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Annomauus. B coBpeMeHHbIX HOPMAX NPOEKMUPOBAHUSA MEMAAUYECKUX KOHCMPYKYUU He 3aKpenieHbl NOAOKEeHUs, N03-
BoAslowjUe NPOU3BOgUMb pAciembl CMAAbHbIX KAPKACOB 3gaHuli ¢ yiemoM NogamAuBOCIMU y3AOBbIX CONPsUKeHull 6aA0K C
koronHamu. OgHAKO yuem peaAbHOU JKecmKOCMmu Y3A0B «OAAKQ-KOAOHHA» gaem BO3MOXKHOCMbL HauboAee MOUYHO oue-
Humb gelicmBUmMEAbLHYI0 pabomy KOHCMPYKMUBHbLIX IAeMEHMOB KAPKACA U ONMUMAABLHO UX 3aNPOeKmupoBamb C MOUKU
3penuss MamepuaroeMKocmu U HageXXHocmu. Mcnoab3ys BblYUCAUMEAbHble MOWHOCMU NepCOHAABHBIX KOMNbIOMEpPOB
NPOeKmMupOBUUKU uUMerom O0OAbWUEe BOSMOKHOCIMU gAsl YUCAEHHBIX UCCAEGOBAHUU gelcmBUmMeAbHOU padomel OMGeAbHbIX
KOHCMPYKMUBHBIX 3A€MEHMOB, UX Y3A0BBbIX CONPsKEHUU U 3gaHull B UeAOM. BblnoAHeH uucAeHHbll aHAAU3 JKecmKocmu
(hAQHUEBBIX Y3A0B CONpsUKeHUsl OAAKU € KOAOHHOU € NOMOWbIO BblUUCAUMEAbHOro xkomnaekca Femap with NX Nastran.
Ha ocnoBe uucaeHHbIX uccAegoBaHull BblBegeHa (pOpMYyAQ YrAOBOU KecmKoCcmu (PAGHUEBOIO y3Aad € UCNOAb30BAHUEM Me-
moga MHOKeCMBEeHHOI'0 perpecCuOHHOr0 AHAAU3d, NOKA3ABUIEero XOpouylo CXoguMocmb € gaHHLIMU YUCAEHHOTO paciema
B anpobupoBanHoM nporpammHuom Komnaexkce IDEA StatiCa u no3BoAuBwero ycmaHoBUMb 3GBUCUMOCMb NOGAMAUBOCMU
om reomempuuecKkuxXx NApamMempoB KOMNOHEHMOB Y3AOBOTO CONpsukeHusi 6AAKU C KOAOHHOU. BrisiBAeHO, umo gas MeHee
NOgamAuBbIX Y3A0B HaubOAbUlee BAUSAHUE HA yTOA NOBOPOMA ONOPHOIO cevenus O6AAKU OKA3blBaem KeCMKOCmb KOAOHHb,
a HaumeHbulee — OoAmbl. Arsi 60Aee NOGAMAUBbIX Y3A0B BAUSHUE OOAMOB CMAHOBUMCA 3HAYUMBIM.

KaioueBble cAOBa: uuCAeHHEBLU paciem, KOHeUHO-3AeMeHMHAsl MOgeAb, (PAGHUEBblU y3eA, NOgamAUBbLU y3eA, KOAOHHA,
OaAKa, JKecmKoCmb.

NUMERICAL ANALYSIS OF THE STIFFNESS OF THE "BEAM-COLUMN" FLANGE JOINTS
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Abstract. In modern standards for the design of metal structures, provisions are not fixed that make it possible to
calculate the steel frames of buildings, taking into account the flexibility of the nodal junctions of beams with columns.
However, taking into account the real stiffness of a beam-to-column connection makes it possible to most accurately
assess the actual operation of the structural elements of the frame and optimally design them in terms of material
consumption and reliability. Today, using the computing power of personal computers, designers have great
opportunities for numerical studies of the actual operation of individual structural elements, their node interfaces and
buildings as a whole. This article is devoted to the numerical analysis of the stiffness of the flange joints of a beam with
a column using the Femap with NX Nastran. On the basis of numerical studies, a formula for the angular stiffness of a
flange joint was derived using the method of multiple regression analysis, which showed good convergence with the
data of numerical calculations in the software package IDEA StatiCa, and made it possible to establish the dependence
of compliance on the geometric parameters of the components of the beam-to-column connection. It was found that for
less compliant nodes, the column stiffness has the greatest influence on the angle of rotation of the support section of
the beam, and the bolts have the least. For more compliant joints, the effect of the bolts becomes significant.

Key words: numerical analysis, finite element model, flange joint, compliant joint, column, beam, stiffness.

pU  pacyeTe  KOHCTPYKLMW HOW OblNO YCTAaHOBNEHO, YTO HWU  AO/MKHa ObiThb yuTeHa B cTaTMyec-

CTasNibHbIX KapKacoB B POCCHUM-
CKOW MNpaKTUKe NpPOEKTUPOBaHUS
UCMONb3YIOTCA ABEe MOAENM Y3/o-
BOrO COMpsiKeHus «banka-KonoH-
Ha» — >KecTKas W WwapHupHas. Oa-
HaKO MHOrOYMCIEHHbIMK UCCNepo-
BaHWAMU peasibHoW PaboTbl KOHCT-
PYKUMH B cocTaBe paM C pas/ivd-
HbIMW KOHCTPYKTUBHbIMU peLleHusI-
MW COEIOMHEHWUsI puUrensi C KOJIOH-
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OOMH W3 PaCcCMOTPEHHbIX Y3JI0B
HE/Mb3sl OTHECTM HW K abCOMIIOTHO
YKECTKOMY, HU K abCOMOTHO wWwap-
HUPHOMY THUNy. Takue y3nbl B TOM
WKW MHOW CTeneHu obnagaiot on-
peneneHHOW MOoJAT/IMBOCTbIO, Xa-
PaKTEPUIYIOLLIEMCS Pa3/IMYHOM CTe-
MEHbIO >KECTKOCTH, KOTopas 3aBu-
CUT OT KOHCTPYKLMWK Y3/I0BOIO CO-
€[IMHEHWS] pUreNis C KOJIOHHOW U

KMX pacyeTtax pam [1—6]. Tak, B
pabote [6] roBopu1TCA, UTO NPaKTU-
yeckass 3KOHOMMS MeTalIoEMKO-
CTM MOXKeT fjocTuratb ans 6onto-
Bbix coeguHenuit 14 m 30 % no
CPaBHEHWIO C YXECTKMMMW W Liap-
HWUPHbIMK Y3/1aMHU COOTBETCTBEHHO.
Bonbluas 3koHoMUs gocTuraercs
He B pe3y/ibTaTe COKpaLleHUs Ko-
JIMUECTBA COEOMHMUTESIbHBIX U Kpe-
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CTPOUTENIBHbIE KOHCTPYKUWUW, 3AAHWUSA 1 COOPYXEHWA

NeXKHbIX AeTasien, T. €. MeTa/lIoeM-
KOCTW CODCTBEHHO Y3/1a, a 3a cyeT
nepepacnpepnenieHnsl yCuaui B co-
e[MHSeMbIX 3/leMeHTax.

CpaBHUTeNIbHbIN aHanu3 pesysib-
TaTOB UYMC/IEHHbIX WCCeO0BaHWK
LEUCTBUTENBbHOW paboTbl Noaat/im-
BbIX Y3/IOB C 3KCMNEepUMEHTaJIbHO-
TEOPETUYECKMMU AaHHbIMM, NPOBe-
AeHHbIM B paboTax [2, 7], Harnag-
HO LEMOHCTPHUPYET [OCTOBEPHOCTb
TOYHbIX METOOOB pacyeTa C MC-
No/SIb30BaHUEM Pa3/IMuHbIX BblUWC-
JUTENbHbIX KoMnnekcoB. B cratbe
[2] npuBeneHoO cpaBHEHWE UYMUCIEH-
HOro aKcnepumeHTa B cpege Aba-
qus /Explicit ¢ HaTypHbIMK HcnbITa-
HusMK. Kak nokasanu pesynbrarthl,
HaTypHbIM M YUCNIEHHbIN 3IKCNepu-
MeHTbl [aloT conocTaBWMble (B
npenenax 4 %) 3HaueHus no eep-
TUKaJIbHbIM NepeMeLLeHUsaM Basku.
JKCnepUMeHTasIbHble AaHHble yrna
noBopoTa OMOPHOM uacTh OGasiku
OT/IMYAIOTCSA OT PEe3Y/bTaTOB YMC-
JIEHHOTO pacyeTa B CpeaHeM Ha
17 %, a pasHuLa B HaNPSXKEHUAX
He 6Gonee 6 %. Yrnoeas >xect-
KOCTb, MOJlydeHHas 3KCMepUMeH-
Ta/IbHO, 3HAUMTENIbHO MNpPEBbILLIAET
YUC/EHHblEe 3HAYeHWs Ha Hadasb-
HOM 3Tarne HarpyeHusl, OgHaKo MX
pasHuLa HUBESMpYeTCcs Mo Mepe
YBEJIMYEHUSI HArpy3KW W COCTaBAs-
et B cpearem 15 %.

Mo pesynbTatam MccienoBaHus
[7] xapakTep medopmaLmi KOHeu-
HO-3/IEMEHTHOW MOpfesM, COo3haH-
HoW B cpepe Abaqus/CAE, xopo-
IO cornacyetcsi C faHHbIMW WUCMbl-
TaHui. KpuBble BpalLatesibHOM >Ke-
CTKOCTH MO MEeTOAY KOHEUHbIX 3/ie-
meHToB (MK3) B 30HE nWHeHHOM
paboTbl MaTepuasa UMeloT He3Ha-
uuTesIbHble OTK/IOHEHUS OT 3KCre-
pYMeHTa/lbHbIX 3HaueHWW. Ha og-
HOM W3 TecTMpyembix obpasLoB
MK3 3aHukan pesynbtartbl no
CPaBHEHWIO C peasibHbIMU UCMbITa-
Huamu Ha 4,7 %, B ABYX ApYyrux
cnyyasx — 3aeblwan Ha 4,4 u
4,3 %.

Ha ocHoBaHWu pe3ynbTaToB uuc-
JIEHHbIX UCCNEfOBaHWM HanpsiKeH-
HO-Ae(POPMHUPOBAHHOIO  COCTOSI-

Hua (HOC) nopgatnvebix y3noB co-
NPsS>KeHUst Ganok C KOJIOHHaMM,
npveefeHHbIXx B pabotax [2, 3,
8—11], MOXHO 3aKfuUTb, 4TO
MK3 nosBonser mopnenvposartb
noBeAeHWe NOMYXKECTKUX coeanHe-
HAM METa/lIMYECKUX KOHCTPYKLMH
C NPUEM/IEMbIM YPOBHEM TOYHOCTH.

Hacrosime uvcneHHble uccne-
posanua HIAC dnaHueebix y3nos
Ha Go/iTax NPOW3BOAM/IUCL B MPO-
rpaMMHOM Komnnekce Femap with
Nastran, uto Oano BO3MOXHOCTb
HaMbonee TOUYHO CMOJENUPOBaTb
UccnegyemMoe coefuHeHue C yde-
TOM KOHTaKTa Mexay dofiaHLeM u
MOJIKOW KOJIOHHbI, pacnpenenuTb
MOMEHTHYIO COCTaB/IAOLLYIO MO Ce-
UEHUIO pureNis U cospdatb ONTH-
Ma/lbHYlO  KOHEUHO-3/IEMEHTHYIO
MoOJiefib y3/1a 3a CYET UCMOJIb30Ba-
HWSI Pa3/IMUHbIX TWUMOB KOHEYHbIX
3/1EMEHTOB.

B uccnenyemyio BbIGOpPKY BO-
wan 100 mogenen y3noebix pelue-
HAM CO CnefyloWwuM AWana3oHOM
M3MEHEHWUSA FEOMETPUUECKHUX napa-
METPOB:

e npodub konoHH: 35K1 — 40K5
(TOCT P 578371)";

e npocunb banok: 2061 — 4062
(To xe);

o auametp 6ontos: 18 — 27 mm
(TOCT P UCO 4014)?

e TONWMHA cpnaHua: 20 — 40 mm
(TOCT 19903)3.

Bbin npousBeneH cratMyeckuM
JIMHEMHbIW pacyeT coefuHeHun 6e3
npeasapuTeIbHOro HaTS>KEeHUs
6onTtoB. B paHHOW nocrtaHoBKe 3a-
Jauu npuKiagblBasacb eguHWYHas
coctasnsolwas uarubarowero mo-
MEHTa, UYTO WCKJIIOUMSIO BeponT-
HOCTb MPEBbILLEHUS HECYLLEN CMo-
COBHOCTU COEAMHEHUSI C COXpaHe-
HWEM BO3MO>KHOCTM BOCCTAHOBWTb
3HauYeHWe peasibHoro yr/ia noBopo-
Ta npu paboTe y3na B ynpyrow cra-
OWK OT OEeUCTBUTE/IbHOMO 3HAYEHHS
HarpysKHu.
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Puc. 1. KoncmpykmuBrnoe pewenue
gnanyeBoeo ysna

BenuvuvHa dpparmeHta Hanku
BblOMpanacb B COOTBETCTBUU C
npuHuunom CeH-BeHaHa, koTopbii
3aK/IloyaeTcs B TOM, 4TO BAU30CTb
TOUKMU MPUIOXKEHUS HAarpy3KWU BU-
seT Ha xapakTtep HOC B uccnenye-
MOM Touke 3anemeHTa. [ns vcknio-
UEHWSI 3TOTO B/IUSHWUS PEKOMEHIY-
eTca MNpUKIagpiBaTb HArpysky Ha
PaccTosiHUM He MeHee Tpex BbICOT
MOMNepeyHoro CeyeHuss Wuccnepye-
Moro anemeHta. [ns npuHATOro
J1anasoHa mnomnepeyHblX CeyeHui
6anok Obli BbIOPaH KOHCOJbHbIM
dparmeHT 6asiku, pasHbii 800 MM,

B uvccnenyembix mopensix npu-
HMManoCb MaKCUMasibHO YygasieH-
HOe pacnosiokeHue 6oNTOB OTHO-
CUTENbHO HeWTpasibHOM OcH Banku
B 3aBMCMMOCTH OT auametpa 6osn-
TOB U C YUYETOM KOHCTPYKTHBHbIX
TpebosaHuin. CornacHo Tabn. 40
Cn 16.13330.2017 «CHull 11-23-
81* CranbHble KOHCTPYKUMH (C no-
npaBKoOM, C U3MeHeHusiMU Ne 1, 2)»
GonTbl OblNM  PACMoONOXKEHbl  Ha
pacctosHuu a = 1,5d, mm, ot Bep-
TUKaNbHOW KPOMKK pniaHua. Mex-
oy 6ontamu nepsoro U BTOPOro
psgoa no BepTUKaM MPUHATO pac-
crosnue hq = 2,5d, mm. [lna obec-

1 TOCT P 57837—2017 «/leyTaBpbl CTasibHble ropsyeKaTaHble C NapaiiebHbiMK FPaHsMU MOJOK.
TexHuueckue ycnosus (c nonpaskom, ¢ uameHeHHeM Ne 1)».

2 TOCT P UCO 4014—2013 «BonTbl ¢ wecT1rpaHHoi ronoskoii. Knaccsl TouHoct A 1 B (c nonpas-

KOM)».

3 TOCT 19903—2015 «[pokaT NMcToBOMH ropsuexkataHbiit. CoprameHT.
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CTPOUTEJIBHBIE KOHCTPYKUWW, 3AAHUA N COOPYXEHWN

Puc. 2. [lpuBedennovie HanpsxceHnus B nosKe KOMOHHbI

(a) u Bo ¢pnanye (6)

Puc. 3. llpuBedennovie Hanpsicenus B 6aske u cmeHke

Koa0HHb! (@), ycunus 8 6oamax (6)

Pacuem ya2na noBopoma na mecmoBoi Bvibopke

Ne Tonwuna | [duamertp Bbicota | CymmapHas TonwuHa Puncnr Pananutnar | Pepakr — Ppacur ﬁ, % G,
n.n. | ¢nanua ¢, | 6ontos d, 6anku NONKH U CTEHKH MKpag MKpag MKpag Pp kH-m/pag
MM MM h, MM KOJIOHHBI S, MM
1 36 24 349 58,5 7,262 6,7791 0,4829 6,6 147512,2
2 20 18 296 28,5 23,153 22,6572 0,4958 2,1 44136,1
3 32 24 258 33 23,528 22,8173 0,7107 3 43826,4
4 36 24 349 40,5 10,959 11,6894 —0,7304 6,7 85547,6
5 28 24 296 33 19,826 19,5045 0,3215 1,6 51270,2
6 24 27 346 48,5 8,809 10,1922 —1,3832 15,7 98114,2
7 28 27 349 58,5 7,442 7,1567 0,2853 3,8 139729,2
8 32 18 261 28,5 27,24 24,9928 2,2472 8,2 40011,5
9 28 18 296 25 26,022 23,5267 2,4953 9,6 42504,9
10 24 22 346 33 13,277 15,5834 —2,3064 17,4 64170,8
11 40 24 392 33 11,644 10,9857 0,6583 5,7 91027,4
12 28 22 349 40,5 12,783 12,3116 0,4714 3,7 81224,2
13 32 22 261 33 22,479 22,5562 —0,0772 0,3 44333,7
14 20 22 258 28,5 26,988 26,7011 0,2869 1,1 37451,6
15 32 20 346 40,5 10,911 12,2500 —1,3390 12,3 81632,7
16 28 20 296 28,5 22,24 21,7199 0,5201 2,3 46040,7
17 28 24 349 21,5 17,188 17,1586 0,0294 0,2 58279,8
18 36 24 299 33 19,099 18,4286 0,6704 3,5 54263,5
19 32 20 261 25 29,93 26,8651 3,0649 10,2 37223
20 36 22 392 40,5 8,832 9,0871 —0,2551 2,9 110046,1

neyeHus ceapku hnaHua ¢ baskom
BEPXHWM W HWXKHWK psabl GonTtos
pacnonaraiotcsi Ha pPacCTOSHWM
hy = 10 + 0,5d, mm, OoT rop13oH-
Ta/IbHOM KPOMKM hniaHua (puc. 1).

Ons  ontumMuzauuM  pacueta
GONbLIOro KONMYECTBa MOAENen U
UCK/IIOUEHUS CNyYaMHbIX OLIMOOK
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PYYHOro MOLESIMPOBaHHUSA OblN CO3-
JaH nporpamMMmHblk hakn cpenct-
Bamu cpegpl Femap ons cHopku
UMCIEHHbIX 0BpPa3LIoB.
TeeppoTtenbHas reomeTpusi Mo-
nenu hopMupoBanacb Ha OCHOBE
OMOPHbIX TOYEK, KOOPAMHATbl KO-
TOPbIX YYWTbIBAIOT rEOMETPUYEC-

KMe pa3mepbl MPOKaTHbIX [ABYTaB-
POBbIX BaNOK U KOJMIOHH, TONLMUHY
dnaHua v guameTp 60NTOB, a Tak-
»Ke OTHOCHTE/IbHOE pacnosioyeHue
LIEHTPOB OTBEPCTMM nom GonTbl
B COOTBETCTBUM C KOHCTPYKTUBHbI-
MW TpebOBaHUAMM K paccTaHOBKe
6oNTOB.
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CTPOUTENIBHbIE KOHCTPYKUWUW, 3AAHWUSA 1 COOPYXEHWA

a  -10°, pan

== mopens Femap with Nastran

8 ~—aHanuTideckas hopmyna

22 21 32 37

d, MM

14,2
13,8 |
13,4 4
=—+—mogent Femap with Nastran
== aHanuTudeckan opmyna
1 3 1 ] 1 1
16 21 26
B ¢-10°, paa
15
14
13
—o—mogens Femap with Nastran
~—aHanuTu4eckan dopmyna
12 } } |
15 25 35 t, MM

S, MM

a — gukcupoBarnbie napamempel: 6anka 4061, kononna 40K1, gprarey 28 mm;
MakcumaneHoe omkaoHeHue: abcomomroe — 0,2 mxpad, omwocumenvroe — 1,4 %;
6 — gurcupoBarHbie napamempel: 6anka 2662, kononHa 35K 1, gpnaney 22 mm;
MakcumaneHoe omkaoHeHue: abcomomroe — 3,1 mxpad, omnocumesnsvroe -- 9,9 %;
8 — ¢purcupoBarHeie napamempei: 6anka 4061, konouna 40K 1, 6onmer 22 mm;
MakcumaneHoe omkaoHeHue: a6comomroe — 0,7 mkpad, omHocumesnvHoe — 5,2 %;
2 — gpukcupoBarHblie napamempeol: 6aaka 2662, kononHa 35K 1, 6onmer 20 mm;
MakcumaneHoe omkaoHerue: abcomomroe -- 0,6 mkpad, omrocumensroe — 2,2 %;
0 — gpurcupoBarHeie napamempeoi: 6anka 4061, 6onmer 22 mm, ghnarey 28 mm;
MaKcumaseHoe omkaoHeHue: abcomomroe — 2,4 mkpad, omHocumensHoe — 14,1 %;
e — gpukcupoBarHeie napamempeoi: 6anka 2662, 6onmer 20 mm, gpnarey 22 mm;
MAKCUMasbHoe omkaoHeHue: abconomrHoe — 2 mkpad, omHocumenesHoe — 12,9 %

¢-10%, pag
32
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28

26
== mogens Femap with Nastran

== aHa M THUECKAA MOLENL
24 1 1 i 1 11

16 18 20 22 24  d, mm

¢-10%, pag
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27

26
—#—mogens Femap with Nastran

== aHanuTuueckas bopmyna
25 t
18 23 28 33 38

¢-10%, pag
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26

22

[ —O—MU,;:\enhFemalpwith Nasjtral.1

—B— aHanuThyeckan dopmyna

20 30 40 50

Puc. 4. Ipagpuku 3aBucumocmu «yzon noBopoma ¢ — duamemp 6oama d»
(a, 6), «y2on noBopoma ¢ —moawuHa gpaarya t» (B, 2), «yzon noBopoma
¢ —CYyMMapHasi MoAWUHA NOJAKU U CMEHKU KOMOHHbI s» (0, e)

KoHcTpykums mogmenvpoanach
CTEP>XXHEBbIMW  M/1IACTUHYATBIMK U
0ObEMHBIMU KOHEUHbIMW  3/1EMEH-
Tamu. B uenax ontumusaumu pac-
ueTa 0ObeMHble 3/1EMEHTbI NpUMe-

HAJIUCb TOJZIbKO BO cbnaHu,e U B Yac-
TW TNOJIKKW KOJIOHHblI B npenenax
obnaHu,a. OcTtanbHble YacTh KOJIOH-
Hbl U Banku Mo4e/IMpoBaJIUCb Nia-
CTMHYaTbIMK 3/7eMeHTaMW. bonTbl

9/2020 TMPOMbBILLIEHHOE N TPAXOAHCKOE CTPOUTE/ILCTBO

3aflaBa/lMCb  3/MEMEHTaMW  Tuna
Beam. C uenbio nonyueHus Hanbo-
Nlee  [OCTOBEPHbIX Pe3y/bTaToB
OblNIM NPOU3BEAEHDI TECTOBbIE Pac-
ueTbl AN ONpPefEeHUs CETKU Ko-
HEYHO-3/1IEMEHTHON Mogmenu. YcTa-
HOBJ/IEHO, 4TO [OCTOBEpHble pe-
3ynbTatbl OUKCHPYIOTCS Ha CETKE C
KOHEYHbIMW 3/IeMeHTaMK pa3me-
pom 20 mm. Ha TOpLbl KOJIOHHBI
HaJI0>KEHbI CBA3W Ha BCE JIMHEWHbIE
W y3/10Bble NepeMeLLEeHus.

Mo pesynbratam pacueta nosny-
yeHa kaptuHa HAC uccnepyemoro
TMna donaHuesoro ysna. KoHueHT-
paLu1a MPUBENEHHbIX HanpPsS>KEHUH
Kak B MOJIKE KOJIOHHbI, TaK U BO
cnaHue HabnogaeTcs B 30He Hau-
Bonee pacTsHYTOro BEPXHEro psaa
6ontos (puc. 2).

Cnepyetr OTMETUTb BO3HWKHOBE-
HWe pblyaxkHOro adpchekTa npu pa-
6oTe haHua B UCCIeAyEMOM THre
y3na. B pmaHHom cnyuae donaHey
paboTaeT Mo 3alleMIEHHON CXeme,
UTO He TOJIbKO MOBbILLIAET €ro Hecy-
LYK CNOCOBHOCTb, HO U NPUBOAMT
K POCTY YCW/IMW, BO3HUKAIOLLMX B
6onTax.

B coenunHseMbIx aneMeHTax y3na
HaubosblLME HanpPsiXKEHUs OTMeuva-
lOTCS B BEPXHEM Nosike Basiku, B Me-
CTe ee KpenjieHus K diaHuy, UM B
CTEHKE KOJIOHHbI B YPOBHE HUXKHEW
nosiku Ganku (puc. 3a). Mpn atom
HaubonbluMe pacTAruBaloLLMe yCu-
/U UCTbITbIBAIOT BONTbI BEPXHErO
paga, a B 6oitax HUXKHero psaa Ha-
6nopaetca cxartve (puc. 36).

Yron noBopota onopHOro ceve-
HUs BasIKK paccumTbiBaiCcsa no cre-
aytouwen cdopmyne

¢ = Ma (1)
at+ty,—n

roe 74, {o — nepemMeLlleHnsa KOHTPOJIbHbIX

TO4YEeK MO BEPTUKANN; V1, )V — Nepemelle-

HUA KOHTPOJIbHbIX TOYEK MO FOPU3OHTalIH;

d — Ha4ya/IbHOE pacCcCTOsIHWE MeXAY KOHT-
POJIbHbIMK TOYKaMH NO OCH ).

Lna yctraHoBneHuss 3aBUCUMO-
CTW yrna noBopoTa OT NapameTpoB
y3na Obl/1 BbINONHEH PErpPecCHOH-
Hbii aHanu3. Pelenne 3apauu
MHOXECTBEHHOMW Perpeccuy nosBo-

31



CTPOUTEJIBHBIE KOHCTPYKUWW, 3AAHUA N COOPYXEHWN

e

BpauwarensHas KEcTKocTs

Mj,Rd Sj,ini
kNm]  [MNmirad]

B My LE1 61.4 94

Hmn Komn.Hi rpyasm

Cekywan BpaujaTensHan XécTKOCTb

Wmn Komn.Harpy: w

B My LE1

[mrad]  [m]

L SR
[MNm/rad]

202  6.00 399

S|P
[MNm/rad]

0.87 nyxecTime

Knacc.

Sjs
[MNm/rad]
106 393 0.3

M
[kNm] [mrad)

Puc. 5. Pesyabmamer pacyema 8 IDEA StatiCa

/W10 BbIBECTU 3aBUCHUMOCTb Yrna
NOBOPOTA OT M3BECTHbIX 3HAUYEHWH
reoMeTpUUYEeCcKUX NapameTpoB 3/e-
MEHTOB Yy3/1a.

MonyyeHo ypaeHeHWe pns yrna
NOBOPOTa OMOPHOIO ceveH st Banku:

¢ =(4,81—0,0047t— (2)
—0,0012d — 0,0043h —
—0,02115)3M - 10-%, pag

roe M — varnbaowmii MomeHT, KH-M; £ —
ToAWwMHa dnaHua, Mm; d — nuametp 6on-
TOB, MM; /I — BbicoTa 6anku, MM; § — CyMm-
MapHas TO/LMHA NOMKW U CTEHKWU KOJNIOH-
Hbl, MM.

YrnoByto XeCcTKOCTb (pflaHLEBO-
ro yana kpenneHus 6asku K Ko-
JIOHHE HAaXxOOWM U3 ypaBHEHHSI

C= M(p’l, KH-m/pag.  (3)

lNpoBepka KayecTBa perpeccHoH-
HOM MOJE/NM Ha TECTOBbIX AAHHBIX
nokKasasna, 4To CKOPPEKTUPOBAHHbIM
KO3dhpMUMEHT peTepMUMHaUmMK pa-
BeH 0,92. 310 roBOpUT O TOM, YTO
AaHHas Mofesib OObACHSET 3aBUCH-
MOCTb MeXpy npu3HakamMu Ha 92
%. Kpome Toro, Bbinontsercs Tpe-
OOBaHWe K HOPMasIbHOCTW pacnpe-
JleNIEHUS OCTaTKOB — Pa3HOCTU AeM-
CTBUTENIbHOrO  3HAYEHUS LieNIEBOM
nepemMeHHOW W BE/IMYMHBI, YCTaHOB-
JIEHHOM U3 aHaIMTUYECKOW chopMy-
Nbl, @ TaKxKe ONU30CTU CpemHero
3HaYEHWs1 OCTaTKOB HYJIIO.

[ns oueHKW KadecTBa NosyyeH-
HOW 3aBMCMMOCTM OblN paccuuTaH
yrosl MoBOpOTa Ha TECTOBOM Bbl-
Gopke MW onpeaeneHa cpepHss
NPOLEHTHasl CocTaB/isiioLLast OLMG-
KW (cm. mabauyy). OHa coctaeu-
na 5,85 %, T. e. BbiBeeHHas op-
MyJia LOCTaTOYHO TOYHO BOCCTaHa-
B/IMBAET WCKOMYIO BeJIMUMHY Ha
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MOJeNisiX, HE Yy4YacTBYIOLMX B NOA-
6ope Ko3PULMUEHTOB NpH reome-
TPHUYECKMX MapaMeTpax.

Lnsa Toro utobbl oOuEHWUTb, Ha-
CKOJIBKO JIOTMYECKH BEPHO KO3h-
(PMLMEHTBI NPHU FrEOMETPHUUECKHX Na-
paMeTpax YYuTbIBAIOT WX OTLE/b-
HbIl BKNag, bbina nposeneHa cepus
pacyeToB, B KOTOPbIX onpenenscs
yron nosopoTa MNpW Moc/enoBa-
Te/IbHOM BapbWPOBaHWKW OAHOMO U3
KOMMOHEHTOB COeIMHEHUs  (puc.
4). Bbibupanucb Mofesnn ¢ pasHoH
CTeneHblo NOAAT/IMBOCTH U paccUm-
TbIBaJICSl YroJl MOBOpOTa NpU U3Me-
HEHWW OOHOrO U3 NapameTpPOB.

[na mogenen ¢ BapbMpoBaHUeM
pa3mMepoB hiaHua MakCHUMasibHble
OTHOCHTEJIbHbIE  OTKJIOHEHUSI  He
npesbiwatoT 5,2 v 2,2 % ans ys-
JIOB C NMOHWYXEHHOMW W MNOBbILLIEHHOM
NoAAT/IMBOCTbIO COOTBETCTBEHHO.

AHanusupys rpadmku  BAWSIHWS
pa3MepOB KOJIOHHbI, BWOWM, YTO
ONs MeHee NOAAT/IMBbIX COEAUHe-
HWW aHaNUTUYECKas 3aBMCMMOCTb
[aeT 3aHWKEHHOEe 3HaueHWe Yyrna
noBopoTa MpW HaWMeHbLUEM Npo-
cune konoHHbl. B 6onee nopatnu-
BbIX COEAMHEHUAX HAaobopoT — 3a-
HWXKAET 3HaueHWe Npu HaubonbLuen
CYyMMe TOJILLMH CTEHKH W MOJIKHU KO-
NoHHbl. Ho npu atom abcontoTHble
3HauYeHUsi MaKCUMaJlbHbIX OTKJIOHE-
HWKM He npeBbiwaioT 2,4 MKpag.

Cnepyer 3ametuTb, 4TO pacueT
Mo aHa/IMTUYECKOW hopMyie XOpPOo-
IO COOTHOCHUTCA C pe3y/ibTaTaMu
UMC/IEHHOro pacyeTa.

[na cpaBHUTENBHOrO aHaNM3a
6bin BbinonHeH pacuet 8 BK IDEA
StatiCa Ha cnydanHo BblGpaHHOM
TEeCcToBOM ™mogpenu (puc. 5), pe-
3y/bTaTbl KOTOPOro NoKasasv, YTo
BK Femap HeaHauWTenbHO 3aBbl-

LIaeT 3HauYeHWe BpaLLaTe/IbHOM Ke-
CTKOCTH, @ aHa/IMTM4YecKas hopmy-
Nla paeT norpewHocts B 7,6 w
6,9 % nana IDEA StatiCa u Femap
COOTBETCTBEHHO.

3HayeHus yrioB MOBOPOTA, Bbi-
UMC/IEHHbIE Ha TECTOBOW MOJE/U B
Femap with NX Nastran (¢remap =
= 0,264 mpapn), No aHaIUTUUECKOM
cpopmynie ((PcbopMynaZ = 0,247 Mpa,q)
v B IDEA StatiCa (¢pea statica = 0,3
Mpaj), AOCTAaTOUYHO OIM3KK MeXKay
coboM. MorpelHoCTb B BbIMMCIEHWH
yrjia noBopoTa Mo aHalMTUYECKOH
dopMysie U UUCNIEHHBIM METOAOM
coctasngert 6,4 %.

B biBOABI

1. KoHeuHo-3nemeHTHble Moge-
W pNaHLEBOro CoeIMHEHUs1 pUre-
NI C KOJIOHHOM C MpPWMEHEHWEM
CTEPYKHEBbIX, MNIACTUHYATBIX U 06b-
€MHbIX KOHEUHbIX 3/IEMEHTOB obec-
NEeuYMBalOT XOPOLUYID CXOAWMMOCTb
pe3ynbTaToB pacuyeta C M3BECTHbI-
MW peLLEeHUSIMH.

2. MonyyeHa 3aBMCUMOCTb yrna
NnoBOpOTa ONMOPHOro ceueHus bas-
KM OT FeOMETPHUECKHX NapameT-
POB 3/1EMEHTOB (hNaHLEBOro y3na
«BanKa-KoNoHHa» M3 MPOKAaTHbIX
[BYTaBPOB.

3. lNpennoxeHa copmyna ons
onpefeneHusi yrnoBOHW >KECTKOCTH
PacCMOTPEHHOrO TWNa y3na.

4. OnpoboBaH MeTon MHOXeCT-
BEHHOrO PErpecCHOHHOro aHau3a
ANs BblBoAA DOPMY/ibl  Yr/IOBOM
YKECTKOCTW (pllaHLEeBOro yssa co-
npsbKkeHusi «Basnika-KoMoHHa», pe-
3yNbTatbl KOTOPOrO MPOLEMOHCT-
PHPOBa/IM XOPOLLYIO CXOAUMOCTb C
AaHHbIMKU UYMC/IEHHOrO pacuyeta B
anpobupoBaHHOM  MPOrPaMMHOM
KOMIJIEKCE W MO3BOJIMNM BbISBUTb
B/IUSIHUE OTAE/IbHbIX KOMMOHEHTOB
Ha NOJAT/IMBOCTb COELMHEHHSI.

5. YcraHoBNEeHO, 4TO Haubosb-
lee B/IMAHME Ha Yron NoBopoTa
OMOPHOro ceueHus Gasku oOKasbl-
BaeT >KECTKOCTb KOJIOHHbI, Hau-
MeHbliee — 6onTbl. [pu 3ToM OT-
Meuaetcs, uto Ans bonee nogatiu-
BbIX Y3/10B 3HAYMMOCTb AMameTpa
6onToB BO3pacraer.
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