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IIpeauciosue

Hacrosee [Toco6ue Mo NpoeKTHPOBaHHUIO XeNe300e TOHHBIX TPOCTPAHCTBEHHbIX KOHCT-
PYKUMH NOKPLITHIL U mepekpuiTHii pazpaGotano B passutne CIT 52-117-2008* «XKenezobe-
TOHHbIE MPOCTPAHCTBEHHbIE KOHCTPYKUUM MOKPHLITHI v mepexpeituit. Yacts I. Mertoant
pacyeTa ¥ KOHCTPYMPOBaHHE».

IMocoGue comepXUT MPUMEPH! PAacYeTa HEKOTOPBIX TUIOB XeJIe306ETOHHBIX 060/04eK,
CKJIAIOK U APYTHX XeJe300ETOHHBIX TOHKOCTEHHBIX MPOCTPAHCTBEHHBIX KOHCTPYKLHiA Mo-
KPBITHII W MEePEKPLITHI 31aHUI U COOPYXEHHIt MPOMBILUIEHHOTO, TPAXIAHCKOTO U CEIbCKO-
X031 ICTBEHHOTO CTPOUTENLCTBA.

Peluenue o nppuMeHeHNN U3n10XeHHbIX B [TocoGHKM METONOB pacyeTa, Tak Xe Kak U CIT 52-
117-2008* B LieIOM, OTHOCHTCS K KOMIIETEHIIMH ITPOEKTHOH OpraHHU3allMHu.

Hacrosiluue npumeps! pacuera paspaboransl Ha ocHose CIT 52-101-2003 «beTtouHble 1
Xene300eTOHHbIE KOHCTPYKUWH 6e3 MmpenBapyTENABHOTO HarpskeHus: apMarypbl» U CIT 52-
102-2004 «I1peaBapuTebHO HAIPSKEHHBIE XeNE300ETOHHbIE KOHCTPYKLIMH».

EnvHuubl GU3HYeCKUX BEJIMYHH, IPUBEACHHEBIE B IPUMEPAX pacyeTa, BhIPaXEHbI B CUCTE-
me CH: cuna — B HblotoHax (H) wiu B kunonbsioToHax (KH); 1uHeliHbIe pasMepsl — B MM (Uift
CEYCHUIT) WK B M (1)1 27IeMEHTOB I MX Y4aCTKOB); HalPSDKEHHUSA, CONPOTHBIIEHHS , MO/
ynpyrocty — B Meranackansx (MITa); pacnipeneneHHble Harpy3ku u ycwius — B KH/M niu
H/MM.

Iocobue pazpa6orano B HUWXKB um. A.A. IBo3neBa — uncturyre OAO «HULI «Ctpon-
TENBCTBO» (1I-p TEXH. HayK, npod. B.B. lllyzaes, kaHn. TeXH. HayK, CT. Hay4. coTp. 5.C. Cokonoe,
npu yyactuu Bea. uHX. T.B. llepbunst, uux. A.C. Kowemxoeoii, uux. E.B. Maxcumosa).

Ipu pa3paGoTKe NPUMEPOB pacyeTa HCMONb30BAHB! MaTepHalbl IIEYATHRIX padoT
B.H. bacmamckozo, B.M. bondapenxo, I.I. Bunoepadosa, B.3. Bnacosa, A.A. Iso3desa,
E.B. Topenwmeiina, B.B. Huxosux, A.M. Jybunckoeo, 3.3. Xykoeckoeo, B.H. Koauynosa,
M. b. Kpaxosckoeo, M.E. Jlunnuykoeo, H.I. Jliodkosecxoeo, P.H. Maueauncxozo, A.M. Ogeuxuna,
K II. [Tamuxpecmosckoeo, A. H. Paburoeuua, A.P. Pxcanuysina, B. M. Pumwuna, I' K. Xaiidyxosa,
A.D. XnebHoeo, KO.B. Yunenkosa, B.®D. lllabau, A.B. [llanupo n np.

Om3biensl u 3amexanus npocum npucsitaams no adpecy: 109428, Mockea, 2-a Hucmumymcexasn
ya., 6, HUHKE um. A.A. Iso30esa, mea. 8(499) 174-74-80.



1. OBJIACTb IPUMEHEHUA

1.1. Hacrosimuee [locoGue no npoeKTHPOBAHUIO XKeJIE300ETOHHBIX NPOCTPAHCTBEHHBIX KOHCTPYKLIHMH
HOKpLITHI ¥ nepekpbITUil (K CIT 52-117-2008*) pacnipocTpaHsieTcst Ha pacyeT HEKOTOPBIX TUIIOB Xene300e-
TOHHBIX 000/104EK, CKIAAOK M APYrUX TOHKOCTEHHBIX NMPOCTPAHCTBEHHBIX KOHCTPYKLHA MOKPLITHA M
MEPEKPLITHIi 30aHUI U COOPYXEHMIT NPOMBILIEHHOTO, IPaXXAaHCKOTO U CEBCKOX03AHCTBEHHOTO CTPOH-
TenberBa. T1pocTpaHCTBEHHbBIE KOHCTPYKUMY BBIMOMHSIOTCS U3 TSXKEJIOTO M JIETKOro 6GeTOHOB KJIacCOB MO
NPOYHOCTH Ha cxartue oT B15 no B60 Ge3 npeapapUTeNLHOrO HaNpsXXeHUs apMaTypEl U C PeAHAIPSAXKEHU-
€M, [U1s1 9KCIJlyaTallui B KJIMMaTUYeCcKUX ycnoBusix Poccuu, B cpelie ¢ HearpeCCUBHOM CTENEHBIO BO3aei -
CTBMA, NPU CTATUYECKOM AEACTBUU HAIPY3KHU.

1.2. CoBpeMeHHbI# NMOAXOA K pacyeTy Xene306eTOHHBIX 00071049eK U CKIIaIoK 6asupyeTca npeuMylle-
CTBEHHO HAa NMPUMEHEHUU YHUCIEHHBIX METOLOB C MCIOJb30BaHUEM BLIMMCIMTENbHBIX KOMIUIEKCOB M
KOMIbIOTEPHOM TeXHUKHU. [IpUMEHEHHE TaKUX METOLOB 11€J1eCO00Pa3HO B CYYasx pacyeTOB KOHCTPYKLIMMA
CO CJIOXHBIMH FeOMETPUYECKOM HOPMON M XapaKTePOM IpaHUYHbLIX YCIOBU, NPH HEOOXOAMMOCTH yJyeTa
TIPOM3BOJILHOM Harpy3KH, B TOM YHCJIe YCHIIHIA TPEABAPUTEIBHOIO 00XKaTHA 000/I0YKH, HepaBHOMEPHBIX
CHETOBBIX U BETPOBLIX HATPy30K.

[MpusenexHsbie B [Toco6uu npuMephl pacyera 060104YeK U CKIIaI0OK OCHOBaHb! Ha IPUMEHEHUH PYUHBIX
METOIOB pacyeTa, KOTOpble BO MHOrMX C/Iy4asiX MOIYT paccMaTpuBaThCA KaK IpedBapUTENbHbIe TPH
06OCHOBaHMH TEXHUUYECKUX PEILEeHUN U CPaBHEHUU C Pe3y/IbTaTaMU KOMIMbIOTEPHEIX PacYeTOB Npu pa6o-
4yeM MPOeKTUPOBAHUH.

1.3. [Mpu NpoeKTHPOBAHMH XeNe3068TOHHbIX KOHCTPYKLUH KPOME BBLIMOJTHEHUS PACYETHBIX U KOHCT-
PYKTHBHBIX TpeboBaHMit HacToswero J1oco6us NODKHBI BBINIOMHATLCA TEXHOMOTHYEeCKHE TPeOOBaHUA 110
M3rOTOBJICHHUIO ¥ BO3BEACHWIO KOHCTPYKUMH, a TAKXKe JOMKHBI ObITh 06eCnieYeHbl YCIOBHSA A1 Hamiexa-
el IKCnayaTauuy 3GaHUi U COOPYXEHUH ¢ yyeTOM TpeGoBaHUii MO 3KONOTHH COIIACHO COOTBETCTBYIO-
LIUM HOPMATHUBHLIM IOKYMEHTaM,

1.4. B cGOpHbBIX KOHCTPYKLUAX 0CO00€ BHUMaHHUE JOIXKHO ObITh YAEJIEHO MPOUHOCTH U JOJITOBEYHOCTH
COEOUHEHHUIA.

2. HOPMATHUBHBIE CCBUIKA

B HacrosiieM [Tocobuu KCNob30BaHbI CCHITKY Ha Clleayloliue OCHOBHbIE HOPMATHBHBIE TOKYMEHTbI:
CHull 2.01.07-85* Harpy3ku 1 Bo3aeficTBUs

CHull 2.03.11-85 3awura cTponTENbHBIX KOHCTPYKIMIA OT KOPPO3HH

CHulIl 52-01-2003 beToHHbIe U Xe1e300eTOHHbIE KOHCTPYKUUH. OCHOBHBIE NOJIOXEHUSA

CIT 52-101-2003 beroHHbIe U Xene300eTOHHBIE KOHCTPYKIMM 6€3 NpeaBapUTe/IbHOrO HarpsiXeHus
apMaTypbl

CI1 52-102-2004 TlpenpapuTebHO HANPSXXEHHBIE XeNe300eTOHHBIE KOHCTPYKIUM
CIT 53-102-2004 O61uKe npaBuaa NPOEKTHPOBAHUS CTAIbHBIX KOHCTPYKIIU#

CIT 52-117-2008* Kene3o6eTOHHblE MPOCTPAHCTBEHHBIE KOHCTPYKIMM MOKPHITUA M TNEPEKPHITHH.
Yacts [. MeToab! pacueTta ¥ KOHCTPYMpOBaHHUe

CTO 36554501-015-2008 Harpysku ¥ Bo3geicTBuUs
Jpyrne HOpMaTHBHblE U PEKOMEHAATEbHbIE JOKYMEHTbl W JIMTEPATYpHble MCTOYHWKH, CCHUIKM Ha
KOTOpbIE UCMOJIb30BaHbl B HacTosuleM [Tocobuu, npuseneHs! B NpuioXeHUuu b.

3. TEPMUHBI 1 ONTPEAEJIEHNA

B Hactosituem [Moco6uu ucnosb3oBaHbl OCHOBHbBIE TepMUHBI U onpeneneHus no CHull 52-01-2003,
CIT 52-101-2003, CIT 52-102-2004, CIT 52-117-2008* u npyruM HOpMaTHBHBIM HOKyMeHTaM. Mcnonbaye-
Mbl€ TEPMUHbI U KX ONPENESEHHS B COOTBETCTBUHU C JOKYMEHTAMHM, HA KOTOPbIE UMEIOTCA CChUIKM B TEKCTE,
NPUBEACHB! B IPUJIOXKEHUU B

4. OCHOBHBIE PACYETHBIE TPEBOBAHUA

4.1, PacueTbl XeJ1e306eTOHHBIX MPOCTPAHCTBEHHBLIX KOHCTPYKUMH CedyeT IPOU3BOAUTD MO NpPese/ib-
HbIM COCTOAHMSM, BKJIIOUYAIOILIUM:



npeaenbHble COCTOSHUA NMEPBON rpynnbl (110 MOJTHOW HENPUIOAHOCTH K IKCIUTyaTalMM BCJIEACTBUE
NoTePH HeCyLeit CMOCOGHOCTH);

npeaesibHbie COCTOSAHUSA BTOPOH FPyTifibt (110 HENPUTOLHOCTH K HOPMANTbHOM IKCTUTyaTaliuy BCAEACTBHE
obpa3oBaHHUs UK YPEIMEPHOIO PACKPBITUS TPEIMH. NOABJICHUS HEAOTTYCTUMBbIX AeopMaLInii U Ap.).

PacueTbl Mo npefesbHbIM COCTOSTHUAM MEPBOiT IPYIbl BKIOMAIOT pacyeT Mo MpoYHOCTH, C YYETOM B
HeoBXonUMBIX clyyasx 1eOPMUPOBAHHOTO COCTOStHHSI KOHCTPYKIIMU Mepe/l pa3pylieHHEM, U YCTONYHBOC-
TH (061Lei 1 JTOKaNbHOI).

PacueTnl no npeaenbHbIM COCTOSSHUSIM BTOPO# IPYIITbl BKJIIOUYAIOT pacyeThl MO PacCKPbITUIO TPEIUUH U
o neopmMaumsm.

4.2, PacueT npoCTPaHCTBEHHbBIX KOHCTPYKUMiT MOKPBITHIA H MIEPEKPHITHI MO NMPENeNbHBIM COCTOSIHHAM
coryiacHo Tpebonanusm 1. 4.2 rnassl CIT 52-101-2003 npousBoauTcs, Kak NPaBHo, Uisl BCEX BO3ACHCTBUIA
Ha KOHCTPYKLMIO B LIEJIOM MJIM Ha OTAE/NbHbIE €€ MEMEHTb! B NPOLECCE U3rOTOBJIEHUSI, TPAHCNOPTHUPOBA-
HU$, BO3BEACHUS U JKCILIyaTaUHUHU, MPUUEM PACYCTHBIE CXEMbl MU HArpy3KH JOJIKHBI OTBEYATh MPHHSITHIM
KOHCTPYKTHUBHbBIM PELIEHUAM W BOSACHCTBUSM sl KAXAO# CTaNNuU.

4.3. Yeunus u nedopMauuu B NPOCTPAHCTBEHHBIX KOHCTPYKLMAX ONPENnesiior B 3aBUCUMOCTU OT
OCOBGEHHOCTEH KOHCTPYKUMHM coraacHo pasaeny 6 CHull 52-01-2003.

[Tporu6sl 31eMEHTOB B XeNe300¢TOHHbIX NPOCTPAHCTBEHHBIX KOHCTPYKLIMAX HE TOJDKHbI NMPEBbILIATh
BEJMYHUH, yKa3aHHbIX B CHuIT 2.01.07-85*. IMpu sTO0M pekoMeHayeTcs, 4To6bl NPOrud NOKPLITUi B BUAE
000104eK IBOSIKOW KPMBU3HbI U MHOFOrpaHHUKOB nposietoM 18—60 M He npepbiwan 1/400 nmponera,
nponetom Gonee 60 M — 1/500 nponeTa.

4.4. Bri6op MeToza pacyeTa Kakoro-jiubo THa rnpoCTPaHCTBEHHONH KOHCTPYKLMU AONXEH MPOH3BO-
LUTHCS COrNAcHO PEKOMEHAALMSIM COOTBETCTRYIOIIEro pa3aena n. 4.2.5 CI1 52-117-2008*.

ITpuMeHHUTENBHO K 3a/1auaM O HecylIeit crnocoBHOCTH XeJle300€ TOHHBIX 060/104eK XOpollo pa3paboTaH
KMHEMATHYECKH il METOJ TEOPHUH MPEAETIBHOTO PABHOBECUS C MCMONbL30BAHMEM NMOHATUS 00 0OODOLIEHHBIX
MJACTHUYECKUX 1IapHUPpaxX (JIMHUSIX U3IOMA).

4.5. PacueT npeaABapUTENbHO HAMpPsSIKE HHBIX KOHCTPYKLUMIA clenyeT MPOU3BOAMTL C YYETOM HAYaNbHbIX
(npeaBapuTeNbHbIX) HANPsKeHW U nedopmatinii B 6eToHe 1 apMaType, NoTepb NPeABaAPUTENBHOTO HaNPsI-
JKEHUS M 0COOCHHOCTEH nepefaun NpeaBapuTeLHONO HaNpsXXKeHNUA Ha 6ETOH.

PekoMeH1alMK MO NPOEKTUPOBAHHIO NPEABAPUTENBHO HANPSIKEHHBIX XKeJ1e300eTOHHbIX KOHCTPYKLUIA
C HATSKEHUEM apMaTypbi 10 TBepaeHUsi 6eTona (Ha ynopsl) npuseaeHsl B CIT 52-102-2004, a pekomeHaa-
LMY MO NMPOEKTUPOBAHUIO MPEABAPUTENBHO HAMPSIXKEHHBIX XKeNe3006TOHHBIX KOHCTPYKUNH C HATSIKEHHEM
apmatypbl Ha 6eTOH npuBeneHnl B CHull 2.03.01-85.

4.6. Ha ocHoBe pacueTHbIX TpeGoRaHUMK, U3NOXKEHHbLIX B 1. 4.1—4.5, BLINOJHEHBI IPUMEPHI PACUETOB
HCKOTOPBIX THMOB MPOCTPAHCTBEHHBIX KOHCTPYKLIMI, MpUBEACHHBIX B pa3aenax S—15.

B otaenbHBIX cayyasx nocie pacyera pocTpaHCTBEHHONW KOHCTPYKLUMU NPUBEACHbI BEJIMYHHbI pacyeT-
HbIX YCUIUI, Ha KOTOpbIe TPeOyeTCst B AafbHEHIIIEM BLIMTOJIHUTD PACHeThl IIPOUHOCTH JIEMEHTOB IIPOCTPaH-
CTBEHHbIX KOHCTPYKUMH KakK OOBIUHBIX XEAC300€TOHHbIX KOHCTPYKUHUIA, pe3ysibTaThl KOTOPbIX HE MPUBO-
JSITCSI.

5. CEOPHbI XXKEJE3OBETOHHbI BOJIHUCTbIA CBOA-OBOJIOYKA

3aganue: /UTsi TOKPBITHSI 3AHUA C CETKOU KOJMOHH 12X72 M 3anpoeKTHpoBaTh COOPHBIN Xc1¢300€TOH-
Hblit cBOX-000104Ky. 3aaHue pacnojoxeto B [ cHerosoM paitoue.

B nonepeunoM Hanpasaeduit KOHCTPYKILUSI CBOAA-000I0HKH COCTOUT U3 KENE300eTOHHBIX PeOPUCTLIX
naHesei ¢ UMJIMHAPHUYECKON TMOBEPXHOCTHIO, a B 11POAOALHONM — M3 cOOpHOIil Xene300eToHHOMH apKU ¢
NpeaBapuTeIbHO HANPSIKEHHOM 3aTSAXKO. 3aTsKKa COOMPAETCsl M3 COOPHBIX MPEeABAPUTEILHO HAMPSIKEH-
HbIX 3JIEMEHTOB MUTMHOM Mo 18 M, KOTOpPbIE M3MOTARNIMBAIOTCS HA CTEHAAX C HATSXEHUEM CTEpXHeBOH
apmaTypbl Ha ynopbl 3JIeKTPOMEXaHUUeCKMM crocobom. Ha MoHTaxe 3aTsikka oObeAMHSIETCs CBAapKOit
apmatypsl. C LEbI0 YMEHbLICHUS NeOPMATUBHOCTH 3aTSXKH M TOBBILLEHMS ce TPeLUMHOCTOHKOCTH
CTBIKM COOPHBIX 2JIEMEHTOB 3aMOHOJIMYEHbI GETOHOM Ha HanpsiraloleM ueMeHTe. Hanpsraemasi apmaTypa
W3rOTOBJIEHA M3 CTEPXHEBOH ropsiuekaTaHoil M TepMOMEXaHHUCCKU YNPOUHEHHOMH apMaTypHOl craiu
nepuoaunyeckoro npodunsi kiacca A600 ¢ pacueTHLIM CONPOTHUBACHUEM PACTSXEHHUIO JUISI HPCHACAbHbIX
cocTosnuii neppoii rpynnsl R = 520 MIla u HauansibiM Moayncm ynpyroctn £ =200 - 103 MITa.

Marepuan cpona-o60i04ku — TsXenbtid Geton knacca B30 (R, = 17 MIla, R, = 1,15 MIla),
NPEABAPUTENBHO HaNpsKEHHas 3aTaXKa — n3 Getona Knacea B40 (R, = 22 MIla, R, = 1.4 Mlla).
NIeMEHTHI CBOJA COEAUHAIOTCS CBAPKOH 3aKJanibiX AeTajleit ¢ nocaeaylolMM 3aMOHOMHYHBAHUEM CThi-
KOB. LLBbI MEX1y COOPHBIMH IEMEHTAMH 3aMOHO/ HUEHbBI MEJIKO3CPHUCTBIM OeTOHOM Kiacca B20.

CBol paccunThIBaC€TCS Ha HArpy3KH, pUBe/ACHHbIE B Tab. 5.1,
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Tabanunpa 5.1

HopmarusHoe | Koadduumenr PacyerHoe
Bua Harpysku 3HAYEHHE HaIEXHOCTH MO 3HayeHue
Harpysku, klla Harpyske, Y, Harpy3k, klla
CoOCTBEHHBIN BEC 00004YKHU, NMPUBEACHHbIN K TOPU30HTANb- 1,6 1,1 1,76
HOH MpoeKUnu
Tenaoun30s11Msi, MTAPOU3ONSLMSL, THIPOU3O/SILMOHHDII KOBEP 1,25 1,3 1,63
CHer (111 paitoH) 1,26* 1/0,7 1,8
HUTOTO 4,11 5,18
* KoagpmuuceHT c,, yUUTHIBAIOWMI CHOC CHETA € 1TOKPLITHS, IPUHSIT PABHDBIM 1.

CobcTBeHHbIIM Bec ITPOA0bHOM apku — 13,8 kH /M,

[MosHas Harpy3ka Ha NOrOHHBII METP BOJIHBI CBOAA IUMPUHON 12 M cOCTaBUT:

HopmatusHaa: F, =4,11- 12+ 13,8= 63,12 kH/Mm;

pacueTHas: F,=5,18- 12+ 13,8 1,1 = 77,34 xkH/m.

Harpy3aka co6¢TBeHHOTO Beca 2/1eMeHTOB cBoaa (COOPHBIX NaHenei) g, , = 18 kH/M™; &= 20 kH/Mm.

I‘eomeTpuquKue XApaAKTepHUCTHKH BOJHHCTOrO CBO/12-000JI0UKHU

KOHCTpyKUMsS 1 pa3Mepbl CBona-o0O0JOYKK MoKa3daHbl Ha puc. 5.1. C uenbio coxkpauleHusl yucia
THUITOPA3MEPOB 3/IEMEHTOB OUEPTaAHUE CBOAA MPUHSITO 10 Iyre OKPY>XHOCTH.

PacueTHbiit nposieT ceona /, =72 — 0,5 = 71,5 m. Crpeny noabemMa NpoaobHOM apKu CBOJa MPUHUMAEM
pasHoii f;, = 7,20 M, T.e okosnio 1/10 nponera.
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Puc. 5.1. Cxema MHOTOBOJIHOBOTO CBOAA NMPOAETOM 72 M:

a — BOKOBOH BHA CBOAA; § — NONEPEUHOC CCYCHMUC BOJHBI CBOAA



Paanyc xpuBu3HBI OCH apku r; = 92,35 M. CeyeHHE apKU NPUHUMAEM [BYTaBPOBBIM C pa3Mepamy,
YKa3aHHbBIMU Ha puc. 5.1,6. BbicoTa BOJNHBI NOMEPEYHOro CeYeHUs CBOAA pasHa f, = 1,5 M, a mMpHUHa
cBOPHOTO 3NEMEHTA B NOMEPEYHOM CeYeHMU CBOMA cocTaBuT {2 — 2x0,06 = 11,88 M. Panuyc KpuBU3HHI
MOBEPXHOCTH BOJIHB! (BIOJb 06pasyiowei) r, = 12,51 M; panuyc KpyBH3HbI TOBEPXHOCTH CBO/A B LUEJIbITe
(puc.5.1,a) r,’=92,35+0,6 + 0,2+ 1,5=94,65 m.

[NonHas cTpesia noxbeMa cBoa-060/104KH B KiTtoYe (OT OCH 3aTAXKHM): f,,, = 7,20+ 0,6 + 0,2+ 1,5=9,5m.

[Trowage nonepeyHoOro ceueHUst CBOAA-OGONMOYKH BKJAIOYAET IUIOLIAAM CEYEHHH KPUBOJUHEHHOM
TIUTHI, 30HbI 3aMOHOJMYMBAHUSI CTBIKOBOW MOJIOCTH M ABYTaBPOBOTO cedeHus apku A = 0,492 + 0,06 +
+ 0,23 = 0,782 M2, LIeHTp TAXECTH TOTO CE4EHHS PACTIONOXEH HA PACCTOSHMH 1,12 M OT ILE/bITH.

OceBOit MOMEHT MHEPUMH BOJIHBI OTHOCHTEABLHO LIEHTPa TAXECTH ceueHus = 0,7065 M2.

ITos0BMHA LEHTPATLHOIO yIia BOJIHBI B ONEPEYHOM CEYEHHH cBoma 6, = 28°20°43” = 0,494718 pan;
sin@, = 0,47482; cosd, =0,8801.

Crpena nogsema cBOAA B KJIIOYE 110 OCSAM MOMEPEYHbIX CEYEHUH 3aTSDKKU M BOJIHBL f; = 9,5 — 1,12 =
=8,38m; fi/1,=1/8,5.

Panuyc ocu cona r=r, — 1,12 M = 94,65 — 1,12 = 93,53 M. CeyeHue 3aTsDKKM IpHHATO 500x800 MM,
A,=04m.

Pacyer cBoxa-000/109KM B TMPOAOJLHOM HANPABJCHHH

Pacuem na paeromepro pacnpedenennyio Hazpy3xy

OnopHble peakuud B ABYXIIADHMUPHOW apKe BHIYMCAKIOTCH C YYETOM BIMAHHSA CMEUICHUS ONMOp M
yIIpyroro 06xarus ocu apku (puc. 5.2,6) no gopmyaam:
OT HArpy3KH g:

=0 S gl
V= Vo= 0581y H=0125Ek; .1
OT HarpysKkiu g,:
Vi=Vp=8g&l; H=Eglk (5.2)
OT Harpy3Ku s:
2
V,=0,375sl,; V,= 0,125, H =0,06250 k. (5.3)

1

B ¢opmynax (5.1)—(5.3) sBeaeHbl 0603HAYCHUS: g, g, M § — pacnpele/ieHHas JIMHEHas Harpy3ka,
KH/M, OTHECEHHas K WHPHMHE CE4EHUSA BOJIHbI UM K LUArY 3aTsKeK; KoadduumenTs £, u &, npunumatorcs
no ta6. 5.2; k — koaphHUUNEHT, yYYUUTHIBAIOLLMI BIUsIHKE MPOAONbHBIX 1eDOpMaliMii BCIAEACTBUE YIIPYTOrO
YIUTMHEHUSA 3aTAXEK U 00XaTHs cBola.
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Puc. 5.2. PacyeTHas cxema (a), cxeMa Harpy3oK H ONOPHbIX peaKuuii cBoaa-060104kH (6)



Ta6auna 5.2

Mpu f\/1,
KoaddbuuueHt
1/3 1/4 1/5 1/6 1/7 1/8 1/9 1/10
€ 0,099 0,127 0,142 0,150 0,155 — — -
E,z 0,031 0,061 0,093 0,116 0,150 — — —
n 0,696 0,785 0,843 0,881 0,911 0,931 0,942 0,952
n=>L/I] 1,296 1,167 1,107 1,074 1,054 1,042 1,033 1,027

BTabn. 5.2n, = L /I, — oTHOlIeHHe MIHHbI AyTH cBoAa L K ero nponety /.
Onpenenum BepTHKATbHBIE OMOPHBIE PEaKUMKM U OPUEHTHPOBOYHO OLEHMM BEJHYMHY pacriopa Npu
k = | no dopmynam (5.1) ot nonHol pacuetHoit Harpysku F, = 77,34 kH/m:

V,=V,=05F,1,=0,5-71,5-77,34 = 2765 cH;

g JEl, 7734715

= =5897,7 kH. 5.4
Y 88,38 ® 4

[Tnowulans ceueHUs HaNpsiraeMoit apMaTtyphl U3 pacyeTa 3aTsKKU N0 MPOYHOCTH: Asp =H,, /R =58917/
520 = 11341,73 mm2.

IMpunumMaem apMupoBaHue 3aTXKU 13 21028 A600 nnolaabio cedeHUs A:p =129,32 cm2.

nsa pacuera TPEIMHOCTOWKOCTH NpeJBAPUTENBHO HANPSXKEHHOM! 3aTAXKH HEOOX0OAMMO HailTH BENn-
YUHY pacnopa CBoja C YYETOM BJAUSIHUS YIIPYroro o6Xarust apkd OT Beca KPOBJIH W CHETOBO# Harpysku.
Koaddunument, yauTsiBalouii NOAATAMBOCTS CBOIA C TPEUIMHOCTOMKOM 3aTAXKOM, onpeaesnseM no ¢pop-
MyJe

k=1/1+w). (5.5)

[1pu onpeaeaeHUH pacrnopa oT COGCTBEHHOTO Beca NaHeeil CGOPHOro BOJIHHCTOTO CBOAA AONMYCKAETCS

NpUHUMATE k = 1. [L1st CBOMIOB CO CTpenoi noxbeMa f; 2 1 / 3 ko3pduUMEHT k IPH JTI0GBIX HArPy3Kax MOXHO
HE YYUTHIBATb.

BeanunHa v 3aBUCHT OT COOTHOLLIEHUS XECTKOCTEH 3aTSKKHK U CBOAA B KITIOYE

1517 E,
V="‘J2{ a +_"'I_], (5.6)
8 fi EIdAId Aa
rae Ia,Aa U Ea — COOTBETCTBEHHO MOMEHT WHEPUMH, IUiowIab CCYCHUSA apKH U MOAYJIb YIIPYTrOCTH €€

Martepuana,
E, n A, — MORYDb YIPYroCTH MaTCpHa/a 3ATAKKH H TUIOLLAAb €€ CCHEHHA,;
N — KO3(ODHULMEHT, 3aBUCAILIMI OT OTHOIIEHWS CTPEabl NOABEMA CBOAA K €ro IpoJeTy,
npyuHuMaeTcs no taba. 5.2.

[1pu pacyeTte BOJHUCTBIX CBOAOB C NMPEABAPUTEILHO HANPSXKEHHBIMU XeAe3006TOHHBIMM 3aTSXKKaMH,
Kareropusi TpeGoBaHUM K TPEIWMHOCTOMKOCTH KOTOPBIX AONYCKAET PACKPHITUE TPEILIMH, CIEAYET UMETh B
BHILY, YTO BXOAsALLAs B BbIpaxXeHUe (5.6) XKECTKOCTh 3aTSXKKH N0 Harpy3KOd 3HAUMTE/IbHO YMEHBILIACTCA NO
TIPUYMHE BLIKITIOYEHUS U3 pabOThl PACTSIHYTOro OETOHA C TPELLIMHAMM.

Taxkum 06pa3oM, NpH pacyere BOTHUCTBIX CBOIOB HA pacYETHbIE HArPY3KHM B ClydasiX, KOraa B 3aTsKKax
JIOMYCKAeTCH paCKPLITHE TPEWIMH U OHM PACCYUTBIBAIOTCS HA HOPMATHBHbBIE HATPy3KH, CIeIyeT yUUTHIBATh
NOBbILIEHHYIO AeDOPMATHBHOCTD 3aTAXKHU NpH paboTe e¢ ¢ TPeUIMHAMU M BAUSIHUE 3TOro 3¢ dexra Ha
yBeJIMYEHHE HU3rNOaloILMX MOMEHTOB B CBOIE.

IMpuHMMaeM NpeaBapuTeLHO OTCYTCTBUE TPELIMH B 6ETOHE 3aTAXKHU, Toraa no dopmy:e (5.6)

L 150,7065(0,9028 0,9365
8 8382 0,40 0,782

]:0,06517.

Koadpduunent n = 0,9365 npu f, / /, = 1 / 8,5 npunmumaetcs no 1abn. 5.2. OTHOWEHHE HAYANBHBIX
Moay/ei ynpyrocti 6eToHa apku  3aTsaxku E, / E = 32,510 /36 - 10 = 0,9028.

k=1/(1 +0,06517) = 0,939.



Pacnop ot cobcTBEHHOrO Beca 3IEMEHTOB COOPHOTO CBOAA BbIMKCASiEM NPU KO3bPuunente k= 1.
Pacnop BonHbI CBOAA OT NOJHOM pacueTHOM HArpy3Kku no popmyane (5.1) coctapur

H,=0,125- 71,52(20 + 57,34 0,939) / 8,38 = 5630,197 xH.
To xe, OT NOJIHOK HOPMATHBHOK HArpy3KH

H,=0,125-71,52 (18 + 45,18 -0,939) / 8,38 = 4603,44 xH.

Oupenenum TPEUHOCTOUKOCTD MPEABAPUTENLHO HANPSUKEHHOM 3aTKKHU.

B coorsercteun ¢ CIT 52-102-2004 Kk TPEeWMHOCTONKOCTH 3aTSAXKKN TMPEALSIBASIOTCS TPeOOBaHMSA
TPEThEil KATErOpHK, MOITOMY NIPOBEPSIEM TPEILIMHOCTOUKOCTDL OT AeHCTBUSI HOPMATHBHBIX yeuauit (Y= 1).

[IpeaenbHYIO0 BENMYMHY NPEABAPUTENBHOTO HANPAXEHUs NMPHHIMAEM o, = 0,9R,, = 0.9 - 600 = 540
MIla.

[MepenaTouHasi npoYHOCTb GETOHA Rbp = 28 MIla. beron noasepraetcs nponapuBaHuio. Hatsaxenue
apMartypbl Ha OpMY 371eKTPOTEPMUUYECKHM CIIOCOOOM.

YT0oO6b! onpenenuth KOHTPOJIUPYEMOE HANPSIXXEHUE B HATIPSTAEMOil apMaType Mo OKOHYaHMM HaTAXE-
HUS1, BBIYMCIIMM TIEPBLIE MU BTOPbIE MOTEPU HAMPSKEHUI.

Ilepswie nomepu:

OT peJlakcallMu HanpsixKeHHOH apMaTypbl

Ao, = 0,03 o, = 0,03 - 540 = 16,0 MIla;
OT TeMIepaTypHoro nepenana At = 65°
Ao_v,2 =1,25-65=81 MIla.
Bcero nepBbie 11orepu

Ao, = 16+ 81 =97 MITa.

Bmopeste nomepu:
OT ycalKku 6eToHa

Ao-‘ll5 = Eb.‘\'lex =0,00025-2- 105 = 50 MIa.

[ToTepu HanpsiXeHHI B pacCMaTpUBaEMOIi HarnpsiraeMoii apMaType OT NMoa3y4ecTH GeToHa (NIpH LEeHT-
pasibHOM PAaCTAXEHUU) ONpenensior no opmyne
0,80, ,00,,

Ac .
1+ o, (1+0.89,, )

5.7

spb =

. 4
B (5.7): az—éi =-20—10—4—:5,556.
E, 3610
[Tnowanb NpUBEACHHOTO CeYeHUS 3aTKKH
A=Ayt (Asp +A)o = 50-40 + (129,32 + 28,27)5,56 = 4875,57 cmL.
HanpsixeHue B 6eToHe O}, Ha YPOBHE LIEHTPA TAXECTH CEYEHUsI HaitneM no dopmyne

R

Oy :;—dv (5.8)
e

rie P ;) — ycusine npeaBapuTeENbHON0 06XaTHsl C YIETOM NEPBbIX NOTEPD:
P(” =AW (csp— onpm); (5.9)

129,32(540-97)

Opp = =11,75 MIla;
4875,57

@y . = 1,910 CI1 52-101-2003 pnst 6eTona B40 npu OTHOCHTENLHOI BIAXHOCTH BO3/lyXa OKpyXaioLlei
cpenbl 40—75 %;
My, — KO3 bUIIMEHT apMUPOBAHUS, PABHbIIA Ajp /A,= 129,32 /4000 = 0,03233.

10



o 081955561175
7 145,556-0,03233(1 + 0,8-1.9)

=68,31 MIa.

CyMMapHBbIe 110TEpH

Ao, =16 + 81 + 50 + 68,31 = 215,31 MITa.

Hanpmxeﬂne B apMaType 32 BbIYCTOM BCEX NMOTEPb COCTABUT
0, =0, ~ Ao, = 540 — 215,31 = 324,69 Ma = 32,47 kH/cm?,
Yeunue o6xaTHs 3aTSKKU
P=o0p, — A(AS s + Ao ) = 32,47 129,32 - 28,27 (5 + 6,83) = 3864,6 xH.

Yeunue, BOCIPUHUMAEMOeE CeueHUEM 3aTsKKH Npu obpasoBaHitn Tpewni no CHnull 2.03.01

N = Ry oAy + 200 A+ 200 A) + P=0,2114000 + 2 - 5,556(129,32 + 28,27)] + 3864,6 =
=5072,3 > 4603,44 kH,

T.€. KOJIMYECTBO [TPUHATON BhlILE HAMPATaEMOIl apMaTypbl AOCTATOYHO 1St 00ECTIEHEH NS TPELLIMHOCTOMKO-
CTH 3aTSIKKH M pacuCT Ha PAaCKPbITHE TPEIMH He TpedyeTcs.

JHast BEIMUMHBI BEPTUKAJIBHOIN OMOPHON peakliMy ¥ pacnopa, MOXHO MepeiTH K ONpeaesiCHUIO YCUITHIA
B ceueHusx csona. [1pv pacuere BHELIEHTPEHHO CXATBIX CEYEHMI CBOAA HEOOXOAMMO YYeCTb BIIMsSIHUE
nporuda.

Mo Ta6n. 5.2 naiinem anuny ayru ceona L = 1,035/, = 1,035-71,5 =74 m.

Ta6nuua 5.3
Yucno 3navenue kospduumenTapwnpu m=f, /1,

MOABECOK 1/3 1/4 1/5 1/6 1/7 1/8 1/9 1/10
3 0,383 0,340 0,312 0,297 0,282 0,275 0,269 0,264

4 0,379 0,335 0,295 0,275 0,262 0,250 0,240 0,237

5 0,371 0,328 0,282 0,256 0,237 0,225 0,216 0,212

6 0,362 0,318 0,270 0,238 0,218 0,206 0,197 0,193

7 0,356 0,308 0,266 0,230 0,206 0,187 0,181 0,175

>7 0,342 0,292 0,235 0,194 0,169 0,150 0,137 0,125

ITo tabn. 5.3 npu cemu noaseckax u m = f, /1, = 1 / 8,5 xoshpuuneHT npuseaeHns LUHMHBI apKU K
pacuetHoit u = 0,184. PacyeTHas (npuBefeHHas) LMHA ocH cBoaa L= 0,184 - 74 = 13,6 m.

Paanyc MHEpLUM NONEPEYHOro ceyeHms cBoaa i =+/0,7065/0,782 =0,95 M. [M6kocTh cBona A = 13,6 /
0,95 = 14,0. BausiHue nporuba Ha HecyLUy o CITOCOOHOCTb MOXHO HE YUMThIBaTh; 1) = 1.

NUarubaioimme MoMeHTb! M M npoaonbHble cuabl N B MOMEpPEUHBLIX CEYEHUAX CBOJA OT JEHCTBHUSA
pacueTHoilt Harpysku F, = 77,34 k[1a BeruucnsieM no gpopmynam (5.10) u (5.11). Bennuuny pacniopa B 3THX
dopmynax cienyet MPpUHUMATh BHIYUCIEHHOM ¢ yueToM AehOpMaTUBHOCTH 3aTSIKKH:

M,=M,—H, (5.10)
N, = Qsing + Hcosg , (5.11)
rae My un QU — U3rubalolMit MOMEHT K MOMepeuHas cujia B COOTBETCTBYIOIUEM CEYECHUH MPOCTON OAHO-

NpoJieTHOMH Ganku NpoaeTom /|
H — pacnop BoJiHbI CBOJA;
Yy — OpIHHATa OCHM CBOJA B PACCMATPHBAEMOM CEYEHUM.
[TockonbKy CBOA MUMEET MOJIMFOHAILHOE OYepTaHUe, MPU pacyeTe ClelyeT Yy4ecTb NONOJHUTENbHBIM
MOJIOXHUTENBHBL MOMEHT M|, BO3HMKAIOLWIUH BC/leACTBHE NPAMOTMHENHOCTH JJICMEHTOB cBoaa (pHc. 5.3).

M, = Ne,. (5.12)
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Puc. 5.3. K onpefieieHHI0 3KCUEHTPUCHTETA NPH/I0KEHHS TPOROILHOH CHIbI B BOJHHCTBIX CBOAAX-0001049KaX
NOMHIOHANIBHOTO OYepPTaHUA

BeanynHy 9KCUEHTPUCUTETA NPOAOILHOMN CHITbI HaxoauM 1o (dopmyae (5.13)

e :r‘,(l—cos(%o) v e =1, - r\,2 -d*, (5.13)

rae r, — paanyc ocH CBOAA,
@, — UEHTPanbHbIN Yron, OrpaHHuMBAIOILMI KpPast 3/IEMEHTA JUIMHOM 2a MOMIOHANBHOTO CBOA.

e, =93,53-4/93,53 1,5 =0,012 m.

PacyeT ycunuii BbIIONHSEM Wist TOYEK cBoja ¢ abeuuccamu x = (0,2—0,5)/,, B3ATHIX ¢ HHTEPBAIOM
yepe3 0,05/,. danHble pacuyeTa NMpeACTaBieHbl B Tabn. 5.4. Pt 3N€MEHTapHBIX BbIMMCIEHHH OMYILEH.
[TpoBepka MPOYHOCTU CEYEH Ut CBOA NPOM3BOANTCS MO yeuauam M + M| u N, npuBesieHHbIM B Tabu. 5.4.

Tabnuua 5.4
Mpux /1,
[TapameTp
0.2 0,25 03 0,35 04 0,45 0,5
»M 5,88 6,67 7,38 7,81 8,09 8,30 8,38
sing 0,2652 0,221 0,1768 0,1326 0,0884 0,0442 0
cos@ 0,9642 0,9753 0,9842 0,9912 0,9961 0,999 1
M;, kH'Mm 31630 37067 41515 44975 47446 48928 49423
0y xH 1659 1382 1106 829 553 276 0
M, kHM —1480 —492 —42 996 1891 2191 2235
N, kH 5869 5797 5738 5691 5658 5638 5631
M,, kHwm 70,4 69.6 68,9 68,3 67,9 67,7 67,6

Pacuer cBoaa npy HepaBHOMEPHOM pacnpe/ieieHHH CHera Ha NOKPbITHH

PasHoMepHO pacnpeenenHast Harpy3Ka OT MOKPLITH3 Oe3 yyeTa CHEra CoCTaBJsAeT:
q,=F;— Sg~ 12=77,34— 1,8 12= 55,74 xH/m.
B coorBercTsun ¢ CTO 36554501-015 npy HepaBHOMEPHOM pacrpene/ieHUU CHera Ha NOKPHITUM Ha
O/IHO €ro CTOPOHE HHTEHCHBHOCTb CHETOBOM HAarpy3Ku COCTARIAET § = |, g @ Ha apyros — O,Suzsg.
Koadduument n, = 2sin3ay,
IMpu yrne HaxoHa nokpuitusi oy = 23° i, = 2sin69° = 1,867. CnenoarenbHO, Ha ONHONM CTOPOHE

NOKPLITHA § = I.87Sg, a Ha apyroit — 0,9355g, KaK 3TO NOKa3aHO Ha puc. 5.4.



1,875,
0,9355,

1T

Puc. 5.4. HepasrHomepHoe (10 TpeYroJIbHHKY) pacnpene/ieHHe CHEra Ha MOKPbITHH

MpeoGpa3syeM TpeyrobHy CHErOBYIO HAarpy3ky ¥ NpMBEJIEM €€ K MTPAMOYTOJIbHON HCXOsS U3 PaBEHCTBA
niolanei, Kak nokasaHo Ha puc. 5.5.

0,945,

0,475,

Puc. 5.5. HepasiomepHoe (10 NpsAMOYTONbHHKY) pacnpe/iefiecHie CHera Ha NOKPHITHH

[MpeacTaBuM CHEroBYIO Harpy3ky B BMIE CHMMETPHYHOI ¢, , paBHOM 0,705Sg, M KOCOCUMMETPHUYHOU
q,» PaBHO 0,235sz

q,,= 0,705 - 1800 = 1269 Ma;
¢,,= 0,235 - 1800 = 423 Ia.

a) 6)

'[ I[I 9y ‘

Puc. 5.6. CummeTpHYHOE H KOCOCHMMETPHYHOE pacnipeefieHne CHEroBoi Harpy3kH (a)
¥ N0/IHAst HATPY3KA HA NOKpbiTHe (6)
CUMMETpHYHAs HAarpy3Ka, BKIIOYaIoLUast CHEr g, ¥ BEC MOKPLITHSA ¢, COCTABUT
g, =q,+q, - 12=75574 + 1,269 - 12 = 70,968 kH/m.

TlonHas Harpy3ka Ha JIeBOH M TIpaBOM CTOPOHAaX MOKPBITHS, KaK MOKa3aHO Ha puc. 5.6,6, cOCTaBUT
COOTBETCTBEHHO!

4=, % g5, 12=70,968 + 0,423 - 12 = 76,04 xH/m;
4,= 4y~ g5, 12=70,968 — 0,423 - 12 = 65,89 kH/M.
Yeunust oT 06paTHOCHMMETPUUYHON Harpy3Ku
g, 12=0,423 - 12 =5,076 xH/m

BBIYMCASAIOTCA KaK Ml MPOCTOM Ganky, TaK KaK pacnop OT TAKoil Harpy3ku paBeH HY/M0. BeauyuHa 3THX
YCUJIUH, a TAKXE CYMMapHbIE YCUIIHSI OT CAMMETPHYHOM M OHOCTOPOHHEH! HArpy30K NpPUBEAEHSL! B Tab. 5.5,

Ta6nauua 5.5
Mpux /i,
Buo Harpy3ku | Ycuaune
0,2 0,25 0,3 0,35 0,4 0,45 0,5
CumMeTpuyRas M —1358 —451 -38 914 1735 2010 2051
N 5385 5319 5265 5222 5192 5173 5167
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Oxonuanue mabauunt 5.5

Mpux//
Bua Harpyskit | Yennue

0,2 0,25 0,3 0,35 0,4 0,45 0,5
O6patHo- M 778 831 778 687 S21 295 0
CUMMCTPHUYHSI N 15 0 -15 -38 -53 -76 —91
CyMMapHast M —580 380 740 1601 2256 2305 2051
cacna N 5400 5319 5250 5184 5139 5097 5085
CymmapHast M -2136 —1282 —816 227 1214 1715 2051
cnipasa N 5370 5319 5280 5260 5245 5249 5267

ITpoyHOCTb CBO/A NPH BHELEHTPEHHOM CXaTHU NPOBEPSIOT HA PACYETHBIE KOMOWHALKK YeHAni M 1

Mmm C COOTBETCTBYIOLIMMH 3HAYEHUAMH NMPOROJIBLHLIX CHL. [TpoBepKa ceYeHHM A CBOMA U 3aTSKKHM HA MOJYUCH-

HbIC 3HAYEH U YCUIIMI, a TaKKe pacyer apoYHO# [lMZlCl)pElFMbl Ha MOHTAXHbIC HATPY3KHU HE NMPUBOIASTCA.

Pacuer cBona-060/104kK B NONEPEYHOM HANPABIEHAN

B nonepeyHoM HanpasiaeHUM pacueTy MOUIEKAT CpeHME U KpaifHUe BoJHbI cBOAOB. [lpu 3TOM
KpaiiHMe BOJIHbI, ¥ KOTOPbIX C OJHOH CTOPOHbI OTCYTCTBYIOT OrpaHUueHHsl AechopMaluil nonepeyHoro
CEUeHHUS, PACCYUTBIBAIOT KAK OJIHOBOJIHOBOI OTAENILHO CTOsHLMI cBoa. PacueT cpeaHuX BOMH BBIMOMHSIETCSI
B [TPENOJOXEHUHN, YTO FOPU3OHTATLHOMY MEPEMCILEHHMIO U MOBOPOTY CEYEHUS MPENSITCTBYIOT AOMOJHHU-
TeJIbHbIE 3aKPEIUIEHISI B BUIE CMEXKHBIX BOJIH.

Anst pacyera KpailHell BOJIHBI PACCMOTPUM PABHOBECHE 3/leMEHTA 000N0UKH BOJIHUCTOrO CBOAA (pHC.
5.7), TIOBEPXHOCTb KOTOPOTO MMCET MOJIOXKHUTENLHYIO KPUBH3HY M OUepUeHa B IPO0JLHOM U MOMNEPEUHOM
HarpaBsiaeHUsIX N0 OKpyXHocTH (GouapHblii cBoa). Ha puc. 5.7 nokasaHa BHeLLHsist HAarpy3Ka F, Ae ACTBYIO-
asi Ha 2JIEMEHT, @ TAKXKe YCHUJIMSI M X NPUpALLEHUs, YPAaBHOBE UM BAKOLLIME BHEUIHIOKW Harpy3ky. Ecnu He
npeHedperath NMPoOLONbHBIMK JedOpMALUSIMU BOJHUCTOrO CBOAA, TO B YCJIOBMM PABHOBECHUS 31EMEHTA
C/IENYET Y4eCTh HE TOJNBKO NPOJOJIbHBIE CHAbI N[, HO W MonepeuHble CHbl 0 M CHJibl CABUTA Q Kak
YKa3bIBUIOCH BblLIE, NPOLOJbHBIE AehOPMaLIK BONHBI CBOAA YYNUTHIBAIOTCS BBEACHHEM Koa(b(bnuuema k,
KOTOPBIif BCeraia MeHble eanHnLbL, OTCIon2 MOXHO CENaTh BBIBOI, YTO NMPOAOAbHbIE CHbI V| B apOYHOI
BOJIHE CBOAA YPABHOBEWMBAIOT HE BCIO BEPTUKAILHYIO HArpy3ky F (3necs F— pacnpeaencHHas MHeiHas
Harpy3ka, OTHECEHHas K CeUeHHIO APKHU — LIUPUHE OLHOI BOJIHbI), a TOJILKO Ty €€ 4acTb, KOTOpas pasHa Fk.
Yactbs Harpy3ku, pasHas F(1 — k), ypaBloBeiluBaeTca cjiamMu casHra Qsp ACUCTBYIOWMMU B CpeAUHHOMN
nosepxHocTH 06osoukH. M3 puc. 5.7.6 cnenyer, uTo NPOEKIIMs NPOLONBHBIX CHJ1 N| HA BEPTHKANILHYIO OCh
Bblpaxkaercst hopMynoil (mpupalieHus, NpeacTasisioe codoit Majible BTOPOTO MOPSIAKA MAJIOCTH, HECY-
LLICCTBEHHDL)

b

A
V. =2N,sin=2 = N, 2. (5.14)
N 2 r,

v

Wnu ¢ yuetoM TOro, uto Nl — UHTEIPaJIbHOC YCHJIUE B NONEPEUHOM CCUCHHHM BOJIHbI, UMEEM!

N, M\ b
V,=| =tx—=1z]6—, (5.15)
A1 r
rae Nyn M, — COOTBETCTBEHHO MPOAOJBLHAA CHUAA M W3TMOAIOUINIT MOMCHT, MOAYYEHHbBIE U3 pacueTa

BOJIHbI CBOJA B [MPOJOJILHOM HANPABICHUH K4K APKH;
& — TonuuHa NANTL 060T0UKH.

B oGwem cnyyae npu cMMMETPUUHON BEPTUKANLHONU HArPY3Ke BOJIHA CROMA CXaTa N0 BCeil WnHE, U
cunbl V., Kak BUAHO U3 pUC. 5.7,8, HaNpaBIeHbl BBEPX U YPABHOBELLIMBAIOT BHEILIHIOW Harpy3ky. OIHaKo
npu O,HI:IOCTODOHHCﬂ (CHEroBoit) Harpyske npoaobHble U3rnbAIOWME MOMEHThI MOTYT AOCTUTaTh 3HAUU-
TEJIbHBIX BEJIHYMH, W TOrAa, Kak caenyet u3 opmyssl (5.15), anopa HANPsSKCHUI B MOMNEPEYHOM CEYeHUU
BOJIHbI MOXET MOMEHSITh 3HAK, T.€. UMETb 30HY pacTsiXeHus (puc. 5.7,0). ITO 03HAYAET, YTO CUJIbI V_Ha 3TOM
YyHACTKE Hanpas/ieHbl BHU3, T.6. CYMMUPYIOTCS € BHelllHel Harpy3koit. Ho B cayuae Goabiuux H3rMGAIOLLIMX
MOMEHTOB B [10MEPEUHOM CEYEHUN BO3ZHUKAIOT TAKXKE MOMNepeuHble CUlbl U CHiIbl casura. s ux onpenenc-
HHSI MOXHO CACNATD /IONYLIEHUE, YTO NOMEPEUHDIC CEYEHUS BOJIHBI NPH U3rHOE M BHELEHTPEHHOM CXAaTHK
OCTAQIOTCSI MJOCKUMHU (TUMOTE3A NIOCKHUX CEUEHUIT), H BOCTIONL30BATLCH rMNoTe30i 2KypaBCKoro, CoriacHoO
KOTOPOM KacaTebHble HAMPSXEHUA PacnpeaeeH sl Mo LIMPUHE CeYeHUS BOJHbBI pABHOMEPHO.
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Puc. 5.7. Cxema YCUNHI ¥ YCIOBHA PABHOBECHA 3/1EMEHTOB BONHLI BOJTHHCTONO CBOJA:

a — obLIMH BUA INCMEHTA,; 6 — BUI 3NeMeHTa COoKy (M| = M| + AM); ¢ — cxema K ONPEAENCHUIO BCPTUKANIBHBIX
COCTAaBISIOLLIMX YCHIHIA

[py ONHOCTOPOHHEH HArpy3ke, COCTOALLEH M3 CHMMETPUUYHONH U OOPaTHOCMMMETPUYHOI 4acTeid,
npypauleHUe NoNepedHOl CUAbl HA METP LJIMHbBI apKK MOXHO NOJY4YUTh KaK PAa3HOCTb MeXAY MOJHOM
BHELLIHE Harpy3Koii, NpUXoasiLLeNCcs Ha BbIAEEHHBI 21€EMEHT CBOAA, M CYMMO#M HOPMAaJIbHbLIX COCTaB/IAI0-
LLMX MPOAOJbHBIX CHJ1 B IaHHOM CEYEHHH CBOAA, T.C.

AQ=F

1ot

—3V,, (5.16)

MpupatiieHnsi cun casura B ce4eHUH 060I0UKM € YINOBOI KoopauHaTON o (puc. 5.7,6,8) MOTyT ObITb
HaiiaeHb no dopmye (5.17)

AQr} S

AQ, = 2(sinot—nat), (5.17)
raen = ("2_10)/r2;

Zy — PacCTOstHNE OT UEHTPA TSKECTH CEYCHUS 10 LIENbITH BOJIHBI.

H3rndaiommit MOMEHT B CEYEHUAX OT CUJ CABUra BuluKcaseTcs 1o gpopmyne (5.18)

3q 3
MQ=A£(:2 (l—a—’z—m)ﬁ3+§-’2—(ﬂ4 +1s) |, (5.18)

NpuyeM 3aKOH U3MEHEH s CABUTAIOLIMX YCUauii 8 (5.18) npunsr no (5.17).
Kosdduuuentsr 8, onpeaensiores 1o cnenyoumm hopmynam:
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9, =1000(6, —sin6) cos®, );
9, =200(sin6, —6, cos, );
9, =100(sin®, —sina); . (5.19)
9,4 =100[ 2cosa—2cos0, - sin, sin(8; — o) - (6, —o)sinat J;
05 = 100[912 —o? -20;sin(8, - ) - 2cos(6; — ) + 2].

lMNonepeunbie usrubaiomme MOMEHTbl M, B CeYEHHMAX KPAHHUX BOJIH OMPEACASIOTCS M3 YC/IOBUSA
PaBHOBECHS 3JIEMEHTA BOJMHBI KAK CyMMa MOMEHTOB BCEX CHJI C OHOW CTOPOHbI pacCCMaTpHBaeMOi TOUYKH
NonepeyYHoro ceyeHust (puc. 5.7,6), a UMEHHO OT BHEWWHEH HArpy3KH, OT CHA V_; ¥ OT NpUpaIeHHui chn
CABUTA. '

Jns cpenHUX BOJIH HEOOXOAMMO, KPOME TOrO, ONPEAe/IUTh BIMSAHUE COCENHUX BOMH cBoaa. [lockonbky
BOJIHBI UMEIOT CUMMETPHUYHOE CECUCHUE, MOXHO BBECTU NPCANIOIOXCHUE 00 OTCYTCTBUH IOPU3OHTAIIBHbIX
nepeMeELLEHU I M pAaBEHCTBE HYJIO YIJIa I0OBOPOTA KpaHHE# TOYKU CEYEHUS BOJHDI.

PaccMOTpuM ycii0BHE paBHOBECHS 3JIEMEHTA CpeAHEH BOJIHBI CBOAA IIUPUHOK b = 3 M OT aeicTBUA
KOMOMHaLMIT ycuNnii U3 pacueTa CBOAA HAa HECUMMETPUYHYIO Harpy3Kky (cM. Tabn. 5.5; Harpy3ka cymmapHas
cnesa, x =0,45): M, . = 2305 kH'm; N, = 5097 kH.

BHelwHSs pacyeTHas Harpy3ka, IEHCTBYIOLIAs Ha TOBEPXHOCTb TPEXMETPOBOIO JIEMEHTA CBOJA: TIOCTO-
aHHag g = (1,76 + 1,63) - 3= 10,17 xkH/M; BpeMenHas cHeroBasi s = 1,8 - 0,94 - 3 = 5,076 kH/M; ot apouHOii
avapparMel g, = 13,8 1,1-1,5=22,77 kH/m.

PacueTHas cxeMa noMepeyHoOro ceYeHs CBoAa MpyuBeseHa Ha puc. S.8.

BbiunciieHHble HANPSIXXEHUS U YCUIIHUS B TOYKAX NOMEPEYHOro CEYEHUS CBOIA 3aNMChIBAaEM B TabJ1. 5.6.

(%3

4
D
(=%
Z
a)
b4 (=
< o0
=
s
o
=
=
j=3
E [=3
(=4
=
=
3
Al 1395 1468 1510 1532
1

Puc. 5.8. PacyeTHas cxeMa nonepeyHoOro ceyeHns csoaa

Ta6nuua 56

Touka nonepevHoro cedcHus
MapameTtp
0 | v4 2 3 4 5 6
Opaunata z;, MM —1780 —1180 —480 —380 260 725 1006 1100
o, Mila 0,7 2,66 4,95 5,28 7,37 8,89 9,81 10,12
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Oxonuanue mabauypl 5.6

Touyka nonepeyHOro ceucHUs
IMapamerp
0 1 2 2 3 4 5 6
6, =(6,+0,.)/2,MIa — - — 6,33 8,13 9,35 9,97
Ay MM 110000 | 30000 61500 61500 | 61500 61500
N, xH 292,6 148,5 389,3 500,0 575,03 613,15
V. »kH 9,36 4,75 12,46 16,0 18,34 19,62

3HauyeHus HanNpsXeHUH B TOYKaX [MONEPEYHOro CEYEHHUs BONMHBI OyneM onpeaenATbh U3 pacyicTa CBola B
NpoaoJbHOM HaNnpaBJICHUH

M N 2305-10° 5097-10°
L\ + =0,00327z + 6,518 .
O 4 T T 07065107 ¢ T 782000 % (MI1a)

3JHaK «n10¢» B (POpPMYJie COOTBETCTBYET CXATHIO.

Yeunue N_mexny AByMst COCEAHMMH TOUKAMH MONEPEYHOTO CEYEHUS BBIYUCIAEM, YMHOXas IUIOLLANDb
y4acTKa CEYEHUs Ha 3HAYEHHE CPEMHEN BENUUMHBI HANPSIKEHHUST HA ITOM Y4acTKe O,
HopMmaiibHylo cocTapsiowyio ¥V, npofonbHbiX YCHIMIA B CEYEHUAX CBOAA onpefienisieM no ¢opmyrne

(5.14)
V,,=N,b/r,=N_3/93,53=0,032N,

Touka npunoxeHus ycwius ¥V, ; HaxoOAUTCs B LEHTPE TAXKECTH Y4ACTKA 3MIOPbl G MEXLY CMEXHBIMU
TOYKaMH AU MONEPEYHOTo cedeHns BonHbl. MpuBsAsKy ycunuit V,; K npaBbiM ToYKaM Ayru (wis ciy4vas
BO3PACTAHUA 3HAYEHMIl OT Kpas K CEPEAMHE MOMEPEYHOro CEYEHHMS BOJIHBI) MOXHO OMPEAEeANTb MO
dbopmyne

B Liznyi (20(,-_1) + o,-)(cosa(,._l) +cosa,-)

6(0(,._,) + o,-)

(5.20)

a;

Hanpumep, npussiska ¥, ; k Touke 3 Gyaer

_1540(2-5,28+7,37)(0,88 +0,932)

“ 6(5.28+7,37) =659 wan.

[MpuBsi3ku ycunuii Vz ;K ToukamM 4, 5 1 6 cOCTaBsAT: a, =708 cm; ag=742cmuag= 762 cMm.
ITH NPUBS3KMN YCUIIWiA V_ OKasaHbl Ha puc. 5.8.
T1py BbIYKCIEHMH YINOBBIX KOOPAUHAT Q.y, Oy M O, MX 3HAYEHHUI B pannuaHax, coso 1 Sino HakaeHo:

o, = 0,371 pan (21°15"33"); coso, = 0,932; sino,, = 0,3626;
o, = 0,2474 pan (14°10°22"); cosa,, = 0,9696; sina, = 0,2448;
s =0,1237 pan (7°5°11”) ; cosas = 0,9924; sina,, = 0,1234.

[onnas BenuyMHA HOPMAIBHOW COCTABIAIOLLICH TIPOLONBLHON CUnbl B CeveHuu csoja V, = IV, =
= 80,53 kH (Tab. 5.6).
[To dopmyae (5.16) onpeaensieM K00 HATPY3KM, BOCTIPUHUMAEMYIO CIIBUTAIOLIMMHU CHIAMH

AQ=5,076-64 10,17 - 6,15+ 22,77 — 80,53 = 35,24 kH.

[Monepeynble U3ruGaloLLMe MOMEHTEI M, OT 1€ACTBHS CABUTAIOLIMX CUJT BEIUKCIISIEM B TOUKAX MOMepey-
HOro cevyeHusi 00OJNIOUKK C YriaoBoil KoopauHatod o (cMm. puc. 5.7,6 U 5.8). Bocrons3yeMcs As 3TOro
dopmynoit (5.18). Koadduunentst 9, onpenensiorca no cdopmynam (5.19) n ana Hawero mnpumepa
npuseaeHsl B Taba. 5.7.



Ta6nuua 5.7

Ne TOUKM B CEUCHHM 9, 1, 9, 0, B
2 7.7 7,88 0 0 0
3 7,7 7,88 11,3 0,0282 0,0286
4 7,7 7,88 23,0 0,221 0,228
5 7.7 7.88 35.1 0,660 0,679
6 7.7 7.88 47,5 1,440 1,48

3HauYeHHs U3rudaloIINX MOMEHTOB B OCHOBHOI CUCTEME OTHOCUTENBLHO TOYEK MONepPeyHOro CEYEHUs
cBoaa (puc. 5.8), BbIYUCAEHHBIE OT AEHCTBUS CABUTAIOULIHX CHJI, BEPTHKAIBHOMH COCTABIAIOIIENH MPOAOJIb-
HOM CHJIbl M BHELLIHEH HArpy3ku, NpUBeIeHbI B Tad. 5.8.

Tab6nuua 5.8
H3runbaiowne MmomcHTBI, KH'M, OT OTAEBHBIX CUA
Touka nonepetitoro M xkHM
CCUEHHs CBOAA AQ, V. g, ¢ s » K
2 0 0 0 0 0 0
3 21,83 29,68 —~3393 —12,06 =50 0,44
4 48,33 79,43 —-67,35 —48,14 —22.21 -9.44
5 84,96 157,13 —101,74 —108,25 -50,67 —18,57
6 132,56 265,54 —136,62 —192,33 —-91,37 —22.22

Jnsi HAXOXAEHHMSI HEM3BECTHLIX B OCHOBHOM cucteMe (puc. 5.9) cocrapisieM KaHOHUYECKUE YPAaBHEHUS
METOJOM CHII:

x|8“ +x26|2 +51f =0; (5 2])

x|821 +XZ622 +62f =O.

a)

Puc. 5.9. K onpesieneHnio nonepeynbix H3IrnOa10MMX MOMEHTOB B CPEIHCI BOJHE CBOJA:

a — PACYETHAs CXCMa; 6 — 3MI0Pa MOMCHTOB OT X, = 1, ¢ — 3m0pa MOMCHTOB OT X, = |
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BoluncaeHust Ko3(GMULUMEHTOB MPU HEU3BECTHBIX M CBOBOAHBIX WIEHAX KAHOHUYECKWUX YpaBHEHMH
HaxoAUM no popmynam:

3 2
Is < 1
dyy =Téi'cl; 3y, =9, =F2)7C2; 8y = ;. (5.22)

Koappuuuentst C| u C2 NoJay4YeHbl NYTEM MEPEMHOXEHUS 30D €AMHUYHBIX MOMEHTOB 110 MeTodoy
Bepeiaruta, a cBoOGOAHbIE HIEHBI — NEPEMHOXEHUEM ITHUX 3MIOP HA 3MIOPbI OT BHELIHEH Harpy3ku (puc.
5.10).

Kosdduuuents C; n C, MOryT 6bITh HaileHbI 10 hOpMyJIaMm:

C, =[0,56, (2+cos26,) - 0,75sin26, J10*;
. 5.23
C, =(sin®, -0, cos0, )10°. (5.23)

[Ipu BbIYUCAEHUM BeAMUUH MOMeHTOB M| (puc. 5.10,a) HaitneHsl 3HaYeHus Y, s 0, = 280207437,
Wy =0, Wy = 5,1 W, = 9 w5 = 11,3, w, = 12, lna uenTpansHoro yrna 8, ot 25° 1o 34° 3HaueHus
npuseacHs! B a6, 5.9.

1,5

a) 1.41

Puc. 5.10. Dmops: MOMEHTOB B OCHOBHOIi CHCTeMe:

a— M, OT eAMHUYHOM cuitbl X, = |; 6 — M, OT cunibl X,; 6 — M OT M3THOAIOLIMX MOMEHTOB (CM. Tab. 5.8)

Ta6bnwnua 5.9
Koadpuuuenrs v, 1isi onpeie/ieHus nonepeuHbIX U3ruda0MKUX MOMEHTOB B IHJIHHAPHIECKHX CBOAAX
W, Ne Touxu Mpy Benuumnue yraa 0,, rpagycwl (paa.)
25 26 27 28 29 30 32 34
(0,436) (0,454) (0,471) (0,425) (0,506) (0,524) (0,559) (0,593)
2 0 0 0 0 0 0 0 0
3 4,062 4,385 4,718 5,063 5,419 5,785 6,550 7,355
Wy, 4 6,659 7,758 8,136 8,735 9,353 9,990 11,321 12,727
5 8,775 9,478 10,206 10,960 11,738 12,542 14,222 15,998
6 9,369 10,120 10,900 11,705 12,538 13,397 15,195 17,097

19



Haitnem snauenns 8,3 8,5; 83 8,1 8,
8, = 12,51%[0,5 - 0,4947(2 + 0,5492) — 0,75 - 0,8357] = 7,38;
3,,=38,, = 12,51%(0,4748 — 0,4947 - 0,8801) = 6,18;
8, = 12,51-0,4947 = 6,19;

1’54’0’;‘4'0’64 - 1’5637(4-9,44-1,13—2-0,44-0,64—0,44-1,13+9,44-0,64+4-18,57~I,41+

+9,44-1,41+18,57-1,13+2-22,22-1,5+18,57-1,5+22,22-1,41) = -79,92;

8]/2

0,44-0,06845 1,469-9,44
2

8, =0,44-1,54-0,5+ - 1,537( =-59,52.

9,44 + 18,57 . 18,57+22,22J
2 2

IlonyuyeHHble 3HauYeHMsI ITOICTaBJIsIeM B ypasHeHue (5.21):

x 7,38+ x,-6,18 =79,9z;} 524

x;-6,18+x;,-6,19 =59,52.

W3 pewenns ypaBHeHuH (5.24) nonyYuM 3HAYEHUS HEM3BECTHBIX X, U X,

N 79,92:6,19-59,52-6,18
1™ 7,38.6,19-6,18-6,18

. 1.38:52,52-6,18.79,92
27 7.38.6,19-6,18-6,18

HaitaeMm yaiiopble 3Ha4eHUS CyMMapHOI 3N10pbl MOMEHTOB 1o opmyIe:

=17 kH;

=-7,37 kH-m.

M= M+ Mx, +x,; (5.25)

M, =-7,37 kH'm;

M;=0,44+0,64 17 - 7,37 = 3,95 kH'm;
M,=-9,44+ 1,13-17-7,37=2,4kH"m;
Mg=—18,57- 1,41 - 17 - 7,37 = -1,97 kH'm;
Mg=-2222+1,5-17-17,37 = —4,09 kH-m.

CyMMapHas 3miopa norepeyHbIX M3rHdaoLMX MOMEHTOB N0OKa3aHa Ha puc. 5.11.
KpusonnueiiHas nauTa cBoaa apMUpYeTCs CBapHOiA CEeTKOM, pacnooXeHHO 1o cepeauHe TOMMIUHbI
TUIATBI, U3 pacyeTa Ha U3rnbalolIue MOMEHTHI, IEHCTBYIOLIME B MIIMTE, KaK [10Ka3aHO Ha pMc. 5.11.

—4,09

Puc. 5.11. Cymmapnas 3mopa nonepesssix H3rubaommux MOMEHTOB
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[Tauta apmupyercs xojoaHoaehOPMUPOBAHHON apmatypoit Kiacca B500 &5 mm ¢ mwarom 100 MM.
Onpenenum U3rudaollMi MOMEHT, BOCTIPUHUMaeMblii 3TO apMaTypoil. BeicoTa cXaToii 30Hbl

10.19,6-415
— =4 78
100017 oMM

3neck R, =415 MIla; R, = 17,0 MIla;

M :bR,,x(hO —%) =1-17-10°-4,78. 10‘3(20—%@)10-3 1,43 KH-M/mM.

PacyeTHLI H3ru6Gaowuil MOMEHT B CepeAMHe MpoJieTa Ha | .M WIMHBI maHeu paseH: 4,09 : 3 = 1,36
kH-M/n.m < 1,43 xH-M/n.M.

M3rubaroimii MOMEHT B CEPEMHE NMposeTa BOCIPUHUMAETCS YCTAHOBJICHHOR apMaTypoit.

W3 nomobus TpeyronbHUKOB B NMEPBON TMaHENW JIETKO HAaWTH, YTO YCTAHOBJNCHHOH B MOJIKE MaHEIH
apMarypbl JI0CTATOYHO [JISl BOCIIPHSATHS OTPHIIATETLHOTO MOMEHTA Ha paccTosHUH 600 MM OT Kpasi ITaHeJTH.

J1/1s1 BOCTIpUSITUSE ONOPHOTO M3rubalolliero MoMeHTa, pasHoro 7,37 kH-M (2,46 xH-M/11.M), ycTpauBaeM
Ha TIOBEPXHOCTH TUIMThl HaGETOHKY U3 MeEJIKO3epHHUCTOro 6etoHa kiacca B30, apMHpOBaHHYIO CBapHOM
CEeTKOI1 M3 apMaTypHOIi TIpoBoJoKH Kilacca B300 &5 mm ¢ miarom [00 MM. TosuurHa HaGeTOHKY — 30 MM.
ApMaTypa pacriosioXeHa C 3alMTHbIM cioeM 20 MM. YCTaHOBNEHHAs! apMaTypa BOCIIpUHUMAET U3rubaio-

muii MoMeHT M =1-17-10%.4,78- 10‘5(70—22,5—%) =366 xH-M > 2,46 kH-M, 4TO C 3a11acoOM npeBbIlIa-

€T ONOPHbIA MOMEHT.

IpunnMaem wiMHY HaGeToHKH 750 MM, T.€. 3aBOIUM €€ Ha 150 MM 3a ceueHMe Ha pacCTOAHUH 600 MM,
rie A¢ACTBYIOLLM B IJIMTE 060JI0UKHM MOMEHT BOCTIPMHUMAETCSI apMaTypO TUTUTEL,

TakuM 06pa3oM, C YYETOM HAOETOHKH M €€ apMUPOBAHUS IIPOYHOCTH MIMTHL OBecrieyeHa Ha BCcell ee
Ul HE.

KpuBosinHeitHble KOHTYpHBIE pe6pa COOPHBIX HWIMHAPHYECKUX TUIMT apMUPYIOT U3 pacyeTa Ha MOH-
TaXHbIE HATPY3KH.

Topuesbie AMadpparMbl MOTYT HPEACTaBAATL CO00H apOUHYI0 KOHCTPYKUHIO, KOTOpast paCCYUTHIBAETCH
Ha COOCTBEHHDII BEC U BHELIHIO HArpy3Ky, A¢ACTBYIOLLYIO Ha CBO/, KOTOPasi IIEPENAETCs B BUIE CABUIalo-
1MX ¢ (puc. 5.12). DT cubl 06paTHbI MO HANPABAEHWIO M PABHBI 110 BEJIMMUHE CIBUTAIOILIMM YCUIMAM B
KPUBOJMHENHOM NIMTE Ha KOHTYPE TIO IMHUY €€ CONnpsiXeHus ¢ nuacparMoit.

BepxHuit nosic TopueBoii apouHoi AMadparmel MOXET OBITH BKJHOUYEH B COCTAB KpaiiHell naHe M Kak ee
KOHTYpHOe pe6po. CyMMa NnpoeKUMi CABUIAIOLIMX CUJI HA BEPTUKAIBHYIO OCh I0JKHA YpPaBHOBEILMBATHCA
6a104HOI ONOPHOI peakLieii 000JI0UKH.

Pacuet TopueBoit anadparmMbl cBo1a-0001049KU BHITIOJIHAETCS aHAJIOTMYHO pacyeTy Takoi xe nuadpar-
Mbl JUIMHHO UMAINHAPUYECKO# ODOJNOYKY (pacyeT MIWHHON UWMIMHAPUYECKON 0G0ono4yku B pasaene 7
Hacroaulero Mocoous).

TonwmHa NINTHI KpailHel maHeau OObIYHO NMPUHUMAETCHA YBEJMYEHHON MO CPaBHEHMUIO C PSAAOBOM,
MOCKOJ1bKY B 30HE TUIWTBI Y AMadparmel, riae AeACTBYIOT KpaeBble H3rnGaloiMe MOMEHTE 1 MAKCMMAJILHbIE
rJIaBHble HANMPSAXEHWs, OOBIYHO TPeOYyeTCS JOMOIHUTEIBHOE APMUPOBAHUE [UIUTHI.

Pacyet apMypoBaHuUs IJIMT 8 IPMMEPE HE NMPUBEIEH, OH BBIMOJHAETCS B COOTBETCTBUH C HEHCTBYIOLIHU -
Mn HopMaTHBHbIMU nokymeHTamu (CIT 52-117-2008, CIT 52-101-2004 u IToco6ust K HeMy).

N\

Puc. 5.12. Cxema ycunnii, nepeiaBaeMbix ¢ 000/104KH Ha Topuesyio avadparmy
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Pacuer ycTo4MBOCTH CBOAA

[TockonbKy cBOIL COCTaBAEH M3 3JIEMEHTOB B BUIE 000J04YeK pa3dmMepoM 3x12 M, BBIMOJNHIEM pacuyer
YCTOYMBOCTH CBOJA AHAIOTMYHO PacyeTy KOPOTKMX LUMAMHAPUYECKHX 000s0oueK mposeToM /| = 12 M,
nnunoi [, = 3 M. TomuuHa nonst o6onouxu 6 = 0,04 M, panuyc KpMBU3HbBI IIOBEPXHOCTH £, = 12,51 m. s
IJ1aAKMX KOPOTKHMX LMJIMHAPHUECKUX 060I0UEK NPOJIETOM /| HHTEHCHBHOCTB TIOJIHON PacyeTHOM Harpy3ku
(cM. CI1 52-117-2008*) He noJiKHa MpeBLILIATL BEJTHUMHBI

5 Y I
q=0,75E[~J — (5.26)

n ) (h/for)-1

Haiinem sHaueHHs Moayneii necopMaiiun GeToHa Py JeHCTBUM Harpy30K, COCTABAS IOLIMX TPOAOJIKHU~
TENbHYIO M HENPOAO/KUTENbHYIO YaCTH TIOJHOI Harpy3KH.
Ipu NponoAXHUTENbHOM NEIHCTBMM HArpy3Ku 3HayeHue monynst aedopmaiuii 6eToHa ONnpeaessioT o

dhopmyne

E,
Eb'r b

= ) (5.27)
' 1+ (pb,cr

rae ¢, ., — Ko3(pdHUNEHT NO3y4eCTH.

B coorsetrctuu ¢ CIT 52-101-2004 ana 6erona knacca B30 npu oTHOCUTENBLHOM BAAXHOCTH BO3AyXa
40—75 % x03hOULMEHT MOA3YyYecTH @y = 2,3. Otciona £, = 32,5+ 103/ (1 +2,3) =9,8485 - 103 MITa.

IMpy HEMPOAOMKUTENBHOM AEHCTBUM HArpy3KW 3HaYEHHE HAYATLHOrO MOAYJsl AecpopMaLuit COCTaBUT
E, =32,5- 103- 0,85 =27,625 - 10’ MIa.

B coorserctBun ¢ CTO 36554501-015-2009 miutesibHO AEHCTBYIOLIAS YacTh CHETOBOM Harpysku
coctaBaser 35 % nonaHoi, Sg = 1,8 kIla. Torna npoaoaXuTeNbHO AeicTBYIOaA Harpyska (tab6na. 5.1)
cocraBut g, = 1,76 +1,63 + 0,63 = 4,02 xI1a.
3ameHuB B (5.26) F Ha Eb‘r, MOCJI€ BbIYUCJIEHUH NONYYUM

0,04]2 !
12,51 (12,0/,/0,04-12,51)—1

=4,73 klla >4,02 Ila.

q =0,75-9,8485-106( =0,75-9,8485-10% -1,02236-107° -0,06264 =

YcroitunBocTh cBoaa obecneyeHa.

6. CKJIATKA 13 XEJE3OBETOHHBIX PEBPUCTBIX TJIUT

3ajzanue: 11S1 MOKPBITHSL 3JaHWA nposieToM 18 M 3anpoeKTUpOBaTh CKJIAaAKy pa3MepoM 3x18 M u3
Xene300eTOHHBIX peOPUCTHIX MIIUT.

Marepuan nanesneit — Tsaxkensiid Geron knacca B25 (R, = 14,5 MIla; R, = 1,05 MIla; E, =30 10°
MIla). Apmarypa knacca AS00 (R, = 435 MIla; R, = 400 MTTa).

Cxknanka cobupaercsi U3 yHUdHUUMpoBaHHbIX MIKUT [1-1 n no6opHbix onopHbix maur I1-2. Pacuer
CKJIAJIKH BbIMTOJIHSIEM B MPOLOJIBHOM U NONEPeYHOM HanpasieHusx. PaccMaTprBaeM CKIIaIKy Kak LAPHUP-
HO OTepTyio 6aJiKy NOCTOSAHHOTO ceyeHus npojetoM 18 M (puc. 6.1). banka nonkpemnyieHa NpoaoabHbIMU U
MOMEPEYHBIMU peOpaMu MIKT, 00pa3yIoLINX CKAAKY.

1—1

YV Y VY YV Y VYVYYYY ¥ YIYVVVIVIVY

Pe6po A : I
= I T T T -—‘—‘2 3
o | | o0
~ n-2 I n-1 -1 n-2 =
I 1 ! k A x I
= L | - 1 o -lt
N
7 a |_,| Pebpo b Wf/‘Z I=6m 3
R u I, =18M \ R
1

Puc. 6.1. KoHCTPYKTHBHAA cXeMa CKARKH U3 peOPHCTBIX MIHT
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CoOop Harpy3oK Ha CKJI2JKy:

a) cOOCTBEHHbIN BEC TUIMT B OAHO# CKJlanke Pn-2 = |8 kH; P, = 31 xH. O6wuuit sec MIUT B ONHO¥M
cKyaake (pacueTHbiit) Pp :le(4pn-2 +4P ) =1,1(4-18+4-31)=215,6 xH, rne Yh = 1,1;

0) 6eTOH 3aMOHOAUYVBAHUS 1LIBOB Me)my nauTamu: oObem O€TOHA 3aMOHOJWUNBAHUA MO JAHHbBIM
pacyeTa reoMeTpuH ckiaaku ¥V, = 2,34 m3: pacyeTHblii 110JIHbLA Bec HETOHA 3AMOHONY UBAHUS Py=vpVp =
=1,3-2,34:25=76 xH, rne 061>CMHI>IVI Bec 6eToHa p = 25 kH/M?, KodbduumeHty, = 1,3;

B) NOJIHAs NOCTOSIHHAS HArpy3ka oT COOCTBEHHOrO Beca Ciaaku pr P +P,= 215,6 +76=291,6 kH.
PacnpeneneHHaﬂ Harpyska Ha | M2 q’fp = P”.) /(1) = 291600 / (18 - 6) = 2700 l'[a: Harpy3ka Ha | M JUIMHBI
45 = /1 2916/18—-162KH/M

r) HarpyaKa OT Beca KpoBsnu Ha | m%: q =2 k[la, Harpy3ka Ha | M LWTUHBI ¢,= ¢ =2-6=12kH/Mm;

1) cHeroBasi Harpy3Ka: S = [,8 klla. Harpyaxa Ha | M UIdHbL g = S 1, =1800- 6 = 10800 H/m;

e) KO3DGULUMEHT jll/lHaMVl‘{HOCTM NPY MOHTaXe NMPUHUMAEM Y, = l ,25 (nmpeamnoaraeTcsi MOHTaxX ¢
NPENBAPHTENLHBLIM YKPYITHEHUEM B CEKLMIO, BK/IIOUAIOIIUI B ceb OOHY CKIaLKy IUPUHOi 6 M) (1. 1.9
[Mocobus k CI1 52-101-2004).

[TonyyaeM pacuyeTHYIO HarpysKy:

- B MOHTXHOM CTannu ¢, = g, Y, = 16,2+ 1,25=120,25 xH/M; ¢y, q =2700-1,25=3375I1a;

- B 9KCILTYaTaLMOHHOM CTanuit g, = g, +q,+ ¢, = 16,2+ 12+ 10,8 = 59 OxH/M; g, =¢q', +q/ +q=
= 2700 + 2000 + 1800 = 6500 I1a;

- onopHble peakunu Ry, =q,,1,/2=20,25-18 /2= 182,25xH; R,=¢q,l,/2=39,0-18 /2= 1351 kH.

CTaTHYECKHIl pacyeT CKIaJIKH B NPOJOJIBHOM HANPaBIEHUH

PaccuMThIBAaEM CKJIAAKY KaK ILapHUPHO ONepTyio 6ajIKy, 3arpyXXeHHYI0 PABHOMEPHO pacrpe/ie/leHHOH
Harpy3koit. PacueTHsIMI cedeHUsIMU 6yayT; st IIMTHI I11-2 — HA PACCTOSIHUU 3 M OT ONOPHI; 1Sl [IUTHI
[1-1 — B cepeantHe npoJeTa.

OnpenensieM U3rubarolIe MOMEHThI B pacyeTHBIX CEYeHHUAX 1 1 2 (puc. 6.2).

B MoHTaxHOl cTamun M|, = R, x — q,,x? /2= 182,253 20,2532 /2= 455,6 kKH'M; M, = q), 17/ 8=
=20,25-182/8=820kHMm;

B 9KCIUIYaTAUMOHHOM cTanmu M, = R, x —g,x* /2=351-3— 39,0 32/2=8775kHM;M,=q,1? /8=
=39,0-182/8=1579,5 kH"Mm.

qM(q) 9.
yvy
ZHHHHH v
# I,=18m 1
qu\ M,
M
x=3
0 AQ

Puc. 6.2. Dopsl MOMEHTOB 1 rionepeunsix cu 1o kpato nur I1-1 w I1-2

Onpejenenne apMupoBanns MPoJOJIbHBIX pebep mimr

MpiHMMaeM apMUPOBaHHE MPOAOILHBIX pebep MINT NOCTOAHHBIM IO JUIMHE KaX10M IUIATHI.

[Toura [1-2

[TpHBECHHOE NOMNEPEHOE CeYeH e CKIALKN B BIAE ABYTABpa MOKA3aHO Ha puC. 6.3,6.

[TpuHumaem paGouyio BbICOTY ceveHus h, = 2100 — 150 = 1950 MM.

HaxoauM HeoOGXoauMyio paGouyio apmaTypy B NPOLOABHBIX PeOpax maut I1-2 ucxons u3 MoMeHTa B
IKCTIIyaTaUHOHHO cranuu paborst M, = 877,5 KH'M.

TlepBOHAYATBLHO BBIYUCISAEM 3Haquue a,, (Moco6ue x CI1 52-101-2004):

w oM (6.1)
m 2°?
Rybhy
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877,5-10°
am =
14,5-650-1950?

IMockonbky a,, < o, = 0,372 (Tabn. 3.2 Mocobus k CIT 52-101-2004), cxaras apmMatypa no pacyery He
Tpedyercs.

=0,024485.

EEEEEEXETREXX XX E X Rt IV

650
2! 8 ' 3
—8-‘ = § R of 7
nd nf o o 3
xo - 1] —
= S
& 1
i 3
=1 7 1, = 6000
+

Puc. 6.3. IlpuBencHHbie NONEPEURBIE CEYEHHUA CKIANKH:
a — B BUIE ABYX TUIMT; 6 — B BUIE ABYTaBpa

IMpu oTcyTCTBUM CXATON apMaTyphl MUIOIIAAbL CEYCHUSI PACTAHYTOH apMaTtyphl onpenensiercs no ¢hop-
Myne:

A, = Ryl (1-1-20,,,)/ R, (6.2)

A= I4,5-650~l950(1 =y ——2-0,024485)/435: 1047,5 mm2.

[MpuHymMaeM apMupoBaHue no 2014 A500 B kaxaoM npononsHoM pedpe nTh I1-2 u elle AonoaHun-
TeNbHO no 1218 A500 B 1UBE ¢ KaX10#1 CTOPOHB! CKJIAIKH.

TakuM 06pa3zoM, B LLIBE MHOTOIMPOJIETHOM CKJIAIKY ycTaHaBIWBaeM o 2318 AS00.
CyMMapHas niolnaab CE4eHMs apMaTyphl B IBYX peGpax U LUBE COCTaBUT

A,=4153,9+2-254,5=1124,6 mm? > 1047,5 MM,

[TposepsiemM apMaTypy B pebpax CKJIaIKH Ha MOHTaXHbIE HArPY3KM C MOMEHTOM M|, = 455,6 kH-M.
3naueHue o, no popmyie (6.1)
455,6-10°
Oy =77~
14,5-650-1950
HeobxoaumMas apmatypa B pebpax

A, =l4,5-650-1950(l—\/1 —2~0,012713)/435=540,6 MM2,

[locraBneHHOM apmaTyphl B pebpax B Buae 4214 AS00 ¢ A, = 615,6 MM? TOCTaTOMHO AJISI BOCTIPHATHUS
MOHTaXHbIX HAI'PY30K. '

Tnura I1-1

Haxoaum HeoOxoauMylo pabouyo apMatypy B MpoNoJibHBIX pebpax mamt I1-1 ucxomst U3 MOMeHTa B
3KCMyaTallMOHHOM cTanuu pabotsl M,, = 1579,5 kHM.

Briuucnsem snadeHue o, 1o dopmyse (6.1)

=0,012713.

1579,5-10°

=0T =(),04407,
14,5-650-1950?

m

NOCKO/LKY 3HaueHue o, < o, = 0,372, cxaroit apmarypel B nute I1-1 He TpeGyeTcs.
OnpenensieM HEOOXOAMMYIO [LTOLLAMb CEHEHUSl PACTAHYTOI apMaTyphl 1o opmyne (6.2)

A =14,5-650-1950(1- 1 20,0407 ) /435 =1905 w2,
24



INpuuumaem B pebpax maut I1-1 apmarypy B sune 4222 A500.
C yyeTom HOMONHUTENBLHOM apMaTyphbl, YCTAHABIMBAEMOI B LIBAX COCEAHMX MMT B BUge 2018 AS00,
obl111ee KONIMUECTBO aPMATYPb! B IBYX peOpax u 11Be COCTABJISIET

A, =4-380,1 +2-254,5=2029,4 MM > 1905 Mm?,

YcTaHOB/IEHHON apMaTypbl A0CTATOYHO /1Sl BOCMIPUSATUS MOMEHTa M5,

IMpoBepsieM ycTaHOBAEHHY10 apMatypy B peGpax maut [1-1 B Buae 4222 AS00 Ha MOHTaXHYIO Harpy3Ky:
A, =4-380,1 =1520,4 Mm2.

BeicoTa ¢XaTOi 30HBI B MJTUTE COCTABJISET:

Lo AR 15204.435
RyYyb, 14,5-0,9-650

=77,97 mMMm;

M= R,,yh,b;,x(ho ‘%) = 1450-0,9-65-7,797(195—7—'722)10-5 =1264 kH'm > M,, = 820 kH-m.

YcraHosneHHo# B pe6bpa mautel I1-1 apMaTyphbl 10CTATOYHO U1 BOCTIPHATHSA MOHTAXHBIX Harpy30K.

Pacuer nonepeunnix pebep cKIaaxu

[MpoBonuM pacyeT nonepeyHbIX pedep ckuagku Ha aeicTBue usrnbawouiero MoMeHTa. PaccMaTpuBaem
BapHaHT MHOTOTIPOJIETHOH CKJIA/IKM (C y4eTOM GETOHA 3aMOHO/IMYMBAHHS IIBOB MeXIy CKaankamu). Jns
pacyeTa MpUHUMAeEM CeYeHHNe CKIIAIKH, MPUBEAEHHOE Ha puc. 6.3.

OnpegensieM n3rubalouii MOMEHT OT BHEIIHEN Harpy3ku, BOSHUKAIOWMIA B MOMIOCE CKIIAAKHM LUMPH-
HO# | M, C yueTOM nonepeyHoi CHiIbl, BOCIPUEMMAEMOi NMPOJObHEIMH pe6pamu cKanku (puc. 6.4). s
3TOro OnpeaensieM MpUpalleHUe KacaTebHbIX HanpsDKEHUH B pebpe Ha yuacTke cknagku B 1 M. Cnenyer
YUYECTb, YTO KacaTeIbHBIC HAMPSXKEHUS B MOJKE TUTMTHI HE Nal0T H3rMbaloLLX MOMEHTOB BCJICICTBHE TOrO,
YTO FPpaHU CKJIAAKU MJIOCKUE.

BBIYMCIUM TEOMETPHYECKHE XAPAKTEPUCTUKK CEYEHMSI 1S OnipeaeneHus At (puc. 6.3).

ITnowank ceyeHus

= R =9, . . . . = 2
A—2bphp+21ﬁ,5+bphp—2 24-30+2-300-3,5+65-16=4580cm".

CTaTuyecKuit MOMEHT OTHOCUTETBLHO OCH y

h ‘ hY ., h; 30 180
Sy=2bphp?"+21fp5(hp+5)+bphp[ —é’]:2-24-303-+2-300~3,5(30+-2—)+
16 ;

KoopauHara LeHTpa TAXECTH X, = Sy/A =483 680 /4580 = 105,6 cM.

o

fors

Puc. 6.4. YcnosHas cxema npHpalteHus KacaTe/IbHbIX HANPKEHUi HA yUacTKe CKIAIKH mupunod 1 M
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Ana ucnonb3oBaHuss HoOpMyJibl Kypasckoro ONMpeNeaUM CTaTUYECKU MOMEHT OTCEYEHHOI YacTu
TIJTUTDI BbILIE OCH Y,

’

s, =i 1 -1 o - 16
c ~ Yl _7—X0 +2//;0 5+hp—x0 =65-16 210—?—105,6 +

+2.3oo-3,5(%+30—105,6]=|30,50 oM.

MoOMEHT nHepuuu

3
2, K h,\ 28, h 2 b (k)

2
e h, 2.24.30°
+bphp(ﬂ——2”-—x0] -

2 13
+2-6,4~l80(—l—§9+30—l05‘6) + 651 16

2 3
+2-24‘30(105.6—?) +i‘:;—8—0—+

2
+65-l6(2|0—%—105,6] =283,1-10° cm®.

Ipupaiuesne nonepeyHo# cuibl AQ Ha NOAOCY NAKTHI WHPHHOI | M cocTaBnsieT Ha | M HBI AQ = g, X
x1=239,0-1=39«H.
ITo popMyae XKypaBckoro kacaresibHasi HanpsAXeHUid AT Ha ypOBHE OCH X, BBIUMCIISIETCS 110 HopMyie

Atl, = AQS, /(21 ,) = 39000 - 1,305 - 105 /(2-283,4 - 10%) = 89,79 H/cm? = 0,8979 MITa.

CymMapHas nonepe4yHasl cuia Qp, BOCMpPUHHMAEMasi NMPOAOJIbHBIM PACTAHYTHIM peOpoM (nonepeyHas
CUJIA, BOCMPUHUMAEMasi YaCThIO MOJIKH, JIEXALLEH HUXKE OCH Y, YCIIOBHO HE YYUTBIBAETCS)

Qp=A‘tl h /2=289,79-30/2=1346,9 H.

cp

PacueTHblit usrubarouinit MoMenT M, Ha | M AIMHbI B [ONEPEYHOM HANPABICHUN CKIAAbIBACTCS M3
MOMEHTa OT BHEIIHe#! Harpy3ku ¢ = g, - | = 6500 - 1 = 6500 H/m n MOMeHTa, BbLI3BAHHOTO MONEPEYHOM
cujioit Qp (puc. 6.5)

11(12/2)2
2

2
+Q ’l:—G’SOO‘3 +1346,9-3=-25209 H-m =-25,21 kH - M.
P2 2

M, =M|+M2=—

PacueTHble MOMEHTBI A1 NoAdOpa ceueHUit apMaTyphl nonepeuHsix pedep (puc. 6.1):

Ha OlHO KpaiiHee nonepeuHoe pebpo A: M, = M a /2=2521-3 /2= 37,8 kHm;

Ha OIHO NPOMEXYTOUHOE nonepevHoe pebpo b: M= M a=25,21-3=75,63 kHm.

Pacuer apMarypbl BeinosiHsieTesi B cooTBeTCTBHU ¢ CI1 52-101-2004 1 31€ch HE MPUBOAUTCS.

[IIIIII'I'I.(/=6SOOH/M

" L/2=3m \(
; 2

|

Puc. 6.5. Iniopa pacuernoro usrnGaiomero Momenta M,
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7. JJIMHHAA HWINHIPUYECKAA OBOJIOYKA

3apanue: 1151 MOKPBITUS 30aHUS C CETKOM KOMOHH 12x30 M 3anpoeKTHPOBaTh COOPHYIO Kes1e300eTOH -
HYI0 LHTHHAPUYECKYIO 000a0uKy. 3naHune pacnojioxeHo B [11 cHerosoM paitoHe.

KoHcTpyKuusi 060104KM BKJIIOYAET B ceOsl GOPTOBbIE 3JIEMEHThI, OKAMMIISAIONIME OGONOUYKY BOONbL
KpaitHUX obpa3yolnx. bopToBble 31€EMEHThI U3rOTABAMBAIOTCS OTAEJABHO JIMHOM Ha nposeT, T.e. 30 M, B
BU/E COOPHbBIX MpeaHaNnpsiXeHHbIX 6anok. KpuBonuHeitHas yacTh 000JA0YKH COCTOUT U3 COOPHBIX XKeJ1e30-
BETOHHBIX PEOPUCTBIX MaHeaeil HUIMHAPHYECKOi (OPMBI C pazMepaMHu B IiaHe 3x12 M.

IMTaHenn cMEXHBIX BOMH ONMUPAIOTCs Ha OOILMI 1T HUX GOPTOBOM 3NEMEHT, Ide 3aMOHOJIMYMBAIOTCS,
o6pa3ys xecTkMi ysesn. LLlar GOpTOBBIX 2/7€EMEHTOB MPUHSIT PaBHBIM WIary KOAOHH, T.e. 12 M. Takum
o6pasoM, 000I04Ka TIPEACTABSIET COOOM ONHOMNPOJIETHYI0O MHOTOBOJIHOBYIO KOHCTPYKLHKIO. TTonepeyHoe
ceyeHue 0anky NPUHATO NepeMeHHON BuICOTHI — Ha onopax 800 MM, a B cepeante nposeta — 1400 mMm, nipu
9TOM BEPXHEMY NOsICY NPUJAHO CETMEHTHOE OUEpPTAHUE, B pe3y/bTaTe Yero 06osouKka UMeeT HeOOMbIYIO
BTOPYIO KPUBU3HY B NPOLOJBHOM HarpaBieH NN,

Topuesast aMacparMa 06004YKH MMeeT NpoeT 12 M ¥ NPUHATA B BHIE apKU, BEPXHUIt MOsC KOTOPO
ABJIETCA peOPOM TOPLIEBOH MaHe . 3aTsiKKa 3T apKH¥ U3rOTaB/IMBAETCs OTAE/ILHO B BUIE XENEe306€TOH-
HOT'O NpeABapUTENbHO HaNPSIXXEHHOTo 6pyca.

KoHcTpykuus 060104uKK nokazaHa Ha puc. 7.1 u 7.2,

Puc. 7.1. 1anunan uuiunaprveckan o0onouka:

| — 6opTOBOM 31CMEHT; 2 — UMAMHAPUUECKHE NTaHENM; 3 — 3aTAXKH TopLcBoii anadparmol

a) 6) 60,60
i1
13 "3 ¢ "
S Urd, ¢ &n BE
L7 =
< 1"
=3 043 _ S H
3= 5.= r=12510 8 :fo._gyf-
6000 6000 ~ "JT'"'
=
| 2
s
L
LT A, || a0
7
o0 o0
2 .°|-; 2
[l so, 08
=) jeelee
oj150
JS F.

Puc. 7.2. TeomeTpnueckue pa3mepbl UHIMHIPHYECKOIH 060T0YKH:
@ — ceueHHe 060NOUKM NOCCPCAHHE TIPONCTA; 6 — NONEPEYHOE celicHe 6OPTOBON GatKK nocepeAHHC MPoeTa
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DieMeHThbI 000JIOUKH BbIMOMHAIOTCS U3 TsXenoro 6eToHa knacca B35 (R, = 19,5 MIla; R, = 1,3 MITa;
E,= 34,510’ MITa).

Harpy3ku Ha 0607104Ky, NPUHATBIE B pacueTe, npuBeaeHs B Tabm. 7.1,

Ta6nuua 7.1

HopmarusHoe Kosdduuunenr Pacue
Bua Harpysku 3HAYEHME HATPY3KH, |  HANEXHOCTH MO a‘:‘ :“2?(;":;};':"5
klla Harpyske y, arpy3xu,
Cob6cTBeHHast Macca 000/104KH, NPUBEAEHHAS 2,5 1,1 2,75
K TOPU3OHTAIbHON MPOEKUHHU
Ternnonsonsuus, Napou3oasiLuusi, ’MIAPON30si- 1,3 1,3 1,69
LIMOHHDI KOBEp
Cuer (111 paiton) 1,26* 1,8
UTOIO 5,06 6,24
* Koadibuumenr ¢,, yuUTHIBAIOIHMEA CHOC CHEra IOKPBITUA, MPHHAT PaBHBIM 1.

TeoMeTpHuecKHe XaPAKTEPUCTHKH 060 I0UKH

Hasnayaem BBICOTY NONEpPeYHOro CeueHus OBONOYKM Ay, MOCEPEAMHE NPOJIETa, BKIIOYAs CEYEHHUE
6opToBO#t Ganku, paBHoit 3100 MM, yTo cooTBeTCTBYET NpUMepHo /,/10, a ctpeny noavema f,,. 1 KPHBONIN-
HeNHOM yacTu 060104KK — paBHOM 1500 MM, T. €. 0k0J10 1/8 WwHpKHBI 060/104KH (NponeTa /).

KpUBONMHEHYIO 4acTh BHEIUHEN MOBEPXHOCTH 06O0JOYKM NMPUHUMAEM OYEPYEHHOI 1O Ayre Kpyra
paguycom

2,442 2
B4 (1222006 +4.1.5 1251w
8f;ur.pl 815

Panuyc cpeannnoi nosepxuoctu 6ynet 12,51 — 0,02 = 12,49 M. 3HayeHue /, npuHMMaeTcs B COOTBET-
CTBUY C KOHCTPYKUME y3Na COEMHEHUS TUIUThI 060104KH ¢ GOPTOBBIM 31EMEHTOM (pHc. 7.2,6).

Hcxons u3 paaMyca r HaxoAMM LEHTPAIbHBIA yroi 0, 4ng MONOBHHbI AyrH KPHBOMMHEHHON YacTh
000JIOUKH:

sin@, =1,/ (2r) =(12—-2-0,06) /(2-12,51) = 0,475;
cos0, = 0,88, uemy coorsercTByeT yron 6, = 28°20°43"” = 0,495 pan.
IMnowab nonepeyHoro ceyeHuss KpUBOANHENHOM MINTHI (pa3Mepbl Ha puc. 7.2,a)

A =20 =2°12,49-0,495-0,04 = 0,495 M.

curpl Veurpl

[Mnowmans GopTOBOI Ga/IKK B CEHEHUHU NOCEPEAMHE MPOIETA (A0 3aMOHOMUYMBAHUSA CTHIKOBOH MONIOCTH
060104KH)

A,=0,081,4+0,22(0,1+0,05+0,35) = 0,222 m2.

O61uas rioLaak nonepeyHoro ceueHns 060J0YKH NMOCEPEANHE NMPOJIETA C YUETOM TUIOLIANH CEYEHHs!
3aMOHOJIMUEHHOH CTRIKOBOW mofocTu 0,3 - 0,2 = 0,06 M2

A, = 0,495+ 0,222 + 0,060 = 0, 777 m>.

OmnpesensieM MOMEHT MHEPLIMH TIONEPEYHOro cedeHus 06onouku. [1epBOHaYaIbHO HAXOAUM TOJIOXE-
HYe LIEHTPa TAXECTH CEUEHHS:

KPUBOJMHEHHON rnuTbi: Y, =f/3 =148 /3=0,493 m;

GopTOBOM GANKH B CEYEHUU NOcepesHe NposeTa (10 3aMOHONMYNBAHUSA CTBIKOBOR NMOAOCTH 060104~
KH):

Yoy =10,08-1,4-0,7+0,22 (0,1 -0,05+0,05- 0,575 + 0,35 - 1,225)] /0,222 = 0,812 m;
Vo= 1,4-0,812=0,588 m.
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s BCero nonepeyHoro ceueHust 060104YKH NocepearHe npoera ¢ y4eTOM 3aMOHOJIMYEHHOM CTHIKO-
BOM NMONOCTH:

¥y, = (0,495 - 0,493 + 0,222(0,812 + 0,2 +1,5) + 0,2- 0,3 (0,1 + 1,5)] /0,777 = 1,16 m;
Y =31-1,16=194m.
MOMEHT UHEPLIMU CEYEHUSI KPUBOANMHEMHOI ITUTDI:
Loyt = 1ty (8, + 5in6 cOSO, — 25in%0, / 0,); (7.1
— 12,49° - 0,04(0,495 + 0,475 - 0,88 — 2- 0,475% / 0,495) = 0,0965 m*.
MomeHT nHepuunn 60pToBO#H GAKN B CEUEHUH MOCEPEAMHE NMpoJieTa A0 3aAMOHOIHYMBAHUSA CTHIKOBOM

MOJIOCTH NPUBOAKMM Ge3 BbtuncaeHuit: /,, = 0,0493 m*. B pe3ysisrate MOMEHT HHEPLIMHU-BCETO MOTIEPEYHOTO
ceueHus 000M0UKH NOCEPennHE NPOJIETa C Y4ETOM 3aMOHOIMYEHHOI CTHIKOBOI MONIOCTH COCTABUT

1, =0,0965 +0,0493 + 0,3 - 0,2°/ 12+ 0,495 0,657% + 0,222 - 1,3422 + 0,3 0,2 - 0,432 = 0,77 M*.

Pacyer 060J104KH B IPOAOJILHOM HANPABICHHN

PacueT no npouyHOCTH HA NefiCTBHE H3THOAIOIMX MOMEHTOB M NOA00p MPOAOAbHOI
apMaTypbl 60PTOBBIX DaJIOK

B kauecTtBe HanpsiraeMoil apMaTtypbl Ansi apMUpoBaHusa GopToBOi OaNKM NMPUHUMAEM apMaTypHbIe
KaHaThl nuameTpoM 15 MM kiacca K-7 ¢ pacyeTHbIM conporusieHHem pactaxenuio R = 1080 Mila.
MaxkcumanbHbiit H3rGAIOWHA MOMEHT B CEpeAMHE MPOoJieTa OT pacuyeTHOM Harpy3ku Ha 060NO0YKY LIMPH-
Hoilt 12 M F,= 6,24 - 12 = 74,88 kH/M cocTapaser

M,=0,125-29,6% 74,88 = 8200 kH-m.

O060n04YKy Ha HPOYHOCTb B MPOJONBHOM HANPaBJEHUN PaCCUNTHIBAEM MO TPEAELHBIM COCTOSHUAM
KaK npocryio 6anky. Llenbio pacueta ABARIOTCA onpeneeHue HeoOX0JMMOro CEHEHUS PAaCTSIHYTON apMarty-
Phl M MPOBEPKA MPOYHOCTH CKaTO# 30HbI GETOHA.

[MpuHKMMas ouyepTaHME KPUBONMHEIHHO 4acTH cedeHUst 0GOIOUKM MO Ayre OKPYXHOCTH, 3afullieM
BbIpaXEeHHE U1l MOMEHTA BHYTPEHHUX CHJ1 OTHOCHTENILHO LIEHTPA IyT'H NONEPEYHOTO CEYEH M1 0BONOUKH

M = 2Ryt r*sin®’, — R A, a) (7.2)
M YCIOBUE paBHOBECUS NMPOAOJIBbHBIX CUN1 B CEYEHUU
Rbe/b rtcur,p/ = Rs As' (7-3)

Ecau a (puc. 7.3) — paccTositHie OT LEHTpa AyrH MOMEPEeYHOro cevyeHUst 060I0YKH 0 UeHTpa paboueil
NpoNO/IbHOR apMaTypel, To i, , = r — @ — PacCTOHKUE OT LUEHTpa paGouelt nposoabLHO apMaTypsl 10
0CeBOl IMHUU lyrH NIONEPEUHOTO CedeHMst 060104KH; 6, — MONOBUHA UEHTPAILHOTO YA, OXBaThiBAIOLLE-

rO yry CXaToit 30HbI Ce4eHMs 06ONOUKH; O — TEKYILast yII0Bas KOOPANHATA; £, = 40 MM,
R,
- R
1 ) . it
curpl 4 H) ﬁ——'
. P .
3 | O
2 ¥z 0.5h
l - - - . RA
Puc. “7.3. Cxema ycwauit M s10pa Hanpa- A9 . A . . A
JKEHHil B CEYCHHH, HOPMAJIBHOM K NPOI0/b- | \ . .
HOil OCH H3rubaeMoil LKAMHAPHYECKOH \"m
060104KH, NPH pacyeTe No NPOUHOCTH <
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Mpunss sin®’, = 6, Haiigem BbipaxXeHHe WIS NONOBUHBI LEHTPAJILHOTO YIUIa, OXBAThIBAIOWETO Y4aCTOK
CXaTol 30HbI AYTU nonepe"yHOro CEHCHUA 000JIOUKH

B M,
2Rh’(‘ur,pl"h() '

’

04 (7.4)

lMoncrannss YKCIEHHbIE 3HaUEHHA B (3.4), noayuum 87, = 0,144.

[Tonnas nyowwaabL ceueHNs PacTAHYTOI apMaTypbl, pa3MeLllaeMOoii B OIHOI NMPOMEXYTOUHOI 6OPTOBOI
Gasike, BeruncasieTcst 1o ¢opmyne (7.3). Yuutsisas, uto B 370 PopmMyne A, — NONOBRHA HEOOXOMMMO#
nJowWany, BBOAUM KO3 bHLUUEHT 2, Torma

y _29;ﬂmr.,,1Rb ~2:0,144-12490-40-19,5

i R

=2398 mm2.
3 1170

[MpuHumaeM 20 apmarypHbix KaHatoB kiacca K-7 muamertpom 15 mMM. TakuMm obOpaszom, miotnanb
HanparaeMmoii apMatypbl COCTaBHT A:p = 2830 mm2. [Ipyrue pacueTbl ¥ KOHCTPYMPOBAHUE OAITKH BHIMOTHSA-
I0TCS1 10 AHAJIOTUU C MAOCKMMHM GaJIKaMU M 31eCh He PHBOAATCSI.

Pacuer no npoYHOCTH HA JEiCTBHE NOMEPEYHBIX CHI H NIOAOOP APMATYPbI KPUBOJIMHCHHOM NIHTDI

Ha nonepeuHble cuiibl 060J0YKY PACCUMTBIBAEM KaK OGLIYHYIO YMPYIYIO CUCTEMY, B JAHHOM Cllyyae
NPpeACcTaRAsIoOnyio coboit npocTtyo 6anky. Takol pacueT Aas KpailHUX uverBepreil OOOAOUKU BROAHE
npuemiem. B cpeaHeil 30He 060104KH, e NONEPEYHbIE CHJIbl MMCIOT MUHUMAJIbHbIE 3HAYeHUS, a H3ruba-
IOLIME MOMEHTBI — MakCMMaJIbHbIe, KPUBOJIIMHEHHAS 4acTb 060I0UKHM pabOTaeT Ha CXKATHE B NPOAOJbHOM
HAIMpaBJIEHUHN, ¥ TUMUTUDPYIOLLIUM 3AECh SIBASICTCA YCTOUUMBOCTb MANTHL. ONHAKO YUUTHIBASA, YTO COOPHbIE
000404YKM CHabXKeHbl NMPOAOABHLIMU W TONEPEUHLIMK pebpamMu, YCTONYMBOCTb KPUBOJIUHEHHON NANTHI,
KaK MpaBuiio, obecrneynBaercs.

[naBHbIE pacTArMBaIOILIME HATIPSDKEHUS OMPEeasioTcsl UCXO/IS U3 MIOCKOTO HaMNpPsXEeHHOTo COCTOA-
HUsl, HopMmasibHble HanpsDKeH U, 1eiCTBYIOLLME B OGOUX HAalpaBiIeHUSX, HAXONAT 1o hopMyie

_Oxt0,
Ty

(7.5)

MMest B BUAY, YTO HOPMAaJbHbIE HANpPSXKEHUsI B MONEPEYHOM HanpaBieHUN OTHOCMTENbHO Malibl, UX
MOXHO HE Y4UTbIBATh, IPUHSB O, = 0.

Kaxpaasi naHenb, UMelollas IUpUHY 3 M, pacCHHTBLIBAETCSI HA CpeHee 3HaUeHUe OpAMHaTbl 6A10UHOM
3MIOPbI MONEPEYHOU CHIIBI, T. €. B CEUEHUSAX HA PACCTOSHHUAX OT OMOPbL x| = 1,3 M; X, = 4.3 Mm; X, = 7,3 M.

PaccunTaeM aBe NaHe u: NEPBYIO OT ONOPbI (TOPUEBYIO) ¥ BTOPYIO (PALOBYIO).

PacyeT KpUBOIMHEHHOMH NJIMTHI TOPUEBOI NaHeu. [EOMETPUUYECKHE XapaKTEPUCTHKHM NOMEPEIHOro ceye-
HUs 000JIOYKHM B CEYEHUU HA PACCTOSIHUK X| = 1,3 M OT ONOpbI:

1) Gopropas 6anka: h,, = 1,1 M; A,,= 0,242 m* 2, = 0,56 m; /,,= 0,032 m%;

2) nonHoe cedeHue obonouku: A, = 0,737 M2 7, 70,996 m; 1, =0,5247 M4

3) usrubasownit MOMEHT B ceueHun M, = 0,5F, x(/, —x) = 0,5 74,88 - 1,3(29,6 — 1,3) = 137,74 xH"m;

4) nonepeyHas cuna B ceueHun Q. = F, (0,5/, — x) = 74,88(0,5 - 29,6 — 1,3) = 1010,9 xH.

Ha yyacTtkax, rae G, > R, ceueHue apMatypbl ONpPeeNAeTCsl MCXOMAS M3 PACTATHBAIOLIMX HAMPSKEH U,
JIeNCTBYIOLLMX MO YIJIoM 45° K 06pa3youicii.

[MaBHbIE PACTATMBAIOLLIME HANIPSKEHUS, AEHCTBYIOLLME B MIMTE 000M0UKH, onpedensem no dopmyne
(7.5), npuHumas o,= 0

O, =0, /2+ (o)./2)2+1i,

rae o, = Mx yl/ lxh;
T = Qx Si /( [.vh b);
Y, — OpANHATa TOYKHU PacCMaTpUBaEMOTO CeueH s AyrH (KPUBOJIMHEAHON IIUTBI 0060J104KH);
§, — CTaTMYeCKMH MOMEHT AyrH nuiowansio 4, = 2ra, Lur plt HaxosiLENHCsl BbllLE paccMaTpUBaEMoro
ceueHus n umerowweii crpeny f; = r(l - cosa,); S, = A4, (2, — 7);

b — wupuHasnemenTarb =21, ;5 z,=f /3 — paccTOSIHUE 10 UEHTPA TAXKECTH I-i AyTH.
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BbiyMCcneHue rnaBHbIX pacTArMBaKOILMX HANPSDKEHUI cBoouMM B TabGn. 7.2. M3 pe3yabTaToB pacuera
BUIAHO, YTO BO BCE€X TOUYKaAX CEUYECHUH KpMBOﬂMHeHl-lOVI MJNTHI TOpLIeBOi;l naHeay OOOJIOUKMU TaBHbIE
pacTsirMBaiolle Hanpskenus npesbiaor R, = 1,30 MIla u, cienosarenbho, a1s noabopa apMarypbl
HCO()XOII,MMO BBIYUCITIHUTD N45.

Tabnuua 7.2
Touku nonepeuHOro ceycHus (puc. 7.4)
MMapameTp
1 2 3 4 5
Q;, Tpaaychbl, (pau) 28°20743” 21015 14°10’ 705’ 0
(0,4947) (0,371) (0,2474) (0,1237) )
sino, 0,475 0,362 0,245 0,1235 0
cosq, 0,88 0,931 0,97 0,993 i
A, m? 0,495 0,37 0,25 0,124 0
M 1,48 0,86 0,37 0,087 0
M 0,49 0,29 0,12 0,03 0
S M3 0,25 0,26 0,22 0,12 0
1, Mla 6,03 6,27 5.3 2,9 0
ypM 0,484 0,156 0,636 0,926 0,996
c,/2,MIa 0,64 -0,21 -0,83 —1,21 —13,2
O, MMa 6,7 6,06 4,53 1,93 0

Yeunue Ny, neficTeyioniee B TOYKAX CEYEHUS KPUBONMHEHHON TUIMTEL nof, yrioM 45° k obpa3syiotuei,
onpeaensem no hopmyne

Nys=N./2+ Q0 (7.6)
e N, M, . 1377,4
221y, Pt 2.0,5247
3nech 7 — paccTosiHWe OT TOYEK AYrH 10 LEHTPa TAXKECTH ceueHUs 000N0UKH;
sta — CclBUraloulee ycuime, AeficTBYIOLLEE B TOUKE CeYeHUST KPUBOMMHENHOM TUIMTEI OAHOBOJIHOBOI
000JIOUKH C YIJIOBOI KOOPAUHATOH O

0,04z =52,62z.

r,
Oy :%—[—‘i‘ﬁﬂz(sina-na), (7.7)

sh

rae O, — TONepeyHasi Cua B PaCCMATPUBAEMOM CEMEHUM OBONIOYKM OT HArpy3KM, MpUXoAsllieics Ha
MOJIOBUHY €JHHUYHOM MJI0CKOCTH 0DO0JI0UKH.
IToncraBuB BCe 3HAYEHUS BEJMUUH B (7.7), HOAYyYUM

0 = 1010,9-0,04 12,49
g 0.0,547

2(sina—na) =12022(sino - 0,9201),

ren =(r—2,)/r= (12,49 — 0,996) / 12,49 = 0,92.
Pacuer KpuBOJIMHEIHHOI ILIXTHI BTOPOii OT TOpua manesM. Pacyer BTopoii oT Topila naHenu (ceyeHue Ha
paccTOSAHUH X, = 4,3 M OT OOpbI) BbINONHSAETCS aHANOrNYHO. B 3TOM cryyae:

h,=1,3m; A, = 0,258 M%; 7,y = 0,663 M;
I,,=0,0508 M*; A, =0753 7, =1,053m;
1, =0,618 Mm% M_=4073,1 kH-m; 0, =786,2 xH;
n=0,916; N./2=13182z; 0,0 = 7938,3 (sinc. — 0,9160:).

Buiuucnenne yeunuit Nyg no opmyne (7.6) ceeneHo B Taba. 7.3 (3HaueHue yHKUMIA yIJIOB CM. B TabJ1.
7.2).
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Ta6bnuna 7.3

Manenn Howmep Toukn LM st_a- KH/m 0,5 N, xH/m N, xH/m
I 0,484 238,95 25,47 264,42
2 0,156 248.6 —8.12 240 4
Topuesas 3 0,636 209, 1 ~33,47 175,63
(nepsas oT onopsi) 4 0,926 116.6 —48.73 67.87
5 0,996 0 —52.41 —52,41
I 0,427 173.49 56,29 229,78
Psinopas 2 0,213 175,94 ~28.29 147.65
(BTOpAast OT ONOPLI) 3 0,693 145,9 -91,35 54,55
4 0,983 80,9 —129,58 —48,68
5 1,053 0 ~138,8 ~138.,8

HMcxonsa u3 onbita NPUMEHEHHS JUIMHHBIX HWIMHAPUYECKUX 000I0MEK U PE3YIBTATOB UCCIIEIOBaHUM,
Ha apMaTypy MOXHO NepelaTh He nojiHoe ycunue Ny, a nuub 70 % BoraucieHHoro soiile. OctaibHas yacThb
yCUJIMIA BocTIpuHUMaeTcs 6eToHoM. Takum obpa3om, B Toukax 1, 2, 3 nyru o00J04YKH BTOPOH OT OMOPbI
naHenu ycunue N, BOCIIPUHMMAEMOE apMaTypoii, COOTBETCTBEHHO cocTassieT 160,84; 103,4; 38,2 kH/m.
Dmopa 3TUX YCWINH 1aHa Ha puc.7.4,a.

BTopyio OT Topua naHelJib apMUPYeM OCHOBHOI CETKOM, YKJIaIblBaEMOIA 1O BCeii rouiaad KpUBOIU-
HEeMHHOI MJIHMTBI, U JONOJTHUTENBHBIMU CETKAMU Ha KPafHUX YYacTKax B 30HaX, MPUIETAIOLINX K OOPTOBBIM
Oankam.

IMpononbHyo apMaTypy B CXaroi 30He 000JI04KM (B TOYKax 4 ¥ 5 ceYeHNs KPUBOJMHEHHON NMAUTHI)
yCTaHaBINBAaEM KOHCTPYKTUBHO, MPUUYEM II0WALb CEYeHUS 3TOI apMaTyphbl 10/KHa ObITh He MeHee 0,2 %
ceyenua 6etona. Cnenosarenbho, A, = 0,002 - 1000 - 40 = 80 MMZ/M.

OCHOBHYI0 CETKY, YKJaIBIBa€MyI0 TO BCeil MJIOWAAN BTOPOi MaHENU, MPUHUMAEM M3 CTEPXHEM
@5B500 ¢ warom 200 MM B 000OUX HatipaBieHHUAX. Hecylwas cnocoGHOCTL 3TO CETKM Ha €AWHULY IUIHHBI
COCTaBIsIeT

N, = 0,5(4, + A, )R = 0,5(98,2 + 98,2)415 = 4075,3 H/m = 40,8 KH/m.

@) 6200 ( i) ¥ 5050 I
no KpUBOH L *_
3350 ] 4200 " '
2600 2550 ‘T‘
350 174.6 '
124,5
N, 1321 ' . 0.0
< 60,4 - 8 P , 354 ¢
2 S 382 = 2 S
= - 2o [ 2 3 HEE [
0) 2) | _z8as00
£ h '
ﬂ ¥ [ N
e {
\ , 7 N
jd b : N ——— 1 !

D10A500 !
®6ASOOS \! 25B500 @6’\5_/00 BRAS00 @5BS00

Puc. 7.4. K pacuery apMHpOBaHKA LHIKMHAPHIECKHX NaHeNei:
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a, b — ANOPA MATEPUATIOB U CXCMA ApMUPOBAHNUA BTOpOi'i OT TOpUA MAHEIIN; 6, 2 — TO XK, TOleCBOﬁ nNaHenu



Ha kpaiiuux yyacTkax muuThl (Todku 1, 2, 3) ycTaHaB/ivBaeM NOMOMHHUTENbHLIE CETKH M3 CTEpXHei
@6AS00 (monepevHas apmarypa 060104ku) n J10A500 (npononsHas apmarypa 060/104KH) ¢ marom 200 MM
B KaXoM HampasneHun (puc. 7.4,6). JlnuHy crepxHeit P6A500 B ceTke Ha3HadaeM TaKoi, YTOObI OHM
Mepeurin 3a TOUKY, Ile OHM He TpebyloTcsl 110 pacyeTy (Touyka Ha paccTosiHuu 40 MM OT TOYKH 3 1O AyTe
B/IEBO), Ha JUTMHY aHKEPOBKH, paBHYI0 24 nnamerpaM as 6eToHa kiacca B35 u apmarypsl kinacca A500, HO
He MeHee 250 MM. TakuM 06pa3oM, OKPYIJIEHHO [UTMHY 3THX CTEpXHEN MpuHUMaeM (OT To4kH 1) 3350 Mm.
Hecyuias ciocoGHOCT apMaTypht Ha 3T0M yuactke N, = 0,5+ 141 - 435 + 40800 = 71467 H/m = 71,5 xH/m.

DToM HecyleR CIOCOGHOCTH Ha 3MOpe N, COOTBETCTBYET TOUKA Ha paccTosiHMHU 780 MM BJIEBO OT TOYKM
3. OT 3TO#l TOYKH A0 Kpasi NaHEIM Ha AIUHE 2,3 M ycTaHaBiIuBaeM cTepXHH & 10AS00 ¢ marom 200 MM o
nyre v 1o6asisieM OOMH LIar 32 TOUKY nepeceuerus amwop (2500 MM o ayre).

Hecymias cnocoGHOCTE apMaTypbl OCHOBHOH U AOTIONHHUTENbHON CETOK HA 3TOM YYacTKe KPUBOJIMHEH-
Hojt nantel N, = 0,5+ 393 - 435 + 71470 = 156950 H-m = 156,95 kH/m.

Henepekpeitas 4acTsb 3ni0pbl N, (KpaifHas 10/10ca KpUBOMMHEHHOM TIHTEI IIMPHHOK 350 MM) MOXeET
ObITh BOCHPHUHSATA apMaTypHBIMH KapKacaMu pebep MaHead, ¥ yBeJIMYMBATh apMaTypy IUTHTHI 3[€Ch He
06s3aTeNIbHO. DIMopa MaTePUATIOB 3TOM MJIMTHI NPUBEAEHA Ha puc. 7.5,a, a cxeMa apMHUPOBaHUS — Ha PHC.
7.4,6.

[na TopueBod naHeaM COXPaHsSiEM TOT Xe NMPUHLMI apMHpOBaHMs (OCHOBHAas ¥ JOMOJHUTENbHAS
CETKH) U, KPOME TOTO, YK/IA[ABIBAEM B YIJIOBLIX 30HAX KOCYIO apMatypy (pHc. 7.4,6 U 2). 3HaYeHUA YCUITHR N,
nepenaBaeMbiX Ha apMmaTtypy B Toukax 1, 2, 3, 4 ayru obGO/04YKM TOpLEBON MaHe/JH, COOTBETCTBEHHO
coctassstior 185,1; 168,3; 123; 47,5 kH'M. Dniopa 3THX ycuiInii okasaHa Ha puc. 7.4,6. B Touke 5 apmartypa
CTaBUTCS KOHCTPYKTUBHO, KaK M B PSIZIOBOM MaHes Iy,

OcHoBHYIO ceTKy npuHumaeM @5B500 ¢ marom 200 MM B o6omux Hampasienusx. Hecyias croco6-
HOCTb apMaTyphl CETKM NOJCYUTaHa paHee U cocTapnsieT N, = 40,8 kH'M.

OT TOYKH nepeceveHNs! BBIYUCICHHOTO 3HAYEHUS SITIOPbI MATEPHANIOB N, € 3MOPO# yeunun Ny (140 MM
BITPABO OT TOUKH 4) yKJlabIBaeM JOMOJHUTE/IBHYIO IONEepeuHyIo apMatypy 06onoukn — SPI8A500 Ha | M u
3aBONMM CTEPXHM 3TOM apMATypHI 33 YKA3aHHYIO TOUKY Ha JUTMHY aHKepoBKH [ = 250 MM. [TosHas iHHa
3THX CTepXHei o ayre coctaBut 1,55+ 3 + 0,14 + 0,25 = 5,05 m. Torna Hecywas ciocoOGHOCTh apMaTyphl:
N, = 40800 + 0,5+ 251+ 435=95393 H'Mm= 95,4 xH'Mm.

B Touke mepecevyeHust 3TOTO 3HayeHust N, ¢ smopoit ycuauit (0,97 M BAEBO OT TO4KM 4) H0GaB/sieM
NpOoAO/IbHYIO apMaTtypy obonodku — SP8AS500 ¢ npubGasieHMEM OAHOrO WIara 4Jisl EPEKPLITHS SITIOPBI.
B peaynbTate o6uias Hecyas CnocobHOCTh OCHOBHO#M U NONOJIHUTENILHOM ceToK N, = 40800 + 251 - 435 =
= 149985 H-M = 150 xkH-Mm.

OcraslLyiocst yacTs 3Mmophbl N, IepeKpeIBaeM 106aBieHHEM KOcoil apMaTyphl. IIpuHuMaem 3Ty apMaty-
py n3 @6A500 c marom 200 MM M YCTaHABJIUBAEM €€ B YITIOBOiI1 30HE HAYMHAs C TOYKM NEepeCceYeHMs SMIOPhl
ycunuii ¢ nosyueHHbIM 3HayeHueM N, (0,5 M sreso ot Touku 3). Hecymas cnocoGHOCTL Beel apMatyphl,
YCTAHOBJIEHHOMH B YIJIOBOW 30HE KPUBOJUHEHNO# muuthl, N, = 149985 + 141 - 435 = 211,32 xHM, 4Tto
Gorplle MAKCUMAILHOIO yCUIMst N, IefCTBYIOLIEro B TOPUEBOA NaHENM OOOMOYKH, U, CIIEA0BATE/ILHO,
MIPOYHOCTb TTUTHI 060I0UKH obecrneyeHa.

Pacuer no TpemMHOCTOMKOCTH GOPTOBLIX 62JI0K
(no 06pa3oBaHMIO TPELHH, HOPMAJBHBIX K IPOA0JILHON OCH 000J04KH)

Jlns pacueTta TpEUIMHOCTOMKOCTH 0B00UKH B CTAMU SKCIUTYyaTalMM HEOOXOAUMO YYecThb HanpsiKeHHs,
BO3HMKAIONIIME B GOPTOBOI Gasike HA BCEX 3Tanax ee paGoThl, B TOM YMCJIE HA BCEX 3TaraXx MOHTaXa.

J1J151 TOTO PacCMOTPUM MOPSAAOK MOHTaXa 000/10UKH:

1) Ha HecylllMe KOJIOHHBI 11€Xa YCTaHaBAKBAIOTCS OOPTOBbLIE 3JIEMEHTHI 000J04YKHU, paboTalollke Kak
6anku nposnerom 30 M;

2) noa Kaxayio 6aKy B TOYKax Ha pacCTosiHuM 11,8 M oT 06eMX KOJIOHH JUIsl yMEHbLICHHSI MOHTAXHBIX
YCHJIM1 NMONBOAATCA NBE BPEMEHHbIC TIPOMEXYTOUHBIE ONOPbl B BUAE CTOEK (6€3 BHIBECKM COOCTBEHHOM
Macchbl 6aku);

3) no GankaM YKJIAAbIBAIOTCS KPUBOJMHeHHbIE 12-METPOBLIE MaHENH, NOCE YEro MPOU3BOAUTCS
3aMOHOJIMYMBAHHUE 1LIBOB 0000UKH; Ha 3TOM 3Tarne Gajika ene paboTaeT 1o TPEXNPOJETHOM! CXeMe, TIpUYeM
KPMBOJIMHERHBIE IaHEIH B pabOTe HE YYaCTBYIOT, a NIPEACTARILIOT COO0M HArpy3Ky Ha 6aixy;

4) nocne Habopa HEOOXOAUMOIT MPOUHOCTH GETOHOM 3aMOHOJIMYHUBAHUSA ILIBOB BpDEMEHHBIE TPOMEXY-
TOYHBIE ONOPbI YOUPAIOTCS, ¥ 000I04KA BKJII0YAETCsl B pabOTy MOJTHBIM CEYEHUEM.

Pacuet 0607104KH 110 00pa30BaHMIO TPELLHH NPOU3BOAMM JIJIS YIIPYToii CTaAXH paGoThl KOHCTPYKLIMY OT
JefiCTBMS NOCTOSSHHBIX M BPEMEHHBIX (JUIMTENIbHBIX M KPATKOBPEMEHHbBIX) HOPMATUBHBIX HATPY30K.

Jist 6eTona B35 st npesieibHbIX COCTOsHKI BTOpOi rpynmnsl R, = 25,5 MIa; Ry, .= 1,95 MIla.
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INpenBapurenbHOEe HanNpsiKeHUE apMaTypbl O
0,8R,,,

[IpuHuMaem o, = 0,75 - 1400 = 1050 MITa.

TlpunuMaem nepenaToyHyo NpoYyHoOCTL OETOHA R,,[) =122,5MIla < 0,65 35=22,75 MIla.

PaccunTaeM notepu MpeaBapyTe/IbHOTO HANPSKEHHS apMaTyphl Mo pekoMeHaaunsm Iocobus k CI1
52-102-2004.

1. TTepRele noTepu:

a) OT peslaKcallii HAaTPSKEHNWIH apMaTyphel TP MeXaHM4ECKOM CIocobe HaTIXKeHHs]

st apmarypel kiaacca K1400 mpunumalor He Goee

sp

g
Ao, =| 0,222

spl —

-01o, =(O,22-0,75~0,1)1050=68,25 MIla;

.1
0) moTepH OT TeMnepatypHoro nepenama Ar = 65°
Ao, = 1,25+ 65= 81,25 MIla;
B) noTepy oT aedopMaliiii cTaibHOMN (hOpPMBI
Ao_w3 = 30 MIla;

r) notepH ot necopmalinit aHKepoB

Al . 2.18:10°

Aoy, =—E = =12 MIla.
RN

nepBbIC CYMMAapHbLI€ NOTEPU
AG,, ;) = 68,25 + 81,25 + 12 + 30 = 191,5 MIla.

2. Bropsle norepu:
a) noTepu OT ycaaku 6eToHa

AG =g, , E,=0,0002- 1,8 10°= 36 MIla;

6) notepy HanNPsSXXEHUI B pacCMaTPMBAEMOIi HanpsiraeMoil apMaType OT N0A3y4ecTH 6ETOHA Onpeaes-
10T 110 hopMyne

0,8(p,,,(.,a0,,p

Ac y
e
1+ ocpxl,(l t—O’i'Tyﬂ](l +0,894 . )

: (7.8)

p6 ~

red

rae ¢, — KO3hPULHMEHT non3yuecT GeToHa;
0 — KO3(HUUUEHT MPUBEAEHUSA apMaTYpbl K OETOHY, paBHblii 0 = E_ / E,;
My — KO3(hDULUUEHT apMUPOBAHUS, PABHBI i Ay /A, Tne Av Aspi — MJIOLLAAN MONEPEYHOTO CEHEHUsI
COOTBETCTBEHHO 3JIEMEHTA M PACCMAaTPHUBAEMOii HaNpAracMoi apMaTyphl;

0,, — HanpsxXeHus B 6eToHE Ha YPOBHE LIEHTPA TSXECTH pacCMAaTpPUBAaEMOIil HanpsiracMoi apmary-
pbl, OMpeAeNseMble KakK Ul YIOPYrdX MaTepualoB MO MNPUBEIEHHOMY CEYEHUIO COMIacHO
¢opmyne

P(l) P(l)e()plys,red
bp =y = (7.9)
red red
rae P“) — ycuIMe MpeABapUTENbHOro 06XATHS C YUeTOM MePBLIX MOTEPE, paBHOE
P(I)=Asp(csp_Acsp(l))’ (7.10)
371eChb AGSP(” — CyMMa TNEpBbIX NOTEPb HAMPSIXKEHW,
€y, — OKCLUEHTPUCUTET YCHIIUA P(l) OTHOCUTE/NILHO LEHTPa TSKECTU MPUBEACHHOrO CEYEHMUS

37eMEHTa,;
Vsreg — DPACCTOSHUE MEXIY LUCHTPAMU TAXKECTH paccMaTpuBaeMoOl HanpsracMoil apMaTyphl U
NPUBEAEHHOTO TIONEPEYHOTO CEYEH S DIEMEHTA;
M - u3rubaloumii MOMEHT OT COOCTBEHHOIO BECa 3JIEMEHTA, AeACTBYIOLLIMIA B CTAAUM 00XAaTHS]
B pacCMaTpUBacMOM CEYEHHUH,
red ul d nnomanb NPpUBECACHHOIO CCHEHUA N €€ MOMEHT MHEPLIMU OTHOCUTCJILHO 1LICHTPA TAXECTU

A re
MPUBCIACHHOI'O CEYEHUA.
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B Hauiem NpUMepe MpUBEACHHOE CeYEeHME BKJOYaeT B cels mollanb CEYEHMUSI OETOHA M IUIOLIAIhL
CeyeHHs NMPOJOILHON HANPSIragMoi apMatypsl ¢ KO3(hPHILMEHTOM NPUBENEHUS apMaTyphl K 6eTOHY o =
= E\/Eb

[eomeTpuuecKne XapaKTEpPUCTUKH MIPUBEICHHOTO CEUEHUS OTIPEAEIISIOTCA 110 POpMyaM:

njaouianb MNpUBEACHHOTO CEYEHUS

A =A+ocASp; (7.11)

red

PacCTOSIHUE OT LIEHTPA TSKECTH NMPUBEAEHHOTO CEYEHUS 10 PaCTIHYTOM B CTAANU 3KCIIyaTallMU IpaHy

sp a P
Arcd

Sypq +0A

Ysed = s (7.12)

rae S,,, — CTaTUUECKH I MOMEHT MPUBEAEHHOIO CEYeHUs GETOHA OTHOCHTENIBHO PACTAHYTOI rpaHHu;

MOMEHT HHCPLUUWUH NPUBCACHHOIO CCYCHUS OTHOCUTEJILHO €ro HEHTPA TAXCCTH HAXOAUM MO q30pMyJ'lC

Ly=1+0A,y (7.13)

sp?
rae Yo = Vsred ™ ap;
Arr.'d = 222000 + 2830 - 5,2174 = 236765 Mm2,
_1,8:10°

roe o= =5,2174;
34,5.10°

S,

red

=80 - 1400 - 700 + 220(100 - 50 + 50 - 575 + 350 - 1225) + 14765(1400 — 170) = 198,311 - 106 Mm%;
Y, rea= 198,311+ 106 / 236765 = 837,6 mwm;
Vi pog = 1400 — 83766 = 562,4 mu;

. 3 : 3
g == :;O—-O +80-1400(837,6-700)" + 22+ 220-100(837.6-50)" +
. 3 i 3
+2201;50 +220.350(562,4_175)2+4''03650 +110-50(837,6-100-50/3)" +

+110-50(562,4 - 350~2-50/3)" +14765(562,4 ~170)* = 517,3-10° mm®.

Ycuiue npeaBapuTeibHOTO 00XaTHs P(u )
P(l) =2830(1050 — 191,5) = 2429,5 - 10° kH;

=562,4—- 170 = 392,4 MM.

3a BBIYETOM NepBbIX notepb (7.10):

eO/) l

Hanpsixenust B 6eToHe Gy, Ha YPOBHE LICHTPA TKCCTH HanpsAraeMoi apMaTypbl HaxoIuM 1o GopMyJic
(7.9), raoe oT cOGCTBEHHOI Macchl 6eTOHA Ganku, paBHoit S KH/M:

2
M, =% =0,125-5-29,6” =547,6 kH'm;

5. 224295100 2429.5-10°-392,4° 547,6-392.4-10°
¥ 236765 51730-10° 51730-10°

=10,26+7,23-4,15=13,34 MIla;

Cbp Ha KpaﬁHeM BCPXHEM BOJIOKHE

2429,5-10° -392,4-837,6 . 547,6-10° -837,6

2= =10,26-15,42+8,87=3,71 MIla > 0;
51730-10° 51730-10

o4, =10,26 -

th Ha KpaitHEM HUXKHEM BOIOKHE

2429,5-10° -392,4-562,4 _ 547,6-10° -562,4
51730-10° 51730-10°

oy, =10,26+ =10,26+10,36-5,95=14,67 MIla.
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Oy 14,67
OtHowenne —% = s s 0,652 < 0,9, tpe6oBanue CI1 52-102-2004 ynosneTBOpAETCA.
bp ’

Haitnem snauenue Gbp B MTPUOMOPHOM CEYCHHUH ITPU MUHHUMAJIBHOM 3HAYCHUH M.

IMpuHYMaeM KOHCTPYKTUBHO yTOILEHUE CTeHKU 6anku ¢ 80 no 120 MM Ha muHe | M OT Kpas Oanku.
BricoTa Gasiku B 3TOM ceueHUH 840 MM.

HaiiremM ocHOBHbBIE XapaKTEPUCTUKH CCYCHUA.
A, = 80840 + 110000 + 14,765 = 191965 mm2;
8,0y = 97297 MM3; [, = 142,476 - 108 MM*;
Y roa= 97297 / 191965 = 507 mu;
» =840 — 507 = 333 MM.

MoMeHT oT Macchl 6eTOHA Ha Kpalo 30HbI yToMIIeH s (Ha 1 M OT Kpasi 6ajikn) M = 740 kH'M.

2429,5-10° 2429,5-10°.163-333  74.333
Sbp = + & 6
191965 14247,6-10 14247,6-10

=12,66+9,26-1,73=20,19<0,9-22,5 =20,25 MIIa.

Tpe6oBanue CIT 52-102-2004 ynosieTBopseTc.
Onpenennm MOTEPH OT MON3ydecTH GETOHA B CpeJHEM CEUEHUH 110 JTMHe 6anku 1o popmyie (7.8)

0,8-2,1-5,2174-13,34
392,4% .236765
517,304 -10°

AG 6 = =90 MIla.

1+5,2174-0,01275(1+

](1+0,8-2,1)

HaHPFI)KCHMH obp C YYETOM BCEX MOTEPDL PABHbI

Oppa = Acsp — Aosp(l) - Ao:ps - AGJ,,G = 1050 —-191,5 - 36 —-90,0=1732,5 MIla.

OrnpenennM ycuiine o6XaTust P ¢ yueToM BCex oTeph
P=1732,5-2830=2072,975 - 10° kH.

be3 npuBedeHMs pacyeToOB Ha puc. 7.5 noxa3aHbl 3MIOpbl M3rM6alOLIUX MOMEHTOB B OOOJIOYKE,
NOCTPOEHHBIE 110 MPUBEACHHBIM HUXE 3HAUYEHUAM BO3AEHCTBUIA:

a) ot cobcTBeHHOMN Macchl Ganku (g, = 5 kH/mM): M, = 0,125-5- 29,62 = 548 kHm (puc. 7.5,a);

6) OT npeaBapUTE/IbLHOTO HATSDKEHUA apMaTypbl CHIIOi P:

Ha omnope: Mmp = Pemp = 2072,975(0,332 - 0,17) = 336 xH-m;

Bnponere: M = Pe . =2072,975(0,5624 ~ 0,17) = 813 xH-m (puc. 7.5,6),

B) OT MAcChl KPMBOJIMHEAHBIX naHenei: g, = 24,3 kH M (puc. 7.5,6);

r) CyMMapHas 3Miopa OT COOCTBEHHO# Macchl 6aJIKU, OT MPEABAPUTENLHOTO HATXEHHS apMaTypbl U OT
MaccChl KpMBOJIMHEHHBIX MaHeNel — npy padoTe 6aIKK Mo TpeXnpoaeTHOM cxeMe (puc. 7.5,2);

JI) OT peaklMit BpeMEHHbIX OIop BeJinuuHoil 239 kH, nepenaBaeMbix Ha 000/104KY B MOMEHT CHATHS
BpPEMEHHBIX TPOMEXYTOUHBIX CTOEK (puc. 7.5,0);

€) OT Macchl TENJIOU3ONALIMH, KPOBIIM M CHera: g, + 5, = (1,3+1,26)12 = 30,72 kH'M (puc. 7.5,¢).

Jlnsi onpejiesieHUs TPEIMHOCTORKOCTH 060N0YKH BLIYUCIUM 3HAYEHHUST HANPSDKEHUH B MPedBapUTESTb-
HO HanpspKeHHOM GOPTOBOM 3JIEMEHTE, BO3HUKAIOUIMX B HEM JI0 3aMOHOJIMYMUBAHUS, OT AeHCTBUSA U3rnda-
iouero MmomeHTa M, = 548 — 813 — 160 = —425 kH-M u npononsHoit cunsl N, = 2073 kH (puc. 3.5,a, 6 u 6).
Jlns 3TOro HaM HYXHBI NapaMeTpbl MPHUBEAEHHOro ceyeHHWsl nocepeAuHe nponeta. IlpuBoauM ux 6e3
BIMUCTEHHUI: A, ., = 236765 Mm% I, .= 51,73 10° Mm%, ¥/, ., = 837,6 MM; y,; ., = 562,4 MM.

Hanpsixeuus B 6eToHe 6a1Ku 10 3aMOHOIHYMBAHUS BLIYUCITUM 1O hopMyie

o= ﬂ + Myed.ned :
A / ed red

B KpaﬁHeM BEPXHEM BOJIOKHE

2072975 425-10°-837,6
ol = —=-1,87 MIla;
O = 736765 T 51.73.10° :
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+

Puc. 7.5. Dniopsl H3rnGaoWMx MOMEHTOB 0T HOPMATHBHBIX HATPY30K, AeficTBylowux B Goprosoit 6anke
J0 3aMOHONHYHBARKS (3MOPLI a—2) ¥ B 3aAMOHONHYEHHOI 00010uKe (3MmiopH d, e):

a — OT cOOCTBEHHOro Beca DaKK; 6 — OT NPEeABAPUTEILHOIO HATIPSXEHUS; 6 — OT MacChl HE3AMOHO/NMYEHHLIX NaHeeH;
¢ — CyMMapHas Mo s3niopamM d—e; d — 1P OCBOGOXIEHUHM TNPOMEXYTOYHBIX OMNOp;, € — OT MAacChl YTEIUIuTeNd,
PYJIOHHOTO KOBDPA ¥ CHEra

B KpaifHEM HUXHEM BOJOKHE

2072975 425-10°.562,4
= - *’ =-13,38 MI1
%d =T 36765 51.73.10° :

(MHHYC 0603HayaeT cxXarue).
OnpenensieM TakoKe 3HAYEHUA HANPSXEHHI B 31eMeHTax 000JI0UKH N0C/IE 3aMOHOIMYNBAHMS ¥ CHATUSA
BpeMeHHbIX Onop Ha Aeitctue u3rnbaoliero momenra M, = 2820 + 3365 = 6185 kH'M (puc. 7.5,0 u e).

MapameTpsl NMPUBEACHHOTO CeYCHMSA OGOTOYKH MOCEPEaUHE MpoONeTa aaem Ge3 BbUMCNEHMit: A, ., =

= 788700 MM?; [, ., = 816,5- 10° mm*; /) = 1160 MM; y,, = 1940 M.
Hanpsixenuns:
B KpaitHeM cxXaToM BOJOKHE BeToHa 060104KH
6 . 106

816,5-10°
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Ha ypoOBHE BEpXHEro BOJIOKHA GeToHa 6aiKH

_ 6185-537.10°

cl, = =4,07 MTla:
“ " 816,5-10° &
B KpailHeM PacTSIHYTOM BOJIOKHE 6eTOHa 060/104KH
.1945.10°
o, =8 BNT 14 o3 Ma,

816,5-10°

3niopbl HANPSKEHUIA B CEYEHUM OOOJIOUKHM MO 3TaNaM HarpyXeHHUsi, B TOM YUCIE pe3ynsTHpyloLlas,
npHBeaeHbl Ha puc. 7.6. Kak BUAHO K3 pe3ynbTUPYIOLLE# 3MI0pbI (PUC. 7.6,6), TPEILIMHOCTOWKOCTb 000104~
KM obecrnieyeHa, T.K. HUXHEe KpaeBoe HaNpsiKeHNE B 30HE pa3MEIiCHWs HaNpsraeMoil apMaTypb! XOTs U
pactarugaiowee — 1,55 MIla, Ho MeHblue HOPMATMBHOTO 3HaueHus Gerona B35 na pactaxenue Ry, =
=1,95 MTla.

TpewnHOCTOIKOCTb APYTHUX CEUEHH it 060J0YKN NPOBEPSAETCS aHAJIOTMUHBIM 06Pa30M.

0) 8)
8,78 8,78
= gl @
a)
1,92 4,07 2,15 53
g
2] 2
F
+
=\ )=
—13,18  +14,73 +1,55

Puc. 7.6. Diopbl HOPMAJILHLIX HAMPAKEHUiH B ceMeHUH 00004KIN NoCepeutie NpoieTa:

a — 10 3AMOHOJIMYMBAHUS; 6 — nOCae 3aMOHOTMYUBAHMS; 8 — CYyMMapHas

Pacuer no apedopmaunsam

OTOT pacyeT BbIMOJHEH B COOTBETCTBUM ¢ yKazaHusMu CIT 52-102-2004.

[Tpu pacueTe 060/104KH MO nehOpPMaLIUAM YHUTBIBAEM AeHCTBUE TTOCTOSHHbIX, IVTUTE/IbHbIX U KPATKOB-
PEMEHHBIX Harpy3oK, a TakXe OOpaTHblii BbLITMO GOPTOBOro /eMeHTa OT ACHCTBUS TpeABAPUTENBHOrO
00XaTHs U BCJIEACTBHE YCAKHU W NoA3y4ecTH 6eToHa. [Tpu 3TOM IpHHHMaeM BO BHUMAHHE YCTAHOBAEHHBbIH
BbIlLIE MOPSAAOK MOHTaXa 000Ji04KH. PacueT NpOnM3BOLKM HA HOPMATUBHbIE HATPY3KH.

Jns onpeaeneHus KpUBU3HbBI OCH 00OJOUKH OT A€ CTBUSI KpPaTKOBPEeMEHHOI YaCTH BPEMEHHOM Harpys-
Ku (paBHOit 0,65 cHeroBoit) BblyMCIsseM H3rnbaloliMit MoMeHT oT 3Toit Harpysku (CTO 36554501-
015-2009):

M. =0,125-1,26-12-29,6%-0,65=1076,36 kH-m;

(l) M (7.14)
rJy 0’85Eb1sh,m/

rae [, ., = 816,5 - 10° mm*.

=0,045-107 1/Mm.

[l) 1076,36-10°
1

r), 0,85-34500-816,5-10°

HaitmeM MOMEHT BHELLUHHUX CHUJI Mg. K MoMeHTYy OT Macchl KpMBOJIMHEHHbBIX NAHEEH, NpeacTaBleHHOMY
Ha puc. 7.5,6, 106aBUM MOMEHT OT MaccChl GanKM B pacCMaTpuBaeMoOi TpexmnpoJieTHoW cxeMe. Torna B
CpeIHEM CEYEHUHU MOMEHT OT MacChl 000I0YKH COCTABUT

160 -29,3 /24,3 =192,92 xH-m.



Ho6aBUM K HARIEHHOMY 3HAYEHUIO U3rMbaIoLINe MOMEHTBI O cXeMaM d U 2 Ha puc. 7.5.
CyMMapHbIit BHEIIHK It MOMEHT COCTABUT

M, =2820 + 3365 - 193 = 5992 kH'm.

Marubaiolinit MOMEHT OT JUTMTESIBHBIX HAarpy30K, IIPHKIIAABIBAEMBIX K 000I0UKE MOCIE 3aMOHOIMYUBa-
HUS M CHSITUS BPEMEHHBIX OMOP, COCTABUT

M, = 5992 — 1076,36 = 4915,64 xH-m.

Beanunna KPUBHU3HbI OCH 000JI0UKH OT ACICTBUS 3TOrO MOMEHTA

=0,541-107% 1/mm,

1Y M, _ 491564-3]1-10°
r)y Eslsnea 34500-816,5-10°
roe | +9,,.,=3L

Jns onpeneneHns o6paTHOM KPpUBU3HBL, OOYCIIOBICHHO BbIrTMO0OM 60PTOBOIO 31€eMeHTa NOJ, AEHCTBU -
€M NpeaBapuTeIbHOro 06XXaTHsl, BO3HUKAIOILETO 10 3aMOHOJIMY MBaHUsI 000JI0YKH, pacCMaTpUBaeM Harpys-

K, M300paxeHHble Ha cxeMax 7.5,a v 6. Ycuuue npensapUTebHOrO HaTSXXEHUS NPUHATO 34€Ch C Koaddu-
LINEHTOM TOYHOCTH HaTsKeHUs ¥, = 0,9.

(l) - Progo, — M, (7.15)
3

r Eb,‘r[red

rne 1, = 51,73 - 10° mu*.

=0,319-107 1/mm.

(lj ~ (813-0,9-548)10° 3,1
r 3_

34500-51,73-10°

s onpeneneHusi KpUBU3HbI, OOYCIOBNEHHOH BBHITMOOM Gajikd BCAEACTBHUE YCAOKU M [0J3y4YECTH
0eTOHa OT YCUJIMA NIPEABAPUTESILHOTO 00XaTUs, BBIYMCIISIEM COOTBETCTBYIOLIME OTHOCUTENbHBIE AehopMa-
UMM OETOHA HAa ypPOBHE LIEHTPA TAXECTU DACTAHYTOW MPOAOJLHOW apMarypbli €, M KpalHEro CXaroro

BOJIOKHA €. DTH HANPAXEHHUs OblTM BBIYMCACHDI paHee v pasubl 13,34 MITa u 3,71 MIla cooTBETCTBEHHO.
[MoTepH OT ycanKu ¥ MOA3YYECTH B [IEPBOM CYYae COCTABMIIN:

Ao+ Ac =36 + 98 =134 MITa;
€,=134/E=134/18- 10*=0,744 - 1073,
Ha ypoBHe KpaitHero ¢XaToro BOJOKHa:

98-3,71
13,34

AG’,s + A0 = 36+ 27,25 = 63,25 MTTa.

Acr’m5 = 36 MIla; Ao;pﬁ = =27,25 MIla;

CnenosatenbHO, OTHOCUTENbHAs AehopMalLIus GETOHA HA YPOBHE KPaiiHErO CXATOro BOJOKHA

e, =63,25/18-10%=0,351- 1073,

Kpususny 6aiku BCAeACTBUE YCAKU M NOJN3YYECTH OT MPEABAPHTEALHOIO 00XaTHsl HaXONHUM, YUUThI-
Bas, 4TO ycalKa W MON3YYecTh GETOHA HA MOMEHT MOHTaXa MPOSBATCS €LIE HE MONHOCTBIO. YCJIIOBHO
npuHuMaem ux b pasmepe 50 %. Torna

1) _&,-E _0,744-0,351
ok 1230

107-0,5=0,16-10"° 1/mm.

Tonuas BennurHa KPUBU3HBI
1/r=(1/n,+ 1/n,— (1/; = (1/r,= (0,025 + 0,566 — 0,319 ~ 0,16)1076=10,112-107¢ [ /mMM.

CTpesiky nporu6a ofHONposeTHOH 060104KH OT pPABHOMEPHO pacrpeeieHHO! Harpy3KkH Onpeensem
110 U3BeCTHOM hopmyiie
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5 ]
f=5 12[;)=(5/48)296002 :0,112:1076 =10,22 mm.

Takum 06pa3oM, BeMuMHaA HaHGOMbLIErO npornba coctasaseT 1/2900 nponerta, YTO CBUAETENBCTBYET O
JNOCTAaTOYHOM XECTKOCTH KOHCTPYKIINH.

Pacuer 06onoukn B nonepevHoM HaNpaBIeHAH

Jlnst pacyeta B nonepeyHOM HaMpaBleHuy 060104KH, 3arpyXEHHOM pacnpeaeeHHON MOBEPXHOCTHOMN
Harpy3koil MOCTOAHHOH HHTEHCUBHOCTH, HEOOXOAUMO PACCMOTPETH YCJIOBUS PABHOBECHA MONOCKH €AH-
HUYHO IWMPHHBI, BLIDE3aHHOM B JIIOGOM CeyeHuM x MO WIKHE 060n04KkHu. Takas monocka npeacTaBiser
€060t KPUBONMMHEIHHYIO ITHUTY. DTY IIUTY MOXHO PacCYMTaTb KAK KPYTOBYIO GECLIAPHHPHYIO apKy Ipoie-
TOM, PaBHbIM LIMpHHE 060m04kM. Ha puc. 7.7,a u 6 noxasansl IefCTBYIOLIME HA BEIPE3aHHYIO U3 060IOUKH
JIEMEHTAPHYIO NOJOCKY BHELIHHE M BHYTpeHHue ycwins. M3 prucyHKa BUIHO, YTO BHEIUHSAA Harpy3Ka F,
fIPUXOAsILIAACA Ha BbIPE3AHHYIO 110JI0CKY, YpaBHOBEIIMBACTCS NPUPALIEHNEM NONIEPEYHOA CUIBI WM, YTO
TO €, MPUPAILEHUEM CABUTAIOINX YCHIHH Ag . 3Hast 32KOH H3MEHEHMHS! C/IBUTaIONINX YCHJIHiL IO CEYEHUIO
000/104K{, MOXHO 3aMKCaTh YCJIOBMS MX paBHOBECHS, M3 KOTOPLIX M ONpEAE/IMTh MHTEPECYIOIME HAc
yCWIMS — [ONEpeyHble U3rnGalolliie MOMEHTHI ¥ COOTBETCTBYIOIME MM MNONEpEYHbIE U HOPMAasbHEIE
YCUNIUS, OeCTBYIOILHE B CEYEHU U BBIPE3AHHOM MONOCKH.

a)

E{H}BIBIBI[{[{[B/F ~—— ORI NN

RIREPVEIRISRIIVIY

722722

Ocb CUMMETPUK

Puc. 7.7. K onpenenenuio nonepeynsIX H3ruGarowwux MoMeHTOB B ONHOBOIHOBLIX JLTHHHBIX UHIMHAPHYECKHX obonoukax:

@ — B CMAIKKX; 6 — B PCOPUCTBIX; & — CXeMa Harpy3Ku (CAEBa) W FMOPa CABUIAIOWMX YCUIHIA (CMpaBa) B ceueHuM,
HOPMATBHOM K npononbnoﬁ ocH 06010UKU
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HccnenoBanus nokasanm, YyTo CABUTAIOUIHE YCUIIUSA U UX MPUPALIEHUS, NEICTBYIOILME HA 3IEMEHTAp-
HYIO MOJIOCKY O0O/I04KH, MOXHO MPENCTABUTL B BUIE SMIOPbI NOCTOSSHHOM HANpPSKEHHOCTH MO BCEMY
ceuenuio obonouku (puc. 7.7,6). Takoe nonyueHne 6a3upyeTcs Ha yCAOBUM, YTO CXaras 30Ha 060SOYKH
OTHOCHTEJIBHO MaJia, 8 umeHHo 87, < 0,58, (puc. 7.3). Takas NpeanochliKa N03BONAET YCAOBHO NPENCTABUTD
cedyeHue 000/I04KH B BHJIE IBYX CTEPXHEH — MPOJOJBHOTO XECTKOro CXATOro CTPMHIEpa U MPOAOIBLHOIO
PacTAHYTOrO OAMHOYHOrO CTEPXHA. B CTpUHIepe YCIOBHO KOHLEHTPUPYIOT BCIO MJIOLAAbL CXKATOH 30HBI
6eToHa. Ero pacrnosaraloT B LIEHTPE TSOKECTH 3TOH 30HBI (MJIH YCIIOBHO B lUenbire). B pacTAHYTOM CTepxHe
YCNOBHO COCPENOTOUYMBAIOT CEYEHUE BCeil pabouei apMaTypbl, UMEIOLLeNCs B HUXHEH 30He GOPTOBOro
3aneMeHTa. Pa3MeLlaloT 3TOT CTepXXEHb B LICHTPE TAXECTHM IJIOLIAAM CeYeHHS paboyeil apMaTyphbl B KOXIOM
6opTOBOM 31eMeHTe (puc. 7.7,8). [1pu 3TOM HONYIIEHUHN BETUYUHY MHTEHCHBHOCTH CABUTAIOLIMX YCUIUH
g, MOXHO OMPEAEUTb KaK YaCTHOE OT AENCHHS NONEPEHHON CHITBI O, B JaHHOM CEYEHUH Ha pacCTOSHME
MEXAY LEHTPAMH TAXECTH apMaTtyphl ¥ cxaTtoro 6eroHa. TakuM xe o6pa3oM MoJiyYMM U MHTEHCHBHOCTb
NPUPAILEHUS CABUTAIOUIMX YCUIHMIH — MyTeM [e/leHUsl NPUPALLEHUs] MOMEepeuHOi CUJIbl Ha TUIEYO Mapbl
BHYTPEHHHX CHJ1 B CEYEHU U

AQ, 88r+S,rsin® +g,
T Ry +(1-cos8, )r

PacueTHas cxema aneMeHTapHOH apky moka3aHa Ha puc. 7.8. Ha aneMeHTapHyl0 apOYHYIO MOJOCKY
IEeNCTBYIOT CleAyIoIMEe pacyeTHbIe Harpy3ku (1abn. 7.1): NOCTOAHHasA, paBHOMEPHO pacnpeacieHHas Mo
KPMBOJIMHEHHOM moBepxHOCTH g = 3,5 KH/M; BpeMeHHas (CHer), pABHOMEPHO pacHipeie/ieHHas Mo ropu-
30HTAJIBHOW NpPOEKLUU Sg = 1,8 xH/m; nocrosikHas oT Macchl GOPTOBLIX dneMeHTOB g,, = 4 KH. Cxema
NPUIOXKEHHUs HArpy3oK laHa Ha puc. 7.9,a.

IMpupaleH st CABUTAIOLIUX YCHIIUIA IS ITOJIOCKH MMOCEPEANHE MPosieTa 060I0UKH, T BLICOTA CEYEHHR
60pTOBOTO 371EMEHTA (C y4ETOM 3aMOHOTMYEHHOH CTHIKOBOH 1ONIOCTH) A, , = 1,6 M, HaxoauM u3 (7.16)

3,5-0,495-12,51+1,8-12,51-0,475+4,0

Agy = (7.16)

Agy = =12,5 xH/™m.

1,43+1,48

Puc. 7.8. K onpeaenchuio nonepeynbix K3rnGalowux MOMEHTOB B cpeHeli Boane AHHNON UHANHAPHYecKOil 000N0KH:
a — pacycTHasA cXema; 6 — 3Miopa MOMEHTOB OT X, = 1; ¢ — 31i0pa MOMEHTOB OT X, = |
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90,38

Ochb_
CHMMETPHH

Puc. 7.9. K pacyery cpenneii BOJIHb 060104KH HA Monepednble H3THOA0MHE MOMEHTDI:

a — PacYCTHasi CXeMa; 6 — 3MIopbl HOPMANBHBIX cHA, KH, u n3rubaroumsx MmomenTos, KH'M, Ha 1 M LMHBI 06010YKH

boptoBbie 3n1eMeHTbI (0aIKK) CpeAHNX BOAH 000104KH Oy1eM YCIOBHO CYMTATH HE CMEIIAIOUHMHCA B
rOpU30HTaIbHOM HaNpaBAeHUU K HE MOBOPAYNBAIOLLIMMUCS BOKPYT FOPU3OHTaNbHOM ocu. Toraa pacueTHast
CcxeMa apKM, npeacrapisiiolleil codboit MonocKy eAMHUUHOH LIMPHHBL, OYACT UMETb BUA, NMPUBEICHHbIN Ha
puc. 7.9,a, a 3ana4ya onpeneneHus yCUIUil CBENETCS K pacyeTy ABaXAbl CTaTUYECKHU HEOMPENETUMOI CXEMBbL.
Paspeiaercs rakas 3anava cMcTeMoi KAHOHMYECKUX YpaBHEHHWIT METOA CUIL:

(7.17)
X8 + X9y, =-8;;
X8y + X8y =-8,/,
rie
_ 812027 =020,
l 81185 =879, (7.18)
:52/'5u =88y .
2 881,818y

KoadpuumneHTol npu HeU3BECTHBIX U CBOOORHBIE YneHb! ypaBHeHHit (7.17) onpenensiiorcs no ¢hopmy-
nam ([T Bunorpanos «Pacuer cTpouTebHbIX MPOCTPAHCTBEHHBIX KOHCTPYKUHUI»):

3 2
r r . _ .
3 0 G5 8, =8y T Css 83y =r0y;

4

r h( ‘g('(
8, :W{Aq:/‘(——):—dczi-C}J—(TICQ +¢Cy +8,Cq || (7.19)

13 ’/ 7
Sy = L—IiAqu( 'IMQ +C, )—[ Bed Cy +8Co +5,C J]

102 I r
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Besinunubr koabduumrentos C; B (7.19) s psina 3snaveHuit 8, KpPUBONMHERHBIX TINT B MOMNEPEYHBIX
CEYCHUSX BOJIHbI 000N0UKH NpuBeaeHbl B Tab. 7.4 (8, — nosoBUHA LUEHTPATLHOTO YIa).

Tabnuua 7.4
Ipu Bennuune yraa 0,, rpaa.

Koa(pduuncutit C; 25 2% 7 28 29
C, 20,335 24 667 29,698 35,506 42,175
G, 70,921 82,240 95.476 109,810 125,620
C, 1,311 1,655 2,072 2,572 3,167
C, 9,071 9,772 10,494 11,237 12,000
C 2,717 3,051 3.411 3,798 4212
C, 0,150 0.175 0,204 0,236 0,271
G, 11,351 13,761 16,556 19,780 23,480
Cy 10,370 12,946 15,500 18,426 21,756
C, 1,345 1,510 1,686 1,876 2,079
Cio 1,270 1,518 1,676 1,845 2,023

Oxonuanue mabauyst 7.4

Mpu seanuune yraa 0,, rpaa.
Koaddmunerr C,
! 30 32 34 36 38 40
C, 49,794 68.262 91,720 121,070 157,280 201,400
G, 143,000 182,790 229,820 284,710 348,070 420,450
(o8 3,874 5,680 8,131 11,399 15,678 21,203
¢, 12,782 14,401 16,087 17,833 19,633 21,479
Cs 4,755 5,628 0,723 7,946 9,303 10,799
G, 0,310 0,401 0,511 0,641 0,794 0,974
G 27,701 37,914 50,859 67,011 86,890 111,040
Cq 25,527 34,541 45,767 59,516 76,102 95,832
G, 2.395 2,769 3,301 3,893 4,547 5,264
Ciy 2,106 2,617 3,063 3,548 4,070 4,527

HeussecTHble X, u X, (puc. 7.9,a) nony4aem U3 pelieHNs CUCTEMbl KAHOHKYECKUX YPaBHEH KT MeTOA
cun (7.17).

KoaphuuneHTs npu Hen3BeCTHLIX onpeaensiem no dpopmynam (7.18) u taba. 7.5:

3 2
5, ='21’(;9 40,1=7,8; 5,2='2l‘;29 4.014=6,26; 85, =12,49-0,495 = 6,18;
12,49* ( 1,43 J ( 4,0 ]
8, = 12,5 =—=119,1 43,026 |- ——119,1+3,5-22,26 +1,8-20,62 | |=134,107;
Y0 [ 12,49 ) (12,49 ,

12,49° 1,43 . 40
8y, =——|12,5 ===11,55+0,2573 | -| ——11,55+3,5-1,98+1,8-1,83 | |=113,464.
Y0 { (1249 ] (1249 ”

* ’

HaiinenHble 3HaueHUs KO HUMEHTOB NOACTABNsIEM B KAHOHHYECKUE ypaBHeHus (7.17):
7,8X, +6,26X, = —134,107,
6,26X, +6,18X, = —113,464.
B pe3yabrate peleHH s 3TUX ypaBHEHH U MTosTyyaeM: X, =13,142 kH-m; X, = —5,047 kH"m.
[Monepeunbie n3rudatowe MOMEHTbI ONPENE/SIIOTCS M3 CYMMbl MOMEHTOB BCEX CHJI, B3ATHIX C ONHOI

CTOPOHbI, OTHOCHTENILHO CEUCH S € YIJIOBOW KOOPAMHATOH (L MO CNEAYIOWHM (hOpMYaaMm:
JUTSL OTAIEJILHO CTOSILIE i OIHOBOAHOBOI 00004 KH

M r A D 8ed ,
=7 | Bdy _T_Wa W |- r W, T8y 5y, + Ne, (720)
10
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JUIS CpeHER BOIHBI MHOTOBOJIHOBOM 0D0JIOUKH
M, =M+X00lry,+ X, t Ne. (7.21)

mt

B dopmyne (7.20) nepsbiit uneH B KBaapaTHbIX CKOOGKaX, YMHOXeHHbIH Ha (0,17)?, npeacTasnser coboit
U3rnbaIoLLMIA MOMEHT OT NMPUPALIEHHUA CABMIalOWMX CUN Aqu, a BTOPO — OT BHEILHeil Harpy3ku; N —
MPOAONBHOE YCHIIHE HA EAMHULY AINHBI ODONOYKH; ¢ — pacCTOAHUE MEXIY CEPEAUHON CEYeHUA TUIMTHI
000JIOYKH U LEHTPOM TSHXKECTU TABPOBOTO CcevyeHust pebprUcToit 060104KH.

DKCUEHTPUCHTET e MNPUIOXEHUs NPONOJLHONH CHAbl B INAOKMX 0oOONOYKax paBeH Hymo. Ecan xe
MMeEIOTCA peGpa, pacnoNOXEHHbIE NON FUIMTOH 060M0YKH, TO MEpel NOCHECAHMM YIEHOM YypaBHEHMIA
CTaBUTCH 3HAK «MHUHYC». [10OXHTENBHOMY 3HAYEHMIO MOMEHTOB COOTBETCTBYET PACTAXEHHE B BOJMOKHAX
HUXHEN NOBEPXHOCTHU MJIMThI 060N0YKHY, a MONOXHUTEALHOMY 3HAYEHHIO NPOAONbHBIX YCUIHIT — pacTaxe-
Hue. B dopmyne (7.21) 3nayeHne M npuanmaercs no (7.20), Ho 6e3 NocneaAHero YieHa.

Koadduuuentsl y B popmynax (7.20) u (7.21) onpenensorcs 1o cAeayoiiuM BbiPpaxXeHUIM:

v, =(sin@, —sina)100; |
Y, =(cosa—cos®, )100;
v, =(sin®, -sina)’ 50; (7.22)
(6 -5in@)100;

(cosa-8sina - cos6, )100.

Wy
Yy

1]

Beanunnbl KOIDHUUUEHTOB Y [UTst psiiia 3HAUEHUI Y108 8, U O (B NATH TOYKAX NONEPEYHOTO CEYEHHUS)
naHbl B Taba. 7.5.

Ta6nuua 7.5
Koapdpummentsl y ais onpenesieHns nonepedHsbiX H3Irudalommux MOMENTOB
B IMJIMHAPAYECKHX 000/I0YKAX
Tipu Beanunne yrna 0, rpan. (pan)

Y, Ne TotKkH 25 26 27 28 29 30 32 34
(0,436) (0,454) (0,471) (0,489) (0,506) (0,524) 0,559) (0,593)

1 0 0 0 0 0 0 0 0
2 10,118 10,456 10,787 11,110 11,425 11,732 12,318 12,868
W, 3 20,618 21,342 22,055 22,755 23,443 24,118 25,428 26,682
4 31,375 32,516 33,645 34,760 35,861 36,947 39,075 41,138
5 42,262 43,837 45,399 46,947 48,481 50,000 52,992 55,919

| 0 0 0 0 0 0 0 0
2 4,062 4,385 4,718 5,063 5,419 5,785 6,550 7,355
v, 3 6,659 7,758 8,136 8,735 9,353 9,990 11,321 12,727
4 8,775 9,478 10,206 10,960 11,738 12,542 14,222 15,998
5 9,369 10,120 10,900 11,705 12,538 13,397 15,195 17,097

] 0 0 0 0 0 0 0 0
2 0,5118 0,5467 0,5818 0,6172 0,6527 0,6881 0,7587 0,8279
v, 3 2,1255 2,7774 2,4320 2,5890 2,7479 2,9084 3,2330 3,5597
4 4,9220 5,2867 5,6600 6,0413 6,4301 6,8255 7,6341 8,4618
5 8,9303 9,6085 10,305 11,020 11,752 12,500 14,041 15,635

1 0 0 0 0 0 0 0 0
2 0,0216 0,0243 0,0272 0,0304 0,0337 0,0373 0,0453 0,0543
v, 3 0,1726 0,1943 0,2174 0,2424 0,2693 0,2980 0,3615 0,4334
4 0,5810 0,6532 0,7312 0,8151 0,9052 1,0016 1,2142 1,4548
5 1,3714 1,5414 1,7248 1,9221 2,1336 2,3599 2,8586 3,4219

| 0 0 0 0 0 0 0 0
2 0,5559 0,5978 0,6409 0,6850 0,7301 0,7761 0,8706 0,9680
v, 3 2,2768 2,4536 2,6359 2,8235 3,0163 3,2142 3,6241 4,0519
4 5,2122 5,6250 6,0521 6,4931 6,9479 7,4162 8,3923 9,4194
5 9,3690 10,1206 10,899 11,705 12,538 13,397 15,195 17,046
I —cosf, 0,0937 0,1012 0,1090 0,171 0,1254 0,1340 0,1520 0,1710
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IlpononbHas cuiia B rJIMTE y NepecedeHus ¢ 60pPTOBLIM JIeMEHTOM (TOouKa 1 Ha puc. 7.7,8) BhIYUCIAETCH
no opmyse
N, = (g,y — Aqyhy ,)sinB| + X cOSO,. (7.23)

IMpononbHas cuna B IPyrux TOYKaX IUIMTHI Aajiee MO Ayre HMEET CJIeIYIONIee BhIpaXeH e

N, =(g,y+ £r0, + 0,018,y )sino. — Agy(hy ,,sino. + rsin@) + X, cosa. (7.29)

JIns BBIYMCACHHUS 3HAYEHU I TPONOIBHEIX CUJI U U3rUOAIOLIMX MOMEHTOB B TOYKAX JYrd MONEPEYHOro
ceyeHUsl 060I0UKH OTIPEAEISEM HEKOTOPblE HEOGXOAUMBIE IS MOACTAHOBKHU B dopMynnl (7.21), (7.23) u
(7.24) reoMeTpUYECKHE XapaKTEPUCTUKHU CEUCHMS NOCEpeaMHe NpoJsieTa. 3HAYEHHE XapaKTEPUCTUK IS
Touek 1—5 nmonepeyHoro ceyeHus 3anuceiBaeM B 1aba. 7.6.

Benrnunny MpoaoibHOM CUITBI U1t TOYKH 1 HaxoouM mo (7.23)

N,=(4,0-12,5-1,43)0,475 - 13,142+ 0,88 = —18,156 kH,

a [UTS OCTANIbHBIX TOYEK Ayru — 1o (7.24)
N, =(7,75 + 0,22y )sina — 156,125sin0 — 13,14cosc., Haripumep
N,=(7,75+0,22-11,3) 0,362 — 156,125 - 0,1237 — 13,142 - 0,931 = —27,84 kH.
Hsrubarowwinit MOMEHT L1si Touku | BblumcasieM no (7.21), nMpud 3TOM NnepBOe U BTOPOE ClaracMbie
dopmynsl B Touke | o6pallaroTcs B HOMb
M, ,=X,— Nye=-5047 + 18,156 - 0,032 = —4,47 xHm.
DKCUEHTPUCHTET NPOJOTLHON CHIIb] IIPU BBIYMCIEHUH Mm,’l NPUHAT e = 32 MM.

Ins BRIUMC/IEHHA M3rMOAIOIMX MOMEHTOB M, , B OCT&IbHBIX TOYKAX AYrd HEOOXOAMMO CHayana
ONpEAEIUTh 3HAUEHUSI MOMEHTOB B 3TUX Toukax 1o (7.20) xak 415 OAHOBOJIHOBO# 000/104YKH, HO §e3 no-

cJiefiHero YjieHa hopMyIbl
M= 1,6y, + 18,3y, — 5,5y, — 2,2y,.
Hanpumep: M, =1,733-11,3+19,5-0,03 - 5,46 - 0,69 — 2,8 0,64 + 27,84 - 0,032 = 15,5 kH'm;
M, ,=155-13,142-0,01 - 12,49 - 5,1 — 5,047 = 2,08 xH"Mm.

Onyckas apudMeTU4eCKHe BbIKIAAKKM, NpuBoauM Ha puc. 7.9,6 amioppl N, KH'M, u M, xH-M/M,
BbIYMCJEHHBIE A5l BCEX TOYEK MOMEPEYHOrO ceueHUs 060MOYKM.

Ta6auua 7.6
TouKHK MONEPeYHOro CeueHNs
Mapamerp : 5 3 4 5
0, rpan. 0 7°5’ 14°10" 21°15 28°20°43"
(pan) 0) (0,1237) (0,2475) (0,371) (0,4947)
sinQ 0 0,1235 0,245 0,362 0,475
cosO 1 0,993 0,97 0,931 0,88
o, rpan. 28°20" 21°15° 14°10° 7°5 0
(pan) (0,4947) (0,371) (0,2474) (0,1237) 0)
sina 0,475 0,362 0,245 0,1235 0
oSO 0,88 0,931 0,97 0,993 1
W, 0 11,3 23 35,15 41,5
W, 0 5.1 9 11,3 12
v, 0 0,64 2,65 6,18 11,28
W, 0 0,03 0,25 0,9 2
Wy 0 0,69 2,94 6,72 12
Lo ppr M 0 0,64 1,12 1,41 1,48

B npuseseHHOM npuMepe pacuyeTta 06004YKka pedpucTas — nonepeyHbie pedpa ¢ waroMm 3 M, NO3TOMY
3HAYECHUS BBIYUCNCHHBIX BECJINYHH NONCPCYHBIX n3rubaloIMx MOMEHTOB U TNPpOAOJIbHBIX CWJ1 YMHOXAIOT HA
3 M ¥ MonyyeHHOE YCW/IHE MEPEAAalOT Ha OCHOBHYIO apMaTypy pebep, pacCUMTbIBasi TABPOBOE CEYCHHE
pedPUCTON NIKUTHI.
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Pacuer Topueoii Anagparmsi

Nuadparmei ATMHHBIX UHJIMHAPHUUYECKUX 000M0UEK PACCUMTHIBAIOTCS KAK MJIOCKHE CTEPXKHEBbIE UM
6aNouHble KOHCTPYKIIMU — HA COOCTBEHHYIO MacCy M BHELIHIOIO HArpysky, AeiCTBYIOILYIO Ha 0DO0JIOYKY,
KOTOpasi nepeaaeTcsl B BUIAE CABUTAIOIUX cuil (puc. 7.10). DTH cuibl, KacaTesibHble K CPEAMHHOI MoBEepXHO-
CTH KpHBOJIHHCﬁHOﬁ TUTHUTDI, OﬁpaTHbl Mo HANPaBJIEHUIO U paBHbI 110 BEIUYHUHE CABHUTAOIINM YCUITUSIM B
KPHBOJNIMHEIHOM TJIMTE HA KOHTYPE — MO JIMHKU €€ CONpsiXeHUs ¢ nMacdparmoil. BenuunHa caBuraommx
CHJ1 ONIPENENIACTCS U3 paciHeTa KPUBOJIMHEHHOM NNUTHL (000I04KH) KAK YIPYroit CUCTEMBI.

CyMMa npoexkuuii cABUTAIOIMX CUJI HA BEPTHKAIBHYIO OCh JOJIXKHA YPaBHOBELUMBATLCA GaNOYHOM
OTOPHOIA peakuueit 060M104YKH.

ﬂ.ﬂﬂ BbIYUCIECHHUA CABUTAIOLLIUX CHUIT HCOGXODMMO HalTH BETUYHU HY CTAaTUYECKOro MOMEHTa OTCEYEHHOM
YaCTH CEYEHUS KPUBONMHEHHON NMIUTBHI C LIEHTPAILHBIM yrnoM 2o (puc.7.9,a), Kotopas MOXeT ObITb
ofnpenencHa no cieayiouleit bopmyne

o

S, = 271, (sino —nav). (7.25)

BennuuHy casuraiowmx cun Gy B JII000H TOYKE CPENMHHONW MOBEPXHOCTH KPHBOJIMHENHON MINTHI,
OYEPYEHHOI NO Ayre OKPYXHOCTH, UMEIOILECH OCb CUMMETPUM M BEPTHKalbHbie GOPTOBBIE 3JIEMEHTHI,
pacnoiOXeHHble HUXE Kpast KPUBOJIMHEHHOM MJINTBI, MOXHO BBIYUCASTD Mo opmyne (7.7), npuHuMas s
Q 3HayeHHe BEAMYWHBI HArPy3KU, NPUXONSILENHCS HA MOJOBUHY ANMHBI 060JIouKYM M Auadparmsl, T. €.
OIOPHYIO peaKkllUio TOPUEBOIi nHadparmol.

CyMMy NpoeKUHii CNBUTAIOILMX CHJI HA BEPTUKAIbHYIO OCh HaiaeM o opMyne

3

t('ur plr
Oy« =0 (8, ~nD). (7.26)
sh,sup
34eCh — KO3 MUMEHT, ONpEACNSIONNA TOJOXKEHUE UEHTPAa TIXECTH CEYEHUS IMJIMTHI OOOJIOYKH:
n p

n=@-3/rn
Z — pAcCTOSIHME OT TOYKM HA CPENUMHHOU NOBEPXHOCTU B LIEJIbIFE KPUBOJIMHEHHONH TUIUTHI J10
LEHTPA TAKECTH €€ CEYEHHS.

[TpumMbikaloliiee K TOpueBoi anadparMe oropHoe ceuere 000M0UKY UMEET CReLyIolne NapaMeTpbl:
naoluaab ceyeHuss 6OPTOBOH Banku Aed =0,3- 1,0 = 0,3 M nnowans ceyeHust KPUBOJMHEHHON MIUTHI
Am,.‘p, = 0,495 m%; o611as NA0LWALL ONIOPHOTO CeUEHMSA 060I0UKH A, =0,795 MZ; MOMEHT MHEPLIUHU CEYECHUS
o6oNnouKH Ix,,.mp = 0,541 M*; paccTosiHME OT LIEHTPA TAXKECTH CEYEH s 0BONOUKH 10 OCH CEYEHUST KPHBOJIH-
HeiiHoi nauTel B wesnbire z = 1,07 m;n = (12,49 - 1,07) / 12,49 =0,915.

BHEWHIOW HArpy3ky Ha TOPUEBYIO apOuHYl0 aMacdparMy B BHAE CABMTAIOUIMX CUJ, AEHCTBYIOUIUX B
TOPLEBOM OTIOPHOM CEUeHUH 000/JI0UKU, OyIeM OMpenc/isiTh B T€X XKe MIATH Touykax (ToOukH |—S5 Ha puc.
7.11,a), B KOTOpbIX BbIUMCAEHBI KOIQDUUMEHTL D, B Tab1. 7.7, Yeunns Mﬁ,_ , Nfu u Q/ﬂ OT CABUTAIOLIMX CHJI,
AeACTBYIOLLIMX Ha apKy, ONpeaeNuM A1 ceYEHKii B ATH TOUKAX C YIJIOBO! KOOPAMHATOMN oL (Touku 1'—5),
nokasaHHbIX Ha puc. 7.11,6. [ns BbIYMCICHUSI YCHIIUIE BOCTIONb3YEMCS CieayolMMu hopMynamu:

M o = Q{[(8,-19,)0.010; B, + 185 ] (8, —nd,)e};
Nfu = @lﬁb -n%; — (8, -nG,)sina; (7.27)
Q. =01(8, —nB,)cosa— B + By,

rae é = Q’(‘lll‘,p[ "3 /(IOOI:II,_mp);

(@ — onopHas peakuus TopUcBOit Anadparmbl (NOJIOBKUHA ONOPHON PEAKLIMK 060J0UKH).

Puc. 7.10. Cxema ycuauii, nepeaaBacMbixX ¢ 000104KH Ha TOpUCBYi0 AWadparmy
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Puc. 7.11. K pacueTty TopiueBoii apKku:

@ — rEOMCTPHUECKAsI MU PACUCTHAsT CXEMbI APKHU; 6 — CeUCHUC apKH; 6 — OPAMHATHI TOYCK HA OCH apKH; ¢ — 3MI0PbI YCUIHIi B
OCHOBHOIH CMCTCME apkH OT H = |; d — To e, OT BHELHEH HArpy3Ky (CABUTAIOLIMX CHA); € — CYMMAapHbIE 3MIOpb

Jns o6aerdeHust BblYUcaeHui no opmynam (7.27) s tabn. 7.7 npnaeuéhbx 3HaueHUs K03¢pdULIMEHTOR

0, moACUMTaHHbIE ANIA YII0B 6 B NsTH TouKax ayri (puc. 7.9, a).
[Tockonbky B HalleM KOHCTPYKTUBHOM pellieHHU 00010uKa NPUMBIKAET K TOPUEBOW apKe MOBepXxy
(puc. 7.11, 6), caBUrawrolIMe CUIbl NIEPenaloTcs OT NAUTH 000JTOYKU Ha OChb apKH C 3KCLEHTPUCUTETOM

e = 180 MM. KpoMe TOro, onopHbiil y3€in apku BbiMOJHEH TaK, YTO 3aTsXKKa NMPUCOCAUHAETCH K apke ¢

akcueHTpucureToM 250 MM (puc. 7.11, @). ITH 3KCUEHTPUCHUTETHI YUNTBIBAIOTCS PACYETOM.

Taoanua 7.7

Koadu- No Mpn seanuune yrna 0,, rpan.
UHEHTHI :

v, Toukn 25 26 27 28 29 30 32 34

v, 1 5,331 5,978 6,673 7,417 8,212 9,059 10,911 12,982
2 5,331 5,978 6,673 7.417 8,212 9,059 10,911 12,982
3 5,331 5,978 6,673 7.417 8,212 9,059 10,911 12,982
4 5,331 5,978 6,673 7.417 8,212 9,059 10,911 12,982
5 5.331 5,978 6,673 7,417 8,212 9,059 10,911 12,982
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Oxonuanue mabauys 7.7

Koaddm- No Mpu Beanunne yraa 6,, rpan.
UHEHTHI -
v, TOtKRH 25 26 27 28 29 30 32 34
| 5,433 6,102 6,823 7,596 8,425 9,31 11,256 13,446
2 5,433 6,102 6,823 7,596 8,425 9,31 11,256 13,446
v, 3 5,433 6,102 6,823 7,596 8,425 9,3] 11,256 13,446
4 5,433 6,102 6,823 7,596 8,425 9,31 11,256 13,446
S5 5,433 6,102 6,823 7,596 8,425 9,31 11,256 13,446
| 0 0 0 0 0 0 0 0
2 10,118 10,456 10,787 11,11 11,425 11,732 12,318 12,868
Vi 3 20,618 21,342 22,055 22,755 23,443 24,118 25,428 26,682
4 31,375 32,517 33,645 34,76 35,861 36,947 39,075 41,138
5 42,262 43,837 45,399 46,947 48,481 50,0 52,992 55,919
| 0 0 0 0 0 0 0 0
2 0,017 0,020 0,023 0,027 0,031 0,035 0,045 0,057
\2 3 0,129 0,150 0,174 0,201 0,23 0,263 0,339 0,429
4 0,402 0,470 0,545 0,629 0,721 0,824 1,061 1,343
S 0,878 1,024 1,188 1,370 1,572 1,795 2,309 2,923
| 0 0 0 0 0 0 0 0
2 0,018 0,021 0,024 0,028 0,032 0,037 0,047 0,06
X 3 0,132 0,154 0,179 0,207 0,238 0,273 0,353 0,45
4 0,412 0,481 0,56 0,647 0,744 0,852 1,101 1,402
5 0,897 1,048 1,218 1,407 1,618 1,851 2,391 3,04
1 0 0 0 0 0 0 0 0
2 8,107 8,749 9,414 10,100 10,807 11,536 13,054 14,652
Ve 3 13,869 14,965 16,099 17,269 18,475 19,717 22,304 25,024
4 17,147 18,486 19,868 21,291 22,756 24,260 27,383 30,652
S 17,861 19,217 20,611 22,040 23,504 25,000 28,081 31,270
| 0 0 0 0 0 0 0 0
2 8,312 8,988 9,691 10,421 11,176 11,958 13,599 15,346
vy 3 14,147 15,290 16,476 17,704 18,975 20,289 23,041 25,960
4 17,437 18,924 20,259 21,742 23,273 24,850 28,142 31,611
5 18,142 19,544 20,989 22,475 24,000 25,565 28,802 32,174
1 0 0 0 0 0 0 0 0
2 0,463 0,519 0,580 0,645 0,715 0,790 0,953 1,136
Vg 3 1,683 1,889 2,111 2,348 2,602 2,873 3,468 4,135
4 3,398 3,812 4,258 4,736 5,247 5,792 6,986 8,325
5 5,331 5,978 6,672 7,417 8,211 9,058 10,910 12,981
1 0 0 0 0 0 0 0 0
2 0,475 0,534 0,599 0,688 0,742 0,821 0,996 1,195
Vy 3 1,723 1,938 2,169 2,418 2,686 2,972 3,604 4,319
4 3,469 3,899 4,363 4,862 5,396 5,968 7,229 8,652
S 5,433 6,102 6,823 7,596 8,425 9,310 11,256 13,446

Haitnem 3HaueHus ycunuid:

0=6,24-12,0-0,5-29,6 - 0,5=554,1 xH;

0,04.12,49°

0 =554,1
0 (100-0,541)

=798,2 kH.

[MoacTtaBun B BoipaxkeHHe (7.27) U3BECTHbBIE BEUYHUHBI, OAYYUM:
M, =798.2{[(9, ~0,9159,)0,019, - 0, +0,9150, 112,49 — (8 —0,9159,)0,18};

N o =798,2[84 -0,9158; — (8, =0,9158,)sina].
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Beruncnenus koadpduunentos 9, no tabn. 7.7 u M, u Nfa cBeleHbl B Ta0J. 7.8. DNIOPbI 3TUX YCUITUM
IaHb Ha puc. 7.11, 0. Tocne onpenesieHunst Harpy30K ¥ 3MIOP OT HUX MOXHO NMPUCTYIMUTD K PACYETY apKH.

Ta6nuna 7.8

N’g —
. 0, o 0 9 9 0 8 o M,, N,
TOYKH B 1 2 3 4 5 6 7
ceueHnn kH kKH'M kH
1 798.2 7.7 7.88 0 0 0 0 0 0 —189
2 798,2 7,7 7,88 11,3 0,0282 | 0,0286 10,34 10,67 449 321
3 798,2 7,7 7,88 23,0 0,221 0,228 17,68 18,15 848 759
4’ 798,2 7,7 7,88 35,1 0,660 0,679 21,79 22,30 1125 1062
5 798,2 7,7 7,88 47,5 1,440 1,48 22,54 23,0 1249 1197

JByxilapHMpHAas apKa sBJIsieTCs OLHAX/bI CTATHYECKH HeonpeneauMon cucteMoil. Packpeitne cratu-
YeCKOM HEONpeaeMMOCTH BBITIOJTHUM METOIOM CHJl. B KayecTBe iMLIHEH HEU3BECTHON TPHHUMAEM YCHITHE
B 3aTSIXKe, T. €. pacniop. MckomMoe yCHINE NonyduM U3 HopMynbl

H=(ES,)/(ES,)).

Ycunus B OCHOBHOM CUCTEME OT EIMHUYHOTO pacnopa H = | BHIYUCIAIOTCSA 3NIEMEHTapHO U NMOKa3aHbl
Hapuc.7.11,e.

Onyckas nepeMHOXEHHE 3NI0p N0 METORY BepewaruHa, npuBOAUM OKOHYATENBHBIN PE3YbTAT BEIYHC-
neHus nepemeuleHUi. Ilpu 3ToM ceueHue apku NPUHATO No puc. 7.11, 6. T1nouiaas nonepeyHOro CeYeHUs H
MOMEHT HHepLMH apku A, = 0,095 M2 1,=0,00145 M* COOTBETCTBEHHO.

Ceuenue 3ataxku 4,,= 0,2 0,2 =10,04 M2

= 4,82-10%;

ES,, =
v =] 0,00145 ' 0,095

Mo, J-NuN, o 6929 4075
1, 4,
Ay N2 A 2
ESII =I_[E[.l_+‘l‘l_vl_+-‘.ﬂdx:al}’_()_4_+i_+i = 8’4.]03,
74, T4, T 0,00145 7 0,095 0,04

otkyza H=4,82-105/8,4-10%=573,8 kH.
CyMMapHbie 3mopbl U3rp6atouux MoMeHToB, KH-M, 1 pononsHeix cun, KH, noka3aHs! Ha puc. 7.11,e.

8. KOPOTKAA ITPU3MATHYECKAA CKJIAIKA

3aaaHue: 3apOEKTHPOBATh KOPOTKYIO MPH3MAaTHYECKYIO CKIaAKy C pasMepamy B raaHe 12x24 M u3
IUTOCKHMX peGpUCTbIX NaHenei 3x12 M n xene306eToHHbIX Ge3packocHbiX ¢epm nponetom 24 M. [Ipusmaru-
YecKas CKJIaKa BhITOJHAETCA COOpHO-MOoKonuTHOI. CHeroBas Harpy3ka npuHumaerca s 111 xiumaru-
YeCKOro paitoHa.

Buifop KiraccoB GeToHa H apMaTYpbi

Ins naHenei CKNaaku MPUMEHAECTCS B KAYCCTBE HAMpAraeMoit apMaTypbi CTepXHeBas TEPMHUYECKH
ynpouHeHHas crab knacca A800 ¢ R = 695 MIa; R, = 800 MIMa n £, = 200000 MI1a.

Knacc 6etoHa B20, nerkuit, niioTHbIi, Ha Kepam3uTe Mmapku 600 1 mopucToM necke Toro xe suaa. Ipu
3TOM 6eToH B20 nonyyaetcs mapku D 1450 no cpeaHeit 0THOCTH ¢ yeabHbiM Becom 1,45 9.8 = 14,2 kH/M3.
PacueTHble xapaKTepucTHKH Takoro 6etoxa: R, = 11,5 MIla; R, = 0,9 MIla; E, = 13,5~ 103 MTla.

B kauectse HeHanpsiraemoii apMaTypbl NPMHUMAaEM OObIKHOBEHHYIO MPOBOJIOKY MEPUOAMYECKOTO
npodpuns @3—5 knacca B500 u crepxxesylo apMmaTypy kinacca A500. B uensx yHudukauuu pasmepbl
GETOHHOTO CeYEeHHs NaHeEl W rpaHeit NPU3MATHUYECKOIl CKNALKU MTPUHSITHI GIN3KUMHU K TUNIOBBIM, KaK TS
MAUT MOKPBITHH ¢ pasmMepamu 3x12 M 1 o6beMom V = 2,75 mM3. CobCTBEHHDIR BEC KEPaM3UTOBETOHHOM
MIMTDE Nepekpbitha G, = 2,75 1,45+ 9,8 = 39 kH.
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Harpy3ku Ha nokpbiTHe

Tadbnanunua 8.1

HalMEHOBAKME HE HopmartusHas narpyska, KoadpduuueHT PacuctHas Harpyaka,
a OBARME HATPY3KM kH/m? HAEXHOCTH MO HATPY3Ke KH/m?
Ot Beca KpoBiH 1,11 1,3 1,45
OT Beca NJIUT, B TOM YUCIC: 1,09 1,1 1,2
nonku 0,03 - 14,2 = 0,43
nonepeuHsbix pcoep 0,14
npoponbHbIX pebep 0,43
TopueBbtX pedep 0,09
OT CHEroBOM HArpy3kH, 1,26* 1,8
B TOM uucne autenabHas 0,358,
UTOIo g, +8,=3,46 g+ Sg = 4,45

* Koachduument ¢, yiuTbIBAIOWMIA CHOC CHETa € NOKPLITHS, MPUHAT PaBHBIM 1.

J10 3aMOHOJIMYMBaHUA UIBOB COOPHbIE NEMEHTBI CKIIA0K PACCUUTHIBAIOT KaK Pa3pe3Hble KOHCTPYKUMH
Ha NefCTBME MOHTaXHbIX HArpy30K B CTaAUsX M3rOTOBJEHHUSA, TPAHCTIOPTUPOBAHUA U BO3BEACHUs (PHC.
8.1). IMocne 3aMOHONMYMBAHUS ILIBOB (B CTAAMU IKCIIyaTallMK) CKIAAKM PACCUUTBLIBAIOT Ha BO3/1EiCTBUE
NOCTOSHHBIX ¥ BPEMEHHbBIX Harpy30K Kak NPOCTPAHCTBEHHbIE KOHCTPYKLIMU METOAOM TpeeIbHOTO PABHO-
BECHSI NO CXeMaM M3/10Ma, OXBaThIBAIOLIMM OOHY WJIM ABE KpailHHe rpaHu cknagku (puc. 8.2), B COOTBET-

ctBuu ¢ CIT 52-117-2008*.

CpenHiolo 4acTb CKNAaKH, PAcMoNOKEHHYIO MEXIY UYeTbIPbMsi KPAUHUMM TPaHsIMU (110 JBE ¢ KaXIO0i
CTOPOHBI), MPOBEPAIOT B IKCIUIyaTALMOHHOM CTaJlMK TOJILKO Ha MECTHBIM, T.e. OrpaHUYEHHbIH TUIOLIAABIO
O HOI1 NalleNn, U3JIOM TMOJIKI M [TOTIEPEUHBIX pebep naHesu.

,D,na(bparMbl PACCYUTHIBAIOT HA HArpy3ku, nepegaBacMbic OT rpaHeﬁ CKJIaaAKH, B BUAEC HOPMAJIbHbBIX U

KacaTeNbHbIX YCHIIHH.
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Puc. 8.1. CxeMbi H310M2 BONKH K onepeutbiX pehep OT u3rnda u mpoIobHLIX pebep oT u3ruba u Kpydenns:

a, & — CXEMbL H3IOMA NOAKH H NOACPEHHBIX pebep; 8 — cxeMa H3/1I0Ma NPoRoALHOTO pedpa;

I—5 — 38cHLs B CXCMAX M3JIOMA; 6 — AHMHIK W30MA
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Puc. 8.2. Cxembl H310MA CKIATYATOTO NOKPHITHA:

¢ — CXeMa U3I0Ma KpaitHero pebpa nepeoii rpaHu; 6 — 10 Xe, Tpex pebep ABYX rpaHeil; 8 — TO Xe, ABYX CMEXHBIX pebep;
1—4 — 3BeRbs B cXCMax M310Ma; 5 — KpaitHUe rpaHy CKNaaku; 6 — nepsasi M BTOpas rpaHu; 7 — CPEaHss 4acTh CKITALKH

Pacyet nosiku 1 nonepeynsIx pedep nanenn

Mcxoarble naHHble: Harpy3ka Ha nosky naveaug, +§,= 1,45+0,43- 1,1 + 1,8 =3,72 kH/m2; TonmuHa
MoJIKH /1’f= 30 MM; pa3Mepb! ceueHus nonepeuHoro pedpa 4 = 30 + 220 = 250 MM u b = 50 MM 1O HUXHEI
rpaHu ¥ 80 MM B HMXXHEM NJIOCKOCTH MOJKH (pHUcC. 8.3); paccTossHUE B CBETY MEXAY IPaHAMH NMPOAOAbHbIX
pebep (puc. 8.4) b, = 2,95 — 20,14 = 2,67 m; T0 Xe, MEXAY rpaHsAMU nonepeyHsix pedep a, = 1,49 — 0,08 =
= 1,41 m; apmarypa pebpa knacca AS00 ¢ R, = 435 MIla; apmarypa nonku @3B500 ¢ R, = 415 MIla.
OTHoOLEeHHE al/h’f= 1,41/0,03 = 47 > 30, no3atoMy npuHumaloT koadduuueHT 1 = 1, T.e. npu pacuere
MOJKH HeJTb3s HCNO/b30BaTh 61ArONpHsATHOE BAUSHUE pacnopa, BO3HUKAIOLLETO B NPeAeIbHOM COCTOSSHUU NMPH
nanome nosiku. fapamerTp k, UCMOJIb3yeMbiil NPY ONPEAENIEHNH CXEMbI H3JIOMa MaHeNu, npy h, = 250 — 30 =
= 220 MM ¥ OTHOLWIEHUAXY = a’|/b", = 1,41/2,67 = 0,528 u 1/y = 1,89:

k=v/11 — RA /(R h)]; 8.1)
k=0,528/[1 — 415 - 30/(435 - 220)] = 0,46 < 1/y= 1,89.

40, 40
! I
ﬁ—'
[==2 (=]
ol w
[a\] ~
<TC P

1

o]

Puc. 8.3. Cxema nonepeyHoro pebpa miHTH
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Puc. 8.4. IInan naurn 3x12 M

M 3/10M NOJKY MPOUCXOLUT MO «KOHBEPTHOI» cxeMe (puc. 8.1, a). Koad¢puuueHr:
v =K/(3 - 2vk);
v =0,46%/(3-2-0,528 - 0,46) = 0,0387.
Wzrubaioline MOMEHTBI B CEYEHUAX MONKH TAaHENU onpeaensiorcs no popmyaam:
M, =n(g, + S)a (3 —yk)k/[48 (k +yy));
M, =M,
M,=3723" 1,412(3 — 0,528 - 0,46) 0,46/[48 (0,46 + 0,528 - 0,0387)] = 407,1 H'M/M;
M, =0,0387-407,1 = 15,8 H-m/m.

W3rubaiolinii MOMEHT B ceyeH M NonepeyHoro pebpa Npy Harpy3Ke Ha eAMHULY JMHbBI pebpa:

q,=0,14-1,1 +3,723-0,08 =0,451 kH/Mm =451 H/m™;
M= (g, + 5) & 3 — kKyD/Q4Y) + q,6%/8;

M, = 3723 1,413 (3 — 0,462+ 0,5282)/(24 - 0,5282) + 451 - 2,67%/8 = 4587,4 + 401,9 = 4989,3 H'M.

TMoaGop niomaau cedyeHHA ApMATYPHI MOJKH NAHETH

8.2)

(8.3)
8.4)

(8.5

B Hanpasnenuu BROAbL NaHeNU Ha | M MpKHbI NPH /iy = 30/2 = 15 MM K03dduuneHT o, = M /(Rb hyh)=
=407100/(11,5- 1000 - 15%) =0,1573.
CootsetctBenno E=1-1-2-0,1573=0,172; { =1 — 0,5 - 0,172 = 0,914; A, = M, /(ThR) =
=407100/(0,914 - 15-415) = 71,55 Mm? Ha | m.

B wanpasnenuu nonepek naHenu npu Ay = 15— 3 = 12 mm;

o, = 15800/(11,5 - 1000 - 122) = 0,00954; & =1-/1—2-0,00954 = 0,009586; §{ = 1 — 0,5 - 0,009586 = 0,9952;
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A, = 15800 /(0,9952 - 12 - 415) = 3,2 mm2.

TpunMMaeM apMaTypy B HanpaBieHHH BAO/b naHenn @3B500 ¢ warom 100 Mm — A, = 71,0 MM%/M
(pa3HKLA ¢ paCUeTHBIM 3HaYEHUEM cocTaBnser meHee | %).
B HanpasneHnu nonepek naHenu KOHCTpykrusHo @3B500 ¢ warom 200 MM — A, = 35,5 MM2/M.

IlpoBepka cOopHOit NaHe M HA OOMKIE H3/10M NOJKH NaHenu (puc. 8, 6)

PaccrosiHue B CBeTy MeXay BHYTPEHHUMM IPAHAMY TOPUEBLIX pedep naHeaun
c=11,95-2-0,275= 11,4 m (puc. 8.4);
TO Xe€, MEXJ1y TPaHsIMH TOPLIEBOTO U MEPBOTO MOnepeuHoro peépa
a,=1,505-0,275-0,04 = 1,19 m.
[MpuGAN3HTENBHOE PACCTOSHUE MEXAY TOPLUEBLIMU IMHMAMH U3JIOMA
[=¢-2-0,1=11,4-0,2=11.2M.



Apmarypa nonku @3B500 ¢ warom 200 MM Ha JIUTHHE IMHUK U3NOMA
A, =17,1(11200/200 + 1) = 405 mm2.
BbicoTa cxkaToi 30HbI B CEUEHHUSIX CEMU MOMEPEUHBIX pedep Mo JIMHHH U3NoMa
x=RA/(R,Tb)=415-405/(11,5-7 - 50) = 41,76 Mm.

Hsrnbaommit MOMEHT, BOCIIPMHUMAEMBLIA MOMepeyHbIMM peOpaMHU B CEYEHHH WX NPUMBIKAHWA K
NIpoAOALHOMY pedpy (no aunuu 0—2)

My, =M,,, = RA(h,— 0,5x) = 415 - 405(220 — 41,76/2) = 33,47 kH"m.
DKenyatalMOHKas Harpy3ka Ha naHenu 6e3 y4eTa Beca NpofoibHbIX pebep
&=@+S5)—~043-1,1=4,45-043-1,1=398 KH/Mm2.
H3rubaiotuii MOMEHT, ACHCTBYIOLIMIT HA Bce CPENHUE NONEpeYHBIE pebpa naHeH, HaitaeM no dopmyne:
M,, = g,bX(3c — 2a,)/24 — M,; (8.6)
M, =398-2,672(3- 11,4—2-1,19)/24 — 33,47 =4,15kHm.
Ha xaxnoe nonepeyHoe pe6po, nepecekaloliee IMHHMIO U3noma 1—3, mpuxoaurcs
M’ = M,,/7=4,15/7=0,593 kH-M = 593 H'M < M, = 4989,3 H'm.
IMpu pacyeTHON LWHPHHE NONKK b'f =b,/3 =2670/3 = 890 Mmm x03pdULMEHT:
a, =4989300/(11,5 - 890 - 220%) = 0,01; {=1—0,5- 0,01 = 0,995;
A, = 4989300/(0,995 - 220 - 415) = 54,92 MM2.

[punnMaeM 115 paboyeit NpofoapHO# apMaTypsl nonepeyHoro pebpa 1310A500 ¢ A, = 78 MMZ,

PacueT nPOYHOCTH ceveHHil, HAKIOHHBIX K MPOJAOABHOI OCH NonepeyHbiX pebep
[TonepeuHas cuna onpenesieTcs npu cxeme u3jioMa (puc. 8.2, a) no popmyne:
Q=g,(2b,—ak)/8 + q,b,/2; 8.7
Q0 =13980(2-2,67—1,41-0,46)/8 +451-2,67/2 =2935,4 H.

Ceuenue pebpa: b = 50 mm; hy = 220 mM. LlinpuHa nonku, yyuThiBaeMass B pacyeTe HaKIOHHbIX

CEYEHUM, b'f= b+ 3h",= 50+ 330 = 140 mm. KoapduuuenT, yuuThIBAIOILMIL BAMSAHKE CKATBIX MOJIOK HA
HECYILYIO CTOCOBHOCTb CEYEHHA:

9,=0,75(b — b)l';/(bhg) = 0,75 - 90 - 30/(50 - 220) = 0,184 < 0,5.
MuHuManbHoe ycuiaue, BOCMPHHNMaeMoe GETOHHBIM CEYEHUEM:!

Qs = 01 + @R, bhy/2; 8.8)
Q, = 1.5(1 +0,184)0,9 - 50 - 220/2 = 8791 H > 2935,4 H.

KOHCTPYKTUBHO yCTaHaBIHBaeM rMonepeyHylo apMarypy @3B500 ¢ maroM 150 MM, 4TO MeHblue
npeaenbHoro 3nayerns 0,75k, npeaycmorpennoro [Noco6uem k CIT 52-102-2004.

IIpensapurenbHblit pacueT NpoaoabHLIX peGep manenn (puc. 8.5) B cTaANK BO3BEAEHHA HA BO3Ae/iCTBHE
co0CTBEHHOTO Beca MaHEeH H CHEroBOi HATPY3KH
Harpy3ka Ha enHuUy JinHbl pepa Npyu WwWpkHe nanenu 3 m: g, = 1,5(g, + Sg) =1,5(1,2 + 1,8) =4,5xH/m.

Apmarypa knacca A800 ¢ R = 695 MTla. KOHCTpYKUMIO pacCUMTLIBAIOT KaK Pa3pe3Hyio ¢ NposieToM
[y3=12-2-0,1=11,8m.

Warubaiowuit MomeHT M =g, [?/8 =4,5 11,82/8 = 78,3 kH'm.
[Tpu wupuHe NOnkM naHenM Ha ogHO pebpo b’/ = 2950/2 = 1475 mm koadp¢uumnenr o, = 783/
[11,5 - 1475(450 — 40)3] = 0,02746; & =1-/1-2-0,02746 = 0,02785; { =1 — 0,5 0,02785 = 0,986.
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Puc. 8.5. TIpogoabHoe peGpo

Yyrem B paboTe apMaTypel NPOJONLHOTO peGpa HeHanparaemylo apMatypy @10A500 R, = 435 MIla;
A, =178,5 MM2.
TpeGyemas nomans ce4eHUs HANPSIraeMoii apMaTypbl

Asp =[783-10%/(0,986 - 410) — 435 - 78,5)]1/695 = (193687,23 — 34147,5)/695 = 229,6 MM2.
Tpunumaem 1318 A800 ¢ A, =254,5 MM2,
Pacuet npoxosHbiX peGep Ha KpydeHne

KpyTauuit MOMEHT Haitnem no popmyine:

1 | (g+S,)(B+b) (3c—2a))
T=M45=2ﬁ{ & ym —Mo - My |. 8.9)

T=14,45(2,95 + 2,67)2(3- 11,4 — 2- 1,19)/48 — (33,47 + 4,15)]/2,83 = 19,64 kH'M.

ITpoBepKa MPOCTPaHCTBEHHOrO CeYCHs INEMEeHTA N0 NPOYHOCTH

PacueT Ha KpyyeHHe TaBpOBOro ceueHMsi NPUONHKEHHO BbIMOMHSIIOT KaK MPSIMOYTOJBHOIO ¢ pa3mepa-

MU ceyeHus pedpa bxh.
BelYMCIHMM YCUIIUE, BOCTIPUHUMAEMOE apMaTypOi:

npoaobHO# pacTaHyToit RA = 695 -254,5= 176878 H;
cxatoit R A", =400 78,5 = 31400 H;
nonepeuHo# S10A500 c warom s = 150 Mm; R A, = 300-78,5=23550 H.
KoahdnumneHnT, xapaktepu3syloninil COOTHOWEHUE MEXAY NONEPEUHON U MPOAOALHON apMaTypo
0, = R A, b/(RAs) = 23550 - 100/(176878 - 150) = 0,089 <@, .. = 0,5 (mpu M = 0).
TToHMXeHHast BEJUYMHA YCUIHS B IPOAOJLHON apMaType, KOTopast y4UThIBAETCS B pacueTe
R'A = 0, RA/P, i, = 0,089 176878/0,5 = 31484 H.

BbICOTa CXaToit 30HbI 6ETOHA MTPU ydeTe CXaToit apMaTypbl cocTaBaser scero 0,08 mMm.
Be3s yueta cxaTtoit apmaTyphbi

x=R"A/(R,b) = 31484/(11,5 - 100) = 27,4 mm.
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YuuTbiBast cxeMy M3JIOMa, NPUBENEHHYIO Ha puc. 8.2, 6, ¥ Masyio BBICOTY CXAaToil 30HbI IPU y4eTe
CXaToi apMaTypbl, MOXHO CYMTaTh, YTO NMPOEKLHUS JUHHU, OFPAaHUUUBAIOLIEH CXKATYIO 30HY, Ha NMPOAONb-
HYIO OCb 3/IEMEHTA He MPEBBILLAET ¢ = h',= 30 MM. TTapaMeTpsbl cedeHus

8=b/(2h + b) =100/(2 - 450 + 100) =0,1; A =¢/b=30/100=0,3.
[Tpu oTCYTCTBUU B ONOPHOM CeUeHUH pebpa U3rubdaloliero MoMeHra KoadbuumeHTs k = 0, 0,= 1.
Hecyiuyio cnocoGHOCTb NPOCTPAHCTBEHHOTO CeUeHUS! HaliieM Mo hopMyne:
C,= RA( + 0,802 (hy = 0,5%)/(9 A + k); (8.10)
Cp = 31484(1+0,5-0,1 - 0,3%)(410 — 0,5- 27,4)/0,3 = 38,93 kH-M > T= 16,21 kH'M.

npO'-lHOCTb JJIEMEHTA Ha KPYYCHHE obecneyeHa.

Pacuer pa3pe3Hoii 0/IHOTIPOJIETHOMH CKJIAIKH

Kak npuHATO Bbille, apMaTypa MpOAONbHbIX peGep Moso6paHa B COOTBETCTBHM C YCWIMAMH OT
Harpys3ok, JAeACTBYIOLIMX 4O 3aMOHOJMYMBAHMS LIBOB, & apMarypa MOJKHM U TOMNEPeYHbIX pebep — B
COOTBETCTBUH C YCHIJIMSIMH OT HAarpy30K, A€ CTBYIOLLMX [IOC/E 3AMOHOINYMBAHMS ILIBOB.

Pacuer no cxeme n3noma (puc. 8.2, a) ¢ onpeaenenvem usru6aroiero momenta M, , B kpaiinem 6oprosom
NPOa0JILHOM pedpe MepBOii IPAHH CKIAIKH
PaBoty u3rubaioliux MOMEHTOB HaiieM no Gopmyne
W, =(My,+ M,,)/b = (33,47 + 4,15)/2,67 = 14,09 kH-M/M.
BricoTa cxxaToit 30HbI 6eTOHA B NONEpeYHOM pebpe Ha TMHUK H3oma 0—2
x, = RA/(R,b) =435-78,5/(11,5 - 50) = 59,4 Mm.
TaHreHc yria HakJ10Ha KpaitHel CKJIafku K TOPU3OHTY
tga, = 1,4/2,9 = 0,483; o, = 0,45 pan; cosa, = 0,9.
IMposiBneHue neopmaunii yyuThBaeTCS NONPABOYHbLIM YIJIOM
o= arctg [2(h — x,)/(B + b))] = arctg [2(250 — 59,4)/(2950 + 2670)] = 0,06773.

Yron Hak/ioHa BTOpO# rpanu: tga, = 0,6/2,9 = 0,207; a, = 0,204; cosa, = 0,979.
BeprukansHoe nepeMelieHue npoaeTHoi JMHUM u3noma 1—3

v, = cos(a, — aty) = c0s(0,45 — 0,06773) = 0,92782.
O6BeM MUpaMubl BEPTUKATBHBIX NEpeMELLIEHHIA
V,=[(3B+ b)) cosa l/12=[(3-2,95+2,67)11,2-0,9278 - 0,9]/12 = 8,975 M3,

PaGoTa Harpyski: Wg = (g/cosa, + Sg) V,=1(2,65/0,9 + 1,8)8,975 = 42,58 xH.
Marubaromwnit MOMEHT B KpailHeM OOpPTOBOM NMPOAOCAbHOM pedpe NepBoit rpaHM CKJIAAKW HalaeM Mo
dopmyne M, = I(Wg — W )/4 =11,2(42,58 — 14,09)/4 = 79,77 xH-M > M = 78,3 xH'M, npuHsaTOro npu

m
NnpeaBapUTEIbHOM pacyeTe NPOAOJIbHBIX pedep.

Pacuyer no cxeme H3a0Ma, NpuBedeHHsIi Ha puc. 8.2,6, ¢ onpee/ieHneM n3rnGaloniero MOMENTa MB,
NPUXOAALIETOCS HA TPH MPOLOABLHBLIX PeBpa ABYX CMEKHbBIX rpaHei CKIAnKH

Yeunue, BOCIPUHUMAEMOE NPOIONLHOM apMaTypoit CETKH MOJKHU NMaHeNH, NapamiebHOi NPOAOTLHLIM
pe6pam (D3B500 yepes 100 Mm): ¢, = RA /s, = 415-7,1/100 = 29,5 H/Mmm.
BhicoTa ¢XaTOM 30HBI 6ETOHA B HAKJIOHHOM CEYEHUU

x,=q,B/(2q, + th’f) =29,5-2950/(2- 29,5 + 11,5:30) = 215,4 mm.

M3rubaiowmii MOMEHT, BOCIPHHUMAEMbIil NPO/I0LHOM apMATYPOIi CETKHU NOJIKY [AHEIU B HAKJIIOHHOM
CCYEHHUHU

M, =0,5¢,B(B—x,)=0,5-29,5 - 2950(2950 — 215,4) = 119 kH'm.
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Ycunue, BOCNPpUHUMAaEMOIil apMaTypoil CETKW MOJKM MaHeNy, Napauie]bHON| NOonepeyHsIM pebpaM
(23B500 ¢ warom 200 Mm)

g,= RA/s,=415-7,1/200 = 14,73 H/mm.

JnuuHa NPOEKIHUN HAKJIIOHHOIo CEYCHNSI Ha HanpaBJICHUHU NPOAOJSIBHOIO peﬁpa

6n =A2M, /(@ + 4y) = 2-119-10° /(29,5+14,73) = 2319,7 mm.
M3rubatowwmii MOMEHT, BOCTIPUHUMAEMblit apMaTypOit CETKM, MapannebHOMN nonepeuHbiM pedpaM, B
HAKJIOHHOM CEYCHHH HaiinieM no hopmye
M,=0,5g,,(c,—5,) =0,5-14,73-2319,7(2319,7 — 200) = 36,2 kH'M.
Yeunue, BOCIpUHNMAEMOE BEPXHUM CTEPXHEM Kapkaca nomnepeyHoro pebpa J10A500 (4, = 78 MMZ;
R, =415 MIa): ;= RA /b= 415 - 78/1500 = 21 ,6 H/MM; b’f= B/2.

M3rnbGalowmit MOMEHT, BOCTIPMHUMAEMbIil BEPXHUM CTEPXHEM KapKaca Nmornepe4yHoro pebpa naHesu, B
HAKJIOHHOM CEYEHHH

My=0,5¢,¢,(c, — b;) = 0,5 21,6 - 2319,7(2319,7 — 1500) = 20,54 kH-M.

H3rnbatouinit MOMEHT, BOCIPUHUMAEMbIif HAKNIOHHBIM CEYCHHEM MEPBOI TPaHU CKJIAZIKH B €€ MJIOCKO-
CTH

M, =M +M,+M,=119+36,2+20,54= 175,74 xH-m.
Bupryansioe nuHeiiHoe nepemenieHue
8, = tg(o, — a, + ap) = 1g(0,45 — 0,204 + 0,0668) = tg0,3128 = 0,3234.
BepTukansHoe nepemeliieHue JHHUYU n3toma 1 —3
v, = cos(, — u,)/cos(a, — a, + a,) = cos(0,2 ~ 0,0668)/cos(0,45 — 0,204 + 0,0668) =
=0,991/0,9515 = 1,0415.

Paccrosiine OoT BHYTpeHHEH rpaHy NpoaosiibHOro pebpa N0 CepeAvHbl IIBa 3aMOHONMYMBAHMUS Fr =
=140+ 0,5 50 = 165 mMMm.

O0ObeM 1HpaMUIbl BEPTUKANbHBIX TEPEMEUICHUI U1l NEPBON MPaHU CKIIALKH
Vi,={l(B+b)/2+ rll vycoso,}/2 = {](2,95 + 2,67)/2 + 0,165]11,2 - 1,0415- 0,9}/2 = 15,62 M3,
To xe, IL1si BTOPOit rpani CKIaakKH
V,=1(2b, + 3Nl v,cosa,|/6 = [(2- 2,67+ 3-0,165)11,2- 1,0415-0,979]/6 = 11,106 M3,
Pa6oty Harpy3kn Haitaem no gopmyre
W, = [(g/cosa, + )V, + (g/cos o, + S)V,| =
=[(2,65/0,9 + 1,8)15,62 + (2,65/0,979 + 1,8)11,106] = 126,8 xH.
M3rn6aiolunii MOMEHT, TPUXOAALIMIACS Ha TP NPOJOJLHBIX pedpa IBYX CMEXHLIX TPAHEN CKIANKH:
M, =1 Wq -W, —2M3 /c,)/4, (8.11)
M,,=11,2(126,8 — 14,09 — 2 175,74 - 0,3234/2,32) /4 = 178,4 kH'M.
Ha kaxaoe nponosiibHoe pe6po npuxoaurtcea: M= 178,4/3 = 59,47 kH-m.
Pacuer no cxeme u3jioma (puc. 8.2, 6) ¢ onpenenennem usruGaiomero MoMmenta M, ,,
NPUXOASALLErOCH Ha B CMEXHbIX MPOAONbHBIX pedpa rpaHei CKIAJKH
BeprukanbHoe nepeMellleHue JMHUK U3noMa 1 —3 Haitaem no popmysne
v, = cos(a, — a,7)/cos(a, — &y + 20.,) = 0,991/c0s(0,45 —~ 0,204 + 2 - 0,0668) = 0,991/0,929 = 1,0667.
O6beM MHpPaMU/ibl BEPTHKMILHBIX NEPEMELLEHU U1 NEPBOH TPaHM CKJIANKHU
V,=[(B+b, + 3rlv, cosa,]/6 = [(2,95 +2,67 + 3-0,165)11,2 - 1,0667 - 0,9]/6 =10,95 M*.
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To xe, ina BTOpoii rpaHu CKIaIKu
V,=1(2b, + 3r)l v;cosa,}/6 = [(2- 2,67 + 3- 0,165)11,2 - 1,0667 - 0,976]/6 = 11,339 M3,
PaboTy Harpy3ku HailgeM no gopmyne

W, = (g/cosa, + SYV, + (g/cosa, + SHV, =
=(2,65/0,9 +1,8)10,955 + (2,65/0,979 + 1,8)11,339 = 103,078 kH-m.

Usrubaoninitcs MOMEHT, NPUXOASILIMIACA HA IBA CMEXHBIX MPOAOJbHEIX pebpa rpaHeil ckiaaku
M= I(Wg - W, —2M.3 /c,)/4=11,2(103,078 —14,09 — 2 175,74 - 0,3234/2,32)/4=112,0 kH.

Ha xaxaoe npononsHoe pe6po npuxoaurca M= 112/2 = 56 kHm. Hanboabiumit uarubaiolinit MOMEHT
Nony4aeTcs B KpaitHeM GOpTOBOM MPOAOIbHOM pebpe nepsoii rpany cknaaku M= 79,77 kH-m > 78,3 kH-M.
Heo6xoanuMo noBTopuTh NOAGOP CeveH s BLICOKOMPOUHO apMaTypbl P HOBOM 3HaYeHUM U3rnbalollero
MOMEHTa;

a, = 79,77 - 10-6/(11,5 - 1475 - 410%) = 0,028; £ =1-/1-0,056 =0,0284; L =1 — 0,5 - 0,0284 = 0,9858.

Ipn pacuere ceyeHus: NpeaBapUTENbHO HANPSKEHHON apMaTyphl yYTeM paGoTy HUXXHEFO CTEPXHS
apMarypHOro Kapkaca npoxonsHoro pe6pa & 10A500 (R, = 435 MIla; 4, = 78,5 Mm2).
Tpebyemast miolaab CEYEHMA BLICOKONPOYHOI apMarypsl Kitacca A800

A, = {M/(Chy) - RAJ/R,=[79,77 - 10-6/(0,9858 - 410) — 435 - 78,5]/695 =
= (197363,54 — 34147,5)/695 = 234,84 mm? < 254,5 MMm?.

MOXHO ocTaBUTb B KauecTBe HanpsaraeMoii apmarypsi 1218A800, a npononbHOe pebpo NMaHENH MOXET
CIIYXXUTb 60PTOBBIM 2JIEMEHTOM NPU3MATHYECKOM CKIAAKH.

W3 KOHCTPYKTMBHBIX COOGpaXeHHUil B IUBbI 3aMOHONUYMBAHUA MEXIY NPOAOJIbHBIMM peGpaMu Han
AnadparmamMm peKOMEHAYETCS yCTaHaBIMBaTh apMaTypHble Kapkachl. OHH MOTYT yYUTHIBATBCH B pacyere,
TOraa paspe3Hasi CKJiaka GyneT pacCMaTpUMBaTLCS KaK Hepa3pe3Hasd. ITO CTAHOBUTCS HEOOGXOAUMBIM, €CH
s obecrieueHUsl Hecyuleit cnocoGHOCTH paspe3Hoil CKIaAKM noTpebyercst 6osiblag MIoLanb CeHeHHs
paboyeii MpooonLHON PacTsIHYTOM apMaTyphl, YeM NpY pacyeTe COOPHBIX NaHeNeH, U3 KOTOPBIX COCTaB/IeHa
CKJIAZIKa, B CTaAUSIX U3TOTOBJICHUS, TPAHCTOPTHPOBAHHS M BO3BEACHUS.

Pacuyer na casuraiolnee ycuaue, BO3HHK2ioulee B IIOCKO# nepsoit (Kpaiineii)
TpaHyu pa3pe3Hoil NPH3MATHYECKOH CK/IaAKH H NepeaaBaeMoe Ha Anadparmy
MakcuManbHy0 BeIMYKHY COBUTAIOUIEr0 YCUIIUS ONpeesuM 1o dhopMyie:
S=M,/[C,(1-4C2/3P); 8.12)
S=175,74/(2,32(1 —4-2,32%)/(3 - 11,22)] = 71,416 kH.
B Pa3pe3HbIX CKIaA4yaTbhbiX NOKPLITUAX CABUTalOLICEe YCHMINE BOCIIPUHHUMACTCA CTAJIbHBIMH YNOpaMy,

NpUBapUBaeMbIMU K 3aKJALHBIM HETAIAM ONOPHBIX Y3710B AuadparMbl M pacCYMTHIBAEMBIMM COIVIACHO
CI1 53-102-2004.

TIpoBepka HAK/IOHHOTO CeYeHUs B IVIOCKOCTH MEPBOi IPAHHU CKIIAJKH
Ha JeficTBHE CABHIAIOILEro YCHINA

PacueT npou3BOOMTCS TaK Xe, Kak 0anoK Ha eACTBHE NMONEePEYHON CHUJIbI.

Mcxonnsle nannbie: Ay = 2950 — 50 = 2900 mm; b = 30 Mm; b’f= 450 mm; h’/= 100 MM; hf= 85 MM,

KoabhdHUMEHT, yurThiBAIOWMT BAUSHUE CXATHIX MOJIOK TABPOBOTO CEYEHHUS HA HECYLIYIO CTOCOGHOCTh
110 nonepeyHoM cuie

0= 0.75(b', — bK',/(bhg) = 0,75(450 — 30)100/(30 - 2900) = 0,36 < 0,5.
MuHHUMaJbHas nonepeyHasa cuna, BOCripuHuMaeMas OETOHHLIM CEYCHUEM
Qs = 0y (1 + QIR bh/2=1,5-1,360,9 - 30 - 2900/2 = 79,87 kH > § = 71,416 kH.

TNonepe4Has apMaTypa ycTaHaBIWBAeTCs KOHCTPYKTHBHO B Buae &3B500 ¢ warom s, = 200 Mm.
[Mpo4HOCTH HAKIIOHHOTO ceyeHUs oBecIeyeHa.
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Pacuer ceuennii, HAKJIOHHBIX K 1IPO/I0JIbHON OCH peGpa MepBoii rpauy cKIAAKH
Harpyska Ha equHMLY LIMHBI TPOAOJIBLHOCO pebpa
¢,=0,43-1,5-1,1 +(1,45+ 1,8)0,2 = 1,36 kH/m.
To Xe, Ha eAMHUILY IOLLANM TIOKH TIAaHEeNH
q,=1,45+1,2-0,43-1,1 + 1,8 =3,98 kH/m%.

MaKCMMzUIbHle BCJIMMUHY nonepeqﬂoﬁ CHJIBbI, BOCIPHHUMACMYIO KaXibiM MPOAOJIbHBIM pe6p0M
naHenu, Hailnem no dpopmyne:

0=19,0/2 + ¢q,b,(c —a))/4|cosa,; (8.13)
0=11,36-11,2/2+3,98-2,67(11,4 — 1,19)/4]0,9 = 31,26 kH.

o Hayana pacueta BbIMUCAAEM HEOOXOAMMBIE FEOMETPUUECKUE napameprl CEYEHUs! MPOAOALHOTO
pebpa. Hanpsaraemas apmatypa J18A800 c Ap = 254,5 mm? (R, = 800 MIMa; E 2 - 10° MMa),
HEHamnpsiraeMasi apMmatypa cxartas u pactsaHytas J10AS00 lUlOl.llaJlblO ceyeHus A; = 78,5 Mm%
[Tepenatounas npouHoctb 6eToHa 0,75B = 15 MIla (e meHee 15 MIla no l'locoﬁmo K Cl'l 52-102-2004).
Cnocof HaTsXeHUs apMaTypbl — 3JIEKTPOTEPMUYECKHIA, TEXHONOTUST U3rOTOBJAEHHUS NJIMTbI arperaTHo-
[IOTOYHAs ¢ MPUMEHEHUEM NpPOnapuBaHusl; Macca MaUThl — 3,9 T.

BBuay cuMMeTpHUH CEYEHHUA pacyeT BeAeM IJisi NOJIOBUHBI CEYCHMUS TIUThL.

Onpenensem reoMeTpuueckue XapakTePUCTHKH MPHUBEACHHOTO CeYeHUs, NpuHumas o = E/E, =
=20-10%/1,35- 10* = 14,815.

MMnowans 6etoHa A=145-3+7-42/2+3-31+38-31/2+ 157 +1,54/2+8,5-9,5+1,5-5+1,52/2=
=435+ 147+ 93 + 58,9+ 10,5+ 2,25+ 80, 75 + 7,5 = 834, 9 cm? = 83490 mm2,

[MpuseneHHas naowans A, = A+ oA + o4 +ad’ = 83490 + 14,5-254,5 + 14,5 - 78,5 2 = 83490 +
+3690,25 + 2276,5 = 89456,7 Mm2,

CraTHyeckuit MOMEHT CEUEHHS OTHOCHTENLHO HUXHeli rpaHu pebpa S, = 435 - 43,5 + 147 - 28 +
+93-26,5+58,9:21,33+10,5- 10,25+ 1,125(10 + 39) + 80,75-4,75+7,5-42,5+36,9-4 + 11,383(2,5 +
+42,5) = 18922,5 + 4116 + 2464.,5 + 1256,337 + 107,625 + 50,125 + 383,563 + 318,75 +147.6 + 512,235 =
= 28279,235 cm? = 28279235 mm?.

PaccrosiHMe OT LEeHTpa TSXKECTH MPHBEACHHOTO CEYEHMA 10 HUXHE# rpaHu pebpa y = 28279235/
89456,7 = 316,122 MMm:

Vo= 316,122 — 40 = 276,122 mm;
.= 316,122 - 25 = 291,122 mwm;
y=h—-a'—y=450-2,5~316,122= 108,88 mm.
MoOMeHT MHEPLUNH NPUBEACHHOTO CEMCH U PABEH;

2 2 ,n2,
Ir'ed =1+ U'A.\/lysp +aAsy.\' + O'Asys H

145.3° 7.42° 3-31°

+435(43,5-31,61) + +147(31,61- 28’ + +93(31,61-26,5) +

red —

2-1,5:1,5
—_—

+10,5(31,61-10,25)" + -

+58,9(31,61-21,33)" +

+3,8-31-‘ y 71,5
3 12

- -3
+1,125(31,61-10) +1,125(39 - 31,61)’ 8’1(2” +80,75(31,61-4,75) + 2225

+7,5(42,s-3|,61)2 +36,9(31,61-4) +11,383(31,61 -2,5Y +ll,383(42.5-3l.61)
=201665,09 cm* = 2016,651-10° mm*.

H

HauanbHoe HanpsixxeHUE B apMarype o,,= 0,9-800 =720 MINa.

Haxoaum nortepu B HanpsiraeMoit apMatype B coorsetcTsum ¢ CIT 52-102-2004.
Onpedeaum nepanie nomepu HANPANCeHU.

[Morepn o1 penakcaunu Hanpﬂxemm B apMaType pasibl

6, =0,030,,= 0,03 720 = 21,6 MTTa.
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[Mpu arperaTHO-MOTOYHOM TEXHOJIOTMM U3AeJIME NPHU [PpONapUBaHUM HarpeBaeTcs BMecTe ¢ GOpMOit U
yrnopamm, NO3ITOMY TEMIEPATYPHbLt Nepenan MeXAy HUMHU paBeH HYJTIO U, CJIEI0BATEbHO, Ao, = 0.
[Morepu ot nehopmainu popMbl AG_ , 1 aHKEPOB AG,

93 54 IPH DJIEKTPOTEPMUYECKOM HATAXXEHWH apMaTy-
Pbl PaBHbI HYJIIO.

Takum 0Opa3om, CyMMa NepBbix NOTEPb paBHa Acsp(l) = Aojp, = 21,6 MIa.

[MpoBepnM MakCHMaJIbHBIE CXKMMAIOLLME HATPSKEHUS DeTOHA G, OT NEHCTBUA yeuus P,,), BEIYHCIAA
0y, 10 (hopmysie

Ry | Bveons | My,

b s (8.19)
g Arr.'ll ll‘t‘d Imd
3nech: €op1 = Vg = 276,122 Mm; y =y = 316,122 Mm.
MomeHT oT cobcTBeHHOro Beca M= 0.
Py = Am(csp —Ao,) = 254,5(720 - 21,6) = 177742,8 H.
177742,8 177742,8-276,122-316,122
Oy, = — + > - ~—=1,987+7,693=9,68<0,9R, =0,9:15=13,5MIla,
" 89456,7 2016,651-10° w

1.€. Tpe6oBanue poinonusercsa (Mocobue k CIT 52-102-2004).

Onpedeaum smopbie nomepu HANPAXCEHUU.

[Torepu oT ycaaku paBHbI Acw5 =(,0002 - 2 10° = 40 MITa.

[Motepu ot nonsyyectu onpeaensieM no dopmyne (Mocobue x CIT 52-102-2004)

0,89, 00,
AOS[’6 = . yv“A p .
1+apsp( uo_»*[iﬂJ(uo,s(p,,,c,) (8.15)
red

MNpunnmaem @, 1 E, no knaccy 6erona B20 (nockonbky Rbp =(,75B), 1.e. cornacHo CI1 52-102-2004
@y = 2,8, 00=14,815.

M, = A,,/A = 254,5/83490 = 3,05 - 103,

Onpenensiem HanpsixeHne Getora no dopmyse (8.14) Ha ypoBHe HanpsraeMoil apMaTyphl, T.€ Ip1 y, =
=Yy = 276,122 mM.

Ol’lpC}lCJ'UICM Harpy3Ky oT BecCa ITOJIOBUHb! MJIINUTHL

X _0,53900-0.0]
12

MOMEHT OT 3TOit HArPY3KHM B CEPEAHHE NPOJIETA

=1,625 kH/M.

q,° _1,62511,7
8 8

3aech /= 11,7 M — paccTosiH1e MEXAY NPOKIALKaMH NPY XPaHEHN U TLIUTHI,

M= =278 kH'Mm.

1777428 N 177742.8-276,1222 _27.8- 10°-276,122

Toraa o, = =1,987+6,72 - 3,806 =4,9 MIla.
O Ol = 09456,7 © 2016,651-10° 2016,651-10°

Hanpsxexue 6GeToHa Ha ypoBHe apMaTypbl S’ (T.€. npu ¥y, =y, = 108,88 Mm);

7 . . .108.
o, =l.987—]77 42,8 276,1226I08,88+27,8 10 108'(?8:1,987—2,65+l,5:1,316 MiTa,
’ 2016,651-10 2016,651-10

CJIENIOBATENILHO, HYKHO YHECTb CXKHMAIOLLHE HATIPSKEHUS B apmatype A4,
[Morepu o1 noasyvect Haitaem no opmyae (8.15)

0,8-2,8-14,815-4,9 162,61
1,64154

Ac

b =

=99,06 MIa.
2 ’
1+14,815-3,05-107 1+w

2016,651-10° ](Ho,s-z,s)
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Bropbie notepy 4jist apMaTyphbl S paBHbI

AG,, ) = 40+ 99,06 = 139,06 MITa.

CyMMapHas BeJMYHHA NOTEPh HAMPAXKEHUA:

Aoy, +AS,,, = 21,6 + 139,06 = 160,66 MI1a > 100 MI1a, cnenosarenbHo, tpedosanus CIT 52-102-2004

BbIMOJIHEHBI, ¥ TTOTEPH HE YBEJIUUHBAEM.
Hanpsixenue Ao, C y4€TOM BCEX IOTEPb PaBHO

Ao, =720 - 160,7 = 557,3 MIla.
Ycunue 06Xaths ¢ Y4ETOM BCEX OTEPH HanpsXeHUit onpeaenseM no ¢opmyne
Py = Ao, A, — o4+ 4), (8.16)

[IpY 3TOM CXMMAIOLLIEE HANPSXEHHME B HEHANPATAEMO# apMaType G, YCJIOBHO MPUMHAMAEM PaBHBIM BTOPbIM
NOTEPSIM HANPAXCHUI AC, ) = 139,06 MITa.

P=557,3-254,5-2-78,5-139,06 =12 10 H.

PacyeT IWiKTb! HA NONEPeuHyIo CHIY, NPUXOMAILYIOCA HA OAHO NPOXOJIBHOE PeGpPO IIHTHI
(CIT 52-102-2004)

Tpu pacuere NAUTBI Ha MOMEPEYHYIO CHIY PaccMaTpMBaeM MPAMOYIOJIbHOE ceueHne 6e3 MOAKH
WMPHHOM b = 85 MM U BbICOTO# iy = 410 MM.
PacyeT u3rnGaeMbix 31I€eMEHTOB MO GETOHHOI MTOJIOCE MEXAY HAKIOHHBIMU CEYEHHAMM NPOU3BOMAT U3
yCaoBHsl
Q<0,3R,bh,, 8.17)

0,3-11,5-85-410=120,23 kH > 0 = 31,26 kH, 1.¢. npoyHoCcTb GETOHHOI NONOCH 0BecneyeHa.
Ha noronHs!it MeTp pebpa aeiicTByeT BpeMEHHAs Harpy3kKa MHTEHCUBHOCTBIO:
31,26-2-1,8

=2,218 KH/M;
& =T142.445 KH/M

31,262
T4

4 -2,218/2=4,375xH/m.

XOMYTbI YUHUTHIBAIOTCS B pacyeTe, ec/in COBMI0AAETCS YCAOBUE
q,,20,259,R,b. (8.18)

IpuHuMaeM nepsoHadanbHO MU pacueTa MOoNepeyHoe apMUpOBaHUe B BUIe apMaTypbl J5B500 c
wiarom 200 mm (4, = 19,6 Mm% R_ = 300 MITa):

_R,A_300:19,6

Tsw 5, 200 =29,4 H/mm (xH/m);
2
P P
o) =l+l,6——l,l6(-— ; 8.19
! b Ay RA @19

A, = bh=185"450 = 38250 Mm?;

P 1210
RyA,  11,5-38250

¢,=1+1,6-0,2728 - 1,16-0,27282 = 1,35.

=0,2728;

HaiineHHbIe 3HaYeHust noactasiseM i (8.18)
0,25-1,35-0,9-85=25,82<¢,,=29,4 H/mm.

Mo pekomennauusim INocobus k CIT 52-102-2004 MOXHO He BbINOAHATL ycaoBue (8.18), npu atom Mb =
= 6(/”/102 " Qh,min = 2qm,h(,:
M,=629,4-4102=29,65-10°H - mm;

O min = 2+ 29,4 410 = 24108 H;
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9w __ 294
¢, Ryb 1,35-0,9-85

=0,285,

npu 3ToM Cy = 2h = 2 - 410 = 820 mm.
OnpeaensgeM UIMHY NPOEKUNH HEBBITOHOTO HAKJIOHHOTO CEYEHHU S,

2hy

}Mb
BouiyucnsieM 3HaueHue U CPaBHUM €10 CO 3HAYCHUEM BLIPAXECHUSA e —
a 1-0,5—To _
3

(anblb
29,65-10° 2-410
22090 _ 9603 MM > ——mme— =956
4375 MM > 05,0285 oMM

Mo pexkomernaumsm [Toco6us k CIT 52-102-2004 cnenyet npunate C = 2603 MM, HO TOCKONbKY 3k, =
=3-410= 1230 mm < C, To npuHnmaem C = 1230 MM, nip1 aToM @, = Q,,_min = 24,1 kH.
HaxoauM 3HaueHue Q B KOH1IE HAKIOHHOTO CeUeHUS

0=0.x—9C= 31,26 — 4,375+ 1,23 = 25,88 xH.
[MonepeyHyio cuy, BOCHPUHUMAEMYIO HAKIIOHHBIM CedyeHMeM, HaXOnUM Mo hopMye
Q'=Q,+0,75¢,C,, (8.20)

Q0'=241+0,75-29,4-0,82=129,4 + 18,1 = 47,5 xH > 31,26 kH, T.e. npoYHOCTh TOGOr0O HAKJIOHHOTO
ceueHus obecrieyeHa,;

L 4q, 1 _ 4.29,4-410°
WX T ) 31260

tpebosaHmns CIT 52-102-2004 BbIMOSHEHBI.

XKecTKOCTb M LWUMPHHY PacKpbITUS TPEIUMH B MOJKE TUTMTHI M B MOMEPEYHBIX peGpax Omnpeneasior
cornacHo CIT 52-101-2003.

B cootsetctBum ¢ CIT 52-117-2008* )ecTKOCTh NPOAOALHBIX pebep CKIaAYaTOro NOKPLITUs obecnedu-
BacTCs Npu ycaosuu h/l; > 1/33, rne h — BricoTa pebpa; /, — mmuua nponeta. B nawewm cnyvae /,/h =
=11,8/45= 26,2 < 33, T.e. XXECTKOCTb NPOAO/BHLIX pebep IIUT obecneyeHa.

=632>s5, =200 MM, kpoMe ToTO, 5, < hy/2= 410/2 = 20,5 MM, T.e. BCE

Pacuer quadparm

B cranuu 3kcrulyatauumu Ha auadparmbl OT CKJIAAKM TEPENAcTCsl Harpyska B BUIOE HOPMAaJIbHBIX M
CABUralolmxX ycuauit. Jlonyckaercs BecTH pacuet AnadparM Ha BEPTUKAJILHBIE HArpy3KH, COOMpaeMbie C
IPY30BbIX MJIOIWANEN, RPUXOAALIMXCS HA COOTBETCTBYIOLLUE Y3JIbL.

CraTuyeckuii pacuet Anad)parm MPOM3BOAMTCS C YYETOM XKECTKOCTH Y3JIOB KAX MHOTOKPATHO CTaTHYEC-
KM HEOMNpPeaeNnuMOii CUCTEMBI.

9. CFOPHBIN XEJNE30BETOHHBI I COEPHYECKHHI KYITOJ
9.1. PacueT Kyno:na MeToAaMH TeOPHH YIIPYTOCTH

3ananue: 1S MOKPBITHS HAl 30aHUEM 3anpOEKTHPOBATHL COOPHBIN Xene300eTOHHbIN chepruecKkuit
Kynosa auamerpoM 90 m ¢ hoHapHbIM oTBepcTHeM AuaMeTpom 12 M. 3aaHue pacrionoxeHo B I11 BeTpoBoM u
CHerosoM paitoHax. Kynon yctanoBneH Ha Bbicote 20 M OT NOBEPXHOCTHU 3EMJIM B OTKPBITON MECTHOCTH.

[Moavewm Kynosna no TpeGoBaHUAM TEXHONOTMY U U3 YCIIOBUS OTCYTCTBHUS PACTATHBAIOLLMX HATTPSIXKEHU I
No BCEii €ro MOBEPXHOCTH B KOMbLEBOM HanpasieHuu BbiOMpaeM paBHbIM 12,5 M. OTHOlLEHHUE CTpessl
noabeMa K aMameTpy cocrasnser 1/7,2.

TIpu 3anaHHOI cTpesie nonabemMa paanyc chepbt pabeH (puc. 9.1,a)

ro=(d*+4f% /8= (901 +4-12,5%) /(8-12,5) = 87,25 m.
B uensix yrnpoieHHs W3rOTOBAEHUs COOPHbIE 37IeMEHTH (DOHAPHOTO U OMOPHOrO KOJel OTAENSIOT OT
37eMeHTOB, 06pa3ylouinx 060104Ky. C uenblo yTOUHeHUsl pa3MepoB COOPHBIX 3JIEMEHTOB O0ONIOUKH 3a1a-

eMcs pa3MepaMu (POHAPHOTO U OMTOPHOrC KOJIEL, a TAKXKE pa3MePaMK CTBIKA MEXI1y 3IEMEHTaM U O00NMOYKH.
s YyCTAHOBKM 3MEMEHTOB O00IOYKN B MECTaX COMPSKEHUS UX ¢ (GOHAPHBIM M ONMOPHBIM KOJNBbUAMH B
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a) 6)
3 2 1 -
4 o b 150 Q
= ®
Q oF /7 —
5 3
4500(\ \ \ 2530
Ls \
)2 of ]
50 N6 3) 900
b3
) T, -1 100
- o577 R Q
& 150 o *
= 1300
8 —— L
0
2800 ™

a — CXeMa U reoMeTpHYECKUE pasMepbl; 6 — pacuyeTHoe cevyeHUe 060IOMKH KYNOoSa Y HUXKHETO ONOPHOrO KONbLA; 8 — TO Xe,

MOCJIEAHUX NPEAYCMATPUBAIOTCA KOMbLEBbIE BLICTYMHI (pHC. 9.1,2). HUXHIO0 YacTb Kyrojia pacwieHsieM Ha
112 naHeneit, BepxH0l0 — Ha 56 (puc. 9.2). HuxHee onopHOe KOJMBLO 3aMPOEKTHPOBAHO M3 COOPHBIX
06/10KOB M apMUPYETCH NpeABAPUTENbHO HANPSAXEHHON apMarypoit, HanpsaraeMoi 3NeKTPOTEPMHUYECKUM
cnoco6oM u3 ctanu A600, KOTOPYIO YKNaAbIBAIOT O HAPYXHO rPaHU ONOPHOrO KOJBIA C MOCAEAYIOLIHMM
OMOHOJIMYMBAHHUEM IpeIHaNpPAXeHHOM! apMaTyphl. [Ipy TakoM crnocobe uneHeHUS 3IEMEHTOB 0B0I0YKH
pa3Mepsl CeYEHU it COOPHBIX 3JIEMEHTOB OMPEAE/SIOTCA YCIOBUAMHU TPAHCTIOPTUPOBAHKA, CKNAAHPOBAHHA H
MOHTaXa 3JEMEHTOB 10 OMOHOJMYMBAHMUSA CTBIKOB. DJIEMEHTHI 00O/IO4YEK BBIMONHSEM C KPUBM3HOMN B

Puc. 9.1. PacueTHOe cedeHHe Kynona:

Y HM3a BEPXHEH MaHEN; 2 — TO Xe, HUXHErO ONOPHOTo KO/IbUA

OIHOM HanpasiaeHud. Pasmepnbl naHeneit nokasaHs! Ha puc. 9.3.

a) L[
% <K 777 =
-\‘ 2 & ‘6 '3/ 4
‘ln J'-.. 7[
bﬁ
/ /
\ // / i
/ / ) |
x . - ) 1
45000 i 45000

4 — nnauta [12; 5 — cBeToa3pauMoHHbIA POHAPb; 6 — BepXHEE ONOPHOE KOMBLIO
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Puc. 9.2. KoncTpyKuns Kynona:
a — ruiaH; 6 — paspes [—1; ] — konoHHa; 2 — HHXHee onopHoe Konbuo; 3 — naura [11;




8)

600

2)

b) ZARY 30 200 200

40

450

100 50
-b-L-l-H—-
Puc. 9.3. Konctpyknss cOOpHbIX INEMEHTOB:
a, 6 — naura [11 (nponoNbHbIH paspes ¥ niaH); ¢, 2 — namra [12; ¢ — wntol I11 u 112 (nonepeunsiit paspes); e — aerann
ycTpoiicTea WNoHoK no Gopram wnt 1 u [12;
1 — cTponoBoYHble AET/IH; 2 — apMaTypHast CeTka; 3 — CBapHbIE KapKachl

[na BocnpuATUS CABUTAIOWIMX YCHAMIA O BCEM TPAHIM /IEMEHTOB 000JI0YKH KyNOJa peaycMaTp1Ba-
10TCH WNOHKU (puc. 9.3,¢) ¥ NONMONHUTENBHBIC CTAJIBHbIE 3aK/1aJHblie 3JIEMEHTDI, COeANHAEMbIe HAKTaAKa-
MY, C LEJIBIO 00eCneYeH s HENPEePhiBHOCTH KONbUEBOIT apMaTyphl. PasMephl npononbsHLIX pebep npuHuMa-
€M M3 yCOBHIX MOHTaXa paBHbIMU 100x600 MM (puc. 9.3,8). TonwuHy cob6cTBEHHO 060104KM TIPUHUMAEM
paBHO# 40 MM, a Kracc 6eTona B40 (R, = 17,0 MIla; R, = [,15 MITa; E, = 36000 MITa). HopmaTtusHeie 1
pacueTHBIE HAarpy3KHM Ha Kynoa npuseaeHsl B 1abna. 9.1.
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Taonuna 9.1
HopmaTtnBubie 1 pacueTHbIe HArPY3KH Ha KynoJ

HaumcHoBaHMe Harpy3ok HopmatusHas, kla Kospduument Pacuyetnas, k[1a
neperpy3xku

CoOCTBCHHBIA BEC Kynona 3,70 1,1 4,07
Mapowusonauus 0,06 1,3 0,08
YTeriuTesib U3 MMHEPaNoOBaTHBIX MANUT MOBbI- 0,15 1,3 0,195
LLICHHOM KECTKOCTH

Boaon3onsiunonHuiil kosep 0,15 1,3 0,195
Cuerosad Harpy3ka S 1,26* — 1,80
HToro nocrosinHas no NOBEPXHOCTH 4,06 — 4,54
HToro cHerosast o npockuUMu 1,26 — 1,80

* KoadbduuneHT €, YMMTBIBAIOLWINiA CHOC CHETA C NOKPBITHS, MPUHSAT PaBHLIM 1.

PacuetHas nHarpy3ka Ha croHapHoe xonbuo 18,6 kH cknaabiBaetcsi U3 Harpy3ok cOOGCTBEHHOro Beca
koJbua 8,2 kH, dhonaps 5,0 kH v cHerosoii Harpy3ku Ha doHape 5,4 kH.
KoopanHars! ceueHuii Kynosa ¥ 3Ha4eHUS TPUMTOHOMETPUYECKUX BETMYHH NPUBEIEHBI B Ta6. 9.2.

Ta6aunuma 9.2
KoopaunaTht ceyeHHit KynoJia M 3Ha4eHHA TPUIOHOMETPHIECKHX GyHKIMIA
No Touku X y o* sin @ cos @ tg o
1 6,0 12,25 3057 0,0688 0,9976 0,0691
2 15,0 11,75 9054’ 0,1719 0,9851 0,1745
3 25,0 8,85 16°40/ 0,2868 0,9580 0,2994
4 335 5,85 22036’ 0,3843 0,9232 0,4136
5 45,0 0 31904’ 0,5160 0,8565 0,6025
* @ — 1/2 UCHTPATbHOrO YIJ1a MCXKAY PACCMATPHBACMbIMH TOUKAMHY.

QopMynbl LU onpeaeaeHuss MeMOpaHHbIX YCUIUI B cepuueckoit 000n0uke no 6e3MOMEHTHOI
TEOPH I HA OTAENbHbIC BUIbl HATPY30K, IPMHSITBIX B pacueTe, NpUBEeNeHH B Tad. 9.3.

B 1a6n. 9.3 upiHsThl 0603HAUYCHHUS:

N, — ycunnst B 0000YKE NO HAIPABIEHHIO MEPHANAHA HA EAMHULY MIMHBI KOJbUEBOTO CEYEHUs
(N, = o d);

N, — KosibleBoe ycuane Ha eAHHHULLY ATUHB Mepuanana (N, = 6,0);

N, — ycnnue B JOHApHOM KOAbIIE;

N, — ycnunue B ONOPHOM KOJIbLIE;

V, — BCPTHKaIbHAs PABHONEACTBYIOLIAs BHEUIHEH HATPY3KM Ha 4aCTH 0GONIOYKH, PACTONOKEHHOM
Bblllle PACCMATPUBAEMOTO CEYEH U,

8 — TonmmnHa 060N0UKH;

r, — pannyc KpuBu3sHbl chepnyeckoil 060104KH;

(@ — NepeMEHHbIIA YroJl B MCPHAHOHAJILHOM Ce4eHHH 0000YKH, OTCUMTLIBAEMBII OT OCH BpallLEHMS

@, — NOJIOBHHA UEHTPAILHOTO yIila AyrH 000JIOYKH B MEPUIHOHANILHOM CEYEHUH,

¢,, — NOJIOBUHA LEHTPATLHOTO YIJ1a AYTk 000JIOYKM, OFPAHHUYEHHO! (POHAPHBIM KOJIBLIOM;

£ — Harpy3ska oT co0CTBEHHOTO Beca 060J104UKH TONLINHOI §;

P — PAaBHOMEPHO pacnpenesieHHas Harpy3ka Mo ropu30HTalbHOM NPOeKUHH;

P, — BepTHKanbHas pacnpenencHHas TMHEHas Harpy3ka Ha (POHAPHOM KOJbLIE.

Mo dopmynam, npuBeaeHHBIM B Tab. 9.3, onpeaeneHsl MeMOpPaHHbIE YCUIUS, KOTOPbIE NPUBEACHDI B
Ta6n. 9.4. Yeunusi npuBeaeHbl pa3esibHO IS HArpy3KM OT COOCTBEHHOTO Beca (TMIOBEPXHOCTHasi Harpy3ka
MHTEHCHBHOCTLIO g = 4,54 kI1a), OT cHeroBoit Harpy3ku (MO ropU3oHTANbHOM Mpoekiuu npu S = 1,8 kIla)
¥ (10700 HAarpy3KHh No ¢oHapHOMY Konbly P, = 18,6 kH.
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9

@opmyiis! st onpeeeBUs YCUIHI B 060104Ke 0 6e3MOMEHTHO#H TeopHH

Ta6nauua 9.3

CxeMa HarpyXeHusi N, N, N, V¢ [Mpumeuarne
Cdepryeckas 3aMKHyTas1 06010uka
Harpy3ka ot cobcTBeH- g ~r.gcosgp — N, > 1-cosq, 2nr(2g(l —cosq)} fpu @ = 51°49
Horo Beca g, K[la: 1+cos ——tg(po N,=0
a) TonuMHa 06004-
KM MOCTOSIHHAs
6) ToawmnHa obonou- 3, % % -2 1 21U‘2[g (1-cos@) + Bec eaunuusl
KM MEHSIETCS No 5 —— -r| g +2—2Lo [x Z—V%ctgq)o i TUIOLLAAN OBOI0UKHM:
3aKOHY 2nrsing @0 n +(go — &)1+ B NAATE — g,
xcos@— Ny +sin@—cosQ)/@,] B KJIIOYE —
8, =51+(50‘51)£ ’ i
00
PaBHOMepHO pacnpene- 1 1 2 2 sz Ipu @, = 45°
feHHas Harpy3Ka Ha ETYTTRTITTN -5 7% — P cos29 % sin2g, pre s @ N,=0
TOPM30HTABHOM
Harpy3ka ot co6cTBeH- rg ~r.gcosp— N, 2 2 Ycunue B doHapHoM
1] c - 2 . —
oro seca g, xTia _ Sirclz (cos — ¢ rctg@g (cos@gy 7 g(Cos Py Konbite N, = 0
(TonuMHa 06010UKH ¢ ¢ —CosPg) —Cos9)
MOCTOSIHHAsA) —cos@)
e 0
Py
PaBHOMEDHO pacrpesie- . 2 1 2. 2,2 .2 N =0
2 7, Sin@, COs@y X sin” @ —sin k
ot Yoy e any | oo _lm(,_m} o _,,,C[cos o1+ pr? singy cos @, o (sin” g —sin® ) .
FOPH30HTANBHOM 2 s @ ) o 1_sin2 Dsk /2
npoekLuH p, klla + Sin“ Qg ] sin? @
po H 2
¥ 2sin° @
BepruxanpHas pacnpe- _p singy p sing, P, r_sing,, ctgg, 2nr P, N, =
IeeHHAs1 IMHeHas k sin’ o sin? o =—P, r.cosp,
Harpyska Ha PoHapHOM | Psk
Konsue p,, KH/m




Tabnuua 94
MemOpanuble yCHIHA B 000/109Ke OT HArpy3oK 110 NOBEPXHOCTH
H 110 TOPH30HTAbHOM npoexnuu, KH/m

MepnayoHanbHbie Konbuensie
Ne Touky | HATPY3KA 11O [ HArpy3Ka N0 | Harpy3Ka 1o | CYMMapHOE | HaTPy3Ka No | HArpy3Ka MO | Harpy3ka no | CyMMapHoe
B MOBEPXHOCTH| MPOCKUUK KOJbUY ycuwine, |MOBEpPXHOCTH| mpoeKuuu KONbUY yCHIHE,
4,54 xI1a 1,8 xIla 18,6 kH/M KkH/M 4,54 xI1a 1,8 kIa 18,6 kH/M kH/M
1 0 0 -261,9 -261,9 -395,15 —155,81 +261,9 —289,06
2 -167,7 —62,25 -43,61 —273,56 -223,27 —83,81 + 43,62 ~263,46
3 —189,6 -73,8 —15,6 -279,0 —189,64 -70,31 + 15,6 —244.35
4 -208,3 —75,94 -8,77 —293,01 -157,88 -52,29 + 8,77 —208,40
S -209,3 -77,06 —4.81 -291,17 —122,38 -38,25 + 4,81 —155,82

B cooTBeTcTBUH C puc. 9.4 (BapuaHT 1) mosHoe pacyeTHOE 3HaYeHUE PABHOMEPHO# CHETOBOM Harpy3ku
HA FOPH3OHTAJILHYIO MPOEKLIMIO MOKPEITHS NPU ¢, = 1 K ¢, = 1 onpeaensietcs no popmyne

S= y,So = l,4(0,7cec,uSg) =us, o.1

rae S, — BeC CHErOBOIo MOKpoBa Ha 1 M2 ropM30HTAILHOI TOBEPXHOCTH 3eMJTH, KoTophlit 1wist 111 cHeroBoro
paitoHa pase 1,8 xI1a; xoadduuuent p = 1 npu a < 30° p = 0 npu o 2 60°, MPOMEXYTOUHBIE 3HAYECHUS
ofpeaeasIoTCA JTMHEHHON HHTEPTIOIALUEH.

Ipu pacuere o6onouek Ha DBM ¢ ucnonr3oBaHueM KOHEYHO-3JIEMEHTHBIX POTPaMM paclpeiesieHye
ONHOCTOPOHHEH CHErOBOJ HAarpy3KMm peKOMEHAYeTcs NMpUHUMaTh B coorBeTcTBUU ¢ CTO 36554501-015-
2008 «Harpy3ku u Bo3neiicTeusi». PekoMeHaaumum no onpeaeneHuo KoadbduuueHra p 1)1 OMHOCTOPOHHEH
CHEroBO# Harpy3ku NpuBeeHbl Ha puc. 9.4 (BapnaHThl 2 1 3).

MNMpumeuaHus:

1) Inst nosorux Kynosnos ¢ oTHoweHHeM f/d < 0,05 cnenyeT y4uTHIBaTh TOJILKO BapuaHT 1.

2) dns1 xynonos ¢ oTHoweHueM f/d > 0,05 cneayeT yuutsiBaTh BapuaHTi 1, 2 ¥ 3 npH ykiioHax o < 60°.

Jns eapuarma 2:
npuz<r p,=C,(z/r)%inp, rae C, = 2,55—exp(0,8—14§);

npuz>r Wy = 1,5sinf npu o = 45° u, = 0 npu o > 60°.
TTpOMeXyTOUHbIE 3HAYEHUS OTPEAENSIOTCS MUHERHOW HHTEPNONALMEH.

Jns eapuarma 3:
u; =3, /27fsin 3osing3. 9.2)

BapuaHT 3 cnenyet ucnonb3oBath 4is Kynonos f/d > 0,05 npy HATMYHK HA NOKPLITUH BO3BBILLIAIOLIMX
HaACTpOeK, POHape# UM CHEro3anep X MBalOILMX nperpa.
Ha puc. 9.4 v B dopmyne 9.2:
0. — LEHTPAJbHBIN YroJ B MEPUAMOHAJILHOM HamNpaBJeHWH W Yrojl HaKJIOHa KacaTebHON K ropu-
30HTaTH;
B — LeHTpaIbHBIA YTON B KOJBLIEBOM HaNpaBleHUH.
B paccMaTpuBaeMoM KynoJie oTHoueHus f7d = 12,5/90 = 0,1389 > 0,05.
Yron o 6au3ok K 30°. Orcioaa o ropu3oHTaIbHOIM ocH npu f = 90° no 9.2 HauGonbilee 3HaYEHKHE

KoahuumeHTa p, =3,2-0,1389 =1,5812.
ITo BeprHKanbHO#M ocu nipu B = 0° koadpduument p, = 0.
CI1 52-117-2008* nomyckaeT Npu OAHOCTOPOHHEM HarpyXeHHH KYTIOJIa HArpy3Ko# ¢ ee pacnpeneseHune
MO NOBEPXHOCTH Z ONpeessiTh o hopMyne
z=10,79(1 + sing siny), 9.3)
roe ¢ — Harpy3ka Ha eIMHULY MJIOWAAN TOPU3OHTAJILHOM NOBEPXHOCTH, PaBHas CHETOBOIA 110 hopMyne
9.1);
¢ — M0J0BUHA UEHTPATLHOTO YI/1a B MEPUAHOHATBLHOM HaPaBIEHHH,
Y — UEHTPalbHLIA Yro/i B KOJbLEBOM HANPaBIEHUU.

66



o= 30° o = 30°
« ' N o =45°
o = 60° ’ o= 60°
[}
A
|
1
i
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n
d
o+
Bapwuanr 1
Bapuanr 2
Bapuanr 3

Puc. 9.4. CHeroBan Harpy3Ka Ha 30aHHsA ¢ KyNOJIbHbBIMH KPYTOBBIMH B GNH3KHMH K HHM 10 04ePTAHHAM MOKPLITHAMM

HopmanbHble younusi N, N, 1 CABUTaIoLINE YCHIHA S ONIPESeNsioT No Gopmynam:

N, =0,7¢R l+ C°S;p (2+cos@)(1 - cosg)? siny |; 94
2 3sin’g
N, = 0,7¢R 1, sing~—20 (2+coscp)(1—cosq>)2 siny }; 9.5)
2 | 3sin’ @ '

0,7gR (2 +cos@)(1- cosq))2
3 sin} @

S=

cosy. (9.6)

30ech NPUHATO YCJIOBUE PaBEHCTBA 3MIOP NOJIHOrO 06beMa ONHOCTOPOHHEH CHEroBOH Harpy3ky npm ee
pacnpeneneHuu no Gopmysie (9.3) u NpuBEASHHBIM Ha pyc. 9.4. 3HaYeHHs ITUX YCIIHI IPUBEAEHDI B Tab. 9.5,
9.6u9.7.
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Tabnuua 9.5

Mepuanonanbubie yeuans [V, 0T 0AHOCTOPOHHEH CHeroBo# Harpysku, KH/m

V]
Ne Touku ¢
0° 15° 30° 45° 60° 75° 90°
1 3057 —47,43 —47,86 —48,26 —48,60 —48.84 —49,05 —49,10
2 9°54’ —47.,43 —48,47 —49,32 -50,27 -50,93 -51,32 -51,48
3 16°40’ —47,43 —-49,13 -50,75 -52,17 -53,21 -53,87 —54,16
4 22°36" —47,43 —49,78 —51,68 -53,67 ~55,11 —55,96 -56,30
5 KILY: 4 —47,43 -50,35 —53,11 —55,54 -57,29 —58,43 —58,91
Ta6nuua 9.6
Konbuessie ycunns N, ot oaHoCTOpoHHe#H cHeroBoii Harpy3ku, KH/m
v
Ne Toukn ]
0° 15° 30° 45° 60° 75° 90°
| 3057’ -47,43 —48,65 —49,90 -50,83 -52,07 ~52,07 -52,28
2 9°54° —47,43 -50,59 —53,50 -56,07 -57,87 —-59,19 -59,65
3 16°40° —47,43 —-52,73 -57,66 ~61,93 ~65,16 —67,25 —67,95
4 22°36" —47,43 —54,54 —61,18 —66,88 -71,23 -73,98 —74,94
5 3o 4 —47,43 ~56,92 -66,30 -73,90 -79,87 -83,47 —84,90
Ta6nuua 9.7
Casuraoue YCHIMsi 0T ONHOCTOPOHHel cHeroBoil Harpy3ku, KH/m
vy
No ToukH ¢
0° 15° 300 45° 60° 75¢ 90°
1 30577 1,60 -1,53 -1,38 1,12 -0,80 —0,41 0
2 9054’ 2,99 -2,89 -2,58 -2,11 —1,50 -0,77 0
3 1640’ —6,48 ~6,26 -5,61 —4,57 -3,23 -1,67 0
4 22036’ -9,47 -9,16 -8,21 -6,70 -5,05 -2,45 0
5 KRR —15,05 —14,54 -13,04 —10,64 -7,51 -3,89 0

Membpannsie ycuaus om éempogoii Hazpy3ku

[peasapuTeibHbIE pacyeTsl NOKA3aiu, YTO HanpasieHUE AABJICHUSI BETPa COOTBETCTBYET OTCOCY MO
BCEil NOBEPXHOCTH KYNO0JIa, PU 3TOM YHCJIEHHblE 3HAYEHUS MEPUAMOHATBHBIX U KOJILLEBbIX (MPEBATUPYIO-
ILIKUX) YCHJIUH 110 CPABHEHMIO C YCWIMAMU OT APYTHX HArpy3oK BECbMa MaJibl. DTH PE3y/bTaThl MO3BOJIWIN
0TKa3aTbCs OT pacyeTa pacCMaTpUBAEMO KOHCTPYKLIMH KYNOJIa Ha BETPOBYIO HArpy3KYy.

Pacuem npozuba kynosa

Pacuer nporu6a Kynosia w onpenensieM npuoiaxeHHo 1o 6e3MOMEHTHONH TEOPUHU pacyeTa NPUMEHH-
TeJIbHO K 000/104KaM MOJIOKUTEIbHONH KPUBM3HBI, CBOOOLHO OMEPTHIM MO KOHTYPY:

2 3
SR g -5 X044 M,
E,. 8, 1+@p, 1+19
rae ¢ — HOPMAaTUBHOE 3HAYEHUE Harpy3ku (Tabn. 9.1);
R — pannyc cepryeckoil NOBEPXHOCTH 0D0NIOUKH;
E,. — nautensnbiii Moaynnb nedopMaunit 6€ToHa;
@y — KOIDOULMEHT NOIIYYECTH OGETOHA, PaBHbIH 1,9 nns 6eroHa xnacca B40 (ITocobue x CI1
52-101);
3, — npuseneHHas TONMUMHA O6OIOYKH.
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5,32.87,25%-100

- ~2.43cm,
124140000134 M

w/l = 2,43/9000 = ———/, 4TO 3HAYMTENLHO MEHbILE JONYCTUMOrO HOPMATUBHOIO 3HAYEHMUS MpPOTHGa

1/5001.

3700

Pacyem onoprozo konvya

PacyeTHoe ycuiine pacTsXXeHNA B ONIOPHOM KOJbLie onpenenuM fio dopMmyane:
N, = Nrcos @sing,; o.7
N,=291,17 + 2,09 = 293,26 xH/m;
N,=293,26 - 87,25 0,8565 - 0,516 = 11308 xH.

ApMuUpyeM KOJTbLLO CTEPXHAMH M3 cTann A600 ¢ pacueTHbIM conpotuBiacHueM 52 kH/cm2. Tpunnmaem

knacc 6erona konbua B35 (£, = 34500 MITa). HeoGxomumas nioiuans ce4eHHsi apMaTyphl KOJIbLA
A, = 11308/52=217,5 cm?.

IMpuHuMaem 16 npensapuTeNibHO HANPATaeMbIX cTepxHei 40 MM A, = 201 ,06 cm? 1 40,85 cm?
HeHamnpskeHHOM apMaTyphl (13220). YcraHaBauBaeM HanpsiracéMble CTep)KHPl B /1Ba psAa Nno 8 wTyk B pAl
(puc. 9.5).

HenanpsxeHHoit agpmarypoit AS00 apmupyeM c6opHsie konbua. HeHanpskeHHas apMaTypa B CTBIKAX
CBapUBaeTCcs U3 YCIOBUI paBHONPOYHOCTH. TakUM 06pa3oM, apMaTypa MOXET BOCTIPHUHSThH YCHIIHE

201,06 - 52 + 40,85 - 43,5 = 12232 > 11308 kH.

ITnowans ceyeHust ONOPHOTO KONbLA €3 yueTa HaGETOHKH paBHA
A,=085-0,9+0,3-0,6/2+0,25-0,4=10,955 m2.

ApMaTypy HaTATHBAEM 3JIEKTPOMEXaHUYECKMM CIIOCOOOM, CO3/1aBass B HeW HanpskeHUe o, = 09R_,
= 0,9 - 600 = 540 MIla; nepenaToyHas NPOYHOCThL GETOHA R = 24,5 MIla. Beron nonneprae'rcs'
nponapyuBaHMIo.

13220

L 200 900 /;

16240 70,110 ], 20 300 100
5 :\
w 7. . n - 4
~ 8
5 § 4
st [ g
~
| aal 2
? A
g
A. / g -4?
4 / -
. . . n
S8l |
2 4
200 L 1300
4 ?

Puc, 9.5. Ilonepeunoe cevyenne H apMHPOBAKHE OMOPHOTO KOJBIUA Kynona
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Onpedeneriue nomepes npedsapumenbHo HanPANCEHHOU apmMamypbl
(lTocobue k CIT 52-102-2004 u CHull 2.03.01-84*)

[. [lepBsie noTepu:
Ao, — OT TPEHUs ApMATYPHI O NOBEPXHOCTb GeTOHA

|
Aoy, = %(1 —e—mj (9.8)

tae © = 0; 8 = 0,65 — xo3hduumeHTsl, onpeaensembie no tad. 5.5 u 5.6 [Mocoous k CHull 2.03.01-84*.
CuuraeMm, YTO UIMHA COOPHOTO NIEMEHTA COCTaBaseT |/28 AMMHBI ONOPHOroO Kojbla, Toraa yron 6 B
paauMaHax coctasuT 6 = 21t/28 = 00,2224, a BennuuHa B ckobkax B hopmyne (9.8) — 0,1353.

Ao, = 540-0,1353 = 73,062 MI1a.
I1. Bropsie notepu:
|. oT penlakcauMu HanpsiXEHUH B apMaType
Ao, = 0.030':,, =0,03-540 =16 MIla;
2. oT ycanku G6eToHa
Ao s=¢, ,E = 0,0002 - 2 - 10° = 40 MI1a;

3. OT non3y4yecTy 6eToHa

0’8(pb,¢‘raobp

Ac y .
eOplys red
1+ 2%,[1 i—l—](l +0.8¢,,., )

9.9)

p6 =
red

YC0BHO IPUHNMAEM CEYCHUE KOJIBLA LUECHTPAILHO-CKATBIM, NPH 3TOM 3HaueHue e, = 0.
B dopmyne (9.9):

Ay E, _ 20-10°
:———; Q=—= 2
E, 345.10

Opp =5,797,

Amd
Ay = A+ (A, + A)o= 9550 + (201,06 + 40,85)5,797 = 10952,35 cm2.
C y4yeToM MepBbIX NOTEPD:

o, - 201,06(540-73,06) _
bp 10952,35

8,57 MIla;

0y, = 2,1 (CI152-101-2003);

201,06

= 20190 5 51536
Ho =10952.35

o o 08215797857
%67 1+45,797.0,01836(1+0,8-2,1)

=64,94 MIla.

4) O6xaTHe CTbIKOB:

MPH HAJIMYUK OIHOTO CThIKA HA IJIMHE COOPHOTIO 3/1IeMEHTa KOHTYpa:
Gy = nAIE /1, Al = 0,3 mm;

7 =2'—'l°(’)—iz-10" =30 kr/cm? = 3 MIa.

Ao
CyMMapHble norepu
Aoy, = 73,06 + 16 + 40 + 64,94 + 3=197,0 MI1a.
HanpskeHHe B apMaType 3a BbIYETOM BCEX NOTEPb COCTaB/AET
0, = 540 — 197 = 343 MIla = 34,3 kKH/cm2.
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Ycunme o6xKaTHsi KOHTYpa COCTaBJIsIeT
P=34,3-201,06 - 40,85(4,0 + 6,102) = 6896,4 — 412,67 = 6483,68 kH.
Ycunue, BOCIPUHMMAEMOE CEUECHUEM KOJIbLIa IPY 00pa30BaHMM TPEILMH, HAX0AKM 110 hopmyne
Nope™ Ry (oA + 204+ 204) + P, (9.10)
Inouank KONMbLA € y4eTOM HaBGeTOHKM, 3aKPbIBAIOLIEN HaNpsiraeMylo apMaTypy, COCTaBsIeT
Ay, = 9550 + 20 - 85 = 11250 cm2.

Jlns 6etona kiacca B35 Rb,_m= 1,95 MIla.

=0,195(11250 + 5,797 - 2- 201,06 + 5,797 - 2 - 40,85) + 6483,68 =
= 2740,66 + 6483,68 = 9224,34 xkH <9500 kH = 11308/y,,

cre

b arpyske, paBHOE 4540 + 1800 1,19
— H , 2L,
roey, cpenHee 3HaueHue Ko3ddHuUMEeHTa HAAEeXHOCTH MO py p 2060 41260

(pacuyeTHbIE 1 HOPMAaTHBHbIE HArpy3KH B Tabh. 9.1).
N, =9500 kH — HOpMaTHBHOE 3HAUEHHE YCUIIUSI PACTAXKEHUS B OIOPHOM KOJIbLIE.

BO3MOXHYIO IUIMPUHY PAcKpbITMS HOPMalbHBIX TPELIMH B OMOPHOM KOJIbUE HailoeM mo dopmyne
(CIT 52-102-2004)

[e)
e =<o.<pz<03wsfls- 9.11)

s
3mecw: 9, = 1,4,9,= 0,5, 0, = 1,2,y =
O, — NMPUPALLIEHHKE HAMIPAXEHNH B npononbuoﬁ apMarype oT BHElLHEH Harpy3KkH;

o A P _ 950000 - 648368
' A +A;,  201,06+40,85

Is — 6a3oBoe PAacCCTOAHUE MEXAY CMEXKHBIMA HOPMAJIbHBIMU TPCLIMHAMU,

Abr

B +A,p

=1246,9 kr/cM?;

Ix =0,5 dS, (912)
_0,5-12150

S 24191
I, — He nomkHo GbiTh Gosiee 400 MM, noaTomy B pacuete Mo (8.14) npunnumaem /. = 400 Mm.

=14 0512'2469400 0.21 MM < a

40 =1004 MM > 400 MMm;

cre,ult®

a.,. ., — MPEAENLHO JONYCTMMAS LWUMPHHA PACKPBITUA TPELIMH, PaBHash NPU NMPOLOXXHUTEbHOM pac-
KpbeITUU — 0,3 MM.

Iposepxa ycmoinusocmu kynona

Kputnueckyio Harpy3ky noacuntaem no ¢popmyne (CI1 52-117-2008*)

5 2
[‘l]=0-251n(7{] : (9.13)

TpuBeacHHYIO TOMILKHY 000NOYKHN ONPENEUM B YILIMPEHHOM 4acTH BepxHeit naHenu (puc. 9.3,6), Tak
KaK B 3TOM cCeyeHuM OyaeT HaMMeEHbluas KPHUTHUECKas Harpyska. 3HaueHHA 8f ] E/ onpeaeaumM no
dopmynam (9.14) u (9.15). IMnowane NONEpeyHOro CeueHUs NaHeu

A,=280-4+ 2556 = 2520 cm2.
CTaTHYECKHit MOMEHT OTHOCHTENLHO HapYXHOH FPaHy CCYEHHUs

S,= 1120 2+ 2056(4 +28) + (10- 56) / 2 (4 + 18,67) = 44423 cm3.
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PaccTostHUE OT LieHTpa TSXECTH
7=44423 /2520= 17,63 cm™.

MOMEHT UHEepUHH NOoNnepeYHOro CeHeHns

[,= (280 4% / 12+ 1120 (17,63 — 2)2 + (20~ 56%) / 12+ 1120 (32 = 17,63)2 + (10 56%) / 36 +
+280 (22,67 — 17,63) = 854970 cm.

8y =\121,/4,; (9.14)

8, =4/(12-854970)/2520 = 63,81 cm;
E=E,A,/(b3), (9.15)

rae E, = 36 103 MITa.
Ef-_- 361032520 /(280 63,81) = 5077,57 MITa.

Moaynb aedopmannii pu LNMUTENbHOM IEHCTBUM HATPY3KHU:

Er _ B sk 9.16
T4y, 1419 TP 2-16)

bt

E, .= 0,345-5077,57 = 1751,76 MIla.

WHTeHCHBHOCTb KPUTHYECKOIl Harpy3Ky He LOMKHA MPeBbILIATh HHTEHCMBHOCTD NONHOM pacyeTHOM
Harpy3ku q

63,81

~0.2-1751,76| 22
l4] oL (8725

2
] =0,01874 MIla = 18740 ITa.

YcToitynBOCTb Kynona obecneyeHa, T.K. [g] = 18740 [Ta > ¢ = 6340 I'a (Ge3 yyeTa Harpy3ku oT ¢poHaps,
KOTOpasi HE3HAYUTENbHA).

Onpedenenue ycuauli kpaegozo u3zuba no npubAUNCCHHOU MOMCHMHOI meopuu
8 Mecme conpaxcerus 060104KU U ONOPHOZ0 KOALYA

OnopHoe KOoJbLO NpPEensTCTBYET CBOGOAHOMY MEpeMeLILeHUIO KpaeB 000JIOYKH, YTO MPUBOAUT K BO3-
HUKHOBCHHUIO B 3THUX MECTaX HOPMAaIbHbBIX CHUI W U3rHOAIOILUX MOMEHTOB. O00/I0UKA COEANHSETCS C
KOJIBLIOM X€eCTKO.

Onpenenvm reoOMETpHYECKHE XapaKTEPUCTUKHU MaHEAH 060JI0OYKM B MECTE MPUMBIKAHUS! €€ K OTTOPHOMY
KOJIbLLY C YYETOM MEPHAUOHAIbHBIX pedep (puc. 9.1,6).
[1no1anb ceyeHus naHeau

A,=253-4+ 10°56-2+(2-5:56) /2=2412 cM?;
CTaTUUECKUiIl MOMEHT OTHOCHTENILHO HAPYXHOM TpaHu
S, =1012-2+ 1120(4 + 28) + 280(4 + 18,67) = 44211 cm?;
PacCTOSAHME 10 LIEHTPA TAXECTH
7=44211/2412= 18,33 cm;
MOMEHT MHEpLUH NaHeIu

Ip =(253-4%/12+1012(18,33 —2)2+ 1120(32 — 18,33)2+ (2- 10 56%) /12 + 280(22,67 — 18,33)2 +
+ [(5-56%) / 36]2 = 827261 cm?;

MOMEHT MHEPUMU Ha EAUHULY JUTMHbI
1,,1 = 827261 /253 = 3270 cm3;
NpUBEAEHHAA TOILLHHA 000N0YKH C YUETOM KOJIblIEBbIX peGep

8,= (36 10) /250 + 4= 5,45 cm.
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YpasHeHMe MeToaa CHJT /TS 3TOTO ciyvyas UMEeT CeAyIOWUn it BUL:

01|M+012H+‘110=0;} 9.17)

021M+022H+020 =0.

3HaueHus koadduunenTos B ypaBHeHusx (9.17) (M.E. JIunuuuknit «KynonsHble nokpeITHA»):

a, = A =3/41p‘1r3 /8, = ‘{/(4-3270-87252 )/5,45=6,55w;

1,,/4,=0,00327 /1,215 =0,0027;
a,,= a, = (—A*/ 2)sing, = —(6,55% / 2)0,516 = —11,07 m?;
ay, = (A*/ 2) sin%p, + (lp',rc2 / A,)sin’@, = (6,553 /2 +0,0027 - 87,25%)0,5162 = 42,88 »>.
3HayeHue cBOOGOAHBIX WIEHOB MPU Harpy3ke 1o MoBEpXHOCTH:
a,y = (—gA* / r.)sing, = —[(4,54 - 6,55%) / (2 87,25)]0,516 = —24,8;
a5 = (gA* / 4)[cos @y — 1/ (1 + cos@y)lsing, + grf(ll,'l / A)(1 — cos@g)cosg, — (Ip‘l / Ry)r. singy P,

ay = (4,54 6,55 / 4)[0,8565 — 1 / (1+0,8565)]0,516 + 4,54 - 87,253 0,0027(1 — 0,8565)0,8565 —
—0,0027 - 87,25+ 0,516 - 6483,68 = 545,6.

3HauyeHus cBOGOMHbIX YJIEHOB NPH Harpy3Ke Mo MPOeKLUH (CHEroBas Harpyska):
a,= —(3/8)(pA* / r)sin2¢,=—[(3- 1,6 6,55%) / (8 - 87,25)]0,884 = —12,6;
ay = (pA*/ 8)sing; cos2g, + (1, / A,,) (pr.* / 4)sin2g, sing, =
=[(1,86,55%) / 8]0,516 - 0,47 + [(0,0027 - 1,8 - 87,25%) / 4]0,884 - 0,516 = 468,54.

3HayeHHUs1 KpaeBblX YCWJIMI NpH Harpyske or cOGCTBEHHOro Beca TIOKDHITHS C IPeABapUTENbHBLIM
HanpsXeHUEM apMaTypbl OMIOPHOTO KOJbLA ONpeensioTcs U3 ypaBHeruiH (9.17):
6,55M —-11,07H -24,8=0;

~11,07M +42,88H + 545,6:0;} H=~20,83 kH; M= 31,435 ko,

l'Ipu Harpy3ke CHEromM Iurioc TNOCTOAHHAA HArpy3ka € NpeaBapUTCJIbHBIM HANPAXCHHEM ONOPHOIro
Kolpla:

6,55M —11,07H —37,4=0;

~11,07M +42,88H +1014,14 =o;} H= 39,34 Kt M= ~60,766 xHw.

Yeunus snons Mepunnana M, u T,
M) = Mn + (—M + AH singyn,; (9.18)
T,(A) = (2r,/ A[-Mn, + (—M + AH singy)n,), 9.19)

rae n, = e~ cosh; M, = e~*sink;
2r, /A*=(2-87,25) / 6,552 =4,067;
—M + AH sing, = 60,77 — 6,55 - 39,34 - 0,516 = —72,19.
Konbuesbie YCHIHSA ¢ YIETOM Harpy3ku B OCHOBHOM cucTeme T,

Ty =T, + T,(V. (9.20)

B TaGn. 9.8 npuBencHB! 3HAYEHUS BEJIMYHUH M3rMOAIOLIMX MOMEHTOB M KONBLIEBBIX YCHIUH BAONL
MepHAMaHa B 3aBHUCUMOCTU OT 3HayeHUit A = s /A. OTcuer s — JIMHBI OYrM — BEAETCS OT MeECTa
NIPUMbIKAHHUSI 000IOYKH KYNoAa K HYKHEMY ONOPHOMY KOJbLLY.
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Taonuma 9.8

A n, n, 60,766m, 72,197, :III({}\:‘ 60,7660, 72,19m, :’}?/\:ﬂ
0 1 0 60,77 0 60,77 0 -72,19 -293,6
0,2 0,8024 0,1627 48,76 —11,74 37,01 9,89 -57,93 —195,4
0,4 0,6174 0,2610 37,52 —-18,84 18,68 15,86 —44,57 —116,76
0,6 0,4530 0,3093 27,53 -22,33 5.2 18,79 —-32,7 —56,58
1,0 0,1988 0,3096 12,08 —-22,35 —10,27 18,81 -14,35 18,13
1.4 0,0419 0,2430 2,55 —-17,54 -15,0 14,77 —3,024 47,76
1,8 -0,0376 0,1610 -2,28 —13,9 —16,18 9,78 2,71 50,77
2,2 --0,0652 0,0896 -3,96 —6,47 —-10,43 5,44 4,7 41,27
2,6 —0,0636 0,0383 -3,86 -2,76 —6,62 2,33 4,59 28,15
L 3,0 —-0,0493 0,0070 -3.0 -0,5 -3,5 0,43 3,56 16,23

[TpusenexHble B Taba. 9.8 ycunus ot BAUAHUS Kpaesoro 3¢ deKTa CyMMUPYIOT C YCUIMSIMM OT Harpy3ku
B OCHOBHOW cucteme (Tabn. 9.4) ¥ HA 3TH YCHUIUSL NPOREPAIOT NPOUHOCTL U TPEIMHOCTOMKOCTL XeNie3o0e-
TOHHBIX pebep MINT B NPUKOHTYPHOIA 30He B cooTBeTcTBUU ¢ [Tocobuem k CI1 52-101-2004.
Aniopbl YCUUI B Kyoe OT BIUsHUA Kpaesoro 3¢ gexTa v NpeaBapuTe/IbHOTO HaTlPSDKEHUs pUBee-
Hbl Ha puc. 9.6.

a)

Puc. 9.6. Duiopsi ycuIuil B KynoJie OT BIHARKA Kpaeboro 3¢ dexTa H NpeABAPHTEILHOTO HANPSDKEHHA
TIPH XKECTKOM CONPKEHHH KYNOJa C ONOPHBIM KOALLOM:

9.2. Pacuer Hecynieii ClIOCOGHOCTH KYTIOJIOB 10 METO/Y NPeAeIbHOTO PABHOBECHS

a — 3M0pa U3rnbaloILMX MOMEHTOB; § — 3MI0pa KOAbLUEBLIX YCHUAUI

CxeMa paspylleHHUsl Kynona NPpUHUMAETCs B BUAE CUCTEMbI CKBO3HLIX MEPMIMOHAILHBIX TPELIHH,
HaYMHAIOUIMXCSl Y PACTSIHYTOTO KOHTYPA U COEAMHEHHbIX MO KOHLIAM PAaCKpPbIBAIOLLIMMHMCH BHH3 KOJIbLIEBbI-
MM IU1aCTUYECKMMHU apHUpaMu (puc. 9.7). Dt1a cxema sipasieTcs Hanbosee BeposiTHOI (opMoii o6palleHus
Kynoja B NMPOCTPAHCTBEHHLIA MEXaHU3M B Cllyyae, KOrfa BCSl apMaTypa KOHTYPHOTO KOJbLA AOCTUraeT

PaCyYETHOI0 CONPOTHUBIACHUA Ha PACTIAXCHHUC.
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a)

Puc. 9.7. K pacyety Kynosia no npeseibHoMy pABHOBECHIO:
a — NONEPEUHOC CEYEHUE; 6 — CXEMa pa3pylICHUs

9.2. 1. ITpubnuxcennvii pactem Hecyweil cnocobHocmu Kynoaa no «6as04Hoi» cxeme

Jnst cBo60I10 ONIEPTLIX MO KOHTYPY chepHUECKHX 060NOUCK BPAILIEHUA C MEPUANOHAIbHO-KOJIbLIEBOH
CXEMO# pa3pylleHHUsT pacyeT MPOU3BOAUTCA U3 YCJIOBUSI PAaBHOBECUS PacCMaTpUBAEMOil 4acTH 000J0YKH
(pnc. 9.8). I1pu 3TOM paGoTOit BHYTPEHHHUX CHJI B KOJIbLIEBOM FJIACTUYECKOM LIADHHUPE MOXHO NpeHebpeys
(CIT 52-117-2008*).

(1Y
LN

YYYYYY

Puc. 9.8. K pacuery kynona no «6anounoii» cxeme
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W3 ycnosust paBeHCTBAa HYJIO CYMMbl NMPOEKUMI YCHIMI Ha FOPU3OHTAIBHYIO OCh BbipaXeHHe 1nsl
YIJI0BOH KOOPAMHATHI éc, orpaHHymnBaloLLelt CxaTylo 30Hy 6eToHa

As. €0 Rs +qs§0R
£ =T, ©.21)
BR
rae B= Rbho + 95 + q;;
A; , — TIOLWANb CeYEHUs BCEX KOMBLEBbIX CTEPXHEH OMOPHOIO KOJ1bla;
— paauyc KpMBM3HbI CPETMHHOI OBEPXHOCTHU Kynona;
£, — ymoBas KOOpAWHATa Kpas Kynoja,
R, — pacueTHOE CONpPoTHBIEHHE GETOHA;
q,, g, — TOTOHHbIE yCUIINS, BOCTIDHHHUMAEMbIE KOJIBLIEBOI apMaTypO# KyIoa, B pacTAHYTON M CXaTo#
30Hax pacCMaTpX¥BAEMOI0 CEYEHUA KYT0J1a COOTBETCTBEHHO;
hy — paboyas BbICOTA CEYEHHUS MONISA OBONOYKH.

W13 paBeHCTBA MOMEHTOB BHEIIHMX U BHYTPEHHHX CHJI TTOCJIE MHTETPHPOBAaHUS
sing, —k, &, —m=0, 9.22)

e k, = e/ R

o OSM + q,R*sink; — 9.8 Req

T , (9.23)

[IE €, — PACCTOSLHIC OT LEHTPa TSKECTH paboyeit apMaTypbl KO/IbLia A0 LIEHTpa OKPYXHOCTH 0;

M — MOMEeHT BHELUHWX CHJI OTHOCHTEJILHO OCH, TPOXOAsLIEN Yepe3 LIEHTP OKPYXHOCTH 0.

3uas Bbipaxenue g M uz (9.23), MOXHO HalTH BENUUYMHY CyMMapHOH BHeWIHel Harpy3ku P
(puc. 9.8) no chopmyne

_nM

P - )
kn

(9.29)

rae k — x03bGOULKEHT, 3aBUCSILMIA OT BU/Ja OMUPAHNS U XapaKkTepa BHellIHe# Harpy3ku (0 < k< 1);

ry — PalMyc OCHOBaHMA KyNona.

®opMynbl 11s onpeaeacHus k IS XapaKTepHbIX C/Iy4aeB ONUPAHUSL M Pa3TIMYHbIX BULOB HArPYXEHHUS
npuBeaeHbl B Tabi1. 9.9,

Tab6bnuua 9.9
Bun onupanuns
Bua Harpyskn 110 BCE
. " : My
Ha 3 TOUKH Ha 4 TOUKH Ha 5 Touek Ha 6 Touex KOHTYDY
PaBHOMEPHO pacripeaeneH- n2 n 2 (1+2sin18%)n 2 CM.Ha3 1
Hasi 110 BCCH NOBECPXHOCTH 3 3 2J§ 3 5 _3 TOYKH 3
Konblesas, pacnpeaencH- nox X (I+sin18%)n x To xe =X
Hasi N0 paanycy x 3 g N/ A 5 - g n
CocpeaoToucHHas B n n (1+2sin18°)n » 1
BepIHHE 000104KH 3 22 5
CobcTBeHHas Macca E_2+}_15 n . (1+28il‘1180)1t_2+3_1[ » }E_l
060104KkH 3 8 22 4 [ 8 8

3apanue: paccyuTaTh HECYILYIO CIIOCOOHOCTH MOHOJIMTHOTO X€eJIE3006TOHHOTO KynoJia no «0ajouyHoi»
CXEME C IMaMETPOM OTOPHOTO Konblia 2ry = 30 M. Ctpena noavema Kynosia f = 6 M, TommuHa 8 = 80 Mm.
Knacc 6etona B25 (R, = 14,5 MIla). lnowans ceyeHus: KOMBLUEBBIX CTEPXKHEH OMOPHOro KOALLA U3
apmatypsl Knacca A500 (R = 435 MIla) coctasnsier A = 1527 Mm2 (618).

[Tnowanb ce4eHUA KOMbLEBOM apMaTypbl HHXHE U BEPXHEH CETOK Ha eUHHULY JUIMHbI PAIHATBHOTO
Hanpasnenus A, , = A, ,, = 62,8 Mmm? (524 Ha nor. m). Tliowans ceyeHusi MEPHIMOHANBHON apMaTyphl
HWXHEii CETKH TaKas Xe, Te. A, = 62,8 MM?, a BepxHeii ceTKH A = 35,3 mm? (523 Ha nor. M). Knacc
apmarypsl B500 (R, = 415 MIla; R = 360 MIla).
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IpuHumaeM, YTo A, 1 A, . BIOJIb MEPHAMAHA NOCTOSHHDI. OTIOPHOE KOJIBIIO OTNIMPAETCA Ha HECYIIHE
KOHCTPYKUMH [0 BCEMY NEPUMETPY. ACHMMETPHYHAS HArpy3Ka HHTEHCUBHOCTBIO ¢ pPABHOMEPHO pacIipese-

JieHa 10 FOPU3OHTATLHOIM NPOEKLUKM KT,
Pannyc KpMBU3HBI Kynona:

2 2
R=P*8 175w
15
inEy =—>— =0,689655,
sindo =375

oTkyaa &, = 43,6° u B paananax & = 0,760964.
ITo ¢popmyae (9.21) Haxoaum §c, rae 3HayeHue B= R, hy+q_+ q,
q,= (A, + A, JR=262,8415= 52,124 kH/m;

q, = 62,8360 = 22,608 kH/m;

hg=80—15=65mm;
B=14,5-65+ 52,124 + 22,608 = 1017,232 kH/m;

1527435+ 52,124-0,761-21,75-10° _ 664245+ 862743

S 1017,232-21,75-10° T1017,232-21,75.1°0
YrioBoe 3HayeHue &,
g =0.009:360 553410,
2n
sing, = 0,689452.
U3 (9.22) # (9.23) nonyuum
l1ar
SinE, —KE, - 0,5M +q,R*sinky — g, Re g -0,

BR?
Ipeo6pa3syem 3T0 ypaBHEHHUE CleLyOLMM 06pasom

M = 2[ BR¥(sin&, — kE ) — q,R*sin& + g & Re o).
T10ACTaBUM B 3TO YPaBHEHHE YHUC/IEHHBIE 3HAYEHHUSI

15,75-0,069
21,75
+52,124-0,760964-21,75-15,75 =11430,82 kH - M.

M= 1017.232.21,752(0,0689452— )—52,124-21,752 -0,689655 +

M3 dopmyasi (9.24) 1 Tabi. 9.9 npu onupaHKU No BceMy KOHTYpPY

P:M :qﬂ[bz.
0
M3 (9.25)
q—ﬂ
2 .
IMoacrasus B ¢ 3HaYeHue M, monyuum
q= 3‘:2& =10,16 kIa.

9.2.2. Pacuem necyweil chocobrocmu Kynoaa ¢ ywemom 0eqpopmupo8anHozo cocmosHus

(9.25)

PaccMOTpUM pacyeT Hecyllueil CIoCOOHOCTH TOi Xe 00onoukH, YTo M B nm. 9.2.1, mo MeTomouke,

usnoxeHHoit B CIT 52-117-2008*.
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Paccrosinue /| 10 KONbUEBOTO NIACTUYECKOTO WapHupa (puc. 9.8) Haiiaem no dopmyse

k
| = oKy , .26
"k (020

A oRs ;
e k, =1+-=; =2 s g =Rehotds
q, ’b 7.

3aech: A; , — TUIOLLANL CeYeHMUsT KOJIBLEBLIX CTEPXHEIT OMOPHOTO KOJIblIa; R — pacueTHOE CONpPOTHB-
TIEHUE apMaTYPHbIX CTEPXKHEN ONIOPHOIO KOJMbLA; A — pabGouas BRICOTA CEYEHUS NONS 06ON0UKH; ¢, ¢, —
NMOTOHHbIE YCHUUST, BOCIMPUHUMAEMBIC KOJIbUEBOW apmaTypoi Kyroja, B pacTAHYTOM M CXAaTOH 30Hax
paccMaTpUBAEMOTO CEYEH U KYI10/1a COOTBETCTBEHHO.

Ansa HavanbHOM CTAAMM MIACTHYECKOTO AedopmMypoBaHUs BETMUMHA IPEAETbHON HarPy3KH 3aITUCHIBA-
eTcs B BUJE

q,=6[M*+ g f(b - 3aw* /2) /3] / ak*. (9.27)
3aech:
(k +1)* = k2
M*=mk - 7 n * |- * e vyy? . = Y
mk,, +nf %D (k+Dw* |, wh=wgt/ f; a=k+1-k,;
k) 42 “3ki k) , 2 2.
b= o s k= Lk, G+ D)+ k2 [k +1)

m— ﬂpeﬂeﬂbelf/] MOMECHT Ha CAUHULY QJIMHBI KOJILLEBOIO CEYEHUA, OﬂpCHCﬂﬂCMblﬁ no d)OpMYHC
X
m= RxAs, mb(hﬂ - 3)1 (928)

rae A, ,, — n1owaib ce4eHnst MEPUIHOHANILHON apMaTypbl HUXKHEH CETKM HA EAMHHLLY JUIMHBI KOJIbLEBOTO
HanpasleHUS;
X — BbICOTA CKATOW 30HBI CEYEHHS, OTIPEAEsieMan ¢ COBMIONEHUEM YCTOBHS

X
l—s0,6é’;R, rae &, — rpaHUYHOE 3HAYEHME OTHOCHUTEbHOI BbICOTHI CXATON 30HbI, ONpeAeNseMOe Mo
k)

CIT 52-102-2004.
B npenenbHOM COCTOSSHUN KPUTUYECKOMY 3HAYEHHMIO NPOrn6a COOTBETCTBYET 3HAYEHHE

w* =2k a/(k+ 1) (9.29)

[Moacrasui (9.29) B (9.27), noayuyuM NpeieibHOE 3HAYECHUE HAFPY3KH, OTBEYalolIee HeCYLEe crocos-
HOCTH 000JIOUKH, C YUeTOM AeHOPMHUPOBAHHOTIO COCTOS HUS

g, =6 [M*, +q f(b/3—aPk [tk + )] / ak*, (9.30)

rae M* =mk, +nf[(k+ 1)? = k?, —2ak,] / (k + 1).

[TonyyeHntnie B (9.30) 3HaYEHUs MPEAENAbHON HArpy3KU PEKOMEHAYETCS IPMHUMATD B KAYECTBE pacyeT-
HBIX MPH pacyeTe Ha paBHOMEPHO pacrpele]eHHYIO Harpy3ky 000104KH C ONOPHBIM KOJIBLOM U pa3pylue-
HHEM No cCXeMe, NpeaCTaBleHHO Ha puc. 9.7.

Ecnu B dopmyiie (9.27) u B BbIpaXeHUU st M* npuHsTh 3HaYeHue w* = 0, NONyuyuM MpeaeabHYIo
Harpysky ais 0601o4ku 6e3 yuera 1ehOpMUPOBAHHOTO COCTOSHUA.

[Moacrasum B popmyny (9.30) uMcneHHbIe 3HAUYEHHUS:

_65-14,5+22,608

18,5156 (9”1 q.— 1. 9.2.1);
52,124 (g/ng,—n.9.2.1)

-3 .
n= E?Z_'_!%_ﬂ =4428,3 kH/m;

4428,3
Foo =
125,610 -415

L] ’
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a=k+1—k =18,5156+ 1 — 1,85 =17,6656;
k* = 1521+ 1,85 /19,5156 + 1,852 / 19,51562] = 248,352;

19,5156 +2-1,85° —3-1,85° 19,5156

b 2
19,5156

=19,023;

B (hopmyute (9.28):
x=hy0,66,=650,60,502=19,6 Mm;
m =415-62,8-1o-3(65—192;6) =1439 H-m/n.m = 1,439 kH - M/M.

B (9.30)

M* =1,439-185+44.28- 6[19,51562 — 1,852 — 2 - 1,85-17,6656] / 19,5156 = 2,662 + 4248,481 =
=4251,143 kH-M/M;

q," = 6[4251,143 + 52,124 - 6(19,023 / 3 - 17,66562 - 1,85 / 19,5156%)] / 17,6656 - 248,352 = 7,88 kIla.

Hecywas cnoco6HocTh 0605104KH 6e3 yueta neopMHUPOBAaHHOrO COCTOAHMUS Npu w* = O no dopmyne
(9.27) cocrasur:

M* =1,439- 1,85 + 44,28 - 6(19,5156% — 1,852) / 19,5156 = 2,662 + 5138,311 = 5140,973 kH-m/M;
q*, = 6(5140,973 + 52,124 - 6 - 19,023 / 3) / 17,6656 - 248,352 = 9,743 xIla.

TMonyyeHHOe 3HaUeHUE HECYiLElH CIOCOBGHOCTH 6IM3KO K HalIeHHOI BeiMuMHe B 1. 9.2.1, cocTasnsiio-
meii 10,16 kIMa. Pazuuua mexay HUMu coctasnsier 4 %.
I1pu 11poeKTHPOBAHUM ClIEAyeT OPHEHTHPOBATLCS Ha BEJUUNHY NpPeaeAbHOI Harpy3ku ¢," = 7,88 kITa.

10. CEOPHAS XEJIE30BETOHHAS OBOJIOYKA IMOJOXHUTEJILHOM
TAYCCOBOM KPUBU3HBI

3axanne: 3anpoeKTUPOBATL MOJOIYI0 COOPHYIO Xe€Je300€TOHHYIO 000N04YKY TOKPBITHA 34aHUA Ha
KBaJpaTHOM IJIaHe ¢ pa3MepaMu cTopoH / = 42 M (puc. 10.1). 3naHue pacnonoxeHo B I11 cHeroBoM paitoHe.

Cepuueckasi NoBepXHOCTb 060/104KHK UMeeT paauyc R = 53,5 M. OGoniouka cobupaeTcsi U3 peSpucTsIxX
LWIMHAPUYECKUX TUTHT HOMUHAJIBHLIMH pa3MepaMu B TyiaHe 3xX6 M. MOHTaX o60/I0YKH BEAETCS ¢ MOMO-
111510 MOHTAXHBIX CEK1IMIi ¢ pasMepamu 3x18 M, cOGMpaeMbIX U3 TPeX ILUTUT 3X6 M.

OnpenensieM reOMETPUUECKUE MTapaMeTpbl 000JOUKH.

Moxbem 0GONOUKIS= 1. +f,, tae f, = Ry R —(1/2)} =53,5-53,5% ~(42/2)" =4,294 u.

Panuyc koutypa 060s104kH R, = R — f, = 53,5 — 4,294 = 49,206 M.
IMonbeM 000I0UKKM Ha KOHTYpE

fi = Ry =\ RE—(1/2)} =49,206—49,206” - (42/2)" =4,706 w.

O6wmit noaseM obonouku f=f, + f, = 4,294 + 4,706 = 9 m.

== 1
/7"' 7 P
W 7 A R o 7
~ "u——‘ —74-/—- _7,5— AN
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Puc. 10.1. Cxema 060104KH
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b=100 b =100

1, = 3000

A

Puc. 10.2. TIonepeunoe cevenue UHNNHAPUIECKOM MINTHI

OnpenenseM reoMgTpUYECKUE xapaKTepuchu muthi (puc. 10.2). beton knacca B30; R, = 17,0 MIla;
= 1,15 MIla; E, = 32500 MIa.

l'lnomam: ceqemm nautel A = 2bh + h (l,—2b)=2-10-30+3,5-280 = 1580 cml.
CTaTtnuecknit MOMEHT HHEPLIUH OTHOCPITCJ]bHO BEPXHEW rpaHy MOJIKH (OCb )

h/
Sy0=2bhg+(12—2b)h} =2-10-30-15+280-3 53—25—10715 cm.

OnpexnensieM NOJOXEHNE UEHTPa TAXECTH CEYEHHS X = S,y / A=10715 /1580 = 6,8 cM.
MoMmeHT HHEPUMH OTHOCUTEILHO OCH Y,

ow (b Y (h-26)K i Y
o =22 26 2 x|+ 2 (g~ 2pY | x-L | =
3 + (2 ] + T +(4 b)hy| x 5

103 . 3
_210130 +210-30(15-6,8)7 + 22035

+280-3,5(6,8-3,5/2) =111200 cm*.

Onpenensiem NpuBeACHHYIO PUKTUBHYIO TONUHHY OB0N0YKH:

no nnowanu d, =4/, + 1em=1580/300+ | = 6,3 cM (1 cm GepeTcs Ha 3AMOHONMYHUBAHUE LIBOB);
110 MOMEHTY UHEPLIUU

8, =3121, /1, =312-111200/300 = 16,45 cm;

110 PaAnyCcy HHEPLIUH

83= 121,/ A =12-111200/1580 =29, cm.
CO6op Harpy3ok Ha 000JIouKY ripuseaeH B Tada. 10.1.

Ta6auna 10.1

Harpy3ku na nokpbitne
B ) HopmatusHas PacuyeTHas Harpy3ka,

WL HArpy3KH Harpy3ka, kIla Y klla
Ot cOOBCTBEHHOIO Beca NAUT 060/104KH C 3AMOHOJNYEHHBIMH 1,575 1,1 1,73
wBamu (npu y = 25 kH/M3 u 8, = 6,3 cm); 8,y = 0,063 - 2500
Or Beca yrermtens (npu y = 4,6 KH/M3 u Tonumue 8 = 20 cm); 0,92 1,3 1,2
6y=0,2-4,6
OT Beca LEMCHTHOI CTSOKKH (Nnpuy = 20 kH/M3 u § = 3,0 cm); 0,6 1,3 0,78
8y =10,03-20
Ot Beca ruapON30ASILMOHHOTO KOBPA U NaPOU30/sILIMH 0,21 1,3 0,27
Ort cHera (anst I cHeroBoro paiioHa) 1,26* 1.4 1,8
HUTOTO 4,565 — 5,78

* Ko3d)hUUHEHT ¢, yUUTBIBAIOWINI CHOC CHCTA ¢ NOKPLITHS, NPUHSIT PaBHBIM 1.
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Puc. 10.3. K pacyeTy NOKPHITHR HA CHMMETPHYHYIO CHEroByI0 HArpy3Ky

Ilo CTO 36554501-015 «Harpyskn u Bo3gedcTBus» pacyeTHass paBHOMepHas (4, = 1) cHeroBas
Harpy3ka Ha ropu3OHTa/IbHYIO NPOEKUHKIO MOKPLITUA paBHa § = Y Sy = yf(0,7ung) = 1,8 k[la npn Bece
CHETOBOTO MOKPOBa Sg = 1,8 klla.

it 31aHuit co CBOAYATBIMHU U GAU3KUMKE K HUM [0 O4YEPTAHUIO MOKPBITHAMHY NPUHKMAIOT K03ddHLK-
€HT W, = cosl,5¢, Tie 0L — YTON HAK/IOHA 0GOOUKH TIOKPLITHSA B MONEPEYHOM HanpasieHUu. [1pu nposrere
060JIOUKH 42 M U pagnyce KPUBU3HLL R = 53,5 M.

sinat = 21 / 53,5 = 0,3925, orkyna o = 23°. Toraa Ha koHTYype |, = cos(l,5+ 23) = 0,824, a B uentpe u, = |
(puc. 10.3).

YcpenHeHHOe 3HaYeHUe paBHOMEPHON CHETOBOM HArpy3Ku COCTaBJIAET

5=1,8(0,824 + 1) /2= 1,64 k[Ia.
CHMMeTpHYHas PacueTHas Harpy3ka cocTaB/seT
q=1,73+1,2+0,78 + 0,27 + 1,64 = 5,62 xI1a.

IIposepka oGosoukH Ha ycToitunBocTh. Pacuer BeinonHsaeM cornacHo CIT 52-117-2008*.
DUKTUBHDBI MOAYAb YIIPYTOCTH IIPU PACCTOTHUHU MEXIY pe6paMu miuT b= 3,0 M

E.=E,A/(bd;) = 32500 1580 /(300 29,1) = 5900 MI1a.

Monynb aedopmaunn GeToHa NMPH MPONONKMTENLHOM NEHCTBMM HArpy3KM NPUHAT NpH cpeaHeif
OTHOCHMTEJIbHOM BJlaXxHOCTH Bo3ayxa 40—75 %:

Eyp=—t e b _-0,303E,;

E,. = 0,303 - 5900 = 1800 MIla.

MHTEHCUBHOCTb AONMYCTMMOI KPUTHYECKOW Harpy3ku [g] HEe AO/DKHA TpeBbILATh WHTEHCHMBHOCTH
MOJIHON PaCUETHOI HATPY3KHU ¢

q) = 0,2Ef_t(83/R)2k. (10.1)
[lpu k = 1 mns chepryecKoit TOBEPXHOCTH
[g] = 0,2 - 1800(29,1/5350)%1 = 0,01065 MI1a = 10,65 xITa.
YeroityuBocTb 060104KH obecneuena, Tak Kak [g] = 10,65 kI1a > ¢ = 5,62 k[la.

Pacuyer 060/104KH Ha PAaBROMEPHO pacnpele/ieHHYI0 CHMMETPHYHYIO HACPY3KY.

HicxoaHble paHHbie: nonoras o6onouka (puc. 10.1). PaBHoMepHO pacnpeneneHHas CUMMETPHYHas
Harpy3ka g = 5,62 kI1a. [Tponer o6onouku /=42 M. [puseneHHas TonmMHa 06onoYKH No niowanm 8, = 6,3 cM,
110 MOMEHTy HepLnu 8, = 16,45 cMm, no paauycy uxepunn 3, = 29,1 cm.

Onpenensiem napameTp A

A =L17{f/8, =1,1749/0,063 = 14;

A, = L1778, =1,17,/9/0,1645 =8,65. (10.2)

TpoBepsieM MPUHATYIO TOALMHY NONKH ILTHTI 060104KH (B LEHTPe). ONpeAeUM HOPMAIbHBIE YCHIIHS
Ha | M uuel N, = N, = —qP/(8f)= —5,62- 42%/(8 - 9) = —137,7 xH/m.
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HanpsixeHus B NOJKe IUIUTHI G, = N/h’/-= —137,7/0,035 = -3940 kH/m? = —3,94 MIMa < R, = 17,0 MIla —

NPUHSTAas TOJILUMHA OJIKU h’f = 35 MM J0CTaTOYHA.

ﬂpu PaBHOMEPHO PaCIpeNesIEHHOW HArpy3ke 3Ha4MTe/NbHBIE MOMEHTbHI BO3HUKAIOT TOJIBKO HA IIpHU-

OMNOPHBIX y4aCcTKax 000N0UKHU.

OnpeaensieM HanbonbLIKE U3rKbalolLIMe MOMEHTbI, AEHCTBYIOILME B HANPABJEHUU OCU X TIpU y = ()

M = qlsz= 5,62 422 ky=9914k,,,
rie koahpuumenTsl k,, Haxonum no Ta61. 10.2 nacrosiero [MocoGus.

[pu A, = 8,65 no untepnoasuun npu x// = 0,05

9914 (9-8,65)(0,0667 - 0,0388)
M =——10,038
Imax 100 8+ 9_7

=4,3 kH-m/Mm.

(10.3)

OnpenensieM HaubObLLME 3HAYEH U] HOPMAJIbHBIX CUJI N, 1 N,, necTByIOILIMX B 110]1€ 000JI04KH (pHC. 10.4);

B HAMPABJEHMU OCH X 110 IMHUU y = ()

2 492
Nty 584

= k
5 M 0,063 ¥

=~157360ky, kH/M,

rae KoapHHULUMEHTb! kMHaxoaMM no ta6s. 10.3 Hacrosiuero [Tocobust mpu )‘1 = 14:

x/1=0, N, =-1573,6-0=0;
x/1= 0,05, N, =-1573,6-0,0146 = —=23,0 kH/M;

x/[=0,1, N, =—1573,6-0,0287 = —45,2 kH/m;
x/I=0,15, N, =-1573,60,0419 = —65.9 kH/m;
x/1=0,2, N, =—1573,6 - 0,0539 = —84,8 kH/m;
x/1=0,3, N, =~1573,6-0,0733 = —115,3 kH/m;
x/1=04, N, =—1573,6 - 0,0848 = —133,4 kH/m;
x/1=0,5 N, =—1573,6-0,0884 = —139,0 kH/m;

B HATIPABJIEHUM OCH Y 1O THHUU y = ()

2
N, = _.‘g’_ ky, =~157360ky, KH/M,
1

rae kosbduuueHTsl &, Haxonum 1o tabsn. 10.4 nacrosuero Mocobus npu A= 14

x/l=0, N,=0;

x/1= 0,02, N,=—1573,6-0,0941 = —148,1 kH/m;
x/1= 0,05, N,=—1573,6-0,1618 = --254,5 kH/m;
x/1=10,07, N,=~-1573,6-0,168 = —264,0 kH/M;

x/1=0,1, N,=—1573,6- 0,156 = —245,5 kH/m;
x/1= 0,15, N,=—1573,6-0,1352=—-212.8 kH/Mm;
x/1=0,2, N,=—1573,6-0,1229 = —193,4 kH/m;
x/1=0,3, N,=-~-1573,6-0,1039 = —163,5 kH/m:
x/1=04, N,=—-1573,6-0,0924 = — 1454 xH/m;
x/1=10,5, N,=-1573,6-0,0884 = —139,1 kH/m;
y
y.
N,
~ — -— x
P/}vprl
S b S/

Puc. 10.4. Cxema pacnpeeeHHs HOPMAJIBHBIX H LIABHBIX YCHIHiE B 060104YKe
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Tab6auua 10.2

Koadpuuuenrn 100 k,, 151 onpeaeneHns M3rnbaroiux MOMEHTOB M| pu 3HAUCHHSIX A,

x/1
4 5 7 9 11 14 18
0 0 0 0 0 0 0 0
0,01 0,0514 0,0402 0,0275 0,0204 0,0159 0,0116 0,0082
0,02 0,0936 0,0715 0,0464 0,0326 0,0241 0,0162 0,01
0,03 0,1276 0,0979 0,0584 0,0388 0,0269 0,163 0,0088
0,04 0,1543 0,1118 0,0646 0,0403 0,0261 0,0141 0,0063
0,05 0,1743 0,1225 0,0667 0,0388 0,0232 0,0109 0,0038
0,07 0,1978 0,1307 0,0617 0,0305 0,015 0,0049 0,0006
0,08 0,202 0,13 0,057 0,024 0,01 0,0026 —0,0001
0,09 0,203 0,125 0,049 0,019 0,007 0,001 —0,0004
0,1 0,2016 0,1196 0,0438 0,0155 0,0047 0,0001 —0,0004
0,12 0,1902 0,1038 0,0306 0,0076 0,0009 —0,0007 -0,0003
0,15 0,1611 0,0763 0,0146 0,0009 —0,0012 -0,0006 0
0,18 0,1271 0,0466 0,004] —0,0016 —0,0008 0 0
0,2 0,1028 0,0351 0,0003 —0,0009 —0,0008 0 0
0,25 0,052 0,009 —-0,0003 —0,0011 —0,0001 0 0
0,3 0,0163 0 -0,0002 —0,0001 0 0 0
0,35 —0,0031 0 —0,0002 0 0 0 0
0,4 -0,0998 -0,0001 0 0 0 0 0
0,5 —-0,0178 ~0,0001 0 0 0 0 0
Ta6nunua 10.3
Koadduurents: 100 lcNl A1t OTIpeieNieH sl HOPMAIBHBIX CHJl N| NpU 3HAYECHHUAX A,
x/1
4 5 7 9 11 14 18
0 0 0 0 0 0 0 0
0,05 0,1865 0,114 0,0587 0,0358 0,0238 0,0146 0,088
0,1 0,3655 0,2245 0,1153 0,0698 0,0468 0,0287 0,0176
0,15 0,5321 0,327 0,1684 0,1016 0,0685 0,0419 0,0256
0,2 0,6811 0,4199 0,2161 0,1308 0,0879 0,0539 0,0327
0,3 0,9149 0,5666 0,292 0,1768 0,1188 0,0733 0,0442
0,4 1,0559 0,6563 0,3385 0,205 0,1379 0,0848 0,0512
0,5 1,1023 0,6864 0,354 0,2144 0,1441 0,0884 0,0535
Ta6awvwuna 104
y Koadbduunentm 100 & n, A1 OTIPEMIENCHNsI HOPMATBHBIX CHA N, npu 36aueHusix A,
« b
4 5 7 9 11 14 18
0 0 0 0 0 0 0 0
0,02 0,3094 0,2577 0,1905 0,1494 0,122 0,0941 0,0698
0,05 0,7324 0,5963 04177 0,3059 0,2339 0,1618 0,1043
0,07 0,9715 0,7733 0,5158 0,3607 0,2608 0,168 0,1008
0,1 1,2517 0,9587 0,5839 0,3801 0,259 0,156 0,091
0,15 1,5174 1,0899 0,587 0,3474 0,2258 0,1352 0,0818
0,2 1,5819 1,0559 0,5229 0,3032 0,1985 0,1229 0,0743
0,3 1,4122 0,9057 0,4164 0,2506 0,1684 0,1039 0,0628
0.4 1,2 0,7271 0,3095 0,2236 0,1498 0,0924 0,0551
0,5 1,1023 0,6864 0,354 0,2144 0,144 0,0884 0,0535
HaubGonpuine HanpsokeHUst, ACHCTBYIOLIME B MoJie O0OJOYKH, COCTABAAIOT o, = NZ"“"‘/(‘Sl =
= —264,0/0,063 = —4190 kH/m? = —4,19 MITa < R,= 17,0 MIa.
[TpouHoCTb ceueHust 000104KH 0becneyeHa.
OnpenensieM CABUTatoULIMe YCUIUS S 1o rpaHsam 060/10uKH
g/’
S =—é+ks =157360k, xH/Mm, (10.6)
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rae ko3 huumenT k, onpeacasiem no adn.

x/[=0
x/1= 0,05,
x/1=0,1,
x/1=10,15,
x/1=0,2,
x/1=103
x/1=0,4,
x/l=

10.5 Hacrosiero IMoco6ust npu A, = 14

=1573,6"
S=
S=
S=
S=
§=
=
S=

1573,6 - 0,2749 = 433 kH/m;
1573,6 - 0,1927 = 303 kH/m;
1573,6 - 0,1441 = 227 xH/m;
1573,6-0,1114 =175 kH/m;
1573,6 - 0,065 = 102 kH/m;
1573,6 - 0,0301 = 47 xH/m;
1573,6 - 0=0.

0,3439 = 541 kH/m;

Onpenensiem nornepeyHble bl @, ASUCTBYIOLIME NO rpaHAM 060IOUKH

= 5,62 42k, = 236k, kH/m,

0=qlk,

rae KO3Q@HUUUEHT k, HAXOANM 1O Tabi. 10.6 Hactostiero [Tocobus npu A, =

(10.7)

14 (Tak KakK B TabGjule HeT

(10.8)

3HAYeHH k npu A, = 14, 6epeM 3HaYeH s KoodduunenTa k npu A, = 11):
x/l = 0=236-0= O
x/l= 0,02, Q=1236-0,0204 = 4,8 xH/™m;
x/l= 0,04, 0=236-0,0224 = 5,3 xH/Mm;
x/1=10,05, Q=236-0,0232=5,5xH/m;
x/1=10,07, Q=1236-0,0228 = 5,4 kH/m;
x/1=0,1 0=236-0,0216=5,1 kH/m;
x/l=10,15, 0 =236-0,0208 =4,9 xH/™;
x/1=0,2, Q=236-0,0204 = 4,8 kH/™;
x/1=0,25, 0=1236-0,0204 = 4,8 kH/™m:
x/1=0,3, 0 =1236-0,0208 = 4,9 xH/m;
x/1= 0,4, 0=1236-0,0204 = 4,8 kH/m;
x/1=10,5 Q=236-0,0208 = 4,9 kH/m.
BbluuciisieM rnaBHble YCWIHS Np,,‘l " Npr2 (puc. 10.4), neitcteyiomme B 060/104Ke B HanpaBAeHUU
JMaroHany U repreHauKysipHo, no Gpopmyise
2 2
N, =—ik , =—Mk =-157360k ,
pri(2) 81 pri(2) 0,063 prl(2) pr.l(2)
roe kp,_.](z) Haxoaum no Taén. 10.7 nacrosuero Mocobus npu A, = 14
B HANpanJICHUH IMaroHaln:
x/1=0, y/1=0,5, N, = —1573,6-0,3439 = —541 kH/m;
x/1=0,1, y/I=04, Afr = —1573,6-0,2492 = -392 xH/m;
=02 yi=03 N =_1573.6-0.1618 = —255 kH/m;
=03 yi=02 N =_1573.6-0.1197 = — 188 kH/m,
x/1=0,5 y/l=0, I‘/;,,——15736 0.0884 = —139,0 kH/m;
nepneHAMKyISpHO IMaroHaIu:
x/1=0, y/1=0,5, N,.,=—1573,6(-0,3439) = 541 kH/m;
x/1=10,1, y/l=0,4, }\f;r = -1573,6(—0,0547) = 86 kH/m;
x/1=0,2, y/1=0,3, }\/, =—1573,6-0,0173 = =27 xkH/w™m;
WI=03,  yi=02  Noa=—15736-0,571 = —90 kH/m;
x/1=0,5 y/[=0, N: = —1573,6-0,0884 =—139,0 kH/Mm.

Ta6auuna 10.5

Koadipuumentni 100 & ¢ 1nst onpencnenms CABHraloUIMX YCHAHE S NPH 3HAYEHUsIX A
x/l
4 5 7 9 11 14 18
0 2,7015 1,917 1,0608 0,7112 0,5008 0,3439 0,225
0,05 2,6043 1,8166 0,9706 0,6272 0,4239 0,2749 0,1671
0,1 2,3519 1,6014 0,7859 0,4827 0,3103 0,1927 0,1154
0,15 2,0156 1,3295 0,6033 0,3576 0,2334 0,1441 0,0862
0,2 1,6509 1,0608 0,4594 0,271 0,1843 0.1114 0,0676
0,3 0,9843 0,6082 0,2597 0,1574 0,1171 0,065 0,0393
0,4 0,465 0,2732 0,1204 0,0734 0,0588 0,0301 0,0181
0,5 0 0 () 0 0 0 0
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Ta6anua 10.6
Koaddpuumentst k, 115t onpenenerns nonepeuHsix cut Q pu 3HAUEHHAX A,
x/1
4 S 7 9 11
0 0 0 0 0 0
0,02 0,0328 0,0296 0,0256 0,0224 0,0204
0,04 0,0456 0,04 0,032 0,0268 0,0224
0,05 0,0512 0,044 0,0344 0,028 0,0232
0,07 0,0576 0,048 0,036 0,0284 0,0228
0,! 0,0628 0,0504 0,036 0,0272 0,0216
0,15 0,0636 0,0504 0,0336 0,0252 0,0208
0,2 0,0616 0,0484 0,032 0,0248 0,0204
0,25 0,0596 0,0464 0,0316 0,0248 0,0204
0,3 0,0584 0,0448 0,032 0,0252 0,0208
0,4 0,0564 0,0448 0,0316 0,0248 0,0204
0,5 0,056 0,0456 0,0316 0,0248 0,0208
Ta6bnuua 107
Koaddmunentst 100k, ) 1151 onpesencHus MIABHbIX YCWIHR N, o)
MpH 3HAYCHUSAX A,
x/1 v/l
4 5 7 9 11 14 18
A. Yeuine B HanpaBiaeHUH THATOHANIH
0 0,5 2,7015 1,917 1,0608 0,7112 0,5008 0,3439 0,225
0,1 0,4 2,4215 1,7104 0,9677 0,6069 0,4097 0,2492 0,1471
0,2 0,3 2,0819 1,3664 0,6799 0,3978 0,2623 0,1618 0,0981
0,3 0,2 1,6037 0,988 0,4799 0,2886 0,1941 0,1197 0,0756
0,5 0 1,1023 0,6864 0,354 0,2144 0,1441 0,0884 0,0535
B. Ycunue nepneHauKyAsapHO IHATOHAH
0 0,5 —2,7015 -1,917 —1,0608 -0,7112 -—0,5008 —0,3439 —0,225
0,1 0,4 —1,3087 -0,7643 —0,3008 —0,1428 —0,0873 —0,0547 —0,0362
0,2 0,3 0,1373 0,1704 0,0912 0,0424 0,0238 0,0173 0,009
0,3 0,2 0,8172 0,4997 0,2296 0,1374 0,0926- 0,0571 0,0314
0,5 0 1,1023 0,6864 0,354 0,2143 0,144 0,0884 0,0534
Iniopsl ycunuii npuseneHsl Ha puc. 10,5,
y
M, 541
i
227303
r =
102 S
139 E 47
N 1 . \\ - 0 4 9
pr. N )
188 N= — X
541 392 255 S =48
AANY = 4,9
N e
=R
86 JArrAn I— 5,5
L
2 7 \
MIFSRAS B
Npr,Z = ;d Sho" g'
541

Puc. 10.5. Dwmopw ycuauit M, S, Q, N,
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Pacyer 060104Ku NP1 HEpaBHOMEPHOM pacnpe/ie/ieHHH CHera Ha NOKPhITHH

PaBHoMepHO pacnpeneneHHas Harpy3ka oT NOKpbITHs Ge3 yuyera cHera coctapisiet ¢, = 5,78 — 1,8 =
= 3,98 k[la.

B cootBerctBun ¢ CTO 36554501-015 «Harpy3ku v BO3aeiCTBUSI» NIPU HEPABHOMEPHOM pacripeiese-
HUM CHETa Ha MOKPbITMM HA OJHOM €r0 CTOPOHE MHTEHCUBHOCTb CHEFOBOM Harpy3KHu cocTaBisieT S = pzSg, a
Ha Ipyroi — O,Squg. Koadmunent u, = 2sino.

IMpu yrne HakioHa nokpbiTHs o = 23° u, = 2sin69° = 1,867. CneaosarenbHO, Ha OLHOW CTOPOHE
MOKPbITHS S = 1,87Sg, a Ha Apyroun — 0,93SSg , KaK 3TO rokKas3aHo Ha puc. 10.6.

[Tpeo6pasyeM TpeyroJibHy10 CHETOBYIO HArpy3Ky ¥ NpHUBE/IEM €€ K MPSIMOYTrObHOM NCX04s U3 PaBEHCTBA
njoulanei, Kak nokasaHo Ha puc. 10.7.

[TpeacTaBuM CHEroByIo Harpy3Ky B BUA€ CHMMETPHYHOI! g5, PABHOI 0,7OSSg, 1 KOCOCUMMETPUYHOM g,
paBHoit 0,2355g:

g;=0,705- 1,80 = 1,269 kTIla;
q,=0,235-1,80 = £0,423 ITa.
CHMMeTpUYHas Harpy3ka, BKITIOYAIOLLAs BEC CHETA g M BEC NOKPLITHSA ¢, COCTABUT
go=q, +q5= 3,98+ 1,269 = 5,25 kIa.

INonHas Harpyska Ha JieBOW W MpaBoil CTOpOHAaX MOKPbITHs, KaK Moka3aHo Ha puc. 10.8,6, coctaBut
COOTBETCTBEHHO

q,=qg+ q,= 5249 + 0,423 = 5,672 xIa;
4y = qg — 45 = 5,249 — 0,423 = 4,826 «I1a.

Haxoaum koadduumnentsl A" A," inst KOCOCHMMETPUYHO HAarpy3KH:
A =0,585f /8, =0,585,/9/0,063 =7,0;
15 =0,585/f /8, =0,585,/9/0,1645 = 4,327.

]’8751:
A 0’93ssg
, | ) I

Puc. 10.6. HepapnoMepnoe (1o Tpeyro/ibHHKY) pacnpese/ieHie CHera Ha NoKpbITHI

(10.9)

0,945,

0,475,

Puc. 10.7. Hepasnomeptoe (N0 npsMOYTOILHKRKY) pacnpeseieHne CHera Ha HoKPbITHI

a) 6)

qs

q, q,

Puc. 10.8. CummeTpnuHOe H KOCOCHMMETPHUHOE pachpe/ie/ieHHe CHEroBoii Harpy3ku (a)
H N0/IHAS1 HArpY3Ka Ha NoKphiTHE (6)

86



Jnst cHMMeTpHYHON HArpy3KH A = 14 u ., = 8,65.
OnpenensieM HauOONbIWUE 3HAYEHUS M3rMOAIOLIUX MOMEHTOB, NEHCTBYIOIMX B HAMPABICHUU OCH X

npuy=20
M = qGIZkM + g, o (10.10)

M, =5,249- 422kM +0,423- 422k’M , Tie Ko3hpuumMeHT k , Haxonum no Taén. 10.2 npu A, = 8,65, a k", — no
Tabn. 10.8 nacrosuero MNocobust npu A,” = 4,327.

Ta6aunuma 10.8

X/l Kosdppuumentn 100K, ans onpeaeneHus n3rnbalommx MOMEHTOB M, Npu 3HaUEHHsX A A= 0,585\/f/8)
4 N 7 9 11 14 18
0 0 0 0 0 0 0 0
0,005 0,0129 0,01 0,0069 0,0051 0,004 0,03 0,022
0,01 0,0234 0,0179 0,0116 0,0082 0,0061 0,0041 0,0026
0,015 0,0319 0,0245 0,0146 0,0097 0,0068 0,0041 0,0022
0,02 0,0385 0,028 0,0162 0,01 0,0065 0,0036 0,0016
0,025 0,0437 0,0306 0,0167 0,0097 0,0058 0,0028 0,001
0,035 0,0495 0,0327 0,0154 0,0076 0,0038 0,0012 0,0002
0,05 0,0503 0,0299 0,01 0,0039 0,0012 0 —0,0001
0,06 0,0479 0,026 0,0077 0,0019 0,0002 —0,0002 —0,0001
0,07 0,0429 0,0214 0,0049 0,0006 —0,0002 —0,0002 0
0,09 0,0319 0,0117 0,001 -0,0004 —0,0002 0 0
0,1 0,0262 0,0088 0,0001 —0,0002 —0,0002 0 0
0,15 0,0044 0 0 0 0 0 0
0,2 -0,0017 0 0 0 0 0 0
0,25 —0,0035 0 0 0 0 0 0

k= 0,0437 / 100; k'), = 0,04327/100.

Haubonbiune 3HaueHUa n3rubaloliuX MOMEHTOB rosiydalotes npu x / 1= 0,05 v cocTaBisior M =
=4,05+ 0,32 =4,37 kH"m.

OnpeznensieM HauOOJbIIME 3HAYEHHMST HOPMANbHEIX CHA N, NEHCTBYIOUNX B HANPABNEHUM OCH X [10
nuHuun y = 0:

2

2 2
qs ! g, ©,, / ;o\
N, = 681 kn, - 45, ki, =—8—l(%k~, +qakp, ) (10.11)
N, = 42 5,25k 0,423k ) = —-28000(5,25k 0,423k,
1~‘m(, w, +0,423ky ) =~ (5,25ky, +0,423ky, ),

rae Ko3dduumMeHTsl ky Haxoaum no Tabn. 10.3 npu A =14,a ky, —noTabn. 10.9npn A =0,585,/f /8, =
=0,585{9/0,063 =7
ky, =0,0884/100; ky, =0.
Haun6onbuine suauenus N, nonyyarorca npux /[=0,5.
N\m = —28000(5,25 - 0,000884 + 0,423 - 0) = —129,95 kH/m.

OnpenensieM HopMasibHble Ul N, B HANPaBIeHUM OCH y 10 IMHKH y = 0:

12 2
N2= qb q4l kl .

5, 7, Kin (10.12)
N, =-28000(5,25ky, +0,423ky, ),
rae koadpuumnenTsl ky, Haxonum noTabn. 10.4 upu A = 14,a ky, —noTaba. 10.10npu i, =7:
ky, =0,168/100; ky, =0,0084 /100.
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HanGonbluue snavenua N, nonysatorcs npux /1= 0,07.

Nymax = —28000(5,25 - 0,00168 + 0,423 - 0,000084) = —247,95 kH/m.

Haubonbluve HanpsxxeHusl, JEHCTBYIOLLNE B NOJIE 060N0YKH NPH HECUMMETPUYHOI HATPY3KE, COCTAB-
NAUOT 0, = N,m¥/§, = —~247,95/0,063 = —3936 kH/mM? = —3,94 MTla, 4To MeHbILIE, YeM NPU CUMMETPHY-
HOI4 Harpyske (4,196 MTI1a).

CaBuratouine ycwing no rpaHsiM 060104YKH:

12 2 ,
5=+ 2, (10.13)
1 |

S = 28000(q6ks +q4k;),

rae ko3hduuueHTo K onpeaensiem no taba. 10.5 nacrosero Moco6us npu A, =14, a k.’ — no ta6n. 10.11
Hacrosiutero Mocobus npu A" =7.
Mo rpansim y = +1 /2:

x/1=0, §=280(5,25-0,3439 + 0,423 - 0,2829) = 538,9 kH/m;
x/1=0,05, §=280(5,25-0,2749 + 0,423 - 0,2135) = 429,33 kH/m;
x/I=0,1, §=280(525-0,1927 + 0,423 - 0,1291) = 298,65 kH/wm;
x/1=0,15, §=280(5,25-0,1441 + 0,423 -0,0751) = 220,85 kH/m;
x/1=0.2, §=280(525-0,1114 + 0,423 -0,0354) = 168,0 kH/m;
x/1=03, §=280(525-0,065+ 0,423 -0,0354) = 91,34 kH/m™m;
x/1=04, §=280(525-0,0301 +0,423-0,1291) = 28,95 kH/m;
x/1=0,5  §=280(525-0+0,423-0,2829) = -33,5 kH/m.

Mo rpaussmx=0,x=1.

u/l=0,5, 5=280(5,25-0,3439 + 0,423 - 0,2829) = 538,9 kH/wm;
ufl=0,45, §=280(5,25-0,2749 +0,423-0,2152) = 429,5 kH/m;
u/l=04, 5=280(5,250,1927 +0,423-0,1361) = 299,2 kH/m;
u/l=0,3, 5=280(5,25-0,1114 + 0,423 - 0,0645) = 179,1 kH/m;
u/l=0,2, §=280(5250,065+0,423-0,0318) = 99,3 kH/m;
ufl=0,1, §=280(5,250,0301 +0,423-0,0133) = 45,8 kH/m;
u/l=10, §=0.

Ta6aununa 109

KosgipuuneHTnt IOO/\",\', LTS OMTPEACIICHNST HOPMAIbHBIX CWl N npu 3HaueHusix A’
x/1

4 5 7 9 11 14 18

0 0 0 0 0 0 0 0

0,01 0,004 0,0022 0,0013 0,0009 0,0004 0,0004 0
0,02 0,0075 0,0049 0,0026 0,0013 0,0009 0,0004 0,0004
0,025 0,0093 0.,0062 0,0031 0,0018 0,0013 0,0009 0,0004
0,035 0,0128 0.0084 0,0044 0,0026 0,0018 0,0009 0,0009
0,05 0,0186 0.0119 0,0062 0,0035 0,0026 0,0013 0,0009
0,07 0,0252 0,0164 0,0084 0,0049 0,0035 0,0022 0,0013
0,1 0,0349 0,0225 0,0115 0,0071 0,0049 0,0031 0,0018
0,15 0,0482 0,0309 0,0159 0,0097 0,0062 0,004 0,0022
0,2 0,0566 0,0362 0,0186 0,011 0,0075 0,0044 0,0026
0,25 0,0597 0,038 0.0194 0,0119 0,008 0,0049 0,0031

Tabaunua 10.10
Koadduumentn lO()k’N, 11t ONPERCACHUS HOPMANBHBIX CHA N, NPH 3HAUCHMIX A/
x/1 _

4 5 7 9 1! 14 18

0 0 0 0 0 0 0 0
0,01 0,0917 0,0734 0,0522 0,0402 0,0323 0,0247 0,0181
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Oxoruarnue mabauyst 10.10

Koadduumentsl IOO/c’,,,2 LNs1 OPeNENICHUsE HOPMATBHBIX CUAt N, U 3Ha4YeHUsAX A,

x/1
4 S 7 9 11 14 18
0,02 0,1786 0,1414 0,0977 0,0725 0,0557 0,0398 0,0265
0,025 0,2188 0,1719 0,1162 0,084 0,0627 0,0433 0,0278
0,035 0,2926 0,225 0,145 0,0999 0,0716 0,046 0,0278
0,05 0,3832 0,2846 0,1688 0,1096 0,0743 0,0447 0,026
0,07 0,4667 0,3297 0,1803 0,1083 0,0703 0,0442 0,0256
0,1 0,5149 0,3474 0,1737 0,1012 0,0667 0,0415 0,0252
0,15 0,5282 0,339 0,1618 0,0981 0,065 0,0402 0,0243
0,2 0,5021 0,3116 0,1587 0,0964 0,0641 0,0398 0,0239
0,25 0,4888 0,3072 0,1578 0,0959 0,0636 0,0393 0,0239
Tabnnua 10.11
y Kosdduunentsr 1004’ 1ng onpeneneHus CABUTAIOWMX CUIT S IPY 3HAYEHUAX A,/
x/1 Y
4 5 7 9 11 14 18
a) Mo rpansmy==2i/2
0 — 0,6736 0,4778 0,2829 0,1887 0,1357 0,0906 0,0588
0,02 — 0,6577 0,4623 0,2678 10,1742 0,122 0,0777 0,0482
0,05 - 0,5856 0,3987 0,2135 0,13 0,0862 0,0525 0,0314
0,1 - 0,4111 0,2639 0,1291 0,0765 0,0508 0,0314 0,019
0,15 - 0,2449 0,1512 0,0751 0,0455 0,0305 0,019 0,0114
0,2 - 0,1154 0,0676 0,0354 0,0217 0,0146 0,088 0,0053
0,25 | — 0 0 0 0 0 0 0
0) Morpanamx=0nx=1/
— 0,5 0,6736 0,4778 0,2829 0,1887 0,1357 0,0906 0,0588
— | 0,45 0,6184 0,3956 0,2152 0,1313 0,0871 0,053 0,0318
— 0,4 0,4318 0,2749 0,1361 0,0809 0,0539 0,0332 0,0203
— 0,3 0,2002 0,126 0,0645 0,0389 0,0261 0,0159 0,0097
— 0,2 0,0968 0,0623 0,0318 0,019 0,0128 0,008 0,0049
— 0,1 0,0402 0,0256 0,0133 0,008 0,0053 0,0031 0,0022

YCUAHUS OT PaBHOMEPHO pacnpeleeHHO CUMMETPUYHOM Harpy3Ku MpeBLILAIOT 3HAYEHUS YCHITHA,
NoJIy4eHHbIX MPH OHOCTOPOHHEN CHETOBOIA Harpy3ke. [I03ToMy pacueT NPOYHOCTH B AANbHEHLIEM NIPOU3-
BOIUM [10 YCWIHSIM, NIOJIyYEHHbIM OT CHMMETPUYHO# Harpy3Kku.

DNIopbl CABUIAIOLLMX YCHIN{ pUBeneHbl Ha puc. 10.9.

Puc. 10.9. Dmopst S nns cay4as HepaBHOMepHOH
CHEToBO#i Harpy3ku

538,9

538,9

429,5

® 299,2
‘ 179,1

99,3
458
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PacueT npuKOHTYpHO# 30Hb! 060JOYKH

Jns BOCNpUATHA CNaBHBIX PaCTATHUBAIOWIMX YCWIHH N r2 B YIVIAX nojioro 060J04KN HEOOXOAUMO
YCTAHOBUTh JONOAHUTENLHYIO APMATYPY, & At BOCTIDUATHSA YCUAMIA N | — BHITIOAHUTD HAOCTOHKY.

Inst apMupoBaHHO# HaGETOHKK NpMHMMaeM apMaTypy knacca AS00 (R, = 435 MIla) u 6eToH Knacca
B25 (R, = 14,5 MIla). 3niopy rnaBHbix pactarnpaiommx cun N r2 pa36unaeM Ha yYyaCTKM, Ha rpaHuuLax
KOTOpLIX onipefiensieM BENUUUHLI yeuuii no auaronanu (puc. 10.10).

Ha yuactke ¢ Npr , = 341 kH/m Tpebyemoe KomuecTBo apMaTyphl A, = r /R =54100/4350 = 12,44 cM2,

Hayuacrke c N 2 = 86 kH/M Tpebyemoe KONMMYECTBO apMaTyphl A = 8600/4350 = 1,98 cm2,

[MpuHumaem Ha nepsoM yuactke 1012 AS00 ¢ warom 0,6 M, a Ha BTOpOM yuacTke 48 AS00 ¢ warom
0,6 M. [lononHuTeIbHO BCe nose HaGETOHKU apMUDPYEM CeTKO# M3 apmatypsl kiacca B500 @5 ¢ warom
200%x200 mMMm. ‘

OnpepensieM TONUNHY HAOETOHKY MO YCUIUAM Nprl1 (puc. 10.11).

Tonwnny HabeToHKM onpenesnsem us ycnosus N <R, A, , rae A, = hb — nnowans cxato# 30HsI 6¢TOHa.
Mpunumaem b = 1 n.M. Torna Tonumxa HaGetoHku h = N_/R,. Ha nepsom yyacrke h, = 5410/1450 = 3,7 cm;
Ha BTOPOM yuacTtke A, = 3920/1450 = 2,7 cM. YuuTbIBas, YTO TONIUKMHA [IOAKYU MAMTEL 35 MM, Ha APYTUX
yqacTkax HabETOHKY He Re/aIO0T.

541 kH/Mm
Npr.l
@ 86 kH/m
.J,“_Sz_‘“,L 2J 2,7 kH/m
5,94 M 5,94 m

Puc. 10.10. dmopa N for2

541 kH/m
392 kH/mM Ny
255 kH/M
e 188 kH/m 139 kH/M
L soam | 59am | 594m |  nissm |
A 7 L | 4 7

Puc. 10.11. Smopa NP,'.

Pacuert nporn6a 060a04kn

Pacuer nporu6a 060s04kn w onpeaensieM npubanxXeHHO 1o 663MOMEHTHOI TEOPUH pacyeTa NPpUMEHU-
TENBbHO K 000/104KaM IMOJIOXHUTENbHOI KPUBU3HBI, CBOGOIHO ONEPTHIM MO KOHTYPY

w= qu (10.14)
= , ]
Epd,
rie q — HOPMAaTHBHOE 3Ha4eHue Harpy3ku (tadn. 6.5);
R — panuyc cdepuueckoit moBepxHocTH 060N0YKH;
E, — LInTenbHbIR Moayns nedopmaumnit 6eToHa,
8, — npuBeneHHas TOJILKMHA 060NO0UKH;
4,565-53,5%

= =21,06 MM;
0,303-32500.0,063

w/l=21,06/42000 = 1/2000, 4TO 3HAUMTENBHO MEHbLLIE JOMYCTUMOrO HOPMalbHOIO 3HAYEHUA NPOruoda,
pasHoro (1/400)/.
PacyeT nimtht

MauTa (puc. 10.12) paboraer Ha co6¢TBeHHbIN Bec. HaubGonbluve ycuins B HEH BOZHUKAIOT B MOHTaX-
HOM CTanuM.
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Puc. 10.12. O6mmii BuI cOOpHOI Kene300eTOHHOH NAHTLI

HopMaTuBHasi Harpy3ka oT COGCTBEHHOro Beca IJIMTHI 6€3 YYeTa LIBOB 3aMOHOJHYMBAHUSA COCTABHUT

g_ﬂ_lsso-lo“‘-zs,o

=1,32 «lTa. '
A 3

C yuetoM K03(hdHULHEHTa AMHAMUYHOCTH, paBHOTO 1,4, Harpy3ka Ha | M2 JIMTBI COCTABUT
g,= 1,32 1,4 = 1848 kIla.
Ha nBa peGpa npyXoaUTCS Harpy3Ka
g=g,0,= 1,848 -3 =5,544 kH/m.
OnpenenseM MOMEHT B pebpax
M, =ql2 /8=5,544-67 /8=24,95 kH - M.
[pu pacuete 6e3 yyeTa rosxu (B 3anac)

My _ 24,95-10°
Ryypbi¢  17-0,9-20.26

alﬂ

=0,12< 0, =0,411.

3meck b = 20 cM (Ha aBa pebpa); by = h —a =30 -4 =26 cm; R, = 17 MIla.
IMpurnmaem apMatypy B peGpax kiacca AS00 ¢ R, = 435 MIla (na nBa peGpa):

A = RyYpbhy (1_\/1—2am)/R:; (10.15)

(- J7m)

=2,30 cm’.
435 o™

A, =17-0,9-20-26

CraBuM B KaXI0M pe6pe 1 F14A500 ¢ rrowansio 1,54 cm?2.
HaxoMm MOMEHT TPELIMHOOGPA30BAHMS B ININTE NPU MOHTAXE

Ml‘n’ = Rbt,seru/pl’ (10.16)
rie Rb,‘w = 1,75 MTIla.
@
I S _] _—"F
420 |
§ il
g
*
200

Puc. 10.13. Tlonepeutoe ceueHne manTbl (Ha Asa pedpa)
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W, =10,292 + 0,75y, + 2,00 + 0,075(y", + 20, 00) oA, (10.17)

3pecyy, =0,
, 2 b7 -b)hy _2(62-2035 o
ST T 2030
A 3,08 2108
=2 =2 —=(,00513; w,=0; a=——7=604
M= 2030 #i 331.10°

W, =10,292 +0,75 -2 0,00513- 6,04 + 0,075 - 0,49]20 - 302 = 12707,64 cm’;
M. =1,7512707,64- 10~ = 22,24 kHm.

HopmatusHelit MOMEHT OT MOHTaxHOI Harpysku M, = 24,95/1,4 = 17,82 kH'M.

(lockoneky M, > M, TpelWIMHEI B NINTE He 00pa3yloTcs.

Hecymast cnocoGHoCTb moist mwiMTbl. CxeMa paspylmieHus MOoJs MAWTH NPUHUMAETCS aHAJOTUYHOM
cXeme paspylleHUsi JIOCKUX TMJIMT, onepThix No KoHTypy (puc. 10.14). B otnuumne ot mocienqHUx 4acTu

CEYEHMA MO IMHUAM N3I0MA BAOJIb KPUBOJMHENHBIX CTOPOH TUIMTHI TAKOKE ABJSIOTCS KPUBOJIMHEHHBIMU.

2800

3000
2800

[ 6000 J

il A

Puc. 10.14. Cxema pa3pymenus noJKH peGpucTbIX nanesei

B KpuBOAHHEHHBIX CEUE HUSAX [UTMHY X YYACTKOB CXATHsl PEKOMEHAYETCS HAXOAMTb U3 YCI0BUSI paBHOBE-
cus (CIT 52-117)

R f, r6
X, = —————, (10.18)
2R, f, +OR,
rie f, — naowanb, apMaTypbl HA ENMHUILY IUTAHbI CE4EHNS IOJIKY;
r — paauyc KPUBHU3HBI NAHENH;
0 — NONOBMHA LUEHTPAILHOIO YIa, paj.

TMpenenbHblit MOMEHT M B KPUBOJIMHEIHOM CEYEHUM ONPENENSIOT NO GopmyIte
M=2f,R (ro-x)z. (10.19)
e
2 . |
z= g[r(l —cos0) - x, sme:|+5xc sino. (10.20)
BenuuuHy NpeaenbHOl Harpy3Ku ¢ Ha eAMHULLY NJIOIAAW NPOEKLM Y TTONKY TIPH MPUHATOM apMUPOBa-
HUK ONPENENSIOT 110 hopmyIie
M, +2My + M, + M{+ My + M}

q=12 ;
[szl (3[s2— /:l) (1021)

rae My, My, M{, M}, M,, M, — npenenbHble MOMEHTbI B ceueHusIX; MHaekenl | 1 [ oTHocsTCS K Onop-

HBIM CEYEHHUSIM, | U 2 — K NPOJIETHBIM;
.|, — TIPOJETHI MONKM (PAacCTOSIHUE MEXKIY BHYTPEHHUMM IPaHsiMK peGep).



[lepsoHayanbHO NMPUHUMAEM apMUpPOBaHKE Mons naHeneil apmarypoit @S5S mm kinacca BS00 B Buze
CBApHOIT CeTKM ¢ warom apMatypsi 150 MM B 000UX HanpaBieHUSIX,

Mnouwanb ceuenus apmatypst Ha 1 .M coctapnsiet f, = 130,67 MM?; R, = 415 MIla. Pasmepsl CTOPOH
30HBI PA3PYILEHKS MPUHUMAIOTCS PABHBIMM LIary peGep 3a BbiYeTOM UX WKMPUHBL B Hawem npumepe [ =
=[,=2,8M.

HaiineM 3HayeHue yria 6 B paguaHax:

sin® = 1,4/53,5 = 0,02617; 6 = 0,002618 pax; cosd = 0,99966.
[To popmyne (10.18)

= 1,307-415-5350-0,02618 _
¢ 2.1,307-1071-415+17-35

10,8 e™m
Mo dopmyne (10.20)

z =§[5350(1—0,99966)~10,8-0,02618]+%10,8-0,02618= 1,17 cm.

B cBSI31 CO 3HAYUTENLHOM MONOrOCThIO 000JI0YKY PACCTOSIHUE Z MEXAY LIEHTPaMH TAXECTH apMaTyphl U
CXaToit 30Hbl GETOHA B KPMBOJMHENHOM IMHUN U310Ma OKA3ANOCh MEHbILE 3HauYeHUs hy = 8/2 nns nons

nautel: 2= 1,17 cM < hy = 1,75 cM. B 3TOM cryyae He y4UTHIBAEM KPHBOJIHMHEHHOCTL IMHUM U3JIOMa U
NpUHUMAaEM:

AT — M - M — MM~ M. — M
MI—MZY MI“MI’ M“—Mll‘
HaﬁﬂCM 3HA4YEHHUA X 11O npﬁMOnﬂHCﬁHblM JJUHHUAM H3JIOMa

1,307-415
X =L

T =0,319 cm.

M3rubalouine MOMEHTHI Ha CAMHHULY JUTHHBI IHHUHU N3JIOMa:

m = Ryx(lo-%) - 17-0,319(1,75—&32ﬁ)/10= 0,863 KH-M/M;
x 0,319 .
m = Rpx(l =3) = 17:03190,75+0,25-222)/10=0,998 kH-w/w;
x 0,319
m = Rx(h,=3) = 17:03190,75-0,25-222)/10 20,727 xH-wym.

B Hawem cayuae dopmyna (10.21) npuobperaeT Bua:

_RCmAm+my),

4= (10.22)

.- 12(2-0,863+0,998 + 0,727)
2,8?
COﬁCTBCHHbIﬁ BEC IJINTHI TOJ’IHLHHOH 35 MM COCTaBHUT

g=0,035-25-1,1 = 0,963 kIla.

= 5,28 xIla.

PacueTHas Harpy3ka Ha 1 M2 iMTE 63 yueta Macchl peGep cocTaBur (Tab. 10.1):

g =5,78 — 1,73+ 0,963 = 5,013 kITa < 5,28 k[1a, ciienoBaTeNbHO, TPUHATOE ADMUPOBAHKE M0/ TIUTHI
YAOBJIETBOPSET YCIIOBUSAM MPOYHOCTH.

Pacuer onopHoro Kontypa 06osioukn. PacyeT onopHoro KOHTypa MpoM3BOAUTCS Ha ACHCTBUE KpPaeBbIX
HArpy30K OT 000JI0UKH (CABUTAIOIINX CHI S U TonepedHbix cuil ) U OT MacChl KOHTYpa. 3HadeHuss Q u S
NPUHUMAIOTCS B TIPEATIONOXEHHUM, YTO 0D0J0UKA LWAPHUPHO 3aKperieHa Ha «HaeaibHOM» (aGCOMIOTHO
XKECTKOM B IJIOCKOCTH M FMOKOM M3 MJIOCKOCTH) KOHTYpE. Ynpyrasi NOAATIMBOCTL KOHTYpa BAOJb OCH B
pacuere He yuuTbiBaeTcsi. KOHTYPHBIA MOSIC PacCUMTHIBAETCS KAK MHOTOKPAaTHO CTaTUYECKU HEeomnpeae/n-
Mas KpMBOJUHeHHast MHoronpoJetrHas 6aika. Cuiasl Q ¥ S CUUTAIOTCSA NPUTOXKEHHBIMU B LIEHTPE TAXECTH
nosica. Dniopbl NpUHsITHI Mo puc. 10.11 rpu pacyere 060J04KY HA PABHOMEPHO pacrpeleieHHY1I0 CUMMET-
pUYHYI0 Harpy3ky. Ha puc. 10.15 311 aniopbl npuBeAeHbl KaK UCXOAHbIE AaHHBIE JJi pacyeTa KOHTypa, Ha
3TOM Xe€ PUCYHKE MOoKa3aHa reoMeTpuuecKas cxeMa KOHTypa.
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a) g 9 101112

2,12,102,1021) 4.2 L 4,2 4,7
2 ”;,91‘ 18 1] 16L 2 ]9614L2 0.8 L2JL1
K A
0.1 0,2 03 04 1,2
N
el gl -~ N [
ey e R S

Q, kH/m

Puc. 10.15. TeomeTpuieckas cxema Koutypa (a); ycnaus S n Q Ha KonType 0607104k (6)

OnpeaenseM Harpy3kM Ha ONOPHbBIH KOHTYP (KOHTYpHbIit puresib). U1 3TOro KOHTYp pa3s6uBacM Ha

paBHble yyacTku |—12 (puc. 10.16), Ha rpaHnuax KOTOPHIX HAXOAHMM COCPENOTOYEHHbBIE CHJIbl S U Q,
HanpaBJEHHbIE 110 TOPU3OHTANY M BEPTUKAIN.

OnpenensieM coCpeaOTOYEHHDIE CABUTAIOLINE CHIIBI S B Toukax 1 —12 (puc. 10.15):

S = 5413—0ﬁ~541 KH;

S

il

(541 433 )2:433‘2=876 KH;

5 = ( 433-303

0,2+303 ]2=315-2=63O kH;

S

(303 227

0,3+ 227)2 238-2=476 kH;

|
|
l 6 M ‘, 6 6 lmj%

Puc. 10.16. Cxema pa36UBKH KOHTYpa HA YYACTKH
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S, =(227—175

7

0,4+l75j2=l85-2=370 kH;

5, =( 1754—21022,6“02)2:147-2 =294 xH;

y

S; =(”54“2102 0,6+102)2 =112,5-2=225 kH;

?

5, =(103—2472,8+47J2=83,5-2=167 kH;

>

s, =(101—2470’“47)2:57,5.2=115 kH;

Si0=47-3:2/42=6TkH; S, =47-1.2/4,2=22xH; §,,=0.

Beruncnsiem cocpenotoueHHble nonepeutsie cuisl Q B Toukax 1—-12: Q, =0, Q, ,=5,5-2 =11 kH;
Qs_1=49:2=98xkH;Q,=4,9-1=49H.
Ha puc. 10.17 npuBeneHbl pacueTHbIC MapaMeTphl KOHTYpa. Paauyc koHTypa R, = 49,206 M, ctpena

nomseMa 060104KHK f, = 4,706 M.
:

9,0 s
S, 2
S
Ii
I=21M\ I=21m

a

Puc. 10.17. Cxema ycunmii S u Q, neficTByIOIHX HA KOHTYpe
OnpenensieM BepTHKANbHbIE ¥ FOPA3OHTAILHBIE COCTABASIOWMNE CUA O U S:
Q= Q'sina; Q= Q'cosay; S,/ = §;cosay; S\ = §;sinay, rae sino, = 1;/R;; cosa; = -R:,/R,f -2
BuicoTsl noabema Touek 1—12 Ha KoHTYpe

S = S~ R+ RE =17 =4,706-49,206 + /49,2067 - 2 = -44.5 +4/49,2061 — 17 .
Pe3ynbTHpylollive BEpTUKAIbHbIE U TOPU3OHTAIbHBIE CUJTbI, AEHCTBYIOLINE HAa KOHTYD:
Pi=Qi+ S,/ n Py" =Qy" + Sy’ .
PesynbraThl pacueTa npuBeaeHst B Tabn. 10.12.
OnpenensieM HOpMabHbIE YCWIMS B KOHTYPHOM purefe B cedeHusx 1—12

12
-N; =;Px(k) i N, =‘(Px @yt }}(i)) .

N,; =0 N, =584 + 285 = 869 xH;

N,, =22kH; N;=869 + 354 = 1223 kH;
N,;=22+66=88 kH; N,=1223 + 450 = 1673 kH;
Ny=188+ 113=201kH; Ny =1673 + 613 = 2286 kH;

Ny =201 + 164 = 365 kH;, N, =2286 + 804 = 3090 kH;
N, =365+ 219 =584 kH; N, =3090 + 489 = 3579 xH.

HawuGosnbluee pacTsiruBaiollee ycunue nonyyaercs B leHtpe purenst N = 3579 kH.
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BblllMCJIMM Bec puress cedeHueM 600x400 mm: P = Ayy =0,24-25-1,1=6,6 xkH/M, tne: 4=0,6-0,4 =

= 0,24 M2 — nnowans ceyenus purens; y = 25 kH/m? — YIlCJ]bell(l ec 6eTona; y,= 1,1 — koaduumnent
HaNEXXHOCTI NO Harpy3Ke.

ITpu MoHTaXe 060I0UKHM HArpy3Ka Ha PUTENb OT BECA MOHTAXKHOM CEKLHU NposnieToM 18 M ¢ BecoM iUt
1,73 ka coctasur g, = 1,73 - 18 /2= 15,8 kH/m.

C yueTom Beca puresisi Harpy3Ka Ha puresb cocTaBut ¢, = 15,8 + 6,6 = 22,4 kH/m.

Pacnpenenentbie nonepeuHble CHbL, AeiicTBylOUME B KOHTYpe 06onoukm, O = 5,5 kH/m. Tak kak
3Ta BENMYMHA sIBAAETCA HawOoabliei, M3rndaiouIMii MOMEHT B pUreie OfpenesisieM OT ITOil Harpys3kH,
NpHOaBIAA BEC PUTENs, KAK B HEPA3PE3HOii banke: g, = Quax T P=55+ 6,6 = 12,1 kH/m (puc. 18); M =
= 0.083(/312 =0,083-12-62=36 kHMm.

Puc. 10.18. PacyeTRas 3M0pa MOMEHTOB B pUreje

Ta6nuua 10.12

T OT;” lom sina, cosq; fim fl'-’l %'l %-l’ fl'_’l i‘i_l’ in, P! kH P/ xH
| 21 0,4268 0,9044 0 0 0 0 ~541 | —489 | 231 -489 231
2 19 0,3860 0,9224 0,89 11 4.2 10,1 | —876 | —808 | 338 -804 348
3 17 0,3450 ,9384 1.676 11 3,8 [ 10,3 | —6581 617} 227 —613 237
4 15 0,3048 0,9524 2,364 11 3,4 | 10,5 —476 | —453 | 145 —-450 156
5 13 0,2642 01,9645 2,958 98 | 2,6 | 9,5 [-370| 357§ 98 -354 106
6 i1 00,2235 0,9747 3.461 98 | 2,2 | 9.6 [ —294|-287| 66 —285 76
7 9 0,1829 0,9831 3,876 9,8 1,8 | 9,6 | =225 | =221 | 4I -219 51
8 7 0,1423 00,9898 4,206 9.8 1,4 9,7 | -167 | -165| 24 —164 34
9 5 0,1016 0,9948 4,451 9.8 1,0 9,7 | =115 =114 12 —113 22
10 3 0,061 0,9981 4,614 9.8 0,6 9.8 | —67 | —67 4 —-66 14
11 | 0,0203 0,9998 4,696 9,8 0,2 98 | =22 | =22 | 0,4 ~22 10
12 0 0 1 4,706 49 0 49 0 0 0 0 5
spi= | zPi=
=-3579 | = 1290

Haiaem ycunust B purene:

| koMGuHauus (3kcnuyarauuonHas): Ny, = 3579 KH; M = 36 kH-Mm;

2 koMGuHauust (MonTaxHast): N\, =0; M= M= 0,083 22 4-62=67 kH'M.

PaccynTbiBagM KOHTYpPHbI i purenb HA MOHTaXHYIO Harpy3Ky.

TeomeTpuyeckue xapakrepucTuky asytaspa Ne 36 no puc. 10.19: 4, = 61,9 cM%; 1 = 13380 cm¥; W, =
=743 cM?; R, =310 MIla (cranb Mapku 1412).

Purensp paccqmbmacm KaK u3rubaemsiit MeTasnueckuit anement: M, / W < R y ,raey, = L1 —
K03 duunent ycnosuit paborei, M, / W, = 67 - 105 /(2 - 743) = 4509 H/CM2 =435, 09 Mﬁa < R =310-1,1=
=341 MIla — npouyHOCTb puresist B cCEHeHMH Ha M3rubaloIMii MOMEHT B CTalUM MOHTaXa 06ecnequa.

PaccunTbiBaeM KOHTYPHbIA PUresib B CTAIUM FKCITyaTaluuu.

Pactsarusaiowas cuna N\, = 3579 kH BocnpuHumaeTcs apMaTypoil U NPOKAaTHBIMM ABYTaBpamMu (pUc.
10.19). Mpuuumaem apmarypy 4328A500 ¢ 4, = 24,63 cmin R =435 MIla.

OnpenensieM nonu ycunust N, BoCnpuHUMaeMbie OTAEbHO ABYMS ABYTaBpaMU COOPHOro 3M1eMEHTa U
apMatypoit MoHonuTHO YacTH: N= N, + N;; N, = 2A|Ry =2:61,9-310/10 = 3838 kH; N, = A4, R = 24,63 x
x 435/10 = 1071 kH.

Pacxsianvipaem ycunme N nponopustoHanbio N, u N,

N= N, + N,= 3838 + 1071 = 4909 kH; a = 3838/4909 = (0,782 — n0ond ycuiusl, BOCIpUHMMaemMas
CTaJlebIMM asytaspamu; b= 1071 /4909 = 0,218 — nons ycunusi, BOCIpUHUMaeMast apMaTypoil.
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Puc, 10.19. Cxema apMHPOBAHHA PUreNs

Yeunus, Bo3HUKILME B AByTaBpax u B apmatype: N,' = N,,a = 3579 0,782 = 2799 xH; N,’= N,,b = 3579x
% 0,218 = 780,2 xkH.

TpoBepsieM MPOYHOCTb CEYEHMIA MPOKATHLIX JIEMEHTOB M CTePXHEBOI apmatyphl: N,” / (24)) + M/
QW) SR;2799/(2-61,9) +780/(2-743) = 27,86 xH/cm? = 278,6 MIla < R,=310 Ml'Ia Ny /A
780 2/2463—31 68 H/cm?=316,8 MITa< R =435 MTIla,rae M= M, + M, q"/ =67 +36- | 73/5 62—
=78 xH'M; ¢’ = 1,73 k[la — MoHTaxHas Harpy3ka (0T cOBCTBEHHOTrO Beca IUUT); ¢ = 5,62 kI1a — nonunas
pacyeTHast Harpyska.

PacyeT CTbIKa KOHTYPHOI'O pHres

[1poBoaMM pacyeT MO PaBHOIPOUHOCTH CEYEH U, YCHUIHE, KOTOPOE MOXET BOCIIPUHATH MOJIKA IBYTaBpa
Ne 36: N,= A R 17,835-310/10 =552,9 kH. Ycunue, Kotopoe MOXET BOCIIPHHSITh CTEHKA JABYTaBpa (puc.
10.20): /(/ A R =25,155-310/10=779,8 kH.

Ham'un(n l'lleHV[MaCM u3 cranu BCr3nc6 ¢ R = 255 MITa. MNnowans BepxHei Haknanku 4, = 12,0 1,6=
19,2 cM?, HUXHEN HaKIIAAKH A, =250 1,6=40 cM2, HaKJIaIXy Ha CTEHKY asyraspa A; = 30,0 1,2 =
=36.cm2. chme, KOTOpOE MOTYT BOCﬂpMHﬂTb Haknanku, N= (A, + 4, +A3)Ry= (19,2 +40+ 36)225/10=
= 2142 xH. Buay Toro uto pureab COCTOMT U3 ayx 18yTaspos, N< N, /2. Torna N=2142kH > 3579 /2=
= 1789,5 kH — npo4YHOCTb CThIKA [10 CEYEHHIO HAKJTAIOK ObBecrnedeHa.

Janee npoBoANTCS pacyeT LIBOB Ha HAK/IAIKaX, KOTOPbIii 31€Ch He IPHBOAUTCA.

100, 200
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—XXxr 136
._i<
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Puc. 10.20. Cxema cTbIKa KOHTYPHOTO pHres

Pacuer MoHTaXHOIt CEeKIHH nipojeToM 18 m

MOHTRXHYIO CEKLIMIO PACCUUTHIBAEM KaK WINpeHTreabHYI0 hepMmy (puc. 10.21).
PacueT cTaTHY4eCKH HEOUIPEeaCIMMOro WITPEHTEA BbIMOJHACM METOAOM CUJT.

g, = 0,76 /6,0 = 0,126; o, = 7°10’; cosa, = 0,992; sina, = 0,125;

tgB = 1,64 /6,0 =0,273; = 15°20"; cosf} = 0,965; sinf = 0,264;

o, = 90° — 15920 = 74°40"; y = 35°; cosy = 0,819; y, = 14°; cosy, = 0,970.

OnpenensieM NPUOJUKEHHO YCHAUS B 3/1EMEHTAX LLUMPEHTEs, YTOOBI MOAOOPATh UX CEYEHUS.
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Puc. 10.21. OGmmii BUA MOHTAKHOI CEKLIWH W3 TPEX NJIHT 3X6:
1 — cToiiKa WnpeHrens; 2 — ONopHbIHA NOAKOC

Harpy3ka ot cobeTseHHOro0 Beca nauthi g, = 1,6 xI1a. Harpyska OT cOGCTBEHHOrO BECa ITUThI C YHETOM
k03hduUMeHTa AMHaMUYHOCTH, paBHOro 1,4, cocTasut ¢, = 1,6 - 1,4 = 2,24 kIla. Harpy3ka ot co6cTBeHno-
ro Beca IUIMTbI C y4eTOM MOHTaXHO#H Harpysku, pasHoit P= 0,7 Ila, coctaBur ¢, = a9, + Py/ 1,6-1,1+
+0,7-1,3= 2,7 kIla, uto 6onbue ¢, = 2,24 kI1a, rae Y, mY,— — K03 PHULIMEHTDI nepcrpy:um

PaBHOMepHO pacnipeneneHHas NOroHHas Harpy3ka 'ua ccxumoq 2,7-3=8,1 kH/m.

Yeunue B HUXHeM nosice wnpeurens H=gl2 / (8f)=8,1-18,02 /(8- 2,5= 131,22 kH.

Ycnnue B HAKIOHHOM 3/1EMEHTE HUXKHETO nosca (ONOpHLIH NoaKoc)

N=H/(2cosp cosy, )= 131,22/(2- 0,965 - 0,970) = 70,09 kH.

Yceunue B ctoiike N, = H sinf3 /(2cosf cosy) = 131,22 - 0,264 / (2 0,965 - 0,819) = 21,92 kH.

OnpenensieM ce4eHUst JIEMEHTOB LWUTIPEHTENS.

Ceuenune nnxnero nosca A = H /(R y) = 131,22 / (215 - 0,95)10 = 6,42 cM?, roe R, = 215 MIla ans
apmarypbl knacca A240; y, = 0,95 — koadduuueHt ycrnosuit paGotsl. IIpuHMMaeM HUXHHIA nofc M3
apMatypbl @32A240 ¢ niowanbio ceueHns 8,04 cm2.

Ceuenue onopHoro noakoca A = N/ (R y,) =70,09 /(215 0,95)10 = 3,43 cm2. ITpUHHUMaeM ONOpHBIi
NoAKXOC U3 apMaTypbl B22A240 ¢ NowWAnbIO ceyeHus 3,8 cm2,

OnpenenseM ceueHue croitku. Tpebyemas nolaab CEYEHUs1 CTOMKHU MpPH pacyeTe Ha OCEBOE CXaTHe

=N, /(Ry ¥,) =21,92/(235-0,9)10= 1,04 cm?, rae Ry = 235 MIla w1s pr6 u3 ctamm mapku BCt3ncs.

TpeGyemasn nowans ceueHUst CTOMKH Npu pacyeTe Ha yecroduusoctb A= N /(@ R Y ).

Mpu annHe cToitiku I = 2200 MM 1 ru6kocTH A = 120 TpeGyeMbIil panuyc uHepmm i= d/ A=220/120=
=1,83 cm.

[IpunumMaeM TpyGy @60x5 ¢ pannycoM HHepuuu i = 1,95 cM M niowanplo ceuenus A = 8,64 cm2 Toraa
rubkoctb A =1 ./ I =220/1,95 = 112,8. Mo CHull H-23-81* onpenensem koappuumenrt ¢ = 0,478 npu
A=110u R = 35 MIla.

Hanpsxenue 8 cevennn 6= N, /(9 A,7,) =21,92/(0,478 - 8,64-0,9)10 = 59 MITa < R =235 MTTa.

Pacuer winpexrensHoit Gpepmbl BbanIlHﬂeTCﬂ METOLOM CMJI (3eCh pacyeT He MPUBEIEH; nomu,m pacyer
cM.: FO.A. bixoBuunbiit, 3.3. XKykosckuit «[IpocTpaHCTBEHHbIE COCTaBHbIE KOHCTPYKIIMH» ).

B pesynbrarte pacueta nocTpoeHsl 3mopsl yeunuii M, Q u N, npusenennbie na puc. 10.22.

W3 cpaBHEHUs] MONYYEHHBIX YCUIIUI C YCHIMAMH, BOCIIPMHUMAEMBIMH IEMEHTAMM LUNPEHTE/bHOM
(hepMbI, MOXHO CAENATH BBIBOA, YTO WINPEHTenbHas PepMa C NPUHATLIMU CeYEHMSIMH 3/1IEMEHTOB YAOBNET-
BOPACT TpeﬁOBaHMﬂM 110 NTPOYHOCTHU U XECTKOCTH.
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Puc. 10.22. dmopst M, Q n N u3 pacueTa mnpenrebHoit pepMbl Ha NONHYIO BETHIHHY HATPY3KH

10.1. Pacuyer Hecymieli cnocoGHOCTH MO ATHHAPHIECKHX ILIHT

Haiizem Hecyllylo cnocoOHOCTb TOS HMIMHAPHYECKONW TUIMTHI C MEHbLIEH BEJIMYWHON paaMyca
KPUBHM3HBI 10 CPaBHEHHUIO C IUINTOM, SIBISIOWIENHCS dMeMEHTOM obGomouku B mpuMepe 10, B KoTopoii
uenecoobpa3Ho y4ecTb H3ruOaloILMit MOMEHT M) B KpMBOJNMHEHHOI TMHUHN N3JIOMAa ONIOPHOTO CEYEHMS.

B paccmarpuBaeMOi TUIMTE U3MEHHM TONALKO PaAMyC KPUBU3HBI LIWIMHAPUYECKOH MOBEPXHOCTH,
KOTOpbI NPUMEM PaBHBIM 23 M, KaK B [UIMTaX THIIOBBIX LIKHHIPHYECKUX 060/10ueK pasmepamu 18x24 M 1
18x30 m.

Kak u B paccMOTpeHHOIi paHee riuTe, noje naHeneil apMupyercs apMmatypoit &5 mm knacca B500 B
BUJIE CBAPHO# CETKY € marom apmarypsi | 50 MM B 000MX HaripaBieHUAX.

[Tnowans apmaTypst Ha 1 n1.m coctasteT: f, = 1,307 cM?; R = 145 MIla.

Berou B30, R, = 17,0 MTla.

Pasmepnl cTopoH 30HbI pa3pywenus (puc. 10.14) npyHUMAIOTCS paBHBIMM PAaCCTOSHHMIO MEXIY BHYT-
peHHUMHU TpaHsmu pebep, Te. [, =/, =28 m.

Haitnem 3nayeHust yria 6 B painaHax:

sin@ = 1,4 /23 = 0,06087; 6 = 0,060912 pax; cosd = 0,99815.

B KpHBO/IMHEHBIX CEYEHUAX JUIMHY X, y4RCTKOB CXaTust Haxonum no (10.18)

v = 415-1,307-2300-0,060912 ~10.8 cM
¢ 2-415-1,307+17-350 ’

Mo dopmyane (10.20)
= %[2300(1 ~0,99815)-10,8-0,06087] + —;— -10,8-0,06087 = 2,73 cm.
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o dpopmyse (10.19)

My =2-1,307 - 415(2300 - 0,060912 — 10,8)2,73 - 10~3 = 3,834 kH'm.

Hsrubaiome MOMEHTBI Ha eIMHULLY JUTUHbL TMHHWI U3710Ma (3HAYEHUE X BLIYMCIIEHO paHee):

m=Ryxly -%) = 17,0'0,319(1,75—0_’3’2_‘_9)/10 = 0,863 kH-m/n;
x 0,319
M= Ryx(ly ~2) =17,0-0,319(,75+0,25- 22) /10 = 0,998 kH-w/w.

W 3rubalomine MOMEHTHI Ha JAJIUHE JIMHWUHU U3 10Ma.
M;=M,=0,8632,8=2415kHM;
M, = M{=M; =M}, =0,998 - 2,8 = 2,795 kH'm.
HaitaeM ¢ mo copmyse (6.21), KoTopyio npeo6pasyem B (10.23):
1My + M, + My + M)
q - 13
12(2-2,415+2,795+ 3,834)
= 2.8

; (10.23)

=6,264 kIla.

[To cpaBHEHMIO € PACYETOM TUIUTBI-000IOYKH KaK MJIOCKOM! MJIUTHI €€ Hecyllasi CIOCOOHOCTh YBEIMY N~
nack Ha 18,6 %. Takoit pacueT peKOMEHYeTCs BBITIONHSITH [U1s1 pacyeTa Hecyleit CocoGHOCTH 1o TUTUT,
PacnoOXKeHHbIX B TPUKOHTYPHONH 30HE. ADMUPOBaHUE NOJA MIUT BHE MPUKOHTYPHOMN 30HbBI MOXET OBITh
YMEHBILIEHO 3a cyeT ONaronpUATHOIO BAWSIHMS, OKA3bIBAEMOIO HA HECYLLYI0 CMOCOOHOCTb MO IUIAThI-
000JI0YKH CKUMAIOLLLMX YCHIIMIA, AEHCTBYIOLINX BAOJIb KPMBOJIWHEHHOM 0Opa3ylolleii naneneit.

Takoil pacyeT MOXKET ObITb BblITOJIHEH IO peKOMEHAALMAM, npuBeaeHHbIM B CIT 52-117-2008*.

11. YETBIPEXJIEINTIECTKOBASI OBOJIOYKA ITOKPBITHUSA
N3 TMOEPBOJIVMYECKUX IMAHEJEN

11.1. O60/104Ka ¢ rOPU3OHTAILHBIMH KOHBKAMH

3apanue: 3aMPOEKTUPOBATH MOKPLITHE 30aHUS B BUJE YEThIPEXJIENECTKOBOI 060I0YKY ¢ FOPU3OHTAIb-
HbIMHM KOHLKaMHU € pasMepamu B riane 6x18 M, ¢ onupaHueM no yrjiam 1 3aTSxXKamu no KoHTypy. O6os10uka
cobupaeTcs U3 YeThIpex naxeneit s popme runepbONUYECKOTO NapaboNouaa ¢ pasMepamMu CTOpoH [, = 9,2 M,
l,p = 3,6 m. Crpesibl noasema 060104k 10 CTOpoHaM KoHtypa f = 2 M (puc. 11.1, 11.2). Tautnl
peOPUCTLIE C BLICOTOM KOHTYpHOTO pedpa 350 MM 1 TonwuKHO# nuuTel 30 MM 13 TaXenoro 6eToHa Kitacca
B30 (R, = 17 MIla; R, = 1,2 Mlla; E, = 32,5 - 10° MITa). Pe6pa minT apMMpOBaHb ropsiyeKaTaHoll
apmatypoit knacca AS00 (R, = 435 MIla; R = 400 MI1a), none niauT apMHpOBaHO apMaTypoil &5 Mm
xnacca B500 (R, = 415 MIla).

Puc. 11.1. O0uiuit BUA K rEOMETPHYECKUE PA3MEPBI YeTHLIPEXIENIECTKOBOH 000N10YKH ¢ TOPH3OHTAIBHLIMH KOHBKAMH
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PacueT ueThIpexJIeNnecTKOBOH 060I04KH PEKOMEHIYETCS BLITONHATL B 4 nipyeMa:

1) KaK 060104KH1 O OE3MOMEHTHOI TEOPUH;

2) KaK WIIPEHreJIbHOM CUCTEMBI, MOCKO/bKY IJIaH KOHCTPYKLUMH — BBITAHYTHIA MPAIMOYTOJBHHUK,
3) B cTaAMn MOHTaXa KakK 6a104HOI KOHCTPYKUIMH;

4) BBINOJHATb pacyeT HeCY e CMOCOOHOCTH METOAOM IMPENENLHOTO paBHOBECHS.

B tabn. 11.1 npuBeaeH c6op Harpy3okK [is pacyeTa 000J0UKH B CTA[IMU IKCIUIyaTalluy.

Ta6nauua 11.1

Harpy3ku Ha KOHCTPYKIIMIO
B HopmaruBHas PacuetHan
WA Harpysku Harpy3ka, klla ¥ Harpyska, klla

OT cobcTBeHHOTO Beca 060n0ukH (npH ¥ = 25 kH/M? v npuseneHHoR 1,5 11 1,65
TosiuuHe 8 = 0,06 m); v5 = 0,06 - 25
Ot Beca yrenautens (mpu y = 2,5 kH/M* n § = 0,07 m); ¥8 = 0,07 - 2,5 0,175 1,3 0,23
OT Beca ueMeHTHoM cTsDKkH (npn ¥ = 20 kH/M3 n §=10,015 m); 0,3 1,3 0,39
v6=0,015-20
Ot Beca pyGepoMIHOro KOBpPa U 1apon30siLuu 0,25 1,3 0,33

Bcero g, 2,225 2,60
Ot cHera S (s 111 cHeroBoro paitoHa) 1,26* 1,80

WUtoro g 3,485 — 4,40

* KoapuumeHT c,, yAMTHIBAIOLMIA CHOC CHEra C MOKPLITUSA, IPHHAT PABHEIM 1.

PacueT KOHCTPYKUMM N0 6e3MOMEHTHO#H TeopHn

Hpennonaraerc,q s YTO 000JI04Ka HaXOAMUTCS B COCTOSTHUM YUCTOTO CABHTa TIpH OTCYTCTBHM HOPMAJIbHBIX
HanpspKeHUM, mapajuieibHBIX GOPTOBBIM 3/ieMEHTaM (puc. 11.2).

Jnst cKpy4eHHbIX MMapa/uieiorpaMMOB C OJIHO MOHMIKEHHOI BEpRIMHOM IJIaBHBIE PAcTArHBaloLIUE U
TJIABHBIE CXKXHUMAIOIUKUE HANPAXKEHHUA PaBHbI KaCcaTe/IbHBIM HANPSAXCHHUAM, KOTOpPbIE HA CAUMHULLY JJIMHbI
COCTaBJIAIOT

Opy = Cppe =T=q/ (2k) =4,40 / (2 0,074) = 29,73 xH/m,

rae k=f /[%‘%2 =2/ (9- 3) =0,074 M — cpeaHuil KO3PGhULMEHT UCKPUBIIEHHUS.

HaunGonbluue HanpskeHUa B nosie 060/104kn TomuuHo#i § = 30 MM pasubl T /3, = 29,73 /0,03:1073 =
= 0,99 MIla < R, = 1,2 MIla; TomuuHa nost 060104KH AOCTATOYHAS.

Haubosbiline ycuaua B NPOLOJILHOM U I1ONIEPEYHOM GOPTOBBIX 3neMeHTax: N, =1/, =29,73-9,2 =
=273,5kH; Ny=11,,=29,73- 3,6 = 107,0 xH.

TpoBepsieM 6OPTOBOI 3IEMEHT C BLICOTON CEUEHHMSI A = 35 CM Ha cXaTue.

Irowans ceueHus: 60pToBoro 31eMeHTa (puc. 11.3) 4, = 7—2235 =227,5 cM2,

70
1%
2 ¥ i
'ﬂ’ : 2016A500
KJ
60
Puc. 11.2. Cxema pacnpeneneHus yCHINiA 8 0TaeAbHOM Puc. 11.3. TeomeTpHs H apMHpOBaHHE
NaHeJM B BHAE runepOoImyeckoro napagoaonaa KouTypHOro peGpa nanenm
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Pacuernas anmuHa 6oprosoro anemenTa [y = 0,8/, =08 9,2 =736 M (koacduument 0,8 npuyar no
Tabn. 33, n. 1,6 CHull 2.03.01).

Mpu /4, / h = 7,36 / 0,35 = 21 onpenensiem koapduuuentsr ¢, = 0,55 u ¢, = 0,7 (rabn. 1V.1
«XKene3obeTOHHbIE KOHCTPYKLUU», baitkoB B.H. u ap.).

Mpunumaem A, = A/ = 2,011 em? (1216 A500).

KoaddhrnuueHT yenosuit padotei n = 1,

OnpenensieM K03PUUUEHT @, YYHUTHIBAIOWMNN VIHTENbHOCTb HArpyXeHHs, 'MOKOCTb M XapakTep
apMUPOBAH S HNEMEHTA, N0 hopMyJie

R (A + 4

2
) 0,55+ (0>7—0,55)400M
Ry Ay,

0=0, +(0, ~9,) 17-227.5

=0,612.

Onpeneaum yculine, KOTopoe CIIoCoOeH BOCIPUHSITL GOPTOBOI aTeMEHT, 110 hopmyie

NOIR, A4, + R (A +A/)/2] = 10,612 [17 - 227,5 + 400(2,011 + 2,011)/2]/10 =
=285,92kH > N, =273 kH.

CrnenosatesibHoO, MPOYHOCTb KOHCTPYKLIMKM obecrneveHa.

Onpenensiem ycunus B 3ataxkax AC u AE u3 ycnosus paBHOBECHs CHJ B oriopHoM yane (puc. 11.1 n
11.4):

H, =N, coso, =273,5-0,9762 = 267,0xH; H .= N, cos o, = 107,0 - 0,8321 = 89,0 kH,

e tga, =2/ 9 =0,2222; sina) = 0,2169; cosa,, =0,9762; tga, = 2/3 = 0,6667; sinct, = 0,5547; cosa, = 0,8321.

OnpeaensieM TpeGYeMYIO TUIOLLALL CEYEH US 3ATAXKEK.

Mnst sarsikkn AC A, = H,./ R, = 267,0 / 435 - 10 = 6,14 cm?. TIpuHMMAeM 3aTsXKY M3 apMaTypbl
@28 A500 ¢ A, = 6,158 cm?.

Hns saraxku AEA = H,/ R = 89,0 /43510 = 2,05 cM?. TIpMHUMAEM 3aTSDKKY U3 apMaTypbl
@ 18 AS00 ¢ A, = 2,545 cM?.

ITpoBepsieM monepeyHOE CEHEHUE CETKH, YCTAHOBIEHHOM B MOJIKE MJIMTHI, Ha pacTskeHue. [IpuHuMaem
CETKY W3 XOJNOAHOTAHYTO! NPOBOJIOKU Kiiacca B5S00 anametpom 5 MM ¢ aueiikamu 200x200 MM (R, = 415
MIa, nnomians nonepeyHoro cedeHus oaHoro crepxHs A4, = 0,196 cm).

Yeuiue, BO3HMKAIOLICE B ONHOM CTEPXHE CETKM OT IKCIUIyaTallMOHHOW Harpysku, N,” = G,y U=
=29,73-0,2=15,946 xH, raoe u = 0,2 M — war crepxHei B CeTKe.

Hecywas cnocobnocth ontoro crepxhst & 5 BS00 pasna R A, = 415+ 0,196/10 = 8,134 xH > N, =
= 5,946 xH. [pouHocT apMaTypbl 1OCTATOUHO.
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Puc. 11.4. Cxema ycuauit B ofIopHOM y3.1€ 000104KH Puc. 11.5. Tlpencrasienne 060104KH

B BH/IE WINPEHreJIbHOH CHCTEMbI

[ToBepounblit pacueT 06010YKH KAK LINPEHreIbHONH CHCTEMbI

O6osou4Ky B BUlIe rHnepbonnyeckux napabononaoB € BEITSIHYTHIM MJIAHOM B COOTBETCTBHHU C Pe3yJibTa-
TaMMW IKCNEPUMEHTANLHBIX UCCIIEOBAHNI IS NIPUGITUXKEHHOTO pacyeTa MOXHO MPeJICTABUThL KaK LINPEeH-
reNbHYI0 WM apouyHyl0 CUCTEMY C MpOJIeTOM, paBHBIM HaubonsuieMy mpojety obGosnouku (puc. 11.5).
BepXxHHUM NOSCOM Takoi CUCTEMBI ABJISIETCS caMa 000JI04Ka, IIPHU 3TOM BEPXHNMI MOsIC UMEET rnepeMeHHoe
NorepeyHOe CeHEHNe ¢ MAKCUMaIBbHOI! BBICOTOI Ha Orope ¥ MUHUMANbHOM B cepenuHe nposera. HuxHum
TOSICOM CUCTEMBI SIBJSIIOTCA 3aTSIKKH, yCTaHABIMBAEMEBIE TIO JUTMHHOMN CTOPOHE NOKPLITHS, COOTBETCTBEHHO
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HanbosbLIAst BBICOTA CUCTEMBI ONYYAETCs B cepearHe BepxHero nosica. Micxons 13 3Toro MOXHO B KaXAOM
PacyeTHOM CEYEHHH OTPEACIHTH U3THOAIOMUE MOMCHTHI 1 HOPMaibHblE CHJIbl, MPU 3TOM 3aKOH MU3MEHe-
HUst M3rnbaloIUX MOMEHTOB MO TPOJETY He COOTBETCTBYET 3aKOHY M3MEHEHUS BBICOTHI [TONEPEYHOro
CeyeHUsl, KOTOpasi U3MEHSIETCST MO MPAMOJNMHENHON 3aBUCUMOCTH BCJEACTBHUE JIMHEAYATOCTH F€OMETPU-
4ecKoi (hopmel 060104KH. TTo3TOMY NpH pacyeTe HEOOXOAUMO OfNPEAENATH MOMEHTHI ¥ YCHITHS B HECKOJIb-
KHMX NIONEPEUHBIX CEYEHHAX JUTS BbIABNEHUA Hanbonee HeBLITOAHON KOMOUHALNM.

OnpesensieM ONMOpHble peakuuu R, 1 R B WNPEHTENbHOI CUCTEME OT PABHOMEPHO pacrpeesieHHOI
Harpyskn: ¢’ = ql,=4,4-6=26,4 kH/m (puc. 11.5); R, = R.=¢'1l,/2=26,4-18 /2=237,6 xH.
MakcuMabH bl 3rHbaoLIHii MOMEHT onpeaensiem B CEpeAHHE MpoJeTa:
M = q'llz/ 8=126,4-182/8=1069,2 kHMm.
Pacop H=M_, /f=1069,2 /2=534,6 kH.
Onpepensiem HopMasibHbIe cuiibl N 1 u3rubaiolune MoMeHThl M B ceyenusx 1—S5. B BepiiuHy B BBoguM
YCJIOBHO HIADHUP ¥ PaCCMATpHBaeM KOHCTPYKLMIO Kak Ganky nponeroM /|/2 (puc. 11.5):
M,=q,a,/4~a?/2);
M, =0;
M,=26,4(18-4,5/4 — 4,52/2) = 267,3 kH-m;
M, =26,4(186,75/4 — 24 6,752/2) =200,2 kH'm;
M,=126,4(18 - 8/4 — 24 - 8% /2) = 105,6 kH"Mm;
M;=0.
[ina onpeneneHunst HOPMaabHbIX CUN MPOEKTUPYEM BCe Csl Ha ocb AB (puc. 11.4u 11.5):
N,= R, sino, + Hcosa, — ¢ a;sino;
N,=237,6-0,2169 + 534,6 - 0,9762 — 0 = 573,4 kH;
N,=237,6-0,2169 + 534,6 - 0,9762 — 26,4 - 4,5 - 0,2169 = 547,63 kH;
Ny =1237,6-0,2169 + 534,6 - 0,9762 — 26,4 - 6,75 - 0,2169 = 534,75 kH;
N,=273,6-0,2169 + 534,6 - 0,9762 — 26,4 - 8 - 0,2169 = 527,6 xH;
Ng=273,6-0,2169 + 534,6 - 0,9762 — 26,49 - 0,2169 = 521,86 kH.

B0pbl HOPMAIBHBIX CUT B K3rUBAOLIMX MOMEHTOB NpuseacHbl Ha puc. 11.6. [IposepsieM Hecyilylo

CMOCOGHOCTL KOHCTPYKLIMH 8 CEYEHUAX 2 M 5. B OCTaNIbHbIX CE4EHUsAX HEeCyluast CIOCOOHOCTb MPOBEpPAETCS
aHaJIOTUYHO.

573,6

Puc. 11.6. Imopnl ©3ruGa0WHUX MOMEHTOB H HOPMAJILHLIX CHJI B LINPENTeNLHON CHCTEMe

Ceyuenue 2
8‘ =}9 sl
3
LL.T. ceuenust § "
70 2216 2016 = 12
2 g —
2016 2016 AlZ")
80 3000 3000
x— 7

Puyc. 11.7. TeomeTpnueckne pasmepbl WINPEHICNbHON CHCTEMbI B CeyeHnn 2
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Puc. 11.8. Tlpusesiennbie ce4eHUs B BUIE ABYTaBPA (@) M MPAMOYTo/ibHUKA (6 ) 418 CeYeHHs 2 MNPEHreAbHOH CHCTEMDI

Pacyer ceyenus NpoBOAMM KaK IS BHELEHTPEHHO cxkaTeIX 3emeHToB ([Tocobue xk CHuII 52-101).
IpuseneHHoe ceueHMe B BUAE ABYTaBpa NOKa3aHo Ha puc. 11.8,a.

HcxoaHbie laHHLbIe: pacyeTHas [UTMHA 3JieMeHTa Ly=7 ,36 M; FTEOMETPUUECKHUE XapaKTEPUCTUKU ceye-
Husi: h=135cm; b, = b/ = 13 cM; h = h’ = 35 cMm; a = 17,5 cMm; hy = 117,5 c™; nnowans cedeHus
apmatypel A = A = 8,04 cm (4@16A500) 6eToH knacca B30; yeunust M= 267,3 kH-M; N = 547,63 kH.

OnpeuemeM NONOXEHUE TPAHMLBI CKATOM 30HbI: R, b h '=17-13-35/10=773,5kH > N=547,63kH —

rPaHMLIA CXKAaTOM 30HbI IPOXOAUT B TTONKE CEYEHUS, noaTomy pacueT NPOBOAUM KakK I NPSMOYTroIbHOTrO
ceyeHHst ILIMPUHOI b = b 13 cm (puc. 11.8,6).

OnpenensieM BbICOTY cxaToH 30Hbl X = 547,63 / (17 - 13) = 24,78 cMm.

[posepsiem yciosue & = x / iy < §p . [1151 3TOTO HAXOANM NPELE/bHYIO OTHOCHTEJIBHYIO BHICOTY CXAaTOM
30Hbl 6eToHa § , o TabJ1. 3.2 [Mocobus k CI1 52-101 nns apmarypsl A500. Mo ykasanHo#i Ta6. Ep=0,493.

Beuny Torouro €= x/h, = 24,78 / 117,5=0,21 <E, = 0,493, pacueT ce4cHUs IPONU3BONM U3 YCIIOBUS

N,< Rybx(hy— 0,5x) + R A/ (h)— a'). (11.1)

Beuny Toro uto /, / i = 736 / 39 = 18,9 > 14, pacuer BeaeM C yueTom nporuba 3jeMeHTa (pamuyc
WHEPLMH / 15 KBaApaTHOTO cedyeHus paseH / = 0,289h = 0,289 - 135 = 39 cm).
OxcueHtpucuter e, = M/ N=267,3 / 547,63 = 0,49 m.
Yenosuyto kputnueckyo cuiay N, onpenensiem mo m. 3.6 CHwuIT 2.03.01. Jns 3TOro BBIMHCASEM
Koa(b(bu uMenT
d,=e,/h= 49/ 135=0,36 >3, i3 8, nin = 0,5~ 0,014, /h—0,01R,=0,5-0,01-736/135-0,01- 17 =
= 0,275, moaToMy /U1A nanbHeLIMX paceTos NpuHKuMaeM 5, = 0,36.

N"=6‘4E;’l[—————0’11 +o1l: (112)
o,y 0,1+8,

_6,4-32500-26,65-10°( 0,11
“ 2.736* | 0.1+0,36

+0,1J/10:17352 KkH,

rae ] — MOMeHT uHepumnu cevenust: = bh3 / 12=13-1353 /12 =126,65 105 cm%;

=1t g=1+1=2(B=1,0—Tab6n. 30, n.1 CHull 2.03.01).

KosdpuumneHT 1), yauThiBaomunit BAHsiHME Tporuba Ha 3HaYEHUE SKCLIEHTPUCHTETA €, ONPEAEsEM Mo
dbopmyne

n=1/(0-N/N,)=1/(1-547,63/17352) = 1,0326.
3HaueHme e ¢ y1eToM nporuba snemMeHTa paHo: e = egn + (hy— a’) /2=49-1,0326 + (117,5 - 17,5) / 2=
= 100,6 cMm.
TpoBepsieM NpovYHOCTH ceueHus no dopmyne (11.1)

Rybx(hy—0,5x) + R A/ (hy—a’)=17-13-24,78(117,5 - 0,5 24,78)107% + 400 - 8,04(117,5 — 17,5)1073=
=897,2kHmM> N,= 547,63 - 1,006 = 550,9 xH-m. [IpouHOCTb OGecneveHa.
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Puc. 11.9. Teomerpuueckme pasMepbl UNTPEHTENbHON CHCTEMBI B CEYEHHR S
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Puc. 11.10. Ilpusenennoe ceseHne TappoBoro Npodnis s cedeHHs 5 MNPeHreabHOH CHCTEMBI

PacueT cedeHns MpoBOAMM KaK JUIsi BHEEHTPEHHO CXKAaThIX JIEMEHTOB CO CITyYallHBIM 9KCLIEHTPHUCHTE -
TOM e,. [IpuBenenHoe ceyeHue TaBpoBOro npodusis nokasaHo Ha puc. 11.10.

HcxonHple JaNHbIE: pacueTHas [UIMHa J/ieMeHTa [ = 7,36 M; reOMETPHYECKUE XapaKTEPHCTHKH ceve-
Husi: h = 35 cm; b= 13 cm; b = 49 cm (npunsra b + 12h/); h/ = 3 cM; a = a" = 3 cM; hy = 32 cM; iolans
ceueHnst apmaryphl A, = A7 = 4,02 cM? (2016A500); M = 0; N = N, / 2 = 521,86 / 2 = 260,93 kH
(mpeanonaraeM, YTO Ha JBa pe6pa MPUXOANTCA NOOBMHA CHIIbI N, NEHCTBYIONIEH Ha BCE CEYEHHE).

Onpenensiem 3HavyeHue CyyaitHoro akcuenTpucurera (. 3.6 [ocobus x CI1 52-101) e, =h /30=35/
30=1,16cMm; ep=1l/ 600 =736 / 600 = 1,23 cm. IIpuHrMaeM Gosblliee U3 3HAYEHMIA e=e,=123cMm,

OnpenensieM NOJOXEHKUE FPAHULBI CXKATOM 30HBI ¥ BEICOTY CXKATOM 30HBI X

_N-RA +R A _26093-10-4,02-435+4,02-400
Ryb; 17-49

=2,96 cm < hf’= 3cm.

[paHu1La cXXaToi 30HbBI HAXOAUTCS B MOJIKE.

OnpenensieM panuyc uHepuuy § mo cdopmyne (ta6n. IV.3, kuura baiikosa B.H., Curanosa 3.E.
«XKene3zobeToHHble KOHCTPYKUMM») | = K)h =0,315+35= 11,025 cm, rae K, = 0,315 u K, = 0,56 npu h /h=

=3/35=0086nb /b= 33/13=2,5. BBvuIyTorhool /i=736/11 025 667> 14, pacquBeneMC
y4YeTOM rMOKOCTH.

OnpenensieM KOOPAMHATY LEHTPA TAXECTH ceyeHus y: y = K h = 0,56 - 35= 19,6 cm.
MoOMEHT HHEPLIMU OTHOCUTEJILHO OCH y

b(h) (. K Y b(h-i A
1=L1(2—f-)+bfh,{h—-2£—y] +¥)— +b(h~ hf)[T—y]

2
3 2 13(35-3) 2
=49]23 +49-3(35—%—19,6) +—(3—)+13(35-3)(L23—19 6] = 69402 cu*.

Koadbduuuentd,=ey/h=123/35=0,035<§, . =0,5-0,01/;/h—0,01R,=0,5-0,01-736/35~
0,01+ 17=0,12; npunumaem 5, = 0,12.
OnpenesnsieM yCIOBHYIO KPUTHYECKYIO cunty N, nio dopmyre (11.2)

_6,4-32,5.10°-6,9402-10*( 0,11
2-736? L0,1+0,12
rme@,=1+B=1+1=2(3=10).

Koapduunentn=1/(1-N/N,)=1/(1—-260,93/799,47) = |,485.
3HaueHue e C y4eTOM Ipornda aneMeHTa papHo: e=ne, +y —a=1,485-1,23 + 19,6 — 3 = 18,43 cm.

cr

0,1] =799468 H="799,47 xH,
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Beuny Toroyto x = 2,96 cm < hf’ = 3 ¢M, IPOYHOCTH CEYeHMs Haxonum o gopmyse (11.1)

17-49-2,96(32 — 0,5-2,96)1073 + 400 - 4,02 (32 — 3,0)103 = 121,884 kH'm > N,=
= 260,93 - 0,1843 = 48,09 kH-m.

IMpoyHocTb 0GecneyeHa.

Pacuer 000/104KH Ha AeiiCTBHE OHOCTOPOHHEH CHErOBOIi HATPY3KH

olome
= A a3
ﬂRA g; Rct
[ =18Mm

Puc. 11.11. PacyeTHas cxema 060/104KH HA OJHOCTOPOHHION CHEFOBYIO HATPY3KY

PacnipeneneHHas Harpy3ka ot Beca KOHCTPYKLWH C KPOB/eH Ha eAMHULLY [JUIMHBI COCTABNAET £ = g, I, =
=2600- 6 = 15600 H/m = 15,6 xH/m, rne g, 6eperca us tabs1. 11.1 6€3 yaeTa CHEroBO# Harpy3ku.

Harpy3aky OT cHera ¢ yueToM (opMbl MOKpbITUS onpeaesnsieM no cxeMe BS npunoxedus b CTO
36554501-015:

q,= S, 1,/,= 1800 0,6 6 = 6480 H/m = 6,48 kH/m;
q,= Sgu212= 1800-1,4-6= 15120 H/m = 15,12 kH/™m, tae u, = 0,6; u, = 1,4.

OnpenenﬂeM ONOPHBLIC PEAKLNHU B Ll.Il'IpCHl‘eJ]bHOFI CHACTCME:

(g, +8)0,37517 + (g, +8)0,12512  (6,48+15,6)0,375-18” +(15,12+15,6)0,125-18

R, = [ = = =218,16 xH;
1
+g)0,12512 +(g, +£)0,37512  (6,48+15,6)0,125-18% +(15,12 +15,6)0,375-182
Rcz(lh g) 11(‘12 80,375 _( ) 18( ) =257,04 kH.
1

+M3 ypaBHEeHUIi CTAaTUYECKOrO PaBHOBECHUSI OTHOCUTEALHO TOUKH B BBIYUC/ISIEM U3TUOAIOWINIE MOMEHT
M g v pacniop H B nokpeiTHH:

i I 18 18 )
My = RA-é-—(q, + g)§=218,l67—(6,48+15,6)—§— =1069,2 kH-Mm;

H=M_,/f=1069,2/2=534,6 kH.

OnpeaenaeM HopMansHbie cubl N M narubaioniie MOMeHThl M B ceueHHMsIX 1—5 npaBoil NOJIOBUHE
LIMPEHTeNbHON CUCTEMbI, Ha KOTOPYIO AeiCTBYeT Ooabiuasi Harpy3ka M riae ycunus 6yayT Gonblie, yeM B
JIeBOI NMOJMIOBUHE LIMPEHIENbHON cucTeMbl. B BepiunHy B ycnoBHO BBOAMM LUAPHUP M pacCcMaTpUBacM
KOHCTPYKUHIO Kak Gajky nposietom / /2. Xapakrtep pacnpeneneHus yCHIuil aHaIOrM4eH NPUBEAEHHOMY Ha
puc. 11.6:

/ : (1
M=+ o (o) =(era)y{§ o )

M, =0; My=(l 5,6+15,|2)32’§(9—4,5): 311,04 kHm;
6,75
My =(156+15,12)2(9-6,75)=233.28 kH-w;
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My =(156+1512)3(9-8) = 122,88 o
M, =0.
Jlns onpeneneHUst HOPMAIBHBIX CHJI IPOEKTUPYEM BCE CHIILE Ha och BC:

N, = R sina, + Hcosa, — (g — ¢,)a; sino.,;
N, =257,04-0,2169 + 534,6 - 0,9762 — 0 = 577,63 kH;
N, =257,04-0,2169 + 534,6 - 0,9762 — (15,6 +15,12)4,5 - 0,2169 = 547,65 KH;
N, =257,04-0,2169 + 534,6 - 0,9762 — (15,6 +15,12)6,75 - 0,2169 = 532,65 kH;
N, = 257,04-0,2169 + 534,6 - 0,9762 — (15,6 +15,12)8 - 0,2169 = 524,32 kH;
N, =257,04-0,2169 + 534,6 - 0,9762 — (15,6 +15,12)9 - 0,2169 = 517,66 KH.

Iposepka Hecylliei CNOCOGHOCTH NOKPLITUA B Ce4eHMAX | —5 Ha BHELIEHTPEHHOE CXKATHE BHITIONHAET-
CSl aHAJIOTMYHO CIeJiaHHbIM BbIILiE pacyeTam.

Pacuet nanens B Buae runepfoauueckoro napato10nia Ha MOHTAXKHBIIH Caryuail

1,/2

y o XK

Puc. 11.12. Cxema onupannsa runepfonuuecKoil Naneas B pacuere Ha MOHTAXKHbIC HATPY3KH
PacnpeneneHHas MOHTaXHasi Harpy3ka Ha eJMHULY JUTHHBI
l
0, =4,0.5217 =1.65: 0,521,4 — 3,465 KH/m,

rae g,= 1,65 kIla (ra6n. 11.1);
Yg — K03 duumeHT aMHamuuHocTH; Yy = 1,4 (. 1.9 Tloco6us k CI1 52-101).

Pacuet nanenu BLIMOMHSAEM KakK /Uisi 0a10YHOH KOHCTPYKUMHU UCXOIS U3 YCIIOBUSI paBEHCTBA MOMEHTOB
B Nnponete K Ha onope (puc. 11.13):

M, =M M, = 9y a /2, M, = qy /8- q,a 2.
TpupaBHUBAs ONIOPHLIA M MPONIETHBII MOMEHTbI, TTONY4aEM

2
2 _am! -0.

q,9 3

I T
R
®
N-}
[S)
k4
X
Al
L

Puc. 11.13. Dniopa H3rnbGaoWHX MOMEHTOR U3 pacyueTa runepbOIMYECcKOil TAHEIN HA MOHTAKHBIE HATDYIKH
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Buumcius sauenne [=1,,— 2a = (9,2 — 2a) M, ony4aem g, a> —%’(9,2 - 2a)2 =0.Orcionaa? +9,2a —
— 21,16 = 0. Pewas ypasHenue, nonyyaem a = 1,905 m. Onpegensiem

_gyat 3,465-1,9052
2 2
ITposepsiem ceueHue pedpa AB no popmyne M < R, ¥y, bx(h,— 0,5x), rae b= 6,5 cM; hy=32cm;y,,=0,9;

a = 3 cM; nioLanb ceueHust apmarypbt A = 2,011 cM? (1@16A500)

BbicoTa cxartoit 30Hb X = R A /(Rby,Jl b)=435-2,011/(17-0,9-6,5) = 8.8 cm.

Torma M =17 - 0,9 - 6,5 - 8,8(32 - 0,5 8,8)10‘3 = 24,15 xkH'M > M = 6,29 xH-m. MpouHocTsb
obecneyeHa.

Mon = an

=6,29 kH-m.

Pacuer Hecymeit cioco0HOCTH 060104KH

(Pacuer Boinonnsercs B coorBerctBuu ¢ 1. 12 CIT 52-117-2008%).
IpenenbHyIO Harpy3Ky g Ha o60JI0UKY ONPEAEAIOT 1o hopmyJe

2A R f
ul;‘ i (11.3)
Koadduument K, HaxoasaT B 3aBUCUMOCTH OT 3HAYEHHUSA Y, OTIPEEEMOro no hopmysne
1-0,5s
yy =—23 (11.4)
1+s
e s = Uk SuR, = 2bh,
IR o
> 300+
3nech [ = /'—:1—1— = 0—0;9& =000 cM;

R ; A, — pacucTHOC CONMPOTHBIECHHE PACTSAXKEHHIO M MIIOWAAL CCUCHHSI aPMATYPHOTO CTEPXKHS! CETKH B
nnme (@58500 R, =415 MTla);

u X u — pasmep ﬂquKM apMatypHoit ceTkn B naute (200200 Mm);

~30-200-17
19,6-415
2-65-350
~6000-30

1-0,5-12,54-0,2528 _1-1,58
Wy = <0.
1+12,54 13,54

=12,54;

=0,2528;

Tax kak y, < 0 (HeHTpanbHas OCh TMHUK M3NOMA MEPECEKAET KOHBLKOBYIO 6aiKy), K; BbIMMCIIAIOT MO
dopmyne

K.=0,5C- 1), (11.5)
34€ChH
C =3+0,75 {2mn-+ sny +8,[4-smy (2-05) ]}, (11.6)
2k, 2hy,b; sM~—2-mn
rﬂetoz—ho——;no= 1(6)[ ;03=nﬂrl ;

rne hj, — paccToAHue OT UEHTPA TAXKECTH apMaTYpbl KOHBKOBOTO peGpa 10 €ro rpaHu
hy,=35—17,5= 17,5 cm;
b’ — wMpuHa KOHLKOBOrO pebpa pasHa 2 - 65 = 130 MM;

U5, 2-175 2175-130
=20 = "~ _0175; —— =0,2528;
T 2000 ™ T 306000
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2200 ~2:201,1-435

=22 00667, n=2 2L oy,
= 6000 " T96-415
12,54-0,2528—2 — 0,0667 -
o, - 1254025 0667215 _ o (01oe
12.54-0.2528

[ToactaBuM BbIYHUCTIEHHbBIE 3HAYEHUS toym, n,5,M,u 0,8 (11 .6)

C=3+0,75:0,175{2- 0,0667 - 21,5 + 12,54 - 0,2528 + 0,08328[4 — 12,54 - 0,2528(2 + 0,08328)]} =
=3+0,75-1,75(2,868 +3,17 +0,217) = 3,82.

[To Gpopmyse (11.5)
K,=0,5(3,82—1) = 1,41.
BoiuncnuM npenenbHyio Harpy3ky g no popmyse (11.3)

_2-19,6-415-200-1,41

00? 10=6,37 kI1a > 4,40 k[a (Ta6n. 11.1).
20-600

Hecyias cnocoGHOCTL 000/104KH 00ecreyeHa.

11.2. O60104Ka ¢ HAKJIOHHBLIMHM KOHbKAMH

3ananne: paccUUTaTh HECYNIYIO CIOCOOHOCTD MOKPHITHSA 30aHHS B BUAE YETHIPEXJIENECTKOBOI 06010Y-
KW C HAaKJIOHHBIMU KOHBKaAMU U MOAHATHIMM YIJIaMU, C pa3MepaMH B mjaHe 42x42 M, C ONMUPaHHUEM IO
ceperHe CTOPOH KOHTYpPA U 3aTSKKaMH, COEAMHSIOUIUMH TOYKU onupaHus (puc. 11.14).
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Puc. 11, 14. Cxema noKpbITHS B (hOpPMe YETbIPEXJIENECTKOBOTO MMNAPA ¢ HAKJOHHBIMH KOHbKAMM:
a — obuIMi BUA M CXeMa pa3pyllIeHHsT; 6 — TUIaH NOKPLITUS

Crpena nogsema obonouxku f = 3,2 M. Tonumna mtel § = 0,06 M. LIIupyHa M BRICOTa KOHTYPHOTO
pebpa coorBetcTBeHHO: b, = 0,2 M; A, = 0,4 M (puc. 11.15). O60n04Ka BHIMOJHAETCA U3 MOHOJIUTHOTO
xene3o6etoHa knacca B30 (R, = 17 MITa).

IManTa apMupoBaHa ceTKo# ¢ auefikamu uxu = 0,1 M K3 apmarypsl Kiacca B500 @6 mM. Inowane
CeueHMs apMaTypHoro ctepxHs A; = 0,283 - 10~* m% Illar yrnoBoit apmatypsl u,= 0,07 M. YrioBas
apmarypa knacca A500 &8 mm. [1iowans ceyeHns apmatypHoro crepxHs A = 0,503 - 104 M2, PaccTosHMe
OT yrJ1a 0060JI04YKH A0 NOCAeAHEr0 CTEPXKHA yri10Boit apMatyphl d = 4,0 M (puc. 11.15,6). ITnomans ceueHus
apmarypbi pebep A, = 6,28 - 10~ M2 (2220 A500).

PacyeTHOE COMPOTHBIEHME PACTSXKEHUIO apMaTypbl 3aTsaXku (AS500) R, = 435 MIla, peGep (AS00)
R, = 435 MIla u (B500) R; = 415 MIla, apMaTypHbIX CTEPXHEH CETKM TUIMThI HAKJIOHHOU apMaTyphl
yroBsix 30H (A500) R, = 435 MIla.

OnpeaensieM NapaMeTpbl, XapaKTepU3ylOLHe TeOMETPUIO U apMUPOBaHWE KOHCTPYKLMHM THIiapa, 1o
dopmynam (CI1 52-117, 1. 4.1):
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= Aisslu . 0,503‘10_4‘435‘0,1 -
AiRgu  0,283-107™.415-0,07
_BuR, 0,060,117

2,66;

s= = — =8,685;
AiR;  0,283-415-10
_2bh, _2:02-04 _ 0.127:
8l 0,06-21
{=2d/1=2-4/21=0,381;
2k,

t=—-=2.0,4/3,2=0,25.
f

INpensapuTenbHO 3a1aeMCsl CEYEHHMEM 3aTsDKKM B BUIE 52340 A500
A,=5-12,566-10~=62,83 1074 M2,
Onpeznensiem napameTp v

voAaRy _ 62,83-107* 435
AyR,; 0,283.107.415

232,71.

B cay4dyae U3MCHEHUA 3HAUCHUA Ast napaMeTp vV YTOHHACTCA METOAOM KTCpaHHﬁI
m=2u/1=2-0,1/21=0,0095;

_AgR,  6,28-107.435

= = =23,26.
AgRy  0,283.107° 415

Asisi NpUHSATON reoMeTpUM OGOMIOUKH BBHIYUCISIOT KOIGPULUMEHT |, XapaKTEPU3YIOLIHUH MOJIOXEHNE
HEATPaIbHOM OCH H3NI0OMa, U PacyYeTHbIH KO3 duumnent K,

a) 0)
1
1 b =400 2
2 te ,
—[F - N\
| |
| T —:Jr
§ = {
=13 | [
~ 3 1 S
pl } =
| 1124 i
L ,
—
| 400] u ¥
) 1 > ! N
1=21600 f=3200 d=4000 |
)
(1~ Q) -

on

Puc, 11.15. Cxema apMHPOBAHHS rHnapa;

a — o6wwmit BUA (MNaH) K ceveHue 1—1; 6 — apMUPOBaHUE HUXKHETO YIia; 6 — MPUMBIKAHUE 060JI0YKH K BOpPTOBOMY pebpy
(ceueHue 2—2); ¢ — TO Xe, K KOHBKOBOMY pebpy;

I — apmarypa pebpa; 2 — apMatypa nojs 060104KH; 3 — apMaTypa yrioBoil 30Hb
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Y, HaxXonsT no ¢opmyne:
_1+ol-sm
l+o+s ’
_ 1+2,66-0,381-8,685-0,127
142,66+ 8,685

Tx. y, > 0, To HeiiTpasibHas OCh IMHUHM HIIOMa He NepecekaeT pebep, 1 KO3GUIMEHT K, Bbruucnsiior
no ¢opmyne:

1 (1.7)

v, =0,0738.

K= 2+15mt+ o83 - §) - 6(1 + ol — sy, +3[2+ (1 + {) +s(1 - )]y 2 -1 + o + s)y%; (11.8)
K,=2+1,5-8,685-0,127-0,25 + 2,66 - 0,381%(3 - 0,381) — 6(1 + 2,66 - 0,381 — 8,685 - 0,127)0,0738 +
+3[2+2,66 (1 +0,381) + 8,685 (1 + 0,127)]0,07382 — 2 (1 + 2,66 + 8,685)0,07383 = 3,2856.
OnpenensieM npeaenbHYIO Harpy3Ky Ha 060J104Ky 1o dopmyne:

g= ____2As,~l:;,-le : (11.9)
u

4= 2-0,283-107 -415-10° -3,2.3,2856

> =5,6 klla.
0,1-21

OnpenenseM 3KBUBAJICHTHYIO (110 paboTe BHYTpEHHNX CHJT) pABHOMEDHO pacnpeleIEHHYIO Harpy3Ky oT
BECa KOHTYPHbIX pebep (P,) no ¢popmyre
P,=3ydn=13-25:0,060,127 = 0,57 xIa.
OrnpezgensieM paBHOMEPHO pacrpeeaeHHYIO HArpy3Ky OT Beca 000J0YKH
P,= 6 =25-0,06=1,5«Ma.

OnpenensieM UHTEHCHBHOCTb MOJIHOM NpeAe/ibHON HArpy3ky 3a BbIMETOM Harpy3ku OT COOCTBEHHOrO
Beca 000JIOUKH

§=q-P—-P= 5,6 - 1,1(0,57 - 1,5) = 3,323 kI1a.
Harpy3ky Ha KOHCTPYKULHIO Oe3 ee coOCTBEHHOro Beca npuBeaeM B Tabn. 11.2.
Ta6nuua 11.2

B Hopmatuphast PacueTHas
WA HATPY3KH Harpy3ska, kfla Y Harpy3ka, klla

Ot Beca yrenaurens (npuy = 2.5 kH/M 18 =10,07m) 0,175 1,3 0,230

¥8=2,5kH/M*- 0,07 M

OT Beca UEMEHTHOI cTsKKM (npu y = 20,0 kH/m? 1 8 = 0,015 M) 0,300 1,3 0,390

¥8=20,0 kH/m 0,015 M

Ot Beca pyOGepoOMAHOTO KOBPa 1 MAapoH30/AUUH 0,250 1,3 0,325

Or Beca cHera ana [ cHerosoro patioHa 1,260* 1,800
UTOrO 1,985 2,745

* KoahHUMCHT ¢, YUHTBIBAIOIHA CHOC CHETA € MOKPBITHS, IPUHAT PaBHbIM 1.

Hecyuias criocobHocTh 060/104KH ofecriedeHa, T.K. £ = 3,323 > 2,745 k[la.
Boluncaun nnoiuanh ceyeHns 3aTIxXkKu, obecrieynBalolieii HECMELIAEMOCTh YIJIOB YEThIPEXIENECTKO-
BOTO MOKPBITHS C HAKTOHHbIMW KOHLKAMH U NOOHATBIMU YIJIaMH, U3 YCIIOBUS

Ay 2 VAR, / Rs. (11.10)

B ycnosuu 11.10 npucytcTsyeT pacueTHblit mapametp V. Ero 3HayeHWe 3aBMCUT OT BhIMOJHEHUS
YCNOBUIT IOJIOKEHHA HEITPaNbHOIT OCK B 000N04KE, ONPENEIEMOTO CAEAYIOIUMMH YCIIOBUSAMHU:

v, >1-Vl-t;
vy <I- s (11.11)
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TposepsieM BLINONHEHNE STUX YCAOBHIA, VTSI HETO BbIUUCISIEM W, TIO hOpMyIIE:

_1=-sm+0,35vm

11.12
v, 73 ( )
1-8,685- . )
V= ,685-0,127 +0,35-232,714-0,0095 =0,0693<1-T=0,25=0,134.
1+8,685

Cnenonate/ibHO, HEHTPATbHAS OCK NepecekaeT pedpo, U napaMeTp V HaxoAuM no Gopmyse

. Ki - Kj

V= (11.13)

1,07m(1 - +o,5\u§)'

B dopmyne (11.6) napameTpsl Y, o Kj NS ciydast, Korjda HedTpaslbHasi OCbh MnepecekaeT pe6po,
BbIYKCIIIEM NO PopMyiaM:

2
14 st+2sm—J(t+51+25m)" —dsnt{l + m(n+v
st+2sn ( \ Sn) ) [ ’n(" )], (1114)

V3 25m

w3 ={0,25+8,685-0,25+2-8,685-0,127 -

—\/((),25+8,685-0,25+2-8,685-0,127)2 -4-8,685-0,127-0,25] 1 +0,0095(23,26+232,714)]}/
/(2:8,685-0,127) = 0,194.
BuiuncasieM KoapgpuumenT Kj no ¢popmyne
K= 1+ 1,05mat = 3(1 +0,7mn)y, + 3(1 + 0,55 + A + 0,35mn)y;2 — (1 + s+ 30)w,? +0,750y,%,  (11.15)
rae A =sn /1t
K.=1+1,05-0,0095-23,26 0,25 - 3(1 +0,7-0,0095 - 23,26)0,194 + 3(1 + 0,5 - 8,685 + 4,412 +
+0,35-0,0095 - 23,26)0,1942 — (1 + 8,685 + 3+ 4,412)0,194% + 0,75 4,412 - 0,194* = 1 333;

3,2856-1,333

V= =232,757;
1,07-0,0095(1—0,194+0,5-0,1942)
-4
" _ 232,757 042;353 10415 ¢ oea10 w2

T.€. PABHO NPUHATOl paHee apMaType 3aTsukkn M3 540 AS00 ¢ niowansio ceueHms A, = 6,283 - 10~ m2.

12. XEJIE3OBETOHHOE BUCAYEE ITATPOBOE IIOKPBLITHUE HA KPYIJTIOM ILIAHE

3azanne: A0S TIOKPBITHSL 30aHUsI Ha KpYrIOM IUlaHe ¢ AuaMeTtpoMm 3asna 80 M (aBTOOYCHBIN Mapk)
3anpoeKTUPOBaTh XKeJIe306€TOHHOE BHUCSUEee WIAaTPOBOE MOKPbITHE. 3manue pacronoxeHo B 111 cHerosoM
paiioHe. XKene3o0eTOHHas BUCAUYas 000104Ka BKIIOYAET B €051 paiuaibHbie BAaHTH B KOAUYECTBe 72 IUT. ¥
YJIOXKE€HHbBIE MO HUM COOPHBIC PCOPUCTBIE MAHEAM C TOMUIMHOM MIUThi 60 MM U3 KepamM3uTOHETOHA KJlacca
B25 (R, = 14,5 MIla; E, = 18500 MIla). BanTsl 3aKpenIeHbl BBEPXY K BHYTPEHHEMY KOJIbLly ZUaAMETPOM
12 M ¥ BHM3Y — K HapyXHOMy KOJIbLlY, BHYTPEHHUl AuaMeTp koToporo 80 M; nepenan ypoBHeE#H MOABECKH
BaHT — 5,3 M (puc. 12.1).

[Llar BaHT N0 BHYTPEHHEMy KoJbLYy S, =112/ 72 = 0,524 M, wiar 110 HapyXHOMY KOJIbLY S,,,,
= 3,49 M.

B kayecTBe BaHT MPUHSATHI 3aKPbIThIE cTa/IbHBIE KaHaThl no TOCT 7676—73*. HapyxHoe Ko/bL0 NPUHIMa-
€M M3 MOHOJIMTHOTO Xene3obeToHa ceyeHneM 1200x600 MM; 6eTOH TsDKeJblt, Knacca B25 (R, = 14,5 MIla;
E, = 30000 MIla). Konblo, NiuTLl U WBbI apMUPYIOTCA TOpsYEKATAHOH apMaTypoii MeproanyecKoro
npodpuns knacca A500 (R, = 435 Mlla; E, = 200000 MIla).

LeHTpanbHyI0 CTOMKY NPUHUMAEM Kayalowweiics.

3HayeHUs HArpy30K, AEHCTBYIOLLUX HA NMOKPbITHE, NaHbl B Taba. 12.1.
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a)
d=1 2,0 I:iul F

~d /\ 53
! ’ 0,60

r= 34,0

lrrir?r"?rn

R=1400 R=400 1,2

6) ext
Fin , , , F

int

34,0 34,0

-} oy

5,3 _/

Puc. 12.1. K pacuery Kpyrosoro warpoBoro NOKpLITHS:
a — CXeMa MOKPLITHS ¥ CUMMETPUYHBIE HATPY3KH; § — PacueTHaR CXeMa BaHT

Taonunua 12.1

HopmarysHas PacyerHas

Bun Harpyaku Harpy3ka, xITa Yr Harpy3ka, KITa

1. CoBcTBEHHBI Bec 060J104KHM U3 KEPAM3HMTOGETOHHBIX TUIHT C MOTe- 1,3 1,1 1,43

PEYHBIMH LLIBAMH U3 TSIXKEOro 6eToHa

2. CoGCTBEHHBIN BEC KaHATa U MPOLOJLHOrO HIBA MeXAY NANTAMH U3 0,2 L1 0,22

TSKEJ0ro 6eTOHA

3. Tenon30J1s1LMsI, RAPOU3OJISILINS, TMAPOM3ONSLIMOHHBII KOBED 0,42 1,3 0,55
Hroro: 1,92 2,2

4. CHerosas Harpy3ka ans 111 paitoHa 1,26* 1,8
Bcero: 3,18 4,0

* Koadpduumenr c,, yauTBIBAIOIINI CHOC CHEra ¢ NOKPbITHSI, NPUHAT PaBHbIM 1.

BLIYMCIMM MOJHYIO paciipeeieHHYIO TMHEHHYIO pacueTHYIO Harpy3Ky, IEHCTBYIOLIYIO HA BAHTY:
F‘”m =0,524-4,0=2,10 kH/m; Fd’m =3.49-4,0= 13,96 kH/Mm;

¥ HopMaTusHyio: F, . =0,524- 3,18 = 1,67kH/m; F, ,,= 3,49 3,18= 11,10 xH/m.

n.,int .ext

Pacuer BaHT 10 CHMMETPHYHOIA cXxeme

anMeM 3a UCXOJJHOC TAKOE€ COCTOAHUKE BaHT, KOrja Ha MOKPBITUE IICﬁCTByeT MOJIHAsA HArpy3kKa, U InpHu
9TOM KacaTeJibHast B TOYKE CONPAXCHHUA BAHTH! C HAPY)XXHBIM KOJIbLIOM TOPU3OHTAJILHA. B 3TOM CJIy4ya€ Ha
HapyXHOe KONbLO NMepeaaeTcs TOIbKO TOPU30HTalbHAsI Harpy3Ka, a caMoil HU3KO TOUKO! BUCSiYero Tpoca
ABJISIETCS] TOYKA €r0 KPEIJIEHHUS K ONOPHOMY Koably. Tako#l Tpoc MOXET ObITh paCCYUTAH KAK CUMMETPUY-~
HBIii ¢ OTIOpaMHU Ha OJHOM YPOBHE, ECJIM MPUHSATH YCJIOBHYIO CXeMY, NOKa3aHHY10 Ha puc. 12.1,6 B kayecTBe
pacueTHOM.

HaiineM 6ano4uHblit MOMEHT 110 3TOi cxeme

2
Mg =0,5( Fy i + Fy o J(O.51 = 0,5F 1 (0.5) = (Ey s = Fy o )(0.51) /6=
=0,5(2,096+13,96)34% - 2,096 347 -0,5- (13,96 - 2,096)34* /6 = 5783,08 kH,
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MocJie Yero BLIYKCINM 3HaYeHUe paciiopa 1o ¢hopmyse:
Hi=M,/f (12.1)
H,=5783,08/5,3=1091,15kH.

[TpoBepuM nosy4eHHYIO BEIMYHUHY paciopa o dpopmyne, npuBeaeHHoi B CIT 52-117-2008*

2
H, =%, (12.2)

rae o= % =0,0872664 — yrnoBoii mar BaHT B pafHaHax.

3HayeHUE V CBA3AHO C BLIPAXECHUEM IS yrjila HaKJIOHa BaHT Y LCHTPaNbHOI'O KOJIbLa B

=3
B]- 2 ’

roe =% =-i—’§=0,1325; B,=3-0,1325/2=10,19875;v=p, /3 =0,19875 /3 = 0,06625.
g 40 342.0,0872664
47 6.0,06625
Tipumem ans aansHeunx pacyetos yeunue H,= 1091,15 xH, naiinennoe no dpopmyne (12.1).
Anst onpezneseHusi MAKCUMAILHOTO YCUAHS B PRCTAHYTOM Tpoce N, HEOGXOAMMO CHayala paccyMTaTh
BEPTUKAJILHYIO PEAKLMIO B TOYKE MOABECA, KOTOPas COCTaBNsieT

V,=0,5(2,10 + 13,96)34 = 272,95 kH.

=1015,12 kH, 4To HECKOJIBLKO MEHbLUE, YEM MoaCYUTAHHOE 1Mo dopmyne (12.1).

Torna N, =y H2 +V2 =/1091,15 +272,95¢ =1124,77 KH.

Paccuuraem TpeGyeMbift MaMeTp Tpoca, MIOIaLb ero MoNepeyHoro ceueHust U TpeGyeMoe paspbeiBHOE
yeunue: N=1124,77 /0,5 = 2250 kH.

31ech YUUTBIBAETCS, UTO PACUETHOE YCHJIME KAHATA JOJUKHO COCTABAATL S0 % ero pa3puiBHOrO YCHIIUS
(CHuII 2.05.03).

[To TOCT 7676—73* noa6upaeM 3akpuiThifl KaHaT @52 MM (MapkuposouHas rpynna 1270 H/mm?) ¢
NIOIWARBIO CeueHUst A, = 1846,16 Mm? u paspbisubiM yeunnem Ny, = 2350 kH > 2250 kH, 1. ycTaHoBACH-
Hble BAaHTbl YAOBNETBOPSHIOT YCIOBUAM NMPOYHOCTH, sl yBeNMUeHUs1 KOPPOIUOHHON CTOMKOCTH KaHAThl
NpUHUMaEM OULMHKOBAHHBIMU. PacueTHoe yeunue kanara cocrasur N, = 0,5 - 2350 = 1175 kH.

Haitnem HayasibHYIO JUTMHY BaHTBI 1TPU NOAHON Harpy3ke 1o dopMmyne

D, \1
l= 1+—f-)-. (12.3)
( 2H3 )2
3nech Df— WHTErpanbHas XapakTepucTHKA Harpy3Ku, HalinenHan no ¢popmysne (12.4) — no cxeme 12.1,6:
13
Dy =55 (3Fhm +8F e +9FsenFuen (12.4)
3
D, =9§j7(())-(3-2,101 +8:13,967 +9:2,10-13,96) = 24,05-10° kH>m,

Moactasum snauenus H,n D v Haitaem I, = 68+M 1 34,505 m.
' 4 2:1091,15 |2
XKecTKOCTb CeveHUsA BAHTHI HA PACTSKEHHE

B, = AE, = 1846,16 - 180000 / 10° = 332310 kH.
PaccTosiHHE MeXIy TOUKAMW KpenieHusi HakioHHOM BaHTh (puc. 12.1,0) a=4/34% +5,3% =34,41 m.

KocuHyc yrna Hak10Ha TMHUK, COSOUHstIOWEN TOUKH noaBeca, cos® = 34 / 34,41 = (,9881.
Haxonum OTHOLIICHUE JJINHDBI TPOCA K PaCCTOSIHUIO MEXAY TOUKAMMU MoaBeca BAHTHI

&=L /a= 34,505/ 34,41 = 1,00276.
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BbluvcnsieM yUIMHEHHE HAKIIOHHOMN BaHThi:

1,05Hat_

AL= ;
B, cos@

(12.5)

_1,05-1091,15-34,41-1,00276
332310-0,9981
3Has JUTUHY BAHTBI Luee YNpyroe€ yamuMHCHHE, BbIYUCIUM JUIHHY 3arOTOBKH BaHThl
L =L —AL=34,505—0,119 = 34,386 M.

=0,119 m.

Tpu 3TOM HEOGXOANMO YUHTLIBATH JUTMHY aHKEPHBIX YCTPOIICTB.

Onpenenenne pacnopa NoKpLITHA B MOHTAIKHOM CTAIMH
3HaueHue pacnopa HailieM M3 peleHus KyGHIeCKOTO ypaBHEHHs
D, B, cos* D, B, cos*
H+ ._fn_z_z‘P_ , H;___fzrf‘h (12.6)
2HYIE; plis

3nech D/l H sz ~ HHTerpalbHbLIE XapaKTePHCTHKH, BhIYHCsieMble o ¢popmysie (12.7) wis Harpy3ox no
cxeMe Ha puc. 12.1,a

by, = 180(”:'”'" +4F4-zw*7fd.zmﬂnzw) (12.7)

3nech NPy BLIYUCIEHUN Dfl: Fy e =13,96 kH/M; Fy 4y =2,096 KH/M;
MPH BLIYUCIEHUH sz: Fiy e =3,49:1,65=5,758 kH/M; Fyy 1y =0,524-1,65=0,865 kH/m, rae 1,65 xITa —
Harpy3ka ot COBCTBEHHOTO Beca IUTUT € YYETOM UX 3aMOHO/IMMMBAHMS,
_ 34, 0}
D
77180

340
Tso

(4 113,96% +4.2,10* +7-13,96-2 10) 218775 kH2m;

Dy, =

, 4.5,75842 +4.0,8646% + 7.5,7584-0 8646) 37225 kHm
[MoacraBuMm HaltneHHble 3HAUEHUN B KyGHyeckoe ypaBHeHue (12.6)

3 [ 218775-332310-0,9881* 37225~332310-0,9881‘=
"1 2:1091,15% . 34,41.1,00276% 2.34,41.1,00276*

—1091,15JH3, -

[Tocne Bbiuncaenuft xybuueckoe ypasHeHUe npuobpeTaeT BUA
HJ -250,01H2% ~1,704.10° =

W3 pewenus ypasHenus Hattaeno: H, = 652 xH.
PacyeTHoe HanpsLKEKKUE B apMaType KaHara

175 s
R eme———— 0 = 6, .
R, = zeig? =636:5 Mia

C yuerom KoaduuMEHTa HARGKHOCTH MO apMaType Y, = 1,2 COMPOTHBACHHE AapMaTYphl KAHATA Ha
pacTsXKeHUe
R R =1,2-636,5=763,8 MIa.

sser =YJ s

YunTbiBast BO3MOXHbIE neperubbl KAHATA U HEYUTEHHOE TPEHHE O AeTaNn KpeI/ICHUA KaHATA K IVIUTaM,
NMPUHUMAEM HanpsixXeHUe apMaTypbl KaHaTa

o,, = 590 MIa=0,77R, . < 0,85R

s.ser s.ser
bes yucTta nepsbixX NOTEPb YCUIIUA B KaHATE COCTABIAIOT
=1846,16 590 : 10~ = 1089,2 kH.
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Puc. 12.2. Cxema pacnonoxenns BARTb B BPOAONBHOM UIBE MEXAY NIHTAMM:

] — KepaM3uTOOCTOHHAS TUTMTA TOMLWHHOIM 60 MM; 2 — pebpo runThl; 3 — BaHTA; 4 — 6eTOH NPOAOJBLHOrO 1B, 5 — NeTalH
KPETUICHUS K BAHTaM; 6 — 3aK/1alHas AeTanb B MIHTE; 7 — apMUPOBAHMC WIBA

Kepam3uToOeToHHbIE MINTHI NOKPbITHS (Y = 18 kH/M?; E, = 18500 MIa; R, = 14,5 MI1a) tomuunnoii
60 MM UMEIOT MO KOHTYPY pebpa BbicoToit | 50 MM, cpeaHsist ToNuMHA KOTOpbIX 80 MM.

CxeMa pacnoyIokKeHHs! BAHTbl B NPOLONAbHOM LUBE MEXAY MAWTAMU npuseacHa Ha puc. 12.2. Kanar
KpenuTcst 1 NPOCKTHOI BLICOTE ¢ NOMOLULIO CNEUHAMBHBIX ACTANEA, NPUBAPEHHBIX K 3aKNAAHDIM AETANAM
B NAnTE.

Jnst nanbHednx pacueToB npumeM AnuHy naut ~ 300 MM B ocX KoabLeBbIX WBOB. CpeaHss lWMpuHa
nauT

b= 5_?_'.‘.‘3*&9. = 200,7 cm.

[Maowanb 1HONEPEYHOTO CEHEHUSA TAKOM [UIMTHI 3 BBIYETOM LIMPHUHDI NPOAOCJALHOTO WBA 3aMOHOJNUYHK-
BaHUsA COCTABUT

A=6(200,7—10) +2-8-9=1288,2 cM? = 1288,2 - 102 mm2.

[Tpexae ueM MeperTH K BLIYUCAEHHUIO MOTEPh HANPSAXEHHUS B apMaType KaHaTa, BLIYMCIMM IJIOLANb
110NepPeYHOro CEYEHUs!, CTATUUECKHI MOMEHT H MOMEHT WHEPUHM NPUBEAECHHOTO MONEPEUHOro CeUYeHHs
TUIUTBI.

[TpnMeM apmMupoBaHue pedep MIMTHl CBAPHBIM KAPKACOM C BEPXHEH U HUXKHEN apMaTypoit 14 kiacca
AS500. Tnuty apMupyem IByMsi ceTkamu ¢ apMmatypoit 6 mm kinacca AS00 ¢ warom 100 MM B o6omnx
HanpasieHusx. Toraa niouanb BEpXHE# apMaTypsl

A/ =2014+2-19-@6=2-153,9 +38-28,3=1383,2 MM2.
[Tnowanab HUXHEI apMaTypsl pebpa
A, =2014=12-153,9=307,8 MMmZ.

Koadpnumentsr o n 0, NpuBeaeHUst COOTBETCTBEHHO HAmpsiraeMoii (KaHarta) M HeEHanpsraemoi
apMartypbl K OETOHY:

oo By 18100
'""E, 185100 77
100
L . L T 1Y
Eb ]8,5*'0’

MNpusBeneHHasi NyoWAaNb CEYEHUS] TUIUTDI
A=A+ (A +A)a,= 12882102+ (1383,2 + 307,8)10,81 = 1471 - 10*> mm?.
CTaTUuYeCKHit MOMEHT NMPUBEIEHHOIO CEYEHMA OTHOCUTENIbHO HUXHEN rpaHu pebpa
S, = 14378,4 - 10° + 1383,2(150 — 30)10,81 + 307,8 - 27 - 10,81 = 16262,52 - 103 mm>.
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PaccTtosiHne oT HUXKHEH rpaHy pedpa 10 UEHTPA TAXECTH CeYEHHUs

16262,52-103
= =110,55MM.
W=

Pacnonaraem kaHaT Ha 20 MM HMXXE LEHTPa TSDKECTH CEYEHUs!, TOTAA 3aILMTHbIHA C10i GeTOHa CBEpPXY
KaHaTa COCTaBuT

a =150 — (110,55 — 20 — 26) = 33,5 mm.

MOMEHT UHEPLIMM IPUBEAEHHOTO CEYEHUS:

Loy = T+ 0 AV + 0, AV (12.8)

60° -1907 2 160-90°
12

Ly = 7 +128820(150-110,55-30)" + +14400(110,55 - 45)" +

+1383,2-10,81-9,45% +307,8-10,81(110,55-27)" =1419,86-10° mu*.

OnpenenuM nepsbie NOTEPU HANPsIXKEHMIA B apMatype kaHara (ITocobue k CHuIT 2.03.01).

HartskeHne apMarypbl MeXxaHMYeCKMM crnocoOoM Ha OeToH. [lepenatoyHast mpoyHocTs 6eTOHA R
=16,0 MITa < 0,65 - 25 = 16,25 (65 % wiacca GeToHa).

a) ledbopMauus aHKepOB, paclioNOXEHHbIX Y HATAXHbIX YCTPOHCTB Ao,p‘ 4

Al 2:2:18:10°
1 34505

3nech Al — pedopMauMs OIHOro aHKepa, KOTopas paBHa 2 MM.

6) lecbopmanmm 0OxaThs CTHIKOB MexXay Gnokamu u3 pacyeta 11 wBoB

ol = ”—A’E, 1003, 6105217 MMa.
! 34505
31eCh 1 — YUCIIO0 WBOB, Al = 3 MM.
CymMma nepBeix notepb 6, = 21 +17 = 38 MIla.
HanpsixeHue B TPOCE 32 BLIYETOM TEPBLIX NOTEPD 0,1 =0, 0= 590 — 38 = 552 MI1a.
TaknM oGpasoM, ycusiue o6XXaTus C y4eTOM NEepBbIX NOTEPb COCTABUT

P=A_c_,=184616-552= 1019 kH.

sp sp.)

AO.SP.4 = =21 Mna.

Ac

BbI4HCANM BETHYHMHY BTOPBIX OTEPD:
a) OT peJlaKCaLUy HanpsXeHUit apMaTyphl:

Aoy, =| 022224 _0,1|o,,,; (12.9)
Rsser

Ay, =] 0,252 0,1 |552.=32,6 MITa;
7638

6) oT nmon3syuecT 6eTOHa.

[epBoHayanbHO HafifeM cxuMalollee HanpsKeHne B GeTOHE Oy, OT AEHCTBHS CHIIbI P*, xotopyio
pPaccYyMTLIBAEM C YYETOM TOro, YTO B KaHaTe MpOLLJIM MepBble NMOTEPH, U B HEM OT NEHCTBHA MaccChl
YJOXEHHBIX TTUT yXKe UMeeTcs pacrop, paBHslit 652 kH.

P =1019 — 652 = 367 xH.

3HaueHue Oy Hailnem no popmyne

Py
Oy = 220 (12.10)
Ared Ired

3neck: I()p — PacCTOSIHNE OT LIEHTPA TAXECTH ce4EHHs TUTUTBI 10 LIEHTPA KaHaTa (IPpUIoXeHUs cuabl P);
Iy, = 20 MM; y, — paccTOsIHME OT LIEHTPA TAXKECTH CeYeHHs TUIMTHI 10 HWKHEH IpaHu cedeHus; y, = 110,55 mm.
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367 367-20-110,55
Cp = + 7
47,1 1419,86-10

(xoadpduuuent 0,85 npurumaercs no CHull 2.03.01-84* ansg KOHCTPYKUMiA, B KOTOPBIX HanpsXeHUs1 Oy,
YMEHBLUAIOTCS NPU AEHCTBUM BHELLIHUX HAarpy3o0K).

[ noacyeta notepb OT Noa3yyecTh GeToHa HailleM HanpAXEHUs B 6eToOHe o'y, Ha YPOBHE apMaTyphl

=249+571=82MIla<0,85 R,,= 13,6 MIla

A .

sp°
o = 367 . 367-20?
%7 147,1 " 1419,86-102

=2,49+1,03=3,52 MIla;

Oh 3,52
—I—:i=ré—6=0,22< 0,75, mo3toMy notepu OT nonsyyectd GeTOHA HaxoauM no dopmyne IMocobus K
bp ]
CHulI12.03.01-84*
_ Obp
Acg,q =128a—. (12.11)
Ry,

Ipu .= | A1 KOHCTPYKLUMIA, MOABEPrHYTHIX TEMIOBOM 00pabOTKE MPU aTMOCHEPHOM AaBJIEHUH, Aojp =
=1280,22 = 28,2 MIla. '

nOTCpH OT yCallKH JIETKOro OeToHa NpH IMJIOTHOM MECJIKOM 3arOJIHUTENE
Ao, =45 MIla.
CyMMapHbI¢ BTOPbIE MOTEPH
0, = 32,6 + 28,2 + 45 =106 MITa.

Hanpsixenue B apMaType€ Tpoca 3a BbIY€TOM BCEX MOTEPD

Aoy, , =552 - 106 = 446 MIla.
Yeunus o0XaTus ¢ y4eToM Bcex NoTepb

P,=A,0,,,= 184616 - 446 = 823,4 kH.

[nomwanb BEPXHEH ¥ HUXKHENR HEHAMPSIraeMOoi apMaTypbi;
A =1383,2 Mm% A = 307 8 Mm2.
HanpsiXXeH1s B HUX OT yCalKu M N0a3y4ecT GETOHA

o,=28,2+45=73,2 MIla.

CyMMapHoe ycuiive, nepeaalolleecs: Ha IUIMTY ¢ y4eToM pacnopa 652 kH, v ycunus B HeHanpsiraeMoit
apMarype OT YCallKyd U MOI3Y4eCTH COCTaBUT

P,* =823,4 — 652 — 73,2(1383,2 + 307,8)10~3 = 47,6 kH.

[TpuBeneHHbIE BbILLE PE3yNbTaThl pacyeTa Cua OOXKaTHs, MepeAaBacMbIX Ha IUTMTY, MOKA3bIBAIOT, YTO
OHM MaJlbl, U HX HEOOXOAMMO YBEJIMYMTD U1l BO3MOXHOCTH MOrallieHUs PacTArMBaloIINX YCUINi1, KOTOpble
BO3HMKHYT B [JIMTE NPY JEHCTBU U MOJIHLIX HAarpy30K. JloNoiHUTENbHOE HATAXEHHE KAHATOB BbINOIHUM Ha
BEJIMUMHY, TIPM KOTOPOH HaNpPsXEHUs B apmaType KaHaTa yBe/IM4aTcsi Ha BEJMYMHY TIOMHBIX NMOTEPh C
nonpaBKoO# Ha MOTepH OT Mon3yyecTH. [10CKONbKY NONHBIE NOTEPH OT MOJI3YYECTH BOZHUKAIOT B TEUCHUE
AOCTAaTOYHO UTUTESILHOTO BPEMEHH, YUTEM TOJBLKO MOTEPH OT GbICTPOHATEKAIOLLEH MTO3YUeCTH

’ ’
Ao, =34%’—p 1pu a>%. (12.12)
bp bp

c/
3necs o0 =0,25+ 0,025Rbp =0,25+0,025 16 =0,65> —2 =0,22.

bp
CrenoBaTenbHoO, Aom_6 =34-0,22=7,5 MIa.
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[TonHble NOTEPH € YYETOM A, ¢ PABHEI
0, +0,— Ao, + A0, (=38 + 106 - 28,2+ 7,5 = 123,3 MITa.

Jna NMKBUAALMY ITUX TIOTEPb NOMOTHUTENBHO HATATHBAEM KAHATbl HA BEJTUYMHY
AP,=1,84616123,3 = 227,6 xH.

Torna nosHoe ycuave HaTSKEHUS KaHarta P, cocraBut
Py=P,+ AP;=823,4 +227,6 = 1051,0 kH.
Ycunue B KaHarte 3a BBIYETOM Paciiopa OT YKIaAKH Ha KaHAT IUIMT M YCUIIHI B HEHaNpsAraeMoii apmarype

OT pa3HULLbI MEXY NOJMHOM ¥ GbICTPOHATEKAIONICH MOM3YYECThIO (IOTEPH OT YCaaKH 6€TOHa KOMIIEHCHUPY-
I0TCSl NNOC/IEAYIOLIUM HATSDKEHUEM) COCTaBUT

P*=P;— H, — (Ao, 4 — A0, J(A' +A)= 1051 — 652 — (28,2 —7,5)(1383,2 + 307,8)1073 = 378,3 kH.
Haitnem 3KCUEHTPUCHTET NPUIIOKEHUS YCUIHA Py* OTHOCHTENBHO LEHTPA TAKECTH TUTHTHL

(1051 -652)20-(28,2-7,5)(1383,2-9,45+ 307,8 -83,55)1073
€, = 3783 =19,0 Mm.

Bbruncanm MakcuMaibHbIE CKUMAIOLINE YCHIUA OT AEHCTBUS CHIbt Py* Ha HMXHEH rpaHy peGpa
5. 23783 3783.197-110,55
%" 1471 1419,86- 10

CxuMaiollue yCUIus, AeiCTBYIOINE HA YPOBHE KAHATA, COCTABSAT

. 2
0, =26+ 183107 9 641,0=36 MITa.
1419,86-10?

=2,6+58=84 MIa<0,85R,, = 13,6 MIla.

IMocae AOMOJHUTENBHOIO HATSXEHMS KAHATOB NPOM3BOAUTCH OCTOHMPOBAHME MNPOAOILHBLIX ILIBOB
MEX1Y IUIUTAMM TSKENBIM MEJTKO3epHUCTHIM GeTOHOM Kitacca B25 Ha HanpsiraomeM neMente HL 20,

ITocne Toro kak 6E€TOH B LIBaX AOCTUT NPOEKTHON NMPOYHOCTH, BUCAYas 1IAaTpoBasi 0000YKA MOXET
ObITB 3arpyXeHa MOJIHOH pacyeTHON Harpy3Ko#, Mpy 3TOM BEJIMMUHA pacriopa COCTaBUT

H*=H,—652=1091,15— 652 = 439,15 xH.
YKasanHas Harpy3ka BbI3bIBA€T PACTAXEHHE B IJIUTE, IIPH ITOM IIOILAbL CEYEHUS ILTMTHI YBEJINYHBa-

€TCA 3a CUET BKITIOYCHHUS B pa60Ty 3aMOHOJIUYCHHBIX MPOJOJIBHBIX LIBOB MCXAY INTUTAMHU.
npl/IBCIIeHHa}I njomaab CCHCHUS MINThI

A’md=A,ed+Ajoc3+Asja2. (12.13)

3mech: A, — mIoWAnb CEYEHHMA UIBA MEXIY TUIMTaMH; O, — KOI(DOULMEHT NMPUBENEHHUS TAXEIOro
GeToHa B25 K nerkomy 6eTony Kiacca B25

~30-10°
18,5-10°

o, 1,62;

Asj — MJIOIAAb CEYEHUS MPONOJBLHOM HEHaMpsiraeMoii apMaTypbl LiBa B Buae 4214 A500:
Asj= 4-153,9=615,6 MM?;

A= 1471-10%+110- 150 1,62+ 615,6 - 10,81 = 103(1471 + 267,3 + 66,5) =180480 mm2.

red
CraTHYeCKM it MOMEHT NPUBCACHHOI'O CCYCHHUA OTHOCUTEJIBHO HUXHEH rpaHu pc6pa
S = 16262,52 - 103 + (267,3 + 66,5)10% - 75 = 18766020 MMm°.

Paccrosinye 10 LEHTPa TAXKECTH TUTHThI COCTABUT
18766020

(15760020 103 98 wwm,
Y0 = 50480 98 Mm
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Mowmewnrt UHEPUUU CCUCHHUA TUIUTHI C YUETOM [UIQUIAAXW CCUCHUSI K apMaTypbl NPOLOJALHQrQO iBa
COCTaBNUT

, 1907-60°

.on3
o = 4 (128820+13832)(150-10398 - 30) + 160-50

+14400(103,98-45)" +

+307,8-10,81(103,98 - 27)" + +(165-1,62+66,5)107 (103,98 - 75)% =2,0624-10° mm*.

110-150°
2
Pacmmmuomue Haps>XXCHUA HA YPOBHE KaHaTa COCTaBAT

o 439,15+439,15(103,98-9O,55)2
©|180,48 2062,4-10°

=~(2,43+0,38) =-2,81 MITa.

BolyncneHHbIE paHee CXKMMAIOIIME HAMPAXEHUS B MJIMTE OT HATSAXEHUS KaHaTa coctaBuwiu 3,6 MITa >
> 2,81 MIa.

[TauTa ocTaeTca Cxatoit MpM MOJHOH pacYeTHON Harpyske.

Pacuyer Huxnero OMOPHOro KOJIibUA

IMpoBepsieM cHavana MPOUHOCTb CEYEHHUs KOMbLA. 15t 3TOro BLIYNCIUM CXXHMAIOILEE YCHIIHE B KOJTBLIE
OT BO3AEICTBHSA NOAHON PacyeTHOM HArpy3KU

N,=T2H,/(2r)=72-1091,15 /(2 3,14) = 12503,7 kH.

CeueHue KoNbla U €ro apMUPOBAHUE NPUBEACHBI Ha puc. 12.3.
Konnuo apmupyercs crepxusamu 6340 + 8025 + 2316 knacca A500.
O61uast naomaab ceYeHnst apMaTyphbl

A, .= 7540 + 3927 + 402 = 11869 MM,

OnpenensieM GakTHYECKYIO HECYLLYIO CIIOCOGHOCTD KOJbLIA MO MPOYHOCTH MPH LEHTPATLHOM CXaTHH
Ny =bhR,+ A R = (6001200 - 14,5 + 11869 - 435) / 10° = 15603 kH > N _,=12503,7 kH.

[TpOYHOCTB KO/blIA HA LIEHTPATBHOE CXaTHe 0becTieueHa.
PacueT Ha YCTOIUYMBOCTB KOJIbLA B €10 IUIOCKOCTH MPOM3BOAUM Mo GopMyJie

Nfr,g 2 2'\' Eb,rlred,gkl ’ (12 14)

rne k, = 5q, / (3n]3); n,=/,/r.;q,— HOPMAaTHBHOE 3HAYEHHUE MTOJIHON HArpy3KH,
r,— paaMyc UEHTPa TAXECTH KoNbLa, paBHbiit 40 + 1,2 /2 = 40,6 M;

E, 30000

E,.= =8570 MITa.
b gy, 1425
340
150 390 __—~
A
|
S *L
K 2016
ol = A
8| & 3240 ||/ \ 4225
=3 e
Y (=)
K /
o) Y
D
I
60 540 | 540 60
d
h = 1200

Puc. 12.3. TTonepeuroe ceyeHHe H apMHPOBAHKE ONOPHOTO KOABLLA
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Boiuvcnum I'IpI/lBC[ICHHbIVl MOMCHT MHEPLIMHU KOJTbLIA

Ly g =600 12003 / 12 + (6990 - 5402 + 1963 - 3902)2 - 105/ 3,0 - 104 = (86,4 + 13,59 + 1,99)10% =
= 101,98 - 10° mm*,
Boiuucaum kospduunenTei n, nk;:
n,=53/40,6=0,13; k,=5-3,18/(3" 0,13% = 2412 kIa.
[MonyuenHble 3HayeHus noncrapnsieM B (12.14)

Neg =2,/8570-101,98-2412 = 91826 xH > N, ,= 12500 xH.

YCTOMUMBOCTD KOMbLA B €0 MNIOCKOCTH 06ecneyeHa.

Brinonuum pacyeT yCTOHYMBOCTH KOJIbLIA U3 €rO MIIOCKOCTH.

BrluuciuM npuBeneHHbIH MOMEHT MHEPLUUY KOABbLA
Ly, = 12006003 / 12 + (9503 - 2402 + 2365 90%)2 - 105 /3,0 - 10* = 21,6 - 10° + (3,65 + 0,128)10° =

=25,38 - 109 Mm?.

KpHuTHyeckoe 3HaYeHHE HOPMAJIbHOM cuiibl Haltoem o ¢opmyie, npusenerHom B CIT 52-117, 4.1

(-1 BC 2
= ~+ 2; . (12.15)
(B+Cn)r?

cry

3aeck: ny, = 18 — KONUYECTBO BOJIH NPH NOTEPE YCTOHYMBOCTH KOJIbLIA M3 PacyeTa KOJTHYECTBA ONOp,
paBHOro 36;
B — XKECTKOCTb KOJblla U3 €50 NJI0OCKOCTH

B=E, I, ,=8570-25,38=217510 kH/m;
C — XECTKOCTb KOJIbLIA HA KPYUEHHUE

c=¢GI,

r

rae G= 0.4E,)’t =0,4- 8570 = 3428 MIla;
[r — MOMECHT UHEPLMU KOJ1bLIA HA KPYUYECHHUE
I=Bbh=0229- 0,6 1,2=0,059357 m*
(B — TabnuuHbIit KOIPGULHMEHT IPH KPYYEHUH NPAMOYIONIbHUKA C OTHOLLEHUEM CTOPOH b / h = 0,5);
C=0,059357 - 3428 - 10% = 203476 xHm?;
k,= l,ankl =1,2-0,132- 2412 =48 9 k[la;

2
(182 - 1) 217510-203476
+48,9-40,6% /18? =42350 + 250 = 42600 kH;
(217510+ 203476 -182)40,62

oy

Nm, >N,= 12500 kH.
YcToiunBOCTH KONIbLIA M3 MIOCKOCTH obecrneyeHa.

Hocxoany MU3rUOAIOIINE MOMEHTDI NEHCTBYIOT B KOJIbLIE KaK B €0 NJOCKOCTH, TaK U U3 TUIOCKOCTH,
PAcCYUTACM KOJIbLIO Ha KOCOE€ BHCLICHTPEHHOE CXKXaTHUE.

IpeacraBuM apMUpOBaHHUe KOJbLA B BUAE CHMMETPRYHOIO YFONIKOBOTO apMUPOBAaHMUA, KaK MOKa3aHO
Ha puc. 12.4.

A, =2238,6 mm? A,
S A T e
! hg=1107 ¢
) :

240, 240 60

sV
x| =500

3 —
' (ﬂ; o3l 5w | so7
N

A

3

Puc. 12.4. [TpuBenenne apMupoBaHiA ONOPHOTO KOJNBLA K CHMMETPHYHOMY B BHJIE YEThIPEX YIIOBBIX CTEpXKHelHl
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B kaxmom yrny cocpenoToyeHa niollaib apMaTyphl, COCTaBAeHHas U3 2325 + 340
A, =982+ 1256,6 = 2238,6 MM,

CsobonHas JVTHHA KOJblia BLIYUCASETCS 10 U3BECTHOI (hopmyiie

nE, I . ]
= [Tt =J},m 30000-101,98 1023w,
Nerg 91826

IH6KOCTDb KOJIbLA COCTABHT /; / hg= 10,23 /1,2 =8,525.

Mockonbky rubKocTh > 4, CYUTAEM KOJIbLO B TOPU3OHTAIBHOM HanpaBAeHUH CO C/TydaitHbIM 3KCLEHT-
PUCUTETOM € = hg/ 30 =40 mm.

H3rubaiominii MOMEHT B MJIOCKOCTH CEYEHMS KO/bLA PABEH

M,= N,en,, (12.16)

] 1 .
rae ng-l_ N —1_12503 =1,1576;

Neg 91826
Mg= 12503,7 - 0,04 - 1,1576 = 578,97 kH-m.
H3rubaiominit MOMEHT B BEPTUKANbHOMW NIOCKOCTH

M,=Mn, (12.17)

rae M ;— MOMEHT B BEpTH KaJIbHOM NMJIOCKOCTH OT COOCTBEHHOrO BeCa KOblia.
M = ql? /12,

rneg=0,6-12-25-1,1= 19,8 kH/m;
[ — paccTosnue Mexay onopamu: [ = 2r, sin 5°=2- 40,6 - 0,0871557 = 7,077 m.

2
M =I—9’8—7—’ﬂ=82,638 KH-Mm;
T
SO N Sy
N R VN A
N 39600

cr,y
M, =182,638-1,4144= 116,88 kH'M.

OGo3HauuM lzog U hy, — paboyyio BbICOTY CEYEHMsS] COOTBETCTBEHHO B MJIOCKOCTH M M3 IUIOCKOCTH
CeYyeHMs KoJbla:

_ (1256,6.+490.9)(1200- 60) + 490,9(1200~210) _1747,5-1140 +490,9-990
e (1256,6-+ 2-490,9) 2238.4

a,= 1200 — 1107 = 93 mMm.

=1107 mm;

JItA 3NeMEHTOB (IPAMOYTOJIBHOIO CeYeHUst C CUMMETPHUYHON apMaTypod B BHIe UYeTbipeX YIJIOBBIX
CTEPXHEN pacyeT Ha KOCOE BHELEHTPEHHOE CXaThe npou3Boautcs U3 yenosus ([Tocobue k CIT 52-101)

‘M k y X
i *{ ] <l 12.18
[Mf?] M, (1219

3nech Mg0 7] MVO — npedenbHble MOMEHTbl B TOPU3OHTAIbHOM U BEPTHKAILHOM NMIOCKOCTAX, paBHbIE
NpaBoi 4acTH ycJIOBUS

M< R, bxth,—0,5x) + (R_A',.— N/ (K, ~ ). (12.19)

Haiiaem npenenbHbiit MOMEHT M 0 B ropu3oHTanbHO#M ntockocTy. TlpenenbHas BoIcOTa CXATOM 30HbI
ans Gerona knacca B25 €, = 0,493 (ta6n. 3.2 k [Mocobuio x CI1 52-101).
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N 125037-10°
Rybh  14,5-600-1107
IMockoneky o, > &R , HaitneM & no dopmyne

§=an(1"§R)+2as¢R
1-Eg+20,

Haitnem koadduumeHr o, = 1,298.

(12.20)

R A, 435-44772

3nech o = =
Rybhy  14,5-600-1107

=0,20222.

_ 1,298(1-0,493)+0,20222-0,493 _ 0,658+ 0,0997

T -
orza & 1-0.493+2.0,20222 0.91144

=0,8313;

x= ihog =0,83-1107 = 920,23 mMm;
Mg0 = 14,5 600 - 920,23(1107-920,23 / 2)10-6 + (435 - 4476,2 - 10-3—12503,7 / 2)(1107-93)10-3 =
=814,0 xH'M.

Haitnem npenenbHbI MOMEHT Mv" B BEPTUKAJIbHOM IJIOCKOCTH:

hg, = 600 — 60 = 540 MM;

o o 43544772
* 7 1200-540-14,5
o = 12503700
1200-540-14,5
1,33(1-0,493)+0,20728-0,493  0,6743 +0,1022
- 1-0,493+2-0,20728 0,925

=0,20728;

=1,33;

& =0,7852;

x=0,7852 - 540 = 424 0 mmM;
MVO =14,5- 1200 - 424( 540 — 424/ 2)1076 + (435 - 4476,2 - 10~3 — 12503,7 / 2)(540—60) 103 = 353,59 kH"m.
[MoacrasuM HaigeHHblie 3Ha4eHus B (12.18)

k k
78971 [ LI688) " 2113% +0,3306*
814,0 353,59

HaiieM cTeneHHOe BhIpaxeHue k:

2
k=|:(0’7;as) +0,1775}(ui _0’16)+k0; (1221)

N 12503,7-10°

o, =——= =1,1977;
Rybh  14,5-600-1200
_RsAs.rol
Oy ==,
Rybh

rae A, — MUIOLIANb CeYeHHst Beet apmatyphl: A, = 4477,2 - 2 = 89544 mm?;

s, tof s.tot

o -_435-8954,4

* " 14,5-600-1200
_0.275+0  0,275+0,3731
T 0l6+a, 0,16+0,3731

{(0,%0,3731)2

=0,3731;

0 =1,216;

k= +0,l775}(1,l977—0,16)+1,216=I,427<l,6.
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TMoacTtasum HaiineHHble 3HaYeHus k£ B (12.18) v nonyunm

ko, k
M
[-—f)] +( M{,J =0,7113"* +0,33058"* = 0,615+0,206 = 0,821 < 1.
M M

g

v

[MpoYyHOCTh ceyeHust obecneyeHa.

13. TAHEJb-OBOJJOYKA KXKC 3x24 m

3apanue: 1151 TOKPBITUS 3AaHUST NPONETOM 24 M 3allPOEKTUPOBATh NaHeNb-00010uKy KXKC pazmepom
3%24 m. 3nanpme pacrnionoxeHo B [I1 cHeroBoM paitoHe.

Martepuan nanenu-o60104Kkn — Nerkuil 6eToH Kinacca B30 Ha nOTHOM MeJIKOM 3aMosIHUTeIe MapKH
1o cpeameit nnotHoct D1750. Vaenbublit Bec 6eTona g = 1,75 - 9,81 = 17,2 kH/M?; R, =17 MIla, Rb,'m=
= 1,75 MI1a; R, = 1,15 MTla; E, = 19000 MITa.

HanpsiraeMas apMaTtypa M3roToBl€Ha U3 TEPMUYECKH YIIPOYHEHHOM CBapUBaeMOI apMaTypHOii cTajiu
nepuoaundeckoro npoduns kinacca A600 ¢ HOpMaTMBHBIM 3HAYEHHUEM COTIPOTHBIIEHHUS PACTAXEHHIO R, ..~
= 600 MIla u pacyetHniM conpotubneHuem R = 520 MIla; £ = 200000 MTIla. Inuta oGonouku
apMUpyeTcst X0JIOAHOAe(OPMUPOBAHHOM apmaTypoil nepuoanyeckoro npoguns knacca B500 ¢ R, =
=415 MTa.

st apMuposanus quadparm Menonb3yerca apmatypa Kiacca AS00 ¢ R = 435 MIa.

Koadduunenr npusenenus miomamm apMatypsl K mioiliaau 6etona

E, 200000

= =10,526.
E, 19000

KOHCTPYKTHBHEIE pa3Meph! TTAaHENU-000I04YKH NpeacTaBieHbt Ha puc. 13.1 n 13.2.

B naHHOM mpuMepe HOMUHaIbHBIE pasMepbl naHend BxlL = 3x24 M. Bbicora ceueHHMs B cepearHe
nposnera h= L /20 = 24000 / 20 = 1200 mm, To e no ocu onopsi 4, > 0,01 L = 0,01 - 24000 = 240 Mm = 250 MM
IS YBSI3KM C pa3Mepamu aHkepa m3 | 250x160x20. JMHa HUKHETO FOPU3OHTAIBHOTO YJacTKa y Onop
X¢ s = 1,5 h, =380 Mm (puc. 13.3). Yron HakOHa HUXKHEI TOBEPXHOCTH OGOIOYKH Y OMOpHI 0. = 27°,

a)
n _ - _ _ _ _ _ _ _
()
_ . ME
.\ - -
£y “A - - - - - - - - - - oo
| )
|
0 - - - = = T - = = = =
20 23960 20
6)
| g
N
=1 1 | m <
\ , < ; rr
150 Iy = 23700 150
A
51 L = 24000

Puc. 13.1. Nanenb-060104xa KXKC:

a — nnaH; 6 — sna cboky;
1 — BepTuKaIbLHOE pebpo XeCcTKOCTH; 2 — pa3bUBOYHAs OCb
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Puc. 13.2. Tlonepeunoe ceuenne naneau o6onouxn KXKC (x npumepy pacuera):
I — WanpsracMan apMaTypa; 2 — BEPTHKANBbHOE PeGPO XKECTKOCTH

g

177
183
212

30

240

N

1
1
F-N
-
=

240

—_—emb e e e e

1220

Puc. 13.3. Teomerpuueckas cxema 000J109kH Mexny auadparmamn;

a — CTEpXHU TOPLEBOH apMaTypbl; 6 — aHkep padoueit npononbi{oﬁ apMaryphl;
/—6 — HOMepa xapaKTePHbIX TOYEK MPOAOIBHOrO CEYEHUA NocepenrHe naHenu; 3 — och 060N0UKH; O — Yrosl HAKJIOHA
HWXHEH MOBEPXHOCTH 0G0N0UKH Y TOpLA NaHENN

Pacuernbtit nponer nanenu [, = L — 300 = 24000 ~ 300 = 23700 mm.

QOuepTaHue BepXHeii TOBEPXHOCTH 060J104KH 10 Napabone y = 4fx(l — x)/I2.

Xopaa cermenta / =/, — 100 = 23600 mm. INoabem oGonouku f= h — h, = 1200 — 250 = 950 mm. LlIupuxa
HMXKHErO nosica AByx Auagparm 2bf= 2 - 100 = 200 MM; BBICOTa YTONILICHHUSA hf= 100 mMM. LInpuna navenn
b’/= 2940 mM.

Pa3meps! BYTOB NONKHM M YTONILIEHUs BEPXHETO nosica auadparm gaxbl Ha puc. 13.2. TonuuHa KpalHUX
OT onop naHenei CTeHOK auadparm b, = 100 MM; TO xe, ocTanbHbIX TaHene b = 40 mm. CeveHus
BEPTUKAIbHBIX pedep kecTKocTH 2x80x80 mm uepe3 1,5 M. [lneyo BHYTPEeHHEH napbl CHM B cepeanHE
nponeta navenu z, = 1200 — 30/2 — 50 = 1135 mm.

CreHku anacdparM napadonuueckoro oyepraHus (puc. 13.1) Mexay nosicaMd MUMEIT HaHGONbIUYIO
BLICOTY B cepeauHe nposeta (puc. 13.2), A" = 1200 — (133 + 125) = 942 MM, KOTOpO#l COOTBETCTBYET
MaKCMMaJlbHOE 3Ha4C€HUE HEPABHOMEPHON HATPY3KH g, . DTy Harpy3Ky 1eiecoo6pa3Ho 3aMEHUTb PaBHO-
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MEPHO pacrpeaesieHHOl, 3KBUBAJICHTHOM TI0 M3rHOalouleMy MOMEHTY B CEpPEAMHE MposeTa naHeau. Jdns
BbIYMCAEHUa M cTeHKa anadparmMbl pa3fieieHa Ha 3eMeHTapHbIE TUIOINAAK: TpeyroabHuka F, = h'l/4 u
napaGonuueckoro cermenta F, = h'l/12 (puc. 13.4). U3rubalommmii MOMEHT B CepelMHE MpoJjeTa OT
dakruueckoit Harpysku M" = 5¢g_ [2/48. DxBuBaNeHTHas Mo U3rMbAIOLIEMY MOMEHTY Harpy3ka 6yaer ¢’ =
=8M’/l, = 5g,.../6 = 0,833g . . HanpuMep, B 1aHHOM Cyyae C YYETOM BeCa CTEHKM U pebep XKeCcTKOCTH
g’ =13 kH/mMumn 1,3/3=0,37 xkH/M%.

0,25
1 =
-
”
‘,—'
” -~
’/
Fl
F, #
4I,
0,5

Puc. 13.4. Cxema noncdera Harpy3ki ot cTeHKH aHadparmbl napadoandeckoro oYepTaHus:
HArpy3Ka ot niowanu: F; — Tpeyroasunka; F, — napaGoanyeckoro cermenra

PasHoMepHo pacnpeneneHHas Harpy3ka, KH/m?2, wis cpenneit yactu nponera naHenu K)KC npuseaeHa
B T1a6n. 13.1.

Ta6auua 13.1

H Koaddpuuumenr
OpMaTHUBHAas
HauMeHoBaHMe Harpy3ku HAEXHOCTH MO PacueTHaa Harpy3ka
Harpyska ar
py3Ke y,
[TocTosiHHas OT Beca:
KpoBIx 1,11 1,3 1,44
MOAKK MaHcan 0,52 1,1 0,57
ByT nonkun 0,045-0,22-17,2/3 0,06 1,1 0,07
HUXHero nosica 0,2-0,1-17,2/3 0,11 1,1 0,12
BepxHero mosica 0,11-0,08-2-17,2/3 0,10 1,1 0,11
CTEHOK Anadparm 0,37 1,1 0,41
HUTOTO 8,y = 2,27 g=272
BpeMeHHast (CHeroBasi) S, = 1,26 1,4 S=18
BCETO g+9),, =353 g+35)=4,52
* KosdhdhuuuenTt ¢,, yanThiBaiowmit CHOC CHEra ¢ NOKPHLITHSA, IPUHST PABHBIM 1.

Harpy3ka OT MECTHOTrO YTOJILIEHUS] 060J04KH Y ONOp NaHeNnu (Bec AOMOIHUTEILHOrO 6eToHa) (pHc.
13.3)

G, = (h— I (x5 + 0,5%5 b, ¥,= (0,25-0,03)(0,38 + 0,5 - 1,0) 2,94 17,2 1,1= 10,77 kH.

DTa Harpy3ka He 3aMEHSIeTCSl 9KBUBICHTHOI PaBHOMEpPHO pacrlpeleIcHHOM, a YYHUTbIBaeTcst s
OIpe/ie/ICHHSI YCUJIMIA TPU CTAaTMYECKOM pacyeTe NaHeau. LIeHTp TAXeCTH MOMONHHUTENbHOW Harpysku
pacrnonioxeH Ha paccroshuu 0,6 M OT oniop.

Ycunus ¢ y4eTOM MECTHOIO YTONIIEHUSA 060N0YKH Y onop:

nonepeyHas cuna Q= (g+ B /2 + G =4,52-3-23,7/2 + 10,77 = 171,456,
usrubaownii Momeut M. = (g + S)B 120/ 8=4,52-3-23,7 /8 =952 kHMm.
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Pacuer o6onouxu K2KC no obueii Hecymieit cnocoGHOCTH M YCTORYHBOCTH

Tpebyemyio miowas ceyeHus paGouedt MpeaBapUTEIbHO HanpsXeHHO! apMatypbl A600 B HIDKHEM
nosice nuacparM HaxoauMm 1o dhopmyJie:

A= My/(z,R):; (13.1)
A, =952-103/1135- 520 = 1613 MM,

Mpunnmaem 2232 A600 ¢ A, = 1608 Mm2.

Tpe6yeMas TOMILIMHA CPEAHE YACTH CBOIa 0DOJI0UKHY HAaXOAUTCS U3 YCIIOBHUS IPOYHOCTH 1o popMyre

M
b, RyYo ’ (13.2)

hy_s >

rae Y, — Koo OUUNEHT YCI0BUS paGoThl TOHKOH 060/104KH, paBHbI 0,75 114 NaHe M IIMPUHOIA 3 M;
hyg =952 106/(0,75 - 11352940 - 17) = 22,3 MM < h’f= 30 MM, Ha3HayeHHOI 10 KOHCTPYKTUBHBIM
COOOpAXEHHSIM,

st npoBepKH 000J104KHK N0 YCTOHYUBOCTH HEOOXOIUMO NOACHUTATh FEOMETPUYECKHUE XapaKTEPHUCTH -
KM ceveHus B cepenuHe nponeta KXC (puc. 13.2):

A, = 258512 MM S,,,=200544040 M3,

PaccTosiHMe OT HYXKHEH IpaHM J10 LIEHTPA TSXKECTH CEYEHUA y = Sm,/Amd =776 MM; h — y = 1200 — 776=
= 424 mMm;

3KCLEHTPUCHTET YCUIHUS NIPENBAPUTEILHOTO 00XKaTHs €op = 776 — 50 = 726 mMm;

PAcCTOSHUE OT LEHTPa TAXKECTH CEYEHHS [0 OCH CXKATOM ITONIKM Y = Z; — €y, = 1135 — 726 = 409 mM.

MomeHT HHepuuK IpUBeaeHHOTO ceyeHus [, = 50788 - 106 MM,

H3ru6aiouiuit MOMEHT OT Harpy3ku ¢ KO3GPUIHEHTOM HAEXHOCTH Y= 1

My =(g+S8),,BI/8=3,53 323,72 /8=743537 kH'm.
Hponepxa TOJIILIMHBI 000I0YKK Ha YCJIOBHOC KPUTUUYECKOE HAIIPAXEHUE CXKaTUA

n
hog 20,81, |0%0_

0 (13.3)

rae  /p — pacyeTHbIH NposneT 060J0YKH, PaBHbIA PACCTOSHHMIO B CBETY MeXAy ByTaMH (puc. 13.2);

E, . — 3HaueHue Monyns aedopmauuit GeToHa NpU NPOAOIXKUTENBHOM AEHCTBMM Harpy3Ku
(CIT 52-101)

Eb,r = Eb/(l + (pb.cr ’ (134)

rae ¢, .= 2,3 ans GeToHa kiacca B30 npu HopManbHO# OTHOCHTENLHOM BIAXHOCTH BO3MYXA.

E, .= 19000 /3,3 = 5757, 576 MlIla;

hys=0,8- 2200\[743,537 -10° -409/(5757,576 -50788- 10‘) =17,60 MM < 30 Mm.

HasHayeHHas ToninHa 060104KH h’/= 30 MM yNnOBNETBOPSIET YCIOBUSIM POYHOCTH M YCTOHYHBOCTH.

[eomeTpuueckoe NOCTpoeHKe BEPXHEit noBepxHoCTH 060n0ukn KXKC u ee nepeMeHHO# TOMLIMHBI Ha
NPUONOPHBIX YuacTKax naHenu (puc. 13.3).

YpasHeHue BepxHeil MOBEpXHOCTH obonoukun y = 4fx(/ — x)/P = 4 - 950x (23600 — x)/23600? =
=68223x (23600 — x)10~19,

YpaBHeHHE NEpeMEHHOM TONWMUHBI 060JIOUKH NpUBOANTCS hopMyoit ans he 4

ho.s= Mg/ [7(x + 2b) Yy, R,] = 952000000/[1135 (x + 200)0,9 - 17] = 54820/(x + 200).

O/1HaKO HUXHSASA MOBEPXHOCTL 060/I0YKH HA HEKOTOPOM PacCTOSIHUM OT OMOPBI MMEET KOHCTPYKTHB-
HbIE U3/IOMbI; TOPU3OHTAILHBIIA YUaCTOK MIMHOM X, ¢ = 380 MM OT ONOpKI NEPEXONUT B HAKJIOHHBIH 101
yrioM 27°, nepecekaloumiics ¢ KXpUBOJIMHEHHOH HUXHEH MOBEPXHOCTHIO. OpAMHATHI, MM, TOYEK BCEX
noBepxHoCTei AaHb! B Tabn. 13.2.
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TadGauna 13.2

1 x 0 200 400 | 600 800 | 1000 | 1140 | 1200 | 1400 1600 | 1800 2000

2 ¥ 0 32 63 94 124 154 177 183 212 240 267 294

3 kg 240 137 91 68 55 46 41 39 34 noctostHHast h = 30

4 y—- ~240 | —105 -28 26 69 108 136 144 178 210 237 264
~hg 4

5 Yy —240 | —240 | =230 [ =130 | -10 70 140 - - - - -

OTMETKH HUXHell ToBepXHOCTH 0G0MOUKH OMNPENENSIOTCA KaK pasHoCTH (y — Ay ). YpaBHEHUe ceky-
uie#t nnockoctu y° = —240 + 0,5(x — 380) ot x = 380 no x = 1140 mm — mecTa nepeceueHus (0,5 =tg 27°). B
MECTe MepeceyeHus MIOCKOCTH € NnapabonuyecKoit MOBEPXHOCTBIO MO ee 00pasylollei AenaloT MIaBHOE
3aKpyrieHUE HeOObLLIOrO paalyca, C TeM YTOOb! H30€XaTh KOHLIEHTPALNHK HATIPSXKEHH .

Mnowans ceyeHus cTepXHEH TOPUEBOM apMaTyphl 4 | ONMpPEnE/AOT M3 HauOONBIIEro MO BEJMYNHE
YCUHUSA

Ag=N/R,, N =(@g+ 2)1(,2 b,/ (64z;) (13.5)
UJIn
N,=RADb/(BV), (13.6)

rneg=272-144=1,28 kH/M? — Harpy3ka oT COBCTBEHHOIO Beca MaHENH;
2 — conporusienue oTpuiBy, KH, npu cheme naHenun ¢ Gopml;
b, ~ paccrostme Mexay ocsiMy pabotueii apMaTypbl Anadparm.

N, no (13.5) u (13.6):
N, =(1,216 + 2)23,7%-2,84/(64 - 1,135) = 70,62 kH;
N, =520 1608 - 2,84/(8 - 2,94) = 100,965 kH > 70,62 kH.

TpeGyemoe konnyecTro apmatypsl kiacca AS00 A, = 100965/435 = 232 mM2. [TpuanmMaem 214 AS500 ¢
= 308 Mm2,
’ M3rubaloliu it MOMEHT OT pacUETHO Harpy3Ku B CE4EHUM Ha pacCTOAHUK 1,5 M OT paboueii moBepxHOC-
TH ankepa (puc. 9.3) npu (g + S) = 4,52 xH/m?

M, =4,52-3(1,5+0,05)(23,7 - 1,55)/2 = 232,77 kH'm.

PaccTosiHHME 110 BepTHKAMH OT OCH paboueil apMaTypbl 10 0CH 060JIOUKH B TOM Xe CEUeHUU
7, =4 LI135(1,5+ 0,05)(23,7 + 1,55)/23,7=0,28 m.

Tpebyemyio miowans paboueil MOBEPXHOCTM aHKEPA MPOJOJLHOM apMmaTtypbi Kaxaol aMadparmbl
HaiizeM no ¢opmyne A, = M /(2z,R;) = 232770000/(2 - 280 - 17) = 24450 mMm2. TIpu wupuHe nonku
L 250x160x20 1, = 250 MM TpebyeTcst Ha aHkepa [, = 100 Mm.

XapakTepHCTHKH NPEIBAPHTEILHOTO HANPSUKEHHS APMATYPHI M YCHINII 06:kaTHs GeTona

XapaKTepUCTHKM HEOOXOAHMBI JUIS1 pacyeTa Mo NPOYHOCTH CeYeHUil, HAKJIIOHHBIX K NMPOAOJLHOI OCH
anadparM; cedeHHil obonoukn Mexay avacdparmamu ¥ s nposepku naHeau KXKC no npenensHbimM
COCTOSIHMSIM BTOPOIi IPYIIIBI.

MMpeasapuTeNbHO HanpsiKeHHas apmarypa 232 A600 ¢ Asp = 1608 mMm2; R.rp = 600 MTTa.

Cnoco® HaTSAXXKEHUsl apMATYPBI EKTPOTEPMHUUYECKHUiA. TEXHONIOTMS N3rOTOBJIEHUS NANTHI C IPUMEHE-
HHMEM MpONapUBaHUs.

Onpenenum nepseic notepu ([ocodue k CI1 52-102).

[MoTepu oT penakcaunu HanpsiXXeHUil B apMaType paBHbI Ao, = 0,03 o,

0,=09R ,,=09" 600 = 540 MITa;

5. ser

Ao, =0,03- 540 = 16 MITa.

TMpuHKUMaAETCS, YTO MPU M3TOTOBJICHUM B MPOLECCEe MPONAapUBaHUA U3E/NUE HArpeBacTCs BMECTE C
¢opMoii M ynopamu, 0ITOMY TeMIEPATYPHBbIit NEPenan MeXIy HUMU PaBeH HYJTIO U, CJIEJOBATEbHO, NIOTEPU
ot edpopmauun GopMbl AG,,, M BHKEPOB AG, 4 IPH IEKTPOTEPMHUUECKOM HATSKEHUH TAKXKE PABHBI HYJTIO.
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TakuM 06pa3om, cyMMa Nepsbix noTepb AG, = Aospl = 16 MIla, a ycuiue 06XaTHs C y4ETOM NEPBbIX
noteps pasHo P, = 1608(540 — 16) = 842592 H.

B cOOTBETCTBMU C BLIMMCAEHHBLIMM paHee 3HAYEHUAMH Vo = €op = 726 MM nipoBEpUM MaKCHUMaTBHOE
CXHUMalolLee HanmpskeHUe 6eToHa G, OT neucrus ycunus (P)) no ¢opmysne

- Ry + Riyeop Vs + My,

o + 0P 4 (13.7)
Y An' lml Ired
[TpuHrMas MOMEHT OT cO6CTBEHHOTrO Beca M paBHbIM HYIIO
Oy = 842592 . 842592-726;‘/’76 =3.26+9,34=12,6 MTTa.

258512 50788-10

IlepenaTouHyio NPpOYHOCTb GETOHA MPUHUMAaEM PaBHOM Rbp =0,7B=10,7-30=21 MIla.
0,, = 12,6 MTa<0,9 R,,= 0,921 = 18,9 MTIla.
OnpegensieM BTOpble MOTEPH HanpsixxeHUit cornacHo [Tocobuio k CIT 52-102.
[loTepu oT ycaaku
AG,,s =0,0002:10° = 40 MTTa.
[Totepu ot nonsyuectu onpenensieM no hpopmyine
0,8¢, .00,
AG = Perte : (13.8)

A
st,,[umgmj(uo,s%)
red

roe ¢, , — ko3 bULIMEeHT non3yyecTu 6eTOHa, paBHBbIH 2,3;
o — KO3 GUUMEHT NpHBEACHMS apMaTyphl K GETOHY, paBHblit 10,526,

My, — K03(hPHLUKEHT apMUPOBAHHUSA, PABHBI Asp /A=1608 /258512=6,22-10"3.
Onpenennm HanpsikeHne GETOHA Ha YPOBHE HANPAraeMo# apMaTyphi npu y, = Vo= 726 mMm.
[ns 3TOro0 onpene/isieM MOMEHT B CEPEANHE NMPOJieTa OT COGCTBEHHOTO BECA MIUTHI

2 2
M= %- =1ﬁ2;9§'—2—3’7— 264,22 kHowm.

Toraa no ¢opmyie (13.7)
G = 842592 + 842592726 _ 264,22-10%-726
258512 7 50788-10° 50788-10°
IMotepu ot noasyuectu no popmyie (9.8)
0,8-2,3-10,526-8,22
7267 -258512
L e———
50788-10

=3,26+8,74 - 3,78 =8,22 MIa.

AO' sp6 =

=94,5 MIla.
l+|0,526‘6,22-10‘3[l

)(l+0,8-2,3)

Bropsie noTepu paBHbI
AGy ) = AT, + A0, =40+94,5=134,5 MlTa.
CmeapHaﬂ BEJIMMUHA NMOTEPL HANPSXKEHUSA
Gy + G, = 16+134,5=150,5 MITa > 100 MITa —

C/IeIOBATENbHO, MOTEPH HE YBETUYUBAIOT.
HanpsxeHue O,,) C YHETOM BCEX NOTEPD

Oy = 540-150,5=389,5 MITa.
Yeunue o6xaTust ¢ yueToM BCex MoTeps

P=0,,,4,,=389,5-1608= 626,316 KH.
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Pacuer npoYHOCTH CCYEHUI, HAKJIOHHBIX K IIPOJO/LHOIT OCH TIAHE/IM, 110 M10IIePEYHOI CHle

Pacuer BoinonHseM corsacHo [Mocobuio k CIT 52-102,

PaHee Ob110 MoyyeHo, YTO nonepeyHas cuna Ha onope cocrasaser 171,456 xH, uian Ha Kaxayio U3
nuacpparm Q = 171,456 / 2 = 85,73 xH.

OnopHbiM ceueHNEM CYUTAEM CeueHue JHadparMel 3a ONMOPHOI HaNKoi, T.€. Ha paccTosHUY 380 MM oT
Topua nauesn (puc. 13.3). 3aece iy = 240 + 65 — 50 = 255 mm.

B coorserctuu ¢ pexkomenpauusamu CIT 52-117-2008* no xomcrpyuposanuio auacdparm KXKC c
yyeToM paboTbl Ha TOMEPEYHYIO CHJIy BO BCEX CIy4yasX HEOOXOAMMO YCTAHABAMBaTb KOHCTPYKTUBHYIO
MonepeyHyIo apMaTypy IMaMeTPOM He MeHee 5 MM M3 poBosioku xitacca B500 ¢ warom 100 MM Ha yyacTkax
auadparm winHoi 0,085-0, 1/;, npumsikalowux K onopam (puc. 13.5).

Rcw Asw
I
s

ew =

rie R, = 300 MTla (a1a apmaTypsl B500);
A_ =19,6 MM? — nIOILIAAb CEYEH U IPOBOJIOKU 5 MM;

sw

s =100 MM — 11ar nonepeyHoit apMaTyphl.

~300-19,6

Gow =55 =588 H/wm.

3ananumcesi NpoeKUMEN HAKIOHHOTO CeYeHNs ¢, = 2k, = 2- 255 = 510 MM K HaileM BBICOTY CEYCHHs HA
pacctosHuu [ = 380 + 510 = §90 MM ot Topua naHenu. U3 puc. 13.3 cienyert, uto = 155 + 240 = 395 MM.
HaitneM 3HaueHue

P
R4’
rae A, — niowans anadparmsl bxka = 100 - 395 = 39500 Mm2;
P=1626,316/2=313,16 kH — ycunne o6xarus 6eToHa Ha oaHy AHadparmy.

P 31316-10°
RyA  2:17-39500

=0,466.

T 3w
‘ / i A B
2 | o 2
7 5.6 o
T 8 A -
1980 | 1000 1500 [ 1500 | 100 | 1600 )
A i i i 23960
yiena | v IV—IV e\
2 8 11 l]l 3 ul 3
@ 1 » —_— i-’___m&:z
=l I r:"'“ — =
= _"‘;LL TRIB | T om F’TI 111
|120 : It IR
Inan 54 sl 6
T ~— 4 | lig
8| === | ! )l
- | —
I7[ A #) | *%/‘

Puc. 13.5. Apmuposanue nanenun-oGonouku KXKC pazmepom 3x18 m:

/ — nanpsracmasi apmatypa adadparmbl; 2 — aHkep; J — apMatypHas ceTka 0BOJNOUKHM; 4 — MONepeuHas apMaTypa

auvacparmel (Ha yuactke T ycTaHaBAMBAETCsl TONBLKO NMPU HAMHYMKM MOABECHOTO TPAHCIIOPTAa); 5 — MOABECKA HapyXHas;

6 — nomBecKa BHYTPeHHssA, 7 — ceTka B Byre; & — Topuepas apmartypa (ceuenue IV'—IV' npu Hanmuum nomsecHuIx
KPaHOB U JUISt CETMERTHbBIX CBOOB)
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PacyeTHoe 3HayeHUE NPOEKIMM HAKJIOHHO TPEIMHBbI HaiixeM 1o dopmyne

c=hy I L3

\I0,75qm /(9 Ry b) +1,5tg’B (13.9

rae 8 — yron HakJl0Ha BepXHeil NOBEPXHOCTH FUTUTHI C KOHLUA HAKJIOHHOMN TPeLMHbI
155

tgB =22 = 0,174,
=35

2
P P ,
Kosdduuuent @, =1+1,6——-116| — [ =1+1,6.0,466-1,16-0,466° =1,494;
Ry4 Ry A

1,5 | 1,5
=255 . =255 >
‘ \[ 0,75-58,8/(1,494-1,15-100) +1,5-0,1742 V10,2567 +0,0454

=568 mMMm.

TIppHUMaEM HeBbIrOAHEIIEE 3HAYEHHE C) = C = 568 MM.
ITonHas u paboyasi BLICOTA IIOTIEPEUHOro ce4eHUs AnadparMbl Ha paccTosTHUM 948 MM (380 MM + 568 MMm)
paBHa:

h =164 + 240 = 404 mm; b, = 404 — 50 = 354 mm.

Onpenenum @, wis 5TOTO cedeHuns: A, = 100 - 404 = 40400 mm2;

P 31316:10°

= =0,456;
R.A, 17-40400

¢,=1+1,6-0,456—1,16" 0,4562 = 1,489,
TOTAQ:

1,50, Ry bh; .
c :]

0, (13.10)

_ 1,5-1,489-1,15-100- 3542
568

Q.,=0,75q,,c,=0,75 - 58,8 - 568 = 25049 H.

=56668 H;

O

BeryycuM 3HaueHue Q* Ha pacctosHuu [* = 380 +568 = 948 MM oT TOp1Ia MaHeNn:
Q*=285,73-4,52-1,5-0,948 = 793 kH;
Q,+ 0, =56,67+25049 = 81,72 > 79,3 kH.

I’Ipotu—locrb HaKJIOHHOTO ceYeHus obecneyena.

Pacuert noss 06010uku Ha u3rud Baob 0Opasytomeit

KopoTkyio UMTUEAPUUYECKYI0 0607104Ky Mexay AunadpparMaMy peKOMEHLYETCSl pACCYUTBIBATD HA U3rUb
B HanpasiaeHuM ee obpasyiouleii. [pH 3TOM HEOOXOAMMO YUUTbIBATh H3MEHEHHUA T€OMETPHYECKOIl CXEMBI
KOHCTPYKLHH BCJIEACTBHE POCTA NPOrdO0B, MOSBICHMS U Pa3BUTHS TPEILMH B inadparMax U YMEHbLUEHUS
KPUBU3HbI 000N0UYKH B NIPOLIECCE €€ HATPYXKEHUS Ha BCEX CTAMAX — OT Hayasa Harpy>XeHust A0 NOsBACHUS
TIPU3HAKOB MPEAETBHOTO COCTOSTHUS.

PacueT 1pon3BoasT nyTem ONpeaeneHus «u3rnbaiouleil Harpy3km» ¢, epeaolieiics Ha anagparmb!
3a cyeT M3ruba oO0ONOUKH, U CPaBHEHUsl ITOM HArpy3KH ¢ Hecylled CocOOHOCTBIO 060J0YKH Ha U3rub,
onpesessieMoil MeToIoM npeaebHOro pasHoBecusi. Hecyliyto crmocoGHOCTb 060104KH Ha U3rHO PEKOMEH-
JLyeTcsl IPOBEPSITh [IPU CJAEAYIOLIUX CXeMaX.

[pu paBHOMepHOM HarpyxeHunu (puc. 13.6) peulerue HeJIMHEHHOI 3afauu JUIsl onpeneseHNst MaKcH-
MaJibHOI BEJTMYUHBI p max — PACHETHOH u3rHbaloLIEil HArpy3KH Ha | M2 — MMeEET BUL,
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WO‘ .
9, max = I -( —— ](q AN o (13.11)
0

A€ g,, — PACYETHAS PABHOMEPHO PACTIpeaeNeHHAsA HArpy3Ka Ha | M2, IPHIOKEHHAS HEMOCPEACTBEHHO K
0bos10uKe ¢ yueTom ee Beca (Oe3 yuera Beca guadparm);
Womax — PACUCTHbII NPOrub nauen B cepenHe MposieTa, onpeaensieMsiit no dopmyane (13.12);
g — OKBHUBaNCHTHAs MO MOMEHTY B CepEIWHE MPOJeTa pacuyeTHasdA PABHOMEPHO pachpeaeneHHas
Harpyska Ha | M2 ¢ yueToM Beca naHenu (puc. 13.6);
gy — BEPTMKalbHast Harpy3Ka Ha | M2, 3KBMBaICHTHAs MO HOPMATbHON CHUJE, BO3HMKAIOLIEH B
060/104YKE OT NpeaBapUTETbHOIO HANPSKEHUS aHEeNH, onpenesemasn o dpopmyne (13.16);
% — KO3 UUHUEHT, YYNTHIBAIOIMNA HEPABHOMEPHOCTh pacnpeneieHUs] CUJI CKaTHUS B ODOJIOUKE,
onpenensieMblit mo ¢popmyne (13.17).
Benuuunsl, Bxoaaiume B ypasHeHue (13.11), onpenensior no popmyaam:

Wo,max =Wy —(Wy _wp) “’qq_; (13.12)
u
0,173/ o A
= o, 1+—=|-0,, [; 13.13
WJ, ZOES |: y( Ab J po] ( )
Pe, I,
wy=-——0b2 (13.14)
6Ly L reqo

Z[, = bf60, o =ES/E[,;
q,=8R Az, /byl*, (13.15)

rae G, — MPEes TEKYYeCTH apMaTyphl avadparm, npuHUMaeMblit no coorBetcTBylowuM I'OCTaMm; npu-
GJMXEHHO o,= 1,4R;

W, — TpOruo naHeau, COOTBETCTBYIONIMI HaYaNly TEKYYeCTH apMaTyphl inadparm;
W, — BbITUO NaHen OT CHJ MPEABAPUTEILHOTO HANPAXKEHHUS;
E, — ™onyas ynpyroctu paboueit apmarypsl anagparm,
G, — BEJIMYMHA NPEABAPUTELHOTO HANPAXKEHHS B APMATYPE C y4ETOM BCEX NOTEPb, ONPEAEsAeMast 110
CI152-102;
8P la0
9n =-——2—[ 0 ey, |: (13.16)
b()l _.VOArwIO
x=b780 %020/ e (13.17)

e e o X T TN T ]

y ¥
[
he -l

2 o), ?:[

4

Puc. 13.6. PacyeTnas cxema nanenn-otonouku KXKC:
1 — ocb o6onoukn; 2 — och paboueit apMaTypbl Anadparmbl
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rne 80 — TOJILIKHA O00JIOYKH B CEepEaAnHEe NposeTa;
Ared() — naolanb NMPpUBEACHHOMO CEYEHUS MaHEe/IN B CEPEAMHE €€ MPOJIeTa,

P — paBHozeiicTByIOL1as YCUNKT B HANPSITAEMOIA apMaType C YYETOM BCEX NOTEPD NPeABapUTEILHOTO
HaMpsAXeHHs..

Ecinu B cootBeTcTBM ¢ hopmynoii (13.17) % > 1, To cneayeT npuHUMaTh ¥ = 1.
g=g+S85=4,52 Mﬂa;ysp =1,].
Ito dopmynam (13.12)—(13.16):
gy=1,1"8-626316 [50788 - 10° / (409 - 258512) — 726] / (3000 - 23700%) = —0,8 xH/m?,
x = 2940 - 30 - 409 - 1135 / (50788 - 105) = 0,80617;
q,=8-520-1608 - 1135/ (3000 - 23700%) = 4,506 kH/Mm?;

Y- 626316-726-23700> 1,1 _
? " 6-0,85-19000-50780-10°

1 MM;

, = 0,173 23700%((1 + 10,526 - 1608 / (2940 - 30))1,4 - 520 — 1,1 -389,5] / (1135 - 20 - 10*) = 188 mm;
Wo.max — W, = 188,0 MM, nockonuky ¢ ~¢q,,.
MecTHas Harpy3ka Ha 060/104Ky be3 yuera Beca nuagparm
q,=2,72—0,64 + 1,8 = 3,88 kH/M2.

Mo dopmyne (13.11) ¢, .. = 3,88 — (1 — 188 / 1135)(4,52 - 0,8)0,80617 = 1,378 kH/m?2
MUHUMATBHYIO BeJIMUMHY U3THOAIOWe# HAarpy3Ku ¢, . MPH PaBHOMEPHOM HArpyXEHUW MaHeIH
onpeaeasior no popmye

Wi oo
Gb.min =M *(1_—0:“" )(‘IHIN )% (13.18)
0

TAE Wy i — PACYETHBLI NPOrKG NaHenu B CEpeMHE TIPONETA PYU HArPy3Ke, paBHOM ¢, OTpEAEIsieMOM No

dopmye
- ’ q
Wa.min -W).~(W‘,—Wp) 1_77 (13.19)

31€Ch wg,, Wy, gy, X OTPEAENSIOT Mo dopmynam (13.13), (13.14), (13.16), (13.17); G52 P onpeaensiiotr npu
Yo = 0.9.

q,=80,A4,2,/ by, 2. (13.20)
0, = 389,5- 0,9 = 350,55 MIla;
P=350,55-1698 - 103 = 563,68 kH;

w,=0,173- 237002((1 + 10,526 - 1608 / (2940 - 30)) 14,520 — 350,55] / (1135 - 20 - 10%) = 221,38 mMm.
Mo popmyne (9.20):

¢, =4,506- 1,4 = 6,308 kH/m?;

w,=-57,1-0,9/1,1=-46,72 mm.

Mo popmyne (13.19)

’ 4,52
Wi min =221,38-(221,38+46,72) I—m =78,642 MM.

Mo ¢popmyne (13.18)
78,642

L =388-[1- 202
qb,mm ( 1135

)(4,52 -0,8)0,80617 =1,089 kH/m2.
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[1pu HarpyXxeHuM naHeau-o60JI0UKHK MOCTOSHHOM PAaBHOMEPHO paclpeaeseHHON Harpy3koit g B coye-
TAHWUU C HArpy3KOH OT cHera S, pacnonoXeHHOW Ha JIeBOH nonoBuHe mpoJjera (puc. 13.6), usrubawomme
Harpy3k# COOTBETCTBEHHO JU1s JIEBOH ¢, , U NPABO¥A g, , MOJTOBMH [POJIETA ONPEALSIOT 110 Hopmyam:

2 (l + Y)wﬂnlax 3+2Y
=qms—|1- ' +qn % 13.21
Go0 =qm { 2+ 1 [ 3 &taw jx (13.21)
2Wp min | 3+Y
= — ]—____.‘__ ¢ , .
Qor =9M.r [ (2+Y)Zo }[ 3 g+aqn JX (13.22)

A€ Gy Gy, — PABHOMEPHO pACrpele/ieHHble HArpy3KH, MPUIOXKEHHbIC HEMOCPENCTBEHHO K 000JI0YKe
COOTBETCTBEHHO HA JIEBON M NMpaBOi NMOJOBUHAX TpOJETa C YYETOM COOCTBEHHOrO Beca
o6osouKkH;

Y — OTHOLUEHUE BPEMEHHOM (CHEroBoif) K MOCTOAHHOW paBHOMEPHO pacnpeaeseHHO Ha-
rpy3Ke, onpenenasieMoe no gopmyie

Y =5/8, (13.23)
30ECh Wy 10> Wiy i — BBIMUCIIOT MO opmyiam (9.16) u (9.23), 3aMeHsAA ¢ HA g, ONpeaensieMyio no
¢opmyne
g, =g+0,5S. (13.24)
[Tpu onpeneneHnm u3rnbGAIOLLINX HArpy3oK g, , M g, , COOTBETCTBEHHO BLIMUCSIOT BEJTHYUHbL:
W max 1 Gy PR Y, = 1,1;
wO,min H qN npu Ysp = 0’9;
y=1.8/2,72=10,662.

o dhopmyne (13.24):
q,=2,72+0,5-1,8=3,62 kH/m?;

3,62
= 188—(188+57,1), /1 -=— =78,63 mm;
WO.max ( ) 4 52 MM

’

Womin = 221,38—(221,38+46,72) /l "63,3‘;028 =46,37 mm.

_ 2(1+0,662)78,63 | 3+2-0,662
(2+0,662)1135 3

[To dopmyne (13.21)
-
q’)./ = 3,62 - I

2,72 ~O,8)0,806I7 =1,322 kH/m2.

ITo dopmyane (9.22)

Gh, =208 -

2.46,37 ][3+ 2-0,662

(2+0,662)1135 3 2’72“0’8J0,80617=—0,358 kH/m2.
+ b

Takum o6pa3oM, Hanbonbuasi n3rubaloLIasl Harpy3Ka MOJyuYnIach MPU 3arpy3ke CHEroM MOJOBUHbI
oGonouku g, , = 1,322 kH/m?.

Ipu pacyeTe apMHUpPOBaHUS NOJIKHU [JIUTHI €€ PACCMATPUBAIOT KaK GAIOYHYIO TUIHTY C MPOJIETOM MEXAy
ByTamu (220 MM, puc. 13.2) ¢ yueToM nepepacrpeneaeHus YCHANi B Npeae/ibHOM COCTOSAHU Y.

PacueTHbrit MOMeHT M =1,322-2.22 /16 =0,4 kH'Mm.

ITpu paGoueii BbicoTe obonoukn hy=h /2=30/2=15mm.

Pacyetnbiit ko3¢ duunent o, = 400000 / 17 - 1000 - 152 =0,1046.

OTHOCHTENIbHASA BBICOTA CKATOH 30HbI 6eTona £=1—/1-2-0,1046 =0,1107.
Tpebyeman naowans ceueHus apMatypsl &5 Mm knacca B500 ¢ R = 415 MTIla

A =0,1107-15-1000- 17 /415 = 68,022 Mm2.
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TpuruMaeM B MornepeyHoM HanpasieHuu @5 B500 ¢ marom 200 mm: A, = 98 mm?*/n.m. IpoueHt
apMUpoBaHus 060s104ku U = 98 / 150 = 0,65 % > 0,3 %. B npononbHOM HanpasieHUHU TpeGYyeTCa TOIBKO
0,2 % unu nuowank cevyeHus apmaryput A, = 0,2 - 15000/100 = 30 mmZ, TIpunumaem @3 B500 ¢ warom
200 MM, Te A, =7,1 - 5= 35,5 Mm?/nLM.

[TpoBepuM MpPOYHOCTH compsikeHuss 06onoukK ¢ avadparmamu no ¢opmyne (13.25) npu pasHbIx
3HAYECHUSX U3rUbatoLIeil HArTpy3Ku

M=—q'[}/16+a,a,+1)/2], (13.25)
rne /, v a, — pasMepbl NPOJIETa NOJIKY NaHe U U ByTa (puc. 13.2), a ¢’ paBHo g, 1 4y,
M . =—1322[2,22/16+0,22 (0,28 + 2,2) / 2] = ~0,7606 xH"m;
M_. =0,358/0,5687 =0,63 kH'm.

min

CeucHue ByTa 000/104KH B NIOCKOCTH rpani auadparM (puc.13.2): h = 75 Mm; by =75 — 15 = 60 mm;
apmarypa @5 B500 c miarom 200 mm.

BbicoTa cxaToit 30Hbl 6ETOHA MPU BOCIPUSATHU U3rHOAIOLETO MOMEHTA OTPULIATENIBHOTO 3HaKa X = 415x
x 98 /(17 - 1000) = 2,392 MM.

Hecyl1uas cnocobHOCTb ceueHus ByTa

M,,, = 171000 - 2,392(60 — 2,392 / 2) = 24,0 xH'M > 0,8342 xH"m.

a

M3arnbalouinit MOMEHT APYroro 3Haka MOXeT GBITh BOCIIPUHAT CeYEHUEM 6€3 apMaTyphl B pacTAHYTOM
30He. MOMEHT COMpPOTHBIIEHHUST GETOHHOTO CEYEHUS C YUETOM Heynpyrux gecdopmaiunit 6etoHa no popMmyse

w,= bh?/3,5=1000"752/3,5= 1607143 mm3.
Hecyuias ciocobHOCTb ceueHus ByTa 6€3 apMaTypbl B PaCTHYTOM! 30He

M= R, W,,= 1151607143 = 1848214 H-mm = 1,848 kH-m > 0,63 kH'm,
T.€ JOMONHHUTE/IbHON apMaTyphl B ByTaX CeUeHUs MOJIKU He TpebyeTcs.
[MpeaenbHas Hecyuias CrocOGHOCTb 0GOMOYKM Ha N3rMG ONpeaensieTcs Ha OCHOBE NPUHLMIA NPeaeib-

HOIO PABHOBECHS MCXONS W3 XapaKTEPHOH CXEeMBI pa3pylueHust 0600YeK pacCMaTPHBAEMOrO THa (pUC.
13.7).

a)

6)

) ————]
4—;::::::—::::_/'::::_':& —_—F
| b L

4l g

Puc. 13.7. Cxema paspymenns nanean-o6onsouku KXKC:

a — sy Ha madparMmy; 6 — njaH;
] — obonouka; 2 — pabouas apmatypa avadparm; 3 — TpelnHbl B iMadparme; 4 — NIaCTHHECKUe LIapHUPBI B 060/104Ke

[Tpu apMHUpOBaHMH OAHOM CBAPHO CETKOI € paboYHMH CTEPXKHAMM, PACIIONOXEHHBIMHU BAOL 06pa3sy-
ouieil 06004KH (T. €. NONEPEK NaHeAN), U NPU CXeMe U310Ma C TPEMSI ILIACTUYECKUMM WapHupaMH (o
OCH naHeaM M no JIMHUAM CONpsiKeHMs o0ONOYKM ¢ Byramu auadparm) q,, xH Ha 1 M2 0GOIOUKH,
onpeaensot no hopmysie
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_S000R A RA ] (13.26)

q, .

! A L ! Ryys,

rae R — pacuetHoe conpoTHBIeHHUE paboueit apmaTypsl o6onouku, MIla;
A_ — nnowanb ceueHust paboyeit apMaTypbl Ha | M? 0600YKH;
[, — paccTOsIHME B CBETY MEXIY ByTaMU 1uadparm, M;

§ — TonwuHa 0600YKH B PACCMATPUBAEMOM CEUEHUH, M.
_8000-415-98[ _415-98
00222 U7 10017

):1,855 KH/M2,

yTo DONbLIE HArpy30K, MoaydeHHbIX Mo dopmynam (13.11), (13.18) u (13.21); ato moarBepxkaaeT, 4ToO
Hecylas cnocoOHOCTh 000OUKHY Ha U3rKb obecreyeHa.
Hposepka naneau K2KC no Bropoii rpynne npeaebHbIX COCTOAHNIM
Pacuem no obpasosarnuio mpewun
N3rubaowwuii MomeHT B ceueHu KXKC no cepeanue mposieta OT HOPMATHBHOM HAarpy3KH € Y= 1
M, =0,125-3,53-3-23,72=743,54 kHM.
MoOMEeHT conpoTHUBAEHHsI ceYEHHs OTHOCHTEILHO HUXHEIi TPaHy cedeHMs!
W,y =1,/ y="50788 - 106/ 776 = 65448453 MMm>.

re
To xe, ¢ yueToM Heynpyrux necdopmannii 6eTona
Wp, =1,3W,_,= 1365448453 = 85083000 mm3,
[ns nerkoro 6eToHa kjacca B30 ¢ naOTHBIM MENKUM 3anoIHUTENEM Rb'm = 22 MlIla; R
MI1a; ycuive npeaBapuTesibHOrO HaMpsXEHUS apMaTypbi ¢ y4eTOM Beex nortepb P = 626,32 kH.

PaccTosiHue OT LEeHTpa TAXKECTH NPUBEACHHOrO CeYeHWs N0 TOYKH sapa, Haubonee ylaleHHOW OT
PacTAHYTOM 30HbI

= 1,75

bt.ser

r=W, /A= 65448453 / 285512 = 229 M.

N3ru6arolnit MOMEHT, BOCIPHHUMAEMBbII CEYEHNEM, HOPMAJILHBIM K MPOIOIbLHO# OCH, IIPU 06pa3oBa-
HUM TPELIMH!

M, = Ry, cor Wp, + p(eolJ +r); (13.27)
M, =1,75- 85083000 + 626316(726 + 229) = 747,03 xH-M > M_ = 743,54 xH'm,
T.e. TPEWMHbI He 0Bpa3yloTCst.
Pacyer no aepopmanuam

Benanuuny nporu6a wy, NaHeNM B CEPENMHE MPONETA C YYETOM JUIMTENLHOTO AEHCTBUS HArpy3Ku M
NpelBAPUTENILHOTO HAMPSIKEH USI OTTPEENSIOT N0 hopMyne

4
B[qsh +(1+(pb.cr)ql_qu10 B A‘Jsp(z)lo2
48Ey 1 eqo 6 Ehy,

Wy = , (13.28)

The g, — KPATKOBPEMEHHO ACHCTBYIOILAs YACTb HATPY3KH;
0, — KoadduumenT nonsyyectn 6erona (CIT 52-101);
¢, — IIUTENBHO NeHCTBYIOLIAA YACTh HATPY3KH;

q, — OSKBHUBAJICHTHas MO MOMEHTY B CEPCANHE NpoJieTa pABHOMEPHO pAacnpeacacHHas Harpy3ka ot
CWJI MPEABApUTEJIBHOIO HAMPAXEHNA, onfpeaeadeMas 1o dopmyne

_88ne,
. (13.29)

e

= A0

roe Ac 5

+ Ao;,,é — CyMMa NOTepb NpeABAPUTENLHOTO HANPsiXXeHMs paboyeii apMaTypbl OT ycall-
KH 1 nonsyyecti 6etona cornacHo CIT 52-102;

E, — Monyss ynpyrocti padoueii apMaTypbl anadparm,

p(2)
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hy. — paboyast BLICOTA MOTIEPEYHOTO CEYEHUs AHEIN B CEPEMHE NPOJIETa;
P“ y — paBHOEICTBYIOIIAs YCHIMIt B HaMpsiracMO# apmartype [0 o6XaTus 6eToHa,
onpenenseMas Np1 KoapUUUEHTE TOUHOCTU HATSKEHHS Yy, = 1;

€y, — PaccTosiHME OT OCH HanpsAracMoi apMaTypsl 10 LIEHTPa TSAXECTHU NpUBEeAEHHOro
CEYeHHUs MaHe/M B CepeiHe NPOJIETa;
B — uwvpuHa nmaHenu.

P, = 1608(540 — 16) = 842,59 kH.
Mo dopmyae (13.29)
. . . 3
= 8 842,592 726-10 2,9 kH M.
237007 - 3000
o dopmyne (13.28)
3,0[0,63+(1+2,3)2,27-29123,7"  1345.23,72

- =0,1256-0,0547 = 0,071 m.
48.0,85-19-50778 6-200000-1,15

Wor

JlonyctuMelit Nporu6 cocTapifeT ?(1)_010 =23,7/300=0,079 M > 0,071 m.

CnenosatenbHO, NPOrnG KOHCTPYKLNK YAOBAETBOPSET TPEOOBAHNAM HOPM.

14. CTYIIEHYATO-BCIIAPYIIEHHAS ITAHEJb

3anaune: TpeGyeTCs 3aNPOEKTHPOBATL COOPHYIO CTYNIEHYATO-BCNAPYILEHHYIO MTaHEeAh Pa3MEPOM B OCSIX
3,3%5,4 M ¢c onMpaHHUEM O ABYM KOPOTKHUM CTOPOHAM JUTS MEXIYITaXHOTO NepeKphITHA 0PNCHOTO 3AaHUS.
BpeMmeHHas Harpy3ka Ha nepekpbiTuy 2,0 kH/M2. BeicoTa ataxa 3,6 M.

Teomerpus naneamn

IprHKMMaeM BHELLHKE pa3Mepbl naHes M B IwiaHe 3,28x5,38 M. Bricota KOHTYpHOIO peGpa nanenu 270 mm,
IWMPUHA MO HUXHeH rpaHu ceyeHus 100 mm. Tmuta BBIMOAHAETCH ¢ ABYMSI CTYMEHAMH MO TOJMIHHE.
C yuerom pekoMeraauuii n.15.6 CIT 52-117 no BeiGopy ouepTaH1s HHXHER MOBEPXHOCTH MPYU PACUYETHOIM

1—

270 |2
—_—
100 F——————=——x

I

50 N al

—

5380

.
100 680155@

L
‘00'}% 3280

Puc. 14.1. TeoMeTpns nanenu
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crpeae nogbema f = 0,1 M (MeXOy CpellMHHOI IJOCKOCTbIO LEHTPaJTbHOI0 KeCCOHAa U MJIOCKOCTHIO
OeiCTBUS pacnopa B KOHTYpPe) MPUHATHI CIEAYIOLIHE Pa3MEPbl 3IEMEHTOB ILTUThI:

- UEHTpaNbHbI KeCCOH 1,6x2,7 M TonunHOM &, = 30 MM;

- rabapuTnt |-it crynenu 2,28x3,8 M ¢ TonunHoi antsl 50 MMm;

- rabapuTsl 2-it ctynenu 3,08x5,16 M (10 pedep) ¢ TonmHoR nauTe 100 MM.

Pacuernbie nposietsi nanenu: /| = 5,28 M; /, = 3,18 M. PaccTosHue OT Bepxa maHenan A0 MIOCKOCTH
ReACTBUsI pacnopa B KOHType = f+ 8 /2 =100+ 15= 115 mMm.

[Tanesb npoexTUpyeTcs u3 Tsesoro 6eroHa Kacca B30 (R, = 17 MIla; R, =1,15 MIla; E, = 32500 MITa).
B kauecTse 0CHOBHOI apMaTypbl pe6ep NPUMEHSETCA CTEPXHEBAs apMaTtypa Kiacca AS00 (R, = 435 MITa).

Jins cBapHbIX KapKacoB K CETOK NPUMEHSAETCA apMaTypHas npoBosioka Kiacca B500 (R = 415 MIa).

Ta6aunua 14.1
Harpy3kn ua Mty nanenu

B HArDy3KH Hopmartusnasi, PacyeTHas,
Py KH/Mm? Y KH/m2
1. CobcTBeHHDIH BeC Xene300eTOHHOH TUIMTHE 663 y4eTa Beca KOHTYPHBIX pebep 1,68 1,1 1,85
2. Becnona 0,80 1,3 1,04
3. BpemeHHast Harpy3ka 2,00 KH/MZXWAI*, 1,65 1,2 1,98
JUIMTENLHAS 4ACTh BPEMEHHO# Harpy3ku 0,70xy 0,58 0,70
HToro: nonuHast Harpy3ka 4,13 4,87
IUIMTCABLHO NeSiCTRYIOLIAsI HArpy3Kka 3,06 3,59
* B pacueTax niiMThl Wis BpEMCHHOIM HATPY3KU YYHTbIBAaeTCA MOHUXaommit ko3¢ duuueHT no n. 3.8,a CHull 2.01.07
nipu rpy30B0ii momanu A = 5,4 - 3.3 = 17,82 m?
0.6 0,6
W =04+ === =04 + ———==10,826.
. JAIA, J17.82/9

Tao6anuua 14.2
Harpy3ku Ha KoHTYpHOe peGpo nanenau

BHa Harpy3KH HopmatusHasi, y PacyerHas,
24 kH /M i xH/Mm

1. CoGCTBEHHDBI BEC KOHTYPHOI'O pebpa 1 Bec HeTOHA 3AMOHOUYUBAHUS LLIBA 0,74 1,1 0,82
2. Bec nonaonuHbl (MO TOJLUMHE) KUPMHYHOM TCPEropoaku Haa peOpoM ¢ 5,11 1,16 5,92

ABYXCTOPOHHCH LITYKATYpKOit BbicoTo# 3,38 M
M TOro npnioxcHHbIX HENOCPCACTBEHHO K pebpy g, 5,85 6,74
3. CoOCTBCHHDIN BEC MONOBUHLI LUMPUHDBI TIMThI 2,02 1,1 2,22
4, Bec nona Ha noAOBUHE WHUPUHbI TUIMTHI 1,26 1,3 1,49
5. BpemeHHasi Harpyska 3,14 1,2 3,77

B T.Y. VIMTC/IbHAS YACTb BPEMCHHOI HAIPY3KH 1,10 1,2 1,32
Wrtoro nepeaatorcs Ha pebpo nianToil:

TOJTHas Harpy3Ka ¢, 6,42 7,48

[UTUTEALHO ACACTBYIOLLAS HATPY3KA ¢, 4,38 5,03

PacueT minThbi

PacueTHbI# NOABEM MJIUTDI j,'] =hy—06/4=0,115-0,03/4=0,108 ™.
CyMMapHas BeJiMuuHa yCUIKil pacriopa H B AByX peGpax 04HOro HaMpaBsieHUA 110 LATPOBOH CXEME [0
dopmyne (15.2) CIT 52-117-2008*:

2,2
H = gh'ly .
12,12+ (14.1)
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4,87.5,287 -3,18?

H=
12.0,108,/5,282 + 3,182

=171,6 xH.

TpeGyeMast nyioians CeueHUst OCHOBHOMW apMaTyphl IS PSIOBOM NaHe M NePEKPLITHS

H 171,6

A= = =1,973-107m?.
2y, R, 2-1-435000

Jlnst kpaiiHuX naHeneit nepekpbitus v, = 0,7; rorna A, = 2,818 - 10~ m?.

[TpuHKMMaeM pacrioNiOXeHNe LEHTPa TIXECTH HUXKHEN apMaTypbl Ha pacCcTOSTHUM SO MM OT HYXHe#
rpaHu ceyeHus peGpa, BepxHeit apMaTypbl — Ha paccTositHUM 30 MM OT BepxHel noBepxHocTH. Torma
PacCTOSSHUE OT IJIOCKOCTH JICHCTBMS pacriopa B KOHTYpE IO LieHTpa TsKeCTH HUXHEH apmartypbl pebpa
cocraBHT 105 MM, 10 LIEeHTpa TSXKECTH BepxHeil apMatypsl — 85 MM, Toraa TpeGyeMoe KOJIMYEeCTBO HHXKHER
apMartypsl coctasut A, = 1,973 - 104 (85/190) = 0,883 - 10~4 m2, Bepxneit apmatypbt A= 1,973 - 1074(105/190) =
=1,090- 104 m2.

TakuM 06pa3oM, B yIJIOBbIX 30HaX U B IPOJIETE KOPOTKHX (OMOPHEIX) peGep psoBo# MaHENH B KaUeCTBE
HIKHEN apMaTypbl IOCTaTOMHO YCTAHOBUTH CTepXeHb B12A500 (4, = 1,131~ 10~4 M2); B KpaitHUX NaHeNaX —
B14A500 (A, = 1,539 - 1074 m?). B xauecTBe BepXHeit apMaTyphl MOTYT GBITh YCTAHOBJIEHBI COOTBETCTBEHHO
J12A500 u J14A500.

30

Ul
oo
=3
S|
o
w
2
1=
v

Puc. 14.2. TlonoxeHue apMATYPB! H TIOCKOCTH ACHCTBHS IIATPOBOIO PACNOPA NO BLICOTE CeyeHHA peGpa

[Ipu nposepke NANTH Ha CKXHUMAIOLLME YCHIUSI PAacdYETHbIH MOABbEM MAHEIM C YHETOM HeyHpyrux
JedopMaumii cxartoro 6eToHa onpenensierca no ¢popmynam (15.5), (15.6) CI1 52-117-2008*. ITpu 3ToM B
Clly4ae MPOIOJDKUTENLHOTO NeHCTBUA HArpy30K YYMTHIBAETCS CHHXEHHE HayaJibHOro Moy aecopmartuii
6etona no CII 52-101

E, = E /(1 + ¢, ) =32500/(1+2,3) = 9850 MIla.
CyMmapHasi BelM4MHa yCuiInit pacniopa H B 1ByX peGpax ofiHoro HampasieHus no (14.1) npu aurenn-

HO neitcTByowei Harpy3ke 3,59 kH/m? coctasaser 126,5 kH.
Cpenuss TOJMIIMHA MIUTbI CTYNEHYaTO-BCMAapyLIEHHOM TTaHeu 8m =0,067 M.

H(l +1.
fd=f,,[l— (4 ”]:0,108[1— 126,5(5,28+ 3,18) }:0,104M‘

4f}E}3,, 4-0,108%-9850000-0,067

Torpa fpeae/ibHas Harpy3ka no ycJioBHIO NPOYHOCTU CXAaTOH MIUTHI COCTaBUT

3# + 1) 3(5,28 +3,187)
= =T 8 R, =——————20,104-0,03-0,9-17000 = 19,30 kH/m’ > 4,87 kH/M’.
1 5,28% 3,182

AHAJIOTMYHO BBITIOJHSIETCS MPOBEPKA MPH HETIPOIOJDKUTENILHOM JIEHCTBUU Harpy3ku. I1py atoM ycu-
AKe pacriopa BbIYUCITAETCS OT NONHOM pacueTHO Harpy3ku 4,87 kH/M2, a pacyeTHbIii MOAbEM MaHEN — C
monynem nedopmauuit £, = 0,85E, =0,85 - 32500 = 27600 MIla:

H=171,9xH; f,= 0,106 M; g, = 19,67 kH/M? > 5,35 kH/M2.
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ApMUPOBAHME TUIUTBI MIAHETH BLITTOIHAETCS KOHCTPYKTHBHO CETKOM ¢ stueiikoit 200/200 U3 npoBosioKH
@3B500 .

[Mporu6 nauTtel Beruucasercs no gopmysne (15.8) CIT52-117-2008* npy HopMaTHBHBIX 3HAYEHUSAX HArPy30K

2 2
—a B +8 _ 5,287 +3,18
w1:(_ql_+q q/J(l ) _( 306 413 3,06]( ) _0.0202 m

Epe Ey ) 325,27 9850000 27600000 )32.0,067-0,1082

PacueT npoionbubix pebep no NpovyHOCTH

KoHTypHOe pe6po pacCUMTHIBaETCsl KakK Gajyika TaBpOBOro ceueHus. B cooTBeTcTBMM C TpeGOBAaHUSAMU
CI1 52-101 pacueTHasi IIHpHUHA NIOJIKK B ONHY CTOPOHY OT pebpa OrpaHMYHBaeTCs BeTUYUHOH b’/ <l/6=
=5,28/6 = 0,88 M. I[1p¥ 3TOM TOJIILIMHA TTOJIKK TepeMEHHA: Ha yyacTKe InpuHOii 0,04 M oT kpast /', = 30 MM,
3aTeM Ha yyactke mupuHoi 0,34 m h’f = 50 MM, 61mxe K pedpy Ha yuactke 0,40 m #’, = 100 mM. B 3anac
NEPBLI YY4ACTOK HE YYUTHIBAEM, CUUTAs PACUETHYIO LIMPUHY NOJKHU paBHoi 0,34+0,4+0,1 = 0,84 m.

PacueTHblii M3ru6aoMit MOMEHT OT BHEIIHMX PACYETHBIX Harpy30K

40\ |1}
M= + 1-— L,

e ¢,= 6,74 kH/M — narpy3ka Beca pebep ¥ Beca neperopoiky (paBHOMEPHas 1o AJIMHE NPONeTa);
g, = 7,48 xkH/M — Harpy3ka Beca ILIMTBL, BeCa M0N1a ¥ M0JIHask BpEMEHHas Harpyska (TpaneuueBuasas
Harpyska ¢ napameTpoM a = L,/2 = 3,18/2= 1,59 m).

2 Y] 2
41,59 115,28 = 46,40 xH-m.
3.528% || 8

M= {:6,74 +7,48 1

1,59 M

q, q,

’ 528 M ”’F”

Puc. 14.3. Harpyska ua npononsuom pedpe

A

TpeGyeMas apMmatypa no npouHoctu pedpa ([Tocobue k CIT 52-101):
o, = M/(R,,bhg) =46,40/(17000-0,84-0,22%) = 0,0671 <oy =0,372;

A, = Ry (1~ JT=2at,, )/ R, =17000-0,84-0,22(1 - \[T—2-0,0671) /435000 = 5,02 - 10~* m2.

TMpuxnmaem 28A500 (4, = 6,158 - 1074 m2).
TTonepeuHast CHIa Ha ONOpe OT PACYETHbIX HArpy30K

O=q,/2+q,(, -a)/2=6,59-5,28/2 + 7,48 (5,28 — 1,59)/2 = 31,2 kH.
IpoBepsieM ycoBue NPOYHOCTH 110 HAKJIOHHOM nosioce no dopmyie (6.65) [CIT 52-101]
Qp Rybhy =0,3-17000-0,1-0,17=86,7 xH >Q.
TpoBepsieM yc10BUsI NPOYHOCTH MO NOIMEPEUHOM CHJIE U1t JIEMEHTOB 6€3 MOoNepeyHOoi apMaTypsl

2,5R,bhy =2,5-1150-0,1-0,17=48,9 xH >Q.
Mpuc=3hy=3-0,22=0,66 m:

0,662

2

C
—qic-a,S—=31,6—6,74-0,66 — 7.48
0-ac-a5, 21,59

=26,1 xH;
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My =@y Ry, bR =1,5-1150-0,1-0,22% =835 kH-M;
Qo = M, /(3hy) =8,35/(3-0,22)=12,7kH < 26,1 «H.

[Monepeuynas apMaTypa no pacyeTy Tpedyercs.

Pe6Gpo apMupyeTcst KapkacoM ¢ nonepeyHoit apmarypoit @5B500 ¢ warom s = 120 MM B ONOpHO#t 30He

(s < hy/2=10,27/2=0,135m)
G = Ry Ay, /5= 300000-0,0000196/0,12=49,0 kH/M.

JlnrHa npoeKuUMHU HAaKJIOHHOTO CEYEHMsl, OTBEUaloLlas Hecyliei cnocobHocTu pebpa no nonepeyHoi

cune:

c= | Ms =\/ 835 0477 m;
Ot \0,75-49,0

€< = 30y =0,66M; c>c . =0,6h;=0,132m.

max

Hecyiuas cnocoGHOCTh MO NOTepeyHo cue

Q, +0,, = My /c+0,,9,,c=835/0,477+0,75-58,8-0,477 =38,5 «kH.

{IpvHATOE MPONOJBHOE M MOMEPEYHOE apMUPOBAHHE cienayeT MpoOBEPUTh pacyYETOM MPOYHOCTH Ha

YCUIIUSA, BOSHUKAKOLIME NPU U3TOTOBJICHUH, TDAHCITOPTHUPOBAHUN U MOHTAXE NMaHEH.

=

Puc. 14.4. KoHCTPYKUHS naHeau:

1 — cetkn n3 nposonoku P3B500 ¢ warom 200/200; 2 — xapkac u3 nposonoku P4B500 ¢ warom 120 MM; 3 — Kapkac u3

nposonoku @4B500 ¢ marom 120 mm annoi (/, + 1,)/6; 4 — apMarypHulii crepxeHs F28A500

Pacuer nponosshbix peGep no pacKpbITHIO TPELIMH

MakcuMasibHBIA H3rnbaloLIMik MOMEHT OT IVINTENBHO AEHCTBYIOIIMX HOPMATUBHBIX HArpy30K

1592 2
M, =|:5,85+4,38[I—ﬂ1l5’28 3380 kHm.

3.5,28? 8

FCOMeTpH‘lCCKMC XapaKTEPUCTUKU NMPUBEACHHOIO CEYEHHA:
o= E, / E, = 200000 /32500 = 6,154;
Ay =0,1.0,27+0,4-0,1+0,34.0,05+0,8-0,03+0,0006158-6,154 = 0,1118 M%;
Seq =0,027-0,135+0,04-0,22+0,017-0,245+0,024-0,255+0,00379-0,05 = 0,0229 M’;
Vi = Sg/ Arg =0,0229/0,1118=0,205 m;
L pq =0,1-0,27° /124 0,027(0,135-0,065)> +0,4-0,13 /12 +0,04(0,065 - 0,05)* +

+0,34-0,05" /12+0,017(0,065~ 0,025) + 0,8-0,03° /12 +0,024(0,065-0,015)% +
+0,00379(0,205 - 0,05)> = 0,000522 m*;
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W =1,/ =0,000522/0,205=0,00255 m’;
W, =YW =13.0,00255=0,00331 m*.
Marubaioiinit MOMEHT, BOCTIPUHUMAEMbII HOPMAJIbHBIM CEYEHUEM NPy 00Pa3OBAHHY TPEILNH

M e = Ry oW,y =1750-0,00331 =579 kH-M < M.

TpeinHbl 00pasyloTcs, HEOOXOAUM pacueT WNPHUHbBI PACKPLITUSI TPELLIUH.
B coorsercTBuM ¢ pekomeHaaunsmu CI1 52-101 nneyo BHYTpEHHEH Mapbl 4Nl TABPOBOrO CEYEHMS C
MONKOM B CXATOH 30HE U HANPSXEHUS B PACTAHYTOI apMaType B CEUEHHUU C TPEILHHOIL:

2, =0,84,=0,8-0,22=0,176 »™;

M 33,8-1073
S B =311,9 Mla.
O =4 T 0.176-0,0006158 ' n0 MM

5

Towans pactaHyToit 30HbI 6eToHa npy ee Bhicote 0,54 = 0,135 M < 0,9y, = 0,9 - 0,205 = 0,185 M n
6a30B0E PACCTOSIHUE MEXILY TPEIIMHAMU:

A,=0,1-0,135=0,0135 m;

4, 00135
d. =0,5——"">_78-307 mm.
A 770.0006158 307 mm

1,=0,5

KoadduuneHT HepaBHOMEPHOCTH pacrpeneNeHs OTHOCHTENbHBIX NehopMaUUil pacTAHYTOI apMaTy-
pbl MeXAay TpelUHAMU

M,
v, =1-08Mere 10837 _ 863
M 33,80

L npuna packpeiTis HopManbHbIX TpewwnH no CI1 52-101 npu npogonXuTensHOM pacKpbiTUY

3119
Aot = 010203 E‘I =1,4-0,5-1,0- 0863M3O7 0.289 mm <a__
ﬂpu HENMPOAOIXKNUTEILHOM NEeUCTBHH MOCTOAHHBIX U BPEMCHHDLIX (lUlHTCJlebIX u KpaTKOBpCMeHHle)

HOPMaTHBHbIX HATPY30K:

=0,3 MMm.

| 585642 1= |1528 _ 40 05 KH-M;
3528 || 8

1073
o, = M _ 40,05-10 -369.5 MITa;
5oz, A, 0,176-0,0006158

5

y,=1- 08 =1- 08£9—-0884
40,05

o 369,5
2 = -/, =1,0-0,5-1,0-0,884 ~—307 =0,251 .
acrc,l ‘01‘02‘93% E s 200000 MM

5

an HENPOAOKUTCIILHOM NEUCTBUHU MOCTOSHHBIX M BDEMEHHBIX ANTUTENAbHbIX HOPMATHBHbLIX Harpy3okK

311,9
Arey = Q12 P3Y ’I =1,0-0,5-1,0-0,863 —— 0000307=0,207 MM.

S
LluprHa HenmponoaXuTeNabHOro packpbitus Tpetuvd no CI1 52-101

Uoe = Ay V) — Ay =0,289 + 0,251 - 0,207 =0,333 mMm <a_,_, = 0.4 Mm.

Takum 06pa30M, YCI10BHsI obecrneyeHus COXpPAaHHOCTH apMaTypbhl NpH NPOAOCJKUTECIIBHOM U HENPOAOJ-
XUTEJIbHOM PAaCKPbITHU TPEULIHH BbIMTOJIHSIIOTCA.
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Pacuyet npornGos npononsubix pebep

Pacyer 1o nporu6am BbInonHsieTca U3 ycaosus f< f ., tne f, — 3Ha4EHHE NPEAETbHO JONYCTHMOTO
nporunba.

[Mpu orpaHuyeHuu Nporuda Mo 3CTETHKO-MCHUXOJIOTHYECKUM TpeboBanusaM (n.2 tatm.19 CHull
2.01.07) npu [, = 5,28 m £, = 28 mMM. Tpu 3TOM pacueT nporn6a f BEINOMHAETCH HA ACHCTBUE HOPMATUBHBIX
NOCTOSIHHBIX U BPCMEHHBIX ANUTENbHBIX HATPY30K.

Mpu orpannuernr nporu6a no KOHCTPYKTHBHBIM TpeboBaHusM (1.6 Tabn.6 CHull 2.01.07) £, = 40 Mm.

IMpu orpanuuerun nporuda no dusuonornyeckuM tpebopauusam (n.10.10 CHull 2.01.07) npun p =
=0,826-0,25-3,3/2=0,341 kH/M,p, + ¢= 10,23 kH/Mun b= 53,6:f"” = 53,8 MM.

PacueT nporu6a f npu orpaHM4YeHUAX MO KOHCTPYKTUBHLIM U (PU3NOIOTUYECKMM TPeGOBaHUSIM BBIMON-
HSAETCS Ha AeHCTBUE HOPMATUBHBIX NOCTOSHHBIX M BDEMEHHBIX JUIUTEILHBIX ¥ KPaTKOBPEMEHHBIX HArpy30K.

BricoTa cxaToii 30Hbl 1151 TaBpoBoro ceyedus mo CIT 52-101

’

, 2 ,oa L h . .
X =Ho (Msasz +Ms0‘s1+u/) +2| 10 +“sas]'h;+uf'% _(p‘saﬁ +Ns0‘s1+“/) . (14.3)

A, 0,0006158
=2 JD00008 ) ag;
3meck: Ky = = 0.1.0,22

, A 0,0001131
e = B, = 0,1-0,22

=0,00514;

. _ A7 0,8:0,03+(0,34+0,4)0,05
7 by 0,1-0,22

=2,773.

IMpusenenHbIl MOAYNb AedopMauuii cxaroro 6etoHa no pekomenaauusam CIT 52-101
Eyrea =Ry /€41 rea

- MPH HEMPOLOJIKUTENILHOM AeiCTBUK Harpy3ku E, ., = 17/0,0015 = 11300 MT1a;
- NPU NMPOAOTIXUTEIbHOM IEHCTBUU HArpy3Ku E,md =0,9-17/0,0028 = 5500 MI1a.
KoadhduuuneH npuseseHus cxatoit apmatypnl K 6etoHy rno CIT 52-101

oy = E.\'/Eb.rr.'d

- NIPH HENPOAONKUTE/ILHOM AEMCTBUY HAarpysKku o, = 200000/11300 = 17,65;

- IPU TIPOIOJKMTETLHOM AEHCTBMM HArpy3KH o, = 200000/5500 = 36,36.

[IpuseneHHbIH Monynb AedopMaLKit PACTAHYTOH apMaTypbl C YYeTOM BIAMSHHUS paboThl paCTSIHYTOTO
6eToHa MeXy TpellMHaMU

Es.red =E /vy

- Mpu ACHCTBUU MOCTOSSHHOW M BPeMEHHOM (AJUTENBHOW M KPaTKOBPEMEHHOW) HArpy3Ku Emd =
= 200000/0,884 = 226200 MITa;

- NIpu AeACTBUM MOCTOSIHHOM ¥ BPEMEHHOI ANUTENBHON Harpy3ku £, = 200000/0,863 = 231800 MITa.

KoadduuueHT npuBeneHUs pacTAHYTON apMaTyph! K 6ETOHY

Qg = Es,red / Eb,red

- NpU HEACTBUM TOCTOSHHOM M BPEMEHHOM (IIUTEJNbHOM W KPAaTKOBPEMEHHOM) HArpysku O, =
=226200/11300 = 19,96;

- TIPH AEHCTBMU MOCTOSIHHOMA U BPEMEHHOI AVTMTENbHOI Harpyskn o, = 231800/5500 = 42,15.
BeicoTa cxxartoil 30Hbl IPH HEMPOAOIKUTENLHOM AEHCTBUM NOCTOSIHHOM M BpeMEHHOM (RIMTENbHOR U
KPaTKOBPEMEHHOI) Harpy3ku
x,, =0,22{[(0,028-19,96 +0,00514 17,65+ 2,773)* +2(0,028-19,96 +
+0,00514-17,65-0,03/0,22+2,773-0,04-0,5/0,22)] /* -
—(0,028-19,96 +0,00514 17,65+ 2,773)} =0,0512 M.
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BbIcoTa ¢XaTOM 30HbI TIPU HEMPOLOKUTENLHOM NEHCTBUM MOCTOSHHON M BPEMEHHOU LTHTENbHOM
Harpy3ku no (14.3)

X,y = 0,22{[(0,028-42,15 + 0,00514 17,65+ 2,773)* +2(0,028 42,15+
+0,00514-17,65-0,03/0,22+2,773-0,04-0,5/0,22)]/* -
—(0,028-42,15+0,00514 17,65+ 2,773)} =0,0754 m.

BricoTa cxatoit 30HB MpPU TPOAOIDKUTENLHOM NEHCTBUM TIOCTOSTHHOM M BPEMEHHOW [UTMTENBHOH
Harpy3ku

X3 = 0,22{1(0,028-42,15+ 0,00514-36,36 + 2,773)? +2(0,028- 42,15+
+0,00514-36,36-0,03/0,22+2,773-0,04-0,5/0,22)]"/* -
~(0,028-42,15+0,00514 36,36 +2,773)} = 0,0744 .

Mneyo BHyTpeHHel napsl o CIT 52-101: z=0,84,=0,8-0,22 = 0,176 m.
XKectkocrs pebpa no CIT 52-101

D= Es,rchsz(hO —xm)

- FIPM HETNPOLOXKHUTETBHOM AEWCTBUM MTOCTOSHHON 1 BpEMEHHOR (JUIMTENBHON U KPaTKOBPEMEHHOM)
Harpy3ku

D, =226200000-0,0006158-0,176(0,22-0,0512) = 4138 xH-m;

- NP HETPOLOKUTELHOM AeiiCTBUM MOCTOSIHHOM U BpeMEHHOI TMTENBHOI Harpy3ku
D, =231800000-0,0006158-0,176(0,22 - 0,0754) = 3633 kH'm;

- IPY NTPOIOJIKUTEIBHOM AEHCTBHM IIOCTOSIHHOM M BpeMEHHOM MIMTENbHOI Harpy3Ku
D, =231800000-0,0006158-0,176(0,22-0,0744) = 3658 kH-m.

Kpususna no ussectHoit popmyne
I M

r D
- [IPY HENPOAO/IKUTENLHOM AEHCTBUM MOCTOAHHOM U BpEMEHHOM (IMTENBHOI U KPaTKOBPEMEHHOIA)

Harpy3sku
1 40,05
= | =—===0,00968;
( r)l 4138
- NP4 HENPOAOXKHUTEILHOM AEUCTBUU MOCTOSHHON U BPEMEHHO! JUIMTEIbHON HAarpy3KHu

1) 33,80
~| =—==0,0093;
(r)z 3633 ?

- TIPY [1POAOJDKUTENIBHOM JE€UCTBUU IIOCTOSIHHOM ¥ BpEMEHHOU NIMTENBHON HATPY3KU

1) 33,80
= | =222-=0,00924.
(rl 3658

MaxkcumanbHeiit nporu6 pedpa no dopmyne (7.27) CIT 52-101

5 5(1
==/ 2
/ 48 (r)max

- IPY TIPOZIOJKMTESIBHOM JEACTBUM MOCTOSIHHBIX M BPEMEHHDBIX JUTUTE/bHBIX HATPY30K
w, = (5/48)5,28? - 0,00924 = 0,0268 < f, , = 0,028 m;
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- 1O MIOJIHOW KPUBU3HE NPH ACHCTBUH NOCTOSHHBIX W BPEMEHHBIX UTUTENLHBIX M KPaTKOBPEMEHHBIX
Harpysok

w, = (5/48)5,282 (0,00968 — 0,0093 + 0,00924) = 0,0279 <, = 0,040 m;

- CyMMapHbIil nporuG MIMTHL M peGep He NPEBBIILAET NPEACIbHOTO NMPOruba no GpusMonorHyecKuM
TpeboBaHHUAM

w=w, +w,=0,0202+0,0279 = 0,0481 </, = 0,0538 m.

15. PAMHO-LIATPOBOE IIEPEKPBITHE

3ananue: TpeOyeTCs 3aNPOEKTUPOBATHL MEXAYITaXXHOE NEPEKPBITHE TOPTOBOIO 3AaHMS ¢ CETKON KOJIOHH
12x12 M B BUAE COOPHBIX PAMHO-LIATPOBLIX KOHCTPYKUMK A C ONMpPaHUEM 10 YIJIaM KOHCTPYKTUBHOM siyeiiKu
30aHUA HA KalUTe U KOJNIOHH. BbicoTa aTaxa 4,8 M.

T'eoMeTpus paMHO-IIATPOBOR KOHCTPYKUHH

IMprHMMaeM KOHCTPYKUMIO paMHO-1IATPOBOTO NMEPEKPHITUS Ha SUEHKY 34aHUA U3 CeMH COOPHBIX
3JIEMEHTOB B BUJIe peOPUCThIX MJIMT TPEX TUNOpa3MepoB (puc. 15.1).

[laTpoBasi pama o6pa3oBaHa IMarOHAJILHLIMU paMaMu 1, KOHTYpOM 2 CpeIHEero AMCKa, BHEIIHUM 3 U
BHYTPEHHMM (IIPOMEXYTOUHBIM) 4 KOHTYpaMH.

ImaronanbHble pambl BuiMOAHEHB! B coctaBe TMT I11 u [12 B BUAe pebGep mepeMeHHON BBICOTHI,
YBEJIMUMBAIOLICHCS OT BLICOThI KOHTYpa CpPEIHETO AUCKA 10 BbICOTHI GOPTOBOrO 3JIEMEHTA B YT/IOBBIX 30HAX.
Koutyp cpenHero aucka obpa3oBaH BHYTPEHHMMM NonepeyHsIMH pebpamu mauthl [12 ¥ cpenHUMH
YaCTSIMU COMNPSKEHHBIX BHEWIHUX MPOROIbHBIX peGep nauT 12 u [13. BHeluH Uit KOHTYp ATPOBOIi paMEl, B
KOTOPOM pa3MelliaeTcsl OCHOBHAs apMarypa Liatpa (3aTsxka), 06pa3oBaH WIMHHLIMH KOHTYPHBIMH pebpa-
MM TpaneureBnaHbIX B rutaHe miauT [11. BHyTpeHHUI KOHTYp 06pa3oBaH conpskeHHbLIMH pebpaMH IIMT
Il nI12.

PacueTHple NposieThl KOHTYpOB WATPOBOW paMmbl: Ly, = 11,84 m (BHewHuit KOHTYp);, L, = 90 M
(BHYTPEHHUM KOHTYP); L, = 3,0 M (KOHTYp CpeAHero ancKa).

C yuetom pekomenaauuii n.16.1 CI1 52-117-2008* no BeiGopy CTponTENbHO#M BEICOTHI TEPEKPITHSA MPH
CEeTKE KONOHH 12x12 M npuHuMaeM BoicoTy IMT I11 no nepumetpy syeiixu 1,25 M. [IpH 3TOM pacyeTHas
cTpena nogbema (pacCTossHUE MO BEPTHKAIM MEXIY CPEAMHHOM MJIOCKOCTBIO NOJISL MINT U NIOCKOCTLIO
NeHCTBUS Paciopa BO BHEUIHEM KOHTYPE B YPOBHE 3aTsKKHM) COCTaBUT f= hy — 11//2 = |,185 ™, roe hf—
ToNMHa nons maut (30 Mm).

[Monepeynoe ceyenne pebep KECTKOCTH, NOAKPENAAIOWMX none mauT, 0,1x0,17(h) M. Pebpa xecTkoc-
TH, PacrioNaraloluecs Ha TMHUAX NPOACJIXEHHA PEOEP KOHTYpa cpeHero AMCKa, BbINOMHAIOTCH YCUICH-
HbimMu: B rmTax 12 0,24x0,32(h) M — paBHBIMH N0 Pa3sMEPaM CEYEHHIO KOHTYpa CPEAHEr0 AMCKa; B ITATaX
I11 0,18%0,72(7)m. ConpsixeHHble KOHTYpPHble peOpa maut 12 u T3 nocne 3aMOHOMMYMBAHMA 1H1BA
ob6pasyior ceuenue 0,24x0,32(h) M. ConpsixkeHHble KOHTYPHbIe pe6pa naut I11 n 12 nocne 3aMOHOIHYHBA-

S i T A2

R \_L___L_I]_l__.{..__._l_./(’ [ -1 =
N Pl 2 Ut
= "NERVZ =< Ex
! : | RN \ 7 ' 4 ! i
:___, — == ==~ > ;1500, 3000 , 3000 , 3000 1500
[ i b i — + y
i M2 ot g2 g s
| 1 | 1 : I : iff |
| : f : i ' W 1] |
lr = :—————;—,% t::?::f :S:-—-—-E - _fl 12
-l A RN (I -
i ! J : |

1 ——— :,’/ ' N =
N 2 _i_':::ZL':'f‘L_——'::‘_' s '\\ :> l — ) g “\V//////////////é,l-

Puc. 15.1. TeomeTpus c60pHOro paMHo-waTpoBoro TnepeKkpbITHA
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HUs 111Ba 00pa3yloT ceueHue BHYTpeHHero KOHTypa 0,26x0,72(h) M. CeyeHHe BHEIIHETO KOHTYPa C YYETOM
NOJOBHUHBI IUMPHUHBI IIBA 3AMOHOJINYUBaHUs Mexay ntaMu 11 cMexHbix sueek 0,22x1,22(h) m. duaro-
HasibHble pebpa B npeaenax maut [12 umeior nepeMerHoe ceueHue ot 0,22x0,32(A) M Y YIIOB LIEHTPATLHOIO
aucka 1o 0,26x0,72(h) M y yrioB BHYTPEHHETO KOHTYpa. [lnaroHansHele pebpa, 00pa3oBaHHbIe COMpPSIXEH -
HbIMU pebpamu niut [11, umMel0T nepeMeHHbIe pazMepbl ceueHus oT 0,28x0,72(A) M y yI0B BHYTPEHHETO
KoHTypa 10 0,30x1,22(h) M BOAM3M KOJOHH. B npuBeaeHHBIX BbilE JAHHBIX O pa3Mepax ceueHH i yKa3aHbl:
BblCOTa — 6€3 yuyeTa TOJILLMHbI MONsl TUINT; LIMPUHA — CPellHsis 1O BeicoTe pebpa.

I1uTel NpoekTUPYIOTCS U3 TAXe0ro 6eToHa Knacca B30. beToH 3aMmoHoMMyMBaHus 1WBOB Ki1acca B30.
B KauecTBe OCHOBHO# apMaTypbl LIATPOBOWH paMbl MPUMEHSIETCA CTepXHeBas apMaTypa kinacca AS00. s
CBapHbIX KapKacoB U CETOK NMPUMEHSIOTCH CTEpXHeBasa apmartypa Kinacca AS00 ¥ apmaTypHas npoBOJOKa
Kknacca B500.

CO6opHbIe 31EMEHTHI NEPEKPHITUS COETUHSIOTCH MEXIy cO60it B y3nax COMpPsIXKEHUs CMEXHBIX pebep
CBapKoil 3aKNaJHbIX AeTANIER Yepe3 CTUIbHBIE HAKIAIKH U3 cTaau Kiacca C2335.

Taonuua 15.1

Harpy3sku Ha nepexpnitue
HopmartusHas, PacuerHas,
Bun Harpy3ku KH /2 7 KH /M2

1. CoGCTBEHHBIN BEC Xene300eTOHHBIX KOHCTPYKUM ¥ 6eToHa 3aMOHOIUYM~ 5,46 1,1 6,01

BaHMs LIBOB

TO Xe, B ripeaenax ueHTpanbHoi yactu 10,5%10,5m 4,30 4,73
2. Becrnona 0,80 1,3 1,04
3. Bec neperoponok 1,00 1,1 1,10
4. BpeMeHHas Harpyska [Jist pacucTa 3J1eMCHTOB 4,00 1,2 4,80

IUTMTCIbHASA YaCTh BPEMEHHOM HATPY3KH 1,40 1,68
5. BpemcHHast Harpyska 4,00 kH/m2xy ,* 3,00 3.60

AUTENbHASL YACTh BpeMEHHOM Harpysku 1,40xy ,, 1,05 1,26
Wroro:
[UTS PacUuCTA 3JICMEHTOB NMEPEKPLITUSE:

IUTUTENLHO OCICTBYIOWAS HArpy3Ka 8,66 9,83

MoaHas Harpy3ka 11,26 12,95
JUTS1 PAacUCTa SIMCHKM NEPEKPLITHSL B LIENOM™;

IUTUTC/ILHO ICHCTBYIOULas HATPY3Ka 8,31 9,41

TIOJIHAST HATpy3Ka 10,26 11,75

* B pacuetax suciiku NEPCKPLITUS B LETOM BPCMCHHAsSI HATPY3KA yUUTHIBAETCA C MOHMXAIOWUM KO3(pHLIMEHTOM v
(o 1. 3.8,6 CHull 2.01.07) npu rpy3osoii naowaan 144,0 m?
0,5 0.5
W4 =05+—F—=—=05+—=——==075
A JAIA J144.0/36

Ouenka XecTKOCTH KOHCTPYKIHH

Ha craauu BbIOOpa OCHOBHBIX TFE€OMETPHYECKMX pa3MepoB MpOrud cepeAuHbl MpoJieTa BHEUIHETO
KOHTYpa W, M NPOrHG LEHTPa AYEHKH W, TPUOINXKEHHO MOTYT ObITh OLIEHEHBI NO ceaylomuM Gopmyiam:

5 1145
wy =2l 8.66.11.84 ==0,014 w <f,=L/250 = 12/250 = 0,048 w;
9E, .f*  9-9850000-1,185
5 11 245
Wz ql{) 8,31 1[,84 _0’046 M(_/;‘=0,06|3M an L=12\/5:l6’97 M;

C27E,. S} 27-9850000-1,185°
Ey = Ey(1+,.,,) = 32500(1+2,3) = 9850 MTa.

Pacuet noJist Mt ¥ pedep XKecTKoCTH

B cnyuae paBHOApMUPOBAHHOI MANTHI NPH PACTIOIOXEHUU CETKU B CPEAMHHOM MIOCKOCTH Hecylluas
CNOCODHOCTbL NPSMOYTOJBHON TUIMTHI, 3alleMIEHHO| MO KOHTYpy B pefpax, MOXET ObiTh paccyMTaHa
METOIOM MpeaeNbHOTO paBHOBecHs 1o hopmyJie (pu b/a < 3)
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N 48m(a + b)
a3b-a)’

u

[ae m — NpeaeabHbli MOTOHHbII U3TUOAIOLLIMIt MOMEHT B IMHUSIX U3JIOMa 110 KOHBEPTHOM CXEME Pa3pylIeHUs,

a= 133 Mub=276M — COOTBETCTBEHHO MEHbIlasi U OOJbIIAST CTOPOHBI MPSIMOYrOJILHUKA
MaKCUMaJILHOTO N0 pa3MepaM KECCOHa MJIUTHI.

IMpu apmupoBaHKU NAUTHI ceTKOI W3 npoBonoku P4BS00 ¢ sueiikoit 100/100 MM:

4
_RA_41512600% e
Ryb 1711

m= Rybx(hy —x/2)=17000-1-0,00308(0,015-0,00308/2) =0,7048 xH-m/M;

4= 48~O,'27048(l,33+ 2,76) Z11,3 kH/.
1,33°(3-2,75-1,33)

TIpu pacyeTHOI Harpy3Ke cOGCTBEHHOTO Beca MIMTHI TOLIMHOI 30 MM, paBroit 0,83 kH/M?2, nonHas
pacyeTHas Harpy3ka Ha miuty coctasut 0,83+1,04+1,10+4,80 = 7,77 kH/m2 < q,

Pebpa xecrkoctu B anTtax I12 u I13 Moryt ObITh apMUPOBaHBI TUIOCKMM KapKacoOM C NMpoaoabHOM
apmarypoit @12A500 ¢ A, = 1,131 cM2, TIpH YCIIOBUM AOCTATOMHOCTH aHKEPOBKM BEPXHEH apMaTypsl B
ONOPHbBIX CEYEHUIX HECylIast CIOCOOHOCTD pebpa onpenensercs 1o popmymne

8
Qy :'Ef(Msp + Msup)’

rae M, u M, — TpenebHEIC M3ruGaIoUIME MOMEHTEI COOTBETCTBEHHO B CEPENIMHE NIPOJIETA U B OTIOPHOM
ceyeHuu pebpa. Ilpu BbiuKCIEHUM M Kak Wi TaBPOBOTO CEYCHMs! IUKPHUHA MONKH
npuHUMaetcs pasHoi 0,10+12 - 0,03 = 0,46 M.

X;, =435-1,131-107 /(17,0-0,46) = 0,0063 m;
M,, =435000-1,131-10(0,16-0,0063/2) =7,72 KH'm;
Xgp =435-1131:107% /(17,0-0,10)=0,0289 m;
M,,, =435000-1,131-107(0,17-0,0289/2) = 7,65 kH'M;

8
, = —=(7,65+7,72)=16,14 xH/m.
9 2762( ) /

]

IMpn pacyeTHOl Harpyske coGcTBeHHOrO Beca pebpa 1,1-25:0,1:0,17 = 0,47 xH/M 1 mmmpuHe rpyso-
Bol maowanu pedpa b/2 = 1,38 M nonHas pacyerHas Harpyska Ha rumuty cocrasut 0,47 + 7,77 - 1,38 =
=11,2kH/m<g,

Pacuyer Hecymeit cnocoGHOCTH paMHO-1ATPOBOI KOHCTPYKIH

PaccMoTpuM caydait paBHOMEPHO paclpelene HHONU Harpy3Ku o Beei IUTolaay nepeKphiTUs.

B o6uieM ciyyae pacueT Hecylleid CNOCOOHOCTH IIATPOBBIX KOHCTPYKLUMH MOXET ObITh BbINOJMHEH
KWHEMaTUYECKUM METOIOM TPEAEAbHOIO PABHOBECHS C UCMOJb30BAHUEM JEBATHANCKOBOI CXEMbI H3/IOMa,
BKJIIOUYAlOLLIEil BOCBMWYTONbLHBIA LUEHTPAIbHBIA AWCK W 4YETbipe YIJIOBbIX M YETHIPE MPOJETHBIX AUCKA,
00pa30BaHHbIe UCXONAIIMMU U3 YIVIOB LEHTPAIBHOIO JMCKA JIMHEHHBIMY TUIACTUYECKUMHU LapHUPaMH
(puc. 15.2).

Hecyiuast cnocobHOCTb KOHCTPYKLMH B 3aBUCMMOCTH OT €€ TeOMETPHH, CXEMbl HATPYXKEHHUS U MPOYHO-
CTHBIX XapaKTEPUCTUK 3JEMEHTOB KOHCTPYKUMM HAXOAUTCS M3 YCJIIOBHUS PaBEHCTBAa pabOT BHEWIHHUX H
BHYTPEHHHX CHJ1 U ONpe/IesisieTC MUHUMYMOM NPeneabHOM HArpy3Ku NpHU BapbUPOBaHUM TPEX HE3ABUCH-
MBIX TEOMETPUUYECKIX napameTpoB Y|, ¥, u ¥;, onpenensiomnx Gopmy cxemsl usjioMa (pasMepbl CTOPOH
LEHTPAJILHOTO IMCKA, PACCTOSIHUE OT YIJIa 1aTtpa 1o 6iauxailliero miacTu4eckKoro HapHupa Ha 60pTOBOM
3JIEMEHTE).
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Puc. 15.2. IepaTn3BcHHAs CXEMA H3JI0MA

PabGota BHELIHelt HArpy3K1 Ha BUPTYaJIbHOM NepeMelieHUH A = | 10 BEpTUKaIM LIEHTPAILHOrO IUCKa
onpenessietca hdopmynoi

Weu=aV,

roe V' — oOBbeM 3MIopbl BUPTYAILHbBIX IEPEMELIEHUIL B Cllyyae AefiCTBUA HATPY3KHU MOCTOAHHOW UHTEH-
CHUBHOCTH 110 BCEil MOBEPXHOCTH siuciiKU. B oO1uem Buae

V=1 4220, =Ly - ][y - Y -2 ]+

+([ﬂ—)’3){lo(l+E)—§[E()’l +Y2)+2Y2]}+(L—lo)(lo—)’|)E,

rae

E=Y,/(,+R:; R=(l4-Y)/2.
Pa6oTa BHYTpeHHUX CUJT B IMHHUAX U3noma W, MOXeET ObITh BhlpaxeHa paboToi npeaeTbHbiIX MOMEHTOB
Ha COOTBETCTBYIOUIUX yrjiax B3aHMHOTO MOBOPOTA IMCKOB B TOYKAX MEpeceUeHus MPoJAoJIbHBIX oceil pebep
KOHCTPYKUMH JIMHUSIMU M3JIoMa. B 3aBUCUMOCTH OT COOTHOUIEHUSI TEOMETPHYECKHUX Pa3MEPOB KOHCTPYK-
11I4M ¥ BEJUYUH NAPAMETPOB CXEMbI U3JIOMa MOXeET ObITh pACCMOTPEHO 16 pacueTHBIX cnydaes (Taba. 15.2),
rae B (hopMynax y4acTBYIOT CEAYIOLIME BETMYNHbI IPEAebHBIX MOMEHTOB:

My M, — COOTBETCTBEHHO BO BHEIIHEM W BHYTPEHHEM KOHTYPHBIX 3JIEMEHTAX B TOYKAX NEPECEUEHUS
UX IMHUSIMK M3a0Ma (puc.15.3, a, 6, 8);

M, — B pebGpe 110 KOHTYPY CPEAHETO KECCOHA AYEHKH B TOYKAX MEpecedeHUs TMHUAMU U3nomMa (puc.
15.3, a);

M, — B poneTHOM pebpe AYEHKHN Ha yUaCTKE MEXILY BHEIIHUM KOHTYPOM M KOHTYPOM CPETHETO KECCOHA
SYEeKM B TOUKE NepeceveHUst IMHUEH N3/10Ma MEXIy YIJIOBbIM M NPOJIETHBIM AMCKaMHM (puc. 15.3, a, 6);

M, — B TOM Xe pebpe B TOUKE NEPECEYCHUS JIMHUEH M3TOMA MEXIY LIEHTPANIbLHBIM H NMPOJNETHBIM
Iuckamu (puc. 15.3, 6);

M — B TOM Xe pebpe B TOUKE MEPECEUCHUS IMHUEH U3IOMa MEXJLY UEHTPAIbHBIM U YITIOBbIM IUCKAMH
(puc. 15.3, 6);

M, — B iMaroHaJlbHOM 3JIEMEHTE B TOYKE IepeceyeHus IuHuei usnoma (puc. 15.3, 6, 6).

Pa6oTa nosisi NJIMT yYUTBIBAETCS TEM, YTO NPHU BLIYUCIEHHM MOMEHTOB M;— M, dopma nonepeyHoro
CEYEHUS DAEMEHTOB MPUHHUMAETCS TaBpoBOii. [Ipy 3TOM BBICOTA MOJKH MPUHUMAETCS! PABHOW TOMIMHE
COOTBETCTBYIOLUErO TMOJI, a IIMPUHA — TIONIOBMHE TIPOJETA MEXAY COCEAHHMMH 3JIEMEHTAMHM OAHOIO
HarnpasieHus. [IpHOIMKEHHO MOMEHTbI My—M, MOTYT BBLIYHCIATLCA KaK MPOM3BENECHUE MPEAESBHOTO
YCUJIAS B HUXHeit apmatype R A, Ha njie4o BHYyTPEHHEN napel, C 1OCTATOYHOM JUISi pacyeTOB TOYHOCTBIO
IIPUHNMAEMOE KakK 7, = iy — hf/2.
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Ta6anna 15.2

Pacuernbie GpopMyIibl 115 BoIYMCICHHS BeaNYAHBI PAGOTHI BHYTPEHHHX CHI

Pacuer-
Hblil 5 y;gg?::;giﬁ;?::;" PacuctHbie dopmynst as Beraucnennn W,
cayyait I
I-A 3 Y,<4 8(My + M, + My ) g sino.+8M; 5 |cos ] .
|
1-B » Y, >4 8(My + M, + My)py-sina
2-Al Yis4 8[( My + M, )sina+ M;|coso] o, +42My0 4
5,>0
2-A2 Y,>4 B(Mq + M,)0 5 + N2My0 10 .
2Bl | W < Y,>A 8[(My + M,)sina+ M;|cosof Jouc +4(M2+ Mg)9xc
N v i ]
2-B2 VN >~ YZSA 8(M0 +M1)(pﬂcsina+4M6(pAC +8M4(P,43
=~ S,<0
2-B3 < Y,>A 8(My + M, ) pesina + 4(M2 + M) ¢
A
2-B4 > Y,<4 8[ (M, + M)sino+ My|coso |@pc +8My@ 45 +4Ms@c
3-Al T | heEd 8My@ - Sina+4(MN2 + Mg)@ 4c +8MyQ4s
3-A2 > | 1,4 B(My sinac+ My |cosaoac +4[(M, + M2 + Mg J0ac
>0
3-A3 < Y,<A 8(Mysina+ M;|coso)@ pe +8My@ 45 +4( M2+ Mg)ouc
A
f=d —
‘ ~ .
3Ad | 3 R AY 8My@acsina+4[ (M, + MNZ + Mg J0.c
kﬁ
3-Bl \/_ < stA 8M0(pBCS|n(X+8M4(pM +4M6([)AC
~J Vi
3-B2 > v,> 4 8(Mo sina+ M |cosof)@ pe +4(Ms2 + Mg)o 4
520
3-B3 < Y,<4 8(Mysino+ M;|coso)@ pe +8My@ 4p + Ms® 4uc
A
3-B4 > Y,> A 8 My pe sina+ 4(Msv2 + M) 4
R
S=Y)~(L+¥-2L)/2 Sy=Y,-(Ly+Y;-20,)/2 A=(L - L,)/2 a=arctg[}, T );
2~ h
(- ) -3 ) _ R ) Y
Oan == E)/ R 940 =N2/(Vy 4 R): 03¢ = 2/[RY + B); 2=R+(%-¥)

YacTHBIMU CITy4asiMM OOLLIEH JEBATU3BE HHOM CXEMBbI SIBIISIOTCS YETHIPEXAUCKOBBIE GanoyHas (puc. 15.4,a) u
KOHBepTHaA (pHUC. 15.4,6) CXeEMBI, a TAKXKE NATHAMCKOBAs LIaTpoBas cXxeMa (puc. 15.4, ).

2

Puc. 15.3. HexkoTopble pacuetnble cy4an BLIMUC/ACHHA pabOThI BHYTPEHHHUX CHIT
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a) 6) 6

Puc, 15.4. Hexorophbie 4acTHbIE CIYYal NeBATH3BEHHO#H CXeMbl H3/I0Ma

Tun cxembl uanoma Y, Y, Y,

BanoyHas Ly/2 Ly/2 0

KoHBepTHas 0 Ly/2 0
IaTpoBas 0 (Ly~13)/2 0< Y, <L,

Pacuer o 6anoyHo# cxeme MPOU3BOAUTCS U3 YCIOBHA

2(L
+
9L(L+Ly) My + M, +M,.
32
Pacuet no KOHBEPTHOM CXeMe MPOU3BOAUNTCA U3 YCIIOBUS

3

Pacyet no watposo# cxeMe anst 4aCTHOTO cyyas ¥; = L, npon3BoauTCcs U3 ycnoBus
3_p3
g\L- L 2

2
—T4—=M0+M1+2M4+M67' (]5'1)

KoHCTpyKTHBHO 3a1aemcs apMUpoBaHMeM peGep B npeaenax BHyTpeHHero KoHTypa 2@25A500 (A, =
= (,000982 M?). B MoMeHTax M, v M, nneyy BHYTpEHHMX Map COCTaBAT COOTBETCTBEHHO 0,71 - 0,03/2 =
=0,695mMu 0,31 —0,03/2 = 0,295 m.

Torna Tpebyemblit npenensHbIii MOMEHT M, B cpeaiHeli YaCTH NpONETa BHEUIHETO KOHTYPA U3 YCIOBUS
paspyiieHus Mo 6aJioyHol cXeMe COCTABUT

My =11,75-1 1,84%(12 +11,84) /32 — 435000 - 0,000982(0,695 + 0,295) =804,3 kH-m.
[puHuMas naeyo BHyTpeHHeH mapbl BO BHEIHEM KOHTYpe NpUONMXEHHO paBHbIM 1,195 — 0,03/2 =
= 1,18 M, nonyunm tpebyemylo rmioniaab apMaryphl kjiacca AS00
A = 804,3/(435000 - 1,18) = 0,001567 M2
MpnHumaem 20332A500 (A, = 0,001609 m?).
B6au31 KOHTYpa CpeaHEro Aucka B MOMEHTE M, N1e4o BHYTpeHHE# napet 0,31 — 0,03/2=10,295m.

Tpebyembiit npenenbHeIl MOMERT M B YIIIOBO}t 30HE BHEUIHETO KOHTYPA M3 YCNIOBUS pa3pyLIeHNs No
KOHBEPTHOMH CXEME COCTABUT

M, =11,75-1 1,843 /24— 435000 - 0,000982(0,695 + 0,295+ 0,295) = 263,7 kH'm.
MpuHumas mieyo BHyTPEHHEH napel BO BHEIIHEM KOHTYpe NpUOAMXeHHO paBHbiM 1,195 — 0,03/2 =
= 1,18 M, nmosiy4uM TpeGyeMylo MIoIans apMaTyphl Kiacca AS00
A;=263,7/(435000 - 1,18) = 0,000514 M2,
KoHcTpykTuBHO npunnumaeM &32A500 (4, = 0,000804 m2).
B yraoBoit 30He peGpa cMexHbiX muT I11, obpasyiomne yron BHEMHETO KOHTypa, JOJIKHBI ObITh

COEAMHEHbI CBAPKO# 3aKNIAIHLIX AeTaNei. YCunue B CBA3SX M CBapHbIX LIBaX B HATIPaB/ieHUM MEPNEHINKY-
JISIPHO AMATOHANU STYEHKH MOXET ObITh PACCUHTAHO KaK

N.=(2/2)263,7/1,18=158 kH.
150



[TpoBepum HeCyLyio CMOCOOHOCTh KOHCTPYKLUUY (10 LIATPOBO# CXeMeE MPHU NPHHITOM apMUPOBAHUH.
ITpy aTOM NIEYO BHYTpeHHEl Napsl B MOMEHTaX M, u M, BOIM3K KOHTYpa CPELHEro AUCKAa MOXET OhITh
npuHsaTo 0,31 — 0,03/2 = 0,295 M. Toraa u3 (15.1) nonyuum

_ 24435000
11,84 -3°

u

[0,000804-1,18 +0,000982(0,695 + 2-0,295 + 0,295-0,707)] = 15,44 kH/M? >

> g = 11,75 kH/m? — Hecylas crocoGHOCTb obecneyeHa.

VYri08bl€ 30HBl PAMHO-LIATPOBLIX KOHCTPYKLUMIA B MECTE ONMPAHHUSA Ha KAMUTENU KONOHH JOJKHEI OLITH
NpOBepeHbl Ha MPOYHOCTD MPU AEHCTBMM B HUX MEPElaBaEMOro AUarOHAILHLIM peGpOM YCUIHS

N = Vsingy + Hcosg,,

rae V — BepTHKalbHas ONOPHasl peakliusi OT Harpy3Ky Ha LIaTpe;
H — pacnop waTpoBoii paMb! B AMaroHaIbHOM HaNpaBJeHUU OT Harpy3KH Ha IIaTpe;
¢, — YroJl HaK/IOHa AMaroHalIbHOro pebpa IATPOBO# PaMbi K TOPU3OHTY.
Harpyska Ha WwaTpe npyHUMAETCH C y4eTOM COOCTBEHHOrO Beca KOHCTPYKUUIA B Mpefesax LeHTpallb-
HOW yacTu siyeitku pazmepom 10,5x10,5 M

g=4,73+1,04+1,10 + 4,80 = 11,67 kH/m2.

Jns xBaapaTHO# B NnaHe KOHCTPYKLMH;

yodot L) _11,67(11,84+9)°
16 16

=316,7 kH;

2 1,185-1,4142
= arctg —————o
L -1, 11,84 -3

¢y = arctg =0,18735 pan;

__4q {([0”4—214)
6421 3

_ 11,67 (11,84+9-2-3)

_64~l,4l42~l,l85{ 3

N=1316,7-0,1863 + 167,1 - 0,9825 = 223,2 xH.

[‘LO"’ﬂ+la)’+3lé]+(lo—lq)(lo+lq)’}=

[(Il,84—9+3)2+3-32]+(1 l,84—9)(ll,84+9)2}=167,1 kH;

Ha npoyHoCTb npoBepseTcst HUXKHAA MO BLICOTE MOJIOBMHA ONOPHOTO CEYEHMUS AMArOHAILHOTO pedpa:
0,3x0,6(h) M. [1pn 3TOM B pacueTHOM IONEPEYHOM CEYEHUH YUUTHIBAETCA NPORoJbHast apMarypa. Hecyias
CNOCOOHOCTb PAcyYeTHOTO CEYEHUS Ha CXaTHe NMPM YCTAaHOBKE B HIXHEH 30HE NMaroHanbpHOro peGpa
paGoueit apmartypbl 2325A500

N,=17000-0,3 - 0,6 + 435000 - 0,000982 = 3193 kH > N — npoyHocTs obecneyena.

Pacuer Hecymiei ciocoOHOCTH COOPHBIX PAMHO-IIATPOBBIX MEPEKPHITHIA
€ y4€TOM KOHCTPYKTHBHBIX 0cOBeHHOCTeH

[1pu pacuete COOPHbBIX WATPOBLIX KOHCTPYKLMl METOAOM NpeaebHOIO PaBHOBECHS CNEAYET YYUThI-
BaTh BO3MOXHOCTH peajiM3aliiy CXeM U3A0Ma, BKIIOYAIOWINX, Hapaay ¢ JHHEHWHBIMHM MIACTUYECKHUMH
MWIADHUPAMH, KOHCTPYKTHBHBIC LIADHHUPBI MO IUBAM CONMPAXEHUA COOpHBIX 3nemeHTOB. Ecnin B 3THX
CXEMax Hecylas CnocoGHOCTh KOHCTPYKLMM OKa3bIBaeTCSl HMXE TpeOyeMOoi, MOBLICHTh HECYLIYIO CHO-
CODHOCTH MOXHO YCTAHOBKOW M YUE€TOM B pacueTe CBsA3eil, NPemaTCTBYIOIMX PACKPHITHIO KOHCTPYKTHUB-
HBIX IUADHUPOB (HANPUMEP, CTAJIBHBIX NNACTHH, COEAMHAIOWMX 3aKJIANHbIE AETAIH CMEXHBIX COOPHBIX
3JIEMEHTOB).

OnHO#M U3 BO3MOXHBIX CXEM pa3pylIeHUs KOHCTPYKUHWYK SIBJSIETCS PAconoXeHUe JMHHUI H3ioMa B
LIBaX MO NEPUMETPY BHYTPEHHETO KOHTYPA ¥ B AMATOHAIbHbIX WBax Mexay nautamy I11 (puc. 15.5).

B aTOoM cnyyae B3aMHOMY MOBOpPOTY AUCKOB MPEMATCTBYIOT TPY BHAA CBA3EH, HATMYUE KOTOPBIX
MOXET OBbITb YYTCHO CIEAYIOWMMH NPEACTbHLMU MOMeHTaMu: M, — no yrioso#t ceasu; M, — mo
HaKJIa/lKaM, COeINHAIOWWM AMaroHalbHbie pebpa MTMT B NPOAOJILHOM HanpasieHnU; M, — Mo Hakankam,
COENMHSAIOLIMM NPONONBLHbBIE pedpa IMIKUT B MPOAETE BHYTPEHHETO KOHTYpA.
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Puc. 15.5. Cxema pa3pywenns ¢ pacnoloKeHHeM JTMHHK H3/10Ma B BAX 10 NEPUMETPY BHYTPEHHErO KOHTYpa
¥ MEXY KOHTYPHBIMH TIIHTAMMK:

1, 2u 3 — cBsI3u, paboTa KOTOPHIX YUUTHIBACTCA MPEACIbHBIMH MOMEHTAMHU, — COOTBETCTBEHHO M, M M,

BenanyunHa npeaenbHOM Harpy3ku onpeaensietcs GopMynon

242
(L-1)

Tpebyemoe ceveHue yriIoBOH CBA3KM MOXET ObITh ONPEAENEHO MO NOJYYEHHOM BhIlIE BETMYHHE YCUNHUS
N, = 158 kH. Ins nnactuubl tonuuHoi 10 MM u3 cranu knacca C235 TpeGyemast WIMpUHA CEYEHUs
158/(0,95 - 230000 - 0,01) = 0,072 M. KoHCTPYKTHBHO MpHHHUMaeM nnacTHy ceyeHueM 10x100 MM. YkazanHas
CBA3b PacroJiaracTcs B ypoOBHE OCHOBHOH apMaTypsl LLATPOBO#H paMbl U IRNISETCH YaCThIO APMATYPHOTO KOHTYpaA.
YCnoBHO cyUTas TUIEYO BHYTPEHHEN Mapbl B CEYEHUM N0 CBSI3W PaBHBIM [UIEYY BHYTPEHHEH Mapb! BHELIHETO
KOHTYpa BOIM3K yraa 1,18 M, nonyyum

4=

(M. +0.5M,+42M, ] (15.2)

M_=0,95-230000-0,01-0,1- 1,18 =257,8 kH-m.

HaknanHas mjacTMHa cBA3W 2 pacrnosiaraeTcsi B YPOBHE HUXHEH MOBEPXHOCTH peGpa BHYTPEHHErQ
KOHTypa. Ee NpoYyHOCTb NO/IXHA COOTBETCTBOBATL MPOYHOCTH paboyeil apMaTyphl AMAroOHaBLHOTO pedpa.
Ina naactuHbl TomumHoi 10 MM M3 ctanu knacca C235 Tpebyemast unpuHa ceyeHus (435 - 0,000982)/
/(0,95-230-0,01) = 0,196 M. KOHCTPYKTHBHO NpUHUMAEM IIACTHHY ceyeHnem 10x220 MM

M,;=0,95-230000-0,01-0,22-0,72 = 346,1 xkH'm.

Haknaanas nnacTuHa cBA3u 3 TaKKe pacnofaraercs B ypoBHE HHXKHEIH MOBEPXHOCTH pebpa BHYTPEH-
Hero KOHTypa. KOHCTPYKTUBHO PUHUMAEM NAACTUHY ceyerrem 10x70 MM M3 cranu knacca C235

M,;=0,95-230000-0,01-0,07-0,72=110,1 kH'm.
[1o dbopmyne (15.2) Haitaem

242
qu = (

m[zsmsw,s-:&%,l +J§.110,1]= 21,4 kH/M2 > g= 11,75 KH/M? — Hecylwas ciocoBHOCTb

obecrneyeHa.

CrneunanbHOro paccMOTpeHMsT TpeOYeT ciyyad, Koraa paspyllueHue KOHCTPYKUMU TMPOUCXOAMT MO
JIMHUM LUBa MEXOY [UIMTaMK cpeldHeil 30Hbl NEepeKphITHA C nepeceyeHueM JHHUeH u3noma naut 11 B
NnonepeyHoOM HaNpaBAeHHH B CPEAHEN YacTH ux nposneta (puc. 15.6).
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Puc. 15.6. Cxema pa3pyuieHHs C Pacno/IoKeHHeM THHHH HIJIOM2 B LIBE MEXKIY NIMTAMK cpeatel 30HbI NepeKPHITHA:
1, 21 3 — cBs3u, paboTa KOTOPbIX YYHTBIBAETCA NPEAENbHBIMM MOMEHTAMH, — COOTBETCTBEHHO My, M, n M,

B srom cnydyae B3aMMHOMY NOBOPOTY ABYX AHCKOB NPECHNATCTBYCT TNMPOYHOCTh CEYeHMil BHCIIHEro
BHYTPEHHEro KOHTYPOB B TOYKaxX MEPECEYCHMs UX JIMHHEH u3noMa (CoOoTBeTCTBEHHO M, = 435000 x
% 0,001609 - 1,18 = 825,9 kH'm u M| = 435000 - 0,000982 - 0,695 = 296,9 xkH-M), a Takue npenesbHbie
MOMEHTbl M — 10 HaK/aKaM, COeIMHSAIOIMM MIUTEL CPEeHEN 30HBI B YINIaX CPeAHEro aucka. Benmunuy
MpeAeNbHOM HArPY3KH VIS 3TOTO CTyHasi MOXHO ONpeAenTb o popMmysne

=l6(M0+M1+M,)' 53
L4 - 1) (1>3)

HaxnanHas niactvHa cBf3M 3 TakoKe pacnosiaraercsi B ypoBHe HUXHEH MOBEPXHOCTH pebpa KOHTypa

cpeaHero aucka. [TonbepeM ee MIMPUHY M3 YCIOBHS PaBHONPOYHOCTH CThIKA M peGpa KOHTYpa CpeaHero
aucka:

M, = M, = 435000 - 0,000982 - 0,295 = 126,0 xH"wm;
b, = 126,0/(0,95 - 230000 - 0,01 - 0,33) = 0,175 m.
KoHCcTpyKTMBHO NPHHUMAEM MIacTHHY ceyeHUeM 10x180 MM u3 ctanu kiacca C235.
M =0,95-230000-0,01-0,18-0,33 =129,8 kH'Mm.
ITo dopmyne (15.3) HaitgeM
_16(Mo+ M+ M,) 16(825,9+296,9+129,8)

L(3-1}) 12(11,84% - 3%)
HOCTb ofecrneyeHa.

u

=12,73 xH/mM? > ¢ = 11,75 kH/M* — Hecymian cnocoG-
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Tlpunoxenne A
(Cnpasounoe)

OCHOBHDBIE BYKBEHHBIE OBO3HAYEHHU S

YCHINS OT BHEIIHUX Harpy30K M BO3JeHCTBUIl B NONEPEYHOM CeYeHHH JJIeMEHTA

M3rubaroI it MOMEHT;
NPONOJIBHAS CHJIA;
rionepeyvHas cuna,
KpYTALIUA MOMEHT.

XapakTepHCTHKH MATEpPUAIOB

HOPMaTHUBHOE COTIPOTUBJICHUE GeTOHa OCEBOMY CXKATHIO;

pacueTHbIe CONMPOTHBIEHUS GETOHA OCEBOMY CXATHIO LTS Tpele/IbHbIX COCTOSIHUi COOT-
BerctBeHHO | u Il rpynn;

HOPMaTHUBHOE COMpPOTHUBIEHUE 6ETOHA OCEBOMY PaCTAXEHMUIO;

pacueTHble CONMPOTUBJIEHMS 6ETOHA OCEBOMY PACTAXKEHUIO AN NMpPeAeTbHBIX COCTOSHHIA
cootBetctBeHHo I u 11 rpynn;

PAcY€THOEC COMPOTUBACHHUE 6eTOHa CMATHIO;
pPacy€THOC COMPOTUBINECHHUE CLUENNICHHUSA apMaTypbl C 6CTOHOM;

pacyeTHbIe CONMPOTUBICHUSI apMaTYPhl PACTSXEHHKIO VIS MIPEAEbHbIX COCTOSIHUM COOT-
BeTcTBeHHO | 1 I rpynn;

pacueTHOe CONPOTUBIEHUE NONMEPEYHOR apMATYPBl PACTAXEHUIO;

pacyeTHOE COMPOTUBAEHHE APMATYPhI CKATHIO [UTS IpeAebHBIX COCTOSIHUI | rpynmbr;
HaYaTbHBIN MOAY/b YTIPYTOCTH GETOHA NIPK CKATUU M PACTIXXEHUH;

MO/Y/b YIIPYTOCTH apMaTyphbi;

npeaecibHble OTHOCUTENbHBIC ne(bopMauun 6eTOHAa COOTBETCTBEHHO NpH paBHOMEPHOM
OCEBOM CXaTHHU U OCCBOM PACTAXCHUH,

OTHOCHTENIbHbIE IEPOPMALIMK aAPMATYDhI NPY HANPSIXEHNH, PaBHOM R ;
KO3 PULHEHT nosizyuectu 6eToHa.

XapakTepucTHKM NOA0XKeHHs
NPOOJILHOI APMATYPHI B NIONEPEUHOM CEYEHHM 3JIeMeHTa

0003HaYeHHUE NPOAOCJILHON apMaTypbl: PU HATHYMKU CXKATOH U PACTAHYTOM OT AeHCTBUS
BHEUIHE! Harpy3Ku 30H CEYEHHUS] — PACMOJIOXEHHOI B pacTAHYTOM 30HE; NMPU NOJIHOC-
TbIO CXAaTOM OT ACHCTBUS BHELIHEH HArpy3ku CEYeHWM — DPAcriONIOXEHHOW y MEHee
CXaTo# FpaHyu CEYEHMS; MPH MOJHOCTHIO PACTAHYTOM OT AEHCTBUSA BHELWIHEH Harpy3ku
CEYCHUM:

A1 BHELEHTPEHHO PACTSHYTHIX 3JIEMEHTOB — PacMOJIOXEHHOI y Goniee pacTanyTOi
rpaHy CEYEHMS;
LIS UEHTPaNbHO-PACTSAHYTHIX 3JIEMEHTOB — BCEil B MONEPEYHOM CEYEHHUM INIEMEHTA;

0603HaYEHHE NPONOJIbHON apMATYPhI: MPH HAIMYHMH CXKATOI U PACTAHYTOM OT ACIiCTBUSA
BHEUIHE! Harpy3kd 30H CEYCHUS — PACMONOXEHHOI B CXKaToH 30HE; NMPU MOJHOCTLIO
CXAaTOM OT ACHCTBUSI BHELLHEH HAarpy3Ku CEYEHUU — pacnofioXeHHoM y Gonee cxaroii
rpaHu CEYEHUsi; MPU MOTHOCTHIO PACTAHYTOM OT ACHCTBUS BHELWHEH HArpy3KH CEUEHUH
BHELIEHTPEHHO PACTAHYTBIX NEMEHTOB — PACMONOXEHHOU y MEHEE PACTAHYTOMH rpaHu
CeUCHMs.

TeomeTpuyecKne XapakTepUCTHKH

LLIKPUHA NPAMOYIO/IbHOTO CEYEHHSI; MIMPHHA peGpa TABPOBOTO M ABYTABPOBOTO CEUEHMUIA;

IUMPMHA NOJKKA TaBpPOBOTO W ABYTaBPOBOFO CEYEHUW COOTBETCTBEHHO B PACTAHYTOH H
CXKaToit 30Hax;

BbICOTA NPSIMOYTOJILHOTO, TABPOBOTO U ABYTABPOBOTO CEYEHMIA;



BBICOTA MOJIKW TAaBPOBOIO M JBYTaBPOBOrO CE€4Y€HHIl COOTBETCTBEHHO B PACTAHYTOH M
CXaTo# 30HaX;

pacCTOsiHHWE OT PaBHOAEHCTBYIOLIEH YCHIMII B apMaType COOTBETCTBEHHO S ¥ S’ mo
Onuxaniuei rpaHU ceyeHus;

paGoyas BbLICOTa CEYCHHUsI, paBHast COOTBETCTBEHHO h—a U h—a’;
BbICOTA CXaTOMH 30HbI 6ETOHA;

OTHOCHUTEJIbHAA BLICOTA CXATOM 30HbI GeTOHa, paBHas x/h;
PacCTOSHUE MeXIy XOMYTaMH, M3MEPEHHOE [0 IJIMHE JIEMEHTA;

3KCHEHTPUCHUTET NMPOROJBbHOM CWIbI N OTHOCUTENIbHO HEHTPaILHON ocH, nmpoxoaauei
Yyepe3 LEHTP TAKECTU IPUBEACHHOTO CEYEHHS

paccTOsHUA OT TOYKH NMPUIOXKEHUS MPOAOABHOI cuiabl N 10 paBHONCHCTBYIOILEH YCH-
JIMii B apMaType COOTBETCTBEHHO S U S}

NPOJIET KOHCTPYKLIMH WIM €€ NPOAOJIbHBINA pa3mep,
[UTMHA BOJIHBI WM NOMNEPEYHBI’ pa3Mep KOHCTPYKIINY;
pacueTHas JUIMHA IEMEHTA;

CTpeJia OABbEMA INEMEHTA KOHCTPYKIINH;

panuyc MHEPLUH NMONEPEYHOTO CEYEHHS IJIEMEHTA;

HOMMHAJIBHBIA JHAMETP CTEPXHEH COOTBETCTBEHHO NMPOAOABHON M nonepeyHon apmMa-
TYpHI;
TIJIOLIAAM CeYeHUR apMaTypPhl COOTBETCTBEHHO SU S ”;

NJI01AAbL CEYEHHSl XOMYTOB, PaCIIONIOXEHHbBIX B OAHOH HOPMaJIBLHOM K NMPOXOJNILHOMK OCH
3/IEMEHTA MJIOCKOCTH, NepeceKaloleil HAKIIOHHOE CeYeHHe;

Ko3dbduureHT apMUPOBaHHsl, ONPEACNsEMbIH KaK OTHOWIEHHE TUIOIAAX CEYCHHMS apMa-
Typsl § K NJIOWAAN MONEPEYHOro CeYeHUst demMeHTa bh, 6e3 yueTa CBECOB CXaThiX
PacTAHYTBIX MOJIOK;

MJIOHIaAb BCEro 6eTOHA B NONEPEYHOM CEYCHMHU;
TIJIoIAAb CeyeH s 6eTOHa CKaToi 30HbI;
nnoLwwaab ceueHus 6eToHa pacTAHYTOMN 30HBI;
TJIOLLAAb NPUBENCHHOIO CEYEHUS INIEMEHTA;
TIJIOIIARDb CMSATUSA OETOHA;

MOMEHT MHEPLUH CeyeHUs Bcero 6€ToHa OTHOCUTENbHO HERTpabHOM OCH, npoxoasLueil
yepe3 LIEHTP THXECTH CEYEHUS INEMEHTA;

MOMEHT MHEPLUMHU NPUBCACHHOIO CEYEHHSA 3JIEMEHTA OTHOCUTENBHO HENTPaIbHOM OCH,
MPOXOASILIEH Yepe3 ero LEHTP TSAXKECTH;

MOMEHT COTIPOTUBJIEHUS CEYEHHA IEMEHTA [UTA KPailHero pacTAHYTOro BOJAOKHA;
panuyc KpUBH3HBI 2IEMEHTA KOHCTPYKUUU;

TOJILUHA MOJKU NPOCTPAHCTBEHHOTO 3/IEMEHTA;

BbiCOTa OBOPTOBOIrO 3N1EMEHTA;

NOrOHHbIE YCUJIMA, BOCIPUHMMAEMbIE apMaTypOi MOJAKHM COOPHOro 3jIeMEHTa COOTBET-
CTBEHHO B PacTAHYTOW U CXKaTO# 30HaX.
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IIpunoxenne B

JIUTEPATYPA

OcHOBaHHS 30aHUIR U COOPYXKEHHUIA.

BeToHHbIE H XeNe306eTOHHBIE KOHCTPYKLIMU (CIIPaBOYHO).

MocTs! v TpYOBI.

Hecynine 1 orpaxaatoiumne KOHCTPYKUHH.

IMoxapHas 6e30nacHOCTb 31aHUH U COOPYKEHUA.

CTpOUTENBLCTBO B CECMUYECKUX PaifOHAaX.

CranibHbIe KOHCTPYKLHH.

KaHar ogunapHoi csueku Tina JIK-O xoncrpykumu 1x7 (1+6). CopTaMeHT.
Kanar oaunaphoii csuBkn Tuna TK koHcrpykuuu 1x19 (1+6+12). Copra-
MEHT.

IpoBosnioka cranbHas kaHaTHas. TexHMYECKHE YC/IOBHS.

Cwmecu 6eToHHbIe. TEXHUYECKHE YCIIOBMS.

Kanars! cranbibie. KaHaT 3aKpbIThlil HeCyllMii ¢ OBYMS CNOSMU KJIMHO-
BUOHON M ONHUM CJNOEM 3eTOOPa3HOIl MPOBONOKH M CEPAEYHUKOM THMA
TK. Copramenr.

ApMaTypHbi€ 1 3aKJaJIHbie U3Me/1Usl CBAPHBIC, COCAMHEHUS CBapHbIE apMa-
TYpbl M 3aKJAAHBIX M3AENKH XeNe300CTOHHBIX KOHCTpyKuuit. OOLuue
TeXHUUECKUE YCIIOBUS.

WU3nenusa xene3o6eTOHHbIE U GETOHHBIE IS CTpOUTENbCTBA. OOLINE Tex-
Huyeckue TpeboBanua. IlpaBuna npueMKH, MapKHPOBKH, TPAHCIIOPTHPO-
BaHMA U XpaHEeHNS.

CoeouHeRus cBapHbIe apMaTypbl M 3aKJaIHBIX U3AESHIl XeNe306eTOHHBIX
KOHCTpYK1nif. TUMbl, KOHCTPYKLUUU U Pa3MEPBI.

[TpokaT M3 cTanu NOBbLIWEHHOW NPOoYHOCTH. OGLIHE TEXHUYECKUE YC-
JIOBHS.

Betonb! nerkue. TexHUUECKUE YCROBHS.

BeToHb! TsIXKeNnble U MENTKO3EPHUCTDIE. TeXHUUYECKHUE YCIOBUA.

HanexXHocTb CTPOUTENBHBIX KOHCTPYKUM I M OCHOBaHHH. OCHOBHbIE NOJO-~
XEHHUS 110 PacyeTy.

[MpaBuna no o6ecne4eHHI0 OTHECTOMKOCTH M OTHECOXPAHHOCTH Xere3o0e-
TOHHBIX KOHCTPYKLMIA.

BpeMeHHEBIE peKOMEHIalluK Mo obecrneyeH o 6e30NMacHOCTH GOBIIETTPO-
JIETHBIX COOPYXEHUH OT 1aBUHOOOPpa3HOTro (Mporpeccupyiouiero) oopyuie-
HUs nipu aBapuitHbix BodaeicTBusx. PIYIT «HUL «CtpoutenbcTBo». —
M., 2008.

PekoMeHaaLMK 0 3aLUTe MOHOMUTHBIX XWIBIX 30aHN# OT nporpeccupy-
rowtero o6pyiedus. I'YIT MHUUTIIL. — M., 2005.

PyKoBoaCTBO MO MPOEKTHPOBAHUIO XENE306ETOHHBIX MPOCTPAHCTBEHHBIX
KOHCTpYKUUil NOKPBITHI U nepekpbiThii. — M.: Crpoiin3aar, 1979.
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IIpunoxenue B

TEPMHUHbBI U ONTIPEAEJIEHUA

[IpocTpancTBeHHble CHCTEMbI — COOPYXEHHMs1 (pacyeTHble CXeMbl COOpYXEHHil), oOpa3oBaHHblE U3
COEAMHEHHRBIX MEXIY COOOH pa3fiUYHBIX JEMEHTOB, CIOCOGHBIX BOCIPHHMMATD NPHIOXKEHHYIO K HHM
TIPOCTPAHCTBEHHYIO CHCTEMY BHELUHMX CHJ, OT ACHCTBUSE KOTOPOH B HUX BO3HUKACT MPOCTPAHCTBEHHOE
pacnpeneaeHue BHyTPEHHUX YCUIHH.

ITpocTpancTBeHHble XKesle300eToHNbIe KOHCTPYKUMH — BBIMONIHEHHBIE U3 XeNe306eTOHa KOHCTPYKLUH,
KOTODbIE MOJ BIMAHUEM BHEWHUX CHIOBBIX H HHbIX (HAIPUMep, TeMIEPAaTYPHbIX) BO3AeiHCTBUI paGoTalor
KaK npocmpancmeéentbie cucmemsl. OHU NPUMEHSIOTCA B KAUECTBE NOKPbimuil, nepekpoimuii, CTEH 30aHNI
COOPYXEHMIA, a TAKXKe MOTYT [PeACTaBIATb COO0# COOPYXEHHUE B LIEOM.

ToHKOCTEHHbIE IPOCTPAHCTBEHHBIE CHCTEMbI — KOHCTPYKLIMH, Y KOTOPBIX [1Ba U3MEPEHHUS OHOTO NOpsa-
Ka CyLIeCTBEHHO MpPEeBHILLIAIOT TPEThE (TONIIHHY).

0060104Ka — NMPOCTPAHCTBEHHASA KOHCTPYKLMS, OTPaHHYEHHasl IByMS KPYBOJIHMHERHBIMH MIOCKOCTS -
MM, pacCTOSTHUE MeXAY KOTOPbIMH (TONLIMHA) MaJIO 1O CPAaBHEHUIO C APYTHMH € pa3MepaMi.

Ckiagka — 060404Ka, COCTaBl€HHas U3 OTAEAbHBIX IVIACTHHOK, COENMHEHHBIX MeXay co6oii M oOpa3y-
IOLLIKX MOBEPXHOCTb MHO20epanHuka. CKnaaka U3 npsAMOYTONbHbIX MJIACTMHOK HA3bIBAETCA npusmamuyec-
Koi. BanouHole ckaadku COCTOAT U3 MJIOCKMX 3NEMEHTOB-IpaHeil, COEAMHEHHBIX MeXay coGoit Mol yriaom
TaK, 4YTO B MECTE MX COMpPSXEHUA 06pasyeTcst NpsAMOJKHeiiHOe peGpo.

Cpezmmiaﬂ NOBEPXHOCTh — rCOMETPUHECKOC MECTO TOUCK B IIUTE 000/104KM MJIM CKJIAZKH, paBHOyAa-
JIEHHBIX OT €€ HUXHEH U BBpXHCﬂ IMOBEPXHOCTEH.

IayccoBa kpuBM3HA — NPOM3BENEHME [IaBHBIX KpUBU3H — 1/R, - 1/R, = K, rne R, n R, — makcumainp-
HbIH ¥ MWUHMMAaIbHbIA paJuyChl KPUBU3HBI (I/IaBHbIE PaAMyChli KPMBU3HbBI) TIOBEPXHOCTH B TJIaBHbIX
HOPMaJIbHBIX ceueHUAX. [10BEpXHOCTH, B KaXaoi Touke KOTOPhIX K MOMOXHTENbHA, OTPHLIATEIbHA WM
UMEET HYJIEBOE 3HaYeHUe, Ha3blBalOTCS COOTBETCTBEHHO NOBEPXHOCTAMHU NOAONCUMENLHOU, OMPUYAMENbHOIL
U Hyneeoli 2aycco8ol KPUBU3HbI.

YeTOIMHBOCTL — CITOCOOHOCTb CHCTEMbl HE3HAYHMTEILHO OTKJIOHATHCS OT UCXOAHOTO COCTOSIHUS PaBHO-
BECHS WJIN IBUKEH S TIPU IOCTATOMHO MaJTbIX BO3MYILIEHUAX. B KauecTBe BO3MYILAIOIMX (DAKTOPOB MOTYT
BBICTYIATh Pa3H4HbIE JOTMONHHUTENbHBIE HATPY3KK U BO3AEHCTBHUSA, NEGDEKTHI X OTKIOHEHHS OT MPOEKTHBIX
Pa3MepOB KOHCTPYKUMM U T.N. Harpy3ku, 1IpH KOTOPEIX POUCXOOUT Nomeps ycmoiuugocmu, Ha3biBaloTCs
Kpumu4eckumu, a COOTBETCTBYIOLLUE COCTOSTHUSL KPUMUHECKUMU COCTOAHUAMU.

HenuHeiHOCTb — pa3/vyaloT TPU BUIA HEJNMHEWHOCTH: dusuueckyio, 0OYCIOBNEHHYIO HEJTMHEHHON
CBSI3bIO MEXIY TEH30PaMHM HaMNpsKEHUH W nedhopMaunii; ceomempuyeckyio, onpenensieMyio HeJIMHEHHOM
CBSI3bI0 MexXay AedopMalMsiMU M MEpeMEILEHUAMH; U KOHCMPYKMUBHYI0, CBA3AaHHYIO C BO3MOXHBIMM
M3MEHEHHUSIMHM PACYETHOM CXEMBI B IPOLIECCE HArPyXKEHHS.

IpenenbHas Karpy3ka — Harpyska, OTBEYalOLUasi MOMEHTY UCYEPIIaHMs HeCyLeH CMOCOOHOCTH KOHCT-
pykuuu. OHa COOTBETCTBYET TOMY NMPEACABHOMY MOMEHTY, KOTAa KOHCTPYKIMS €1lle HaXOAUTCA B COCTOSA -
HuM paBHOBecHs. HanpskeHHOE COCTOSHHE BCEX 3JEMEHTOB KOHCTPYKLMM B TAKOW CTaJUHM Ha3blBaeTCA
COCMOAHUEM NPedensHO20 PABHOBECUS.

Koncmpyxyus ucuepnana ceoio necywyio cnocobHocms, eclii Majioe MpHupallleHNe BHELIHeH Harpy3ku
cnocoGHO BbI3BaTh HEMpeKpallaluuiics pocT nedopManuii ¥ mocneayowee pa3pyLeHue.

IMOCOBME IO MPOEKTHPOBAHHIO
XEJIE3OBETOHHBIX IPOCTPAHCTBEHHBIX
KOHCTPYKLIMM NOKPLITUI ¥ TEPEKPBITHH
(x CII 52-117-2008%)
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