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Beenenne

Hacrosiluee meronudeckoe mocobue (namee — mocoOue) CONEPIKUT —Pa3bsCHEHHE
OCOOEHHOCTEHl  METOAMK pacyeTa M NPaBWJI  KOHCTPYHPOBAHUS — MPOCTPAHCTBEHHBIX
JkeNe300€TOHHBIX KOHCTPYKLMIA 30aHUI U COOPYKEHHI, a Taloke MpUMEphl pacdeTa HEKOTOPBIX
BUZIOB TAKUX KOHCTPYKLHIL.

ITocoGue obecnieunBaer passutue noiokenuii CIT 387.1325800.2018 «Kene3obeToHHbIE
MIPOCTPAHCTBEHHBIC KOHCTPYKLMU MOKpbITUN U nepekpbituil. IlpaBuna npoekruposanus»y, CII
63.13330.2018 «CHull 52-01-2003 «beroHHBIE U kelle300€TOHHBIE KOHCTPYKUMH. OCHOBHBIC
nonoxenusy, CIT70.13330.2012 «CHwuII 3.03.01-87 Hecyuiue u orpakaarooiie KOHCTPYKLIU,
st obecriedeHnsi  PAILIOHANBHOTO IPOEKTHPOBAHUS IMPOCTPAHCTBEHHBIX MHOKPHITHH W
MEePEeKPbITUH 3/aHUH PA3NIUYHOrO Ha3HAYEHMs, TOBBIUEHUS HAAEKHOCTH M AOJITOBEYHOCTH,
CHHXKCHUA MaTepHUaAIOEMKOCTU u CTOUMOCTH MPOCTPAHCTBEHHBIX )Ke.IIe306e’TOHHbIX
KOHCTPYKLUIA.

CoBpemeHHEBIIl MOAXON K pacdeTy >Kelne300eTOHHbIX 00oJOoYeK M CKIagok Oasupyercs
NPEUMYICCTBEHHO Ha NPUMEHCHUU YHUCJICHHBIX METOHAOB C HCMOJb30BAaHUCM MPOrpaMMHBIX
KOMILIEKCOB M KOMIIBIOTEPHOI TeXHHUKHU. IIprMeHeHHe TaKuX METOOB LiesieCOO0pPas3HO B CIIyyasx
pacueToB KOHCTPYKLHI CO CJIOKHBIMH T€OMETPHYECKOH (HOpMOH M XapakTepoM TPaHHYHBIX
YCIOBHiA, INpU HEOOXOAMMOCTHM yueTa MNPOU3BOJILHONW HArpy3KH, B TOM YHCIE YCHIIHA
MpeaBapUTeIbHOro 00XkKaTHs 000NI0YKH, HEPABHOMEPHBIX CHErOBBIX M BETPOBBIX HAIPY30K.

IpuBeneHHbIe B TOCOOMHU IPUMEPHI pacdeTa 000JI0UeK H CKIIANOK OCHOBAHbI HA IPHMEHEHUH
PY4YHBIX ~ METOIOB  pacuera, JAOCTOBEPHOCTb  KOTOPbIX  O0DOCHOBaHa  pe3yJibTaTaMu
9KCTIEPUMEHTAJIbHBIX HCCIENOBAHUII M OMBITOM HPOEKTUPOBAaHHUSA. TakKue METOAbl MOTYT C
yCIIEXOM HCIIONb30BAThCSI MNpPU OOOCHOBAaHWM TEXHHUYECKUX pEIUEHHIT U ISl HPOBEPKH
Pe3yJIbTaTOB KOMITBIOTEPHBIX PaCcUeTOB NpH paboueM NPOEKTHPOBAHHH.

Iocobue mpenHa3Ha4YeHO AN MPUMEHEHHS CIELUAIMCTAMH, Ybsl NEATEJIbHOCTL CBA3aHA C
NPOSKTHPOBAHHEM MPOCTPAHCTBEHHBIX KENIE300CTOHHBIX KOHCTPYKLMIL, CHeLHaTHCTaMH
rOCyIJapCTBEHHBIX M HHBIX OPraHOB OJKCHEPTH3bI M COIVIACOBaHMs, MPENoAaBaTeNsAMU U
CTYACHTaAMHU CTPOUTECJIBHBIX y‘-IeGHbIX 3aBeI[eHHI71.

IMTocoGue paspaborano aBropckuM kosektusomM AO «HULL «Crpoutensctsoy — HUMKB
uM. A.A. I'BozneBa (pykosogurenb paborel — kaua. TexH. Hayk b.C. Coxonoe — paznenst 1-6;
KaHAuAaThl TexH. Hayk H.1. Osyunnuxosa — pasnensi 2, 5.3, 5.6, B.A. Tumaes — paznen 5.7, unx.

A.B. Ilacxun — pasnensl 5.4, 6).






1 O6n1acTb NPUMEHEeHHUs

PexomeHmanuu  HACTOAWErO0 TOCOOMA — PacHpPOCTPAHSIOTCS HAa  HPOSKTHPOBAHHE
Kee300eTOHHBIX 000MI0UeK, CKITAJOK M APYTHX TOHKOCTEHHBIX POCTPAHCTBEHHBIX KOHCTPY KLUt
TIOKPBITHHA M TIEPEKPLITUH 3MaHUI U COOPYIKEHUI Pa3NUYHOrO (PyHKIMOHAILHOrO HAa3HAYEHUS],
U3TOTOBJISIEMBIX W3 TSDKENOTO M MENKO3EPHHCTOrO OETOHOB, M JKCIUIyaTHPYEMBIX B
KIMMaTUYeCKUX ycloBusax Poccuiickoit ®@epepaiuu (MpU CHCTEMATHYECKOM BO3MEHCTBHUU
Temrieparyp He Beimie 50°C u me Hmmke muHyc 70°C), B cpeme ¢ HEarpecCHBHON CTEIIEHBIO
BO3JIE€HCTBHS IIPH CTATUYECKOM [EIICTBUU HATPY3KU.

2 HopmaTHBHBIE CCBLIKH

B mHacrosimeM MeTOOMHYECKOM IIOCOOMHM MCIOJIb30BAHBI CCHUIKM Ha CIEAYIOLIHe

HOPMAaTHBHBIE JJOKYMEHTBI

T'OCT 8239-89 JIByTaBpH! CTaNbHBIE ropsitekaTanbie. CoOpTaMeHT

I'OCT 10922-2012 ApmatypHble M 3aKjIagHble M3JENS, WX CBapHBIC, BS3aHbIC U
MeXaHWYeCKUe COeMMHEHHS IS KeIe300€TOHHBIX KOHCTPYKLuiA. OOLIye TeX HUIeCKHe YCIOBHS

I'OCT 13015-2012 M3pemusa OeToHHbIe U JKene300€TOHHBIE ANl cTpouTenbeTa. OOiue
TexHuueckue TpeGoBanus. [IpaBuiia mpreMKH, MAPKUPOBKH, TPAHCTIOPTUPOBAHHSI H XPAHEHHS

I'OCT 13840-68 Kanats! cranbHbIe apMaTypHble 1x7. Texaudeckue ycioBAsA

I'OCT 14098-2014 CoenuHeHusi cBapHble apMaTypbl U 3aKIaJHBIX  U3JENUil
JKe1e300€TOHHBIX KOHCTPYKLMHA. THITbl, KOHCTPYKLMU U pPa3sMepsbl

I'OCT 258202014 berousl jerkue. TexHuueckue yCiaoBust

I'OCT 27751-2014 Hapme:XHOCTb CTPOHTENBHBIX KOHCTPYKLUHMI M OcHOBaHUil. OCHOBHBIE
TIOJIO>KEHUS

I'OCT 27772-2015 Ilpokar &I CTPOMTENBHBIX CTANbHBIX KOHCTPYyKumil. O6uiue
TEXHUUYECKUE YCIOBHS

I'OCT 34028-2016 IIpokat apMaTypHbIil AJ1s jkene300eTOHHBIX KOHCTpYKLWil. TexHuueckue
yCIIOBHS

I'OCT 53772-2010 Kanats! cTaibHbIe apMaTy pPHbIE CEMHUIIPOBOJIOYHbIE CTAOHIIU3NPOBAHHBIE.
TexHUYeCKHe yCIOBHSL.

CIT 14.13330.2018 «CHull II-7-81*. CtpoutenscTso B CeicMHUUYECKHUX paiioHax» (c
n3MeHenuem Ne 1)

CIT 16.13330.2017 «CHuIT I1-23-81* CrasnbHble KOHCTPYKUMK» (¢ n3MeHeHHAMH Ne 1, Ne 2)

CIT 20.13330.2016 «CHull 2.01.07-85* Harpy3sku u Bo3zeiicTBus» (C u3MeHeHUsAMH Ne 1,
Ne 2)

CIT 21.13330.2012 «CHuII 2.01.09-91 3panust u COOpyXKeHus Ha NOAPAOATHIBAEMBIX
TEPPUTOPUSIX U MPOCATOUHBIX IPyHTax» (¢ n3meHeHneMm Ne 1)

CIT 22.13330.2016 «CHuIl 2.02.01-83* OcHoBaHUA 3HaHUH H COOPYKEHHID> (C
u3MeHeHussMu Ne 1, Ne 2, Ne 3)

CIT 25.13330.2012 «CHuIl 2.02.04-88 OcHoBaHus W (pyHODAMEHTHI Ha BEYHOMEP3JIbIX
rpyHTax» (¢ usMeHeHusMu Ne 1, Ne 2, Ne 3, Ne 4)

CIT 28.13330.2017 «CHuII 2.03.11-85 3amura CTPOUTEIbHBIX KOHCTPYKLHUI OT KOPPO3UIDY
(c m3menenusmu Ne 1, Ne 2)

CIT 48.13330.2019 «CHulI1 12-01-2004 OpraHusaius CTpOUTENIbCTBAY



CII 63.13330.2018 «CHuII 52-01-2003 BeroHHbIE W KeNE€300€TOHHbIE KOHCTPYKITHHL.
OcHoBHbIe nosokeHus» (¢ u3meHeHuem Ne 1)

CIT 70.13330.2012 «CHuII 3.03.01-87 Hecywmue u orpakparommue KOHCTPYKIHI» (C
usmeHenusimu Ne 1, Ne 3)

CI1 96.13330.2016 «CHuIT 2.03.03-85 ApMOLIEMEHTHbIE KOHCTPYKLIHH»

CIT 112.13330.2011 «CHulIT 21-01-97* TloxapHasi 6€30MacHOCTb 3AaHUIA U COOPYKEHHUID»

CIT 131.13330.2018 «CHuII 23-01-99* CtpouTenbHasi KIMMATOIOTH)

CIT 304.1325800.2017 KoHcTpykiuu OONbIIETPONIETHBIX 30aHU U coopyskeHuil. Ilpasuna
SKCIUTyaTaluu

CIT 387.1325800.2018 JXKene300eToOHHbIE MPOCTPAHCTBEHHbIE KOHCTPYKLHH TOKPBITHH U
nepexpbiThii. [IpaBuia npoekTupoBanus (¢ u3mMeHeHuem Ne 1)

IIpumedyanue — [Ipn noas30BAHHH HACTOSIIMM MOCOOHEM IIEIECOOOPAa3HO MPOBEPHTH ACHCTBHE
CCBUIOYHBIX JOKYMEHTOB B HH(OPMALMOHHON CHCTEME OOIIECTO NOJB30BAHHA — HA O(DHLHAILHOM CaiiTe
(heaepanbHOrO OpraHa WCTIOJIHUTEIBHOM BIACTH B cepe CTaHAApTH3AIMH B CETH MHTEPHET WIH MO €KCTOTHOMY
HHOOPMALHOHHOMY YKa3aTearo «HalHOHAIBHBIE CTAHAAPTHDY, KOTOPHIA ONMyOIMKOBAH IO COCTOSHHIO HA 1 AHBaps
TEKYIICro roja, W MO BBIMYCKAM €KEMECAYHOTr0 HH()OPMAIHOHHOTO yKa3arelsi «HarmmoHanbHbIE CTaHZAPTHD 3a
TEKyIu# rod. Eciam 3aMeHEeH CCHUIOYHBIH JOKYMEHT, HA KOTOPBIM JaHA HEAATHPOBAHHAS CCHUIKA, TO PEKOMEHIY €TCA
HCIIOIIE30BATh ACHCTBYFOIIYEO BEPCHIO 3TOTO JOKYMEHTA C YUCTOM BCEX BHCCCHHBIX B JAHHYIO BEPCHIO H3MCHCHHH.
Ecmu 3aMeHeH CChUIOYHBII JOKYMCHT, Ha KOTOpLIﬁ JaHA JATHPOBAHHAA CCBUIKA, TO PCKOMCHAYCTCA HCMOJIB30BATH
BEPCHIO 3TOT0 JOKYMCHTA C YKAa3aHHBIM BBILE TOJOM YTBEP/KACHHA (NMpUHATHA). ECmHM mocne yTBEp:KICHHA
HACTOAWICTO CBOAA MTPABUII B CCBUIOYHBIH JOKYMCHT, Ha KO’I‘OpBIi;I JaHa JATHPOBAHHAA CCBIJIKA, BHCCCHO H3MCHCHHC,
3ATPATHBAIOIICE TOJIOKCHAE, HA KOTOPOE JAHA CCBHUIKA, TO 3TO MOJOKCHHE PSKOMEHAYETCA MPHMCHATh 0e3 yuera
JAHHOTO U3MCHCHHA. Ecmu cchutouHbIH JAOKYMCHT OTMCHCH 0e3 3aMCHBI, TO MOJIOKCHHUC, B KOTOPOM JdHA CCHLUIKA HA
HETO, PEKOMEHIYETCS IIPUMEHSTH B YACTH, HE 3aTPArHBAIOLIEH 3Ty CChUIKY. CBeeHHs O JEHCTBHH CBOJOB NPABHI
LIeIeCO00pa3Ho NpoBepuTh B DeaepaabHOM HHGOPMAUHOHHOM (GOHIE CTAHAAPTOB.

3 Tepmunb! H onpeaeJienust

B HacrosimeM IToco6un npumenensl Tepmunsl o CIT 63.13330, CIT 387.1325800 u 'OCT
27751, a Taxke CleAyIOLIHEe TEPMUHBI C COOTBETCTBYIOILIUMH ONpPeAeSIeHUsAMHU

3.1 BemapymeHHasi naHe b IIpOCTPaHCTBEHHBIIH 3JIEMEHT NEPEKPBITHS C TIOCKOH BEpXHEil
NOBEPXHOCTHIO, MJIOCKMM KOHTYPOM U NEPEMEHHOI TONIIUHOMN, YBEIUUHUBAIOLIEICS K KOHTYPY.

3.2 MeToa MOAEHPOBAHHSI: DKCIEPUMEHTANBHBIH METON HCCIEOOBAHHS CTPOUTEIBHBIX
KOHCTPYKLIMA Ha MOZENSX, B PE3yJbTaTe KOTOPOrO YCTaHABJIMBAaIOT OCHOBHBIC IapaMeTphl
CTPOMTENBHBIX OOBEKTOB, HX HECYIYIO CIOCOOHOCTD H BOCIIPUHHUMAEMbIE HMH BO3/1CHCTBUSL.

3.3 manenb-06004Ka: [IpocTpaHCTBEHHBIIH 3JIEMEHT HOKPBITUS IJIMHON, COOTBETCTBYFOLICH
pa3Mepy mposera Mexay Onopamu.

4 O0mue moJIoKeHHs
4.1 OcHOBHBIE MOJOKEHHA

4.1.1 Xene300eTOHHbIE NMPOCTPAHCTBEHHbIE KOHCTPYKLMU IOJUKHBI ObITh OOecreveHbl ¢
TpeOyeMol HaZe>)KHOCTbIO OT BO3HUKHOBEHMs NPENENbHBIX COCTOSIHUI BCEX BHIOB PacdeToOM,
BHIOOPOM TOKa3aTeneil kauecTBa MaTepHasOB, HA3HAYCHHEM Pa3sMEPOB M KOHCTPYHPOBAHHEM
cornacuo CII 387.1325800. ITpu 3TOM AOJKHBI OBITH BBIMIOJIHEHbI TEXHOJIOTHYECKHE TPEOOBAHMSI
NPU M3rOTOBIEHUH KOHCTPYKUMII M coOmofeHbl TpeGOBaHHs MO SKCIUIyaTalWdH 3MaHHN W
COOPYKEHHH, MO OSKOJOTHM, YCTAHABIMBA€MblE COOTBETCTBYIOIMMH HOPMATHBHBIMH
nokymentamu (HJT).
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4.12 Tlpumenenue xene300€TOHHBIX MPOCTPAHCTBEHHBIX KOHCTPYKLMHA B cpemax ¢
arpecCcUBHBIM BO3AEHCTBHEM AOIyCKAETCsl MPU BBINOJIHEHHH TpeboBaHuii, ycraHosiaeHHbXx CII
28.13330 u CI1387.1325800.

IIpu npoexTHPOBaHUM MPOCTPAHCTBEHHBIX KOHCTPYKIMH B OCOOBIX yCIOBUSX (B paiioHax C
pacdeTHO#t celicMIYHOCTBIO 7 6aiuioB 1 Gojee, Ha MPOCATOUHBIX TPYHTAX U MOAPaOaTHIBAEMBIX
TEPPUTOPUSAX, HA BEUHOMEP3JBIX IPyHTaX) CIEAYET YUUThIBaTh cooTBercTBeHHO CIT 14.13330,
CIT21.13330, CI122.13330 u CII 25.13330.

4.13 KoOHCTPYKTUBHBIE peIIEHHs MPOCTPAHCTBEHHBIX KOHCTPYKIWH TOKPBITHH U
HIEPEKPBITHH 3MaHUH U COOPYXKEHUi ClienyeT BbIOMPaTb MCXOAS M3 TEXHHKO-3KOHOMHUYECKOH
1[e7IecO00pa3HOCTH MX IPHMEHEHHs B KOHKPETHBIX VCIOBHSAX CTPOMUTENLCTBA C  YUETOM
ApXUTEKTYPHBIX, TEXHOJIOTHYECKUX M IIPOU3BOJACTBEHHbIX TPeOOBaHMH, MAaKCHMaJIbHOI'O
CHIDKEHMSI UX MaTepUaso-, TPYAO-, SHEPIrOEMKOCTH U CTOUMOCTH.

4.1.5 OnemenTnl COOPHBIX M COOPHO-MOHONIMTHBIX NPOCTPAHCTBEHHBIX KOHCTPYKLHI
PEKOMEHIyeTCs IIPOSKTUPOBATE C YUETOM YCIOBHH MEXaHM3ALNH MX M3TOTOBICHUS Ha 3aBORAX
WM MOJINTOHAX, a JKeJIe300€TOHHbIE MOHOIUTHBIE IPOCTPAHCTBEHHBIE KOHCTPYKLUH — C Y4ETOM
MEXaHN3UPOBAHHOTO BBLINIOJHEHHWs ONANTYyOOYHBIX, apMaTypHBIX H OeToHHBIX padoT B
cootsercteuu ¢ CI148.13330 u CII 70.13330.

CbopHple W CcOOPHO-MOHONUTHBIC MPOCTPAHCTBEHHBIE KOHCTPYKIMH PEKOMEHAYETCs
IPOEKTUPOBAaTh M3 YHU(PUIMPOBAHHBIX IUIOCKMX, LMJIMHIAPUYECKMX WM MHBIX TaHeNew,
MIPENMYIIECTBEHHO PEOPUCTBIX, MOHTHPYEMBIX C TPUMEHEHHEM YKPYITHUTEIBHONH cOOpKH MK U3
KPYITHOPa3MEePHBIX 3JIEMEHTOB, U3TOTOBIEHHbIX BOJIM3U MECTA BO3BEACHUSA KOHCTPY KLIMH.

IManen-060T09KN W MaHEMH-CKIAAKY CIEAyeT IPOSKTHPOBATE C Y4eTOM O0COOEHHOCTEH X
TPAHCIIOPTUPOBAHUS U CKJIQUPOBAHMSL.,

ITpuMeneHne YKPYIHEHHBIX TOHKOCTEHHBIX 3JIEMEHTOB MOKPBLITHHA WM MEPEKPBITHH IJIHHON
Oonee 24 M wnu mUpUHOH (BbICOTO#) Oosiee 3,2 M, a Takke Maccoil Oosee 15 T HOMKHO OBITH
00OCHOBAHO C Y4€TOM HX TPAHCTIOPTHUPOBAHHS M MOHTAXA.

4.1.6 Xene300eToOHHbIE MOKPBHITHS MPOCTPAHCTBEHHOTO THIIA CIEAYET NPOEKTHPOBATH C
y4eTOM KOMILIeKca TpeOOBaHHUIA 1O MMAPO- M TEILIOM3OJBILMY, IO BOJOOTBOAY, MO YCTPOHCTBY
Pa3sIMYHBIX MPOXOOK Yepe3 MOKPBITHE, (OHAPHBIX M APYTHX HPOEMOB U OTBEPCTHIL.

C6opHble POCTPAHCTBEHHBIE KOHCTPYKLMHA PEKOMEHIYETCsS MPOEKTHPOBaTh MOBBIIEHHON
TOTOBHOCTH — YTEIUICHHBIMH, C THAPOU3OJIIIMEH U T. II.

4.1.7 Tlpu npoekrupoBaHHH OOJBLICIIPONICTHRIX KOHCTPYKLHHA CIEAyeT MperyCMaTPpUBATh
MOHUTOPHMHI TEXHHYECKOI'O COCTOSIHMSA NpH SKcIutyaTtauuy. OcylecTBI€HHE OSKCIIyaTalud
GOJNbLIENPONETHBIX  MPOCTPAHCTBEHHBIX  JKEJIE300€TOHHBIX ~KOHCTPYKLMHA MOKPBITHH |
MEePEKPBITHIH TOJDKHO BHIOJHATHCA B COOTBETCTBUH ¢ TpeboBanmsimu CIT 304.1325800.

4.2 OcHoOBHEIE TPeOOBAHHSI K PACUETy

4.2.1 Pacuets! xkene300€TOHHBIX MPOCTPAHCTBEHHBIX KOHCTPYKIHUIi CIIeyeT BBIMOJHATH MO
HpeAeabHbIM COCTOSIHUAIM NEPBOM U BTOPOH Ipymil.

PacueTbl 0 IpefeNbHBIM COCTOSHHSAM HEePBOI IPYIITBI BKIIFOUAIOT pacdeT Mo MPOYHOCTH, C
y4eroM B HeOOXOMUMBIX Ciydasx [eOpPMHUPOBAHHOIO COCTOSIHHS KOHCTPYKLHH Ieper
paspymeHveM, pacueT o ycToiunBocTH Gopmbl (00LIe# 1 JTOKaNbHOIM); B HEOOXOAMMBIX CIy4asx
— pacuer Mo YCTOWUHMBOCTH MONOXKEHUS (ONPOKHBIBAHNE, CKOJIbKEHHE, BCIIbIBAHHUE).

PacueTsl [0 IIPenebHbIM COCTOSHUSIM BTOPOIT TPy bl BKIFOYAIOT PACUETHI IO 00Pa30BaHHUIO
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TPELLHH, PACKPBITHIO TPELIHMH U Ae(pOPMALIHIM.

Pacuyetsl BomonHsA0T B coorBercTBuu ¢ CII 63.13330 u CIT 387.1325800.

Pacuer cTalbHBIX AeTajell U 3JIEMEHTOB, BXOASIINX B COCTaB IIPOCTPAHCTBEHHOTO TOKPBITHS,
BemomH:0T o CIT 16.13330.

422 B pacuerax IPOCTPAHCTBEHHBIX KOHCTPYKLUI TOKPBITUH H TMEPEKPLITHII 10
MpeeNbHBIM - COCTOSTHUAM ~ CIEAyeT PacCMaTpUBAaTh pa3jIMuHbIe pacdeTHbIE CHTyallld B
cootsercteuu ¢ 'OCT 27751 anst Bcex BO3AEHCTBHI HAa KOHCTPYKLMH WIH HX 3JIEMEHTHI Ha
CTaAMAX M3TOTOBNEHHA, TPAHCHIOPTUPOBAHMA, BO3BENCHHUSA H SKCIUTyaTallMH, a TakXe B
aBapHﬁHbIX CUTyalusX. PacuerHble MOaenu JOJIDKHBI COOTBETCTBOBATH MPUHATBIM
KOHCTPYKTUBHBIM PELICHUSM MPOCTPAHCTBEHHBIX KOHCTPYKLHUI H BO3NCHCTBHAM 1A KaXKmoi
paccmatpusaemoii craguu (COCT 27751).

4.2.3 PacueTsl kee300€TOHHBIX MPOCTPAHCTBEHHBIX KOHCTPYKLMH CIEAyeT NMPOBOAMTH C
y4YETOM HaJM4usi TPELMH U Heynpyrux aedopmaiuii B GeToHe U apmatype.

VYeunusa u geopMaIivi OT Pa3iIMYHBIX BO3AEHCTBUI B KOHCTPYKUMSIX U B 00pa3yeMbIX HMH
CHUCTEMAX 37aHUI U COOPYXEHMH ClENyeT OmnpeneyisiTb METOAAMH CTPOMTENIbHON MEXaHWKH C
y4eToM (GH3HIECKOH 1 TeOMETPHIECKOH HETMHEHHOCTH PaboThl KOHCTPYKLMIA.

Yeunus u nedopmanuu AONyCKAaeTCsi ONpEAessaTh B MPEANOOKEHHH YIPYroil paboTh
JKEJIe300€TOHHBIX 3JIEMEHTOB C MOCIISAYIOLIeH KOPPEKTHPOBKOH PE3yJIbTaTOB pacueTa Ul yueTa
BIMAHMS (PU3NUECKON HETMHEHHOCTH UX PaboThI.

424 TIlpu npOEKTHPOBAHUH KENE300ETOHHBIX MPOCTPAHCTBEHHBIX KOHCTPYKLMI HX
HaJeXKHOCTb OOECNeYuBalOT INPUMEHEHHEM B pacyeTaXx pacueTHbIX 3HAYEHWH Harpy3oKk H
BO3/ICHICTBHI, PACUETHBIX 3HAYECHUI XapaKTePHCTHK MAaTEPHAJIOB, OMpPEAEIAEMbIX C MOMOIIBIO
COOTBETCTBYIOLIMX YaCTHBIX KO3((HLIHEHTOB HANEKHOCTH MO HOPMATHBHBIM 3HAUEHHSIM STHX
XapaKTEePUCTHK, ¥ YI€TOM YPOBHs OTBETCTBEHHOCTH 31aHuii u coopyxenuii (IOCT 27751).

JLiist GONBILETIPONIETHRIX COOPY KeHuit ¢ mposerom bojiee 120 M k03QHUIMEHT HANEKHOCTH
10 OTBETCTBEHHOCTH CJIEAYET NIPUHUMATL HE MeHee 1,2.

HopmaTtrBHBIE 3HaUEHUS] HATPY30K 1 BO3EHCTBHIA, ITOIpa3eJICcHHe Harpy30K Ha MOCTOSIHHbIE
U BpeMeHHble (JUINTENIBHBIE M KPaTKOBPEMEHHbIE), 3Ha4eHHs] KO3(pDULHMEHTOB HANEXKHOCTH 110
Harpy3ske u koohuIreHToB coueranuii cneayer npuHumath cornacHo CIT 20.13330.

Ilpu pacuere MPOCTPAHCTBEHHBIX MOKPBITHI mpojerom Oojee 100 M wiam ¢ odepraHueM
MOBEPXHOCTH, He mpexycMoTperHsM CIT 20.13330, pacnpeneneHue Harpy30k OT OeHCTBUA CHera
1 BETPa MO MOBEPXHOCTH MOKPBITHA JOIYCKAETCA ONPEACIIATh IO 3KCIEPUMEHTAJIBHBIM JaHHBIM
Ha OCHOBE PE3yJIbTATOB HCCIENOBAHIS MOAieNel COOpYKEHMI B a3pOJMHAMHUIECKIX TpyOax.

4.2.5 Yeunus u geopMalun B MPOCTPAHCTBEHHBIX KOHCTPYKLMAX CJIEAYET ONMpPEenessiTh B
3aBUCHUMOCTH OT ocobeHHOCTel KoHCTpykimu cornacHo CIT 387.1325800.

4.2.6 uadparMbl u OGOPTOBBIE NIEMEHTHI 000IOYEK, CKIATO0K, MHOTOTPAHHHKOB M CBOJOB-
00ooueK U3 yCIOBYSI NX COBMECTHO pabOThI € MOJIEM KOHCTPYKLIMM CIIEYET BKIIFOYATh B PACUET
C YUETOM HX JKECTKOCTH U CXEMBbI HaTrPy KeHHUS.

4.2.7 OtBepctus B mmTax peOPHCTBIX 000JOUEK, pa3Mephl KOTOPBIX OOJNBINE PacCTOSHMIA
Mexny pedpamu cOOPHBIX 3JIEMEHTOB, a AJIs MIaAKUX 00onouek — pasmepamu 6osee 208, TOKHBI
YYHUTBIBATHCS MIPU PACHETE KOHCTPYKLIHU.

4.2.8 IIpensapuTeIbHO HAIPSKEHHBIE 3JIEMEHTBI [IPOCTPAHCTBEHHBIX KOHCTPYKLMI ClIeayeT
paccuuteiBath ¢ yuerom CII 63.13330.

4.2.9 Tlpu pacuere MO NPOYHOCTH JKEJIE300CTOHHBIX 3JIEMEHTOB Ha JEHCTBUE CIKHUMAKOIIEH
MPOJONBHON CHNBI CIIEyeT YUUTHIBATh CIy4alHBIN SKCLHEHTPUCUTET €, NMpuHmMaeMsblil mo CII
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63.13330.

4.2.10 Pacuer no ycroiunBocTH (HOPMBI TOHKOCTEHHBIX MPOCTPAHCTBEHHBIX KOHCTPYKLIMIA
CJlenyeT NPOBOAUTL C YYETOM Ha4aJIbHbIX HECOBEPIUEHCTB U AedopMaiuii nmoisyuectu 6eToHa
TIPU JUTUTEIBHOM JSHCTBHH HATPY3KH.

MaxkcuManbHbIe 3HaY€HHs] HAa4dajJbHOrO HECOBEPLIEHCTBA (OTKJIOHEHHII OT MPOEKTHBIX
TeOMETPHYECKHX Pa3MePOB IIPU M3TOTOBJICHUH U MOHTaXe, a TAK)Ke HEOMHOPOOHOCTU OeTOHA 10
TOJIIIIIHE TOHKOCTEHHOH KOHCTPYKIIMH) CJI€AYET ONPEAeISATh OMBITHBIM MyTeM WJIH 331aBaTh IO
4HAJNOTUU € KOHCTPYKUMSIMH MORXOOHOTO THMA, I KOTOPBIX YCTAHOBJIEHBI HX BO3MOJXKHBIC
3HayeHus1. [Ipu OTCYTCTBHHM OIBITHBIX JAHHBIX YYET HAYaJIbHbIX HECOBEPIIEHCTB PEKOMEH/YeTCs
BBINIOJIHATh B 3aIIaC BEJIMYMHBI KPUTHYECKOHW HArpy3KH YMHOXXEHHEM MoayJjs aedopmarmii
6erona Ha ko3dduuuent 0,75.

Hedopmaru momsydectn O€TOHA MPH AJMTEIBHOM ACHCTBUH HArPY3KH YUYHTHIBAIOTCS B
cooteercTBuM ¢ Tpebosanusimu CIT 63.13330.

Pacuets! o ycroianBocTH HOPMBI KOHCTPYKLIMM M 110 YCTOHYMBOCTH MOJIOXKEHHS CIEAYeT
IIPOBOAMTH cornacHo TpeboBanusaM HJI Ha oTaenbHble BUIABI KOHCTPYKUUMil. B oTCyTCTBHE TaKnX
TpeOoBaHMI MUHAMABHBINA KO3 GUILMEHT 3anaca 1o yCTORYHMBOCTH (POPMBI CIeAyeT NPHHUMATh
PaBHBIM 3; MUHHUMAaJbHBIN K03 dULHEHT 3amaca Ha OMPOKU/ILIBAHKE PaBHbIM 1,5 mpu Haubosee
HeOIaronpuATHBIX 3HAUYCHMSIX K02 (UIHEHTOB HAeKHOCTH [0 HATPY3Ke.

4211 Jlnd TOHKOCTEHHBIX 3JIEMEHTOB [MMPOCTPAHCTBEHHBIX KOHCTPYKLMI clenyer
IIPOM3BOMUTL MPOBEPKY MECTHOH YCTOHYMBOCTH M mpodHoctd B coorBerctBud ¢ CII
387.1325800.

4212 Tlpu BbibOpe pacyeTHOIi CXeMbl COOPHO-MOHOJMTHBIX HPOCTPAHCTBEHHBIX
KOHCTPYKIUI ClIeAyeT YYUTHIBATh MOJATIHBOCTb CTHIKOB U OCOOCHHOCTH Iepeiadnl yCHIIH uepes
Hux. IIpn mepemade ycmimmidl depe3 3aKIafHbIC NETAIM M NPUBAPEHHbIE K HUM CTEPKHU HIIH
TUTACTUHBI MTOJATIMBOCTh CTBIKA JONYCKAETCs YIUTBHIBATH MCXOAs W3 3HadeHms 0,5-1 MM Ha
Kaxxzoe Takoe coemuHeHne. IIpu nepemade cXMMArOIIX YCHIIHI Yepe3 CTHIKH, OMOHOJIMIEHHBIE
MEJIKO3ePHUCTHIM OETOHOM, MOJATIIMBOCTD CTHIKA IOy CKAETCS YIUTHIBATH CHIDKEHHEM 3HAYCHHS
Ha4yaJbHOTO MOZYJISl YIIPYTOCTH MEJIKO3EPHUCTOrO OETOHA M BBEICHHEM B PacyeT MOHMKEHHOM
MECTHOH MM YCPEAHEHHOH JKECTKOCTH € YYETOM OTHOIICHWS IMHPHHBI CTHIKOB K PACCTOSTHHIO
MEXIy HUMH.

4.2.13 TIporuObl 3JEMEHTOB B 3KEJIE300€TOHHBIX MPOCTPAHCTBEHHBIX KOHCTPYKIMSAX HE
JIOJUKHBI TIPEBBINIATh MPENENTbHO AONMYCTUMBIX 3HaudeHuii, npuseneHHbx B CIT 20.13330, npu
S5TOM Tporud TOKPHITHI B BHAE CBOIOB, O0ONOYEK JBOSKOH KpHUBH3HBI WJIH B BHIE
MHOTOIPaHHHKOB mpoiieroM 18—60 M noirkeH 6biTh He Oonee 1/400 nponera, a npoxerom Gonee
60 M — 1/500 mponera.

4.2.14 Tlpu pacyere 371€eMEHTOB COOPHBIX NIPOCTPAHCTBEHHBIX KOHCTPYKLHIA HAa BO3ACHCTBHE
YCHJINH, BOSHUKAIOIUX MPH UX NMOJBbEME, TPAHCIIOPTUPOBAHUH W MOHTaXe, Harpy3Ky OT MacChl
SJIEMEHTOB CJIEAyeT NpPUHUMAaTh ¢ KO3hQUIMEHTOM AMHAMHUYHOCTH, paBHbIM 1,60 — mpu
TpaHcnopTupoBanu, 1,40 — mpu mogpeMe U MoHTaxe. Jlonyckaercs mpuHUMaTh Oosiee HU3KHUE,
000CHOBaHHbIE B YCTAHOBJICHHOM IIOpsiAKe, 3HaueHHs KodhduumeHTa OTHHAMHYHOCTH, HO HE
amwke 1,25,

4.2.15 YcToMIMBOCTS IPOCTPAHCTBEHHBIX KOHCTPY KLU MOKPBITHI 1 NEPEKPHITUIl 30aHUH U
COOpY KEeHHI IPOTUB MPOrPECCHPYIOLIEro OOpyIIEeHHs NPH JIOKAIbHBIX aBapHHHBIX BO3AEHCTBUSIX
crenyer obecriednBarh H30BITOYHONW HeCyllell CIOCOOHOCTBIO «KIIFOYEBBIX» 3JIEMEHTOB,
KOHCTPYKTHUBHBIMA MepPaMH M TNPUMEHEHHEeM MaTepHajoB, O0eCHeUMBAIOIIUX pPAa3BHTHE B
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KOHCTPYKTHBHBIX 3JIEMEHTaX M UX COEMHEHHSX MIACTHUECKUX JAedopManuii.

Pacuer Ha nporpeccupymomee obpyLIeHHe CIeayeT BbIIOJHATh Ha NeHCTBHE HOPMATHBHBIX
HAarpy3okK, ¢ IPMMEHEHUEM HOPMATUBHBIX 3HAUEHHH NMPOYHOCTHBIX XapaKTEPUCTHK apMaTypbl U
6eToHa U ¢ y4eToM (pU3NUECKOli, reOMeTpUIeCKON U KOHCTPYKTHBHON HEJMHEHHOCTEI.

4.2.16 bonbluenposneTrHblie MPOCTPAHCTBEHHblE KOHCTPYKLMH 3/1aHUH M COOPYIKEHHI
CJIelyeT PacCUUTHIBATD HA YCIIIMS OT H3MEHEHHUs TEMIEPATypPhL, a B ClIydae HEOOXOMUMOCTH — U
OT yCaaku 6e'r0Ha, BO3HUKAIOIMHWE B KOHCTPYKUUAX BCICACTBHE 3a[€CJIKH UX B OCHOBAHHUE H
B3aUMOJICIICTBUSL HApy>KHBIX M BHYTPEHHHUX KOHCTPYKLMHA C pa3sHbIMU TEMIIEPATYpPHBIMH H
yCaA0uHBIMU Ie(pOPMALIHIMH.

PacuerHble 3HaYEHUST TEMITEPATYP NPHHUMAIOTCS I PA3sIMYHBIX KIMMATHYCCKUX PaiioHOB
Poccuiickoit @enepaunu mo CIT 131.13330, a 3HaueHHs pacUETHBIX NIPUBEEHHBIX TEMIIEPATYP
— B coorBetrctBuu ¢ CIT20.13330.

Pacuer mnpoBomsAT Ha HEONArONpUSTHbIE COYETAHWS] JIETHUX (MIOJNBCKMX) M 3MMHHX
(sIHBapCKUX) IPUBEACHHBIX TEMIIEPATYP, KOTOPbIE MOTYT OBITh KaK B IEPHON CTPOUTENILCTBA, TAK
U B NEPUOJ SKCIUTyaTalUX 31aHM.

Pacuer ycwmii u gedopMamuii NPOCTPAHCTBEHHBIX KOHCTPYKIHMH Ha H3MEHEHHE
TEMIEepaTypbl AONYCKAE€TCsl BBIIONHATb B YNPYroW CTajuM, IPU 3TOM CIEAYyET YYUTbIBATh
MOAATIUBOCTD CTHIKOBBIX COSTUHEHHI (1J1s1 COOPHBIX KOHCTPYKIMIA) H OCHOBAHHS.

U3rubHy0 u NPOXOJBHYIO KECTKOCTH CTBHIKOB JUIsi COOPHBIX KOHCTPYKLMi Clieayer
ompenemnats o CIT 63.13330 — xak Ui apMUPOBAHHBIX OETOHHBIX CEYEHUI, C YIETOM TPELIMH,
IUIACTUYECKUX CBOWCTB U MOJI3y4€CTH 6er0Ha.

4.2.17 Xene3o0eTOHHbIE MPOCTPAHCTBEHHBIC MOKPBITHS W TNEPEKPBITUS  OOJIKHBI
COOTBETCTBOBATh TPeOOBAHUAM MOXKAPHO# OezomacHocTH, npusexeHabiM B CIT 112.13330.

IIpy DpPOEKTHPOBAHUU TNPOCTPAHCTBEHHBIX KOHCTPYKLHMH 3JaHUII M COOpY>KEHHIH,
OTHOCSAIIUXCSA K MOBBIIIEHHOMY YPOBHK) OTBECTCTBEHHOCTH, OTKa3bl KOTOPLIX MOCIC MOXKapa
MOTYT TIPUBECTH K TSDKEIBIM 3KOHOMHYECKHM H 3KOJOTHYECKMM TMOCIENCTBHAM, a TaKXke
KOHCTPYKLIMH, BOCCTAHOBJIEHHE KOTOPbIX NOTpebyeT OONBIINX MaTepHalIbHBIX 3aTPaT, CIIEAyeT
obecrieunBaTh X OTHECOXPAHHOCTb.

42,18 Jlnsi TOBBIMLEHHS TPENENIOB OTHECTOMKOCTH WM OOeCHedYeHHs OTHECOXPAaHHOCTH
IIPOCTPAHCTBEHHBIX KOHCTPYKIMMH CJEAyeT NPUMEHATh OTHE3aLUTHBIE OKPBITHSL.

4.3 OcHOBHbIE TPeOOBAHHS K MATEPHAJIAM

43.1 ns >xene300€TOHHBIX TOHKOCTEHHBIX INPOCTPAHCTBEHHBIX KOHCTPYKLMIH crlemyer
IPUMEHATh OETOHBI U apMaTypy, npeaycmorpernsie CIT 63.13330.

432 JInd HeCymMX TOHKOCTEHHBIX IPOCTPAHCTBEHHBIX KOHCTPYKLMI pPEKOMEHOYeTCs
MIPUMEHATD TSIKENbIE, B TOM UICIIE MEJIKO3ePHUCTBIE, OETOHBI KJIACCOB IO MPOYHOCTH Ha CXKaTHe
ot B20 1o B60 mu nerkue OeToHBI MO MPOYHOCTH Ha cxkatue He Huke B12,5 (TOCT 25820).

Jlerkue 6eTOHBI K1accOB 10 nMpoyHOCTH Ha cxarne B7,5 u B10 ('OCT 25820) nomyckaercs
IIPUMEHSTb B COBMEIIEHHBIX IPOCTPAHCTBEHHBIX KOHCTPYKLMSAX IOKPBITHH.

433 B xadecTBe INpeaBapUTENbHO HANpPSIKEHHOH apMaTypbl PaCTSHYTHIX OOPTOBBIX
3JIEMEHTOB OOJIBIIENIPOIETHEIX IPOCTPAHCTBEHHBIX KOHCTPYKLIMI PEKOMEH/IYeTCsl HCTIONb30BaTh
KaHaTHyI0 mpoeonoyHyo apMarypy o 'OCT 53772, TOCT 13840 wnu my4ku U3 TaKMX KAaHATOB,
3aIULIEHHbIE OT KOPPO3WMM JO 3aMOHOJNMYHBAHMSA LUHKOBAHWEM WM HHBIMH Criocobamu,
nonyckaemeivu CIT 28.13330.

4.3.4 Kiacc mo IPOYHOCTH Ha CKAaTHE TSKEIIOTO MEJIKO3ePHUCTOro OeToHa, IPHMEHSIEMOTOo



IUIsl OMOHONMYMBAHMS HECYIUMX CTHIKOB, HOJDKeH OBITh HE HIDKE INPOSKTHOrO Kiacca IO
MIPOYHOCTH Ha CkaTHe OETOHA CTBIKYEMBbIX 3JIEMEHTOB.

IIpy OMOHONMYMBAHUY KOHCTPYKTHBHBIX CTHIKOB KJIaCC IO IPOYHOCTH HA CIKATUE TSHKEJIOTO
GeToHa MM GEeTOHA HA MOPUCTHIX 3aMONHUTENAX HODKEH ObITh He Hike B10.

4.4 OcHoBHbIE TPEOOBAHHS K KOHCTPYHPOBAHHIO

4.4.1 TIpu NpOEKTUPOBAHUH KENE300€TOHHBIX IIPOCTPAHCTBEHHBIX KOHCTPYKIMI MOKPhLITHI
U TIEPEKPBITHI ClIeAyeT BBINOJHATh KOHCTPYKTUBHBIE TpeOoBanus, mpemycmorpenHsie CII
63.13330.

4.4.2 MoOHOAUTHBIE NPOCTPAHCTBEHHBIE KOHCTPYKIIUHN CJIEAYET IPOSKTHPOBATH INIAAKUMH
i PeOPUCTBIMU.

TonuuHy rutuTel § U war pedep IPsIMOYTOIBHOIO HIIH TPANeLUeBHUIHOTO CEYEHUS ClenyeT
OMpPENENATh PACUETOM MOJisi OOOJOYKHM WM TUINT CKJIAJKH HA MPOYHOCTb, YCTOHYMBOCTb WM
JIOKQJIBHYEO HECYLIYIO CIIOCOOHOCTD M HA3HAYATH C YUETOM KOHCTPYKTHBHBIX H TEXHOJOTUUECKUX
TpeOoBaHUil.

443 Jnsi BO3MOXHOCTH TIPHMEHEHHs MHOTOKpaTHO oOopaumBaeMoil (TIOOBIDKHOM U
MEPEHOCHO) OnanyOKy peKOMEHYeTCsI MPUMEHATh TOHKOCTEHHBIE KOHCTPYKIIHH!

- C JMHEHYaTBIMU MOBEPXHOCTSIMH (LMIMHApUYECKHe, runepOonnyeckie 00O0NI0UKH,
KOHOU/IbI, IPU3MATHYECKHE CKIAAKN);

- C TOBEPXHOCTSIMHU IEPEHOCa IMOJOKUTENbHOI rayccoBoil KpuBH3HBI (apabonuyeckue u
KPYyTOBble 000IOUKH).

4.4 4 Ctpeny nogbemMa MOHONUTHBIX 00os04ek cienyer npuaumats ot 1/10 no 1/5 nponera.
VYronm HakjIOHa KacaTenbHOH K MOBEPXHOCTH MOHOJMTHBIX MOKPBITUII C FOPU3OHTOM MJSI X
OeTOHMPOBaHWS HAa ONHOCTOPOHHeH omnanyOke ciemyer npuHuMars He Oomee 35°, s
OetoHnpoBaHus OoJiee KPYTHIX MOBEPXHOCTEH ClielyeT HCHOIB30BaTh IBYXCTOPOHHIOKO OMaTy 0Ky
WM TOPKPETHPOBAHUE.

445 B xauectBe OOPTOBBIX 3JIEMEHTOB OOOJIOYEK, CKJIAZOK, MHOTOTPAHHHUKOB
PEKOMEH/Y€eTCs HCIIOJIb30BaTh OJIKH, PaMbl HJIH aPKU IIPEMMYIIECTBEHHO C IPSIMOYFOJIBHON HMIIN
KBapaTHOI (HOpMOii HOMEePEIHOro CeYeHHs BBICOTOH He MeHee 1/80 mponera, uim GpepMbL.

4.4.6 Ilepexon OT NUTHI K OOPTOBBIM 3JIEMEHTaM U pebpaMm ClieZlyeT BBIIONHATD [UIABHBIM, B
BU/ie ByTa mmpuHO# 10 108. Eciu ycTpoicTBO ByTa HEAOCTATOYHO AJISi BOCHPUSTHS KPaeBBbIX
H3rubaroIUX MOMEHTOB, CICAyeT HpeAyCMaTpuBaTh yTonmeHus mintbl ot 0,56 mo 6. Ilpu
HeOOXOAMMOCTH B ILTUTE CIIEAYET MPe/ly CMATPUBATh IUIABHOE YTOJILIEHHE OT LIEHTPa K OOPTOBbIM
3IEMEHTaM.

447 ApMmupoBaHHE MOHOJMTHBIX TNPOCTPAHCTBEHHBIX KOHCTPYKLMII pEKOMEHOyeTcs
NPOEKTHPOBATh C MPUMEHEHNEM TOTOBBIX CBAPHBIX CETOK H KapKacoB.

V' pactaHyTOH IpaHM W3rH0aeMbIX IUIHT CIEAyeT MpeoyCMaTPUBATh HE MeEHee OIHOI
apMaTypHOi# ceTku. CxKaThle IUTUTHI, TOJIIHHA KOTOPBIX OMpenesseTcs YCIOBHEM obecredeHust
MECTHOH Hecyled CHOCOOHOCTH WJIM YCTOHYMBOCTH, U PACTAHYThbIE IUIHThl PEKOMEHAYETCs
apMHpOBaTh MO pAacdeTy JByMsl CETKAMH, DPAcHONaraéMbIMH CHMMETPUYHO OTHOCHTEIBHO
CpeIMHHOI NOBEPXHOCTH C 00ecIeYeHHEM MHHUMAJILHO JIOMY CTUMOTO 3HAYEHHST 3aIUTHOTO CJIOS
6eroHa.

B cnyvae, ecnmu B muMTe KOHCTPYKIMH apMaTypa MO pacuery He TpeOyercs, TO ClienyeT
npeaycMaTpuBaTh KOHCTPYKTHBHOE apMUPOBAaHHE IUIMTBI OJHOW CETKOW M3 apMaTypHBIX
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cTepikHell quaMeTpoM 3—4 mMum ¢ warom He Gosee 45 u He Gonee 200 M.

448 VYuacTku mIMTBI OOOJIOYEK M CKJIANOK, B KOTOPBIX TIJIaBHBIE PAaCTATMBAIOIIUE
HANPSDKEHUS Opy MPEBBIMIAIOT 3HAYEHHWE PACUETHOTO CONPOTHUBIICHHS OETOHA OCEBOMY
pacTsKeHur0 Ry, CIEOyeT apMHpOBaTh HCXOAS W3 YCJOBHs MOJHOTO BOCIPUSATHSA apMaTypoin
pacTAruBaroIux ycuinii. [Ipu 5ToM HOmycKath Gprr > 3Rpr HE pEKOMEHAYETCS — B 3TOM CIIydae
TOJILIMHY COOTBETCTBYIOLIMX YUACTKOB KOHCTPYKIHH CIEAy€ET yBEIUIHBATb.

4.49 Jns BOCHOPUSATHS PACTSTUBAKOIIMX YCHIHMA B KOHTYPHBIX dJeMeHTax, nuadparmax u
3aTSDKKaX OOJBIIETIPONIETHRIX MOKPLITHH PEKOMEHAYEeTCs IPEoyCMAaTpPHBaTh IIPEABAPUTEIBHO
HanpAraeMyro apMaTypy, pacmojaraeMyr B KaHajax WIM Masax C [OCIEAYHOLIUM
3aMOHOJIMYMBAHHEM OETOHOM WM B TPy O4UaThix KaHa000pa3oBaTessix 0e3 CLeIuIeHus ¢ 6eToHOM
C MOCNEYIOLIMM UX 3aMOJHEHHEM NPOTHBOKOPPO3HOHHBIMU COCTABAMH.

4.4.10 B 6opTOBbIX 3JIeMeHTax OanodHbix 000J104ek 1 ckianok 10 80 % paboueit pacTsHyTOM
apMaTypsl JONYyCKAeTcsl pa3Memarb y pacTaHyTol TIpaHH. B TOHKOCTEHHBIX 3JIEMEHTax
HPOCTPAHCTBEHHBIX KOHCTPYKLMI pPacTSHYTYIO apMaTypy pPEKOMEHAYeTcsi pacnojararb
PaBHOMEPHO BJIONb PACTSHYTOH 30HBI CEUCHUs] 000JIOUKH, CKIAAKH HIIM MHOTOTPaHHUKA.

44.11 COOpHO-MOHOJHMTHBIE KOHCTPYKIMM TOKPBITUH W IEPEKPHITHH  ClienyeT
MPOEKTUPOBATh C MCIONB30BAHHEM B KauecTBe HeCylleil omanyOKH >Xene300€TOHHBIX WIH
apmouemedTHbIX (0 CIT 96.13330) TOHKOCTEHHBIX 3JIEMEHTOB, OOECIEYHBAIOLIMX CO3IAAHHE
roTOBOI1 MOBepxHOCTH NoTONKa. Hecymyro onmanyOky MpoCTpaHCTBEHHBIX KOHCTPYKIHMIA CIeyeT
PaccYMTHIBATE Ha YCHIIMSI OT COOCTBEHHOI'O BeCa, OT BeCa YJIOKEHHOr0 MOHOJUTHOro GeToHa u
MOHTXXHBIX Harpy3ok. IIoBepxHOCTh Hecylned omanyOKH, COMPUKACAIOIASCS C MOHOJUTHBIM
6eTOHOM, M BBIYCKH apMaTypbl AOJDKHBI O0ECIeYMBaTh COBMECTHYIO paboTy omainyOku u
MOHOJIUTHOTO OeToHa.

4412 Tlpu mPOEKTUPOBAHNM COOPHO-MOHOJUTHBIX KOHCTPYKIMI pPEKOMEHOYeTCs
mpenycMarpuBaTh cOOpHbIe nuadparmel, GOpTOBbIE 3IeMeHTH! Mtk pebpa. CoopHbIe nuadparmol
U OOPTOBBIE 3JEMEHThI CIENyeT M3TOTOBISATH >KETE300ETOHHBIMU — B TOM YHCIE C Hecylueil
apMaTypoii, 1 MeTAIITHISCKUMH.

i obecrievyeHus] Tepenavyd KOHTAKTHBIX YCIJIMH MEXIy MOHOJHUTHBIM O€TOHOM W
cOOpHBIMU 5JIEMEHTaMH B HUX PEKOMEHAYeTCs MPEeNyCMaTpHBaTh IIMOHKH, YIOPBI, BBIITYCKH
apMaTypbl U 3akiagHble netanu (no 4.4.18 — 4.4.20).

44.13 Jlnsi CHIKEHHS pa3MepOB TMOIEPEYHOrO CedeHHs COOPHBIX 3JIEMEHTOB IIpH
IIPOEKTHPOBAHUH PEKOMEHIYeTCS MPeAyCMaTpPUBaTh HA BPEMS MOHTaXKa BPEMEHHbIE 3aTSXKKH,
OIIOpHI H APYTrHe MOAKPEIUIIOINHe YCTPOoiicTBa. BEiOnpaTh 6€TOH 1 apMaTypy peKOMeHOYeTCs ¢
y4eTOM YCJIOBHIA M3TOTOBJIEHMS, MIPENYCMOTPEHHBIX MPOeKTOM mpomssozacTsa pador (IITIP) mo
CIT170.13330.

4.4.14 COopHble HPOCTPAHCTBEHHbIE KOHCTPYKIUH PEKOMEHAYETCsl MPOEKTUPOBATL M3
TOHKOCTEHHbIX MaHENbHBIX, OJIOYHBIX (APOUHbBIX) U APYTHX COOPHBIX 31€MEHTOB, KOTOPBIE ITOCTIE
VYCTAHOBKH HA MECTO COCIOMHSIOTCS IyTeM OMOHOJNMYUBAHUS CTBIKOB M CBAapKHU 3aKJIagHBIX
neranei.

®Dopma 1 pasMepbl 31eMEHTOB COOPHBIX KOHCTPYKLHU# JOJIKHBI Y IOBIETBOPATH TPEOOBAHUAM
pacuera M Ha3HA4aThCs C yUETOM TEXHOJIOIMH MX U3TOTOBJICHHS, TPAHCIIOPTHPOBAHMS U MOHTaXa
— B TOM 4HCJIe€ MOHTaxa OJOKaMH C MPUMEHEHMEM YKPYMHHUTENbHOI COOPKHM MOHTaXHBIX
3JIEMEHTOB Ha cTpouTesbHoit momanke (CIT 70.13330).



Ilpu npoekTupoBaHuK COOPHBIX MNPOCTPAHCTBEHHBIX KOHCTPYKIHMH M HX 3JIEMEHTOB
JIOIyCKaeMble OTKJIOHEHHS OT UX HOMHHAIBHBIX Pa3MEpOB clenyeT HasHauath cornacHo I'OCT
13015.

4415 QuepraHue CpPEIUHHOIl MOBEPXHOCTH COOPHBIX ODOJIOUEK MOKPBHITHH Clemyer
NPUHIMATE C Y4€TOM yAOOCTBa pacwJieHEeHHs KOHCTPYKIMH IOKPBITHS MM HEPEeKPHITHA Ha
MHHUMAJBHOE UHCIO THUIIOB IIAHENeH W JPYrHX OJJIEMEHTOB IIPH MAaKCHMAlbHOM HX
MIOBTOPSIEMOCTH.

Pa3mepsl nomnepeuHbIX cedeHuii COOPHBIX HIEMEHTOB, Kak IPABHIIO, JOJKHBI ObITh HE MEHee:!
IO TONIMHE IIHTHI & — 30 MM; 110 BBICOTE Ce4EHHUsI OCHOBHBIX pebep maneneil 7 — 1/20 ux amuHbL,
IO IIUpUHE ceueHus pedep maHenen b — 40 Mm.

4.4.16 B mecrax nelicTBHsA KPaeBbIX MOMEHTOB U MaKCUMAJIbHBIX IJIABHBIX PACTATUBAIOIINX
HANpPSDKEHUH JOMyCKAeTCsl YTONINEHHE IUTUTHI, B TOM YHCIIE C TIOMOLIBIO CJIOS MOHOJUTHOTO
OeroHa, yKIanbBaeMoro mo cOOpHbIM IiuTam. IIpH 3TOM HOJDKHBI OBITH IIPELyCMOTPEHBI
HeoOXOoMMOe NOTIOTHUTENIbHOE APMHUPOBAHIE MOHOJIUTHOTO CJIOs (HAIPUMeED, B yriiax 000movek
TIOJIO>KUTENBHOI TayCcCOBOI KPUBU3HBI) U KOHCTPYKTHBHBIE M TEXHOJIOTHYECKHE MEpPOIPUATHS
Jui obecrieueHns CUEIUICHUS! MOHOJIMUTHOTO CJIOS CO COOPHBIME MaHEeNsIMH. TOJIIIMHY IUTHTBI
cOOpHBIX 3JIEMEHTOB AOMYCKAaeTCs MPUHUMATh MEPEMEHHONW — IUIABHO H3MEHSIIOLIEHCS MeXAy
pebpamMu Wi CTYNeHYaTO N, MOCTOSIHHON B Mpefenax MmpoJieTa.

B ciyuae, korza apMaTyphbl, yCTAaHOBJIEHHOH B COOPHBIX 3JIEMEHTaX, HEJOCTATOYHO, ClIeNyeT
IIpeAyCMAaTPHUBATh JOMONHUTENBHOE ApMHUPOBAHHE B BHAE MPEABAPUTENBHO HANPSKEHHBIX
MOSICOB U OTIHENIbHBIX 3JIEMEHTOB HIIM CTEP)KHEH, YKIaIbIBAEMbIX B MPOLIECCE BO3BENEHHUS
koHCTpykiun. IIpenBapuTensHOe HANpPsDKEHHE TAaKOH apMaTypel CICOYET OCYLISCTBIATH
HaTsDKeHHEM Ha OeToH u  nocieayommMm oberoHupoBanueM. CTEpKHM WIH  CETKH
JIOTIOJIHUTEIBHOTO apMHPOBaHMsA MOMYCKAeTCs YKNAAbIBaThb B CTBIKAX MEXIy MaHEAMH H
IPYTHMH 3JIeMeHTaMH (Hampumep, Uil oOecreueHus: HepPa3spe3HOCTH B MECTax COMpPsDKEHHs
cocemHux 000JI0UeK).

4.4.17 CocpenorodyeHHble Harpy3KH PEKOMEHIyeTcsl MPUKIAABIBATh K pedpaM *KeCTKOCTH,
nuadparmMam U 60pTOBBIM OasikaM 000JIOUEK U CKIIAZIOK.

4.4.18 Ctbiku COOPHBIX MPOCTPAHCTBEHHBIX KOHCTPYKLHMA JOJUKHBI OBITb PACCUMTAHBI H
CKOHCTPYHPOBaHbI U3 YCJIOBHS HAJEXKHOI Mepenadn OT OOHOTO JJIEMEHTa K IPYroMy yCHIIHH,
BO3HUKAIOUINX B COEUHEHUH ITPHU MOHTaXe (B CTHIKaX YKPYITHEHHbIX JIEMEHTOB H IPH HABECHOM
cOopke 0e3 JIecoB) U B Mpouecce SKCILUTyaTaLHH.

Pacuer CTBIKOB KOHCTPYKIHI MO MPOYHOCTH CIEAYET BBIIOJHATH B 3aBUCMMOCTH OT BHJA
HepefaBaeMbIX 4Yepe3 HUX ycuiuil. PacueTHele cThIKH 00ONOYEK, CKJIAZOK M MHOTOMPaHHHKOB
peKoOMeHIyeTcss KOHCTPYHpPOBaTh CO LIMOHKAMH — Uil oOecrieueHusi Mepefavyy KacaTebHBIX,
CXKUMAIOIINX WM pacTaruparoiiux ycunuil. Ilpw 3HaueHMH HampshKeHHs cUerUieHus] OeToHa
3aMOHOJIMYKMBaHMs C OETOHOM COOPHBIX 3JIEMEHTOB T, HE NpeBbimaroiieM 3uadenue 0,25 Ry, B
CKaTBhIX CTBIKAaX JOMYCKAETCS YYUTHIBATh COMPOTUBIICHHE TPEHHIO.

K KOHCTPYKTHBHBIM CTBIKaM TpeOOBaHHE PacHeTa 1o NPOYHOCTH HE MPEAbABIIAETCS.

4.4.19 CoenmuHeHHE apMaTypbl B CTHIKAX CIEAYET OCYINECTBJISITH CBapKOl CTEpXKHEH ¢
3aKJIaAHBIMU JIETAISIMH HIIM MEXIy COOOH, a TaksKe MyTeM Iepenycka KOHLIOB CTEPXKHE 1 CETOK
cornacio I'OCT 14098 u I'OCT 10922. Ins yMeHbIICHHs JJIHHBI NEPENyCKa apMaTypPHBIX
CTepXKHEeH JIOmyckaeTcss MX CTHIKOBaHHE C IOMOIIBIO HEpelycka Mereib AHaMeTpoM (wiiu
pasMepoM cTopoHbl) He MeHee 10d ¢ 3a[enKkoii B 0B KaX/10# NeT/N Ha IMHy He MeHee 15d (d —
JUaMeTp CThIKyeMbIX cTepikHed). IIpu pacrnonokeHHM meTejib B BEPTHKAJIBHOM IUIOCKOCTH
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BHYTPH TI€TENb MO MX MEPUMETPY JNOJDKHBI OBITh 3aJI0KEHBI MPOAOJIBHBIC MO CTHIKY CTEPIKHH
(pucyHok 4.4.1, 2, 0). Ilpu pacnoNo>XeHUH METENb B FOPU3OHTAJIBHOM TUIOCKOCTH K HUM CJIEIy€eT
NpUBAPUBATh NPOAOJIbHbIE CTEpKHU. PacueTHble CTHIKH HAa MEPHOJ, MOHTa)Xa JOIyCKAaeTCs

NPOEKTUPOBaTL O3 OMOHOIMYMBAHUS, TIPEAYCMATPUBAsi Nepenavyy BOZHUKAIOIUX B HAX YCHIIAH
yepe3 COeqUHUTENbHbIE MeTAIUINYECKHE eTau (pUcyHok 4.4.1, o).

Merannudyeckue O€Tadd CTHIKOB AOJDKHBI OBITH 3alluineHbl OT Kopposum corjacHo CII

28.13330.
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a — CKaThIH CTHIK MAHEJNCH CO CBAPHBIMH HAKJIAAKAMH, 6 — TO XKe, C MEPEIyCKOM apMaryphl,
6 — TO JKe, C OTTHOAMH IIPH HAJIMYHH CABUTAIOLIMX YCHIINI;, 2 — PACTAHY THI CTHIK; O — TO XKe, MPH HAJH'HH
CABUTAKOLIMX YCHJIMIH; ¢ — CTBIK CO CBapDHOH HAKJIAAKOH M IMMOHKAaMH, PaOTaIOLIMii HA CABUT; JC — TO XK€,
HCHBITHIBAIONINHA CKATHE ¢ H3THOOM; # — CTHIK MAHENICH BHCAYCH 000JOUKH HA BAHTE, K — CTHIK MAHENEH B
muadparMpl CMEKHBIX 000IOYEK H CXEMA IUMOHKH CTHIKA; 1 — manens; 2 — 3aKIaHas JeTaib, 3 — COCAMHUTEbHAS
HAKIAIKA; 4 — OCTOH 3aMOHOIMYHMBAHUA, 5 — MPOJOJIBHAN apMATypa CTHIKA; 6 — BAHTA B TPYOKE C 3AIHTHOM
cMaskoif; 7 —muadparma ¢ BEIyCKaMH apMaTyphr;, 8 — CBAPHOIH OB, 9 — IIMOHKH

Pucynok 4.4.1 — Cxema CTbIKOB COOPHBIX KOHCTPYKLH#i
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Pucynok 4.4.1, nucm 2

4.4.20 B cThIKax »kene300eTOHHBIX 3JIEMEHTOB CO CTallbHBIMU AuadparMaMu 1 OOPTOBBIMU
9JIEMEHTAMH BMECTO INTMOHOK B METAJUIHYECKOM KOHCTPYKLMH CIEAyeT IpeayCMaTpUBaTh
skecTkre ymopbl (pucyHOk 4.4.2) unu crep)kHeBble aHKepel. JKecTKHe YHOpBI ClemyeT
IpeyCMaTpUBATh TAKKE B CTHIKAX C XKeIe300eTOHHBIMY auadparMaMu — B CIIydae, €CIIHU IMIOHOK
HEOCTATOYHO AJISI BOCHIPUSTHSA CABUTAIOINNX VCHIHIA,

CoenuneHue apMaTypel B CTBIKAX CI€AYeT OCYLIECTBIISITL CBAPKOH CTePIKHEH ¢ 3aKiIa HbIMK
TeTaIsIMU M MeXIy coOOH, a Takxke IepemycKoM KOHLOB cTepkHel u ceTok cornacHo TOCT
14098 uI'OCT 10922.
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1 — cranpHOH ynop; 2 — MNOHKH, 3 — 6CTOH 3aMOHOIHYHBAHHA

Pucynok 4.4.2 — Cxema CTBIKOB 3Kej1€3006 TOHHBIX H METANIHYECKHX 3JIeMEHTOB

4421 PasMmep LIMPHHBI CTBIKOB CJ€AyeT Ha3HAa4aTb C Y4€TOM JOMYCKOB /N pa3MepoB
cobupaembIx 3JIEMEHTOB U NPUHUMATh PaBHbIM He MeHee 40 MM U, KaK mpaBuio, He Oonee 150
MM.

IIpouHocTs GeToHa COOPHBIX 3JIEMEHTOB NPH MECTHOM CXXAaTHH B CThIKE JOJDKHA OBbITh
obecreuena.

ITupuna pacKpbITHA TPELIUH HA YPOBHE apMaTyphbl NOJDKHA ObITh He 60J1ee TOMyCTHMOI Mo
CIT 63.13330.

4422 Jlna cokpallleHHs pPa3MepOB M 4YHCJIA 3aKJAAHBIX HO€Tajel M  CTepKHEid,
IIPOEKTUPYEMBIX B CThIKe, M U YIPOLIEHHs PaboT MO CTHIKOBAHHIO apMaTypbl JOIYCKaeTCs
OCHOBHYIO apMaTypy B 3JIEMEHTax M B CTHIKaX MOKPBITHH COCPEZOTOYMBATL HA OTAENIBHBIX
y4JacTkax B 30HE pebep, mepecekaeMblX CTHIKOM, a MPH OTCYTCTBHH pebep — Ha ywacTkax
MIPOTA’KEHHOCTHIO B 5—10 TONIIMH IUIUTHL IPU PACCTOSIHUU MeXAy y4yactkamu B 10-20 tosmuH
IUIUTBL

4.4.23 B cTBIKaxX 3J€MEHTOB, pabOTAIOIMX HA PACTSDKCHHE MM U3rH0, BCE PACTATHBAOIHE
VCUJIHS JOJUKHBI OBITH BOCHPHHATHI apMaTypod (Kak MpaBHIIO, NMPONOIDKEHHEM OCHOBHOM
apMatypsl pebep CTBIKYEMBIX 3JIEMEHTOB).

B cThIKax, BOCIPHHAMAOLINX KAaCATEIBHBIC YCHIIHS CIBUTA C MOMOIINBIO IIMOHOK, Pa3sMepsl
BBICTYIIOB W yriyOneHui, oOpasyembix B OeroHe COOpHBIX DJEMEHTOB M B O€TOHE
3aMOHOJIMYMBAHUS, AOJDKHBI YIOBIETBOPSITh pacyery INMOHOK Ha cmsatue (J1 U cpes (2 mo
dhopmynam:

O1< Ry Iy 1 g 4.4.1)
02 <2 Ry by Iy g, (4.42)
rne Rs, Ry — pacueTHele compoTUBIEHUSI OeroHa COOpPHBIX SJEMEHTOB WM OeToHa

OMOHOJIMYMBAHNS COOTBETCTBEHHO IIPH OCEBOM CXKATHH U PACTSKEHUI,
It, hi, tr, i — navHA, BHICOTA, TIIyOMHA U YYUTHIBAEMOE YKCJIO HIMOHOK (PUCYHOK 4.4.1, u).

Ecnu depe3 CTBIK TepemarOTCd MECTHBIE CABUTAOIIME YCWIIHS, TO INMOHKH YYHTBIBAIOT
TOJBKO B 30HE EHCTBHS STUX YCUIIMH, IIPU ATOM ABE KpAaifHUX IIMOHKH HE YIUTHIBAIOT.

I'ubkue BBITYCKM apMaTypbl M COENMHEHMS 3aKJIaJHBIX AETaleH, PaCHOJIOKEHHbBIE
MIePIICHANKYISIPHO K OCH CTBIKA, KaK MPABIIIO, HE YUUTHIBAIOTCS B pacueTe Ha yCUIMA casura. Mx
YCTaHABIMBAIOT IJISI BOCIIPHATHA BO3MOXKHBIX PACTATMBAIOIINX YCHJIHN, EPIEHANKYISAPHBIX K
OCH 1IBa, ¥ 1O KOHCTPYKTUBHBIM cooOpakeHussM. Eciii Takoe apMHpOBaHHE MOXKET MOJTHOCTHIO
BOCIIPHHHMMATD 3TH PACTITHBAKOLINE YCHINS, TO B dopmyie (4.4.2) Bmecto 2Ry momyckaercs
TIPUHUMATE 3Ry,

Ecnu mnoHo4HbIH 0B 00at ycunueM N, IeprneHauKy IAPHbIM K INIOCKOCTH IIBA, TO BBICOTY
12



LITTOHKH JOMYCKAETCs OMPEAENATH 10 PopMmyJie
_0,—-07N
=2
2Ry Ay,

U IIPUHUMATh YMEHBUIEHHOH IIPOTHUB BBICOTEHI, ONpeeeHHoi no Gopmyne (4.4.2), Ho He Ooitee

(4.43)

YeM B JBa pasa.

4.424 OrtsepcTus M NPOEMBI Pa3IH4YHON (POPMBI B TOHKOCTEHHBIX MPOCTPAHCTBEHHBIX
KOHCTPYKLUAX HOMYyCKaeTCs yCTpauBaThb B MpeneNax PacCTOSHUS Mexny auadparMaMu WA
pebpamu sxecTkocTH. CBETOBBIE IIPOEMBI MOTYT TaKKe YCTPAUBATHCS C TIEPENATOM TOBEPXHOCTEN
TIOKPBITHS WU Iy TEM Pa3fBHIKKY 000JIOUEK, CKIIAJOK MM CBOZOB.

OtBepcTuss B IUIMTE ODOJIOUEK M CKIALOK PEKOMEHIYETCS MPOEKTHPOBATH KPYIJIBIMH,
OBaJIbHBIMH T MHOTOYTOJIBHBIMH C OKPYTJIEHHEM YTJIOB PAIUYCOM F > 2.

OtBepcTHA €O CTOpOHAMU pa3MepoM (W JHaMeTpoM) He Oonee 150 crenyeT BBIIONHSATD C
YCTaHOBKOM KOHCTPYKTHUBHOM apMaTypbl, OKAaMMIISIFOLLEH OTBepCTHEe, AMAMETPOM HE MeHee 8 MM
mpu & > 30 mm (pucyHok 4.4.3).

B 30me otBepcruit pasmepom Gonee 156 kpast INTUTHI AOJDKHBI BBIONHATECS C yTOMLICHHEM
" apMUPOBAHUEM, YCTAHABIIMBACMbIMHU pacUCTaMU. yTO.]'[H_[eHI/Ie CJICAYET NPUHUMATDh BBICOTOM HE
MeHee 30, IUPUHOIT He MeHee 20 U MUIOLIAbio CeueHni OeToHa U apMaTypbl HE MEHEE TUIOIIAH
ceueHus1 OETOHA U apMaTypbl B MOMNEPEYHOM CEYEHUM BbIPE3AHHOM YACTH IUIMTHL. Y TOJIEHUS
BOKPYT OTBEPCTHUI, YCTPaUBAaCMBIX B PACTSHYTHIX IIOJIKAaX, HAOJDKHBI COMEPIKATH KOJMYECTBO
apMaTypel, A0CTATOYHOE AJIA BOCIPUATHA Y CUIIMA, IPUXOAALICTOCA Ha BBIPE3aHHY IO YaCTh IMOJIKH.

«

1 — apmarypa; 2 — CTBIK apMaTyphl C epernyCckoM Ha 30d Wi paBHOIPOYHBIH CBAPHOH CTHIK
Pucynok 4.4.3 — OxaiimJsiiomee apMHPOBAHHE BOKPYT OTBePCTHH

4.425 B mpOCTPaHCTBEHHBIX MOKPBITUAX W MEPEKPHITUAX CIEAyeT NpenyCcMaTpuBaTh UX
pa3pe3Ky NOCTOSHHBIMH M BPEMEHHBIMH TEMIEPaTy pPHO-Y CaJOYHBIMH IIBAMH, PACCTOSTHHE MEXKITY
KOTOPBIMM HA3HA4Yal0T B 3aBHUCUMOCTH OT KJIMMAaTHYECKHX YCJOBMUH, KOHCTPYKTUBHBIX
0cobeHHOCTEH COOpYKEHHs, MOCIeI0BaTENbHOCTH NPOU3BOACTBA PabOT M T. II.

TemnepatypHO-ycafodnble  AehopMaLlii  NPOCTPAHCTBEHHBIX KOHCTPYKIHH  TOJDKHBI
KOMIICHCUPOBATHC 3a CHET FI/I6KI/IX W Ka4arInuxXca KOJOHH, a TaKXKE MAPHUPHO MOABUXKHBIX
WU yrpyTo-AehopMUpPYEMBbIX (HarpuMep, MOJUMEPHBIX MPOKIANO0K) ONOPHBIX ycrpoiicTs. Ilpn
6onbmx (100 M u Oonee) mposierax, Kak MPaBUIIO, MPUMEHSIOT CBOOOAHO MMONATINBbIE OMOPHI
IIPH YCJIOBUH HEMOABIDKHOTO 3aKpeIIeHNs MOKPBITHUS He MEHEe YeM B IByX TOYKAaxX II0 CTOPOHaM
KOHTYpPa WITH B yTJIax.

B MHOTrOMpOJNETHBIX MOKPBITUAX Ne(POPMALMOHHBIC MIBBI YCTPAHBAIOT MEXAY MNapHbIMU
OOpPTOBBIMH JIIEMEHTAMH.
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B ckiag4aThIX M BOJHMCTBIX CBOAYATBIX MOKPHITHAX Ae(OPMAalMOHHBIE IUBBI, C LIENBIO
MOBBILIEHHS X BOXOHEIPOHUIIAEMOCTH, PEKOMEHIYETCS MPOSKTHPOBATh Ha IpebHE Y CKJIaaKu
WJIH BOJIHBI CBOJIA.

JehopMarrioHHbIEe BB TOKPBITHS XOJDKHBI COBMAAaTh CO MIBAMH, IEPEPE3a0IIUMU CTEHBI,
€CJIH CHeHAIbHO HE MPelyCMOTPEHbI MEPOIIPUSITHS AJIs HE3aBUCUMOTO Jieh)OPMHPOBaHUs CTEH U
HOKPBITHSL.

B pacnopHbix nokpbITHsiX mponieroM Oonee 40 M, OMMPAIOLIMXCS )KECTKO WM LIAPHHUPHO
HEMOCPEACTBEHHO Ha (YHAAMEHTHL, TEMIIEPaTy pHO-yCaaoUuHbIe e OpMAaIUH CIIEAYET YUHTHIBATh
Kak IpH pacdeTe, TaK ¥ IPH KOHCTPYHUPOBAHHH.

IMokpeITHa ¢ KPyryoH WM C MOMMrOHANBHOH (opMol B miaHe (00ONOYKH BpalleHH,
CKJIa@yaThl€ KYIOJa U T. I1.) AuamerpoM Oonee 40 M, B KOTOPBIX HE MOTYT OBITb IIPEyCMOTPEHbI
nehopMaIMOHHbIE MBBI, JOJDKHBI OIMHUPATHECS IO KOHTYPY Ha TMOKHME KOJOHHBI WM TOABIKHBIC
OIIOpPHI B pafiaJIbHOM HAIPABJIEHUH, AOITy CKAOIHe KOMITEHCAIHIO TEMIIEPATYPHBIX H Y CaIOYHBIX
nedopManii.

5 KoncTpyupoBaHue u pacuer
5.1 CoopHblii ceprueckHii Kynmos

5.1.1 Kymnosa npoekTHpYIOT B BUJIE MOJOTHUX WIH MOXBEMHUCTBIX TOHKOCTEHHBIX 000JIO4eEK.
DJieMeHTaMy KyTIOJIOB CITy’KaT, KaK MPaBHiIo, ocecuMMeTpuyHast (B T.4. cepuueckast) oboouka
BpallleHUs i PACTSHYTOE YCHIIMEM PAcopa KyIoa onopHoe Koublo [1].

Ipu npoekTHPOBaHUH KYIIONOB CICAYET YYUTHIBATh TpeOOBaHHsA pa3aena 4.

IMoxwseMm (BBICOTY) KYTOJIOB PEKOMEH/YETCSl IPMHUMATh He MeHee 1/10 nuameTpa onopHoro
KOHTypa 000JIOUKH.

ToNHHY CTEHOK IMIafKUX KYTMOJIOB peKOMEHAyeTcss NpUHUMAaTh pasHoi ot 1/800 no 1/600
pazsnyca KpUBHU3HBI OOOJIOUKH B BEPLIHUHE.

B pebpuctbix Kymonax 000JI0uKa MOAKPETUIAETCS OPTOrOHABHOH CEThI0 MEPUAMOHAIBHBIX
u KoublieBbix pebep. TosmmHa 000OUKH U pa3Mepsl ceueHus: pedep AOIDKHbI ObITh HE MEHee
MIPeay CMOTPEHHBIX PA3AEIoM 4.

Boicory pebep cOOpHBIX KyMoOJOB-000JIOUEK ONPEnessIOT W3 YCIOBHI H3TOTOBICHHS,
TPAHCTIOPTHPOBAHMS U MOHTAXa 3JIEMEHTOB.

OnopHOE KOJIBLIO MOKET JIEKATh Ha CIUIOLIHOM, 00pa30BaHHOM CTEHaMH, OCHOBaHWH WJIH Ha
OTAEJBHBIX KOJIOHHAX.

5.1.2 ApmupoBaHue rnaakux 000JI0ueK NP TONMUKHE 10 70 MM PEKOMEHY€TCS BBIMONHATL
KOHCTPYKTUBHO, OZJMHOYHOW CETKOH U3 cTepxkHed nuaMerpoM 4-6 mM, ¢ mwarom 150-200 mm.
Ipu Gosnbleli TONIMHE PEKOMEHAYETCS YCTAHABIMBATD [BE CETKH.

B 30He mnpumbikaHus OOONOYKH K KOJbLY TONIHHY OOOJIOYKH YBEJIMYUBAOT H
YCTaHABJIMBAIOT JOMOJIHUTENBHYIO CETKY CO CTeP>KHAMH AHAaMETPOM 6—8 MM MepHIHOHAJIBbHOTO
HampapieHus. UuWcno CcrepikHEH pacCUUTBIBAIOT MO MAaKCHMAlbHOMY MEPHIHOHAJILHOMY
HU3rubaroIEeMy MOMEHTY.

B mecTtax meiicTBUS Ha KyMOJ COCPENOTOUEHHBIX HArpy3okK, a TakKe OKOJIO OTBEPCTHH U
TIPOEMOB NPEy CMATPUBAIOT JOIMOJIHUTENbHYIO KOHCTPYKTHBHYIO WU PACYETHYIO apMaTypy.

OnopHOE KOJNBLO PEKOMEHIYETCS BHIMONHATH NpPEABAPUTEILHO HANpPsHkeHHbIM. BriOop
3Ha4YeHHs1 ycwiusl o0XaTHs W KOHCTPYMPOBAHHE OIOPHOTO KOJNbIA CJEAYET BBIMOJHATHL U3
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ycnosusi obecredeHys TPEIHMHOCTOMKOCTH KOIIbLA U JOITY CTUMON LIHPHHBI PACKPBITHS TPELIMH
corsiacuo CIT 63.13330.

5.1.3 Kynona cienyer pacCUUTHIBaTh 110 MPENETbHBIM COCTOSIHUSM JBYX IPYIII 10 4.2, npu
9TOM YCUIIUS B 3JIEMEHTAX KYIIOJOB JOMyCKAaeTCs ONpenesaTbh METONAaMH TEOPHH YIPYrOCTH,
uznoskeHHbiMU B 10.6 — 10.10 CIT 387.1325800.2018.

1

a — cXeMa KyTouna; 6 — cxeMa yCumit; / — 0Ch BpaweHust, 2 —apauieib; 3 — MEPHAKAH; 4 — Kpacsas Napajicib
Pucynok 5.1.1 — O6o0s104Ka BpaleHust

Pacyer kymoma ¢ OCeCHMMETpHYHONW 0O0ONOYKONW C BEPTHKANIbHOM OCBIO BpAIEHUS
JIOTyCKAETCsl BBINOJHATbL 1O OE3MOMEHTHOH TEOpHM C TMOCIEAYIOIMM HAIOKEHHUEM yCUITHI
kpaeBoro s¢dexra. YcIoBUI IPUMEHUMOCTH O€3MOMEHTHOH TEOPHUH:

- MJIaBHbIE U3MEHEHUs TOJLIIMHBI CTEHOK KyTIONa U pagnuyca KpUBHU3HBI MEPUIUAHA,

- PaBHOMEPHbIE CHMMETPHYHBIE HArpy3KH, AeiicTByoLINe Ha 00O0JI0UKY,

- cBoOOnHbIE paguanbHble M YIJIOBblE MEpeMelleHHs KpaeB OOONOYKM B HANpPaBICHUM
MEPHUONOHAIBHBIX YCUINM 10 KacaTeNbHON K MEPHINAHY.

B ocrampHBIX cily4asx HanpsDKEHHO-AeOPMHUPOBAHHOE COCTOSHHE KyMoja CleayeT
OINPEAELIIATh C yUYETOM ﬂeﬁCTBHH PI3FI/]6alOH.lI/IX MOMCHTOB.

Pacyer 1O HPOYHOCTH CEYEHHH, JKECTKOCTH H TPELIMHOCTOHKOCTH KeNe300€TOHHBIX
371eMeHTOB Kynona BeinonssoT no CIT 63.13330.

5.1.4 ®opmynbl ans ompeneneHHs MeMOpaHHBIX yCHIMH B chepuyecKux 3aMKHYTOH H
HE3aMKHYTO#H (C LIEHTPAJIbHBIM OTBEPCTHEM) 000JIOUKE MO OE3MOMEHTHOM TEOPUH HA OTHENIbHbIC
BHIbI HATPY30K, IPUHATBIE B pacyeTe, NpuBeaeHs! B Tabauue 5.1.1

B Tabsuue 5.1.1 npunsaTel 0003HAYEHHS:

N1 — ycunus B 000ONOYKe MO HAMPaBACHHIO MepHIMaHA HA €NHHHULY AJHMHBI KOJbLIEBOTO
ceuenus (N1 = o1 0);

N2 — KOJIBLIEBOE YCUJIME HA EAMHUILY AJIHHLI Mepunuana (N2 = 62 3),

N — yeunue B poHapHOM KOubLie; Ny — YCHIIHE B OTIOPHOM KOJIBLIE,

Ve — BepTHKanbHAas paBHOAEHCTBYIOINAs BHELIHEH HAarpy3ku Ha 4YacTd 00OJOHKH,
PACMONOXKEHHOI BhIIIE PACCMATPHBAEMOTO CEICHHS,

& — TosuHa 06onouky; R — pajaryc KPUBU3HBI chepryeckoii 000I0uKHY,

() - MepeMEHHBIN yroJi B MEPHAMOHAJIHHOM CeYeHHH OOONOYKM, OTCUMTBHIBAEMBIH OT OCH
BPALLEHHS; (Po — HOJIOBHHA LIEHTPAIILHOTO YINIa AYTH 000IOUKH B MEPHIHOHATIBHOM CEUEHUH,

(sk — TIOJIOBMHA LIEHTPAJILHOIO yIiia AYyrH OOOJIOUKH, OrPaHH4EHHOI (POHAPHBIM KOJBLIOM,

g — Harpyska ot coOCTBEHHOrO Beca 000JI04KH TOJLIKHOIA &,

P — PaBHOMEPHO PacIpeeieHHass Harpy3Ka 110 FOPH30HTAIbHOH MPOSKLIHM,

Py — BepTHKaNbHAs pacnpeneNieHHast IMHEWHAas: Harpy3ka Ha (POHAPHOM KOJIbLE.
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Tabnuna 5.1.1 — @opmMyns! ajsi onpeneneHus yCUIniA B 06osouke no 6e3MOMEHTHOMH TeopHU

Cxema Harpys>xeHus | N | N2 | N Vo | Tlpumeuanue
Cdepuueckas 3aMKHyTast 060J104Ka
Harpy3ska ot cober- Ipu ¢ =
BeHHOro Beca g, k[la: __gR —g R cosp—N R 1-cosg, 2ngR? (1 —cosp) =51°49’
a) TOJIIMHA 060NOoUKH 1+coso g tg o, N2=0
TIOCTOSTHHAs
6) TommuuHa 060104KH —-R(g + 2R g,(1- coso) 4 Bec equHHULBI
MeHsIETCS 110 ¢ | _ 1 IUIOLIAH
) _# + 8081 g)cos - %V‘l’omg(p0 (g -2+ obomouxHu:
622614_(80761)(_ 3 Trsme ®o +sin@—-cos0)/¢gl| B maTe — g0,
0
° -M B KJIOYE — g1
PasHOMepHO pacmpe- IIpu @o = 45°
JieJIeHHas Harpy3ka Ha SERISETTITE 1 1 R? | 2 gin2 N2=0
Lok ~L b Reos2 PR o prR*sin® ¢
TrOPH3OHTAIBHOI Q 2P 2P ® sin 29,
npoekuuu p, klla
Coepuueckast He3aMKHYyTast 000JI0UKa
Harpy3ka ot cobet- _gR (cosp,, — g RZCtg(P()(COS(PSk —| 2% ng(c 08¢, — VYcunue B
BeHHOTO Beca g, klla sin” ¢ PQsi —Rgcoso—N _ ‘ tonapHOM
(TonuuHa 06010YKH 4 _ €0s Q) —c0sp) koubLe Ny =0
MIOCTOSIHHAS) e cos )
Py
PasromepHo TETTTRRRTITY “Lora- ~pR(cos’ - | pR*sing,cosq,(1-| pnR®(sin’ o
pacmpeneeHHas 2 p . 2 o Ng=0
HArpy3Ka Ha \ . 5 _L smT oy _ S By )y —-sin“ o)
. sin® @, too2 2

TOPHU30HTANBHON o ——-k) 2 2sin“¢ sin” @,
npoekuuu p, Klla sm- @
Bepruxancnas
pacmpen. uHeHHAs - _p Singg p SN0y Pi R sin@g: ctgpo 2 TR Py Ny =
Harpyska Ha )OHapHOM kil sin? k gin? ® =-Pi Rcos®sk
xonble Py, kH/M
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5.1.5 Ilpu pacuere o00ONOYEK C UCHOJB3OBAHUEM KOHEUHO-DJIEMEHTHBIX TIPOrPAMM
pacnpeneneHue OMHOCTOPOHHEH CHEroBOH HAarpy3KH ClienyeT IPUHUMATh B cOOTBeTCTBUH ¢ .11
CIT120.13330.2016.

TIpu 0MHOCTOPOHHEM HArpPY KEHUH KyII0/a Harpy3Koii g ee pacnpe/eseHne Mo MOBEPXHOCTH
z nonyckaercs onpenenats (CII 387.1325800) o popmyne

z=0,7q (1 +sin @ sin ), .11
IZie ¢ — Harpy3Ka Ha eANHHILY IUIOMANN TOPH3OHTAIBHOM TOBEPXHOCTH, PaBHAsI CHETOBOH IO
CIT 20.13330;
¢ — MOJIOBHHA LIGHTPAILHOTO YIVIa B MEPUAHOHAILHOM HAIPaBJIEHUM,

W — LIEHTPAJIBHBIHA YTOJI B KOJIBIIEBOM HAMPABJICHUH.
Hopmanbheie ycunust N1, N2 1 casuraromye ycuiis () OnpenemsoT no GopMyiam:

N, =0,79R l+(2+c05(p).(13 c0sQ) cososiny |. (5.12)
2 3sin” @
2
N, =0,7qR l+ sin(pf(2+COS(p.)(13_COS(p) COSQ [Siny . (5.1.3)
2 3sin” @
2
Q=—O,7qR~(ZJFCOS(P?(I3 COS(P) cosy. (5.14)
3sm’ @

Dopmynbr (5.1.2) — (5.1.4) nonydeHbl W3 YCIOBHS PaBEHCTBA SIIOP MOJIHOrO 0oObEMa
OIHOCTOPOHHE! CHEroBoi Harpysku Ipu ee pacnpeneienuu no gopmyne (5.1.1) u no B.1.4 CII
20.13330.2016.

5.1.6 Kpaesble nzrubaroiyie MOMeHTEI M u pacrop kyrnona H BONM3U KOJbLA ONpPeAeNsioT
METOAOM CHII M3 PEIIeHUs] CUCTEMbl KAHOHHYECKHX YPAaBHEHHMH, BBIPAXKAIOIIUX COBMECTHOCTb
YTJIOBBIX U JIMHEIHBIX NepeMeLeHHi KyoJia i OMIOPHOTO KOJIbLA MO JIMHUN X KOHTaKTa.

VpaBHEHHUs METOIA CUJI IUIs CJIy4ast SKECTKOTO CONMpSDKEHMST 000JNIOUKH KYIONa U OMOPHOrO
KOJIBLIA UMEIOT CJICAYIOLIUI BUA:

M +a,H +a = O;}

(5.1.5)
ayM +ay,H +a,, =0.

3HaveHua Kod¢pGULHEeHTOB:

a,=A=4[41, R /5, (5.1.6)

2
a12:a21:—7sin(p0. (5.1.7)

3 1
— a2 2l p2 . 2
a,, =——sin” ¢, +——R"sin” ¢,. (5.1.8)
2 A4,
3HaueHHe CBOOOAHBIX YWICHOB IPH HATPY3KE IO OBEPXHOCTH:

4

& :
Ay =—=—smqQ,. 519
10 2R Po ( )
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4
1 . I I .
Ay = gf{costpo —m}sm ¢, + gk’ AL’I(I—COS(pO)cosq)O - /;"l RPsing, (5.1.10)
0 b b

3HaueHust CBOOOJHBIX YICHOB MPU HAarpy3Ke MO MPOEKINH (CHeroBast Harpy3Ka):

4

3 pA® .
ayg =——+——sIn 2¢,. 5.1.11
10 s R Po ( )
4 37
ay :stinq)O cos29, +%-AL’Isin @, Sin 2, . (5.1.12)

bt
Yeunust Broap mepuauana M u 1o

M) =-Mm + (4 H sin go— M) nz; (5.1.13)
2R .
L) ==z l(4Hsing, ~M)m, M}, (5.1.14)

rae: nmi=e *cosA; m=e *sinA; A = s/4. OTCHeT 5 — AIMHBI AYTH N0 MEPHIMAHY — BEAETCS
OT MeCTa PUMBIKaHHUsI 00OJIOUKH KYTIONIa K HIKHEMY OMOPHOMY KOJIbLLY.

KosbLieBble ycuimsi ¢ y4eTOM Harpy3ku B OCHOBHO# cucTeMme 72 ornpenessitoT o gopmyie

LYAMN=T2+T2 (). (5.1.15)

Ipumep 1

3a0anue: p[nA TOKPHITMA HAj 3AaHHEM 3alpPOEKTHPOBATh COOPHBIA >Kene300eTOHHBIH
chepudeckuit xkynon guamerpom 90 M ¢ (OHApHBIM OTBEpCTHEM amuamerpom 12 m. 3paHue
pacmonoxeno B 1II serposom u III cHerosom pationax. Kymon ycranosneH Ha Bbicote 20 M OT
TIOBEPXHOCTH 3€MJIU B OTKPBITOH MECTHOCTH.

Pacuer xynosia MeTOAaMH TEOPHH YHPYTrOCTH

ITogrem kynona no TpeOOBaHUAM TEXHOJOTHH U U3 YCJIOBUSI OTCYTCTBHS PACTATHBAIOLIMX
HaIpsDKEHMH 10 BCEH ero MOBEPXHOCTH B KOJbLEBOM HAaIPaBIEHHU BbIOMPaeM paBHBIM 12,5 M.
OrtHoLIEHNHE CTpeibl oxbeMa f K nuaMerpy d cocrasnser 1/7,2.

Ipu 3amanHOI cTpene moasema paxuyc chepsl (pucyHok 5.1.1,a) onpenemnsitor nmo dpopmyie
R=(d?+4f%/8f=(90*+4-12,5%) / (8-12,5) = 87,25 m.

C wUenblo yTOUHEHHs pa3sMepoB COOPHBIX 3JE€MEHTOB OOOJOYKH 3ajaeMcsi pasMepamu
(OHApHOTO M ONMOPHOTO KOJEL, a TAKXKE PasMepaMiu CThIKAa MeXAy djeMeHTaMu o0onouku. [
YCTaHOBKH 3JIEMEHTOB O00JIOUKH B MECTAX COIMPSDKEHHUS MX C (POHAPHBIM U OIIOPHBIM KOJbLIAMH B
MIOCJIEAHHUX TIPENyCMAaTPHUBAIOTCS KOJBLIEBEIE BBICTYTIBI (PUCYHOK 5.1.2,2).
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a — CX€Ma M TEOMCTPUUCCKHC PA3MEPBL; 6 — PACUCTHOC CCUCHHC 000IOYKH KYTI0JIa Y HIYKHETO OTMIOPHOTO KOJIBIIA,
6 — TO K€, Y HU3a BEPXHEH MAHENH, & — TO K€, HIHKHETO OIIOPHOTO KOIbLA
Pucynok 5.1.2 — PacueTHoe celeHHe Kynoja

HuwkHioo yacts Kymoja pacuieHsiem Ha 112 maneneii, BepxHiO0 — Ha 56 (pucyHok 5.1.3).
HukHee ONOpPHOE KOJBLIO 3aIIPOEKTUPOBAHO U3 COOPHBIX OJIOKOB M apMHPYETCsI ITPEIBAPUTEIBHO
HaIpsDKEHHOH apMaTypoi, HampsaraeMoil SJ1eKTpoTepMHueckuM crnocoboMm mu3 craimu A600 mo
TOCT 34028, kOTOPYHO YKJIAaOBIBAIOT IO HAPYXKHOM PaHU OMOPHOTO KOJbLA C MOCIENYOLINAM
OMOHOJMYMBAaHUEM IIPENHANPSDKEHHON apMatyphl Ilpu TakoM criocobe 4iIeHEHHS SIEMEHTOB
obomouky  pasMmepel  cedeHHWil  COOPHBIX  3JIEMEHTOB  OMNPEHNENSIOTCA  YCIOBHSIMH
TPaHCIIOPTUPOBAHNS, CKJIAAUPOBAHMS M MOHTaXa 3JIEMEHTOB OO OMOHOJMYHMBAHUA CTHIKOB.
OneMeHTHl 00ONOYEK BBIMNOIHAEM C KPUBH3HOH B ONHOM HampaBiieHHU. Pasmepsl maneneit
IIOKAa3aHbI Ha pUCyHKe 5.1.4.

Jlns BOCTIpUATHS CHOBUTAIOIIMX YCUJIMH MO BCEM TPAaHAM 3JIEMEHTOB OOOJNOYKHM KyIIONa
MPeNyCMATPUBAIOTCS IUMOHKU (PHUCYHOK 5.1.4,€) M NONOIHHUTENbHBIE CTAIbHBLIE 3aKJIaJHbIE
3JIEMEHTBI, COEIMHSEMble HAKIaAKaMM C LENblo OOeCIeueHns HEMPEPLIBHOCTH KOJbLEBOM
apMaTypel. Pasmepsr mpononbHEIX pebep TpUHUMAEM M3 YCIOBUI MOHTaxa paBHbIME 100x600
MM (pucyHok 5.1.4,0). Tonuuzy cobcTBEHHO 06010UKM IPHHUMAEM paBHOI 40 MM, Kacc GeToHa
B40 (Rp= 17,0 MIla, Ry = 1,15 MIIa, £ = 36000 MIIa, @sc- = 1,9).
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a — 1wiaH; 6 — pa3pe3 [ — [, 1 — XONOHHA, 2 — HIDKHEE OMIOPHOE KOIbIo; 3 — mmuTa I11;
4 —mura I12; 5 — cBeTOa’pauHOHHbIH (JOHAPH, 6 — BEPXHEE OMOPHOE KOJIBLO
Pucynok 5.1.3 — Koncrpyxkuust KynoJa
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a, 6 — mra I12 (poAOJbHEIA pa3pes M IUIaH); 8, 2 — mmrta I11; 0 — wmtel IT1 1 12 (monepeynsii paspes); e —
JeTajib yCTpoHcTBa WNOHOK no 6opram mmrt I11 u [12; / —cTpomoBoYHLBIC NETIH; 2 — apMATYPHAS CETKA; 3 —
CBapHbIE KAPKACHI

Pucynok 5.1.4 — KoHCTPYKLHSI COOPHBIX 3/1eMEHTOB
B coorserctBun ¢ CII 20.13330 nonHoe pacueTHOE 3HaY€HHE PAaBHOMEPHOI CHEroBOM
Harpy3KU Ha TOPU3OHTAJIBHYIO MPOEKIHIO MOKPBITUS OMNpenensercs no gopmyie

S=v8=14(.cnSy),
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rae S; — BeC CHEroBOTO TMOKPOBAa Ha 1M” TOPHU3OHTANBbHOM MOBEPXHOCTH 3€MIIH, KOTODBIH I
1II cHeroBoro pationa pasex 1,5 klla;
koo duuuent 1 (b.11 CIT 20.13330.2016) pasern 1,0 mpu o < 30°, u = 0 mpu o > 60°,
IIPOMEXKYTOYHBIE 3HAYEHUsI ONPENENAIOTCS JIMHEHHON HHTEPHOJSILMeN; B JaHHOM Cllydae
MakCUMaJIbHBIH yrom 31°04" 630k k 30°, O3TOMY 1O BCeii IOBEPXHOCTH MPHHAT L = 1;
Tepmuueckuii ko3 durmenr ¢ = 1;
k03¢ punmeHT BeTpoBoro cHoca no popmyne (10.3) CIT 20.13330.2016;

c.= 0,85 +0,00375 (d— 60) = 0,85 + 0,00375 (90 — 60) = 0,9625.
HopmaTuBHBIe H pacyeTHBIE HATPY3KH Ha KYTIOJN NMpUBeeHbI B Tabmmne 5.1.2.

Tabnuua 5.1.2

HaumenoBanue Harpy3ku HopwmarusHas, 7 PacuerHas,

klla klla
CoOcTBeHHBIH Bec Kymoia 3,70 1,1 4,07
ITapounsomnsanus 0,05 1,3 0,07
YTemnurenb U3 MUHEPAJIOBATHBIX IIIUT 0,15 1,3 0,20
I'unpon3osIIHOHHEIN KOBEP 0,15 1,3 0,20
Hroro nocrosiHHAs 1O TOBEPXHOCTU 4,06 — 4.54
CHeroBas Harpyska § 110 IPOEKIIU 1,44 1,4 2,02

Pacyernast moronHas Harpyska Ha oHapHoe kousbLo 18,6 kH/M ckiiagpiBaeTcsi U3 Harpy3ok
cobcrBenHOro Beca koupna 7,5 kH/M, honaps 5,0 kH/m, cHerooii Harpy3ku Ha donape 6,1 kH/m.
KoopnuHath! ceveHuil Kynona npuseaeHsl B Tabmuue 5.1.3.

Tabauna 5.1.3

Howmep 3HaueHHsA KOOPAUHAT TOYCK
TOYKH X, M M (I)*

1 6,0 12,25 3°57

2 15,0 11,75 9°54/

3 25,0 8,85 16°40’

4 33,5 5,85 29936’

5 45’0 0 3 1 004I

COOTBETCTBYIOIMIT TOYKC YIOJX B MCPHAHOHAIBHOM CCYCHHH
000II0YKH, OTCYHTHIBAEMBIH OT OCH BPAIICHHS (PHCYHOK 5.1.2,a).

o popmynam, npuseneHHbIM B TabamLe 5.1.1, onpeneneHb MEMOpaHHbBIE YCHITUSL, KOTOPBIE
npuBenens B Tabauue 5.1.4. Y cumis npuBeAeHs! pa3sAeNbHO JUIT HATPy3KH OT COOCTBEHHOIO Beca
(MOBepXHOCTHAsT Harpy3ka HMHTEHCHUBHOCTBIO g = 4,54 klla), or cHeroBoil Harpy3ku (IO
ropu3oHTabHOM npoekumy npu S = 1,8 kI1a) 1 noroHHON Harpy3ku 1o GOHAPHOMY KOJbly Pi=
18,6 xH.
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Tabauna 5.1.4 — MemOpanHbie ycuivss B OOOJIOYKE OT HArpy30K IO IOBEPXHOCTH M IO

TOPU3OHTaNIBHON rpoekiny, KH/m

MepuanoHaIbHbIE Yy CUITHS Konbuessle ycunus
Harpyska | Harpyska | Harpyska | Cym- Harpy3ka | Harpy3ka | Harpyszka | Cym-
Homep | 1o mosepx- | mo no OoHap. | MapHOE | MO HOBCPX- | MO no doHap. | MapHOe
TOYKH | HOCTH, MPOSKLHUH, | KOJBLY, ycuime, | HOCTH, NPOCKUAH, | KOJbLY, ycuime,
4,54 xITa 1,8 x[1a 18,6 kH/™M | xHM 4,54 xI1a 1,8 xITa 18,6 xH™M | xH/M
1 0 0 -270,01 | -270,01 | -395,17 -175,41 +270,01 |-300,57
2 -167,72 73,98 —43,35 -285,03 | 222,51 -97,06 +43.35 | -276,22
3 -190,87 -83,04 -15,58 -289.48 | -188,61 -78.71 +15,58 | -251,74
4 -199,59 -85,29 -8,68 -293,56 | -166,10 -64,93 +8.,68 -222.35
5 -209,83 -86.,55 -4.81 -301,19 | -129,47 -42.,76 +4.81 -167,42

3HaueHus: HOpMaJbHbIX N1, N2 M CABUTAIOMUX S YCHIMH NPU ONHOCTOPOHHEM HArpy KeHUH

KyIOJla CHEroBOM Harpyskoii, ompenemsiemoii mo ¢opmynam (5.1.2) - (5.1.4) mpuseneHsr B
Tabnuax 5.1.5-5.1.7,

Tabnuna 5.1.5 - MepuanoHaibHbie ycunust N1 OT OMHOCTOPOHHEH CHETOBOH Harpysku, KH/M

Howmep \}
oA ? 0° 15° 30° 45° 60° 75° 90°
1 3°57 -53,23 -53,71 -54,16 -54,54 -54,81 -55,05 -55,10
2 9°54' -53,23 -5439 | -55,35 | -56,41 -57,15 | -57,59 | -57,77
3 16°40" | -53,23 -55,13 -56,95 | -58,55 | -59,71 | -60,45 | -60,78
4 22°36" | -53,23 | -5586 | -58,00 | -60,23 -61,85 | -62,80 | -63,18
5 31°04' | -53,23 | -56,50 | -59,60 | -62,33 -64,29 | -65,57 | -66,11
Tabnuua 5.1.6 — Konbuessle ycunust N2 OT 0IHOCTOPOHHET CHETOBOH Harpysku, kH/m
Howmep 0
roman | P 0° 155 | 30° | 45 | e0° 75° | 90°
1 3°57 -53,23 | -54,60 | -56,00 | -57,04 | -58,43 | -58,43 | -58,67
2 9°54' -53,23 | -56,77 | -60,04 | -6292 | -6494 | -66,42 | -66,94
3 16°40" | -53,23 | -59,17 | -64,71 -69,50 | -73,12 | -7547 | -76,26
4 22°36" | -53,23 | -61,21 -68,66 | -75,05 | -79,94 | -83,02 | -84,10
5 31°4 -53,23 | -63,88 | -7440 | -8293 | -89,63 | -93,67 | -9528
Ta6nuua 5.1.7 - Capuraroiiue yCuiiis OT OQHOCTOPOHHEH CHEroBoM Harpysku, kH/m
Howmep \4
TOSKH ¢ 0° 15° 30° 45° 60° 75° 90°
1 3°57 1,80 -1,72 -1,55 -1,26 -0,90 -0,46 0,00
2 9°54' 3,36 -3,24 -2,90 -2,37 -1,68 -0,86 0,00
3 16°40’ -1,27 -7,03 -6,30 -5,13 -3,62 -1,87 0,00
4 22°36’ | -10,63 -10,28 -9,21 -7,52 -5,67 -2,75 0,00
5 31° 4/ -16,89 | -16,32 | -14,63 | -11,94 -8,43 -4,37 0,00
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Pacyer BeTPOBBIX HArpy30k clenyerT BuimonHsTh B coorBerctBud ¢ CIT 20.13330.
AsponuHamuyeckue ko3¢ dunueHTs npruHuMarotes mo nyskry B.1.4 CIT20.13330.2016.

Pacyers! mmokasanu, 4rto mpu napamerpax A/l = 20/90 = 0,222 u fIl = 12,5/90 = 0,139
HaNpaBIeHHE JaBICHUS BETPa COOTBETCTBYET OTCOCY IO BCeH IMOBEPXHOCTH KyIIOja:
ko> PuLHeHTHI ¢, B ToUKax A, B u C pasubl coorBercTBeHHO —0,8; —0,6 11 -0,2.

IIpy HOpMaTUBHOM 3Ha4YEHUHM BeTpoBOro AasneHust wo = 0.38 kIla, xoadduuuenre £ = 1,3
(npu pacuerHoit BeicoTe £ = h1 + 0,7f = 28,75 M mns mecTtHOCTH THna A) u KodpduiueHTe
HaIEeXHOCTU IO Harpyske Yr = 1,4 pacueTHble 3HAUCHHS CPEIHEH COCTaBISIOMEH BETPOBOH
Harpy3ku He npesbimaroT -0,55 «klla. 3HaueHws MEpUAMOHANBHBIX M  KOJBLEBBIX
(peBaNMpPYIOINX) YCUIIHI OT AEHCTBUS TAKUX BETPOBBIX HAIPY30K IO CPABHEHUIO C yCHIUSIMU
OT OPYIHUX Harpy30K BeCbMa Majbl M MPOTHUBOIOJIOKHBI IO 3HAKY, YTO ITO3BOJISET OTKA3aThCs OT
yueTa BETPOBBIX HArpy30K B pacdeTe pacCMaTPHUBAEMOI KOHCTPYKLUM KYTIONa.

Pacuer mporu6a xymnoJia

Pacuer nmporuba kymona w onpeznesseM npubinkeHHO 0 Ge3MOMEHTHOM Teopuu pacyera
IPUMEHUTEIIBHO K 000JI04YKaM IIOJIOXKUTENIbHON KPUBHU3HBL, CBOOOTHO ONEPTHIM II0 KOHTYpPY Kak
UL TJIafKoH 0000uKH prBeneHHOH TommuHs 61 = 0,134 M

_qR*  55.8725
Eb

- =0,0252 m,
8, 12414000-0,134

T

rIe g — MOJHOe HOPMATUBHOE 3Ha4YeHIe Harpysku no Tabmauue 5.1.2; Ky — IIUTeNbHbIA MOLYJIb
nedopmaruit 6erona o CIT 63.13330

E -10°
B, ——2r 3910 44 M
I+ ¢, 1+1,9
OtHocurenbHbiii mporud w / [ = 0,0252 / 90 = ?1761’ YTO 3HAYUTENbHO MEHBINE

JOIMYyCTUMOIO HOPMATHBHOIO 3HaUeHus poruda 1/500 1

Pacuer onopHoro xoJibua

PacuerHoe ycuine pacTsbkeHHS B ONOPHOM Konblie Np MokeT ObIThb OHpemeneHo Mo
dopmynam tabmuie! 5.1.1 wamM 4epe3 CyMMapHbIe MEpPHAMOHAIBHBIE YCHIUS N1 B TOUKe 5 MO

Gbopmy e
Ni= N1 R cos ¢o sin @o=301,19 - 87,25 - 0,8566 - 0,516 = 11616 kH.

IMpurnmaem knacc OeTona xonbia B35 (Reyser = 1,95 MIla, £, = 34500 MITa, @p.er = 2,1).

IlpuruMaeM apMHPOBaHME KOJNbLA M3 16 rpynm mo nsaTh NPEABAPUTENBHO HaNpsiraeMbIX
xanatoB K7-15,7-1860 mo TOCT P 53772 ¢ R, = 1435 MIa (4, = 120,0 c™?) n 13 crepxneii
HeHaTpskeHHOH apMaTypsl D20A500C ¢ Ry = 435 MIla (4, = 40,84 cm?). YcranasnusaeM
TPYTIIBI HATIPSTAEMBIX KAHATOB B 1Ba psiza (pucyHok 5.1.5). HenanpspkenHo# apmarypoii A500
apmupyem cOopHele Konmblia. HeHanpskeHHass apMaTypa B CTBIKAX CBAPUBAETCS M3 yCNOBHIA
pasHonpouynocTy. TakuM 06pa3oM, apMaTypa MOKeT BOCIpUHsITh yewiue 120,0-1435 + 40,84-435
=19000 xH > Ny
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Pucynok 5.1.5 — llonepeuHoe ceeHHe H ApMHPOBAHHE ONOPHOr0 KOJbIA KYHOJIa

ITnomanab ceueHust OMOPHOro Koblia Oe3 yuera HabeTOHKM paBHa!

Ar = 0,85.0,9 + 0,3:0,6/2 + 0,25:0,4 = 0,955 m%.

HarspxeHue apMaTypsl Ha O€TOH IPOU3BOANUTCS MEXaHUYECKHUM CIIOCOOOM € CO3IaHHEM B Heil
HanpsbkeHuit 6, = 0,8R;, = 0,8-1435 = 1148 Ml1a.

IepenarouHas mpo4HOCTH OeTOHA Rip = 24,5 MITa.

OmpenensieM TOTepU mNpeaBapuTeNpHOro Hampspkerus apmarypbl (mo CIT 63.13330).
Cuwraem, 4TO mirHA COOPHOTO BJIEMEHTA COCTABJIACT 1/28 myHHBI OMOPHOTO KONbLA, [ =1 d /28
=10,1 m.

IlepBble nmotepu:
- OT fe(OopMAaLIMK aHKEPOB HATSKHBIX YCTPOICTB

Acgpa = Es (Al /) = 195000 (0,002 / 10,1) = 38,6 MI1a,

- OT TPEHHMsI APMATYPBhI O MOBEPXHOCTh OETOHA

1 1
Ac,, =G, (1 - j =1 148-[1 Wj =230,7 MITa,

roe ® = 0,01 nns GeroHnoit moBepxHOcTH, O = 0,55 Ui CTEpKHEH MEPUOAMIECKOrO
npobus;
6 =2 w/28=0,2244 pan.

CyMmMapHsble nepsble notepu 38,6 + 230,7 = 269,3 Mlla.

BTopeie norepu:
- OT peNakcaliy HaNpsOKeHUH B apMaType

AGsp1 =r1000 - fr - Osp = 0,025 - 1.5 - (1148 —269.3) = 33 MIla;
- OT ycanku OeToHa
AGspS = E&b,sh Es = 0,0002195000 =39 MHa,

- OT moJ3yuecTy OeToHa
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E, 200000 E, 195000

L s

a, = —— =538, Uy =——= =
E, 34500 P L, 34500

5,65

> >

Area = Ac + Ao + As 0 = 9550 + 120,0-5,65 + 40,84-5,8 = 10465 oM.

C y4eToM nepBbIX MOTEPS:

_ By _120(1148-269.3)

=10,08 MITa,
4, 10465
Ly, =34500 — % +(25,5-24,5) = 33930 MIla;
€ = (pb’CT 'Gbp = 2’1.10’08 = O 00062;
? Ey, 33930
AG 6 =€, - Eg, =0,00062:195000=120,9 MTa.

- oT ynpyroro o0xarus 6eToHa HEOXHOBPEMEHHO HATAHBAEMOMN apMaTypel pu 72 = 8

1P _ _
e -n=l Poy 821 1200148-2693) (00
°2n AL, 2-8 9550-33930

Ac s =, - I, =0,000142-195000=27,8 MITa.

CyMmMapHbIe IoTepu

AGs, = 269,3 + 33 +39 + 120,9 + 27,8 = 490 MITa.

HanpsoxkeHue B apMaType 3a BBIYETOM BCEX MOTEPH COCTABIISET

co= 1148 — 490 = 658 MI]a.

VYeunue 06kaThs KOHTYpa COCTABIISIET

P =658-120,0-107" — (39 + 120,9) 40,84 -107! = 7243 xH.

Inommane koJbla ¢ yueTroM HabETOHKH, 3aKPbIBAIOLIEH HAIPSIraeMyI0 apMaTypy, COCTaBIISIET
Ap— 9550 + 20-85 = 11250 cm.

chme, BOCIIPUHUMACMOE CEUCHHUEM KOJIbLA ITPH 06pa30BaHI/II/I TPEIIUH, COCTABJIACT

Nero= Ruyser (Abr + osp Asp + 05 As) + P = 0,195 (11250 + 5,65-120 + 5,8-40,84) + 7243 =
=9615 kH < Ni» — TpeLMHBI 00pa3yoTCsL.

3nech Nin = Ni [ye = 11616/ 1,19 = 9760 xH — HOpMaTHBHOE 3HAUCHHE YCHUIIHA PACTSDKECHUS
B OIOPHOM KOJIBIIE;

Ye = (454 + 202) / (406 + 144) = 1,19 — cpennee 3HaueHHe Koo duUIMEHTa HANEKHOCTH NO
Harpy3ske (OTHOLIEHHE MOJNHBIX PAaCUeTHBIX H HOPMATHBHBIX HAarpy30K, Tabmuua 5.1.2).

[upuHy pacKpbITHS HOPMAIBHBIX TPELIHH B ONOPHOM Konblie Haxomaum no CIT 63.13330:

c
ES 1.

s

acrc = q)l (PZ (pS \Vs
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3meck @1=1,4; 02=0,5; 3 =1,2; ys =1,

2
Os — NpHUpalleHHe HaMPsDKEHHH B IPOJOJIBbHON apMaType OT BHELIHEH Harpy3Ku

N, -P 9760— 7243

c, = = — =156491 kH/m?;
A, +A4, (120,0+40,384)-10

/s — 6a30BOE pacCTOSHKE MEXTY CMEXKHBIMH HOPMAJIbHBIMH TPELIMHAMHY;

Ay, __05-11250

I,=0,5 .= 15,7 =549 mm > 400 MM — npunumaeMm /s = 400 mm.
’ A+ 4, 120,0 + 40,84
156491
Torma a,, = 1,4-0,5-1,2-—08-400 =0,27 MM < dereurr = 0,3 MM — MEHBIIIE TIPENENHHO

>

JOIy CTUMOM INMPUHBI PACKPHITHS TPELUH NPH IPOAOLKUTETLHOM NEHCTBIN HATPY3KH.

IIpoBepka yCcTOHYMBOCTH KymoJia

Kpurnueckyro Harpysky ¢ ompenensem corymacHo CIT 387.1325800 kak mjist riaakoi
obornouku ¢ mpuseneHHOH (puxruBHOI) TOMUMHON &7 [IpHBENEHHYIO TONIMUHY OGOMOUKH M
dbuxTUBHELI MOny b Nedopmaniuii GeToHa [ onpeneNnsieM B yIIMPEHHOM 4acTH BEPXHEW MaHenu
(pucyHoK 5.1.2,6), Tak Kak B 5TOM 30He KyIlOJia HAUMEHbIIEE 3HAYEHUE KPUTHIECKON HArPy3KHU.

ITnomans MONEPEUHOro ceveHus nanemu A, = 280-4 + 2.12,5-56 = 2520 cm?.

CraTudeckuii MOMEHT OTHOCHTEIBHO HAPYIKHOI IPaHK CeYeHUsI

Sp = 280-4-2 +2:10-56 (4 + 56/2) + 2 (5-56)/2-(4 + 56/3) = 44427 cm®.
Paccrosiaue ot neHTpa TsKecTH z = 44427 /2520 = 17,63 cm.
MoOMEHT MHEPLMH MONMEPEYHOro CEUCHHSA

I, = 280-4% /12 +280-4 (17,63 — 2)? + 2-10-563 /12 + 2:10-56 (56/2 + 4 — 17,63)2 + 2.5.56% /36

+5.56 (4 + 56/3 — 17,63)% = 854961 cm™.

8, =121,/ 4, =/(12-854961)/2520 =63 81cm.

A
Ey =B, 6” = 36103 -2520 / (280-63,81) = 5078 MITa.
r

Monynb nedopmanuii npu UIMTENLHOM ISHCTBUM HATPY3KH

E
E, . =—2L—=5078/(1+1.9) = 1751 MIla.
1+(pb,cr

Kpurnueckast Harpy3ka

5.\ 6381\
9o =02E,-| 2| 2021751 20| 10721873 Ml > ¢ = 634 Wla (Ges yuera

Harpysku oT ()oHapsi, KOTOpasi He3HAUMTEJIbHA), YCTOHYHUBOCTD KyMoJjia obecneyeHa.
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Onpenenenune ycuauii Kpaeporo u3ruéa no npudImKeHHOH MOMEHTHO! TeOpUH B MECTE
CONPSI’KEHUsI 000JI0YKH H OIOPHOT0 KOJIbI[A

OmnopHOe KONBIIO NPEMSITCTBYET CBOOOAHOMY HEPEMEIIeHUIO KPaeB 000I0UKH, YTO IPUBOIUT
K BO3HHKHOBCHHIO B 3THX MECTaX HOPMAIbHBIX CHJI M H3rubarommux MoMeHTOB. OGonouka
COEIUHSIETCS C KOJBIIOM KECTKO.

OrmpenenaeM reoMeTpHIeCKUe XapaKTEPUCTUKY MaHeIU 00O0JIOUYKU B MECTe IPUMBIKAHHS €€
K OIIOPHOMY KOJIbIly C yUETOM MEePHIMOHANBHBIX pedep (pucyHok 5.1.2,0).

IInomans cevenus manenu Ap = 253-4 +2.12,5-56 = 2412 cm®.

CraTyueckuil MOMEHT OTHOCUTENIbHO HAapy KHOH rpaHu

Sp=1253-4-2+2:10-56 (4 + 56/2) + 2 (5-56)/2-(4 + 56/3) = 44211 cm°.

Paccrosinue 1o ueHTpa Tshkectd z = 44211 /2412 = 18,33 cm.

MowMmeHT uHepLuy Na”eIu

I, = 253-43/12 + 253-4 (18,33 —2)* + 2:10-563/12 + 2:10-56 (56/2 + 4 — 18,33)? + 2.5-56°/36 +
+5-56 (4 + 56/3 — 18,33)* = 827157 cm™.

MOMEHT HHEPLIUN Ha eMHMLY JUMHB I, = 827157 / 253 = 3269 cM®.

IpuBeneHHast TONIHHA OOOJIOYKHU C YUYETOM KOJBLEBBIX pedep

8y = (36-10) /250 + 4= 5,44 cm.

Ip1/ Ae = 0,003269 /1,125 = 0,0029.

Koatdunmentsl cucremsl ypasaenuii (5.1.5) mo 5.1.6:

ay, = 4=4/{4-3260-87257)/5,44 =654 m.

a1z = az = 6,54/ 2)-0,51604 = -11,04 m>.

axn = (6,54 / 2+ 0,0029-87,252)-0,51604> = 43,12 m°.

3Ha4yeHne cBOOOHBIX YWICHOB MPH HArpy3Ke MO MMOBEPXHOCTH:

aio = -[(4,54-6,54%) / (2-87,25)]-0,51604 = —24,56;,

ax = (4,54-6,54* /4) [0,85657-1/(1+0,85657)]-0,51604 +

+4,54.87,25%.0,0029-(1-0,85657) 0,85657 — 5738,4-0,0029-87,25-0,51604 = 665,77.
3HaueHust CBOGOMHBIX YIEHOB [IPU HArpy3ke Mo MPOeKLH (CHEroBas Harpy3ka):

aio = — (3/8)(2,02-6,54* / 87,25)-0,88404 = —14,04;

ax = (2,02:6,54* / 8):0,51604-0,46742 + 0,0029-(2,02-87,25% / 4)-0,88404-0,51604 = 555,17.

3HaueHHs KpaeBbIX VCWIMH @pPU Harpy3ke OT COOCTBEHHOrO Beca MOKPBITUS C
IPEABAPUTENbHBIM HAIPSDKEHUEM apMaTyphl OINOPHOIO KOJbLA ONpENeNseTcs U3 ypaBHEHHH
(5.1.5):
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6,55M —11,07H — 24,56 = 0,

H=-255xH;, M =-39,29 xHwm.
~11,07M +42,88H + 665,77 = 0,

Tpu Harpy3ke CHEroM ILIOC MOCTOSHHAS HATPY3Ka C IPEIBApUTENbHBIM HANPsDKEHUEM
OINOPHOTO KOJbLA

6,55M —11,07H — (24,56 +14,04) = 0,

H=-4721xH; M=-73,79 xkHw.
—11,07M +42,88H + (665,77 +555,17) =0

Veunus snons mepuauana M(A) u T2(A) onpenensem no popmynam (5.1.13) u (5.1.14). Ipu
3TOM

2R/ A*=(2-87,25)/ 6,547 = 4,08,
~M + A H sin go = 73,79 — 6,54-47,21-0,51604 = —85,54.

3HaueHUs BEIUYMH M3rHOAOIIMX MOMEHTOB U KOJIBLEBBIX YCWIMH BIOJb MEpUAMAHA B
3aBHCHMOCTH OT 3Ha4eHmii A npuBenenbl B Tabmuue 5.1.8.

Tabnuna 5.1.8

A n n2 M), ),
kHm kH/m
0 1 0 73,79 —348,99
0.2 08024 | 01627 | 4529 | -231,05
0,4 0,6174 0,2610 23,23 -136,89
0,6 0,4530 | 0,3093 697 | 64,98
1,0 0,1988 | 03096 | -11,81 | 23,83
1,4 0,0419 0,2430 -17.69 58,53
1,8 -0,0376 0,1610 -16,55 61,7
22 _0,0652 | 0,896 | -12,48 | 49,73
2,6 —0,0636 0,0383 -7,97 33,73
3,0 —0,0493 0,0070 —4.24 19,31

IIpuseneHuble B Tabmuue 5.1.8 ycunus OT BiuAHHA KpaeBoro 3ddexra cymMmupyroT ¢
YCHUIIMSIMA OT HArpy3Kd B OCHOBHOH cucreMe (CyMMapHbIMH MeMOpPaHHBIMH YCWJIMAMH IO
Tabnuue 5.1.4) 1 Ha 5T YCHIIHS TIPOBEPSIIOT NPOYHOCTD H TPELIHHOCTOHKOCTD XKENe300€TOHHBIX
pebep IIUT B IPUKOHTYPHO# 30He B cooTBercTBrH ¢ CIT 63.13330.

Onropsl YCHIIHI B KYIIOJIe OT BIMSIHUS KpaeBoro ¢ dekra 1 npeapapuTebHOrO HaIpsHKeHU
TIpUBENEHBI Ha pUCYyHKe 5.1.6.
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a — 3MOPa U3THOAOMIX MOMEHTOB; 6 — 3II0PA KOJbLCBBIX YCHIHH
Pucynok 5.1.6 — Jmopbl yCHIIMii B KynoJe OT BAMsiHHSI KpaeBoro 3¢ dexra n
MPEABAPUTEIBbHOI0O HANMPSKEHUA IIPH KECTKOM CONPHAREHHH KYII0JIa ¢ ONMOPHBIM KOJIbLIOM

5.1.7 Pacuer KymoJoB 1O Hecyluel cnocoOHOCTH BBIIONHAIOT KMHEMATHYECKUM CIIOCOGOM
MeToza npenenbHoro pasHoBecus (myHkThr 10.11 —10.15 CI1 387.1325800.2018).

Cxema paspylleHHs Kynonia IPHHUMAETCS B BHME CHCTEMBI CKBO3HBIX MEPHOMOHANIBHBIX
TPEIUWH, HAYHHAIOLIMXCS Y PACTSAHYTOrO KOHTypa UM  COEOMHEHHBIX MO KOHLAaM
PaCKpBIBAIOIUMICS BHU3 KOJIbLIEBBIMU ILJIACTUUECKUMU MapHUpamMu (pUCYHOK 5.1.7). Jta cxema
— HauboJiee BeposiTHasi (popMa obpalleHus KyHoja B MPOCTPAHCTBEHHBI MEXaHU3M B Clydae,
KOrJa HanpsbkeHWss BO BCell apMaType KOHTYPHOTO KOJbId JAOCTHIal0T —Pacye€THOro
COIPOTHUBIICHHUsSI Ha PACTSKEHHE.

a

A e

a — MOTIEPEYHOE CEYCHHE; 6 — CXEMA Pa3pyCHHS
Pucynok 5.1.7 — K pacuery KynoJia no npeieJbHOMY PABHOBECHIO

5.1.8 Pacuer Hecyuleil CIOCOOHOCTH Kymojia OOMYyCKAETCS BBIIONHATL NPUONIDKEHHBIM
criocobom mo «GanodHoi» cxeme [2]. s cBOOOOHO OmepTHIX MO KOHTYPY cepuueckux
000JI09€K BpaLeHHs C MEPHAHOHAIBHO-KOJIBLEBOH CXeMOil pa3pylIeHus pacueT NPOM3BOAUTCS
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M3 YCJIOBUs1 pABHOBECHS paccMaTpuBaeMoii yactu 06omouku (pucyHok 5.1.8). Ilpu sTom paboroii
BHYTPEHHHUX CHJI B KOJIbLIEBOM ILIACTUYECKOM LIAPHUPE MOXKHO PEHEOpEYb.

‘p
/q '

AR % 8

A 5,60

To \

0

Pucynok 5.1.8 — K pacuery KymnoJia no «0a09Hoii» cxeme

W3 ycnoBus paBeHCTBa HYJIFO CYMMBI IIPOEKLNH YCHIINM Ha TOPU3OHTAIBHYIO OCh YIJIOBYIO
KOOpAUHATY &, OTPAaHUUYMBAIOLIYIO CKATYIO 30HY OETOHA OIpenesitoT mo GopmyJie
_ As,co Rs + CISEJO R

& —r (5.1.16)

rme B=Riho+qs+qs,;

Ajs,co — TUIOLIANb CEUEHHUSI BCEX KONBIIEBBIX CTEPKHEI OMOPHOro KOJbIIA,

R — panuyc KpHBU3HBI CPEONHHON IOBEPXHOCTH KYIIOJIA,

o — yrioBast KOOpAWHATA Kpast KyIloJIa;

Ry — Ipu3MeHHas IPOYHOCTH OETOHA,

(s, q's— TIOTOHHBIE YCHJIUSA, BOCTIPMHAMAEMBIE KOJIBLIEBOM APMATYPOii KyIIOJIa COOTBETCTBEHHO
B PAaCTSHYTOH U CXKAaTOH 30HaX PacCMaTPHUBAEMOTO CEUSHUsI KYTIOJa,

ho — pabouast BbICOTa CEYEHHs TIOJIst OOOJIOUKH.

U3 paBeHCTBA MOMEHTOB BHELIHHX M BHYTPEHHUX CHII IIOCJIE HHTETPUPOBAHHUS:

sinc—k.Ec—m =0, (5.1.17)
rne k. = e / R = cos &g

m= 0,5M+qu2 sing, —gq.EoRe, .

BR ; (5.1.18)

35



€c0 — PACCTOSIHKE OT LIEHTPA TSKECTH paboueil apMaTypbl KOJIbLia 10 LEHTpa OKpy>kHOCTH 0;
M — MOMEHT BHELIHHX CHJI OTHOCUTEJIBHO OCH, IPOXOMAINeit depes EeHTP OKpyskHOCTH 0.
3uas Buipakenue s M, u3 Gopmy.sl (5.1.17) MOKHO HaliTH BeNMUMHY CyMMapHOH BHEIIHEH
Harpy3ku P (pucysok 5.1.7) o ¢popmyie
M

P_—7
kr,

(5.1.19)
roe k — xooddHuUeHT, 3aBUCSIMI OT BHAA ONHPAHUS M XapaKTepa BHEINHEH Harpysku
0<k<;
70 — PafUyC OCHOBAHHUA KyIIONa.

DopMynbl Uil onpeneneHus k Uil XapaKTepHbIX CIydaeB ONMPaHHA M Pa3IUYHBIX BHOOB
Harpy>keHus NpyuBeeHb! B Tabmmme 5.1.9.

Ta6nunoa 519

Bun onupanus
Bun narpysku o
Ha TpH Ha YeThIpe Ha ITITh TOYEK Ha BCEMY
TOYKHU TOYKH IIECTh | KOHTYPY
TOYCK
PasHomepHO 2 m 2 (1+2sin18)7 2 Cwm. Ha 1
pacnpeneneHHas 3 3 242 3 s 3 TpH 3
10 BCCH TOYKHA
HOBEPXHOCTH
Konbuesas, T X T X (1+sinl18)7 x To xe =
pacrpesieneHHast 3 5 22 5 s n To
O Pajuycy x
CocpenoToueHHas T T (1+2sin18°)x » 1
B BEpIIHHE 5 242 5
obonouxu
Cobcrennas T, 3| E LT (1+2sin18%)m 37 » ELI
Macca 060I04KH 3 8 | 22 4 5 8 8

Hpumep 2

3aoanue: paccuuTaTh HECYIUYIO CIIOCOOHOCTH MOHOJUTHOTO JKENe300€TOHHOTO KYIIOJa II0
«BaIouHOMy CXeMe C AMaMETPOM OMOpHOTo Konbna 29 = 36 M. Crpena nopbema Kynona f = 6 m,
tonmuHa & = 70 mMm. Kmacc Gerona B35 (R, = 19,5 MIla). Konblesas apMatypa HXKHEH U
BepxHeil CETOK U MepUANOHAJIbHASI apMaTypa HikHel cetku P4 Bp500 (R = 415 MITa, Rs. = 360
MITIa) ¢ marom 200 MM (Ascs = Ascn = Asm = 0,628 cM?/M), MEpUIHOHANbHAS ADMATYPA BEPXHEH
cetku @3 BpS00 ¢ marom 200 MM (Asm = 0,353 cm?/m). OmopHOE KOMBLO apMUPOBaHO 620
A500 (Rs=435MITa, Asco = 18,85 cm?). Apmuposanue A mi ¥ As,m BIOTb MEPHAMAHA TIOCTOSHHO.
OnopHOE KOJIBIIO OIUPAETCS Ha HeCy1ne KOHCTPYKIMK 110 BceMy nepumetpy. OcecuMMeTpHyHast
HArpy3Ka MHTEHCHBHOCTBIO ¢ PABHOMEPHO pacipeesieHa 10 FTOPH30HTAIBHON MPOSKIIH KyTIOa.

Panuyc xpuBu3HBL Kyniona
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2 2
R
2.6

sin§, :E:O,G; &0 =0,6435 pan.
30
IIpenenbHble MOrOHHBIE YCUIIHS B KOJIBLIEBOH apMaType KyroJja
qs = (Ascs + Asc) Ry =2+ 0,628 - 415 -107" = 52,124 xH/m;
q5=0,628-360- 107! =22 608 xkH/m;
ho= 70 —20 =50 mm;
B=Rpho+qgs + q5=19,55-10+ 52,124 + 22,608 = 1049,7 xH/m.
VYrnoBast KoOpAMHATA MPAHMIIBI CXKATON 30HbI OeToHa & mo gopmyre (5.1.16)

 1885-435-107" +52,124-0,6435-30
1049,7-30

g, =0,05799.

H3 dpopmyin (5.1.17) u (5.1.18) monyuaem

O’5M+qs RzSinE.’O —q; EJO RecO _

R 0.

Sinéc _ke gc -

Ipeobpasyem 3TO ypaBHEHHE OTHOCUTENBHO M ¢ ydeToM e.0 = R cos &o
M =2 R?[B (sin & — £, cos £o) — gs(sin Eo — Eo cos Eo)].
M =2-30%[1049,7-(0,05796—0,05799- 0,8) — 52,124 (0,6 —0,6435-0,8)| = 13863,5 kHwm.

U3 dopmyasr (5.1.19) u Tabmuuer 5.1.9 mpy paBHOMEPHO pacIpenelIeHHOH Harpyske H
OIIMpPaHNU I10 BceMy KOHTYpy (k= 1/3)

_3TEM 2

p =qnry .

)
Hecymast ciocoOHOCTD KyI1oJa

_3M 3138635

=713 klla.
" 18’

5.1.9. TlpenenpHas cragus paboOTHI TOHKOCTEHHBIX KYIOJOB XapaKTepH3yeTCsl BIUSHHEM
U3MEHEHHs] MX TeOMETPHHU TI0J] HArpy3KOi Ha HECYINyl criocoOHOCTh KOoHCcTpykuuu [2[, [3]. B
OCHOBE pacHeTa HecylIeil ClIocOOHOCTH KyTouia ¢ y4eToM Ae(OpMHUPOBAHHOTO COCTOSHMS JIEKUT
MEPUIHOHATbHO-KOJIBLIEBAS] CXeMa Pa3pyIIeHHs, IpeACTaBIeHHas Ha pucynke 5.1.7.

Paccrosane /1 10 KOJBLEBOrO MIACTHYECKOro mapHupa (pucyHok 5.1.8) ompernensem mo
bopmyne

nk

:(k_+r11)’ (5.1.20)

‘1
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roe k, =1+, n= Aseoly ; k=—Rb f+4, .
q; ) 9
3nech Asco — TUIOMAND CEUEHUsT KOMBLEBBIX CTEPIKHE OMOPHOTO KOMbLA; Ry — pacueTHoe
COTIPOTUBNIEHHE APMATYPHBIX CTEPIKHEH OMOPHOTO KOJbL@, o — pabodast BBICOTA CEYEHNs MOJIs
00OJIOUKH; ¢s, ¢ — TOTOHHBIE YCHIMs, BOCIPHHUMAEMBIE KONBLEBOM apMaTypoll Kyrmona,
COOTBETCTBEHHO B PACTAHYTOM U CHKATOM 30HAX PACCMATPUBAEMOrO CEYEHHUs KyTOa.
B HauanbHOM cranuy neOpMUPOBAHKS HECYILYIO CIIOCOGHOCTb OGONOUKH ONPENENSIOT MO

bopmye

qlzai* M*+q;f b73a2W , (5.121)
22
rne M" =mk, +nf %—(k+l)w* ;
gkl b:(k+1)3+2k373k3(k+1),
" (k+1)2 ’
2
k' =1} 1+k—”+k—”;
k+1  (k+1)?

w* —niporud 00O0NOYKH, OTHECEHHDIH K CTpeJie MOABEMA,
M — MOTOHHOE 3HAYEHHE MPENETbHOr0 M3rnOAOLIEro MOMEHTA B KOJIbLIEBOM IJIACTHYECKOM
LIapHUpe

m:Rs As,mb (hO _g)’ (5122)

3nechb Asmp — TUIOLIAAb CEYEHHs MEPHIMOHAIBHON apMaTyphl HIDKHEIl CEeTKH Ha eIWHHLY
IUTMHBI KOJIBLIEBOTO HANPaBIEHUS,

o X
X — BBICOTA CXXAaTOH 30HBI CEUCHUsI, ONIpEeacisaemMast ¢ coboieHuEM yCOBUA E < 0,6&_, R» A€

&R — TpaHUYHOE 3HAUYEHHE OTHOCUTENIbHOI BBICOTBI CxkaToi 30HbI 1o CIT 63.13330.

Ipu noncraHoske B (5.1.21) u B Beipaskenue it M* 3sHauenust w* = 0 n0JIy4uM MpeaesbHy 0
HArpy3Ky aist 060mouku 6e3 yuera e OpMUPOBaHHOTO COCTOSHHS.

B nipenienbHOM COCTOSIHHM KPUTHYECKOMY 3HaU€HHIO IPOruba COOTBETCTBYET 3HAUSHHUE:

* 2kna
T (k+1)?

Ioxpcrasue (5.1.23) B (5.1.21), momyuuM MpenesbHOE 3HAYCHHE HArpy3KH, OTBEHaroliee
HECyIIe criocOOHOCTH 00OJIOUKH € y4eToM e OpMUPOBAHHOTO COCTOSHUA:

(5.1.23)

é_ﬂ
3 (k+1)

N
q=—=|M, +q,f] (5.1.24)
ak

rne M, =mk, +kn—{1[(k+ 1y — &2 —Zakn].

* Benu4uHA COOTBETCTBYET AS(POPMHPOBAHHOMY COCTOSIHHIO KOHCTPY KIHH.
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IIpumep 3

PaccmoTpuMm pacuer Hecyuielf CrIocoOHOCTM OOONOYKM W3 IIpuMepa 2 C  Y4eTOM
1e(OpPMUPOBAHHOIO COCTOSIHHA.

3Hauenus: BeauynH, Bxomsamux B (5.1.20) u (5.1.21):

19,5-5-10 + 22,608

k =19,139 (g u ¢s cMm. ipumep 2),
1% (gsmgq pumep 2)
-1
2 435:18.85-10 _ 45.55
18
k,=1+ 45,55 =1,874 ;
52,124

a=k+1-k,=19,139 + 1 1,874 = 18,265;

be 20,139 +2-1,874° —3-1,874*-20,139
20,139*

=19,648

k=182 [1+ 1,874 /20.139 + 1,874% / 20.139%] = 356,955.
I'paHrvHast BEICOTA CXKATOM 30HBI OETOHA

08 0,8 _
Er= R = 135 =0,493.
1+

Esg +2-105-350-1o*5
s©b2

x=ho-0,6Er=50-0,6-0,493 = 14,8 Mm.

IpenenbHblfl TOrOHHBINA M3MMOAIOIIHA MOMEHT B KOJIBLIEBOM ILIACTHYECKOM INAPHUPE MO
dopmye (5.1.22)

m:415~0,628-(50—%)-10_4 =111 xHwm/m.

OmpenensieM IpenenpbHOE 3HAYSHHE HArPy3KH, OTBEUAIOIee HeCyllell CIOCOOHOCTH
0001104KH ¢ yueToM ne(hOpMUPOBAHHOTO COCTOSIHMS 10 hopmyte (5.1.24):

M, =111-1,874 + 45,556

[20,1392 ~1,874% —2-18,265 -1,874]: 4529 4 Hv/m.

>

2
g, ;{4529,4%2,124-6(19’648—18’265 1’874ﬂ:5,611c1'1a.

" 18.265-356955 3 20,139

Hecyas cnocoGHOCTh 060mouky Ge3 yuera 1eopMHUPOBAHHOIO COCTOSIHUS ipu W* = 0 1o
¢dopmye (5.1.21) cocrasur:

45,556

M =1]11-1,874 +
20,139

[20,139 2_18742 ]: 5458 ,4 xkHwm/Mm.
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4= i* 2 ISl 6 545844 22124-6-19648) _ o111
ak 3 | 18265-356955 3

ITonyuyeHHOe 3HaueHHe HeCyIUeH cnocobHOCTH OM3Ko (C pasHuLeii B 3%) Kk HalfiieHHOMY B
npuMepe 2, cocrasisromemy 7,13 klla.

ITockonpKy 3Ha4eHuWe Hecylueil CIOCOOHOCTH KyMOJa € y4eToM ero ae(opMHpOBaAHHOIO
COCTOSTHHS CYLIeCTBEHHO HiKke (Ha 19%), npu NPOEKTUPOBAHUM CIIEAYET OPHEHTHPOBATHCA HA

BETMUKMHY MPEAENbHOM Harpy3ku ¢'1 = 5,61 klla.

5.2 CoopHast moJiorasi 000/109KA TMOJIOKHTEJIbHOH rayccoBOil KpHMBH3HBI HA
NPSAMOYTO/IbHOM IUIaHe

52.1 TlonoruMu CYMTAIOTCS TaKhe BBIMYKJIbIE OOONOYKM HAa MPSMOYTOJBbHOM ILIAHE, Y
KOTOPBIX CTPEJbl MOAbeMa Ha KOHTYpe He NMPeBIaroT 1/10 AIHHBI COOTBETCTBYIOLIEH CTOPOHBI
KOHTYpa.

B kauecTBe cpenuHHOIl MOBEPXHOCTH IOJNOTHX OOONOYEK PEKOMEHIYeTCsA HCIOJIb30BaTh
MTOBEPXHOCTb MepeHoca uiu BpaieHus. OOpa3yroumMe AJisl BCEX MOBEPXHOCTE peKOMEH Ty eTcst
IIPHHIMATE KPYTrOBbIE KPUBBIE HIIH OJIM3KHE K KPYTOBBIM.

5.2.2 I'mankue u peOpHCTbIe MoJIOrie 0OOJIOUKH CllelyeT KOHCTPYHUPOBATh B COOTBETCTBHH C
paszernom 4.

TomuuHa 6 ¥ apMUPOBaHHE CpeAHEH 30HBI [NAAKUX 000JIOUeK, e AEHCTBYIOT TOJBKO
C)KUMAIOINNE YCHIINSA, MPENBApUTEIbHO HA3HAYAI0OT KOHCTPYKTHBHO U NPOBEPSIOT PAacUETOM Ha
YCTONYUBOCTD.

B pebpucteix cOopHBIX 000I0YKAaX TOJLIMHY IIOJIA MaHenel cpenHeil 30HbI HA3HAYAIOT C
Y4E€TOM TEXHOJOTMYCCKUX BO3MOKHOCTEH MPOU3BOACTBA U NPOBEPAIOT pacH€TOM Ha 3a/IJaHHOEC
3HAYCHUE PACUCTHOMN Harpy3Ku.

5.2.3 TommuHy moNsl B MPUKOHTYPHBIX M YIVIOBBIX 30HaX OOONOYKH PEKOMEHIYETCs
YBENIUYMBATh U pasMELICHUs [OIOJNHUTEIbHOH apMaTypel M BOCHPUATHS ycwimii, Goiee
BBICOKHMX IO CPaBHEHUIO C AEHCTBYIOLIMMH B LIEHTPAJILHON 30HE.

TommuuHy 060704KH B YITIOBO# 30HE HA3HAYAIOT IO PacYeTy IIPU COONIEOACHUH YCJIOBUS I
TVIABHBIX PACTATHBAIOIINX U IJIABHBIX CXKUMAIOLINX HATIPSDKEHUH Gprr < 0,3 Rp, Gpre < Rp 11 ¢ yueTOM
obecreueHus1 BO3MOXKHOCTH PasMeLIeHUsI HEOOXOAUMOTO YHCIIa apMaTyPBbL.

VBenuueHue TOMMIKHBI cOOPHOM 0DONOUKH B YIJIOBBIX 30HaX PEKOMEHIYETCS BBINONHSITE C
HIOMOLIBIO0 HAOETOHKN MOHOJIUTHOTO XKeJ1€300eTOHa, YKJIaAbIBAeMOro NoBepX cOOPHLIX IIUT. B
mpenenax HaODETOHKM — pAacCIoNiararoT — [OMNOJHUTENBHYI KOCYI — padouyr — apMmatypy,
YCTaHaBIUBACMYIO 110 PacdeTy.

5.2.4 B NPUKOHTYPHBIX y4acTKax OOOJOYKM B 30HE ACHCTBHS M3ruOAIOIINX MOMEHTOB
clefyeT YKIaAbIBaTh MONONHUTENBHYHO apMaTypy. Ecmm 3Ta apmaTypa BOCIPUHMMAET
TIOJIOKUTENIbHbIE MOMEHTBI, TO OHA PacIonaraeTcs B HrkHel 30He minuTel. OCHOBHYIO CETKY IpH
3TOM PAaCIONIAraloT B BepXHeH 30He. [l BOCIPUATHS PacTSATUBAIOIIMX YCIIUH, NeHCTBYOMNX
MapaJuIeIbHO KOHTYPY, Y HIDKHEH rpaHu oOOJOYKM Ha IPHOMOPHBIX YYaCTKAaX YKIAIbIBAIOT
pabouyro MM KOHCTPYKTHBHYIO apMaTypy.

Jlnist BOCHIpHATHS TIABHBIX PACTATHBAIOINX HAIPSDKEHUI, TeHCTBYIOIMX B YIVIOBLIX 30HAX,
K OCHOBHOH apMaType PeKOMEHAyeTcsl MOOaBIsiTh KOCYIO, NMEePIEeHIMKYSPHYIO K JAHATrOHANN
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miana. B oGomoukax mnposerom Gomee 40 M 3Ty apMarypy PEKOMEHIYETCs BBIIOJHSTh
NpeaBapUTEIbHO HampspKkeHHOH. BOamsm yrioe o0osodkd 3Ty apMatypy peKOMEHAyeTcs
3aMEHSATh OOBIYHOM.

ApMatypy Ais BOCIPHSTHS [JIABHBIX PACTSATUBAIOIIMX HANPSHKEHWI MPUHUMAIOT B BHUIE
OTHENBHBIX CTEPXKHEH WM CETOK U PACHONararoT y BepXHEH M HIDKHE! MMOBEPXHOCTEH ILTAT
000JI04KH.

B cOopHbIXx 00ONOUKaxX IUIUTBI PEKOMEHIAyeTCA apMHpPOBaTh CBAapHBIMH CETKAMH H
Kapkacamu. B Mecrax conpsbkeHHs MOJIKH C peOPOM PEKOMEHIYeTCs yCTpanBaTh BYThL

5.2.5 O6ono4ky MO KOHTYPY CIeAyeT ONMUpaTh Ha AuadparmMel, BHIMONHIEMbIE B BUIE apoOK,
dbep™ mu 6aloK, a TaKkXkKe KPUBOIMHEHHBIX OPYChEB, YIOKEHHBIX Ha CTEHBI W P KOJIOHH.

KonrypHble 0ankn pexoMeHIyeTcsl IPUMEHSTh B OTAEIBHO CTOAIUX 00O00UKAX MPH YacTo
PACIIONOXKEHHBIX II0 IIEPHMETPY 3[JAaHHUA KOJIOHHAX, a B MHOTOBOJIHOBBIX 00O0JOYKax — MO
Hapy>kKHbIM PAZaM KOJIOHH.

Just mponeroB 18 W 24 M KOHTYPHBIE JJIEMEHTHI MPHHUMAIOT JKENE300€TOHHBIMH, MpPHU
OoNpIIMX MpONeTaX PpEKOMEHAYEeTCS MPUMEHSTh PACKOCHBIE CTajbHble (pepMbl  Him
cranesxene300eTOHHbIE KPUBOJIMHEHHbIE KOHTYPHbIE OpyChs.

5.2.6 Yeunus u neopManu B OTAENBHO CTOSLIMX 000JIOUKAX PEKOMEHAYETCS OIPENeNisTh
pacueToM METOIOM KOHEUYHBIX 3JIEMEHTOB C yYETOM KOHCTPYKTHUBHBIX OCOOEHHOCTEH 000MoueK
(nanuuue pebep, OTBEPCTHIA, MEPETOMOB ITOBEPXHOCTH) U (HAKTHUYECKOH JKECTKOCTH GOPTOBBIX
nuagpparm.

IIpenBapuTenbHblE PACYETHI MOJOTHX 000JIOUEK JOMYCKAETCs BHITOIHATH 0 OE€3MOMEHTHOI!
TeopHH ¢ y4eToM kpaesoro sddexra (11.10 — 11.12 CII 387.1325800.2018) mitkt mo MOMEHTHOIA
TEOPHH.

Be3MOMEHTHYIO JIMHEHHYIO TEOPHI0 C YYETOM H3rMOAIOIMX MOMEHTOB, BO3HHKAIONIUX B
MIPUOIIOPHBIX 30HAX, MOIYCKAETCA NMPUMEHSTh IS NPEABAPUTENBHBIX PACUETOB IIAPHHPHO-
OIePTBIX [MIaZKUX 00OJIO4YeK CO CTpenod moxbema f > 200 npu paBHOMEPHO pacrpeneneHHON
Harpyske.

5.2.7 Ycunus npu paBHOMEPHO PACIIpeNIENeHHON Harpy3Ke MpH pacdere OTAENbHO CTOSIIHX
KBaAPAaTHBIX B IUIaHE OOOJIOYEK CO CTOpPOHAMH / MO MOMEHTHOH TEOPHH PEKOMEHAYETCs
OIpenessATh o popMyJiam:

- HOpMaJIbHbIC CHJIBI V1 B HAIIPAaBJICHUH OCH X U N2 B HANIPaBJICHUH OCHU Y O JTHHUH ¥ = 0

& &
N, :f%km N, :-%sz, (5.2.1)

- COBUTAOLIME YCUIIHUSL S IO rPaHsM 000I0UKH
. qr
s=4f (5.2.2)
- m3rubarolre MOMEHTHI M B HaIpaBJIE€HUU OCH X IO JJUHUU ) = 0
M =qlPk,,, (5.2.3)

- OTIepeYHbIe CHIIBI (J, AEHCTRYIOMINE II0 IPaHAM 000I0UKH

0=qlky, (5.2.4)
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- TaBHbIE YCUIHA Npr,1 U Npr2, neficTeyromue B 060I0UKE COOTBETCTBEHHO B HaTpaBJICHUH
€e IMaroHaJii U HOPMAJIBHO K Hei

12
Npr,l(z) :_%kpr,l(z)~ (5.2.5)

B dopmynax (5.2.1) - (5.2.5) k., ky,s kags kos K 12) — Koo duLmeHTEI, MpUHIMaeMEIe
10 Tabmuuam 5.2.1 — 5.2.6 B 3aBUCHMOCTH OT OTHOCHTENBHOM KoopauHaTs! ToukH ¥// (0 < x/I <
0,5) u snavennit mapametpa A =117y f /8, wmt A, =117,[£ /35, , pasmbx 4, 5, 7,9, 11, 14 1
18 (mpOMEKyTOYHbIE 3HAYCHUS TMPUHUMAOTCS MO JIMHEHHOI HHTEPrOALuK), 01 — TONIIMHA
000104KH, NPUBEAEHHAs MO MIOWany; 8, :m— TONIMHA 000JIOUKHU, NPUBEAEHHAS 110

MOMCHTY UHEPLIUH.

TaGnauna 5.2.1

Koapdurment 100 ky, mns onpenenenus HOpManbHBIX vt N1 [IPU 3HAYEHNH A1

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 03655 |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 0,2921 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

Tabauna 5.2.2

Kooddumment 100 £y nns onpenenerus cun N2 py 3Ha4€HUSX Al

x/1

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 0,4177 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 14122 |009057 |04164 |02506 |0,1684 |0,1039 |0,0628
0,4 1,2 0,7271 0,3695 0,2236 0,1498 0,0924 0,0551
0,5 1,1023 0,6864 0,354 0,2144 0,1441 0,0884 0,0535

Tabauna 5.2.3
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/1 Koabdurment 100ks ns onpeneneHust CABUTAIOLINX YCUINH S TP 3HAYSHUSIX A1
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 0
Tabnuma 5.2.4
Kosdpdpuument 100 £y msa onpeneneHust 3rHOAr0IUX MOMEHTOB M)

x /1 [pU 3HAYEHHSIX A2

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 0,0041 -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
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Tabnuna 5.2.5

/] Kospduuuent kp s onpeneneHus NONEPEHHbIX ¢l ) MPU 3HAUSHUAX A1
4 5 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
0,1 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

Tabauna 5.2.6

Koadpdurment 100 kpr,1(2) 11 ONpeReneHus IIaBHbIX YCHIHA Npr,1(2)
x/1 y/1 TIPH 3HAUEHUAX Al
4 | 5 7 9 11 14 18
Vecunune B HampaBlIeHUH OJHATOHANH
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
Vcunue NePpONEeHAUKYIASIPHO OJUATOHAIH
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 | 02143 | 0,144 | 0,0884 | 0,0534

B cnyuae neficTBUS KOCOCHMMETPUYHON HATPY3KH (HATPY3KH OOHOMN BENMYUHBL, HO PA3HOTO
3HAKAa HAa CHMMETPHUYHBIX IIOJOBHMHAxX IulaHa oOomouku) B dopmymax (5.2.1) — (5.2.3)

k03 unneHTHI
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ky. .k, k. ki , ipuHIMaeMbvME 10 Tabmiuam 5.2.7 — 5.2.10 B 3aBHCHMOCTH OT OTHOCHTEIBHOM
koopauHatl Touku ¥// (0 < x/I < 0,5) u 3HaueHmii mapamerpa Aj=0,585/f/8,

A, =0,585,/f/8, , paBHbIx 4, 5,7, 9, 11, 14 1 18 (ipoMexyTOIHBIE 3HAYEHUS] IPUHUMAIOTCS IO

JIMHEHHOM MHTEPTIONSILIUK).

Tabauna 5.2.7

WU

Koopduuuent 100 &7, /1 onpeaenenns HopMabHbIX CHil N1 NPH 3HAYCHUSX A1

x/1 4 5 7 9 1 14 8
0 0 0 0 0 0 0 0
001 |0004 |00022 |0,0013 |00009 |00004 |0,0004 0
0,02 |00075 |00049 |00026 |00013 |0,0009 |0,0004 0,0004
0,025 | 0,0093 |00062 |0,0031 |00018 |0,0013 | 0,000 0,0004
0,035 | 0,0128 |0,0084  |0,0044 |00026 |0,0018 | 0,000 0,0009
005 |0018 |00119 |00062 |00035 |00026 |0,0013 0,0009
007 |00252 |00164 |0,0084 |00049 |00035 |0,0022 0,0013
01 |00349 |00225 |00115 |00071 |0,0049 |0,0031 0,0018
015 |00482 |00309 |0,0159 |00097 |0,0062 | 0,004 0,0022
02 |o00s66 |00362 |00186 [0011  [00075 | 0,0044 0,0026
025 |00597 |0,038 0,0194 | 00119 [0,008  |0,0049 0,0031

Tabaunpa 5.2.8

Kosduument 1004k}, Ans onpeneneHus HOPMANbHBIX Ciil N2 pu 3HA9eHIsIX A1

x/1 2 5 7 9 11 14 13
0 0 0 0 0 0 0 0
001 |00017 |00734 [00522  |0,0402 00323 |00247 |0,0181
002 |01786 |0,1414 |0,0977 |00725 00557 | 00398 |0,0265
0,025 [02188 |0,1719 |01162  |0,084 00627 |00433 | 0,0278
0035 | 02026 |0225 |0,145 0,0099 00716 |0046 | 0,0278
005 |03832 |002846 |0,1688 | 0,1096 00743 | 0,0447 | 0,026
007 |04667 |03207 |0,1803  |0,1083 00703 | 00442 | 0,0256
01 |o0s5149 |03474 [01737  |0,1012 00667 | 00415 | 0,0252
015 |05282 |0339 |01618 | 0,0981 0065 | 00402 | 0,0243
02 |oso21  |o3116 |0,1587 | 0,0964 00641 | 00398 |0,0239
025 |04888 |03072 |0,1578 | 0,0059 00636 | 00393 | 0,0239

Tabnunoa 5.2.9
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Kosdppuuuent 1004y, nas onpenenenus u3rubaroux MOMEHTOB M)

x/1 npu 3uauerusix Ay =0,585,[1/8,
4 5 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
001 |0,0234 |00179 |00116 [0,0082 |0,0061 |0,0041 |0,0026
0015 00319 |0,0245 |00146 |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 |00167 |0,0097 |0,0058 |0,0028 |0,001
0,035 |00495 |0,0327 |00154 |0,0076 |0,0038 |0,0012 |0,0002
0,05 |0,0503 |0,029 |001 0,0039 |00012 |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 |00117 |0,001 ~0,0004 | -0,0002 |0 0
0,1 0,0262 |0,0088 |00001 |-0,0002 |-0,0002 |0 0
0,15 0,0044 0 0 0 0 0 0
02 |-00017 |0 0 0 0 0 0
0,25 —0,0035 0 0 0 0 0 0
Tabnuma 5.2.10
Kosddpuument 1004's 1iist onpeneneHus CABUrarOIMX Cu S
x/1 v/ IpH 3HaUeHUsAX A1
4 | s | 7 9 11 14 18
I[Torpaumsmy==1[/2
0 - 0,6736 | 04778 | 0,2829 | 0,1887 | 0,1357 | 0,0906 | 0,0588
0,02 - 0,6577 | 0,4623 | 02678 | 0,1742 | 0,122 | 0,0777 | 0,0482
0,05 - 0,5856 | 03987 | 02135 | 013 | 0,0862 | 0,0525 | 0,0314
0,1 - 04111 | 02639 | 0,1291 | 0,0765 | 0,0508 | 0,0314 | 0,019
0,15 - 0,2449 | 0,1512 | 0,0751 | 0,0455 | 0,0305 | 0019 | 00114
0,2 - 0,1154 | 0,0676 | 0,0354 | 00217 | 0,0146 | 0,088 | 0,0053
0,25 - 0 0 0 0 0 0 0

OxoHuaHue tadbnuus 5.2.10
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IHorpausamx=0ux=/
- 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

5.2.8 Pacuer nporuba w OTHENBHO CTOSAIIMX KBAJPATHBIX B IUIaHEe OOOJIOUEK MpH NEHCTBUM
PaBHOMEPHO PaCHPEACNICHHOH HArpy3KH BBIIONHAETCSA MPHOIIDKEHHO 10 6e3MOMEHTHOMH TEOpHH
pacyera NPUMEHHTENBHO K O0OJOYKAM IOJOXKUTENbHOH KPHUBU3HBI, CBOOOOHO OMEPTHIM IO
KOHTypy

2
Y= R6 ’
bt ™1

rIe g — HOPMaTWBHOe 3HAaueHHE Harpy3ku; R — paauyc KpuBHM3HBI 00onouku, Epr —

(5.2.6)

JUTNTEeNbHBI MOAynb medopmarmii OeroHa, 81 — TommuuHa OOOJOYKH, B Cily4ae peOpHCTOi
000104KH — MPUBEACHHAA IO IJIOLIAON.

Ipumep 4

3aoanue: 3ampoexTHpoBaTh MONOTYI0 COOPHYIO >kene300eTOHHYI0 OOOJNIOYKY MOKPBITHS
3MaHUS Ha KBAJpPATHOM IUIAHE CO CTOPOHaMu pasmepoMm / = 42 M (pucyHok 5.2.1). 3nanue
pacnosioskeHo B Il cHeroBoMm paitone. Chepudeckas HOBEPXHOCTb O0ONOYKH UMEET paguyc R =
53,5 m. Obosouka cobupaeTcst U3 peOPUCTBIX LMIMHAPUUECKUX TUIMT HOMHHAJIBHBIMH Pa3MepaMu
B mwiane 3x6 M. MoHTax 000JI0UKH BEETCS ¢ IOMOIIBIO MOHTAXKHBIX CEKLUI ¢ pazMepamu 3x18
M, COOMpPaEMBIX U3 TPEX ILIHT 3 X0 M.

Pucynox 5.2.1 — Cxema 060/109KH

OrnpenensieM o0LKe reOMETPHYECKHE MTAPAMETPBI O0OIOUKH:
- nogbem obonouku f=fot fi,

rae f, = R—[R2 —(1/2) =535-/5352 —(42/2) =4,294

- paauyc KOHTypa obonouku Ry = R — fo = 53,5 — 4,294 = 49,206 m;
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- moabeM O00JIOUKH Ha KOHTYPE f1 = f2 = fi

fi =R, —R—(1/2) = 49206 —+/49,206% — (42/2) =4,706m;

- o0 nogbeM obonoukd f =fo + fi=4,294+4706 =9 m;
- TOJIIHHY COOGCTBEHHO 000MOYKH (TIOJKH [LUTUTHL) IPUHUMAeM A'yr= 35 MM.
IMpunumaem Geton knacca B30 (Ry= 17,0 MIla, Ry, = 1,15 MIla, FEp= 32500 MITa).

OmnpenensieM reoMeTpUYECKHE XapaKTEPUCTHKHU IUTUTHI (PUCYHOK 5.2.2):

@ S
R I
= < %
; —
N I
b =100 b =100 B
I, = 3000

Pucynox 5.2.2 — TlonepeuyHoe cedeHHE WHIHHAPHYECKOH IIHTBI

omanb cedeHus mutbl A =2 b h + Wyl —2 b)=2-10-30 + 3,5-280 = 1580 cm?;
CTaTUYECKUIM MOMEHT MHEPIIMH OTHOCHTENIHO BEPXHEH rPaHu MOJKH (OCh o)
35

h h 3
8,0 =2bhZ + (1, ~2b)h, =L =2.10-30-15+280-3,5. 22 = 10715 em’;
2 2 2

MOJIOXKEHHE LIEHTPA TSHKECTH cedeHust X = S y0/4 =10715/1580 = 6,8 cm;
MOMEHT MHEPLIUH OTHOCUTEIBHO OCH V¢!

2
bh n OV (-26)n7 Hy
I,,=2"—"—+2bh —— += L 4, -2 x———| =
ye T 12 (2 xj 12 (1, ~26)h | x 2

3 2 3 2
_,10-30 +2.10.3O(320—6,8] +%+280-3,5-[6,83jj —111337 ov*.

OmnpenensieM puBeAEHHYIO (GUKTUBHYO TONIHUHY OOOJOUKH:
-mo miomany &1 =4/l + 1 em = 1580/300 + 1 = 6,3 cm (1 cM yumrsiBaeT 6eTOH mBa

3aMOHOJHYNBAHUA),
- 10 MOMEHTY MHEPLIUH

8, =3f121, /1, =312:111337/300 =16,45 e,

- IO PafNyCy UHEPLH

8, =,/121,,/4=+12-111337/1580 = 29,1 cm.

B coorBerctBun ¢ CIT 20.13330 momHOE pacueTHOE 3HAUYEHHUE PABHOMEPHOW CHEroBOH
Harpy3K{ Ha TOPU3OHTAJIBHYIO TPOEKIIHMIO IIOKPBITHS ONpesessieTcs no Gpopmyie

S =yrSo=1,4-(ceci 1 8p),
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rae Sy — BEC CHErOBOTO MOKPOBa Ha 1 M? TOPU30HTANBHOM MOBEPXHOCTH 3eMIIH, KOTOpBIi s 11T
CHEroBoOro paiiona paseH 1,5 klla;
ko3 dunment . (no b.11 CIT 20.13330.2016 ais1 KynoJibHBIX MOKPLITHIA) paBeH 1,0 mpu o <
30°, yrox HakJIoHa OGONOYKH MOKPHITHS B TIONIEPEYHOM HAIPABJICHHUH TIPH IIpoJieTe 00010UKH
42 M u paguyce KpuBH3HBL R = 53,5 m: o = arcsin (21/53,5) = 23° < 30°, nosToMy 1o Beei
HOBEPXHOCTH NMPUHAT 1L = 1;
TepMuueckuii koapduuuent c,= 1,
ko3(punment serposoro cuoca o (10.3) CIT 20.13330 c.= 0,85.

C6op Harpy30k Ha 000JI0uKy npuBeaeH B Tabauue 5.2.11.

TaGnuna 5.2.11 — Harpy3ku Ha mOKpbITHE

Bun Harpysku HopmartusHas | vy PacuerHas
Harpyska, klla Harpyska, klla

CoOCTBEHHBII BeC MIHT O0OJOYKH CO IBAMHU

saMoHOMMYMBaHUA (Y = 25 kH/M®; 81 = 63 MMm) 1.575 11 1.73
Bec yremmurens (y = 4,6 xH/M?; § = 200 cm) 0.92 1.3 12
Bec uemenTHO# crsokku (Y = 20 kH/mM?; § = 30 Mm) 0,6 13 0.78
Bec rugpon30IILHOHHOTO KOBPA M MapOH30JISLMU 0,21 1,3 0,27
Hroro 4,58 - 5,77

CumMmMmeTpudHas pacdeTHasi Harpy3ka cocrasisier ¢ = 5,77 Ila.
IIpoBepka 060104KH HA YCTOHYHBOCTD

Kputuueckyro Harpysky ¢.r ompenenseM cormacuo CIT 387.1325800 kak mis riamkoi
obonouku ¢ npuseneHHOl (GpuKTHBHON) ToMmMHON &7 MUKTUBHBIA MOAYNb YNPYrOCTH MpH
paccTosHuu Mexay pebpamu mmt b = 3,0 M: Er= Ep A / (b &) = 32500-1580 /(300-29,1) = 5882
MIla.

Mogynb nedpopmaunn GeToHa TpU TMPOAOILKUTENLHOM ACHCTBHE HArPy3KM IPHHAT MpPH
cpenHell OTHOCUTENBHOM BlIaskHOCTH Bo3ayxa 40% — 75%

E, E
By = == =0303
T4, 1423

Ep: =0,303-5882 = 1782 MIla.

WHTEHCHBHOCTD  IOMYCTUMOH KPHTHYECKOH HArpy3kd ¢, HE JOJDKHA HPEBLIIATD
MHTEHCHUBHOCTU MOJHOH PaCYeTHON HArpy3KH §:

qgor=0,2 Epe (8¢/ R)* k= 0,2-1782-(29,1 / 5350)*1-10° = 10,54 kITa,

rae k=1 nns cepuueckoil moBEpXHOCTH.
Yeroitunocts 0607104KH obecnedeHa, Tak Kak ge = 10,54 xIla > g=5,77«lla
" .

Pacuer 060.104KH HA PABHOMEPHO PACHPENEIEHHYI0 CHMMETPHHY IO HATPY3KY

Omnpenernsiem 3HAYSHHUS TAPAMETPOB A1 H A2:
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A =L17F78, =117-4/9/0,063 = 14;

Ay =117/ /8, =1,17-4/9/0,1645 =8,65.

IIpoBepsieM MPUHATYIO TONIHHY MOJKKA ILUTBI 0oOojouku (B wueHTpe). Omnpenensiem

HOPMaJIbHBIC YCHIUS Ha 1 M JUTHHBI

Nxx= Ny = —q P /(8 f) = —5,77-42%/ (8-9) = —141,4 xH/m.
Hanpsoxenus B nonke muuthl 6. = N/ hy=-141,4 /0,035 = —4,04 MIla < R; = 17,0 MITa —

TNPUHSTAs TONLIHMHA TIONKH 47 = 35 MM IOCTaTO4HA.

OnpenensieM HauOONbIIME 3HAYEHHWS HOPMaNbHBIX cuil N1 U N2, MeHCTBYIOIINX B IIOJNE

obosouku (pucyHok 5.2.3):

50

A%
M
/Nprl

7 QWNor2

{

Pucynox 5.2.3 — Hanpayienus 1eficTBHA HOPMAJIbHBIX H IVIABHBIX YCHIIHI B 000/109Ke

- B HaMpaBJIeHUH OocH X 1o JuHUK y = 0 mo (5.2.1):

. 577-42°

=005 -ky, =—161560ky, kH/m,

rae koapoduuuent k v, HaXOIUM 1o Tabmuue 5.2.1 npu A1 = 14:

x/1=0, N1=-1615,6-0=0;

x/1=0,05, N1=-1615,6-0,0146 = —-23,6 xH/m;
x/1=0,1, N1 =-1615,6-0,0287 = —46,4 xH/m;
x/1=0,15, N1=-1615,6-0,0419 = —67,7 xH/m;
x/1=0,2, N1=-1615,6-0,0539 =—87,1 xH/m;
x/1=0,3, N1=-1615,6-0,0733 =—118,4 xH/m;
x/1=0,4, N1=-1615,6-0,0848 = —137,0 xH/m;
x/1=0,5 N1=-1615,6-0,0884 =—142,8 xH/m.

- B HAMpaBJieHuH ocu y 1o JiuHuk y = 0 mo (5.2.1):

N, = —161560kN2 kH/m,

rae xo3bduueHT sz HaxonuM 1o Tabnuue 5.2.2 npu 41 = 14:
x/1=0, N2 =0

x/1=0,02, N>=-1615,6-0,0941 = -152,0 xH/m;,



x/1=0,05, N2=-1615,6-0,1618 = -261,4 xH/m;

x/1=0,07, N>=-1615,6-0,168 =-271,4 xH/m;

x/1=0,1, N2=-1615,6-0,156 =-252,0 kH/m;

x/1=0,15, N2=-1615,6-0,1352 =-218,4 xH/m;
x/1=0,2, N2=-1615,6-0,1229 = -198,6 xH/m;
x/1=0.3, N2=-1615,6-0,1039 =—167,9 kH/m;
x/1=04, N2=-1615,6-0,0924 =-149,3 kH/m;
x/1=0,5, N2=-1615,6-0,0884 = -142,8 xkH/m;

HaubonbImue HanpsiKeHYs, AeHCTBYIOIIME B IOJIe 0OO0NOYKH, COCTABIIAIOT
oy =N /8, =-271,4/ 0,063 = -4,31 MIla < Ry= 17,0 MIla — npo4HOCTb CEUCHHs

006osoukH obecneuena.

Omnpenensiem capuraroiue ycunus S 1o rpassm odosouku 1o (5.2.2):
S§=161560 k, xH/m,

rae ko3 ounuent k; onpeanensieM mo tabauie 5.2.3 npu A = 14

x/1=0, S =1615,6-0,3439 = 556 kH/m;
x/1=10,05, S =1615,6:0,2749 = 444 xH/wm;
x/1=0,1, § =1615,6-0,1927 =311 kH/m;
x/1=0,15, S =1615,6-0,1441 =233 kH/wm;
x/1=0,2, S =1615,6:0,1114 = 180 xH/m;
x/1=0,3, S =1615,6-0,065 = 105 xH/m;
x/1=04, § =1615,6-0,0301 =49 xH/wm;
x/1=0,5 § =1615,6-0=0.

Ipu paBHOMEPHO pacrpeneneHHOH Harpy3Kke 3HAUUTENbHbIE MOMEHTEI BO3HHUKAIOT TOBKO
Ha IPUONMOpPHBIX yuacTkax obomouku. OmnpenenseM HaubOJNblIME H3THOAIOLIHE MOMEHTHI,
JeHCTBYIOLINE B HanpaBieHuy ocH X mpu y = 0 mo (5.2.3):

M1 =5,77-42% ky;= 10178 kus,

rae ko3 duiment iy Haxogum mo Tabnune 5.2.4.
st A2 = 8,65 MakcumanbHOe 3HaYenune M1 —npu x /1 =0,05.
ITo unTepnoasLMu:

= %5[0,03834r w (0,0667-0,03 88)} = 4,45 xHv/m.

1max

OnpenensieM momnepeuHbie cHitbl (), NEHCTBYIOLIME IO TpaHsiM 06onoukH 1o (5.2.4):

0 = 5,77-42-kp= 2423 ko , xH/Mm,

rae koddduumeHt ko Haxomum mo tabmuue 5.2.5 mpu A1 = 14 (Tak kak B TaGnuue HeT
3HaueHuii ko npu A = 14, npunumaeM B 3anac 3HadeHus Ko3dduienra kp npu A1 = 11):

x/1=0, 0=2423-0=0;

x/1=0,02, 0 =242,3-0,0204 = 4,9 xH/m;
x/1=0,04, 0 =2423-0,0224 = 5,4 kH/wm;
x/1=0,05, 0 =124273-0,0232 = 5,6 xH/m;
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x/1=0,07,
x/1=0,1,
x/1=0,15,
x/1=0,.2,
x/1=0,25,
x/1=073,
x/1=04,
x/1=0,5,

0 =242,3:0,0228 = 5,5 kH/wm;
0 =2423-0,0216 = 5,2 kH/m;
O =242,3:0,0208 = 5,0 kH/m;
O =242,3:0,0204 = 4,9 kH/wm;
0 =242,3-0,0204 = 4,9 xH/m;
O =242,3-0,0208 = 5,0 kH/wm;
0 =242,3:0,0204 = 4,9 kH/wm;
0 =242,3-0,0208 = 5,0 kH/m.

OmpenensieM riaaBHble yCHIUS Npr,1 U Npr2 (pucyHOK 5.2.4) mo (5.2.5):

N i@y =

~161560K 1) »

rae kpr12) HaxomuM mo tabmuue 5.2.7 mpu A1 = 14:

- B HanpaBJICHUN AUArOHAJIN!

Npr1 =-1615,6-0,3439 = 556 xH/wm;
Npr1 =-1615,6-0,2492 = —403 xH/wm;
Npr1=-1615,6-0,1618 = -261 xH/wm;
Npr1 =-1615,6-0,1197 = -193 xH/m;
Npr1 =-1615,6-0,0884 = —143,0 kH/m;

Npr2=-1615,6-(-0,3439) = 556 xH/m;
Npr2 =-1615,6-(-0,0547) = 88 xH/m;
Npr2=-1615,6-0,0173 = 28 xH/m;
Npr2=-1615,6-0,0571 = -92 xH/m;

x/1=0, y/1=0,5,
x/1=0,1, y/1=04,
x/1=02, y/1=0,3,
x/1=0,3, y/1=0,2,
x/1=0,5 y/1=0,

- MEPIIEHINKYJISIPHO K THATOHAIIH!
x/1=0, y/1=0,5,
x/1=0,1, y/1=04,
x/1=0,2, y/1=03,
x/1=0,3, y/1=0,2,
x/1=0,5 y/1=0,

Npr2 =-1615,6-0,0884 = —143,0 kH/m.

DMIOpHI yCUIIMIA TPUBEIEHBI HA PUCYHKE 5.2.5.

Yy
Aw'
556
4,45
n 4
233
=
105
143 49
Nor,t 0 X
19, & = 50
556 403 261 =
E 50 o
) \28 z 49
A=
88 4 56
3 8 sk}
N
Mrz 333358
556

Pucynok 5.2.5 — dmopst yeuamii M, S, O, Npr



Pacuer 060.104KH PN HEPABHOMEPHOM paclipee/ieHHH CHera Ha MOKPbITHH

PaBHOMEpHO pacmpeneleHHas Harpy3ka OT HOKPBITHA Oe3 ydera CHEroBOH Harpysku
cocrasisieT g1 = 3,98 xlla.

B coorsercteuu ¢ b.11 CIT 20.13330.2016 npu HepaBHOMEPHOM pacIpefesieHH: CHera Ha
MIOKPBITHY IO BapHaHTy 2 koddduuuent [ npu z < r1 = R sin 30° = 535 - 0,5 = 26,75 m
A

4 3pech f=f. = 4,294 m,

2
BBIYHCIIAETCS 1O hopMmye L, = Crl{ij sinB, e C,, =2,55—¢
h

d=1=42 m; tormna Cr1 = 2,018.

B npoexTHBIX pacuerax, BBINONHSEMBIX C INIPHUMEHEHHEM IPOrPAMMHBIX KOMILIEKCOB,
clefly eT HCTIONb30BaTh 3MI0PY pacnpeneneHns ko3 dunmenta o mo CII120.13330.

Jis mpenBapUTENbHBIX PAcUETOB C HCIOJb30BAHHEM 3aBUCUMOCTEH MOMEHTHOW TeOpHH
JIOMy CTUMO yTIPOILIEHHUE, 3aKTI0UAIOINeecs B IPUBENESHIH SITIOPBI PACTIPECIICHUS K PABHOMEPHOI
13 PABEHCTBA OOBEMOB 3ITIOP U HATPYIKEHHBIX TUIOLIAIEN.

J1g reoMeTpuuecKuxX IapaMeTpoB AaHHOH 000J04ukM OObEM SMIOpBI pacrpenesieHHus
kovddunuenta 2 mo CIT 20.13330 Ha Harpy>KE€HHON CHETOM IOJIOBHHE IUIOIAIH COCTABISET
483 wm?. Torma pacueTHas PaBHOMEPHO paCIpeAesNeHHas CHEroBas Harpy3ka Ha IOJIOBUHE
miomanu obonouku cocrasiseT 1,79 - 483 /(42 - 21) = 0,98 klla.

IIpencraBisieM CHErOBYIO HArpy3kKy B Bupe cummeTpwdHoit gs = 0,98 / 2 = 0,49 klIla u
KOCOCHUMMeTpH4HOH ¢4 = 10,49 xITa cocTaBnstommx (pucyHok 5.2.6,a).

a 6

| q, %]

a — CHMMCTPHYHOC H KOCOCHMMETPHYHOC PACTIPEACICHUA CHETOBO# HArpy3KH,
6 — TIOJHAS HATPY3KA HA NOKPHITHE (IUIAH)
Pucynok 5.2.6 — HecummerpuuHoe Harpy’keHue 0601049KH

CuMMeTpuYHas Harpy3Ka, BKJIIOUAIOIIAs BEC CHEra ¢s U BEC IIOKPBITUS g1, COCTABUT
qs =q1+qs5=3,98+0,49 = 4,47 Ila.
ITonHas Harpy3Ka Ha JIEBOM U TIPaBOM CTOPOHAX MOKPHITH, KaK II0Ka3aHo Ha pUCYHKe 5.2.6,0,
COCTaBJIAET COOTBETCTBEHHO
Q2= g6+ qa= 4,47 + 0,49 = 4,96 lla,
@3=q6—qa=4,47— 0,49 = 3,98 «Ila.
Haxonum koadduimentsr A1’ 1 A2 QI KOCOCMMMETPHYHOM HATPY3KY:

A =0,585-.[f/8, =0,585-./9/0,063 =7,0;

A, =0,585-/ /8, =0,585-4/9/0,1645 =433
Jlsist ciMMeTpUYHO# Harpy3ku A1 = 14 u A, =8,65.
OmpenendeM HauOONbIIME 3HAYEHHS W3rMOAIOIUX MOMEHTOB, MNEMCTBYIOLIMX B
Harnpasienud ocu x npu y = 0 1o (5.2.3), kosdydunuent ks naxomum 1o tabnuue 5.2.4 mpu Az =
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8,65, a ks — mo tabmue 5.2.10 mpu A2 = 4,33.
My=qs Phy+ qa Pkvi=4,47 - 422k + 0,49 - 422 k'

HauGosnbimue 3Ha4eHHs M3rHOAFOIIMX MOMEHTOB MOJy4aroTcs npu X / /= 0,05 1 cocTaBistoT
M™™ =447 - 422 . 0,000437 + 0,49 - 422 - 0,000119= 3,55 kHwm.

OnpenensieM HauOoNbInMe 3HAYCHHUS HOPMAIbHBIX CHIl N1, AEHCTBYIOIIMX B HAlpaBICHUH
ocu x o uHuK y = 0 no (5.2.1). Koaddurments kNl Haxonum no tabmuue 5.2.1 mpu A1 = 14, a

kj, — no Tabmmue 5.2.7 mpu A’y =7

9 I 94 . 42> ' '
N, =- 5, kN1 - 5, ko =— 0.063 (4,47 kN1 + O,49kN1) =-28000- (4,47kN1 + O,49kN1 ).

Haubonbume 3agenns N1 nony4arorest npu x / /= 0,5.

Ny = -28000-(4,47-0,000884 + 0,49-0) = -110,6 kH/m.

OmnpenensieM HOpMasbHbIE CHuibl N2 B HampasieHHH ocu y mo jauHud y = 0 mo (5.2.1).
Koaddummenrsr sz HaxoauMm mo Tabimue 5.2.2 mpu A = 14, kf”z— no tabnuue 5.2.8 mpu

ANi=7

g5’ aul® :
N,=— gl ky, —g—lkNZ =—28000- (4,47 ky, +0,49ky, ),

Haubonpume snavenns N2 nonyuatotes npu x//=0,07.

N2 =-28000-(4,47-0,00168 + 0,49-0,000084) = -211,4 xH/m.

HauGonbiune HanpsokeHus, AEHCTByIOIIHEe B mojie OOOJNOYKH TNPH HECHMMETPUYHOM
HATPY3Ke, COCTABIAOT G, o =N, . /8= —211,4/0,063 =-3,36 MIla, 4T0 MEeHbLIE, YEM IIPH
cnMMeTpuyHoit Harpyske (4,31 MITa).

CaBurampomue yCuIns 1o rpaHsim o0onouku onpenensieM 1o (5.2.2), koapduuueHTsl ks — no
Tabnuue 5.2.3 mpu A1 =14, a &'s — no Tabnune 5.2.9 npu X1 =7

12 2
s=3 f 94! K}, =28000-(gq ks +q4 k}),

%, %,
Ilo rpamsim y =+ [ /2:
x/1=0, S§=280-(4,47-0,3439 + 0,49-0,2829) = 469,2 kH/m;

x/1=0,05, §=280-(4,47-0,2749 + 0,49-0,2135) =373,4 kH/m;
x/1=01, S§=280-(4,47-0,1927 + 0,49-0,1291) = 258.9 kH/m:
x/1=0,15, §=280-(4,47-0,1441 +0,49-0,0751) = 190,7 xkH/m;
x/1=02, §=280-(4,47-0,1114 + 0,49-0,0354) = 144,3 xkH/m;
x/1=03, §=280-(4,47-0,065-0,49-0,0354) = 76,5 xH/m,
x/1=04, §=280-(4,47-0,0301 —0,49-0,1291) = 20,0 kH/m;
x/1=0,5  §=280-(4,47-0-0,49-0,2829) = -38,8 kH/m.
ITo rpaustmx =0, x =1
u/1=05 §=280:(4,47-0,3439 + 0,49-0,2829) = 469,2 kH/wm;
u/1=045 S§=280-(4,47-0,2749 +0,49-0,2152) =373,6 kH/m;
u/1=04, §=280-(4,47-0,1927 +0,49-0,1361) = 259,9 xH/m;
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u/1=03, §=280-(4,47-0,1114 + 0,49.0,0645) = 148,3 xH/m;
u/1=02, §=280-(4,47-0,065 + 0,49-0,0318) = 85,7 kH/m;
u/l1=0,1, §=280-(4,47-0,0301 + 0,49-0,0133) =39,5 xkH/m;
u/l=0, §=0.

ITony4eHHbIe CABUIOBBIC YCHIIHS NPH ONHOCTOPOHHEH CHETOBOH HArpy3Ke HIDKE 3HAUSHMI
YCWJIMIA, MOJYYEHHbIX OT PAaBHOMEPHO pacHpelesIeHHOM cUMMeETpU4HON Harpy3kd. Ilostomy
pacuer MpOYHOCTH B JajibHEHIIEM NMPOU3BOANUM IO YCHIMAM, NOIy4YEHHBIM OT CUMMETPUYHOMI
Harpy3Ku.

OImopbl CIBUTAIOLINX YCHIHIT MPUBENSHBI Ha PACYHKE 5.2.7.

Pucynok 5.2.7 — Iniopsl S Aas1 ciiydasi HPABHOMEPHOI CHEroBoii HArpy3KH
Pacuer npuKOHTYpHOIi 30HBI 000J104KH

Jii BOCHPUSTHA TJABHBIX PACTATHBAIOIINX YCWIUR Npr2 B yrilax MOJOroil 000mOYKH
HeOOXOZMMO YCTaHOBMTbH JONOJHUTENbHYIO apMaTypy, a Uil BOCHpUATUS yCuiuid Npri —
BBIITOJIHUTH HAOETOHKY.

st apMupoBaHHO#T HabeTOHKH IpUHIUMaeM apMartypy kiacca AS00 (R; = 435 MIla) u GetoH
knacca B25 (R = 14,5 MITa). Omropy IIaBHBIX PaCTATUBAIOIINX CHI Npr2 pa30rBacM Ha y4acTKH
nmuHOoM 0,1 nmaronHanu oOOJIOUKM, Ha IPaHUIE@X KOTOPBIX ONPEENsSeM 3HAYEHWS YCHIHH MO
JuaroHajy (pUCyHOK 5.2.8).

556 kH/m
N pr.2
@ 88 kH/m
451m Q
E 28 xH/m
5,94 m 5,94 M

Pucynok 5.2.8 — dmopa Np,2

Ha nepsom yuactke co cpenuuM ycuimneM Npr2 = (556 + 88)/2 = 322 xH/m Tpebyemoe
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KOIMYECTBO apMaTyphl As = Npr2/ R = 32200/4350 = 7,4 cm?/m.

Ha BropoM yuacTke co cpeaHuM ycuiueM N2 = 88/2 = 44 xkH/m Tpebyemoe KOIMUECTBO
apmatype A;= 4400/4350 = 1,01 cm*/m.

IIpuHrIMaeM Ha IEepBOM y4YacTKe CTEpKHeByIo apMarypy 12 AS500 c marom 0,15 M, a Ha
BTOpOM y4actke — I8 AS500 ¢ warom 0,3 M. JlonmoJaHUTENbHO BCE MoJie HAOETOHKH apMHpPyeM
ceTkoit u3 apmarypsi kinacca B500 5 ¢ marom 200x200 Mm.

OnpenenseM TONMIUHY HAOETOHKH 1O yeuusam Npr,1 (pucyHOK 5.2.9).

556 kH/m
403 kHim Nyra

@ 143 kH/m

594m | 594m | 594m] 1188m |
'l q K] Ll

Pucynok 5.2.9 — Imiopa Npr1
Tomuuny HabeToHKH onpenenseM u3 yciuosusi No <Ry Ay , tne Ay = h b — miowmans cxatoi
30HBI OeToHa. IIpunnmaem b = 1 nor.m. Torna Tomumua vaberonku # = N / Rp. Ha nepsom
yuactke 21 = 5560/ 1450 = 3,8 cM; Ha BTOpoM yuactke A2 = 4030/ 1450 = 2,8 cM. YuuThbIBas, uTO
TOJIILHA [TOJIKH IUTHTHI 35 MM, Ha IPYTUX Y4acTKax HAOETOHKY HE JEJatoT.

Pacuer nporuta 060104k
Pacuer nporuba BeinosasieM 1o Gopmye (5.2.6)
e 4,58-53,52
0,303-32500- 0,063

w/1=21,1/42000~ 1/2000, 9T0 3HAYUTEIIPHO MEHbIIE MAKCUMAJILHO A0y cTuMoro no CIT
387.1325800 snauenms nporuda, pasuoro (1 /400)

=211 mmMm.

Pacuer naure!

B cOopHeix snemeHTax o0onouku — mMTax (pucyHok 5.2.10) Haubonmbmme yCHIns
BO3HUKAIOT B MOHTA;KHOM CTaANH, KOTZa IJIKTAa paboTaeT Ha Harpy3Ky COOCTBEHHOTO BECA.

e

1

Pucynok 5.2.10 — O6muii Bua c60pHOH *xKeJre300eTOHHOH NJIHTDI

HopmatuBHast Harpy3ka OT COOCTBEHHOIO Beca IUINTHI Oe3 y4eTa IIBOB 3aMOHOIMYMBaHHS
Ay 1580-107.250

1, 3
C y4eroMm koad¢uLHeHTa THHAMHYHOCTH MPH MOHTaxe, paBHoro 1,4, Harpy3ka Ha 1 M2

TUTHTBI
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g=132-1,4=1_84«lla.
Ha nBa pebpa npuxoauTcst Harpy3Ka
q=gh=184-3=5)53xH/m.
OmnpenensieM MOMEHT B pebpax:
M, =ql?/8=553-6/8=249xHm.
PacueTHoe cevyenue IUIMTHI MPUBEACHO Ha pUcyHKe 5.2.11. B pacuere y4TeHbI CBECHI MOJIKH
CyMMapHOI#i mupHuHOM, paBHO# 12 Tonmunam nonku. Pacuer puimonssiercs no CIT63.13330.

420 |

]

300

|
200

Pucynox 5.2.11 — Tlonepe4uHoe cedeHHe MUIMTHI (HA ABA pedpa)

3necw b = 20 cm (Ha oBa pebpa), o = h—a =30 —4 =26 cm, Ry =17 MIla; R ser = 1,75
MIla.
IIposepsiem ycioBue

’

h
Rbyblb}h}[ho - ;j =17-0,9-62-3.5- (26— 3;] 107} =80,5 kHM > M, — Cxatas 30Ha
CEUCHMS PACIIONaraeTcs B MOJIKE.

Ipu pacuere Oe3 yuera BepxHeil apMaTyphl (B 3amac):

M 249-10°
= mx > > =0,039<ar=0,372.
Ryynbyhy 17-0,9-62-26

Ipuarmaem apmatypy B pebpax kiacca A500 ¢ Rs =435 MIla (ua aBa pebpa):

1—4/1-2:0,039 5
235 =226¢cM".

A

A, =R,,y,,1b}h0(1 -J1-2a,, )/ R,=17-09-62-26-

IpunnMaeM B kaxaoM pebpe 114A500 ¢ mnomasio 1,54 cm?,

5.2.9 Hecymas crnocoOHOCTb MO TUTHTHI COOPHOH OOOJOUKH OIPENenseTcss METOIOM
IpeNebHOrO PABHOBECHS, TIPH 3TOM CXeMa Pa3py LIEHHs OIS IUINThI IPUHUMAETCS aHATOTMYHON
KOHBEPTHOM CXeMe paspylleHusi IUIOCKMX IUTHT, OMEPThIX Mo KOHTYpY (pucyHok 5.2.12). B
OTNIMYME OT IOCICAHUX, YaCTH CEYCHHs IO JIMHUAM H3JIOMa BIOJNb KPHBOJIMHEHHBIX CTOPOH
TUTHTHI TaK)Ke KPUBOJIMHEWHBIE.
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Pucynok 5.2.12 — Cxema pa3pyieHusi NoJKH peOPHCTBIX NaHeJel

B KpuBONHMHEHHbIX CeUeHMSX UIMHY X y4acTkoB cxarusi corymaco CIT 387.1325800
PEKOMEHIYeTCs HAXOMUTh U3 YCJIOBHUS paBHOBECH 110 HopMye

R.f,r0

X,= , 5.2.7)
(Rs + Rsc).fs + 6Rb
rae fs — IJIOLIaab apMaTyPhl Ha €AUHHULLY [UIMHBI CEUeHUs! TIOJIKY,
¥ — paauycC KpUBU3HBI IIAHEJIH,
© — MOJIOBHHA LIEHTPAJIBHOTO YIJIa, Pa.
IpenenbHelit MOMEHT M B KPUBOIHHEHHOM CEYEHUH OMPEAEIIOT 1o opmyie
M=2f,R (r06-x)z, (5.2.8)
2 . 1 .
rae ::E[r(lfcose)fxc sm9]+5xc sin O. (5.29)

3HaueHue npefesibHON Harpy3kd ¢ Ha eMHULYY TUIOIIAH MPOEKLUH MOJIKU MPU MPUHATOM
apMHpPOBaHUH OMpENeII0T Mo Gopmyie

QM +2M, + M+ M+ M+ My
ls21 (3 152 - lsl)

rne M, M ,M{,M|[,M, ,M,— npenenbtsie MOMeHTHI B ceuenusix; unnekcel I u I otHocsTCs K

q=12

, (5.2.10)

OMOPHBIM CEUEHUsIM, 1 U 2 — K IPONIETHBIM;
Is1, I2 — nponeTtsl noJiku (pacCTOsIHIE MEKAY BHYTPEHHHUMH rpaHsMi pebep).

IIpumep S

3aoanue: onpenenuTh HECYLIYIO CIIOCOOHOCTH MOJis MaHeneld 0OONOYKH W3 npumepa 4.
ApMHpOBaHHe MOJIS MaHened apMaTypoii &5 MM kinacca B500 B Bume CBapHOI CETKH C [arom
apMaTypbl 150 MM B 06oux Hampasnenusix (f; = 1,307 cm?/m; R; = 435 MIla; Ry = 415 MITa).

Pa3meprl CTOPOH 30HBI pa3pylUeHUs] MPUHUMAIOTCS PaBHBIMU 1Hary pebep 3a BHIYETOM HX
wpuHbl: Is) = I = 2,8 M (pucyHok 5.2.12).

OnpenesnsieM 3Ha4eHue yriia 0:

sin O = (2,8/2) /53,5=0,02617; 6 = 0,002617 pan; cos 6 = 0,99966.

ITo popmyne (5.2.7)
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435 1,307 - 5350 - 0,02617
X, = =68,0cm
(435 +415)-1,307 +3,5-17
ITo popmyne (5.2.9)

z= %[5350 (1-0,99966)-68,0-0,02617] + %68,0-0,026] 7=0,92cm

B cBsI31 CO 3HAYMTENBHON MONIOTOCTHIO OOOTOUKH PACCTOSHHE Z MEXY LICHTPAMHU TSKECTH
apMaTypbl U CKATOM 30HBI 0ETOHA B KPUBOJIMHEHHOM IMHUH H3JI0Ma OKa3aJI0Ch MEHbLIIe 3HAYEHHUsI
ho = 8/2 nnst monst el z = 0,92 cM < ko = 1,75 cm. B 3TOM Cciyyae He yduTHIBaeM
KPHBOMHHEHHOCTb IMHIH W3I0Ma 1 nipunuMaem M, =M,; M;=M{; M =M.

OnpeuenﬂeM 3HA4YCHHUA X I1IO HpﬂMOHHHeﬁHbIM JIMHUSAM HU3JI0OMa

x=1307435 6334 em
17-100
Hzrubaroriye MOMEHTBI HA €MHUILY JJIUHBI INHUU H3JI0OMA;
m= Ryx(hy — g) :17-0,334-(1,75-%“)/10: 0,915 xkHw/m;
my = Ryx(hy, — %) =17-0,334-(1,75+ 0,25~ 0’323 4/10=1,041 kHM/m -
my =R, x(hy, _g) ~17-0334-(1,75-0,25— 0’3234)/10 =0,757 kHw/m.

B nawewm cnyuae ¢popmya (5.2.10) npuobperaer Bun

_122m+my+my)  12-(2-0,915+1,041+0,757)
7= 2 - 2,82
CoOcTBeHHBII BEC ITUTHI TOJMIIUHON 35 MM COCTaBIIsET
g=10,035-25-1,1 = 0,963 l1a.
Pacuetnas Harpy3ka Ha 1 M? mnTe Ge3 ydera Maccnl pebep (Tabnmuma 5.2.11)
q* =5,77- 1,73 + 0,963 = 5,003 kIla < 5,28 xIla, cnenqoBaTeapHO, IPUHATOS apPMHUPOBAHKE
TIOJISA IUTUTBI YIOBJIETBOPSIET YCIOBUEM MPOYHOCTH.

=5,55 kIa.

Ipumep 6

3a0anue: onpenemute HeCyLIyIO CHOCOOHOCT MOJIST LMIMHIPUYECKOH IUIUTHI C YHYETOM
m3rubaromero Momenta M, 11 B KPUBOJMHEHHOI NUHUM H3JOMa OMOpPHOro cedeHus. Paamyc
KPUBU3HBI LMIMHIPUYECKOH ITOBEPXHOCTH 7 = 23 M, KaK B IUIUTaX THUIMOBBLIX LUIHMHAPHUYECKHUX
obomouex pasmepamu 18x24 M wu 18x30 wm. Ilpoune reomerpuueckne u (U3HYIECKHE
XapaKTepUCTUKU — IO TIPUMEPY S.

PasMepr! CTOpoH 30HBI pa3pyLIeHHs (PUCYHOK 5.2.12) NpUHMMAIOTCS PABHBIMU PACCTOSIHUIO
MEXIy BHYTPEHHUMHU rpaHsamu pedep, T.e. Is1 =[x =28 m.
Onpenensiem 3HayeHue yria 0:
sin®=1,4/23=0,06087; 6 =0,06091 pax; cos 6 = 0,99815.
B KpHMBOJIMHEHHBIX CEYEHUSX JJIHHY Xc YYACTKOB CXKaTHs HaxoxuM o ¢popmyie (5.2.7)
v = 435 -1,307 - 2300 - 0,06091
¢ (435+415)-1307 +17-3,5

=68,05 cm.
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ITo dpopmyne (5.2.9)

z= % [2300-(1—0,99815)—68-05-0,06087] + % -68,05-0,06087 =215 cm

Io popmyre (5.2.8)

M ;= 2-1,307-435-(2300-0,06091 — 68,05) - 2,15 - 10 = 1,761 kHm.

x= 2234 3340m
17-100
H3rubaromyie MOMEHTBI Ha €AMHULYY JUIMHBI JINHAN H3JIOMA!

0,334
2

m:be(hO—§)=17-O,334-(l,75— )/10=0,915 kHw/m;

0,334
2
W3zrubaromie MOMEHTEI Ha AJIMHE JIMHUH H3JI0Ma;

M;=M, =0,915-2,8 = 2,562 xHwm;
M =M =M; =My =1,0412,8=2,915 xHwm.

Omnpernensiem g o hopmye (5.2.10), npeobpa3oBaHHOMN [T JAHHOTO ClyYas:

my = Ryx(hy, —%) =17.0,334-(1,75+0,25— )/10=1,041 xHw/m.

C12(M + M, + M+ M) 12+(2-2,562+2,915+1,761)
= P - 28’

ITo cpaBHEHHMIO C pacHeTOM ILTUTHI-000JIOUKHU KaK TJIOCKOH IUIUTHI €€ HECy1iasi CIoCOOHOCTh

=5357 kITa.

yBenuuunack Ha 7,1%. Takoit pacdeT peKOMEHIyeTCsl BBIIONHATh Al pacuera Hecylneil
CIIOCOOHOCTH MOJIsL IUIUT, PACIIONIOKEHHBIX B IPUKOHTYPHOM 30HE. APMHUPOBAHHE ITOJIS ILIUT BHE
MIPUKOHTYPHOH 30HBI MOXET OBITH YMEHBIIEHO YYETOM CKHMAIOIMX YCHJIHMH, AeiiCTBYIOINX
BZOJIb KPUBOJIMHEHHOI 0Opasyrolueii nanesel, B coorserctBun ¢ CIT387.1325800.

52.10 Pacdyer omopHOrO KOHTypa BBHINMOJHAETCS Ha [eiCTBHE KpAaeBbIX HArpy3oK OT
000I04KH (COBUTAIONIMX CHJI S U HOMepeyHbiX cul (J) M OT Macchl KOHTypa. 3HadeHus O u S
NPUHUMAIOTCS B IPEANONIOKEHUH, YTO O0OJIOYKA IIAPHHPHO 3aKperyieHa Ha «HUAEATbHOMY
(abCOMIOTHO JKECTKOM B TUIOCKOCTH M THOKOM H3 IJIOCKOCTH) KOHTYpe. YIpyrasi HOaTiIuBOCThb
KOHTypa BIOJb OCH B pacyere HE Y4HUTHBaeTCs.. KOHTYpHBIH MOSAC PacCUHTBIBAETCS Kak
MHOTOKPATHO CTATHYECKH HEONpe/eMas KpUBOJIMHeiHas MHoronpoieTHas Oanka. Cunbl Q u
S CUUTAIOTCS NPUIIOKEHHBIMH B LICHTPE TSHKECTH MOsICa.

Ipumep 7

3aoanue: 3aipOEKTHPOBATH OMOPHBINA KOHTYP 00011049kl MO npuMepy 4. KOHTypHBII purens
cOopHO-MOHOJMTHBIH, ceueHueM 600x400 MM B COOpHO#M YacTH, apMHPOBAHHBIH CTaJbHBIMHU
npodwisiMu B cOOpHOI 4acCTH M CTepXKHEBOH apMaTypoii B MOHONMTHOH 4acTH. Purens
OMHUPAETCs HA KOJIOHHBI C IIAroM 6 M.

Pacnpenenenue ycunuii moyiy4eHo ImpH pacyere 000JI0YKH Ha pPABHOMEPHO PaCIpEENEHHY IO
CHMMETPHYHYIO HArpy3Ky (pucyHok 5.2.5). Ha pucynke 5.2.13 noka3aHbl reOMeTpUYECKas CXeMa
KOHTypa 1 3mopsl S U () KaK UCXOAHBIE NaHHbIE I pacdyeTa KOHTYpa.
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a — TCOMETPHYECKAI CXeMa KOHTYpa; 6 — CXeMa pa30MBKM KOHTYPA HA YYACTKH,

6 — JIFOPHI yCuuit S 1 ¢ Ha KOHTYpe 000JIOUKH; 2 — cXeMa AeHCTBHSA yerumui S 1 O

Pucynox 3.2.13 — K pacdery onopHOro KoHTypa

OrmnpenensieM Harpy3kd Ha ONOPHBIA KOHTYp (KOHTYPHBIHA purens). Jlis 9TOr0 KOHTYD
pazOuBaem Ha pasHble yuacTkd 1...12 (pucynok 5.2.13,0,0), Ha rpaHuLax KOTOPBIX HAXOIUM
cOCpenoToYeHHbIe CHitbl S U (J, HaNpaBJIeHHbIE [0 TOPU3OHTAIH 1 BEPTHUKAJIH.

OmnpezessieM COCPEAOTOUCHHBIE CABUTAOIIKE CHITbL S B Toukax 1...12 (pucyHok 5.2.13,6):

S, =556 -1M=556 xH;

556—444
5[t

S;

|90

4

S

w
Il

S

=N

Sy

[
[
(233 180
s
s

0 1+444}-2=449~2:898 kH,

444 — 31102+311},2:324.2:648KH;

311 233O3+233j_2:244.2:488KH;

0,4+180 |-2=190-2=380 kH,

180-105

2,6+105 |-2=151-2=302 kH;

116-2=232 xH,

180105 J
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50-[ 185 20 40) 2-0:2-172

>

S, :(%0,8+49]-2=60-2=120 KH,

S10=49:3-2/4,2=170 xH,

$1:=49:1-2/4,2=23 kH; S12=0.

Beraucisiem cocpenoToueHHbIE TIonepevHble CHIbl ) B Toukax 1...12:
01=0;02.4=56-2=112xH; 0511 =5,0-2=10,0 xH; 012=5,0 -1 =5,0 xkH.
Panuyc xoutypa Ri = 49,206 m, ctpena nmogbema obonoukd fi = 4,706 M (mpumep 4).

OmnpenensieM BepTUKANbHBIE W TOPU3OHTANbHBIE cocTapisiomue cwi ) U S (PHCYHOK
52.13,e):

Oni = Qi sinai; Oy = O costti 5 Swi = Si cosoi 5 Sy = Si sinay,
VR -1}
R,
BericoTe! nogvema Touek 1 ... 12 Ha kOHTYpe:
f,=f, R, +|R* —I* =4,706-49206+ J49206% — 17 =445+ ,[49206? — 17 , m.
PesynbTupyromue BepTUKaIbHbIE U TOPU3OHTANIbHBIE CUJIBL, AEHCTBYIOLINE HA KOHTYP:

sz‘foiJVSxi HPyi:QJ7i+Syi~

rae sind; = /Ry, cosa; =

PesynbTate!l pacuera npuBeneHs! B Tabuune 5.2.12.

Tabnuna 5.2.12

Howmep 3HaueHMs mapaMeTpoB
TOYKM | sinaoy | cosoy | fru, | Oi, | Ox, | Ow | S, Sxi, | Syi, | P, Py,
MM kH kH kH xkH kH | xH kH kH
1 0,4268 | 0,9044 0 0 0 0 -556 | =503 | 237 | -503 237
2 0,3860 | 0,9224 | 0,89 | 11,2 | 43 | 10,1 | -898 | -828 | 347 | -824 | 357
3 0,3450 | 0,9384 | 1676 | 11,2 3,9 10,5 | -648 | —-608 | 224 | -604 234
4 0,3048 | 0,9524 | 2364 | 11,2 3,4 10,7 | —488 | —465 | 149 | -462 160
5 0,2642 10,9645 | 2958 | 10,0 2,6 9.6 | —380 | -367 | 100 | -364 110
6 0,2235 10,9747 | 3461 | 10,0 2,2 9,7 | -302 [ -294 | 67 -292 77
7 0,1829 | 0,9831 [ 3876 | 10,0 | 1.8 | 98 | 232 | 228 | 42 | —226 52
8 0,1423 | 0,9898 | 4206 | 10,0 1,4 99 | =172 | =170 | 24 -169 34
9 0,1016 | 0,9948 | 4451 | 10,0 1,0 99 | -120 | -119 | 12 -118 22
10 0,061 | 0,9981 | 4614 | 10,0 0,6 10,0 | =70 =70 4 -69 14
11 0,0203 [ 0,9998 | 4696 | 10,0 | 0,2 | 10,0 | 23 | 23 | 05 | —23 10
12 0 1 4706 5,0 0 5,0 0 0 0 0 5
YPu=| ZP,=
-3579 1290

OnpenensieM HOpMaJIbHbIE YCHIIHSA B KOHTYPHOM pHresne B cedeHusax 1...12:

12
-N,= Z Py wmma N, =—(Px<,+1) +2, x(f))

k=i
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Ni2=0; Ne =605 + 292 =897 xH,

N1 =23 xH; N5 =897 +364 =1261 kH,

Nio=23+69 =92 xH; Ny=1261+462=1723 xH;
No=92+118=210 kH; N3=1723 + 604 = 2327 xH,
N3 =210+ 169 =379 kH;, N2=2327+ 824 =3151 kH,
N7=379 + 226 =605 kH,; N1=3151+503 =3654 xkH.

Hawubonbinee pactaruBaromee ycuiuae B ueHrpe pureii N =3654 xH.

Bec purens ceuennem 600x400 mm: P =b hyvy=0,6 - 0,4-25- 1,1 =6,6 xH/m.

ITpu mMoHTaXe 000ONIOUKH HATPY3Ka HA PUrellb OT BECa MOHTAXHOH CeKLIUM IpojeToM 18 M ¢
pecoM rumt 1,73 kH/m? cocrasnger g1 = 1,73 - 18/2 =156 kH/m.

C yueroM Beca puresisi Harpy3ka Ha pureib cocraBisier g2 = 15,6 + 6,6 = 22,2 kH/m.

MakcuManbHOEe 3HAUEHHE PACIIPENENICHHBIX MONMEPEYHbIX CHJI, NEHCTBYIOLIMX B KOHTYpE
0605104KH, Omax = 5,6 KH/M. OT 3T0# Harpy3ku, NpUOABJIsisi BEC PUTENIS, OTpeaesisieM H3rnOaro Iuii
MOMEHT B pUrejie Kak B Hepa3pe3Hoii Oanke (pucyHok 5.2.14):

q3=Omax+ P =56 +6,6=12,2 kH/M; Mmax=q3 //12=122 - 6*/ 12 =36,6 xHm.

q

\IRR2RTTEIXXIT XXX TR I T XX TTE

Pucynox 5.2.14 — PacuerHas 3mopa MOMEHTOB B pHreje

PacyeTHble KOMOMHAIMY YCUINI B pUreNie:
- oKkcIutyataunoHHas N1 = 3654 xkH; M = 36,6 xkHw;
- MoHTaxHast N12 =0, Mo =M =222 - 62/ 12= 66,6 kHm.

Pacyer KOHTYPHOIro pure/isi HA MOHTAKHYI0 HATPY3KY

Cxema apMHUpOBaHUS pUresist IPUBEIEHA Ha pUCyHKe 5.2.15.

I'eomeTpuueckue xapakTepucTuky aeyTaspa Ne36 mo TOCT 8239: 41=61,9 cm?, I = 13380
em*; Wi=743 cM’; Ry = 310 MIla (crans knacca C345 mo 'OCT 27772).

Purens paccunTsIBaeM Kak N3rHOaeMbIi METAJUINICCKHUH JIEMEHT:

M /W= 66,6-10%/(2 - 743) = 44,8 MITa < R, y. = 310-1,1 = 341 MIla — npo4HOCTb pUrens B
CeYeHNH Ha N3rn0OaroInii MOMEHT B CTQJIHH MOHTaxa obecreueHa.

Pacuer KOHTYPHOI'O pUreJisi B CTaAUH 3KCILTYaTAIlHH
Pactaruatomas cuna N = 3654 xH BocnpHHUMAaeTCs apMaTypoil W OPOKATHBIMH

neyTaBpamu (pucyHok 5.2.15). Ilpuaumaem apmatypy 428A500 ¢ Az = 24,63 cm? u Rs = 435
MIIa.
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g ﬁ72I36

Pucynok 5.2.15 — Cxema apMHPOBaHMSI CTAJIEXKE/1€300€TOHHOI 0 PHIeJis
OnpenenseM 10MM yCHIMS, BOCHPHHHMAEMBIE OTHAENBHO IBYMs ABYTaBpaMH COOpHOro
SJIEMEHTA W apMaTypod MOHOJIUTHOH 4YacTH IPONOPLAOHANBHO MNpeebHbIM YCHIIHAM

PACTAXKECHHSA B HUX

Ni1=2 A1R; =2-61,9-310/10 = 3838 xH; N2=A2 R;=24,63-435/10=1071 xH.

COOTBETCTBEHHO JOJISl YCHIIMS, BOCTIPMHMMAEMasi CTANbHBIMEH JByTaBpamu — 78,2 %, nons
VCIUIHUS], BOCIIPHHUMAaeMast apMarypoii — 21,8 %.

VYcunusi, BO3HUKINUE B IBYyTaBpax U B apMaType

N1’ =3654-0,782 = 2857 xH; N2'=3654-0,218 = 797 xH.

IIpoBepsieM MPOYHOCTH CEYEHHIT MPOKATHBIX 3IEMEHTOB M CTEPXKHEBOIH apMaTyphl:

Ni'/ (2 A+ My | QW) = 2857 /(2-61,9)-10 + 36,6 / (2-743) -10°= 255,4 MIla < R, = 310
MIla;

[' | A2 =797/ 24,63-10 = 323,6 MIla <Ry = 435 MIla.

Pacuer cTBIKA KOHTYPHOI0 pHUreJs

ITIpoBomMM pacueT MO PaBHONPOYHOCTH CEUSHUH. YCHIIHE, KOTOPO€ MOXKET BOCIIPHUHSTH
monka nsyTaBpa Ne 36: Ny = Ar R, = 17,835:310/10 = 552,9 xH. Ycunue, koTopoe MOXeT
BOCIIPUHSITH CTEHKa AByTaBpa (pucyHok 5.2.16): N,y =4w R, =25,155-310/10 = 779,8 xH.

I36

75 3

S >
I 14,5 l

Pucynok 5.2.16 — Cxema cTbIKa KOHTYPHOI'O PUreJist
Haxnanku npunumaem u3 cranu C245 ¢ R, = 235 MIla. ITnomane sepxueit Haknagku A1 =
12,0-1,6 = 19,2 cm?, mmkaeit Hakmanku A2= 25,0-1,6 = 40 cM?, HaKIaIKU HA CTEHKY AByTaBpa A3
=30,0-1,2=36 cm®.
Vcunue, koTopoe MOryT BocrpuHaATh Hakmaaku N = (19,2 + 40 + 36) 235/10 = 2237 xH.
BBuay TOro, 4To pUreNs COCTOMT W3 ABYX ABYTaBpOB, 2 N = 4474 kH > Nmax = 3654 xH -

100, 200

1

TIPOYHOCTD CTBIKA I1I0 CEUECHUIO HAKJIaJOK obecneyena.
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Hpumep 8

3adanue: nonodpaTh CEYEHHUS HNEMEHTOB MOHTAXKHOMN CEKLUK MPosieToM 18 M U3 Tpex it
3x6 M (pucyHok 5.2.17). Harpyska ot co6ctBenHoro Beca mmutsl g1 = 1,6 Klla. MonTaxkHas
Harpy3ka p = 0,7 k[la.

A

By ™ 3
=8
a, -7 g
2 B =
6000 6000 6000
18000
BudA, [t 1-1
? [
\l\ Y| - f=) Y
-~ _ =<1 1
== - g
— ~—

.

1 — cTofika WnpeHrens; 2 — ONOPHbIH MOAKOC

Pucynok 5.2.17 — O6muii BHI MOHTAKHOH CEKIHH H3 TPEX IJIMT 3X6 M

MOHTaXXHYIO CEKLIMIO PACCUHTHIBAEM KaK IINPEHIeIbHYIO hepMy.

I'eomeTpuueckiie mapameTpsl hepMmsi:

tgour = 0,76 /6,0 =0,126; a1 = 7°10’; cos a1 = 0,992; sin o1 =0,125;

tg B =1,64/6,0=0,273; f = 15°20’; cos B =0,965; sin § = 0,264;

o2 =90° — 15°20" = 74°40"; vy ~ 35°; cos y = 0,819; y1 =~ 14°; cos y1 = 0,970.

Harpyska cobcTBeHHOTO Beca IUTUTHI C ydeToM ko3 durmenta THHAMHUIHOCTH, paBHOTO 1.4,
cocrasiseT g2 = 1,6-1,4 = 2,24 xIla. Harpy3ka coOCTBEHHOIO Beca ILIHTHI C YY€TOM MOHTa)KHOH

Harpy3ku, pasHoi p = 0,7 klla, cocraBusier g3 = q1 Y5 +pyf2 =1,6-1,1 +0,7-1,3 = 2,7 xlla, uro

Gomnbie g2 = 2,24 xI1a, roe y oMYy, - K03(pOHLIMEHTBI HAIEKHOCTH 1O HArpy3Ke.

PaBHOMepHO pacmperiesieHHas IOFOHHAs HArpy3ka Ha cekwmo g = 2,7-3 = 8,1 kH/m.
Ycunue B HikHEM mosice mmpeHrens H = g lz/(Sf) =8,1-18,0% /(8-2,5) = 131,22 xH.
VYcuie B HAKJIOHHOM 3JIEMEHTE HHXKHErO Mosica (OMOPHBIi MOKOC):

N=H/2cosBcosy1)=131,22/(2-0,965-0,970) = 70,09 xkH.

VYeunue B croiike Ny = H sin /(2 cos  cos y) = 131,22-0,264/(2-0,965-0,819) = 21,92 kH.

OnpeuemeM CCUYCHUA SJICMCHTOB IITNPCHICJIA.

Ceuenue nuxuero nosica A = H /(Ryyc) = 131,22/(210-0,95)-10 = 6,58 cm?, rie Ry = 210 MIla
1uist apMartypel kinacca A240; v.= 0,95 — koadduueHT ycnosuii padorsl. IIpuHUMaeM HUKHHMIA

nosic u3 apmMatypbl @32A240 ninomabio ceuenus 8,04 cm?.

Ceuenmue onoproro nogkoca 4 = N/ (Rsye) = 70,09/(210-0,95)-10 = 3,51 cm?. ITpuauMaem
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OTIOpHBIH MOAKOC U3 apMaTypel 22A240 ¢ mowmazpo ceueHns 3,8 cm?,

OnpenensieM ceueHre CTOMKH.

Tpebyemas IIOIANb CEUEHHS CTOHKY Npu pacyere Ha oceBoe cxkatue A = Ny ARy vo) = 21,92
/(235-0,9)-10 = 1,04 cm?, rae R, = 235 MIIa aust Tpy6 us cranu C245.

Tpebyemas momanp Ce4eHHs CTOMKH mpy pacyeTe Ha yCToHIUBOCTb: A = Ny (@ Ry ¥e).

Ipu nnune croiiku lor= 2200 MM u rubkoctu A = 120 Tpebyemblii panuyc unepuun i = /A
—220/120=1,83 cm.

Ipunumaem Tpy6y 60x5 ¢ panuycom unepunn i = 1,95 cM u niomaeio cedenus 4 = 8,64
cm?. Torma rubkocts A = L/ i =220/ 1,95 = 112,8. ITo CII 16.13330 onpenensiem koodduument
@ =0478 npu A =110 u R, = 235 MITa.

Hanpsoxerne B cedeHun 6 = Ny /(¢ A y;) = 21,92/ (0,478-8,64-0,9)-10 = 59 MIla < R, = 235
MIla.

B pesynsTaTe pacdera IIMPEHreNbHON (epMbl KaK CTATHYECKH HEONPENENTUMON CHCTEMBI
IIOCTpOEH®B! 3MOpLI yeunuii M, O u N, npusenenHsie Ha pucyHke 5.2.18.

i | | TTTTITIIT rq=8,1KH/M

2916 Mupax = 328,05/ 291,6

736,45 7
Ra=T729 T $rp=729

Op 729 I NI —

i)

P o " orl]
— I ) [y 17T} 22,5
""‘"

1302 1323 1323 1302

N
1364 "lllll.’é]mm” 136,4
131,0 ///,,I% 131,0

Pucynok 5.2.18 — Imopet M, Q u N n3 pacyera mnpeHrebHOlH (GpepMbl HA NOJIHYIO
pacuerHyi0 HATPY3KY

W3 cpaBHeHMs TOAYyYEHHBIX YCHNMHA C YCHIHAMH, BOCIHPMHMMAEMBbIMH 3JIEMEHTaMM
LIIPEHTeNbHON (epMbl, MOXKHO OenaTh BHIBOJ, YTO ILUNpEHreibHas depMa C MPUHATHIMU

CEUCHMAMH SJIEMEHTOB Y IOBJIETBOPSET TPeGOBaHUAM IO MPOYHOCTH M KECTKOCTH.
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5.3 InuHHAA UHIHHAPUYECKasi 000/109Ka

53.1 Uunuappuveckumu obomoukamu (puCYHOK 5.3.1) Ha3bIBAIOT TOHKOCTEHHbIE
KOHCTPYKLIHH, COCTOAIINE U3 CICAYIOLUX OCHOBHBIX 3JIEMEHTOB:

- TOHKOIM IUIHTBI, OUEPUEHHOM MO LHIHHAPHUYECKOH MOBEPXHOCTH (COOCTBEHHO 0GOJIOUKH ),

- GOPTOBBIX HJIEMEHTOB, OKAMMILTIOLIUX 000JIOUKY BAONb KpaHHUX 0Opa3yIoIuX;

- monepeuHbIx auadparM MO KPUBOJNMHEHHBIM KpasM, OMUPAIOLINXCS HA KOJOHHBI HIH
CTEHBL

K niuHHBIM UMIHHAPHYECKMM OO0ONOYKAM OTHOCATCS LMJIMHAPUYECKHE OOCONOYKH C
OTHOLLUEHHEM PACCTOSHUS MEXAY OCSMH ONMOPHBIX AuadparM (mposner 060m04kn) /1 K paCCTOAHUIO
Mexny GOpTOBbIMU dyieMenTamu /2 (uiuna BonHel) /1/ L > 1 [4].

1 — 6opTOBOI IMEMEHT; 2 — WHIMHAPHYECKHE NMAHENH;, 3 — 3aTSDKKH TOPLEBOH Auadparmsr
Pucynox 5.3.1 — InnHHAasA OHJIMHAPHYECKAsI 060109Ka

5.3.2 BeicoTy 00OJIOUKH /1, BKJIKOHYAs BBICOTY CeueHMsi OOPTOBOW Oayiku, peKOMEHIyeTcs
Ha3Ha4aTh paBHoii (1/6-1/8) /1, a ctpeny noavema f— pasHoii (1/6-1/8) L.

IIpononbHble Kpasi 0OONOYKH B MPOJieTe MOTYT ObITh CBOOOAHBIMH HITM OIHPATHCS HA
KOJIOHHBI HJIH CTEHBL.

ITonepeuHoe ceuenne ODONOYEK PEKOMEHIYETCs MPUHUMATh KPYTOBOrO OYEPTAHMS, KAk
Hanboee MPOCToe B IPOU3BOACTBE PadoT.

533 CoOopubie u COOPHO-MOHOJMTHBIE I[IMJIMHIPUYECKHE OOOJIOYKH  BBIMOJHSIOT
peOpUCTHIMH, MOHOITUTHBIE, KaK MPABUIIO, — MIAJAKHMH.

PebpuicTble MOHONHUTHBIE OOONOYKH PEKOMEHAYETCS NPUMEHSATh B TEX Clydasx, Korma
BCJIEZICTBHE HATMYMS COCPEAOTOYCHHBIX HATPY30K, OCOOCHHOCTEH O4epTaHus 000IOUKH, yCIOBHUIA
ee omupaHusi, OONBIIMX MPOJETOB WM APYIMX NPUYMH Ui TJIAJKOW 000yodku TpeOyercs
00JbILIAs TOJILIMHA U YCTPOMCTBO MACCHBHBIX OOPTOBBIX JIEMEHTOB.

Bo wusbexxaHHe MeCTHOW TMOTEPH YCTOWYHMBOCTH MOHOJHMTHOH OOOJOYKH — MExAy
MOMEPEYHbIMI pedpamMu PacCTOsIHHE MEXAY HUMH PEKOMEHAyeTCs Ha3HavaTb He OoJblie, 4eM

T\ our,p1 » TA€ ¥ ~ PATHyC KPUBU3HBI O60NOUKH, four,pl — TOIHHA OOONOUKH.

5.3.4 BopToBbIe 3JIEeMEHTHI JIJIs1 000JI09E€K CO CBOOOAHO BHUCAIIMMH KpPasMH PEKOMEHAYETCS
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IPUHKUMATh B BUjiE GaNOK, PaCIONOKEHHBIX HIKE Kpast 00omouku. Pasmepsl cedeHuii GOpTOBBIX
SJIEMEHTOB OMPEAEIISIOT MO PACUETy U C yYETOM KOHCTPYKTHBHBIX TpeOoBaHuil. PexomeHnyemble
pasmepsl cedenust GopToBoro anementa: Beicota d = (0,3...0,5) A, mwmpuna (2...4) feurp . BricoTy
ceueHust GOPTOBBIX IEMEHTOB PEKOMEHYETCSI IPUHAMATH paBHoOit 1/20 — 1/30 nponera /1.

MHOrOBOJIHOBBIE 0GOJIOUKH ClieyeT IPOSKTHPOBATh MOHOJIMTHO CBSI3aHHBIME MEXIY COOOi
u ¢ oOmUMH OOPTOBBIMH 3JIEMEHTAMH — KPaWHHMH W HPOMEXKYTO4YHbIMHU. ITpomexyTouHble
GOpTOBBIE  3JIEMEHTHI, COENMHSIOMIME OTACNbHBIE BOJHBI MHOTOBOJHOBBIX — 00OJOUYEK,
MPOEKTUPYIOT AaHAJIOTHYHO KPalHUM OOPTOBBIM 3JIEMEHTAM.

5.3.5 Cpennue u TopueBbie quadparmpl ATHHAPAYECKHX 000I0YEK YCTPAUBAIOT OOBIYHO B
BHUJIE apOK ¢ 3aTsHKKOI (PUCYHOK 5.3.1) — kak Hanbonee SKOHOMUYHBIX 10 PacXoJy MaTepHaNOB.

Ipu HeGOMBIIOM MpoJieTe BOJHBI 000JI0YKK M HeOONBIIOH cTpene noavema f puadparMpl
MPOEKTUPYIOT B BUAe Oajiok mepeMeHHOH BbIcOThL [l obOmerdeHus: auadparMpl ¥ IpoMycka
KOMMYHHKALHii B CTeHKe 0aJlOK yCTPanBalOT OTBEPCTHS.

Hormyckaercs npoeKTHPOBaTh AuadparMsl IPyTrHX BUNOB, HAIPUMED, IPU OMUPAHUHN HA CTEHY
— B BUJIE KPUBOJIHHEHOTO Opyca.

5.3.6 IIpu HaNnH4NH CKAJIBIBAIOIINX HANPSDKEHUI Ha onopax Oonee 0,8 Ry pekoMeHayeTcs, He
yToJ1IIas BCeil 000IIOUKHU MM CKIIAJIKH, NIPElyCMaTPUBATh MECTHBIE YTOJILIEHHS Y ONOp, KOTOPbIE
TIPU OTIPENeSCHUN YCITHIA He YIUTBIBAOTCS.

5.3.7 DnemeHThI COOPHBIX 000JOUYEK AOMYCKACTCS MPOSKTHPOBATh U3 PAa3HBIX MATEPHUAJIOB:
6opToBbIe Oanku u Auadparmbl — U3 OETOHOB BHICOKHX MAaPOK C IIPHMEHEHHEM MPEBaPHTENIbHOTO
HANPSDKEHUsT; 3JIEMEHThI 000JI0YeK — U3 JIETKHX KM STYeUCThIX OETOHOB [yt oOecreueHns, KpoMme
HECYIIHUX U Orpakaaroux GyHKIM, GyHKLUHN TEIITOU30ISALHH.

5.3.8 ITpomosbHYIO pabouyro apMaTypy peKOMEHAYETCsl pacrojiaraTb B OCHOBHOM B HIDKHeEH
4aCTH GOPTOBBIX 3JIEMEHTOB, OCTABLIYIOCS YaCTh — [0 BBICOTE CeYeHHs OOPTOBBIX SJIEMEHTOB HITH
B MX BepxHeil 30He. KpoMe OCHOBHOI apMarypbl B OOPTOBBIX 3JI€EMEHTAaX YCTAHABJIUBAETCS
[OIepeyHast ¥ MOHTaXKHas apMaTypa. ApMaTypy OOpPTOBBIX 31€MEHTOB O0OJIOUEK U apMaTtypy
3aTAXKCK Z[I/Ia(l)pal"M PEKOMEHAYETCS BBIMOJIHATL MIPEABAPUTENIBHO HaHpH)KeHHOﬁ.

B Hepaspe3HbIX MHOTONPOJIETHbIX 000NOYKAaX KPOME OCHOBHOH PacTSHYTOH apMaTypsl B
IpoJIeTe ClieNyeT yCTaHABIMBaTb apMaTypy B BepxHell 4acTh O0ONOYKM Ui BOCTIPHATHS
PacTATMBAIOIIMKX HAIPSDKEHUH Haja omopamu (nuadparmamu), pacmosiarasi €€ B CpemHel 30He
PacTSIHYTON UaCTU OYTH.

He menee 50 % pacTsiHyTOl apMarypbl HaJl OMOPOH ClieayeT mpozJieBars Ha ajuHy 1,2 bo B
KOKAYI0 CTOpOHy oOT auadparmel (bp — pacCTOSHME OT OMOPbl IO CEYEeHHsS C HYyJIeBbIMH
MOMEHTaMH).

5.3.9 B cxaroii 30He OOOJOUKH, a TaKke Ha YYacTKax, e TNIABHbIE PaCTSITHBAIOLIME
HAaIIPSDKEHUs] MEHbIIE Ry, CIEMyeT yCTaHaBIMBaTh KOHCTPYKTHBHYIO NPOJOJIBHYIO apMaTypy ¢
maroMm 150-250 mm, momianbo cedenust He meHee 0,2 % ceuenus OeToHa.

CeueHnie apMatypbl, HeOOXOMUMOE Iisi O0ECIIEUEHNsT MPOYHOCTH OOOJIOUYKH TPU JEUCTBUH
MONEPeYHbIX M3THOaloIX MOMEHTOB, CleqyeT ONpeNeiTh Kak st IHT. 1o AJuHe BOJHBI
apMaTtypa, BOCIPHHHUMAIOIIAs MONepeYHbIe MOMEHTEL, YCTAHABINBAETCA COOTBETCTBEHHO JIIOPE
MOMEHTOB B pacTsHyTol 30He. B MecTax mnpHMBIKaHUS IUIUT K OOPTOBBIM SJEMEHTaM H
nuadparMam ciiefyeT yCTaHaBINBATh ABOWHbBIE CETKU U3 apMATyPbl AINAMETPOM 5—8 MM C Iarom
crepkHei He Oonee 20 cM.

B peOpucteix obomoukax pebpa, BOCHPHHHUMAIOINME IIOMEPEYHbIE MOMEHTHI, CIIEHyeT
apMHpOBaTh JBOIHOM apMaTypoif ¢ TONEePEYHBIMU CTEPXKHAME, a IUIHTa apMUPYeTCs

68



KOHCTPYKTHBHO — OZMTHOYHO# CETKO}1.

5.3.10 Ha yuactkax, rue Gpr> Rer, TpeOyeMoe ceueHne apMaTypbl CIEAYET ONPENeNsiTh [0
PACTATMBAOIMM HAMPSLKEHUSIM, NEHCTBYIOIUM 1of yriioM 45° k obpasyromeii. 3HaueHHe STHUX
HaIpspKeHUi onpenensercs mo Gopmye

O =°7x+1 (53.1)

v
I7i€ Ox U Tyy — COOTBETCTBEHHO HOPMAJbHblE M CABUrAlOLINE HAMPSDKEHUS], JIEHCTBYIOLINE B
paccMaTpuBaeMoi TOUKE.

B MECTax, rae apMaTypHoi/'I CCTKHU HEAOCTATOYHO IJIA BOCIIPHUATHUSA INIABHBIX PACTATHUBAIOINX
VCHJIHH, CIEAyeT yCTaHaBIMBAThb NOIOTHUTEIbHBIE apMaTypHBIE CTEPXKHU mon yriom 45° k
o0pasyrolueil Wi yCUINBAaTh apMaTyPHYIO CETKY JOIOIHHUTEIbHBIMI CTEPIKHSIMH.

CeueHne apMaTypbl Ha €AMHULYY JUIHHBL JOJDKHO YIOBJIETBOPSATH YCIOBHUIO

R(f, + 1)
Gyse Z‘cur,pl = YT + Rs,incfmc ) (532)

rae fy, fo fine — CEYEHHs apMaTypbl NPOAOJBHOrO HANpPaBEHHs, apMaTyphbl IOMEPEYHOrO

HaNpaBJICHHS M KOcoif (YCTaHOBIEHHOH mnox yriom 45° k obpasyromei) apmarypsi

COOTBETCTBECHHO Ha €AWHULY OJIMHBI IUTUTHI,

Ry,inc — pacueTHOE CONPOTUBIIEHHE KOCOH apMaTyphl ILUTHTHI.

IIpussATeIe cedeHUs apMaTypbl NPOAOJBHOIO M IONEPEYHOTO HAMNPABIEHUS HE JIOJKHBI
paznnuarecs 6osee yem Ha 20 %.

Crep:kHH KOCOH apMaTrypsl M apMaTyphl TOMEPEeYHOro HampaBieHHs, BOCHPHHHUMAIOIINE
IJIaBHBIE PACTATMBAIOLINE YCHIINSA, NOJDKHBI ObITh 3aaHKEPEHbl B OOPTOBOM 3JjieMeHTe. Briie
HeHTpanbHOI OCU apMaTypHBIE CTEPXKHHU NOJDKHBI OBITH 3aBe/IeHbI He MeHee YeM Ha 20 1uaMeTpoB
3a CEYEHHME, I'7I€ TJIaBHbIC PACTATHBAIOLIME HANPSDKEHHUS MOrYT OBITh BOCIIPHUHATHI OCHOBHOM
CETKOH.

5.3.11 KOHCTpPYKIMIO CThIKA MEXKY 3JIeMEHTaMH B COOPHBIX 000I0YKAX M CKIIaZIKax ClenyeT
MPUHUMATDL B 3aBUCUMOCTHU OT XapaKkrepa u 3HAYEHUH nepeaaromuxcs 4€pe3 CTbIK YCI/IJ'II/II\/'[‘

B cpenmHeli yacti 000JIOUEK U CKIAAOK, B HOPMAJIbHBIX CEYCHHUSX KOTOPOH AEHCTBYIOT B
OCHOBHOM CXXUMAKOILIUE YCHIINA, CTBIKH JOIYCKAC€TCA BBINOJIHATH IMyTEM OMOHOJHYHBAHUA
IIMOHOYHBIX IIBOB OETOHOM.

CtoIKH 60pTOBbIX 3JIEMECHTOB, B HOpPMAJIbHBIX CCYCHUAX KOTOPBIX HeﬁCTByIOT 3HAYUTECIIbHbIC
pacTArHBalOIUe YCHJIMsA, PEKOMEHIYETCS BBIIONHATD MPEABAPUTEIBHO HANPSDKEHHBIMH, C
HCIIONIb30BAHHEM HAMpsraeMoil apMaTypbl B KaueCTBE PACUETHOIO apMHpPOBaHHS. ApMaTypy
Pa3sMeLalT B CHELHAIBHO OCTABICHHBIX B OOPTOBBIX 3JIEMEHTaX KAaHAllaX W 3aKPEIUIIOT MO
Topuam obonouku. [Inst obecriedeHusi COBMECTHO# pabOThl MpeNBapHUTENbHO HANPSKEHHOM
apMaTypsl ¢ 6ETOHOM KaHaJIbI 3aMONHSIOTCS LIEMEHTHBIM TECTOM O] JABJICHHUEM.

CTpiku B MNpOAOJIbHBIX CCUCHUAX 060.]'[0'-[61(, B KOTOPBIX TMOMHUMO CABUTAKOLIUX W
HE3HAYMTEIbHBIX HOPMAJBHBIX CHJI ACHCTBYIOT M3rHOarolue MOMEHTHI M Iepepe3blBarouine
CHJIbI, BBITIONHSIOT CBaPKOH BBIMYCKOB apMaTypbl pebep COeMHAEMbIX 3IEMEHTOB HITH CBAPKOH C
MOMOIIBIO HAKJIAAOK 3aKJIAJHBIX [€Tajiedl 3JIEMEHTOB M HOCIEAYIOMM OMOHOJIMYHMBAHHEM
6eToHOM.

CTBIKH CMEXXHBIX 3JIEMEHTOB YIJIOBBIX 30H O0OJIOUEK, Ife AeHCTBYIOT 3HAYMTENBHBIC 110
3HAYEHUIO IJIaBHBIE PACTATHBAIOIIMEC YCHIIHS, BBITONHIIOT CBapkoil BBIMYCKOB apMaTyphl
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5JIEMEHTOB WM CBAPKOH C MMOMOINBIO HAKJIANOK 3aKJIANHBIX JEeTajeil 3JIeMEHTOB, WIH MyTeM
YCTAHOBKM B 3apaHee IPeNyCMOTPEHHBIE B JJIEMEHTAaX YTIyOJNEHHs CBapHBIX KapKacoB B
cootsercteuu ¢ CIT 387.1325800.

5.3.12 B obuiem ciyuae onpeneneHue yCIIHHA B JIHHABIX IMJIHHAPAISCKAX M CKJIaA4aThIX
000I04uKaX PEKOMEHAYeTCsl MPOM3BOAMTH C ydeToM AedopMamiy IONepevHOro KOHTypa B
COOTBETCTBUH C TIOJIyMOMEHTHO#! Teopueit. [Ipu 3Tom m3rubarommue MOMeHTHI M1, freficTByolue
Ha IUIOINaKaX MTOMEPEYHOro CeueHusT 00O0JIOUKH, COOTBETCTBYIOLIME HM MOMepedHbie CHilbl 01, a
TaKKe KpyTamue MOMeHTHl I 1 71 BBUAY HX HE3HAYUTENbHOCTH MPHHHAMAIOT PABHBIMH HYJIIO
(pucyHok 5.3.2). Cuibl N, neficTByroLiye HOPMaNbHO K IUIOINAJIKaM MPOJOJbHOIO CEYEHHs, a
TaK’Ke BOHHUKAIOIIHE Ha TEX XK€ IUIOIIAIKaxX MOMepPeuHble CIUIBI () YUHTBIBAIOT B pacdueTe, HO He
YUHTBIBAIOT pY noxbope cedeHuii. PazMeps! cedeH i onpenensoT 10 HOPMaJIbHBIM yCHITHAM N1,
IelfCTBYIOLIMM Ha ILIOMIANKAX TONEPEIHOrO CeYCHHS, CKAJBIBAIOIINM YCHIITHAM S U H3TUOAIOIHM

MOMeHTaMA/[, Z[efICTByIOHlHM Ha rromaankax HpOZ[OJIbHOl"O CCUCHHUA 06OJIO‘IKI/I NI CKJIAAKH.
a 6

N, Qo

a — MOJHAA CXeMA YCHIHIA, 6 — YCUIHA, YYHTHIBAEMBIC IIPH pacyeTe

Pucynox 5.3.2 — Ycenaus, JeficTBYIOIIHE B JJIMHHBIX HHJIHHAPHYECKHX 000J109KaX

5.3.13 B gacTHbIX crny4asx (Hampumep, OJisl 00ONIOUEK, ONMEPThIX MO YINaM, NpHU JIeHCTBUN
PaBHOMEPHO paclipefieNleHHOM HArpy3KU U 3HauYeHNH OTHoleHus /1 / /> 2 1, npy NOBBIIEHHON
JKECTKOCTH MOMEepeyYHbIX pedep U Ip.), KOrAa B3aMMHOE BIMSHHE MONEPEYHbIX H3rHOAIoIUX
MOMEHTOB M IPOJOJIbHBIX HOPMAJBbHBIX YCHUIIMH OTCYTCTBYET WIIM HE3HAUUTEJIBbHO, BHIMONHSIIOT
pacuer 000JI0uKH Kak Oanku KPUBOJIUHEIHOTO MONepeuHoro ceueHust (PHCyHOK 5.3.3).

R
ﬂm Rv R 4,
s J_F _ EoRe

R.A;

7-1

AN
hcd

Oco cummempuu

Pucynok 5.3.3 — Cxema ycHIIMIi ¥ 51I0Pa HANIPSEKEHHI B ceUeHHH, HOPMAJIBHOM K
NMPOAOJIbHO 0cH H3rH0aeMoH HHJIHHAPHYECKOH 000104KH, IPH pacyeTe 10 MPOYHOCTH

Ilpu ovyepraHuu KPHUBOJHHEIHOW 4acTU CeYeHHUs] OOOJOYKH 0 Ayre OKPYKHOCTH MOMEHT
BHYTPEHHHUX CHJI OTHOCHTEJIBHO HEHTpPa AYTH IONEePEIHOrO CeUeHHsT OOOIOUKH

Ma =2 (Ro tour,pi 1*sin0's—R; A a). (5.33)
VcioBue paBHOBECHUS! IPONOJIBHBIX CUJI B CEUEHUH
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Rbe’b r fcur,pl =R As . (534)

B ¢opmynax (5.3.3) u (5.3.4):

a — pacCcTOosiHHE OT LEHTPa AyTH MONEPEYHOro cedeHus O0OJIOUKH A0 NeHTpa paboueii
TPONOJBbHOI apMaTyphl;

0L — TeKyLIas YIJ0Basi KOOPAUHATA.

6 % — MoNOBMHA LEHTPAJILHOTO YIJIa, OXBATHIBAIOLIETO AYIY CXKATOI 30HBI CedeHHs 00OIOUKH,
¢ yueroM sin 0, ~0’; onpenensiercs mo Gopmyie

0, M,

=—9< 53.5)
’ 2lzb tcur,pl rhO,sh (

hosh = r —a — paccTosHHe OT LieHTpa paboueii NponoNbHON apMaTypbl O OCEBO# IHHUM Ay TH

MOMEPEYHOTO CeYEHHsT 000IOUKH.

IMosiHasA MOIIAAb CEYEHHS PACTSAHYTOH apMaTypbl, pa3MenaeMoii B OnHO# OOpToBOii Oaske,
BBIYHCIISIETCS MO (hOpMyJie

'
_ eb rtcur,leb
R

s

(5.3.6)

B npomexkyTouHO# 6opToBOii Gasike IIoMWanb apMaTypbl Ay 0JKHA OBITH yIBOEHA.

53.14 B MHOrOBOJHOBBIX IOKPBITHSX, ONEPTBIX IO yIJaM, KpailHWe MOJyBOJIHBI
JIOMyCKAeTCsI PACCYUTBIBATD 110 YIIPOIUEHHOMN CXeMe — KaK IOJTyBOJHBI OHOBOJIHOBOH O0OJIOUKH.
CpenHrie BOJHBI MHOTOBOJHOBBIX OOOJIOUEK M CKJIANOK JIOMYCKAETCS pACCUHTBHIBATH Kak
000N04KH, y KOTOPBIX IPOAOJIBHBIE Kpas 3aKPEIUICHbl OT CMEMIEHWH B TOPU3OHTAJIbHOM
IUIOCKOCTH U ITIOBOPOTA B TUIOCKOCTH TIONIEPEYHOrO CEYEHHUSI.

5.3.15 Pacuer 000J04YKH MOC/E HA3HAYEHMS] €€ FEOMETPUUYECKUX Pa3MEPOB BBHIMOJHSIOT B
cilenyomei ocuenoBaTeIbHOCTHU:

- IpeIBApUTENbHO ONPEAENAoT Tpebyemoe cedeHHe MPOAOJbHON apMarypbl GOPTOBBIX
9JIEMEHTOB I10 opMmyJie

M

A =— 53.7
* " R,-08h, (53.7)

rae M — usrubaroIniuii MOMEHT OT BHEIIHMX HAarpy30K B PacyeTHOM MONEPEYHOM CEYEHHH
000JI0UKH,

ho — pabouasi BbicOTa ceyeHust 00O0JIOUKH, PaBHAs! OJIHOI BHICOTE 32 BBIYETOM PACCTOSHUSI OT
HIDKHEH rpaHu OOPTOBOTO 3JIEMEHTA 10 PaBHOAEHCTBYIOLIE YCHIHIT B paCTSHYTOMH apMarype;

- MpoBOAAT pacyeT OOOJOYKM B YHPYrOd IOCTAHOBKE C YY€TOM apMaTypbl OOPTOBBIX
3JIEMEHTOB;

- [0 MNOJNy4YeHHbIM M3 STOr0 pacyera YCHIMAM MOAOHPAIOT apMaTypy MOHEePEeUHOro
HanpasyeHus miutel no CIT 63.13330;

- Ha OCHOBe pacuera Ha mpenpiaymeM stane no CII 63.13330 HaxomsaT MONOKEHHE
PaBHOAEHCTBYIOMIEH YCHIIHI B C)KATOM 30HE CEYCHHUS, PACCTOAHHUS OT Hee JIO IEHTpA TKECTH
pactanytoro OeTOHa z» W apMaTypbl Zzs M 3HaueHHE MOMEHTa BHEINHHX CHI Mo,
COOTBETCTBYIOLLETO MOSBJICHUIO TPELIHH,

- mpoBOAAT pacuer obonouku ¢ yderom TpemuH W no CII 63.13330 onpenensior
nepemernenusi 00OJIOUKH H IIHPUHY PACKPHITHS TPEIUH B OOPTOBBIX JIEMEHTAX;
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- ¢ yuetoM 5.3.16 u 5.3.20 paccUUTBIBAIOT YIJIOBBIE 30HBI U quadparmMbl 000I049eK.

5.3.16 Ycunus B yIIIOBBIX 30HaX 000JIOUEK ONPENeNIOT 3 UX Pacuera KaK yIpyrux CHCTEM.

Bo msbexaHne Xpymkoro paspyuieHHss O0OJIOUEK B yIilax OT CKAaJbIBAHWS 3HAYEHUE
CKaJIBIBAIOIINX HAMpsKEHHH TOMKHO ObiTh He Oojiee 2,5Rj;. Ha yuactkax, rae HampsoKeHHs
CKanbiBaHUA OONbllle YKa3aHHOTO 3HA4eHHS, HEOOXOAHUMO BBINONHATH MECTHOE YTONIIEHHE
mUThL. TIpyr 5TOM BBIMONHATH NepepacyeT KOHCTPYKLHU B EJIOM He TpedyeTcs.

5.3.17 Pacuet no mpOYHOCTH, KECTKOCTH H TPEIIHHOCTOMKOCTH JUIMHHBIX LMIIHHAPHIECKUX
oboJodex cnenyeT NpoBOIUTH C Y4€TOM 00pa3oBaHHs TPELHH B OOPTOBBIX JIEMEHTAX H B ILIUTE,
U TPEIIMH BAOJb OOpasymoLIMX B IUIUTE WM TPEILIWH B MOMEPEYHbIX peOpax (B TOM 4YuCIie
00pa3oBaBIIMXCA HA CTaAMd MOHTaka KOHCTpykumm) B coorBerctBuu ¢ CII 63.13330.
JlomyckaeTcsl He YUUTBIBATB NIPU pacdere KOChIe TPELHHBI B YIJIaX O0O0IOYKH.

Pacuer no o6pa3oBaHuIO TPEIMUH B HOPMAJIbHBIX CEYEHHUSX U BAONb 00pa3yOIMuX CIENyeT
MIPOBOAUTD C YYETOM HEYTIPYTHUX AedopMaluii OeTOHa B PaCTAHYTOM 30HE.

VYeunus nius pacdera NIMHHBIX TUIHHIPUYIECKUX H CKIAAYATBIX 000JI0UeK 0 00pa30BaHHUIO
U PACKPBITHIO TPEIIUH, IO KECTKOCTU U MPOYHOCTHU CienyeT ompenensts no 5.3.12 ¢ ydyerom
nebopMaliuii morepeyHoro KOHTypa Kak AJisi yIPYTro# CHCTEMBL.

5.3.18 Pac4eT 1o mpOYHOCTH, KECTKOCTH U PACKPBITHIO TPEIINH OOONOYKH C TPEIIMHAMH B
IIPOIOJBHBIX CEUSHHUSAX JOITY CKACTCS BBITIONHSATE Ha NEHCTBHIE TOJIBKO H3rHOAI0IMUX MOMEHTOB ITO
CIT 63.13330.

Pacuer 000104KH 10 MPOYHOCTH CIEAYET NPOBOIUTD C YUETOM IepepactpeneNieHus yCuinit
MEKY UX MMPONOJbHBIME cedeHusiMu. OOpa3oBaHue TpexX MPOAONIBHbBIX MJIACTUYECKHIX LIAPHHPOB
MPUBOINT K 3HAYUTEILHOMY YBEIM4YEHNIO NeopMaLiiii 1 PACKPBITHIO TPELIHH.

IIpumep 9

3aoanue: nnst MOKPHITHS 37aHUsI ¢ CETKOHM KOJOHH 12x30 M 3ampoekTHpoBaTh COOPHYIO
Ke1e300e TOHHY 0 LIMJIMHAPHUYECKY 0 000104Ky. 3nanue pacnonoxero B Il cHeroBoM paiione.

Koncrpykuust 00004kn BKIIO4aeT B ceGs OOPTOBbIE 3JIEMEHTHI, OKaiiMiIsroue 000JI0UKy
BOJIb KpaliHMX 00pasyroliuX. BopToBble 3/I€eMEHTBI H3rOTABJIHBAIOTCS OTHAEJIBHO IUIMHOH Ha
mpoieT, T.€. 30 M, B Bue COOpHBIX mpeAHanpsukeHHbIX O0anok. KpusonuxeiiHas yacts 000104KH
COCTOMT 13 COOpHBIX 3KeNe300eTOHHBIX PeOPHCTBIX MNaHenel IMIMHAPHYeCkoH QopMel ¢
pa3MepamMu B ruaHe 3x12 m.

IMaHenn CMEXHBIX BOJH ONHPArOTCss Ha oOWmii 1ins Hux GOPTOBOI BIEMEHT, Iie
3aMOHOJIMYMBAIOTCS, 00pa3yst jxkecTkuil y3en. Illar GOpPTOBbIX 31€MEHTOB MPUHAT PaBHBIM ILAry
KoJoHH, T.e. 12 M. Takum oOpasom, oOoiouka mpencrTaBisier coOOIl ONHONIPOJICTHYIO
MHOTOBOJIHOBYIO KOHCTPYKILHIO. [Tonepednoe cedeHre 6aKu NPUHATO MEPEMEHHOM BBICOTBI — HA
omopax 800 mm, a B cepenuHe mpoinera — 1400 MM, MpH 3TOM BEpXHEMy MOACY NMPHIAHO
CErMEHTHOE O4YepTaHUe, B Pe3yJIbTaTe 4ero 00oNouka MMeeT HeOONBINYI0 BTOPYIO KPUBH3HY B
TIPOZIOJIEHOM HAIPABJICHUH.

Topuesass auadparma 000NIOUKH HMeeT mpoyer 12 M U MpPUHATA B BUAE apKH, BEPXHHUM
MOSICOM KOTOPOHM CIy>kuT pedpo TOPLEBOW MaHend. 3aTSDKKA 3TOH apKH H3TOTaBIIHBACTCA
OTHEJNIbHO B BHJE XKEJIe300€TOHHOTO NPeIBapUTEILHO HANPSKEHHOTo Opyca.

KoncTpykuust 000104KkH Moka3aHa Ha pucyHkax 5.3.1 n 5.3.4.

DneMeHThl 000JIOUKH BBIMONHAIOTCA U3 TsDKeJoro 6etoHa kiacca B35 (Rp = 19,5 Mlla,
Ry =1,3 MIa, E; = 34,5 - 10° MITa).
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a — ceyeHne 000I0YKH ITOCEPEIUHE IPOJIETA, 6 — MONEPEHHOE CedcHHe GOPTOBOIH GaNkH mocepeIUHe MPoJeTa
Pucynok 5.3.4 — T'eomeTprieckue pa3Mepbl WHIHHAPHYECKOH 000104KH

Harpy3sku Ha 0005104Ky, IPUHSITHIE B pacyeTe, NpuBeneHbl B Tabmuue 5.3.1.

Tabauna 5.3.1

Bun narpysku Hopwmarusroe | Koadduiment | Pacuetnoe
3HA4YCHUE HAJIe)KHOCTH 3HaYCHHE
Harpy3KH, O Harpy3ke yy | Harpysku,
kIla Klla
CobOcTBeHHas Macca 00OIOUKH, TPUBEACHHAS
K T'OPU30HTAJIbHOM MPOEKLUH 2,5 1,1 2,75
Teron3onsusL, TapoUu30JIsALUs,
UIPOU3OJSILIMOHHBIA KOBEP 1,3 1,3 1,69
Crer (I1I paiion), Sg = 1,5 xI1a 1,28" 1,4 1,8
HUTOIrO 5,08 6,24
* Koadduimenr c., yIuTHBAIONWIA CHOC CHETa MOKPHITHA, MPHHEAT paBHBIM 0.85. CHEropasd Harpy3ka NPHHATA
paBHOMepHO pacmpeaencuHoi (u = 1) mo b.6 CIT 20.13330.2016, BapuaHT 1.

OrmpenensieM reOMeTpUIecKHe XapaKTePUCTHKH OOOIOUKH.

HasHayaeM BBICOTY MOMEPEYHOrO CeueHUs OOONOYKH As; MOCEPENIMHE IPONETA, BKIIOUAs
ceueHue Goprosoii Oanku, pasHoit 3100 MM, uto coorercTByeT mpmmepno /1/10, a crpeny
HOABEMA fourp/ KPUBOJMHEHRHOM YacTH 060NIOUKM — paBHOM 1500 MM, T. e. okono 1/8 mmpHHbI
oGonouku (mponera /2).

KpuBosuHeiiHyI0 YacTh BHEIIHEl MOBEPXHOCTH 00O0I0YKH NPUHIMAEM OYE€PYEHHOM MO Ayre
KpyTra paanycoM

12+4f? ~2.0,06) +4-15
_h fcur,p/ _ (12 2 0’06) +4-15 =1251 m.
Sj;ur,pl 81’5

3nayenne [, MpUHWUMAEM B COOTBETCTBHU C KOHCTPYKLMEH Y3714 COENMHEHMS ILIMTHI
000104KH ¢ OOPTOBBIM 37IEMEHTOM (PUCYHOK 5.3.4,0).
Hcxons w3 pamuyca 7/, HAXOZUM LeHTpaIbHbIHA yroi 01 i HOJOBUHbI 1y TH KPUBOJTHHEHHOM
YaCTH OOOJIOUKH:
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sin61=~5L/(2r)=(12 2-0,06)/(2-12,51)=0,475;
cos 61 = 0,88, yemy cootsercTByeT yroa 0; = 28°20'43"" = 0,495 pan.

Papuyc cpenuuHoii mosepxHoctH ¥ = 12,51 — 0,02 = 12,49 m.

ITnomane NonepeyHoOro CeYeHus! KPMBOIMHEHHOM TUIMTHI

Acurpt =27 01 towrpr = 2 - 12,49 - 0,495 -0,04 = 0,495 m?.

Inowanb GOPTOBOM 6aNKkK B CEUEHUH OCEPEAMHE POTIeTa (10 3aMOHOIUYHBAHHS CTBIKOBOM
MOJIOCTH 000IOYKHM):

Aea=0,08- 1,4+ 0,22 (0,1 + 0,05 + 0,35) = 0,222 m>.

OO0ruas mIowmane MonepevHoOro ceueHns 000I0UKH NOCEPEAMHE MPOJIETA C YIETOM ILIOIAAH
CeueHHUs 3aMOHOJIMYEHHOM CThIKOBOM mooctr 0,3 - 0,2 = 0,06 M2,

A = 0,495 + 0,222 + 0,06 = 0, 777 M.

OnpenensieM MOMEHT MHEPLMH TIOTIEPEYHOrO ceueHns 000no4kH. [lepBoHavaIbHO HAXOAUM
MOJIOXKEHUE LIEHTPA TSKECTH CEUEHUs:

KPHUBOJIMHENAHOM TUHTBL Y Zurpl = f/ 3= 1,48 /3 =0,493 m;

60OpTOBOIi OaJIKH B CEYEHUH MOCEPENHHE MPOosieTa (A0 3aMOHOJIHYMBAHKS CTBIKOBOM MOJIOCTH
000JI0UKH):

y%ea=1[0,08-14-0,7+0,22 (0,1 -0,05+0,05-0,575+0,35-1,225)] / 0,222 = 0,812 m;

Yed=1,4—-0,812=0,588 m.

JUi1st BCero nonepevHoro cedeHust 000I04KH MOCEpeIUHE IPOJIETa C y4eTOM 3aMOHONHYEHHOM
CTBIKOBOH MOJIOCTH:

v =[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;

ysn=3,1-1,16=194 m.

MOMEHT UHEPLUH Ce4eHUs] KPUBOJMHEHHOMN IJINTHI

Lourpt = 1 teurpr (01 + 8ind; cos 01 — 2 sin? 01 /01) =

=12,49% . 0,04 (0,495 + 0,475 - 0,88 —2 -0,475% / 0,495) = 0,0965 m*.

MomeHT nHepuul OOPTOBOI OAKK B CEYEHUM MOCEPEAMHE NMPOJeTa A0 3aMOHONMYHUBAHUS
CTBIKOBOI1 MTOJIOCTH MPUBOTUM Oe3 Bhramcinenuii: s = 0,0493 m*. B pesysisTate MOMEHT HHEpLMH
BCEr0 TMOMEPEYHOr0 CEUEeHHS OOOJOYKH IMOCEpefHnHE MpojieTa € YY€TOM 3aMOHOIHYEHHOH
CTBIKOBOH MOJIOCTH COCTABUT:

L= 10,0965 + 0,0493 + 0,3 -0,23/12 + 0,495 - 0,657% + 0,222 - 1,3422+ 0,3 - 0,2 - 0,432=0,77 m*.

Pacuer 0060,104KH B NPOA0JLHOM HANIPABJICHHH

Pacuer mo npoYHOCTH Ha ACHCTBHE H3rH0AIOIMX MOMEHTOB H MOAGOP NMPOAOJIbHOMH
apmartypbl 6OpTOBBIX 0aJIOK

B kadecTBe HampsraeMoil apMarypel IJisi apMHPOBaHUs OOpPTOBOI Oajiku NpPUHUMAaEM
apmaTypHble kaHatel D15 MM kiacca K1400 ¢ Ry = 1215 MIla. MakcumanbHbIii n3rubaroimuii
MOMEHT B CEpeMHe MPOoJieTa OT PACUYETHOM Harpy3Ku Ha 000104Ky MUpPHHOH 12 M Fy= 6,24 - 12
= 74,88 kH/m cocraBnsier

Ma= 174,88 29,6%/8 = 8200 xHm.

O6o0510uKy Ha HPOYHOCTH B IIPOJOJNBPHOM HAINPABICHHH DPACCUUTBHIBAEM IO IpenelbHBIM
COCTOSTHHSIM KaK MPOCTYIO OaliKy.
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ITonoBMHA IEHTPANBHOIO YIiIa, OXBATHIBAIOIIETO YUACTOK CXKATOH 30HBI AYTH MOMEPEIHOrO
ceueHust 0bonouky, o Gopmye (5.3.5)
8200 _
2-19,5-103 +0,04-12,49.2.93 -
ITonHas nuomwans CE4EHUs PACTSIHYTON apMaTyphl, pa3MeLaeMOi B ONHONH MPOMEXKY TOUYHOMN

GoproBsoit banke, o Gopmyre (5.3.6)
4 =S Ry _ 2:0144:12490-40-195

: R 1215

S

0,144 .

0, =

=2309 mMm>.

Ipunumaem 20 apMaTypHbIX kKaHaToB J15 MM kiacca K1400 ¢ miowmanbio HanmpsiraeMoii
apMatypbl A, = 2830 M2 JIpyrHe pacueThl U KOHCTPyHpOBaHMe GajiKi BBIMONHAIOTCA MO
AHAJIOTUH C TUIOCKUMHE DallkaMH U 3eCh He IIPUBOASTCS.

Pacuer mo mpoYHOCTH HA JelCTBHE MOMEPEYHBIX CHJI M MOADOP ApMATyPhbI
KPHUBOJHUHEHHON MJIMTHI

Ha nonepeunsle cuibl 000NOYKY PAaCcCUUTHIBAEM Kak OOBIYHYIO YIPYIYIO CHCTEMY, B 3TOM
Cllydae MpeNCTaBAINYI0 coboit mpoctyio Oanky. Takoii pacder anst KpaiiHHMX dYeTBepTed
obonoukn BronHe mpuemieM. B cpenneit 30He 00OJIOYKH, TA€ TONMEPEYHBIE CHIBI HMEIOT
MMHHMAJIbHbIE 3HAYEHUs, & M3rubarolire MOMEHTHl — MaKCHMaJlbHble, KPUBOJIMHEHHAs 4acTb
obonoukn paboTaeT Ha CXKaTHe B MPOAOJIBHOM HANPABICHHUH, W JIAMHATHPYIOIIUM 3€Ch SIBIIETCS
yCTOHUMBOCTD TUIMTHL. OIHAKO, YUHUTHIBAs, YTO COOpHBIE 000NOYKM CHAOXKEHbI MPONOIbHBIMU U
nornepedHbIM pedpamu, YCTOHINBOCTD KPUBOJIUHEHHON IIIUTHI, KaK MPaBHIIO, 00ECTIeYHBAETCs.

I'naBHBIE pacTAruBarOINe HAPSKEHUA ONPEACIIATCA, HCXOAA U3 TUIOCKOTO HAIPS)KEHHOT'O
coctostHus. HopmarbHbIE HANIPsDKEHUS, NEHCTBYIONIIE B 000HX HAMpPaBICHHUAX, ONPENENIoT 1Mo

Gbopmy e

(5.3.8)

Hmes B BUIy, 4TO HOpMaJIbHbIE HANPSKEHUS B IONEPEYHOM HANpPAaBICHMHM OTHOCHTEIBHO

MAJIbl, UX MOXHO HE YUUTBIBATh, IPUHSAB G, = O:

G, =0, 12+4(c, /2 +72. (5.3.9)

Kaxnas masenb MIUPHHON 3 M PacCUMTBHIBAETCS HA CpEJIHEE 3HAYE€HHEe OpAMHATHI OaNouHOI
STIOPEI IIOTIEPEYHOH CHITBL, T. €. B CEYCHHAX Ha PACCTOSHUSX OT onopbl X1 =1,3 M; x2 =43 M; x3 =
7,3 m.

Paccunraem Be MaHENU: TIEPBYIO OT OMOPHI (TOPLIEBYIO) U BTOPYIO (PSIIOBYIO).

Pacuem xpusonuneiinoii niumer mopyesoii naneau

T'eomeTpryecKkine XapakTEPUCTHKH IMOMEPEYHOr0 CEYeHHS OOONOYKH B CEUEHHWH Ha
pacctosinuu x1 = 1,3 M OT onopsL:

- 6oproBas 6anka: feq = 1,1 M, Aeq = 0,242 M, 2’0z = 0,56 M, Loa = 0,032 m*;

- mostHOe ceueHne 06010ukn: As, = 0,737 M2, z'sh = 0,996 M, Iy= 0,5247 m*;

- U3rubaro il MOMEHT B CEUEHUH:

M. =0,5Fsx(li—x)=0,5-74,88-1,3-(29,6—-1,3)=137,74 kH-m;

- nonepeyHas cuna B ceuennn: Ox = F47 (0,5 11 — x) = 74,88 -(0,5- 29,6 — 1,3) = 1010,9 xkH.
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Ha yuacTkax, e Gpr > Ry, CeueHHE apMaTyphl ONPENENAETCS UCXOAA U3 PACTATHBAIOIIIX
HAaIpsKEHHH, NeHCTBYIOMX MO yritoM 45° k oOpasyroIneil.

I'maBHBIE PaCTATUBAOIINE HAIPSDKEHNUS, NeHCTBYIOLINE B IUTHTE OOOJIOUKH, ONpeselsieM 110
dbopmyne (5.3.9),
e 6x = Mxyi / Ion

T = O Si /(I b);

Yi— OpAWHATA TOYKU PACCMATPUBAEMOrO CEUEHHS IYTU (KPUBOINHEHHOH ITHTHI O00NIOYKHM);

Si— cTaTU4ecKkuii MOMEHT AyTH, HAXOAsIIEHCs BhIIlle PACCMATPUBAEMOrO CEHEHMS, MUIOIIAb
Ai=2F aj teurpi, cTpena fi=r (1 — cos au):

Si =A; (Z,sh —Z,i);

b — mmpuHa 3neMenTa; b = 2 fourpi,

z; =f;/ 3 — pacCTOSTHHE A0 LIEHTPA TSKECTH i-H IyTH.

Pe3ynbTaThl pacyeTa IITaBHBIX PACTITHBAIOIIMX HANPSUKEHNUI IpuBeneHs! B Tabue 5.3 2.

Tabnuua 5.3.2

OGo3HaveHne 3HaueHue mapaMeTpa IJIsl TOUKU MONEePEYHOr0 CEHEeHUS
napamerpa (pucyHoxk 5.3.7)
1 2 3 4 5
O, TPAAYCHI 28°20743" | 21°15' 14°10’ 7°8' 0
(pam) (0,4947) (0,371) 0,2474) | (0,1237) | (0)
sin oy 0,475 0,362 0,245 0,1235 0
cos o 0,88 0,931 0,97 0,993 1
A2 0,495 0,37 0,25 0,124 0
i 1,48 0,86 0,37 0,087 0
Z, M 0,49 0,29 0,12 0,03 0
S, M 0,25 0,26 0,22 0,12 0
1. MITa 6,03 6,27 53 2,9 0
Vi M 0,484 0,156 0,636 0,926 0,996
./ 2, MITa 0,64 -0,21 -0,83 ~1,21 ~13,2
Gy, MITa 6,7 6,06 4,53 1,93 0

U3 pesynbraroB pacdera BHIHO, YTO BO BCEX TOYKAX CEUEHHS KPHUBOJIMHEHHOHN IUIUTHI
TOPLIEBOI MaHes M 00OJIOUKH TJIABHBIE PACTATMBAIOIINE HANPSDKEHUs NMpeBbmaroT Ry = 1,3 MIla
H, CJIeI0BATENbHO, U TOAOOPa apMaTypbl HEOOXOIUMO BBIMHCIUTD N4s.

VYeunue Ngs, neficTByromee B TOYKaX CEYCHHs KPUBOJIMHEHHOH IUINTBI MOA yriroM 45° k
obpasyromeii, onpenensieM o popmye

Nas =Nx/2+ Qga, (5.3.10)

e M _ M, L 13774
221, P 2.0,5247

3A€Ch Z — PACCTOAHUE OT TOUCK NYTHU N0 LNCHTPA TSXKECTHU CEYCHUsT O6OJ'IO‘{KI/I;

0,04z =52,62z,

Osfa — CHBUTAKOLIEE YCHIIHE, NEWCTBYIOIIEE B TOUYKE CEYEHHMs KPHUBOJMHEHHOH IUIUTHI
OITHOBOJIHOBOI1 00OJIOUKH € YTIIOBOI KOOPAUHATOM OL:
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2
O :—Qx rlt"“"”l 2(sina—na), (5.3.11)
sh

(O« — momnepedHasi CUJIa B PACCMaTPHBAEMOM Ce4E€HUN OOOJIOUKH OT HarPy3KH, MPUXOAAILEHCS
HA MOJIOBHHY €AMHUYHON IIOCKOCTH OOOJIOUKH.
IToncraBuB Bce 3HaYeHus Benu4uH B (5.3.11), nomydaem:
~1010,9-0,04-12,49°
Qo = 2-0,5247

rien =(r — z ') /r = (12,49 — 0,996) / 12,49 = 0,92.

2(sin o —n(x) =12022(sinot — 0,920(),

Pacuem xpueonuneiinoii nmumer 6mopoii om mopya nanenu
Pacuer BTOpOii OT TOpIIa aHe M (CEYSHHE HA PACCTOSHUH X2 = 4,3 M OT ONOpHI) BBIMONIHASTCS
aHayioruuHo. B aToMm ciyuae:

hea =13 M, Aea = 0,258 M%; Z'ead = 0,663 M;
La = 0,0508 m*; A = 0,753 M%; zsh = 1,053 m;
I = 0,618 m*; M, = 4073,1 xHu; Ox = 786,2 xH
n=0916 Ne/2=131,82z Oya= 79383 (sin ot — 0,916 or)

PesynbTath pacuera ycunuii Nas no popmyiie (5.3.10) npusenensi B Tabnuue 5.3.3 (3HaueHne
¢byHxuuii yrios — B Tabnuue 5.3.2).

Tabnuna 5.3.3

3HaueHue mapamerpa

I1anens Howmep Touku o O KU/ 0.5 No, xH/m Ns. kH/m
Topuesas 1 —-0,484 238,95 25,47 264,42
(mepBast ot 2 0,156 248.6 -812 2404
OIOPBI) 3 0,636 209,1 -33,47 175,63
4 0,926 116,6 —48,73 67,87
5 0,996 0 -52,41 -52,41
Psinosast 1 -0,427 173,49 56,29 229,78
(BTOpAas ot 2 0,213 175,94 -28,29 147,65
OITOPBI) 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

Ucxopnst w3 ombiTa MpUMEHEHHs IUIMHHBIX [MIUHAPUYECKUX OOOJO4YeK H pe3yJIbTATOB
HCCNeIOBaHHM, Ha apMaTypy MOXKHO MepernaTh He IOmHOe ycwiame Nigs, a aumb 70 %
BBIYKCJIEHHOTrO Bbile. OCTajibHasi 4aCTh yCUNUil BocIpHHUMAETCs OeToHoM. Takum 00pasom, B
TouKax 1, 2, 3 myru 060I04KH BTOPO#t OT ONOpEI NaHenu yeuine Ny, BOCIIpUHIMAaeMOoe apMaTy poi,
COOTBETCTBEHHO cocraBisier 160,84; 103.4; 38,2 kH/M. DOmropa 5THX ycHIMil aHa Ha PUCYHKE
535
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a, 6 — 3MOpa MaTCPHAIIOB H CXEMA aPMHPOBAHMS BTOPOH OT TOPLA NAHEIIH,
8, 2—TO XK€, ‘ropueBoﬁ TIAHCTTH
Pucynok 5.3.5 — K pacuery apMHPOBAHMS IUJIHHAPHYECKUX MAHEJeH

Bropyro ot Topiia nanens apMupyeM OCHOBHOII CETKOH, yKJIam;IBaeMof/'I M0 BCEH IIomaau
KPUBOJIMHENHOM IJIATBLI, U JIONOJIHUTEJIbHBIMH CETKaMHU Ha KpaifIHHX y4aCcTKax B 30HAaX,
MPIJIErafoINX K OOPTOBBEIM OamKam.

TIponobHYIO apMaTypy B CKaTOi 30He 060104KH (B TOUKax 4 M 5 CEUEHHS KPUBOJIHMHEHHON
IUIUTBI) YCTAHABIMBAEM KOHCTPYKTHBHO, NPUYEM IUIOWIAIb CEYEHHsS 3TOH apMaTyphl NOJDKHA
6b1Th He MeHee 0,2% ceyenus OeTona. CnenosaTensHo, 45 = 0,002 -1000 - 40 = 80 MM%/M.

OCHOBHYIO CETKy, VKJaAblBAEMYyIO IO BCel IJIOIany BTOPOH INAHENH, BBINOJHSIEM U3
crepxkueit @SBS500 ¢ marom 200 MM B 0Gonx HampasieHusx. Hecymas cnocoOGHOCTB 3TOH ceTkH
Ha eJUHHLY JIHHBI COCTABJISET

N;=0,5(4s + Asw) Rs = 0,5 (98,2 + 98,2) 415 = 4075,3 H/m ~ 40,8 kH/m.

Ha xpaitHux yuacrkax rututhl (Touku I, 2, 3) yCraHaBjiMBaeM JOIOJHHUTENbHBIC CETKH U3
crepxHell J6AS00 (momepeunast apmatypa obosouxku) u J10AS500 (npononbHas apmartypa
obonoukn) ¢ mwarom 200 MM B KaXXIOM HampaBjieHuu (pucyHok 5.3.5,6). JnuHy CTepikHei
J6A500 B ceTke Ha3HAYaeM Takoi, 4TOOBI OHU IMEPELLIM 33 TOYUKY, e OHH He TPeOyITCs MO
pacuety (Touka Ha paccTostHum 40 MM OT TOYKH 3 11O AyT€ BIEBO), HA [UIHHY AHKEPOBKH, PABHYIO
250 mm. Takum 06pa3oM, OKPYTIIEHHO JUIMHY STHX cTepikHel npuHumaem (0T Touku /) 3350 mm.
Hecymast cioco6HOCTS apMaTypbl Ha 3TOM ygactke Ny = 0,5- 41- 435 + 40800 = 71,5 xkH/m.

O10ii Hecymel CocoGHOCTH Ha 3MIOpe Ns COOTBETCTBYET TOYKA Ha paccTOsSHHH 780 MM
BJIEBO OT TOukH 3. OT 3TOil TOYKH IO Kpas MaHENH Ha JUiHE 2,3 M yCTaHABJIMBAEM CTEPKHU
(10A500 ¢ warom 200 MM 110 Ayre u 106aBiseM OAUH LIAr 3a TOUYKY HepeceyeHus 3mop (2500
MM IO JyTe).

Hecymas cnocoGHOCTE apMaTyphl OCHOBHOH M JIONOJHMTENLHOH CETOK HAa 3TOM y9YacTKe
KpuBONUHeHHOH mmThl N; = 0,5 - 393 - 435 + 71470 = 156950 H/m = 156,95 xkH/m.

HenepexpsiTast 4acThb 3mops Ns (KpaiiHss 0noca KpUBONMHEHHOM IUTH! IpHHOMH 350 MM)
MOXeET OBITb BOCIIpUHATA apMaTypHbIMH KapKacaMu pe6ep TIa”HeIn — YBEJIMYUBATE apMaTypy
IUIMTHI 371€Ch He 0053aTENbHO. DMIOPa MaTEPHANOB 3TOM IIMTH IPHBEEeHa Ha pUCYHKe 5.3.5,a, a
CxXeMa apMHpPOBaHHs — Ha pucyHke 5.3.5,60.
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Jna TOpLeBOii mMaHeNH COXpaHseM TOT K€ MPUHLMI apMHPOBAaHUS (OCHOBHAS W
JOMOJIHUTEIbHAA CETKHM) W, KPOME TOrO, YKIAaZblBaéM B YIJIOBBIX 30HAaX KOCYIO apMarypy
(pucyHok 5.3.5,8,2). 3nauenus ycunmii Ny, nepenaBaeMbIx Ha apMaTypy B Toukax 1, 2, 3, 4 nyru
000J104KH TOPLIEBOM MAHENH, COOTBETCTBEHHO cocTaBisiioT 185,1; 168,3; 123; 47,5 xH/m. Dmropa
STUX YCWINI IOoka3aHa Ha pucyHke 5.3.5,6. B Touke 5 apMatypa CTaBUTCS KOHCTPYKTUBHO, KaK U
B PSIIOBOM MaHemH.

OcHoBHYO ceTky npunumaeMm P5SB500 ¢ urarom 200 MM B o6oux HampasieHusx. Hecymas
CTIIOCOOHOCTD apMaTypbl CETKH TIOACYUTAHA paHee U coctasisieT N = 40,8 kH/m.

OT TOUKH NepecedeH s BLIYUCIEHHOTO 3Ha4eH s IIOPBI MaTepHanos Ns ¢ SMIOpoN ycuuii
Nss (140 MM BmpaBO OT TOUKM 4) YKIamblBaeM MIOIMOJHHUTENbHYI IONEPEUHYIO apMaTypy
obonouku — SP8AS500 Ha 1 M 1 3aBOJIIM CTEPIKHU 3TOM apMaTypPhI 32 YKa3aHHYIO TOUKY Ha JUTHHY
AHKePOBKH /s = 280 MM, ITojHast AnuHA 3TUX CTepaKHElH Mo xyre cocrasut 1,55 - 3 +0,14 + 0,28
= 5,08 M. Hecymras cmocobHocTb apmaTypsl: Ny = 40800 + 0,5 - 251 - 435 = 95,4 xkH/m.

B Touke mepecedeHus 3TOro 3HaueHus Ns ¢ smopoit yewnuit (0,97 M BneBo OT ToukH 4)
nobasjsieM MPONOJBHYIO apMatypy obonouku — SP8AS00 ¢ mpubasneHneM OOHOTO Imara JJIs
TIEPEKPBITHS AMOPLL. B pesyJbrare obuias Hecyas CriocOOHOCTb OCHOBHOM U TOMOJIHUTEIbHOM
cetok N; = 40800 + 251 - 435 =150 xkH/m.

OcCTaBIIYOCS 9acTh 3MOPLI Ny IepeKpbiBacM H0OABIEHUEM KOCOi apmatypbl. [IpuHuMaem
aTy apmatypy 13 J6AS500 ¢ marom 200 MM 1 YCTaHABIUBAEM €€ B YIJIOBOH 30HE, HAYMHASL C TOUKH
repeceveH s SMIOPbI yCUITHIA ¢ moTy4yeHHbIM 3HaueHueM Ns (0,5 M Bieso ot Touku 3). Hecymas
CrocOOHOCTE BCeit apMaTyphl, YCTAaHOBJIEHHOH B YIVIOBOH 30HE KPUBOJIMHEWHOH IUUTHL, N =
149985 + 141 - 435 = 211,32 xH/m, uro Gonmbiie MaKCUMaJBHOTO yeunus Ns, AeHCTBYIOIIErO B
TOPLIEBOM MaHeH 00ONIOUKY, U, CJEI0BATENbHO, IPOYHOCTh [UTHThI 000104YKH obecreyeHa.

Pacuer GopTOBBIX 0AJOK MO 00PA30BAHHIO TPEUIHH, HOPMAJIBHbBIX K NMPOAOJbHONH OCH

0060,104KH

Jiist pacdera TPELHHOCTOUKOCTH OOOJIOUKH B CTaIMK JKCIUTyaTalid HeOOXOAUMO yuecTb

HamnpsiKEHHs, BO3HUKAIHE B GOpTOBO#t Gajike Ha BCex 3Tanax ee paboThl, B TOM UYHCIIE HA BCEX
3Tanax MOHTaXa.

JU1s 3TOro paccMOTPUM MOPSIIOK MOHTAka OOOJIOYKH:

- Ha HECyLIMeE KOJIOHHBI LIEXa Y CTAHABJIMBAIOT OOPTOBBIE JIeMEHTHI 000J10UKH, paboTaroLiue
Kak 6anku nposnerom 30 m;

- moA Kaxaywoo Gajky B Toukax Ha pacctosiHud 11,8 M oT 06enx KOJIOHH Uil YMEHbLIEHHsI
MOHTa KHBIX yCHUJIHIi IOABOMASAT 1BE BPEMEHHBIE IPOMEXXYTOUHBIE ONOPHI B BUIE CTOEK (0e3
BBbIBECKH COOCTBEHHOIT Macchl Oajiku),

- mo OankaM YKJIaIbIBAlOT KPUBOJIHHEWHbIE 12-METPOBble MAHENH, TMOCIe Hero
MPOU3BOAUTCS 3aMOHOIMYHUBAaHKE LIBOB 000JIOYKHM; HA 3TOM dTarne 0ajka ewie paboTaeT no
TPEXMPOJIETHON CXeMe, MpUYeM KPUBOJIMHEHHbIC NMaHenu B paboTe He y4YacTBYIOT, a
MPEACTABJISAT cO00I Harpy3Kky Ha 6ajky,

- mocye Habopa HEOOXOAUMON NMPOYHOCTH OETOHOM 3aMOHOJIMYHMBAHHS IIBOB BPEMEHHBIC
MPOMEXYTOUHBIE OMOPHI yOUPaOT — 000/I04Ka BKIIOYAETCs B pabOTy MOJIHBIM CEUEHHEM.

Pacyer 060y0ukH MO OOpa30BaHMIO TPELIMH BBIIOJHAEM AN YOPYrod craguu paboTbl

KOHCTPYKLUHH OT AEICTBUSI MOCTOSIHHBIX W BPEMEHHBIX (IJIUTENIBHBIX M KPAaTKOBPEMEHHBIX)
HOPMATHBHBIX HArpPy30K.
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Jlis 6erona B35 st npepensHbIX cocTosiHUET BTOPOit rpynnibl Rp ser = 25,5 MIa, Rt ser = 1,95
MlTa.

IIpensapurtenbHOe HaNpsDKEHHE apMaTyphl Gsp JUTA apMaTyphl kiacca K1400 npuanMaroT He
6onee 0,8 Ry

IIpunumaem Gy = 0,75 - 1400 = 1050 MITa.

IMpuaIMaeM nepenaTouHyro IPOYHOCT OeToHa Ry = 22,5 MIla < 0,65 - 35 = 22,75 MITa.

Paccunraem morepu npexBapHTeIBHOTO HanpskeHUsA apmatypsl no CIT 63.13330.

Ilepsbie motepu:
- OT peJaKkCaLy HaNpsDKEHUI apMaTypbl TPH MEXAHUYECKOM CIIOco0€ HATSKCHUS:

R

c
Ao, = (0,22 LA 0,1] -6, =(0,22:0,75-0,1)-1050 = 68,25 MITa.
- HOTepH OT TEMIIEPAaTYpPHOro nepenaaa A ¢ = 65°:
Aosp2=1,25-65=281,25MIla.
- noTepu ot Aedopmarmii cranbHOi GopMbr: A Gyp3 =30 MIa.
- morepu ot aedopmaruii aHkepoB:
l -18-10*

AG :A—-ES :——2 ! 140 =12MI]a.

/ 3-10
CyMMapHble nepBble MOTEPU:
Acgypa)=68,25+81,25+12 +30=191,5 MIla.

Bropeie norepu:
- IOTepH OT ycaaku OeToHa:
A 645 = &1 Es = 0,0002 - 1,8 - 10° = 36 MITa.
- TIOTepH HATPSDKEHHUH B pacCMaTpHBaeMOl HampsraeMoii apMaType OT MoJi3ydecTH OeToHa
OMPEnesSAOT 1o hopMyJie
0,80, 2Cs,

AG 7
e
l+ap,, [1 im}(l +0,804.)

(5.3.12)

>

spb =

red
TIe Ps,cr — KO3PPHULIEHT TON3y4YecTH OETOHA,
o - koo uLMeHT MpUBEASHNUS apMaTyphl K OeToHy, paBHbIit oL = Es/ Ep;
Wsp — KO3 ULHEHT apMHUPOBaHUs, PaBHBIH Asp / A, tne A u Aspi — TIOIMARN MOMEPEeYHOrOo
CeYeHMs] COOTBETCTBEHHO 3JIEMEHTA U PacCMaTpUBAEMOll HaMpsAraeMoi apMaTyphl;
Gip — HANpPsDKEHUS] B OETOHE HAa YPOBHE LIEHTPA TSHKECTH PACCMaTPHBaeMOi HampsiraeMoi
apMaTypBl, OMpejeNsieMble Kak AJisi YIPYTHX MAarepHaioB IO NPUBEIEHHOMY CEUEHHUIO
cornacHo opmyie
7i+})(1)e0p1 Vi red
v Ao 1,eq |
Py — ycunue mpeaBapUTENbHOTO OOXKATHUSI C YYETOM IMEPBBIX MMOTEPb, ONPENEeNsieMoe II0
bopmyne

(5.3.13)

P(l) = Asp (Gsp - Acsp(l)), (5314)

311eCh AG (1) — CyMMa ITEPBBIX MTOTEPh HANPSIKEHUS,
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€0pl — DKCIIEHTPUCHUTET YCUIUA F(1) OTHOCUTEIBHO LIEHTPA TAXKECTU MPUBEACHHOTO CEYEHHMS
3JIEMEHTA;

Vs,red - PACCTOSTHUE MEXKAY LIEHTPAMHU TSDKECTH pACCMATPUBAEMO HaNpsiraeMoii apMaTyphbl U
IIPUBEICHHOTO MIOMEPEYHOr0 CEUCHUSI IJIEMEHTA;
M — wusrubaromuii MOMEHT OT COOCTBEHHOTO BeCa 3JIEMEHTa, ACHCTBYIOLIMM B CTaguM
o02KaTHsl B pacCMaTPUBAEMOM CEYEHHH;
Areq 1 Ireq — IINOIAD TPUBEIEHHOTO CEYEHHUsI U €6 MOMEHT WHEPLIMU OTHOCHTEJIBHO LIEHTPA
TAKECTU IPUBECACHHOT'O CCHUCHUA.
B Hauiem nprMepe MpUBENEHHOE CedeHHE BKIIIOYAaeT B cebs IUIOmaab ceueHus: OeToHa U
IUIOLIa/lb CEYEHMsI TIPONONIBHON HAmpsraeMoil apMarypsl ¢ K03 dUIUEHTOM NpUBEAEHHUA
apMaTypbl k OeToHy o = Fs / Fp.= 180000 / 34500 = 5,2174.
I'eomerpreckre XapakTepPUCTHKH MPUBEIEHHOTO CEUSHHU:
IUIOINAb MPUBECHHOTO CEUSHUS:
Ared = 222000 + 2830 - 5,2174 = 236765 Mm?;
CTATHYECKUI MOMEHT MPUBEAEHHOTO CE4eHHs OETOHA OTHOCHTENIBHO PACTSHYTOH IPaHH
Srea = 80-1400-700 + 220(100-50+50-575+350-1225) + 14765(1400-170) =
=198,311-10% mm*;
pacCTOsIHUE OT LEHTPa TAKECTU MPHUBEACHHOIO CEYCHHSA 10 paCTHHyTOﬁ B CTaauu
SKCIUTyaTally IPaH:
Virea= 198311 - 10°%/236765 = 837,6 mMm;
Vs,red= 1400 — 837,6 = 562,4 mm;
MOMEHT UHEPLIUUA MIPUBEACHHOTO CEYEHHA OTHOCUTEIBHO €T0 HEHTPA TAKECTH

80-1400° 220-100°

Tyag ==, +80-1400- (837,6—700) + +220-100-(837,6 — 50) +

+110-50-(837,6-100—50/3) +

3
3
+%+220~350-(§62,4—175)2+4

110-50°
36

+110-50-(562,4—350—2-50/3 +14765-(562,4 - 170F =517,3-10° ans*.

VYcunie npenBapuTenbHOro o0skatHs (1) 3a BbIMeToM nepBbIx noreps (5.3.14):

Pgy=2830 - (1050 — 191,5) = 2429,5 - 103 kH.

eopl = 562,4 - 170 = 392,4 mm.

Hanpsoxenust B GETOHE Ok, Ha YPOBHE LIEHTPA TSKECTH HANPAraeMOoit apMaTyphbl OnpezensieMm
no popmyite (5.3.13), roe ot cobereenHoit Macchl OeToHa Oainku, paBHO# 5 kKH/M:

. =0125-5-29,62 =547 6 xHm.

M, =1
8

24295-10°  24295-10°-392,4%  547,6-392,4-10°

Opp = + 3 —— =13,34 MIla.
236765 51730-10 51730-10
Okp Ha KpaliHEM BEPXHEM BOJIOKHE!
24295-10°-392,4- -10°-
Gy, =10,26— : 48376 + 547,6-10° -837,6 =3,71 MIla > 0.

51730-10° 51730-10°
Obp Ha KPailHeM HIKHEM BOJNOKHE:
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24295.10°-392,4-562,4 547,6-10°-562,4

Gy, =10,26+ = —— =14,67 MIa.
51730-10 51730-10
Oy 14,67
OTtHOWmEHNne —— = s 0,652 < 0,9, tpebosanue CII 63.13330 ynoBneTBopsiercst.
bp >

OnpenernsieM 3HaYE€HHE Gpp B IPHOTIOPHOM CEUEHUH ITPH MUHMMAJILHOM 3HaYeHUH M),

TprHMMaeM KOHCTPYKTUBHO YTOMIIEHUE cTeHKH Oayku ¢ 80 no 120 MM Ha Anune 1 M oT kpas
Ganku. Bricota Ganku B 5TOM ceueHuu 840 Mm.

OmnpepensieM OCHOBHbIE XapPaKTEPUCTUKH CEUEHHUS:

Areq = 80 - 840 + 110000 + 14,765 = 191965 mm>,

Sred = 97297 MM, Trea = 142,476 - 10° mm?,

V'reda= 97297 / 191965 = 507 mm;

y =840 —-507 =333 Mm.

MOMEHT OT MacChl 6€TOHA Ha KParo 30HBI yTonueHud (Ha 1 M ot kpas 6anku) M, = 740 xHwm.

6. = 24295-10° . 24295-10%-163-333 _74-333

191965 14247,6-10° 14247,6-10°

TpeGosanue CIT 63.13330 ynosneTBopsieTcs.

OmnpezensieM OTEPH OT MOJI3y4ECTH OETOHA B CPEIHEM CEYEHHH N0 JuTHHE 6aku o Gopmyne
(53.12)

=20,19<0,9-22,5=20,25 MIa.

0,8-2,1-5,2174-13,34

2
1+5,2174-0,01275- 1+L2367865 -(1+0,38-21)
517,304-10

Ac =90 MIIa.

spb =

HanpsikeHust Gpp ¢ y4ETOM BCEX NTOTEPh PaBHBIL:

Opp2 = AGyp — ACsp(1) — ACsps — AGsp = 1050 — 191,5 — 36 — 90,0 = 732,5 MITa .

Omnpenensiem ycune 00xaTust P ¢ y4eToOM BCEX MOTEPh:

P =7325-2830=2073 xH.

Be3 mpuBeneHus pacyeToB Ha PUCYHKE 5.3.6 moKa3aHbl 3MIOPbI M3rHOAIOLIMX MOMEHTOB U
060JIOUKH, TOCTPOEHHbIE MO IIPUBEAECHHBIM HIDKE 3HAUEHUSIM BO3/AEHCTBUIL:

a) ot cobcTBeHHo Macch 6anku (g, = S kH/M): M, = 5 - 29,62/ 8 = 548 xHm (pucyHok
5.3.6,a);

6) OT NPenBapUTENILHOTO HATSDKEHHA apMaTyphl CHIIOH P

Ha onope: My = P esp = 2073 - (0,332 —0,17) = 336 xHwm;

B miponete. Muax = P emax = 2073 - (0,5624 — 0,17) = 813 xHwm (pucyHok 5.3.6,6);

B) OT MacChl KpUBOJIMHEMHBIX NaHenei: g» = 24,3 xHm (pucyHok 5.3.6,6);

r) CyMMapHas 3I0pa OT COOCTBEHHOIH Macchl Oaliki, OT HPEABAPUTENBHOrO HATIKEHHUS
apMaTtypbl ¥ OT MacChl KPHBOJIUHEHHBIX MaHeNeH — Ipu paboTte OaJiky IO TPEXTIPOJIETHON cXxeMe
(pucyHok 5.3.6,2);

1) OT peakiuii BpeMEHHBIX onop BenuunHoi 239 kH, nepenaBaeMbix Ha 000JIOYKY B MOMEHT
CHSATHST BPEMEHHBIX IPOMEXYTOUHBIX CTOEK (PUCYHOK 5.3.6,0);

€) OT MacChl TEILIOM3OJALNN, KPOBIM U CHera: g» + s» = (1,3+1,26) -12 = 30,72 xH/m
(pucyHok 5.3.6,¢).

Jlns omperesieHusl TPELMHOCTOMKOCTH OOOJOYKH BBIYUC/SAEM 3HAYCHUS HANPSDKEHUH B
MpENBAPUTENBPHO  HANPSDKEHHOM ~ OOpPTOBOM — 3JIEeMEHTE, BO3HHUKAIOIIMX B HEM 70
3aMOHOJIMYMBAHUS, OT MeHACTBUS M3rudaromero Mmomenra M, = 548 — 813 — 160 = —425 xHwm u
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npononbHoOi cuist N, = 2073 xH (pucynox 5.3.6,0,0,6). JUist 5TOro Ham Hy>KHBI [1aPaMeETPBbI
TIPUBE/IEHHOTO CEUeHHUs ocepenrHe npojiera. [IpuBOAM ux Ge3 BBIMHCIICHHUIL:
Acgreq = 236765 MM Lgrea = 51,73 - 10° Mv*; Vedred = 837,6 MM; Vedred = 562,4 MM.
Hanpsokernst B GeToHe 6aIky 10 3aMOHONMMUBAHMS BBIMHUCIISIEM 10 hopmy e

N Myed,red .
C=—*ft——,
A Ied,red
B KpailHEM BEPXHEM BOJIOKHE
6
o, = 2072975 N 425-10 -8397,6 — _1.87 MIT;
236765 51,73-10
B KpaliHeM HI)KHEM BOJIOKHE
6
S 2072975 425-10"-562,4 _ 1338 MITa.

236765 51,73-10°

a
0 wn
o o) N
74?\ < Sl g 8 "/? 74
6 =l 2 &
/E ~ e g\
[{=]
2 8
—_— —-—
2073 2073
8 2 2
~N

296

120‘4?\-/239 239 1204
&
P=4 © =

Bl g &
o <[ < = §
= 2
i -——
2073 \ 2073
1204 239 239 1204
0 239 239
238 239
g 3
(=) (=1
& 2
o~ ~N
e
~ ~
455 % wl wl w @ 455
Sogl
5350 ol B S 5350
11800 11800
29500

a— OT COOCTBEHHOTO Beca OaJIKH; 6 — OT MPCABAPATEBHOTO HAMPSKEHHSA; 6 — OT MAacChl HE3AMOHOIMYEHHBIX
maHeiell; 2 — CyMMAapHas 110 3MopaM a—6; O — IPH 0CBOOOKICHHH IPOME3KY TOUHBIX OTOP;
€ — OT MAacCChl YTCIIMTCLA, PYJIOHHOTO KOBPA H CHCTA
Pucynok 5.3.6 — Inopbi H3ru6ar0myux MOMEHTOB 0T HOPMATHBHBIX HATPY30K,
AeiicTBYIOIMX B 6OPTOBO# (ajiKe 10 3aMOHOTHYHBAHHS (3MIOPBI @ —2) H
B 3aMOHOJIHYEHHO#1 000J104Ke (3MI0PBI I, €)

OmnpepernsieM Takxke 3HAUEHHUs! HANIPSDKEHHUH B SJIEMEHTaX 000JIOUKH I10CIIE 3aMOHOIMIHBAHUS
Y CHSITHSI BDEMEHHBIX OMOp Ha JeiicTBue u3rnbdaromero Momenra M, = 2820 + 3365 = 6185 xkHm
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(pucyHok 5.3.6,0,e). 3HaueHus mapameTpoB MPHBENEHHOIO CE4eHHs OOOJOYKM MOCEpeIvHe
IpoJieTa MPUBOAUM O€3 BHIUUCIICHMIA:
Aghrea = 788700 MM?; Iijred = 816,5 -10° MM*; 34 red = 1160 MM; Y red = 1940 MM.
Hanpspkenus:
B KpaiHeM C)XaroM BOJIOKHe OeToHa 000nouKH
, 6185-1160-10°
Coh = T o o
816,5-10
HA YPOBHE BEPXHET0 BOJIOKHA OeTOHa Oanku
,  6185-537.10°
Ced =T i e 19
816,5-10
B KpaiHeM PacTsHyTOM BOJIOKHe OeTOHa 000I0YKH
6185-1945-10°
S —
816,5-10
DMmopbl HANPSHKEHHIA B ceueHur 000JI0UKH 110 3TallaM Harpy KeHUs, B T.4. Pe3yJIbTHPYOLIas,
mpuBeneHsl Ha pucyHke 5.3.7. Kax BumHO u3 pesynbTHpyomei smopel (pucyHok 5.3.7.6),
TPEIMHOCTOUKOCT, 000 I0ukM ObecrieueHa, T.K. HIDKHEE KpaeBOoe HaNpsHKEHHE B 30HE
pasmereHns HanpsiraeMoi apMatypsl 1,55 MITa < Rpser = 1,95 MITa.

=-878 Mlla;

=4,07 MITa;

=14,73 MI'a.

8
-8,78 -8,78

= gl 2
a

. o

18 407 215 g
[=3
g| 2

+ -~
1318 1473 1,55

a— 10 3aMOHOJTHYIHBAHWS, 6 —mocne 3aMOHOJIMYHBAHHA, 6 — CYMMAapHasL
Pucynok 5.3.7 — Iniopbl HOPMAJBHBIX HANIPSKEHHI B ceYeHHH 000JI09KH MocepeIHHe
npoJiera
TpemuHOCTOHKOCTE APYTHX CcedeHHii 000IOUKH MPOBEPAETCS aHAJNOTHYHBIM 00pa3oM.

Pacuer no gedpopmanuam

IIpu pacuere obonouku mo nedpopmammsim B coorsercTBuU ¢ CIT 63.13330 yuuthiBaem
JEHCTBHE MOCTOSIHHBIX, JUTHTENbHBIX W KPATKOBPEMEHHBIX HAarpy30K, a TaK:Ke OOpaTHbIN BbIru0
OOpPTOBOTO 3JIEMEHTa OT HEHCTBHS NPEIBAPUTENBHOTO O0XaTHsi M BCIEACTBHE YCAauKH U
nomsyuectd OeroHa. Ilpum 5TOM NpHHEMaeM BO BHHMAHHE YCTAHOBJICHHBIH BBILIE MOPSAOK
MOHTa’ka 000J10uKH. Pacuer BbINOJHAEM HA HOPMATHBHbBIE HATPY3KH.

Jnst ompeneneHuss KPUBU3HBI OCH OOOJNIOYKH OT JEHCTBUS KPAaTKOBPEMEHHON 4acTH
BpeMeHHO#i Harpy3ku (paBHoii 0,5 CHEroBoii) BLIMHCIIIEM H3THOAOIN I MOMEHT OT 3TOi HArpy3Ku
(CIT120.13330)

M;=05-128-12-29,6%/8 =841,1 xHm

84



=0,035-107 1/mm.

(1) M, B 841,1-10°
1

r) 085E,I,,.. 085-34500-8165-10°

OmnpenensieM MOMEHT BHEIIHUX CWI Mz K MOMEHTY OT Macchl KpUBOJMHEWHBIX HMaHENeH,
IIPeACTaBICHHOMY Ha pUCyHKe 5.3.6,6, moOaBIsieM MOMEHT OT MacChl OAJIKH B pacCMaTpUBAEMON
TPEXIPOJIETHOW cXeMe. Torna B CpegHEeM CEUeHHM MOMEHT OT MAacChl OOOJNIOYKH COCTaBUT
160 - 29,3 /24,3 = 192,92 xHwm.

Bwmecte ¢ msrubarommumMy MOMEHTaMH IO CXeMaM O UM 2 Ha PHUCYHKe 5.3.6 cyMMapHbIHA
BHEIIHUI MOMEHT COCTaBJIAET

M, = 2820 + 3365 — 193 = 5992 kHwm.

Usrnbaromuii MOMEHT OT IJIMTEJbHBIX HArPy30K, MPUKJIAIbIBAEMbIX K OOONOYKE IOCIHe
3aMOHOJIMYUBAHUSA U CHATHUA BPEMEHHBIX OIIOP, COCTABJIACT

M; = 5992 — 1076,36 = 4915,64 xHwm.

3HaueHre KPUBU3HBI OCH O0OJIOUKH OT AEHCTBUSI 3TOTO MOMEHTA!

1 M 4915,64-10°
( j = 15,64-10 =0,541-107 1/mm,
2

i

Byl (34500/31)-8165-10°

7

roe 1 + @per=3,1.

Jli1st onpezenenust oOpaTHON KPUBU3HBI, 00y CIIOBIIEHHOH BHIrMOOM GOPTOBOIO 3J1€MEHTa MO
neficTBHEM IIPEABAPUTENBHOrO OOXKATHUS, BO3HHKAIOIIETO IO 3aMOHOMMYHBAHK OOOJOYKH,
paccMaTpuBaeM Harpys3ky, uzoOpaxkeHHble Ha cxemMax a u 6 pucyHka 5.3.6. Ycunue
TIPEABAPUTENILHOTO HATSKEHHMS IPHHATO 31eCh ¢ KO3 GHUIIMEHTOM TOYHOCTH HaTSDKEHHS Ysp = 0,9.

(1] _Py,ey,—M, (813-09-548)-10°-3,1

., E.l.,  34500.51,73-10°

Jlis ompeneneHuss KPUBH3HBL, OOYCIIOBIEHHOI BbIrHOOM Oajku BCICACTBHE YCAaiKd H
MOJ3y4ecTd OeTOHA OT YCHIIMS MPEeIBAPUTEIHLHOrO OOXKATHS, BBIYHCISIEM COOTBETCTBYIOLIME
oTHOCcHTENbHBIE AedopMmanni OeTOHAa Ha YPOBHE LEHTPA TSDKECTH PACTSHYTOH MNPOIOJbHOM

=0,319-107° 1/mMm.

r

apMaTyphl & ¥ KpaiHEro CXKaToro BOJIOKHA €'p. DTH HANpPSDKEHUS ObUIM BBIYUCIICHBI paHee H
paBHbI cooTBeTCTBEHHO 13,34 MIla u 3,71 Mlla. Ilotepu OT ycajku U NOA3Y4YECTU B NEPBOM
CITy4ae COCTaBIISIOT:

AGsps + ACsps = 36 + 98 = 134 MI1a,

es = 134/ E; = 134/ 18-10* = 0,744-10°>.

Ha ypoBHe kpaliHero c:KaToro BOJIOKHA!

-3,71
Ad’ s =36 MIla, a AG'sp6 = % =2725MIla.

AG'sps + AG sps =36 + 27,25 = 63,25 MIIa.

CrenoBarenbHO, OTHOcUTeNbHas AedopMauusi OETOHa Ha ypPOBHE KpailHEro CxKaToro
BOJIOKHA!

g's = 63,25/18-10*=0,351.107,

KpuBusHy Oanku BCIEOCTBHE YCAAKH M MOJ3YYECTH OT MNPEABAPUTENIBHOTO OOXKaThs
HaxoOguM, YUYUTBIBAsA, YTO yCaaKa U IOJ3YYECTh 6eTOHa Ha MOMEHT MOHTa)Xa NMPOABJIIIOTCA €LIC
HE TIOJTHOCTHI0. Y CIIOBHO NpUHUMaeM HX B pasmepe 50%. Torna

1) &,-&, 0,744-0351
i

r
IlonHoE 3HAaUEHUE KPHUBU3HBIL

107.0,5=0,16-10"° 1/mm.
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1_ [l] + (lj —(lj —[% =(0,035+ 0,541 —0,319 - 0,16)-10° = 0,097-10 1/mm.
roo\rj \rjy, \r); \rj,
Crpenxy mporuba OZHOIIPOJIETHON OOGONOYKH OT PABHOMEPHO PAaCHpeNeNieHHOI Harpysku

OIIperersieM 0 U3BECTHOI (hopmyiie
f= ;lf[lj = (5/48) - 29600% - 0,097-10° = 8,85 mm.
r

Taxum oOpasom, 3HaueHume Haubomburero mnporuba cocrasiser 1/3340 mposera, dTO
CBHZIETEJILCTBYET O JOCTATOYHON JKECTKOCTH KOHCTPYKILIUH.

5.3.19 Hns pacyera B MOMNEPEYHOM HAIPABIEHUM OOOJIOYKH, HATPYKEHHON DPABHOMEPHO
pacnpesneneHHol MOBEePXHOCTHON Harpy3Koi, HeoOXOIUMO pacCMaTpUBATh YCIOBUS PABHOBECHS
TIOJIOCKU €AMHUYHON LIMPHHBI, BBIpe3aHHOI B MOOOM ceueHHH x IO anuHe obonouxu. Takas
TIOJIOCKA IPEACTABIAET COOOH KPUBONMHEHHYIO IUIUTY. DTy IUIUTY MOXKHO PacCUMTAaTh Kak
KPYTOBYIO OECIIApPHHUPHYIO apKy I[pOJETOM, PaBHBIM IuuprHe obonouku. Ha pucynke 5.3.8
MOKa3aHbl BHEIIHHE W BHYTPEHHHE YCHIINA, BO3AEHCTBYIOLIME HAa BBIPE3AHHYIO W3 OOOJIOUKH
SNEMEHTAPHYIO TIONOCKY. BHemrHss Harpy3ka F, NpHXOAsINascsi HAa BBIPE3aHHYIO IOJOCKY,
YPaBHOBELIMBAETCS IPUPAINEHUEM IIONEPEYHOH CHIBI MM, 9TO TO K€, NPHPAILCHHEM
CIBHUTAIOINX yCUIHH Aqsy. 3Hast 3aKOH U3MEHEHUsI C/IBUIAIOIIMX yCUIIHH 1O CEYESHUIO 000IOUKH,
U3 YCIOBHS MX PaBHOBECHS MOXHO ONpPEAENSATh IOMepevHble H3rubarolie MOMEHTHl U
COOTBETCTBYIOIME MM TMONEPeYHble ¥ HOPMAJIbHBIE YCHWIHSA, HCHCTBYIOIIME B CEUCHHH
BBIPE3aHHOM ITOJIOCKH.

a
AT AT

1
Agy H 8
i 1’

Jecs cummempuu
o

L7

a— B INAAKKX; 6 — B peOPUCTHIX, 6 — CXeMa Harpy3ku (ClieBa) 1 3M0pa CABUIAIOIIIX YCHIHI
(cripasa) B ceueHMHU, HOPMAJBLHOM K IIPONOJILHON OCH 000I0UKH

Pucynok 5.3.8 — K onpeneeHuro nonepedHbIXx N3rufarmux MOMEHTOB B 0JHOBOJHOBBIX
AJTHHHBIX UHJIHHAPUYECKUX 000/109KaX

Capuraromue ylunuda U UX NPUPALLNCHUSA, [[ef;ICTByIOH_II/Ie Ha J3JIEMCHTApHYIO IIOJIOCKY
O6OJ’IO"IKI/I, MOXKHO NPEACTaBUTh B BUJIE SMIOPbI MOCTOSTHHOM HaMNPsKEHHOCTHU 110 BCEMY CEUYECHUIO
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obosoukn (pucynok 5.2.8,8). Takoe momyineHue OasHpyeTcs Ha YCIOBHH, YTO CXaTas 30HA
000JIOUKH OTHOCHTEIBLHO MaJia, a UMeHHO 0’5 < 0,5 01 . Takas npeanocsuIKa MO3BOJISET YCIOBHO
NPENCTaBUTh CeueHHue OOOJIOUKH B BUIE JBYX CTEP)KHEH — NMPOIOJBHOTO JKECTKOTO CXKAaTOro
CTPUHIepa M MPOAOJBHOIO PpACTSHYTOrO OAWHOYHOTO CTEpXXHS. B  cTpHHrepe yciaoBHO
KOHLIEHTPHPYIOT BCIO IUIOILAAb CKaToil 30HbI 6eToHa. Ero pacnonaraioT B HEHTPE TSXKECTH 3TOH
30HbI (MJIM YCJIOBHO B LIEJNBITe). B pacTsaHyTOM CTEpIKHE YCIOBHO COCPEROTOYHUBAIOT CEUCHUE BCCH
paboueii apMaTypbl HIDKHE 30HBI OOPTOBOTO 3JjieMeHTa. Pa3sMelaloT 3TOT CTepKeHb B LEHTpe
TSDKECTH IUIOLIaAM CedeHHus pabouedl apMmarypsl B KaxiaoMm OoproBoM asiemeHrte. IIpu stom
JIOMy IEHNH 3HaYeHHe HHTEHCUBHOCTH CBUTAIOIIMX YCHIIUIT g5 MOJKHO ONPEJEIIUTh KaK YaCTHOE
OT JIeJIeHHsI NoTePeyuHOi CUitbl (Jx B JAHHOM CeY€HHH Ha PACCTOSTHUE MEXIY LICHTPAMHU TSXKECTH
apMmatypsl u ckxatoro 6eroHa. Takum >ce oOpa3oM MONYyYMM M HHTEHCHBHOCTb IPHPAIIEHUS
CHBHUTAKIINX YCHIMIT — NENCHUEM MPUpPALLEHHs ONEePEYHOi CHUITbl Ha TUIEYO Mapbl BHYTPEHHUX
CHJI B CEUeHUH

_AQ, g0 r+srsin® +g_,
B Hoea + (1 —cos6, )r
I7ie g — MOCTOSIHHASA HAarpy3ka, paBHOMEPHO pacrpenesieHHas 0 KPUBOJMHEHHOMN TOBEPXHOCTH;

S — BpEMEHHas Harpy3ka, paBHOMEPHO paclipeieIeHHas 110 FOPU3OHTANIbHON MPOCKLINY,

Zed — IOCTOSTHHASL HATPYy3Ka OT Macchl OOPTOBBIX 3JIEMEHTOB (pUCyHOK 5.3.9,6).

BopToBrie 3neMenThl (0anku) CpemqHUX BOJNH OOOJOYKH YCIOBHO CUHTaeM HE
CMELIAOIUMICA B TOPH3OHTAJILHOM HAmpaBieHHH W HE TMOBOPAYMBAIOIIMMUCA BOKPYT
TOPU30HTANbHOI ocu. Torma pacuerHas cxemMa apkH, MpeACTaBisomeil coboil MOJIOCKy
€IUHUYHOW IIMPUHEBL, COOTBETCTBOBYET IIPUBENEHHOM Ha pUCYHKE 5.3.9,a, a ycuius onpeaensoT

Ag,, (5.3.15)

pacyeToOM ABaXXObl CTATHYCCKU Heonpenenmmoﬁ CHUCTCMBI.

@ — pacueTHbIC TPAaHUYHBIE YCIOBHUsL; 6 — CXeMa IIPUIIOKEHYST HATPY30K;
6 — 2II0pa MOMEHTOB OT X1 = 1; 2 — 3mropa MOMEHTOB 0T X2 =1
Pucynox 5.3.9 — K onpeneneHHIo nonepeuHsIX H3ruGa0mux MOMEHTOB B CpeIHeH BOJIHE
AJIMHHOM INHJIHHAPHYECKOH 000/104KH

HeusBectHele X1 u X2 (pucyHOK 5.3.9) mojnyuaem W3 pEIIEHHS CHCTEMbI KaHOHHYECKHX
ypasHeHuii merona cui (5.3.16).
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3nauennsa ko3pdunuenroB C; mud psma 3Ha4Y€HHI HOJNIOBHHBI LIEHTPAJbHOrO yria 0
KPUBOJIMHEHHBIX IUIUT B MOIEPEYHBIX CEYEHHSAX BOJHBI 000IOUYKH NMpUBeeHb! B Tabnume 5.3 4.

Tabnuna 5.3.4

KospdrmmenTst 3nauenus ko3ddurmenTa s yria 0,

Ci 25° 26° 27° 28° 29°

C1 20,335 24,667 29,698 35,506 42,175
C2 70,921 82,240 95,476 109,810 125,620
Cs 1,311 1,655 2,072 2,572 3,167
Cy 9,071 9,772 10,494 11,237 12,000
Cs 2,717 3,051 3,411 3,798 4212
Cs 0,150 0,175 0,204 0,236 0,271
Cs 11,351 13,761 16,556 19,780 23,480
Cs 10,370 12,946 15,500 18,426 21,756
Co 1,345 1,510 1,686 1,876 2,079
Cro 1,270 1,518 1,676 1,845 2,023

OxoHuanune Tabauusl 5.3.4
Kosddurmentsr 3Hauenus kosdduuuenTa ans yria 01

Ci 30° 320 34° 36° 38° 40°
Ci 49,794 68,262 91,720 | 121,070 | 157,280 | 201,400
Ca 143,000 | 182,790 | 229,820 | 284,710 | 348,070 | 420,450
Cs 3,874 5,680 8,131 11,399 15,678 21,203
Cs 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
Cs 0,310 0,401 0,511 0,641 0,794 0,974
C7 27,701 37,914 50,859 67,011 86,890 111,040
Cs 25,527 34,541 45,767 59,516 76,102 95,832
Co 2,395 2,769 3,301 3,893 4,547 5,264
Cro 2,106 2,617 3,063 3,548 4,070 4,527

Honepeque PI31"I/I63JOIJ.II/IC MOMEHTBI OMNPEACHATCA U3 CYMMbl MOMEHTOB BCEX CHUJI, B3ATBIX

C OIHO# CTOPOHBI, OTHOCHTENBHO CEYEHUsI C YTIIOBOH KOOPAMHATOH oL 10 ciienyromuM Gopmyiam:
115l OT/IENIBHO CTOSILLEH OTHOBOJIHOBOM OOOJIOUKH:
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M =%{Aqsf[@wa +w1j—{ged (R AT +swcﬂiNe; (53.18)

10 14 r
1A CpeZ[Hefl BOJIHBI MHOT'OBOJIHOBOR 060J'IO“IKI/IZ
Mu=M+X1-001rys+ X2 +Ne. (5.3.19)

B tdopmyne (5.3.18) mepBhlif umeH B KBaIpATHBIX CKOOKax, yMHOxeHHbIH Ha (0,1 7)%
NPEACTABISIET COO0M M3rubAOIIHI MOMEHT OT IIPHPAIEHHs CIBUTAIOMUX CUI A gs; @ BTOPOH — OT
BHELIHEH Harpysku, N — MpONOJbHOE YCHUJIHE Ha eJUHULY JUIMHBI OOOJNOYKH; € — PacCTOsIHUE
MEXAY CEPEnMHOMN CEUEHHs IUTUTHI O0OIOUKH U LICHTPOM TSDKECTH TaBPOBOI'O CEUEHUsI peOpUcToit
000J10uKH.

DKCUEHTPUCHTET € MTPUNIOKEHHUS POONBHOM CHIIBI B TIIAIKUX 000504Kax paseH Hy 0. Ecnu
€ TOJ IUIMTOU OOOJIOYKM PacrojoKeHbl pedpa, TO mepel MOCIEAHHM <WICHOM YpaBHEHHI
CTaBUTCS 3HAK «MUHYCY. TIONOKUTENTLHOMY 3HAUYEHHIO MOMEHTOB COOTBETCTBYET PAaCTSHKEHHE B
BOJIOKHAX HMJKHEW MMOBEPXHOCTH IUIUTHI OOOJIOUYKH, & HOJIOKHUTEILHOMY 3HAYEHHIO TIPOAOIBHBIX
ycunmii — pactspkenue. B dopmyne (5.3.19) snauenne M npuaumaetcs no ¢gopmyie (5.3.18), Ho
6e3 mocenHero wieHa.

Koadpurmenter \y B popmynax (5.3.18) u (5.3.19):

v, =(sin®, —sina)-100;
Yy = (cosafcos61)~100;
v, =(sin6, —sinoc)Z-SO; (5.3.20)
v, = (0 -sinb)-100;

Yo = (cosoc —0Osino - cosel)~100.

3HaueHus KO3 OUIMEHTOB \y Ay Psifa 3HAUYeHHH yIIIoB 01 1 o (B [SITH TOUKAX [ONEPEYHOTO
CeueHUsl, OTMEUEHHBIX Ha pPUCYHKe 5.3.9,0) mpuBeneHsl B Tabsmie 5.3.5.

Tabauna 5.3.5

Ho- | KoadduimenTs! ¢ 1jist onpenesenus nonepeuHbx H3rubaroIux MOMEHTOB ISt
vy | mep yruia 01, rpagycel (pan.)
TO4- 25° 26° 27° 28° 29° 30° 32° 34°
Kt | (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
wa | 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 | 55919
1 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
w | 3 | 6659 | 7,758 | 8,136 | 8,735 | 9353 | 9,990 | 11,321 | 12,727
4 8,775 9,478 10,206 | 10,960 | 11,738 | 12,542 | 14,222 | 15,998
5 | 9369 | 10,120 | 10,900 | 11,705 | 12,538 | 13,397 | 15,195 | 17,097
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Oxonuanue mabruyer 5.3.5

Ho- | KoadduimenTe! y niist onpeeseHus MONepeyHbIX U3rubaromux MOMEHTOB [Ist

y; | mep yria 61, rpanycel (paz.)
TO4- 25° 26° 27° 28° 29° 30° 32° 34°
Ku | (0,436) | (0,454) | (0,471) | (0,489) | (0,506) | (0,524) | (0,559) | (0,593)

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

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

0 0 0 0 0 0 0 0
0,5559 | 0,5978 | 0,6409 | 0,6850 | 0,7301 | 0,7761 | 0,8706 | 0,9680
2,2768 | 2,4536 | 2,6359 | 2,8235 | 3,0163 | 3,2142 | 3,6241 | 4,0519
5,2122 | 5,6250 | 6,0521 | 6,4931 | 6,9479 | 7,4162 | 8,3923 | 9,4194
9,3690 | 10,1206 | 10,899 | 11,705 | 12,538 [ 13,397 | 15,195 | 17,046
1-cosO; | 0,0937 | 0,1012 | 0,1090 | 0,1171 | 0,1254 | 0,1340 | 0,1520 | 0,1710

WYe

s
AW N =N R WDN~=WOU D WD~

wn

IpononbHast Cuiia B ILUIMTE y [EPECEYEHHs ¢ OOPTOBBIM JJIEMEHTOM (TO4ka 1 Ha pHCYHKe
5.3.9,6) BorucisieTcs no GpopmyJie
N1=(8ed— A gsrho,eq) sin 01 + x1 cos 01 . (5.3.21)

IIpomonbHasi ciila B APYTUX TOUKAX ILTHTHI AANEe [0 AyTe Onpeaensercs no gopmye

Ni=(geda+gr01+0,0l s7yo)sin ot — A gy (hoeasina + rsin®) + Xicoso. (5.3.22)

Hpumep 10

3aoanue: nnst NIMHHOM LMIMHAPUYECKOH OOONOHYKH, paccMaTpuBaemMoil B mpumepe 9,
paccuMTaTh BHYTPEHHUE YCUIIHS, NEHCTBYIOIIUE B MONIEPEYHOM HaNPaBIeHHH.

Ha nomepeunyro monocky o6OJIOUKH MHPWHOW 1 M HEHCTBYIOT CNENYIOIHE PAaCUETHBIC
Harpy3KH: IIOCTOSIHHAs, PABHOMEPHO paclipe/ieieHHas IO KPUBOJIHHeIHO! noBepxHocTu g = 3,5
kH/m; BpemenHast (CHer), paBHOMEPHO pacrpeneeHHas 10 rOpU3OHTANIbHOM npoekimu s = 1,8
kH/M; nocTosiHHast OT Macchl GOPTOBBIX NEMEHTOB ged = 4 KH. CxeMa NpHIIoKeHUs! Harpy30K —
Ha pUCYHKe 5.3.9,0.

Pacyer 0605104KH B IOTIEPEYHOM HAIIPABJICHUH BBIIOJIHAEM B COOTBETCTBHH ¢ 5.3.19.
IpupameHus: COBUrAlOINX YCHIMHA /Ul IMOJIOCKH NOCEepeJUHe INpojera OOONOUKH, rie
BBICOTA Ce4yeHHss OOpTOBOro 3jeMeHTa (C y4YeTOM 3aMOHOJHMYEHHON CTBIKOBOH IOJIOCTH)
hea = 1,6 M, Haxoaum no ¢popmye (5.3.15)
3,550,495 12,51 +18-12,51-0,475 + 4,0
- 1,43 +1,48

Aq, =12,5 kH/m.
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Koa¢dunmentsl npu HeusBecTHBIX cucTeMsl (5.3.16) ompenenim o ¢popmynam (5.3.17):
12,49° 12,497

8 =
0t 102

401=78, &, 4,014=6,26; 52=12490495=6,18;

12,49* 1,43 4.0
8y =125 —=——119,1+3,026 |-| —=-119,1+3,5-22,26+138-20,62 | |=134,107;
10 12,49 12,49

>

49’
52f=12’ —|125 1,43 11,55+0,2573 |- 4.0 11,55+3,5-1,98+1,8-1,83 | |=113,464.
10 12,49 12,49

Haiinennblie 3Ha4ueHus1 KO3 PULMEHTOB MOACTABIsIEM B KAHOHUYECKHE ypaBHeHus (5.3.16):

> >

7,8 X1+ 6,26 X2 =-134,107,
6,26 X1 16,18 X2 =-113,464.

B pesynbraTe pelneHus 3Tux ypasHeHuil nonyyaem X1 =13,142 kHwm; X2 = -5,047 xHwm.

Jinsi BBIMMCIEHHS 3HaYeHUI MPOJOJBHBIX CHJ U M3rHOAIOIMUX MOMEHTOB B TOUKaX AYTH
HOMEePEYHOro CeUeHHs 00OJIOUKH ONMpeeNsieM HEKOTOpble, HeOOXOMUMBIe Ul MOACTAHOBKH B
¢dopmyue (5.3.19), (5.3.21) u (5.3.22), reomeTpryecKHe XapaKTEPUCTHKH CEYEHUs TIOCEpEnHE
nposeTa. 3Ha4eHUs XapaKTePUCTUK ISl TOUeK 1...5 monepeyHoro cedeHus — B Tabnuiie 5.3.6.

3HaueHusT MPOROJIbHOI CHJIBI JUTs TOUKH 1 HaxomuM mo ¢opmyie (5.3.21):

N1 =(4,0-125-1,43)-0,475—-13,142- 0,88 =-18,156 xH,

a JUIs OCTaJIbHBIX TOUeK ayru — 1o opmyse (5.3.22):

N; = (7,75 + 0,22 y,) sin oo — 156,125 sin 6 — 13,14 cos a,

HarpuMep:

N2=(7,75+0,22-11,3)- 0,362 — 156,125 - 0,1237 — 13,142 - 0,931 = -27,84 xH.

Usrubaromuii MomenT ajis Touku 1 Bbiaucisem mo (5.3.19), mpu 3TOM mepBoe U BTOpOE
cnaraemble GopmyJbl B Todke 1 oOpaliaroTcs B HONb:

Mo =X2— N1e =-5,047+ 18,156 - 0,032 = —4,47 xkHwm.

OKCUEHTPUCHUTET MPOAOJIbHON CHIIBI IPU BBIMUCIEHUN M7 IPUHAT € = 32 MM.

1600 | 1500

6000

cummempuu 33
8
n

a — pacueTHast TeOMeTpHs; 6 — SMmopbl HopManbHbIX cun (kH) u
usrubaromux MmoMeHToB (kHM) Ha 1 M ayiHBI 000104KH
Pucynox 5.3.10 — K pacuery cpeaHeii BOJHBI 000JI09KH HA MONeEpe4Hbie H3rHGaouHe
MOMEHTBI
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JUtst BBIMHCICHHsT M3rHOAIOIMMX MOMEHTOB My B OCTANBHBIX TOYKaX AYyTH HEOOXOHHMMO
CHayajia ONpeNeNuTh 3HA4YE€HHs MOMEHTOB B 3THX Toukax mo Qopmyne (5.3.18) kak mis
OIHOBOJIHOBOW 0001104KH, HO Oe3 nocneaHero wieHa GopMyJIbL:

Mi=1,6ya+ 183 y1—5,5yo—2,2 ye.

Hanpumep: M2 =1,733-11,3 + 19,5-0,03 — 5,46-0,69 — 2,8-0,64 + 27,84-0,032 = 15,5 xkHwm.

M2 =15,5-13,142-0,01-12,49-5,1 — 5,047 = 2,08 kHm.

Onyckas apudMeTriecKkre BbIKIAAKH, IPUBOAUM Ha pucyHke 5.3.10,6 smopel N, kH/M, u
M , kHM/M, BBIMHCIICHHBIE U1 BCEX TOYEK MONEPEYHOr0 CeUeHUA 000NIOUKH.

Tabauna 5.3.6

Ob6o3HaueHne 3HadeHne mapamMerpa JUIl TOUKH MOMEPEeYHOro Ce4eHust
napaMerpa 1 2 3 4 5
0, rpamgycer 0 7°5' 14°10’ 21°15’ 28°20'43"
(pan.) ©) (0,1237) (0,2475) (0,371) (0,4947)
sin 6 0 0,1235 0,245 0,362 0,475
cos 0 1 0,993 0,97 0,931 0,88
0L, TPALyChl 28°20° 21°15 14°10’ 7°5' 0
(pan.) (0,4947) (0,371) (0,2474) (0,1237) 0)
sin o 0,475 0,362 0,245 0,1235 0
cos oL 0,88 0,931 0,97 0,993 1
W 0 11,3 23 35,15 47,5
" 0 5.1 9 11,3 12
0 0,64 2,65 6,18 11,28
Ve 0 0,03 0,25 09 2
v 0 0,69 2.94 6.72 12
Vo 0 0,64 1,12 1,41 1,48
Zeur.pl, M

B npuBeneHHOM mpuMepe pacuera 000ouKa pedpucTas — nonepeuHsle pedpa ¢ marom 3 M,
[IO3TOMY BBIYKC/ICHHBIE 3HAYEHHWsI MOMEPEUHBIX H3THOAIOIUX MOMEHTOB M IPOJOJBHBIX CHII
YMHOXKAIOT Ha 3 M U MOJIy4€HHOE YCHUJIHE MEPENaoT Ha OCHOBHYIO apMaTypy pebep, pacCuuThIBast

TaBPOBOE CeUeHUEe PeOPUCTOM MIHTHL

5.3.20 Muadparmel pacCUMTHIBAIOT KaK [UIOCKHE CTEP>KHEBbIE MK OaoYHble KOHCTPYKIUU
Ha JeiicTBHE HAarpy3Kkd OT COOCTBEHHOTO Beca W OMNOPHOTO JABJIEHMS, IEPEaBacMOro B BHIE
CIOBUTAIOLINX CHJI, KACaTeJbHBIX K CPENHHHOI MOBEPXHOCTH OOOIOUKH WM CKIIAAKH, OOpaTHBIX
MO HAMPABJIEHHIO U PABHBIX 10 3HAYEHUIO CIBUTAOLINM YCHIHAM B 000JIOYKE HA KOHTYpE — MO
JIMHUH ee conpsbkeHust ¢ quadparmoii (pucyHok 5.3.11).

3HayeHHs CABUTAIOIIMX CHJI OMPENENSIIOT U3 pacuera O0OJOYEeK M CKIAJOK KaK YIPYTux
CHCTEM.

CyMMa MpOeKLWH CHBHTAIOIMMX CWJI HAa BEPTUKAJbHYIO OChb JIOJDKHA YPAaBHOBEIIUBATHCA
6anoyHol OnoOpHO peakuuen 0O0OIOUKH.
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Pucynox 5.3.11 — Cxema ycnimii, nepegaBaeMbix ¢ 000J10YKH HA TOPUEeBYI0 AHadparmy

JUis BBIMUCIEHUS CIOBUTAIOINMX CHJI HEOOXOMMMO HaiiTH 3HaYeHHe CTaTHYECKOrOo MOMEHTA
OTCEUEHHOH YaCTH CEYEHHsA KPUBOJHHEHHOH IUIMTHI C LEHTPANbHBIM yIJIOM 20 (PHCYHOK
5.3.10,a), kKOTOpPOE MOXET ObITh OMpeneNneHo no Gpopmy e

So =2 P teurpi (Sin o =M @0). (5.3.23)

3Ha4YeHNe COBUTAIOLINX CHI s B JIIOOOH TOUKE CPENUHHOI MOBEPXHOCTH KPHUBOJHHEHHOH
IUTUTBI, O4EPUEHHON 0 Ayre OKPY>KHOCTH, C OCbI0 CUMMETPUM M BEPTUKAJIbHbIMA OOPTOBBIMU
AJIEMEHTAMH, PACIOJNOKSHHBIMU HIDKE Kpas KPHBOJIHMHEWHOH MJIMTHI, MOXHO BBIMHUCISITH IO
¢dopmyne (5.3.11), npunumas st O 3HaAYSHUE HATrPY3KH, NPUXOSILIEHCS HA MMOJOBHHY JUTHHBI
000510uky 1 guadparMel, T. €. OMOPHYIO PEAKLHIO TOPLUEBOH quadparMbL

CyMMa mpoeKIuii CABUrAKOIINX CHIT HA BEPTUKATBLHYIO OCh ONpeaensiercs no hopmyie

t

3
27 !
Oz =01 —(Vi—mva) (5.3.24)
sh, sup

30ech M — KO(Q(UUMEHT, ONpenessFOINNi MONOXKEHUE LEHTPa TSKECTH CEYCHHs ILIHTHI
obojiouku: M = (r —z) /7, z — PacCTOsSIHKE OT TOYKH Ha CPEIMHHON MOBEPXHOCTH B LIENbIre

KPUBOJMHENHO IINTHI A0 LIEHTPA TSXKECTU €€ CCUCHMUS.

BHewHIOK HArpy3Ky Ha TOPLEBYIO apouHyio auadparMy B BHIE COBHTAKOIMX CHIL,
JEfCTBYIOLIIMX B TOPLIEBOM OIMOPHOM CEYE€HHH OOONIOUKH, LeNecO00pasHO ONMpPENeNATh B TOYKAX
1...5, mokasaHHbIX Ha pUCYHKe 5.3.9,6,

Yeunua My , Noo 1 QO OT CABUTAIOIUX CHUJ, ACHCTBYIOLIMX HA apKy, ONpeNeNuM i
cedeHMil B IATU TOYKaX C yIJIOBOH KOOpAHHATOH o (TodkH 1'..5'), MOKa3aHHBIX Ha PUCYHKe
5.3.12,6. 151 BBIMMCIEHHS YCUIIHIL BOCIIONE3Y eMCs CIEAYIOIIMU (popmynamu:

My, =Of[(v; -nv,)-001v; v, +nvs]r— (v —mvy)e}
Ny =01ve —mvy —(vi —nvy)sinal; (5.3.25)
O =0l(vi —mvy)cosa—vg +Mvy],
3
I3 [r
e 0 =Q
100[slt,sup

Q — onopHas peakuysi TOPLUEBOIT gruadparmpl (IONOBHHA ONOPHOI peakLy 000I0UKH).
3Ha4enns ko3 PULMEHTOB V; , OACYUTAHHBIC UL YITIOB © B IISITH TOYKAX AYTH (PUCYHOK
5.3.9,6), npuseneHsl B Tabymuue 5.3.7.
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Tabnuna 5.3.7

Koadpdu- Howep 3nauenne ko duimenTa ast yria 0.
LIEHT
vi TOYKH 25° 26° 27° 28° 29° 30° 32° 34°
1 5331 | 5978 | 6,673 | 7.417 | 8212 | 9,059 | 10,911 | 12,982
2 5331 | 5978 | 6,673 | 7.417 | 8212 | 9,059 | 10,911 | 12,982
vi 3 5331 | 5978 | 6,673 | 7417 | 8212 | 9,059 | 10911 | 12,982
4 5331 | 5978 | 6,673 | 7.417 | 8212 | 9,059 | 10,911 | 12,982
5 5331 | 5978 | 6,673 | 7.417 | 8212 | 9,059 | 10,911 | 12,982
1 5433 | 6,102 | 6,823 | 7.596 | 8.425 | 931 | 11,256 | 13,446
2 5433 | 6102 | 6823 | 7.596 | 8.425 | 931 | 11,256 | 13,446
V2 3 5433 | 6,102 | 6,823 | 7,596 | 8425 | 931 | 11,256 | 13,446
4 5433 | 6102 | 6823 | 7.596 | 8.425 | 931 | 11,256 | 13,446
5 5433 | 6102 | 6823 | 7596 | 8.425 | 931 | 11,256 | 13,446
1 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
V3 320618 | 21,342 | 22,055 | 22,755 | 23,443 | 24,118 | 25,428 | 26,682
4 | 31375 32,517 | 33,645 | 34,76 | 35.861 | 36,947 | 39,075 | 41,138
5 | 42262 | 43.837 | 45399 | 46,947 | 48481 | 50,0 | 52,992 | 55,919
1 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
va 3 0,129 | 0,150 | 0,174 | 0201 | 023 | 0,263 | 0339 | 0429
4 | 0402 | 0,470 | 0,545 | 0629 | 0,721 | 0,824 | 1,061 | 1,343
5 0878 | 1,024 | 1,188 | 1,370 | 1,572 | 1,795 | 2,309 | 2,923
1 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
s 3 0,132 | 0,154 | 0,179 | 0207 | 0,238 | 0,273 | 0353 | 045
4 0,412 | 0,481 0,56 0,647 | 0,744 | 0,852 1,101 1,402
5 0,897 | 1,048 | 1218 | 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
V6 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
5 17,861 | 19,217 | 20,611 | 22,040 | 23,504 | 25,000 | 28,081 | 31,270
1 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
v7 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
' 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 | 8325
5 5,331 5978 | 6,672 | 7,417 | 8,211 | 9,058 | 10,910 | 12,981
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Oxonuanue mabnuywvr 5.3.7

Kooddu- Howmep 3nauenne ko3¢ purreHra A yria 0.
OUCHT
v TOYKHU 25° 26° 27° 28° 29° 30° 32° 34°
0 0 0 0 0 0 0 0
0,475 | 0,534 | 0,599 | 0,688 | 0,742 | 0,821 | 0,996 | 1,195
%) 1,723 | 1,938 | 2,169 | 2,418 | 2,686 | 2,972 | 3,604 | 4,319

3,469 | 3,899 | 4,363 | 4,862 | 5,396 | 5,968 | 7,229 | 8,652
5433 | 6,102 | 6,823 | 7,596 | 8,425 | 9,310 | 11,256 | 13,446

DR W N -

IIpu pacyere quadparM CIEAYET YUUTHIBATH SKCLEHTPHYHOE MPHIIOKEHHE CIBUTAIOLTHX CHIT
IO OTHOIIEHHUIO K OCH 3JIEMEHTOB KOHCTPYKLIUHL

Hpumep 11

3ajanue: 11 JIMHHOW LIMNMHAPHYECKOit 000I04KH, paccMaTpuBaeMoi B mpumepax 9 u 10,
paccyuTaTh H3THOAIOIIME€ MOMEHTBI W IONEPEYHbIE CHIIbl JUI1 IPOEKTHPOBAHMS TOPLEBOMH
nuadparMel.

[Tapamerprl OMOPHOro cedeHUss OOOJOUYKHM, NPHUMBIKAIOLIEr0 K TOpLEBOi auadparme:
oAk CedeHus 60pToBoi 6anku A.s = 0,3 - 1,0 = 0,3 M, muIomab ceveHus KPUBOIMHEHHO
IWIHTHL Acur,pr = 0,495 M%; 061mast mIomaab ONOPHOro ceueHus 060mouku Ay, = 0,795 M% MOMEHT
HHEPIMHU CeueHHs 000M0uKH Ly sup = 0,541 M*; paccTosIHHE OT LEHTpa TIKECTH CeueHHs 000IOUKH
JI0 OCU CEYESHHUs KPUBONIMHEHHOM MTHI B menbire z =1,07 m; n = (12,49 -1,07)/12,49 = 0,915.

ITockonbky B HalleM KOHCTPYKTHBHOM peHIeHHH O0OJIOYKa NMPHUMBIKAET K TOPLIEBOI apke
MoBepxy (pUCYHOK 5.3.12,6), ciBHUraroiie CUIbl IEPealoTcs OT TUIMTHI 000JIOYKH Ha OCh apKH C
skcuienTpucureroM e = 180 Mmm. Kpome Toro, onopHbIi y3en apkH BBIIOJHEH TaK, YTO 3aTSDKKA
MPUCOEANHAETCS K apKe C IKCLeHTpucuTeToM 250 MM (pucyHok 5.3.12,a). DTH 3KCHEHTPHCHTETHI
YHYUTHIBAIOTCSA PacyeTOM.

OmnpenensaeM 3HAYSHHUS Y CHITHIL:

0=624-12,0-0,5-29,6-0,5=554,1 xH;

0 =554]1 M =7982 xH.

(100-0,541)
IToncrasus B popmyay (5.3.25) U3BECTHBIE 3HAUCHUS, MOIyYaEM:

M g, =7982{(v) —0,915v,)-0,01v; — v, +0,915v5] 12,49 —(vs —0,915v,)-0,18};
N, =7982[vs —0,915v; —(v; —0,915v,)sina] .

PesynbraThl pacuera Mz u N npuseneHsl B Tabmune 5.3.8. Dmopel 5THX YCHIHIA JaHbl HA
pucynke 5.3.12,0. ITocne onpeneneHns HArpy30K U SMIOP OT HUX MOXHO MPUCTYIUTh K PacdeTy
apKu.
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Tabnauma 538

cummempuu

Howmep 3HaueHue mapameTpa
TOYKH B o, \%I V2 V3 V4 \Z V6 V7 M, N,
CeueHHN | xH «Hum <H
1 7982 7,7 7,88 0 0 0 0 0 0 -189
2! 7982 | 7,7 7,88 11,3 [ 0,0282 | 0,0286 | 10,34 | 10,67 449 321
3 7982 | 7.7 | 7,88 | 23,0 | 0,221 | 0,228 | 17,68 | 18,15 | 848 | 759
4o | 7982 | 7,7 | 788 | 351 | 0660 | 0,679 | 21,79 | 22,30 | 1125 | 1062
5 7982 | 7,7 | 7,88 | 47,5 | 1,440 | 1,48 | 22,54 | 23,0 | 1249 | 1197
8 54
4 o 94— O 55
2 £ 5 g 2
1 ; 3 r=12310| 8 8 hat
] - =
r g
ol 5935 g 200 | 300
, Iy 53] _
8 3 &
2’ 3
1 2
1480 | 1439 | 1408 | 1578 | B

d — reOMETPUICCKad U pacueTHasA CXEMbI apKU, 0 — ceueHue aApKH, 6 — OPAUHATHI TOYECK HAa OCU

apKH; 2 — STIOPBI YCWINN B OCHOBHOM cucTeMe apku oT H = 1; 0 — TO ke, OT BHEIIHEH HArpy3Ku
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JByxiapHupHas apka — OIMHOXABI CTAaTMYECKU HeOompenenumasi cucTeMa. PackpelThe
CTaTU4ECKOH HEONPEeNeIMMOCTH BBINOJIHAEM METORAOM CHJ. B kauecTBe nuINHEH HEHM3BECTHOM
UCIIOJB3YEM YCUIINE B 3aTsDKKe, T. . pacnop. MckoMoe ycuinie noiy4daem u3 GopMyJibl

H = (E817 (E611).

VYcunust B OCHOBHOM CHCTEME OT €AMHUYHOIO pacriopa /7 = 1 BEIMUCISIIOTCS 3JIEMEHTaPHO H
MOKa3aHbI Ha pucyHkKe 5.3.12,2.

Omnyckasi MepeMHOXEHWE JMIop MO MeTOoOy BepernarwHa, MPUBOAUM OKOHYATENBHBIH
pe3yibTaT BBIMUCIECHUA nepeMelneHuii. IIpyu 9ToM cedeHue apKu IPUHSTO MO PUCYHKY 5.3.12,0.
ITnomane MOMepPeYHOro CeueHNs 1 MOMEHT HHEPIMH apKU COOTBETCTBEHHO A, = 0,095 M2, I, =
0,00145 m*.

Ceuenne 3aTskkn Ay = 0,2- 0,2 = 0,04 M2,

M, M N, N, 6929 4075
ES = j L ds+ j lds +
0,00145 0,095
M} N2 NZ 11,04
E811=J My (N N g, 1104 ST | 6
A, YA, 000145 0,095 0,04
orkyza H = 4,82 - 10°/ 8.4 - 10° = 573,8 xH.
Y
CyMMapHble SmIopsl u3rubarmmux MoMeHToB, KHM, ¥ mpoxonsHelx cun, KH, mokasaHel Ha

=482.10°;

4-10°

> >

pucyHke 5.3.12.e.

5.4 IManean-o0600uxa KIKC

54.1 Tlanenb-obomouka KXKC (kpymHopasmepHas, skene300€TOHHAsi, CBOOYATAs)
mpeacTaBysieT coOOl KOPOTKMIl IMIMHAPUYECKUH IOJOTrMil NpenBapUTENbHO HAMpPsKEHHbIH
cBO-000JI0UKY ¢ ZIBYyMsi peOpamu-auadparMaMu CErMEeHTHOro odepTaHus (pucyHku 5.4.1, 5.4.2),
B HIDKHEH YTOJNIIEHHOH 4YacTH KOTOPBIX PAaCIOIAaraercs IPEABAPUTENbHO HANPSKEHHAs
apmarypa. HomuHapHbIe pasmephl aHesel B IlaHe PeKOMEHyeTCsl IPUHUMATh PaBHbIMH 3x12;
3x18 u 3x24 m.

BBICOTY MOIEpEevHOro cevYeHus MaHeI: B CEPeNUHe MpoyeTa s MPUHIMAOT paBHOi 1/20 —
1/15 Iy B 3aBUCUMOCTH OT 3HA4YeHWsi Harpy3kd H pasmepa mpoiera. OuepraHue BepxHeil
MOBEPXHOCTH 00OIOUKH PEKOMEHYETCS IPHHIMATD II0 KBaIpaTHOH mapaborne.
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1 — BepTHKANBHOE PEOPO KECTKOCTH; 2 — Pa3OMBOYHAA OCh; 3 — HampsATacMas paboyasd apMarypa
Pucynoxk 5.4.2 — llonepeunoe ceyenne nanen-o6oa0uxku KiKC

5.4.2 Tanemu-o6onouku KXKC npennasHavaroTcs Ui MOKPBITHIA 31aHuiA ¢ mpojeramu 12,
18, 24 M u ¢ gpyrumu mpoiaeramu. Ilanemu-obonouxu KXKC npumeHsioT B MOKPBITHSIX
OIHOTIPOJIETHBIX ¥ MHOTOIPOJIETHBIX 30aHu ¢ hoHapsamu u 6e3 GoHapeii, GeCKpaHOBBIX, @ TAKKE
B 3aHUSIX, 000PYIOBaHHBIX NTOABECHBIM TPAHCIIOPTOM IPy30IOABEMHOCTBIO 10 S5 T.

INanemn KXXC onmparoT Ha NMpOXOJbHbIE HECYLINE CTEHBI, IIPOMOJbHBIE KeIe300eTOHHbIE
Gasky NpsIMOYTOJIBHOTO CeueHus BhIcOoTOl S00-600 MM — IIpu I1are KOJIOHH 6 M, IPeIBAPUTEILHO
HaNpsDKEHHbIE KeJIe300€TOHHbIE IBYTABPOBbIe Oasiku ¢ BhICOTOM ceueHusi 1000-1200 MM wuiu
thepMBl PaCKOCHO-IIIPEHTeNbHOTO THIA C IPEABAPUTENIBHO HANIPSLKEHHO apMaTypoii mpu 1uare
KOJIOHH 12 M.

5.4.3 Tanemn KXKC pexomeHOyeTcs MpOeKTHPOBaTh U3 OETOHOB kiaccoB B25 — B40 mo
MPOYHOCTH Ha CXKaTHE B 3aBUCHMOCTH OT Pa3MepOB IPOJeTa U Harpy3ok. B Tex ciyuwasx, koraa
9TO TEXHHYECKH M DKOHOMHYECKH LenecoobpasHo, maHemu-obonoukun KIKC pekomeHmyercs
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MIPOEKTHPOBATh M3 OETOHOB TeX >KE€ KJIACCOB Ha MOPUCTHIX 3aIONHHUTENSIX. PekoMmeHmyeTcs
[IPOEKTHUPOBATh KOMILIEKCHBbIE [TAaHENH-O00JI0UYKY [OBBIIIEHHOH 3aBOACKOH TOTOBHOCTH C
IUTUTHBIM yTeruuteieM (6e3 CTSKKM) U KPOBJIeH, MPHUKIIESHHBIMH Ha 3aBOZIE-H3TOTOBUTEIIE.

MuUHMMAJIBHY O TONIIUHY 10JIsi 000JIOUKH ClEAyeT IPUHUMATE He MeHee 30 mm; guadparmol
PEKOMEHIYETCS  MPOEKTUPOBaTh  ODJErYeHHOH  KECCOHMPOBAHHOH  KOHCTPYKLHUH  C
BEPTHKAJIbHBIMU peOpaMu JKECTKOCTH M C MHHUMAJBHOM TONIUMHON CTeHKH, paBHOH 40 MMm.
TonmnuHy CTEHKH B MEPBOM OT ONOPBI KECCOHE AuadparmMpl MPHHUMAIOT He MeHee 50 MM.
Comnpsxenne 060104KH ¢ IuadpparMaMi BHIOIHSIOT C IPUMEHEHUEM MOJIOTUX BYTOB C YKJIOHOM
i=1:5 (pucyHok 5.4.2).

VYo HakIOHa HIDKHEH MOBEPXHOCTH OOOJIOUKH Y TOPIIA MAHENIH O IPHHUMAIOT U3 YCIOBUS
tg o < 1:2 (pucyHok 5.4.3,a).

a yi 1-1
L /2 |
v 4l
X4 , S I
. Ocb 0NOpHO20 y3na 7 — - - 5 i
/ 8 ./' ‘
34 — .
Ankep '1 g 4 N N
x| i '$- o~ z, A 6 H
= e LA A L ..
—i o Ad ] Sl £
1503 ) 0,5k
20| 80 | X¢ Tluemogoli wapHup A Ocs cummempuu
100 / o
1, = 18000 ; 24000 e
6 6

a, a,
]

T 7

Y
/\/ -0

a — IPOAOTBHBIH Pa3pes3; 6 — IUIaH OMOPHOH JacTH; 1-5 — HOMepa XapaKTEPHBIX TOYEK MPOAOIBHOTO
CEUCHMS II0 OCH MAHETH, 6 — OCh HampsracMoit apMatypst auadparMsr, 7 — 0cb 000JI0UKH
Pucynok 5.4.3 — I'eomeTpuueckas cxema nanejau-o6oaouxku KKC

5.4.4 OcHOBHYIO HampsiraeMyro pabouyro apMaTypy MaHeIn PEKOMEHIyeTCs IPOEKTUPOBaTh
U3 ABYX MPEABAPUTENILHO HANPSIKCHHBIX JIEMEHTOB, PACIOJIIOKEHHBIX B HIDKHEH yTONINEHHON
30He nuadparM U MPUHMMATh M3 ONHOTO WM JIBYX BIUIOTHYIO PACIOJIOKEHHBIX CTEpXKHEl B
Kaxaom pebpe (auadparme).

Ilo «oHHaM HampsAraeMbIX OSJEMEHTOB pabodell  apMaTypel IpeayCMaTpPUBAIOT
MPUKPEIIEHHbIE K HHM CTajJbHBIE aHKepHble naerann (pucyHOK 5.4.3), obecrmeumBarormie
HAIEKHOE 3aaHKepUBaHMe padoueil apMaTypel B OETOHE OIIOPHOTO Y3JIa MaHEeNH.
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ApmupoBaHue OOOJIOYKH BBINOJHSIOT CBapHOW apmartypHoii cerkoil. Koadduuumenr
apMHPOBAHMS CPEeHEH HacTH MpOoJeTa MeXAy Toukamu 4—5 (pucyHok 5.4.4) noykeH OBITH He
menee: 0,3 % — s apmaTyphl HonepedHoro Hanpasierus, 0,2 % — IpogoNbHOrO.

Jnadparmel, Kak MpaBuiIO, apMUPYIOT CBAPHBIMU KapKacaMH TOJIBKO B OMOPHBIX 30HaX (Ha
yuactkax amuaod 0,1 /o wmimm Oojee — B 3aBUCHMOCTH OT PE3yJIbTATOB pacyera), a TaKKe
CTePKHSIMH-TIO/{BECKAMH, PACIIONOXEHHBIMH B BEPTHKAIIBHBIX peOpax auadparm.

T
3 | ;
1] I g8

2 A
1 |56 SIS
| 56 P £
w1 2005 (1980) [975(1000] 1500 | [ 1700 | 1300 |
i i " 17960 (23960) i
1] |y
w-mw
I-1
3

1 — nanpsraemas apMaTypa auadparMsr; 2 — aHKep; 3 — apMaTypHAA ceTKa 000I0UKH; 4 — IOTIepeYHas apMaTypa
auadparMsl (Ha yuacTke T yCTaHABIHBACTCS TOJNBKO MPH HATMYUY TIOJBECHOTO TPAHCIOPTA); 5 — MOABECKA
Hapy:KHad;, 6 — MOABECKA BHYTPEHHAA, 7 — CETKA B ByTe; 8 — TOpIeBas apmarypa (ceuenue /V/— [V’ npu Hauaau
TIOJIBECHBIX KPAHOB H I CSTMEHTHBIX CBOJIOB)

Pucynox 5.4.4 — Apmuposanne nanenn-060s04xu K/KC pa3zmepom 3x18 (24) m

5.4.5 Jlns yCTpOHCTBA CBETOAdPALMOHHBIX MM 3€HUTHBIX (hoHapell maHemu clenyer
IPOEKTHPOBATH ¢ MPOEMaMH (PUCYHOK 5.4.5) pasmepamu 2,56 M — st maHenei pasmepamu 3x18
M U 2,5x9 M — 1151 maHenei 3x24 m.

Ilo nepumetpy (oHapHOro npoema B 000JOUYKE MPERYCMATPUBAIOT MIABHOE YTOLIEHHE 10
70-80 MM; cxKaTylo 30HYy AmadparM B NpeAesax IpoeMa PEKOMEHAYETCS COOTBETCTBEHHO
yCUIMBaTh. ApMUpPOBAHHE BOKPYT MpoeMa OOOJOYKHU M CKATOMH 30HBI AuadparM NpUHAMAIOT I10

pacuery.
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[ i 18.24m i [
A L)

6 L1

b 18,24 m

|

a — IWJIaH; 6 — IPOJOJIGHBINA Pa3pe3 M0 OCH MAHCTH
Pucynok 5.4.5 — Ilanean-o6oa0uxa KIKC ¢ npoemom 1isi CBET023PALHMOHHOTO HJITH
3eHHTHOro (poHApH

5.4.6 Insa obecneuenus: cosmecrnoi padorsr naneneit KIKC ¢ kapkacoM 3maHusi AOJDKHO
OBITb MPENYCMOTPEHO HX KpEIJICHHE CBAPKOH BO BCEX HETBHIPEX yIJiaX MAaHENH K MPOAOJbHBIM
HECYIIUM KOHCTPYKLUSM IOKpHITHA. KperieHne pekOMeHAyeTCst OCY LIECTBIISTh C IPUMEHEHHEM
JIUCTOBBIX IIAPHUPOB, OOECHEUMBAIOIINX BO3MOXKHOCTH IOBOPOTA CEYEHHS TMaHENIH B
BEPTUKAJBLHOW IuockocTH. JKecTkoe KpeluleHHe IaHenei, co3jarolnee MX 3alleMIIeHHe Ha
Oropax, He AOIyCKaeTCs.

CTpOnoBKy MaHeN NpHU ee MOIbeMe CIEAYET OCYILECTBIIATL TOJIBKO 32 OTBEPCTHUS B YIVIOBBIX
AHKEPHBIX JeTaisix (o3, 2 Ha PUCYHKeE 5.4.4).

Ha Bcex craausx mpoU3BOACTBA, CKIAAUPOBAHUS, TPAHCIIOPTUPOBAHUS U MOHTAXKa MAHEIb-
000J104Ka JOMKHA OMMPATHCS TOJIBKO Ha YIJIOBBIE aHKEPHBIE eTalH.

547 VYcunus w pedopmaiuu B mnaHenu-obomouke KIXKC pexomennyercss ompenensiTsh
pacyeToM METOIOM KOHEYHBIX OJJIEMEHTOB C Y4YeTOM TIeOMEeTpPUYecKoi u (u3nueckoi
HEJIMHENHOCTEN.

JormyckaeTcs pacyer 10 HeCyIel ClIocOOHOCTH U YCTOMUMBOCTH MOJIOrOM HUIMHAPUIECKOH
nanem-o6osouku KIXKC, y xoropsix otaomenue lo/bo > 4, BBINOJHATL MO METOLHKE PACUETHBIX
MpeNeNbHBIX COCTOSIHHM Kak IMIMHAPUYECKOTO CBOAa, paboTarommero COBMECTHO C
nepopMUpYIOIIUMICs AruadparMaMu, B COOTBETCTBUM € 5.4.8 — 5.4.11.

5.4.8 Tpebyemsbie a1 obecrnedeHus o0eit Hecymell criocodHocTr nanenu-o6oaouku KKC
riowany ceueHus 4 paboueit apmMaTypsl auadparm U TONMMHY 000I049KH O4-5 (PUCYHOK 5.4.3,a)
OnpenessioT U3 YCIOBHIA:

A > M ;
2 R, (5.4.1)
. M

R (5.42)
= z0br Ry Yo vei

rae M — usrubaro1yii MOMEHT B PaCCMAaTPHUBAEMOM CEUCHHH NAHENH;
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zo — CTpena mogbema 00ONMOUKH (T.e. PACCTOSHHE TIO BEPTHKAIM OT OCH ODOJOYKH IO OCH
paboueii apMatypbl [uadparMbl B CEpearHe IPONETa);

R — pacuerHoe conpoTuieHue pabodeii apMaTyps! auadparm;

bs— mypyHa NaHeN Iy NOBEPXY;

Yo — k03¢ dureHT ycnoBuit paboTsl TOHKOM 000I0UKY, MPUHUMAEMBIi PaBHBIM

0,75 — nst maHenei LIUPUHOM 3 M;
0,9 — st 1OOOPHBIX MaHenel UIMPUHOM 2 M,
1,0 — amst noGOpHBIX MaHesel umpuHoi 1,5 M;

vs1 — K03 duLmeHT ycnosuii pabotsl OeToHa, npurrMaeMelii coriacHo CIT 63.13330.

TomuuHy 000NOYKH O3 4 HA ydYacTKe, NPHMBIKAIOIIEM K OIOpE, ONPEASISIIOT € Y4eTOM
ycuini, efCTBYIOIMUX B ONIOPHOM 30HE.

5.4.9 IlpunsTyro u3 ycioBusi obecriedeHusi Hecyluei criocobHoct mo ¢opmye (5.4.2)
TONMKMHY OOOJIOYKY ClieflyeT IPOBEPSITH U3 YCIOBHUs OOeCIeueHHs yCTORUNBOCTH ODOIOYKH Ha
YCJIOBHBIE KPUTHUECKYE HANPSDKEHUSI CXKAaTHs 110 hopMy Jie

—
M 0,n Y0
04_520810, [————, (5.43)
J b I 0,red
rae I, — pacueTHsIil nposeT 00O0JOYKY, PaBHBIH PACCTOSHHUIO B CBETY MEXAY BYyTaMH (PHCYHOK

5.4.2);

M., — v3rubaromuii MOMEHT OT PacHeTHbIX HATPy30K B CEpeJHHE IPOoJeTa MaHeIH HpH

k03¢ hUITHeHTe HANEeXHOCTH IO Harpy3ke yr=1;

Yo — PacCTOSHUE OT LIEHTpPa TSUKECTH NIPUBEIEHHOTO CeUeHHs IIaHEN! B CEPEANHE MPOJIeTa JI0

ocu 000JIOUKM;

Iored — MOMEHT HHEpPLUH HPHUBEICHHOTO MOIMEPEeYHOr0 CEYEHHs NMaHeNH B CepeiuHe ee

poJeTa.

5.4.10 Ilnourans ceueHns CTepXKHeH TopLeBoit padboueii apmatypsl (1103.8 Ha pucyHke 5.4.4)
IpPU OMUPAaHUU MAHENH Ha MPOAOJbHBbIE HECYIIHE KOHCTPYKIMH CJEAyeT OINpenensTh Mo
GonbieMy 13 3HaueHu#t ycunuit Ne, BBIMUCICHHBIX 10 GOpMyIaMm:

o) 2

N, -8 ;:)’ b, . (5.4.4)
Zg

N, :Lg:s b , (5.4.5)

sup

Tae g — pacueTHas Harpy3ka oT Beca maHenu, kH/m?;

2 — COTPOTUBIIEHHUE OTPBIBY TIPU CheMe Tlanenu ¢ Gopmbl, KH/m?;

[ — pacueTHbIi posIeT maHeu (pHCyHOK 5.4.3,a),

bs — paccTosiHEe MeXy OcsiMU paboueil apmatypel fuadparm (pucyHok 5.4.2);

bsup — NMpPUHA TTAHEIN Ha OIIOpe.

Jls1t TOpLIeBOH apMaTypsl peKOMEHAY eTCsI IPUMEHSITh CTalb Kiiacca He Hibke A400.

5.4.11 Pacuer muapparm manenu-obomouxn KIKC Ha momepeunyro criy HpOU3BOAST C
YUYETOM Pa3rPy>KAIOLIEro AEHCTBUS BEPTHKAJBHBIX COCTABJSIFOIIMX CHJI CXKATHS B ODOJIOUKE.
YacTte nonepeuHot cuibl (J4, BOCIIpUHIMAaeMOH qruadparMaMu, OpenessitoT no Gopmyie

] M
0= Ttg(P; (5.4.6)
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MpH 5TOM JOJI)KHO BBINTOJHATHCA YCIIOBUE
Qs
by by
rne Qo — MOJHOE 3HAYEHHE MOTEPEYHON CHUJIbI B PACCMATPUBAEMOM CEUCHHH MaHENH X ,
OTCUHMTHIBAEMOM OT paboueil MOBEPXHOCTH aHKepa paboueill apmarypbl auadparmbl (PUCYHOK
543, a),
() — YTOJI HAKJIOHA OCH OGOJIOYKH B PACCMATPHBAEMOM CEYEHHH X,

<R,,, (54.7)

b'y — mupuHa nuadparMbl B CaMOM Y3KOM MECTE€ PacCMaTpUBaeMOro cedeHwst (PUCYHOK
5.4.2),

ho — pabouast BBICOTA CEUEHUSI.

Ipu cobmonenuu ycnosus (5.4.7) Ha ydactkax auadparm pmmsoi 0,1 /, mpUMBIKAOmMuUX K
OIopaMm, BO BCEX CIIy4asx CJIEAyeT YCTaHABINBAaTb KOHCTPYKTHUBHYIO NONEPEUHYI0 apMaTypy H3
TIPoBOJIOKH Kj1acca B500 nuamerpom He MeHee 5 MM ¢ maroM 100 MM, a py HAJTMYUH HA y9aCTKaxX
nuadparM COCpeOTOYEHHBIX HArPY30K OT MOABECHOTO TPAaHCIIOpTa — He MeHee KJO6A400 ¢ marom
100 mm. Kpome Toro, mpu HasHa4deHHM lIara IOMEpPEUHBIX CTepxkHeil cieayer cobmonatsb
Tpebosanus CII 63.13330. Takxke cieayer yCTAHABINUBATh CTEPXKHU-TIONBECKH B BEPTHKAJIBHBIX
pebpax xkectkoctu aradparm (pucyHok 5.4.4), pacnionaraemsie ¢ marom 1,5-1,6 M. ITpu Hammamm
MIO/IBECHOT'O TPAHCIIOPTA CTEPKHU-TIOABECKH BBITIOJIHAKOT IBOHHBIMH.

Eciu ycnosue (5.4.7) He coOMOmaeTcs, MONepeuHyr0 apMaTypy CeAyeT YCTAHABIUBATE M0
pacuery, npu 3ToM TpeOyeMmylo IUIOaAb CEYEeHHs MONepeuHOi apMarypbl B auadparmax
BBIYUCIIAIOT IO popMmyIte

7= | Qalu , (5.4.8)
2R, z(1+ tg(p)

roe fo — IUIoanb CeYeHWs OJHOTO IONEePEeYHOro (BEPTHUKAIbHOrO) CTEPIKHS Kapkaca

nuadparmsr,

|O4 - abcomoTHOe 3HA4YeHWE YACTH MONEPEYHOH CHJIbI, BOCIPUHMMAaeMOH O0eHMH

nuadparmMamMu maHesu, onpenensieMoe o popmyne (5.4.6);

Z — [UIEY0 BHYTPEHHe mapbl CUJI (PacCTOSHHUE 110 BEPTUKAIN OT OCH HANPSTaeMOil apMaTypbl

10 CPEOVHHOM OBEPXHOCTH MO 000NIOYKH) B PACCMAaTPUBAEMOM CEUEHUH,

u — 10ar TOTIEPEYHbIX CTEPIKHEN Kapkaca guadparMsl.

B 3Hamenaresne Gopmynst (5.4.8) 3HaK IUIOC AJIS JIEBOH MOJOBMHEI MAHENN NMPUHUMAETCS B
TeX CNydvasx, korna 3HadeHre (Jg NONOKUTENBHO, U MUHYC — KO 3HaueHHe ()7 OTPULIATENIBHO.

5.4.12 Tlnomanp paboueil MOBEPXHOCTH aHKepa pabouel apMmaTyphl Kaxmol auadparmel
CNIENyeT MPOBEPSITh UCXOAS U3 Y CIIOBUS

M 1

—r (5.4.9)
2z, Rbel

1l.an =

rme M) — wsrubaromuii MOMEHT Ha BCKO IIMPUHY IAHEJU B CEYEHUU, PACIOJIOXKECHHOM Ha
pacctostHum 1,5 M oT paboueii TOBEPXHOCTH aHKepa,;
Z1 — PaCCTOSHHUE TI0 BEPTHKAIU OT OCH pabodeil apMaTyphl AnadparMsl 10 OCU 0DONOUKU B
STOM K€ CEUCHHUMU.
Ilpu Harpy3kax OT MOABECHBIX KPaHOB M3rHOAIOIIMA MOMEHT M1 U 3Ha4YeHME Z) CleayeT
BBIYUCIIATh B CEUEHUHM TIOJ] IPY30M, OIMKANIINM K OTope.
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5.4.13 TIporub wos, B CEpenHHE MPOJIETa MPEABAPUTENbHO HANPSDKEHHON MaHeIH-000I0uKH
KXC mpu xpaTkOBpeMEHHOM JeHCTBHM PaBHOMEPHO pPacIpeneNeHHOH Harpysku clenyer
OMpPENENATH M0 (popMyJIe

qnl4

48Epl g eq
rae ¢" — HopMaTHBHOE 3HAYEHNE PABHOMEPHO PacIIpeieNICHHOH Ha 1osioce 000I0YKH €qMHHYHON
HIMPUHBI HATPY3Ka,
Epn=0_85Es,
Io,res — MOMeHT MHEpIMH HpHBeeHHOro nonepednoro cedenus naHenn KXKC B cepenune
IIpoJieTa.
3Hauenne mporuda wo; HMaHENHM B CEPEAMHE NpoJieTa C YYETOM IJIUTENIbHOTO HeHCTBHS
Harpy3Ku U [PeIBapUTEIbHOTO HAPSDKEHHS OMPEACIIOT o hopMyie

_ by g, + (1 T 0 )% -4, 17 B (Acsp(Z) _AG;p(Z)) I
48Eb1 IO,red 6Es hOc

TIE §sh — KPATKOBPEMEHHO AEHCTBYIOMas 9acTh Harpy3KH,

(5.4.10)

Wosn =

: (5.4.11)

Wou

Pber — k03¢ GunmeHt nomyyectu 6erona no CII 63.13330;
qi — NIATENIBHO NeHCTBYIOMIAst 9aCTh HATPY3KH,
(e — SKBHBAJEHTHAas II0 MOMEHTY B CEpeHHE MpOJieTa PABHOMEPHO paclpenesieHHast
Harpyska OT CHJI IPEABAPUTEIbHOIO HANPSDKEHHs, OnpenesisieMas no Gpopmyie
8F, e
_2Tm*Top

ST o (5.4.12)
AGp2) = AGsps + AGsps — CyMMa MOTEPh NPEBAPUTENHHOTO HANPSDKEHUs paboyeii apMaTyphl
ot ycanku u nonsydecru Oerona coriacHo CIT 63.13330;

,
ASp) TO e, JJIs HalpsiraeMol apMaTypsbl, eciu Obl OHa NMeNach HA yPOBHE KpaiHero
C3KaToro BOJIOKHA OeToHa;

Es — mMogynb ynpyroctu paboueii apMatypsl auadparm;

hoe — pabouast BLICOTA MOTIEPEUHOr0 CeUeHHsl AHEIN B CEPEANHE MPOJIeTa;

Pqy — paBHopeiicTByrOIAst ycuiMii B Hampsraemoil apmarype no obskatus OeroHa,
onpenesiemMast mpu KoopPpULHeHTe TOUHOCTH HATSHKEHUS Vyp = 1;

€0p — PACCTOSIHHE OT OCH HAIIPSraeMO apMaTypbl 10 LEHTPa TSHKECTH PUBEICHHOTO CEUEeHHA
[IaHeJ! B CepenrHe IpoJieTa.

5.4.14 Pacuer mo obpasoBanHuio TpewinH B auadparmax naseneii KOKC pexomennyercs

BBINONHATH corstacHO CIT 63.13330 ¢ yuerom:

- PasrpysKaroIlero AeMCTBUsS Beca MaHeNd IPH Vs = 1 BO BCEX CIy4asx MPU OMNpeneieHUH
IIOTEPb NPEBAPUTENBHOTO HAIPSKEHUS B apMaType;

- Heynpyrux nedopmaruii 6eToHa — 3HAUCHHE MOMEHTA COMPOTHUBIICHYST Wy IPHUBEISHHOTO
CeyeHVsT IAHENH AJIsl PACTSIHYTOM PaHK IOy CKAETCs OMPENessiTh o GopmyJie

W =130, (5.4.13)

rre W — MOMEHT CONPOTHBIEHUS VI PACTSHYTOH IPaHH CEUYEHMUs, ONPEAENAEMbIi B COOTBETCTBUH
C TIpaBWIAMH CONIPOTHBIIEHHS YIIPYTUX MaTepHaIoB 1o Gopmyte

I
wo=red (5.4.14)

€, +a
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TIie a — PacCTOsIHUE OT HIXKHEH rpaHu pedpa IO OCH HampsraeMoii apmaty pbl (pHCYHOK 5.4.2).

5.4.15 O6onouxy nanenu-obonoukun KXKC pexomeHmyercst paccuuThiBaTL Ha H3ruO B
HamnpaBJieHHH ee 00pa3yoLIeii Kak KOPOTKYIO LIMITHHAPUIECKYIO 00010UKy Mexay nuadparmamu.
Ilpu 3TOM HEOOXONMMO Y4YMTHIBATD H3MEHEHHS TeOMETPHYECKOH CXEeMbl KOHCTPYKLMU
BCJIEZICTBHE POCTa MPOruOOB, MOSIBIEHHS M Pa3BUTHA TPeLIMH B nuadparmMax U yMeHbIIEHH
KPHBU3HBI 00OJIOYKH B MPOLIECCE €€ HArpy KEHHU.

Pacuer mpomsBomsaT W3 yCNOBHS, 4UTOOBI 3HAUEHUE HArpy3ku ¢p, Nepenaromeiics Ha
auadparMel 3a cdeT u3ruba oOONOYKM, HE IPEBBIIANO 3HAYEHWS NPENETIbHOH Harpysku IO
Hecymiel ciocoOHOCTH 00OJIOUKH HA H3THO, ONMpPEeNeNIeHHO! METOAOM IPENeIbHOrO PAaBHOBECHSL.

Pacuer Hecy1ueit cnocoOHOCTH 000104KK Ha U3rK0 CIEAYeT IPOU3BOIUTE IIPH:

- Harpy3Ke, paBHOMEPHO pacrpeie/ieHHOM 110 BCeil TOBEPXHOCTH ODOJIOUKH;

- CHEroBOil Harpyske, pacroJIO)KEHHOI Ha MOJIOBMHE IIpoJieTa ¢ y4eToM KodddmuiuueHTa
CHECTOOTJIOKCHHUA L = 1, d Ha y4aCTKaX HWKHUX HOKprTI/Iﬁ npu nepemnage BbICOT — C
yueToM kodddunrenta |, onpenensemoro coriaacHo CIT 20.13330;

- Harpy>keHuu  auadparM  COCPENOTOYEHHBIMH  HArpy3KaMM OT  CHMMETPHUYHO
PACIIOJIOKEHHBIX ITOABECHBIX KPAHOB;

- Harpy>KeHHH COCPENOTOYEHHBIMHI HArPy3KaMH OT CTOeK Kapkaca (oHaps U T. II.

Jlnst Kakmoro ciydast CiiefyeT IPOBOAMTH pacyeT Ha BO3MOXKHBIE HeOJIAaronpUsTHBIE
COYETAHUS HArPy30K C Koa(duuneHTamMu coderanuii, npuHumaemsivu 1o CIT 20.13330.

ITpu 3TOM YYHTHIBAIOT, YTO NPH HATPY3Ke, IPUIOKEHHOH K Momo obonouky, usrubaromas
Harpyska IOJOKHUTeNbHA (HApaBlieHa BHM3), IIPU HArpyske, MPHIOKEHHOH k auadparmam, —
OTpHLATeNbHA (HAIPaBJIeHA BBEPX), & CHErOBas HArpy3ka, NPUJIOKEHHAas Ha ONHOH MOJIOBHHE
MpOJIeTa, CO3AAET Ha Hell MONOKUTENbHY 10 M3rHOaoY 0 HArpy3Ky, Ha APYTOii — OTPULIATENBHYIO.
Cuutbl MpenBapUTeIbHOTO HaNpspKeHns paboueli apMaTypbl JuadparM co34a0T MOJTOKUTENBHYIO
M3THOAOINYIO HArPy3Ky Ha 000JIOUKY.

5.4.16 Ilpu paBHOMEPHOM Harpy>keHuH (PUCYHOK 5.4.6) MaKCHMAIIbHOE 3HAYECHHE PACICTHON
M3TUOAIOIIEeH HATPY3KH G, maxr PACCIUTHIBAIOT MO (hOpMyJie

WO,
T, =t — 1—Z—m (g+qw ). (5.4.15)
0

TIe g\ — PacueTHas paBHOMEPHO pacrnpeAeneHHas Harpy3ka, NpHIOKEHHas HENOCPEACTBEHHO K
obounouke ¢ yuerom ee Beca (Oe3 yuera Beca auadparm);
Wo,mex — PacHeTHbIH mporu0 MaHemy B CEepefuHEe MpoJeTa, onpenenseMbii mo ¢Gopmyie
(5.4.16),
g — DOKBHBAJEHTHAs IO MOMEHTY B CEpEAWHE IIPOJieTa pacyeTHas pPaBHOMEPHO
pacrpeseneHHast Harpy3ka ¢ yueToM Beca IaHenwy;
gN — BepTHKalbHAasi HArpy3ka, SKBHBAJICHTHAs 10 HOPMAJbHOH CHIE, BOZHMKANOMIEH B
000JIOHKeE OT MPEBAPUTENBLHOIO HAMPSKEHNUS [TAHeNH, onpeneisiemMas o gopmye (5.4.20);
% — KO3QODULMEHT, y4UTHIBAIOIMI HEPABHOMEPHOCTb pacHpefeNieHHs CHJI CXKAaThs B
oboouke, onpenesiemblii o popmyie (5.4.21).
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1 — ocb o6onouxu; 2 — ock paboueii apmaTypbl quadparmel
Pucynok 5.4.6 — Pacuernas cxema nanenn-o06on0uxu KKC

Bennuunel, Bxonsamue B popmyiy (5.4.15), onpenensioT no popmynam:

Wo,max =Wy _(wy ‘Wp)ﬁl_%;

017372 ad, .
wy— ZOE Gy 1+ Zb _Gsp(z) 5

A,=b,8; a=E,/E,;

Peopl2
W, =——"—
0Ly Loreq
8R, A, z,
W= 2 >
by!

T7ie Gy — Ipees TEKY4eCTH apMaTyphbl quadpar;

Wy — Iporud MaHeNH, COOTBETCTBYIOLIMI Haually TeKy4eCTH apMaTypbl auadparm;

Wp — BBITHO TTaHEJIH OT CHJI IIPEABAPHTEIbHOIO HAPSKEHNS,
Es — monyne ynpyroctu paboueii apMatypsl auadpary;

(5.4.16)

(5.4.17)

(5.4.18)

(5.4.19)

Osp(2) — 3HAUEHHME MPEABAPUTEIBHOIO HANPSDKEHHSA B apMaType C Y4e€TOM BCEX MOTEpPb,

onpenensemoe 1o CII 63.13330,

P — paBHOpmeHcCTByrOIIasl yCHJIMH B HampsraéMoil apmarype C yd4eTOM BCEX MOTEpPb

NPEABAPUTECIIBHOTO HAIPAXKCHUSA,
8o — TonmmuHA 000JIOUKH B CEpeNUHE IIPOJIETA,

gy = 8P£ IO,red e ]

N=7T | %, |>

bOl2 Yo AO,red i
:beOyozo

IO,red

30€Ch Ao,red — IuIomanb NpUBEACHHOIO CEUCHUS MAHEIN B CEPEAUHE €€ MPOJIeTa.

(5.4.20)

(5.4.21)

Ecnu BbiaucnenHoe mo Gopmyie (5.4.21) 3HadeHue y, Gonbiue 1, crexyer npuHUMaTh = 1.

IIpu onpenenenny H3rHOAOINEH HATPY3KH @bmax 3HAYEHUS Gyp(2) M P, BXOIsIIIME B HOPMYJIBI

(5.4.17), (5.4.18) u (5.4.20), BBIYUCIISIFOT TIPH Vsp = 1,1,
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5.4.17 MunHMaNbHOE 3HA4YEHHE U3THOAIOINEH HATPY3KM ¢pmin NPH  PABHOMEPHOM
Harpy>KeHUH [AHEN ONPENeIIIIOT 0 GopMyte

WO,min

qb,mn=qM—{1—T }(qﬂm)x , (5.4.22)
0

e Womin — PACYETHBIA MPOruG MAHENH B CepenuHe MPONeTa NpPM HATpy3Ke, PaBHOH ¢,

ornpenesieMblii o Gpopmyie

—
q

wO,min=wy_(we _”’p)/\/l_i,; (5.4.23)
u
31IECh Wy, Wp, g, ¥, omnpenenstoT no dopmynam (5.4.17), (5.4.18), (5.4.20), (5.4.21),
Osp(2), P ONpeAeTsIoT MpH Ysp = 0,9.
, 8Gy A zg
W=
byl

5.4.18 Tlpu Harpy>XeHMH MNaHENH-00O0JOUKH IOCTOSIHHON PAaBHOMEPHO pacIpeieeHHOM

(5.4.24)

Harpy3koi g B COY€TaHUH C HArpy3KOH OT CHera §, PacIIOI0KEeHHO Ha JIeBOI MOJIOBHHE IIpoJieTa
(pucyHOK 5.4.6), n3rubaromue Harpy3Ku COOTBETCTBEHHO I JIEBOU (s U MPABOH b, TIOIOBUH
nporneTa OnpenelstoT o Gopmynam:

2(1+Y)WO max |[ 3+ 2Y
= —1- — + ; 5.4.25
D0 =9uss { @+1)z0 { 3 8 qN)x, ( )
2W0min 3+'Y
.= |l || =g+ 5.4.26
qb,r q]\l,r l: (2+y)20:|[ 3 g quX: ( )

TIe gy ¥ g, — PABHOMEPHO PaclpeeNIeHHbIE HATPY3KH, IPUIIOKEHHbIE HEMOCPEACTBEHHO K
000JI04KE COOTBETCTBEHHO Ha JICBOIi 1 NIPABOi TMOJIOBHHAX INPOJIETA C YYETOM COOCTBEHHOTO
Beca 000JIOUKY,

Y — OTHOILIEHHE BPEMEHHOIl (CHEroBOi) K MOCTOAHHOWH PaBHOMEPHO paclpesiesIeHHOM
Harpyske, onpezneiszemoe 1o popmyJie
y=s/g, (5.4.27)

37€Ch Womax , Womin — BbMUCIIIOT 1m0 Gopmynam (5.4.16) u (5.4.23), 3ameHss g Ha q. ,
omnpenensiemyio 1o popmyie
q.=g+0,5s . (5.4.28)

B dopmyne (5.4.25) mapaMerpsl Womax M gv BBIMHCIAIOT HpPH Ysp = 1,1; B hopmyne (5.4.26)
napamMeTpbl Womin U gN BEIMHCISTIOT TIPH Ysp = 0,9.

ITpu pacuere HeCyled CIOCOGHOCTH 00ONOUKH Ha H3THO METONOM NpPEENbHOTO PABHOBECHS
CXeMy pa3pyLIeHHs 000/04eK IPHHAMAIOT B BUJIE, TPUBEAEHHOM Ha pUCyHKe 5.4.7.
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N > xlg[
[ /Xy

a — ua Ha muadparmy; 6 — mwan; I — obomouka; 2 — pabouas apMarypa quadparn;
3 — TpemuHbl B AMadparme; 4 — IIACTHYECKHUE IMAPHUPHI B 000I04Ke
Pucynox 5.4.7 — Cxema pa3pymenus nanenn-ooonouxu KiKC

~
N

[Ipy1 apMHpOBaHUM OOHOW CBAapHOH CETKOW ¢ pabounMMu CTEpPIKHSIMH, PacloOKEHHbIMH
BOJb OOpasyromeil 06oouky (NOMnepex MaHenmy), U IMpU cXxeMe u3jIoMa ¢ 00pa3oBaHHuEM Tpex
IIACTUYIECKUX IIAPHUPOB (HO OCHU IaHEJIU U N0 JUHUAM CONPSAKCHUA 060J’IO‘IKI/I C ByTaMH
nuadparm) 3HaUEHHe MPeneTbHON HArpy3KH gy, KH/M2, OmpenesnstoT 1o GopMy e

_8000R 4, R, 4,
1 TRy,
rae Rs — pacueTHOe compoTHBieHHe paboueil apMatypbl 06osouku, MI1a,

Ay — nomap cedenns paboueii apMaTypsl, M2, Ha 1 M 060I0UKH,
Ip — paccTosiHHME B CBETY MEXIY ByTamu fuadparm, M;

(5.4.29)

u 2

Ox — TOMNIIMHA OOOJIOYKH B PACCMATPUBAEMOM CEYEHHH, M.

AOGCOMIOTHBIE 3HAYEHHA PACYETHBIX HM3rMOAIOIIMX HArPY30K, HaHAeHHbIE TO (POpMysam
(5.4.15), (5.422), (5.425) u (5.426), He NMOKHBI TPEBBHINIATH NPEAETBHOW H3rubaroeit
HarpyskH, onpeneneHHoi no gpopmyie (5.4.29).

5.4.19 IlpoyHOCTB CONMpsXEeHU 00OJIOUKHU ¢ AradparMaMu CiienyeT NPOBEepsITh PACIETOM Ha
uw3rnb ceuenmit [I-II u III-III (pucyHoxk 5.4.4) mpu peiicTBMH Ha OOOJIOMKY pacCUETHBIX
U3rubaomux Harpy3ok. IIpu 3TOM NPUHUMAETCS, 9TO M3rUOAOINHE MOMEHTHI B BEPTHKAIBHOM
II-1I (y magana ByTa) u ropusoHTansHoM cederusix 111 (o auadparme) onvHAKOBBL 3HAYCHHUS
PacCYETHBIX M3rudAIOIMKUX MOMEHTOB M2 U M3 115l 5THX cedeHHi onpenesstoT no hopmyie

My=M,=—q [’5+”b(ab +1, )} (5.4.30)
16 2
i€ ¢ — pacyeTHasi M3rubaroLas Harpy3Ka JUis PACCMAaTPHBAEMOI CXeMbI HATPY KEHHS,

ap ¥ lp— cM. pucyHok 5.4.2.

5.4.20 TIporu6 wo; maHeau B CEPENMHE MPOJIETA C YIETOM IIMTEILHOrO HEHCTBUS HATPY3KH
U NIPEIBAPUTENBHOTO HANPSDKEHUS ONPEAEISIOT 1o hopMyJie

7B[qsh +(1+(Pb,cr)ql —qg]l4 3 AG 2 I
- 48Ebl ]O,red 6Es hOc

T1I€ gsh — KPATKOBPEMEHHO JIEHCTBYIOLIAs YaCTh Harpy3KH,

ol , (5.4.31)

Pb,er — k03¢ hument nomydectu 6erona no CIT 63.13330;
qi ~ NIIATENBHO EHCTBYOIas YaCTh Harpy3KH,
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e — OKBHUBAJICHTHAasA IO MOMECHTY B CEPEIUHE MNPOJIETA PABHOMEPHO pacnpencicHHas
Harpys3ka OT CUJI MPEeABAPUTEIBHOI'O HAIPSKEHUS, OnpeacirsieMast 1o cl)opMyJIe
_8%w €op

e = ) 5432

AGsp2) = AGps + AGsp6 — CyMMa IOTEPh MPEOBapUTENBHOTO HANPSKEHU paboueii apmarypel
OT ycaaku u nonsydectu 6erona cornacuo CIT 63.13330;

Es — monynb yupyroctu paboueit apmatypsl nuadparm;

hoe — pabouast BbICOTa MOIIEPEUHOIO CEUEHHs ITaHeH B CEPEAUHE MPOJIETa;

Pqy - paBHOmEHCTBYIOIIAs YCHJIHM B HampsAraeMmoil apmarype mo obxkarus OeroHa,
omnpenensiemasi npu KooGGULHEHTe TOYHOCTH HATSXKEHHA Ysp = 1;

€0p — PACCTOSIHIE OT OCH HAIPSIraeMoit apMaTyphl 10 LIEHTPa TAXKECTH NPHBEIEHHOTO CCYCHUS
MaHesy B CEpeAUHe MpOIeTa;

B — mmpuHa nasemnu.

Hpumep 12

3aoanue: mns MOKPHITHS MHOTOIIPONIETHOTO 37aHUs C MpoyeraMH 24 M 3aNpoeKTHPOBATH
manenb-0000uKy pasmepamu 3x24 M. 3nanue pacmonoxeHo B Il cHeroBom patione.

Marepuasn naHenu-o0071049KU — erkuii 6eToH kinacca B30 Ha NIOTHOM MENKOM 3amonHuTe e
Mapku 1o cpexueii miorHoctn D1750. Ypensublit Bec Gerona g = 1,75:9,81 = 17,2 xKH/M;
Ry =17 MI1a; Rpser = 1,75 MIla; Ree = 1,15 MIla; Ep = 19000 MITa.

Hanpsiraemast apMaTtypa H3TOTOBICHA M3 TEpMHMYECKH YIPOYHEHHOIl cBapuBaeMoit
apMaTypHOIl cranu nepuopmdeckoro mpodunst kiacca A600 ¢ HOPMATHBHBIM 3HauYeHHEM
COIPOTHUBIICHUS PACTKEHUIO R; 5or = 600 MIla u pacueTHBIM conpoTusieHneM Ry = 520 MIla; E;
= 200000 MIla. Ilnura OOOJOYKH apMHUPYeTCsl XONOAHOAE(HOPMHUPOBAHHONH apMaTypoi
nepuonguueckoro npoduns xnacca B5S00 ¢ Rs = 415 MITa.

Jnst apmupoBanus quadparm uCnois3yercst apMarypa kiaacca A500 ¢ Ry =435 MIlau Ry,
=300 MITa.

Koadduiment mpuseneHus miomaay apMaTyphl K Iomanu OeToHa:

E, 200000
E, 19000

KoHCTpyKTHBHBIE pa3Mephl IIaHeIU-000I04YKY IPUBENEHB! Ha pUcyHKax 5.4.8 1 5.4.9.

=10,526.
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a — IUIaH; 6 — BUA COOKY; / — BEpPTHKAIBHOE PeOPO SKECTKOCTH; 2 — pa30HBOYHAA OCh
Pucynox 5.4.8 — Ilanenb-o6on0uxa KIKC

0,5b;=1470
370 1100
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\
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b= | 1370
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1 — HanpsiracMas apMarypa; 2 — BEPTHKAIBHOC PeOPO KECTKOCTH
Pucynox 5.4.9 — onepeunoe cevenne nanenan-o06oyn0uxu K/KC (k npumepy pacuera)

HomunanbHbie pasmeps! nanein boxlo = 3x24 m.
Bricora ceuenns B cepenune mmponera A = lo /20 = 24000 / 20 = 1200 mMM; TO Ke, IO OCH

oropst A =250 mm > 0,01 /o = 0,01-24000 = 240 MM 171 YBA3KH C pa3MepaMU aHKepa U3 yroyika
L250x160x20.

JnvHa HIDKHETO FOPU3OHTAIBLHOIO Y4aCTKa Y Omop X6-5 ~ 1,5 A = 380 mMm (pucyHox 5.4.10).
Vron HaKJIOHA HUKHEH MOBEPXHOCTH OOO0IOUKH Y OMOphL o = 27° (tg oL ~ 0,5).
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1 — cTepxHH TOPIIEBOi apMarypsl, [/ — ankep pabouci MpoAOIBHOH apMaTypsr; 1... 6 — HOMEPa XapaKTEPHBIX TOUCK
TPOAOJBLHOTO CCUYCHHS TIOCEPEANHE MAHEIH; 3 — OCh 000JI0UKH
Pucynok 5.4.10 — T'eomerpuueckast cXeMa 000J109KH MexIy AMadparMamMmu

Pacuernsrit nponer nanenu / = lo — 300 = 24000 — 300 = 23700 mMm.

Ouepranue BepxHeii moBepxHOCTH 060N0uKH 1o mapabone y = 4 fx (lo — x) / lo*.

Ioavem obonouku f = h. — b = 1200-250 = 950 mm. IIlupuHa HUKHEro Mosica ABYX
nuapparm 2by = 2-100 = 200 mm; Beicota ytomueHus Ay = 100 mm. Ilupuna nanenu
b’y = 2940 Mm.

Pa3mepbl ByTOB IIOJKK U YTOJNILEHUsS BEPXHEro mosica AuadparM panbl Ha pucyHke 5.4.9.
TommuHa kpaiiHUX OT OMOp HaHeneH creHok auadparM by = 100 MM; TO ke, OCTAJIbHBIX MAHENEH,
b = 40 mm. Beprukanbubie pedpa KeCTKOCTH pasmepamu cedeHHst 2x80x80 MM pacHoNOKeHbI
uepe3 1,5 m. Ilneuo BHyTpeHHEI mapsl CHI B CepeArHE MpoJieTa maHeau zo = 1200 — 30/2 — 50 =
1135 mm.

HaunGonbiieil BeicoTe cTeHOK auadparM mnapaboiHuecKoro odepTaHHs MeXAy MOsCaMH B
cepenune nposera 7' = 1200 — (133 + 125) = 942 MM COOTBETCTBYET MaKCHMAJILHOE 3HAUYEHHE
HEPABHOMEPHOH HArpy3KHd gmax. OTY HArpy3ky IenecooOpasHO 3aMeHHUTb pPaBHOMEPHO
pacipeneieHHOMN, SKBHBAIEHTHOMH 110 M3rubaroieMy MOMEHTY B CepenuHe nposera naHend. s
BBIUKC/IEHUST M TIONOBHHA CTeHKH auadparmel pasneiieHa Ha TpeyroabHuk F1 = h' [/ 4 u
napabomuueckuii cerment F2 =h' [/ 12 (pucynok 5.4.11).

0,25/

L
’ -~
- -

- -~
FZ

- ¢F1
|
1

—

1/3

0,5/

Pucynok 5.4.11 — Cxema nojacdera HArpy3KH 0T CTeHKH JuadparmMel NapaboanvecKoro
O4YepTaHus: HArpYy3Ka oT miaomaau F1 — Tpeyrojabnuka; F2 — napaéoinueckoro cermeHTa
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Uzrubaromuii MOMEHT B CepesiMHe NpojieTa oT GaKTHIEeCKOit HArpy3ku M’ = 5 gmax 2 / 48.
DKBUBAJIEHTHASA MO U3TMOAKOIIEMY MOMEHTY Harpyska ¢’ = 8 M’/ 2 = 0,833 gmax. B 3TOM ciiyuae
C Y4ETOM BeCa CTEHKHU U pebep sxkectkoctu ¢' = 1,3 kH/M umm 1,3 /3 = 0,37 kH/M?.

PaBHOMEpPHO pacrpenesneHHble HAarpy3ku s cpeaHel dactu mponera mnaHenn KOKC
npuBeneHsl B Tabmuue 5.4.1.

Tabnuua 5.4.1

HaumeHoBaHue Harpy3ku HopwmarusHas | Kosdduiment | PacuyerHast
Harpyska, HaEKHOCTH Harpyska,
klla 0 Harpy3Ke yr klla
Tlocrostnnas ot Beca:
- KpOBIIH 1,11 1,3 1,44
- TIOJIKM MTaHEIH 0,52 1,1 0,57
- Byta monku 0,045 - 0,22 - 17,2/3 0,06 1,1 0,07
- HuxHero mosica 0,2 - 0,1-17,2/3 0,11 L1 0,12
- BepxHero mosica 0,11 - 0,08 -2-17.2/3 0,10 11 0,11
- cTeHOK auadparm 0,37 L1 0,41
UTOI'0 Gser = 2,27 g =272
Bpewmennas (cuerosas, 111 paiion), Sg = 1,5 xI1a | sg = 1,28* 1,4 s=18
BCETO (g+8)ser = 3,55 g+s =452

* Koo UIMeHT C,, yHUTBIBAIOIINN CHOC CHETa C MOKPLITHs, MPUHST paBHbIM 0,85. CHerosas
HArpyska npuHATa paBHOMEpHO pacupenenenHoli (L = 1) mo b.6 CIT20.13330.2016, Bapuanr 1.

Harpyska Beca MeCTHOTO yTOJIIEHHs 000NIOUKH Y omop naHeu (pucyHok 5.4.10):
Gir=M—h’) (xss+0,5x54) b7y =(0,25-0,03)(0,38 + 0,5-1,0) 2,94-17,2:1,1= 10,77 xH.
DTa Harpy3Ka He 3aMeHETCsl SKBUBAIIEHTHOH PaBHOMEPHO PaCTpeneneHHOMH, a YIUThIBAeTCS
JUISL ONIpENENIEHUs YCHIIMIA IPU CTATHYECKOM pacuere naHenu. LISHTp TsHkeCTH NOMOIHUTENLHOM
Harpy3Kd pacroioxkeH Ha pacctostHuu 0,6 M OT onop.
TlonepeyHas cuna 1 H3rudalO M MOMEHT C Y4eTOM MECTHOTO YTONIIEHHs 0O0JOUYKH Y OTIOp:
Omax = (g + 8) bo 1/ 2+ G1=4,52-3-23,7 /2 + 10,77 = 171,5 xH;
Mumax = (g + 5) bo 2/ 8 =4,52-3-23,7 /8 = 952 xHwm.

Pacuer o6010uxkn K)KC no o0mieii Hecyiei cnocOOHOCTH H YCTOHIHBOCTH

Tpebyemas 1mwiowanp cedeHus pabodeil NpenBapUTENbHO HANPSDKEHHON apMaTypel A600 B
HIbKHEM nosice auadparm o popmye (5.4.1):

As =952-10° / (1135-520) = 1613 mm>.

Tpunumaem 2532 A600 ¢ A, = 1608 Mm>.

Tpebyemast TOMMMHA CPEAHEH YaCTH CBOAA 00OJIOUKH HAXOAUTCA U3 yCJIOBHS IIPOYHOCTH T10
dhopmyie (5.4.2):

845 = 952-10°% /(0,75-1135-2940-17) = 223 MM < h’y = 30 MM, Ha3Ha4eHHOH IO
KOHCTPYKTHBHBIM COOOpasKeHHSM.

T'eoMeTpHUECKHEe XapaKTEPUCTHKK cedeHus B cepemute nponera KOXKC, neobxonumeie nms
MPOBEPKH 0OOJIOYKH 0 yCTOHUNBOCTH, IPUBOIUM O€3 pacuera:

Area = 258512 MM, Srea =200544040 M.

PaccTosHME OT HIDKHEH MPAHM 1O LEHTPA TSKECTH CEUEHHA Y = Sred / Ared = 776 MM,

h—y =1200- 776 = 424 mm;
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SKCHEHTPHCUTET YCUJIUS MPEABAPUTEIILHOTO 00XKATHS egp = 776 — 50 = 726 mm;

PacCcTosiHUE OT LEHTPA TSHKECTH CEYEHMS N0 OCH CIKATOM MOJIKH Yo = zo — eop = 1135-726 =
409 mm.

MOMEHT HHEPLIUHU MPHBENAEHHOTO cedeH st Jre.d = 50788-10° mm*,

Hsrubaroumit MOMEHT OT HArpy3KH ¢ KO3 PULHEHTOM HAIEKHOCTH Y= 1:

Mo =(g + S)ser bo */8=3,553-23,7> /8 = 747,75 xHwm.

Iposepka ToMIMHBI 000JOYKH Ha yCIOBHOE KPHTUYECKOE HAIPsKEHHE CxxaTus o Gopmyie
(5.4.3):

8,5 = 0,8-22004747,75-10° - 409/(5758-50788-10° ) = 18,0 mm < 30 M,

rae B kKadecTBe mMonyuisi nedopmanuii 6erona npussT Ep: — Moaynb nedopmanmii GeToHa npu
nponpospkutensHoM aeicteuM Harpy3ku no CII 63.13330; Ep = Ep /(1 + @per), = 19000 /3,3 =
5758 MIla; @s,cr = 2,3 nna 6etona B30 mpu HOpMaNbHON OTHOCHTENBHO BJIAKHOCTH BO3LyXa.

HasnauenHast TonmunHa 00004k A7 = 30 MM yAOBIETBOPSIET YCIOBHAM MPOYHOCTH U
YCTOWYHBOCTH.

I'eomerpuueckoe moctpoeHue BepxHeii mosepxHocTu obonouku KIKC u ee mepemenHoi
TOJIIMHBI HA TPHOMOPHBIX YUACTKaX MaHeNH (PUCYHOK 5.4.10) BHIMOJHACTCS ¢ UCIIONB30BAHUEM
ypaBHEHUsI BEPXHeii OBEPXHOCTH 000NI0UKH

y=4fx(-x)P=4950x (23600 — x) / 236007 = 68228 x (23600 — x)-101°,

VpaBHeHIe epeMeHHOI TONMUHHBI 000JI0YKH NPUBOAXTCS HOPMY IO 1uist Hs—4:

P M, _ 952-10° _ 54820

Tz (x+2b,)y,R,  1135-(x+200)-0,9-17  x+200°

OnHako HIKHSIS TOBEPXHOCTH OOOJOYKM Ha HEKOTOPOM PACCTOSHHUH OT OMOPbI HMEET

KOHCTPYKTUBHBIE U3J10MbI, FOPU30HTAJIbHBIN y4aCTOK JUIMHOM X6-5 = 380 MM OT ONOPBI NEPEXOAUT

B HAKJIOHHBIA MOJ yrioMm 27°, mepeceKkaroluiicss ¢ KPUBOJMHENHHON HUXKHEH NMOBEPXHOCTBHIO.
OpnuHaThl, MM, TOYEK BCEX NMOBEPXHOCTEH NpuBeneHsl B Tadauie 5.4.2.

Tabauna 5.4.2
X 0 200 | 400 | 600 | 800 | 1000 | 1140 | 1200 | 1400 | 1600 | 1800 |2000
y 0 32 63 94 124 | 154 | 177 | 183 | 212 | 240 | 267 |2%4

he-a | 240 | 137 | 91 68 55 46 41 39 34 |nocrosinHast 2 = 30

y—hs4|-240 | -105 | 28 | 26 69 108 | 136 | 144 | 178 | 210 | 237 | 264
y’ | —240|-240 | 230 | -130 | -10 | 70 140 - - - - -

OTMeTKM HIDKHEH IIOBEPXHOCTH OOOJNIOUKU ONpEeNessioTCs Kak pasHocTH (Y — Hs-4).
VpaBHeHHe cekyuieii miockocti y’ = —240 + 0,5(x — 380) ot x = 380 go x = 1140 mMm — mecra
nepeceuenus (0,5 ~ tg27°). B MecTe mepeceueHns INIOCKOCTH ¢ MapaboJIiiecKoi TOBEPXHOCTHIO
1o ee 0Opa3yroILell AeaoT MIIaBHOe 3aKpyTiIeHHe HeOOJIbIIOro paaryca, C TeM, YTo0bI H30ekKaTh
KOHLICHTPAIIUU HATIPSDKEHUH.

[Tnomane cedeHus cTepskHeil TOPLIEBOM apMaTyphl As1 ONPENENsoT M3 HauOOJbLIEro IO
semmunne ycuus Ne no dopmynam (5.4.4) u (5.4.5), rne g = 2,72 — 1,44 = 1,28 xH/m? - Harpyska
0T cOOCTBEHHOr'O BECa ITAHEIIH.

Ne= (1,216 +2)-23,7%-2,84 / (64-1,135) = 70,62 xH;
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N =520-1608-2,84 / (8-2,94) = 100,965 xH > 70,62 xH.

Tpebyemoe Koaru4ecTBo apMaTyphl kiacca AS00 4s = 100965 / 435 = 232 mm?. TIpuauMaem
2214 A500 ¢ A5 =308 mm”.

Hzrubaromuil MOMEHT OT pacueTHOM Harpy3Ku B CEYEHUH Ha paccTossHuM 1,5 M ot paboueit
ITOBEPXHOCTH aHKepa (Touka 4 Ha pucynke 5.4.10) npu (g + 5) = 4,52 kH/m*:

M =4,523(1,5+0,05)(23,7-1,55)/2=232,77 xHm.

PaccrosiHue 10 BEpTHKAIU OT OCH pabodeil apMaTypsl 0 OCH OOONIOUKH B TOM K€ CEUEHUH:

z1=4-1,135 (1,5 + 0,05)(23,7 + 1,55) / 23,7=0,28 m.

TpebOyemyro miomans padodeldl IMOBEPXHOCTH aHKepa HPOAONBHON apMaTypbl KaKAoi
muadparmel Hatinem o gopmye (5.4.9):

A1 = 232770000 / (2-280-17-1,0) = 24450 mm?.

[pu wupune nonku L250x160x20 /1 = 250 mm TpeOyercs nnnHa ankepa /2 = 100 Mm.

Jlist pacdeTa Mo MPOYHOCTH CEUEeHH, HAKJIOHHBIX K IIPONOJBHON ocH AuadparM; cedeHui
obostouku Mexny auadparmamu u st nposepku nanenn KXKC mo mpenenbHbIM COCTOSHUAM
BTOPOM TIPYIIIBl HEOOXOAMMBI XapaKTEPHCTHKH MPEIBAPUTENILHOTO HANPSDKEHHA apMaTyphl U
yeunuii obxatus 6eToHa, onpeneneHne KoTopsix BbinonHseM no CIT 63.13330.

TIpenBapuTeIbHO HANPsKEHHAA apMatypa 20332 A600 ¢ Asy = 1608 mm?, Ryp = 600 MITa.

Crnocol HaTsHKEHUsI apMaTyPhl — dJeKTpoTepMudeckuii. TeXHONOrus N3roTOBJIEHHUS TUIHTHI —
C IPUMEHEHUEM MPOTIapUBAHIISL.

INepBble moTepy HANPSXKEHUI:

- IOTEPH OT PeJIaKCalliK HANPSDKEHU B apMatype IpH Gsp = 0,9 Rsser = 0,9-600 = 540 MIla

AGs1=0,03 65 = 0,03-540 = 16 MIla.

- motepu OT nedopmauuu CTANbHOW ()OPMBI M aHKEPOB HATSKHBIX YCTPOMCTB NpPH
SNEKTPOTEPMUYECKOM CIIOCO0E HATSDKEHHST apPMATy Pl HE YIHTHIBAIOTCA: AGsp3 = AGsps = 0.

Takum ob6pazoM, cyMMa MepBbIX MOTePb AGgypa) = AGs1 = 16 MIla, a ycunme obxarus ¢
yUETOM MEPBbIX HOTephb paBHO P(1) = 1608-(540 — 16) = 842592 H.

B cOOTBeTCTBUM C BBHIYUCIEHHBIMH PaHee 3HAUEHUSMU: Vsp = €gpl = 726 MM NpOBEpsEM
MaKCHMAJIbHOE CKUMAIOTIEE HANPsDkeHHe GETOHA Gpp OT AefcTBus yeuus Pay no Gopmyne

. Fy N Fuyeop Vs My
Ared [red Ired
IMonaras u3ru6aroIuii MOMEHT OT COOCTBEHHOTO Beca M paBHBIM HYIIO:
5, = 842592 + 842592-726-776
P 258512 50788-10°
IlepenaTounyo IPOYHOCTL GETOHA IPUHMMAEM paBHO Ry, = 0,78 = 0,7-30 = 21 MIla.
Ctp = 12,6 MIla < 0,9 Ryp = 0,9-21 = 18,9 MITa.
Bropeie noTepu HanpskeHNI:
- IOTEPU OT YCaIKHU:

A6 ,5 =0,0002:10° =40 MITa.

- IOTEPH OT MOJI3YUECTH OnpeensieM 1o GopMyne

(5.4.33)

=3,26+9,34=12,6 MITa.

O’S(Pb,cr o Gbp (5434)

€ s Are ’
1+(Xusp[l i%](l_'—oagq)b,cr)
d

re:

Acssp6 =

TI€ Pb.cr — KO3 PULHMEHT mON3yuecTH GeTOHA, paBHbIHA 2,3,
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o - K03hGUIHEHT puBeneHNs apMaTypbl K OeTOHy, paBHbIi 10,526;
Wsp — KoaDUIHEHT apMupOBaHus, paBHbIit Ay /A — 1608 / 258512 = 6,22.103.
OmnpenernsieM HanpsbkeHHe OETOHA Ha YPOBHE apMaTypsbl S TIPH Vs = Vsp = 726 MM.
JU1s 3TOrO OMpenelisieM MOMEHT B CEpeIMHE MPOjieTa OT COOCTBEHHOTO BeCa IUIUTBL
Ive g’ _1,28-294.237
8 8
Toraa o gopmysam (5.4.33) u (5.4.34):
2 6
oy, = 82592 3422 -723 _264,22-10 6726 =3,26 +8,74 — 3,78 =8,22 MITa.
258512 50788 -10 50788 -10
0,8-2,3-10,526-8,22

2
1+10,526-6,22:107 1+%585612 (1+0,8-2,3)
50788-10

=264,22 xHwm.

Ac

6 = =945 MITa.

Bropeie moTepu paBHBL
AG,s +AG,; =40+94,5=134,5 MIk.

CyMMapHOe 3HaAYEHHUE NOTEPb HANPSHKEHHSL:
AGSP(Z) =16+134,5=150,5 MIla > 100 MIla.

spS

HampsixxeHue Gsp(z) C yueToM BCEX MOTEPD:
Csp2) = 540 — 150,5 = 389,5 MI1a.
Yeunue 00xaTHs C y4ETOM BCEX OTEPh:
Poy=0sp2) A =389,5 - 1608 = 626,3 xH.

Pacuer mpoyHOCTH ceueHHI, HAKJOHHBIX K MPOAOJIbHOIH OCH MaHEJH, N0 NoNnepeYHoH
cuiie

Pacuer Beinonnsiem cornacuHo CIT 63.13330.

Panee Op110 IOy 4eHO, YTO MOMEpedHast Cruia Ha onope cocrasisier 171,5 kH unn Ha kaxayro
u3 nuadpparm Q = 171,5/2 = 85,8 kH.

OmOpHBIM CeYeHHEeM CUNTaeM CeueHHe quadparmbl 3a ONOPHON OajKoH, T.€. Ha PaCCTOSHUH
380 mm ot Top1ia manenu (pucyHok 5.4.10). 3necs A = 240 + 65 — 50 = 255 Mm.

B cooreerctBun ¢ 5.4.11 Ha yuactkax amadparm mnusoi 0,85 — 0,1/, IPUMBIKAOIUX K
onopaM (pucyHok 5.4.4) HeoOXOAMMO YCTaHABIIMBATH KOHCTPYKTHUBHYIO [TONEPEUHYIO apMaTypy.
ITpunnMaeM s kapkaca apmatypy J6AS00 ¢ maroM # = 100 Mm.

VYcunue B monepedHoON apMaType Ha €AMHULY JJIHMHBI 3JIeMEeHTa

R, A, 300-283
dsw = =
u 100
rae Ry, = 300 MITa (st apmatyper AS00); Ay = 28,3 Mm? — st &6 Mm.

3agaeMcs mpoeKUMeit HAKIIOHHOTO cedeHus ¢y = 2 Ao = 2-255 = 510 MM u HalieM BBICOTY
ceyeHus Ha pacctostHuE 380 + 510 = 890 MM ot Topua na”enu. M3 pucynka 5.4.10 cnenyer, 4to
h =155+ 240 =395 Mmm.

PacuerHoe 3Ha4Y€HNEe MPOEKIMK HAKJIOHHOM TPELUHbI HaiineM o Gopmyre

¢=hy, L — (5.435)
0,75q,, (9, R, b)+1,5tg% 0

=849 H/mm™m,

rae ¢ — yroj HakJOHa BerHeﬁ TMOBEPXHOCTH IIJIUTHI C KOHLIA HaKJIOHHOH TPEUHBI
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155
tgp=——=0,174.
£97%00

Omnpenensiem cpenHue CXMMAIOIIME HATIPSDKEHNS B OETOHE OT BO3AEHCTBHUSI IPOJOIBHBIX CHIT
B JIONSAX OT MPOYHOCTH OeTOHA

6, P 3132-10°

R, RA 17-39500

rae A1 — nomans nuadparmet bxh = 100 - 395 = 39500 Mm?;

P =626,3/2=313,2 xH — ycunue ob>xxarust OeToHa Ha OfHYy nuadparmy.

0,466

Iockonbky 0,25 < cecp Rb = 0,466 < 0,75, npuanmMaeM ¢, = 1,25.
ITo popmyane (5.4.35)

c=255 1> > =447 mm.
0,75-84,9/(1,25-1,15-100)+1,5-0,174

Ilpunnmaem HeBbITONHEHIIEE 3HAYEHHE C1 = ¢ = 447 MM.

Ha paccrosinun 380 + 447 = 827 mM nonHasi u pabouasi BLICOTbI MOMEPEUHOTO CEYEHUs
nuagparMbl paBHbI:

h=827-0,174 + 240 = 384 mm; /o =384 — 50 = 334 mMm.

Onpenenum ¢, 11si 3TOro cedenus, rae A1 = 100 - 384 = 38400 mm?;

P 3132:10°

R, 4 17-38400

0,25 <ocp Rb = 0,48 < 0,75, npunumaem ¢, = 1,25.

0, - 1,50, R, bh; _15-1,25-115-100 -3342
c 447
Ow=0,75qsw c0=0,75 - 84,9 - 447 =28463 H.
Brruucisiem 3HaueHne (J1 Ha paccrosiaud /1 = 380 +526 = 906 MM OT TopLa MaHeH:
O1=0-(g+s)(bo/2) 1 =85,8-4,52-1,5-0,827 = 80,2 xkH.
Ob + Qcw=153,8 + 28,5 =823 > 80,2 kH — npoYHOCTb HAKJIOHHOTO CE€UEHMsI ODECIIeYEHa.

0,48,

> >

=53813 H.

Pacuer moJist 000JI04KH HAa 3K BAOJIb 00pa3yromeit
Pacuer BrInonHseM B cOOTBeTCTBHH € 5.4.15 —5.4.19 ¢ yueTom ¢ = g + s = 4,52 MI1a.
B pacyere MakcuMaNbHOTO 3HauUeHUs M3rubaroLieit HArpy3Ky NpUHUMAEM Yy = 1,1.
BepTuxanpHas Harpy3ka, 3KBUBaJIEHTHAs! [10 HOPMaJbHOM cuite, o gopmyte (5.4.20):
_ 8-1,1-626,3-103( 50788-10° 726]
3000-23700° | 409-258512

KoaddurreHT HepaBHOMEPHOCTH pacIipeeNIeH st CXUMAIOIIIX CHI o Gopmyiie (5.4.21):
_2940-30-409-1135
~ 50788-10°

IpenenbHas Mo apMaType auadparM paBHOMEPHO paclperieNeHHas Harpyska mo dopmyie

(5.4.19):

_8-520-1608-1135

~3000-23700°

Boirnb naHesm OT CHII IIPEABapUTENbHOIO HanpsbkeHus o Gopmyae (5.4.18):
1,1-626,3-10° - 726- 23700>

w, = —=—57,1 Mmm.
6-0,85-19000-50780-10

=-0,8 xH/m>.

dy

=0,806.

= 4,506 kH/m>.

u
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Iporu6 naHenu B MOMEHT Hayalla TEKy4eCTH apMaTypsl nuadparm o popmye (5.4.17):
0,173-23700 .

w, =——" | 14- 520-[l+—10’526 1608

1135-2-10 2940-30

W0, max = Wy = 188,0 MM, IOCKOJIbKY q = Gu.

MecrHast Harpy3ka Ha obonouky Oe3 yuera Beca quadparm:

gm=2,72-0,64+ 1,8 = 3,88 kH/M>.

MaxkcuManbHOe 3HAYEHHE pacyeTHOW u3rubarolieif Harpy3kd TpH PaBHOMEPHOM

j—l,l -389,5} =188,0 MM.

HarpyxeHuu naxenu mo (5.4.15):
G, max = 3-88— [l - %} -(4,52-0,8)-0.806 = 1,38 kH/m>.

B pacuere MMHHUMANBHO! BETUUHHBI U3rUOAIOINeil HArPY3KY IPUHUMAEM Ysp = 0,9.
Osp(2 = 0,9 - 389,5 = 350,55 MITa.
P =350,55-1698-10" = 563,68 xH.
ITo popmyne (5.4.17):
2
W, = 0,173 2370(5) [ 4.5 o-(1+ 10,526-1608
1135-2-10 2940-30
C yuerom 6, = 1,4 Ry
q's = 4,506-1,4 = 6,308 kH/m*
Wp =-57,1-0,9/1,1 =-46,7 mm.
ITo dopmye (5.4.23):

j —350,55} =2214 mm.

4,52
6308
MuHHEManbHAS BEMYMHA W3rU0alo1eii Harpy 3Ky MPH PABHOMEPHOM Harpy KEHHWH MAHENIHU 110
tdopmy e (5.4.22):
787

o =388-[1
Db, min ( 1135

Ipu onHOCTOpOHHEH CHEroBoii Harpyske no gopmyine (5.4.27):
y=1,8/272=0,662.

o dpopmyne (5.4.28):

ge=272+05-18=3,62 xkH/M.

Womin = 2214 (2214 +46,7)- [1- =787 Mm.

j(4,52 -0,8)- 0,806 =1,09 kH™m>.

Wo mae =188 —(188+57,1) 1-252 _ 786 mu.
: 4,52
3,62
Wo min = 221,38—(221,38+46,72) [1 - —— = 46,4 mm.
: 6,308

Hsrubaromas Harpy3ka ajis JIEBOiA TIOJIOBHHBI npojieTa no dpopmyae (5.4.25):
2(1+0,662)-78,6 ( 3+2-0,662

gy =362 1- 7 OO0 TR0 13125,
(2+0,662)-1135 3

Nsrubaromas Harpy3Kka ajisi paBoil MOJOBHHBI mposieTa 1o Gopmyne (5.4.26):

2-46,4 340,662
gy, =2,08—|1- 2 ( g
' (2+0,662)-1135 3

2,72 0,8} -0,806 =1,32 kH/m>.

2,72~ o,sj -0,806=0,11 kH/m?>.
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Takum oOpasom, HauOombluas W3ruOarolas HArpy3ka IMOJNYUWIIACH IIPH PAaBHOMEPHOM
HArpy KeHUH 06OJIOYKY CHETOM Ghmax — 1,38 KH/M%.

Ilpu pacuere apMupOBaHMS IOJNKU IUINTHI €€ PAcCMATPUBAIOT Kak OalOUHyH0 IUIUTY C
mponieToM Mexkay ByTamu (220 MM, puCyHOK 5.4.9) ¢ yueroM mepepacupenesieHus yCWIUil B
HPENEILHOM COCTOSHUH.

PacueTHerii MomerT M = 1,38 - 2,22/ 16 = 0,417 xHwm.

Ipu paboueii BricoTe 0bomouku Ao =h/2=30/2=15 mm;

pacueTHbIH kK03ddumument o = 417000/ 17 - 1000 - 152 =0,1091;

OTHOCHTEJIbHAS BBICOTA CKATOMH 30HBI OETOHA £=1-41-2-01091=0]1 16.

Tpebyemas miommans ceueHus apmatTypsl 5 Mm kiacca B5S00 ¢ R = 435 MITa:

Ay =0,116-15-1000-17 / 435 = 68 mm?.

[IpuruMaeM B TomepedHoM Hampasienun &5 B500 ¢ marom 200 mm: 4, = 98 MmM%/mm.
TIpoueHT apmupoBanusi obomouxu L = 98 / 150 = 0,65% > 0,3%. B nponoibHOM HanpaBjieHHH
Tpebyercst Tonpko 02% MmM mIOMaAL cedeHus apmatypel A; = 0,2:15000/100 = 30 mm>.
IMpurumaem @3 B500 ¢ mrarom 200 mm, T.e As = 7,1-5 = 35,5 MmM%/m.m.

IIpoBepuM IPOYHOCTH COMpPsHKEHUs 0000UKH ¢ Aradparmami o (5.4.30). Pasmepsbl mponera
TIOJIKY maHeau v ByTa Jp = 2,2 M u ap = 0,22 M (pucyHok 5.4.9).

2
M, =-138. 2;—?3+%
Ceuenue ByTa 000JIOYKY B IUIOCKOCTH IpaHu auadparm (pucyHok 5.4.2):
h="5 mm; ho="75— 15 = 60 mm; apmatypa &5 B500 ¢ marom 200 mm.

Bericora cxaroii 30HBI OeTOHA NMPH BOCHPHUSITHH M3rHOAIOIEr0 MOMEHTa OTPHLATENBHOTO

3Haka x = 435 - 98 /(17-1000) = 2,508 mMm.

Hecy1uast cnocoOHOCTB ceueHust By Ta:
Maam = 17-2,508 (60 — 2,508 /2) =2,5 xHm > 0,785 xHm.
W3rubaromuit MOMEHT Apyroro 3Haka MOKET ObITb BOCHIPHHAT CeYeHHEM 0e3 apMaTyphl B

022+ 2,2)} =-0.785 kHm.

pacTsHyTOH 30He. MOMEHT CONPOTHBICHHS OETOHHOTO CEYEeHUs] C YYETOM HEyNpyTux
nedopmarmii 6eTona o gopmyne Wy = b H2 /3,5 =1000-75%/ 3.5 = 1607143 mm®.

Hecy1mast cnocoOHOCTB ceueHust ByTa Oe3 apMaTyphl B PaCTSIHYTOH 30HE:

M = Roe Wy = 1,15:1607143 = 1,848 xHwm > 0,785 xHwM, T.e nonojaHutenbHON apMaTyphl B
ByTaxX CE4EHMUs MOJIKU He TPeOyercs.

IpenenbHas Harpyska IO cxeme M3jioMa ¢ OOpa30OBaHMEM TpeX IApHUPOB IO Gopmyie
(5.429)

8000-415-98_[  415-98
T 105.2.02 10917

4To OOJNbILIIE HArPy30K, MONy4deHHbIX mo dopmyiam (5.4.15), (54.22) u (5.4.25); sro
MOATBEPKIAET, YTO HECYINasi CIOCOOHOCTh 000JI0UKY Ha H3rud odecreveHa.

} =1,855 kH/™?,
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Iposepka nanean KIKC no npenenbHbIM COCTOAHHAM BTOPOi rpynnbl
Pacuer mo 06pa3oBaHMIO TPEIHH

Hsrubaromuii moment B cedennn KIKC nocepenuHe nmpojiera OT HOPMaTHBHOH HAarpysKu ¢
w=1

Mser = 3,55 -3 -23,77/ 8= 747,7 xHwm.

MOMEHT CONPOTHBJICHHSI CEYEHHSI OTHOCHUTENILHO HUXKHEH I'paHU CEUCHHUA:

Wred = Irea/y = 50788-10° / 776 = 6,55-107 mm>.

To ke, ¢ yueroM Heynpyrux aedopmarumii berona:

Wo =13 Wyea=1,3-6,55-107 = 8,52-107 mm°.

Hnsa nerkoro OeroHa kinacca B30 ¢ IIOTHBIM MENKHM 3aMoOJHUTENEM Rpr = 22 Mlla,

Rprser = 1,75 MIla; ycunue npeaBapuTEIbHOTO HANPSDKEHUS] apMaTypbl C y4€TOM BCEX MOTEPD
P=626,32 xH.

PaccTosiHHe OT LEHTPa TSKECTH MPUBEAEHHOIO CEYEHWs] [0 TOYKM sApa, Haubonee
yIAJICHHOH OT PaCTAHYTOM 30HBI:

7= Wrea/ Ared = 6,55-107 / 2,85.10° = 230 mm.

Wsrubaromuii MOMEHT, BOCHPHHUMAEMBIH CeueHneM, HOPMAJIbHBIM K MPOJOJbHON OCH, IPH
00pa3oBaHuM TPELIKH:

Mer= Rigser - Woi + p (€0p + 1) = 1,75 - 8,52-107 + 626,32-10% (726 + 230) = 747,9 xHm > M.,
=747,7 xHwm, T.e. TpeILUHbI He OOPa3yIOTC.
Pacuer no aedopmanuam

PaBHOz€liCTBYOLIAs YCUIINIT B HANIPATaEMOI apMaType 10 obokarust OeToHa:
Py = 1608 (540 — 16) = 842,59 xH.
DKBUBAJIEHTHAS TI0 MOMEHTY B CEPEAUHE MPOJIeTa PABHOMEPHO pacrpeneeHHas Harpy3Ka ot
CHJI IPEABAPUTENHHOrO HanpsixkeHus o gopmye (5.4.32):
_8-84259-10° - 726
° 23700 -3000
Iporu6 mamemn B cepenuvHe MPOJNETa C YYETOM JUINTENBHOrO ICHCTBHS HATPY3KH H
NpeBapUTEILHOTO HaNpspKeHus o ¢popmyie (5.4.31):
e 230 [0,63+(1+23)-2,27-2,9]- 237"  1345-237
o= 48-0,85-19-50778 6-200000-1,15

=29 xkH/™M*.

=0,1255-0,0547=0,071 m.

1
JlonycTumblii Iporud cocrasisier %l =23,7/300=0,079m > 0,071 m.

CrnemoBaTtebHO, IPOrud KOHCTPYKIHH yoBieTBopsieT Tpeboanusam CIT 20.13330.

5.5 O6on104Ka H3 rUNEpOOJTHICCKHX NaAHETeH

5.5.1 OOCosouKH OTpULIATENbHOH TIayccoBOH KpHBU3HBI B (opme rumnepboauIecKoro
napabosonna (runapa) Ha KBafipaTHOM H IIPSIMOYTOJBHOM IUIAHAX MPHUMEHSIIOT AJsE MOKPBITHE
HPOH3BOACTBEHHBIX, OOIECTBEHHBIX U CKIAJCKHIX 3haHuii [5]. Pa3sMeps! mepekppiBaeMoro miaHa
MOTYT U3MEHSThCS B npefenax ot 10 no 70 m u 6onee.
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B MOKPBITHSIX MOTYT MNPUMEHSTHCS OJHONENECTKOBBIE M MHOTOJENECTKOBBIE THMIIAphI
(pucynok 5.5.1).

MHOroienecTKoBble rHnapbl 00pa3yroTCs KOMOHHALIMEH OJHONETIECTKOBBIX THITAPOB.

Ilpy BOSHUKHOBEHHH B TIMIapax YCHIMHA pacnopa PEKOMEHAYeTCs MNpenyCMaTpHUBaTh
YCTPOICTBO 3aTsXKeEK.

a — OJTHOJIENIECTKOBBIH; 6 — YeThIPEXJIeTIECTKOBbII
Pucynok 5.5.1 — T'unapnol

5.5.2 T'unaps! BBIMOJIHSIOT COOPHBIMI U MOHOJIUTHBIMH.

MoHONUTHBIE 0D0JIOYKH, KaK NPaBUIIO, POEKTUPYIOT [afakumi, 6e3 pedep.

B cOopHbIx 00ONOYKAaX pa3pe3Ky Ha IUIMTHl OCYIIECTBISIOT IO HAIPABJICHUIO
MPSIMOJTHHEHHBIX OOPa3yIOIUX ¥ HANPABJISIOLINX, a IUINThl MO KpasM OKaHMIISIIOT peOpami.
I'eoMeTpryeckue pasMepsl 1 apMHUpPOBaHHE pebep Ha3HA4YAIOT C y4eToM TpeOOBaHMI MOHTaXka.
CoBriazieHre reOMETPUH JIBYX MOBEPXHOCTEH — MCXOMHON M MOJy4aeMol B pe3ysbTaTe COOpKH
IUTUT — TOCTUTAETCS 32 CUET NMEePEeMEHHOI TONIUHBI MOHOIUTHBIX IIBOB.

I'unmapsl, kak NpaBUIO, NPOEKTUPYIOT C KOHTYPHBIMU 3JIEMEHTaMH, B KayeCTBE KOTOPBIX
OOBIYHO MCHONB3YIOT OOpTOBEIE Oajku U pepmpr. OO0NOUKY IO KOHTYPY MOMYCKASTCS ONUPaTh
Ha psx CTOCK. ITo nuuusIM CONPsIKECHUST OTHACNIbHBIX JICIECTKOB B 060.]'[0‘{1(3)( pacmnojararot
KOHBKOBBIE Oanku (pucyHok 5.5.1,6).

Ilpu OonmpumiMx mponeTax pacTsHYTble KOHTYPHbIE O3JEMEHTbI X KOHBKOBBbIE Oasiku
PEKOMEHIYETCs BBIIONHATD C MPEeABAPUTEIbHBIM HAIPSDKEHHEM apMaTy phl.

Ceuenus 60pTOBbIX 9JIEMEHTOB PEKOMEHAY€TCs HA3HAYaTh MUHUMAJIbHO BOSMOXXHBIMMU.

5.5.3 ApwmmupoBaHHe THUMNAapOB PEKOMEHAYETCS IPUHMMATh, pacrojaras CTEPXKHH II0
NPSIMOJIMHENHHBIM 00pa3yOLIMM U HANpaB/SIOIAM IIOBEPXHOCTU. [l apMHPOBaHUSA MJIUT
PEKOMEHTyeTCsl TPUMEHSITh CBapHBIE CETKH M3 XOIOAHONe(hOPMUPOBAHHON IIPOBONOKM KiIacca
B500. HwukHue yribl OJHOJENECTKOBBIX M MHOIOJENECTKOBBIX TMIApOB JAOIYCKaeTcs
apMHUpPOBAaTh KOCBIMHM CTEPXKHAMU KPUBOJIMHEHHOIO OYEPTAHUs, CIYXKALIUMU IJI BOCIPUSATHS
TJIaBHBIX PAaCTATUBAOIINX yCUIIMH.

5.5.4 Croiku miut cOOPHBIX TMIAPOB AODKHBI 00ECHEUHBATL BOCIPHATHE CABUMAIOMINX U
HOpMaJTbHBIX yeuiuii. CTBIKY CIeAyeT IPOeKTUPOBATH C yUETOM TpebOoBaHMiA 4.4,

5.5.5 Pacuer rumapoB NpOU3BOAST B COOTBETCTBHHU C TpeOOBaHHIMH 4.2,

VYeunus U nepeMeleHus JOIyCKaeTCsl ONPeNersiTb UCXOMs U3 NMPEATIONOKEHHs yIpyroi
paboTel MaTepuala o MOMEHTHOH TEOPHH C yUETOM BIMSHUS )KECTKOCTEHM KOHTYPHBIX SIEMEHTOB
U KOHBKOBBIX DAJIOK.
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Pacyer uerbipex/enecTkoBOH OOOJIOUKHM PEKOMEHIYETCS BBIMOJNHATD B  CIEAYIOLIEH

TIOCNIEIOBATEIBHOCTH:
- kak 000yo4kH No 6e3MOMEHTHOH Teopuu;

- KaKk INIPEHTeNIbHOH CHCTEMbl, IIOCKOJbKY IUIAH KOHCTPYKLHH

TIPSIMOYTOJIbHIIK;
- B CTaJMU MOHTa)Xa Kak 0ano4YHOH KOHCTPYKLHUH;

- pacuer Hecyleil ClIOCOGHOCTH METOIOM MPEAEBHOTO PABHOBECHS.

—  BBITSIHYTBIA

5.5.6 Hecyumyio CrnocoOHOCTb IJIaJKHX TMINAPOB Ha KBAJAPATHOM IUIAHE INPU [CHCTBHH
PaBHOMEpDHO pacIpefieNieHHOIl Harpys3kd IOMyCKaeTcs OMpeNeNsaTh MO METOAY MpeeNbHOTO

PaBHOBECHSL.

IIpenenbHas Harpy3ka g Ha OOONOYKY BKJFOYAaeT maccy OOONOYKH, KOHTYPHBIX pebep U

KOHBKOBBIX 0aJIOK
q-ptgtg.,

rae p — MHTCHCUBHOCTb r[pe;:[eanoi/'I BHEITHEH Harpy3ku,
£ — PaBHOMEPHO paclpesie/ieHHas Harpy3ka OT Beca 0OOJIOUKH;

(55.1)

g — TpHBEJeHHas PaBHOMEPHO paclpeseNieHHasi Harpy3ka OT Beca KOHTYPHBIX pebep,
(dopMybl IS ee onpeneNeHs PUBOASATCS HIDKE AT KaXKI0r0 pacCMaTPHBAEMOrO CIIyyast.

B mnpuBenennbix Huxke ¢opmynax (5.54) — (5.5.23) wucnome3yrorcst Oe3pazmepHble
TapamMeTpsl
AR u SuR, 2b, h,
O=——->—=—; = ; M= ; C=
AR, u AR, o1
| ’ (5.52)
2hr A1 Rs,t 2u Ar Rs,r
=—; V:—; m:—; n:—,
f Ai Rs,t l Ai Rs,i

rae / — CTOpPOHa KBaApaTHOrO IUIaHA ONHOJIENECTKOBOI obomouku (mo pucyHky 5.5.1 —

I=a=0b)
f— crpena nogbema oGonouku (1o pucyHky 5.5.1.a — f=f1= /),

hy, by — COOTBETCTBEHHO BHICOTA U IIMPHHA KOHTYpHOro pedpa (pucyHok 5.5.2,6);

Ry - Pacu€THOC 3HAUYCHUE CONTPOTUBJICHUSA Gerona OCE€BOMY CIKATUIO,

Rsi, Rs1 — pacueTHbIe 3HAYEHUSA CONPOTUBIICHHS PACTSDKEHUIO apMaTypbl COOTBETCTBEHHO

TOJIsI U YTJIOB,
Ry, — 1O xe, nuist apMatypsl pebpa,
U X ¥ — pasMep sUeHKU apMaTypHOIH CeTKH (pUCYHOK 5.5.2,a);

A;, A1 — mowmianb cedeHWs apMaTypHOrO CTEp)KHs COOTBETCTBEHHO CETKU H YTIJIOBOH

apMatyphl,

11 — IIar yIJI0BOH apMaTyphl (PUCYHOK 5.5.2,a);
A, — nnowanp Beelt apMaTypsl B pebpe;

A, — mnomanp Ce4eHUs 3aTAKKY,

R — HOpMaTHBHOE 3HAYEHNE COIPOTHUBICHUS PACTSDKEHHUIO METAIIA 3aTSDKKI,
hor — paccTOSHHE OT LIEHTPA TAXKECTH apMaTy pbl pedpa 10 CPEAUHHOH HOBEPXHOCTH 0OO0NIOUKH

(pucyHok 5.5.2,6);

d — paccrosiHpe OT yria o0OoNoYKH IO MOCIEXHEro CTEPXKHS YIIIOBOH apMaTyphl (PUCYHOK

5.5.2,a).
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a — apMHPOBAHKE HIDKHETO YTII4; 6 — IPHMBIKAHHE OOONOYKH K KOHTYPHOMY PeOpy; € — TO k&, K KOHBKOBOMY
Ppedpy B HETHIPEXJICTICCTKOBOM MOKPBITHH C TOPH3OHTAIBHBIMU KOHBKAMH, / — apMaTypa peopa;
2 — apMarypa noust 060J04kH; 3 — yriosas apMarypa
Pucynok 5.5.2 — Y3abl runapos

5.5.7 TIpu pacuere ONEPTBIX HA HUXKHUE YIJIbl OTHONEMNECTKOBBIX M'HMApPOB (PHCYHOK 5.5.1,
a), KOrZa YIJbl 3aKperIeHbl OT TOPH30HTANBHBIX CMEIUEHH, MpENebHYI0 HAarpy3Ky ¢ Ha
000JI0UKY ClenyeT onpenessTs no hopmyie
_24 R f
ul?
roe koa(puupent K; NpPHUHUMAETCs B 3aBUCHMOCTH OT 3HaveHus Kod(duuueHta i,
ompexnenseMoro mno gopmyie

K.

i

(5.5.3)

_1+oG-sm (5.5.4)

i

l+o+s
Ipu 1 = 0 (pucyHok 5.5.3, 6, xoraa HeliTpanbHas OCh JIMHUK U3JI0Ma He mepecekaeT pebep)

K;=2+15sn1+® (:2 (3—(;)—6(1+03 n‘;—sn)\y] +

+3 2+o+)+s (-n)]wi—20+w+s) i, ¢33
a mpu 1 < 0 (pucyHok5.5.3, 6, Koraa HefTpaibHast OCh IPOXOLUT B Ipexpeiax pedep)
K, =2+08*3-0)+316,(1+0) +15sn1(1+6,)%, (5.5.6)
rne 6, _sn-1-o¢
sm
Ilpu orcyrcTBMM yriosoro apmmposaHus B (opmyrnax (5.5.4) — (5.5.6) mpuHHMMarOT
o=(=0.

s obosouek 6e3 KOHTYpHBIX pebep 3HaueHue ko3 duimenrta K; onpenensror no Gopmye
(5.55) mpun=¢=0.
IIpuBeneHHyIO Harpy3Ky ge OT Macchl KOHTYPHBIX pedep ompenessitoT o Gopmye
g2:=37v0m, (5.57)
rae Ys — 00beMHbIN Bec OeToHa pedep.
ITonHOe 3akperieHHe YINOB OT TOPU3OHTANbHBIX CMEIICHHM JOCTUraeTcs yCTaHOBKOIL
JKECTKOM 3aTSKKH MM KOHTP(HOPCOB.
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JKecTKoCTh 3aTSKKH, PU KOTOPOH YIJIbI MOTYT CUHTAThCS HECMELIAEMBIMH, PEKOMEHAY €TCH

omnpenensars o gpopmyie (5.5.15).

.

|
|
|
|
N
Le—— ] - 7@\

JEN) Xo /
a Xq

@ — cXeMa H31I0Ma; 6, 8 — CXCMBI PACTIONIOKCHHA HeHTPATBHOM OCH
Pucynok 5.5.3 — K pacuery 060J104eK, OnepThIX 0 HHKHHM yriaM

5.5.8 Ilpu pacuere onepThiXx Ha HUXKHHE YIJIbI OJHOJIENIECTKOBBIX TMNAPOB, KOrna yrjbl He
3aKPEIICHB! MITH YaCTHYHO 3aKPEIUICHB! OT TOPH3OHTANBHBIX CMEIIECHUHN, HAPUMED, 3aTSKKaMU

(prcyHok 5.5.1,0), mpenenbHyI0 HATPY3KY ¢ HAXOAAT 10 (popmyJie
_ 2A1 R.v,n f

T (Kj+KV),

q

e K,=107m v(1-y,+05 y2);

_1-sm+035vm
1+s

Y2
- mpu , >1—,/ 1—¢ (HelTpanbHas OCb IPOXOAMT BHE KOHTYPHBIX pebep)
K;=1-075sn1=-3(1—-sv)y, +15@2+s—s n)y3 —(1+5) v3 ;
- IpU Y/, <l-,/1—1 (ueiiTpansHas och mepecekaer pebpa)
K,;=1+1,05 mnt=3(1+0,7mn)y; +3(1+0,5s +X+035mn)y; —
—(l+5+30)y3 +0,750y3 ;
3mecb A=sM/f,

_t+st+2sn—\/(t+st+2sn)2 —4snt[1+m (n+v)]
2sM '

V3

(5.5.8)

(5.5.9)

(5.5.10)

(5.5.11)

(5.5.12)

(5.5.13)

ITpu pacuere obonouxu 6e3 okafimsroiux pedep koadduuuent K; cieayer Onpenessits mno

dopmye (5.5.11) mpum =t = 0, a IpeReNbHYIO HATPY3KY Ha 060NOUKY Oe3 3aTsKKH OIMPENEISITh,

npuHuMas B popmynax (5.5.9) — (5.5.13) v=0.

IlpuBenenHy10 paBHOMEPHO PacIPeleNICHHYI0 HArpy3Ky ge OT Beca pebep OmpemelsoT no

dbopmyne
2=1570dmn.

(5.5.14)
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ITnomans ceueHUs 3aTsDKKU A;, MPU KOTOPOH O0ECIeuHBAaeTCsI HECMEIAaeMOCTh HIKHUX
YIJIOB OOOJIOUKH, HAXOMAT U3 YCJIOBHS

_ AR,
A>9I (5.5.15)
Rs,m‘
K -K
rae V= L ,ecu Yy >1—1-1 ; 5516
1,07m {1y, +05y3) V2 (516
K -K.
V= ! ,ecmn Y, S1—4/1-1 . (5.5.17)

1,07m{l—y; +05y2)

B ¢dopmynax (5.5.16) u (5.5.17) 3nauenue ko3dp¢uunenra K; BLIYUCISIOT B 3aBUCUMOCTU OT
sHa4eHust Y1 1o hopmynam (5.5.5) unu (5.5.6), a 3HaueHune ko3 dhuurenTa K; — B 3aBUCUMOCTH
OT 3Ha4yeHust /2 o dpopmynam (5.5.11) umm (5.5.12).

IIpu BbimonHeHun ycioBusi (5.5.15) Hecymyro crnocoOHOCTh OOONIOYKK ONPENENsOT
cornacHo 5.5.7.

5.5.9 Ilpu pacyere 4YETBIPEXJETIECTKOBOTO IOKPBITUS C TOPU3OHTAJIBHBIMU KOHbKaMHU
(pucyHOK 5.5.1,0, HOKpBITHE ONUpAETCs Ha TPEYrONbHBIE (GepMBI MM Ha CTEHBI, KOHBKOBbIE OATKH
PAaCIIOJIOJKEHBI BhILIE O0OJIOUKH) MPEAENbHYO HArPY3Ky ¢ Ha 000IOUKY ONpeaestoT no Gopmyie
(5.5.3), rme 3HaueHue kodd¢uumenta K; MPUHUMAIOT B 3aBUCHMOCTH OT 3HA4YeHHUS \,
orpenensieMoro 1o GpopmyJie
_1+wl-05sn

(5.5.18)
1+s

4

Ipu 4 > 0 (HeliTpasibHast OCh JIMHUM U3JIOMA HE MEpPeceKaeT KOHbKOBOH Danku) 3HAUEHUE
ko3ddunnenta K; BeMUCIAOT 10 Hopmyie

r _A-BEX3E-E

i ) 5.5.19
To2EB-38+8 ) 4
_ a2l N2 2 _ 2).
- A=3+0,75snt 3[2 sn+20)C(1 ¢) ]\u4+3sw4+2c0§(3 3C+C ), (5.5.20)
B=3[1-y, 2-sn-sw,)];
€ > 0 — ko3 duLMeHT, onpeneNsieMblii U3 ypaBHEHHs
(2-0,7B)&*~(3-A4- B)&* - 24&+ A=0. (5.5.21)

Ilpu w4 < O (mefiTpanpHas OCh JUHHUHM H3JIOMa NEpecekaeT KOHbKOBYIO Oaiky) 3HaueHHe
k0o punuenTa K; BEIMUCISIOT 10 Gopmyie

K:i=0,5(C-1), (5.5.22)
C=3+0,75t, Zmn+sn, +0;[4—sm, 2 -0, )} +20C[3(1+0,50,2,)-B-Q));
e 2h, 2h, b, sn—2-2w(-mn (5.523)
Iy = ;o Mp=—=—; 6= 5
f o/ sM

b, — mMupHUHA KOHLKOBOTO Pedpa;

Mo, _ PAaccTOsiHUE OT LIEHTPA TSHKECTH apMaTyPhl KOHBKOBOTO pebpa 10 ero IpaHu (PUCyHOK
5.5.2,6).

[IpUBENEHHYIO PABHOMEPHO PACIpPENeeHHYK HArpy3Ky g, OT Beca KOHBKOBBIX Oajiok
ompenessioT o hopmye (5.5.14).
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ITpumep 13

3a0anue: 3ampoeKTHPOBATH NMOKPHITHE 3[aHUS B BHAE COOPHON YETHIPEXJIEMECTKOBOM

COCTaBHOMH 0DOJIOUKH C FOPU3OHTANBHBIMU KOHBKAMK Pa3MEPAMHU B TIaHe 6 X 18 M, C onupaHHeM

IO yIJIaM M 3aTSDKKaMH 10 KOHTYPY. 31aHue pacnonosxeHo B III cHerosom paiione.

Obonouka cobupaercs u3 4deTpipex naHeneil B popme rumepGoOaMYEcKOro mapabosouna ¢
pasmepamu CTOpoH l4p = 9,2 M, lap = 3,6 M (pucynok 5.5.4). Ctpensl nogbema 060NOUKA MO
cTopoHaM KOHTYpa f =2 M. ITnuTs pebpucTsIe ¢ BHICOTOM KOHTYPHOTO pebpa 350 MM H TOJLIHHON
wmTsl 30 MM U3 TspKenoro oeroHa knacca B30 (Rs = 17 Mlla, Ry = 1,2 MIla, E» = 32500 MIla).
Pebpa niur apMupoBaHbl ropsidekataHoii apMatypoit knacca A500 (Rs = 435 MIla, R, = 400

MITa), none nuuT — apMUPOBAHO apMaTypoid 5 MM itacca Bp500 (Rs = 415 MITa).

Pucynok 5.5.4 — O6muii BUI ¥ reoMeTpHYeCKHEe pa3Mepbl YEThIPEXJIENeCTKOBOH 000J104KH
€ TOPU30HTAJBLHBIMH KOHbKAMM
B Tabmure 5.5.1 mpuseneH cOop HArpy30K IS pactyera OOOJOUKHU B CTaAUU SKCILTY ATALHH.

Tabnauna 5.5.1 — Harpy3ku Ha KOHCTPYKLIMIO

Hopmarusnas | vy, | Pacuernas

Bun Harpysku Harpyska, Harpyska,
klla klla

CobcTBeHHEIH Bec obomouku g (pu ¥ = 25 KH/M® u

npuBeneHHo# Tonmuse & = 0,06 M) 1,5 1,1 1,65
Bec yremmirens (y = 2,5 kH/™M; § = 0,06 M) 0,15 1.3 0,23
Bec rementHoit cTsokku (y=20 kH/m*; §=0,015 M) 03 1,3 0,39
Bec pybepornHOro KOBpa U MapOH30JALUY 0,25 1,3 0,33
Bcero qo 2,205 2,60
Cuerosas s (III cHerosoii paiion) 1,28* 1,80
Hroro q 3,485 - 4.40

* C k03 GHLIEHTOM, YIUTBIBAIOLINM CHOC CHera ¢ MOKpBITHA, C. = 0,85.




Pac4yer KOHCTPYKIHH N0 6€3MOMEHTHOH TEOpPHH

IIpennonaraercs, 4To 000I0YKa HAXOMMUTCA B COCTOSIHUH YHCTOrO CIABMIA MPU OTCYTCTBHHA
HOPMAJIbHBIX HANPSDKEHUI, MApAJUIENbHBIX OOPTOBBIM 3JIEMEHTaM (PUCYHOK 5.5.5).

Pucynox 5.5.5 — Cxema pacnpenesieHusi yCHJIMi B OTAEJbHOI NMaHe M B BHIE
THIEep0oJIHYecKoro napagoaouaa
JUisi  CKPYYEHHBIX [apajuIeJOorpaMMOB C ONHOW TIOHHXKEHHOM BEPINUHOM TJIABHbIE
PaCTSArHBAIOIME W TJABHBIC CKUMAIOINME HANPSDKCHUS PABHBI KACATEJIBHBIM HANPSKEHHAM,
KOTOpBIE HAa €IMHHUILY AJTHHBI COCTABIIIIOT:
Cprt = Opre =T =¢q /(2 k)=4400/ (2 - 0,074) = 29730 H/m = 297,3 H/cm,

rme k=f /[%1 . %} =2/ (9 . 3) = 0,074 M — cpenuumii ko3pPUIHIEHT UCKPUBIICHHUS.

HawuGonbiune HanpspkeHus B 1osie 000I04YKH TOMIHUHOMN &5 = 30 MM paBHBI
/85 =297,3 /3==99,1 H/cm? = 0,99 MITa < Ry — 1,2 MI1a;

- TOJILIMHA HOJI 00OJIOYKY JOCTaTOYHAS.

HauGodblure yCuiys B POXOIBEHOM U MOMEPETHOM OOPTOBBIX JIEMEHTAX .
M =1l1p=297-92=273xH; No=11sp=29,7-3,6=106,9 xH.
ITpoBepsiem GOPTOBOIT 3JIEMEHT C BBICOTOM ceueHust 2 = 35 cM Ha ckaTHe.

Inomane ceueHus OOPTOBOro dmeMeHTa (PUCYHOK 5.5.6) 4, = lz()% =2275 cm*.

70

g
[2e)
, <

2216 A500

h=350

60

Pucynok 5.5.6 — T'eomerpusi 1 apMupOBaHHe KOHTYPHOr0 peGpa naHeu
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Pacuertnas nnuna 6opToBoro snemenra lo = 0,8 L4z = 0,8 - 9,2 = 7,36 M (koo unuent 0,8

npunat mo 8.1.17 CIT 63.13330.2018).

Ipunumaem A; = A's = 2,011 cm? (1 & 16 A500).
OnpenensieM npenenbHOE 3HAYEHHE IPOAONBHON CHIIBI, KOTOPOE CNOCOOEH BOCIPUHSTH

OOpPTOBO¥A 3JIEMEHT.

Nuie= @ (ReA + Rsc - Asior) = 0,7 (17-227,5+400-4,022)-107" = 383 kH > N; =273 xH,

e ¢ — Ko3(p(HIMEHT, YUYHTHIBAIOLIHA IJIUTENBHOCTh 3arpy’kKeHUs, T'MOKOCTb M XapakTep
apMupoBaHus snementa, no tabmuue 8.1 CIT 63.13330.2018 npu lo / h = 7,36/ 035=21n
knacce 6erona B30. CnenoBaTesbHO, IPOYHOCTH KOHCTPYKLUUH OBecredeHa.

Onpenensiem ycumus B 3aTskkax AC u AE 13 yclnoBus paBHOBECHS CHJI B OTIOPHOM y3Ji€ (CM.

pucyHku 5.5.4 u 5.5.7):

Hyc = Nicos a1 =273 - 0,9762 =266,5 xH,

Hug = N2 cos o2 =106,9 - 0,8321 = 88 95 kH,

raetg o =2/9=0,2222; sin o1 = 0,2169; cos o = 0,9762;
tg o2 = 2/3 = 0,6667; sin o2 = =0,5547; cos o2 = 0,8321.

Oy
() <

(?/\(:H>
Ra

Pucynox 5.5.7 — Cxema ycuiuii B OIOpHOM y3Jie 000/104KH
Onpenensiem TpeOyeMyto IIIoOLanb ceueHus 3atsokek. s 3atsokku AC
Agpes =Hac /Ry = 266500 / 43500 = 6,126 cm>.

ITpuHMMaeM 3aTskKy U3 apmaTypbl & 28 AS00 ¢ 4, = 6,158 cm?.
Hns satsokku AE

Aspes =Hur /R = 8895,0 / 43500 = 2,045 cm?.

[TpuHUMaeM 3aTsKKY U3 apMaTypbl D18A500 ¢ A; = 2,545 cM?.

IIpoBepsieM MonepevHOe CeYEeHHEe CETKH, YCTAHOBJIEHHOH B IMOJIKE IUIUTHI, HA PacTsSKEHHE.
ITpunnMaeM ceTky U3 XOJOTHOTAHYTOH MpoBONOKH kitacca B500 nquamerpom 5 mm ¢ siueiikamu
200x200 MM (R, = 415 MITa, nyomab MONepevHOro CedeH st OfHOTO cTepxHs As = 0,196 cm?).

VYcunue, BO3HUKAIOMIEE B OTHOM CTEPIKHE CETKHU OT SKCINTYyaTallMOHHOI HATPY3KH,

Ni'= Gpre - U = 297,3 - 20 = 5946 H, rne u = 20 cM — mar cTepakHeil B CETKe.

Hecyuast cnocoOHOCTE otHOro crepskHs & 5 B500 pasHa

R; As = 41500 - 0,196 = 8134 H > Ni' = 5946 H. IIpo4HOCTH apMaTypbl AOCTATOUHO.

IoBepouHbIii pacueT 00010UKH KAK IINPEHIeJILHOH CHCTEMBI

Ob6omnouky B Bume runepOoIuIecKux mapadoIOnI0B ¢ BEITSHYTHIM IUIAHOM B COOTBETCTBUH
C pe3ysbTaTaMy 3KCIEPUMEHTANbHbIX WCCIENAOBAHMI JUlsi NPUOJMKEHHOrO pacyera MOKHO
IPENCTaBUTh Kak LIMPEHIeNbHYI0 WM APOYHYI0 CHCTEMy C IPOJIETOM, PaBHBIM HauOOJbieMy
nposety obonouku (pucyHok 5.5.8). BepxHuii nosic Takoii cucteMbl — cama 000JI0UKa, PH 3TOM
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BEPXHUH IIOSIC UMEET NEPEMEHHOE MONEPEYHOE CEUEHHE C MAaKCUMaJbHOM BbICOTOH Ha omope H
MUHHUMAJIbHON B cepenuHe nposera. HyokHUM MOSC CHCTEMBI — 3aTSDKKY, YCTAHABJIUBAEMble I10
JUIMHHOW CTOpPOHE IOKPBITHs, COOTBETCTBEHHO HauOOJbLIas BbICOTA CHUCTEMBI MOJNY4aeTcsl B
cepealiHe BEPXHEro Mosca.

/
HJjJ_LLUJJ_UiﬁJ_U_LLUJJ
— ® D.8
~ @ ®
D e ibg
A7 a=4,5u] l C
a:=615y | {
as=8 M | I‘
aAs=9wm
R4 L,=18wm Rc

Pucynox 5.5.8 — llpencras/ieHne 000JI0YKH B BHAE MINPEHTeJIbHOH CHCTEMBbI

OmnpenensieM m3rudarolmyie MOMEHTBI M HOPMAJbHBIC CHIIBI B HECKOJIBKHX MOMEPEYHBIX
CCUCHMSIX IJIs1 BBISIBJICHU Haubonee HeBbII‘OI[HOﬁ KOM6I/IHaLlI/II/I, YUHuTbIBaA, UYTO 3aKOH U3MEHECHUA
M3rubarOIUX MOMEHTOB TI0 MPOJIETY HE COOTBETCTBYET 3aKOHY H3MEHEHHS BHICOTHI OMEPEIHOTO
CCUCHMsA, KOTOpass U3MEHSAECTCA I10 HpﬂMOHHHCﬁHOﬁ 3aBUCUMOCTH BCJICACTBHE JIMHENYaTOCTH
TeOMETPHYECKOH (POpMBI OOOTOUKH.

OmnopHble peakuud R4 U Rc B IIMpPEHTeNbHOI CHUCTEME OT PAaBHOMEPHO paclpeneseHHOH
Harpy3ku: ¢ = q o =4400 - 6 = 26400 H/m = 2,64 xH/m:

R4=Rc=q'h/2=264-18/2=237,6 xH.

MaxcumanbHblil I3rubaroLIii MOMEHT OTIPENeNisieM B CEPEMHE TPOJIETA:

Munex = q' h?/8=26,4-18%/8=1069,2 kHwm.

Pacnop H = Mumax/f=1069,2 /2 =534,6 kH.

OmnpenensieM HopManbHble CHIIbI N 1 n3rubarommue MomeHTbl M B ceuennsix 1...5. [Ipu atom
B BEPLIMHY B yCJIIOBHO BBOOWM IIAPHUP U PaCCMAaTPUBAEM KOHCTPYKIIHIO Kak Oajiky MpOJIETOM
5/2 (pucyHok 5.5.8):

M =q (hai/4-a?/2);

M =0; M, =264 (18 - 4,5/4 — 4,5%/2) = 267,3 kHm;

Mz =264 (18 - 6,75/4 — 6,75%/2) = 200,2 xHm;

My =26,4 (18 - 8/4 — 82 /2) = 105,6 kHm; M5 = 0.

Jlis onpenesieHns1 HOpMaJIbHBIX CHJI POEKTUPYEM BCe CHJIBI HA OCh AB (M. pucyHku 5.5.7 u
5.5.8):

Ni =Ry sino + Hcos a1 — ¢ a; sin a.

N1=237,6-0,2169 + 534,6 - 0,9762 — 0 =573,6 xH;

N2=237,6-0,2169 + 534,6 - 0,9762 26,4 - 4,5 - 0,2169 = 547,63 kH,

N3=237,6-0,2169 + 534,6 - 0,9762 — 26,4 - 6,75 - 0,2169 = 534,75 kH,

N4=273,6-0,2169 + 534,6 - 0,9762 — 26,4 - 8 - 0,2169 = 527,6 xH,

N5 =273,6-0,2169 + 534,6 - 0,9762 — 26,4 -9 - 0,2169 = 521,86 kH.
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Oniopbl HOPMAJBHBIX CHJI M M3THOAIOLIMX MOMEHTOB IPUBEIECHbI Ha pHCYHKe 5.5.9.
IIpoBepsieM HeCyInyr0 CIOCOOHOCTh KOHCTPYKLMH B Ce4EHMsAX 2 u 5. B OCTaNbHBIX ceueHMsX
HECyILasi ClIOCOOHOCTD MPOBEPSIETCS AHATIOTHYHO.

5736

Pucynox 5.5.9 — Jnmoppl H3rudamux MOMEHTOB H HOPMAJIbHBIX CHJI B IINPeHreJIbHOH
cHCTeMe
I'eomeTpuueckue pa3Mepsl IIPEHTENbHON CUCTEMBI B CE€U€HNH 2 MPUBEIEHBI HA PUCYHKE
5.5.10.

5530
y.m. ceqyeHusn 8 E(
70, 2616 2016 SHE
_ﬂ 8 o]
216 2016 8"~
8 3000 3000
A

Pucynox 5.5.10 — I'eomeTpuyiecKHe pa3Mepbl LINPEHreJIbHOH CHCTEMbI B CCUeHHH 2

Pacuer ceyeHust 2 mpoBORMM Kak JUIs BHELEHTPEeHHO cxaroro snemenTa no CIT 63.13330.
IIpuBenenHoe ceueHue B BUAE JBYTaBpa IOKA3aHO Ha pUcyHke 5.5.11,a.

a bj'r 6
As

CZs] =

-Qovt -&a.:
A A
1)
< ]—% ./_~¢

a — IBYTaBPOBOE, 6 — IPSIMOYTOJBLHOE
Pucynox 5.5.11 — llpuBeaeHHble cedeHUs] MINIPEHIeIbHOH CHCTEMbI B CE4eHUH 2

UcxonHble JaHHBIE: pacyeTHas [UJIMHA JieMeHta [y = 7,36 M; TIeOMeTpu4ecKue
xapakTepuctiku ceuenus: 1 = 135 cm; by=b'r=13 cm, hr=hr=35cmya=a =17,5cm; ho =
117,5 cm; mowans cevenus apMatypol As = A" = 8,04 cM? (4D16A500), yeunus M = 267,3 kH-m,
N = 547,63 kH.
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OnpepensieM MOJIOXKEHHE TPAHHULIBI CKATOM 30HBL

Ry by hf = 1700 - 13 - 35 =773500 H = 773,5 kH > N = 547,63 kH — rpaHuLa c:kaToii 30HbI
NPOXOAMT B MOJIKE CEYEHHUs, IOITOMY pacyeT MPOBOAUM Kak JUISl MPSMOYTOJbHOTO CEYEHHs
wpuHoit b = by = 13 cm. (pucyHok 5.5.11,6).

OnpenensieM BBICOTY CKaTOM 30HbI X = 547630/ (1700 x 13) = 24,78 cm.

Bsuny toro, uro & = x/ho=24,78/117,5= 0,21 < Eg pacyer ceueHust POBOIUM U3 yCIIOBHUS

Ne <Ry bx (ho—0,5x) + Ry As' (ho - a'). (5.524)

Bsuny Toro, uro lo /i = 736 / 39 = 18,9 > 14, pacuer BezeM ¢ y4eToM nporuba sneMeHTa
(pamuyc uHepLmy i A1 KBaAPaTHOTO cedeHus paseH i = 0,289 A = 0,289 - 135 =39 cm).

Oxcuentpucurer eo =M /N =267,3 /547,63 = 0,49 m.

VYcnoBHy10 kpuTHUecKyto cuity N, onpenensem mo 8.1.15 CIT63.13330.2018.

S =eo/ h =49/135= 0,36 > 0,15; 8, < 1,5 — mosToMy sl DaNbHEHIUMX PACYETOB
mpuHIMaeM d. = 0,36.

2
L= 20 privogEd |- (5.5.25)
i Lo, (03+3,)
2
AL O3 375.10°.26,65-10° +0,7-2-107 - 40200 | = 4,67-10" H = 46700 kH,
736% { 1,8(0,3+0,36)

e J — momenT uneprmu ceuenns: [ = b A3/ 12 =13 - 1353/ 12 =26,65 - 10° cm®;
L=2-8,04(135/2 —17,5)* = 40200 cm*;
Q=1+Mn/Mi=1+q/q=1+(2,6+0,9)/(2,6+1,8)=1,8.

Kosppunuent m, yduThIBaIOIMMNA BiMSHHE NMporuda Ha 3HAYEHHE DKCLEHTPHUCHUTETA €o,
orpenensieM 1o hopmy.Jie

n=1/(1-N/Ne&)=1/(1-547,63/46700)=1,0119.

3HaueHHe € C y4eTOM nporuda sjeMeHTa paBHO

e=eom+ (ho—a)/2=49-1,0119+(117,5 - 17,5)/ 2 =99,6 cm.

IIpoBepseM NpOYHOCTH CEIEHUS MO YCIOBHIO (5.5.24):

Robx (ho—x/2) + Re A5 (o - a’) = 1700 - 13 - 24,78 (117,5 — 24,78 / 2) +
+40000 - 8,04 (117,5—17,5)=897,2 - 10° H-cm = 897,2 kHm > N e = 547,63 - 0,996 = 545 4 xHwm.

Ipounocts obecneyeHa.

Pacuer ceuenusi 5 (pucyHok 5.5.12) npoBoaMM KaK [Jisi BHELIEHTPEHHO CXKAThHIX 3JIEMEHTOB CO

CITy4aiHBIM SKCIEHTPHCUTETOM €, IIpuBeneHHOE cedeHHe TaBpoBOro mpoduiis MOKa3aHO Ha

pucyHke 5.5.13.

S
70 I
o 54
y.m. 4 vilrw AL
cevenus ‘ 2016 2¢16 4 ’Lzms 2916 3| =
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3000 3000

Pucynox 5.5.12 — T'eomeTpuueckue pa3Mepbl INPEHIeJIbLHOI CHCTEMbI B Ce4eHHH 5
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Pucynok 5.5.13 — TlpuBeaeHHoe ceueHHe TABPOBOro npoduns 1Jis cedeHHs 5
IINPEeHreJIbHOH CHCTEMbI

HcxonHble JaHHBIE. pacueTHas JUIMHA JneMeHTa lo = 7,36 M; reoMerpuyeckue
xapakTepuctuku ceueHus: h=35cm, b =13 cm, b =49 cm (pumsTa b + 12 At ), it =3 c™m, a
=a' =3 cm, ho = 32 cm; nomans ceueHus apMatypel A; = A’ = 4,02 cm? (2 @ 16 A500), M
=0,N=Ns/2=521,86/2=260,93 xkH (mpenmomnaraem, 4To Ha ABa peOpa NPUXOOUTCS MOJOBUHA
cuitel Ns, NEHCTBYIOIIEN HA BCE CEUEHHE).

OmnpenernsieM 3HaYeHUE ciydaiiHoro skcuenTpucurera (mo 8.1.7 CIT 63.13330.2018).

ea1=h/30=35/30=1,16 cM, es2=1p / 600 =736 / 600 = 1,23 cm. [Ipunumaem Gonbiuee u3
3HAYEHUN ) = e2 = 1,23 cm.

OnpepesnsieM MOJOKEHHE MPAHHULIBI CKATOH 30HBI U BBICOTY CIKATOM 30HBI X:

v N-RA, +R_ A, 260930—4,02-43500+ 4,02 - 40000

— = =296 cm<h,=3cm -
R, b, 1700-49 -

— I'paHuLA CKaTOM 30HbI HAXOOUTCSA B MOJIKE.

Onyckast NpOMesKy TOUHbIE BEMUCIIEHHS], NPUBEIEM JUIS IIPHHSTOTO TABPOBOTO CEUEHUSL:
- paguyc nHepun i = 11 cm;

- KOOpJMHATA IIeHTpa TsbkecTH y = 19,6 cm.

BBuny Toro, uro ko /i =736/ 11 = 66,9 > 14, pacuer Benem ¢ y4eTOM rHOKOCTH.
MoMeHT HHepIH OTHOCUTENILHO OCH Y-

o , 2 B
1:bf£’;fy +b}-h}-[h—h7f—y] +M+b(h—h})-(

+

12

h=H, Y 493
12

35-3

W+13.(35_3).(219)6j =69402 cm*.

3 2
+49~3-(35219,6) +
I;=4,02 (12,42 + 16,6%) = 1726 cm*.

Kospduument 5. = eo /h=1,23 /35 =0,035< 8, in = 0,15; npuaumaem 5. = 0,15.

Onpenensiem yCnoBHYI0 KpHTHYECKYHO cuny Ne. o hopmyae (5.5.25)

3147 0,15
7362 | 1,8(0,3+0,15)

Kospdummenrn = 1/(1 -N/Ner) =1/ (1 -260,93 / 1200) = 1,28.

3HayeHue e ¢ yueToM nporuba deMeHTa

cr

32,5-10°-69402+0,7-2-107 -1726J:1,2-106 H =1200 xH
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e=me+ty—-a=128-123+196-3==18,17 cm.

BBuny toro, utox = 2,96 cM < s/ =3 cM, IPOYHOCTb CeUeHHs1 HaxoauM 1o gopmye (5.5.24):

1700 - 49 - 2,96 - (32 -0,5 - 2,96) + 40000 - 4,02 (32 - 3,0)= 121,884 kH-Mm>Ne =
=260,93 - 0,1843 = 48,09 kHm — mpouyHOCTE 0becredeHa.

Pacuer 000/104KH HA 1efiCTBHE OAHOCTOPOHHEH CHEroBOI HArpy3KH (PUCYyHOK 5.5.14)

Pacnipenenennas Harpy3ka OT Beca KOHCTPYKLUH C KPOBJIEH Ha €AMHMILY UIHHBI COCTABJISIET
g =qo > =2600 - 6 =15600 H/m = 15,6 xH/m, rne qo — u3 Tabmuiel 5.5.1 6e3 y4era cHEroBoii
Harpys3KH.

_g
\IXIXEXXXIXZXEAXIEXXX1XX1L;

T A

Pucynox 5.5.14 — PacueTHas cxeMa 000J109KH HA OJHOCTOPOHHIOIO CHETOBYIO HATPY3KY

Harpysky ot cHera ¢ ygeToM hopMbl TOKpbITHs onpeaensieM no cxeme b.5 CI120.13330.2016
nuist BapuanTa 2 (1 = 0,6, p2 = 1,4):

q1=Sg 1 b=1800- 0,6 - 6 = 6480 H/m = 6,48 xH/m;

q2=5¢ M2k =1800-1,4-6=15120 H/m = 15,12 xkH/m.

OmnpenensieM OnopHbIe peakLyH B MINPEHreIbHOI CUCTEME:

R, = (9, +2) 03751 + (g, + £) 01258 _

ll

2 2
:(6,48+15,6) 0,375-18% +(1512+15,6) 0,125-18 — 21816 kH,

18
R 2@ +8) 01251 +(q, +8) 0375E _
C 11

2 2
_(6,48+15,6) 0,125-18 ;8(15,12+15,6) 0375-18° _ s harh

M3 ypaBHEHHUIT CTATHYECKOrO PaBHOBECHS OTHOCHTEJIBHO TOUKHU B BBIMHCIAEM H3rHOarommit
MOMEHT M3 u pacniop H B MOKPHITHH:

A 12 18 18
My :RAE—(ql +g)§:218,163—(6,48+15,6)?:1069,2 xHw;
H=Mp/f=1069,2/2=5346 xH.
Onpenensiem HopManbHbie cuiibl N u u3rubaromue MoMeHTbl M B cedeHusix 1...5 mpasoii
MOJIOBUHBI IINPEHTebHOI CHCTEMBI, Ha KOTOPYIO HNeHCTByeT OOMbIIas Harpy3Kka U Iie yCHIIUs

Gy nyT Goublite, YeM B JIEBOH MOJIOBUHE IINPEHTETbHOM CHCTEMbL. B BepunHy B yCIOBHO BBOIMM
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[IAPHUP U PACCMATPUBAEM KOHCTPYKLMIO Kak Oajky mponeroM /1/2. XapakTtep pacnpeneneHus
VCIJINII aHAJIOTHYEH HpI/IBe,E[eHHOMy Ha pucyHke 5.5.9.

M=+ ) e+ ) g+ ) S a |

M=0, M, = (15,6+15,12)%(9—4,5):311,04 kHM;

6,75
M; =(15,

=4

My =056+ 15,12)5 (9-8)=122,88 xHm;

Ms=

Jlist onpeiesieHisi HOpMAJIbHBIX CHIT IPOSKTUPYEM BCE CHITBI Ha ock BC:

N; =R sin o1 + H cos a1 — (g — ¢2) ai sin oy

N1=257,04-0,2169 + 534,6 - 0,9762 — 0 = 577,63 xH;

N2=257,04-0,2169 + 534,6 - 0,9762 — (15,6 +15,12) - 4,5 - 0,2169 = 547,65 xH;

N3 =257,04-0,2169 + 534,6 - 0,9762 — (15,6 +15,12) - 6,75 - 0,2169 = 532,65 xH;

N4=257,04-0,2169 + 534,6 - 0,9762 — (15,6 +15,12) - 8- 0,2169 = 524,32 xH;

N5 =257,04-0,2169 + 534,6 - 0,9762 — (15,6 +15,12) - 9- 0,2169 = 517,66 xH.

IIpoBepka HecyIneil CrIOCOOHOCTH MOKPBITHS B CeueHUAX / ... 5 HA BHELICHTPEHHOE CXKATHE
BBITIOJIHACTCS aHAJIOTUYHO CHSIAHHBIM BBILIE PACUETAM.

Pacuer manenn B BHAe THIMepPOOJHYECKOro NapaldojioMaa HA MOHTAKHBINA CJIy4ait
(pucyHok 5.5.15)

PacnipeneneHHast MOHTa)KHAs! HArpy3Ka Ha €MUHULLY JJIHHBI

gr=g0,5 12 Yam =1650-0 521 4 =3465H/m, roe g = 1650 Ila (Tabnuua 5.5.1);

Yayn — KO3 PULIMEHT AUHAMIYHOCTH; Yan = 1,4 (110 4.2.14).

L2

0 : AV4 AV4

Pucynok 5.5.15 — Cxema onupaHHus THNEPOO0JIHYeCKOH NAHEIH B PACYETE HA MOHTANKHBIE
HATPY3KH

Pacuer naHen BBIIOIHAEM KaK JULA OalOUHON KOHCTPYKLHH, UCXOAS U3 YCIOBHS PABEHCTBA
MOMEHTOB B IPOJIETE H Ha onope (pucyHOK 5.5.16)
Mo :an; Mon = qua /2 an qum ([2 /8 — aZ/ 2)
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A 1 1
Moq
U_I]]]M@an
IAB = 9,2 M
1 1

Pucynok 5.5.16 — Iniopa H3ruéaw0IuX MOMEHTOB H3 PACYeTa rHnepooIHYecKOH MAHeJH HA

MOHTAKHBIE HATPY3KH
2

. o 2
ITpupaBHHUBast OIOPHEIA U MPOJICTHBIII MOMEHTBI, TIOJNy4YaeM d~ = R

Moncrasss snauenue [ = [is— 2 a = (9,2 — 2 a) M, nonyyaem a = 1,905 m.

_qy @ 3465-1905°

2 2
ITposepsiem ceuenue pedbpa AB no popmyne M < Ry ye1 b x (ho — 0,5 x), tne b = 6,5 cm,

ho =32 cMm, ys1 = 0,9, a = 3 cM, omans ceueHus apmarypot 4s = 2,011 cm? (1 @16 A500).
Beicota cxartoi 30Hb1 X = Ry A5 / (Ry 1 b) = 43500 - 2,011 /(1700 - 0,9 - 6,5) = 8,8 cm.
Torma M =1700-0,9-6,5-8,8(32-0,5-8,8)=2415000 H.cm=24,15 kHm > M =

= 6,29 kHwm — npouHOCTh 0becnedeHa.

Mo, =My, =6290H-m = 6,29 KHm.

Ipumep 14

3aoanue: paccuuTaTh HECYLIYIO CHOCOOHOCTH YETHIPEXJIENECTKOBOH OOOIOUKH MOKPBITHS,
paccMaTpuBaeMoro B npumMepe 13. PacueTHoe CONPOTUBIIEHHE PACTSKEHHUIO U IUIOMAAb CEYEHUS
apMaTypHOTrO CTepKHs ceTKH B IumTe 5 B500 Rs; = 415 MIla. Pa3smep sueliku apMaTypHOii
CeTKH B IuiuTe % x 1 = 200 x 200 Mm.

Pacyer BrInOJIHsIEM B cOOTBETCTBUM € 5.5.5 - 5.5.9.
L+1, 300+900

Y

B pacuere ucnonb3yeM CpeqHION AMUHY Ipojera / = =600 cMm;

ITo popmyne (5.5.2) GezpasmepHbIe TapaMeTPhI
_30-200-17

=12,54;
19,6415
2. .
n= 2:65-350 _ 0,2528.
6000-30

ITo dpopmyne (5.5.18) B oTcyTCTBUE YIIOBOrO apMupoBaHus (0 = = 0)
v, = 1-05-12,54-0,2528 _1-158
1+12,54 13,54
KOHBKOBYO Oaky.

PaccTosiHIE OT [IEHTpa TSHKECTH apMaTypbl KOHBKOBOTO pebpa 10 ero rpaHu
H, =35-175=17,5cm.

< 0 — HeHTpampHast OChb JIMHUU HM3JI0Ma EpeceKaer

Iupusa koHpKOBOTO pebpa b, =2 - 65 =130 Mm.
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Io popmyue (5.5.2)

m=2200_ 0,0667;

6000
_2:201,1-435 a5,

19,6-415

ITo popmyre (5.5.23)

N _ 2l _2:175 =0,175;
f 2000

1o = 2-175-130 _ 0.2528;
30-6000

0; = 12,54-0,2528 — 20,0667 - 21,5 _ 0.08328

12,54 -0,2528

IMoncrassieM BBMKUCIEHHBIE 3HAYEHHS o, M, 1, S, Mo 1 63 B hopmyiy (5.5.23):
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
ITo popmyne (5.5.22)
K:=0,5(3,82—1)=1,41.
BoruncisieM mmpeaenbHy o Harpy3Kky g o ¢popmyse (5.5.3)
_2-19,6-415-2000-1,41
~ 200-6%-10°
— Hecyuas CriocoOHOCTb 000NOYKH obecedeHa.

=0,00637H/mm? = 6370 ITa > 4400 Ila (tabmmua 5.5.1)

5.6 Koporkas muiiHHAPHYECKAS] MPA3MATHYECKAS CKIAAKA

5.6.1 IunuHApUYECKUMH MNPH3MATUYECKUMH CKJIQJKaMH Ha3bIBAlOT TOHKOCTEHHBIE
KOHCTPYKIMH MOKPBITHI, COCTOSIIIHME U3 CIEMYIOIIIX OCHOBHBIX JIEMEHTOB (PUCYHOK 5.6.1):

- TOHKOW IIMTHL, OYEPUYECHHOH MO TNPUIMATHYECKON TMOBEPXHOCTH, BIHMCAHHOH B
LIJIMHAPUYIECKYIO (COOCTBEHHO CKJIA/IKH);

- GOPTOBBIX 3JIEMEHTOB, OKAHMIISFOLINX CKJIAAKY BOOJb KPAHHUX 00pa3yoluX;

- MoMepedHbIX AuadparM Mo KPHUBOJIMHEHHBIM KpasM, OMHPAIOLIMXCS HA KOJIOHHBI WA

CTEHBI.
¥ ,7Wri ——
| 2 | !
i | I
| ! I
| l Il
) L |
= Ir:/ //il/ | i
’A{/ i :I 1-1
| .
A [ [ -
1 | i 025-04)1, .
| fole] | =
| ! = S
E S S e = = == 3
| }ﬁ :E ) b 1@ 1 ]

1 — nyuta; 2 — nonepeynas anadparma; 3 — GOPTOBOH NCMEHT
Pucynok 5.6.1 — Cxaaguarbie 0007104KH ¢ Pa3JIHYHBIMH THIIAMH GOPTOBBIX 3JIEMEHTOB
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CkJ1a/IKi U3TOTABIIMBAIOT [JIAAKUMHE 1 PEOPUCTHIMA.

KopoTtkumu cknaixaMu Ha3bIBAIOT TAKHE, Y KOTOPBIX OTHOLICHHE PACCTOSHUS MEXKIY OCSIMU
omopHbIX nuadparm (nposer 000JI0UKK) /1 K PACCTOSIHUIO MEKAY OOPTOBBIME 3jieMeHTamu /2
(nnuna Bonuel) npu /1/ 2 < 1 [6].

5.6.2 IIpu3sMaTHYECKUE CKJIAOKU PEKOMEHAYETCSA IPUMEHSTh B MOKPHITUSX ONHO3TAXKHBIX
MPOM3BO/ICTBEHHBIX 3aHII MacCOBOTO CTPOUTENLCTBA nposietamMu 18—36 M ¢ oHapsmu u Oe3
HUX.

Ckaiku MOTYT OBITh OZHO- ¥ MHOTOBOJTHOBBIMHU B MOIIEPEUHOM HAIPaBJIEHUH, PAa3PE3HbIMU
U Hepaspe3HbIMH — B MpononbHOM. KopoTkue Nnpu3MaTHdeckue CKJIaAKH PEKOMEHIyeTCs
BBIOJHATH COOPHO-MOHOMUTHBIMU. COOpHBIE 37I€MEHTBI CKJIAKH CBAPMBAIOT MEXY CoOOi Ha
MOHTa)Ke, & LIBbI MEXKAY HUMH 3aMOHONNYMBaIOT. [InuTe! K Auadparmam cienyeTr IpHBApUBATh
HA BCEX YeThIpex OMOpPax MO JOCTYNHOMY KOHTYDY.

CoBmecTHy10 paboTy 371€MEHTOB CKIIaJOK PEKOMEHIyeTcs 00eceuBaTh:

- ycTpoiicTBOoM OETOHHBIX IIHMITOB HA BEPXHEM Iosice quadparm, a3oB Ha HAPY KHBIX TPaHsX
MPOROJbHBIX U TOPLEBBIX pedep IIUT M OOPTOBBIX 3JIEMEHTOB, YCTAHOBKOH apMaTypHBIX
KapKacoB B LIBaX 3aMOHOJIMYUBAHUS — Ul HEPA3PE3HBIX CKIIA/IOK;

- YCTpONCTBaM Na30B Ha HAPY>KHBIX IPAHSIX — UL Pa3pe3HbIX CKIAIOK.

Jns obpasoBaHHs NPU3MATHUECKOIl MOBEPXHOCTH CKIAJKH PEKOMEHIYEeTCs NPHUMEHATh
IUIOCKHE PeOPHCThIE IUTUTHI pasMepamMu 3x6 M wian 3x12 M.

Ouepranue BepxHero nosica AuadparM AODKHO COOTBETCTBOBATH MOBEPXHOCTH CKIaAKu. B
Hepaspe3HbIX CKJIAJKax I1OCTe 3aMOHOIMYMUBAHUA 00pa3yeTcs KOMILIEKCHOE CEeYCHHE BEPXHEro
I0sICa, YTO MO3BOJISIET obyerdars auadparmy (pucyHok 5.6.2).

1 — GeToHHBIC MBI HA BEPXHEM Mosce AHaparMer;, 2 — TOpIEBbIe pedpa IUHT; 3 — a3kl HA TOPLEBBIX pedpax
1wHT;, 4 — CTCPKCHB, APMUPY FOLIHI KOMIDICKCHOE CEYCHHE; 5 — MA3bl HA MPOAOJILHBIX peOdpax IUmT; 6 — Kapkac B
MPOOJIFHOM HIBE MCK/Y IUTMTAMH HAJ AHadparMaMu; 7 — MPOJOJIbHBIC peOpa IumT, 8 — BepXHHUil NOAC AHadparMsl
Pucynok 5.6.2 — Y3en conpskeHus INIMT ¢ AMa@ParMoii NpH KOMIJIEKCHOM CeYeHHH
BEPXHEro nosica

5.6.3 CoOopHble >keNe300€TOHHbIE 3JIEMEHTHI CKJIAYAThIX TOKPHITHH PEKOMEHIyeTcs
MPOEKTUPOBATH U3 TSHKENOTO (KJ1accoB He Huke B25) wnu nerkoro (knaccos B15-B20) 6erona.

Juadparmpl peKOMEHAYETCS IPOSKTHPOBATh M3 TSKENOro OeToHa (kinaccos He Hibke B30).

B kaudecTBe npenBapuTEIbHO HANPSHKEHHON apMaTypbl IPOACIBbHBIX pedep IHT, GOPTOBBIX
JJIEMEHTOB W HIDKHHX MOSACOB (epM-nuadparM peKOMEHAYEeTCs HCIOIb30BaTh CTEPXKHH M3
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apMmatypsl kinaccoB A500, A600, A800 u apmarypHble kaHatel kiacca K1400. ITonxy mmar
TommuuHoN 30 MM PEKOMEHAYETCS apMHPOBATh CBAPHBIMHU CETKaMH H3 apMaTypsl kiacca B500.
Hewnanpsiraemyo apmatypy pebep ILIUT, 371€MeHTOB Auadpars, a Tak:Ke LIBOB 3aMOHOINYHBAHNSA
PEKOMEH/Iy€TCsI BBITIOJIHSATh B BUIE CBAPHBIX KapKacoB 13 apMarypsl knaccos A400, A500.

ITupuHy MBOB MEXKAY IIUTAMHU PEKOMEHy€eTCs Ha3HauaTh He MEHee:

- 50 MM — 1711 IPOZOJIbHBIX LIBOB;

- 200 MM — [JIs1 MONIePEYHBIX [IIBOB HA quadparmamu.

OMOHOMYNBATE IIBLI PEKOMEHAYETC OETOHOM Kilacca II0 IPOUHOCTH Ha CKAaTHe HE MEHee
B15, a B 3umHee Bpems — He MeHee B25.

5.6.4 TInuthl CKIaAOK PEKOMEHIYETCs IPOSKTUPOBATh HOMUHATIBHBIMU pasMepamMu 3x6 M U
3x12 m.

IIpononbHBIe pebpa IHMT PEKOMEHIYETCS BBLINOJIHATH IPEABAPUTENBLHO HAMPIKEHHBIMH.
BricoTy mpozosibHbIX pebep pekoMeHayeTcs puHUMarh B mpenerax (1/30-1/35) /.

ITar momepeuHsIX pedep peKOMEHAYeTCs MPUHUMATh PaBHBIM 1-2 M. BrIcoTy momepeuHbIx
pebep pekoMmeHOyeTcsi Ha3Ha4yaThb B mpemenax 1/15-1/20 pacuerHOro mnposera, pPaBHOrO
PACCTOSIHUIO MEXy BHYTPEHHUMHU IPaHAMU NPOJONBHBIX pedep.

Ha Hapy’)kHBIX TrpaHsSxXx NPONOJbHBIX pebep NpenyCMaTpHBAIOT Masbl, OOecreyrBarolIne
BOCIIPHUSITHE CABUTAOMIMX yCnid Mexay rmraMu, [1aser pacnonaratot Ha amuse (1/3 — 1/4) &
(pucyHok 5.6.3).

IIpu KOMIUIEKCHOM CeYeHHU BEpPXHero mnosica auadparM masbl peKOMEHIYeTCs YCTPauBaTh
TAaKXKe Ha TOPLEBBbIX pebpax. B aTom ciydae 1yi1 oMoHonuuuBaHus Oe3 ycTpoiicTBa onanyOku
TOpILEBbIe pedpa YCTPAaUBAIOTCA YBEJIHUEHHOI BHICOTHI (PUCYHOK 5.6.2).

12 3 4 5 6
/ /]
ATy
==Y [
W===: I: Yi
(A== = 21 B 7
= || I
N I
t +h
’ ¢
I/ _%
1 1 '
1-4)t
7 6 7

/
e ——— — ——— ——— ———L___—T [%

i Ti(’ { %[' - 1,7—91

1 — TopueBoe pedpo; 2 —T0 xKe, MOMEPEIHOE; 3 —T0 e, MPOAOIBHOC; 4 — MOJIKA IUMTHI, 5 — apMaTypHAA CeTka
TIOJIKH; 6 — MA3bl HA IPOJOJILHBIX peOpax IUTHTHI H G0PTOBOTO 3NEMEHTA; 7 — KpaiHHii 60PTOBOM NeMEHT

Pucynok 5.6.3 — ILnutebl H 60PTOBBIE 3JIEMEHTDI

137



5.6.5 Pasmepbl OOpPTOBBIX 3JIEMEHTOB, KaK M ILIHT, ONPENEsIOT MO pacyeTry C y4eToM
KOHCTPYKTHBHBIX TpeboBaHuil. Kak mpaBuio, 60pTOBBIE 3J1eMEHTH! MPOEKTHPYIOT JIOTKOBOTO
CEUYEHHUs C TOPIEBbIMU pebpamu 1 6e3 MPOMesKyTOUHBIX pedep (pHCYHOK 5.6.3).

BopToBble 5IEMEHTBI pPEKOMEHAyeTCs NPHUHMMATh JBYX THUIIOPa3MepoB: KpaiHue,
yCTaHaBIMBaeMble BIOJNb KpaeB o00OJO4YeK, M CpEAHHE, YCTaHABIMBae€Mble IO BCEM
MPOMEXYTOYHBIM PsiaM KOJIOHH MHOTOBOJIHOBBIX CKJIQJOK U COENUHSIOMINE MEXAy coOOi
OTACIBbHBIC BOJIHBI.

5.6.6 JTmadparMel CKiIam4aThIX HMOKPBHITHH PEKOMEHAYETCS NPOSKTHUPOBATH B BUAE (epM
CErMEHTHOIO OuepTaHus, Oe3pacKOCHBIX (JepM MM apoK C KeJe300€TOHHOM WM CTallbHOM
3aTSKKOM.

Ipu cranpHOMN 3aTsHKKE PEKOMEHAYETCS YCTPauBaTh CTPOUTENbHbIM BBICHO Y3JI0B HU)KHETO
nosica, pasHeIi (1/200 — 1/250) /2.

5.6.7 Tunosble y371bl PEKOMEHY €TCsI KOHCTPYUPOBaTh B COOTBETCTBUM C pUCYHKOM 5.6.4. B
CKNAJJaThIX MOKPBITUAX MJOIYCKAeTCs YCTPONUCTBO a3pallMOHHBIX, CBETOAIPALMOHHBIX U
3eHUTHBIX (hoHapeit ¢ mpoemom mmpuuoit (1/2 — 1/3) /2. Omupanue pam Qonapeii crnemyer
IIpeAyCMaTPHUBATh Ha BEPXHUH NOsiC auadparm.

IIpoembl 1151 MPOAOIIBbHBIX WM MONEPEYHBIX 3€HUTHBIX (JOHAPENM PEKOMEH Y €TCSl yCTPAUBATh
C IOMOILIBIO TUIUT—PaMOK HJIH ITIJIUT C OTBEPCTUAMMU.

ITpononeHbIe pedpa MIIUT, NPUMBIKAOIIHE K (OHAPHOMY [IPOEMY, PEKOMEHIYETCST KPEIHTh
IOCpeiuHe MpoJieTa K CTanbHOH (OHApHOI maHenu (PUCYHOK 5.6.4,6). @oHapHAs MAHENb IPH
9TOM ROJKHA OBITh paccUHTaHa HA AOMONHUTENBHYI0 HAIPY3KY OT TOKPBITHUSL.

a — ConpspkeHHe AHadparMel ¢ G0PTOBBIM NEMEHTOM H ILIHMTOH HEPA3PE3HOTO CKIIATYATOTO MOKPHITHS, 6 — TO HKE C
IUTATOH Pa3PE3HOTO CKJIATIATOTO MOKPEITHA; 6 — KPEIICHHE wmThl K oHAPHOI maneim; / — auadparma; 2 — mmta
CKJIAJKH; 3 — GOPTOBOI 3MEMEHT; 4 — apMaTypHBIi KApKac B IIBS 3aMOHOJIMYUBAHHSL, 5 — CTAIBHON yniop; 6 —
(oHapHas maHENb; 7 — COCAHHATCIBHAS [LIAHKA-NOABECKA
Pucynok 5.6.4 — Y3abl CKJIax4aTOr0 IOKPBITHA
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5.6.8 KopoTkue npu3MaTHYECKHE CKIIAJIKU COCTOSIT U3 IUIOCKUX PeOPUCTBIX ILTUT, OOPTOBBIX
sneMeHTOB M aumadparMm (pucyHOk 5.6.5,4,60). Ckinankm AOMyCKAeTCs MNPOEKTHPOBAaTh Oe3
O0pTOBBIX 351IeMEHTOB. B 5TOM Citydae ¢yHKIHM OOPTOBBIX 3JIEMEHTOB BBINOHSIOT MPOIOIbHEIE
peOpa ImT, ycTaHaBIMBaeMble BAOJIb KPaeB MOKPHITUS (PUCYHOK 5.6.5,8).

a

@ — KOHCTPYKIHA CKJIAYATOTO MOKPHITHS, 6 — CKJIAIKa ¢ OOPTOBBIMH 3JICMCHTAMH; € — TO K¢, 0¢3 OOPTOBBIX
37eMEHTOB; / — quadparma; 2 — peOpucras mmra; 3 — GOPTOBOM 3EeMEHT; 4 — CTANBHOM (JOHAPD; 5 — MOABECKA; 6 —
MPOJOJIbHOE PeOPO ILTHTHI, BHIMOMHAOMES (y HKIMH OOPTOBOTO ICMCEHTA; 7 — KPAHHHCE TPAHH CKIIAAKA
Pucynok 5.6.5 — Koporkasi npu3sMaTH4YeCKas CKJIAAKA

5.6.9 Ipu onpenenenun ycwimii u pacuere 000JI0UeK MO MPeeTbHbIM COCTOSIHUSIM CIIEyeT
yuutsiBath CIT 63.13330 u 4.2.

Pacuer cknaguaThix MOKPBITUI BBIIONHAIOT JUIA ABYX CTaAUil pabOThI KOHCTPYKILMHU — JI0 U
T0CJIe OMOHOJIMYHBAHUS MIBOB MEXAY COOPHBIMH 3JIEMEHTaMH HOKPBITHS.

JIo 3aMOHONMYMBAHHUA LIBOB COOPHBIE 3JIEMEHTHI CKJIAJOK PACCUUTBHIBAIOT KaK Pa3pe3HbIe
KOHCTPYKUMM Ha BO3JEHCTBHE HArpy30K, BO3HHUKAIOIIUX B CTaAMAX W3TOTOBJICHUS,
TPAHCIIOPTUPOBAHUS U BO3BEICHUS.

Ilocne 3amoHONMUYMBAHMSA INIBOB (B CTQAMM SKCIUTyaTallMH) CKJIAAKy PacCUMTBIBAIOT Ha
BO3/IEHICTBUE MOCTOSTHHBIX U BPEMEHHBIX HAarpy30K — KaK MPOCTPAHCTBEHHYIO KOHCTPYKLMIO 11O
cXemaM pas3pyLIeHusi, OXBAThIBAIOIIUM OIHY MJIM ABE KpaliHue rpanu ckiaaku. CpemHion 4acTb
CKJIAZIKH, PACTIONIOKEHHYIO MEXY YeThIpbMs KpalHIMU IpaHsaMH (IO JBe C KaXKI0H CTOPOHBI), B
SKCIUTyaTallMOHHONW CTaOMHM DPAacCUMTBHIBAIOT TOJIBKO HAa «MECTHOE» pa3pylIeHHE MOJKH,
nonepedHbIx pedep, a Takke MPONONBHBIX pebep IUINT, He 3aKPEIUICHHBIX IIBAMU
3aMOHOJINYMBAHUS OT KPYYEHHUS.
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5.6.10 Pacuyer KOPOTKHX DPEOPHCTBIX NPU3IMATHUYECKUX CKJIANOK MOKPBITWM [yl CTAIUH
9KCIUTyaTALMH IPOBOIAT IO IPOYHOCTH, KECTKOCTU U IIMPUHE PACKPBITHS TPELIHH.

Pacuer MpOYHOCTH CKNAJOK MOKPBITUH PEKOMEHAYEeTCs BBINONHATh KHHEMATHYECKUM
criocoboM MeToma IMPEeNeabHOrO PAaBHOBECHA — IO CXEMaM pa3pylLIeHUs, MPUBENEHHBIM Ha
pucyHkax 5.6.6 u 5.6.7.

a) a Sa > I-1
T o Tt s Sy ey
Iy il TN

I} “‘r l| |QQ
Il =2 |l{ ‘WU
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3 5} a | a | a
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05kbh a-kbd LOSkb
1
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'[b-ka ~05ka

b
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M45 -
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a, 6, 8 — CXCMBI Pa3pyCHHA AT BCEX ILIHT; 2, O — TO XK€, U1 KPAHHUX IUUT, /-5 — TUCKH B CXEMAX Paspy IEHHS
Pucynok 5.6.6 - Cxembl pa3pylieHUsl MOJKH U nONEPeYHBIX pedep miuT oT u3ruda u
NPOJ0JILHBIX pedep oT KpyueHus

XKecTkocTh M IIUPHHY PACKPHITHA TPELUIMH B IOJKE IUIMTHI M B IONEPEYHBbIX pedpax
ompenenstor cormacHo CIT 63.13330. TpebGyemasi keCTKOCTb NPOAOJBHBIX pebep MUt
CKJIAUaToro MOKPBITHSA, KaK IPaBIJIo, obecrieunBaercs mpu ycnosuu /1 / /i > 1/33, rne h — BbicoTa
pebpa; /1 — niuHa nponera.

Pacyer mpuU3MaTH4ECKUX CKJIAZIOK MOKPBITHN MO MNPOYHOCTH CJEAYET MNPOBOAMTH B
clenyoLel MocaeIOBaTENbHOCTH: CHA4Yala IO MECTHBIM CX€MaM pa3pyIleHHs] PaCCUUTHIBAIOT
MOJIKY, MONepevHble U NPOAOIbHbIE pedpa IUUT (OT KPy4eHHs), 3aTeM — CKIIaJKH MOKPBITHS U
nuadparmer.

140



l _—_l{g%___ Mo
= o V% 2 w2 3 o % 2w 3
My S| 7 SER L st A 3 )=

a — CXEMBI pa3pyLUCHHU TIEPBOM IPAHA CKIAAKH H GOPTOBOTO 3IICMCHTA; 6 — AHATPAMMA CKOPOCTEH BAPTYANIbHBIX
NEePEMENIEHHUI; ¢ — CXEMA Pa3py MICHHH JBY X PaHeH CKIIAIKH C H3JI0MOM GOPTOBOTO JJIEMEHTA; 2 — TO Xe, 63
H3I0MA OOPTOBOTO SJIEMEHTA; O — MONICPEYHOE CEUCHHE CKJIAAKH Y Kpast;, /—4 — AUCKH B CXE€MaXx paspyLICHHA; 5 —
TICPBBIC TPAHH CKJIAAKH; 6 — ICPBAs H BTOPAs KPAHHHE TPAHH CKIAAKH; 7 — CPCIHAA YacCTh CKIIAAKH
Pucynox 5.6.7 — Cxembl pa3spymieHHusi CKJIax4aToro NOKpbITHSA

5.6.11 Pacyer mo mpoOYHOCTH MOJKH W MONEPEUHBbIX pedep IUINT TMOKPBITUS CleayeT
TIPOM3BOAMTE MO CXEMaM Pa3pyLICHUs, MPUBEIEHHbIM Ha pUCYHKE 5.6.6,0,0,6, a KpaliHUX IUIUT
CKJIaIOK — IO CXeM€ pa3pylIeHNUs, IPUBEAEHHON Ha PUCYHKeE 5.6.6,2.

Usrubaronire MOMEHTHI B MOJIKE Ha €UHUILY JAJTHHBI JMHUU H3JIOMA U B ONEPEYHBIX pedpax
ONPEAETIOT O «KOHBEPTHBIM» CXEMaM Pa3pPyIIEHHUs B 3aBUCHMOCTH OT 3HAYEHHUs [1apaMeTpa

Y
k=—-t (5.6.1)
1— Rsfhf
nRsRhO
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Ipu & < 1/y paspy1iieHue MONKK MPOUCXOMUT MO CXEME, IPUBENIEHHOI! Ha pucyHKke 5.6.6,a, u
MpeNenbHOe 3HaYEHHEe U3rHOAIIIMX MOMEHTOB, BOCIIPHMHUMAEMBIX CEYEHHEM, ONpEeNsioT II0

(dopmynam:

2
__nga B-yvk)k (5.6.2)
48 (k+yv)
My =y M, (5.6.3)
3m 72,2 2
P CA G B L2 (5.6.4)
24y 8
3
= 5.6.5
V=3I (3.65)

Ipu k > 1/y pas3pyIlueHue MONKU MPOUCKXOINT IO CXeMe, IPUBENEHHOI Ha pucyHke 5.6.6,6. B
HTOM Cllydae MPUHUMAIOT k1 = 1/k 1 mpemenbHOe 3HaYeHHne H3rubaroIiuX MOMEHTOB ONPEAENIIOT
1o opmyJiam:

2 —
48(ky v+ )
Mo =y Mp; (5.6.7)
gk b’ dr bzA
M,="—— 25— 568
R, 3 (5.6.8)
— kl2
3_=M
Y

B (5.6.1) — (5.6.9):
¢ — PAaBHOMEPHO pacrpeesieHHasi Harpy3Ka Ha eJMHHLLY IUTOLIAAHN MOJNKHU C YYETOM ee BECa,
Y =a/ b — OTHOIIEHNE CTOPOH MOJIKH;
Mz, My — wsrubarome MOMEHTH HAa €AMHHLY JUIMHBI JIMHHH H3JI0MA, NEHCTBYIOLINE B
CEUEHHUSIX TOJIKH COOTBETCTBEHHO B MONEPEYHOM M MPOAOJIHBHOM HAIPaBJIEHHsAX,
qr — Harpy3ka Ha €NWHUIly IJIMHBI MOMEepPevHOro pedpa, pacmoiokeHHas Ha pelpe u
paccuuThIBaEMas C y4€TOM ero Beca,
Mg — wsrubarouuii MOMEHT, MPUXOIMALIMICA HA CEeueHHe momepedHoro pebpa 6e3 Moyok
(pucyHok 5.6.6, ceuenue I-1);
Ry, Rop — pacueTHbIe CONMPOTHBIICHUS HA PacTsKEHHE apMaTypbl COOTBETCTBEHHO TOJKU H
nonepe4HbIx pebep;
hy;, ho — COOTBETCTBEHHO TOJILIMHA TIOJIKH 1 pabouasi BeicoTa pedpa;
N - ko3pduuMeHT, YUWTHIBAIOINHMIT OJAroNpHUATHOE BJHSIHHE pacmopa i IUINT,
OKAHMIIEHHBIX CO BCEX CTOPOH pedpaMu, MPUHUMAEMBIil PABHBIM:
- 0,8 — s cpenHUX noneit cpegHMX IUIUT;
-0.8mpub/a1<1,5,09mpu 1,5<b/a1<2; 1 upu b/a> 2 — ans kpallHuX mojeit CpeaHux
IUIUT U NOJIeH KpaHUX IUIUT.
5.6.12 Hecymyro crnocoOHOCTb IUIUTHI, APMUPOBAHHON MO Pe3yJbTaTaM pacdeTa IO CXeMe
paspylleHus, MPUBENSHHON Ha pPUCYHKe 5.6.6,4,6, clienyeT MPOBEPATh pacyeToM IIPU CXeMeE
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pa3pyLIeHHs MOJKK U TIONePedHbIX pebep no pucyHKy 5.6.6,6.
Hsrubaromuii MOMEHT M4, OEHCTBYIOLIMIT Ha BCe MOMEpeyuHele pedpa MIHTH B MpPOJETE,
OMPEeNeNSIOT 1o (hopMyie

Mau=qgb?>(Bc—2ai)/ 24— My, (5.6.10)

I7ie ¢ — HArpy3Ka Ha €IUHKULY [UIOLIAHX MOJIKH C Y9eTOM Beca MOIepeYHbIX pedep;

b — paccrosiHHE B CBETYy MEXIY MPOAOIBHBIME pedpamuy;

a1 — PACCTOSIHUE B CBETY MEKAY TOPLIEBBIM M IOIEPEYHBIM pebpamu (PHCYHOK 5.6.6,6,2);

Moz — w3rubaromumii MOMEHT, BOCIIPUHAMAEMBIN BCEMH MOMEPeYHbIMH peOpaMu IUTHTHI B

MECTax UX MPUMBIKaHHsI K POAOJIbHBIM, PACCYUTHIBAETCS HCXOIS H3 YCTAHOBICHHOH B TIOJIKE

apMaTypsl, HOXOOPAHHOM 1O CXeMaM pa3pylleHus, IPUBEIEHHLIM Ha PUCYHKE 5.6.6,d — 2,

€ — PacCTOsIHUE MEXKY BHYTPEHHUMH [PAHsIME TOPLEBBIX pedep.

TonGop apMaTypbl IPOU3BOMAIT 0 GOMBIIEMY 3HAUSHUIO U3THOAIONIEro MOMEHTA B IIPOJIETE,
NPUXOIAIIETO Ha OHO MornepedHoe pedpo U BeUKCIeHHOro Mo dopmyie (5.6.4) mm (5.6.8) u
(5.6.10).

5.6.13 Pacuer nomnepeuHbIx pedep IUTUTHI Ha [efCTBUE NONepedHOi crilel BRIMONHOT 1o CIT
63.13330. MakcuManpHOe 3HAYeHNe IOIEPEdHOM CHIIBI B IONEPEeYHOM pedpe OHMpemeistoT B
3aBUCUMOCTH OT CXEMBbI Pa3pyLIeHUs, OIpeneuBLIeli ero npogoibHOe apMupoBanue. [Ipu cxeme
paspyIlueHus, IPUBEIEeHHOMN:

Ha puUCyHke 5.6.6,a

_ga(2b-akh +qu‘

5.6.11
0 . — (5:6.11)
Ha PUCYHKe 5.6.6,6
2
qb’ky  qpb
=+ 5.6.12
Q 3 5 ( )
Ha pUCyHKax 5.6.6,6,2
O=b(qa+qr)/2. (5.6.13)

IIpu pacyere >K€CTKOCTH U LIUPUHBI PACKPBITHA TPELUH MPHHUMAIOT:

- OJIHOE 3aliieMJIeHHe MOJKHU B MONEePEYHbIX U NPOAOJbHBIX pedpax 1 INapHUPHOE ONHUpPAHUE

MoIepeYHbIX pedep — eciaM pacyeT BeIeTcs MO CXeMaM pPa3pyLIeHHs, MPHUBEICHHBIM Ha

pucyHke 5.6.6,a,0;

- IOJHOE 3alleMJIeHHEe MONepeyHbIXx pebep B HPOAOJBHBIX — MPH pacdere MO CXeme

paspylueHus, NpUBEAEHHON Ha PUCYHKe 5.6.6.6;

- 3aIeMJICHHE C OMHOH CTOPOHBI MONEPEYHOro pedpa M MIAPHUPHOE ONUPAHUE C APYroit —

IIPU pacdeTe MO CXE€Me pa3pylleHus], NPUBEAECHHOMN Ha pUCyHKe 5.6.6,2.

Ilpu ompeneneHnn mporuOoB MOmepedHbIX pedep cileAyeT NPHUHHAMATh TABPOBOE CEYEHHE
pebpa (pucyHok 5.6.6, ceuenue I1-1I).

5.6.14 B xpaifHuX IJIMTaX CKJIAAYaThIX HOKPHITHIL, BHIMONHIEMBbIX 6e3 60PTOBBIX 3JIEMEHTOB,
U B IUIMTAX, IPAMbIKAIOIUX K (POHAPHBIM MPOEMaM, KpOME CXeM pa3pyllUeHus], IPUBEICHHBIX Ha
pucyHkax 5.6.6,a,6,6, cnenyer pacCMaTpHBaTh CXeMy pa3pyLIEHHs, MPUBEAECHHYIO HA PHUCYHKe
5.6.6,2.

KpyTrsimue MOMEHTbI Mis, NEACTBYIOIME B HAKJIOHHBIX CEYEHWSX KOHLEBBIX YYacTKOB
MPOAOJBbHBIX pebep MoA yrioMm 45° K WX HWXKHEl IMIOCKOCTH, BOCIPUHHMMAIOTCS CETKAMH,
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ycTaHaBJII/IBaCMbIMI/I Ha KOHLEBBIX Y4aCTKaX NPOAOJIbHBIX pe6ep, M UX 3HAYEHUs1 ONnpeneAr0T Mo
dhopmy e

2
M,s= L[4+ (3c_2a1)*(M02+2M24) . (5.6.14)
242 48

Bo Bcex ciydasix yIUTBIBAIOT, YTO YIJIOBAs apMATyPa HE BOCIPHHHUMAET yCHIIMI PACTSKEHMS],
a u3rudaromuii MOMEHT Mos IPUHUMAIOT PAaBHBIM HYJIIO.

Ecmu B pesyibrate pacyeroB no gpopmyie (5.6.14) snagenne Mys < 0, TO KOHIEBBIE YYaCTKH
NPOIONBHBIX pedep Ha KPyUYEeHHE He apMUPYIOT.

5.6.15 KopoTkue mnpu3MaTH4eCKWe CKJIAIKH TIOKPHITHA Ha JEHCTBHE pPaBHOMEPHO
pacrnpeneneHHoN Harpy3KH pPacCYMTHIBAIOT MO TPEM CXeMaM paspylleHus (pucyHok 5.6.7,a,8,2),
OXBATHIBAIOINIM OIHY W JIBE TPAHH Y CBOOOIXHOTO Kpasl.

IpenenvHble 3HaYeHHsT W3rHOAIOIMX MOMEHTOB B CEYCHHUSIX OMNPENEISIIOT HAa OCHOBE
KHHEMAaTHYECKOr0 crocoba TeOpHH NpeeIbHOIO PABHOBECHSL.

INpu w3noMe paBYX TrpaHed CKIagkd pabOTa BHYTPEHHUX CHJI ONPENENAETCS W3
MPOCTPAHCTBEHHON CXEMbI MEPEMEICHHI JKECTKUX 3BEHHEB — B TOM YHCJIE M MEPEMELEHUS B
IUIOCKOCTH OJHOH M3 IpaHeil, W3JOM KOTOPOW NPOUCXOAUT Kak Oalkuh Ha JIBYX OMOpax OT
JOCTIDKEHHsI B HAKJIOHHBIX CEUYCHHSAX MPEACNbHBIX HM3rHOAIOIMX MOMEHTOB My (PUCYHOK
5.6.7,8,2).

5.6.16 Ilpu pacuere Hepa3pe3HBIX CKIANOK MOKPBITHH apMHPOBAHHE MpPOJOJBHBIX pebep
IUIMT ¥ OOPTOBBIX HIIEMEHTOB IMOAOHUPAIOT B COOTBETCTBHHM C YCHWIHMSIMH OT HArpy3ok,
JEHCTBYIOIIMX 1O 3aMOHOJMYMBAHKSA IIBOB MEXAy COODHBIMH 3JIEMEHTAMH, a apMHUPOBaHHE
MIOJIKM ¥ TMOTMEePEeYHBIX pedep IUIMT — B COOTBETCTBUH C YCHIIMSAMH OT Harpy3oK, A€HCTBYIOUINX
MIOCJIE 3aMOHOMIMYMBaHus IBOB. OnopHeIe MOMEHTHI Mo1 11 Mo3 Ha npoMexyTO4HBIX nuadparmax
CJIelyeT ONpenessiTh I CTauu SKCILTyaralmu (Ha Kpalinux auadparmax Mor = 0 u Moz = 0).

ApMHpPOBaHHE TIOJKM, MONEpeuHbIXx pedep IUINT paspesHbIX CKJIANOK IIOKPHITUH H
IPOZOJBbHBIX pedep MepBOil M BTOPOW rpaHeil CKIafKu MOAOMPAIOT M3 pacuera Ui CTaguu
SKCIUTyaTaluy. APMHUpPOBaHIE POROJIbHBIX pedep IUIUT OCTANBHBIX IPaHeil CKianku (B cpenHeit
4aCTH TOKPBITUSI) ONpENeNsloT U3 pacuera IO CTaIusM M3TOTOBIEHHs, TPAHCIIOPTUPOBAHUS H
BO3BEICHUs. B MOKpITHAX 37aHuit ¢ GoHApAMY, a TakKe B IMOKPHITHSX IO (HOHAPSIM CIELyeT
OAOUPaTh ApMHUPOBAHKE MPOIONBHBIX pedep BCeX ILUIUT PACUHETOM ISl BCEX CTaani X paboTsL.

5.6.17 MaxcumanbHble caBuraioinie ycunusa S1 U S2, mHeficTByrowMe cripasa U CieBa Ha
JuadparMel B INIOCKOCTH IIEPBOH MPaHU CKJIAJKH, BOCOPHHIMAIOTCS!

- OCTOHHBIMM INMOHKAMH BepxXHero mnosica auadparM — B HEPa3pE3HBbIX CKJIATYATBHIX
MOKPBITHSIX,

- CTAJIbHBIMH YIIOpaMH, IPUBAPEHHBIMHU K 3aKJIAIHBIM JETAJISIM OIIOPHBIX Y3JI0B Auadparm —
B Pa3PE3HbIX CKJIAMUATHIX MOKPBITUAX;

- OETOHOM OMOHOJIMYMBAHUS B y3Ji€ OMUPAHUS IUIUT U CTOUKH pambl (poHapst Ha auadparmy
— B TIOKPBITHSIX ¢ (POHAPSIMHL.

IlpoBepky HaKJIOHHBIX C€YEHUN NEPBOH IpPaHU CKJIAOKU HA ACHCTBHUE CIBUTAIOIIMX yCHIUN
MIPOBOAAT Kak Jis OaJoK Ha JeHCTBUE MONepeyHON CHUITBL.

CBapHBIe IIBBI B MECTaX IPUBAPKH MMPOAOJIBHBIX pedep IUIHTHI CIeAyeT pacCYUTHIBATh Ha
JelicTBue CABUralOIUX ycuiui S1 miam S2 — ¢ yYeTOM TOro, 4TO Yy KpaeB IMOKPBLITHS U Y
TeMITepaTypHBIX IIBOB, TI€ OCh NEPBO auadparMbl CMeleHa, CABHUIaroiiee ycuiane S1 Wil S2
TiepenaeTcs Ha OHO IIPOAOIBHOE Pedpo.

JUnsl CHIDKEHMS CABUTAKOIIMX YCHIMH PEKOMEHIYeTCsl IpeayCMaTpUBaTh CBSI3H MEXIY
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MUIMTAMA TIEPBOM M BTOPOM rpaHell CKJIAaIKU MO BEPXY TOPLEBBIX pebep, 4to obecrnednBaer
Hepezady YacTH CABHUIAIOLIEro yCHIHA S1 Ha IUTUTY BTOPOI MPaHH IIOKPBITHSL
5.6.18 B craauu 3KCIulyaTaluu Ha AuadparMbl OT CKJIAAKH MEpefaeTcs Harpy3ka B BHUAE
HOPMAJIBHBIX W CIBHTAIOMMX ycuumid. JlomyckaeTcs BeCTH pacuer nuadparm Ha BEPTHKAJIbHbIE
HArpy3KkH, coOOMpaeMble C TPY30BbIX IUIOLIaell, MPUXOAALINXCS HA COOTBETCTBYIOLLHUE Y3IIbL.
Craruueckuii pacuer auadparm npoOBOOUTCS C YUETOM KECTKOCTH Y3JIOB KaK MHOTOKPAaTHO
CTaTUYECKH HEONPENEeTUMON CHCTEMBL.

Hpumep 15

3a0anue: 3anpOEKTHPOBATH KOPOTKYIO NPH3MATHYECKYKO CKJIAaAKy pa3MepaMH B IUIaHE
12x24 M u3 miockux peOpucThX maHened 3x12 M u kene300eTOHHbIX 0e3pacKOoCHbIX (epm
nponerom 24 M. Ilpusmarudeckas CKIIafka BbIIONHSETCS COOpPHO-MOHONMTHOH. CHeroas
Harpy3ka npuauMaercs ais III cHerosoro paiiona.

JUii naHened CKJaJKU B KayeCTBE HANpSraeMoil apMaTypbl HCIOJIb3YETCsl CTEP)KHEBas
TepPMHYECKH YIPOUYHEHHAs cTaib kjacca A800 ¢ R; = 695 MIla; Rssr = 800 MIla u Es =
200000 MITa.

Knacc 6erona B20, nerkuii, INoTHBIN Ha kepam3uTe Mapku 600 1 MOPHCTOM MECKE TOro Xke
Buaa; mMapku D1450 mo cpenHeil MIOTHOCTH C yaelabHbiM BecomM 1,45 - 98 = 142 xkH/M.
PacuertHbie xapakrepucTiku 6eroHa: Ry = 11,5 MIla; Ry = 0,9 Mlla; Ep = 13,5-10° MITa.

B kauecTBe HeHanpsraeMoii apMaTypbl HCIOJb3yeM MPOBOJIOKY MEPHOAUIECKOro mpoduis
@3...5 xnacca Bp500 u crepxueByro apmarypy kiacca A500. B memsix yHuukauuu pasmeps
OETOHHOrO CeueHHs MaHedell W TpaHeH NPU3MAaTHYECKOH CKIAaAKHA HPHHATHI ONU3KMMH K
THIOBBIM, KaK JUIs TLUIMT NOKPHITHIT pasmepamu 3x12 M u o6bemom V' = 2,75 m>. CobcTBeHHbIi
BeC KepaM3UTOOCTOHHOH IIUTHI MepeKpbITHA Gier = 2,75-1,45-9,8 =39 kH.

Tabnumna 5.6.1 — Harpysku Ha mokpbITHe

HanmvenoBanue Harpysku HopmatueHaa | Kosddumuent | PacuerHas Harpyska,
Harpyska, kH/m? | HajexHoCTH kH/m?
O Harpyske
OT Beca KpoOBJIU 1,11 1,3 1,45
OT Beca MINT, B TOM YHCIIE: 1,09 1,1 1,2

noiku 0,03 - 14,2 =0,43
nonepe4nbix pebep 0,14
nponoibHBIX pedep 0,43
Topuessix pedep 0,09

OT CHEroBol HarpysKy, 1,28 1,8
B TOM YHCJIE JJIUTEIbHAs
0,580
HUTOI'O 8gn+ S0 =3,46 g+85=445

* C k03(p(pULIMEHTOM, YUHTHIBAIOIMM CHOC CHETA ¢ MOKpPhITHS, C. = 0,85.

Pacuer moJIKH H nonepevHbIX pedep maHe .
Hcxomuble IaHHble: HArPY3Ka HA MONKy maHenn g1 + S = 1,45 +0,43-1,1 + 1,8 = 3,72 kH/™M?,
TOJIIUHA ITONKH /'y = 30 MM,
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pasmepbl ceueHus monepeuHoro pebpa 2 = 250 mm, b = 50 MM o HrkHeit rpasu 1 80 MM B
HIDKHEH TJIOCKOCTH MOJIKK (PUCYHOK 5.6.8);

PacCTOsIHUE B CBETY MEXY I'PaHsIMH NPOROJBHBIX pebep (pucyHOK 5.6.9) by = 2,95 —2-0,14
= =26TwMm

TO e, MEX/Iy TPaHsMH nonepedHsix pedep, a1 = 1,49 — 0,08 = 1,41 m;

apmarypa pebpa knacca A500 ¢ Ry = 435 MITa; apmatypa nonku &3Bp500 ¢ Rs = 415 MITa.

Ortnowenue a1/ hs= 1,41/ 0,03 = 47 > 30, no3ToOMy NpHHHUMAIOT Koo duLueHt 1 = 1, T.e.
IPH PAcUeTe MOJKH HENb3s MCHOJB30BATh OJIaroNMpUsITHOE BIHSHHE PACIIOPa, BOHHKAIOIIETO B
MpeneabHOM COCTOSIHUHN MPH HU3JIOME TTOJIKH.

Iapametp & no ¢opmyne (5.6.1) npu Ao = 250 — 25 = 225 MM u oTHOmeHUN Y = a'1/bq =
1,41/2,67 = 0,528:

k=0,528 /[1 —415-30/(435-225)] = 0,46 < 1/y = 1,89.

40 40
1

30

220
250

Te]
N

50
Pucynok 5.6.8 — Cxema nonepeqHoro peépa nimrbl

L 1505 1490 x 6 = 8340 L 1505

140
—
—

11400

275 1190 “80 1410 “80 1410 “80 1410 “80 1410 “30 1410 ”BD 1410 “801190 275

T
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2980

2670

140
—

11950

11980

Pucynox 5.6.9 — Ilnan numrtel 3x12 m

HM3710M TOJIKK TIPOMCXOJINT [0 «KOHBEPTHOM» cxeme (PUCYHOK 5.6.6,a). ITo dopmyne (5.6.5)

v = 0,46/ (3 - 2-0,528-0,46) = 0,0387.

H3rubaroiye MOMEHTBI B CEYEHUSIX TOJIKK MIAHENH ONpenestoTes mo Gopmynam (5.6.2) u
(5.6.3):

M, =3723-1,41%(3 — 0,528-0,46)-0,46 / [48 (0,46 + 0,528-0,0387)] = 407,1 Hm/wm,
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My = 0,0387 - 407,1 = 15,8 Hw/m.

H3rubaromuii MOMEHT B CEYEHHH MONepedHoro peOpa mpu Harpys3ke Ha €AMHMITY AJIHHBI
pebpa

q1=0,14-1,1 +3,723-0,08 = 0,451 xH/m = 451 H/m o popmyie (5.6.4):

My =3723-1,413 (3 - 0,462 -0,528%)/(24-0,528%) + 451-2,67%/8 = 4587,4 + 401,9 = 49893 Hwm.

IoxGop niomanu cedeHHs: ApMATYPbI MOJIKH HaHEeJH

B HanpaBieHun BONb MaHe u Ha | M munpuHs! npu /g = 30/2 = 15 MM kosddurmenTt

om =M./ (Re b ho*) = 407100/ (11,5 - 1000 - 15%) = 0,1573.

CootsetctBeHHO & =1—4/1-2-0,1573=0,172; {=1-0,5-0,172=0,914;

Asa =M AC hoRy) = 407100/ (0,914-15-415) = 71,55 mM* Ha 1 M.

B HanpaBieHNH nonepek maHenw mpu g = 15 -3 = 12 mm, £ =1—4/1-2-0,00954 = 0,0096.
ol = 15800/ (11,5-1000-12%) = 0,00954; £ =1-0,5 - 0,0096 = 0,9952;

A = 15800/ (0,9952-12-415) = 3,2 Mm>.

IIpuHrMaeM apMaTypy B HalpaBIeHUH BOOJb naHean J3B,500 ¢ marom 100 mm —

Asa = 71,0 MM%/M (PasHHIIA ¢ PACYETHBIM 3HAUEHHEM COCTABIIET MeHee 1%).

B HampaBneHuM IONEPEK IaHENM KOHCTPYKTUBHO J3Bp500 ¢ marom 200 MM —
Agp = 35,5 MMM

ITpoBepka cGopHOii maHe/ M Ha 0GIIMIT H3J10M MOJIKH NaHeJH (PHCYHOK 5.6.6,0)

PaccrosiHie B CBETY MexK/y BHYTPEHHHMH IPaHsIMH TOPLEBBIX pedep naHenu

¢ =11,95-2.0,275 = 11,4 m (pucyHok 5.6.9);

TO ke, MEX/1y IPaHsIMH TOPLIEBOTO U MEPBOTO MOMEPEHHOTo pedpa

a>=1,505-0,275-0,04=1,19 m.

IIpubnusurenbHOE PaCCTOSIHUE MEXAY TOPLEBBIMH JIMHUAMH U3JIOMa

I=¢-20,1=114-02=112m

Apmarypa nonku J3BpS00 ¢ marom 200 MM Ha JJIMHE JIMHHHA H3JI0Ma

Ay =7,1-(11200/ 200 + 1) = 405 mm?.

BeicoTa cxaToii 30HbI B CEUEHHSIX CEMH MOMEPEYHbIX pebep Mo IMHUHN U37I0Ma

x =Ry As /(R 7b) = 415-405 / (11,5-7-50) = 41,76 mm.

Hsrubatomuii MOMEHT, BOCIPHHHMAeMblii TMOHNEPEYHbIMM peOpaMH B CEYEHMH MX
NPHMBIKAHUS K POJOJILBHOMY pebpy (o auHuu 0 — 2):

Moz = Mauin = Rs As (ho — 0,5 x) = 415-405-(220 — 41,76/2) = 33,47 xHm.

DxcIulyaTalOHHast HaTPy3Ka Ha maHesu 0e3 yuera Beca MPOAOJIbHBIX pebep

2=(g+S8) 04311=445-043-1,1 =398 kH/™m>.

M3rubarommii MOMEHT, NEHCTBYIOLIMI Ha BCe CpeNHHE IOmepedHble pebpa MaHenu,
ompenesnsiemM no Gopmyie (5.6.10)

Moy =3,982,67%(3-11,4 - 2-1,19) / 24 — 33,47 = 4,15 kHm.

Ha kaxxgoe monepedHoe pedpo, nepecekarolnee JUHUIO H3IoMa [ — 3, IPUXOAUTCS

M’=M/7=4,15/7=0,593 kHm = 593 Hm < M1 = 4989,3 Hm.

Ipu pacyerHoi mmpuHe nonku b 7= b1/ 3 =2670/ 3 = 890 mm ko3pduLmeHt

om= 4989300 / (11,5-890-220%) = 0,01; ¢ = 1-0,5-0,01 = 0,995;

As = 4989300 / (0,995-220-415) = 54,92 mm>.
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IIpunumaem miusi padodell HPOAONBHON apMmarypbl momepedHoro pebpa 1J10AS500 ¢
As =178 Mm%

Pacuer npoyHOCTH CeueHHUN, HAKJIOHHBIX K NIPOAOJIbHOI 0CH monepeYHbIX pedep

ITonepeuHas cuna onpenenseTcs pu cxeme uiaoma (pucyHok 5.6.7,a) mo popmyie (5.6.11)

O =3980(22,67-1,41-0,46)/ 8 +451-2,67/2=2935,4 H.

Ceuenue pebpa b = 50 mm; o = 220 Mm.

MuHuManbHOe ycuiie, BOCIPHHIMAaeMOoe GETOHHBIM CedeHHeM, ompenelisieM mo ¢opmye
(8.61) CI1 63.13330.2018

On=Rpbho/2=0,950220/2=4950 H> 29354 H.

KOHCTPYKTHBHO yCTaHaBIHMBaeM IONEPedHylo apMmatypy O3Bp500 ¢ marom 150 MM, uto
MeHblLIe npeaeabHoro 3HaueHus 0,75 Ao mo 10.3.13 CIT 63.13330.2018.

IIpeasapuTesbHBIA pacyeT NPOAOJbHBIX pefep NMaHeJH B CTAIHH BO3BEACHHS HA
BO3/elicTBHE COOCTBEHHOI0 BECA AHEH H CHErOB Ol HATPY3KH

(gs+S)=12+18=3,0 xkH/M.

Apwmatypa knacca A800 ¢ Ry = 695 MIla. KOHCTPYKIIMIO pacCUHMTBHIBAIOT KaK Pa3pe3HyIo C
nponerom Ip =12 -2-0,1 =118 m.

Hsrubaromuii MomeHT M = (g5 + ) lp? / 8 =3,0-1,5-11,82/ 8 = 78,3 xHm.

IInpuHa NONKH NaHe u Ha oaHO pedpo b7 = 2950 /2 = 1475 mm (pucyHok 5.6.10).

Olm = 783 / [11,5-1475-(450 — 40)*] = 0,02746; & =1—4/1—2-0,02746 =0,02785;

£=1-0,5-0,02785=0,986.

VuurhiBaeM B paboTe apMaTypbl HPOAOIBHOrO pebpa HeHanpsiraeMyo apmatypy K10A500
Ry =435 MIla, A; = 78,5 mm>.

Tpebyemas MJIOLIAAL CEUEHNUST HATPSTAEMOMN apMaTyphl:

Aysp = [783-10° / (0,986-410) — 435.78,5)] / 695 = (193687,23 — 34147,5) / 695 = 229,6 mm”.

IMpunumaem 118 A800 ¢ A;p = 254,5 Mm>.

450

Pucynox 5.6.10 — IlpogobHoe pedpo
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Pacuer npoxo,ibHbIX pedep HA Kpy4YeHHe
Kpysiimii MomeHT Haxoaum 1o popmyie (5.6.14):

1 | (g+S)B+b) Ge

T=M,.=
NG 48

—2a
2) My, _M24} =

= [4,45-(2,95+2,67)* -(3-11,4 —2:1,19) / 48 — (33,47 + 4,15)] / 2,83 = 19,64 xHwm.

Pacuyer Ha Kpy4€HUE TaBPOBOI'O CCHUCHUA l'IpI/I6.]'[I/DKeHHO BBINIOJIHAKOT KaK MPSAMOYTOJIBHOI'O C
pasmepamu ceueHys pebpa bxh. Beraucnium ycunmie, BOCIPUHIMAEMOE apMaTy pOii:

IIPOMOJBHOM pacTsIHYTOH Ry As = 695-254,5 = 176878 H,

cxaroit Rye A5 = 400-78,5 =31400 H;

nonepeyHoi KJ10AS500 ¢ marom s = 150 MM Ry 45w = 300-78,5 = 23550 H.

Kosddurment, xapakTepusyroliii COOTHOLIGHHE MEXAY I[ONEPeYHON U MPOXOJBHOM
apMatypaMu

Ow = Ry Asw b/ (Ry As s) = 23550-100 / (176878-150) = 0,089 < @w,min = 0,5 (mpu M = 0).

ITonmxkeHHOE 3HaUEHUE YCUIIMs B IPOJOJIBHON apMaType, KOTOPOE YUUTHIBAETCS B pacyere:

Rs1 As = @w Rs As /Qw.min = 0,089-176878 / 0,5 = 31484 H.

BericoTa ¢xaToi 30HBI OETOHA MPU Y4ETe CHKATOH apMaTyphl cocTasisieT Beero 0,08 mm.

Be3 yuera cxxaToil apMaTyphl:

x =R As/ (R» b)) =31484/(11,5-100) = 27,4 mm.

YuurteIBas CXeMy M3JI0Ma, IPUBEIEHHYIO HA PUCYHKE 5.6.7,8, U MaNyI0 BBICOTY C3KaTOH 30HBI,
IIPU yUeTe CXKATONH apMaTyphl MOXKHO CUHTATh, YTO MPOEKLHS JIHHHUH, OTPAHUIHBAIOMIEH CXKATYIO
30HY, Ha MPOAOJIbHYIO OCh 3JIEMEHTa He npeBbitiaet ¢ = /7= 30 mm. I[lapamerpsl ceuenust:

d=b/(2h+b)=100/(2-450+100)=0,1;, A=c/b=30/100=03.

IIpu OTCYTCTBHH B ONOPHOM ceueHHH pedpa u3rubaromero MomeHTa ko3 huuueHTsl & = 0;
@~ L

Hecyuiyto cnocoOHOCTb MPOCTPAHCTBEHHOTO CEYEHUsI HailieM 1o (popmy Jie

Cp =R Ay (1+ 0w 22 (ho— 0,5%)/ (pg A + k) (5.6.15)

C, =31484-(1 +0,5:0,1:0,3%)-(410 — 0,5-27,4) / 0,3 = 38,93 kHm > T = 16,21 kHm.
IIpouHOCTE 3IeMeHTa Ha Kpy4YeHHe oDecreueHa.

Pacuer pa3pe3Hoi 0qHONPOJIETHOH CKJIAAKH

Kak npuHATO BBIIIE, apMaTypa NPONOJIbHBIX pedep momodpaHa B COOTBETCTBUHU C YCHIIUAMH
OT Harpy30K, AeHCTBYOIIMX O 3aMOHOJIMYHBAHNS INBOB, 8 apMaTypa MOJIKH U MOMepeYHbIX pedep
— B COOTBETCTBHUHU C YCUITUAMU OT HArpy30K, HeﬁCTByIOIHHX OCJIC 3aMOHOJIMYHBAHUS LIBOB.

Pacuer no cxeme u3Jioma (PUCYHOK 5.6.7,a) ¢ onpenenenuem uiruéaomero momenrta Mis
B KpaiiHeM 00PTOBOM NPOJOJILHOM pedpe NepBoii rPaHH CKJIAAKH
Paboty nsrubaroumx MOMEHTOB HaiieM o hopmyiie

Wan = (Mo2+ M2) [ b1= (33,47 + 4,15) / 2,67 = 14,09 kHm/m.
BeicoTa cxxaToii 30HbI OeTOHA B nonepeyHOM pedpe Ha JIMHUK u3toMa 0 — 2:
x1=Rs A5/ (Ry b) =435-78,5/ (11,5-50) = 59,4 mm.

TaHreHc yria HakJIOHa KpaitHel CKJIaAKH K TOPU30HTY
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tgor=1,4/29=0,483; o = 0,45 pan; cosa =0,9.

IposeneHue gepopmaryii yUUTHIBAETCS MTONPABOYHBIM YTJIOM

or = arctg [2 (h—x1) / (B + b1)] = arctg [2-(250 — 59,4) / (2950 + 2670) ] = 0,06773.
Vron HakjIoHa BTOpo# rpanu: tgoz = 0,6 /2,9 = 0,207; a2 = 0,204; cosaz =0,979.
BeptukanbHOe nepeMereHle NpoJETHON JMHUY u3jioMa [ — 3

v = cos (o1 — aur) = cos (0,45 — 0,06773) = 0,92782.

O0beM nupaMubl BEPTHKATBHBIX NepeMeneHIH

Vi=[(3B + b1)Ivicosou]/12=[(3-2,95+2,67)-11,2-0,9278 - 0,9] / 12 =8,975 M°.

Pa6ora Harpy3ku Wy = (g /cos o1 +5) V1 =(2,65/0,9+ 1,8) - 8,975 = 42,58 xH.

Hzrubaiomuii MOMEHT B KpaiiHeM GOPTOBOM MpONOJLHOM pebpe TepBol IPaHH CKIAAKH
waiizem no opmysie Mis = I (W — W) /4= 11,2:(42,58 — 14,09) /4 = 79,77 kHm > M — 78,3 kHw,
HPUHSTOrO MPH NPEBAPUTENILHOM PaCUeTe MPOJIONBbHBIX pedep.

Pacuer no cxeme u3jiomMa, (pHCYHOK 5.6.7,6) ¢ onpeaeieHHeM H3rufaOmero MOMeEHTA
M3, NpUXOASIErocs HA TPH NMPOAOJIbHBIX pefpa ABYX CMEKHbIX FpaHeH CKJIAIKH

VYcunue, BOCIpUHAMAaeMOe IPOJOIbHOI apMaTypoil CeTKH IOJIKM MAHENH, NapajuieibHOM
npononbHbM pedpam (J3B500 uepes 100 mm): q1 = R As /s1=415-7,1/ 100 = 29,5 H/mm.

BeicoTa cxaToii 30HbI 0ETOHA B HAKJIOHHOM CeYeHHH

xi=q1B/@Q2q1+ Ry h7)=29,52950/(229,5 + 11,5-30) = 215,4 mm.

Wsrubaromuii MOMEHT, BOCOPHHUMAEMBIH NPOJOIBHONW apMaTypoii CETKU MOJIKU NaHeH B
HAKJIOHHOM CE€YeHUU

M =0,5q1 B (B x1)=0,5-29,5-2950-(2950 — 215,4) = 119 kHm.

VYcunue, BOCIpHHUMAEMOIl apMaTypoil CeTKH MOJIKHU MaHEeNH, MapaJuIeIbHON HMONePETHbIM
pebpam (J3B500 ¢ marom 200 Mm)

q2=Rs As/s2=415-7,1/200 = 14,73 H/mm.

JUiHa IPOEKLMK HAKJIOHHOTO CEYEeHHUs Ha HAaNPaBJIeHHH MPOAOJIBHOTO pebpa

¢, = [2M /(g + o) =/2-119-10° /(29,5 +14,73) = 2319,7 mm.

Usrubaromuii MOMEHT, BOCIIPHHHUMAEMBIil apMaTypoil CETKH, MapajuieSibHON MOnepevuHbIM
pebpam, B HAKJIOHHOM Ce4YeHHH, HalineM no ¢popmye

M> =0,5q2¢n (cn—52) = 0,5:14,73-2319,7-(2319,7 — 200) = 36,2 xHwm.

VYeunue, BOCIpUHMMAaeMOE BEPXHHM CTEpPIKHEM Kapkaca morepeuHoro pebpa D10A500
(4s =78 Mm% R; = 415 MIa): g3 =Ry As /b= 415 - 78 /1500 = 21,6 H/mm, b5=B /2.

Hsrubaromuit MOMEHT, BOCIIPHHUMAEMBIi BEDXHHM CTEp)KHEM Kapkaca MomepedHoro pebpa
NaHeJIh, B HAKJIOHHOM CCYCHHHU

M; =0,5q3¢a(cn—b7) = 0,521,6:2319,7-(2319,7 — 1500) = 20,54 xHm.

H3rubaromuii MOMEHT, BOCHPHHIMAEMBbI HAKJIOHHBIM CeYE€HHEM NEPBOi MPaHH CKIAAKH B
€€ MIOCKOCTH

My = My + M+ Mz =119 + 362 + 20,54 = 175,74 Hwm.
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BupryanbHoe nHHelHOE TIepeMereHne

8a = tg(ou — o2 + o) = tg(0,45 - 0,204 + 0,0668) = tg 0,3128 = 0,3234.

BepTukaneHOe nepeMenieHie MMHM n3noma / — 3

V2 = cos (02— ar) / cos (o1 — o2 + or) = cos (0,2 — 0,0668) / cos (0,45 — 0,204 + 0,0668) =
=0,991//0,9515 =1,0415.

PaccrostHne OT BHyTpeHHEH rpaHu NPOAOIBHOTO pedpa 10 CepearHbI MIBa 3aMOHOIHYMBAHHSI
r=140+0,5-50 =165 mm.

O0beM mupaMuabl BEPTHKAIBHBIX [IEPEMELIEHHU [JIsi IEPBOM IPaHu CKIAaIKU

V1 =[(B+ b1)2+r]1vzcos ou/2=[(2,95+2,67)/2+0,165]-11,2-1,0415-0,9/ 2 = 15,62 w°.
To e, Anst BTOPO# rpaHy CKIAAKU
V2=2b1+3r)lvacosaz/6=(22,67+3:0,165)-11,2-1,0415-0,979 /6 = 11,106 »°.
Paboty Harpysku Haiinem o hopmyie

W, = (g/cos a1 +8) Vi +(g/cos oz + 8) V2= (2,65/0,9+1,8) 15,62 + (2,65/0,979+1,8)- 11,106=
=126,8 xH.

H3rubaromuii MOMEHT, IPUXOAAINMICS Ha TP NPOLOJBHBIX peGpa ABYX CMEXKHBIX paHel
CKJIaJIKH, oIpenessieM 1o Gopmyie

Miz=1(Wy— Wn—2M, -8/ cn)/ 4 (5.6.16)

M3 =11,2(126,8 — 14,09 — 2-175,74-0,3234 / 2,32) / 4 = 178,4 xHwm.
Ha xaxxmoe mpononbHOe pebpo npuxoautcs: M= 1784 /3 = 59,47 kHwm.

Pacuer nmo cxeme m3jioma (pucyHoOK 5.6.7,6) ¢ onpenejieHHeM H3rHOAOMero MOMeHTA
Mi3, npUXOAALIErocsa HA IBA CMEXKHbLIX MPOAOJBHLIX pefpa rpaneii CKIAIKH
BeprukanpHoe nepemelieHne auHUM H3oMa [ — 3 HaxoauM o GpopmyJie

v3 = cos(atz — ar) /cos(or — a2 + 2 ar) = 0,991/cos (0,45 — 0,204 + 2-0,0668) = 1,0667.
OG6beM NUpaMubl BEPTHKAIBHBIX [epeMEIeHHH sl IEPBOii MPaHu CKIIAIKH:
Vi=(B +b1+3r) ] vscosou/ 6=(2,95+2,67+3-0,165)-11,2:1,0667-0,9 / 6 =10,95 m>.
To sxe, Ing BTOPOU rpaHy CKIIAAKU:
Va = (2b1+3r) [ vicos 02/ 6 = (2-2,67 + 3-0,165)-11,2-1,0667-0,976 / 6 = 11,339 M°.
Pabory Harpysku Haiigem o hopmyie
We = (g/cos a1 + S) V1 + (g/cos az + S)V2 =

=(2,65/0,9 +1,8)-10,955 + (2,65/0,979 + 1,8)-11,339 = 103,078 xHm.

H3rudaromuiicss MOMEHT, NPUXOISINUICS HA Ba CMEXHBIX NPOIOJbHLIX pedpa rpaHeii
CKIIAIKH:

Mi=1Wg— Wn—2M,8a/ca)/4=112 (103,078 —14,09 — 2-175,74 - 0,3234/2,32)/ 4 =
=112,0 H.
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Ha xaxnoe mpogonbHoe pebpo mpuxomurcss M = 112 / 2 = 56 xHwm. HauGonbumii
M3TUOAOIUI MOMEHT MONydaeTcss B KpailHeM OOPTOBOM MpOXONBHOM pebpe mepBoii rpaHu
cxnanku M = 79,77 kHm > 78,3 kHM. Heo6xomimMo HOBTOPUTE OAGOP CEUEHHUsI BHICOKOTPOYHOM
apMaTypsl IPY HOBOM 3HAYE€HHH H3rHOAI0IEero MOMEHTA!

om = 79,77-10°%/(11,5-1475-410%) = 0,028;

& =1-4/1-0,056 =0,0284;

€=1-0,5-0,0284 = 0,9855.

Ilpu pacuere ceuyeHUs] MNpeNBAPUTENBHO HANPSHKEHHOH apMaTypbl y4YHTbIBaeM paboTy
HIDKHETO CTEPXKHs apMaTypHOTO Kapkaca NMpoxoibHOro pebpa J10A500 (R,= 435 MIla, A=
78,5 mm?).

Tpebyemasi miomanb ceueHHs BLICOKOMPOYHOH apMaTypb! kiacca A800:

A = [M/ (Cho) — RsAs] | Ry = [79,77-10°5/(0,9858-410) — 435.78,5]/695 = (197363,54 —
34147,5)/695 = 234,84 MM < 254,5 Mm2.

OcraBisieM B KadecTBe HampsiraeMoii apmatypel 1<918A800, a mpomoneHOe pebpo nanenu
MOJKET CITY>KHTh OOPTOBBIM 3JIEMEHTOM NPH3MATHUECKOH CKIIAIKH.

V3 KOHCTPYKTHBHBIX COOOpaKeHHil B IUBBI 3aMOHOJNMYMBAHHMSA MEXKY HPOJOIBHBIMA
pebpamu Hax nuadparMamMu peKOMEHAyeTCsl YCTaHaBIMBAaTh apMaTypHble kapkackl. OHH MOTyT
YUYHUTBIBATBECS B pacdeTe, H TOTHAa paspes3Has CKJIAJKA PaCcCMATPUBAETCS Kak HepaspesHas. ITo
CTAaHOBHUTCS HEOOXOAMMBIM, €CJIU Ui 00ecreueH sl Hecyel CoCOOHOCTH Pa3spe3HoOM CKIIaIKH
notpebyercst OObInast IOLAAb CeueHus paboueil MPONONBHON PACTAHYTOH apMaTyphL, YeM MPH
pacuere cOOpHBIX MaHesned, W3 KOTOPbIX COCTaBJIeHa CKJNAAKa, B CTafHAX H3TOTOBJICHHS,
TPaHCIIOPTUPOBAHNSA U BO3BECACHHUSA.

Pacyer Ha caBuramomee ycujiue, BO3HHKAIOIIee B IJIOCKOH mepBoii (KpaiiHeii) rpanu
pa3pe3Hoii IpU3MAaTHYECKOH CKJIAJAKH M nepeaasaemoe Ha quadparmy
MakcumaibHOE 3HAYeHHE CABUTAIOINErO YCHIIHS ONpeAeNsieM o popMyIe

S=M,/[C.(1-4C2/(3 P), (5.6.17)
S =175,74/[2,32 (1 — 4-2,32%) / (3-11,2%)] =71,416 xH.
B pa3pe3HbIX CKJIaa4aThbIxX IMOKPBITUAX CABUTIAKOIICC YCUIIME BOCHIPUHUMACTCH CTaJIbHbIMH

yoopamu, TPUBAPUBAEMBIMH K 3aKJaHBIM JETAllsiM  ONOPHBIX y3JI0B auadparMbl U
paccunthiBaeMeIME cornacHo CIT 16.13330.

IIpoBepka HAKJ/IOHHOrO CeYeHHsI B IUIOCKOCTH MEPBOH IPaHH CKJIAJKH Ha AelCTBHe
CABUTAOLIET0 YCUIIHS

Pacyer mpoU3BOAMTCS TaK XKe, Kak OAJOK Ha AeHCTBHE TIOMEPETHO CHIIBL.

Ucxonnbie nanubie: g = 2950 — 50 = 2900 mm; b = 30 mm; b'r= 450 mm; i’y = 100 mm.

Koa¢¢unueHT, yYuTpBaOUMi BAUSHAE CKATHIX MOJOK TABPOBOTO CEYEHHs] HAa HECYIIyIO
CHOCOOHOCTH TIO MONEPEYHOH CHJIe:

©r=0,75 (b's— b) I's/ (b ho) = 0,75-(450 — 30)-100 / (30-2900) = 0,36 < 0,5.
MuHIMalIbHAs IIONEPEYHast CHIIA, BOCIIPUHUMAaeMasi 0ETOHHBIM CEUEHHEM:

Os0 =02 (1 +0) R b o/ 2=1,5-1,36-0,9-30-2900 / 2 = 79,87 kH > § = 71,416 xH.
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IMonepedHast apMaTypa yCTaHaBINBACTC KOHCTPYKTHBHO B BUAe I3Bp500 ¢ warom sw = 200
MM.
ITpo4HOCTD HAKIOHHOTO CeueHHs obecrneyeHa.

Pacuer ceuennii, HAKJIOHHBLIX K NMPOJ0JILHOI 0CH pedpa nepBoil rPaHH CKIAAKH
Harpyska Ha equHULY JUIMHBI IPOAOJIBLHOIO pedpa:

q1=0,43-1,5-1,1 + (1,45 + 1,8)-0,2 = 1,36 xH/m.
TO K€, Ha €AMHULY TUTOIIAAU TTOJIKH ITaHEIH,
q2=145+12-0,43-1,1 + 1,8 = 3,98 kH/m>

MakcHMaNbHYIO BEJIMYHHY MOMEPEYHON CHIIbL, BOCHPHHHMAEMYIO KaXKIbIM IMPOXOJIbHBIM
pebpom nanenu Haiixem o Gopmye:

O=[ql/2+q2b1(c—a1)/4] cosa , (5.6.18)
0 -=11,3611,2/2+3,982,67-(11,4—1,19)/ 4] 0,9 = 31,26 kH.

Jlo Hayanma pacdyera BbBIYHMCIISIEM HEOOXOMUMBblE TEOMETPHYECKHE MapaMeTpbl CeYeHHs
npononbHOro pebpa. Hampsraemas apmatypa @18A800 ¢ Ay — 254,5 mm? (R;» — 800 MIIa,
E, = 2 - -10° MIIa), HenanpsiraeMas apMaTypa cxaTas M pactsnytas @10AS500 miomansko
ceuennss As; — Ay — 78,5 mm%. Tlepenatounas npounocts 6erona 0,75B = 15 MIla. Cnoco6
HATSDKEHHUSI apMaTypbl — SJIEKTPOTEPMHUYECKHH, TEXHOIOTHSI M3IOTOBJICHUS IUIMTHI arperaTHo-
MOTOYHAs C MPUMEHEHUEM MPONAPUBAHHST, MACCA TUIATH — 3,9 T.

BBuny cuMMeTpuH cedeHHs pacueT BEAEM IS IOJIOBUHBI CEUSHUs TUTUTHI.

OmnpenensieM reoMeTpUYECKHE XapaKTEPHCTUKH MPUBEASHHOTO CEUeHUs, MPHHIMA.

a=Es /E,=20-10*/1,35-10*= 14,815.

IInomans Gerona: 4 = 145.3 +7-42/2 + 3-31 + 3,8:31/2 + 1,57+ 1,5%/2 + 8,5.9,5 + 1,5:5 +
+1,5%/2 =435+ 147 + 93 + 58,9 + 10,5 + 2,25 + 80, 75 + 7,5 = 834, 9 cM® = 83490 mm>.

IpuBenenHast mowans, Ared =A + A Asp + o As + a A" = 83490 + 14,5:254,5 + 14,5-78,5-2=
= 83490 + 3690,25 + 2276,5 = 89456,7 MM>.

CraTnueckuii MOMEHT CeueHHs OTHOCHTENbHO HIDKHEH rpaHy 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) = 28279,235 cm> = 28279235 mv’.

PaccTosiHe OT IeHTpa TSHKECTH NIPUBEEHHOTO CeUeHus 10 HIKHell rpaHu pedpa:

y=128279235/89456,7 = 316,122 mm;

ysp = 316,122 — 40 = 276,122 mm;
ys = 316,122 — 25 = 291,122 mm;

y'=h—a, —y =450 2,5 316,122 = 108,88 mm.
MOMeHT UHEPUUU ITPUBEACHHOI'O CCUCHUS

Lo=I+0A,

2 2 2,
pysp +(X‘Asys +(1A; Vs
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145.33

red = 12

+435-(435-31,61) + +93-(31,61-26,5) +

3 3
742 147.GLe1-28f + 0]
36 12

3 3
715 105.(re1-1025) + 2 BB,
12 36

8,595
12

+

3
3’83'21 +589-(31,61-2133) +

+1,125-(31,61-10F +1,125-(39-31,61) + +80,75-(31,61-4,75) +

1553
+
12

+7,5-(42,5-3161F +369-(3L,61-4) +11,383-(31,61- 2,58 +11383-(42,5-31,61) =
=20166509cm* =2016,651-10% an®.

HayanbHoe HanpsKEHUE B apMatype: Gs = 0,9 - 800 = 720 MI1a.
Haxomum notepu B HanpsiraeMoii apmatype B coorserctsuu ¢ CI163.13330.

IlepBbie noTepy HATIPSKCHHA:
- OTEPH OT PENIaKCALUH HANPSXKEHUI B apMaType PaBHbI

A G4p1 =0,03 65, = 0,03-720 = 21,6 MITa.

I[Ipu arperaTHO-MOTOYHOH TE€XHOJOIHH H3ZeNHe NPH MPOINApPUBAaHNM HATPEBAETCS BMECTE C
dopMoil u yHopamH, MO3TOMY TEMIEPATYPHBIA Mepernaf MeXAy HHMH PaBeH HYJIO, W,
cirenoBaTesisHo, A Gsp2 = 0,

- norepu or medopmanuu ¢Gopmel AGsy3 M aHKEPOB AGsp4 MPU SIEKTPOTEPMHUYECCKOM
HATSKEHNH apMaTypbl PaBHbI HYJIIO.

Taxum 06pazom, CyMMa TIEpBBIX TIOTEPb paBHa AGy, (1) = Ady = 21,6 MI1a.

IIpoBepsieM MakCUMaJbHbIE COKUMAIOILME HATPsKeHMs: OeTOHa Cpp OT AeiicTBus ycmms Py,
BBIYUCTIAS Ghp IO hopMy e

_fo  fweonds My,

+ . 5.6.19
i Ared I red 1 red ( )

3nech eopl = ysp = 276,122 mm; ys =y = 316,122 Mm.
MowmeHT oT cobcTBeHHOro Beca M = 0.
Pay=As (05 - Acg1) = 254,5:(720 — 21,6) = 177742,8 H.
S 1777428 N 177742.8-276,122-316,122
2" 894567 2016,651-10°

T.C. Tpe6OBaHI/I€ BBITIOJIHSETCS.

=9,68 <0,9Rs, =0,9-15=13,5 MITa,

Bropsie notepu HanpsokeHwMiA:
- IIOTEPHU OT yCanku paBHbI AGsys = 0,0002:2:10° = 40 MITa;
- TIOTePU OT MON3y4ecTy onpeaenseM no Gopmyne

0’8 (Pb,cr o Gbp

e A ‘
1+a ;,Lsp[l + %} (1+0380;.,)
d

re

Ao (5.6.20)

sp6 =

Hpunumaem ¢p,or u Ej o xnaccy 6erona B20 (mockonbky Rz, = 0,75B), T.e. cormacHo CIT
63.13330 @Pper = 2,8; 0, = 14,815.
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Wp=Asp/ A=254,5/83490 = 3,05-1073.

Onpenensiem HanpskeHns B 6eTone Mo (5.6.19) Ha ypOBHE HanpsAraeMoi apMaTypsl, T.€ TIpH
Vs = Vsp — 276,122 MM.

Omnpenernsiem Harpy3Ky OT Beca MOJIOBUHBI ILTUTHI:

3900-
g, =057 2 2 1,625 k.

w

MOMEHT OT 3TOH Harpy3KH B CEpeUHe MpPOJeTa;

2 2
M:%=%8“>7\:27,8 Hu

3nech / = 11,7 M — paccTosiHHE MEKIY MPOKJIAJKAMH NPH XPaHEHHH IIUTHI, TOrAa

_1777428 | 1777428-276] 22°  278-10°-276,122

oy, = < . = 1,987+6,72-3,806=4,9 MIla.
89456,7 2016,651-10 2016,651-10
Hanpsoxennst B 6eToHe Ha ypoBHe apMatypbl S’ (T.e. mpu ys = )'s = 108,88 mMm),

1777428-276122-10888  278- 10°-108,88
2016,651-10° 2016,651-10°

CJIeI0BATEIIbHO, HY>KHO YHECTh COKHMAFOLIME HAMpsKeHNs B apMartype As'.

o), =1987~ =1,987—-2,65+15=1,316MIIa,

IToTepu OT IONI3y4YeCTH BbIYKCsAEM MO Gopmyie (5.6.20)

0,8-2,8-14,815-4,9

2
1+14,815-3,05-10° 14 276122 894566’7 -(1+0,8-2,8)
2016,651-10

=99,06 MITa.

Acsp6 =

BTopble moTepu AJA apMaTypbl S PaBHBL
AGsp2) = 40 + 99,06 = 139,06 MITa.
CyMMapHOe 3Hau€HHE [0Tepb HAIPSIKEHUS.

Ayt AGsp2) = 21,6 + 139,06 = 160,66 MIla > 100 MIla, cnenosarensro, Tpedosanue CIT
63.13330 BBINOJHEHO, H MIOTEPU HE yBEIUIHUBAEM.
Hanpsixenne AGyp2 C y4€TOM BCEX NOTEPh PABHO!

A G2 =720-160,7 = 557,3 MIla.
Veunne 00kaThst ¢ YYETOM BCEX MOTEPh HAMPSDKEHHUI OnpenessieM o popmyie
PZ = Acsp2 Asp — Os (A o A'), (5621)

NPU 3TOM CXKUMAIOLIEE HANPsDKEHIE B HEHANpsTaeMol apMaType Gs YCIOBHO NPHHEMaeM
PaBHBIM BTOPBIM [OTEPSM HaNpsukeHHH AGs2 = 139,06 MIla.

P, — 557,3-254,5 — 2.78,5-139,06 = 12:10* H.
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Pacuer NUIMTHI HA MONMEPEYHYI0 CHIY, NPHXOASINYIOCS HA OAHO NMPOJOJbHOE pedpo
TTHTBI

Ilpu pacdere MIMTHI HA MOIEPEUHYIO CUJIy paccMaTpuBaeM IPSIMOYTOJIBHOE cedeHue 0e3
TIOJIKM IIUPUHOH b = 85 MM U BBICOTOM Ap = 410 MM,

Pacuer n3rubaeMbIX 37I€MEHTOB IO GETOHHOM MOJIOCE MEXAY HAKIOHHBIMH CEYEHUSIMH
mpousBozar o (8.55) CII 63.13330.2018 w3 ycuoBust 0,3 Ry b ho = 0,3-11,5-85-410 =
=120,23 xH > O = 31,26 xH, T.e. npOYHOCTh GETOHHOM MOJIOCHI 00ECIICUEHA.

Ha noronsslii MeTp peOpa nefcTByeT BpeMeHHasi Harpy3Ka MHTEHCUBHOCTBIO
_3126-2-18

q,= =2,218kH/m;
11,4-4,45

g = 311,2164'2_2,218/2=4,375 KH/m.

3

IIpuHNMaeM NepBOHAYANBHO Ui pacdeTa IIOMEPevHOE apMHPOBAHWE B BHIAE apMatypbl
J5Bp500 ¢ marom 200 MM (A = 19,6 MM2; Ry = 300 MITa),

_R,A_300-196
s 200

w

=29,4 H/mwm (xH/m);

QS w

My = 6 gow ho* = 629,4-410% = 29,65-10° H-MM;
Ob min = 2 @sw ho=2-29,4-410 = 24108 H.
OnpenenﬂeM JUIMHY NMPOCKIUH HEBBIM'OAHOI'O HAKJIOHHOTO CCUCHUA

M 29,65-10°
Mo - 1226510 _ 5503
@ 4,375

Iockombky 3h0 = 3-410 = 1230 mm < C , To mpunumaem C = 1230 MM, npu 3ToM
Qb = Qb, min = 24,1 kH.
Haxonum 3Hauenue () B KOHIE HAKIIOHHOTO CEYEHUS

O =0Omnax—q1-C=3126-47375-1,23=25,88 xH.
Ionepeunyo cuiy, BOCOPHHUMAEMYyH0 HAIJIOHHBIM CEYeHHEeM, HaXOAuM 1o Gopmyie

Q" = 0 + 0,75 gow Co = 24,1 + 0,75-29,4-0,82 = 29,4 + 18,1 = 47,5 kH > 31,26 kH, Te.
MpOYHOCTH JIIOGOFO HAKJIOHHOI'O CEYCHUsA o6ecnequa.

Tpebyemslii MO pacyeTy IIar NONepPeHHoOH apMaTy pbl

4q,. 5 4-29,4-410%
O 31260

Sw,max =

=632>s,, =200 Mm,

KpOME TOro Sy < ho /2= 410/2 = 20,5 mm, T.€. Bce TpeboBanus CII 63.13330 BBINONHEHBL.

B coorserctuu ¢ CIT 387.1325800 5xecTKOCTb NPOJOJIBHBIX pedep CKIIag4aToro MOKPbITHS
obecnieunBaeTcs npu ycnosuu 4/ [1 > 1/33, roe h — Beicota pebpa; /1 — nimHa nposera. B Haiem
ciyqae /y / h=11,8/45=26,2 < 33, T.e. 5keCTKOCTb NMPOAOIBHBIX pedep mmT obecneueHa.
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5.7 JauHHAasA cKaaakKa

5.7.1 K OajoYHbIM CKJIAAKAM OTHOCSTCSH TPEYTOJIbHBIE M TPANEIMEBUIHBIE CKIIAJKU C
JKECTKUM IIOMEPEYHBIM CEYSHHEM, PacdeT KOTOPHIX MOXHO BBINOJHATH MO OaJOYHOM cxeme B
ITPEANOIOKEHNH JINHEHHOT0 pacipeneneH s MpoIoJbHbIX AeopMaruii o BeicoTe ceueHus. Jis
HOBBIIIEHNA JKECTKOCTH TPaHeH U3 MX MJIOCKOCTH MpPELyCMaTPUBAIOTCS MOAKpeIusiomue pedpa
nnu auadparmel xKecTKocTH [7].

JUTHHHBIMU CKJIATKAMHU YCJIOBHO HA3BIBAIOT TAKHE, Y KOTOPHIX OTHOIICHHE JUIHHBI IIpoJieTa /i
K wrpuHe /2 Gompiue 1.

banounple CkIagky IMMPUHON MeHee 3 M PEKOMEHAYETCS OMHPaTh Ha MOACTPONMIbHBIC
Ganky, GepMbl U TOMy TOLOOHBIE 3JIEMEHTDI MJIM Ha CTEHBL, a CKJIAJKH HIMPUHON 3 M u Ooee
JIOMyCKAeTCsI ONUPATh HEMIOCPEICTBEHHO HA KOJIOHHBIL.

5.7.2 CkrnaguaTble KOHCTPYKIMU H3TOTOBISIIOT COOPHBIMH, COOPHO-MOHOJMTHBIMHA H W3
MOHOIMTHOrO OeroHa ¢ OOBIYHOI M MpenBapHUTENbHO HANPSDKEHHOW OCHOBHOM PacTsHyTOH
apMatypoii, pacronaraeMoii B pedpax u nosicax. TOJIIMHY CTEHOK CKIIAJIOK, KOHCTPYKIHIO pedep
u ouadparm cienyer IpUHIMATh B COOTBETCTBUM C 4.4.

5.7.3 OCHOBHYIO PacTAHYTYIO apMaTypy OaJOYHBIX CKJIAJOK PEKOMEHAYeTCs IPOEKTHPOBATh
IIPSMONUHENHON NpenBapUTENbHO HANPSKEHHON U3 BBICOKONPOYHBIX apMATYPHBIX CTEpXKHEH
kiaccoB A600, A800 iy apMaTypHBIX KaHATOB (IOIMYCKASTCs] IPUMEHSTh CTEPXKHH AHAMETPOM
20 mm u Gonee u3 cranu knacca A540). TIpu 5TOM qUaMeTp CTEPIKHEN U KAHATOB, PACIIOJIATAEMBIX
B YTOJIIEHHBIX YaCTSIX CKJIAJOK U B TPAHAX, BHIOMPAETCs, IO BO3MOXKHOCTH, HAMOONBIIAM, HO C
yuerom CIT 63.13330.

574 TI'pann O0ano4HBIX CKIaZOK apMHPYIOTCS ONWHAPHBIMU CBAPHBIMH CETKaMH,
PAaCIOJIOKEHHBIMH B CPEIMHHON IUIOCKOCTH IpaHeil, eciii OHH He MOABEep>KeHbl M3ruly, WM
JBOMHBIMH, PacIONaraéMbIMU B COOTBETCTBUH C 3MIOPOH MMOMEPEYHbIX U3rHOAIOLIUX MOMEHTOB.

B 30Hax aHKEpOBKM IPEABAPUTENBHO HANPSKEHHON apMaTypbl OKOJO TOPLOB CKIAIOK
PEKOMEHIYETCSl IPEAYCMAaTPUBATh IMONEPEUHYI0 apMaTypy, IPEROTBPAILAIOLIY0 pPacClauBaHKe
ITOJIOK WJIM CTEHOK (pUCyHOK 5.7.1).

L

! 7
2

1 — peABapUTENILHO HANMPSKEHHAS apMaTypa; 2 — CeTKa;
3 — BEpXHHC CTCPKHU U HX 33/ICJIKA; 4 — MONICPCYHBIC CTEPKHU
Pucynok 5.7.1 — leranb apMHPOBAHUS NMOJKH U CTEHKH B TOPLEBO¥ 30He

€aM032aHKEPOBAHHS NMPEABAPHTEIbHO HANIPSDKEHHOH APMATYPbI

5.7.5 XKecTkue y3/bl CONPsUKEHUS rpaHell COOPHBIX ¥ MOHOJHMTHBIX CKJIaIOK PEKOMEHYETCst
KOHCTPYHUPOBaTb KaK BXOJSIINE YINbl JKEIe300€TOHHBIX KOHCTPYKLUMI C TNpUMEHEHHEM
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NIEPECEKAIOIMXCS CTEPIKHEH MM CeTOK (pHCyHOK 5.7.2) must TOro, uroObl ANIHMHA 3a0€JKH
pacTsaHyTHIX cTepxkHelt coorBercTBoBasa CIT 63.13330.

a 6

@ — OTAETBHBIME CTEPIKHAMH, 6 — CBAPHBIMA CETKAMH; 6 — IIOJIOKCHUE CCTOK IIPH CBAPKE; | — BEPXHHE CTEPIKHH, 2 —
TO %€, HIDKHHE, 3 — APMHUPOBAHKE B ByTaX; 4 — MONCPEHUHBIC CTEPKHH MEPECEKAFOIIMXCS CETOK; 5 — TO XKe,
MPOJOJIBHEIE;, 6 — MECTA TOUCHHOH CBAPKH

Pucynox 5.7.2 — ApMHpPOBaHHeE NMEPECeKAIIMIMMIECSH CTEPKHIMH KECTKOT0 CONMPSIKEHHS
rpaHeil TPeyroJbHOI CKJIAAKHU

5.7.6 COopHble Oano4HBIE CKJIAOKH TPANELHUEBUIHON UIIM TPEYroibHOM (GOPMbI CeYeHHs
PEKOMEHIY€ETCs IPOEKTUPOBATh U3 OTACIbHBIX IO AJHHE 3J€MEHTOB, COCAMHAEMBbIX Ha MECTE
CTPOUTENLCTBA.

CTBIKM TaKUX 3JIEMEHTOB CJIEAYeT NMpPEAyCMaTpPHBaTh B HAHMEHee HaNPsKEHHBIX y4YacTKax
CKJIaZIKH, B IUIOCKOCTSIX, MEPHEeHIUKYJSIPHbIX K NPOAONBHOW OCH CKJIaAKH. MHHHUMaJbHas
HUIMPHHA 3aMOHOJUYUBAEMOrO LIBA MPUHUMAETCSA C YUETOM AMAMETPa CTHIKYeMbIX CTep:KHel u
KOHCTPYKLIUH UX COeIUHEHUs, HO He Oojiee 250 MMm.

CTbIKH COOPHBIX CKJIAZIOK C HEHATIPSLDKEHHOM apMaTypoOii, PaCOIOKEHHbIE B 30HAX OEHCTBHsA
H3rubaroIUX MOMEHTOB, NPOEKTUPYIOTCS C NPHMEHEHHEM CBAapKH BBIMTYCKOB apMaTypbl U
MOC/IEAYOLIEro 3aMOHOJIMYUBAHYS 111BA.

CTbIKM CKJIQIOK C TPEBAPUTENIbHO HANPSHKEHHOW apMaTypoii IUPUHOH He MeHee 40 MM U
He Oonee imara INONEPEYHOR apMaTypbl B CTEHKaX CKJAAKH JOIyCKAaeTcsl NPOEKTHPOBaTh Oe3
BBINMYCKOB HEHANpPsDKeHHON apMmatypbl. [Ipu 5TOM mpomosibHas MpeaBapUTESIbHO HaNpsDKEHHAsS
apMaTypa CKJIaKU C HaTshDKEHHEeM Ha OETOH pacroaraeTcs B a3ax Wil KaHaJax ¢ MOCJIEeIyOLIM
UX 3aMOHOJIMYUBAHUEM UJIH HHBELIUPOBAHUEM.

5.7.7 ®opMbl MOMEPEHHOrO CEUSHHS MPHU3MATHHYECKHX CKIANOK BBIOHPAIOTCA U3 YCJIOBHIA
MpoM3BOACTBAa paboT, TpeGOBaHWII APXUTEKTYPHOU BBIPA3HTENBHOCTH, a TaKXKe C Y4YETOM
CIeNyIOIMX OCOOEHHOCTEIH:

- TpamenueBHIHbIE CKJIANKU C TOPU3OHTAJIbHO HAIPABIEHHBIMHU IOJIKAMH B CXaTOW 30HE
MEHbLIE CKJIOHHBI K MOTEPE YCTONYMBOCTH HAKJIIOHHBIX CTEHOK M MMEIOT CYILECTBEHHO OONbLIN
MOMEHT MHEPIIUH, Y€M TPEYTOJbHbIE TOI XK€ BHICOTHI,

- TpanereBUIHbIE CKJIAAKHU C MOJKaMH TOJIBKO B PACTSIHYTOM 30He YROOHee I HX OTUpPaHuUst
U TpeOyIT MeHbLIE TMOMePevHOil apMaTypsl Ha MOHTAXHBIE YCHIIHS, MX HEHNOCTaTOK —
HEOOXOMUMOCTh 3aMOHOJIMUHBAHHUS CTHIKA MEXAY CKIAIKaMH 1O HU3Y JIOTKA, OTBOASINETO C
TOKPBITUS BOY,

- 3aMOHOJIMYCHHBII CTHIK TPEYTOJIbHBIX CKJIAJIOK PEKOMEHIY€TCs AENATh TOJBKO MO BEPXHEH
KpPOMKE;

- LIeNIeCO00Pa3HO BBIMOJHATD TPANCLHEBUHbIE CKIIAAKHU C MOJKAMH B CKAaTOH M PaCTAHYTOH
30HAaX C 3AMOHOJIMIMBAHUEM CTHIKA B CXKaTOM 30HE.
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IIpu BEIOOpEe HaKJIOHA M IIMPHUHBI MOJOK PEKOMEHAYETCS YYUThIBATh, YTO ONTHUMAJbHBIE
ceueHns 00eCIeYHBAIOT HAHOOIBINYIO JKECTKOCTh CKJIAIKHU T 3aJaHHOH TUIOMIAIN CEUSHHUS.

Ipu coBmecTHOM HEHCTBUH TMOJE3HOH PABHOMEPHO paclpenesieHHOW Harpy3ku u
cobcTBeHHOro Beca (opMa ONTHMANBPHOTO MOIEPEYHOr0 CeueHHs [OO/DKHA 3aHUMATh
MPOMEKYTOTHOE MOJIOKEHHE MEXIY OUEPTAHUAMHU CKIamoK, NPUBEIEHHBIMU HA pUCYHKe 5.7.3,
COOTBETCTBYIOLIMMH ONITUMAJIbHBIM MOTIEPEYHBIM CEYEHUAM TOJIBKO JJIs1 HArpy3KH, PABHOMEPHOI
MO IUIOIA/H OKPBITHsA (odepTanue /), U Ul Harpy3Ku COOCTBEHHOrO BeCa CKJIAAKHU (OuepTaHue
2).

Q
(=)

N\ L2

0815/
0,868/
0,707/

320/
o749l 0251 07511 0,124/
— T T
l l L a i l b

1 1 Al

Ny
o
]
-d
Sy

a — TPEYTONBHBIC CEUCHHA; 6 — TPaNCLHEBHAHBIE CEYEHHS, | — ISl HATPY3KH NMOCTOSHHOMH HHTCHCHBHOCTH TIO
LIAPHHE CKIAAKH, 2 — JUI HATPY3KH COOCTBEHHOTO BECA CKJIAJKH
Pucynok 5.7.3 — OnTHMAILHBIE COOTHOLIEHHS PA3MEPOB CEYeHHIl CKJIANOK MO KeCTKOCTH

5.7.8 Ilpu pacuere MpU3MATUYECKUX CKIAAOK TPEYTOJBHOIO U TPANELUEBHIHOIO CEUEHUIA
CJIENyeT pasNu4aTh ABa CJIy4asi CTATHYECKOH paboThl KOHCTPYKLIMH:

- 1 — xorna nomnepevHoe CeueHNe CKIAAKH MOCIE MPIIIOKEHI HArPy3KH (B TOM YHCIHE H OT
JeiicTBus COOCTBEHHOTO Be€ca) WJIH TEMNEPAaTypPHBIX U APYTHX BO3JEHCTBHH HE HCHBITHIBAET
KpydeHHs (HET AEIUIAHALMM MOMEPEYHOTO CEYeHHs) U B HEM HE BO3HHUKAIOT MONEPEUHBIC
CHMMETPHYHbIE HIIH aCHMMETPUYHbIe Ae(opMaLiH.

B sTOM ciiyuae B CpemHUX BOJIHAX MHOTOBOJIHOBOH CKJIAKH UM OTAEIBHOH CKIIAJKHU C
MOAKPEIUSIIOIUMA pebpamu u auadparMaMyl JOTOJHUTENBHBIX KAaCATENBHBIX W HOPMAIbHBIX
VCHJIHH B IONEPEYHBIX CEYEHUAX HE BO3HMKAET. TOHKOCTEHHBIH 3JIEMEHT TakOH CKJIamuaToi
KOHCTPYKIIMM MOKeT OBITh pPAacCYMTaH M 3aKOHCTPYHPOBaH IO CXeMe MpOCToit Oajnku B
MPENONOKEHUH JTHHEHHOrO PacIpeneNeHus POAONbHbIX AeOpMaLiii 1O BBICOTE CEUYEHHS.
CTeHKHU U MOJIKH, HeMOCPEICTBEHHO HAarpy>KeHHbIE ITONIEPEYHON HArpy3KOH, pacCUHUTHIBAIOTCSA U
KOHCTPYUPYIOTCS ¢ y4eToM uX m3ruda. CTBIKM COCEMHUX TpaHel Mexay coboii u coemuHeHHs
rpaHeii ¢ auadparmMaMu MPOEKTHUPYIOTCSl Tak, 4YTOObI OOecreuynBaTh KOHCTPYKTHBHO HX
COBMECTHYIO pabory;

- 2 — KOrja B CKJIaA4aTOW KOHCTPYKLIUH, Harpy >KeHHOH MOJOCOBONW MJIM COCPEAOTOUEHHOM
Harpy3Kkoii, uiam padoraromieli kak TOHKOCTEHHAs IPOCTPAHCTBEHHAS CKJIa4aTas cucrema (B 30He
ONMUpPaHUs KPaHHUX CKIIAJIOK Ha TOPLIEBYIO CTEHY ), TONEPEUHbIE CEUEHIS H3MEHSIIOT CBOIO (hopMy.
B sTOM ciiydae CKIamdaTyi0 CHCTEMY PEKOMEHIYETCs! PACCHUTHIBATBH [0 TEXHUYECKOW TEOPHH
OPTOTPONHBIX O0OJIOYEK M MPU3MATHYECKHX CKJIAHOK WJIM METOAOM KOHEYHBIX 3JIEMEHTOB C
y4eToM reomerpudeckoil HenuHelHocTH. Ilonepednoe apmupoBaHue rpaHell U CTHIKOB MEXKIY
HUMH B 5TOM CJIy4ae OMPEREISETCS PACYETOM CKJIAZ0K KaK MPOCTPAHCTBEHHOMN CHCTEMBIL.

5.7.9 ns monbopa MPOXONbHOM apMaTypbl U BbIYHMCIEHHS MPOrHO0B OANOYHBIX CKIIALOK
JIOMyCKaeTCsl TPUBOIUTDL CEYEHHsI CKIIAJIOK K TABPOBOMY MJIM ABYTaBPOBOMY CEUEHHIO (PUCYHOK
5.7.4) ¢ mocnenyoMIM PacueToOM UX 110 IpeneabHbIM cocTosiHusIM cornacHo CIT 63.13330.
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IIpuseneHHyo TommuuHy OeroHa CTEHKH b 171 CXeM, IPHBENEHHBIX Ha pucyHKe 5.7.4,
cleflyeT onpenensits no hopmye

po20 (57.1)
sina
a MpUBENEHHYO ToiuuHy b1 (pucyHok 5.7.4) — o dopmyie
b1 =28, (5.7.2)

rae 81 — ToJIKHA OOPTOBBIX 3JEMEHTOB; O — YTOJ HAKJIOHA GOKOBBIX TPaHEH.
IIpu pacueTre MPOUHOCTH CKIAAKH 10 HAKJIOHHOMY CEUSHHIO Ha AefiCTBHE MOnepedHbIX CHII
ClleflyeT YUUTBIBATh (HPaKTHIECKYIO TONIIHUHY HAKIOHHBIX CTEHOK C IOMPABKOIl HA yrojI HAKJIOHA,

b —de—

n

| | | b |

a — K NIPAMOYTOJIbHBIM CCUCHHAM, 6—x TABPOBBIM CCUCHHAM;, € — K JABY TABPOBBIM CCUCHHAM

Pucynok 5.7.4 — Cxembl nonepevHbIX Ce4eHHH CKIAZ0K H UX MPHBEJEHHE [JIsl pacyera

5.7.10 [Jina omnpepeneHus] MOIEPEYHbIX M3rHOAIOIMX MOMEHTOB B TPaHSIX CKJIAJOK,
paccMaTpuBaeMbIX kak Oanku ¢ HenehOPMHPYEMBIM IONEPEUHBIM CEUSHHEM, a TakKxke s
MPEeABapUTESIbHBIX PAaCUeTOB CKIAOK B APYTHX CIydasxX HOMYyCKAaeTcs PacCUHTHIBaTh MX Kak
MOJIOCY Hepa3pe3HOH IUTUTHI Ha IMAPHHUPHBIX OMOpax. 3a OMOPBl B 3TOM CIy4Yae MPHHHUMAIOTCS
MECTa CONPSKEHNs I'PaHei, a 3a MPOJIET MJIUTHI — IMPUHA rpaHeil. YKCo MposieToB NpuHUMaeTcs
He MeHee ABYX U He Ooee maTi. COOTBETCTBEHHO KOHCTPYKTHBHOMY PELUSHHIO KpakHAsA omopa
TUIUTBI PACCMATPUBAETCS KaK LIAPHUPHAS, YIPYTO- MM KECTKO3alleMJIIeHHasT.

ITpu 3TOM HOpMaNIbHBIE YCHIIHS IJIs pacdeTa CEYeHUIl TpaHell NOMyCKaeTcs OnpeneiaTh 6es
y4eTa Hepa3pe3HOCTH ILUTUTHL

5.7.11 Pacuer cxymagok OTKPHITOro MpodmiIst pEeKOMEHAYETCs BBIMOJHSTE, KaK MPAaBIJIO, C
YyYETOM MOMEHTOB, BbI3BIBAIOLIMX MOMepeuHblil u3rub rpaHeil. COOTBETCTBEHHO apMHUPOBAHHE
IUTHT, MOAKPEIULIIOmUX pedep rpaHell M MX CONPSDKEHHI PEKOMEHAYETCs MPOEKTHPOBATH C
Y4eTOM BO3MOJKHbIX M3rMOAOIIHX MOMEHTOB.

IIpenBapuTenbHBIH ~ pacdeT  MOMEpPEYHBIX  MOMEHTOB B OTHCHBHBIX  CKJIAJKax
TPaneLUeBUAHOTO U MPSMOYTOJBHOIO CEYeHHH NOMyCKaeTcsl BBINONHATh KaK I KOHCOJBHBIX
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IUIMT C 3alI€MJICHUEM 110 BepTHKaHLHOﬁ IMJIOCKOCTU CUMMETPUH.

Hpumep 16

3aoanue: nns TOKPHITHS 3AaHUS IIPOJIETOM 18 M 3anpoeKTHPOBaTh CKIAAKy pasmepom 3x18
M U3 KeIe300eTOHHBIX pebpucThix muT. CHeroBas Harpy3ka npunuMaercs s 11 cHeroBoro
paiiona.

Marepuain nanenel — Tsokenslit OetoH knacca B25 (Ry = 14,5 MITa, Ry = 1,05 MITa, E, = 30
- 103 MITa). Apmarypa knacca AS00 (Ry = 435 MITa, Rs = 400 MITa).

Cxnanka cobupaercst u3 yHubuuuposanubix miauT I11 u nobopHbIX omopHbIX It 12
Pacuer CkJagK{ BBIIOJNHSAEM B IPOIONBHOM M IONEPEYHOM HAIpaBIeHUAX. PaccMarpusaem
CKIIaJIKy KaK IIapHUPHO-ONEPTYo OallKy MOCTOSIHHOTO cedeHus nponetoM 18 M (pucyHok 5.7.5).
Banka nopkperuieHa IPOAOIbHBIMHU U MONEPEUHBIMA peOpamu ILIUT, 00pa3yIOIINuX CKIAAKY.

1-1
¥ Y ¥V Y VY YVYVYYY T YIVVVIVVVVY

Pebpo A
|
T -
= | m2 Inty 'km/l n |, =
< 1 ] N I - -'tl
7, = N Petob 5, l=6m |
R : ;=18 u AR
1 1

Pucynok 5.7.5 — KoHCTPYKTHBHAS €XeMa CKJIAJAKH H3 PeSPHCTBIX ILTHT
C6op Harpy30k Ha CKIaJIKy

CobcTBeHHBIM BEC KT B OHOM cknanke Pz = 18 kH, P =31 kH.

OO6wmuii BEC IUIMT B OAHOM CKIanke (PacyeTHbIi)

P, = yr1(4Pn2 + 4Pm) = 1,1 (4-18 + 4.31) = 215,6 xkH, rae yr1 = 1,1,

- GETOH 3aMOHONMYMBAHUS INBOB MEXKY IIUTAMH!

06beM GeToHa 3aMOHONMYHBAHHS MO JAHHBIM PAacyeTa reOMeTPHH CKnaaku Vs = 2,34 M,

pacyeTHbIit moNHbIiH Bec GeToHa 3aMoHONMMUuBanus Py = yr2 Vop = 1,3 - 2,34 - 25 =76 xH,
e oGbeMHbI Bec GeToHa p = 25 kH/M?, kosddumment yr2 = 1,3;

- TIONHAs MOCTOSIHHAsI Harpy3Kka OT COOCTBEHHOTO Beca CKIIANKI

Prp =P, + Py =215,6 + 76 =291,6 xH.

Pacrpenenensas Harpyska Ha 1 Mm% ¢'rp = Prp/ (I - l2) = 291600/ (18 - 6) = 2700 Ila;

Harpyska Ha 1 m mimsbl grp= Prp /11 =291,6 / 18 = 16,2 xH/m;

- Harpyska OT Beca Kposmu Ha 1 M2 ¢'y= 2 kITa;

Harpyska Ha 1 M inHsl gr= ¢'rp= Prlz=2- 6 =12 xkH/m;

- cHeroBas Harpy3ska: s; = 1,8 xlla;

Harpyska Ha 1 M JuinHbI gs = 54 /2 = 1800 - 6 = 10800 H/m;

- k03 QULUMEHT JMHAMMYHOCTA NpPH MOHTaXe NpuUHEMaeM Ys = 1,25 (mpemmosaraercs
MOHTaX C MpEABAPUTEbHBIM YKPYITHEHHEM B CEKLMIO, BKIFOYAOMUil B ceOsl ONHY CKIAAKy
LWHPUHO# 6,0 M).
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PacuerHas Harpyska:

- B MOHTa)XHOH CTaJuA

qr = qrp¥a = 16,2 - 1,25 =20,25 kH/™m;
q'm=qrpya=2700-1,25=33751]a,

- B 9KCIUTyaTalIOHHOH cTaguu

e =qrp + qr+ qs = 16,2+ 12+ 10,8 = 39,0 kH/m;
q'e=qr +qr+ ¢'s = 2700 + 2000 + 1800 = 6500 Ila;
- OIIOPHBIC pEAKIINN
Ruy=quh/2=2025-18/2=18225 kH,
R.=¢q.11/2=39,0-18/2=351xH

CraTuyecKkuii pacyeT CKJIAAKH B POA0JbHOM HANIPABJICHHH

PaccunThIBaeM CKJIAAKy KaK IIAPHHPHO ONepTyl0 Oaiky, HAarpyXeHHyX pPaBHOMEPHO
pacripenesieHHOI Harpy3koil. PacueTHble ceueHus: As1 IUIATBI I12 — Ha pacCTOSIHUM 3 M OT OIOPBI;
quist mutel I11 — B cepennHe npoeTa.

OnpenesieM M3ruGaroLIe MOMEHTbI B PAaCUETHBIX CeueHmsIX s M1 u M: (pucyHok 5.7.6).

qv (qe)
?f {4=18m |4
My M.
M W
x=3M
Q aQ

L Lax=1m

Pucynok 5.7.6 — JM0pbI MOMEHTOB H TonepeuHbIX CHI 110 Kpato nunt 1 u 112

B MoHTaxHOM cTanun
Miv=Rux—qux?/2=182,25-3-20,25-3%/2=45506xHm,
Moo= qu?/8=20,25-18%/8 = 820 xHwm;
B 3KCILTyaTallUOHHOM cTamuu
Ma=R.x—q.x*/2=351-3-39,0-32/2=2877,5 xkHm,
Mo=q.F/8=39,0-18%/8=1579,5 kHw.
OnpeneneHne ApMAPOBAHHES MPOAOILHBIX pefep MIHT
IprHUMaeM apMUPOBaHKE TPOAOJBHBIX pebep MINT MOCTOAHHbIM 10 JUTMHE Ka)KIOH TUTHTHI.
ITnura I12
TIpHBeeHHOE MIOMEPeYHOE CEIeHNE CKIANKU B BUWIE IBYTaBPa MOKA3aHO Ha PUCYHKE 5.7.7,0.
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a. — B BUAE ABYX IUTHT, 6. — B BHJE ABYTaBpa
Pucynok 5.7.7 — IlpuBeneHHbIE NONEPEYHbIE CEYEHHS CKIAAKH

TpunuMaeM pabouyio BICOTY ceuenust Ao = 2100 — 150 = 1950 mm.
Haxonum HeoOxomumyro pabodyro apMaTypy B MpOROJbHBIX pedpax mmut I12, ucxona us
MOMEHTA B 9KCIUIyaTALMOHHOI cTaanu paboTsl Me1 = 877,5 kH-m.
[epBOHa4aILHO BEMHUCIIAEM 3HAUEHHE Oy, TIO opMyJie
o = M
" REE

(5.7.3)

_ 8775-10°
14,5-650-19507

Iockonbky am <0r = 0,372, cxkarasi apMatypa o pacuery He Tpedyercs.

=0,0245.

m

IIpu oTcyTCTBHM CXKATOI apMaTy PhI INIOIIAAb CEUEHHUS PACTAHYTOH apMaTyphI ONIPEAeAeTCs

o popmyie
A, = Rbh1-T=2at,, )/ R, (5.7.4)

A4, =14,5-650-1950- (1 - 1-2-0,0245)/ 435 =1047,5 mniZ.

IMpunnrmaem apmuposatue 1o 214 AS00 B kaxaoM npoposibHOM pebpe 1wmThl [12 1 eme
nonojiHuTeNbHO o 1<J18 AS500 B miBe ¢ KaXkKA0i CTOPOHBI CKITAIKH,

Takum oOpa3om, B IIBe MHOTOIPOJIETHOI CKIAAKH ycTaHaBnBaeM 1o 218 AS500.

CyMMapHasi II0Ia/ib CeUeHNUsI apMaTyphl B IBYX peOpax U ILBe COCTABJSET:

Ase=4-153,9+2-254,5=1124,6 mm* > 1047,5 mm?.

IIpoBepsiem apMatypy B peOpax CKJIAJKH HA MOHTa)KHBIE HATPY3KHM ¢ MOMEHTOM M1y, = 455,6
xHwm.

3HaueHue o, 1o Gopmyie (5.7.3)
_ 4556-10°

" 14,5-650-1950?

HeoGxonumas apmatypa B pebpax:

A, = 145-650-1950(1 —1—2-0,0127 )/ 435 = 540,6 Mm.

VYcraHosnenHoii B pebpax apmarypbl 414 AS00 ¢ A; = 615,6 MM? HOCTATOMHO s
BOCTIPUSITHSI MOHTQ)KHBIX HAarpy30K.

=0,0127.
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ITmyra IT1
PaccuntbiBaem HeoGxoauMyH0 pabodyro apMaTypy B MponoibHbIX pebpax mmt I11, ucxons
U3 MOMEHTA B 9KCILTyaTal[MOHHOMH cTaguu paboTsl Mez2 = 1579,5 kHwm.
Brruncisiem 3HaueHue o 10 dopmyie (5.7.3)
_ 15795-10°
" 14,5.650-19507
IIOCKOJIbKY 3HAUEHUe Ol <0k = 0,372, cxxaroit apmatypsl B mute I11 He Tpebyercs.
OmnpenersieM HEOOXOAMMYIO ILIOIIA/Ab CEYEHHS PACTSHYTOM apMaTypsl 110 hopmyiie (5.7.4)
A, =14,5:650-1950- (1—1-2-0,04407 ) 435=1905 nne?.
ITpunnmaem B pebpax maut I11 apmarypy B Buze 4322 AS00.
C y4eToM IOMONHUTENBHON apMaTyphl, YCTAHABINBAEMON B IIBAX COCEMHHX IUIUT B BHAE

=0,04407,

2318 AS500, obiiee KOIMIECTBO apMaTyphl B IBYX peOpax U LIBe COCTABIISIET:
As=4-380,1+2-254,5=2029,4 mm > 1905 mm?.
VY CTaHOBNEHHOH apMaTyphl JOCTATOYHO IS BOCHIPHUATHA MOMEHTa Meo.
IIpoBepsiem ycraHOBNIeHHY!0 apMarypy B pebpax mur I11 (4022 A500) HA MOHTaXHYHO
Harpysky: As = 4 - 380,1 = 1520,4 Mm2.
Bricota cxxaToii 30HbBI B IULTUTE COCTABIISIET:
. A, R, _ 1520,4-435
Ryynb, 145-09-650

=77,97 mm;

M=R,vy, b;] x[h0 %j =1450- O,9~65-7,797-[195—¥]-10‘5 = 1264 xHm >
> M, = 820 xHwm.

VYcranosnenHoil B pebpa mmutel 111 apMaTrypel JOCTATOYHO IJISi BOCHIPUATHSA MOHTAXKHBIX
Harpys3oK.

Pacyer nonepeuHbIX pedep CKIAAKH

IIpoBoguM pacder momepedHbIX pedep CKIAAKH HA [OeiicTBHe HM3rHOAOLIEro MOMEHTA.
PaccMarpuBaeM BapuaHT MHOTOIMPOJIETHOMH CKJIAAKHU (C y4eTOM O€TOHA 3aMOHOJIMYUBAHHUS IIBOB
MexXIy ckiaakamu). s pacyera mpuHHMAaeM CeueHHe CKIIAIKH, IPUBEIeHHOe Ha pUCYHKe 5.7.7.

OnpenensieM U3rudarOIKil MOMEHT OT BHELIHET HArPY3KH, BOSHUKAIOLIMIA B MOJIOCE CKJIATKH
HUIMPUHOH 1 M, C y4eTOM MOINEepPeYHOi CHIIbI, BOCIPHHUMAEMOH TPOXONBHBIMU pedpamMu CKJIaAKH
(pucyHok 5.7.8). Jlns sTOro ompenessieM MpUpaLIeHHe KacaTeNbHbIX HampsbkeHuii B pebpe Ha
y'-laCTKe CKJIaAKH B 1M Cnenye'r Y4Y€CTD, YTO KAaCAaTC/IbHBIC HAMNIPAXKCHUSA B MOJIKE MJIUTHI HE JAKOT
U3rubaromix MOMEHTOB BCJIEACTBHE TOTO, YTO IPAHH CKJIAAKH TUIOCKHE.

oi Q*AQT |

7,

bavas

Pucynok 5.7.8 — Ycaouas cxema NpupALIEeHHsT KACATE/ILHBIX HANPSKEHHH HA y4aCTKe
CKJIAAKH IHPHHOIH 1 M
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BouucasieM reoMeTpudYecKUe XapaKTePUCTUKU CEUEHMs U ompeneneHus AT (PUCYHOK
5.7.7).

IInomans ceuenus:

A=2byhy + 218+ byhy =2-24-30+2-300-3,5+65-16=4580 cm%

CTaTI/I'-IeCKHﬁ MOMECHT OTHOCHUTECJIBHO OCH Y.

h
—2b h +2l 3| h, + +b 'h,’ H-*£Z =2-24-30-£+2-300-3,5 30+@ +
I 2 2 2 2

+65-16- [210%} 483680 cM.

Koopaunara nenrpa TsoxecTH Xo = Sy / A = 483680 / 4580 = 105,6 cm.

s ucnonezoBanust popmMyJbl JKypaBckoro onpenenseM CTaTH4eCKHH MOMEHT OTCEYEeHHOMH
YaCTU IUIUTHI BbIIIC OCH Yo

S, =b,h,| H h, 2l. 8 h / =65-16-] 210 16 105,6 |+
e =b,h, —7x0+ﬁ, +1—xo_- 5

+2:300-35- (12()+3O 105 6)-13050 oM’

MomeHT uHepuuu:

26 h 3 2y
:#+2bphp[xo——pj+26‘h +28 h(h+h xoj + p(”)3+
2 12

*T 12 "
n 2 524303 6 4.1803
by | =" | 222250 504030 1056—30 2641807
pp 2 12 ’ &

65-16°

180 z 16 2
+2. 6,4~180(7+30—105,6] + +65~16~(210—7—105,6j =2831-10° cum®.

TIpupamenue nonepeuHoii cunbl AQ Ha MOJNOCY TUIMTHI MIMPUHOK 1 M cocraBisieT HAa 1 M
nmuHel AQ = ¢g. -1 =39,0- 1 =39 xH.

ITo popmyne JXKypaBckoro Ha ypOBHE OCH Xo BBIYHUCISIETCS KacaTeIbHasl HalpskeHuH AT

At o = AQ S /(2 1) = 39000 - 1,305 - 10° /(2 - 283,4 - 10°) = 89,79 H/cm? = 0,8979 MIla.

CymmapHas momnepedHast cuia (Jp, BOCHPHHMMAaeMas MPOIOJIbHBIM PacTSHYTHIM pedpoM
(momepeunast cuna, BOCIIPUHMMAaeMasl 4YaCThIO IIOJKH, JIEXKAlIEH HIKE OCH )0, YCIOBHO He
YUYHTBIBACTCS):

Op=At I hy/2=289,79-30/2=1346,9 H.

Pacuernerit m3rubarommii MOMeHT M:; Ha | M JUIMHBI B MONEPEYHOM HAINPaBICHUU
CKJIAZBIBAETCS U3 MOMEHTA OT BHEIIHEH Harpys3ku g = ¢.’ - 1 = 6500 - 1 = 6500 H/m 1 MomeHTa,

BBI3BAHHOTrO MOMEPEeYHOM cuoit O, (pucynok 5.7.9)
6500-3%

M, =M, +M :—M+Q ll:fv+l346,9-3:—25209H~M2725,21KHM.
t 1 2 2 D 2 )

165



O LR R 9 650

Q M,

M,

W“ﬂﬂﬂ]th
lzlz =3m

Pucynox 5.7.9 — Iniopa pacuernoro usrubaromero momenta M;

PacuerHrpie MOMEHTSI A1 ToAOOpa CEYEHHIi apMaTypbl NONEpeYHbIX pedep (pucyHok 5.7.5):
- Ha OIHO KpaiiHee nonepeuHoe pedbpo A: My =M, -a/2=2521-3/2=37,8 xHwm;
- Ha OJHO IIPOMEXYTOUYHOE nonepeuynoe pedpo b: Mg = M; -a =25,21 -3 =75,63 kHwm.
Pacuer apmatypsl BelmosHsercs B cootsercTBrd ¢ CIT 63.13330 u 31€Ch He MPUBOAUTCSL.

5.8 CtyneHuaTo-BcnapymeHHas NaHeAb

5.8.1 BcnapylueHHble MaHENH C TJIOCKOH BEpPXHEH MOBEPXHOCTBIO — MPOCTPAHCTBEHHBIE
3JIEMEHTBI IOKPBITUH U IEPEKPHITUH C IIEPEMEHHOMN TONINHON, YBEIMYUBAIOLIENHCS K KOHTYPY, U
BBITYKJIOH CPEITMHHON MOBEPXHOCTHIO, OMMCAHHON Ha IIOCKOM KOHTYpe (pucyHok 5.8.1). [Tanenu
CO CTYNEHYaThIM M3MEHEHHEM TOJIIMHBI HAa3BIBAIOTCS CTYIEHYATO-BCMAPYIIEHHBIMU (PHUCYHOK
5.8.2).

ITanenn M KOHCTPYKIHM C IUIOCKOH BEPXHEH NOBEPXHOCTHIO MPHMEHSIOT B COOPHBIX
TMOKPBITUSX U TEPEKPHITHAX 3NAaHUH U COOPYKEHMEH, NIJisi KOTOPBIX pacdeTHass Harpy3ka —
PaBHOMEPHO pacmpeneseHHas (Hid Ou3Kast K Heil).

BcnapyienHblie maHenu W KOHCTPYKIMK MOTYT OMHPATHCS 10 YIJIaM, 10 KOHTYpY, IO TPEM
WY TIO IBYM MPOTHUBOMOJIOKHBIM CTOPOHAM.

BcnapymreHHele NaHENH TNPOEKTHPYIOT KaK IJIS OJHONMPOJETHBIX (paspesHbiX), Tak U
MHOTOIPOJIETHBIX (HEPa3pE3HbIX) MOKPLITHIA U MEPEKPHITHIA.

1 — apmarypHasd CeTKa; 2 — mpeIBapuTeIbHO HAPKCHHBIH apMaTy PHBIH NM0sC; 3 — NONIOJHHTEIbHbBIC CETKH B YTIIaxX
MAHETH
Pucynox 5.8.1 — Cxema BcnapymeHHO#H nanejiu
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Pucynok 5.8.2 — Ilonepe4yHoe cedeHHe H MOCTPOEHHE HIKHEH MOBEPXHOCTH
CTYNEHYATO-BCHAPYIIEHHOH NMAHEH

5.8.2 IlpssMOyroJyibHBIE BCIAPYIIEHHBIE IAHENM 3aBOACKOTO H3TOTOBJIEHUS MPOEKTHPYIOT
anuHoM /1 < 7 m, mupuHoit /2 < 3,6 M 1 ¢ oTHOWeHHeM cTopoH /1/1; < 2. Tpu GonbLimx mposerax
WJTH TTOJIMTOHAJIBHOM IUIAHE NIEPEKPhIBAEMOr0 TIOMEIIEH ST IPUMEHSFOT COOpHBIE BCIapy LIEHHbIE
KOHCTpyKLwHu. [Ipu 3TOM pasMepbl TAKUX KOHCTPYKLHH PEeKOMEHOyeTCsl MPUHUMATh He Goee
12 M 1o gyuHe U 9 M o MWUpPHUHE.

5.8.3 HmkHIOI0 NOBEPXHOCTh NPSMOYTONbHBIX BCIAPYLICHHBIX MaHeNeH peKoMeHIyercs
OYEPUMBATH [0 MTOBEPXHOCTH MOJIOKUTENbHON rayCCOBON KPUBU3HBI, 33JAHHON YpaBHEHUEM
(1—ax2/2)1-2y2/12)
z=f 2,72 2 2)
1-Cl4x? /12 +4y2 /1)
rae f— cTpena noabemMa IOBEPXHOCTHU B LIEHTPE MaHeJNH [0 OTHOLIEHHIO K IIOCKOMY KOHTYDY,
1 u I — pasmeps! CTOPOH KOHTYpa (110 0caM 6opTOBBIX pebep);

X, y — TeKyue koopauHars! (pucyHku 5.8.1, 5.8.2);
C — mapamerp, usmensrouiics ot 0,3 1o 0,5 (pexomenayercs mpunumars C = 0,45).

(58.1)

HuxHiOl0 NOBEPXHOCTh CTYINEHYATO-BCHAPYLICHHBIX MAaHENEH MPOEKTUPYIOT TaKuM
obpaszom, uTOOBI B HampaBieHuu oceit x u y (pucyHok 5.8.1) ona Obuta ouepueHa ayramu
MOBEPXHOCTH, MEPECEUSHNUsI KOTOPBIX C BHYTPEHHUMHU I'PAHsIMH KOHTYPHBIX pedep Jieskain Obl B
IUTOCKOCTH Oceli apMaTypHOro IIosica OMOpHOro KoHTypa (pucyHok 5.8.2). B kauectse
OIMCBIBAIOINX Oyl B 3aBHCUMOCTH OT TEXHOJOTMHYECKUX H apXMTEKTYPHbIX TpeOOoBaHHi
JIOTyCKaeTCsI HCIONIb30BaTh KBAIPATHYIO Mapaboity Wil AyTy Kpyra co cTpenoit nogsema f. Hrcio
CTyIIeHEel PeKOMEeHy€eTCsl IPUHUMATh OT 2 10 5.

5.8.4 Tlmuty manenefi (pucyHok 5.8.1) mpoextupyroT u3 OetoHa kjacca B25 u Bbime u
APMUPYIOT CBAPHON CETKOH M3 MPOBOJIOKH AHAMETPOM 3—4 MM ¢ siueiikoil pazmepamu 200x200
MM, a 10 YIJIaM Ha y4acTKax pasmepamu /1/6 u /2/6 — nononHuTenbHOI CeTKoil U3 cTep kHel Toro
JKe IUaMeTpa, PacroyiaragMoi mog OCHOBHOM CETKOH.

B cpenHeil yacTH BCIapyIIEHHBIX M CTYIIEHYATO-BCIAPYIIEHHBIX TaHeNlel peKOMEHIyeTCs
MIPUHUMATD. TOJIINHY IUIUTHI & — He MeHee 30 MM, IINPUHY KOHTYpPHBIX pedep — He MeHee 100
MM, LIMPHHY HPOMEXYTOUHBIX peGep MexIay KeccoHamu naHeneil — He mMeHee 50 Mm. Bricoty
KOHTYPHBIX pebep maHeneil mepekpuIThil ClieqyeT NMPHHUMATH He Oojiee YABOEGHHOH BEBICOTHI
cedeHus IPUMBIKAKoLLEel K peOpy IUIMTHI U HE MEHee BBICOTbL, TPeOyeMOil 1o pacdeTy MaHeNH Mo
6anouHOl cxeMe H3IoMa.

JU1st yMeHblIeHUs] TOJIATIIMBOCTH B TOPU3OHTANIbHOW IUIOCKOCTH B KOHTYPHBIX peOpax Ha
JUIMHHBIX CTOpOHaX /1 maHejeld, pacmoONOKEHHbIX IO Kpalo 3MaHHA HWIM COOPYXKEHHS,
PEKOMEHAyeTCs MPeayCMaTPUBaTh TOPU3OHTAJIbHBIE MOJIKH Y HIDKHEH rpaHu pedpa, yBennyeHue
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IIMPUHBl WM COOTBETCTBYIOIIETO apMuposanus peOpa. Jlomyckaercss Takke YBEIHYCHHE
TOJIIMHBI UM apMUAPOBAHUS TUTUTHI B KpalfHHX TaHEJSX, WIH YCTAHOBKA CBA3EH MEXY HMaHEIbIO
1 IPYTUMHU HECYUTUMU KOHCTPYKIUSAMU 3MaHHs WIH COOPYKEHHS.

B mnuTe nomyckaercs mnpemycMaTpuBaTh OTBEpCTUst M mpoembl. KoHCTpympoBaHume u
apMHUPOBAHUE IUIUTHI B 30HE OTBEPCTUIl MOJKHO COOTBETCTBOBATH 4.4.24.

5.8.5 BcrapyumeHnHbple TaHeIM W KOHCTPYKIMH, Kak IPABHJIO, MPOCKTUPYIOT C
IIPeBAPUTEILHO HANPSKEHHBIM apMUPOBAHHEM 110 KOHTYPY.

KonTypHble pedpa maHeneil apMUPYIOT NPEABAPUTENIBHO HAMPSIKEHHBIMU CTEPIKHIMH HITH
KaHATaMH TaKUM O0pa3oM, 4TOOBI CO3aBaNCs 3aMKHYTBIH apMaTypHBIH HOsC. 3aaHKepHUBAHUE
CTEp’KHEH B OMOPHON 30HE MPENYyCMATPUBAIOT MyTeM INPHBAPKH HX K CTAIBHBIM OIOPHBIM
KOJIOZIKAM aHKEPHBIX YCTPONCTB U 3a CueT cleruieHus ¢ OetoHoM coriiacHo TpeGosanmsim CIT
63.13330. B ciyuae, ecnu CTEpPKHH IJIM KaHATHl MPOEKTUPYIOT O€3 aHKEepOB, apMaTypHBIE
SNEMEHTBHI CJIEAYET JOBOAUTD 10 HAPY KHON IPaHK MPOTHBOIIOJIOKHON CTOPOHBI MAHEINH.

IpenBapuTenbHOe HANpPSHKEHHE OCYIUECTBISIIOT HATsKEHHEM apMarypbl Ha OeToH B
IpoLiecce MOHTaXa 5JIEMEHTOB C MOCIEAyOIINM OOETOHUPOBAHUEM MU HATSKEHHEM Ha YIIOPBI
HAa 3aBOJIe-U3TOTOBUTENE (B MpENeiax KOHTYPHBIX pebep COOPHBIX 3JIEMEHTOB) ¢ MOCIEAYFOIUM
YCTPOICTBOM CTBIKOB IT05ICA, IEPEKPBIBAIOIINX [BbI MEXKAY 3JIEMEHTAMH.

Jns xommeHcaruu gedopmaiuii st COOPHBIX BCHAPYLIEHHBIX KOHCTPYKLME Cleayer
IpenyCMaTPUBaTh CTPOUTENBHBII MOABEM fo > f,/ 5 , HO He MeHee 20 Mm.

B xoHTYpHBIX pebpax kKpoMe OCHOBHOM PacTAHYTOH apMaTyphbl (apMaTyPHOTO [105ICa) CIIeyeT
IIpenyCMaTpUBAaTh ITONIEPEYHYI0 apMaTypy. B peOpax, onepTbIx 10 BCeil AJIMHE, YCTaHABIMBAIOT
ONMHOYHBIE apMaTypHbIE KapKAacChl, pacriojaraeMsle Oirke K HapykHOH rpanu pedpa. IIpu aTom
BOJIM3M yTVIOB KapKachl ZOJDKHBI BKIIFOUATH [ONIEPEYHbIE CTEPKHU JHAMETPOM 4 — 6 MM C [Iarom
He Oonee 50 MM M HIKHHME CTEPXKHU IuamerpoMm He MeHee 6 — 8 MM. B koHTYpHBIX pebpax,
HCTIBITBIBAIOIINX M3MMO B BEPTUKANBHONW M TOPH3OHTAIBHON IJIOCKOCTSAX, BOJM3M YIJIOB Ha
ydacTkax pasmepamu /1/6 u [o/6 mpemycmaTpuBaiOT AOMOJIHHUTENbHbIC apMaTypHble KapKachl y
BHYTpPEHHE#H rpanu pebpa.

5.8.6 COopHbIe BCIapyILIEHHBIE KOHCTPYKLMH Ha MPSMOYTOJBHOM IUIAHE PEKOMEHAYEeTCs
KOHCTPYUPOBATb TaKUM o6pa30M, 9TOOBI  CTHIKH MEXAY MOHTAXHBIMH  3JICMCHTaAMU
pacrnosarajlyuch BAOJb JIMHUNA U3JI0Ma PaCYETHOM IIATPOBOH CXEMBbI Pa3pyLLEHHS.

5.8.7 IIipuHy ONOPHBIX ILIOLIAJIOK IIPU OMUPAHUU IO KOHTYPY, 110 TPEM WIH ABYM CTOPOHaM
PEKOMEHAyeTCs IPUHIMATh He MeHee 50 MM, a OIOpHBIe MOBEPXHOCTH MaHeNel, OMUparIuXCs
o yrzam, pasmepamu He meHee 70x70 MM — IpHu ONMpPaHUM HA METAJUIMYECKHE 3aKJIAAHbIE
Jietany, U pasmepamu He MeHee 100x100 MM — py onupaHUX HAa OETOHHBIC MOBEPXHOCTH.

5.8.8 B MHOrompoj€THBIX HOKPHITHSIX M TEPEKPBITHAX W3 BCIAPYLIEHHBIX MaHeNeH
3aMOHOJIMYHUBAHUEC CTBIKOB U CBAPHBIC COCAMHECHUA MCXKIY HUMH NPEayCMaTpHUBarOT U3 pacueTa
TIOKPBITHUA WK NEPEKPBITAA KaK 3JIEMCHTA 34aHMA B LCJIIOM Ha NOPHU3OHTAJIbHBIC HAarpys3kKku u C
y4eTOM KOHCTPYKTHBHBIX TpeOoBaHui. B ciyuyae HeoOXomuMoCcTH IO KOHTYpYy MNaHeneil
MPeyCMaTPUBAIOT LIMOHKH, 00pa3yeMble OETOHOM 3aMOHOJIMYMUBAHHUS CTBIKA.

5.8.9 Pacuer BcmapylleHHBIX MaHENEH CIEAyeT MPOBOAWUTHL MO NPEAENbHbIM COCTOSHUAM
coracto CIT 63.13330 u 4.2. Ilpu 3TOM HecyLyo CrocoOHOCTh U cedeHusi pabouyeii apMaTyphl
NOsICa ONPENIENAIOT METOIOM MPEAETBbHOIO PAaBHOBECH.

5.8.10 [nd npsIMOYrojbHBIX BCIAPYLIEHHBIX M CTYNEHYAaTO-BCIAPYLIEHHBIX MaHeneil
(pucynku 5.8.1, 5.8.2), onepThIx MO KOHTYpY, pacnop [/ HOMycKaercs OnpenensiTb, NPUMEH
LIATPOBYIO cxeMy u3jioMa (pucyHok 5.8.3,6), mo hopmyie
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H=H,=H=—"12___ (5.8.2)
12f, w/112 +17
a IUIOLIAAb CEUSHHs APMATy Pbl IPEIBAPUTENBHO HANPSHKEHHOTO nosica A5 — mo GpopmMye
A= i , (5.8.3)
ZYd Rs

rne fp = ho — 8;/4 — pacueTHbli oJ’beM NaHe!,
11, I> — pacuerHbIe pa3Mepbl aHen! (PacCTOAHHE MEXIY OCSMHU OMOPHBIX IUIOLIAN0K);
R, — pacueTHOE CONPOTHBIIEHHE NTPEIBAPUTEIBHO HANPSHXKEHHON apMaTyphbl MOsICa;
Y4 — K02 GUIMEHT, IPUHUMAEMBbIH PaBHBIM 1; IJIS IIJIUT C OTHOLIEHHEM JUTMHBI CTOPOH OT 1,7
1o 2 v nipu Ao /12 < 1/25 y4= 0,8, a ans kpaltHUX MaHesnel MOKPBITHIT WTH IePEKPBITUE, ISt
KOTOPBIX He BBIOJNHSIOTCS pekoMeHaaunu 5.8.4, y4=0,7.

a 6
~N

Y Yy

2/
=

0

d I o

b b, =

xﬁpﬁzz«z ”‘k@' £ 2
y BT % g

a — C M3JI0MOM TOCPEMHE MPOJIETA (0AN0YHAL CXEMA); 6 — C pa3ieICHHEM HA 5 JUCKOB (IIATPOBAS CXEMA H3IOMA);
1 — 60KOBBIC TPaHH;, 2 — OCHOBHAA apMarypa nosca; H u H,— ycuius B mosice
Pucynok 5.8.3 — Cxembl pa3pyumieHHs1 BCIAPYLIEHHbIX NMAHeJeH H WATPOBLIX CKJIAA0OK

Hecyuiyro criocoOHOCTb MaHeN! Mo CXKUMAIOLIMM YCHIIHAM B ILUTUTE JOIYCKAeTCs IPOBEPATh
Kak JJ1s1 BCTIapyIIEeHHOH! NaHeld ¢ HeCMEIaeMbIM KOHTYpoM 1o 5.8.11.
5.8.11 Jna BcnapyleHHBIX M CTYMEHYAaTO-BCMAPYLIEHHBIX IIaHeNeil € HeCMeIlaeMbIM

KOHTYPOM HpeJeNIbHY0 Harpy3Ky ¢ WM TONIIHHY IUIUTHI 05 ONPEAEISIIOT 1o GpopMyIie

q=T)fd o5 Ry (584

rJie f4 — pacHeTHbIi NOAbEM NAHENH, ONPEAENSEMBIH C yIETOM HEeynpyrux aAedopmanuii cxxaroro
6eroHa o popmyie

H(ll +lz)

_ 585
4pr Ebl 6m ( )

Ja=1, P 1 >
37€Ch 8 — CPEIHAS TONMIMHA BCIAPYILEHHON WM CTYIeHYaTO-BCIapy LIIEHHOMN MaHe,;
Epn — monmyne nedpopmaruii OeToHa, ONpenesseMblil C Y4eTOM MJIMTEIbHOCTH ACHCTBUS
Harpy3ku no 5.7 CIT1 387.1325800.2018.
5.8.12 Jlns naHeneii, OmepThIX MO OBYM CTOPOHaM MM IIO YIWlaM, KpOMeE pacdera IIo
IIaTpOBOM cxeme, IpuBeneHHoro B 5.8.10, ciemyeT mpOBOOMTH pacdeT Hecyiel criocoOHOCTH
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HaHeNH B OMHOM i Tipu /1 # /2 B IBYX HalpaBJIeHHsIX 10 OaJ0qHOH cxeMe usoma kak Oanku I1-
oOpasHoro ceueHuns (pUCYHOK 5.8.3, a).

Pacuer HaYMHAIOT ¢ BBHIYKCIICHHS T€OMETPUYECKHX XapaKTEPUCTUK MPUBECHHOTO CEUSHNUS 1
BBIYHCIIEHUS NIPEAebHBIX M3rHOA0IHX MOMEHTOB B OIIOPHOM cedeHnu Mo U B cepeluHe IpoJieTa
M..

3HaueHue npenenbHON Harpy3Ky ONpeaessioT mo GopMmyie

24(M, +M,)

= , 58.6
/xislf, —12) (5.8.6)

b
rae J; — mupuHa Oanku I1-06pa3Horo cedeHus,

I, — paccTosiHMe B CBETY MEXIY KOJIOHHAMHU B HATIPaBJIEHUH IPOJieTa Gaiky.

B kadecTBe TNpeNeNbHONM MO HECylleil CIOCOOHOCTH MaHeNId IePEeKPHITHS Harpy3KH
HCTIONB3YIOT MEHBIIYIO U3 HATPY30K ¢ U .

5.8.13 Pacuer mnpormba moOJsI CTYNEHYATO-BCIAPYIIEHHOH MAHEMH W1 JOIyCKaeTcs
MPOU3BOIUTL MPUOMIKEHHO — KaK JJIsl JKeJIe300€TOHHOI OmepToil Mo KOHTYpy IUIMTHL, 0e3
TpPELIUH B PaCTSIHYTO#H 30He, 1O popmyte

2 2
P +p_pl (ll +12)2 (587)
By Ewo )325, f,

rae p v p; — HOpMaTUBHBIE 3HAYECHUA COOTBETCTBEHHO MOJIHOW H JJIMTCJIBHO neﬁCTBy}omef/i Ha

W =

MIEPEKPBITHE HATPY3KH.

JUiist maHesnu, ONepToi IO yriaM, K BelMHUCIEHHOMY MO dopmyie (5.8.7) 3HaueHuto nporubda
IUIUT W1 cileayer nobasmsiTe nporu® pebGep wa, BBIMHCIEHHBIH Kak mist Ganmok I'-obpasnoro
CeueHws], U BbIYECTh 3HAUEHHE BbIrkOa pedpa oT 0OKaTHs HAMpsiraeMoi apMaTypoil mosica.

5.8.14 Pacuer cOOpHBIX IMpENBApUTEILHO HANPSDKEHHBIX BCHAPYyIISHHBIX KOHCTPYKLHI IO
TNPEOCIBbHBIM COCTOAHUAM CJICAYET BBINIOJIHATL Ha YCWIIHA, BO3ZHUKAWMHE A0 W IIOCIIE
3aMOHOJIMYHBAHUS CTHIKOB.

58.15 [na nmnpenBapUTENbHO HANpPSDKEHHBIX  OMEPTHIX MO  KOHTYpPY  IaHeNei,
yaosieTBopsroliux 5.8.2 u 5.8.4, mpoBepKy TpPELIMHOCTOMKOCTH AONYCKAETCs HE IPOBOIMTE.
ITpoBepKy TPELIMHOCTONKOCTY MaHeNel, OnepThIX MO JABYM CTOPOHAM WIM MO yriam, Cliefyer
BBINIOJHATh Kak A OalouHbIX 5J1eMeHTOB II-00pasHOro cedeHHs B ONHOM WIH B HBYX
HaIlpaBIeHMsIX.

Hpumep 17

3aoanue: TpebyeTcs 3ampOeKTHPOBATH COOPHYIO CTYNEHYaTO-BCHAPYLICHHYIO IaHElb
pa3smepamu B ocsix 3,3x5,4 M ¢ onupaHueM o ABYM KOPOTKHM CTOPOHAM JUIsl MEXIY3Ta)XHOIO
TepeKpeITHs O(ICHOro 30aHus. BpeMennas Harpyska Ha nepexpbrruu 2,0 kH/m2. BricoTa sTaxa
3,6 M.

ITpunuMaeM BHEUIHHE pasMepbl maHend B Iuane 3,28x5,38 M (pucyHok 5.8.4). Bricora
KOHTypHOro pebpa manenun 270 MM, UHpPHHA 1O HIDKHEW rpaHu cedenmst 100 mm. IDmura
BBIITOJIHACTCS ¢ ABYMs CTyleHsaMmu 1o toimuae. C yderoM pexoMenmanuii 5.8.3 mo BeIOOpY
OYepTaHUsl HIKHeW [IOBEPXHOCTH IIPU pacueTHO# cTpene noabema f = 0,1 M (Mexay cpenuHHON
IUIOCKOCTBIO I[EHTPAJbHOTO KECCOHA M IUIOCKOCTBIO AEHCTBMSA pacropa B KOHTYPE) HMPHHATHI
CIeyIOLINE pa3MepPhl 3JIEMEHTOB ILIUTHL:

- LEHTPaJbHbINA KeCCOH 1,6%2,7 M TONMIHHO# &5 = 30 MM,

- rabapurs! 1-ii crymenu 2,28x3,8 M ¢ TONIIMHON IIHTEL 50 MM,
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- rabaputhl 2-if crynenu 3,08x5,16 m (mo pebep) ¢ TonmumHuOM mIuTh 100 MM.
Pacuerneie nposeTst nanena: 11 = 5,28 M, /2 = 3,18 M. PaccrosHue OT Bepxa MaHequ N0
IUIOCKOCTH AEHCTBUS pacropa B KOHType A =f+ 85/2 =100+ 15 =115 mm.
| U

— - -1
| — .|
I et 7 1 |
I oy
Il oy
Lol Loy
—l 1 L=
I l I L J I I [
[ —d
- __ _|
| n
-1
] 8§ -
550
100, | 680 5380
-1
| T
100, 400340,
7 3280

Pucynox 5.8.4 — I'eomerpust nanejx

Ianesnb npoekTHpyeTcs U3 Tshkenoro 6erona knacca B30 (Ry = 17 MIla; Ry =1,15 MIla; Ep
= 32500 MIIa). B xadecTBe OCHOBHOI apMaTypbl pebep HMpHMEHsAETCS CTEp>KHEBas apMarypa
kiacca A500 (Rs = 435 MITa).

Jlist cBapHBIX KapKacoB M CETOK NMPUMEHSETCs apMaTypHasi poBoJoka xacca Bp500 (R, =
=415 MITa).

CO6op Harpy3ok npuBeaeH B Tabmuuax 5.8.1 u 5.8.2.

Tabauna 5.8.1 — Harpy3ku Ha minTy naHesw

Bup narpysku Hopmatus- ¥ Pacuetnas,

Has, KH/m> KkH/M?

CoOcTBeHHBIH BeC JkeNe300eTOHHO# IUTHTHE Oe3 y4era Beca
KOHTYPHBIX pebep 1,68 1,1 1,85
Bec nona 0,80 1,3 1,04
Bpemennas Harpyska p = 2,0 kH/m? x ¢1* 1,65 1,2 1,98
B T.4. JUIUTEJIbHAS YaCTh BPEMEHHOM Harpy3ku (p x 0,35) 0,58 0,70
Hroro: Ilonnasa Harpy3ka 4,13 487
JnurenpHO AelicTByOIas Harpy3Ka 3,06 3,59

*B pacuyerax IUIUTHI [UIsl BPEMEHHOH HArpy3ku YYUTHIBAETCs MOHIKAIOIMNA K0o(dULUEHT 1o
dopmyne (8.1) CIT 20.13330.2016 npu rpy3osoii miomamu 4 = 54-33 = 17,82 m*:

0,6
¢, =04+—= 04+——25 =0,826.

Ja4a 18z

Tabnuua 5.8.2 — Harpy3ku Ha KOHTYpHOE peOpo maHeu
171



Bun narpysku Hopmarusnas, | yr | Pacuernas,
kH/m kH/m

CobcTBeHHBIH BEC KOHTYPHOro pedpa u BeC OeToHa
3aMOHOJINYUBAHUA 111BA 0,74 1,1 0,82
Bec monoBuHb! (MO TOMIIKHE) KUPITHYHOW NEPETOPOIKH
Haq peOpOM C JIBYXCTOPOHHEH IITYKATYPKOIl, BBICOTO#
3,38m 5,11 5,92
HTOrO npujioskeHHBIX HETOCPEACTBEHHO K pedpy: ¢1 5,85 6,74
CoOCTBEHHBII BEC MMOJIOBUHBI IUPHUHBI TUTUTHI 2,02 1,1 2,22
Bec nona Ha nojnoBUHE MHUPHUHBI ITUTHI 1,26 1,3 1,49
Bpemennas Harpyska 3,14 1,16 3,77
B T.4. JUIUTENIbHAs YaCTb BPEMEHHOMN Harpys3ku 1,10 1,2 1,32
Hroro nepenaercst Ha pebpo MIIKTOI:

Ilonnas Harpy3ka ¢ 6,42 7,48

JinTenpHO AelCTBYOLAs Harpy3Ka 2/ 4,38 5,03

Pacuer namTnl

PacuerHblil mogpeM minthl f, =ho — &/4 =0,115—-0,03/4 = 0,108 m.

CyMMapHOe 3Ha9eHHe yCUITHii pacropa H B aByx pedpax OIXHOrO HampaBJIeHHs 110 MATPOBOM
cxeme 1o opmyie (5.8.2):

e 4,87-528-318° 1716 «H.
12-0,108-/5,28” + 3,18’
TpeOyemas miomans CE4eHsI OCHOBHOM apMaTypBl IS PSTOBOM MAHEN! MePeKPBITHS
_H 1716
* 2y ,R 2-1-435000

st kpaiiHuX maHene# mepekpeITus vy = 0,7; Torma As = 2,818 - 10 Mm%

IIpuHrMaeM pacHoNoKeHUe LEHTPa TSHKECTH HIDKHEH apMaTypbl Ha paccTosHuu 50 MM OT
HIDKHeW rpaHu cedeHusi peOpa, BEpXHell apMaTypbl — Ha pacctossHud 30 MM OT BepxHeii
MTOBEPXHOCTH (PHUCYHOK 5.8.5). PaccTosiHHE OT INIOCKOCTH AEHCTBUS pactopa B KOHTYpe A0 LIEHTpa
TSDKECTH HIDKHEH apMaTypsl peOpa cocrasisier 105 MM, 10 LEHTpa TSKECTH BEPXHEH apMaTypbl

=1973-10"*m".

— 85 mm. Torna TpeGyeMoe KOJTUYECTBO HUKHEl apMaTyphl cocTasut 4, = 1,973-107* (85/190) =
0,883-10™* m?, Bepxmeit apmatypnt Ay = 1,973-10"* (105/190) = 1,090-10* m%.

o
)

85

270

105

50

Pucynok 5.8.5 — IlonoxeHne apMaTyphI H INIOCKOCTH AeiicTBHS
HIATPOBOIO PACNOPA M0 BLICOTE CeeHHs pedpa
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Taxum 06pa3omM, B yIJIOBBIX 30HAX U B IPOJIETE KOPOTKHX (ONMOPHBIX) peGep PsAIOBOi aHEH
B Ka4eCTBEC HIDKHEH apMaTypbl JOCTATOMHO MCMOJIb30BaTh cTepskeHb J12A500 (4, = 1,131-10
M%); B kpaiinux nanensax — J14A500 (4, = 1,539-10* m?). B kauecTBe BepXHEil apMaTypbl MOTYT
OBbITh YCTAHOBIICHBI COOTBETCTBEHHO 12A500 1 D14A500.

Ipy mpoBepke MINTHI HA CKUMAIOLIME YCHIIHs PACUCTHBIN MOOBEM MAHENM C YYETOM
Heynpyrux gedbopmarnuii cixaroro 6eroHa onpenensercs no Gopmyie (5.8.5). IIpu 3Tom B caydae
NPONO/UKMTENBHOIO  OeHCTBHS HArPy30K YUHMTBIBAGTCS CHIDKEHHE Ha4albHOTO —MOJYJIst
nepopmanmii 6erona o CIT 63.13330

Epc=Ep/ (1 + @per) =32500/(1+2,3) = 9850 MITa.

CymMmapHoOe 3HaueHue ycuuii pacropa /4 B 1Byx pebpax OIHOrO HampasieHus Mo Gopmyie
(5.8.1) mpu anuTenbHO AeficTByromeit Harpyske 3,59 kH/M? coctasmser 126,5 xH.

Cpennsis TONMIMHA IUIMThI CTYIEHYATO-BCNAPYIIEHHOMH naHe u 8, = 0,067 m.

Pacuernelit nogbem nanenu mo popmyie (5.8.5)

126,5(5,28+3,18)
4-0,108*-9850000- 0,067

£, =0,108 {1— }—0,104 M.

Torza mpenenbHast HArpy3Ka IO YCJIOBUEO IPOYHOCTH CXKATOIt IUTUTHI 10 opmy e (5.8.6)
! 2 2 )
q, = 3 5’282 i 3’1§ 0,104-0,03-0,9-17000=19,30xH/™m*> > 4,87 kH/m”.
5,287-3,18
AHaJNOrM4HO BBINOJHAETCS NPOBEpPKa MPH HEMPOAOIDKUTENLHOM AeHCTBUM Harpy3ku. Ilpu
3TOM yCHJIME PACTIOpa BLIYHUCIAETCS OT TIOJHOHN pacueTHOH Harpysku 4,87 kH/mM%, a pacueTHblit
HOAbEM IaHemu — ¢ MonyneM nedopmaunit £y = 0,85Ep = 0,85-32500 = 27600 MIla (5.7 CIT
387.1325800.2018):
H=171,9 kH; f1= 0,106 M; g = 19,67 kH/m? > 5 35 kH/M.
ApMHPOBaHKE TUTUTHI IAHEIN BBINOJIHAETCS KOHCTPYKTHBHO CETKO# ¢ stueiikoii 200/200 u3
mpososioku @3 B,500,
Iporu® ruTs! Beucsercs mo Gopmyie (5.8.7) npu HOPMATHBHBIX 3HAYEHHAX HATPY30K:
(306  413-3,06) (528 +318°)
b (9850000 " 27600000) 32.0,067-0,108>

=0,0202 m.

Pacuer npoxosibHbIX peGep Mo MPOYHOCTH

KonTypHOe pebpo paccumThiBaeTcss Kak 0ajlka TaBPOBOrO CedeHHA. B cooTseTcTBHM C
TpeGoBauusivu CIT 63.13330 pacueTHas IUHpUHA TMOJKHA B OAHY CTOPOHY OT pebpa
OTpaHUYMBAETCS 3HAUEHIIEM b}n <1/6 =5,28/6 = 0,88 m. IIpn 5TOM TONLIKMHA MOJIKK IEPEMEHHA:

Ha yJacTke mwupuHoi 0,04 m OT kpast h} =30 MM, 3aTeM Ha yyacTke wnpuHoii 0,34 m A= 50
MM, Omke k pedpy Ha ydactke 0,40 M — h} = 100 mM. B 3anac nepsblii y4acTOK HE YYUTBIBAECM,

CUUTasl PACUETHYIO LIMPUHY MOJNKHU paBHO# 0,34+0,4+0,1 = 0,84 m.
PacuerHbIii M3rudarOMii MOMEHT OT BHELTHUX PACYETHBIX HAIPY30K:

4a* | |1
M=|g+q1- 2|1, (588)
{‘]1 ‘Iz[ 3112 ﬂ 3

rie g1 = 6,74 xH/M — Harpy3ka Beca pebep U Beca eperopoIku (paBHOMEpPHAs 110 JUTHHE IPOJIETa);
q2 = 7,48 xH/mM — Harpyska Beca IUIUTBI, BECA TOJA W TOJHASA BPEMEHHAs Harpyska

(TpamenueBuaHAs HATPy3Ka C napameTpoM a = /2 = 3,18/2 = 1,59 M — pucyHok 5.8.6).
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A 5 2 2
M=|674+748[1- 22 92 28" _ 46,40 xHn.
3.5,28 8

1,59 M
K

@
G

528 m

7

Pucynok 5.8.6 — Harpyska Ha npoaoJibHOM pedpe

Tpebyemast apmaTypa no npo4HOCTH pedpa:
o, =M /(Rybh’) = 46,40/(17000-0,84-0,22”) = 0,0671 < o =0,372;

—_——

Ay = Rybhy(1—.1-201,,)/ Ry =17000-0,84-0,22-(1— ./1-2-0,0671)/435000=

=5,02:10* M2

IpurnMaem G28A500 (4; = 6,158-107 m?).

ITonepeunas cuia Ha ONOpPE OT PACUETHBIX HArpy30K:

Q=qi/2+q,(l} —a)/2=6,59-5,28/2 + 7,48 (5,28 — 1,59)/2 =31,2 xH.

IIposepsieM ycCnOBME MPOYHOCTH MO HAKIOHHOHW monoce mo ¢opmyne (8.55) CII
63.13330.2018

@y Rybhy =03-17000-0,1-022=112,2 kH> 0.

IIpoBepsieM yCIOBHsI MPOYHOCTH MO MOMEPEIHOH CHIIE /Ul 3JIEMEHTOB 0e3 momnepeqHon
apMaTypBl

Op max =2.5Rybhy =2,5-1150-0,1-0,22 =633 xH>O;

Op.min = 0,5R,bhy =0,5-1150-0.1-0.22 =12,65 xH,

My, = @y Rybh% =1,5-1150-0,1-0,222 =835 xHu .

IIpy Cmax = M/ Qb,mjn =3ho= 3-0,22 = 0,66 m:

2 2
c 0,66
~ ¢ — g, —=31,6-6,74-0,66- 7,48

C-ac-dy, 2:1,59

>

=26,1 kH> (), ;,— momepeuHas apmarypa

no pacuery Tpedyercs.

Pebpo apmupyercss kKapkacom ¢ IorepedHoii apmatypoii J5SB500 ¢ marom s = 120 MM B
OTOpHO# 30He (s < /9 /2 =0,27/2 = 0,135 m):

q,, =R, A, /s=300000 -0,0000196 /0,12 =49,0 xH/m .

swhTsw

JUmiHa TPOEKLMH HAKJIOHHOTO CeYeHMd, OTBedarollasi Hecyllel crmocoOHoctu pedpa 1o
MONIEPEYHON cuie

o= [ Ms__ |_835 (477 w> 2k =044 M- npurmmaen ¢ = 0,44 .
(707 . 0,75-49,0

Hecymas ciocobHOCTD 10 HOMEPeHOH crte
0,+0,,=M,/c+9¢,,9,,c=835/0,44+0,75-58,8-0,44 = 38,4 xH.
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IMpunsaToe npononbHOE M MONEPEYHOE apMUPOBaHHE (PUCYHOK 5.8.7) crienyer mpoBEpUTDH
PacyeTOM NMPOYHOCTH HA yCHJIHSA, BO3HHKAIOIIME NPH W3rOTOBJIEHWH, TPAHCIIOPTHPOBAHHU M
MOHTaKe NMaHeNH.

‘—_4A>

Al

10 330 10

1 — cerxm u3 mpososoku P3B500 ¢ marom 200/200; 2 — kapkac u3 npoooku S4B500 ¢ marom 120 av; 3 —
Kapkac u3 mpoBooku J4B500 ¢ marom 120 mm qymsoM (/1 +/2)/6; 4 - apMaTypHBIi cTepKeHs D28 A500.
Pucynox 5.8.7 — Konctpykuuns naueu

Pacyer npoaoJibHbIX peGep M0 PACKPBLITHIO TPEIHH

MaxkcuManbHbIi M3rHOAOmMUil MOMEHT OT IJMTENBHO HEHCTBYIOIMX HOPMATHBHBIX
Harpy3oK

2 2
M, =|585+4,38 -4 1’592 528" _ 3380 xHiv.
3.5.28 8

I'eomerpuueckue XxapakTepUCTUKU IPUBEIEHHOTO CEUEHHUS

a=E,/E, = 200000 /32500 =6,154;
A,y =0,1:0,27+0,4:0,1+0,34-0,05+0,8-0,03+0,0006158-6,154 = 0,1118m;

Syeq = 0,027-0,135+0,04-0,22+0,017-0,245+0,024-0,255+0,00379-0,05 = 0,0229m°;

Vi = Syeq | Apeg = 0,0229 /0,1118 = 0,205 m;

I1..,=0,1-0,27°/12+0,027(0,135—0,065)> +0,4-0,1* /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*;

W =1,,4 !y, =0,000522/0,205 = 0,00255Mm".

VYnpyromnactuaeckuii MOMEHT COMPOTHBIICHHS TABPOBOIo cedeHus o dopmye (8.122) CIT
63.13330.2018:

W, =yW =13-0,00255=0,00331 m".

Wsrubaromuii MOMEHT, BOCHPHHMMAEMBbIi HOPMAIBHBIM CedeHHeM IpH OOpa3soBaHHH
TpewyH, onpenesieM no popmyae (8.121) CIT63.13330.2018

Mg =Ry sor Wp, =1750-0,00331=5,79xHm < M;— Tpemunsl 006pas3yroTcs, HeoOX0omuM
pacyeT MUPUHBI PACKPHITHS TPEIIHH.

B coorsercteum ¢ 8.2.16 CIT 63.13330.2018 niedo BHYTpeHHEH mHaphbl Ui TaBPOBOIO

CEYEHUs C TIOJIKOM B CXKATOH 30HE U HANPSDKEHUsI B PACTSHYTOH apMaType B CE4€HUHU C TPEIIHON:
z,=0,8h,=0,8-0,22=0,176 M,
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c oM _ 338-107°
* z, A, 0,176-0,0006158
ITomane pacTsHyTOH 30HEI 6eTOHa 1pu ee Bricote 0,54 = 0,135 M < 0,9 y,= 0,9 - 0,205 =
0,185 m u 6azoBoe paccrosiHue Mex Iy TpelrHamu o Gopmyie (8.136) CIT 63.13330.2018:
Ax=0,1-0,135=0,0135 m;
0,0135
0,0006158
KoaduimenT HepaBHOMEPHOCTH pacpeiesieHHsl OTHOCUTEbHbIX ne(OpMaLHii pacTAHyTOM

apMaTypsl Mexkay TpeiuHamu mo gopmyie (8.137) CI1.63.13330.2018

5,79
v, =1—o,8%:1—o,8’—=0,863.
M 33

>

=311,9 MITa.

1 :o,sﬁds =0,5- .28 =307 MMm.
A

S

IMMupuHa packpbITHA HOPMalbHBIX TpewuH 1o dopmyre (8.128) CII 63.13330.2018 mpu
IIPOIOJDKUTENILHOM PACKPBITUHA

(4 311,9
a,, = Wy, —=/ =1,4-0,5-1,0-0,863- >
cre,l pl(Pz(Ps |.y b 5 200000

5

-307 =0,289MM < dcreuit = 0,3 MM.

IIpy HENPONO/KMTENBPHOM HAEHCTBUU MOCTOSIHHBIX W BPEMEHHBIX (JUIMTENBHBIX U
KPaTKOBPEMECHHBIX ) HOPMATUBHBIX HATPY30K

2 2
M= {5,85+6,42{1— 41,59 ﬂ 5,28 =40,05 xHm.

3.5,28° 8
-3
c, = M ___ 400510 =369,5 MITa.
z, A, 0]176-0,0006158
v, :1—0,8Mm =1-0,8 579 _ 0,884 .
M 40,05
9.5
a,.,=10-0,5-1,0-0,884- 369, -307=0,251 Mmm.
: 200000

IIpu HENMPOAOMKUTETBHOM AEHCTBUH MOCTOSIHHBIX U BPEMEHHBIX JUTHTEIbHBIX HOPMATHBHBIX
Harpy3ok
311,9
200000
IMupuHa HEMPOTOIKUTETBHOTO PACKPBITHS TpeluuH 1o popmyie (8.120) CIT 63.13330.2018

acrc,} = ]70 ° 0,5 . 1,0 . 0,863 .

-307 =0,207 mm.

Qeore = Qere,l + Aere2 — Aere3 = 0,289 + 0,251 ~ 0,207 = 0,333 MM < dere,uir = 0,4 MM.

Taxum 06pasoM, ycnoBust 0OecTIedeHIs COXPAHHOCTH aPMaTyPhI IIPU IPORODKHTENIBHOM U
HEIIPOAOJDKUTENILHOM PACKPBITUY TPELIUH BBITIOJIHIIOTCSL.

Pacuer mporn6os npoaobHbIX peGep

Pacyer no mporudam BbINONHAETCS U3 yCIOBUS: [ < fur, The fur — 3HaYEHHNE NPENENIBHO
JOMyCTUMOrO mporuda.

Ilpu orpanmveHnn nporuda Mo CTETHKO-TIICHXONOrnueckum TpeboBaHuaM (tabmuna 1.1,
myHKT 2, nepeuncienue a) CIT 20.13330.2016) npu /1 = 5,28 M furr = 28 mm. Ilpu aTOM pacuer
nporuba f BBIIONHAETCS HA AeHCTBHE HOPMATHBHBIX MOCTOSIHHBIX M BPEMEHHBIX UIHTENbHBIX
Harpysox.

176



Ipu orpannuenuu nporuba no koucTpykrusubiM TpeGosanuam (J1.1.6 CIT 20.13330.2018)
Juir =40 Mm.

Ipenenbupiii mporué no ¢Qusuonoruueckum Ttpebosanusam no  ¢opmyne (1) CII
20.13330.2018 npu p = 0,826-0,25-3,3/2 = 0,341 kH/m, p1+q = 10,23 kH/Mu b=53.6: fur = 53,8
MM,

Pacuer mporuba f mpu OrpaHUYEHWSX IO KOHCTPYKTHBHBIM M (DH3HOIOTHIECKAM

TpeOOBaHUSM BBINOJHAETCS HA JEHCTBIE HOPMATHBHBIX IOCTOSTHHBIX M BPEMEHHBIX IUTUTEIIbHBIX
U KPaTKOBPEMEHHbIX Harpy30K.

BricoTa cxkatoii 30HbI AT TaBpOBOro cedeHust mo ¢opmyuie (8.152) CII 63.13330.2018
! ! ’ a’ ! h' ’ !
xm = h0|:\/(}"'sa’s2 + usasl + u'f)z + 2(”’3“.\'2 + l"lsq’sl E + l’l'f i] - G’j’s(x.ﬂ + ”‘sa‘sl + ”’f):|
,_ A 0,0001131
M = on, ~ 0.1.022

A, 0,0006158
3nech: = =
bh,  0,1-0,22
, _ Ay 08-0,03+(0,34+0,4)-0,05
Hr bh, 0,1-0,22
IIpuBeneHHBINH MOy IH AepopMaluii cxatoro 6erona mo popmyne (6.9) CII 63.13330.2018
Ey red = Ry / €41 yoq COCTABIAET:

=0,028; =0,00514;

=2,773.

- [pY HENPOXOJLKUTEILHOM NEeHCTBUH HATPy3Ku Fp e = 17/0,0015 = 11300 MI1a;
- NpHY NPOHOIKUTENbHOM IeHCTBUU HArpy3ku Fp,r.q = 0,9-17/0,0028 = 5500 MITa.

Koo puument npuseneHns cxatoi apMatypol k 0etony oy =E /[ E, ;-
- [IpH HENPOJOJKUTENHLHOM JIEHCTBIM Harpysku as1 = 200000/11300 = 17,65,
- IpU IPOAOJDKHTENLHOM AEHCTBIH Harpysku as; = 200000/5500 = 36,36.

[puBeneHHbIit MOAyNb AedopMaimii pacTAHYTOl apMaTypbl C YYE€TOM BIMSAHUS pabOThI

pacTsiHyTOro OeTOHa MeXy TpewmHamu E, |, = E /\ cOCTaBseT:

- IpH JeWCTBHU MOCTOSHHOHN U BPEeMEHHOI (AJIMTENbHOH U KPaTKOBPEMEHHOIT) Harpy3KH
Es rea=200000/0,884 = 226200 MITa;

- TIpY ACHCTBUM MOCTOSIHHON M BPEMEHHOM UIUTENbHON HArpy3Ku
Es req=200000/0,863 = 231800 MITa.

Koadduument npuseneHns pacTsHyToli apMaTypsl K OETORY o, = F 4/ Fy ., COCTANSET:

npH JISHCTBUH MOCTOSIHHON U BPEMEHHOMH (AJMTENbHOH M KPaTKOBPEeMEHHOIH) Harpy3ku
o2 = 226200/11300 = 19,96;

- TpH JEHCTBHMU MOCTOSTHHON M BPEMEHHON IINTENbHOI Harpy3Ku
as2 = 231800/5500 = 42,15.

Bricota cxxatoif 30HBI MpPH HEMPOJO/KUTENIbHOM NEHCTBHH MOCTOSHHON H BPEMEHHOM
(nnuTeNPHON M KPaTKOBPEMEHHOMN ) Harpy3KH:

%,y =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.

BricoTta Cxaroi 30HBI MPHU HETPONOJDKUTENBLHOM [OEHCTBHM IOCTOSHHONM M BPEMEHHOMN
JUTMTENIBHOM Harpy3ku no gopmyae (5.8.3):

x,, =0,22-{](0,028-4215+0,00514-17,65+2,773)* +2(0,028- 4215 +
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+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.
Bbicota cxaroil 30HBI MpPH MNPOJOJDKATENLHOM HNEHCTBUM MOCTOSIHHOH H BPEMEHHOIN

JUIMTEJIBHOM Harpy3Ku:
%5 =0,22-{](0,028- 42,15+ 0,00514-3636 + 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 M.
ITnevo BHyTpeHHeH nmapet: z = 0,8 4y =0,8:0,22 = 0,176 m.
XKecrkoctb pebpa mo popmyae (8.155) CIT 63.13330.2018:
D =E; g A2y —x,,)
- IIPU HENPONO/DKUTENBHOM HEHCTBHM IIOCTOSHHOH M BPEMEHHOH (HJIWTENBHOH u
KPaTKOBPEMEHHOM) HATPY3KH:
D, = 226200000 -0,0006158 -0,176 -(0,22 -0,0512 ) = 4138 xHwm;
- TpH HEMPOAOJKUTENBLHOM AHCTBUH NOCTOSIHHON U BPeMEHHON AIUTEIbHON Harpy3KH:
D, = 231800000 -0,0006158 -0,176-(0,22 —0,0754 ) = 3633 xHm;
- IpH IPOACIIKUTENBHOM JICHCTBHH IOCTOSHHON U BPeMEHHOMN IUTENIBHON HArPy3KU:
D; = 231800000 -0,0006158 -0,176 - (0,22 —0,0744 ) = 3658 Hm.
KpususHa o dopmyie (8.142) CIT 63.13330.2018
1 M

r D’
- NpU HEMPONODKUTENBHOM NEHWCTBMM IOCTOSHHOW W BpPeMEHHOIl (IUIMTENBHOH H
KPaTKOBPEMEHHO) HATPY3KH:

(lj = 4005 _ 5 00968 ;
r), 4138

- TMpH HENPOAOKUTEJIbBHOM IeWCTBUH MOCTOSHHON 1 BpeMeHHOﬁ IUTUTENIbHOMN Harpy3Ku:

[1j _3380 _ 0003
r), 3633

- TIpH NPOAOIKUTENBHOM JEHCTBHU MOCTOSHHOH 1 BPEMEHHON JUTUTENBbHON HATrPy3Ku:

(1) _3380_ 0,00924 .
3

r 3658

5 o1
3.
48 7 )max

- IIpH IPOAOIDKHTEIBHOM ACHCTBUY MOCTOSIHHBIX U BPEMEHHBIX ITATENbHBIX HAarPy30K:
= (5/48)-5,28%:0,00924 = 0,0268 < fir = 0,028 m;
- 0O NONHOIT KpPHUBH3HE MU JEHCTBUH NOCTOSHHBIX H BPEMEHHBIX JUIMTENLHBIX H
KpPaTKOBPEMEHHBIX HAarpy30K:
= (5/48)-5,28%(0,00968 — 0,0093 + 0,00924) = 0,0279 < fur = 0,040 m;
- cymmapHblii npornd mimmTel M pebep He MNpPEBBIUIAET TPEAENbHOrO NporHbéa o
(usnonornyeckuM TpeOOBaHUM:!
f=fi+/£2=0,0202 +0,0279 = 0,0481 < fuur = 0,0538 m.

MaxkcumanbHblii porud pedpa
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5.9 PamHo-maTpoBoe nepeKpbiTHE

5.9.1 PamMHO-IIaTPOBbIE KOHCTPYKLMH HPENCTABISAOT COOOH MPOCTPAHCTBEHHBIE ILIMTHO-
CTepKHEBbIE CHCTEMBbI ¢ (pOpMOii Hecylned KOHCTPYKLHH B BHIAEC MHOTOTPaHHHKA Ha IIOCKOM
NOJIMTOHATHEHOM (KaK MPaBUIIO, IPSIMOYTOIBLHOM) KOHTYe.

OcHOBHasi HeCylas KOHCTPYKLHS PaMHO-IIATPOBBIX KOHCTPYKLHUII — HPOCTPAHCTBEHHAS
maTpoBasi pama. IIponosbHbIE OCH OCHOBHBIX 3JIEMEHTOB LIATPOBOH paMbl PacroNIOKEHBI Ha
IepeceueHnsIX rpaHeil maTpa — BIOJb pedep WaTpoBoi ckiIanku (pucyHnok 5.9.1).

1 — cpemuuit IUCK; 2 — HAKJIOHHBIC TPAHHU; 3 — KOHTYPHbIH (O0pTOBOI) 31eMeHT; 4 — pebpa marpa
Pucynok 5.9.1 — Cxema nsITUTPaHHOH IIATPOBO# CKJIAAKHU

JnaroHanbHble paMbl COOPHBIX PAMHO-IIATPOBBIX KOHCTPYKLHH B 3aBHCHMOCTH OT AJIMHBI
MEePEKPLIBAEMOr0 MpPOJIETa, CTPOMTENBHON BBICOTHI IEPEKPHITUS M YPOBHS NEHCTBYIOILHX
HArpy30K MPUHUMAIOT B BHAE OTAEIBHBIX COOPHBIX 3JIEMEHTOB — paM € MOAKOCAMH (PHCYHOK
5.9.2, a), wiu B cocrase mut I11 u I12 B Bune pebep mepeMeHHOH BBICOTHI, yBEHYHBAIOIIEHCS
OT BBICOTHI KOHTYPa CPEIHETO HCKA 10 BHICOTH! OOPTOBOIO 3JIEMEHTA B YTJIOBBIX 30HaX (PHCYHOK
59.2, 6). B mociemHeM KOHCTPYKTHBHOM pEIIEHHH KOHTYp CpeIHero AucKa oOpa3oBaH
BHYTPEHHUMH MONIEPEHHBIMU pebpamit Tl I12 1 cpeAHUME 4aCTIMU CONMPSDKEHHBIX BHELIHUX
npopoibHbIX pebep minT I12 u I13. BHemHuit KOHTYp lIATPOBOI paMbl, B KOTOPOM pa3MellaeTcs
OCHOBHasi apmarypa waTpa (3arTskka), OOpasoBaH JUIMHHBIMH KOHTYPHBIMH peGpamu
TpaneuueBuAHbIX B myiaHe mwiut [11. BHyTpeHHHi KOHTYp 00pa3oBaH COMPSKEHHBIMU pebpamu
it 11 u I12.

IIpocrpaHcTBeHHas paboTa KOHCTPYKLIMI MIATPOBOTO TUIIA ONPEREISETCS HAIMYUEM Y CHITHE
pacniopa. Bocnpusitiie ycmnuit pacropa KOHCTPYKTHBHO PEINaeTcss YCTPOHCTBOM 3aMKHYTOT'O
KOHTypa U3 OOPTOBBIX 3JIEMEHTOB IO NEPUMETPY IIATpPa, B KOTOPBIX Pa3MeINaeTcs OCHOBHAs
apMatypa (3aTspKka) marpa. 3HaueHue pacropa ONpenessieTcs YPOBHEM NeHCTBYIOINX Harpy30K
U COOTHOLIEHHEM OCHOBHBIX F€OMETPHYECKHX Pa3MEPOB KOHCTPYKLHUH, K KOTOPBIM OTHOCSTCS
pasMepbl MJIaHa INaTpa B OCAX KOHTYPHBIX 3JI€MEHTOB, rabapuThl CpeHero AWCKa U BbICOTA
CTpeJibl MoabEMa IaTpa.

Crpena moapemMa martpa — pacCTOSHHE OT YPOBHS CPEIHHHON MOBEPXHOCTH CPEIHEro AUCKA
IO YpOBHSA mosica 3aTsKkM maTpa. CTPOMTENBHYIO BBICOTY IIATPOBBIX KOHCTPYKIMI
PEKOMEHNyeTCsl Ha3Ha4vaTh B npenenax 1/8—1/12 nepexpriBaemoro nponera [8].
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a — o Harpy3ku 10 30 kH/MZ; 6 — noa Harpy3ku a0 10 kH/m2; ] — KOJIOHHBI C KANMTEAMH;, 2 — GOPTOBbIE
3NIEMEHTHI, 3 — MUATOHAIIHBIC PAMBI; 4, 5 — IUIMTHI HACTHIIA, 6 — JHATOHAIILHBIC PeOpa INHT (TTOAKOC PaMBI);
7 — KOHTYP CpeaHero (LIEHTPaIbHOTO) AUCKA; 9 — BHY TPCHHMIM (IIPOMCIKY TOUHBIN) KOHTYP; /0 — BHELIHUIT
(OCHOBHOI1) KOHTYD
Pucynok 5.9.2 — Coopubie paMHO-IIATPOBbIE MEPEKPLITHS

5.9.2 IlatpoBbie KOHCTPYKUUH TPOEKTHPYIOT MHOTONPOJNETHBIMH W OOHOMPOJIETHHIMU
(OTAENBHO CTOAIUMI), C ONUPAHUEM IO YIJIaM Ha KOJIOHHBI, TI0 HECKOJIBKHM CTOPOHAM HITH 110
KOHTYPY.

5.9.3 PaMHO-11aTpOBbIE KOHCTPYKLIMH MOKPBITHI M NEPEKPHITHII B 3aBHCHMOCTH OT YPOBHS
JIEACTBYIOIUX HArpy30K PEKOMEH Iy €eTCsl IPMHUMATH pa3MepaMH B IUIaHE OT 6x6 M 10 18x18 m.

COopHBIE IMAaTPOBBIE KOHCTPYKIHUM, KakK TPAaBHIIO, MPOEKTHPYIOT W3 PEOPUCTBHIX [UIAT
(pucyHok 5.9.2). Pa3meps! UT B IJ1aHe peKOMEHAyeTCs MpuHUMAaTh He Gosee 3,6 M MO MHpUHe
u 12 m mo mmune. CTBIKM MexOy COOPHBIMH 3JIEMEHTAMH INATPOBBIX KOHCTPYKIMIl cClenyer
BBITIOJIHSITH B COOTBETCTBUU C 4.4.

B wmaTpoBbIX KOHCTPYKUHSIX MOTYT OBITH NpPeRyCMOTPEHbI INpPOEMbI s IIPOIyCKa
KOMMY HUKAIUH, [Jsl CBETOBBIX M a3PaLlMOHHBIX (DOHApeH, a TakKe KPerekHbIe PHCIOCOONeH s
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JUIs BOCTIPHATHS COCPENOTOUEHHBIX HArpy30K OT MOJIBECHOrO TPAHCMOPTa, KOMMyHHKAUUH U T.
I, KOTOpBIE CJIEAYeT PacloiaraThb, Kak IPaBHIIO, B y3JIaX CONMpsiKeHUs pedep.

594 Ilpu npoekTHpOBaHHU COOPHBIX KEINE300ETOHHBIX 3JIEMEHTOB PAaMHO-IIATPOBBIX
MePeKPBITHIl ClleflyeT WCIOoJb30BaTh OETOH KinaccoB He Hibke B30. 3aMoHONM4YMBaHHE LIBOB
Mexay COOPHBIMU 5JIEMEHTaMU CIIEYET BBIIOJIHATE MENKO3EPHHCTHIM OE€TOHOM KJIacca He HIXKe
Kacca OeToHa COOPHBIX 3JIEMEHTOB.

5.9.5 B paMHO-IIATPOBBIX KOHCTPYKLIMSIX BCIO OCHOBHYIO apMaTypy pa3MemaioT B 60pTOBOM
3JieMeHTe, KOTOPbIii MpH OOJNBIINX YCHIIMAX MOXET OBITh BBIIOJIHEH, HATpUMEp, B BUAE GepMbl
CO CTaNekeNe300eTOHHBIM HIDKHUM  moscoM  (pucyHok 592.a). Ilpm ycrtpoiictse
JOTIOJIHUTEBHOIO BHYTPEHHETO0 KOHTypa (puCYyHOK 5.9.2,6) miowaap CedeHHs OCHOBHOMH
apMaTyphl IMIATPa B €r0 BHEITHEM KOHTYpE AOMYCKACTCS CHHXKATh B COOTBETCTBHH C PACUeTHHIM
pacrpeseNieHnueM yCIIIHS Paciopa MEeXIy KOHTYPaMH.

59.6 Tlpn KOHCTPYHPOBAHHH I TPEABAPUTEIHHOIO HA3HAYCHHUS TeOMETPHUECKUX
pa3MepoB GONbLIENPOJNETHBIX COOPHBIX JKEI€300€TOHHBIX PaMHO-IIATPOBBIX KOHCTPYKLHH
MEePEKPBITHIl C 3JIEMEHTaMHU IIATPOBOM pambl B Buje pebep cOOpHBIX MUMT (PUCYHOK 5.9.2,6)
cliefilyeT MPUHIMATh:

a) OJs1 paMHO-LIATPOBBIX KOHCTPYKLMI mpu pa3sMepax MeHee 15x15 M cTpeny noabema
maTpoBoil pambl B Auanasone 0,09...0,12 mposera BHEHIHErO KOHTYPHOIO 3JIEMEHTA, MpPH
pasmepax 15x15 m u 6oniee 0,08...0,11 mposiera BHEITHETO KOHTYPHOI'O 3JIEMEHTA,

6) BBICOTY BHELIHEro KOHTypa B mpenenax 1/8...1/10 or pasmepa KOHCTPYKTHBHON s4eiiku
3MAHUS,

B) BBICOTY pebep KOHTypa LEHTPAIBLHOTO A¥CKa B mpepenax 1/6...1/8 pa3mepa CTOPOHBI
LEHTPAITLHOTO ANUCKA,

I) BBICOTY pebep BHYTPEHHEIO KOHTypa He MeHee BBICOTHI pebep KOHTypa LEHTPaIbHOTO
JIICKA,

1) NU3MEHEHHE BbICOThI CEUeHHs TUATOHAIBHON PaMbl PEKOMEHIY €TCsI IPHHUMATh JINHEHHBIM
OT BBICOTHI [IEHTPAIILHOTO AHUCKA JIO BBICOTHI BHEIITHETO KOHTYPA.

[pu HapyLIEeHHH PEKOMEHYEMbIX COOTHOLIEHHIA [0 IEPEUUCIICHUSIM a) U 0) pauuOHaIbHO
MOBBIIIATE HECYIYIO CITOCOOHOCTb U KECTKOCTh KOHCTPYKLUHN BBIIIOJIHEHUEM B LleHTpaJ'le()ﬁ
YacTH IUIAHA KOHCTPYKLMH CTPOMTENBHOTO IIOAbEMa Ha BEIWYMHY PacdeTHOro mporuda
KOHCTPYKLUU OT COOCTBEHHOTO BECa TIpYU MOHM>KEHHOM 3HAYCHUN MOIYJIsA L[e(bopmauuﬁ OeToHa
I TPUMEHATh NPEeNBapUTENbHOE HANpPsDKEHHE HIDKHENH apMaTypbl BHEIIHETO KOHTypa. B
MOCNeHEM CIIydae pPEKOMEHAYeTCsS HCMONb30BaTh HATSDKEHHME KAHATHOM — apMaTyphbl,
PaCIIONIOKEHHOMN B CTBOPE KOJIOHH, Ha BCIO AJIMHY ¥ IIHPUHY OJIOKa 3[aHUs.

IIpu paspaboTke paMHO-IIATPOBBIX TNEPEKPBITUH s MHPAMOYTONBHBIX —STYEEK C
coorHomeHneM ctopoH xo 1:1,5 (Hampumep, 12x18 M), crenyeT DpHHHMATE PEKOMEHIYEMBbIe
COOTHOLIEHHS TT0 TIEPEUHCIEHHUSIM &) — T') [T0 MAKCHMAaJIbHOMY U3 Pa3sMepOB.

5.9.7 PaMHO-maTpOBBle KOHCTPYKILHUK AJs IPOJETOB CBBHINE 18 M CIEeAyeT BBINONHATH
MOHOJIUTHBIMH WJIU COOPHO-MOHOJNUTHBIME. [Ipy pa3paboTke KOHCTPYKTHBHBIX PEIIECHW ist
nposeToB Oosee 18 M pekOMEHOYeTCs IPUMEHEHHE BBICOKONPOYHOH apMaryphl U
MpeIBAPUTENILHOTO HAMIPSDKEHNS B peOpax KOHTYPOB.

5.9.8 Pacyer maTpoBBIX KOHCTPYKLHMI BBINOJHAIOT IO IPEAEIBHBIM COCTOSHUSAM Kak
TOHKOCTEHHOM IIPOCTPAHCTBEHHON KOHCTPYKLIMH B COOTBETCTBUH C 4.2.

Pacuerbl HanpspKkeHHO-AE(pOPMHUPOBAHHOIO COCTOSHUS INATPOBBIX KOHCTPYKLHUH CIEXyeT
BBITIOJIHATh METOAOM KOHEYHBIX 3JIEMEHTOB C YY€TOM BO3MOXKHOTO O6pa30BaHI/IH TPEUUH U
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pa3BuTHs Heynpyrux (HenuHeiiHbix) nedopmarmii B OETOHE U apMatype, COOTBETCTBYIOIIUX
KPaTKOBPEMEHHOMY H JUIHTEJBHOMY NEHCTBUAM Harpyskd. JlOmyckaeTcs pacdersl BBIIOIHATh B
JIMHEHHOH mocTtaHoBKe. IIpu 3TOM B rpaHAaX IIATPOBOH CKJIANIKH, B 3JIEMEHTAX IMATPOBON pambl
PaMHO-IIATPOBOI KOHCTPYKILIMH, a TaK’Ke B KOHTYPHBIX 3JIEMEHTaX B MEPBOM HPHONMKEHHA
ciefyeT NpUHUMaTh MOAYJib Aedopmanuii 6eToHa ¢ noHmwkaommum ko3¢ durmenrom 0,3.

BpeMeHHyI0 paBHOMEPHO PaCHpENENeHHYI0 HAarpy3Ky Ha OOJbIIETPOJIETHBIXK INATPOBBIX
MEPEKPBITHAX TOMYCKAETCS YUYUTHIBATH C MOHMKAIOMMM KO3(QULHEHTOM (2 B 3aBUCHMOCTH OT
IJIOIAAY KOHCTPYKTHUBHOI siueliku nepexpbitusi B cooTsercTsuu ¢ 8.2.4 CIT 20.13330.2016.

IpensapuTenbHble pacueThl U pacdeT MO Hecylnel CroCOOHOCTH MIATPOBBIX KOHCTPYKIIMi
NPOBOIAT METOAOM MPEAEIBHOrO paBHOBECHS cOrnacHo 5.9.9-5.9.12.

599 Pacder nmo Hecywed CIOCOOHOCTH PAaMHO-IIATPOBBIX KOHCTPYKLMH MPOBOXUTCS
TIpUOJIHKEHHO HA OCHOBE!

- pacdera marTpa B LEJIOM JUISL OIpenesieHHns] OCHOBHOH PAaCTSIHYTOH apMaTyphbl MOSICOB U
HOPMAJIbHBIX YCHIIHEL B IAPHUAPHO COSAUHIEMBIX IPAHSIX CKJIAJIOK WITH SJIEMEHTAX JTHArOHAJIbHBIX
pam;

- ONpefieNICHUs] H3rMOA0IUX MOMEHTOB:

B JMArOHANBHBIX PaMaX M KOHTYPHBIX 3JIEMEHTAaX C Y9E€TOM TOPH30HTAJBHOTO YCHIIHS
pacropa 1atpa B ONOPHBIX y3J1ax;

B IUINTaX HACTHJIA IIPH OMHIPAHUH UX HAa HECYINHE JIEMEHTHI KOHCTPYKIIIH.

5.9.10 Ilpu pacyere OTAENBHO CTOSINEH MMATPOBONW KOHCTPYKIUHU METOIOM MpenesbHOTO
paBHOBECHS CJIELyeT pacCMaTpUBaTh HANOOJIEE OMACHBIE CXEMBI H3JI0Ma KOHCTPY KLHH.

B ofmem ciydae pacuer Hecyiued COCOOHOCTH MIATPOBBIX KOHCTPYKIMEA TPU JEHCTBUH
PaBHOMEPHO pACMpPEAeICHHONH HArPy3KH MOXET OBITh BBIMOJHEH KHHEMATHYECKHM METOIOM
IIPEIeILHOTO PaBHOBECHS ¢ MCIONB30BAHHEM NEBATUIUCKOBON CXEMBI M3JIOMa, BKIIFOUAIOLICH
BOCBMHYTOJIBHBIN LEHTPANbHBIA ANCK W YETHIpE YIJIOBBIX M YeThIpe MPOJETHBIX IHCKA,
o0pa3oBaHHBIE WCXOAAIIMMU W3 YIJIOB ILEHTPAJIbHOTO MUCKA JIMHEHHBIMH IIACTHYECKHUMH
wapHupamu (pucyHoK 5.9.3).

Pucynok 5.9.3 — leBATH3BeHHAsI cCXeMa H3J10MAa

Hecymyro cnocoGHOCTE paMHO-LIATPOBOI KOHCTPYKIMH B 3aBHCUMOCTH OT CXE€MBI
Harpy>keHHs ¥ IPOYHOCTHBIX XapaKTEPUCTHK 3JIEMEHTOB KOHCTPYKLIMHU B O0LIEM clydae HaxOomsT
U3 YCJIOBHS paBeHCTBa pabOT BHEIIHMX W BHYTPEHHMX CHJI HA BHPTYAJbHOM BEPTHKAIbHOM
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nepeMerleHnH [IEHTPATBHOTO Arcka A = 1 ¥ yCTaHaBINBAIOT MUHUMY MOM IPeEeNbHOI HATPY3KH
[IPU BaPbHPOBAHHUH TPEX HE3ABUCHMBIX T€OMETPHUUECKHX ITapaMeTpos V1, Y2 u V3 (pucyHok 5.9.3),
ompenensitoux GopMy CxeMbl H3JIoMa (pa3Mephbl CTOPOH LEHTPAJIBbHOTO AUCKA, PACCTOSIHHE OT
yrila mwarpa no Ormkaiiiero IIacTHYecKoro MapHupa Ha OOPTOBOM SJIEMEHTE).

Pabora BHeurneil Harpy3ku Wey Ha BHPTYalbHOM mHepemelieHnd A = 1 mo BepTHKaIA
LIEHTPAJIbHOTO AHCKa onpenendercs GopMy.ioit

ext = ¢ V,

rae J — o0bem 3MmIopsl BUPTYAIbHBIX [IEpEMEINeHHH B CIydae AeHCTBHUS HArPY3KH MNOCTOSIHHOM

MHTEHCHBHOCTH 110 BCell TOBEPXHOCTH sueliky. B obmem Bune:

V=i +é[2Y2 — (L -W)][5(L, - 1) -2, ]+

+ (L —Y3){Lo(1+E)—§[E(Y1 +Y2)+2Y2]}+(L_Lo)@o -hE,

rae
E=Y,/[Y,+R);  R=(L,-Y)/2.

Pabora BHyTpEHHMX CHJI B JIMHUSAX U3JI0Ma Wins MOXKET ObITh BhIpaskeHa paboToil npenenbHbIX
MOMEHTOB Ha COOTBETCTBYIOIIMX YIJIaX B3aUMHOTO MOBOPOTA AMCKOB B TOYKAX MEPECEUCHUs
MIPONOJIbHBIX Ocell pebep KOHCTPYKLMH JIMHUSMH H3JI0OMa. B 3aBHCHMOCTH OT COOTHOLIEHHS
TeOMETPHYECKIX Pa3sMepOB KOHCTPYKIMHM M 3HAYEHWH MapaMeTPOB CXEMBI H3JI0Ma MOXeT ObITb
paccMoTpeHo 16 pacueTHBIX ciydaes (Tabmuia 5.9.1), roe B popMyliax y4acTBYIOT ClEAYIOLIHE
IpenebHBIE MOMEHTHI:

- Moy u M — cOOTBETCTBEHHO BO BHEIITHEM U BHYTPEHHEM KOHTYDPHBIX 3JIEMEHTaX B TOUKaX
nepecevdeH s UX JTUHUSAME u3sioma (pucyHok 5.9.4,a,6,8);

- M- — B pebpe MO KOHTYPY CPEJHEro KeCCOHA SYEiKH B TOUKAX MepeceyeHus IMHUIMU
nsnoma (pucyHok 5.9.4,a);

- M — B mposnieTHOM pebpe siueliKu Ha y4acTKe MEXAY BHEIIHMM KOHTYPOM M KOHTYPOM
CPEIHEr0 KECCOHa SIUeHKU B TOUKE MEPECEUEHHs JIMHUEH HU3]I0Ma MEXAY YIJIOBBIM U MPOJIETHBIM
nuckamu (pucyHoK 5.9.4,a,6),

- M4 — B TOM ke peOpe B TOUYKE MMEPECEUCHHs JIMHHUEH H3JIOMA MEXIy LEHTPAIbHBIM H
IIPOJIETHBIM AUCKaMH (pHUCYHOK 5.9.4.6),

- Ms — B TOM xe peOpe B TOYKE mepeceyeHHsl JIMHUEH W3JI0Ma MEXAY LEHTPAJIbHBIM U
VIJIOBBIM AMCKaMU (PUCYHOK 5.9.4.6);

- Ms — B AMAarOHaJILHOM 3JIEMEHTE B TOYKE IEPECEYEHMs JIMHHEH H3ioMa (PUCYHOK
5.9.4,6,6).

PaGora monsA MIMT y4wTHIBA€TCS TEM, 9YTO INPH BBIMHCICHHH MOMEHTOB Mo..Ms dopma
MOMEPEeYHOro CeYeHUs] JJIEMEHTOB NPHHHMAeTcss TaBpoBOW. IIpH 3TOM BBICOTA TOJKH
HMPHHHMAETCs PAaBHOH TOJIIMHE COOTBETCTBYIOLIETO [10J1s1, a IHMPHUHA — MIOJIOBHHE NPOJIETA MEXAY
COCETHMMH 3JIEMEHTaMHU OXHOro HampapleHus. IIpuOmmkeHHO MOMeHTHl M. Me MoryT
BBIUHCIIITECS KaK HPOH3BEACHUE MPEAEIbHOrO YCHIHMsA B HIDKHEH apMatype Rs4s Ha mieuo
BHYTpPEHHEI napbl, C JOCTATOYHOM ISl PACYETOB TOYHOCTHIO NPHUHHUMAEMOe Kak Zs ~ fig — hr/ 2.
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Tabnuna 5.9.1— Pacuernbie hopmyibl 1151 BBIYUCICHHUS 3HAY€HUI pabOThl BHYTPEHHHUX CHIT

Pacuer VYcnosus peanuzanuu Pacuernbie hopmybl it BbrauCIeHUsT Wi
HBIi pacyeTHoro ciy4vas
cy-
qaii
LA | o Y=4 8(My + M, + M)y sino+8Mpp |cosal
1-B | 4 Yi>A 8(My + M, +M,) @y sina
2-Al Y14 8|, +Ml)sinoc+M3|cosoc|](pBC +42M 4
2-A2 Sl e
- 1 8(M, +Ml)(PBC+4'\/§M2(pAC
2-Bl | N « | 24 | 8|(M, +M,)sina+Mlcosol|ppe + 4MsV2 + M) g
o \/l .
2-B2 E,: soc0 | = | T4 8(M o +M,)@pe sin o +4Mp 4 +8M 0 45
R <
2-B3 < Y>A (M, +M)Ppe Sina+4(M5‘/§+M6)(pAC
A
2-B4 S| n=a | 8o, +My)sin o+ Mlcosoflope +8M @ + 4M o
3-Al < | =4 8M@pc sinai+ 4M V2 + M) +8M .45
3-A2 oo | S| P4 | 8M,sinar Meosol)ppe +a[M, +MVZ + Mo
3-A3 < VoA | 8(M, sin o+ M|cosol) e +8M 45 +4M 2 + M) e
< A
3-A4 ;’l | Y4 8M yPpc sma+4l(M1+M5)«/§+M6J(pAC
3-B1 i/: < | T4 8M 0o sinow +8M 4 45 +AM @ 4
~ Vi .
3-B2 s<0 | = Y224 8(M sin o+ M;|cosal) @pe + 4MsV2 + M) e
3-B3 < Ya<4 8(M, sin ot +Mj|coso) Py +8M,0 15 + M P 40
A
3-B4 | 124 8M, e sinoc+4(M5\/§+M6)(pAc

S=Y,—(Ly+Y;-2L)/2; So=Ys—(Lo+¥s-2Ly)/2; A=(Ly-L,)/2; a:arctg(%},
274

0=(1-E)/R; @uc=v2/1,+R); 0s5c=2/RE+R)], z=1/R>+(¥, -1)>

Pucynox 5.9.4 — Hexotopble pacdeTHbIE CIy4aH BHIYHCJICHHS PAGOTHI BHYTPEHHHX CHJI

YacTHBIMH CJIyvdassMu 06Ll.l€ﬁ JIeBSITU3BEHHOMN CXEMBI SIBJISTFOTCS YETBIPEXAUCKOBLIC Oano4Has

(pucyHok. 5.9.5,a) u xoHBepTHas (PUCYHOK 5.9.5,6) CXeMBbl, a Takxke MATHAUCKOBAs INATPOBAs
cxeMa (pHCYHOK 5.9.5,8).
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Twumn cxeMbl U3JI0Ma 41 Y V€

Banounas Lo/2 Lo/2 0

KounsepTHast 0 Lo/2 0
[MlaTpoBas 0 (Lo-Y3)/2 0<Y3<Ly

Pucynox 5.9.5 — Hexoropble 4acTHbIE CJIy4aH AeBATH3BEHHOH CXeMbI H3JIOMa

Pacuer no 6ano4yHOH cxeMe NPON3BOANUTCS H3 YCIIOBHS

2
L+
W:MO + M, +M, . (5.9.1)
PacueT 1o KOHBEPTHOI CXeMe MPOU3BOAMTCS U3 YCIOBUS
qly

Pacyer no warpoBoil cxeme sl 4aCTHOrO ciiyyast V'3 = L2 NpOU3BOOUTCS U3 YCJIOBHS

3 3
ALO;LZ):MO +M, +2M, +M6£. (5.9.3)
24 2
5.9.11 Ilpu NpOEKTUPOBAHUY PAMHO-IIATPOBBIX KOHCTPYKLHIi 10 BBIMOJHEHHS AETAJIbHOIO
pacdera MeTOIOM KOHEYHBIX JJIEMEHTOB CIIEIyeT BBINOJHHUTb PACUETHYIO OLIEHKY HeCyIeit
CHOCOOHOCTH  PaMHO-IIATPOBOTO  IEPEKPBITHS METONOM MPENEeNbHOrO  PaBHOBECHS C
HCIIOJb30BaHueM 0ano4gHoM 1o Gopmyite (5.9.1) 1 koHBepTHOI 110 hopmyiie (5.9.2) cxem n3noma
JUTSL yCTaHOBIIEHUsI TPeOYEMBIX 110 YCIOBHIO MPOYHOCTH YCUIIHI Pacropa aTpa COOTBETCTBEHHO
B CepeyHe [PoJieTa BHEIIHEro KOHTYpPa U B €ro YIJIOBOM 30He U MpenBapUTebHOrO mopbopa
CEUeHH COOTBETCTBEHHO apMaTypHOTO MTOSICA-3aTsDKKHU U YIJIOBOH CBS3H BHEITHETO KOHTYpA.
5.9.12 B yrioBoit 30He pedpa cMexHbix mwint [11 (pucyHok 5.9.2,6), obpasyroomue yroi
BHEIITHETO KOHTYPA, NOJDKHBI OBITh COSIMHEHBI CBAPKOU 3aKIaNHBIX eTajlel. YCuiue B CBA3IX U
CBApHBIX LIBAaX B HAIIPABJICHUH, IEPIIEHANKYJIIPHOM K AHATOHAH STUSHKI,
N, =32 M

¢ 2 z

s

>

rne Mo — npenenbHbld MOMEHT B YIJIOBOH 30HE BHEIIHErO0 KOHTYpPa U3 YCJIOBUS Pa3pyLISHUS IO
KOHBEPTHOH CX€ME,

Zs — PaCCTOSIHME TIO BBICOTE CEUEHUSI MEXKy YPOBHEM YCUJIMS B YIJIOBOM CBSI3U U CPEIUHHON
MIOBEPXHOCTBIO TOJIKH IUIUTHI.

Ipu pacuere cOOPHBIX MATPOBBIX KOHCTPYKLMH METOIOM NPeEIbHOrO PABHOBECHS CIIEAYET
YVUUTBIBATb BO3MOXKHOCTb DPEAIM3alUU CXEM H3JI0Ma, BKJIOUYAKOLIUX, HApsAy C JUHEHHBIMHU
IUTACTUYECKUMH IIApHUPaMy, KOHCTPYKTHBHBIE IIAPHUPBEI MO IIBAM COMNPSDKEHHS COOPHBIX
sneMeHTOB. ECM IPH TaKUX cXeMax M3jI0Ma HECyIlas CIIOCOOHOCTh KOHCTPYKLIMH OKa3bIBAETCS
HIDKe TpeOyeMoi, JONyCKaeTcs YCTAHABIUBATH YYHUTBHIBAGMBIE B  pacueTe CBS3H,
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MPENATCTBYIOIUE  PACKPBITUIO  KOHCTPYKTMBHBIX  INAPHUPOB  (CTajJbHBIE  IUIACTHHBIL,
COeUHSIIOLINE 3aKJIaJHbIE NeTaIN CMEKHBIX COOPHBIX DIIEMEHTOB U Jp.).
5.9.12 VYrnoBele 30HBI IIATPOBBIX KOHCTPYKIHMMA B MECTE ONMPAHUS HA KaluTelIu WIH
KOJIOHHBI CJIEAyeT MPOBEPSITh Ha IIPOYHOCTh NPH AHCTBUY B HUX YCUIIH
N =Vsino,; +H coso,, (5.94)

rhe J'— BepTHKaJIbHAs ONOPHAS PEaKLis OT Harpy3KU Ha IIATPE,
H — pacniop matpoBoii paMbl B AMATOHANBHOM HaNpPaBICHUM OT HATPy3KH Ha LIATPE;
(pg — YTOJI HAKJIOHA TUArOHANBLHOTO pebpa IaTpoBO CKIIaAKK MM MIOAKOCA [IATPOBOM paMbl
K TOPHU30HTY.
Jlis kBafipaTHOM B ILTaHE MIATPOBON KOHCTPYKIIMU

poalo+h) 595

16
(pdarctg% ; (5.9.6)
H:64\‘/15f[(10+l]3—2’2)[(10—11+12)2+31§]+(10—11)(10+11)2}. (5.9.7)

B dopmynax (5.9.5) - (5.9.7):

q — TIOJIHASI PaCUEeTHAs HArPy3Ka,

lo — nMHa IpoJIeTa BHEINHErO KOHTYpa LIaTpa;

/i — mnuHAa mTponeTa BHYTPEHHEro KOHTypa (IPH €ro HaIMYHM B PaMHO-IUIATPOBOM

KOHCTPYKLIHHN),

/> — nnvHa nposera CpegHero AUCKa,

f— cTpena nogpema maTpOBOH CKIAIKH MIIH PAMBL

Ipu OTCYTCTBUMM BHYTPEHHErO KOHTYPa B PAMHO-IIATPOBOM KOHCTPYKUHU H IJIsl IATPOBOM
cxnaaku popmyaa (5.9.7) npuobperaer Bug

H=L[210+512(10 +1,)]. (5.9.8)
962 f

Ha npodHOCTB IIPOBEPSIETCSI CEUEHNE OTIOPHOTO MOAKOCA MJIH HUKHSISI TIO BBICOTE MOJIOBHHA
OIOPHOTO CEeYeHUsI AUAarOHaNbHOro pebpa. [Ipu 3TOM B PacUETHOM IIOMEPEYHOM CEYEHHHU
YUYUTBIBAETCS IPOAOJIbHASL apMaTypa.

JUstst TIOBBILIEHUS IPOYHOCTH OMOPHOTO CEUSHNs! LIATPa JOMYCKAeTCs IPUMEHSATh KOCBEHHOE
apMHPOBaHHUE.

IIpumep 18

3aoanue: TpebyeTcsi 3alpPOEKTHPOBATH MEXIY3TAXKHOE NEPEKPBITHE TOPrOBOTO 3MAHHS C
ceTkol KooHH 12x12 M B BUie COOPHBIX PaMHO-LIATPOBBIX KOHCTPYKLIMH C OHMPAaHUEM MO yTriiaM
KOHCTPYKTHBHO# sSUeHKU 3aHNs Ha KaIIUTeIH KOJIOHH. BricoTa sTaxa 4,8 M.

I'eomeTpus paMHO-IIATPOBOMH KOHCTPYKIHH
IIpvHNMaeM KOHCTPYKLHMIO PaMHO-IIATPOBOIO NEPEKPHITHS Ha SYEHKY 3/1aHHs U3 CeMHU
cOOPHBIX 3JIEMEHTOB B BUIE PEOPUCTHIX ILIUT TPEX THIIOPA3MePOB (PUCYHOK 5.9.6).
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IlaTpoBas pama oOpa3oBaHa JHArOHABHBIMY PAMaMHU, KOHTYPOM CPEIHEr0 IUCKA, BHELITHUM
Y BHYTPEHHUM (TIPOMEXKYTOIHBIM) KOHTYPaMH.

PacueTHble MpONETBI KOHTYpOB INaTpoBoit pamel: Lo = 11,84 M (BHewHuii kouTyp),
L1 =9,0 m (BHyTpeHHHI KOHTYD), L2 = 3,0 M (KOHTYp CpeIHETO NHCKa).

C yuerom 5.9.1 1o BeIOOPY CTPOHMTENBHOI BHICOTHI EPEKPBITHS MPH CeTKE KOJOHH 12x12 M
npuHrMaeM Beicoty 1wt 111 o nepumerpy sueiiku 1,25 M. IIpu 5TOM pacuerHas cTpena nongbema
(paccrosiHMe M0 BEPTUKAIX MEXAY CPENUHHOI MIIOCKOCTBIO MOJIS IUTUT U INIOCKOCTBIO NEHCTBHS
pacropa BO BHEIIHEM KOHTYpE B yPOBHE 3aTsKKH) cocTaBiser f = ho — hy/ 2 = 1,185 m, tae by —
TOIUHE OJIs1 TWIKT (30 MM).

IonepeuHoe ceueHne pedep JKeCTKOCTH, MOAKpeIUIromux none miut, 0,1x0,17(k) m. Pebpa
JKECTKOCTH, PAacIOJIararolliecsi Ha JIMHUSIX NPONOJKEHHsl pebep KOHTypa CpeRHero JHCKa,
BBITIOJIHAOTCS yCUJIeHHbIMH: B ruinTax I12 0,24x0,32(4) M — paBHBIME IO pa3MepaM CEUEHHIO
KOHTypa cpefHero aucka; B miurax I11 0,18x0,72(4) m. ConpsikeHHble KOHTYpHBIE pedpa ILIUT
I12 u II3 mocne 3amoHONMuMBaHuA mBa 00pasyroT ceuenue 0,24x032(h) m. ConpsuxeHHBIE
koHTypHble pebpa mut I11 u I12 nocne 3aMOHOIMYUBAHKS [UBA O0Pa3yIOT CeUeHHEe BHY TDEHHETO
koHTypa 0,26x0,72(h) M. CedyeHHe BHELIHErO KOHTYpPa C YYETOM MOJOBWHBI LIMPHHbBI INBA
3aMOHONMYHBAHUS MexxAy rutamu IT1 cMexxHBIX stueek 0,22x1,22(h) M. JuarosanbHeie pebpa B
npeaenax mut I12 nmeroT nepemennoe ceuenne ot 0,22x0,32(4) M y yriioB LEHTPANbHOTO AHCKa
no 0,26x0,72(h) M y yrioB BHYTPEHHEro koHrtypa. JluaroHampHbie peOpa, oOpasoBaHHbIE
conpsikeHHbIMH peGpamu T I11, uMeloT nepemeHHbie pasmepbl ceuenns ot 0,28x0,72(h) my
YIJOB BHYTPEHHETO KOHTypa 10 0,30x1,22(/) M BONMM3M KOJIOHH. B nprBeIeHHBIX BBILIE TAHHBIX
0 pa3Mepax CeueHHi yKa3aHbl: BbICOTa — 0€3 yueTa TOJIUMHBI 11014 IUINT, IUPHHA — CPEAHsIA 10
BBICOTE pedpa.

Al -1

-1

500, 3000, 3000 | 3000 41500,
I - III
|, -|7////////////////Ah’*f*’v7//////////////j|-

Pucynok  5.9.6 — Teomerpusi cG0pHOro pamuo-maTposoro mepeKprITHs

COop Harpy30Kk Ha KOHCTPYKIHIO PUBEAEH B Tabume 5.9.2
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Tabnuua 5.9.2

Bun varpysku HopmarusHas, | yr | PacuerHas,
kH/m? xkH/m?

CobGcTBeHHBIN Bec jkeNe300eTOHHbIX KOHCTPYKIHHA U
GeToHA 3aMOHOJHYHBAHUS IIBOB 5,46 1,1 6,01
— TO e, B IPeeNax [eHTPaIbHOI yactu 10,5x10,5 M 4,30 4,73
Bec mona 0,80 ],3 1,04
Bec neperoponox 1,00 1,1 1,10
BpemeHHast Harpy3Ka [is pacuera 3J€MEHTOB 4,00 1,2 4,80
— JUTMTENbHAs YaCTh BPEMEHHOMN HArpy3Kku 1,40 1,68
Bpemennas narpyska 4,00 kH/M?xa2* 3,00 1,2 3,60
— JUINTETIbHAS 9aCTh BPEMEHHOM Harpysku 1,40xy42 1,05 1,26
Htoro - aist pacdera d1€MEHTOB IEPEKPHITHL:

JlmuTenbHO AeficTByIOmas Harpy3ka 8,66 9,83

ITonnas Harpyska 11,26 12,95

- JUTS pacyeTa sTeiiKi MePEKPHITHS B IEoM™ !
JlnTensHO AeiiCTBYIOmAs Harpy3Kka 831 9,41
ITonHas Harpyska 10,26 11,75

* B pacuerax sueilkM NepeKpbITHs B LENOM MpH TPy30BOii miowanu 144,0 m> BpemenHas
HArpy3Ka YYUTBIBAETCSI C MOHKAIOIUM KoadduuuerToM ¢z no (8.2) CI120.13330.2016

0,5
¢, =05+ 05 =0,5+ 2

—=——=0,75
Jara 7T 144036

ITuTel MPOEKTUPYIOTCS U3 TsKeTIoro 6eroHa kiacca B30. beron 3amoHOMmMMMBaHMS MIBOB
knacca B30. B kauecTBe OCHOBHOIM apMaTyphl IIATPOBOH paMbl HCIONB3YeTCA CTEpXKHEBas
apmatypa kiacca A500. Iy cBapHBIX KapKacoOB M CETOK MPHUMEHSIIOTCS CTEP)KHEBas apMaTypa
xiacca A500 u apmaTypHas npoBosioka kiacca Bp500.

COopHble 3JI€MEHTBI IMEPEKPHITHSI COEAUHSIOTCS MeXAy COoOOH B y3jax COMpSDKEHUs
CMeXHBIX pebep CBapKoi 3aKJIaHBIX [eTajieil uepes CTajlbHbIE HAKIaaKu 13 cranu knacca C235.

Pacuer nmosist nIMT U pedep HKeCTKOCTH

B ciyuae paBHOAPMHPOBAHHOH IUIMTHI NIPU PACIOIOXKEHNH CETKH B CPEANHHON ILIOCKOCTH
HecyIast CIOCOOHOCTD MPSIMOY rOJIbHOM ILTUTEL, 3aIeMIEHHOH [0 KOHTYPY B pedpax, MOKeT ObITh
paccuuTaHa METOIOM IpefenbHOro paBHoBecust o Gopmyie (npu b/a < 3)

_48m(a+b)
Y d*@b-a)’

T7e M — TIpeneNbHbIA MOTOHHBIN M3rnOAIOLINIl MOMEHT B JIMHUAX M3JIOMa TI0 KOHBEPTHOM cxeme
paspymenus; @ = 1,33 M u b = 2,76 M — COOTBETCTBEHHO MEHbIIAs M OONbIIAS CTOPOHBI
IIPSIMOYTONbHUKA MAKCHMAJIBHOTO MO pa3MepaM KeCCOHA IUIMTHL [Ipu apMHUpOBAaHUM ILTMTBHI
CeTKO#1 u3 npoBoioku J4B,500 ¢ stueiikoit 100/100 mwm:

Lo RA 415-1,26-107*

Rb 17-1
m = Ry,bx(hy — x/2)=17000 -1-0,00308 - (0,015 —0,00308 /2) =0,7048 xHwm/m;

=0,00308 w;
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g, = 48-0,7048-(1,33+2,76)
“ 1,33%(3-2,75-1.33)
ITpu pacueTHOI Harpy3ke coGCTBEHHOro Beca ILIMTHI TonmmuHoiH 30 Mm 0,83 kH/mM? momHas

=113 kH/™m?.

pacdeTHas HarpysKka Ha mauTy coctasut 0,83+1,04+1,10+4,80 = 7,77 kH/M? < g

Pebpa xectkoctu B rumurax I12 u II3 moryT OBITH apMHUPOBaHbBI IIOCKHM KapKacoM C
IpONONBHOI apMaTypoii J12A500 ¢ As= 1,131 cm?. IIpH yCIOBHHM AOCTATOYHOCTH AHKEPOBKH
BepxXHell apMaTypbl B ONOPHBIX CEUEHHUSX Hecyllas CIOCOOHOCTh pedpa Ompenessercs IIo
$opmyrne

8
9 = b—z(Msp +Msup)7

rae My, u My, — ipenesnbHble H3rndaronme MOMEHTbI COOTBETCTBEHHO B CepeliHe MpoJieTa 1 B
onopHOM ceueHun pebpa. Ilpu Bbrumcienun My, Kak Ul TaBPOBOTO CEYEHHUs INMPHHA IMOJKU
npuHuMaercs pasaoi 0,10+12.0,03 = 0,46 m.

X, =435-1131-107/(17,0-0,46) = 0,0063 m;

M, = 435000 -1,131-107(0,16 —0,0063 / 2) = 7,72 xHm;

Xgup =435-1131-10*/(17,0-0,10) = 0,0289 ;

M,,, =435000-1,131-107(0,17 —0,0289/2) = 7,65 xHwm;

sup

8
=——(7,65+7,72)=16,14 xkH/m.
T 2,76* ( )

Ilpu pacuerHoii Harpy3ke cobcTBeHHOro Beca pebpa 1,1-25-0,1-0,17 = 0,47 xH/M u mupune
rpy30Boii miomanu pebpa 5/2 = 1,38 M nonHasi pacyeTHas Harpy3ka Ha IUIMTY COCTaBJISIET
0,47+7,77-1,38 = 11,2 kH/M < qu.

Pacuyer Hecymieii cnoco0HOCTH PAMHO-IIATPOBOH KOHCTPYKIHH

PaccmoTpum cimydali paBHOMEPHO paclpeAeNeHHOM Harpy3kd II0 BCEH IUIOIIAau
MEePEKPBITUS.

KoHCTpYKTHBHO 3amaeMcs apMupoBaHueM pebep B IIpefenax BHYTPEHHEro KOHTypa —
2025A500 (4, = 0,000982 m?). B momentax M u M, Iledn BHYTPEHHHX Tap COCTABAT
cooreerctBenHo 0,71 — 0,03/2 =0,695 mu 0,31 — 0,03/2 = 0,295 m.

Toraa TpeOyemblii IpenebHbIH MOMEHT Mo B cpefiHel JaCTH POJIeTa BHEIIHEero KOHTYpa U3
ycIIoBuUs paspyuieHus o 6anodHoit cxeme no popmye (5.9.1) cocrasur:

My=1175-1 1,84 -(12+11,84)/32—-435000-0,000982-(0,695+ 0,295) = 804,3 xkHm.

IMpuHuMas TUIEY0 BHYTPEHHEH Mapbl BO BHEIIHEM KOHTYpe NpuOiMKeHHO paBHbIM 1,195 —
0,03/2 = 1,18 M, mosnyuaem TpeOyemyro IoLanb apMarypsl knacca AS00:

As=1804,3 /(435000 - 1,18) = 0,001567 m%.

Ipunnmaem 232A500 (4 = 0,001609 m?).

BG6nu3K KOHTYpa CpenHero nucka B MOMeHTe M3 muiedo BHyTpeHHei mapsl 0,31 — 0,03/2 =
0,295 m.

Tpebyemblit npenenbHbli MOMEHT Mo B YIJIOBOH 30HE BHEIIHEIO KOHTYpa H3 YCJOBHS
paspyLueHus T0 KOHBEPTHOM cxeme 1o dopmye (5.9.2) cocrasisier:

M, =11,75-11,84% / 24— 435000-0,000982- (0,695 +0,295+0,295) = 263,7 xHm.
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[lpuHuMasi TUled0 BHYTPEHHeH mapbl BO BHEIIHEM KOHTYpe NPUOIIKEHHO PaBHBIM
1,195 - 0,03/2 = 1,18 M, mony4aem TpeOyemyto IIIomaas apMaTypel knacca A500:

Ay =1263,7/ (435000 - 1,18) = 0,000514 m>.

KoncTpykTupHo npuauMaeM O32A500 (4s = 0,000804 m?).

B yrnoBoii 3one pebpa cmexHbIX mut 111, o6pasyromue yroia BHEIIHETO KOHTYPa, JOJIKHBI
ObITh COCIUHECHDbI CBapKOﬁ 3aKJIaTHBIX neTaneI‘/i. VYcunue B CBAI3SIX U CBApHbBIX LIBAX B HAIIPaBJICHUH
MEPIICHANKYIAPHO JHATOHAIM sTMeHKH MOXKET ObITh PaCCUNTAHO Kak

N, =(~/2/2)-2637/1,18 =158 xH.

IpoBepsieM HeCyLIyI0 CIOCOOHOCTh KOHCTPYKUHM IIO LIATPOBOH CX€M€ MPH NPUHATOM
apmupoBannu. [Ipu 3TOM ILI€UO BHYTpEeHHEH Hapel B MOMeHTax Ms u Ms BOMU3M KOHTypa
cpenuero aucka moxer Obrth npussto 0,31 — 0,03/2 = 0,295 m. Torma no ¢dopmyxre (5.9.3)
MOy 4aeM:
_24-435000

11,84° -3
> g = 11,75 xH/m? — Hecymas cnocoGHOCTb 06ecTeyeHa.

VTIoBble 30HBI PAMHO-LIATPOBBIX KOHCTPYKLUMH B MECT€ ONHPaHHs HAa KalHUTENH KOJOHH
nposepsiem 1o Gopmyie (5.9.4).

Harpy3ska Ha 1marpe IpHHUMAETCS C Y4€TOM COOCTBEHHOTO Beca KOHCTPYKLHMI B mpefenax

[0,000804-1,18+0,000982- (0,695+2-0,295+0,295-0,707)] = 15,44 kH/m*

u

LeHTpaJIbHOH yacTy siueiiky pasmepamu 10,5x10,5 m:
g=4,73+1,04+1,10 + 4,80 = 11,67 xH/™m>.
JU1st KBanpaTHOM B IUIAHE KOHCTPYKIWH 110 popmynam (5.9.5) — (5.9.7):
_— +1)* _11,67-(1184+9)°
16 16

f2 1,185-1,4142
¢, =arctg =arctg
L, —L, 11,84 —

=316,7 xH;

=0,18735 pan;

T Rl DRV SR vip? -

- 11,67 (11,84+9-2.3)
64-1,4142-1,185 3
N=316,7-0,1863 + 167,1 - 0,9825 = 223,2 xH.
Ha MIPOYHOCTH HpOBepﬂeTCH HUXXHAA 1O BBICOTE IIOJIOBHHA OMNOPHOIO CCYCHUA

[(1 1.84-9+3)% +3. 32]+ (11,84-9)1 1,84+9)2} =167,1xH.

nuaroHaabHoro pebpa: 0,3x0,6(A) m. IIpu 3TOM B pacUETHOM MONEPEYHOM CEUYEHHUH YIUTBIBACTCS
nponosibHas apMatypa. Hecymas criocoOHOCTE pacyeTHOTO CeueHHMs Ha CKAaTHE IIPH YCTaHOBKE B
HIKHEN 30HE JMaroHaibHOro pebpa paboueii apmatyper 2025A500:

N,=17000-0,3 - 0,6 + 435000 - 0,000982 = 3193 kH > N — npo4yHOCTb 00eceyeHa.

Pacuer Hecymieii croco0HOCTH COOPHBIX PAMHO-HIATPOBLIX MEPEKPLITHH € y4eToM
KOHCTPYKTHBHBIX 0CO0CHHOCTEH

ITpu pacuere cOOPHBIX MIATPOBLIX KOHCTPYKIMH METOIOM MTPEAEIbHOrO PAaBHOBECHS ClIEyeT
YYATBIBaTb BO3MOXKHOCTH pPe€au3alii CXE€M H3JIOMa, BKIHOYAKOIIHNX, Hapsaay C JINHEHHBIMU
IUIACTUYECKUMH LIADHUPaMU, KOHCTPYKTHMBHBIE LIAPHUPHI 110 IIBaM COMNPSDKEHHUs COOPHBIX
sneMeHToB. Eciu B 5TMX cXeMax Hecyllas CIHOCOOHOCTb KOHCTPYKLUHH OKAa3bIBa€TCS HIDKE
TpeOyeMoii, OBBICHTh HECYILYIO CIIOCOOHOCTh MOXKHO YCTAHOBKOM M yUETOM B pacdeTe CBA3EH,

190



MPETSITCTBYFOINMX PACKPBITHIO KOHCTPYKTHUBHBIX IIAPHUPOB (HAIPHUMED, CTAJbHBIX IIIACTHH,
COENMHSIIOLINX 3aKIIATHBIE NETAJIN CMEKHBIX COOPHBIX 3JIEMEHTOB).

OnHa 13 BO3MOXKHBIX CX€M Pa3pyLIeHHs KOHCTPYKLMU — PACIOJIOKEHUE JTHHHA M3JIOMa B
IIBAaX [0 MEPHUMETPY BHYTPEHHEro KOHTypa M B [JUArOHAJBHBIX IIBaX MexAy mmramu I11

(pucysok 5.9.7).
____________ —
1?\2 3 3 2 1__‘
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e 1]

(Lo-Ly2/ " "\(to-Lo)2

1,2 u 3 — cBa3M, paboTa KOTOPHIX YUUTHIBACTCS MPEACTHHEIMA MOMEHTAMH — COOTBETCTBEHHO M., My U M,
Pucynox 5.9.7 — Cxema pa3pymeHHsi ¢ pACIOJI0KeHHEM JJHHHH H3JI0MA B IIBAaX N0
NEePUMETPY BHYTPEHHEr0 KOHTYPAa H MEKAY KOHTYPHbIMH IVIMTAMH

B »TOM ciydae B3aMMHOMY NOBOPOTY AMCKOB INPEMATCTBYIOT TPU BUAA CBs3€il, Haluuue
KOTOPBIX MOKET ObITh YYTEHO CIIECAYIOLINMHU NPeIebHBIMA MOMEHTaMuU: M. — 1O YTJIOBO#L CBA3H,
M — 1o HakJTagKaM, COSIUHSIOINM qHaroHalbHble pebpa IUHT B MPOAOJbHOM HanpaBjieHuw, M,
— [0 HaKJIaJKaM, COEUHSIIOLIUM TIPOIOJIbHbIE pedpa IIIUT B [IpOJieTe BHYTPEHHErO KOHTYPA.

BenmunHa npenenbHOI Harpy3KkH onpenensercs no Gopmye

g, = 234“\53 v, +0.501, +211,] (5.9.9)
(Lo -4 )

Tpebyemoe ceueHue yriOBOW CBSI3M MOXKET OBITb OMpEeNeHO MO MONYYEHHOH BbILIe
BenmnuunHe yewmus Ne = 158 xH. [nsg mnmactunsl TommuHoi 10 MM m3 cramm kjaacca C235
TpeOyemast mupuna ceuenus: 158 /(0,95-230000-0,01) = 0,072 m. KOHCTPYKTUBHO MIPHHHUMAEM
mnactuHy cedenueMm 10x100 mm. VYkasanHas CBA3b — 4acTb apMaTypHOTO KOHTYpa,
pacrioyiaraeTcss B ypOBHE OCHOBHOI apMaTyphl IIAaTPOBONW paMbl. YCIOBHO CYHMTAas ILIEYO
BHYTPEHHEH Napbl B CEYEHUU IO CBA3M PABHBIM ILIEUy BHYTPEHHEN Mapbl BHELTHETO KOHTYpa
BOmu3u yria 1,18 M, mony4aem:

M. =0,95-230000-0,01-0,1-1,18 =257,8 xkHwm.

HaxnanHas niacTuHa CBA3H 2 DAcIoNaraeTcss B YPOBHE HIDKHEH MOBepxHOCTH pebpa
BHYTPEHHEr0 KOHTypa. Ee NpovHOCTE NOIKHA COOTBETCTBOBATh MPOYHOCTH paboueii apMaTyphl
nuaroHanbHoro pebpa. s mmactusel TommuHoM 10 MM u3 cramu kiacca C235 Tpebyemas
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wupuHa cedenus: (435-0,000982) / (0,95-230-0,01) = 0,196 M. KOHCTpyKTHBHO NpHHHMAaeM
miactuHy cedenneM 10x220 mm. Haxonum npenenpHblii MOMEHT MO 3TOH CBA3H:

M;=0,95-230000-0,01-0,22.-0,72 = 346,1 kHm.

Haknazguas rulactHa CBS3H 3 TakxkKe pacIojiaraeTcsi B ypoBHe HIDKHEH moBepxHOCTH pedpa
BHYTpEeHHero koHTypa. KoHCTpykTHBHO nmpuHMMaeM IUIacTUHY cedeHueM 10x70 MM u3 cranm
kinacca C235. HaxonuM npenenbHblil MOMEHT 110 3TOH CBSI3H:

M, = 0,95-230000-0,01-0,07-0,72 = 110,1 xHm.

ITo popmyne (5.9.9) Haxonum:

242
lse’ -

> g = 11,75 xH/m* — necymas cioco6HOCTH obecreyena.

u

5 [257,8+ 0,5-346,1++/2 -1 10,1]: 21,4 kH/m?>
9

CrnenuanbHOro paccMOTpeHHsi TpeOyer ciydail, Korna paspyllieHHe KOHCTPYKLUH
MNPOMCXOIMT IO TMHUHM NIBA MKy MIIMTAMH CPEAHEH 30HBI IEPEKPBITHSA C IEPECEYCHUEM THHUEH
uznoma mut 111 B nonepeyHOM HalpaBlieHUH B CpeiHeil 4acTH ux mpojiera (pucyHok 5.9.8).

e e s ——— —— — — — — 4?
[ 1 |
I v [
| AN 2 7 |
N 7 i
I s / '
| b =32 K ——] l
|
| : i
e e~ e ——
N
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| l
AU | PR B
A

—_— %
| G2 | Gtz |

1, 2 u 3 — cBa3H, paboTa KOTOPBIX YUUTHIBACTCA MPEICIBHBIMH MOMCHTAMH — COOTBETCTBCHHO Mo, M 1 M,
Pucynok 5.9.8 — Cxema pa3pymieHus ¢ pacnoJio’keHueM JHHUH H3J10MAa B MIBe
MKy IIHTAMH CPeJHeil 30HbI epeKPbITHSA

B sTOM ciyyae B3auMMHOMY IIOBOPOTY [BYX AMCKOB MPEMSTCTBYET NPOYHOCTb CEYEHMIt
BHEIIHEr0 1 BHYTPEHHEr0 KOHTYPOB B TOUKAX IepeceueHus X TUHUEH u310Ma (COOTBETCTBEHHO,
Mo = 435000 - 0,001609 - 1,18 = 825,9 xkHM u M1 = 435000 - 0,000982 - 0,695 = 296,9 kHm), a
TaKue MpeeNIbHblE MOMEHTBI M; — [0 HaKJIaJKaM, COSIUHSIOIINM ILIUThI CPEHEN 30HBI B yIiiax
CPEemHEro AucKa. 3HaueHWe IPeReNbHON Harpys3Kd IS 3TOrO Clydas MOXKHO OMNPENENHUTh TI0
bopmye
g = 16 (M, +M; +M,)

Y L1

(5.9.10)
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HaxknanHast miacTHHA CBA3H 3 TAaKKe PACIONAraeTcs B YpOBHE HMKHEH MOBEPXHOCTH pedpa
KOHTypa cpenHero nucka. IlonbepeM ee IIHPHHY U3 YCIIOBHS PAaBHOIPOYHOCTH CThIKA H pebpa
KOHTYpPa CPEHEro JUCKa!

M; =M>= 435000 - 0,000982 - 0,295 = 126,0 xHwm;

b, =126,0/(0,95-230000 - 0,01 - 0,33) = 0,175 m.

KoHcTpykTBHO npuHHMaeM MacTUHy cedeHueM 10x180 mm w3 cramu knacca C235.
Haxoxum npenesbHbIi MOMEHT IO 3TOI CBA3HU:

M;=0,95 230000 - 0,01 -0,18 - 0,33 = 129,8 xkHm.

ITo popmyie (5.9.10) Haxomum:

_ 16(8259+296,9+1298)

12(11,84% —3%) =12,73 kH/m”> ¢ = 11,75 xH/mM? — Hecymiasi criocoGHOCTb

u

obecreueHa.

6 MoageaupoBaHHe NpPH NPOEKTHPOBAHHH H HCCICAOBAHHH 2KeJIe300eTOHHBIX
NPOCTPAHCTBEHHBIX KOHCTPYKUHH

CrpourenbHble HOPMBI U151 OOOCHOBAaHHS MPOEKTHBIX U KOHCTPYKTHBHBIX PELICHUI Hapsiay
C pe3ysNbTaTaMH pacuera IO TpelesibHBIM COCTOSHHSIM COOPYXKEHHH B ILEJIOM, WX
KOHCTPYKTHBHBIX ~ 3JIEMEHTOB M  COCIMHEHHMIl  JOMyCKalOT WCIIONb30BAaHHE JAHHBIX
SKCIEPUMEHTANIbHBIX HCCIICOBAHMM, B pe3yJbTaTe KOTOPBIX YCTaHABIHUBAIOT OCHOBHBIE
mapamMeTpbl CTPOHTENbHBIX OOBEKTOB, MX HECYILYIO CHOCOOHOCTb M BOCHPHHHMAEMbIE HMH
BosneiictBust (nyHkT 3.6 TOCT 27751-2014). Jns 3maHuii ¥ COOPYKEHUIA MOBBIEHHOTO YPOBHS
orBerctBeHHOCcTH fKiacca KC-3, Kk 4HCly KOTOPBIX HEPEAKO OTHOCAT OOJbIIENPOJIETHDIE
MPOCTPAHCTBEHHBbIE KOHCTPYKLUMH, TpPH TPOSKTHPOBAHUH KOTOPBIX HCIIONB30OBAaHBI HE
anpoOHpOBaHHbBIE paHee KOHCTPYKTHBHBIE PELISHUS WX JUI1 KOTOPBIX HE CYLIECTBYET HaIeXKHBIX
METONOB pacuera, HeOOXOOHMO HCMONbB30BATh NAHHBIC SKCIEPUMEHTANBHBIX HCCICOBAHUN Ha
MOJIENSAX WK HATyPHBIX KOHCTpYKumsix (myskr 3.7 TOCT 27751-2014).

Meron wmonenupoBaHus — 3((hEKTHBHOE CPEACTBO HCCICHOBAHUS JKEIe300eTOHHBIX
NPOCTPAHCTBEHHBIX KOHCTPYKLWii. IIpoBenenne pacuera Takiux KOHCTPYKIHH C yIETOM BCEX HX
0CcO0eHHOCTEN (CIIOXKHBIX TPAHUYHBIX YCIOBHH, HANMH4YUS pebep, OMacHOCTH MECTHOH moTepH
YCTOWYHMBOCTH TOHKOH IUIUTHI U T. A.) BO MHOTHX CIIy4asX BCTPEYAeT CEPbE3HbIC 3aTPYIHEHHS.
Meron MopenupoBaHHs MO3BOJIACT MPOBECTH KAYSCTBEHHOE M KOJMYECTBEHHOE HCCIIENOBaHHE
HaIpsDKeHHO-eOPMHUPOBAHHOTO COCTOSHHSI KOHCTPYKIIMI, OLICHUTb JOCTOBEPHOCTb METONIOB €€
pacdera, pacIpOCTPAHHTH Pe3yJIbTAThl EIWHWYHBIX ONBITOB Ha LEJblii Kjacc MOAOOHBIX
KOHCTPYKLHUIA.

Pa3paboTka MHOrHX HOBBIX KOHCTPYKIHH U pelleHHe TEOPETHYECKHX BONpocoB 0Oe3
MCIONIB30BaHMST MOJEIUPOBaHKs OblIM Obl HEBO3MOXKHBL, a MHCNBITAHUA MoOAeNeH mpu
HCCIEIOBAHMM KOHCTPYKLIMIT M COOPY>XKEHHIl B3aMeH HATYPHBIX HCIBITAHUI MO3BOIMIH
CIKOHOMMHTD 3HAYUTEIbHBIE CPEACTBA.

HccnenoBanusi keNe300€TOHHBIX POCTPAHCTBEHHBIX KOHCTPYKIMHA THIA OOOJIOUeK |
CKJIaJIOK HauboIee 1enecooOpa3Ho MPOBOAWTH HA MOAENSAX, H3TOTOBIICHHBIX U3 APMHPOBAHHOTO
Menko3epHucToro OeroHa. Kak mOKasbiBaeT ONBIT, Takue MOJeNH, pa3paboTaHHblE U
M3rOTOBJIEHHBIE KaK MOANOOHBIE MPOTOTHIY Majiopa3sMepHble KOHCTPYKLHMH, OOJanarT
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NPOYHOCTHBIMH, YTPYTrOMJIACTHYECKHMHA M KOHCTPYKTHBHBIMH CBOWCTBAMH, OJNIM3KUMH K
HATYPHBIM 3KEJIE300€TOHHBIM KOHCTPYKIHMSM. JTO MO3BOJIIET OLEHHTh HE TOJBKO pabory
KOHCTPYKLIMM B YIPYIoOil CTajud, HO U MOBEIeHHE ee mocie 00pa3oBaHuWs TPELVH BILIOThH /O
paspymeHus. B To sxxe Bpems Gnaromapst HeOObLIMM pasMepaM MojeNiel HX MOXKHO M3TOTOBIISITh
U HUCOBITBIBATD CEPUSIMH, HYTO BAXKHO JUISI YBEJNMYEHHs HAJAEKHOCTH IOJNyYaeMbIX
9KCTICPHMEHTAJIbHBIX TaHHBIX.

B Hacrosimem pasmenie 000OIIEH OMBIT B OONACTH KCCIENOBAHHM JKENE300€TOHHBIX
IIPOCTPAaHCTBEHHBIX KOHCTPYKLMH Ha MOJIEIIX U3 apMUpPOBaHHOrO Oetona [9, 10].

6.1 TeopeTuuecKkue 0CHOBbI MOAEJTHPOBAHUS

OOmuit MeTon MozenupoBanusi Oasupyercs Ha Teopuu momobus [11, 12]. /IBa siBnenus
HA3bIBAIOTCS IONOOHBIMM, €CIM OHH HMEIT ORMHAKOBYIO (DM3MUECKYI0 MPHPOAY M eciH
XapaKTepUCTUKU OJHOTO M3 HUX OTJIMYAIOTCS OT XapaKTEPUCTHUK APYTOro TOJIBKO MacIITadOM,
OIIMHAKOBBIM [UII BCEX ONHOMMEHHBIX XapakTepucTUK. ONHOMMEHHBIMH XapaKTePHUCTHKAMH
Ha3bIBAIOTCSl XapaKTEPUCTUKYU C OXMHAKOBOI Pa3MEPHOCTHIO.

ITpu MonmenupoBaHNY ¢ pUMEHEeHHneM TeopeM nonobus [11] HeoOxooumMo 3HaThH ypaBHEHHS,
ONHUCHIBAIOIINE H3ydaeMoe sBileHHe B Harype. Hanpumep, ecnmu wusyuaerca pabota
IIPOCTPAHCTBEHHBIX KOHCTPYKLHUI B YHPYrOH CTamuy, MOXHO HCIONB30BATh IIOJHY CHCTEMY
nuddepeHINaNbHbIX  YpaBHEHHI, ONUCHIBAIOIIMX MX  HAIPsOHKEHHO-Ne(GOPMHUPOBAHHOE
COCTOSIHHE, W COOTBETCTBYIOLINME TIpaHU4HbIE yCiIoBHUA. I[IpUMEHsA YKa3aHHbIE TEOPEMBl K
YPaBHEHHAM, MOXXKHO YCTAHOBUTH COOTHOIIEHWSI MEXIy MacliTabaMH pa3jM4HbIX BEJIHYHH,
UCHONB3YyeMBIX [IPY  MOZENMPOBaHMH. 3areM  BBIOMPAOTCS  3HadeHHs  MaciTabos,
YIIOBJIETBOPSAIOIINX HAMIEHHbIM COOTHOIUEHMSM. IIpu 3TOM HEOOXOAMMO MpPOBEPATH, HTO
n3MeHeHne macumrada MOJEIN HE BEAET K U3MEHEHMIO (M3MUECKOH MPUPOIBI MPOTEKAIOLIEro
Tmpolriecca, T. €. He MPOsBIsieTcs: MacTabHbIN 3 dexT.

IIpy MOOENHPOBAaHUH CIIOXKHBIX MPOCTPAHCTBEHHBIX CHCTEM YacTO HEBO3MOXHO 3alMCaTh
ypaBHEHHs HX HaNpsKEHHO-IeHOPMHPOBAHHOTO COCTOSHHSA. B 5TOM ciiydae CyLIeCTBEHHYHO
MOMOIIb MOXET OKa3aTh Teopusi pasmeprocTeil [12]. OHa mos3Bonser HaliTH pauLHOHaJbHbIE
(GOpMBI MOCTPOEHHS] 3aBHCHMOCTH MEXAY BEIMYHHAMM, XapPaKTEPU3YIOLIUMHU H3y4aeMoe
SIBJICHHE.

ITpu MomenupoBaHUM CTPOUTENBHBIX KOHCTPYKIHHA JJIST OMHOMMEHHBIX XapaKTEPUCTHK, Kak
NpaBuio, BbIOHMpaercss opmHakoBbiii maciutab. Takoif MOAXOA CYIUECTBEHHO OTPAHUYNBAET
MpHMEHEHHe MaJIbIX MOAENeH 1t H3y4eHns: pabOThbl TOHKOCTEHHBIX KOHCTPYKIUM: UX TOJNIIHHA
OKa3bIBAa€TCs MAJIOH M Ha MPAaKTHUKE TPYOHO OCyIlecTBUMA. JJIsl mpeomoneHus 3TuX TpyaHOCTel
MokeT ObiTh mpumeneHo addunHoe mnomobue [13], momyckarouiee NpPUMEHEHHE Pa3HBIX
MaciTaboB OMHOMMEHHBIX XaPAKTEPUCTHK.

IIpu momenupoBaHMM >keNe300€TOHHBIX MPOCTPAHCTBEHHBIX KOHCTPYKLHMI 4aine BCero
HCTIONB3YeTCs] MPOCTOE M paciMpeHHoe Mexanudeckue mnomoOust [13]. Ilpu mpocrom
MEXaHHUYECKOM NMONO0HH B MOJENN BOCHPOU3BOIATCA TE ke AeOpMariu, YTO M B HATYPHOI
koHCcTpykuud. Ilpum  pacmmpeHHoM  MexaHuueckoM monodun  medopmanum  Monenu
MPONOPLUOHANBHBI JedopMaisM HaTypHOro obpasna. B oboux ciyuasx Momenb nomkHa ObITh
reoMeTpuyecky nogobua narype. Eciu maciutab Monenu paBeH m, TO MPUIOKEHHBIE K MOEIH
PaBHOMEPHO paclpenelicHHbIe IO IUIOMAAN HArpy3KH OCTAIOTCA TaKMMH JK€, KaK B HAType;
HUHTEHCHBHOCTb PACIpPENCICHHOMN IMHEHHON HATPY3KH MEHSIETCS B M7 pa3; COCPEAOTOYEHHOH CUIIBI
— B m? pas.
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6.2 Buanl MmoaeJiel u X pa3Mepbl

Bun BeIOMpaeMbIX Uil HCCIEOBAHHUS MOAENEH, UX pa3Mepbl U HCHOJNb3yeMble MaTepHabl
OIPeneNsIeIOTCs] [OCTABJICHHBIMH LEJISIMU HCHBITAHUI JKeJe300eTOHHBIX MPOCTPAHCTBEHHBIX
KOHCTPYKLHUIA.

I'OCT 27751-2014 (nyskT 11.6) ycTaHaBnMBaeT, 4TO B CIy4ask, KOI/Ja IPH IPOEKTHPOBAHUU
TpeOyercsi  HCIOJb30BaHHWE  MAHHBIX  SKCIEPUMEHTAJbHBIX  HCCIENOBAHUH  PEajbHBIX
CTPOMTEIIbHBIX KOHCTPYKLHI MK MOJieJiell CTPOHTENbHBIX O0BEKTOB, MOATOTOBKY H IPOBEACHHE
l'lOIl06Hle HCl'lblTaHPlﬁ, a TAKXKC OIICHKY IMOJMY4Y€HHBIX PE3yJIbTAaTOB CJICAYET OCYIIECTBIATDH TaK,
4TOOBI YCIIOBHS IKCIEPUMEHTA ObLTH NOXOOHBI yCIOBHAM PabOThI MPOSKTHPYEMOH KOHCTPYKIIHHI
(BO BpeMs ee SKCIUTyaTallid U BO3BeZieHus1). [Ipy 5TOM yCIIOBHSI, KOTOpPbIE HE MOAEIHUPYIOTCS B
MpoLecce TMPOBEACHUS HKCIEpHUMEHTa (HANpUMEp, /[ONIOBPEMEHHBIC XapaKTEPHCTHKN),
HeO6XOI[I/IMO YUHUTBIBATH MPH MPOCKTUPOBAHUU Ha OCHOBE aHaJiM3a NMOJYUYCHHBIX PE3YJIbTATOB H,
pu HEOOXOAMMOCTH, 33 CYET HCHOJB30BaHUS KOI(DPHULHEHTOB HATEKHOCTH.

6.2.1 llpumenenne MoaeJiel AJs1 H3yUYeHHs1 pa0OThl HATYPHLIX KOHCTPYKUHH

Hccnenosanusimu 3kesie300€TOHHBIX MPOCTPAHCTBEHHBIX KOHCTPYKLUMI HAa MOAEISIX MOXKHO
peuaTh CIEAYOMMe 3a0a4qi; KOHTPOJIHMPOBATH MPOYHOCTH, KECTKOCTh U TPELIHHOCTOMKOCTD
KOHCTPYKLIUM; BBIABISATh KAPTHUHY HANPSOPKEHHO-Ne(OPMUPOBAHHOTO COCTOSIHUS B YIPYTOM
CTafuM U TOCNE MOSIBICHUS TPELUHH, BBUIBIATH CXEMY Pa3pyLICHHs H OLICHHUTb HECYILYIO
CIOCOGHOCTD, MPOBEPATH OCOOEHHOCTH TEXHOJOTHH MOHTaXa COOPHBIX KOHCTPY KL

JList Moy y4eHus HaIeKHbIX SKCIePUMEHTAIBHBIX TaHHBIX MOIEJb OJDKHA MIPOSKTHPOBATHCS
Tak, 4ToObl B Hel OTOOpaXKaJMCh OCHOBHBIE KOHCTPYKTHBHblE OCOOEHHOCTH M OCOOEHHOCTH
BO3BELEHHMsI HATYPHOTO 0Opasma. B yacTHOCTH, ecin Momepyercst COopHask KOHCTPYKLHS, TO H
Mozesib B OOJIBLIMHCTBE Ciy4YaeB JOJDKHA NPOEKTHPOBaTbCa cOopHoil. IIpumepoM usyueHus
CJIOKHOM COOpHOM KOHCTPYKLMH MOXKET CIyxuTh uccienopaHue [14]. B momenmu ¢parmenra
cBosa u3 Tpex mnaneneii-odonouex KIKC pasmepamu 3x18 m (pucynok 6.1) macmrabom 1:15
HATypPaJIbHOW BeMM4KHBL, cOOpaHHO# u3 18 Moxeneii maHeneii-obonouek pasmepamu 200x1200
MM, ObUIM AETaJbHO BOCIPOHM3BEAEHBI OCOOEHHOCTH KOHCTPYKTHBHOIO PELICHHs] CBOAYATON
CHCTEMBbI, BKJIIOYAIOIIEr0o MIAPHHPHbIE Y3JIOBbIE COEAWHEHHA COOpPHBIX SIEMEHTOB H
MPOCTPAHCTBEHHYIO CHCTEMY CTAJbHBIX CBSI3€H CBOMA.

6.2.2 MoaeaupoBanue y3J10B KOHCTPYKIHH

Ilpu MonenupoBaHMM KOHCTPYKIHM B LEJOM 4YacTO HE yNAeTcsi HM3Y4YHTh JOCTATOYHO
NnoApoOHO paboTy OTHENBHBIX €€ Y3JIOB. JTO BbI3BAHO TPYAHOCTAMHM, BO3HUKAIOIIMMH MpPU
MOJIEJIUPOBAHIM COIPSDKEHHH 3JIEMEHTOB. B Takmx ciydasx OKasbIBaeTCA LENECOOOpasHbIM
M3TOTOBJISITH  y3€J B HATypaJlbHYI0 BEJMYMHY M HCHBITBIBATH €ro, HMUTHPYS CHJIOBBIE
BO3ICHCTBHS Ha y3€JI, IOJy4YeHHBIE 110 Pe3yJIbTaTaM U3Yy4eHUs HalpsDKEeHHO-Ie( OpPMHPOBAHHOTO
COCTOSIHMSA B MIPEAIIECTBYIONIMX UCTILITAHUAX MOJIENH B IIEJIOM WU €€ pacyeTa.
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Pucynok 6.1 — O6muii BU HCIBITAHHS MOAEJIH CBOAYATOr0 MOKPBITUS

6.2.3 Ilpumenenne Mopese A1 OLleHKH METO0B pacuera

Jind OUEHKH INPUMEHAEMBbIX IPU MPOEKTHPOBAHUM MPOCTPAHCTBEHHBIX KOHCTPYKLHI
METO/IOB pacyera Lesiecoo0pa3sHO M3rOTOBJIATH MOJEIH, KOTOPbIE HE SIBISIIOTCS TOYHON KOMUEi
Kakoi-mmbo koHCTpyKUMH. COXpaHsAeTcsi TOJNbKO HOAOOHE MPUMEHSIeMbIM KOHCTPYKLIMSM B
neroM — (opma 00ONOYEK, THI KOHTYPHBIX JJIEMEHTOB, COOTHOLIEHHE Pa3MEPOB B IUIAHE,
OTHOLIEHHE CTPEJbl MOIbEMA K MPOJIETY, XapaKkTep apMUPOBaHUA U T. A. Monenu Takoro Tuma
MPOEKTUPYIOTCSA TaK, YTOOBI OHU IO BO3MOXHOCTH OJIM)KE COOTBETCTBOBAIIM PACUETHOM cXeme U
B TO )K€ BpeMs OTpaxaiu cneruduueckue OCOOEHHOCTH, MpPUCYIIHME JAaHHOMY KJIaccy
KOHCTpYKuuid. C TOMOIIBIO MOAeNed paccMaTpUBaeMOro THIA MOXHO pelaTh CleAyroLye
3a1a4u:

- POBEPSITh U YTOYHATb METO/bI pacuera KOHCTPYKLHIi B YIIPYTroi CTaauy,

- BBISIBJITH OCOOEHHOCTH PaboThI OCIIE MOSBIEHHS TPELIHH;

- BBUIBISITH CXEMy pa3pyLIeHHss M MPOBEPATb pacueTbl, OLEHHBAIOUIME HECYIIYIO
CHOCOOHOCTh KOHCTPYKLIMH.

6.2.4 Tipumenenune moaeJieii A HCCJIEIOBAHHS CXEM H3JI0MAa 000J/104eK NMPH Pa3spylieHHH

JUisi OLEHKH Hecylleidl CMoCOOHOCTH NPOCTPAHCTBEHHBIX KOHCTPYKIMI — HIUPOKO
UCTOJIb3YETCSI METON TpefeNbHOro paBHOBecHsi. Ero mpumeHeHue TpeOyeT 3HaHMS CX€Mbl
uzsioma. IIpoCTpaHCTBEHHbIE KOHCTPYKLWH MNPEACTABISIIOT COOOH CIOXKHBIE MHOTOKPaTHO
CTaTHYECKH HEONpeNeNUMbIe CHCTEMBI, TIO3TOMY OMpEJENICHHE CXEM M3JIOMA PAaCYETHBIM MyTEM
CBSI3aHO ¢ OONIBIIUMHE TPYIHOCTAMHU. BhISBIeHHE CXeM H3/10Ma C MOMOIIBIO OMBITOB HA MOJEJISAX
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MOMOTaeT 3HAYUTENbHO YNPOIATh 3aJa4y: CHIXKAeTCs CTEeNeHb CTaTHYECKOI HEeOoNpenenuMOCTH
KOHCTPYKLHH, VIOPOLIAIOTCS YCJOBHS 3alHCH MPENebHOTO pPaBHOBECHS, OKAa3bIBAaeTCs
BO3MOKHBIM 00Jiee TOUHO Y4ECThb PEONOrHyeckre CBOHCTBA MaTepraa, IPaHUYHble YCIOBUS, BUA
Harpy3ku u T. 1. [Ipy npoekTHpOBaHHH KOHCTPYKLIHI MOTYT ObITh HCIOJIB30BaHbI THITbI MOJIENEN,
onucaHHble B 6.2.1 1 6.2.3.

Ilenu uccnenoBaHuil BIUAIOT Ha pa3sMepbl MCMbITBIBAEMbIX Mozelnei. Monenu peanbHbIX
KOHCTPYKLUHMH OOBIMHO BBINOJHAIOT B Macwtabe 1/25-1/4 HaTypanbHOH — BENHYHUHBI.
MogenupoBaHue y3JI0B KOHCTPYKLHIi ClleyeT CTPEMHTbCS BBINOJHSATh B HATYPAJIbHYIO
BeMMYMHY. ECii ske pemeHo y3iiel yMeHbIIUTh, UX MaciTal NoJKeH IPUHAMATBCS He MeHee 1/2.
Kpowme Toro, Ha pasmMep MOAENeH BIUAIOT CleAyroiue (akTopl:

- YCJOBHS NIE€pEAAYN HATPY3KU;

- ynoOcTBO ycTaHOBKM MpuOOPOB Ha BEpPXHEH 1 HIDKHEN TOBEPXHOCTIX MOZEIH;

- ynoOCTBO HCIIBITAaHHS — JOCTYIN K IpuOOpaMm, IMPOXOABI MEXAY TAXaMH Harpy3OqHOIl

CHUCTEMBI U T. I.,

- YCIIOBHS M3TOTOBJICHHUS — TOJIIIITHA MOJieNiell i3 OeTOHa He MOXKET OBITh MEHBIIE 4 MM;

- HaJMW4YHEC UCTBITATECIIBHOI'O O60pyHOBaHI/IH, INOMEIIEHWA U T.O.

Pasmeps! Mozeneli, He SIBISIOIIIXCS TOYHOH KOMMelH Kakoil-mubo KOHCTPYKIMK, HA3HAYAIOT
C Y4ETOM MPHBENEHHBIX BbIIIE HaKTOPOB.

6.3 MaTepHaJibl AJ151 H3rOTOBJICHHSI MOAeJIeit

Humxe paccMaTpuBarOTCS YCIOBHA NOAOOpa MOIENBHOTO MaTepHaja, INpPH KOTOPBIX
BBITIOJIHAIOTCS. YCJIOBUS TPOCTOrO moaodusi. Mozenp MO/KHA ObITH €OMETPUYECKH MOM00HA
HATYPHOI KOHCTPYKIUH.

6.3.1 Kpurepuu nogo0us

Kpurepru nogoOust MaTepuaioB MOAENU M HATYPbl YCTAHABIMBAIOT MO TPEM AHarpaMMam
(pucyHOK 6.2), XapakTepu3ylIiuM mpoueccel aedopmupoBanusi OeroHa TPH CKATHH U
PaCTsDKEHUH.

a 7] 8
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Cert
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Ept Ebel

o
0 €1 Ecr2 Ebe v 05 vV

Cpt,el
Rhl

a — TuarpaMMa «HanpspkeHue — achopmad (G—€); 6 — TO JKe, KHANPDKEHHE — CKOPOCTh MPOXOXKACHHA
YABTPA3BYKa»; 6 — TO e, «HANMPDLKEHUE — H3IMEHECHHE KO3 (QUIMCHTA O TICPSUHO 1eopMaImmy
Pucynok 6.2 — lnarpaMmbl H3MeHeHHs] MeXaHHYeCKHX CBOICTB GeToOHA NpPH HATPYKEHHH
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Ha muarpamMmax OTMeYeHbI XapaKTepHble TOUKH, Ha3blBaeMble MapaMeTpHdeckuMu. Touku
XapaKTePU3YIOTCs BeIWYMHON HampshKeHMi, oOmed fuis Bcex Tpex auarpamm. Takux TOUYEK
IeCTh:

Gorl — HAKHSISI TPAHULA MUKPOPA3 Py LIEHUIT;

Gor2 — BEPXHSA TPAHHIA MUKPO- M HIXKHSAS TPaHUIIA MaKpOpa3pyLIeHHU,

Ry — TOUKA MaKCUMAJIbHBIX HANPKECHUIM,

Rp2 — MOMEHT OKOHHYATENbHOTO pa3pylleHHs OeToHa;

Oprel — BEPXHSS IPAHUIA YYacTKA, HA KOTOPOM Ae(opMaluy MpsAMO MPOHOPLIMOHAJIbHBI
PACTSTHBAIOIIUM HAMIPXKECHUM,

Ry — MOMEHT paspylueHus OeTOHa OT PaCTSKEHUs.

Ha puarpamMme G—€ yKa3saHHBIM TOYKaM COOTBETCTBYIOT Ae(OpMaLMH €crl , Ecr2 , Ebe , Emax,
€biel , €bt . HEKOTOpPBIE XapaKTEePHBIE 3HAYCHNUS J M vV OTMEUeHbl COOTBETCTBEHHO HA AHarpaMmax
oV, c-v.

Jlist ynoOcTBa PeACTaBUM JUarpaMMy G—€ B OTHOCUTENIbHBIX KOOPIHHATAX :

IlonHoe monoOue MaTepuajioB MONENHM U HATypsl OyaeT obecmedeHo, ecnu s 0OOMX

MaTepHaJIOB 3HAYCHUSI BECIWYUH Rbl ’Ebt,el ’6(,7'1 766’7‘2 5 Rb 5 sz 5 gbr 5 gb,’el ,gcrl ’§LT2 9§bc > Emax > V0

paBHBL. DTH YCIIOBHS MPEICTABIAIOT COOOI HONHYIO CHCTEMY KPHTepUeB Nomobusi GETOHOB B
MEeXaHHYECKOM CMBICIIE.

INomo6paTh MoAeNbHbI MaTepyall, Al KOTOPOTO BBIMOJHSIOTCS YCIOBHUs MOJNHONW CHCTEMBI
KpUTepHeB MOAOOMS, CIOXKHO. B 3aBUCHMOCTH OT KOHKPeTHBIX 3ahad MEXaHHYECKOro
MOIETHPOBAHHA W3 CHCTEMBI KpHUTepHeB MonoOus MOryT ObITh MONYYEHbl HEMONHBIE,
obecrieunBarore mogodue TOJNBKO B OTAENBHBIX 30HAaX Auarpammel 6-€. Jlna Hambonee
XapakTEePHBIX 3a1a4 AOJIKHbI OBITh paBHbI CICAYOLINUEC BEJIMYUHDbI:

Ry, 51,502, Ry €281 2 E0p2 2 Epe» Vo — TIPU HMCCIENOBAHUM TPOYHOCTH, JKECTKOCTH U

TPEIMHOCTONKOCTH XKeNe300€TOHHBIX KOHCTPY KLIHiA;

G 150012 80r1» 802 »8he>Vo— TPU [EHCTBUM TOJNBKO CXKUMAIOIMX HANpPsDKEHU, He

crl>~erlo»
TIPEBBIMIAIOIINAX Ccr2,

Ry, Gp1o1 €41 8101, Vo~ TIPH ACHCTBUM TONBKO PACTATHBAIOLIMX HATIPSKEHMUIA;
G0t >00r1 > Eprel » Er1 » Vo~ TIPU PAOOTE KOHCTPYKLMHU B YTIPYTOii CTAaMH,

Ry, Ry . €py 5 By » Vo~ TIPU UCCIIEMOBAHHUAX B CTA[IMU Pa3py LEHHUS.

6.3.2 IlonGop MoaenbLHOro MaTepuaia

Cucrema kpurepues mnomodus BeIOMpaeTcs B 3aBHCHMOCTH OT 3aJad HCCIENOBAHIL
3HayeHus BCIINMYWH, BXOIAAILINUX B KPUTCPUHU HOZ[OGI/U[, L1 MaTe€pualia HaTypbl CUHUTAIOTCA
m3BecTHBIMU. OHU MOTYT OBITh ONpPEeNeNeHBI O Pe3yJibTaTaM MCIbITaHud 00pasnoB u3 OGeToHa
HaTypHOH KOHCTPYKUMH. 3a/iada COCTOMT B BHIOOpe Mmarepualia MOZENH TakK, YTOOBI IJisi HETO
BBITIOJTHSJINCD Y CIIOBHSA TTOIOOHSL.

B Ka4yecTBE OCHOBBI MOZCIIBHOT'O Martepualia PEKOMEHOYETCs HCIIOJIB30BaTh
MEJIKO3EPHUCTHIH OETOH, COCTOSAIMMI M3 CMecH LieMeHTa, Iecka, meOHs u Bombl IIpumenss
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pasymuHble T00ABKH, MOXHO B IOBOJIBHO LIMPOKUX MPENeNax U3MeHsTh pU3HKO-MEXaHHIECKHE
XapaKTePUCTHKA Marepuana. JIaHHbIE O HAMPABJICHHM H3MEHEHHS (QHU3MKO-MEXaHMYECKUX
XapaKTEPUCTHK MAaTEPHAJIOB OT PA3IMYHBIX [0OABOK MpUBeneHbl B Tadauue 6.1. CoxpaTuts 4ucio
OIIBITOB MPH MOAOOPE MaTepyana ¢ Hy )KHBIMA CBOMCTBAMH MOKHO, UCIIONB3YS METOAbI TEOPUH
IJIAHUPOBAHMS SKCIIEPUMEHTOB [15].

Tabnauna 6.1 — Hanpaenenue wusMeHeHUss (DUIUKO-MEXAaHWIECKHX — XaPAKTEPHCTHK
MEJIKO3epPHUCTOro OETOHA B 3aBUCHMOCTH OT Pa3jInyHbIX 100aBOK
Bun noGaBku Du3NKO-MEXaHUUYECKUE XAPAKTEPUCTUKH
Ry Gerl GCer2 Ry Ebe Eerl Eer2 A%
Men MOJIOTBIM — - - + + - - —
TlepauToBblii mecox - - - - + - - +
I'padut MOMOTHIH - - - - - - + -
ITeGenn, 06paboTaHHBII - - - - + + + +
HUTPOKPACKON
TIBA ¢ 5%-no0i1 n1o6aBkoii - - - + + + + +
oubytundranara
OG6o03HaueHHs : 3HAK «+» MOKA3bIBAET YBEJIMYECHHUE, & 3HAK «—» — YMEHbLIEHHE XapaKTEPUCTHK
[PY BBENEHUHU PA3INYHbIX 100aBOK.

Jns  apMMpOBaHMSL MoOfeNneil NPHUMEHSIOT: CTalbHble TKaHBIE M CBapHBLIE CETKH,
XOJIOMHOTSHYTYI0 TPOBOJIOKY; CTEP;KHEBYIO apMartypy, MNIaKyl U MEPHOAHYECKOTO MpoduIs.
KonuuecTBo cTeprkHel apMaTyphl U XapaKTep apMUPOBAHUS B LIEJIOM COXPAHAETCS TAKUM XK€, KaK
B HAaTypHO# KOoHcTpykuud. ITnomane apmaryper moabOupaercss W3 yCJIOBHI TF€OMETPHYECKOTO
TOOOHS 1O MPOYHOCTH.

B ciyuasx wuccnemoBaHHS HCKIIOYMTENbHO YIpyroii cragum paboThl KOHCTPYKLMH
TMPUMEHSFOT MOJIENIU W3 YIIPYTHX MaTepHasioB, B YACTHOCTH, U3 ILIaCTMACC.

6.3.3 KoHTpOJIb MEXaHHYECKHX XAPAKTEPUCTHK MATEPHAJIOB

JUisi  ompemeneHus XapakTepHCTHK OeToHa Moneneli TOHKOCTEHHBIX KOHCTpyKnuii
PEKOMEH/IyETCSI  UCTIBITBIBATh TOHKOCTEHHbIE OO0pasiupl. ITH 00paslpl MO CPAaBHEHHIO CO
CIUIOIIHBIMM ~ NPHU3MaMH JIydlleé OTPaKalOT OCOOEHHOCTH TeXHojoruu (opmopaHms
TOHKOCTEHHBIX KOHCTPYKLUIL.

B kauecTBe TOHKOCTEHHOTO 00pasLa peKOMEH Iy eTCsl HCIIOIb30BATh MOMYI0 IPH3MY (PHCYHOK
6.3). IlpusMy CKIEHBAIOT SMOKCHJIHBIM KlieeM M3 IUIMTOK TommuHoi 10 mm. Topuel ee
3aMOHOJIMYMBAIOT B METAUINYECKUE OTOJIOBHUKH, KOHTPOJHMPYS OpPTOrOHAJIbHOCTH OOpasua
MOBEPXHOCTSIM OrOJIOBHUKOB. M3 MCHIbITAHMS MOJIBIX MPH3M HEMOCPEINCTBEHHO MONy4aT Rp, a
Takke MOmyib gedopMauni, KOI(QOHIMEHT NOMEPEedHOro PacLIMPEeHHs, XapaKTePUCTHKH
MOJ3y4YECTH U ycanku Oerona. I1pu BeraucneHnn Ky HCIONB3YIOT CpeaHee 3HaYeHHe (PaKTHYECKUX
TOJILIMH TUIACTHH O PE3YJIbTaTaM HX 0OMepa B HCIIBITAHHOM 00pasLe.
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] — METAIIIMYECKUHA OTOJIOBHHK;, 2 — OCTOHHBIC ITACTHHBI, 3 — AMOKCHIHBIN KJICH
Pucynox 6.3 — KoHCTpyKIHSI TOHKOCTEHHOr0 00pa3ua

Tl onpenenenusi XapaKTEPUCTHK apMaTypbl 00pasiibl ee HCIbITHIBAIOT Ha PasphiB 110
OOIIEnPHHSTOI METOMKE.

6.4 HU3rorosJieHne MoaeaeH

JUisi  W3rOTOBIICHHST MOZENeH KOHCTPYKIMI HCIIONB3YIOTCA (OPMBI M3  Pa3jIMYHBIX
MAaTepUaJiOB — IepPEBsIHHbIE, OETOHHbIE, CTANIbHBIE, THIICOBLIE, IIIACTMAcCcOBbIe. BriOop MaTtepuana
M KOHCTPYKIMA (opM ompenensieTcss yaoOCTBOM KX W3TOTOBJEHHS H  KOJHYECTBOM
M3TOTOBIsIEMbIX Mogenell. Eciau mnpeaycMOTPEeHO W3rOTOBJCHHME ONHOW-ABYX MOJENeH,
PEKOMEHAYETCsSl IPUMEHATh JepeBsiHHble omanyOku u3 Opycbes mmu danepsl. IIpu Gompmom
KOJIMYECTBE MOJEJeN U MPU UCIONIb30BAHUM TEPMOOOPabOTKH NPHUMEHEHHE NePEeBHHBIX (opm
He PEeKOMEHy eTCs.

Mopenu 06ONOYEK W CKJIANOK MMEIOT Malible pa3Mepbl ceueHuil snementoB. [loatomy k
TOYHOCTH M3TOTOBJIEHHS ONaayOKd MPEABABIAIOTCA MOBBbIIEHHbIE Tpebosanus. KoHtpons
OCYLIECTBJISIETCSI C NOMOILIBIO 1Ha0JIOHOB M HUBEJIUPOBAHHS, OTKJIOHEHHsI MO TOJIIMHE IUTHTHI
MOZENIM HE AOJDKHBI mpeBbimarh + 0,5 MM, KpHBH3HA MOIENIHM NO/UKHA OBITH BBIAEPKAHA C
TOYHOCTBEO +5%. OmnanyOky HEoOXOAMMO MPOEKTHPOBATH AOCTATOYHO JKECTKOM, 4TOOBI HpH
TPAHCIOPTUPOBAHNH M M3TOTOBJICHHU B HEil He BO3HUKANO AedopMaryii, HCKaxaroux hopmy
mapenuii. OmanyOKy pEKOMEHJYeTCsi BbIMOJHATh COOPHO-pa30OpHOI, YTOOBI H30exaTh
TIOBPEXKICSHHUIT MOAIETH TIPH pacHaiyOke.

ITociie M3roTOBIEHHS AEPEBSHHBIX MOZIETIEH HX MOBEPXHOCTh PEKOMEH/YETCsI IIAKJIEBATh U
MPOKpAIINBATh HUTPOKpackoi. Ilpu Ha3HaueHHN pa3sMepoB OHANYOKH CIEAyeT y4YHTBIBATh
TOJILIMHY CJIOS INMAKIEBKH W Kpacku. M3roToBisiTe OETOHHBIE W OCOOEHHO THIICOBBIE (HOPMBI
CJIENyeT C YYeTOM IPOLECCOB YCAAKH M PACLIMPEHHS STHX MATEPHAIOB IMPH BBICBIXAaHHU U
yBIaXHeHHH. VX NOBEPXHOCTb PEKOMEHAYeTCS OKpPAIUMBaTh MACISHbIMH W NOJMMEPHBIMH
cocraBamu. Ha pabo4mx MOBEPXHOCTSX CTANbHBIX (JOPM HE JOIDKHO OBITH CIIEHOB PKABUHHBI,
MEXaHHYECKHX ITOBPEXICHHH M TOMy momoOHbIX nedextoB. UToObl MCKIIOYHTH CLEMJIEHHE
6erona ¢ omnanyOkoi, moBepxHOCTH HOPM MEepen M3rOTOBIEHHEM B HHUX MOJeNel MOKpPbIBAIOT
CIoeM CMa3Ku (HampuMep, pa3orperoil cMecpi0 mapaduHa C CONHIOJIOM WM BEPETEHHBIM
MACJIOM, CMELIIAHHBIM C LIEMEHTOM).

ApMaTypa KOHTYPHBIX 3JIEMEHTOB U pebep BBINOJNHAETCS B BHAE BSI3aHBIX M CBApHBIX
KapkacoB. Kapkacel MOTYT M3TOTOBJITECS B AEPEBSHHBIX WabnoHax. JJisi apMUPOBAHUS MOJIOK
MOTYT ObITh HCIIOJIb30BaHbI 3aBOCKHE TIOCKKE CBAPHBIE WK TKAHbIE CeTKU. ECiiM noBepXHOCTH
Mopieliell Hepa3BepThIBAIOLINECS, CETKHU [JIsl apMHPOBAHHMS BSKYT HEMOCPEACTBEHHO Ha OnayoOke.
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OtaenbHbIE NMPOBOJOKH CETKH CKPEIUBIIOT MeXAy coOol Bs3abHOM IPOBOJIOKOW B MeECTax
nepecedeHus (Yepe3 OAHY-ZABE SUEHKH) U NPUBS3BIBAIOT MX KOHLBI K apMarype KOHTYPHBIX
SJIEMEHTOB.

SamuTHbI cnoil B pebOpax u auadparmax o0ecreunBaeTCsi YCTAHOBKOW KOPOTBILIEH
apMaTypbl, OETOHHBIX MJIH MJIACTMACCOBBIX MOAKJIANOK. B ILTHTE TON CETKY MOXHO YKJIAIbIBATH
MOHT&)KHBIE apMaTyPHBIE CTEPIKHHU, KOTOPbIE YIAJSIOT Iocie OETOHUpOBaHus. Jlyisi ycTpaHeHst
nycTOT OETOH AOMOJHUTENBHO YIUIOTHSIOT. Hampsiraemyro apMatypy KOHTYPHBIX 3JIEMEHTOB
HATSITMBAIOT HA WCIBITATEIbHBIE CTEHIBl UMM HA CIIELHAaJIbHBIE PaMbl. YCHIUS HATSDKEHHUs
KOHTPOJIUPYIOT TI0 MAHOMETPY Ha JOMKpaTe WM MEXaHWYEeCKHM JUHAMOMETPOM, a TaKkKe
nsMmepenueM neopmanuii apMaTypbl TEH30METPAMH, HHANKATOPAMHU MJIM TEH304aTYHKAMH.

BeToH B KOHTYPHBIX 3JIEMEHTaX U pedpax YIUIOTHSIOT IyOHHHBIMU BHOpaTOpamMu CBEPXY U
4epe3 onanyOKy CHu3y U cOOKy. BeToH miuTel yrnoTHAT BUOpOpeHKaMyl WX ILIOIAan0 Y HbIMH
Bubparopamu. HanpasisromumMu BHOPOPEEK CITy KaT CTalbHbIE TIOJIOCHI MK AePEBsIHHbIE OpyCKu,
kpemsiiquecst K onanyOke. Ilocie OeTOHMpOBaHMS MONOCHI U OPYCKM yOAIBSIIOT, OCTABIIMECS
yrnyGnenust 3atupator OertoHoMm. TonimuHy Mozeneil npu GETOHMPOBAHMH KOHTPOJIHUPYIOT C
IOMOILIBIO MasikOB, KpersiIuxcs K onainyOke, 1 1mabi1oHoB. beToHHas cMech IPUTOTOBISIETCS Ha
mopTiaHaueMente  (kenarenbHO Oe3ycamoyHOM) W JODKHA  o0NamaTh  OCTATOYHOI
y 1000y KJ1aIbIBAEMOCTBEO.

Beron mopnenell MOXET IONBEPraTbCS TEPMOBIAXKHOCTHOH oOpadoTke 6o TBepHeTh B
€CTeCTBEHHbIX yCJOBUSAX. BeToH ecrecTBeHHOro TBepiaeHus depe3 10-12 4y mocne yknagku
MTOKPBIBAKOT CJIOEM ONMMJIOK U ITOJIMATUICHOBOMH INIEHKOH U YBIAXHAIOT B TeUeHHe 5—-28 nuell. 310
MOMOTa€eT yCTPAaHUTL IIOSBIEHHWE YCAJOYHBIX TpeluH. PacmanyOKy M OTIMYCK HATSDKEHHs
apMaTypbl IPOU3BOISIT [OCIE TOCTIKEHNS OETOHOM HEOOXOAUMON MPOYHOCTH, KOHTPOIHPYEMOF
1o obpasiam ¥ Hepas3pyLIAroLUMI METOaMH.

6.5 KoHCTPYKIIHH HCOIBITATE/ILHBIX YCTAHOBOK

Mopesii UCIBITBIBAIOT Ha cTeHaax. CTeHIBI AOIKHBI IPOSKTHPOBATHCS TaK, YTOOBI HA HHUX
ObUT0 yHOOHO TMPOH3BOAWUTH HATPYKEHHE MOJENH, MOHTUPOBAaTb HArpy304HYIO CHUCTEMy H
KOHTPOJIMPOBATH ee paboTy, pasMelaTh BCIIOMOTATENbHbIE YCTPOHCTBA, HMETh JOCTYI KO BCEM
JNEMEHTAM MOJENN ¥ mpudopam, KpermuTb MNOPUOOPBI A HU3MEPEHHs TOPH3OHTAJIbHBIX
nepemernenuii Monenu. CTeHAb! HOKHBI 00ecenBaTh 0e30MacHOCTD IPOBEASHHUS HCTIBITAHHH.

CreHIpI TPENCTABIAIOT COOOM MPOCTPaHCTBEHHBIE paMbl. Moneny ONMUparoTCs Ha CTOHKH
paMm, purenu Ciay»KaT IJis yIIOpa Harpy304Hoii cucteMbl. Ha cTeHnax MOTyT YKpPEeIUIAThCS XOAbl U
TIOAMOCTH. DJIEMEHTHI CTEHAA MPOEKTUPYIOT CTAIbHBIMU MIIM MOHOJIUTHBIMHU JKeJ1€300€TOHHBIMM.
Ilpu pasmepax mozxenu Oonee 2,5-3 M 1O BbICOTE CTEHA, KaK MPAaBWIO, AEIUTCS HA TPU 30HBL
BHHM3y pa3MEINAT HArpy304Hble yCcTpoiicTBa (I1aTdOopMel, pbldary, DOMKpATbl), HajJ HHUMH
YCTPAMBAIOT CTPAXOBOUHbIE YCTPOMCTBA M CIUIOLIHOM HACTHI 1 HaOMIOOeHWs 3a MOIENBI0 U
npubopaMu CHU3Y; Ha YPOBHE KOHTYPHBIX 3JIEMEHTOB YCTPaUBAOT HACTIUI [T HaONOeHUs 3a
npubopamu cBepxy. Hactuimbsl mo mnepumerpy orpaxnarorT nepmiaamu. i OesomacHOCTH
MepCOHaja, BEAYINErO WCIBITAHHE, M UCKIIOUEHMS BIMSAHHA [OMOJHHUTENLHON Harpy3ku
XO’KI€HHE 10 MOZIEJIN NIPY UCIIBITAHMH HE JOITy CKaeTCsl.

Mognenu onuparoTCst Ha CTEHIBI 4epes LIapbl ¥ KaTKU. JTo obecrneunBaeT MM CBOOOAHOE
nepeMeleHne W MoBopoT Ha omopax. Ileperada Harpy3ku ¢ MOAENM Ha IDAp WA KaTOK
OCYILECTBIIAETCA Y€PE3 METAIUINYECKYIO IJIACTUHY.
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PaBHOMEpPHO pacmpelefieHHble U IIOJOCOBBIE HArPy3KH IIO IIOBEPXHOCTH MOAeieit
PEKOMEHIYeTCA 3aMEHATh CHCTEMOH HacTO pACIOJOKEHHBIX COCPENOTOYEHHBIX CHI. OJTO
MO3BOJISIET YCTAHABINBATL IPUOOPE! 1 HAOMIOATh 32 MOSBJICHHEM U Pa3BUTHUEM TPEIHH CBEPXY
mopeneil. I[Ipy Ha3HaYeHUU PACCTOSIHUSI MEXIY TOUKAMH IPUJIOKEHWS HArpy3KH YYUTHIBAETCS
BO3MOJKHOCTb pa3MeLleHus IPUOOPOB 1 TOMIIMHA MOLETU. JTO PACCTOAHUE OOBIYHO HE JOJLKHO
MPEBBIIATL 25 TOJINKH [UINTHI MOJIEINIH U COTJIACOBBIBATECS C pacIoyioxkeHneM pedep. B mecrax
MIPUJIOKEHHUST Harpy3Kd HAa IOBEPXHOCTH MOAeJeH YCTaHABJIMBAIOT NOAKIAOKK U3 MSTKOTO
MaTepuana (HaIpuMep, MeHOIIacTa).

B 3aBHCHMOCTM OT BEJHMYHHBI HArPy3KH W Pa3MepoB MOAeNell Harpy’kKeHHe BBINOIHSIIOT
rPy30M, yKIaJblBaeMbIM Ha IiaTdopMBl, MiIM AOMKpaTamu. Harpyska Ha Mopmenb mepenaercs
yepes cuctemy Tskel, Tpaepc u Oanok. IlmaTdopmsl ¢ rpy3aM pa3MeInaroT [I0A MOAENSIMHU, HUXKE
Mo[ieliell YCTaHaBJIMBAKOT CTPAXOBOYHbBIE IOAMOCTH (JUIs pasrpy3KU MOZeei Mpy pa3pyLIeHHH).
JloMKpaThl TakxKe pasMeIlaroT MO MOJAENSIMHU, & CTPAXOBOYHbIE TOAMOCTH YCTaHABIMBAIOT MOX
Ganky Harpy304Ho#i cuctemMbl. Kpome TOro, Mog MOAENBIO yCTAaHABIIMBAIOTCS CTPAXOBOYHBIE JIECa.
PaznuvHbIe CXeMBI HATPY304YHBIX CHCTEM MPUBEIEHHI B [9].

6.6 N3mepenue nedopmanuii 1 nepeMeneHuit

JUist usmepeHust neopMauii PHUMEHSFOT TEH30AaTYHKH COMPOTUBIIEHHU ¢ 6a30it 20—50 mm,
PBMaKHBIE TEH30MeTphl ¢ 6a3oil He MeHee 100 MM, MHAUKATOPH! ¢ LeHOi meneHus 0,001 mm.
ITpubopsl ycTaHABIMBAIOT MONIAPHO OAWH IIPOTUB APYTOro — HA HAPYXKHOI M BHYTPEHHEH IrpaHax
3JIEMEHTOB. DTO MO3BOJISIET BLIIENATH OCEBbIE U U3TMOHBIE e(opMaLuy.

IIporu6el, 0cajKy ONOp ¥ FOPU3OHTAIBHBIE IEPEMEIICHHUS 3JEMEHTOB MOJEIH H3MEPSIOT
uHAMKaropamu U nporubomepamu ¢ IeHoi nenenus 0,01 mm. IlpubGopbl ykpemstroT Ha
CIeNHralIbHbIX PAMAX, HE CBS3aHHBIX C NOAMOCTSMH U XOJaMH.

VYIibl IOBOPOTA KOHTYPHBIX 3JIEMEHTOB U3MEPSIIOT KIIMHOMETPaMH, IAPHBIMU HHAMKATOPaMH
WUTH TTAPHBIMH TPOrHOOMepaMy, PacioOKeHHBIMU B OTHOM BEPTHKAJIbHOM INIOCKOCTH HA Pa3HbIX
YPOBHSX.

Jlnst usmepeHus nedopmaruii npuMensiercs snekTporensomerpus. [1pu ucnbrranun Mozneneii
LenecoobpasHo MPUMEHSTH aBTOMATH3MPOBAHHBIC TEH30OMETPHYECKHE KOMIUIEKCH. B psanme
CIly4aeB MOTYT OKa3aTbCsl LENECOOOpPa3HbIMM ONTHYECKHE U aKyCTUYECKHUE H3MEPHUTEINIbHbIE
yCTpOHCTBA.

ITpubopsl pacronararoT MO OCHOBHBIM PacuYETHBIM CEYEHHsM: [OCEpPEAMHE NpONeTa, B
VIJIOBBIX 30HAX, Ha KOHTYPHBIX 3jieMeHTax. lIpy WMCHbITaHUU HAa COCPEAOTOYEHHBIE Harpy3Ku
npuOOpPbI KOHLEHTPUPYIOT B 30HE HArPy3KH, Iie ACHCTBYIOT HAMOONbIIKE YCHIIHS.

JUisi MOBBIIIEHHS] TOYHOCTH OLIEHOK IapaMeTPOB HATYPHOH KOHCTPYKLMS HEOOXOAUMO
YBEJUIMBATH YHCIIO UCTILITYEMbIX Mozesiei [16]. J{iist ClOXKHBIX KOHCTPYKIH OOBIMHO HE yIaeTcs
H3rOTOBUTh Oonee OmHOH-IBYX Momeneid. OOBIMHO B NIPUMEHSIEMBIX INPOCTPAHCTBEHHBIX
KOHCTPYKLMSIX HECKOJIBKO OCeH CHMMETPHH. JTO CBOIMCTBO MOXKHO HCIIONB30BaTh A
TIOBBINICHNS HAEKHOCTH MOAETHPOBAHUS: TOCTAHOBKA MPUOOPOB B CHMMETPHYHBIX TOUKAaX B
HEKOTOpOM CTENEeHH PABHO3HAYHA YBEJIUYEHHUIO YHUCIia MOAETEH.

6.7 HcnbiTaHua

HcnbiTanus HAYMHAIOT C HECKOJIBKUX MPOOHBIX HArpyxeHuil. VX 1ieb — mpOKOHTPOIHPOBATh
paboty Bcex mpuOOPOB U YCTPAHUTH HMEIOLIMECS HEMJIOTHOCTH B CThIKaX COOPHBIX 3JIEMEHTOB H
omopax. BernunHa Harpy3Kku BHIOHPAETCS] MAKCHMAJIBHOM, [PH KOTOPOI B 3JIEMEHTAaX MOIEJH He
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BO3HMKAET TpemuH. IIpoOHBIE HAarpyxKeHHs NPeKpallaloT, KOrha MOKasaHus NpubopoB mepen
Harpy>XeHHeM U MOCJIe Pa3TPy3KH COBIMAIAOT.

3aTeM MOJeN UCTILITHIBAIOT B YIPYTOH cTanyu ux paborsl. BenuunHy Harpys3ku BeIOUparoT
Taxoi ke, uroObl nedopmanuu Obutn Haubomnbiuve Ge3 mosiBIeHus TpewuH. Lukn «Harpyska—
pasrpy3ka» HDOBTOPSIOT HECKOJBKO pa3. Harpysky yBennuuBaroT stanamu, GUKCHPYS Ha KasKIOM
JTane MoOKasaHus Bcex npubopos. KomndecTBo MOBTOpEHMI IMKIOB 3aBHUCUT OT CTENEHU
pa3bpoca nokasanui i TeM Ooublie, YeM Gobire pa3Gpoc. YBeauueHHE KONTHYECTBA HArPy KEHUH
U TOCNenymomas CTaTHCTHdeckas oOpaboTKa ONBITHBIX NAHHBIX MO3BOJSIOT TOBBIINATH
JOCTOBEPHOCTh PE3YyJLTaTOB SKCIEpUMEHTa. B mpomecce skcrutyatanun Ha OOOJOYKY MOIYT
JEHCTBOBATh HECKOJIBKO PA3IMYHBIX COYETAHUI HArpy30K. B 3TOM cily4ae Mozienb UCOBITHIBAIOT
Ha KaX/J10€ U3 BO3MOXKHBIX COYETAHMIA.

IMpn wmcneITanuu Mopened B yNpyrod Craaud NPUMEHSIOT pasjM4HbIE YCTPOIiCTBa U
HCMONB3YIOT TPHEMBI, IIO3BOJLIIOIINE 3HAYMTENbHO YBEIMYHBAaTH O0BEM MOJyYaeMoii
uHbopmaruy 0e3 3HAUYHTENHEHOTO YCIOKHEHUs TEXHUKH TIPOBENEHHs SKcnepuMenTa. Cpeny Hux
MOJKHO OTMETHUTh YCTPOHCTBA, MO3BOJAIOINME HW3MEHATh [PAHWYHBIC YCIOBHS Uil H3y4YCHHs
MHOT'OBOJIHOBBIX KOHCTPYKILIMI Ha OTAENIbHBIX MOJEISX, H3MEHSTh KECTKOCTH auadparM OHOM
MOJIENH, H3MEPSTHh KOHTAKTHBIE YCUITHS MEXAY IUTOH 1 quadparmMoii U ap.

Mopeib HCIBITBIBAIOT /10 Pa3pylueHHUs [P HEBbITOAHEHIIEM coYeTaHUN Harpy3ok. Harpysky
yBenMuMBaroT 3TanaMu. Ha kaxaom stane Monenb OCMaTPUBAIOT C LIENbIO BbIABJICHHS TPELLMH.
OOHapy KUTb MUKPOTPELIMHbBI MOXHO B Pe3yJIbTaTe CMa4KBaHHs [IOBEPXHOCTH MOZIENH alleTOHOM
— B TPEIIHMHE aIleTOH BBICHIXAeT MEIUICHHEE, YETKO 0003Hayas ee HaNpaBlieHHe U ITHHY . TpelnHel
O4YepUMBAIOT HAa MOBEPXHOCTH MOJENM, OTMevass 3Tam MX mnosiieHuss v anuHy. lupuny
PACKPBITUSA TPELINH U3MEPAIOT MHKPOCKOIOM.

ITocne oxoH4YaHHs HCHObITaHUIT HeoOXoAMMO 3apucoBaTth M cororpadupoBaTh cxemy
paspyueHus. B mecrax ycTaHOBKM NIPHOOPOB PEKOMEHIYETCS TIATENbHO W3MEPUTDh TONIIHHY
IUTHTBI, BHICOTY U IIHUPHHY pedep. DTU AaHHbIE HYKHbI [T epexofa oT edopMaLinii K yCHITHSIM.
Jlnst oneHku Hecymel crocoOHOCTM METOAOM IMPEAENIBHOTO PABHOBECHS B JIMHHAX H3JIOMa
PEKOMEHIYeTCsl I3MEPUTD TIOJIOKEHHE apMATYPhI [0 BLICOTE CEUEHHUSI.

6.8 O6pa6oTKa ONBITHBIX AAHHBIX. OLIEHKA HATYPHOH KOHCTPYKLHH

ITpu 06paboTKe OMBITHBIX AAHHBIX, MONYYEHHBIX NPHU WCIBITAHHMH MOAENEH B YMpPyro
cTaguy, UCIOJb3YHOTCA METOABI MaTeMaTHYeCKOM cTaTuCTUKH. OCHOBHAS neib CTaTHCTHYECKOH
00paboTKK COCTOMT B ONpefeNeHUN JOBEPUTEIBHOTO HHTEPBaJla, BHYTPH KOTOPOTO ¢ 3aJaHHOM
BEPOSITHOCTBIO QL PACIIONIAraeTcs CpeiHee 3HaUeHYe epeMELeHUs WIH YCHIIHA.

PasnuuaroT mpsMble 1 KOCBEHHbIE M3MepeHHs. IIpy NpsAMBIX H3MEpeHHSAX ompenensieMas
BEJIMUMHA CPABHMBAETCSI C ENWHWLENH M3MEPEHHS HEMOCPEACTBEHHO JHOO ¢ IOMOIIBIO
H3MepUTeNbHOro nprbopa. IIpy KOCBEHHBIX H3MEPEHIIX H3MepsieMas BETUYHHA BBIYUCIAETCS U3
PE3yJIbTaTOB MNPSMBIX HM3MEPEHWH APYTHX BEJMUHH, CBSI3aHHBIX C HM3MEPSAEMOH BEIHYMHON
onpeneneHHOH QYHKIMOHATBPHON 3aBUCHMOCTBIO.

Hp}[MbIMI/I HU3MEPCHUSIMH MOJY4ar0T, HAPUMED, CICAYHOIHUE NaHHbIC!

- 10 MOKa3aHUSAM HpuOOPOB NMPH MHOTOKPATHOM HArpy>K€HUH MOAENEH — OTHOCHTEJIbHbBIE
nehopMaLiii BEPXHUX M HIDKHUX BOJIOKOH CEUCHHS 3IEMEHTOB MOJECIH € U €x;

- IIPY UCTIILITAHUSIX CEPHii MPHU3M, H3TOTOBJICHHBIX IPU O€TOHHPOBAHHH MOJIENEH, — 3HAYEHHUS
HAYaJLHOTO MOJYJIS yIIPYrocTH O€TOHA U ero NPU3MEHHOI NPOYHOCTH Ro.

- U3 U3MepeHHil ocie paspyLIeHH s — TONIMUHY /1 MOZenel U T. A.
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ITpuMepOM KOCBEHHBIX H3MEPEHHUIT MOXKET CIIYKUTb H3MePEHHE MOTOHHBIX HOPMAJIBbHBIX CHII
1 ¥ TIOTOHHBIX M3THOAIOLINX MOMEHTOB M B IUTUTE MOAENH. DTH BEJIMYMHBI ONPENENSIOTCA Ha
OCHOBE IPSIMBIX M3MepeHuii o Gopmynam:

(8 +¢€

5 ”)Eh m=(g, —g,)F —, ©.1)

B KOTOPBIE OTHOCHUTEJIbHBIE Ne()OPMALMH BBOISTCS CO CBOMM 3HAKOM.
[psimbie u3meperus: obpabarbiBaroT cieayromum obpasom. U3 k msmepenniia; (i=1, ..., k)

BBIYHCISIIOT CpefHee 3HaueHWe «; W KBaJpaThl MOrPEIIHOCTelf OTHENbHBIX H3MEPEHHI

Aa, =(a, —a,.)2 . I'pannupl noseputensHOro untepsana (I, — Aa, &, + Aa) naxopat no popmyie

1 Sk

"

rae Sk — SMITUPUYECKUil CTaHAAPT, BHIMUCISIEMBI 10 hopmyte

Aa=

t: — xoddduument CTBIOAEHTA MPH HAJEKHOCTH O W YHCIE MPOU3BENEHHBIX H3MEpeHHil k
(tabmuna 6.2).

Tabnuna 6.2
Konuuectso 3naueHns kosddunuenTa CTbIOEHTa NPH HAISKHOCTH (L, PABHOM
H3MEpPEeHUit
k 0,8 0,9 0,95 0,98 0,99
2 3,1 6,3 12,7 31,8 63,7
3 1,9 2,9 43 7,0 9,9
4 1,6 2,4 32 4,5 58
5 1,5 2,1 2,8 3,7 4,6
6 1,5 2,0 2,6 3,4 4,0
7 1,4 1,9 24 3,1 3,7

Uro0b! BLISICHUTD, HE SIBJISIETCS JIM U3MEPEHHE K IPOMaxoM, MPOBEPSTIOT yCIIOBUE
a,—a
it 2/ o SN el
5 _
k-1

OmnbIT cunraercs OpakOBaHHBIM, €CJIH YCIOBHE BITOIHIETCS.

JloBepuUTeNbHEIM HHTEPBAI AJIs BEJIUIUH, TIOJNyIeHHBIX C IIOMOLIBI0 KOCBEHHBIX H3MEPEHHIA,
HaxomAT ciepyroumum obpasom. Ilycte a, b, ¢, ... NONy4eHHble NPAMBIMH H3MEPEHHUSMH
CllydaiiHble BENMYMHBL, IJIS KaKIOW M3 KOTOPBIX H3BECTHBI OLIEHKH IPAHUIl JAOBEPUTENLHOTO
unTepsana Aa, Ab, Ac, ... ipu 3aaHHOI HafeXXHOCTH of. ['paHUIIBI JOBEPUTENBLHOTO HHTEPBAA
nns Gyukuuu 1= f(a, b, ¢, ...) nIpu TOH e HATEXKHOCTH O OLEHUBAIOT (POPMYIIOi
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Af = [gfj Aa“{%j Ab* +[ZlJ Ac® +..., (6.2)
a C

r7ie MPOU3BOJIHBIE BHMUCISIOTCA ipu a=a,b=b,c=¢C, ... .

ITpumensisi, HanpumMep, Gopmyay (6.2) k Gopmyie (6.1), mosmyuum:

AN = \[EX B (Ae2 + A2)? + (5, +5,)° (B2 AE® + E2 AR?)

1
2

AM:é %Ez R* (Aeh + Ae5)? +(5, —€,)° R? GEZ AE? + E? Ahzj :

HCKOM];Ie JAOBCPUTECIIbHBIC HHTEPBAJIbI UMEIOT BU)|
(N—AN, N +AN), (M —AM, M +AM).

JloBepuUTENIbHBIE HHTEPBAJIBI ITO3BOJLIIOT OIEHHBATH JOCTOBEPHOCTH pacuera. Ero MokHO
CUUTATh JOCTOBEPHBIM, €CJIH STIOPBI PACUETHBIX PE3YJIbTATOB MPOXOMAAT BHYTPH IOBEPUTEJIbHBIX
HMHTEPBAJIOB, IIOCTPOCHHBIX JUIS OMBITHBIX JAHHBIX: B 3TOM CIIy4ae PACXOXKICHHS MEKIY OMBITOM
M PacueToM MOXHO OOBSICHUTD CIy4aiHbIM pa30pOCOM OMBITHBIX JaHHBIX. B MpOTHBHOM ciiyyae
pacdeTHbIE JaHHBIE TAKXKE HE OTBEPTalOTCs, €CIIH OHU HAYT B 3amac NPOYHOCTH IO CPABHEHHIO C
SKCIEPUMEHTOM.

Ecmu TeopeTrdecKye JaHHbIE IPU3HAIOT IIPUTOTHBIMHE, PACYET MOXKET OBITh HCIIOJIB30BAH [
OLeHKU paboThl HATYPHOM KOHCTPYKIHMU B ynpyroii craguu. [Ipy UCHIBITAHUAX 10 Pa3pyLICHHs
[OJIy4alOT BENUYMHY MpPENeNbHON HArpy3KH, XapakTepusyloleil HeCcyIuyr CrnocoOHOCTb
Mogeneti. Hecymyro cmocoOHOCTb MOSKHO OTPENICNTHTD TaKXKe U3 pacyeTa METOIOM MPenesbHOTO
paBHoBecusi. Ilpu mOCTaTOYHO OJIM3KOM COBHAZEHHH SKCHEPUMEHTAJBHBIX H TEOPETHYECKHUX
JAHHBIX pacdeT MOXKeT OBITh MCIOJNB30BAaH AN OLEHKH Hecylleld COOCOOHOCTH HATypHOM
KOHCTPYKLHH.

PaboTy HAaTypHOH KOHCTPYKIIHMH BO BCEX CTAAHSAX MOKHO OLEHHTH M HEMOCPEACTBEHHO IO
pe3yJibTaTaM UCIbITaHUi Moaenu. JIJis 3TOro Moziesb oKHA ObITh 3aKOHCTPY MPOBaHa MOA0OHOH
Hatype. Ilepexonm or Momemum K HaType OCYIUECTBISIETC B COOTBETCTBHH C 3aKOHAMH
reOMETPHYECKOTO U (HH3HIECKOro MOAOOHS.
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IIpuioxenue A
OcnoBHbIe OyKBeHHBIC 0003HAICHHS

Yceuiiug OT BHEIIHHX HATPY30K H BO3ACHCTBHI B MONEPEYHOM CEYEHHH IJIEMEHTA

M —  M3rHOaroINHii MOMEHT;

N —  MPOAOJIbHAS CHIIA,

0] —  monepedHast Cuia;

T —  KpyTSILIUil MOMEHT.

XapakTepHCTHKH MaTepHAJIOB

Ron — HOPMAaTHBHOE CONPOTHUBJIEHHE OETOHA OCEBOMY CXKATHIO,

Rb, Rp, ser — pacueTHble CONPOTHBIEHHS OETOHA OCEBOMY CXATHIO NI MPEHENbHBIX
COCTOSIHUI COOTBETCTBEHHO MEPBOIl U BTOPOIi rpyn,

Rt n —  HOPMAaTHBHOE COMpPOTHUBJIEHHE OETOHA OCEBOMY PACTSIXKEHHIO,

Ret,Rpy, ser —  pacueTHbI COTMPOTHBIICHHs GETOHAa OCEBOMY PACTSKEHHIO ISl MPEAENbHBIX
COCTOSIHUI COOTBETCTBEHHO MEPBOil U BTOPOIi rpyn,

R joc —  pacyeTHOE CONMpOTHBIEHHE OETOHA CMSITHIO;

Reond —  pacyeTHOE CONMpPOTHBIIEHHE CLIEIUIEHHs apMaTypbl ¢ GETOHOM;

R;, Rsser — pacdeTHBIE COMPOTHBJCHHS apMaTypbl PACTSDKEHHIO Uil MPEAeSbHBIX
COCTOsIHUI COOTBETCTBEHHO MEPBOil U BTOPOI1 rpyni,

Ry —  pacyeTHOe CONMpOTHBIIEHHE MOMepeyHOiT apMaTyphl PaCTSIKEHUIO,

Ry —  pacdeTHOe COMpPOTHUBJICHHE apMaTypbl CXKATHIO JJISI MPENEIbHBIX COCTOSHHIL
TIepBOI TPYIIITE,

Ep —  HaYaJbHBIH MOAYJb YIPYrocTH OETOHA NPH CKATHUH U PACTSDKEHUH,

E; —  MOAYyJb YIPYTOCTU apMaTyphl,

€60 ,E60 — TIPEeNbHbIe OTHOCHTeNbHble nedopMany OETOHa COOTBETCTBEHHO MpH
PaBHOMEPHOM OCEBOM CXKATHH H OCEBOM PACTSIKEHUN,

€50 —  OTHOCHUTEJbHBIE AehOPMALH apMaTy PhI IIPU HATIPSHKEHUH, paBHOM Ky,

Obyer — ko3 ¢punment nomsyqectu 6eToHa.

XapaKTepHCTl/lKl/l MOJIOKCHHUSA l'lpO)lOJ'll:HOﬁ apMaTypbl B IONEPETHOM CEYCHHUH 3JIEMEHTA

S - 0003HaueHNe MPOOIbHON apMaTyphl: IPYU HAJIMYIUHU CKATOHM U pacTsIHYTOH
OT JeficTBYA BHEUIHEH HATPY3KH 30H CEUEHUs — PACTIONIOKEHHOH B
PacTsHYTOH 30HE; NP MOIHOCTBIO CXKATOM OT ACUCTBUS BHEIIHEH Harpy3Ku
CEYEeHHH — PACIIONIOKEHHON Y MEHee CXKaTOM IPaHM CEUSHHUs, IIPH
MIOJIHOCTBIO PACTSIHYTOM OT [eHCTBUA BHELIHEN HarPy3KH CEUEHUH:
JUIsl BHELICHTPEHHO PaCTSIHYTHIX 3JIEMEHTOB — PACIIONIOXKEHHOI y Ooree
PacTHYTOH I'paHU CEUEHHUs; AJIs LIEHTPAIbHO-PACTSAHY ThIX 3JIEMEHTOB — BCEH
B [IONIEPEYHOM CEUEHHH 3JIEMEHTA,
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S’ - 0003HaYeHHE MPOAOILHON apMaTyPhl: MPH HAJTUYNH CXKATOH U PACTSIHY TOMH
OT ICHCTBHS BHEIIHEH HArPY3KHU 30H CEUEHNUS — PACIIOIOKEHHOMN B CKaTOMN
30HE; IIPU MTOJIHOCTBIO CXKATOM OT JEHCTBUS BHEIUHEH Harpy3Ku CEYCHUU —
PAacCIIONIOKEHHOM y OoJiee C:KaTOi rpaHK CeUEHHsI; MPU MOJHOCTHIO
PacTsSHyTOM OT ACWCTBUS BHEIIHEH HArPy3KH CEUEHHH BHELIGHTPEHHO
PaCTSIHYTBIX 3JIEMEHTOB — PACIIOJIOKEHHOW Y MEeHee PacTsIHyTOH rpaHu

CEeYeHUs.
I'eomeTpHYecKHE XaPAKTEPHCTHKH
b — IOMPHHA MPSIMOYTOJbHOTO CEYECHHS, IIMPUHA pedpa TaBPOBOTO U JIBYTaABPOBOTO
CEUCHMI,
bs b’y — wmupuHa TNONKK TAaBPOBOrO M JIBYTaBPOBOTO CEYEHHUN COOTBETCTBEHHO B
PacTIHYTOH U CKaTOM 30HaXx;
h — BBICOTA MPSIMOYTOJILHOTO, TABPOBOI'O U JIByTABPOBOI'O CEUSHHIA,
h; h'y  — BbICOTA TIOJKM TaBPOBOrO M JBYTaBPOBOIO CEYEHHIH COOTBETCTBEHHO B
PacTSIHYTOMH U CXXaTOM 30HaXx;
a, a’ —  pacCTOsIHHME OT PABHOJECHCTBYIOIIEH yCUIHI B apMaType COOTBETCTBEHHO S U S’
10 OvoKaiiiei rpaHu CeYeHMsT;
ho, i —  paGouas BbICOTA CEY€HUs], paBHAsI COOTBETCTBEHHO /—a U h—a',
X —  BBICOTA CXKATOM 30HBI OETOHA;
£ —  OTHOCHUTEJIbHAsI BBICOTA CIKaTOM 30HBI O€TOHA, paBHas x/ho;,
S —  pacCTOsHHE MEXIY XOMYTaMHU, H3MEPEHHOE IO JUIMHE 3JICMEHTa,
€ —  DKCIEHTPUCHUTET TMPOHNOJbHOM CHJIbI N OTHOCHTENBHO HEHTpanbHOI OCH,
NPOXOAIIEN Yepe3 LIEHTP TSDKECTH MPUBEICHHOTO CEYEHHS,
e e’ —  PACCTOSHHUS OT TOYKH MPUIIOKEHHS IPORONIBHOM Crutbl N 10 paBHOZ I CTBYOLIEH
YCHIIHIA B apMaType COOTBETCTBEHHO S U S’
h —  MpOJIET KOHCTPYKLHH WU €€ IPOAOJIbHBINA pa3mep;
b —  JUIMHA BOJIHBI WU MOMEPEYHbII pa3Mep KOHCTPYKIMHY,
lo — pacyeTHash [UIHHA OJJIEMEHTA, T[OJBEPTaOIerocs NEeHCTBHIO CXXUMAIOLIEH
MPOJONBHOMN CUJIBL,
f —  cTpena MoabeMa 3JIEMEHTa KOHCTPYKIUH,
i —  paguycC WHEPIIUH [TOMEPEUHOr0 CEUYEHHUS JIEMEHTA,
ds, dsw — HOMUHAIBHBIA JUAMETP CTEPIKHEN COOTBETCTBEHHO MPOAOJBHOM M ITONEPEYHOM
apMartyphbi;
As, A's  — njomany ceueHus apMaTypbl COOTBETCTBEHHO S 1 S
Asw —  MIOIaab CEYEHHss XOMYTOB, PACHOJIOXKEHHBIX B OJHOH HOPMaJbHOH K

MPOIOJIBHOM OCH 3JIEMEHTA IIOCKOCTH, NIepeceKaroleli HaKJIOHHOE CEYEHHE;

s — k03 (HHUIMEHT apMUPOBAHUSI, OTIPEAEISIEMBbIi KaK OTHOIICHHE VIO CeUEHUs
apmatypbl S K IJIOIANH MONEPEYHOr0 CEYEHNs dieMeHTa bl Oe3 yuera CBECOB
CXaTbIX U PACTAHYTBIX ITOJIOK,

4 —  MJolaab Bcero 0eToHa B MONEPEeYHOM CEUeHUN,

Ab —  IUIOINAnb CevueHHst OeTOHa CKaToMH 30HBI,
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Abpe —  IUIOLIanb CeueHHUs: OETOHA PacTAHYTOH 30HBI,

Ared —  [JIOLAAb MPUBEIEHHOTO CEYEHHsI JJIEMEHTA,

Aloc —  IUJIOIIaAb CMATHS OETOHA;

I — MOMEHT HWHEpPLUH CEYEHHUs BCEro OETOHa OTHOCUTENBHO HEHMTPAJILHOH OCH,
MPOXOJIALIEH Yepe3 LEHTP TSHKECTH CEYSHHS 3JIEMEHTa,

Ired — MOMEHT WHEPLUMH NPUBEACHHOIO CEUEHUS 3JIEMEHTa  OTHOCUTENLHO
HEHUTPaJIbHOU OCH, MPOXOSAIIEH Yepe3 €ro LEHTP TAKECTH,

w — MOMEHT COINpPOTHBJICHHS CEYCHHUS 3JIEMEHTAa JUIsl KpaiHero pacTsHyTOro
BOJIOKHA,

R —  paguyc KPUBHU3HBI 3JIEMEHTAa KOHCTPYKIUH,

0 —  TOJIIWHA TOJIKH MTPOCTPAHCTBEHHOTO 3JIeMEHTa (T0J1s1 000JIOUKH ),

dr —  BBICOTa OOPTOBOTO JJIEMEHTA,;

ds q's — TOroHHBIE yCHIIHsL, BOCIPUHUMAEMbIE€ apMaTypoOi MOJKH COOPHOTO 3JIEMEHTa

COOTBETCTBEHHO B PACTAHYTOH U CKaTOM 30HAX.
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