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HOPMATHBHBIE 1 PACYETHBIE XAPAKTEPUCTUKN APMATYPBI
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Pacuer kene300€TOHHEIX 3JIEMEHTOB 10 I10JIOCE MCKAY HAKJIOHHBIMU CCUCHUSAMU



Pacuer »xene300€TOHHBIX JIEMEHTOB 110 HAKJIOHHBIM CEYEHHSIM Ha JeCTBHE MONEPEeYHbIX
cuIl
DNeMEeHThI NOCTOSIHHOM BBICOTHI, ApMUPOBAHHBIE XOMYTaMHU, HOPMAJIbHBIMU K OCH
JJIEMEHTA
DJIeMEHThI IEPEMEHHON BBICOTHI € ITONEPEUHBIM aPMUPOBAHUEM
DeMeHTHl, apMUPOBAHHBIE OTITHOAMH
DneMeHTHI 6€3 ToTepeyHON apMaTypbl
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[Ipumepsl pacuera
PACYET HOPMAJIbHBIX CEUEHUI HA OCHOBE HEJIMHEMHOM
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OJIEMEHTELI, PABOTAIOINWE HA KPYYEHUME C U3I'MEOM
OJIEMEHTEHI ITPAMOVYT'OJIBHOI'O CEHEHUA
Pacuer Ha coBMecTHOE JIeHCTBHE KPYTSIIEro U U3rnOaroero MOMEHTOB
Pacder Ha COBMECTHOE IEMCTBHE KPYTAIIEr0O MOMEHTA U MONEPEYHON CHJIBI
IIpumeps! pacuera
PACYET XXEJIE3OBETOHHBIX SJIEMEHTOB HA MECTHOE JIECTBUE HAI'PY30K
PACYET HA MECTHOE CXATHUE
[Ipumeps! pacuera
PACYET 9JIEMEHTOB HA ITPOIABJINBAHUE
OO01Me ToJI0KEHUS
Pacuer Ha npo/aBiIMBaHKE JIEMEHTOB 0€3 MONEPEYHOM apMaTyphl
Pacuer Ha npoaBnMBaHKE 2JIEMEHTOB C MIONIEPEYHON apMaTypou
IIpumeps! pacuera
4. PACYET DJIEMEHTOB JXXEJIE30OBETOHHbBIX KOHCTPYKIIMI 1O ITPEJIEJIbHBIM
COCTOSHUSAM BTOPOU I'PYIIIIBI
PACYET XXEJIE3BOBETOHHBIX 2JIEMEHTOB I10 PACKPLITUIO TPELLIMH
OBIIME ITOJIOKEHUA
OINPEJEJIEHUE MOMEHTA OBPA30BAHNA TPEUINH



OITPEJIEJIEHUE IITMPUHBI PACKPBLITH TPEIIVH, HOPMAJIbHBIX K
[TPOJIOJIBHOM OCH DJIEMEHTA
[Tpumepsl pacuera.
PACYET XEJIE3OBETOHHbIX KOHCTPYKIMH 110 JJE®OPMAILIUSM
OBIIME TTOJIOXEHU S
PACYET XEJIE3OBETOHHBIX DJIEMEHTOB I10 ITPOT MTBAM
OITPEJIEJIEHUE KPMBU3HbI XKEJIE3OBETOHHBIX SJIEMEHTOB
OBIIME ITOJIOXEHU A
KPMBW3HA JXEJIE30OEETOHHOI'O SJIEMEHTA HA YUACTKE BE3 TPEIIVH B
PACTSIHYTOM 30HE
KPMBU3HA JXXEJIE30OEETOHHOI'O DJIEMEHTA HA YYACTKE C TPEIIMHAMU B
PACTSIHYTOM 30HE
OITPEJIEJIEHUE KPMBU3HAI XKEJIE3OBETOHHBIX JIEMEHTOB HA OCHOBE
HEJIMHEMHOM JTE®OPMAITMOHHOI MOJIEJIN
OITPEJIEJIEHUE YTJIOB CJIBUT'A XXEJIE3OBETOHHOI'O DJIEMEHTA
[Ipumepsl pacuera
5. KOHCTPYKTHUBHBIE TPEFOBAHI I
OBIIME ITOJIOXEHU A
I'EOMETPUYECKUE PABMEPBLI KOHCTPYKIUI
APMIHPOBAHUE
3AILMTHBIN CJIOM BETOHA
MUWHUMAJIBHBIE PACCTOSHUSA MEXY CTEPXXHSIMU APMATYPbI
ITPOJIOJIbHOE APMUPOBAHUE
[IOITEPEYHOE APMHPOBAHME
AHKEPOBKA APMATVYPbI
COEJIMHEHNS APMATYPBI
T'HYTBIE CTEPXXHU
TPEBOBAHUS K BETOHHBIM U XXEJIE3OBETOHHBIM KOHCTPYKIIMSM
®UKCAII APMATYPbBI
[IPUJIOXKEHME 1
COPTAMEHT APMATYPHI
[IPUJIOXKEHME 2
OCHOBHBIE bYKBEHHBIE OFO3HAUYEHU

HNPEANCJIOBHE

Hacrosimee [Tocobue paspaborano B pazsutue Coma I[paswmr CIT 52-101-2003 «beroHHBIC 1
&Kene300€TOHHBIE KOHCTPYKIMH 0e3 MpeABApUTEIBHOI0 HAMIPSKEHUS apMaTyphD».

B IlocoOum mpuBeneHsl Bce ykazanusi mo mnpoektupoBanuio CII 52-101-2003, nmonoxenws,
JETAM3UPYIOIINE ATH YKa3aHWs, NPUMEpbl pacueTa 3JIEMEHTOB, a TaKKe€ PEKOMEHJALUU II0
MPOEKTUPOBAHHUIO.

Martepuansl 1O TNPOEKTUPOBAHUIO PEIKO BCTPEUAEMBIX KOHCTPYKLUUH C HEHANpsAraeMoin
BBICOKOIIpOYHOM apMaTypoil (kimaccoB A600 u Beimie) B Hacrosimee I[locobue He BKIIOUYEHBI, a
npuBeneHbl B «llocobuu 1Mo MpoeKTUPOBAHUIO MPEABAPUTEIHHO HAMPSKEHHBIX JKEIe300€TOHHBIX
KOHCTPYKLHUH U3 TSAKEIOro OETOHAY.

B IlocoOuu He mpuBeAEHbI OCOOEHHOCTH NPOEKTUPOBAHMS KOHCTPYKLIMH OTAEIbHBIX BHIOB
3IaHUM U COOPY’KEHHMU, CBA3AHHBIE C ONPEIEICHUEM YCUIUN B 3TUX KOHCTPYKIUAX. DTH BOIPOCHI
OCBEIIEHBI B cOOTBeTCTBYIOIMUX CBojax IIpaBui u mocoOusx.

Eaununs! pusnyeckux BeNWYHH, npuBeAeHHbIE B [locobun: cuibl BelpaskeHbl B HbloTOHAX (H)
WK KuJoHbtoTOHAX (KH); nmuHelHble pa3Mepbl - B MM (711 C€UEHU) Uil B M (7151 DJIEMEHTOB WIIN
WX YYaCTKOB); HANpPsDKCHHS, COMPOTHUBICHHS, MOAYJIH YIPYyroctu - meramackaimsax (Mlla);
pacnpesesieHHbIe Harpy3kd i ycnwmust - B kKH/m wmn H/mm. Tockonsky 1 MITa = 1 H/mm?, npu
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WCIONIb30BaHUU B MpHUMEpax pacdera Gopmyl, BKIoUaromux BennuuHbl B MIla (HampspkeHus,
COIPOTHBIICHHS H T.I1.), OCTAIbHBIC BEIMIMHBI IPUBOLATCS TONBKO B H 1 MM (MM°).

B Tabnumax HOpMaTHBHBIE W PACUCTHBIC COMPOTHBIICHUS W MOIYIU YIPYTOCTH MaTepHaIOB
npuBeaeHbl B MIIa u B Kre/em?.

ITocobue pazpaborano «UTHUUIIpom3nanuit» (mmxenep V. K.HukutuH, 10KTOpa TEXHHYECKUX
Hayk O.H.Komeim w H.H.Tpékun) npu yvactum «HUMKDB» (mokTopa TEeXHUYECKHMX HAyK
A.C.3anecos, E.A.Yuctsikos, A.1.3Be3108B, T.A.Myxamenues).

1. OBIIME PEKOMEHJALIAN
OCHOBHGBIE ITOJIOKEHMS

1.1. Pekomenganuu Hacrosimero [locobust pacripocTpaHstoTcsl Ha MPOSKTUPOBaHUE OETOHHBIX U
XKeNe300€TOHHBIX KOHCTPYKIMHA 3JaHUA U COOPYXCHHH, BBIIOJHIEMBIX U3 TSDKEIOro OeToHa
KJIACCOB 10 TIPOYHOCTH Ha cxaTtue oT B10 1o B60 6e3 npeaBapuTeIbHOTO HANPSHKEHHUS apMaTypbl
U DKCIUTYaTUPYEMBIX IPU CUCTEMATUYECKOM BO3AeWCTBUU Temueparyp He Bolme 50°C u He Huke
munyc 40°C B cpelne ¢ HearpecCMBHOW CTENEHbIO BO3JCHCTBUSA IIPU CTATHUECKOM JCHCTBUU
Harpys3kKu.

Pexomenganmu  IlocoOust He pacmpoCTpaHsIOTCS Ha IPOEKTUPOBAaHHE OETOHHBIX H
KEJIE300€TOHHBIX KOHCTPYKLUMHM TMIPOTEXHMUYECKHUX COOPYXKEHHI, MOCTOB, TOHHENEH, TpyO MOJ
HACBIMAMHU, TOKPBITUI aBTOMOOMIIBHBIX JOPOT M a3pOJPOMOB M HEKOTOPBIX IPYIHX CHEIHAIbHBIX
COOPYKEHHI.

[MIpumeuanue. TepmuH «TspKenblil 6eToH» npuMeHeH B cooTBercTBUu ¢ [OCT 25192,

1.2. Ilpu npoekTUpOBaHUU OETOHHBIX U HKEJIE300€TOHHBIX KOHCTPYKLHUN, KPOME BBINOIHEHUS
pacueTHbIX M KOHCTPYKTUBHBIX TpeOoBaHMil Hactosiero IlocoOusi, TOJKHBI BBIIOIHATHCS
TEXHOJIOTHYECKHUE TPeOOBaHUS MO M3TOTOBJIEHUIO U BO3BEACHUIO KOHCTPYKLHUH, a TaKKe JOJDKHBI
OBITh OOECIIEYCHBbI YCIOBHS JUISl HaJJIeKaIled SKCIUTyaTallid 3/IaHUH M COOPYXKEHHH C y4eToM
TpeOOBaHUH MO 3KOJIOTMU COTJIACHO COOTBETCTBYIOIMM HOPMAaTHBHBIM JJOKYMEHTAM.

1.3. B cOOpHBIX KOHCTPYKIIMAX OCO0O€ BHHMaHHUE JODKHO OBITH YAEJIEHO Ha MPOYHOCTh U
JOJITOBEYHOCTh COEUHEHHM.

1.4. beToHHBIE 31EMEHTHI IPUMEHSIOT:

a) TPEUMYILECTBEHHO B KOHCTPYKLHMAX, pabOTaloIMX Ha CXaThe IpH PpacloloKeHUU
MIPOJOJILHOM CUJIBI B IIPE/IeNIax MOMEPEUHOr0 CEUEHUS AIIEMEHTA;

0) B OTHENBHBIX CIy4asX B KOHCTPYKIMAX, paOOTAIONIMX Ha CKaTHE MPU PaCIONIOKEHUHU
MPOJOJBHOM CHJIBI 3a MpeaesamMH IONEPEeYHOro CEYEHHs 3JIeMEHTa, a TakkKe B H3rM0aeMbIX
KOHCTPYKLUSAX, KOTJa UX pa3pylIEHUE HE MPEICTABISAET HEMOCPEACTBEHHOM OMMACHOCTH ISl )KU3HU
JOJEN U COXPaHHOCTU 00OpYyI0BaHUs (HaIlprUMep, 3JIEMEHTHI JIeKaIllie Ha CIUIOIIHOM OCHOBAaHUM).

KoHcTpykinn paccMaTpuBaroT Kak OCTOHHBIE, €CIIM HUX MPOYHOCTh B CTaJWU SKCILTyaTalluu
o0ecrnieueHa 0JJHUM OETOHOM.

1.5. PacyerHas 3uMHsAA TeMIlepaTypa Hapy)KHOTO BO3J1yXa IPUHUMAETCS KaK CpenHss
TeMIiepaTrypa Bo3ayxa Haubojee X0J0JHOW MATHUIHEBKH B 3aBUCUMOCTH OT paiiloHa CTPOUTENIbCTBA
cormacio CHwull 23-01-99. PacyeTHble TEXHOJOTHUECKHE TEMIIepaTypbl YCTaHABIMBAIOTCS
3aJlaHuEM Ha MIPOEKTHPOBAHHUE.

OCHOBHBIE PACYHETHBIE TPEBOBAHUA

1.6. Pacuersl O€TOHHBIX M ’K€I€300€TOHHBIX KOHCTPYKIUH ClIeyeT NPOU3BOJAUTH IO
IIPEEIbHBIM COCTOSTHUSAM, BKIFOUAIOIINM:

- TpeleNbHbIE COCTOSHUS MEpBOMl Tpynmbl (IO TOJHOM HEMPUTOJHOCTH K HKCIUTyaTaluu
BCJIEJICTBHE OTEPU HECYIIEH CIIOCOOHOCTH);

- MpeAeNbHbIE COCTOSIHUS BTOPOM TPYMIBI (IO HEMPUTOJHOCTH K HOPMAaJbHOM SKCILTyaTalluu
BCJIEJICTBHE OOpa30BaHMs WJIM YPE3MEPHOTO PACKPBITHUS TPELIUH, IOSBJIECHUS HEIOMYCTHUMBIX
nedhopmaruii u ap.).
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PacueTsl o ipeiebHBIM COCTOSTHUSIM TIEPBOU TPYIIIEI, CoAepKamuecs B HacTosmeM [Tocoonn,
BKJIIOYAIOT pacyeThl MO MPOYHOCTH C YYETOM B HEOOXOAMMBIX clydasx Je(hOopMHpPOBAHHOIO
COCTOSIHMSI KOHCTPYKIIMH MEePe]] pa3pyLICHUEM.

Pacuertsl o npeebHBIM COCTOSHUSIM BTOPOM IPYIIIBL, coeprkaiuecs B HactoseM [locobuu,
BKJIFOYAIOT PACUETHI IO PACKPBITUIO TPEUIUH U 110 J1e(hOpMaIIHsIM.

Pacyer O€TOHHBIX KOHCTPYKLUMH TIO TPEICIbHBIM COCTOSHUSM BTOpPOM TpYIIBI HE
MIPOU3BOIUTCH.

Pacuer no npenenbHbIM COCTOSHUSAM KOHCTPYKIIMU B LIEJIOM, a TaKXKe OTJEIbHBIX €€ AIIEMEHTOB
clelyeT, Kak IMPaBHJIO, MPOU3BOAUTH JJIsi BCEX CTaJAMM - W3TOTOBJICHHS, TPAHCIOPTUPOBAHUS,
BO3BEJICHUS M DKCIUIyaTallud, IMPH ATOM pACUYETHBIE CXEMbl JOJDKHBI OTBEYaTh MNPUHATHIM
KOHCTPYKTHUBHBIM PEIICHUSIM.

1.7. Onpenenenne ycunui u aedopMamnuii OT Pa3IUYHBIX BO3JCUCTBHI B KOHCTPYKIUSAX U B
o0pa3yeMbIX UMM CHCTEMaX 3IaHUA U COOPYXKEHUH ClIeyeT MPOU3BOIUTH C YIETOM BO3MOXKHOTO
oOpa3oBaHMs TpenMH H Heynpyrux jAedopmanuii B OeToHe U apmarype (dusuueckas
HEJIMHEWHOCTh), a TAaKKE€ C yU4ETOM B HEOOXOJHMMBIX CIydasx JePOPMHUPOBAHHOTO COCTOSHUS
KOHCTPYKUUH TIepe]] pa3pylieHrueM (reoMeTpruueckasi HeTUHHEHHOCTB ).

JInst  cTaTUYECKU HEONPENSIMMBIX KOHCTPYKIIMM, METOJMKA pacdyeTra KOTOPHIX C Y4EeTOM
(bu3nuecKoil HEeTMHEHHOCTH HEe pa3paboTaHa, JOMYCKAETCs ONMPENeNsTh YCHINS B MPEANOI0KEHUN
JIMHEWHOM yIIPYyTrOCTH MaTepuana.

1.8. HopmaruBHble 3Ha4YeHHS Harpy30K U BO3IACHCTBUH, KOIPPHUIMEHTHI COYETAHUM,
KO3 (QUIIMEHTHI HAICKHOCTH 10 HArpy3ke, KOdP(UIIMEHTHI HAICKHOCTH 110 HA3HAYCHHUIO, a TAKIKE
MOJIpa3JeliecHne HArpy30K Ha TOCTOSHHbIE W BpPEMEHHbIC (AJTUTENbHbIE M KPaTKOBPEMEHHBIEC)
npunumaroT corinacno CHull 2.01.07-85%*.

1.9. Ilpu pacyere 311eMEHTOB COOPHBIX KOHCTPYKLMU Ha BO3JCHCTBHE yCUIUHN, BO3HUKAIOIINUX
Mpu WX TOABEME, TPAHCIOPTHPOBAHUM M MOHTAaXKE, HArpy3Ky OT Beca DdJEMEHTa CIeayeT
MIPUHUMATH C KOA(PUIIMEHTOM TUHAMHYHOCTH, paBHBIM: 1,60 - mipu TpaHcmoptupoBanuu, 1,40 -
P MOJTBEME U MOHTaXKE. B 3TOM cilydae ciaeayeT yYUuThIBaTh Takke KOd(PPUIIMEHTHI HAIEKHOCTH
10 HarpyskKe.

JlomyckaeTcsi mpuHUMAaTh 0oJiee HU3KHE, 0OOCHOBAHHBIC B YCTAHOBJICHHOM TOPSJIKE, 3HAYCHUS
K03 (HUIIMEHTOB TUHAMUYHOCTH, HO HE HUXxe 1,25.

2. MATEPHUAJIBI JIJISI BETOHHBIX U )KEJE30BETOHHBIX KOHCTPYKIIUI
BETOH

INOKA3ATEJIU KAYECTBA BETOHA U UX IPUMEHEHMUE I1PU
IMPOEKTUPOBAHUH

2.1. Jlns OeTOHHBIX M KeJIe300€TOHHBIX KOHCTPYKLUH CclleyeT NpeaycMaTpuBaTh OETOHBI
CJIELYIOINX KJIACCOB U MApOK:

a) KJIaCCOB 110 IPOYHOCTH Ha CKATHE:

B10; B15; B20; B25; B30; B35; B40; B45; B50; B55; B60;

0) KJ1aCCOB I10 MPOYHOCTH Ha OCEBOE PACTSKEHUE:

B(0,8; Bt1,2; B1,6; B2,0; Bi2,4; B:2,8; B{3,2;

B) MapoK IO MOPO30CTOUKOCTH:

F50; F75; F100, F150; F200; F300; F400; F500;

') MapoK I10 BOJIOHEPOHHUIIAEMOCTH:

W2; W4; W6; W8; W10; W12.

2.2. Bo3pact OeroHa, OTBEYAIONMWA €ro KJIAacCy MO NPOYHOCTH Ha CKAaTHE W Ha OCEBOE
pacTshkeHue (TPOEKTHBIM BO3pacT), Ha3HAYAIOT NPH MPOEKTUPOBAHUM, HCXOAS M3 BO3MOXKHBIX
pEeaIbHBIX CPOKOB 3arpy:K€HUsT KOHCTPYKLHUHU TMPOEKTHBIMU Harpy3kamu. [Ipm oTcyTcTBUU 3THX
JAHHBIX KJIacc OETOHA YCTaHABIMBAIOT B BO3pacTe 28 CyTOK.

3HavyeHHE OTMYCKHOW TMPOYHOCTH OETOHAa B DJJIEMEHTaX COOPHBIX KOHCTPYKIHMH CIemyeT
HazHauyaTh B coorBeTcTBUU ¢ [OCT 13015.0 1 cTannapTaMyu Ha KOHCTPYKLIUN KOHKPETHBIX BUJIOB.

2.3. Knacc 6eToHa 1Mo mpoYHOCTH Ha C)KaTHE Ha3HA4YaeTCsl BO BCEX CydasXx.
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Knacc OeroHa 1Mo NPOYHOCTH Ha OCEBOE DPACTSIKEHHWE HA3HAYAaeTCs B ClydasX, KOrja 3Ta
XapaKTepUCTHKAa HMMEET TIJIABEHCTBYIOIIEE 3HAYEHHE, W €€ KOHTPOJUPYIOT Ha TPOU3BOJICTBE
(mammpumep, A7t OETOHHBIX U3TUOAEMBIX 3JIEMEHTOB).

Mapky 1o MOpO30CTOMKOCTH Ha3HA4yaroT JUIsl KOHCTPYKLHWMH, TMOJBEPKEHHBIX B Ipolecce
SKCIUTyaTalliil TIONEPEMEHHOMY 3aMOpPaKMBAaHUIO W OTTAaMBAHUIO (HAI3€MHBIE KOHCTPYKIIWH,
nojBepramomuecs arMochepHbIM BO3ACHCTBUSIM, HAXOSIIMECS BO BJIAXKHOM TPYHTE WM IOJ]
BOJION U JIp.).

Mapky 1o BOJOHENPOHUIIAEMOCTH HA3HAYalOT ISl KOHCTPYKLMM, K KOTOPBIM HPEIbSBISIOT
TpeOOBaHUs OTPaHUYEHUS BOAOIPOHHUIIAEMOCTH (pe3epByaphl, MOANOPHBIE CTEHBI U JP.).

2.4. JIns xene300eTOHHBIX KOHCTPYKIMM PEKOMEHAYeTCsl IPUHUMATh Kiacc OeToHa Ha CyKaTue
He HWwke BI1S5; mpu sSTOM 1 CWIBHO HAarpy>KEHHBIX C)KaTBIX CTEP)KHEBBIX JJIEMEHTOB
PEKOMEHTyeTCsl IPUHUMATh Kilacc OeToHa He Hike B25.

Jlnist OETOHHBIX CKATBIX AJIEMEHTOB HE PEKOMEHIyeTCsl IPUMEHATh OeTOH Kiacca Boiie B30.

2.5. J1ns HaA3eMHBIX KOHCTPYKIIMH, TOBEPraeMbIX aTMOC(HEPHBIM BO3IACHCTBUAM OKpYXKaIomeh
Cpelbl IIPU pacdeTHOM 3MMHEN TemIepaType Hapy:KHOro Bo3ayxa ot MuHyc 5°C no munyc 40°C,
NPUHUMAIOT MapkKy OeToHa IO MOPO30CTOMKOCTHM He Hmke F75; mpu stom, ecnu Takue
KOHCTPYKIIMHU 3aIIMIICHBI OT HEMOCPEICTBEHHOTO BO3JECHCTBHSA aTMOC(HEPHBIX OCAJKOB, MapKy II0
MOPO30CTOHKOCTH MOXHO NMPUMEHATh He Hike F50.

[Ipu pacuerHoi 3uMHeN Temreparype Bbllie MUHYC 5°C B yKa3aHHBIX BbIIIE€ KOHCTPYKLHSX
MapKy 6€TOHa 0 MOPO30CTOMKOCTH HE HOPMHUPYIOT.

Ilpumeuanue. PacueTHas 3UMHAS TEMIIEPATYPA HAPYIKHOTO BO3/yXa IPUHUMAETCS COTJIACHO m.1.5.
HOPMATUBHBIE U PACYHETHBIE XAPAKTEPUCTUKU BETOHA

2.6. HopmartuBHBIE 3HAYEHHUS COMPOTHUBICHUS OETOHA OCEBOMY CXKaTUIO (IIpU3MEHHAas
MPOYHOCTH) Rp,n 1 OCEBOMY pacTsKeHHUIO (TIPU HA3HAUYEHUM KJ1acca IO MPOYHOCTU Ha cxaTue) Ryt
MPUHUMAIOT B 3aBUCUMOCTH OT KJiacca 6eTona B cormacno Tabm. 2.1.

Tabmmma 2.1.

Bun conporusnenus |HopmaTtusHble conpoTuBieHus 6etoHa Ry,n 1 Ryyn 1 pacueTHBIC 3HAUE€HHS CONPOTHBIICHUS OE€TOHA
N . 2
JUISL TIPEJICTIbHBIX COCTOSTHUN BTOPOU TPyl Ry ¢or ¥ Ry ser MITa (kre/cm®) mpu kitacce OeToHa 1o
MPOYHOCTH HA CXKATHE

BI10 | BIS | B20 | B25 | B30 | B35 | B40 | B45 | B50 | BSS B60
Cxatme oceBoe Ry | 7,5 | 11,0 | 150 | 185 | 22,0 | 255 | 29,0 | 32,0 | 36,0 | 39,5 | 43,0 (438)
Roser (76,5) | (112) | (153) | (188) | (224) | (260) | (296) | (326) | (367) | (403)
PactsikeHie Ry 085 | 1,10 @ 1,35 | 1,55 | 1,75 | 1,95 | 2,10 | 2,25 | 2,45 | 2,60 | 2,75(28,0)
Rogser (8,7) |(11,2)| (13,8) | (15,8) | (17,8) | (19,9) | (21,4) | (22,9) | (25,0) | (26,5)

IIpn Ha3HaueHuu kiacca OETOHA MO MPOYHOCTH Ha OCEBOE pACTSIKEHUE Bi HOpMaTUBHBIE
COIIPOTHBIIEHUS] OETOHA OCEBOMY pACTSKEHUIO Ry,n B MIla mpuHHMarOT paBHBIMH YHCIIOBOM
XapaKTEPUCTHUKE Klacca OETOHA HA OCEBOE PACTSKEHUE.

2.7. PacueTHble COMPOTUBIICHUSI OETOHA OCEBOMY CHKaTHIO Ry M OCEBOMY pacTsDKEHHIO Ryt JUist
MpeieIbHBIX COCTOSHUN NEPBOM TPYIIIIBI OMPENEISIOT o (hopMynam:

— Rb,n ;Rbt — Rbt,n
7o ot (2.1)

r7ie 7, - KoOOQGUIUEHT HaJIe)KHOCTH M0 OETOHY MPH CXKAaTHH, TPUHUMAaeMbIi paBHbIM 1,3;
Vbt KO HUIMEHT HAJISKHOCTH 110 OETOHY IIPU PACTSHKEHUH, IPUHUMAEMbIH paBHBIM:
1,5 - npu Ha3HaYeHHUH KJlacca O€TOHA MO MPOYHOCTHU Ha CHKATHE;
1,3 - mpu Ha3HAUYeHUU KJlacca OETOHA MO MPOYHOCTH Ha pacTsHKEHHE.
Pacuernbie conporuBienust 6eTona Ry 1 Ry (C OKpyrieHnemM) B 3aBUCUMOCTH OT Kjiacca OeToHa
10 TPOYHOCTHU Ha CXKATUE U OCEBOE PACTSHKEHHE IPUBECHBI COOTBETCTBEHHO B Tab. 2.2 1 2.3
PacueTHble 3HA4YEHUsI CONPOTUBIIEHUS OETOHA OCEBOMY CKATHIO Rpser U OCEBOMY PACTSKEHUIO
Rotser 11 IpeneiabHBIX COCTOSHUI BTOPOH TIPyMNIbl NPUHUMAKOT PaBHBIMU COOTBETCTBYIOLIUM

Ry




HOPMATUBHBIM COTPOTHBIICHUSIM, T.€. BBOJAT B pacueT ¢ KOAPPHUIIUEHTOM HAJICKHOCTH 110 OETOHY
¥, = Yot = 1,0. 3HaueHus Ry ser ¥ Ryt ser MpuBeneHsI B Ta0MI. 2.1.

Tabmauua 2.2

Bun PacuerHble conpoTUBIICHUA OCTOHA TSI IPEACILHBIX COCTOSHUIN TIepBoi rpymmbl Ry u Ry, MIla
COIIPOTHUBJICHUS (KI‘C/CMZ) Ipu Kjacce OCTOHA IO MPOYHOCTH Ha CKATHE

B10 B15 B20 B25 B30 B35 B40 B45 B50 B35 B60

Cxarue oceBoe, R, 6,0 8,5 11,5 14,5 17,0 19,5 22,0 25,0 27,5 30,0 33,0

(61,2) (86,6) (117) (148) (173) (199) (224) (255) (280) (306) (330)

Pactsxenue 0,56 0,75 0,90 1,05 1,15 1,30 1,40 1,50 1,60 1,70 1,80
oceBoe, Ry G7)  (7.6) (92 (10,7) (11,7) (133) (143) (153) (163) (17.3) (18.3)
Tabmnuua 2.3

PacuerHple conpoTuBiIeHNs OETOHA Ha 0CEBOE PACTSHKEHUS IS IPEASIFHBIX COCTOSIHHIN TIepBoii Tpymmsl Ry, MIla
(xrc/em?) mpu K1acce GETOHA MO MPOYHOCTH Ha 0CEBOE PACTSIKEHHE
B0,8 B,2 B1,6 B2,0 Bi2,4 B2,8 B3,2
0,62 (6,3) 0,93 (9,5) 1,25 (12,7) 1,55 (15,8) 1,85 (18,9) 2,15 (21,9) 2,45 (25,0)

2.8. B HeoOX0AMMBIX CiIyyasiX pacueTHbIE CONPOTUBIICHUS OETOHA YMHOXKAIOTCS Ha CIEAYyIOIIne
KOX(QPHUIIMEHTHI YCIOBUI pabOTHI Y |

a) 1 = 0,9 - misg OGETOHHBIX U JKENe300€TOHHBIX KOHCTPYKIUMH MpH JCHCTBHM TOJBKO
MOCTOSIHHBIX M JUTUTEIILHBIX HarPy30K, BBOJAUMBINA K PAaCYETHBIM 3HAYCHUSM Ry 1 Rpy;

0) 702 = 0,9 - 11 GETOHHBIX KOHCTPYKIMI, BBOJUMBIN K paCU€THOMY 3HaYCHHIO Rp;

B) yb3 = 0,9 - 1151 GETOHHBIX U ’KEJI€300€TOHHBIX KOHCTPYKIHH, OETOHUPYEMBIX B BEPTHKAIEHOM,
BBOJIMMBIN K PacCYeTHOMY 3HaueHHIO Rp.

2.9. 3HaueHHe HAYaJIbHOI'O MOAYJS YIPYrocTh OETOHAa MHpH CXKAaTUM M pacTsikeHun Ep
IPUHUMAIOT B 3aBUCUMOCTH OT KJlacca OeToHa o MPOYHOCTH Ha cxatue B cornmacno Tabim. 2.4

2.10. 3nayenus kod¢pdunmenta monepednoi nepopmanuu 6erona (koadduruenta [Tyaccona)
JOTMYCKaeTCsl MPUHUMATh Vpp = 0,2.

Monyne cnura Oerona G mnpuHmMaioT paBHbIM 0,4 cooTBeTCTByOmEro 3HaueHus Ep,
yKa3aHHOTo B Ta0J. 2.4.

2.11. 3Hauenus kod¢p¢uuueHTa JIUHEHHOM TemmneparypHoil nedopmanuu OeToHa NpU
U3MEHEHNHU TemnepaTrypsl oT MUHYC 40 1o mmroc 50°C npuHUMAKOT ot = 1:10° °C™,

Tabmnura 2.4

3HaueHHs HAYATBHOTO MOIYIIS YIPYrOCTH GETOHA IPH CXKATHU 1 pacTsmkerun Ey 10, MITa (krc/cm?), mpu kimacce
6eToHa 10 MPOYHOCTH Ha CXKATHE
B10 B15 B20 B25 B30 B35 B40 B45 B50 B55 B60
19,0 (194) 24,0 (245) 27,5 (280) 30,0 (306) 32,5 (331) 34,5 (352) 36,0 (367) 37,0 (377) 38,0 (387) 39,0 (398) 39,5 (403)

2.12. lnga ompeneneHus Macchl *KeNe300€TOHHON WM OETOHHOW KOHCTPYKIUHU IUIOTHOCTH
6eToHa npuHUMaetcst paBHoit 2400 Kkr/m®,

[T1oTHOCTH ’Kene300eToHa TpU CoNepKaHWHM apMartypbl 3% ¥ MeHee MOXKET MPHHUMAThCS
paBHO#i 2500 Kr/M°; IIPH COZIEPIKAHMM apMATyPBI CBBIIIE 3% IUIOTHOCTh ONMPEICISETCS KaK CyMMa
Macc OeToHa M apMaTyphl Ha €UHUILY 00beMa kene300eToHHON KoHCTpyKumu. [Tpu aTom macca 1
M JUIMHBI apMaTypHOW CTajM MPUHUMAETCs MO OPUIOKEHHIo 1, a Macca JUCTOBOM M (hacoHHOMU
CTaJIM - TI0 TOCY/IapCTBEHHBIM CTaHIapTaM.

IIpy ONpe/eIeHHH HAarpy3KH OT COOCTBEHHOrO Beca KOHCTPYKIMH YACHbHBIE Bec ee B KH/M®
nomnyckaercs npuHuMaTh paBHeiM 0,01 mioTHOCTH B Kr/M°.

2.13. 3HaueHMs OTHOCHUTENBHBIX JedopMmanuii OeTOHa, XapaKTEpU3YIOIUX IHarpaMmy
COCTOSIHHSI C)KAaTOTO O€TOHA (Epo, Epblred , €b2) U PACTIHYTOTO OCTOHA (Epto, Ebtlred , Ebt2), @ TAKKE
3Ha4YeHus Kod(duimenTa noazyyectu 6€ToHaA @p ¢r TpUBeneHbI B il. 4.27 u 4.23.




APMATYPA
ITOKA3ATEJIN KAYECTBA APMATYPbI

2.14. Jlns xene300€TOHHBIX KOHCTPYKIHH, MPOEKTUPYEMBIX B COOTBETCTBUHU C TPEOOBAHUSAMHU
Hactosgiero [locobus ciaenyer npexycmaTpuBaTh apMarypy:

- ropsiYeKaTaHyo TJIaKylo apMarypy kiacca A240 (A-1);

- TOpSYEKATaHYI0 M TEPMOMEXAHWYECKH YIPOUYHEHHYIO IMEPHUOJUYECKOro Mpo¢uis KIAcCOB
A300 (A-I1), A400 (A-11I, A400C), A500 (AS00C);

- X0J04HO0Ae(hOPMUPOBAHHYIO TIEpHOaHUecKoro mpoduis kiaacca B500 (Bp-1, B500C).

B kadectBe apMmaTyphl JKeI€300€TOHHBIX KOHCTPYKIMM, YCTaHaBIMBAaEMOW II0 pacuery,
PEKOMEHIyeTCsI IPEUMYIIECTBEHHO TPUMEHSITh:

- apMmarypy nepuoandeckoro mpoduis kinaccoB AS00 u A400;

- apMmatypy nepuoaudeckoro npoduis kinacca B500 B cBapHbIX Kapkacax U ceTKax.

CopraMeHT apMaTypbl IPUBEIECH B MPUIOKEHUH 1.

2.15. B KOHCTpYKUHUAX, IKCIUTyaTHPYEMbIX Ha OTKPBITOM BO3JyX€ WM B HEOTAITUBAEMBIX
3llaHUSAX B palioOHax C pacueTHOM 3uUMHeHN Temmeparypoill Huxke mMuHyc 30°C, He nomyckaercs
npuMeHenue apmatypsl ki1acca A300 mapku cranu Ct5nc quamerpom 18 - 40 MM, a Takke Kiacca
A240 mapku cranu CT3KiI.

OTH  BUIBl apMaTypbl MOXKHO TPUMEHATh B KOHCTPYKIMSX OTAIUIMBa€MbIX 3JIaHUMH,
pacrlojOKEHHBIX B YKa3aHHbIX palloHax, €cilyd B CTaJAMM BO3BEACHMS HECyIllas CIIOCOOHOCTb
KOHCTPYKUMH Oyner oOecreueHa UCXOAS M3 PAcueTHOTO CONPOTUBIEHUS apMaTyphl C
noHrKaomuM kKodpduimenToMm 0,7 U pacdeTHOH HArpy3kd ¢ KOd((GUIUEHTOM HAIS)KHOCTH TI0
Harpyske s = 1,0.

[Ipounie BUABI U KIJIACCHl apMaTypbl MOXKHO IPUMEHSTH 0€3 OrpaHIYCHHIA.

2.16. [ns MOHTaXHbIX (TOABEMHBIX) IMETENb JJIEMEHTOB COOPHBIX >KEIe300€TOHHBIX U
OCTOHHBIX KOHCTPYKIUH ClIeJlyeT MPUMEHSTh ropsiueKaTaHyro apMatypy kinacca A240 Mapok cramu
Cr3cn u Cr3nc, a Takxke knacca A300 mapku cranm 10I'T.

HOPMATHUBHBIE U PACYETHBIE XAPAKTEPUCTUKU APMATYPbBI

2.17. OCHOBHOH NPOYHOCTHOHN XapaKTEPUCTHKOW apMaTyphl SBISETCS HOPMAaTUBHOE 3HAUYECHHE
COIPOTHUBIIEHUS PACTKEHUIO Rs MpMHUMaeMoe B 3aBUCUMOCTH OT KJlacca apMaTypsl 1o Tadid. 2.5

2.18. PacyerHble 3Hau€HUs COMPOTHBIIEHUS apMaTypbl pacTsDKeHHIO Rs Ui mpeaenbHbIX
COCTOSIHHMI MEpBOI rpyNIIbl ONPEAEIIAIOT 110 popMyJie

Rs,n
Vs (2.2)

e s - K03 PULHEHT HaIeKHOCTH [0 apMaType, IPUHUMAEMbIil paBHBIM:
1.1 - nyst apmatypsl kitaccoB A240, A300 u A400;
1,15 - nns apmarypsl kiacca A500;
1.2 - nns apmatypsl kitacca B5S00.
Pacuernble 3HaueHus Rs mpuBenens! (¢ okpyrieHuem) B Taba. 2.6. Ilpu 3tom 3HaueHus Rsp
MPUHATHI PABHBIMHA HAaMMEHBIINM KOHTPOJIHPYEMBIM 3HAUYEHUSIM 110 cooTBeTcTBYtommM ['OCT.
PacueTHble 3HaUEHMS COMPOTUBIICHUS apMATYPbl PACTSKEHHIO Rs,ser JUTS TPEIEIBHBIX COCTOSHUH
BTOPOW TPYIIBI MPUHUMAIOT PaBHBIMH COOTBETCTBYIOIIMM HOPMATHBHBIM COINPOTHBICHUSM Rgp
(cMm. Tabu. 2.5),

R, =

Tabnuua 2.5
Apmatypa KJ1accoB HomuHanbHbI 1naMeTp apMarypsl, HopmatuBHbIE 3HaUEHUS CONIPOTUBIICHUS
MM pacTsKeHHIo R, ¥ pacyeTHBIC 3HAUCHHUS

COIIPOTUBJICHUA PACTAXCHUIO JJIA TPEACIIbHBIX

COCTOSIHHIA BTOPO# TpyTIIBl Ry,eer MITa (krc/cm?® )
A240 6-40 240 (2450)
A300 10-70 300 (3060)



A400 6-40 400 (4080)
AS500 6-40 500 (5100)
B500 3-12 500 (5100)

PacueTHble 3HaUEHUS CONPOTUBIICHUS apMATYPhl CKATUIO Rsc IPUHUMAIOT PaBHBIMHM PACUETHBIM
3HAYCHUSIM CONPOTHBIICHHUS apMaTypbl pacTsDKEHUIO Rs 3a uckiroueHneM apmatypbl kiacca AS00,
st kotopoit Rge = 400 MITa u apmatypsl kiacca B500 mis koropoit Ry = 360 MIla (cm. Taba.
2.6). Ilpu pacueTe KOHCTPYKIIMN HA JCHCTBHE TOCTOSIHHBIX W JUTMTEIBHBIX HArPy30K 3HAYCeHUs R
1uig apmarypsl kiaaccoB A500 u BS00 nomyckaercss npuHUMaTh paBHBIMU R,

Tabmnuua 2.6.
Apmarypa kinaccoB  PacueTHble 3HAYCHUSI COMTPOTUBIICHHS apMATYPbI [UIs IPEJCIIbHBIX COCTOSIHUI NEPBOM TPYIIIIH,
MIla (xkrc/em?)
PaCTSKCHHIO cKaTHio, Ry
MPOIOBHOM, R MOTIEPEYHON (XOMYTOB U
OTOTHYTBIX CTEPIKHEH), 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. PacyerHple 3HAYCHHSI COMPOTHBIICHHUS IOTNCPEYHON apMaTypbl (XOMYTOB M OTOTHYTBIX
cTepxHe) Rgy CHIDKAIOT IO CpaBHEHHIO C Rs TyTeM yMHOXeHHs Ha KO3 (OULIMEHT YCIOBUN pabOThI
ys1 = 0,8, Ho mpunumaror He Oosee 300 MIla. Pacuernwie 3HaueHust Ry mpuBeneHsl (c
OKpyTJIieHHEM) B Ta01. 2.6.

2.20. 3Ha4eHus MOIYJISI YIIPYTOCTH apMaTypbl Es IpUHUMAIOT OMHAKOBBIMU TIPH PACTSHKCHUU U
cKaTuu ¥ paBHbIME Eg = 2,0- 10° MIla = 2,0 10° kre/eM?.

3. PACYET JIEMEHTOB BETOHHBIX M )KEJIE30OBETOHHBIX KOHCTPYKIIHI 11O
NPEJEJbHBIM COCTOAHUSAM NEPBOM I'PYIIIBI

PACYET BETOHHBIX 2JIEMEHTOB 110 TPOYHOCTH
OBIIME ITOJIOXKEHUA

3.1. beroHHbBIE 3JIEMEHTHl PACCUUTHIBAIOTCS IO TMPOYHOCTH HA JEHCTBUE MPOJOJIBHBIX
CKUMAIOIINX CUJI, U3rHOAIOIINX MOMEHTOB M MONIEPEYHBIX CHJI, @ TAKXKE HA MECTHOE C)KaTHe

3.2. beToHHbIE »JJIEMEHTHl B 3aBUCHUMOCTH OT YCJIOBUH HX paboTel U TpeOOBaHUM,
NPEeIbsBIAEMBIX K HHUM, DPAaCCUMTHIBAIOT 0O€3 ydeTa WM C YYETOM COINPOTUBJIECHUS OeToHa
pacTSIHyTOM 30HBI.

be3 ydera conpoTuBieHHs OeTOHA PpacTSAHYTOM 30HBI TPOU3BOAST PACUET BHELIECHTPEHHO CXKAThIX
AJIEMEHTOB, YKa3aHHbIX B I.l.4,a, OpUHMMAs, 4YTO JIOCTH)KEHUE TMPEIEIbHOIO COCTOSHUS
XapaKTepU3yeTcsl pa3pyLIeHUEM CKaToro OeToHa.

C yderoMm conpoTuBiIeHHUs] O€TOHA PaCTSIHYTOM 30HBI IPOU3BOAT PACUET AIEMEHTOB, YKa3aHHBIX
B 1.1.4,0, a TaKXe 3JEMEHTOB, B KOTOPHIX HE JOMYCKAIOT TPEUIMHBI MO YCIOBHIM JKCILTyaTalluu
KOHCTPYKUUH (3JIEMEHTOB, MOABEPrarolinXcs JaBJICHUIO BOJAbI, KAPHU30B, MapaneTroB u ap.). llpu
9TOM TNPUHUMAIOT, YTO MPEACIBHOE COCTOSHUE XapaKTePU3yeTCs JOCTH)KEHHEM IPEAETIbHBIX
ycuJInii B 6€TOHE pacTsHYTOM 30HBI.

3.3. Eciu ycunus (MOMEHT, MONEpevHas CWila WIM MPOJOibHas cuia) F1 OT MOCTOSHHBIX H
JUINTEIbHBIX Harpy3ok mpesbimaer 0,9 ycunus oT Bcex Harpys3ok, BKJIHOYash KpaTKOBPEMEHHBIE,
CIIeIyeT MPOBOAMUTH pacyeT Ha JelcTBue ycwinil F1, mpuHUMas pacueTHbIe CONPOTUBIIEHUS OeTOHA
Rp u Rpt ¢ yaerom ko3 dummenta y,; = 0,9.

3.4. Pacuer 1o NMpOYHOCTH OETOHHBIX 3JEMEHTOB Ha JACWCTBHE MECTHOIO CXATUs MPOU3BOISAT
cornacHo ykazanusm nn.3.81 u 3.82.

3.5. B OeTOHHBIX »JEMEHTaX B Clydasx, yKa3aHHbIX B I.5.12, HE0OXOAMMO MpPETyCMOTPETh

KOHCTPYKTUBHYIO apMarypy.



PACYET BHEHEHTPEHHO CXATBIX 9JIEMEHTOB

3.6. IIpu pacuere BHEIEHTPEHHO C)KAThIX OCTOHHBIX JJICMEHTOB CJICIYET YUYUTHIBATh CIy4aliHBIN
AKCIICHTPUCUTET €,, IPUHUMAEMbIX HE MEHEE:

1/600 muiMHBI 37IEMEHTa WM PACCTOSHUS MEX]y €r0 CEUCHHUSIMU, 3aKPETJICHHBIMU OT CMEIICHHUS;

1/30 BBICOTBI CEUCHHS;

10 MMm.

JIist 3JIEMEHTOB CTAaTHMYECKH HEOMNPEIEeTUMbIX KOHCTPYKLUMM (HAmpuMep, 3alleMJICHHBIX 110
KOHIIaM CTOJIOOB) 3HaU€HUE HKCLEHTPHUCUTETA MPOJOIBHOM CHIIBI OTHOCUTEIBHO LIEHTPa TSHKECTU
CEUCHHS €, NMPUHUMAIOT PaBHBIM 3HAYEHHUIO SKCIEHTPUCHUTETA, MOJIYYEHHOMY U3 CTaTHUYECKOIrO
pacuera, HO HE MEHEE e,.

JIist 3JE€MEHTOB CTAaTMYECKH OMPEACMMBIX KOHCTPYKIUN 3KCUEHTPUCUTET €, NPUHUMAIOT
PaBHBIM CyMMe€ SKCLIEHTPUCUTETOB - U3 CTATUYECKOTO pacueTa KOHCTPYKIIMH U CIy4daiHOrO.

3.7. Tlpu rubkoctu snemeHtoB lo/i > 14 (ans npsimoyroseHoro cedenusi npu lo/h > 4)
HEO0OXOIMMO YYUTHIBATh BIUSHHE HAa MX HECYIIYIO CIIOCOOHOCTH MPOTMOOB MYTEM YMHOKEHUS
3HAYCHUH e, Ha KO3PPUIMEHT 7, OnpeaessieMblii coryacHo 1.3.10.

3.8. Pacuer BHEIEHTPEHHO CXKAaTbhIX OETOHHBIX SJEMEHTOB IPU PACIOIOKEHHH IMPOJIOJIBbHOMN
CHJIBI B IIpE/IeNIaX CEUEHUs IEMEHTa MIPOU3BOJIUTCS 0€3 yuyeTa CONpOTHBIEHUS O€TOHA pacTAHYTON
30HBI CIEAYIOIINM 00pa3oM.

J171s1 371eMEHTOB MPSMOYTOJILHOTO, TABPOBOTO U JIBYTaBPOBOT'O CEUCHMSI MPHU JICUCTBUH YCUIIUS B
MJIOCKOCTH CUMMETPHUH pacdeT MPOU3BOIUTCS U3 YCIOBUS

N < RpAp, (3.1)

rae As - IIOImAgL CXKaToil 30HBI OETOHA, ompezensemMas U3 yCJIOBUS, YTO €€ LEHTP TSKECTH
COBIAJIACT C TOYKOW MPHIOKEHUS MPpoaosibHOM critbl N (¢ yuerom niporuba) (uept. 3.1.).
JU1sl 57IEMEHTOB MPSIMOYTOJIbHOT'O CEYSHMSI

A, =b-h 1—Mj
h (3.2)
rae 7 - cm. 1.3.10.

N3 ycrmoBust (3.1) TakkKe MOXKHO pPACCUHATHIBATE CHMMETPHYHBIC TpAlCUEBUIHBIC U
TPEYroJIbHbIE CEUEHMsI, €CIIM HauOOJIbIlee CKaTHe IPUXOAUTCS Ha OOJIBIIYIO CTOPOHY CEUEHUS.

o Rb | /A"
B = 1-1 1
3 T~
&._Mw,.“a____h_%:b.“‘
| .,
I
b

Yept.3.1. Cxema ycuiInii ¥ SIF0Opa HAMPSDKEHUH B CCUCHHH, HOPMAJIBHOM K IPOI0JbHON OCH BHEIICHTPEHHO
CKaToro OETOHHOTO JJIEMEHTA, PACCUNTHIBACMOT'O 110 MPOYHOCTH 0€3 yueTa COMPOTURIICHHUS OETOHA PACTAHYTOMW 30HBI
1-yenmp msocecmu niowadu cocamoii 301wt Avb, 2-mo dce, NAOWAOU 8Ce20 CeYeHUS

B octanpHBIX ciiydasx pacueT MpOU3BOIUTCS Ha OCHOBE HEJIMHEWHOM J1eopMallnOHHON MOAEIH
cormacHo nmn.3.72 - 3.76, mpyUHMMAas B PacueTHBIX 3aBHCHUMOCTSX IUIONIA/b apMaTypbl paBHOMN
HYJTIO.

JlomyckaeTcst Ipyu KOCOM BHEIIEHTPEHHOM C)KaTHH TPSIMOYTOJILHOTO CEYEHHUsST pacueT MPOBOAHUTH
u3 ycnoBus (3.1), onpenensist As o popmyie




A =b-h[1- 2octh | g 20Tk
h b (3.3)

TIC eox U 69y - SKCICHTPUCUTETHI cruibl N B HalpaBJICHUH COOTBETCTBEHHO pa3Mepa ceueHus h u
b.

Hx U 1]y KO3 (UIMEHTHI # ONpeAeaeHHble coracHo 11.3.10 OTAEIbHO IS KaXKA0T0 HAIIPABICHHUSL.

3.9. BHeueHTpeHHO cXkaTble OCTOHHBIC AJIEMEHTHI IPU PACIIOJIOKEHUH TPOJOJIBHON CHIIBI 32
rpeieJaMy MONEePeyHOro CEYSHHsI 3JIEMEHTA, a TAK)KE AJIEMEHTHI, B KOTOPBIX MOSIBICHUE TPEUIUH HE
JOMyCKAeTCs, He3aBUCHUMO OT pacyera u3 ycnoBus (3.1), MOMKHBI OBITH MPOBEPEHBI C YY4ETOM
COIPOTHUBIICHUSI OETOHA PACTSIHYTOM 30HBI U3 YCIOBUS

N<— A
A e 1
ey —
' , (3.4)
TZIe i - PACCTOSTHHE OT IIEHTPA TSKECTU CEUCHHUS DIIEMEHTA JI0 HanboJIee pacTIHYTOrO BOJIOKHA,
n -cm. 1.3.10.
J1J11 57IeMEeHTOB MPAMOYTOJILHOTO ceueHus ycioBue (3.4) uMeeT BUJ
N < R,.bh
6e,n 1
h (35)

JlomyckaeTcsi pacyeT OETOHHBIX 3JIEMEHTOB C YY€TOM OE€TOHA pacTSHYTON 30HBI MPOU3BOJIUTH HA
OCHOBE HEIIMHEHHOW JeOpMallMOHHON MoJieH coriacHo nmn.3.72 - 3.76, mpuHuMas B pacueTHBIX
3aBUCHMOCTSIX IJIOIIA/Ib apMATypPbl paBHON HYIIIO.

3.10. 3nauenue kodhdUIMEHTA #, YUYUTHIBAIOIIETO BIUSHUE TMporuda Ha 3HAYEHUE
AKCLEHTPUCUTETA MPOIOIBHOMN CHUITBI €5, OTIPEeETIIeTCs 0 hopMyIie

1
n=
N
1— —
Ner (3.6)
rie Ner - yeToBHAsI KpUTHYECKAsl CHIIa, ompeiersieMas 1mo hopmyre
Ncr - Ig
0 (3.7)
rac D - 5kecTKOCTB 3JIEMEHTA B HpeHeHLHOﬁ 10 IPOYHOCTU CTAANH, OIIPEACIIICMast 110 (I)opMyne
0,15
OBl st a)
+
n03+4, (3.8)
|, = onpenensercs no Tadn.3.1.
Tabmmma 3.1.
XapakTep onupaHusi CTeH U CTOJI00B PacuerHnas auuna |,
BHEIIEHTPEHHO CXKAaThIX
OETOHHBIX JIEMEHTOB
1. C onopamu BBepXy U BHU3Y:
a) NP [IapHUpPaX Ha ABYX KOHIAX HE3aBHCUMO OT BEIMYMHBI CMEIICHUS OTIOp H
0) npw 3aleMIICHUH OJJHOTO U3 KOHIIOB M BO3MOXKHOM CMELIEHHH OTOp 3JaHui:
MHOTOIPOJIETHBIX 12H
OJTHOTIPOJIETHBIX 15H

B) IIPH YaCTUYHOM 3aIeMJICHIH HETIOABIKHBIX OTIOP 0,8H



2. CB0OOAHO cTOSIIME 2H

IIpumeuanue.H - paccTosHre MEXIY IEPEKPHITHSIMA ¥ IPYTUMH FOPU30HTAILHBIMHU ONIOPaMH (IIPH MEPEKPHITHSIX,
MOHOIIUTHO CBSI3aHHBIX CO CTEHOM (CTOIO0M) 32 BEIYETOM TOJIIMHBI IEPEKPHITHSI) FITH BHICOTA CBOOOIHO CTOSAIICH
KOHCTPYKIIUH.

JU1st 5IEMEHTOB MPSIMOYTOJIbHOTO ceueHust popmyna (3.8) umeer Bug
_ E,bh’
804 (03+4,) (3.80)

B ¢popmynax (3.8) u (3.8a):
@ - KO3()(OUIMEHT, YYNUTHIBAIOIINN BIUSHUE UIMTEILHOTO JCHCTBHS HArpy3Kd Ha HpPOrHO
3JIEMEHTA B TPEIEIILHOM COCTOSIHUH, PaBHBIN
M
g =1+ —
M. (39)

HO He Ooutee 2;

Mj - MOMEHT OTHOCHUTEIIBHO PAcTSHYTOW WM HAaUMEHee CKaTOW IrpaHH CEYeHUs OT JACUCTBUA
MMOCTOSIHHBIX, JUIMTEIbHBIX U KPATKOBPEMEHHBIX HArpy3o0K;

M| - TO Xe, OT IOCTOSIHHBIX U JJTUTENBHBIX HATPY30K;

Op- KO3 GUIMEHT, MPUHUMAEMbIN paBHBIM €,/h, HO He Menee 0,15.

Jl1st cTeH U cTOJIOOB C YyIPYro HEMOJABMYKHBIMU ONOpaMHU yKa3aHHOE 3HAYEHUE 7], IPUHUMACTCS
IIPH pacyeTe CEUYeHU B cpelHel TpeTH BhIcOThl H. [Ipu pacueTe omopHBIX CEUEHU, MPUHUMACTCS
n = 1,0, a B 1pyrux ce4eHusIx - 1o JUHEHHON HHTEPIIOISILIUH.

Ecnu HmKHSIS omopa »KECTKO 3allleMJIeHa, TO MPU YIPYrod BepxXHEH omope OmpeleieHHOe I0
dopmyite (3.6) 3HaUCHUE 1 TPUHUMACTCS ISl CEUCHUN HMYKHETO yJacTKa BBICOTOM 2/3H.

3.11. Pacuet ¢ ydueTom mporuda BHEIIECHTPEHHO CXKAaThIX OETOHHBIX 3JIEMEHTOB MPSIMOYTOJILHOTO
ceueHus kiacca He Bbitre B20 npu |, < 20h qomyckaercst mpou3BOAUTD U3 YCIOBHUS

N < anRoh, (3.10)

T1e a, - onpenensiercs o rpaduky (4ept. 3.2) B 3aBUCUMOCTH OT 3Ha4deHHi e/h u 1 =1, h.
3.12. Tlpu meiicTBUN 3HAYMTENBHBIX TOTIEPEYHBIX CHIT JOJDKHO BBITIOIHSITHCS YCIOBUE

y_mt+yﬂ<10

Ri Ry (3.11)

TJI€ Omt U O - TJIABHBIC PACTATHBAIOIINE U TJIaBHBIC C)KUMAIOIIUE HAIPSHKEHUS, ONpeaesieMble
o ¢hopmyre

(3.12)

Oy U T - HOPMAJIBHOC M KaCaTCJIbHOC HAIPsIHKCHUE B pacCMaTpuBA€MOM BOJIOKHEC CCUYCHMHA,
OIIPECACIIICMBIC KaK I YIIPyroro Mmarepuaia.
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UYept.3.2. I'padux Hecyme# crnocoOHOCTH BHEIICHTPEHHO CXKATHIX OCTOHHBIX AIIEMEHTOB
Yenosuble 0603HaUEHHS: ——— 1pu My /M =10;
----- npH A'["/AII = 0,5,

Jljisa psiMOYTOJILHOTO ceueHHs mpoBepka ycioBus (3.11) mpoBoauTcs uisi BOJIOKHA Ha YPOBHE
LIEHTpa TSHKECTH CEUEHHUs, a JJIS TaBPOBBIX U JBYTABPOBBIX CEUCHHMM Ha YPOBHE IMPUMBIKAHUS
C)KATBIX TMOJIOK K CTEHKE CEUeHUSI.

PACYET U3I'NBAEMBIX DJIEMEHTOB

3.13. Pacuer n3rubaeMbpIX OCTOHHBIX 3JIEMCHTOB CJICAYCT IIPOU3BOAUTH U3 YCIIOBUSA

M < RyW, (3.13)
rae W - MOMCHT COIIPOTHUBJICHUS IJIA KpaﬁHeFO pacTIHYTOro BOJIOKHA; JJISI IPAMOYT'OJIbHOT'O
bh?
W=—-
6

CCUCHUA .
Kpome ToOro, [uis 3JI€MEHTOB TaBPOBOIO M JBYTaBPOBOTO CEUCHHMU JIOJDKHO BBIOIHITHCS
ycoBHe

< Rbt (314)

TAC 7T - KACATCJIbHBIC HAIIPAKCHHA, ONPCACIACMBIC KaK IS YIIPYTOTO MaTcpHalia Ha YPOBHC
LHEHTpA TAXKECTU CCUCHUS.

IIpuMmepsl pacyera

IMpumep 1. Jano: mexkBapTipHas 6eToHHAsI MaHes b ToAmuHOH h =150 MM BeicoTON H = 2,7 M,
M3TOTOBJIICHHAsI BEPTUKAIBHO (B Kaccere); OeToH kiacca B15 (E,= 24000 Mlla, R, = 8,5 Mlla);
nosiHas Harpyska Ha 1 m ctensl N = 700 kH, B TOM umciie moctosiHHas U JuiMTeNbHast Harpy3ka Ny =
650 xH.

Tpebyemcs npoBepUTH NPOYHOCTH MAHEIH.

Pacuer, npoumsBogum corinacHo 1.3.8. Ha JEHCTBUE MPOJOJBHOM CHIIBI, IPUIIOKEHHOW CO
CIIy4ailHBIM 3KCIIEHTPUCUTETOM €,, ONPEAEIEHHBIM COTJIACHO 11.3.6.

h _@=5MM<1OMMH1=m=4,5MM<1OMM,

Mockomsky 30 30 600 600



NpUHUMAEM e,= ¢, = 10 MM. 3akpericHHe MaHeIu CBepXY U CHH3Y MPUHUMACM IIApHUPHBIM,
ClleIoBaTeNbHO, pacyeTHas auuHa l,, cormacHo ta6:1.3.1, paBua |, = H= 2,7 m. Tak KaK OTHOILICHHE
I,/ h=2,7/0,15= 18 > 4, pacdeT npoU3BOMM C YIETOM BIUSHHMsI ITporuda coriacHo 1m.3.10.

ITo dhopmyie (3.9) onpenensiem ko3 dunment ¢, npuaumas My/M; = N/N =650/700 = 0,93,

o =1+My/M;=1+0,93=1,93.

ITockonbky €,/h = 10/150 = 0,067 < 0,15, npunumaem o, = 0,15.
XKectkoctsh D onpenenum no popmysie (3.8a), npurumas mupuny ceuenus b =1 m = 1000 mm

E,bh® 24000-1000-150°

- = =1166-10" H mm°
80¢,(0,3+5,) 80-1,93(0,3+0,15)

Torna
_ 7°D _ 7°-1166-10"

N == —— =1578,3-10° H =1578,3kH;
| 2700
1 1
"= = =1,797
L N 700
N 1578

cr
Pacuetnoe conportusnenue 6etona Ry cornacHo m. 2.8 mpuHUMaeM ¢ ydyeToM K03 PHUIINEHTOB

72 = 0,9 1 yp3 = 0,9, a yunTeIBasg HamMuMEe KPATKOBPEMEHHBIX HArpy30K, MpUHUMaeM yp1 = 1,0.
Toraa R, = 8,5:0,9:0,9 = 6,89 MIIa.

[Tposepum ycnosue (3.1), uconssys Gpopmyiy (3.2)

RbAp = Rpbh(1 — 2-ep-5/h) = 6,89-1000-150(1 - 2:0,067-4,797) = 784635 H = 784,6xkH > N=700
kH, T.e. mpOYHOCTH MaHeN M Ha IEHCTBUE MOJTHOM Harpy3Ku obecreueHa.

IMockombky NY/N = 0,93 > 0,9, cormacHo 1m.3.3 mpoBepuM HPOYHOCTH MAHEIH Ha JCHCTBUU
TOJIBKO MTOCTOSIHHBIX U JUIMTEIBHBIX HArpy3ok, T.e. mpu N = 650 kH. B atom ciayuae ¢ = 2, u Torna

N, = 1578,3@ =15234u = S S 1,745
2 1-650/1523

PacuerHoe conporunenue R, npuanMaem ¢ yaetom yp; = 0,9: Ry = 6,89-0,9 = 6,2 H.
RpAp = 6,2:1000-150(1-2-10-1,745/150) = 713620H = 713,6 kH > N = 650 xH,
T.€. IPOYHOCTH MaHEIH 00ecIeYeHa MPH JIFOObIX COYETAHUSIX HArpy30K.
PACYET XKEJIE3OBETOHHBIX 3JIEMEHTOB 110 IPOYHOCTH

3.14. ’Kene300eToOHHBIE 3JEMEHTHI PACCUMTHIBAIOT IO MPOYHOCTU Ha JIEHCTBUE H3THOAIOIIMX
MOMEHTOB, IMOINEPEYHBIX CHUJI, MPOJOJIbHBIX CHJ, KPYTALIMX MOMEHTOM M Ha MECTHOE JeicTBHE
Harpy3ku (MecTHOE CKaTue, POo/IaBIMBaHUE, OTPHIB).

N3I'MBAEMBIE DJIEMEHTDBI

PACYET KEJE30BETOHHBIX DJIEMEHTOB HA JEVMCTBUE W3TIUBAIOIINX
MOMEHTOB

Oo01me moJ1oKeHus

3.15. PacueT mo mpoYHOCTH KeJle300€TOHHBIX IEMEHTOB Ha JIeHiCTBHE M3TNOAIOIUX MOMEHTOB
ClIeTyeT IPOU3BOIUTH JIJIsl CEYEHUI, HOPMAaJIbHBIX K UX MPOJOIBHON OCH.

Pacuer HOpMaJbHBIX CEUYEHUH H3TMOAEMBIX AIIEMEHTOB CJEAyeT IPOU3BOAUTH HAa OCHOBE
HEJTMHEWHOH edopManmoHHOW MoIeu coryacHo mi.3.72 - 3.76, npuaumas N = 0.

Pacuer npsAMOyrosbHOTO, TABPOBOTO U JIBYTaBPOBOI'O CEYEHHI C apMaTypoii, pacloI0KEHHON Yy
MEPIEeHIUKYIIAPHBIX MJIOCKOCTEH M3rnbda rpaHei sJaemMeHTa, NMpu JAeHCTBUM MOMEHTAa B IUIOCKOCTH
CUMMETPUHU CEUSHHS JIOMYyCKAETCs POU3BOJUTD IO MPEAeIbHBIM YCHIIMSAM coryiacHo nn.3.17-3.27.

Pacuer 31€MEHTOB ¢ TaKMMHM CEYEHUSMHU Ha JEHCTBHE KOCOTO M3rnba B HEKOTOPBIX CIIydasx
TaKXe JOIyCKAaeTCsl MPOU3BOIUTH MO MPEAeIbHBIM YCHIIMSAM coriacHo nn.3.28 u 3.29.



3.16. Jlns »xene300eTOHHBIX 3JIEMEHTOB, Y KOTOPBIX MPEACIbHBINA M0 MPOYHOCTH M3rHOaromuit
MOMEHT OKa3bIBa€TCSl MEHbIIIE MOMEHTa oOpaszoBaHus TpemuH (1mm.4.5-4.8), miomanas cedeHus
MPOJOJIBHOM PACTIHYTOH apMaryphl JOJDKHA OBITh yBEIMYEHA IO CPaBHEHHIO ¢ TpeOyeMoil u3
pacuera 1o NpOYHOCTH HE MeHee yeM Ha 15% win 1oJpKHA yIOBIETBOPATH PacyeTy Mo MPOYHOCTH
Ha JieficTBe MOMEHTa 00pa30BaHus TPEIIUH.

3.17. Pacyer mo MpoOYHOCTH HOPMAJIbHBIX CEYEHUM CIEAYyeT NMPOU3BOAUTH B 3aBUCHUMOCTU OT

o o X
COOTHOLICHUA MCXKAY 3HAYCHHUCM OTHOCHUTCIBHOU BBICOTBHI CKATOU 3O0HBI OcToHa f:—,

h
ONpENeNIIEMbIM M3 COOTBETCTBYIOIIUX YCJIOBUH pAaBHOBECHsS, H 3HAUYCHHUEM T'PAHUYHON
OTHOCHUTEIILHOM BBICOTBHI CKATOH 30HBI R TPU KOTOPOM MPEACITHLHOE COCTOSHHE DJIEMEHTa
HACTyMaeT OJHOBPEMEHHO C JOCTIDKEHHEM B pAcTAHYTOW apMarype HampspDKeHUs, pPaBHOTO
pacyeTHOMY COMPOTUBIIECHUIO Rs.
3HaveHue {r ONPEeatoT 1Mo hopmyne

0,8
b=
1+
700 (3.15)
rae Rs - B MIla niu o ta0i. 3.2.

Tabmuna 3.2

Kitace apmatypsl A240 A300 A400 A500 B500

3nauenue &y 0,612 0,577 0,531 0,493 0,502

3HaueHue ag 0,425 0,411 0,390 0,372 0,376

HpHMoyFOJIBHI)Ie CeUCHUHA

3.18. Pacuer mnpsMoyronbHbIX cedeHHi (ueptT.3.3) TPOM3BOAUTCS CIEAYIOIUM 00pa3oM B
3aBHCHMOCTH OT BBICOTBI CYKATOH 30HBI

= RsA R A (3.16)
X .
&= h_ <Tr
a) mpu 0 - U3 yCJIOBUSA
M < R,bx(h, —0,5x)+ R, A (h, —a’) (317)

0) npu & . W3 yCIIOBHS
M <agR,bhj + R A (ho - aI] (3.18)

=£ —
rie % ’R(l 0.5 R) W cM. Taba. 3.2.

ITpaByto yacth ycioBus (3.18) mpu HEOOXOAMMOCTH MOKHO HECKOJBKO YBEIHUYHTH IMyTEM
3aMenbl 3Hauenus ag Ha (0,7 ag + 0,3 ap), rae an = &(1 - 0,5 &), u npunumas 3aech & He 6omee 1.
Ecau x <0, mpOYHOCTD TPOBEPSIOT U3 YCIAOBHUS
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Yepr.3.3. Cxema ycuiuii n ontopa HalpspKeHUH B ONEPEYHOM MTPSIMOYTOIBHOM CEYEHHH U3rn0aeMoro
HKeNe300eTOHHOTO IeMEHTa

Ecnu Berancnennas 6e3 yuera cxartoit apmarypsl (A's= 0,0) BpIcOTa CKaTO# 30HBI X MEHbIIE 2a’,
nposepsiercs ycnosue (3.19), rne BMecTo a’ moacTaBisiercs x/2.

3.19. HUsrubaemble »5IEMEHTHI PEKOMEHIYETCS MPOEKTHPOBATh TaK, 4YTOOBI OO0ECHEeUnuTh
BBINOJNIHEHUE YCIOBUA & < &£ . HeBbImonHenue 9Toro ycaoBust MOKHO JIOMYCTHTh JIUIIb B CIIyYasiX,
KOTJa IUIOMIAJb CEYEHHUS pACTSIHYTOH apMaTypbl OIpeleleHa M3 pacdyera IO MpeaesbHBIM
COCTOSIHUSIM BTOPOM IPYIIIbI WIIHM MIPUHSTA MO KOHCTPYKTUBHBIM COOOPAKEHUSIM.

3.20. IIpoBepky IPOYHOCTH MPSIMOYTOJIBHBIX CEYEHUN C OIMHOYHOM apMaTypoOl TPOU3BOIAT:

npu x < ¢rho U3 ycnoBust

M < R¢As (ho-0, 5) (3.20)

. R
IJIE X - BBICOTA C)KATOM 30HBI, paBHAs X = A i &r-om.3.17,
b

npu x > &rhy U3 ycnoBus

M < O(RRbbhg (3.21)

rae ag - cM. Tabi. 3.2;

MIPH 3TOM HECYNIYI0 CIIOCOOHOCTh MOXKHO HECKOJIBKO YBEIIMYUTH, MCIOIB3YSl PEKOMEHIAIHIO
n.3.18, 6.

3.21. IlogGop mpo10IbHON apMaTyphl MPOU3BOAT CIAEAYIOIUM 00pa3oMm.

Brruncnsior 3HaueHue

WM
Robhg (3.22)

Ecnu a,, < ar (cM. Tabu. 3.2), cxkatast apmarypa o pacdery He TpeOyercs.
[Ipu oTcyTcTBUM c)aTOM apMaTyphl IUIOIIAAb CEYEHUs PACTIHYTOM apMaTypbl ONPEIeseTcs Mo

bopmyne
A =R,bhy (- 1-2a, JIR, (3.23)

Ecmu a, > ar , TpeOyeTcs yBeIMUUTh CEYEHHE WJIM MOBBICUTH KJIacC OETOHA, WM YCTAaHOBUTH
CKAaTyI0 apMaTypy COIJIacHO 1.3.22.

3.22. [Inomanu ceuenus pactaHyTou As U cxxatoil A's apMaTyphl, COOTBETCTBYIOLIUE MUHUMYMY
UX CYMMBI, €CITH 110 pacueTy TpedyeTcs cxaras apmatypa (cM. 1.3.21), onpenenstor no ¢popmysam:

M —ag,R,bh}
R.Ab, —a (3.24)

A, =0 Rbhy /R + A, (3.25)

A =



rae (R U ag ¢M. Tabud. 3.2

Ecnu 3HaueHne MPUHSTON TUTOMIAIM CeUeHHs CKaToil apMaTypbl A's 3HAUUTEIBHO MPEBHIIIACT
3HAUeHUE, BBIYUCIICHHOE TI0 ¢opmyne (3.24), miom@aab CEUEHUs PaCTSHYTOM apMaTypbl MOXKHO
HECKOJIbKO YMEHBIITUTH 110 CPAaBHEHHIO C BIYUCIEHHON 110 opmyite (3.25), ucnonbiys Gopmyiry

A =Rybh,(L—1-2a, IR, + A (3.26)

M-R.A M -a)_
R,bh;
[Tpu 5TOM JIOJKHO BBIMIOJIHSATHCS YCIOBUE &, < ag (cM. Tabu1. 3.2).

rac am =

TaBpoBble U ABYTABPOBbIE CeUeHUsI

3.23. Pacuer ceueHuUi, UMEIOIIMUX IMOJIKY B CKATOM 30HE (TaBPOBBIX, ABYTABPOBBIX U T.II.),
MPOU3BOJIAT B 3aBUCUMOCTH OT TIOJIOXKEHUS TPAHHUIIBI CKATOW 30HBI:
a) eCJIM TPaHUIIA TPOXOIUT B MOJIKe (4ept. 3.4.a), T.€. COONIOAACTCS YCIOBUE

RsAs < Rbbf hf + RSCA; (327)

pacuet mpou3BoaAar 1o 1i.3.18 u 3.20 xak A7 NPsIMOYTOJIBHOTO CEYSHHST ITMPUHOMN b, ;

0) ecnu rpaHuIa NpoxoauT B pedpe (uept. 3.4.0), T.e. ycnoBue (3.27) He cobnmoaeTcs, pacuer
MIPOU3BOJISAT U3 YCIIOBHSI:

Ay A
T4 o bt A
7 » J
B i)
-E .€ —
}
S S
7 L f
As b As b

Yept.3.4. Tlos0KeHNE IPaHHUIIBI CKATON 30HBI B TABPOBOM CEYCHHH M3IMOAEMOT0 JKeIe300€TOHHOIO SIeMeHTa
a-6 nanxe; 6 - 6 pebope

M < R,bx(h, —0,5x)+ R, A, (h, —0,5h; )+ R A (h, - a'), (3.28)

rae Aoy - TUIOIIAAb CEYECHUsT CBECOB MmoJiku, paBHas (D't -b)h's, mpu 3TOM BBICOTY C3KaTOM 30HBI
OTIpeeNsIoT 1o popmyre

— RsAs B RscAs' B Rb'AY)v
R,b (3 29)

U TIpUHUMAIOT He Oosiee rhy (M. Tabum. 3.2).
Ecmu x> &ho yemosue (3.28) MOKHO 3amucaTh B BUJE

M <agR,bh + R, A, (h, —0,5h; )+ R A (h, —a')

X

, (3.30)
rue ag - cM. tadi. 3.2.

IIpumeuanus: 1. [Ipu nepeMeHHOH BBICOTE CBECOB MOJKH JOIYCKACTCS MPUHMMATh 3HaueHHe h't paBHBIM
CpeHEeN BBICOTE CBECOB.
2. IllupuHa cxxaroi mojku b'y, BBomMMast B pacyer, He JOJKHA NPEBbIIATh BEIMYMH, YKa3aHHbIX B 1. 3.26.

3.24. Tpebyemyto IIIOIIAAb CEUCHHUS CKATON apMaTyphl ONIPENETISIOT 1Mo (hopmyJie



- M-aRbhi ~R, A, h, ~05h;)
R, (h, —2') (3.31)

rae ag - cMm. Tabi. 3.2; Aoy = (b's -b)h's

[Tpu 3ToM MOMKHO BBIMONHATBCS ycioBue h's < ¢rhy B ciyuae, ecnu h's > &rh,, mmomans
CEUYCHHUS CIKATOM apMaTypbl OMPENEIAIOT KaK JUIsl MPSIMOYTOJbHOTO cedeHusl muprHoi b = bt mo
hopmyue (3.24).

3.25. Tpebyemyto IIOIIAAb CEUECHUS PACTIHYTOU apMaTyphl ONPEACIISIFOT CISAYIOINUM 00pa3oM:

a) €CJIM IPaHUIIA C)KATOM 30HBI IPOXONT B IMOJIKE, T.€. COOIIOACTCS YCIOBHUE:

M <Rb;h; (ho —~0,5h, )+ Rscﬁé(ho —a') (3.32)

IUIONIA/Ib CEYCHUsS PACTSIHYTOH apMaTyphl ONPEACNSAIOT KaK Ui MPSIMOYTOJILHOTO CEUYCHUS
mmmpuHo# b's cormacHo 1.3.21 u 1.3.22;

0) ecnu rpaHUIA CXKATOM 30HBI MPOXOAUT B pebpe, T.e. yciosue (3.32) He coOmromaercs,
IUIONIA/Ib CEYCHUS PACTSIHYTOM apMaTyphl ONPEAeIsoT o Gopmyre

_ R,bh,(L—\1—2a,, )+ R, A, + R A
R, (3.33)

e o M= RA (hy 08N, )- R.A (h—a) 330
" R,bh?

A

[Tpu 5TOM JTOJIKHO BBIIOJIHSITHCS YCIOBHUE @, < agr (cM. Tabi. 3.2).

3.26. 3nauenue b's BBoguMOE B pacuer, NIPHHUMAIOT M3 YCJIOBHS, YTO IIMPUHA CBeca IOJIKUA B
KaXX/IyI0 CTOPOHY OT peOpa noibkHa ObITh He Oosiee 1/6 mposiera ineMeHTa 1 He OoJee:

a) NpU HAJIWYUH TonepeuHbix pedep wmm npu h's > 0,1h - 1/2 paccrosiHust B cBeTy MeXIy
MIPOJOJILHBIMU pedpamu;

0) Mpu OTCYTCTBHUHU MOMNEPEYHBbIX pedep (WM IpPU PACCTOSHHUIX MEXAY HHUMH, OOJBIIUX, YeM
PacCTOSTHHS M1y MPOA0SIbHBIME pedpamu) u tipu h's < 0,1h - 6h's;

B) IIPU KOHCOJIBHBIX CBECaX MOJIKHU

npu h't > 0,1h - 6h';,

npu 0,05h <h't <0,1h - 3h';

npu h's < 0,05h - cBechl He yYUTHIBAIOT.

IIpumepsl pacyera
IIpsimoyroJibHbI€e CeYeHust

Ipumep 2. [Jano: ceuenue pasmepom b = 300 mm, h = 600 mm; a = 40 mMM; u3rubarommit
MOMEHT C y4eTOM KpaTKOBpeMeHHBIX Harpy3ok M = 200 kHwm; 6eton kinacca B15 (R, = 8,5 MIla);
apmatypa kiacca A300 (Rs= 270 MIIa).

Tpebyemcs onpeAenUTh TUIOMIAH CEYCHHUS TIPOIOIFHON apMaTypHhI.

Pacuer.. hy = 600 - 40 = 560 mMm. [TogOop MPOAOIBHON apMaTypbl MPOU3BOIAMM COTJIACHO
n.3.21. ITo popmysne (3.22) BbruncisieM 3HaU€HUE am

M _ 200-10°
R,bh;  8,5-300-5607

Oy = =0,25

ITo tabn. 3.2. naxogum ag = 0,41. Tak kak an = 0,25 < og, ckatas apMaTypa MO pacyery He
TpeOyercs.
TpeOyemyto mionaas ceueHus pacTsIHYTOH apMaTypsl ornpeaesseM o popmyie (3.23)

A, = Rybh, L~ 1— 24, J R, =8,5-300-560f— y1—2-0,25 ) 270 = 1555 su?.



[pusnmaem 22528 + 12525 (As = 1598 mmP).

Mpumep 3. /lano: ceuenune pasmepamu b = 300 MM, h = 800 mMm; a = 70 MM; pacTsSHyTas
apmarypa A400 (R = 355 MIla); miomas ee cedenns As = 2945 mm® (62325); Geron kiacca B25
(Rp = 14,5 MIla); usrubaromuii MmomeHT M = 550 kHm.

Tpebyemcs IPOBEPUTH IPOYHOCTD CCUCHUS.

Pacuer.. h, =800 - 70 = 730. [IpoBepky NpOYHOCTH MPOU3BOIUM cOrIacHo 11.3.20:

Omnpenenum 3HaYECHHE X.

_R,A 355.2945

= = = 240 mm.
R,b  14,5-300
g= X =280 o399
ITo tabu. 3.2 naxomum &g = 0,531, Tak kak h, 730 ,

nposepsieM yciosue (3.20):
RsAs (ho-0,5%) = 3552945 (730 - 0,5-240) = 636,8-10° H Mmm = 636,8 kHm >M = 550xHwm,

T.€. IPOYHOCTh CEUCHHsI OOecIeueHa.

Ipumep 4. /[ano: ceuenne pazmepamu b= 300 mm, h = 800 mm; a = 50 MM; apmarypa Kiacca
A400 (Rs = Ryc = 355 MIla); msrubaromuii momeHt M = 780 kHwm; Geron kiacca B15 (R, = 8,5
MITa).

Tpebyemcs onpeAeTUTh TUIOIIAH CEYCHUS TIPOIOJILHON apMaTypHhI.

Pacuer.. hy = h - a = 800-50=750 mm. TpeOyemyro IUIOIIAAb MPOJOIBHON apMaTypbl
omnpeaensieM cornacHo 1m.3.21. [To popmyne (3.22) HaxouM 3HAYCHHE A

_ M 780-10°
R,bh.  8,5-300- 7507

fom =0,544

Tak kak om = 0,544 > ag = 0,39 (cm. Tabu. 3.2), mpu 3aJaHHBIX pa3Mepax CEUeHUs M Kiacca
0eToHa HEOOXOaMMa CKaTas apMarypa.

[Mpuaumast a’ = 30 mm u &g = 0,531 (cm. 1abxa. 3.2), no dopmynam (3.24) u (3.25) onpenenum
He00XO0IMMYIO IJIOLIAb CEUYEHUI CKAaTOM U PACTAHYTON apMaTyphbl:

M — o R,bh} _ 780-10° ~0,39-8,5-300- 750
R.b,—a) 355(750 —30)

&-R,bh, . 0,531-300-750-8,5
A R, A 355

[puanmaem A= 942 mm? (30520); As = 4021 mm? (5232).

Mpumep 5. Jano: ceuenne pazmepamu b = 300 mm, h = 700 mm; a = 50 mm; a’ = 30 mm; GeToH
knacca B30 (R, = 17 MlIla); apmatypa A400 (Rs = Rsc = 355 MIla); miomaab cedeHus C:KaTou
apmatypsl A's = 942 Mm? (3320); msrubarommit Moment M = 580 kH M.

Tpebyemcs onpeieTUTh TUIOIIA L CEUCHHUS PACTSIHYTON apMaTyphI.

Pacuet. hy, = 700 - 50 = 650 mMm. PacueT mpou3BOAMM C YUETOM HAIMYUS CIKATOH apMaTyphI
corjacHo 1m.3.22.

Brraucnsem 3Ha4eHme .

=863 Mm?,

A =

+863 =3724vm°.

_M- R.A —6')= 580-10° —355-942(650 —30) _
R,bhZ 17-300-650°

0173

Tak kakom = 0,173 < g = 0,39 (cm. Taba. 3.2), HEOOXOAUMYIO TIJIOLIAAb PACTIHYTON apMaTyphl
omnpezaesnsieM o Gopmye (3.26)

A, = Rybh, L 1-2¢, IR, + A =17-300- 6500 — \1— 2-0173 ) 355+ 942 = 2727 mna?.



purnvaem 3336 (4s = 3054 mmP).

IMpumep 6. Jano: ceucune pasmepamu b = 300 mm, h = 700 mm; @ = 70 mm; a' = 30 mm; OeToH
kiacca B20 (R, =11,5 MIIa); apmarypa kiacca A400 (Rs = Ry = 355 Mlla); momans ceueHus
pacTsHyTOi apmarypel As = 4826 MM (6932), cxaroit - A's= 339 MM (312); msrubdarommii
MoMeHT M = 630 kH m

Tpebyemcs IPOBEPUTH IPOUHOCTH CEUCHHSL.

Pacuer. ho =700 - 70 = 630 mm. [IpoBepKy MPOYHOCTH CEUEHHUS IIPOM3BOINM COIIAcHO 11.3.18.

ITo hopmyne (3.16) onpenensieM BHICOTY CKATOM 30HBI X

L RA - R.,A  355(4826—339)

=4617
R,b 11,5-300

g=X _80L7 73356 —0531
[To Tab6a. 3.2 maxoaum &g = 0,531 u or = 0,39. Tak kax h, 630 ’

MPOYHOCTh CEUCHHUS MPOBepsieM u3 yciaosus (3.18):

aR,bhZ + R A, —a' )=0,39-115-300- 630° +355-339- (630 —30)= 606,2-10° H - mm =
=606,2xH-Mm <M =630kH - M,

T.€. IPOYHOCTh COTJIACHO ATOMY YCJIOBHIO HE OOecreueHa. Y TOYHHUM TpaBylo 4acTh ycioBus (3.18)
IyTeM 3aMeHbl 3HaueHus ag Ha (0,7 ag + 0,3 am), rue

om=¢(1-0,5¢)=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° H-Mmm = 636,6 kH-m > M = 630
kHwm, T.e. mpoyHOCTH OOEceyeHa.

TaBPOBI)Ie U ABYTAaBPOBbLIC CEUCHUA

Ipumep 7. /lano: ceuenne pazmepamu b's= 1500 mm, h'r= 50 mm,

b =200 mm, h = 400 mm; a = 80 mm; Oeton kimacca B25 (R, = 14,5 MIla), apmarypa kiacca
A400 (Rs = 355 MIIa); nzrudaromuit MomeHT M = 260 kHwm.

Tpebyemcs onpeieNuTh IJIOMAAb CSUCHHSI POIOJIEHON apMaTypBhI.

PacueT. h, = 400 - 80 = 320 mm. PacueT mpou3BOANM COTIAacHO 11.3.25 B MPEAMOIOKESHUH, YTO
c)KaTasi apMarypa 1o pacdery He Tpedyercs.

ITpoepum ycnosue (3.32), npuaumas 4's = 0:

R,b; h; (h, —0,5h; )=14,5-1500-50(320 - 0,5 - 50) =320,8-10° Hwm = 320,8 kHm > M = 260 kHm
T.C. T'paHulIa COKaTOU 30HBI MpOXOaAUT B IIOJIKC, U paCyCT MPOU3BOJUM KaK I MNPAMOYTOJIBHOT'O

ceyeHus mupuHoit b = b't=1500 MM coracHo m.3.21.
Brrunciisiem 3HaueHue

M 260-10°

a, = ~ = ~=0,177 <, =0,39 (cMm. Ta011.3.2)
R,bh?  14,5-1500-320

T.€. CKaTasi apMarypa JeHCTBUTEIBHO 10 pacyeTy He TpeOyercs.
[Tnomans cevyeHus pacTsIHYTOH apMaTyphl BeraHcisieM 1o Gopmysie (3.22)

A =Rybh, @~ 124, )R, =14,5-1500- 320~ y1—2-0117 ) 355 = 2446 m”.

IpurnMaem 42528 (As = 2463 MmP).

IMpumep 8. /lano: ceuenne pazmepamu b's = 400 mm, h's = 120 mm, b =200 mm, h = 600 mm; a =
65 mM; Geton kiacca B15 (R, = 8,5 MIla); apmarypa kinacca A400 (Rs = 355 MIla); nzrubaromuii
MoMeHT M = 270 kHwm.

Tpebyemcs onpeAenuThb IUIOMIAlb CEUCHUs PACTIHYTON apMaTyphbl.

Pacuer. h, = 600 - 65 = 535 mm. Pacuer npousBoaumM coriacHo m.3.25 B MPeanoa0KeHHH, YTO
c)KaTasi apMarypa 1o pacuery He Tpedyercs.



Tak xak
Rpb't h's (ho - 0,5h) = 8,5-400-120(535 - 0,5-120) = 193,8- 10°H mm = 193,8 kHM <M = 270 xHwm,

rpaHulla CKATOW 30HBI MPOXOAUT B pedpe H IUIOMAAb CCUCHUSI PACTSHYTOH apMaTrypsbl
omnpeaenuM 1o dpopmysie (3.33), npuHUMast IIOMIA1b CEYCHHs cBecoB paBHOM Aoy = (b's -b)h's = (400
-200) 120 = 24000 MM, BbIancisieM 3HaYeHHe Oy npu A's=0

_M-RA, (hO —0,5h; )= 270-10° -8,5- 24000(635-0,5-120) _ 0.356 <
R.bN 8,5-200-535° TR e madn. 3.2)

CIIeJOBATENILHO, CKaTasi apMarypa He Tpedyercs.

A Rybh, (1— - 2a, )+ R A, _ 8,5 200-535(1— \/1-2-0,356 )+ 8,5 24000 19495 a
R 355 |

purnmaem 42525(As = 1964 Mm?).

Mpumep 9. Jano: ceuenue pazmepamu b's =400 mm, h's= 100 mm, b =200 mm, h = 600 mm; a =
70 mm, 6eton kimacca B25 (Rp = 14,5 MIIa); pactsayras apmatypa kiacca A400 (Rs = 355 MIla);
IUIOIaab ee ceueHusd As = 1964 MM (4925); A's = 0,0; usrubaromuii moment M = 300 kHwm.

Tpebyemcs IPOBEPUTH POYHOCTH CCUCHUS.

Pacyetr. h, = 600 - 70 = 530 mwm. IIpoBepKy HpPOYHOCTH MPOM3BOAUM COTJIacHO 11.3.23,
npunumast As= 0,0. Tak kak Rs-As = 3551964 = 697220 H > Ry-b'r-h's =14,5-400-100 = 580000 H,
rpaHUIla CKATON 30HBI IIPOXOAUT B peOpe, U MPOYHOCTH CEUEHHsI TPpOoBepsieM U3 ycioBus (3.28).

Hnst sToro mo ¢opmyne (3.29) ompenenuM BBICOTY CXKAaTOW 30HBI, MPUHSB IUIONIAh CBECOB
paBHoO# Agy = (b's -b)h’s = (400 - 200) -100 = 20000 mMm*:

L RA-RA, _355:1964-145-20000 . .h, —0,531-530 = 281now
R,b 14,5-200

(rme &r HaiimeHo u3 Tabim. 3.2).
R,bx(h, —0,5X)+ R, Ay, (h, —0,55h, )=14,5-200-140- (530 — 0,5-140) +14,5 - 2000 - (530 — 0,5-100) =

=326-10° H-mm =326 kH-m > M =300kH -m
T.€. IPOYHOCTh CEUCHHUS OOecIeueHa.

JJieMeHThl, padoTaouue Ha KOCOH U3rud

3.27. Pacuer mpsMOYTOJBHBIX, TaBPOBBIX, JIBYTaBPOBBIX M [-00pa3HBIX CEUYECHUN 3JIEMEHTOB,
paboTaronmmx Ha KOCON W3ru0, JAOMycKaeTcs MPOU3BOAWTH, MPUHUMAs (HOPMY CHKATON 30HBI MO
4yepT.3.5; Npu 3TOM JIOJHKHO BBITOJIHATHCS YCIIOBHE

M, <Rb[Aweb(h0'X1/3) + Sov,x] + RseSsx, (3.35)

rae M, - coCTaBIsIIONIas M3rHOAIONIEr0 MOMEHTA B MJIOCKOCTH OCH X (32 OCH X U Y IPUHUMAIOTCS
ABC B3aMMHO MNCPICHAUKYIAPHBIC OCH, INPOXOAAINIUE YEPEC3 LECHTP TAXKECTHU CCUCHHA paCTﬂHYTOﬁ
apMaTypbl TapajuleIbHO CTOpPOHAM CEYEHHMsI; NI CEYEHHS C TMOJIKOW OCh X TMPUHUMAETCS
napajuieIbHO TIOCKOCTH pedpa);

Aweb =Ap - Aov; (3.36)
Ap - TJIOMAs CEYCHUS CKATOW 30HBI OETOHA, paBHAs
Rs As B Rsc As

Ab =
Ry (3.37)
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Yept.3.5 ®opMma c:kaToii 30HBI B MIONEPEYHOM CEUEHUH KeJIe300eTOHHOT0 3JIEMEHTA, PadoTaIIero Ha Kocoit
H3ruod
a - magpoBozo ceuenus ; 0- NPAMOY20AbHO20 CeUeHUn; 1-n10CKOCMb delicmeus u3udauezo MOMEHma ; 2- yeHmp
msicecmu ceuerus pAcmaHymoil apmamypol

Aoy - U101 1s HAaUOOJIEE CKATOrO CBECA IOJIKH;

X1 - pasMep cxaroii 30HBI OeTOHa IO HauboJice CKaroi OOKOBOW CTOPOHE CEYEHHS,
OTIpeIeIIIEMBIiA 1O PopMyIIe

X1 :—t+1lt2 +2ANethgﬂ, (338)

Sy, Ctos —
(=15 St

rue eb

Sovys Sovx - cTaTHYECKHE MOMEHTHI TUTOIAAN Agy OTHOCHTEIHHO

COOTBETCTBEHHO OCH X U ),

f - YroJl HaKJIOHA TUIOCKOCTH JISHCTBUS M3rU0AIOIIEro MOMEHTA K OcH X, T.e. Ctg £ = My/M, (M, -
COCTAaBJISIFOIIAsT M3TUOAIOIIET0 MOMEHTA B INIOCKOCTH OCH ));

b, - paccrosiHMe OT LEHTpa TSDKECTH CEUSHHs PAcTSHYTOM apMaTypbl J0 Haubojee cxKarou
00KOBOI TpaHH pedpa (CTOPOHBI).

ITpu pacuere NpsIMOYTOJIBHBIX CEUCHUN 3HAYCHUS Aoy, Sovy, Sovx TPUHUMAIOTCS] PABHBIMHU HYJIIO.

Ecmn Ap < Aoy wim x1 < 0,2h'f, pacuer MpoOW3BOAMTCS Kak ISl MPSIMOYTOIBHOTO CEYCHHS
mmpuHoi b = b's. Eciiu BeImonHsIeTCS yenoBue

_L5A
" btby, (3.39)

(tme bgy - mUprHA HaMMEHEEe CHKATOrO CBeca MOJIKH),

pacueT mpou3BOIUTCS 0e3 yueTa Kocoro u3ruoda, T.e. mo ¢popmynam mi. 3.18 u 3.23 Ha neiicTBue
MoMmeHTa M = M,, ipu 3ToM cieayer npoeputh ycioBue (3.40), mpuHUMAas X1 Kak MpPU KOCOM
n3ruoe.

IIpn omnpenenenun 3HadeHuss A, no Qopmyne (3.37) HampsKEHUE B PACTSIHYTOM CTEp)KHE,
OnmuxkaifllieM K TpaHUIE CXKATOM 30HBI, HE JODKHO OBITh MeHee R;, uTo obecmeunBaeTcs
COOJIIOICHUEM YCIIOBHS

SOv,x
+b,ctgs —h,

by, tgu + X,
T <s
(bOi +by, )g“ +hy (3.40)

rae &g - cM. Tabi. 3.2;

boi 1 hgj - paccTosHHS OT paccMaTpPUBAaEMOro CTEP)KHS COOTBETCTBEHHO 10 Hambojee cxKaTou
rpaHu (CTOPOHBI) U 10 HanOOJIee CXKATON TPaHu, HOPMAITBHOU K OCH X (cM. 4epT.3.5);

b'oy - mpHHA HanbOJIEeE CIKATOTO CBECa;

€ - yrom HakJIOHA TPSAMOM, OTpaHWYMBAIOIICH CXKATyH0 30HY, K OCH Y; 3HadeHue tg6
orpenensercs 1no Gopmyne



2
Xl

2 Aweb

Ecmu ycnoBue (3.40) He coOmrogaeTcsi, pacyeT CEUCHUs MPOM3BOIUTCS IOCIEAOBATEIbHBIMU
npUOIMKEHUAMH, 3aMeHsis B dopmyne (3.37) sl KaKIOro PacTSHYTOI'O CTEP)KHSA BEIMUYUHY R
3HAYCHUSIMU HAIIPSDKEHUI PaBHBIMH

tgd =

o, =700 08 _

q (MIIa), Ho He Gonee Rs.

[Ipn npoekTHpOBaHUM KOHCTPYKLHMHA HE PEKOMEHAYETCSl ONMYCKAaTh IPEBBILIEHUE 3HAYEHUS (i
Haj {r 6onee uem Ha 20%, MpU 3TOM MOXHO MPOBECTU TOJILKO OJMH MOBTOPHBIN pacyer ¢ 3aMeHOn
B (popmyne (3.37) 3naueHuil Rs 17151 pacTHYTBIX CTEP)KHEH, JUIst KOTOPBIX & > R , HA HANIPSDKEHUS,
paBHBIE

_700(0,8/¢& —1)+ 2R,
3 (3.41)

[Tpu mone3oBanuu Gopmynoit (3.37) 3a pacTIHYTYIO apMarypy ILIOMAasl0 As PEKOMEHIyeTCs
IPUHUMATh apMaTypy, paclojlaraéMyro BOJIM3M PAcTSHYTOH TIpaHH, NapajielIbHOW ocu ), a 3a
CXKaTYIO apMaTypy IUIoImaabio As - apMaTypy, pacrojaraeMyro BOJIM3U CKaTOW TPaHH, TapalIeTIbHO
OCH y, HO 10 OJJHY HanOoJIee CIKATYI0 CTOPOHY OT OCH X: (CM. uepT.3.5).

HacTos1um nyHKTOM MOKHO I10JIb30BaThCsl, €CJIU BBIIOJIHSAETCS YCIOBUE:

IJIsL IPSIMOYTOJIBHBIX, TABPOBBIX M ['-00pa3HBIX CEYEHHI C TIOJIKOM B CKaToit 30HE X1 < N;

ISl IBYTaBPOBBIX, TABPOBBIX M ['-00pa3HbIX CEYCHUI C MOJKOW B PACTSIHYTOM 30HE X1 < h - ht —

Dov,t 19 6,

rae hs 1 Doyt - BBICOTA M MIMpHHA HAUMEHEE PACTSIHYTOTO CBeca MOKH (4ept.3.0).

B npotuBHOM cityyae pacyeT MpoOU3BOJUTCS Ha OCHOBE HEJIMHEHHOM aedopMarmoHHONH MoaeIH
cornacHo mir.3.72 - 3.76, npuanmas N = 0.

3.28. TpeOyemoe KOIMYECTBO pACTAHYTOM apMmaTypbl NpU KOCOM H3rH0e A 3IIEMEHTOB
MPSIMOYTOJIBHOTO, TaBpOBOTro U [-00pa3HOro cedeHuil ¢ MOJKOM B CXKAaTOM 30HE PEKOMEHIyeTcs
OIpeNieNIATh C TOMOLIbI0 TpadukoB Ha uyepr.3.7. I 3TOro OPUEHTHUPOBOYHO 3aJar0TCA
MOJIO)KEHUEM IIEHTpa TSKECTH CEYEHUsS pACTAHYTOM apMaTypel M IO TpaduKy ONpeaesnstoT
3HAUEHUS As B 3aBUCUMOCTH OT:

O-sl
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Ueprt.3.6. TaBpoBOE ceueHUE CO CKATON 30HOH, 3aX0As11Iel B HAUMEHEE PACTSIHYThI CBEC MOJKU

M x RbSOV x Rschx
Ay = ' 2
RbehO

o0 = M y RbSOV,y - Rschy
e Rybo o

7€ Sex ¥ Sgy - CTATUYECKHE MOMEHTHI IO As OTHOCUTEIBHO COOTBETCTBEHHO OCH Y M OCH X.
OcranpHble 0003HaYEeHUs - CM. 11.3.27.
Ecnu a,, < 0, pacder mpou3BOIUTCS KakK JUIs NPSMOYTOIBHOTO CEYCHUs1, MpuHUMas b = b'.



Ecnmu 3Hauenue as Ha rpaduke HAXOMUTCS MO JIEBYKD CTOPOHY OT KPHUBOHM, OTBEYaromien

b, +b
napamerpy -2, moAaOoOp apMaTyphl NMPOM3BOAMUTCA O€3 ydeTa KOCOro M3rumba, T.e. COrJIaCHO
0
mir.3.22 u 3.26 Ha neiictBue MoMeHrta M = M,.
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Yepr.3.7. I'padux Hecymieii cnocoOHOCTH MPSIMOYT0JILHOT0, TABPOBOT0 U ['-00pa3Horo ceyeHnmii 1Jis1 3JieMeHTOB,
padoTaonux Ha KOCoil n3rud

o = M, - RbSOv,x — RSy o = My B RbSOv,y B Rscssy ‘A = RA —RA, - RscAsl
” Rbb0h02 B Rbe2 hy o Rebohg
Tpebyemasi miomaab pacTsHYTOW apMaTypbl MIPH YCIOBUU €€ padOThI C IMOJHBIM pPacYeTHHIM
COIPOTHUBIIEHUEM OIIpesiesieTcs o popmye

As = (asthO + on)%—'— As
; (3.42)

rie Aoy - cM. hopmyity (3.36).

Lentp TspKecTH (paKTUYECKH MPUHATOW PACTSIHYTOW apMaTyphl JOJDKEH OTCTOSATH OT PACTSIHYTOU
rpaHd He Jaiblle, 4eM MPUHITHIA B pacyere IEHTP TSHKECTH. B MPOTHBHOM ciiydae pacyer
[IOBTOPSIIOT, IIPUHUMAs HOBBIM LICHTP TSHKECTU CEYECHUS PACTSHYTOM apMaTyphl.



YcnoBueM pabOThI pacTSHYTON apMaTypbl C MOJTHBIM COMPOTHUBICHHUEM SIBISIETCS BBIIOJHEHUE
ycnosus (3.40). Ilpu apmatype kmacca A400 u Hmke ycnoBue (3.40) Bcerna BBIMOJTHSACTCS, €CITU
3Ha4YeHUe &8s Ha rpaduke 3.7 HAXOIUTCS BHYTPU 00JACTH, OrpAaHMYEHHOH OCAMHU KOOpAMHAT, U
KPHBOM, OTBevaromiei mapamerpy b'o./bo

Ecmu ycnoBue (3.40) He BBINONHSAETCS, CIENYET MOCTaBUTH (YBEIMUYUTH) CXKATYIO apMarypy,
100 TMOBBICUTH KJIacC OETOHA, TUOO YBEIWYUTH pa3Mephbl ceueHHs (0COOEHHO HamboJiee CHKATOTO
cBeca IOJIKH).

3HaueHus @s Ha TrpapuKe He JOJDKHbl HaxXOIUTbCA MEXKIy OCbIO amy, M KPHUBOH,
cooTBeTCTBYytOIICH mapameTpy ho/h. B mpoTuBHOM ciiyuae x1 ctaHoBUTCs Oosiee h, u pacuer Torma
cleyeT IpOU3BOANTH coryiacHo mi.3.72 - 3.76.

IIpumeps! pacuera

Ipumep 10. /Jano:. xene300€TOHHBIN TPOTrOH KPOBIU ¢ yKIOHOM 1:4 (Ctgf = 4); cedeHue u
pacrnoyioxkeHue apMatypsl - o 4ept.3.8; 6eron kinacca B25 (Rp =14,5MIla); pactsnyras apmaTypa
kimacca A400 (Rs = 355MIla); As = 763 MM (3018); A's= 0,0; umsrubarommii MOMEHT B
BepTUKaIbHOM Tu1ockocTy M = 82,6 kHwm.

Tpebyemcs npoBepUTH TPOYHOCTH CEUCHUSI.

Pacuet. U3 uept.3.8 cnenyer:

ho = 400-30-(1-30/3)=360 mm; by = (2-120+1-30)/3=90 mm; b's, = by, = (300-150)/2=75 mm;

h's= 80+20/2=90 mm.

Yepr.3.8 K npumepy pacuera 10
1 -nrockocms deticmeus uzeubaoweco MoOMeHma, 2-yeHmp msdxHcecmu ceuerus pacmsauymou apmamypsl

ITo popmymne (3.37) onpenenum miomaab cxaToi 30HbI 6eToHa A

R,A,  355-763
R, 145

A = =18680 Mm >

Hnomam; HaI/I6OHeC C)KaTOro CBeca TMOJKH W CTaTUYECKHUE MOMEHTHI DJTOH IIomraan
OTHOCHUTCIIBHO X U ) COOTBCTCTBCHHO PAaBHBI:
Ao=b'oy Nt =75-90 = 6750 Mm%;
Sovy = Aoy (b + b'oy /2)=6750(90 + 75/2) = 86,06-10" Mm?;
Sovx = Aov(ho - W't 12) = 6750(360 - 90/2) = 212,6-10* mm®.
Tak kak Ap > Aoy, pacueT Ipo0JKaeM KakK JJIsI TABPOBOTO CEYCHUSI.
Awen = 18680 - 6750 = 11930 mm®.

Omnpenennm o Gopmyie (3.38) pasmep cxkaroit 30HbI X1. 151 3TOr0 BBIUKCIIIEM



Sy, Ctgp —S -
t= 1,5( o0y = Sovs b,ctgs — hOJ = 1,5(8606001;1935126000 +90-4- 360) =165,5 M.
eb

X, = —t+/t? + 2A,, CtgB = —165,5+ /165,57 +2-11930- 4 =185 Mm
ITposepum ycnosue (3.39):

15A,., _ 15-11930 — 795 Mm < X, =185 v,
b+b, 150+75

CIIeZIOBATENBHO, pacueT MPO0IHKAeM 1o GopMysiaM KOCOTO U3ruba.
ITposepum ycnosue (3.40) 1 HauMeHee pacTAHYTOro cTepskHs. 13 uept.3.8 umeem by = 30 mm,
hoi =400 - 30 = 370 mm;

2 2
tgo= = 185 g3
2A,, 2-11930
‘- bOVtQM +X, _75-1434+185 _ 0562 > & = 0,531
(bOi +by, )g” +hy  (30+75),434+370 (cm. Tabum. 3.2).

Ycnosue (3.40) He cobmogaetcs. Pacuer moBropum, 3amensisi B Gopmysne (3.37) 3HaueHue R
IUIE HAaMMEHEe PACTAHYTOTO CTEPXKHsS HANpsHKEHHEM os omnpeneneHHbM 1o (opmyne (3.41), u
KOPPEKTUPYS 3HaueHHs Ny 1 b,

~ 700(0,8/¢ 1)+ 2R,  700(0,8/0,562 —1)+ 2-355
sl 3 - 3

[TockobKY BCE CTEPIKHH OJMHAKOBOTO AMaMETpa, HOBbIE 3HaUeHUs Ay, ho 1 b, OymyT paBHBL:

=3355MIla=0,945R,

240,945
hy = 400-30— —=0__ _ 3508y
240,945

AHaJIOTHYHO ONIPEAEINM 3HAUCHUS Sovy, Sov,x, Aweb U X1
Sovy = 6750- (91,1 + 75/2) = 86,8-10* mm®,;
Sovx = 6750+ (359,8 - 90/2) = 212,5-10* mm?;
Awen = 18338 - 6750 = 11588 mm?;

(-1 868000 - 4 — 2125000
’ 11588

+911- 359,8) =1813mm;

X, =—181,3++181,3 + 2-11588- 4 =173 1mm.
IIpoBepsieM npouHOCTh ceueHus u3 ycaoBus (3.35), npuHumas Sg=0 u

M, =M -cosf=M—% __ _gog_* _go1kHwm:
J1+ctg®p V1+ 47

Ro[Aweb(No-x1/3) + Sovx] = 14,5[11588(359,8-173,1/3)+212,5-10%] = 81,57-10° H-mm > M, =
80,1-10°H-mm

T.C. MIPOYHOCTH CCUYCHHUA oOecrieuena.

Ipumep 11. ITo nanusv npumepa 10 Heo6X01MMO 1M0100pATh MIIOIIAL PACTIHYTON apMaTyphl
P MOMEHTE B BEPTUKAIbHOM Tuiockoct M = 64xHwm.

Pacuer. CocraBmisomue U3rudaroero MOMeHTa B INIOCKOCTH OCEH Y M X PaBHBL:



_ 64
\/1+ctgzﬂ J1+42
My =M,ctgf = 15,524 = 62,1 xHw.

Onpenenum HEOOX0IMMOE KOJTUYECTBO apMaTyphl COTIacHO 1.3.28.
[Tpunrumas 3HaueHus Rp, No, Sovx 1 Sovy 13 mpumMepa 10 mpu Sgy = S¢x = 0 HAXOAUM 3HAUYCHHUS 8y

M, =M -sing=

=15,52 kHm

M, -R,S,,, 621.10° -145.212,6-10"

Oy ; . =0,185
R, b, h 14,5-90-360

M, -RS,,, 1552-10°-14,5-86,06-10"

Ay = k A =0,072
R,bh, 14,5-90 -360

Taxk kak a,,, > 0, pacder Npoa0HKaeM JIJisi TABPOBOTO CEUCHHS.
ITockonbKy TOUKa ¢ KOOpAMHATAMHU &, = 0,185 u amy = 0,072 Ha rpaduke yept.3.7 HAXOIUTCS

b,, +b
oD 75+150 _25

[0 MPaByl0 CTOPOHY OT KPUBOM, OTBEUalOlIEi Mmapamerpy by 90 , U TIO JIEBYIO
CTOPOHY OT KpHBO#, oTBedaromeii mapamerpy b'o/boy = 75 / 90 = 0,83, pacuer mpomoinkaem ¢
YYETOM KOCOr0 M3ruba W IOJHOTO PAacueTHOTO CONPOTHBICHHS apMaTypsl, T.e. ycioBue (3.40)
BBITIOJTHEHO.

Ha rpaduxe koopaunatam a,, = 0,185 u amy = 0,072 coorBercTByeT 3HaueHue as = 0,20. Toraa
cornacHo Gopmyine (3.42) miomaab ceYeHHs pacTIHYTOM apMaTypsl OyIeT paBHa

As = (as boho + Agy)Ru/Rs = (0,2:90-360 + 6750)14,5/355 = 540,4 mm°.

[Mpunumaem crepkau 3016 (4s = 603 MM2) U pacrojaraeM Mx, Kak oKa3aHo Ha yeprt.3.8.

PACYET KEJE30BETOHHBIX JIEMEHTOB IIPU JIEHCTBUM MONEPEYHBIX
ChJ1

3.29. Pacyer »51eMEHTOB NpH JIeHCTBUU NONEPEYHBIX CHII OJKEH 00€CIeUUTh IPOYHOCTD:
- 110 TTOJIOCE MEXAY HAaKJIIOHHBIMU CEYEHHUSAMU cornacHo 1.3.30;

- Ha JIeHCTBHE MOMIEPEYHOM CUJIBI TI0 HAKIIOHHOMY CEYeHMIO coriacHo mim.3.31- 3.42;

- Ha JICKCTBHE MOMEHTA 10 HAKJIOHHOMY CEUeHHIO coriacHo 1. 3.43-3.48.

Pacuer :kej1e300€TOHHBIX 3JIEMEHTOB I10 M0JI0CE MEKAY HAKJTOHHBIMU CCHCHUAMMU

3.30. Pacyer n3rubGaembIxX 3JIEMEHTOB MO OETOHHOM MOJOCE MEXIY HAKIOHHBIMH CEYEHUSIMU
MIPOU3BOJIAT U3 YCIIOBHS

Q < 0,3Rybho, (3.43)

rae Q - momepeyHas Cuiia B HOpMAJIbHOM CEUCHHH, PUHUMAaeMasi Ha PacCTOSIHUU OT OTOpPHI He
MeHee hg.

Pacuer :kej1€300€TOHHBIX 3JIEMEHTOB 10 HAKJIOHHBIM C€YE€HHAM Ha aeilcTBHE MOMmepeIYHbIX
CnJ1

Dnemenmuvl NOCMOSAHHOU 8blcombl, ApMUPOBAHHbLE XOMYMAMU, HOPMAIbHBIMU K OCU dl1eMeHma

3.31. Pacuer m3rubaeMbIX 3JE€MEHTOB IO HAKJIOHHOMY ceueHHuIo (uepT.3.9) mpou3BOIAT U3
yCIIOBUS

Q < Qp + Qsw, (3.44)

rae Q - momepeyHas cuja B HAaKJIOHHOM CEYEHUH C JJIMHOM MPOEKIMHM ¢ OT BHEIIHUX CHJI,
pPACIOJIOKEHHBIX IO OJHY CTOPOHY OT pacCcMaTpUBaeéMOro HAKJIOHHOIO CEYEHHs; IpHU
BEPTUKAJIBLHON Harpyske, MPUIOKEHHOW K BEpXHEH rpaHu >JeMeHTa, 3HauyeHue Q mpuHUMaeTcs B



HOPMAaJIbHOM CCUYCHHUH, MPOXOIAAIICM Ha PACCTOAHUU C OT OIOPLI; IPpHU 3TOM CICAYCT YUUTHIBATH
BO3MOXKHOCTh OTCYTCTBHSI BPEMCHHOW HArpy3KH Ha MPUOIMIOPHOM YYaCTKe JITHHOM C;

Qp - monepeyHas cuiia, BOCIPHHUMaeMast 06TOHOM B HAKIIOHHOM CEYCHUHU;

Qsw - TIOTIepeyHast CUila, BOCIIPUHUMAEMast XOMYTaMH B HAKIIOHHOM CEYCHHUH.

[Tonepeunyto cuny Qp onpenenstot o hopmyiie

M
Qb =—L
c (3.45)
rac
M, =15R, bh? (3.46)

3nauenne Qp npuHuMaroT He 6oee 2,5Rpbh, u He Menee 0,5Rpbh,.
3HayeHUe ¢ ONPEEIAI0T COTJIacHo 11.3.32.
Veunue Qs onpenensor mo Gopmyiie

Qsw = 0,75 Qsw Co, (3.47)
rac qSW - YCI/IJII/IG B XOMyTaX Ha eIII/IHI/IHy JJIMHBI 3JICMCHTA, paBHoe
R WASW
Osw = —=
Seu (3.48)

C, - JUTMHA TIPOCKIIUK HAKJIIOHHOW TPEIMHBI, IPHHUMAaeMas paBHOii ¢, HO He Oosee 2h,.
XOMYTHI YYUTBIBAIOT B PacyeTe, €CiIU COOII0IaeTCs yCI0BUE

Osw > 0,25Rpb (349)

MOo’XHO HE BBINOJHATH ATO YCIIOBUE, eciu B (opmyne (3.46) yuuThIBaTh TaKO€ YMEHBIICHHOE
3HadeHne Rpb, mpu kotopom ycmosue (3.49) mpeBpaimaeTcs B PaBEHCTBO, T.€. NPUHUMATH

Mb = 6h(§qsw

e F
T T i
$ S5 ¢ I | 1{
A : A / o, | s = [
//W.. <=
//;;/M,. [ \h\A_
1RoA b
Q.J LY .
3nopa
2=Cmar 4C-F
1]

Yepr.3.9. Cxema ycuiIuii B HAKJIOHHOM C€YeHHH IJIeMEeHTOB C XOMYTAMHU NPHU pacyeTe ero Ha jJeiicTBHe
NnonepevYHol CHIIbI

3.32. IIpu npoBepke ycnoBus (3.44) B 00111eM cirydae 3a1at0Tcs PSIOM HAKIIOHHBIX CEYSHUH MpH
Pa3IMYHBIX 3HAYCHHSX ¢, HE MPEBBIMAONUX PACCTOSHUE OT OMOPHI J0 CEUCHHUS C MAaKCHMATbHBIM
M3ru0aroMM MOMEHTOM | He Ooitee 3N,

[Ipy neficTBUM Ha DJJIEMEHT COCPEJOTOYCHHBIX CHJI 3HAYEHUS ¢ TPUHUMAIOT PaBHBIMH
paccTOSHUSAM OT OIMOPBl 0 TOYEK MpUiIokKeHUs d5Tux cui (ueptr.3.10), a Takke paBHBIMHU

M
Cc= b HO HC MCHBIIIC ho, €CJIKM 3TO 3HAUYCHUC MCHBIIC PACCTOSAHUA OT OIIOPHI 10 I-FO Tpy3a.
0,75q
SW



IIpu pacuere sneMeHTa Ha JE€HCTBUE PABHOMEPHO PACIPEAEICHHOW HArpy3KH (| HEBBITOJHENIIEE

M, M, 2h, q
3HAYCHHEC ¢ IPUHUMAIOT paBHBIM |—2 , a €CIHW NpPHU ITOM < wm —Y 52,
0 0 1-05 Osw Rbtb
R,.b
M,
CIIeyeT MPUHUMATh C = |— 2 | T/Ie 3HAYEHHUE (|1 ONPEACIAIOT CICTYIOIUM 00pa3oM:

0!75qsw + ql

a) eCIiv JICUCTBYET CIUIONIHAS PABHOMEPHO pacupesiesieHHas Harpyska (, 01 = J;

0) ecam Harpy3ka ( BKJIIOYaeT B ce0si BpPEMEHHYIO HArpy3Ky, KOTOpas TPUBOAMUTCS K
OKBUBAJICHTHOW IO MOMEHTY DPaBHOMEpPHO paclpe/eiCHHOW Harpy3ke 0, (T.e. Korja »>mopa
MOMEHTOB M OT NpHUHATON B pacuere Harpy3ku (y Bcerma orubaer smiopy M oT 10060
(hakTH4YEeCKO BpeMeHHOU Harpy3ku), 1 = q - 0,5 qy.

[Tpu 3Tom B ycnoBuu (3.44) 3nadenne Q npuHUMAIOT PaBHBIM Qmax - 1€, Ta€ Qmax - TIOTIEpedHast
CHJIa B OTIOPHOM CEUYCHUHU.

]
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Yepr.3.10. PacnoJioxkeHue pacuyeTHbIX HAKJIOHHBIX CeYeHMI NP COCPEeAOTOYEHHBIX CHJIAX
1 - naknonHoe ceuenue nposepsemoe Ha delicmsue nonepeuroil cunvt Qr; 2 — mo oice, cunvt Q,

3.33. TpeOyemasi HHTEHCUBHOCTh XOMYTOB, BhIpakaeMasi uepe3 sy (cM. 1m.3.31), ompenensiercs
CIEYIOLUIUM 00pa3oM:

a) npu )ICI\/’ICTBI/II/I Ha SJICMCHT COCPCAOTOYCHHBLIX CHJI, pacliojlaraCMbIX Ha pacCCTOAHHAX Cij OT
OMOPBL, Ul KaXIOrO I-r0 HAKJIOHHOTO CEUCHHS C UIMHOM TMPOCKIMH ¢j HE MpPEBBIIAOLICH
pacCTodHuAg 10 CCUCHUSA C MaKCHUMAJIbHBIM I/ISFI/I6aIOHlI/IM MOMECHTOM, 3HAUYCHUEC st(i) OMpeaAcCIACTCA
CIEIYIOIINM 00pa3oM B 3aBHCUMOCTH OT ko3 dunmenra ai = ¢; /hy, npuanmMaemoro He domee 3:

eciu

Qo =151 0187505, Qo = 0,25Rb 2

Gi 2pi

' R,bh, o ¢ (3.50)

€CJIIn

Ci _l5/ o

ci>cei qswi :Rb
’ O M 0,75 (3.51)

TZI€ Oi - MEHBIIIEE U3 3HAUEHUH O U 2;

Qi - momepeyHas cuia B I-OM HOPMAaJIbHOM CEYEHHH, PACIIOJIOKCHHOM HAa PACCTOSIHUH Cj OT
OTIOPBI;

OKOHYATEJIbHO MPUHUMAETCsI HauOoJiblIee 3HaUeHue Jsy,

0) mpu AEHCTBMM Ha 3JIEMEHT TOJBKO PaBHOMEPHO pacIpelesieHHONW Harpy3ku ( TpeOyemas

WHTCHCUBHOCTh XOMYTOB (s OIPEIEISETCS B 3aBHCHMOCTH OT Qu =2yM, 0, CIICAYIOIIAM
o0OpazoM:



CcClin Qbi Z 2Mb/h0 - Qmax

q., = Qriax _szl
YoM, (3.52)
eci Qpi < 2Mp/h - Qmax-
q., = Qmax _le
sw 15h, : (3.53)

pu 3ToM, eciu Qp < Rpibh,,
Qmax B 015Rbtbh0 B 3hoq1
1,5h, ’ (3.54)

qsw =

rae My, - cm. m.3.31; g -cm. 11.3.32.
B cmydae, ecnm monydeHHOe 3HaueHUE (sw HE yHoBIeTBOpsieT ycioBuio (3.49), ero ciemyer
BBIUUCIIATH 110 (OpMyIIe

2 2
0. = Quax /1o 801 |[ Quax /1o #8061 ) [ Qe (3.55)
15 15 1,5h,
Qmax /ho _3Q1
" IIPUHUMATh HEC MCHCC 315

3.34. Ilpu yMEHBIIEHUHM HHTEHCUBHOCTH XOMYTOB OT OIOpBI K MPOJETY € Cswi O Csw2
(HampuMep, YBEIIMYEHHUEM IIara XOMYTOB) CJEIyeT MpOBepUTh ycioBue (3.44) mpu 3HAUYEHUSX C,
OpEeBBIMIAIOMNX |1 - AIMHY ydacTka ¢ MHTCHCHBHOCTBIO XOMYTOB Qswa (dept.3.11). Tlpu stom
3HayeHne Qg MPUHUMAETCS PaBHBIM:

eciu ¢ < 2hg + g,

Qsw = 0175[qSW100_ (QSwl - qSWZ)(C - Il)]; (356)

eciu ¢ > 2hg + g,

Qsw = 1,50sw2ho, (3.57)

Co -cm. m.3.31.

Ilpu gelicTBMM Ha DIIEMEHT DPaBHOMEPHO pacClpeNesIiCHHOW Harpy3kM JUIMHA Yyd9acTKa C
HHTEHCHBHOCTBIO XOMYTOB (sw1 NPHUHHMACTCS HE MeHee 3HaueHus |, ompenmensemoro B
3aBUCUMOCTH OT AQsw = 0,75(0sw1 - Qsw2) CIEAYIONIMM 00pa3oM:

- ecii AQsw < (1,

oo M, /c+0,750,,,C; — Qux +0,C
Aq, (3.58)

1,

c= M,

rae G — Al , HO He Ooxee 3h,

My _2h [ M,
ql_Aqsw 1_05qS7Wl1 q1+0'75qsw2’

R0

IIpH 5TOM, €CIIN



_ Qmax — (Qb.min +1’5qsw2 ho ) _ Zho

S (3.59)
3neck My, Co -cm. 11.3.31; g1- cm. 11.3.32;
Qb.min = 0,5Rptbh,

Ecnu nnst 3HaueHus (swy HE BbimosHsercss ycnoBue (3.49), mnmmua |; Beumcisercs npu

1,

 AR2
CKOPPEKTUPOBAHHBIX COTJIACHO 11.3.31 3HAYCHHAX M, =6hyqL, 1 Qp.min = 2NoQsw2; TIPH 3TOM CyMMa
(Qomin + 1,50swho) B popmyine (3.59) npunumaercss He MEHEE HECKOPPEKTHPOBAHHOIO 3HAYCHUS

Qb.min

I
— L
IS i B g B
F/ S-xz'/J: ta i
L
O
C

Yepr.3.11. K pacueTy HAKJIOHHBIX CeYeHU MPU U3MEHEHUH HUHTEHCMBHOCTH XOMYTOB

3.35. lllar XOMyTOB, YYUTHIBAEMBIX B pacdeTe, JIOJDKEH OBITh He 00Jiee 3HAUCHUS
2
_ Rybhg
w,max
Q (3.60)

Kpome Toro, XoMyThl IOJDKHBI OTBEYATh KOHCTPYKTHBHBIM TPEOOBAHHSIM, TPUBEICHHBIM B
m.5.20 u 5.21.

Onemenmuol nepe/weHHOLZ 6blCOMbL C NONEPEUYHBIM APMUPOBAHUEM

3.36. Pacuer 351eMEHTOB C HAaKJIOHHBIMHU Ha IIPUOIIOPHBIX YYaCTKAX CKATBIMU WUJIM PACTAHYTHIMU
rpaHsIMH Tpom3BOIAT coryacHo 1.3.31, mpuHHMMas B KadecTBe paboueil BBICOTHI CEUYCHUS
HanboIbIlee 3HaYeHue Ny B peenax paccMaTpruBaeMOro HAKJIOHHOTO ceueHus (4ept.3.12).

q q

" mmﬁﬂmgﬂﬂﬂm’@ Y T

l 4} )

(61 = T

DA

Yepr.3.12 Banku ¢ nepeMeHHOI BbICOTON ce4eHNs] 1 HAKJIOHHOM rPaHbIO

3.37. lns 6anox 6e3 oTru0oB BHICOTOM, paBHOMEPHO YBEIMYMBAIOIIEHCS OT OMOPHI K MPOJIETY,
paccUMThIBAEMbIX Ha JIeHICTBHE PaBHOMEPHO DPACHpPENEeNCHHONM HArpy3ku (, HaKJIOHHOE CeueHHe
MIPOBEPSIOT U3 ycinoBus (3.44) npy HEBBITOAHEHIIIEM 3HAYEHUH ¢, PaBHOM

15
= h01 2
q, /(R,b) +1,5tg° B

(3.61)

1-2tgp
= 9
TIPU ITOM, €CJI 3TO 3HAYCHUE C MEHbIIE C 2h W

01 ) q
1-2t -0,
oz 0%



ecmn Jsw_ > 2(1— 2tgﬂ)2 , TO HEBBITOIHElIIee 3HAUEHHE ¢ PABHO
bt

15
— h ? ,
"\ (0,75, + ) /(Ry:b) +15tg° (3.62)

[IpunsATOE 3HAYCHHE ¢ HE JOJHKHO MPEBHIIIATH 3hy / (1—3tg/3)’ a TaKKe JJIMHY ydacTKa Oallku ¢
MTOCTOSIHHBIM 3HAUCHUEM f.

3nech: hoy - paboyast BBICOTA OMMOPHOTO CEUCHUS OAJIKH;

g1 -cm. 1.3.32;

[ - YyroJl MeXy CKaTOW M pacTSHYTOM rpaHsMu OalKH.

Pabouyro BEICOTY MIPUHUMAIOT paBHOU Ny = hyy + c-tg f.

IIpn ymeHBIIEHMHM HMHTEHCHUBHOCTH XOMYTOB OT (swi Y OIOPBI IO (sp2 B IPOJIETE CIEAYET
npoBepuTh yciaoBue (3.44) npu 3HAYEHHSIX ¢, MpeBblmarmux | - JIHHY ydacTka 3JIeMeHTa C
WHTECHCUBHOCTBIO XOMYTOB (sw1; TP 3TOM 3HaueHue Qg onpenenstor mo ¢popmyie (3.56) mmbdo mo

< 2hy, +1;

dopmyiie (3.57) m.3.34 B 3aBUCHMOCTH OT BBITIOJTHEHUS WJIM HEBBIIOJTHCHUS YCIIOBUS 1-2t9p

[Tpu neiicTBum Ha 6aIKy COCPEAOTOUCHHBIX CHII, 3HAUCHUE ¢ MPUHUMAIOT PABHBIM PACCTOSHUIO
OT OTOPBI 10 TOYEK MPUIIOKEHHS STUX CUII, a Takke omnpeaenstor no ¢opmyne (3.62) npu g1 = 0,
€CJIM TO 3HAYCHHE ¢ MEHBIIIC PACCTOSHUS OT OTOPHI 10 1-ro rpys3a.

3.38. [ns xoHcozeil 6e3 oTTMOOB BBICOTOM, PAaBHOMEPHO YBEIHUYMBAIOIIEHCS OT CBOOOIHOTO
KoHIIa K orope (uept.3.13), B obmmiem cimydae npoBepsitoT ycioBue (3.44), 3amaBasch HAKJIOHHBIMH
CEUEHHUSIMU CO 3HAYEHHSIMH C, orpenesieMbiMu 1o dopmyne (3.62) npu i = 0 U IpuHUMaEeMbIMU
He 0oJiee pacCcTOSHUS OT Hadalla HAKJIIOHHOTO CEUCHUsS B PACTSIHYTOU 30HE JI0 onopsl. [Ipu 3Tom 3a
ho1 1 Q IPUHUMAIOT COOTBETCTBEHHO PabOYYIO BHICOTY M MOMEPEYHYIO CHITY B Hadalle HAKIOHHOTO
CedyeHUs B pacTsaHyToil 30He. Kpome Toro, eciu ¢ >2h1/(1-2tgf), npoBepsroT HAKJIOHHBIC CEYCHHUS,
MPOBEJICHHBIE 0 OTIOPHI.

F F lF

Oniopa Q)

Yepr.3.13. KoHCcoJIb BHICOTOI, YMEHbIIAIOLIECS OT ONOPHI K CBOOOAHOMY KOHLLY

[Tpu neiicTBUM Ha KOHCOJIb COCPEIOTOUYCHHBIX CHJI HAYalo HAKIIOHHOTO CEYEHHS PacrojararoT B
pacTSHyTOM 30HE HOPMAJIbHBIX CEUYEHHH, MPOBEJCHHBIX Yepe3 TOUKH MPHIIOKEHHS 3TUX CHI (CM.
gept.3.13).

IIpu neiicTBUM paBHOMEPHO  pacIlpeleieHHOW Harpy3kd WM — Harpy3kd, JIMHEHHO
YBEIIMYHMBAOIIECHCS K OIOpEe, KOHCOJIb PACCUUTHIBAIOT KAaK JIIEMEHT C TOCTOSTHHOW BBICOTOU
ceyenus cornacHo 1m.3.31 u 11.3.32, nmpuHUMast pabo4yro BBICOTY N, B OIOPHOM CEUCHHH.

DJIeMeHTBI, ADMHPOBAHHBIEC OTTHOAMH

3.39. IIpoBepKy IPOYHOCTH HAKJIOHHOTO CEYEHHUS Ha JIEVCTBUE MOMEPEYHON CUJIIBI JIJISl DJIEMEHTA
¢ oTr0aMu IPOU3BOIAT U3 ycioBus (3.44) ¢ nobaBiieHHEM K TTPABOM €ro YaCTH 3HAYCHHUS



Qs,inc = 0’75stAs,incSin(9 (363)

re Asinc - TUIOIIAb CEUYCHHUSI OTTHOOB, MEPECEKAOIINX HAKIOHHYIO TPEIIHHY, PACIIONIOKEHHYIO
y KOHIIa HAKJIOHHOT'O CEYEHUsI C JUTMHOW MPOSKIMH PaBHOU ¢, HO He Oouee 2h, (deprt.3.14);
6 - yron HakJIOHa OTTHOOB K MPOIOIBHON OCH SIICMEHTA.
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Yepr.3.14. K onpenejiennio Hau0oJiee oacHOIl HAKJIOHHON TPEMHBI VISl 3J1eMEHTOB ¢ OTTHOAMM IIPH pacyeTe
HA JieifiCTBHE NONePeYHOM CHIIbI

3Ha4eHHsI ¢ MPUHUMAIOT PAaBHBIM PACCTOSHUSAM OT OIOPHI 10 KOHIIOB OTTHOOB, & TAKXKE IO MECT
MPUJIOKEHUS COCPEAOTOYCHHBIX CHJI; KPOME TOTr0, CJIEIYeT IPOBEPUTh HAKIOHHBIC CEUYCHHS,
3aKaHYMBAIOIIUECS Ha paccTosHuu 2h, OT Hayama OpeArnocieqHed W IOCIEIHEH IIOCKOCTH
otru6oB (4ept.3.15).

3.40. PaccTosHus MeXOy OMOpPOW W KOHIOM OTruba, OJMKalIIero K omope S; TakkKe MEXKIY
KOHIIOM HpEABIIYyIIeH ¥ HAa4YaloM IMOCIEAYIOIIEero oTruooB S; (uept.3.16) momkHO ObITH HE Ooliee
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Yepr.3.15. K onpeejieHU10 HAKJIOHHBIX CeYeHUI B 3JieMeHTe ¢ 0TrudamMu
1-4- pacuemnvle naxknounvie ceveHus
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Yepr.3.16. PaccTosiHUSI MeKAY XOMYTaMH, ONOPOi U 0TrH0aMu

Kpome Toro, OTTuOBI HOMKHBI YAOBIETBOPSATH KOHCTPYKTUBHBIM TPEOOBAHUSM, TPUBEICHHBIM B
n.5.22.

Onemenmsi be3 nonepeyHou apmamypul

3.41. Pacuer onemeHTOB 0€3 mONEpeyHOW apMmarypbl Ha JAEWCTBHE MOMNEPEYHON CHIIbI
IIPOU3BOJUTCS U3 YCIIOBUM

a)



Qmax < 2,5Rptbh, (3.64)

rac Qmax - MakCUMaJibHas IonepeyYHas Cujia y rpaHu OIIOPHbI;

6)

15R, bh?
C

Q< (3.65)
rae Q - momnepeyvHasi cuiia B KOHIIC HAKJIOHHOTO CEUSHHSI, HAUMHAIOMIETOCS. OT ONOPHI; 3HAYCHHE
¢ IPUHUMAETCSI He 00J1ee Cmax = 3No.
JIisl  CIUTONIHBIX IUIOCKUX TUIUT C HECBOOOJHBIMH KpasMH (COCIMHEHHBIMH C APYTHMH
AJIEMEHTaMH MJIM UMEIOLIMMH OTIOPbI) U mpuHoi b > 5h nonyckaercs npuHUMATE Cpy = 2,4h,.
[Ipu npedcTBMM Ha DIEMEHT COCPEIOTOYCHHBIX CHJI 3HAYEHHUS ¢ TNPUHHMAIOTCS PaBHBIMH
PaCCTOSHUSM OT OTIOPBI JIO TOUEK MPHIIOKEHUS dTUX Uil (4epT.3.17), Ho He 00Iee Cpqy-
[Ipu pacyere 3neMeHTa Ha ACWCTBUE PACIIPENICIICHHBIX HATPY30K, €CIIN BBITOIHICTCS YCIOBUE

_Ryb
'6 (3.66)
ycioBue (3.65) nmpuHUMaeT BuI
Quax< 0,5Rubh, + 360z (3.67)

(aro cootBercTBYET ¢ = 3hy),

2
a I HEBBINOJIHEHNH ycioBus (3.66) - Qurax <+/6R,bNy Gy

c=h, 15R,b
(4T0 COOTBETCTBYET % ).
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Yepr.3.17. PacnoJiokeHne HeBLITOAHEHINX HAKJIOHHBIX CEYeHHI B 3JIeMEeHTax 0e3 moNepevyHoil apMaTyphbl
1- Haxnonnoe ceuenue, npogepsemoe Ha deticmsue nonepeunoil cunvt Qq; 2- mo awce, cunvl Q;

JIJiss yTOMSIHYTBIX TUTOCKUX TUTHT ¢ HECBOOOJHBIMH OOKOBBIMH KpasMH IpaBas 4acTh YCIIOBHS
(3.66) nenurcs Ha 0,64, a ycnosue (3.67) npuHUMAET BUJ

Qmaxf 0,625Rbtbho + 2,4h0ql. (3673.)

35ech (1 MPUHUMAETCS IPU ACUCTBUM PaBHOMEPHO pacIipe/ieIeHHON Harpy3ku B COOTBETCTBHUH C
n.3.32, a npu JACHUCTBHM CIUIONIHOM HArpy3Kd C JIMHEWHO HW3MEHSIONIENCS WHTEHCUBHOCTHIO -
paBHOM cpeaHel MHTEHCHMBHOCTH Ha NMPHUOMOPHOM YYacTKe JUIMHOW, PaBHOM YeTBEPTHU IMpOJIeTa
Oayiku (TUTUTHI) WK TIOJIOBUHBI BBUIETa KOHCOJIN, HO HE 0OJIEE Cpyyy-

3.42. Jlns 57€MEHTOB C MEPEMEHHOM BBICOTOM ceueHHs pu npoBepke yciaoBus (3.64) 3HaueHue
ho TpuHIMaeTCsI B OIOPHOM CCUEHUH, a IIpH IpoBepke ycimoBus (3.65) - kak cpeaHee 3HadeHue h, B
npejenax HaKJIOHHOTO CEYECHHUS.



JIist 7€MEHTOB € BBICOTOM CEUEHHs], YBEIMYMBAIOLIEHCS C YBEIMYCHHEM IIONEPEYHOU CHIIBI

3h,,
™ 1415t
3HAYECHUE Cmax IPUHAMAECTCS PABHBIM +1,5tgs , & JUISI TUIOCKUX IUIAT, YKa3aHHBIX B 11.3.41, -
2,4h,,
Cmax Y
1+1,2tgB

rae ho1 - paboyast BBICOTa B OIIOPHOM CCUYCHHH;

[ - YyroJl MeXy pacTSHYTOU U CKaTON TPaHSIMHU.

[Ipy nelicTBMU Ha TAaKOW AJIEMEHT PAclpeleICHHOH Harpy3Ku 3HaueHue c¢ B ycioBuH (3.65)
IIPUHUMAETCS PAaBHBIM

hOl
C=
Vig? 14 +0, /(L5R,b) (3.68)

HO HE 00JICE Cypqy THE (1 - CM. 11.3.32.

Pacuem sicenezobemonnvix s/1emMenmos no HaKIOHHbIM CEYeHUAM HA Oelcmeue MOMEHMOo8

3.43. Pacuer Xene300€TOHHBIX DJIEMEHTOB II0 HAKJIOHHBIM CEUEHHSIM Ha JEHCTBHE MOMEHTA
(uept.3.18) NPOU3BOAAT U3 YCIOBHUS

rae M - MOMEHT B HAaKJIOHHOM CEYEHUU C JJIMHOW IIPOEKLHH C HA IPOAOJIbHYIO OCh JIEMEHTA,
OTIpe/IeIsieMBI OT BCEX BHEIIHUX CHJI, PACIONOXKEHHBIX IO OJHY CTOPOHY OT paccMaTpuBaeMOro
HAKJIOHHOT'O CEYEHUs, OTHOCUTENILHO KOHIIA HAKJIOHHOTO ceueHHsl (Touka (), MpOTHUBOIIOIOKHOTO
KOHIly, Y KOTOpOIO pacrojaraercsi IpoBepseMas MpoJaoJbHAs apMarypa, HCHbIThIBAIOIIAs
pacTsHKeHHE OT MOMEHTA B HAKJIOHHOM cedeHuH (uept.3.19)
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Yepr.3.18. Cxema ycniuii B HAKJIOHHOM CeYeHUM NPH pacyeTe ero o U3rndéaumeMy MOMeHTY
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Yepr.3.19. Onpenesnenue pacuyeTHOr0 3Ha4eHUsi MOMEHTA NP pacyeTe HAKJIOHHOIO CeYeHus!
a - 07151 c60O00HO onepmotl banku, 6 - 0151 KOHCOU

Ms - MOMEHT, BOCIIPUHHUMAEMBbIH ITPOJOJIBLHON apMaTypoil, epeceKkaroliel HakJIOHHOE CEYEHHUE,
OTHOCHUTEJIBHO IPOTHUBOIIOJIOKHOTO KOHIIA HAKJIIOHHOTO CEYCHHS],;

Mgy~ MOMEHT, BOCOPUHUMAEMbI NONEPEYHON apMaTypol, IepeceKaronieil HakJIOHHOE CEYEHUE,
OTHOCHUTEJIBHO ITPOTHBOIIOJIOXKHOIO KOHIIA HAKJIIOHHOTO cedeHus (Touka 0).

Mowment M, onpenensitor o popmyiie

Ms = Ns'Zs, (3.70)
rae Ns - ycunne B MpoaoibHON pacTSHYTOM apMmaType, IpUHHMaeMoe paBHbIM RsAs, a B 30HE

AHKEPOBKH OIpEAEIsieMOe COraacHo 1.3.45;
Zs - TUIEUO BHYTPEHHEH Maphl CUJI, OnpeesieMoe o Gopmyie

=h, - N, (rae b - mupuHa cxaroii rpaHn);
b

S

HO TpY HAJMYMK CKATOM apMaTypbl NMpUHUMaeMoe He MeHee h, - a@'; momyckaercs Takke
npuHUMaTh Zs = 0,9h,,.

Mowment Mg, npu momnepedHoil apMaType B BHJI€ XOMYTOB, HOPMAJIbHBIX K MPOJOJIBHON ocu
3JIEMEHTA, ONPEEISAIOT 0 popMyIie

Msw =0,5 Qsw Cz (3.71)

e Qsw onpenenstot mo popmyie (3.48) n.3.31, a ¢ npuHUMarOT He Gostee 2h,.
Ecim XoMyTHI B Tipe/ieNiax JUTMHBI ¢ MEHSIOT CBOKO HHTEHCHUBHOCTH C (s Y Hauaja HAKIOHHOTO
ceueHus Ha (sy2, MOMEHT Mgy, onpenensitoT mo dpopmyie:

Msw =0,5 Osw1 02-0,5(qu1 - qSWZ)(C - |1)2 (3-72)

rae |y - nMHa ygacTka ¢ HHTEHCUBHOCTBIO XOMYTOB Qg1

3HayeHue ¢ ONPENETAIOT COTJIacHO 11.3.46.

3.44. Pacuer Ha AelicTBME MOMEHTa IPOU3BOJAT Ul HAKJIOHHBIX CEYEHMMH, PACIOJIOKEHHBIX B
MecTax 0OpbIBa MPOJOJIBHON apMaTyphl, a TaKKe y TpaHU KpailHell cBOOOJHON omopkl Oajiok U y
CBOOOTHOT'O KOHIIa KOHCOJIEH MPH OTCYTCTBUU Y TPOIOJIHON apMaTyphl ClIEUATIBbHBIX aHKEPOB.

Kpome Toro, paccuuthiBaloTCs HaKJIOHHBIE CEUYEHHS B MECTaX PE3KOro M3MEHEHHsI BBICOTHI
aJIeMeHTa (HalpuMep, B OJpe3Kax).

3.45. Ilpu mnepeceyeHUM HAKJIOHHOTO CEYEHHSI C MPOJOJIbHOM pPacTAHYTOH apMarypoil, He
MMeEIOIIeH aHKEepOB B Mpe/iesiaX 30Hbl aHKePOBKH, ycuine Ns onpenensiercs o popmysie:



|
N, =RA T
B (3.73)

rae ls - paccrosiHre OT KOHIIA apMaTypPhl 10 TOUKU MIEPECCUCHUS ¢ Hel HAKJIOHHOTO CCUCHHS,
1., - IIMHA 30HBI aHKEPOBKH, paBHas 1,, = A, ds
rae

R, (3.74)

an —
4Rbond

A

Rpbond - pacd4eTHOE CONPOTHUBIICHHE CICTLICHHS apMaTypbl C OETOHOM, paBHOE

Rbond = #71 72Rut

71 - KO3((UIMEHT, YIUTHIBAIOMINN BIUSHUAE BHUJA MOBEPXHOCTU apMaTypbl U MPUHUMACMBIN
PaBHBIM:

2,5 - s apmarypsl k1accoB A300, A400, A500;

2,0 - nnia apmarypsl kinacca B500;

1,5 - st apmarypsl kitacca A240;

72 - K03(hPULIMEHT, YIUTHIBAIOLIUH BIUSHUE JHAMETpa apMaTypbl U IPUHUMAEMBbI PaBHBIM:

1,0 - npu muametpe ds <32 mm,

0,9 - mpu muamerpax 36 u 40 mm;

a - Kod(p(UIIMEHT, YYUTHIBAOIINN BIIMSHUE IONEPEYHOro O0XaThs OCTOHAa W IMONEPEeYHOU
apMaTypbl U IPUHUMAEMbII paBHBIM:

a) JUIsl KpallHUX CBOOOJIHBIX OIIOD,

ecin 0,25 < op/Rp < 0,75 -0,75;

eciu op/Rp < 0,25 nmu op/Rp > 0,75 -1,0,

31eCh 0 = Fsup/Asup;

Fsup, Asup - OTIOpHAsl peakiys U IUIOLIA/(b ONUPaHUs OaJIKH;

MIPH 2TOM €CIIM MMeEETCs ToIlepeuHas apMmarypa, OXBaTbhIBarolas 0e3 NMpHUBApKHU MPOJOJIBHYIO

apMatypy, Ko3QQHUIUHUEHT a JenuTcs Ha BEJINYUHY 1+% (rne Asw M S - MJOIIAJh CEYEHUs
as

Ooru0aroIIero XoMyTa U ero miar) u npuHumaercs e meree 0,7;

0) 11 CBOOOHBIX KOHIIOB KOHCOH - 1,0.

B mobom cnydae xodddunment A,, npuHUMaeTcs He MeHee 15, a IyIrHa 30HBI aHKEPOBKHU 1,,
npuHuMaercs He MmeHee 200 M.

st crepxHel auamMeTpoM MeHee 36 MM 3HaYeHUE A,, MOXHO MPUHUMATH 110 Tab11.3.3.

B cnyuae mnpuBapuBaHUS K TPOJOJBHBIM PACTSHYTHIM CTEPXKHSM TMOMEPEYHON WU
pacnpenenuTenbHON apMatypsl yerine Ns yBeIMurnBaeTcs: Ha BEIMYUHY

N, =0,7n,@,d Ry (3.75)

MIpUHUMAaeMYyIo He OoJree 0,8R.d j—, n,-

3necs:

Nw - KOJIMYECTBO PUBAPEHHBIX CTep KHEH 1o anmuHe l;

@w - K03 ULIMeHT, MpUHUMaeMbli 1o Tabs.3.4;

dw - AMameTp mpunapruBaeMbIX CTEPKHEM.

[Tpu >ToM 3Hauenne Ns mpuHUMaeTcs He Oosiee 3HAYEHHMS, BRIYUCICHHOTO 110 opmyrie (3.73) ¢
UCIOJIb30BaHUEM IIPH onpenenenuu 1,, koapdunmenta, a = 0,7.

[Ipu ycTpoiicTBe Ha KOHIIAX CTEpXKHEH cleluaibHBIX aHKEpOB B BUJE IUIACTHH, IIAai0, raex,
YTOJIKOB, BBICA)KEHHBIX T'OJOBOK U T.I., YAOBJIETBOPSAIOUMX TpeOOBaHHAIM I1.5.35, a Takxke IpH
MpHUBapKe KOHIIOB CTEp)KHEH K HAJAEKHO 3aaHKEPEHHBIM 3aKIaIHBIM JetaimsiM  ycuiaue Ng
IIPUHUMAETCS PaBHBIM RsAs.



3.46. Jnst cB0O60AHO OMeEpTHIX OaTOK HEBBITOHEHIIIee HAKJIOHHOE CeUeHNEe HAYMHACTCS OT T'PaHH
OTIOPBI U UMEET MPOCSKIIHIO ¢, TPHHUMaeMyto He Ooiee 2N, 1 onpenensieMyro CleyomiuM 00pa3om:

Ta6numa 3.3

Kuace Kos(uuuerT o OTHocUTeNbHAS UTHHA aHKEPOBKH apMaTyphl A, = l,n/ds pu 6eTone kimaccos
apMaTypsl B10 BI5 B20 B25 B30 B35 B40 B45 B50 BS55 B60
A240 0,7 45 33 28 24 22 19 18 17 16 15 15
0,75 48 36 36 26 23 21 19 18 17 16 15
1,0 64 48 40 34 31 28 26 24 22 21 20
A300 0,7 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
0,75 58 44 36 31 28 25 23 22 20 19 18
1,0 78 58 48 41 38 33 31 29 27 26 24
B500 0,7 65 48 40 35 32 28 26 24 23 21 20
0,75 69 52 43 37 34 30 28 26 24 23 22
1,0 93 69 58 49 45 40 37 35 32 31 29

IMpumeuanue. [Ipu pacyere ¢ y4eTOM TOJBKO MOCTOSHHBIX M JIUTEIBHBIX HATPY30K 3HAYCHUSI A, CIEIYET NCIUTh
Ha yp - 0,9.

Tab6muna 3.4.
dy 6 8 10 12 14
Ow 200 150 120 100 80

a) eCJIM Ha DIIEMEHT JCHCTBYIOT COCPEIOTOYCHHBIC CHIIBI, 3HAUCHHSI ¢ TIPUHUMAIOTCS PABHBIMHU
pPacCTOSIHUSM OT OIMOPBI IO TOYCK MPHIIOKEHHUS 3TUX CHII, a TaKKe PaBHBIM Qmax/Qsw, €CIH 3TO
3HaYEHUE MEHBIIIE PACCTOSIHUS 10 1-TO Tpy3a;

0) ecnu Ha DJIEMEHT JCWCTBYeT PaBHOMEPHO pacIpelelcHHAas Harpy3ka (|, 3HA4CHHE C
omnpezensercs no hopmye:

— Qmax
Qo +9 (3.76)

37ech Qs - CM. hopmyy (3.48).

Eciu XoMyThI B mpefienax JUIMHBI ¢ MEHSIOT CBOKO HHTEHCHUBHOCTD C (g1 Y Hadaia HaKJIIOHHOTO
ceueHHs Ha (swp, 3HAYCHHE ¢ ompenaensercs no ¢opmyse (3.76) mpu yMEHBIICHHUH YUCIUTEINS Ha
AQswl1 a 3HamMenarens - Ha AQsy, (T1e |1 - IMHA ygacTka ¢ FHTEHCHBHOCTBIO Qswi, AQswi = Oswi- Osw2)

Jlnist 6aoK ¢ HAKJIIOHHOM CKaTo# rpaHbI0 NIPU JACUCTBUM PAaBHOMEPHO PacIpeICIICHHONW HArPYy3KH
MIPOBEPSIOT HAKIIOHHBIC CEYCHHUS CO 3HAUCHUSIMH ¢, PaBHBIMU

_ Quy =N:t98 _ Qu —N.t98 —42qswhotgﬂ (3.77)
o + 0 q+4q,,t9°4

rie hy - pabovast BBICOTa B OTIOPHOM CEUCHHH;

J - YyroJ1 HaKJIOHa CKaToM rpaHu K TOPU3OHTAIIH.

[Ipu pacTsHyTOM rpaHy, HAKIIOHEHHOM TOJT YIJIOM /5 K TOPU30HTAJIH, B 3TUX (opMyJiaX 3HAaUCHUE
tg S 3amensieTcs Ha Sin f3.

Jlis  KOHcollel, Harpy»XeHHBIX COCpelOTOYeHHBbIMU cuiiaMu (4ept.3.19,6) mnposepsitoTcs
HAKJIOHHBIE CEUYEHMsI, HAYMHAIOUIMECS Yy MeCT MPHUIOKEHHUS COCPEIOTOUYEHHBIX CHJI BOJIM3U
CBOOOIHOTO KOHIIA cO 3HaYeHusMH ¢ = Q1/Qsy (Tae Qi - monepeyHas cuiia B Havajge HAKJIOHHOTO
cedeHus1), Ho He Oosee |1 - paccTosiHUS OT Havyaja HaKJIOHHOTO Ce4eHHs 710 onopsl. [Ipu aToM, eciiu
Q1/0sw > 2h,, cienyet npuauMaTh ¢ = ;. Ecnu Takue KOHCOIM MMEIOT HAKJIOHHYIO CIKATYIO TPaHb,
snagenne Q1/Qsy 3amensercs Ha (Qy - Nstg )/qsw.

c




JInst  KOHCOJIEHM, HAarpy>K€HHBIX TOJBKO PaBHOMEPHO pAacCIpElNeICHHONM Harpys3kou (,
HEBBITOIHEHIIIEE CEYCHHUE 3aKaHYMBACTCSA B OTIOPHOM CEYCHHH U UMECT JUIMHY IPOEKINN

RSASZS

10+ ) (3.78)

HO He Oouee 2h,.

B ciyuae, ecimmt ¢ < | - |y, pacueT HaKIIOHHOTO CEYEHHUS MOXKHO HE IIPOU3BOIUTh.

3nech: As— IJIONIAb CEYCHHS apPMAaTYPhl, TOBOJMMOM 10 CBOOOIHOIO KOHIA; Zs - CM. I1.3.43; lan -
cM. 11.3.45.

[Tpu OTCYTCTBHU MOMEPEYHON apMaTyphl 3HAYCHHE ¢ IPUHUMAIOT paBHBIM 2h,, T1e hy - pabouas
BBICOTA B KOHIIE HAKJIOHHOI'O CEUECHU.

3.47. Insa obecnieyeHUs] MPOYHOCTH HAKJIIOHHBIX CEYCHHH Ha JIEHCTBHE MOMEHTA B DJIEMEHTax
MMOCTOSIHHOM BBICOTBHI C XOMYTaMH TPOJIOJIbHBIE PACTSHYTHIE CTEPKHU, OOpBIBAEMBIE B IPOJIETE,
JOJKHBI 3aBOJUTHCS 32 TOUKY TEOPETUYECKOTo OOpbhIBa (T.€. 32 HOPMAIbHOE CEYEHHE, B KOTOPOM
BHCITHUI MOMEHT CTAHOBUTCS PaBHBIM TNIPEICIBHOMY MOMEHTY M, 0e3 ydera oOphIBaeMoii
apMatypsl, 4yept.3.20) Ha ATUHY HE MEHEe BETUYUHBI W, OTIpeeisieMoit o Gpopmyie

w=-2 4 5d, (3.79)
2qSW
IIpU 3TOM, €CJIH i > h0
20,
h
w=2h|1-dob |y 5q
Q , (3.80)
rae Q - momepedHasi cujla B HOPMaJIbHOM CEUSHHH, TIPOXOISIIEM Yepe3 TOUKY TEOPETUIECKOTO
00pbIBa;

Qsw— oM. .3.31;

ds - TMaMeTp 0OpPHIBAEMOTO CTEPIKHSL.
Jliig Gasikul ¢ HaKJIOHHOM CkaToi rpanbto npu tg £ < 0,2 BenuurHa W IPUHUMAETCS PaBHOM

w = ah, + 5d;, (3.81)
MIpU 3TOM, eciu a >1,
W =ho(2,2 - 1,2/a) + 5ds, (3.82)
~_Q-N.tgp
29w,

rue
J - yroJ HakJIOHa rpaHu K TOPU30HTAJIN.
Jlnst 6anku ¢ HAKJIOHHOW PacTSHYTOW T'paHbiO W OIpeaelisieTCsl aHaJIOTUYHO C 3aMeHoi tg S Ha
sin f3.
JInst sneMeHToB 0€3 MmorepevHol apMaTyphl 3HaYeHUE W IPHHUMAIOT paBHBIM 2h,.
Kpowme Toro, 1omxHbI ObITH yuTeHBI TpeOoBaHus nm.5.32 u 5.33.
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Yept.3.20. OOpHIB pacTSHYTHIX CTEPKHEH B IpOIETe
1- mouka meopemuuecrkozo obpvisa,;2- snwopa M

3.48. Jlns obecrieueHUs MPOYHOCTH HAKJIOHHBIX CEUCHHUI Ha JIWCTBHE MOMEHTA HadaJio OTruda
B PACTSAHYTOM 30HE JIOJDKHO OTCTOSATh OT HOPMAJILHOTO CEYEHUSsI, B KOTOPOM OTTHOAEMBbIN CTEPIKEHb
MOJTHOCTBIO MCIOJIB3YETCsl 10 MOMEHTY, He MeHee, yeM Ha 0,5h,, a KoHer| oTruda J0KEeH ObITh
pacIioyio’keH He OJIMKe TOTO HOPMAJIBHOTO CEYCHHMsI, B KOTOPOM OTIHO HE TpeOyeTcsl Mo pacueTy

(uept.3.21).
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UYept. 3.21. K onpenenenuto mecta oTruda MpoaoIbHON PacTIHYTON apMaTyphl
IIpumepsl pacyera

Pacuem naknonnwix cevenuii na oelicmeue nonepeuHvlx Cu

IMpumep 12. /lano: pedpo TT-00pa3HO MIUTH TEPEKPBITHS ¢ pazmepamu cedeHus: h = 350 mm,
d = 85 mm; @ = 35 mmMm; OetoH kiacca B15 (R = 8,5 MIla, Ry = 0,75 MIla); pebpo apmupoBaHo
IUIOCKUM KapKacoM C TOMNEpeuHbIMU CTepKHAMU U3 apmarypsl kinacca A400 (Rgw = 285 Mlla)
muamerpom 8 MM (Agy = 50,3 MM2) marom Sy - 100 MM; mosiHasi paBHOMEPHO pacHpenesieHHas
Harpyska, JeiictByromas Ha pedpo, = 21,9 kH/m; BpemeHHasi SKBUBaJeHTHAs Harpyska ¢y = 18
kH/M; monepeunas cuna Ha onope Qmax = 62 kH.

Tpebyemcss TIPOBEPUTH TPOYHOCTh HAKIOHHBIX CEYEHUH M OETOHHOH IOJIOCHI MEXIy
HAKJIOHHBIMHU CEYCHHUSIMHU.

Pacuer. ho =h-a=350-35= 315 mm.

[TpouHOCTH OETOHHOM MOJIOCHI TIPOBEPUM 13 yciaoBus (3.43):

0,3Rpbhy =0,3-8,5-85-315 = 68276 H > Qmax = 62 xH, T.e. mpoYHOCTH MOJOCHI 0OOECTICUCHA.

IIpo4HOCTH HAKIIOHHOT'O CEYEHHUs 110 NONIEPEYHOM CHUJIe TPOBEPUM CorylacHo 11.3.31.



ITo hopmyne (3.48) onpenenumM HHTEHCUBHOCTh XOMYTOB

g, =P 285993 _ 1433
s 100

sw

Qo _ 1433 _ 50255025
[Tockonbky Ryb  0,75-85 , T.¢. ycnoue (3.49) BBIOJIHEHO, XOMYTBI IOJTHOCTHIO
YUUTBIBAEM M 3HaYeHUE My onpeaensiem mo Gopmyie (3.46)

My = 1,5Rubho” = 1,5-0,75-85-315% = 9,488-10° H-mm.
Cornacno 11.3.32 onpeaenum JAIUHY MPOEKIIMH HEBBITOHEUIIIET0 HAKJIOHHOTO CEYEHUS C.
g1=0-0qJ/2=219-18/2=12,9 kH/m (H/mm).

[Tockonbky qi =2,25> 2,0, 3HaAYCHHUEC ¢ OPLEACIIICM II0 dbopmyie

bt
6
o M, =\/ 9488:10° o000 on
0,750y, +q, \0,75-1433+12,9

[Ipunumaem C, = ¢ = 280,7 mm. Toraa
Qsw = 0,750swCo = 0,75-143,3-280,7 = 30168 H = 30,17 xH.

M, 9,488-10°
Qb = =
c 280,7
Q = Qmax— 1€ =62 -12,9-0,28 = 58,4 xH.
[Iposepsiem ycnosue (3.44)
Qp + Qsw=33,8+30,17=63,97 H> Q = 58,4 xH,

T.€. MPOYHOCTh HAKIIOHHBIX CEYCHHI oOecreyeHa.
[TpoBepum TpedoBanue 1.3.35:

— 33801H = 33,8 kH

R,bhy  0,75-85-3157
Swmex = th 0 = 52000 =102 mm > s, =100 M,

T.. TpebOBaHKe BhIMOIHEHO. YcmoBus 1m.5.21 Sy < h,/2=315/2 = 157 mm u Sy, < 300 MM Takxe
BBITIOJTHEHBI.

IMpumep 13. /Jano: cBoOOIHO onepTas Oanka MepeKpsITHs ¢ pazmepamu cedenus: b =200 mwm, h
= 400 mm; hy = 370 mm; Geton kitacca B25 (Ry = 1,05 MIla); XoMyThI IByXBETBEBBIC THAMETPOM 8
MM (Asy = 101MM2) c maroM S,= 150 mMm; apmarypa knacca A240 (Rsy = 170 MIIa); Bpemennas
SKBUBAJIEHTHAas 10 MOMEHTy Harpy3ka O, = 36 kH/M, mocrosHHas Harpy3ka (g = 14 xH/m;
norepeyHast cuia Ha onope Qmax = 137,5 xkH.

Tpebyemcs poBepUTH MIPOYHOCTh HAKIIOHHBIX CEUEHUH.

Pacuer. [IpouHocTs HakIOHHBIX cedeHH mpoBepsieM coryacHo 1m.3.31. Ilo ¢dopmyne (3.48)
OTpeieTuM UHTEHCUBHOCTh XOMYTOB

R, A, 170-101

O = =1145H/Mm
Sew 150
q 114,5
[Tockonbky W _ =0,545>0,25, T.e. ycnoBue (3.49) BBINOIHACTCA, XOMYTHI
R, 105-200

YYUTBIBAEM IMOJIHOCTBIO U 3HaueHHe M, onpeaeinsem mo Gpopmyie (3.46)



My = 1,5Rybh,2 = 1,5:1,05-200-370° = 4,312-10" H-mm.
CornachHo 11.3.32 onpeaensieM JUIMHY TPOESKIIMK HEBBITOAHEHIIIETO0 HAKIIOHHOT'O CEUCHUS:

01 = qg + 0,50, = 14 + 0,5-36 = 32 xkH/m (H/mm).
[Tockonbky

7
M, _ [4,312:10 el 2o 2370 oo
0 32 1-05-0,545

1-05 dsu
R,b

3HAa4YCHUE ¢ MPUHUMaeM paBHbIM 1161 MM > 2hg = 740 mm. Torma ¢, = 2hg = 740 MM 1 Qgy =
0,75QswCo = 0,75-114,5-740 = 63548 H = 63,55 kH;

M, 4,312-10’
c 1161
Q = Qmax— 1€ = 137,5 - 32-1,161 = 100,35 xH.
[Ipoepsiem ycioBue (3.44)

Q=

= 37140H = 37,14 kH

Qb + Quu = 37,14 + 63,55 = 100,69 xH > Q = 100,35 xH,
T.C. IPOYHOCTb HAKIIOHHBIX CEeYeHU! O6CCHC“ICH8.

Mpumep 14. /[ano: cBoOomHO omepras Oanka mHepekpwITHsS mposetoM | = 5.5 m; monHas
pPaBHOMEpPHO paclpeelieHHass Harpy3ka Ha Oanky ( = 50 xH/M; BpeMeHHas SKBUBAJICHTHAs
Harpyska ¢y = 36 kH/m; pasmepsr monepeunoro ceuenuss b = 200 mm, h = 400 mwm; hy = 370 mwm;
6eron knacca B15 (Ry: = 0,75 MIla); xomyTtsl u3 apmatypsl knacca A240 (Rgy =170 MITa).

Tpebyemcs onpenenuTh TUAMETP W IIAar XOMYTOB Y OIOpPHI, a TaKXKe BBIACHUTH, HA KAKOM
PaCCTOSIHUU M KaK MOXKET ObITh YBEJIMYECH IIar XOMYTOB.

Pacuer. Haubosnb1as nonepeynas cujia B ONOPHOM CEYEHUH paBHA

gl 5055
2

Onpenenum TpeOyeMyr0 HHTEHCUBHOCTh XOMYTOB ITPHOIIOPHOTO y4acTKa corjiacHo 1m.3.33,0.
ITo popmyne (3.46) onpenensiem M,

My = 1,5Rybhe? = 1,5-0,75-200-370? = 30,8-10° H-Mm.

Q. ~137,5xH

CormacHo 11.3.32
g1 =q-0,5q9yt =50 - 0,5-36 = 32 xH/m (H/mm).

Q,, =2M,q, =2/30,8-10°-32 = 62760 H

Tak kak 2Mp/ho - Qmax = 2-30,8-10%/370 - 137500 = 28986 H < Qu1= 62790H, MHTEHCUBHOCTE
XOMYTOB onpezernseM 1o Gopmyse (3.52)

2 A2 2 2
., = Qrex —Qi 137500 627690 1619 Ham
3M, 3.30,8-10

Cormacho 1m.5.21 1rar XoMyToOB Sy, Y OIOPHI JA0DKEH ObITh He Oostee ho/2 = 185 u 300 mm, a B

nponere - 0,75h, = 271 u 500 MM. MakcuManbHO IOMYCTHMBIN IIAr y OHOPHI coriiacHo m.3.35
paBeH

_ Rybh;  0,75-200-370°
Q 137500

[IpuHrmaem mar XoMyToB y onopsl Sy1= 150 MM, a B nponete 250 mm. Ot1croza

=149,3mm =150 mm,

W, max



161,9-150
170

Asw — qswswl —

=142 9 mm°.
R

SwW

2
[TpuHrMaeM B onepeyHoM cedeHun aBa Xxomyta 1o 10 mm (Agy = 157 Mm”).
Takum o0pa3oM, IMpUHATasE UHTEHCHUBHOCTb XOMYTOB y ONOpPBI M B IIPOJIETE COOTBETCTBEHHO
paBHBL:

Uy = RowAw _ 170-157 =177,9 H/mm
Su1 150
_ 170-157

qst 250

=106,7 H/mMm

ITposepum ycnosue (3.49):
O,25Rbtb = 0,25'0,75'200 = 37,5 H/MM < qswl u 37,5 < qSW2

CrnenoBarenbHO, 3Ha4EHUA (sw1 U (sw2 HE KOPPEKTUPYEM.

Omnpenenum, coryacHo 11.3.34 amuHy yyacTka |y ¢ HHTEHCHBHOCTBIO XOMYTOB (swi. Tak Kak A Qsy
= 0,75(Qsw1 - Qswz) = 0,75(177,9 - 106,7) = 53,4 H/mm > Q1 = 32 H/mm, 3nauenue |y Beramcanm mo
dopmye (3.59), npunsns Qp min = 0,5Rpbh, =0,5-55500 = 27750 H

| = Quoc (Qb_mg +1,50,,,hy) oh, = 137500- (277503; 15:106,7-370) , oo0_gag
1

[IpuHrMaeM JUIMHY y4acTKa C LIaroM XoMyToB Sy1 = 150 MM paBHoit 0,9 M.

Mpumep 15. Jano: 6aika MOKPBITUS, HATPYKCHHAS! COCPEAOTOYCHHBIMU CHJIAMH KaK IMOKa3aHO
Ha uept.3.22,a; pa3Mepsl cedeHus - mo 4ept.3.22,6; 6eroH kiacca B15 (Rp = 0,75 MIIa); xoMyThI
u3 apmarypsl kiaacca A240 (Rgy = 170 MIla).

Tpebyemcs onpeAeTuTy TUAMETP | IIar XOMYTOB, a TaKXKe BBISICHUTH, HA KAKOM PAaCCTOSTHHH OT

OITIOPHBI U KaK MOKET OBITh YBCJIHWYCH HIall XOMYTOB.

Frd42xH F=34xH
aj 6)

| 9

<

4

| L m mopa Q, id-l;
e

UYepr.3.22. K mpumepy pacueta 15

Pacuer. h, =890 - 80 = 810 mm.

OmnpenenuM TpedyeMyl0 MHTEHCUBHOCTh XOMYTOB (g corjacHo m.3.33,a, mpuHUMAas JUIHHY
IIPOEKIIMH CEYEHMSI ¢, PABHOM PAaCCTOSHUIO OT OIOPHI A0 nepBoro rpysa — €1 = 1350 mm. Torna a; =
ci/hy = 1350/810 = 1,667 < 2, u, ciriegoBaTeNbHO, dg1 = a; = 1,667.

1350 1500

Ept = L5 +0,1875a,, = L5 +0,1875-1,667 =1,212.
Onpenensem & 1667
CormnacHo 4ept.3.22 monepeyHas CHiIa Ha pacCTOSIHUU ¢1 OT onopkl paBHa Q; = 105,2 kH. Torna
Q 105200

=2165 > &, ", CIENOBaTEIbHO, (s ONIpeaessieM mo gopmyie (3.51):

81 rpl?

" R,bh, 0,75-80-810



G =R b ~15/8, e 0 2165-15/1667 oo
0,758, 0,75-1667

Onpenenum (s, TPHU 3HAYCHUH ¢, PABHOM PACCTOSHUIO OT OMOPHI IO BTOPOTO rpy3a - ¢, = 2850
MM:

az = Co/hy = 2850/810 = 3,52 > 3; mpunumaem a; = 3,0.

[Tockomnbky @ > 2, npuHUMaeM agy = 2,0.
£ ,= L5 +0,1875a,, = % +0,1875-2=0,875.

ep2
a'2

CooTtBercTBylomas nmonepeunas cuia pasHa Q, = 58,1 kH. Torna

Q, _ 58100

£, = = =1195> ¢, , = 0,815,
R,bh,  0,75-80-810
H, CJICOOBATCIBHO,
G —RopF LS8 e g0 119515130 oo
0,75a,, 0,75-2,0

[IpuHnMaeM MakCHMalbHOE 3HAY€HUE Qsw = Qswa = 60,7. V3 ycioBus CBapKu MpUHUMAEM
2 .
nuametrp XxoMyTtoB 8 MM (Agy = 50,3 mm”). Torna makcumManbHO AONMYCTUMBIM IIar XOMYTOB Ha
IPUOTIOPHOM YYacCTKE paBeH

R.A, 170-503

O 60,

S . = =140,9 mm.

wl

[Ipunumaem Sy1 =100 mm. HaznauaeM mar XomyToB B mpojeTre paBHbIM Sy2 = 300 mm. Torma
WHTEHCUBHOCTHh XOMYTOB MPUOTIOPHOTO y4acTKa

R, A, 170-50,3

- - _855H/
Ao = 100 ™

wl

a [MPOJICTHOTO y4aCTKa

R )
Gy = 2P 110508 _ g oy
s 300

w2

3amaauM AMUHY y4yacTKa C IIaroM XOMYTOB Syi, PaBHOM pacCTOSIHMIO OT OHOpPBI J0 MEPBOTO
rpy3a — |l; = 1350 mwm, u npoBepum ycioBue (3.44) npu 3HAYCHUH ¢, PABHOM PACCTOSHHIO OT OTIOPBI
10 BTOporo rpysa - ¢ = 2850 mm. Ho mockoneky 3h, = 3:-810 = 2430 MM < ¢, IpuHEMaeM ¢ =
2430mM. 3nauenue Qg ompesesseM cornacHo 1.3.34.

Tak kak 2h, + 13 =2-810 + 1350 = 2970 MM > ¢, 3Hauenue Qs onpeznensieM no popmye (3.56).
[Tpu 3TOM, MOCKOJBKY ¢ > 2ho, ¢o = 2ho = 1620 MMm.

Qaw = 0,75[GswiCo = (w1 - Qsw2)(C - 11)] = 0,75[85,5-1620 - (85,5 -28,5)(2430 -1350)] =
57712 H=57,7 xH.

ITpu ¢ =3ho, Qp = Qp.min = 0,5Rpibh, = 0,53-0,75-80-810 = 24300 H = 24,3 xH.
[Tonepeunast cuina Ha pacctosiHuu ¢ = 2430 MM oT onopsl (4ept.3.22) paBHa

2,43—1,35(

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

[IposepsieM ycinosue (3.44)



Qb + Qsw = 24,3 +57,7=82,0 xH > Q = 59,5 kH,

T.€. IPOYHOCTH ATOT0 HAKJIIOHHOTO CEYEeHUsI 0OecIeyeHa.

Bonbiee 3HadeHuWe ¢ HE paccMaTpUBaeM, IMOCKOJBKY MpPHU 3TOM TIONEpeYHas CHIla PE3KO
YMEHbIIIAeTCsl.

Taxum 00pa3oM, UTMHY ydacTKa ¢ IaroM XoMyToB Sy = 100 MM npuHMaeM paBHoi 1,35 m.

Ipumep 16. /Jano: nByxckaTHas Oaynka npojetom 8,8 M (uept.3.23,a); CIuIomHas paBHOMEPHO
pacmpeseneHHas Harpy3ka Ha O0anky ( = 46 kH/M; pa3smepsl omopHOro cedeHus mo 4eprt.3.23,0;
oeton kmacca B20 (Rp: = 0,9 MIla); xomytel u3 apmatypbl kiacca A400 (Rgy = 285 Mlla)
muamerpom 10 mm (Agy = 78,5 MM2) maroM Sy = 100 mm.

Tpebyemcs npoBepUTh TPOYHOCTH HAKIIOHHOTO CEYEHHSI 110 TIOTIEPEUHOI cuJe.

Pacuer. PaGouast BeicoTa onopHoro ceuenus pasaa h, = 600 - 40 = 560 mwm (cM. ueprt.3.23,0). [o
dhopmyne (3.48) onpeneauM HHTEHCUBHOCTh XOMYTOB

Qg = RowAw _ 285-785 223,7 Hvm
s 100

w

L)

a) l

‘ 8800 1. £

Uepr.3.23. K npumepy pacuera 16

OmnpenenyiM TPOEKIMIO HEBBITOJHEHWINET0 HAKIOHHOTO cedeHus ¢ corjacHo 1.3.37. U3
uept.3.23,a umeem tgp= 1/12, b = 100 mm,

Rptb=0,9-100=90 H/mm; 1 - 2tgf=1-2/12 =0,833.

Mockonbky Osy /(Rob) = 223,7/90 = 2,485 > 2(1 - 2tgh)® = 2:0,833% = 1,389, snaueHue c
BeIYKCIsIEM 110 popmyiie (3.62).

15 15
c=hy, — = 560\/ 5
(0,750, +,) /(Ry,b) +15tg> B (0,75-223,7+46)/90+1,5/12

Pabouast BeIcOTa MOTIEpeyHOro ceueHus N, Ha paccTostHuu ¢ = 444 MM OT OTIOpBI paBHA
ho = ho1 + ctgf = 560 + 444/12 = 597 mm.

[Mockonbky ¢ = 444 MM < 2N, ¢o = ¢ = 444 MmM;

= 444 vmm.

_ 15R,bh? 15-90-5977
c 444

Q,, =0,75q,,C, =0,75-223,7 - 444 = 74492 H = 74,5 kH.

Q, =108370 H =108,4 kH

[IpoBepum yciosue (3.44), npuHUMas TIONIEPEUHYIO CHITY B KOHIIE HAKIIOHHOT'O CEUEHUsI paBHOU
Q = Qmax — 01€=(46-8,8)/2 - 46-0,444 = 182,0 xH:
Qb + Qsw = 108,4 + 74,5 =182,9 kH > Q = 182 xH,

T.€. IPOYHOCTh HAKJIOHHBIX CEYEHUH I10 MONEPEYHON CUIIe

obecriedeHa.

Ipumep 17. Jano: xoHcONIb pazMepamMu 1o 4yept.3.24, cocpejoToueHHas cuila Ha KoHcoiu F =
130 xH, pacmonoxernas Ha paccrosauu |3 = 0,8 M ot omopsr; 6eTon kiaacca B15 (Ry = 0,75 MITa);
XOMYTHI ABYXBETBEBble tuameTpoM 8 MM (Agy = 101 MMZ) u3 apMatypsl knacca A240 (Ryw = 170
MITa) marom Sy, = 200 mm.
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Yepr.3.24. K npumepy pacuer 17

Tpebyemcs IPOBEPUTH IPOYHOCTH HAKJIIOHHBIX CEUSHH O MOTIEPEYHOMN CHIIE.
Pacuer. Cornacuo 1n.3.38 npoBepsiem u3 ycnous (3.44) HeBBITOAHEHIIIEE HAKIIOHHOE CEUCHHE,
HAYMHAIOIICECS OT MECTa MPHJIOKEHHUS COCPEIOTOYCHHOM CHIIBI, TIPH 3HAUCHHUH ¢, ONPEICICHHOM

tgp = 220 =300 _ (369
o popmysie (3.62) npu q; =0 u 950 .
PaGouas  BBICOTAa B MECTE€  NPWIOKEHUS  COCPENOTOYEHHOM  CHIIBI  paBHA

ho, = 650 — (650 — 300)@ —50 =305 mm
950 (cm. wept.3.24); Rpb = 0,75-:200 = 150H/mwm.

3HaueHue (sy paBHO

R, A, 170-101

Ogw = = =85,8 H/Mm
Su 200
c=hy, L > = 305\/ 15 > =469 Mm <, =800 mm.
0,754, /(Ryb) +1,5tg° B 0,75-85,8/150+1,5-0,369
Ny 2305 4iph s
[Tockonbky 1-2tgp 1-2-0,369 , ocTaBisieM ¢ = 469,4 Mm.

Ornpenenum pabouyro BICOTY Ny B KOHIIE HAKIIOHHOTO CEYCHHS
ho = hoi + ¢'tgf = 305 + 469-0,369 = 478 mm.
[Mockombky ¢ = 469,4 > 2h,, ¢, = ¢ = 469 MMm.
_15R,bh{ 15-150-478°
c 469
Q. =0,750,,c, =0,75-85,8-469 = 30180 H = 30,18 kH. .

Q, —109614 H =109,6 kH

Qp + Qsw =109,6 + 30,2 =139,8 xH > F =130 xH,

T.€. IPOYHOCTh HAKJIOHHBIX CEYEHMH I10 MONEepeyHOH cuie obecreyeHa.

Ipumep 18. /Jano: criomHas nianTa JHUINA pe3epByapa 0e3 MonepevyHoi apMaTypbl pa3sMepoM
3x6 M TtommmHOM h = 160 MM, MOHOJHMTHO CBS3aHHAs IO TMEPUMETPY C OaaKkaMu; IOJHAs
paBHOMEPHO paclnpezeiieHHas Harpy3ka 50 kH/m?; 6eton kmacca B15 (Rpt = 0,75 MITa).

Tpebyemcs npoBepUTh IPOYHOCTH MIIUTHI HA ICWCTBHE MONIEPEUYHOM CHUJIBI.

Pacuer. hy = 160 - 20 = 140 mm. PacueT npoBoauM asist mosiockl mupunoi b = 1,0 m = 1000 mm,
nposierom | =3 m. Torma g = 50-1,0 = 50 kH/m, a monepedynas cujia Ha OIope paBHa

_ gl _50-3
2

Q.. = 75kH

[TpoBepum ycnosue (3.64)
2,5Rpibho = 2,5-0,75-1000-140 = 262500 H > Qmax = 75 xH.



ITpoBepum ycnoBue (3.66), npunumas (1 = - 50 kH/m (H/mm). Ilockonbky OOKoOBBIE Kpas
IJTUTH MOHOJIMTHO CBSI3aHBI ¢ OajkaM#, ycioBue (3.66) nmeeT BUI

R,b  0,75-1000
6-0,64 6-0,64
CJIeI0BATENbHO, IPOYHOCTh MIIMTHI IPOBEPSEM U3 ycioBus (3.67a)
0,625Rpibh, + 2h,q; = 0,625-0,75-1000-140 + 2,4-140-50 = 82425 H =
82,4 kH > Qmax =75 xH,

T.€. POYHOCTH TUTHTHI 110 TIOTIEPEYHON criie o0ecTieueHa.

Ipumep 19. /lano: naHenb CTEHKU pe3epByapa KOHCOJBHOTO THUMA ¢ MEPEMEHHON TOJIIIUHOU OT
262 (B 3agenke) 1o 120 MM (Ha cBOOOJAHOM KOHIIE) BhIIETOM 4,25 M; OOKOBOE JaBlIEHUE TPYHTA,
YUUTBIBAIOIIEEe HArPY3Ky OT TPAHCIOPTHBIX CPENICTB HA MOBEPXHOCTH IPYHTA, JINHEHHO YOBIBAET OT
o = 55 kH/M? B 3anenke 10 q = 6 kH/M? Ha cBOGOIHOM KOHIIE; a = 22 MM; GeToH Kiacca B15 (R =
0,75 MIIa).

Tpebyemcs IpOBEPUTH IPOYHOCTH TTAHEITN HA JICHCTBHUE MMOTICPEYHON CUITBI.

Pacuer. PaGouyast BEICOTa CeYEHHs TAHEIH B 3aJIelIKe paBHA Ny = 262-22 = 240 mm.

Omnpenenum tgf (5 - yroan Mexy pacTSHYTOW U CKATOW TPAHAMH):

tgp =(262-120)/4250 = 0,0334.
[IpoBepum ycinosus 11.3.41. [lonepeunas cuia B 3a/1€JIKE€ paBHa
Qmax =((55+6)/2)-4,25 = 129,6 xH.

Pacuet npousBoauM Jyist osockl nanesu mupuHoi b = 1,0 m = 1000 mm.
ITpoBepum ycnosue (3.64), npunumas hy = hy; = 240 mm.

2,5Rpibh, = 2,5-0,75-1000-240 = 450000 H = 450 xkH > Qmax

T.€. YCIIOBUE BBINOIHAETCS.
ITockonbKy naHenu cBs3aHbl APYr C APYTOM, a HIMPUHA CTEHKH pe3epByapa 3aBeAoMO OoJblle
5h, 3Ha4YeHHe Cmax OnpenesnsieM mo hopmysie

=195H/Mm > ¢, =50 H/vm

. __24h, _ 24240
™ T 1+12tgf 1+1,2-0,0334

=554 mm.

CpenHsisi MHTEHCUBHOCTb Harpy3KH Ha MPUOIIOPHOM y4YacTKe JJIMHON Cmax = 554 MM paBHa

554
4250-2

g, =55-(55-6) =518 H/mm.

ITockomnbky

1 1
c=h, J > = 240\/ 5
tg° Bl 4+, /(L5R,0) 0,0334° /4+51,8/(1,5-0,75-1000)

=1115mm > Q,,, = 554 MM,

MIPUHUMAEM C = Cmax = 554 MM.
Ompenenum pabouyro BBICOTY CEUEHHs Ha PAacCTOSHUM ¢/2 OT ONOpHI (T.e. cpeHee 3HaueHue hg
B TIpeJieiaX JJIHHEI C):

h = hy, —%tgﬂ - 240—5—240,334 = 231 -

[lonepeunas cuia Ha paccTOsSHUU ¢ = 554 MM OT ONOPHI paBHA:

Q = Qmax—g1¢=129,6 - 51,8-0,554 = 100,9 xH.



[TpoBepum ycnosue (3.65):

15R,bhy 15-0,75-1000- 231
c 554

T.C. IPOYHOCTH ITaHECJIHU I10 HOHCpC‘IHOﬁ cuiie obecreueHa.

=108360 H =108,4 kH > Q =100,9 kH

Pacuem naxnonnvix ceuenuii na oeticmeue momenma

HMpumep 20. Jano: cBobogHo omepras Oanka mponerom | = 55M ¢ paBHOMEpPHO
pacripenienieHHON Harpy3koit = 29 kH/M; KOHCTpYKIUSI TPUOTIOPHOTO yyacTKa OajIKu MPUHATA 1O
uyept.3.25; 6eton kiacca B15 (Rb = 8,5 MIla); nponosisHas apmarypa 6e3 ankepoB kiacca A400
(Rs =355 MIla) miomazsio cedenns As = 982 mm” (22525); xoMyThI H3 apMatypsl kinacca A240 (Rgy
=170 MIla) quamerpom 8 MM marom Sy, =150 MM npUBapeHsI K MPOJIOJIBHBIM CTEPIKHSM.

Tpebyemcs npoBepuUTh NPOYHOCTH HAKIOHHBIX CEUEHUH Ha JIEHCTBUE MOMEHTA.

Pacuet. hy = h - a =400 - 40 = 360 mM. [TockoybKy pacTsHyTast apMaTypa HE HMEET aHKEPOB,
pacueT HaKJIOHHBIX CEYeHU Ha IEHCTBUE MOMEHTA HEOOXOAUM.

Ompenenum ycuime B pacTsHyTo# apMarype 1o hopmyie (3.73).

[TpyHUMaeM Hayaao0 HAaKJIOHHOIO ceueHus y rpanu omopbl. Otcrona ls = lgyp - 10 mm = 280 - 10 =
270 mm (cMm. yepT.3.25).

OnopHas peakuus OanKku paBHa

sup q_l = 29_ 55 =80 kH
2
a wiomaab onupanus oanku Agyp = blgyy = 200-280 = 56000 MM,
F
o, = _sup M =1,43MIla, Oy _ @01163 <0,25
OTKy/1a A, 96000 R, : ’

cienoBarensHo, a = 1,0. 13 Ta61.3.3 npu kimacce 6erona B15, kiracce apmarypet A400 ma = 1,0
HAXOJMM Aan = 47. Torna, uinHa aHKePOBKU paBHa lan = Aands = 47-25 = 1175 mm.

Ns = ReAs (I/lan) = 355-982-(270/1175) = 80106 H.

! 1-1
- L1
2212

e Z

| = o
- <

400

4
-

|

S
b-‘ b1 =
oqe] | cmssns ]
o 1-3500
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[TockonbKy K pacTSHYTBIM CTEPXKHSIM B Mpeaenax UMHbI ls mpuBapeHbl 4 BEepTHKATbHBIX U 2
TOPU30HTAIBHBIX MOTEPEUHBIX CTEPXkKHS (cM. uepT.3.25), yBennuuM ycuiusi Ns Ha Benuuuny Ny.
[Mpunumas dy, = 8 mm, Ny = 6, ¢y, = 150 (cm. Ta6:1.3.4), moaygaem
Ny = 0,7Ny ¢w d? Roe = 0,7-6:150%:0,75 = 30,24-10° H.

Otcrona Ng = 80106 + 30240 = 110346 H.
Omnpenensiem MakcuMmansHO nomycTumoe 3HadeHue Ns. M3 1a61.3.3 npu a = 0,7 HaxoauM Aan =

|
Nomx = RA — :355-982ﬂ =114040H > N,
33; Torga an's 33-25 , T.e. octaBigeM Ng = 110346 H.
Omnpenenum 1edo BHYTPEHHEH Mapbl CHUIT
N
z, =h, ——— =360 w =327,5mMm > h, —a'=360 — 35 = 325mm.

2R,b ~2.85-200



Torga MOMEHT, BOCIIpUHUMAEMBIN ITPOIOJIBHON apMaTypoH, paBeH
Ms = Ngzs = 110346-327,5 = 36,1-10° Hvm.

[To popmymne (3.48) BeIUHCTUM BEIUYUHY (s

Gy, = o (170101 gy
s 150

w

OmnpenensieM JUIMHY MPOCKIMH HEBBITOJHCHINETO HAKIOHHOTO cedeHus mo ¢opmyie (3.76),
npuHuMast 3HadeHue Qmax paBHBIM ONOPHOH peakiuu 6anku, T.€. Qmax = Fsyp = 80 kH.

Que _ 80-10°

C= =
o +q 1145129

=557,5Mu < 2h,

Torma MOMEHT, BOCIIPUHHUMAEMBbIH MMONEPEYHON apMaTyphbl, paBeH
Msw =0,50swC® = 0,5-114,5-557,5° = 17,8:10° H mm.

MoMeHT B HAaKJIOHHOM CEUCHHHM ONpeae/iieM KaKk MOMEHT B HOPMAaJIbHOM CCUYCHUH,
pacIojI0KEHHOM B KOHIIE HAKIIOHHOI'O CEYEHHMs, T.€. Ha PACCTOSIHUH OT TOYKH IPHIIOKEHHS
OIIOPHOMH peakIyu, paBHOM X = lgyp/3 + ¢ = 280/3 + 557,5 = 650,8 Mm

? 29.-650,8

M=0Q, —% ~80-10° -650,8 — 45,9-10° Hwm = 45,9 kHu

[Tposepsiem ycioue (3.69)
Mg + Mg, = 36,1 + 17,8 = 53,9 kHm >M = 45,9 xHwm,

T.€. IPOYHOCTh HAKJIOHHBIX CEUYEHUI 10 U3rubdaroeMy MOMEHTY obecIieueHa.

IIpumep 21. /lano: puresnb MHOTO3TaXHOW paMbl C AMOPAMU MOMEHTOB U MONEPEYHBIX CUJT OT
paBHOMEpPHO pacnpeeneHHoNM Harpysku ( = 228 kH/M mo uepr.3.26; Oeron kiacca B25;
MpoJI0JIbHAS U TmornepeyHas apmatypa kinacca A400 (Rs = 355 MIla, Ry = 285 MIla); nonepeunoe
CeyeHHEe MPHOMOPHOIo y4yacTka - Mo uepr.3.26; XoMyTsl TpexBeTrBeBble auamerpoM 10 Mm (Rsw =
236 MM2) 1arom Sy paBHbIM 150 Mm.

Tpebyemcs onpenenuTb paccTOSIHUE OT JIEBOM OIMOphI O MecTa OOpbIBa MEPBOTO CTEPIKHS
BEpXHEHN apMaTyphl.

Pacuer. U3 uepr.3.26 umeem: hy = h - a = 800 - 60 = 740 mMMm; @ -50 MM; IJIOMIAIb CEUCHHMS
BePXHEH pAaCTAHYTOH apMaTypbl 6e3 ydera OZHOTO O6pbIBacMOro crepxus D32 As = 1609 mm’
(20532); As = 2413 mm® (3D32). OnpenenuM NpenesnbHBIE MOMEHT, COOTBETCTBYIOIIMM 3TOU
apmartype 1o popmyie (3.19), mockombky As < Aj, T.e. x < O:

Mut = RsAs(ho — @') = 355-1609-(740 - 50) = 394,1-10° H mm = 394,1 kHwm.

[To smope MOMEHTOB ONpEENsieM PAcCTOSIHHE OT OMOpPHI 10 MECTa TEOPETHUYECKOro oOphIBa
IIEPBOTO CTEPKHS U3 YPABHEHUS

M, —M,
M = Msup_u.x_q_'.Hﬂ.xz M,
I 2 2
x:Z—\/ZZ—ZM z=l+M-
OTKy/1a q , TIe 2 ql

49 600-300
L=—+——
2 228-4,9

[TonepeuHast cuia B MecTe TEOPETHUECKOro 0OphIBa paBHA

600 -394,1

=2719m; X = 2,719—\/2,7192 -2 =0,355m.



Q = Qmax - g-Xx =620 - 228-0,355 = 539 xH.

Onpenenum BeTUYUHY (g,

R, A, 285-236

qsw = = = 448,4 H/MM
Sy, 150
[Tockonbky Q _ 539 _ 0,601m < h, =0,74M, JUIMHY W, Ha KOTOPYKO Hai0 3aBECTH
2q,, 2-4484
0OpBIBaEMBIi CTEPXKEHD 38 TOYKY TEOPETHUECKOI0 0OpBIBa, orpeaeiseM 1mo dpopmyie (3.79)
W= 2£+5ds =601+5-32=761mm.
qSW
1
—q
A 116

w=761

B r

1=4,0Mm

i ]

Smopa M, kHym
ool 394 ’
M, =600 ( /(f - M) =300

{339 Omiopa Q kH
1 T

620
\u‘ulmml/ 488

11
39324400

800

35324400

yavam
| [7
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CnenoBaTenbHO, pacCTOSTHUE OT OMOPbHI JO MecTa OOphIBa CTEPXHS MOXKET ObIThb HPUHATO
paBHBIM X + W =355+ 761 =1116 mm.

Omnpenenum HeoOXouMoe paccTosiHue lan OT MecTa 0OpbIBa CTEPIXKHS 70 OMOPHOTO CEYCHUS,
npeArnoaras mojHOE UCTIOI30BaHUE 3TOTO CTEPXKHSI B OMOPHOM cedeHuH. J[st aToro mo ta6s.3.3
npu a = 1,0 xiacce 6erona B25, kinacce apmarypst A400 Haxomum A = 34. Torna lay = Aand = 34:32
=1088 MM < 1116 mm.

CrnenoBarenbHO, 0OpBIBaEM CTEPkKEHb Ha paccTOsTHUM 1116 MM OT Oomopsl.

BHEIIEHTPEHHO CXKXATBIE 3JIEMEHTbBI
OBIIME ITOJIOKEHUA

3.49. Tlpu pacuete Kene300€TOHHBIX DJIEMEHTOB Ha JIEUCTBUE CHKUMAIOIIEH MPOJIOIBHON CHITBI
CJIe1yeT YYUTHIBATh CIIyYalHbIN SKCHEHTPUCUTET €, MPUHUMAEMbIi HE MEHEe:

1/600 muiMHBI 37IEMEHTA WM PACCTOSHUS MEXK/y €r0 CEYEHHUSIMU, 3aKPETJIEHHBIMU OT CMEIICHHUS;

1/30 BBICOTBHI CEUCHHS;

10 Mm.



JUis 2IEMEHTOB CTAaTUYECKM HEONPEACIMMBbIX KOHCTPYKIMH (B TOM 4YHMClIE JJs KOJOHH
KapKacHbIX 3/IaHHi) 3HaU€HUE SKCLEHTPUCUTETA NIPOJOIbHON CUIIbI OTHOCUTENIBHO LIEHTPa TAXKECTU
IIPUBEECHHOIO CEUEHUS €, NPUHHMMAIOT PaBHBIM 3HAYEHMIO SKCLEHTPUCHUTETA, MOJIYYEHHOI'O M3
CTaTHYECKOT'0 pacyera, HO HE MEHEE €.

Jlisi 57IeMEHTOB CTAaTHYECKU OMPEIeTUMBIX KOHCTPYKUUH (Hampumep, (paxBEpKOBBIE CTOWKH,
croiiku JIOII M T.I.) SKCUEHTPUCUTET €, NMPUHUMAIOT PAaBHBIM CYMME 3KCLIEHTPUCUTETOB - U3
CTaTMUYECKOT'0 pacyeTa KOHCTPYKLIUHU U CIy4alHOro.

3.50. Pacuer HOpMabHBIX CEYEHUI BHELICHTPEHHO CKATBIX AJIEMEHTOB IPOU3BOIAT B INIOCKOCTH
HKCIEHTPUCUTETA TPOJOJIBHONU CHUJIBI (B IUIOCKOCTH HM3ruba) M OTIEIPHO B HOPMAJIBHOM K HEH
IUIOCKOCTH C SKCIEHTPUCUTETOM €,, PABHBIM CITydaiiHOMY e, (cM. 11.3.49).

Pacuer u3 1uiockocTu M3rnda MOXKHO HE TPOW3BOJUTH, €CIU THOKOCTh 3nemeHTa lo/i (s
OpsSMOYTONbHBIX cedeHuil - lo/N) B muockoctn wm3rmba mpeBbimaeT TMOKOCTH B INIOCKOCTH,
HOpPMaJIbHOW IJIOCKOCTH U3TrH0a.

Pacuer snemeHTa ¢ y4yeTOM 3KCLEHTPUCUTETOB B IIJIOCKOCTAX OOEMX IVIaBHBIX oceil (kKocoe
BHELICHTPEHHOE CXKaTHE) CIEAYyeT NPOU3BOAUTH, €CIM 00a 3TU 3KCLEHTPUCUTETA IMPEBBIILIAIOT
CIIy4aliHbIE €.

Bo Bcex ciydasx 5KCHEHTPUCHUTETHI €, OMPEACISIOTCS C YYeTOM BIHMSHHS MPOTHOa dJIeMEeHTa
(cm. mm.3.53-3.55).

3.51. Pacuer HOpMaJIbHBIX CEUYEHHMII BHELEHTPEHHO CKaThIX AJIEMEHTOB B O0OILIEM ciydae
IIPOU3BOJIAT HA OCHOBE HEJNMHEHHOM eopMallMOHHON MoAeH cornacHo nmn.3.72 - 3.76.

Pacuer 5351eMEHTOB MpPsSMOYrOJBHOIO, TABPOBOI'O M JABYTABPOBOI'O CEYEHUN C apMaTypow,
PacIoyioKEHHON y MEepIEHAUKYISAPHBIX IJIOCKOCTH M3ruba rpaHeidl jaeMeHTa, NpH HalpaBiIeHUU
9KCLEHTPUCUTETA B IJIOCKOCTU CUMMETPUHM CEUEHMS JIOIYCKAeTCsl MPOU3BOAMUTH IO IPEEIbHBIM
yCUITUsIM coryacHo nn.3.56-3.61.

Kpowme Toro, 1o npeaesnbHbIM YCHIIUSIM MOKHO IIPOU3BOJUTH Pacyer:

- JIEMEHTOB KOJBLIEBOIO U KPYIJIOTO CEYEHUH C apMaTypoW, paBHOMEPHO PaclpelesIEHHOM 10
OKPY>KHOCTH, TIpH YHCIIe CTep kHEeH Ooee 6 cormacHo mi.3.62-3.65;

- DJIEMEHTOB NPSIMOYTOJIBHOIO CEYEHHS C apMaTypod B BHIE 4-X OJMHAKOBBIX YIVIOBBIX
CTEP’KHEW HAa KOCOE BHELICHTPEHHOE C)KATHE COTVIACHO 11.3.66.

PACUYET IPU JEMCTBUU MOMEPEYHBIX CUJI

3.52. PacueT BHEIEHTPEHHO CXKATBIX DIIEMEHTOB IPH JACHCTBUH TONEPEYHBIX CHJI TIPOU3BOJUTCS
aHAJIOTMYHO pacyeTy H3rubaeMbIX 3JEMEHTOB B COOTBETCTBMM ¢ Mn.3.29-3.35 W CleqyIoUIMX
YKa3aHUU:

a) mpu N/Np > 0,5 npaBast yacts ycnosust (3.43) yMHOXkaeTcsi Ha KO3()DUIUCHT

on1 = 2(1- N/Np), (3.83)

rae Np =1,3RpA, HO He MeHee N;
0) 3HAYCHHE MMONIEPEYHON CHIIBI, BOCIPHHIMAEMON OSTOHOM B HAKIIOHHOM ceueHuH Qp, a Takxke
npaBasi 4acThb ycsoBus (3.49) ymHOXkaeTcss Ha KO3 UIIMEHT

2
go1raN N

No (N, (3.84)
Ha 3TOT KOYPPUIMEHT ¢ny YMHOXKAETCS TaKkke cBsa3aHHOe ¢ Qp 3HaueHue M,.
VUET BJIVISTHUSI IPOTUBA DJEMEHTOB

3.53. BnusHue nporunba 31eMeHTa Ha MOMEHT TPOIOJIBHON CHUJIbI (MU €€ SKCIEHTPUCHUTET €o)
YUUTBIBAETCS, KaK MPaBUIIO, IIyTEM pacyeTa KOHCTPYKIIMH MO JehOpMUPOBAHHOMN cxeMe, IpUHUMAas
BO BHUMaHHE Heynpyrue Aegopmaiii 0eToOHa U apMaTyphl, a TAKKe HaJTU4IUe TPEIUH.

JlomyckaeTcsi MpOM3BOAUTh pacueT KOHCTPYKIMHU MO HeAePOpMHUPOBAHHOIN cXxeMe, a BIIMSHUE
nporuba 3J€MEHTa YYUTHIBaTh ITyTeM YMHOXXEHHS MOMEHTOB Ha KOX(PQUIMEHTHl 7y U 7jh B
COOTBETCTBHUU C (POPMYIIOH



rae My- MOMEHT OT BepTHKalbHBIX HArpy30K, HE BBI3BIBAIOUIMX 3aMETHBIX TOPU3OHTAIBLHBIX
CMEILICHUI KOHIIOB;

#v - KO3 ULUEHT, IPUHUMAEMbIl paBHBIM:

JUTSL CEYCHHI B KOHIIAX JIEMEHTA: IPH MOAATINBOM 3anenke -1,0;

IIPH XKECTKO# 3aeinke - mo Gpopmyie (3.86);

JUTSL CCUCHHI B CPEHEH TPETH UIMHBI JIeMeHTa - 110 opmyiie (3.86);

JUISL IPOYMX CEUCHUH - TI0 JIMHEHHON MHTEPIOISALINH;

M - MOMEHT OT Harpy30K, BBI3BIBAIOIUX TOPU3OHTAIILHOE CMEIIICHIE KOHIIOB (BETPOBBIX H T.I1.);

#h - KO3 uIHeHT, onpeaenseMslii mo ¢popmysie (3.86);

M; - MOMEHT OT BBIHYKIEHHBIX TOPU30HTAIBHBIX CMEIICHUN KOHIIOB (T.€. CMEIICHHIA, HE
3aBUCSIIUX OT YKECTKOCTHU 3JIEMEHTa, HallpuMep, OT TeMIIepaTypHbIX Aedopmainuii nepexkpeITuii u
T.I.). MOMEHTBI, HCIIOJIb3yeMbIE B HACTOSIIEM ITYHKTE, JOMYCKACTCS OMPENeIsITh OTHOCUTEIBHO
LEHTPA TAKECTH OETOHHOTO CEYCHHUSI.

11 puMcHaHHUuC. Ecmm BCPTUKAJIBbHBIC HATIPY3KU BBI3BIBAIOT 3dMCTHBIC I'OPU30HTAJIBHBIC CMCIICHUA (HaanMep
IIpxu HCCUMMCETPUYHBIX paMax), TO MOMCHTBI M\, OIMPCACIIAOTCA IIPpU (I)I/II(TI/IBHBIX TOPHU30HTAJIbHBIX HEIIOABHIKHBIX
OIopax, a MOMCHTBI OT TOPHU3O0HTAJIBHBIX CHJI, PABHBIX PCAKIHAM B 3TUX ONOpax, CJIACAYCT OTHOCUTb K MOMCHTaM Mh,
T.C. CYMMUPOBATb ¢ MOMCHTAMHU OT T'OPU30HTAJIbHBIX HAI'PY3O0K.

3.54. 3navyenne Kod(hGUIHEHTA #ynm) TIPH pacdeTe KOHCTPYKIMHU 10 Heae(OPMUPOBAHHON cxeMe
omnpezaensiercs mo popmyIie

_ 1
ey = TN
1—-——
N (3.86)

riae Ner - ycloBHast KpUTHYecKas CUiia, orpenessemas no popmyiie

cr 2
lo

N
(3.87)

l, - pacueTHas aJMHA 3JEMEHTa, ompeseaseMas s KOI(PQPHUIHUEHTOB 7y U #j COTJIACHO
COOTBETCTBEHHO 11.3.55,a 1 1.3.55,0;

D - KecTKOCThb KeNne300eTOHHOTO »JJIEMEHTa B TMPEAeTbHOW CTaauu, OmpenenseMas Io
dbopmynam:

JUTSL DJIEMEHTOB J1I000# (GOpMBI CeUeHUS

D—ﬂ+0,7ESIS (3.88)

9 03+9,)

JUISL JIEMEHTOB MPSIMOYTOJIBHOTO CEYEHHsI C apMaTypoi, pacloiokeHHON y Hanbosee cxaToi u
y pacTsHyTOM (MeHee C)kaTol) rpaHu dJIEMEHTa

D = E,bh?| —212> 51754

0 03+85,) h (3.89)

h,—a

B opmyxax (3.88) 1 (3.89):

| u ls - MOMEHT MHEpPIUU COOTBETCTBEHHO OETOHHOIO CEUEHHUS M CEYEHMsI BCEeH apMaTyphl
OTHOCHUTEJIBHO LIEHTPa TAXKECTH OETOHHOTO CEUEHUS;

@1 - KO3(G( UUNEHT, YYUTHIBAIOIIMKM BIUSHUE [UIMTEIBHOTO IEHCTBHUS Harpy3ku Ha Mporud
2JIEMEHTA U PaBHBII

o =1+ MylM; (3.90)

HO He Oouee 2;



Mi u Mj - MOMEHTBHI BHEIIHHX CHJI OTHOCHTEIHHO OCH, HOPMAJIBHOHN IJIOCKOCTH H3rHba H
MPOXOSAIICH uepe3 MEeHTP HauboJee PacTIHYTOTO WM HauMeHee CKaToro (P IETHMKOM CKaTOM
CEUCHHH) CTEpPXHS apMaTypbl, COOTBETCTBEHHO OT JEHCTBUS BCEX HArpy3oK M OT JEHCTBUS
MTOCTOSIHHBIX U JIJTUTENBHBIX HArpy30K; ISl DJIEMEHTOB, PaCCUYMTHIBAEMBIX COrTacHO mi.3.56-3.61,
nonyckaercss My u My onpenensitb OTHOCUTEIBHO OCH, IMIPOXOIAIICH Yepe3 LUEHTP TSIKECTU BCEU
apMartypsi S,

0. - KO3 PUIMEHT, MPUHUMAEMbIH paBHBIM €,/N, HO He MeHee 0,15 (IS KOJNBLEBBIX U KPYTJIBIX
ceucHwmii 3HayeHue h 3amensiercs Ha Dgy);

A+A E

Hon g,

XKectkocts D nipu BbrunciieHnu Ko3GpGUIMEHTOB 7y U 7jh OIPEAEIAETCSA ¢ YYETOM BCEX HArpy30K.
B ciydae HeoOxoauMocTu KOd((UIIMEHT 7y MOXHO CHH3UTh, BBIUMCISISA XKeCTKOocTh D 6e3 ydera
Harpy3oK, BbI3bIBAIOIUX CMEILEHHE KOHIIOB.
IMpu rubkoctu asnmementa lo/i < 14 (mis npsimoyronbHbIX ceuenuil - mpu lo/h < 4) MoxkHO
IPUHUMATD 7y = 1,0.
ITpu N > Ngr cnenyer yBenuuuBaTh pa3mMepbl CEYEHUS.
3.55. Pacuernas mivHa |, mpuHUMaETCS paBHOIA:
a) TpU BBIYUCICHHH KOX(QQHUIMEHTa 7y, a TaKXKe IpPH pacyere >JIEMEHTa Ha JelcTBUE
IIPOOJIBHOM CHIIBI CO CTy4alHBIM SKCLIEHTPUCUTETOM JUISl 3JIEMEHTOB:
C UIAPHUPHBIM OITUpaHUeM Ha IBYX KoHIax - 1,01;
C IIAPHUPHBIM OIIUPAHUEM Ha OJHOM KOHIIE, a Ha IPyroM KOHLE:
¢ )kecTkoi 3anenkoi - 0,71
¢ nogaTiuBoi 3anenkoi - 0,91;
C 3aIeNIKOi Ha JIByX KOHIax: yecTkoii - 0,51 ;
noxatiusoit - 0,81 ;
C MOAATIIUBOI 33/I€NKO Ha OJTHOM KOHIIE U C )KECTKOM 3aenkoi Ha qpyrom - 0,71 ;
0) pu BbIYMCIEHUH KO3 PUIIMEHTA # 1JI SJIEMEHTOB:
C LIAPHUPHBIM ONMPAHHUEM Ha OJTHOM KOHIIE, a Ha IPYTOM KOHIIE
¢ ’KEeCTKOM 3amenkoi - 1,51;
¢ mojaTIMBOM 3aaenkoi - 2,01;
C 3aJIeJIKOH Ha JIBYX KOHIaX: xecTkoii - 0,8l;
nojatiausoi - 1,21;
C MOJATIIMBOM 33JICTIKON Ha OJJHOM KOHIIE H C KECTKOM 3a/IeIKOH Ha IpyroM - |;
C ’KECTKOI 3a/ICJIKOI Ha OJTHOM KOHIIE U HE3aKPEIICHHBIM APYTUM KOHIIOM (KOHCOIIB) -21.
3neck | - paccrosiHue MEXTy KOHIIAMHU 3JIeMEHTa. J{Jisi KOHKPETHBIX KOHCTPYKIMIA U COOPYKCHU I
MOYKHO TIPHHUMATh UHbIC 3HAYCHHS |o.

PACUET HOPMAJIbHBIX CEYEHHM 11O MMPEJAEJBbHBIM YCHAJIUAM
IIpsimoyroJibHbI€e Ce4eHUs ¢ CHMMETPUYHON apMaTypoil

3.56 IIpoBepKy MPOYHOCTU MPSAMOYTOJIBHBIX CEYEHUN ¢ CUMMETPUYHON apMaTypoi (koraa RsAs
= RscA's) IPOU3BOIAT U3 YCIOBHSI

M < Rpbx(h, - 0,5x) + (RecAs - N/2)(h, - '), (3.91)
rae M - MOMEHT OTHOCHUTEIHBHO HCHTpaA TAKCECTU CCUCHMHA, Ol'IpCILCJBICMLIfI C YUCTOM npom6a

3JIEMEHTOB corjacHo mm.3.53-3.55;
X - BBICOTA C)KaTOU 30HBI, IPUHUMAaeMast paBHOM

<& —X=0uhy
;(uept.3.27)

O = 5

6) pu a, > ER X = E'hm
rae ¢ onpenensercs mo popmyie
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Ueprt.3.27. Cxema ycWIuid B IOTIEPEYHOM NPSAMOYTOJILHOM CEYEHUH BHEIIGHTPEHHO CXKATOTO AJIEMEHTA

3.57. Tpebyemoe KOMMYECTBO CUMMETPUYHON apMaTyphl ONPEAESeTCs CISAYIONMM 00pa3oM B

N
% =R ph, '
3aBUCUMOCTHA OT OTHOCUTEJIBHON BEIUYUHBI HpO,Z[OJ'ILHOﬁ CHUJIbI b~
a) mpu @, < &R
A = A = Poblo am ~cnl-0,/2)
R, 1-0 (3.93)
0) pu a, > &r
A = As _ R,bhy . %1_5(1_5/2)

Re 1-0 (3.94)

rje ¢ - OTHOCUTEIIbHAS BBICOTA CXKATOW 30HKI, omnpeneisseMas 1o ¢popmyne (3.92), rie 3HaueHHe
as JIOIyCKaeTCs MPUHUMATh PAaBHBIM

MiNb,-a)2 | &
. R,bh? ho (3.95)

M - cm. m.3.53-3.55.
Ecmu 3Hauenue a' He mpebimaer 0,15h, HeoOXoamMoe KOIMYECTBO apMaTypbl MOKHO
OTpEIENATh C TOMOIIBIO rpaduka uepT.3.28, UCroab3ys GopmMyy
R,bh,

A=A =a e (3.96)

S

/i€ as onpenenseTcs mo rpaduky 4ept.3.28 B 3aBUCUMOCTH OT 3HAYCHU I

R,bhz "’ %~ R,bh,

Ol
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UYept.3.28. I'pachukn Hecymeit cmocoOHOCTH BHEIEHTPEHHO CHKATHIX AJIEMEHTOB MPSIMOYTOJILHOTO CEUCHHUS C
CUMMETPUYHON apMaTypoi

M N _RA
% T RbhE 4T Rbh, T % RbH

3.58. Pacuer cxarbIX 21eMEeHTOB U3 OeToHa kiaccoB B15-B35 Ha pelicTBHe MPOIOIBHON CHITBL,
MPUJIOKEHHONM C O3KCUEHTPUCUTETOM, MPUHATBIM coriacHo 11.3.49, paBHBIM CIy4allHOMY
akcuenTpucurery e, = h/30, npu |, < 20h gomyckaercst MpoOU3BOAUTE U3 YCIOBHUS

N < (D(RbA + RscAs,tot)a (3-97)

rae ¢ - kodddunment, onpenensiemMsiid o Gopmysie

@ = Po+2(psp- Pb)as, (3.98)
HO IPUHUMAEMBIN HE 00JIee @gp.
31ech @p U ggp - K03 PUIIMEHTHI, TPpUHUMaeMble 1o Tabd. 3.5 u 3.6.
Ta6muma 3.5
N Kosddumment ¢y, npu l/h
—L 6 8 10 12 14 16 18 20
N
0 0,93 0,92 0,91 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
Tabnuna 3.6.
N Koaddunuenr gg, mpu lo/h
WI 6 8 10 12 14 16 18 20

A. Tlpu a = a’ < 0,15h u npu OTCYTCTBHH POMEKYTOUHBIX CTEPIKHEH (CM. ICKH3) HIIH IUIOMIA/H CEYCHUS DTHX
CTepkHEeW MeHee A ol 3

0 0,93 0,92 0,91 0,90 0,89 0,88 0,86 0,83
0,5 0,92 0,91 0,91 0,90 0,88 0,87 0,83 0,79
1,0 0,92 0,91 0,90 0,90 0,88 0,85 0,80 0,74

b. IIpu 0,25h > g = a'>0,15h win npu wIomaan MpOMEKYTOUHBIX CTEPXKHEH (CM. 3CKH3), paBHOH 1in Oosee A o3
HE3aBUCHUMO OT a
0 0,92 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 0,91 0,89 0,87 0,83 0,77 0,70 0,62



paccuaTpHABelat O6o3HaueHus1, MpUHATHIEC B Ta0J. 3.5 u 3.6:

TUIOCKOCT o
ﬂl- f .;] N; - mpomonbHas cHila OT JCHCTBHSA IOCTOSHHBIX M JUINTEIBHBIX
m)s Harpys3ox.
i | npoMeRyTouRBS N - mpomonbHAs cHIa OT BCeX Harpy3o0K.
g o P ™
e '
I
T
A
o - RAw .
s ’
Ry A (3.99)

As 1ot - TUTOIIA/Ib CEYCHUS BCEH apMAaTyphl B CCUCHUM;
pu o > 0,5 MokHO, HE TTONIB3YsICh hopmydoii (3.98), npuHUMaTh ¢ = @gp

IIpssMoyroJibHbIE CEYeHUs ¢ HECMMMETPUYHOI apMaTypoii

3.59. IIpoBepky mNpPOYHOCTH MPSIMOYTOJBHBIX CEYCHHH C HECUMMETPUYHON apMaTypoi
npou3BoaAT u3 yciaosus (3.91) n.3.56, onpeensis BBICOTY CKaTO# 30HbI 110 (hopmyIie

X_N+RSAS_RSCAS-

R,b (3.100)

X o
IIPH 3TOM, e — > & (CM. Tali. 3.2), BBICOTY CXKATOH 30HBI KOPPEKTHPYIOT, BBIYUCISS 110
0

dbopmyiie

1+ & .
N +RsAs _RscAs
1_§R .
R,b+ 2RA,

ho (1_ §R) (3.101)

3.60. [Inomann cedyeHus cxkaToil U pacTIHYTOMH apMaTypbl, COOTBETCTBYIOIIUE MUHHUMYMY HX
CYMMBI, OIIPEIEIISAIOTCS 110 (OopMyIaM:

X =

' N, — aRRbbhOZ .
A=——"1"
R hO _a) (3102)
A JFF&iMjL A (3.103)

S
T7Ie QR ¥ R - ONIPENESIIOTCA 110 Tabu1. 3.2 u mpuHUMaroTcs He 6onee coorBeTcTBeHHO 0,4 1 0,55;
e = M/N + (hg-a')/2.

[Ipn otpunatensHoM 3HaYyeHUM As BbIUMCIeHHOM 1o ¢opmyne (3.103), miom@anb cedyeHus
apMaTypbl S MPUHUMAETCd MUHUMAIbHOW MO KOHCTPYKTHBHBIM TpeOOBAaHUSAM, HO HE MEHee
BEJTMYMHBI
N(h, —a'-e)—R,bh(h/2—-a’)

R (h, —2) (3.104)

As,min =

a TUTOIAJh CEUYSHUS apMaTyphl S' OTpeIeIIIeTCs:
MIPU OTPULIATETHHOM 3HAYCHHUH Ag,min - IO PopMyIie

(3.105)

sc?

A = [(N _R,ba’)—[(N—R,ba’f —N(N —2R,bh, +2Rbbe)}/ R..:



MIPU TIOJIOKHUTEIBHOM 3HAUYCHUHU Ag,min - 10 popmyIie

N —R,bh
R—b - As,min )
B (3.106)

Ecnu npunsTas miomanb cedeHus CKaTtod apMmarypbl A'sfat 3HAUNTEIBHO IPEBBINIACT €€
3Ha4YeHue, BeruHciIeHHoe 1o (opmyne (3.102) (mampumep, MpU OTPULATEIFHOM €r0 3HAYCHUN),
IUTOIIA/(b CEYEHUSI PACTSHYTOH apMaTyphl MOXKET OBITh YMEHBIIIEHA NCXOs U3 (HOpMYIIBI

_ é:RbbhO -N+ Rsc A:‘s,fact
A= R

A =

. (3.107)

raoe g=1- 1-20p.,
_ Ne + Rsc As,fact (hO _al)
R,bh¢
ECHI/I cxKaras apMaTypa OTCYTCTByeT nJin HE yLH/ITBIBaeTCﬂ B pacque, Iiomaab CCUCHUS

pacTsHYTOM apMmaTypbl ompezensercs Bcerga Tojabko mo ¢dopmyne (3.107), mpu 3TOM IOJKHO
BBIIIOJIHATECS YCIIOBUE Am < AR.

J/IByTaBpOBbI€E CeYECHHUs] C CHMMETPUYHOMH apMaTypoi

3.60. IIpoBepky MpPOYHOCTH JBYTABPOBBIX CEUEHUH C CHUMMETPUYHOM apmarypoi,
COCpEeNOTOYEHHOM B MoJNKax (4ept.3.29), mpou3BOIAT CAEAYIOUUM 00pa3oM.
Ecnu cobmonaercst ycnosue

N < Rpb'th’s (3.108)
(T.e. rpaHMIIa CKATON 30HBI IPOXOIUT B MOJIKE), pacueT MPOU3BOAUTCS KakK JJIsl IPSIMOYTOJIBHOTO

CEeUYeHHs MUPHUHO# D't B cooTBeTCTBUH ¢ 11.3.56.
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Yept.3.29. Cxema ycuauii B MONMEpPEeYHOM IBYTaBPOBOM CEUCHHUH BHELIEHTPEHHO CXKATOTO JIEMEHTa

Ecmu ycnoBue (3.108) He cobmiomaercst (T.e. TpaHHIA CXKATOW 30HBI MPOXOIUT B pedpe),
MIPOYHOCTH CEUCHUS TTPOBEPSIOT U3 YCIOBHS

M < Rybx(h, —x/2)+ R, A, (M, —h; /2)+ (R.A —N/2)h, —2), (3.109)

IJI€ BBICOTY C:KaTOM 30HBI X TPUHUMAIOT PABHOM:

N-R,A,
— 2 WL X=~¢&y;
R,bh, r 0

0) mpu & > &r

a) mpu & =

con @-ai-g)r2asg
D 1-G&+ 2 (3.110)



_RA N _Aw.
R,bh, !

% “Rbh, ' bhy

rIe

Aoy - TIOIIAB CKATHIX CBECOB MOJIKH, paBHAs AOV (bf N b)nf ’
&R - eM. Ta01.3.2.

IMpumeuanue. [Ipu mepeMeHHOM BBICOTE CBECOB MOJIOK 3HaueHHe h'; IpUHMMAETCsS paBHBIM CpPETHEH BBICOTE
CBECOB.

3.61. TpeOyemoe KOIMYECTBO CUMMETPUYHONW apMaTyphl IBYTaBPOBBIX CEUEHUI ONpeesseTcs
CJIETYIOIUM 00pa3oM.

[Ipu cobmonenun ycnoBus (3.108) moadbop apMarypsl MPOU3BOAAT KakK IS TMPSIMOYTOJIBHOTO
ceueHust mupuHoM b's cormacHo m.3.57.

Ecmu ycnoue (3.108) He cobOmromaercs, moadop apMarypbl MPOU3BOIAT B 3aBUCHMOCTH OT
OTHOCHUTEJILHOM BBICOTHI CKATOM 30HBI, PABHOU

= 0n - ay (3.111)
ayupu ¢ < Cr
. RbbhO ) Uy — 5(1_ 5/2)_am,ov

A=A =" = , (3.112)

S

0) {>Cr
As — AS — Rbbho . Oy _él(l_ 51/2)_ Oén,ov
R, 1-¢6 (3.113)
IJIc OTHOCHTEIBHYIO BBICOTY CkaTod 30HBI & = X/h, ompemenstor u3 dopmynsr (3.110),
BBIUHUCIISIS Ols TIO hopmylie

_ On1 — 5(1_ 5/ 2)_ O ov
1-6
npu 3ToM ¢ npuHUMaeTcs He 6ounee 1,0.

B ¢popmynax (3.111) - (3.114):
an, Aoy -cM. 11.3.60;

(3.114)

_M+Nh,-a)y2 __a

h,
!5=_! 0V= v 1_0,5_ .
R,bh b, G~ % [ ho]

Om

KoJabueBbie ceueHus

3.62. IIpoBepka MPOYHOCTH KOJIBLEBBIX ceueHuH (uept.3.30) mpu COOTHOIIEHWH BHYTPEHHETO U
HaApYKHOTO paauycoB r1/r; > 0,5 u apMaType, paBHOMEPHO pacIpeae/IeHHON 10 OKPYKHOCTH (TIpu
MPOJOJIBHBIX CTEP)KHSAX HE MeHee 7), MPOU3BOJUTCS CIEAYIOIIMM O0pa3oM B 3aBHCHMOCTH OT
OTHOCHUTEIBHON IUIONIAIN CKAaTON 30HBI OETOHA

N +RA o _
RbA+ (Rsc +117R5)As,tot 1 (3115)

a) mpu 0,15 < &ir < 0,6 - u3 ycnosus

fcir =

M < R An, +RoAwr, TS 4R A L1 B-17, 02+13E, ) (3.116)
. .

0) tpu &ir < 0,15 - u3 ycaoBus



.n .
M = (Rb Ar-m + Rsc As,tot rs )Slﬂ + 01295Rs As,tot rs ;
T

(3.117)
N Corcamas 30Ka |
<
SR
Asia |
Yept.3.30. Cxema, mpruHUMAaeMas IIpU pacueTe KOIBIEBOTO CEUEHHS CXKATOTO IIEMEHTa
e £ N +0,75R.A, ;.
cirl = !
Rb A + Rsc As,tot
B) mipu &gir > 0,6 - u3 ycnoBus
)Sinﬂf ir2 .
M < (Rb Arm + Rsc As,tot rs = ’
Vs (3.119)
rae
_ N :
é:cirZ - '
Ry A+ R A o (3.120)
B dopmynax (3.115) - (3.120):
As tot - TUIOIIAIb CEUCHUS BCEH MPOJOIBLHON apMaTyphl;
r,+r.
ro= 17 .
2
s - paguyC OKPYKHOCTH, MPOXOJALIEH dYepe3 UEHTPbl TSHKECTH CTEPKHEH IPOAOIBHON
apMarypsl ;

MowmeHT M ompenernsercs ¢ y4eToM Iporuda 3JIeMEeHTOB coryiacHo mir.3.53-3.55.

3.63. IlpoBepky HMpPOYHOCTH, a TAKXKE OIpeJeIeHue HEeOOXOIUMOIro KOJIMYECTBA MPOJIOIbHOM
apMaTyphbl JJ1s1 KOJIbIEBBIX CEYEHUMH, YKa3aHHBIX B 1.3.62, mpu I's = I, U KJIacce apMaTypbl HE BbIILIE
A400 nomyckaercsi IPOU3BOIUTH € IOMOIIbIO TpadukoB 4epT.3.31, ucronb3ys GOpPMYIIbL:

M < g, Ry M A (3.121)
R, A
Ao = o >,
R, (3.122)
/i€ 3HAUCHUS O, U Ols OTIPEACIISIOTCA MO TpaduKy B 3aBUCUMOCTH OT 3HAYEHUU COOTBETCTBEHHO
_RAu oo N
Ry A ueg, = M , 4 TAKXKe RbA.
R, Ar,

ITpu 5TOM MOMeEHT M ompeaensercs ¢ y4eToM Mporuda snemMenTa coriaacHo nm.3.53-3.55.
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Yept.3.31. I'pacdhuku Hecymeit crmocoOHOCTH BHEIEHTPEHHO CXKATHIX JIEMEHTOB KOJIBIIEBOTO CEYCHUS

_ N Ne _RA
TR A P TRAL % RA

Kpyr.ibie ceuenus

3.64. IIpouHocTh Kpyribix ceueHuit (4ept.3.32) ¢ apMaTypoii, paBHOMEPHO paclpeaeeHHOM Mo
OKPY>KHOCTH (TIpU YHUCJI€ MPOAOJBHBIX CTEpP)KHEH He MeHee 7), MpU KJIacce apMaTypbl HE BBIIIE
A400 nposepsieTcs U3 yCIOBHS

- 3 -
M S%RbAr SN Moy RsAs,tot[Slnﬂéir +gojrs,
T T

m

(3.123)

rae I - pagnyc monepeYHoro CCUYCHU,

Ceir - OTHOCUTENBbHAS TIJIOMIA/Ib CKATON 30HBI OETOHA, OmpeensieMast CJISAYIOUUM 00pa3oM:
N

T | Corcamas 30na
1

|

Astot l
qepT332 CXGMa, IIpruHUMacMad Ipu pacyeTe Kpyrjioro CCUCHUsA BHCICHTPCHHO CKATOI'0 3JICMCHTA

ITPH BBIITOJTHCHHHU YCIIOBHUA

N <0,77R,A+0,645R A, .

(3.124)
U3 pCHICHUSA YPpaBHCHHUA
-
N+ R, A SN2 sir
£ = 2z . (3.125)
Rb A + Rs As,tot

[IPH HEBBITOJHEHHUHU yCIoBus (3.124) - u3 perieHus: ypaBHEHUS



.

N+ R,A, o + R, AS NS e
L = ' 27 .
o R, A+2,55R A, ’

(3.126)

¢ - K03 (PULMEHT, YIUTHIBAIOLIUI pabOTy pacTSHYTOI apMaTyphl U IPUHUMAEMBbI paBHBIM: IIPU

BeinosineHun yeaoBus (3.124) ¢ = 1,6(1 - 1,55&:;r)&ir HOo He Gonee 1,0; mpu HEBBITOJHECHHU
ycnoswii (3.124) ¢ = 0;

As tot - TUIOLIA/Ib CEUEHUS BCEH IIPOJOIBHON apMaTyphl;

¢ - paauyC OKpPYXHOCTH, MpPOXOAsIIeNd dYepe3 LEHTPbl TSKECTH CTEpKHEH MPOJOJIBHOM
apMaTyphl.

MowmeHnT M onpenensieTcs ¢ yueToM Imporuda 3yeMenTa corjiacHo nm.3.53-3.55.

3.65. IIpoBepKy MpPOYHOCTH, a TAKXKE OIpEeNeIeHue HEeOOXOIUMOro KOJMYECTBA MPOIOIBHOM
apMaTypbl Ul KPYIJIBIX CEYEHMI, yKa3aHHBIX B I1.3.64, momyckaeTcsi MPOU3BOJAUTH C MOMOIIBIO
rpadukoB Ha 4ept.3.33, ucnonab3ys GopMyIsl

M < a, RbAr; (3127)
dp
20 ]
10\ = ) })
: hY
SRR |
18 ~'\ %(\ .
14P N N RN ]
¥ \\. N
\\ \\ \K\ J
"2 \ Q’ N \‘*
4 MW 1
mEQ W\ NN
' SOORRRRRY I
N \\ b\ \ AR \
af - b\ N LA YAY WA TER 'Y
( AARAR \‘ [\
asl W\ Y
LR \ U \
. RIH |
/ / / ‘y y f /’
04 A 4 / VIR INFS ],
' /J AU
7y 7
ol -8 NN AR / L_J
1 [TIY] Olm
YciosHbie 0603HaYCHNA:
~———1p# a/D,=0,05
‘ = ~ =qpu a/D,=~0,10
Uepr.3.33. 'paduku HecyIeit cltocOOHOCTH BHEIEHTPEHHO CIKATBIX DJIEMEHTOB KPYTJIOTO CEUSHHSI
o = N . o = Ne, o = R A 1ot
R,A R, Ar, R, A
R A
&m=as$ (3.128)

S

'€ 3HAYCHUS s U ay ONPEACIIAIOTCSA I10 rpa(bmcy B 3aBHCHUMOCTH OT 3HAaYE€HHUN COOTBETCTBEHHO
_RA M N

S

— (04
RA . ™ RAN, "TR,A

, @ TAKOKE OT
[Tpu aTOM MOMEHT M oTpeeNsieTcs ¢ y4eToM Mporuda 3neMenTa coriacHo mim.3.53-3.55.

Pacuer 371eMeHTOB Ha KOCoOe BHECHCHTPECHHOC C:XKATHE



3.66. J[ns »1eMEHTOB MpPSIMOYTOJBHOIO CEYEHHUS C CUMMETPHUYHOW apMmarypoid B Buae 4-X
YTJIOBBIX CTEP’KHEH PacueT Ha KOCOE BHELIEHTPEHHOE CKATHE MOYKHO IPOU3BOIUTD U3 YCIOBHS

k

k
M
[MXJ +—L | <1,
M? M?

x y (3.129)

rne M, m M, - MOMEHTBI OT BHEIIHEH Harpy3Kd OTHOCHTEIBHO LIEHTPa TSKECTH CEYCHHS B
IJIOCKOCTSIX CHMMETPHH X U ),
M. M
x U Y - IpelleIbHbIC MOMEHTHI B INIOCKOCTSIX CHMMETPUU X U Y
OTHOCHUTEIILHO IIEHTPA CEYCHHMsI, paBHbIC TTpaBoi yacTu ycioswus (3.91) m.3.56.

0 M 0
My u My Moo Taroke OTIpENIETIATH ¢ TOMOIIBIO Tpaduka Ha yepT.3.28 mo hopmye

M?(M?)=a,R,bh?,

3HaueHusa

X (3.130)
_ RA N
% Rbhy . " Rybh
TJie o, ompeernsercs no rpadguky Ha 4epT.3.28 B 3aBUCUMOCTH OT b n Chah U

b u h,- mmpura wu paboyas BbICOTA CEUCHHS NPUMEHHTEIBHO K  HalpaBJICHUIO
paccMaTpuBacMOro MOMEHTA;

[IPH 3TOM JIUISI COOTBETCTBYIOIIETO HAITPABICHHS TOJHKHO BBIIOIHITHCS yeinoBue a’ < 0,15h,,.

[Tokazarens crenenu x B yciaosuu (3.129) onpenensiercs no ¢popmynam:

eciim ap < 0,4

( _ 344-00230,

04—a, ) +k,; 3.131
0,254+as( )+ (3131

ecnu o > 0,4,

_ 2
k=| &= a) | 1775 (cfn —016) +k;
4 (3.132)

HO He Oouee 1,6,

N Rs As,tot 0,275+ oG
G=—— - k=

riue
IIpumepsI pacyera
IIpsamoyzonvHule ceuenuss ¢ CUMMEMPUYHOU apMamypou

IMpumep 22. Jlano: KOJOHHA CPEIHETO ITaXKa paMHOT0 KapKaca ¢ cedenneM pasmepamu b = 400
MM, h =500 mm; a = a’ = 40 mm; 6eton kitacca B25 (Ep = 300000 MITa, R, = 14,5 MIIa); apmatypa
kiacca A400 (Rs = Rgc = 355 MIla); nmnomans ee ceuenust 4s = A's= 1232 MM (2228); npononbHas
CWJIa U W3THOAIOIINEe MOMCHTHI B OIIOPHOM CEYCHHUH: OT BEPTHKAIBHBIX HArpy3ok: Bcex Ny = 650
kH, My = 140 xkH ™M, nocrostaabix u mmumrensHbix Nj = 620 kH, M| = 130 xHM.; oT BeTpoBbIX
uarpy3ok Ny = 50 kH, My, = 73 xH wm; BeicoTa staxa | = 6 m.

Tpebyemcs poBepUTH TPOYHOCTH OMOPHOTO CEUEHUS KOJIOHHBI.

Pacuer. h, = 500 - 40 = 460 mm. PacueT BefeM ¢ ydeTOM BIUSHHUS Mporuda coryacHo m.3.53.
[TockonbKy paccMaTpUBacMOe CEYEHHE OMOPHOE M KOJIOHHA y ATOW OMOphl MMEET MOAATIUBYIO
3aJieNKy, npuHuMaeMm 7y = 1,0. [lnsa Beruucienus ko3puirenta yp IpUHUMAaeM COrjlacHo 11.3.55,0
pacyeTHYIO JUIMHY KOJIOHHBI paBHO# |, = 1,2-6 = 7,2 m. [Ipu atom lo/h =7,2/0,5 = 14,4 > 4, T.e. yuer
nporuda o0s3areneH.



Ycunus ot Bcex Harpy3ok paBuel M = My + My = 140 + 73 =213 xH-m, N = Ny + Ny= 650 + 50

= 700 kH. Ilpu sToOMm, e, =M :ﬁ =0,304m >e, =h/30, T.e. COrIacHo 1n1.3.49 3HayeHme

N 700
MOMEHTa M HE KOPPEKTUPYEM.
OmnpenensieM MOMEHTBI M1 1 M1| OTHOCUTEIBHO PacTSIHYTOM apMaTypbl COOTBETCTBEHHO OT BCEX
HAarpy30K M OT IIOCTOSIHHBIX U JUINTENbHBIX HArpy30K

-3 _ 513, 700&;0’04 — 360 kH:
M, =M, 0o 2 =130+620k;0’04=260,2KHM;
Tornia g1 = 1 +Ma/My = 1 + 260,2/360 = 1,72.
& _3%4 _608>015
Takkak h 500 , TpuHuMaeM Je = 0,608.

a=A5+A; B, _ 2-1232-2-10°
A bh T E,  400-500-3-10°

=0,0821.

ITo popmyme (3.89) onpenenum xectkocts D

0,0125 ~a')
D = E,bh®| ——=2_ 4+ 017 -
Lﬂ( 3+4) 5“( h ”

2
=3-10" - 400-500° 00125 0,175- o,oszl(wj =2,721-10° H-mm°.
1,72(0,3+0,608) 500

_ ‘D 314-2,721-10"

Orcioma N, =% = = ~—  — 5180830 H = 5181kH.
| 7200
1 1
= " =1156.
N 5181

cr

PacueTHbIit MOMEHT ¢ yueToM mporuba onpezaensiem mo Gopmyie (3.85), npunumas M; = 0,0.
M = Myny + My = 140 + 731,156 = 224,4 kHwm.

[IpoBepsieM IPOYHOCTH CEUYEHHUsI COIIACHO 11.3.56.

an _ N _ 700000 — 01262 < é:R = 01531
R,bh, 14,5-400-460 (cM. TaGu. 3.2).

CrnenosarensHo, x = aph, = 0,262:460 = 120,5 mm.

R,bx(h, —x/2)+ (R, A —N/2)h, —a) =
=14,5-400-120,5- (460 —120,5/ 2) + (355 -1232 — 700000/ 2)(460 — 40) =
= 316,07 -10° Hvm = 316,1xkHm > M = 224, 4 kHm
T.€. IPOYHOCTh CEYCHUS OOecIeueHa.
IMpumep 23. /Jano: ceuenne KOJOHHBI CPETHETO dTaka PaMHOTO Kapkaca pasmepom b = 400 mwm,
h =400 mm; a = a' = 50 mm; Geton kiacca B25 (Rp = 14,5 MIla, Ep = 3-10° Mlla); apmarypa
cummerpudras kinacca A400 (Rs = Rsc = 355 MlIla); npoxonbpHas cuiia ¥ U3ruOArOIIMe MOMEHTHI B
OTIOPHOM CEUYEHHUU: OT BEpTUKAIBHBIX Harpy3ok: Bcex Ny = 900 kH, My = 160 kHwm; mocTosSHHBIX 1



mutenbHbix Nj = 800 kH, M, = 150 kHwm; ot BerpoBbix Harpy3ok Nj = 100 kHm, My = 110 xHwm;
BBICOTA dTaxka 4,8 M.

Tpebyemcs onpenenuTh MIOMAAb CSUCHHS apMaTYPBhI.

Pacuer. ho = 400 - 50 = 350 mm. B coorBerctBuu ¢ 1.3.53 mpunumaem 7, = 1,0, a coraacHo
1.3.55,0 pacyeTHyIO JUIMHY KOJOHHBI IPUHUMaeM paBHoii |, = 1,2:4,8 = 5,76 M.

ITpu stom lp/h = 5,76/0,4 = 14,4 > 4, T.¢. yauThIBaEM MPOrHO KOJIOHHBI.

Ycunust ot Bcex Harpy3ok paBHel M = M, + My = 160 + 110 = 270 kHm; N =N, + Ny = 900 +

=M _ 270 G o7mse =h/30
100 = 1000 xH. Ilpu »sTom N 1000 , T.e. 3HadeHue M He
KOPPEKTHPYEM.
Cornacho 11.3.54 onpenensieM KO3(GUIUEHT #p.
M, =M +N h,—a'_ 270+10000'35;20'05 = 420 kHw;
h —a' _
M, =M, +N, 22 =2 _150, 8002227005 _ 570 e
o1 =1 +My/My =1+ 270 /420 = 1,64.
& 210 06755015
Takkak h 400 , IpuHUMaeM Je = 0,675.

B nepBom npubnmxennn npuaumaem u = 0,01,

. 4
Ha =0,01 20-107 _ 0,067.
3-10

=

ITo popmyme (3.89) onpenensem xectkocTh D:

N\ 2
D = E,bh’ MJrO,l?Sua(ho —a j -
n03+3,) h

0,0125
1,64(0,3+0,675)

2
+0,175- 0,067[%] } =1,107-10" H - mm>.

=3-10* -400{

_ 7D _314?-1107-10"

Ny =25 = S =3293000 H = 3203 kH.
Orciona 1 5760
1 1
7, = = =1,436.
. N, 1000
N 3293

M =My + Muggn = 160-1,0 + 110-1,436 = 318 kH-m.

Heob6xoaumyro miomaas cedeHus: apMaTypbl ONPEAeIuM corTacHo 11.3.57. JIJist 5TOro BEIYUCITAM
3HAYEHMUS:

, __N___ 1000000
" Rybh, 14,5-400-350

=0,493

_ M +N(h —a')/2 _318-10° +1000000(350 —50)/ 2
G R,bh? 14,5- 400 - 3507

=0,659;



5=2_99 13
h, 350

W3 taba. 3.2 naxoaum &g = 0,531. Tak kak o < &g, 4s = A's onpenenum mo hopmyiie (3.93)

Rybh, opy — 04—, /2) _145-400-350 0,659—0,49301—0,493/2) _
R, 1- o 355 1-0,143

A +A  2-1918

Omkyma \' bh  400-400

[TockonbKy MOTy4YeHHOE apMHUPOBAHKE MPEBBIIIACT apMUPOBAHUE, IPUHATOE IIPU ONPECTICHUN

D, a moment My, = 110 kHwm cocTaBisieT 3HaUUTENbHYIO JTOJI0 MOHOro MomeHTa M = 270 xHwM,

sHaueHne A = 1918 mm® ONPEACIICHO C HEKOTOPBIM «3alacoM», KOTOPBIM MOXHO YMEHBIIUTb,
MMOBTOPHB pacueT, npuauMas B popmyie (3.89) snauenue u = 0,024

1918 mm?.

A=A =

=0,024 > 0,01.

D =3-10* - 400" M+o,175~o,024§o,752 =181-10" H - mm?.
1,64-0,975 3

2 13
= 314° -181-10 =5379000 H = 5379 kH.

“ 57602
1 1
n, = = =1,228.
a N 1_1ooo
N, 5379

M=160-1,0 + 110-1,228 = 295 kH-m.
_ 295-10° +1000000-150
Ghnt 14,5- 400 - 350°

14,5-400-350 0,6263—0,493(1-0,493/2)
355 0,857

=0,6263;

A=A = =1700 mm°.

[Ipunumaem 3Hauenuss As = A's =1847 MM (3028), uto ONM3KO K 3HAYCHUIO A
WCIOJIb30BAHHOMY TIpH BBraucieHuu D.

IIpumep 24. /lano: KOMOHHA HIKHETO 3Ta)Ka MHOTOITa)KHOTO PAMHOIO KapKaca ¢ CEYeHHEM
pasmepamu b = 400 mm, h =500 mm; a = a’= 50 mm; Geton kimacca B25 (Ep = 3-10*MIla, Ry, = 14,5
MlIla); apmatypa kiacca A400 (Rs = Ry = 355 MIla) ¢ miomaneto ceuenust As = A's = 1847 MM?
(3028); mpomonbHBIE CHJIBI W HM3THOAIONIME MOMEHTBHI B HIJKHEM OIOPHOM CEUCHHH: OT
BEepPTHKAIBHBIX Harpy3ok: Bcex N, = 2200 xH, M, = 250 kHM, OoT MOCTOSIHHBIX U IJIUTENbHBIX
Harpy3ok N; = 2100 xH, M, = 230 kHwm; ot BetpoBsix Harpy3ok Nn = 0,0, My = 53 xkHwm; BeIcoTa
sTaxa 6 M.

Tpebyemcs IPOBEPUTH IPOTHOCTH HIDKHETO OTIOPHOTO CEUYCHHUS KOJIOHHBI.

Pacuer. hy = h - @ = 500 - 50 = 450 mM. Pacuer Bezem ¢ ydeToM Mporuda KOJOHHBI COTIIACHO
1m.3.53. TlockolbKy y paccMaTpHBaEeMOTO CEYSHHUs KOJOHHA JKECTKO 3ajenaHa B (yHIaMEHT,
KO3 GHUIUEHT 7y onipenenseM 1o ¢popmyse (3.86), mpuHUMas pacueTHYIO AJTUHY KOJOHHBI COTJIACHO
m. 3.55 a paBuoii |, =0,7-6 =4,2 m.

XKectkocts D npu onpenenennu kak kodpuIuenTa 7y Tak 1 Ko3pduiuenTa »n BEIYUCIAEM 10
dopmyite (3.89) ¢ yueToMm BcexX HArpy3ok. Y CHIIUS OT BCeX Harpys3ok paBuel M = M, + M, = 250 +

€ =M=ﬁ=0,137M>ea =h/30.
53 =303 xkH, N = N, = 2200 xH. [Tpu sTom N 2200
M, =M+N h, —a =303+ 22000’45—;0’05:743KHM;



h, —a' 0,45-0,05

M, =M, +N, =230+ 2100 = 650 KHM;
o1 =1 +My/M;, = 1 + 650 /743 = 1,875.
€
& 17 49745015 5 =% -0274
Tak xak h 500 , IPMHHMAEM h :
. . . 5
yo_ 2A E _ 2:1847-2 104 _ 01231,
bh E, 400-500-3-10
N\ 2
D=E,bh’| 2012 O,l?&za( h, —a j E
?,03+4) h
2
=3-10" - 400 - 500" 0,0125 +0,175- 0,1231(450 _ 50] =3,81-10" H-mm°.
1,875(0,3+0,274)

_ 7D _314%7-381-10"

Ny =25 = -~ = 21318000 H = 21318 kH.
Orciona k 4200
1 1
n, = — —1115.
L N 2200
N, 21318

Ananornyao ompenenuM Ko3()(UIMEHT 7, MPUHHMAs pPacYeTHYIO JJIMHY cOriacHo 1m.3.55,0
pasHoii l,=1,0:6 = 6 m. Torma

_ 7D _314°-381-10"

Ny, =5 . =10446-10° H =10446 kH.
lg 6000
1 1
My = N —1_ 2500 = 267
N 10446

cr

PacueTHbIit MOMEHT ¢ yueToM nporuda paBeH
M =My + My = 250-1,115 + 53-1,267 = 345,9 kHwm.
IIpoBepsieM IPOYHOCTH CEYEHHUsI COTIIACHO 11.3.56.

L __N___ 2200000
" R,bh, 14,5-400-450

=0,843 > &, = 0,531 (cm. Tabu1. 3.2).

CrenoBarenbHO, BBICOTY CXKAaTOW 30HY X OmpezessieM ¢ moMoisio ¢opmyis (3.92). Jlns sToro
BBIUUCIISIEM

RA _ 3551847 _ oo,
R,bh,  14,5-400- 450

_a-&)+20,& _0843-0469+2-0,251-0531
1- & +2¢, 0,469+2-0,251

X =hy&=450-0,682 =306,7 cm.

%:

& =0,682;



R,bx(hy = x/2)+(R,A —N/2)h, —a') =
=14,5-400-306,7 - (450 —306,7 / 2) + (355 -1847 — 2200000/ 2 )(450 — 50) =
=3,5-10° Hvm = 350 kHm > M = 345,9 kHm

T.€. IPOYHOCTh CEUCHHsI OOecreueHa.

Ipumep 25. /lano: KOJOHHA HIDKHETO ATaka CBSA3EBOTO KapKaca C CEUEHHEM pa3MepaMu
400x400 mMm; a = a' = 50 um; 6eton kimacca B40 (Ep= 36-10° MlIla, R, = 22 MIla); npoxonbpHas
apmarypa kmacca A500 (Rs = 435 MlIla, Ry = 400 MllIa); nponosbHbIe CHUIBI U HU3THOAOIIHE
MOMEHTHI B HIJKHEM OIIOPHOM CEUEHHUH OT BepTUKalbHbIX Harpy30ok Ny = 6000 xH, M, = 120 xHwm,
OT TIOCTOSIHHBIX W JumuTeNnbHbIX Harpy3ok N = 5800 kH, M; = 100 xHwm; ycuiusimu oT BeTpoBOi
Harpy3Ku rnpexnedperaem; Boicota ataxa | = 3,6 M.

Tpebyemcs onpeAeTUTh TUIOIIAH CEYCHHUS TIPOIOJILHON apMaTypHhI.

Pacuert. h, = 400 - 50 = 350 mM. Pacuer Beaem ¢ yderom nporuba KOJOHHBI COrNIacHO 1m.3.53.
[TockonbKy y paccMaTprBacMOro CEUCHHS KOJIOHHA )KECTKO 3ajieliaHa B PyHIaMeHT, KO3 UITCHT
ny ompexaenseM mo dopmyie (3.85), mpuHUMas pacueTHYIO JIMHY KOJIOHHBI corjiacHO 1.3.55,a,
pasnoii l,=0,7-3,6 =2,52 m.

ITpu stom lo/h = 2,52/0,4 = 6,3 > 4, T.e. yuer nporuba obs3arencH. Onpeaensiem mo Gopmyiie
(3.89) xectkocth D, yuuthiBas Bce Harpysku, T.e. M = M, = 120 kHm u N = N, = 6000 xH.

€ :M_EZO,OZMZZOMM>63 =h/30=400/30=133mm

OKCUEHTPUCHTET N 6000
CIIEJOBATEIIHO, MOMEHT HE KOPPEKTHPYEM.

h, —a' 0,35-0,05

M,=M+N :120+GOOOT =1020 xkHw;

M, =M, +N, =2

=100+5800-0,15 =970 xHw;

o1 =1 +My/My=1+970/1020 = 1,951.

Taxk kax %0 = ﬂ — 0,05 < 015, npuHIMaeM 0, = 0,15.

. 4

Ho= 0,0220—104 =01111.
B nepsom npubamxenun npunumaem y = 0,02, Torna 36-10
N2
a03+4) h
2
= 36000 - 400* 00125 0,175-0,1111(@j =2,32-10" H-mm”’.
1,951(0,3+0,15) 400

7D 3147-232-10"

Ny =25 = = =36057-10° H = 36057 kH.
Orciona 1 2520
1 1
7, = = =12
L N, 6000
N 36057

M =My, =120-1,2 = 144 xHwm.

Heo6xoaumyro miomaas cedeHus: apMaTypbl ONPEASIMM COrTacHo 11.3.57. JIJist 3TOro BEIYUCITHM
3HAYCHUA:



3
oo N 60000° o0
R,bh, 22-400-350

_M+N(h,—a’)/2 _144-10° +6000-10° -300/2
R,bhZ 22-400-350°

Ot = 0,9685;

5, =L =0143.
ho
U3 1aba. 3.2 naxomum ¢r = 0,493, Tak kak a, > g, 3HaueHue As= A'S onpenensieM 1mo Gpopmyse
(3.94). Ilpu >TOM, MOCKOJNBKY 3/I€Ch OINPEICIISIONIUM IPOYHOCTh SBJSCTCSA CKaras apMmarypa,
npuauMaeM Rs = Rgc = 400 MIla. 3nauenue ¢ onpeaensem no dopmyne (3.92), Berauciss as no
dbopmyue (3.95) npu

oot h _1948+0493 )

2 2 T.e.pu & =1,0
0 = o™ &0-5/2)_09685-10-@0-10/2) _ 0.547:
1-5 1-0143
£ o= & )20 & _1,948-0507+2-0,547-0,493 _ 0.954:
1-& +2a 0,507 +2-0,547 S
A—A = Robh, @y, —£(L—-&/2) 22-400-350 0,9685-0,954(1-0,954/2) _ 42193,
R, 1-5 400 0,857

[punnmaem As = A's = 4539 mm? (2340 + 2536).

IIpumep 26. /lano: KONOHHA CpeIHEro 3Ta)ka CBI3EBOIO KapKaca C CEYEHHEM pa3MepaMu
400x400 mm; 6eton kimacca B25 (Rp = 14,5 MIIa), npoxonsHas apmaTypa kinacca A400 (Rs = Ry =
355 Mlla): npoaoabHbIE CHIIBI U M3THOAIONIME MOMEHTHI OT BEPTHUKAIBHBIX Harpy3o0K B OHOPHOM
ceueHuu: ot Bcex Harpy3ok Ny = 2200 kH, My =20 kH M, OT NOCTOSHHBIX U JJTUTENIBbHBIX Harpy30K
N; = 1980 kH, M, = 0,0; BbicoTa 3Taxxa H = 6 M.

Tpebyemcs onpeaenUTh IUIOMIAh CEYCHUS IPOIOJILHON apMaTypHI.

Pacuer. IlockonbKy KOJIOHHA 3aKperuieHa ¢ OOOMX KOHLIOB IIAPHUPHO ONEPTHIMHM PHUTEISIMH,
NPUHUMAEM COTJIacHO 11.3.59,a pacueTHYIO JUTMHY KOJOHHBI paBHoi |, = H = 6 m. Tornaa lo/h = 6/0,4
=15 >4, 1.e. yueT nporuda KOJOHHBI 00s3aTEIIEH.

OKCLEHTPHCUTET NPOJOJIBHON CHUIIBI OT BCEX HAIPY30K PABCH g = M, _ ﬂ =0,009M =9 MM

N, 2200

\

Mockomsxy ~ N/30=400/30=133wm >1,/600=6000/600 =10MM ¢ormacio 13,49

CIly4yailHBIN SKCLEHTPUCHTET NPUHUMAeM paBHBIM e,= 13,3 MM > e,. CremgoBaTenbHO, pacyer
KOJIOHHBI TIPOM3BOJIUM Ha NIEHCTBHE IMPOJOIBHON CHIIBI C AKCIEHTPUCHUTETOM €, = €, COTIIACHO
n.3.58.

N3 126:1.3.5 n 3.6 mpu NY/N = 1980/2200 = 0,9, npeamnonaras OTCYyTCTBHE MPOMEKYTOUHBIX
crepxuel ipu a = a' < 0,15 h vaxogum ¢, = 0,804 u ¢, = 0,867.

[IpuHuMast B mepBoM npuobInKeHUH ¢ = ¢gp = 0,867, u3 ycnous (3.97) Haxoaum

. 3
RA = —R,A= 2200
. 0,867

_RA ., 2175-10°
- - 4
Orciona R, A 232-10

[MockonbKy as < 0,5, yrouHsiem 3Hau€HHE ¢, BEIYUCIHB ero 1o (opmyie (3.98):

—145-400- 400 = 2537,5-10° —232-10* =217,5-10° H.

=0,094.



0 = op + 2(psp - pp)as = 0,804 + 2(0,867 - 0,804)0,094 = 0,816.
AHaJ'IOFI/I‘lHO Ol'IpeI[eJ'IHeM
2200-10°
0,816

[Tonmydaennoe 3HaueHUE RAgior CYIIECTBEHHO IMPEBBIMIACT MPUHSATOE B MEPBOM MPUOIMKCHUH,
MMOATOMY €III€ pa3 YTOYHSIEM 3HAYCHUE ¢ -

RA o = ~232-10* =3761-10° H.

_376,1-10°
232-10°
¢ = 0,804 + 2(0,867-0,804)0,162 = 0,824;

=0,162;

2200-10°
0,824

[Tockonbky monyueHHOe 3HaueHUE RgAstor ONIM3KO K MPUHATOMY BO BTOPOM MPHUOIIMKEHHH,
CYMMapHYIO IUIONIA/Ib CEUYECHUS apMaTypbl IPUHUMAEM PaBHOM

RA, o = —232-10* =348,5-10° H.

348,5-10°
Aot = 355

OxoHuatenbHO puHUMaeM Agor = 1018 MM (4018).

=983 mm°.

IIpsamoyzonvHvie ceuenus ¢ HeCUMMEMPUUHOU ApMamypou

Mpumep 27. /lano: KONOHHA C TIOAATIMBBIMU 33/ICJIKAMHU 10 KOHIIAM CEYCHHUs ¢ pa3mepamu b =
400 mm, h =500 mMm; @ = a’ = 40 mm; Geton kiacca B25 (Rp = 14,5 MIla), apmarypa kinacca A400
(Rs = Rsc = 355 MIla); ycuiusi B OIOPHOM CEYEHHH OT BEPTUKAIBLHBIX HArPy30K: MPOOJIbHAS CUJIA
N = 800 kHwm; moment M = 400 kHwm; ycunus oT BETpOBBIX Harpy30K OTCYTCTBYIOT.

Tpebyemcs onpeaenuTh IIIOMIAIL CEYCHUS apMaTypsl S u S'.

Pacuer. h, = 500 - 40 = 460 mm. [TockOJBKY MOMEHT OT BETPOBOH HArpy3KH OTCYTCTBYET, a
cormacio 1.3.53 x, = 1,0, BousHue mnporumda »JIeMEHTa Ha MOMEHT OTCyTCTByeT. Toraa

M h,—a 400-10° 460-40
e=—+ = +
N 2 800-10° 2

Tpebyemyro miomaap ceueHus apMatypsl S' u S onpezensem o dopmynam (3.102) u (3.103),

npuHEMas u3 Tao. 3.2 agr = 0,39, & = 0,531:

=710 Mm.

Ne —a,R,bh?  800-10° - 710—0,39-14,5- 400 - 460

= =599,3mm° >0,
A R..(h, —a) 355(460 — 40)
R bh. =N , . . . — 108
A - % LA = 0,531-14,5 403055460 800-10° 005 23365 > 0.

S

[Tockonbky 00a 3HAaYeHUS TNPEBBIIAIOT HYNb, UX HE yTrouHseM. llpuHumaem As = 628 MM’
(22520), A= 2413 mm? (30332).

JAByTaBpoBbI€ CEYCHUHA

IMpumep 28. /{ano: KOTOHHA OJTHOATAKHOTO MPOM3JIAHUS: Pa3MEpPhl CEUYCHHUSI U PACIOJIOKEHHUE
apMatypsl - o uept.3.34; 6etoH knacca B30 (£, = 32500 Mlla, R, = 17,0 MIla); apmatypa kinacca
A400 (Rs = Rgc = 355 MIIa), miomane cedenus As = A =5630 mm> (7932); npomonbHBIE CUITBI U
M3ruOaroIIe MOMEHTHI B HIDKHEM OTIOPHOM CEYEHHUH: OT BEPTUKAIBHBIX Harpy3ok: Bcex Ny = 6000
kH, M, = 1000 xHwm, ot mocTostHHBIX U qiuTenbHbIX Harpy3ok Nj = 5000 kH, M, = 750 kHwm; ot
BeTpoBbIX Harpy3ok Ny = 0,0, My = 2000 kHwm; BeicoTa KonmoHHBI H = 15 M.

Tpebyemcs POBEPUTH TPOYHOCTH CEUCHUS.



Yept.3.34. K npumepam pacuera 28 u 29

Pacuer B miockoctn m3ruba. Pacuer Bemem ¢ yderom mpormba KOJOHHBI cOrjlacHO 1m.3.53.
[TockobKy y paccMaTprBaeMOro CEUCHHsI KOJIOHHA JKECTKO 3aje7laHa B PyHAaMeHT, KO3 UIIHESHT
ny ompenensieMm mo Gopmyne (3.86), mpuHUMAas pacueTHYIO JUIMHY KOJIOHHBI coryiacHo 1m.3.55.a
pasnoii l, =0,7H =0,7-15=10,5 m.

Omnpenenum xectkoctb D o popmyse (3.88), yuuThiBas Bce Harpy3KHu.

[TpuHMMaeM pacuyeTHYIO TOJIIMHY TOJKH PaBHOM cpenHei Beicote cBeco h's = hy= 200 + 30/2 =
215 mm.

Beraucium miiomans 1 MOMEHT HHEPIHA OETOHHOTO CEYEHUSI:

A=200-1500 + 2-400-215 = 472-10° mm>;

1500 215

3 3 ?
_200-1500° ,400-215 +2'4°°'215(T_Tj =1279-10° mm*.

12 12

3
RTINS
Paguyc UHEPLUH CeYEH s A 479-10

Tak kak lo/i = 10500/520 = 20,2 > 14, ydeT nporuda KOJOHHBI 00sI3aTEICH.
Ycumust OT BCex Harpy3oK:

M =M, + My= 1000 + 2000 = 3000 xHwm;

N = N,=6000 kH; ¢ = M _3000_ 55 500y
N 6000
OnpeseniM MOMEHT WHEpLHH CeueHHs Bceil apMarypbl. LIeHTp Tspkectn apmaTypsl As m Al
. 5-50+2-150
a=a'=———"—=79Mm
OTCTOUT OT OJVDKAHIIEH TpaHn Ha PACCTOSHUU 5+2 ,otkyna h, =h-a=

1500 — 79 = 1421 mm.
0,5h-a=750-79 =671 mm.
ls = 2 As (0,5h - @)? =2-5630-671% = 5,07-10° mm*.
Omnpenenum KO3PHUIHUEHT ¢

h, —a' 1,421-0,079

= 3000 + 6000

M,=M+N = 7026 xHwm;

h, —a _ 7504 50001,421—0,079

M, =M, +N, = 4105 kHwm;

o1 =1 +My/M; =1+ 4105 /7026 = 1,584.

Tax xax & — 290 _ 5333 015, npummmac 5, =% —0333.
h 1500 h



0,15E, | 015-32,5-10°-1279-10°

D=—""""_+077E,l, = +0,7-2-10°-5,07-10° =1,331-10" H - mm°.
n(03+5) 1,584(0,3+0,333)
2 2 1015
N, = ;TZD _314 1,3312 10 _1192-10° H.
Orciona |2 10500
1 1
n, = = — =1,053.
- N ,_ 60-10

N, = 119,2-10°
AHanornyHo omnpenaeauM KodQ(PUIMEHT #, NMPUHUMAs PAacUETHYIO JUIMHY COIIacHO 11.3.55,0
paBHo#t o = 1,5H=1,5-15=22,5 m:
314%.1,331-10%
“ 225002

1 1
77 = = = 1,30.
TN 60
N 25,95-10°
PacueTrHbIit MOMEHT ¢ yueToM nporuda paBeH

M = Myny + Mpyn = 1000-1,05 +2000-1,3 = 3653 kHwm.

=2,595-10" H.

[Iposepum ycnosue (3.108):
Rpbths=17-600-215=2193-10*H = 2193 xkH < N = 6000 kH,

T.C. paCuCT MPOU3BOANM KaK IJId ABYTABPOBOT'O CCUCHUA.
IInomane cxaThIX CBECOB MOJIKHU paBHaA:

Aov. = (b5 - b)hs = (600 - 200)215 = 86000 Mm>.
OHpe,Z[eJ'II/IM BBICOTY COKaTOU 30HHI X.
N -R,A, 6000-10° —17-86000
R,bh,  17-200-1421

x onpenensiem 1o ¢popmyiie (3.110).
JI7st 5TOrO BBIUUCISIEM

Tak xak &=

=0,939 > &, =0,531 (cm. Tabu. 3.2), 3HaueHue

Rpbhg = 17-200-1421 = 4831400 H;

_ RA, 3555630 __ . N _ 6:10°

a = A414; o = =1,242;
R,bh, 4831400

T R,bh, 4831400

o _ A _ 86000
*  bh, 200-1421

x=h, (o — o M- &)+ 28,85 _ 145 1(1,242 ~0,303)1-0,531)+2-0,414-0,531
1-& +2¢ 1-0,531+2-0,414
[Tpounocts nposepsiem u3 ycnosus (3.109):
RobX(ho - X/2)+RpAou(ho - N'if2)+(RecA's - N/2)(h - &') = 17-200-964- (1421 - 964/2) +
+17-86000- (1421 - 215/2)+(355-5630 - 6:10%/2) - (1421 - 79) = 3,654-10° H-mm =
=3654 kH'M >M= 3653 kH'Mm,

=0,303;

=964 mmM.




T.€. IPOYHOCTh CEUYCHHUS B IUIOCKOCTH M3ruba o0ecreueHa.
Pacyer u3 mockoctr u3rubda. OnpeneiuM pajgnyc HHEPIMH CEUYCHUS U3 TUIOCKOCTH U3ruoa:

3 3
:2 215-600 +1070 200 _845.10" v®.

12 12
-

i:\/I:W/—845'10 =134 mm.
A\ 472:10°

Tak kak rubkocTh u3 wiockoctu u3ruda lo/i = 10500/134 =78,4 3aMeTHO MPEBHIIIAECT THOKOCTH B
mwiockoctu m3ruda lo/i = 20,2, cormacHo 1m.3.50 cimemyer HpOBEpUTH MPOYHOCTH CCUCHHS W3
IUIOCKOCTH M3ru0a, MPUHUMAS SKCICHTPUCHTET €,, PAaBHBIM CIIYYallHOMY SKCIICHTPUCHUTETY e,.
BricoTa ceuenus mpu 3Tom paBaa h = 600 mm. OmnpenenseM 3Ha4eHUE €, COrTIacHO 11.3.49.

B_S00 oo 10500 h )
IMockompxy 30 30 600 600 ,u 30 , IPUHUMAEM 30,
YTO TPHU I—Oz%:17,5<20 MO3BOJISIET MPOU3BOJUTH pacueT coriacHo 1.3.58; mpu 3ToMm

KOX(QPHUIHUEHT ¢ OIpeessieM Kak JUIsl MPSIMOYTOJIbHOTO CEYEHHs], He YUUThIBas "B 3amac' ceyeHue
pebpa, T.e. mpu b =2-215 =430 mm.

[TockONMBbKY YHMCIO TMPOMEXKYTOUHBIX CTEep)KHEH 32, pacmoioXeHHBIX BJIOJIb O0EUX IMOJIOK,
paBHOe 6 mpeBbImaet 1/3 yucia Bcex crepxkHer 32 14/3 = 4,67, B pacuere ucnoib3yeM 1a0i1.3.6
(pa3za. b). U3 sroii Tabmuier mpu NY/N= 5000/6000= 0,833 u |, /h =17,5 naxomum ¢y, = 0,736.

o _ RsAua _ 355-11260

Asior = 11260 mv? (14932). 3mauerme Rybh  17-430-600
CrnenoBaTenbHO, ¢ = g, = 0,736.
[Mposepum ycnoswue (3.97):

o(RpA + RecAs,or) = 0,736(17-472-10° + 355-11260) = 8848-10° H >N = 6000 xH,

=0,911>0,5.

T.€. IPOYHOCTH U3 TJIOCKOCTH U3ruba obecreueHa.

IIpumep 29. Jano: KONOHHA C TOAATIMBBIMM 3afleIKaMU IO OOEMM KOHIIAM; CEYEHHE U
pacrnosoxeHue apmaTypel - mo uepr.3.34; Oeron kmacca B30 (R, = 17,0 Mlla); apmarypa
cummetrpuyHas kimacca A400 (Rs = Ry = 355 MlIla); npogonpHas cuiaa ¥ MOMEHT B OMOPHOM
cedeHuH oT BepTuKadbHbIX Harpy3ok N = 6000 kH, M = 3000 kHwM, ycunust OT BETpOBBIX HAarpy30K
orcyrctByrot (M = 0,0, Ny = 0).

Tpebyemcs onpeAenUTh TUIOMIAL CEYCHUS apMATYPhI Ul OTIOPHOTO CEYCHHUS KOJIOHH.

Pacuer B nnockoctu u3ru6a. CormacHo n.3.53 xoappunmenr #y =1,0, a nockonsky My = 0,
Ko3ppuuueHT #n He BeluuciseM. CleoBaTelbHO, NMPOru0 3JIeMEeHTa B IUIOCKOCTH M3ruba He
YUUTHIBAEM.

13 npumepa 28 umeem: hy = 215 mm, h, = 1421 MM, a’ = 79 mm.

[Mposepum ycnoswue (3.108):

Rybsh=17-600-215=2193-10°H = 2193 kH < N= 6000 xH,

T.€. pacyeT MPOU3BOANM KakK ISl JBYTaBPOBOI'O CEYEHUs coryiacHo 1m.3.61.
[Inomane cxaThIX CBECOB MOJIKU paBHA:

Ao=(b’s - b)hs = (600 - 200)-215 = 86000 Mm°.
OmnpenensieM 3HaAUCHUS A, dm1, Aoy, Am,oy,O0-
Rpbho = 17-200-1421 = 4831400 H.

., __N__6000-10°
" R,bh, 4831400

=1,242,



_ M +N(h,—a')/2 _3000-10° +6000-10° (1421 79)/ 2

=1,023;
Gl Rybh? 48314001421
"
Gy = A _ 86000 _ ;4. oy = | 1= —— =0,302(1— 215 ]=0,279;
bh, 200-1421 * 2h, 21421
s=2 -1 _q0ss.
h, 1421

W3 tabu. 3.2 maxomum &g = 0,531.

Tak xak & = o - ooy = 1,242 - 0,302 = 0,94 > & = 0,531, miomanp cedeHUs: apMarypbl
onpeaensieM no popmysne (3.113). J{ns atoro o popmymnam (3.114) u (3.110) Beruucsiem 3Ha4CHUS
os 1 &1 = Xlh,.

o _ O —EQ=E2)- g, 1,023-0,940-0,94/2)-0,279 _

g 0,26;
1-6 1-0,055
= (o0~ =& )+ 20 & _ 0,940-0531)+2-0,26-0531 _
' 1- & +2¢ 1-0,531+2-0,26 A
Orcrona
As — As — Rbbho 5 Omy _gl(l_é:llz)_ COm oy _
R, 1-6
_ 4831400 1,023-0,725(@-0,725/2)-0,279 _ 4058,6 vnt?
355 1-0,055
[Tpunumaem As = A's = 4310 mm® (79928). Pacder W3 IIIOCKOCTH H3rH6a IIPOU3BOIUM

aQHAJIOTUYHO MpUMEpPy 28.
Konvyesvie ceuenus

IIpumep 30. /[ano: xkOHCONIbHASA CTOMKA BBICOTON H = 6 M, c€UeHUEe ¢ BHYTPEHHUM PalycoM I
= 150 mm, HapyxkHBIM — I; = 250 mm; OetoH kmacca B25 (Ep = 3-10* MlIla, Ry= 14,5 MIla);
nponaonbHas apmatypa kiacca A400 (Rs = Rse = 355 Mlla) pacnonaraercsi mocpearHe TOJIIAHBI
KOJIbIIA, MJIOMAAb €€ ceueHUsl Ao = 1470 MM (13212); npomosbHas cujia © MOMEHT B 33/ICJIKE: OT
BepTUKaIbHbIX Harpy3ok: Ny = 120 kH, M, =40 kH.Mm; ot BerpoBbix Harpy3ok: N = 0, My = 70
kH.m.

Tpebyemcs poBepUTH TPOYHOCTH CEUCHUS

Pacuer. BHyTpeHHUI U HapyKHBIH quaMeTpbl paBHbl D1 = 2r; = 300mm, D, = Dgj (= 2r, = 500
MM. [lOCKONBKY /Ui KOHCONBHOM CTOWKH SKCIEHTPHUYHO TMPHIIOKCHHAs BEpTUKAIbHAs CHIIA
BBI3BIBACT CMEIIEHUE BepXa, B COOTBETCTBUU C 1.3.53 mpuauMaeM M = 0 u M, = 40 + 70 = 110
kHMm. Koaddumment 7, onpenensem o ¢popmyse (3.85), npuHumas corigacHo 1.3.55,0 pacueTHyIo
JUTHHY CTOWKH paBHOi#t |, = 2H =3-6=12 m. Ycunus oT BceX Harpy30K paBHBI:

N=120 kH, M =M, =110 xH™m
€ =M=£=0,917M:917MM
N 120
Omnpenensiem xectkocTh D 1o dpopmyste (3.88);

fop Zhth _150+150
S m 2 2

M, =M +N-r, =110+120-0,2 =134 xHwm;

= 200 mm;



M, =M, +N, -1, =40+120-0,2 = 64 xHw;
¢ =1+M, /M, =1+64/134 =1,478.

& T 18345015 5 =20

ITockonbky Dy, 500 , IPUHUMAaEeM Deir

MoMeHTBI HHEepIIMK OETOHHOTO CEUYEHUS M BCEH apMaTyphbl COOTBETCTBEHHO PABHBI

| D - pt)_314600° -300*)

=1834

=2,67-10° mm*;
64 64
r? .200°
I, = Auwls _1470-200° _ 5 94 107 s
2 2
. . 4 . . 9
p=-915! g7, 2018310 26710 5 5 105.2,94-107 =7,925-10% H - wui?.
n(03+4,) 1,478(0,3+1,834)
2 2 12
OTCIO,Ha Ncr _ T D _ 3,14 '71925‘10 :543,2103 H.
12 120002
1 1
h N T =184,
N 543,2

cr

MowmenT ¢ yuerom nporuda paen M = 110-1,284 = 141,2 xkHwm,
[Tnomane ceyeHus: paBHa

A=7 (2 —r?)=314050% —150? )= 125600 mm?2.

BbrumciisieM OTHOCHTENBHYIO TUIOMIAb CKAaTOM 30HBI OeToHa 1o ¢opmyie (3.115):

__ N+RAw _ 120-10°+355-1470
“ R,A+27RA, 14,5-125600+ 2,7 -355-1470

Taxk kak 0,15 < &;r < 0,6, IPOYHOCTH cedeHus poBepsieM u3 ycnopus (3.116):

(Rb AIrm + Rsc As,tot r-s )% + Rs As,tot r-s (1_1’7é:cir XO!Z +1’3§cir ):
T

— (14,5-125600 - 200 + 355 1470 - 200)°" (182 1'40’274)+
+355-1470-2000L—1,7-0,274)-(0,2+1,3-0,274)=
=1441-10° Hvm > M =141,2 kHwm,

T.C. HPOYHOCTb CCUCHUSA obOecrieueHa.

Kpyenvie ceuenus

IIpumep 31. [JanO: KOJOHHAa HMJKHErO 3Ta)ka paMHOrO Kapkaca IiIuHOW 4,8M; cedeHue
muametrpoM Dgir = 400 mMm; a = 35 mm; Oeton kmacca B25 (Ep = 3-10% Mlla, Ry, = 14,5 Mlla);
npojonsHas apmarypa kinacca A400 (Rs = R = 355 MIla); mmomans ee cedenust Agor = 3140 MM>
(1020); mpomonbHBIE CHIBI WU MOMEHTHI B BEPXHEM OIOPHOM CCUEHHH: OT BEPTHKAIBHBIX
Harpy3ok Ny, = 1700 kH; M, = 60 xHwm; ot BerpoBbix Harpy3ok N = 100 xkH, M, = 45 kHw,
KpaTKOBPEMEHHBIE BEPTUKAIILHBIC HATPY3KH OTCYTCTBYIOT.

Tpebyemcs poOBEPUTH TPOYHOCTH BEPXHETO OMOPHOTO CEUCHUSI.



Pacuer. IlockonbKy paccMaTpuBaeMOE€ CEYEHHME paCIOJIOKEHO Yy IOAATIMBOU 3alEIIKH,
cornacHo 1.3.53 »y, = 1,0. Onpenensiem kodddurment 7y cormacHo n.3.54. Ilpu 3TOoM pacueTHyIO
JUTUHY IPUHUMAEM coriacHo 11.3.55,0 paBHoit |, = H = 4,8 M. Ycunust oT Bcex Harpy30K paBHBI:

M=M,+ M,=060+45=105xkHm, N =N, + Ny = 1700 + 100 = 1800 xH;

e, =M _ 105 _ 0583 =58 3wm
N 1800 .

Omnpenensiem xxectkocts D o dopmye (3.88). Jlnst atoro Beruucisiem: I = Dgjr /2 = 400/2= 200
MM, Is =t -a=200-35=165 mMmm;

M, =M + Nr, =105+1800- 0,165 = 402 xkHw;

B cBsi31 ¢ OTCYyTCTBHEM BEPTHUKAIBHBIX KPAaTKOBPEMEHHBIX Harpy3ok M; = M, = 80 kHwm
N =N, =1700 xkH; Torma

M, =M, +N,r, =80+1700- 0,165 = 360,5 xkHwm;
a=1+M, /M, =1+360,5/402 =1,897.

Tax kax S0 _ %’s — 0,146 < 0,15, npusnMaeM 5, — 0,15.

MomeHT uHepIu OETOHHOTO CEYCHHS U BCEH apMaTyphbl COOTBETCTBEHHO PaBHBI:

| _"D; 314-400°

cir _ =1256-10° Mm*;
64 64
r2 165
1, = AS';” _ 3140165 _ 45 24.10° wui*.
Torma
15E, | 310" - 10°
5 :L+0,7E5|5 _015-3-10" -1256-10 +0,7-2-10°-42,74-10° =1,26 - 10" H - mm°.
203+3) 1897(0,3+0,15)
2 2 . X 13
N = ﬂZD _314 1,262 107 _ cag7.10° 1.
% 4800
1 1
_ _ =15.
N e
N 5397

PacueTHbIit MOMEHT C y4eToM mporuda paBeH

M =M, + My n,=60+45-1,5=127,5 kHm
[IpouHocTs cedenus mpoBepsieM u3 ycioBus (3.127) ¢ momomipto rpaduxa Ha uept.3.33.

Onpeenum oA b OSTOHHOTO CCUSHUS
D% 314-400°

=,

N _ 1800-10° R:A _ 355-3140
% = = = 0,988 as = =

R,A 14,5-125600 R,A  14.5-125600

Ilo 3HauenusIM ,
nu

=125600 Mmm?;

=0,612



s=-2 -3 50875

D 400 Ha rpaduke HaxoauMm o, = 0,375.
amRoAr= 0375-14,5-125600-200 = 136,6-10° Hmm > M = 127,5 kHw,
T.€. IPOYHOCTh CEUYEHHsI oOecreueHa.
Dnemenmol, pabomarowue Ha KOCOe BHEYEHMPEHHOE CHCAMUe

Mpumep 33. Jano: npsMOyroyibHOE CeueHHE KOJIOHHBI ¢ pazmepamu b = 400 mm, h = 500 mwm;
oeton kmacca B25 (Rp = 14,5 MIla); nmpononbHas apmarypa kiacca A400 (Rs = Ry = 355 MlIla)
pacmojoxkeHa B CEYCHHH COoTsiacHO 4epT.3.35; B ceueHnu ogHOBpeMeHHO aelicTtByer cmia N = 2600
kH u w3rubaromue MOMEHTBI: B IUIOCKOCTH, MapajuiesbHO pasmepy h, M, = 150 xHwm; B
IUIOCKOCTH, TIapajuiesibHOM pasmepy b, M, = 100 kHwm; momenTs! M, u M, naHbl ¢ y4eToM nporuoda

KOJIOHHBI.
50 |
x% iQT‘
s8N N l2gs2
1 7
]
|

LSS - _—

4 2;53;?

LIRS

NORRES Wk

h=500

Yepr.3.35. K npumepy pacuera 33

Tpebyemcs IPOBEPUTH NPOUYHOCTH CEUCHHUS.

PacueTt. Ilockonbky apmaTypa 3ajaHa B BUJZIe 4-X YIJIOBBIX CTEpPXKHEH, MPOYHOCTH CEUCHUS
npoBepsieM cornacHo 1.3.66. Ocu cummeTpun, napajuienbHbie pazmepam h u b, o6o3nauum x u y.
Omnpenenum npeaenbHble MOMEHTHI M u M°,,.

[Tpu neiicTBUU MOMEHTA B INIOCKOCTH OCH X puHUMaeM b = 400 mm, hy = 500 - 50 = 450 mm. Ag
= A, = 1609 mm* (2332). Mockousky a = 50MM < 0,15h = 0,15-450 = 67,5 MM, pacdeT MOXeM
MpOM3BOJIUTHL €  nNomoulpto  rpadpumka Ha  uepr.3.28. JIng  sToro  ompenensem

3
RA _ 355-1609 _0219 @ — N _ 2600-10
R,bh, 14.5-400-450 - R,bh, 14.5-400-450
Ha rpaduke 3TuM 3Ha4eHUSAM COOTBETCTBYET a,, = 0,24. CriefjoBaTeNbHO,
M°y =amRobh, = 0,24-14,5-400-450° = 281,9-10° Hvm = 281,9 kHwm.

[Tpu neiicTBUM MOMEHTA B TUIOCKOCTH ocH y mpuHuMaeM b = 500 mm, hy = 400 - 50 = 350 mm.
[Mockonbky a = 50 mm < 0,15 hy = 0,15 - 350 = 52,5 MM, MOMEHT M°, TakkKe MOXKHO OIPEICIUTD C
moMoIIbio rpaduka Ha yept.3.28.

3
o, - RA _ 355-1609 _ 0.995 o - N _ 2600-10

SHAYCHISIM Rybh, 14.5-500-350 R,bh, 14.5-500-350

rpaduke COOTBETCTBYET o, = 0,23. CienoBarenbHo,

M, = amRpbho 2 = 0,23-14,5-500-350% = 204,3-10° Hyvm = 204,3 kHwm.

o = =0,996.

=1,025

u Ha

N  2600-10°
R,bh,  14.5-400-500
RA o,  355-2-1609
R,bh ~ 14.5-400-500

OnpenenuM Mokas3aTenb CTENEHU k. [Tockonbky a, = =0,8965> 0,4,

=0,3941

ucrosnesyeM  Gopmyny (3.132), BBMHCIMB 3HAYCHHS ¢ =

_0,275+a, 0,275+0,394 _
° 016+a, 016+0394

1,21.



k= {M + 0,1775}(05 ~016)+k, = [M + 0,1775}@,89652 ~ 016 )+1,21=1484.

[Tposepsiem ycnosue (3.129):

k k 1,484 1,484
M y 3
M o+ —5 | = 150 + 100 =0,738<1,
M M 2819 204.4

X y

T.€. IPOYHOCTh CEYCHUS 0OeCcIIeUeHa.
Pacuem naxnonnvix ceuenuii

IMpumep 34. /Jano: KOJOHHA MHOTO3TaXXHOT'O paMHOI'0 KapKaca ¢ ceueHueM pasmepamu b = 400
MM, h = 600 mm; a = a’ = 50 mm; Geton kimacca B25 (Rp = 14,5 MIla, Ry = 1,05 MIIa); xoMyTHI,
pacrosoKeHHbIE 10 IpaHsIM KOJOHHBI U3 apMarypsl kiacca A240 (Rsw= 170 MIIa) nuamerpom 12
MM (Asw = 226 MMZ) marom Sy = 400 MM; U3rHOarOIIMe MOMEHTHI B BEpXHEM M HMDKHEM OIMOPHBIX
ceueHusix paBHbl Mg, = 350 kHm, Mjy = 250 kH™M u pacTsaruBaroT COOTBETCTBEHHO JIEBYIO U
MpaByl0 TpaHH KOJOHHBI; mpoaoibHas cuna N = 572 kH; anuHa KOIOHHBI (PAacCTOSIHHE MEXKIY
onopHbiMu cedeHusiMu) | =3,3m .

Tpebyemcs npoBepUTH TPOYHOCTH KOJIOHHBI Ha IEHCTBUE MOMEPEYHON CHJIBI .

Pacuer. hy = h - @ = 600 - 50 = 550 mm. Pacuer nmpousBoaum cornacuo mi.3.30-3.32 ¢ yyerom
pexomeHnanuii n.3.52.

[Tonepeunast cuia B KOJIOHHE paBHA

Q_ Msup+Minf _ 350+ 250

=1818 kH.
| 33

[TockonbKy TIOTIEpeYHAsT CHJIa TIOCTOSTHHA TI0 JUITMHE KOJIOHHBI, JUTHHY TPOEKIIHHA HAKIOHHOTO
CEYECHHUS MPUHUMAEM MAKCUMAaJIbHO BO3MOXKHOM, T.€. PAaBHOH Cmax = 3hp = 3-550 = 1650 MM < | =
2800 MM.

ITo dpopmyie (3.84) onpenensiem K03DGUIMEHT ¢,,,, TpuaUMast Ny =1,3Rpbh =13-14,5-400-600 =
4524-10°H = 4524 xH > N = 572 xH,

572 4( 572

2
- J =1,0625.
4524 4524
ITockobKy ¢ = Cmax, Qb = Qpmin = 0,5Rpbh, = 0,5-1,05-400-550 = 115500 H, a mocie
YMHOXEHUS Ha ¢, Qp = 111,5-1,0625 = 122,7 xH.
3HaueHue sy onpesessieM mo popmyse (3.48)

R, A, 170-226
s 400

w

¢n2 :l+3

=96 H/MMm

qsw =

Omnpenensiem ycwine B xomyTax Qgy, mpuHUMast Co = 2hy = 2-550 = 1100 mm, Qs = 0,750swc, =
0,75-96-1100 = 79200 H = 79,2 xH.

[IpoBepsiem ycnosue (3.49), yMHOXKas €ro MpaBylo 4acThb Ha ¢,

0,25Ruib ¢, = 0,25-1,05-400-1,0625 = 111,6 H/M > (s = 96 H/mm. TTockonbsky ycnoBue (3.49)
HE BBINOJHSCTCSA, NpuHUMaeM Rpb-¢,, = 40w = 496 = 384 H/mMM, a crienoBareibHO,
Qb = 0,5h, Rpib-p,, =0,5-550-384 = 105600 H= 105,6 xH

[posepsiem ycnosue (3.44):

Qb + Qsw = 105,6 + 79,2 = 184,8 > Q = 181,8 kH,

T.€. IPOYHOCTh HAKIIOHHOTO CEUEHUs 0 MOTePeYHOl cuiie obecredeHa.



HEHTPAJBHO U BHEIIEHTPEHHO PACTAHYTBIE 3JIEMEHTbDI
HEHTPAJIBHO PACTAHYTBIE 3JIEMEHTbI

3.67. Pacyer 110 NpOYHOCTH CEYEHUH LIEHTPAJIbHO PACTSHYTHIX JIEMEHTOB CIIEYET IPOU3BOIUTH
U3 yCJIOBUSA

N < RsAs, (3.133)
rae As- TUTOIaab CEYCHHS BCEH TTPOI0JIBHON apMaTypHhI.
BHEIHEHTPEHHO PACTSHYTBIE DJIEMEHTBI

3.68. Pacyer HOpMaJabHBIX CEUCHHM BHEIEHTPEHHO PACTSIHYTHIX 3JEMEHTOB B OOIIEM Ciydyae
MIPOU3BOJIAT HA OCHOBE HEIMHEHHOH 1e(hopMalMOHHON MOEH corinacHo mm.3.72 - 3.76.

Pacyer mnpsMOYrojbHBIX CEUEHUN BHEUEHTPEHHO pACTSHYTBIX OJJIEMEHTOB C apMaTypowu,
PAacIIoNIOKEHHON y MEPIEHANKYISPHBIX IJIOCKOCTH M3ruba rpaHeil 3JIeMeHTa, NMPH HalpaBICHUU
AKCLUEHTPUCUTETA B IJIOCKOCTH CUMMETPHHM CEUYCHHs TOMYCKAeTCs MPOU3BOIUTH IO MPEAETbHBIM
ycmisiM cornacHo nm.3.69 u 3.70.

3.69. IIpoBepka MPOYHOCTH MPSAMOYTOJIBHBIX CEUEHUN BHEIEHTPEHHO PACTSHYTBHIX 3JIEMEHTOB
CIIEYEeT MPOU3BOANUTH B 3aBUCUMOCTH OT TIOJI0KEHHUS MPOIOIBHON CHiTbl N:

a) ecnu mpojoapHas cuiia N mpuioxeHa MeX1y paBHOACHUCTBYIOIIMMH YCHIIMN B apMaType S u
S’ (uept.3.36,a), T.c. ipu ¢’ < hy - @, - U3 yCIIOBHIA

N'eIS RsAs (ho = a), (3.134)
Nee<Rd’s (ho- a): (3.135)
c A i o
- R4 [7 1% « TT9
R 1Pz
= r A
R A, R, A,
S Sad
s ~,
A,

Yepr.3.36. Cxema ycuauii 4 dM0pa HANPSAKEHUI B ce4eHUH, HOPMAJIbHOM K NMPOJI0JIbHOI 0CH BHEIEHTPEHHO
PacTsIHYTOTO ’KeIe300€TOHHOTO 3JIEMEHTa, IPU PacdyeTe ero Mo NPOYHOCTH

0) ecnmu mpojonbHas cmina N OpwiIokeHa 32 TIpeNeNiaMH  PacCTOSHUSL  MEXIy
PaBHOJICHCTBYIONIMMH yCuiHid B apmatype S u S' (uept.3.36,6), T.e. €' >h, - a - u3 ycnoBus

N-e < Robx(ho - 0,5x) + ReoA's(ho - ') (3.136)
MIPU ATOM BBICOTA CIKATOM 30HBI X OIpeAeseTcs no Gopmyse
- RA-RA-N
R,b (3.137)

Ecnu momyuennoe u3 pacuera mo ¢opmyine (3.137) 3nauenme x > £rho, B ycnosue (3.136)
moICTaBIAIOT X = ¢RrNo, T1e &R OnpeaensioT mo Tadu. 3.2.
[Tpu x < 0 IPOYHOCTH CeYEeHUs MPOBEPSIOT U3 yciaoBus (3.134).
[Ipy cuMMETpHUYHOM apMHPOBAHWUHU TPOYHOCTH HE3ABHCHMO OT 3HAYEHUS e’ TMPOBEPSIIOT W3
ycioBus (3.134).
IIpumeuanue. Ecnmu npu € > h, — @' BeicOTa C)KaTtol 30HBI, ONpeAeeHHas Oe3 ydera CKATOW apMaTyphl,
RsAg — N
= sfs
R,.b .
b MeHbIle 2a' , pacueTHYI HecymlyroRph CrocoGHOCTh MOXKHO HECKOJIBKO YBEIHYHTH, MPOU3BEIS
pacder o popmynam (3.136) u (3.137) 6e3 ydera cxaToit apMaTyphl.

3.70. Tpebyemoe KOTUIECTBO MPOAOIBLHON apMaTyphl ONIPEACIAETCS CASAYIOMNM 00pa3oMm:



a) mpu e’ < hy - @' onpenensercs MIOMAAb CEYCHHs apMaTypbl S M S' COOTBETCTBEHHO IO
dbopmynam:

Ne'
A=er—s
R,(h, -a)-. (3.138)
, Ne
A=
R,(h, -a). (3.139)
0) ipu €' > h, - @' onpeensieTcs IOMAAb CCUSHUS PACTIHYTOM apMaTyphl A 1o popmyiie:
dh, R - R,
A= A e
R, R, : (3.140)

rae ¢ onpenensercs mno popmyie

&=1-J1-2q, - (3.141)

3J€Ch

_ Ne — RscAsl (ho — al)
R,bh; (3.142)

[Tpu 5TOM JOKHO BBIMOJHATBCS YCIOBHE Om < or (cM. Tabm. 3.2). B mpoTuBHOM ciydae

CIIEyeT YBEIMYUTh CEUCHUE CHKATOW apMaTyphl A ToBbIcHTE Kiacc GeToHa WIH YBEIHUYUTh
pa3Mepsl ceueHusl.
Ecnu o < 0, utoimaas cedeHus pacTsaHyToi apMaTypbl As omipenernsercs o ¢popmyie (3.138).
[Tnomank cCUMMETPUYHON apMaTypbl HE3aBHCUMO OT 3HadeHHs e' moadupaercs mo dopmyle

(3.138).

IMMpumeuanue. Ilpu €' > hy — ¢' HEOGXOJUMOE KOJIMYECTBO apMaTyphl, ompeaeieHnoe o dopmyse (3.138),

Ne

[94
" R,bhZ

MOYKHO CHHU3MTh, €CITH 3HaueHue ¢, onpeaeneHHoe mo ¢popmyie (3.141) npu 0, okakercst MeHbIe 2a' / h,.
B »TOoM ciyuae momanb cedeHHs pacTAHyTOW apmartypel As ompexpensiercs mo Qopmyne (3.140), ucmonsiys

K -0

3.71. PacdeT HaKJIOHHBIX CEUEHUH PACTIHYTHIX DJIEMEHTOB MpPH JCHCTBUH IMOMEPEYHBIX CHII
MIPOU3BOJIUTCS AaHAIOTUYHO PacueTy M3TH0aeMBIX 3JIEMEHTOB B COOTBeTCTBHH ¢ mmil. 3.30- 3.35. Ilpu
ATOM 3HAUEHUE MOMEPEYHON CUITBI, BOCIPUHUMAEMOW OETOHOM B HAKJIOHHOM cedeHHH, Qp, ,a TaKxke
npaBast 9acTh ycsoBus (3.49) nenutcst Ha KOOPPHUIUEHT

N
L5Ry, A (3.143)

Ha s10T %e Ko3hhumeHT ¢n; nenures cs3anHoe ¢ Qp 3HaueHue M.

YIOMSHYTOE 3HaueHUE & pH

O =1+

IIpumepsl pacyera

IIpumep 35. Jano: pacTsaHyTass BE€TBb JBYXBETBEBOM KOJOHHBI C IIONEPEYHBIM CEYEHUEM
pa3mepamu b = 500 mm, h =200 mMm; @ = a' = 40 mm; npogonbHast apmarypa kinacca A400 (Rs = R
=355 MIla); miomap ee ceuetus As = A's =982 mm? (22325); Geton kiacca B25 (R, = 14,5 MIla);
npooibHas pactsarusaromias cuia N = 44 kH; makcumanbHbIil n3rubarommii MoMeHT M = 43 kH-Mm.

Tpebyemcs IpOBEPUTH MPOYHOCTH HOPMAIILHOT'O CEYCHUS

Pacuer. h, =200 - 40 = 160 mmM.



6
e =0 4310 _ 77 um;
N 4410

e'=e, +2—a‘=977+?—40=1037w;

e:eo—g+a:977—%+40:917w.

[TockonbKy apMaTypa CHMMETPUYHAS, IPOYHOCTH PoBepUM K3 yciaoBus (3.134):

ReAs (ho - @) = 355-982-(160-40) = 41,8-10° H-mm < Ne' = 44-10%1037 = 45,6:10° H-mm, T.e.
ycnoue (3.134) He BBITTOTHSAETCS.

Tak kak €' = 1037 > h, — a' = 120 MM, a BbICOTa C:KaTOW 30HBI X, ONpEIc/IcHHas 0e3 ydera

R,A —N  355-982-44-10°
R,b 14,5-500
80 MM, coriacHo MpuUMedaHuto K 1.3.69 mpoBepuM MpoYHOCTh U3 yciaosus (3.136), mpuaumas x =

2mun A =0

Rpbx(ho - 0,5%) = 14,5-500-42- (160 - 0,5-42) = 42,3-10° H-mm > Ne = 44-10%917 = 40,4-10°
H-mwm, T.e. npouHOCTh 0OO€ECIIEUEHA.

Ipumep 36. Jano: npsmoyroabHoe cedenue pasmepamu b = 1000 mm, h = 200 mm; a = a' = 35
MM; OetoH kiacca B15 (Ry = 8,5 MIla); npononbHas apmarypa kinacca A400 (Rs = Ry = 355 MIla);
wiomaap ceueHuss apmatypel  A's = 1005 mm (516); pacraruBaromas cwia N = 160 kH;
n3rudarommii MomeHT M =116 kH-Mm.

Tpebyemcs ONPENENUTh IUIOIIAIb CEYEHUS apMaTyphI S.
Pacuer. h, = 200 - 35 = 165 mM;

CKaToOW apMaTyphl, T.€. paBHas X — =42 MM, MeHblIe 2a’ = 2-40 =

6
M _116.10°

0 =

N 160-10°

e=e, —g+a:725—2—(2)0+35=660m.

e'=¢g, +g—a':725+£20—35:7901vﬂw;

Tak kak e'= 790 mm > h, - @’ =165 - 35 = 130 MM, onpeieniuM HEOOXOAUMYIO TUIOIIA b CEUCHHSI
pacTsHyTOM apMarypsl corinacHo 3.70,0.
Brruncinum 3Hauenne

_Ne-R.Ah, —a’) _160-10° - 660 —355-1005-130
" R,bh? 8,5-1000-165°

a

=0,256.

Tak kak 0 < o < ar = 0,39 (cm. Tabn. 3.2), 3HaueHue As onpenensercs mo Gopmyite (3.140).

Jlnsg aToro BeUMCIsIEM g=l=-y1-2g, =1-vy1-2-0,256 = 0’301.

3

A = &HhR, A Ry _0,301-1000-165-8,5+160-10
R, R, 355

Ipurnmaem As = 3079 mm? (52528).

IMpumep 37. /Jano: pacTsHyTas BETBb ABYXBETBEBOI KOJIOHHBI ¢ ceueHreM pazmepamu b = 500
MM, h =200 MM; a = a’ = 40 mm; G6eron kiacca B25 (Ry = 1,05 MIIa); XoMyThI, pacriojOKeHHBIC
1o rpassiM, u3 apmatypsl kiacca A400 (Rgy = 285 MlIla); npononbHas pactaruBatomas cuia N = 44
kH; monepeunas cuwna Q = 130 xH; paccTosiHMe B CBETY MEXIy NEpeMbIYKaMU JBYXBETBEBOM
KOJIOHHBI | = 600 MM.

+1005 = 2645 mm?




Tpebyemcs onpenenuTb TUaMeTp U mar XOMyTOB.
Pacuer. h, = 200 - 40 =160 mMm. PacueTr mpousBoauM coriacHo 1m.3.33,a ¢ yu4eToM yKa3aHHi
n.3.71.
ITo dopmyre (3.143) onpenensiem Kod3pHUIHMEHT ¢n , TpuHuMas A = bh = 500-200 =100000
2.
MM

N 44000
@ =1+ =1+ =
15R, A 1,5-1,05-100000
ITockonbKy B mpeaeinax MEXAy IMepeMbIYKaMH MOIEepEYHas CHla IMOCTOSHHA, JJIMHY MPOEKIIUU
HAKJIOHHOT'O CEYEHHS MPHTamiaeM MakCHMaaIbHO BO3MOYXKHOIA, T.€.
c= Cmax = 3ho = 3160 = 480 MM < I = 600 MM.
IMpua =c/hy=3u a,=2 <3 onpenensem
_15 15 Q 130000

e, +01875a, = +01875-2=0,875< ¢ = = =
7 a 3 R,bh, 1,05-500-160

1,279.

1,548.

CrnenoBarenbHO, TpeOyeMyl0 WHTEHCHBHOCTH XOMYTOB ompenenseM 1o ¢opmyne (3.48), mpu
3TOM BeJMYUHY 1,5, Xapakrepu3syooiyto 3Hadenne Qp, Aenum Ha ¢n: = 1,279:

15
e 30
Oy = Ryb——2 =1,05-500 =2 — 405 H/mm.

0,75a, 0,75-2

MakcumanbHO TOIyCTUMBIN 1Iar, COryIacHo 1. 3.35, paBeH
2 2
s, = R,.bh, _ 1,05-500-160 1034 v,
’ Q 130000
[Ipunumaem mar xoMyToB Sy = 100 MM < Sy max ¥ TOrIa
A = OouSw _ 405-100 1421wt
R 285

SW

[Ipuaumaem nBa xomyta guamerpom o 10 mm (Asw=157 MMZ).

PACUYET HOPMAJIbHBIX CEUEHU HA OCHOBE HEJUHEUHOM
NE®OPMAIIMOHHOMN MOJIEJIN

3.72. Tlpu pacuere MO MPOYHOCTH YCHIIUS U JeOopMaIlii B HOPMAILHOM CEYCHHUHU OTPEICIISIOT
Ha OCHOBE HEIWHEHHOW JePOpPMAIIMOHHON MOIEIH, WCIONB3YIOIeH ypaBHEHUS pPaBHOBECHS
BHEIIIHUX CHJI U BHYTPEHHUX YCWJIMH B CEUYCHHUHU DJIEMEHTOB, a TAK)KE CIIEAYIOIINE TIOJOKCHUS:

- pacmupejelicHHe OTHOCHUTENBbHBIX JedopManuii OeTOHA W apMaTypbl 10 BBICOTE CEUYCHHS
3JIEMEHTA IPUHUMAIOT 10 JIMHEHHOMY 3aKOHY (THUIIOTE3a IUIOCKUX CeUeHHi, cM. 4epT.3.39);

- CBSI3b MEXIY OCEBBIMH CXKMMAONIMMH HANPsHKEHUSIMH OETOHA 0, ¥ OTHOCHTEIBHBIMU €rO
neopMaIusamMu &, MPUHUMAIOT B BUJIC IBYXJIMHEHHOW auarpammsbl (4ept.3.37), COrIaCHO KOTOPOM
HAPSDKEHUS 0), OTPEACIISIOTCS CICTYIOIUM 00pa3oMm:

pu 0 < &p < &p1 reg 0b = Epred & ;

TIPH Eptred < Ep<&p2  Ob = Ry,
rne Ep req - MpuBeeHHBINH MOAYIb AeopMalui OeTOHA, PaBHBIH

Eb,red = Ro/ €b1,red

ept,red = 0,0015;

ep2 = 0,0035;

Rp - cM. Tabm. 2.2;

- CONPOTHUBJICHHE OCTOHA PACTSIHYTOW 30HBI HE YYUTHIBAeTCs (T.e. mMpuHHUMaeTcs g, = () 3a
UCKITIOYEHHEM pacueTa OETOHHBIX AJIEMEHTOB, YKa3aHHbBIX B 1I.1.4,0, a Tak:ke OETOHHBIX DJIEMEHTOB,



B KOTOPBIX HE JIONYCKAIOTCS TPEIIMHBI, B OTHX DJJIEMCHTAaX CBS3b MEXKAY OCEBBIMHU
PaCTATHBAIOIIMMH HAMPSKEHUSIMHA OCTOHA Opt M OTHOCHTCIBHBIMH €ro JAc(OpMaiusMU TaKKe
MIPUHUMAIOTCS B BUJE IBYXJIMHEHHOW TUArpaMMbl ¢ 3aMEHOH &pi red HA pi red = 0,0008; &y HA epp =
0,00015; Ep req Ha Eptred = Rot/ €bt1 red, 1€ Rpt -cM. Tab1. 2.2;

Oy

Ry

arctg K By

£

€pl,red €52
Yepr.3.37. [IByxs1uHeiiHAS JHATPAMMa COCTOSIHUSA C:KATOro 0eToHa

- CBSI3b MEXAY HaNpsKEHUSIMHU apMaTypbl 0s M OTHOCHTEIbHBIMH €€ AedopManusmMu &
IIPUHUMAIOT B BUJE ABYXJIMHEWHON nuarpammsl (uepT. 3.38), corjgacHO KOTOPOW HANpsKEHUS Os
IPUHUMAIOT PaBHBIMU:

mpu 0 <e<egyp 05 =&sEs;

npu esp <& <é&s2 0s=Rs
rae &so = Re/Es;

Rs - cm. 12011.2.6;
Es=2-10° Mmna;
es2 = 0,025.

arctg E,

€ €

10 2

Yepr.3.38. lnarpaMmma cocToOsIHMS PACTSHYTON apMaTyphbl

3.73. Ilepexon OT >mIOphl HAmpsDKEHUH B OeTOHE K OOOOLIEHHBIM BHYTPEHHUM YCHUIIHMSAM
PEKOMEHYETCSI OCYIIECTBIIATH C IIOMOIIBIO IPOLEAYPhl UYHUCICHHOIO WHTETPUPOBAHUS 11O
HOpPMaJIbHOMY CE€YEHHIO. [l 3TOro HOpMajbHOE CEUYeHHE B HANpaBICHUU IIJIOCKOCTH H3rubda
(HOpMaJIbHOM HEWUTPAIBbHOM OCH) pa3lensieTcsd Ha YYacTKM MaJlod ILIMPHUHBI, HAIPsDKEHUS B
KOTOpBIX MPUHUMAIOT PaBHOMEPHO paclpeieNieHHBIMU U COOTBETCTBYIOIIUMH JedopManusiM Ha
YPOBHE CEpEAMHBI IIUPUHBI yUACTKA.

B o6mem ciydae mosokeHHe HEHTpalbHOW OCH M MaKCHMaibHble aedopmarmu (uept.3.39)
OIIPEAEIAIOT U3 YPAaBHEHUI PABHOBECHS BHELIIHUX U BHYTPEHHUX YCHJIU:

M, =20, A Ly + 203 AL

(3.144)
My =20, ALy, + 20 AL, (3.145)
N =20, Ay +Zo g A (3.146)

rne M, m My - MOMEHTBI BHEIIHUX CHJI OTHOCHTEIBHO BBIOPAHHBIX KOOPAMHATHBIX OCEH,
JNEUCTBYIOLIUX B INIOCKOCTH OCEN COOTBETCTBEHHO X U V;



R

Yepr.3.39. Dnropsl nedopmanmii 4 HANPSKeHUH B ceyeHUH GopMaIbHOM K IPOJ0JIbHOMN 0CH
JKeJIe300eTOHHOI0 31eMEHTa, B 001 eM cIy4yae pacyeTa 10 MPOYHOCTH
a) - 08yx3HauHas 3nopa depopmayuii
0) - 00HO3HAUHASA FNI0PA Oehopmayuti

- Abi, Zxis Zbyis Obi - TUIOIIAIb, KOOPIMHATHI IICHTPA TSHKECTH I-r0 ydacTKka OETOHA M HANPSIKCHUE
Ha YPOBHE €ro IIEHTPa TIKECTH.

- Asi, Zs, Zsyj, 0sj - TUIOMAIb, KOOPAMHATHI LEHTPA TSDKECTH |-TO CTEPXKHS apMaTypbl H
HaIpsDKEHUE B HEM.

HanpsokeHus opi 1 0sj ONPEeNIIOTCsl B COOTBETCTBUH ¢ TuarpamMmmamMu Ha uept.3.37 u 3.38.

PacTsruBaroniye HanpspKeHUs: apMaTyphl osj 1 OETOHA Opi @ TAKXKE MPOJIOJIBHYIO PACTATMBAIOLIYIO
cuy N pekoMeHIyeTcsl yYUThIBaTh B ypaBHeHHsIX (3.144) - (3.146) co 3HAKOM «MHUHYCY.

KoopaunaTHbIe OCH X B y PEKOMEHIyeTCs TPOBOAUTH Yepe3 LIEHTP THKECTH OETOHHOTO CEUEHUSI.

3.74. PacueT HOpMaJIbHBIX CEUEHUN Ke€I€300€TOHHBIX 3JIEMEHTOB IO MPOYHOCTH MPOU3BOASAT U3
YCIOBUU

Epmax = Eb,ult (3.147)
| £smax| < esut (3.148)

TZI€ Epmax U Esmax -~ OTHOCUTEIbHBIE Ae()OpPMaMi COOTBETCTBEHHO HAanOoJjee CKATOro BOJIOKHA
OeroHa W Hauboyiee pACTSHYTOrO CTEp)KHS apMarypbl OT JEHCTBHS BHELIHMX Harpysok,
ompezessieMble U3 pelieHus ypasHenuit (3.144) - (3.146);

Epult M Esyit - MPEEIIbHBIE 3HAYEHUSI OTHOCHUTEIBHBIX Ae(opMariuii COOTBETCTBEHHO CHKaTOIO
0eToHa U pacTSIHYTOW apMaTypbl, IpUHUMaeMble corjaacHo m.3.75.

Jlnst u3rubaeMbIX ¥ BHEIIGHTPEHHO CHKAThIX OCTOHHBIX AJIEMEHTOB, B KOTOPBIX HE JOMYCKAIOTCS
TPEILMHBI, pacyeT MPOU3BOAUTCA C YYETOM pabOThl PaCTAHYTOro OETOHA B MOMEPEYHOM CEUEHHH
AJIEMEHTA U3 yCIIOBUS

| 8bt,max| < Eptult (3.149)

TI€ &hmax - OTHOCHTENbHAs JedopMmarusi Haumbolee pacTIHYTOrOo BOJOKHa OeToHa,
ompezessieMast U3 perieHus ypapuenuii (3.144) - (3.146);

Eptult - MPEAETbHOE 3HAYEHNUE OTHOCUTENBHON NedopMaIiuu pacTsIHYTOr0 OE€TOHA, MPUHUMAEMOe
coriacuo m.3.75.

3.75. TlpenenbHOE 3HAUYEHUE OTHOCUTEIBHBIX JNedopMaiuii 0eToHa &p yit(eptylt) TPUHUMAIOT MIPH
JBYX3HAYHOM 3Mmrope nedopmanuii (cxaTue W PacTsHDKCHHE) B TOMEPEYHOM CEYCHHH DJIEMEHTA
PaBHBIMHU &p2(pt2) (CM. 11.3.72).




[Ipy BHELEHTPEHHOM CXKAaTUU WM PACTSIKEHUU SJIEMEHTOB U PACIpEACNICHUH B IMONEPEUHOM
CEUYCHHH dJIeMeHTa aedopmanuii 0eToHAa OJHOTO 3HaKa MpENebHbIC 3HAYEHUS OTHOCHUTEIBHBIX
nedopmaruii 6eToHa é&p yii(epulr) OMPEACTSAIOT B 3aBUCHMOCTH OT OTHOIICHHS OTHOCHTEIBHBIX

&
_1<1

&

nedopmaruii 6eToHa Ha MPOTHUBOIMOJIOKHBIX CTOPOHAX CEYCHUS o opmynam

£y =| 35151 107

€ (3.150)
Eoon = | 15—5-L 110°°.
& (3.151)
[IpenenbHOE 3HAYEHHE OTHOCHUTEIBHOHM JeGOopMalMK PAaCTIHYTOW apMaTyphl & ux MPUHUMAIOT

paBHbiM 0,025.

3.76. Pacuer Ha OCHOBE HENMHEHHOW NeGOPMAIIMOHHOW MOJEIH IPOU3BOIUTCS C MOMOIIBIO
KOMITBIOTEPHBIX ITPOTPAMM.

[Tpu neiicTBUM B HOPMAIBHOM CEYEHUH JBYX MOMEHTOB M, 1 M), 10 00€UM KOOPIAMHATHBIM OCSIM
X U Y ¥ TIPOJOJIEHOW CKMMAIOILIEH CHIIBI KOMITBIOTEPHYIO IPOTPaMMy PEKOMEHYETCsl COCTABIISITh
Ha OCHOBE CIICYIOIIETO AJITOPUTMA:

1. 3apmaroTcs HampaBJIeHHEM HEWTpaqpbHOW oOcu: B 1-M TpUONMKEHWH D3TO HaIpaBICHHE
oIpeAessieTcsl KaK Uil YIpyroro MaTepHuaia, T.e. IPHHUMAETCS YroJl HaKJoHa HEeWTPalIbHOW OCH K
OCH ) PaBHBIM

y

0 = arctg:—x—
y X

2. OnpenenstoT XapakTep 3MIOphl JedopMaluil MyTeM CpaBHEHUS BHEIIHEH MPOJ0IbHOM CHIIbI
N u BHyTpeHHero ycunusi N¢, onpezaenenHoro no gopmyne (3.146) npu 3HaYCHUSX &, B KPaWHHX
TOuKax, paBHbIX &pp U 0. IIpu N > N - amtopa onno3HauyHast, mpu N < N¢ - amtopa JByx3HauHasl.

3. Ilpu aByx3Ha4yHOU 3Mmi0pe Aedopmanuii mocaeaoBaTeabHbIMU TPUOIMKEHUSIMU TTOAOHUPAIOT
TaKyl0 BBICOTY C)KaTOW 30HBI X, MpPH KOTOpPOW BhIMONHAETCS paBeHCTBO (3.146); mpu 3TOM B
KpalHe# C)KaTol TOYKe MPUHUMACTCS & = &p2, ASHOPMAIIUH CKATOTO OETOHA KAXKIOTO I-T0 y4acTKa
HOPUHUMAIOTCS PABHBIMH &pi = &p2 Ybi /X, @ JedopManiu KaxI0ro J-ro CTepIKHS apMaTyphl - s = &p
Ysi /X, TH€ Ypi ¥ Ysj - PACCTOSIHUSL OT HEWTPAIBHOM OCH JIO IEHTPa TSHKECTH COOTBETCTBEHHO i-TO
y4acTka OeTOHAa W |-TO CTepKHs apMaTypsl. B ciydae, eciut &smax > 0,025, mpuHHUMAETCS €5 max =
0,025, n Torna epi = &smax Yoi /(Mo - X), €5 = &smax Ysj /(o - x), e h, - paccTosiHre Mex 1y Hamboee
pacTSHYTBIM CTEpXKHEM apMaTypsl W HauOojiee caToil TOukod OeTOHa B HalpaBlICHUH,
HOpMaJbHOM HEWTpasibHOM ocu. Jlepopmanuu pacTSHYTOH apMaTypbl NPUHHUMAKOTCA CO 3HAKOM
"Munyc".

4. Ilpu onHO3HA4YHOM 3Miope AedopMaluil MOCIeI0BaTeNbHBIMU MPUOIIKEHUIMU OJ0UPAIOT
TaKkoe OTHOIIEHHE NedopManuii B KpaWHUX TOUKax a =¢ife; < 1, MpU KOTOPOM BHIMOIHSETCS
paBeHcTBO (3.146); mpu >TOM B KpailHeW C)kaToil TOuke Bcerjaa MpUHHUMaeTcs nedopManus &p i,
ompenenenHas 1o ¢opmyne (3.150), nmedopmarm cxaroro OeTOHa KaXIOro I-ro ydacTka

NPUHAMAIOTCS PAaBHBIMA g, :gbu{a+%(1_a)] a nedopmanmMu KaxJIOoro j-ro CTEpXKHS -

g5 =&, ul{a + Ysi (1_ a) , TIIE i U Ysi - paCCTOSIHUSL OT HAUMEHEE CKATOM TOUYKH JI0 LIEHTPA TSHKECTH
' h

COOTBETCTBCHHO I-TO y4yacTKa OETOHA W |-TO CTEp)KHS apMaTypbl B HAIpaBICHUH, HOPMAJIbLHOM
He#TpansHoi ocH, h - cm. yept.3.39,6.

5. o ¢popmynam (3.144) u (3.145) onpenensiroTcst MOMEHTBI BHYTPEHHUX YCHIIUNA My yit 1 My yit.
Ecim o6a 3TH MOMEHTa OKa3bIBAIOTCSA OOJIBINEC WM MEHBIIE COOTBETCTBYIOIINUX BHEITHHX




MOMEHTOB M, 1 M, OTHOCUTENIBHO TEX XK€ OCEH, TO MPOUYHOCTh CEUCHUS CUUTACTCS 00ECIEUCHHON
WA HEOOSCIICUCHHOM.

Ecnu omun u3 mMomeHnTtoB (Hanpumep My i) MEHbIIE COOTBETCTBYIOLIETO BHEIIHETO MOMEHTA
(re. Myut < M,), a apyroit Oonbme (T.e. Myu:r > M), 3a4al0TCS IPYyrHUM YIJIOM HaKJIOHA
HelTpanbHOi ocu 6 (O0NBIIMM, YeM paHee IPUHATHINA) U BHOBb ITPOBOISAT aHAJTOTMYHBIN pacuer.

[Ipu nelicTBuUU pacTATUBAIONIECH CHIIbI WM MPU €€ OTCYTCTBMU PacyeT MOKHO MPOU3BOJHUTH
aHAJIOTUYHBIM 00pa3om. [Ipu pacuere OETOHHBIX JIEMEHTOB C YY€TOM pabOTHI PACTIHYTOTO OCTOHA
3HAYECHHUS Epp 3AMEHSIIOTCS Ha Epto, A &p yit HA Eptuit (CM. 1.3.72 1 11.3.75).

IJIEMEHTbDI, PABOTAIOIIIUE HA KPYYEHUME C U3I'NBOM
SJIEMEHTBI IPAMOYI'OJIBHOI'O CEYEHUA

Pacuer HA cOBMeCTHOE JeiicTBHE KPYTHALIEro u n3rnﬁammero MOMCHTOB

3.77. PacdeT mo NMPOYHOCTH 3JIEMEHTA MEXKIY MPOCTPAHCTBEHHBIMU CEUCHHUSIMM Ha JICUCTBUE
KpyTsIIero MomeHTa 7' Ipou3BOIAT U3 YCIOBUS

T < 0,IRpb?h, (3.152)

rae b u h - cooTBeTCTBEHHO MEHBIIHI U OOJIBIIHIA Pa3MePhl MOMEPEYHOTO CEUCHHUS DIIEMCHTA.

3.78. Ilpu coBMecTHOM [EHCTBUU KPYTALIETO M M3rHOAOIIEro MOMEHTOB PacCMaTpPUBACTCS
MPOCTPAHCTBEHHOE CEYEHUE CO CXKATOM CTOPOHOM IO TPaHU »dJIEMEHTA, IEPICHIUKYIIPHOU
IUIOCKOCTH JIEHCTBHs n3rubaroniero momenta (4ept.3.40).

Pacuer Takoro ceueHust mpou3BOIAT U3 YCIOBUS

(3.153)

Cr2

Yepr.3.40. Cxema ycninii B IPOCTPAHCTBEHHBIX CEYCHUSAX MPH pacyeTe HA AeificTBHE KPYTAIIEro U
H3rudaIero MOMEHTOB; PACTSIHYTasi ApMATypa y HUKHell rpaHHuIbI D1eMeHTa

rne M, - mpenenbHbI HM3ruOaroOUIMi MOMEHT, BOCHPUHUMAEMbIi HOPMaJbHBIM CEUCHHEM U
onpeaesieMbli coryiacHo 1.3.14;

Ty - TpenenbHBIA KPYTAINIMHA MOMEHT, BOCIPHUHHMAEMBIH MPOCTPAHCTBEHHBIM CEYCHHEM U
ompenensieMblil o Gopmyre

To=Tsu+ Ta, (3.154)



Tsy - KpyTAIIMH MOMEHT, BOCHPHUHUMAEMBIH IIONEPEYHON apMaTypoi, pacloNOXKEHHON Y
PacTSHYTOW I'PaHU B IIPEJIENAaX IPOCTPAHCTBEHHOIO CEYCHMSI, PaBHBIN

Tswi= 0,90swid1ch, (3.155)

Ts1 - KpyTSmmii  MOMEHT, BOCHPHHHUMAEMBIM TIPOJOJIBHOW  PacTIHYTOW apMaTypou
MIPOCTPAHCTBEHHOT'O CEUCHUS U PABHBIN

Tg = OngsAsl(b/C)h- (3.156)

B ¢opmynax (3.155) u (3.156):
¢ - JJIMHA TPOEKIUH CKATOM CTOPOHBI MPOCTPAHCTBEHHOIO CEUCHMs HA HPOJOJIBHYIO OCh
JJIEMEHTA,

s -_b .
1=
2h+b (3.157)

b 1 h - COOTBETCTBEHHO IIMPHHA TPAHH, PACTIHYTON OT U3rH0a, ¥ TPaHH, €l ePIECHIUKYIAPHOM
(cMm. uept.3.40);

qswl = st M’
Sw (3.158)

Asw1 M Sy - IJIOIIAJb CEYEHUS] OJHOTO TOMEPEYHOTO CTEP)KHSA Y PACTSHYTOH OT M3ruba rpaHH
IIMPUHOM D ¥ mIar 3TUX CTEpKHEH;

A1 - TUTOIIA/I CEYCHUSI ITPOIOJIBHOM apMaTyphl y PACTSIHYTOM OT U3rn0a rpaHu MIUPHHOM D.

3uauenne RAs; B hopmyste (3.156) npunumaetcs He 6osee 3HaYeHUs 20sy1D, a 3HaYeHUE Qg1 B
dopmye (3.155) npunumaetcst He Oosiee 3HaueHus 1,5RsAq1/b.

Kpyramuit moment 7 u wusrubaromuit momeHT M B ycnoBum (3.153) mpuHuMaroTcs B
MOTIEPEYHOM CEYECHUH, PACIIOJIOKEHHOM B CEepelrHE UIMHBI MPOEKIUU C BIIOJb MPOIOIBHON OCH
AJIEMEHTA.

Pacuer B oOmem ciy4ae TPOU3BOAAT JUIE MPOCTPAHCTBEHHBIX CEUCHHH C Pa3IUYHBIMU

b |2

3HAYCHUSIMU ¢, IPUHUMaeMbIMK He Oosee 2h + b u He Oosee o

[IpocTpaHCTBEHHBIE CEUSHHSI PEKOMEHIYETCS PACIIONIaraTh CIEAYIOINM 00pa3oM:

a) s Hepa3pe3HbIX WM 3allEeMIIEHHBIX Ha omopax Oaylok (pureneil), a Takke JUIs KOHCOJIEH
MIPOCTPAHCTBEHHOE CEUCHHE PACIIONATaeTCs Y OTIOPHI;

0) g THOOBIX 3JEMEHTOB, HArpyXeHHbIX COCPEIOTOYEHHBIMH CWJIAMH U KPYTSIIUMHU
MOMEHTaMH, TPOCTPAHCTBEHHBIE CEYCHHUS PACIIOJAralOTCsl Y MECT NMPHIIOKEHHSI CHIJI CO CTOPOHBI
y4acTKa ¢ OOJIBIIUMHU KPYTSIIIMMU MOMEeHTaMu (uept.3.41).

Jlnist 5TUX CciydaeB TpU BBIYMCICHUH TPEACTBHOTO KPYTSIIEro MOMeHTa 7, pPEeKOMEHIYyeTCs
UCMOJIb30BaTh B popmynax (3.155) u (3.156) 3HaueHue JUIMHBI IPOEKLUH ¢ = Co, COOTBETCTBYIOIIIEE
MUHHMAaJIHbHOMY 3Ha4eHUI0 7,, HO TPU dTOM MOMEHTHI ' U M ompenensitoTcs UCXOMs M3 JUTHHBI
npoekiun paBHod ¢ = (1,2 - 0,4Mpax/Mo)co, HO He Oonee ¢, TA€ Mmax - MaKCHMaJbHBIH
M3ruOaroNIMiA MOMEHT B Havaje MPOCTPAHCTBEHHOTO CEUCHHMSI.

3Ha4YeHue ¢, ONpeieNnsercs no Gopmye

, (3.159)

C BBITIOJTHEHUEM YKa3aHHBIX OTpaHUUYEHUH 10 YUeTy Bemnuus RsAs ¥ Qsy1.
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Yeprt.3.41. PacnoJiokeHne pacyeTHBIX MPOCTPAHCTBEHHBIX CeUeHUIT B 6aTKe, HATPY:KeHHOM
€OCPeI0TOYEHHBIMH CHIAMH
1, 2 -pacueTHbIC IPOCTPAHCTBEHHBIC CCUCHUS;
My, T4, Q1 - pacueTHble yCUITUS JUIs IPOCTPAHCTBEHHOTO CeueHus 1;
M,,T,, Q - TO e, Al MPOCTPAHCTBEHHOTO CEYCHUS 2

B yactHOCTH:

2
c,=b |—
- ipu RsAg1 > 2Qswab hopmyna (3.159) npurumaet Buj 0y , 1 TOrza
T, =180,,bhy/25, . (3.160)

- iput ReAs1 < 2Qsw1b < 3 RAs, 3nauenue T, TIOCiIe OJICTAHOBKH C = Co PABHO

To :1,8bh Rs Aslqswl
2h+b - (3.161)

B) JUJISl 3JIEMEHTOB, HArpy>KEHHBIX PABHOMEPHO PacCIpe/leIeHHON HAarpy3Kol, €ciid B MPOJIETHOM
CEYEHUM C HauWOOJBIIUM H3THOAIONEM MOMEHTOM HMMEET MECTO KPYTAIIMA MOMEHT, cepeinHa
IPOEKIUH ¢ PacroiaraeTcs B YKa3aHHOM IIONEPEYHOM CEUCHHMH; B 3TOM Cllyyae HEBBITOAHENIIEE
3Ha4YeHUE ¢ MPUHUMAETCS PABHBIM Co.

PacueTr Ha cOBMecCTHOe JelicTBHE KpyTHAIIEro MOMECHTA M nonepeqﬂoifl CHJIbI

3.79. Pacuyer mo MpoOYHOCTH 3JIE€MEHTa MEXJy NMPOCTPAHCTBEHHBIMHM CEUYEHUSIMH Ha JelcTBUE
KPYTSIIEro MOMeHTa 1 ¥ monepevHoi critbl Q MPOM3BOMIAT U3 YCIOBHS

T<T,[1-2 |
01 (3.162)
rae T 01 - HpCILCJILHLIﬁ prTSIIJ_[I/Iﬁ MOMCHT, BOCHpHHHMaGMBIﬁ 3JICMCHTOM MCKOY

MPOCTPAHCTBEHHBIMU CCYCHUSMH U IPUHUMAEMbIN paBHBIM TpaBoi yacTu ycious (3.152);

Qo1- mpenenbHas TMoNepeyHas cuja, BOCIPUHUMABIIAs OETOHOM MEXJIy HaKJIOHHBIMU
CCUCHHSIMU U TIPUHIMaeMasi paBHOH mpaBoii yactu ycioswus (3.43) 1m.3.30.

Yeunusa T v Q npuHUMAKOTCS B HOPMAJIBHOM Ce4eHHH Ha pacctosHuu 2h + b ot omopsr, rae b
h - cm. gepr.3.40.

3.80. IIpu coBMeCTHOM AEMCTBUM KPYTALIETO MOMEHTA U MONEPEYHOM CHIIBI paccCMaTpUBAETCS
MIPOCTPAHCTBEHHOE CEUEHHUE CO CKAaTOM CTOPOHOM MO I'paHu AJIEMEHTa, NapaieIbHON MIIOCKOCTH
JCWCTBUS M3TUOAOIIEr0 MOMEHTA (T.¢. IHUPHHOH h, uept.3.42)

Pacuer Takoro cedeHus Mpou3BOIAT U3 YCIOBUS



T<T[1-2 |
Q

0 (3.163)

rne Qo - mpenenpHas TONEpedYHas CWiIAa, BOCIPHUHMMAaeMas HAKJIOHHBIM CEYCHHEM W
NpUHUMaeMasi paBHOM mpaBoit yactu ycnosus (3.44) n.3.31;

To - npenenbHBI KpPYTSAMIMHA MOMEHT, BOCHPHHHMMAEMbI NPOCTPAHCTBEHHBIM CEYCHHUEM U
OTpeeIsieMbIii 10 Gopmyie

To=Tswe+ Ts2; (3.164)

Towp - KpyTALMH MOMEHT, BOCIPUHUMAEMBIM IIONEPEYHOM PACTAHYTOM apMaTypom,
PACIIOJIOKEHHOH y OJHOW M3 IpaHeil IUPHHOW h B Ipe/ieniax mpoCcTpaHCTBEHHOTO CEUCHUS, PaBHbIH
Tswz = 0,90sw202Cb; (3.165)

Tsp - KpyTAIIUA MOMEHT, BOCIPUHUMAEMbIM TTPOJIOJIBLHOU apMaTypo, pacrojiOKEHHON Yy OJHOM
U3 TpaHeil mmpuHoi h, paBHbIH

T = 0,9R5A52(h/C)b. (3.166)

B ¢opmynax (3.165) u (3.166):
¢ - JUIMHA TPOEKIMU CKaTOW CTOPOHBI MPOCTPAHCTBEHHOI'O CEYEHHs Ha IPOIOJIBHYIO OCh
JJIEMEHTA

h

8y ==
2b+h (3.167)
_ RSWASWZ .
qsw2 - ’
s, (3.168)
A5W2 " Sy - IJIoIIaab CEYCHUS OJJHOI'O MONCPEYHOro CTCPIKHA y I'paHU HIPIpPIHOfI hu marar 3Tux

CTEPKHEH;
As; - TIOmAah CEeYeHHUs MPOJOJIBHON PACTIHYTOW apMarypbl, PacloJIOKEHHOW y OTHON u3
rpaHeii IupuHoi h.
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UYept.3.42.CxeMbl yCHIIHIA B IPOCTPAHCTBEHHBIX CEUEHISIX IIPH pacyeTe Ha JeHCTBHE KPYTSIIEro MOMEHTA U
MIOTIEPEYHOM CHIIBI; pacTSIHYyTas apMaTypa U OOKOBOM I'paHH IeMEHTa

S

3nauenne RAs; B popmyie (3.166) npunumaercs He Oosee 3Ha4eHUS 20sy2N, a 3HAYCHUE Qs B
dbopmyie (3.165) nmpunmmaetcs He 6osee 3HaueHus 1,5RsAs/h.



Kpyrsmuit Mmoment 7 u nonepeunyto cuny Q B ycnoBuu (3.163) ompenensitoT B HOpMaJIbHOM
CEUYCHUH, PACTIONIOKEHHOM B CEpeIMHE JTIMHBI IPOESKIIUH C BIOJIb IPOAOIFHON OCH HIICMEHTA.
Pacuer B oOmem ciy4ae HpOU3BOAAT Ui MPOCTPAHCTBEHHBIX CEYCHHH C Pa3IUYHBIMU

h |2

3HAYEHUSIMH C, IpUHUMaeMbIMU He Oosiee 2b + h u He Goee 9, .
3nauenue ¢ B popmynax (3.165) u (3.166) nomyckaercs onpeneisaTs mo Gopmyiie

(3.169)

C BBINOJIHCHNEM YKa3aHHBIX OTPAaHUYCHHH 110 YUeTy BeHuuH RsAsy U Qswz, TIPH 3TOM BEIHYUHBI Q 1
Q. ompenenstores cornacHo n.3.31 ¢ ydueToM 3HaUEHHH ¢, IPUHATHIX corjacHo 1.3.32, a ycunue T
NPUHUMAETCS MAKCUMAJIbHBIM Ha PACCMaTPUBAEMOM y4acTKe.

[Ipu wucronp30BaHMM 3HAYCHHS ¢, COOTBeTCTBYIommero (gopmyne (3.169), 3nauenue 7, MOKHO
BBIYHCIIUTS 110 (popmyrnam:

HpH RSASZ Z 2qSW2h TO = 1’8qsw2bh 252 !

T, = 1.8bh, | Rerselse
npu RsAs2 < Zstzh < 3R5A52 2b+h

1pH 2Gsw2 > 3RA 1o = L8R ALDY15, .
IIpumepsI pacyera

Ipumep 38. /lano: purenb NepekpbITUS TOPLEBOW pamMbl MHOTO3TAXKHOTO IMPOMBIIIJIEHHOTO
3/1aHusl, Harpy>KeHHBII paBHOMEPHO paciipeneieHHoN Harpyskoi ( = 154,4 kH/M u paBHOMEpHO
pacrmpeeNieHHbIMU KpyTSamuMu MomeHTamu t = 34,28 kH.m/M; momepeuHoe cedeHue purens y
OTOpHI - cM.uepT.3.43,a; 3mopa KPyTALMX MOMEHTOB OT BEpTHKAJIbHBIX Harpy30K - cM. uept.3.43,0
SMIOPBI U3rHOAIOIUX MOMEHTOB U TONEPEUHBbIX CUJI OT HEBBITOAHEHIEH JUIsl OMOPHOIO CEeueHUs
KOMOMHAIIMM BEPTUKAJIBHBIX HArpy30K W BETPOBOM Harpy3sku - cM. 4epT.3.43,6 U 2; smopa
M3ruOaroNMX MOMEHTOB OT HEBBITOJHEHIIeH Ui MpOJETHOr0 CeueHHs KOMOWHAIMU
BEPTUKAIBHBIX HArpy3ok - cMm. ueptT.3.43,1 6eton kiacca B25 (R, = 14,5 MIla, Ry = 1,05 Mlla),
IpojosIbHAs U nornepeyHast apmarypa kinacca A400 (Rs = 355 MIla, Ry = 285 Mma).
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Yepr.3.43. K npumepy pacuera 38

Tpebyemcs npOBEPUTH MMPOYHOCTD JIEMEHTA HA JIEHCTBUE KPYTALUIMX U U3THOAIOUIMX MOMEHTOB,
a TaK)Ke Ha COBMECTHOE JIeHiCTBHE KPYTSIINX MOMEHTOB U MOMIEPEYHBIX CHIL.

Pacuer. PaccmarpuBaem ceueHue kak IpsIMOYToJIbHOE, HE YYUThIBas "B 3amac' MOJKY pUTes.
Pa3mepsl aToro ceyenus npuanMaeM paBabiMu b = 300 MM, h = 800 mm.

Pacuets mpousBoaum cornacuo nm.3.77-3.80.



[TpoBepsiem ycnosue (3.152) Ha neiicTBre MaKCUMAIILHOTO KpyTsmiero MomeHTa 7 = 84 kHwm.

0,1Rpb’h = 0,1-14,5-300*800 = 104,4-10°H-mm = 104,4 kH-m > T = 84 xHw,

T.€. YCIIOBUE BBITIOJIHSICTCS.

[TpoBepruM MPOYHOCTH MPOCTPAHCTBEHHOTO CEUEHUSI CO CKATOW CTOPOHOW IO HIDKHEH TpaHH,
PacIoIOKEHHONW y OIMOPHOTO CEYCHHS, Ha COBMECTHOE JCHUCTBHE KPYTAIIMX W HM3THOAIONINX
MOMEHTOB u3 ycioBus (3.153).

Omnpenensiem cornacHo 1.3.19 npenenpHbINA N3ruOAIOMINNH MOMEHT.

N3 uept.3.43,a HaxonuMm: Ag; = 2413 MM2(3@32), A’y = 1388 mMm? (2020+2222), a' = 68 mm; h,
=800 - 60 = 740 mm. U3 dpopmyasl (3.16) nmeem

= ReAs“RA,  355(2413-1388) _gqp o h = 0,531-720 = 3823w
R, 14,5300

Torna

Mo = Rpbx(ho - 0,5x) + RsAd's(ho - &") =
=14,5-300-83,6- (740-0,5-83,6) + 355-1388- (740-68) = 585-10° H-m.
Onpenenum npeneabHblid KpyTauuii MOMeHT 7.
["opu3oHTaIBHBIE MTOTIEPEYHBIC CTEPIKHU coriiacHo uept.3.43,a J14 u marom Sy,= 100 mm. Torna
R,Aw 285-154

Qo =4 100 M

w

5, = h _ 300
2h+b 2-800+ 300
IMockombky Rsdsy = 355-2413 = 856620 H > 2Qsu1b = 2-439-300 = 263400 H, 3nauenue T,
omnpenenseM 1o dpopmysie (3.160)

T, 1,8qulbh1/ =1,8-439-300-800,/2-0,158 =106,6 kH - m.

=0,158.

a MOMEHTBI u T orpeensieM npu
—|12-0aMme |o _ 1,2—0,4% b |2 [12 044—90j300 2 0923w,
M, M, )\ & 585, "\ 0158
2 2
M =M, —Q,c/2+3" — 490— 4602923 194:4-0923" _ 59,5 Him
T.C. 8 2 8
0,923

T=T, —t——84 34,3—— =68,2xHm
2 2

I[Tposepsiem ycnosue (3.153):

2 2
T,.|1- M =106,6 1—[%J =921xkHm >T =68,2 kHwm
M, 585

T.e. MPOYHOCTH HA COBMECTHOE JEHCTBHE HW3rHOAIONIMX W KPYTAIIUX MOMEHTOB Y OIOPBI
o0ecrnieyeHa.

ITpoBepsieM MPOYHOCTH MPOCTPAHCTBEHHOTO CEYEHHsI CO CKATON CTOPOHOM 1O OOKOBOM IpaHH,
Ha COBMECTHOE JIEHCTBHE KPYTAIIUX MOMEHTOB M IONEPEYHBIX CHJI, pacrojaras 3TO CCUEHHE Y
omopsl. IIpenBaputensHo npoBepuM yciaoBue (3.162), mpuHUMAasi, COTJIACHO BBIYHUCIIEHHOMY BBIIIIE,
To1 = 104,4 xH. M u Beruucius u3 ycinosus (3.43) Qoi = 0,3Rybh, = 0,3-14,5-300-740 = 965700 H =
965,7 xH.

3nauenus T u Q onpesensieM B ceYeHUH Ha paccTossHud, a = 2b + h =2-300 + 800 = 1400 mm =
1,4 M oT omnopsl, T. €



T: Ton = ta. = 84 - 34,3'1,4 = 36 KHM,
Q = Qon-qa =460-154,4-1,4 = 243,8 kHwm.

Torna

T /1= | =108.4{1- 2238 _ 78 cHm > T = 36,0 Him
oL 965,7

T. € ycinoBue (3.162) BBINOIHEHO.

N3 yepr.3.43,a naxoaum As; = 804 + 314 + 380 = 1498 MM (D32 + 220 + B22).

[lar u quameTp BEPTHKAIBHBIX XOMYTOB TOT )K€, YTO JJIsi TOPU30HTAIBHBIX CTEPIKHEH, T03TOMY
Qsw2 = Qow1 = 439 H/mm.

[Tockonbky RsAs; = 355-1498 = 531790 H < 2Qsw2h = 2-439-800 = 702400 H, 3nauenue. T,

paBHO

T, =1,8bh,/M _18-300-800,| 252790439 _ 126 4.10° H.wv = 176,4 kH - M
2b+h 2-300+800

Omnpenensiem cornacho 11.3.31 3navenue Q u 3HaueHne Qo Kak MpaByro 4acTh yciaoBus (3.44).
M, =15R, bh? =1,5-1,05-300-740° =106,6 KH - m.
[Tpu nByXBETBEBBIX XOMYTaX (sw = 20sw2 = 2439 = 878 H/mm.

OnpenenuM HEBBITOAHEHINIEE 3HaueHHWe ¢ cormacHo 1.3.32, mpunuMmas (; = 100 xH/m.
HOCKOJ‘IBKy Qs = 8r8 =2,787 > 2, 3HAYCHHUE c paBHO
R, 1,05-300

6
. M, _ [ 2587.10° _ .,
0,750, +q, \0,75-878+100 |

[MpuauMas ¢, = ¢ = 584 mm < 2h,, uMeem

_ 258,7-10°

M
Qo == +0.750,,¢, = +0,75-878-584 = 827550 H;

Q=Q,, —q,c/2=460-100-0,584/2 = 430,8 xH;
T=T,, —tc/2=84-34,3-0584/2=74,0xHm
ITposepsiem ycnosue (3.163)

T, —g =176,4 l—@ =90,8kHMm > T =74 kHm
Q, 8275

T.e. TMPOYHOCTH TPH COBMECTHOM JIEWCTBUHM W3THOAIOIIMX MOMEHTOB M TIOTIEPEYHBIX CHJI
obOecrneucHa.

Kak BugHo w3 uepr.3.43,06 u 6, B HOPMAJIBHOM CEUYEHHUH C HAWOOJBIIUM TPOJETHBIM
U3TUOAOIUM MOMEHTOM HMEET MECTO KpYTSIIMA MOMEHT, MOITOMY CIIeyeT MPOBEPUTH
MIPOCTPAHCTBEHHOE CEUYEHHUE, CepelMHa MPOEKIIMH KOTOPOTO PacIojiaraeTcsi B 3TOM HOPMAaIbHOM

T _84 2,71-2,45

ceueHnH, Ha nelictBue MoMeHToB M = 321 xHM n 2,
[Ipu 3TOM pacTsiHyTasi CTOPOHA MIPOCTPAHCTBEHHOT'O CEYEHHSI pacojlaraeTcs Mo HUKHEH rpaHH.
OmnpenenuM npeaenbHbli U3rndaonmMii MOMEHT M,. [l 3Toil yacTu purenst cpeHui BepXHUNA
cTepxkeHb @32 060pBaH, U I0ITOMY COIIACHO 4ept.3.43,a umeeM A's; = 1609 Mm*(22332); a' = 60
MM; Ag = 1388 mm? (2820+22522); a = 68 mm; h, = 800 - 68 =732 mm.

=8,9xHmMm



BeIcoTa c:xatoii 30HBI paBHa

R,A, —R A, 355(1388-1609) <0

R,b 14,5-300

ClIeIOBATENIbHO, 3HaYeHue M, onpeneisiem o ¢popmyie (3.19):
M, = RsAsi(ho - a')= 355-1388- (732-60) = 331,1-10° Hmm = 331,1 kHwm

I'opu3oHTanbHBIE TIONIEPEYHBIE CTEPKHU 14 B 3TOM yacTu purens UMeroT mar Sy = 200 mm;

OTCIO/Ia

R .
g, = e 285198 5000 b
s 200

w

[Tockonbky RsAs1 = 355-1388 = 492740 H > 2qswab =2-219,5-300 = 131700 H,
3naueHue T, onpenensiem 1o gpopmyie (3.160):

T, =18q,,,bh/26, =1,8-219,5-300-800,/2- 0,158 =53,3xkHm
[Tposepsiem ycnoue (3.153)

2 2
Ty 11— ﬂ =53,3./1—- ﬁ =13,06 kHMm >T =8,9xHm
M 33

0 )

T.C. IPOYHOCTD 3TOIr0 CCYCHUA obOecricycHa.

PACYET KEJIE30BETOHHBIX DJIEMEHTOB HA MECTHOE JIEMCTBHUE
HAI'PY30K

PACYET HA MECTHOE C/)KATHE

3.81. Pacuer a;1ieMEeHTOB Ha MECTHOE C)KaTue (CMSTHE) NMPU OTCYTCTBUM KOCBEHHOM apMaTyphl

MMPOU3BOJAT U3 YCIIOBUA

N < l//Rb.IocAb.Ioc (3-170)

rzae N - MecTHas cxumarolas Cujia OT BHELIHEH Harpy3Ku;

Ap Joc - TUIOIIA/Ib PUITIOKEHUS CKUMAFOIIEH CHIIBI (TUIOIIAAb CMSITHS);

¥ - KOOQGUIMEHT, TPUHUMAEMbIil paBHBIM:

MIPU PABHOMEPHO pacHpeeNIeHHONH MECTHON Harpy3Ke 1o ruomann cmstus - 1,0;

IIPY HEPAaBHOMEPHO paclpeeseHHON MeCTHOH Harpys3ke Mo IUIOMaaud cMsTus (MOoA KOHIaMHU

0aJIOK, IPOTOHOB, TIepeMbIueK U T. 1) - 0,75;

Rb_|oc - Ppacd€THOC COIIPOTHUBJIICHUC OeTOHA CXKATHUIO npu MCECTHOM JIENCTBUHI Harpysku,

ompenensiemoe 1mo hopmyie

Ro.loc = ¢bRb (3.171)
rae
gpb 20,8 Ab,max
Ao 1oc (3.172)

HO He Oounee 2,5 u He MeHee 1,0;

Ap max - MAKCHMallbHasl pacyeTHas IJIOAdb, YCTAHABIMBAaEMas O

CJICTYFOIIIAM TIPABHJIAM:

- LIGHTPBI TSHKECTH TUToIIanei Ap joc U Ap max COBIIAIAIOT;

- TpaHMIBl PACUCTHOW TIUIOMAAN Apmax OTCTOSIT OT KKIOW CTOPOHBI ILIOmAIH Apjoc Ha

PacCTOSHUU, PABHOM COOTBETCTBYIOIIIEMY pa3Mepy 3THX CTOPOH (uepT.3.44);



- NpU HAIWYUM HECKOJBKMX HArpy30K pacyeTHbIe IUIOIIAAW OTPAaHUYMBAIOTCS JUHHUIMH,
NOPOXO/SIIIMMH Yepe3 CEpPeIuHy pPACCTOSHUHA MEXIy TOYKAMHU TIPHJIOKEHHUS [BYX COCEIHUX
Harpys3ok (ueprt.3.44,x).

IHpumeuanue. [Ipu MecTHOI Harpy3ke OT 0aJioOK, MPOTOHOB U APYTHUX AJIEMEHTOB, paOOTAIOUIMX HAa W3THUO,
YYUTHIBACMasl B pacyeTe rIIyOHHA OMOPHI P ONpeaeacHun Ay o U Ap max IPUHAMAETCS He 6omee 20 cM.
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Yepr.3.44. Cxema /151 pacyeTa 3JIieMEHTOB HA MeCTHOe C;KaTHe IIPU PACIIOJI0KeHUH MECTHOM HArpy3KU
a - 60anu om Kpaes snemenma,; 0 - no 6cell WUpUHe dNeMeHma, 6 - y Kpas (mopya) 21eMeHma no 6cell e20 wupute; 2
- Y yena snemenma, 0 - y 00H020 Kpasi 3AeMeHma; e - 80au3U 00HO020 Kpast JNeMEHma, JiC - NPU HATUYUU HECKOIbKUX
Hazpy30K
1 - anemenm, na Komopwill Oelicmeyem MecmHuas Hazpyska, 2 - niowaob cmamus Ay joc; 3 - MAKCUMATbHA
pacuemuas naowaov Ay max; 4 - yenmp msosicecmu naowjaoei Ay joc U Apmax; D - MUHUMATLHAS 30HA APMUPOBAHUS
cemkamu, npu KOMOpPOU KOCEEHHOE apMUPOBAHUE YUUMbIEACMCSL 8 pacieme

3.82. Pacuer 31eMEHTOB Ha MECTHOE C)KaThe IIpu HaJINYUH KOCBEHHOH apMaTypbel B BUIAC
CBApHBIX CETOK MMPOU3BOAAT U3 YCIIOBUA

N < l//Rbs.IocAb.Ioc, (3-173)

r€ Rysloc - MPUBEIEHHOE C YYETOM KOCBEHHOW apMaTyphbl B 30HE MECTHOTO CXKaTHs PacCUETHOE
COIPOTHBIIEHUE OETOHA CXKATHIO, OIpeeNsieMoe 1o (hopMyIie

Rbs.loc = Rb.loc + 2§l’s,xy Rs,xy,lls,xy- (3.174)
31ech:

Ab.loc,ef
Porec (3.175)

Ap locef - TIIONIA]TB, 3aKIIOUEHHAsE BHYTPH KOHTYpa CETOK KOCBEHHOTO apMHPOBAHUS, CUUTAs TIO
UX KpaifHUM CTEpKHSM U puHUMaemas B popmyse (3.175) He 6omee Ap max,

Rsxy - pacueTHOE CONMPOTUBIICHHE PACTSHKEHUIO KOCBEHHOM apMaTyphl;

Usxy = KOOQOUIHEHT apMUPOBaHUS, ONPEENAeMbIN 10 popMyIe

AL AL

e A‘o.loc,ef S (3176)

ny , Asx, lx - 4ucino crep:kHel, IUIOMAAb CCUCHHS M JUIHHA CTEPKHS, CUMTAs B OCAX KpalHHX
CTEP’KHEH, B HAIIPABIICHUH X;

¢s,xy =




ny, Agy, |, - TO 3xe, B HarpaBieHHN .

S - IIar CETOK KOCBEHHOT'O apMHUPOBAHUSI.

3nauenus Ry o, 4ploc, ¥ 1 N mpuHUMaroT coryiacHo n.3.81.

3HaueHusT MECTHOW CXKHMAIOIIEW CHJIbl, BOCIPUHUMAEMOW JJIIEMEHTOM C KOCBEHHBIM
apMupoBaHueM (mpaBas 4YacTh ycioBus 3.173), mpuUHHMAIOT HE OoJiee YABOCHHOTO 3HAYCHUS
MECTHOW C)KUMAIOUIEH CHIIbI, BOCIPUHUMAEMOIO 3JEMEHTOM 0e3 KOCBEHHOTO0 apMHPOBAHUS
(mpaBas yacth ycnoBus 3.170).

CeTkH KOCBEHHOTO apMUPOBAHUs PACIIONAraloTcs B Mpejesiax pacueTHOU miuomaan Apmax. 1lpu
3TOM Uit cXeM 4ept.3.44, 6 U & CEeTKM KOCBEHHOI'0 apMHPOBAHMS PACIOJAraroTCs MO IUIOMIAJU C
pa3MepaMu B Ka)KJIOM HaIlpaBJICHUU HE MEHEE CyMMBbI JABYX B3aUMHO MEPIEHAUKYIISPHBIX CTOPOH.

Ecimu rtpy3oBas miomaap pacronaraeTcst y Kpas aneMmeHTta (cMm. uept.3.44,6-0, o), npH
onpeAeneHun 3HAYCHUU Apjoc U Aplocef HE YUUTHIBACTCS IUIOMIAJb, 3aHATAs 3alIUTHBIM CJIOEM
OeToHa 1S KpallHUX CTEPIKHEH CETOK.

[To rmyOGuHe ceTku pacroiararTcs:

- TpU TOJIIMHE 3JIEMEHTa OoJjiee yIBOCHHOTO OOJIBIIET0 pa3Mepa Tpy30BOH IJIOMIATU - B
npejenax yaBOSHHOI0 pa3Mepa Irpy30Boi MIJIOLIAIH;

- IpU TOJNILMHE 3JIEMEHTAa MEHEE YABOECHHOIO OOJBLIEr0 pa3Mepa Ipy30BOM IIIOLAAM - B
npejenax TOMIIMHBI JIEMEHTA.

- CETKM KOCBEHHOTO apMHUPOBAaHUS JOJDKHBI OTBEYaTh KOHCTPYKTHBHBIM TPEOOBAHUSM,
MpUBEACHHBIM B 1.5.27.

IIpumepsl pacyera

Ipumep 39. Jano: cranpHas CToiiKa, onupaeMas Ha QyHIAMEHT U [EHTPAJIbHO HarpyXeHHast
cunoit N = 1000 kH (uept.3.45); dynaament u3 6erona kimacca B10 (R, = 6,0 MITa).

N =1000 kH
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Yepr.3.45.K npumepy pacuera 39

Tpebyemcs poBEpUTH TPOYHOCTH OETOHA MO/ CTONKON HAa MECTHOE CIKaTHE.

PacueT npousBoaum B coorBercTBUU € 1.3.81 1 1.3.82.

Pacuetnyto mmomans Apmax onpenenuM B cooTBeTcTBUU ¢ uepT.3.44.e. CormacHo uept.3.45,
nMeeM ¢ = 200MMm < a1 = 300 mm; by =200-2 + 200 = 600 mm; b, = 200-2 + 300 = 700 mM; Ap max =
biby = 600-700 = 420000 Mm?*:

[lnomams cmstust paBHa Ap joc = 300-200 = 60000 MM,

Koadduuuent ¢, paBeHn
® —08 Pomx _ g 1420000 _ 212,
A 1o 60000

Torna Ry.joc = ¢oRp = 2,12:6,0 = 12,72 MITa.
IIpoepsem ycnoBue (3.170), mpunumas y = 1,0 kak Npu pPaBHOMEPHOM pacIpeeseHUH
MECTHOM Harpy3KHu:

WRbs locAb.loc = 1-12,72-60000 = 763200 H = 763,2 xH <N = 1000 xH,




T.€. MPOYHOCTHh OETOHA Ha MECTHOE C)KaThe He 00ecreveHa, U Mo3ToMy He0OX0AUMO TPUMEHUTH
KOCBEHHOE apMupoBaHue. [IpruHrMaeM KOCBEHHOE apMUpPOBaHUE B BUJE CETOK U3 apMaTyphl Ki1acca
B500 nuamerpom 4 mm ¢ suetikamu 100x100 MM 1 marom no Beicote S = 100 mm

[Tposepsiem npounocTs cormacHo 1.3.82. OnpenensieM K03PGUIMEHT KOCBEHHOTO apMUPOBAHUS
no ¢opmyiie (3.176). U3 ueprt.3.45 umeem: Ny =8, I, = 600 mm; n, = 7; |, = 700 Mmm; Asx = Asy = 12,6
MM (D4); Abjocer = 600-700 = 420000 mm”; Torma

AL +n AL 8.126-600+7-12,6-700
A ocet S 420000-100

¢ = Aotocer /420000::255_
Ay e 60000

[TpuBeneHHOE pacueTHOE COMPOTUBIICHNE 0eTOHA Rys joc OIIpeaesiem mo popmyie (3.174)
Rbstoc = Rboc + 205 xy Rsxy ttsxy = 12,72 +2:2,65-415:0,00291 = 19,12 MITa.
[posepsiem ycnoue (3.173)
WRbs 1ocAb.loc = 1,0-19,12-60000 = 1147200 H = 1147,2 kH > N = 1000 xH,

=0,00291.

ILLS,Xy

KoadduuueHnt ¢sy paBen

T.€. IPOYHOCTH OeTOHa obecIeueHa.
Cetku ycranaBnuBaeM Ha rinyouny 2-300 = 600mm.

PACYET DJIEMEHTOB HA ITPOJIABJIMBAHUE
O0nIue moJI0:KeHus

3.83. Pacuer Ha mponaBIMBaHHE ODJIEMEHTOB MPOU3BOAAT JUIS IUIOCKHX JKEIe300€TOHHBIX
9JIEMEHTOB (IUIUT) MpH JeHCTBUM Ha HUX (HOPMaJbHO K IIJIOCKOCTH 3JEMEHTa) MECTHBIX
KOHIICHTPUPOBAHHO MPUIIOKEHHBIX YCHIIUH - COCPEIOTOUEHHON CHITBI M M3TUOAOIIETO MOMEHTA.

IIpu pacdere Ha MPOAABIMBAHME PACCMATPUBAIOT PACUYETHOE IONEPEYHOE CeueHHe,
pacnooKeHHOe BOKPYT 30HBI MIEpelaul YCHIIUI Ha JIEMEHT Ha paccTosiHuu h,/2 HOpMallbHO K €ro
IPOAOJIBHOM OCH, TIO TIOBEPXHOCTH KOTOPOrOo JCWCTBYIOT KacaTelbHble YCHJIUSA  OT
COCPEIOTOYSHHOHN CHJIBI M M3THOAOIIETO MOMEHTA.

JlelicTByIoIIMEe KacaTeNbHble YCHJIUS MO IJIOMIAN Pacye€THOIO MOMEPEYHOro CEUYEHUS JOJIKHBI
OBITH BOCIIPUHSITHI OETOHOM C COTMPOTUBIIEHHEM OETOHA PACTSKEHHUIO Ry M pacmonokeHHOU Mo 00e
CTOPOHBI OT PACUYETHOrO MOMEPEYHOTO CEUYCHUsI Ha pacCTOsHUU ho/2 momepedHOi apmaTypoit ¢
COIIPOTHBIIEHUEM TTOTIEPEYHON apMaTyphl PacTsHKEHHIO Rgy.

PacueTHbIif KOHTYp IONEPEYHOr0 CEYEHHMsS NPUHUMAIOT: MPU PACHOIOKEHUU IJIOLIAJIKU
nepeaauyn HarpyskKku BHYTPHU IIJIOCKOTO OJJICMEHTA - 3aMKHYTBIM MW PACIOJOXCHHBIM BOKPYT
TUTOIIAJIKH Tiepeiaun Harpy3ku (uept.3.46,a), Ipu pacrooKEeHUHU TUIOMIAJIKHU Tepeiaul Harpy3KHu y
CBOOOJTHOTO Kpasi WM yrIjia IDIOCKOTO JJEMEHTa B BHIE JBYX BapHaHTOB: 3aMKHYTBIM U
PacIoyIOKEHHBIM BOKPYT IUIOIIAKU MEpeJadyd Harpy3Kd, U HE3aMKHYTBIM, CIEAYIOUIMM OT Kpas
IJIOCKOro 3ieMmeHnta (4epr.3.46,0,8), B 3TOM Cly4ae YYMTHIBAIOT HAaWMEHBUIYIO HECYIIYIO
CIOCOOHOCTH U3 IBYX BApHAHTOB PACIOJI0KEHUS paCU€THOIO KOHTYpa IMONEPEYHOr0 CEUEHUSI.
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Yepr. 3.46. CxeMbI pacueTHHIX KOHTYPOB IONEPEYHOT0 CEYeHHU S NP MPOIABIHBAHUM:
a - NIoWAOKa NPUONCEHUsL HASPY3KU BHYMPU NIOCKO20 dlleMenma; 0, 6 - ma dice, Y Kpasi NI0CK020 deMenmad;

1 - nrowade npunodcenus HazpysKu, 2 -pacuemusiti KOHMyp HONEPeyHO20 ceyenus; 2'- emopou eapuanm
PACNON0JICEHUsL PACUEMHO20 KOHMYPA, 3 - yeHmp msdicecmu pacuemnozo kowmypa (mecmo nepeceuenus oceti Xy u Yy);
4 - yenmp msdcecmu naowaoku npunodicenus nazpysku (mecmo nepeceuenus oceti X u Y); 5 - epanuya (kpaii) niockoeo

anemenma.

[Ipu nefictBun mMomeHta Mioc B MecTe NPUIIOKEHHUS COCPENOTOYCHHOW HArpy3Ky IOJIOBUHY
3TOr0 MOMEHTA YYUTBIBAIOT IIPU pacyeTe Ha MPOJABIMBAHUE, a IPYTYIO MOJOBUHY YYUTHIBAIOT IIPH
pacdyere IO HOPMAJIBHBIM CEUEHUsAM IIMPHUHOM, BKIKOYAIOLIEH INUPUHY IUIOLIAJAKU Ieperadu
Harpy3ku M BBICOTY CEUYEHMs IUIOCKOI'O 3J€MEHTa M0 00€ CTOPOHBI OT IJIOUIAJKU Iepeladyu
Harpy3KHu.

IIpyn neicTBUM COCPENOTOYEHHBIX MOMEHTOB M CHJIBI B YCIOBHUSAX INPOYHOCTU COOTHOLICHHE
MEXIy ACUCTBYIOLUIMMHU COCPEAOTOYEHHBIMA MOMEHTAaMHU M, YYUTBHIBAIOIMMHU IIPU IIPOJIABIINBALOT,
U npenenbHeIMH - Myk TOpuHUMalOT He 0oJee  COOTHOLIEHHS MEXIy JeHCTBYIOIIHUM
COoCpeIoTOYeHHBIM yeunueM F u ipenenbabiM F .

Pacuyer Ha npoaaBIMBaHMe 3JIEMEHTOB 0€3 MONEPEeYHOil apMaTyphl

3.84. Pacuer nneMeHTOB 0Oe€3 IIONEpPEYHONl apMmMaTyphl Ha NpPOAABIMBAHHUE IIPU JIEHCTBUU
COCPEJOTOYCHHOH CUJIBI TPOU3BOJAT U3 YCIOBHUS

F S Rbtuuho, (3177)

rne F - cocpenoToueHHas cuiia OT BHEIIHEN Harpys3Ku;

U - TIEPUMETP KOHTYypa PacdyeTHOIO MONEPEYHOTO CEYEHUs, PACIOJIOKEHHOTO HAa pPAaCCTOSHUU
0,5h, OT rpaHuIIbI IIOMAKY OMUPAHHsS COCPEAOTOUCHHOM cuitbl F (uept.3.47);

ho - paboyas BbICOTa AJIEMEHTA, paBHasl CpeHeapU(PMETHICCKOMY 3HAYCHUIO PabOYUM BBICOTAM
JUI TPOJIOJIBHOM apMaTyphbl B HAIIPABIECHUSAX OCEH X U ).

[pu pazmepax mpsSMOYTOJIbHON TUIOMIAKK onupanust axb u = 2(a+b+2h,).

[Tpu pacnonoXKeHU! TUIOIAAKN ONUPaHHs BOIM3H CBOOOIHOTO Kpasi IIIUTHI IOMUMO YKAa3aHHOTO
pacuera (eciu mpH 3TOM KOHTYp MONEPEYHOTO CEYEHHUS HE BBIXOJAUT 3a CBOOOJHBIM Kpaill IUIUTHI)
HEOO0XO/JUMO TPOBEPUTH IPOYHOCTh HE3AMKHYTOI'O PACUETHOTO IIOMEPEYHOTro CeueHus (CM.
4yept.3.46,8) Ha JEHCTBHE BHEUEHTPEHHO IMPHUIIOKEHHON COCPEAOTOYCHHOW CHIIBI OTHOCHUTEIHHO
LIEHTpA TSHKECTU KOHTYpa PACUETHOIO CEYECHUS U3 YCIIOBUS

Rbtho
1, &y
u | (3.178)
U - JJIMHA KOHTYpa HC3aMKHYTOI'O paC4€THOI'O CCUCHU A, paBHAA
u=2L+L,, (3.179)

F<



| - MOMEHT HHEpLIMH KOHTYpa pacueTHOIO CEUEHUS, PaBHBII

3 2
| :i.Z(L)ﬁ—Ly) +LL
3 u? : (3.180)
Y - paCCTOSIHUE OT LECHTPA TAXKCCTH KOHTYpa paCdHE€THOI'O CCUCHHUA OO0 IIPOBEPIACMOI0 BOJIOKHA,
paBHOE

yo L (L, +L,)
u - JUI BOJIOKHA Y CBOOOIHOTO Kpasi TUTUTHI;
2
y — i

U - s BOJIOKHA y IPOTUBOIIOJIOKHOTO KPast IIJIUTHI;
€, - DOKCLIEHTPUCUTET COCPEINOTOYEHHOW CHJIBI OTHOCUTEJIBHO LIEHTpa TSKECTH KOHTypa
pac4eTHOIO CEYEHHUsI, paBHbBIN
Lx (Lx + Ly ) .
€ =—"— X,
u (3.181)
Xo - pacCTOSTHUE TOUKHU MPUIOKEHHUS COCPETOTOYEHHON CHIIBI OT CBOOOIHOTO Kpast IJIUTHL;
Ly u Ly - pa3Mepbl KOHTypa pacyeTHOIrO MONEPEYHOro cedeHus, Ly - pasmep, mapaienbHbII
CBOOOJHOMY Kpato IJIUTHI.

L8

g
Yepr. 3.47. CxeMa 115 pacueTa kej1e300eTOHHBIX 3JIeMeHTOB 0e3 nonepe4yHoil apMaTypsbl Ha IPOAABJIMBaHUeE
[ - pacuemnoe nonepeunvl, ceuenue; 2 - KOHMYp PACUEMHO20 NONEPEUHO2O CedeHUs,; 3 - KOHMYpP NIOWAOKU
NPUNOJICEHUS HASPY3KU,

CocpenoroueHHas cuina F mpuHMMaeTcs 3a  BBIYETOM HArpys3ok, MPUIOKEHHBIX K
IIPOTUBOIOJIOKHON I'PaHy IUIUTHI B MpEZeiax IUIOMAgu ¢ pa3MepaMu, IPEBBIIIAIOIUMA pa3Mephl
TUTOMIA/IKK ONMpaHus Ha Ny BO BceX HANpaBICHUSX.

3.85. Pacuer syeMeHTOB 0€3 MoOmMepeuHO apMmaTypbl Ha MIpPOJAABIMBAaHHME INPH COBMECTHOM
JEHCTBUM COCPEOTOUYEHHBIX CHJI M U3rM0A0IIero MOMEHTa IPOU3BOAT U3 YCIOBUS

F M

4+ 2 <R,

u W, : (3.182)

rne otHoienue M/W, npunuMaetcs He 6onee F/u;

W)y, - MOMEHT COTpOTHBIICHHSI KOHTYpa PAaCUE€THOTO TIOTIEPEYHOTO CEUCHHS;

F u h,-cm.n.3.84.

CocpenotoueHHblii MoMeHT M, yuuThiBaeMbli B ycioBuu (3.182), paBeH MOJIOBHHE
COCPEJOTOYCHHOT'O MOMEHTA OT BHEIIHEH Harpy3ku Mqc.

B xene300eTOHHOM Kapkace 3/JaHus C IUIOCKUMH NEPEeKpbITUSIMH MOMEHT M. paBeH
CyMMapHOMY HM3TH0aroIeMy MOMEHTY B CEUEHHSIX BEPXHEH M HIKHEH KOJIOHH, MPUMBIKAIOIINX K
MIEPEKPBITHIO B paCCMaTPUBAaEMOM Y3Iie, a CHila F HampaBiieHa CHU3y BBEpX.

IIpy pacnojoXeHWu IUIOAJKU ONUpaHus BOJIM3M CBOOOJHOTO Kpas IUIMTBHL, KOI/a
COCpEeIOTOUYEHHAs] CHJIa MPHJIOKEHAa BHELEHTPEHHO OTHOCUTENbHO KOHTYpa HE3aMKHYTOTO
pacueTHOro MOMEPEyHOro ceueHus, K MoMeHTy M B ycnoBu (3.182) cnenyer mo6aBisTh (CO CBOMM



3HAKOM) MOMEHT OT BHELIECHTPEHHOI'O IPUJIOKEHUS COCPEOTOUEHHON cuibl, paBHbI F-€,, rae e, -
cM. popmyy (3.181).

IIpyn npsAMOYronbHOM IUIOIIAAKE ONMPAHHUS M 3aMKHYTOM KOHTYPE Pacd4eTHOrO IIOIEPEYHOIO
ceuenus 3Hauenue Wy, onpenenstor mo hopmye

W, =(a+h, a+_3hO+b+ho ;

(3.183)

rae a v b - pa3Mepsl IIOIMAAKU OIIMPAaHKs COOTBETCTBCHHO B HAIPABJICHHUH JICHCTBHS MOMEHTA U
B HalpaBJICHUH, HOPMAJILHOM JICHCTBUIO MOMEHTA.

[Tpu HE3aMKHYTOM KOHTYpPE PacdeTHOTO IMONepeyHoro ceueHus (cM. uept.3.46,8) 3Hauenue W,
npunumaercs paBueiM Wy = 1/, rae | u y - cm. n.3.84.

[lpu pelictBun n00aBOYHOrO MOMEHTa M, B HaNpaBICHWH, HOPMAJIFHOM HAlPaBICHUIO

M

y
neicTBus MOMeHTa M, neBast yacth ycioBus (3.182) yBenuuuBaercs Ha Wh,y rae Wpy - MOMEHT
COIPOTHUBIICHHS] KOHTYpa PAacueTHOTO CEYEHHsI B HANpPaBICHHH MOMEHTa M, ; MpH 3TOM CyMMa

by Take MpHHUMAaeTCs He 6osee F/u.
Pacyer Ha npoAaB/IMBaHUe 3JIEMEHTOB C MONEPEYHOH apMaTypoH

3.86. Pacuer »nmeMeHTOB ¢ IONEPEYHOH apMaTypoil Ha MNPOAABIMBAHUE TIIPH JCHCTBUU
COCPENOTOYEHHON CUIIbl (4epT.3.48) MpOU3BOJIAT U3 YCIOBUS

F <Fput + Fswut (3.184)

rae Fp i - mpaBast gacts ycnosust (3.177);
Fsw,ut - IpeziesibHOE ycHiIMe, BOCHPUHUMAEMOE NONEPEYHONH apMaTypoil NIpH NPOAABIUBAHUH U
paBHOE

Fsw.uit = 0,80swU, (3.185)

HO IpuHUMaemMoe He oosee Fy it
rae (sw - YCWIHE B TMONEPEeYHOM apMmMaType Ha eIUHUILy AJUHBI KOHTYpa pPacyeTHOTO
MOTICPEYHOTO CEUCHUSI, PABHOE TIPU PABHOMEPHOM PacIIpeIeIICHUH MOMIEPEUYHON apMaTyphl

q,, = RSWASW
s, (3.186)

Agy - TUIOIIAZh CEYCHHUs TOMEPEYHOH apMaTyphl C IIaroM Sy, PAcIOJIOKEHHasi B Ipenenax
paccrosinus 0,5h, 1o 00 CTOPOHBI OT KOHTYpa PACUETHOTO MOMEPEYHOro ceueHus (M. uept.3.48)

Sw - IIar TIONEPEYHbIX CTeP)KHEH B HANIPaBJICHUN KOHTYpA ITOTIEPEYHOTO CEUCHUS

[Ipy paBHOMEpHOM pACHOJOXKEHUM TIONEPEYHOH apmarypbl BIOJIb KOHTypa pacueTHOro
MOTIEPEYHOTO CEYEHUS] 3HAUYCHUE U TPUHHUMAETCS KakK i OSTOHHOTO PacdeTHOTO IMOTEPEYHOTrO
CEueHus coracHo 1.3.84.

[Ipu pacronokeHUH TOMEePEYHOW apMaTyphl COCPENOTOYEHHO Y OCEH IUIOMAIKH OIHPaHHS
(kpecTooOpa3HOEe pacloyIoKEHUE MONepeyHor apmarypsbl, 4epT.3.49) mepumerp KOHTypa u s
MOTIEPEYHON apMaTypbl TPUHUMAIOT 10 (AKTUYECKHMM JUIMHAM YYacTKa PacIOIOKECHUS
nornepedHor apmatypbl Lgyx ¥ Lgyy, Ha pacueTHOM KoHType mponaBiuBanus [T.e. U = 2(Lgwx +
Lowy)]

[Tonepeunyto apMaTypy YUUTHIBAIOT B pacuere npu Fey it He MeHee 0,25F it

3a rpaHUIEH PacmoJOXKEeHHs TOTNEePEYHOM apMaTyphl pacdyeT Ha MPOJABIUBAHHUE TPOU3BOIST
cornacHo 11.3.48, paccMaTpuBasi KOHTYp PacdeTHOTO HONepeuHoro cedeHus Ha paccrosauu 0,5h,
OT IPaHUIBI PACHIOI0KEHHS ONEPEYHON apMaTypBbI.



[Ipu cocpenoTOUEHHOM PACHOIOKEHUN TOMEPEYHON apMaTyphl 10 OCSM TUIOLIAIKH OMMPaHUS,
KpOME TOTr0, pacdeTHbIM KOHTYp MOIMEPEYHOro Ce4yeHHs] OeTOHa MPUHHMAIOT MO JAWaroHajJbHBIM
JIMHUSM, CJICAYIOIIUM OT Kpasi PACIOIOKEHHSI MOTIEPEUHON apMaTypbl (cM.uept.3.49).

[Tonepeunast apmarypa AOHKHA yIOBIETBOPITh KOHCTPYKTUBHBIM TpeOOBaHUSM, IIPUBEICHHBIM
B 11.5.26.

3.87. Pacyer »5JIE€MEHTOB C IONEPEYHOM apMaTypod Ha MPOJABIMBAHUE IPU COBMECTHOM
JEHUCTBUM COCPEIOTOYEHHBIX CUJIBI M M3ruOarolmero MomeHra (cM. 4ept.3.48) mpous3BOIAT U3
yCIIOBUS

F N M <1 (3.187)
I:bt,ult + st,ult M b,ult + M sw,ult

M F .

rJiec OTHOIIEHHE — — TIpUHUMAaeTcs He 6bolmee —————;
M b,ult + M sw,ult I:bt,ult + st,ult
Fotut 1 Fswuit — cm. 11.3.86;
Mp.uit - TpenenbHBIM COCPEOTOUYECHHBI MOMEHT, BOCIHPHHUMAEMbIii OETOHOM B PacyeTHOM
MOMEPEYHOM CeYCHHMH U paBHBIA Mp it = Ryt W hg

Wy - em. m.3.85,
M - cMm. 1.3.85;

Msw,ult - TPEIENIbHBIN COCPENOTOUEHHBIII MOMEHT, BOCIIPUHUMAEMbIN NONEPEUHON apMaTypoil B
pacyeTHOM MONepeyHOM ce4eHUU U paBHBINA Mgy yit = 0,80swWsw; HO mpuHUMaembiii He Gosiee My yit ;

Qsw - cM 11.3.86;

Wsy - MOMEHT CONPOTUBIIEHUS KOHTYpa MOMEPEYHON apMaTyphl.
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Yepr. 3.48 Cxema /1 pacueTa ke1e300eTOHHBIX IJIMT ¢ BePTHKAJLHOI pAaBHOMEPHO pacnpeeaeHHOI
NonepevYHoil apMaTypoii Ha NpoaBJIMBaHNe
1 - pacuemnoe nonepeunoe ceuenue, 2 - KOHMyp pacuemHO20 NONEPEYHOL0 cedeHUs, 3 - 2paHuybl 30Hbl, 6 Npedenax
KOMOPUIX 8 pacyeme y4umuléaemcs nonepesnas apmamypa, 4 - KOnmyp pacuemuozo nonepeyHozo ceuenus bes yyema
6 pacueme HONEPEYHOU APMAMYPLL; 5 = KOHMYP NAOWAOKU RPUTOHCEHUS HASPY3KU.

3

Yepr.3.49. CxeMa pacyeTHOr0 KOHTYPa NMOMEPEYHOro ceyeHUs: MPH NMPOAABIUBAHIHU U NPH KPecToo0pa3HOM
PAacnoJIoKeHUH NoNepeYHol apMaTyphbl



1 - nrowaow npunoscenusn Hazpysxu, 2 - KOHMYP PAcHemHoO20 NONEPEYHO20 CeYeHUs Npu yieme nonepeyHo2o
apmupoganust Agy; 3 - KOHMYP pacuemHo20 Nonepeuno2o ceyenus 6e3 yuema nONepeuHo20 apmMupoBanus

[Ipn paBHOMEPHOM PpACIIOJIOKCHHH TMONEPEYHONH apMaTypbl BAOJIb KOHTYpa pPacdeTHOTO
norniepeyHoro ceuenus 3HaueHue Wsy, npuHumaercs paBHbIM Wy,

[Ipu pacmoiokeHUu MOMEePEeYHONH apMaTypbl COCPEIOTOYEHHO Y OCEH IUIOMIAIKU OMHPAHUS
(uept.3.49) momeHT comnportuBieHus Wsy ONPENENAIOT MO TEM K€ IpaBHIaM, YTO M MOMEHT
conporunenusi, Wp, npuHHMas (akTHUECKHE JIUHBI YYACTKOB PACIIOJIIOKCHUS MOTEPEYHON
apMaTypbl Ley,x 1 Lgw,y HA pacCu€THOM KOHTYpE IPOJABIUBAHMSL.

[Tpu paBHOMEPHOM PACIIONIOKCHHUH MOTMIEPEYHON apMaTyphbl BOKPYT IIOMIAAH OMHPAHUS BMECTO
ycnoBus (3.187) MOXKHO BOCIOIB30BaThesl ycimoBueM (3.182) ¢ yBenmnueHWeM NpaBOM YacTH Ha
BenmnuuHy 0,8(sy, IpuHUMaeMoii He 6osiee Rpih,

IIpu neiictBum 106aBOYHOr0 MOMEHTa M, B HallpaBJIEHUH, HOPMAJIBHOM HaIllpaBJIEHUI0 MOMEHTA

m, = M,

y

M, neBas dactp ycnosus (3.187) yBenuunBaercs Ha M + My , Te Myyuit 1 Mawyult -

MpeeIbHBIE COCPEJOTOYCHHBIE MOMEHTHI, BOCIHPUHHMAEMbIC COOTBETCTBCHHO OCTOHOM U

MOTIEPEYHON apMaTypoil B pacdyeTHOM IONEPEYHOM CEUYCHUHM B HAIPABJICHUU JICHCTBHS MOMEHTA
F

Fbt,ult + F

swyult a2 Mgw,yult

by,ult

——tm,
Mb,ult + M

M,; mipu 5TOM cymMMa swult , TAaK’)Ke IpPUHUMaeTcsl He Ooliee

He 6onee Myy it -
IIpumepsl pacyera

Mpumep 40. /lano: nauTa MIOCKOTO0 MOHOJIUTHOTO MEPEKPHITHS TOIMMHON 220 MM; KOJIOHHBI,
IIPUMBIKAIOIINE K IEPEKPBITUIO CBEPXY U CHU3Y, ceueHreM 500x800 MM; Harpys3ka, nepeaaromascs
¢ nepekpoiTus Ha KomoHHY N = 800 kH; MOMEHTHI B Ce4eHMSIX KOJIOHH IO BEpXHEH U M0 HIKHEH
rpaHsM IUTUTHI PaBHBI: B HampaBiIeHUH pa3Mepa KoJoHHBI 500 MM — Mygp = 70 kHwm, Myins = 60
kHwM, B HanpaBneHuu pasmepa KosoHHbI 800 MM - My syp = 30 kHwM, M, inr = 27 xHwm; GeTon kitacca
B30 (Rpt = 1,15 MIIa)

Tpebyemcs IPOBEPUTD TUIUTY NEPEKPBITHS HA POIaBIMBaHHUE.

PacueT. YcpenHeHHy0 pabo4yto BBICOTY IUIUTHI IPHHUMAEM paBHO# Ny = 190 M.

3a cocpeloTOUEHHYIO MPOJABIMBAIOLIYIO CHIIy IPUHUMAEM Harpy3Ky oT mepekpbitThs F = N =
800 xH; 3a mromaap OMUpaHus 3TOM CHITBI - ceueHHe KOJIOHHBI axb = 500x800 mMm.

OnpenenuM reoMeTpUYECKHE XapaKTEPUCTUKH KOHTypa PACUETHOIO IIONEPEYHOTO CEYEHMS
cornacHo 1.3.84 n 11.3.85:

nepumetp u = 2(a + b + 2hy) = 2(500 + 800 + 2-190) = 3360 mm;

MOMEHT COIPOTHBIICHHS B HAaIlpaBieHUH MoMeHTa M, (T.e. pu a = 500 MM, b = 800 mm)

W, =(a+h

(o]

a+—3h° tb+h, |=(500 +190)(M

+800 + 190} =841800 Mm*;

MOMEHT COIPOTHBIIEHHUS B HAallpaBlIeHUH MoMeHTa M, (T.e. mpu a = 800 MM, b = 500 mMm)

{800 +190

W, , =(800+190 +500+190j ~1009800 My’

3a pvaeTHHﬁ COCpGI[OTO‘-IGHHLIﬁ MOMCHT B KaXIAOM HaAIIpaBJICHUU IIPUHHUMACM II0JIOBHHY
CYMMBI MOMECHTOB B CCUCHUU I10 BerHeI\/'I M 110 HIDKHEH TpaHsAM IUIATEL, T.C.

M, = (Mysup + Myint )/2 = (70 + 60)/2 = 65 kHwm;



IpoBepsiem ycmnosue (3.182), mpuaumas M =M, = 65 kH. M, Wy = Wh,= 841800 mm° i 106aBJzstst

M .108
Y = 28,5-10 = 28,2 H/™mm
K JIEBOU YacTu Wb,y 1009800 )
M .10° 103
M, +—L = 65-10 +28,2=105,4 H/™Mm < E = M = 238,1H/mm
Tpu STOM Wb,x Wb,y 841800 u 3360 ’

CJIeI0BAaTEIbHO, MOMEHT HE KOPPEKTUPYEM.

F M, M y

—+—>+——=2381+105,4=3435H/™Mm > R,,h, =115-190 = 218,5 H/mMm

u W, Wbyy

T.e. ycinoBue (3.182) He BBIMONHAECTCS W HEOOXOAMMO YCTAaHOBUTH B IUIUTE IONEPEUYHYIO
apMartypy.

ITpuHHMaeM coracHo TpeboBaHUAM 11.5.26 miar mornepeyHsix crepxkHei S = 60 mm < ho/3 = 63,3
MM, 1- i psili CTepKHEH pacriojiaraeéM Ha PaCCTOSIHUU OT KOJIOHHBI 75 MM, MOCKOJIBKY 75 MM < hy/2
u 75 mm > ho/3 (uept.3.50). Torma B mpeaenax Ha paccrosauu 0,5h, = 95 MM 110 00€ CTOPOHBI OT
KOHTYpa pacueTHOTO IOMNEPEYHOTO CEUCHHS] MOXKET Pa3MECTUTHCS B OJHOM CEUYEHUH 2 CTEPIKHS.
[MpuaumMaem ctepkHu U3 apmarypbl kinacca A240(Rgy =170 MIla) MUHMMAILHOTO THAMETpa 6 MM.

080, = 0,8 v _ 0,8172557 =129,2 H/mm > Ry,h, = 2185 Hivm

Torma Asy = 57 MM U Sw .

[Ipu 3TOM cornacHo 11.3.86 mpenenbHOE yCHIIME, BOCIPUHUMAEMOE MONEPEYHON apMaTypou u
paBHoe 0,80syU = 129,2u, nomwkHo O0bITh HEe MeHee 0,25F,,u; = 0,25Rphou = 0,25:218,5u = 54,6u.
Kak Buaum, 310 TpeGoBaHME BHIIOTHEHO.

[Tposepsiem ycnosue (3.182) ¢ nobaBieHnem K npaBoid yact 3HaueHHS 0,805y

M
E + VI\\;I * + Y =3435H/Mm < R, h, +0,8q,, =218,5+129,2 = 347,7 H/Mm
u b, b,y

T.e. TPOYHOCTh PACUYETHOTO CEYEHHsS] C YYETOM YCTaHOBIIEHHOW TIOMEpPEYHON apmarypbl
o0ecrieyeHa.

[TpoBepsieM MPOYHOCTH PACUETHOTO CEYECHHUS ¢ KOHTypoM Ha pacctosauu 0,5h, 3a rpanurei
pacrioyiokeHusi monepeuHodt apmarypsl. CornacHo TpeOoBaHUsIM 1.5.26 TOCIACAHUN PN
MOTIEPEYHBIX CTEP)KHEH pacroiaraeTcsl Ha pacCTOSIHUH OT TPY30BOU IUIOMIAIKU (T.€. OT KOJOHHBI),
paBHoM 75 + 4:60 = 315 mm > |,5h, = 1,5-190 = 285 mm. Toraa KOHTYp HOBOT'O PacdyeTHOTO
cedeHus uMeet pasmepbl: @ = 500 + 2:315+190= 1330 mm; b= 800 +2-315 + 190 = 1620 mm.

Ero reomerpudeckue XapaKkTepUCTHKH:

u=2(1320+1620 + 2-190) = 6640 mm;

)(1320 +190

W,, =(1320+190 +1620 +190j =3,49-10° mm*;

W, = (1620 +190)(M

+1320 +190j =3,825-10° Mm°.

ITpoBepsiem ycnosue (3.182) c yuetom Momenta M,. Ilpum sTOM mnpenebperaem "B 3amac"
YMEHbBIIIEHHEM TMPOJAABIMBAIOIIEN CHIIbI F 3a cuer Harpys3ku, pacmojiO)KeHHOH Ha y4acTKe C
pa3mepami (a + ho)x(b + hy) BOKpyr KOIOHHBI.

800-10° N 65-10° N 28,5-10°
6640  349-10° 3825-10°

T.C. IPOYHOCTH 3TOr0 CCYCHUA obOecrieueHa.

=146,5H/Mm < R, h, = 2185 H/mm
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Yeprt.3.50. K mpumepy pacuera 40
1 - 1-e pacuemnoe ceuenue, 2 - 2-e pacuemmnoe ceuenue

IIpumep 41. /[ano: nauTa MIOCKOTO MOHOJUTHOTO NMEPEKPHITUS TOMHMHON 230 MM; KOJOHHBI,
MIPUMBIKAIOIINE K EPEKPBITHIO CBEPXY U cHU3Y, cedeHreM 400x500 mm; Harpyska, neperaromascs
c nepekprlTus Ha KOoHHY N = 150 kH; MOMEHTBI B CEUEHMSIX KOJIOHH MO BEpXHEW M M0 HUKHEH
rpaHsIM IUIMTHI B HampaBjieHnu pasmepa KonoHHbI 500 MM - Mgy, = 80 kHM, Mijys = 90 kHwm; nentp
CeUCHMsI KOJIOHHBI paCIONIOKEH Ha pPaCCTOSHUM X, = S500MM 0T CBOOOJHOrO Kpas IUIUTHI
(uept.3.51); 6eron kmacca B25 (Rp = 1,05 MITa).

h=200

Yeprt.3.51. K npumepy pacuera 41



1 - mouxa npunosicenust cunvt F; 2 - yenmp msioicecmu He3aMKHYMO20 KOHMYpPA, 3 - He3AMKHYMblL KOHMYD
pacdemmnozo cederus

Tpebyemcs POBEPUTH TUTHTY MEPEKPHITHS HA TIPOIABIMBAHHUE.

Pacuer. YcpenneHuyro pabodyro BRICOTY IUIMTHI IIpUHIUMaeM paBHoii h, =200 mm.

3a cOCpeOTOYEHHYIO MPOJABIMBAIONIYI0 CHIy F, HampaBieHHOW CHHM3Y BBEpX, MPUHUMAEM
Harpy3ky oT nepekpbitus F = N = 150 xH; 3a momans onupanusi 3TOM CUIIBI - CEUCHUE KOJIOHHBI
axb = 500x400 mm.

[IpoBepuM MPOYHOCTH PACUETHOTO CEYEHHS] HE3aMKHYTOTrO KOHTYypa. Pasmepsl 3TOro KoHTypa
PaBHBI:

Lx = xo + (a+hy)/2 =500 + (500 + 200) /2 = 850 mwm;
Ly = b+h, =400 + 200 = 600 mm.
[lepumeTp 1 MOMEHT UHEPIIUU KOHTYpPA PaBHbI

u=2Ly+Ly=2-850+ 600 = 2300 mm;

| = L Z(Lx + '—y)2 +L,L, 850° 2-1450” +850-600
3 u? 3 23002

DKCUEHTPUCUTET CHIIbI F

=1,825-10° Mm°.

. L, (L, + Ly)_x0 _ 850-1450

u 2300

ITpy NpUHATEIX HanpaBJIeHUAX MOMEHTOB Mgy, U Min (cM. uepT.3.51) Hanbosee HaNpPSKEHHOE
BOJIOKHO pAacCyeTHOI'O CEUEHUS paCIOJIOKEHO [0 Kpar ceueHus, Haubojiee YAaJleHHOMY OT
CBOOOHOrO Kpasi IIUTHL. ITO BOJIOKHO PACIOJIOKEHO HA PACCTOSHUU OT LEHTPa TSHKECTH PaBHOM

_ L 850

u 2300
Torna MOMEHT CONTPOTHBIICHUS PaBEH:

W, = Iy = 1,825-10°/314,1 = 581025mm°.
PacueTHBIIT MOMEHT OT KOJIOHH paBCH

MOMEHT OT 3KCLIEHTPUYHOI0 HpuiioxeHus cuisl F paBen F-e, = 150:0,0359 = 5,4 kHwm. Orot
MOMEHT MPOTHUBOIIONOKEH MO 3HAKy MOMEHTY Mo, ciemoBatensHo, M = 85 - 54 = 79,6 kHwm.
[TpoBepsieM MPOYHOCTH U3 ycaoBus (3.182)

—500 = 35,9 Mmm.

=314,1mm.

6
F +M = 150000 + 79,6-10 =202,2H/mm < R;h, =1,05-200 = 210 H/mm
u W, 2300 581025

T.€. IPOYHOCTh CCUCHHSI C HE3aMKHYTBHIM KOHTYpOM OOecrieueHa.

[TpoBeprM TPOYHOCTH CEUEHHUS 3aMKHYTOrO0 KOHTypa. OmpenensieM ero reoMeTpuYecKue
XapaKTEPUCTHKH:

[Mepumertp U = 2(a + b+ 2hy) = 2(500+400+2-200) = 2600 mwm;

MOMEHT COTPOTUBIICHUS

W, = (a+ ho{agh" +b+ h°] = 700(7—20+ 600) =583333mm°;
MowmenT paBeH M = Mo /2 = 85 xkHwm.
E M 150000 85 -10°

+ +
u W, 2600 583333

=203,4H/™Mm < R,;h, =210 H/mMm



MMPOYHOCTH IUIUTHI HA MTPOJaBJINBAHUC o0OecreucHa 1o BCEM CCUCHHUSIM.

4. PACUET 2JIEMEHTOB )KEJE30BETOHHBIX KOHCTPYKIIUM 1O
NPEJEJbHBIM COCTOSAHUAM BTOPOM I'PYIIIIBI

PACYET KEJE3OBETOHHbBIX 3JIEMEHTOB I1O PACKPBITHIO TPELHINH
OBIIME ITOJIOXKEHUA

4.1. Pacuer >xene300€TOHHBIX DJIEMEHTOB MPOU3BOAAT MO HEMPOJIOJKUTEILHOMY PACKPBITHIO
TPEUIMH U MPOAOIKUTEIIBHOMY PACKPBITHUIO TPELIUH.

HenponomkurensHoe pacKpbITHE TPELIUH OMPEIEISIOT OT COBMECTHOTO JEHCTBUS MOCTOSHHBIX
U BPEMEHHBIX (JIUTEIbHBIX U KPATKOBPEMEHHBIX) HArpy3o0kK; MPOIOJIKUTEIbHBIE - TOJBKO OT
MOCTOSIHHBIX M BPEMEHHBIX JJIUTENIbHBIX HAIPYy30K.

4.2. PacueT 1o pacKphITHIO TPEIIMH MPOU3BOJISAT U3 YCIOBHS

Acre = Acre,ult (4.1)

I1€ 8cre - LIMPUHA PACKPBITUS TPELIMH OT JEHCTBUS BHELIHEH HArpys3Kku, ompezeseMas
cornacHo mn.4.10-4.14;

Acre,ult - IPEIEIBHO AONYCTUMAs IIMPUHA PACKPBITUS TPEILKH.

3Ha4YeHUs Acreylt MPUHUMAIOT PAaBHBIMU:

a) U3 yCJIOBUS COXPAaHHOCTH apMaTyphl (JUIs TFOOBIX KOHCTPYKIIUA)

0,3 MM - IpU IPOIOJIKUTEIBHOM PACKPBITUN TPEILUH;

0,4 MM - Ipy HENPOJOHKUTEIBLHOM PACKPBITHUH TPEILIUH;

0) U3 ycIOBUS OTpaHUYEHUS MPOHUIAEMOCTH KOHCTPYKIMH (JUIs1 KOHCTPYKLHH, OABEPKEHHBIX
HENOCPEACTBEHHOMY JJaBJICHUIO )KUKOCTEH, ra30B, ChIITY4YHUX TEJI)

0,2 MM - IpU IPOJOJKUTEIBHOM PACKPBITUN TPEILUH;

0,3 MM - Ipy HENPOJOHKUTEILHOM PACKPBITUH TPEILKH.

4.3. PacueT no pacKpbITHIO TPELMH HE MPOU3BOJUTCS, €CIIH COOIIOIAeTCs YCIOBHE

rae M - MOMEHT OT BHEIIHEW Harpy3KH OTHOCUTEIBHO OCH, HOPMAIBbHOHN K IIOCKOCTHU JIeH CTBUS
MOMEHTa W TIPOXOJAIIEH yepe3 IEHTP TSHKECTH MPHUBEICHHOTO IMOMEPEYHOr0 CEYCHHS DIIEMEHTa;
IpH AITOM YYUTHIBAIOTCS BCE HArpy3ku (IOCTOSSHHBIE M BPEMEHHbIE) C KOI(PHUIIUEHTOM
HaJEKHOCTH I10 Harpys3ke ys = 1,

Mcrc - MOMEHT, BOCTIPHHIMAEMbIil HOpMAJIbHBIN CEUEHHUEM dJIEMEHTa MpU 00pa30BaHUU TPEIIUH,
oTpeeNsseMblid coriacHo mi.4.4-4.8.

JJ1s IeHTpaTbHO PACTSIHYTHIX 2JIEMEHTOB ycloBHUE (4.2) mpeodpa3yeTcs B yCIOBHE

N < Ncrc, (43)

rae Nerc - IPOAOIBHOE PacTATUBAIOIIEE YCUIIHE, BOCIPUHUMAEMOE dJIEMEHTOM MIPH 00pa30BaHUU
TPEILUH, ONpeaensieMoe coriacHo 1.4.9

ONPEAEJIEHUE MOMEHTA OBPA30BAHUSA TPEILIUH

4.4. Wsrubarommii MomMeHT Mg mpu o00pa3oBaHWM TPENIMH OMNPENESETCS Ha OCHOBE
nedOpMAIMOHHON MOJAENU C y4eTOM HEYNpyrux aedopMmaiuii pacTsSHyTOro OeTOHa COTJIACHO
mn.4.7 u 4.8.

JlommyckaeTcsi onpeneisiTh MOMEHT M 0e3 ydera Heympyrux nedopmaiuii 6eToHa COTJIacHO
4.5 u 4.6. Eciu ipu 5ToM ycnoBue (4.1) He yaOBIETBOPSETCS, TO MOMEHT 00pa30BaHUs TPEITUH
CIIeTyeT OMPeAeIATh C YYETOM HEYNMpyrux aedopmaiuii 6eToHa.

4.5.MomMeHT 00pa3zoBaHus TpelIMH 0€3 yueTa Heynpyrux aedopmaiuii 6eToHa ONMpenesoT KaK
JUIS CTUIOITHOTO YIIPYTOTo Tefa no ¢hopmyie

Mcre = RpeserW = Ne, (4-4)



rae W - MOMEHT CONpOTUBIICHUS MPUBEACHHOTO CEYCHMS JUI KpaifHEro pacTsHYTOrO BOJIOKHA
OeToHa:

€, - PAacCTOSTHUE OT LIEHTpa TSKECTH IPHUBEIECHHOIO CEYEHMsI AJIEMEHTA /10 SIPOBOM TOYKH,
HauboJiee yAaJeHHOW OT PacTSIHYTOM 30HbI, TPEIIMHOOOPa30BaHUE KOTOPO MTPOBEPSETCS.

3nauenus W u e, omnpenenstorcs cornacHo 1.4.6. B ¢opmyne (4.4) 3nak "mmoc" MpUHUMAIOT
MIpU CXKUMaroIel mpo1osibHOM cuiie N, 3HaK "MUHYC" - IpU pacTATUBAIOIICH CHUJIE.

4.6. MomenT conpotusienus W u paccTosiHUE e, ONPEessioT M0 GopMyIaMm:

W = _red
Yo (4.5)
W

e, =—
Ared , (46)

rae lreg - MOMEHT HWHEPIMH TNPHBEICHHOTO CEYEHHUS OTHOCHUTEIBHO €ro IEHTpPa TSHKECTH,
OTIpeIeIIIEMBIiA 1O PopMyIIe

lrea =1+ lsa + I'sa; (4.7)

I, Is, I's- MOMEHT nHepLH ceYeHMs] COOTBETCTBEHHO OE€TOHA, paCTSIHYTOM U CKaTON apMaTyphl;
Aved - TUTOILA/Ib TPUBEJICHHOTO CEYEHUs, paBHas

Ared = A + Asa + Alsa, (48)

a=—
E, - KOX(QPHUIHUEHT MPUBEICHHS apMaTyphl K OETOHY;
Yt - paccTossHUE OT HanboJiee PACTSIHYTOTO BOJIOKHA OETOHA 10 LEHTPA TSDKECTH MPUBEICHHOTO
CEYCHUS DJIEMEHTA.

U= A < 0,005
[Tpu Ap 3HaueHuss W 1 e, Tonyckaercs onpeaensiTs 6e3 yuera apMaTyphbl.

4.7. Onpenenenue MOMEHTa O00pa30BaHUS TPELIMH HA OCHOBE HEIMHEWHOH nedopMannoHHON
MO/JICJTA TTPOU3BOIAT UCXOJIs U3 IMOJIOKEHHM, MPUBEACHHBIX B IL11.3.72-3.75 (4ept.4.1). [Ipu sTom
yuuTHIBaeTCd paboTa OeTOHa B pacTAHYTOH 30HE, ompenenseMas ABYXJIMHEWHON auarpammon
cornmacHo 11.3.72. IlpuBenenHsie MOAYIH JedopMainuii CXKaToro M PaACTIHYTOro OETOHA B

R

b,ser
Eb,red = e
HByXHHHeﬁHOP'I auarpamme IMPUHUMAIOTCA PpaBHBIMU COOTBCTCTBCHHO bl,red nu

R

bt,ser

Ebt,red -

Sbtl,red
T/A€ Eplred = 15 10 u Eptlred = 8° 107,
3nauenne M ompenensiercss W3 pemeHuss cucteMsl ypaBHeHUi (3.144)-(3.146), npuHuMas
OTHOCUTENbHYIO JehOpMAaIiio OETOHA Ept,max Y PACTIHYTOM TpaHU PaBHOM:
IIpU ABYX3HAUHOM 3MMope fedopMaluii B TONEPEYHOM CEUEHUH epp = 15+ 107

Eourr =| 1552 [10°°

€,

IpU OJHO3HAYHOM smrope nedopmanmii , Tne &le; < 1 - oTHOIICHHE

,Z[C(I)OpMaI_II/Iﬁ OcToHa Ha MMPOTUBOIIOJIOKHBIX CTOPOHAX CCUCHHA.
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Yepr.4.1. Cxema HANPsIZKEHHO-1e(OPMUPOBAHHOIO0 COCTOSIHMS CeYeHUsI IJIeMeHTA IIPH NPoBepKe
00pa3oBaHus TPEIIHH MPH JelcTBHH M3THOAIONIETO MOMEHTA (a), M3TU0aroIero MOMEHTa B IPOXOIIEHON CHITHI (0)
1 -yposenv yenmpa msiicecmu npugedeHHo20 ceuenus

4.8. Jlns mpsIMOYTOJIbHBIX, TaBPOBBIX M JBYTaBPOBBIX CEUEHHUI IpH JEHCTBUM MOMEHTa B
IUIOCKOCTH OCH CHMMETPHUU MOMEHT OOpa30BaHMs TPEIIMH C YYEeTOM HEYyNnpyrux nedopmarnuit
pacTsaHyTOro OETOHA JOIMyCKaeTcs onpenenars mo Gopmyne (4.4) ¢ 3amenoit 3Hadenuss W na Wy,=

W,, rae y - cMm. 1a61.4.1

Ceuenne

1. IIpssimoyrosibHOE

2.TaBpoBoe ¢ NOJIKOH, paclOJI0KEHHOM B CXaTOU 30HE

3. TaBpoBo€ ¢ MOJKOH (YIIUPEHHEM), PACTIOJIOKEHHOH B PacTIHYTOH 30HE:

a) nipu by /b <2 HezaBucumo ot otHomenus hy/h
6) mpu be/b>2 uh¢/h>0,2
B) ipu by/b>2 uhi/h <0,2

4.]JIByTaBpoBO€ CHUMMETPUIHOE (KOpOOYaTOE):

a) ipu b's/b = be/b <2 mezaBucumo ot orromenus h's/h = he/h

6) mpu 2 < b's/b = bs/b < 6 HezaBucumo ot oraomenust h's/h = hs/h
B) mpu b's/b =bs/b>6uh's/h=hs/h>0,2

r) mpu 6< b't/b =bs/b <15 u h's/h = h;/h < 0,2

m) npu b's/b=bs/b>15uh's/h=hs/h <0,2

5.JIByTaBpOBOE HECUMMETPUYHOE, yIOBIeTBOpsitoliee ycioBuio b's/b < 3:
a) ipu by /b < 2 HezaBucumo ot orHomenwus he/h

6) npu 2 < bt/b < 6 HezaBucumo ot otHowerwus he/h

B) ipu b/b> 6 uh;/h > 0,1

6./1ByTaBpOBO€ HECUMMETPHUYHOE,
ynoBJeTBopsitoiiee yciosue 3 < b't/b < 8:

Tabmnura 4.1

Koadpuuuent y dopma nonepeyHoro

1,30

1,30

1,25
1,25
1,20

1,30
1,25
1,25
1,20
1,15

1,30
1,25
1,25

CCUCHUA

-




a) ipu by /b <4 wezaBucumo ot oTHomenus hy/h 1,25
6) mpu bs/b >4 uhi/h>0,2 1,25
B) ipu bs/b >4 uhs/h <0,2 1,20
7. IByTaBpOBOE HECHMMETPHUYHOE, YIOBJIETBOpstomue yeiosuio b's/b > 8:

a) ipu h¢/h > 0,3

0) npu hs/h <0,3

4.9. Yeunue Nere ipu 00pa3oBaHUU TPEUIMH B IIEHTPAIBHO PACTAHYTHIX JIEMEHTAX OINPENENISIOT
o dhopmyie

Nere = RbtserA + 20As (4.9)
rae 20 (MIIa) - HanpspkeHHUE 0 BCel apMaTtype repes; o0pa3oBaHUEM TPEITUH B OCTOHE.

OIIPEJEJIEHUE HINPUHBI PACKPBITHA TPEILIUH, HOPMAJIBHBIX K
IMPOJOJBHOU OCH DJIEMEHTA

4.10. lIupuny pacKpbITHS HOPMAJIBHBIX TPEIIUH OMPEACIISIOT 10 Gpopmyiie

Og
— |

Qe = AR Py '//SE

- (4.10)
IJI€ O - HAIIPSKEHNE B IIPOJOJIBHON PACTAHYTOW apMaType B HOPMAJIbHOM CEYEHHMH C TPEIIUHON
OT COOTBETCTBYIOLIECH BHEIIHEN HArpy3KH, onpesenseMoe corjacHo n.4.11;
Is - 6a3oBoe (Oe3 ydyera BIHMSHUS BUa MOBEPXHOCTH apMAaTYypPhbl) PACCTOSHUE MEXKIY CMEKHBIMU
HOpPMaJIbHBIMU TPEIMHAMHU, OIpeeIIieMoe corjlacHo n.4.12;
ws - Kod(hduuueHT, YYUTHIBAIONUN HEPAaBHOMEPHOE paCHpeAe]ICHHEe OTHOCHUTEIBHBIX
nedopmanuii pacTAHyTOM apMaTypbl MEXIy TPELIMHAMU; JIONyCcKaeTcs NMPUHUMATh Ws = 1; ecnu
pu 3ToM yciioBue (4.1) He yaoBIeTBOpseTCs, 3HAUEHUE /s CIIEAYET ONPeAENsATh COracHo 1n.4.13;
@1 - KOO(POUIMEHT, YIUTHIBAIOIIUI MPOIOKUTEIBHOCTh JEMCTBUS HArpy3ku U NMPUHUMAEMbIH
paBHBIM:
1,0 - mpu HENpPOOIKUTENBHOM JEHCTBUU HATPY3KU;
1,4 - npu IpOJOIKUTETHLHOM J€HCTBUM HAarpy3KH;
@2 - K03 (HUIUEHT, YIUTHIBAIOIUI NPO(UIb MPOAOIBHOM apMaTypsl M IPUHUMAEMbIH PaBHBIM:
0,5 - s apmarypsl nepuoamdeckoro npoduist (kraccos A300, A400, AS00, B500);
0,8 - nna rmagkoit apmatypsl (kaacca A240);
@3 - K09 (DUITUEHT, YIUTHIBAIONINI XapaKTep HArPY)KEHUS ¥ IPHHUMAEMBIN paBHBIM:
1,0 - nuig m3ruGaemMpIX U BHELIEHTPEHHO CXKAThIX AJIEMEHTOB;
1,2 - i pacTSHYTHIX 2JIEMEHTOB.
4.11. 3HaueHure HaNpsDKEHUS Os B PACTSHYTOM apMmarype M3ruOaeMbIX 3JIEeMEHTOB (uepT.4.2,a)
OTIpeeTSIoT 1o popmyrie

o — M(ho _X)a
S PR (4.11)

rae lreg ¥ X - MOMEHT MHEpPLUHU U BHICOTA C)KATOM 30HBI MPUBEACHHOTO MOMEPEUYHOI0 CEUEHUS,
BKJIIOYAIOIIETO B ce0s IJIOIIAb MOMEPEYHOr0 CEUEHHs TOJIBKO CXKATOM 30HBI OeTOHA M IUIOLIAAN
CEUEHUs PacTIHYTOM U CXKaTOM apMaTypbl, yMHOKEHHbIE Ha KO3()PUIMEHT NPUBEICHUS apMaTypbl

O — E
K OeTOHY bred rae Epred - CM. 11.4.7.
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Yepr.4.2. CxeMbl HANPSZKEHHO-1e()OPMUAPOBAHHOTO COCTOSTHHUS 3JIEMEHTOB ¢ TPELUIHHAMM NPH TelCTBHM:
U3rudaoero MoMenTa (a), cxkuMaroleil mpoao0JabHO cHibl (0), pacTsiruBawuieil MpPoaoJIbLHOI CHJIbI (B)
1 -yposenv yenmpa msxcecmu npuseOeHHO20 ceueHus:

300

K asl R
03 PUIHIEHT 851 MOKHO TAK)KE OMPEACIIATh 1o (hopmyIie
BricoTta cxaToit 30HBI ONPEIeTAeTCS U3 PEIICHHS YPABHCHHUS

Sb = a1 (S -S's), (4.12)

roe Sp, Ss, S's - crarMyeckme MOMEHTBHI COOTBETCTBEHHO CXKATOM 30HBI O€TOHA, IUIOIIAIEH
PaCTAHYTOM U CXKATOM apMaTypbl OTHOCUTEIIBHO HEUTPAJIIBHOU OCH.

JUis TpsSMOYTOJIbHBIX, TaBPOBBIX U JIBYTaBPOBBIX CEUEHHMH HANpsSKEHHE Os JOMYyCKaeTcs
OIpeNIeNIATh 10 popMmyIie

b,ser

M
o, =——o0),
Z,A (4.13)

IZie Zs - TUIeYO BHYTPEHHHMM mapel cuil, paBHOE Zs = (ho, @ KOA(GGUIMEHT (, onpenensercs o
rpaduky Ha uept.4.3.

¢
o - £ [_l Yenosusie

9 '_\ i o6o3HaueHns
aso}- "‘\:f*‘"’- et L) npu § <0,2

oot A —— -mpud=0.3
ags S i P

T e O ,J" oo
0’0} =
]
tm'L '
0,7 P [ sl P -
*0n afo 020 0% %0 Mty

Yeprt.4.3. 'paduk koddpduuunenta ¢ = z; /h, aiist onpeneneHns niiedya BHyTpeHHel Mapbl CHJI IPU pacyeTe no
PACKPBITHIO TPEIHMH U3ru0aeMbIX 31eMEHTOB

— A E | =¢)If_b)"f +0’51Asl
bho Eb,red , bho

Hs C61
, 0 = h's/h, g ceuennii 6e3 crxaroit monku o = 2a' /h,

3HaueHue HANPSHKEHUS gs ISl BHEIICHTPEHHO CXKATBIX DJIEMEHTOB, a TAaKKe Ui BHEIICHTPEHHO
PACTSHYTBIX 3JIEMEHTOB TPH MPHIOKEHUH CHibl N BHE pacCTOSHUS MEXIy apMmarypamMu S u S'
(uept.4.2,6, 8) onpeACISIOT IO (GOpMYyJIe



O, = l (ho - thl
Sred (4.14)

TJIe Syed - CTATUYECKUH MOMEHT OTHOCUTEIHHO HEUTPAILHON OCH; 3HAYCHUE Sred BRIYHUCISIOT TIO
bopmyne
Sred = Sp+ as1(S's - Ss), (4.15)

d BbICOTY C)KaTOM 30HEI X OIIPCACIIOT U3 PCHICHUA YPaBHCHUA

o= =e—(h,-x)

Sred , (4.16)

r7e lred - MOMEHT UHEPLIMU TPUBEIEHHOTO CEYEHHSI OTHOCUTEIBHO HEUTPaIbHON OCH.

JU1si BHEIIEHTPEHHO PACTAHYTHIX 3JIEMEHTOB SKCLUEHTPUCHTET e B popmyiie (4.16) mpuHUMArOT o
3HaKoM "MHHYC".

3HaueHUE HANIPSDKEHUS 05 111 BHEIIECHTPEHHO PACTSAHYTHIX 3JIEMEHTOB IPU MPHIIOKEHUU CHITBI N
MEKIy LIEHTPaMH TsHKeCTH apMaTyphl S u S' (T.e. ipu e’ < hy - @) onpeaenstoT mo popmyiie

o —_ Ne'
© Al -a) (4.17)
ZIJ'ISI HCHTPAJIBHO PACTAHYTHIX 2JICMCHTOB
N
o, =—.
A (4.18)

JI1st BHEIIEHTPEHHO CIKATBhIX 3JIEMEHTOB MPSIMOYTOJLHOTO CCUCHHUS HATIPSIKEHHE s TOMYCKACTCS
OTIpeeIIsATh 1o (hopmyIie

_ Ne
Gs - h Ucres

Ah, (4.19)
TJA€ Qcre - KOG UITMEHT, OnIpenemnsieMblit o Ta01.4.2.
JInst BHEIEHTPEHHO PACTSHYTBIX 3JEMEHTOB IMPSMOYTOJIBHOTO CEUEHUsI HAIpPSIKEHUE O

JIOTTYCKAETCsl ONPEAENISITH o PopMyiam:
N e
O, = —(1,2— +1j;
A

h,

aynpue'>hy—a’ unpu A's=0 (4.20)
Ne'
O, =—F7—=
0) mpu A's > As He3aBUCHMO OT e’ A (ho - a) .(4.21)

IIpu 0 < A's < As 3HAUYCHHE 05 ONIPEACISICTCS TUHEHHON HHTEPIIONSIUEN MEXTy 3HAUCHUSIMU O
BBIUUCIICHHBIMH 110 popmyiiam (4.20) u (4.21).
Bo Bcex ciyuasix 3Hau€HUE 05 HE TIOJDKHO MTPEBBIMATH Rg,ser.

Tabnuma 4.2

e/h Koa¢pouunents: ¢,

o npu A's > A 1 3HAUEHUSX Uds1,PABHBIX pu A's= 0 ¥ 3HAUEHUAX Kd;, PABHBIX

0,01 0,05 0,10 0,20 >0,40 0,01 0,05 0,10 0,20 >0,40
<0 0,01 0,06 0,07 0,08 0,08 0,01 0,06 0,10 0,20 0,18
8

1,0 0,13 0,20 0,23 0,25 0,26 0,13 0,20 0,26 0,31 0,36

12 0,25 0,33 0,37 0,39 0,40 0,25 0,33 0,38 0,43 0,49

15 042 0,48 0,52 0,54 0,55 0,42 0,48 0,53 0,58 0,64

20 0,56 0,63 0,66 0,68 0,69 0,56 0,63 0,67 0,72 0,78



30 073 0,79 0,82 0,84 0,85 0,73 0,79 0,82 0,88 0,93
40 080 0,86 0,90 0,93 0,93 0,80 0,86 0,91 0,96 1,01

* bho Rb,ser

HDpumeuanune. [Ipu 0<A's< A KOOXPPHUIUESHTHI @ . OTPEACIAIOTCS JINHEHHON HHTEPIOISAINEH.

Msa

4.12. 3nadenue 6a30BOr0 pacCTOSHUS MEX Ty TpeuHaMmu |s onpenensercs mo Gpopmyie

l, = o,5ids
A (4.22)

u npuaumMaiot He Meree 10ds u 100 mm u He 6osee 40ds 1 400 MM ([T DIEMEHTOB ¢ pabodyeii
BBICOTOM IOMEPEYHOT0 ceueHus He Ooee 1 m).

3nech Apt - TUIOIIAL CEUYCHUS PACTSHYTOro OETOHA, ompeseseMas B OOIIeM clydae COTJIACHO
ykazaHusiM 1.4.7. [Ipu 3TOM BBICOTa PACTSIHYTOH 30HBI OETOHA NMPUHUMAETCS HE MEHee 2a U He
oosee 0,5h. Jlns mpssMOYTOJIbHBIX, TABPOBBIX U JBYTaBPOBBIX CEUCHHU BBICOTY PACTSIHYTOH 30HBI
0eToHa JIoMmycKaeTcs onpeAensiTs mo Gopmysne (4.23) ¢ y4eTOM yKa3aHHBIX OTPaHUYEHUI:

y =Yk (4.23)

IZie Yt - BBICOTA pacTAHYTOH 30HBI O€TOHa, ompeneiseMas Kak JUlsl yIpyroro marepuaia IMpu
Kod(QuIMeHTe MPUBEACHHUS apMaTypsl kK 6etony, = EJ/E,;

K - TIOTIPAaBOYHBIN KOA((DUIHECHT, paBHBIN:

U1l IPSIMOYTOJIBHBIX CEYEHUH M TaBPOBBIX C MOJIKOH B cxartoii 30He - 0,90;

IUIs ABYTaBPOBBIX (KOpPOOYATHIX) CEUCHHWH W TaBPOBBIX C IMOJIKOH B pacTsaHyToil 3ome - 0,95.
3Ha4yeHue Y IPUHUMACTCS PABHBIM:

_ Sred
Yo = L
JJIA I/I3FI/I6aeMHX 3JICMCHTOB red

S re
Y, .

JUIsl BHELIGCHTPEHHO HArpy>KEHHBIX 2JIEMEHTOB A EN/R

IZe Sred - CTaTUYECKUH MOMEHT IIOJIHOTO TNPHBEIEHHOTO CEUEHHs] OTHOCUTENIBHO PacTSHYTOM
IpaHu;

Areg - oM. popmyny (4.8);

3HaK "TUTIOC" MPUHMMAETCS IPU CKUMAIOIIeH MpooapHoi cuie N,

3HaK "MUHYC" - ipu pacTsarusatomieit cuie N.

[Mpu pa3nuyHBIX AWAMETpax CTEpP)KHEH pacTIHYTOH apMaTypbl 3Ha4deHue Os TPUHUMACTCS
paBHBIM

bt,ser

2 2
d — nldsl +“'+nkdsk

S
nldsl +"'+nkdsk s (424)
r1e Osi... sk - IMAMETPBI CTEPIKHEH pacTIHYTOI apMaTyphI;

N1...Nk - 9UCIIO CTEP)KHEH AHMaMETPaMHU COOTBETCTBEHHO ;... Usk.

4.13. 3nauenue kodpPUIMEHTA s ONIPENIENAI0T o hopMyIie

W, = 1— 0,8 Os cre
os | (4.25)

TA€ Oscrc - HANPSIKEHHE B IIPOJOJIBHOM pPACTAHYTOM apmarype B CEUYEHHMM Cpasy IIoCIe
oOpa3oBaHMsl HOPMAJIbHBIX TpEIIMH, OmNpenenseMoe Mo YykazaHusM 1.4.11, mnpuHumas B



M c
cooTBeTcTBYyOmUX (hopmynax M = Merc , e = —9C + y, 4 N , TIE yp U Yc - PACCTOSHUSA
N
COOTBETCTBEHHO OT LIEHTPA TSHKECTH PACTSIHYTOM M CKATOM apMaTyphl 10 OCH, MPOXOASAIIEH Yepe3

LEHTP TSKECTU MPUBEICHHOIO CEYEHUs, NMPUHATOro IpH ompeneneHuud My, npu 3ToM 3HaAK "
Ioc" MPUHUMAETCS TMPU BHEUEHTPEHHOM CXKATWHM, 3HAK "MHUHYC" - TpH BHEUEHTPEHHOM
pactsokenun; Mg - cm. mm4.4-4.8; N -mpojonpHas cwia NpU JCUCTBUM PaccMaTpPUBAEMOM
Harpys3Ku;
Os - HaIpsOKCHUE B IIPOJOJIBHOW pPAaCTAHYTOM apmarype, IpU JIEWCTBUM pPacCMaTpUBAEMOU
Harpy3KHu.
Ecnu os,¢rc > 05, mpuHUMAIOT s = 0,2.
Jia u3rubaemblx 3JEMEHTOB 3HaueHUE KOdPPUIMEHTAa s, AOMYCKAeTCsl OIpeneisaTh Io
dbopmyiie
MCFC

=1-08ee
v M (4.26)

Y MpUHUMAaTh He MeHee 0,2.
4.14. llupuny pacKpbITHS TPEIIMH MPUHUMAIOT PABHOM: MIPH MPOJOJDKUTEIHLHOM PACKPHITUU

Acrc = dercl 5 (4.27)
IPH HEMPOJODKUTENLHOM PACKPBITUH
Acrc = Acre,1 T Acre2 - Aere,3, (4.28)

TJI€ Acrc1 - IIUPUHA PACKPBITHS TPEUIMH, ompenensieMas corjacHo m.4.10 mpu ¢1 = 1,4 u npu
NEHCTBUH MOCTOSIHHBIX U JATUTENBHBIX HATPY30K;

Acre2 - TO Xe, IpH @1 = 1,0 1 1eficTBUM BceX HArpy3oK (T.€. BKI0Yasi KpaTKOBPEMEHHBIE);

Acre3 - TO K€, IpH @1 = 1,0 ¥ 1eliCTBUN NOCTOSTHHBIX U JUINTEIbHBIX HATPY30K.

HupuHy HEMPOIOIKUTENBHOTO PACKPHITHS TPEIIMH MOKHO TaK)Ke ONpeAeNsaTh o hopmyiie

—a,,|1+04%—
o =080 crc (4.282)

a

crc

IJI€ 3HAYEHHUS 05| U Os ONPENENIIOTCA coryiacHo m.4.11 mpu AEMCTBHM COOTBETCTBEHHO CYMMBI
MOCTOSIHHBIX U JUIMTEIBHBIX HArPY30K U BCEX HArPy30K;

Oscre- — CM.IL4.13.

[Ipn otcyrcTBUU TpeOGOBaHMN K KOHCTPYKIIMU IO OTPAHUYCHHUIO MPOHMUIIAEMOCTH U TIpU
BBITIOJTHEHUH YCIIOBHS

Os _0! Os cre (429)

MOKHO TPOBEPATH TOIBKO MPOJOJKUTEIBHOE PACKPBITHE TPEIIHH, a MPU HEBBITIOTHEHUH YCIIOBUS
(4.29) - TOBKO HEMPOAOIKUTEILHOE PACKPBITHE.

s m3rubaeMbix smeMeHTOB B opmynax (4.28a) u (4.29) 3HAYEHUS Oscre, Os U Os) MOXKHO
3aMEHHUTHL COOTBETCTBEHHO M, M u M, - MOMEHT OT JeHCTBUSA MOCTOSHHBIX M UIMTENbHBIX
Harpy3okK.

IIpumepsI pacyera.

Ipumep 42. /Jano: xene300eToOHHAS IUIUTa NEPEKPHITHS C pasMepaMH MONEPEeYHOro CeYeHHUs
(17151 TIOJIOBMHBI CEUYCHHMS IUTUTHI) 10 4epT.4.4; 0etoH kinacca B25 (Rytser = 1,55 Mlla, Rpger = 18,5
Mlla, Ep = 30000 MIIa); niomans cedeHus: pacTaHyTol apMmaTypsl kinacca A400 4s = 760 e
(2222); monublii MOMEHT B cepeamue mposnera M = 69 kHwm; Bce Harpy3kd IMOCTOSHHBIC H
JUTUTEIIbHBIE.
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Yepr.4.4. K npumepy pacuera 42

400

OcCh cRMMeTpHH

Tpebyemcs IPOU3BECTH PACUET 0 PACKPHITHIO HOPMAIBHBIX TPEIHH
Pacuer. U3 uepr.4.4 umeem: b = 85 mm, h =400 mm, a = 58 mm, b's = 725mm; h's = 50mm.

OnpenenuM MOMEHT oOpa3zoBaHUsi TpemuH M. cormacHo 1m.4.5. Jlyisg 3Toro ompeaensem
E -10°
0‘=—S=2 104 =6,67

Eb 3 10 u AlS — 0

reOMCTPHUYCCKUC XaPAKTCPUCTUKU ITPUBCACHHOT'O CCUCHUA ITPHU

Areg = A + aAs = bh + (b'; - b)h's + oA, = 85-400 + (725 - 85)50 + 6,67-760 = 34000 + 32000 +
5069 = 71069 Mm?;

Yt = Sred | Ared = [34000-400/2 + 32000(400-50/2) + 5069-58]/71069 = 268,7 mm;

3
I, :%+bh(yt —h/2) + (o, b (h=h: 72—y, ] + (0, ~bh?/12+aA (y, —a)’ =

3 3
_585:400° 34000(268,7 — 200) + 640-50° 32000(375 - 268,7)" +5069(268,7 —58)" =
=1,207-10° mm*;

9
w = ten JB2OTA0T g 108 e,
Y, 268,7

VYurem Heynpyrue negopmanuu pactsaHyroro 0erona nmyrem ymHoxxeHusst W Ha koadduiuenr y,
paBHBIi cornacHo Tabw4.1 1,30, T.e. W = 4,49-10%1,3 = 5,84-10° mm®. Torma Mere = Rogser W =
1,55-5,84- 10° = 9,052- 10° Hvwm = 9,05 kHm < M = 69 xHwm. T.e. TpeuuHbl 00pa3yroTCcs U pacyeT 1Mo
PACKPBITHIO TPEIIMH HEOOXOIUM.

Ormpeenum HanpsbKeHUE B apMaType os o hopmyie (4.13). Pabouas BeicoTa ceuenust hy = h - a

300 300
oG — R :ﬁ :16,2
= 400 - 58 = 342 mm; ko03(Q(UIMEHT NpUBEACHUS b,ser : . Torma mnpu
. . —bh,
o A 700162 o 6D sa000 oo
bh, 85-342 u bh, 85-342 u3 rpaduka Ha yept.4.2

HaxoauM Kodddurment ¢ = 0,9 u mieuo BHyTpEHHEH mapbl cui paBHO Zs = (*hy = 0,9-342 = 308
MM.

M _ 69-10°
GS p—y —_
z,A, 308-760
Ompenenum paccTosiHuEe MeX Ty TperuHamu |s mo popmyie (4.22).

[TockonbKy BbICOTa pacTsHYTOro OeToHa, paBHas y = YK = 268,7-0,9 = 247,8 mm > h/2 = 200
MM, IJIOMIAIh CEYCHUS PACTIHYTOrO OETOHA MPUHUMAEM PaBHOM

Ap =b-0,5h = 85-200 = 17000 mm?.

=294,8 MI1a.

Torna



l, = o,sids _ 0511005 _ 246 Mm,
A, 760

yto MeHblIie 40ds = 880 mm u menbie 400 MM, T03TOMY ocTaBisieM |s= 246 mm.
3HaueHue s onpenenum o dpopmysie (4.26)

w =1— 08|vIch =1- 08%—0895
M 69

Omnpenensiem o ¢opmyne (4.10) mupuHy NPOAOIKUTENFHOTO PACKPBITUS TPELINH, TPHHUMAs
p1=14,0,=0,5up3=1,0,

294, 8

8 = ARy, =
E;

YTO MEHBIIIE MPEACIHLHO JOMYCTUMOM IMUPUHBI TPOOJKUTEILHOTO PACKPBITUS TPEIIUH, PAaBHOU
coriacHo 1.4.2 acre,ult = 0,3 MM.

Mpumep 43. /[ano: xene300eToHHas IMTa yHIAMEHTA ¢ pa3MepaMu MOMEPEUYHOro CeueHus h
=300 mm, b = 1150 mm; a = 42 mm; G6eton kiacca B15 (Rpiser = 1,1 MIla, Ryser = 11 MIla);
pabouast apmarypa kiacca A400 ¢ miomansio cedeHus As = 923 Mm® (6314); MOMEHT B pacueTHOM
CCUCHHMH OT MOCTOSHHBIX U JUTUTEIbHBIX Harpy3ok M| = 50 kHwm, OoT KpaTKOBPEMEHHBIX HArpy30K
Msh = 10 kHMm; pyHIameHT skcruryaTupyeTcst B HearpeCCHBHBIX YCIIOBHSIX (BBIIIIE BEPXHETO YPOBHS
IPYHTOBBIX BOJI).

Tpebyemcs IPON3BECTH PaCcUeT MO PACKPHITHIO HOPMAITBHBIX TPEIUH.

Pacuer. Omnpenenum MoMeHT oOpa3oBaHusi TpemuH M., cornacHo mi.4.5-4.8. ITockoabKy

U= A_ 98 0,0027 < 0,005
bh  1150-300 , ynpyruit Moment conporusinenns W onpenenum 6e3 ydera

apMatypsl ,T.€.

2 2
W = bh _ 1150-300 ~1725.107 w®
6 6

VYurem Heynpyrue nedopMaiy pacTsiHyTOro 0eToHa ImyTeM yMHO)KeHI/I}I W nHa ko3 duunent y
paBHBIT cormacHo Tabm.4.1 1,30, T.e. W = 1,3-1,725-10" = 2,24-10" mm°. Torma Mo = Rotser W =
1,1-:2,24- 10" =24 ,67- 10° Hvm = 24 ,67 kHM < M = M| + Mg, = 50 + 10 = 60 xkHwMm. T.e. TpemuHsI
NIpH ACWCTBUY MOJIHOW HArpy3Kku 00pa3yIOTCs M pacyeT MO PACKPBITUIO TPEIIUH HEOOXOTIM.

[Tposepum ycnoBue (4.29) ¢ 3aMeHO# HAIIPSHKEHHUH 05 COOTBETCTBYIOLIMMH MOMEHTAMH

M, -08M,, 50-08-24,67
M-08M,, 60—08-24,67

=0,752 > 0,68,

CJIe/IOBATEIbHO, MPOBEPSIEM TOJBKO MPOJOJDKUTENBHOE pacKpbiTue TpewmuH. OnpenenseM
HampsDKEHHUE B apMartype os o popmyie (4.13), npuaumas M = M). Pabouas BbicoTa ceueHust hy =
300 300
= 27,27

R 11 . Torga npu

O =
h-a =300 - 42 = 258 mm; kK03)DUIIMEHT MPUBEACHUSI
_Aay  923-27,27 _ B
L, = =0,085 u y = 0,0 u3 rpaduxa Ha uepr.4.3 HaxoguMm ¢ = 0,89. Ilneuo
e = T 1150 258

BHYTpPEHHEH Mmapbl CuJT paBHO Zs = (*hy = 0,89:258 = 229,6Mmm.

b,ser

M 50-10°
o, = -
z,A, 229,6-923

= 235,9 MIla.

Jlisi TpsSIMOYTOJIBHOTO CEYEHHUsS] BBICOTA PACTSHYTOH 30HBI OETOHa € Y4YeTOM HEYNpYrux
nedopmaruii pasua y = 0,5hk = 0,5-300-0,9 = 135 mm > 2h = 2:42 = 84 mm u, kpome Toro, y = 135



MM < 0,5h = 150 mm moatomy ocrasisieMm y = 135 mm u torga Ay = by = 1150-135 = 155250 MM,
Paccrosinue MEXIY TpEeIMHAMHA onpeeIuM o dhopmymne (4.22)

155250

|, = 0,5%dS =05 14 =1177 mm, », uTo 6o0mbmme 40ds = 40-14 = 560 MM u Gonee 400 Mm,

nosTomy npuHumaeM ls =400 mm.
3HaveHue s onpeaenseM mno Gopmyie (4.26), npuaumas M = My = 50 kH m.

=1- 08'\/ICrC =1- 08@—0605
M 50,0

Omnpenensiem o ¢opmyie (4.10) mupuHy MPOAOKATEILHOTO PACKPBITHS TPELIHH, TPHHUMAS
p1=14,0,=0,5u¢p3=1,0:

235, 9

(Q(Dz%'//sE_l

S

YTO MEHBIIIE MPEIEITBHO JOMYCTHMOM IMUPUHBI MTPOJAODKUTESILHOTO PACKPBITUS TPEIINH, PAaBHOU
dereyult = 0,3 MM.

Ipumep 44. Jlano: >xene300eTOHHAs KOJOHHA IIPOMBIIUICHHOIO 3[aHHUS, C pa3MepaMu
noriepeuroro ceuenus h = 500 mm, b = 400 mm; a = a' = 50 mm; Oeton kiacca B15 (Ep, = 24000
MlIla, Ry ser = 11 MIla, Rptser = 1,1 MIIa); pabouas apmarypa kinacca A400 ¢ rutomiaapo ceueHus Ag
= A's= 1232 mm? (228); yCHIHS OT TIOCTOSHHBIX M JUTHTENBHEIX Harpy3ok: Ny = 500 kH, M, = 150
kHwMm; ycunus ot kpatkoBpeMeHHOH (BeTpoBoii) Harpy3ku: Ngy = 0,0; Mgy = 90 kHwm.

Tpebyemcs paccUuTaTh KOJIOHHY IO PACKPBITUIO TPEITUH

Pacuer. OnpenenseM MOMEHT 00pa3oBaHus TpeHH M, . coryiacHo mi.4.5-4.8.

A 1232

[Tockonbky U= b_h = W =0,0062 < 0,005, ompenenseM 3HAYCHUSI Wwue,c Y4EeTOM
105
o= = 210 - =8333
E, 24-10

apMaTypbl NpH KO3(pUIMEHTE NPHUBEICHUS . Jid mpsAMOYTOJIBHOIO
CEYeHHsI C CHMMETPUYHOMN apMatypoii Yy = h/2 =250 MM, a MOMEHT I/IHepI_II/II/I lred paBeH

bh®

3
o =+ 20A (05N - a)" - 400-500°7

+2-1232-8,333(250 - 50)" = 4,988-10° mm *

W e _ 4,988-10°

Tornma Yi 250
HJ'IOHI&I[I) HpI/IBGHGHHOFO CCUCHUA paBHa

=19,95-10° mm®

A, =bh +2A_¢=400-500 +2-1232 - 8,333 = 220533 mm°.

6
o — W :19,95 10 90,5 M

Torxa A 220533

YuuteiBaeM Heynpyrue )J;e(bopMauI/m pacTsiHyTOro OeToHa nngeM ymHoxeHuss W Ha
kodpduuuent y = 1,3 (cm.1abn.4.1), T.e. W=19,95- 10° 1,3 =25,94:10° M,

OmnpenensseM MOMEHT M ¢ IO q)opMyne (4.4), npunnmas N = N; =500 xH,

Merc = RorserW + Ne,, = 1,1-25,94-10° + 500000-90,5 = 73,76-10° Hvm = 73,76 kHM < M = M, +
Mgh = 150 + 90 = 240 xHm,
T.e. TPEIIMHBI TPU JCHCTBUU BCEX HArpy30K 00pa3yloTcs M pacyeT MO PACKPHITHIO TPEIIUH
HE00XO0nM.

OmnpenensieM HanpsOKEHME B PacTAHYTOM apMmarype Ipu JeWCTBUU BCEX HArpy3ok mo ¢gopmyse
(4.19).




ho=h-a =500 -50=450 Mmm = 0,45 M.

oM hy-a' 240 045-005 o
N 2 500
° 088 i o A 30 _ 1222 300 ..
Tpu h, 0,45 i bh, Rb,ser 400 450 11 u3 1a071.4.2 HAXOUM Qere =
. 3 .
o = e An T 500-107-680 4 5 _ 331 2 e,

AHAJOTHYHO OTpeIeisieM HAMPSIKEHUE gs MPU JIEHCTBUU MMOCTOSHHBIX U IJTUTEILHBIX HAPY30K,
1.¢. npuHUMas M = M;= 150 kHm u N = N; = 500 xH.

M h, -a 150

e=—+-— +0,2=05m.
N 2
e_05 _1n B
[Ipu hy 0,45 u Mo = 0187 u3 Ta01.4.2 HAXOAUM @ = 0,32.
3
O, =0y = _ 500-107-500 0,32 =144,3 MI1a.
1232-450

OnpenenumM Takke HapsHKEHUE os pU AeHCTBUM MoMeHTa M = M. = 73,76 xHwm u cunbl N =
500 xH.

e 03475
e="00102-03475 h " 045 17 0,87
500 :mo o , n Mo =Y HaxomuM .. = 0,08;
. 3 .
R 500-10° -347,5 10,08 = 25 MITa.
’ 1232-450
ITpoBepum yciosue (4.29)

O-s]_ - O$8O-s,crc — 144,3 - 0,8 * 25
o, 080y 33L,2-08-25

=0,399 < 0,68,

T.e. ycioBue (4.29) He BBINONHACTCS, CIE0BATEIbHO, IPOBEPSIEM TOJIBKO HETPOIOKUTEIEHOE
PacKpbITHE TPELIUH, ONPEAEIss der. 10 Gpopmyiie (4.28a). [t 3TOro npeaBapuTeNbHO ONpeesnsieM
Acrcz o popmyne (4.10) mpu @1 = 1,0 m o5 = 331,2 MIla. Ilo ¢opmyne (4.25) mmeem

w, =1-08—— Fsere 1 08£—094
o, 3312
OmnpenensieM pacCTOsSTHUE MKy TpenHaMmu ls cormacHo 1m.4.12. JIjist 5TOr0 BBIYKCIUM BBICOTY
pactsHyToi  30HBI OeroHa mo  ¢opmyine (4.23), wnpunumas k = 0,90, a
o = S, _bh®/2+2Aah/2 _ 400-500°/2+2-1232-8,33- 250_817m
AL +N/Ry.  Ag +N/R 220533 +500-10°% /1,1 ’ y=yk =

81,7:0,9 =73,5 MM <2a =2-50 = 100 mm.
[Mpuaumaem y = 100 MM U TOrja IJIOMIAIb CEUCHHS PacTIHYTOro OeToHa paBHa Ap = yb
100-400 = 40000 MM

I, =o,5ﬁds = %Mzs 454,5 vm > 400 Mm.
A, 1232

a
[Mpuaumaem s = 400 m.

3312
Vs | =05-0942°7%
ooz = AR PAVEE s 2.10°

S

400 = 0,31 MM,



_018 s,crc
14045080
c —080; crc

a =0,31(1+0,4-0,399)= 0,36 M,

crc acrc,z

YTO MEHBILE MPEACIIbHO JOMYCTUMON IIMPUHBI HEMPOJOJDKUTEILHOTO PACKPBITUS TPEIIHH,
paBHoi1 0,4 MM.

PACYET XKEJE30BETOHHBIX KOHCTPYKIIHI 110 JE®OPMAIIUAM
OBIIUE ITOJIOXKEHUSA

4.15. Pacuer 31MeMEHTOB >KEJIE€300€TOHHBIX KOHCTPYKIMU MO ae(opManusM MPOU3BOAAT C
Y4€TOM 3KCIUTyaTallMOHHBIX TPEOOBAHUMN, IPEABABISIEMbIX K KOHCTPYKIIHH.

Pacuer o nedopmanusim ciaenyeTr mpou3BOAUTh Ha JICHCTBUE:

- TIOCTOSTHHBIX, BPEMEHHBIX IJIUTENbHBIX U KPATKOBPEMEHHBIX HArpy30K IpPH OTrpaHUYCHUH
nedopMaIuii TEXHOJIOTUIECKUMH HIIM KOHCTPYKTUBHBIMU TPEOOBAHUSAMU;

- MIOCTOSIHHBIX U BPEMEHHBIX JUIUTEIbHBIX HArPYy30K MPHU OTpaHUYEHUU Aedopmainii 3CTeTUKO-
MICUXOJIOTHYECKUMU TPEOOBAHUSIMHU.

4.16. 3naueHus NpeaesibHO JOMYCTUMbIX Ae(opmaluii a1eMeHToB npuHuMaioT coraacio CHull
2.01.07-85* u HOpMATUBHBIM JOKYMEHTAM Ha OTJEJIbHBIC BUIbI KOHCTPYKIIHIA.

PACYET XKEJIE3OBETOHHBIX 3JIEMEHTOB 110 IPOI'MBAM
4.17. Pacuer xene300€TOHHBIX 3JIEMEHTOB IO MPOTUOaM MPOU3BOIAT U3 YCIOBUS
f <fur (4.30)

rae f - mporu6 xene300eTOHHOro JIeMEeHTa OT JCUCTBHS BHEIIHEH HATPY3KH;

fult - 3HAUEHHME MTPE/ICNIPHO JOIIYCTUMOTO POruoda jKeNie300€TOHHOTO 3JIEMEHTA.

[Tporu6s! xene300€TOHHBIX KOHCTPYKIHUH ONPEACIsIOT M0 OOMIMM MpaBWJIaM CTPOUTEIHHOU
MEXaHHKH B 3aBHCUMOCTH OT M3THOHBIX, CABUTOBBIX U OCEBBIX Je(OPMAMOHHBIX XapaKTEPUCTHK
&KeNe300€TOHHBIX 3JIEMEHTOB B CEUSHHSX TI0 €ro JUTHHE (KPUBU3HBI, YIIIOB CIBHUTA, OTHOCHTEIHHBIX
MPOOJIBHBIX J1eopManuit).

B Ttex cmywasx, Korma mporuObl JKeNe300€TOHHBIX JIIEMEHTOB, B OCHOBHOM, 3aBHUCST OT
M3rMOHBIX JedopMalyii, 3HaYeHHUE MPOTHOOB OMPEIENAIOT MO KPUBU3HE HIIEMEHTa COIJIACHO
m.4.18 u 4.19.

4.18. Ilporu® >xene300€TOHHBIX JJIEMEHTOB, OOYCIOBIEHHBIH jAedopmarmeil wu3rubda,
OTIPENIENSIOT 10 hopMyIie

' <}3l\7| XG)X > (4.31)

rme M x - usrubaronmii MOMEHT B CEYEHUHU X OT JICHCTBHS €IMHUIHOMN CHUJIbI, MPUJIOKEHHOW B
CEUEHUH, TSl KOTOPOTO OMpeeNsaeTcss Iporud, B HApaBISHUH 3TOTO MPOTuoa;

1 o .
(— - IOJIHagd KpUBHU3HA JJICMCHTAa B CCUYCHHU OT BHCIIHCU HAIpPY3KH, IpU KOTOPOU
X

r
orpeensieTcs nporuo.

B obmem crnydae ¢gopmyny (4.31) MOKHO peanu3oBaTh MyTeM pa3OueHUs dJIEeMEHTa Ha P
YYacTKOB, ONpeAeNisis KPUBU3HY HA TPAHUIIAX 3TUX YYACTKOB (C YIETOM HAJIMYHS HIIA OTCYTCTBHS

y 1

TPEIVMH M 3HAKa KPUBH3HBI) M EPEMHOKEHHS S0P MOMEHTOB M x 1 KpHMBH3HEI (_ 10 JJINHE
r

X

DIIEMEHTa, TIPUHUMAsI JIMHEHHOE pacrpe/ielieHne KPUBH3HBI B IpeJieNiaX KaXI0To yJacTka. B aTom
cllyyae MpH onpesiesieHny nporuda B cepenuue npoiera ¢popmyna (4.31) npuobperaer BuA


http://stroy.dbases.ru/Data1/1/1880/index.htm
http://stroy.dbases.ru/Data1/1/1880/index.htm

2 n/2-1
fot (lj +(EJ +6) (Ej +(1] +(3n—2)(1
12n2 r sup) r supr i rJi ri r

)C '(4.32)

o

(1] (1j

==

Vi \TJir - xpuBM3HA 271EMEHTa B CHMMETPHYHO PACIIOJIOKEHHBIX ceueHusX i u i' (pu i = i)
COOTBETCTBEHHO CJIEBA M CIIPaBa OT OCH CHMMETPUH (CepeAnHbI IpoJiera, 4epr.4.5);

SUP.T - kpuBM3HA 2EMEHTA COOTBETCTBEHHO Ha JIEBOI M PABOi OIOpax;

( 1)
I'Je - KpuBU3HA JTIEMEHTA B CepeIMHE IPOIIETa;

N - YCTHOC YUCIIO PABHBIX YYAaCTKOB, Ha KOTOPOC pa3ACIAOT MIPOJICT, IPUHUMACMOC HEC MCHEC 6;
| - IMpOJICT 3JICMCHTA.

B dpopmynax (4.31) u (4.32) KpUBU3HBI - ONPEILISIOT 1Mo ykazaHusMm mi.4.21 - 4.27. [Ipu stom
3HAK KPUBU3HBI IPHHUMAIOT B COOTBETCTBHHU C SIIOPON KPUBU3HBI.

0 1 f w2-1 c wa-1)' r I 4

o 1 1 w2-1 ¢l (w21)' 4 1 0

e

o \ | B, B ﬂ 1/ s
V 7))y

L 12 7

Mo

Yept.4.5. Jnopa KPUBU3HBI B KeJIe3006 TOHHOM dJIeMeHTe IIPH 001IeM cJIydae onpeieaeHust Nporuda

4.19. JInst u3rubaeMbiX SJIEMEHTOB IMOCTOSHHOTO CCUCHHS, WMEIONIUX TPEIIMHBI Ha KaKIOM
y4acTKe, B IpeesiaX KOTOPOro M3rMOaroliii MOMEHT HE MEHSIET 3HaK, JOIYCKACTCS BBIYUCIATH
KPUBH3HY JUUIsl HanOoJiee HANPSHKEHHOTO CEYEHUS W MPUHUMATH ISl OCTaJbHBIX CEUEHHH TaKoro
y4acTKa KPHUBU3HBI HM3MEHSIOIIUMHUCS IPOMOPIHOHAILHO 3HAYEHUSIM HW3rHOAoIero MOMEHTa
(uept.4.6).

8

7

r

llepT.4.6. 3]’[]0pl:.l u3rn631011mx MOMEHTOB U KPUBU3HbI B 2KeJ1e300€TOHHOM 3JIeMeHTE MOCTOSTHHOI0 CeYeHU s
a - cxema pacnoodcenust HacpysKu, o - InIOpa MOMEHmMOE, 6 - dnipad KpUU3Hbl

B stom ciywae nmsi cBOOOMHO OMEPTHIX W KOHCOJIBHBIX JJIEMEHTOB MaKCHUMAJbHBIN MPOTHO
OIIpeNIeIAoT 1o (hopMmyIie

f:sv(lj
M) |

(4.33)



rac V) max - IIoJIHas1 KpPHBHU3HAa B CCYCHHU C HauOOJIBIIINM I/ISFI/I6aI-OH_[I/IM MOMCEHTOM, OT

Harpy3KH, Ipy KOTOPOil onpeaessieTcs moruo;

S- koapurmenT, npuHUMAaEMBbIH o Ta01.4.3.

Ecnu mporu0, ompenensiemblii o ¢opmyne (4.33), mpeBbIIaeT JOMYCTUMBIA, TO A ciaabo
apMUpPOBaHHbBIX IeMEHTOB (us < 0,5%) ero 3HaueHue PEKOMEHJIYyeTCsl YTOYHMTh 3a CUeT ydera
MOBBIIICHHON )KECTKOCTH Ha Y4acTKax 0e3 TPelIMH U y4eTa MepEeMEHHON KECTKOCTH Ha y4acTKax C
TpeUIMHAMHU; Uil CBOOOJHO ONEpTHIX OaloK, 3arpyXEHHbIX PABHOMEPHO paclpeieiIeHHOM
Harpy3Koi, 3TO COOTBETCTBYET (hopmyIie

ECERSCREN
48\r max r max r el (434)
r

(1j
rie el - TIOJIHAs KPUBU3HA B CEPEAMHE MPOJICTA, ONpeCIcHHas 0e3 ydeTa HaIuuus TPEIUH
o hopmyie (4.37);

s - Ju0+3:)
crc 12

1-1-M . /M
erC =

371ECh 2
M,yqx - MAKCUMAIIBHBIM MOMEHT OT BCEX HArpy30K;
Mcrc - MOMEHT 00pa30BaHMS TPEUIUH, OMPEASISIEMBbIN coryIacHo 1i.4.4-4.8.

Tabnuua 4.3
CxeMma 3arpy>keHus Koadpunumenr S Cxema 3arpy>keHus KOHCOJIH Koappuuunenr S
cBOOOJIHO OTIePTOM Oanku

5 1
ﬁ”” T I 2 ?mmmnmm: 1
- 48 oo 1 4
, . = l] 3
P ol . % 12 . ; 3

2 a a

> o | F1Sa

a<l?2
z -

Ilpumedanue. [Ipu 3arpyKeHHH >IEMEHTA CPa3y MO0 HECKOIBKUM CXeMaM z i Z b, rne Sju M;
— COOTBETCTBEHHO KO3(pduuueHt S u MmomeHnT M B cepeiHe NpoJeTa OalKd WM B 3a/IeJKe KOHCOIM IS KaXIOH

1

r

CXCEMBI 3arpy>KCHUA. B sTtom CJIy4ac€ KpUBU3HA ( jmax OIpeALIIACTC MPU 3HAUYCHUN MpaBHOM ZM,

Jlig n3rubaeMbIX 3J€MEHTOB C 3allleMJIEHHBIMUA OMOpaMu MPOTud B cepeiHEe MPOJIeTa MOXKET
OTIpeNeNIATHCS 10 opmyIie

B O OO G
r max r supl r supr 8



1 1 1

= = 1=
rie (rjmax (rlupl [J Supf - KPUBU3HA COOTBETCTBEHHO B CEPEIUHE IIPOJIETa, HA JIEBOM U

MpaBoi onopax;

S - ko3 durrenT, onpeaensieMpii Mo Tad1.4.3 Kak s CBOOOIHO ONEPTOi OaKu.

Bo Bcex ciyyasx mporu® nmpuHMMaeTcs HE MeHee Imporuba, orpeneeHHOro no KpuBU3HaM 0e3
yudeTa TpeLyH.

4.20. Tnsa n3rudaemsix smeMeHTOB pH I/h < 10 He0OX0AMMO yUUTHIBATH BIMSHUE MTOMEPEUHBIX
cuil Ha uX mporud. B 3ToM ciiyuae monHBINA mporud paBeH CymMMme NMPOrHOOB, O0O0YCIOBIEHHBIX
nedopmanueii uruda (cm. nn.4.18 u 4.19) u nedopmanueii capura f.

I[Tporuo6 fq, 06ycnopnaennsit neopmareil ciBUra, ONpeAessoT Mo GopmyIae

I _
f =£dex w39

rae Q, - MoTepeyHasl Cujia B CEUYEHUU X OT JEHUCTBUS €IMHUYHOW CHIIbI, MPHUIOKEHHOU B
CCUCHUH, JIJIS1 KOTOPOTO OTPECIIIeTCss MPOru0, B HAPABICHUH 3TOTO MPOTH0a;

Yy - Yroll CIBWUra JJIEMEHTAa B CEUEHHWU OT JCHCTBHS BHEUIHEW HArpy3Ku, MpU KOTOPOU
orpejensieTcs mporuo.

3HaYEHHE ), ONPEACIACTCS M0 yKa3aHusIM 11.4.28.

OINNPEAEJIEHUE KPUBU3HBbI )KEJIE3OBETOHHBIX 9JIEMEHTOB
OBIIME ITOJIOKEHUSA

4.21 KpuBH3HY K€1€300€TOHHBIX 3JIEMEHTOB JUIsl BBIUMCIICHUS UX MPOTrHOOB ONPEAEIISAIOT:

a) JUIS DJIEMEHTOB WJIM YYaCTKOB JJIEMEHTA, I/Ie B PACTAHYTOW 30HE HE 00pa3yloTcsi HOpMallbHbIE
K ITPOJIOJIBHOM OCH TPEIIMHBI, COryacHo 1.4.23;

0) IUTS DIIEMEHTOB WJIHM YYacTKOB JJIEMEHTa, TJe B PACTSHYTOH 30HE WMEIOTCS TpPEIIMHBL,
cornacHo mm.4.24-4.26.

DneMeHThl WM YYacTKA DIIEMEHTOB pAacCMaTpPHBAIOT 0e3 TpeIIuH, €CIH TPEHIMHBl He
o0pa3yroTcst (T.e. BBINOJHsETCA yciaoBue 4.2) mpu AEHCTBUM BCEX HArpy3ok (T.e. BKJIIOYas U
KpaTKOBPEMEHHBIE) ¢ KOA(PPUIIMEHTOM HAJEKHOCTH 110 Harpy3ke y; = 1

KpuBusHy xene300€TOHHBIX JIEMEHTOB C TPEUIMHAMU M 0e3 TPELIMH MOKHO OINpEeNeIuTh Ha
OCHOBeE Jie(hopMaIMoOHHOM MoJIeu coriacHo m.4.27.

4.22. TlonHy!0 KpUBU3HY H3THOAEMBIX, BHELIEHTPEHHO C)KAThIX M BHELIEHTPEHHO PaCTAHYTBIX
3JIEMEHTOB OIPEJLISIOT 10 (opMyIIe:

- JUI y4acTKOB 0€3 TPELIUH B PACTAHYTON 30HE

L)
— = — +| — ,
N DA% (4.37)

FlE)

“lul=

rae FJi \I'J2 - KpUBHM3HBI COOTBETCTBEHHO OT HENPOJOIKHTEILHOrO JCHCTBHS
KpaTKOBPEMEHHBIX HAarpy30K U OT NPOAOKUTENBHOIO JAEWCTBUS MOCTOSHHBIX U JJIUTENbHBIX
Harpys3ox;

- IJId y4aCTKOB C Tp€IIMHAMU B paCTHHYTOI\/’I 30HC

(-0



( 1)
rme \'/i- kpuBM3HA OT HENPONOIKUTENHHOrO MEHCTBHS BCEX HATPY30K, HA KOTOpHIE
MIPOU3BOJIAT PACcUeT 10 ehOopMaIHsIM;
( 1)
I'/2 - kpUBU3HA OT HENPOIOKUTENEHOTO ACHCTBHS IIOCTOSHHBIX H JUIMTENBHBIX HAIPY30K;
( 1j
I'/s - xpuBH3HA OT IIPOIOIKUTENHHOTO IEHCTBHS TIOCTOSHHBIX U IUTHTEIBHBIX HATPY30K

Mpumeuanune. [lpu ucnonszoBanuu Gopmyns! (4.37) KpaTKOBPEMEHHYIO Harpys3Ky, BKJIIOYAIOIIYIO B ceOs
cormacHo CHwull 2.01.07-85* moHIWKeHHOE 3HAYeHHE, CJIeAyeT IPWHUMATh YMEHBIIEHHOW Ha 3TO 3HAUYCHHE,
YYUTBIBAEMOE B 3TOH (hOpMyJie KaK AIUTEIbHAs Harpy3Ka.

KPUBU3HA KEJIE3OBETOHHOI'O 2JIEMEHTA HA YYACTKE BE3 TPEIIIVH B

PACTSIHYTOM 30HE
4.23. KpuBH3HY kel1e300€TOHHOTO JIEMEHTa Ha Y9acTKe 0e3 TPEIIH ONpeAesioT o Gopmyre
1__M
o Eple (4.39)

rae M - n3rubarouiyii MOMEHT OT BHEIIHEH Harpy3Kku (BKJIOYasi MOMEHT OT IPOA0JIbHOM cuiibl N
OTHOCHUTEJILHO OCH, IPOXOJIALIEH uepe3 LEHTP TSHKECTH MPUBEJCHHOIO CEUECHHUS);

lred - MOMEHT HHEpUMH NPUBEACHHOIO CEYEHHUS OTHOCUTEIbHO €ro LEeHTpa TSKECTH,
olpeAensieMblii Kak s CIUIONIHOIO Teja 10 OOIMM MpaBuUjaM COINPOTHUBIIEHUS YIPYTUX
MaTepualioB C Y4YeTOM BCEW IJIOLIaJu ceueHUs OeTOHa W IUIOIIAZied CedYeHus apMarypbl ¢
K03 HUIIMEHTOM MTpUBEACHHS apMaTypbl K 0eTOHY paBHOM & = E¢/Epy;

Ep1 - Mogynpb nedopmanmu cxxatoro 6eToHa, IPUHUMAEMbIH PaBHBIM: IPU HEMPOIOJIKUTEIHHOM
NENCTBUN HAarpy3Ku

Ep; = 0,85Ey; (4.40)
HpI/I HpOI[OJ'DKI/ITCJ'H)HOM HGfICTBI/II/I Harpyslm
B
"1t g (4.41)

TZie @pcr - K03 PUIMEHT mon3ydecTy 0eTOHA, IPUHUMAEMBIN B 3aBUCMOCTH OT OTHOCUTEJIbHON
BJIQXKHOCTH BO3/1yXa U Kjacca 6eToHa no tadu 4.4.

Ta6auna 4.4
OTHOCHUTEIbHAS BIAKHOCTh BO3yXa 3HaveHus K03 dHUIMEeHTA MTOA3YIECTH @p ¢ IPH KJIacce OETOHa Ha
OKpyxatouieit cpeabl, %o c)KaTue
B10 B15 B20 B25 B30 B35 B40 B45 B50 B55 B60
BhIIIe 75 (OBBIIIICHHAS ) 28 24 20 18 16 15 14 13 12 11 10
40-75 (mopmainbHas) 39 34 28 25 23 21 19 18 16 15 14
ke 40 (MOHWKEHHAsT) 56 48 40 36 32 30 28 26 24 22 20

[Ipumeganue. OTHOCHTEIRHYIO BIQXKHOCTH BO3/yXa OKpyxkaromeit cpensl npuauMarot mo CHull 23-01-99 kak
CPEIHIOI0 MECSIYHYIO OTHOCUTEIBHYIO BIaKHOCTh HanOoJIee TEIIoro Mecsa Jisi pailoHa CTPOUTEbCTBA.

KPUBHU3HA KEJE30BETOHHOTI'O JIEMEHTA HA YYACTKE C TPEIIIMHAMUY B
PACTSIHYTOM 30HE

4.24. KpuBu3Hy H3ruOaeMoro xene300€TOHHOrO JJIeMEHTa Ha YYacTKaX C TpEIIMHAMH B
pacTAHyTOM 30HE ONPEIEISAIOT 10 hopMyIie


http://stroy.dbases.ru/Data1/1/1880/index.htm
http://stroy.dbases.ru/Data1/7/7001/index.htm

Eb,red I red (442)

A€ led - MOMEHT HMHEpPUUU TPUBEICHHOIO CEUEHHS OTHOCUTEIBHO €ro IIEHTpa TSHKECTH,
OTIpeeNsieMBbIi 10 OOIIMM IMpaBUJIaM COMPOTHUBICHUS YINPYTrUX MaTEpPHAOB C YYETOM ILIOIIAIU
cedeHus: OETOHA TOJBKO C)KATOM 30HBI, TUIOIIAICH CEYCHUS CKATOW apMaTypbl ¢ KO3PPUITUESHTOM
NPUBEJICHHS 8s; U PACTSIHYTOU apMaTypbl ¢ KO3D HUIIEHTOM puUBeAeHUs asy (uepT.4.7);

Epred - mpHUBeAECHHBII MoOaynb aepopManvu CKaToro OETOHA, MPUHUMAaeMblii paBHBIM

E _ I:zb,red
b,red

€1 red , TJ1€ 3HAYCHHUE Eh1 red PABHO:

MIPU HEMPOOJLKUTETLHOM IEMCTBUU HArpy3ku - 15- 10'4;

MPU TIPOJIOJDKUTEILHOM JCHCTBUM HArpy3Kd B 3aBHCHMOCTH OT OTHOCHUTEIBLHON BIAKHOCTH
BO3/lyXa OKpYyKaromei cpeast Woo:

pu W > 75% - 24-10™;

pu 75% > W > 40% - 28-10°;

pu W < 40% - 34-10™.

OTHOCHUTENBHYIO BJIAXXHOCTH BO3/yXa OKPYKAIOIIEH Cpebl MPUHUMAIOT COIJIACHO MPUMEYaHUIO0
K Ta01.4.4.

.M
;

a) 0)

3 €y, =Ky 0

N
A\

/[

Asus2
Yepr.4.7. [IpuBegeHHoOe nonepevyHoe cevyeHue (a) 1 cxeMa HANPS2KEHHO-1e()OPMUPOBAHHOIO COCTOSIHUS

u3rudaemMoro 3j1eMeHTa ¢ TPeLUMHAMM IIPU pacyere ero no aedpopmauusm (0)
1 -yposenv yenmpa msdicecmu npugedeHHo20 cevenus

3HaueHus1 Ko3PUIUEHTOB IPUBEACHUS apMaTypbl K OETOHY IPUHUMAIOT PaBHBIMHU:

o Eb red
AJIg CKAaTOU apMaTyphl - ’

JUIS pacTSIHyTOH apMaTyphl — s Tore
rae y - cm..4.13.
KoadduuneHT as1 MOKHO TakKe ONpeesaTh M0 GopMyIaM:
~ 300 .
asl - R '
IIPU HENPOJOJDKATEIILHOM JIEUCTBUU HATPY3KH -
P NIPOJOHKUTEIIBHOM JIEUCTBUU HArPY3KNM M HOPMAJIBHOM BJIAJKHOCTH OKPY>KAFOLIETO BO3AyXa

560
sl R ’
(W = 40... 75%) - b,ser

b,ser

_ sl
6(52 ==

a K03 UIHEHT asp - IO popMmyIie Vs .



BoIcoTy ¢kKaTOM 30HBI OIIPEAEISAIOT U3 PELLICHUS YPaBHEHUS
Sb= as2Ss - a&iS's (4.43)

rae Sy, Ss 1 S's - cTaTHCTHYECKHE MOMEHTHI COOTBETCTBEHHO C)KATOM 30HBI OETOHA, IIIOIAIEH
pacTSIHyTOM M CKAaTOW apMaTrypbl OTHOCHUTEIBHO HEWUTpaabHOM oOcHu. s mOpsMOYTOJIbHBIX,
TaBPOBBIX M JIBYTABPOBBIX CEUCHUH BBICOTY CKATON 30HBI ONMPEACISIOT 10 (hopmyrie

Xx=h ZZ+2 Oyt vog—l+ul —h‘f —Z
o} /us 2 /us 1h0 f2h0 '
eZ—,UsOéz /‘;%1 /U'f,

A A _bi-bh

rn

" bh, % Ton, T on,

4.25. Jlns m3rnbGaemMbIX 3JEMEHTOB IPSMOYTOJIBHOTO, TaBPOBOTO M JIBYTaBPOBOTO CEUYCHUH,
SKCIUIyaTUPYEMbIX IpPHU BIAKHOCTH BO3Jyxa OKpyxkarwomeill cpensl Bbime 40%, KpUBU3HY Ha
y4JacTKax ¢ TPELUIMHAMHU JOIYCKAeTCsl ONPeeaTh 1o (hopmyIie

1 _ M — (pzbthbt,ser
r eoEAh (4.45)

rjae g1 - cM. 1a61.4.5;

@2 - cM. Ta01.4.6;

4.26. KpuBu3HY BHEIEHTPEHHO CXaTbIX JJIEMEHTOB, a TAaKXK€ BHELEHTPEHHO PaCTSIHYTHIX
AJIEMEHTOB NIPH MPWIOKECHUH cHibl N BHE pacCTOSHUS MEXIy apMarypaMu S U S' Ha ydacTKax C
TpEIIMHAMU B PACTAHYTON 30HE OMPEENSIOT Mo hopMyIie

1, N
r Sred Eb,red (446)

re Sred - CTATUYECKUH MOMEHT YKa3aHHOTO B 1.4.24 TPHUBEACHHOTO CEYEHHUS OTHOCUTEIHHO
HEHUTPATLHOW OCH; 3HAUYCHUE Sy BEIYUCIISACTCS 11O POpMYyIie

Sred = Spt a5 S'so - As2Ss0, (4.47)

Sp, S'so B Sgp - cTaTHYeCKHME MOMEHTBI COOTBETCTBEHHO CXKAaTOl 30HBI O€TOHA, CXKATOH H
pacTHYTOW apMaTypbl OTHOCUTEIBHO HEHTPAIBHOM OCH;

Os) U Oy - KOOPOHUIIMEHTHI TPUBEICHHS TSI CKATON U PACTIHYTOH apMaTrypsl, ONpeaessieMble
coriacHo n.4.24;

Ebyred - cm. m.4.24.

Tabnuua 4.5

' KoadhdunueHTs! @1 IPU 3HAUECHUSIX [L0ls], PABHBIX
My 0,07 0,10 0,15 0,20 0,30 0,40 0,50 0,60 0,70 0,80 0,90 1,00
0.0 0,60 0,55 0,49 0,45 0,38 0,34 0,30 0,27 0,25 0,23 0,22 0,20
0,2 0,69 0,65 0,59 0,55 0,48 0,43 0,39 0,36 0,33 0,31 0,29 0,27
0,4 0,73 0,69 0,65 0,61 0,55 0,50 0,46 0,42 0,40 0,37 0,35 0,33
0,6 0,75 0,72 0,68 0,65 0,59 0,55 0,51 0,47 0,45 0,42 0,40 0,38
0,8 0,76 0,74 0,71 0,69 0,62 0,58 0,54 0,51 0,48 0,46 0,44 0,42
1,0 0,77 0,75 0,72 0,70 0,65 0,61 0,57 0,54 0,52 0,49 0,47 0,45

a = i % -, = @f _ b).lf —+ AS %

AE T, AT ph, bhy, &

[PH MPOJOUKUTEIEHOM NSHCTBUH HATPY30K 8s; = 560/Ry ger

[PH HETIPOJIOJDKUTEIEHOM JSHCTBHH HArPy30K asp = 300/Ry ser




Tabnuua 4.6

Koadhpuumentst KoahdpunneHTs! ¢, Ipu 3HAYEHUSX [0ls; PABHBIX
<0,070,07-0,10,1-0,20,2-0,40,4-0,6 0,6-0,8 0,8-1,0< 0,07 0,07-0,1 0,1-0.2 0,2-0,4 0,4- 0,6-0,8 0,8-
My My = Bl 0,6 1,0
HETIPO/IOJDKUTENBHOE ISHCTBIE HArPy30K MIPOIOJDKUTENBHOE JISHCTBIE HArpy30K

0,0 00 016 016 016 o017 0,17 017 0,17 015 0,14 014 013 013 0,12 0,12
0,0 02 020 020 020 021 022 023 023 018 0,18 0,18 0,17 0,17 0,17 0,16
0,0 04 022 0283 023 024 026 027 028 021 021 0,21 0,21 0,21 0,20 0,20
0,0 06 024 025 025 027 029 031 032 023 023 023 023 0,24 0,24 0,24
0,0 08 025 026 027 029 032 034 036 024 024 025 025 0,26 0,27 0,27
0,0 10 02 027 028 030 034 037 039 025 0,26 026 0,27 028 029 0,3
0,2 00 024 028 023 022 021 021 0,20 020 0,21 0,20 0,18 0,16 0,15 0,14

0,4 0,0 - 0,31 0,29 027 026 025 0,24 - 0,27 0,26 0,22 0,19 0,18 0,17
0,6 0,0 - 0,38 036 033 030 0,28 0,27 - 0,34 0,31 0,27 0,23 0,20 0,19
0,8 0,0 - - 043 0,38 0,35 032 0,30 - - 0,37 0,31 0,26 0,23 0,21
1,0 0,0 - - 050 044 039 036 0,30 - - 0,44 0,36 0,30 0,26 0,23
0,2 02 029 028 028 028 027 027 027 027 014 025 0,23 0,21 0,20 0,19
0,4 0,4 - 041 040 0,39 039 0,38 0,38 - 0,26 0,36 0,33 031 0,29 0,28
0,6 0,6 - - 053 052 051 050 0,49 - 0,38 048 0,44 0,41 0,38 0,37
0,8 0,8 - - 066 064 063 062 0,61 - - 061 056 051 048 0,46
1,0 1,0 - - - 0,77 0,75 0,79 0,73 - - - 0,68 0,63 0,59 0,50

_A '_(bf_b)]f+As _ _(bf_b)‘f_ _ 300

s Oy bho O6ys s bho bho Gy s bho 1 06y R,.

B dopmyne (4.46) 3Hak "muiroc" MpUHUMAETCs 7S BHELEHTPEHHO CXKATBIX DJIEMEHTOB, 3HAK
"MuHyc" - ISl BHELIGHTPEHHO PACTAHYTBIX 3JIE€MEHTOB, IIOCKOJBKY JUISl 3TUX 3JIEMEHTOB 3HAYEHUE
Sred BeIUKcIeHHOE 110 popmysie (4.47), Bceria MEHBIIIE HYJIS.

BeicoTy CkaTOW 30HBI BHEIEHTPEHHO HArpyXEHHBIX JJIEMEHTOB ONPEACISIIOT W3 PEUICHHUS
ypaBHEHUs

|
e—h, +x=—r<
Sted | (4.48)

rac |red - MOMCHT MHCPIUU MPUBCACHHOI'O CCYCHHUA OTHOCUTCIIBHO HCP'ITpaHLHOﬁ ocCH, paBHBII\/'I

Ired = loo + a1 I'so + 2150 (4-49)

Ibo, I'so 1 lsp - MOMEHTBI HHEPLIMK COOTBETCTBEHHO CXKATOM 30HBI O€TOHA, CXKATOM U PACTSIHYTON
apMaTypbl OTHOCUTEIBHO HEUTPAIbHOU OCH.
Jlist IpsSIMOYTOJILHOTO ceueHus ypaBHeHHe (4.48) nmproOpeTaer BUA

53 +3(h£—ljfz +6|:(h£_1JQIsas2 +:u;0é1)+ le%z +ﬂ;0@15')j|98_

0 (o]

. . e . .
_6{“50@2 + pg 00 +(h__1](us%2 + U 00 )} =0

0

(4.482)

X A A . a
R e L
e h, bh, bh, h
JIns BHEIEHTPEHHO pAacTIHYTHIX OJJEMEHTOB 3HadeHHWEe e B ypaBHeHus (4.48) u (4.48a)
MOJICTABIISIETCSL CO 3HAKOM '"MUHYC'".

ONPEJEJIEHUE KPUBU3HbBI )KEJTE3OBETOHHBIX 3JIEMEHTOB HA OCHOBE
HEJIMHEUHOU JE®OPMAIIMOHHOU MO/JIEJIN

4.27. 3HaueHue KpUBU3HbI IPUHUMAIOT PABHBIM:

0



. 1 ¢
IpH ABYX3HAYHOM 2MI0pe Ae(GOPMALUK 110 CEYECHHIO - — — 2
r X
1 . 8b,max _gb,min
MIpU OAHO3HAYHOM 3mtope fedopMaluii CkaToro 0eToHa 1Mo ceyeHuto - I h

TIC Ehmax U Epmin - MAKCHUMAJIIbHbIE U MHUHUMAaIIbHBIC JedopMariu OCTOHA, OINpeelisieMble Ha
OCHOBE TIOJIOKEHUH, MPUBEACHHBIX B I1.11.3.72-3.75;

X - BBICOTa C)KaTOM 30HBI B HAIIPABJICHUH, HOPMAaJIbHOM K HEHTPAIBHOM OCH;

h - BbIcOTa ceueHus B HANpaBJICHUH, HOPMAJILHOM YCIIOBHOW HeWTpaibHOU ocH (uept 3.39,6);

1 . €5 max ~ €s min

r h

IIPU OJHO3HAYHOM 3MIope NedopMaluil pacTIHYTONH apMaTyphl 110 CEYEHHUIO - s

TI€ &max U Esmin - aOCONIOTHBIE 3HAuUeHUA JedopMaluii MaKCUMajJbHO M MHUHUMAIbHO
PaCTSIHYTBIX CTEPXKHEH apMaTyphl, ONpeaesieMble coriacHo mn.1.3.72-3.75;

hs - paccrosHue MeXIy OSTHMH CTEPXKHAMH B HAlpaBJICHUH, HOPMAIbHOM YCIOBHOM
HEUTPaAIbHOU OCH.

[Ipu sToM [7Is1 S7eMeHTa € TpeUIMHAaMH B pPACTSHYTOM 30HE HANpsHKEHUS B apMarype,
nepeceKaromieil TpemuHy, onpeaenseTcs mno Gopmymne

osi = Es (3si +O,885,crc), (4.50)

TJIE & - YCpeAHEHHAsi OTHOCUTENbHAs AedopMallis pacTIHYTOM apMaTyphl B pacCMaTpUBaeMOn
CTaJIMU pacyeTa, COOTBETCTBYIOIIAS JMHEHHOMY 3aKOHY pacrpeaeneHus aedopmalnii no ceueHuIo;

&scrc - OTHOCUTEINIbHAS TehopMaIust pacTIHYTON apMaTypbl B CEYCHUU C TPEIIMHON cpa3y mocie
00pa3oBaHus TPEIIUH (T.e. MPH ACHCTBUU MOMEHTAa M.r.), PaBHAs &scrc = Oscrc | Es, TIE Oscrc - CM.
n.4.13.

[Ipy HamMuuu TpeUMH HANPSHKEHHO-IS(OPMHUPOBAHHOE COCTOSHUE C)KaToro OCETOHA
OTpeesieTCsl 0 ABYXJIMHEHHOW auarpamme o, — &, C HUCIOJIb30BAHUEM IMPUBEIACHHOTO MOJYJIS
nedopmaruii cxkaroro O6eroHa Eprqg, ompenensemoro coriacHo m.4.24, U 3HAUCHUH &y U Epy,
MIPUHUMAEMBIX 10 Tabi.4.7.

[Ipn oTcyTcTBUM TpEMIMH HANPSHKEHHO-AE(POPMHPOBAHHOE COCTOSHHME CXKAToro OeToHa

R
b,ser
&y =0,6——
OIPEACIIACTCA 11O TpeXJ'IHHefIHofI AuarpaMmme (‘le[}T.4.8), rac b1 y €p0 U Ep2 -CM. Ta6J’I.4.7;
Eb]_ MNPpUHHUMACTCA PpaBHBIM: 1HOpPHU HCIPOAOJLKUTCIBHOM )16171CTBI/II/I HarpysKm - Eb, npu

MPOJOIDKUTEILHOM JEUCTBUM Harpy3ku - cM. ¢opmyny (4.41). HanpsokeHHO-ehopMUpOBaHHOE
COCTOSIHHE PACTAHYTOr0 OETOHA TaKXe OMPEACNIAETCS 0 TPEXIMHEHHON quarpamme (cM. uept.4.8)
c 3aMeHOU Ry ser Ha Ry ser, €00 HA Ebto, b2 HA Eptp, TAC 3HAUCHUS Epto U Ep - CM. Ta01.4.7

Tabnuma 4.7
OTtHocuTenbHbIe Aehopmanmu O6eToHa
XapakTtep JeHCTBUS HATPY3KHU TIPU C)KATUU IIPU PACTSKEHUH

eb0° 1002 10%p1 req” 10%6010" 10602 1001 req” 10°
HEMPOJOJKUTEIBHOE 20 35 15 0,10 0,15 0,08
MPOJIO/DKUTENLHOE TPU OTHOCHTENIBHOM BIIAXKHOCTH OKPYKAOIIEr0
BO31yXa, %o
BbIIIIE 75 30 42 2,4 0,21 0,27 0,19
40-75 34 48 2,8 0,24 0,31 0,22

Hixe 40 40 56 34 028 036 0,26



Rb, serl

o, l==0,6R.

b,ser

~| arctgky,

£p

€51 €50 €2
Yepr.4.8. TpexsiuHeiiHasi AUarpaMMa COCTOSIHUS C:KaTOro 0eToHa
KpuBusna Ha OcCHOBe HENWHEHHON aedopMalMOHHONW MOJENN ONPEAeNIIeTCs C IOMOIIBIO

KOMIIBIOTEPHBIX IIPOTrPaMM.
[Tpu pacuere cTaTHYECKU HEONPENEIUMBIX KOHCTPYKIHMNA C y4eTOM (PU3MUECKOi HEMUHEHHOCTH

1

D=M:=-
JUIs. OTACHbHBIX YYacTKOB 3JICMCHTOB HMCIOJIB3YIOTCSI KECTKOCTH, pPaBHBbIC r, rne M -
MaKCI/IMaJIbHHﬁ MOMCHT OTHOCUTCJIBHO FGOMeTqueCKOﬁ OCH DJICMCHTA Ha paCCManI/IBaeMOM

1
ydactke, I - COOTBETCTBYIOIIAsi KpUBHU3HA, ONpeesiemMast coriaacHo m.4.27.
OINNPEAEJIEHME YI'JIOB CABUT A )KEJJE3OBETOHHOI'O 3JIEMEHTA

4.28. Yrona nedhopmMaiiny caBUra onpeaensercs mno hopmyie

129,
5" Gpn PR

(4.51)

rie Qx - mornepeydHasi Cuiia B CEUCHHHU X OT ACHCTBHS BHELIHEH HArpy3KH;

@b - KOOQOUIMEHT, YIUTHIBAIOIINI BIMSIHUE TIOJ3y4ecTH OETOHA M MPHHUMAEMBIN PaBHBIM: TIPU
NPOJIO/DKUTEIBHOM JEHCTBUM HArpy3ok ¢, = 1 + @pe THE @per - CM. Tabm.4.4; mpu
HETPOJIOJKUTEITBHOM JIEMCTBUN HArpy30K ¢, = 1,0;

@cre - KOOQPULMEHT, YUUTHIBAIOIIMNA BIUSHUE TPELIMH Ha JeOpMAaLUU CIBUTA U IPUHUMAEMBIH
paBHBIM:

- Ha y4acTKax IO JUIMHE 3JIEMEHTA, IJle OTCYTCTBYIOT HOPMaJbHbIE M HAKJIOHHBIE K MPOJOIBHOMN
OCH 3JIEMEHTa TPEUIUHBI, - @cre = 1,0;

- Ha Y4acTKax, I71e UIMEIOTCS TOJIbKO HAaKJIOHHbBIE TPELUHBI, - @cre = 4,0;

- Ha y4acTKax, IJle UMEIOTCS TOJIBKO HOPMAaJbHbBIC MIIM HOPMAJIbHBIE W HAKIOHHBIC TPEIIWHBI,
KO3 PHULIUEHT @¢r. ONIpeaenseTcs no Gopmyie

3E |, (1
Qre = |

M, \r (4.52)

1

rie M, u (rjx - COOTBETCTBEHHO MOMEHT W KpPUBHM3HA OT BHENIHEH HArpy3ku IMpu
HETIPOJIODKUTEIILHOM €€ JICHCTBUY;
lred - MOMEHT HWHEpIMU TOJIHOTO NPUBEIECHHOTO ceueHHs npu Kod(dduimeHte mpuBeneHUs
apmatypsl kK 6eTony a = Ey/Ej,.
OO6pazoBaHre HAKJIOHHBIX TPEUIUH COOTBETCTBYET BBIITOJIHEHUIO YCIOBHS

Q > 015Rbt,serbh0- (4.53)
IIpuMmepsl pacyera

Ipumep 45. Jlano: xene300€TOHHAs IUIMTA TEPEKPBITHA  TPAKIAHCKOTO  37aHUSA
npsSIMOYTOJIBHOTO cedeHus: pazmepamu h = 200 mm, b = 1000 mm; hy = 173 mm; niponer | = 5,6 wm;
oeton kmacca B15 (E, = 24000 MIIa; Rpser = 11 MIla, Rptser =1,1 MIla); pactsaayras apmarypa



knacca A400 (Es = 2-10° MIa) ¢ momapio nonepedroro ceuenus As = 769 mm? (5&14); monHas
paBHOMEpHO pacmpenenieHHas Harpyska ( = 7,0 kH/m, B ToM uucie ee 4acTh OT MOCTOSHHBIX U
JUTATEBHBIX HArpy30K (; = 6,5 kH/M; mporu6 orpaHn4YuBacTCs SCTETHUYSCKUMH TPEOOBAHUSMU.

Tpebyemcs paccuuTaTh IUIATY MO AeHOpMALIUIM.

Pacuer. Onpenenum KpUBU3HY B CEpeAUHE MPOJIETA OT JACUCTBHUS MOCTOSHHBIX W JJIUTEIBHBIX
Harpy3oK, Tak Kak Iporud orpaHMYMBaETCs 3CTETUYECKUMH TPEOOBAHUSIMHU.

MoMeHT B cepeuHe NpoJieTa paBeH

_ql* 65567
8 8

[Mpuanmaem 0e3 pacyera, YTO IUIMTA UMEET TPEIIMHBI B PACTSIHYTOW 30HE, B CBSI3U C 4YeM
KpUBHU3HY ompeaenum 1o popmyne (4.45). Koaddunuent apmupoBaHus paBeH

A, 769

M, =M, = 25,5kHm = 25,5-10° Hvm

u= = =0,0045.
bh, 1000-173
[Ipy TPOAOIKUTENHPHOM JEHCTBUU HArpy3Kd Kod((UIMEHT TpHUBEACHUS apMaTyphl pPaBeH
560 560
0@1 = = = 5019 C
Roser 11 . U3 ta6n.4.5 npu H% =0,0045-50,9=0,226 |, 14 =0 HaxoJIuUM @1 =
Loy, =0,0045- 300 =0121 =, =0
0,43, a u3 1a61.4.6 npu 11 u e Tt HAXOJMM COOTBETCTBYIOIIHIA

MPOJOIKUTENIFHOMY JIEWCTBUIO HAarpy3ku koddduuuent ¢, = 0,13.

1 _M =Ry _ 255-10° ~013-1000-200° 11 g o0 o6 1

Torma nE AN 0,43-2-10° - 769173 ' MM
5=

[Tporu6 onpenenum o Gopmyse (4.33), npuHUMas coriaacHo Tadn.4.3 48 ;

f = SI{%} = 438-56002 -9,99-107° = 32,6 Mm.

Cornacno CHull 2.01.07-85* Ta61.19, mo3.5 ompenenum mpeaenbHO AOMYCTHUMBIM Tporud mo
ACTETUYECKUM TpeOoBaHUSAM s mpojera 5,6 M MyTeM JMHEWHOW  MHTEpHOJSALMU

f,.=20+(30- 20)% =287mm < f =32,6 Mm

, T.€. ycroBue (4.30) He BBIIOTHSETCS.

YTOYHMM TIpOTHO IUIMTHI 332 CYET y4eTa MEePEeMEHHOW >KeCTKOCTH Ha YYacTKe C TPEUIMHAMHU
nyreM onpeneneHus ero 1no  ¢opmyne (4.34). g 3TOro  ompenenseM  MOMEHT
TpenmHooOpa3zoBanus M cornacuo nm.4.5 u 4.8.

Brruncisem TCOMCTPHUUYCCKUC XAPAKTCPUCTUKHU MPHUBCACHHOI'O CCUCHHUA IIPpU KOZ—)(I)(I)I/II_II/ICHTG
E, 200
a=—=—=833

MpUBCICHUS Eb 24

A,.; =bh+ A =1000 - 200 + 769 -8,33 = 2-10° + 6408 = 2,064 -10° mm ;

y Srd _ 2-10°-100+6408- 27
YA 2,064-10°

=97,7 mm;

1000 200°

| +2-10°(100 -y, )* +6408(y, —27)* =6,998-10° mm *;

red
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W e _ 6:998:10°

=716-10° mm>.
Y, 97,7

3amenss B popmyne (4.4) 3nauenue W na Wy = Wy, raoe cornacHo 1a6a.4.1 y = 1,3, onpenenum
3HaueHue M.

Mere = RogseWy = 1,1-7,16-10° 1,3 = 10,24-10° Hmwm.

MoMmeHT B cepeiMHe MpoJieTa OT MOJIHOM HAarpy3Ku paBeH

2 2
v _7:58
8

Torna nipu Mo/ M,y = 10,24 / 27,44 = 0,373 BbIunciseM

/Icrc — Q_\/l_ Mcrc / Mmax ): 0,1041 %rc :ﬂ#;ﬁcrc): 0’0114

= 27,44 kHwm.

2
8
Onpenenum kpusu3Hy ' /e npu M = M) Ge3 yueTa TpeIMH IPH IPOIOIDKUTEILHOM AeHCTBHH
Harpy3kd, TpuHHMas W3 Ta0m.4.4 s kimacca OeroHa Bl5 ¢per = 3,4 u ciemoBaTenbHO,
E
E,=—2>—= 24000 _ 5456 MrTa,
1+g,., 1+34

1

HOCKOHBKy BINAHHUC 3HAYCHHA (r jel Ha HpOFI/I6 HE3HAYUTCIIBHO, OIIPCACIIAACM 3TY KPUBU3HY 110

dbopmyie (4.38), He epecuuThIBas 3HAUCHUE |req:

[Ej M, 252:10°
el

1
= = =6,68-10° —.
r E,l. 5455-6,998-10° MM

Torna

f= i(lj ~S,. GJ —(1] 12 = i9,99—0,0114(9,99—6,68) -107°.5600% =
48\ 1 ) o I ) ex Mg 48

=315mm > f,, = 28,7 mm,

T.€. YTOUHEHHBII MPOTH0 TaKKe MPEBBIIIAET JOMYCTUMOE 3HAUCHHE.

IIpumep 46. /Jano: xene300eTOHHAs ITUTA TOKPBITUS C PACUETHBIM MPOJIETOM 5,7 M; pa3Mepsl
cedeHus (U1l TTOJIOBUHBI CEUECHMSI TTUTHI) 0 4epT.4.9; 6eToH kiacca B25 (Ep, = 30000 MIla, Rp ser
= 18,5 MIla, Ryt ser = 1.55 MIla); pabouas apmatypa kinacca A400 ¢ muomaneto ceuenus As = 380
MM2(1®22); MOCTOSTHHAs. W JJIMTeNIbHAs paBHOMEPHO pacrpezeneHHas Harpyska () = 11 xH/m;
NpOTu0 TIMTHl OTPAHWYMBAETCS JCTETHYECKMMH TPEOOBAHUSIMH, BIQXKHOCTh OKPYXKAIOIIETO
BO3/yXa noHmxenHas (W < 40%).

Tpebyemcs paccuuTaTh IUIUTY 0 Aeopmanusim.

Pacuer. Ilockonbky nmpubnmxenHas ¢opmyna Ui KpUBU3HBI (4.45) HE pacnpoCTpaHseTcs Ha
KOHCTPYKIINH, SKCIUTyaTHPYEMbIe NP BIAXKHOCTH Bo3ayxa MeHee 40%, KpUBU3HY OIPEIEIIsieM 110
ob1eit popmyne (4.42) kak Ui HIIEMEHTOB C TPELIMHAMU B PACTSIHYTO 30HE.

MoOMeHT B cepeMHe TUTMTHI OT MOCTOSIHHBIX M JUTHTEIBHBIX HArpy30K Ui MOJIOBHHBI CEYCHUS
IUTUTHI PABEH:

_ql? 11.572
2.8 28

M., =M,

max

= 22,34 xHm.
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30 43 633
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& 22A400
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Yepr.4.9. K npumepy pacuera 46

[IpenBapuTenbHO OIpenensieM MOMEHT TpemmHooOpa3oBaHust Mg cormacHo nm.4.5 u 4.8.
OmpenenuM TeOMETPUYECKUE XapaKTEPUCTHKU TPUBEACHHOTO CEUCHHUs NpH KOdP UIIMECHTE
E, 200-10°

o= —

TE, 3010°

=6,67
IIPUBEJCHUS :

A, =300-50+100-15+300-45/2+30-635+380-6,67 =
=15000 +1500 + 6750 +19050 + 2533,5 = 44833 mm *;

15000 -150 +1500 - 50 + 6750 - 200 +19050 - 285 + 2533,5- 31
y, = 4533 = 204,84 My

300° -15

~300°-50

3
b =15 +15000(y, —150)° + 300°-45

+1500(y, —50)* + +6750(y, —200) +

3
£ 30635 +19050(285 -y, )’ +2533,5(y, —31)° =4,291-10° mm*;

W o s _ 4,291-10°

Yrpyruii MOMEHT CONPOTUBIICHHUS Yi 204,8 .
3amensas B popmyne (4.9) snauenne W na Wy = Wy, rae y = 1,3 (cM. Tabn.4.1), onpenensem
3HaueHue M.

=2,095-10° mm°.

Mre = RppsaeWy = 1,55:2,095-10° 1,3 = 4,22-10° Hvm = 4,22 kHwm.
ITo popmye (4.26) onpenennm koddppuument ¥s,

M
V,=1-08—" ~1-08-222 _ 0849,
M 22,34
[IpuBeneHHbIil MoAyNb AedopMalluy MpU NPOAOKUTEIHHOM JAEUCTBUM HAarpy3kud U mpu W <
40% paBen

R
Eb red — 2 = 18’5_4 = 5441,2 MHa,
Y gbl,red 34 : 10
. 5
a, = E, _ 2-10 _ 4320
U TOr/1a Epreq -  5441,2-0,849

OmpenenseM BBICOTY C:KaToi 30HBI 0 Gpopmyiie (4.44), npuHuMas yCpeaHEHHYIO IIUPUHY pedpa
85 MM W TUIOIIAAb CKATBIX CBECOB paBHYIO A. = (D't - b)h's = 635-30 = 19050 MM%, U pabouytio
BoicoTy Ny = 300 - 31 =269 mm:

_ 380
85-269

43,29 =0,719;

O = 052

0

bh



_ A, _ 19050

= = =0,833; 1. =0,0;
H " bh,  85-269 te

Z= w0 + M =0,719+0,833=1552,

. h,
x=hy| [2°+2 g, + s — |—2|=
2h,

_ 269|:\/1,5522 + 2(0,719 + 0,833%) —1,552} =116,4 mm.

. 2
8 h
Ired Zb%—l— Ace[x_éJ + AsaSZ(ho _X)2 =
_ 85.116,4°

+19050(116,4 —15)” + 380 43,29(269 —116,4)° = 6,236-10° mm*.

U3 dpopmynsl (4.42) nmeem

1 M -10°
[_J _ M 223410 __658-10° 1
Il Joex  Ebreales  9441,2-6,236-10 MM
.5
[Iporu6 onpenensem o Gopmyie (4.33), npuHUMas corjacHo Tadna.4.3 48 :

f= Slz(l) = %57002 -6,58-107° =22,3mm
M) ax .

Cornacno CHulI 2.01.07-85* Ta6:1.19, 1103.3 npenenbHO TOMYCTUMBIA MPOru0 MO 3CTETUYECKUM
TpeboBaHusAM uiss mpojera 5,7 m paBeH fyr = 29 mm > f = 22,3 MM, T.e. ycnosue (4.30)
BBITTOJTHSIETCSL.

5. KOHCTPYKTUBHBIE TPEBOBAHMUSA
OBIIME ITOJIOKEHUA

5.1. Ina obecrniedeHust Hecyled cocOOHOCTH, MPUTOJHOCTH K HOPMAaJIbHOM 3KCIUIyaTallud U
JI0JITOBEYHOCTH OETOHHBIX U )K€JI€300€TOHHBIX KOHCTPYKIIMNA MOMUMO TpeOOBaHUA, ONpeaesieMbIX
pacueTom, CienyeT BBITOJIHATh KOHCTPYKTUBHBIE TPEOOBaHUS:

- [I0 TEOMETPUYECKUM pa3MepaM 3JIEMEHTOB KOHCTPYKIIHIA;

- 110 apMHPOBAHMIO (COACP)KAHHIO M PACIOJIOKEHHIO apMaTyphl, TOJIIMHE 3AIIUTHOTO CIIOS
0eToHa, aHKEpOBKE U COCAMHEHUSIM apMaTyphl);

- 10 3alUTe KOHCTPYKUUI OT HEOIAaroNpusTHOTO BIMUSHUS BO3IEHCTBUIA CpEIbl.

TEOMETPHUYECKHWE PASMEPHI KOHCTPYKIIAM

5.2. MuHHMaIbHBIE TEOMETPUYECKHE pa3Mepbl CEUCHHUW KOHCTPYKIUU cleayeT Ha3Ha4aTh
TaKUMH, 9TOOBI 00eCIIeUnBaTh:

- BO3MOXXHOCTh HAJUICKAIIETO pa3MENIeHUsT apMaTyphl (PacCTOSHUS MEXIY CTEpKHSIMHU,
3aIUTHBIN CIOW OETOHA U T.J.), €€ aHKEPOBKH M COBMECTHON PabOThI ¢ 0ETOHOM;

- TOCTaTOYHYIO KECTKOCTh KOHCTPYKITHIA;

- HeoOXOJIUMYI0  OTHECTOMKOCTh, BOJIOHCIPOHHWIIAEMOCTh  KOHCTPYKIHW, TEIJIO- |
3BYKOU3OJISIIINIO, KOPPOSHOHHYIO CTOMKOCTb, PaIMAIIMOHHYIO 3aIUTY U T.I1.;

- BO3MOXHOCTh Ka4€CTBEHHOI'O M3TOTOBJICHUSI TPH OETOHUPOBAHUH KOHCTPYKILIUH.


http://stroy.dbases.ru/Data1/1/1880/index.htm

5.3. Pa3mepbl cedeHUil BHELEHTPEHHO CXKATbIX 3JEMEHTOB Il O0ECIEYEeHUs MX >KECTKOCTH

IO

peKoMeHyeTcsl NPUHUMATh TAKUMH, 4TOObI MX TMOKOCT | B IIOOOM HAIpaBieHUM He
[pEeBBIIIAA:

- JUTS %Ke1e300eTOHHBIX 351eMeHTOB - 200 (a1 mpsMoyronbHbIX cedenuit mipu lo/h < 60);

- JUIS KOJIOHH, SIBJISFOIIUXCS dJieMeHTamMu 3aanuii - 120 (mpu lo/h < 35);

- Ui OeTOHHBIX 35eMeHTOoB - 90 (tipu lo/h < 2b).

5.4. TonmuHa' MONOK MOHOJIMTHBIX PEOPHCTHIX MEPEKPBITHI JTOJDKHA MPUHUMATHCSA, MM, HE
MEHEE:

JUTSI IOKPBITUH - 40;

JUTSL MEXKTyDTaXKHBIX TIEPEKPBITHIA )KUJIBIX M OOIIECTBEHHBIX 31aHuii - 50;

JUTS MEKIYITaKHBIX TEPEKPBITHIA; POU3BOACTBEHHBIX 31aHHi - 60.

! 31ech 1 anee Mo TEKCTy BETUUYHHBI PA3MEPOB CEUCHHIT, TOMIMHBI 3AIIUTHOIO CII0S OETOHA H M., IPHBEICHHBIC B
HacrosmeM [locobun, OTHOCATCS K HOMHHAIBHBIM 3HAUCHHSM NPH IPOEKTHPOBAaHUU U yKa3bIBAEMbIM B uepTexkax. Ot
3THX HOMHWHAJIBHBIX 3HAUYCHWH BO3MOXKHBI OTKJIOHCGHUS B HAType, HE IIPEBBIMIAIOIINE BEIUYUH, YKa3aHHBIX B
COOTBETCTBYIOIINX T'OCYIapPCTBEHHBIX CTaHIApTaX, TEXHUIECKUX YCIOBUAX U JP.

5.5. B KOHCTPYKIMSAX 3JaHUH M COOPYXKEHUH CIEeNyeT MpelycMaTpuBaTbh HUX pa3pes3Ky
IIOCTOSIHHBIMU U BPEMEHHBIMU TE€MIIepaTypPHO-YCal0YHbIMU LIBAMU, PACCTOSIHUSA MEXY KOTOPBIMU
Ha3HAyalOT B 3aBUCUMOCTH OT KIMMATHYECKUX YCIIOBUM, KOHCTPYKTUBHBIX OCOOEHHOCTEN
COOpY’KEHHsI, OCIIEeI0BATEIbHOCTH IPOU3BOICTBA padoT U T.II.

IIpy BO3MOXHOCTM HEpaBHOMEpPHOH ocaaku (yHIAMEHTOB cJelyeT NpeaycMaTpuBaTh
pa3/esieHne KOHCTPYKIUI 0CaJ0YHbIMU IBaAMH.

APMUPOBAHUE
3AIIUTHBIN CJIOM BETOHA

5.6. ApmaTypa, pacnoJIO’)K€HHasl BHYTPU C€YEHMsI KOHCTPYKIIMH, JOJKHA UMETh 3aIlUTHBIN CIIOU
0eToHa (paccTosiHUuE OT MOBEPXHOCTU apMaTyphl 10 COOTBETCTBYIOLIEH rpaHU KOHCTPYKIMI) YTOOBI
obecneunBarh:

- COBMECTHYIO paboTy apMaTyphl C 0€TOHOM;

- aHKEPOBKY apMaTypbl B 0€TOHE U BO3MOXKHOCTb YCTPOIHCTBA CTHIKOB apMaTypPHBIX 3JIEMEHTOB;

- COXpPaHHOCTb apMaTypbl OT BO3JIEHCTBUHN OKpYy)Kawolled cpelpl (B TOM UHUCIE MPU HAIUYUU
arpecCUBHBIX BO3JIEHCTBU);

- OTHECTOMKOCTbh M OTHECOXPAHHOCTb.

5.7. TonmuHy 3alIUTHOTO €051 OETOHA HA3HAYAIOT UCXO/s U3 TpeOOBaHUH M. 5.6 ¢ y4yeToM THIa
KOHCTPYKLUHMH, pOJMM apMmaTypbl B KOHCTPYKUMAX (IIpojofibHas pabodasi, IoNepedHas,
pacripesieNuTeNIbHasi, KOHCTPYKTHBHAs apMaTypa), YCIOBUH OKpyXarolledl cpenbl U JuaMeTpa
apMarypsl.

MuHMMaNbHbIE 3HAYEHUs TOJIIUHBI 3alUTHOTO cjosi OeToHa pabouell apmarypbl cCileayer
MPUHUMATSH 110 Tabu. 5.1.

Tabnuua 5.1
Ne n/n VYcnoBust SKCIUTyaTaliui KOHCTPYKLUH 31aHUS TonmuHa 3ammTHOTO
ciost 6eToHa, MM, He
MEHee
1. B 3aKpbITBIX TOMEUIEHUSIX TPH HOPMAIBHOH U MOHW)KEHHOM BIQYKHOCTH 20
2. B 3aKkpbITBIX NOMENIEHUSX IIPH NOBBIIIEHHOH BIaXKHOCTH (IIPH OTCYTCTBUHU 25
JIOTIOTHUTEIBHBIX 3aIIUTHBIX MEPOTIPHUSITHH)
3. Ha otkpbiToM Bo3myxe (IIpH OTCYTCTBUH JOTOJIHUTENIBHBIX 3aIIUTHBIX MEPOIIPUSITHH) 30
4. B rpyHTe (IpH OTCYTCTBHHU AOTOJTHUTENBHBIX 3aLTUTHBIX MEPOIIPHUATHI), B 40
(hyHIaMeHTaxX Npy HAJTMIUU O€TOHHON TTOATOTOBKH
5. B MoHOIWTHBIX (pyHIAMEHTaX MIPH OTCYTCTBUH OETOHHOM IMOATOTOBKH 70

I[HSI C60pHBIX 3JIEMCHTOB MUHUMAJIBHBIC 3HAYCHHUS TOJIIIWHBI 3alllUTHOI'O CJI0A 66TOHa pa60qel71
apMaTyphbl, ykazaHHbIC B Ta0J. 5.1, yMEHBIIAIOT HA 5 MM.



st xene300eTOHHBIX TUIUT U3 OeToHa kimacca B20 u BbIle, M3rOTOBISIEMBIX HA 3aBOJaX B
METAJUINYEeCKUX (opMax M 3alIMIIAEMbIX CBEPXY B COOPYKEHHUM OETOHHOM MOATOTOBKOW WM
CTSDKKOM, TOJIIIMHY 3aIUTHOTO CJIOS U1l BEpXHEH apMaTyphl JOIYCKAETCS IPUHUMATh 5 MM.

Jl1sl KOHCTPYKTMBHOM apMaTypbl MMHHUMAaJIbHbIE 3HAUYEHUS TOJIIMHBI 3aIIUTHOTO CJIOsI OETOHA
IIPUHUMAIOT Ha

5 MM MeHbIII€ TI0 CPAaBHEHHIO ¢ TpeOyeMbIMH U1 paboueil apMaTyphl.

Bo Bcex ciydasx TONIIMHY 3alIUTHOTO CJOsi OETOHA ClenyeT TakkKe NMPUHUMATh HE MEHee
JMaMeTpa CTEPKHS apMaTypbl.

5.8. B m3rubaembIX, pacTSHYTBIX W BHeHeHTpeHHO cxkaTtbix (mpu M/N; > 0,3h) smemenrax,
KpoMe (pyHIaMEHTOB, TOJILMHA 3alIUTHOTO CJIOS s PACTAHYTOW pabodell apmarypsl, Kak
IIpaBWIoO, HE JOJDKHA mpeBblmarh 50 MM. B 3amurHOM ciioe tonmuHOM cBbime 50 MM ciegyer
yCTaHaBIMBAaTh KOHCTPYKTHBHYIO apMaTypy B Buje cerok. Ilpu 3ToM miomans cedeHus
MIPOJIONILHOM apMaTyphl CETOK JOKHA ObITh He MeHee 0,054 mar monepeuHoi apMaTyphl JOJKCH
HE MPEBBIIIATH BBICOTHI CEYEHUS U COOTBETCTBOBATh YKa3aHUM I1.5.18.

MUHHUMAJIBHBIE PACCTOAHUSA MEXKAY CTEP KHAMU APMATYPbI

5.9. MuHUMaNIbHBIE PACCTOSIHUSL B CBETY MEXKAY CTEpPXKHSMU apMaTypbl CleAyeT NPUHHMAaTh
TaKMMH, 4YTOObI O00ECIEeYNTh COBMECTHYIO pabOTy apMmarypbl ¢ OETOHOM M KadeCTBEHHOE
W3TOTOBJICHHE KOHCTPYKILIHN, CBS3aHHOE C YKJIAJKOW U YIUIOTHEHHEM OETOHHOM cMecH, HO He
MeHee HauOOJIBIIEro IMaMeTpa CTEPKHS, a TAK)KE HE MEHEE:

25 MM - IpU TOPU30HTATHHOM WJIM HAaKIIOHHOM TIOJIOKEHUU CTEPIKHEH MPU OETOHUPOBAHUH - IS
HIKHEW apMaTyphbl, paCllOJIOKEHHON B OJIMH WJIM J1Ba PAJA;

30 MM - TO ke, 1JIs1 BEpXHEH apMaryphl;

50 MM - TO K€, IPU PACIIONIOKEHUH HUKHEH apMaTypsl 0ojiee yeM B JiBa psifa (KpoMe CTepKHEH
JIBYX HIDKHUX PAZIOB), @ TAK)XKE MPU BEPTUKATLHOM IOJIOKEHUH CTEp>KHEH Mpu OETOHUPOBAHUU.

B snemenTax win y3nax ¢ OOJBIIMM HacbIIEHHMEM apMaTypoll WM 3aKJIaJHBIMU JETalIIMU,
M3TOTOBIIIEMBIX 0€3 MpUMEHEeHHsI BUOPOIUIOIIAI0K UM BHOPATOpOB, YKPEIUICHHBIX Ha OMaiyoKe,
JOJDKHO OBITH OOECIIeUueHO B OTAENBHBIX MECTaX pacCTOsIHHME B CBETy He MeHee 60 MM ais
NPOXOXKJICHUS MEXJy apMaTypHBIMH CTEpKHSIMHM HAaKOHEYHHKOB TJyOMHHBIX BHOpPATOpOB,
VIUIOTHSIIOIIMX OETOHHYIO cMech. PaccTosiHUS MeXIy TaKMMU MeCTaMU JOJDKHBI ObITh HE Oojee
500 mm.

[Ipn crecHEHHBIX YCIOBHSX JAONYyCKAaeTcs pacrojaraTb CTEpXKHH Tpynnamu - mydykamu (0e3
3a30pa Mexay HuMmH). [Ipu 3TOM paccTosHUS B CBETY MEXAY IyYyKaMH JOJDKHBI ObITh TaKkKe He
MeHee MPUBEIEHHOTO TUaMETpa CTEPHHS, SKBUBAJIEHTHOT'O 10 IJIOL[A/IM CEYEHHUS MTyYKa apMaTyphl,

MIPUHUMAEMOI'0 PaBHBIM
CTEP’KHEH B ITyUKeE.

5.10. PaccrosiHus B CBETYy MEXAY CTEPKHSIMH MEPUOANYECKOTO Mpoduis, yKazaHHbIE B I1.5.9,
OTIPEICTISAIOTCS TT0 HOMUHAILHOMY AHaMeTpy 03 yueTa BBICTYIOB U pedep.

Haznawast pacronokeHue apMaTypbl B CEYEHHHM CO CTECHEHHBIMH YCJIOBHSIMH C YYE€TOM
MPUMBIKAIOIIMX JPYTHMX apMaTypHBIX 3JIEMEHTOB W 3aKJIaJHBIX JETalled, ClelyeT NPUHUMATh BO
BHUMaHUE TUAMETPhI CTepKHEH ¢ yderoM BbICTymoB U pebep (Ilpun.l), a Takxke momyckaeMble
OTKJIOHEHHMsSI OT HOMMHAJIBHBIX pa3MepOB CTEPKHEH apMmaTypbl, CBAapHBIX CETOK M KapKacoB,
3aKJIaHBIX JeTalied, GOpMYy U PacTOOKEHHE apMaTypPhl U 3aKJIaIHBIX JIeTaliel B CEUCHUH.

MMPOAOJBHOE APMUPOBAHUE

5.11. B xene300eTOHHBIX JIEMEHTaX IUIONIA/lb CEYEeHUs MPOJOIbHON PacTSIHYTOW apMarypsl, a
TaKXe C)KaToW, ecau OHa TpedyeTcs MO pacyeTy, B IMPOLEHTAaX OT IUIOIAAM CeueHHsl OeToHa,
paBHOM TNPOM3BEACHUIO MIMPUHBI MPSIMOYTOJIBHOIO CEYEHHs JMOO0 MIMPUHBI pedpa TaBpOBOTO

, TI€ dsi - AUaAMCTPp OJHOT'O CTCPIKHSA B IIYUYKE, n - YHUCIO
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(IByTaBpOBOT0) CeUeHMsI Ha pabOYyI0 BBICOTY CCUCHHS, bh,
MeHee yKa3aHHOH B Ta0J1.5.2

B snemenTtax ¢ nmpoJosibHOM apMaTypoid, pacroyioKeHHONH PaBHOMEPHO MO KOHTYPY CEUEHHUs, a
TaK)Xe B IIEHTPAIILHO PACTSIHYTHIX 3JIEMEHTaX MUHUMAIBLHYIO IUIOMIAAh CEYCHHS BCEH TIPOAOIBHOM
apMaTtyphbl clelyeT NPUHUMATh BJIBOE OOJNbIIEeH yKa3zaHHBIX B Ta0J.5.2 U OTHOCHUTH UX K IOJHOM
TUTOIIAM CeYeHus OeToHa.

DneMeHThl, He YAOBIETBOPAIOIINE TPEOOBAHUSAM MHHHMAJIBHOTO apMHUpPOBAHUS, OTHOCATCSA K
OCTOHHBIM HJIEMEHTaM.

TpeboBaHusi HACTOSIIETO MYHKTa HE YUYMTHIBAIOTCS MpPH HA3HAUYCHUU IUIOLIAJN CEUYCHHS
apMaTyphl, YCTaHABIMBAEMOW MO KOHTYPY IUIMT WJIU IMaHEJIeW M3 pacuera Ha W3TUO B IUIOCKOCTH
TUTUTHI (TTAHETIH ).

5.12. B GETOHHBIX KOHCTPYKIIUSAX CICAYET MPEayCcMaTpUBaTh KOHCTPYKTUBHOE apMUPOBAHUE:

- B MeCTaxX Pe3KOro M3MEHEHHUS Pa3MEPOB CEUEHUS HIIEMEHTOB;

- B OCTOHHBIX CTEHAX O] ¥ HAJl IPOEMaMHU;

- BO BHEIIEHTPEHHO CXKATBIX JJIEMEHTaX, PaCCUMTHIBAEMBIX MO MPOYHOCTU Oe3 yuera paldoThl
pacTsHyToro O€TOHAa, y TpaHeW, TJe BO3HHUKAIOT PACTATUBAIONINE HAMPSDKCHUS, TIPU ITOM
koa¢dumeHT apmupoBanus y, npuHUMaroT He MeHee 0,025%.

CIICAYCT IpUHUMATh HE

Tabmuma 5.2.

VYcnoBus paboThl apMaTyphl H min %
1.Apmarypa S B U3rudaeMbIX M BO BHELEHTPEHHO PACTSAHYTHIX AJIEMEHTaX MpU 0,10
PAacIIOI0KEHUH MPOAOJIBLHOM CHIIBI 3a NpeieiaMy padoyeil BBICOTHI CEUSHUS
2.Apmarypa S u S' BO BHEIICHTPEHHO PACTIHYTHIX AJIEMEHTAX IIPH PACIIONOKCHUN 0,10
TIPOAOEHON CIITBI MEXIY apMaTypoit S u S'
3.ApMatypa BO BHELICHTPEHHO CIKATBIX JIEMEHTaX IPH:
a) lo/i <17 (nns npsimoyronbHbIX cedenuii - mpu lo/h < 5) 0,10
0)17 < 1/i <35 (5 <ly/h £10) 0,15
B) 35 < l,/i <83 (10 < l/h < 25) 0,20
r) lo/i > 83 (l,/h > 25) 0,25

(%)

MMpumMeuanue: [y BHEIEHTPEHHO CKATHIX 3eMeHTOB ipH 17 < l,/i <83 3HaueHue Hs,min » MOXHO TaKXe

OTIpeNeNATh IMHEeHHOI nHTepnosinueit Mexay 3Hauernamu 0,10 u 0,25

5.13. B kene300eTOHHBIX JTMHEHHBIX KOHCTPYKLUAX U IUIUTAX HAUOOJBIINE PACCTOSHUS MEXTY
OCSMU CTEp>KHEW MPOJOJIBHON apMarypsbl, obdecrnieunBaromue 3p(eKTUBHOE BOBIEUYEHUE B padOTy
0eToHa, paBHOMEPHOE paclpe/leieHue HampsbkeHHMH W nedopmanuii, a Takke OrpaHHYeHUe
IIUPUHBI PACKPBITHS TPEIIMH MEXK/Y CTEPKHSIMHU apMaTyphbl, JOJKHBI OBITH HE Ootee:

- B ’KeJIe300€TOHHBIX OaJIkax M IUINTax:

200 MM - ipu BeICOTE TIonepeyHoro ceuenus, h < 150 mwm;

1,5h u 400 mMm - ipu BeIcOTE MONIepeyHoro cedeHus h > 150 mm;

- B KeNe300€TOHHBIX KOJIOHHAX:

400 MM - B HampaBJIeHUH, IEPIIEHAUKYIIIPHOM IJIOCKOCTH U3THO0a;

500 MM - B HallpaBJIEHUHU TUIOCKOCTH U3TH0a.

B kene300€TOHHBIX CTEHAX pACCTOSIHUA MEXKIY CTEP)KHSMH BEPTHKAIBHOM apMaTyphl
npuHUMaroT He 6osee 2t 1 400 muM (T - ToNIIKMHA CTEHBI), @ TOPU3OHTANILHOM - He Ooiiee 400 MM.

B MHOromycTOTHBIX HAacTHJaX PACCTOSHUS MEXIY OCSIMU pabOuuX CTEp)KHeW pasperraercs
YBEJIMYMBATH B COOTBETCTBHHU C PACIIONIOKEHHEM IyCTOT B CEYCHHUH, HO HE OoJiee uem 1o 2h.

IIpu apMupOBaHUM HEPa3pEe3HBIX IUIUT CBAPHBIMHM PYJIOHHBIMH CETKaMH JIONyCKaeTcs BOIU3U
MIPOMEKYTOUHBIX OMIOP BCE HIKHUE CTEPIKHH MEPEBOIUTH B BEPXHIOKO 30HY.

Hepaspesnble mauthl ToimuHOW He Oosiee 80 MM JOmMyCKaeTcsi apMHUPOBaTh OJAWHAPHBIMU
IUIOCKUMH ceTKaMH 0e3 OTru0oB.

5.14. B Oankax u pebpax mupuHoil 6osee 150 MM 4HMCIO MPOJOIBHBIX PabOUYMX PACTAHYTHIX



CTEpKHEH B TIONIEPEYHOM CEUCHHH JOJDKHO OBITh He MeHee AByX. [Ipu mmpune snementa 150 Mmm u
MEHee JO0IYCKAETCsl YCTAHABIMBATh B IIONIEPEYHOM CEYEHUU OJUH MPOIOJIbHBIN CTEPHKEHb.

5.15. B Gankax 10 Omopsl CieAyeT IOBOJUTH CTEPKHMU MPOAOJIbHOW paboueil apMarypsl C
IUIOINAJIbI0 CeUeHHUs] He MeHee 1/2 miomaau cedyeHus CTepKHEW B NpoJieTe M He: MEHee JBYX
CTEPHKHEH.

B mumrtax no omnopsl cienyer AOBOJIUTH CTEPKHHU IPOAOJIBHOW pabodei apMaTypsl Ha 1 u
IIMPHUHBI TUIUTHI C MJIOMIAJIBI0 CeUeHHs He MeHee 1/3 miomanu ceueHus crepskHeil Ha 1 M IMpuHbI
IUTUTHI B IPOJIETE U HE MEHEE JIBYX CTEPIKHEM.

5.16. B m3rubaemMsbIx 3neMeHTax MpH BeicoTe cedeHus 6onee 700 MM y OOKOBBIX TpaHEi JTOJKHBI
CTaBUTBHCSI KOHCTPYKTHUBHBIE MPOJOJIbHBIE CTEPXKHU C PACCTOSHUSIMU MEXAYy HUMH IO BBICOTE HE
ooiee 400 MM u momanplo cedeHus He meHee 0,1% miomanu cedyeHus OETOHA, MMEIOIIETO
pa3sMmep, paBHBI IO BBICOTE 3JEMEHTa PACCTOSHUIO MEXAY 3TUMH CTEP)KHSAMH, 10 LIUPUHE -
MOJIOBHHE IIUPUHBI peOpa asieMenTa, Ho He 6osee 200 MM (4yepT.5.1).
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Yepr.5.1. YeraHOBKa KOHCTPYKTHMBHOM NPOAOJIBLHOM AapMATYPhbI 110 BbICOTE ceYeHHs 0aIKU

<400

>700

5.17. Juamerp NpPOAOJBHBIX CTEPKHEH BHELEHTPEHHO CXKAThIX JIMHEHHBIX 3JIEMEHTOB
MOHOJIUTHBIX KOHCTPYKLUH JOJDKeH ObITh He MeHee 12 MM. B KosoHHax ¢ pa3MepoM MeHblIen
CTOpoHBI ceueHust 250 MM 1 Oosee quaMeTp MPOIOIBHBIX CTEPKHEH PEeKOMEHIyeTCsl Ha3HAavaTh He
MeHee 16 MM.

B kene300€TOHHBIX CTEHAX IUaMETP MPOAOIBHBIX CTEP)KHEH pPEKOMEHAyeTcs Ha3HadaTh He
MeHee 8 MM.

IHOIIEPEYHOE APMUPOBAHHUE

5.18. Tlonepeunyroo apmarypy cieayeT YCTaHAaBJIMBATh HCXOAS W3 pacueTa Ha BOCIPHUATHE
YCWINH, @ TaKKe C LENbI0 OFPaHUYEHUS PAa3BUTHUS TPEILUH, yAepKaHUsS MPOAOIbHBIX CTEPKHEW B
MPOEKTHOM MOJIOKEHUH U 3aKpEIUIEHHs UX OT OOKOBOT'O BBIMTYYHMBAHUS B JIFOOOM HalpaBlICHUU.

[Tonepeunyro apmaTypy yCTaHaBIMBAIOT y BCEX IOBEPXHOCTEH >K€I€300€TOHHBIX 3JIEMEHTOB,
BOJIN3M KOTOPBIX CTABUTCS MpojaoJbHAs apmarypa. [Ipu 3ToM paccTosiHHS MeXAy MONepeuHbIMU
CTEpXKHSAMH y KaXKJOW MOBEPXHOCTH 3JEMEHTa JOJDKHBI ObIThb He Oonee 600 MM M He Oosee
yIBOEHHOW LIMPHHBI IPaHU deMeHTa. [lonepeunyro apmaTypy JONYCKaeTCsi HE CTaBUTh y I'paHel
TOHKUX pebep mmpuHoi 150 MM M MeHee, O IIMPHUHE KOTOPHIX paclojaraercsl JHIIb OJUH
IIPOJOJIBHBINA CTEPIKEHD.

5.19. Bo BHELEHTPEHHO CKaThIX AJIEMEHTaX, HECyllas CHOCOOHOCTh KOTOPBIX MPH 3aJaHHOM
AKCLEHTPHUCUTETE MPOJOJIBHOM CHIIBI UCIIONIb3yeTcsl MeHee ueM Ha 50%, a Takke B DIIEMEHTax ¢
riuOKocThiO lo/i < 17 (Hampumep, MOJKOJIEHHUKAX ), TI€ [0 pacueTy C)KaTas apMarypa He Tpedyerc,
a KOJIMYECTBO pacTSHYTOM apmaTypsl He mpesblmiaer 0,3%, momyckaeTcs HE YCTaHABIIMBATH
MOTIEPEYHYIO0 apMaTypy, TpebyeMmyro corjacHo 1.5.18, mo TpaHsM, MapaUieIbHBIM ITIOCKOCTH
maruba. Ilpy »TOM apMupoBaHHE 1O TpaHAM, NEPHEHIUKYISPHBIM IUIOCKOCTH M3Tuoa,
MIPOM3BOJIUTCS CBAPHBIMM KapKacaMU M CETKaMH C 3alllUTHBIM CJIoeM OeTOHa TOJIIMHOW HE MEHee
50 MM U1 HE MeHee IByX JUaMETPOB MPOI0JIbHON apMaTyphl.

5.20. IluameTp momnepeyHo apMmaTypbl (XOMYTOB) B BSI3aHBIX KapKacax BHEIIEHTPEHHO CXKAaThIX
3JIEMEHTOB NpUHUMaIOT He MeHee 0,25 HanOoJbIIero [uamMeTpa MpoA0IbHON apMaTypsl U HE MEHee
6 MM.

JlnaMeTp momnepeyHoil apMaTyphl B BA3aHBIX KapKacax M3TH0aeMbIX 3JIEMEHTOB NMPUHUMAIOT HE
MeHee 6 MM.

5.21. B xene300eTOHHBIX 3J€MEHTaX, B KOTOPBIX MOIMEPEeYHas Cujla M0 pacueTy He MOXKET ObITh
BOCIIPHHSTA TOJBKO OETOHOM, CIIEAYEeT MpeJycMaTpuBaTh YCTAHOBKY IONEPEYHOM apMaryphl ¢



marom He 6oitee 0,5h, 1 He 60aee 300 Mm.

B crutomHbIX miaMTax, a TakkKe B MHOTOIYCTOTHBIX M 4acTOPEOPHUCTHIX IJIMTAX BBICOTOW MEHee
300 MM 1 B Oankax (pebpax) BbicoTol MeHee 150 MM Ha yyacTKe 3JI€MEHTa, TJie MolepeyHas Cuiia
10 pacyeTy BOCIPUHUMAETCS TOJILKO OETOHOM, IONIEPEYHYIO apMaTypy MOXHO HE yCTaHABJIUBATh.

B Gankax u pebpax BbicoToii 150 MM 1 Ooniee, a TakKe B 4aCTOPEOPUCTHIX MIIUTaxX BbIcOTOM 300
MM U Oosiee, Ha y4acTKax 3JIEMEHTa, IJie NOoNepeyHas cuja 10 pacyeTy BOCIPHUHUMAETCS TOJIBKO
OETOHOM, CIICAyeT IpeAyCMaTpUBaTh YCTAHOBKY MOTIEPEUHON apMaTyphl ¢ marom He Gosee 0,75h,
u He Oosiee 500 MM.

5.22. OTOrHYTBIE CTEP)KHU apMaTyphl JOJDKHBI IPEAYCMaTPUBATHCA B M3rMOaeMbIX 3JEMEHTax
IIPU APMUPOBAHUM MX BA3aHBIMU KapkacaMu. OTruObI CTEpKHEH TOJKHBI OCYLIECTBIATHCA 10 1yre
pamuycom He MeHee 10d (uepr.5.2). B u3rubaembix 31eMeHTaX Ha KOHIAX OTOTHYTHIX CTEpP)KHEH
JOJDKHBI YCTpauBaThCs IpsMble ydacTKd JumHOM He MmeHee 0,8y, mpHHUMaeMoil coriacHo
ykazanusaMm 11.5.32, Ho e meree 20d B pactsaytoi u 10d — B cxxaToii 30He.
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Yepr.5.2. KoncTpykuusi oTTH00B apMaTyphbl

[IpsiMble y4acTKU OTOTHYTBIX IVIQJKHX CTEP)KHEH JTOJIKHbI 3aKaHUMBAThCS KPIOKaMHU.

Paccrosinne oT rpaHu cBOOOJHOM OMOPBHI O BEPXHETO KOHIA MEPBOT0 OTruda (cuurtas OT
OTIOPBI) JOJKHO OBITH HEe Oosee S0 MM.

VYrosn HakjIoHA OTTUOOB K MPOAOIBLHOM OCH dJIEMEHTA CleAyeT NpuHUMaTh B nipeaenax 30 - 60°,
PEKOMEH1yeTCsl IPUHUMATh yrou 45°.

5.23. Bo BHELEHTPEHHO CXKATbIX JIMHEWHBIX dJIEMEHTaX, a TaKXKe B U3rM0aeMBbIX 3JIEMEHTaX MPHU
HJIMYMHU HEOOXOJIMMON MO pacyeTy C)KaToW MPOJOJILHOW apMaTypbl, C LENbI0 MPeAOTBPALICHUS
BBIIIYYMBAHUS MIPOJOJIBLHON apMaTyphl CleAyeT YCTaHABIMBATh MONEPEYHYIO0 apMaTypy C I1aroM He
oonee 15d u He 6onee 500 MM (d - AHaAMETP CKATOM MPOIOIBHON apMaTyphl).

Ecnu nHacellieHue C:KaTod MPOJOJIBHOW apMaTypbl, YCTAaHAaBIMBAEMOW y OJHOM W3 TpaHen
aneMeHTa, Oonee 1,5%, momnepeuHy apMaTypy CleayeT yCTaHaBIMBaTh ¢ maroM He 6osee 10d u
He Oosee 300 MM.

PaccTosiHMst Mexny XOMyTaMH BHELEHTPEHHO CXaTbIX JJIEMEHTOB B MECTaxX CTBIKOBAaHUSA
paboueii apMaTypbl BHaXJIECTKY 0€3 CBapKH JIOJKHBI COCTaBJIATh He Oosee 10d.

5.24. KoHCTpyK1Msi XOMYTOB (TIONEPEYHBbIX CTEpKHEW) BO BHELEHTPEHHO CHKATBIX JIMHEMHBIX
AJIEMEHTaX JI0JKHA ObITh TaKOM, 4TOObI MPOAOJIbHBIE CTEPXKHH (10 KpailHell mepe depe3 OIMH)
pacrioyiarajuch B MeCTax MeperudoB, a 3TU MeperuObl - Ha paccTosHuM He Ooznee 400 MM 1o
mupuHe rpanu. [Ipu mmpune rpanu He 6onee 400 MM U Yuclie MPOAOIBHBIX CTEP)KHEH Yy 3TOMU
rpaHd He Oosiee YeThIpex JOIMYCKAaeTCsl OXBaT BCEX MPOJOJBHBIX CTEP)KHEH OJHHUM XOMYTOM

(uepT.5.3).
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‘—IepT.5.3. KOHCprKl[l/lﬂ MNPOCTPAHCTBECHHBLIX APMATYPHBIX KAPKACOB B CKATBIX 3JIEMEHTAX

5.25. B kene300eTOHHBIX CTE€HAX TIOIMEPEUHble CTEP)KHU, HOPMajbHbIE MJIOCKOCTH CTEHBI,
pacrnosaraloTcsi Ha pacCTOSHHSX 110 BepTukaiu He Oonee 20d, a mo ropuzontanu He 6onee 600 MM.
ITpu sTOM, ecim TpeOyemas IO pacdeTy MpOAOJbHAs apMaTypa HMMEET HaChIIIEHUE MEHbIIEe



MUHHMAaJIBHOTO TPOIIEHTa apMUPOBaHUsA (CM. TabJ1.5.2), MONEpevHbIe CTEPKHU MOXKHO pacroiaratb
Ha PacCTOSHMSX M0 BepTukaiu He 6ojee 600 mm, a mo ropuszonTtanu He 6onee 1000 mm.

[Ipu HachIIeHWH TPOJOIBHON apMaTypbl Kelne300e€TOHHBIX CTeH Oojee 2% TMONepevHble
CTEPKHHU JOJDKHBI PACIIOaraThCst Ha PacCTOSHUAX MO BepTHKanu He 6onee 15d u He 6omee 500 mm,
a 1o ropu3onTtanu He 6onee 400 MM u He OoJiee 2-X IaroB BEPTUKAIBHBIX CTEPIKHEH.

B stom nynkTe d - tuaMeTp BEpTUKAIBHBIX CTEPIKHEH.

5.26. Ilomepeunyro apmaTypy B IUIMTax B 30HE I[POJABIMBAHUS B HANPABIICHUH,
MEePICHIUKYIIPHOM CTOPOHAM PAaCUYETHOTO KOHTYpPa, YCTAaHABIMBAIOT C IIaroM He 6osee hy/3 u He
nanee 300 mm. CTepikHH, OJMKaNIIMe K KOHTYPY IPY30BO# ILJIOIIA/IH, pacroiaraioT He oimxe hy/3
u He nanee ho/2 ot atoro koutypa. [Ipr 3TOM HIMPUHA 30HBI MOCTAHOBKH MOTEPEYHON apMaTyphbl
(OT KOHTYpa Ipy30BO¥ ILIOIIAI1) TO0KHA ObITh He MeHee 1,5N,.

PaccTosiHust Mexay CTEpKHAMM IIONEPEYHON apMaTypbl B HaIpaBICHUU, MapaICIbHOM
CTOpPOHAM PAacUeTHOrO KOHTYpa, MPUHUMAIOT He Oosee 1/4 MIMHBI COOTBETCTBYIOMIEH CTOPOHBI
pacueTHOro KOHTypa.

5.27. llonepeunas apMaTypa B BHJI€ CBapHBIX CETOK KOCBEHHOIO apMHpPOBAaHUS IPU MECTHOM
CKaTuU (CMSITHH) AOJKHA YIOBIETBOPSTH CIEAYIOIUM TPEOOBAHUSM:

a) IUIOLIA/IM CTEPKHEHW CEeTKM Ha €MHHULY JUIMHBI B OJIHOM U JAPYrOM HAIpaBJIEHUU HE JOJKHBI
pasnuuatbcs 6osee yem B 1,5 pasa;

0) mar cerok (pacCTOSHUE MEXKIy CETKAMH B OCSIX CTEP)KHEH OJHOTO HANpaBJICHUS) CIEAYET
npuHUMaTh He MeHee 60 u He 6oitee 150 MmM;

B) pa3Mephbl TYEEK CETOK B CBETY JOJDKHBI OBITH HEe MeHee 45 u He 6onee 100 mMm;

r) mepBas ceTed pacmoyaraercia Ha paccTossHUM 15-20 MM OT HarpyXeHHOH IOBEPXHOCTHU
AJIEMEHTA.

5.28. Ilonepeunas apmatypa, IpelyCMOTPEHHAs AJIsl BOCHPUSTUS MOMEPEYHBIX CUJI U KPYTALIUX
MOMEHTOB, JIOJDKHA WMETh 3aMKHYTBHIH KOHTYp C HAJECKHOW AHKEPOBKOW IO KOHIAM ITyTEM
MIPUBAPKH WM OXBaTa MPOAOILHON apMaTyphl, 00ECIIEYUBAIOIIYIO PABHOIIPOYHOCTh COSAMHEHUN U
MOTNEPEYHON apMaTyphl.

AHKEPOBKA APMATYPBI

5.29. AHKEpOBKY apMarypbl OCYIIECTBISIOT OJHUM U3 CIEAYIOIHUX CIHOCO00B WIM HX
COYETaHUEM:

- B BUJIC TIPSIMOTO OKOHYAHUS CTEPKHS (MIpsiMasi aHKEPOBKA);

- ¢ 3aruOOM Ha KOHIIE CTEPKHS B BUJE KPIOKa, OTru0a (JIamku) WK NeTIIH;

- C IPUBAPKOW MJIM YCTAaHOBKOMW MOIIEPEYHBIX CTEPIKHEN;

- C IPUMEHEHUEM CIIELHUATIbHBIX aHKEPHBIX YCTPOMCTB Ha KOHIIE CTEPHKHSL.

5.30. IlpsiMmyr0 aHKEpOBKY M aHKEPOBKY C JIATKaMHU JIOIYCKAeTCs MPUMEHSATH TOJBKO JIJIs
apMaTypbl nepuoandeckoro mnpoduns. Jns  pacTAHYTBIX IVIAAKUX ~CTEp)KHEH  crienyeT
npeaycMaTpuBaTh KpPIOKH, TMETIIM, TNPUBAPEHHBIC TIONEPEYHbIE CTEP)KHU WM CIICUAIbHBIC
aHKEepHBIE YCTPOHCTBA.

Jlarku, KpIOKH M TIETIN HE PEKOMEHIYeTCsl PUMEHSTH JUISi aHKEPOBKH CXKATOM apMaTyphl, 3a
MCKJIIOYEHHEM TJIaJKOW apMaTyphl, KOTOpask MOXET IOJBEPraTbCs PacTSHKEHUIO MPH HEKOTOPHIX
BO3MOYKHBIX COUETAHUSX HATPY3KH.

5.31. IIpu pacueTre ATUHBI AaHKEPOBKH apMaTyphl CIIeyeT YUUThIBaTh CIOCOO aHKEPOBKH, KJIacc
apMaTypbl U ee TpouIIb, AMAMETP apMaTypbl, IPOYHOCTH OETOHA U €T0 HAIPSHKEHHOE COCTOSIHHE B
30HE aHKEPOBKH, KOHCTPYKTHBHOE DPEIICHHE 3J€MEHTa B 30HE aHKEPOBKH (HAJM4YWE IMOTepeyHOU
apMaTyphbl, IOJIOKEHHUE CTEP)KHEH B CEUYCHNUH DIIEMEHTA H JIp.).

5.32. ba3oBy1o (OCHOBHYIO) JUIMHY aHKEPOBKH, HEOOXOIUMYIO JJIsl TIepe/iady YCUIIUs B apMaType
C TTOJIHBIM PAaCYEeTHBIM 3HAYEHUEM COTIPOTUBIICHUS Rs Ha OETOH, ONPEEISIOT 10 GopmyIie

Iy, = e
Rbondus (51)

rae As v Us- COOTBETCTBEHHO IUIOIA/Ib MOMEPEYHOr0 CEUEHUS aHKEPYEMOTO CTEPKHS apMaTypbl



Y TIEPUMETP €r0 CEUCHHUS, OTpeeIiieMbIe 0 HOMUHATBHOMY TUAMETPY CTEPIKHSI,
Rbond - pac4eTHOE COTPOTHUBIICHHE CIETUICHHUS apMaTypbl ¢ O0ETOHOM, IPUHUMAEMOE PAaBHOMEPHO
pacripesielIeHHbIM 10 JJIMHE aHKEPOBKU U ONpeAessieMoe 1o Gpopmyie

Rbond = 71172Rbt (5.2)

31eCh  #1 - KOA(D(UIMEHT, YUYMTHIBAIOIIMIA BIUSHUEC BUIA [OBEPXHOCTH apMaTypHI,
MIPUHUMACMBI PaBHBIM:

1,5 - s rmaakoit apmartypsl (kiacca A240);

2,0 - xonogHoAEOopMUpPYEMOI apMaTyphl ieprouyeckoro npoduis (kiaacca B500)

2,5 - g ropsiuekaTaHoO W TEPMOMEXaHWYECKH YIMPOYHEHHOW apMaTyphbl MEPUOIUYECKOTO
npoduis (kmaccoB A300, A400 u A500);

72 - K03(DPUIMEHT, YUUTHIBAIONIMKA BIMSHHE pa3Mepa JUamMeTpa apMaTyphl, MPUHUMACMBIN
paBHBIM:

1,0 - npu muamerpe apmatypsl ds < 32 mm;

0,9 - mpu nuametpe apmatypsl 36 u 40 mm.

5.33. TpeOyemyro pacueTHyIO JIMHY AaHKEPOBKHM apMaTrypbl C Yy4YeTOM KOHCTPYKTHBHOTO
peIIeHHMsI AJIEMEHTA B 30HE aHKEPOBKHU OIIPENENISIOT 10 (hopmyIie

A , (5.3)

l,, =al

rie lo an - 0a30Bast [IMHA aHKEPOBKH, onpeaessieMas o popmysie (5.1);

As cal, Asef - TUIOIIA/IN [TOTIEPEYHOT'O CEUEHUS apMaTypbl COOTBETCTBEHHO, TpeOyemas 10 pacueTy
C MOJIHBIM PACYETHBIM COIIPOTHBIICHUEM U (PaKTHUECKU YCTAHOBIICHHAS;

a - KO3(QOUIMEHT, YUUTHIBAIOIIUI BIMSHUE HA JUIMHY AHKEPOBKHM HAIPSDKEHHOI'O COCTOSHUSA
0eTOoHa M apMaTyphl U KOHCTPYKTHBHOTO PEIICHUS 3JIEMEHTA B 30HE aHKEPOBKH.

[Tpu aHKepoBKe CTepKHEN MepHoANYECKOro IPOQUIIS C MPSIMBIMHU KOHIIaMHU (TIpsiMasi aHKepPOBKa)
WIM TJIaJIKOM apMaTypbl ¢ KPIOKaMU WK NETJIAMU 0€3 JOMOJIHUTENbHBIX aHKEPYIOIUX YCTPOHCTB
IUISL PacTSIHYTBIX CTEpXKHEW npuHuMaroT, a = 1,0 , a ju1st cxateix - a = 0,75 .

JlonyckaeTcsi yMeHbIIAaTh JUIMHY AHKEPOBKM B 3aBHCHUMOCTH OT KOJIMYECTBa M JHaMeTpa
MOTIEPEYHON apMaTypbl, U BETMYMHBI [TOTIEPEYHOro 00aTHus OETOHa B 30HE aHKEPOBKHU (HAIIpUMeEp,
OT OTMIOPHOM PEAKIINH), B COOTBETCTBUH C YKa3aHUAMH 11.3.45.

3HauCHUS] OTHOCHTEIILHOM JAJTMHBI aHKEPOBKHU Aan = lan/ds U151 cTeprkHel, paboTaIOIINX C TOITHBIM
pacueTHBIM COMPOTUBIIEHUEM AHaMEeTpoM MeHee 36 MM, puBeaeHbl B Ta01.3.3 1.3.45.

B nroboM crydae GakTHUECKyHO IHHY aHKepoBKH mpuHUMarT He meHee 0,31pan, a Takke He
MeHee 15ds u 200 Mm.

5.34. VYcunue, BOCIPHUHHMAaeMOe€ aHKEpyeMbIM cTepxkHeM apmarypel N ompenenstor 1o

bopmyne

N, =RA = <RA
lan (5.4)

e lan - onpenensiercs cormacuo 1. 5.33 npu Ag callAsef = 1,0;

Is - paccTosiHEE OT KOHIIa aHKEPYEMOTO CTEPXKHS JI0 PACCMAaTPUBAEMOTO MOIMEPEYHOr0 CEYCHUS
AJIEMEHTA.

5.35. Ha xpaifHuX CcBOOOJHBIX ONOpax >JEMEHTOB JJIMHA 3allycKa pPacTSHYTBIX CTEp)KHEH 3a
BHYTPEHHIOIO TpaHb CBOOOJHOW OMOpBI MpH BhIMOAHeHMH ycioBus Q < 0,5Rpbh, momxna
coctaBiATh He MeHee 50s. Eciin ykazanHoe yciioBue He coOmroaeTcs, JUIMHY 3allycKa apMaTyphl 3a
I'PaHb OMOPBI TPOBEPSIOT pacuyeToM coriacHo nn.3.43 - n.3.46.

5.36. Ilpu HEBO3MOXXHOCTH BBINOJHEHUS TpeOoBaHMM H. 5.33 JOKHBI OBITH MPHHATHI
CrelfabHbIe MEphl IO aHKEPOBKE MPOAOTIbHBIX CTEPIKHEN:

a) YCTPOWCTBO Ha KOHIAX CIEIHAJbHBIX AHKEPOB B BHUJAE IUIACTHH, A0, raek, yroJjkos,
BBICAXKCHHBIX T'OJIOBOK M T. M. (uepT.5.4). B 3ToM ciydae miomajb KOHTAKTa aHKepa ¢ OETOHOM




JOJDKHA YIIOBJIETBOPSTH YCIOBUIO TPOYHOCTH OeroHa Ha cmstue (cm. m.3.81), a TommuHa
aHKEPYIOIIEH TIACTHUHBI TOJDKHA OBITh HE MeHee 1/5 Bcel mupuHBI (IuaMeTpa) U yIOBJICTBOPATH
YCIIOBHSIM CBapKH; JJIMHA 3aJ€JIKH CTEPXKHS JOJDKHA ONMPEACAThCS PAacyeTOM Ha BBIKAIBIBAaHHE U
npuHUMaThes He MeHee 10ds.

0) orrub aHkepyemoro crepxHs Ha 90° mo nyre kpyra pamuycoMm B cBeTy He meHee 10ds(1 —
l1/lan) [rme |; - mmmHa mpsMoro yvactka y Hadana 3aaeiku (4epT.5.5)], U He McHee 3HAYCHHH,
MPUBEACHHBIX B I.5.41; Ha OTOTHYTOM YYacTKE CTaBSTCS JOTIOJHUTEIBHBIE XOMYTHI TPOTHUB
pasrubaHus CTep>KHEH;

B) NpHBapKa Ha JUIMHE 33JCiKU ls, MONEPEUHbIX aHKEPHPYIOIIMX CTEP)KHEH; B 3TOM Ciydae

Al =1 N,

an
JUTMHA aHKEPOBKH lan ompenenenHas coriacHo 1.5.32, yMEHbIIACTCS Ha JUIUHY RyA; [roe
Ny -cm.popmyny (3.75) n.3.45], Ho Gosnee vem Ha 0,43ls; ecnmu Al > 150 mMm, riagkue CTEpIKHH
MOT'YT BBINOJHSITHCS 0€3 KPIOKOB, TPU 3TOM 3HauCHHUE oy HE YyMEHBIIIaeTCS.
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Yepr.5.4. AHKEpOBKA apMaTyphI IIyTeM YCTPOIICTBA HA KOHIAX CENHAJTbHBIX AHKEPOB, B BHJIE
a - NPUBAPEHHOU NAACTNUNDL, O - 00ICAMOTL NIACUHDL, 8 - BbICANCEHHOU 20NOBKU, 2 - BbICAICEHHOU 20N0BKU C
warbotl; 0 - NPUBAPEHHO20 CINEPICHS K Y2OIKY; € - 2aliKu C Watlboll CHapYIICU; JC - AUKU HYMPU
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Yepr.5.5. AHKepOBKa apMaTyphlI IIyTeM 0Truda
COEJAVMHEHUS APMATYPBI

5.37. J1na coeqHEeHUs: apMaTypbl IPUHUMAIOT OJJMH U3 CJIEAYIOIIUX TUIIOB CTHIKOB:

a) CTHIKM BHAXJIECTKy 0€3 CBapKu:

- C IPSIMBIMU KOHIIaMH CTE€P)KHEW MEePHOINUECKOro mpoduis;

- C NpAMBIMH KOHIAMHM CTEp)KHEHl C MNpHUBAapKOW MM YCTAaHOBKOW Ha JUIMHE HaXJIECTKU
MOTEPEYHBIX CTEPIKHEH;

- ¢ 3aru0amMu Ha KOHLAX (KPIOKH, JIAMKH, TMETJIN); IPU 3TOM JJIsl TTIAJKUX CTepKHEH MPUMEHSIOT



TOJBKO KPIOKH U METIIH.

0) CBapHBIC M MEXAaHUYECKHE CTHIKOBBIC COCTMHEHUS:

- CBapKOU apMarypsl;

- C MNPUMEHEHHEM CIECUHMATIBHBIX MEXaHHUYECKHX YCTPOMCTB (CTBIKM C OIPECCOBAHHBIMU
Mydramu, pe3sbOOBEIMU My(TaMH U Jp.).

5.38. Ha coeguHeHust apMaTypbl BHAXJIECTKY PaCpOCTpaHAIOTC ykazaHus 11.5.30.

CThIKM pacTSIHYTOW WIN CXKaTOW apMaTyphl JOJDKHBI UMETh JJIMHY Iepenycka (HaXJeCTKH) He
MeHee 3HaYeHus JUIMHbI ||, onpeaensieMoro o Gpopmyiie

A (5.5)

I, =al

rae |, ., - 0a30Bast [TMHA aHKEPOBKH, onpeaessieMas o ¢popmysie (5.1);

As caly Asef - cM.IL.5.33;

a - KOXpOUIMEHT, YYMTHIBAIOUINHA BIMSHUE HANPSHKEHHOTO COCTOSIHHS — apMatryphl,
KOHCTPYKTUBHOI'O pEILEHHs 3JEMEHTa B 30HE COEAMHEHUS CTEpP)KHEH, KOJMYECTBa CThIKYyeMOMH
apMaTypbl B OJTHOM CEYEHHHU O OTHOIICHHUIO K OOIIEMYy KOJUYECTBY apMaTyphl B 3TOM CEUYCHUH,
PacCTOSIHUS MEKY CTBIKYEMBbIMU CTEP)KHSAMHU.

[Ipu coeauHeHUN apMaTypbl MEPUOJUUECKOTO TPOPIIIS C MPSIMBIME KOHIIAMH, a TaK)Ke MaJKUX
CTEep)KHEH ¢ KpIOKaMU MM NETISAMHU 0e3 JONOJHUTENbHBIX aHKEPYIOIIUX YCTPOHUCTB KOAPPUIIMEHT
a s pacTAHYTOM apMaTypbl IPUHUMAIOT paBHBIM 1,2, a 11t cxxatoil apmatypsl - 0,9. Ilpu sTom
JIOJKHBI OBITH COOJIIOIEHBI CIIEYIOLINE YCIOBUS:

- OTHOCHTEJIBHOE KOJIMYECTBO CTHIKYEMOH B OJHOM pPacdyeTHOM CEYCHHMH >JIeMEeHTa paboueit
pacTsHyTOM apmarypbl NEpPUOAMYECKOro MHpoduis HOKHO ObiTh He Oonee 50%, riaakoin
apMatypsl (¢ KpIOKaMU WIH NETISIMH) - He Ooiee 25%;

- ycuiMe, BOCIPMHMMAeMOe BCEH IOINEpeyHOM apMaTypoi, IOCTaBICHHOH B mpejaenax CThIKa,
JOJDKHO OBITh HE MEHEE TOJIOBUHBI YCHIIHS, BOCIIPHHUMAEMOT'O CTBIKYEMOW B OJHOM pPacdyeTHOM
CEYEHMHU HJIEMEHTA PacTSIHYTON pabodeil apMaTypo;

- PACCTOSIHHE MEXK/y CTBIKYEMBIMH Pa0O4YUMH CTEPIKHSAMH apMaTypbl HE JOJDKHO MPEeBbIMATh 4ds
(uepr.5.6,a);

- paccTosHUE MEXAY COCETHHMH CTBIKAMH BHAaXJEeCTKy (10 MIMpUHE JKeIe300€TOHHOTO
DIIEMEHTA) TOJKHO OBITH He MeHee 2ds v He Menee 30 MM (uept.5.6,0).
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Yeprt.5.6 PacnoJiokeHne cTep:kHeil, CTHIKyeMbIX BHAXJECTKY, H CAMHMX CTBIKOB
a - pacnonodicerue cmepaiciell 6 Cmoike;, O - pacnoI0dceHue Cmoikog

B kayecTBe OJHOrO0 pacyeTHOrO0 CEUEHHUS BJEMEHTa, PAacCMaTPUBAEMOro JiA ONpeaeNeHUs
OTHOCHUTENILHOTO KOJMYECTBAa CTBHIKYEMOW apMmaTypbl B OJHOM CEYEHHMM, NMPUHHUMAIOT Y4acCTOK



JNIEMEHTa BIOJb CThIKyeMoil apMmarypel mnuHO#M 1,3l Cumraercs, 4TO CTBIKM apMaTyphbl
PacIIOIOKEHBI B OJTHOM PACYETHOM CEUCHHH, €CIHM HEHTPHI ITUX CTHIKOB HAXOISTCS B Ipeeiax
JUTMHBI 3TOTO y4acTka (4ept.5.6,0).

JlonyckaeTcsl yBEJIMYMBATh OTHOCHUTEIBHOE KOJMYECTBO CTBIKYEMOW B OJHOM pPacdyeTHOM
CEUeHUH dJIeMeHTa pabouell pactsayToi apMatypsl 10 100%, npuHuMas 3HadueHue koddduimenrta
a paBHbiM 2,0. [Ipy OTHOCHUTEIFHOM KOJHMYECTBE CTHIKYEMOW B OJHOM pAacCueTHOM CCUCHHHU
apMatrypsl nepuogudeckoro npodmias 6onee 50% wu rmaakoit apmarypel 6onee 25% 3HaueHUS
KO3 PUIHEHTA ¢ ONPEACISIOT 110 JIMHEHHOW WHTEPIIOJISIIHH.

[Ipy HanWuMU MOTIOTHUTENHHBIX AHKEPYIOIIMX YCTPONCTB HAa KOHIIAX CTBHIKYEMBIX CTEpiKHEH
(mpuBapka MOMEpPEYHOW apMaTypbl, 3aru0a KOHIIOB CTBIKYEMBIX CTEpXKHEH IEePHOANYECKOTO
npodwis U Jp.) JUIMHA MEPErycKa CTBIKYEMBIX CTEp)KHEH MOXKeT OBbITh yMEHbIleHa, HO He Oosee
yeMm Ha 30%.

B mo0om citydae daxkTrueckas JIMHA Mepenycka 1o/okHa ObiTh He MeHee 0,4a-lg,an , HE MeHee
20ds u He menee 250 MMm.

5.39. Tlpu coeauHEHHH apMaTypbl C HKCIOIB30BAaHUEM CBapKH BBIOOP THIIOB CBApHOTO
COCJIMHEHUSI U CIIOCOOOB CBApKU MPOM3BOJAT C YYETOM YCIOBUH IKCIUTyaTalldd KOHCTPYKIIHH,
CBApPUBACMOCTH CTall H TPEOOBAaHW IO TEXHOJOTHH H3TOTOBICHUS B COOTBETCTBHH C
JeNUCTBYIOIUMH HOpMaTHBHBIMU TokyMeHTamu (TOCT 14098-91).

5.40. Ilpu wWCHONB30BAaHUM JUISI CTHIKOB apMaTypbl MEXaHUYECKHX YCTPOWCTB B BHJIEC MY(T
(MydTHI Ha pe3bbe, cripeccoBaHHbIE MYy(PTHI U T.J.) HECYyIasi ClIOCOOHOCTh MY()TOBOTO COCTUHEHUS
JOJDKHA OBITh TaKOH e, 9TO W CTHIKYeMBIX CTEeP)KHEH (COOTBETCTBEHHO NPH PACTSKCHHH WA
ckatuu). KOHIBI CTBIKYEMBIX CTEp)KHEH CIICAYeT 3aBOAMTH Ha TpeOyeMmyr JUIMHY B MyQTy,
OTIPEICIIIEMYIO PACUCTOM HIIA OTIBITHBIM ITyTEM.

[Ipu ucnons3oBanuu My@dT Ha pe3bde A0KHA ObITh oOecrieueHa Tpedyemast 3aTsKka My(pT ans
JTUKBHIAIUY JTI0OTa B pe3noe.

I'HYTBIE CTEPKHH

5.41. Ilpu npuMeHeHUHU THYTON apMaTypsl (OTIHOBbI, 3aru0bl KOHIIOB CTEPyKHEN) MUHUMAJIbHBIN
AuaMeTp 3aru0a OTAEIBHOIO CTEP)KHS JOJDKEH OBITh TaKUM, 4TOObI M30€XaTh pa3pylLIeHUs WIN
packanbiBaHusl O€TOHAa BHYTPU 3aruba apMaTypHOI'O CTEP)KHSI M €ro pa3pylleHHs B MecTe 3aruda
(cm .mm.5.22,5.36).

MuUHUMAaBHBIA AUAMETP ONpPaBKU oy IS apMaTyphl IPUHUMAIOT B 3aBUCUMOCTH OT JHaMeTpa
crepxHs ds HE MeHee:

- IS TJIAJIKUX CTEP KHEN

don = 2,5ds tipu ds < 20 mm;

don = 4ds ipu ds > 20 mm;

- JUIs CTep>KHEH MeproMuecKoro npopuis

don = 5ds ipu ds < 20 MmM;

don = 8ds ipu ds > 20 mm.

TPEBOBAHUS K BETOHHBIM U KXEJE3OBETOHHBIM KOHCTPYKIUAM

5.42. Pa3mepsl cOOpHBIX OETOHHBIX U JKE€JI€300€TOHHBIX 3JIEMEHTOB CJelyeT Ha3HA4yaTh C yUeTOM
Ipy30NOJbEMHOCTH UM Ta0apUTHBIX OrPaHUYEHUH TEXHOJOTHYECKOro, TPAHCIOPTHOIO U
MOHTQ)XHOTO OOOpYZOBaHUS Ha 3aBOJIAX-U3TOTOBUTENSIX W HA CTPOMTENBHBIX IUIOMIAJKaxX. B
HEOOXOJIMMBIX CIy4asiX ClIeyeT YYMTHIBaTh BO3MOXHOCTH MOAbEMa >KEJIe300€TOHHOIO H3/ENHs
BMecTe ¢ POpMO.

5.43. Bo wuszbexxaHue MOBPEXKIEHUN OT MECTHBIX KOHLEHTpAaLUUN HANpsHKeHUH HpU pPe3KOM
M3MEHEHMs HalpaBJIeHUI I'paHeil seMeHTa (HampuMmep, BO BHYTPEHHHX YIJIaX) PEKOMEHIyeTCs
IpelycMaTpuBaTh CMATYEHHE OYepTaHUS B BHUAE YKIOHOB, (acoK WIM 3aKpyIJIeHUH 110
BO3MOKHOCTH HEOOJBIION BeTHUMHBI (10 50 MM), uTOOBI HE TpeOOBaIOCh MECTHOE apMUpPOBaHHE
(uept.5.7,a, 6, 6).

Bo BHEHIHMX OCTpBIX yrjax BO M30eKaHHE OTKaJbIBaHUS OETOHA CIEeNyeT yCTpauBaTh CKOCHI

WK 3aKpyriieHus (4ept.5.7, 2).


http://stroy.dbases.ru/Data1/3/3323/index.htm
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Yepr. 5.7. 3akpyriaenus B packu
a - 3aKpyenenus 8 pebpucmoti naume, 0 - acka mexcoy noaKol u CMeHKoU 8 magpogoll banke; - couemanue
@acku u 3aKpyznenus 8 yme pepmul; e- cMAYenue 0Cmpozo yena 6 puzeine; 0 - 3aKpyeienue 8 omeepcmuu 0 NponycKa
KOMMYHUKAYULL, CMPONOGKU U TH.N.

5.44. OTBepcTHs B KeJIe300€TOHHBIX MJIEMEHTaX JJIs MPOIyCKa KOMMYHHKAIIUA, CTPOIIOBKH H T.
. ClIeAyeT NPHHUMATh IO BO3MOXHOCTH HEOOJNBIIMMH M pacrlojiaraTb B IMpejaenax sueek
apMaTypHBIX CETOK M KapKacoB TakK, YTOOBI HE HYXHO OBLIO mepepe3arb apMaTypy U apMHpPOBATh
10 MECTY. YTJIbl OTBEPCTUH JKENATEIBHO JIeaTh IIaBHbIMU (4epT.5.7,0)

5.45. Ilpu npoeKTUpOBaHUH OETOHHBIX U KeJIe300€TOHHBIX KOHCTPYKIUI UX OUepTaHHE CIEAYyEeT
MIPUHUMATH C Y4ETOM yCTPOMCTBA U CIIOC00a UCTIONIb30BaHuUs (hopM (OrmanyOoKn).

[Ipu npumenenun ¢GopM C OTKUAHBIMEU OOpTaMH OdYepTaHUE U3JENUs He JOJKHO
MPEISITCTBOBATh TOBOPOTY OopTa (4epT.S.8,a) mpu pacnasyoke.

[Ipu npuMeHeHnn Hepa3zbeMHbIX (GOPM ISl BOSMOKHOCTH M3BIICUCHUS U3/AETUS U3 HUX JTOJIKHBI
IpeyCMaTPUBATLCS TEXHOJIOTMYECKUEe YKIOHb He MeHee 1:10 (uepr.5.8,6, 6). B ciyuae
MIPUMEHEHUS HEPa3beMHBIX (DOPM C MCMOIH30BAaHHUEM BBIMPECCOBBIBAHUS YKJIOH JIOJDKEH OBITH HE
menee 1:15 (uept.5.8,2).

[Ipu HememieHHON pacnanyOke ¢ obecrieueHneM (GUKCUPOBAHHOTO (BO M30exaHHe HAPYIICHUS
0eToHa) BEPTUKAIBHOTO TepeMelieHrus (OPMYIOIIEro 3JeMEeHTa OCHACTKH (4epT.S5.8,0, e) yKIoH
JoMKeH ObITh He MeHee 1:50.
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Yepr.5.8. Texnonoruueckne yKioHbl
a - 8 hopme ¢ omkuOHvLIMU OOpmMamu, 6 U 6 - 8 HePA3bEMHOU opme, 2 - MO Jice, ¢ NPUMEHEHUEM BbINPECCOBUUKA, O
U e - npu HemeONeHHOU pacnaiybKe; Jic - 8 popme ¢ yxXum 60pmom; 3 - mo Jice, € 8blNPeCcCOBUUKOM
1 - uzoenue; 2 - ghopma; 3 - omxuornoti bopm; 4 - sbinpeccoswux; 5 - kraoviuL; 6 - hopmyrowas pamxa

[Ipn wucmonp3oBaHUM (GOpPM C OJHUM HEMOJABIKHBIM M OJHUM OTKHIHBIM OOpTOM ISt



BO3MOYKHOCTH BEPTHKAIBHOTO IMOABEMa KOHCTPYKIMH TpPH pacnanyOke cieayeT Hepexoi OT
OOJIbIICH MIMPUHBI M3ACIHA K MEHBIIEH [HAIpUMEp, OT HIDKHEH MOJKH K CTeHke (4epT.5.8.uic)]
NPUHUMATh IUIaBHBIM TOJ yIJIoM He MeHee 45°. DTo TpeOoBaHHE MOXXHO HE YYMTHIBATH, €CIIU
(dhopma cHabKeHa BBITTPECCOBBIBAIOIIUM YCTPOHCTBOM (4epT.5.8,3).

[IpuMeHeHne BBIIPECCOBBIBAHUS W HEMEJICHHOW pacnaqyOKd JOJDKHO COTJIAaCOBBIBATHCS C
M3TOTOBUTENIEM U3JIEIHSL.

5.46. Ilpu mpoeKTUPOBaHUU COOPHBIX >KEIE300€TOHHBIX M3JIENHUN CIEeIyeT MperycMaTpUBaTh
yIoOHBIE CMOCOOBI 3axBaTa MX TI'PY303aXBAaTHBIMU MPHUCIOCOOTICHUSIMH TpPHU CHATHH C (OPMBI
(pacmanyOKe), a Tak)Ke MPH MOTPY30UHO-Pa3TPY30YHBIX U MOHTAXHBIX padoTax.

CriocoObl 1 MecTa 3axBaTa Cje/lyeT Ha3HayaTh C y4€TOM TEXHOJIOTMU M3TOTOBIICHUS U MOHTa)Xa
U3JIENNs, a TAK)XKE €ro KOHCTPYKTUBHBIX 0COOEHHOCTEH.

W3nenne nomxHO OBITH MPOBEPEHO PACYETOM Ha YCJIOBUS pabOThl MpH MPHUHSITOM CHocobe U
pa3MelIeHNH MECT 3axBaTa.

5.47. B GETOHHBIX M KeJIe300€TOHHBIX M3CIHIX CIEAYET IPeaycCMaTpPUBaTh YCTPOMCTBA TSl UX
CTPOIIOBKH: CTPOIIOBOYHBIE OTBEPCTHUS (B TOM YHCIIE JUII HHBEHTAPHBIX TIE€TEINb), Ma3bl, YCTYIBI U T.
II. WIK CTAllMOHAPHBIE CTaJbHbIE CTPONOBOYHBIC METIIH, KOTOPHIE JOJKHBI OBITH BBIOJIHEHBI U3
ropsiueKaTaHoM CTajau cOoryiacHo 1.2.16.

3axBaT W3AETUI PEKOMEHIyeTCs NpeaycMaTpuBaTh 110 BO3MOXKHOCTH 0€3 NpUMEHEHUS
YCTPOMCTB, TPEOYIOLIUX pacxojia CTalIU, IyTeM CO3aHUs YIrilyOJeHuil, 1a30B, OTBEPCTHI, YCTYIOB
u 11p. (uepr.5.9).

5.48. Ilpy NpOEKTUPOBAHUU U3JAEIUA CO CTPONOBOYHBIMU HETISAMU CJIENYET NPUMEHSATh
yHuuIMpoBaHHble mneTiau. [lpu OTCyTcTBUM YHU(DUIUMPOBAHHBIX IMETelNb C TpeOyeMbIMU
XapaKTepUCTHKAMU PEKOMEH IyeTCsl KOHCTPYHPOBATh NETIN TUIIOB, IPUBEICHHBIX Ha 4epT.S.10.

MuHuMmanbHbIe TapaMeTphl Ui MeTeb C IPSIMBIMU U OTOTHYThIMH BeTBsiMu TumoB I11,1 u 12,1
(cm. uept.5.10) mpuBeneHs! B Ta0J1.5.3.

5.49. Tluametp crepxHs neTiu d peKOMEHIYeTCs MPUHUMATh COTJIACHO Tabi1.5.4 B 3aBUCHMOCTH
OT Macchl U3JIENHs, IPUXOAIIeiics Ha neTiIio. Macca U3/1enust ONpeesIseTcs COrNIaCHO yKa3aHUsIM
n.2.12. Ilpu noabeMe IUIOCKMX M3AEIMM 32 YeThIpe NETIM Macca H3JeNUs CUUTaeTcs
pacnpeeIeHHON Ha TPH NETIIH.

N AN
i \<\ /A

Yepr.5.9. [IpuMepsl CTPONOBOYHBIX YCTPOICTB €3 meTenb
a - npu cmponogke 60ka; 6 - CmponooO4HbLE OMEEPCMUSL 8 KOJIOHHE, 8 — COYemANUe 08YX PA3HbIX CMPONOBOYHBIX
YCmpOUCme 6 0OHOM U30enUU
1 - epyzoswie cmponoi, 2 - evipes a5 3axeama, 3 - omeepcmusi 015 3axeama, 4 - nemau 0 3axeama npu
useneyeHuu u3z Gopmol
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Yepr.5.10. TUnbI CTPONOBOYHBIX NETENb
a - c60000HO pasmewjaemvie 8 uzdeauu uz cmanu kiaccos A 240 u A 300; 6 -pasmewjaemvie 8 cmecHeHHbIX
yenogusx uz cmanu knacca A 240; ¢ - mo oce, uz cmanu A 300

Tabnuna 5.3
et O0603Ha4eHUS pa3MepoB Pa3mepst
d 6-12 14-16 18-22 25
30 30 40 60
4 R
- 20 30 40 60
8 gt r
3d
a;
6d
az
Tabnuua 5.4
JuameTp cTepkHs Macca u3nenus m, KT, Juametp crepskHss ~ Macca u3enus m, Kr, IPUXOISIIasics
NEeTIH, MM MPUXOJSIIAsICS TIPH MOJbeME Ha HETIIH, MM IpY TTOABEME Ha OJHY METII0 U3 CTalTH
OJIHY METIIIO U3 CTaIH KJIacCOB KJ1acCOB
A240 A300 A240 A300
6 150 18 2500 3100
8 300 20 3100 3900
10 700 900 22 3800 4700
12 1100 1500 25 4900 6100
14 1500 1900 28 6100 7600
16 2000 2500 32 8000 9900

IIpumevanus:

1. 3Ha"4eHns m COOTBETCTBYIOT YIIIy MEXIY CTPOIIAMU M TOPH30HTOM, paBHOMY 45° 1 OoJiee; MEHBIINI yToJI HAKJIOHA
He Jorryckaercs. Ecnu rapaHTHpyeTcst CTpOIOBKa U3ENNS C MTOMOIIBIO BEPTHKAIBHBIX CTPOIOB, IOITyCKaeTCs Ipr
moi0ope AuaMeTpa MeTiN YMEHBIIaTh MacCy U3, MPUXOAIIYIOCs Ha TIeTio, B 1,4 pasa.

2. [Ipu auameTpe CTepKHS METIN OT § 10 22 MM BKIIIOYHTEIBHO JOITyCKAETCs YBEINIUBATE TPH CIICIIHATIEHOM
000CHOBaHMH TIPUBEICHHBIC 3HaUeHUs m Ha 25 %.

[Tpu moxbeme 3a Tpu neTNid U OoJiee, PacoIOKEHHBIX HA OJTHOM TOpIIE U3enus (HampuMep, Ha
CTEHOBOH IMaHENN), Macca U3JIeNUs PHHUMAETCS PAaCIpeeICHHON TOJIBKO Ha JBE TETIH, IIO3TOMY
B TOM CJIy4ae yCTaHOBKa 0oJjiee ABYX MeTeNb HE PeKOMEH/IyeTCsl.

[Ipn mpumeHeHnn mpucnocoOIeHU (camMoOaTIaHCUPYIOMMXCS TpaBepc), O0O0ECIeYNBAIOIINX



camMo0aaHCUPOBAaHUE YCHIIMH MEXIYy CTpPOINaMH, JOIYCKAeTCs MacCy H3JENUs PaclpeneisiTh
MEX1y MEeTISIMU B COOTBETCTBUU C KOHCTPYKLIUEH MPUCTIOCOOTICHHUS.

5.50. Beicory mpoymmubl metiu he (uept.5.10), COOTBETCTBYIOLIYIO pa3MepaM YalOYHBIX
KPIOKOB I'PY30BbIX CTPOIIOB, CI€yeT IPUHUMATh PAaBHOM, MM:

60 - mpu 1uaMeTpe CTEPIKHS METIU OT 6 10 16 MM;

80 - mpu muamMeTpe CTepIKHS MeTau oT 18 u 22 Mwm;

150- npu quamerpe cTep KHsI MeTIH OT 25 10 32 MM.

Jumuny |s u royouny 3amycka hp KOHIOB BeTBedl merTiud B OeToH m3aenus (cMm. 4eprt.5.10)
PEKOMEHIYETCsI IPUHUMATh COTJIacHO TadJ1.5.5

[Ipn pacnonio’keHWH CTPOMOBOYHBIX I€TeNb B CTAHJAPTHBIX yrioyoneHusx (ueprt.5.11,a)
3Ha4eHHe N MOXKHO OTCUUTHIBATH OT BEPXHEW MOBEPXHOCTU OCTOHHOTO DJICMEHTA.

Tabmuna 5.5
HopmatuBHas KyOMKOBast MPOYHOCTH Jnuna 3amycka B 6eToH g [ny6uHa 3amycka B 6eToH hy
0eTOHA B MOMEHT IIEPBOTO MOABEMA
m3nenust, Mlla

Or3 mo7 45d (50d) 35d (40d)
CB.5 1010 35d (40d) 25d (30d)
»10,,20 30d (35d) 20d (25d)
»20,,30 25d (30d) 15d (20d)
Cs.30 20d (25d) 15d (20d)

I[Ipumedanue. 3HaYCHUS, IPUBEICHHBIC B CKOOKAX, OTHOCSITCS K CIy4asiM IMOIbeMa B BEPTHKAILHOM IOJI0KCHUU
OJTHOCJIONHBIX TOHKOCTEHHBIX JIEMEHTOB (THIIA CTCHOBBIX MaHENICH U3 TSXKEJIOro OETOHA) TOMIIUHON He 6osee 220 M.

I ]

a)

%) 5,8
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Uept.5.11. Pazmeps! TyHOK AJIs 3arTy0JICHHOTO PACIIOIOKEHHS IPOYIIHH CTPOTIOBOYHBIX IETENb
a - 3aMKHymule yenyonieHuss;, 6 - pasoMKHymole yeryonenus (Ha Kpasx usoeius) npu ouamempe CmepicHs nemuu 6-
16mm: Ry=125mm, a=30mm, b1=50mm, 1;=25mm, l,=30mm; npu ouamempa nemau 18-22mm: R1=150mm, a=40mm,
b1=65mm, 1;=30mm, l,=30mm

Bo Bcex cnyyasix 3nauenue ls cnenyer npuauMath He MeHee 200 MM.

J11s1 TieTesb, BBIMOMHAEMBIX U3 apMaTypHoi ctanu J25A240 u P28 A300 u Gonee, 3HadeHus |s u
hyp cienyer yBenuuuBath Ha 20 %.

BerBu nernu u3 cranu kmacca A240, a takxke mpsiMble (0e3 OTrHOOB) BETBH METENb U3 CTaJU
kinacca A300 1oKHBI 3aKaHYMBATHCA KPIOKAMH.

B HEoOX0aMMBIX CITydasix IOMYCKaeTCsl pacrojiaraTh BETBH IMOJ YTJIOM OJIHA K Jpyroil He Oolee
45°.

Paccrosinne wmexay OOKOBOM TIMOBEPXHOCTHIO XBOCTOBOTO Yy4YacTKa KprOKa TMETIu |
MMOBEPXHOCTBIO H3JICNUS, M3MEPSAEMOE B IUIOCKOCTH KPIOKA, CIIEAyeT NMpHHHMaTh He MmeHee 4d
(uept.5.10, a).

B toMm ciyuae, ecnii HEBO3MOKHO MPOM3BECTH HA HEOOXOJUMYIO JUIMHY 3aITyCK KOHITOB TIETJIH,
aHKEPOBKY METIU HEOOXOIWMO OCYIIECTBISATh Pa3TUYHBIMU CIIOCOOAMU, HAIpUMEp MPHUBAPKOU K
3aKJIaJHBIM JETajsiM, 3aBelleHHEeM 3a pabouyio MpoJOoJIbHYIO apMmarypy Hu T.A. HanexHocTb
MPUHATON aHKEPOBKHU IETIU CJIEAYET MOJITBEPAUTH PACUETOM WJIM UCTIBITAHUSIMHU.



5.51. JlomyckaeTcst pacmojaraTb CTpPOIIOBOYHBIE NETIM B YIIyONEHUSAX TakK, 4YTOOBl HX
MPOYIIMHBI pacrlojarajuch HIKE TpaHd OETOHHOTO WM >KeIe300€TOHHOIO W3JeNusd. ITo
pacroyio’keHrue 0COOEHHO PEKOMEHIYETCsl P MEXaHU3MPOBAHHOW OTIENKE MOBEPXHOCTH OEeTOoHa,
KOT/la BBICTYHAIOIIME METJIM MEIIAI0T TaKod OTAenke. YTiayOlieHus g HeTellb MOTyT ObITh
3aMKHYTBIMH (CM. 4epT.5.11, a) wiu pasomMkHyThiMH (4epT.5.11, 6). B mocienHem ciyyae B HUX HE
CKOIUIAETCS BOJA, KOTOpasi MOXKET 3aMEpP3HYTh, a TAaKXKe YIy4IlIaloTcs yClIOBUS (UKCALUU TETENb.
W3 ycioBus 3aBelieHUs] B NPOYLIMHY YAJIOYHOI'O KpIOKAa CTpOIa JIYHKY CIEAyeT paclosiaraTb cO
CMEILIEHUEM K CepeIuHE U3/eNIs OTHOCUTENLHO MJIOCKOCTU POYIIUHBI.

OPUKCALMA APMATYPBI

5.52. CooTBercTBHE PACIOJIOKCHHS apMaTypbl €€ IPOCKTHOMY ITOJIOKEHHUIO JOKHO
o0ecrnieunBaThbCs MPUMEHEHHEM CPEJICTB (UKCAIIUU.

duKcanuo apMaTypbl pEKOMEHIYETCS OCYIIECTBIISITh C TOMOIIIBIO:

a) YCTPOMCTB OJHOKPATHOTO UCITOJIb30BAHUS, OCTAIOIINXCS B OETOHE;

0) HHBEHTAPHBIX MIPUCIIOCOOICHH, 3BJIEKAEMbIX U3 OCTOHA 70 WM IOCIIE €r0 TBEPACHHMS:

B) CIEIHAIIBHBIX JIeTallel, IPUKPEIUICHHBIX K pabouyeii TOBEpXHOCTH (POPMBI HITH OMATyOKH U HE
MPEMATCTBYIONIMX H3BJICUCHUIO KEJIe300€TOHHOIO 3JIEMEHTa M3 (OPMBI HIU CHATHIO C HEro
OMaTyOKH.

5.53. PekomeHTyeTcsl IPUMEHSATH CIICAYIONINE (GUKCATOPBI OJHOKPATHOTO UCIIOIb30BAHUS:

a) IuIs oOecriedeHs TPeOYEeMOM TOJIITUHBI 3aTUTHOTO CJI0sl OETOHA -110 4epT.S.12;

0) st obecrieueHus: TPEOYEeMOTro PaCCTOSHHSI MEXKIY OTACIbHBIMH apMaTypPHBIMH W3CIUSIMU
WJTU CTEP>KHAMH - 110 4epT.5.13;

B) aJisi o0ecnieueHus TpeOoBaHU, yKa3aHHBIX B moAmyHKTax "a" u "0" - mo ueprt.5.14.

4 (4
YepT.5.12. ®ukcaTopbl 0IHOKPATHOT0 MCIOJIb30BaHUsA, 00eceunBaloNINe TPeOyeMyI0 TOJIIHHY S
3alMTHOIO /10 0eTOHa
a-6 - ¢ OOLULOT NOBEPXHOCMBIO KOHMAKMA C (POPMOI, U320MOGIAEMblE U3 YEMEHMHO20 PACMEOPaA; 2 -C MAOl
NOBEPXHOCMbIO KOHMAKMA C POPMOIL, U320MABIUBAEMbLIL U3 YEMEHMHO-NEeCUaH020pacmeopa, 0 - modice, u3
acbecmoyemenma, e-3 - mo dice, U3 naacmmacc (nepgopuposannuie); u - mo Jce, U3 ATOMUHUEBOU NEPHOPUPOBANHO
HOAOCHL; K-M - MO Jice, U3 ApMAMYPHOU CIATU,
1 -pabouas nosepxnocms ghopmoi; 2 - puxcamop; 3 - Qpuxcupyemasn apmamypa; 4 - CKpymxa u3 613a16HOuU
NpOBOIOKU, 5 - 8A3ANbHAS NPOBOIOKA, 3A0eNAHHAA 8 PuKcamop; 6 - 803MOACHOE INACMUYHOE KOIIBIIO; [ - ynopul,
npusapueaembvie K apmamype

Bun ¢wukcatopa misi oOecriedeHHs TONIMHBI 3alIUTHOTO CJIOsi OSTOHA Yy JMIIEBBIX T'paHel
AJIEMEHTOB CJIEIyeT BBIOMPATh COTJIACHO TpeOoBaHWsM Tabn.5.6. He momyckaercs mpuUMEHSTH B



KayecTBe (PUKCATOPOB OOPE3KH apMaTypHBIX CTEPKHEH, IITACTHH | T. II.
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Yepr.5.13. DukcaTopsl 0HOKPATHOTO HCIIOJIL30BAHNs, 00ecieYHBaIOIHE TPedyeMoe paccTosiHIe
a-6 - MedcOoy OMOENbHLIMU APMATYPHIMU UB0ETUSIMU, 2= MENCOY CIEPIHCHAMU
1 - pazoenumens uz apmamypHo cmanu, YCmanasiusaemvilli Mexcoy psoamu cemok; 2 - (pukcamop-nookiaoka oJis
obecneuenus 3aWumno2o cios bemona, 3 - YOIuHeHHble NOnepeuHble CIMEPICHU KApKAcd, 3a2ubaembvle 80KpYe
cmepoicneti cemxu, 4 - puxcamop 01 coedunenus NepeKpeuBarOUUxcst CmepicHell (NpoCmpancmeenHas CRUupatb u3
APYIUCUHHOT NPOBONIOKLL); 5 - MECIMO C853KU

B pactsayTO# 30HE OETOHA AIIEMEHTOB, YKCIUTYaTUPYEMBIX B YCIOBHSIX arpeCCHBHOM Cpe.bl, HE
JIONYCKAETCsl YCTaHABIUBATh IJIACTMACCOBBbIE MOJAKIIAIKU TOJ CTEPKHU pabodel apMaTypbl WIH
BIUIOTHYIO K HUM - TIOJI CTEP)KHM DACIpeAeTUTEeNIbHON apMmaTypbl. B Takux u3genusx ciexyer
IPUMEHATh MPEUMYILIECTBEHHO MOJKIAJKA U3 IUIOTHOTO I[EMEHTHO-IIECUaHOr0 pacTBopa, OETOHA
WK acOeCTOLEMEHTA.

5.54. B cnydae mnpuMeHeHHs (UKCATOPOB OJHOKPAaTHOIO HCMOJb30BAaHUS CIEAyeT B
COOTBETCTBUM C TpeOoBaHMSIMHM TabJ.5.6 yka3plBaTh Ha pabOuMX YepTeKax, Kakue M3 ITHX
(buKcaTOpoB JOMYyCKAalOTCd B JaHHOM »HJIeMEeHTe. TOJIIMHY 3allUTHOrO ciIosi OeToHa B MecTe
YCTaHOBKH (PUKCATOpa-TMIOAKIAIKH PEKOMEHIYEeTC S IPUHUMATh KPaTHOU 5 MM.

Yepr.5.14. ®uxcaTopbl 0AHOKPATHOr0 MCIOJIb30BaHUsl, 00ecleYnBaIOLIHe OTHOBPEeMEeHHO TpedyeMylo
TOJIIMHY 3aIIATHOTO CJIOSA 0eTOHA M PACCTOSTHUS M MEKIY OTAeIbHBIMA apMATYPHBIMU 3JIeMeHTAMH
a - 6 NIOCKUX NAUMax; 0 u 6 - 8 6AIKAX NPAMOY20NbHO20 CEYEHUS, 2 - B DJIEMEHMAX KOIbYeB020 CeUeHUs
1 - puxcamop muna I1-obpasnoeo kapkaca; 2 - apmamypnule cemku, 3 —paboyas nosepxnocms Gopmoi,; 4 -
¢uxcamop muna kapkaca-epedenxu; 5 - RIOCKUU apMamyphvlil Kapkac, 6 - puxcamopuvl-cmepichu, OONOIHUMETbHO
npusapugaemvle K Kapkacamu, 7 - (hukcamop muna HakiaoHou ckoobl U3 apmamypHol npogoioku; § -



KOHYeHmpu4ecKu pacnoloxceHHvle Kapkacol, 9-mecmo cesa3ku

s puKcaTOpOB OJHOKPATHOTO MCIOIH30BAHUS, BRIIOIHICMBIX H3 apMaTypHOU CTalu, ClIeayeT
BBITIOJHATH YepTexku. Ha pabouux depTekax apMaTypHBIX U3ETIUI U B cllydyae HEOOXOIUMOCTH Ha
gepTekax OOMUX BHUAOB apMHUPOBAHUS KEIIE300CTOHHBIX JJIEMEHTOB CIIEyeT IOKa3hIBATh
pacnosoxeHue 3TuX GUKCaTOpOB UM OMOPHBIX CTEPKHEH, a B crieuUKalUIX MpeaycMaTprUBaTh

pacxoJ CTajikd Ha UX U3rOTOBJICHHUC.

Pacnonoxenre M YHMCIO HEMETANIMYSCKHX (bHKC&TOpOB-HOI[KJIaIIOK B pa60LII/IX YepTeKax

AOIYCKACTCA HC NIPUBOAUTD.

VYcenoBus Bun nuuesoii rpanu Bun puxcaropos
JKCIUTyaTaluu 3J€MEHTa PactBopHsle, [TnactmaccoBeie
2JIEMCHTA OCTOHHBIC, (TTOTMATHIICHOBEIC)
acOeCTOIEMEHTHBIE
PM Pb M I1b
Ha otxpsiTom Yucrast 6eToHHas N0 + - + -
BO3/yXE OKpacKy; 00JIMIIOBaHHAS B

npouecce OETOHUPOBAHUS
KepaMHU4eCKOU MIIUTKOU U

ap.
OO6pabaTriBacMas + - -
MEXaHUYECKHUM CII0OCOOOM

B nmoMemenusax ¢ Yucras OeToHHas + - +

HOpMAITbHBIM Beronnas mox oxpacky + X +

BJIQKHOCTHBIM BOJIHBIMH COCTaBaMHU

pexXuMOM Beronnas mox oxpacky + + +

MacCJIIHbIMH, SMaJICBBIMH 1

CHHTETUYECKUMHU KpacKaMHu;

6eToHHas M0 OOIULIOBKY

beronnas nox oxneiky + + +
obosmMu

+

Tabmuna 5.6
CranbHbIE
C3 CH

+ -
+ -
+ X
+ +
+ -

[Mpumeuanus: 1.YcnoBHble 0003HaueHus: P - pacTBopHbIe, OeTOHHBIE, acOecTonieMeHTHbIe (ukcatopsr; I1 -
IUIACTMAcCOBBIE, MTOJIMATHIICHOBBIE (prKcaTopbl; C - cTanbHbIe (GUKCaTOPhl; M - Manast MOBEepXHOCTh KOHTAKTa
¢ukcaropa ¢ popmoii (omaryoOkoii); b - OonbIas MOBEPXHOCTh KOHTAKTa (pUKcaTopa ¢ Popmoii (omanyoOkoit); 3 -

(MKcaTOPBI, 3aIUIICHHBIE OT KOppo3uH; H -pukcaTophl, He3aNIEHHBIE OT KOPPO3HH.

2.3Hak ,,+" momycKaeTcs; 3HaK ,,-"' - He JOIMyCKAeTCsl; 3HAK ,,x"" - IOMYCKAETCsl, HO HE PEKOMEHIYeTCS.



MNPHUJIO)KEHHUE 1

COPTAMEHT APMATYPBI
MakcuManbHbIN
Teopernueckas pasMep ceueHus
2 . Juametp apmatypbl
HoMuHabHbL PacuetHas ruromagp MOMEPEYHOTO CTEPXKHS, MM, TIPH YUCIIE CTEPIKHEN Macca 1M JUTHHEI KIACCOB CTEPKHA
apMarypsl, KT MIEPHOANIECKOTO
JMaMETp CTEPIKHS,
M popuIIs
1 2 3 4 5 6 7 8 9 A240 A300 BS500
A400
A500
3 7,1 141 212 283 35,3 42,4 49,5 56,5 63,6 0,052 - - + -
4 12,6 251 37,7 502 62,8 75,4 87,9 100,5 113 0,092 - - + -
5 196 393 589 785 98,2 117,8 137,5 157,1 176,7 0,144 - - + -
6 283 57 85 113 141 170 198 226 254 0,222 + - + 6,75
8 503 101 151 201 251 302 352 402 453 0,395 + - + 9,0
10 785 157 236 314 393 471 550 628 707 0,617 + + + 113
12 1131 226 339 452 565 679 792 905 1018 0,888 + + + 13,5
14 153,9 308 462 616 769 923 1077 1231 1385 1,208 + + - 15,5
16 201,1 402 603 804 1005 1206 1407 1608 1810 1,578 + + - 18
18 2545 509 763 1018 1272 1527 1781 2036 2290 1,998 + + - 20
20 314,2 628 942 1256 1571 1885 2199 2513 2828 2,466 + + - 22
22 380,1 760 1140 1520 1900 2281 2661 3041 3421 2,984 + + - 24
25 490,9 982 1473 1963 2454 2945 3436 3927 4418 3,84 + + - 27
28 615,8 1232 1847 2463 3079 3685 4310 4926 5542 4,83 + + - 30,5
32 804,3 1609 2413 3217 4021 4826 5630 6434 7238 631 + + - 34,5
36 1017,9 2036 3054 4072 5089 6107 7125 8143 9161 7,99 + + - 39,5
40 1256,6 2513 3770 5027 6283 7540 8796 10053 11310 9,865 + + - 43,5
45 1590,4 3181 4771 6362 7952 9542 11133 12723 14313 12,49 - + - 49
50 1963,5 3927 5891 7854 9818 11781 13745 15708 17672 15,41 - + - 54
55 2376 4752 7128 9504 11880 14256 16632 19008 21384 18,65 - + - 59
60 2827 5654 8481 11308 14135 16962 19789 22616 25443 22,19 - + - 64
70 3848 7696 11544 15392 19240 23088 26936 30784 34632 30,46 - + - 74,0

[Mpumeganns: 1. HoMmuHanbHBIH AHaMETp CTEP)KHEH A apMaTYPHBIX CTallel MEPHOANYECKOTO MPO(HIS COOTBETCTBYET HOMUHAIFHOMY AHAaMETPy PABHOBEIMKHUX IO TUTOMIAIN
MIOTIEPEYHOT0 CEUCHNS CTepkHEeH. DakTHIecKue pa3Mepsl CTepiKHEH nmeproandeckoro npogwmis ycranasnuBatoTess TOCT 5781-82.
2. 3nak "+" o3HAYAET HAIMYUE AUAMETPa B COpTaMEHTe JIJIsl apMaTyphl JAaHHOTO Kilacca


http://stroy.dbases.ru/Data1/3/3937/index.htm

INPUJIO’)KEHHUE 2
OCHOBHBIE BYKBEHHBIE OBO3HAYEHUA

YCUJINA OT BHEIIHUX HATPY30K M BO3JEVMCTBUHA B IONEPEYHOM
CEYEHMUU DJIEMEHTA

M - n3rubaromuii MOMEHT;
N - mpojonpHas cuia;

Q - monepeyHas cuna;

T - KpyTSIIUA MOMEHT.

XAPAKTEPUCTUKHN MATEPUAJIOB

Rb.n, - HOpPMATHBHOE CONPOTUBIIEHUE OETOHA OCEBOMY CXKATUIO;

Rb, Rbser - pacueTHble CONMPOTUBICHUSI OETOHA OCEBOMY CXKATHIO ISl MPEAETbHBIX COCTOSHHI
COOTBETCTBEHHO IIEPBOM U BTOPOU I'PyIII;

Rbt,n - HOpMaTHBHOE COTIPOTHBIICHHE OETOHA OCEBOMY PaCTIKEHHIO;

Rbt, Rotser - pacueTHble CONPOTUBJIECHUS OETOHA OCEBOMY PpACTSDKEHHUIO JJsl IpPEesIbHBIX
COCTOSIHMM COOTBETCTBEHHO IIEPBOM ¥ BTOPOM TPYIII;

Rs, Rsser - pacyeTHble CONPOTHMBIICHHSI apMaTypbl PacTsDKEHHMIO Ul MPEAEiIbHBIX COCTOSHUI
COOTBETCTBEHHO IIEPBOM U BTOPOM I'PYIIL;

Rsw - pacueTHOE COIIPOTHUBIICHHE MTONEPEYHON apMaTypbl PacTKEHHUIO;

Rsc - pacdyeTHOe CONpPOTUBICHHE apMaTypbl CHKATUIO JUISl MPEAENIbHBIX COCTOSHUI IepBOM
IPYIIIBL;

E}, - HauanbHBIA MOy YIPYTOCTH OETOHA TIPU CXKATHH U PACTSKEHUH,

Es - Moysb ynpyroctu apmarypsl.

XAPAKTEPUCTUKH MMOJIOKEHUS ITPOJOJbHOM APMATYPBI
B IOIIEPEYHOM CEYEHUMU 3JIEMEHTA

S - 06o3HaveHne MPOOIBHON apMaTypHhI:

a) NpU HAJMYUU CXKATOM W pacTAHYTOM OT AeWCTBUS BHEUIHEW HArpy3Kd 30H CEUeHHs -
PAaCIIOJIOKEHHOMN B PACTSIHYTON 30HE;

0) Ipu MOJHOCTBIO CXKATOM OT JIeMCTBUS BHEIIHEH HAarpy3KH CEYEHUU - PaclloyIOKEHHON y MeHee
CKATOM T'paHU CEYECHUS,

B) IpU MOJHOCTBIO PACTSIHYTOM OT JEMCTBUS BHEIIHEH HAarpy3Kd CEUYEeHUH: JJIsl BHELIEHTPEHHO
PacTSHYTBIX 3JIEMEHTOB DPACIIOJIOKEHHON y OoJiee pacTSHYTOW I'paHU CEUYEHMS; JJI LEHTPAJIbHO
PacTSIHYTBIX 3JIEMEHTOB - BCEH B IIONIEPEYHOM CEUEHUH DIIEMEHTA,

S' - o6o3HaYEeHNE TIPOIOTFHON apMaTypHI:

a) NpU HAJMYUU CXKATOM W pacTAHYTOM OT AeWCTBUS BHEUIHEW HArpy3Kd 30H CEUeHHs -
pacIog0XEeHHOU B CKATOM 30HE;

0) IIpy NOJTHOCTHIO CKATOM OT JIEHCTBHS BHEIIHEH HArpy3Ku CEUEHUH - PaclioyioKeHHOH y 6onee
CKATOM T'paHU CEYEHUS,

B) NpPU IOJHOCTBIO PAaCTSHYTOM OT JCHCTBHS BHEIIHEH HAarpy3Kd CEUEHUU BHELIEHTPEHHO
PACTSAHYTBIX JIEMEHTOB PACIIOJIOKEHHON y MEHEE PACTAHYTOW I'PaHu CEUYEHHUS.

I'EOMETPUYECKHUE XAPAKTEPUCTUKH

b - mmpuHa MPSIMOYTOIBHOTO CEUYCHHUS; IIIMPHHA PeOpa TABPOBOT'O M IBYTaBPOBOTO CEUCHUIA;

br, b't - mMpUHA MONKKM TaBPOBOTO M JIBYTaBPOBOTO CEYCHUN COOTBETCTBEHHO B PACTSIHYTOH U
C)KaTOU 30HAaX;

h - BeICOTa IPSIMOYTOJILHOTO, TABPOBOTO U JIBYTABPOBOTO CCUCHHUIA,

ht, h's - BeICOTA TMONKHK TaBPOBOTO M JABYTAaBPOBOTO CCUEHHI COOTBETCTBEHHO B PACTAHYTOW U
CXKaTOM 30HaX;

a, a' - pacCTOSHHE OT PAaBHOJACHCTBYIONIEH YCWIHMI B apMaType COOTBETCTBEHHO S m S' 10
OmKaiiiiell TpaHu ceueHHUs,;

ho - pabouyast BbIcOTa ceuenus, paBHas h - a;



X - BBICOTA C3KaTOM 30HBI OCTOHA;

X

¢ - OTHOCHUTEIIbHAS BBICOTA C)KATOM 30HBI O€TOHA, paBHAs h, ;

Sw - PACCTOSIHHE MEXK]ly XOMyTaMu, U3MEPEHHOE 110 JUTMHE 2JIEMEHTA,

€, - DKCLUEHTPHUCHUTET MPOJO0JIbHON cuiabl N OTHOCUTENBHO IEHTpA TSXKECTH MPHUBEACHHOTO
CEUEHMSI, OTIPECIISIEMbIN ¢ YUeTOM yKa3aHuH 11.3.6;

e, e' - pacCTOSTHUS OT TOYKH MPHIIOKEHUS TPO10JIbHON crutbl N 10 paBHOJEHCTBYIOMIEH YCUITUI
B apMaType COOTBETCTBEHHO S 1 S',

| - mposer airemenTa;

I, - pacueTHas AMHA AJIEMEHTA, TOABEPIAOICTOCS JCHCTBUIO CKUMATOIIEH TTPOI0JILHON CHIIBL;

| - paguyc HHEPIMH TIONIEPEUHOTr0 CEUCHHSI HIIEMEHTa OTHOCUTEIBHO LIEHTPA TSHKECTH CEUCHHUS,

ds , dgw - HOMHHAIBHBIA TUAMETP CTEPIKHEH COOTBETCTBEHHO IPOJOJIBHON W MONEPEYHOMN
apMaTryphbl;

As, A's - TUTOTIIa T CeYeHUS apMaTyphl COOTBETCTBEHHO S 1 S';

Ay - TUIOIIATL CEYCHHS] XOMYTOB, PAcCIOJIOKEHHBIX B OJHOW HOPMANbHON K MPOJOJILHON OCH
3JIeMEHTa TUIOCKOCTH, TIEPECEeKAIoIIel HAKIIOHHOE CEUCHHE;

Us - KOO UIIMEHT apMUPOBaHUS, OTPEAeIIeMbIii KaK OTHOIICHHE TUIOIIAIN CEYCHUS apMaTyphl
S K IUTOIIA K MOTIEPEYHOr0 CeueHus eMeHTa bhy 6e3 ydeTa CBECOB CHKATBIX M PACTAHYTHIX MOJIOK;

A - uiomaaes Bcero 6€ToHa B MONEPEYHOM CEUCHHH,

Ap - TUIOIAaIs CeUeHUsT OETOHA CKATOU 30HBI:

| - MOMEHT MHEepLIHH CeYeHUs BCEro OETOHA OTHOCUTENBLHO LIEHTPA TSHXKECTH CEYCHHS DJIEMEHTA;

Dgir - InaMeTp KOJIBIEBOTO U KPYTJIOTrO CEUCHHI.



