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Hcropus ctaTbu AnHoTanus. [lep — ycTaHOB/IEHHE 3aBUCMOCTH MEK]Ty HANPSHKEHHBIM COCTOSHUEM
[Moctynmna B penakuuto: 24 utomnst 2022 r. Kapkaca peOpHCTO-KOJIBIICBOTO KYTIONA U CTENEHBIO OCHAILICHHS €ro CBs3sMU. Mepu-
Jopaborana: 24 cents6ps 2022 r. JUOHAIBbHBIE peOpa U KOJbla KYNOJIbHOIO Kapkaca IPpUHATHL MeTauimueckumu. Ky-
[punsita k myOnukaimu: 25 ceHrsiops 2022 r. TIOJIBHBIN KapKac COCTOMT 13 24 pebep u HacuuThIBaeT 7 kojell. MccienoBanue BhIo-

HEHO JUI1 peOpHCTO-KOMBLEBOro Kynona chepudeckoil dopmel mponeroM 39,3 M u
BbIcOTOM 11,0 M Ha KOMITBIOTEPHBIX MOJIENsX. Pa3paboTaHa MCXoHAsS KOMITBIOTEpHAs
MOJIeNb KapKaca peOpUCTO-KOJIBLEBOrO KyIoia 03 CBsI3el U3 CTalbHbIX ABYTaBPOB.
Ha ocHoBe ncxomIHOM MO CO3aHbl MOZEIHN KapKaca cO CBSI3SIMH MEXITY MEPHIIHO-
HAIbHBIMU peOpaMu B 4EThIPEX, BOCBMU LIMKIMYECKU CUMMETPHYHBIX CEKTOPaX U BO
BceX cekTopax. M st NCXomHOM MOJIeNy, U I BCeX MOJIENel KapKaca KyTiona O CBSI-
3MH BBIIOJHEHB! KOMITBIOTEPHBIE PAcueThl HA JEHCTBHE HArpy3KUd OT COOCTBEHHOIO
Beca HECYIIMX U OTPKIAIONINX KOHCTPYKLHI U IBYyX BapUAHTOB CHETOBOM HAarpy3Ku.
B nporiecce pacueToB ompeeneHs! AedopMaliy, BHTPEHHUE YCIIIHA U HAPSDKEHUS B
MEpHAMOHABHEIX pedpax, BEPXHEM M MPOMEKYTOUHBIX KOJBIAX PasHBIX MOeJeH,
KOTOpbIE CPaBHUBAIMCH MEKIy co0oil. ITomyueHsl rpaduxu u3mMeHeHus fedopMmariuit

Kapkaca, rpaUKi M JMarpaMMbl H3MEHEHHs] BHYTPEHHHX YCWIMH W HANpPsHKCHHUH B
MEpUIMOHATIBHBIX peOpax, B BEPXHEM U IPOMEKYTOUHBIX KOJbLAX KyIola B 3aBUCH-
MOCTH OT CTENEHM OCHAILICHUs Kyrona cBa3siMH. JlaHa OlleHKa BIMSHUS CBf3ed Ha
HaIpsDKEHHOE COCTOSHUE KapKaca peOpUCTO-KOMbBLIEBOro Kyrona. OTMedeHbl 0cOOeH-
HOCTH BIIMSIHUSL Pa3HBIX CXEM CBsI3eH Ha HaPsHKEHHOE COCTOSHUE KYIIOIBHOTO KapKaca.

Juiss uuTHpOBaHUA

Jlebeov E.B. BnusHue cBsi3ell Ha Hamps-
JKEHHOE COCTOSHHME Kapkaca peOpucro-
KoJblIeBOro kymoina // CTpoutenbHas Me-
XaHWKa WHXEHEPHBIX KOHCTPYKIUH H CcO-

opyxenuid. 2022. T. 18. Ne 5. C. 417-427. KiroueBble cj10Ba: peOpHCTO-KOJBLEBOH KYIOJ, METAJUIMUECKUI KapKac, MEpHINO-
http://doi.org/10.22363/1815-5235-2022- HaJbHOE peOpo, BEpXHEEe KOJbIIO, MPOMEXKYTOUYHBIC KOJIbIIA, CBS3H, KOMITBEOTEpHAS
18-5-417-427 MOJIEJIb, CTATUYECKUI pacyeT, BHYTPEHHUE YCUIINS, HAMIPSLHKEHUS B AJIEMEHTaxX

The influence of bracing on the stress state of the ribbed-ring dome framework
Evgeny V. Lebed

Moscow State University of Civil Engineering (National Research University), Moscow, Russian Federation
evglebed@mail.ru

Article history Abstract. The aim of current research was to establish the relationship between
Received: July 14, 2022 the stress state of the ribbed-ring dome framework and the degree of its bracing.
Revised: September 24, 2022 It was assumed that the meridional ribs and rings of the dome framework are made
Accepted: September 25, 2022 of metal. The framework of the dome consists of 24 ribs and 7 rings. The study

Jebeov Eezenuii Bacunveeuu, KauauaaT TEXHUIECKUX HAYK, JOLEHT Kadeapbl METAIUIMYECKHUX U JCPEBSIHHBIX KOHCTPYKIMii, HaunoHansHeIil nccieoBa-
TeJIbCKMH MOCKOBCKHMI TOCY/IapCTBEHHBIH CTPOUTENBHBIN yHUBepcuTeT, Poccuiickas denepanms, 129337, Mocksa, SIpocnasckoe mocce, 1. 26; ORCID:
0000-0003-3926-8701, Scopus Author ID: 57197822677, eLIBRARY SPIN-kox: 5297-2700; evglebed@mail.ru

Evgeny V. Lebed, Candidate of Technical Science, Associate Professor of the Department of Metal and Wooden Structures, Moscow State University
of Civil Engineering (National Research University), 26 Yaroslavskoye Shosse, Moscow, 129337, Russian Federation; ORCID: 0000-0003-3926-8701,
Scopus Author ID: 57197822677, eLIBRARY SPIN-code: 5297-2700; evglebed@mail.ru

© Jlebens E.B., 2022
This work is licensed under a Creative Commons Attribution 4.0 International License
AT https://creativecommons.org/licenses/by-nc/4.0/legalcode

PACYET U NPOEKTVUPOBAHVE CTPOUTENBHBIX KOHCTPYKLM 417


https://orcid.org/0000-0003-3926-8701
https://orcid.org/0000-0003-3926-8701

Lebed E.V. Structural Mechanics of Engineering Constructions and Buildings. 2022;18(5):417-427

was performed for a ribbed-ring dome of spherical shape with a span of 39.3 m
and a height of 11.0 m on computer models. The initial computer model of
the framework of a ribbed-ring dome made of steel I-beams without bracing has
been developed. On the basis of the initial model, additional models were deve-
loped for the frameworks with bracing between meridional edges in four,
eight cyclically symmetric sectors and in all sectors. Both for the initial model
and for all models of the dome framework with bracing, computer calculations
were performed for the effect of the load from the own weight of the load-
bearing and enclosing structures, and two variants of the snow load. During
the calculations, deformations, internal forces and stresses in the meridional ribs,
upper and intermediate rings of different models were determined, which were
compared with each other. Graphs of changes in deformations of the frame, graphs

and diagrams of changes in internal forces and stresses in the meridional ribs, in the
upper and intermediate rings of the dome, depending on the degree of bracing in
the framework, are obtained. An assessment of the influence of bracing on the stress
state of the rib-ring dome frame is performed. The peculiarities of the influence
of different coupling schemes on the stressed state of the dome frame are noted.
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Kymnosna npumeHstoTcs B KaueCTBE MOKPBITHI 31aHUM U COOPYKEHUM, KaK W3-3a BBIPA3UTEIILHOCTH CBOEH reomer-
prdecKoii pOpMBL, Tak 1 BCISICTBHIE HAJIGKHOCTH CBOMX KOHCTPYKTHUBHBIX CHCTeM. briaromapst mpoctpaHCcTBEHHOM KecT-
KOCTH ¥ 3KOHOMUYHOCTH Pacxojia MeTajlila OHM 3aHHMMAlOT BEyIee MECTO CPeIU MPOCTPAHCTBEHHBIX MOKPBITHH [ 1-3].

I'eomerpuueckue cxeMbl KapKacOB METAUIMYECKUX KyIIOJIOB MHOTOOOpAa3HBI, 3aBUCAT OT NEPEKPHIBAEMBIX
MPOJICTOB M Ha3HAUYCHUS coopykeHust [4; 5]. Jlake B peOpPHCTO-KONBIEBBIX KYIOJIaX BO3MOXHBI Pa3INIHbIC Te€OMET-
pHYECKHE CXEMBI KapKacoB, HApUMep, 00yCIIOBICHHBIE YHCIOM CEKTOPOB MM SPYyCcOB B Kapkace. [Ipyrum 3Ha4u-
MBIM IPH3HAKOM TaKOT'O PA3INyMsl B peOPUCTO-KONBLEBBIX KYIOJIaxX SBISETCS HAMUYNE CBA3CH M MX KOJIMYECTBO.

CBs3M yCTpauBarOTCS Ul IOBBILICHUS NIPOCTPAHCTBECHHOM >KECTKOCTH HECYIUX KapKacoB pPeOpHUCTO-
KOJIBLIEBBIX KYTOJIOB. MIX OOBIYHO yCTaHABJIMBAIOT B YETHIPEX CEKTOpaxX KyIoja HUKINYECKH CHMMETPHYHO OT-
HOCHUTEJIBHO IPYT APYra MEXKAy COCEOHHMH MEPHUIMOHAIBHBIMHU PeOpaMH B Ka)KIOH YETHIPEXYroJbHOH sdeiike
1o Bcel BbIcoTe Kymnouia. JlobaBieHue cBsizeil B KapKac KyIoJia YCJIOXKHSET €ro pacueTHYI0 CXEMY, HalpaBJICHO
Ha MPEJOTBPALICHUEe U3THOHO-KPYTHIIBHBIX SIBICHUA W MPUBOAMUT K M3MECHEHHIO pabOThl MEPUINOHANBHBIX pe-
Oep u BepxHero koibua. Clie1oBaTeIbHO, OTCYTCTBHE MM HAIWYHME CBS3€H B KYIMOJBHOM KapKace OTpakaeTcs
Ha HanpsDKEHHO-1e(hOPMUPOBAHHOM COCTOSIHUM €TO OCHOBHBIX KOHCTPYKTHUBHBIX 3JIEMEHTOB.

Haunbonpiee ysiHuE Ha HapsHKEHHO-1€(OPMUPOBAHHOE COCTOSIHIE KapKacoB MPOCTPAHCTBEHHBIX COOPY>KEHUN
OKa3bIBacT HECUMMETpHUYHas Harpy3ka. K Takoil Harpyske OTHOCUTCSI BTOPOH BapHUaHT CHETOBOM Harpy3KH Ha KyTOJIbHOE
nokpbiTie' . IMeHHO OHa onpesiensieT HeoOXOIMMBbIE CEYeH s OCHOBHBIX HECYIITHX SIIEMEHTOB KYTIOMbHBIX KAPKACOB.

MeTtoabl

C 1enbIo BBISICHEHHSI 3aBUCHMOCTH HaIIPSKEHHOTO COCTOSIHUSL Kapkaca peOpHCTO-KOJBIIEBOTO KYIIONA OT CTEIICHH
OCHAIIIEHVISI €70 CBSA3SIMH BBITIONHSUTHCH KOMITHEOTEPHBIE MCCIIEIOBAaHMS HA PA3HBIX MOJIEIsIX. [Ipr 3ToM co3naBanmich KOM-
MIBIOTEPHBIE MOJIEITH, COOTBETCTBYIOIINE PA3HON CTETIeHH OCHAIIIEHHUS CBS3AMU. VccrieoBaHysl BBITONHSIINCH Ha KOMITb-
FOTEPHBIX MOJIETIIX KYTIOJBHBIX KapKacoB B Tiporpamme SCAD kak mpoCcTpaHCTBEHHBIX CTEPKHEBBIX cucteM [6; 7]. Kpu-
TEpUSIMU HCCIIEOBAHMI CIyXUIH JeopMarii f y37I0B KyIOJIBHOTO KapKaca M HalpsDKeHHS! G B AJIEMEHTaX MEPUIIHO-
HaJIBHBIX pedep, BEPXHETO U IMPOMEKYTOUHBIX KOJIEIl, KOTOPBIE OTPEAeIsUIUCH 10 BHYTPEHHUM Yermisim N, My, M.

AHAJIOTHYHBIC CCIIEIOBAHNS CTEP)KHEBBIX CUCTEM KYIOJILHOTO TUIA B Pa3IMYHBIX KOMITBIOTEPHBIX TIPOrpaMMax
BBITIOJHSJICS. MHOTMIMH y4deHbIMH. Hampumep, aHaIM3HpoBajioch HANPSHKEHHOE COCTOSHUE KYIOJIBHBIX KapKacoB MPH
W3MEHEHHH TTapaMeTPOB €TO JIEMEHTOB [§], TIpH pa3HbIX OTHOIICHHUSX BBICOTHI KyTIONA K TUaMETPy TS Pa3HbIX MpOJIe-
TOB [9], mpH pa3HBIX pa3zMepax sSIeeK Kapkaca peOpPHCTO-KOJBIIEBOrO KYIoa W BKIIFOYCHUH B Pa0OTy OTPaXICHUS B
HuX [10], mpu pa3HBIX OTHOIIEHUSX BBICOTHI KyTIOJa K THaMeTpy M Pa3HbIX cedeHusx a1emMeHToB [11]. Panee aBropom
BBIONHSHCH UccienoBanusi HC peOprcTo-KombLeBbIX KYHOJIOB MPH Pa3IMYHBIX crocobax MoHTaxa [12] n npu pas-

! CIT 20.13330.2016. Harpysku u Bo3aeiicteus. Axryannsuposannas pegakuus CHull 2.01.07-85*. M.: MUHHCTEPCTBO CTpPOH-
TENbCTBA U KUIUIIHO-KOMMYHAIBHOTO X03siicTBa PD, 2016. 102 c.
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HBIX BBICOTax ero kapkaca [13]. IIpencraBieHHBIH 31eCh MaTeprall aBTOPOM TTOTyYeH B ITOJTHOM COOTBETCTBUH C OOIIIe-
MIPUHSATHIMY TPHHIUIIAMA UCCIICIIOBAHNM aHAIOTMYIHBIX COCTOSTHHUI MTPOCTPAHCTBEHHBIX CTEPYKHEBBIX CHCTEM.

OOBEKTOM HCCIIEIOBAHFS CITYKIIT KapKac peOPHUCTO-KOIBIIEBOTO KyToJia Chepruaeckoil (JOPMBI C paiitycoM KpH-
BU3HEI 23 M, cocTosmid u3 24 pedep u 7 xonel. JlnameTp HIDKHETO Koibiia 39,3 M, IuameTp BepxHero Kombha 5,0 M,
BBICOTa KynoJIbHOTO Kapkaca 11 m. Kapkac onmpaercst Ha KopoTkue cToiku BeicoToi 0,5 M (puc. 1, a). Ha ocHoBe mpu-
ONMKEHHOTO pacyeTa BCE 3JIEMEHTHI KYIOJIBHOTO KapKaca MPUHSTHI B BUE TPOKATHRIX IBYTaBPOB n3 cramu C245: me-
pummroHarnbHBIe peopa — I 5011, BepxHee kombio — I 501114, ocransabie xombiia — I 201111, croiiku — I 5013. Monens
ATOTO KYTIOJIFHOTO KapKaca 0e3 CBSI3EH SABISIIACh HCXOTHOM TS MCCIIeIoBaHMs. Ha 0CHOBE MCXOMHOM MOJICITH CO3TaHbI
MOJIENN KapKaca CO CBSI3IMH MEXKITy MEPUINOHATEHBIMU peOpaMu B 4eThIpeX (puc. 1, 6) u BocbMHu (puc. 1, 6) 1UKmye-
CKH CHMMETPHUYHBIX CEKTOPAX, a TAKXKE CO CBS3SIMH BO BCeX ceKTopax (puc. 1, 2). Cesi3u puHATHI 13 TPYObI 114X5 M.

2

e ——
i

L —<h=
AV Ay

e
2 P
7 AAMY
2PN

Puc. 1. CxeMmbl KapKkacoB peOpHCTO-KOJIBIIEBOTO KyTIOJIa:
a—6e3 CB}IBeﬁ; 6 — CBSI3U B YETBIPEX CEKTOPAX; 6 — CBA3HU B BOCBMHU CEKTOPaAX; ¢ — CBA3U BO BCEX CEKTOpax
Figure 1. Schemes of the frames of the ribbed-ring dome:
a — without bracing; 6 — bracing in four sectors; ¢ — bracing in eight sectors; ¢ — bracing in all sectors

Bce y37p61 conpsikeHns 3IeMEHTOB KYIOIBHOTO KapKaca B HOpMaJIbHOM HallpaBlIeHUH skecTkre. ConpspKeHus
MEPHIMOHATIBHBIX pedep ¢ BEPXHUM W HIDKHHM KOJBLOM, a TAKKEe MPOMEXKYTOUHBIX KOJEI C MEPHIHOHAIBHBIMH
pebpaMyl B TAaHT€HLIMATFHOM HanpasieHUH HIapHUpHbIE. CONpsDKEHHs KyIOJIBHOIO KapKaca CO CTOMKaMH M COTIps-
YKEHHUE TMaroHAIbHBIX CBS3EH B sideiikax KyIMOJIbHOTO KapKaca ¢ y3/1aMu IIapHUPHBIE B 000WX HAITPaBICHHSIX.

W ans ucxomgHoit Monenu, U U BCeX MOJIENeil KapKaca KyIojia cO CBS3SIMM BBITTOJIHEHBI KOMITBIOTEPHBIE
pacueThl Ha JIeiiCTBUE HArpy30K, MPEJICTABICHHBIX Y3JIOBBIMU CHJIaMHU. TaKWX Harpy30K HACUHUTHIBAIOCH YETHIPE:
OT COOCTBEHHOTO BECa OTPAKIAMONINX W HECYITNX KOHCTPYKIHH, IBYX BAPHAHTOB CHEIOBOW HAarpy3KH — CHMMET-
pHUYHOM (puc. 2, @) 1 HeCUMMETpUYHOH (pHC. 2, 6). BpuTi cocTaBneHb! B¢ KOMOMHAIMY HArpy30K: KOMOWHAIms 1 —
MIOCTOSIHHAsE BMECTE CO CHETOBOM CMMMETPHYHOM Harpy3koii; KOMOMHAIMS 2 — IOCTOSIHHAsE BMECTE CO CHETOBOM
HECHMMETPUYHON HArpy3koil. IMEHHO HeCHMMeETpUYHAs CHEroBas Harpy3ka B COYETaHWUHM C HArpy3KOW OT coO-
CTBEHHOTO Beca BCeX KOHCTPYKIMI BBI3BIBAECT HANOONbIHE BHyTpeHHHE yerumus N, My, M,.
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Puc. 2. Cxemsl cH 1% y Kapkac:
a — CUMMCT] PUYHAA, 0 — HECUMME TpUYIHAST
Figure 2. Schemes of snow load on the dome framework:

a — symmetrical; 6 — asymmetrical
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Puc. 3. lepopmariin KynoJisHOT0 KapKaca pa3HbIX CXeM IPH KOMOUHAIMU HArpy3o0K 2:
a — Ge3 cBsiseil; 6 — BIPEX CEKTOPAX; 6 — CBS3H B BOCBMH CEKTOPAX; 2 — CBSI3H BO BCEX CEKTOPAX
Figure 3. Deformations of the dome framework of different schemes with a combination of loads 2:
a — without bracing; 6 — bracing in four sectors; ¢ — bracing in eight sectors; ¢ — bracing in all sectors
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Kon4ecTBO CEKTOPOB KyIIOJIa CO CBSI3SIMU
The number of sectors of the dome with bracing

Puc. 4. MakcumasbHbie aehopMaliy Kapkaca Kyroja pa3HbIX CXEM CBS3CH M Harpy3oK:
a — KoMOUHauus 2 BHU3; 6 — KOMOUHALMS 2 BBEPX; 6 — KOMOMHaIms |
Figure 4. Maximum deformations of the dome frame of different bracing schemes and loads:
a — combination 2 down; 6 — combination 2 up; 6 — combination 1

B mpomecce KOMIBIOTEPHBIX pPacdeTOB OIpenesuiuch aedopmannu, BHyTpeHHue ycuimust N, M., M,
U HanpsDKeHUs 6 B peOpax, BEpXHEM U NMPOMEXYTOUHBIX KOJbIaX, KOTOPbIE U PAa3HBIX MOJENeH KyHOIbHOTO
KapKaca CpaBHUBAJIMCh MEKAY COOO.

HccnenoBanne mokasano pe3Koe YMEHbIIEHUE BEPTUKAIBHON AedopMaluy KyIoJIbHOTO KapKaca Ay KOM-
OMHAIIMU HATPy30K 2 MpPHU YCTAaHOBKE CBsI3€H, XOTSA M3MEHEHHS UX OOIIEro Xapakrepa He mpousonuio (puc. 3).
Hawubonee sipko 3TO MPOUCXOIUT MOCIE YCTAHOBKM CBSI3€H B YETBIPEX CEKTOpaXx, KOTZa BETUYWHA MAaKCUMaJlb-
HOW Aedopmanuy f BHU3 yMEHBIIMIUCH B 3,9 pa3a, a BBepx — B 7,2 pa3s (puc. 4). [lepexon k cxeme kapkaca co
CBSI3IMH B BOCBMH CEKTOpaxX OT CXEMbI B UETHIPEX CEKTOpax TaKKe CHIKaeT aedopmanuu B 1,65 paza BHH3 H
1,54 paza BBepx, U cTanu 3KBUBaJIeHTHBIMU 1/2650 u 1/5600 nponera coorBeTrcTBeHHO. Ilepexon k cxeme Ky-
MOJBHOT'O KapKaca cO CBSA3SAMHU BO BCEX CEKTOPaxX OT CXEMbI B BOCBMH CEKTOPaX CHHMKAET 3TH HE3HAYUTEIIbHbIC
JneopMaryy eme B HECKOIbKO pa3. B To jxe Bpemst 111 KOMOMHAIMK Harpy3oK 1, To eCTh CUMMETPUYHOM 3a-
TpY>KCHUH, YCTAHOBKA CBS3€H HUKAK HE OTPAXKAeTCs Ha BEIMUMHE JeOopMaIiK KyIOJILHOTO KapKaca.

PesyabTathl

IlocTanoBka cBsizell B KyIIOJBHOM KapKace CyLIECTBEHHO CKa3bIBA€TCSl Ha XapaKTepe M3TrHOaromux Mo-
MEHTOB M, B MEpHIMOHAIBHBIX pedpax U BepxHeM Koiblle (puc. 5). B To jke BpeMms MOCTaHOBKA CBSA3EH HE OKa-
3BIBACT BIMSAHUS Ha BHJ 3MIOP MPOAOJIBHBIX CHII N B 3JeMEHTax Kapkaca. YTo KacaeTcsl BETWYMH BHYTPEHHMX
yewnuit N, M., M,, TO 3aBUCUMOCTH HX OT MOCTAHOBKH CBA3€H B PAa3HBIX IEMEHTaX Kapkaca MpOsBISAETCS IO-
pasHoMmy. B MepuanoHanbHBIX pedpax MOCTAaHOBKA CBA3EH NMPUBOAUT K PE3KOMY CHIDKCHHMIO MOMEHTOB M,, He-
3HAYUTENFHOMY M3MEHEHHIO MOMEHTOB M, 1 HeOONMbIIOMY yBeIndeHuIo cull N (puc. 6). B BepxHeM Koible mo-
CTaHOBKA CBSI3€H B YETBIPEX CEKTOPaxX MPHBOAUT K PE3KOMY CHIKECHHUIO MOMEHTOB M, TIOBBIIICHUIO MOMEHTOB M,
1 He m3MeHseT cuiabl N (puc. 7). B mpoMekyTOUHBIX KOJIBIIaX MMOCTAHOBKA CBS3EH MPUBOMUT K YBEITMUECHUIO CHUT
N, a Takke HeOOJIBIIOMY TOBBIIICHHUIO MOMEHTOB M, (puc. 8).

Wzmenenne BHyTpeHHHUX ycuiuii N, My, M, pu MOCTaHOBKE CBsI3€il B peOpUCTO-KOIBLEBOM KYIOJIE MPO-
HCXOJIUT TTO-pa3HOMY, 03 KaKoH-I00 KOppeIsInd MexX Iy coboit. [ToaToMy BIusHIE CBSI3eH aHAM3HPOBAIOCH
Y 110 HOPMAITFHBIM HANPSHKEHUSIM B DJIEMEHTaX KYTMOJILHOTO KapKaca, BEIYUCICHHBIM 10 opMyJIie

M M
czii AR A
A W, w,

PaccMOTpeHbI 3aBUCUMOCTH HAMPSIKEHUA Gvow u ) B DJIEMEHTAX KYNOJLHOTO KapKaca, a TaKKe BIIUSHHE
Ha HUX TOJIBKO M3rUOAIOIMX MOMEHTOB My, My — G .x ), U OTAEIBHO NPOAOIBHBIX CHl N — G (puc. 9-11).
Heo6x0auMO OTMETHTb, YTO MaKCHUMAJIbHBIC HAMPSDKCHUS. Govw -u ) Ha IPaQUKax He SBISETCS CyMMOMN Hamps-
KEHUH G o) U O, IOCKOJIBKY MOCICIHHE ONPEICICHBI /Ul PA3HBIX CEYCHHH (CTEpXKHEI) JICMEHTOB Ky-

IMOJIBHOI'O KapKaca.
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Puc. 5. Onropbl MOMEHTOB My KYIOJIBHOTO KapKaca pa3HbIX CXeM IPU KOMOMHALMN Harpy30K 2:
a—06e3 CBﬂ3Cﬁ; 6 — CBSI3U B YETBIPEX CEKTOPaAX; 6 — CBA3U B BOCBMH CEKTOPaAX; ¢ — CBA3U BO BCEX CEKTOpaxX
Figure 5. Diagrams of the moments M of the dome framework of different schemes with a combination of loads 2:
a — without bracing; 6 — bracing in four sectors; ¢ — bracing in eight sectors; ¢ — bracing in all sectors
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Puc. 6. Makcumanbubie ycunust N, M B MEpHIMOHAIBHBIX peOpax KyIojia pa3HbIX CXeM CBs3ei

Figure 6. Maximum forces N, M in the meridional ribs of the dome for different bracing schemes
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Puc. 7. Makcumanbuble ycuiius N, M B BEpXHEM KOJIbLIE KYTI0JIa Pa3HbIX CXEM CBsI3el

Figure 7. Maximum forces NV, M in the upper ring of the dome for different bracing schemes
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Puc. 8. Makcumansusle ycunus N, M B IpOMeXKyTOUYHBIX KOJIbLAX KYyII0Ja Pa3HbIX CXEM CBs3ei

Figure 8. Maximum forces N, M in the intermediate rings of the dome for different bracing schemes
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Puc. 9. MakcuMaiibHbIC HAPSDKSHUSI 6 B MEPUANOHAIBHBIX peOpax KyIoJia pa3sHbIX CXeM CBS3Ci:
a— 61.»’-»1A+.'»1v) M 6— G1MX+.\4J:> , 86— Ow)
Figure 9. Maximum stresses ¢ in the meridional ribs of the dome for different bracing schemes:
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Puc. 10. MakcumanpHble HAPSDKEHHUS G B BEPXHEM KOJIbLIE KYIIOJIa Pa3HBIX CXEM CBS3EH:
a— (Sq!v-w‘mw‘g M 6— G'M«*Mr’ ,86— Ow)

Figure 10. Maximum stresses ¢ in the upper ring of the dome for different bracing schemes:
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Puc. 11. MakcuMalibHBIC HAIPSDKEHUSI G B IIPOMEKYTOYHBIX KOJIbLIAX KYIIOJIa Pa3HBIX CXEM CBSI3CH:
a— (Smu,w\ﬂwvy N = G(M;.ut» ;86— Ow)
Figure 11. Maximum stresses ¢ in the intermediate rings of the dome for different bracing schemes:
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I'paduxu Ha puc. 9 moKa3bIBaeT, YTO BEAYIIYIO POJIb B MAKCUMAJIBHBIX HOPMAJIbHBIX HAIPSHKEHUSIX MEpU-
TUOHAJBHBIX pebep kKapkaca 0e3 cBs3eil urparoT MoMeHTH M., M,. Ilociie mocTaHOBKY CBSA3EW B YETBIPEX CEKTO-
pax u Janee pojib MOMEHTOB B HANPSDKEHHUSIX MEPUAMOHAIBHBIX pedep Pe3Ko CHIKAETCS U CTAHOBHUTCS CPaBHU-
MO ¢ poJibro TpoaosbHEIX ¢t N. ['paduku Ha puc. 10 moka3pIBalOT, YTO U3TMOAOIINE MOMEHTHI My, M, onpe-
JEISAI0T BETMYMHBI MAKCUMAJIBHBIX HOPMaJIbHBIX HAPSDKEHUSX BEPXHETO KOJIbIIA Kak KapKaca 0e3 CBsI3ei, Tak U
MmocJie TIOCTAaHOBKM CBsi3eil. B kapkace 0e3 cBsi3eil Bemylyr0 poJib UIPalOT MOMEHTHI My, a MOCiie MOCTaHOBKU
cesizeit — M,. ['paduxu Ha puc. 11 noka3pIBarOT, YTO BIUSHIE MOMEHTOB M., M, 1 MpoAoIbHBIX cuil N Ha Belu-
YUHBl MaKCHMAJIBHBIX HOPMAJIBHBIX HAIPSDKEHUSAX MPOMEXYTOUHBIX KOJIEIl KaK Kapkaca 0Oe3 cBs3eil, Tak U co
CBS3SIMH COTIOCTaBUMO.

Ha puc. 12 npeacraBieHsl CpaBHUTENBHBIE TUArPaMMBbl MAKCUMAJIBHBIX BETMYMH HOPMAaJIbHBIX HaIlpshKe-
HUHM B MEpUANOHANBHBIX peOpax, BEPXHEM KOJIbLIE U MIPOMEKYTOUYHBIX KOJNbLAX KYNOJIBHOTO Kapkaca. OTH Iua-
TrpaMMBbl CBUAETEJIBCTBYIOT O 3HAUMTEIIBHOM BIIMSHHUU CBSI3€H B peOPHCTO-KOJIBIIEBOM KyIOJI€ Ha HalpsDKEHHOE
COCTOSIHHE BCEX T'PYII SJIEMEHTOB €ro KapKaca.

Camoe 3HaUMMOe BIMSIHHE CBS3M OKa3bIBAalOT HA MEPUAMOHANBHBIE peOpa, MaKCUMalbHbIe HAPSHKCHUS B
KOTOPBIX YK€ NPH YCTAHOBKE CBSI3€H B UETHIPEX CEKTOpax CHMXKaroTcs 10 ypoBHA 40 % OT mepBOHAYaJIbHBIX
3Ha4YeHHH, a IPHU YCTaHOBKE CBSA3EH B BOCBMHU M BO BCEX CEKTOpax — A0 ypoBHeW 27 u 19 % oT nepBoHAYaIBHBIX
3HaYeHUH COOTBETCTBEHHO. B BEpXHEM KOJblle YCTaHOBKA CBA3E€H B UETBIPEX CEKTOpax HE M3MEHSAET MaKCH-
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MaJILHBIX HaINpsDKEHHN M3-32 pOCTa MOMEHTOB M, a yCTAaHOBKA CBSI3¢l B BOCBMHU H BO BCEX CEKTOPAX CHIDKAET
HampspkeHus 10 ypoBHer 60 u 18 % oT mepBoHaYaIBHBIX 3HAYEHUH COOTBETCTBEHHO. MaKCcHManbHBIC HAmps-
JKCHHUS B OTJCIBHBIX MPOMEKYTOUHBIX KOJIBIAX C YCTAHOBKOW CBSI3¢H B YETHIPEX M BOCBMHU CEKTOpax MOBBIIIA-
torcs 10 ypoBHel 208 u 159 % ot nmepBoHaYaIbHBIX 3HAYEHHUI COOTBETCTBEHHO.

18
15

o, 12 1
kH/cm? 9 4

Il

0 4 8 24
KonndecTBO CEKTOPOB KyIoja co CBA3IMHU
The number of sectors of the dome with bracing

Puc. 12. MakcumanbHbIe HalPSDKEHHS G B DJIEMEHTaX KapKaca KyIloJia pa3HbIX CXeM CBS3CH:
a — MEpUTUOHAJIBHBIC pe6pa; 06— BEPXHEE KOJIBLO; 6 — IIPOMEKYTOYHBIC KOJIbIIa
Figure 12. Maximum stresses o in the elements of the dome frame for different bracing schemes:
a — meridional ribs; 6 — upper ring; ¢ — intermediate rings
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Puc. 13. Bec G kax/0ii rpyHIIEl 3JIEMEHTOB KYIIOJIBHOTO Kapkaca 0e3 cBsi3eit
Figure 13. Weight G for each group of elements of the dome framework without bracing
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Puc. 14. Bec G MeTtaMyeckux KOHCTPYKIMH KapKaca KyIoJia pa3HbIX CXeM CBsizell
Figure 14. Weight G of metal structures of the dome framework for different bracing schemes
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CHmXeHne MaKCHMaNbHBIX HAaNpsOKEHUH B MEPUAMOHAIBHBIX peOpax M BepXHEM KOJbIe KapKaca Mmocie
YCTaHOBKHU CBSI3€il MO3BOJISIET YMEHBIINUTh WX CEYEHHE M, TEM CaMbIM, CHU3UTh METAUIOEMKOCTh Kymouna. [1o-
BEIIIIEHHUE K€ MaKCUMAIbHBIX HAMPSDKEHUH B IPOMEKYTOYHBIX KOJBIIAX TOCIIE YCTAHOBKHU CBS3€H MOXKET MpHBe-
CTU JIOTIOJHUTENbHBIM 3aTpaTaM MmeTauia. Ha puc. 13 moka3zaHbl Beca Ka) 0l IpyIIbl KOHCTPYKTHUBHBIX 3Jie-
MEHTOB KaK JacTel KymoJIpHOTO Kapkaca 6e3 cBs3eil. MepuanonaipHbie pedpa (Mep. pebpa) coctaistor 76 %
o0miero Beca kapkaca, mpomexxytounsie konbia ([Ipom. ko) — 20 %, Bepxuee konbo (Bepx. koin.) — 4 %. [lo-
STOMY BIIMSHUE CBSI3€i HAa HANPSOKEHUS B MEPUAMOHAIBHBIX peOpax SBISIOTCS ONPENSISIONINM I IPHHATHS
pelIeHus 0 cxeMe CBsI3ei B KapKace peOpHCcTO-KOIBIIEBOTO KyHOJIa.

VYcTaHOBKa CBsI3el CONMPOBOXKIAAETCS JOOABICHUEM DIIEMEHTOB B KapKac peOpHCTO-KOIBIEBOTO KYyIOJIa U,
CJIeIOBATENbHO, K YBEIHYEHHUIO €r0 METaUIOeMKOCTH. I TMPHUHSATBHIX 3/1eCh CEUEHHH CBS3EBBIX CTEPIKHEMH,
YCTaHaBIIMBAEMBIX B UETBIPEX CEKTOpax, OOIIHiA Bec Kapkaca yBenuarnBaeTcs Ha 4 %, a 1mocie yCTaHOBKH CBS3eH
BO BCeX cekTopax — Ha 24 % (puc. 14).

ConocraBnenue quarpamm puc. 12 ¢ muarpammamu puc. 13 u 14 nosBonsier caenats 000CHOBaHHOE MPEATIO-
JIOKEHHE, YTO HECMOTPsI Ha OYEBUIHYIO d3(QEKTUBHOCTH CXEMBI CBSI3el B YETHIPEX CEKTOpax PeOpPHCTO-KOIBIIEBOTO
KyTI0J1a, BCE 7K€ TpeouTHTeNIbHee T OoJiee PalliOHATbHOTO HCTIOJIb30BAaHMS CEUCHHUI AIEMEHTOB U I o0ecrieye-
HHS JKECTKOCTH MPOCTPAaHCTBEHHON KOHCTPYKTHBHOM CHCTEMBI SIBIISIETCS CXEMa CBsi3el B BOCBMH CEKTOpax H3-3a
CHIDKCHUS HAINPSDKEHWH B BEPXHEM KOJIbIE U MEHBIIIMMU HANPSDKEHUSIMH B ITPOMEKYTOUHBIX KOJIBIaX.

3akaouenue

Ha ocHoBaHMM M3TI0KEHHOTO MaTepHalia MOXHO C/AeIaTh CIEIyIOIINe 8b1800bL:

— YCTaHOBKa CBsI3€l B peOpPUCTO-KONBIIEBOM KYITOJIE CYIIECTBEHHO M3MEHSET HAMpPSDKEHHOE COCTOSIHHE
KOHCTPYKTHBHBIX 3JIEMEHTOB KapKaca W IOBBIIIAET MPOCTPAHCTBEHHYIO JKECTKOCTh COOPYXEHHS B IIETIOM, UTO
0JIaronpuUATHO CKa3bIBAETCS HA €r0 HaJIeKHOCTH;

— YCTaHOBKA CBSI3€H TOJNBKO B YETHIPEX CEKTOPax PeOPUCTO-KONBLEBOIO KyIOJa SBISETCS BIIOJIHE ONpaB-
JTAHHBIM U BeCchMa 3P PEeKTUBHBIM CITIOCOOOM TOBHIIIEHUS KECTKOCTH KapKaca U CHI)KEHHUS Pacxo/la MeTaJlia u3-
3a PEe3KOT0 YMEHBIICHUS HANPSHKEHUI B MEPUIMOHATBHBIX peOpax Kak OCHOBHBIX 3JIEMEHTaX KapKaca,

— yCTaHOBKa CBsI3el B BOCBMH CEKTOpax peOpHCTO-KOJBIEBOrO KyIoja MpearnovYTUTeNIbHEEe BapHaHTa C
YEeTBIPEMSI CEKTOpPaMHU KaK CXeMbI KyIOJIbHOTO KapKaca ¢ 0oJiee pallMOHAIBHBIM PacXoJIOM MeTajlla Ha ero KOH-
CTPYKTHUBHBIE DIIEMEHTHI;

— yCTaHOBKa CBSA3€H BO BCEX CEKTOPAaX peOpPUCTO-KOJIBIIEBOTO KyIOJIa MPUBOANUT K MAaKCUMAJILHOMY CHHKE-
HUIO HaNpsDKEHUH BO BCEX 3JIEMEHTaX Kapkaca, HO JIUI SKOHOMHYHOTO PacXxofa MeTaia peKOMEHIyeTcs IpruMe-
HEHHEe THOKHX KPECTOBBIX CBA3EH, CTEP KHEBBIE 2JIEMEHTHI KOTOPBIX OYAyT padoTaTh TOJIBKO Ha PACTSHKEHHE.
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