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ONIHIOBAHHS KOE®IIIEHTA IHTEHCUBHOCTI HAIIPYKEHDB
MIK®A3HOI TPIIUHU 3A PO3CISIHUM ITOJIEM SH-XBUJII
B 30HI BUITPOMIHIOBAHHSA

M. B. Boiitko, O. b. Tpimyxk, J. b. Kypuisik
®diznko-mexaniynuii iHcTuTyT imM. I'. B. Kapnienka HAH Ykpainn, JInBiB
E-mail: myron.voytko@gmail.com

Meronom Binepa—Tonda po3s’s3ano 3amauy mudpakuii miockoi SHXBUII Ha HamiBHECKiH-
4YeHHId MixdasHii TPIKHI 3 BUKOPUCTAHHIM 3B SI3KY MiX MMOBEAIHKOIO PO3B's3Ky Oijs Bep-
LIMHYU TPIIUHMA Ta aCUMITOTHKOIO oro Pyp’ e-Tpancdopmantu. KommiekcHy aMIUIiTy Ay noss
KpaioBUX XBHIIb BUP&XKEHO uyepe3 Koedirient inrencusnocti Hanpyxerb (KIH). Hocnimkeno
koedimieHT mponopuiiirocti Mixk KIH Ta mosem 3MileHp y IDIOMIKHI, MEPIECHIUKYISIPHIA 10
BEpIINHH TPIIIMHHY 1 OpiEHTOBAHIH y370BX 1 kpato. BusBieno, mo y il miomuni koedinieHTu
MIPOTOPLIHHOCTI (aKTOPHU3YIOThCS. Lle Hano MOMIIMBICTH BCTAHOBUTH IPOCTUH 3B’ 30K MiX
BigHomeHHssM KIH 1 BiHOIIEHHSM MOMIB 3MIIICHb Y 30HI BHIIPOMIHIOBaHHS, BU3HAYCHHX 32
JIBOX PI3HHUX 4acTOT ab0 JBOX KyTiB ONPOMiHEHHSI.

Kiouosi cioBa: memoo Binepa-I'onga, koegiyicnm inmencuenocmi Hanpyosicens, Oug-
paxyis, midicpasna HanignecKiHueHHa Mpiwuna, posciane noe.

ESTIMATION OF THE STRESS INTENSITY FACTOR OF AN INT ERFACE
CRACK BY THE SCATTERED SH-FAR FIELD

M. V. Voytko, O. B. Trishchuk, D. B. Kuryliak
H. V. Karpenko Physico-Mechanical Institute of theNAS of Ukraine, Lviv

The diffraction of the plane elastic SH-wave froreeani-infinite interface crack on junction of
two elastic semi-infinite media is studied. Theckrés modelled by the mathematical cut with
no stress on its faces. The displacement and reessfields are continuous outside of the crack.
The wave diffraction problem is reduced to the sofuof the mixed boundary value problem
for Helmholtz equation. We search the solution Wisatisfies the Neumann boundary condition
on the crack faces and the continuity conditiontlfar stress and displacement fields outside of
the crack. The radiation condition at the infindlgd the Meixner’s condition at the crack tip
must be also satisfied. Using the Fourier intetreaisform, the mixed boundary value problem
is reduced to the Wiener-Hopf functional equatidmch is valid in the given strip of regularity
in the complex plane. The method of factorizatiod decomposition, as well as the Liouville’s
theorem, are used to solve this equation. Its kdumetion is factorized and represented as a
product of two split functions that are regulattie overlapping half-planes. These ones allow
for the simple poles outside of the regularity oagi. The solution of the Wiener-Hopf equation
is presented in analytical form. The scatteredlaligment field is found for an arbitrary frequency
and sounding angle by applying an inverse Fountegral transform to the solution. The asymp-
totic formula for the stress intensity factor (SEt)the crack tip is obtained. The correlation
between complex amplitude of the SH-wave far soadtdisplacement field and the SIF caused
by this field is obtained for an arbitrary radiatiangle, frequency and medium parameters.
This allows to express the SIF through the compleplitude of the far field if the radiation
frequency, sounding angle as well as the physicatacteristics of materials are known. It is
shown that in the plane that is normal to the cran#t oriented along its edge the ratio of SIF
for the given junction and two fixed values of smunding angle or two sounding frequencies
is proportional to the ratio of the scattered feldt is found that under above mentioned
condition the proportionality rate does not depesrd material properties. The obtained
relations can be applied for estimation of the Bith changing frequency and sounding angle.

Keywords: Wiener—Hopf technique, stress intensity factoF)Stliffraction, interface semi-
infinite crack, scattered field.

Bceryn. Panirire, BukopructoByrouu Metos Binepa—T onda [1—4], po3s’sizanu 3aaa-
gy npo audpakiiro mwiockoi SHxBuii Ha Mibk(pasHii CKIHUCHHINA TPIIIUHI 1 JOCTIIWIN
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1oJIe BUMPOMIHIOBaHHsI Ta KoedinieHTy iHTeHcuBHOCTI Hanpyxensb (KIH) y BepiimHax
TpimuHU. TyT MM METOJOM OTpUMAalld TOYHHH PO3B’ 30K 3a7adi PO PO3CIFOBAHHSA
IUTOCKOT MOIMEPEYHOl TOPH30HTATBHO-TIONIPH30BaHoi xBuwiai (SHxBuii) Ha HamiBHE-
CKIHYCHHIH TPIlMHI. 3 JOMOMOIOI0 I[LOTO PO3B’ 3Ky OLIHUIN HANpPYKEHO-IePOpMO-
BaHWU CTaH B OKOJI BEPUIMHM TPIilIMHU 1 3ammcanu Bupasu i KIH. bazyrouncs Ha
aHaizi neperBopeHHss Dyp’ € MO HANIPYKEHb, BCTAHOBHIIH 3B’ 130K Mixk KIH Ta po3-
CISTHMM TIOJIEM Y 30HI BHITPOMIHIOBAHHS.

IMocTaBa 3aga4i Ta ii po3B’a30k. Hexail HalliBHECKIHYCHHA TPIlllUHA B JICKAPTO-
Bill cucteMi koopauHat OXYz 3aiimMae 00acTh

{(X Y, 2)|‘°°< X<0, y=0! Z:|(—00,00)}

1 po3TaloBaHa Ha MEXi 3’ €JHAHHS JIBOX [IPYKHUX 130TPOMHUX CepenoBuIll (IUB. puCy-
HOK), 1[I0 XapaKTEePU3YIOThCS, BIMOBIHO, TYCTUHAMH 1, P2 Ta Koediientamu Jlame |y,

Mz I3 meprmoro cepenorwmina (y > 0) Tpimuny onpominioe SHxBust uinC(E ézuinc( xy).
XBuiIboBI uucna it oonacrer Y>>0 ta Yy <O BuzHawaemo Tak: K (= w,/pi/Hq) Ta
Ky(Ewpo/Hy), e k=K +ik" 3 k,K' >0,k >>K', | =1,2. 3anexuicts nons Bix

4acy ONMUCYE MHOKHHK g , SIKAH HaaIi OMyCKaEMO.
BignoBigHy kpaiioBy mudpakiiiiny 3a1aqy GOpMyIHOEMO TaK:

0§Xu+0§yu+k|2u=0,z[e|=lz[n${ y>0il=2 gqma y<O0, (1)
0,u"* (x,+0) =0, U (x~0)= 0, x0(-,0), ey
tot tot
u(x,+0)-u—"(x-0)=0
tt( ) (tt ) , X[(0,00). 3
ka0 U™ (% +0) — o0, U (% —0)= 0
Tyt u(x y) —HeBigome nudparosane mosne 3mimensb U(E&,U(X Y)),

uinc(x, y) + Re—ikl(xcoseo—y sirf )’ v 0,
u(x )= ux Y+ 4)

Te—ikz(xcosel+ysirﬁl )’ y< 0,
uinc(x, y) — e—ikl(xcoseo+ysir90 )’ (5)
R= 1Ky SiNBg — oK, SING 4 T=R+1, (6)

Ky SiNBy + 1 5K, SiNG |

ne k,cosB; = k; cody, -0y — KyT Mik
HAIPSIMOM TONIMPEHHS XBHJII Ta BICCIO X
BIJIMOBITHOT JIEKAPTOBOI CHCTEMH KOOPJIH-
Hat, 0<0p <T11/2.

Yk Pl €IMHICTD po3B’ﬂ3§y 3a0e3nevyBanu
0 BHOOpOM Kiacy (hYHKIiH, IO 3aHUKAIOTh

‘ky uinc

n
X  Ha HECKIHYEHHOCTi, Ta yMOBOW MelKcHe-
ks, P25 Lo . . 1/2
pa Ha BepmmHI Jedekty: U~pP
-1/2

—1v2 4 y21/2

. ' dyu~Tp , ko P=[x“+y]"“-0,
€OMETpHUYHA CXEMa 3a/ial. .

JIe P —BlACTaHb OO BEPIINH L(e(beKTy y J10-

KaJIbHI CHCTEeM1 KOOPIMHAT 3 IIEHTPOM Y BEPIINHI TPILIUHH.
3acrocoByroun Metoj Binepa—Tomnda, po3s’s30k 3amaui (1)—(6) aust qudparosa-
HOT'O TIOJIS1 3MIIIEHb Y BEPXHBOMY IIBIPOCTOPI MOJAMO Y BUIIISIL
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—Ja?-k2 y-iax

-1 2 e
U(X1 y) = J. Sa’ Kl IéveO)
21T 2, /az _ k12

d, y>0, ()

(S

S(@, k. k8 )_\/k_lsineo(l— R)M, (i cofg Yo+ k
O o+ cody M, @ )6~k co8y

Bupas s gpyskuii M, (0) HaBemeHo panirie [1].

(8)

3acTOCOBYIOUH METOX CimtoBol Touku [5] mms omiHroBaHHs iHTerpana (7), mose
3MIMIEHb Y 30Hi BUITPOMIHIOBAHHS 3aITUIIIEMO TaK:

i (kg +70/4)

(1- R)e—iklrcos(lﬂ‘eo).,.eT $6, k k:;8p), 0< (1-8,)<6<TI,
u(r,8)={ v ©)
el(k1I’+T[/4)
WS’L(G, k. k:00), 0<6< (m1-8p)<T.
Tyr 1 =4/x% +y? |
\/E(l— R)M, (k coH, )sin@ /2)sirf, /2
0 8g)= .
50k k%) JTM_ (kg cosB ) (co® + coBy ) (10)
Acumnroruuna oninka Gyskuii (8), skio |0 |- oo , Mae BUTIIS
(]_1/2 a o o
S, K. ki B0)= Q(k, szeo){ e (11)
—-i(-a) 75,0 - —oo,

ac

k- . i
QK ko em/ﬁa— R M, (kcos o)sing o /2. (12)

Hani ouinumo none Hanpyxenb Ty, = OU(X, Y)/0Y y GmwkHii 30mi. Jlns uporo

BUKOPUCTAEMO ACHMIITOTHYHUIN BHUpPa3 Al OIIMKHBOTO TOJIS 3MIIICHB, KUl OTprMa-
€MO 13 iHTerpanbHOro mojaHus mois (7), BpaxoByrouu cmiBBigHomeHHs (11). B pe-
3yJIbTaTI MAaEMO POPMYITY

cosB /2
sz:Ql(kL k2; 90) \/F ) (13)

sSIKa OMHUCYE MOBEIIHKY TOJIsl HAMIPYKEHB Y MOJISAPHIA CHCTEMi KOOPJHMHAT 3 MOYATKOM Y
BEPILHHI TPilmHH, Ko I — O (muB. pucyHok), a koedirient Qy(Ky, kp, 8g) Buznawae KIH.

ChiBBigHOIIEHHS MiK 110J1eM 3MillleHb Y 30Hi BUIIPOMIHIOBAHHA i I10J1eM Harl-
py:keHb y BepumHi Tpimunu. Tenep, Bukopucrosyroun noganus (10) ta (12), otpu-
MaeMo 3B’ 130K MIX PO3CIsIHUM I10JIeM 3MilleHs y nanekiid 301 Ta KIH B oxouni Bepmm-
HU TPIIIMHU:

S8,k kiBo)= T Q(k kiB 9. (14)
J2( 1) sin@ /2) s)

Jketo M_(k;cosB )(co® + coBy

Tyr

Ty =Ty(ky My, Kol 26,6 g) =

Je 0 —kyT cnocTepexeHHsI.
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Sxmo 0 = 12, koedimienT T; dakTopuzyemo i OTAEMO Yy BUIIISAAI JOOYTKY TPHOX
MHOKHUKIB, sKi 3aJI€KaTh Bijl (I3MKO-MEXaHIYHUX XapaKTEPUCTHUK CEPEIOBUIIL, YaCTO-
TH Ta KyTa ONPOMIHCHHS:

1
cosf, |

T; = D(cp, My, o, 2)% (16)

Vo +Ho)
NCITEEITPES
KOCTI1 MOIIMPEHHS TONEPEYHO1 XBHJIi, BIMOBIIHO, Y BEPXHLOMY 1 HUKHBOMY CEPEJIO-
BUIIAX.

BukopucroByroun mnomanns (14), supasumo KIH yepes poscisiHe mose B 30HI
BUITPOMIHIOBaHHS:

1
ki, k2180) = 12,k kO oy D . 17
Qi kiBo) = (2, by kg g~ Jwcod (17)

SKIo TpiUHY OMPOMIHIOBATH Ha JIBOX PI3HUX YacTOTax (W Ta W, 3a (iKCOBaHO-
ro KyTa ornpomiHeHHs By a060 JBOX pi3HUX KyTiB ompomineHHst Oy Ta Bp, 3a BikcoBaHOT
yacToTH W, To BimHomeHHs ABoX KIH Toni He MicTHTHME CTPYKTYpPHOTO YMHHHUKA

D(cy, M1, Coi M 2):

ne D(cp,Hyq,CoHp)= — CTPYKTypHuii mapamerp; C;,C, — IBHJI-

Quwn/c,w/cy69 _ S(M/2,0,/ w4/ c38 9 |wy (18)
Quw,/C,wy/ By  S(T/2,w 4 Gw o ¢0 J\w 5
Qu(w/ ¢, w/ cy;00y) _ S(T/2,0/ G,w/ C;8 g9 COD ¢4 (19)

Qu(w/ ¢, w/ ¢, 0¢)) - S(/ 2,0/ g,w/ 68 ) coB o,

®opmyiu (18), (19)mosxua BukopuctaTu 1is oiinku 3minu KIH 3a 3miHor0 Yac-
TOTH Ta KyTa ONPOMiHEHHS, BiATIOBITHO.

BUCHOBKHA

BcranoBiieHO 3B’ 130K MiX mojieM 3MimieHb SH-xBuii, iudparoBanoi Ha HamiBHE-
CKiHYCHHIN Mik(a3Hil TpimuHi, Ta 00yMoBieHuM 1um nojiem KIH 3a noBinkHOTO Ky-
Ta OMPOMIHEHHS, YaCTOTH 30H/YBaJbHOI XBHIII Ta MEXaHIYHUX XapaKTEPUCTUK Mare-
piayiB 3’ €qHaHHs. BcTaHOBIIEHO, 1O BIIHOIIECHHS MOJIB 3MimleHb SHXBHIB, po3cis-
HUX TPINIMHOK Y IJIONINHI, IEPICHIUKYIISPHIN JI0 MTOBEPXHI TPIIUHY 1 OPIEHTOBaHIN
y370BXK ii BepIvHM 3a (HIKCOBAaHMX KYTIB Ta YacTOT 30HIyBaHHS, IPOIOPIiHHE BiHO-
IICHHIO BiJMOBIIHUX 3Ha4YeHb AuHaMidHuX KIH 1 koedilieHT mponopIiiitHoCTi He 3aje-
JKUThH Bill iI3MKO-MEXaHIYHUX XaPAKTEPUCTHK CEPEIOBHIIL.
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