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1. MeTonu po3paxyHKy Koe@illieHTa iHTEHCUBHOCTI HaIIpY)K€Hb 3 BpDaXyBaHHSIM reOMeTpUYHOI HeJliHiltHOCTi Ta
IOBiNbHOI (OPMU TPIlIMHU

2. Calculation methods for Stress Intensity Factor with accounting for geometrical nonlinearity and arbitrary crack
form

Pedepar:

1. Incepraniiina po60oTa IpucBgYeHa po3po0li YNCENbHUX i aHANITUYHUX METOJiB PO3paxyHKy KoedilliieHTa
iHTeHCHUBHOCTI HanpyXeHb, (KIH) ny1s HeknacuyHuX Mpo6JIeM MEXaHiKU pYHHYBaHHS, 30KPEMA, [AJ1s1 TPIlllUH
CKJ1atHO1 pOpMHU Ta IJ1s1 TPIIMH B TOHKOCTIHHNX KOHCTPYKIIiSIX 3 BpaXyBaHHIM reoMeTpruyHoi HesliHiltHOCTi, (I'H).
[IpencraBnena mopudikanis Mmetony Bisnbsmca, 1110 BpaxoBye 3aTyxaloyi Ha HECKIHU€HHOCTI 4yieHU. JloCiIpKeHo
MEXi Ta HaJlaHi peKOMeHallii o010 3aCTOCYBaHHSI TAHOTO MeToAy. PO3po6sieHO aHaNITUYHUI METO, PO3PaXxyHKY
KIH B Tpy6ax 3 1OBrMMU OCbOBMMH TIOBEPXHEBUMHU TPilIMHAMU 3 BpaxyBaHHsIM ['H B 3a71€XKHOCTI Bifi BHYTPilIHBOTO

THCKy. HaBeneHo pesysbraTu Bepudikanii Besmdus KIH 3 orpumanumu B po6oTi yncenbHUMU po3B'sskamu MCE.



[TobymoBani yncesnbHi Mogeri njst po3paxyHKy KIH ta po3kpurts 6eperis TpimuH B 'H noctaHoBLI 171 HACKPi3HUX
TPilMH B 3a7I€XXHOCTI Bifi 3MiHHOI BesIn4MHU 0CcboBOi cuiu. [To6ymoBaHa arrpokcrumManiiia popmyia, o OMUCYE
BruB ['H edexTy s y3arajspHeHOI 0CbOBOI CUIM Ta 6€3po3MipHOI JOBXMHU TpiluHU. [TokazaHa 3HAUUMICTh
eeKTy 1J1s1 peajbHUX JIab0PaTOPHUX €KCIIEPUMEHTIB. PO3p006JIeHO YHiBepCalbHUI HaMiBaHANITUYHUI METOT
PO3B's13Ky iHTerpo-audepeHLiitHOro PiBHSIHHS TEOPii NPYXHOCTI [715 IJIOCKUX TPIlllMH HOPMAJIbHOTO BilpUBY
IOBiNbHOI GopMu. [I71s1 IepeBipKy aHAJIITUYHUX pe3ysbTaTiB 00y goBaHi yncenbHi Mmoaesi MCE njis TpimuH pisHoi
dopmuy, HaNpUKJIaL, AJ1s IPSIMOKYTHOI, BHYTPillIHbOI MiBEJITUYHOI TPIlIMHY, TOILLO, Ta IPOBELEHO CIiBCTaBJIEHHS
pesyibTaris. [IpoBeseHi npaktuyHi po3paxyHku KIH B 4aci g eneMenTiB KoHCTpyKUinn AEC nj1g pisHUX cueHapiiB
IIPOTiKaHHS aBapifiHuX cuTyaliil. CTBOpeHo psf, iMiTaLlilHUX MoJesieil 3 BOyLOBaHOIO TPIMHOIO, IS SKOi
po3paxysku KIH npoBopnnucs MeTogaMy HEJTHIMHOI MEXaHIKY PYHHYBaHHS. 171 TPillKH, 10 IPOXOAATh Yepe3
HaIJIaBJIEHUI MaTepiall, [e BiiOyBaeTbCsl CTPUOKY HANIPY>KEHb, OOIPYHTOBAHO 3aCTOCYBAHHS METOAY (PYHKLIii
BIUJIMBY, [IJI51 YOTO PO3POO6JIEHO aHaJiTUKO-YHCEJIbHY IPOLEypY, 0 BUKOPHUCTOBYE YaCTKOBO HellepepBHi 6a30Bi

3daKOHM HaBaHTa>XEHHS.

2. The dissertation is dedicated to the development of numerical and analytical methods for calculating the stress
intensity factor (SIF) for nonclassical problems of fracture mechanics, in particular, for cracks of complex shape
and for cracks in thin structures with taking into account geometric nonlinearity (GN) and their applications in
various industries, in particular, for nuclear power plants, for calculation of the elements of the reactor unit. A
modification of Williams's method is presented, which describes the stress state in the crack tip. For modification
of the classical approach in the considered method the additional members were presented, which are infinite in
the crack tip, but attenuate at infinity. The main idea of the method is to divide the whole area of the body into two
separate parts - internal one, which embraces the tip of the crack, and the external one. In the inner area, only the
classic Williams functions are used, and in the outer area both the classical members and additional ones are used.
At the boundary between the selected subdomains, the conjugation conditions are to be fulfilled, the essence of
which is to equalize here the stresses and displacements. The very high efficiency of this method is shown for
bodies that have the shape of a circle, or are infinite, where almost exact values. A thin-walled pipe with a long
surface crack is considered. The pipe, surface of which may contain the initial deviation form ideal circle, is loaded
by inner pressure. In first time the problem of determining the SIF was considered in a geometrically nonlinear
formulation, when changes in the geometry of the body in the process of deformation are accounted for linear
material behavior. Based on the Chen-Finnie method, which considers the crack as concentrated compliance, and
on original solution for geometrically nonlinear behavior of curved initially distorted beam, the compact analytical
formulas are obtained, which gives the value of SIF for each value of inner pressure. It was shown that even for
perfectly circular pipes having the cracks with depth up to half of the thickness of pipe walls, loaded by moderate
level of inner pressure, the geometrical nonlinear values of SIF can be 10-15% less than those at linear approach
application. Another geometrically nonlinear problem is numerically investigated by known commercial FEM
software for the through crack, which is loaded by a significant value of additional longitudinal force (the main
factor of geometric nonlinearity considered) and small value of internal pressure (linear consideration). This
statement distinguished this task from research conducted at NASA (USA), where the pressure and axial force were
proportional as to pipe with closed ends. These results are of great theoretical and practical importance. In
particular, it is shown that for real pipes the neglecting by influence of axial force in usual approach may lead to 4-
6% error of SIF determination. The necessity of analysis of flat cracks of non-canonical shape in three-dimensional
bodies is noted. This is due to the fact that almost all existing solutions in the literature and reference results in
normative documents are given for cracks that have shape of an ellipse or its part. However, real cracks detected
by non-destructive testing are irregularly shaped cracks. Therefore, it is necessary to create the analytical
methods that would allow to assess the impact of the crack shape, and to verify them with careful numerical
procedures by FEM. For this purpose, flat internal cracks in infinite 3D body are considered. The formulation of
problems for them is reduced to well-known integro-differential equation of the theory of elasticity. As for the
functions of the form, three variants of their choice were investigated - a) classical, which depends on the squares
of ratio of radial coordinate of the considered point, and the corresponding coordinate of contour point; b)



multiplicative, based on the product of equations describing the straight sections of the crack contour, and c) the
original Oore-Burns function, which is an integral of the crack contour from the inverse square of the distance of
the considered point to each point of the contour. Practical calculations of SIF dependance with time for NPP
reactor ant its elements for different scenarios of emergency situations are carried out. A number of simulation
models with a built-in crack have been created, for which SIF calculations were performed by nonlinear FEM
analysis. For cracks going through the cladding, where stress jumps occur, the method of influence functions is
elaborated, and analytical-numerical procedure used piece-wise continuous basic laws of loading. Practical
calculations were performed for the nozzle of reactor vessel, the cylindrical part of vessel, the core barrel and core
baffle. These calculations were used to justify the extension of the service life of several units of Ukrainian NPPs.
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