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IIpoaHaini30BaHO BIUIMB I'€OMETPHYHHMX HEAOCKOHAJOCTEH (OPMHM Ha CTIMKICTh LIEHTPAIbHO
CTHCHYTUX TOHKOCTIHHHMX CTEPXKHIB BIAKPUTOrO HPOGIMI0 3 pi3HOI TOBLIMHOK CTIHKH.
3acTOCOBaHO OOYMCIIFOBAIBHI IPOLEAYPH MPOrPAMHOr0 KOMILIEKCY CKiHYEHHO-EJIEMEHTHOIO
anamizy NASTRAN. PesynpTaTn  JOCHIIKEGHHS  CTIMIKOCTI  CTEp)KHIB  IOPIBHAHO 3
eKCHEePUMEHTAIbHIMH, aHATITHYHUMH 1 YHCEIBHIMH PO3pAaXyHKaMHU {HIIMX TOCITIAHHUKIB.

Kuio4oBi cj10Ba: TOHKOCTIHHHH CTEpXKEHb BIAKPHTOrO IPOdiN0, HETOCKOHAIICTh (opmu,
CTaTHYHA CTIMKICTh, METOJ] CKIHUCHHHUX CJIEMEHTIB.

Beryn. 3aBasku po3BUTKY TEXHOJIOTIT BHPOOHMIITBA, MOSBH S(HEKTUBHUX
3ac00IB 3aXMCTY BiJl BOTHIO Ta KOPO3ii, JOCTYIHOCTI i IIBHIKOCTI MOHTaXY,
BHUKOPHUCTAHHS XOJIOMHOTHYTHX MPO(MLTIB HAOYIO IMHUPOKOTO PO3MOBCIOHKCHHS
B OymiBHMNTBL. TOHKOCTIHHI CTEpKHI BIIKPUTOro mpoQimo 3HANILIH
3aCTOCYBaHHS JUIsl BUTOTOBJICHHS IIMPOKOT'O CIEKTPY OYIiBEIbHUX HECYUHX Ta
OTOPOKYIOUYHX KOHCTPYKIIIH, OCKIJIBKM MatOTh ¢(DEKTHBHI BaroBi i eKOHOMIYHI
XapaKTePUCTUKH.

EnemenTtu OyniBebHUX KOHCTPYKIiH 3 XOIOIHOTHYTUX CTEP)KHIB MPAItOIOTh
SIK TOHKOCTIHHI CTEpKHi, a TOCII/PKEHHS TX HaIpyXeHO Ae()OPMOBAHOTO CTaHY
Ta CTIHKOCTI BUKOHYETBCS 3T1THO 3 TEOPi€I0 TOHKHX CTCPIKHIB, sIKa BIepIie Oyiia
ormucana C.I1. Tumomenkom [1]. BiamoBinHo no teopii B.3. Bnacosa [2] ToHki
CTEpIKHI BIJJHOCSATHCS J0 YETBEPTOrO KIACy PO3PAXYHKOBHUX CXEM OCHOBHHX
€JIEMEHTIB KOHCTPYKIIH MO0 HPOCTOPOBOMY MpHU3HAKy. Teopis TOHKOCTIHHUX
eJIEeMEHTIB OYy/IBEJIbHUX KOHCTPYKILIH pO3BHHYTa Ta JIONOBHEHa B poOoTax
O.A. InptomyHa, B.B. Bomorina, ®. bneiixoma, H.C. Crpenenpkoro,
A.C. Bompmipa Ta iHmmxX pocimigHukiB [3]. Ormsg cydacHHMX METOIUK i
pe3yJbTaTiB  JIOCTIDKEHh 3 BH3HAYEHHS HECY4oi 3MaTHOCTI CTEPKHEBHX
€JIEMEHTIB 3 XOJOJHOTHYTHX mpodiniB HaBenenuid B kHu3i B.B. }Opuenko i
A.B. Tlepensmyrtepa [3].
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OpHak, TpU PO3IJISl YUCTOrO KPYYEHHS B TEOpii TOHKHX CTEPXKHIB He
BpPaxOBYIOTHCS CHEIU(IUHI OCOOJMBOCTI XOJOAHOTHYTHX CTEPXKHIB, SIKUMHU €
JIOAATKOBI TIO3/IOBXKHI HOpPMaJlbHI HamlpyKE€HHs, [0 BHHHKAIOTh BHACIIJIOK
BITHOCHOI JeIUIaHamii X MOMepeyHoro mepepizy. Takok JOBEIEHO, IO
HasIBHICTh MaJIMX PEAIbHUX HEJOCKOHAIOCTEH (POPMH CTEPXKHIB MOXKE 3HAYHO
3HU3UTH 3HAUEHHS KPUTUYHOTO HABaHTaXXECHHs. TOMy BHHHMKAae HaraibHa
notpeba y BpaxyBaHHI T€OMETPHYHUX HEJOCKOHAIOCTEH B JIOCHIIKEHHSX
HanpyXeHO-1e(h)OPMOBAHOTO CTaHy Ta CTIHKOCTI €JIEMEHTIB KOHCTPYKIUH 3
XOJIOJITHOTHYTHX MPOiiB.

OCHOBH pO3paxyHKY CTIHKOCTI TOHKOCTIHHUX CTEPKHIB BIIKPUTOTO MPOdiiro
3 ypaxyBaHHSAM HEIOCKOHAIOCTeH (opMHu 3akiaaeHi B poborax [4,6]. B
JIOCITI/PKEHHSX MIITHOCTI Ta CTIHKOCTI TaKUX CTEPKHIB IIMPOKOTO 3aCTOCYBAHHS
HaOynu 4YHWCENbHI METOJM, SIKi [JO3BOJSIIOTH BpaxyBaTH HaBeIeHI BHIIE
ocoONMMBOCTI IX TmMOBemiHKM. B 0araTtbox CydacHHUX OOYHCITIOBATBHUX
komiuiekcax, Takux sk SCAD, JIMPA, NASTRAN [6], peamizoBaHo MeTo
ckinueHHux enemeHTiB (MCE), sxuii mMae cBoi mepeBaru IOAO CTBOPEHHS
PO3paxyHKOBUX MOJeNel Ta TOYHOCTI PO3paxyHKIB CTATHYHHX 1 JUHAMIYHHX
XapaKTePUCTHUK Oy/IiBETbHUX KOHCTPYKITIH.

Y nmomepemHix pobortax [9, 10, 11] aBTOopamMu mpeACTaBiICHA 4YHCEIbHA
METOIMKa 1 pe3yJbTaTh JOCHI/DKEHHS CTIMKOCTI UEHTPaIbHO CTUCHYTHX
TOHKOCTIHHMX  CTEp)KHIB  BIAKPHUTOro  TpOQUII0 3  TEOMETPUYHHMHU
HEJIOCKOHAJIOCTSIMH, IO MOJENIOBAIUCH Y BHUIVISAL pi3HUX (OpPM BTpaTH
CTIMKOCTI. AHAII3 OTPUMaHHX pe3yJbTaTiB IMATBEPIMB 3HAYHHH BIUIHB
TEOMETPUYHUX HEJOCKOHAJIOCTEl Ha HampyXeHo-nedopMoBaHuii CTaH i
CTIMKICTh TaKMX CTEepXHiB. B maHiii po0OOTI Ha OCHOBI METOIy CKiHYEHHHX
€JIEMEHTIB Ta OOYMCIIOBAIBHHX TMPOUEAYP IPOrPaMHOIO  KOMILIEKCY
NASTRAN BukoHaHO JOCTIDKEHHS BIUTMBY HEIOCKOHajocTeld (opMu Ha
CTIMKICTh CTEpXHIB BIJKPUTOro NPO(UII0 3 PI3HOI TOBIIMHOI CTiHKH,
pe3yibTaTd  SIKOrO TOPIBHIOBAIMCH 3  QHANITHYHUMH 1  YHCEIbHHMH
PO3paxyHKaMH Ta €KCIIEPUMEHTAIbHUMU JTAHUMH 1HILHUX JOCHi THUKIB.

1. Ilo0ynoBa cKiHYEHHO-eJIeMEHTHOI MoOJeJi CTepXKHS BiIKpUTOro
npodin 3 HeTOCKOHAJIOCTAMHE (pOopMH. PO3IIITHYTO TOHKOCTIHHI Hpodii
Bigkputoro nepepizy C 80/40/14/1,1 ta C 80/40/14/3 nomxuHoto /=1,7 M
(puc. 1). CrepxHi pO3MIANANIUACH SIK IIEHTPAJIBHO CTUCHYTI 3 YKOPCTKUM
KpIIJICHHSIM 3HU3Y Ta MAPHIPHO-PYXOMHM 3BEPXY.

J4 14
—=
g 1.1 =S 3
1
80 | 80 |

(@) (6)
Puc. 1. ITonepeuni nepepisu pocimkyBanux crepxkuis 80/40/14/1,1 (a), 80/40/14/3 (6)
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CrepiKHi BUTOTOBJICHO 3 OIMHKOBAHOI CTaji, MEXaHIUHI XapaKTepPUCTHKH
SIKOT MpecTaBieHo B Tadm. 1.

Tabmums 1
MexaHi4HI XapaKTepUCTHKH CTai
XapaKkTepuCcTHKa IozHaueHHs On. BuMipy 3HaveHHs
Mexa TeKy4oCTi R, MIla 321,2
Mexa MilHOCTI R, MIla 402,34
Monynb HpYKHOCTI E MIla 205300
Koediuienr ITyacona u - 0,29
Monyns 3cyBy G MIla 79600

l'eomeTpuyHi XapaKTepUCTHKH TOHKOCTIHHMX crepxkHiB C 80/40/14/1,1 i
C 80/40/14/3,0 Bu3HA4YEHO aHATITUYHO 1 HaBEJAEHO B Ta0I. 2.

Tabnus 2
['eoMeTpryHI XapaKTEPUCTUKH CTEPIKHIB BIIKPUTOrO Mpodiiio
[podins OpnH.
Hapavetp C80/40/14/1 ,1? ®cs0/40/14/3 sy

A | Ilnoma nonepeyHoro nepepizy 2,02 5,28 oM’
I, | MowmenrT iHepuii BisH. eHTp. oci Y1 4,873 11,501 e’
I, MowmeHT iHepuii BiJtH. meHTp. oci Z1 21,041 52,338 oM’
iy Paniyc inepuii BizHOCHO oci Y1 1,553 1,476 cM
i, Paniyc inepuii BigHOCHO oci Z1 3,228 3,148 cM
W,+ | Makc. MmoMeHT onopy BijH. oci U 5,26 13,085 oM’
W,. | Maxkc. MOMEHT omopy BiJH. oci V 3,363 7,913 oM’
W,. | MiH. MOMeHT omopy BifH. oci V 1,91 4,516 oM’
z,, | Koopaunara nenTtpa mac 1o oci Z 1,449 1,453 cM

[ToOynoBa  CKiHYEHHO-EIIEMEHTHHX MOJEJEH CTEP)KHIB  BIAKPUTOTrO
npodino BukoHaHa B mporpamMHoMy kominiekci NASTRAN [6]. Tlonku i
CTIHKM CTEp)KHIB 3MOJENBbOBAHO Y BHUIJIIII CYKYITHOCTI YOTHPbOXKYTHHX
00OJIOHKOBUX €JIEMEHTIB 3 MICThbMa CTYNEHSMH BUIBHOCTI Yy BY3IL.
'eoMeTpuyHiI HEMOCKOHAIOCTI 3MOJEIHOBAHO Y BHUIJISII TEPIIOi 3arajbHOi
¢dopMu BTpaTH CTIHKOCTI CTEpXHIB 3 iJeanbHOI0 ToBepxHeto [12], ski
OTPHMAHO 3 JIIHIHHOTO PO3paxyHKY CTIHKOCTI MeToaoM Jlaniroma (puc. 2).

(@) (6)
Puc. 2. Ilepuia (popma BTpaTu CTIKOCTI TOHKOCTIHHUX CTEPIKHIB
80/40/14/1,1 (a) 1 80/40/14/3 (6)
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2. JocaigxeHnnsi cTikocTi cTepkHIiB Biakputoro mpoginio 0e3 i 3
ypaxyBaHHSIM HeJOCKOHaJocTel (popmu. UncenbHi pO3paxyHKH CTIHKOCTI
CTEp)KHIB BiJKpUTOro Tpo(diII0 BUKOHAHO B JIHIWHIA 1 HemiHIHHIA
MOCTAaHOBKaX 3a JOIMOMOIOK OOYWCIIOBAJIBHUX MPOLEAYP KOMIUIEKCY
NASTRAN gignoBigao metonom Jlanioma ta MeroqoM Herotona-Padcona.
OTprUMaHO KpHUTHYHI 3HA4YeHHS HaBaHTAXXCHHS Ta BiANOBIAHI (HoOpMHU
neopMyBaHHS CTEpXKHIB 3 1J€aIbHOI0 ITOBEPXHEI0 Ta ypaxXyBaHHAM
HeJlocKOoHaocTel Gopmu pizHOI amIuTiTyau. Brinmue HepockoHantocreit popmu
OIIIHEHO JUIA CTEPXKHIB 3 MAaKCHUMAJIbHUMH aMIDUITyIaMH, sKi MPHAMAJIHCh
MIPOMOPLIHHUMH IO TOBIIUHU CTiHKH ¢ cTepkHiB: 0,25¢, 0,5¢ Ta 1¢. Kputnusi
3HAYCHHS CTUCKAIOUOl CHJIM JIJIS BCIX CTEpIKHIB HaBeneHo B Tabm. 3. Ha puc. 3
npeactaBieHi ¢opmu  aeOpMYBaHHSA CTEPXKHIB IPH BTpPaATi CTIHKOCTI,
OoTprMaHuX MeToaoM HeloToHa-PadcoHa B HENiHIHHIN TOCTAHOBII.

(@) (6)
Puc. 3. ®opmu neopMyBaHHs IPH BTpaTi CTIHKOCTI TOHKOCTIHHUX cTepxHiB 80/40/14/1,1 (a)
i 80/40/14/3 (6) 3 reoMeTpHYHUMH HEIOCKOHAIOCTAMHU 17

3. IlopiBHAIBHUI aHANI3 Pe3yJIbTATIB AOCJTIIAKEHHsI CTIHKOCTI CTep:KHIB
BiikpuToro mpodinw 3 ekcnepUMEHTAIbHUMH, AHATITHYHHUMH Ta
YHCEJILHUMH JAaHUMH iHIIMX aBTOpPiB. Pe3ynbTaTé MOCHIKEHHS CTIMKOCTI
CTEP)KHIB  BIJIKDHUTOrO MPOQUII0 3 aHAIOTIYHHUMH TEOMETPHYHUMHU 1
MeXaHIYHIUMH XapakTepucThukamu (Tadmn. 1 ta Tabi. 2) oTpuMaHo B j1aboparopii
OyniBenbHoOro (axynbTeTy 3arpedchbkoro yHiBepcutery (Xopsatisi) y 2016 p.
[8]. ¥V cepii BumpoOyBaHb CTIHKOCTI CTep)KHsS OYB 3aCTOCOBAaHHMM CTATHUHHIMA
mpec. g mepemadi 30CepeKCHOTO HABAHTA)KCHHS BHKOPHCTAHI CTaJIeBi
TUIACTUHU, SKI NPUBapeHi O TOPIIB BEPTHKAILHO BCTAHOBJICHOTO CTEPXKHS Ta
3a0e3neyyBaqd JKOPCTKE KpIIUIEHHS Yy HIDKHBOMY TOpPILI  CTEP)KHS.
HaBaHTa)keHHs PUKIIANAIOCh CTYMIHYACTO B 3aJISKHOCTI BiJl TOBIIMHH CTIHKH
JIOCITIKYBAIBHUX CTEPIKHIB: JUIS 3pa3KiB 3 TOBIIMHOIO CTIHKH /=1,1 MM mpupicT
ckinamaB AF=10 xH, mis 3pa3ka 3 ToBumHO0 cTiHKH ¢ =3,0 MM — AF=30 xH.
Brpara crifikocti crepxHsi 3 monepeynuM nepepizom 80/40/14/1,1 BinOynachk
IpY HaBaHTaxeHHI F,,,=30 kH 4epe3 3HauHy JIOKaJIBHY Ae(opMalilo CTIHKH
crepkrs. [l crepkas 3 mepepizom 80/40/14/3 ekcriepiMEHTAIBHO BH3HAYCHE
3Ha4YEeHHSA KPUTUYHOI cuid ckiano F,,=144,5 xH, npu nupomy ¢opma BTpatu
CTIMKOCTI CTepkHs1 Oyna mojiOHa 110 3arajbHOi (opMHM BTpaTH CTIHKOCTI.
Pe3ynbTaT excriepuMeHTaNbHIX BUMPOOYBaHb HABEJICHO B TalI. 3.
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Ha 6a3i OyniBenbHOro (akynbrery BpecTchkoro nepaBHOTO TEXHIYHOTO
yHiBepcutety (binopyck) BUKOHaHO OPIBHAHHS PE3y/IbTATIB AOCITIDKEHHS [8] 3
AQHATITHYHUMH Ta YHCEITbHUMHU PO3PaXyHKaMH, SIKI OTPUMAHO 13 3aCTOCYBaHHSM
MPOrpaMHOr0 KOMIUIEKCY CKiHUeHHO-eneMeHTHoro ananizy ABAQUS [7] Ta
po3paxynkamu 3a Qopmynamu (1) ta (2) Teopii TOHKOCTIHHHX CTEPIKHIB.
Pe3ynbTaT po3paxyHKiB HaBeJIeHO B Ta0II. 3.

2 2 2 3 2 2 2 2
F,=02+24-1)F +[(Fy+FZ+Fm)~r —zA~Fy—yA~FZ]~F -

—r2-(Fy-FZ+Fy~F0)+FZ~FO))-F+FyFZF(Dr2 -0. (1)
Tyr Benmuuunu F),, F, F,, BU3HAYAIOTBCS 32
2 2 2
L= EI2 F =t Elzy; Fy=L ™t G . )
2 2
() () r= L (vD)
Tabmums 3
Pe3ynbTaTi po3paxyHKiB Ta AOCIIIHKEHb
KputnuHe 3HaueHHS MakcumanbHa aMInTITyaa [lepepi3 crepxHs
CcTHCKaro4oi cunu, KH HEJIOCKOHAJIOCTEN C 80/40/14/1,1 | C 80/40/14/3
Pe3ynpraT eKCIIepUMEHTAILHOIO JOCHDKEHHS [8]
Foxp 0 | 30,8 | 1443
Pe3ynpraTi aHATI THYHMAX 1 YUCEIBHUX JOCHIDKEHb [7]
Fiheory 0 42.6 145,5
Frem 0 39,38 270,08
OLiHKa BIUIMBY IOYaTKOBUX HEIOCKOHAIOCTEH
Faios 0,251 38,875 135,495
Fuios 0,5¢ 38,871 135,483
Faii 1,0 ¢ 38,869 135.412

[NopiBHsNBHUIA aHaJi3 [MOKa3aB, 110 KPUTUYHI 3HAYEHHS CTHCKAIOYUX CHII,
SIKI OTPUMaHO B J[aHii poOOTi B po3paxyHKax CTIHKOCTI CTEPKHIB B HEJIHIHHIH
MOCTAHOBIII 32 JOIMOMOrOI0 OOYHCIIOBAIBHUX IIPOLENYpP IMPOrPaMHOrO
komiuiekcy NASTRAN, MeHmi 3a aHamTH4HI Ta eKCIIEPUMEHTAJbHI.
KpurnuHi cwim, siki OTPUMaHO aHANIITHYHO, OLNBIIN 32 YHCEIbHI Pe3yNbTaTh
BCIX JIOCJiTHUKIB. BUsIBIIEHO CITiBIIaIiHHS YMCENbHUX 3HAUCHb KPUTHIHUX CHJI
y BUMNAJKy CTEPXKHS BIIKpUTOro npo(Diar0 3 iJea’lbHOI0 TOBEPXHEIO
topmuHOO 0,0011 M 1 nHecmiBmaminas — 0,003 M. JIoChmipKEHHS CTIMKOCTI
CTEp)KHIB 3 ypaxyBaHHAM 3MOJICJIbOBAHMX HEJOCKOHANOCTeH (opMu
MOKa3ajo, 10 301IbIIEHHS aMIUTITYIM HEIOCKOHAJIOCTEH Majo BIUIMHYJIO Ha
KPUTUYHI 3HAYECHHS CTUCKAIOUUX CHIL.

BucnoBok. Pe3ynbraTh [OCHIIKEHHS CBIIYUTH PO T€, IO MOJIENb
TEOMETPUYHHUX HEJIOCKOHAIOCTEH CTEp)KHIB Yy BUIIAAl 3aranbHoi (opmu
BTPaTH CTIMKOCTI HE € HaifHeOEe3MEeuHINOoW ISl CTIMKOCTI CTEPXKHIB 3 TaAKUM
npodineM, KpIIUICHHAM 1 HaBaHTa)KeHHSIM. TOMY € HEOOXiTHICTh B MONATBIITHX
JIOCITI/DKEHHSIX CTIHKOCTI CTEp)KHIB BHKOHATH MOJICNIOBAHHS T€OMETPUYHHX
HEIOCKOHAJIOCTeH, HamNpHKiIaA, y BUIILAI ¢GopM ix jgedopMyBaHHS B
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TpPaHUYHOMY CTaHi 1 BiJ il eKCIuTyaTallifHOro HaBaHTa)XEHHS, SIKI OTPUMaHO B
HEJHIHHIH MOCTaHOBII.
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Oxmenw 1.0., JIyx’anuenxo O.0., Koszax A.A.
AHAJII3 BTPATH CTIHKOCTI TOHKOCTIHHHAX CTEP)KHIB BIZIKPUTOI'O
MPO®LITIO 3 YPAXYBAHHAM HEJOCKOHAJIOCTE ®OPMU

BukoHaHO aHami3 BIUIMBY FE€OMETPUYHHX HEIOCKOHATOCTEil (hOpMH Ha CTIlKICTh LIEHTPAJBHO
CTHCHYTHX TOHKOCTIHHHMX CTEP)KHIB BIKPHUTOrO MPOQII0 3 PI3HOI TOBLIMHOK CTiHKH. Jlis
CTBOPEHHSI KOMIT'IOTEPHUX MOJENEH CTEp)KHIB 3aCTOCOBAHO IPOrPAMHMI KOMIUIEKC CKiHYEGHHO-
enementHoro aHanizy NASTRAN. Ilonku i CTIHKHM CTEp)KHIB 3MOZIEIBOBAHO Y BUIIISAL CyKYHHOCTI
YOTHPHOXKYTHUX OOOJIOHKOBUX EJIEMEHTIB 3 LIICTbMA CTYNCHSMH BUIBHOCTI y By3ii. I'eomerpudyHi
HEIOCKOHAJIOCTI 3MOZENIBbOBAHO Y BUIIISIIL IEpIIOi 3arajibHOi ()OPMH BTpATH CTIHKOCTI CTEP)KHIB 3
ilealbHOI0 TIOBEPXHEI0, sIKI OTPHMAaHO 3 JIHIHOTO pO3paXyHKY CTIMKOCTI. SIKHMH >KOPCTKO
3aKpIMUICHUH 3HU3Y Ta LIAPHIPHO-PYXOMHiT 3BepXy. 3a JOMOMOIO0 CleLiaIbHO CTBOPEHOT MPpOrpamMu
(dopMmyBasiach aMIUIITyJa HEIOCKOHAJIOCTEH (POPMH CTEPIKHIB MPOIMOPLIHHO O TOBIMHHU CTiHKH.
Po3paxyHKH CTIHKOCTI CTEp)KHIB BIIKPUTOro Hpodif0o BUKOHAHO B JIHIMHIH OCTAaHOBLI METOAOM
Jlanmomra, B HemiHiiHiE — Meromom HploToHa-Padcona. OTpuMaHO 3HAYeHHS KPUTHYHOTO
HABAaHTAXKCHHA Ta BiamoBigHi Qopmu aehopMyBaHHS CTEpPXKHIB 3 iCaJIbHOIO IOBEPXHEIO Ta
ypaxyBaHHSM HEJOCKOHaJIocTel (opMu pi3HOI aMrutiTyau. Pe3ynbraTd JOCIIIKEHHs CTIHKOCTI
CTep)XKHIB BIIKPUTOr0 NMpOGLII0 MOPIBHSHO 3 €KCIEPHMEHTAIBHIMH, sIKi oTpuMano B 2016 poui B
naboparopii OyaiBenbHOro (akyaprery 3arpe0cbkoro yHisepcutery (XopBartisi), 1 aHaTiTHIHUMH Ta
YHCEILHUMH PO3PaxXyHKaMH, sIKi OTPUMAHO 13 3aCTOCYBaHHSM HporpamHoro komriekcy ABAQUS y
2020 poui Ha OyxiBenbHOMY (hakyiapTeTi BpecTchbKoro nep)kaBHOrO TEXHIUYHOIO YHIBEPCHTETY
(Binopyce). ITopiBHsUIBHHIA aHAJII3 T0KA3aB, 0 KPUTHYHI 3HAUCHHSI CTUCKAKOYMX CHJI, SIKI OTPMMaHO
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B JaHili pobOTi B po3paxyHKax CTIMIKOCTI CTEp)KHIB B HENIHIfHIH ITOCTAaHOBLI 3a JOIOMOIOIO
00YHMCITIOBAJIBHUX TpoLeayp mnporpamHoro komiuiekcy NASTRAN, Menini 3a aHaiiTHYHi Ta
eKcIriepuMeHTaNIbHI. KpUTHUHI CHITH, SIKi OTPUMAHO aHAIITHYHO, GBI 32 YHCENIbHI Pe3yJIbTaTH BCiX
JOCTIAHUKIB. BHsBIEHO CHIBHAAiHHS YHMCENBHHX 3HAYECHb KPUTHUYHHMX CIJI Y BHIAAKY CTCPIKHS
BiIKpUTOro mpodinto 3 ixeansHoro noepxHeo ToBumHOK0 0,0011 M i HecmiBmaxginus — 0,003 M.
JlocmipkeHHsT CTIHKOCTI CTEpXKHIB 3 ypaxyBaHHSM 3MOJEIbOBAHUX HEIOCKOHAOCTeH (opmu
I0Ka3aJ0, 110 301IbIICHHS aMIUIITYAd HEXOCKOHAIOCTEl Majio BIUIMHYJIO HA KPUTHYHI 3HAYCHHS
cTHcKaouux cuil. lle CBIMUMTH IpO Te, IO MOJENb I'EOMETPUYHUX HEIOCKOHAIOCTEH CTEpXKHIB Y
BUIJIAAL 3arajbHOi GOpMH BTpPATH CTIMKOCTI He € HaWHEOE3MEYHIIIOW Ul CTIHKOCTI CTEpXKHIB 3
TaKUM MpoQisieM, KPITUICHHSM i HaBaHTa)XeHHIM. TOMY € HEOOXIHICTh B MOJANIBIIMX AOCIIHKSHHSIX
CTIHKOCTI CTEP)KHIB BHUKOHATH MOJCIIOBAHHS T€OMETPUYHHMX HEIOCKOHAIOCTeH, HANpPUKIAL, Y
BursiAi Gpopm ix geopMyBaHHS B rpaHUYHOMY CTaHi 1 Bijt il eKCIUTyaTalliifHOrO HABaHTAXKEHHS, SIKi
OTPUMAHO B HEJiHINHIif TOCTaHOBLI.

Kuio4oBi cj10Ba: TOHKOCTIHHHH CTEpXKEHb BIAKPHTOrO IpPOdiNio, HETOCKOHAIICTh (opmu,
CTaTHYHA CTIMKICTh, METOJ] CKIHUCHHUX CJIEMEHTIB.

Okhten 1.0., Lukianchenko O.0., Kozak A.A.
ANALYSIS OF THE LOSS OF STABILITY OF OPEN PROFILE THIN-WALLED RODS,
INTO ACCOUNT THE IMPERFECTIONS OF THE FORM

It was made the analysis of influence the geometric imperfections to form on the stability of
centrally compressed thin - walled rods of open profile with different wall thickness. The software
complex of finite element analysis NASTRAN was used to create computer models of rods. Shelves
and walls of rods are modeled as a set of quadrangular shell elements with six degrees of freedom in
the node. Geometric imperfections are modeled in the form of the first general form of loss the
stability of rods with an ideal surface, which are obtained from the linear calculation of stability
which is rigidly fixed at the bottom and articulated at the top. With the help of a specially created
program, the amplitude of imperfections in the shape of the rods was proportional to the wall
thickness. Calculations of the stability of open-profile rods were performed in a linear formulation by
the Lanzosch method, and in a nonlinear formulation by the Newton-Rafson method. Was received
the values of the critical load and the corresponding forms of deformation of the rods with an ideal
surface and taking into account the imperfections of the shape of different amplitude. The research
results of stability of open-profile rods compared to experimental, obtained in 2016 in the laboratory
of the Faculty of Civil Engineering, University in Zagreb (Croatia), and analytical and numerical
calculations obtained using the ABAQUS software in 2020 at the Faculty of Civil Engineering, Brest
State Technical University Faculty (Belarus). Comparative analysis showed that the critical values of
compressive forces obtained in this work in the calculations of the stability of the rods in a nonlinear
formulation using the computational procedures of the software package NASTRAN, was less than
analytical and experimental. The critical forces obtained analytically are bigger than the numerical
results of all researchers. The coincidence of numerical values of critical forces was detected in the
case of an open profile rod with an ideal surface thickness of 0.0011 m and a mismatch in 0.003 m.
The stability of rods research, taking into account the simulated imperfections of the form showed
that the increase in the amplitude of imperfections had little effect on the critical values of
compressive forces. This indicates that the model of geometric imperfections of the rods in the form
of a general form of loss of stability is not the most dangerous for the stability of rods with such a
profile, mounting and load. Therefore, there is need in further research of stability of the rods to
perform modeling of geometric imperfections, for example, as the forms of their deformation in the
ultimate state and from the action of operating load, which are obtained in nonlinear formulation.

Keywords: thin-walled bars, geometry imperfection, eccentricity, finite element method.



368 ISSN2410-2547
Omip matepianiB i Teopis cropya/Strength of Materials and Theory of Structures. 2022. Ne 108

YK 539.3

Oxmenv 1.0., Jlyk’anyenxo 0.0., Kosax A.A. AHali3z BTpaTH CTiliKOCTi TOHKOCTIHHHMX
CTEP:KHIB BiIKPUTOro npodijito 3 ypaxyBaHHAM HelloCKOHaXocTel ¢popmu// Omip marepiaii i
Teopis cnopya: Hayk.-Tex. 30ipH. — K: KHYBA, 2022 — Bun. 108. — C. 360-368.

IIpoananizoeano 6naue 2eoMempuuHux HeOOCKOHAIOCmel Gopmu Ha CMIUKICMb YeHmpPaIbHO
CIMUCHYMUX MOHKOCMIHHUX CMEPNCHIE GIOKpUMO020 npodino 3 pi3HOI0 MOSWUHOI CMIHKU.
3acmocosano obuucnosarbHi  NPoyeoypu NPOSPAMHO20 KOMNIEKCY CKIHYEHHO-e1eMEHMHO20
ananizy NASTRAN. Pesynomamu  00CHiOdNCeHHs — CMIUKOCMI — CMEPIICHI6  NOPIGHAHO 3
eKCnepuUMeHmManbHUMU, AHATIMUYHUMU | YUCETbHUMU PO3PAXYHKAMU THUUX OOCTIOHUKIG.
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Okhten 1.0., Lukianchenko O.O., Kozak A.A. Analysis of the loss of stability of open profile thin-
walled rods, into account the imperfections of the form // Strength of Materials and Theory of
Structures: Scientificand-technical collected articles. — K.: KNUBA, 2022. — Issue 108. — P. 360-368.
It was made the analysis of influence the geometric imperfections to form on the stability of
centrally compressed thin - walled rods of open profile with different wall thickness. The software
complex of finite element analysis NASTRAN was used to create computer models of rods. The
research results of stability of open-profile rods compared to experimental, analytical and
numerical calculations of other researchers.
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