwwww
liypetheses of cvuck guaersiion ¢oeh 1 thoie of Koulder
sig. and Fufite, refeered to sbovs, wmld probably becose
waccertailoe

Cempeseer Yy

The frequency with which dislocntions sye
melented would copend opn ke mugaitude by whiol the shear
strets neer the crash exeseds the wuclestion styess Fop
didnlocetions. (mor sueh o Jiadoention Jing hao been
mcleated, the ot of the crusk hes widarpoe o votiond
shungre hon the wudlesiad dislosetion bhos mpved away
far snough, shear styress wlines & ' high enouph o
gonavste ssother Gisicoxtion {or a pulr of (inlcontionm),
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In thls wey o srrsy of dislecztione csn bduild uwp wntil
the beek stress from this srray 3o such that nuclestion
eannst.e Thus the temsile stawes lowel own Buila uwp

g value shere o crock cen Be puniewtsis Tlds oraek will
be able to penotrete sum distance, of the exier of the
totel £itde efore 1% 18 agnin armectod

If the isttice strongly resista the »otion of
thess ruclected dislocsilicns then the erewy will asi
penetrete doeply wud the nwwber of Aislocetieons ln Wie
srray will e reletliwnly smell, The comegy cbsoybed
Wy the muelestad Alsloestione will 5 be relotively
seadlo

If the nuelowbice: stretc is rueh smdler el
e ehwar strese neor . evask, e et will be aoreabof
more freguently ther soehd be the evte if these guailiiien

If » eregk propigates eo Papidly that the
sistomations myolented dp its airess Fleld oo dot heve
time to move gosy, Hen e nusber of meloatsd
dialcestione 1s reduesd by whah mey e @uiled nerde
bagik-<G1re8n.

The sogeencs of ovents will ko sz fellows, &
ereck is arrested Dy reoleated glide, and en sxvuy of
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disloceations develops. 2 thie process continuen, «

relstively lsrge volww of orpatal ie throen under a
teneilec miress shieh Yinelly resches u Jevel ot whieh a

new crack iz mmcelosted, The nucleated oPuchk roves
very mpidiy et Liret vod glide ymelestiom e Limiterd,
is the crack entors mpdenc of jower gtaees, the lide
mielestion will sventually bwing §% 40 Post. - arewy
iz sow esteblished 2ad the Process Pupestod,
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Aceording t© the Tesporery Hegtion lube
Eypothesis, & teasile woid ie nuelented spontinecusly
in & lattice under tensile atrens.

Yhie tensile vold beoomes &= orack when the
spplied styecs is large encugh to dewiop it. & the
vold develops, the stress meitermn cround its periphory
gredunily tends townpds the petiern s o time crsel,
This ctyepe pottew involven lurpd ghesy stross valued en
which ohser velds cen be nuclented ung developed, Thees
sheer voids gemerute figinosifions which redncs the siress
concentration faetor nuuy the orech roul, muw B inercese
s oweprsl)l Ftroes thal must de evpited Lf the fmeobure
is to be propagateds

Cne aiffersnce botween the predictions sbout
the crack smelention precan: when the aurpent theoyy is
spplied and when the hypotheois ie suplied in that
suecyseive pllide plaser 911 be eoparstod by o ddeluance
¢l the order ef the vodd dimession in the lrxtier cusa.
Thie diffsrase it rerpglinl for Yhe ourpeni L
prodiote layge aPreys seporaied by distonene o meny
stemie dismetere,

it is the develoreent of ssoondary Tmebturaes on
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the sine and bissuth ayecimens which points rore steongly
to the propesed hypethesis, These secondury ractures
1se in the sswe plsne sz the Alglicenifer aprge, 1.0, the
gilde plane.

Ageonding to the propesed LWypotissis, the
diniooution speys sa $he Pdide rlapes w11l attrect « void
vhich can opon Wy <ader x tensile stregs. I saveral

iy Tracturee sre propugated simultsnecusly, the
encunt of auslestad zlide will be redosed, 2 Lhe

process s favsured.

The theowrs proposed by hoeller's snd others
snalyzse the ppelestion of awmeks Ly dislooitian arvrays,
et these ceracks will not jle v the plene of Lhe arvsys
whieh rucleatsd thee. in this respest e proposed
hypotheais stends s 3% men,

in axplenstion Tor the contour lines in tores
of therssl aesigtance to ihe woltiom of the dislemticns
hed elvesdy born presanleds

The radungtice of the smrTage energy of the
frecture «t peduesd toupepsture Moy Limst: o slso be
explained {n fapms of inureshed Moslotance to the wotion
of éislovationi,

The babeviour of ths fteol steel iv oponite W
that of bismuth in el the surfeee engrgy o the low
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tempemstupe syeeimens is highers This fegplies that Wsrmel
sctivatien does not sssist the dimlocaticn in this steel
slignifioantlye At reduced tomperature the piress o
nuclecta erecks nd dlelosstions ie higher, 8 cxpluined
previsusly (seetion b)e hen dl@loestions sre nuclected,
they enetests furiwe lnto the eryetnl, or comversely,

17 thoeir penetrotion is linited by the cwyetsl dimension,
the wrray Decomes dEnser.

For the steol speetimens the crset ropugation rele
was found t0 be stress dependmmt. Fysw the resulis it
sppesred that there 12 = stress below wideh the fraetue
48 iwosbiles 4% styess levels alfzhily suvove thia, the
rete of propepadtion of the evesd inerscpes Pupldly with
ineverging otress, Ths atyese dependence of the rocture
valocity wes Touné o fiscogear ot -‘?‘B%. Thiz mey be
interpreted £ fRlionfe

baapereinrs the stress to nmuelecte
dielocations 1 lower then of rediucsd Rewberwhare
1% s possibie that sl roms tempereturs the shesr slress
is sc low that tiw Sicioestieme reculire sow thervead

ssgistanee, "rrifeviorly to pess Lempuritiss o en one AR
the recuoed temperature it strees ix higher and theorsd

activation 1i¢ not needed to overcene the sunw nbetacl e
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It should be noted that this therms)l uetivetion
is relatively minor and Goes net sffect the validity af the
explenation for the Mger surfete mergy st low LaPeitiilife.
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The resulis af the Indantation teste ave
swanarized bdriefly in Tevle .24

SABLE Ga2

Test Hegndped struin e R
SRl biun TRy

w ggff bxrtQ Sx 4~ 'tatie

189 Yehixig' 4 g 162 t.tie
%5"1: <hyt i‘;’? gk x *iﬁ%':ﬁ yneade

Theee resulis coapare well with the recults
of P?ﬁw“s’kﬁ@ win testd plunteiets i whiskerm in the
rengs Gl to Cols and obtuined alestic steins of
Ze10x1075 The dimension of the indentstions vus in
the mwgion 18 »

Frice conaidered that his opecinns wore
dlalocaticn Tyot. 1t wue indioated i contdon %03

indenlation, disloecilen mwaleation iw i do axpooted,
sven 1€ dteleontisne hove been introdueed uring Lhe
2l ELVaEe LTOCS8B,.

i ommideredlie interval of time elupeed
betwean the preperctics o7 the adeavesn surfoeas ond the
test {seversl montis) go Uut msny of e suricee
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dislocetions will doubtlevs have smnesied out ol the
eryetal.

Soth the wvork of FPrice snd the lndmiztion

resultn indicste that s nuclestion proenss is sclive
and that thls process mey operete st dlffepeni oipsse
levels under diicerent ommdiliocnde

Aceoréing to the cwrrsat theory of deforestion,
these strees levels are 22131 too low for gilde
muclestion,. Conseusnily & gmrersiing mechaniar whish
makes uge of existing dislecstions smst be wou bt
in sppdyisg fsie Getaye Pyice found that defora iion
slwesrs begn et e most Lisbly steesssd point, wnd
indentotion resulis indiowicd eowplex deformation
peiiomie In both cudins, suitelle gmarctors et be
prewsnt in s small volume of ewpstel, and In both ousan,
thiz is imprebadles | |
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Gelt  Lpnulusisn
It is wnfortunsie that & cruck muclested gllde
mocheniew sz be put forverd in teyms of the concepis
of the earrent theory s woll as those of the jroposed
Lheorye

One importent point on which the precioiions
of the two meehanisme differ i ihe sseondury Dructure
procante Here the resuli ls in faweur of lhe propesec

hyvothesis,

The fudeniuticn cyperimentsy can wlse Le
intorprated more mreudily in terms of the projosed
hyvothesia,

“hile thess exporimentel rosulte cerdeinly do
fovour the proposed hyrothesis, it cawmet wnlortunctely
be said et the issus bolseen g meglestion Wheoey sael
e nueonelestion thesyy of defermation hes bein (EGlosd
with saything 1ike & sotisfsotory degree of cartainty.
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The purpose of the writer while eshoxkcing on tds
projeet was to investipgotie ihw elastie wnd rosi-elostic
behaviowr of metals. In the ecuress of hls resading he
conaludsd it ¢ nucdestion hypothesis should be soughte

hen ene coneidere that a given ploce of metal
is defined by & host of varisbles = u varishle wideh defines
the elemont, seversl othera whiech define impunrities, the
previous stress, strein sl tempersturs history of the
spocimss, sad further parereters hei define the natuve of
the experiment heing perfownef, oo msy deapair of
obtaining & signifiesnt proportion of the ftotal experimontsl
data evailable.
have their offect en o limited mombcr of weohandosl
proparties. Thewe azre not 1ikely %o bo many lypotheses
of deformetion whtoh o consistent with peceral physisel
prineiples snd sieo mxlie it yosuibie to Lnterpret theve
other vuricbles cun than be geasidered, snd L moro tham
one hypethests is sveilsble, the ens that Tite experimented
results Best csn de asleqted,




254

In this discariztios the wyiter set ocut to ahow
that a seaveh for a nudleation hypothesis is Justifiied.
He 418 this by aising the experimentsl remults ohicined by
other workers, Fuiting forensl o nuclection hypethesie snd
sxsmining ths sppliestion of this hypothesis in axplaining
vapious mcohaniesl propeviies. [Finsdly, the hyvetheais
was tested by ufing 2t tu interpret eporiments) resdts

Thiz mmeiestion hypothopis vee fomd te be
dislocetion frve eryetale, e phunonenon of deluyed
vielding, snd the phencasmon of cooondery frestures thet
sre frequonily esescistad with fyustuve Drocsnsess

Thess resvits are sipgnillcmd, o show that
this hypethestes, or st loast & hBrpothesis o de bind,
nodleetion Mypoilesie, dopoyves serious eonaidaratione

Another importemt development ihai lws oasged
Poom this tavestigetiion, is & hypothesis fhad onplduins the
melting proosin. The exveenl Cheory of dalomusticn Joos
not jend itself to sm oxplenstion of tids phencosnen, wed
o it hao geeerelly boss Regflevtad. Tide e of
expedioncy is herdly juetifistie, for the latent heet of fusion
snd the melting peint of & meterisl snd Ite yield otwrengitd
for axempie sre related, se Furth’> has pointed oute
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i fmportant application of & satinTactory
deformntion hypotheoeie 1o in preiiebing w ornditions fop
2 meterisl of hiph strenglh or any otler paritioulas
propurtys Hithovic sveh Zevelopmenta howe been largely
empyriesli, If, for cxamle, one could find e wey in whieh
the naslesSion vrocess oun b inbibited, ssderciuis of
high stremgth {though net scosesertly LRittle) sndg high
melting point wemld rocult. 2 (oetile wetsrisl with e

angih af iﬁé PeBsie Oy mnd o meiting point of
severel Shousund deproes - contigrede wonldd e wn axtresely
velusbis sginsering weterlele

Bofore such (o¥nlopmemil esn i expected, WMROGVEF,
s o)l thenpeties) spprouvietiom oF dhe nuelesticn Proceds
is nocosskry. It e poswibie thal when e puowuse of
asfopmstion is fully srdorstsad, the llisdte to the wepdous
materiel properties will slen bo apparent.

It 55 the writer'n thesis thot $hw seurch for
& nuclestion progess iz Justified, snd that suoh &
Pproecss will probsidy hows they penorel ceomelteristics of
the Yorporary Slestron itate Hypothesis deseribed in
seation 4o
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AN AMNNAN

MG, 9.1 A blunt Needle impaffting against a
rigld Well.
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Conptder the cane of a unifors: i of length I,
an@ Eleatic Soduive %, colliding with & vigid apdaee ot
veloeity v, Figave Yei. O fhe lesding ouwrdiee of the
s coges iBto cmtaet with the rigld surfhee, 1t otopee
L sosemt luter the loyer bekdnd % =iogw
gﬁmmmgﬁﬂwmmmmwﬂmMrm T vele
towopis the tonk. Dehind the weessaws poioe, Whe wiud
4o st past solative to the surfeoss In fyont of Ude
sregeuis frant, the vod o #1533 prrying of slenily Ve
Yoo otyess in 4o losding perd of the el Q) othew
paverneters by the relotionaldp

. ';‘;“, o B
F = V¥pHpe sesns 4wl

m_pzlmmwa‘MmMa%*WmﬁMG
the veiovity of soonds

MWMMWMNM‘%M
the wde rod will o ot sost. I the eorgyoidon of the
rod wes purely eluatlie, then <31 of the kinctile meryy hae
mm«wm&mmmmammmm
s given by the zelationahip
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L | J

———— v’E,P.

MAOAVAM ALY

FIG, 9.2 A pointed Needle impacting against a
rigid Wall.
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2 o8/B =} pve eesves e}
| l & 22 T %t.?’:‘;‘”
lee ' d = .} re e P (%%

Bquotion S.3 19 of the seme form o8 S.%, giving
the well-=lmown selationahip

¢ IJ i ssese L0ali)

eleotic. If o intureeting %o note thet 17 the wmal wove
45 the pold 49 plestie, owstion Yo w11l Smwedictaly glve

Constider noxt ¢ »3f 9i%h o topored Trand,
Pigure 92, This has two affects. The ehogh wuve civess
to post, the oipess ot the navroved {ront e bowm

e = Rvpe sswse (Dal)

vhere R i8 the ratio of the sxen o the yod to We wwes
of the lowding surfaew. Tids sowltlon is anly

wedid iF he sboek oulee fug left the lLupered sootion
bvefove Lo looding purt of the rulee (widoh is nezitive)
hay retumeds
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Por & tepersd neadle, the shupe of the whoeh
vave is cleesly fmpovtant. Gndy sn approschscte wuldynis
is gmeidered here, 1t in usowmed that the Lipased
section represents enly o u=ell portion of e toted
longth of the needle.

The veloeity of the nosdle =t the lowge e of
the topeved section muy Lo doseribed by the wxpresuion

L
Ve " b ﬂ T ey (ﬂ*"a-@}

where v mnd '%mmm“.

et the stiffmes: oF the tepored sootimm be ¥
and sssuee thist U valoedty of sound i €un seetion
i Infintita,. The sivesn ot the large ond of he taporved
section Lo thorefore also defined Ly

7, oL

£t " e BREES {‘?’?c?i

m#‘umumwmwhwmm
being compressed, mud o' Lo the syes of the ol

Boutice T8 sy Lo rowpltton In the S

@ﬁ~"${

E 2 2 2 3 (9.&)
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oifferentinting D.7, with respoct to tine

1;‘ =& g esese (9:9)
P -
bl

essns (Ue%0)

gﬂ'tﬁwfﬂ% @" "“'ﬁ,&:ﬁs at ensnn nfa-'g)

The initis) walue of the etyess in not wavo,
mmmmmmu&i,aMam
of @ ie gemeseted, wdeh Atvdniches in mogni wis o the
shoel: *ﬁmw alemy the tepered seotiel. At the lorge
and of $he taper, the ctress velue hns been roluoed %O

‘?{3 L % wﬁi ssnew LD}
The sclution of cguation 9,11 tules tho Toim

_-—l-—' s sﬁ L B2 2 (f}#?”

‘;: = 9 “* [&] e cuass LOetly)



° o
Stress
at
Needle
Tip

\
When Needle\ N
penetrates \ N

N
D ' =
2‘1_1 12 ! (1__1 ')—- Time
[ +] (4]

FIG, 9.3 The Variation in Bime of the Stress at
the Painted Tip of an impacting Needle.
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md indicetes dlesyly thot r,mmmm
saymptotically in tine. The ptvess ot the tip of the
Mnuwnnwmmn.mummwm
expression

ft - g‘mﬁﬁw. &) q;ccn (90’&)

4 plot of the stmees ¥eriction ot the neodls ®p
io shosn in Pigure T«le

& mags=loge sisrtic merber with otifMons T it felloems
thet this snalysie is valid only o8 Iong e6 his
segtlon i¢ to 264 =n effitiomad inevtis fores. O
correction eowid be applicd, Wt this 16 WWGOGSLET, for
wmmmummwmmaammm
the opecinen yielep i 0 awaep by e peme pxoperélon in
211 fontwees end weeful cogpaYIBUWEs ¢ shd3l e aite

snoihsy reason for neglecting the commotion for
the inortis of G topoered seetion 1o thet o coosima
surfoce i8 net rigid. Thic reduces the eperent a{iffnoes
of the tupersd seetlom, i anlopecty the gffoct of the
ez of the tupered section.

mmmommw_mwm.
mmmtmummmmﬁzmmmm
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tip does not exneed the locel stroee on the npoeimen ot
which it yilelds, The atross~tina lot for o meteaiing
needle 1s shown by the deuched curve of Figure 9% T4
ie spperent that 1 the rebount emargy 46 meoeupred than o
plot of rebound energy vS. ingident energy will moke 1%
poasible to cetermine the peint st whieh the neecle just
penetrates, snd so esioulate the yleld rireae,

Do

Consider the pendlws ayaten of Vimwe “.197 in
which there sye tws atyiner of lengih I and o4l moan e
The sses of the needie is W » and the teapuet velocity of
the needle 10 Vge

The totel nomentum of the string is

" @ &' .. '1 eeEE Y (5:;%16?"

Let the rebound veleelty of the needle be Ve
~coume thet the chsnge i: momentum of the string oecurs
Limedietely sfter the reiwund, -hen his hun happened,
the needle weloeity 1w Ew”. wuating the momsntum
before ond oftor cietrdbution o the airing, e obluing
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Vp = (1¢% 2 ) ". * 3 a vy essss (Fe1T)

The 1imit t= set Oy
t - O vhenge

e

vtms '} a ". sewnes (9“&)
vaﬁg@maummms

mugawmgmtmmamowwm

tomm«mmmmmm

coefPietent thet eiu be meassured.

ﬁwmﬁmmﬁamwm
propertice of the needleo mmd the matertnl being tostad
Mamﬁumm“m&%nwm

7o obtaln ¢ vobound Gistuncs reasmyehie with the
mmmimmmmwummm
st leeot § inch. Consegumtly low values of v, moa
jong strings with s souseguant Increcse in siring s
end =i donpings

In additien, these suall diaplacssenis ¥ouinre
vory delieate neodle relecoing devictSe

in obviovs Laprovesent is to reduce the neefle
travel ond observe 1te motion with a suitalle niaINaQesle
Sueh en instrument perdte one to use 8 pro-bpcot teavel
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of 0.01C fnch only, reenlting in & sigificent rednotion
of the string lenfth and &« corresponding lnparoverent
of the perfomanece of the aperatus,

The appevetne presented in Mgmwyw Q.4 wues on
atteapt o smesdne sine with very jior Lmwpeot aorgles.
Poue strinm Coom & elgld aupport support o currder ad &
oiiise The carrier 1o stadilized ¥y oo adcitional
strings, shich gamdetoly vowve teenoverse rptiom, oo
anhcan In the Ploore. /an dsatie stelny koeps the
carrier apminst oie otohbe A secmd atring audlas e
operetor o il the carricr over cgainnit Ue other utop.
toush 4T vion 24 evsos to yest after the cerrler ia
palled syey o the socand o3GDe

The procedure is to let the neodle e to
rest with the carvier againet the firet stone. The
earpior is pailed ower quickly end the pebumd of the
e The nondie f8 edidbroted by rovoving
the specimen and noting the cmplitude of the firat Tyee
half owing.

#lo 16 ooesupe

It was found that the nesdle wee Pendily
disturbed b the slightest sir turdulinwe, oven thet due
&0 eonvectton podi the ooemiter's body. idne, however,
6 displecesent of 0,000 inch,
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It 1o poctulatod thet the metellic cmynleld mmy
be looked upon as en agpregete of poditive fons awvunged
in & reguler way ond hold in ;leee by clootvuns moving
through the lattice.

4t equiliveiun the eleetrostatic itrotion
inetle prescure of the noving cloetiunSe

Por stebility, the electroa proscupe st emceod
the clectyostetic cohesion if 4he wvolume of the agmwospte
46 refuced md viee verea i the voluse o ingrousads

Anothor oimplifying wwsunption mude 1o thet the
tone @o not cbetyuct the ciecetyons in their moiion theough
the inttice.s The clevtrous wuve, of couroe, reflected
ad the crystal dounderics, A euitable mpigl for the

rone 48 to imngine then ue belng esntaingd In u bem
wiose bovndaried eonfoms to tiwee of the cmyntale
Sincs the chepge of the clectrons in the cwystal 1o
neutpelized, the perticlesn in the box mey bo trooted o8
being without cherge but similsy in every othor respect

A pertidle of mess m, end veloeity v, 16 roving



273

pegk snd forth between two walle o dlslancs Yo' purty
ot wiidoh it undergees &lcotie reflectlion.

4 pesrledic motien ie subjest to the (e S
restpiction {squation {(1=59)70),

dend seoss o198
T=gpy by erans Tui0

P =MV, D is sn integer wnd h ie Mlauie's
constant,

for tiw preteat Cibe

¢ ?xﬁm‘ Eemv_¢

2 nm '! & = 'fﬁ’&m‘ =k eenss Deoih

Jinee the eloctig sey OUQUpy Ay wne OF wees
gtutes, ¢ single oloctron would ko ke &b bwo aleglrons
shis £tabe oo de Tilied Decsuse euah haed op oulbe Spile
W4k Four sleoetrons the adaise n=0 =nd sl mill e filled

snd ©o oOn,.

It may be ncbed thet iy She peflectin: wulls
aps moved togother oy upertp the state of ey oleclamm
moving betesss the: 1p not disturbed 1f "fé»'ww}'-h;f"éﬂﬂ »
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Thet o, "n' in eguation 9,21 yeneine conetint.
Differenticting oguation 3 one cbtains
I‘iz"xu- 0 sesse D22

The period of cne round t9ip By the clostaun 18
fofvye In thio dntervel ‘o' chenges W (do/ati20/vy

LoBe S anm * 2 pense enl

In the come intorwsl

8 Vo '“"* ssses De2l}

and 1T theee umntitics cpe substituted inte countion 94,22
the aonation remeins wulid, Indiecting thot n vemins

Oftven ¢ rectenglor box of dlmemsdens o, b o €
in the coomiinate directimns X, ¥ i ge & puriice
in this vem will genewclly have three carponents of
mwg..rs,m@v,m:nwumm
Consequently 1t con exocute three independent poricdic
noticns, esch of which conforms to the (usntun rostriction
expressed in cquation D81,
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The purticles in thds box wili maturclly sowenge
themoolves in those stable states whieh perdl the totad
enerey of tho oysion to De o mindmme Fow my porticle
the kinotic suorgy £ 45 given by

Betomvasd I(vﬁ @%‘f@?ﬁ?
= % {yﬁg 2 g:f » pﬁﬁ} sesse el

|Mm%ﬁm%m5M%
By unvymn@w

%an%m%yh

3 2
A Ew é( ﬁ;;%i i% * *} ceese Jail0

%muummmegﬁ%aﬁ%hmmm
in units of N2u, H/PL md W2e rerpegtiveiye ash
WMMMmanmwwuahﬂanMm£1n
mmwmmmw%wﬁwwﬁ I thie veotor 15 (roemd
fpos on ordgdn, it oade ot one intersediion solnt of &
three Afmopsicnel iine grid witeh hes $he intorvels W ln,
/26, or W/2c tn the throe component Gireotions. The
vericus possidis memonten voetore can theroiors be
reprecontcd by points in thia geide
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It £follows that the total energy of ¥ perticlen
in the box is o mintmum if thelr corpesponding peints in
the grid cre contained Y & spherienl purfuce bolew which
all sveilable grid pointe sve ccoupleds

The volume »Ff tids space 18

w.g@ra sosve Dol

mmmuwmun#n,m%mmm
The voluoe por grid point V° i

wz%@ﬁak = &-

go thet the mumbor of gvid pointo cocupled in

§oFe s

RS

gbe §s the wolume V ¢f the corystal, whenoe

§= m.? —
3
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The mumber of dlrotrans ¥ 1s oqel to twice the
mumber of grid points.
It followe alas that

Prmex ™ Py mx” P5 mox ™ P mox

Hg® ?;35!- eosee a0

il

The total cnorgy of the psrticles in the box
mey be found o8 follows.

mmwmamtmmm
of redid p ung pedp ls OV

“mb',’” essss To30
the muber of grid peints 1s ¥

b - seipen
e H_P cosen Ju
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The energy of cuch particle with mumentum p 18
g g0 that the energy of the perticles in the romentun
renge pedp i8

£ anpm . g

8 = 2? oness Jeid

ﬂwmmticmmrﬂ

5, u«#. }
- ’:;. (1e ¥ B ceees e



Fyom equation 11

Py ﬂ’-' ensse Je3B
and 35’%@“9—:"#'%‘ A7 sonse a0

vhoenoe

* - io#;' aesee Je37

S - - By onsve o3

Bquation 9430 becomes

ﬁ-? (1 =4)
5%% ——r
q¢

This eguation can be convertsd inic « rove

279
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To compute the ocheaive pressure in e metdlie
ovystal, & simplified model will be considasred, 'Mile
metals generally huve the close~pedited structume, o
simple eubiec lattice will be conaidered hore.

Instead of moving electrmmaé, e nogidive
eherpes are taken to be owmedly Alstridtuted ownget ol
the points which asre midway beteeen th0 Lonse

in the stsple cubie struoture e=ch ion i0
surrounded by six such points, IT the ien io singly
tonized, one Digth of (he «lectronic chorge Lo tokem
to be located at eagh of Uwee pointe.

Saeh peint aof negitive chowge ie sitosded
midwey Deteven two ions, Hence, the 2w «lestronie
charge ot theee points is *he sum of the conteiimtiond
mado by these imms, namely one thdnst of the clectrmie

Wit charpe
Gach fon in the cubie lattice 1= ourremdeld Y
8ix regulerly spaced fons st ¢ distemoe "' wnd adx

points of nogutive charge of megnitnde de &t o dlstenue
of Gve
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Ths iom sttroets csch point of charge with
a foroe

g-w -g eosne Talil

Each negaltive charge ic ropelled Ly tiw othew
five charges in e direction oprosite to the attezotion
of the fon with a foree

£, = w * “BF

f’ = un‘ul - ﬁ snase ol

vhance the net inwepds acting Torce is

£, v 5’1& sassa Dol

This poiat is surrcunded by other charpges of
both signs. To a fivet egpproximetion the effect of
these charges moy Ve commed o cencel oute Iflence, the
force vith which exch nogstive charge 18 pulled towneds
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swmmu*r"mmaummmwu

forco pulling the ions togetheve
mmmm'f;h

mm,ummmmmuaMw

Py ? .-ﬁﬁﬂz sscse Sulih

ir ¥* jcns arronged in the sisple cdbde mxonop
occupy o volume V then

v- . (%)3 eeene Jalih

iy
Py = 0u60 K () aease Fulib

1 the enulysis hed beon perfovend with o mowe
precise modGel equstion Uek6 woulé retain it mmencd
forz, but the mumeriesl constent would be shaoumwd, ond
torms «f higher crder world slec appeate

1f the ions sre doubly fondsed, the intorvoting
Mmmummmmmwm

into ecuetion Delifs
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9e3el The Stubility of the letallle Cuviis.

The kinetic prossure of the eleetronn in the
metallle eryetal i3 miven My ocusticn e, vhich im
presonted in simplified Torn below
;IS(')”, sssen DeliT
bmmmauum,wmm
fron equation 9.46 tskes the fomm
% a¥
’e"" (‘) 3 conas Dokl

maummummmam

S'ﬁs "“

!.-Obﬁ!l‘

It 1o ftmediztaly odwious that hese two
proscures ore equal et eno yoiat aily snd thaot IF e
m«mmummuw
velue, the kinetie prescuro is the leowger wnd Vice Verna,
which 4n the reqirenent for atuability of the cmyntule

The elestic bulk modulus of the erystcl is

se d B -1 E-F e
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BIG. 9,5 The Intemediate Shear Rate Test Specimen.

Attached to the
Shaper Head

-~

—

Amount of Sheapr

Strain
Gauges
e
Specimens
| | ] IToe
[} ] 1
©! [0 O] \
Carriers ': g' —= ]
E : | : Heel
©; 0! O .
(I S S T
' / / 7/ 4
/ {haper Vise / 1/

/Z:
Shear Pin

FIG. 9,6 The Intemediate Shear Rate Test Apparatus.
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So4 IZa Shesy Teet Smpopulug

The sheer deformation test wae to have bosw
perforsed for strain vetee of Oof pev sscond to 10° por
socond. Three kinds ef sppesretus, for the runges
el 40, %Mﬁi and ‘i&gwwﬁ wore to e emgloyed,

These teets ware yerformed on & shupads The
spevimen i presented in Figeare S35, sné the @pursiun
i ghosn in Pigare Gefe v Speelmend STe clokpec W0
the uppey snd lower cuprisr. The lower corrier is
ettoched to the shuper vies by & piu which peswes Lrough
the lower cardis® sad » hule pesp the odge of u ploce of

by the vios.

that in norosily mounted on the shepsr heads The tos on
this device 1% & emmtilever with styain guwuges sttecheds
The hoel is wore ¥igld.

The progedure is to mownt the apparetus on the
shaper, selest o wispuy hesd speed end then tula the
healt througs & eingle styeka. The el Tivet rulten
centoet with ihe upper sapwisy snd bringe 1t i the pilder

hend welouitye. The lewoy earrier fe 4831l fixed ond




the relative motion appears as shear deformation in the
specimens. The heel then mekes contact with the lower
carrier and releases it by shesring through the
restraining viste, The carriers are collected in =

box packed with rags aﬁd cotton=wool.

The epparatus is set up Ey mounting the lower
cerrier on the vice with the specimens clamped in.
The hesl of the loading device is now brought within a
pre=determined distance ¢ the lower carrier (as measured
by suitable spacers). The upper carrier is shifted
until it touches the toe of the losding device and ol eamped
onto the specimens. The vertical displacement between
the two carriers is maintained by another spacer which

is removed after the upper carrier is clamped.

The signal from the strain gauges is recorded

by pen recorder or by photographing a C.R.0.~tracee

The apparatus for calibrating the toe is shown

in Figare 9e¢7. The procedure is self evidenie

The specimern, and the mammer in which it is
deformed, cen be seen from Figure 9.8, The loading head
strikes the centre of the specimen Ffirst, causing shear

deformation. The specimen is then relessed when the
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FHG, 9.7 Calibration of the Inhtemediate Shear
Rate Loading System. -

.0 — - FReleasser___.
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Ee=8 | i det

Guide

Specimen
Locating Pin

Loading Head
with Strain Gauges

<l:«.‘
o— De fomation

FIG. 9.8 The Specimen loading Arrangement for the
high and low Rate Shear Test Apparatus.



Releasing
Later

Specimen =

o

2+ Air in

Gialde

e, 9.9 The High Rate Shear Test Apparatus.
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shoeing threugh e holes. The speeimer is cought in
6 bow pathed with waulo,

The whale Tig, Pigure 9.9, illuwatrutes the way
in which the losdlay devies i ageelewnisd. 1 Prefsume
builds up vehind the driving piaston, 54 ¥ the loeding
dgvice 18 relsused it 1 sccalemeied by the oir under
pressase, Hhen the piston hes fteewliied hali-wwy slong
the eylinder; ii pes:ozc 7onlo and from thore on the
pregsure in ryent =¥ the platen Wllds ui, wnd 1% is pliowed
o,

Strein pgruges nounted on e losding hewd
messure the foaree duriny the defermation procest.

9ekte3 Le¥ Zhaax Hale Soveratus

The high sheer pute pppuretue may bo used fo
obtein very low lowding hesd valsolitics Ly using i1 a8
the wordriay figlds. ©4F from & high poesoaye COUDCS
12 pasged throuph s high hydyrsulic esittence :nd into
the apaee nomaslly Tilled by s deiviag adr. The
g @an be terminatad at will, and the spocisen
mlvaging sechanism vihieh operstes during Mg rule
testa i3 no longer nECSRSATY.
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The apesimen cun be Wwwlly inculcias fron the
guide, 8o that for the high sue low xete tecin ot Junkdy
it way bs tested st high or low tesparelurer. The
ad@itions) spparcius required i o Mestur op woler wilck
ig breught Into contesi ¥ith thw spetinen, «nd Fomoved juct
befeve testing, Guring high rate feste, snd held in eontaet
with the epeecimen during low rate Wois.






