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587 Engineering:§nlid Mechanics: Fundamentals and Arplications

Ky zGJﬁ?C(‘quﬁj[af (i; - r,}] (2.10)

where f {afr, — )] is the CCF as obtained-from Figure 9,11a% for anfexternaf eadial edge crek

depending on the ratio r/rn. Noete that of in Bquation:9:16 is taken as the highest tensile hoop stress

<5 at the-location of (he crack ie., o = {Ggaz, as-given by }:quahun 6.2 ndnﬂy, T

a
o=l i)

For g prossurized long, thick-walled sylinder, wxlhﬁnlema! tadial crack. The conliguration faetor
Ful(r - rptis found-from Figure 9. 1ib dt,pt; dmg on-thetilio r,fr, “In this case, e stes: opening
the crack comprisés (ad dut. 1o the iniérmal | prcs:.um {)r=r, nccording to Equattons 6.2 wgelher
with thie pressure us

oy

FB.G.G Rotarng. Souw. Diské: ang: DRUMS.

Tinr acrack of length 2a located.at the cénier-of arotating solid disk of radius r, #s shown I Figure
9.13(a), the stress intensity Euelor K 15 givenby -

K, =dma €Ol

)
& . . . ,"j N f
o = mpw v foras g 'wﬁ j/’
3-2v Ty
_3-2v) petr?
B~ v)
The CCI is-delermined secording to thé Expression 20: )
. 2 . ¥
CCE 0,997 +0: mss( Jmc‘,sz{ ] - 0.7149['-‘-‘-] @.172)
-.rn A . n 'j:x

S £y Y )
. ] ~3'.394[‘5'¢) +3.3’4'8[~‘i] £9.17h)
F oy, A

¢ Bru_u! il the slulion of Réference 2§ (iyadiipied formy.

COF = 1,134 43468 -‘i]um[
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fz/"" ‘lwisting motseat M, applied, remofeiffom the cragk;‘about thie tube dxis: CCF s
et i

- Stress Imensity Freto

* ‘hwisting momen M, causivi 2 net shear stress: ¢ = 24/nrf: CCT is approxinately
enual to that Toe pute liending. - —t =

Niste: that in the, above thrie rases the siressgs are defined with-respect to the et crass

section, i.e., cxeludingthe arick
¢. Fxternal circumterenial erack in o foug

follbwing:
o Ulniakial tens

from Figure 9.106.

e

be; Eigure 9.10a, b, and ¢,' subjected. 1y the

fle strass © applied remateTrom the crack; CEF is abtained from Figutd

nhlaihcd'.frgrh'.Figutc'.‘f,,_iﬂh. ) ‘
xternal racliaberack.in o fatig itz Jubjedicd to a°Lwisting nighieint M,: CCF i< obtained
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pilial crack dodler [qy;ibn',x'(f-‘rmn’:ﬁnékc_,- .and Carbweriph, D, 3., Competidivai af

1970 With-permissions)

~The. sfress infenst

respectively, wilth radial &
is given by

‘and.>nside; radii rpand r,
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580 Enginepring Solld Mechanics: Tundamentals and Applications

Ky

Qu,
(r

FIGURE 9.9  Cracked cirentnr rods and tubes f.‘;\fﬁchr:tcd. o ditferent loading.
g

ks .f).g) == Twisting wmoment M, cavsing ® shgat stress, 7= 2M, a/ft( e rr“} henee, CCE is
: .lppwxmmtoly equal fothy iothat for ] Eurc hending for cracks of {alr,yup lo 0.
. Exterdal circumferential crack in axrold of radiusir,. Figued 9. 9d, ¢, and £, sulijeated o

the following:
« Tensile lopd &7 causing g pet- lcnsllc stress O = Phrds hence,
custle il

cor=Y% |70, 's[ )wavﬁ(ﬁ-]
N —rﬂl i

2

k| N ]
—'0:363[3) 40.73:[5-] ]
T 7,

« Pare hending moment M causing a net stress o = dM/r; henee,
b E.




I e

Applications 1o Fraclure Mechanics 579

in Figure 9.7¢ wihich iadicates a smaller. UCF facter for, biaxiul tensile. loading us
eampared o winyial loading. "

\/9,6.3 Puates Uniber BENDING

a. Pure bending fof o eracked plate of depfh 'rV,'.E-ig_urc 9.Bas:

pSE—— e - .

e
0923+0 I‘J‘)( ~qm—]

C(ﬁ‘.[“z'(m—iwj‘ (:’“' )J L
' a2 : . (MJ
COS[
W,

b Three-point bending for & cracked plage of LAY = 2, Figure 9 gor:
T RN

COF = fla/ W} = [l 107 - 21“( ]+?7t[ :,:) -mfo(::) + 14, 7(1‘;}‘]

: P
% M , l
™ 3 o
IV ED I Y I
py2 | ,L-?h}‘ [ { P/2
a} Pure banding B} inred—poial bending

FIGURE ©.8  Crachad Dbars under bending: (a‘l pure b‘enci“mg, (b} three-point bending.

{‘J-.G.d Cireustat Roos AND Tuqmq

a. Ceniral eirculacirack in a cylindrical basiof radius r,.. Figure 990, b, and 2% subjected
Ler thie foliow vm& 7 .

+ “Tensile load P causitig 4 net average: :.m(-rs:cr_ P/n(rj_—« cj_ﬁ)’:m

phwmensameeee

s a1 |
5(%‘) + 0421 S _ - y‘?}‘;‘u
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Applications to Fracture Mechdnics 877

whare {3 = ¢ - 0.212 (&/Y)Y), ¥ bcmg the yield strenptin The parameter ¢ mny b
determined from Figure 9:0g or uging the- dpproximaie cxpression®

n on ?
et
¢ 3 2(25‘)

86,2 Lracks EMANATING EROM Circuiar Hotes i INmINTTE PLates

a. Aosingle ceack or adouble crack-t a circular hole of radius rpin the middls of an infinite
plate, Figure 9.7¢ Taand b rcspcctwcly“ ~

. 12 ’
COF = (f‘; + é') " for agingle éragk > 0, l:Zf',

A b2
) .
atd CCTF = (.,L + IJ “for nsymneftic doubie cracka > O.12r,
o) i

‘These are approximate CCFs, where @igthe crick length mensured from the edge of
the Dot having a radivs r.- The stress o i Exprcsstun 9.15 designates the rémote lcﬂstlc
atress perpendieular fo the. crick, NOE thai; for. very small eracks (adr, -+ 0) in an cxuet
. solution (he CCU = fa/lr) — 37 i, ihree times that for a normat centrdl ceack ay
BN c\pcctcd from siress coneenlialion qrouﬁd ‘cirentar hales.
Two cracks each oflenpth @ at a cirenlnt hole of radius r, in 8 plate of finite widih,
Figare 9.70'%: Hore CCF I8 determicd from Figure 9.7¢, noting that the tofal ¢rack fength & ST
incliges Me hole diameter, . (g
¢, A carper (nonthrough) crack at holgs I‘rguch Tl A -approximaie solution considers
the il az  part of an ¢liplical :."uridcu‘ﬂnw of & ratio 2'f2e = a/{2 ﬁ?‘f‘ ). The misimum
strexs intensity Faclor oceurs af point A with CCF as:

. ; . y
N v2] a5y
= JeRcay 3 N W.,..',}.TA
: 16757

whore 4 is definad hy F:gurc .6, Gxpregsigh 9,15 1s ised in gonjuncticn with a-crack el ’,,')
) ic-\p[h a. o rET Y
TN s;nglq r-u]ml crac‘k adty hu]r:. uf:

3

f’lclor is mmu,d (}nly by 1hc crﬂck pcning stress e iiowcvcn fur a :.md\ mmnamm
ad-the, hu]s {s known 1o be dcpcndcnt on the
s prowoubly Tound in Section 634, for an
cihe- stress conceniiation. fnctor -ot-the «dge nf
oF W ithiasinl stiess dysfeny. This fact is feflected

FenGIEe SITess ﬁeld' untaxnai or Biakin
cquibiaxial stress system {qj = G,
hole is only 2 sompated toa value df

*The depﬁanunN ol {Janihe mtio of the suess opening the crack to lhe yield <Irtn"!.h of material resuhs feom conslderation
“of plasticity at the erack fip. The abave CCF has to he muitiplied by 2 coreetion M), necounting Tor the proxintity of the
froe surfove in ﬁuo: or e w\cl' dcpcndfm en ah'r Vroc sh')" v crackr, by mfh s und af2e =% 053 M, = 1 However,
’ vek; 4 pp 904,

the cruck tip is- cou*ldeud a transverse stross loading
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Applications to Fracture Mechanics 575

nse of stress {unciions. of complex variables, This analytical, methiud, sulves only relatively simple
geometrics of ceacked bodies: Other Approximate mcthc)d‘; are used- ﬁ)r comphcmcd geontelrivs,

The resulls of such methods are preseated eithicr graphically of algebraically fu the form of
palynofmials. Below are’ pnlynomml oxpnssmns and grnpmcprGSL:\tﬂtxonq for some-of the mast
common configucations. T all cases wimast careiust be taken i de [‘mng the stress uppearing in
Tiquation 9.15 as’ the tne assogiuted fith 1he graphical or il{,ubr’uc ::1!‘01111‘11!0n used to-detcrinine
ihe CCF.

B.GJ Praves Unoer Tissice LoaBING I

a. Crack of length 2a; in lhc middle of aninfinite pla{e, Fl;'luc 9, 6n

CCF:ﬂa!W) =4
I Crack uf length 2a tn a plate of Gaite teidth W, Figure 9.601%

B e e
CCF {ﬂ,‘W} [— HRW} fnr a,"W"OZS
Ao

; u,am,, {1

! ! ;
e . w -

or = Ise e far &W204 . P
V% ”

g Double edge-cracks, cach of lengih a, in-aplate of finif width W, Figure 3/6ct:
e —

. o e \
CCF = f( i) = [lﬂ%mn(ﬁi}ho—?gqm(ﬂf)] e, {*“. _ (

na

or [1 IZ+O43( )—4 79{-—) 15. 4ﬁ ] :];{E;Uf ,r'z,{'ii’!.‘:r t.7)

CCE = ffafW) = [i 12 -0, ZS[W)HO 6( ) Mzn({:-): -+330.4[‘-&7)41

for mfV <07 “P [ ST tCLF: {42
w
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e A cirgular intetnal cenck of rudivs o (pcnny»‘;hapcd crack) unbcddf:d in an mﬁm{e solid,
Fi ipure 0.6e%

CCR 2/ -

=

. SemieHiptical §\'1'ift§:':czi‘ﬂm§t of ¥ngth 750 it 2ein i@ plate, Figure 9,604

ser=

wheeey

Q ¢ L o 2|2 LO‘) E Y, 3;5[(,( S‘t{cngfh

2
3 .
@:2 gﬂ ﬂ (\ 2({)



5.6 STRESS INTENSITY FACTORS FOR VARIOUS
. CONFIGURATIONS

By vongidering the stress dl&[ﬂh\lll(m in the' wcmuy of the tip of a erack in the middie of a targe

pintc suhjeaied o .a remote tensile stress; Relation 9,14 has been derived, namely,
R’y o= d-Jr_ e 5K, O

Ohvigusly, Relation’9, M gives the.stresy, xntunsny-f tas'a funciion of the applisd siress & and
the crack size 2a for the parucuhr yvcn ph!e gcemeiry of Figure 94, A fracture oriterion more
general than Relatidn 9,14 may be: wnlwn as

K=o €or s K, (9.15)

where "CCF ™ iy o confipyuration edirection ﬁcror dcpcndmg on the fonding and geometry of the
¢ r.mkum For instonce, for-a.centrally eenckisdfiiite plate. loaded Tn tension-as i Figure 9.6h,
GCF= = flafW).dépends on thewalio ¢ A f-[edith a 1o the width' T8 Far MCT
~j(m‘W) =371 g iy beseen from Fqunsmn 9; 14 of: st mﬁmtc]y wxdc p].sm of I"Jgurc: 8.6a.

Fof gepméldes and Innd T i

theorerical amdexperimental-me

* ihrx: .m’ludc hnundmy clfoc
prcnmc.nla[ lm:hmquw; suciz asphalod

1 ticity afdl ;ulc_ x.rnmctq- amlalm uscd



