OnaHacoeu4 B. 32uH izomponHoOi nnacmuHu 3 KeadpamHOK Xopcmkor waliboro i npsiMosiHiliHowo
HacKpi3HOO MPiuWjuHO 3 ypaxyeaHHsIM wupuHu obnacmi koHmakmy ii 6epezie / B. OnaHacoeu4, M.
Cno6odsH, B. bedpili // BicHuk THTY — TepHoninb : THTY, 2015. — Tom 78. — Ne 2. — C. 81-93. —
(MexaHika ma mamepiano3Haecmeo).

VIIK 539.3

B. OnanacoBu4, 10KT. (i3.-MaT. HAYK;
M. Cnoboasin, kaua. ¢iz.-mat. Hayk; B. beapiii

Jlvgiscokuii HayionanvHul yHieepcumem imeni leana @panka

3InH I30TPOIHOI INIACTHHHU 3 KBAAPATHOIO ’)KOPCTKOIO
IMAUBOIO I TPAMOJIIHIMHOIO HACKPI3HOIO TPIIINMHOIO 3
YPAXYBAHHSIM IIUPUHHA OBJACTI KOHTAKTY ii BEPEI'IB

Pestome. [locnioxcena 3aoaua npo OB0CMOPOHHIU 32UH [30MPONHOI NAACMUHU 3 K8AOPAMHOK
AHCOPCMKOI WAUOO Ma MPIWUHOIO 3 YPAXY8aHHIM wWupunu obracmi konmaxkmy ii 6epecie. 3 GUKOPUCMAHHAM
Memooie meopii  yHKYII KOMWIeKCHOI 3MIHHOI p038’30K 3a0aui 36e0eH0 00 CUCHEeMU CUHSYISAPHUX
iHmezpanvHux pIGHAHb AK HA MEJICI JHCOPCMKO20 BKIIOYEHHA, MAK i Ha mpiyuHi, aKa po36’sA3aHad YUcioeo.
IIposedeno uucnoguil ananiz KOHMAKMHO20 3YCUIISL Midc bepecamu mpiyunu, Koe@iyicHmie IHmMeHCUsHoCmi
3ycunb i MOMEHMIB, KPUMUYHO20 HAGAHMANCEHHS NPU PISHUX 3HAYEHHAX NaApamempis 3a0ayi.

Knrwuoei cnoea: 3eun, izomponHa niacmuna, HACKPI3HA MPIWUHA, JHCOPCMKA WAldA, KOMWIEKCHI
nomeHyiany, CUHZYIApHI iHmespanvHi pieHsHHSL, KOeiyicHmu IHMeHCUSHOCMI 3yClle | MOMEHMIG.

V. Opanasovich, M. Slobodyan, V. Bedriy

BENDING OF ISOTROPIC PLATE WITH SQUARE WASHER AND
STIFF STRAIGHT CRACK TAKING INTO ACCOUNT CRACK SIDES
CONTACT AREA WIDTH

Summary. As a widely used industry lamellar structural elements, the strength of which are highly
dependent on the type of defects cracks dramatically reduce the carrying capacity and operation design. As you
know, these crack-like defects can occur both during the production design, and during its operation. Therefore
the main task in assessing the allowable load of defect structures are effort and intensity factors moments.

In this paper we solve the problem of bending of isotropic plates with tight square washer and crack
based on the width contact area, where it was placed on the axis of symmetry inclusion. Through contact crack
solution to the problem is presented in the form of two problems: the plane problem of elasticity and bending
problem, where we use the classical theory of bending plates. We will have boundary conditions on the
boundary rigid inclusion and crack. To construct the solution of the plane problem and bending problem, we
introduce the complex potentials as a sum of complex potentials for inclusion and crack. Based on the known
dependencies that determine the stress-strain state of the plate potentials through the complex potentials after
satisfaction of the boundary conditions for cracks and for inclusion singular integral equations have been
obtained. This condition should correspond uniqueness deflection and rotation angles while traversing path
cracks and unambiguous movements while traversing path cracks. After bringing the unknown functions and
variables to dimensionless final system of singular integral equations with unknown complex functions and
constants have been obtained. The resulting system of singular integral equations by the method of mechanical
quadratures was reduced to a system of linear algebraic equations. This system of equations by Gauss with a
choice of main element was numerically solved, and on the basis of these data were analyzed. The numerical
analysis of the contact force between the shores of crack intensity factors moments of critical load for different
values of parameters of the problem has been carried out. Based on numerical analysis, the following laws were
stated: the value of the contact force is larger near the top than in the distant, and at a distance from the split
washers, contact forces and combined intensity factor moments go to the constant value for a single crack.

Key words: banding, plate, through crack, washer, complex potentials, singular integral equations, the
coefficients of the intensity of forces and moments.



Beryn. V pi3HEX raiy3sX TpPOMHCIOBOCTI HMIMPOKO BHKOPHCTOBYIOTHCS IJIACTUHYACTI
€JIEMEHTH KOHCTPYKIIi#, MIITHICTh SKHX 3aJIeKaTh BT Je(PEKTiB, 0OCOOTMBO TPIITHH, SKi Pi3KO
3HIDKYIOTh JIONMYCTUME HaBaHTaKEHHs Ta Yac eKciuryaramii KoHcTpykmii. Y po6oti [20]
po3B’si3aHa 3ajada MPO 3TUH IUIACTUHUA 3 ypaxyBaHHSM KOHTAKTy O€periB TPIIIMHHU Y
TPUBHUMIPHIi# MTOCTAHOBIII METOJIOM CKIHYEHHUX eJIeMEHTIB. UUCIIOBHIA pO3B’SI30K JIJIST TOHKHUX
IJJACTHH 3 TPIOMHAMH PO3TJISHYTO B poOoTi [25]. HampyxeHo-medopMoBaHuii craH y
BEpIIMHAX TPIIIMH Yy TOHKUX IJIACTUHAX JOCIiPKEHO B poboTax [22,23,28].

JlocmiKeHHSIM 3THHY 130TPOITHUX IJIACTUH 3 TPIIIMHAMH 3 ypaxXyBaHHSM KOHTAKTy X
OeperiB SIK 110 JTiHi1, TaK 1 10 00JacTi MOCTIHHOT TOBIIMHY, MMPOBEICHO y Myobmikarisax [2,5,6,7,
16,17,18,19,21,24,26,27]. 3ruH KyCKOBO-OJHOPITHUX IUIACTHH 3 TPIIMAHAMH JIOCHIDKCHO B
nparsix [1,4,6], a 3ruH TIacTUHU 3 aOCOTIOTHO JKOPCTKOIO KPYTIIOK0 IMai00r0 Ta TPIIMHOIO —
B pobori [5].

JlocmipkeHHsT HanpysKeHO-1e(OpMOBaHOTO CTaHy IUIACTHUH 3 OTBOPAMHU Ta TPILIMHAMU 3
ypaxyBaHHSIM KOHTAKTy OeperiB po3riITHyTO B poboTax [8,9,10,11].

B nmaniii po6oTi po3B’si3aHa 3ajadya MpO 3TUH 130TPONHOI IJIACTUHHM 3 KBaJAPaTHOIO
’KOPCTKOIO TMMai00I0 Ta TPIIIMHOIO 3 ypaXyBaHHSAM IIUPHHHA 00JIaCTi KOHTAaKTy ii Oeperis,
KOJIM BOHA PO3MIIIEHa Ha OCi CUMETpii BKIFOUEHHSI.

IMocranoBka 3axadi. Po3risiHeMo i30TPONHY IUIACTHHY MOCTiMHOI ToBmmHEM 2/ 3
npyXauME ctamuMu V, E - (koedinienr ITyaccona, momyns IOHra), ska MiCTUTH KBajapaTHe
YKOPCTKE BKJIIOYEHHS po3MipoM 2a . B cepenuuHiii momuHi miacTiHl BUOEPEMO JIEKAPTOBY
cucremy koopauHar (JX)Z 3 MOYaTKOM Y IEHTPI BKIIOUYEHHs, HanpaBuBmm Bick Oy

MEPIEHINKYIIIPHO IO CTOPOHM KBajapata. Ha oci Ox mo3a BKIIOYEHHSM 3HAXOIUTHCS
HACKpi3Ha IPSIMOJTiHiiHA TPilKMHA 3aBIOBKKH 2/, Geperu sKoi BibHI Bix
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Pucynok 1. CxemMa HaBaHTa)X€HHS TUIACTUHM Ta PO3MILIEHHS TPILIMHU

Figure 1. Scheme of plate load and cracks placing

30BHIIIHHOTO HABAHTAXXCHHS, a IIiJ JI€I0 3rUHAJLHUX MOMEHTIB Ha HECKIHYEHHOCTI M;O 1

0 o . o .
M , BOHH TNPUXOISTH Y INAJKHA KOHTAaKT MO 0071acTi MOCTIMHOI IIMPHHHA h, noGmusy

BEPXHBOI OCHOBU IUIACTHHH. L[eHTp TpIlIMHU 3HAXOAUTHLCS Ha Biacrami d Bim mouarky
KoopauHar. Bimpizoxk oci Ox, ne posmileHa TpilHa, MO3HAYUMO depe3 L, MexKy

)KOPCTKOTO BKJIIOYEHHS — uepe3 L, ; TpaHMYHe 3HAYCHHS BiNOBIAHOI BENMYMHH, KOIH
y — 0 na tpinmHi, 6y1eMO MO3HAYATH BiIIIOBIIHO 3HAYKAMHE «+) Ta «-».

3a paXyHOK KOHTAaKTy OeperiB TpIIIUHU PO3B’SI30K 3ajadi IMOJaMO Y BHIJISI JIBOX
3a[a4: TUIOCKOI 3ahayl Teopil MPYXKHOCTI W 3ahadi 3rUHY, € BHUKOPHCTAEMO KIJIACHYHY
TEOPI€I0 3TUHY IUIACTHH.

Maemo Taki KpaiioBi YMOBH:
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Ha Me)Ki KOPCTKOI'0 BKIIFOYCHHSA
u=0, v=0, w=0, ow=0, sel; (1)

Ta Oeperax TpintuHH [7]

o, =-N/Q2h), o, =0, xel, 2)
P =0, M;:ﬂN, xelL, 3)
o,[v]+aloiw]=0, xelL, 4)

1€ U,V — KOMIIOHEHTH BEKTOPA TepeMillleH s BioBiaHo mo ocsax Ox ta Oy, a 0,,0,, —
KOMIIOHEHTH TeH30pa HalpyKeHb y IUIOCKiH 3ajaui; W — nporu mmactuau; M, —
3TUHAJIBHUM MoOMeHT, P — ysarampHeHa B ceHci Kipxroga mepepizyBaabHa cuia, N —

KOHTAKTHE 3yCHJUISL MiX GeperaMu TpiluHi; 7 — HopMais 0 L, B Toumi s .
[F1=r"=f" B=1=713 a=(1+(-7)")/2: y=h/h.

IlobynoBa po3B’si3Ky mockoi 3agaqi. Beenemo xommiekcHi norenmiamu @, (z) i

¥, (2) [3], axi momamo y BurIIA I
D, (2) =@ (2) + @y (2), Wy (2) =W 1 (2) + ¥ (2) -
Tyr 1 Hamam iHgekc «B» o3Ha4yae, IO BIAMOBITHUN KOMIDICKCHUI IMOTCHITIAT

BIJIOBIIa€ 32 JKOPCTKE BKIIIOUEHHS, a iHJeKe « T» — 3a TpimuHy.
Komrutexcni morenmiama @, (z) 1 W, (z) 3riaHo 3 [14] MoxkHa no1aTu TaK:

)

| o u-z (u—-2z)°

D,,(2)= JQl(u)du W (2)=— = J‘{le (u)du MQ1 (M)du:|

ne O, (u) — ueBinoma mrykana dyHKuis, k = (3 - l)) / (1 + l)) .
JUis BH3HAYEHHS HAIpyKeHO-1e(GOPMOBAHOTO CTaHy IUIACTHHH OyIeMO MarH
3anexHocTi [3,13,14]

G,y =0y, =, (2) + R(2)+ Dy (2) + Qp (2) + (2= D), (2), (6)

Xy

210 (u+iv)=kd,,(z) - R(z) +k®,,.(2)-Q,, (z) (z— Z)CD 7 (2), (7)
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200, 1+ 19) =k, (6) = By 1)~ 1970+ P 0) |+, 0~ B -

_di
dt

@®)

(107, (0)+ Q5 (D= B, (-1,

fe Q, (2)=®unr(z) + 2®mr(2) + Prr(z), R(z)=D,,(2)+ 20, (2)+¥,,(2).
IlepeTBOpHBIIM KpalioBY yMOBY (2)

(o, -ic,) =(o,—io,), xeL,
Ta BpaxoBytoud (6), OTpUMaeMo 3a/1auy JIHIHHOTO CIIPSHKEHHS
(@ ()= Qpp (1) = (P () = Qpp (%)) =0, xe L,
pO3B’S13aBIIN SIKY, MATUMEMO
D, (2) =€ (2)- €)

Ha ocHogi 3anexHOoCTi (7), BpaxyBaBmu (9), MOJKHA 3aIHCATH
D), (x) =D (x)=i0(x) =2u(l+ k)"0 [u+iv],xeL (10)

Po3B’s13aB1M 3a1a4y JiHiiHOTO cnpspkeHHs (10), onepxumo
1 Q@w)du
D, (z2)=—|—7—:-
()= [== an

[Tpu IbOMY Ma€e BUKOHYBAaTHUCh YMOBA OJTHO3HAYHOCTI TIEpeMiIlieHb TP 00X0/1i KOHTypa
TPIIIUHA

j O(u)du = 0. (12)

Ha ocHoBI kpaitoBux yMoB (2) Ta hopmy:au (6) MaTAMEMO
—N/(2h)=D,(x)+ R(x)+ D, (x)+ D, (x), xeL.

Axmo Bpaxysatu (11) Ta (5), To 3 momepeaHBOI 3alM€KHOCTI, BUIUIMBINM JiHCHY U
ySIBHY YaCTHHHU, OTPUMAEMO

N = —hRe{z j Qludu | j (K (u,x)Q, (w)du + M (1,x)0, (u)d&)},x eL. (13)
Ty ou=x

84



0= Im{zjm+ J(K(u,x)Ql (w)du + M (u,x)Q, (u)d;)},x el (14)
Ty u-x

ne
1 1 K uU—-u
K(u,x):—( —— j, M(u,x)=———. (15)
\u-x u-—x 7(u —x)
3a/10BOJIBHSIOUH KpaiioBy yMoBY (1) Ta BpaxoByrouH (5), (8), (11), orpumaemo
[[ L.tyQG)du + N(u.t)QGu)du | +
’ _ (16)
+f [Kl (.00, () + M, (u,6)Q, (u)du} =0, rel,
e

k(1 a1 1 1 di t-u
K (u,t)y=— =, M@w)=—|———-—"—""—51|
2r 2r\ u dt (u—t)

u—t dii—t —t
L(ut)—— k dt 1_’ N(ut)—— 1 dt l—u
2a\u—t dtu—t 27\ u—t dt(u—t)

IToOyaoBa po3B’si3ky 3aaadi 3ruHy. BBemeMo B po3Tiisaj KOMIUICKCHI ITOTEHITIAN
D,(2) i ¥,(z), 7xi momamo y Burysazi [14]

D@,(2)=Dy(2)+ Dy (2)+ T, lP3(2):\113/3(2)"‘\Pm(z)"‘f’» (17)
hi (S
_ 1 ¢ G(w)du _ 1L G _uG(u) ’
(D3B(Z)_27rzl: u—z lIIBB(Z)_Z J(u z (u—2z) d) (18)

G, (u) — HeBijioMa IIykaHa (yHKITIis,

2ER . MI+MT .
D:—hz,rz_#’r/z_L(Mw_M:),m:—D(l—u).
31-v7) 4D(1+v) 2m =

JUis  BU3HAuUCHHsI  HANpPYXEHO-Ie(OPMOBAHOTO  CTaHy IUIACTHHHA 32  3THHY
CKOpHCTaeMocs 3ajexxHoctsmu [13, 14]

0.8 =D, (2) - Q,, () +(z— 2)®, (2) + Do, (2) + R, (2) + 2T + 17, (19)
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[ =k®,(2) + Q. (2) = (2 =)D, (2) + kDo (2) - Ry (2) + (k- DT - T, (20)

d[(ow .ow\dr dip =
E[(g_ a_njd :| Dy (1) + Dy (1) +— |:td)33(t)+\1’33(t)}+®ﬂ(t)

@2y
@, ++ 3 [t(D/T(t) ~0, (-7, (1)-Q, (7)} o+ L
dt dt
fe Q,, (2) =@ (2) — 2@ (2) — Por (2), Ry(2)=Dy(2)+20(2) + ¥ 1 (2)
g=0w+id,w, f:(My +i-jP(g)dg+icg]/m, k=(3+v)/(1-v).
0
Cé — HeBioMa JiiicHa crasa.
3 kpaitoBoi ymoBH (3)
ff=f, xelL,
BpaxyBasiu (20), oTpuMaemMo 3aaa4dy JIHIHHOTO CIPSKSHHS
(k@47 ()= Qpp(x)) = (kD (x) = Q0 (x)) =0.x€L. (22)
PO3B’SI3aBINH SIKY, MATHMEMO
Q,.(2)=k®,,(2). (23)
BBeneMo nmo3zHaueHHs
0, [wa + iéyw] =(0,g) -(0,g) =iG(x)(1+k), xeL. (24)
bepyuu no yBaru (23) ta (24), 3 (19) orpumaemo 3aauy JiHIHHOTO CIIPsDKEHHS
@3, (x) - @3 (x) = iG(x). (25)
PO3B’SI3aBINH SIKY, MATHMEMO
G(u du
D, (z )——f ( ) (26)
L
Bpaxysasmmu (20) i (23), 3 kpaiioBoi ymoBH (3) MOKEMO 3amicaTh
(M, +iCy)/ m =k (@3, (x) + D5, (x)) + o
7

+(k-1)F -1+ [/g(l)w(x) —m], xel.

bepyuu o yBaru (18) 1 (26), Ha ocHOBI (27) oTpUMaEMO
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My:Re{al JEm, * [T )G o+ M x)G(u)f]}wz, ©8)
Tou—

Cr = Im{alj G(u)du + J[K3(u,x)G1(u)du + M, (u,x)G, (u)dﬁ}}, (29)
y u—x
e
m k 1
K3(u,x)=—( —= J, M, (u,x) =mM (u,x), (30)
2r\u—x u-x

=mk | 7, a, :m(f(lg—l)—l:/).

ITpm pOMy MarOTh BUKOHYBATHCS YMOBH OJHO3HAYHOCTI KyTiB IMOBOPOTY Ta HPOTHHY
pu 00X0/Ii KOHTYpa TPIIUHH

j G(u)du =0 Im{ [ uG(u)du}:O' (31)
L L
3aoBonbHAIOUN KpaitoBy yMOBY (1) Ta BpaxoByroun (18), (23) i (26), 3 (21) maTmemo

0= [[ L.\ Gu)du + N, (u.)G(u)du | +

. 32
+ [K13(u,r)Gl (u)du + M, (u,1G, (u)du} +Del, G2

e
dr 1
Kip(i) =5 (¢ =) M0 =M, )
1 (1 dr &k dt -
Lut)y=—| ——— — |, N.(u,t)=—N(u,t), D=2 +=T1"
- (0.0) Zﬂ(u—t dtu—tj :(0.0) @) dt

3anosonbHsrowm ymMoBy (3) M = BN, x € L ,ra Bpaxosyroun (13) i (28), orpumaemo

T U—X

Re{al | Gldu j [ K, ()G, ()du + M, (1 %)G, (u)du]} ta,=
(33)

_ —/KhRe{% [ %+ [ [K(u,x)Ql ()l + M (u,3)0, (u)dﬂ}
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3 apyroi kpaiioBoi ymoBu (4), Gepyun 10 yBaru Mexanidnmii smict ¢pynkuii G(x) Ta

O(x), orpumacmo

ReQ(x)+@ReG(x)=0, (34)

ne & =2uah(l+v)/(1-v).
OT1xe, po3B'sI30K 3a1adi 3BiBcs 10 cucteMu piBHSAHB (12), (15), (16), (29), (31) — (34),
Ky OyaeMo po3B’sS3yBaTH YHCJIOBO, METOJOM MEXaHIYHUX KBajparyp [12,14], mpuuomy

GyHKIT G(u) i Q(u) OyJIeMO IITyKaTH y BATJISI
G(u)= G(u) > O(u) = Q(u) .
(v) J(d+1-u)(d-1-u) J(d+1-u)(d—1-u)

3Beneni koedimieHTH iHTeHCHBHOCTI 3ycuiub K j (KI3) Ta momentiB K 3 (KIM)

Oynemo mrykatd 3a popmynamu [12, 4]

K, —iKs)h . . 234y
)

K —iK; e

1—’2:1(1— — Ky =Fu, (£1)- (35)

Ml

y

Jc

M) _ 1 & Gy (2m-1 (D LR st [ G 2m =1
[uza)j‘MZ( Y (le}tg( o ”j’ (ux—nj_M;( Y (lejtg( M ”j’

m=1

9 2 o 363 ) 2m—1
0,, = O(d+1t, )W | M?.G,, = ERG(d+1t,) M, — COS(M),
2M
G,,.Q,,(m=1,M) — mykKaHi po3B’3KH OTPUMAHOI BHUIIE CUCTEMH JIHIHHUX anreOpaidHuX
piBHAHE. B cumy cumeTpif 3aaui BimHocHo oci Ox maemo, mo K7 = K, =0.
3ayBakuMo, 1110 iICHY€ 3aJIeKHICTh
3 (1 + U)
3+v

=
ak.;.

K™=
Kputudanii MoMeHT M = M\ xl/ (27/*E) / (th) CTapTy pOCTYy TPIIMUHH 3HAUIEMO

3a popmyoro [7,19,23]
3+v

\/3(1+ u)(3a2(1+ v)+3+ U) min{K;}_ ,

M =
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Jie Y. —T'yCTHHA aKTHBHOI MOBEPXHEBOI €HEpril MaTepially IUIaCTHHH.

YucaoBuii aHaJdi3 Ta BHCHOBKH. UucioBuit aHani3 mposeneHo mpu y=0,13 [21],
v=0,3.

CkopucTtaeMocsi KOHGOPMHUM BiOOpa’keHHSM 30BHINTHOCTI KBaJipaTa HA 30BHIIIHICTH
OJIMHUYHOTO KoJia [13]

z=w(e)=a(e+ml &), a>0, m=-1/9,

=1, z:a(l—lJ=§a'
9) 9

Ha pwuc.2 mHaBeneHo rpadidHy 3aleXHICTh 3BEJACHOTO KOHTAaKTHOTO —3YCHILIS
N =hN / M MK GeperaMu TpimmuHM Bin Oe3po3MipHOi koopmHAaTH & = x/[ TIpH pi3HHX

X=d/l tampu y=M? /M7 =12, r=a /1 =1. llpuaomy xpusum 1,2,3.4 Bimnosimae
BiJICTaHb MiXK JKOPCTKMM BKJIIOYEHHsAM Ta Tpimmuor X sBigmosiguo 2.01,2.23,3,10.
BayBaxkumo, 1o mpu X < 2.23 BinmOyBaeThCs BifcTaBaHHs OeperiB TPILMHE y BEpIIHHI A.

* oo .
Benvumna 3BeieHOro KOHTAKTHOro 3ycmmwis Ny OmwkHid Bepumni A (§ =—1) €

MEHIIIOK, Hi)K y Jajekii Bepmuni B (cf = 1). Takox 6aummo, o Mpu 301IBINEeHH] BiJCTaHi

MK JKOPCTKMM BKJIFOYCHHSIM 1 TPIIMHOI BEJIMYMHA KOHTAKTHOTO 3yCHIUIS HPSMYE JI0
koucrant 0.521 [7].

Ha puc.3 naBeneno rpadivyny 3aleXHICTh 3BEIEHOTO KOHTAKTHOrO 3ycuiuiss [N " mixk
OeperaMu TPIIIMHHE Bix Ge3p0O3MipHOI KoopamHATH ¢ TIpH pisHuX y Tanpu X =2.5, r=1.
[Ipuaomy kpuBuM 1,2,3,4,5 BiANOBijae BIAHOIICHHS 3THHAJIBHMX MOMEHTIB Ha
neckinuennocti y Bigmosiguo 0.2,0.5,1,1.4, 2. Sk 6Gaunmo 3 nporo pucyHka, npu y >1.4
BiZIOYyBa€ThCs BiJICTaBaHHS OeperiB TpimumHu y BepmmHi A. Takox 6aunmo, mo mpu y < 0.65
3BeJICHe KOHTAKTHE 3YCHJUIS Criajae 3i 36ibmeHHsM Ge3po3MipHoi koopimHatn & =x/I, a
npu y < 0.65 —3pocrae.

Ha puc.4 naBeneno rpadidyai 3al1eXHOCTI 3BEACHHX KOEQIIi€HTIB IHTEHCHBHOCTI
momentis (KIM) g / ( Ml ) = K,,” Bill BiTHOWeHHS BincTaHi MiX NMeHTpamu TpilmuHH Ta

sxmouennss X = d /[ . Kpusi 1-3 no6ymosani npu k , mo popisioe Bigmosigno 0.2,1,1.35

ta 7 =1. [Ipuyomy cymineHi minii Bigmosigarots KIM y GIukHINA 10 BKIIOYEHHS BEPIIHHI
TPILIUHM, IITPUXOBI — Yy nanekii. Ak 6aunmo 3 puc.4 KIM y O6nukHIl BepIInHI MEHIIUN HiX
y JaleKi, Komd y >0.65, 1 HaBIOAaKW, 3ayBa)kKUMO, IO IIpU 30UIBINEHHI BiACTaHI MiX
TPIIIMHOIO Ta BKIIIOUEHHSM 4nciioBi 3HaueHHs KIM mpsiMyioTh 10 BiZMOBiIHOT BEJIMYUHU B
OJTHOPITHIH TUTacTUHi [7].

Ha puc.5 naBeneno rpadiuni 3anexnocTi 3BeaeHux (KIM) Bia BiAHOIIEHHS MOJIOBUHU
CTOPOHM KBajpaTa JO IIOJOBUHU JOBXMHM Tpimuuu » = a /[ . Kpusi 1-3 moGynosani npu

k., mo nopisHioe Bigmosimmo 0.2,0.5,1 Ta mpu X =2.5, HpUdOMYy CYHUIBHI IiHii

BignosiatoTh KIM y GnukHil 10 BKIIFOYEHHS BEPIIMHI TPILMHMU, IITPUXOBI — y Aanekiid. Sk
6auumo 3 puc.5, KIM y OamxHil BepMHI MEHIMHI HIXK y Aaekid, koau y > 0.65, 1 HaBnaku

— KO y<0.65. 3 IbOr0 pUCyHKa 0OayMMo, IO IPU 3MEHIIEHHI PO3MipiB KOPCTKOIO

BKitoueHHs 3HaueHHs KIM y OmkHill 1 ganexiii BepmuHi ofHakoBi ¥ piBHI 0.521, IO
BiJIOBi]a€ BUTAJIKY 130JIbOBAHOI TPIIIIMHU.
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Figure 2. Graphic dependence of the consolidated Figure 3. Graphic dependence of the consolidated
contact force at different X =d /[ contact force at different 7= M*/M*
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Figure 5. Graphic dependence of SIF moments at

Figure 4. Graphic dependencies of SIF different y
moments at different y

Ha puc.6 300paxxeHo rpadiuni 3aleXHOCTI KPUTHYHOTO MOMEHTY MiX >KOPCTKOIO
maifbor0 Ta TPINMHOW, KOJIU y <(0.65, KpUTHYHMHA MOMEHT cmajgae, a mpu y >0.65 —

3poctae. Ilpn y <0.65 TpimmHa migpocTtae i3 ONMKHBOI BEpUIMHH, a mpd y >0.65 — 3

nanekoi. Ilpu 30imbImeHHI X KpUTHYHHE MOMeHT mpsmye g0 1.32, mo Bimosizae
130JIbOBaHIM TPILIHHI.
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Figure 6. Graphic dependence of critical Figure 7. Graphic dependence of critical
moments at varios y moments at varios y

Ha puc.7 306paxkeno rpadidni 3amexsocti kpuruunoro momenty M Bin r=al/l.
KpuBi 1-3 moOynoBaHO TIpHM BiJHOIIEHHI 3THHAJGHAX MOMEHTIB Ha HECKIHYCHHOCTI

y=M7’ /M;°, mo popisaoe 0.4, 0.7,1 Bignmosimao ta X =3.1. Sk 6aummo 3 puc.7, npu

301JIbIIEHHI PO3MIpIB JKOPCTKOI maitou, ko ¥ < 0.65, kpurrnunuit MoMeHT 3pocTae, a npu
¥ >0.65 — crmamae. Tlpu y <0.65 TpimmHa migpocrae i3 Nalekoi BEPIIMHU, & MPH
x> 0.65 — 3 6mkuboi. [Ipy MaTux po3Mipax KOPCTKOTO BKJIIOUEHHS KPUTHYHUH MOMEHT

nopisaioe 1.32 , mo Bifmosizae BUIaaKy i30J150BaHOI TPIIIHHH.

BucHoBkn. Ha OCHOBI 4YHCIIOBOTO aHajli3y BCTAHOBJIEHO TaKi 3aKOHOMIiPHOCTI:
BEJIMYMHA KOHTAKTHOTO 3YCHJUIS € OUIBINOI y ONVOKHIM BepIIWHI, HIX y JaleKid, a mpu
BiJUIaJICHHI TPIIMHK Bij maiiOu KoHTakTHE 3ycwiuIs Ta 3BeieHuit KIM BuxomuTh Ha craje
3HAUEHHS U OJHieT TpiuHU. KpUTHYHUN MOMEHT 3pocCTa€e MpHu 30UIBIICHHI BiJICTaHI MiX
BKITFOYCHHSIM Ta TPIIIUHOIO Y JOCIIIKEHOMY BHIIJIKYy TIPH y < 0.65, 1 HABIAKH, IPA y > 0.65,
pH y > 0.65 TpillMHA MiJPOCTAE 13 TATEKO]l BEPIIMHHU, a IPU y < 0.65 — 3 OJIMIKHBOI.

Conclusions. Based on numerical analysis the following laws were stated: the value of
the contact force is larger near the top than in the distant, and at a distance from the split
washers, contact forces and a combined intensity factor moments goes to the constant value of
a single crack; critical time increases with the distance between the inclusion and crack in the
investigated case y <0.65, and vice versa, when y >0.65, when y >0.65 the crack grows from

distant peaks, and if y <0.65 - with their neighbors.
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