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TOHKMX OO0JIOHOK 3 HEJIOCKOHAIOCTIMU HOPMU

2. Numerical implementation of the finite element method in the probabilistic formulation of problems of reliability
and safety of thin shells with shape imperfections

Pedepar:

1. Po3po6yieHO HOBUIT UMOBIPHICHMH MiJIXi[l 70 BU3HAYEHHS [MPOEKTHOI HAJiNMHOCTI 32 CTIMKICTIO TOHKHUX 000JIOHOK 3
HEJIOCKOHAJIOCTSIMU (POPMHU, SIKUH 6a3yeThCsl HA OCHOBHUX I0JI0KEHHsIX B.B. bosioTiHa Ta yncesnbHO peasnizoBaHui
METOJIOM CKiHY€HHUX eJIeMeHTiB. [Io6yioBaHa HOBa MOIM(iKOBaHA CX€Ma METOly CKiHYEHHUX €JIEMEHTIB 10
PO3B’s13aHHS [TpobJIeMy HeJliHiiHOTo fedOopMyBaHHS i CTIIKOCTI TOHKHUX 0O0JIOHOK 3 JOBIIBHUMU
HEJIOCKOHAJIOCTSIMU (POPMHU 3 BEKTOPHOIO allpOKCUMallielo (PyHKLii nepeMileHs, 10 IpecTaBleHa psIoM
MakJsiopeHa B 3arajibHill KpUBOJIiHIMHINA cUCTeMi KOOpAMHAT. 3apOIOHOBaHI i peasnizoBaHi €(peKTHBHI aITOPUTMU
KOMITIOTEPHOTO MOJIEJIIOBAaHHS HEJOCKOHAJIOCTEN (POPMHU TOHKUX OOOJIOHOK i3 3aCTOCYBaHHSIM IIPOTPaMHOTO

komrIiekcy NASTRAN i ctBopeHoi aBTOpoMm nporpamu (pOpMyBaHHS HOBHX BY3JIOBUX KOOPAMHAT MOJIeJIi, IKa



aZlaliTOBaHa [I0 JAHOTO KOMIIEKCY. 3allpONIOHOBAHO aJITOPUTM NOOYA0BY KPUBUX (TOBEPXOHB) IPOEKTHO]
HAZiHOCTI TOHKMX OOOJIOHOK IIPM Pi3HUX BUAX HABAaHTAXKEHHS BiANOBITHO 110 3aaHuX QYHKIIN po3noniny
IIi7TbHOCTi IMOBIPHOCTi HEJIOCKOHaIOCTe! (POPMU Ta KPUBUX (IOBEPXOHD) PAHNYHUX 3HAYEHb HABAaHTAXXEHD,
OTPMMAaHUX IPU PO3B'sI3aHHI FeOMETPUYHO HeJiHilHOI 3afadi cTatuky MetTooM HeioToHa-Padcona.
3arnponoHOBaHO HOBUM MMOBIPHICHUAM MiAXil 40 BU3HAYEHHS €KCIUIyaTaliliHOI HANIMHOCTI 32 3arajlbHOIO CTIMKICTIO
TOHKHX OOOJIOHOK 3 peajlbHIMU HeJOCKOHAIOCTSIMU. [IpeicTaBIeHo aJlrOPUTM KOMITIOTEPHOTO MOJeJII0BAaHHSI
peaJIbHUX HEIOCKOHAJIOCTEN 3a OIIOMOT0I0 CIJIaH-KPUBMX 3 MO>KJIMBOIO Bi3yasizallielo B 3aJJaHOMy MaclITaoi.
Po3po6seHo epeKTHBHMI NMOBIPHICHIN MiIXif] 1O OLiHKY PU3UKY aBapil TOHKUX HEJJOCKOHAJINX OO0JIOHOK B
HACJIJOK BTPATH 3arajbHOi CTIMKOCTI, IKU OL[iHIOETHCSI HA OCHOBI TEOPEM TEOPii IMOBIPHOCTI, MiAXOLiB HEUiTKOI
JIOTiKY, METO/IiB IPUIHATTS pillleHb B yMOBaX HEBU3HAUYEHOCTI SIK ITepeBUILeHHs (aKTUYHOIO IMOBIpHICTIO aBapii
TEOPETUYHOI, 3aKOH PO3IOIiy SIKOI BifilIOBilae OQHONApPaMETPUYHOMY po3mnoginy Peses. O61acTi NpUAHITHUX
3HAY€Hb PU3MKY aBapii BU3HAYAIOTHCA 32 BEJIMUMHOIO iH(pOopMaliitHoi eHTponii. OTpUMaHO HOBi PO3B'SI3KU
MIPaKTUYHUX 337124 JOCJIiIP)KEHHS BIVIUBY F€OMETPIii, [PAHNYHUX YMOB, KOPO3ii MeTajly, KijIelb >KOPCTKOCTI Ta
Ie(eKTiB 3BapHUX LIBiB HAa 3arajlbHy CTiMKiCTb, HAMIIMHICTb Ta O€3[1€YHY eKCIUlyaTallil0 TOHKMX 060JIOHOK.
Po3p06s1€eHO HOBUIT QITOPUTM KOMITIOTEPHOTO CKiH4€HHOEJIEMEHTHOTO MOJIEJII0BaHHSI TOHKMX OO0JIOHOK 3
IedeKTamy 3BapHUX IIBIB 3 ypaxyBaHHSIM X PO3IIOBCIOIKEHHS JJ1s1 6araToOKJIaCOBOTO PO3Ii3HABAHHS Ta
IIPOTHO3YBaHHS TEXHIYHOIO CTaHy OO0JIOHOK. B MiclisIx po3TallyBaHHS AATYMKiB BU3HAYAIOThCS HEPOMEpPEXEBi
xiacudikaropu: gedopmallii, HANPy>KEHHs i YACTOTHU BJIACHMX KOJIMBAHb 3 YPaXyBaHHSIM HaIlPY>XEHO-

IepOpMOBAHOTrO CTaHy OOOJIOHOK IIPH Aii eKCITyaTaliiiHUX HaBaHTaKEeHb.

2. A new numerical approach is developed. The approach is based on the finite element method and the main
provisions of V.V. Bolotin on how to determine in the probabilistic formulation the design reliability of the stability
of thin shells with shape imperfections. A new modified scheme of the finite element method is constructed to
solve the problem of nonlinear deformation and stability of thin shells with arbitrary shape imperfections in the
general curvilinear coordinate system. The stiffness matrix of a curvilinear finite element is constructed by means
of a vector approximation of the displacement function represented by the Maclaurin series. Effective algorithms
of computer modeling of shape imperfections of thin shells with the use of the NASTRAN program. The program of
forming new coordinates of nodes of the shell model with the maximum amplitude of imperfections, developed by
the author and adapted to NASTRAN program are applied as well. An algorithm for constructing curves (surfaces)
of design reliability of thin shells under different types of loads according to given functions of the shape
imperfections probability distribution is proposed. This algorithm uses curves (surfaces) of critical values of loads
obtained by solving geometrically nonlinear statics problem by Newton-Raphson method. A new numerical
approach to determining the operational reliability of the stability of thin shells with real shape imperfections is
proposed using spline curves of the NASTRAN software with the possibility of their visualization at a given scale is
presented and applied. An effective probabilistic approach to risk assessment of thin shell failures with real shape
imperfections due to loss of general stability has been developed. The risk is estimated on the basis of probability
theory theorems, fuzzy logic approaches, decision-making methods in conditions of uncertainty as exceeding the
actual probability of a theoretical accident, the distribution law of which corresponds to the one-parameter
Rayleigh distribution. Areas of acceptable values of accident risk are determined by the value of information
entropy. The cumbersome procedure for determining the mathematical expectation of the reliability of the tank
using statistical processing of data on the state of structures by the Monte Carlo method has been replaced by an
effective method for determining the operational reliability of the design reliability curve. New solutions of
practical problems of influence of geometry, boundary conditions, corrosion of metal, rings of rigidity and defects
of welds on the general stability, reliability and safe operation of thin shells are received. A new algorithm for
computer finite element modeling of thin shells with weld defects has been developed, taking into account their
development for multiclass recognition and prediction of their technical condition. The following neural network
classifiers are determined at the locations of sensors: deformations, stresses and natural frequencies of
oscillations.
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