
AD-ADAO 315 TEXAS A AND M UNIV COLLEGE STATION DEPT OF MATHEMATICS PIG 20/11
ANNUAL SCIENTIFIC REPORT, 1 APRIL 1980 THRU 31 MARCH 1981,(U)
MAR 81 J A WALTON .AFOSR-77-329 0

UNCLASSIFIED AFOSR TR 81 0492 NL 2 1EEEEElllr:



ZKAFOSR -TRv 81-0 49 2

ANNUAXL SCI! '4111IC KI PORI

Of Work Corn l)Lted di.ring the grant ),czr

~- -~4-1-80 to 3-31-81

F-i un der

Prepared by

Jay~ R. Waiiten

Departmntl of iMatlIemnat P's

1'ex~i, A&M Un Ivers it
:i oeStuit en , lecxas 77843



This report is a summary of work completed by the principal investi-

gator, Jay R. Walton, under AFOSRAN :i-77-3290 for the year 4-1-80

through 3-31-81- Four separate problems wert. studied. The following

sections A), 13), C) and D) contain a discussion of t'e progress made on,

each problem.

A) in collaboration with Prof. A. Nachman and 'rof. J. Tweed of

Old Dominion University, the investigation of energy release rate calcu-

lations for interface edge cracks was continued. An earlier paper by

Nachman and Walton ("Energy release rate calculation.i for interface edge

cracks based on a conservation integral," Int. J. Solids Structures,

Vol. 16, 1980, pp. 695-699) addressed a mixed Mode I (opening mode) and

Mode f[ (in plante shearing mode) elistic intcrface edge fracture. ''he,

latest work was for a Mode 111 (anti-plane shearin , node) de !(,riqation

as might arise in the torsion of two we]dt,d rods. ;pecif C a 1 lv , tilt

M-conservation in tegra) is qappl ed to the ca .2ulatj i o energy reulIease

rates for an edge c rick ;lol ion tile i Let Lice beLw'eel "wO las t wedges

of different open mil'. gl,, and dissirnilr elastic properties, Ind that is

4ubjected to point 2,oads at tle L'aeX. A relation i.,i derived ;moig tile

en gth of the C17k , tc (e eL.rgy release rC o o f t r i C ,e a pp icL

loads, tilt wedge all.,'; and the material, proper-ties. lhi.; work is,

cant ailed in the piper "'Erv Re)lc.se Rate C,tcuiat ion,; for ,an inter; are

Mode 111 .die Crack BaIsed 00 a Cl,;;cQl'v,lt Io nte ra h'' ici i:'s to appear

in the 1:it. J. l'igng . Sci..

As part of a col lahorat ive r(,searnC effort with Pr. .A. Schaporv

, the departient s of Aero,pace and (Civi L Eninecri ig, 'lTxa. A&M Uni, er-

/
Ss4¢ ieth, study of the dynamic frac urc 4 1 inearlv vis-otc], iic material

AIR FORCE " .,Cl .1 OF SCIENTIFIC RESEARCH (AYSO)

NOTICE Or TE,%'' ,MrjTAL TO DD.
.... 7 ,." < '/ ThiS t.nrl r.' v' b.L; eejn roviewed and i,

C , 3 /approved for ptil, r, let. IAW AFR 190-12 (7b

Distribution 13 uili ited.

//A. D. BLOS
A,",4- 0 F d('e ic -nr,'rr- --- o f--..er



was continued. The principal investigator cons idered three separate

dynaimic crack p rob [ems as described iii ;e t (r 1s ) , C) and D)b Ilow.

B) An- analysisa of. the ainti-plane straiii p rob I m of a Stecadily

propagat Ing, semi-infinite c rack inl11 anfl mi to I intlar vi scok ast iic bodV

wh ich is s ubj ec ted to a d stL ri butL inni o I shea r I lig L ra L ionls nlov i ng w it It

the crack was Comp I tOLLd. iS 15wo)rk is con t aiined ill t-i .paped)Or "Oil the

steady state p ropagat ion oft all anti l-jainc shear c rac:K il1 al 11112 lilt

general linearly viscoelastic body," which is to appkoar in thle Quart.

Appi. Math. A description of the results is containd in the abstract

from thle paper which is atinened to this report.

C) A~n analysis was comipleted of the dyniamic Mcde III crack problem

for a laver of ti-li te tiickneSS analogouJLs to that desc ribed in sectionl

B) for as: iut illite loody. A ci used !*o raI 0 :{j)re 55 101I to r tile st rMss il I

f itv fator Was IS b)ta IineIUd fo r Von*'' gone cI V L;CO la St i C ';heCa I-MOduIllusVI

Ill Cso1 i i on andI( iii li Ly si s a Ire v, r y nuch tmoIIni)recc on iiij I s !t ed f or a Ila-\'e F t i1anI

foi- an i i i LL to ody , but Lhle Rit-MaIZI11-11 ii beIrt Met nuil til~ 'waS c-ilijI lvd

y ic I ds at formn 1or t he St r e 55 itIi Ltls t t ' a c to i that i I I n t os the k.;11VCI111-

billod ef fec ts of mna to i i ncr t a anid b)ounudary jute C. Itions. Tii

-dil Ii ppear ill al 1)ajer tiut i ;S oon00 Lti 1)c wri ttenl anl( !1llI1i t d for7

D)) ,t sili.',' WOS! llt 11.1 ci of the ,t eady-stat e dIynium~ e ohdt I

(openitir mode ) crack-- potb c rl [n tot init, Ienra I mI 'Ir 1 V V i SCO'

la s tic C N dY 11 AI Io 0,us t-0 LtIe Mode I I I prool (211 d( Lc bcd inl Si c t ionl B)

hTw Mode I Iflodtl i.1-1 n111)1 111j)0 1taulLt .0 ~ lip) Ip ical-tll., t hill til.

MMLol Ii I I, bUt ill t II'dUi'SS igni f i at addi LLnlll. 11LL.-teIML 1.011 Colnup i'It ionls.

'i l.L resu I its oh I a ine Lt(1I.) dLIe Onl tllis rob lem are i rk I1111 i nary I ;iiit--

P)Jt hei ad 11011CC Wi It 110it be dleseribed leo.



ON THE STEADY STATE PROPAGATION OF AN ANTI-PLANE SHEAR CRACK

IN AN INFINITE GENERAL LINEARLY VISCOELASTIC BODY

Abs t ract

The steady state propagation of a semi-infinitL anti-plane shear

crack is considered for a general infinite homogeneous and isotro.ic

linearly viscoelastic body. Inertial terms are retained and the only

restrictions placed on the shear modulus are that it be positive, continu-

ous, decreasing and convex. For a given integrable distribution of

shearing fractions travelling with the crack, a simple closed form solu-

tion is obtained for the stress intensity factor and for the entire

stress I ld ahead of and in the plane of the advancing crack. As was

observed previously for the standard linear solid, the separate considera-

tions of two distinct cases, defined by param:eters C and c*, arises

naturally il the . Specifically, c and denote the elastic

shear wave speeds corresponding to zero and infinite time, and the two

* )c*
cases are 1) 0 < v - c and 2) c < v < c, where v is the speed of

propagation of the crack. For case 1) it is shown that the stress field

is the same as in the corresponding elastic problem and is hence indepen-

dent of v and all material properties. Whereas, for case 2) the stress

fie-ld depends on both v and material properties. This depuIdeance is

;hown to be of a very elementary form even for a go teral visc olasti:

shlear ilodld is.
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