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2. Two dimensional stress state of solids containing thin structural components

Pedepar:

1. PoboTa cToCyeThCsl pO3pOOKH MaTeMaTUIHUX MOiesIel Ta 3ac06iB aHaIiTHYHO-YMCIIOBOTO i YMCJIOBOTO aHai3y
IBOBMMIPHOTO (QHTUIIJIOCKUH, IIJIOCKUM i 0CeCUMeTpHUYHMIT) HAaIPYy>KeHO-11epOPMOBAHOTI'O Ta TPAHUYHOTO CTaHIB
IIPY>KHMX TiJl i3 TOHKMMU €JIEMEHTaMU. 3alIpOIIOHOBAHO aHAITUYHO-YMCIJIOBUN METOJ, BUBHAYEHHS HANIPY>KEHOTO
CTaHy TiJl i3 NPyKHUMU BKJIIOYEHHSIMU. PO3P0O06JI€HO peryssipusaliitHuii niaxiz, 47151 yCyHeHHsT Malbke-CAHTYJISIPHUX
iHTerpasis, mo BUHUKAOTh Y MI'E 3a gocigkeHHs: TOHKOCTIHHUX 00'€KTiB. OTpUMaHO CaMOpPETyJIsSIpU30BHi
iHTerpaJsbHi PiBHSIHHSA OCECMMETPUYHOI 337,24l CTOCOBHO IIE€PEMILIEHb Ta HAIIPY>KEHB, 10 YCYBAIOTh TAKOX i
HeraTUBHUM e(peKT IPUMEXKOBOTO 1apy. 3apoOHOBAaHO BUKOPUCTOBYBATU €HEPreTUYHI IHTErpaIu [ OLiHKU
TPaHUYHOTO CTaHy TiJl i3 TOHKMMU BKIIOYEHHIMU. OTPUMAaHO 3B's130K y3aranbHeHux KIH i3 numu inTerpanamuy,
obrpyHToBaHo ¢izuyHuMii 3micT J iHTerpasa 1s BKiodeHHs. [106y10BaHO pO3paxyHKOBi CXeMU BU3HAYEHHS
IlapaMeTpiB OLiHIOBAHHS FPAaHMYHOrO CTaHy IIJISIXOM allPOKCHMMallii 10711 Hallpy>KeHb. PO3IJISIHYTO IBOBUMIpPHI
3a/1a4i 1711 0OME>KeHUX Ta HEOOMEXXEHUX TiJ i3 TOHKMMHU JIiHINHUMU i BUKPUBJIEHUMU BKIIIOUEHHSIMU. 3AiICHEHO

aHasli3 KOHLeHTpallii Halpy>KeHb y pi3pOoBOMY 3'efHaHHi Ta nopaHo ouinky KIH nosepxHeBux TpiluH y pi3boi.



2. The thesis considers the development of mathematical models and methods for numeric-analytical and
numerical analysis of two-dimensional (plane, antiplane and axisymmetric) stress-strain and limit state of elastic
solids containing thin shapes. The numeric-analytical method is developed for determination of the stress-strain
state of solids containing inclusions, in particular thin ones. The stress field induced by thin rectangular inclusion
is studied. Basing on the results of this method different implementations of ordinary BEM are analysed as applied
to the inclusion problem. It is shown that the most efficient is the usage of regularized equations and quadratic or
cubic boundary elements. The regularization approach is developed and applied to the integral equations of
antiplane anisotropic and plane isotropic elasticity. Thus, both singular and nearly-singular integrals are
regularized and the boundary layer effect is completely eliminated. This approach shows high efficiency for the
analysis of solids containing thin shapes, especially for the anisotropic solids, where the error of nonlinear
transformation technique for nearly-singular integral evaluation is significant. Singular and hypersingular integral
equations of axisymmetric elasticity are completely regularized and the continuous to the boundary equations are
obtained. Thus, stresses and displacements can be evaluated in the whole domain continuously up to the
boundary. These equations are applied to the analysis of axisymmetric solids containing thin inclusions and thread
connections. For the determination of limit state estimation parameters, in particular generalized SIF, several
methods are developed. The dependence between M- and J-integral and GSIF is obtained. The physical sense of
the J-integral for elastic inclusion is considered. The dominant GSIF and mutual integral approaches are developed
for GSIF decomposition. Another approach for determination of GSIF is developed basing on the least square
method and generalized asymptotic expansion approximation. Considered are the two-dimensional problems for
the bounded and unbounded solids with thin linear and curved inclusions. The polynomial conservation principle
is studied as applied for bounded solids. Stress concentration in the hydroturbine unit thread connections is
considered. Basing on the numerical results simple formula for determination of the maximal stress concentration
is obtained. Basing on the correlation function approach the SIF of surface cracks in the thread connection is
estimated.
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