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  1.705 Tw( resulting) Tj2.594 Tw( integral) Tj2.217 Tw( equations) Tj2.507 Tw( are) Tj1.268 Tw( solved) Tj2.391 Tw( in) Tj-0.867 Tw124 Tz( a ) Tj1 0 0 1 187.920 570.480 Tm0 Tw99 Tz(numerical) Tj0.528 Tw( fashion) Tj3.245 Tw( to) Tj0.445 Tw( evaluate) Tj1.925 Tw( the) Tj0.328 Tw( stress) Tj1.733 Tw( intensity) Tj0.946 Tw( factor) Tj1.704 Tw( at) Tj0.930 Tw( the) Tj0.570 Tw( boundary) Tj1.798 Tw( of) Tj0.445 Tw( the) Tj1.357 Tw( penny-) Tj1 0 0 1 187.920 560.640 Tm0 Tw(shaped) Tj2.556 Tw( crack.) Tj2.905 Tw( The) Tj1.705 Tw( numerical) Tj3.437 Tw( results) Tj1.626 Tw( presented) Tj2.910 Tw124 Tz( in) Tj-0.353 Tw99 Tz( the) Tj0.813 Tw( paper) Tj3.662 Tw( illustrate) Tj2.818 Tw( the) Tj2.127 Tw( influence ) Tj1 0 0 1 188.160 550.800 Tm0 Tw(of) Tj1.899 Tw( the) Tj2.267 Tw( elasticity) Tj3.069 Tw( mismatch) Tj3.495 Tw( between) Tj3.166 Tw( the) Tj0.570 Tw( fiber) Tj3.537 Tw( and) Tj2.674 Tw( the) Tj2.025 Tw( matrix) Tj1.827 Tw124 Tz( on) Tj-0.605 Tw( the) Tj2.114 Tw99 Tz( stress) Tj3.520 Tw( intensity ) Tj1 0 0 1 186.480 540.960 Tm0 Tw(factor) Tj3.158 Tw( at) Tj1.172 Tw( the) Tj1.055 Tw( crack-tip) Tj2.593 Tw( located) Tj2.042 Tw( in) Tj0.687 Tw( the) Tj1.055 Tw( matrix.) Tj2.304 Tw( The) Tj0.977 Tw( numerical) Tj2.952 Tw( results) Tj1.383 Tw( are) Tj0.298 Tw( presented) Tj3.505 Tw( for ) Tj1 0 0 1 188.160 531.120 Tm0 Tw(typical) Tj3.178 Tw( fiber-reinforced composites) Tj3.572 Tw( consisting) Tj2.477 Tw124 Tz( of) Tj0.132 Tw99 Tz( epoxy) Tj2.217 Tw( and) Tj2.432 Tw( ceramic) Tj2.701 Tw( matrices) Tj3.382 Tw( rein) Tj1 0 0 1 186.480 521.280 Tm0 Tw(forced) Tj3.361 Tw( with) Tj1.637 Tw( silicon,) Tj2.285 Tw( glass,) Tj1.966 Tw( and) Tj1.705 Tw( kevlar) Tj2.530 Tw( fibers. ) TjETBT1 0 0 1 20.400 471.840 Tm0 Tw/F2 9 Tf0.618 Tc(Introductio) Tj0 Tc(n ) TjETBT1 0 0 1 29.280 457.920 Tm/F0 9 Tf0.222 Tc(Th) Tj0 Tc(e) Tj0.638 Tw0.127 Tc( interactio) Tj0 Tc(n) Tj1.508 Tw-0.127 Tc( o) Tj0 Tc(f) Tj0.420 Tw0.142 Tc( crack) Tj0 Tc(s) Tj0.984 Tw-0.021 Tc( an) Tj0 Tc(d) Tj0.907 Tw-0.111 Tc( fiber) Tj0 Tc(s) Tj1.291 Tw0.036 Tc( i) Tj0 Tc(s) Tj0.705 Tw-0.025 Tc( a) Tj0 Tc(n) Tj0.564 Tw0.109 Tc( importan) Tj0 Tc(t) Tj1.553 Tw0.125 Tc( consider) Tj0 Tc() Tj1 0 0 1 20.400 448.080 Tm0 Tw0.057 Tc(atio) Tj0 Tc(n) Tj1.001 Tw124 Tz0.002 Tc( i) Tj0 Tc(n) Tj0.028 Tw99 Tz0.101 Tc( th) Tj0 Tc(e) Tj1.399 Tw0.181 Tc( modelin) Tj0 Tc(g) Tj1.581 Tw124 Tz-0.247 Tc( o) Tj0 Tc(f) Tj0.177 Tw99 Tz0.129 Tc( micromechanic) Tj0 Tc(s) Tj1.823 Tw124 Tz-0.247 Tc( o) Tj0 Tc(f) Tj-0.116 Tw99 Tz0.179 Tc( damag) Tj0 Tc(e) Tj1.203 Tw124 Tz0.002 Tc( i) Tj0 Tc(n) Tj1.033 Tw99 Tz-0.151 Tc( fiber) Tj0 Tc(-) Tj1 0 0 1 20.160 438.240 Tm0 Tw0.055 Tc(reinforce) Tj0 Tc(d) Tj3.766 Tw0.145 Tc( solids) Tj0 Tc(.) Tj2.641 Tw0.074 Tc( Suc) Tj0 Tc(h) Tj2.904 Tw0.139 Tc( damag) Tj0 Tc(e) Tj1.934 Tw124 Tz0.011 Tc( ca) Tj0 Tc(n) Tj-0.869 Tw99 Tz0.157 Tc( tak) Tj0 Tc(e) Tj1.855 Tw124 Tz( a) Tj1.158 Tw99 Tz0.072 Tc( variet) Tj0 Tc(y) Tj2.278 Tw124 Tz-0.247 Tc( o) Tj0 Tc(f) Tj1.851 Tw99 Tz0.015 Tc( form) Tj0 Tc(s ) Tj1 0 0 1 20.160 428.400 Tm0 Tw0.146 Tc(dependin) Tj0 Tc(g) Tj2.357 Tw0.125 Tc( upo) Tj0 Tc(n) Tj2.225 Tw0.181 Tc( th) Tj0 Tc(e) Tj1.765 Tw0.141 Tc( constitutiv) Tj0 Tc(e) Tj1.802 Tw0.152 Tc( propertie) Tj0 Tc(s) Tj1.848 Tw124 Tz-0.247 Tc( o) Tj0 Tc(f) Tj0.205 Tw99 Tz0.101 Tc( th) Tj0 Tc(e) Tj1.923 Tw0.142 Tc( matrix) Tj0 Tc(,) Tj-0.897 Tw124 Tz0.181 Tc( th) Tj0 Tc(e ) Tj1 0 0 1 19.920 418.560 Tm0 Tw99 Tz0.078 Tc(reinforcin) Tj0 Tc(g) Tj1.060 Tw( fibers) Tj1.081 Tw-0.021 Tc( an) Tj0 Tc(d) Tj0.131 Tw0.181 Tc( th) Tj0 Tc(e) Tj0.088 Tw0.121 Tc( condition) Tj0 Tc(s) Tj0.631 Tw-0.018 Tc( a) Tj0 Tc(t) Tj0.139 Tw0.101 Tc( th) Tj0 Tc(e) Tj0.094 Tw0.032 Tc( fiber-matri) Tj0 Tc(x) Tj2.112 Tw0.064 Tc( interfac) Tj0 Tc(e ) Tj1 0 0 1 20.160 408.720 Tm0 Tw0.220 Tc((Backlund) Tj0 Tc(,) Tj1.217 Tw0.385 Tc( 1981)) Tj0 Tc(.) Tj0.021 Tw0.194 Tc( Wit) Tj0 Tc(h) Tj0.382 Tw0.120 Tc( predominantl) Tj0 Tc(y) Tj0.871 Tw0.154 Tc( brittl) Tj0 Tc(e) Tj0.178 Tw0.116 Tc( elasti) Tj0 Tc(c) Tj1.451 Tw0.020 Tc( fiber-rein) Tj0 Tc() Tj1 0 0 1 20.160 398.880 Tm0 Tw-0.016 Tc(force) Tj0 Tc(d) Tj2.812 Tw0.153 Tc( solids) Tj0 Tc(,) Tj0.994 Tw124 Tz0.101 Tc( th) Tj0 Tc(e) Tj1.935 Tw99 Tz0.179 Tc( damag) Tj0 Tc(e) Tj1.969 Tw0.108 Tc( take) Tj0 Tc(s) Tj2.237 Tw0.101 Tc( th) Tj0 Tc(e) Tj1.834 Tw-0.011 Tc( for) Tj0 Tc(m) Tj1.862 Tw124 Tz-0.247 Tc( o) Tj0 Tc(f) Tj0.203 Tw99 Tz0.103 Tc( matri) Tj0 Tc(x) Tj2.495 Tw0.138 Tc( cracking) Tj0 Tc(, ) Tj1 0 0 1 19.920 389.040 Tm0 Tw0.032 Tc(fiber-matri) Tj0 Tc(x) Tj1.576 Tw0.091 Tc( interfac) Tj0 Tc(e) Tj1.534 Tw0.127 Tc( delaminatio) Tj0 Tc(n) Tj1.820 Tw-0.101 Tc( an) Tj0 Tc(d) Tj1.039 Tw-0.083 Tc( fibe) Tj0 Tc(r) Tj1.215 Tw-0.003 Tc( fractur) Tj0 Tc(e) Tj1.772 Tw0.261 Tc( (see) Tj0 Tc(,) Tj1.504 Tw0.006 Tc( e.g.) Tj0 Tc(, ) Tj1 0 0 1 19.920 379.200 Tm0 Tw0.12 Tc( f.j)ore. 19Fos,



which are located at the boundary

Downloaded From: http://appliedmechanics.asmedigitalcollection.asme.org/ on 01/08/2016 Terms of Use: http://www.asme.org/about-asme/terms-of-use



In addition, the displacement and stress fields in the two-domain 
half-space region should satisfy the regularity conditions 

function x im)(r, z) applicable to the matrix region (re(a, °o); 
ze(0, 00)) takes the form 

Oa/3 0 as (r2 + z
2 ) " 2 - o o ; i=f,m. 

The solution of the mixed boundary value problem defined by 
(6) to (14) yields the appropriate singular stress field at the 
boundary of the penny-shaped crack which can be used to evalu
ate the stress intensity factor at the crack-tip. 

The Governing Equations 
For the solution of the axisymmetric problem governing the 

corrective stress state, it is convenient to employ the strain 
potential approach proposed by Love (1944). It can be shown 
that in the absence of body forces the displacement and stress 
fields can be expressed in terms of a function x M(r, z), (z = 
/ , m) which satisfies 

V 2 V W , Z) 

X > , z ) = - 2 K r s~3F2(s)[2v





r)R3(s, t) = sinh (sf)(a7a15 - al0aI2) 

- (a15/0 + «io/i){sinh(jO(2^/- 1) + st cosh (st)} (51) 

r]R4(s, t) = sinh (rf)(a7a16 - anan) 

- (a16/o + aii/i){sinh(jO(2^/- 1) + sfcosh(if)}- (52) 

Considering the integrals of Eqs. (32) to (35) containing F1(«), 
the integral expressions (36) to (39) and the representation 
(43) it can be shown that 

{2(1 - uf)fi + uf2] — J0{ua)du 
ix Jo • u 

+ sli{sa) I uh{u)e s"du + 
J ti Jh 

h(u)e s"du + ug(u)e mdu 

0 < s < oo (58) 

_ _ 2 r 
n Jo 

(3 — 2vf) sinh (su)K0(sa) 
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M ( 0 = — m ( r ) , 

and the



and subjected
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a, = s2a2(I2 - I2



The expressions for Pj(s, t) (i = 1, 2, 3, 4) occurring in the 
kernel functions Si and S2 defined by Eqs. (65) and (66) are 
given by 

C,Pi(s, t) = ~[{(anI0 + ajl^ajl, + (a87, + a13 /0) 

X (ata6 ~ chaA)}Li(s, t) - {a2I,(al2I0 + aih) 

- (a2a4 - aid5)(anI0 + flg/i)} 

X {2;/ ,„L,( j , t) - s ^ s , t)}] (A28) 

C,P2(s, t) = -[{(anIo + ayIi)a3I0 + (agIx + fl14/0) 

X (a,a 6 - a 3a 4 ) }L , (s , 0 - {a2I0(al2I0 + a 7 / , ) 

- (a2a4 - a,a5)(al4I0 + a9h)} 

Y.{2vmLl{s,t)-sL]L(s,tm (A29) 

£Pi(s, t) = [[(al2I0 + a7Ii)a6I, - (am/i + a i 5 / 0 ) 

X (a,a 6 - a3a4))Z,,(.y, ?) - {a5 / i ( f l i24 + Chh) 

+ (fl2fl4 ~ a,a5)(al5I0 +



Ay = 8U + K(tt, tj)At, (B14) 

A„X/ = By 

where N = Ni + N2
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