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IHOCTAHOBKA 3AJIAYI ITPO BILIMB TEOMETPUYHOI
HEJIIHIMHOCTI HA HECYYY 3JIATHICTH 1 3BAKPUTUYHY
MHOBEJAIHKY TOHKOCTIHHUX TA KOMBIHOBAHUX
BICECUMETPUYHHUX TILJI

10.B. Makcum’ 10k,
KaH/I. TEXH. HayK, IOLEHT
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Kuiscokuil nayionanshuii ynieepcumem 6yoisnuymea i apXimexmypu
Hogimpogromcvkuii npocn., 31, m. Kuis, Yrpaina. 03680

B po6oTi BHKIaJAEHO MOCTAHOBKY 3ajadi Ul BU3HAUEHHsS HEeCydoi 3MaTHOCTI 1 3aKPUTHYHOL
MOBEAIHKH TOHKOCTIHHUX Ta KOMOIHOBaHHMX BiCECHMETPHYHHUX TiJl 3 ypaxXyBaHHSIM I€OMETPUYHOT
HenmiHilHOCTI. Onucanuii ximac 00°€KTiB, I SKUX HEOOXimHWH naHWil po3paxyHok. HaBeneHi
BHXI/IHI CIIBBITHOIICHHSI TEOPIii MJIACTUYHOI TeUii Ta HEiHIMHOI Teopil MPYKHOCTI.

KiaiouoBi cioBa: reoMmeTpuyHa  HeNiHIIHIHICTG, TOHKOCTIHHI Ta  KOMOiHOBaHI
BiCECHMETPHYHI Tijla, 3aKpUTHYHA TMOBEAiHKA, HECydYa 3[aTHICTh, TEOpis IUIACTHYHOI Tedii,
HeNiHiHHa Teopist TPYKHOCTI.

Beryn. B poborax [6, 7] Oynu HaBeneHI pO3paxyHKOBI CITiBBiJHOIICHHS
MCCE, anroput™ i KOHTPOJIBHI NMPHUKJIAIN PO3B’SI3aHHS BiCECUMETPHUYHHX Ta
IUIOCKUX T€OMETPUYHO HENIHIHHMX 3a1ad Ui BU3HAYCHHS PO3paxyHKOBOTO
pecypcy  NpPOCTOPOBHUX  MacHMBHHUX  Til  TpH KOHTUHYaJIbHOMY
B’SI3KOIPYKHOIJIACTUYHOMY pYyHHYBaHHI. B po06oti [6] Ha OCHOBI po3paxyHKy
SJIMHKOBOTO  3’€IHAHHSA Jomatku 3 JguckoM [TY mokasaHa BHcOKa
eQeKTUBHICTh 3aIlporoHoBaHOro miaxoxy. B [1] mpoBemeHo mocmimkeHHS
CTIMKOCTI O0OOJIOHKOBHX KOHCTPYKIIiH B NpYXHiil mocraHoBIi. B Toii e uac,
IIMPOKWHA  KJIac  BIiANOBiZAaJIbHUX OO0 €KTIB, 30KpeMa IIOB’sI3aHUX i3
JIOCII/DKEHHSIM ~ MOPCBKMX — TJIMOWH, SIBISIIOTH  COOOI0  BiCeCHMMETpHYHI
00O0JIOHKOBI Tija.

1. IToctanoBka 3anauwi. Ha BinMiHy BiJ pO3MNISSHYTMX B 3a3HaYEHUX
poboTrax MacuBHHMX O0’€KTiB, INUPOKWH KJIac CTaHOBJISATH TOHKOCTIHHI
KOHCTpPYKIii, cepea SKUX, 30KpeMa, 3aHypIOBaHI amapatd pi3HOTO
MIPU3HAYEHHS Ta IX KOHCTPYKTHUBHI €IeMEeHTH. J|0 HUX BiJIHOCSTHCS pATYBaJIbHI
amapaTd, J03alpaBoYHi OajlOHW, KpHIIKK JIIOKIB 3  IiJKPIIUTIOI0OYMMHU
MacHBHUMH TOBCTOCTIHHMMH MIapaMu. XapakTepHUM JUIS IUX OO0 €KTIB €
HEeOoOXiTHICTh MPOBENIEHHSI PO3PaXyHKiB 0 BTPATH HECYYOI 3/1i10HOCTI 1 aHAITI3Y
X 3aKPUTUYHOI TIOBEIHKH.

KoHCTpYKTHBHI T€OMETpUYHI OCOOJIUBOCTI TEPENTiUYCHUX 00 €KTIB, TAKHX,
HANIPUKJIAM, SK Jo3ampaBodyHuii OanoH (puc. 1,¢) 1 pATyBaJbHUI amapar
(puc. 1,0), nonsratoTh B HEOOXIHOCTI MTOEHAHHS B MEXaX MEPHIOHAIHHOTO

© Makcum’tok FO.B.
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MEPeTUHY CHEepPUYHUX, IPUTIHAPUYHUX 1 TOPOIMaIbHUX EJICMCHTIB 3 Pi3HUMHU
CHiBBI/IHOIIEHHSMH TOBUIMHU CTIHKM 1 pajiycy CcepeAnHHOI MOBEpXHIi
000JI0HKH, SIKi MOXKYTh cTanoButH 1/10-1/100.

OpHuMK i3 OCHOBHUX  IlapaMeTpiB, SKi  BU3HA4YalOTh  piBEHb
eKCIUTyaTallifHUX 1 eKCTPeMAaJbHUX HaBaHTaXEHb IIPH  MPOEKTYBaHHI
3aHYpIOBaHMX alapariB MPUHMAIOTh € BEIWYNHH THUCKY, ITPH SIKUX BUHHUKAIOThH
nedopmarii miactuaHocTi — Q, 1 BiI0YBa€eTHCs BTpaTa Hecyuoi 34aTHOCTI — Oy.
Ili BennumHM, HEe MOXYTh OyTH pO3paxoBaHi Ha OCHOBI TeOpii TOHKHX
000JIOHOK KaHOHIYHOI (hopMH 1 MOTPEOYIOTH PO3POOKH METOIB PO3PaXyHKY
CKIaJeHUX OOONMOHOK CepelHbOi TOBIIMHM. IX pPO3paxXyHKM HE MOXKYTh
00MEXYBaTUCh JIIHIHHOIO MPYKHOIO MTOCTAHOBKOIO 1 MOTPeOyIOTh iHpopMaii
PO piBE€Hb PO3BHUTKY HE3BOPOTHIX JedopMalliii i BIUIMBY T€OMETPUYHOL
HEJIHIHHOCTI Ha BEJIMYMHY KPUTHYHUX HaBaHTaKEHb.
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CyTTeBUi BIUIMB Ha pe3y/bTaTH PO3PAXyHKY OKPEMHX HECYYHX E€JIEMEHTIB
TaKUX, SIK KPHIIKH JIFOKIB 3 MACUBHUMH ITiAKPIIUTIOIOUMMH mapamu (puc. 2,a) i
NPY)KHUMH OIOPHUMH TPOKIaAKaMu (puc. 2,0) TPU3BOIUTH 10 HEOOXiTHOCTI
PO3ITISIMY B MEXaX OJHI€] pO3paxyHKOBOI CXEMH BiCECUMETPHUYHUX TiJl CKIIIHOI
CTPYKTYPH, IO BKJIIOYAIOTh IOEAHAHHS MAaCHBHMX 1 TOHKOCTIHHHUX CKJIaJIOBHX.
[e motpebye cTBOpeHHs 0i0JIIOTEKH BiAMOBITHUX CKIHUCHHUX CIIEMEHTIB.



188 ISSN 2410-2547. Onip matepiainis i Teopis cnopyx. 2016. Ne 97

‘zf'

H=4h

Puc. 2

TakuM 4MHOM, JOCIIKEHHSI HECYJOoi 3IaTHOCTI 1 3aKPUTHUYHOI ITOBEIIHKH
nepeliueHux BHIIE 00’€KTiB TMOTpedye pO3poOKHM METOAMKH PO3paxyHKy
00OJIOHOK CepeHbOI TOBIIMHU 1 KOMOIHOBaHUX 00’€KTIB CKIIAJHOI CTPYKTYpH
3 ypaxyBaHHSAM (Qi3MYHOI i TeOMETPUYHOI HEJIIHIHHOCTI

2. Bwuxigni cniBBigHOmeHHs. 3B’SA30K MDK  HaNpYKEHHSAMH i
nedopmarisiMu MpUHHATO B paMKax Teopii macTHyHol Teuii [4].

[Ipn HasiBHOCTI HE3BOPOTHHX JAeopMaliii IMIACTHYHOCTI HPHUPOIICHHS
noBHUX  fedopmauiii  de;, OOYMOBIECHMX MEPEXOAOM Bl NPOMDKHOI
BiJJpaxyHKOBOI KOH(}irypamii 1O akTyaJbHOI, MOXXe OyTH TOmaHe CyMOIO
e

NPUPOLICHb ~ NPYKHUX — Jepopmauinl  dg;, mnpupomens Jepopmawii

niacTuuHocTi def , To6TO:
— et p
de; =de; +dej; . 1)
Martepia IIIacTHIHO HECTHCIMBHIA 1 3MiHA HOTO 00’ €My JiHIHHO-TIPY)KHA!
P _ _ ~€
g =0, & =¢&;. 2)

[epenbavaeThes, mo npyxHi aedopMmarii € Manumu. [10BHI HanpyKeHHS
o/  BU3HAYAIOTBCA Uepe3 KOMIOHEHTH TEH30pa MPYKHHX KOHCTAHT
BIJIMOBITHO JIO y3araJbHEHOro 3akoHy ['yka [2]:

ol =CMef,. 3)

Jlnst i3oTpomHOro Tima Temsop mpyxuux kocrant C/¥ BusHauaetnes

yepe3 koedinientn Jlssme A Ta L
ikl i ik il _jk ij Kl
M =u(gg" +g"e" )+ 2g"g" 4)
SIKI MOXYTh OyTH mozmaHi uepe3 xoediuieHt ITyaccona v i MOAysb MPYKHOCTI
Matepiaiy (Moayis FOnra) E:
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Ev E

A= (—2v)(1+v)” “ 721wy

[Tpn HasiBHOCTI medopMaliii MIACTUYHOCTI 3B’S30K MK HANPYXCHHSIMH 1
JepopMarlisiMi BU3HAYAETHCSI CITiBB1THOIICHHAMU TEOPii ITACTHYHOT TeUii JyIst
i30TponHOro 3MinHeHHs Matepiany [4]. OOnacte mnpyxHux aedopmamnii
oOMexeHa ITOBEPXHEI0 Tedii, PIBHSHHSA SIKOI B IPOCTOPI HAamNpyXeHb Mae
BUTJISIL;

®)

/, (a?f,9P)=0, (6)

2 i . .
ne 9, = J ) Ed gfde} — napamerp sminmenns OzkBicTa.
& E

VY BiNOBIIHOCTI 0 acOIiHOBaHOTO 3aKOHY IUIACTUYHOI TeYii, IUTaCTUYHI
Jedopmariii pO3BUBAIOTHCS 110 HOPMAJTi IO IOBEPXHI TEUii:

2/
P _ p_
dej =dA, Py =dA,s;, @)
s
xe f, — OyHKWsA TeKkydocti; s; =0;—00; — KOMIOHCHTH JeBiaTOpa

HATIPYKeHb, & 0 = 0" g, / 3.
JI71st 130TpOIHOrO 3MIIHIOBAHOT'O MaTepiaxy Ipu YMOBI TeKydocTi Miseca
MTOBEPXHS TEKYYil OMUCYETHCS PIBHIHHSIM:

Iy :%Sifsii‘fz(‘gp)zo’ ®

K

e T (SP) — MeXa Tedyil Ipu YHCTOMY 3CYBI, SKa € (PYHKIIEI mapamerpa

3MinHeHHs OnKBicTa.

Buxonyroun nmudepeHnmitoBanHs Bupasy (3), BCTAHOBIIOEMO B3a€MO3B’SI30K
MDX NPUPOLIEHHSIMHU HAIpPYXXEeHb 1 NMPHUPOLISHHSIMH NPYXHHX Aedopmaiiii B
aKTyaJIbHIH KOH(QITyparii:

do¥ =[ nlg'e" +g"e" )+ N g"g" } dcia- ®

Jlnist BU3HaueHHs! 3B S3Ky M NPHPOIICHHSIMU HAIPYXKEHb 1 jeopmariiii npu
HAasIBHOCTI IUIACTUYHOCTI 3aIMILIEMO PIBHSHHS:

of, . of
df =—2Ld"+—L3g9 =0. 10
=g ® 09, *F (19

Jnst mpuiinsaTol moBepxHi Tedii (2.8) MmaeMo:

ij aTs
d f,=s;ds" =2t 79 =0. 11

)4
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Tpuitmaroun 710 ysaru, mo s ds’ = side'ij, a TIPUPOILEHHS KOMITOHEHT
TEH30pa HalpyKeHb:
ij l/kl
do’ = (dgk, dg,ﬁ), (12)

niepermemo piBHsHHA (11) y BUrIsi:

\2dele”
SyLC™ (dey — defy )| =2, aa; % (13)

Bupazusim B (13) npupomieHss miacTHYHuX JedopMaliiid yepe3 KOMITIOHEHTH
JieBiaTOpa HAaMPYKEHb y BiMOBILTHOCTI 3 (7):

ikl B ikl 4 5,071

§;Cdey =| S,;C7 Sy +—=75 d

ﬁagp p

i BpaxyBaBIH, 110 s i30TporHoro Matepiany S, C? M —2GS", ne G- MOJYJIb

(14)

3CyBY, 3HA/IEMO HEBU3HAUCHNUIT MHOXKHUK d 4,

S,C™Mdg,
di, = (15)
Pl (&
1 o1,

_ 2
Y, =41, \/— 29, (16)

BuxmrounBIIM  TIpHpOIIEHHS ITUIACTMYHMX Jedopmariii B Bupasi (12),
HaIMIIIEMO 3B 530K Mi>K PUPOLIESHHSIM HaIPY>KEHb 1 JiehopMartiil y BUIIISII:

do’ =CMde,, (17)
Jc
2 qij gkl
il = it _AG5ST S'ST (18)
Vp

ik . X
TyT Cg I TCH30P MUTTEBUX JKOPCTKOCTCHU MPYKHO-TUTACTUIHOI'O MaTeplally.

3B’s30k MK jgedopMalisiMH i TEPEMIICHHSAMU  BH3HAYAETHCS
CHiBBiTHOIICHHIMH [5]:

1/ 0 o .
_ v v vi v v v
€ap _E(Z,a”,ﬁ' tZpla +”,a”,ﬂ)’

&3 =%(22 'u '+(u2')2). (19)

Jliniliuii TeH3op nedopmaniii oduncIOEMO 3a (HOpMYIIOLO:
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1 - "o
S Y vV
ap =75 (Z,a”,ﬂ +Z,ﬂ“,a)’
A 22!
epny=z"u". (20)
BucnoBok: TakuM 4ynHOM HaBe[eHI BUXIAHI CIIBBIJIHOLIEHHS T03BOJISIOTEH
orpumaru po3B’sizyBanbHi BuUpazn MCE i BHKOHaHHS pPO3PaxyHKiB

TOHKOCTIHHUX, MaCHBHHUX 1 KOMOIHOBAaHMX TiJI 3 €MHUX MO3UIIH MPOCTOPOBOL
3aja4i Teopii IIaCTUYHOI Tedii 3 ypaXyBaHHIM I'€OMETPHYHOI HENiHIHHOCTI.
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Maksimyuk Yu.
STATEMENT OF THE PROBLEM OF EFFECT OF GEOMETRIC NONLINEARITY ON
LOAD CAPACITY AND SUPERCRITICAL BEHAVIOUR OF THIN-WALL AND
COMBINED AXISYMMETRICAL BODIES

The paper describes the setting of the problem for determining of the bearing capacity and the
supercritical behavior of thin-walled and combined axisymmetrical bodies, taking into account
geometric nonlinearity. Submersible vehicles of various purposes and their constructive elements
are typical examples of such an object. These include rescue devices, refueling cylinders, manhole
covers with supportive massive thick-walled layers. The structural features of these objects are the
need to combine within the meridional cross section of spherical, cylindrical and toroidal elements
with different ratios of wall thickness and radius of the median surface of the shell. Significant
influence on the calculation results of some bearing elements such as manhole covers with massive
reinforcing layers and elastic support linings leads to the need to consider within the framework of
one calculation scheme of axisymmetric bodies of complex structure, which include a combination
of massive and thin-walled components. This requires creation of a corresponding finite elements
library. Definition of critical pressure values at which plastic deformation arises or bearing
capacity loss is realized can not be fulfilled on the basis of the theory of thin shells of a canonical
form and requires the development of calculating methods for composite shells of medium
thickness. Their calculations can not be limited by a linear elastic setting and need information
about the level of development of irreversible deformations and the influence of geometric
nonlinearity on the of critical load value. The correlation between the theory of plastic flow and the
nonlinear theory of elasticity is taken as the output. The connection between stresses and
deformations is taken within the framework of the theory of plastic flow. Relationships between
deformations and displacements regarding geometrical nonlinearity are formulated.

Keywords: geometric nonlinearity, thin-wall and combined axially symmetric body,
supercritical behavior, bearing capacity, the theory of plastic flow, nonlinear theory of elasticity.

Maxcumriok FO.B.
IMOCTAHOBKA 3AJIAUM O BJIMSIHUY TEOMETPUUYECKOM HEJTMHEMHOCTH HA
HECYIIYIO CHOCOBHOCTb U1 BAKPUTUYECKOE NOBEAEHUE
TOHKOCTEHHBIX U KOMBUHUPOBAHHBIX OCECUMMETPUYHBIX TEJ

B paboTe H3I0KEHBI IMOCTAHOBKY 3aJaudl s ONpEeNieHHs HeCylleil CrocoOHOCTH u
3aKPUTHYECKUX MMOBEACHHUS TOHKOCTCHHBIX 1 KOMOMHUPOBAHHBIX OCECHMMETPUYHBIX TEJI C YIETOM
reoMeTpu4ecKoil HemmHeHocTH. OMHCaHHbBIH Kilacc 00CKTOB, [l KOTOPBIX HEOOXOIMM JIaHHBIN
pacuer. IlpuBeqeHbl MCXOJHBIC COOTHOLICHHS TEOPUH IUIACTHYSCKOTO TEUCHUS W HEJMHEHHON
TEOPUH YIPYTOCTH.

KaroueBble cJI0Ba: reOMETpUYECKasl HENMHEHHOCTh, TOHKOCTCHHBIE M KOMOMHHUpPOBaHHBIC
OCECHMMETPHYHBIC  TeJla, 3aKPUTHYECKOEe IOBEJICHHE, HeCylass CHOCOOHOCTh, TEOpHS
MJIACTHYECKOTO TEUCHHS, HEJIMHECIHAS TEOpH S YIIPYTOCTH.
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Maxkcum 1ok FO.B.

IMocranoBka 3agauyi Npo BIUIMB TIeoMeTPUYHOI HeJiHiliHOCTI Ha Hecydy 3aaTHicTB i
3aKPUTHYHY NOBEeNiHKY TOHKOCTiHHHX Ta KOMOiHOBaHHX BicecmmerpmuHHX Tin // Omip
Marepais i Teopist ciopyn. — 2016. — Bum. 97. — C. 183-190.

B pobomi euknadeHo nocmanoeKky 3a0aui O GUSHAYEHHS HeCY4oi 30amHOCMI [ 3aKpUMUYHOT
NOBEOIHKU MOHKOCIMIHHUX MA KOMOIHOBAHUX SICeCUMEMPUYHUX MINL 3 YPAXYEBAHHIM 2eOMEMPUYHOT
HeNIHIHOCMI.

Ta6m. 0. L. 2. bibmiorp. 6 Ha3B.

UDC 539.3

Maksimyuk Yu.

Statement of the problem of effect of geometric nonlinearity on load capacity and
supercritical behaviour of thin-wall and combined axisymmetrical bodies// Strength of
Materials and Theory of Strustures. —2016. — Issue 97. — P. 183-190.

This paper describes the formulation of the problem of bearing capacity determination and
supercritical behavior of thin-wall and combined axisymmetrical bodies considering geometric
nonlinearity.

Table 0. Fig. 2. Ref. 6.

YK 539.3

Maxkcumiox 1O.B.

IMocTaHOBKA 3a1a4M 0 BJIMSIHMM FeOMETPUYECKOil HEJTMHETHOCTH HA HECYLIYH) CIIOCOOHOCTH
M 3aKPUTHYECKOE MOBeIeHHEe TOHKOCTEHHbIX H KOMOMHUPOBAHHBIX 0CECHMMETPHYHBIX TeJI //
ConpoTuBiIeHNEe MaTEPHAJIOB U TeOpHs coopykeHui. — 2016. — Bem. 97. — C. 183-190.

B pa0ore W3IO0KEHBI IOCTAHOBKY 3aJa4d JUIsl OINpPEACNICHHUs Hecylell CIOoCOOHOCTH U
3aKPUTHYECKUX MMOBEACHHUS TOHKOCTCHHBIX 1 KOMOMHUPOBAHHBIX OCECUMMETPUYHBIX TEJI C YIETOM
reoOMeTpPUYECKOil HEeJTMHEHHOCTH.

Tab6m. 0. Puc. 2. bubnuorp. 6 Ha3B.
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