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MMPOEKTVPOBAHUE BEPTUKA/TbHBIX IIMJIMHIPUYECKNX EMKOCTEN
3 KPYIIHOPA3SMEPHDBIX CTAJIDHBIX ITOJIOTHUII]

C.A. Pawenxuna

PaccmaTpuriBaeTCs MHXEHEPHas MeToAMKa MO OMNPEeAeNieHNIO BbICOTbl U TONLWMHbBI CTEHKN LUWAVHAPUYECKON em-
KOCTU M3 CTasIbHbIX MOMNOTHYL, pa3paboTaHHasA Ha OCHOBE 6E3MOMEHTHOI TeEoPUK pacyeTa 060MIoUeK C yUETOM
BO3JEMCTBMA MAcChl CbiMyyero matepuana ¢ NnpeacTaBieHNemM YUCIOBbIX MPUMEPOB 1 aHAIM30M MONYYeHHOro
peLeHuns.
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DESIGN OF VERTICAL CYLINDRICAL VESSELS OF LARGE SIZE STEEL BILLETS

S.A. Rashchepkina

The paper considers the engineering methodology for the determination of the height and thickness of the walls
of a cylindrical container of steel sheets developed on the basis of membrane theory of shell analysis considering
the effect of the mass of granular material with the presentation of the numerical examples and the analysis of

the obtained solutions.
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[Ipu pentennyn 3amauu ONTHMH3ALMN METAIIAYE-
CKHX pPe3epByapoB HHM3KOTO JaBJIEHMS ISl He(TEnpo-
JIyKTOB 33 OCHOBHOW KPUTEpUN MPUHUMAETCS yCIOBHE
YCTOHYMBOCTH LMJIMHAPUYECKOW OIOPOKHEHHOM €M-
koctu [1]. B gaHHO# cTaThe paccCMOTpEH BOIPOC MPO-
eKTHPOBaHMS CTAIBHBIX €MKOCTEH, IpeJHa3HaYeHHBIX
JUI XpaHEHHs UHEPTHBIX MaTepuanos [2], rae, kpome
Harpy3oK OT JICHCTBHS BETpa, CHETa, MacChl MOKPHITHS
1 000pyIOBaHUs, ACHCTBYIOT HArPy3KH OT CHJI TPEHUS
CBIITy4YeTO MaTepuaa O CTEHKY, CYIIECTBEHHO BIIHSIO-
IIUX Ha YCTOWYMBOCTH OOONOUYKH W3 KpYyIHOpaszMmep-
HBIX CTaJIbHBIX MOJIOTHHUII. Kpome Toro, B eMKOCTSX
JUISL CBIITyYUX MaTEpUajioB OTCYTCTBYET CTaJbHOE JTHH-
m1e, 000JI0YKa OIMMpAeTCs Ha JKeNe300eTOHHbBIN PyHIa-
MEHT, IPAMBIKAs K 3aKJIaTHOH C TOMOIIBIO CBAPKH.

IIpu nocTpoeHun pacyeTHON MOJIEH UCTIONIb30Ba-
Ha 0Ee3MOMEHTHasI TEOpHs pacuyeTa TOHKHX OOOJIOYEK.
B kavecTBe OmMpenensronmx napaMeTpoB MPUHATHL P,
P, — COOTBETCTBEHHO BEPTUKAIbHBIC U TOPU3OHTAIb-
HbIC HArPY3KH Ha CTCHKY CHIOCHOH OOOIOUKM; S, H §;—
COOTBETCTBEHHO MEPHIVOHAIBHBIE U KOJBIEBHIC Ha-
MIPsDKEHMS B IMHIAPUIECKON 00omouke; H — BbICOTa
CTEHKH CHJIOC; #, — TOJIIMHA BEPXHETO T0SICA CTEHKH;
f,— yCpeIHEHHAs TONIIUHA CTEHKH.

OcHosnbie coomnowenus. Ilpu ocecummerpuy-
HOW (opMe MOTepH YCTOHYMBOCTU LIMIIAHAPUICCKON
000JI0YKH € YYeTOM TpPEHHs CHITydero Marepuaia
0 CTeHKY [1, 2] ycroBrue yCTOWIMBOCTH UMEET BUI:
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I G, — KOJBIEBEIC HAMPSUKEHMS OT TOPU30HTATBHBIX
HArpy30K; o, O, — KPUTHYCCKHE HAPSKCHHS, COOT-
BETCTBEHHO MPOJOJbHBIE U KOJIBLEBBIE, OMperemsie-
MbI€ 110 [1]; 6, — MPOIONBHBIE HANPSKEHUS, BBIYMCIIS-

eMbIe 110 popMyJie:

Gic = Gi + Gi "
TI€ G, — HANpsUKEHWS OT PACUYETHBIX HAarpy3oK Ha
KPOBJIIO; G, — HANPSDKEHHS, BBI3BAHHBIE CHJIAMH Tpe-
HUS CBIITYYEro MaTepuana O CTEHKY.

Ucnonp3ys monmxoxa, yka3zaHHBIH B pabote [3],
OBUTH HaWJCHBI BBIPAKCHHS IS ONPEICIICHUS OITH-
MaJIbHOW BBICOTHI M yCPEIHEHHOH TONIIMHBI CTCHKH
TOHKOCTEHHOW BEPTHUKAJIBHON IUIMHAPUUECKON eM-
KOCTH 0€3 y4eTa U C YYETOM IOIJCPKUBAIOIICTO BITH-
SIHUSI CBITTy4Yero matepuana [2].

IoncraBuB B (1) 3HAYECHUS KOJBIEBBIX pacderT-
HBIX M KPUTHYCCKUX HANpPsHDKEHUH W IpeoOpa3oBaB
MONyYCHHOE BBIPAXKCHHUE, YCPETHEHHAS TOJIIUHA
CTCHKH OTIPENICITUTCS KaK
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BbIpaKCHUC ycpeZ[HeHHOI\/'I TOJIIIMHBI CTCHKHU IIpeCTa-
BHUTCS B BUIC:

02| 2| e 4)

TZie ¥ — paiuyC €eMKOCTH; 3HaUCHHEe apaMeTpa X MOXK-
HO TpPUHATH paBHBIM & = 2...2,1 mpu V<3000 ™
u & = 1,9 mpu V>3000 m3[4].
BbIcoTy CTEHKHM mNpeiaracTcsi ONpEenessiTh IO
BBIPa)KEHHIO:
0,16

E| 0,2
Hy=a:| | -(raz)”. (6)
J
rae V — o0beM CTalbHOW €MKOCTH, DX— MIPUBEACHHAS
TOJIIIIMHA TTOKPBITHS W OMOPHOTO KOJBIA; MPH Ipak-
THYECKUX pacueTax OHAa MOXET OBITh IpPUHSATA paB-
HOlt A, =4, ; A, - MPHUBE/IEHHAS TONIIMHA KPOB/IH;
a — mapaMeTp, KOTOPBIA MPH JOCTATOYHO OOJBIIOM
JMara3oHe BO3MOXKHBIX 3HAYCHUH 00BEMOB €MKOCTEH
MOXHO IPHUHATH paBHbIM, a@ = 0,55...0,85.
IMoncraBuB B (4) 3HaueHHWE pagyca eMKOCTH
2 o
r*=V/nH, w npuBelcHHON TONIIMHBI KPOBIH Ay
a TaKKe 3aMCHHB [  HA [, TOJy4NM OKOHYATEIHHO

BBIPAXKEHUE YCPEAHEHHON TONIIUHBI CTCHKH:
P' 0.4 V 0,5
=g 2= ™
E wH,

ITpennoxeHHbIC BBIPAKCHUS AJISI OMPEACICHHA
BBICOTHI M YCPEIHEHHOW TOJIIMHBI CTEHKH €MKOCTH
MHUHHUMAaJIbHOM Macchl MO3BOJISIIOT ONpPENeNnTh Tada-
PUTHI EMKOCTH, a TaKXe HAallTH Maccy CTEHKU.

Hccneoosanue cxooumocmu memoouku. Pac-
CMOTPHUM pacyeT CTAIbHON HMIUHAPUIECKOH EMKOCTH
JUISL MTHEPTHBIX MAaTEPHAIOB IPH CIEIYIOIMINX HCXOJ-
HBIX JaHHBIX: BMECTHMOCTh V = 1...7 ThiCc. M?; IpUBe-
JICHHas TOJIIIMHA KPOBIM U HUXKHETO OMIOPHOTO KOJIb-
na D= 0,006 m; maTepuan cTeHkH — cTanb ¢ R =270
MIla; moayns ynpyroctu cranu E = 2,06X105y MIlIa;
HOPMAaTHBHOE 3HA4YEHHE HAarpy30K, ACHCTBYIONMX Ha
€MKOCTh: cOOCTBEeHHBIN Bec kpoBiu — 420 Ila, Teruio-
u30mAnHs cTeH U mokpeiTus — 450 Ila, cHeroBas Ha-
rpy3ka Ha kposito — 1000 I1a, BeTpoBoO# CKOpOCTHOM
Hanop — 450 Ila. BricoTa cTeHKM mpHUHUMAIAach pas-
HOH 6; 9; 10,5; 12; 13,5; 15; 18 m.

AHanu3 pe3yabTaTOB YHCICHHOTO YKCIIEPUMEHTA
MI0Ka3aJ XOPOLIYI0 CXOANMOCTb YCPEAHEHHON TOJIIIN-
HBI CTEHKHU (PUCYHOK ), HAIEHHOW MO pe3ysbTaTaM
nostHoro pacyera 1o CII [2] u Beipaxenuto (6). OnHa-
KO pacueT Mo NpeyIoKeHHON MeToaukKe mpoie. Mox-
HO, HE PacCUMTHIBasl CTEHKY Ha NPOYHOCTh M yCTOM-

YMBOCTB, HAWTH MPUOIIMKEHHO pa3Mepsl 1 Maccy 000-
JIOYKH U3 KPYITHOPAa3MEPHBIX CTAIBHBIX OJIOTHHII.

t,, oM Ry =270 MITa
0,7
0,6
2"
0’5 / A
0,4 v

/ V, teIC.M?
0,3

’ 1 2 3 4 5 6 7

Pucynok 1 — 3aBuCHMOCTS YCpEeTHEHHON TOIIIUHBI
CTEHKH OT 00BbEMA; ----------—- — coracHo [2];
— 1o ¢popmyie (6)

C yBenuuenneM o0bema BbicoTa H yBennumsa-
ercsa (pucyHok 2). Ilpudem, /s KaXaoro 3aJaHHOTO
3HaueHusi V BBICOTa CTEHKHM MHUHUMAJIbHOW Macchl
HMEET HW)XXHHE M BEpXHHUE MpEIeNIbHbIE TPaHUILIbI,
B JIMalla30HE KOTOPBIX OHA MOXET BapbHUPOBATHCS OT
H (@ =0,55) o H__ (a = 0,8) mpu npakTuiecKu

X min

HEU3MCHHOM YJICJIBHOM pacxoae MeTajlia.
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Pucynok 2 — 3aBucrMOCTh ONTHUMAaIBbHON BBICOTHI
CTEHKH OT 00BeMa:

® — pacuer coriacHo [2]; —— o gopmyie (6)

CrnenyeTr OTMETUTH, UTO MMEETCA XOpollas CXO-
JUMOCTb Pe3ylbTaTOB pacdera 0 MpejiaraeMoil Me-
TOJIKE U COTJIACHO MOJIHOMY PacdeTy eMKOCTH 1o [2].

PacueTsl mokasanu, 94TO TPH ONPEIEICHUH BBICO-
Thl CTEHKH 10 MPEATIOKEHHBIM BBIPAKEHHAM MOKHO
OIIPEACIUTh Pa3Mepbl ODOJIOUKH, IPH KOTOPBIX BeC
ee MUHUMabHBIN. C yBeTHUEHHEM WM YMEHbIICHH-
eM orHomeHus H/r (o cpaBHEHHIO C ONTHMAIBEHBIM)
yZenbHast Macca MeTaiua pacteT (pucyHok 3). Ha rpa-
(UKax BHIHO, 9TO BCE SKCTPEMATbHBIE TOUKH KPUBBIX
COOTBETCTBYIOT 3HAa4YCHHEM OTHomeHus H/r = 1..2,
MPH KOTOPBIX PACXOJI MeTaia Ha | M eMKOCTH MUHH-
MalbHBIA. BpICOTa CTEHKH B TOUKaX 3KCTpeMyMa HMe-
€T JOCTaTOYHYIO CXOJUMOCTb B CPABHEHHH C BBICOTOH,
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q, kr/m>

Y =11,496% 194

nopoxumii cnIoc H/r

- v=1000m ?
- v=3000m ?
- V=5000m *

Pj =450 Ma,
A,

RZ=1
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Pucynok 3 — OrHomenue H/r — yenbHbIN pacxon craiu
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Pucynok 4 — Ornomienue H/r — 06beM: a — ipu P, = const; 6 — mpu AE = const

BBIUUCIIEHHOHN 1O BeIpakeHHUIO (6). Touku 3xcTpeMy-
Ma OITUCHIBAIOTCS 3KCIIOHEHIMAIBHBIM YPaBHEHUEM
perpeccuu BUja:

y =11,496 ", tne x = H/r, y = q.

[Ipn u3MeHeHnn BBICOTHI CTEHKHM Ha *1,5 M (1m0
OTHOIICHHUIO K ONTUMAIbHON) yAETbHBIA pacxoj Me-
TaJula  MPAaKTUYECKH He yBennumBaercs. Hampuwmep,
qutst emkoct o6beMom V = 3000 m® umeeM: mpu BbI-
core crenku H = 10,5 M — g = 13,2 xr/™’; npu H = 12
M —q = 13,1 kr/M3; mpu H= 13,5 M — ¢ = 13,3 kr/™m>.

KpuBble 3aBUCHMOCTH OTHOIIEHHS BBICOTBI CTEH-
KU K paguycy 00O0JIOUKH OT 00beMa IpH BBIYMCICHUH
ONTUMAIBbHOU BBICOTBHI CTEHKH ITIO METOAMKE pacuc-
Ta pe3epByapoB [3] W MpeATIOKEHHBIM BBIPAKECHUSIM
NIPE/ICTaBIICHBI HA PUCYHKE 4.

AHanmu3 TpadMKOB IOKa3bIBaeT, YTO OTHOIIE-
Hue H/r npu obbemax V = 1...3 Teic. M® H3MeHseTCS
HE3HAYMTENLHO, a Opd V>3 Thic. M? OTHOILIEHHE
H/r npakTr9ecKku OCTOSIHHO, B OTIMYHE OT 3HAUYCHHIA,
OIpeeNsieMbIX 110 U3BeCTHOM hopmyie [3]:

0,5
L LU idY) )
b
r r
MnpeaHasHAauYCHHOU [JId OIIPEACIICHUS OITUMAJIbHOU
BBICOTBI CTCHKU METAJUNIMYECKUX HUITMHAPUICCKUX PEC-

3epBYyapoB.

3neck v, — koa(duuMeHT ycnoBuit paboTer; R, —
pacdeTHOe COIPOTUBIICHHE CBAPHBIX IIIBOB HA pacTsiKe-
HHeE MpU PU3NUECKOM KOHTPOJIE; Y .~ K03 QUIMEHT Ha-
JIEKHOCTH TI0 Harpy3Ke; Y — yIEIbHBIH BEC JKHIKOCTH.

IocrostHCTBO OTHOMmIEHUST H/r mpm pa3mmaHbBIX
o0beMax EMKOCTeH [aeT BO3MOXKHOCTb IPaBHIIb-
HO TIOIONTH K OIPEICTICHUIO TabapUTHBIX Pa3MEpOB
[ITMHIPUYECKUX EMKOCTeH W3 KpPYNMHOPa3MEPHBIX
CTAJBHBIX MOJIOTHUII — BBICOTHI M TOJIIMHBI CTEHKH,
pazuyca, U JErKo ONTUMH3HPOBAaTh pacyeTHBIH Ipo-
1ecc. PacueT BBICOTHI M YCPEAHEHHON TOMIIMHBI CTEH-
KU 110 ONPEAJIONKECHHBIM BBIPAKCHUAM ITO3BOJIACT YUH-
THIBaTh PalfOH CTPOUTENBCTBA, TO €CTh BO3CHCTBUE
BETPOBOW HArpy3Kd Ha IMIHMHAPHUYECKYIO 000JIOUKY,
SIBIIIOILEHCS peIlaoLed IIpU pacueTe eMKOCTeH Ha
YCTOWYUBOCTb.

B kauecTBe mpumepa, HITIOCTPUPYIOIIETO BIINS-
HHE BETPOBOW HAarpy3kd Ha BEIWYHUHY BBICOTHI CTEH-
KH, paccunTana eMkocTb odbeMom 2000 m*. Hopma-
TUBHBIE 3HaYE€HHs CKOPOCTHOTO Haropa BeTpa NpUHHU-
MaJuch paBHbiMu g, = 170; 450; 600; 850 ITa.

Ha rpaduxax, mpeacraBieHHBIX Ha PUCYHKE 5,
BUIHO, YTO C YBEIMYCHHEM CKOPOCTHOTO BETPOBOTO
Haropa BbICOTa CTEHKH MHHHMMAJIbHOM MacChl yMEHb-
maercs. [Ipn ¢, = 850 Ila BbIcOTa CTEHKM — 9 M, a IpH
g,= 170 Ila — 12 M. PacueTsI TIaKo# EMKOCTH, TPO-
BE/ICHHBIC COTJIACHO IOJHOMY pacdeTy [2] xoporo

110 Becmnux KPCY. 2017. Tom 17. Ne 12



C.A. Pawenkuna

q. xr/m>

V = 2000 m>3
1-Qot 170 Na,
2-qo + 450 Ma,
3 - Qo+ 600 Na,
4 - Qo t 850 MNa,

.
7

H=12m

y = -19,08x>% +/82,121x% - 119,03x + 71,148 O
1

R =1
H/r
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Pucynok 5 — K onpeneneHuio BEICOTHI CTEHKH MHHUMATBHON MacChl

COIJIACYIOTCSl C pacueTaMu IO MPEATI0KEHHBIM BbIpa-
JKEHUSM, puueM npu a = 0,68 uMeercst Xxopouas cxo-
JVMOCTh PE3YNbTaTOB pacdera. TOUKHM 3KCTpeMyMa
anMpoOKCHUMHUPYIOTCS] KyON4eCKHUM HOJIMHOMOM.
3akniouenue. AHann3 pe3yNbTATOB YMCIEHHOTO

SKCIIEPUMEHTA T0Ka3all, YTO pacueT yCpeaIHEHHOI To-

IIMHBI ¥ BHICOTHI CTEHKH 10 HAMJIEHHBIM BBIPAKEHHSM

HMMeeT XOpOLIYyI0 CXOAMMOCTh ¢ pacueToM no CII [2].

Pacuer eMkoCcTH O MPEATOKEHHON METOIHKE MO3BO-

JISIET 3aMPOEKTHPOBATH LIMITMHAPUIECKYIO €EMKOCTD MH-

HUMaJIbHOU Macchl. [Ipu 3ToM MeToaMKa [TO3BOJISET:

»  OnpeneNuTh Ha HAYaIbHOW CTaJUU MPOEKTHUPO-
BaHUs BBICOTY, TOJIIUHY U MAaccy CTEHKH C BBI-
COKOH CTETIeHbIO TOYHOCTH B CPABHEHHH C pacue-
ToM 1o CII;

»  ydecTb pailoH CTPOHMTENBbCTBA IPH ONpeeTICHHN
BBICOTHI U TOJIIIIMHBI CTEHKH CTAJILHON 000JI0UKHY;

»  CYIIECTBEHHO CHU3WTbH TPYIOEMKOCTh BBIYHCIICHHI
IpU NPOEKTUPOBAHUY UIMHAPUIECKUX EMKOCTEH.

Pa3paboTaHHyl0 METOIMKY MOXKHO PEKOMEH-
JIOBaTh JUIS MCIIOJB30BAaHMS B MPAKTHKE IPOEKTHPO-
BaHWS EMKOCTEH W3 KpPyIHOPa3MEPHBIX CTAaIbHBIX
MIOJIOTHUIL, NPEeIHA3HAYEHHBIX IJISI XPAaHEHUS MHEPT-
HBIX MaTEPHaJIOB.
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