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ECGUIVALENT DHOMAIN INTEGRAL
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SLUMMARY

For maced - mode fraciure problems in three - dimensicns solids, the general Sormularon of the
equralent domsn mlegal (EIM) method iz peesented. The tedel - intepral & split into 4 .y arid
o foe the thres modes of deformation. The method can be wssd as 2 post - processing sulsouting: m
1 BAPLL inear slasic finiee clenent program,

LAINTRODUCTION

I practical cases, cracks in stucthires hase artnlrary thres - dimensianal shapes amd the crack
Faces mey be non - planar. The acual trend 15 10 caloulate Factiure mechasic parameters as a theee
dimengional proldem. Besides, for praciical mived - mode fctune prollers the decompasition into
Uiz b pure mipdes i3 po e ez ask T finite dement analyses different numcrics) v hriues
hawe hesn deseloped. Twe of them: the viral crack extormen (VOE] mathod and the o - isteural
methed 2an he applied 1o bodh inear and con-hosas problans. When there is noc fvsilible an
analylical solution. r B geneely recopnised that enefen: methods of  frachene PArAMEIETS
calculatan have 2 hsgher rate of convergence o the hypalhebel exact solisan. This is why Ui
VUE method, [1 - 4], is cxtensively used The o - miosial method is very anmetive, partcoulaty fis
nan-lezar materinl pooblems For own - dimangions] (2 - Iby problems, several crack np migrals,
15 -B]. were developed ad calculaed a5 the s &0 8 remote fine intearnl 80d an wes indepral
araund rhe erack np. For thres - dmensigesd (3 - D) problems, the .7 - innezial @ e sum of a
remoes suface miegral and 3 valine mlegral armund the crack front The evaluatan of aorfice
stcarals which cluds sinaular s s unfriendhy in fimite et (FE) analyus

An nepuciant srepy was ke when de Doessai [90] invoduoed the 3 - fimnchon cancepr 12
defing the virual crack estersigs w3 - I cracked solids Afioraards, the J - miegral farmalation hos
been medified inte a domzn siepral forme The surfac: silegmals for 5 - 0 problems can be
rarsloemed o milegzals over a dacgin o wolume, and the method was named the equinnaion
alvamerien snigpeend TRISU wosthinel TU0 1] Thos metbeed 15 reasesl, | 121 ard applied 1o msed - wsoe
liacture prohlens. Tre dnea sl decomposinan methods are used 10 separate Be modes, 01 s s
presented a genaal fwmulation of the EDF methad for the cabolanian of the - miegral  under
misel - mede lasding condiniors :

"2 THE EQUIVALENT DORMAIM INTEGRAL [15]

I 5 - D ernek probbome, the crack froat foome 2l smgulanity and the srengrh of the spulanty
may b warying all aloog the cack Font A a peist of the coack lion the paity independence 1 walid
iy rver 3 sonall vegiom, dies 10 sieesive singular feids of oephbom g pomis on te crack from

A small b of radis & 5 considenad around a segmens of crack front of length A as in figare 15



al ghe limit, A amd &0 A tends oo zern Th crack freed intepral, over the sarface A 15 defined as
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In equarion (1), W s the siress - work density, oy o e stiess wensor, w1 the displacemen
wectar, znd wy iE the E-th dircetonal component of the ural narmal vector an the closed sisrfice
A Theindices ¢ and ¢ otake the valisss 1 7 gnd 3, Bnd & lakes the values | and T The ool
vilue o, is the coral energy flus deaving the closed surface 4 per unn crack froat length in the
k-t direcrion. Axgs s, and v, arc e the crack plane and are normal, respectively tangenbal b the
cracki frand, while 55 15 normal 16 the cack plane.
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In equarion (21, 4, and A_ are creas sectional areas of the fube s () and (0 The subsciips
of and. e cepresent dop and bostane crack surfaces The gl steant lonsan iy inclides. elastsc,
plasic, 2nd thermal companents: Far Sinear ¢lasbs problems, W |--;.J £ .I" T T cadoulase srresss

from serasns. 1he appropriabe consriiative ielatons {Eutrapic or aniscarogc ) ol be used  ThaneGg,
vyuaiien (23 may b apphaed 5o general problers,

Ina k- [ eracked soled, the three fraciare modes ane: apeing {mode 1), sheanng dmede 10 and
reanag Desede W The comesponitmy three modes of the 5 - integral are &, 2% and iy
spEticas 1 or (23 4 amd S represent the total o - mtegral |G 4 S i | 2nd the preduc
gl |. 31.'II| Kl vespectively [8.01 12 Sirnze he meaning of Sy, ieegrel s not clear far
crack problers, o = not defined by tie previns equations The made 11 intezral is sepaiatcly
rlefined s, [13]
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Theindiceso andy tskevalies. |l 2 and 2 Eguatons -2 and. 5 could inrsadiss erors due o

memerical integraton of anglar e The ealastion of the surface intenrsl & ransfiomed o an
equiivaleast doman integral

16 2 wiriusl crack exormion of a crack front is made, s sekelray Bul costinuss fisngtion
Mg o edis introduoed (11, F2 | 15] that ks the property 300, o 50— 0 on he seilaee A
and Wrp w0 M) oo e s liee A, [lsing the 5 - feton of resulls

1, sin, - Jusaas | osdas ] gsdaa-losda 0%

TR Foap "

I sae, - Jo.saa | o.maas | 0 sda- i sda 1
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As the pormidazed length A ofthe crack frong s small fhm A o0, ..I'__I 1% sl L b constandt

ower & oand equanioes (2) snd %) may be rewritean

1-r=)osde | 0sda+ | 0sda Josda {1}
1, f-lo,sea- | 0,544 | ©,54a-]0, 504 [
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whers f- _r&i[::l:lrl:-, : (12

The parameler f o equrvalént 1o the new grack surface: area crearal by imnstting the crack fron by
e n the r, - dirscrigs, By seleciag the 5 - funchion ssch thar 1t bus zema vl al ben end
surfaces (€2, and C-) af the fubes A, aqd 4 and nomzers hetaeen thess s ol fares, the second
surface inresrals in equations {103 and 111 become identically s

Hence, J, and Sy are exprossed as the sum of damain and crack surbece ideprals as follows
ooeelr A i, 1) o

-I|.1'r- ':hfﬁ:'.-_"’“u {I . I:'j-ﬂ_l

Fomrk G

Using Green's diveruence theorem. the ciosed surface inteprals are carsfonmed, afier e aluekran:
caliulztions, wsio domain meesrals

i
In the previnis relabons, dhe equahons of eguibbriny —= =0 and 1he small deformatan srein -
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nczral e couacions ¢ 18] and {173 are ol A 7eag fion a linear clesne maremal Thgse perms 20 ol
Fevon elisie - plastic and thermal (eolberms

tsalecenienl refarionslips  ©

The erach - Caees inteurals are

T = | osaas | osias fosas (18]
TR [EXE RN ra, A, AT,
Rl
Do fl o=V 05da- | 0saas Jo.sa {19
Wl T, i, fa bty

When (2 and (2 g zero an the crack faces, dhe indegrals o cyuacars {18 | and (18) vanish, On
e crack faces, o ard s are alwsw wero, while s =1 anthe lop face iedand  ws= 1 an the

borioan e ). Fos tractian lve crack faces the tem [, | and L4, ) L vanigh In
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cardrmal. e ferm |'_.r1_:| . 15 o lenper pero. The {..f,::l 15 o0 only, For pure mode - [

uml o=

crack problems ar fer 2 singular stress field alone

In imzexd - mode preblems, en arder 10 sepacars the thrse medes of deformeton e ofeecy and

el e Mgkt mey b vl They are desenbed in deganl in 115].
The N FancEie s & asbalvary Bol cadimuses Fursction with zern vabae on the surface & ard

the ends of ihe tubs (A, amd A D ard noneer walue {vargsnp hetween zern and ane] on the

surface A {see feune 1L O the tube e Ao e 5 - functios is 8 funcian of ealy v 2nd has g
value of nne 2 the kication where the & meesral o oregunsd. The & - funcions are defined by
sty the values of 5 ot the nodes of an eight - neded or 20 - soded moparamelne dément and
iing the lement shape fimeions. The valee of § - cquanon {12] - depend anly on the vamstion of
the % - functinn in the x directan

I COMCLUDING COMMENT

T eguvsbent domain witepgal merhed is 8 poserfizl procedure 0 analyzmg 4 - T erack
profalems W starbed Ticim b e than this sacibad can he wed as o pos - procesang sulaoutine =
2 gemeral firule elememl program. Thereforc, For the bepinnies, s Binear assie mogram was chosen
33 heimp, the SAPLY  prowram implemented an POs [ gomlains the 20 - noded isopammestric
cdernent 1ha hias s be the starting paine farche 3 - [ miged - made - mtegnal i Elian

e b nummencal post - progessang procedure wag andenstoad and connected o e
pragram. The apphcations of thas method wall be presented slamadin
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