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Pechepar

MpvBOaMTCS MeToaMka pacyeTa MPOYHOCTU U Jedopmauuil AepeBHHbIX  KOHCTPYKUMIA, BKMKOYAsi COCTaBHble W3 PasNnyHbIX APEeBECHbIX
MaTepnarnoB C XECTKON CBA3bI0 MEXAY HUMU, C Y4ETOM HENMUHEIHOCTW X paboTbl NOS HarpysKoii (pacyeT BTOPOro Nopsiaka C nepepacnpeseneHmem
ycunuin mexgy matepuanamu B nonepeyHom ceveHun no CI1 5.05.01 [1]) ¢ ucnonb3oBaHueM WX Auarpamm LecopMUPOBaHUS MpU CxaTun W
pacTsKeHWM BAONb BONOKOH. Ha ocHoBe AvarpaMMHOMo NoAXoAa MpeanoxeHa MeToanka pacdeTa NPOYHOCTU KOHTAKTHOO LBA MEXY PasfuyHbIMN
ApeBeCHbIMI MaTepuanami. MpUMEeHNMOoCTb NpeanaraeMbIX METOANK K pacyeTy AePeBSHHbIX KOHCTPYKLNA NPOAEMOHCTPUPOBAHA Ha NpuMepax.

KnioueBble cnoBa: fiepeBsiHHbIe KOHCTPYKLMM, AnarpaMmbl feiOpMUPOBaHHS], MPOYHOCTb, AehOPMALIMM, KOHTAKTHBIN LLOB.

DIAGRAM APPROACH IN CALCULATING WOODEN DESIGN FOR SP 5.05.01-2021

D. N. Lazouski, A. I. Hil, D. O. Gluhov
Abstract
A method is presented for calculating the strength and deformation of wooden structures, including those made of various wood materials with a
rigid connection between them, taking into account the nonlinearity of their work under load (second-order calculation with redistribution of forces
between materials in the cross section according to SP 5.05.01 [1]) using their diagrams deformation under compression and tension. Based on the
diagrammatic approach, a method for calculating the strength of a contact seam between various wood materials is proposed. The applicability of the

proposed methods to the calculation of wooden structures is demonstrated using examples.

Keywords: wooden structures, strain diagrams, strength, deformations, contact seam.

BBegeHune

HopwmaTuBHble [JOKYMEHTbI, PernameHTupyloLLe npasuna npoexkTH-
POBaHUSI CTPOMUTEMbHbBIX KOHCTPYKLMIA, — 3TO CBOEro poga ABepu M3
Hayku B npakTuky. C BypHbIM pa3BUTMEM UH(OPMALMOHHBIX TEXHOMOTMIA
11 KOMMbIOTEPHON TEXHWKW 3aAa4u, KOTOpble 06BEKTUBHO Obinu Hepela-
eMbl UK HeuenecoobpasHbl Ha npefblaylieM arane pasBuTUS CTPOM-
TENbHOM HayKu, CTAHOBSTCS OCYLLECTBUMBIMM.

OpnHUM 13 NyTen pasBUTMSI TEOPUM CTPOUTENBHBLIX KOHCTPYKLMIA, KO-
TOpbIA TEOPETMHECKM Pa3BMBarNCS AnUTenbHOe Bpems (Gonee nonyseka)
1 Tenepb CTan peanbHbiM, SBNSETCS AeOPMALMOHHBI NOAX04 K X
pacyeTy. Hambonblumii adhchekT OT ero MPUMEHEHMs, C TOUKM 3peHuns
MPOCTOThI, TOYHOCTH, (PU3NYECKOI 0BOCHOBAHHOCTU, CHUKEHMS 3aBUCH-
MOCTM OT 6OMBLLOMO KOMMYECTBA IMMMPUYECKUX KOSDDULMEHTOB, AOCTU-
raeTcs Ansi KOMOUHMPOBAHHBIX CTPOUTENbBHBIX KOHCTPYKLWIA, COCTOALLNX
3 MaTepnarnoB C pa3nnyHbIMK (OU3NKO-MEXAHVYECKMU XapaKTepUCTu-
KaMmu, C aHW30TPOMHbIMM CBOVCTBAMM, HENWHEAHOCTBIO, CIOXHBIM
HanpsikeHO-AehoOpMUPOBAHHBLIM COCTOsIHUEM (KOCOW M3rub, kocoe BHe-
LIEHTPEHHOE CXkaTue 1 pacTsikeHue).

[na GonblUMHCTBA BMOOB KOHCTPYKLMIA A€ChOPMALMOHHBIA NOAXo4
MPOYHO BOLLEN B CTPOMUTENbHYH Hayky U MpakTWKy, a Takke B HOpMaTuB-
Hble JOKyMEHTbl MHOTUX CTpaH, B ToM uucne Pecnybnvku Benapyck, no
MPOEKTVPOBAHMIO Xene306eToHHbIX [1-8] u cTanexene3o0eToHHbIX [9-23],
KaMeHHbIX 1 apMOKaMeHHbIX [24—25], cTanbHbIX [26—27] KOHCTPYKLWIA, KOH-
CTPYKLW C UCMONB30BaHNEM COBPEMEHHBIX KOMMO3NUTHBIX MaTepUarnos.

[lecbopmaLMOHHbI NOAX04 OCHOBaH HAa METOLE CEYEHWUit CTPOUTENb-
HbIX KOHCTPYKLWI, B KOTOPOM UX pacyeTHblE MOMepeyHble CEYEHs Mpoun3-
BOMbHON (hOPMbI YCMOBHO Pa3bMBANOTCA Ha SNeMeHTapHble MNoLiaaky,
paboTatoLLme Npu PasnuyHbIX CUNOBLIX BO3AEACTBMSIX HA KOHCTPYKLMK Kak
MpY LEHTPamNbHOM «CXKaTUM-PaCTSKEHUM» B COOTBETCTBUM C Auarpammamu
nedbopMMpOBaHUS  MX  MaTepuanoB B koopauHaTax  «aedopMaLps-
HanpsikeHusi».  PacnpepeneHne oTHocUTENbHbIX AedopMauyii no none-
PEYHOMY CEYEHMIO KOHCTPYKLWIA MOAYMHSETCS rMMNOTE3e NMOCKUX CEYEHUA B
Pa3NnyHbIX MOCTAHOBKAX: HAaMPUMEP, CTamNbHbIE KOHCTPYKLMM — Ans Nntobo-

r0 NONEPEeYHOr0 CEYEHMS:; Xene3obeTOHHbIE — AN OCPEAHEHHOrO Morne-
PEYHOTO CEYEHIS Ha NMHE Y4acTKa, BKMIOYAOLLIETO CEYEHMS C TPeLMHaMm
HOPManbHOMO OTPbIBA W MEXIY TPELMHaMU. ANNpOKCUMUPYS Avarpammbl
JechopMMpOBaHMs MaTepUarnos, NPUHUMAs NMHEHOe pacnpesenexue oT-
HOCUTENbHBIX [ehopMaLyin Mo NONEpPEYHOMY CEYEHWIO KOHCTPYKLMW, Ha
noboi ctaguv paboTbl Mof HarpysKkol OnpedensioT pacnpeaeneHme Hop-
MarbHbIX HanpsHKEHUA B 3MEMEHTapPHBIX MIOLLAAKaX, KOTOpbIE HAXOAATCS
B CTATM4YECKOM PaBHOBECUM C MPOLOMbHBIMU CUMAaMM W U3rubatoLLMMK Mo-
MEHTaMV OT BHELLHWX BO3AEHCTBMIA. B pesynbTate AnarpaMMHOro pacyeta
MonyyaloT napameTpbl HanpskKeHHO-AEOPMUPOBAHHOTO COCTOSHMS (OT-
HocuTenbHble fedopmaLii, HopManbHble HanpsikeHus) B Nobom mecte
MOMEPEYHOr0 CEYEHNS (M KaK MPOW3BOLHYH — KPUBM3HY U3ruba KOHCTPYK-
MM B pacqeTHOM MOMepPeYHOM CeveHun) Ha niobon cTaamum aechopMmpo-
BaHMS KOHCTPYKLWM.

[peBecnHa — NPUPOAHbIN CTPOUTENbBHBIN MaTepuan ¢ MHOTMMM Mo-
NOXUTENbHLIMW Ka4ecTBaMu (BbICOKasi NPOYHOCTb NPW ManoM 06bLEMHOM
BECE, CTOWKOCTb K arpecCMBHON XMMWUYECKOI cpefe, nerkasi obpabatsi-
BaeMOCTb, HU3Kas TEMnonpoBOAHOCTb, 3KOMOMMYHOCTL). Paspabotka
MPOYHbIX CMHTETUYECKNX KMEEB, aHanorMyHo CBapke B METaniMYecKuX
KOHCTPYKLMSIX, pacLUMpunu NpUMeHeHe AEPEBSIHHBIX KOHCTPYKLMIA B Ka-
YeCTBE HECyLUMX, YBEMUYMB NPOMNETHI CTPOMMUIBHBIX CUCTEM OBHO3TaX-
HbIX 30aHWi, pa3mepbl CETKW KOMOHH KapKacHbIX MHOTO3TaXHbIX 34aHui,
MOSBUMUCE HOBbIE KOHCTPYKTWBHbIE CXEMbl MAHENbHBIX MHOMO3TaXHbIX
304aHWIA 13 MHOrOCMONHON KneeHoi ApeBecuHbl. C KOHCTPYKTUBHOM TOYKM
3peHusi, APEBECUHA — aHU3OTPOMHbIA MaTepuarn, KOTOpbIA MpW CxaTum
NPOSIBNISET HENMWHENHbIE CBOWCTBA, MPU ANMTENBHOM CUMOBOM BO3fel-
CTBWM BbICOKOTO YPOBHS — CHUKEHME MPOYHOCTHBIX MoKasaTenei n pas-
BMTVE BO BpEMEHN JedopmaLinii NoN3y4ecTy.

Llenb HacTosiei paboTbl — NonbITaTbCs NokasaTb NPeuMyLLecTBa
JMarpaMMHOro NoAxXofa K pacyeTy AEpeBsiHHbIX KOHCTPYKLUMA B pamkax
CN 5.05.01-2021 «[epeBsHHbIE KOHCTPYKUMM» [1], UCNONb3ys NpUMepbI
pacyeta, npuseaeHHble B ClM 5.05.02-2023 «[lepeBsiHHbIE KOHCTPYKLK.
[NpaBuna pacyeta» [28].

66

Cmpoumernscmeso
https://doi.org/10.36773/1818-1112-2024-134-2-66-72



BecmHuk Bpecmckoeo eocydapcmeeHHO20 mexHU4Yeckoz20 yHusepcumema. 2024. Ne2(134)

luarpammbl gechopMMpoBaHUsA ApPeBECUHbI

B Hay4HOW nuTEpaType BCTPEYAIOTCS NPELNIOKEHUS pas3NnyHbIX an-
npokcumauum auarpammbl AechOpMUPOBaHNS [PEBECUHBI NPU CKATUM
BOOMb BOMOKOH [29-33]. C uenblo yHUhvKauumM npeasiaraeTcs annpok-
cuMauus auarpammbl AehOpMUPOBaHNS APEBECUHBI PN KPATKOBPEMEH-
HOM OfIHOOCHOM CXaTWW BAONb BOMOKOH B BuAe napabonbl, Mogenmpy-
foLLer aHanorMyHylo paboTy ApYrX KOHCTPYKUMOHHBIX CTPOMUTENbHBIX
MaTtepuanos [2, 34, 35], roe 3aBUCUMOCTb MEXY HaNPSHKEHWAMU Cco U
OTHOCHUTENbHLIMY AehOPMALIMAMU Eco MPU KPATKOBPEMEHHOM CXaTim
“MeeT BUg (prcyHok 1a):

n-nl

0= () i lesol<leca. (1)
rae n = &o/ecor; kK — koapuuneHT nnactuyHocTw, k = Ecoi/Ecot; €01 — OT-
HocuTENbHbIE AedopMaLyv ApPEBECUHbI B TOYKE MaKCUMAINbHOMO CXu-
MalOLLIEro HanpsikeHnst; Eco1 = Ocot/Eco1 — Moynb fecpopmaumin, MMa.

[ns annpokcumaumm anarpammbl 4eOpMUPOBaHNS PEBECUHBI NIPK
pacTsHKeHUM BAOSb BOMIOKOH WUCMONMb3YETCS NMHERHAs (yHKLWS, MPOXo-
Jslias Yepes TOYKY NpefenbHOM NPOYHOCTM PEBECUHbI MPK pacTsike-
HUU frou M COOTBETCTBYHOLLMX €if NPeaenbHbIX OTHOCUTENbHBIX Aedopma-
UMM Eou (pUCyHOK 16):

0=¢0Ero , @)

roe &o — OTHOCWTENbHble AedopMaLu ApeBEeCUHbl MPU PaCTSKEHWM
BOOMb BOMOKOH; Ei — MoZynb YNpyrocT ApeBeCHHbl MpU pacTsSKEHUM
BJOMb BOMOKOH, H/MM2.

O Oro

Sl - S

a— cxatuu; 6 — pacTsikeHun
PucyHok 1 — PacueTHble auarpammbl 4eopM1pOBaHUMs ApeBECHHbI
npy KpaTKOBPEMEHHOM OHOOCHOM

[narpaMMHbIN NOAXOA K pacyeTy AepeBAHHbIX KOHCTPYKLMNA

B ofliem cnyyae CUNOBOTO BO3LENCTBUS ANs AEPEBSHHbIX  3ne-
MEHTOB CUCTEMA YPaBHEHUI PABHOBECUSI U COBMECTHOCTM AedhopMaLiuii
UMeeT BUA;:

( 11 O A (Xo X, ) -M=0;
Z/U=1 Uw,wa,f (yo'yw,i) -My=0,'
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Tfi€ Ow,, Ewi— COOTBETCTBEHHO HOpPMarlbHblEe HANPSHKEHUS U OTHOCUTENb-
Hble Aedopmauu B - aneMeHTapHOM NnoLyaake AEPEBSHHOMO arieMeH-
Ta; Awi, Ywi (Xwj) — COOTBETCTBEHHO NMOLLAAb MOMEPEYHOro CEYeHUs U
paccTosHMe OT BbIOPaHHbIX OCEN [0 LEHTPa TSHKECTH -1 AneMeHTapHO
nnowagakm; 1/rx (1/ry) — kpuBM3Ha M3rMbaemMoro anemeHTa B paccmaTpu-
BaeMOM MOMEPEYHOM CEYEHUN; Yo (Xo) — paccTosHWe OT BbIOPaHHOM ocK
[0 LIEHTpa TSXKECTU PacCMATPUBAEMOTO NONEPEYHOO CEYEHUS.

Kputepuem 06pa3oBaHust TPELWH HOPMANLHOTO OTpbIBA SBMISETCS
[OCTXEHNE APEBECWHON SNEMEHTapHOIM MNOLAAKM pacyeTHOro none-
PEYHOT0 CeyeHust MpedenbHbIX OTHOCUTENbHbIX AedopmaLmii npu pac-
TSOKEHWM BOONb BOMOKOH. B 3TOM cnyyae AaHHas sanemeHTapHasi nno-
LaaKa UCKMIoYaeTes 13 pacyeta.

Kputepnem paspylueHusi JepeBsHHOMO anemeHTa OyneT sBNsTbCS
[OCTUKEHME NpefenbHbIX 3HaYeHun BHYTpeHHUX yeunui (N, My, My) ot
BHELUHWX BO3OENCTBMIA, MPU KOTOPBIX BbINOMHSKTCS YCIOBUS PaBHOBE-
cus B cucteme (3). [JaHHbIA KpUTEPHiA B MONTHON Mepe MO3BOSISIET YYMTbl-
BaTb HENMWHENHYI0 paboTy [ipeBECUHbI NPY CXaTW BAOSb BOMOKOH.

/3rnbatoLLmii MOMEHT npu KOCOM U3riGe M KOCOM BHELIEHTPEHHOM
cxatum OyeT paBeH BEKTOPHON CyMME OCEBbIX COCTABNSOLNX:

M= /M§+M§ : )

B obiem cryyae HarpyxeHns nporub to AEpeBSHHOTO SiemMeHTa pac-
YETHBIM PACCTOSHNEM MEX[Y Oropamu ls Mo MakcuMarbHbIM 3Ha4eHNAM
KPUBW3HbI B MNOCKOCTU OCE X N Y (k — KOIDULIMEHT, 3aBUCALLWIA OT
CXEMbI pacnpeaeneHnst Harpysku) byaeT BblaMCnSTLCS N0 hopmyre:

on(y)=ak' (%)X(y) Ig .

PacyeTHoe 3HaueHue nporuba npu Kocom K3rnbe GyaeT paBHo:

Up= /U§+U§ - (6)

Pacuet oGpeLeTku

PaccmoTpum npumep pacueta kocousrnbaemon [epeBsHHOIA 0Bpe-
LUETKM KPOBMM C YKIOHOM 35° K FOPM3OHTY 11 PacCTOSIHUEM MeXIY onopamm
ly = 1200 mm (n. 7.2.13 [28]). Pasmepbl nonepeyHoro ceyeHus pycka 0b-
peLeTku npuHsThl bxh = 50x60 Mm. UsrubatoLime MOMEHTbI OT BHELIHMX
BO3OEACTBMIA AN [BYX  KOMOMHAUWMA  HarpyXeHWs  paBHbl:
Meay,=0,097 kH'M; Meaxy = 0,068 kH'M; Megyn = 0,311 kH-wm;
Medxn= 0,218 kH'M (Meqs = 0,118 kH-m; Meq = 0,38 kH-m). CpeaHee 3Ha-
YeHMe  MOdynst  ynpyrocT  BAOMb  BOMOKOH  [PEBECWHbl  —
Eomean = 10000 MMa (tabruua 6.2 [1]). PacyeTHble 3Ha4eHms conpoTuBre-
HUS [IpEBECKHbI U3rnbaemoro Bpycka npy CxaTk 1 PacTSXKEHUM ANs ABYX
KOMOMHALWI C y4ETOM MEHbLUETO 3HAYeHust koadduumeHTa (kocouarnba-
emas obpelueTka paboTaeT NpenMyLLECTBEHHO B HanpaBneHun borbLuen
CTOPOHbI), Y4MTHIBAOLIErO U3MEHEHME MPOYHOCTV APEBECUHbI B 3aBUCK-
MOCTM OT OTHOLLEHUS CTAHOAPTHOM BbICOTbI CEYEHNs K PaKTUIECKON BbICO-
Te kn=1,2: foqi = fiay = 16,25 MMNa; foan= fian= 18,27 MMa.

PesynbTathl pacyeTa npoyHOCTM Kocouarnbaemol epeBsiHHON 0bpe-
WeTKM  KpoBMM  No  [edOpMaUyMOHHON  Mofenu  criedytoLume:
Mray, = 0286 KH'M; Mraxs = 0.199 kHM; Mgays = 0,311 kHwm;
Mgdx= 0,218 kH'M. YTO COOTBETCTBYET BEKTOPHOA CyMMe u3rnbatoLLmx
MOMEHTOB Mgq, = 0,348 KH-M; Mrai = 0,398 kH-M. YcrnoBue NpoYHOCTY Bbl-
MONHSETCS € Ko3duLmMeHTamMm 3anaca NPOYHOCTU NS ABYX KOMOMHaLWIA
HarpyxeHus: ki = 0,348/0,118 = 2,95; ki = 0,398/0,38 = 1,05.

Pacnpegenesne OTHOCWTENbHBIX  AedpopmaLit ¥ HOPMAsbHbIX
HanpsKeHWA MO MONepeYHOMy CeyeHmnio 0bpeLLeTkI Ans BTOPOi KoMBuHa-
LMK HarpyXeHnst NPeCTaBNeHo Ha pucyHke 2. Ha anarpammax aedopmu-
POBaHMs TOUYKaMu 0603HAYEHbI OTHOCUTENBHBIE AechopMaLm 1 HopMarb-
Hble HanpshkeHUs! B Hauboree HarpyXeHHbIX areMeHTapHbIX MroLLaaKax
B CXaTOW W pacTsHyTOM 30Hax. PacyeT kocousrubaemoii fepeBsHHONA 06-
PEeLUeTKM NOKa3bIBAET, YTO €10 PaspyLLEHWe NPOMCXOLMT NNaBHO U Hauw-
HaeTCcs B PacTsHYTOM 30He C paspbiBa Havboree pacTAHYTbIX BOJOKOH
JpeBecUHbl 1 06pa3oBaHMeM TPELLMH HOPMAnbHOMO OTpbiBa Npu uaruba-
towx MomeHTax Mery,i = 0,302 kH*M; Merxn= 0,212 kH-M ¢ nocneaytoLyum
YBENMYEHNEM BOCTIPUHAMAEMOTO YCUTKS.

HayanbHbIin nporub kocounsrnbaemoit obpeLeTkn  Ans XxapaKTepucTu-
UECKUX 3HAYEHWA MepBON  KOMOWHALMM  JENCTBYIOLMX  Harpy3ok
Mexy, = 0,066 kH-M; Mexx = 0,046 kH-m Bblumcnsiem no copmynam (7) u
(8), Mcxoas M3 0CceBbIX KPMBM3H, MOMYYEHHbIX M3 pacyeTa no aedopmavy-
OHHOM Mogery mpu Eomean = 9500 MMa: (1/)xinst = 7,061-10;
(1/r)yinst = 7,046-105 (koacpcouumeHt ax = 2,13/384): uxinst = 0,56 mMM;
Uy,inst= 0,55 MM; Uinst = 0,78 MM. [Ins1 BbluMCHIEHMS Nporvba OT nonayyecTu
JPEBECUHbI MPWU  [EACTBUM MOCTOSHHOM Harpysku (COOTBETCTBYIOLLME
Me, y,q1 = 0,013 kHM ; Mex xq, = 0,009 kH-m) BbINOMHSIEM pacyeT Anst no-
ny4eHns O0CeBbIX KpuBMH: (1/hxginst = 1,37-10°% (1/)yqinst = 1,366-1075.
HavanbHbiin npornb oBpeLLeTk OT NOCTOSHHON Harpyskn Uginst = 0,15 MM.
Toraa nporv6 oT JeiicTBUS NON3y4ecTy ApeseckHbl (keef = 0.6) cocTaBnseT:
Ugerep = Ugnst-Kaer = 0,15-0,6 = 0,09 mm. MonHbIA nporvb ¢ y4eTom nonayye-
CTW [pEeBECUHbl paBeH Ued = Uist + Ugerep = 0,78 + 0,09 = 0,87 mm <
ucd = (1/150)-ly = (1/150)-1200 = 8 MM — npeaensHOE COCTOSHUE 3KCMnya-
TALMOHHOI NpurofHocTM obpeLueTkm no npornbam obecneynBaeTcs.
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a— pacnpeneneHme OTHOCUTENbHbIX qecbopmau,mﬁ [ Haﬂpﬂ)KeHVIVI No BbICOTE NOMNEPEYHOro ceveHna (LWI(bpr Ha BbIHOCHbIX NTMHNAX — HOPMalbHblE

HanpskeHust B MTa; CHUM 1 KpacHbIM LIBETOM NOKa3aHOo pacnpegeneHme no BblCoTe MOMepeyHoro CeYeHnst OTHOCUTENbHBIX fedopmaLiuii COoTBeT-
CTBEHHO B CXaTOi W pacTAHYTON 30HaX; ronybbIM 1 PO30BLIM — @HANOrMYHO, HOPMASTbHBIX HANPSXKEHUN); 6 1 B — AnarpaMMbl AeOPMUPOBAHMS Ape-
BECWHbI Hanbonee CxaToil 1 PacTAHYTON rpaHn (PO30Basi TOYKA — 3HAYEHWUS HANPSHKEHWIA U AechopMaLyii NPU 3aAaHHOM HarpyxeHumn
PucyHok 2 — PesynbTaThl pacyeTa AepeBsiHHOM 0BpeLLeTki No AedopMaLMOHHOA MOAENH

PacyeT nnuTbI ¢ haHepHbIMK 0BLIMBKaMK

BbinonHum no aedopmaLyorHOMY pacyeTy MpoBepKy MO NPeaesbHbIM
COCTOSHMAM MPOYHOCTM M 3KCTYaTaLWMOHHON MPUIOAHOCTU MAuThI C dha-
HepHbiMM  0OWMBKaMM  WmpuHOM 1490 MM M pacyeTHbIM MponeToM
lo=4930 mm (n. 8.11 [28]). CoeamHeHe 0BLIMBOK C pebpamu NnuThI Knee-
BOe, XecTkoe. [lonepeyHoe CeyeHne MAuTbl C reOMETPUYECKUMI pasme-
pamu NPeACTaBeHo Ha pucyHke 3a. OthdeKkTvBHAs LNPWHA MONepeyHoro

CeYeHus BepxHeit 0BLLIMBKK brc = 786 MM, pacyeTHas LUMpUHa HKHel 06-
wmskn brt = 1490 Mm (pucyHok 36). UarnbatoLmii MOMEHT OT paBHOMEPHO
pacnpeeneHHbIx Harpy3ok Mes = 14,76 kH-m. CpeaHee 3HaueHve mogyns
yNpyrocTy BAOMb BONOKOH ApeBECUHbI pebep — Ewmean = 11000 MMa, da-
Hepbl — Etmean = 9000 MIMa. PacyeTHble 3Ha4eHMs CONPOTUBNEHNS ApeBe-
CVHBI IPU CXaTUW U PaCTSIKEHUM paBHbl: Ans pebep — fwcs = 13,53 MMa n
fwta= 9,85 MMa; ons chanepbl — frea = 17,33 MMa u fita = 24 MMa.

=

B 38

46] 1] 420 || 420 || 420 || 146

46 4 467 467
b = 1490
a
——/——————— — S —

6

a — C reomeTpuyeckumMu pasmepamu no [28]; 6 — pacueTHoe ¢ pacnpefeneHnemM OTHOCUTENbHBIX AedopMaLii U HOPMAIbHBIX HANPSHKEHUA N0 BbICOTE
ceyeHnst (Lndpbl KpaCHbIM LIBETOM — HOPMasbHbIE HAaNPsHKeHUs B Haubonee pacTAHYTBIX W CKaTbIX BOMOKHAX MAMThI)
PucyHok 3 — MonepeyHoe ceyeHne NnuTbl ¢ haHepHbIMU 0BLLMBKaMK
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Pacnpenenenme OTHOCUTEMbHBIX — fedopMauuid W HOPManbHbIX
HanpsHKEHUA NO MOMEPEYHOMY CEYEHMI0 NNUTLI C OBLUMBKaMK NMPUBEAEHO
Ha pucyHke 36 v pucyHke 4. Ha anarpammax gedopMMpoBaHns ToYKamm
0603Ha4€eHbl OTHOCUTEMbHbIE JeiopMaLv U HOPMarbHbIe HaMpPSHKEHWS B
Hanbornee HarpyeHHbIX SNeMEHTApHbIX NMOLLaKaX B CXaToi BEpXHEN U
PacTSHYTON HKHE 0BLLMBKaX B NPeAenbHOM MO MPOYHOCTM COCTOSHUM.

3nepa 0
184

g

PacueT nnuTbl ¢ 0bLIMBKaMM NOKa3bIBAET, YTO €€ pPa3pyLUEHre NPOUCXOaUT
NMaBHO M HAYMHAETCS B PaCTAHYTOM 30He C pa3pbiBa Haubonee pacTsHy-
ThIX BOMOKOH ApeBecuHbl pebep ¢ 06pasoBaHNEM TPELLMH HOPMArbHOMO
oTpbiBa npu n3rmbatowmx momenTtax Mer= 32,5 kH'M ¢ nocnegytowmm ne-
pepacnpeseneHmem pacTarvBatoLLMX YCUIWIA Ha HUKHIO OBLUMBKY 1 yBe-
N4EHEeM BOCTIPUHIMMAEMOTo yeunns Ao Mrd = 46,11 kH-m.

3niopa
ez (/b 1Ay NRd MRid.x MRdy 4
d
Q Mew.azame Ha guarparre |
. 5. B |e.rea i Hiw2  [run |~
4.900s+02 1.770e+02 283703 -1.643e+01 C17.33 .

49000002 17472402 272703 16%5ee01 C17.33
49002402 |1.724e+02 -2727e03 -1.695e+01 C17.33
45002402 1.700e+02 264603 17182401 C17.33

R RERRRNN]||

49002402 |1.609+02 235703 -1.34%.01 C1353
49002402 15660402 235703 1.MU3e01 (1353
4.500e+02 |1.563e+02 -2357e-03 -1.343e+01 C1353
4.900e+02 1.540e+(2 -2233e03 -1.340e+01 C1353
4500e402 15170402 223303 1.30=e01 C1353
43000402 14346402 211003 13%eeDl [1353
45002402 1.471e+02 211003 -1.328e+01 C1353
4900402 1446es02 1987003 13050401 C1353 v

0 — BepxHelt 1 HkHei obLmBKY; B — pebpa
PucyHok 4 — PacnpefeneHne OTHOCUTENbHBIX AeopMaLmil 1 HOpMarbHBIX HAaNPSHKEHNIA MO MONEPEYHOMY CEYEHMI0 NUTBI C 06LUMBKaMK
(a) c anarpammamu ecOPMMPOBAHIS KpaHUX CKATbIX U PACTSHYTbIX BOJIOKOH
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MpoBepKy KreeBbIX COeAMHEHMI 0BLUMBOK C NMPOLJONbHBIMU pebpamm
Ha COBMT MPOWU3BOANM W3 YCIIOBUS:

Ty, mean,d s fv,90,d . (7)

PacueTHoe 3HaueHWe COMPOTMBNEHWS MpW croBure matepuana ob-
LUMBOK fy,90,4 = 1,66 MIa.

HanpsikeHus coura B KNeeBbIX COeaMHeHUsIX 06LIMBOK C pebpamu
BbIYMCIISEM MO hopmyne:

Of 4 110
Ty,mean,d = f,d,12 e :;; : (8)

CpeaHee 3HaueHWe HOpManbHbIX HaNPsKEHWA B MpedernsHoM no
npoyHoCTU cocTosHMM (Mg = 46,11 kH'm) B 0BLWMBKE BbIYMCISEM U3 X
3HAYEHNI B KpalHMX BONOKHAX (4edOpMaLMOHHBIA pacyeT): BepxHeh —
(Ota1 + Org2)2 = (16,43 + 17,18)2 = 16,81 MMa; HuwxHen —
(Ota,1 + Org,2)/2 = (15,79 + 17,62)/2 = 16,71 MMa. MNnowagb pacyeTHOro
MoNepeYHoro CeveHns oBLIMBKM: BepxHeil — Ar = 786-10 = 7860 mm2;
HkHel — Ar = 1444-10 = 14440 mm2. TTnolaab KOHTaKTa B KeeBbIX CO-
eauHeHusIx pebep ¢ oBLwmMBKaMU 1S BEPXHEN U HUXHEl 0BLIMBOK paBHa
MOMNoBMHE NpoMEeTa NAUTLI YMHOXEHHOA Ha CyMMapHyLo LMpuHy pebep:
Ay = (4930/2)-46-4 = 453560 mm2. Torga no chopmyne (10) Ans o6LIMBOK:
BepxHelh — Tymeand = 0,29 MIMa; HWKHEA — Tymeand = 0,53 MMa, uTt0
MeHbLUe fue04 = 1,66 MMa — npegentHoe cocTosiHME Hecyllei cnocob-
HOCTM MAWTbI HA CABMI MO KINEEBbIM COEANHEHUSIM OBLLIMBKM C NPOAONb-
HbIMK pebpamu obecneunBaetcs. Mpu AeACTBYIOLEM Ha NAUTY u3rnba-
toiem MomeHTe Meqg = 14,76 kH-m < Mgy = 46,11 kH-m 310 npeaensHoe
coctosHne Tem Bonee obecneumBaetcs. [pu HEOBXOAMMOCTM MOXHO
npoBepuTb NBOE NOnepeyHoe CeYEHUE MAMTLI MpWU CABUrE Mpu Aei-
CTBYIOLLMX B HEM HOpMArbHBIX HAaNpsHKEHMsIX B OBLUMBKE WU COOTBETCTBY-
tOLLIEN ANMHE 30HbI KOHTaKTa KIEeBOro COeLNHEHMS.

HayanbHbI nporvb nnuTbl 4NS XapaKTepUCTUYECKOrO 3HAYeHNs W3-
rbaloLLLero MoMeHTa oT AeicTayrowmx Harpy3ok Mex = 10.24 kH'm  BbI-
yucnsiem no opmynam (7) u (8), ncxons U3 KPUBU3HBI, NOMYYEHHON U3
pacyeTa no gedopmaloHHoin mogenu: (1/r)inst = 3,98:10-5;  (koadhcpu-
LmeHT ak = 5/384): uinst = 12,6 mm. [ins BbluncneHns npornba ot nonay-
4eCTM  [peBeCWHbl  NpW  [EACTBMM  MOCTOSIHHOWM  Harpyaku
(Mex,q = 4,59 kH*M) BbINOMHAEM pacyeT 715 NONyYEHNS OCEBbIX KPUBM3H:
(1/1)gjnst = 1,76-105. HauanbHbii npornb obpelueTkn OT  NOCTOSIHHO
Harpysku Uginst = 5,56 Mm. Torga nporvb oT AeicTBMS NonayyecTu gpe-
BECUHbI (Keer = 0.8) cOCTaBNACT: Ugcrep = Uginst-Kaer = 5,56:0,8 = 4,45 mm.
MonHblh  mpornb C  y4yeToM  MONM3y4yecT  [PEBECMHbl  paBeH
UEd = Uinst + Ugerep = 12,6 + 4,45 = 17,05 mm < wuea = (1/175) 1y =
(1/175)-4930 = 28,2 MM — npeaenbHOE COCTOsSHWE 3KCMITyaTaLMOHHOM
MPUroAHOCTW NAMTBI N0 npornbam obecneymnBaeTcs.

PacueT npo4yHOCTH AOLIaTOKNEEHOI apKK

BbinonHuM NpoBepKy NpefenbHOr0 COCTOSHWS MO MPOYHOCTW AoLa-
TOKMEEHOW apkn C pa3Mepamu MOMEPEYHOr0 CEYEHWS MPUHATHI
bxh =250x1200 MM npu AEACTBN peKOMEHAYEMOI KOMBUHALMMN YCUNUA
IV: Megv = 960,1 kKH'M; Negv = 577,74 kH (n. 10.23 [28]). CpepgHee 3Ha-
YeHWe  MoAyns  YNpyrocT  BAONMb  BONIOKOH — [PEBECUHbI  —
Eomean= 14200 MIMa. PacyeTHble 3Ha4eHUs1 COMPOTUBNEHUS IPEBECUHbI
feod v = fmdv = 20,48 MMa.

PacnpefeneHne OTHOCUTENbHBLIX AedopMauuidc M HOpMarbHbIX
HamnpsKeHWA MO NOMePEeYHOMY CEYEHU0 LoLyaTokneeHoi 6anku ana IV
KOMOWHALWKM HarpyXeHUs NpefcTaBneHo Ha pucyHke 5. Pacuet Ganku
MoKasbIBaET, YTO €€ Pa3pyLLEHNE HaYMHAETCS B PacTSHYTON 30HE C A0-
CTWXEHWEM PaCTSHYTbIMM BOMOKHaMK NpedenbHbix Aedopmauuii npu
kombuHaumm yeunuii: - Meaiv = 1282,5 kHM; Nraw = 775,5 kH, uTo
MeHbLLe JEeNCTBYIOLMX YCUnNiA — NPOYHOCTL 0becneyeHa.

3aknioueHue

Wcnonb3yss npumepbl pacyeta, npuBedeHHble B CIM 5.05.02-2023
«[flepeBsHHbIe KOHCTPyKUMK. Mpasuna pacyeTar [28], nokasaHbl Mpenumy-
LiecTBa AvarpaMMHOTO MOAX0Aa K PacyeTy [epeBSHHbIX KOHCTPYKLMIA
B pamkax CI1 5.05.01-2021 «[epeBsiHHble KOHCTpYKUuMW» [1], KOTOpbIE 3a-
KMIOYaloTC B BO3MOXHOCTW  BbIYMCTIEHNS MapamMeTpoB  HamMpPsHKEHHO-
AedOpMUPOBAHHOTO COCTOSIHWS AEPEBAHHBIX KOHCTPYKLIMA 11060 chopMbl
MOMepeYHOro CeveHIs, COCTOALLENO 13 MaTepuanos C pasniniHbIMU duan-
KO-MeXaHM4YeCKUMIN  XapakTepucTukamu, Ha nobon cragun  paboTbl
104 HarpysKom.

CBmiopa 0 198

- /:e 4

Sniopa

ez [T (14 NRd MRd.x MRdy

/ Mokazate Ha auarparme |

’ ¥, MM |y, M |e, MM
/ 1.400e+02 | 1.900e+02  8.823e-04
f 1.400e+02 | 1.765e+02 9.171e-04
1.400e+02 | 1.630e+02 9.518e-04
/ 1.400e+02 | 1.495e+02  9.865¢-04
1.400e+02 | 1.360e+02 | 1.021e-03
/ 1.400e+02 | 1.226e+02 | 1.056e-03
1.400e+02 | 1.030e+02 112603
1.400e+02 | 9.550e+01  1.160e-03
1.400e+02 | 8.200e+01 | 1.195e-03
1.400e+02 | 6.850e+01 | 1.230e-03
1.400e+02 | 5.500e+01 | 1.264e-03
1.400e+02 | 4150e+01 |1.29%e-03
1.400e+02 | 2.800e+01 | 1.334e-03
1.400e+02 | 1.450e+01  1.369e-03

fH/am2  f1un ~
1.253e+01  C20.48
1.302e+01  C20.48
1.352e+01 | C20.48
1.407e+01  C20.48
1.450e+01  C20.48
1.500e+01 | C20.48
1.598e+01  C20.48
1.648e+01  C20.48
1E97e+01 | C20.48
1.746e+01 | C20.48
1.796e+01  C20.48
1.845e+01  C20.48
1.894e+01 C20.48
1.944e+01  C20.48

ﬁ1—1rrrrrTTTTTTTTTTTTTTTTTUUHWHTHNHN

PucyHok 5 — PesynbTathl pacyeTta u pacnpefenerie HopmanbHbIX
HanPsHKEHWUA M OTHOCUTENbHBIX AedhopMaLmii LOLLATOKNEEHO Banki
no gedopmaLMoHHON Moaenu

lMpepnaraemblit AMarpaMMHBbIA NOAXOA K PACHETY AEPEBSHHbIX KOH-
CTPYKLMI MMeeT npo3payHblil (U3MYECKWA CMbICT, NO3BOMSET yCTaHaB-
NMBaTb KapTWHY Pa3pyLLEHs KOHCTPYKLWM ucxoasa 13 Hambonee cnaboi
€e 30Hbl, MPOM3BOAMTbL MPOBEPKY MPOYHOCTM KOHTAKTHOTO LUBA MeXay
Pa3nuyHbIMK APEBECHBIMU MaTepuanammu B noboM MnonepeyHoMm ceve-
HUW 0 €ro AnvHe.

MeToguka pacyeTa [epeBsiHHbIX 3MEMEHTOB Mo3BonsieT bonee pa-
LMOHaNbHO peLuatb 3afaym B 06nactv ux MpoeKTUPOBaHWNS AN BHOBb
BO3BOAMMbIX KOHCTPYKLIA, @ TaKKe 1151 YCUNEHWS CYLLIECTBYIOLLMX.

B panbHeliwem B aeopMaLMOHHOM MOAXOAE K pacyeTy AepeBsH-
HbIX 3MEMEHTOB CrefyeT PacCMOTPETb BOMPOCHI HOPMUPOBAHMUS Auwa-
rpamMm AedOpMMPOBAHNS APEBECUHbI MPU Pa3NnyHbIX BO3AENCTBUSX,
yyeTa ANNTENbHOCTYM JeiiCTBIA CTaTUYECKON Harpyski, 0COBEHHOCTM pa-
60Tbl yCUNEHHbIX NOA Harpy3koi epeBsiHHbIX 3EMEHTOB.
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