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¡ntroductlon

,A rcdel of graPhlte lracture ln
tenglon' har b€€n dl,avelop€d fu¡th€r, to
d€rcrl¡a fracture tn tho no]}-untfo¡rn atresa
condltlona of th¡re?-and four-Polnt bend and

coobtn€d tension and b€ndinE'. Íh€ lod€l
arslms tha g¡a¡,hlta to conslat of a t.egula¡ lrray
of slngte-rlred, cubl.c ¡¡artlcL!. Each p.¡tl'cle

@ntalna a plano of rr€a¡cn3t!, P¿r¡u€l to thc
br¡r,l p:,¡ner, vbl'ch vll.l cf€aee tüton thc ¡asoleed
¡tta|r on thc PJ.¡¡ro €¡.€lcdr a c'Grtal.n valus. ltL'
claavr€|e 8t¡e!8 1. obtrl.¡r€d frú th. onsat of
acougtl'c €Dl,!rlon', obtereed at
a¡¡f¡roxt¡ata¡y 2o-5ot of tho f1n¡l fallure 8t!o!f,
¿cFr¿fng on graphlt€ tcrturc'.

Onoe a crac¡< has 1n1tlat d, that i! the
rc8t faeourably orlentatcd particl€ ln ¿ F.1t1on
of hlgh rtlesa hat cl€av€d, cradc ProPagatlon nay
occur by cleavage of adjacent p¿rtlcl€8. Poreg
¡¡e de¡l€d ar pattlcl€a havlng ze¡¡o cleavag€
strcas. :f'h€ nodal thcn consld€rg tho probablJ,l'ty
of an lnitlatlng ¡rartlcl€ b€Ing surround€d by
oth,er clcae€d particle!. Onc! a contigrr¡oua array
of cl€aeed pr¡tlcles attalna tlre crl.tl'cal crad(
rlre, ¡r gleen bV Lln ¡r Elaltl'c trrcture
f.chanlc¡, ths s¡rccl'En 1¡ rsswd to fall.

lJ'€rough Elood ag¡Gemnt betrra€n p¡edlctcd
¡rd arEetlDnt¡l Éan !t!ea! at failura has baan
obta,Jiaal l'n aJ.l cara! conaldcrcd, the Dod€l ter¡da
to utdcrpredlct th€ nuuücr of f¡1lu!.¡ at loy
a¡)f'uad !tra!¡. Et|ls 1r du€, at lrart 1n pa¡it, to
the oecr-sl¡Erllflod rlcro6tructura¡ lnF¡t ua€d.
So oerrcü thl. lhitatlon rcd( tr belng dorr to
obtrln data on dlttrlbutionr of (1) graln t1tc,
(lf ) Fr.. .1r. üd (ltl) cteasa€p tt!.s!. Th€
p¡arant pap.r doacrlbaa a Dthod of partl'clr ¡12.
&ta¡ain¡tlon, thc lnlattlon of th'€ i¡¡troeeal
lnfonÉtl'on lnto thc fractula Dd31, a¡d th,a
rs.ultant pr€dl'ctl'ons of tha dlatrl¡utl'oú of
ltraa! at f¿ilura in four"-ttolnt b€¡rd.

lbc,eri¡nntal

rr o nc€(tlrek€ fllle!, pttch birÉer
grra¡ñltc¡ cur¡€ntly urod for British C.A.C.R. fi¡€l
¡l€€ecr, a¡d dsnoted h€!¡a ar graEhit€ A a¡¡d B rÉrc
€n8'.n€d. cratn a1¿€8 rp¡! obtaincd f¡ú ¡)ol1rhcd
a[ncLÉns uslng a graduat€d e]r pleco I€ü a¡tA a
rv'.ng 8t.9., on a Zélss l¡fr35 lnv.rt€d atagp
dcroaco¡n vlth polarized llght.

'It oTrrLEnta]' frllulo probabillty data
rrala obtaln€d fra a !ar1€t of four point bend

t€ata on sP.ci.Ens of gra¡thlt€ A ct¡t Frtt€nctlcular
to thc Gxtruston dlrcctton. Dqrerimnta¡ stEength

data an¡e not lt€t availabl€ for graphite E.

R€sultg and Discusston 
_

Measu¡enent of qrain aLzea,

\ Graln 3iz€ distributl'on obtaln€d by

r€ireated a€ts of loo obsentatlona rrere not

rlgnlffca¡rtly dtfferent at tho 95t confld€nce
lev€1 for . gtv€n orlsntatlon of th€ gra9hlt€r.
tl'ho graln aizet irrEendicular to th€ €:ctttBlon
dlr€ctlon rrere signlflcantly snall€r than thoge

ira¡a1L1 to the e¡(trualon dlre¿tlon reflectlng th€

anltotropy of thc ara¡thltcs. fh€ graln stze
dlrtributtons obtairÉd fro 2oo obc€wationa
parauel to th,€ e¡Érual.on dl¡¡ectlon are l'n F198. I
and 2. ttte rang€ of graln 8l'zes waa fron O.I to

1.4 m, th€ lorer ll-uit bctng set by th€
dif€iculty in dlstinguishlng betwe€n aDall grains

a¡rd si.nuarty-sized i.sochronatlc dooal'ns tn ttle
blnder Dhase. For graPhlt€ B grain Elzer are

r€preaented r,eII by a no¡.u¿l dlstri.butlon. For
graphit€ A th€ fÍt to a nol.lral distri¡utlon 13

l€sr good, elth evldence for aoÉ skery torrarda
saII graln aL?a3. Eot e\t€r, for conrrcnlence, both
!€t8 of gratn :lzes are a33r.md to b€ not.lally
dLttrtbut€d as lridlcated tn Figa. I andl 2.

D€trelomnt of th€ Hodcl

AII irürticl€r at a !tre!8 gr\sat€r th¡n th€
cleavago ¡t!€!t are conaldsr€d pot€ntlaI

inltlatlon tltoa. t¡h€rltfoEre th€ d€l ¡aqulr\ra
th. nleber of (cúbtc) Erarttcl€! Pret€nt ln thc
rFciDn. lor . .lng1c Partlcl€ .l.ze thl!
quanttty 1r readily d€t€nined, but for a rÉriEal
dlatrl¡rutlon f(x), thel€ art f(x)dx'Partlclet of
al.z€ betue€n x and x + dx. Íñua ths man volr,rm i
of th€ partlclct i3 gieen DY

ü =  [ - , ' r w a *  /  f  r ( x ) d x
o J  l o J

I'he solution of thlg equatlon 1.8

ü  =  i  ( i2+¡o2 '  +  2 (z / ¡ l l /2o( i .2*a2 lexp( - i2 /zo2 l
IW

nhere i a¡rd d a¡€ th€ Ean and standa¡d
d€vlatlon of tho graln atz€ distribution.

$üstitutlng th€ valu€s of I ana d (Flg3../¡
a¡rd 2) ,  th€ €f f€ct lv€ gart lc le: lzc 1 '  v" ' )  ls
o.?Ln for gralthit€ A and O.?6m for gra¡thltr B.
It¡us thé ¡od€I for grralns a.s cublc Pa.r'tlclcs gl\reg

an effect1'eG garittcl€ tlz€ wtrlch lt greatcr than
th€ Éan of ths e:qnri.cntal grain alze dÍatrl¡rF

t_



tlon (i - O.S? and 0.66 m for gra¡rhites A and Brtarp.ctLv€Iy). In ths ed€l, th€ siz€ of all
IEtentlal tnttiatton sl.tes ig chogcn fron thorestnctive ¡¡o¡¡ai dlrtrlbutton aetermGJ for €achgra¡rhlt€.

.Apfrllcatton of th€ ¡¡bd3l

Iñ. €q¡.rl'rntal probablffty Cata forgra¡ñite A ¿¡e coqr.¡cd y¡th th€ pñUalfii.ty c,rrrl.
A¡cuJ.at€d urfng thc mdol lncor¡nratÍng thc g¡aln
r,'re dlltrlbutlon tn !1g. 3. efio fncfrfoco fnl1g. 3 1r th. prob¡bllity cun. for Sripfrrtc rc¿¡cr¡lat d urlng a ¡lngle grain alzc] 

-conp.""o 
tothe latter c1¡.¡il!, tltc m¿lc1 lncor¡nrat:.nf tfre

dl¡trllutlon of graln ¡tzc¡ bctto-r o"p-lnt, tfr..rqtrl.nnta¡ dl'rtributlon of fal.lura it¡cr¡probrbllity, pa¡tl'c|.¡la¡ly ¡t ¡or failu¡.
p¡,ob.bf¡.ttLr. fn ordcr to correctly p¡.dl.ct th.nan fallu¡c ¡t¡ca! th€ !'n$rt pararlei x_
ha¡ b¡cn arbltrarlly:.ncre¡¡cC-frou thc 

--IC

crqrrLrntal ralr¡e of L.z w¿mL/2 to r.r ¡pa.t/a.
ft 1! I¡o¡slbla that thc incor¡)oratlon of
dl'strlbutlona of ¡lo¡o atzc an¿ cl€¡vag|G stross naynake tho rrbl.trary ''nc¡ca8€ Ín *ra
unnaoeaaat?.

t1gr. 3 allo lnclud€s the calculated
l:11!f" probabttlty of, gra¡rhlt€ a oltairnü uarngth¡ dt¡trl,butlon of graln -1zer for tnis-grapnr.te,
?Lg.-z: I?|o lonr prcdlcteat ran 8t¡esa ;orgra¡thlt. a 1r ln qualltatle. agnrocnnt vlth ther.Iatl\¡. ltr.ngÉh o! th. tro giaptrltc¡ Aeier¡r¡¡ea
ln thr.€ polnt bend lo.dlng.

q^¡rntltatlee iDaga an¡Iyai, of th€s€ trogra¡¡trlt€¡ 11 ln prog¡or¡ to t¡proee the rcdeU,lngoi thc ¡¡oro.1ty dlltrLbutlon u¡¡.ng an .pp-."¡
:l-lt " 

to that übpt€at hcre for irarn gizec. rt1r ¡ro.s1bl€ that acou¡ttc cut¡sloñ stuAtes otdtff,cr€nt graDhit€s nay provtde-a rcd.I for th€dtatrf.bution of clcavagc atreg¡r

ConcIu¡ions

gll'ng a masu¡ad d1ltributÍon of graLnglc¡g an l'lt[¡roeed ¡lp¡ras€ntatlon of the
p¡obab!.ltty of faLlu¡. in fout potnt ind terta
ha¡ bcon obtaln€d for glaphlt€ A. predl.ctl'on¡ fortho n¡n fail.u¡. rtlcngth of glaphlt€a i-""¿ ¡ 

".o"1n_ quautatl'\r! agle.¡Ent vl'th e4rerlmntai ¡esul.t¡obtal.rÉat f¡o¡ th.r.. tbint b.¡¡d teet; 
- ----
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