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B OyniBenpHil MpakTUIi 3aCTOCYBaHHS OTOPOJKYBAIBHUX ITaHENeH 3 mepdopamielo I 3aXMCHHX CIIOPY[ € eKOHOMIYHO
BHTiZTHUM, 00 3MeHIIye (iHAHCOBI BUTPATH Ha IX BUTOTOBJIICHHS, TPAHCIIOPTYBAHHsI i BCTAHOBJIEHH:. AJle BIUTHB Hepdopaii Ha
CTATUYHi 1 IUHAMIYHI XapaKTEePUCTUKHA OTOPO/DKYBAIbHUX MAaHENIeH € HEAOCTATHBO AOCIIIKEHUM. 3 METOIO 3aXUCTy BiJ BITpY
OymiBenb i criopy Ha yKpaiHChKill aHTapKTUYHIN cTaHMil ,,AKazieMik BepHachKnii” BUKOHAHO PO3PaxyHOK 3aXHCHOI CIIOPY/IH
Ha MIIHICTb, CTIMKICTB 1 )KOPCTKICTh 3a MEPUIOO 1 APYTOI0 TPYMO0 TPAHUYHUX CTaHIB 3rifiHO BUMOT JlepskaBHUX OyIiBENbHUX
HOpM YKpaiHu. 3aXncHa cropy/a MpecTaBIIsaiach y BUTIISI OrOpOJKyBaIbHOI TOQpOBaHOI CTaJIBHOI MTAHEN i OMOPHUX CTIHOK.
B craTTi HaBeseHO pe3yNbTAaTH YHCEIHHOTO JOCIIKEHHS HAmpy>KeHO-Ie(hOPMOBAHOTO CTaHY i CTIHKOCTI OropoKyBadbHOI
ro)poBaHOi MaHeni, MIMPUHA 1 BHCOTA SKOi NMpUManach CTAJIOK, a TOBIIMHA MiAOMPAIach 3TiAHO BUMOT IOJO ii MIIJHOCTI,
criiikocTi i xopcTkocTi. ITo BrcoTi maHeni po3ramoBaHi 4oTHpH rodpu y BUrmaAi Tpamerii. ITepdopamnis nogana y Burmsi
KPYIJIMX OTBOPIB IO Beiit moBepxHi madeni. B mporpamuomy xommiekci NASTRAN moGynoBai [Bi CKiHUEHHO-EIEMEHTHI
MOJieTTi OrOpOJKyBabHOI TaHenm. Mogens rodpoBanHoi maHeni 6e3 mepdopalii 3MoAeTbOBaHA Yy BHIIISIII CyKyIHOCTI
YOTHPHOXKYTHHUX OOOJOHKOBHX CKIHUCHHHX €JIEMEHTIB 3 IIICTbMa CTYIEHSIMH BIJIBHOCTI y BY3JIi, sika MicTiia 35161 enemeHT Ta
32540 By3niB. CKiHUEHHO-EJIEMEHTHA MOJIENIb OrOPOJKYBaJIbHOT MaHen 3 nepdopauiero Mictuina 383043 TpukyTHi 000JIOHKOBI
CKiHYEHHI €NeMEHTH 3 IIiCThMa CTYNEHSMHU BiNBHOCTI y By3mi Ta 211609 By3niB. 3 nBoX 0OKiB OropoKyBabHOI TaHEN IO
BHCOTI HaKJIaJIeHI OOMEXEHHS Y BHUIJISI 3alIEMIICHHS 3 YpaXyBaHHSM XXOPCTKOTO KpIIUICHHS TMaHesl 0 OMOpHUX CTidok. [lis
BITPY Ha OTOPOJKYBaJIbHY MaHEIb IPE/ICTABIICHA Y BUTIIAAI PIBHOMIPHO PO3IIOJIIIEHOr0 CTATHYHOTO HABAHTAXKEHHAM, TPAHNIHO
PO3paxyHKOBI 3HA4YeHHs SIKOTO OTpHMaHi 3rimHO [lepskaHuX OyAiBeNbHUX HOPM YKpaiHH 3 BUKOPUCTAHHSAM CTATHCTHYHUX
JaHUX BITPY Ha yKpaiHCBKil aHTapkTHUHii craHiii. OCHOBHY yBary TNpHJIIJIE€HO JOCHI[UKEHHIO BIUIMBY Iepdopamii Ha
€KBIBJICHTHI HAIPy>KEHHs, By3JIOBi TIepEMIIICHHs, KDUTHYHI 3HAYCHHs HABAaHTaXXEHHs Ta (pOPMHM BTPATH CTiHKOCTi rodpoBaHOi
manerti. 3acTocoBaHi 00YMCITIOBABHI IPOLIEAYPH PO3B sI3aHHs KpailoBoi 3amadi cTaTiky i crifikocti kommiekcy NASTRAN.

Kumodosi cioBa: rodpoana manens, mepdopallis, BiTep, METOJ CKiHYCHHHX €JIEMEHTIB, CTaTH4YHa KpaloBa 3ajava,
CTIiHKICTB.

Beryn. 3 meToro 3axucTy Bif BiTpy OyZiBens i CIOpyA Ha YKpaiHCBKiM aHTapKTUYHIA CTaHI{
»AKanzeMik BepHancekuii” BHKOHAHO pO3PAaxXyHOK 3aXHMCHOI CIOPYyIM Ha MIIHICTh, CTIMKICTH i
JKOPCTKICTh 3rigHO BHMOr JlepkaBHUX OymiBenbHMX HOpM VYKpainum [1-4]. 3axucHa cropyia
MIPEJICTaBIsUIACh Y BUTIISIII OTOPOHKYBaIbHOI TO(POBAHOI CTABHOT MTaHEei 1 OMIOPHUX CTiIHOK. B cTaTTi
HaBeJleH] pe3yIbTaTH JOCIIKEHHS HANpPYXEeHO-Ae(OPMOBAHOTO CTaHy 1 CTIKOCTI OrOpoIKyBaIbHOT
ropoBaHoi maHenmi mpH il BITPY HA OCHOBI METOQY CKIHYEHHUX €JIEMEHTIB, SKHH IIHPOKO
3aCTOCOBY€TBCS K Y BITUM3HSHHIM, Tak MDKHapOJHIH NpPaKTHII IPOEKTyBaHHS OyiBEIbHUX
KoHCTpyKUiit [5-8]. 3actocoBano oOumcnioBanbHI npoueaypu nporpamuoro komiuiekcy NASTRAN
[9-10]. OcHoBHY yBary HpHIiICHO AOCTIIKEHHIO BIUIMBY Hepdopalil Ha eKBiBaJIeHTHI HAMpPyKEeHHS,
BY3JIOBI NEPEMILEHHS, KPUTHYHI 3HAaYeHHs HABaHTAaXXEHHA Ta (opMH BTpaTH CTIHKOCTI rogpoBaHOi
maHesdi 33418 THOJIermieHHs 11 Baru, 3MeHIICHHS (IHAHCOBMX BUTpaT Ha BUTOTOBICHHS,
TPaHCIIOPTYBaHHS 1 OyIIBHULITBO 3aXUCHOI CIIOPY/IH.

© JIyk’ssrgaenko O.0., HuOynsphuk C.0., Kozak A.A., I'epamenko O.B., Kapa L],
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1. MopeaoBaHHs BITPOBOT0 HABAHTAKEHHSI HA OTOPOMKYBAJIBHY NMaHeIb 3aXHCHOI CIOPYAN

HepxaBHi OyniBenbHi HOopMmu Ykpainm JBH B.1.2-2:2006 ,HaBantaxkenHs i1 BB’ [1]
MOIINPIOIOThCS Ha TPOEKTYBaHHS Oy/IBEJIbHUX KOHCTPYKLIH Ta OCHOB OyJiBedab 1 cIOpyA, IO
3BOJSThCS 200 PEKOHCTPYIOIOTHhCS, 1 BCTAHOBJIIOIOTH OCHOBHI TIOJIOKECHHS Ta IIpaBWia IOJO
BU3HAYCHHS HABAHTAKCHB 1 BIUIMBIB, a TAKOX IXHIX CIIOJIYy4EHb.

3aJexHO BiJ XapakTepy HAaBaHTaKeHb T4 METU PO3PAaXyHKY 3TiAHO [1] BUKOPHUCTOBYIOTHCS YOTHPH
BUM PO3PaXyHKOBUX 3HAYCHb: TPAaHNYHE, CKCIUTyaTaliifHe, IUKIIYHe i KBa3imocriiHe. [ mepeBipku
TPaHUYHUX CTaHIB Hepmoi Tpynmd BUKOPUCTOBYIOTHCS TPaHMYHI PO3PAaXyHKOBI 3HAYCHHS
HaBaHTaXEHb. [l MepeBIpKM TPaHHMYHHMX CTaHIB APYroi I'PyNH HABAaHTaKCHHS BCTAHOBIIOIOTHCS
3aJIeKHO BiJl YMOB EKCILTyaTallii KOHCTPYKIIi.

BitpoBe HaBaHTaXeHHsA 3TigHO [l] BBaKaeTbcsd 3MIHHUM KOPOTKOYACHMM HABaHTAXCHHAM 3
TrpaHWYHUM (TIeplia rpyna I'PaHUYHOTO CTaHy) i FpaHMYHAM abo eKCIUTyaTalliiHUM (Jpyra rpyna
TPaHWYHUX CTaHIB) pO3paxXyHKOBUMH 3HAUCHHSIMH.

I'panuyHEe pO3paxyHKOBE 3HAYEHHS BITPOBOro HaBaHTaxeHHs W, Bu3HadYeHO 3rimHO (opmynH,
HaBeeHOI B [1]

Wiy =7 fm - Wo - C, @)

ae ¥ =10 — kxoedimieHT HamIMHOCTI 3a TPaHHYHHM DPO3PAXyHKOBUM 3HAUECHHSAM BIiTPOBOTO

HaBaHTaxeHHA [1, 2]; W, — XapakrepucTHdHe 3Ha4YeHHsS BITPOBOTO THUCKY MOXe€ OyTH BH3HAUYEHO
3aJIe)KHO Bix BiTpoBoro paifony [1]. B oxpemux Bumagkax W, skuil mMae micui B naHiii po6ori,

JIONYCKA€ThCS BU3HAYATH XapaKTEPUCTUYHE 3HAYEHHS BITPOBOTO THCKY LUIIXOM CTAaTHCTHYHOTO
00poOIIeHHS Pe3yIbTaTiB CTPOKOBUX BUMIPIOBAaHb IIBUAKOCTI BiTpy. CepeqHs MIBHIKICT BITPY 3TiTHO
MeTeoposioriuHux JaHux JlepkaBHoOl ycraHoBH HarioHanbHUIT aHTapKTUYHMH HAyKOBHH UEHTP
VYxpainu (Y HAHLLY) 3a 2023 p. npuiinsra pisHoro V = 25 m/c.
XapaKkTeprCTHYHE 3HAYCHHS BITPOBOTO THCKY BU3HAYEHO 33 (hOPMYIIO0
W, = V2 /2=1,28-25?/2=400,2 Ila, 2)
ne p =1,28 kr/m® — 3aj1aHa rycTHHA TIOBITPS.
Koedimient C B piBHsaHHI (1) Bu3HaueHo 3rigHo [1] 3a popmyroro
C =Cher 'Ch-Cat *Crer *Caiir - Cy =1,26, ®)

ne C, =0,8+0,6=14 — aeponunamiunuii xoediuient; C, =0,9 — koediuieHT BUCOTH COPYAH;
Cat =1 — xoediuient reorpadiunoi Bucotn; C. =1 — xoediuient pensedy; Cy =1 — koedinient
Hanpamky; Cy =1,0 — xoedinieHT TUHAMITHOCTI.

3 ypaxyBaHHSIM HaBEJCHUX KOe(QIli€HTIB TpaHUYHE pO3PaXyHKOBE 3HAYCHHS BITPOBOTO
HaBaHTaXXEHHsI 3riiHO popmynu (1) gopiBHIOE
W, =7 m Wy -C=10-400,2-1,26 =504, 25 Ila. 4)

Po3paxyHok TmaHem 3a JIpyror TPyHow TpaHUYHUX CTaHIB MOTpedye  BH3HAUCHHS
eKCILTyaTalllifHOTO PO3paxyHKOBOTO 3HAYCHHS BITPOBOIO HaBaHTaXeHH 3rinHoO [1] 3a Gpopmyioro
W, =71, Wo-C, ®)
Je ¥ — Koe(illieHT HaAifHOCTI 3a eKCIUIyaTalillHUM pO3paXyHKOBHM 3HAYEHHAM BITPOBOIO
HaBaHTAXXECHHs, BU3HAYEHUH 3aJIe)KHO BiJ YAaCTKH 4acy 77, NMPOTATOM SKOI MOXYThb IOPYIIyBaTHCS
YMOBH JPYrOr0 IPaHUYHOIO CTaHy.
Sxmo npuitaaTH koedimient 77=0,02 sx mst 06'ekty MacoBoro OyxiBruITBa [1], TO ¢, = 0,21.
Toxi ekcruyaTaniiiHe po3paxyHKOBE 3HAUEHHS BITPOBOTO HAaBAaHTAXXEHHS JOPIBHIOE
W, =0,21-400,2-1,26 =105,9 I1a. (6)
baunmo, 1m0 3Ha4YeHHS eKCIUTyaTalifHOTO PO3paXyHKOBOTO BITPOBOTO HaBaHTakeHHsS W, 3HawIHO
MEHIIEe 3a TPaHUYHe po3paxyHkoBe 3HaueHHd W, . ToMmy BBakaeMoO NOLINBHO BUKOHATH INEPEBIPKY

Ipyroi TPyNM TpPaHMYHUX CTaHIB Ha >KOPCTKICTH 3aXHCHOI CHOPYOM Big TPaHWYHOTO, a HE
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eKCILTyaTallifHOr0 PO3paxyHKOBOIO 3HaueHHs BiTpoBoro HaBanTaxkeHHs W, =504,25T]a. 3rigno [1]

IUTSL CTIOPYIM BECOTOIO MEHIIO0 3a 10 M, TOOTO ISl OTOpOKYBAIBHOI TOPPOBAHOI MTAHENi BUCOTOIO 3,6 M
BITPOBE HABAHTA)KECHH TIOJAETHCS y BUIIISII CTATHYHOTO PIBHOMIPHO PO3IIOIUICHOTO THCKY.

B nesxix Bumakax [1] mpu npoekTyBaHHI YHIKQIBHUX CIIOPY/I 3HAYEHHS HABAaHTaKCHB Ta KoeirlieHTH
iXHBOTO CIIOJIy4eHHS JIOIyCKAE€ThCS BCTAHOBIIOBATH MUIIXOM IMOBIPHICHOTO OOIpYHTYBaHHS 3
BUKOPHCTaHH;IM HAasgBHHUX CTATHCTHYHHUX NaHWX JlepKaBHOI METEOpOJIOTIYHOI CIIy>kOM YKpaiHH, a TaKoX
MAHUMH BIIOMYMX METEOCTyKO, aTrecToBaHMX JlepKaBHOIO METEOPOJIOTiYHOI0 cirykboro Ykpainu. B
poOOTI 3 METOIO YTOUHEHHSI PO3PaXyHKOBHUX 3HA4yeHb BITPOBOTO HaBaHTa)KEHHS BPaxOBaHI CTATHCTUYHI
JlaHi, sKI OTPMMaHI paHille NpH IMOBIPHICHOMY MOJEJIOBaHHI BITPY Y BHUINBIAI  NOCIIJOBHOCTI
eKCTpeMaIbHUX 3HaueHb. 11 opMyBaHHS 11i€i MOJIENi BUKOPHCTOBYBAJIACh BUOIPKa XapaKTEPUCTHUK BITPY
Ha BiJpi3Kax HOro peaiizamili B OAWH JICHb 3 5-TH XBWIMHHUM OCEpEIHCHHsM 3a Tpu Micsui 2009 p,
otpumanumu BueHuMHU 1Y HAHILY. Pesynbratét AOCHIDKEHHS XapaKTEPUCTUK BITPY IMOKA3allH, IO
TIOBTOPIOBAHICTh KOE(IIli€HTIB MOPHBYACTOi BITPY 3 MaTeMaTWYHHWM CIIOZiBaHHSAM 1,765 cTaHOBUTH
6mm3pko 74%. Tomy B poOOTI JOJATKOBO JOCHTIIKEHO HAIpyKEHO-Ie(OPMOBAHMI CTaH 1 CTIMKICTH
OTOpPOJDKYBANlbHOI TAHENl Bif BITPY Yy BHUIVIANI PIBHOMIPHO pO3MOAUICHOTO THCKY 3 TPaHHYHO
PO3paxyHKOBHM 3HAYCHHIM

W, =1,765-504, 25 = 890 ITa. )

2. TlobynoBa cKiHUeHHO-eJIeMEHTHOI MOJIEJIi OropoIKYBAJILHOT MaHeJ i

Po3risiHyTa oropomkyBalbHa Tro(poBaHa MaHeNb 3aXWUCHOI CHOPYAM BiJ BITPY IIMPHHOIO 3 M,
BUCOTOIO 3,6 M 1 pI3HMMU TOBILMHHY, siKa NpuiiMana 3HaueHHs Big 0,74 MM 1o 4 mMm. OnHa rogpa mana
BU Tparmemnii 3aranpHo0 AoBxkuHO 0,9 M 1 Bucororo 0,098 M. B poOoTi ajsi BUTOTOBJICHHS
OTOpOJUKYBAJILHOI TAHEIN 3aJaH0 MpPOKaT TOHKOJHCTOBHH i3 KpemHeMmarHemeBoi ctami 10I2C1 3
MiBUIEHOI MIlHICTIO 1 cTilikicTio 10 Hu3bkux temmeparyp JCTY 8969-2019 [3]. Mexaniuni
XapaKkTEPUCTHKA  CTali  Taki: Moaynb IpyxkHocTi E =2,04*10"Ila, wmomyms IOnra
G =0,6145*10" ITa, koediuient Iyacony = 0,32, ryctuna marepiany p= 7790 kr/m®. Tumuacoswuii

Omip cTaji Ta rpaHHIlI TeKY4OCTi BiIMOBiAHO cKIaganu oy =485 MIlai o = 335 MIla.

3rinao JlepkaBHux OyniBenpHux HOopM JIBH B.2.6-198:2014 ,CrameBi koHCTpykmii. Hopmu
npoekTyBaHHs" [4] B po3paxyHKax OrOpoKyBalbHOI MaHeNl 3a MepIIO TPYNO TPaHUYHHUX CTaHIB
Ha MIIHICTP 33 pO3PaXyHKOBHH OMip MaTepially NpUHHATA TPAHHUIA TEKy4OoCTi Marepiaty 3
ypaxyBaHHAM KoedirieHTy ymoB poboTn 1,0 i koedirieHTy HamiltHOCTI 32 MaTepianom y,, =1,05

R, =07, =335/1,05=319 MIla. ®)

To6To, MakCUMaJbHI HAPY)KCHHS B €IEMEHTAX ITaHElli He OBHHHI IEPEBHUIILYBATH PO3PAXyHKOBHI
omip crani 10I2C1 R, =319 MIla.

B pospaxyHkax Oropo/KyBajIbHOI ITaHEJi 3a MEepIIol0 TPYyNo0 IPaHWYHHUX CTaHIB Ha CTIHKICTB
KPUTHYHI 3HAaUeHHs BITPOBOro HaBaHTakeHHs W, IOBHHHI IEpEBUINYBAaTH TPAaHUYHI PO3PAXyHKOBI

3HadeHHs BiTpy W, =504,25 Ila i Wm =890 Ila.

B po3paxyHkax OropomKyBaJIbHOI IaHeNi 3a JPYrolo TPYIOK T'PaHMYHUX CTaHIB Ha YKOPCTKICTH il
MaKCHMaJIbHI IPOTMHHU HE TIOBUHHI nepeBuityBaty 1/150 BincraHi Mixk onopHUMH cTilikamu L =3 M, T0o0TO

[ ]=(1/150)- L = (1/150)-3000 = 20 wim. ©)

B pobGoTi moOynoBaHO 1Bi CKiHYEHHO-EJIEMEHTHI MOJENi OropojpKyBajlbHOI mHaHem 0e3 1 3
nepdopauiero B nporpamuomy komiuiekci NASTRAN [9-10]. Mogens rodpoBanoi maneni 6e3
nepdoparnii 3MoAenbOoBaHAa Yy BHUIJSAI CYKYITHOCTI YOTHPHOXKYTHHX OOOJOHKOBHX CKIHUCHHHX
SJIEMEHTIB 3 LIiCTbMa CTYNEHAMH BUNbHOCTI y By3mi (puc. 1 (a)), sika mictiina 35161 enement ta 32540
By3JiB. CKiHUEHHO-EJIeMEHTHa MOJIeNIb OrOPOKYBAJILHOI MaHesi 3 nepdopali€ro MpeacTaBieHa Ha
puc. 1 (6). [Tepdoparis maneni noxaHa y BUINIAALI KPYDIMX OTBOPIB pagiycoM 12,5 mM. 3actocoBaHi
TPUKYTHI OOOJIOHKOBI CKiHYEHHI €JIeMEHTH 3 IiCTbMa CTYMEHSMU BUTBHOCTI Yy BY3Ji, IPH IHOMY
Moens maneni mictuna 383043 enementu i 211609 By3mis.

3 nBoX OOKIB Oropo/KyBaJbHOI MMaHEi Ha BY3JIH MOJENi IO BHCOTI HAaKJIaJeHI OOMEXKEHHS Yy
BHTJISAJII 3alIEMJICHHS 3 YPaxyBaHHIM KOPCTKOTO KPITUIEHHS MaHei 10 OMOPHUX CTiHOK.



78 ISSN 2410-2547
Omip marepiais i Teopis copya/Strength of Materials and Theory of Structures. 2024. Ne 112

@

“ :

Puc. 1. CkinueHHO-eIleMeHTHa MO/Ie)b TodpoBaHoi maHemi 6e3 (a) i 3 mepdopattiero (0)

3. Po3paxyHok Hampy»keHO-1e(OpMOBAHOr0 cTany rogpoBanoi naneii Bix aii Bitpy

Po3B’si3aHa KpalioBa 3a7ada CTaTHKW OTOPODKYBAJIBbHOI MaHeN pi3HOi TOBIIMHM MeTonoM HeroToHa-
Padcona B miHiliHi MOCTAHOBIN, sSKWii peamizoBaHo B mporpamuomy komiuiekci NASTRAN [9-10].
JocmipkeHO BIUIMB  BITPOBOTO  HABAHT@KECHHA 3 TPAaHUYHAMH PO3PAaXYHKOBHMH  3HAYECHHSIMHU
W, =504,25Tla i W, =890 Ila, sxuii MoJaHO y BHIJIAAI PIBHOMIPHO PO3HOJIIEHOr0 CTATHYHOIO
HABaHTa)KCHHS, HA HAMpPY>KCHO-IC(OPMOBAHHUII CTAaH OTOPOPKYBAJIBbHOI MaHemi. MakCHMallbHI BY3JIOBI
nepeMimenns A, 1 MaKCHMalbHi eKBIBAICHTHI HANPYKEHHA O, 32 MI3€COM B €€MEHTax JBOX
Mozienieil rodpoBaHol MaHesi MepeBipsUICh 00 BUMOT 1i PO3PaxyHKY 3a MEpIIO0 TPYIOI0 MPaHUYHHX
CTaHIB Ha MIIHICTD i 32 JPYTOI TPYIOK TPAHMYHUX CTaHIB HA JKOPCTKICTh. Pe3ymbTaTé po3paxyHKY
HaIpy»XeHo-nedopMoBaHOTo cTaHy rodppoBaHOi maneni 6e3 mepdoparii npu ail BiTpy HaBeIeHO B Ta0m. 1.

Tab6mus 1
XapakTepucTHKH HanpyKeHo-aedopMoBaHoro crany rodposanoi nanemi
6e3 mepdoparnii npu aii BiTpy

T 3HaueHHs BITPOBOTO HABAHTAKEHHS

OBII[IHA —
rohpoBaHoi W, =504,25 Ila [1] W,, =890 Ila

naHesni, M Apax» M ot ;MIla Avax ' M 0% » MIla

0,00074 0,05344 163,616 0,09426 288,564
0,001 0,02208 90,019 0,03895 158,763
0,0015 0,00687 40,550 0,01211 71,391
0,002 0,00307 23,088 0,00541 40,721
0,003 0,00103 11,299 0,00182 19,928
0,004 0,00049 7,508 0,00088 13,242

BunHo, mo MakcuManbHI BY3J10Bi MepemimieHHs1 To¢poBaHoi nmaHeni 0e3 nepdopaiiii TOBIIHMHOIO

0,00074 M i 0,001 M mepeBHUITYIOTh HOMYCTUMHIA MPOTHH [f]: 20 MM, TOOTO HE BMKOHAHAa BHMOTa

1110710 11 )KOPCTKOCTI 32 JIPyrol0 IPYyINor0 TPaHUYHHUX CTaHIB, NIPH 1HIIMX TOBIIMHAX BUMOT'a BUKOHAHA.
MakcumanbHi Halpy>KeHHs JUIl BCIX TOBIIMH INAHENl HE NMEepeBHIIYIOTH PO3PaxyHKOBHMH OIMip CTaii
10I2C1 R, =319 Mlla, T06T0 1npn nepesipui ropposanoi naneni 0e3 nepdopauii Ha MilHICTb 3a

HEPLIOI0 IPYIOK I'PAHMYHUX CTaHIB BUMOTa BUKOHAHA.

Sk mpuknan, Ha puc. 2 (a), (6) npeacrapieHi BiAMOBIAHO 130101 CYMapHUX BY3JIOBUX HEPEMillICHb
1 eKBIBaJICHTHI HAmNpPYXCHHsSI B €JIeMEHTaxXx Mojen rodpoBaHoi maHeni 6e3 mepdopallii TOBIIUMHOIO
0,0015 M npu fii BiTPY 3 rpaHUYHUM PO3paxyHKOBUM 3HaueHHAM W, =504,25 Ila.
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Puc. 2. I3omosns cymMapHHX By3JIOBHX IIepeMIIleHb (a) i eKBiBaJIeHTHI HaNpykeHHs (0)
B €JIeMEHTax Mojeni rodpoBaHoi maHemni 6e3 nepdoparii TopurHo0 0,0015 M

PesynbTaTit po3paxyHKy HarpyKeHO-Ie(OpMOBAHOrO cTaHy rohpoBaHol manei 3 nepdopariero npu i
BITPY 3 TPaHUYHUMU PO3paxyHKOBUMH 3HaueHHAMHU W, =504, 2511a i W|,, = 890 Ila naBeneHo B Ta6m. 2.

Tabmuws 2
XapaKTepuCTHUKHU HAIPyKeHO-Ie(pOpPMOBAHOTO CTaHy MaHeN i 3 epdopaliiero mpu Iii BiTpy

3HaueHHsI BITPOBOTO HABAHTaXKCHHSI
Topmuna —
ro¢ppoBaHoi W, =504,2511a [1] W,, =890 Ila

naHesi, M Apax» M 0% o -MITa Apax» M 0% o MITa

0,00074 0,06121 187,394 0,10815 330,912
0,001 0,02534 157,396 0,04477 277,961
0,0015 0,00792 68,698 0,01398 121,176
0,002 0,00355 38,599 0,00626 68,088
0,003 0,00119 18,726 0,00207 33,071
0,004 0,00058 12,442 0,00101 21,986

BuaHo, 1Mo MaKCHUMaabHI BY3JI0BI IepeMimieHHs Mojeni rodpoBaHoi maHem 3 mepdopariiero
toumHOWO 0,00074 M i 0,001 M HepeBUIIYIOTh JOMYCTUMHUI IMPOTUH [f]:ZOMM, a MpH IHIIMX
TOBLIMHAX MaHeNli BMMOIa WIOJO ii KOPCTKOCTI 3a JAPYrOr TPYIOI I'PaHUYHHMX CTaHIB BHUKOHAHA.
MakcumanbHi €KBIBaJCHTHI HANPYKEHHs B eJIEMEHTax IaHeli 3 mnepdopalli€ro npu BCiX TOBHIMHAX,
kpiMm ToBiuHK 0,00074 M mmpu  xii va =8901la, He mnepeBHIIYIOTh PO3PaXyHKOBHH Omip craii
10I2C1 R, =319 Mlla i BiAnoBifaI0TH BUMOraM NEPEBIPKU MAHEN! Ha MiLHICTb 32 MEPILIOIO IPYIIOI0

TpPaHUYHUX CTaHiB. SIK MpHKia, Ha pUc. 3 NPEACTaBJICH] 130M0JIs1 CyMapHUX BY3JIOBHX NEPEMIIIEHb i
CKBIBAJICHTHI HANPYXKCHHS B eJIeMEHTaXx Mojeii rodpoBaHoi maHesdi 3 mnepopallie€ro TOBIIUHOO
0,0015 M npu nii BiTpy 3 rpaHUYHUM po3paxyHKoBuM 3HaueHHsIM W, =504, 25I1a.

4. Po3paxyHok criiikocTi ro)poBanoi nane;ai npu cTaTu4Hii Aii BiTpoBOro HaBaHTa:KeHHS

3agaya cTiMKOCTI TO(QPOBAaHOI Oropo/KYBaJbHOI MaHENi, sSKa pealizoBaHa B IIPOrPaMHOMY
kommurekci NASTRAN [6], po3B’s3aHa B JiHIWHIA mocTaHoBHiI MeTonoM Jlanmoma. OTpumaHo
KPUTHYHI 3HAYCHHS BITPOBOTO HABAaHTAXEHHS 1 (HOpPMHU BTpATH CTiliKOCTi ropoBaHOi maHemi 06e3 i 3
nepQopartiero.

BuxonaHa mepeBipka ImaHenmi 3a MEepIIo0 TPYNo TPAaHWYHMX CTaHIB Ha CTIMKICTH MpH il BITPY 3
BUMOT010, 11100 KoedilieHT 3anacy crilikocti 0y K >1 3 ypaxyBaHHAM Koe(illieHTiB yMOBH POOOTH

1,0. Koediuient 3amacy cTiikocTi roppoBaHoi maHendi NpU PI3HHX 3HAYCHHSX TOBIIMHH (TaOm. 3)
BH3HAYCHO 32 GOpMyJIaMu

Ker =Wer /Wi 1 Kop =W /W,
ne W,, — HmKde 3HaueHHs KPUTHYHOTO BiTpoBOro HaBaHTaxeHHs, [1a; W, =504,2511a, W,, =890 I1a

— IPaHUYHI PO3PaxyHKOBI 3HAYECHHS BITPY.
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Puc. 3. I3omosns cymMapHHX By3JIOBHX IIEpEMIIeHb (a) i eKBiBaJIeHTHI HaNpykeHHs (0)
B €JIEMEHTax Mojeni rodpoBaHoi nmaHedni 3 nepdopauiero Topiuaow0 0,0015 M

Tabmums 3
KoedimienTn 3amacy criiikocti rodbposanoi naneni K, / K,
TosuwHa roppoBanoi maxeni, Mogedni ropposanoi maneni
M 6e3 mepdopartii 3 nepdopartiero
0,00074 0,355/0,201 0,314/0,178
0,001 0,875/0,496 0,775/0,439
0,0015 2,950/1,671 2,615/1,484
0,002 6,988/3,959 6,194/3,488
0,003 23,56/13,35 20,88/11,83
0,004 55,79/31,61 49,47/28,03

Bbaunmo, mo cratudHa cTiKicTh TodpoBaHOi maHemdi 0e3 i 3 nepopalliero TOBIMHOIO OLIBIIOIO 3a
0,0015 M mpu Aii BiTpy 3 TPAaHUYHUMH PO3PaxXyHKOBUMHM 3HAUEHHAMH 3a0e3ledeHa, TOOTO BUKOHAHA
BUMOTA MEPEBIPKHU TTaHeli Ha CTIMKICTh 3a MEePIIOI IPYIIO I'PAHUYHHUX CTaHIB.

Sk npuknan, Ha puc. 4 npeacTaBieHi Hk4Yi GOpMH BTpaTu CTiikocTi rodpoBaHoi maHemi 6e3 i 3
nepdopauiero TosumHow 0,0015 M mpu aii Bitpy W,, =504,25 ITa. Huxua popma BTpatH cTiliKOCTi

naHeJi Npu Jii BiTpy 3 rpaHUYHUM po3paxyHKoBuM 3HaueHHAM W, =890 I1a mae Takuit camuii Buj sk

Ha puc. 4.

Ll

|

@ (©6)

Puc. 4. Hixui ¢hopmu BTpatu criiikocti rodpoBanoi maneni
6e3 (a) i 3 mepdopauiero (6) Toumnoro 0,0015 M npu nii Bitpy W, =504,25 Ila

BucnoBok. [Iutanns 3acTocyBaHHS TOpOBaHUX NaHesel 3 nepdopamniero Al 3aXUCHUX CIIOPYA €
aKTyaJIbHUM, ajle HeJJOCTaTHbO AOCiiUkeHNM. CTaTHYHUI po3paxyHOK OropoKyBalbHOI roypoBaHoi
CTaJIbHOI MaHeNi JOBXKHHOK 3 M 1 BUCOTOKO 3,6 M mpHW Aii BiTpy mokasa, mo topmuHa 0,0015 M
3aJJ0BOJIbHSIE BUMOT'aM NepeBipkd ropoBaHOi MaHeNi Ha MILIHICTb, JKOPCTKICTH 1 CTIHKICTH 3TiIHO
HepxaBaux OyniBenbHUX HOpM Ykpainu. [lepdoparist manesni 3011bInIa MaKCUMalbHI epeMiLeHHS
npnban3Ho Ha 12 %, exBiBaneHTHI HampyxeHHS Ha 41 % i 3meHmma Ha 12 % KpuUTHYHE 3HAYCHHS
BITPOBOTO HaBaHTAXEHHA. baunMmo, mo BIMB mepdopamii Ha CTATHYHI XapaKTePUCTHKH JaHOI
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FO(l)pOBaHOI MMaHelll € 3HAYHKMM JIUIIIEe Ha €KBiBaJCHTHI Halpy>KCHHH, SIK1 Ipu bOMY HC MCPCBUILYIOTH

po3paxyHnkoBuii omip cram 10I2C1 Ry =319 MIla i BigmoBizaroTh BMMOraM MEPEBIPKH MaHeNi Ha

MIITHICTB 32 MEPIIOI0 TPYIOI0 TPAaHUIHHUX CTaHiB.

CITMCOK JIITEPATYPU

JIBH B.1.2-2:2006. JlepxaBHi OyaiBenbHi HopMu YKpainu ,,HaBaHTaxeHHs i BrutBd. HopMu npoexTyBaHHs.

I'OCT 27751-88. JlepxxaBuuii cranaapT Ykpainu. HaxiifHicTs OyIiBebHIX KOHCTPYKIIH 1 OCHOB.

JICTY 8969-2019. IIpokat TOHKOIICTOBHIA 31 CTaIi ITiABUILEHOT MiLIHOCTI.

JIBH B.2.6-198:2014. {epxaBHi Oy aiBensHi HOpMmH ,,CTasnesi koHcTpyKiii. Hopmu nmpoexTyBaHHs: .

Ray W. Clough, C.Philip Johnson. A finite element approximation for the analysis of thin shells // Int. J. Solids Struct.,

1968. — 4, No.1. — P. 43-60.

6. Bouraou N.l., Luk’yanchenko O.O., Tsybulnik S.A., Shevchuk D.N. Vibration Condition Monitoring of the Vertical Steel
Tanks // Vibrations in Physical Systems, —2016. — Vol. 27. — pp. 53-60.

7. Jlyk’snuenxo O.0. Po3p’si3aHHs mpoOieMHu HamiHOCTI i Ge3neku OOONOHKOBHX CTPYKTYD 3 HEJOCKOHAIOCTIMH (hopMu
MeTtoaamu obuncioBansHoi Mexaniku. — KuiB: Bua-Bo ,,Kapasena”, 2019. — 197 c.

8. Bazhenov V.A., Lukianchenko O.A., Vorona Yu.V., Vabyshchevych. The influence of shape imperfections on the stability of
thin spherical shells // Strengh of Materials, 2021. — Vol. 53, Ne6. — P. 842-850.

9. Pyoaxos K.H. FEMAP 10.2.0. 'eomeTpuuecKoe ¥ KOHEYHO-3JIEMEHTHOE MO IeIupoBanue Koucrpykuuii. — K: HTTY KIIH,
2011.-317c.

10. Jaecheol Koh Siemens NX Nastran: Tutorials for Beginners and Advanced Users. — ASIN: BOB19ZBZCM, 2022. — 566 p.

agrwNE

REFERENCES

1. DBN V.1.2-2:2006. Derzhavni budivelni normy Ukrainy ,,Navantazhennia i vplyvy. Normy proektuvannia” [State building
regulations of Ukraine ““ Loads and impacts. Design standards™].

2. HOST 27751-88. Derzhavnyi standart Ukrainy. Nadiinist budivelnyh konstrukcii i osnov [State standard of Ukraine.
Reliability of building structures and foundations].

3. DSTU 8969-2019. Prokat tonkolistovyi zi stali pidvyshchenoi mitsnosti [Rolled thin sheet of increased strength].

4. DBN V.2.6-198:2014. Derzhavni budivelni normy Ukrainy ,,Stalevi kostruktsii. Normy proektuvannia” [State building
regulations of Ukraine “Steel structures. Design standards”].

5. Ray W. Clough, C.Philip Johnson A finite element approximation for the analysis of thin shells // Int. J. Solids Struct., 1968.
—4, No.1. —43-60.

6. Bouraou N.l., Luk ’yanchenko O.0., Tsybulnik S. A., Shevchuk D. V. Vibration Condition Monitoring of the Vertical Steel
Tanks // Vibrations in Physical Systems, —2016. — Vol. 27. — pp. 53-60.

7. Lukianchenko O.0. Rozviazannia problemy nadiinosti i bezpeky obolonkovykh struktur z nedoskonalostiamy formy
metodamy obchysliuvalnoi mekhaniky [Decision of problem of reliability and safety of shell structures with shape
imperfections by the methods of calculable mechanics]. — Kyiv: Vyd-vo ,,Karavela”, 2019. — 197 s (ukr).

8. Bazhenov V.A., Lukianchenko O.0., Vorona Yu.V., Vabyshchevych M.O. The influence of shape imperfections on the
stability of thin spherical shells // Strengh of Materials, 2021. — Vol. 53, Ne6. — P. 842-850.

9. Rudakov K.N. FEMAP 10.2.0. Heometrycheskoe y konechno-elementnoe modelyrovanye konstruktsyi [Geometrical and
finite-element design of constructions]. — K: NTTU KPI, 2011. — 317 s.(rus).

10. Jaecheol Koh Siemens NX Nastran: Tutorials for Beginners and Advanced Users. — ASIN: BOB19ZBZCM, 2022. — 566 p.

Cmamms naoitiuna 08.03.2024

Lukianchenko O.0., Tsybulnyk S.O., Kozak A.4., Gerashchenko O.V., Kara I.D.
INFLUENCE OF PERFORATION ON STATIC CHARACTERISTICS OF THE ENCLOSING CORRUGATED
PANEL UNDER THE WIND ACTION

The application of the enclosing panels with perforation in construction practice for protective structures is economic
advantageous due to reduction of financial costs for their production, transportation and installation. But influence of perforation
on static and dynamic characteristics of the enclosing panels was not enough investigated. With the purpose of wind protection
of the buildings and structures at the Ukrainian Antarctic station ,,Akademik Vernadsky” static stress and stability analyses of
the protective structure were executed in according with the first and second groups of limit states of State building regulations
of Ukraine. The protective structure as the enclosing corrugated steel panel and supporting columns was appeared. In the article
the results of numeral research of the stress strain state and stability of the corrugated panel are presented. The panel width and
height were accepted permanent, and a panel thickness was explored and accepted according to requirements for its stiffness,
strength and stability. The four corrugations in the form of trapezoids are located along the panel height. Perforation of the panel
in the form of round holes with a radius of 12.5 mm was presented. Two finite element models of the corrugated panel using the
software NASTRAN were built. The corrugated panel without perforation model as a collection of rectangular shell finite
elements with six degrees of freedom at the node was modeled. This model contained 35161 finite elements and 32540 nodes.
The finite element model of the enclosing corrugated panel with perforation contained 383043 triangular shell finite elements
with six degrees of freedom at the node and 211609 nodes. Boundary conditions were imposed on the modal nodes along the
height on both sides of the corrugated panel in the form of fixing, taking into account its rigid attachment to the columns. Wind
action on the enclosing panel was presented as uniform distributed static load, the limit calculation values of which were got
according to State building regulations of Ukraine and statistical data of wind at the Ukrainian Antarctic station. The main
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attention was given to research of influence of perforation on the corrugated panel equivalent stresses and displacements, critical
values of wind load and form of loss of corrugated panel stability. Computational procedures of static stress and stability
analyses of software NASTRAN were applied.

Keywords: corrugated panel, perforation, wind, finite element method, static stress analysis, stability.
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Jlyx’smuenxo  0.0., Lubyrenux C.O., Koszax A.A., Iepawenxo O.B., Kapa [/ Buims mnepdopauii Ha craTHuHi
XapaKTepPHCTHKH OropPoKyBaIbHOI rodypoBanoi nanei npu aii BiTpy // Omnip MaTepiaiiB i Teopis cropy/: HayK.-TeX. 30ipH.
—K.: KHYFBA, 2024. — Bumn. 112. — C. 75-82.

Hocniooceni cmamuyni Xapakmepucmuku 020poodCcy8atbHoi 2ogpposanoi cmanvHoi nameni 3axucHoi cnopyou 6io Oii eimpy.
3acmocosano obuucO8aIbHi NPOYedypu NPOSPAMHO20 KOMIAEKCY CKiHueHHo-enemenmruozo ananizy NASTRAN. Oyineno eniue
nepgopayii’ na exeiganNeHMHI HANPYICEHHS, Y3N06I NEPeMiueH s, KPUMUUHI 3HAYeHHs HAGAHMAICEHHA ma opmu empamu
cmitikocmi 2ogpposanoi naweri.
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Lukianchenko O.0., Tsybulnyk S.0O., Kozak A.A., Gerashchenko O.V., Kara I.D. Influence of perforation on static
characteristics of the enclosing corrugated panel under the wind action // Strength of Materials and Theory of Structures. —
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Static characteristics of the enclosing corrugated steel panel of protective structure under the wind action were investigated.
Calculated procedures of finite element analysis software NASTRAN were applied. Influence of perforation on equivalent
stresses, nodal displacements, critical loads and forms of loss of corrugated panel stability was appraised.
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