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V. BimomocTi npo gucepraniio
Moga guceprariii:
Koau TemaTHyHHUX PYOpHK: 73.39.41, 81.35

Tema guceprauii:
1. HagifiHicTh 3BapHUX TPYOOIIPOBOIIB 3 BUSBJIEHUMHU KOPO3iliHO-€PO3iiHUMH MTOIIKOKEHHSIMU B YMOBaX

eKCIllyaralii Ta pEMOHTY IiJl TUCKOM.

2. Reliability of welded pipelines with revealed corrosion-erosion damages under operation and in-service repair.

Pedepar:

1. B muceprauii npegcTaBIeHO KOMILIEKC METOIMK [TPOTHO3YBAHHS JOKPUTUYHOTO Ta KPUTUYHOTO PYMHYBAaHHS
3BapHUX TPYOOIPOBITHUX €JIEMEHTIB i3 TPUBUMiIPHUMMU JilepEeKTaMU HECYyLiIbHOCTI MeTaJly Ta BUBHAYEHHS
3aKOHOMIpPHOCTEH BIVIMBY MOHTaKHOTO T2 PEMOHTHOTO 3BapPIOBAHHS HA iX HaMliMHICTh, MilIHICTb i pOOOTO3[ATHICTb.
Tak, Habys11 MOAANBLUIOrO PO3BUTKY KOMILJIEKCHI METOIY TPOTHO3YBaHHS KiHETHMKY (Pi3MKO-MeXaHIYHUX MPOLECiB
IIpY 3BapIOBaHHi Ta €KCIJIyaTallii TUIIOBUX 3BaPHMX KOHCTPYKLIil, 1[0 BPaXOBYIOTh JOKPUTUYHE Ta KPUTUYHE
PYIHYBaHHS METaJly 3a B'SI3KMM M€XaHi3MOM. PO3p06sIeHO METOIM YMCEJIbHOTO BU3HAYEHHS IMOBiPDHOCTI
PYVHYBaHHS 3BapHUX TPYOOIIPOBIAHUX €JIEMEHTIB i3 BUSBJIE€HUMHU IIOBEPXHEBUMU Ae(PEKTAMHU JIOKATIbHOI
KOPO3iifHO- epo3iliHOoi BTpaTu MeTaiy. B ix 0CHOBY 6yJ10 [TOKJIaleHO «IIPUHLIMII CIa6KOi JJaHKU», 1110 niepenbadae

iHTerpyBaHHS I10J1iB TOJIOBHUX HANPY>KEeHb YU iHTEHCUBHOCT] [1JIACTUYHUX AedopMalliil B paMKaxX CTaTUCTUKU



Beiibyna. lle 103BOIMIIO PO3POOUTH Ta 3aIIPOBAAUTY METO/IY OLIiHKY JIOITYCTUMOCTI 1307IbOBaHUX Ta MHOXKXUHHUX
IeeKTiB TUIY ra30BUX BKJIIOYEHD i CTOHIIEHb CTiHKY TPYOOIIPOBIIHUX €JIEMEHTIB B 00J1aCTi 3BapIOBaHHS LIJISIXOM
ypaxyBaHHS 0COOJIMBOCTEM TEXHOJIOTIYHOIO IIPOLIECY MOHTa)XKHOIO 3BapioBaHHs. Ha 0CHOBI po3po06sieHMX METOAUK
IIPOIEMOHCTPOBAHO IJISIXU O1JIbII IMPOKOTO 3aCTOCYBAHHS TUIIOBUX METOIiB PEMOHTY TPYOOIIPOBiIHUX €JIEMEHTIB
i3 BUSIBJIEHMMU KOPO3iliHO-€pO3iiHMMU Je(eKTaMu 32 J0IIOMOr0I0 Cy4YaCHUX TEXHOJIOTi PEMOHTY 3BapIOBAaHHSIM
i THCKOM (KOHTpOJIbOBaHe LLi(pyBaHHS, 6araTonpoxifHe HalaBleHHs, BCTAHOBJIEHHS] METaJIeBUX i
KOMITO3ULiMHUX iCUII0BAJIbHUX KOHCTPYKIiH). [y IpOBEeHHS BiIIOBIAHUX PO3PaXyHKIiB peasi3oBaHO HOBE
IIOKOJIiHHS BUCOKOE(EKTUBHUX ITPOTPAMHUX 32C00iB CKIHUEHHO-€JIEMEHTHOT'O MOIEJIIOBAHHS TEXHOJIOTIUHNX

IIpOLIeCiB 3BapIOBaHHS Ta IIPOTHO3yBaHHS pOOOTO3IaTHOCTI 3BAPHUX KOHCTPYKLIIH.

2. The Thesis presents a set of methods for predicting the subcritical and critical damage of welded pipeline
elements with three-dimensional metal discontinuity defects and determining the way of influence of assembly
and repair welding on their reliability, strength and operability. Thus, complex methods for predicting the kinetics
of physical and mechanical processes in welding and operation of typical welded structures that take into account
the fracture of metal by a ductile mechanism have been further developed. This allowed development and
implementation of the methods for assessing the permissibility of isolated and multiple defects such as gas
inclusions and wall thinning of pipeline elements in the region of welding by taking into account the features of the
assembly welding process. Methods of numerical assessment of the probability of fracture of welded pipeline
elements (pressure vessels) with revealed surface defects of local corrosionerosion metal loss have been
developed. The integration of the fields of principal stresses within Weibull statistics was assumed as its basis,
which allows taking into account the residual postweld stress-strain state. In addition, it has been proposed an
alternative approach based on the integral analysis of the plastic strain intensity fields. It allows fulfilling more
adequately analysis of the tendency to fracture in case of the significant development of plastic strains before the
limiting state, in particular, at high-temperature creep. Weibull distribution coefficients were obtained for typical
pipe steels and aluminum alloys to determine the probability of failure of welded pipeline elements with detected
three-dimensional metal discontinuities. Based on the developed methods, ways of wider application of typical
methods for repairing pipeline elements with detected corrosion-erosion defects using up-todate technologies of
in-service repair (controlled grinding, multi-pass surfacing, installation of metal and composite reinforcing
structures) are demonstrated. For analysis of the results of inline diagnostics of long sections of the pipelines, a
multilevel technique of defect ranking for determination of the sequence of their elimination by in-service welding
repair was developed. Three-level approach for the distribution of defects by danger level was proposed. It is
based on the division into groups according to the requirements of regulatory documents, by assessment the
residual safety factor as well as by estimating the probability by the Monte-Carlo method. In addition, within the
third level, it is proposed to rank not only the revealed defects, but also the areas with multiple defects to increase
the efficiency of repair of the sections of a certain length. The numerical procedure has been developed for
quantitative assessment of the effectiveness of bearing capacity renewing of pipeline with corrosion-erosion metal
losses by means of reinforcing structures. As a quantitative parameter of repair effectiveness the function of the
ratio of the probabilities of defective structure failure before and after repair was offered. It allows taking into
account the features of interaction in a contact pair using up-to-date techniques for numerical prediction of the
stress-strain state of critical structures. To carry out the corresponding calculations, a new generation of efficient
software for finite element modeling of welding processes and predicting the operability of welded structures was
implemented. They are based on the proposed complex models of welding processes and algorithms of prediction
of the welded structures workability, the corresponding finite element description and solvers, which involve the
use of multiprocessor systems of different levels, namely supercomputers, clusters, GRID systems, computers of
hybrid architecture. It is shown that the use of these approaches to solve the typical problems of determining the
residual life of pipeline elements and pressure vessels with revealed defects allows accelerating the numerical
calculations up to 80 times.
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