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AHorauis. Y crarti posrisiHyTi qocaimkentst HC yTopHOTO Bys/ia BEPTUKAIBHOTO Ui HAPIYHOTO Pe3epBY-
apa 06'emom 50 Tuc. M°, JlocaipKeHHS TIpOBeeHi isi pe3epByapa 3 OAHIEI CTIHKOK HA JKOPCTKill OCHOBI.
[TpoanasizoBana BiATIOBiAHICTH HANPY>KEHO-e(hOPMOBAHOTO CTaHy YTOPHOTO BYy3Ja BEPTUKATIHHOTO ITNJIiH-
JPUYHOTO Pe3epByapa IPY PI3HUX TUIIAX KIHIIEBO-eJIeMEHTHOI MOJIEJI Ha JKOPCTKil ocHOBI. JIo ocobmuBocTeii
POOOTH YTOPHOTO BY3JIa CJIi/l BIIHECTH BIUIME PI3HOMAHITHUX HABAHTaKE€Hb: CTATUYHUX, IMHAMIYHUX, [IUKJIi-
YHIX, BIZITTOBIIHNX 710 HOPMAJIBHOTO PesKUMY eKcTryarartii. HaBanTaxkeHHs Bifi THCKY PiIMHI IPUITHSTO BiITO-
BiIHUM /10 HOPMaJIbHOI ekciuTyararii. Haseneni i mpoanaiizoBani OCHOBHI pe3yJIbTaTH YNCETBHUX TOCIIi/I-
JKeHb Ta OTPMMaHa KapTHHA HAIPy’KeHO-/1e(hOPMOBAHOTO CTaHY.

Koro4oBi ciioBa: pe3epByap 3 OJIHIE€T CTIHKOIO, yTOPHUI By30J1, HAIIPYKeHO-1e(OPMOBAHUIT CTaH, KpaiioBUil
edexT, ynceabHi TOCITiKEHHS.
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Annoramus. B cratbe paccmotpenst uccnenosanust H/IC yTopHoro ysia BepTUKaIBHOTO IUJIMHAPIYECKOTO
pesepByapa oobemoM 50 Thic. M3, VceieoBatust TIPOBEIEHDI IS Pe3epByapa ¢ OMHONW CTEHKON Ha JKECTKOM
ocHoBaHMU. [IpoaHanmM3npoBaHO COOTBETCTBUE HAMPSIKEHHO-Ze(OPMIPOBAHHOTO COCTOSTHUSI YTOPHOTO y3JIa
BEPTHKAJBHOTO ITUJINH/IPIYECKOTO Pe3epByapa MpU Pas3JUYHBbIX THIIAX KOHEYHO-2JIEMEHTHON MOJIesI Ha JKe-
cTKOM ocHoBaHMHU. K 0cO6EHHOCTSIM PabGOTHl YTOPHOTO y3Ja CJeyeT OTHECTH BJUSHIE Pa3sHOOOPa3HBIX Ha-
TPY30K: CTATUYECKUX, IMHAMUYECKUX, IIMKJINIECKUX, COOTBETCTBYIOINX HOPMAJIBHOMY PEKUMY IKCILTyaTa-
1un. Harpyska or faBieHust JKUAKOCTH TIPUHSITA COOTBETCTBYIONIEN HOPMATBbHOW aKcIryaTarmy. [IpuBenenst
U TTPOAHAIM3NPOBAHBI OCHOBHBIE PE3YJIbTAThI YHCJIEHHBIX NCCIEOBAHII 1 MTOJyyeHa KapTUHA HANPsSKEeHHO-
Ne(OPMUPOBAHHOTO COCTOSTHUSI.

KmoueBsie cioBa: pesepByap ¢ O/HOI CTEHKOH, YTOPHBI y3eJI, HalpsiKeHHO-ehopMupoBaHHOE
COCTOSTHHE, KPaeBoil 3 (eKT, YncIeHHbIe MCCAeOBAHNS.
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Abstract. The article describes the investigation of the stress-strain state of unit joining walls to the bottom
vertical cylindrical tank of 50 thousand m®. Research has been carried out for the tank with a wall on a rigid
base. The relevant of stress-strain state of unit joining walls to the bottom vertical cylindrical tanks for
different types of finite element model on a rigid base has been analyzed. Features of the unit joining walls to
the bottom should include the effect of various loads: static, dynamic, cyclic, corresponding to normal
operation. The load on the pressure of the liquid has taken by appropriate normal operation. The main results
of numerical studies and get a picture of the stress-strain state of unit joining walls to the bottom vertical
cylindrical tank of 50 thousand m? for different types of finite element model have been presented and

analyzed.

Keywords: a tank with single wall, unit joining walls to the bottom, stress-strain state, edge effect,

numerical studies.

Introduction

Presented in the paper materials are part of a range
of works, conducted within the framework of re-
search edge effects in the shells of membrane reser-
voir facilities for storage of liquid and bulk materi-
als[1-3]. Thus, one of the most complex in the cal-
culated plan is unit joining walls to the bottom of
tank [4-9].

The main aim of the research is to develop a meth-
odology for determining the adjusted indicators of
stress-strain state and evaluation of bearing capaci-
ty unit joining walls to the bottom capacitive struc-
tures on the example metal tanks with single wall
and tanks with a protective wall and reinforced con-
crete cylindrical silo with a metal funnel [10]. The
results of studies [2] possible to establish the need
to consider unitjoining walls to the bottom vertical
cylindrical tank a coarsening with the position of
engineering calculation, because practice has shown,
important that the stresses in the zone unit joining
walls to the bottom after 2—3 plum filling cycle dis-
appears through a small local fluidity (i.e. while
maintaining the level of loading «wall adapts»).

In this context, the aim of this paper is to clarify
the study of the stress-strain state unit joining walls
to the bottom vertical cylindrical tank in different
types of finite element model on arigid base.

Numerical studies were conducted on the tank vol-
ume of 50 thousand m?® for the scheme with the rigid
structural solution interface wall with the bottom.

For the tank volume of 50 thousand m® consti-
tute the main parameters: height of wall 18 meters,
diameter — 60 meters, the wall thickness of the bot-
tom chord — 30 millimeters |2, 3].

For numerical studies used a universal calcula-
tion complex SCAD version 7,31R5. For modeling
of afinite element model used finite elements of plate
type [11] size 25x25 centimeters and thickness
30 millimeters (fig. 1) [2]. For modeling of walls
and bottom are used finite elements of plate type
(triangular element of type 42; quadrangular ele-
ment of type 44). The scheme of loading — the hy-
drostatic load and gravity load [12]. The load on
the pressure of the liquid taken appropriate the nor-
mal operation.

For modeling of the model adopted by the en-
larged spatial isoparametric finite elements (For wall
and floor — 8-nodular of type 36, to weld — 6-nodu-
lar of type 34) (fig. 2). Base made tough.

In determining the stresses in the enlarged mod-
el sizes 2x2 meters consisting of volumetric elements
square, height 50 millimeters, width 50 millimeters,
thickness 10 millimeters (loads correspond meridi-
onal and ring stresses in the tank wall).
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The calculation results at the junction wall with
the bottom for the finite element model of plate type
presented at figure 3.

The calculation results at the junction wall with
the bottom for the finite element model of volume
type presented at figure 4.

In order to summarize the data, the results of
calculations in the area of unit joining walls to the
bottom node for different types of finite element
models are presented in figures 5-7:

Conclusions

Analysis meridional stress (o,,) suggests that in
place of the start suture affixed wall to the bottom,

the stressesin the volumetric element have greater
value on the outer surface up to 13 % and minimal
value on the inner surface up to 44 % compared with
aplate member (fig. 5).

Analysis reduced stress (o) suggests that in place
of the start suture anchoring to the bottom wall, the
stresses in the volumetric element have greater val-
ue on the outer surface up to 18 % and the inner
surface up to 21 % compared with a plate member
(fig. 6).

Analysis displacements at a height of 1 meter a
finite element model of volumetric type smaller dis-
placements in the finite element model of the plate
typeup to 17 % (fig. 7).

Figure 1. Design scheme of the tank is made of plate type elements.

Figure 2. Design scheme enlarged model made of volumetric items.
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Figure 3. Results at the junction wall with the bottom
for the finite element model plate type:

a) the hoop stress on the outer surface (kN/m?);

b) the hoop stress on the interior surface (kN/m?);

c¢) meridional stress on the outer surface (kN/m?);

d) meridional stress on the interior surface (kN/m?);
e) moving the tank wall (millimeters).
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Figure 4. Results at the junction wall with the bottom for the finite element model volume type: a) the hoop stress in
unit joining walls to the bottom (kN/m?); b) meridional stress in unit joining walls to the bottom (kN/m?); ¢) the hoop
stress in the tank wall at a height of 1 meter (kN/m?); d) meridional stress in the tank wall at a height of 1 meter
(kN/m?); e) moving the tank wall (millimeters).
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Figure 5. The values of the meridional stress (o) for unit joining walls to the bottom VCT on a rigid base for the
finite element model of plate type and a finite element model of volumetric type.
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Figure 6. The values reduced stress (¢ ) for unit joining walls to the bottom VCT on a rigid base for the finite element
model of plate type and a finite element model of volumetric type.
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Figure 7. The values of horizontal displacements (s) for unit joining walls to the bottom VCT on a rigid base for the
finite element model of plate type and a finite element model of volumetric type.
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UseH MeKIyHApOAHOI opranu3aii « MTHCTUTYT TPakIaHCKUX MHKEHEPOB» U MeKIyHapojHoi acconunanuu «IIpo-
CTPAHCTBEHHBIE KOHCTPYKIIUU», aKAMEMUK YKPAUHCKOW aKaJleMU¥ HayK, AKaJ[eMUU CTPOUTEJILCTBA YKDAWHBI, YJI€H-
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HAIIMOHATIBHOW aKaJIeMIH CTPOMTEIbCTBA M apXUTEKTYPbl. HayuHble MHTEPeChl: HANPsIKEeHHO-1e(OPMUPOBAHHOE CO-
CTOSTHUE KOHCTPYKIIMI YTOPHBIX Y3JI0B EMKOCTHBIX COOPY>KEHMUI, PACUeT, TPOEKTUPOBAHKE U TEXHUYECKAS TUATHOCTH-
Ka MPOCTPAHCTBEHHBIX METALINYECKUX KOHCTPYKIIUM.

Tapanska Uropb MuxaiiioBuy — K. T. H., IOTIEHT Kadeapbl METAIMYECKUX KOHCTPYKIUH [[oHGACCKON HAIMOHAIb-
HOU aKajieMUU CTPOMTENBCTBA U apXUTEKTYPbl. HaydHble MHTEPECh: U3yUeHUE MeHCTBUTEIbHOI paboThl MeTaLInye-
CKUX PEIeTYaThiX, MHOTOTPAHHBIX JHCTOBBIX U TPYOOOETOHHBIX OMOP BO3AYUIHLIX JUHUH sexTporepenaun (BJT).
Cosznanne HOBBIX KOHCTPYKTUBHBIX peltennii onop BJI ¢ mpuMeHennemM nporpecCUBHBIX TEXHOJIOTUH U MaTEPUATIOB.
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oprasizanii «[HCTUTYT HUBIIBHUX IHXKEHePiB» Ta MixkKHapoAHOI acotiallii «IIpocTopoBi KOHCTPYKIIii», akaZeMiK YKpaiH-
chKoi Akanemii Hayk, Akanemil Oy iBHUIITBAa YKpaiHu, dieH-KOpecToHaeHT AKageMii apxitekTypu Ykpainu. Haykosi
IHTepecH: Teopis Ha/liifHOCTI, PO3PaxyHOK, IPOCKTYBAHHS Ta TeXHiYHA [1arHOCTUKA IIPOCTOPOBUX METaJeBUX KOHCT-
PYKIIiii.
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Pomencokuii [lenuc IropeBuy — K. T. H., IOIEHT Kadeapu TeopeTHIHoi 1 mpukaaanoi Mexaniku Jonbacbkoi Hatio-
HaJIbHOI akaeMii OyaiBHUITBA | apxiTekTypu. HaykoBi iHTepecu: Hanpy:keHo-1ehOpMOBaHUN CTaH KOHCTPYKIIIN yTOp-
HUX BY3J1iB EMHICHUX CIIOPY/l, PO3PaXyHOK, IPOEKTYBAHHS Ta TEXHIYHA JiaTHOCTUKA HPOCTOPOBUX METaJleBUX KOHCT-
PYKITili.

Tapamska Irop MuxaiizioBuy — K. T. H., I01eHT Kadeapu MeTaleBUX KOHCTPYKIii JJoHGachKol HAlliOHAIBHOT akageMil
OyaiBHuITBA i apxiTekTypu. HaykoBi iHTepecu: BUBUEHHs AilicHOI POGOTH MeTAJEBUX IPATUACTUX, GAraTOrPAHHUX
JMCTOBUX i TPYGOGETOHHUX OIOP MOBITPsIHUX JIiHil enekrponepenasantst (I1JT). CTBOpeHHS] HOBUX KOHCTPYKTUBHUX
pimens omop BJI i3 3acTocyBaHHSAM IPOrpeCcBHUX TEXHOJOTIN i MaTepiaiB.

Mushchanov Volodymyr — DSc (Eng.), Professor; Head of the Theoretical and Applied Mechanics Department,
vice-rector on the scientific activity of the Donbas National Academy of Civil Engineering and Architecture. A
member of the international organization «Institute of Civil Engineer> and international organization of «Spatial
Structures», academician of the Ukrainian Academy of Science and Ukrainian Building Academy, Corresponding
Member of Ukrainian Academy of Architecture. The academician of the Engineering Academy in Ukraine. His
research interests include the reliability theory, analyses, designing and engineering diagnostics of spatial metal
structures.
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Academy of Civil Engineering and Architecture. Scientific interests: stress-strain state of structures unit joining
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tures.

Garanzha Igor — Ph.D., Associated Professor, Steel Structures Department, Donbas National Academy of Civil
Engineering and Architecture. Scientific interests: studying of the valid work steel trellised, polygonal and composite
supports of overhead power lines (OHPL). Creation new constructive decisions of OHPL supports with application
progressive technologies and materials.
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