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Vi_l •• tic _terial. haWl their _c:blm1cal properties a1'fected by
aJ.crocraclc1D8.A cont.J.ma-.a-ce -.del i8 proposed to ~ tbe
behavior of the _\Atrial Uld "applied lor the lracture analyal8. It 1.
CODS1deredthat tbe ~ F"GfS •••• the ctaaace ill a point ~ a
critical val_.

Material. v1scoel6.st.lcos U. suu propr1ec1ades..ek1cas dearaelsdesdev1clo
•. a1croClssuraf;Ao.Mat. sendo, picp6e lie ~ -.telo de daDoCOl1t1nuopara
representar 0 COIIpQr~to do _t.edal e apllca-se este •••••10 para
analise de fraturas. Coas1dero.••• que haja JII'O~ cia tr1Dca quaDdD0
daDo_ \IIIpolito atlD8'l' \III_lor cri Uco.

In thla paper we .tudy the cracIt propapUOIl probl•• for 0 .terial "'-
global behavior is 11J»arly viscoelastic; the subject has great 1nt••.••t
1n the 1nt-.rlty analysis o£ stnIctur_ aade of _ter1als as pol~rs Uld
concrete.

The 11lerature __ Uable _ the subject 1s scant and _U-.
contra<l1ctory, but froa the class1c theoreUcal aDdexper1_tal st.ud1es
of I:nauss (5) aDdSChapery(8) lie can learn:

1. A cracked solld of linear viscoelastic •• lerlal has a cri Ucal stress
rr. under instantaneous l_d11llr that 15 deterained _ing 1t.s iutant_
elasUcHy !IOdulus aDd the equaU_ of lDlC (llnear el.sUc fracture
•• chan1cs). For a susta1Ded stress ••ern. we viII ba_ a delayed fractwoe;
the tl_ delay depellds _ the creep COIIPllaaceof the _ter1a!. Usually a
stress tNd ex1sts , sucll that for ••<tftd DOfracture occurs 1D a f1D1te
tl ••..

2. III order t.o !IOdel theoreUcally this behavior it is necessary to
post.ulate the existeDee of a process ZOllO at the Up of the crack of
Inl Ual lellBth a. The .ter1al behav10r In this _ 1s ••• woed a.
strOll8ly DOlllinear but other ways _pac1fied; the n1Pture CODd1tIOl11s
gIven 1ndist1nctly by stress, stralD or energy ll.lt criter1a. OlD thla
set Una. UlI1ngseveral sillpllfyinc hypotheses and a spec1al vlacoe!a.Uc
lav, 5cbapery IS! obtaiDed a relaUODbet_ the propqaUCIDspeed a aad
the acUng stress lnt_i ty factor r; .



It -.dd be -Cui tGhave Ul equ1_lent -.leI _nab1. to _rlca1 U.•.
(lnlte el_tal -.lysIs. TheIl tie cou1.cl.odel arbitrary pOMtrlcal,
1c.d1.naaad aupport COIIdltlonsaad rNI Ylscoelastlc relatlOll&. 110sucb
:procedure bas ~t beeD ae-1opM.

£x:per~ntal obMnatl_ tell or lnt_ alcrocracll:lDcat crack tlp, aad
thus a atraaaly ~1DeaT viscoea..tlc behavior, that c.D be resr-ted
_1118 CGDU_ Duqe IIecbma1csUll. (12J. For thi. _. it ls
propo-.l a foraalatl_ developed by S&ra1". • Cr_ (7) that lXMIp1_
vi_lastlc1ty with cmlt~ •••••• ..cMDlca.

nu.8Dde1 _ ~rporated lato a f"lnlte .1_t ~ for "i_la.Uc
_lyals •• frw:ture (6) &lid _ral aup1_ 1Mre ~)'Z*1. [luap
.-laU_ at u.. crack tip 1s oNer-.I aad u.. ~1.na .t,....
reclilrtrlbuU-. ••• ••••• ~ u.. crltlcal _1_ at a chen
lnteFaU_ polat. u.. crack JII"OPIIIIIltea,-.y, to Ua1s 1.Dtepatl_ point.
At..aa u_ ln~. a J 1Jrtecraldetera1Jlatl_ -W be perfor.K. Wben
the critical _1_ J 1. at tal... Ul .1astlc )lI"Clpaptl_ CllIDlIlU_
sbau1d be ...-c:ted.

vbere c is U. total .uala. rfJ t.be elastic ~, q the Viscoelastic
,..eudo-st~ e • a Ylscoelastlc poleDtlal, functlOll of viscoelastic
.ualD c". q 1. el- by:

r • :: • c" : C - q • c" : (c - c")

.,. .JJ)-a .,..,
C • ir • (l,; : r + c • C + C

lbe a-. 1. ~ to be l_lroplc aad lo 80dlfy GIlly .1•• t1c
_lerl.l praperU_. Bel-aMoltz•• Bel.tMlltzCOIIpl_tary _rei_ are
el- by:



C1 - 4) -II + C1 - 4) • ~ •t • --r C \;: C - C1 - d) q : £ ---z- £ : \;-: C

where 4 is the d•.•.••e var1able. Froa both expressions we
the viscoelastic stress-strain relatlOQShlp:

at 1 0)-1 •
C • ",. • n-=crr (C :cr + C

lhe relation obtained 1ISl1l1Reillholtz energy resulted the _ as the _
obtained using Heillholtz coapleaentary energy, sbov1nc tbe consistency of
the foraulatlOD.

Introduc1ng equations (8) and (9) Into general viscoelastic relatiOD Ill.
ve obtain:

t

cr(T) • (1 - d) cD: c(t) + (1 - dl I 8E~.TI C(T) ~ (11)
TO

where D(t.T) and E(t.Tl are the cr_p and relaxati_ functioos.
respectively.

For the finite eleaents forllUlattoo we use. as usual. tbe virtual wort
principle and the Interpolation relations:

where u is the dlsplaee.ent vector inside tbe elesent,
dlsplaceaent vector and N Is the shape functions
straln-d1splaceaent relatiOn we also have:

u· 15 tbe Dadal
aatrlx. Fr.. tbe



where .,. is the vector of met_I loads. The Du.erlcal solution of the
1ntelral equation above i. sl.pUClec:l us1nl a state variable approach [t 1.
AltboU8b the 1nclus1011 of cta.uae lDtroduces IlOnl1nearity in the
v1scoelastic relat1onsh1p. the _1 1Dcr_tal IIOlution 18 use<! as a
f'1rst approacIL AD1teraU". procedure could be used to control _r1cal
error.

IWoMGE EVa..UTIClN LAW

The ~ evollltl_ law 1. def'1DIIcl•• 1101:

where < > are the McAuleybraclteta (<x> • (x + Ixl ).12) 1s used. so that
the ~ is asllOC1atedto ~lon stra1Da.

1Ibere I 1. tile claaaae function aDdr .is the ••••• para.eter. el ven by:

r~ • aax {ro' -ax c (5)}
•• (-8. tJ ••

The ea-ce potent1&J used in thi. _rk 1. that proposed by EacbaDov(3) to
creep --..:

C(C ••• eI) • A [ U c:" ell r
For _ral .tr __ train relaU~ps. J-lateval 1s used as a cr1tical
par_tv aDdevaluated as:

where r is an arbitrary contour wbosebee1Da1. aDdeDd layover the crack
{aees aDd{oll_ • counlercloc:llville_. D1 is tbe ~Qt 1n the Xl



There are cUrect ralaUaos bet_n J ud the CJtJ" •• s int_lty factor It 1n
the linear elasUc case or tbe crack openimedisplace_nt (CDD) 1n the
general case. J approach 1s used for approxlaate analys1s of
viscoelastic aaterials 191.

Tbe J 1ntearal 1s _anlngful oaly for l1uar and _linear elasUc
aater1als. For otber stress-str~ laws. its use ls restrIcted to
8Onotonlcally increasins loads.

Crack growth is predicted vhen J reac:bes a critical value Jc.
characteristic 0{ the _ter1al. A crack propagati_ study can be perfoned
displac1ns the contour r wbenever a rupture at the crack Up occurs.
Incnasins the crack lenath. For a f'1nJte ele_nt analysis of this kind 0{
problea. it i. nece~ aD algorltha for _sb redeC1Aitlon1Aorder to
follow the crack grovth. A worlt on this -.bJect vas present.ed for tbe
linear case by lnaralf_ at alo 121.

In the present paper. wedevelop a sillpler _tbod that uses _ly Conti_
DaaageMechanIcs.As the cracked body 15 lIDdeledby a finite eleaent _sh.
locallzed fallure occurs at the points under 101gbstress and straIn
levels. salnly at tbe crack Up. due to tbe claaa.geprClCeSS.

The daaaae variable d is evaluated at the ea.- polDts 0{ f1D.1te el_t.
and it Is considered that rupture occurs wbend r-a- tbe cr1tical val_
der. characterIstIc of the sater1al. In these polats. a residual st1Cf••••s
Is preserved in order to avoid D.-rical slD4(Ularltla 1A the sUCfness
satrlx.

We consider a Ct!nter-cracked plate under tractl-. tlbD.e ..-try 's
shownin Figure 2. All the paruaeters used are bypotbetlcal. •• I» _it.
systea is indicated..
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(;(t) • 50000 + 50000 .-u.
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wba'e ••. 1a the cr1tlcal ".1_ for ~. \Ibm u 1Jlt•••.• tlOll po1Jlt
~ ••. a res1dual aUfflleSs ~ to 5X (1 - d - 0.05).

WeCODS1deran applied load of 400 units and taU •• 8dvantage of ~try
we a:lde1eda quarter plate uslnc 8-nodes lsopar_tric ele_nta for pl_
atreu. llle -.b baa 119 .1_t5 and 406 DOdes.41-. the fracture 11ne
there exist 12 ~ el_ts of O. 5 IID1ts aide l-.th- The tl_ interval
-.d _ 0.25 aDdthe Gauu IntearatlOD order 2x2.

CracIt Jln'PllPtlODbepa at t-5; F"1FA 3(a) IIhawsa vaPhlc of the cnct
lenatb variaHODa v1th t1_; fLllure v1t1aCOIIp1etedlvla1_ of the body



occurs at t-6.2S. Crack propagation velocity ~ vas deteraloed by
interpolaUllI a fifth order polynesial on the data of F'tsure 3(a) aM
dirrerenUaUllI thh polyn_la1. 'lbe result h lIven in Flsure 3(b).
moving increas1na velocity, as expected for this type of apeci-.
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'lbe results obtained sees to vaUdate the proposed aetbod for the
description of crack growth and propagatIon in viscoelastic Dedia.

eo..putationally. the aetbod is relatively sUaple. since no aesb
redefinition or any special procedure to fInd crack propagatIon direction
are required. BesIdes, this aetbocl allows the anaiysis of cycllc",l loads,
1nstead of J lote.ral. which 15 aeanlnaful just for sonotOD1cally
increasing loads.

Researches in the sen_ of eYaluaUna the Inf"luenceof the aesh and the
Uae step over the c:onver.ence process are ne~ry. Prel1alnary teats
show that probless say occur when coarse aeshes or too great ti_
Intervals are esployed.

Probably. the inclusion of an lncrellental-I terative solution algori tha
wIll Isprove the process convergence and decrease the Influence of the
tiae interval.
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