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HMuceprariitna po0OoTa MNPUCBAYEHA PO3POOJIECHHIO METOJUKH OI[IHIOBAHHS
HAJIHOCTI KOHCTPYKIIIH CipaabHO-(PalbIIeBUX CHIIOCIB.

Y nepwiomy pozoini BukoHaHo aHali3 CTaHy JOCIIKEHb O TEMi JHUCEpTAallii.
y PI3HHUX yMOBaxX Ta OCOOJIMBOCTI PO3pPaxyHKy, SK 0a3zy IOCHIKEHb IS Teopii
pO3paxyHKy TOHKOCTIHHMX €MHOCTeH. HaBeneHo y3arampHeHy KiTacu(ikaiiro
METAJICBUX CUJIOCIB Ta JOCIIKEHO rajay3b iX 3acTocyBaHHs. OMHCaHO TEXHOJOTIIO
BUTOTOBJICHHS CHIpalibHO-(haIbIIEBUX CUJIOCIB, TPOAHAII30BAaHO (PYHKIIII MEXaHI3MiB,
Kl BUKOPUCTOBYIOTBCS NPH MOHTaxl1 cuiocy. Po3riasiHyTo mnoeTtamHuil mpoiiec
MOHTa)XXy KOHCTPYKIli CHJIOCY Ha OyaiBelbHOMY MaijgaH4uKy. [IpoanarnizoBaHo
nmepeBard Ta HEIOJNIKK CHipaibHO-(aNblIeBUX CUJIOCIB. PO3MISIHYTO Teopito
BU3HAYEHHS THCKY CHITy4Or0 MaTepially Ha IHO Ta CTiHKHU cuiociB. [IpoBeneHo ormsin
poOIT B 00MacTi JOCHIKEHb METaJleBHX CHJIOCIB Ta JOCHIIHKEHb HaIIHHOCTI
OyniBeabHUX KOHCTpYKIii. CHopMyap0BaHO 3aAaui AUCEPTAIIHHOT POOOTH.

Y opyzomy po3odini nns momansmioro po3B’s3aHHS TOCTABJICHOI 3ajadi
TOCIIKEHHS 0YyJ10 310paHo Ta JOCIHKEHO 1CTOPiI0 BUHAXOY CIipaabHO-(PaTbIIeBUX
KOHCTPYKIIiH. 3p0o0JICeHO aHalli3 Tally31 3aCTOCYBaHHS CHipaibHO-(haIblIeBUX CHIIOCIB
(3aKOpAOHHMI Ta BITYM3HSIHUHN AOCBIM). 310paHO TEXHIUHI XapaKTEPUCTHUKNA EMHOCTEH
y BaJIEKHOCTI Bil (YHKIIOHAJIBHOTO TMpu3HaueHHs. Po3pobiieHo Tabmuio 13
3araJIbHUMU JAaHUMHU 111010 TTapaMeTPiB CIIpaIbHO-(PaIbIeBUX CUIOCIB, 3ACTOCOBAHUX
y Pi3HUX Tagy3sX MPOMHUCIOBOCTI.

Y mpemwvomy po3oini posrasnyto crnenudiky KOHCTPYKIIi CHipajgbHO-

(danpIeBOTO CHIIOCY, SIKa BIUIMBAE HA 1X HAMPYKEeHO-AepopMoBanuii ctaH. [IpoBeneHo



MOPIBHSIHHA METOJUK BU3HAYCHHSI HABAHTA)KEHb Ta BIUIMBIB Ha KOHCTPYKIIT CUIIOCY 32
pI3BHUMH  HOPMAaTUBHUMU  JIOKyMeHTamMu.  IIpoaHamizoBaHO  OCOOJMBOCTI
pPO3paxyHKOBOi CXeMH cHipalibHO-(daibleBUX cuwiociB. HaBeneHo anroputm
PO3paxyHKy Ha MIITHICTb Ta CTIAKICTh METAJIEBOT'O CHIIOCY 32 0€3MOMEHTHOIO TEOPIEIO.
Posrnsanyro HampyskeHo-aeopMoBaHuil cTaH MiX(aablleBOi TIJISHKH OOOJIOHKH 3
MOCTIHHOIO TOBIIUHOIO CTIHKU. [IpoBeieHO MOPIBHAHHS pO3PAaXyHKIB 3 aHATI THYHUMU
po3paxyHkamu nporpamHoro komruiekcy JIIPA-CAIIP.

Y uemeepmomy po30ini onricano npoBepeHe €KCIIEPUMEHTAIbHE JOCITIIKEHHS
(anbIEBOr0 3aMKy Ha pO3TATyHOYl HABaHTAXKEHHSA. BUsABIEHO xapakTep poOOTH
danpeBoro 3aMkKa 1 MOPWIETNIUX JUISHOK OOOJIOHKA TIpH il  PO3TATYHOUMX
HaBaHTaXX€Hb. 3a()iKCOBAHO 3TMH MPHJIETIIOT OOO0JOHKH MPHU PO3KPUTTI (HalblieBOTO
3aMKa. Big3HaueHo eTany HaBaHTaXXEHHS, TIPU SKUX (ablieBe 3’ €JHAHHS MPaIIOBAIIO
npyxHo. BusiBieHo xapakrep po6oTu Qayblsi 10 pyHHYBaHHS B OCHOBHOMY
BIIMOBIZIa€ TMO3arpaHUYHOMY CTaHY OOOJIOHKH CIHipaJIbHO-(ajIbIEBOTO CUJIOCY, IO
MIATBEP/DKYE HWOro HAMIWHICT, MpU  Ali  MOXIIMBHUX IIJIBHUINCHUX aBapiiHUX
HABaHTAXKEHb.

[IpoBeneHO eKCnepUMEHTaIbHY MEpeBIPKY poOOTH MDK(DAIbLUEBOI 30HU
00OJIOHKM Ta TMpWIeriauxX (anblieBUX 3aMKIB CHipadbHO-(aTbIIEBOTO CHIIOCY.
BusisneHo xapakrtep B3aeMozil Ta n1eopMyBaHHS CTIHKH 3 (ajgblUEBUM 3’ €IHAHHSIM.
OuiHeHO CTyMmiHb PO3KPUTTS (aibliB MiJ HaBaHTaXeHHsAM. Opep:kaHo AaHl MI0J0
XapakTepy poOOTH CTIHKM Ta (QanblleBOrO 3’€lHaHHS B TpPaHUYHOMY Ta
MO3arpaHUYHOMY CTaHaX. BUKOHaHO MOPIBHSAHHS €KCIIEPUMEHTATBHUX 3aJIC)KHOCTEH
3 PO3PAaXyHKOM 32 METOJIOM CKIHUCHHUX €JIEMEHTIB y porpamHomy komruiekci JITPA-
CAIIP. O6rpyHTOBaHO BUCHOBOK PO HAA1iHY pOOOTY CTIHKH CIipalbHO-(aablIeBOrO
CWJIOCY TIPH €KCIUTyaTallifHAX Ta MiJBUIIICHUX HaBaHTAKEHHSX.

Y n’amomy po3oini npoBeneHo OIS MPUKIAAIB OyAIBHUIITBA METaJIEBUX
cripaibHO-(anblEBUX CHJIOCIB Ha Teputopii YKpaiHu. PoO3MISIHYTO TeXHIuHI
XapaKTEPUCTUKU 3BEICHUX CUJIOCIB Ta 00JIACTh iX 3aCTOCYBaHHSI.

OmnucaHo TOCBIJ €KCIUTyaTallii METaJIeBUX CIIpaTbHO-(PaIbIIEBUX CUJTIOCIB Ha
OpUKJIaaAl  JIBOX  eneBaTopiB. PO3riasHyTO  CHUJIOCHMM mapK  MOiANPUEMCTBA

TOB €munisceke XIIII. ChipanbHO-(anblieBl CHIOCH [IaHOTO MIANPHEMCTBA €



M1ATBEPHKEHHSIM JOBTOBIYHOCTI TAKMX KOHCTPYKIIIH, SIK1 3HAXOATHCS B €KCILTyaTalii
31971p.

[IpoBeneHo TexHIYHE OOCTEKEHHSI CHIIOCHOTO MapKy boTieBchkoro enearopa
(3amopizpka 00i1.). Ha ocHOBiI oOcTexeHHs 3p00JEeHO BHCHOBOK NP0 HAJIIHHICTH
cripaibHO-(aIbleBUX CUJIOCIB. 3 JOCBiy eKciutyartarii boTieBcbkoro eneBaTopa
JIOBEJIEHO, IO CHUCTEMH PO3BAHTAXKECHHS Ta 3aBAaHTAKEHHS CHIJIOCY € Ba)UIMBHUMHU
TEXHOJOTIYHUMHU TMPOLIECaMH, SKi BIUIMBAIOTh HE TUIBKM Ha NPOAYKTHBHICTb
ejeBaTopa, ajie NpH HENpPaBUILHOMY IMPOEKTYBaHHI Ta eKCIUTyaTalii MOXYTb
MPU3BECTH 10 aBapiid. PO3risHyTO IHIINI NpUKIagu aBapiil cHipagbHO-(aablEBUX
CWJIOCIB Ta MPOAHAJII30BaHO NMPUYMHH, SIKI iX CIIPUUMHUIIN.

Y wiocmomy po30ini po3po6eHO METOJIUKY OLIHIOBAHHS HAJIIMHOCTI METaJIEBUX
cripanbHO-(aJblEBUX CUJIOCIB Ha OCHOBI aHaNi3y pe3epBy MINHOCTI. OLIHIOBaHHS
HaJIMHOCTI CWJIOCY MPOBEAECHO 3a TphOMa CTAaHAMU CHUJIOCHOI KOHCTPYKLIL: 3
ypaxyBaHHSM KiJIbLIEBUX HAIMIPYKEHbB, 3 YPaXyBaHHAM CKJIQJIHOTO HAMPY>KEHOTO CTaHy
Ta CKJIaIHOTO HAIPY>KEHO- Ae(POPMOBAHOIO CTaHY.

3a pe3ynbTaTaMy pO3paxyHKIB BUKOHAHO MOPIBHSHHS MApaMETPIB PO3PAXYHKY
HAJIHHOCTI cHipalbHO-(aIblEBUX CHIOCIB, MOOYI0BaHO rpadikd HampyX eHb Ta
XapaKTEPUCTUK OE3MEeKH B 3aJIEKHOCTI BIJ PO3KUIY XapPaKTEPUCTUK CHUITYYOTO
Marepiany (MIIEHWI); OJEPKaHO YHMCENbHI OI[IHKM HaAIMHOCTI CHIpalbHO-
(anbIEeBOro CUIIOCY MPH 3aBAHTAKEHHI PI3HUMH CUITy4YMMHU MaTepiaiaMu. Onepxani
pEe3yNbTaTH PO3PaxyHKIB MIATBEPAWIA BUCOKY HAJIWHICTh METaJEBUX CHIPaIbHO-
(banpleBUX CHIOCIB.

Kniowuosi cnoea: OyniBenbHI KOHCTPYKIlH, METaleBUM CIIpabHO-()ATBIICBHIA
CWJIOC, CHUIyYMid MaTepiall, JOCBiJ eKCIUTyarailii, OIIHIOBAaHHS HaJINMHOCTI
KOHCTPYKIIIH.

ABSTRACT

Oksenenko Kateryna. Reliability analysis of spiral-fold silos for bulk materials.

The thesis on conferment of the scientific degree of the doctor of philosophy on
a specialty 192 — Construction and civil engineering (19 “Architecture and
Construction). National University “Yuri Kondratyuk Poltava Polytechnic’. — Poltava,
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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.
Keywords: building structures, metal spiral-fold silo, bulk material, operating

experience, reliability analysis of structures.
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