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NPEJUCJIOBHE

Hactosuuee [Tocobue paspaborano B passutie Csoxa [Ipasun CIT
52-101-2003  «betonnsle H  xene300eTOHHblE  KOHCTpYKUMH  Oe3
NpeaBAPUTENLHOTO HANPSDKEHUA apMaTypbD).

B Tlocobuu npuBeaeHsl Bce ykazaHus no npoexkruposanuio CII 52-
101-2003, nonoxxenns, JeTAIU3UPYIOUINE 3TH YKa3aHUs, MPUMEPDI pacueTa
2JIEMEHTOB, a TAK)KE PEKOMEHAALUY 110 IPOSKTUPOBAHHIO.

MarepHainsl 0 NPOEKTHPOBAHMIO PEAKO BCTPEYAEMbIX KOHCTPYKLI
C HEHaIpsAraeMoi BBICOKONpO4HOH apMarypoii (knaccoB A600 u Bbile) B
Hactosuiee [locobue He Bkmouenbl, a npusegeHsl B «[locobum no
IIPOCKTHPOBAHUIO  NPEABAPHTENBLHO  HANPDKEHHBIX  JKene300eTOHHBIX
KOHCTPYKUMH H3 TsKenoro 6etoHay.

B Ilocobuum He mnpuBeneHsl O0COGEHHOCTU IPOEKTHPOBAHHUSA
KOHCTPYKUMH OTAENbHBIX BHIAOB 3JaHMH H COODPYXXEHHWH, CBA3aHHBIE C
ONpEACACHUEM YCHWIIHIL B 9THX KOHCTPYKLHAX. DTH BONPOCH! OCBELIEHBI B
cootBeTcTBytomux Croaax I1paBun u nocoOusx.

Enunnupl Qusnyeckux BenuyuH, npuBeneHHble B ITocoOum: cuisl
BhIpaXkeHbl B HproToHax (H) mmm xunonsiotoHax (kH); nuHeiinsie pa3mepst
~ B MM (Ans cedeHUH) WIH B M (IS DIEMEHTOB WIM HX YYacTKOB),
HAIPsDKEHHS, COIIPOTHBIIEHHSA, MOAYJH YNPYrocTH — Meranackamsix (Mlla);
pacnpeneneHHble Harpy3ku W ycunus — B kH/M wan H/mm. Tlockonbky 1
Mila = | H/MM®, mpn HCmoOnb30BaHMM B NpUMepax pacueTa (opMmyi,
BIUIIOYAlOIMX BenuunHel B MIla (HanmpspkeHUst, CONMPOTUBIEHHA U T.IL),
OCTa/IbHbIE BEAHUMHBI IPHBOAATCA TOMBKO B H 1 MM (MM?).

B Tabnunax HopMaTUBHBIE M PACYETHBIE CONPOTHUBIICHUS U MOJIYIH
YIpYrocTH MaTepualoB npuseaens B MITa i B kre/cm.

IMocobue paspaborano «JHUUIIpom3manuit» (mmxenep UK.
Huxutun, noxropa TexHudeckux Hayk 3.H. Kogsir u H.H. Tpéxun) npu
yuactun «HMWXDb» (moxropa texumueckux Hayk A.C. 3anecos, E.A.
Ynctsxos, A.U. 3se3nos, T.A. Myxamenues).

OT3bIBBI U 3aMEYaHUS IPOCHM IIPHCHUIATE 1O afipecaM:

127238, Mocksa, [murpoBckoe mocce, 46, kopm. 2, OAO
«[QHHUHUTIpom3nanuii»,;

109384, Mocksa, 2-1 UucTuTyTCKas Y., 6, [YII «HUNXKB».



1. OBHIME PEKOMEHJALIUH
OCHOBHBIE IIOJIOXKEHHSA

1.1. Pexomenpaunn uactosuiero [locobus pacripocTpaHsAIOTCS Ha
OpOeKTHPOBaHIEC OETOHHBIX H Keae300CTOHHBIX KOHCTPYKUMH 3Januil u
COOPYKEHIH, BBHIMOMHAEMBIX M3 TSHKEIOr0 OETOHa KIacCOB 1O MPOYHOCTH
Ha cxatie oT B10 1o B60 6¢3 npenBapHTenbHOrO HaNpsOKEHUS apMaTypbl
H JKCIUTYaTHPYEMBIX TIPH CHCTEMATHUYCCKOM BO3JCHCTBUHM TEMIlepaTyp He
Boimte 50°C u He Hike munHyc 40°C B cpese ¢ HEarpecCUBHOH CTENEHBIO
BO3JeiiCTBHS NPH CTATUYECKOM AEHCTBHU HArpy3KH.

Pexomennauin [Jocobust He pacnpocTpaHAIOTCA Ha TPOCKTHPOBAHHE
OCTOHHBIX W KeJNe300CTOHHbIX  KOHCTPYKIMH  IHAPOTEXHUYECKHX
COOpY)KeHHH, MOCTOB, TOHHENEeH, Tpyd TOX HACBIIAMY, TMOKPBITHH
aBTOMOOMIILHEIX AOPOT W a9POAPOMOB H HEKOTOPbLIX JAPYTHX CnelHanbHbIX
COOpYKEHHUIT.

[Mpumeyanne. TepmuH «rsbxensii 6eToH» npumeHcH B cootsercteuun ¢ FOCT
25192.

1.2. [lpy  npoexkTHpoBaHHMM  OETOHHBIX H  JKeJIe300€TOHHBIX
KOHCTPYKIWMI, KpOoMe BBINOJIHEHHR PACUETHbIX M KOHCTPYKTHBHBIX
Tpebosaiinii HACTOSHIETO INocobus, JOJDKHbL BBITOTHATBCS
TEeXHONOTHYECKHC TpeOOBaHMA TNO HW3rOTOBIECHHIO M BO3BEICHHIO
KOHCTPYKLHI, a Takke OOMKHH ObITe oOecnedeHsl YCJIOBHUA AN
HaanexaleH KCIulyaTaluy 34aHHUI 1 COOPYXKEeHHH ¢ ydueToM TpeOoBaHUiA
110 3KOJIOTHH COTJIaCHO COOTBETCTBYIOIUM HOPMATHBHBIM JOKYMEHTaM.

1.3. B cOopHBIX KOHCTPYKUMSX 0co00e BHHMaHHE AO/KHO OBITH
YAEACHO Ha IIPOYHOCTH U AOJTOBEYHOCTb COEIMHEHHH.

1.4. BeToHHbIE 2JIEMEHTBI MPUMEHSIOT;

a) IPEeHMYIIECTBEHHO B KOHCTPYKIHSAX, pabOTalOWMX HA CXKATHE TIPH
PACMONOKEHHH TIPOJONBHONH CHIIBI B MNpeAenax TONEepeyHoro CeYeHus
DJIEMEHTa;

6) B OTACAbHBIX ClydasX B KOHCTPYKUHMSX, pabOTaloOmMX Ha CXaTHe
OpH  PACHOJIOKEHUM NPOJAONBHOM CHIBL 3a MpefeNaMH MONEpPEevHOro
CCUGHMS IEMEHTa, a Talkke B M3rubaeMblX KOHCTPYKUHMAX, KOrjda HX
pa3pylleHHe He IMPeACTaBliseT HEMOCPEACTBEHHONW ONACHOCTH AIA KU3HHU
J04ed W COXpaHHOCTH 000pynoBanust (Hanmpumep, 3NeMEHTHI JexKalllie Ha
CIUIOLTHOM OCHOBaHHM).

KoHCTpyKIHH pacCMaTpUBalOT KaK OETOHHBIE, €CIIHM HX NMPOYHOCTh B
CTagMy dKCIUryaTanuu obecneyeHa OqHAM OETOHOM.
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1.5. PacyeTHast 3MMHAA  TeMmepaTypa HapyXHOrO  BO3JyXa
NPUHHMAETCA KaK CpelHsAs TeMIepaTypa BosayXxa Hauboliee XOJOQHOM
NATUIHEBKH B 3aBMCHMOCTH OT paiioHa cTpouTennctBa cornacHo CHull
23-01-99. Pacuernble TEXHONOTHYCCKHE TEMMEPATYPbI YCTaHABIMBAIOTCS
3aJaHHEM Ha [IPOCKTHPOBAHHE.

OCHOBHBbBIE PACYETHBIE TPEBOBAHHUSA

1.6. Pacuersl GETOHHBIX U KeNne300eTOHHBIX KOHCTPYKUHMH ClIEAYET
NIPOU3BOAUTH I10 NPEJENbHBIM COCTOSIHUAM, BKITIOYAIOIMM:

- npejesibHble COCTOSIHUA MEPBOi Ipymnbl (110 NONHOH HEMPUTOAHOCTH K
JKCITyaTaluu BCISACTBUE MOTEPH HECYLLEH CIOCOOHOCTH);

- OpeAcnbHBIE COCTOSHMS BTOPOH IpyNIbl ([0 HENPUrOAHOCTH K
HOPMaJIbHOH 3KCIUTyaTallMH BCJENCTBHE 0Opa30BaHHs WM YPe3MEPHOro
PAaCKpBITHs TPELLHH, NOABICHHS HENOMYCTHMBIX AehopMaLMi U ap.).

PacuyeTtsl 1no  DpeneabHBIM  COCTOSHUAM  NEPBOM TPy,
copepxatuiyecs: B HacToseM [locoOuu, BKIOYArOT pacueTsl N0 NPOYHOCTH
C Y4eToM B HEOOXOOMMBIX CiIydasx Ae(pOPMHPOBAHHOTO COCTOSHHA
KOHCTPYKLIUH NIEepe]] pa3pylleHHueM.

Pacuetsl 10  mpelenBHBIM  COCTOSSHHSAM  BTOPOH  TpyMmb,
coaepixaiuecs B HactoslleM [10co6uH, BKIIOYAOT PacyeTh! 0 PaCKPHITHIO
TPELIHH U 110 AehOopMALMsIM.

Pacuyer OETOHHBIX KOHCTPYKUMH TIO NPEAEIbHBIM COCTOSHHAM
BTOPOH I'PyIIbI HE MPOU3BOLUTCA.

Pacuer o npesenbHbIM COCTOSIHUSM KOHCTPYKLHU B LIEJIOM, a TaKKe
OTIE/IBHBIX €€ IEMEHTOB CJELYET, KaK IPAaBHJIO, NPOU3BOAUTH I BCEX
cTaguil —  W3rOTOBJACHMSA, TPAaHCIOPTUPOBAaHHUA, BO3BENCHUA U
9KCILIyaTalMH, IPU 3TOM PacYETHBIE CXEMBI JOJDKHBI OTBEYATh MPHHATHIM
KOHCTPYKTHUBHBIM PEIICHUSIM.

1.7. Onpenenenne ycwmid W gehopMammid  OT  PasIMUHbBIX
BO3ACHCTBHI B KOHCTPYKUHMSIX M B 00pa3yeMbIX HMH CHUCTEMax 3JaHMH U
COODYXEHHIi CNeAyeT MPOU3BOJUTL C YUYETOM BO3MOXKHOTO 00pa3oBaHMA
TpewnH W Heynpyrux jaepopmaruii B 6eroHe U apmatype (dusuueckas
HENMHEHHOCTh), a TAaKKe C YYeToM B HEOOXOIMMBIX Clydasx
Je(OpMHPOBAaHHOTO  COCTOSHHUSA KOHCTPYKUMHA Mnepea  pa3spyLICHHEM
(reomeTpHyecKas HETMHEHHOCTS).

JInst CTaTHYECKH HEONpEeJIeNIMMbIX KOHCTPYKIHii, METOAMKA pacyera
KOTOPBIX C y4eroM ¢H3HYECKOH HENMHEHHOCTH He pa3paboTaHa,
JIOIYCKAETCsI OMpPENENATh YCUINA B TPEANOI0KEHUH IMHEHHON yIpyrocTu
MaTepuana.



1.8. HopmaTuBHbIE  3Ha4€HUA Harpy3oK H BO3AEHCTBUIA,
KO3)(pUUMEHTh COYCTaHMIl, KOI(D(PHUHEHTH HAJEKHOCTH DO HArpyske,
KOHYGPUIMEHTEl HafEXKHOCTH IO HA3HA4YEeHHIO, a TAKXKE MOApa3feIeHne
Harpy30K Ha [OCTOSIHHbIE H BPEMEHHBIC (JUIHTCIbHbIE H KPATKOBPEMEHHALIE)
npunumMaiot corgacio CHull 2.01.07-85*.

1.9. [lpu  pacuere I1eMeHTOB  cOOpHLIX ~ KOHCTPYKUMiI  Ha
BO3JEHCTBHE YCUIIHH, BO3HUKAIOIHX upu HX MOAbEME,
TPAHCNIOPTHPOBAHHN H MOHTAXE, HArpy3Ky OT Beca 3/MeMEHTa CNEeyeT
NPHHUEMATE € KO3(hQHUHEHTOM IMHaMHYHOCTH, paBHblM: 1,60 — mpu
TpaHcoptuposanuy, 1,40 — mpu noabeme m Mmonraxke. B dtom ciyuae
ClIENlYET YYUTHIBATD TaKoKe KOYDOHUUMEHTBI HAXEKHOCTH 110 HATPY3Ke.

JlonyckaeTcs npuHuMath Oosnee Hu3kue, o0OOCHOBaHHBIE B
YCTaHOBJIEHHOM IOPARKE, 3HAYEHHUs KOYPHHUUHEHTOB IMHAMHYHOCTH, HO HE
Hike 1,25,

2. MATEPHAJBLI JJI1 BETOHHBIX U
JKEJIE3OBETOHHBIX KOHCTPYKIIUI

BETOH

IMOKA3ATEJIX KAYECTBA BETOHA U UX NIPUMEHEHHE
IN1PU ITPOEKTUPOBAHUU

2.1. Ins GeTOHHBIX M IKejge300CTOHHBIX KOHCTPYKUMH ClEAyeT
IpeJyCMaTpuBaTh GETOHB! CIEAYIONIMX KIIAacCOB ¥ MapoK:
a) KIIaCCOB 110 MPOYHOCTH Ha CIKATHE:
B10; B15; B20; B25; B30; B35; B40; B45; B50; B55; B60;
6) KiI1accOB N0 NPOYHOCTH HA OCEBOE PACTSKEHHUE:
B0.8; B,1,2; B/1,6; B2,0; B2,4; B,2,8; B,;3,2;
B) MapOK 10 MOPO30CTOHKOCTH:
F50; F75; F100; F150; F200; F300; F400; F500;
I') MApOK 110 BOAOHENPOHHLIAEMOCTH:
W2; W4; W6; W8; W10; W12.

2.2. Bospact GeToHa, OTBEYAIOLIMI ero KiacCy MO NPOYHOCTH Ha
CKaTe ¥ HA OCEBOE paCTsLKeHHE (NMPOEKTHbINH BO3PACT), HA3HAYAIOT MPH
TIPOEKTUPOBAHUH, HCXOJS M3 BOZMOXHbBIX PEalbHBIX CPOKOB 3arpyKeHust
KOHCTPYKUUH OPOEKTHRIMH Harpy3kamH. [IpHM OTCYTCTBHHM 3THX JaHHBIX
K/1acc GETOHA yCTaHABAMBAIOT B BO3pacTe 28 CyTOK.
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3HaueHue OTIYCKHOH Mpo4HOCTH GeToHa B JneMeHTax COOPHBIX
KOHCTpPYKLMil cieayeT Ha3HauaTh B cootBercTBMH ¢ ['OCT 13015.0 u
CTaHapTaMU Ha KOHCTPYKLHH KOHKPETHBIX BIIOB.

2.3. Knacc 6eToHa O NMPOYHOCTH HA CXKATHE HA3HAYACTCS BO BCeX
clIydasx.

Kiacc 6eToHa no IPOYHOCTH HAa OCEBOE pacTsAKEHHE Ha3HAayaercs B
CJIy4asiX, KOrJa 5Ta XapaKTEPHCTHKA HMeeT IJIaBeHCTBYIOLIEE 3HAa4YEHHeE, H
€e KOHTPONMPDYIOT Ha NpousRojcrBe (Hanpumep, MAnd OETOHHBIX
H3ru6aeMbIX 3JEMEHTOB).

Mapky 10 MOpO30CTOHKOCTH HAa3HA4yalT JUisi KOHCTPYKUHH,
NOJIBEPIKEHHBIX B npotecce IKCIUTyaTaluH NONEepPEMEHHOMY
3aMOPaXUBAHHIO u OTTauBaHUIO (Han3eMHbIE KOHCTPYKLHH,
nojBepraroiuecs atMoc(EpHsIM  BO3ACHCTBHAM, HAaXOAsLIMECS BO
BJI2XXHOM T'PYHTE WM HOR BOROH H Ip.).

Mapky 1o BOJOHENPOHULIAEMOCTH HA3HAYAIOT [Vl KOHCTPYKLHMH, K
KOTOPBIM MNPEABSBAAIOT TPeOOBAHUA OTpaHUYEHMS BOAONPOHULAEMOCTH
(pesepByapsl, NOANOPHbIE CTEHBL U AP.).

2.4, JIns xene300€TOHHBIX KOHCTPYKLHUIH PCKOMEHYETCst IPHHMMATh
knacc OeroHa Ha coxaTHe He HMWKe BlS; mnpu sTOM AN CHIBHO
HAaTPYXEHHbIX  CXKATBIX  CTEPXKHEBBIX  JJEMEHTOB  PEKOMEHAYETCs
NpHHUMaTh Kiace 6eToHa He Hinke B25.

Jnst GETOHHBIX CXKATBIX JIEMEHTOB HE PEKOMEHAYETCS NPUMEHATH
6etoH kaacca Boiue B30,

2.5. [lns Hag3eMHBIX KOHCTPYKUMIl, nOBepraemblx aTMoc(EepHbLIM
BO3JICHCTBUAM OKpYXaloulel cpelbl IpH pacdeTHO#M 3UMHEH TeMnepartype
HapYXHOTO BO3fyxa oT MHHYC 5°C no munyc 40°C, IpHHUMAIOT MapKy
fetoHa mo Mopo3ocroikocTH He Hwke F75; mpu 3ToM, ecnd Takue
KOHCTPYKUMH  3alUMILEHbl  OT  HEMOCPEACTBEHHOTO  BO3AECTBUA
aTMOC(HEPHBIX 0CAOKOB, MAPKY 110 MOPO30CTOHKOCTH MOXHO NIPHMEHSATD HE
Huwxke F50.

I1pu pacueTHoOl 3UMHeH Temneparype Boime MuHyc 5°C B yKa3aHHBIX
BbILIE KOHCTPYKUUAX MAapKy OeTOHa IO MOPO30CTOMKOCTH HE HOPMUPYIOT.

anMC‘laHMC . Pacyernas 3umHssA TEMIICPATYpA  HAPYXHOIro BO3ayXxa
NpHHUMAaETCs coriacHo 1. 1.5.



HOPMATHUBHBIE U PACYETHBIE XAPAKTEPUCTUKHA
BETOHA

2.6. HopMaTMBHEIC 3HaY€HHS COMpPOTHBIcHHA O€TOHAa oOCeBOMY
oKatdo (MpU3MEHHas MPOYHOCTb) R,, M 0CEBOMY DACTHKEHHIO (mpu
Ha3HAYEHHH Kjacca MO TMPOYHOCTH Ha cxatue) Ry, NPHHUMAIOT B
3aBUCUMOCTH OT kiiacca 6erona B cornacho tabn. 2.1.

Tabauua 2.1.
HopmarusHbic conpoTuBienus 6etoda Ry, 4 Ry, U pacyeTHbIC
Bux 3HauCHUA CONPOTHBAECHHs 6ETOHA /s MPEACIIbHBIX COCTOSHMUIA BTOPO#
fonpo*mane- rpynnst Ry ser U Rppger,, MIla (K]‘C/CMZ) npu xiacce 6eToHa no
Hus MPOYHOCTH HA CKATHE
B10 | B15 | B20 { B25 | B30 | B35 | B40 | B45 | B50 | B55 | B60
Cxarue 7,5 (11,0 [ 150185 22,0{25,5{29,0|32,0{36,0 395 43,0
bcesoe (76,5) {(112) |(153) {(188) [(224) [(260) |(296) |(326) [(367) |(403) {(438)
Rb,m Rb ser
Pactsxenne (0,85 1,10 | 1,35 | 1,55 | 1,75 1,95 | 2,10 | 2,25 | 2,45 | 2,60 | 2,75
Rot i Rt ser (8,7) 11,2)}(13,8)1(15,8)1(17,8){(19,9)1(21,4){(22,9)[(25,0) 1(26,5) [28,0

Ilpu Ha3HaueHMH Kaacca O6eTOHAa 0O IPOYHOCTH HA OCEBOE
pactsxenue B, HoOpMaTuBHBIE CONPOTHBJICHHS OETOHA  OCEBOMY
pacTsKeHuto Ry, , B MIla npMHUMAIOT paBHBIMH YHCIIOBOM XapaKTEPUCTHKE
Knacca OeToHa Ha OCEBOE PACTSKEHHE.

2.7. Pacuerdbie cONpoTHBiEHMs OeToHa OCEBOMY CXaTuio R, u
OCEBOMY PACTSKEHHMIO Ry, Ul npelenbHBIX COCTOSHMIE NEpBOH Tpymsl
OIpeieNAI0T o GopMynam:

Ry y R
Rh :__~b" N Rbl S -Wht"l s (2.1)
Yb Ybr
TaC ¥ - KOS(b(bHuHeHT HAJICXKHOCTH MO GCTOHy TIpH CXKaTHH, anH“MaeM]ﬂﬁ

paBHbM 1,3;
Ypr -KO3((OULHMEHT HANEXHOCTH 10 OeTOHy m[pu pacTSKEHHH,
MIPUHUMAEMBIH PaBHBIM:
1,5 — npu Ha3Ha4YeHUH KNacca GETOHA 10 NPOYHOCTH HA CHKATHE;
1,3 — npu Ha3Ha4YeHUH KIacca GETOHA MO MPOYHOCTH Ha PACTSKEHHUE.
Pacuetnsle compoTuBieHus 6eroHa R, u R, (¢ OKpyrieHuem) B
3aBHCHMOCTH OT Kkiacca 6GeTOHa MO MPOYHOCTH Ha CXKATHE M OCEBOE
pacTshHKeHHE IPUBEJCHbBI COOTBETCTBEHHO B Tabn. 2.2 u 2.3
PacyeTHble 3HAUEHUA CONPOTUBIEHNUSI 6ETOHA OCEBOMY CKATHIO Ry, gpp
H OCEBOMY PACTXKEHHIO Ry i, JUIS IPEAEIBHBIX COCTOSHUI BTOPOM IPYIIIBI




Tabauua 2.2

Biy Pacuernbie conporuBicuns 6€TOHa JU1 NPeAeNbHbIX COCTOSHMH NepBoi
2
tpynubt R, u Ry, MIa (xrc/eM”) npn ksacce 6€ToHa 110 DPOYHOCTH Ha
COULPOTH- CKATHE

MISHUR "B10 [ BI5 | B20 | B25 | B30 | B35 | B40 | B45 | B50 | B35 | B60

Cxatwe | 6,0 | 8,5 [11,5]14,5|17,0|19,522,0] 25,0275 |30,0] 33,0
ocesoc, Ry | (61,2X86,6) | (117)] (148)| (173) (199)| (224)] (255), (280)[(306) K336)

Paf:é“e' 0,56 | 0,75 0,90 | 1,05 | 1,15 1,30 | 1,40 | 1,50 | 1,60 | 1,70 | 1,80
6136 | 02 |10 (11,7]033)| 143)[15.3)[(16,3) (17,3)18,3J
oceBoc, Ry,

Tabnsiua 2.3
PacueTHble COUPOTHBNEHUA OCTOHA HA OCEBOE PACTAKEHHUS UIS IIPENENbHBIX
cocrosiHuit nepeoii rpynnsi R, Mlla (xre/cm?) npu Kiacce 6ETOHA 1O IPOYHOCTH Ha
0CeBOE PacTsDKCHHE

B0,8 B,1,2 B/1,6 B2,0 B2,4 B.2,8 B3,2
0,62 0,93 1,25 1,55 1.85 2,15 2,45
(6,3) 9,5) (12,7) (15,8) (18,9 (21,9) (25,0)

NPHHUMAIOT PaBHBIMU COOTBETCTBYIOIIMM HOPMATHBHBIM CONPOTHBICHHAM,
T.C.BBOJAT B pacueT ¢ KOIPQHUIHEHTOM HAIEXKHOCTH 1O OETOHY ¥, = ¥jy =
1,0. 3naueHus Ry . ¥ Ry npuBeaeHsI B Ta0M. 2.1.

2.8. B HeoOXomuMbIX ClywasX pacuyeTHbIE CONMPOTHBICHMS OeToHa
YMHOXAIOTCS Ha CIEeAyIomue KoaQ(UUeHTs! ycaoBuii paboTh! ¥

a) Y7 = 0,9 ~ 1ns GETOHHBIX U KeNe300€TOHHAIX KOHCTPYKIUMH Npu
NeACTBUUM TONBKO MOCTOSHHBIX W JUIMTENBHBIX Harpy3oK, BBOAMMBIA K
Pac4eTHBIM 3HAYCHHAM R U Ry,

6) Y52 = 0,9 — m1s GETOHHBIX KOHCTPYKIMi, BBOJAMMBIH K paCHETHOMY
3HAYEHUIO R, ;

B) Y3 = 0,9 — mna OETOHHBIX U )KEIE300€TOHHBIX KOHCTPYKLMH,
GETOHUPYEMBIX B BEPTUKAIBLHOM, BBOAUMBIN K PACUCTHOMY 3HaUeHHIO R,

2.9, 3HaueHMe HAYAJILHOTO MOAYJIA YIPYrocTH OETOHA IPH CKATHH U
pacTshkeHun E, NpPUHUMAIOT B 3aBHCHMOCTH OT Kiacca OeToHa o
MPOUHOCTH Ha cxaTue B cornacuo tabn. 2.4

2.10. 3unauenus kodhduurenta nonepeydoil aedopmanun OGeToHa
(x03dduuuenta [lyaccona) JomyckaeTcst H(pUHUMATh Vj, p = 0,2.

Moayns  cmBura Oerona G npuuMmaroT  paBHbiM 0,4
COOTBETCTBYIOILETO 3HaueHus £, ykazaHHOro B 1a0i. 2.4.

2.11. 3uxayenus xodduLEeHTa JMHEHHONH  TeMIEpaTypHOM
nedopmanny 6eTOHA NpU U3MEHEHUH TeMIepaTypsl oT MuHyC 40 no moc
50°C npunuMaloT oy, =1 10°°C™.



Tabnuna 2.4

3HaueHUs HAYATLHOrO MOAY/A YNPYrocTH 6ETOHA MPH CXKATHH U PACTSHKEHHH
E, 107, MITa (xre/eM?), npu Kiacce 6ETOHA 110 IPOYHOCTH Ha CKATHE
B10 | BI5 | B20 | B25 | B30 | B35 | B40 | B45 | B5S0 | B55 | B60

190 | 240 | 27,5 | 300 | 32,5 | 345 | 36,0 | 37,0 | 380 [ 39,0 | 39,5
(194) | (245) | (280) | (306) | (331) | (352) | (367) | (377) | (387) | (398) | (403)

2.12. Ins omnpemencHUs Macchl Kene300eTOHHOH HiH GETOHHOM
KOHCTPYKUHH IIOTHOCTH OeToHa NpuHMMaeTcs paBHoil 2400 Kr/m’.

I110THOCTE Kene300¢ToHA TIPK COAEPIKAHUK apMaTypsl 3% K MeHee
MOXKEr npHHUMaThes paBHOM 2500 KF/M®; TIpH COLEPXKAHUH apMAaTypbl
cBbliile 3% MIOTHOCTb ONPERENAETCA KaK CyMMa Macc GETOHa M apMaTypsl
Ha equHuLY o0beMa kene300eToHHOM KoHcTpykuuu. [Ipu sToM Macca 1 M
JUTHHBL apMAaTypHOil CTaaH NPHHUMAETCA 10 NPHIOKEHHI0 1, a Macca
JIUCTOBOM H ()ACOHHOI CTanu — [0 FOCYJaPCTBEHHBIM CTAHAAPTAM.

[lpy onpeneneHun Harpy3KH OT COOCTBEHHOrO Beca KOHCTPYKLHH
yhenbupii Bec ee B kH/M® JomyckaeTcs NpHHHUMATH paBHeiM 0,01
TIOTHOCTH B KI/M°.

2.13.  3unauenus  OTHOCHTENBHBIX  Aedopmauuii  OeToHa,
XapaKkTepU3yIoUX AHArpaMMy COCTOSIHHA CKaToro 6eToHa (€0, Eprreds Eb2)
U pacTHYTOro 6eTOHA (Eyg, Eprired M Epz), @ TAKKE 3HAYEHUA KO3 DHULUEHTA
N0J3y4ecTH OETOHa @), puBeneHsl B . 4.27 u 4.23.

APMATYPA

MIOKA3ATEJIU KAYECTBA APMATYPbI

2.14. [lns xene300eTOHHBIX KOHCTPYKLHMH, TNpPOEKTHPYEMBIX B
cooTBeTcTRHM ¢  TpeGoBamuamH  Hacrosumero [locobus  ciemyer
npenycMaTpHBaTh apMaTypy:

- TOpsYeKaTaHylo IIagKyro apMartypy kiacca A240 (A-I);

- ropsYeKaTaHylo " TEPMOMEXaHHYECKH YTIPOUHEHHYIO
nepuoandeckoro npoguns knaccos A300 (A-II), A400 (A-III, A400C),
A500 (A500C);

- XonoxHoaehOpMHPOBaHHYIO TlepHOAMYecKoro npoduas knacca
B500 (Bp-I, B500C).

B kadectBe  apMaTyphl  OKeAE€300€TOHHBIX  KOHCTPYKIIHH,
yCTaHaBIMBaEMOH IO pacyeTy, PEKOMEHAYETCS IPEHMYILECTBEHHO
NIPUMEHSTE:

apMarypy nepuoxuyeckoro npopuns knaccos A500 u A400 ;
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apMaTypy mnepuoaudeckoro mnpoduas knacca B500 B ceapupx
KapKacax M CeTKax.

CopTameHT apMaTyphbl NPHBE/IEH B IPUIOXEHHUH 1.

2.15. B KOHCTpYKUMAX, IKCIUIyaTHPYEMBIX HA OTKPBITOM BO3XyXe
HIM B HEOTAlUIMBAacMBIX 3[aHUAX B paiioHaX ¢ pacyeTHOH 3HUMHEH
Temneparypoit Hike Munyc 30°C, He nonmycKaeTcs IPMMEHEHHE apMaTyphl
kiacca A300 mapku crann Cr5nc anamerpom 18 - 40 MM, a Taxke Knacca
A240 mapky ctanu Ct3Km.

OTH BHABI apMaTypbl MOXXHO [PHUMEHSTH B  KOHCTPYKLHAX
OTAIUTMBAEMBIX 3[aHMH, PACMOJOKEHHBIX B yKa3aHHBIX paifOHax, €CiH B
CTagu¥  BO3BEACHHMSA HECYllas CINOCOOHOCTb KOHCTPYKUMit  Oyzer
obecneyeHa MCXOAd M3 PACYETHOrO COMPOTHUBJICHHS apMaTypel €
noHmkarommM  kodpduunestom 0,7 W pacueTHOH  HArpy3kH €
k03¢ duLIHEnTOM HaleXKHOCTH 110 Harpyske ¥ = 1.0.

[Mpoune BHABI M KJIACChl apMaTypsl MOXHO IpPHUMEHATH 6e3
OrpaHHYCHUA.

2.16. /1 MOHTaXHBIX (TIOABEMHbBIX) TETENb 3JIEMEHTOB COOPHBIX
Kene300eTOHHbIX ¥ OETOHHBIX KOHCTPYKLMH ClEAyeT NpUMEHAThH
ropsyexkataHyro apMaTypy kinacca A240 mapox cranu Cr3cn u Cr3nc, a
taxxe kynacca A300 mapku cranu 10I'T.

HOPMATUBHBIE U PACUETHBIE XAPAKTEPUCTUKHU
APMATYPbI

2.17. OcHOBHOH TNPOYHOCTHOH XapaKTEPHUCTHKOH apMaTyphl
ABJIAETCS  HOPMAaTUBHOE 3HAYEHHE CONPOTUBICHHUS PACTKEHHIO R,
IPUHUMAEMOE B 3aBICHMOCTH OT KJlacca apMaTypsl 110 Tabin. 2.5

2.18. PacueTHble 3HAYEHUsS CONPOTHBICHUS apMaTYphl PacTDKEHHIO
R, U151 mpenenbHbIX COCTOSIHUIA IepBOY TPYIIIBI OLPeIeNAIOT 10 (hopMyie

R,
R, =" 2.2)
Y

e ¥ — Koo bunueHT HaASKHOCTH N0 apMaType, IPUHUMAEMBIH PaBHBIM!
1,1 — ans apmatypsl knaccos A240, A300 u A400;
1,15 — nna apmatyps! knacca A500;
1,2 — st apmatypsl Kiacca B500.
PacyerHsle 3HaueHMsA R, npuBeneHs! (C OkpyriecHueM) B Tabn. 2.6.
Ilpu oromM 3Hauemus R,, TPUHATHI DPAaBHBIMM  HAHMEHBLINM
KOHTPOJIMPYEMBIM 3HaYEeHHUAM 110 cooTeTcTBYOUMM ['OCT.
PacueTHbIE 3HAYCHUSA CONIPOTHBIICHHS aPMATYPhl PACTSDKEHUIO R (.,
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Tabnnua 2.5

2=
HopmatusHsle 3HaueHHs CONPo-
THBJEHHS pacTsukeHuto R, 1

Homunansnsiii PAacUETHbBIE 3HAYCHUSA
ApMaTypa KNaccoB JMAMETDP apMaTypel, | COMPOTHBIEHHS PACTKCHHIO JUIA
MM [PCAENbHBIX COCTOSHUMA BTOPOi

Py R g,
MIla (KFC/CMZ)

A240 6-40 240 (2450)
A300 10-70 300 (3060)
A400 6-40 400 (4080)
AS00 6-40 500 (5100)
B500 3-12 500 (5100)

JUIS  TIPEAENbHBIX COCTOSHHN BTOpPOH TIPyNOBl NPHUHAMAIOT PAaBHBIMH
COOTBETCTBYIOIMM HOPMATHBHBIM CONPOTUBNIEHUSIM R;, (CM. Tabn. 2.5).

PacuerHple 3HaueHHS CONPOTHBICHHS apMaTyphl CxatHio R,
MPHHIMAIOT PaBHLIMH PACUETHBLIM 3HAYEHWSAM CONPOTUBIEHUS apMaTypsl
pacTsuxeHnIo R, 3a HCKIIIOYeHueM apMaTyps! kinacca AS00, ais xoTopoii R,
= 400 MIla u apmarypst knacca B500 ans xotopoit Ry, = 360 Mlla (cm.
Tabn. 2.6). [Ipu pacuere KOHCTPYKUMH Ha JICCTBUE NOCTOSHHBIX H
JUTHTENbHBIX HaTPY30K 3HaueHHA Ry 1A apMaTypsl xiaccoB A500 n B500
JOIyCKAeTCH NPHHUMAThL PAaBHBIMH Rj

Tabnuua 2.6.
PacueTHble 3HAUCHUS CONPOTHBICHU apMaTypbl UL NPCACHBHBIX
cocrosnuii neproii rpynnsi, Mila (krc/cm?)
Apmartypa PaCTsHKEHUIO
KJIaCCOB nonepeyHoi (xomy- —
IPOROABHOIA, R, TOB H OTOTHYTBIX P
crepkHen ), Ry,

A240 215 (2190) 170 (1730) 215 (2190)
A300 270 (2750) 215 (2190) 270 (2750)
A400 355 (3620) 285 (2900) 355 (3620)
A500 435 (4430) 300 (3060) 400 (4080)
B500 415 (4230) 300 (3060) 360 (3670)

2.19. PacueTHble 3HaYeHUS COMPOTHMBIICHHS HOMEPEYHON apMaTypsl
(XOMYTOB ¥ OTOTHYTBIX CTEPXKHEH) Ry, CHHXKAIOT O CPAaBHEHMIO C R, TyTeM
YMHOX€EHUs Ha K03 (ULMEHT yCnoBui padoTsl ¥y = 0,8, HO mpUHUMAIOT He
6onee 300 MIla. PacyerHsle 3HaueHus Ry, NpuBeneHs! (C OKPYIICHHEM) B
Tabn. 2.6.
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2.20. 3nayenus MOAYJIAd YNPYrOCTH apMarypsl E, NPHHUMAIOT
OJIMHAKOBBIMH NIPH PACTSHDKEHUM M CXKATHW W paBHbIMU E, = 2,010° Mlla =
2,0'10° kre/em?.

3. PACYET 2JIEMEHTOB BETOHHBIX U
"KEJE3OBETOHHBLIX KOHCTPYKIHUH 11O
MPEJEJbHBIM COCTOSIHUAM IEPBOM
I'PYIIIbI

PACYET BETOHHBIX 3JIEMEHTOB I10 IPOYHOCTHA
OBHIUE ITOJIOKEHUA

3.1. BeTOHHBIE SNEMEHTBI PACCUMTBIBAIOTCH [0 MPOYHOCTH Ha
JIefiCTBHE TIPOMOJBHBIX CKHMAIOIMMX CWI, M3rHOalolINX MOMEHTOB H
MOINEPEYHBIX CHII, @ TAKXKE Ha MECTHOE CIKATHE.

3.2. BeToHHBIE NEMEHTHI B 3aBUCHMOCTH OT YCJIOBHIT MX paboThl
TpeOOBaHUH, TNPEBSBIAEMBIX K HUM, PAaCCUMTHIBAIOT 6Ge3 ydyera Hin ¢
y4ETOM CONPOTHBIEHHS 6ETOHA PACTAHYTOMH 30HbIL.

bes yuera compoTruBneHus OeTOHa  PacTAHYTOH  30HBI
MPOM3BOAAT PACYET BHELECHTPEHHO CKATBIX D3JEMEHTOB, YKa3aHHbIX B
m.1.4,a, npHHHMAas, YTO  [OCTHKEHME NPEHENbHOIO  COCTOSHHUS
XapaKTepU3yeTCs paspyIIeHHEM CXKaToro OeToua.

C yueToM conpoTHBIEHHs OeTOHA PACTAHYTOI 30HBI IPOU3BOASAT
PacueT 3JeMEHTOB, YKa3aHHBIX B N.1.4,0, a TAK)KE IEMEHTOB, B KOTOPBIX HE
JOMYyCKAalOT ~TPEWHHbl IO YCJIOBHAM OKCIUTyaTalMH KOHCTPYKLHH
(351eMEHTOB, TOJBEPralOIINXCst JABJICHUIO BOAbl, KAPHU30B, MApaneToB U
ap.). IIpu 3TOM NpHHUMAIOT, YTO MpPEENbHOE COCTOSHUE XapaKTePHU3yeTCst
JOCTHIKEHHEM NPENENIbHBIX YCHIHIE B OETOHE pacTAHYTOMH 30HHI.

3.3. Ecnu ycunust (MOMEHT, IIONIEpeYHas CHIa WM NPOJOIbHAS CHIIa)
F; OT MOCTOSIHHBIX M JNIMTEIbHBIX HArpy30K npessiaet 0,9 ycunus oT Bcex
Harpy30K, BKIJIIOYast KPAaTKOBPEMEHHbLIE, CiiellyeT HpPOBONUTH PacueT Ha
AedcTBHe ycwnuit F;, mpUHUMas pacyeTHbIC COMpPOTUBIIEHMS OeTOHa Ry, u
Ry, ¢ yuetom ko3bduuumenra y,; = 0,9.

3.4. Pacuer no npouHocTd OETOHHBLIX JJIEMEHTOB Ha JAEHCTBHE
MECTHOTO CKATHA MPOU3BOAAT COrNAcHO ykazaHusaM mit. 3.81 u 3.82.

3.5. B OeTOHHBIX JMEMEHTax B Ciy4Yasx, YKa3aHHbIX B M. 5.12,
HEe0OX0AHMO NPENYyCMOTPETE KOHCTPYKTHBHYIO apMaTypy.

PACYET BHELUEHTPEHHO CXATbBIX 2JIEMEHTOB
13



3.6. [lpu pacyeTe BHEUECHTPEHHO CXKAThIX OETOHHBIX 3JICMEHTOB
ClIefyeT YUYMTHIBATh CIydalHBI 3KCUCHTPHCHUTET €,, MPHHMMAeMbIX He
MeHee:

1/600 nnauHBl  37€MEHTA WJIM  PACCTOSHMA MEXIYy €ro
CEYEHMAMH, 3aKPEIUIEHHBIMHU OT CMEILEHHS;
1/30 BbICOTHI ceHEHHUS,;

10 MM,
JI1s 37€MEHTOB CTATHYECKM HEOMPEJCIMMBIX KOHCTPYKLHii
(HampuMep,  3alUEMJIEHHBIX MO  KOHUAM  CToi0oB)  3HayeHue

IKCIEHTPUCUTETA OPOJONLHOM CHIBl OTHOCHTENBHO LCHTPa THKECTH
cedeHUs e) [PHHMMAIOT PaBHLIM  3HAYECHHUI0  OKCLUECHTPHCHTETA,
TMIOJIy4EHHOMY M3 CTATHYECKOI'0 pacueTa, HO HE MEHee €.

Jns  5IeMEHTOB CTATHYECKH OIPE/IETMMBIX KOHCTPYKIMH
3KCLEHTPUCHTET €y NPUHHUMAIOT PABHLIM CyMME JKCLUEHTPHCUTETOB — H3
CTaTHYECKOr0 pacyeTa KOHCTPYKLHUHA U CTydaiiHOro.

3.7. Ilpu rubkoctu s3nemenToB lp/i > 14 (s TOPSIMOYTONBLHOTO
ceuenus npu ly/h > 4) HeoOXOOMMO YYHTHIBATH BIMSHHE HA HX HECYILYIO
c1nocoOHOCTh MPOrubOOB MyTEM YMHOXEHHUS 3HA4YEHMH ey Ha KodpduuueHt
7, onpeaensemslii cornacso m. 3.10.

3.8. Pacyer BHEUEGHTPEHHO CXaTbIX OCTOHHBIX 3JEMEHTOB MpPH
pacroOKEHHH TPOJAONBLHON CHIBI B Mpejesax CeYyeHHs dJIeMeHTa
NpOU3BOAUTCs Oe3 ydera CONPOTHBAEHHS OETOHA pACTAHYTOM 3O0HBI
CITETYIOIUM 00pa3oM.

/115 3meMeHTOB NpAMOYTOJbHOr0, TABPOBOr0 M ABYTAaBPOBOTO
CeYeHHss MNpH JEeHCTBMH YCWIMS B IUIOCKOCTH CHMMETPHH pacdeT
HPOU3BOIUTCS M3 YCIIOBUS

N <R, A, 3.1,
rae A, — IJIOIab CXKaToH 30HbI OETOHA, OnpeaesieMas U3 YCJIOBHS, YTO ee
LUEHTP TSXKECTH COBNAJACT C TOYKOH NPHIOXKEHHS NPOHONLHOM
cunbl N (c yyetom nporuba) (uept. 3.1.).
JU1st 31eMEHTOB NPAMOYT0/BHOTO CEUSHHA

A, = b/{ - 2—&}‘1’-" ) (3.2)

rae n - cM. . 3.10.

U3 ycnoBns (3.1) Tarkke MOXHO pPacCUHMTHIBaTh CHMMETPHYHbIE
TPAaNeuueBUIHbIE U TPEYTOJIBHBIE CEYEHHs, €CMH Haubonbllee CxKaTHE
NPUXOAUTCS Ha OONBUIYIO CTOPOHY CEYEHHMSI.
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€n

ho 20U

YepT.3.1. Cxema YCHIHH H 311I0pA HANPsKEeHHH B C€YeHHH, HOPMAJILHOM K
Npoa0JibHOM OCH BHEHEHTPEHHO C:KATOro HE€TOHHOIO 3/1eMeHTa,
PACCUNTHIBAEMOIO 110 NPOYHOCTH §e3 yyeTa conpoTusieHus 6eToHa pacranyrof
30HBI
1-yenmp mascecmu n10wadu cocamoi 30Hs1 Ay, 2-mo e, naowaou 6ce2o ceuenus

B ocTanbHBIX Cly4asx pacueT NPOU3BOJHTCA HA OCHOBE HENMHEHHON
pehopmaLmoHHOl Mozenu commacHo mm. 3.72 - 3.76, npunumas B
PAcHUETHBIX 3aBUCHMOCTAX INIOLIAb ApMATYphl PABHOMR HYIIO.

JonyckaeTcs Mpy KOCOM BHELEHTPEHHOM CXAaTHH HPSAMOYTOJILHOTO
CEUCHHUA pacueT MpoBOAUTh U3 ycnoBus (3.1), onpenensisa A, no popmyne

2
Ab=bh(1—2e—°}:ﬂ 1——6‘-’2—"”— , (3.3)

TA€ €g, M €g, - IKCUEHTPUCUTETHI CUIIBI N B HANpPaBICHUH COOTBETCTBEHHO
pa3Mepa cedeHus i1 1 b.
Neu?, - kodpduuueHter 17, onpeneneHHele cormacHo 1. 3.10
OTJENBHO UISl KAKAOTO HAIPABIEHHU.

3.9. BueneuTpenno  cxarpie  OCTOHHBIE  JJEMEHTHI  TIPH
PACTONONEHHY NPOAONBHOH CUIBI 33 NpEACTaMH MONEPEYHOro CeUeHUs
3JIEMEHTa, A TAKXKE OJJIEMECHTHI, B KOTOPHIX IOSBIECHHE TPELUMH HE
JIONyCKAaeTCsA, HEe3aBUCHMO OT pacdera M3 ycioBus (3.1), HODKHBI OBITH
MPOBEPEHBI C Y4ETOM CONPOTUBJIEHHs OETOHA PACTAHYTOMH 30HBI M3 YCIOBHA

N< ;i"fb"A“' y (3.4)

79077)’1 -1
TOE y; - PACCTOSHUE OT ICHTPA THKECTH CEUCHHUA 3JIEMEHTA N0 HaubOonee
PacTAHyTOTO BOJIOKHA,

n-cMm. 1. 3.10.
J1s1 31eMEHTOB NIPAMOYTONLHOrO ceueHus ycaosue (3.4) umeeT BUA
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nggﬁf’i_. (3.5)
201y
h

Jonyckaerca pacueT OCTOHHBIX 3JEMEHTOB € yueTom OeToHa

PACTsIyTOH 30HBI IIPOM3BOAUThL HA OCHOBE HENWHEHHOH IehopMaloOHHON
Mozenn cornacHo nmn.3.72-3.76, npuHMMas B PAcUETHHIX 3aBHUCHMOCTAX
IVIOMa]b apMaTyphl paBHON HYTIO.

3.10. 3nauenne ko3¢ dULEHTa 1), YYNTHIBAIOIIETO BIUSIHHUE NPOTHOA

Ha 3HAYCHHE DKCHEHTPUCUTETA HpOIlOJlI:HOﬁ CHIbl €p, ONPEACTACTCA MO

bopmyne
1
= .6
n= (3.6)
{—
N,,
rae N, — ycnoBHas KpUTHUecKas cuia, onpesiensemast o opmyne

n’D

N, =", 3.7)
ly

16

rae D — JKECTKOCThb 31EMEHTA B NPEAC/bHOM 10 MPOYHOCTH CTAIHH,
onpezendemas 1o hopmyie
D=E1—2 (3.8)
@ (073 +69)

lo — onpenensiercs no tabn. 3.1.
Tabauua 3.1.

PacuyerHas anuHa
lp BHEUECHTpEHHO
XapaxTep onupanus cren u cronbos CHKATBIX
OETOHHBIX
3JIEMEHTOR

1. C onopamu BBEpXy U BHU3Y:
a) NpH WApHMpaX Ha ABYX KOHLAX HE3aBHCUMO OT
BEAUYMHbBI CMELLEHHS 0nop H
0) npy 3alEeMICHUH OJHOIO M3 KOHLOB W BO3MOKHOM
CMELIEHHH ONOP 3AAHMH:

MHOTOHPOJIETHBIX 12H
OJXHONPOJAETHBIX 15H
B) NP YaCTUYHOM 3AILEMIICHUM HETOABHKHBIX OIOP 08 H
2. CsobonHo cTosme 2H
[Mpumeuanne. H — paccrosHue MeXIy NEpPEeKpHITUAMM M APYIHMU

TOPU3OHTANLHBIMU OMOPAMH (IIPH NEPEKPBITUAX, MOHOINTHO CBA3AHHBIX CO
creHoii (cronbom) 3a BBHIYETOM TOJIMHBI TIEPEKPHITHA) HAM  BLICOTA
CBODOJHO CTOANICH KOHCTPYKIHU.

Jns aneMenToB NpsMoyronbHoro cederns popmyna (3.8) umeer Bug



_ Epbh?
800;(03+6,)
B dopmynax (3.8) n (3.8a):
@ - KO3Q HUHEHT, YYHTHIBAIOLINIT BIHSHHE AJIMTENBHOTO AEHCTBUA
Harpy3kyd Ha Nporu0 dneMeHTa B NpeaesibHOM COCTOSHHH,
PaBHBIH

(3.82)

o =1+ M (3.9)
M,
HO He Ooutee 2;

M|, — MOMEHT OTHOCHUTENHHO PACTSAHYTOH WM HAHMEHee CHXKaTol
TPaHH CEYeHHs OT JCHCTBHSA TMOCTOSIHHBIX, UIMTEAbHBIX H
KPaTKOBPEMEHHBIX HArpy3o0K;

M, - TO Ke, OT MOCTOSHHBIX U LJIMTENBHBIX HATPY30K;

S~ k03 (hHLHEHT, TPUHUMAaEMBIH PaBHEIM ey/h, HO He Menee 0,15,

Jns cTeH U cToNO0B € YyNpyro HEemOABHXXHBIMH ONOpaMH yKa3aHHOE
3HAYCHUE 1) MPUHMMAETCS IPH pacdyeTe CEYEHHH B Cpe/IHEeil TPETU BHICOTHI
H. Tlpu pacdere onopHbIX cedeHuil mpuHuMaercs 11 = 1,0, a B apyrux
CEUCHHAX — 10 JTUHEHHON MHTEPIIOJSILIMH.

Ecmy HHXKHAS Omopa JKeCTKO 3allleMJICHa, TO IPHU YNpPyroi BepxHei
omope omnpeneneHHoe no ¢opmyne (3.6) 3HaYCHHE 7) IPUHHMAETCA IS
CEYCHHIi HHKHETO y4acTKa BeICOTOMH 2/3H.

3.11. Pacuer ¢ yueToM nporunba BHELEHTPEHHO CXKAThIX OETOHHBIX
3NEMEHTOB NPSMOYIONBHOIO ceueHus kiacca He Boliie B20 npu [, < 20k
JIOTTYCKAeTCss MPOU3BOJUTh M3 YCJIOBMS

N < o, Rybh, (3.10)
rae — onpenensercs no rpaduky (uept. 3.2) B 3aBUCHUMOCTH OT 3HAYECHUH
e/hul=1/h

3.12. Ilpu pgeHCTBMM 3HAYMTENBHBIX TMOMEPEYHBIX CHJI HOJDKHO

BBINIOJIHATBCS YCIOBUE

%_*_o-m(' <10, (311)
Ry R,

TR¢ Oy K Ope - TIABHBIC PACTATMBAIOMIME M TJABHBIC CHKHMAIOMUC

2
o =7%x4 (1&) +72, (3.12)

O, 1 T - HOPMaJIbHOE H KacaTeJbHOE HAIPSDKEHHE B PACCMAaTPHBAEMOM
BOJIOKHE CEYEHHs, ONpEAeIieMble KaK Ul yIIPyroro MaTepHaia.
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Yept.3.2. Ipauk necymeii cnocoGHOCTH BHEHEHTPEHHO CHKATHIX GETOHMBIX
3/1eMeHTOB
YcnoBHblE 0003HAYCHHUS : —_——— npu M, /M, =10;

———————— npu My /M| =05;

Jns  npAMOYroNisHOTO  ceyeHus nposepka yciaoBus  (3.11)
[IPOBOJMTCS [N BOJIOKHA HA YPOBHE LIEHTPA TKECTH CEYCHMs, a AN
TaBPOBBIX U ABYTABPOBBIX CEUCHUH Ha YPOBHE NPUMBIKAHHS CHKATHIX MOJIOK
K CTEHKE CEYCHHS.

PACHET M3Ir'HBAEMBIX 3JIEMEHTOB

3.13. Pacuer wu3rubaeMbix OETOHHBIX 3JEMEHTOB  CleAyeT
HPOU3BOAUTE U3 YCIOBHS
M <R, W, (3.13)
rae W - MOMEHT CONPOTHBIIEHHA Ans KpalHEro pacTAHyTOrO BOJOKHA; VIS

bh*
NPsIMOYTOJIbHOTO Ce4YeHus W = o
Kpome Toro, i 31€MeHTOB TaBPOBOrO M JBYTaBPOBOIO CEYEHHH
IIOJDKHO BBINOJIHATECA YCIOBHE
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T< Ry, (3.14)
rae 7T - KacaTeNbHbIE HANPSKEHHUs, ONpeleNseMble KaK A yIpyroro
MaTepHhalla Ha yPOBHE LEHTPA TAKECTH CEYEHHUS.

INPUMEPBLI PACUETA

IIpumep 1. Jano: mexxBapTupHast OETOHHAS NAaHENb TOJIUHHON A =
150 mm BbicoToit H = 2,7 M, M3rOTOBJICHHAs BEPTUKATBbHO (B Kaccere);
GeroH knacca B15 (E,= 24000 MIla, R, = 8,5 MIla); nonuas Harpy3ka Ha 1
m crersl N = 700 kH, B ToM 4uciie NOCTOAHHAS U JUIMTENbHas Harpy3ka N,
=650 xH.

Tpebyemcs IPOBEPHTH MPOUHOCTH TIAHEH.

P a ¢ u e T npon3BoAUM cornacHo 1. 3.8. Ha eHCTBHE NMPOXONEHOM
CHITBI, IPHIIOKEHHOH €O CilyyaiHbIM SKCUEHTPUCHTETOM €,, ONpEAeCHHBIM
corsiacHo 1. 3.6.

ITockonbky —h»=@=5ii <10ii éL=@9=4,5ii <10ii,
30 30 600 600
npuHuMaeM e,= €y = 10 Mm. 3akpenneHue NaHenW CBEPXY ¥ CHU3Y

NPHUHUMAEM WAPHUPHBIM, CIEAOBATENbHO, pacyeTHas JUIMHA [y, COTIacHo
tabu. 3.1, pasHa [p = H = 2,7 M. Tak xak ornowenue [yh = 2,7/0,15 =18 >
4, pacyeT NpoM3BOAKM C Y4ETOM BiHsAHHUA nporuda cornacuo 1. 3.10.

ITo dopmyne (3.9) onpenensem ko3bdunuent ¢, npunumas M,/M,
= Ny/N =650/700 = 0,93,

¢ =1+MyM =1+093 =1,93.

[Mockonsky ey/h = 10/150 = 0,067 < 0,15, npunumaem &, = 0.15.

XKectkocte D onpegenum no ¢opmyse (3.8,a), OpUHHUMAs LIMPHHY
cedeHus b =1 M= 1000 mm

3 3
___Epbr _240001000-150° | (o oy 2
80¢;(0,3+85) 80-1,93(0,3+0,15)
Torna
2 2 12
D n2. . ,
g =B R T MO0 N0 (s765.10° = 157838,
18 2700
1 1
n -——~—_”N7 _%__79(1 =1,797
N, 1578

Pacuernoe conpotupienue Gerona R, cornacuo m. 2.8 npuHuMaeM ¢
yaetoM kodddunmentor ¥, = 0,9 u Y3 = 0,9, a yunTeiBas Hanuuue
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KPAaTKOBPEMEHHBIX HArpy30K, npuxumaem y,; = 1,0. Torna R, = 8,5 * 0,9 -
0,9 = 6,89 MIla.

[Mposepum ycnosue (3.1), ucnons3ys popmyiy (3.2)
RyA, = R,)bh(l - %‘;0" } =6,89-1000-150(1 —2-0,067-1,797) = 784635 H = 784,6 xH >

1

N =700 xH, T.e. MPOYHOCTh MaHENH Ha AEHCTBUE MNOIHOH Harpy3Kku
obecrneveHa.

Iockoasky NyN = 0,93 > 0,9, cornacuo n. 3.3 npoBepHM NpOYHOCTH
NaHeIU Ha JeACTBHE TOJBKO TIOCTOSIHHBIX U JUIMTENBHBIX Harpy30K, T.€. pH

N =650 xH. B stom city4ae ¢, = 2, u Torza

N, =157832 _1sp34 e p=e L
2 1-650/1523

Pacuernoe conportusnenue R;, npuHuMmaeM ¢ ydetoM ¥y = 0,9: R, =
6,89 0,9 =6,2 H.

Ry A, :6,2-1000~15{1—

»

2-10-1,745
150
T.€. TPOYHOCTh UaHENId obeclneyeHa NpU JHOOBIX COYETAHMAX
Harpy3ox.

j=713620H=713,6éf >N =6508f ,

PACYET XKEJIE3OBETOHHBIX 3JIEMEHTOB
IIO TPOYHOCTHU

3.14. XKene3006eTOHHbIE 2IEMEHThI PACCYUTHIBAIOT 110 MPOYHOCTH Ha
nefictBHe M3rUGarOIMX MOMEHTOB, NOMEPEYHBIX CHII, NPOMONBHBIX CHII,
KPYTAIUMX MOMEHTOB M Ha MECTHOE [efCTBHE HArpy3KH (MECTHOE CKAaTHE,
[POJaBIMBaHHE, OTPHIB).

HN3TrUBAEMBIE 3JIEMEHTbI

PACYET JKEJIE3OBETOHHbIX 3JIEMEHTOB HA JIEACTBHUE
HU3Ir'HBAIOUINX MOMEHTOB

O0uue moJ1oKeHus

3.15. PacueT mo MPOYHOCTH IKENE30OETOHHBIX 3JIEMEHTOB Ha
AeficTBHE HM3rMOaIOIMX MOMEHTOB CIIEAYET INPOU3BOAMTH VI CEUECHHIHA,
HOPMAJIbHBIX K HX [IPOJIOJILHOM OCH.

Pacuer HopmanpHBIX ceueHMH H3THOAaeMBIX OSJIEMEHTOB ClleqyeT
NIPOU3BOJAUTL Ha OCHOBE HEIHHEHHOH AeOopMallMOHHONH MOJIENU COrJIaCHO
nmn. 3.72-3.76, npunumas N = 0.
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Pacyer npsamMoyrojibHOro, TaBpOBOIO H ABYTaBPOBOTO CEYEHHId ¢
apMaTypoH, pPaciloNIOKEHHOH y NEpNeHAUKYJAPHBIX MMIOCKOCTH M3ruba
rpaHed J1eMEHTa, TpR ACHCTBMM MOMEHTa B IUIOCKOCTH CHMMETPHM
CEYEHHMS JIONYCKAETCH MPOM3BOAMTHL MO 1IPEAENbHBIM YCHIUSM COTJACHO
nn. 3.17 - 3.27.

Pacuet ameMeHTOB ¢ TaKUMM CE4EHUAMH Ha IEHCTBHE KOCOTro u3ruba
B HEKOTOPBIX CJIy4yasX TaKXe JONYCKAaeTCs NMPOM3BOAHTH MO MpEAeNbHbIM
yCHAMAM coracHo nil. 3.28 u 3.29.

3.16. J1ns xene306€TOHHBIX 3MEMEHTOB, Y KOTOPBIX MPENEIbHbIA 10
NPOYHOCTH M3rubarolii MOMEHT OKa3bIBA€TCS MEHbIlE MOMEHTa
obpazoBanus TtpennH (mn.4.5-4.8), rmiowaa, CeYeHHs TMPOMOJABHOMH
pacTAHYTOH apMaTypbl JOJKHA OBITH yBeNMYEHA TIO CPaBHEHHIO ¢
TpeOyeMol u3 pacyera no HPOYHOCTH He MeHee, YeM na 15% win Jomkna
YAOBNETBOPATH PACUYETY [0 NPOYHOCTH Ha AEHCTBHE MOMEHTA 0Opa3oBaHusl
TPELIUH.

3.17. Pacyer no MNpPOYHOCTH HOPMAIBHBIX CEUEHHH CleayeT
NIPOM3BOANTL B 3aBMCHUMOCTH OT COOTHOUICHHS MEXAY 3HayeHHeM
OTHOCHUTENLHONH BBHICOTBI CXKAaTOW 30HBI OeroHa 5:%, OTIpENENAEMBIM U3

0
COOTBETCTBYIOIMX YCIOBHH paBHOBECHs, W 3Ha4€HHEM TI'PaHMYHOM
OTHOCHTENLHOH BBICOTHI CXAaTOM 30HBI &, NPU KOTOPOM TpPEAENbHOE
COCTOSHHE JJIEMEHTA HACTYNAeT OIHOBPEMEHHO C JOCTHXXEGHMEM B
PaCTAHYTOM apMaType HaNpPsKEHHs, PABHOTO PACUETHOMY CONPOTUBIECHUIO
R,.
3uauenue & onpeensior no popmyie

038

Sr=""p s (3.15)

1+ -

700

uim 1o tabs. 3.2.
Tabnuua 3.2
Knacc A240 A300 A400 A500 B500
apmarypsl

3nauenue &p 0,612 0,577 0,531 0,493 0,502
3Hauenue Qg 0,425 0,411 0,390 0,372 0,376
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IIpsiMOyroJibHbIe ceveHns

3.18. Pacyer npsAMOyroibHbIX cedeHHi (uepT.3.3) mMpou3BOAUTCH
cneayrowuM 00pa3oM B 3aBUCHMOCTH OT BBICOTHI CIKATOH 30HBI

x= RyAs ~ Ry (3.16)
Rpb
aynpu & = /l < &g - U3 yCIIOBUSA
I
M < Rybx(hg—0.5x) + R A, (ho—a’); (3.17)
6) pu & > & — u3 ycnoBus

M < ogRybh:+ R A, (hg - a'), (3.18)
rae o =Ex(1 — 0,5&z) unu em. Tabm. 3.2.

IlpaByio wacte ycaoBus (3.18) npu HeoOXOAMMOCTH MOXHO
HECKOJILKO YBEJIMYUTh MyTeM 3aMeHbl 3HaueHus o Ha (0,7ag + 0,3¢,), rae
0, = &(1 - 0,5€), u npunnmas 3aeck & He Gonee 1.

Ecnm x £0, npoYHOCTE POBEPSAIOT U3 YCIOBUS

M <RA;(hp—a’). (3.19)

e
)

Yepr.3.3. Cxema ycu/iuii 4 31m10pa HANPsA’KeHUH B IONEPEYHOM NPSIMOYToJILHOM
ceYeHHH H3TNGaeMoro ese306eTOHHOro dJeMeHTa

Ecnu BbIuMcleHHas Ge3 yueTa cxaToi apmatypsl (A,= 0,0) BeicoTa
CKaToil 30HBI X MeHbIIEe 2a’, npoBepserca yciosue (3.19), rae Bmecto a’
MOACTAaBJIsETCS X/2.

3.19. Usrubaemble 351eMEHTHI PEKOMEHAYETCS MPOEKTHPOBaTh TaK,
4100l O6ecneynTs BbioNHeHHe ycnosus & < &. HesbinmonueHnue 3TOro
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YCAOBHMSA MOXHO IONMYCTHTh JIHUIb B CIy4asX, KOTZA IUIOWIAML CEYEHUS
pacTAHYTOH apMaTypbl ONpejeNeHa M3 pacyera TI0 OpedeNbHBIM
COCTOSHUSM ~ BTOPOI Tpyunbl WIH NPHHATA NO KOHCTPYKTUBHBIM
CO00paXKEeHHAM.

3.20. IIpoBepKy NPOYHOCTH NPAMOYrOSIbHBIX CCUEHMII C OOUHOYHOM
apMaTypoH NpOH3BOAAT:

npu x < Eghp U3 ycnosust

M <RA; (ho—0.5x). (3.20)

R.A

re x — BLICOTA CXKAaTOM 30HBI, paBHAs x = —Rj-[—‘ ; Ep—com. L 3.17;
»0

npu x 2 Ephp w3 ycnosus
M < oRy 13, (3.21)
rae o — cM. Tabut. 3.2;
AP 3TOM HECYILYI0 CMOCODHOCTH MOXHO HECKOJBKO YBEIHYUTh,
HCNONb3Ys peKkoMeHaanmio . 3.18,6.
3.21. Tlogbop npoaosbHOH apMaTypbl TPOU3BOAAT ClEXYIOIHMM
obpaszom.

Beryucnsrot 3Hauvenue o, = —- 3.22)

Rybhg

Ecmn a,, < g (cM. Tabn. 3.2), cxatas apmarypa mo pacyetry He
Tpebyercs.

IMpu oTcyTCTBHM CKATOH apmaTypsl IUIOINALb CEYEHUSA PACTAHYTOH
apMaTypsl onpesensercs no hopmyne

A, = Rybho(1-[1-2a,,)/ R, (3.23)

Ecnu ¢, > oz, TpebyeTcs yBeauuuTh CEYeHHEe WIH MOBBICHTh KJIacC
OeToHa, MM YCTAHOBUTD CXKATYIO APMATypy COTIIACHO I1. 3.22.

3.22. [Inowamu cedeHns pacTAHYTOH A, M CKAaTOH A, apMaTyphl,
COOTBETCTBYIOUIME MHHHMYMY HX CYMMBI, €CIIM MO pacyeTy Tpedyercs
cxatas apmatypa (cM. 11. 3.21), onpenensior no ¢opmynam:

A M -agRbhy (3.24)
R,(hy—a’)
A, = EgRybhy/R, + A, (3.25)

rae & u og - cm. Taba. 3.2.

Ecnu 3HaueHUWe NPUHATON MUIIOILAM CEYEHHs CKATOH ApMaTyphl Ag
3HAYUTENLHO JIPEBBINACT 3HAYEHNE, Bbluuciennoe mo dopmyne (3.24),
IIOMAAb CEYEHHs PACTSIHYTOH apMaTypbl MOXXHO HECKOJBKO YMEHBLIUHTh
110 CPaBHEHMIO C BBIYMCIEHHOH o dopmyne (3.25), ucnons3ys Gpopmyny

A, = Rybhg(1—\1-201,,)/ R, + A, (3.26)

23



~R. A (h—-a'
roe o, = M = Ryc Ay (g (,IQ-—G«)- >0.
R,bhy

[Ipu 5TOM HOIDKHO BBINOMHATHCS YCHNOBHE Oy < O (M. Tabm. 3.2).

TaBpoBbIe U IBYyTABPOBbIE CeYeHNA

3.23. Pacyer ceuennii, UMEIOLIKX MOJKY B CXKATOM 30He (TaBPOBBIX,
JBYTAaBPOBBIX U T.IL.), IPOU3BOAAT B 3aBUCHMOCTH OT HOJIOXKEHHs! TPAHHULIbI
CKaTOM 30HbBI:

a) eCNIM rPaHHLa NPOXOIUT B IoJKe (uepT. 3.4,a), T.e. cobniomaercs
yCloBHE

RA; SRyb'hy + Ry A, (3.27)

pacuer npou3BogsT no nn. 3.18 u 3.20 kak Ag% NPAMOYroILHOTO
CeUeHHs WHPHHOM by ;

6) ecnu rpanuua npoxojut B pedpe (dept. 3.4,6), 1.e. yciorue (3.27)
He cobmogaeTcs, pacyeT NPOU3BOIAT U3 YCIOBUS:

Al Al
S/ S o e
a) ﬁ,i 6 Shp [
li 17 )~
| 4 A Ly
]
1 | o o
p~
Zamn
As‘L‘le' As &

Yepr.3.4. [To102keHMe rPaHMIBI CKATOMH 30HBI B TABPOBOM Ce4eHHH H3rnGaemoro
7eJj1e300eTOHHOr0 3/leMeHTa
a - 6 noxxe, 6 - 8 pebpe

M < Rybx(hy —0,5%) + RyAy, (hy =05k ) + Ry Ay(hg @), (3.28)
Tae A, — IUIOMIa/lb CEYEHHUs CBECOB IOJIKM, PaBHas (b} —b)h'f ,
IpH 9TOM BBICOTY CXKATOM 30HBI OTPEAEIIAIOT 10 opMyJIe
g Rifs = RuA — Ry,
Ryb
1 IpuHAMaIoT He bonee Exhy (oM. Tabi. 3.2).
Ecnu x >&g hy, ycnosue (3.28) MOXHO 3anucaTh B BUAE

(3.29)
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M SogRybhG + Ry A, (g —05h; ) + Ry Ay (hg =), (3.30)
rae Oy — cM. Tabi. 3.2.
Ipumeyanna: 1. Ilpu nepeMeHHOM BbICOTE CBECOB MOJIKM AOMYCKaeTCs
MpYHUMATh 3HAYECHHE Il‘/ paBHBIM Cpeﬂﬂeﬁ BbICOTE CBECCOB.
2. llupuba cxaroil noaku b'/, BBOAMMAs B PacyeT, HE JOJDKHA NPCBLILATD

BEJIMYMH, YKa3aHHBIX B 1. 3.26.

3.24. TpebyeMy1o IIOIAAL CEYEHHA CKATONH apMaTyph! OPEALIAIOT
no gopmyne
M —apRybhG = RyA,, (hy —0,5h)
’ Ry (g —a") ’
Tae O — cM. Tabn. 3.2; Agy = (b ~b)h}.

(3.31)

ITpu 3TOM ROMKHO BBHIMOTHATHCS YCIOBHE h} <&phy. B ciyuae, ecn
h'f >&phy, MIOWAAbL CEYEHHS CXATOM apMaTyphl ONPENeNdloT Kak s
OPAMOYTOJILHOTO CEUEHMA UPUHON b = b_'f o opmyne (3.24).

3.25. TpeOyemyro muoagb CeYEHHs PACTSHYTOH apMaTypsl
OMNPEJENIOT CIEAYIOLHUM 00pa3oM:

a) €CIIY IPaHULA CXKATOH 30HBI NPOXOAUT B MOJIKE, T.€. COOMORaeTCS
yCIIOBHE:

M < Rybrhy(hy —05hy )+ Ry Ay(hy —a), (3.32)

IJIOLa]b CEYEHHs PpacTAHYTOH apMaTypbl ONpENENsioT Kak I
NPAMOYTOJBHOTO CEYEHUS IUPUHOIM b} coryacho . 3.21 u 3.22;

6) ecnu rpaHMua CXKaTod 30HBI NPOXOAMUT B pebpe, T.e. ycioBHe
(3.32) He cobmopmaercs, IUIOM@ANb CEYEHHs pPACTAHYTOM apMaTypsl
ONpEeaeNsIoT 110 GopMyIe

A, = Rybho (I'Vl‘z_alr;) +RyAgy + RocA, . (3.33)
Ll

M —RyA,,(hg—0,5h,) - R,.A,(hy—a')
rae a,, = h v hO fz S hO .
Rbbh{)
[Ipy 3TOM ROJDKHO BBIIOJIHATHCS YCIOBHE Oy < O (cM. Tabm. 3.2).
3.26. 3nauenne b'f, BBOJMMOE B pacyer, NIPUHHUMAIOT U3 YCIOBHS,

(3.34)

YTO [IMPHHA CBeCa MOJKH B KaXIYIO CTOPOHY OT pedpa NojkHa OBITh HE
6onee 1/6 mponera aneMeHTa U He Gonee:
a) IpM HAIMYMM TOMEPEYHBIX pebep wnu npu hp 201k — 1/2

DAcCTOAHUA B CBETY MEKIY NPOAOIbHBIMU pebpamu;
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6) Tpu OTCYICTBMM MONEpeYHbIX pebep (unu TIpU PacCTOSHHSX
MEXy HUMH, OOJNBUIMX, YEM PACCTOSHMA MEXIY MPOJOIBHBLIMU pedpaMu)
W pU Iz'f <0lh - 6h'f;

B) ITPH KOHCOJIBHBIX CBECaX MOJIKH

npu hy 201h - 6hy;
npu 0,05k <hy <O,lh =3y

npu h'f'< 0,05/ - cBecCbl HE YYHTBIBAIOT.

IIpumeps1 pacyeTa
[Ipamoyzonvhele cevenus

Hpumep 2. Jano. ceuenue pasmepom b = 300 mM, h = 600 mm; a=
=40 mMM; U3rubaroIii MOMEHT C YYETOM KPaTKOBPEMEHHBIX Harpy3ok M =
=200 xH'™; 6eton xmacca B15 (R, = 8,5 Mlla); apmarypa knacca A300 (R,
=270 MIIa).

Tpebyemcs onpeaeauTh IUIOIAAL CE4EHHS TPOLOIBHOMN apMaTypBL.

Pacuert. hy=600-40 =560 mm. [lonbop mponoabHOI apMaTypsl
npousBoanm corsacHo M. 3.21. [To dopmyne (3.22) BriyucnsiemM 3HayeHHE
Oy
_ M 200-10°

Rybh  85-300-560°

ITo ta6a. 3.2. HaxonuMm o = 0,41. Tak kak ¢, = 0,25 < o, cxkatas
apMarypa o pacdery He Tpebyercs.

Tpebyemyro miouiaib CEUEHUsI PACTAHYTOH apMaTyphl OnpeneaseM
no ¢opmyne (3.23)

A, = Rybhy(1-1-2a,,)/ R, =8,5-300-560(1-/1-2-0,25)/270=1550 MM,

TMpunumaem 228 + 12925 (4, = 1598 mm?).

Mpumep 3. Jano: ceuenne pazmepamu b = 300 mm, £ = 800 MM; a =
70 mm; pactanytas apmarypa A400 (R, = 355 Mlla); miowans ee ceyenus
A, = 2945 mm® (6225); 6eton knacca B25 (R, = 14,5 MIla); nsru6aroumii
MoMeHT M = 550 kH'm.

Tpebyemcsa NPOBEPUTH MIPOUHOCTH CEYECHHUSL.

PacueT hy =800 - 70 = 730. [IpoBepky NPOYHOCTH TIPOHU3BOAUM
coraacHo 1. 3.20:

OnpenenuM 3Ha4EHUE X:

_ RyA; _355-2945
" Ryb  14,5-300

a”l

=240 MM.



Ilo tabun. 3.2 uaxomum & = 0,531. Tak kak & =;’F— %8:0'329<§R’
o
nposepsem ycnosue (3.20):
R, A(hg — 0,5x) = 355 2945 (730 — 0,5 - 240) = 636,8 - 10° H' MM =636,8
kHM > M =550 xHMm,

T.e. IPOYHOCTE CedeHHs: obecreyeHa.

Hpumep 4. Jano: cedyenne pazmepamu b= 300 mm, h = 800 mm; a =
=50 mM; apmarypa kiacca A400 (R, = R, = 355 MIla); usrubaromui
momeHT M = 780 kH'M; 6eton kiacca B15 ( R, = 8,5 MITa).

Tpebyemcs onpeaeanTh IUIOLIAAb CEYCHHUS IPOROJIBHOR apMaTyphl.

Pacuert hy=h-a=2800-50=750 mm. TpeGyemyio miowans
NPOAOJBHOI apMaTypsl onpejenseM cornacHo 1. 3.21. ITo dpopmyne (3.22)
HaXO/1M 3HaYECHHE O,

Mo 780-10°
Rybhg  8,5-300-7507

Tak xak o, = 0,544 > o = 0,39 (cm. Tabn. 3.2), npu 3amaHHBIX
pasmepax cedeHHs U Kjacca 6eToHa HeoOXoauMa c)KaTtas apMaTypa.

Ipunumas a”= 30 mm u & = 0,531 (cm. Tabn. 3.2) no dopmysaam
(3.24) u (3.25) onpeaenuM HeoOXOAUMYK IUIOIMALAbL CEYEHHH CXKaTOH H
pacTSAHYTOH apMaTyphl:

_ M —agRybh; _780-10°-0,39-8,5-300-750

=0,544.

a"l =

s ~863MM2;
Y Ryllg-a) 355(750~30)
A =§RZZ’°R’7 A, = 05313 3295Z§° 83 1863=3724 mv.

punnmaem A = 942 mm* (3320); A, = 4021 mm® (5@32).

Ipumep S. Jano: ceyenne pazmepamu b = 300 mm, £ = 700 Mm; a =
50 mM; a’ = 30 mm; 6etoH knacca B30 (R, = 17 MIla); apmarypa A400 (R=
R, = 355 MIla); niomaab ceyeHHs CKaToil apMaTypsl A= 942 MM’
(3220); narnbarouuit MomeHt M = 580 kH'M.

Tpebyemcs onpeAeUTh IIOM@AAL CEYEHHs PACTIHYTOM apMaTyphl.

PacuerT hg=700— 50 = 650 mm. PacueT npou3BOIUM C Y4ETOM
HaIM4YHsA CKATOH apMaTypbl corinacHo 1. 3.22.

BuluncisieM 3HaUCHUE O,

_M—R Al -a') _580-10°~355-942(650-30)
" R,bH - 17-300- 650*

Tak kak o, = 0,173 < agr = 0,39 (cm. Tabn. 3.2), HeOOXOAUMYIO

IUIOINA/b PacTSAHYTOH apMaTyphl onpejenseM no gopmyie (3.26)

=0,173.
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A, = Rybhy(1—[T=20,,)/ Ry + A, =17-300-650(1—/1-2-0,173) /355 + 942 =
=27271 2.
[Mpunumaem 3336 (A, = 3054 MM7).
Hpumep 6. Jano: ceuenue pasmepamu b = 300 MM, £ =700 mM; a =
70 mm; a’ = 30 mm; Getod xnacca B20 (R, = 11,5 MIla); apmarypa xiiacca
A400 (R, = Ry = 355 MlIla); nnowaap cedyeHusl pacTAHYTOH apMaTyphl
A, = 4826 mm® (6@32), cxaroii - A, = 339 mm* (3D12); usrubaroumii
MomenT M = 630 kH ™.
Tpebyemcs NpOBEPUTH MIPOYHOCTH CEYEHHSI.
PacuerT hy=700-70 =630 MmM. [IpoBEpKY TPOYHOCTH CEUEHHS
NIpoU3BOAMM coriacho . 3.18.
[To popmyne (3.16) onpenensieM BBICOTY CXKaTOH 30HBI X:
e= ReA =Ry, _355(4826-339)

222270 = 461,7 MM.
Rpb 11,5-300
[lo Ttabn. 3.2 maxomum & = 0,531 u o = 0,39. Tak xak
E=}§‘-—=-466—3-1(1)7—:0,733>.§R=0,531, [IPOYHOCTb CEYEHHUsT TMPOBEPSEM H3
0

yenosus (3.18):

otgRbHE + R, A, (hy —a') =0,39-11,5-300- 6307 +355-339 - (630-30) =

=606,2-10°H-ii =606,281 -i <M =630¢f 1,
T.e. MPOYHOCTb COIJIACHO I3TOMY YCIOBHIO He obecnedyeHa. Y TOYHUM
npaByo uacth yenoBus (3.18) nmyrem 3amensr 3HaueHHs Of Ha (0,70 +
0,3a,), rie

o, = &1 -0,58) =0,733(1- 0,5 - 0,733) = 0,464:

(0,7 0,39 + 0,3 - 0,464)11,5 - 300 - 630 + 355 - 339 - 600 = 636,6 -
10° Hmm = 636,6 kH M > M = 630 kH'M, T.e. NpOYHOCTH obecneyeHa.

Taeposvie u 0gymagpogvie ceverus

Ilpumep 7. [ano: ceyenne pasmepamu b} = 1500 mm, h'f= 50 mm,
b =200 mm, h = 400 mM; a = 80 mm; Oeron knacca B25 (R, = 14,5 MIla),
apmartypa xiuacca A400 (R, = 355 MIla); nsrubaromuit moment M = 260
xkHMm.

Tpebyemcs onpeneauTh IUIOMARb CEYCHHS TIPO/IONBHON apMaTyphL.

Pacuert. hy=400- 80 =320 mM. PacueT npoHu3BOIMM COTTIACHO II.
3.25 B peAnonoxeHuy, 4To CXKaTask apMaTypa 110 pacyeTy He Tpebyercs.

[posepum ycnosue (3.32), npunumas A, = 0:
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R,,b'f h'f (ho — O,Sh'f) =14.5" 1500 50(320 - 0.5  50) = 320,8 ' 10° H'mm =
=320.8 kH'™M > M =260 xkH'M™,
T.€. TPAHKIA CXKATOMH 30HbL IIPOXOAUT B NOJIKE, M PACYET IPOU3BOAUM
KaK JUlsl IPAMOYTOJIBHOTO CEHYEHUS WHPHHON b = b'f = 1500 MM cornacHo
n.3.21.
BelunciseM 3Ha4eHHE
6
oy == 200007 117< 0 = 0,39 (em. a6 3.2),
Rybh}  14,5-1500-320°
T.€. CKATas apMaTypa ACHCTBHUTENLHO 110 pacyeTy He Tpefyercs.
[Inomane cevyeHHUs pacTAHYTOH apMaTyphl BBEIYMCISEM Mo (opmyre
(3.22)
Ay = Rybhg(1-T=2a1,,)/ Ry =14,5-1500-320(1—[T=2-0,117)/355 = 2446 vMm”.
[punumaem 4D28(A, = 2463 Mm>).
IIpumep 8. Jano: ceuenne pasmepamu b'f= 400 mm, h'f =120 MM,
b =200 MM, h = 600 Mm; a = 65 mm; Geton knacca B15 (R, = 8,5 Mlla);
apmarypa kiaacca A400 (R, = 355 Mlla); uzrubarowmii moment M = 270
kH m.
Tpebyemcs onpenenuTh MIOIL@AAL CEUEHVs PACTIHYTOH apMaTyphl.
PacueT. hy=600-65= 1535 mm. Pacuer npon3BoaiM coryiacHo 1.
3.25 B mpeAnoI0XKEHHH, YTO CXKATAS apMaTypa 0 pacyeTy He TpefyeTcs.
Tak xak
Ryb'y hy(ho—0,5h;)=8,5 400 120(535-0,5 120) = 193,8  10° Hmm =
=193,8 kHM <M =270 kH'Mm,
rpaHHLA CXKATOH 30HB! IPOXOAMT B peOpe U MIOMmaas CCYEHUsT PacTAHYTOR
apMaTypsl onpenenum mo ¢gopmyne (3.33), npuMHHMas IUIOAAb CEUYCHHS
CBECOB PABHOH A, =(b; —b)k; = (400 —200)-120 = 24000Mm”. Beruucisiem

3HAYEHUE (Y, TIpH A, = 0
o = M —RyA,, (hy —0,5hy) _270- 10° —8,5-24000(535 - 0,5 - 120) _
" Rybhé 8,5-200- 5357
=0,356 <atp =0,39 (iii.0a48.3 .2),
CIIEI0BATENBLHO, CXKaTas apMaTypa He TpedyeTcs.

4 < Robho(1=+1-20,,) + RyA,, _8,5-200-535(1~[1-2-0,356) +8,5-24000 _
s R 355

Al

=19495i 2
[Mpuuumaem 4J25(A; = 1964 Mm2).
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[pumep 9. [ano: ceyenue pazmepamu b'f: 400 mm, h'fz 100 MM,
b= 200 mMm, h = 600 mym; a = 70 MM, Beron kaacca B25 (R, = 14,5 Mlla);
pactsaHyTas apmatypa Knacca A400 (R, = 355 MIla); naowans ee ce4eHus
A, = 1964 mm® (4@325); A, = 0,0; usruGatonii MomeHT M = 300 kH M.

Tpebyemcs nPOBEPHTH NPOYHOCTH CEYEHUS.

PacuerT hy =600 - 70 = 530 mm. [IpoBepky npoyHOCTH
NpOU3BOAMM coracHo M. 3.23, npunumas A= 0,0. Tak xak RA, = 355 x
1964 = 697220 H >Rbb'fh'f =14,5 - 400 - 100 = 580000 H, rpanuna cxaroii

30HBI MPOXOAMT B pebpe, H NPOYHOCTh CEYEHHS MPOBEPAEM H3 YCIOBHs
(3.28).

)Il;m storo no ¢opmyine (3.29) onpenenuM BBICOTY CHKATOM 30HBI,
NpHHSB WIODIaJb CBECOB PaBHOH A, :(b'f —b)h'f = (400 —200) - 100 = 20000
MM~ :

= RyA = RyA,, _ 355:1964 - 14,5-20000 =140 mMm < &hy = 0,531 x
Ryb 14,5-200
530 = 281 mm (rue & nalineHo us tabn. 3.2).
Rybx (ho - 0,5x) + RyA,,(hp — 0,5k T, )= 14,5200 140 (530-0,5 " 140) +
+ 14,5 20000(530 ~ 0,5 - 100) = 326  10° Hmm = 326 xHM>M = 300 kH'™m,
T.€. NPOYHOCTh CEYEHHA 0beCceyCHa.

DyieMeHTbI, paboTaiouiue Ha Kocoi u3rnd

3.27. Pacuer npsMOYrojbHbIX, TaBPOBbIX, IBYTaBpoBblIx M ['-
06pa3HbIX CeYeHHH 3eMEHTOB, paboTalolWuX Ha KOCOi H3rub, nonyckercs
NpOU3BOAUTh, NPUHUMAA (OPMY CKATOH 30HBI N0 4epT. 3.5; npu ITOM
JIOJDKHO BBINOJHATHCS YCIOBHE

M_\' SR[J[Aweb(hO - XIB) + Sm',,r] + RS('SsXs (335)
rae M, — cocrapisionias H3rudaioLIero MOMeHTa B INIOCKOCTH OCH X (33 OCH
X M y NPHHUMAIOTCA JABE B3aHMMHO NCPNEHAHKYISPHBIE OCH,
OPOXOJAUIME YEPE3 LEHTP THKECTH CEYEHUS PpaCTAHYTOM
apMaTyppl TNapaUIEIbHO CTOPOHAM CEYEHHUS; JUIi CEYEHHS C
TIONKOM 0Ch X NPUHMMAETCA NapajineNbHO MI0CKOCTH pebpa);

Awer =Ap— Aoy (3.36)
Ap — IUIOLAAb CEYEHUs CXKATOH 30HbI O€TOHA, paBHAA
Ay = R A, Zﬁv‘t‘_’ﬁ-&; (3.37)
R,
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Yept.3.5 @opma cikaToli 30HbI B NOTIePEHHOM CCUCHHU Kee300eTOHHOTO
3JIeMEeHTa, padoTaluiero Ha Kocoi n3rud
a - TaBPOBOr0 CeueHus ; 6- MPSMOYI'OJIBHOrO CeYTHHS; 1-II0CKOCTS JACHCTBHS
n3rubaoLero MOMEHTa ; 2- UEHTP TAKECTH CEUCHHs PACTHHYTOH apMaTypbi

A,, — omaab HauboJee CKATOro CBeca NMoJIKHU;
X\ — pa3Mep CkaToi 30HbI OeToHa mo Haubosiee cxaToH OOKOBO
CTOPOHE CEYCHMS, OTpeeaaeMblii 1o hopmye

X ==t +2A, 08B, (3.38)

. yCt S,
rIe t=15 Sov, 188 = Son. T+ byctgf -

web
SovySovxy — CTATH4ECKUME MOMEHTbI TuoMaa¥ A,, OTHOCHUTEJBHO
COOTBETCTBEHHO OCH X U );

B — yron HaxkgOHA MJIOCKOCTH JEHCTBUS U3THOAIOWEr0 MOMEHTA K
ocu x, Te. ctgf = M/M, (M, — cocrapmOLasN
H3ru0aroiIero MOMEHTa B IWIOCKOCTH OCH V),

by — paccTosHMEe OT IEHTpa TSKECTH CEUYEHHA PaACTAHYTOU
apMatypsl o Haubonee cxartoit OokoBoi Tpanu pebpa
(cTopoHnsl).

Ilpu pacuyeTe NPAMOYIOJbHBIX CEYEHHH 3HAUCHHA Ay, Sovy Sovy
NPUHUMAIOTCS PaBHBEIMH HYJIIO.
Eciu A, < A, wmn x; < 0.2k, pacuer NpoM3BOAMTCA KAK IS

NPSAMOYTONBHOTO CEYEHUA WMPUHOW b = by

Ecny BBRIMOMHAETCA YCIIOBHE

L5A, .,
L3Ayen 39
ST, (3.39)

(rae b, — mMpHHA HaMMEHee CHKATOTO CBECA IOJIKH),
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pacueT TpoH3BOAMTCA O€3 yueTa Kocoro n3ruba, T.e. no popmynam nm. 3.1§
n 3.23 ua gedicTBMe MOMEHTa M = M,, NpH 3TOM CI€AyeT NPOBEPUTI
ycaosie (3.40), npuHuMas x; KaK npH KOcoM H3rube.

IIpn onpenenenun 3HaueHus A, no dpopmyne (3.37) HanpspkeHue B
PAaCTAHYTOM CTepkHe, OmkalilleM K TPaHMIE CXAaTOH 30HBI, HE JOJDKHO
ObITh MeHee R,, uTO obecneynBaeTcs coONM0ACHHEM YCI0BUS
- batefty Ze. (3.40)

(bg; +b,,)tg0 + hy;
rae &g — oM. Tabm. 3.2;
by 1 ho; — paccTosHUA OT pacCMaTPUBAEMOTO CTEPXHS COOTBETCTBEHHO 10
Haubonee cxaToi rpaHy (CTOPOHBI) 1 0 HaHboIee cxKATOH rpaHy,
HOpMaNbHOM k ocH x (cM. uepT. 3.5);
b, — LIMPHHA HAUBOJIEE CKATOTO CBECA;

ov

6 — yron HakJIOHa NIPSMO#i, OTPaHUUHBAIOLIEH CXKATYIO 30HY, K OCH ¥;
3HayeHne tgh onpenensercs no Gpopmyse
2

Ecnu  ycnosue (3.40) He cobmomaercs, pacueT CeuycHus
IIPOU3BOJHUTCS NOC/IENOBATENHHBIMH NPUOIVDKEHUAMH, 3aMeHss B popMmyne
(3.37) [t KaxHOro PpacTAHYTOTO CTEpPXKHSA BENHYHHY R, 3HAYCHUSAMH
HanpsHKEHUH paBHBIMU
!

1

IIpy NpOeKTHPOBaHUH KOHCTPYKLMII HE PEKOMEHAYeTCs NOIyCKaTbh
npesbilieHne 3Havenns & Han &g Gonee yem Ha 20%, Iipu 3TOM MOXHO
IIPOBECTH TONBKO OJAMH NOBTOPHBIN pacueT ¢ 3ameHOH B ¢opmyne (3.37)
3HAaueHui Ry AnA pacTAHYTHIX CTEpXHEH, ans kotopsix & > & , Ha
HAIPSDKEHHS, PaBHbIE

o, =70 } (MIla), Ho ue 6onee Ry,

_7000,8/&; —1) + 2R,
WS 4
Ilpn nons3oBanuu ¢opmynoii (3.37) 3a pacTAHyTyr0 apMmarypy
WIOIANb0 A, pPEeKOMEHOyeTcs NpHUHHMAaTh apMaTrypy, pacllojaraeMyio
BONU3HM pacTSHYTOH IpaHM, MapajuieNbHOM OCH y, a 3a CKaTyl apMaTypy

(341

wiowankio A, - apMaTypy, pacrojiaraeMylo BONM3M CXKATOH rpaHHu,
napajuIenbHO OCH Y, HO MO OXHY Haubonee CXKATYI0 CTOPOHY OT OCH X (CM.
uepr. 3.5).

HacrosAiuM mHyHKTOM MOXHO M0Jb30BATbCH, €CIU BBIIOIHAETCS
yCIIOBHE:
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IUTsl IPSIMOYTOJIBHBIX, TABPOBBIX U ['-00pasHbIX ceueHuii ¢ monkoii

B CXKaTOM 30HE x; < h
JUIsl IByTaBPOBBIX, TABPOBBIX U [-06pa3HbIX cedeHHH C MOJKOI B
PacTAHYTOH 30HE x; <h-hs - b, tgh,

rae hy u by, - BbICOTAa U LIMPMHA HaHMEHEE PACTAHYTOro CBeca
nonkH (4ept. 3.6).

B npoTHBHOM cnyuae pacyeT MPOU3BOJAHTCS Ha OCHOBE HEJIMHEHHOMN
AepopMaLOHHONH Mo/lenH corsacHo n. 3.72-3.76, npunumas N = 0.

3.28. Tpebyemoe KOIMYECTBO PACTAHYTOH apMarypbl MpU KOCOM
u3rube 18 INEMEHTOB NPAMOYrOJbHOrO, TaBpoBOro M [-06pa3HOro
CeYeHM}1 ¢ MONKOMN B C)KATOH 30HE PEKOMEHIYETCS ONMPEAEIATh C IOMOLIBLIO
rpapukoB Ha uepr. 3.7. Jlus  3TOr0 OPUEHTHPOBOYHO 3a7alOTCA
MOJOXKEHHEM LEHTPA THOKECTH CEYEHUs] DPACTAHYTOH apMaTypsl H IO
rpauKy onmpeAeNsIOT 3HAYCHUS O B 38BHCHMOCTH OT:

Inockocte aelicTus

usrubarouiero
MOMCHTa
YN i
= N ;/ Yept.3.6. TaBpoBoe ceuenue co
S ) CKATOH 30HOM, 3axoas el B
o o 4 o “f HayMeHee PACTAHYTDIN cBeC NOJIKH

My— RI)Snv,x — Ry Syx .

a = :
mx Rbbo hé,z
—_ M y _:Elguv, v - Rscs.s:x
amy = beffh(;f R
»“0

rie Sy M Sy — CTAaTHYECKHE MOMEHTHI IUIOLaAU A, OTHOCHTEJBHO

COOTBETCTBEHHO OCH y ¥ OCH X.
OcranbHele 0003HaYeHHd - cM. 1. 3.27.
Ecmu @, < 0, pacuer NpOU3BOAMTCA KaK I HPSIMOYTOJLHOTO

ceueHms, npuanMas b = by.
Ecnu 3HaueHue (, Ha rpadUKe HAXOIMTCA MO JIEBYIO CTOPOHY OT

. . ,+
KpHBOH, OTBEYAIOIIEH apaMeTpy b‘"—bé, noxbop apMaTypbl
0
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Yepr.3.7. 'padnk necyuredi cnocoGHOCTH NPAMOYTOILHOTO, TABPOBOTO U -
00pa3Horo ceueHui A 31€MEHTOB, pa0OTAIOILUX HA KOCOH H3rHd

o = M, - RbSnv,x —RySyx . _ My B Rbsov,y - RA'(*Ssy .
mx — 2 sYmy T >
Rybohy Rybihg
o. = R.fo — Rbon — RSL‘A’.\‘
! Rybohg



npousBoauTcs Ge3 yuera Kocoro usruba, T.e. cornacHo mn.3.22 u 3.26 ua
aeiictBue momenta M = M,.

Tpebyemast romaab pacTsHyTOH apMaTyp5sl P YCIOBHU €€ paboThI
C TIOJIHBIM PAacUyeTHBIM CONPOTHBIICHHEM ONpesiensercs no Gopmyie

A, = (0t bohg + Am.)% +A,, (3.42)

A
rae A,, — cM. popmyany (3.36).

IleHtp TsXecTH (AKTHYECKH TPHUHITOH PACTSAHYTOH apMarypsl
JO/DKEH OTCTOATh OT PACTAHYTOH TpaHH He Jajbliie, 4eM NpPHHATHINA B
pacyeTe LEHTpP THKECTH. B NpOTHMBHOM cilydae pacyeT NOBTOPSIOT,
NPUHMMAs HOBBIN UEHTP TSHKECTH CEYCHHs PACTSAHYTOH apMaTyphl.

YcnoBuem  paboOThl  PAcTAHYTOW  apMarypsl  C  TOJIHBIM

COIIPOTHUBIICHUEM SIBJISIETCS BblONHEHHE ycaoBuA (3.40).
I1Ipu apmarype knacca A400 u Huxke ycmosue (3.40) Bcerna BBIIOJHSIETCH,
ecnd  3HaueHume ¢, Ha rpaduxe 3.7 HaxoauTCA BHYTpH obsactw,
OrPaHHYEHHOH OCAMM KOOpPAMHAT, M KPHUBOM, OTBEYalOLIed napameTpy
by ! by-

Ecmu  ycnosue (3.40) He BoINOMHAETCS, ClEAyeT [MOCTaBUTh
(YBeNMMYHTB) CXKATYIO apMarypy, JHOO NOBBLICMTH Kiacc 6eroHa, NH6O
YBETIHYHUTL pa3Meps! ceueHust (0coOeHHO Hanbosiee CKATOro CBeca NoJIKK).

3HayeHus ¢, Ha rpaduKe He JOJDKHBI HAXOXHTBCA MEXKIY OCBIO Oy U
KPHBO#H, COOTBETCTBYIOIEH mapametpy hp / h. B nporusaoM ciyuae Xx;

craHoBurcs Gonee /1, M pacyeT TOrAa CleAyeT NPOM3BOAUTH COLJIACHO IIL.
3.72-3.76.

IIpumepsl pacuera

Ipumep 10. Jano. xene300eTOHHDIA IPOrOH KPOBIH € YKiIOHOM 1:4
(ctgP=4); ceuenne M pAcCHONOXKEHHE apMaTypsl — 1O 4epT. 3.8; GeToH
knacca B25 (R,=14,5MIla); pactanyras apmarypa xmacca A400
(R=355MITa); A, = 763 mm* (3D18); A.= 0,0; u3ruGaromuii MOMEHT B
BEPTHKaIbHOH niockocTd M = 82,6 kH'M.

Tpebyemcs pOBEPUTH NPOYHOCTh CEUEHHSL.

Pacuert U3 uepr. 3.8 cienyer:
1-30 =g“-120+1~30=

g =400 ~30~ = =3601; by ; 90ii;
- 300-150 . ., 20 o0
by =byy =" 5= =515 hy'=80+ 7 =901,
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Yept.3.8 K npumepy pacuera 10
I-nnocxocme Oeticmeus uzzubaiowezo Momenma, 2-yeHmp MmAaxcecmu cedeHua
pacmanymoi apmamypsl

I[To hopmyne (3.37) onpenennum mromans CxxaTou 30HbI 6€ToHa Ay
Ay = Redy (355763 _ 5680 vt

R, 14,5

[lnowans Hauboyee C:KATOro CBECa MOJIKH U CTATHYECKHE MOMEHTHI
3TOH MIIOINALKM OTHOCHTENBLHO X ¥ y COOTBETCTBEHHO PAaBHBI:

Aoy= byl =75 90 =6750 Mm’;

Sy = Aglbo + b.,,/2)=6750(90 + 75/2) = 86,06 - 10* mm*;

Sove= Anlho - hy/2) = 6750(360 — 90/2) = 212,6 - 10* mn’.

Tak kak A, > A,,, pacyeT NPoJIOIKAEM KaK [l TABPOBOTO CEUEHHUSL.

Ao = Ap — A ,, = 18680 — 6750 = 11930 mm>.

Onpenenaum no dopmyne (3.38) pazmep cxaToit 30HsI X;. [l 3TOro0
BBIYHCIIIEM

r=1 5[ S{)v,thgﬂ = Sovx

web

860600- 4 — 2126000
11930

+byctgh —h0)=1,5( +90-4—360]=

=165,511.

X =1 +/t2 424, iitgB =—1655++/165,5% +2-11930- 4 =185

IIposepum ycnosue (3.39):
L5Ayep _ 1,5-11930 =79,5 MM < x; = 185 MM,
b+b, 150+75
CNeJI0BATENbHO, PacYeT MPOAOIDKAEM 10 GopMysiaM KOCOro H3ruba.
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IposepuM ycinosue (3.40) mnA HaHMEHee PacTAHYTOro CTepxHs. U3
yepT. 3.8 nmeeM bo,— 30 MM, hg; =400 - 30 = 370 mMm;
185‘

tgh=-~ .. = -=1,434;
2Awe,, 2-11930
g = b, 186 + xy _75-1434+185 0,562 > &, =0,531 (cm.
(b + ', )18 + hy; (30 +75)1,434 + 370
tabn. 3.2).

Ycnosue (3.40) ve cobmogaercs. Pacuer moBTOpHM, 3amenss B
dopmyne (3.37) 3uauenume R, a1 HaUMeHEe pACTAHYTOrO CTEPKHS
HanpsHKEHUEM O, ompenencHHsIM no ¢opmyne (3.41), U xoppexrupys
3HaueHus hy U by

_700(0,8/& -1)+2R, _ 700(0,8/0,562 —1) +2-355

‘. =335,5MIla =
: 3 3
=0,945 R,
HOCKOHLK}’ BCE CTEPKHH OAMHAKOBOTO AUAMETpaA, HOBbIE 3HAYCHUA
Apbo ut hp OynyT paBHbI:
4, 1868027 0940 _1ga3gyy 2,52 2112040.945:30 ) 1
3 240945
1
o =400 - 30~ 30 _ ~3508ii.
2+0945

AHanormHo ONPENENUM 3HAYECHUS S,y , S,,V_x, Ayep H X2
Sovy = 6750(91,1 + 75/2 = 86,8 - 10* mm*;
Sovx = 6750(359,8 — 90/2) = 212,5 - 10* mm?;
Ayep = 18338 — 6750 = 11588 Mm%

868000 4 — 2125000
t=15

( 11588

x, ==1813+1/18132 +2-11588 -4 =173,11i.

IIpoBepsieM MPOYHOCTH CEUEHHA ns ycaosus (3.35), npunnmas S, =0
nM, =M-fosB=M—88__ _gr¢6 =80,1 xHwm:

J1+eg?p \/l+4
Ry[Awes(ho — x1/3) +S,,.,] = 14,5[11588(359,8 — 173,1/3) + 212,5 - 10%] =
=81,57 - 10° Hmm> M, = 80,1 '10° Hmm,

T.€. IPOYHOCTh CeYeHHs obecreyeHa.

IIpumep 11. Ilo naunesiM mpumepa 10 Heobxoammo mnomoOpath
nj0Imasb PacTAHYTOR apMaTyps! [IPY MOMEHTE B BEPTUKATBHOH ILIOCKOCTH
M =64 xHMm.

P a ¢ 4 e 1. CocraBnarouye M3rubarOUIero MOMEHTa B TUIOCKOCTH
ocCeil y M1 x paBHbL:

+91,1-4—359,8): 181,311;
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M 64
\/l+ctg2ﬂ \/1+42
M, = M,ctgf=1552"4=62,1 k'm.
Orpezienum HeO6X0AUMOE KOIMYECTBO apMaTypPhI COIacHo 1. 3.28.
[Mpunumas 3HaveHus Ry, hg, So,x H Soyy U3 npumepa 10 mpu Sy, =
Su= 0 HAXOJIMM 3HAYEHUS Clpyy U Oty
M, ~RySy x  621-10°-14,5-212,6-10°

M, = Msinf} = -=15,52 kH'™m;

Qa,,. = = =0,185;
" Rybohd 14,5-90-360°

o My~ RSony _1552- 10% - 14,5-86,06-10* 0072,
" Rybiho 14,5-907 - 360

Tak xax ¢,,> 0, pacueT NpoJoKaeM A TABPOROTO CEYCHHS.

[TockonbKy TOYKAa C KOOPAMHATAMH Oy = 0,185 u o,y = 0,072 Ha
rpaduke uept. 3.7 HaXOANTCs 110 HPaBYIO CTOPOHY OT KPUBOH, OTBEYaoIIei

b+b,, 150+75 .
napaMeTpy Th =0 = 25, U IO JIEeBYI0 CTOPOHY OT KpHBOIi,
OTBEYAIOHIEH NapaMeTpy b;wl by =75/90=0,83, pac4yeT MNpOAOKAEM C
Y4ETOM KOCOTO M3ruba M IOJIHOTO PacuyeTHOTO CONPOTHUBIICHUSA apMaTyphl,
T.€. yciioBue (3.40) BBIMOIHEHO.

Ha rpa¢uke xoopaunaram ¢, = 0,185 n o, = 0,072 cootBeTcTBYET
3Hauenue o, = 0,20. Torma cornacHo ¢opmyine (3.42) mnomans cevyeHus
pacTAHyTOH apMaTypbl OyneT paBHa

Ay = (bohg + A)RYR, = (0,290 - 360 + 6750)14,5/355 = 540,4 mm”.

Ipunumaem crepxun 316 (A, = 603 Mm?) H pacnonaraem HX, KaK

II0Ka3aHo Ha 4epT. 3.8.

PACYET XEJIE3OBETOHHBIX 3JIEMEHTOB
IIPU IEACTBUU NONEPEYHBIX CHJI

3.29. Pacuer 31eMEeHTOB NPH ACHCTBHMH MONEPEYHBIX CHI HOJDKEH
obecreynTh NPOYHOCTh:

- 10 NI0JIOCE MEXAY HAKIOHHBIMU CEYEHUAMH corjiacHo 1. 3.30;

- Ha JEHCTBHE IONEPEYHO CHUIBI 10 HAKJIOHHOMY CEYEHHIO COTIACHO
mn. 3.31- 3.42;

- Ha JICHCTBHE MOMEHTA II0 HAKIOHHOMY CEYEHWIO COTJIACHO I
3.43-3.48.
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Pacuer xeJ1e300eTOHHBIX YJIEMEHTOB MO0 1M10J10Ce
MeXAY HAKJIOHHBIMH CEYCHUAMH

3.30. Pacuer u3rubaeMbix 31EMECHTOB HO GETOHHOMN I10JI0CE MEXIY
HAKJIOHHBIMU CEYEHMSMH IIPOU3BOAAT U3 YCIIOBHSA
Q <0,3R,bhy, (3.43)
rae O — NonepeyHas Cuila B HOPMaNbHOM CEYECHUU, NPUHUMaeMas Ha
PacCTOSIHNH OT OTIOPHI He MeHee hy .

PacueT kKe/1e300eTOHHBIX 3JIEMEHTOB N0 HAKJIOHHbIM
CeyeHMsIM Ha JeiicTBHe MONEPEYHBIX CHJI

Dnemenmor NOCMOSIHHOU 6bICONBL, APMUDOBAHHBIC XOMYMAMU,
HOPMATbHbIMU K OCU dlemenmda

3.31. Pacuer wu3rnbaembIX 3JIEMEHTOB [0 HAKIOHHOMY CEYEHHIO
(4ept. 3.9) MpoU3BOAAT U3 YCIOBUSA
Q=0+ O (3.44)
rAe ( — NonepeyHas CUila B HAKJIOHHOM CEYEHHH C JUIMHOM MPOEKUHH ¢ OT
BHEIHUX  CHJ, DACHOJIOXEHHBIX [0 OJHY CTOPOHY  OT
PacCMAaTPUBAEMOr0 HAKIOHHOTO CCUEHUA, TPH BEPTUKANBHOW
Harpyske, IpUJIOXKCHHOM K BEpXHeEH rpaHu 3jeMeHTa, 3HaueHue Q
NPHHUMAETCss B  HOPMAJbHOM  CEYEHHH, IPOXOAAIEM Ha
PacCTOAHMHM ¢ OT ONOpbl; NPH ITOM CIEAyeT Y4YHTHIBATh
BO3MOXXHOCTb OTCYTCTBHS BPEMCHHOH Harpy3ku Ha NPHOTIOPHOM
y4acTKe JIUHOM ¢;
O, — mnonepeuHas cuia, BOCHpPHHHMaeMas OETOHOM B HAaKJIOHHOM

CEUYCHUH;
Qy — NHomepeyHas cuUna, BOCOPUHUMAECMas XOMYTaMH B HAKIOHHOM
CEYCHHH.
Ionepeunyio cuiy Q) onpeaensor 1o popmyne
0, =Ms. (3.45)
C
e M,=1,5RRybh3. (3.46)

3nauenue Q, npuHMMaIOT He Gonee 2,5 Ry,bhy u He menee 0,5 Rybhy.
3HayeHHe ¢ OTpeaeNsioT CoraacHo 1. 3.32.
VYeunue Q,, onpenensior no popmyne
QO = 0,75qc0, (3.47)
TIE q,, — YCUIIHE B XOMYTaX Ha EIMHUIY JUTHHbI SIEMEHTA, PABHOE
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YepT.3.9. CxeMa ycHiMii B HAKJTOHHOM ce4eHHH 3JIEMEHTOB ¢ XOMyTaMH NPH
pacuyeTe ero Ha JeiicTBue HonepeyHoH CHIIbI

q.“v = R.“H’A.\'W S (3‘48)

S
Co - AJIMHA MPOEKUHH HAKIOHHON TPELIUHBI, IPUHUMaeMas paBHOM c,
HO He Oonee 2k .
XOMyTBI YYHTBIBAIOT B pacyere, €Cly coOI0aaeTcs ycuoB1e
qsw= 0,25Ryb. (3.49)

MoXHO HE BBHINONHATH 3TO Yycnosue, ecnd B (opmyne (3.46)
YYHMTHIBaTh TAKOE YMEHbIIEHHOE 3HauyeHue Ryb, mpH KOTOpOM YyCIOBHE
(3.49) npeBpalacTcs B paBEHCTBO, T.€. IPUHUMATh M), = 6h(2)qw

3.32. IIpu nposepke ycnoBusi (3.44) B ofmeM cnyyae 3agaioTcs
pPAOOM HAKIOHHBIX CEYEHHH IpU pa3NMYHBIX 3HAUEHHAX C, He
NPEBBILAIOLMX PACCTOSHHE OT ONOPBI O CCYEHHA C MAKCHMAJIbHBIM
H3rubaroiiiM MOMEHTOM H He bouee 3 A,

[lpn nelicTBUM Ha 31EMEHT COCPEAOTOYEHHBIX CHJI 3HAYCHHSA C
TMPHHHMAIOT PaBHBIMH PACCTOSHUAM OT OINOPHI A0 TOYEK NMPUIIOKEHHS ITHX

My
cun (gept. 3.10), a TakKe paBHBIMH ¢ = FET HO HE MeHbLue hy, eciu
b 19q 5

3TO 3Ha4Y€HHE MEHbLIE PAaCCTOSHUSA OT OIMOpPHI A0 1-ro rpy3a.
IIpn pacueTe sneMeHTa Ha AEHCTBHE PaBHOMEPHO pacnpelieieHHON
N M,
Harpy3ku ¢ HEBBIOJHElillee 3HAYEHHE C NMPHHUMAIOT PaBHbLIM _|—L- a
)
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Yept.3.10. Pacnonoxenue
- pacyeTHLIX HAKJIOHHBIX cedeHHil npu
& Omopa 0 COCPe0YeHHbIX CHJIAX

! T 1 — naxaounoe ceuenue nposepsesoe
i i@ i | Ha Oeticmeite nonepeynoi cunvl Q); 2 —
| it mo xce, cuavt Qs
M 2} s
ecru mpu oToM b <=0 aga 9w 5o cpenyer npuHuMath
a y-g59w  Rub
Rl;rb
M,
¢=_|-———2— T/ie 3HA4YCHHE q; ONpPEENA0T CAENYIOHM 06pa3om:
10,75q,, +q

a) ecnd AEHCTBYeT CIUIOIUHAs pAaBHOMEPHO paclipe/ielieHHast
Harpyska ¢, q; = q;

6) eciu Harpyska g BKJIIOYaeT B cebst BpEMEHHYIO Harpy3Kky, KoTopas
IIPUBOAMTCS K 3KBUBAJIEHTHON N0 MOMEHTY PaBHOMEPHO PaclpeAeieHHOMH
Harpyske ¢, (T.e. KOrja J3IIOpa MOMEHTOB M OT NPHUHATOH B pacueTe
Harpy3KH g, Bceraa orudaer amopy M ot n1060it (pakTHUecKOi BpeMEHHOIH
Harpysku), 4; = ¢ - 0,5 g,.

ITpu 3toM B ycnoBuu (3.44) 3nauenue Q NPHHAMAIOT PaBHBIM Oy -
q1¢, 7€ Oy — TIONIEPEYHASL CHJIA B OTIOPHOM CEUYESHHUH.

3.33. Tpebyemass MHTEHCHBHOCTb XOMYTOB, BBIpaxkaeMas Yepe3 ¢y,
(cMm. 1. 3.31), onpenessiercs cneayromuM oopasom:

a) OpH  JACHCTBUH HA  3JEMEHT  COCPENOTOYEHHBIX  CHI,
pacrionaraeMblXx Ha pacCTOSHHAX ¢; OT ONOPBI, AN KaXAOTo I-To
HaKJIOHHOTO CEYEHHUS C ATHHOMN NPOEKIUMH C; HE NPEBBIIAIOIIEN PAaCCTOSHUA
J0 CEYEHUs C MAKCHMAaJbHBIM M3rMOAIOIIMM MOMEHTOM, 3HAYEHHE ()
OIpefeNseTcs CAEAYIOIHUM 00pa3oM B 3aBUCMMOCTH OT kodbduuuenrta o;
= ¢;/hp, npuHNMaeMoro He 6osee 3:

o 15 Eaoi
ecn g = <Ez5 == +0,18750y;, iy =025R,b—; 3.50
i Ryrbho adi o 0i> dsw(i) bt g ( )
& —-15/a;
M & > &y Isw(iy = Rpeb '*0:75&0;L (3.51)

Tae Ol — MeHblllee U3 3HAYCHUR o, U 2;
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Q; — monepeyHas cuia B i-OM HOPMaJIbHOM CEYEHHH, PACIOJIOKEHHOM
Ha PacCTOSIHHH C; OT OIIOPBI;
OKOHYATENBHO IPHMHUMAETCs HaubOblIee 3HAUYCHHE ¢y
0) NpH AeHCTBHU HA 3JEMEHT TONBKO PAaBHOMEPHO PACIPEAETIEHHOl
Harpy3ku g TpebyeMas MHTEHCHBHOCTh XOMYTOB (,, OIIPEAEISCTCH B
3aBHCHMOCTH OT Q; =2./M,q, Creayiomum obpasom:

ecinu Qp 22M,/ hy ~ Qnax »

_ Qs = 0i1 3.52
qA\'M’ 3Mb ( . )
ecin Oy <2My/hp ~ Omux
G = 2 =01, (3.53)
5/10
npu 3T0M, ecitu Qy; < Rybhy,, g4, = Mbﬁ%},@i (3.54)

1,5k
rae M, —cem. . 3.31; g; — oM. . 3.32.
B ciydae, ecnu MONYy4EHHOE 3HAYEHHE ¢y, HE YyIOBIETBOPSAET
yciosuio (3.49), ero cieyeT BHIUKCIATH 110 HopMyne

Qmax/h()‘*'gql (Qmax/h0+8ql ]2 _(Q_ma‘i]z (3.55)
15 15 1,5k,
Omax Ihy~ 3511
35

3.34. Tlpy yMeHpLUeHHM HHTEHCHBHOCTH XOMYTOB OT OIIOpPBI K
TIPOJIETY C (s OO (g2 (HATIDUMED, YBENMYEHUEM LIAra XOMYTOB) CIIEAYET
nposepuTsh yciosue (3.44) mpH 3HAYEHUAX ¢, MPEBBINAIOIMX [; - MIMHY
YYacTKa C HHTEHCHBHOCTBIO XOMYTOB qy,,; (1epT 3.11). Ilpn sToM 3HaueHne
Q. TPHHUMAETCS PaBHBIM:
ecmn ¢ < 2hg + 1), Qg =0,75[qswiC0 — (Gwwi = gs2)c ~ID];  (3.56)
€Ccliu ¢ > 2h0 + l/, Q.\'w = l,5qm2hg, (357)

co —cM. 1. 3.31.

[Ipu peficTBAM Ha 371€MEHT PABHOMEPHO PACTIPENENEHHOH HAarpysKku
JUIMHA Y4acTKa ¢ UHTEHCHBHOCTBIO XOMYTOB (y,; TPHHHMAETCS HE MeHee
3HA4EHUsA [;, ONMPENENAEMOro B 3aBUCUMOCTH OT Agy, = 0,75 (Guwi — Gyu2)
cieayoomuM o6pazom:

- ecmu Agqy, < 4,

l=c— M,/ c+0,75q,1C0 ~ Quax + GiC : (3.58)
Agy,

Gyw =

¥ IpMHUMATh HC MCHEC -
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Yepr.3.11. K pacyery HAKJIOHHBIX CeeHHii IPH H3MEHEHUN HHTEHCHBHOCTH
XOMYTOB

M
e ¢ = \/——’—’—~ , HO He 6onee 3y,
q-

Agy,,
IIpH 3TOM, €CJIH - c= |- M,
01 +0,75q 42
- ecim Aqsw 2QI,
I = Omax = (@p.min + L5qsw2M0) 2hy; (3.59)

q1
3aeck M, cp—cMm. . 3.31; g, — oM. 11. 3.32;
Op min = 0.5 Rybhy.

Ecnn nns 3HaueHus gy, He BoinoaHsercs ycnosue (3.49), nmua [
BBIYHCJIAETCS IPU CKOPPEKTUPOBAHHBIX cornacHo n. 3.31 3HaueHmsx M, =
6h024sw2 H Qb,min = 2h0qsw2; 1pyu 3TOM CyMMa (Qb,min + 175f1.\-wh0) B Q)opmyne
(3.59) npunuMaeTCs He MeHee HECKOPPEKTHPOBAHHOTO 3HAYEHHA Q) min-

3.35. lllar XOMyTOB, YYMTHIBAEMBIX B pacyeTe, AOKEH OHITh He
Goree 3HAYCHMS!

s, = Rebhy (3.60)

w.max
Q

KpoMe TOro, XomyThl JOJKHBI OTBEYaTh KOHCTPYKTHUBHBIM
TpebOBaHUAM, NPHUBEACHHLIM B 1. 5.20 u 5.21.

Onemenmul nepemenHotl 8b1COMbL C NONEPEYHBIM APMUPOBAHUEM

3.36. PacyeT 2;1eMEHTOB ¢ HAaKJIOHHBIMH Ha IPHONOPHBIX Y4acTKax
CKATHIMM WJIM PACTAHYTHIMU TPaHSAMH NPOM3BOAAT cornacHo m. 3.31,
IPHHUMAsA B KauecTBe paboveil BHICOTHI CeyeHMs Haubonbllee 3HaYeHue hy
B TIpefieNiax paccMaTPHBAEeMOro HAKIOHHOTO cedenus (uept. 3.12).
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Yepr.3.12 Basnku ¢ nepeMenHOl BbICOTOl ceueHust H HAKIOHOM rpaHblo

337. Jlns  6Ganox  Ge3 orruGOB  BHICOTOH, PaBHOMEpHO
YBCIMYHBAIOLICHCS OT ONOPHI K MPOJETY, PacCYATHIBAEMBIX Ha AEHCTBHE
PaBHOMCPHO PAaCIpeIe/iCHHON Harpys3Ku ¢, HAaKJIIOHHOE CE€YEHHE NPOBEPAIOT
u3 ycnosus (3.44) npu HEBHITOAHEHIIEM 3HAYECHUM C, PABHOM

K
c=hy |——vut 3.61
" g (R, bY + 15182 B 360

Npy 3TOM, €CH 3TO 3HAYEHHE ¢ MEHBLIE cg4 =2/ v——-rl—:»z-t-gﬁ-m
(1-21gB)2 - 0,5 Tow.
Ry b
ecin ¢,/ (Ryb) > 2( 1-2tg[)’)2, TO HEBBITO/IHENLIEE 3HAYEHHE ¢ PABHO
c=ly J* L5 . (3.62)
(0,75, + 1) /(Ryb) +1,5tg> B

[IpunsToe 3HaYEHHE ¢ He JOIDKHO npesbilath 3/,,/(1-3tgf), a Taxxe
IUTMHY ydacTKa Gajiki ¢ MOCTOSHHBIM 3HadeHueM L.

3aeck: ho; — paboyas BEICOTa ONOPHOTO CEYEHHUs! OalKH;

¢y —cM. 1. 3.32;
B - yron Mexay cxkaToii ¥ pacTAHYTOMN IpaHAMHU GasKu.

Pabouy10 BbICOTY IPHHUMAIOT paBHOM fg = hg;+ ¢ - tg B.

[Ipu yMeHbLIEHUH HHTEHCUBHOCTH XOMYTOB OT ¢y, Y ONOPBI IO Gyw2 B
nposiete ciedyer nposeputs ycnosue (3.44) npu 3HaveHMAX o,
[IPEBHILIAIONINX [; -~ UTHHY yYyacTKa 3JIEMEHTa C HHTEHCUBHOCTBIO XOMYTOB
Gswi; TIpU 9TOM 3HaueHue Qy, ompenensior no dopmyne (3.56) mibo no
dopmyne (3.57) . 3.34 B 3aBUCHMOCTH OT BBIIOJHEHHS UM HEBBINOJIHEHUSA
2hoy +1
1-2tgf

[lpu pelictBud Ha OajNKy COCPENOTOHUEHHBIX CHJI, 3HAYECHHE C
[IPUHHMAIOT PAaBHBIM PACCTOSHUIO OT OMOPBI A0 TOYEK IPHII0KEHHA ITHX
cul, a Takke omnpegensior no dopmyne (3.62) npu g; = 0, ecmu 310
3HaYEHME ¢ MEHBIIE PACCTOSHUA OT ONOPLI 10 1-ro rpysa.

HJINA,

ycjaoBui ¢ <
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338, Jns  koucomeli 6e3 oTrubOB  BBHICOTOH, pPaBHOMEPHO
yBEJIMYKBAKOLLEHCs OT cBOOOHOro KoHUa K onope (4ept. 3.13), B o6uem
clyyae npoBepstoT ycuorue (3.44), 3anaBasicb HaKJIOHHBIMH CEYCHHAMH CO
3HaueHHAMH ¢, onpenensembiMd 1o ¢opmyne (3.62) mpu g; = 0 u
npHHHMaeMbIMH He Gosiee paccTOSHMS OT Hayalda HAKJIOHHOIO CEYEHHS B
pacTaHyToi 30He Ho omopbl. Ilpu 3toM 33 hgy M O HPHUHUMAIOT
COOTBETCTBEHHO pabouylo BLICOTY M TOTNEPEYHYI CHIIy B Hadaiae
HAKJIOHHOTO CeueHUs B pacTsiHyToil 3oHe. Kpome Toro, ecmu ¢ > 2hg; /(1-
2tgf3), IPOBEPSIOT HAKJIOHHBIE CEUEHHUS, [IPOBEAEHHBIE 10 OTIOPHL.

lor—}

h

|
pR—
i

— ]

Yept. 3.13. KoHCO/IbL BHICOTOH, yMEHbIIAIOUIEHCSH OT ONOPHI K CBOGOAHOMY KOHIY

[Ipu  pmeificTBHM Ha KOHCONb COCPEAOTOUYEHHBIX CHJI  HAYalo
HaKJOHHOTO CEYeHMA pAacCloNaraloT B pacTAHYTOH 30HE HOPMAaJIBHBIX
ceveHHi, IPOBEAEHHBIX Yepe3 TOUKU MpPHIIOKEHUS ITHX CHI (CM. 4eEpT.
3.13).

IIpn peficTBMM pPAaBHOMEPHO pacHpENENeHHOH Harpy3KH WM
Harpy3kH, JUHEHHO YBEJIHYHBAIOIIEHCS K OMOpE, KOHCOMb PAacCUUTHIBAIOT
KaK 2JIEMEHT C TIOCTOSHHOH BEICOTO# ceuenus cornmacuo nn 3.31 u 3.32,
npuHUMas pabouyio BBICOTY /iy B OTIOPHOM CEYEHUH.

Onemenmol, apmuposannsie omeubamu

3.39. IlpoBepky NpPOYHOCTH HAKJIOHHOTO CEYEHHA Ha JEHCTBHE
NONEPEYHOM CHIIBI UL JNMEMEHTa ¢ OTrHOAaMH NPOM3BOAAT M3 YCIIOBHA
(3.44) ¢ nobaBneHHEM K NIPABOH €ro YacTH 3HAYEHUS

Q.ine=0,75R A in SING, (3.63)
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rae Agjn— TUIOINAAb CE4eHHss OTrMOO0B, INEPECEKAIOUIMX HAKIOHHYK
TPEUMHY, PACNOJOXKEHHYK) Y KOHIIA HAKJIIOHHOTO CEYEHHs
IJIMHOMH tpoexmu paBHoOit ¢, HO He Gonee 2k (yepT. 3.14);
0 - yroa HakoHa OTTHOOB K NPOJONBHON OCH JJIEMEHTA.

Ax.in(' F

s e e N e e

é N g L—]

| P <

: A ul
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g 1 I ]
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Yepr.3.14. K onpenenennio nanfosiee 0NacHol HAKJIOHHOH TPpeN{MHbI AR
3JIEMEHTOB ¢ OTTHOAMH NIpH pacyeTe Ha felicTBHe NONepeYHOH CHIIbLI

3HayeHus ¢ TPUHUMAIOT PABHBIM PACCTOSHUAM OT ONOPHI KO KOHIIOB
oTru0OB, a TAKKE IO MECT NPHIOXKEHHsT COCPEHOTOYEHHBIX CHI; KPOME
TOrO, CJAEAYET NPOBEPHTH HAKJIOHHBIE CEYEHMS, 3aKaHYMBAKOIHECS HA
paccTosHuu 2hp; OT Hayana mnpeimocienHed M MOCHEAHEH IUIOCKOCTH
otru0oB (uept. 3.15).

3.40. PaccrosHus MexIy OmOpoH M KOHUOM oTruda, Oiamxaimero K
OTIOpPE §;, & TAKKE MEXKIY KOHIIOM NPEABIAYIIEH ¥ HAYAIOM MOC/IEAYIOWErO
oTru6oB s, (4epT.3.16) moyxHO ObiTh He Gonee R),bh 3/Q.

A:, incl A.v. inc2 A.\', inc?
| 2 A
L~ g <
7 | 7

G 21, 1
Qu G 1[ 2h, ‘
G | 1
e G I

Yepr.3.15. K onpeneneHnio HaKIOHHbIX ceyeHHil B 3leMeHTe ¢ OTrubaMu
1-4- pacuemnvie nakioHHbIE CeueHUs
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YepT.3.16. PaccTosinus Mexkay XoMyTaMmH, onopoii ¥ oTruéamu

Kpome TOro, OTrHOBI ROMKHBI YHOBIETBOPATh KOHCTPYKTHBHBIM
TpebOBaHHAM, IPUBEACHHBIM B 11.5.22.

Onemenmol 63 nonepeunol apmamypel

3.41. Pacyer sneMeHTOB Oe3 monepeyHOW apMaTypbl Ha JeiCTBHE
IIONIEPEYHOI CHIIbI TPOU3BOAHTCS H3 YCIOBHI

a) Omax < 2,5R,bho; (3.64)
rae Omax — MAKCHMAJIbHAS MOTNIEPEYHas CHIIa Y IPAaHH OIOPHI;
6) 0< 2 Rubls (3.65)

4
rac Q — nonepevyHas Cujia B KOHLE HAKJIOHHOIO C€YCHHA, HAYHHAIOUIEroCsa

OT ONOPBI; 3HAYEHHE ¢ IPUHUMAETCS He 60J1ee Cpux = 3 Hyp.

JUis  crsIOIHBIX  TUIOCKHMX IUTMT € HECBOOOMHBIMH  KpasMH
(coemMHEHHBIMH C APYTHMH O3JIEMEHTAMH MM MMEIOLIMMH OIOpbI) U
IUMPUHON b> 5h ponyckaeTcs IPUBUMATD Crqx = 2,4h.

[Ipy JeHCTBMH Ha JJIEMEHT COCPEJOTOMEHHBIX CHJ 3HA4YCHUs ¢
MPHHUMAIOTCS PABHBIMH PACcCTOAHHAM OT OIOPbI [0 TOYEK MNPHIOKEHHUS
9THX CuJ (4epT. 3.17), HO He GONEE Cyyx.

[Ipu pacueTe 3meMenTa Ha AEHCTBHE pacnpee/IeHHbIX HArPY30K, ECIH
BBINOJIHAETCS YCIOBUE

q s &é’é, (3.66)
ycnoBue (3.65) npuHUMaeT BUA
Qmax< O,SRbtbho + 3h0q1 (3.67)

(at0 cooTBeTCTBYET € = 3h0),
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C. Yepr.3.17. Pacnonoxenne
HEeBBIFOAHEHIMX HAKJIOHHBIX
Snwopa 0 e ceueHHii B J1eMeHTax Oe3
S nonepevyHoiH apMaTypsl
H i i & 1- naxnonnoe cevenue,nposepsaemoe ng
N . o
i i ] & 1 Oeiicmeaue nonepeunou cunet Q; ;) 2- mo
} H i i S ance, cunvl Qy
‘ ! : : 1 JJ i

a 1pH HEBHITONHCHHH YCITOBH (3.66) - O, <6R,bH2q
(410 COOTBETCTBYET ¢ = hy 15Ryb ).
G

st yNIOMSIHYTBIX IUIOCKHX IUTHT € HECBOOOAHBIMU OOKOBBIMU KpasiMu
npaBas yacThb ycioBus (3.66) nenutcs Ha 0,64, a ycnorue (3.67) npunumaer
BHI

Omax <0,625R,bhy + 2.4hq. (3.67a)

3nech ¢; NPUHUMACTCS NpPH JEHCTBUM PaBHOMEPHO pacnpeieIeHHON
HATPY3KU B COOTBETCTBMH C 1.3.32, a MpH AeHCTBUU CILTOMHON HATPY3KU C
JMHENRHO  M3MEHSIOMIEHCS  WHTEHCHBHOCTBIO —  DPaBHOH  cpenHed
UHTEHCHBHOCTH Ha MpPHONOPHOM Yy4acTKe MJMHOH, pPaBHON 4YeTBEpTH
npoJera 0anKy (IUTUTHI) WIM NOJO0BHHBI BBIJIETA KOHCOJIH, HO HE 00JIEe Cpx.

3.42. [Ins 51eMEHTOB ¢ TIEPEMEHHON BBICOTOH CEUEHHA IIPH NPOBEPKE
ycnoBusa (3.64) 3xauesue hy NPUHUMAETCS B OMOPHOM CEYEHHH, a IPHU
nposepke ycnoBus (3.65) — xak cpenuee 3Hauenue Ay B TpeAesax
HaKJIOHHOT'O CEYEHHS.

Jlng  31eMEHTOR ¢ BBICOTOM CCUEHHUS, YBeIWUMBAIOUIEHCH C
YBEJIHYEHHEM IIONEPEYHOH CHJIBI 3HAYEHHE Cp,x NPHHHMAETCS PABHBIM

34

cmax=—l"“, a JUI1 IUIOCKMX IUIMT, YKazaHHeIX B 1.3.41,
1+1,5tgf

o 2y

T 141,2188°

rae hy; — paboyas BBICOTa B OLIOPHOM CEUEHUY;
B — yron Mexny pacTsHyTO#M M C)KaTOH IPaHAMH.
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[lpu ngeHCTBMM Ha TakOH 53JE€MEHT pacnpeleeHHON Harpys3ku
3HayeHue ¢ B ycnoBuH (3.65) npHHHUMAETCS PaBHBIM

) E— , (3.68)
\tg”B/4+q (1,5Ryb)

HO He B0MIEE Crnux TAE g7 — CM. 11.3.32.

Pacuem dcenezobemoniivlx 31eMenn o8 N0 HaKAOHHbIM CeYeHUAM
Ha delcmeue MOMeHmos

3.43. Pacuer xenne300eTOHHBIX 3JIEMEHTOB 10 HAKIIOHHBIM CEYEHHSM
Ha aeiicTBue MomeHTa (uepT. 3.18) mpou3BOAAT U3 yCI0BUA
M <M, + M,,, (3.69)
rie M — MOMEHT B HakJOHHOM CEYEHWH C JJIMHOHW TpOEKUHH ¢ Ha
TIPOJIONBHYIO OCh DJIEMEHTA, OMpPEACIAeMBId OT BCEX BHEUIHUX
CHJI, PacHOJIOKEHHBIX [0 OAHY CTOPOHY OT pacCMaTpHBAEMOTO
HAKJIOHHOTO CEYEHHS,, OTHOCHUTEJIbHO KOHI@ HAKJIOHHOIO
ceuyeHHs (Touka (), MPOTHMBOIOMIOKHOTO KOHIY, Y KOTOpOro
pacmojiaraeTcs ~ OpoBepsAemass  NPOAOAbHas apMarypa,
UCNBITBIBAIONIAS PACTAXKEHHE OT MOMEHTAa B HAKJIOHHOM
ceueHud (4yept. 3.19)

TN
SW SW : R b__

/"—{_

/ YR A, )

sw

ho

R l.[. — RA . R.\WA sw
il |
V R.SMA W
0 ) C

S

ept.3.18. Cxema ycuinii B HAKJIOHHOM CeYeHUH MPH PacueTe ero o
u3rudalomeMmy MOMEHTY
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Oniopa M M:Q_v.?'z. Fa;

Yept.3.19. OnpenesieHHe pacueTHOro 3HAYEHHA MOMEHTA NIPM pacyeTe
HAKJIOHOTO ceYeHHs!
a - ons c60bodHo onepmoti banku ;
6 - 013 KoHcoMU

M=qi(c+4)+EcC

M; — MoMeHT, BOCTIPMHMMAaEMbIi NPOAONEHONH apMaTypOH, mepeceKarouei
HAKJIOHHOE CEYEeHHE, OTHOCHTEJbHO INPOTHUBOIOJIOKHOTO KOHI

HaKJIOHHOTO CEYEHHS;
M, ~ MOMEHT, BOCIpUHHMAEMbIH TONEpeYHONH apMaTypoH, epeceKaloei
HAaKJIOHHOE CEYeH}e, OTHOCHUTENILHO IPOTHBOIOJIONKHOTO KOHIA
HaKJIOHHOro ceyeHus (Touka 0).
Moment M, onpepensior no Gopmyne
M; = Ngz,, (3.70)
rae Ny~ ycuide B TIPOAOJIBHOM pacTAHYTOH apMaType, NpHHHMaeMoe
paBHbIM RA;, a B 30HE aHKEPOBKH ONpENENIEMOE COINAcHO I
3.45;
Z, ~ TUIEYO BHYTPEHHEHN Mapsl CUJI, onpeaesnsieMoe no Gopmyie
zg =hy ~ Ny (rne b — wmpuHa cKaroii rpaHn);
2Ryb
HO TIPH HAIHYHMHA CKATOMH apMaTypsl NpHHUMaeMoe He MeHee Mg — a’;
JI0I1yCKAETCs TaKXKe MPUHUMATD Z, = 0,9h,.
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MomeHT M, TpH I[ONEPEYHOH apMaType B BHAE XOMYTOB,

HOPMAaNbHBIX K IPOJOIBLHON OCH 3JIEMEHTA, ONIPEAENSIOT 1o hopMyne

Mg, = 0,5q4, ¢, (3.71)
rae ¢y, onpenessioT no ¢opmyne (3.48) n. 3.31, a ¢ npunumaloT He Gonee
2hy.

Ecnu xoMyTsl B TIpefieNax JUTHHBL ¢ MEHSAIOT CBOX MHTEHCHUBHOCTH C
Gy Y HAUANA HAKJIOHHOTO CEYEHHS HA ;42 MOMEHT My, ONpPEAENsIOT Mo
popmyne:

M.\'w = O»quwlcz - 0’5([]4\"1’] - q.x'WZ)(c - 11)2 (372)
rie l; — AMTHHA y4acTKa ¢ MHTEHCHBHOCTHIO XOMYTOB (Jy /-

3HaueHHUE ¢ OMPENENAIOT COracHo 1. 3.46.

3.44. Pacuer Ha [JedicTBHE MOMEHTa NPOU3BOLAT AJS HAKJIOHHBIX
CEYEHHUi, PacroNOXKEHHbIX B MecTax OOpsIBa NMPOIONBHOH apMaTyphl, a
TaKXe y IpaHy KpaiiHeil cBoGOXHOI onophl O6anok U y cBOOOZHOTO KOHIA
KOHCONEH INpH OTCYTCTBMM Yy MpPOAOJNBHOH apMaTyphl CIELHANbHBIX
aHKEpPOB.

Kpome Toro, paccUHTHIBAIOTCS HAKJIOHHbBIE CEYEHHUS! B MECTaX PE3KOTO
M3MEHEHHUSA BBICOTHI /IeMEeHTa (Hanpumep, B MOAPE3Kax).

3.45. Ilpm nepeceueHHH HAKJIOHHOTO CEYECHHS C IPOMOJBHOM
pacTAHYTOM apMaTypod, He HMeolleil aHKEpOB B IIpeieNax 30HbBI
aHKEPOBKH, ycunue N, onpenensiercs no popmyie:

N, = R.A, [f . (3.73)
at
rae l; - paccrosHue OT KOHLA apMaTypbl JO TOYKHM MepecedeHus ¢ Hei
HaKJIOHHOTO CEYEeHHS;

Iy — IMHA 30HBI AHKEPOBKHM, paBHa l,, = A,d,,
rae Ay =R g (3.74)
4Rbond
Ryons — PAC4ETHOE CONPOTHBIICHHE CLEIUICHHS apMaTyphl ¢ OETOHOM,
paBHoe
Rbr}nd =n1n2Rb!,
1N~ KO03(h(HUIMEHT, YYMTHIBAIOUIMI BIIMAHHE BMIA IOBEPXHOCTH
apMaTypbl U IPUHUMAEMBIH PaBHBIM:
2,5 — nnst apmatyps! kiiaccoB A300, A400, AS00;
2,0 - nns apMmatypsi Knacca B500;
1,5 — mst apmatypst kiacca A240;
1, — k03 UUHeHT, YIUTHIBAIONMHA BIMIHHE AMAaMETpa apMaTypel H
[OPUHAMAEMBIH PaBHBIM:
1,0 — npu nuameTpe d; <32 MM,
0,9 — npu quametpax 36 u 40 Mm;
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o - K03OOHUUMEHT, YYHTBHIBAIOIMA BJIMSIHUE IONEPEYHOro 0OXartug
O6eToHa M ToNepevyHOoi apMaTypbl U IPUHUMAEMBIH PaBHBIM:
a) Juist KpaitHHX cBOOOJHBIX OMop,
ecin 0,25 < 6/R, £0.75 -0,75;
eciu 0/R, < 0,25 wnu 6,/R, > 0,75 - 1,0,
311€Ch O) = F\'up/A,\'up:
Fypr Asp — OTIOPHAS PEAKLHS U NIOLIAAB ONHPAHUA OaJIKH;
NpH 2TOM €CIM HMeeTcs IIoNepeyHas apMaTypa, OXBaThIBapomas Oes
IPHBapKH TPOJONBHYIO apMaTypy, Ko3QGOHIHEHT ¢ JeINTCA Ha BETHUHHY
6A,,
1+ - (tme Ay, M s — III0LAND CEYEHMS OrMOAaloIIEro XOMyTa 1 €ro 1ar) y
npuHpMaeTcs He Menee 0,7;
6) mnst cBOOOIHBIX KOHIIOB KoHCOMHM — 1,0.

B moGom cnywae xoddpuument A, npuHuMaeTcs He Menee 15, a
JUTHHA 30HbI AHKEPOBKH [, npiHuMaercs He MeHee 200 MM.

Ilns crepxHell auamMeTpoM MeHee 36 MM 3HayeHHE A, MOXHO
MpHHUMATD 110 Tadn. 3.3.

B ciaywae mnpuBapuBaHUSL K TNpPOJOJLHBIM PACTAHYTBIM CTEPIKHAM
nonepeyHoil MMM pacupelenMTensHOR  apMmaTtypsl  ycunne N,
YBEIMIUBAETCA Ha BENYHHY

Ny =07 n, @,di Ry, (3.75)
npuHuMaemyto He Gonee 0,8 R_,df, Ny

3xecs:

R, — KOJIMYECTBO NPUBAPEHHBIX CTEPIKHEH 110 ATHHE ;.
@ — K03 dULMEnT, nPUHUMaeMBbL# 1o Tabdn. 3.4;
d,, — IMaMeTp MPUBApHBAEMBbIX CTCPXKHEH.

[lpn 3ToM 3Hauenue N, npuHUMaeTcs He Oonee 3HaUeHH,
BBIYUCIIEHHOTO 10 dopmyite (3.73) ¢ ucnonb30BaHUEM IIPH ONPEAETEHUH [,
kodppunuenra o = 0,7.

IIpu ycTpoiicTBe Ha KOHLIAX CTEPXKHEH CHEUAIbHBIX AHKEPOB B BHJIE
IJACTMH, WalWd, raek, YToOJKOB, BBICAXKEHHBIX TOJOBOK W T.IL,
YIOBIETBOPAIOIMX TpeboBaHuAM 1.5.35, a Takke NpH NpUBapKe KOHLOB
CTEPXKHEH K HAJCKHO 3aaHKEPCHHBIM 3aKIafHBIM JeTalsiM ycuime N,
MIPUHUMAETCA PaBHBIM RA.

3.46. Ins cBoGoaHO OMEPTHIX GajJOK HEBBHIrOAHEHINEE HAKIOHHOE
CeYeHHe HAYMHAETCA OT FPAaHU OMOPBI U UMEET MPOEKIHIO C, IPHHAMAEMYIO
He Goiee 2hy v onpenenseMylo CIeAyOMUM 06pa3oM:

52



Tabnuna 3.3

Kracc[Koap4 OtnocHTenbHas WIMHA AHKEPOBKY apMaTyphl A,,= I,/ d, npn betone
apMa- |buuu- KJIacCOB

Typet [enr @ B10 | B15 | B20 | B25 [ B30 | B35 | B40 | B45 | B50 | B55 | B60
A240107 | 45 | 33 | 28 | 24 [ 22 | 19 [ 1817 | 16 | 151 15

0751 48 | 36 | 36 | 26 | 23 [ 21 | 19 | 18 | 17 | 16 | 15

1,0 64 | 48 | 40 | 34 | 31 | 28 | 26 124 | 22 | 21 | 20

A30010,7 34 | 25 | 21 18 16 15 15 15 15 15 15

0,75 36 | 27 | 23 19 18 16 15 15 15 15 15

1,0 48 | 36 | 30 | 26 | 23 | 21 19 18 17 16 15

A400(0,7 44 | 33 | 28 | 24 | 22 19 18 17 16 15 15

0,75 | 48 | 36 | 30 | 25 | 23 | 20 | 19 18 17 16 | 15

1,0 63 | 47 | 39 | 34 | 31 | 27 | 25 | 24 | 22 | 21 20

A500{0,7 54 | 41 {34 | 29 | 26 | 23 |22 |20 | 19 18 17

075 58 | 44 | 36 | 31 | 28 125 | 23 {22 | 20 19 18

1,0 78 | 58 | 48 | 41 38 | 33 | 31 29 1 27 | 26 | 24

B500(0,7 65 | 48 | 40 | 35 {32 | 28 | 26 | 24 | 23 {21 |20

075)] 69 1 52 | 43 | 37 | 34 ) 30 | 28 ) 26 | 24 | 23 | 22

1,0 93 | 69 | 58 | 49 | 45 | 40 | 37 | 35 | 32 | 31 29

TMpumeyanue. [Ipy pacyeTe ¢ y4ETOM TOJIBKO MOCTOSHHBIX M JUTHTENBHBIX HAaTPY30K
3HAYCHNA Ag, CHIEAYET ACANTH HA ¥y = 0,9.

Tabnnua 3.4.

d, 6 8 10 12 14
0. 200 150 120 100 80

a) €CIM Ha 3JEMEHT JACHCTBYIOT COCPEAOTOUYCHHBIE CHIIbI, 3HAUCHUS C
NPUHUMAIOTCS PaBHBIMH PAaCCTOSHHAM OT ONOPBI A0 TOYEK IMPHIICKEHHA
ITUX CHN, a TaKke paBHBIM Q. /G, €CITH 3TO 3HAUYCHHUE MEHBILUE
paccTosgHua 10 1-ro rpysa;

0) ecnd Ha 3MEMeHT JACHCTBYET PABHOMEDHO paclpeieneHHas
Harpys3ka ¢, 3HaueHue ¢ onpenensiercs no gopmyne:

= Lmox (3.76)
qSW + q
3ECh ¢y, - CM. popmyy (3.48).

Ecnn XOMyThl B Ipefenax JJIMHBL ¢ MEHSAIOT CBOIO MHTEHCHBHOCTH C
Qsw Y Hauana HaKJIOHHOT'O CEYEHHS Ha (2, 3HAYEHHE ¢ ONPEJENAETCA M0
dopmyse (3.76) npu yMEHBLIEHHN YUCIHTENA HA Aqy,l;, a 3HAMEHATEN - HA
Aq,,, (tne l; — 1MHa y4acTka ¢ HHTEHCHBHOCTBIO Gy /s Aoy 1=qswi - Gsw2)-
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Jlna 6asoK ¢ HAKJOHHOM CXKaTOH IpaHbIO NpU JeHCTBMH PaBHOMEPHO
pacrpelie/iEeHHOH  Harpy3KM MpPOBEPAIOT  HAKIOHHBIE  CEYCHHA  Co
3HAYCHUAMH C, paBHmMu

_ Onmux —Nytghb tg,B C:Qmax —NytgB - 44swhotgﬂ (3.77)
dowtq g+4q,,t2°B

rae g — pabo4as BHICOTA B OLIOPHOM CEYEHHH,

BB — yron HakyioHa CKaToii rpanH K FOPU3OHTAIH.

Tlpu pacTsanyToii TpaHH, HAKIOHEHHOM NOA yriaoM 3 K TOPH30HTANM, B
3TUX (opMysax 3Ha4eHue tgf samensierca Ha sinf.

JIns KOHCoeH, HATPYXEHHBIX COCPEIIOTOYEHHBIMH CHiIaMH (YepT.
3.19.0) npoBepsOTCA HAKJIOHHBIE CEUYEHMs, HaYHHAIOLIUecd Yy MECT
NPWIOKEHHA COCPEJOTOYEHHBIX CHA BOsM3W CBOGOAHOrO KOHIA CO

0

3HAYEHUAMH ¢ =-<-, (rge Q; — nomnepe4Has CWwia B Hadale HaKJIOHHOTO
qSlV
ceueHus ), Ho He 6onee [; — paccTOsiHUA OT Hayajia HAKJIOHHOIO CEYEHH J10
o9
q‘\'Mr‘
KOHCOJIH HMEIOT HaKJIOHHYIO CKAaTylo IpaHb, 3HaueHue (,/q,, 3aMeHAeTCA
Ha (Q} - N\'tg.B)/qsw-.
Jins xoHconei, Harpy>KeHHBIX TOJIbKO PaBHOMEDPHO PacHpeieIeHHON
HAIPY3KO#i ¢, HEBBITOJIHEHIIEE CEUCHNE 3aKAHYHBACTCA B ONOPHOM CEYCHUH
Y HMEET [UTHHY NPOCKLIHH

onopsi. [Ipn 3roMm, ecnu > 2hg, cenyeT npuHumMats ¢ = I;. Ecam takue

= Rz (3.78)
lui‘ (qxw + CI)
1O He Ooutee 2hy.

B cnyuae, ecnn ¢ < I-l,,, pacyer HAaKJIOHHOTO CEYEHHS MOXHO HE
ITPOU3BOAUTD.

3nech: Ay— IUIOLAAb CEUEHHS apMaTypPHl, JOBOAUMOM A0 ¢BOOOAHOTO
KOHL@; z, —cM. 1. 3.43; [, — cm. . 3.45.

ITpn OTCYTCTBHM DOMEPEYHOHM apMaTypbl 3HAYEHHUE ¢ NPHHUMAIOT
paBHBIM 2hy, 1 hy - pabodas BRICOTA B KOHIIE HAKJIOHHOT'O CEYCHHUS.

3.47. [Ina obecnieyeHUsA IPOYHOCTH HAKJIOHHBIX CEYEHUI HA AEHCTBUE
MOMEHTAa B I3JIEMEHTAX MOCTOSHHON BBICOTHI C XOMYTaMHM MPOAONbHBIE
pacTsHyThle CTepXHH, OOpbiBaeMbie B MpONETe, AODKHBI 3aBOJUTHCS 33
TOYKY TEOPETHHECKOro oOphiBa (T.€. 32 HOPMANBHOE CEYEHHE, B KOTOPOM
BHELIHHUII MOMEHT CTAaHOBMTCH pPaBHBIM MNpENEIbHOMY MOMEHTY M, 6e3
ydyera oOpbiBaeMoi apMatypsl, uepT. 3.20) Ha JUIMHY He MEHEE BETHYHHB!
w, onpeaesiemMoi no Gopmyie
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YepT.3.20. OGpbIB PACTAHYTHIX CTepXkKHEH B 1poJeTe
1- mouka meopemuueckozo obpuisa,2- snopa M

w=-2 154 (3.79)
2q.§'W
TIPH 3TOM, €CIH 2Q > hy, w=2ho(l—%l-'(l]+5d_‘.. (3.80)
q.\'w

rae () — nonepeyHas CU/la B HOPMaJbHOM CEYEHHH, MPOXOIAIIEM HEpe3
TOYKY TeOpeTHuecKoro oOpbiBa;
Gy — M. IL. 3.31;
d, — nuameTp oOpHIBAEMOT0 CTEPIKHSL.
Jlns Ganku ¢ HAKJIOHHOM CxkaToit rpaupio npu tgf < 0,2 BennuuHa w
NPHHHAMAETCS PaBHOM

w = othy + 5d,, (3.81)
npu 3ToM, ecitd & >1, w = hy(2,2 - 1,2/a) + 5d,, (3.82)
e o :.Q_ N.\‘tgﬁ ,
295009

B3 - yron naknoHa rpaHH K TOPH30HTANH.

Jna Ganku ¢ HAKJIOHHOM pacTAHYTOH TIpaHBIO W ONpEAeNAeTCs
aHAJIOTMYHO ¢ 3aMeHoi tgf Ha sinf.

Jlns snemeHTOB 6€3 ronepedHoi apMaTypsl 3HAYEHHE W TIPHHUMAIOT
paBHBIM 2k .

Kpome Toro, 10/0kHbI 6bITh yuTeHBI TpeboBanus mi. 5.32 1 5.33.

3.48. /s obecnieyeHus MPOYHOCTH HAKJIOHHBIX CEUEHUH Ha JAeHCTBHE
MOMEHTAa Hayajo oTruba B pAacTAHYTOH 30HE MONKHO OTCTOSTH OT
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HOPMAJILHOT'O CEYEHHS, B KOTOPOM OTrHOAeMbIi CTepskeHb MONHOCTBIO
UCTIONb3yeTCs N0 MOMEHTYy, He MeHee, 4eM Ha 0,5hp, a koHew oTruba
NOJDKEH OBITh PAcroyiokeH He ONMKE TOT0 HOPMAlbHOIO CEYEHHs, B
KoTopoM oTrub He Tpebyercs no pacuety (uepr. 3.21).

R.\ A\‘ —
' ~
| :
\ v !
' <
[\i; 47 =
|
N,
<
Yeprt. 3.21. K onpenenennio
MeCTa 0Truéa npooJIbLHO#

pacTHHYTOI apMaTypbl

X205
Oniopa M (L
M <]
Ilpumepwl pacuema

PacueT HaKNOHHBIX CE€4YeHUH Ha JeHCTBHE
NOmepevYyHB X CHI

Ipumep 12. Jauo: pebpo TT-o6pazHoli nimuThI NEPEKPHITUA C
pa3mepamiu cevenus: h = 350 MM, b = 85 mM; a = 35 MmM; Geron knacca B15
(R, = 8,5 MIla, R, = 0,75 MIla); pe6po apMHPOBaHO IIOCKMM KapKacom ¢
MONepeYHbIME CTEPXKHSIMH M3 apMaTyph! kilacca A400 (R, = 285 MIla)
mmamerpom 8 mMm (A, = 50,3 MMZ) warom s, = 100 MM; mnonnas
PaBHOMEPHO pacnpelesieHHas Harpyska, aeiicteylomas na pebpo, g = 21,9
kH/M; BpemeHHas 3KBHBaleHTHas Harpyska g, = 18 xH/m; monepeunas
cwia Ha onope Qpn.x = 62 KH.

Tpebyemcs npoBepUTh MPOYHOCTb HAKIOHHBIX CeyeHHit U GeTOHHOI
10JI0CH] MEX/IY HAaKIOHHBIMU CEYEHHIMHU.
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Pacuet hy=h-a=350-35=315mm.

[IpoyHocTs 6ETOHHOMH MONOCH NPOBEPUM U3 ycitoBus (3.43):

0.3Rybhy = 0,3 8.5 85 315 =068276 H > Qyux = 62 xH,

T.€. MPOYHOCTb MOJIOCHI 0becneyena.

[Ipo4yHOCTb HAKJIOHHOTO CEYEHUS MO TNONEPEeYHOil CHile NPOBEPUM
cornacHo 1. 3.31.

o popmyne (3.48) onpenesnM HHTEHCUBHOCTh XOMYTOB

Rovfln _285°303_ o0 pyi,
100
Iockonbky Gae _ 1433 _ 2,25>0,25, T.. ycinoBue (3.49)
R,b 075-85

BBIIOJIHEHO, XOMYTHI MOJIHOCTHK) YYHTHIBAEM W 3HaueHue M), onpenensieM
o popmyue (3.46)

My= 15R,bhsi = 1,5°0,75° 85 3152 = 9,488 - 10° Hmm.

Cornacno n. 3.32 onpejnenuM ANMHY [POCKIUH HEBLIFO/IHEHILETO
HAKJIOHHOTO CE4EHHUS C.

q1=q-q/2=21,9-18/2=12,9 xkH/m (H/mm).

q.\'“' =

Sy

[Tockonbky —gﬂ“— =2,25>2,0, 3Ha4YeHHE ¢ onpenesieM Ho popmyie
bt
M, | 9,488-10°

c= b= [ TR 228070 <2

V0,75¢,, +q1  10,75-1433+12,9
IIpurumMaem ¢y = ¢ = 280,7 mm. Torna
Qs =0,75q,,co = 0,75 - 143,3 - 280,7 = 30168 H = 30,17 xH.

0, = M, _9488-10° 33801H = 33,8 xH.
c 280,7
Q=0nx—qic=62-12,9"0,28 =58,4 xH.

[Iposepsiem ycnosue (3.44)
0Oy + 0y, =33,8 +30,17=63,97H > Q0 = 58,4 xH,
T.€. IPOYHOCTh HAK/IOHHBIX CeYeHuil obecneueHa.
[TpoBepum TpeboBanue m. 3.35:

_ Rybhd _0,75-85-3157
wamax =0 T 0600

T.e. TpeOoBaHMe BBINONHEHO. YenoBus 1.5.21 s, <hy 2= 315/2 = 157
MM H §,, < 300 MM TaK)xe BBIOJHEHBI.

Ilpumep 13. Jawo: cBobomHO omepras Oajika TNEPEKpHITHS C
pa3mepamu cedenusi: b = 200 mm, 2 = 400 mm; hy = 370 mm; GeToH Kinacca
B25 (R, = 1,05 MIla); xoMyTsl AByXBETBeBble nuaMeTpoM 8 MM (Ay, =
=101mm?) ¢ warom s, = 150 Mm; apmatypa kinacca A240 (R,, = 170 MIla);

s =102ii >s, =100 MM,
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BPEMEHHAS OKBHBAJICHTHAs MO MOMEHTYy Harpyska ¢, = 36 kH/y,
TIOCTOAHHAA Harpy3ka q, = 14 xH/m; nonepeynas cuna Ha onope Q. =
137,5 xkH.
Tpebyenicsa NPOBEPUTH IPOYHOCTH HAKIIOHHBIX CEYEHHIA.
P acuerT [IpouHOCTs HAKIIOHHBLIX CEYEHHUIH IPOBEpPsieM COTJIACHO I,
3.31. 1o dopmyrne (3.48) onpenenum HHTEHCHBHOCTH XOMYTOB
R, A 170-101

= == =114,5 H/MMm.
qAM S“ 150
Iockomeky — -Inw = 1145 =0,545>025, T.e. ycaosue (3.49)
Ryb  1,05-200

BBINOJIHAETCS, XOMYTBI YYHTHIBAEM [OJHOCTBIO U 3HaUeHne M), onpenesiem
1o popmyie (3.46)

My, =1.5R,bhy’ = 1,5 1,05 200 370> = 4,312 10" H'mm.

Cornacno n. 3.32 onpepenseM AJMMHY NPOEKIMM HEBHITONHEHMLIETO
HAKJIOHHOTO CCYCHWUS:

q; =q, +0,5g, =14 + 0,5 36 = 32 xH/m (H/Mm).

IMockonbky
— LT
M@,_J4312}pﬁ =1161ii >- m._?_’_’o =1 2370 _o17mm,
% 32 —059m 17050545

3HA4YEeHHUE ¢ MPUHUMAaeM paBHeIM 1161 Mm > 2k = 740 mM. Tornma ¢p = 2hy
=740 mm u Oy, = 0,75¢wco = 0,75 - 114,5 - 740 = 63548 H = 63,55 kH;

7
My _ 4312100 _35140H = 37,14 kH;

%= = el
0O = Omax - qi¢ = 137,5-32 1,161 = 100,35 xH.
Iposepsiem ycnosue (3.44)
0Oy + Oy = 37,14 + 63,55 = 100,69 xH > Q = 100,35 xH,

T.e. IPOYHOCTb HAKJIOHHBIX CEYEHHIt oOecredeHa.

Hpumep 14. [ano: ceobomHO onepras Oalka NEPEKPHITHSA NPONETOM
[ = 5,5 m; noiHas paBHOMEPHO pacnpeseeHHas Harpy3ka Ha 6anky g = 50
kH/m; BpeMeHHas JKBHBaJleHTHas Harpy3ka ¢, = 36 xH/m; pasmepsl
nonepedyHoro ceyenus b = 200 mm, h=400 mm; hy = 370 MM; 6eTOH Knacca
B15 (R, = 0,75 MIla); xomyTsl U3 apmarypsl knacca A240 (R, = 170
MlIla).

Tpebyemca onpenennTh JUAMETP M INAr XOMYTOB Y ONOPBI, 8 TAKKe
BBISICHUTb, Ha KakOM pAacCTOSIHMM M KaK MOXeT ObITh YBEJIWYEH Iiar
XOMYTOB.

P a c y e . Hanbonbiuas nonepeyHas cuna B OHOPHOM CEYEHHH PaBHA
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_ gl _50-55
Omax = ) =-T =137,5 kH.
OnpenenuM  TpeOyeMyl0 HMHTEHCHBHOCTb XOMYTOB IIPHOIIOPHOTO
yyactka cornacho m. 3.33,6.
[To dopmyne (3.46) onpenensem M,
M, = 1.5Rybhs = 1,5 0,75 - 200 - 370 = 30,8 - 10° H'mm.
Cornacho 1. 3.32
q; =q - 0,5g, = 50 - 0,5 36 = 32 xH/m (H/mm).

01 =2./Mpq; =2/308-10° - 32 = 62790H.

Tak kaK 2My/hp — Qmax = 2~ 30,8 - 10370 — 137500 = 28986 H
<Qy;= 62790H, NHTEHCHBHOCTE XOMYTOB OnpeAensieM 1o popmyne (3.52)
< Omwx =0y 1375007627907 _ | oy

3M, 3-308-10°

CornacHo n.5.21 1mar XoMyTOB §,, Y OIOpPHI JOJDKeH OBITH He Gonee
hy2 = 185 1 300 mM, a B mponere — 0,75k = 278 u 500 MM. MakcuMansHo
JOIYCTUMBIi LIaT y OMOPLI COTNAcHO M. 3.35 paBeH
o = Rublg 0752003707 o\

. 0 137500
IpunuMaem war xoMyToB y omopHl s,,= 150 MM, a B mposere 250
mM. Otcroza
GowSw; _ 1619-150
Ay =—F— =———
Ry, 170

[TpunnMaem B momepevyHOM ceueHuM aBa xomyrta mo 10 MM (A, =
157MM°).

Taxum 06pa3oM, NpUHATas HHTEHCUBHOCTL XOMYTOB Y OHOPHLI H B
TIPOJETE COOTBETCTBEHHO PABHBI:

Qo = RywAny _ 17%(1)5_7 =177.9 H/mm;

Sy
= 170:157
250

qSW

=142,9 Mm%

=106,7 H/MM.

sw2

[Iposepum ycnosue (3.49):

0,25 Ryb = 0,25 0,75 200 = 37,5 H/MM < g,y 1 37,5 < g2

CrieJoBaTeNbHO, 3HAYCHUS §sy) U g2 HE KOPPEKTHPYEM.

OnpenenuM, cornacHo n. 3.34 puuHy y4acTka [; ¢ UHTEHCUBHOCTBIO
XOMYTOB (y,;. Tak KaK Aqgy = 0,75(¢swr - gew2) = 0,75(177,9 — 106,7) =
=53,4H/mm >q; = 32 H/mM, 3Hauerne /; soryuciaum no ¢opmyae (3.59),
npuHsB Qp min = 0,5R;, bhy = 0,5 55500 = 27750 H
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- Qmax - (Qb.min + l’quw2h()) _

11 2’10 =
q1
_ 137500~ .(,2,._7..7;5(;;1.@,'..1_99’1,'.3.7 0 _5.370=839i

[TpuHMMaeM JUTHHY y4acTKa C IIaTOM XOMYTOB §,; = 150 MM paBHO#i
0,9 M.

Hpumep 15,  Jano:  Gamka  TIOKDBITHS,  HArpyXEHHAs
COCPEJIOTOYEHHLIMH CHIAMH KaK MOKa3aHO Ha 4epT. 3.22,a; pasMeps!
ceveHus — no 4ept. 3.22,6; 6eron xnacca B15 (R, = 0,75 MIla); xomyTs! U3
apmarypsl knacca A240 (R, = 170 MITa).

Tpebyemca onpenenuTs AHAMETP W 1Nar XOMYTOB, a TAKXKE BACHUTH,
Ha KaKOM pAacCTOSIHUM OT OMOpPbl M KaK MOXET ObITh yBeNMYeH Liar
XOMYTOB.

Fed2kH F=34xH

6) 220

8

0 1500 . —

Oniopa Q, kH

DA

Yept.3.22. K npumepy pacyera 15

PacueT hy=890-80=810 mm.

OnpenenuM TpebyeMyr0 MHTEHCHBHOCTH XOMYTOB ¢, COITIACHO
n.3.33,a, NpuHMMas JUIMHY NPOEKUUH CEYECHHSA ¢, PABHOH PAcCTOSHHIO OT
onopsl 10 nepsoro rpysa — ¢; = 1350 mm. Torma @; = ¢/hy = 1350/810 =
1,667 < 2, 1 cnenoBaTenpHo, Og;= o) = 1,667.

1,5 LS
OnpenenseM €54 =--- +0,18750y; = —~-+0,1875-1,667 =1,212.
peit =g 017 667
Cornacno 4epr.3.22 momepedHas CHIAa Ha PACCTOSHHU C; OT OMOPEI
105200
aBna Q, = 105,2 kH. Torxa & =— 2 = =2165>¢€,5,
pasna 0, " Rybhy  0,75-80-810 an
H ClIeIOBATENLHO, ¢y, onpeaenseM no gpopmyne (3.51):
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& -1,5/0 ~0,75- 802,165 -1,5/1,667
0,750t 0,751,667
Onpeznenum gy, OpH 3HAUEHUH ¢, PABHOM PACCTOSIHHIO OT OMNOPAI HO
BTOPOro rpysa — ¢, = 2850 mm:
o, = c/hg =2850/810 = 3,52 > 3; npunnmaem o = 3.0.
Iockonbky ¢ > 2, npuRUMaeM O = 2.0.
Eam = 2 + 01875005 = 2 +0,1875-2 = 0,875.
y 3
CootsercTBYIOI1as NoNepedHas cuia paBHa @, = 58,1 kH. Torzma
00
&= Q% __ 38 =1195> £, = 0815,
Rybhy  0,75-80-810
U CJIe0BATENbHO,
€y — 1,5/(12

Gowt = Rpy =60,7 H/Mm.

1195-15/3,0

w2 =Ry b =0,75-80 ==27.8 H/Mm.
Doz =0 6 75010 0.75-2.0
[IpyrMMaeM MaKCHMaJbHOE 3HAYEHHME Gy, = Gy =00,7. U3 ycnosus
CBapKH TpHHHUMaeM AHaMeTp XOoMyToB 8 MM (A, = 50,3 mm?). Torma

MaKCHMaJIbHO JONYCTUMBIN LUar XOMYTOB Ha IPUOIIOPHOM YYacTKe paBeH
R,.A,. _170-503

aw Taw

Swi =

G 60,7
puanmaem s,; = 100 Mm. Hasnayaem 1uar XOMyTOB B IpoJieTe
paBubIM s,> = 300 mM. Torma MHTEHCHMBHOCTH XOMYTOB MPHOMOPHOTO
ydacTka

=1409 mm.

R.,A,, 170-503
dyw) = B —W = 85,5 H/MM,

.S‘W‘

RywAy, _170-503

a MPOJIETHOrO y4acTKa G2 = =28,5 H/mMm

.sz

3aganuM JUIMHY y4acTKa C LIaroM XOMYTOB §,.;, PABHOH PacCTOSHHIO
OT omopkI 10 nepBoro rpysa - [; = 1350 MM, u nposepum ycnosue (3.44)
IIpM 3HAYEHHH C, PABHOM DACCTOSHHUIO OT ONOPHI O BTOPOTO IPy3a - ¢ =
2850 mM. Ho nockoibky 3hp= 3 ~ 810 = 2430 mm < ¢, npuHuMaem ¢ =
=2430mm. 3uauenue Q,,, onpenensem coraacyo m. 3.34.

Tax xak 2hp + [; = 2810 + 1350 = 2970 mm > ¢, 3Hauenue Q,,
onpeaensiem no gopmyine (3.56). Ilpu 3tom, nockonbky ¢ > 2hy, ¢g = 2hy =
1620 MM.

Q.s‘w = 0s75[f].\-w100 - (%‘wl - (],\’M'Z)(c - [I)] = 0»75[85v5 1620 - (85v5 -
28,5)(2430 —1350)] = 57712 H=57,7 xH.

[pu c=3hy Qp = Qp min = 0,5Rybhy = 0,5 0,75 80 - 810 = 24300 H
=243 xH.

[MonepeuHas cuna Ha paccTOAHUH ¢ = 2430 MM OT onopsr (4epT. 3.22)
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paBHa
2,43~135
L5
[Tposepsem ycnosue (3.44)
Qp+ 04 =243 +57,7=82,0xkH > Q=59,5 xH,

T.€. IPOYHOCTH 3TOTO HAKIOHHOIO CeYeHHs 00eCneyeHa.

bBonpiuee 3HaueHHMEe C He paccMaTpHBaeM, MOCKOJILKY MpPH 3TOM
nomnepeyHas CUIa pe3KO YMEHBIIAETCS.

Taxum 06Opa3oM, IUIMHY ydacTKa C INaroM XOMYTOB s,; = 100 MM
MpUHMMaeM paBHOH 1,35 M.

Ilpumep 16. [Jano: nByxckatHas Ganka nponetom 8,8 M (yepr.
3.23,a); cniiomHas paBHOMEPHO pachpeleleHHas Harpy3ka Ha 6anky g = 46
kH/m; pasmephr onopHoro cedenus no uept. 3.23,6; 6eron xnacca B20 (R,
= 0,9 MIla); xomyTel u3 apmatrypbl kiacca A400 (R,, = 285 Milla)
nuamerpom 10 MM (A, = 78,5 MMZ) maroM s, = 100 Mmm.

Tpebyemca 1npoBepuUTh MPOYHOCTb HAKJIOHHOTO CEYEHHS TI0
MOMEpPEYHOH CHITE.

P acuert. PaGouas BbicOTa ONOPHOTO cedeHus paBHa iy = 600 — 40 =

560 MM (cM. uept 3.23,6). ITo popmyne (3.48) onpenenumM UHTEHCHBHOCTE
XOMYTOB

Q=632- (63,2 -58,1)=59,5 xkH.

PR
a)
i=l:12 é—t
gﬂ ] 3
c_|
- _..8800 1§
_ 880 y %

Yepr.3.23. K npumepy pacyera 16

RyyAs, _285-78,5
S 1

=223,7 H/mMm.

qsw =

OmnpenenyM MOPOEKUUIO HEBBITOAHENILEr0 HAKIOHHOTO CEYEHMS C
cornacHo 1. 3.37. U3 uepr. 3.23,a umeem tgfi = 1/12, b = 100 mm,

Ryb=0,9100=90 H/mm; 1 -2tgB=1-2/12=0,333.

IMTockoneky gy, ARyb) = 223,7/90 = 2,485 > 2(1 - 2tgﬁ)2 =2-0,833"=
1,389, 3HaueHue ¢ BeraucigeM 1o popmye (3.62).
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5 s
c:IIOIJ 3 =560J 7=
(0,759, + q) /(R,b) +1,5tg~ B (0,75-223,7+46)/90+1,5/12

= 444i1.

Pa6oyas BbICOTa MONEPEYHOro CEUCHHUS Mg HA pACCTOSHHHU ¢ = 444 MM
OT ONOPHI PaBHA

ho = ho; + ¢ tgB =560 +444/12 = 597 mm.
ITockoibky ¢ = 444 MM < 2hy, ¢, = ¢ = 444 mum;
0, = LSRybhg _1,5-90-597°
c 444

Qo =0,75¢g,,c0=0,75223,7 - 444 = 74492 H = 74,5 xH.

IIposepum ycnoeue (3.44), npuHHMas TONEPEYHYIO CHIY B KOHIE
HaKJOHHOTO CEYEHHUS PaBHOH

0= Qmux —qc=

Oy + Oy = 108,4 +74,5=182,9kH > Q = 182 xH,

T.€. TPOYHOCTb HAKJIOHHBIX CEYECHHH IO TIONEPEYHOH CHiIe
obecnieueHa.

Ipumep 17. Jlano: «oHcOnb pa3Mepamu 100 uepT. 3.24,
cocpenoToyeHHast cuina Ha koHcomu F = 130 kH, pacnonoxennas Ha
paccrosuuu [; = 0,8 M oT onopst; 6eton kimacca B15 (R, = 0,75 Mlla);
XOMYTBI JByXBETBEBLIe IHaMeTpoM 8 MM (A,, = 101 mM%) u3 apmaTypsi
knacca A240 (R,,, = 170 MIla) marom s,, = 200 MM.

=1083701 =108,4 xH;

46'28’8 - 46-0,444=182,0 kH:

_C 1 F=130kH 1-1
% S
'
S 1
O
-9
, 400 |

.

,

Yept.3.24. K npumepy pacyera 17

Tpebyemca TpOBEpHTh IPOYHOCTh HAKJIOHHBIX CEYEHHH 1O

NOTIEPEYHOH cHIe.
P a ¢ u e 1. CormacHo m. 3.38 mposepsem u3 ycmosus (3.44)
HEBBIFOAHEHIIEE HAKIOHHOE CEYeHHEe, HayuHalolleecs OT MecTa
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TMPUIIOXKEHNA cocpeaomquHoﬁ CHJIBbI, NIPHA 3HAYCHHUH C, ONIPCACICHHOM Mo

dopmyne (3.62)pu g; =0 ntgf = »6—5—05—300 =0,369.

PaGouast BLICOTA B MECTE MPUIIOKEHHS COCPENOTOUEHHOM CHITHI PaBHa

hior = 650 - (650 - 300 §99 ~ 50=305MM (cM. uepT. 3.24); Ryb = 0,75 * 200

= 150 H/mmMm.
3Ha4yeHue ¢, paBHO
Gow = Mm‘=l7w—858H/MM,
Sy 200
1,5 15

=
00,750, (Ryb) + 15825 \f075 858/150+15-0369%

=409,41 </ =800il.
2hy, . 2- 305

- =1164ii >c¢, ocraBusieM ¢ = 4094
1-2tgB 1-2-0369

Ilockoneky

MM.

OnpenenymM pabouyro BbICOTY /g B KOHLE HAKIOHHOT'O CEYEHHs

ho = hy; + c tgf =305 + 469 - 0,369 =478 mM.

[Tockonbky ¢ = 469.4 > 2hy, ¢y = ¢ = 469 mm.

0,- LSRy,bhg _1,5-150-478
c 469

Oy = 0,75 gy,co = 0,75 - 85,8 469 = 30180 H = 30,18 kH;

0y + Qe = 109,6 + 30,2 = 139,8 kH > F = 130 xH,

T.6. TNPOYHOCTb HAKIOHHBIX CEYEHHMH MO [ONEPEeYHOH cuie
obecrieyeHa.

Opumep 18. Jawo: cnnouwHas IUIMTa JHMILA pesepByapa 6e3
MONEPEYHOi apMaTypbl pasmepom 3x6 M rtomwuHoH h = 160 MM,
MOHOJIWTHO CBsi3aHHas [0 TEpUMETPY ¢ Oajkamu; MOJNHAs PaBHOMEPHO
pacupeneneHHas Harpy3ka 50 kH/M%; 6eTon knacca B15 (R, = 0,75 MITa).

Tpebyemcs npoBepuTh NPOYHOCTH TUIMTHL Ha ACHCTBHE MONEPEYHOH
CHJIBL.

PacuerT hy =160 — 20 = 140 mM. Pacuer npoBOaUM NS MOJIOCH
wipunoit b=1,0 m = 1000 mMm, nponerom [ =3 M. Toraa g = 50-1,0 = 50
kH/M, a nonepeyHas cuia Ha Omope paBHa

I 503
Oumax =%=—2—=75xH.

=109614H =109,6 xH;

Iposepum ycnosue (3.64)
2,5R,bhy = 2,5 0,75 1000 140 = 262500 H > Qpmax = 75 kH.
[MposepuM ycnosue (3.66), npunumas q; = g = 50 kH/m (H/mm).
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HOCKOﬂbe 6oxoBbIE Kpas IJIHThl MOHOJIMTHO CBA3AHEBI C 6aJ'IKaMPI, ycCi10oBue

(3.66) umeer BuA
Ryb__0,75-1000
6-064 6-0,64

ClleIoBaTeNbHO, MPOYHOCTD MUIHTH IPOBEpsieM U3 ycioBus (3.67a)

0,625Ry,bhy + 2,4hpq, = 0,625 - 0,75 - 1000 - 140 + 2,4 - 140 - 50 =
82425 H= 82,4 xH > Qi =75 kH,

T.€. IPOYHOCTH IUTUTHI IO [OTIEpEYHOii cHile obecrnedeHa.

Ilpumep 19. [ano: naHenb CTEHKH pe3epByapa KOHCOJILHOTO THMA C
nepeMeHHON ToNMHOi oT 262 (B 3amenke) no 120 mm (Ha cBoOOmHOM
koHUE) BbuteroM 4,25 M; OOKOBOE IaBl€HHME TPYHTa, YYHTHIBAIOLICE
Harpy3Ky OT TPaHCIIOPTHBIX CPEACTB HA TOBEPXHOCTH TPYHTA, JHMHEHHO
ybbiBaer oT gy = 55 kH/mM® B 3azenxe 10 g = 6 kH/M” Ha CBOGOTHOM KOHIIE;
a=22 mM; 6eton knacca B15 (R, = 0,75 MIla) .

Tpebyemcsa npoBEepUTh NPOYHOCTH MAaHEIH HA ACHCTBUE MOTEPEYHOH
CHJIBI.

P a ¢ u e T. PaGouas BbICOTA CEYEHUN NAHENH B 3ajleiKe paBHa Ag =
262 - 22 =240 mm.

Onpenenum tgf (B - yron Mexay pacTaHyTOH U CKAaTOH FPaHSMH):

=195H/ii >q; =50 H/Mm,

262-120
tgh=- =0,0334.
=" s
Iposepum ycnosus 1. 3.41. [lonepeuHas cuia B 3a/i€JIKE paBHa

O = §321674,25 =129,6 kH.

Pacuer npousBoaum Juist 0N0CE! NaHenu mupuHoit b = 1,0 m = 1000
MM.

[Tposepnm ycnosue (3.64), npunumas hy = hy; = 240 MM.

2,5Rybhy =2,50,75 1000 - 240 = 450000 H = 450 xH > Qpux,

T.€. YCIOBHE BBIIOJIHACTCA.

IMocKONBKY MaHENH CBS3aHbl JPYr C IOPYroM, a LIMPHUHA CTEHKH
pesepByapa 3aBef0OMO OoubIe 5H, 3HAUEHUE Cpyyy OIIPEAENIsieM 1o hopMyiie

o 2k 24:240
T 1+12tgB 1+1,240,0334

CpenHAs MHTCHCUBHOCTh HAarpy3KH Ha MPHOMOPHOM Y4acTKe JUIMHOH

Cmax =354 MM paBHa

=554 MM.

554
—55-(55—6) 224 =518 H/mm.
L 5-9) 15502

ITockonbKy
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e 1

c=hy |— 40 5 =
Vg “Bl4+q/(L5R,b) 10,0334 /4+5128/(1,5-0,75-1000)

=111SH > oy = 55411,

TPHHUMAEM € = Cpyyy = 554 MM.

Onpesenum pabouyio BHICOTY CEUEHHs HAa PACCTOSAHUH C/2 OT OLOPEI
(1.e. cpennee 3HayeHue hy B Ipeenax JIHHLI C):

ho = hos - ;tgﬁ=24O~5~524--0,334=231MM.

Ionepeynast cuia Ha PACCTOSHUM ¢ = 554 MM OT OIOPBI paBHa:
0 = Opax — q1¢ = 129.6 — 51,8 - 0,554 = 100,9 kH.

[IpoBepum ycnosue (3.65):

L3Ry bhg _ 150,75 11000-231° =108360H =108,4&f >0 =1009 kH,
c 554

T.C. MIPOYHOCTDb IIaHCJIM 11O nonepeqﬂoﬁ cuiie obecreyeHa.

Pacyer HaKAOHHBX CE4Y€HHUN Ha JeHCTBHE
MOMCECHTaAa

Ipumep 20. [ano: cBoboguo omeprtas Oanka mposetoM | = 5,5M ¢
paBHOMEPHO pacnpejeneHHold Harpyskoil g = 29 xH/M; koHcTpykuus
IIPHONOPHOTO yyacTKa Oanku npHHATA no yepT. 3.25; 6eToH knacca B15 (R,
= 8,5 MIla); npozoneHas apMmarypa Ge3 aHkepoB kiacca A400 (R, = 355
MTIla) miomansio cevenns A, = 982 mm? (2D25); XOMYTH H3 apMaTyphi
knacca A240 (R, = 170 MIla) nuamerpom 8 MM warom s, = 150 Mm
TIPUBAPEHBI K NIPOJOTBHBIM CTEPIKHSAM.

Tpebyemcs npoBEpUTh MPOYHOCTh HAKJIOHHBIX CEYEHMH Ha [eHCTBHE
MOMEHTA.

Pacuert hy=nh-a=400- 40 = 360 mm. [Tockonbky pacTaHyTas
apMaTypa He MMEET aHKEpOB, pacueT HAKJIOHHBIX CEYEHWH Ha nelfcTBue
MOMEHTa HE00XO0AUM.

Omnpenenum ycuIIHe B pacTAHYTOM apmatype 1o ¢popmyine (3.73).

IMpyHnmaeM Hayanao HAKJIOHHOTO CEYEHHs Yy rpaHu onopel. Otcroona
Iy = lgyp - 10 MM = 280 — 10 = 270 MM (cM. yepT 3.25).

Ormopnas peakius 6aaku paBHa

_ql _29:55

Fup =" ="" "> =80xH,
a nioraas onupanus 6anku Ag, = blg,, = 200 280 = 56000 MM?,
F,
OTKYJa 6) = —2 = 80000 _ ) 43tia, %2 =1%2 0168025,
Awp 56000 R, 85
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cnegoBateabHo, & = 1,0. U3 Tabn. 3.3 npu knacce 6etona B15, kinacce
apmatypst A400 u o = 1,0 HaxoguM A,,= 47. Torma, AIMHA aHKEPOBKU

paBHa l,, = A, d, =47 25=1175 mm.

N, =RA, | =355-982 12177()_ =80106 H.
d>

an

)i 1-1
k= 212
I A
] 8 =
—~ <
104, > N
7 — o [
Usup=280) 1 200
3l lc=ss7s
i 1=5500

el

Yept.3.25. K npumepy pacuera 20

[TockonbKy K pacTAHYTBIM CTEpXKHSAM B THpeAenax [UTHHBL [
npuBapeHsl 4 BEPTUKANLHBIX U 2 TOPH30HTANBHBIX HNONEPEYHBIX CTEPXKHS
(cM. gepr. 3.25), yesmuum ycunus N Ha Benuduny N,,.

[punnmas d,, = 8 mm, n,, = 6, @, = 150 (cm. Tabn. 3.4), nonyyaem

N, =0,7n,¢,d, Ry=07"6 1502075 =30,24 - 10° H.

Orcrona N, = 80106 + 30240 = 110346 H.

OnpenensieM MakCHMaJbHO AOMYyCTHMOe 3HadeHue N, U3 tabn. 3.3

270

upu o =0,7 HaxomuMm A,, = 33; Torma N, . =R,A, A—li;l-=355-982§3—2—5-=

an

=114040H > N, T.e. octaBisem N, = 110346 H.

OmnpenenuM mieyo BHYTPEHHEH Iaphbl CHIT

tm =N 2360110346
2R,b 2-8,5-200
Toraa MoMeHT, BocIipHHHMAEMbLil IPOAOJIBHOM apMaTypoi, paBeH

M, = Nz, = 110346 - 327,5 = 36,1 - 10° Hmm.

ITo dopmyne (3.48) BEIYUCIUM BETUUHHY (s,

= RywAsy = 170. (1)01 =114,5HMMm.

=3275ii >hy—a'=360-35=325 MM.

Dsw
Sw

OnpenenseM MIMHY NpPOEKUMH HEBBITOAHEHIIEr0 HAKIOHHOTO
ceuenus no dopmyne (3.76), npunumas 3HadeHUE Qo PABHBIM OMOPHOH
peakuuu 6anky, T.e. Oy = Fyyp = 80 kH.
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c= Lo _80_1i =557,5 MM <2hy,.
4. tq 1145429

Torna MOMEHT, BOCIPHHAMAEMbIH NONEPEUHON apMaTyphl, PaReH

M., =0,5¢,c* = 0.5 114.5°557.5° = 17,8 - 10° H' mm.

MOMEHT B HaKJOHHOM CEYeHHW OINpeAeNseM KaK MOMEHT g
HOPMAJIbHOM CEYEHHH, PAcIlONOKEHHOM B KOHIIE HAKJIIOHHOTO CEYEHHS, T.€.
HA PACCTONHMH OT TOUYKH NPHIIOKEHHS OTIOPHOH peaKiuu, pasHoi x = Iy, /3
+ ¢ =280/3 +557,5 =650,8 Mm

2

296508

M=0x~ ‘];-' =80-10%-650,8 - =459-10°Hmm = 45,9 kH' M.

[Iposepsem ycnosue (3.69)

M + M,,, =36,1 +17,8=53,9kHM>M =459 xHm,

T.€. TMPOYHOCTh HAKIOHHBIX CEUEHMH MO HM3rHOAIONIEMY MOMEHTY
obecneyena.

Ilpumep 21. /[ano: pureab MHOrO3TaXHOH paMmbl C JMIOPaMH
MOMEHTOR M IIONEPEYHBIX CHII OT PABHOMEPHO paclipe/ie/IEHHOl HAarpy3Kku g
= 228 xH/M no uept. 3.26; GeroH knacca B25; npoxonbpHas 1 MonepevHas
apmarypa knacca A400 (R, = 355 Mlla, R, = 285 Mlla); nonepednoe
CeYeHHe MPHOINOPHOIO yyacTka — [0 4epT. 3.26; XOMyThl TPEXBETBEBLIE
muamerpom 10 MM (Ay, = 236 MM?) aroM s,, paBHIM 150 MM.

Tpebyemcs onpenenuTh pPacCTOSHUE OT JIEBOW OMOpbl OO0 MeCTa
00pbIBa IIEPBOTO CTEPKHA BEPXHEH apMaTyphl.

PacueT Usuepr. 3.26 umeem: hyp = h - a = 800 — 60 =740 mm; a’=
50 Mm; nuowane CeYeHHs BEpXHeill pacTAHyTod apmaTypsl 6e3 y4era
omHoro oGpbiBaeMoro crepxus @32 A, = 1609 mm? (2@32); A,= 2413 MM’
(3032). OnpenenuM mnpeAenbHbH MOMEHT, COOTBETCTBYIOIMI ITOH
apMatype mo popmyie (3.19), mockonpky A, < A, T.e. x < 0:

M= RA(ho- a’) = 355 - 1609(740 — 50) = 394,1 - 10° H' Mm = 394,1
kHMm.

ITo smrope MOMEHTOB ONpelesnseM PAcCTOSHHE OT ONOphHI IO MECTa
TEOPETHYECKOr0 0OPbIBa MEPBOTO CTEPXKHS U3 YPAaBHEHHS

My, ~ M.

My —M My, - M,
OTKyma x=2Z — |22 -2—S0 Tull "545 7=t Y~ Pawp,
q 2 ql
Z=4"9—+~6—(lq;§0—0=2,719i; x=2,719—1f2,7192—2§0—9_—39~4’1 =0,355 M.
2 228-49 228

ITonepeunas cuiia B MECTE TEOPETHIECKOTO 0OpbIBa paBHa
Q = Quax — gx = 620 - 228 - 0,355 = 539 xH.
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OnpenenuM BETHIUHY Gy

s = Ryl 285236 _ 448,4 H/mm.
Sy 150

1
—~

w=761 |

! O M z300
|
f ! ?39 Oniopa Q kH
620 g1 ! T - - T -
/ 488
-1
3?_)12_/\400
A VA
(39324400
-y
El
| 300

YepT.3.26. K npumepy pacuera 21

0 539
2y, 2-4484
KOTOPYIO HA/l0 3aBECTH OOPBIBAEMBlH CTEPXKEHD 3a TOUYKY TEOPETHYECKOIO
obpsisa, onpenenieM no popmyne (3.79)

[Tockonsky

=0,6011 <hy =074 ™M, IIHHY W, Ha

w=—2_ 154, =601+5-32=761nm.
29w

CnenoBaTeNbHO, PACCTOAHHE OT ONOPHI JO MecTa OOpBIBA CTEPXKHA
MOXeT ObITh MPUHATO PaBHBIM X + W = 355+ 761 = 1116 MMm.
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OnpenenuM HeoOXOAHMOE pacCTOsHUE [;, OT MecTa OOpbIBA CTEPHKHS
0 OTOPHOrO Ce4YeHHs, MpeAronaras MOJHOE HCIONb30BaHHE OSTOrO
CTEepXKHA B OMOPHOM ceyeHMH. Jlns storo mo tabn. 3.3 npu o = 1,0 knacce
Getona B25, xnacce apmatypnl A400 HaxoauMm A = 34. Torna l,, = Aud =
34-32=1088 MM < 1116 mMM.

CnenoBaTenpHO, OOpBIBAEM CTEPXKEHb Ha paccrosiuud 1116 MM ot
OMOPBL.

BHEUEHTPEHHO CXATBIE 3JIEMEHTbBI
OBUIUE NMMOJIOXKEHHUA

3.49.llpu pacuyeTe Kene300CTOHHBLIX SIEMEHTOB Ha JEHCTBHE
CKHUMallieil NPOAONBHOM CHABL CHEAYeT Y4YUTHIBATH  ClydYaiHBIH
3KCLUEHTPUCUTET e, IPHHUMAEMBII He MeHee:

17600 [mHBI 57MeMEHTa HJIM PAacCTOSHHA MEXAY €ro CeYeHHSIMH,
3aKPETIEHHbIMU OT CMEILEHNS;

1/30 BBICOTHI CEYCHHS;

10 Mm.

JU18 DIIEMEHTOB CTaTHYECKM HEONPENENHMBIX KOHCTPYKIHH (B TOM
yucne AN KOJOHH KapKacHhIX 3[JaHMH) 3HAUY€HHE IKCUEHTPHUCHUTETA
TIPONOJILHON CUIbI OTHOCHTENBHO LIEHTPA THKECTH NPHUBEIEHHOTO CEYeHMs
ey TMPHHUMAIOT PABHbIM 3HAYEHUIO OSKCHEHTPUCHTETA, MOJYYEHHOTO H3
CTaTHYECKOTO PAc4eTa, HO HE MEHEe €.

JIns 371€MEHTOB CTaTHYECKH ONPENCIMMBIX KOHCTPYKUMH (HanpuMep,
daxBepkoBbIe cTOMKH, cTOMKU JIOII 1 T.N.) SKCUEHTPUCHTET €y IPUHUMAIOT
DPaBHbIM CyMME OKCLUEHTPUCHUTETOB — M3 CTATHYECKOTO pacyera
KOHCTPYKILHH 1 CITyYalHOTO.

3.50. Pacuer HOpPMaNbHBIX CEYeHUH BHEIEHTPEHHO  CHKATHIX
JJIEMEHTOB IMPOM3BOASAT B TUIOCKOCTH IKCLIEHTPUCHTETA NPOLOJIBHON CHIIBI
(B muockoctd m3ruba) U OTAENBHO B HOPMAJIBHOH K HEH IJIOCKOCTH C
SKCLEHTPUCUTETOM €y, PaBHBIM CIIydailHOMY e, (cM. 11.3.49),

Pacyer u3 nnockocTH n3rnda MOXKHO HE MPOM3BOJUTH, €CIH MHOKOCTH
anemeHTa lp/i (A4 NpsAMOYTONBHBIX cedeHuid — ly/h) B minockocTH u3ruda
IPEBHIIIAET THOKOCTD B INIOCKOCTH, HOPMaJIbHOM MIIOCKOCTH U3ruba.

Pacuer aneMeHTa ¢ y4eTOM IKCLEHTPUCHTETOB B ILUIOCKOCTAX 08enx
raaBHBIX 0cei (KOCOEe BHELIEHTPEEHOE CIKATHE) CIEAYET [IPOU3BOIHUTD, €CIIi
00a 3TH IKCIEHTPUCHUTETA TIPEBBILIAIOT CIIyYaiHbIC €,

Bo Bcex cimydasx OJKCLUEHTPHCHTETHI €y ONpPERENAITCH € YYETOM
BIMsiHUA nporuba snemenTa (cM. mu. 3.53-3.55).
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3.51. Pacuer HOpPMambHBIX CEHEHHH BHELEHTPEHHO CHKATBIX
3JEMEHTOB B O00OLIEM Cioyda€ [POU3BOAAT Ha OCHOBE HEJIMHEHHOM
nedopMauroHuOil MoaenH cornacHo ni. 3.72-3.76.

PacueT 271eMEHTOB NPSAMOYroOJBHOIO, TABPOBOLO M ABYTaBPOBOrO
Ce4eHHH C apMaTypoH, PacnoNIOKEHHOH y HepPHEeHAUKYISAPHBIX ILIOCKOCTH
n3ruba rpaHeit sneMeHTa, IPH HANpPaBJIeHHH 3KCUEHTPHCHTETA B INIOCKOCTH
CHMMETPHH CEYEHUS JIOIYCKAETCsl IPOU3BOJHUTD 110 TPEAEIbHBIM YCUITHIM
cornacho mm. 3.56-3.61.

Kpome Toro, 1o npeaensHbM YCHIASAM MOKHO TIPOU3BOAUTE PACUET:

- 9JJIEMEHTOB KOJILEBOrO W KPYIVIOTO CE4YeHWil € apMmarypoi,

PaBHOMEPHO paClpeNesieHHOH N0 OKPYXHOCTH, TPH YHCIE
cTepkHeil bosee 6 cornacHo mm. 3.62-3.65;

- 3JIEMEHTOB MPAMOYTOJBbHOTO CEYEHHS C apMaTypod B Buje 4-x

OJTMHAKOBBIX YTJIOBBIX CTEPXKHEH Ha KOCOE BHEIEHTPEHHOE
C)KaTHE COTJIacHO II. 3.66.

PACYET I1PH JENCTBHM NONEPEYHBIX CHUJI

3.52. PacueT BHCUEHTPEHHO CXaTbiX HJIEMEHTOB MNpPH ACHCTBHH
NONEPEYHBIX CHJII IIPOM3BOJMTCS aHAJOrMYHO pacyeTy H3rubaeMblx
3JICMEHTOB B COOTBETCTBHH C NiI. 3.29-3.35 u cneAyroumx yKa3aHHi:

a) npu N/N, > 0,5 mnpasas wacts ycnosus (3.43) yMHokaeTcs Ha
K03 HLHEHT

@, = 2(1-N/Ny), (3.83)

rae N, = 1,3R,A, Ho He MeHee N,

0) 3HayeHHE TIONEPE4HON CHJBI, BOCIPHHHMAEMOH OETOHOM B
HAKIOHHOM ceuenund Oy, a TakKe npasas yacTb ycnorus (3.49) ymMHoxaercs

Ha ko3 dunueHT
2
N N
S=l+3— -4 — | ; 3.84
(pll.. + Nb { Nb ] ( )

Ha 3TOT KO3QQUUHMEHT ¢J,, YMHOXAETCA Taloke CBi3aHHOEe ¢ (O
3HaueHue M.

YUET BJIMSIHUA TPOTUBA 9JIEMEHTOB

3.53. Bnusuue nporuba 3jIeMEHTa Ha MOMEHT IPOJOJBHOH CHJIBI

(Mny ee IKCLUEHTPHUCHTET ¢p) YYMTHIBA€TCs, KaK MPaBMIIO, IYTEM DAcyeTa

KOHCTPYKLMM 10 JAeOpMHpOBaHHOH cxeme, NpPHHUMas BO BHUMaHHE
Heynpyrue aedhopManuy 6€TOHA U apMaTypbl, @ TAKKE HANHYHC TPELIHH.

Jonyckaercs NpOHU3BOAUTh pacyer KOHCTPYKIHH no
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HeaeOpMHPOBAHHON CcxeMe, a BIMAHHE mporuda HsieMeHTa Y4YHTHIBATh
IIyTEM YMHOXEHHMS MOMEHTOB Ha K03 (HIMEHTHI 1], U 1), B COOTBETCTBHH ¢
dopmynon
M=Mmn, +Mmn, + M, (3.85)
rae M, — MOMEHT OT BEPTHKAIbHbIX Harpy30K, He BBI3BIBAIOLINX 3AMETHBIX
TOPU30HTANLHBIX CMEILEHHH KOHLOB;
1, — k03 PULUEHT, MPUHUMAEMbIH paBHBIM:
JUIS CeYeHHii B KOHIIAaX JJIEMEHTA: NP NnoAaTiIuBoil 3anenke — 1,0;
[pH KECTKO# 3anenke — no Gopmyne (3.86);
JUIA CEUEHMI B CpeaHeil TPeTH MJIMHLI djeMeHTa — 1o dopmyJe
(3.86);
AJISL IPOYMX CEYEHMH — 10 JIMHEAHOM HHTEepNOoNALINY;

M), — MOMEHT OT Harpy3oK, BBI3BIBAIOIMX IOPU30HTAILHOE CMELLIEHHE
KOHIIOB (BETPOBBIX H T.IL);

Nn — xo3ddument, onpenensemstii no gpopmye (3.86);

M, — MOMEHT OT BBIHYXJIEHHBbIX TOPH3OHTAJIBHLIX CMELLEHHH KOHUOB
(T.e. CMELIEHHH, HE 3aBHCSLUMX OT JKECTKOCTH JJIEMEHTA,
Hanpumep, oT TeMNepaTypHBIX AedopManuii NepeKpPBITUH U T.11.).

MOMEHTB], HCIONb3YEMBIE B HACTOAINEM INYHKTE, JOMYCKaeTCs
OMpenesTh OTHOCUTEIBLHO LEHTPA TSKECTH DETOHHOrO CEYEHHS.

[lpumeuanne. Ecnu  BepTuKanbHble  Harpy3kd  BbI3BIBAOT  3aMETHbIE
FOPHU30HTAJIBHBIC CMCIUICHUS (Hanpumep NPy HECUMMETPHUYHBIX pamax), TO MOMCHTbBI
M, onpcaenstorcs npu (QUKTUBHBIX FOPM30OHTANBHBIX HENOABHXKHBIX ONOpax, a
MOMEHTBl OT TOPHU3OHTAJIBHBIX CHJI, PABHBIX PCAKUMAM B I3THUX ONOpax, CICAYeT
OTHOCHTb K MOMCHTaM M/,, T.€. CYMMHPOBaTb C MOMEHTaMH OT I'OPU3OHTAJIbHbIX
Harpysok.

3.54. 3nayenue KxodhduUUHEHTA 7)) NPH pacyeTe KOHCTPYKLHMH IO
Heae(OPMUPOBAHHOMN cxeMe onpenenserca no hopmyne
1

nn= (3.86)
Ner
rae N,, ~ yCnoBHas KpHTHYECKas CHIa, Onpe/elsieMas o GpopMyre
2
n-D
Ny =~ 2 (3.87)

0
lp — pacyeTHas ANMHA 3NMEMEHTA, onpejernseMas s Kodp(HIUEHTOB
My ¥ 1, COMIACHO COOTBETCTBEHHO II. 3.55,a u 1. 3.55,6;
D — xecTkocTb Xese300eTOHHOTO 3JIEeMEHTa B TpeAeNbHON CTaguu,
omnpezenseMas no GopMysam:
JUIA 3JIEMEHTOB J1F060# GopMbl ceueHus
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_ OI5E,I

#(03+6,)

VIS JJIEMEHTOB IIPSIMOYTOJIBHOTO CEYEHHUs C apMaTypow,

pacmonoXeHHOH y Haubonee CKATOR U y pacTAHyTOH (McHee
CXKaTO#) rpaHu dIEeMEHTA

N
D=Epnd| 202 0,175#0{}’0 —< ) . (3.89)
¢;(03+34,) h
B dopmynax (3.88) u (3.89):

[ u I, — MOMEHT HHEPLMH COOTBETCTBEHHO OETOHHOTO CEYEHHS U CEUYEHUS
BCEl apMaTypbl OTHOCHTENBHO UEHTpa TMHKECTH OETOHHOTO
CEUCHHSA,;

¢ — k0>(pQUIUHEHT, YUHTHIBAIOIUA BIUSHHE JUIMTENBHOIO JEHCTBHA
Harpy3KH Ha nporu6 3j1eMeHTa U paBHBIii

(p=1+M11/M1 (390)

+0,7E,1, ; (3.88)

HO He Oonee 2;

M; u M, — MOMEHTHl BHEIUHHX CHJ OTHOCHTENBHO OCH, HOPMAjIbHOM
IIOCKOCTH u3ruba M mpoxopsulei uepe3 LUeHTp Haubonee
PACTIHYTOTO WM HAuMEHee CXAaToro (NpH LEIUKOM CKAaTOM
CEYEHHH) CTEPXHS apMaTypbl, COOTBETCTBEHHO OT JIEHCTBUS BCEX
HATPY30K M OT JEHCTBUA NOCTOSIHHbIX U JUIUTEIBHBIX Harpysok;
UL 2JIEMEHTOB, PACcCYUTBIBAEMbIX coriaacHo um. 3.56-3.61,
gonyckaercs M; W M, omnpenensTh OTHOCHTEIBHO OCH,
IPOXOASAMNIEH Yepe3 LIEHTpP TAKECTH BCEHl apMaTyphl S;

0, - k03 dhuuKenT, NpUHAMaeMbiii paBHbIM ey/h, HO He Menee 0,15 (as
KOJILLIEBBIX M KPYTJILIX CEUeHHit 3HadeHue i 3amensaeTcs Ha D;.);
_AHA B
" bh E,’

XKectkocts [ mTpH BBIYHCICHHH KOXQQHIHEHTOB 1], H 1)
ompejensiercss C y4eTOM BCeX Harpy3ok. B ciydyae HeoOxoammocTu
KO3Q(HULHEHT 7), MOXXHO CHH3MTb, BBIYMCIAA JKeCTKOCTh D 0e3 yuera
HArpy30K, BHI3BIBAIOIUX CMEIIEHHE KOHIOB.

[Ipu rubxoctu smemenTa ly/i < 14 (A19 OpAMOYrOJNBHBIX CEYEHUH —
npH ly/h < 4) MOXHO IPUHUMATD N,y = 1,0.

IIpu N > N, ciaeayeT yBEIUYHBATh pasMEPBI CEUYEHHU.

3.55. PacuetHas nuinHa [y IpUHUMaeTCS PaBHOM.

a) Npu BbHIYUCICHMH Koddduimenra 17, a Takke IpH pacuere
JJEMEHTA Ha  JAEHCTBHE  NPOJOIBHOM  CHIBl €O CIyYaiHBIM
IKCUEHTPHUCUTETOM JIJIst INTEMEHTOB:

¢ WIAPHUPHBIM ONIMPaHUEM Ha IByX koHuax — 1,0 [;

ua
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0
C IHAPHHUPHBIM OTIUPAHHEM HA OJHOM KOHIIE, a Ha JIpyTOM KOHIIE!
¢ )ecTKo# 3axenxon — 0,71
¢ nonatauBoH 3amenkoii —~ 0,94,
C 3aJIeNIKO# Ha JABYX KOHLAX: xecTKoi — 0,55
nogatnusoi — 0,81,
C NOJATAMBOMN 3a[eNKOii Ha OJHOM KOHUE M C KECTKOH 3aIeNKOM Ha
apyrom — 0,71;
0) 1pu BEIYUCIEHHH KO3)PUUUEHTA 7)), JULA JIEMEHTOB!
C LIAPHHPHLIM ONHPAHUEM Ha OZHOM KOHIIE, a Ha IPyrOM KOHLE
¢ )KecTKou 3ageakon — 1,5 [;
¢ noaTnuBoH 3agenkoit — 2,0 [;
C 3aJ1eTKOH Ha ABYX KOHIax: skectkoi — 0,8 [;
noaatiausoit — 1,2 [;
C HOJAaTIHBOH 3aJeJIKOM Ha OJHOM KOHILE UM C XECTKOH 3a4elKoil Ha
opyrom — I;
C JKECTKOH 3afefKoll Ha OXHOM KOHLE M HE3aKpeILUICHHBIM APYTHM
KOHIIOM (KOoHCONB) — 2 L.
3pecs [ — paccTOsTHEE MeXAY KOHIIAMH 3JIEMEHTA.

J11 KOHKpETHBIX KOHCTPYKLUMH H COOPY)KeHMH MOXHO IPHHHMATh
WHbIE 3HAUEHM /).

PACUYET HOPMAJIbHBIX CEYEHHMI 110 NPEJEJIbHBIM YCUINAM

IIpamoyroakHbIe ceyeHUsi ¢ CHMMETPHYHON apmMaTypoii

3.56 [IpoBepky UpPOYHOCTH  TNPAMOYTONBHBLIX  CEYEHHH ¢
CHMMeTpMUHOH apMaTypoii (koraa R, A, = R,.A ,) NPOH3BOAT U3 YCIOBHS
M <Rybx(hy—0,5%) + (R A, = N2)(hg— &), (3.91)

rae M — MOMEHT OTHOCUTEIBHO LIEHTPA TAKECTH CEYEHUS, OINPEACIIAEMBIIi C
y4eToM rporuba 351eMeHToB cornacHo mi. 3.53-3.55;
X — BBICOTA CXKATOMW 30HBI, NPHHUMAaeMas PaBHOH

a)Ipu o; =

N
R,bhe < &g (uept. 3.27) —x = ohy;
)apu o, > &g — x=Ehy,

rae & onpeaensercs no popmyie
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Yepr.3.27. Cxema ycuiauii B nonepevyHoM NpsaMoyroibLHOM ceMeHHH
BHEHEHTPEHHO CKATOTO YJIeMCHTA

=an(l—€R)+2axéR . 3.92
: 1-&g +2a, (3.92)
R,A, |
Rybhy’
£r —cm. Tabu. 3.2,
3.57. Tpebyemoe  KONMYECTBO  CHMMETPUYHOH  apMaTyphl

OIPEREIACTCA CaeayroUM 06pasoM B 3aBHCHMOCTH OT OTHOCHTEIHHOH

30€ECh O =

BEIMYHHBI IPOJOILHON CHIIBI ¢, = :

RbbhO

a) TIpH 0%, < G
A = A = RbbhO O T 0y, (1 o, /2)

R, 5 (3.93)
0) npu o, > &
A — A — Rbbh() aml é(l £/2)
R, 1-8 ’
rae £ - oTHOCHTe/NbHAS BBICOTA CXKATOM 30HBI, onpeenseMas no Gpopmyne
(3.92), rme 3HaueHue O AOIYCKAETCS IPUHHUMATh PABHBIM
! ‘Sl (1 gl 12)
A 1 6
npu &; = (a, + Eg)/2, no ue 6onee 1,0.
B dopmynax (3.93 - 3.95):

(3.94)

(3.95)
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M+ N(hy —a')/2
Rybhd ho
M —cm. . 3.53 - 3.55.
Ecnu 3sauenue a’ we npesbiuaeT 0,15, Heobxoaumoe KOMUYECTBO
apMaTyphl MOXHO ONpeIeATh ¢ MOMOLIUBIO rpaduka 4epT. 3.28, ucrosnb3ys

Gopmyny

Ay =

A =4, =a, W0, (3.96)
R.\'
e Q onpeaensiercs no rpaguxy uept. 3.28 B 3aBUCHMOCTH OT 3HaUYCHHUI
M

= o, =——.

o R b bhg " Rbb ha
28
24 — S 1
22 NN
2 \\
18 NN i
16 t\\\‘\\ 3
14 \\\‘\\\ - 2>
12 NN RGE NN
1 s N\ N
08 N\ '?\\ NN
o6 A7 AV NA RN AN
o ) DI ED HDIEHID N
0.2 // '/ /,// pd / //
0o A AN A

0 01 02 03 04 05 06 07 08 dp,

Yepr.3.28. I'pacuky Hecyuieli cnnocoGHOCTH BHELEHTPEHHO CXKAThIX 3JIEeMEHTOB
NPAMOYTOJILHOTO CeYeHUs ¢ CHMMETPHYHOH apMaTypoii
N M RyA,

Oy = === Oy =—5 O
" Rybhy' " Ry Rybly

3.58. Pacuer cxathix snemeHTOB H3 OeToHa xiaccoB B15-B35 Ha
JeHCTBUE MpPOJONBHOH CHIBI, NPUJIOXKEHHOH C O9KCLEHTPHCUTETOM,
NPHHATBIM cOrflacHO M. 3.49, paBHBIM CIIy4aHHOMY OSKCLEHTPHCHTETY
eg = h/30, npu [y <20k nonyckaeTcsi IPOU3BOAUTD U3 YCIOBHS

N S @O(RA + RoA, 101)s (3.97)
rie ¢ - K03 UUHEHT, onpeaenseMblii no gopmyie
O=0s+2(Pup - Pp) 0ty (3.98)

HO NpUHHMaeMBbIH He Gonee Q.
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3nech @y U @y, — KOOPUUMEHTHI, NPHHUMaeMBble 10 Tabn. 3.5 u 3.6.

Tabnuua 3.5

Koadrduuuent @, npu lyh
N, 6 8 10 12 14 16 18 20

0 0,93 0,92 091 0,90 0,89 0.88 0,86 0,84
0,5 0.92 0,91 0,90 0.89 0.86 0,82 0,77 0,71
1,0 0,92 0,91 0,89 0,87 0,83 0,76 0,68 0,60

Tabnwuma 3.6.

-

Koadduument @y npn ly/h

N, 6 8 10 ] 12 14 16 18 20
N

A.Tlpu a=a'<0,15h 1 upn OTCYTCTBHH TIPOMEXYTOUHBIX CTEPXKHEH (CM. 3CKH3)
WM FLIOARM CeUeHHA DTHX CTepkHed MeHee Ay, /3

0 0,93 092 {091 | 090 0,89 0,88 0,86 0,83
0,5 0,92 0,91 091 | 090 0,88 0,87 0,83 0,79
1,0 0,92 091 0,90 | 090 0,88 0,85 0,80 0,74
B. IIpu 0,25/ >a =a'2 0,15k vy npu MIOmAAN IPOMEKYTOUHBIX CTEPIKHCH (CM.
9CKH3), paBHO# niu Oonee A, /3 HE3aBUCHMO OT g

0 0,921 0,92 ]0,91 0,89 0,87 0,85 0,82 0,79

0,5 0,92 0,91 0,90 | 0,88 0,85 0.81 0,76 0,71
1,0 0,92 091 0,89 | 087 0,83 0,77 0,70 0,62
paccuaTpuBacaas O603Ha4eHus, npuHATHIE B Tabn. 3.5 u 3.6:
o fruockoeTs N, - nponosbHas cuna OT  jeHcTBue
' P MOCTOAHHBIX U JUIMTEILHBIX HATPY30K.
: - N — npojionpHas CUlA OT BCEX HArpy3o0K.
1 747/ 7 /| CTepRIw

Yormrfe— e 9 ' e o
<8 -
<

A

R,
av - K .\,l()f; (3.99)
*TTRA

A, o — TLIOIAMH CEYEHUS BCEH apMaTyphl B CEYEHNH;

npu o, > 0,5 moxno, He nmosue3ysck Gopmynoi (3.98), npuaMMaTh
(pz(pxb-
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IIpsimoyrojbHbIe CeMeHHns1 ¢ HeCUMMETPHYHOI apMaTypoit

3.59. IlpoBepky NpOYHOCTH  OpPSAMOYIONBbHBIX  CEYeHUH ¢
HECHMMETPHYHON apMarypoil mpoussoaar u3 yciosus (3.91) m 3.56,
OTpeAEIIsAst BLICOTY CKATOM 30HBI 110 QopmyIte

L N+RA-RA,

Ry (3.100)

X -
NpU 3TOM, €CITH 7—>§R (cM. Tabn. 3.2), BBICOTY CXKATOH 30HBI
)

KOPPEKTHPYIOT, BRIYHCILIA O (popMyJie

= 1-¢e . (3.101)

3.60. Ilnomaau cedyewuss CXaTol © PACTSHYTOH apMaTypbl,
COOTBETCTBYIOILME MUHFMYMY HX CYMMBI, ONIPeJeNsIoTcs Mo Gopmynam:
- —agRybIG
| - Ne—agRybly (3.102)
Ry (hy —a")
A _ SRRy - N A

s s

(3.103)

y

rae Oz u &g ~ onpeaensioTes no tabi. 3.2 ¥ NpUMHUMAIOTCA He Gonee
coorsetcTBenHo 0,4 n 0,55;

e =M/N + (hyp—a')/2.

Ilpy orpunatensHOM 3HauYeHWH A, BBIYHCIEHHOM 10 (opmyine
(3.103), nnowans ceyeHust apMatypel S NPHHUMAETCA MHHHUMAaNbHOH 110
KOHCTPYKTHBHBIM TpeOOBaHHAM, HO HE MEHEE BETHYHHBI

(hy — a'—e) — R,bh(h/2~a')
Agmin = ‘_;AR—(h(;—a‘v) T
pl¢

a TUIOLIAhL CEUeHNS apMaTyphl S’ ONpeaenseTcs:

[IPH OTPHLATEILHOM 3HAUEHUH A i — TI0 HOpMyne

A, =[(N = Ryba') = /(N = Ryba’)> = N(N — 2R,bhg + 2R,be)}/ Ry.;(3.105)

MPH HOJIOKUTENEHOM 3HAYEHRH Aj pmin — 110 hOpMyTE

A =NRER (3.106)
Ry,

Ecan mpusstas njiomwaab Ce4eHUs CKATOH apMarypbl A’y g
3HAYMTEbHO MPEBBINIAET €€ 3HauUeHue, BhIYUCIeHHOe no ¢dopmyne (3.102)
(HanpuMep, NpY OTPUIATENLHOM €ro 3HauyeHWH), IUIOWAAb CEYeHHs
PACTAHYTOW apMaTyphbl MOXKET OBITbH YMEHBLICHA HCXO/S 13 HOPMYJIbI

(3.104)
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A = ‘:RbbhO -N+ R.ch.\',fart
* R,
ik £ =1-1=30;,,
Ne - R.\'rA.r,fa('l(hO -a’)
Rybh¢

Ecnn cxatas apMarypa OTCYTCTBYET MM HE YYHTHIBAETCS B PacyeTe,
IUIOLIAJIh CEYEHHS PACTAHYTOH apMaTypbl ONPEACIIAETCS BCETAa TOJIBKO MO
dopmyne (3.107), mpu 3TOM AOIKHO BBINOAHATHCS YCIOBHE Oy, < Ofg.

: (3.107)

aq,, =

JIByTaBpoBbIC Ce4eHHN ¢ CAMMETPHYHONH apMaTypoii

3.60. ITpoBepky MPOYHOCTH ABYTABPOBBIX CEUEHHH C CHMMETPHYHOH
apMaTypoi, cocpeaoTouyeHHOH B mnonkax (uept. 3.29), npou3BOAAT
caenyronmM obpasom.

Ecnu cobmonaercs ycnoBue

N < Rybhy (3.108)

(T.e. rpaHHIA CXKATOM 30HBI IPOXOAUT B MOJIKE), PACHET IPOU3BOJUTCS

KaK 15 IPSMOYTOIBLHOTO CEUCHUS IMPUHOI b} B COOTBETCTBUH ¢ M. 3.56.

By R
S
% ¥ S
b3
RJ A\‘ R
————— A

Yept.3.29. Cxema ycunii B IonepevHOM JIByTABPOBOM CeYeHHH BHELEHTPEHHO
€KATOTO JJIeMeHTa

Ecmu ycnosue (3.108) He cobmogaercs (T.€. rpaHUna CXaToi 30HBI
NPOXOJIUT B peGpe), NIPOYHOCTh CEYESHHS MPOBEPAIOT U3 YCIOBHS
M < Rybx(hy —x/2)+ RyA,, (hy —hy 12)+ (R, A, = N 1 2)(hy = &), (3.109)

TJie BBICOTY CXKATOMH 30HBI X IPHHHUMAIOT PaBHOM:
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N—=RyA

- oV S = I ;
a)npu & R, bho Er x =&hy
6) nmpu & > &r
x=/10 (an —auv)(l_éR)*"mng , (3110)
1-&p + 20,
RyAy | N Agy
Tae a, = =

s Oy F ol Oy = H
thh(] Rbbllo b]lo
A,)v — Iowaak CXXaTblX CBECOB [10JIKH, paBHAsA Aav = (b} - b)l.f >

Er — cm. Tabn. 3.2,

[puMeuanne. Ilpn nepemMeHHOH BLICOTE CBECOB MOJIOK 3HAYEHHE h'f
NPUHKUMACTCH PaBHBIM cpem—leﬁ BBICOTE CBECOB.

3.61. Tpebyemoe  KONMYECTBO  CHMMETPHYHOH  apMaTyphl
JIBYTaBpOBBIX CEUEHHH ONpeaeNnsercs cieayomuM obpazom.

Ipn cobmopenun ycaosus (3.108) mogbop apMaTypsl NpOH3BOAAT
KaK JUIA IpAMOYTOIbHOTO CEYEHHs HIMPHHOM b'f cornacHo 1. 3.57.

Ecan  ycnoue (3.108) ne cobmomaercs, noabop apMaryphl
NPOU3BOAAT B 3aBHCHMOCTH OT OTHOCHTENBHOH BBICOTBI CXATOH 30HHI,
paBHOMH

E=0ty- Oy (3.111)
a) mpu & < Cg
A=A, = Rybhy Qmy ~8(1=8/2) ~ 2ty 5, . (3.112)
¢ 7T R, 1-6
6) &> &
A=A = Rybhy O ~&1(1=&/ g_)_—_gf'}ﬂ,, (3.113)
' R 1-6

'S

II€ OTHOCHTENBHYIO BBICOTY CXXaToii 30HBI & = X/hp ONpPENENAIOT U3
¢popmyasi (3.110), Berunciss ¢ no popmyne

aml - 5(1 _5/2) _am,ov
o, = ,
1-6

npu 3tom & npunumMaercs e 6onee 1,0.

B ¢opmynax (3.111)—(3.114):

Q,, &y, — cM. 1. 3.60;
_MtN@g-a)2
ml =T T Ty

Ry, bhy

(3.114)

-
ho

hy
> O gy = 0oy l—oySE -
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KoanueBnie ceyenus

3.62. IlpoBepxa NMPOYHOCTH KONbLUEBLIX cedeHuit (uept. 3.30) mpu
COOTHOLLUEHHH BHYTPEHHETO M HAPYXHOI0 PafuycoB r;/r, 20,5 u apMatype,
PaBHOMEPHO  pacnpeleNIeHHOW 10 OKPYXHOCTH (NpU  MpPOAOJIBHBIX
CTEPXKHAX HE MeHee 7), MNPOM3BOAMTCA CJIEAylOMIHM obpasoM B
3aBUCHMOCTH OT OTHOCHTEIbHOH IUIOUIAAH CXKATOH 30HbI 6eTOHA

_ N+ RA'A\'.IU! .
é(‘ir - ’ (3115)
RyA+ (R, +17R, A,

8ot
a) npu 0,15 < &, < 0,6 - u3 ycnoBus

sin7g, ;.
M< (RhArm + R.vt'Ax.l()l ) "”7'[' o+ R.\'As,tut':\‘ - l’7§rir)(0’2 + 1’35(-1';') > (31 16)

6) mpu &, <0,15 — u3 ycnosus

M< (erArm + Rx(:Ax,ml r.\') i]'n’?:;é{‘j'rl + 0’295R4\'As.lm't\' (3 1 17)
LA Corcamast 30Ha |
: T )
. | 7
N T T T i ”{//////ﬁ%
; g
{ |
T
|
Astot |
Yepr.3.30. Cxema, npuHUMAaEMast IIPH pacHeTe KOJIbIEBOro CeYeHHsl CKATOTO
3JIEeMeHTa
N +0,75R A,
e Epipy = L (3.118)
RI) A+ er,' A.\‘,rot
B) nipu &, > 0,6 — U3 yCI0BUA
< . sin?t i . 3.119)
M= (RbA'm + Ryf'A.\',l()t'f\') . » ( .
The eirz = N (3.120)

T RyA+ R A
B ¢opmynax (3.115) - (3.120):

Ay o - IOMA/Ib CEUSHHUS BCEH MTPOJONBHOM apMaTypBl;
_htn,

m 9

2
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r¢ — pajaMyc OKPYKHOCTH, MNpPOXOMSILEH duepe3 LEHTPBl TAKECTy
CTepXHEi IpOOABHOI apMaTyphI ;

MowmenTt M onpegensieTcs ¢ y4yeToM Iporusda 31€MeHTOB COTNACHO M,
3.53-3.55.

3.63. [IpoBepky NPOYHOCTH, @ TaKXe ompeneleHue HeoOXoaMMorg
KONMYECTBA MPOAOIbHOMA apMaTyphl A1 KONbLUEBLIX CCUEHHMH, YKa3aHHBIX B
n. 3.62, npu r, = r, d knacce apMmatypsl He Bhimie A400 pomyckaercs
DPOM3BOAMTH C MOMOLIBIO rpadukoB uept. 3.31, ucnonas3ys Gopmysnsr:

M<0,,RyrmA; (3.121)
R,A
AA‘.I(){ :ax Lv (3122)
R.\'
rA¢ 3HA4YeHUust o, U O OMpEUENAIOTCSA MO rpa(bm(y B 3aBMCHMOCTH OT
RA\'AA',IUI

- N
3HAYCHHUH COOTBCTCTBCHHO O = , @ TAKXKE ‘—‘E?
b

alll =
Ry A RyAn,
[Ipu 3ToM MOMEHT M onpeaensiercs ¢ y4eToM nporuda 3jeMeHTa COrlacHo
nn. 3.53-3.55.

20,

N |
1,8}<] I -

N

NSNS ]
’4\\\4\\\\\25
| i\\l ~ \“j\\\\\ X

3 N 0’
142\\ \ \\\ N o‘?d’

N '\.\\> \j\ AN ‘"5‘\V
10 ~ 2

NEORERNN N

7
/ .

Pad
e
e
P
—r.::].-..L...

T

T A
'AV ///// /J

Ve _
0 o of 43 04 Q5 0§ 07 08dg

YepT.3.31. I'pacpnxn Hecyineii cnocoGHOCTH BHEHEHTPEHHO CKATBLIX 31EMEHTOB
KOJIbIEBOro ceMeHust
N _ Neg | _ Ry A 1o
Q= Ay =, Oy = ————
RbA RbAr,,, RbA
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Kpyrabie cevenus

3.64. Ilpounocts kpyrmbix ceuenmit (uepr. 3.32) ¢ apmarypoi,
PaBHOMEDPHO pACIIPENENICHHONH MO OKPYXHOCTH (IIpH YHC/IE NPOAOILHBIX
CTEPKHEi He MeHee 7), npu Kiacce apMaTyph! He Boiie A400 nposepseTcs
H3 YCIIOBHS

m<? R,,A,--S-‘-'l3 Mocir 4 R‘\.A.,,,o,[ Sincir (p)r,,, (3.123)
3 /4 /4
I/ie I' — PaAnYC TIONEPEYHOTO CEUCHHS;
i OTHOCHTENBHAA TIOWAAL CXKATOH 30HBI GETOHA, OMpelenAeMas
Cleayrouum obpazom:

z

—

‘ Corcamasi 30Ha

A s.tot

Yepr.3.32, Cxema, nprunMaeMas NpH pacieTe KPYIJIOro Ce4eHHs BHENEHTPEHHO
CKATOrO JJIeMeHTa

NP4 BBIIIOJIHEHHS YCI0BHA
N £0,77R,A + 0,645RA, 1o (3.124)
M3 penieHust YpaBHEHUS
Nt Ry + Ry S
Epjp = M (3.125)
R,A+2,55RA, 0

TIpx HeBBINOJIHEHUH ycnoBus (3.124) — u3 pemeHus ypaBHEHHUS

N + R, ASN 2 cir Zf“" ”
5oy = . 3.1
émr RbA + RA' A.\',rol ' ( )

@ - xoadduiMent, yuuTsiBaonMii paboTy pacTAHyTOH apMaTyphl H
NPHHMMaeMbIl PAaBHBIM: NIPH BbINONHEHUH yciosua (3.124) ¢ = 1,6(1 -
1,55&:)&,;, HO He 6onee 1,0; npu HeBbINONMHEHMH ycioBHii (3.124) ¢ = 0;

A, — IIOIAJL CEYEHHUS BCEH MPOAOJBHOMR apMaTypHl;
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r¢ — PajHyC OKDPYXXHOCTH, MPOXOAAIIEH Hepe3 UEHTPBI TAKECTH
CTepxkHEN NPONOAbHOM apMaTypHl.

MoMmeHT M onpeaenseTcs ¢ y4eToM nporuda sneMeHTa COraacHo .
3.53-3.55.

3.65. IlpoBepky NpOYHOCTH, 2 TAKXKE ONPEACIEHHC HEOOXOAUMOro
KOJHMYECTRa NPONOJBHON apMaTyphl [ KPYTTbIX CEUSHHH, yKa3aHHbIX B 1,

3.64, nonyckaercs NMpOU3BOAUTH C NMOMOWBIO TpadukoB Ha uepT. 3.33,
UCnonp3ys HopMyssl

M <a,R,Ar; (3.127)

Py

0, ‘ ( T

N | _

\
1‘5[‘\\#'
N
NN
N K
12k N WN ™
N P> SN

1,0r \\ ]
AN

Q4 X ’
\¢ \

R \

o R \‘i

. N

-+ Ix’ / [

)///// { /IT/ /A i
02 .11/7'//,/ f(/
| LAty

¢ o7 02 o0 05 0F oy

VYcnopnble 0003naueHNS !

~—1pu a/D;,=0,05

-~ =~=-pu a/D;,=0,10

YepT.3.33. [paduku necymeit cnocoGHOCTH BHEHEHTPEHHO CHKATHIX
3/1eMEHTOB KPYroro ceyeHus
a, = RN.;‘ s Oy = %Vgg s Ay = ,Ii{'é{g“l_f

b bAr RbA
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R,A

Ay tor = Oy , (3.128)
R,
i€ 3HaYEHUS Oy H (%, ONPEAEIAIOTCA TI0 IPadHKy B 3aBHCHMOCTH OT
X —_ R.YA‘\'J()’ a — M
3Ha4Y€HHH COOTBETCTBEHHO y=——""" ¢ &, =—, a TaKXe ot
R,A R,Ar

N
@ = o [Ipu 3TOM MOMeHT M onpenensercs ¢ y4eToM nporuba snemeHTa
h

cornacHo mm. 3.53-3.55.
PacueT 31eMeHTOB Ha KOCOE BHEHEHTPEHHOe CKATHE

3.66. lns >neMEHTOB TNpPSAMOYTOJILHOTO CEYEHHsT ¢ CHMMETPHYHOH
apMaTypoii B BUZie 4-X yrIOBBIX CTEPXHE} pacyeT Ha KOCOE BHELEHTPEHHOE
CKATHE MOXKHO NPOU3BOAUTD M3 YCIOBHUA

k k
M X M)’
M M?
rae My u M, — MOMEHTBI OT BHEWIHEH HArpy3KH OTHOCMTENBbHO LCHTPA

TSDKECTH CEYEHUS B TUIOCKOCTAX CHMMETPHH X 1 Y;
M _? eM 2 — TPEAC/bHBIE MOMEHTBl B IUIOCKOCTAX CHMMETPUH X U Y

(3.129)

OTHOCHTENBHO LIEHTPA CeuYeHWs, paBHbIE NpaBOH YacTH
yenosust (3.91) m. 3.56.
3nauenns M0 e MO MoXHO TaKKe OTPENENATh C MOMOMBIO rpaduxa

Ha uepT. 3.28 no gopmyne
M2 (MS)=a,,Rybhd, (3.130)

rae o, onpenensiercs no rpaguky Ha uepT. 3.28 B 3aBHCHMOCTH OT

RA, . N
ag=—teq, =——;

Ry,bhy R,bhy

b u hp — wupuHa 1 pabouast BHICOTAa CEYEHHS NPHUMEHHMTENLHO K

HaNpaBJEHHIO PACCMATPUBAEMOTO MOMEHTA;

OpH  3TOM AN COOTBETCTBYIOIIErO  HAaNpaBiIEHHUA  JOJKHO
BBIIONIHATBCS yenoBue a’< 0,15k,

[okazarens cremenn & B ycuosuu (3.129) omnpenensercs mo
(popmynam:

m

ecnu o, <04, k=>2470023 (4o V2 4k (3.131)
0,254 +a,
L7-ay)* 2
eciu o, > 04, k= ___4_,+0,1775 (a; —0,16) +ky,  (3.132)
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Ho He 6onee 1,6,
R.A 5+
rae o, =- H__;as_ 8 ”w,ko 027 a, .
Rybh R,,bh 0, 16+ o,

Ilpumepsl pacuyera
[Ipsamvoyzonsisle ceuenus ¢ CUMMEMPUNHON apMamypoi

Hpumep 22. /[Jano: KONOHHA CPEOHEro 3TaXa PaMHOIO Kapkaca c
ceuenueM pasmepamu b = 400 MM, h = 500 MM; @ = a’ = 40 mm; Geton
xnacca B25 (£, = 300000 MIla, R, = 14,5 MIla); apmarypa knacca A400
(R, = R, = 355 MIla); miomazs ee cedenus A, = A = 1232 mm* (2028);
Npo/0NbHAas CHIAa M H3rHOaplue MOMEHTHl B OIIOPHOM CEYEHHH: OT
BEPTHKANbHBIX HArpy3oK: Bcex N, = 650 kH, M, = 140 xH'M, nocTosHHbIX
n andrensHeix N; = 620 xH, M; = 130 xH'M.; or BeTpoBbIX Harpy3ok N, =
50 xH, M, = 73 xH'M; BeicoTa 3Taxa [ = 6 M.

Tpebyemca NPOBEPHTH NPOUHOCTH ONOPHOTO CEUYEHHS KOJOHHBL.

PacuerT hyp =500—40 =460 mm. Pacuer BeieM ¢ y4yeTOM BITUSHHUS
nporubda coriacHo 0. 3.53. [Tockonbky paccMaTpHBacMOe CEHEHHE OMIOPHOE
M KOJIOHH& Y 3TOH ONOpPbl MMEET MOAATIUBYIO 3a/eNIKy, IPUHAMAEM 1), =
1,0. dns BolyucIeHUs KO3)(HUUMEHTA 7);, TPUHMUMAEM corjacHo 1. 3.55,6
PACYETHYIO IIMHY KOJOHHBI paBHOM lp = 1,2 - 6 = 7,2 M. [Ipu stom ly/ h
=7,2/0,5 = 14,4 > 4, 1.e. yuet nporuba obs3aTeneH.

Ycunus oT BceX Harpy3ok paBHel M =M, + M, = 140 +73 =213 xH'
M, N =N, + Ny= 650 + 50 = 700 xH. Ilpu 510M e -%_%3_0304 M> e,
= h/30, 1.¢. cornacHo 1. 3.49 3HaueHue MoMeHTa M He KOPPEKTHPYEM.

OnpenensieM MOMEHTH M; W M; OTHOCHTENLHO PaCTSAHYTOH
apMaTypbl COOTBETCTBEHHO OT BCEX HArpy30K M OT IIOCTOSHHBIX H

JJIMTENbHBIX HAarpy30K
0,46-0,04

M, =M+N@2‘—“"=213+700 =360kHM;
Mu —Ml + N] -"'107 - —130"'62004'6“2—0—0‘4 260,2 xkH M.
Torma @, = 1 + M/M, = 1 + 260,2/360 = 1,72.

Taxk Kax —I‘l = % =0,608 > 0,15, npunumaem &, = 0,608.
1

. A" . . . .
pa=tet A B 2:1232:2 1054 =0,0821.
bh  E, 400-500-3-10

o popmyne (3.89) onpenenum xecrkocts D
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0,0125 ho -a'y
D=Eph’| ——2_ 1 0175u0 =
b ’:(0[ 03+ (Sﬁ) H ( h ) J

2
=3.10*-400-5003| — %0125 ___ 175, 0.082) #6040} |_
1,72(0,3 + 0,608) 500

=2,721-10° 1 w2,
m°D _314%.2,721-10°3

Orcropa N, =— 3 =5180830 H= 5181 kH.
ly 7200
1 1
Ny = 1 —‘—N = ’1 -‘_‘;760- = 1,156
N, 5181

PacyeTHsIi MOMEHT ¢ ydeToM mporuba onpeaensem mo ¢opmyie
(3.85), npunumas M, = 0,0.

M=Mn,+Mmn,=140+73 1,156 =224,4 xH'™m.

[IpoBepsieM NPOYHOCTD CEYEHHS COTJIACHO I1. 3.56.

@y ’Zho - 1'4‘;"5’7%)60%60 =0262< £ =0,531(cm. Tabn. 3.2).

CienoBarensHo, x = hy = 0,262 - 460 = 120,5 mm.

Robx(hg — x/2) + (RAy- NR2)(ho -a') = 14,5 - 400 - 120,5 (460 —
- 120,5 /2) +(355 * 1232 — 700000/2)(460 — 40) = 316,07 - 10° HMm =
=316,1 xHM > M = 224,4 xH™m,

T.e. IPOYHOCTH CeueHus obecreueHa.

[pumep 23. Jano: cedeHHe KONOHHBI CPEAHEr0 3TaXa PAMHOIO
xapkaca pasmepoM b = 400 MM, £ =400 mm; ¢ = a” = 50 mm; Geton Ki1acca
B25 (R, = 14,5 MIla, E, = 3 10° MIla); apmaTypa cUMMeTpH4Has Kacca
A400 (R, = Ry, = 355 MIla); npomonpHas cuia ¥ u3rubaroIe MOMEHTb! B
OTOPHOM CEYEHHH: OT BEPTUKAJIBLHBIX HAarpy3ok: Bcex N, = 900 xH, M, =
160 xH'M; nocrosuueix U murensHeix N; = 800 kH, M; = 150 xH.m; ot
BETPOBBIX Harpy3ok N, = 100 kHm, M,= 110 kH»m; BbicoTa sTaxka 4,8 M.

Tpebyemcs ONIPENENUTH IUIOLAb CEYEHNA apMaTyPBL.

PacuerT hy =400 - 50 = 350 mm. B coorBerctBuu ¢ m. 3.53
npunumaem 1, = 1,0, a cornacuo n. 3.55,0 pacyeTHy:O0 MJIHMHY KOJOHHBI
NpHHUMaeM parHOM lp = 1,2 4,8 = 5,76 m.

[pu stom lyh = 5,76/0,4 = 14,4 > 4, T.e. yuuThIBa€M OpOTHO
KOJIOHHBI.

Ycuus OT BCEX Harpy3ox pasuel M = M, + M, = 160 + 110 = 270

kHwM; N =N, + N, =900 + 100 = 1000 xH. [Ipu atom ¢, =—Z~=%=O,27i
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> e, = h/30, T.e. 3HaUE€HHE M HE KOPPEKTHPYEM.

CornacHo 1. 3.54 onpeaenseM KO3pQHUHEHT 7).
hO -d' 0,35-~0,05
=M+N- =270+ 1000--> 5 22 =420 kH'M;

”0 a 150+800%5—;O£=270 kH™;

My =M;+N,
@ =1+MyM, =1+270/420 = 1,64.
Tak xak ?}o 270—00575>015 NpHHHMaAEM &, ——--0675

1

B neppom npu6nmxeﬂnn npuaumaem u = 0,01,
o= om@iLoom
10

o dopmyae (3.89) onpeaensem xecTKOCTh D:

,2
D = E,pi’| 20125 +0175ua{h" )
©(0,3+6,)

2
=3. 10‘-400*[—%”—25—-+0,175-0,067[60—’3) }:1,107-10'31' i 2

1,64(0,3+0,675)
2 2 13
Orcroma N,, = -,2 = 24—1&2—“)— =3293000 [ =3293¢&f;
I5 5760
1 {
n, = ;;_N- = 7)% =1,436
N, 3293

M =M,n, + M, =160-1,0+110-1,436 =3188[ -i.
HeO6X0).1PIMle mow@aAe CEYCHHUA apMaTypbl ONpeAeInM COTIaCHO 1L
3.57. lnd 9TOro BEIYUCIAM 3HAYEHHS:
o, - N___ 1000000 _ .0
Rybhy  14,5-400-350
M + Ny —a')/2 _ 318-10° +1000000(350 - 50)/2
Rybig 14,5-400-3507

=0,659;

ml =

_a _50

"k 350

U3 Tabn. 3.2 maxomum &g = 0,531. Tak kak o, < &g, Ay -
A';onpenenum o dopmyste (3.93)

Rybhy Gy =0, (1=, 12) _14,5-400-350 0,659 - 0,493(1 ~0,493/2) _

R, 1-6 355 1-0,143

=0,143.

A=A, =

=1918ii 2
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Otkyma u=" A - 21918 _ 505001
bh 400- 400
[TockonbKy mony4yeHHOE apMHUPOBAaHHE IIPEBBLILIAET APMHPOBAHME,
npuHATOE npu onpeneneHud D, a MomeHT M, = 110 kHM cocrasnser
3HAYMTEJIBHYIO NOJII0 NONHOTO MoMeHTa M = 270 kH'M, 3nauenue A, = 1918
MM® OMpEIENeHo ¢ HEKOTOPBIM «3aracom», KOTOPHIH MOXHO YMEHBUIMTb,

TNOBTOPHUB pacyeT, nprHuMas B hopmyie (3.89) snauenue y = 0,024:

D=3-104'4004( 0’0125_+o,175-0,02423—00,752)=1,81~10‘3i d %

1,64-0,975
_314%-181-10"

57607
1 |
My = om = e = 1,008,
1-N/N,, 1-1000/5379
M =160+110-1228=295¢f -i;
~295-10° +1000000 - 150
" 14,5-400- 350
A= A;. _145- 400-350 0,6263-0,493(1-0,493/2) —17008 2.
’ ' 355 0,857

IpuHnMaeM 3HadeHHs A, = A,=1847 mm® (3228), uto 6mm3Kko K
3HAYEHHIO A, HCIIONL30BAaHHOMY IIPH BEIYHCIEHHH D.

IIpumep 24. Jlano: KOJIOHHA HIKHETO O5TaXKa MHOTO3TAXHOIO
PaMHOTO Kapkaca ¢ cedeHueM pasmepamu b= 400 MM, h = 500 MM; a = a’ =
50 mm; Geton kmacca B25 (E, = 3 '10* MIla, R, = 14,5 MIla); apmatypa
knacca A400 (R, = Ry = 355 MITa) ¢ niomansio ceuenus A= A,= 1847

MM (3228); nmpomonpHble CHJIBI W HM3rMOAOIME MOMEHTHI B HHKHEM
OTIOPHOM CEYEHMHM: OT BEPTHKANbHBIX Harpy3ok: Bcex N, = 2200 xH, M, =
250 xH' M, OT MOCTOSIHHBIX M JUIMTENBHEIX Harpy3ok N; = 2100 xH, M, =
=230 xH'M; oT BeTpoBsIX Harpy3ok Ny, = 0,0, M, = 53 kH'M; BelcoTa 3Taxa 6
M.

=5379000H = 5379 &f;

cr

=0,6263;

Tpebyemcss TNpPOBEPUTHh NPOYHOCTb HIDKHETO OIOPHOTO CEUEHHS
KOJIOHHB.

PacuerT hy=h-a=500-50=450 mM. Pacuer BeneM ¢ yueTom
nporuba KoJOHHBI coriacHo m. 3.53. ITockonbKy y paccMaTpHBaeMoro
CeueHHsT KOJIOHHA JKECTKO 3anenaHa B GyHaaMeHT, ko3dduuuenr 7,
onpezeisieM 1o ¢opmyie (3.86), npuHHMas PacYETHYIO NJIMHY KOJOHHBI
cornacHo 1. 3.55a paBHoii [p = 0,7 6 =42 m.

Kectkocts D npu onpeneneHud kKak xoddduuueHra 7),, Tak u
Ko3hdulHMenTa 1), BeiuncaseM 1o popmyie (3.89) ¢ yueToM BCeX HArpy3oK.
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Yeumns ot BceX Harpy3ok pasubl M = M, + M, = 250 + 53 =303 xH, Ny =

M _ 303

=22 . OM ¢y = —=——~=0,1371 >e; =h/30.
N, 00 xH. [Ipn 3ToMm ¢y = N = 2900 e, =h
M, =M +N"(>;4 :303+22000’4§-/2—~0'95—=743éf i

M” =M, +N1]-lo—i——_220+21000452-0‘25‘650 I
@y =1+My /M, =1+650/743=1875.

Oneare =237 _02745 015,000 5, =0 =0274.
h 500 h
24, E, _ 2-1847 2.10°

bh E, T 400-500 3.10%

0,0125 hy—a
D=Eph®-— +0,175ua| =
”1{1(03 5,) “(;;H

2
=3.10%-400-500% — 20125 1750123 #9307 |-
187503+ 0.274) 500

=0,1231.

=381-10°1 4 %
2 13
Otcroma N, =2 D _ 314738107 5 1318000 = 2131881 ;
a 4200°
1 1
TN T a0 T
N,, 21318
AHanorH4YHO onpenenuM Kod(GGUUMEHT 1), NPHHHMAas PacueTHYIO
IUIMHY coriiacHo 1. 3.55,6 pasuoii [p = 1,0 6 = 6 m. Toraa

n*D 314 -381-10"3

N, = . =10446-10°H =10446 KkH.
i 6000
1 1
N 10446

PvaeTHmﬁ MOMEHT C y4eToM nporuda paBeH
M=M,n, + M;n, =250 1,115 + 53 ' 1,267 = 345,9 xkH'™m.
ITpoBepsieM NPOYHOCTH CEYEHHS COrIacHo I. 3.56.

=N = 2200000 _,e43s e, =0531 (cm. Tabm. 3.2).
Rybhy  14,5-400-450
CrnenosaTeibyo, BRICOTY CXATOM 30HY X ONpENEIAeM C IOMOIIBK

dbopmyisl (3.92). [1ns 3TOr0 BHIYUCIAEM
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o o RA 3551847
' R,bhy, 14,5-400-450
£- a,(1=E) +20 &, _ 08430469 +2:0,251-0,531
1-&, +2a, 0,469+2-0,251

x=hy€ =450-0,682 =306,7 iii .

Rybx(hy ~x/2) + (R, A, = N [2)(hy ~a') =14,5-400-306,7(450 - 306,7/2) +

+(355-1847-2200000/2)(450-50) =3,5-10° f .11 =

=3508l i >M =3459¢[ i,

T.€. IPOYHOCTH CedeHus obecrieyeHa.

Hpumep 25. [lano: xonoHHa HIOKHETO 3TaXka CBSA3EBOrO Kapkaca c
ceueHnem pasmepamu 400x400 mm; a = a’ = 50 mm; GetoH kiracca B40
(Ey= 36 10° MIa, R, = 22 MIla); npogonbuas apMaTypa Kiacca A500 (R,
=435 MIla, R, = 400 MIla); npoaoabHbIE CUIILI B U3TUOAIOIME MOMEHTBI
B HIDKHEM OMOPHOM CEYCHHH OT BEpPTHKaNbHbIX Harpy3oxk N, = 6000 xH,
M, = 120 xH'M, OT IOCTOSIHHBIX W JUIMTENbHBIX Harpy3ok N; = 5800 kH,
M= 100 xHM; ycumsiMu or BETPOBOIt Harpy3ku NpeHedperaeM: BbICOTA
staxal=3,6 m.

Tpebyemcsa onpenenuTs WIOLANAbL CEYEHUS IPOONLHOI apMaTypBL.

Pacuert hg=400- 50 =350 mm. Pacyer Benem ¢ yyerom mporuba
KOJIOHHBI cOrtacHO 1. 3.53. IToCKONBKY y paccMaTpuBaeMOro cedeHus
KOJIOHHA JKECTKO 3ajenaHa B GpyHaamMeHt, koaddULneHT 7, onpeaensieM no
popmyne (3.85), npmHHMas pacuHeTHYIO JUIMHY KOJIOHHBI COTJIACHO II.
3.55,a, paBuoii Iy = 0,7 3,6 = 2,52 m.

[pu stom lyh = 2,52/0,4 = 6,3 > 4, T.e. yuer nporuda obs3areneH.
Onpegnensem no dopmyne (3.89) xectkocTs D, yunwThIBasg BCE HArpyskH,
Te. M = M, = 120 kHm u N = N,= 6000 xH. Oxcuenrpucurer ey =

M_ 120 =0,02Mm = 20mMM > ¢y = /30 = 400/30 = 13,3 MM, cClegoBaTeNLHO,

=0,251;

=0,682;

N 6000
MOMEHT HE KOPPEKTHPYEM.

M =M+ N"—Ozla— =120+ 60009’3—5;@§ =1020 kH'u;

My =M, +N, ”02_“7 =100+5800-015=970 kH'M;

@ =1+ My /M, =1+970/1020 =1951

Tak xak 0 = 20 _ 0,05<0,15, npunumaem J, = 0,15.

h 400

B nepsom npubmmwkenun npuaumaeM g = 0,02, torma upa=

0022229 _g1111
6-1
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D=Ebhd| —2012 017500 02 (<
0,03+5,) h

2
=36000-400% — 292 0175.00110 22) |=232.10%1 - 2.
195103+ 0.15) 400

2 2 525 1013
forbia N, =72 =314 23210
5 2520

m= N T 6000
N, 36057
M=M,n, =120 1,2 =144 xH m.
Heo6xonuMyio miomais CE4eHUs apMaTyphl ONPEAENM COTIAacCHO 1
3.57. Ins 3TOro BEIYHCIHM 3HAYEHHA
ao N 6000-10°
" Rybhy 22-400-350

M+ N(hy —&')/2 _144-10° +6000-10° - 300/2

=36057-10°H =36057 &f;

1,2;

=1,948;

Oy = =0,9685;
" Rybhé 22-400- 3507
§=2=2% _o143.
hy 350

W3 tabn. 3.2 naxonum & = 0,493, Tak xak o, > & 3nauenue A=
=A ‘ onpenensem no ¢opmyne (3.94). IIpu 5TOM, NOCKONBKY 3.€Ch
OIIPEICAAIOIIMM NPOYHOCTD ABISAETCS CKaTas apMaTypa, IpHHHUMaeM R, =
R,. = 400 MIla. 3unauenue & onpegenseM no dopmyie (3.92), Brramciss o

no ¢opmyie (3.95) npu
& = On ;gR = 1’948;0’493 =122>1, T.e. mpu & = 1,0,
o =T =6i0-6/2) _09685-100-10/D) ¢ o\,
’ 1-6 1-0,143

AR +20,Ep _1948-0,507+2-0,547-0493 _ oo

1-&x +20, 0,507 +2-0,547 o
A =n = Roblo ot =E0-E/D)

R, 1-5
_ 22400350 09685-0954(1-0954/2) _ 1o 0 2
400 0,857

[MpunumMaem A, = A= 4539 mm* (2240 + 2336).
Ilpumep 26. Jano: KOIOHHA CPENHEro 3Taka CBA3EBOro Kapkaca C
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ceueHneM pasmepamu 400x400 mm; 6eTon knacca B25 (R, = 14,5 MIla),
npononsHas apmarypa knacca A400 (R, = R, = 355 MIla): npononsHble
CHIBl H H3TrHOAIOLe MOMEHTHl OT BEPTHKANLHBIX HArPy30K B OTMOPHOM
CEYEHHUH: OT Bcex Harpy3ok N, = 2200 kH, M, =20 xH'M, 0T NOCTOSIHHBIX U
AINTeNbHbIX Harpy3ok N, = 1980 kH, M, = 0,0; BeicoTa sTaxka H = 6 M.

Tpebyemcs onpeaennTh IIOLIAAL CEYSHHs MIPOO0JIBHOM apMaTyPEI.

P a c u e T. [TockombKy KOJNIOHHA 3akperseHa ¢ OOOMX KOHLOB
WAPHUPHO ONEPTHIMH pPHIENSIMH, NpHHHUMaeM cormacHo I 3.59.a
pacueTHy!0 JNHHY KOJNOHHBI paBHO# lp = H = 6 M. Toraa lyh = 6/04 =
15>4, 1.e. yuer nporu6a KOJTOHHBI 0053aTENICH.

OKCLEHTPUCHTET MPOAOALHONH CHIIBI OT BCEX HArpy3oOK paBeH
KK:—Q:O,OON =9mMm. [Tockonbky A/30 = 400/30 = 13,3 mm >
N, 2200
>1/600 =6000/600 = 10 mM, corstacuo . 3.49 ciy4aiiHplii SKCIEHTPUCHTET
NPHMHAMAEM PABHBIM e,= 13,3 MM > ¢p. CrnenoBatenbHO, pacyeT KOJOHHBI
NpOU3BOIAUM Ha NEHCTBHE NPOROIBLHON CHIIBI C YIKCLEHTPHCUTETOM €p = e,
cornacHo 1. 3.58.

U3 tabn. 3.5 n 3.6 nmpu N/N = 1980/2200 = 0,9, npeanonaras
OTCYTCTBHE NPOMEXYTOUHBIX cTepxHel npu a = a’ < 0,15 h vaxooum @, =
0,804 u @y = 0,867.

[lpunumas B nepBoM npubmwxenun @ = @, = 0,867, u3z ycnosus
(3.97) naxonum

103
RyA; 100 = ']! -RyA= M
’ [7) 0,867

€

-14,5-400-400=2537,5-10° -232-10% =

=217,5-10°H.
RyA i 217,5-10°
R,A  232.10°
[ockomeky ¢ < 0,5, yrounseM 3HaueHWe (), BBHIYUCIMB €ro IO
dopmyae (3.98):
@ = 0, + 2Py - P), = 0,804 + 2(0,867 — 0,804)0,094 = 0,816.
AHaOrMYHO onpenenacMm
2200-10°
0816
Honyuennoe 3nauenue RA,,, CyLUIECTBEHHO NPEBHIAET NPUHATOE B
HepBOM HPMGHH)KCHHH, NOJTOMY €lIe pa3 yTOUHAEM 3HAYCHUE (02
o, =3761:10°
232.10%
¢ =0,804 + 2(0,867 — 0,804)0,162 = 0,824;

Orcrona o =

=0,094.

RA 1o = -232-10% =376,1-10°H.

=0,162;
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2200-10°
0,824
IockonsKy MOAY4YeHHOE 3HaueHue RA,,, OMH3KO K NPHHATOMY Bo
BTOpPOM MpUOMMKEHUM, CYMMapHYI0 IUIOWAAbL CEYEHUs apMaTyphl
TIPMHUMAaeEM paBHO
348,5-10° 2
A o —————-—355 =982MM".
OKOHYATENbHO IPHHUMAEM A, ,,, = 1018 MM> (4918).

RoAs o1 = -232-10* =348,5-10°H

TIpamoyzonvHele ceuenus ¢ HeCUMMEMPUYHOU apMamypol

Ilpumep 27. [lano: KOMOHHA C MOJATIHBBIMH 33/I€IKaMi [0 KOHLaM
ceyenus ¢ pasmepamu b = 400 MM, h = 500 Mm; a = a’ = 40 mM; Oerton
knacca B25 (R, = 14,5 MIla), apmatypa wiacca A400 (R, = R,.= 355 Mlla),
YCHJIHS B OHOPHOM CEYEHHH OT BEPTHUKAILHBIX Harpy30K: MPOAOIbHAs CHIa
N = 800 xHM; moment M = 400 xH'M; ycunus oT BETPOBBIX Harpy3ok
OTCYTCTBYIOT.

Tpebyemcs onpenenuts NAOWAAL CEYCHHS apMaTyphl S 1 S

PacuerT. hy =500 -40 =460 mM. ITockoITbKY MOMEHT OT BETPOROI
Harpy3kd OTCYTCTByeT, a corjacHo m. 3.53 n, = 1,0, Bnmume nporuba
9MeMEeHTa Ha  MOMEHT  OTCYTCTBYyeT. loraa  e= 7\; P h° a@_

_400-10° + 260740 _710m,
800 10° 2

Tpebyemyio miomanb ceyeHHs apMmarypbl S'M S ompenenseMm [0
¢dopmynam (3.102) u (3.103), npunnmas u3 Tabmaust 3.2 ag = 0,39, & =
0,531:

_ Na- aRR,,bho 800-10°-710-0,39-14,5-400- 460°

= L e . =599 31 2 >0,
TR (g - 355(460- 40)
a, = ErRiblo =N\ _0S3L:145- 403055460 B00-10° | 5003233650 250,

Sy
ITockoapky 00a 3HaUeHMs IPEBHIIAYOT HYJIb, X HE YTOUHSIEM.
[punumaeM A, = 628 mM* (2320), A,= 2413 mm? (3D532).

[eymasposuie cexernus

Ipumep 28. [ano: KONOHHA OJHO3TAXHOIO MPOM3IAHHUA: pa3mephl
CEYEHHs M PACIONOXEHHE apMaTyphl — no 4ept. 3.34; GeroH knacca B30
(E, = 32500 MIIa, R, = 17,0 MIla); apmaTypa xiacca A400 (R, = R,, = 355
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MIla), nomans cevenus A=A, =5630 mm* (732); NPOMOTBLHBIE CHIEI H

M3rubaroIMe MOMEHTHl B HWKHEM ONOPHOM CEYEHHH: OT BEPTHKAJIBHBIX

Harpy3ok: Bcex N, = 6000 xH, M, = 1000 kHM, OoT MOCTOAHHBIX H

AMMTENBHBIX Harpysok N, = 5000 xH, M; = 750 kHwM; or BerpoBbix

Harpy3ok Ny = 0,0, M, = 2000 kHM; BoicoTa KOostouust A = 15 M.
Tpebyemcs npoBEPUTD TIPOYHOCTE CEUEHHSL.

1500

Yepr.3.34. K npumepam pacuera 28 u 29

Pacyer B mnockocTH H3Tuba Pacuer Benem ¢ yuerom
nporufa KoONOHHBI cornacHo 1.3.53. [lockonbKy y pacCMaTpUBaeMoro
ceueHus KONOHHA JKECTKO 3ajenana B GyHnamenTt, xo3dduuuent 7],
ompeaeasiem 1mo dopmyre (3.86), npuHUMAas PacYETHYIO JUIHHY KOJIOHHEI
cormacHo 1. 3.55,a pasHoii [p = 0,7H = 0,7 - 15=10,5 m.

Onpenenum xectkocts D no ¢opmyne (3.88), yuurthiBas Bce
HATPY3KH.

[IpuHuMaeM pacyETHYIO TONUMHY MONKH PABHOW CPENHEH BHICOTE
cBecoB hy =hy=200 +30/2 =215 mm.

Briumc/InyM 0@ s 4 MOMEHT HHEPUUH OETOHHOTO Ce4eHHUS:
A=200"1500 + 2400 215 =472 10* mm?;

. 3 . 3 2
120015007, 400-2157 5 400- 219 22231 - 1599, 108w,
12 12 2 2
I |1279-108
Paﬂlfl C HHEPLMU CCUCHHUSA i= {* =, |————=520MM.
ye uHep Va V472-10°

Tak xax lyi = 10500/520 = 20,2 > 14, yuer npornda KOJOHHBI
obm3arenen.
Yenmus oT BceX HaIpy30K:
M =M, + M, =1000 + 2000 = 3000 xHm;
< . _ M 3000 R N
N =N, =6000&L; 4 _W —M—O,SI =500ii
OnpesenuM MOMEHT HMHEPUHMH CeYeHHs Bcedl apMaryphbl. Llentp
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TSHKECTH apMaTypsl A, U A; OTCTOMT OT OyvpKaiflieli rpaHu Ha PaCCTOSHUK
a=a'= 5—595%—50_79 MM, oTkyna o = h - @ = 1500 — 79 = 1421 .
0,5h-a=750-79=671 mm.
I, = 24,0,5h - a)* =2 5630 671> = 5,07 - 10° mm".
Onpeznenum xoa(p(pnuneﬂr o:

:M+Nho =3000+ 6000 42! 20079 702681 -i;

My=M;+N ’ 079" _ 750+ 5000242179070 _ 405
I [ [ 2 )

o a1 Mo A0 ey
M, 7026

Tak kak 20 = 00
h

015E,1 _015-32,5-10%-1279-10°

= b1 07E] =
9,(03+6,) 1,584(0,3+0,333)
=1331-101 i 2,
72D _314%-1331-10"
# 10500
1 1
n, = A —1 50108 =1,053.

Ner ™ 1192-10°
AnayornyHo onpeneisieM kodbGHUUHEHT 1), IPMHMMAs COIIACHO
n.3.55,6 pacueTnyio anuby pasHoi [p = 1,5H=1,5"15=225wm:
1
N, =3 3,147 133 12_19 5__2,595-107 H, 7, =~’1~6‘" =130.
22500 6-10
" 2595-10°

PacyeTHRIH MOMEHT C Y4ETOM NIPOrHOa paBeH

M=M,n, + Myn,= 1000 - 1,05 + 2000 - 1,3 = 3653 xH'm.
Iposepum ycaosue (3.108):

Rybyhy =17-600-215=2193-10°H =2193 xH < N = 6000 H,
T.€. PacueT NPOM3BOAMM KaK JJIsl JBYTABPOBOTO CEUCHHS.
HIIOLH&,ZIB CKATBIX CBECOB MOJIKH PaBHA:

= (b - b)hy= (600 — 200)215 = 86000 mm’.
OnpenenuM BBICOTY CXKaTOH 30HBI X.
N - RyA; _ 6000-10° —17-86000
Rybhy  17-200-1421

=0,333> 0,15, nipuHNMaeM §, = —h— =0,333.

+0,7-2-10°-5,07-10° =

Orciona, N,, = =1,192-10°H;

Tak kak &= =0939>&p =0,531 (oM
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7a0n. 3.2), 3nauenue x onpenenseM no popmyne (3.110).
Jns 3Toro BhuKCasEM
Rybhy = 17200 1421 = 4831400 H;
o = Rafs _355:5630 oo o N __ 6-10° _ 140
© Rpbhy 4831400 Rybhy 4831400
Ay _ 86000

== S0 20303
" bhy  200-1421

@)1= Ep) +20,8p _ o (1242 -0303)(1-0531) +2-0,414-0531 _
1-&g +20, 1-0531+2-0,414

.\7=’10( n_

=9641i.

[lpounocts npoBepseM u3 ycnopus (3.109):

Rybx(hg - X/2)+RpA o (ho - h'/2)HRy A’y — N2)(hg - a’) = 17 - 200 x
964 - (1421 - 964/2) + 17 - 86000(1421 — 215/2)+(355 - 5630 — 6x
x10%/2)(1421 - 79) = 3,654 - 10° Hmm = 3654 xH' M > M = 3653 kH'M,

T.€. POYHOCTb CEYEHH B IIIOCKOCTH M3ruba obecreyeHa.

Pacuer w3 nmockocTu u3ruba Onpexenum panuyc
MHEPIIMH CEYEHHUs U3 IUTOCKOCTU u3ruba:

_2-215 600° | 1070-200°

=845-107 Mm*;
12
#7
\/‘ 845 07 =134 MM.
V472-10°

Tak kxak rmbOKOCTh M3 IIOCKOCTH M3ruba lyi = 10500/134 =784
3aMETHO IIpeBbILIAET THOKOCTE B MIockocTH u3ruda lyi = 20,2, cormacHo
1.3.50 cnenyer MPOBEPUTh NMPOYHOCTh CEYEHUS M3 IUIOCKOCTH H3ruba,
NpPHHUMas SKCLIEHTPUCHTET €y , PaBHBIM CIYYaiHOMY KCLEHTPUCHTETY e,.
Bricora ceueHus: npu 31oM paBHa i = 600 MMm. Onpenensem 3Ha4YeHHE e,
cornacHo 1. 3.49.

600 . _ Iy _ 10500

[Tockonbky h_6C =20ii > ="---"=175MM H »/~l~>10MM,
30 30 600 600 30

h log _ 10500
MPHHHMAEM €, =20, 1O IPK =~ =

0 - 17,5 <20 MO3BOJAET NPOU3BOAMTE
pacyer cornmacHo . 3.58; npu 3ToM K03 dHIHEHT @ onpenesnseM Kak IIs
NPSAMOYTONILHOIO CEYEHUs, HE YUUThIBAd “B 3amac” cedueHue pedpa, T.€. mpu
b=2215=430 mm.

[TockosbKy 4HCIIO IPOMEXKYTOUHBIX CTepkHEH P32, pacronOXeHHBIX
Bonb 06enx nmonok, paBHoe 6 npesbimaet 1/3 uucna Beex crepxkuei @32
14/3 = 4,67, B pacuere ucnons3yem Tabn. 3.6 (pasa. B). U3 stoii Tabaunm
npu NyN = 5000/6000= 0,833 u ly/h =17,5 naxomum ¢, = 0,736.
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Ay = 11260 w? (142932). 3uauenne a, =5;€:;£". - BN
=0,911>0.5.

CrneposarensHo, ¢ = @, = 0,736.

Iposepum ycnosue (3.97):

ORA + Ryl i) = 0.736(17 - 472 10* + 355 - 11260) = 8848 - 10°H
> N = 6000 xH,

T.€. IPOYHOCTH U3 MIIOCKOCTH H3ruba obecneuena.

Ipumep 29. Jano: xOJOHHA C NMOAATAMBLIMU 33/IENIKAMH 1O 00enM
KOHIIAM; CEYEeHHE W paclojoKeHHe apMaTypsl — o 4depT. 3.34; Geron
knacca B30 (R, = 17,0 MlIIa); apmaTypa cummMeTpuyHas kinacca A400 (R, =
R, = 355 MIla); npononpHas cuia ¥ MOMEHT B ONOPHOM CEUEHHMH OT
BepTHKanpHBIX Harpy3ok N = 6000 xH, M = 3000 xHwm, ycunus or
BETPOBBIX HArpy30k oTcyTcTBYIOT (M) = 0,0, N, = 0).

Tpebyemcs onpelenuTs MIOMANb CEYCHHUS apMATypPbl AT OIOPHOrO
CeUeHHs KOJIOHH.

Pacuer B mnockocTu u3ruba CormacHo m. 3.53
kodbduunent 7, =1,0, a mockonsky M, = 0, xosdpuuueHt 7, He
BeiynucasieM. CrnenoBarensHo, Mporud 3/Me€MeHTa B IUIOCKOCTH HM3ruba He
YUHTHIBAEM.

U3 npumepa 28 umeem: h'f =215 MM, hp= 1421 MM, a’ =79 MM,

[poBepum ycnosue (3.108):

Rybyhy=17 600 215=2193 - 10°H =2193 kH < N = 6000 xH,

T.€. pacy€T TNPOM3BOAMM KaK s ABYTaBpOBOr0 CE€UCHHsA COrjacHO
n.3.61.

Hnomazu, CXKaThIX CBCCOB MTOJIKH paBHa:

Agy =(by —b)h = (600 —200)-215=86000 Mm".

OnpenenseM 3HaYEHUS Oy, Oyy Koy Oy s O.

Rybhy = 17200 1421 = 4831400 H.
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N 103
Q= 6000 10 =1,242;
Rybhy 4831400

_M +N(ig —a')/2 _3000-10° +6000-10°(1421~79)/2

(2] = =1,023;
Rybhe 48314001421

A 86000 hy 215

a oy D = . =, | 1- 030 1- =
% by " 200-1421 0B Omey [ 2110] z( 2. 1421)
=0,279;
5=2-T72 _o0ss.
hy 1421

U3 tabm. 3.2 naxomum &g = 0,531.

Tak kak & = @, - ¢, = 1,242 — 0,302 = 0,94 > & = 0,531, mowmans

ceueHHs apmarypsl onpeaensem mno ¢opmyne (3.113). Jns astoro no
dopmynam (3.114) u (3.110) Berancnsem 3Hadenns o, u &; = x/hy.

a,,-§1-¢/2)-a,,,, _1,023-0,94(1 - 0,94/2)-0,279

= =0,26;
: 1-§ 1-0,055
£ = (0, ~a, )A1-Ep) +200. 8, 094(1-053D+2-0.26-0,531 _ o
v 1-&, +2a, - 1-0,531+2-0,26 e
Orcrona
A A = Rbbho Q) 51(1—51 /2) _aM _
Ry 1-6
_ 4831400 1,023-0725(1-0,725/2)-0279 __ s 3 2.
355 1-0,055

[purnmaem A, = A, = 4310 mm? (7228).
Pacuet U3 n10cKoCcTH u3rnba NpoU3BOIHM aHAJIOTHYHO IPpHMepy 28.

Konvyesvie ceuenusn

IMpumep 30. Jano: xoHcoNbHasA CTOMKa BBICOTOM H = 6 M, ceyeHHE C
BHYTPEHHHUM paanuycoM r; = 150 MM, HapyXHBEIM — r, = 250 MM; GetoH
knacca B25 (E, = 3-10* MIla, R,= 14,5 MITa); npononsHas apMaTypa Ki1acca
A400 (R= R, = 355 MIla) pacnonaraeTcx OCpEIUHE TOJIMUHBI KOJIBLA,
IUIOLIA/b €€ CeYEHUs A, 1, = 1470 MM X 13J12); npomonbHas cuia 1 MOMEHT
B 3ajlenke: OT BepTHKalbHeIX Hapysox: N, = 120 xH, M, =40 xH.m; or
BETPOBBIX Harpy3ok: N, = 0, M, = 70 xkH.m.

Tpebyemcsa NpOBEPUTH POYHOCTH CEUSHUSA

P a ¢ 4 e 1. BHyTpeHHMII M HapyXHBI JHaMETPB! paBHbI
D;=2r=300MM, D,=D;=2r;=500MM. [10CKONLKY IUI KOHCONBHOHN CTOHKM
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IKCUCHTPUYHO NPHIOXKEHHAs BEPTHKalbHAs CHJIa BbI3bIBaeT CMELUCHKe
BEpXa, B COOTBeTCTBUM C 1.3.53 npusumaeM M; = 0 u M, = 40 + 70
=110xH M. Koapduuuent 7, onpenensem no ¢opmyne (3.85), npHHuMag
coraacHo 11.3.55,6 pacueTHyIo JUIHHY CTOMKH paBHol lo=2H =36 = 12 M,
Yeunus ot Beex Harpy3ok pasHel: N =120 kH, M = M, = 110 kH.m;

eo=" =19 _ 0917 m=917 um.
N 120
OnpeaenseM xectkocts D no ¢popmyine (3.88);
ro=r,= 11" = 150+250 _ 500 \py-

2 2
My=M+ N-r, =110+120-0,2 = 134 xH.m;
My =M, + N,r;=40+120-0,2 = 64 xkH.m;
o=1 +M;/M, = 1+ 64/134 = 1,478.
91

IlockonbKy —0— = 7 —1834> 0,15, npunnmaem §, = 2 = 1,834,
D, 500

MomeHTh HHEpLKH 6ETOHHOrO CeueHuUs U Beeit apMaTypsl COOTBETCTBEHHO
paBHBI

4_pa 4 _annd
/- T3 -Df) 3.14(500* -300%) _ 267107t

cir cir

64 64
Ay ore 2002
Is = ..)L”Lr‘_ = &70 ZQQ = 2’94.]07 MMA.
2 2
4 109
= OBE! | gqE < 013:3:10-267-107 405 105.204.107 =
©,(03+8,) 1,478(0,3 +1,834)

7,925-10'% H.mm®.
2 2, 1012
Orcrona N, = -2 = 3142-7.925-10”
1§ 12000
S S
My = o N = ;120 =1,284.
N, 5432
MowmeHT ¢ yaetoMm nporuba pasen M = 110-1,284 = 141,2 xkH'Mm,
[nowaab ceueHns paBHa
A= n(r22 —rlz) =3,14(250% - 150%) = 125600 mm*.
BoiuncisieM OTHOCHTENBHYIO MIOWIAAb CXaToM 30HBI 6ETOHA 10 (opmyie
(3.115):

érir =

= 543,2-10°H = 543,2 xH.

N+RA,  120:10°4355-1470  _( 974
RyA+2,TRAg sy  14,5-125600+2,7-355-1470
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Tak xak 0,15 < &, < 0,6, OIPOYHOCTh CEYEHHS MPOBEPAEM M3 YCIOBHS
(3.116):

(Rb AI‘,,, + R.\'('A\',mf s i‘l-jf# + RA\'A_\'.I(”"_‘(I - 1’76('1} )(0,2 + l!3€cir) =

=(14,5-125600- 200 + 355 1470- 200) ﬁ!“—(l 8(32 1;0’274) +

+355-1470-200(1 - 1,7-0,274)x (0,2 +1,3-0,274) = 144,1- 10° HMmM > M =
=141,2kH'M,

T.€. IPOYHOCTDH CeYeHUs obecnetdeHa.

Kpyanvie cevenus

Ilpumep 31. /Jano: xonoHHa HIDKHEro 3Taxa PaMHOTO Kapkaca
amuHoit 4,8M; cevenne auamerpom D, = 400 Mm; a = 35 mm; GeroH Ki1acca
B25 (E, = 3-10*MIa, R, = 14,5 MIla); npoonbHas apmatypa k1acca A400
(Ry= Ry= 355MIla); mnomaab ee ceuyeHust A,,, = 3140mm> (10220);
NpOAONBHBIC CHJBI ¥ MOMEHTHI B BEPXHEM OIOPHOM CEUEHHU: OT
BepTHKaNbHBIX Harpysok N, = 1700 xH; M, = 60 xHM; or BeTpoBBIX
narpysoxk N, = 100 «H, M, = 45 xH'M, xpaTKOBpeMeHHble BePTHKaIbHbIE
HAarpys3K# OTCYTCTBYIOT.

Tpebyemcsi IPOBEPHTH MPOYHOCTE BEPXHETO ONIOPHOTO CEYEHHUS.

P ac 4 e 1. [lockoneKy paccMaTpuBaeMoe CEHEHHE PACHONOXEHO Y
nojaTaiuBoO#  3amenxu, cormacko n.5.53 71, = 1,0. Onpeaensem
ko3punmeHr 17, cormacho 1n.5.54. [Ipu 3TOM pacueTHYIO MJIMHY
npUHAMaeM cornacHo 1.5.55,6 pasHoii [y = H = 4,8 M. Ycunusa oT Bcex
HAarpy3oK paBubl: M = M, + M, = 60 + 45 = 105 xkHM, N = N, + N, =
~1700 + 100 = 1800 kH; ep= ¥ = 195 —0,0583 m=58,3 mu.
N 1800
Onpenensem xectkocTs D no dopmyie (3.88). [ns sToro BeuucaseM: r
D, 12 =400/2=200 MM, ry = r—a =200 — 35 = 165 mmM;

M, =M + Nr,; =105 + 1800-0,165 = 402 kH.m;
B cBa3u ¢ oTCyTCTBHEM BEpTHKANbHBIX KPATKOBPEMCHHBIX HArpy3ok M,
M,=80 xHm N = N, = 1700 xH; Torna
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My=M+ N,rx =80 + 1700-0,165 = 360,5 kKH.M;
My _ . . 3605

=1+ =1,897.
M, 402

=1+
58 3
Tak kak -0 =
cir 40
MoMeHT uHepuud GETOHHOTO CE€HEeHHS H BCEH apMaTyphl COOTBETCTBEHHO
paBHbL
D

= 0,146 < 0,15, npuuumaem 6, = 0,15.

3,14-400*

/= _6;" S = 1256 10%mm®.
Ayt 1652
= ,2,r - 31402165 = 42,74-105 mm*,
Torna
3. 4. . 6
OISE)] | 07E, 1 = 045:3:107:1256-10° o ) 105 49 74.105 =

" 9,03+86,) o 1,897(0,3+0,15)
=1,26-10" H'mm>
7D 314%.1,26-101

Nep= == = 22— = 5397-10°H = 5397 H;
15 4800
1 1 .
Ny ﬂlﬁ_“}v _-18_(_)9 1159
N 5397

PacueTHbI MOMEHT ¢ y4eToM nporuba paBex

M=M,+ Mmn,=60+45-15 = 127,5 kHm.

[IpounocTts ceuenus nposepsieM u3 yciosus (3.127) ¢ nomompio rpaduka
Ha 4yepT.3.33. OnpeaennM wouans 6€TOHHOTO CeUeHH

gy _ 3144007 _ 15500 and?
4

A=

N _ 1800-10°

ITo 3HaueHusM o, = —- = =0,988,
T R,A  145-125600
RA .
o, = 3553140 61 5= 9 = B 20,0875 na rpagmie
ST RyA  14,5-125600 D, 00

HaxomuMm «,, = 0,375.
a,, RpAr = 0,375-14,5-125600-200 = 136.6'106 HmMm > M =1275 KH'Mm,
T.€.JIPOYHOCTD CEeYeHHUs oOecreyeHa.

Onemenmeol, paﬁomalou;ue HA Kocoe BHeyeHmpeHnHoe cocamue

IIpumep 33. Jano: npaMoyronsHOe CEYEHHE KONIOHHBI C pa3mepam b
= 400 mmM, h = 500 mM; GeTon Kiacca B25 (R, = 14,5 MIla); nponosnpuad
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apMatypa knacca A400 (R, = R, = 355 MIla) pacnonoxena B ceueHHH
corjacHo 4epT.3.35; B ce4eHNH OJHOBPEMEHHO JeicTByeT cuia N = 2600
kH ¥ u3rubaroimne MOMEHTHI: B TIIOCKOCTH, TTApaJUIENLHON pasmepy b M, =
150 kHM; B mnockoct, mapannensHoii pasmepy b, M, = 100 xHw;
MOMEHTBI M n My naHsl ¢ yueToM nporufa KOJIOHHBL

2 2,

SN 2032
y | : - T
5 e i

b:% ()l! i
x
Yepr.3.35. K npumepy pacuera 33

Tpebyemcs IPOBEPUTH IIPOYHOCTH CEYCHUS.

P a ¢ u e 1. HHockounbky apMmaTypa 3agaHa B BHAe 4-X YITIOBBIX
CTCPIKHEH, IIPOYHOCTH CEYeHHs npoeepseM cornacHo 1.3.66. Ocu
CHMMETpMH, IapaiesbHbie pa3MepaM i u b, 0603uayum x u y. Onpenenum
npexenbhble MoMeHTH M 0 1 M(y’.

Ipu geficTBMM MOMEHTA B ILUIOCKOCTH OCH X npuHHMaeM b = 400 mmM,
=500 - 50 =450 mm. A, = A, = 1609 MM*(22332). TlockomnbKy a = 50Mm
< 0,15hp = 0,15-450 = 67,5MM, pacuyeT MOXEM NPOU3BOAUTH C MOMOLIBIO

RyA, 355-1609

aduka Ha uyept.3.28.Jlns 3TOrO ONMpENEHAEM O, = = =
ag P A pel * Rybhy  14,5-400-450

0210nay = N = 200107 490
Rybhy  14,5-400-450

Ha rpaduke 3TUM 3HaueHHsM COOTBETCTBYET «,, = 0,24. CiemoBareinsHo,

M?=q, R,bhi= 024-14,5-400-450° = 2819-10°Hmm = 281,9 kHm.

[Ipu neficTBUM MOMEHTA B INIOCKOCTH OCH y TipuHuMaeM b = 500 mm, kg
=400 - 50 = 350 mm. ITockombky @ = 50 MM < 0,15k = 0,15-350 = 52,5 MM,
MOMeHT M(y) TAK)KEe MOXKHO ONPEAENNTh C MOMOILBI0 rpaduka Ha yepT.3.28.
RA, _ 355-1609 N 2600:10° _
Rybhy ~ 14,5-500-350 Rybhy  14,5-500-350
=1,025 na rpapuke cootsercTByer @, = 0,23. CiemosatensHo, M (y) =

%y RybhE = 0,23-14,5-500-350% = 204,3-106 H'mm = 204,3 kH'm.

3Hauennam o, = =0,225 u a,=
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N _  2600-10
Rybh  14,5-400-50
= 0,8965 > 0,4, ucnonssyeM dopmyny (3.132), BEIYMCIHB 3HAYCHHA a =
_RyAvin _ 355-2:1609 _0275+a, _ 0275+039%4 _

= 2 =0,394uky= =1.21.
R, bh 14,5-400-500 016+ay, 0,16+0,394

2 _ 2
k= {Q’l;ﬁ«i + 0,1775}(0:3 ~0.16)+ k0=':_._—_—(1‘7 3’394) + 0,1775}x

089652 - 0,16)+ 1,21 = 1,484.
Ilposepsiem ycnosne (3.129):

k k 1,484 1,484
M, M, 150 " 100 \"
o4 X = —= +| —— =0,738<1,
M'e] {M(v)] (281,9) (204,3]

T.€. MPOYHOCTb CEYCHUA obeciieyeHa.

Onpenenum nokasatens crenelu k. [lockonsky o, =

Pacyem naxnonnbix ceyenuu

Ilpumep 34. /[lano: xONOHHA MHOTO3TaXXHOrO PaMHOr0 Kapkaca ¢
ceueHueM pasmepamu b = 400 MM, & = 600 MM; a = a” = 50 mMm; Geton
xnacca B2S (R, = 14,5 MIla, R, = 1,05 MIla); XoMyTbl, Pacrioj0XeHHbIE
[0 TpaHAM KOJOHHBI H3 apma'ry},)bl knacca A240 (R,,= 170 MIla)
auametpom 12 MM (Ag, = 226 mMm~) marom s, = 400 mM; usrubaromue
MOMEHTHI B BEDXHEM M HI)KHEM ONODHBIX CEYEHHSX paBHBI My, = 350
kH'M, My = 250 kH'M 1 pacTATHBaIOT COOTBETCTBEHHO JIEBYIO H IIPaBYI0
rpaHH KOJIOHHBI; mnpopossHas cuna N = 572 kxH; anuHa KONOHHBEI
(paccTosIHHE MEXAY OMOPHBIMU cedeHHsIMH) [ = 3,3M .

Tpebyemcss NpOBEPUTh INPOYHOCTb  KOJOHHBI Ha  JEHCTBUE
TIONEPEUHOH CHITBI .

PacuerT hy=h-a=600-50=550 mm. Pacuer npousBoanm
corytacHo . 3.30-3.32 ¢ y4eTroMm pexoMeHaauuit 1n.3.52.

[Monmepeunas cuna B KOJIOHHE paBHa

0 = Mot Miar _ 3504250 _ yg) gy

l 33

INockonbKy nonepeynas cujia MOCTOSHHA 1O AJTHHE KOJIOHHBI, JAIMHY
NPOEKUHHY HAKIOHHOTO CEYCHHS NPHHAMAEM MAKCHMAlbHO BO3MOXHOM,
T.€. PaBHOH Cppyx = 3hp = 3-550 = 1650 mm <[ =2800 mMm.

ITo dopmyne (3.84) onpenensieM K0IQPULUMEHT @2, NIpHHUMAs N, =
1,3R,bh =13-14,5-400-600 = 4524-10°H = 4524 kH > N =572 xH,

2
P=1+32% {17—2—) = 1,0625.

4524 | 4524
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[TockoNbKY ¢ = Cpmuxs Op = Qpmin = 0,5Ry,bhy = 0,5-1,05-400-550
=115500H, a nocne ymuoxenust Ha @, Q, = 111,5-1,0625 = 122,7 xH.

3HaueHue gy, onpenenseM mo Gopmye (3.48)

G = .&WA_\“ = 170-226 _ 96 H/MM.
Sy 400

Onpeznensem ycunue B XoMyTax Qy,, IpUHHMAs Cp = 2hy = 2-550
1100 MM,

Qs = 0,75 gy ¢ =0,75-96-1100 = 79200 H = 79,2 kH.

ITpogepsem ycnosue (3.49), yMHOXast €T0 IIPAaBYIO YacTh HA (2
0,25Ryb - @,5= 0,25-1,05-400-1,0625 = 111,6 H/M > g, = 96 H/mm.
[Tockonmbky ycnoBue (3.49) He BbIMONHACTCS, NpUHUMAEM Ry b@,, = 4qa, =
4-96 = 384 H/mm, a cnemoBarenbHo, Q, = 0,5k, - Ry, b@,,= 0,5-550-384
105600 H=105,6 kH

ITposepsiem ycnosue (3.44):

O, + 0., =1056+79,2=1848>Q=181,8 kH,

T.6. MNPOYHOCTh HAKIOHHOTO CEYEHUS MO MONEpeyHOH CHIIe
obecnetyeHa.

HEHTPAJIbHO 1 BHELHEHTPEHHO PACTSIHYTBIE
3JIEMEHTbI

IEHTPAJIBHO PACTSIHYTBIE 3JIEMEHTBI

3.67. PacueT N0 NPOYHOCTH CEYEHHH LEHTPANBHO pPacTAHYTHIX
3NEMEHTOB CleAyeT NPOU3BOIUTh H3 YCIOBUS
N <R A, (3.133)
re A, - IVIOIIAAb CEUEHHs BCEH NPOJOTBHOM apMaTyphL.

BHELEHTPEHHO PACTAHYTBIE 3JIEMEHTbI

3.68. Pacuer HOpMaJbHBIX CEYEHHH BHELUEHTPEHHO pACTSIHYTHIX
3]€EMEHTOB B OO0IIeM cilyyac IIPOM3BOAAT HA OCHOBE HEJIMHEHHOH
AehopMaunoHHOH Moaenu cornacHo nn.3.72-3.76.

PacueT mNpPAMOYrONBHBIX CEYEHHH BHEIEHTPEHHO PAaCTSHYTHIX
3MEMEHTOB C apMaTypoil, paclojOXEeHHOH y MNepneHIUKyIApHBIX
IIOCKOCTH M3ruba rpaHel 371eMeHTa, NP HANPaBJICHUH SKCUEHTPUCUTETA B
IIOCKOCTH ~ CHMMETPHHM  CEYEHHMS  JOMYCKaeTCs IPOM3BOIMTH MO
npeJenbHBIM yCHIUAM cornacHo nn.3.69 u 3.70.

3.69. IIpoBepka NPOYHOCTH NPAMOYTOIbHBIX CEYEHHI BHELIEHTPEHHO
PaCTAHYTHIX 3JEMEHTOB CJlEAyeT NPOM3BOAUTE B 3aBUCUMOCTH OT
TNONOXEHH s IPOJONLHOMN CHilbl N:
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a) eciM  mpojomkHas  cuma N npunokeHa  mesxny
paBHOAeficTBYIOUMMH ycuHid B apMatype S u S (uept.3.36,a), T.e. npu ¢’
<hp—a', — u3 ycnosuit

Ne SRA(hy—a'); (3.134)
Ne<RA (ho~a’); (3.135)
a) | ‘?”\‘ 6) . Vﬁg
1 R A 7N — v = R A;
I T A, { f = RA {FZ;Z%
'ml S K Y ! ;
ST T M
v R, A \ ' R,A,
e - |
) N N! <
As —

Yept.3.36. Cxema ycHIHii 1 31MI0pa HANPSIAKEHUH B CeYEHHH, HOPMAJILHOM K
npo/0;1bHOI 0CY BHEHEHTPEHHO PAaCTAHYTOrO XKe/1e306eTOHHOTO0 3/1eMenTa, NpH
pacueTe ero no NpoOYHOCTH

©) ecnu npononpHas cwia N NPUIOKeHa 3a HpenenaMu PaccTOsNHHS
MeXJTy paBHOAEHCTBYIOLMMH YCuuii B apmMaType S u S (uept.3.36,6), T.€.
npu e >hp—a — u3 ycaosus

N e < Rybx(hg—0,5x) + Ry A ((ho—a’) (3.136)
TPy 3TOM BBICOTA CXKaTO 30HBI X Onpexnensercs no gopmyie
x= R.rA.v - R.TI‘AJ -N X
Ryb

Ecnu nonyuennoe us pacyeta no popmyne (3.137) snauenne x > Eghy,
B ycnoBue (3.136) moacrasnsiot x =Eghy, Tae g onpenensior mo tabm.3.2.

Ipyn x <0 npo4yHOCTH CeYCHHUs NPOBEPAIOT U3 ycioBus (3.134).

[lpy CcHMMETPHYHOM apMHPOBAaHHHM IPOYHOCTh HE3ABUCUMO OT
3Ha4YeHus e mpoBepsIoT U3 ycnosus (3.134).

(3.137)

Tlpumeyanye. Ecnu npu e > hy - a  BBICOTa CXaTOH 30HBI, ONpeAencHHasn 6e3
o R A~ '
ydera CKaroil apMmaTypel, x= J“R%EN MeHble 2@, PpaCYETHYI0 HECyLIyiO
'
CHOCOBHOCTH MOXKHO HECKOJIBKO YBENMYHMTh, MpoM3Besa pacyeT no ¢opmynam (3.136)
u (3.137) 6e3 yueTa cxxaToli apMaTyphi.

3.70. TpebyemMoe KONMHECTBO NPOMOIBLHOH apMaTypbl OMpeeiserc
creayomuM 00pazom:

a) pu e < hy - a onpelenseTcs MIOMaIb CeYeHUs apMaTypsl S u S
COOTBETCTBEHHO 1O hopmymnam:
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N (3.138)

Al =N . (3.139)
R“.(ho —-a)

6) mpu e > hy - a onpeaenseTcs MIOWIAAL CEYEHHS PACTSHYTOH
apMaTypel A, o Gopmyne:

a, = SR N g R, (3.140)
rae & onpenensercs no Gpopmyre
& =1-/1-2a,, (3.141)
31ech a, = Ne =Ry Ay (jlo —4) (3.142)
R[)b116

[Tpu 3TOM JOJDKHO BBITOIHATECA YCIIOBHE (, < O (cM. Tadn.3.2). B
NPOTHBHOM CJIy4ae€ CIIEAYET YBENMYUTb CEUYCHHE CXKATOI apMaTypbl A,
MOBLICUTH KJIacc OETOHA MITH YBETMUYHThH Pa3MEpPhbl CEHEHHS.

Ecim  ¢,<0, rromans Ce4eHHs paACTAHYTOH apMartyphi A,
onpenensercs no ¢popmye (3.138).

[Tmomwans CHUMMETPUYHOM AapMaTypbl HE3aBHCUMO OT 3HA4YeHHs
¢ monGupaetcs mo hopmyne (3.138).

Ipumeuanne. Ilpu e> hy — a HeoBXONMMOE KOJIHUECTBO apMarypsl,
onpexenenHoe no gopmyne (3.138), MoxHO cHU3MTL, ecin 3Hauenne &, onpeuenertoe

no ¢opmyne (3.141) npu o, = OKaXETCA MEHbLUE 2(1‘//10.8 3TOM Cilywac

RbhY’
mIolags ceveHus pactaHyToil apmartypst Ay onpenmcisiercs no dopmyne (3.140),
’

HCHIONB3YS yroMsiHyTOe 3HaueHue & npu 4, = 0.

3.71. PacyeT HakKIOHHBIX CEYEHHMH PACTAHYTBIX JJIEMEHTOB IIPH
NEHCTBHM  HOMEPEYHBIX CHJL  MPOM3BOJAMTCA  AHANOTMYHO  pacyeTy
uarubaeMbIX 3eMeHTOB B cooTBeTcTBuM ¢ mni.3.30 - 3.35. Ilpu atom
3HaueHHe MOINEPEYHOH CHIIBI, BOCTIPHHMMAaeMOH OCTOHOM B HAKJIOHHOM
ceyenuy, (, a Talcke npaBad uwacTh ycnoBus (3.49) neantcs Ha
K03 pULHEHT

N
LSRR, A
Ha stoT e ko3 OUIUEeHT (@, HeINTCS CBA3aHHOE ¢ (), 3HaueHue M),

0, =1+ (3.143)
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IIpumepbl pacyera

Ilpumep 35. Jano: pacTsaHyTas BETBb IBYXBETBEBOH KONOHHBI ¢
IonepeunbIM cedeHuieM pasmepamu b = 500 mm, A=200 Mm; a = a™= 40 Mm;
npogonbHas apmarypa kinacca A400 (R,= R=355 Mlla); nnomans ee
ceyenus A,=A',=982 MM (2225); 6eton knacca B25 (R, = 14,5 MIla),
npononbHas pactarusBaromas cuna N = 44 kH; makcHManbHbIi
narubaromuit MoMeHT M = 43 kH-m.

Tpebyemcsa npoOBEPUTE IPOYHOCTh HOPMAJILHOIO CEYEHHA

PacuerT hy=200-40 =160 mm.

LU S P
M PYRTS ’
¢ =eo+5-a' =977+ 20 ~40=1037v;

e—eo—g+a 977—2—204-40 917 MM.
ITockoNnbpKY apMaTypa CHUMMETPHYHAsl, INPOYHOCTH MPOBEPHM M3
ycnosus (3.134):
RAyhy — a) =355-982(160-40) = 41,8-10°H-ii <Ne' = 44-10°-1037 =
=45,6-10% HwmwM, T.e. ycnosue (3.134) He BBINOHAETCS.
Tax kak e'=1037>hp-a’=120 MM, a BBICOTAa CXATOW 3O0HBI X,

y RA,—N
ompeneneHHas Ge3 ydera cokaroi apMmaTypsl, T.e. paBHaﬂx:T=
[J)
3
- 355:982 44 I0-—422i , MeHplie 2a' = 2-40 = 80 MM, coryacHo

14.5-500
npuMevaHuo K 1m.3.69 nposepum npoyHocTh U3 ycaoBus (3.136),
npusuMas x =42 MM u A, =0:

Rybx(hg —0,5x) =14,5-500-42(160—-0,5-42) = 42,3- 10°H.mM > Ne=

=44-10%.917 =404 -10° H.mm,
T.€. IPOYHOCTH ObecneueHa.
Hpumep 36. Jaro: npsamoyronsHoe ceyenue pasMepamu b = 1000
. h =200 mM; a = a’' = 35 mm; Geron kiacca B15 (R, = 8,5 MIla);
npouonbnaﬂ apMatypa Kiacca A400 (Ry= Ry, = 355 MIla); mnomans
CEYEHHA apMaTyphl A_Y 1005 mm* (5216); pactarnpaiomas cuaa N =
=160 xH; uzrubaromuit Moment M = 116 xH.m.
Tpebyemcs onpeeTUTh ILIOIUAAL CEUECHUSA apMATYPBI S.
PacuerT hy=200~-35=165mm;
M 116-10°

e =—=
"N 16010

=725i1 ;
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e=e0—g+a=725-zgq+35=660 MM;

e'-'eo+/21—a'=725+220—35=790 MM.
Tak kak e’ = 790 Mmm > hy - a' =165 - 35 = 130 mm, onpencmum

HeoOXOAUMYI0 TUIOma[b CEYEHHA pacTAHYTOH apMaTyphl COTJIaCHO
n.3.70,6.

Briuncium 3savenue
Ne—Ry.A, (hy —a’) _160-10° - 660 —355-1005-130

= : — = 0,256.

Rybh 8,5-1000-165
Tak kak 0 < &, < oz = 0,39 (cM.1ab1.3.2), 3HayeHHe A, ONpEAENIeTCs Mo
dopmyie (3.140). Jlis atoro Beraucnsiem &= 1 - j1-2a,, =1-./1-2-0,256 =
=0,301.

A =R N

;] S

m

~0,301-1000-165-8,5+160-10°
N 355

[Ipunumaem A, = 3079 Mm° (5228).

Npumep 37. Hano: pacTsHyTas BETBb JBYXBETBEBOH KOJOHHBI C
ceyenueM pasmepamu b = 500 mm, A = 200 mM; a =a' = 40 mm; OeToH
knacca B25 (R, = 1,05 MIla); xoMyThl, pacnofoxKEHHbIE IO [PaHAM, U3
apMaTypbl kiacca A400 (R,, = 285 MIla); mponospHas pacTArusaromas
cuna N = 44 xH; nonepeunas cuna Q = 130 xH; paccTosHue B CBETY MEXAY
nepeMbIMKaMH IBYXBeTBEBOH KonoHHbl [ = 600 Mm.

Tpebyemcsi ONPEREINTL AUAMETP U 1Ar XOMYTOB.

PacuerT hy= 200 - 40 =160 mM. PacueT npou3BOAUM COTJIACHO
1.3.33,a ¢ yyetoM yka3zauuii .3.71.

[To popmyne (3.143) onpenensiem Ko3bPHUUEHT @, , NPUHUMAT 4 =
= bh = 500-200 =100000 mm’:

N 44000
Q=14 = =l e =
LSR,, A 1,5-1,05-100000

llockonbky B mpedenax MeExIy IepeMbldKaMH [OIepedHas Cuia
NOCTOSHHA, MAJMMHY TPOEKUMH HAKJOHHOTO CEYeHH IpPUHHMaeM
MaKCHMaJIbHO BO3MOKHOI, T.€.

€= Cmax = 3hp= 3-160 = 480 mm <[ = 600 mM.
[lpu o = ¢/hy= 3 u ap=2 < 3 onpexnensem
£p= 2 +0,1875¢p = 2 +0,1875-2=0875 < =2~ 130000

a 3 Rybhy  1,05-500-160
CrnenoBatenbho, TpeGyeMyw) HHTEHCHBHOCTH XOMYTOB OIpEENAEM [0
hopmyne (3.48), npu 3ToM BennuuHy 1,5, XapakTepH3yHOIIylO 3HaYeHHE
Oy, nenum Ha @, = 1,279:

+1005 = 2645 Mm>.

"Ry
R.\'

2]

=1,548.
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1.5
£ 1548~

%P _1 05500 3-1,279
0,750, 0,752
MakcuMalbHO ZOMYCTUMBIH war, coryiacHo n.3.35, paBeH
Rybhg  1,05-500-160>
-"w,mu.x = e e e e
0 130000
[IpuHuMaeM mar XoMyToB S, = 100 MM < S, max, ¥ TOTAA
. 405 -
. = .q:‘.!?i‘ﬂ = 0§ 1_0(_) _ 142’1 MMZ.
Ry, 285
[lpuaumaeM aBa XomyTa AuaMeTpoM 1o 10 Mm (A,,=157 MMZ).

Gsw = Ryb =405 H/MmM.

- =103,4 MM.

A

PACYET HOPMAJIbHBIX CEYEHU HA OCHOBE
HEJMHEWHOU JE®OPMALIMOHHOHU MOJEJIN

3.72. Ilpu pacuere no NPOYHOCTH ycwius M aedbopMauuy B
HOPMaJTbHOM  CEYCHUHM  ONPEAENAIOT Ha  OCHOBE  HEIHHEHHON
AehOpMAUVIOHHOM MOJENH, MCIOJNB3YIOWIEH YpaBHEHHS PAaBHOBECHS
BHEIIHMX CHJI M BHYTPEHHMX YCHJIHH B CEYCHHM DJJIEMEHTOB, a TaKXe
CIEAYIOLHE TIONOKECHHUS:

- pacmpeneieHHe OTHOCHTENBHBIX AedopMmannuii 6eToHa 1 apMaTypst
[0 BBICOTE CEUCHMS ODJEMEHTAa NPUHUMAKT NO JIHHEHHOMY 3aKOHY
(rumoTe3a MIOCKUX ceueHuH, cM. uept.3.39);

- CBS3b MEX/Y OCEBBIMH C)XUMAIOIIMMH HaNpsDKEHUSIMH OeToHa O)
W OTHOCHTEIbHBIMH €ro aedopManusaMM €, NPUHHMAIOT B BHIC
IOBYXJIHHEHHON muarpamMMel (dept. 3.37), cornacHO KOTOPO# HampsKEeHHS
O), ONPEACISIOTCS CIEAYIOMHM 00pa3oM:

npu 0 < &, < &) req 0p = Ep req €
IPHU Epprea < E S &2 Op = Ry,
rae Ej . — NpUBeeHHBIN MOay 16 AeopMmaLuu 6€TOHA, paBHBIH
Epred = Rb/EbI,red;
Eplred = 0,0015;
Epr= 0,0035;
R, — cM. Tabin. 2.2;

- comporuBieHne 6eTOHA PACTAHYTOH 30HBI HE YYUTHIBAaeTCH (T.e.
npuHuMaercs o, = 0) 3a MCKTIOYEHHMEM pacyeTa OCTOHHBIX 3JIEMEHTOB,
yKazaHHBEIX B 1. 1.4,6, a Takke OCTOHHBIX 3JIEMEHTOB, B KOTODBIX HE
JOIYCKAIOTCA TPEIUMHBL; B 3THX OJJIEMEHTaX CBA3b MEXAY OCEBBLIMH
PACTATHBAIOIIMMH HANpPsOKEHHAMH OETOHA O), M OTHOCHTEILHBIMH €ro
nedopMalHAMH TAKXKE NPHHMMAIOTCSA B BUAE ABYXIHMHEHHOH AnarpaMmol ¢
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€ol.red €42
Yept.3.37. JIByX/InHelHHAs AHArPaMMa COCTOSIHHSA CKATOro Gerona

3aMEHOU Epl red HA Eptl red = 0,0008, £, Ha &y = 0,00015; Eb,red Ha Ebl.red =
Ry /€011 red> THE Ry — CM. TAGA. 2.2,

- CBS3b MEXIY HATIPSKCHUSMU apMaTypbl O; H OTHOCUTEJIBHBIMH €€
xepOpMALUAMH € NPUHUMAIOT B BHJE JBYXJIMHEHHOH AHArpaMMsl (4epT.
3.38), cOTJIaCHO KOTOPOi HanNpsiKEHUS Oy NPUHNMAIOT PaBHBIMH:

mpu0<e<ey O,=&E;
npu €< €, < &2 Oy =R,

rae £o = R/E,;
R, — cM. Tab. 2.6;
E, =2 10° Mlla;
Ex = 0,025
5
R

s

i
arcig E, ;

l L &

€

50 £

YepT.3.38. ilnarpaMma cocTOSHHA PACTSHYTOH apMaTypbl

3.73. llepexon OT 3MMIOPEl HANpPsHKEHUH B OeToHe K 00O0OLIEHHBIM
BHYTPEHHHM YCHJIHSM PEKOMEHAYETCA OCYIIECTBIATh C MOMOIIBIO
TIPOLEAYPbI YUCIIEHHOIO MHTETPUPOBAHHS 110 HOPMAJIIBHOMY ceueHHIo. [
3TOr0 HOPMAJbHOE CEYeHWe B HANpPaBIEHUM TIJIOCKOCTH u3ruba
(HopMasTBHOM HEHTPANBLHOM OCH) PA3AeNASTCS HA YYaCTKH MAJOH WIHPHHEL,

190



HANPSHKEHHS. B KOTOPBIX NPHHHMMAIOT PaBHOMEDHO pacnpelefeHHbIMH ¥
COOTBETCTBYIOIIUMH AedopMaldsiM Ha YPOBHE CEpEIUHbl ILUIHUPHHEL

yJacTka.
B ofbmeM ciyyae MOJIOXKEHHE HEHTPaJpHOM OCH M MaKCHMalbHble

nedopmaimu  (wepr. 3.39) onpemensioT U3 ypaBHEHMH paBHOBECHS
BHEIHUX U BHYTPEHHUX yCHIHI:

M,\' = Zo.biAbiZb.\'i + ZO-VAv SXjs (3144)
M\' = ZabiAbiZb)'i + ZasjAstc)j: (3145)
N = ZopAL + 2oy, 5j; (3.146)

rae M, ¥ M, — MOMEHTBHl BHEIIHMX CHJ OTHOCHTEILHO BHIOPaHHbLIX
KOOpAHHATHBIX OCEH, AEHCTBYIOIINX B INIOCKOCTH Oceli

COOTBETCTBEHHO X K Y

3

Oriopa nanpaxcenuii
apmamypot

2
Dniopa nanpaxcenui
emoyia

YepTt.3.39. Imopsi nehopManuii H HANPsKEHHIE B CEYEHHH ,HOPMAJILHOM K
Npo0JIbHON OCH JKeJIe300€TOHHOIO 3jIeMeHTa, B o0ulieM cy4ae pacyeTa no
HPOMHOCTH
a) - 08yx3HayHas sniopa deopmayuii
6) - 0Ono3HAUHAR INI0pa dedopmayuii

Ay Zyyi, Zyyi, Opi — TIOWIANB, KOOPUHATHL LEHTPA TSHKECTH I-TO ydacTKd
6eToHa 1 HallpAXXEHHE Ha YPOBHE €ro LEHTPa TAKECTH.
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Ay, Zyj Zy, 0y~ NN0WMak, KOOPAMHATE! LEHTPA TKECTH j-TO CTEPIKHS
apMaTypHsl U HanlpsHKEHUE B HEM.

Hanpsokenus Oy ¥ O,; ONPEASNAIOTCA B COOTBETCTBUM ¢ [AarpaMMaMH
Ha uepT. 3.37 u 3.38.

Pactarupaiomiie HampsoKeHus apMatypbl Oy M OeToHa Op a Takxke
NpOJIONIBHYI0 PACTATHUBAIOILYI0 CHITy N pEKOMEHAyeTCs y4HThIBaTh B
ypaBHEHUAX (3.144) - (3.146) co 3HAKOM «MHHYC».

KoopanuaTHble ocH X U y peKOMEHAYeTCsl MPOBOAUThL Hepe3 LEHTP
TSOKECTH OETOHHOTO CEYEeHHSI.

3.74. PacueT HOPMaNbHBIX CEYEHHIT JKene306eTOHHBIX JIEMEHTOB MO
MPOYHOCTH MIPOU3BOAAT U3 YCIIOBHIA

Eb,max—< Eb,ult; (3 147)
‘E.\',max |S£.\',ult y (3 148)
TAC Epmax U Epax — OTHOCHUTC/IBHBIC ﬂe(bopmauun COOTBETCTBCHHO

Hanbonee Cxaroro BoOJOKHAa Oerona W Hauboiee
pPacCTSHYTOrO CTEpXHS apMmaTypbel OT JeHCTBHUA
BHEIIHMX Harpy3oK, OINpeiesaseMble U3 pELEeHHs
ypaBueHuii (3.144) — (3.146);

Epuit M gy — TPEENbHBIE 3HAYEHUS OTHOCHUTENBHBIX nedopmanuii
COOTBETCTBEHHO CXKAaTOro OeTOHAa M PacTAHYTOH
apMatypbl, MpMHUMaeMble cornacHo . 3.75.

Jiii u3rnbaeMBIX M BHELIGHTPEHHO CKATHIX DETOHHBIX 3NEMCHTOB, B
KOTOPBIX HE MOMYCKAIOTCS TPEIUMHBI, PacyeT HPOM3BOAMTCA C YYETOM
paboThl PaCTAHYTOro OETOHA B MONMEPEYHOM CEYEHHH JIEMEHTA U3 YCIOBHSA

|81)an,r| < Eptult (3'149)
TAE Epymax — OTHOCUTENBHAS AedopMaLus Hauboiee PacTsIHYyTOTO BOJIOKHA
Gerona, ompenenseMas H3 pemeHus ypapHenuid (3.144) —
(3.1406);
€yu — TPEIENbHOE 3HAYEHHE OTHOCHTENBHOH aedopMmauuu
pactaHyToro 6eToHa, MPpUHUMaeMoe coryiacHo 1. 3.75.

3.75. IlpenensHoe 3Ha4YeHHEe OTHOCHTEIBHBIX Aedopmanuii GetoHa
€l (Epyuir) TPUHUMAIOT NPH JIBYX3HAYHOH smrope Aedopmaunit (cxxarue u
pacTsKEeHHE) B IIONEPEYHOM CEUEHHH JIEMEHTA PABHBIMHU &y (Ep2) (CM. ML
3.72).

[Ipn BHEHEHTPEHHOM CXXaTHM MWIM PACTHKEHHH OJIIEMEHTOB H
pacnpeneneHHH B IOIEPEYHOM CEYEHHM 3neMeHTa aedopmauuit GeroHa
OIIHOTO 3HaKa NpeJebHbIe 3HAYeHUsA OTHOCUTENbHBIX Aedopmannii 6eToHa
Epult (Epuiy) OTMPENENAIOT B 3aBUCHMOCTH OT OTHOIIEHHUS OTHOCHUTENBHBIX

. €
Redopmarmii 6eToHA Ha NPOTHBOMONOXKHBEIX CTOPOHAX CEYEWM —- <1 10
&
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bopmynam Eput = (35 -15 E—‘)lo“‘; (3.150)

€y

Epttr =[15-5fl 0s. (3.151)

[penenbHoe 3HaueHHE OTHOCHTENBHOH JedOpMalnM PacTAHYTON
apMarypsl £, TpuHUMaloT paBHeM 0,025.

3.76. Pacuer Ha OCHOBE HeNMHEHHOH AeDOPMALMOHHON MoOIean
MIPOM3BOJHUTCS C ITOMOLIBIO KOMIIBIOTEPHBIX NPOrPaMM.

[Ipu fAeficTBMM B HOPMAJIbHOM CEYEHHH JBYX MOMEHTOB M, u M, no
00enM KOOPIMHATHBLIM OCSIM X M y M TPORONBHOM CXXHMAIOLIEH CHIbI
KOMNBIOTEPHYIO TNpPOrpaMMy DPEKOMEHIYETCS COCTaBATbL Ha OCHOBE
CJIE/AYIOLIETO ANropUTMa:

1. 3amaiorcs HanpaBieHHeM HEHTpanbHOH ocH: B 1-M mpuOIHXKeHHH
9TO HampaBjeHHE ONpeleNseTcss Kak M1 YNpyroro MaTepuana, T..
NPUHHAMAETCs yroil HaKJIOHa HEHTPaJbHOH OCH K OCH Y DaBHbIM
B:arctgli M),.

y X

2. OnpeznensioT Xapaxkrep 3MmOpsl Aeopmanuil myreM CpaBHEHHS
BHEUHE IpooJIbHON CHIB! N ¥ BHYTPEHHETO YCHIHA N, ONpeacneHHoro
no dopmyne (3.146) npu 3HayeHHsX €, B KpaHHHX TOYKaxX, PaBHBIX &y u 0.
[pu N > N, - smopa ogHo3HauHas, ipy N < N, — aniopa JByX3HaqHas.

3. Mpu paByx3Haunoil osmope aedopmauuii nocnenoBaTENbHEIMHA
puGIMKEHHAMA OAOUPAIOT TaKylO BBICOTY CXKATOM 30HBI X, IPH KOTOPOH
BeIIONIHsETCsT paBeHCTBO (3.146); mpu 3TOoM B KpaiHel CXaToi TOuke
NPUHUMAETCA &= &), AedOpMaLHH CKATOro HETOHA KaXKAOTO i-TO y4acTKa
NPUHUMAIOTCS PABHBIMH £p; = €2Y5:/X, @ AeGOPMALIHM KaX/IOTO j-TO CTEPXKHA
APMATYPBI - €y = €7y /X, THE Yy U Yy; - PACCTOSHHSA OT HEHTpAJIBHOM OCH 110
LUEHTPA TSKECTH COOTBETCTBEHHO i-TO y4yacTKa OE€TOHa M j-TO CTEpXKHA
apMmaTypsl. B ciyudae, €CIH € > 0,025, MPUHUMAETCS €;nq,=0,025, H
TOTAA €5= Emax Yoi Ao = X), €j=E;max Ysi {ho — X), TAE hy — paccTosHHE
MEXy Haubojiee pacTAHYTBIM CTEPXKHEM apMaTypbl W Haubojee cxartoit
Toukoi OGeToHa B HANpaBJECHWH, HOPMAJIBHOM HEHTPANbHOM OCH.
Jlebopmanuu pacTsaHyTOMH apMaTypsl IPUHUMAIOTCA CO 3HAKOM "MHHYC".

4, Tlpu oauo3HayHOM 3mope JeOpMaLUH  IOCIEAOBATENLHBIMU
npuONIKEHUSAMH [10AOUPAIOT TAKOE OTHOIIEHHE AepopMaluii B KpaiHux
TOYKaX O =€;/€; < 1, NpU KOTOPOM BBINOJNHAETCA PaBeHCTBO (3.146); npu
3TOM B KpaiiHeil C)KaTOH TOUKe BCEraa NPUHHMMAETCA AedopMauus &,
onpenenenHas 1o ¢opmyne (3.150), medopmammm cxatoro Gerosa
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KAKJIOTO i-TO Y4acTKa NPHHUMAIOTCS PABHBIMU €, =&, ., [o+ Vi (1 @), a
’ h ’

1eGOpMaLHH KaXAOTO j-TO CTEPKHA - £,; = £, 40 + y/;' (I~a),rae y; u y, -

pacCTOSHUS ~ OT HAMMEHEe CKaToi TOYKH [0 LEHTPa TSKeCTH
COTBETCTBEHHO i-r0 ydacTka OeToHa U j-IO CTEpXHS apMaTypbl B
HANpaBJIEHUH, HOpMaJbHOM HEHTpansHOit ocH, i — cM. uepT.3.39,0.

5. Ilo dopmynam (3.144) u (3.145) onpenenstoTCss MOMEHTHI
BHYTPEHHMX ycunui M, u M, Ecin 06a 3Tn MomenTa OKa3bIBalOTCH
0ONbIIE HJIH MEHbIIE COOTBETCTBYIOWIMX BHEIIHHX MOMEHTOB M, u M,
OTHOCHTEJIBHO T€X K€ Ocelf, TO TNPOYHOCTh CEYEHHA CUUTAETCA
obecneyeHHo! MITH HEOOEeCIeYeHHOM.

Ecmu  omme 3 MomeHToB  (Hanpumep  M,,)  MeHbue
COOTBETCTBYIOIETO BHEIUHEro MOMeHTa (T.e. M, < M,), a npyroii 6onbiie
(re. My > M,), 3amaroTcs ApyruM yrilOM Hak/IOHa HeWTpanbHo# ocu O
(bonbIIMM, UeM paHee MPUHATBHIA) U BHOBh MPOBOJAT aHAJIOTMYHBIN PacyeT.

I[Ipy nelicTBUM pacTArMBAlOLIEH CUNBI HIHM NPH €€ OTCYTCTBUU PacyeT
MOXHO TIPOM3BOIMTH AHAIOTMYHBIM oOpa3om. Ilpu pacuere OETOHHBIX
JMEMEHTOB C Yy4eTOM paboThl pacTsaHyTOro O€TOHa 3HAYEHHA &
3aAMEHAIOTCS Ha Epp, A &y HA Epyy (CM. L. 3.72 11 3.75).

3JIEMEHTbBI, PABOTAIOUIUE HA KPYYEHUE C U3rHBOM
JEMEHTBI NPAMOYTOJIBHOI'O CEYEHH S

Pacuer Ha coBMecTHOe JelicTBUE KPYTHIIEIOo 1 mmﬁammero
MOMECHTOB

3.77. Pacyer mo NpPOYHOCTH 3NEMEHTa MEXIY MPOCTPAHCTBEHHBLIMH
CEUCHUSAMU Ha JeHCTBHE KPYTHIIEro MOMeHTa T IPOU3BOAAT U3 YCIOBHA
T<O1Rbh, (3.152)
rae b U h - COOTBETCTBEHHO MEHBIIMH M OonbmHil pazMepsl
TONEPEYHOro CEYEHUs 3TE€MEHTA.

3.78. Ilpn coBMECTHOM JAEHCTBHH KpYTAILEro M H3rubaromero
MOMEHTOB PacCMaTpPHBAETICA IPOCTPAHCTBEHHOE CEYEHHE CO CXKATOM
CTOPOHOM IO TPaHH BJIEMEHTA, NMEPHEHAUKY/ISPHOU IUIOCKOCTH JAEUCTBHA
usrubarowero MomenTa (uepr.3.40).

PacueT Takoro ceyeHust IPOU3BOJAT U3 YCIIOBHS

2
T<T, 1-[#} , (3.153)
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Yepr.3.40. Cxema ycumii B NPOCTPAHCTBEHHBIX CeUCHHSAX NPH pacyeTe HA
AeficTBHe KPYTSIEro H U3ru6aiolero MOMEHTOB; PACTAHYTAA apMaTypa y
HH)KHeH FPaHHuIb] JJIEMEHTa

roe My - mpenensHbli  M3ruOAlOmMH  MOMEHT,  BOCTIPHHUMAaeMBbli
HOpMaJIbHBIM CEYEHUEM M ONPEAEIIIEMbIH cornacHo 1.3.14;
Tp - npeaenbHbIN KPYTAMHA MOMEHT, BOCIIPMHHUMAaEMBIH
NIPOCTPAHCTBEHHBIM CEYEHHEM H ONpe/IeNnseMblii o Gopmyse
To=Ty + Ty, (3.154)
Tew; -  KPYTAIIMA  MOMEHT, BOCIPUHHMAeMbIH  IONEpeyHOil

apMaTypo#, pacloyIOKEHHOH y pacTAHYTOH TPaHH B Ipejenax
MIPOCTPAHCTBEHHOIO CEUEHMUS, PABHBIH

T\'wl'—‘ O»9qsw1610h: (3155)
Ty - KPYTSAIUMA  MOMEHT, BOCIPUHHMAEMBIH  NPOAONLHOI
pacTAHYTOH apMaTypod IPOCTPAaHCTBEHHOTO CEYEHMs X
PaBHBIA
T, =09RA, Ph (3.156)
c

B dopmynax (3.155) u (3.156):
¢ - JUIMHa NIPOEKLHH CKATOH CTOPOHBI IPOCTPAHCTBEHHOTO CEeYeHUS
Ha NPOJI0JIBHYIO0 OCh IEMEHTa;
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b
51 = - h
2h+b
bu h - COOTBETCTBEHHO WWPUHA TPAHHU, PACTAHYTAR QT U3ruba, u rpauu,
el neprnesauKysipHoii (cM.uept.3.40);

qswi = R_\w ésw} ; (3 158)

w
Ayl H Sy, - TUIOLIAJb CEYEHNS OAHOIO MONEPEYHOIO CTEPXKHS y PACTAHYTOM
OT U3ruba rpaHu WHPHHOH b 1 1Iar 3TUX CTEPXKHEH;
A, - TUIOWIAAb CEYEHHUS NPOJONBHON apMaTypel y PacTAHYTOH OT
n3ruba rpaHd IWHPHHOH b.

3nayenue RA,; B dopmyne (3.156) npunumaetcst He 6onee 3HaUEHUS
2¢s,;b, a 3HaueHue q,,; B Qopmyne (3.155) npuuumaercs He OGosee
sHayeHus 1,5RA,,/b.

Kpyrawmii moment T u usrnbarowuii MomMent M B ycnosuu (3.153)
MPUHUMAIOTCS B IIONEPEUYHOM CEYCHUH, PACTIOJIOKEHHOM B CEPEIHHE
JNHHBI IPOEKLMHU ¢ BAOJb POJOTbHON OCH 3NEMEHTA.

Pacuer B o0weM choy4ae TPOU3BOAAT I/ [POCTPaHCTBEHHBIX
CEYeHHI C pa3IMYHBIMH 3HAYEHHSIMH C, NIPUHUMaeMbIMHU He Gosee 24 + b u

(3.157)

He fonee b\/?
1

[IpocTpaHCTBEHHBIE ceueHusl PEKOMEHIYeTCs pacronarath
creRyonnM oopazom:

a) [ HEpa3pE3HbIX WM 3alleMJIEHHBIX Ha onopax Oamok (purenei),

a TaKoKe A1 KOHCOJIeH NMPOCTPAaHCTBEHHOE CEYEHHE pacnojaraercs
y OTIOpBI;

6) anst aroOBIX DJEMEHTOB, HArpyXeHHbBIX COCPEAOTOUEHHBIMH
CWJIAMH H KPYTAIMMH MOMEHTaMH, IPOCTPAHCTBEHHBIE CEUEHHUS
pacnoyiaraloTCs y MeCT MPUIOKEHHS CHJ CO CTOPOHBI y4acTKa C
OO0JIBIINMY KPYTALIMMU MOMeHTamMu (uepT.3.41).

Jns 3THX cny4yaeB NpH BBIMHCIEHWH NPEAENBHOTO KPYTSIIETO
MomeHTa Ty peKOMeHAyeTcs UCHoib30BaTh B hopmynax (3.155) u (3.156)
3HAaYEHHEe [IMHBI TPOEKUHH C=Cjp, COOTBETCTBYIOLICC MHHUMAIBHOMY
3HayeHnio 7)) HO mpu 3TOM MOMEHTH! T u M onpenensdioTcs UCXOAd U3
WIMHBI npoeKuuu paBHo#t ¢=(1,2 -0,4M,,./My)cy, Ho He 6onee ¢y, Tae M, -
MaKCHMaJbHBIH M3rnbaloIMii MOMEHT B Hayane MNPOCTPAHCTBEHHOTO
CEYEHMU.

3HayeHHe ¢, onpeensercs no hopmyie

co= R;A,(2h +b) (2h+b5, (3.159)
dswl

C BBINOJJHEHHEM YKa3aHHBIX OTPaHUYEHHIT N0 yYETY BEMHYAH RA ) 1 Gy
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Yepr.3.41. Pacnosoxenne pacyeTHLIX NPOCTPAHCTBEHHbIX ceueHnil B 6anxe,
Harpy>KeHHO#H COCPeJIOTOYeHHbIMH CHIIAMM
1, 2 - pacyemnvie npocmpancmeennvie cevyenus;
M}, T1, Qi - pacuemnvie ycunus Ons npocmpancmeennozo cevenus I;
M, T, Q> — mo sice ,018 npocmpancmeeHHozo ceyerus 2

B wvacTHOCTH:

- 1pu RA,; 2 24,10 dopmyna (3.159) npunumaer Bua cy=b ( U TOTHa
g

To=1,8G4,bh 28, ; (3.160)
- pu RiA;1<2q1b<3R,A, 3HaueHune TQ IOCJIE MOJACTAHOBKH € = Co PABHO
R Aqq
T,=1,8bh 1Tswl 3.161
0=1.8b \] 2h+b @.161)

B) IUIA 3JIEMEHTOB, HAarpy)X€HHbIX PAaBHOMEPHO pacIpe/enecHHOH
HArPY3KOH, €CJM B [POJETHOM CE€YEHHH C HaubOJbHIAM
uzrubaromeM MOMEHTOM HMMEET MECTO KpYTIUMH MOMEHT,
cepelMHa NPOEKUMH ¢ PAacllojaraercs B YKa3aHHOM IOTIEPEYHOM
CEYEHMH; B ITOM Cllyuae HEBBIFOJHEHIlIee 3HAUCHNE ¢ IPUHUMAETCH
PaBHEIM C.

PacuyeT Ha coBMeCTHOe AeiicTBHE KPYTAIIEr0 MOMEHTA M IIOTepPeYHOi
CHIIBI

3.79. Pacuer mo NpOYHOCTH 3NEMEHTA MEXIY NPOCTPAHCTBEHHLIMHU
CEYCHHSIMH Ha JEHCTBHE KPYTALIEro MOMeHTa I W mMonepedHoi cunnl ¢
TIPOU3BOISAT U3 YCIIOBUS
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Ul)

TSTox(l*EQ), (3.162)

rae Tor - IPEAENbHBIA KPYTAIMI MOMEHT, BOCIIPHHUMAEMBIH 3]IEMEHTOM
MEXJly TPOCTPAaHCTBEHHbLIMM CEYEHMAMH W TNPHHUMAEMbIii
paBHBIM NpaBoii YyacTu ycnoBus (3.152);

Qo1- IpeJieNbHas NonepedHas Cuila, BOCOPUHAMaeMast OETOHOM MEXIY
HAaKJIOHHBIMH CEUCHHSIMH M NPUHUMaeMas PaBHOH NpaBoil 4yacTH
yenoBust (3.43) m. 3.30.

Veunust Tu Q NPUHUMAIOTCS B HOPMAJIbHOM CEUSHUM HA PacCTOSHUM
2b + h ot onopsl, rae b u h - cm. uept. 3.40.

3.80. IIpy coOBMECTHOM AEHCTBHH KPYTSILIEIO MOMEHTA U MOMEPEYHO
CHJIBI PACCMATPHBACTCA NPOCTPAHCTBEHHOE CEYEHHE CO CIKATOM CTOPOHOM
N0 rpaHH 3MeMEeHTa, NapajuleNibHON IUIOCKOCTH ACHCTBHS H3rnOaroLiero
MoMenTa (T.€. IUpUHOil A, uepT.3.42)

PacueT Takoro ce4eHus MPOU3BOAAT U3 YCIIOBUS

T< To[l—g), (3.163)
9o

rae Qp - npedenbHas IOMEpeYHas CUia, BOCMPHHHUMAeMas HAKIOHHBIM
CEUCHHEM U NPUHMMaecMas paBHOM NpaBoi uyacTu ycnosus (3.44)

n.3.31;
Ty - OpeeabHbll  KpPYTAWMH ~ MOMEHT,  BOCIPHHHMAaeMbIi
IIPOCTPAaHCTBEHHBIM CEUYCHUEM U ONPENEAEMBIi 10 hopMyJie

TO = waZ + Tx2f (3164)
Tyy2 - KPYTAILMH MOMEHT, BOCIIPUHUMAEMBIIL TIOMEPEYHOMN PacTAHYTOH
apMaTypoi, paclo/IoKeHHON Yy OAHOH M3 rpaHeil mIMpHHOH /i B
IIpeiesiax NPOCTPAHCTBEHHOIO CEYEHH S, paBHBbIi
Ty = Osgq.cw262Cb; (3.165)
T} - KpYTSLIMA MOMEHT, BOCTIPMHUMAEMBIH IIPOJ0NLHON apMaTypoH,
PAacIoJIOKEHHOH y OJHOM U3 IrpaHeii IIHPUHOU A, paBHBIA

T=09R Ay M. (3.166)
c

B dopmynax (3.165) u (3.166):
¢ - JUIMHA TIPOEKIMH CXKAaTOH CTOPOHB! IPOCTPAHCTBEHHOTO CEYECHUS Ha
IPOAOABHYIO OCh JIEMEHTA
h

= : 3.167
% 2b+h ( )

Gz = Rowfhw (3.168)
SW

A‘\-wg H s, - IUVIOIaAb CEUEHUS OQHOTI0 IOIEPEYHOr0 CTEPHHA Yy I'PaHU
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YepTt.3.42.CxeMbl YCHIIHH B IPOCTPAHCTBEHHBIX CEYEHHAX IIPH pacyeTe Ha
JelicTBHe KPYTHILEro MOMEHTA H NONepeYHOll CUBI; PACTAHYTAsl apMaTypa u
6OKOBOI rPaHH JJIEMEHTA

LIMPUHOM A M 11aT 3THX CTEPXKHEH;
Ay - MIOWAAL  CeYyeHMA  MPONOJBHOW  PACTAHYTOH  apMaryphl,
PACIOIOXEHHOM Y OJHOM U3 rpaHeii IMPUHOI A.

3HaveHue RA,; B popmyne (3.166) npuHumaeTcs He Hojee 3HAYEHHUS
2q,.oh, a 3HayeHHe ¢, B Gopmyne (3.165) npunumaercs He OGonee
3yayeuns 1,5R A /h.

Kpyramuit moment T u nonepeunyto cuiny Q B ycnosuu (3.163)
OIPE/IETSIIOT B HOPMAJIBHOM CEYEHHH, PACIONOKEHHOM B CEPEIHHE JUIMHBL
NPOEKLMH ¢ BAOJb MPOIOTBHON OCH 3JIEMEHTA.

Pacuer B o06mem cnyyae npow3BOAAT VI TNPOCTPAHCTBEHHbIX
cedyeHui ¢ pasIHYHBIMU 3HAYSHUSMH ¢, IPUHUMaeMbIMU He 6onee 2b + hn

2
He Oonee h /g

3nauyenue ¢ B popmynax (3.165) u (3.166) nomyckaercs onpeaenars
no (opmyne

(3.169)

C BLIIONHEHUEM YKa3aHHBIX OFPaHMYEHHUH MO y4eTy BENHYHH RA U gy
Npu 3TOM BenuuuHel Q U Qp onpenensiorcs cornacHo m.3.31 ¢ yueToM
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3HauYeHUH ¢, MPUHATHIX cornacHo 1.3.32, a ycwime T nDpuUHHMAeETCA
MAKCHMAJIbHBIM HA PACCMATPUBAEMOM y4acTKe.

[Ipy wMcronp30BaHUM 3HAYGHHS C, COOTBETCTBYIOUIETO (Qopmyre
(3.169), 3Hauenue Ty MOMKHO BBIYHCIHTE 1O OpMyIam:

npi RA; 2 200 To= 1,8qsw2 b1 265 ;

npu R\-A_,-g <2q§w2h _<3R_\As2 To = I,Sbh\/—]—a-‘A—"zq\L‘Z N
i

npH 2G,2>3RA,2 To=1,8R;A2b /1,55, .

Ilpumepbl pacyera

Npumep 38. Jawo: purenb THEPEKpHITUS  TOPLEBOH  paMsl
MHOTO3TXXHOTO IPOMBIIUIEHHOTO 3JaHHs, HarpyXeHHbI paBHOMEPHO
pactpeznencHHoil  Harpyskod ¢ = 1544 «xH/M u paBHOMepHO
pacrpeeneHHbIMH KPYTAIMMMH MOMeHTaMH ¢ = 34,28 xH.m/M; nonepeunoe
CEYEHHUE PUreNsi y OOPHI — cM.4epT.3.43,a; amopa KPyTAIUX MOMEHTOB OT
BEPTUKAJIbHBIX Harpy30k — cM.4ept.3.43,6; 3nI0psl H3rnbarommux MOMEHTOB
M TOMEPEYHBIX CHI OT HEeBBITOAHEHNIEH [Uis ONOPHOTO CEYEeHUS
KOMOMHALMH BEPTHKANBHBIX HArpy30k M BETPOBOH HArpy3ku -—
cm.uept.3.43,6 U 2; amropa U3rnbaroUIX MOMEHTOB OT HEBBITOAHEHIIEH A
NPONETHOTO  CEeYeHHs  KOMOMHAIMM  BEPTHKANBHBIX  HArpy3oKk —
cm.uept.3.43,0; Oerton kmacca B25 (R,=14,5 MIla, R,=1,05 MIla),
NpoJoabHas U nonepedHas apmarypa kinacca A400 (R,=355 Mlla, R,,, =285
MIla).

5 . Omopa T ki »
“ 030020
P em“
:&_ . 3832
L/
185 1
§ P
EEE
| i
28 Y A\ N —;? ﬁi 2) I
i | Sruopa Q ki1
4 - 60 ‘\Lﬂ.\l‘h\'

MP o ]|

= 9)

Smopa M kIl-u

Yepr.3.43. K npumepy pacuera 38
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Tpebyemcs MIPOBEPUTH MPOYHOCTH JNIEMEHTa Ha ACHCTBHE KPYTALMX
U U3THOAIOIMX MOMEHTOB, a8 TaKXKe Ha COBMECTHOe AEHCTBHE KPYTSILMX
MOMEHTOB H IIOTIEPEYHBIX CHIL

P a ¢ 4 e 1. PaccmarpuBaeM ceueHHME KaK NPSAMOYTrONbLHOE, He
yuuThiBas “B 3anac” MONKy purens. Pasmepsl 2TOro ce4eHUs NMpUHUMAeM
paBHbiMH b= 300 MM, h= 800 mm.

Pacyers! npou3Boaum cornacHo . 3.77-3.80.

[IpoBepsem ycnoue (3.152) Ha AelicTBHE MaKCHMAaNbHOIO KPYTSALLErO
MomenTa T = 84 kH'm.

0.1R,b°h = 0,1-14,5-300% -800 = 104,410 H'mm = 104,4 kH'™m > T'= 84
kH'm,

T.€. YCJIOBHE BHINIONHACTCA.

[IpoBepuM NpPOYHOCTh TNPOCTPAHCTBEHHOTO CEYEHHSA CO CHKATOM
CTOPOHOH NO HHXKHE{l T'paHHU, PACIIONOKEHHOH Yy ONOPHOTO CEYCHHUS, Ha
COBMECTHOE JACHCTBHE KPYTAIIMX U M3rHOAIOILMX MOMEHTOB U3 YCJIOBUSA
(3.153).

OnpenenseM cornacHo 1m.3.19 npenensHpIil H3rHOAIOMKA MOMEHT.

13 uept.3.43,a naxonnm: A, = 2413 MM*(3@32), A", = 1388 MM
(2220+2922), a’ = 68 mm; hp = 800 — 60 = 740 mMm. K3 opmysl (3.16)
nmeeM
_RyAy - R Ay _355(2413-1388)
- Ryb T 14,5-300

Torna
My = Rpybx(hy - 0,5x) + R, A, (h, —a’) = 14,5-300-83,6(740 - 0,5 83,6) +
+ 355-1388(740 - 68) = 585-10° H.mMm.
OnpenenuM npenenbHbii KpyTsui MomeHT T,
[opusonTansHble nonepeuHbie cTepxxuy cornacHo uepr.3.43,a @14 u
maroM s, = 100 mm. Torna
RywAna _ 285-154
sw 100
= b= 300 _gsg,
2h+b  2-800+300

INockoneky RA,; = 355-2413 = 856620 H > 2q,,,b = 2-439.300
=263400 H, 3nayenne T, onpenensem no ¢popmyne (3.160)

Tp = 1,8q,,bh\[25, = 1,8-439-300-800,/2-0,158 = 106,6-10°H.Mm
=1006,6 kH.m,

x =83,6MMm < Ehp= 0,531-720 = 382,3MM.

qswi = =439 H/mm.

1]

|
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a MoMeHTs! M u T onpejenseM Ipu c = (1,2_0,4Mmax ]C(F
MO

My ), [2 490 2
0,45 12-04222 00|~ = 923 MM = 0,923 w,
(12 Iy Vo, [ 585) V0,158 M

re.M=M,,—Q,c/2 +"C =490 - 4600923 154,4- ;’323 =294 kH.m,

T=T,,-15 =84-34, 30_9—23- = 68.2 KH.m.
HposepaeM ycnosue (3.1 53)

! 2
Toi-[ M| =106 61(1 2942] =92,1 kH.m > T= 68,2 kH.M,
VoMo 585

T.e. TPOYHOCTh HA COBMECTHOE ACHCTBHE H3rHOAOMMX M KPYTAHMX
MOMEHTOB Y ONOpHI obecneyeHa.

[IpoBepsieM MpPOYHOCTL NPOCTPAHCTBEHHOTO CEYEHHS CO CXKATOH
CTOPOHOH MO0 GOKOBOW TpaHM, HA COBMECTHOE MEHCTBHE KPYTAIIUX
MOMEHTOB M IIOMEPEYHBIX CHJ, pacrojaras 3TO CEYEHHE Yy OMNOPHL
[Ipepsaputensuo nposepum ycnoBue (3.162), mnpuHMMAas, COTJIACHO
BbIYUCIAEHHOMY BEILIE, Tp; = 104,4 xH.M u Belancius u3 ycnosus (3.43)
Qo1 = 0,3R,bhy = 0,3-14,5-300-740 = 965700 H = 965,7 kH.

3uavenns T u Q onpenesnseM B CEYCHHU Ha paccTosiHud @ = 2b + h =
2-300 + 800 = 1400 MM = 1,4 M OT OTIOPEI, T.€

T="T,~ta=84-343-1,4 =36 kH.Mm;

0 =0,n—qa=460- 1544 14 =243 8 xkH.m.

Torna

Tm[l— _Q--] = 104 4(1-2‘13-?] =78 kH.m > T= 36,0 kH.m,

o 965,7
T.¢ ycinoBHe (3.162) BEINOAHEHO.

U3 4epr.3.43,a Haxomum A, = 804 + 314 +380 = 1498 Mm* (@32 +
220 + B22).

lllar ¥ pauameTp BEPTHKAJBHBIX XOMYTOB TOT XK€, YTO Ui
TOPU30HTANBHBIX CTEPXKHEH, NOITOMY (42 = Guwi = 439 H/MMm.

[ockoneky RA,; = 355-1498 = 531790 H < 2q,,h = 2-439-800 =
702400 H, 3nauenue T, paBHO

Ty = 1,8bh /5%2—2‘1;&? 18-300-800,221790:439 _ 176 4. 106 Howm =
+hn

2-300+800
176,4 xH.m.
Onpenensem cornacHo 11.3.31 3Hauenue Q u 3uavenue Qy Kax IpaByro
4acThb ycioBus (3.44).
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M, = 1.5R,bhs’ = 1,5-1,05-300-740% = 258,7-10° H.mm.
[Ipu ABYXBETBEBBIX XOMYTaX Gy = 2 Ggy2 = 2-439 = 878 H/MM.
Onpenenum HEBLITOMHEIIEE 3HAYEHUE ¢ COTNACHO 11.3.32, mpuHUMas

q; = 100 xH/m. ITockonbky o 878
R,b  1,05-300

6
c= M, = | 2BTA0 _ sgq
0.75¢,,+q,  {0,75-878+100

Tlpunumas cp = ¢ = 584 MM < 2h,, nMeeM

=2,787 > 2, 3pauenue ¢ paBHO

00="Yb 4 075g,,c0= +0.75-878-584 = 827550 H;
4

0 =Q,,—qc/2 =460 - 100-0,584/2 =430,8 xH;
T=T,, ~tc/2=84-343.0,584/2 = 74,0kH'M.
[Mposepsem ycnoue (3.163)

Tg(l —2] - 176.4[1 —ﬁ‘?ﬁ] =90,8 kHm > T'= 74 xHw,

Oy 8275

T.e. NPOYHOCTh MPH COBMECTHOM JCHCTBHMHM H3rHOAIOLMX MOMEHTOB W
TIONIEPEYHBIX CHT 0OecTneyeHa.

Kak BuanHo w3 uept. 3.43,6 U 0, B HOPMAJALHOM CEYESHHH C
HauOGOJBIIMM  OPOJIETHEIM  H3THOAIOMMM MOMEHTOM HMEET MECTO
KpYTALMHA MOMEHT, IO3TOMY CNEAYET IIPOBEPHTH MPOCTPAHCTBEHHOE
CeyeHMe, CEepeauHa THPOEKLUHH KOTOPOrOo DPACHONAraeTcsi B 3TOM
HOPMaJIbHOM CedeHud, Ha AcicTBre MOMEHTOB M = 321 xHM u T =
84271728 g 9 hin

2,45

Ilpy oSTOM pacTsaHyTas CTOpDOHAa IPOCTPAHCTBEHHOIO CeueHHUs
PacHonaraeTcs 1o HIKHEH IpaHy.

Onpenenum npeaenbHbld u3rubaromuid MOMEHT M. Jast atoil yactu
purens cpeaHdit BepxHHil ctepkenp & 32 00opBaH, U MO3TOMY COTJIACHO
uept.3.43,a umeem A; = 1609 MM2(2@32); a = 60 mm; A;; = 1388 MM
(2220+2L22); a = 68 MM; hg = 800 — 68 =732 mm.

BeicoTa cxxaToi 30HBI paBHa
e ReA - Ry Ay _ 355(1388-1609)

Ryb 14,5-300
Cle0BaTENLHO, 3HaUeHNE M) onpesensieM o ¢opmyane (3.19):
My = RAy(hy ~a') = 355-1388(732-60) = 331,1-10°H'mm = 331,1 xkH'™m
[opusoHTanbHBIE MONEPEYHBbIE CTEPXKHU D14 B 3TOM 4acTy pUresst UMeT
war s,, = 200 MM; oTcroza

s

<0,
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R.,A. .
gout = ~2ife - 28054519 5 iy,
s 200

[lockonbky R A,j=355-1388= 492740 H > 2q,,;0 =2-219,5-300 =
=]31700 H,

naueHue Ty ompesensem no Gpopmyie (3.160):

Typ= 1,8qy,,bh[28, = 1.8-219.5-300-800,/2-0.158 = 53,3-10°Hmm =
=53,3 xHwm.

[Iposepsiem ycnosue (3.153)

2 2
Tl M =533 1o 221 ) 2 13,06 kHM > T = 8.9 kHm,
M, 3L

T.€. IPOYHOCTD 3TOTO CEUYCHHU obecneyena.

PACUET JKEJIE3OBETOHHBIX 3JIEMEHTOB HA MECTHOE
JENCTBUME HAI'PY30K

PACHET HA MECTHOE C/KATHE

3.81. Pacuer 97eMEHTOB Ha MeCTHOe cCxaTtue (CMATHE) TpH
OTCYTCTBHM KOCBEHHOI apMaTypsl NIPOU3BOISAT U3 YCIOBHSA
N Swa.I(l(:Ab‘lom (3170)
rae N — MeCcTHas CKUMArOINas CHila OT BHEIUHEH HAarpy3KH;
Ap 1o — TIIOLLAb TIPUIIOKEHHS CHKMUMAIOIIEH CHITBI (TJ10Iab CMATH);
¥ - K03hQULUMEHT, IPUHHMAEMbIH PaBHBIM:
NP4 PAaBHOMEDHO pAaCHpPEACJCHHOH MECTHOH Harpy3ke Io
mowany cmatusg —1,0;
Npu HEpaBHOMEPHO paclpeleNeHHOH MECTHOW Harpyske IO
IUIOIA/IM CMATHS (MOA KOHIaMH 6ajnok, MPOroHoB, NEPEMBIYEK H
t.a1) - 0,75;
Ry e — PACUETHOE COMPOTUBJIEHHE O€TOHA CXKATHIO TPU MECTHOM
JCHCTBUM Harpy3kH, onpegensemoe no gopmyie

Rb,(r)r =(prb (3171)
A,
e Q=08 [=2, (3.172)

b, loc
HO He MeHee 2,5 1 He meHee 1,0;
Apmay — MAaKCHMATbHAs pacueTHAs IUIOMIAAb, YCTaHABMMBaeMas MO
CIIEAYIOLHM TIPABUIIAM:
- LEHTPBI TSHKECTH IIOIAAeH Ay M Ap pax COBIAKAIOT;
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- TIpaHUIBl pPacYeTHOH IJIoWamu App,g OTCTOAT OT  Kakaof
CTOPOHBI  IUIOWIAAM Ay, HA  PACCTOSHHHM,  PaBHOV
COOTBETCTBYIOLIEMY pa3Mepy 3THX CTOpoH (4epT.3.44);

- MPH HAJIWYUU HECKOJBKUX HAarpy30K pacdyeTHbIE TUIOWay:
OTPaHUYMBAIOTCS THHUSIMH, IPOXOAAIIMMHU 4epPE3 CEPEAHHY

1, 3 a) 2
. by g

/\/
d, a, @ 3 2 ¢) 4 |
2) 1 o) AN \
Lz . T/ |
¢ 2 L3 2 4 $ <
4 \ ’ i
< Ed T L/ . 7 |
4 L a o lalala l 4 4 L a4 g I
| A/ ,‘_LQ_AMj/ |
| ) V8807

L q

L l<a*2a, I<a+2y

Yept.3.44. Cxema 119 pacueTa 3JIeMeHTOB HA MeCTHOE CKATHE NPH
PaCNoOJIOKeHHH MECTHOM Harpy3Ku
a - danu om xpaes snemenma; 6 - no écell wupuHe snemenma;, 6 - y Kpaa (mopya)
INEMEHMA NO BCEl €20 WUPUHE, 2 - Y Y2ia INEMEHMa; 0 - y 00HO20 Kpas dNemenma;
e - 601U3U 0OH020 KDAs INEMENMA; HC - NPU HAMUYMY HECKOTbKUX HAZPY30K
1 - anemenm, na xomopwiii deticmgyem mecmuas nagpyska, 2 - nnowadv cCMamus Ap joc
3 - MakcumanbHas pacyemuan nI0aods Ap ma, 4 - yenmp maxcecmu naowaoeu Ay o 4
Apmax 5 - MUHUMATBHAA 30HA APMUDOBAHUS CEMKAMU, NPU KOMOPOU KOCBEHHOE
apmupoeanue yuumoleaemcs ¢ pacueme

pacCTOSHUHM MEXAY TOYKAMHM MNPHIOXKEHHS HABYX COCEMHHX Harpysox
(aept.3.44,%).

Ilpumevanue. Ilpy MecTHOH Harpyske OT OajnoK, NPOrOHOB M JPyrux
3IEMEHTOB, paboTaloWMX Ha M3ru0, yduThIBacMas B pacuere rayOuna OTOpEL npu
OIIPEAENEHUH Ap oc H Ap may IPHHAMACTCA He Gonee 20 cm.
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3.82. PacyeT 3JIEMEHTOB Ha MECTHOE C)XKaTue NPU HAAW4YUKU KOCBEHHOMN

AMaTypbl B BUAE CBAPHBIX CETOK MPOU3BOLAT U3 YCIOBUS

NSW Rb.\‘,lo(‘ A[).lm'v (3 . 173)

1 Rpsior - IPUBEICHHOE C YUETOM KOCBCHHOIS apMaTyPhl B 30HE MECTHOTO
CKaTUA pacyeTHOEC CONIPOTHUBIICHHUEC GeTona C¥XKaTHlo,
ornpeaensemMoe no popmyine

Risioc = Rptoc + 2 (R\xx)fx..\yﬂs,xy- (3.174)

Aptocef (3.175)
Ah,lm' ’

Apfoces - TUIOMAND, 3aKIIOUYEHHAS BHYTPH KOHTYPa CETOK KOCBEHHOTO
apMHPOBaHMs, CYMTasgs II0 HX KpaiHUM CTEPXKHAM U
npunHMaemas B popmyse (3.175) ne 6onee Ay nax

Ry - pacueTHOE CONMPOTUBIEHHE PACTIKEHHIO KOCBEHHOH apMaTypb;
Uy.xy — K03 PULHEHT apMUPOBAHUS, OlIpeAeseMblii 10 Gopmy.te

el ¥y Agly (3.176)

Ab./nc,ef s
My, Aye, Iy~ YHCNO CTEpXKHEH, TAOLLAL CEYEHUs M JUIMHA CTEPXKHS, CHUTAs
B OCAX KpaliHUX CTEPKHEil, B HANPABJIEHUH X;
ny, Ay, I, ~ TO Xe, B HAIPABAECHUH y:
§ ~ 11IAT CETOK KOCBEHHOT'O ApMHPOBAHHS,

3navuenus Ry ., Ap 1o W1 N npHBEHMaIOT cornacuo 1m.3.31.

3HayeHHss MECTHOM CKUMAIOLIEH CHIIbL, BOCTIPMHUMAEMOM 2IEMEHTOM
¢ KOCBEHHBIM apMHpoOBaHueM (TpaBast 9acTh ycaoBus 3.173), npuHUMAIOT
HE 0olee  YABOEHHOTO 3HAYEHHSA MECTHOH  CKUMAIOWEH  CHIIBL,
BOCIIDMHHMAEMOro 3JeMEHTOM 0e3 KOCBEHHOro apMHpOBaHMs (npasas
4acTh ycaosus 3.170).

Cetkn KOCBEHHOrO apMUpOBAHMs pACIONAralTCs B Npelenax
pacyeTHOM WIoWanN Ay q. IIpn oTOM s cxeM ueptT.3.44 6 U 2 ceTku
KOCBEHHOr0 apMHPOBAHHUs pAachoNararoTcs MO IUIOIANU ¢ pa3MepamMu B
KaXIOM HAlPaBJIIEHUH HE MEHEE CYMMBI IBYX B3aMMHO NEPNEHIUKYIAPHbIX
CTOPOH.

Ecmu rpy3oBas WIOWf@Ab paclmosiaraeIcss y Kpas 3/I€MEHTa
(cM.4epT.3.44,6-0,01c), pU ONPEAEACHUH 3HAUEHUH Apje M Appoeer HE
YUNTHIBACTCS IUIOIA/b, 3aHATAs 3AIUMTHBIM cjloem OeroHa Juis Kpainux
CTepXKHEH CETOK.

ITo rayOuHE CETKH pacnoNaraloTcs:

- npu TONmMHE 3nementa Goyee yaBOeHHOTo GONbUIETO pa3Mepa

rpy30BOH IUTONNaJM - B MpEAeNax YABOECHHOrO pa3Mepa rpy30BOH
noIanHM;

Jaech: oy =

ﬂx,ry =
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- Tpu TOTIIMHE 3J€MEHTAa MEHEE YIABOEGHHOTO OONBuIEro pasmepa
rpy30BOii INIOIAIH - B IPeAEaX TOJNLIHHBI JJIEMEHTa.

- CEeTKH KOCBEHHOTr'O apMUPOBaHUS IIOJKHBI OTBeYary,
KOHCTPYKTHBHBIM TpeGOBaHUSM, IPHBENEHHBIM B 11.5.27.

Ilpumepsl pacuera

Hpumep 39. [ano: cranbHas croiika, onupaemas Ha (QyHIAMEHT g
LICHTpanbHO HarpyxeHnHas cwioii N=1000 kH (uept.3.45); dynnament u3
6erona knacca B10 (R, = 6,0 MITa).

+N =1000 kH

i
Yepr.3.45.K npumepy pacuera 39

Tpebyemcs npoBepUTh MPOYHOCTh OETOHA NOJ CTOMKONH Ha MECTHOe
cKaTue.

PacueT npoussoaum B coorBercTBHH ¢ mit.3.81 1 3.82.

PacyeTHyio nnomank Ay pq ONPEREINM B COOTBETCTBUH C uepT.3.44,e.
CornacHo ueprt.3.45, umeeM ¢ = 200mM < q; = 300 mm; by = 200-2+ 200 =
600 MM; b, = 200-2+300 = 700MM; Apn.e = biby = 600-700 =
=420000mMm’:

IInomans CMATHS paBHa Ay = 300- 200 = 60000 Mm>.

Koa@@«x_@em @, paBeH
Ap me
@, =08 |bmx _qg [420000 _, o
h,loc 60000

Torna Ry, 5 = @Ry = 2,12-6,0 = 12,72 MIla.
IlpoBepsem ycnoBue (3.170), npumumas ¥ = 1,0 xak npH
PAaBHOMEPHOM paclpee/leHMH MECTHOM Harpy3KH:
W Ry ioc Aptoc =1-12,72-60000= 763200 H = 763,2 kH < N =1000 kH,
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T.€. NPOYHOCTL OETOHA HAa MECTHOE CXaTHe He obGecreyeHa, H
N03TOMY HeoOXO0AMMO MPUMEHUTL KOCBEHHOE apMupoBanwue. ITpunumaeM
KOCBEHHOE apMHUPOBAHME B BHIE CETOK M3 apMaTypsl Kjiacca BS500
quameTpoM 4 MM ¢ sigerikamu 100x100MM u 1marom mo Beicote s = 100 mm
(Rexy= 415 MITa).

IlpoBepsiem mpouHocTh cornacHo n.3.82. OnpenenseM K