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(steel) under time and after a fire on condition of de-
struction of fireproof coverages. In this connection there
is a necessity for realization of works on an inspection,
determination and adjusting of technical state for pro-
ceeding in service ability of constructions taking into
account the prognosis of possible change of qualifica-
tory parameters of the technical state and possible de-
struction of constructions after high temperature influ-
ences.

The aim of researches consists in development of asso-
ciate measures in relation to determination of parame-
ters of the technical state of steel constructions of build-
ings after power and high temperature influences, deter-
mination of renewal of term of exploitation or necessity
of adjusting of the technical state option by repair,
strengthening or replacement of constructions.

VIK 69.04

In DSTU-H B B. 2.6-211:2016 there are recommenda-
tion upon settlement and measures for providing fire-
resistance of constructions, but there are no require-
ments in relation to determination of the technical state
of steel constructions of buildings and necessity of it’s
adjusting after influence of high temperatures at a fire.
In this connection it is necessary to work out the meth-
ods of estimation of the technical state and possibility
of his adjusting for further exploitation of constructions
of building and building after power and high tempera-
ture influences by repair, strengthening or replacement.
Keywords: steel constructions, fire-resistance, high
temperature influences, technical state, remaining re-
source.
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HAIIPSKEHHO-JE®@OPMHUPOBAHHOE COCTOSIHUE TJIAJIKOM OPTOTPOITHOM
TOPOBOU OBOJIOYKH ITPHU TIOCTOAHHOM JJABJIEHUHU

3agada onpeAeneHus HalpsHKEHHO-1e(OPMUPOBAHHOTO COCTOSHHS OPTOTPOITHOW TOPOBOM 00OIOUYKH O] JEHCTBHEM
BHYTPEHHETO JaBJICHUS U PAAHAIBHBIX CHJI IIPUII0KEHHBIX 110 BHEITHEMY U BHYTPEHHEMY 3KBaTOPY SBISETCS aKTyallb-
HOHM, UMEeT NMpaKTHYecKoe 3HaYeHHe. Penraercs B MOCTaHOBKE HA OCHOBE OE3MOMEHTHOM TEOPHUH OCECHMMETPHIHON
nedopmanuu 000104€K ¢ UCTIONIB30BaHKEeM An(depeHIInanbHbIX YpaBHeHUIT kpaeBoro 3¢ dexra. [lonydeHsl 3HaYSHUS
BHYTPEHHUX ycunuil u gedopmaruif. OnpeneneHsl COOTBETCTBYIONINE HAIPSHKEHUS, KOTOPBIE MO3BOJISIOT aHATUTHYE-
CKH ONPEIETUTh 3aIlac MPOYHOCTH PACCMATPUBAEMON TAKOTO BUAa KOMOMHHPOBAHHONW KOHCTPYKIIUH.

KroueBble c1oBa: TopoBas 000J04Ka, TOCTOSHHOE AaBJIeHUE, 0e3MOMEHTHasI TeopHs, MeTox Biacosa

Pemenue sToit 3amaun 1y1si 6€3MOMEHT-
HOTO HAIpPsHKEHHO-1e(OPMHUPOBAHHOTO CO-
crosinust (HJIC) umeeT 0cOOEHHOCTH B OCEBBIX
NepeMeNIeHUsIX BAOIb JIUHUU HyJeBou ['ayc-
coBOM kpuBHU3HBI [1]. Jlns momydeHust Kop-
PEKTHOTO peIIeHUs B MeMOpaHHOW Teopuu
000s0ukH [1], HAaIPsHKEHHOE COCTOSTHUE Pa3-
JIENSI0Ch HA OCHOBHOE M JIOMOJIHUTENIbHOE. B
OCHOBHOM, YCHJIHS OTIPEICIISUTHCH TIO YpaBHE-
HUSM paBHOBecHs 0e3 ydera nedhopMUpPOBaH-
HOM CXEMBI, B JIOTIOJTHUTEIIFHOM YCHIIUS OTIPe-
JIEJSUTMCh 10 YPAaBHEHUSIM PaBHOBECHS, 3aBH-
CHUMBIX 11 Ie(hOPMHPOBAHHOTO COCTOSTHUSA. B
MPaKTUKE TaKK€ HW3BECTEH XOPOILIUN OIMBIT
YUCIICHHOW peanv3aluy JTaHHOM 3aJladyd B
ycnoBusix 6esmomentHoctH [2]. Huxke uzna-
raeTcs mporeaypa MpUMEHEHHS OJTHOTO U3 Ba-
PUAHTOB METOJIa BO3MYIIEHHI ¢ UCIOIb30Ba-
HUEM HUJIEU TOJyOOpaTHOTO METOAa PEIICHUS
3a/1a4 TEOPUHU YOPYTOCTH AJIA pacuera TOPO-
BbIX 000JI0YEK.

Ha puc. 1 a uzobpaxena obosouka B
HavalbHOM M J1€()OPMUPOBAHHOM COCTOSIHUHU
Y,T,® — KOOpAUHATHl Heae(hopMUPOBAHHOTO
COCTOSIHUS, V1,77, Y — KOOPAUHATHI 1edopMu-
POBaHHOTO COCTOSHUS. PaccMOoTpuM reomert-
pHUUYECKHE COOTHOIICHUSI 00O0JOYKH w — Oce-
BOE NEepEMEICHNE, HAlPaBICHHOE BJIOJIb OCH
BpamieHust obonouku. U — paguanpHOE Tepe-
MeIlleHUe, HalPaBICHHOE M0 HOPMAJIU K OCH
Bparmienus (puc. 1, a).

U3 puc. 1, a oueBuaHO

Nn=ytw

HuddepeHuupys 3TO COOTHOIIEHUE TIO

nyre ds = Rd¢ v yuuTbIBasi, 4To

d_y sin % sin
ds e ds, ¥
B pesynbrare nmosyunm
dw . .
g A, siny — sing. 1)
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ds
rae A, = d—sl — CTCIICHb YAJIMHECHUS B HalpaB-
r
JIEHUW MepuauaHa, a A, = 71 - CTEIIEHb Y-

HEHUS B OKPY)KHOM HarpaBJICHUH.

PaccmoTpuM ypaBHEHHE paBHOBeECHs
KOJIBIIEBOI'O DJIEMEHTAa O0O0JIOYKH, JIJIMHA Me-
puanana koroporo A'C' (puc. 1, 6) (C — Touxka,
IJIe KacaTelibHas K JePOPMHUPOBAHHOM I10-
BEPXHOCTH MEpHUMAaHA MEPICHIUKYISIpHA K
ocu BpaieHus ). [IpoekTupys Bce CHITBI Ha OCh
BpAIICHUS, UMEEM

qo(r{ — af) = 21 Nysiny (2)
rae N; — MepHINOHAILHOE YCUIIUE, (o — BHYT-
pEHHEE MOCTOSTHHOE JIaBJICHUE. 3alMIlIeM Bbl-
pakeHue A Tekymiero paauyca r; = R(k +

sing)A, tne k = %.

8

Puc. 1. PaBHOBecHE KOIBLIEBOTO DJIEMEHTA 000T0YKH

Pa3pemas ypaBHeHue (2) OTHOCUTEIBHO
Siny nojay4yuMm
qoR [A3(k+sing)?—C4 ] C. = a_% 3)
2N, k+sing ! 17 g2
IZle a; — pacCTOsSHUE OT OCH BpaleHus: 060-
JIOYKHU 70 [EHTpa MepuanaHa B 1eGOpMHPO-
BaHHOM COCTOSTHHH. MeXTy CTeTICHSIMH YU~
HeHUsI Ay U A, W BHYTPCHHHUMH YCHIIUSIMHU
npejrnoiaraeTcs JMHeHHas Gpusnueckas 3aBu-
CHMOCTb,

1 1
=1 +E(T1 —uTy), 4, =1 +§(T2 —uTy) (4)
Eb, N4 N,
uge H =22 T, =2 T,="2
A 1 qoR 2 qoR

qoR

siny =

a, =k(H+1-2u), a3 =k(2H+2 —u),
&, — TonmmHa 0005109KH, E — Momynb ynpyro-
ctH, U — kodddurnmenta [lyaccona.
W3BeCTHO, YTO MEPHIUAIBLHOE U OKPYK-
HOC YCWJIHsSI, PaJUalIbHOE IEpPEeMEIICHUE He

AMeeT 0COOEHHOCTEN
2k + sing 1

T, =, T, ==
17 2(k + sing) 172
U =3, k(1 =20 + (1 + psing] ()
[Toacrasmnsist B ypaBHeHue (3) 3HaUeHUS
ycwiuii (5), a TakKe COOTBETCTBYIOIIEE BhIpa-
XKeHue A,, IoIyIuM
[(az+aysing)?—4H?Cy|(k+sing) ©)
2H(2k+sing)(az+aqsing)
WNurterpupys ypaBuenue (1) B cooTBet-

CTBUU C 3aBUCUMOCTBIO (6) MOTy4duM
)
7= Ga® + ascosp + (ag — a;Cy) X

siny =

2

4k? —1
1+%25in ;
) a e 1+2k sing

+ | agarcsinm——— — ag , :

a—1+sm<p 2k+sing
C,+C, (7
B cuny cummerpun paccMarpuBaemMou
3a71a4M, OCEBBIC IEPEMELICHUS W B CEYCHUSX
V1

== > oOpariaroTcs B HyJb. Torza BeIpaxe-

2ktgL +1
Xarctg ————+

HUA Uil TOCTOSIHHBIX €y 1 C, onpenensitorcs
B BHJIE

c 2a, + ag
e a; + 2(ag — aq)’
C, = a704 — (G5 — d9)ds arcsini
2 a7 + Z(ag - ag) Zk ’
ka,(1-p) 2
TIE a4 =%, as = 1—%,

@ = kz(az —1D(a, — )
6 2H2\AKZ + 1

4 = 2 o = 1+u . 1 (8)
7 Vakz+1’ 8 ar+u (ﬂ 2_1;
az
1+u 1
g =

a; + 1 V4k?2 -1
[Tpu nomo1u JaHHON METOIMKH OCEBBIE
[IEPEMEILICHUS ONPEACIIAIOTCA B BUJE HE CO-
JIep>KalleM TUIWYHBIX OCOOEHHOCTEH B IO-
mocHbIX Toukax Topa, H/IC n3orpomnHoii To-
pOBON 00OJIOYKU OIpenesieTcsl 3aBUCHMO-
ctamu (5), (7), (8).
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C y4eToM opTOTpOonuyu MaTepuaia TOpo-
BOM 000JIOUKH 110 IByM €€ IJIaBHBIM Hallpas-
JEHUSIM KPUBU3HBI, OCEBOE IEpEMEIICHHE

IIPUHHUMACT BHU/
w

7 = @@+ Tscosg + (ag — a7 - €1) X
2k tg 5 +1
Xarctg ——————+
V4k?z -1
+ (a_garcsinw -
aqigt+sing
— . 1+2k sing\ = , =~
—agarcsin m) C,+C, 9)
e H1 — E16¢ _ 5250’

aR’ 2 qoR

= Hl(z )+1]

1
_ L a
a, = 4—1112(3 —ma),as =1 ~an?

la-DB+m) __a.
2H2VAKZ + 1 B
a1
2k —aio \Ja?, -1
ann 1
2k — a0 Vakz -1
=i -t) a5 (E )
24T
@ +2(@g — )
Tt (@ -05)as

&

ag =

ag =

—_

&}

C, = arcsin — (10)
27 g +2(ag-ao) 2k’

PangnaneHOE mnepeMelieHne ¢ y4eTom
OPTOTPONMM MaTepuajlia TOPOBOH 000JI0UKH
ONpeEsaeTCs

R .
U=——I[k(H; — 2uH,) + (H; — uy Hz)sing] (11)

2H,H,

BolunicnieHHble OCEBBIE IEPEMEILECHUS
o ®opmynam (9), (10) m1st pa3TUUHBIX Mapa-
MeTpoB K U H, comocraBnsuiuce ¢ pesynbTa-
TaMu paboThl [2] (HOrpenIHOCTh HE MPEBBI-
maeT 5%) u ¢ pezynapraramu padotsl [3] (mo-
rpeurHocTh He npesbimaeT 10%).
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Cemenenko H.B., Anboaros A.JO. HAIIPY/KEHO-
JE®OPMOBAHUM CTAH TIJIAIKOI OPTO-
TPOITHOI TOPOBOI OBOJIOHKHU ITPH IOC-
TIMHOMY TUCKY

3aBmaHHA BU3HAYCHHS HAINpyKEHO-IeGOPMOBAHOTO
CTaHy OPTOTPOIHUX TOPIB OOOJIOHKH MiJI €0 BHYTPI-
LIHBOT'O THCKY 1 PajiiajbHUX CHJI MPUKJIJCHUX MO 30B-
HIIIHBOMY 1 BHYTPIIIHBOMY €KBAaTOpa € aKTyaJbHOIO,
Ma€ MpaKkTUYHE 3Ha4YCHHs. BUpIIIyeThCs B MOCTaHOBLI
Ha OCHOBI 0€3MOMEHTHOT Teopii ocicuMeTpUIHOT 1edo-
pMartii 000JI0HOK 3 BUKOPUCTAHHAM Au(epeHIianbHIX
piBHSHB KpaitoBoro edekty. OTprMMaHO 3HaYCHHs BHY-
TpIlIHIX 3ycHIib 1 gedopmariii. BusHadyeHO BiAMOBiAHI
HAaIpyTH, 5K JO3BOJSIOTH AHAIITHYHO BH3HAYUTH 3a-
ac MIIHOCTI PO3TIITHYTOI TAaKOTO BUAY KOMOIHOBaHOI
KOHCTPYKIIIi.

KurouoBi ciioBa: TopoBa 000JI0HKA, TOCTIHHUN THCK,
0e3MOMeHTHa Teopis, MeTo Biacosa

Semenenko NV, Albatov A.Y. STRESS-STRAIN
STATE OF A SMOOTH ORTHOTROPIC TORUS
SHELL AT CONSTANT PRESSURE

Problem of definition it is intense - deformed conditions
orthotropnoy torovoy environments under action of in-
ternal pressure and radialforces enclosed om external
equator is actual has practical value. Is solved in state-
ment om a basis withoutrotent theories am axis of sym-
metric deforrations of environments with use of the dif-
ferential equations of regional effect. Values of internal
efforts and deformations are received. Corresponding
voltage which allow to define analytically the consid-
ered safety facto of such kind of the combined design
are determined.

Keywords: torus shell, constant pressure, membrane-
less theory, Vlasov's method
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