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W =

AXHR TEARM LR VRN ESEIDIEES B am FITHRRE., H&RZ W 4
MG BRSNS, ERMNEH (Fourier) fnir¥ifli (Laplace) Z#, REEAL 7 R#
ZaBaiR, RENERETEE L, TRUBZRRESY, HULRAMWERGEDING 1 B
ENBRFE, FIRRYE AR FEREER (Schmide) HERBEFHO/FERE AR
ERHGEREA, KBNEIBERT, FERSEmSTREYEER S, A B BEMR
SWREEMRAIZEMEETT BETH.

XA NOBERF NRL b EEMH SERTREETER BHRE
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AXHRTERTRHELREEERERSEMIFEV T T REERIRRGE HEH
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TR, KA R R (G b R X R ) BRI TR, RA Miller-Guy myifs pid
BT A BOT I, SEM R RAN, YEESHNEAMRESTREHE, K8
HHm N BERT,

R N S

B Uy mp Bt R R A TR S &M R, mETR, £y=0, o<Ix[<b
RBFERTRE, y=hHENLERBMYEE T, IETFHT, Bo<Sy<hriREGEE I,
YSORYZhE LR A FE/E TR,
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B BTEERFPQBLER (KZub,agigiasg —")
YR HARZI Y A, AHARAHFHERN T RERT, RAMTHAR&AGRR
gri.
1) §y=h9 le<°°H‘j-’

Cy1=0y1; Tyl =Tayl, U1=ty, U1=0Uy (2.1)
2) H¥y=0, [x|<oom

031=0%1, Th=Tdy (2.2)
3) Hy=0, a|x|<brf

oY1=0%=0, vl 1=t =—7H(?) (2.3)
4) ¥Yy=0, |x|<a, |x|>bm}

up=uf, vi=0} (2.4)

XE, A%, H(t)h Heaviside BREREH, RNy ( ) FRBy=0ME LMHE,
= E K B ®
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é?z 0 1 @
P + T ci, o )¢f=0

(a(j:z az —?;; "5t )W (3.1)

K TFHi=1, I, L CABERER I FE LR T EAREBLE, O o 28
NERBHENB R, ENSHEEENXEDT.
cle=2(1=») G/ ((1~2v¢) 0s)
c3e=G/ p« (3.2)
R, GANYIMMEEE, voRARLL, oA ENEE,
x, yHARABER

e (3.3)
TR IR 15 B
9 qS: é* ¢¢ 9
Oyi=—2Gy 355~ +P¢ +2G;y x0y \' -
3%, 0%p: 0%y '
T,,¢—2G¢ O a +Gl sz _Tyz) }
BRI ERRN
f2) =] fexp(=styds
F(H) = (2“’) j F*(s)exp(st)ds (3.5)
NHEHEHRK
FO=[ fmexpliex)dx
| p@exp(—igxde (3.6)

BRE. DTN ERE-FEYER, £
(d*/dy*—&*—s/c} ¢)¢>'—f>
(d*/dy*—&*—eis*/cla) 9t = (3.7)
BR(3.3), (3.4)FATHLH- ﬁilﬂ'éﬁﬁ&%,
B} =—ifbt—d 1/dy

_ } (3.8)
ot =db®/dy—itE*

5% =2G((&*+0 5eis?/c} ;)ﬁf’*—ié'd 3 /dy) } (3.9)

B0,=2G, (—iéd?/dy+0 5 (— &5 —d*3%/dy?)) '
o

el =2(1—w;)/(1—2v) (3.10)
®

1/cl=el /ety (3.11)

MFHR [ERRE L, T, RG.)HRA,
‘“{=A1;Siﬂh(?11y)+A21008h(?119)
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?? =B,:sinh(y:1y) +Bs;c08h (y21y) (3.12)
zSg= 1exp(yny)s 31=Duexp(y:1y) (3.13)
b =cyexp(—y1y), #}=DieXp(—y:yy) (3.14)

R Ay, 41, Biy, Buy, Cuy Diy, Cu, DuR#HEEB., vio yu =1, I, I)
AR(3.T) R, KB
Yu=nE4(s/c)* s vu=nE+ei(s/cn)? (3.15)
SPRER(3.12), (3.13), (3.14), RAR(3.8), (3.9)d, FIHEHR [ MFELRR
I. INZdnEni-FEHEREHCBRIENR, FHENBRARETRN-FBEY
THRERALARFER TR, IBOTHTER,

» @11 G130+ 01g - Cu by by,
Q31 Gig-+-Cgy iDyy l byy by
. . l'Bu { . . -All
(‘ . ;o= (3, 16
hd . lBu * * {Au } )
[ . -
\ . . <
Gg1 Ggz+ Qe 1Dy b1 bes

K.rhay, G, -, Gg, by, -, b AEMBIRE (fsg1) ., BR(3.18)7] 4%,
( Cll 3 r fl fa -

1Dy s £
iB . . Aix
= 3.17
iB“ * * {A"} ( )
Cun .
‘i-DuJ “fu fie”

KA fr, fo - FURBRAKARK,
MNFHER D, Hy=0E~L, BLHEITH

-8t =A); Ki+4: K{, o¥°=4,; K]+ 4:; K} (3.18)

F31/(2G 1) =Ai K{+ 4K}, 73}1/(2G) =i A1 K}+id K| (3.19)
Hip Ki, Ki, -, KiyBERRK (HR2) .HR(3.18), (3.19)HEHAuM4:, B
¥V =—ia*°r! + %}
Ty =ul'r! +ivtr] (3.20)
ri, -, riRBERMAK (KFE3) .
W&, MNPERKR I Zy=0EL, &
—iay'=A; K+ 4, K1,
Pt =A11 K@+ 4, K! (3.21)
Ky, - KPHBERARK RO . ARG 18)FG.21) HHA R4, B
=i (—ig%°) L, +iv{°L,
} (3.22)
pY°=(—i8}°) Ly+01°L,
L, -, LOBRRE (KR5S .
BAUGFEE L, TENTRNNEREHLBERINTHRE,
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—a

- = 1. . ifa+b—2|x]\_ nx
a(v*0—0v4) =Y ¢, -sin{msin}{—L =70 ) — sgn(x)
' ! E 2n ( ( b )

(a<| x]<b)
=0 (1x|<a, [x]>b) > (3.23)

”(“70—“1")—261- -sin (nsin‘l(q+é()—_2‘|1x| e

=l

(a<| x| <b)

-0 (1x1<a, |x]<b) }
R, fd B ER. sgn(x) hFSHRE,
-1 (Hx<OR})
sgn(x)=1¢ 0 (Y%Ux=0m) (3.24)
1 (Hx>0H})

BR(3.23)7 R, BRENHEREHLRLGERC OEBIHE, BRX (3.23) #17T
fTEM-ZER, HRAR(B.22)d, JHTR,
—a
Y,

B90L,—iv% (1= L) =3¢, (—é)cos (‘L'g.bg - "_’2')1,.(”
4% (1—Ly) —io%L, = gd.(%)sin ("lﬂ;»bg—»’%)f,.(@"z %) (3.25)

n=1

XHE TAHE—RDER (Bessel) @, B (3.25) @ Har" o, JFHERAR(3.20)H,
&

5‘; =(ZC Ql(‘:E'-)COS (a+b i ) (b a)

+Zd Qz(g)sn (a+b nx )] (m,,g)

= 2

O o ()

+2l d"QA(;;)sm (aJ;bg_JuTr)J"(b;;ag) 3 26)
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RPHQ1(E), Q:(8), Qi(8), QuEONEMRB(MRE), FEAELEKEM, QEORAMT
LUEE R
Qs(8)/E->Q1+QY/E  (i=1,2,3,4) (3.27)
QT h—EME, BR(3.28) BT BEMETH, &

Ca :';I:OQ#J.(Qizag)cos ('_‘ﬂ’g i )S1n(§x)d§
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+3dy j Q%)—J,({):Zf'g)sin ("—";"g——"é"—)sin(Ex)JE

A=l

)cos a+b£ "—” cos(éx)dE

7:31 ic. IJ' QS(£)J‘ b a

ol Q) 1,(°=%)sin (240" Yoos(x)ds  (3.28)

8=l

Ko REHR(23)JTRERNTESR, HBER(3.28)RAN, HELEE, TH,
)EC-(S)F.(fo:d.(s)G,(x)=o

nal A=l
o0

3 Ca(8) Ha(%) + 5 da(8) [n(x) =—/s (3.29)

ne=l =l

KR Fa(x), Ga(x), Ha(x), In(x) YEREE (HED , AEEEHTET 7 RERK
*a(8), da(s),

m. N RERHET

ERLRELL, o310 RATRYE, S08ERR, WHE ISR % | kAR
HBERTFWTRER,

e )
Ka(s) =330/ Bu(a—%) |,_ =3 0n(s)(~Q})/n Za(b=a)
Ktu(s) =w33in/ 2n(a=x) | =33 du($)QH/w Tx(6=0)
(4.1)

Kn($)=03w 2a(x=b) |, =32cu(s)(~1QH N Ta(6=3)

n=l

K3u(s)=v1$: o/ (=) | _, —z:d..<s><—1>-+*o*/~/—“5—~zn< ~a)

HAE T, MR (s, T BEH SR M RN BEETE, T EES

OV sk R T A, BB (4. DT A, £ Sk RS Miller-
Gur #75EFT HF BE AT R,

h.® H i B

AXEBEIFR, REATPTRR MM ERE, SRfgaRiGitE. 54
IARAT R EERES R (MELRK T, TIMERE, A% » 5852 05 E
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LREEERT R, HEREBDERIR,

TR BFRNQ(E)/ Sl St ir, 1EABITF, R2BHTQ(E)/EMEKRBR, RA
HFE TR, BAEFREFMEE, HIER(3. 20)h TR KL h RN L DK
ERRBRTHER, ERRIRECYI0, H THERRA D ABERGEITTEGKE, &
FILHA(3.29) . HHBWEE,

B2, sHBIRRGE I ELERK MK, B, 5HGE 20T HER KWKy, B
mAENHERBL RAEENEBRSEE, BERTEERD, EBRENR,

Kl fat oy 2) K /s a2 K 'te /b -a)i2)

a/((b -a)/2)=0.5

1.0 %

1o

h'((b a)'2)=0 2 AUb o 2)-05 h/((b—a)/2)=1.9

Lt th_a) 2) L. Gt a2 Cut/((5 -
0.0 10.0 0.0 10.0 0.0 10.0 * m

B2 He1HBEAEREFK,.

Ka/(t [x(b—a)/2) Kurls /nip -ay 2) Ku/(z /a(b~a)/2)
1.5} 1.5) 1.6

s/((b -0)/2)=0.1

1.0

0.6 0.5
hab ay/2)=0.2 B -e):2)=0.6 B/ (b—-a)/2)m=1.0
| . LG @D o Culi(E -a)/2) s Ot/ 0}/
0.0 10.0 0.0 10.0 0.0 0.0

B3 HeERENBRETFK,
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*x 1 MEANNHABEN
# A g B (GN/m?) £ (10%kg/m?) HR
] = 119.7 3.15 0.27
& 79.2 7.7 0.30
% 2 HE18§Q (&) /syt MK
(h/((b—a)/2)=0.5, a/((b—a)/2)=1.0, b/((b—a)/2)=3.0, s(b—a)/(2¢11)=0,25)
3 Qi(€)/¢ Q2(8)/¢& Qs(8)/¢ Qu(8)/8
0.01 —0.52806E+ 02 0.48610E—01 —0.48610E—01 0.28713E+02
0.21 —0.25915E+01 0.59792E—01 —0.59792E—01 0.16215E+401
0.41 —0.14520E+01 0.52874E—01 ~0.52874E—-01 0.10992E+ 01
4.61 —0.80617E+00 —0.12699E—01 0.12699E—01 0.814 49E+00
4,81 —0.80808E+00 —0.11333E—01 0.11333E—01 0.81504E+ 00
5.01 —0.80979E+00 —0.10077E—-01 0.10077E —01 0.81557E 400
9.61 —0.82071E +00 --0.37696E—03 0.37696E—03 0.82026E+00
9.81 —0.82073E+00 —0.32020E—03 0.32019E-03 0.82028E+00
10.01 —0.82074E+00 —0.27286E—-03 0.27286E—03 0.82029E+00
Ka/(t [n(b—a)/2) K./ Jab -a)/2) Kl fn(b a12)

0.5

h/((6~a)/2)=0.2

9.5

A)th @) 2)=-0.5

h/((h--a)/2)=1.0

| Cat/(tb—a)/2)
0.0 10.0 0.0

L Cot b~ a)i2)
10.0 0.0 10.0

B4 B0 ARERTK,.

Lnt/b-a)/2)

VARG i
MNHDE - E &M F SRR ML, HRZHERKE M8 ERTF
K EERTEHAXHFN BT ERERW, S Fhal RafmErsd) 515K,
Kol R EAHRBESRAENL O~ 1 12075, TNTwa 2 (S , &R 1.13~
12115, XFFAGER KK &8N, B AT,
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% 3 BFBa1eER(3.20)8E. EWMANHTNK
(2h/(b—a)=0.,5, 2a/(b—a)=1.0, 2b/(b—a)=3.0, s(b—a)/(2¢c;,)=0,75)

| 10 10
(37 (cnHn(x)+dnl () stba)/(2erryy |2 (aFa(X)+daGuCx)
2x/(b—a) | "1
[e(b—=a)/(2er:)) /(z(b—a)/(2¢1:))
*a (b—x)(a—x)
1.001 [ —0.5898937E 4+ 01 —0.5961357E+ 01 —0.1720825E~02
1.050 t —0.4162999E+00 —0.4163332E+ 00 —0,1238637E-03
1.100 ! —0.5813602E+ 00 ~0.5811865E+ 00 —0.5872676E—04
1,150 ' —0.7024263E+00 —0.7023769E+ 00 —0.5999840E — 04
1.5.[]0 ‘ —0.1154756E+ 01 --0.1154701E+ 01 —0.9280400E~05
1,550 : —0.1190730E+01 —0.1190705E+ 01 —0.3564118E— 04
1,600 i —0.1222009E+01 —0.1222020E+01 —0.4576210E—04
1,650 —0.1248959E+ 01 —0.1249000E 4+ 01 —0.3810798E—04
2.000 —0.1333386E+ 01 —0.1333333E+01 —0.1303998E—06
2.050 —0.1331710E+ 01 —0.1331666E+ 01 —0.2249542E—04
2.100 ~0.1326674E +01 —0.1326650E+ 01 —0.3789598E — 04
2.150 —0.1318244E 401 —0.13:6650E+01 —0.4093116E—04
2.500 —0.1154756E+ 01 —0.1154701E+ 01 —0.9528428E —05
2.550 —0.1113619E+01 —0.3113553E+ 01 —0.2416208E —04
2.600 —0.1066715E4+ 01 —0.1066667E+ 01 —0.5072516E — 04
2.650 —0.1013248E+01 —0.1013246E+01 —0.5414324E — 04
WoOR

a13=—2Gy(£2)+1/2e2ys2/ctp)exp( —Vyph), = —2GyEV yexp(—7yh)
@3=—2G1EV;1c05h(V,1h), ay=—2G ¥y sinh(V,yih), a;s=0, a1e=0,

byy=—2G (§2+1/2e]s2/c] )sinh (Yyh), byy=—2G1 (E3+41/26}s2/ct) cosh(V k)
0y =2GgEV1peXp(—"V13h), 03=Gy (E3+Vig)exp (=Y, 5h),

Gy=—G (£24 Y3 )sink(V,;h), az4=—GI(§z+y§1)C05h(?zlh)» 8;5=0, a;=0,
by=—2G £V cosh(Yyh), bpp=—2G £V sinh(Pq1h),

a31=—£exp(—Y1yh), G3,=—V,yexp(—"Yy5h), G33=—"V;cosh(¥;1h),

Gy, =—V,18inh(V,1h), a35=0, G33=0, byy=—Zfsinh(Vy1h), bs,=—cnsh(Vy1h),
eu="Yizexp(—Vizh), G, =Lexp(—V,ph), ag=—Esinh(V,1h), Gu=—Ecosh(V,1h),
@s=0, G4=0, by=—Pyicush(¥Yy1h), b, =—Yysinh(Pqh),

a51=0, as5,=0, as3=—2G£V,], as5,=0, ass=—2G1(E2+1/2e2;52/c2 1),
a5s=2G 1 £V,1, bs1=0, bs,;=—2G (£341/26% 5%/ cl)),

G1=0, a5;=0, =0, au=—G[(E247},), G,s=—2G1EV11, G5=GC1 (§z+‘y’2l),
boy=—2G1E7V11, b, =0

M F 2
Kl=~8Vuifs, Ki = —V0i fot (£241/2 e1s2/cl), Kl=—8V11+1/2 (84¥1)fy,
K‘I=1/2 (£z+y;[) f&; K51=7'21f5; K;=—'§+Vﬂfﬁ; K'}=yl[—£f1r Kal=_£.fl
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fit =6

A:=—(1—‘L1)(1_L4)+L2L3
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Dynamic Stress Intensity Factors around Two Cracks near
an Interface of Two Dissimilar Elastic Half-Planes
under In-Plane Shear Impact Load

Qian Ren-gen

(Beijing University of Science and Technology, Beijing)

Shouetsu Itou

(Kanagawa Universitu, Japan)

Abstract

Transient stresses around two collinear cracks which lie in parallel with the
the interface of the two dissmilar half-planes are studied in this article, The
surfaces of the cracks are sheared suddenly, Application of the Fourier and La-
place transforms techniquc reduces the problem to that of solving dual integral
equations, To solvc thess problems,the differences of the crack surface displacements
are expanded in a serics of functions which are automatically zero outside
of the cracks, The unknown coefficients accompanied in the series are determined
by the Schmidt method, The stress intensity factors ate defined in the Laplace
transform domain and these are inverted numerically in the physical space, As
an example, the dynamic stress intensity factors around the two cracks in a ceramic

and steel bonded composite are calculated numerically,

Key words stress intensity factor, collinear cracks, impact load, composite

materials, numerical Laplac: inversion, fracture mechanics



