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Pedepar:

1. Inceprarnifina po60Ta IPUCBIYEHA PO3POOIEHHIO METOOVKY OLiHIOBaHHS HAAiTHOCTI KOHCTPYKLiM CIipasbHO-
danbueBux cusociB. Y epuiomy po3ziii BAKOHAHO aHajli3 CTaHy AOCiIKeHb 110 TeMi aucepTalii. Po3riasHyTo
MeTaslieBi IMCTOBI KOHCTPYKLi, iXx ocobsuBocCTi, cienudiky ekcrutyaralii y pisHUX yMOBax Ta 0COOJIMBOCTI
PO3PaxyHKY, K 6a3y JOCJiJKeHb 1J1 Teopii po3paxyHKy TOHKOCTIHHUX eMHOCTel. HaBeJeHo y3arajibHeHy
K1acudikallilo METaseBUX CUJIOCIB Ta JOCIIIKEHO ranysb ix 3acTocyBaHHS. ONMUCAaHO TEXHOJIOTiI0 BUTOTOBIEHHS
cripanbHO-(asbleBUX CUIJIOCIB, IPOaHasi30BaHO PYHKIii MeXaHi3MiB, SIKi BUKOPHUCTOBYIOTHCS [P MOHTaXi CHUJIOCY.
Po3ryissHyTO noeTanHuii Npolec MOHTaXXKy KOHCTPYKLi cusocy Ha OyAiBeslbHOMY MaiiiaHuuKy. [IpoaHasnizoBaHo
IepeBaru Ta HeJloJIiKu CipanbHO-(albLEeBUX CUIIOCIB. PO3IJIsSIHYTO TEOPil0 BUBHAUYEHHS TUCKY CHUITy4Oro MaTepiay
Ha IHO Ta CTiHKU cUJIOCiB. [IpoBeseHo orisy pobiT B 06/1aCTi AOCTiIKeHb MeTaJIeBUX CUJIOCIB Ta NOCJIiIKeHb
HaZiltHOCTI OyniBesbHUX KOHCTPYKLi. CHOpPMYIIbOBaHO 33/iadi fUcepTaliiiHoi po6oTy. Y Apyromy po3aisi ns



[I0/IA/IBIIOTO PO3B'SI3aHHS TIOCTABJIEHO] 3a/1a4i ocinkeHHs 6ys10 3i6paHo Ta JOCiIKEeHO iCTOpilo BUHAX0AY
cripanbHO-(asnbleBUX KOHCTPYKIiil. 3po6yieHo aHali3 ranysi 3aCTOCYBaHHS CIlipajibHO-(ajbleBUX CUJIOCIB
(3axOpOHHMI Ta BITYM3HSIHUMN 4OCBiN). 3i0paHO TEXHiUHI XapaKTepUCTUKU EMHOCTEN Y 3aJ1€5KHOCTI Bif
(PYHKLiOHAJIBHOTO PU3HaUYeHHs. PO3p06s1eHO TabIMLIO i3 3arajibHMMU JAHMMU MIOJ0 apaMeTpiB CIipalbHO-
(anbLeBUX CUIIOCIB, 3aCTOCOBAHUX Y Pi3HUX ray3siX IPOMUCIOBOCTI. Y TPETbOMY PO37isli pO3IJIIHYTO crienudiky
KOHCTpPYKii criipasbHO-(asblieBOro CUIOCy, siKa BILJIMBAE Ha ix HalpykeHo-AedopMmoBaHUii cTaH. [IpoBesieHO
IIOPiBHSIHHSI METOJ VK BU3HAUYE€HHS HAaBaHTA)XXEHb Ta BILJIMBIB HA KOHCTPYKIi CHUIOCY 32 PI3HUMU HOPMaTUBHUMU
IOKyMeHTamu. [IpoaHanizoBaHO OCOGIMBOCTI PO3PaXyHKOBOI CXeMHU CllipajibHO-(asbLeBUx cuiocis. HaBeneHo
aJITOPUTM PO3PaxXyHKy Ha MIIIHICTh Ta CTilKiCTh METaJIeBOTO CUJIOCY 332 6€3MOMEHTHOIO Teopielo. PO3risiHyTo
HanpyxeHo-1edOpMOBaHMIl cTaH MDK(asbLeBOi HifITHKU 000JI0HKH 3 TIOCTIHOI0 TOBLIMHOIO CTiHKU. [IpoBeneHo
MIOPiBHAHHSA PO3PaxXyHKIB 3 aHAJITUYHMMU PO3paxyHKamu IIporpamHoro komiuiekcy JIIPA-CAIIP. YV yeTtBepromy
PO37iJi onrcaHo NpoBelieHe eKCIIEPUMEHTAIbHE JOCiIKEHHS (ajblleBOro 3aMKy Ha PO3TATYIOYi HAaBaHTa)KEHHS.
BussieHo xapakrep po6oTu ¢ajybleBOoro 3aMKa i Ipujerjvx AijITHOK 000JI0HKYU IPU Iiii pO3TATYI0UNX
HaBaHTaXeHb. 3aiKCOBAHO 3rMH MPUJIEIJIOi 000JIOHKY IIPU PO3KPUTTI (asblieBOro 3amka. BinzHaueHo eTanu
HaBaHTAKEHHS, IIpU SIKUX ¢asblieBe 3'€JHAaHHS MPalloBaJIo MIPY>KHO. BusiBJIEHO XapakTep po60Tu (asblis 10
PYVHYBaHHSI B OCHOBHOMY Bif[IOBifla€ [103arpaHUYHOMY CTaHy 000JIOHKY CIipasbHO-(abLieBOr0 CUJIOCY, L0
HigTBEPIKY€E MOro HaiMHICTh IIPU Aii MOXKJIMBUX MiIBUILIEHUX aBapiiHUX HaBaHTaXKeHb. [I[poBeeHo
€KCIIEPMMEHTAJIbHY [1ePEBIPKYy poO0TH MDK(asbLeBOi 30HM 000JIOHKY Ta NPUJIErInX (ajbleBUX 3aMKiB CIipajbHO-
danbuesoro cunocy. BussieHo xapakrep B3aemojii Ta gedopmyBaHHS CTiHKY 3 (anbLieBUM 3'€JHaHHIM. OLiHEHO
CTYIIiHb PO3KPUTTs QasbliiB Mif HaBaHTaXeHHsIM. OJlepKaHo JlaHi 010 XapakTepy po60TU CTiHKU Ta GasblieBOro
3'€IHaHHS B TPAaHMYHOMY Ta I103arPaHUYHOMY CTaHaX. BUKOHaHO NMOPiBHSIHHS €KCIIEPUMEHTAJIbHUX 3aJIEXKHOCTEN 3
PO3PaxyHKOM 32 METOOM CKiHY€HHUX €JIEMEHTIB y porpamHomMy Komiuiekci JIIPA-CATIP. O6rpyHTOBaHO
BHCHOBOK ITPO HaJiliHy PO6GOTY CTiHKHU CIipajbHO-(ajbleBOro CUJIOCY IIPU eKCIIyaTaliliHuX Ta MigBUIIEeHUX
HaBaHTaXEHHSX. Y II'ITOMY PO3[ijli IPOBELEHO OIJIs/ IPUKIIALiB OyAiBHULTBA METAJIEBUX CIIipaabHO-(PajbleBUX
cUJIOCiB Ha TepuTopii YKpainu. PO3I/ISIHYTO TeXHIYHiI XapaKTEePUCTUKU 3BE,EHUX CUIIOCIB Ta 06J1aCTh ix
3acTtocyBaHHs. ONMUCaHO [OCBiA eKCILlyaTallil METaJIeBUX CITipabHO-(abLiEeBUX CUJIOCIB HA IPUKJIAi ABOX
esieBatopiB. Po3risnyTo cunocHuii napk nianpuemcrsa TOB €muiniebke XIIT1. CripasnbHO-(anblieBi cuiocu
IAHOTO MigNPUEMCTBA € MiATBEPIPKEHHAIM JOBrOBIYHOCTI TaKMX KOHCTPYKLM, SIKi 3HAXOIAThCS B €KCILTyaTallii 3
1971p. ITpoBeieHO TexHiYHE 0OCTEKEHHsI CUIIOCHOTO NapKy boTtieBcbkoro enesaropa (3anopispka 06i1.). Ha ocHOBI
00CTeKeHHSs 3p06JIEHO BUCHOBOK PO HAAIMHICTD CIipaibHO-(asblieBUX CUIIOCIB. 3 JOCBiNy eKCIIyaTaii
BotieBCbKOro eneBaTopa JOBELEHO, O CUCTEMU PO3BAHTAKEHHS Ta 3aBAHTAXKEHHS CUJIOCY € BOKIIMBUMU
TEXHOJIOTIYHUMHU NIPOLIECaMH, SKi BIJIMBAIOTb HE TiJIbKU HA TPOAYKTUBHICTb €J1€BATOPA, ajl€ IIPY HENPABUJILHOMY
[IPOEKTYBaHHI Ta eKCIIyaTanii MOXYTb IIPU3BECTU A0 aBapiil. PO3rysgaHyTO iHIII IPUKIIAAK aBapii cripaabHO-
(danbLieBUX CUJIOCIB Ta IPOAHAi30BaHO MPUYMHH, 5K IX CIPUYUHWIN. Y MIOCTOMY PO37isi po3p06IeHO METOIUKY
OLIiHIOBaHHS HaJiHOCTI MeTasleBUX CIipasibHO-(ablIeBUX CUJIOCIB HA OCHOBI aHali3y pe3epBy MilJHOCTI.
OuiHOBaHHA HAIMHOCTI CUJIOCY IIPOBENEHO 33 TPhOMA CTAHAMY CUJIOCHOI KOHCTPYKIi: 3 ypaXyBaHHAM KibLI€BUX
HaIpyXeHb, 3 ypaxyBaHHSIM CKJIAQ[IHOTO HAIIPY)KEHOTO CTaHy Ta CKJIALHOTO HANPy>KeHO- 1eOPMOBAHOr0 CTaHy. 3a
pe3yJbTaTaMu pO3PaxyHKiB BUKOHAHO IOPIBHSHHS IapaMeTpPiB po3paxyHKy HaZilHOCTI cripanbHO-(ableBux
cusociB. OfepskaHi pe3yibTaTh PO3PaxXyHKiB MiATBEPAUIN BUCOKY HaliMHICTh METAJIEBUX CHipasibHO-(abLEBUX

CUJIOCIB.

2. The thesis is devoted to the development of a methodology of reliability analysis of spiral-flange silos. In the first
section, it was analyzed the state of research in the field of the thesis. The metal sheet structures, their features,
specifics of operation in different conditions, and calculation features were considered as a research base for the
theory of thin-walled silos analysis. The classification of metal silos is formulated and the field of their application
was explored. The set of equipment for the construction of the spiral-fold silos was given, the step-by-step
process of formation of the folding lock and features of the installation process were presented. The theory of
determining the pressure of bulk material on the bottom and walls of silos was considered. A review of works in
the field of research about metal silos and reliability studies of building structures was carried out. In the second



section, to further accomplish the research task, the history of the invention of spiral-fold structures was gathered
and studied. The area of application of spiral- fold silos (foreign and domestic experience) is analyzed. The
technical characteristics of the capacities depending on the functional purpose are collected. A table with general
data concerning the parameters of spiral-fold silos used in various industries has been developed. The third
section considers the design specifics of the spiral-fold silo, which affects to their stress-strain state. A
comparison of methods for determining loads and impacts on silo structures according to different regulatory
documents was carried out. The features of the design scheme of spiral-flange silos were analyzed. An algorithm of
strength design of a metal silo was presented. The stress-strain state of the inter-flange section of the shell with a
constant wall thickness is considered. The comparison of the calculations with the finite element calculations in
the LIRA-SAPR software package is carried out. In the fourth section, it was described the experimental study of
the folded lock on tensile loads. The character of the folded lock and the adjacent areas of the shell under tensile
loads was revealed. The bending of the adjacent shell during the opening of the folded lock was recorded. The
stages of loading at which the folded lock worked elastically were noted. The revealed character of the folded lock
operation before failure basically corresponds to the out-of-limit state of the spiral-fold silo shell, which confirms
its reliability under the influence of possible increased failure loads. An experimental study of the operation of the
inter-flange zone of the shell and the adjacent folded locks of the spiral-fold silo was carried out. The character of
interaction and deformation of the wall with the folded lock was revealed. The degree of folded lock opening under
load was estimated. The data concerning the character of the wall and the folded lock in the limit and non-limit
states were obtained. The experimental results were compared with the finite element analysis in the LIRA-SAPR
software package. The conclusion about the reliable operation of the spiral-fold silo wall under operational and
increased loads was substantiated. The fifth section reviews examples of the construction of metal spiral-fold silos
in Ukraine. The technical characteristics of the constructed silos and their application areas were considered. The
experience of operation of metal spiral-column silos by the example of two elevators was described. The silo
elevator of the enterprise LLC Yemilovsky KhPP was considered. The spiral-fold silos of this enterprise are a
confirmation of the durability of such structures, which have been in operation since 1971. The silos of the Botievo
elevator (Zaporizhzhia region) was inspected. Based on the review, a conclusion was made about the reliability of
spiral-fold silos. The operating experience of the Botievo elevator proves that silo discharge and loading systems
are important technological processes that affect not only to the productivity of the elevator, but can lead to
accidents if the system is not designed and operated properly. Other examples of spiral-fold silo failures were
considered and the reasons that caused them were analyzed. In sixth section, it was developed a method of
reliability analysis of metal spiral-fold silos based on the analysis of the strength reserve. The reliability analysis
was carried out for three states of the silo structure: taking into account ring stresses, taking into account a
complex stress state, and a complex stress-strain state. According to the results of the analysis, the parameters of
reliability analysis of spiral-fold silos were compared; diagrams of stresses and safety characteristics were plotted
depending on the range of bulk material characteristics (wheat). The obtained results of the analysis confirmed the
high reliability of metal spiral-fold silos.
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TOJIOBYIOYOTO Ha 3acCiiaHHi
BinnosimasabHHUH 3a lli,ILI‘OTOBKy Oxkcenenko Katepuna OsekcanipiBHa

00JIiKOBUX JOKYMEHTIB

Peectpartop YkpIHTEI

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZIIIOBiZaJIbHUM 32 peECTpallilo HAayKOBOIi

OisSIIBHOCTI

Opuenko TetsaHa AHaTosiiBHa



