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SAUTTS ABOX KOJIIHEAPHUX TPIIUH Pi3HOI JTOBXKWHUI
Yy B’SI3KONPY2KHiii KOMOO3UTHIN MJIaCTUHI

(IIpedcmasaeno arxademivom HAH Vrpainu B. J[. Kybenkom)

3a donomozoro ATHIGHOT meopii 6’ azkonpyacHocmi nobydosaHo UIHAUANOHT PIBHAHHA OAS 30-
AEHCHUL 610 YACY NOLONHCEHD KIHUIB PISHUT 34 Q08AHCUHON KONMHEAGDHUT MPIULUH, HOPMANOHOZ0
8idpusy 6 OPMOMPONHIT KOMMOZUMHIT NAGCTMUHT 3G YMOE MAOCKO20 HAMPYHCEHO20 CMAHY.
Busnauarohi piHANHA AGAAIOMS COO0I0 CUCMEMY THMEZPANDHUL PIGHAHL MaA HEPIGHOCME.
Hucr06i npuksadu KiHEMUNHULT KPUBUT HAGEIEHO OAA JBOX NOUAMKOBUX Sidcmanets Midic mpi-
WUHAGMY. A8 PO32AAHYMOT 360041 WEUIKOCT NOWUPEHHA KIHUIE MPIUWUHU PISHATOCA.

Buuennio mommpenss 130/160BaHOT TPIIIUHA BHAC/IIIOK ITOB3YYIOCTI MaTepiaIy IPUCBIICHa 3HAM-
Ha KijbKicTh myOuikaniii [1]. Ha npakTuii He MeHI BazKJIMBUM € Ie OJUH TUI JOBIOTPUBAJIOTO
pyHHYBaHHS, KOJU B MPOIECI MOBLIBHOIO MiAPOCTAHHS TPINUH JMOKPUTUYIHOI JOBXKWHHU BimgOy-
BaEeTbCsd 1X O0’€/IHAHHS B €IMHY MArICTPaJbHY TPIIUHY, sika MOXKE MATH KPUTUYHY JTOBXKUHY
ab0 MPOMOBKUTH JOKPUTHUYIHE TIOMIUPEHHS Ta 3/JIUTTs 3 iHmuMA ApioHuMu Tpimunamu. [leit Tun
pyfHYBaHHS MOXKHA BiJHECTH 10 0araroocepesKOBOTO pPYWHYBaHHSI, IPOOJIEMEH SKOI'O MIHPOKO
obroBopioBasmcs Ha Mixkuaponmiit kKordepenril ICF-8 y 3B’a3Ky 3 pyifiHyBaHHSIM BHTOTOBJICHUX
3 TOJIIMEPHUX KOMIIO3UTHUX MAaTepiasiiB eJeMEHTIB KOHCTPYKIIH JITaKiB.

B opniit 3 mepuux my6oikariit mo/o miel mpobsemu [2| Z0C/IiIZKEHO 3JIUTTs JBOX KOJIHEAPHUX
HaIliBHECKIHUEHHUX TPIIUH B i30TPOMIHIN B’ sI3KONPYKHiH racTuHi. K BECHOBOK 3a3HAYEHO, IO
pyiHYBaHHsI IIEPEMUYKI MOXKe BiJIOYBATHCS 38 OJJHUM 3 JIBOX MEXAHI3MIB: KpUTHYHE 3JIUTTs (PO3-
kpurTst y BepimHi Tpimuan (COD) Ginsbke 10 CBOrO KPUTHYHOIO 3HAUEHHS) T& JOKPUTHIHE
3JINTTS, IiJ 9ac SKOI'0 iCTOTHO 3POCTa€ IMIBUAKICTL mnomupenns Tpimwha. KineTuka 3auTTd Tpi-
IMUH OIMCaHa B PoOOTI OMHUM IHTErpaJIbHUM PIBHSIHHSIM JIJIS 3HAXOKEHHSI HAIBBIICTaHI MiXK
TpiluHaMu K (QYHKIIT gacy.

Y pobori [3] mocranoBKy 0yJ10 YCKIIQHEHO CKIHYEHHICTIO TPILMH, 10 3JIMBAIOTHCSI; BUBYa-
JIOCsT 3JTUTTsI Ta IOIIMPEHHs] B 30BHIIIHI OOKM JIBOX KOJIIHEADHUX TPIIMH OJHAKOBOI JOBXKWHU
B i3orponHiil miaacTuai. OTpUMAHO Taki pe3ysIbTaTh: JJisi BACOKUX PiBHIB 30BHIIIHBOI'O HABAHTA-
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Puc. 1

2KEHHS 1 IpU MaJInX MMOYATKOBUX BiJICTAHSX MiXK CYCITHIMH BEPITUHAMU TPIIIUHA 3JIUBAIOTHCS IO
[IOYATKY 3POCTaHHS y 30BHIIIHI OOKU; Ipy 301/IbIIEHH] TOYATKOBOI Bi/ICTAHI MOMEHT Yacy HOYaT-
Ky IIOIIUPEHHs Y 30BHINTHI O0KN HAOJIMKAETHCS 0 TPUBAJIOCTI iHKyDAIliftHOTO TIepiojTy, a MOMEHT
9yacy 3JIMTTs TPIIUH — JI0 TPUBAJIOCTI YChOrO JIOKPUTUIHOIO 3POCTaHHsI (IIPU JOCTATHBOMY II0-
YaTKOBOMY BiJIajleHHI KOXKHA 3 TPIIIUH 3pocTaTuMe B OOMIBa OOKH, IPUIOMY MOMEHT 3JIATTS
Oy/1e BiAMOBIATH 3aKIHYEHHIO JOKPUTHYHOrO morupenss ). [TojiozkeHnst KiHIIB TPIiuH K Dy HK-
it gacy onmcaHo B pobOTI CHCTEMOIO IHTerpasbHOTO PIBHSIHHS Ta HEPIBHOCTI (P IIOMIMPEHH]
TIIBKM BHYTPIIIHIX KiHIIB) Ta JBOX IHTErpajbHUX PIBHsIHb (DU IONIMPEHHI KOXKHOI 3 TPIIIuH
B 06uBa 6OKN).

Y naHiii pobOTi JIOC/TIZKYEThCS JIOKPUTUYHE 3JIUTTS Ta MOIMTUPEHHS CUCTEMHU JIBOX KOJIiHEeap-
HUX TPIMUH Pi3HOI JOBXKWHU B OPTOTPOIHIN B’sI3KONPYKHINl IJIACTHHI, BUTOTOBJIEHIl 3 KOMIIO-
3UTHOIO MaTepiay.

Kineruka 37UTTs Ta MOMIUPEHHS TPIIUH OIUCAHA B PODOTI CHCTEMOIO YOTUPBHOX IHTErPaJib-
HUX PIiBHSAHB 1 HEPIBHOCTEH I 3HAXOJKEHHs ITOJIOKEHHSI KIiHIB TPIMuH K (PYHKINH 4acy;
BHU3HAYAJIbHI CIIBBIIHOIIEHHSI PO3B’s3aHl YHMCEbHUM METONOM. Po3paxoBaHO KiHETHYHI KpUBI
3pOCTaHHSI JIBOX KOJIHEAPHUX TPIIMUH y B I3KOIPY2KHIil IJIACTUHI ITiJ €0 30BHIMIHBOIO Ha-
pO3TalyBaHHS.

PiBHsIHHS TIOINMPEHHS ABOX KOJIIHEAPHUX TPIliMH. 3HAWIeMO PO3B’si30K 3aJ1adi Mpo
repeMirieHHs OeperiB CUCTeMHU JIBOX TPIIUH Pi3HOI MOBKUHU Y HECKIHUEHHIN JIHINHO Npy2KHIi
OPTOTPOIHIN IUIACTUHI B PaMKaxX MOJIEJI, IO BKJIIOYAE 30HU MEPe/IPYHHYBAHHS Ha MPOIOBXKEHH]
Tpimuan. PiBeHb 30BHINHBOIO HABAHTAXKEHHSI PO3IVISIIATUMEMO TAKHUM, IO T03BOJISIE BUKOPUC-
TOBYBATU KOHIIEMII0 TOHKOI CTPYKTYpH [4].

V3aranpaenuit 3akon ['yka [jd roJoBHUX HANPIMKIB & 1 ¢ OPTOTPOMHOI MJIACTUHU IOIAMO
Yy BUIISIL

Ex = 0110z + A120y; Ey = —Q120y + G220y; Yy = 66Ty, (1)
e a;; — Moy nogammBocti Marepiany miacrunu (a11 = 1/FEq1, ass = 1/Ea, a1g = —vo1/En1,
a1 — 1/G12).

Hexait y miactuni B30BXK HPSMOI, M0 30ira€ThCsd 3 OJHUM i3 TOJIOBHUX HAIPSIMKIB, PO3-
TAIOBaHA CHCTeMa JIBOX TPiluH pizHOl jnoBxkuuu (puc. 1). o Tina npukiageHo piBHOMIpHO
pO3Io/ijIeHe Ha HECKIHYEHHOCT1 pO3TATYyIOoUe 3yCHJILIS O';O , HAIPSIMOK SIKOT'O 30iraeTbcst 3 Ha-
IPSIMKOM HOPMAaJIi 0 JIiHil po3TamryBanHsa TpimmHa. BBegeMo opToronaibHy J1eKapTOBY CHCTEMY

Koop mHAT, Bichb O SKOI HAIIPABUMO B3J0BXK JIiHII TPIIUH.
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Binmosizmao mo momeni Jleomosa—Ilamacioka—armeitta obmacti HemiHIHOI TOBETIHKNA MaTe-
plajty B OKOJIi BEpIIWH TPIlUH 3aMiHUMO po3pizamu, 10 OeperiB fKUX MPUKJIAJIEH] CTUCKAIOU
HaIpyKeHHs IHTEHCUBHICTIO 0. TakKUM 9MHOM, IPUXOAUMO 0 33024l Teopil Mpy2KHOCTI MIpo po3-
TST TPY2KHOI IJIACTUHKY 3 PO3pizaMu B3J0BXK oci Ox npu TaKuX KOHTYPHUX YMOBaX:

0, z€lL,
Tay(x) =0, r € L; oy(z) = { o mel

e

L= L/ULI/a L= U()\Qn—h )‘271)7 L' = U le/7
n k=1
L/l: [Ak_dk‘,Ak‘]a ]C:2TL—1, n=1.2
k [)\k,)\k—i-dk], k = 2n, T
Kiani pospiziB Ao, 1 — dop_1 1 Aoy + do,, HeOOXigHO BH3HAYATH Tak, 100 y BiAIOBIIHEUX
TOYKaX BUKOHYBAJACs YMOBa CKIHUYEHHOCTI HAIIPYXKEHb.
3almireMo po3B’sa30K IIi€l 3a1adi:

— K?
o) = AZBp[ oMl e g, 2 TR (2)
7'(' dy, 802

A= 2\/a22 [2(@ + a12> + a66:| ; (3)

s. 1—+1—s
F(s)=+1-— —In———,
() ST T

27T0'§Oﬁ()\k) ~ 5 = ~ 4

Ki(\g) = Ry P(x)=a>+Ciz+Cy, RO =[] 1M — i,
=1
i£k

XQ(T) 4 5
2 ~ 1 AL+ AoT
Cl = T3 CQ - ) ) a_3 =75 Z)‘Za t( ) = 5
/ dr ] 1+7
Xo(7)
0
X — 2 2 _ MM _
2(7—) = \/(T +§3)(T +§4)7 & = m, k=3,4.

B’sa3komnpyzxae 3Milenns B3/I0BXK 30H IepeApyiHyBaHHsT BUSHAYATUMEMO HA OCHOBI PO3B’s3-
Ky 3a/la4l PO MpYKHE PO3KPUTTS 3a JIOMOMOI'OK IPUHIIUITY IPYZKHO-B’SI3KOIPY2KHOI aHAJIOTIT,
0 € aHAJOrOM HpuHIUIY Bosbreppa, AKuil oep:KaB OOIPYHTYBAHHS JJIsi AHAJOTIIHUX 33,189
y poborti [1]. Brizxo 3 1M npuHIMIOM, Y BUpa3i isi 3MilieHb GeperiB Ha IPOJIOBKEHH] TPIluHIT

3MIHUMO TIPY?KHI MOJYJI BiIIIOBIJHUMYU [EPETBOPEHUMU BEJIUYMHAMU i CKOPUCTAEMOCS ODepHe-
HUM TI€PETBOPEHHSIM.
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k1o pemakcaliiiai BJIaCTUBOCTI MaTepiajiB KOMIIOHEHTIB KOMITO3UTA MOYKHA OIICATH B PaM-
Kax JIHIHOT Teopil B’SKOIPY2KHOCTI, edeKTUBHI MOmy/i mojgamo psijom dyukiiit Mirrar—J/led-
daepa [5]:

00 00 k
- X
enij(t) = i+ D bnijkBay i (—Bn ikt ™), Bag(@) =) Tlak + 0] @
k=1 k=0

(n = 1 BigmoBiae MaTepiaxy apMyBaHHs, N = 2 — HAIIOBHIOBa4a, €°° — JIOBrOTPUBAJIE 3HAYCHHS
mozysist). IIpu npoBesieHHl 06UMCIIEHb MU 3aJIUIIIMO JIMIIE OJUH JOJAHOK y Bupasi (4) 1 BuKo-
PHUCTOBYBaTUMEMO OJMH Hapamerp « dyHkiil Mirrar—/leddiepa s onncasis TOBrOTPUBAIIX
BJIACTUBOCTEN MaTepiasiB KOMIIOHEHTIB KOMIIO3UTa 3 METOIO SKICHOTO JIOCTII/I?KEHHS Pe3yIbTaTIB.
BBazkaTumMemMo TaKoXK, 10 MaTepiajii KOMIIOHEHTIB KOMIIO3UTA € 130TponHuME (MeXaHidHi BJac-
ruBocti onucyemo mogysem HOura E i koedinienrom Ilyaccona v, sikuil He 3a1€KuTh Bij| 4acy).
Biggnaummo, 110 »KozHe 3 MUX CHpPOINeHb He 00yMOBJIEHE BUKOPUCTAHUM METOIOM PO3B’sI3AHHSI
IIOCTABJIEHOI 3aJadi.
[Tpu BKazaHux cupomieHHsax Bupas (4) B obsacti neperBopenHst Haby/le BUIJISILY

Sa

n

n n

ne E(s) = sE(s); E(s) — nepersopenns Jlamnaca dbynxnii B(t); E — MurTeBe 3HAYCHHS MOJYJISL.

Buxomstan 3 BupasiB Jjisi IepeTBOPEHDb B’sI3KOIPYXKHUX aHaIoriB MomaysiB FOHra marepiaiins

KOMIIOHEHT KOMIIO3UTA, BUKOPUCTOBYIOYM METOJIU MEXaHIKM KOMIIO3UTHUX Marepiasis [6], 3ua-

{i/1eMO TIepeTBOPEHHs B’ sI3KONPYKHUX aHAJIONB MOJLY/IB IIOJATIHBOCTI IacTHHA a;; (muB. (1)).
[TizcraBumo orpumane y Bupas (3) i 3HaiijgeMo obepHere neperBopents. MarTumemo

At) =LA s}, N6 =LA -A®) (5)

(6ibmn jreTadbHO 1po oTpuManHs BejmunHn A(t) mus. [7]).

[Tepexoaumo 10 BU3HAYEHHsS 3aKOHY 3MiHU BEPTHKAJILHOIO IepeMilieHHs sk (GyHKIIl Ja-
cy. Y BUIQJKY 3ajIeXKHOCTI BiJl Yacy XapaKTepUCTHKH A 1 KOOpAWHAT KiHIB TPIUHA A =
= (A, A2, A3, \y) 3minroemo BesmumHy v(z) y Bupasi (2) imrerpasom Bosbivana, a Begndu-

ny 0,° — dynkuieio 0,°(t) = o, h(t) (h(t) — omunnama bynxiia Xesicaiina). Sammumenmo

v(z,t) = /0 A(t — 7) dv[z; M(1)],

wloe P(\))?
40R(N)

(6)
v(z; ) = r € L.

PiBusnng mis BU3HAYEHHs ITOJIOYKEHHs KiHIB TPIIIWH IPU 3POCTAHHI Ha OCHOBI KPUTEPIIO
KPUTHIHOTO PO3KPUTTS TPIMIMHU MOXKHA 3aIllACATH Y BUTJIAl CUCTEMU IHTErpaJbHUX PIBHIHD Ta
HepiBHOCTEl 3]

(7)

(imgekcu ¢ BIIIOBIIAIOTH BEpIINHAM, Ji€ JOCATHYTO KPUTHYIHE 3HAYEHHS BEPTHKAJIBLHOIO IIepeMi-
mends v*, a IHJIEeKCH j — BepIIuHAM, JIe KPUTHIHOIO 3HAYEHHs HE JIOCSTHYTO).
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TpuBasticTs iHKYOAIIHHOTO 1T€PiOLy PO3BUTKY KOJIIHEAPHUX TPIMUH t) BUZHAMUMO 3 PIBHSIHHS
v(di1(0),t0) = v, max{v[A(0); A(0)]} = v[Air (0); A(0)]

(inmekc i1 Bimnosijae Bepinui, B sKiii BepTUKajbHe HepeMillieHHsi HAHOLIbIIe J1jisi HOYaTKOBOIO
HOJIOZKeHHA A(t)).

Hani Gyjie 3a1pOIIOHOBAHO CXEMY YHCEJIbHOIO PO3B’sizaHHs cucTeMu (7), KOJM TPIIUHU 110-
YUHAIOTH 3POCTATH.

HTykaruvenmo poss’s3ok cucremu (7) A(t) B Momentu wacy to(1+kA), k= 1,2,.... PiBusanus
B cucreMi (7), mo Bignosigae ¢1-it BepmuHM B MOMEHT 4acy t = t1, HaDyJle BULJISILY

v[Xi1(t1); ()] + /A/(tl — 7)v[Ai1 (t1); A(7)]dT = v™.
0

BHaii/ieMo pO3B’sI30K 1bOro piBHsIHHS A1 (t1), nokiagaoun, mo A (t) 3MiHIOETHCs JIiHIHO 1pH
to < t < t1. [Ipomoszkumo 3uaxomuTH A1 (tx ), JJOKH KPUTUIHOTO HIepEeMIleHHsI He Oy/Ie JIOCSTHYTO
B IHIII# BepHIMHI, OPsAKOBUH HOMep siKol 12 # i1: jyist k = k1 orpumaemo v( N (tx), tx) > v™.

PiBusinnst B cucremi (7), mo Bignosigae il-ii 1 12-if BepiuaaM B MOMEHT Yacy ¢ = tio, HaOy/Ie
BUTJISI LY

v[Ai1 (te1); Ater)] + /A/(tkl — 7)v[Nit (tg1); A(7)]dT = 0",

0
251

U[)‘iZ(tkl)§ )\(tkl)] + /Al(tkl — T)U[)\Z’Q(tkl); )\(T)]dT =¥,
N 0

Buaiiiemo po3s’si30k 1iiel cucremu (A1 (tr1), A2 (tg1)), nokmamaoan, mo A\ (t) i Ai2(t) 3miH0eTHCS
JUHIAHO 11pH T < t < t1. [Ipomosxumo suaxomuru (A1 (t), Ai2(tk)), JJOKH KPUTHIHOTO Tiepe-
MiteHHst He Oy/ie JOCATHYTO B IHINIH BepIuuHi, IOpsiAKOBHUl HOMeD siKol 43 (i3 # i1, i3 # i2): nist
k = k2 orpumaemo v(A\;j3(tx),tx) > v*. Iopibuum umHOM TPOJOBXKYBaTUMEMO BusHadaTH A(f).
IIpu sHagnoMy BimgasieHHi TPIUH PyXaTHUCs MOYHYTH BCi 1X KiHIT. Y BUIIAIKY, KOJIU Ha IKOMYCh
kporui cucrema (7) He Ma€ PO3B’sI3KY, HOKJIAIAEMO, IO BIIIIOBIIHUNA MOMEHT Yacy € IOYaTKOM
eramy JAHAMIYHOIO IOIUPEHHS TPIuH. BHeckoMm 1boro eraiy B 3arajbHY JOBIOBIYHICTH Tia
3 TpiluHaMu OyJIEMO HEXTYBaTH.

Yucnosi npuknamgu. Pose’sisku cucremu (7) oTpuMaeMo Ipu TaKUX IapaMeTpax 3a/adi.

PeoJtoriuni mapaMerpu KOMIO3UTA:

1) mamosmioBaua — E9 = 4000 MITa, ES® = 400 MIIa, o = 0,5, B2 = 0,1 ¢ ~;

2) Bookon — EY = 79810 MITa, E{° = 7981 MIla, 5; = 0,01 ¢ ~%; 06’eMHa KOHIEHTpAILisT
BoJIOKOH ¢ = 0,2.

[TapaMeTpn TPIIHOCTIAKOCTI Ta 30BHIMIHBOr0 HaBaHTazkeHHs: o = 35 MITa, v* = 1,5-107° m,

Ha puc. 2 306pakeHo KiHeTHYHI KPHUBiI 3pOCTaHHS ABOX KOJIHEAPHUX TPIIIUH TOBXKUHOK 2
i 2,5 em. Puc. 2, a BianoBijae BUNAJKY, KOJIU IOYATKOBA Bijacranb Mixk TpinmHamu A3(0) —
— X2(0) = 1 em, puc. 2, 6 — Bunajky, kouu A3(0) — A2(0) = 0,7 cm. 3posymiso, mo B 060X
BUITAIKAX IIEPIIUM [OYUHAE PYyXaTUCS KiHEIb OLIBIIOI TPINUHU, SKUH € OJIMXKIUM JI0 MEHIIOL
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x10' ¢, ¢

3 - - - -
2 - - - -
1 - - - -
A, oM A, €M Ag, M Ay, CM
0 1 ] 0 1 1 0 1 1 1 0 1 1
-2,02 -2 0,1 0,2 0,6 0,8 1 35 3,55 3,6
a
x10' ¢, ¢

10} L L i
05 F 5 L s
0 1 ] 0 1 1 0 1 1 1 O 1 1
-2,005 -2 0,05 0,1 0,5 0,6 0,7 32 3,22 3,24
' 6
Puc. 2

rpinwan (i1 = 3). Y NpuKIaIi @ APYrUM MIOYMHAE PYXATUCS 30BHINIHIN KiHeIb OLIbIIOT TPIIuHYI
(12 = 4), y upukiazai 6 — BHyTpiHi#i Kinenp MeHmol Tpimuan (i2 = 2).

Takum auHOM, B pOOOTI 3AIIPOIIOHOBAHO Ta, MPOILTIOCTPOBAHO eDEKTUBHUN METOJ, JOCIIiI2KEH-
Hsl TONMIAPEHHS KOJIHEAPHUX TPIIUH y B’ a3KONpykKHiil miacruai. MeTom MoKHA mepeHecTr Ha
JOCJIIPKEHHS 3POCTAHHS Ta 3JIUTTS CUCTEM KOJIIHEAPHUX TPIMWH, KIIBKICTh SIKUX IEPEBUIILYE JIBI.
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Cimusinve IBYyX KOJIJIMHEAPHBIX TPEIHINH PA3HOU AJNHBbI B BA3KOYIIPYTOM
KOMIIO3UTHOI IIJIACTHUHE

IIpu nomowyu Aumetinot. meopuu 6A3KOYNPY20CMU NOAYIEHBL ONPEJEAAIOUWUE YPABHEHUA OAA 30-
BUCUMDBLT 0N BPEMEHYU KOOPOUHAM, BEPUWIUH, OMAUNAOUULCA N0 OAUHE KOAAUHCAPHOLIT MPEUUH
HOPMANDBHO20 OMPBIBE 8 OPMOMPONHOT KOMNOZUMHOU NAGCTIUKE NPU TAOCKOM HATMPAHCEHHOM CO-
cmosnuu. Onpedeastoujue YpasHeHUA NPedcmasaaom cobotli Cucmemy WHMEZPANOHBLT YPAGHEHUT
U HepaseHcms. JucAeHHVIe NPUMEPD KUHEMUNECKUT KPUBHLL NPEICTNABAEHbL OAA 08YT HA%AAL-
HOLT PACCTNOAHUT MeAHCIY MPEWUHAMY. JIAA Paccmompernots 3a0auy CKOPOCTIU PACTPOCTPAHEHUS
KOHUOE MPEULUHDL PA3AULHDL.

A. A. Kaminsky, M. F. Selivanov

Coalescence of two unequal collinear cracks in a viscoelastic composite
plate

Using the theory of linear viscoelasticity, the constitutive relations for the time-dependent tips of
the mode I monequal collinear cracks in orthotropic composite materials under conditions of a
in-plane stress state are obtained. The constitutive relations are a system of integral equations
and inequalities. The numerical examples of kinetic curves are presented for two initial distances
between cracks. The propagation rates of crack tips are different for the problem under study.
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