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AHHOTauusa

BeeneHne. Tpa,D,VILI,VIOHHbIe nyTX NoBbIWEHNA KOHCprKLI,VIOHHOVI MPOYHOCTU U XXEeCTKOCTU 6anok B HacTosllee
BpeMa npakTnyeckn ncyepnaHbl, 1 onTuMmn3auna TeXHONornm NpoOM3BOACTBA U aKCMNJyaTauun BepodaTHee
BCero HaxoguTcyd Ha CoYeTaHUN NPpUMEeHEeHUA HOBbIX MaTepmnanoB 1 NOBbIWEHUA X HAAEXXHOCTU KaK HeCyLnX
3J1IEMEeHTOB CJI0XKHOIo reoMeTpmn4eckoro I'IpOCIDVIJ'IFI.

Hecyu.wle 3N1IEMEHTbl CTPOUTEJTIbHbIX KOHCprKLI,V]VI pa60Tar0T B yCNIOBUAX BbICOKMX HArpy3ok u, fa>xe HeCMoTp4
Ha UX npenmyLecTBeHHO cTaTuyeckum XapakTep, MOryT UCnbiTbiBaTb CNIOXKHOE obbeMHoe Hanps>eHHo-ae-
¢0pMMpOBaHHO€ COCTOAHME, YTO He BCerga ynaetca NnoATBepanTb SMNUPUYECKUM N CTAaTUCTUHECKUM NYTAMN.

L[eﬂb HaACTOSLLEN CTaTbW COCTOUT B npenioXXeHnn ogHoro nogxoga oLeHKM Npo4YHOCTU U XKeCTKOCTU BanoyHbIx
KOHCprKLI,VIVI, paGOTaIOLLI,VIX B yCnoBudax nonepe4yHoro n3rnba cnoxHoro reoMeTpmyeckoro I'IpOd)VIﬂFI.

Martepuansl u MeTozbl. Jns oLEeHKM MPOYHOCTUN M XKECTKOCTN HEMPOGUbHbLIX BaN0oYHbIX KOHCTPYKLMIA MCNOMb-
3yl0TCA KJTacCMYyecKkme aHepreTMyeckne nNprveMbl pacyeTa NPoYHOCTU 1 ecTkocTn KactunbeaHo, Makceen-
na - Mopa unu BepeuwaruHa (MeTof MOMEHTHbIX Miowaaeit), HauanbHbIX NapaMeTpos, AUddepeHLManbHbIX
ypaBHEeHWI U30rHyTOM ocK Banku.

PesynsTathl. B xofie pelleHus Takux 3a4ay4 UCMOob3yoTCa KpuTepun nofobus (crnaxusaHug, cornacosaHus)
Mu3zeca - NeHkn 1 XypkoBa, xopollo oTpaxatolme paboTy Xpynkoro Uam nnactuyHoro Matepuana banku.
W 3Tn xapakTepucTuku npepnaraetcs 06beaMHUTb B GyHKUUK fonroseyHocTm XKypkoBa — AppeHuyca.

BeiBogbl. MpvBefeHHbie B pacyeTax 3aBUCUMOCTM MOXHO PEKOMEH0BaThb NpU MpPoeKTMPOBaHWM B paMKax
YNy4YLLIEHUS N3TMBHOM CTAaTUYECKOWM 1 YCTaNoCTHOM MPOYHOCTH, @ TaKXKe XECTKOCTU HecyLLMX 371eMeHToB
CTPOWTENbHbBIX KOHCTPYKLMIA.

KnioueBble cnoBa: NPOYHOCTb, XXEeCTKOCTb, HAaAEXHOCTb, HeI'IpOCbVIJ'IbeIe CTaTn4yeckn onpegesinMblie U Heo-
npenennMble HanoyHble KOHCTPYKUWMWN, 3HEepreTnyeckne MeToLbl, Kputepmn nogobus
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9494-2024-2(41)-79-85
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VARIABILITY OF STRENGTH AND STIFFNESS ASSESSMENT
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Abstract

Introduction. Traditional ways to increase the structural strength and stiffness of beams are now almost
exhausted, and optimization of production and operation technologies is mostly based on the use of new
materials and increasing their reliability as bearing elements of a complex geometric profile. Bearing ele-
ments of building structures operate under high loads and, even despite their predominantly static nature,
experience a complex volumetric stress and strain state, which can scarcely ever be confirmed empirically
and statistically.

Aim. To propose an approach to assessing the strength and stiffness of beam structures operating under
conditions of transverse bending of a complex geometric profile.

Materials and methods. Classical energy methods, including Castigliano, Maxwell-Mohr and Vereshchagin
methods (moment area method), have been used to assess the strength and stiffness of non-profile beam
structures, initial parameters, differential equations of the deflection curve.

Results. The similarity parameters (fitting criteria) of Mises-Hencky and Zhurkov reflect the behavior
of a brittle or plastic beam material reasonably well. These characteristics are proposed to be combined
in the Arrhenius-Zhurkov durability functions.

Conclusions. The dependencies given in the calculations can be recommended for improving the flexural static
and fatigue strength, as well as the stiffness of the bearing elements of building structures.

Keywords: strength, stiffness, reliability, non-profile statistically determinate and indeterminate beam
structures, energy methods, similarity parameters
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3apaya N2 1

YeaoBue 3axaun. J/[Be KOHCOIBHO-3aKpEIUICHHbBIE OAJIKK HArpyKeHbI CUIToi P. Pa3mepsl 6aok
H, B, I. CpaBHUTb 3HaY€HUsI MAKCUMAJIBHBIX IPOrHO0B M HAPSHKEHHI.

Pemenne. B npsimoyronsHO# Oanke HaMOOJNBIINE HANPSUKEHHUS BOSHUKAIOT B CCYCHUH Y 3a-
nenku (puc. 1).
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BapMaTVIBHOCTb OLUEeHKN MPOYHOCTU U XXEeCTKOCTU A4 He!'lpOC')l/U'\be\X BanouHbIx KOHCprKLJ,I/H;I

_ My _ 6PL
Wy BH?

Gmax

B Tpeyronbnoii 6anke (puc. 1) oceBoii
MOMCHT COIIPOTUBJICHUA I/I3FI/I6y OIpPEACTIUTCA
o hopmysie

B,H?

Wen = ,
xA 6

IJie IIepEeMEHHAas IUPUHA CeYSHUs OyeT me-
Z
HSTBCS 110 3aKOHY B = B;.

B ceuenun, HaxonsmieMcst Ha pacCTOSIHUA
Z OT CWJIbI P, HamlpsbKeHUe HaiiieTcs 1o hopmyiie

Pz

Omaxa = Woa =

6Pz
B,H?

MaxkcuManbHbIl iporu0 O6ajaKu Ha CBOOOI-
HOM TOpIIE ONPE/IENSETCS C ITOMOLIBIO HHTErpasa
Mopa

I My Mx1 L (Pz)(12)12 pi3
6y = p dz = —
ip = 0 f EBH3 3El,
BH3 .
el = —; — 0CEBOH MOMEHT HHEPIIMH CEYECHHs!

NPSIMOYTOJILHON OaNKH.

MakcuManbHBIH POrHO TPEYTroIbHOM OaKK
OIIpEJIeNIUM C UCIIOJIb30BAHUEM TEX K€ JII0P
MOMEHTOB, KaK U JuIs OaJKu MpsIMOYTOJbHON

(puc. 2)

l Mxpr1 1 (Pz)(12)12 PI3
6 - - = _)
1pa f J. EBzH3 2E1,
_ BzH® .
el , = =, — OCEBOH MOMEHT MHEPIUH Ceue-

HUSI TPEYTOJIbHON OaKH.
CocTaBUM COOTHOILIEHUE MTPOrHOOB U Ha-
MPSKCHUN:

pi3 6Pz
81p _ 3EIy _ 2, Omaxa _ BgHZ _ Bz _ z
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1pA 2Ely max BH2
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Puc. 1. MpamMoyronbHas u TpeyronbHas banku,
Harpy>xeHHble cunoi P
Fig. 1. Rectangular and triangular beams loaded with

force P
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Puc. 2. Cxema onpefeneHns MakcuManbHoro nporuba
€ noMolLLbto nHTerpana Mopa
Fig. 2. Scheme for determining the maximum deflection
using the Mohr integral
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3apaya N2 2
YcnoBue 3agaun. KoHCTPYKIUs COCTOUT M3 0AJOK OAMHAKOBOH xecTKkocTH El = const,
HarpyxeHa cuiioii P, nmuHoii: AB = 3/ u CD = 4/. TIocTpouTh SMI0PHI U3THOAIOINX MOMEHTOB

(puc. 3).
Pemenue. 3amaua ctatndecku Heonpeaenumas. [Ipumem 3a HemsBecTHOe ycunue X (puc. 4).

[TepemuoxkuM criocodboM Bepemarusa smopbl U3ru0aronmx MOMEHTOB JIJIsl 0aKu AB v 1yis 0aKu
CD, nonydnM niepeMeleHus 00Iero Jijis IByX 0ajiok cedeHus B:

5P [ 2PIx 20 x L1~ 1 X302 x 2 31] _’—1(134P—9X);

5P = Xlxzzx-l_ﬁ.
3EI

x=2p
31

DMopbl U3rudaIMX MOMEHTOB C HalJIECHHBIM 3HaUeHHEeM X TIOKa3aHbl Ha pucC. 4.

3apaya N2 3
Ycnosue 3agaun. bpyc nonepeunoro cedenus 2¢ X 2¢ HarpykeH BEepTHKaJIbHON CUIION
P na cBoOognoM Topue. Jnuna Opyca /. [1o nnune cedeHust Opyca BBIOTHEHBI 1BA OTBEPCTHSI

C pa3MepaMu EXE OrmnpenenuTs MaKCUMaIbHOE HANIPshKEHHE B Opyce (puc. 5).

Pemenne. MOMEHTBI MHEPITUHM OTHOCHTENIBHO IIABHBIX OCEH X U y MONIEPEUHOTO CeucHUs Opyca
(puc. 5) onpenemnsarcs o Gopmynam

103 (2c)* (5)4 127
ct: 0 o2 _ 127 4
vy (\/_)]_ ’ Iy = 12 212_96C'

I/I3m6a}0mne MOMCHTEI B OITACHOM C€YCHHHU Y 3aACTIKM OTHOCUTCIIBHO 3TUX ocel

M, =22 = 10v2P; M, = 10V2Pc.

4
I, = (26) —2 [(6/2)

i%ze"ze»}f

Puc. 3. KoHcTpykuumsa, cocTosias U3 ABYX XXeCTKO COeMHEHHbIX BanoK 0fMHAKOBOW XKeCTKOCTH
Fig. 3. Structure consisting of two rigidly connected beams of equal stiffness
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Puc. 4. Sntopbl n3rnbaioLiux MOMeHTOB, NOCTPOEHHbIE
B COOTBETCTBUU C HalAeHHbIM 3HaYeHeM X
Fig. 4. Diagrams of bending moments plotted according K>
to the found value X

ypaBHeHHe HeﬁTpaﬂbHoﬁ JIMHUU BBITVISIIUT Puc. 6. Hanbonee onacHble Touku 1 anopa HopManbHbIX
TaK ) HanpsxeHui
Fig. 6. The most dangerous points and normal stress
Mx My distribution diagram
I_yo _I_xo =0,
X y

e X, Uy, —KOOP/IMHATHI HEUTPAJILHOM JINHUKU Cedenus Opyca.
Onacnple Touku OyayT B Toukax K, u K, or HeiiTpanbHoii munun (puc. 6). Hanpsoxenus
G, ¥ O, PaBHBI

M, M 10v2Pc x 96¢vV2  1920P
o =0 = —y —_ —yx = =
e T o, 103c* 103c¢?’

e X My  paccTosHus Hanbonee ynaneHHol Touku K, 10 HelTpanbHol JTUHUM.

3akiaouenue. HenpouiabHOCTh pacCMOTPEHHBIX 0AJOYHBIX CHCTEM 3aKJII0YaeTCs B 0CO-
OCHHOCTH HCCIIEIOBAHUS TEOMETPHH U MPUIIOKEHHS HArpy30K Mpu nonepedyHom urude [1-15].

BapuatuBHOCTB NepeMenIeHN I 1 HaNPsDKEHHUI yIuThIBaeTcs GyHKIHEH gonrosedHoctu XKyp-
KOBa — AppeHuyca B BUJE TeMIEpaTypHO-BPEMEHHON 3aBUCUMOCTH [2, 3].
UO_YO-C-)KB’

kT
e mapamerpsl 8 — Tekyiiee BpeMs mpoiecca (MoACTAaHOBKA HANPSDKCHUI WITH TIepeMeICHUi
BMecTo %) 1 t0 — KOHCTaHTa Cpeibl, He 3aBUCSIIAst OT TEMIEPATYPhl, 3AMEHSIOTCS Ha HauaJIbHbIC
HaMpsOKeHNS WIH NepeMeIeHus;

U, -0, — 9HEprus aKTHBAlMU NPOLECCA PaspyLIEHUs Oasku;

t® = tdexp

JKB
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k — mocrostnuas bonbimana;

T — TeMrieparypa OKpYKarolleh Cpejibl;

Y — MOKa3aTesIb JIOKAIbHBIX TIOBPEK/ICHUH OaJIKH.

OcHOBHasl XapaKTepUCTUKa pabOThl HepodmiIbHOM Oanku 1o kputepuo Museca — [eHkH,
COMIACHO TEOPHUH YICIIbHOM SHEpruu (OPMOU3MEHEHUS, IPEICTABISCT COO0M IKBUBAIICHTHOE
(omacHoe) HaMpsHKEHUE

Ouer = 54/ (01 = 02)7 = (0, — 03)% — (05 — 012,

IJe G,, G,, G, — HAMOOJIbIIEE PACTATUBAIOIIEE, CPENAHEE U HAMOOIIBIIEE CKUMAIOIIEE TIIABHBIE
HaIPSKEHUS.

IIpencrasiieHHBIE pacyeThl PEKOMEH/IYETCS UCII0Ib30BATh IIPU IPOEKTUPOBAHUU KOJIOHH U CTEH
K MOZYJIbHBIM Pa30MBOYHBIM OCSIM, CKBO3HBIM PHTEIISIM paM, OAKPaHOBLIM TpaBepcam 1 pepmam.
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