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AHoranis. J[aHa cTaTTs IpPUCBSYCHA TOCIIIKEHHIO TapaMeTpiB HAPYKEeHO-Ae(POopMOBaHOTO
CTaHy €JEMEHTIB KOHIYHUX MOKpiBelIb NMIIHIPHUYHUX CHIJIOCIB BHKOHAHUX 3 TOHKOJHMCTOBHX
CTaJeBUX KOHCTPYKIiH. Ha mpakTuyHOMY NpUKIaAi, pO3IIIAJAIOTbCS AacleKTH 3acTOCYBAaHHS
AHAJIITUYHOTO PO3paxyHKy BHYTPILIHIX 3YCHJIb Ta MEPEMIIIeHb Uil TOJOBHUX palidlIbHUX pelp
MOKpiBeJb, BUKOHAHUX Y BUIIIAI epM 3 mapanenbHuMu nosicamu. [IpoimocTpoBani ocoGimBocCTi
BpaxyBaHHS B PO3PAaXyHKOBIM cxeMi peOdpa MPUCYTHOCTI KiTbLEBUX pedep JKOPCTKOCTi, a TaKOX
3alpONOHOBAHA CIPOIIEHA MPOIeaypa OLIHKU JIIF0UYMX HABAHTAXXKEHb, 1110 TOJIATAE Y 3aCTOCYBaHHI
eKBIBAJICHTHOTO HABaHTAKEHHs 3 BHU3HAUCHMMHU MapameTrpamu. YucioBa peamizailisi 103BOJISIE
BUKOHATH OIIIHKY TOYHOCTI JAHOTO PO3pPaxyHKy Ta CBIAUUTH MPO MPOCTOTY HOTO BHKOHAHHS,
MOPIBHSHO 3 KOMIT IOTEPHOIO MPOLEAYPOIO HA OCHOBI METO/Iy CKIHYEHUX €JIEeMEHTIB.

KarwuoBi cjoBa. cuioc, KOHIUHA MOKPIBIIs, TOJIOBHE pajiaibHe pedpo, omopHa oOHuuaiika,
KUTBIISI )KOPCTKOCTI, HAPY>KEHO-1e(pOPMOBAHHIA CTaH.

Beryn. CydacHi IpOEKTHO-PO3PaXyHKOBI KOMIUIEKCH MIIIHICHOTO aHajli3y Ha OCHOBI METOIY
CKIHUEHMX €JIEMEHTIB, JI03BOJIAIOTH JIOCUTH JIETKO Ta 3 JOCTAaTHHOIO TOYHICTIO BHUKOHYBaTH
PO3paxyHOK MapaMeTpiB HampykeHo-Ae(GopMOBAaHOTrO cTaHy Oy/iBeNbHUX KOHCTpYKUiH. [IpoTe B
NEeIKMX BUMAJKAaX BUHHUKAIOTH 3a/1adi, KOJIM BUKOPUCTAHHS KOMII' IOTEPHU30BAHOIO amapary
BBEJICHHS JIaHMX, HABIAKH YCKJIATHIOE TPOIEC pilleHHS. B SKOCTI Takoro MpUKIaay, MOXKHA
MIPUBECTH ONTUMI3aIliifH1 3aBJaHHS KOHCTPYKTOPCHKOTO IMOIIYKY ONTHMAJIbHOTO CIIBBIAHOIICHHS
TE€OMETPUYHUX PO3MIPIB HECYUHMX KOHCTPYKII MOKpiBENb €MHOCTEH 30epiraHHs, sIKi MPAKTUYHO
3aBXKIM YTBOPEHI TOHKOCTIHHMMHU Mpo(duIsiMH pPI3HOrO MomepedyHoro mepepizy. B mporeci
BCTaHOBJICHHA KpalIUX IapaMeTpiB, IHXKEHEp CTUKAETbCA 3 MpoliieMamMu OaraToBapiaHTHOTO
T€OMETPUYHOTO MOJICTIOBAaHHS TMEpepi3iB 3 HACTYIHUM BH3HAYEHHSAM iX TE€OMETPHUYHUX
XapaKTepUCTUK, 0araTopa3oBUMH 3MIHAMHM pPO3PAaXyHKOBOi CXEMHM Ta, BIAMOBIAHO, HOBHUMH
nporelypaMy MPUKIIaIeHHS HaBaHTaKEHb Ta 1H. AJbTEpHATUBHUM € BUPILICHHS TaKOTO 3aBJIaHHS
B IPOCTii (popMi aHATITHUYHOTO PO3PaxXyHKY, Pe3y/lbTaT SIKOTO XO04a 1 MaTUME MEHINY TOYHICTb,
MPOTE 3HAYHO 3MEHILIUTH SIK YACOBY, TaK 1 TPYAOBY 3aBaHTAKEHICTh KOHCTPYKTOpa. B moxanbmomy,
3HalZIeH] pIllIeHHsS, MOXXYTh OyTHM Bepu(iKOBaHI Ta YTOYHEHI LUIAXOM pPO3paxyHKy METOAaMu
CKIHYEHO-EJIEMEHTHOTO aHaIi3y.

AHani3 ocTaHHIX JAochailzkeHb 1 myOJikauniii. Meronum aHANITHYHOTO PO3PAXYHKY
Oy/iBEeTbHUX KOHCTPYKI[IM ICTOPHYHO € 0a3MCOM HAayKOBHX JOCII/KEHb AaHO1 ramysi Hayk# [1, 2,
3]. YcknanHeHHs iH)KEHEpHUX 3aJiad 3 OJHOro OOKYy Ta 3arajibHUI TEXHIYHHI Mporpec 3 iHIIOro,
MPU3BENIN JI0 MAacOBO1 MOMYJsSpU3alii KOMIT IOTepHUX Mporpam i OyIiBeTbHOTO MPOEKTYBaHHS,
AK1 B peayisix ChbOTOACHHS 3a (PYHKI[IOHATbHUMHU MOXKJIMBOCTSIMH MOXYTh OyTH BHUKOPHCTaHI ISt
BUpIIICHHS MPAKTUYHO BCIX IMXeHepHHX 3amad [4, 5, 6]. He € BHHATKOM 1 pO3paxyHOK
TOHKOCTIHHUX KOHCTPYKI[ifl, TOCHI/DKEHHSIM SIKMX B OCTaHHI POKHM MPUAUIIETHCS AOCUTH Oararo
yBaru [7, 8]. [IpoTe B 061acTi NpOEKTYBaHHS Ta PO3PaXyHKY KOHCTPYKIIIM CTaleBUX CHUJIOCIB IS
noTped arpapHoOro CeKTopy, JaHa mpodieMaTuKa IopyIyeTses 3Hauno piame [9, 10, 11].

IloctanoBka mnpoOjaemMu. [HXEHEpHHH pO3pPaXyHOK HECYYMX KOHCTPYKIIA KOHIYHUX
MOKpIBEJIb METOJaMHU OyIiBEIbHOT MEXaHIKH 3 ypaXyBaHHSAM psiy CIPOLIYIOYMX IEepeayMOB HE
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BUKIIKae ocoOnmuBux ycknaaHens[9, 10]. [Ipore BapTo po3riasHYTH psii MPAKTUYHUX MHUTaHb, SKi
BUHUKAIOTh y BUMNAJKY KOHCTPYKTMBHOTO BHPIIIEHHS TOJIOBHOTO paiaibHOTO pedpa MOKpiBiIi
(kpoxBu) y Buriasaai ¢epmu. IlepeBaxHO Takui  THI BUKOPUCTOBYETHCS JJISi CHJIOCIB 3
rabapuTHUMH po3MipaM JaiaMeTpiB Bix 25 M 1 nepedavae B KOHCTPYKIIiT MOKPIBJI1 HasABHICTh TPHOX
KiJIellb dKOPCTKOCTI.

Merta Ta 3aBaaHHs. OCHOBHOIO METOI JAHOTO JOCHIHKCHHS € LTIOCTpalliss 0coOMuBoOCTEH
MPAKTUYHOTO aHATITHYHOTO PO3PAXyHKY €IEMEHTIB KapKacy KOHIYHOT MOKPIBIIi CTajIeBOi CHIIOCHOT
€MHOCTI, 10 BHMKOHaHI y BUIIAAl (epMm 3 mapajeabHUMH MNOsSCaMHU. 32 OCHOBY PO3paxyHKY
BUKOPHUCTAaEMO JIOCTIDKCHHSI, BUKOHaHI aBTopamMu B pobOoTax [10, 11] 3 ypaxyBaHHSM psny
MPUITYLICHb, II0JI0 CMIBOCHOCTI padiaJbHUX pedep MOKPIBIII Ta BEPTHKAIBHUX pedep KOPCTKOCTI i
BUKOPHUCTaHHI €KBIBaJICHTHOTO HEPIBHOMIPHO PO3MOJUICHOTO HABAHTA)KEHHS Ha BCIM JOBXKHHI
TOJIOBHOTO PaiiaIbHOTO pedpa.

Martepianu i MeToauka gocjigkenb. [IpocTopoBa cucremMa KOHCTPYKIIi KOHIYHOT MMOKPIBIIi
CTaJIeBOi CUJIOCHOT €MHOCTI YTBOpPEHa MPSMOJIIHIMHUMHM KPOKBSIHUMHU pedpamH, sIKi po3MillleHi B
pazialbHOMY HAIPSIMKY Ta CIIUPAIOTHCS 3 OJHOTO OOKY Ha LIEHTpPalbHE )KOPCTKE KUTbLE, a IHIINM
KIHIIEeM Ha KUTBLIE YKOPCTKOCTI, IO PO3TAlIOBAHE B MICII CIPSDKEHHS TOKPIBII Ta CTIKM €MHOCT1
KoHCTpyKTHBHO pebpa BUKOHYIOTHCS y JABOX BapiaHTaxX — Y BHUIVIAAI OAJKH TOHKOCTIHHOTO MPO(LTIO
PI3HOTO MONEPEYHOTO Tepepizy («XZ»-, «Qx»- abo «Z»-mpodini Ta iH.) a00 pepmHu 3 JIErKuX CTaNeBUX
TOHKOCTIHHUX KOHCTPYKIiH (puc. 1).

Po3paxyHkoBa cxema TOJIOBHOTO pajialbHOTO pedpa yTBOPEHOTro Oalkol 3 TpboMa

MIPOMDKHUMH KUTBISIME JKOPCTKOCTI (715 =3) Oyle MaTh BHIJIS TOXHIOTO CTPIKHS JOBKHHOIO
{,; 3 JBOMA IIAPHIPHO-PYXOMHUMH OMOpPAMH Ha KIiHIIIX, a B PiBHI CIMpaHHs pebpa HAa KOPIYC
emHOCTI (T. A) Oyne MpUCYTHS YMOBHa 3aTsDKKa KiHieBoi sxopctkocti (Edy, ta EJyy) (aus.
puc. 2).
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Puc. 1. IIpocTopoBa crcrema KOHCTPYKIIi1 KOHIYHOT MMOKPIBJIi CHJIOCA: @ — TOJIOBHI peOpa y BUTIIAIL
¢bepM 3 mapaneabHUMHU TOsIcCaMy; O — 3arajbHa po3paxyHKOBa cXema MOKpiBIIi
JIOBXHMHA TOJIOBHOI pajiaibHOT Oanku Oyne 3ainexaTd BiJ KyTa HaxXWwiy MOKpiBIi [0

ropusonty S Ta Binmomenus A, =d,/D, niamMerpy HEHTpaNbHOTO KiTbIA KOPCTKOCTI d, 110
niamerpy emuocti D,, (a6o criBBigHOmEHHS BinnoBiaHux paniycis Ap =7,/ R,).

Uy =R, (1-4,)/cosf. (1)
[TpoMiKHI KUIBISA JKOPCTKOCTI, YTBOPEHI KUIbLIEBUMHU OalkaMu, B PO3pPaxyHKOBIH cxemi
rOJIOBHOI Oasiky 3aMiHEeH1 3aTsHDKKaMHU 3 TIPUBEJICHUMH TI03/I0BKHBOIO Ta 3THHAIBHOIO KOPCTKICTIO (
E4; ta EJy;). TlonoseHHsT KOXHOTO Oy/ie BU3HAYATHCS YaCTKOBUMHU Koe(ilieHTamMmu @;. Brnacue
JIOBXKMHA KUIBIIEBOIT OAJIKH j-TO SIpyCy 3HAXOAUTHUMETHCS 32 GOPMYIIOI0
lg;=nD,[1-a;(1-4p)]/ny, . (2)
3a IOBKWHOIO TOJOBHE pebpo pos3OuBaeThcs Ha dyotupu AuvlssHKU (AG, GH, HK, KB), Ha
KOXHIN 3 SKHX Jl€ PO3MOAUICHE TparelieBUIHe HAaBAaHTAXEHHS BiJ BJIIACHOT Barm KOHCTPYKIIIKA Ta
BarM CHIrOBOTO TOKPHBY i 30cepe/pkeni cunu Vg, Vy ta Vi, sxi cxemaTH3yloTh ONOpHHUIT THCK
KUIBIIEBUX pelep Mepiioro, APYroro Ta TpeTboro spyciB (puc. 2a). OnHi€lo 3 mepeaymoB
AHAJIITUYHOTO PO3PAaXyHKy 3a TaKOI CXEMOIO € 3aMiHa YOTHUPbOX MAUISIHOK Jii HEpIBHOMIPHO
PO3IOAUICHOTO HABAHTAKCHHS OIHUM, CKBIBAICHTHOL il (¢ 4 0y = Gp ¢qv )» BUMIOBIIHO pHC. 26.
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Puc. 2. PozpaxyHkoBa cxema rojOBHOTO paiaibHOTo pedpa KOPCTKOCTI AJIs IOKPIBEb 3 TpPboMa
MPOMDKHUMH KUTBIIMH JKOPCTKOCTI Ta APYTOPSAHUMU OalKaMH: a — 3arajibHa cXxeMa MPUKIaIeHHS
HaBaHTAXCHHS, O — CKBIBAJICHTHE HABAHTAXKCHHS

3a MOBXXHMHOIO TOJIOBHE peOpo po30uBaeTbes Ha doTupu AUsiHKM (AG, GH, HK, KB), Ha
KOXKHIN 3 SIKMX Jli€ pO3MOJUICHE TparelieBUAHE HaBaHTAXXCHHS BiJ BIACHOI BarM KOHCTPYKIIK Ta
BarM CHIrOBOTO TOKPHBY i 30cepe/pkeri cunu Vg, Vy ta Vi, sxi cxemaTH3yloTh OMOpHHUIT THCK

KUIBIIEBUX pedep Mepiioro, APYroro Ta TpeTboro spyciB (puc. 2a). OnHielo 3 mepeaymMoB
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AHAJITUYHOTO PO3PAaXyHKy 3a TaKOI CXEMOIO € 3aMiHa YOTHUPbOX MAUISIHOK Jii HEpPIBHOMIPHO
PO3IOAUICHOTO HABAHTAXKCHHS OIHUM, CKBIBAICHTHOL il (¢ 4 0y - Gp ¢qv )» BUMIOBIIHO pHC. 26.

[Tomryk HEBiTOMMX BHYTPILIHIX 3yCHJIb B JaH1il PO3PaXyHKOBIA cXeMi BUKOHYETHCS METOJIOM
cun. JlaHe MAOCHIDKEHHS Ta 3arajbHUN aIrOPUTM pO3paxyHKy OyiaM HaBelIeHi B poboTax
aBTOpCchbKOro konekrusy [10, 11].

PesyabTaTn aocaikenb. s MWIHAPUYHUX €MHOCTEH, SIKI XapaKTepHU3YyIOTHCS OCOOJIMBO
BEJIMKHUMH pO3MipaMH, JOLUILHO BHUKOHYBaTH TOJIOBHI pebpa y Burmini ¢epm. Haifwacrime
3aCTOCOBYEThCS BapiaHT (epMHU 3 MapalieIbHUMHU MOSICAMH, PO3paxyHKOBA CXeMa SKUX MaThMe
HacTynmHui BUrIAn (puc. 3). IIpointocTpyeMo MOXKIHUBICTH 3aCTOCYBAHHS METOJUKU JOCTIPKEHBb
[10, 11] Ha npukmazi NepeBipoOYHOro PO3PaXyHKy T'OJOBHOTO PaiajJbHOTO pedpa MOKPIBIi CUIOCY
miamerpom D, =27,5 M. Pebpo BuKOHaHEe y BHUIJSAI (GepMH 3 MNapalelbHAMU MOSCAMH,
posHeceHMMH Ha BinctaHb /i, =700MM 1 IIAPHIPHO 3aKpIIUICHUMU JIO ONOPHOI OOMYaiKM 1

LEHTPAJBHOTO KUIbLSA B TOUKAX BEPXHBOT'O MOsICY (AUB. pHC. 3).

Puc. 3. Cxema rojoBHOT0 pajiaibHOTO pedpa HKOPCTKOCTI MOKPIBIIl CUIOCY

IokpiBns mae yxun £ =30° 1 nmepeabavae MOCTAHOBKY TPhOX KiJelb KOPCTKOCTI TaKUM
apHOM, o @ =0,25, &, =204 i o5 =3¢. 3aranbHa KUIBKICTh TOJOBHUX pajiaibHUX pebep 3a
nepuMerpoM mnokpiBiai 7y, =30. JliameTp weHTpanbHOro Kimblisa >xopctkocti  dy =1800mm.
Po3paxyHOK BHKOHAEMO Ha 3arajibHe po3Io/iicHe HaBaHTaxeHHs gy =1 kIla i 30cepemkeny cuiry

F, =30kH Big Baru TepMOIMIiABICOK B JBOX MOIIHBUX IOJIO)KEHHX, BKazaHux Ha puc. 3.ITmorri

€JIEMEHTIB MOKPIBJI HaBeeH1 B Tabmwmii 1.

Ha nepmomy erani 3amiHioeMo ¢epMy 0aakoi0 €KBIBAJIEHTHOTO MOMEHTY iHepiii. Tak sk
TUTOIII MOSICIB BIAPI3HAIOTHCS, CIIEpIly HEOOXiTHO BU3HAUUTH OPJIMHATY LIEHTPY Baru 3 HACTYITHOTO
CITIBBIIHOILICHHS

A h
yp=—"t-—. 3)
T A+ 4
fi TAp
J, = Apyi+ Ap(hy—y,) . (4)
Tabmuus 1.

[Lnomi 0OcHOBHUX ejieMeHTiB moKpisii cunocy D, =27,5m

[Mosicu pepmu Kinbuesi pedpa xOpcTKOCTI OnopHa

BEpXHil ‘ HIDKHIN 1-ro sipycy ‘ 2-10 sApycy ‘ 3-ro sipycy obunuaiika
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Binnosinuo 1o (3) ta (4) anst 3amanoro pedpa y, =23,3cm; J, =16333,3 em®

Bcranosusuu sigHoutennst A, =d;/D,, =0,065, 3a (1) i (2) 064MCITIOEMO JIOBKUHY TOOBHOT
OaKy, TOBKHUHU KUIBLIEBUX pelep JKOPCTKOCTI j-r0 Apycy) Ta JOBKMHH YMOBHHX 3aTSKOK j -TO
spycy (mpuj =1, 2, 3)

0y, =0,5D, (1—A4p)/cos =14838 mm,
j=Lj=2 Jj=3
fry =PI 0= ) [ = o 1S3 861,3m,
Jj=1 Jj=2 Jj=3
9637,5Mm  6425Mm 3212,5MmM.

OOuncaoeMo 0€3pOo3MIpHI MapaMeTpu HaBaHTAXKEHb, 3a CXEMOK0 pHC. 2a, AK (QYHKIIO

napamerpy «; (B JaHOMY BHIIAJIKY i B HOJaNbIIOMY & =0)

lp; =0,5D,(1-a,)(1-4p) =

qo=7D,(g,+S,)/ ny, (5)
qp =7dy(g, +S,)/ My =gy, (6)
q44=qy/3, (7

ne g, — BJAcHa Bara KOHCTPYKIIii faxy; S, — cHiroBe HaBaHTaxeHHs; (g, +35,) =gy =1 «lla.

Maemo ¢, =2,88kH/™m, ¢q,=0,96kH/M, ¢z =0,188xkH/m.

A=q65'94 b=9ys'96 X=9kxs'dys> (8)
Cl-a,(-4y)  j=1 j=2 j=3

7 1-a; (1-4,) 0,766 0,695 0,561. ©
J
BusnauaeMo peaxiii JpyropsqHux paaiaibHUX pedep KOPCTKOCTI
Vo =206 +V6), Ve =Vip+Viy, Vi =Vks- (10)
Vor=a40lyy(2+4)/6. (11)
Vor =dc.(oa =)l (2+4)/6, Viw =qc.(ca =)l (1+24,) /6, (11)
Vie =aui(0z =)0y 2+ 4)16, Vi =qy (=)l (1+24)/6. (12)
Maemo Vi, =1,50xH, V;, =1,23xH, Vy,=1L09H, V,,6=1,22xkH, Vy,=1,0xH.
3a popmynamu (10) BU3HaYaeEMO TUCK KUIbLIEBUX pedep
Vo=5,46xH, Vy =3,4xH, V; =1,0xH.
OO04HCITI0EMO TIOTOHHI JKOPCTKOCTI TOJIOBHOTO pedpa Ta YOTUPHOX YMOBHHX 3aTSHKOK
EA,=27EA, I ny,, EJy=2nEJ,[n, . (13)
Iy ZEJTMa I3 = 2B Iy = 2 Y :%, Iy = sy (14)
Oy D, l31 {3 £33

1, =103xH/m, I, =9413xH/m, I, =3358kH/mM, Iy, =6044xH/ M, I; =12087kH/ m.

3aCcTOCOBYIOUM BUpPA3M Uil BHYTPILIHIX 3YCHJIb B OCHOBHIM CHUCTEM1 METONY CHJI JUis
rOJIOBHUX pajianbHuX pedep nokpisens [10, 11], 3anucyemo hopmynan aias 3yCHiib B TOJOBHOMY
panianbHOMY peOpi Bii OAMHUYHUX CUJI, OOMEKYIOUUCH MO3/J0BKHBOIO CHIIOI0 Ta MOMEHTOM

Nyo| —0,217 0,217 0,217 0,650 M| 1,39
Nyl -0,433 0,433 0,433 0,433 "My, 1,86
Nye| —0,650 0,217 0,217 0,217 My 1,39
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OO0uucII0EMO napamMeTpu CKBIBAJICHTHOT'O pOSHO[[iJ'ICHOl"O HaBaHTaXXCHH

V. 4 =0,083qyl,, [(1—AD)(a§ +3a?)-2(a, +3a3)+6(1+AD)] (15)
Hp=—H, ;= ats /(3612 B) ]| 2(1-Ap)(@3+303 ) -3(a3 +3a7 ) +6(1424,) | (16)
qA,eqv :(4Vq,A_6Hq,B tgﬂ)/gM’ Aeqv :_(3Hq,B tgﬂ_Vq,A)/(3Hq,B tgﬂ_z'Vq,A)' (17)

Ocraro4Ho oTpuMyeMO ¢, .., = 0,881 xH/m; 4,

o =0,417.

Jlnis GyHKILii 3ycuiib B OCHOBHIM CHCTEMI BiJ] €KBIBAJICHTHOTO PO3MOAUICHOTO HAaBAHTAXKEHHS
Ta 30CEPE/HKEHUX CUJT Bl TEPMOIIIIBICOK B JBOX MOKJIMBHUX MOJIO)KEHHSX OTPUMAEMO HACTYITHI
CHIBBITHOIIICHHS

N,, () =172y +3,09y+6,36), M, (y)=—(14,73y’ +3,975)" —54,48y)

Ne(y) 0<y<yrp yp<y<l Mp(y) 0<y<ygp yr<y<l
Np(y) ~7,50xkH  —22,50xH, Mp(y) 64,26xkHv  321,24(1— y)xHw .
Npo(y) —26,25kH  —41,25kH Mpy(y) 224,88xHm  160,62(1— y)kHw

[lomiTHO, 10 Apyre MNOJIOKEHHS Oulbll HeOe3neuHe, TOMY MpHIMaeMO HOro B SKOCTI
PO3paxyHKOBOTO.

3a aHaJOrIYHOO MPOLETYPOI0 KOHKPETU3YeMO (YHKIIII 3ycuib BiJl THUCKY KUIbLIEBHX pelep
KOPCTKOCTI (7151 MOMEHTIB MPUBOJUMO MAKCUMYMH)

Nyo| -2,047 ~2,047 ~2,047 —4,776  My;|13,15
Ny | 2,542 2,542 4,236 4,236 My, 10,90
Nyl -1,133 ~1,636 ~1,636 ~1,636 M, 2,43

Bu3HayaeMo ropu3oHTaNbHI MEPEMILLIEHHS] TOYOK BIIKMHYTHUX B’3€d B OCHOBHIM CHUCTEMI.
Jlis MOpIBHSUIBHOTO aHaNi3y pPO3paxyHKH IMPOBOAMMO Y BUIJISAL JpoOy, B UUCEIBHUKY SKOIO
HaBe/IeH1 3HAUEHHs, 0OUMCIIEH] 3 YpaxyBaHHIM KOPCTKOCTI YMOBHUX 3aTSHKOK, B 3HAMEHHUKY — 0€3
HUX

Ha nanomy erari, 6e3 noOy10BH MPOCTOPOBOI PO3PaXyHKOBOT CXEMH, BUIHO, 110 KOPCTKICTh
OMOPHOTO KUIbL (OMOPHOI OOMuaiiku) Oyne JOCUTh CYTTEBO BIUIMBAaTH HA CIEKTP 3yCWIb B
rOJOBHOMY pajianbHOMy peOpi. Tomy micinss NpUHHATTS OCTaTOYHOIO PIIIEHHS NpO Mepepi3
OMOPHOTO KiNbLisA, 000B’SI3KOBO Ma€ OyTH BUKOHAHUH MEpepaxyHOK OJIOBHOTO pajiajbHOTO pedpa
nokpisii. [y pemtu nepemiiieHb OTpUMY€eEMO
3,267 4,905 3,513

- 9 - 9 = a MM)
4 3,813 Ay 5,270 A 3,696 [~ov]

4,623 6,533 4,464

= ; = ; = ; MM,
A 5,115 Ay 6,861 Ay 4,628 [rov]

14,470 23,737 17,556

= ; = ; = ; MM |.
Ar 16,726 Ar 25,241 Ar 18,308 [vov]

MoskHa TOMITHTH, IO TEpeMIlieHHs Bif (AKTUUYHUX HABAHTAXKEHb MEHII YYTIWB1 M0
KOPCTKOCTI YMOBHHUX 3aTSKOK Ta HUMHU MO>KHA 3HEXTYBATH (MA€ThCS HA yBa31 )KOPCTKICTh 3aTSXKKU
B PIBHI1 HI)KHBOT OIIOPH, OCKUIBKY JIMIIE BOHA PIrypye y popmyiax)

HeBimomi omopHi peakiii OLIHIOEMO 3a HACTYIHUMH CIHIBBIIHOIIEHHSIMU. Y IrypHUX
IOy)XKaX B YHMCEJIbHUKY BKa3aHE 3HAu€HHs, 110 oOuMcieHe 0e3 ypaxyBaHHS YKOPCTKOCTI YMOBHHUX

- 64 -



Cyuacni 6yodigenbhi koncmpykuyii 3 memany ma depegutu, 2019. — Bun. Ne 23 crop. 59-67

3aTSOKOK, a B 3HAMEHHUKY — 3 YpaxyBaHHSAM J>KOPCTKOCTI JIMIIE NMPU OOYMCIECHHI OJUHHUYHUX
NepeMIIlIEHb.

Hp= [42 (5223 —00033) + 4y 5 (012033 = 813023) + 4 5 (61305, = 512523)} /26,
Hp = [42 (012033 = 01303) + A22(5123 —011033) + 4 5 (01,03 — 512513)} /26, (18)

He= [412 (01302 —012053) + 4 5 (811053 = 61,013) + A 5 (5122 - 511522)} /28,

26 = 5335122 —261,0,30p3 + 5225123 + 5115223 —01105,033-
3,15 28,87 38,52

Sy 22887 3852 HI.
£~ 355 D=7 5153 ¢ = 24,00 [H]
_8.16 30,0 37,22

B nmopanbiomy BH3HayaeMo BHYTPILIHI 3ycwiuid B peOpi uis HeOGe3nmeuHoro mepepizy. B
JAaHOMY BHUINAJKy iX J1Ba — Ha HIKHIA omopi pedpa, e i€ MakCHUMalbHa CTHCKYIOYa CHJIa TpU
HYJIHOBOMY MOMEHTI Ta Mepepi3 Ml TEPMOIMIJIBICKOIO, JIe i€ MAKCUMaIbHUN 3T UHAIbHUA MOMEHT

Ny, =-86,0kH, My, =0; Ny,=-356xkH, M 5, =38,0xHwMm.
JU1st 3ycuIib BEPXHBOTO Ta HIKHBOT'O TOSICY MOKHA 3aMUCaTH
Nuyy=Ng(l=y,/h)~=57,4xH, N,,=Ng(1-y,/h;)—Myz,/h, =-78,0xH;

th,Z =N22yf /hf +M22 /hf = 42,5 kH.

B nopansmomMy nepeBipka HeCy4doi 31JaTHOCTI BUKOHYEThCSI BinoBiHO 110 [12].

BucHoBok. HapeneHe moCniKeHHs, ILIOJI0 PO3PAaXyHKY TOJIOBHOTO pajiajJbHOro pedpa
KOHIYHOT MOKPIiBJIi, BAKOHAHOTO y BUTJIAAI (pepMH 3 mapajeqbHUMH MOSICAMHU, UTIOCTPY€E MPOCTOTY
Ta YHIBEpCAJIBHICTh 3alpONOHOBAHOI AHAJIITUYHOI METOAMKH OLIHKM IapaMeTpiB HampyKeHO-
ne(opMOBaHOTO CTaHy KOHCTPYKIIIH MOKPIBEIb CTAIEBUX CHIIOCHUX EMHOCTEH.
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AHHOTaIII/Iﬂ. I[aHHaH CTaTbd KacCaCTCd BOIIPOCOB HU3YUCHUS HaHpH)KCHHO-,Z[e(bOpMI/IpyeMOFO
COCTOSAHHA TOHKOJIMCTOBBIX CTaJIbHBIX J3JICMCHTOB KOHHYCCKHX HOKprTI/Iﬁ MUIMHAPHUYCCKUX
CHJIOCOB. COBpeMeHHbIe MMPOCKTHO-PACYCTHBIC KOMIUICKCBI MNPOYHOCTHOI'O aHajin3a, Ha OCHOBC
METOAa KOHCYHBIX 3JICMCHTOB, IIO3BOJIAIOT JOCTATOYHO JICTKO U C BBICOKOM TOYHOCTBIO BBIIIOJIHATh
TaKoM pacucT. O,Z[HaKO B HCKOTOPBIX CJIydadX BO3HHUKAKOT 3aJa4yv, KOI'Ja HUCIIOJIB30BAHUC
KOMIIBIOTCPU3UPOBAHHOTO allllapaTta BBOJAa JaHHBbIX, HaO60pOT YCIOXHACT IMPOLECCC PCUHICHUA.
AJ'ILTepHaTI/IBHLIM SABJISICTCA PCHICHUC TaKou 3aga4u B HpOCTOﬁ (bopMe AHAJIMTUYCCKOI'O pacyeTra.
Ero pe3yibTaT, XO0TA U 6y;[eT HUMCTh MCHBIIYIO TOYHOCTBH, OJHAKO 3HAYUTCIBHO YMCHBIIHUT KakK
BPCMCHHBIC, TaK U TPYHAOBBIC 3aTpaThl MHKCHEPA. B HaHHOﬁ CTAaTbC PACCMOTPCH pAL MPAKTUYCCKUX
BOIIPOCOB, KOTOPBLIC BO3HUKAIOT, B CIIy4d€ KOHCTPYKTHUBHOI'O PCHICHUSA TJIABHOTO paJuaibHOI'O
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peOpa KpoBiM B BUAE OalKH TOHKOCTEHHOTO Mpodmis WiIu (epMbl ¢ MapauieIbHBIMHU MOSICAMHU.
[IponmmtocTpupoBaHbl 0COOEHHOCTH y4yeTa B PacyeTHOH cxeme pedpa HMPUCYTCTBHUS KOJBIIEBBIX
pebep KEeCTKOCTH, a TAKKe MPEJI0KEeHa YIPOIIEHHAs! POLIeypa OLIEHKU JeHCTBYIOIUX HATPY30K,
KOTOpasl 3aKJI04aeTcss B HCIOJIb30BAaHMM OJKBUBAIEHTHOM HArpy3ku C OINPEACICHHBIMU
napameTpamu. [IoMck HEM3BECTHBIX BHYTPEHHHUX YCHJIMN B JJAHHOM pacueTHOM cXeMe BBIMOJIHIETCS
MeTooM cwil. OOIMH aNropuT™M 3aKiIoYaeTcss B IOCIEOBATEIBHOM ONpPEICNCHUM YCUIIUM B
[JIABHOM paJualibHOM pedpe OT EeAMHUYHBIX CHJI; BBIYMCICHUHM NapaMEeTpOB SKBUBAJIECHTHOTO
pacripelielieHHOW Harpy3kv; HaxXOXICHWM (QYHKUMH yCWIMH OT JaHHOW Harpysku u
TEPMOINOJIBECOK, a TakXke OT [JaBJICHUS KOJBLEBBIX pedep IKEeCTKOCTH; OIpelesCHHH
TOPU30HTAIBHBIX MEPEMEIICHUH TOUeK OTOPOIICHHBIX CBSI3€ B OCHOBHOM CHUCTEME M BEIMUMHBI
NepeMeIleHuH; pacueTe HEM3BECTHBIX OMOPHBIX PEaKIUil U ONpe/ieIeHnd BHYTPEHHUX YCHIIUH ISt
OMacHbIX cedeHuil. YUucneHHas peanu3alys IMO3BOJISET BBINOJIHUTH OLIEHKY TOYHOCTH JIAHHOTO
pacuera M CBHJETEIbCTBYET O MPOCTOTE €ro BBINOJHEHHS, B CPAaBHEHHUM C KOMIIBIOTEPHOM
MpOIeypoi pacyeTa Ha OCHOBE METO0/1a KOHEYHBIX 3JIEMEHTOB.

KawueBble cjioBa: CHIOC, KOHMYECKas KpPOBJ, IJIaBHOE paaualibHOe pedpo, OIopHas
oOeudaiika, KOJIbI[a dKECTKOCTH, HANPSHKEHHO-1e(OpMUPOBAaHHOE COCTOSIHUE.

PRACTICAL APPROACHES TO CALCULATION OF CONICAL ROOFS OF STEEL
SILO CAPACITIES
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Abstract. This article deals with the study of parameters of the stress-strain state of the
elements of conical roofs of the cylindrical silos. They are mainly made of the thin sheet steel
structures. On the basis of the finite element method modern design and calculation complexes of
the strength analysis allow easily and with sufficient accuracy perform such a calculation. However,
in some cases there are such problems when using a computerized data-entry machine rather
complicates the decision process. The alternative is to solve this problem in a simple form of
analytical calculation. Though the result will have less accuracy, but it will significantly reduce both
time and work load of a designer. This article considers a number of practical questions that occur
in case of a constructive solution of the main radial rib of the roof in the form of a beam of the thin-
walled profile or a construction with parallel belts. In the calculation scheme of the rib it was
illustrated the features of considering the presence of three annular stiffeners and secondary beams.
It was proposed a simplified procedure for estimating current loads, by replacing four sections of
unevenly distributed load with one of equivalent action. The search of unknown internal forces in
this calculation scheme is performed by the force method. The general algorithm lies in a consistent
determination of efforts in the main radial rib from the single efforts; in calculation of parameters of
equivalently distributed load; in finding the effort functions of the given load and thermal
suspension, as well as of the pressure of the annular stiffeners; in determining the horizontal
displacements of points of disconnection in the main system and the magnitude of the
displacements; in calculation of unknown support reactions and determination of internal efforts for
dangerous sections. The numerical implementation allows estimating the accuracy of this
calculation. Also the example demonstrates the simplicity of its implementation, compared to a
computer procedure based on the finite element method.

Keywords. Silos, conical roof, the main radial rib, support shell ring, stiffening rings, stress-
strain state.
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