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NMPENHCIOBHE

Ilocobie comepKUT HOJOKEHHS NO NPOEKTHPOBAHHMIO JKeAe306ETOMHBIX 3Jje-
MEHTOB M3 TAXeaoro GeToHa cGOPHO-MOHOJINTHBIX KOHCTPYKUHA 3JaHHA H COOpyXe-
HU# Ans l'lpOMblIl.U‘leHHOFO, rpaxXaaHcKoro u CeNbCKOX03sACTBEHHOrO CTPOUTENLCTBA,

PaccemarpuBaooresi aeMeHTH Xene306eTOHNBX C6OPHO-MOHOIATHLIX KOHCTPYKUHH,

HONICPEYHKIE CEYCHHH KOTOPHIX COCTOST M3 CGODHEIX 3JEeMEHTOB W JOTQJIHUTENHLHO
YJIOXEHHBIX HAa MECTe HCMOJIb30BaHMSA KOHCTPYKUME MOHOJIUTHOrO GETOHZ W apMaTyphL

Ilpoexkruposanne COOPHHIX 3JEMEHTOB RO NPHOGDETEHHs MOHOIHTHHIM GETOHOM
3afaHHofl npouHocTu caepyer npomssoguts no CHull 2.03.01—84. Ipu npoexta-
poBarHM cGOPHO-MOHOAMTHHIX KOHCTPYKUME Heo6Gxoaumo YyuurhiBath TpeboBamust
CHull 2.03.01—84 u nacrosmero IlToco6usi. TpeGoBauusi HOpM, He COAEpIKalMHe
crnenuduky cGOPHO-MOHOJNUTHLIX KOHCTPYKUUA, B Hacrosimee [locoBue He BrMOuensl,
HO npuBejieHH COOTBETCTBYIOIIHE CCHUIKM Ha pasjenbl, NYHKTH H  (opMyasl
CHull 2.03.01—84.

Paagenn Ilocofusl conpoBomxAaloTesl mpuMepaMH pacuera SjeMeHTOB cGopHo-
MOHOJIKTHRIX KOHCTPYKUWH,

B pacuete NpOYHOCTH 1O HOPMAaAbHLIM H HAKJOHHEIM CCUEHHAM pacyeTHhe
33aBHCHMOCTH [OCTPOEHB € Yy4yeToM pasauutodi mnpouHoctn Geroua cGopuoro
3e€MeHTa M MOHOAUTHOTO GeroHa.

PaccMorpeH BONMpoc pacyera NpPOYHOCTH KOHTAKTHHIX IMBOB MeXAy 6GeToHOM
cOopHoro snaeMeHTd H RONCAHHTENLHO YIOXEHHBIM OeroHoM. Pacuer KOHTaKTHHIX
INBOB MPOUIBOAMTCS! HMCXOASl U3 NPEREJbHOr0 COCTOSIHASI NO MOBEPXHOCTH MIBa,
OTPaHUYEHHOr0 HAKJIOHHHIMM TpeluHaMs. Bosee nojpoGHO ¢ HCNONL3OBaHMEM
OCHOBHHIX nojoxernfi CTpouTeNbHHX HOPM W IPABUN H3JOXEHA METOAMKZ pacuera
1m0 06pa30BaHMI0 HOPMAJBHEIX M HAKJIOHHBIX TpewnH. Pacuer no pedopmauuam
yBsI3aaH C METOAMKOH pacuyera, npuuaroi s CHull 2.03.01--84. Pasgen KoH-
CTPYKTHBHHX TpeGosauuii AonosiHeH npuMepaMu HauGojee COBPeMEHHBIX KOHCTPYK-
THBHHIX pemieHnA cGOPHO-MOHOMHUTHEIX KOHCTPYKHHUA.

IMocofue paspaGorano HUWMIKB Tocerpos CCCP  (a-pa  TexH. Hayk,
npodp. A. C. 3aneco, E. A. Uucraxkos — pasn. 1—4, KaHA. TeXH. Ha
A. E. Kysbvuuen —pasa. 4), npu  yuacrum HHHUCK Toccrpos  CCCP
(a-p Texd. Hayk, npod. A. B. Iosbines, xaupunars Texu. nayk B. $1. Baunnckai,
A. B. Xapuenxko — pasa. 2, nn. 2.34—2.37, paap. 3), Cam'ACU (xkaux. texn.

nayk B. ®. Ycmanos —pasn. 3), Kasanckore WCH (kamp. 7rexm. wmayk
S1. I'. Cynraryaaun, nmxenepu I'. C. Banees, 10. H. Boakos — pasa. 2, nn. 2.25—

2.33) u Kypckoro IH (xaun. texu. nayxk B. I1. IToaumyk — pasja. 2, nn. 2.1—2.24).
3amenanun u npedaoscenusn npocum wanpasaste 8 HHHXBE no adpecy:
109428, Mocksa, 2-a Hrcruryrckaa, 0. 6.



1. OCHOBHDIE MOJO)XEHUS

1.1. B [TocoGuu paccmaTpuBalOTCA 3JE€MEHTH )KeJ1e300eTOHHBIX
CGOpPHO-MOHOJIMTHBIX KOHCTPYKLMH, NONEPEUHble CEYEHHUS] KOTOphIX
COCTOSIT U3 3apaHee M3roTOBJEHHBIX 31EMEHTOB (COOPHbIX 3/1€eMEHTOB)
¥ JONOJHHTEIbHO YJOXEHHBIX H2 MECTe HCMOJAb30BaHHS KOHCTPYKILHH
MOHOJIMTHOrO OeToHa (6eToHa OMOHOJNIMYMBAHWUA) M apMaTyphl
(puc. 1).

1.2. B KauecTBe CGOPHBIX 3JIEMEHTOB MOXKHO IMPHMEHATb KakK
CheuHalbHO 3anpPOEKTHPOBaHHbIE, TaK ¥ THUIOBLIE XeJe306eTOHHbIE
OGblYHbIE MJM NpEJHANPSKEHHBIE JeMEHTbl COOPHbIX KOHCTPYKLHMH.

CGopHble JIEMEHTH PEKOMEHAYeTCS MPOEKTHPOBAaTh TakK, UTOGHI
OHM OTBEYaJIH YCJIOBHAM MEXaHH3UPOBAHHOIO MArOTOBJEHMS HX Ha
Cneuuaju3npoOBaHHbIX MPEeNNPHATHAX M MO BO3MOXHOCTH HCIOJb-
30BaJIUCh B KayecTBe OMajyOKH BO BpeMsl MOHTaXa KOHCTPYKLMH.

Pasmepbl CGOPHBIX 3JIeMEHTOB Ha3HAYAlOT M3 YCJOBHIl MPOCTOTH
MX H3rotos/ieHusi, 3(p¢eKTHBHOrO paclnoJOXEHHsI B KOHCTPYKLHH
n obecneyeHHsi TpeGyeMoli NMPOYHOCTH ILIBOB COMPSIKEHHUSI C GETOHOM
oMoHoaHuKBaHHUA. [Ipumepr! pelleHHst HEKOTOPBIX CGOPHBIX 3/1EMEHTOB
noKa3aHbl Ha pHc. 2.

1.3. C6OpHO-MOHOJIUTHBIE X eJIe300€TOHHBIE KOHCTPYKUMH JOMXKHBI
YIAOBJIETBOPATL TPEOOBAHHUAM pacueTa MO Hecyled CrnocoGHOCTU
(npenenbHLe COCTORHMA MEPBOi TPyNNbl) ¥ MO HPUFOXHOCTH K HOP-
MaJbHOR 3KCIJyaTauuu (npenesbHble COCTOSIHUS BTOPOM TIpYIIb).

CG6OpHO-MOHOMUTHBIE KOHCTPYKLUMH CJIEAYET PpAaCCUHTLIBAThH I10
NPOYHOCTH, 0O6PA30OBAHHMIO M PACKDHITHIO TPEIMH U MO AedopManusim
A5 CAELYIOIWUX ABYX CTaJuli paGoThl KOHCTPYKLHME:

[0 npuoGperenust GETOHOM, YJIOMKEHHbIM HA MECTe UCHONb3OBAHUSA
KOHCTPYKLHH (GeTOHOM OMOHONHYMBAHMSA), 3aflaHHO# NMPOUYHOCTH —
Ha Bo3jeficTBHE Macchl 3TOro GeToHa M JpYrMX Harpysok,
JeACTBYIOIMX HA AAHHOM 3Tane BO3BeJEHHS KOHCTPYKLUH;

nocjie nNpuoOpeTeHHs] GETOHOM, YJNOXEHHBIM Ha MECTe HCNOJb-
30BaHUsl KOHCTPYKUMH (6E€TOHOM OMOHO/NHYMBAHHMA), 3afaHHOMH
NPOYHOCTH — HA HarpysKHu, AEHCTBYIOLHE HA 3TOM 3Tane BO3BEAEHHUsI
M AP 3KCIJIyaTalHHd KOHCTPYKLMH.

Pacuer cGophbix aneMeHTOB R0 npuoGpereHusi GETOHOM OMOHO-
JIUYHBAHUSl 3aJaHHOA MNPOYHOCTH NPOU3BOAMUTCA B COOTBETCTBHH
¢ rtpeGoBanusimu CHuIl 2.03.01—84; pacuer aneMeHTOB cGOpHO-
MOHOJIMTHBIX KOHCTPYKUMH nocjie npHoGpeTeHusi GETOHOM OMOHOJIH-
YHBaHUs 3aJaHHOH NPOYHOCTH — B COOTBETCTBHM C PEKOMEHAaLHsIMH
Hacrosimero [Toco6us. Ilpu stom B Tekcre IlocoGusi xapakrepucTu-
KH, OTHOCAILIMECS] K COOPHBEIM JIeMeHTaM, MMeloT MHIeKe 1, a K GeToHy
OMOHOJIMUUBAHKUA — 2.

1.4. 3uayennst Harpy3oK u Bo3xeficTBUi, KO3PHULUUEHTOB HAZEK-
HOCTH 110 Harpy3ke, KO3(pQHUHEHTOB coueTaHuil, a Taxkxe moapaspe-
JIeHH€ Harpy3oK Ha IOCTOSIHHbie H BpeMeHHHle (IJIMTeJbHble M KparT-
KOBPEMEHHBIE) JOJXHBI NPUHHMATbCA B COOTBETCTBHH C TpeGoBa-
nusimu CHull 2.01.07—85.
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Puc. 1. Cevennss cGOPHO-MOHONUTHLIX KOHCTPYKUWH
(3amTpUXOBAH — MOHONNTHMA GETOH)
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Puc. 2. Ceuenus cGOpHBIX S1EMEHTOB

1.5. Marepuans! aast c60pHO-MOHOMHTHBIX KOHCTPYKUMUH H HX Xa-
PaKTEpUCTHKY NPUHMMAIOT B cooTBercTBHH ¢ pasa. 2 CHull 2.03.01—84.

1.6. HapexHnyio cBsi3b GeroHa OMOHOJMIMUMBAHHUSA ¢ GeTOHOM cGOp-
HbIX 3JIEMEHTOB PEKOMEHJLYeTCsl OCYLLECTBISITh C MOMOLIBIO apMaTYpH,
BbIMYCKaeMOA M3 COOPHBIX 3/1eMEHTOB, NMYTEM YCTPOACTBA GETOHHBIX
HWINOHOK WJIH LIEPOXOBATOM NOBEPXHOCTH, NPOJOAbHLIX BLICTYNOB, HJIH
C NOMOWBLIO APYrHMX HaNeXHHIX, MPOBEpPeHHBIX cnocoGoB. Ilpn 3Tom
B MPOEKTaX PEKOMEHAYeTCA NpeayCMaTpHBaTh Mephl MO OGecieyerHIo
NPOEKTHOrO MOJOXKEHHUS BLINYLIEHHOH U3 COOPHEIX 3JIEMEHTOB apma-
TYPH, a TakXe MO 3allUTe ee OT KOPPO3HM M JaBaTb YyKa3laHue
O TOM, W4TO TNOBEPXHOCTH COOPHBIX 3JIEMEHTOB KOHCTPYKUHA,

nojJiexKauue 06eTOHHPOBAHHUIO, JOJKHE GbITh TILATETBHO OYMLIEHbI
¥ NPOMBITHL

2 3ak. 131¢. S



2. PACYET )KEJIE3OBETOHHbIX CBOPHO-MOHOJIUTHbDIX
KOHCTPYKLIU MO NPEAEJbHbIM COCTOSIHUSIM
NMEPBOM rPYINbI

PACYET )KEJIE3OBETOHHbIX CEOPHO-MOHOJIUTHBIX 3JIEMEHTOB
MO NMPOYHOCTH

2.1. Pacuer mpoyHOCTH CGOPHO-MOHOJMTHBIX 3JI€MEHTOB MO Ce-
YEeHHSIM, HOPMaJbHbIM M HAK/JIOHHbLIM K NMPOAOJBLHOH OCH 3JEMEHTa,
NPOM3BOAUTCA COIVIAaCHO Yykasauwusam nn. 2.2—2.24. Kpome Toro,
NMPOHU3BOJMTCS pacyeT NHO MNPOYHOCTH KOHTAKTHHIX LIBOB MEXAY
COODHEIM 3/1eMEHTOM M MOHOJHUTHHIM OETOHOM COIVIaCHO YKa3aHHUSAM
nn. 2.25—2.33. Pacuer npoyHOCTH 1O NPOCTPAHCTBEHHLIM CEUEHHUAM
(mpy  HanuyuM KPYTALIMX MOMEHTOB), a TaKXe Ha MeCTHOe
dehcTBue Harpysku npoussoaurcs no CHull 2.03.01—84 ¢ yuerom
KOHKPETHBIX ocoGeHHOcTell c60PHO-MOHOJHUTHBIX KOHCTPYKIHE.

Pacuer ceuenuii, HOPMAJbHBIX K NMPOAOJIbHOI
OCH 3jIEMEHTa

2.2, TlpenenbHble yCHIUS B CEYEHHHU JIEMEHTA ONPENESIOT C yye-
tTom n. 3.10 CHulIl 2.03.01—84.

2.3, Ilpy Hanmuumu B ceyeHUH CGOPHO-MOHOJNHMTHOTO 3JiEMEHTa
apMaTypbl ¥ GETOHOB Pa3HHIX KJAcCOB KaXKAyl0 apMaTypy M GeToH
C COOTBETCTBYIOIIEA 4ACTbIO CEYEHHA 3J1eMeHTa BBOAST B pacyeT
NPOYHOCTH C PaCUETHHIMH COMPOTUBJICHUSIMH, OTBEYAIOIIMMM 3THM
KJ1accam.

2.4, Pacyer ceueHnii B o0LIeM caydyae IPOM3BOAAT B COOTBET-
creun ¢ m. 3.28 CHull 2.03.01—84. Ilpu 3tom B d¢opmyaax
(65) m (66) Bmecro R,Sy m RsAs caeayeT noAaCTaBAATL CYMMb
2R5;Ss; u JRsjAsj, Toe Rpj — pacueTHoe CONPOTHBJEHHE CXKATHIO
j-ro O6GeToHa (COOTBETCTBYIOLIEI'O Kjacca) B CEu€HUH COOpHO-
MOHOJIUTHOTO 3J€MEeHTa; S,j — CTaTHYECKMH MOMEHT IJIOIWanu ce-
YEHHs1 CXAaTOH 30HHl j-r0 GeroHa OTHOCHTEJIBHO COOTBETCTBYIOLIEH
OCH, NMPHHATOR AJA onpeiejleHuss momeHtra M B ¢opmyae (65).
B wm3ruGaemblx sneMeHTaX MOJOMKEHHE OCH MPHHUMAIOT TAKHUM, Kak
H BO BHEIEHTPEHHO CXKAaThIX; Ay; — 4acTh IVIOMIA/IM CEUEHHS CXKATOR
30HB! GeTOHA COOTBETCTBYIOUWIErO KJacca.

Kpome Toro, npu onpesejennn xapaKkTepuCTHKH CXKAaToil 30HH ©
no ¢opmyne (26) n. 3.12 CHull 2.03.01—84 3nauenne R, npunu-
MaloT PaBHBLIM

Ry = (ZRyS))/S, 1))
rae S8 u S;— cTaTHYecKMe MOMEHTH COOTBETCTBEHHO BCefl IIOMIALM NONEPEYHOro
ceueHHsi cOOPHO-MOHOJIMTHOrO 3/€MEHTa M miomajed, of6pa3oBaHHEIX j-M GeToHOM
C MAPOUHOCTBIO GeToHa Ry, OTHOCHTEJLHO OCH, NMPOXOASUEHA MO HEHTPY THKECTH
KpafiHero pacTAHYTOrO CTEPXKHS apMaTypHl.

2.5. Pacuer ceueHuit cGOPHO-MOHOJIMTHBHIX 3/IEMEHTOB B cCjyuyae,
Korja BHEUIHAA CHJa lIEﬁCTByeT B MJIOCKOCTH OCH CHMMETPHH ceue-
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Puc. 3. Ceuenne snementa !
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HHSL B apMarypa COCpelOoTOYeHa Yy NepNeHAMKY/ISAPHbIX YKa3auHOH
MJOCKOCTH TIpaHell 3/ieMeHTa, NpPOU3BOAAT B COOTBETCTBHH C
mn. 3.11—3.14, 3.16, 3.27 CHull 2.03.01—84 u nn. 2.4, 2.7—2.14
Hactosuero [Tocobus.

2.6. [lna xejne30GeTOHHBLIX CJaGoapMHPOBAHHBLIX  3JEMEHTOB,
XapaKTepu3yeMbIX TeM, UTO HX Hecyuias CnocOGHOCTb UCHEPNbIBAETCS
OJHOBpEMEHHO C 00pa3oBaHMeM TpellMH B OeToHe pacTARYTOH
30HHl, IVIOWIAb CeYeHHUs] MPOXOJNBHON pacTAHYTO! apMaTyphl LOJIKHA
GLITh yBeJIMYEHa MO CPABHEHHIO ¢ TpeGyeMoOll W3 pacuera MO NMPoY-
HOCTH He meHee ueM Ha 15%.

Takoe yBejuueHHe apMHPOBaHHUSA CJeAYeT NMPOU3BOAUTb NPH Bbl-
NOJIHEHUH YCHOBHH: Mcc > My; § <<Ep, rae M. — MOMEHT Tpe-
IWKHOOGpa3oBaHus, onpenensieMblfi no m. 3.3 ¢ 3amenoft Ry, ser Ha
1,2 Ret, ser 1 1pH Ysp = 0; M, — MOMEHT, COOTBETCTBYIOUHI HCUep-
NaHuio HecylleHd CHOCOGHOCTH, OnpeieasieMol corsiacHo mm. 2.5,
2.7—2.11, 2.15—2.17, nnsi BHEUEHTPEHHO CXKAaTbiX M DPaCTAHYTBIX
3/1eMEHTOB 3HaueHHsA M, onpene/siioT OTHOCHTENbHO OCH, TPOXOAsiLel
yepe3 sIAPOBYIO TOUKY, Hanbosee yLajeHHYIO OT PacTAHYTOH 30HBI;
E, Er — COOTBETCTBEHHO OTHOCHTEJIbHAS BbICOTAa CXKAaTOH 30HbI H ee
rpaHHYHOe 3HaueHHe, OMpefessieMble TPH pacyere MO HPOYHOCTH.

H3rnGaembie 3aeMeHThb!
IIpanoyzorersie ceuenusn

2.7. Pacuer npsMoyrojibHbIX CEUE€HHH C apMaTypoH, cOoCpefoTo-
YeHHOH y pacTsHyToffi H cXKaToH rpaHell COOPHO-MOHOMHTHOIO
anementa (puc. 3) npu &= x/ho < & (Er onpepensiior no dopmy.e
(25) CHuIl 2.03.01—84), npou3BoAsT B 3aBHCHMOCTH OT. TONOXKEHUS
TPAaHULBI CXKATOH 30HDI:

a) ecsiH coGJIORAeTCs YCJIOBHE

RA; < Rua (h — hi) b + R, AL, (2)
pacueT NpPOM3BOAST, KAaK A 3JEMEHTa BHIIOJHEHHOro M3 Gerona
OIHOTO KJacca (B AAHHOM CJyYae MOHOJMTHOTO), M3 YCJOBHS

M << Ruobx (ho — 0,5%) + RecAS (ho — a’). 3)

7

2%



an 3TOM BbICOTY CXKAaToé 30HH X onpeaeasior no (bOpMlee
RsAs — RscAi = Rusbx. (4)

Ecan x << 0, npouHocTb npoBepsieTcsi U3 YCJIOBHS
M < RA, (o — o).

Ecau BbICOTa cXKaToit 30HBI, ONMpeJeJEeHHasi C YYETOM I1OJOBHHbI
cxarofi apMatypht
R:As — 0,5R:A;
—_—_— g,
Ro2b =

PacCyeTHYIO HECYILYI0 CMOCOGHOCTb CEYeHHMsi MOXKHO HECKOJIbKO yBe-
JIMYUTb, IPOU3BOASA pacuer no popmynaam (3) u (4) 6e3 yuera cxxaroi
apmartypnl A¢;

6) ecam ycaoBue (2) He cobaopaercd, T. €. x >h—h
(cm. puc. 3), pacuer NPOH3BOAAT C YYETOM Ppas3jUYHOro GeToHa
B CXKaToH 30HE 3JeMEHTa U3 YCJOBHs

M < Ruzbx (ho — 0,5x) + (Rot — Ruz) x1b1 (hor — 0,51) + RecAi (o — a’),  (5)

rae xi=x— h -+ hy.

=

BricoTy cxKaTofi 30HH X ONpeAesiorT no ¢opmyne
RsAs — RscA = Rp2bx + (Ron — Re2)(x — h + k) by (6)
HJIH
ReAs — RscAl + (Roi — Rp2) (B — ) by
Ro1by + Ri2bs

2.8. Pacuet ceuenusi, NpeaCTaB/JCHHOrO Ha pPHC. 4, NPOU3BOAAT H3
yca0BUSA

@

x =

M < (Ro1br + Ro2bz) x (ho — 0,5x) + RsAs (o — a’), (8)
rae x = (RsAs — RscA3)/(Ro1b1 + Ruobs). 9)

Ceuenun ¢ noakoti 8 cxaroii 30He

2.9. Pacuer ceuyeHHH, HMEIOWIMX MOJKY B CXKaTo# 30He (puc. 5),
npu § = x/ho << ; NMPOU3BOAAT B 33aBHCHMOCTH OT MOJIOXKEHHS rpa-
HHLbI CXKAaTOH 30HBI:

a) ecqH TrpaHHUa TPOXOAUT B 1OJKe B Tpeaenax O6eToHa
OMOHOJIMYHUBAHHKSA, T. €. COGIOAeTCH YCJIOBHE

RuAs < Rabf (h — hy) + RucAl, (10)

pacueT MNpPOM3BOAAT KaK IJ/sl JIEMEHTa NPAMOYTOJBHOIO CedeHus
UIMPHHO¥ bf, BHITOJHEHHOTO U3 GETOHA OAHOrO Kjacca (MOHOJNIUTHOrO),
corjacHo ykasaHusm n. 2.7 a;

6) ecsu rpaHuua cxKaToil 30HbI NMPOXOAHT B MOJKE U NepeceKaeT
yqaC'}rIOK u3 apyroro GeroHa, T. €. COOJIONAIOTCH YCJOBHSI H
x>h—h

8
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Puc. 4. Ceuenne ajementa Puc. 5. Ceuenue anementa
[ — c6opHuii  3nemeHt; 2 — Mmo- I — c6opunit snement; 2 —
HOJIKTHLIA GeToH MOHOJIUTHHA GeToH
RiAs < Roobfhf + (Ror — Re2) (hf — h + m1) by + R.AS, (11)

pacyeT NpOHU3BOASIT KAaK AJS1 3/I€MEHTOB INPSMOYrOJbHOIO CEYeHHs!
wupuHO# bf cornacHo ykasauusiv n. 2.7 6;
B) ecJiurpaHuia npoxoauT B pe6pe (cM. puc. 5), 1. e. ycaosue (11)
He COOJ/IIONAETCH, PACUeT MPOU3BOAAT U3 YCJIOBHUS
M << Rz (bf — b) hf (ho — 0,5hf) + Rszbx (ho — 0,5%) + (Rsy —
— Re2) x1b1 (hor — 0,5x1) 4+ RcAl(ho — a’),
rie xy=x— h+ h.
BricoTy cxXarofi 30Hb x Onpeneasiior no gopmyae
RAs — RscAi= Ry2 (bf — b) hf + Rezbx + (Ro1 — Re2) (x — h + ) by (13)

(12)

WU
RsAs — RscAs + Ror (B — 1) by — Rua [Bf (bf — b) 4+ b1 (b — h1)]
Ru1b1 + Riobs )

[Tpu npomepxe ycnoBuit (10) u (1) a5t 37eMEHTOB C BHI-
COKOMPOYHO# apmarypoii 3HaueHusl KospduuUHeHTa yca0BU# paGOThl
apmarypunl Yss onpeaesstior no dopmyae (27) n. 3.13 CHull 2.03.01—84
cooTBeTCTBeHHO npu & = (A — hi)/ho u & = hf/ho.

2.10. TaBpoBoe ceyeHue C MOJKOH H3 MOHOJHTHOrO 6€TOHa
(puc. 6) paccuuTHIB2IOT B 3aBHCHMOCTH OT INOJIOXKEHHsI FPaHMLbI
CXKaTOH 30HbBI:

a) ec/M rpaHula CXKaTOH 30Hbl MPOXOAMT B MOJKE, T. €. cobJio-
JaeTcs ycJjosue

X=

(14)

R.A: < Rusbihf + R.AL (15)

pacyer NpPOMU3BOAAT KAaK JJIsl 3JA€MEHTOB MPAMOYTOJbHOrO CEeueHHUsi
WHPHHOMH bf, BLINONHEHHbIX M3 OAHOrO GeToHa (MOHONUTHOrO), B CO-
OTBeTCTBHH C YKa3aHusiMu n. 2.7 a;

npu nposepke ycsaousi (15) nas snemeHTOB ¢ BHICOKOMPOYHOI

9



5’( Puc. 6. Ceuenne anementa

A 1 — cGopunii asnement; 2 —
¥ MOHONHTHHA H

: 72279 -
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A
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71

As

L~

Lo

S

&

apmatypoil 3HaueHHMsi KodddHuHEHTa YCJOBHH paGoThl apMaTyphl
vse onpenensiior npu & = hf/ho;

6) ecau rpaHMLa cXKaToil 30HBI MPOXOAMT B peGpe (cM. puc. 6),
T. e. ycsoBue (15) He coGuiogaercs, pacyeT NMPOHU3BOAAT H3 YCJIOBHS

< Rusbihf (ho — O5hf) + Roab (x — i) (hor — % = 1Y 4 Rucl (o — a).(16)

= R:As — RscAi — Roobjhf + Roibhf . (17)
Ruib

2.11. Pacyer TaBpoBOro ceueHusi ¢ MOJIKOR COGOPHOro 3JjeMeHTa
¥ W3 MOHOJHTHOrOo GeroHa (pHC. 7) TNPOU3BOAST H3 YCJAOBHH:

a) ecJsiM rpaHuLla CXKaTOH 30HbI NPOXOAHT B MOJIKE U3 MOHOJIHTHOTO
GeroHa, T. e.

RsAs < Rosbfhfe, (18)
pacueT MpPOH3BOAAT KakK JJfl 3/JeMeHTa NpFMOYro/JbHOro ceye-
HHS IWWHMPHHOM bf, BLIMOJHEHHOTO M3 OAHOrO GETOHa (MOHOJHTHOrO),
B COOTBETCTBHH C YKasauusiMu 1. 2.7 @, npuuuman A¢=0;

6) ecju rpaHuua cxkaToil 30HBI NPOXOAMT B MOJKe COGOPHOro
3/IeMeHTa, T. €. ycaoBue (18) He ynoBJerBopsieTcsH H

R:As < Roabihfs + Rorbfhf + RscAs, (19)

pacuer MPOM3BOASAIT Kak AJSl 3/1€MEHTOB MNPAMOYrOJbHOrO CEeYeHHUs
WHpHHOU bf ¢ yueTom GeroHa pasﬂbl KJ1accoB
M < Roitf v — 1) (hor — 25 E) - Rusothe (ho — 05H) + (20)
+ RscAé (hor — af).
BricoTy cxxaToll 30HBI ONMpeAensioT no gopmyJe
RsAs — RscA: = Rozbfhf2 + Ruibfx (21)
WK
_ RoA, — RuAi — Rusbjhy
Robf

NPUHHMAA BO BHUMAaHHe ykaszaHMs M. 2.7 @ no ydery apmatyphl Al

) (22)

x

10



Pnc. 7. Ceuenne anementa A
I — cGopueli  snement; 2 —

MOHOJAUTHHIA GeTOH o W \8] K]
x /,({éj
* & A 43’ 2 .é Ky
s
&

I'lpu nposepxe ycaoBuil (18) u (19) Aast 3/1€MEHTOB C BICOKONPOU-
HOH apmaTypodl 3HAUeHHs Yss ONPEdEsIOT COOTBETCTBEHHO MNpH
E= hfo/ho u & = hf/he;

B) ecau ycaosue (19) He cobaionaetcsi, T. €. TPaHUila CXKATO 30HLl
npoxoaur B pebpe, pacueT NpoOU3BOAAT H3 YCJIOBHS

M < Ruibfhfy (hor — 0,5hf1) + Rsabfhfs (ho — 0,5hf2) + Rub (x —

— hf) (hm .. —; hf) + ReAj (hoy — af). (%3)
BbICOTY cKaTO# 30HLI X onpegensior No dopmyJae
R:As = RoAL = Ruibfhfi + Rusbihfz + Rub (x — hf) (24)
WK
= R:A; — R Af — Rui (bfrhy — bhf) — Reabfhfs ) (25)

Reb

2.12. PacueT 1m0 NpPOYHOCTH H3rHGAEMbIX IEMEHTOB NpH § ==
= x/ho > Ex npousBoaAT B coorBeTcTBWM c nm. 3.17, 3.28
CHull 2.03.01—84, npunumasi Bo BHMMaHHe YKaszauus nn. 2.3,
2.4, 2.7—2.11 Hacrosiwero [JocoGusi 06 yuere GeTOHOB pPAa3HOro
KJaacca.

BHEUEHTPEHHO CXKATHIE 3JEMEHTHI

2.13. Ilpu pacuere 110 NPOYHOCTH BHELEHTPEHHO CKATHIX XKes1e30-
OETOHHBIX 3JIEMEHTOB CJeAyeT NMPHHUMATbh BO BHUMaHUe CJAydalHbIH
sKcueHTpucurer cornacHo n. 1.21 CHull 2.03.01—84.

2.14. Pacuer BHELLEHTPEHHO CXKATLIX JEMEHTOB CJelyeT POU3BO-
AUTb C YYeTOM BJHAHHA mnporu6a Ha HX HECYIYi0 CHOCOGHOCTh
B COOTBETCTBMM C YyKa3anuamd m. 3.24 CHull 2.03.01—84. das
BbIYHUCJEHHA KO3((HLMEHTa 1) YCJIOBHYIO KPHTHUECKYIO CHJY ISt ane-
MEHTOB COOPHO-MOHOJIUTHBIX KOHCTPYKIMH ONpefensioT no ¢opmysae

6,4 [DEul; 0,11
o (0'l+63/%+0,1)+fssls], (26)

rae Es; — moayan ympyroctH j-ro GeroHa; /; — MOMEHT MHEpUUH j-TO GeTOHA OTHOCH-
TEXbHO UEHTPA TSIKECTH BCEro GETOHHOrO CeUeHHs; @p — Ko3(hdUiHenT, OnpeseiseMui
ANl 5IEMEHTOB ¢ CHMMETPHYHOR apmarypofi mo topmysre (59) CHull 2.03.01—84;
npuHuMasi snavenne R, no ¢opmyne (1) [Tocobusi, a snauenme 6s, N0 NONHOMY
ceyeHUIo 6eToHa cGOPHO-MOHOJHUTHOrO 3MEMEHTa.

Ntr =

11



J Puc. 8. Ceuenne ayementa

-

1—_——\]{/\/%”5 ! — cGopHBIi  2/eMeHT; 2 ~— MOHOJHTHHA
feToH; 3 — TOuKa NPWIOKeHHH CHIn N
7 -
x o SL'@
7
772 B
XY -
« 1// I o
21"
by ff &fp
- &S

3nauenue §, ., onpeneasior no dopmyae (22) n. 3.6 CHull 2.03.01—84
¢ yueToM 3Hauesuss R, no dopmyne (1) [locobus. Ocranbhbe BelHUHHL
onpeaeasiior no CHull 2.03.01—84.

2.15. Pacuer npsAMoyroJibHeIX ceueHM#l ¢ apmatypoil, cocpeno-
TOYEHHOH Yy pacTsiHyToH u cxKatoil rpaHeil c¢GopHO-MOHOJNMTHOrO
snementa (puc. 8), mpousBoaaT npu & ==x/hp < Ex caepyoLIUM
o6pa3om:

a) ecau coBJI0faeTca ycaoBue

N + RsAs < Rblhf'lb + RscA;g (27)

pacyer NMPOH3BOAAT KakK ANAsi CGOPHOrO 3JEMEHTa, BHIMOJHEHHOrO W3
6eTona oaHoro kaacca (Rs1), U3 ycjaoBuUS

Ne £ Ry1bx (ho — 0,5x) + RuAf (ho — a’). (28)
BbicoTy ¢xaToil 30HEI X ONpPefeNsioT Mo ¢opmyJie
N + RA; — R Al = Runbx. (29)

Ecau BhicoTa cXKaToil 30Hbl, ONMpeRe/€HHAsi C Yu4eTOM MOJOBHHbI
cXKarod apmatyphl,

— N + RsAs - O,5R36A;

* Rub

<a,

pPacyeTHYIO HECYILYI0 CIOCOGHOCTb CEUE€HHMS] MOXHO HECKOJILKO YBe-
JIMUMTh, NMPOHM3BOASI pacuer no dopmyaam (28) n (29) Ges yuera
cxkaroii apmatypsl Ag;

6) ecan ycnoBue (27) He cobmiopaerca, T. €. X > hfi
(cm. puc. 8), pacueT NPOU3BOAAT C YUETOM pa3/jHUHOrO GeToHa
B CXKaTof 30HE JIEMEHTA H3 YCJIOBHS
Ne < Ruibx (ho - 0,5x) - (Rbl - Rw) x2bs (hu _ fl,’] — 0,511) + R,.As'(hu - u’), (30)
rae xg = x — hh.

BbicoTy cxKartoil 30Hbl X onpeaeasior o Gopmy.e
N 4 RAs — R.A; = Ronbx — (Ro1 — Rsz) (x — hfi) b2. 31)

12



2.16. PacueT BHEUEHTPEHHO CXAaTbIX 3JIEMEHTOB C CEYEeHHSIMH,
MoKa3aHHbIMM Ha puc. 3—7, npu § <C &z, MPOU3BOAAT B COOTBET-
crBun ¢ mn. 2.7—2.11, nobasasss B dopmyaax (2), (4), (6),
(7)., (9)—(11), (13)—(15), (17)—(19), (21), (22), (24), (25)
K npou3BeeHno R:A; 3Hauenne nponoasHoi cuinl N, a B hopmyaax
(3), (), (8), (12), (16), (20) u (23) npunumass M = Ne,
rle e — paccTosiHHe OT TOYKM NpuJoXKeHus cuiel N [0 uedrtpa
TAXECTH HaubGosnee YyNAJEHHOTO PaCTSHYTOrO CTEPXKHA apMaTyphl.

2.17. PacyeT BHEUEHTPEHHO CXAaTHIX 3JeMeHTOB npu E > Ep
MPOH3BOAAT B cooTBETCTBHU ¢ N. 2.4 IlocoGus.

Has snementos ¢ apmarypoit knacca A-III u Huxe pacuer npu
§ > E; NPOH3BOAAT U3 YCJOBUS

Ne < IRy Ss; + RuAL (ko — a), (32)
NPH 3TOM BHICOTY CXKaTOH 30HB! ONpeAesioT mno dgopmysne
N + 0545 — RscAf = JRyAuy, (33)
(ol —x/hs
rae o =(2 — 1)Re (34)

unu ¢ yuerom (34) no dopmyae

2 2x
N+R,A.(1_ —-1)- Reli = SRy + g Rl (36)
IMpu 3toM, ecau BhuMCIeHHOe no ¢opmyne (35) 3HaueHue
x/ho > 1, ciepyer BHICOTY CXXaTOH 30HHI ONMpeAeNsTh MO ¢opmyJe

N + RAs — RiAfl = Ry jAs;, (36)
Spp —cm. I 2.4,

BHEUEHTPEHHO PACTAHYTHIE JIEMEHTbI

2.18. Pacuer BHEUEHTPEHHO PACTSIHYTBIX 3JIEMEHTOB NPOHU3BOAAT
B coorBeTcTBHH ¢ 1. 3.27 CHull 2.03.01 —84 ¢ yyerom HaIM4us B CXKa-
TOH 30He 3/1leMeHTOB GETOHOB pa3Horo Kjiacca.

MMPHUMEPbBI PACYETA

npnmep 1. Jano: pasamepn ceuenust — b = 300 mm, £ = 700 mm,
a=a’ =50 MM, ho=600 mm, A =600 wmm, hox—550 MM,
by =120 wwm, hn = 100 mwm, by = 180 mm (puc. 9); Harpysku
¢ MaJIoH CyMMapHO# JJIMTEILHOCThIO OTCYTCTBYIOT (05, » = 500 MI1a),
Geton cOopuoro snemenra kiaacca B30 (Rp = 15,3 MIla npu
vs2 = 0,9); GeroH oMOHONHuYMBaHUA Kjaacca B15 (Rb2=7,7 MIla
npu ys,2=0,9); Hanpsraemas apmarypa Kkaacca A-IV (R;=
=510 MIla), miomwanbio ceuenuss Agp = 1847 Mm2 (3328);
npeABapUTEJIbHOE HAMPSDKEHHE NMPU Ysp << 1 ¢ yueTom Bcex norepb
o5, = 400 MIla; Henanmpsiraemasi apmarypa Knacca A-IlI (Rs=
= 365 MIla) nuomaznbio cevenns A; = 226 mm®> (2 @ 12); usrubaio-
muii moment M = 500 kHwm; HaTsKeHHe apMaTypbli 3JIEKTPOTEpMH-
yeckoe (corsacHo n. 3.28 CHull 2.03.01—84 Ao, =0).

3 3ax. 131¢. 13



)2812 Prc. 9. Ceqt:nue alleMenTa
7 _'2[- ée;’;ﬁopnuu 3M1€eMeHT; 2 — MOHOJAHTHHR
7 %_ P
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»
mrE
»
8 - o ¢ ST
300

Tpebyercas npoBepUTb NMPOYHOCTb CEUEHHMS NOcJe NPHOGPeTeHHS
6€TOHOM OMOHOJHYHMBaHHUS 3aRaHHOIl MPOYHOCTH.
Pacuer: npoBepKy IMPOUHOCTH CeYEHHsi NPOU3BOAMM COIJIACHO
n. 2.7. Tposepsiem ycaosue (2)
RA: < Rea (h - hl) b 4 RsAi,  vae A= A.Ip;
R:A; = 510 - 1847 = 9,41 - 10° H;
7.7 (700 — 6060) 300 + 365 - 226 =3,13 - 10° H<< 9,41 - 10° H.

Tak kak ycaosue (2) He coGuaiofaercs, TO CJIEAOBATENbHO,
B CXXaTofi 30He HAXOAMTCSl TakxXe yacTb cGopHoro sjemenra. Ilo
dopmyne (7) onpeneasieM 3HaueHHe x
ReAs — RoAl + (Roy — Roa) (h — hu) by -

Ro1b1 + Rozba
510 - 1847 — 365 - 226 + (15,3 — 7,7) (700 — 600) 120 _
- 16,3 - 120 + 7,7 - 180 -
& = x/ho = 294/650 = 0,453.

Ilas onpenenenus Eg B coorBerctsuy ¢ n. 3.12 CHull 2.03.01—84
BHUUCASIEM ©® H O, o = 0,85 — 0,008Ry,, rae R, onpenensieM
n3 ¢opmyan (1) Ilocobus.

3RyS; 163 - 1,8+ 107+ 7,745 107 .
Ry= 5 63107 9,9 MIla;
8 = ht (0,5h — a) = 700 - 300 (350 — 50) = 6,3 - 107 mm®;
S) = hyby (0,58 — a) = 600 - 120 (300 — 50) = 1,8 - 107 mm?,
S;=8—8=63:10—18.107=45- 10" um®.

o = 0,85 — 0,008 - 9,9 = 0,77;
0,2 = Ry + 400 — 0, = 510 4- 400 — 400 = 510 MTla.

=

294 mm;

3nauenune Ep onpenensieM no dopmyae (256) CHull 2.03.01—84

® 0,77
—_ = . == 0,569
b 14 2R () 2 1+.§!9. LA
ﬂsc.s( 1,1 500( 1,1

14



Puc. 10. Ceuenne aaeMenta 1500

1 — cGopui .2 1= il
MoRonHIRE Getor T R,
2
S
1 SIS
3 T e S |°
(]
200 ] §

Tak xak & <&z, onpegesnsieM BHOBL BBICOTY CXKATOH 30HDLI
¢ yueToM KO3((dHIHEeHTa Ysg LIS Hampsiraemofi apmatypbt npu
n=12.

Yo =1 —(n— 1)(25/E, — )= 1,2 — 0,2(2(0,453/0,59) — N = 1,} < 1,2.
Toraa

VseRsAs — RscAs + (Rot — Ruz) (B — i) by -
Rstb1 + Robs

xX=

__ 11510 - 1847 — 365 - 226 + (153 — 70 (700 — 600) 120 _ o
153 120+ 7,7 - 180 e

E=0,5.
IMposepsiem ycaoBue (5) npu xy =x — h + hy = 325 — 700 +
+ 600 = 225 mm

Rozbx (ko — 0,5x) + (Rs1 — Ruo) x1b1 (Roy — 0,5%1) + RecAé(ho — a’) =
—7,7 - 300 - 325 (650 — 162) - (15,3 — 7,7) 225 - 120/(550 — 113) + 365 - 226 X
X 600 = 505,7 - 10° Hymm = 505,7 kHm > M = 500 kHwm,

T. €. NPOYHOCTb CEUYCHHUS ofecrieyeHa.

Mpumep 2. Jano: pasmepn ceuenusi bf = 1500 mm, hf = 60 mwm,
b =200 mM, h =500 MM, ) = 440 MM, a = 50 MM, ko = 450 mm,
hor = 390 mm (puc. 10); narpysku Majioli cyMMapHO# NJIUTENBHOCTH
oTcyTCTBYIOT (O, » = D00 MIla); Geton cGopHoro aneMeHTa Knacca
B35 (Ryi=17,6 MIla npu ys2=0,9), 6eTaH OMOHOJMUHUBAHHSA
Kiacca B15 (Ry2 = 7,7 MIla npu yp2 = 0,9); pacrsinyras apmarypa
Kaacca A- III (Rs=2365 MIlla) ¢ mlowanblo ceueHuss A,=
= 3079 mm? (5@28), Al = 0; usruaiomuit moment M = 420 kHwm.

Tpe6yeTrcs npoBepHTb NPOYHOCTH CEYEHHS.

Pacuer: npoBepKy NPOYHOCTH CeUeHHS NMPOM3BORMM Ao n. 2.10

Hposepsiem yciosue (15)

R:A, = 365 - 3079 = 11,22 - 10° H;
Rozbfhf = 7,7 - 1500 - 60 = 6,93 - 10° H << R4, = 11,22 - 10° H.

Tak kak yciobue (15) He cobaonaercs, B CKaToll 30He HAXOLUTESA
yacTb cCGOPHOTO JEMEHTa U pacueT BefeM no ¢opmyaam (16) u (17)

15

3%



— RiAs — Rusbihf + Ryibhi
Ry b =
365+ 3079 — 7,7 - 1500 - 60 -+ 17,6 - 200 - 60
- 17,6 - 200
182

E= TSB. = 0,405.

X

= 182 mm;

Onpegnensiem &p, ®, Rs, Oup.

S1 = b (0,5h — a) = 440 - 200 (220 — 50) = 1,6 - 107 mm?;
Sy = hfbf (ho — 0,5hf) = 60 - 1500 (450 — 30) = 3,78 . 107 mm°;
S=8 + S2=5,38 - 107 mm3;
__ RutSi+ RpS>_ 176161074 7,7-378. 107

R S YT = 10,65 MIla;
® = 0,85 — 0,008R, = 0,85 — 0,008 - 10,65 — 0,765;
g = Ry = 365 MIla;
® 0,765
- = J = 0,627 > E = 0,405.
r Oor ® 365 0,765 627> 8
1+-—8—(1—-——) 1 — ==
e, u 1,1 500 11

Iposepsiem ycnosue (16)
Rsabfhi (ho — 0,5hf) + Rerb (x — hf) ( hoy — X ; h;) _

= 17,7 - 1500 - 60 (450 — 30) + 17,6 - 200 (182 — 60) (390 — 0,5 - 122) =
=431,9 - 10° H - mm = 431,9 xHm > M = 420 xHwm, 1. e. npouuocTs ceyennst
ofecneuena,
Ilpumep 3. Jano: pasmepsl ceuenuss by = 200 mM, by = 100 mm,
h =540 mm, Ay = 120 MM, a = 40 MM, a’ = 40 MM, ho = 500 MM
(puc. 11); Harpysku manoif CyMMapHOH AJIMTEJIBHOCTH OTCYTCTBYIOT
(0sc, » =500 MIla); Geron cGopHOro sjementa kaacca B30
(Rp1 = 15,3 MIla npu ys2 = 0,9), GeTOH OMOHOJMYMBAHHUS KJAACCA
B15 (Rs2=7,7 Mlla npu vs,2 = 0,9); apmarypa knacca A-II]
(Rs= Ry, =365 MIla) nnomanbio ceuennsi A,=3217 wmm’
(4232) u A;=0628 mm® (2@20); BHelHsAs NPOROJIbHAS CHAE
N =900 xH npuioxena noc/ie JOCTHMKEHHS MOHOMUTHHIM GETOHOM
3aJ@aHHOl MPOYHOCTH C SKCUEHTPHUCHTETOM OTHOCHTEJbHO LEHTPa
TSXKECTH CeYEeHUs pacTsHyTo#l apmaTyphl € = 650 MMm.
Tpebyercsa npoBepHUTh MPOYHOCTb CEYEHHS.
Pacyer: mnpoBepKy NPOYHOCTH CEUEHHS NPOU3BOAHUM COIJIACHO
n. 2.8 ¢ yuerom BJausIHUSL NPOROJbHOM cuabl (m. 2.16).
Onpenensiem BHICOTY cxxarofi 30HH x no ¢opmyJe (9) c yuerom
cunet N (nm. 2.16)

— N+ RA, — RuA;__ 900000 - 365 - 3217 — 365 - 628 _ 00 ...

Rothy + Rezbz 15,3 - 200 3 7,7 - 10D
480
= ——=(),96.
8 =300 —

Onpeﬂe'nﬂeM gR! m’ Rb’ USR'
81 = hby (0,5h — ) + hpbz (0,5 — a) = 540 - 200(270 — 40) +
+ 120 - 100 (60 — 40) = 2,51 - 107 mm’;

16



Puc. 11. Ceaenne aiementa 760 700

1 — c6opHuuifl aneMenT; 2 — MOHOJAHTHRIA Geron

2020

N
A
-

540

4¢%\\

720

Sy = (h — hp) be (ho _E_T"'-’) = (540 — 120) 100 (500 — 210) = 1,218 - 107 mm’,

S=3S8; + S2=3,728 - 107 mm>;
RuS1 4+ Rb282= 153 - 2,61 - 107 4+ 7,7 - 1,218 - 107

Re = S 3,728 - 107 = 11,5 Mlla;
© = 0,85 — 0,08R, = 0,85 — 0,008 - 11,5 — 0,758;
Ogp == R, = 365 Ml'la;
Ep= 0.758 = 0,618 < £ — 0,96.

o,“(l 11) 1"'500( _0'17,?8

Tak kak &> g, pacueT mnpojo/KaeM BeCTH B COOTBETCTBHH
¢ ykasanusamu n. 2.17.

ITo cpopMlee (35) ompenessieM BHICOTY C2KaTOH 30HBLI X

N+ RA, l) Ruef = (Rurbi + Roabe) ¥ + o Rl
(1 — &) ho
Orclona
L VERA(TIg )Rl
2R,A,
Rp1b1 + Ro2bs +m

~ 900 000 - 365 - 3217(——l YT 1) 365 - 628 o
— 23653217 '

15,3 - 200 4 7,7 - 100 +ﬁ_—oe—w)5w

342
= = 0,685 > £ = 0618,

[TpoBepsiem yesBue (32)
Sp1 = xb; (ho — 0,5x) = 342 200 (540 — 171) = 25,2 . 10° mm>;
Spg == xba (ho — 0,6x) = 342 - 100 (540 — 171) = 12,6 - 10° mm®;
RinSe1 4 Ru2Ss2 + ReAl(Bo — d')= 153-252.10°+ 7,7 - 126 - 105+
+ 365 - 628 (500 — 40)=588,1 - 10° H . mm = 588,1 kHwm > Ne =900 - 0,65 ==
= 585 kHmM, T. e. npouHOCTb ceueHHsl ofecneyecHa.

17



dp20 Puc. 12. Ceyenne anementa

> 1 — cBopusiit anement; 2 — MOHOIUTHEI GeTOH
T
2

70

540
600
RN
40
440

4932

300

Npumep 4. Jano: pasmeps ceuenus b = 300 mM, 4= 540 mm,
ki =440 MM, a=a’ = 40 MM, ho==500 mm (puc. 12); Harpysku
MaJofl CYyMMapHO# IJUTEIBHOCTH OTCYTCTBYIOT (Os, » = 500 MIla);
Geton cGopHoro saementa kijacca B30 (R, = 15,3 MIla npu
Vo2 =10,9), Geron omomoauuuBanus kiaacca B15 (Ry =7,7 Mlla
npn yee = 0,9); apmarypa kaacca A-Ill (R;= R, =365 Mlla)
miomanpio cevenns A= 3217 mm® (4@32) n A;= 942 wmm’
(3 @20); uarnbaomwit moment M = 40 kHwm; Buewnss nponoabHas
cuna N =300 xH npwioxena nocie NOCTHXKEHWSI MOHOJNUTHBHIM
GeroHOM 3amanHol npounocTy. DKcueHTpucuTer sl N OTHOCHUTENb-
HO UEHTPA TSAXKECTH CEUEHUAl pacTsHyToff apmarypsl e = 400 mm.

TpebyeTcsi HPOBEPUTH NPOYHOCTH CEueHHUS.

Pacuwer: npoBepKky NPOYHOCTH CeUeHHsl NPOH3BOAHM COFJIACHO
n. 2.7 (npunumasn by = b u by = 0) ¢ yyeroMm BIUAHUSA NPOLOJIbLHON
cuipt o n. 2.16.

IMposepriem ycnosue (2)

N + R.A, = 300 000 + 365 - 3217 = 1 472 000 H;
Ro2(h — M) b + ReA; = 7,7 (540 — 440) 300 + 365 - 942 = 574 800 H < N +
+ R!A!E: l 472000 H.

C.nenoaate.ubno, rpaHuvua CXKaTOH 30HBI NMPpOXOAKT B ceyeHuy
cOOpHOro sJaeMeHTa.
o dopmyie (7) ¢ yweroM cwik N onpegensieM BLICOTY
cxKaroll 30Hbl X
N 4 RoAs — RucAj + (R — Rua)(h — hi) b _

X ==

Rub
__ 300000 + 365 - 3217 — 365 - 942+ (15,3 — 7,7) (540 — 440)300 _ .0
= 15,3 - 300 ’
£ = 296/500 = 0,592,

Onpenennem &z, ©, Ry, O
S == hb (0,5k — a) = 440 - 300 (220 — 40) = 2,38 - 10" mm%;
Sa==(h — h) b(ho 0.5h + o 5h.)m(540 — 440) 300 (500 — 270 + 220) =
1,35 - 3 8$=3,73 . 107 MM
Rn1S1 + Rb'zS: 15, 3 2 38 3!(_);4-1277 L3510 1055 MiTa;
,73 -

Ry =



(o=085 0,008 - 12,55 =10,75; 0, = 365 MIla;

Ep= 0.75 = 0,608 > £ = 0,592.

() (-

[Iposepsiem ycnosue (5) npu xy=x — h + h; = 296 — 540 —
— 440 = 196 MM
Ruysbx (ho — 0,5x Ry — R b (hoy — 0,5 RsA; (ho — @)=
“7‘.‘:(-0 - 29)6-}—5(()0m 148;2-):%15(31——77)1;))6_'-300(4600 9%?4—
<+ 365 - 942 (500 — 40) =533,5 - 10° H . Mm = 533,5 kHm > M -} Ne = 400 -}
+ 300 - 0,4 = 520 xHwm,

T. €. NPOYHOCTDL CEeueHUs ofBecneyeHa.

Pacuer ceuenuil, HAKNOHHBIX K NPOAOALROH
OCH 3JIeMEeHTA

2.19. Pacuer sjeMeHTOB cOOPHO-MOHOJMTHBIX KOHCTPYKLHH A0 Ha-
KJIOHHBIM CEUEHUSIM NPOH3BOAAT A ofecneueHHs NPOYHOCTH Ha
AeAcTBHE TONEPEeuHOd CHIL MO HAKJIOHHOA NOAOCe MEXAY HAKNOH-
HRIMH TpeIYHAMH; NONepeyHoll CWIK N0 HAKJOHHOM TpeHIuHe;
M3THOAIOIEro MOMEHTa HO HAKJIOHHOH TPeluMHe.

2.20. Pacuer no npOYHOCTH HAKIOHHHX CEYEHHH [POA3BOAAT
B 3aBHCHMOCTH OT KOHCTPYKTHBHOIO pelieHHsi cOOpPHO-MOHOJUTHOrO
aneMenta. Jlasi pacuera 1O HAKJIOHHEIM CeueHHAM CGOPHO-MOHO-
JUTHbIE KOHCTPYKHUHM pasnensioTcss Ha JBa OCHOBHHX THIA
(puc. 13):

1-fi THN — ceucHHe CGOPHO-MOHOJHTHOrO 3AE€MEHTA NO BHICOTE
COCTOMT U3 OeroHa COOPHOrO 3JIEMEHTAa M MOHQJHTHOTO O€roHa
(cM. puc. 13, a);

2-0 TN — CeYeHHe MO INHPHHE cocTouT H3 OeroHa cGOPHOrO
a/MI€MEHTa ¥ MOHoJuTHOro Serona (cm. pue. 13, 6).

Pacyer c60pHO-MOHOJIMTHBIX 3JEMEHTOB N0 HAKJIOHHAIM CeueHHIM
NPOU3BOAAT MNPH OJAMHAKOBHIX pacueTHRIX YCHIMAX [Ba pa3a
(no AByM cxemaMm pacuera):

a) AJA KOHCTPYKLUHM 1-ro THna:

no pabGouedl BHICOTE M NPOYHOCTH OeToHA cOGOPHOTO 3JEMEHTa
hoi, Rei, Ron;

no pa6ouell BricOTe cGOPHO-MOHOQAHTHOTO 3JE€MEHTa fp H TpOY-
HOCTH MOHOJHTHOro 6eroHa Rz, Rorm;

6) A/as KOHCTPYKUMH 2-rO THNa:

no pa6Goue#t BHICOTe cGOPHOrO 371eMeHTa Ho1 C YUeTOM [IMPHHB
YUacTKOB CEYEHHS, COCTOSILHX U3 GeToHa COOPHOTO 3JeMeHTa
¥ MOHOJMTHOro GeTOHA € COOTBETCTBYIOLIEH NPOYHOCTHIO b1, Rsi,
Runr, bs, Ry, Ron;

no pa6oueft BricOTe M WIHPHHE COGOPHO-MOHOAHTHOrO 3JEeMEHTa
ho, b U MPOUHOCTH MOHOMUTHOTO GeroHa Rsz, Rpro.

W3 ykasauubix Bhle ABOHHBLIX PacyeToB MPUHHMAT HamGonee
6aaronpuaTHuifl pesyabtar (Goaee BHICOKYIO HECYIyIO crmcoﬁnom)

2.21. Pacuyer aaeMenToB HA JefiCTBHe TOMEpPeUHOH CHAW ALH
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a) , 4

b by
2’/J T = 62/22/5,%@/23,@
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e 5

Puc. 13. Tunn cGOPHO-MOHOJIATHRX KOHCTPYKIUA
a— tan 1; 6 — tun 2; [/ — cGopHN saemenT; 2 — MoHOANTHME Geron

offecrieyeHHs] NPOYHOCTH MO HAKJOHHOM I10OJOCe MEXJAY HaKJOHHKI-
MM TPELUHHAMH NMPOU3BOASAT C yueToM ykasaHu#t m. 2.20 u3 ycjaoBus

Q< Qs com, (37)

rie Q — momepeuHas cwia OT BHeluHell HarpyskH, npuEMMaeMas B HOPMAaJbHOM
CeYeHUM Ha paccTosHum He wmemee ho OT onopw; Qo com — MomepeuHas cuaa,
BOCTIpMHMMaeMasi CXaTofi HAKJNOHHOA NoJocOfi MeXAYy TpeujMHaMu, onpeaeasieMas
B 32BHCHMOCTH OT THNa CGOPHO-MOHOJMTHOH KOHCTPYKUMH (THI 1 M THn 2) M cXeMnl
pacyera (nmo paGouefi BhicoTe cGOPHOro sjaeMeHTa wiu No paGouedt BricoTe cGOpHO-
MOHOJIMTHOTO IEMEHTa).

st c60pHO-MOHOMHTHOR KOHCTPYKUMU |-ro THna (cum. puc. 13,a)
3HayeHHe monepeyHol cHIbl Qp, com NPUHUMAIOT PaBHBIM:
npu pacuere no paGoued BbICOTE COOPHOTO 3JEMEHTa

Qs, com = 0,3Q01.1961,1Rs10k01, (38)
npH pacyeTe Mo paboueil BHICOTE COOPHO-MOHOJIUTHOrO JEMEHTa
Qs, com = 0,3Qw1.2Q81.2Rs2bk0. (39)

J11s1 cGOpHO-MOHOMIMTHOM KOHCTPYKUHMH 2-r0 TUna (cMm. puc. 13, 6)
3HauyeHHe MONEepPeuHoH CUJbl Qp, com TPUHUMAIOT PABHBIM:
npH pacyere no paboued BbicoTe COOPHOrO 3JeMeHTa

Qs, com = 0,3 [Pwt,1961,1R5101 + Put,2Ps1,2Rp2b2] hot, (40)
npu pacuete no pabouel BbicoTe COOPHO-MOHOMUTHOTO JI€MEHTA
Qs com = 0,39w1,2951,2Rv2bh0. (41)

B ¢opmynax (38)—(41): Qui,; — KO3DDHUHEHT, YUHTHIBAIOWHI
BAHAHHC MONEPEYNLIX CTepXKHell H onpenesisieMbit no Qopmyse
EAso (42)

wl, | = 5—,
iy =1+ Eybs

HO He Gonee 1,3;
@51,; — KoobduIpenT, yuuTHBalomuk BAHAHME TNpOo4YHocTH OGeroma u  onpenens-
emblii no opmyne

@o1,; =1 — 0,01Ry;. (43)
20



a) 2 d) . /2

Vi
o oA ,; 0 ]
ry S 3 |1 LS
L A
777 c \ 7777 c v
y c . ! C . !/

Puc. 14. Pacnojoxenne HaKJOHHLIX CeueHul npu cxeme pacuera

a—no paboues BLicoTe cGOpHOTO 3JeMenta; 6 — mo paGoueli Bhicote cGOpHO-
MOHOJIUTHOTO 3JeMenTa; ! — COOpHRH 2ieMeHT; 2 — MOHOJHTHHIA Geron

3uauenusn Ey; u Ry B ¢opmyaax (42) u (43) COOTBErcCTBYIOT YUHTHBaeMOH B
dopmynax (38)—(41) mpouHocTu GeroHa Ry wian Rpo.

2.22. Pacuer anemenTOB Ha AelicTBHe NonepeyHoN CHJIbl Jas obe-
CneyeHHsi MPOYHOCTH MO HAKAOHHOH TpEIUMHE TpPH NOCTOSIHHOM
BHICOTE CEYEHUSl MO AJHHE 3JMeMEHTa M MOoNepeyHOM apMHUpPOBAHHH
B BHAE XOMYTOB, HOPMAaJbHBIX K TPOJOJbHOH OCH 3JeMeHTa
(puc. 14), nmpousBogsiT ¢ yuetroM YykaszaHu# n. 2.20 H3 ycJOBUSA

Q< Qs + Qnm (44)

rie @ — mouepeyHas Cujia OT BHEINHEH HATPY3KH, PacrnoJIOXEHHOR MO OJHY CTOPOHY
OT paccMaTPHBAEMOro CeyeHHA; NpPH Harpyske, AeACTBYIOIXEA No BepxHe#t rpaHu
97EeMeHTa, AONYCKaeTCA NPUHAMAThL 3HaueHHe Q B HauGoJjee yjAajJeHHOM OT OMOPH
KOHIlE H2KJICHHOTO cewenust; Qs — momepeynoe ycuiue, BOCHpHHMMAaeMoe GETOHOM;
Q:o — NONEpeyHOe yCHIHe, BOCIPUHHMAeMOe HnonepeyHoli apMaTypoi B HaK/JIOHHOR
TpeluHe.

3HaueHue nmonepeyHoil cuibl Q, onpenessiiotr no gopmyse
Qo= M,/c, (45)
HO npuHUMaloT He MeHee Qb min,

TAC ¢ — AJMHA MPOEKNHUH HAKJIOHHOrO CeyeHHs] HAa MNPOHOJBHYIO OChb NIEMEHTa,
onpesensieMas KaK pacCTOSHHE OT BEPIUMHB HAKJAOHHOR TpPeUIWHBI X0 OIOpHI;
My n Qb min — XapPaAKTEPUCTHKH YCHAMHA, BOCHPHHHMaeMHX GETOHOM B HAKJIOHHOM
CEUEHHHU, ONpe/ieyigeMble B 3aBHCHMOCTH OT THNA CGOPHO-MOHOJMTHOH KOHCTPYKIUM
(fmm 1 m TR 2) ¥ cxemn pacuera (mo paGouelt BhicoTe cGopHOro ssemenra
(cm. puc. 14, a) u no paGouelt BricoTe C6OPHO-MOHOJIUTHOTO JMeMenTa (cM. pHe. 14, 6).

3HaueHue monepeyHo# cuibl Qsw ONpeNensioT no ¢popmysne
Qsw = gsuto, (46)

TA€ @so — YCHAHE B [OMEPEUHLIX CTEPXKHAX Ha EAUHULY JJHAL  3JeMeHTa,
onpenensiemoe no gopmye

Gso = (stAsm)/s; (47)

Co — AJHMHA NPOEKUHMH HAKJIOHHOH TpPEW¥HH HA TNPOLOJBHYIO OCh 3JEMEHTa,
onpexpeasieMas no gopmyne

Co = Mb/q"n (48)

HO He GoJee 2ho; nau 2ho (B 3aBUCHMOCTM OT CXEMH pacyera) M HE MEHee COOTBET-
CTBEHHO fo1 uaM hy, a Takxe He Gosiee C, ecau Co = C.

J1las cGOpHO-MOHONHTHOA KOHCTPYKLUHM 1-ro THna (cM. puc. 13, a)
3nauenrss My ¥ Qb min NPUHUMAIOT PABHLIMU:
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npu pacyere 1o pabouefi BpicOTe COOPHOro 3jeMeHTa (CM.
ptic. 14, a)

My = @u2 (1 + @s) Ronbhid, (49)
Q. min = Qo3 (1 + @n) Ronbhoy; (50)

npu pacuere no pa6oueil BbicoTeé CGOPHO-MOHOMMTHOIO SJMEMEHTA
(cm. puc. 14, 6)

My = o2 (1 + @) Robhi; (51)
Qs. win = @3 (1 + @) Rorzbhio. (52)

Jas c60pHO-MOHONUTHOR KOHCTPYKUHU 2-r0 THrna (cM. puc. 13, 6)
3HaYeHHst My H Qp, min NPUHUMAIOT PABHBLIMH:

TpH pacyere no paGoueii BbIcOTE€ COOPHOrO MEMEHTA

My = o2 [(1 + @a) Ronbs + Robs] hbi; (63)

Qb. min = @53 [(1 + @) Rondr + Rurbz] hos; (54)

npH pacuere Mo paboueil BHICOTE CGOPHO-MOHONMTHOIO 3JeMEHTA
My = @2 (1 + @) Rocbhd; (55)

Qb, min = Ps3 (1 + @7) Roszbhro. (56)

B popmynax (49)—(56):

Qo2 =2; Qr3a= Qs — KO3((HUMEHT, YYHTHBAOWHA BIHAHNE NpeABapHTENb-
HOFO HanpsixeHust B cOOPHOM 3JeMeHTe M ompeaeisieMuifi o gopmyie
=0, ———, (57)
e Routbjhon

no me Gonee 0,5, rae npu pacuere mo dopmyaam (49) u (50) — b;="b, mo
dopuyaam (53) n (54) — by= b1; @ — ko3bdUNMUEHT, YUHTHBAOWMA BIUSHHE
CXKAaThiX NOJOK W3 MOHOJIUTHOrO GeroHa U onpegensieMbit no dopmyae
bf — b) hf
= 0,75(——-— )
Pt bhe
HO ne Boxnee 0,5, npn sToM bf npuuumailor He Ganee b 4 3hf, a nonepeunas apmarypa
JOJI3KHA HPOXOAMTD B MOJKY H3 MOHQJIMTHOTO 6ETOHA H GHITh B Hefi HafleXHO 3aaHKepeHa.

Jas nonepeuHnx crepxHe#l, ycTaHaABJIWBAEMBIX MO pacuery,
T. €. KOrja He BHIIOJHAIOTCA YCJIOBHA M. 2.23, K0/KHO YAOBJIETBO-
PATBLCA ycaOBHE

(58)

9sw = Qb. min/2h0]y (59)

rae Qb mn — XapaKTepuCTHKa YCWIHS, onpeieasemasi no ¢opmyaam (50), (52),
(54) » (56) B saBucEMOCTH OT THHNa CGOPHO-MOHOJIWTHOA KOHCTPYKIMH H CXEMBI
pacuera; hy; — pabouasi BHCOTA 5J€MEHTa, MPUHUMaeMasl B 3aBHCHMOCTH OT CXEME]
pacuera: no paGouefi Bmcore cGopHOro azementa ho == ho1, no paGoueit Bhicore
¢GOPHO-MOHOIMTHOTO IeMeHTa hoj = ho.

ITpu pacyere xene306eTOHHBIX IEMEHTOB C NoOnepeuHofl apmatry-
poit ponxkHa ObITh TakkKe ofecneyeHa NPOYHOCTh MO HAKJIOHHOMY
CeUEHHIO B Npefesax yuyacTka MexAy XOMyTamu H3 YCJOBHHA m. 2.23.

Ecan monepeuHas apmarypa pacrnosiaraercsl B Npefenax TOJbKO
cbopHOro ajgeMeHTa, TO MpPH pacuere no paGoued Bhicote cGOpHO-
MOHOJAWTHOIO 3Jd€eMeHTa AJuHa Co, B npexenax KOTOpOﬁ yuuthiBa-
IOTCA XOMYThI, YMHOXaeTcsl Ha cooTHouteHue Foi/Ho.
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Ilpn mpoBepke ycnosusi npounoctv (44) B ofuem ciayyae
3a4aloTCH PAAOM HAKJOHHMIX CeueHuR IpHM pasJHYHbBIX 3Hauye-
HUAIX Co, He TPEBHIIAIOUWIMX pACCTOSIHHE OT OMNOPhHl A0 CeueHus
C MAKCHMaJbHbIM H3THGAIOLIMM MOMEHTOM M He Gosee (@s2/Ps3) Aoj,
rae hoj = ho1 npu pacuere no paGouefl BbicoTe COOPHOro 3jeMeHTa
u hoj = ho npu pacuere no paGoueii BricoTe COOPHO-MOHOJHTHOIO
anementa. B npepenax nyvHbl ¢ OnpepesiiOT 3HAUEHHE JUIMHBL Co,
3aTeM [0 3HAUeHHAM ¢ M Co HaxomAT ycwiusa Q, Qpy M Quw
H N0 3THM YCHJIHMAM INPOU3BOAAT NPOBEPKY NPOYHOCTH 3JEMEHTa.

2.28. Pacuer xene3o0eTOHHBIX 2JeMEeHTOB (e3 HomepeyHol apma-
TYpH Ha JAeHCTBHE MNONEpPEeYHOH CHALI AJsi ofecrneyeHHsl MPOYHOCTH
N0 HAKJIOHHON TPeliHHe MPOM3BOAAT C yyeroM yKadaHui n. 2.20 ua
yCJIOBHA

Q< Qu, (60)

rie () — nonepeuHasi cuia OT BHElHed HarpysKkH, PaclONOXKeMHO#l HO OfHY CTO-
POHY OT PACCMATPHBAEMOr0 HAKJIOHHOTO CeueHHUsi; NMPH Harpyake, AefcTByiomed mno
BEpXHEH rpann 3jieMenTa, LONYCKAaeTcs NMPHHMMATh 3Hauenne Q B Haubosee yaa-
JIEHHOM OT ONOpH KOHIIE€ HAKIOHHOrO ceveHus; @ — nonepeuHoe ycmiue, BOCIpPH-
HEMaeMoe GeToHOM.

3Hauenne MomepedHoON cuabl Qs OMPEASNSTIOT N0 (opmyJe:
Qo1 = Mu /c, 61)
HO NPUHUMAIOT He 6osiee Qp max ¥ He MeHee Qb min,

FAe ¢ — JUIHHA NPOEKIMH HAKJIOHHOTO CEYCHHS HA MPOJOJIBHYI0 ©Ch 3JeMEHTa;
M;1,Q6, max B Qp, min — XAPAKTEPHCTHKH YCHIHH, BOCTIDHHUMAEMBIX GETOHOM B HAKIOH-
HOM CeueHuH, ONpefe/ifieMile B 3ABUCHMOCTM OT TANa COGOPHO-MOHOJMTHOM KOH-
cTpykund {tun 1 r TR 2) B cxemu pacueTa (mo paGowefi Beicore copHoro ane-
MeHTa ¥ Mo pafouell BhcOTe CGOPHO-MOHOINTHOTO BJIEMEHTA).

3uauenue M;; onpexeasiior no popmyaam (49), (51), (53), (55),
NpPH 3TOM BMeCTO KO3 (HIHEHTA Qs2 B HMX MOACTABJAIOT KO3dPu-
IUEHT P4 = 1,5, a KO3DDUUMEHT @; HE YUHTLIBAIOT.

3uauenue Q, min ompesensiior no ¢opmyaam (50), (52), (54)
u (56), npu sroM KoaddHUUMEHT @; HE YUHTHIBAIOT.

Ona c6OpHO-MOHOJIMTHBIX KOHCTPYKUMA |-ro Tuna suavenue
Qb, max TPHHUMAIOT PABHBIM:

npu pacuere no paGoueli BbicoTe cGOPHOro 3jeMeHTa

Qb, max = 2.5Rbllbh01, (62)

npu pacuere no pabouefi BricoTeé COOPHO-MOHOJIMTHOIO 3JE€MeHTa
Qb. max = 2|5Rbt2bh0- (63)

Jlng cGOpHO-MOHOJNMTHBIX KOHCTPYKLUHH 2-ro THNAa 3HayeHue
Qs, max MPUHUMAIOT PaBHBIM:
npu pacuere o paGouefl BhicOTe COOPHOro a/eMeHTa

Q5. mox = 2,5 (Rontbr -+ Rerab2) hoy, (64)

npu pacyere no pabouedl BrICOTE COOPHO-MOHONHUTHOrO 3JEMEHTa
Qb, max = 2,6Ru2bh0. (65)

23



Tlpu npoBepke ycioBusi npounoctH (60) B obmiem cayuae 3ana-
I0TCSl PSIAOM HAKJIOHHBIX CEYEHHH NPH Pa3/MUHBIX 3HAYEHMAX C, HE
[PEBLILIAIONINX PACCTOSAHUS OT OMOPHI 0 CEUEHHs] ¢ MAKCHMAaJbHBIM
U3ru6aloniuM MOMEHTOM U He 6osee (Qsa/Ps3) hoj; Tae hoj = hor TpH
pacuere o pa6oueit BricoTe cGOPHOro aneMeHTa U ho = ho npu pacue-
Te Mo pa6ouell BbicoTe CGOPHO-MOHOJNMTHOrO 3jemeHta. Ilo 3naue-
HUAM C HaxomsT ycuauss Q u Qp, a 3aTeM MO 3THM YCHIHSM
OCYILLECTBJSIOT MPrBepKy NMPOYHOCTH JEMEHTA.

2.24. Pacuer Kesne300€TOHHbIX 3/7€MEHTOB Ha JeHCTBHE MO-
MeHTa AJs obecrmeyeHUs] NPOYHOCTH 1O HAKJIOHHOH TpellkHe
npousBofsiT cornacHo ykasawusm CHuIl 2.03.01—84; npu stom
TOYKY NPHJIOXKEHHUSI paBHOLEHCTBYIOIEl YCUAUA B CXKaTOH 30He onpe-
LeNsI0T KaK NMPH pacyere NMPOYHOCTH HOPMaJbHBIX ceueHHit cGOpHO-
MOHOJIHTHBIX 3JIEMEHTOB.

TMpumepni pacuera

Mpumep 5. Jano: 6anka nposerom [ = 6§ M, pa3mephl NonepeyHo-
ro ceyeHusi bf = 1500 mm, hf = 60 mMm, b = 200 mm, 2 = 500 mmM,
ho = 450 MM, hoy = 390 MM, a = 50 mm (puc. 15), Gerou cGopHOro
ajemeHTa Kknacca B35 (R = 17,6 MIla, Ryn= 1,17 MIlla
npHu Vs2 = 0,9, Ep1 = 31 000 MIla), monoauTHbl GeToH Kiacca B15
(Ry2=7,7 Mlla, Ruyupe=10,67 MIla npu 9yp2=09, Epz=
= 23000 MIla); nonepeunass apmarypa kuaacca A-IIl (Rsyw=
=290 MIla, E;= 200000 MIla), B OQHOM MOMEPEUYHOM CEUYEHUH
312 (Asw = 339 mm?) ¢ marom s = 150 MM; Harpyaka npHJIoXeHa
B BHJE TPEX COCPELOTOUEHHBIX CHJI, PACCTOSIHUE OT ONOPH JO NMEPBOro
rpysa paBHo 1,5 M; nonepeuHasi cuia Ha INPHOMOPHOM YuacTKe
Q = 300 xH. Tpe6yercss npoBepuTb NPOYHOCTb GajIKM Ha HefcTBHE
NONepeyHoH CHJbl MO HAKJIOHHOH MOJIOCe H HO HAKJIOHHOH TPeliMHe.

Pacuer: paccmarpuBaeMasi Gajka OTHOCHTCSI K CGOPHO-MOHO-
JIUTHbIM KOHCTPYKUHUAM 1-ro THna.

IpoBepsiem NPouyHOCTL GaNK¥ MO HAKJIOHHOH MOJOCE MEXKIY
HaKJOHHBIMH TpPEMMHAMH M3 ycaoBHs (37), onpenessisi BeJHYHHY
Qs, com MO pabouell BLICOTe cGOpHOrO 3JeMeHTa, ¢opmyna (38),
1 o pabouell BricoTe cOOPHO-MOHOJHMTHOrO jeMeHTa, dpopmyaa (39),
n. 2.21.

Tlpu pacuere no paGoueit BricoTe CGOPHOTO 3NE€MEHTa:

EAuw 200000 339
—145 — 14520000 _ 39 _ 135-13
et =1+ 8 s~ T 531000 " 300 - 150 =
IPHHAMAEM Qu), = 1,3;
@s11 =1 — 0,01Rs; =1 — 0,01 - 17,6 = 0,824;

Qb, com = 0,3(pw1_|lp/,1‘|Rb|bho| = 0,3 . 1,3 - 0,824 - 17,6 - 200 - 390 =
== 441,2 - 10° H = 441,2 kH > Q = 300 xH.

Ilpu pacuere no pa6ouefi BbicOTe CGOPHO-MOHOJIMTHOIO JEMEHTA
E sw -
Quiz=14+5 Aso _ 200 000 - 339

=l4+5———————=149>13
Epzbs * 23 000 - 200 - 150 >

MPUHUMAEM Pui2 = 1,3;
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Puc. 15. Ceuenne anementa 7500
1 — cGopHHi sneMeHT; 2 — MOHOJMTHHIA

6eToH PSS AAAAA, §F
4 SERN
1T N
ZZA

gor2=1—0,0lR2=1— 0,01 - 7,7 = 0,923;
Qs, com = 0,3Q01,2051,2Re2bh0 = 0,3 - 1,3 - 0,923 - 7,7 - 200 - 450 =
=249,5 . 10®° H = 249,5 xH < Q = 300 kH.

IMpoBepka no pa3HeIM CXeMaM pacyera I0Kasana, 4yTo NMPOYHOCTb
Mo HakJOHHOA Mosoce oGecrmeyeHa MNPH pacyere mo pa6Gouyed
BLICOTE C6OPHOrO /IEMEHTA U He ofecnieyeHa npu pacyere o paboueh
BBICOTE€ CGOPHO-MOHOJHTHOIO 3JIEMEHTa.

Coraacno ykasanusim n. 2.20 cjenyer yuuThiBaTb Haubosee
6aaronpusitHuiil peaynabsrar. [lostoMy npuHHMaeMm, 4TO NPOYHOCTH
KOHCTPYKIUH [0 HAKJOHHOM mMoJjoce ofecrmedeHa.

IpoBepsieM MpOYHOCTh GAJIKM O HAKJIOHHOH TPEIUHHE U3 YCJAOBHA
(44), n. 222. Ilpu 3TOoM paccmaTpuBaeM Haubojiee ONacHoOe
HaKJOHHOE CeueHue OT NEePBOro COCPEAOTOYEHHOTrO rpy3a RO OMOPH,
¢ nonepeunoi cwioil Q = 300 xkH. Ycunus Q, u Qqw onpenessem no
¢popmynam (45) u (46), Beluucasiss 3HaueHHs] My ¥ Qp, min MO paco-
yell BricoTe cGOPHOro semeHTa, popmyanl (49) u (50), u no paGoueh
BbiCOTe COODHO-MOHOJMHTHOrO 3jemeHTa, ¢dopmyast (51) u (52).

[Tpu pacuere mo paGoueii BhicoTE CGOPHOrO 3JIE€MEHTa

My = @s2Ronbh =2 - 1,17 - 200 - 390> = 71,2 - 106 H - um = 71,2 kHw;

Qo= My/c=T1,2/1,5= 47,5 xH << Qp, min = 54,8 KH;
Qs min = @s3Roubhor = 0,6 + 1,17 - 200 - 390 = 54,8 - 10® H = 54,8 kH,
npunuMaeM Qp = Qp, mn = 54,8 kH;
. stAsm _ 290 - 339 _ Qb. min __ 54’8 - 10° —— .
qm——s———ﬁ——— 655,4 H/mm >-2—h-m— —m—- 70,3 H/mm;
co= Y Ms/qsw= V71,2 + 10°/655,4 = 330 mm << ho = 390 mm;

npuHuMaeM co = ho1 = 390 Mm;

Qsw = GswCo = 655,4 - 390 = 255,6 - 10° H = 255,6 kH;
Qs + Qsw = 54,8 4 255,6 = 310,4 xkH > Q = 300 xH.

ITockonbky pacuer mo paGoued BbicOTe COOPHOTO 3j€MeHTa MO-
KasaJl, YTo MPOYHOCTh COOPHO-MOHOJHMTHOM KOHCTPYKIMHM oGecreyeHa,
TO, yuuThiBasi ykasanus n. 2.20, pacuet no pa6oueil BeicoTe cGOpHO-
MOHOJIHTHOI'O 3JIEMEHTA MOXKHO HE MPOHM3BOIHTb.

NMpumep 6. [Jawo: Ganka npoaeroM [=8 M; pa3smephl
nonepeyHoro ceyesuss b ==300 mm, by =100 mm, b2 =200 wmm,
= 600 MM, ho = 550 mm, A1 = 500 MM, ho1 = 450 MM, a = 50 MM
(puc. 16); Geron cGopHoro anementa Kaacca B30 (Rs1 = 15,3 MIla,
Ron == 1,08 MITa npu ys2 = 0,9); mMoHONUTHHIA GeroH Kiaacca B15
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00 100,100, Puc. 16. Ceuende siemenra
I 1 — cBopuuifi aseMeRtT; 2 — MOHQIUTHHEE GeroH

600
50|
550

/
1

150
®
6~

300

(Rs2 = 17,7 MIla, Rp2==0,67 MIla npu 7,2 = 0,9); nonepeunas
apmartypa Kracca A-1 (Re =175 MIla); B onHem mnomepeunoM
ceuennn 4 @6 (Asw=113 MM2) ¢ marom s==200 MM; Harpyska
paBHOMEPHO pacnpefe/ieHHasi C HWHTEHCHBHOCTBIO ¢ =62 kH/m,
HanGonblIasi NoNepeyHas CHIa B ONOPHOM CeyeHHH Q.. = 248 kH.
Tpe6GyeTcsi npoBepuTb HPOYHOCTh GaNKM Ha AeACTBHE NONEPeuHOH
CHJIbI IO HAKJIOHHOH MOJIOCe H MO HAKJIOHHOM TpemliyHe.

Pacuer: paccmarpuBaeMasi 6GajKa OTHOCHTCA K COGOpPHO-MOHO-
JIATHBIM KOHETpykuusiM 2-ro Tuna. IlpoBepsiem mpouHocTb Gajku no
HAKJIOHHON MOJIOCE MEeXAY HAKJIOHHLIMHA TPELUMHAMH H3 YCJIOBHSA
(37), onpenensigs Besuuuny Qs com NO pabouell BhicOTe CGOPHOrO
sjemeHTta, ¢opmyna (40), u no paGoueir BbicoTe COOPHO-MOHOJHT-
Horo snementa, dopmyaa (41), n. 2.21.

Ilpu pacuere no paGoueit BhicoTeé COOPHOTO JIEMEHTA:

IJist OeToHa cGOPHOro dJaeMeHTa

E;, Aw 210 600 113

ot =1 5 A 4 52000 TS o7 <13
ot =145 - 2= =1+ 535500 ~ 500 - 200 <13
Poy = 1— U,OIRM =1 —:0,0l . 15.3"—-“ 0.847;
AJisT MOHOJIUTHOIO 0eToHa
Es  Aw 210000 113
— 1452 Ay 5200000 M8 i 00<1,3;
Por2 =14 50 -8 + 555000 300200~ "<
g2=1—00IRpe=1— 0,01 .- 7,7 = 0,923,

Qb, com = 0,3 (Pu1,1951,1R0181 + Pu1,2Q51,2Rp2b2) ho1 =
= 0,3(1,07 . 0,847 - 15,3 - 100 4 1,09 - 0,923 - 7,7 - 200) 450 =
=400 - 10 H = 400 kH > Qu. = 248 xH,

T. €. NPOYHOCTb oGecneyeHa.

Nockoabky pacyer no paGoueil BricoTe CGOPHOrO 3JeMEHTa
noKa3saj, 4TO MPOYHOCTb COOPHO-MOHOJIMTHOH KOHCTPYKLHM ofecne-
YeHa, TO, YuMThBasg YyKaszauuss n. 2.20, pacuer no pabouedi
BhICOTe CGOPHO-MOHOJIUTHOTO 3/1eMEHTa MOXHO He MNPOH3BOJUTH.

[MpoBepsiem npoyHocTb GajKu [0 HAKMIOHHOH TPEUIHHe U3 YCJo-
Busi (44) n. 2.22, [1pu 3ToM paccmaTpusaeM psii HAKJIOHHbLIX CeueHu,
HayuHas ¢ Kpafinero, npu ¢ = (@oa/s3) hoj. Yeunus Qp u Qqw onpe-
neasiem no popmyaam (45) u (46), Buuncass anauenne M, no paGo-
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ueil Bhicore cOopHore sJiaemeHra, ¢opmyiaa (53), u no pabouei
BbicOTe COOPHO-MOHOMUTHOrO 3j1eMenTa, dopmyaa (55).
[Ipu pacuere no paGouelt BHICOTE COOPHOrO 3JEMEHTA
My = @oz2 (Ronb1 1 Rorzbs) My =
= 2(1,08 - 100 -+ 0,67 - 200) 450° — 98 - 10° Hvm = 98 xHw,
¢ =2/0,6 - 450 = 1500 Mm = 1,5 M; Qs = Msp/c = 98/1,5 = 65 kl;
qsm = stsAsm= 1752")0113= 100 H/MM;
co= V' My/qsa = }/98 - 10%/100 = 1000 mm > 2h01 = 2 - 450 mm = 900 mn;
npuHuMaeM Co = 900 mm.
Qsw = gsuto == 100 - 900 = 90 - 10° H — 90 kH;
Q = Qnuax — ¢ = 248 — 62 - 1,5 = 155 kH;
Qs + Qow =65 + 90 = 155 kH = Q = 155 xH.

Takum oGpasoM, NPOYHOCTH MO PACCMATPHUBAEMOMY HAKJIOHHOMY
CeyeHHI0 cGOPHO-MOHOJIUTHOTO JIeMEHTa ¢ paGouel BLICOTOH c60pHOTO
snementa hoi obecrieyena.

YuutniBass ykadanus n. 2.20, npoBepKy MNpPOYHOCTH 1A 3TOrO
HAKJOHHOrO ceyeHHs no paboueil BhicoTe COOPHO-MOHOJMTHOrO 3fe-
MEHTa fp He MPOU3BOAMM,.

Pacyer NPOYHOCTH KOHTAKTHHIX HIBOB

2.25. Pacuer NpOYHOCTH KOHTAKTHEIX IIBOB MeXAY COOPHBIM
3/IEMEHTOM M MOHOJMUTHHIM GETOHOM NpPOHM3BOAST U3 YCJOBUS

F g. Fshy (66)

rAe F — capurawomee ycunme B mBe OT BHemged Harpysku; Fs — mpeaenbroe
CABHTalomee ycuiue, BOCMPHHHMAEMOe KOHTAKTHHIM LIBOM.

Capuraomee ycuaue F oOT BHemHeli HarpyskH oOnpeaeisior
corJiacHo ykasauusam nm. 2.26 u 2.27.

Casuramwouiee ycuane Fg, BOCIPHHHMAaeMoe IBOM, ONpeAeJsiioT
no ykasanusim nn. 2.28—2.33.

2.26. las cBoGoaHO onepThix GajoK M OaNOuYHHIX ILIMT pacuer
NPOYHOCTH KOHTAKTHLIX [IBOB INPOW3BOAAT Yy ONOPHI Ha YdacTke
MeXJ1y CBOOGONHBIM TOPHOM 3JIEMEHTZ2 W HaK/JIOHHbIM ceueHueM
(puc. 17).

Capuraiouiee ycu/iHe B IUBe OT BHEIUHEH HArpysKH ONpenessior
no ¢gopmyae

F=(M— Ms)/z, (67)
rae M — MOMEHNT OT BHeIlHeH HArpyaku B HOPMAJbHOM CEMEHHH, NIPOXOLAWEM Yepe3
KOHeu paccmaTpiBaeMora HaKJOHHOrO CeyeHHS Yy cxaTol TpaHn  3JE€MEeHTa;
M, — momenT, BocnMpHHUMaeMBIR nONMepesHOR apMaTYpoli B paccMaTpUBAEMOM

HAKJOHHOM CEHECHHH; Z — IIeYo Buy’rpeﬂueﬁ fiaph! NpOAOJABHBLIX CHJI B HAKJOHHOM
CeyeHHuHd.

MowmenT, BocnpuHumMaeMblfl nonepeuHo#l apMaTypoli B HAKJIOHHOM
CeqeHHH, onpenendioT no dopmyae
Mgy == 0v543w02, (68)
FA€ (sw — HHTEHCHBHOCTb YCHARH B NONEPEUHOR apmarype
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Lo Puc. 17. Cxema i onpefesieHHN PACUETHOR JJHHB

Ish L 2 KOHTAKTHOr0 mBa y cBoGoHON onopwbi
/ I — cGopupii 3sneMenT; 2 — MOHOJNMTHRIA GeroH;
/ § ¢ 8 — KOHTaKTHH#l 110B; 4 — HAKIOHHOE CeYeHHe

v

/

J 4
J,_c,
g 1
gsw == (RsmAaw)/s; (69)

€ — JAJIHHA T[MPOCKIHHA HAKIOHHOrO CeueHMsl Ha [MPOAOJBHYID OCbhb 3JIeMeHTa.

/’

[lneyo z npunumalor paBHbiM 2z = 0,9h0. [dauHy noBepxHOCTH
caBura lgn TPMHHMAIOT DPaBHOM pAacCTOAHHIO OT TOPIA 3JEMeHTa
O TOYKH, B KOTODOH HAK/JOHHOE CEYEHHe NEPeCceKaeT MJIOCKOCTb,
NMPOXOASLLYI0 Yepe3 reoOMeTPHUYECKHH LEHTP NOBEPXHOCTH CHBHIa

ln= 1l — b, (70)

rae lp — paccrosiHMe OT TOpH@ 3JIEMEHTAa A0 KOHUA HAKJIOHHOTO CEueHHs Yy cxKaroll
rpann; [} — paccrosiine OT KOHNA HaKJOHHOTO Ce4YeHHR Yy CXKaToH rpaHH
Io KOHma mnoBepxHocTH CABHra [1 = ¢ (ha/ho); hsn — paccTosiume OT reoMerpu-
4ECKOTO LEHTPa MOBEPXHOCTH CABUra A0 CXKaTOf IPaHH SJIEMEHTA.

IIpu pacuere B o6GLieM cJyyae pacCMaTpHBAIOT PSA MOJOXXEHHi
KOHLl@ HAKJOHHOrOo CEYEHHS y CXKAaTOH rpaHu OTHOCHTEIbHO TOpHA
3JIeMeHTa, onpeneasieMblx 3HauyeHuem [lp. [lasee, npu pasjinuHOM
(PMKCHPOBAHHOM TMOJIOXKEHHH KOHLA HAK/JIOHHOTO CeUeHMs paccMaTpu-
BAlOT pPAX IMOJOXKEHHA [APYroro KOHIA2 HAaKJIOHHOIO CeyeHHH
(y pactsinyTo#fl rpaH{) Npu pPas3iv4HOH JJIMHE NPOEKUHH HAKJIOHHOrO
CeyeHUs] €, B 3aBHCHMOCTH OT KOTOpOH onpefeisiioT AauHy ).
ITo noayueHHbIM 3HAueHHAM lo M [ OpeesIAIOT MONOXKEHHE H AJUHY
NOBEPXHOCTH CABHra [y, M YCHIHE CONMPOTHBJAEHHS CABHTY Fp.
Jnsi KaXZOro MOJIOXKEHHS! MOBEPXHOCTH CABMra OMPEeNsioT CO-
OTBETCTBYIOILME 3HaueHWA MoMeHTOB M u M, ¥ caBHMramomero
yeuausi F. IlpousBoasit npoBepKy NpPOYHOCTH KOHTAKTHOrO LiBa NpPH
€ro pasJ/iMYHbIX MOJOXKEHHMSIX M3 YycJaoBHsi (66) M ycTaHaBJIHBaIOT,
LOCTAaTOYHA HJH HEAOCTATOUHA NMPOYHOCTH KOHTAKTHOFO LIBA.

2.27. lns Hepa3spesHblx G6Gasok U GaNOuHBIX [IMT pacyer
NPOYHOCTH KOHTAKTHBIX LIBOB MPOM3BOAAT Y CBOOGOAHBIX KOHUEBBIX
OMop MO yKa3aHHuaAM N. 2.26 W Yy NPOMEXYTOYHbIX OMOP Ha y4yacTke
MEXAY ABYMSl HAaKJOHHbIMH CE€YEHHMSIMM, PaCIOJOXKEHHBIMH Y OMOPhI
M B [pojere, B 30Hax, rje JAeHACTBYIOT MOMEHTH pPa3HbIX
3HakoB (puc. 18).

3HaueHHe CABHraloOIIero YCWIHSl B IIBE OT BHEIIHEA Harpysku
y NPOMEXKYTOUHOH OMOphl ONPEAesIoT No ¢opmyie

F=M' _Mswl+M2_Msm2, an

2 Z2

rae My u Ms — MOMEHTH OT BHemHeHd Harpysk¥ B HOPMAJBHEIX CEYCHHAX,
NPOXOASAIUMX 4Yeped, KOHIK HaKJNOHHRIX CEueHHH Yy CKAaThIX rpaHedi s/ieMeHTa;
Mszt m Msp2 — MOMEHTHI, BOCNPHHMMAEMEIE NONEPedHO apMaTYpodi B HAKJAOHHAIX
CeYEHHSX; 21 M 22 — IVIEYH BHYTPEHHEll NapH NPOZOJBLHEIX CHA B HAKJIOHHHIX
ceyeHUAX.
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Puc. 18. Cxema pana onpegesiennn pacyertof AJHHN KOHTAKTHOrO NIBA Y NPOMEXYTOYHOR
onopn

1 — c6opHnA aneMenT; 2 -— MOHONUTHLIEA GeTOH; 3 — KOHTAKTHHA MmOB; 4 — HAKJIOH-
HOE ceyenHe

3nauenuss MOMEHTOB Mw1 u Msw2 onpesensior mo dgopmyse
(68). 3Hauennsi mjgey 2z, W 22 NPHHHMAIOT paBHbiMu 2z = 0,9k,
22=0,9h02.

Jauky noBepxHOCTH CABHra [y NMPHHHUMAIOT PABHOM PaCCTOSIHHIO
MEXAY TOUKAMH TNepeceueHusl ABYMSI PacCMaTPUBAEMbIMU HAKJIOH-
HbIMM CEYEHHSIMM TMJIOCKOCTH, NPOXOAsiLel uepe3 TreoMeTpHUECKHi
WEHTP NMOBEPXHOCTH CABHra.

ln=1Ilo—h — b, (72)

rae lp — paccTosinMe OT CXAaTOro KOHHA HAKJOHHOIO CEueHusi, Pacnojaraloulerocs
Yy Omops, A0 CXKATOr0 KOHUA JAPYror0 HAKJIOHHOTO CEYCHHs, pPacno/aralouierocs
B mposiere; li ¥ [o — paccTosiHMfi OT CXKaThiX KOHIOB HAKJIOHHBIX ceueHMfi IO
KOHILOB NMOBEPXHOCTH CABHra

hsm h

h=oc—, 12=L'2-—5£;

o1 hoe
hsm, hsh2 — paccTosiHMA OT FEOMETPUUECKOTO WEHTPA NOBEPXHOCTH CABMFAa RO
CKAThix rpaHeil aJeMeHTa; Ci, €2 — AMHHBE NPOEKUHA HAKIOHHHX CEYEHHl.

Ipu pacuere B ofuieM cayuae paccMaTpUBAIOT MOJNOMXKEHHE NPHU-
ONOPHOTO HAKJIOHHOIO CEeveHHsl CO CXKAaThiM KOHLOM y OMOpbl U Psn
NOJIOXKEHHI CXXKaToro KOHUa APYroro HakJOHHOrO CEYeHHsI B ApoJeTe,
onpenensieMbix BesiwuuHOH lo. Jlanee npu ¢urcupoBaHHOM nOJOXKe-
HHU CXKAThIX KOHIIOB HAKJIOHHHIX CeueHUH paccMmarplBaloT pAn MOJO-
JeHUl PpacTAHYTbiX KOHIIOB HAKJOHHBLIX CEYEHHUH NpH Pa3IHUHOH
IJIMHE UX TPOeKuuit € ¥ C2, B 3aBUCHMOCTH OT KOTOPHIX ONpenessioT
aaunel [y u l. Tlo nonyuennbim 3nauenusim lo, [} u [; onpepensior
NOJOXEHHe H JJIMHY TMOBEPXHOCTH cABMra [ M yCWine CONpOTHBJIe-
HuA cABUTY Fg. IInsl KaXAOro mNONOXEHHSI NOBEPXHOCTH CABHra
onpeAe/siOT  COOTBETCTBYIOLUIUE 3HAuUeHHst MomeHToB My, M;,
M;so1, Moz u cppuraowmero ycunua F. [lpousBogsT npoBepky
NMPOYHOCTH KOHTAKTHOTO IIBA NPH €r0 Pa3jIMYHbIX MOJOXEHHSX H3
ycioBusi (66) u ycTaHaBJAMBAIOT, 1OCTATOUHA KM HEJOCTATOYHA
NPOYHOCTb KOHTAKTHOTO HIBA.

B cayuae, ecan ycnoBue (66) He yaosserBopsieTcs, NPMHHMAIOT
Mephbl M0 YBEJIHYEHHIO CONPOTHBJAAEMOCTH CABMIY KOHTAKTHOTO MIBA.
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D10 MOXKeT OHIThb JAOCTHUFHYTO 3a CUET: YBEJIMUEHHSI bs,, BKJIOUYCHHS
B paboTy Ha cpe3 NONEPeyHbIX (TPEYroJbHLIX) IITOHOK 1 YBEIHYEHHSI
JUCNEPCHOCTH M NMPOLEHTA NONEPEYHOro apMHPOBaHMUS.

2.28. IIpenenbHoe caBuraouiee ycuiue, BOCHPHHHMAEMOE KOH-
TAKTHbIM LIBOM, ONpeAEJsIoT no (opmyJte

Fon = Rabonlsn, (73)

rae Ru — cpeinee WO JJHMHE Y4aCTKa CABHFa CYyMM@pHOE pacueTHOe COHpOTHRJE-
HHe CABHFY KOHTaKTHOro mBa; by — pacdyeTHasl INMDHHA NOBSPXHOCTH CABHra;
lsn — pacweTnas AnuMHa NOBEPXHOCTH CABHMra.

Conporusnenue cABHrY Rs; ONpenessioT cOMacHO YKa3aHHIM
nn. 2.29—2.32. IlupHHYy noBepxHOCTH CHABHra by ONPEAE/SAIOT
COrJIacHO ykasawusiM n. 2.33.

Jauny noBepxHocT# cABura [y ONpenessior COracHO yKa3aHusM

nn. 2.26 u 2.27.
2.29. B o6uem ciyyae cpefHee CyMMapHOE pacyeTHOE COnpo-
THBJIEHHE CABHMrY KOHTaKTHOro WIBA MPUHHMAIOT PaBHbIM

Ralx = Rsh. [] + R.lfl. s + Rsk. ay (74)

rae Rg, » — cOnpoTUBJCHHEe WIBA CABHIY 3a CHET CUEIUICHHS, MEXaHH4ecKoro
sauelieHds U o6xaTtun GeroHa; Ry, s — CONPOTHBIEHHME WIBA CABHrY 32 CYET pa-
GoTH Ha cpea monepeuxoll apMaryph, mepecexaiomet woB; Res » — CONpoTHBREHNES
Ba CABHCY 3a cueT PaGoTH MomepeyHbiX LMIOHOK.

[Tpu yuere B pacuerax paGoThl MONMEPeyHLIX WIIOHOK (puc. 22, a)
CONPOTUBJIEHHE HIBA CABHFY Rsn » HE yUMTHIBAETCH.

Ipu pacuere NPOYHOCTH KOHTAKTHHIX LIBOB C Y4€TOM COBMECTHOH
pa6oThl WIMOHOK U MNOMNepeyHol apMaTyphl pacyeTHOe CONPOTHUBJICHHE
KOHTAKTHOTO iIBa CIBMFY NDHHMUMAIOT PaBHbIM

Ro = Yansh, o+ Vn2Ren, 5. (75)

3naueHun KO3(PPHUUUEHTOB Yni M Yn2 PABHbL:

€CJIN Rsh. n > sh, sy Ynl = l’ Yn2 = 0,5;

€CJIH Rslz, n<< Rslz‘ sy Yl = 0,5; Y2 == I

2.30. Conpotubiensue wBa cABUrY Rn, » 32 cueT CHENJICHHSA, MeXa-
HUYECKOro 3auenvieHust 1 o6xkatusi 6eTona onpejeysior no gopmyJe

R, 5 = Vo1762V63R 061 (1 + Vo Som , (76)
Rbt
TAe Rp: — pacueTHOE CONpOTUB/ICHAE MOHOJHMTHOTO GETOHA PacTSKEHHMIO, Vo1 — KO-
3(puuUHENT, YIATHIBAIOIHA BJMAHUME MHOTFOKpaFTHO mnoBTOpsiomefic HarpysKu;
€ro 3Ha%CHUSA AJf AJIGCKOrO 1IEPOXOBATOro, apMHPOBaHHOTO Monepeuxoll apmatypodk
KOHTAKT2 NPHHHMAIOT DaBHLIMH: NPH KO3(p(UUHEHTE acHMMETPHH UHKIa Harpy-
wewna @ =03 v, =065 npn @=0,6 v, =0,75; vz — Ko3ppHuUEHT, YuH-
THBAIOMUA BAKSAHME JJIWTENLHOTO AEHCTBHA HArpyskH, ez ==0,75; ¥s3 — Kosp-
¢nupent, YUMTHBZIOMAA BJIHSHHE COCTOSIHUA [OBEPXHOCTH KOHTAKTHOrO MBa Ha
cuemienve ferona, npunumaemui# no tabn. l; ysa — koadduitnent, yuursiBaouwmi
BAHSIHME COCTOSHHS [OBEPXHOCTY KOHTAKTHOTO HIBA P €ro 06XKaTuH, NPHHUMaeMBIH
no t1aén. 1; 0, » — CpenHee 3HAuYCHHE HANPSLKEHUS OGXKATHN KONTAKTHOFO HIBa
(puc. 19), onpenensiemoe no gopmyie
Q

bon + L’

Op, m ==

an
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Puc. 19. Cxema ann onpegejenns MECTHHMX CKUMARIMX Hanpsxenudt, aelficTByomnx
B KOHTAKTHOM IBE

1 — c6opHuiii anemenT; 2 — MOHOJINTHHA GeToH; 3 — KOHTaKTHHA WOB; 4 — HAKIOH-
HOe CeyeHHe

rae Q — onopran peakuus; &y, lsn — IIHPUHA OPU3OHTANBHOTO Y4acTKa MOBEPXHOCTH
mBa H AJWHA NMOBEPXHOCTH WIBA.

Ilpn pacuere NMPOYHOCTH KOHTAKTHLIX LIBOB Y NPOMEXYTOUHBIX
OMop HepaspesHbIX 6ajoK WM MJUT NPHHHUMAIOT Op, m == (.

N pumeuyanue. [lnockuh raagkuit, a Takxe HEapMUPOBAHHBIH
MJOCKMHA KOHTAKT MNpPH JeHCTBHM MHOT'OKpPATHO HOBTOpsiOLielcs
HarpyskH NPHMEHATb He JonycKaercsl. XapaKTEePUCTHKH KOHTaKTOB
npuBejgeHsl B Taba. 1.

TaGauna |
Koshpuunentn 23 1 Y4 Frn npoaaocTH Getona Ro,
CoCcTOSHAE NOBEPEHOCTY KOHTAKTZ MHa
cGoproro Gerora
0,5 10,0 15,0 20,0 40,0
[ToBepxHOCTb raamkas, KOHTaKT 0,4 0,6 0,9 1,2 1,0
OCYIIECTBASCTCA 110 HECKOJbKHM 1,6 I.1 0,7 0,5 0,65
MJIOCKOCTAM
To Xe, KOHTAKT IIOCKHE 0,3 0,5 0,6 0,6 .5
- 2,.; 1.3 T,1 1,1 1,3
OBEPXHOCTL 1IePOX0BaTasi, KOH- 0. 0,8 1,2 1,6 1,3
TaKT OCyIlecTBJsieTcss N0 He- 13 0,8 0, 0,4 0,5
%KOJII:KHM MACCKOCTAM
0 e, KOHTAKT IIoCKUM 0,4 0,7 0,8 0,8 0,6
1,6 0.9 0,8 0,8 T,1

Mpumevannsn 1. Hag ueprofi nmpupecHe! 3HAUCHHS Vo3, MOX UEPTOA — YVpi.
2. Tlox raapkofi mogpasymeBaeTCs MOBEPXHOCTb C OTMNEYATKOM AePeBAHHOM
onanyGkd WM 3ariaxkeHHasl BPYYHYIO NO CReXeMmy O6eroHy; noz LiepoxoBarofi —
NOBEPXHOCTb, HMEIOHIA# HCKYCCTBEHHBIE HJH eCTecTBEHHbIe BHICTYIIH BLICOTOH
(nam Bnapunm ray6unofi) mo 10 mm. 3. Beictymst Bhicotofi (WIM BRHAfMHBI TJy-
G6unoft) 10 mm u Gonee paccmarpuBaioT Kak wAonKA. 4. ConpoTHBieHHe
CABHFY 3a CHET CUCMJEHHSI ¥ MEXaHH1ecKOro 3amenJieHusi GEeTOHOB KOHTaKTHOro
WBa, TMOJNYYEeHHOr0 KaK OTNeuyaToK METaVIMYecKOd onanyGKu, He Y4YHTHIBAIOT.
B sroM ciyuae npuHMMAWT R, b = 0,650, » HE3aBHCHMO OF Kiacca MOHOJMTHOIO
Gerona. 5. [Ipn KOHTakTe M0 HECKONBKUM ILIOCKOCTSIM DPEKOMEHAYETCS MPUHUMATD
pasmepn! peGpa b, u k. B npeaenax or 0,3b mo 0,76 (cm. puc. 22). 6. Ilpome-
JKYTOUHbI® 3HAUCHHS KOSDODUIUHEHTOB Ys3 H Pps ONPEREISIOT N0 HHTEPHOMSUHH.

31

5%



// 7 |~ | 7 '
s ., L
N / \\/-
NLZE) 7
LLU.LLLLU\ASW

Puc. 20. Cxema pjas onpenelehnsl CABHraloulMX YCHINR, BOCHPHHHMACMKX NORe-
pedHOd apMaTypod B KOHTAKTHOM IIBE

| — cOOpHLIA 3JeMEHT; 2 — MOHOJUTHHIH GeTOH; 3 — KOHTaKTHHI woB; 4 — HAKOH-
HOE CeueHne

2.31. Conporusnenne wBa CABHIY Ry, s 32 cueT pabGoThl none-
peuHoil apmaTypbl (puc. 20) onpeaensior 110 popmy.e

Ra. s = 0.65 Y RiEsp . (78)
HO nApHHUMAIOT He Gosnee 0,7psoR;.
B dopmyae (78):
Ry — pacueTHoe CONpPOTHBJEHME MOHONMTHOrO Oerona Ha cxarue; E, — monyan
YHPYrocT# NONEpeuHoil apMartypel; Ms» — KO3(pPHUNEHT apMHPOBAHHS KOHTAKTHOrO
wiBa monepeyHoil apMarypoil, onpeaeasemuii no dopmyae

Psw = ASW/(b\hs)v (79)

rae b — HIHPUHA TrOPU3OHTAJbHOr0 Y4acTka MNOBEPXHOCTH IIBA; S — paccTOAHHE
MEXAY NONEPEYHAIMH CTEPIKHAMHU.

2.32. ConpoTHuB/ieHne mBa CABHFY 3a cYeT paGoOThl NONEpPeyHbIX
OGETOHHBIX LIMOHOK, FOPU3OHTAJbHLIX WM BepTUKaAbHbIX (pHc. 21),
onpenensiior no gpopmynam:

I!l'l
Ry o == 2Rotjbuly (80)
u bsh’slx
_ Rb]bnhn"
Rah, n = bg‘; lxh (8])

¥ NPHHUMAIOT MEHbllee 3HaYEHHe.

Tlpyu pacuere yuuThiBaIOT NMPOYHOCTH LINOHOK COOPHOro 3jeMeHTa
(Rs1, Ron, lm) ¥ wnoHOK u3 MOHOJMTHOro GetoHa (Rs2, Res, ln2).

B dopmyaax (80) u (81):

Rpj ¥ Rpy — pacueTHble CONPOTHBJCHUA CIKATHIO H PAaCTAIKEHHIO GeTOHa IIMOHOK,
bn, R, [ — mUpUHA, BLICOTA W JUIHHA WINOHOK; 72 — YUCJO LINOHOK, BBOAMMOE B Pacyer.

Yucsio TpeyroJibHbIX HIMNOHOK, BBOJHMOE B pPacyer, JOIKHO
ObITh He Oojee I[UeCTH, NPSIMOYFOJbHBIX H TPanelHeBHIAHbIX —
He fosiee Tpex.

2.33. PacueTHyio IMpHHY NOBEPXHOCTH CABHra b onpenessiior B
3aBHCUMOCTH OT XapaKTepa KOHTAKTHOTO MIBa, MJOCKOr0 HJIH pes-
puctoro (puc. 22).

Ilpu njockom KOHTAKTHOM wmBe (cM. pHC. 22, a) pacyeTHYIO
IWWHPUHY bsy MPUHUMAIOT PaBHOH LIMPUHE KOHTAaKTa B MECTe CONpsi-
XEeHHSl COOPHOro jeMEeHTa U MOHOJIMTHOro 6eroHa, by, = b.
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Puc. 21. Cxema 149 onpenesienns CABHraIOIHUK YCWIHH, BOCIPHANMAECMBIX MINOHKAMY
B KOHTAKTHOM miBe

I — cGopuniii anemenT; 2 — MOHONUTHDIA GeTOH; § — KOHTAKTHRIA 1IOB; 4 — HAKIOH-
HOe ceueHue

q 5 ) g
}t—_.ﬁ__vf ) IJ /4 ) /J
] T 2 =
2. Al o L/]d L &
Jj/ R = AN
4 brr br1
o -
1/ 1//f 11
b b ,g__‘%"
g g
2 3
4% &
bre
p Puc. 22. Cxema pacnoJyokenusi NoBepXHOCTeR caABATA
7- AJSl pacyera KOHTAKTHOro mpa
I — cGopHuiit aneMenT; 2 — MOHOJHUTHLIN GeroH; 3 —
b (JA0CKOCTH CABHra; 4 — KOHTAKTHHA OB

IIpu peGpuCTOM KOHTAKTHOM [IBE C MPONOJbHbIM peGpom
pacyeTHYI0 WIMPHHY bsx NMPUHHMAIOT NO HauGoJee ONMacHOM NOBEPX-
HOCTH CABMra: 10 Bcell NOBEPXHOCTH KoHTakta (cMm. puc. 22,6),
bsw = b + 2h,\, WM NO NOBEPXHOCTH, BKJIOYAIOMEH TNOBEPXHOCTD
KOHTAKTa M MOHOMUTHbIH OeToH (cMm. puc. 22,8, &), by =050 wnin
bsh = b — b, + 2hr2-

PacyetHoe mnojoXeHHWe KOHTAKTHOTO ILUBA MO BLICOTE 3JIEeMEHTa
hsn MPUHUMAIOT HA YPOBHE LEHTPa TSIKECTH KOHTYpa pacueTHo# no-
BEPXHOCTH CABHra (CMm. puc. 22).
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TMpumepn pacuera

Mpumep 7. Jaro: c60pHO-MOHOINTHAS Gajlka TaBPOBOTO CEUEHHUSI
(puc. 23). Pa3mephl nonepeyHoro ceuenusi: # = 900 um, b = 300 mm,
hf = 100 mm, bf = 1500 MM, a = 60 MM, Ao = 840 MM, lsp = 150 mm;
6eTon cGopHoro ajeMenra kiaacca B30 (Re = 17 MIla, Ry =
= 1,2 MIla), moHoauTHbléi GeTroH kaacca B20 (R = 11,5 MIla,
Ry2=0,9 MIla), nonepeunass apmarypa kijacca A-1 (Ryw=
= 175 MIla), 212 (Asw = 226 Mm>) ¢ warom 250 MM; onopHas
peakuns Q = 540,33 kH; gs» = 162,7 H/MM; noBepxHOCTb KOH-
TaKTHOTO IUBA MMEeT eCTECTBEHHYIO LIEPOXOBATOCTb C BHICTYMaMH
q1o 10 MM W npoHM3aHa BepTHKaJbHbLIMH CTepXKHAMHU. TpebGyercs
NpoBepuUTh NPOYHOCTH KOHTaKTHoro wmBa (cMm. puc. 22, a),
nNpUHHMas BHayaJje cOOpHLIA sneMeHT 6e3 NPOAONLHOro peGpa.

Pacuer: paccMOTPHM TPH NPOHM3BOJILHO BbIGpPaHHbIE HAKJIOHHBIE
CEUeHHsI C MPOEKUUAMH Ha NPOJOJNBHYI0O OCb 3JeMeHTa ((1)=
= 1,60 =~ 1330 MM, c2) = 2ho= 1680 MM u c@3) = ho = 840 Mm.

3HaueHHs MOMEHTa OT BHEIUHeH Harpy3KH B HOPMaJbHOM CEUEeHHH,
NPOXOAsiLieM uYepe3 KOHEl PacCMATPHUBAEMLIX HAKJIOHHBIX CeueHui
y cxatoil rpaHu aneMeHTa, M M MoOMeHTa, BOCIHPHHUMAeMOro
nonepeyHoit apmatypoit, Msw paBHbi:

Mgy = 718,64 kHu, Mg = 907,756 kHm, M = 453,39 kHm;
Moy = 143,9 kHM, Mz = 229,6 kHM, Mowz) = 57,4 kHm.

Cm;uraloume yCuaua B [UBE B 33BHCHMOCTH OT BEJHYHUHBI
NMPOEKUHN HAKJOHHOro Ce4eHus
F=(M— Mw)/z,
rae z = 0,9k, Ms» = 0,5¢.C’.
Fuy= (718,64 — 143,9)/(0,9 - 0,84) = 760,2 kH:

Fay = (907,75 — 229,6)/0,756 = 897,0 kH;
Fsy = (45 387 720 — 5 740 056)/0,756 — 524,4 H.

Paccrosinus ot TOpUA 3JIEMEHTAa A0 KOHNA HAKJIOHHOIO CEYCHUs
y cxartoil rpaHu
logy = lsup + €0y == 150 + 1330 = 1480 mm;
loz) = laup + €2y = 150 4 1680 — 1830 mm;
logy = lsup + €3y = 150 4+ 840 = 990 mm.
PaccTossHHe OT KOHIA HAKJOHHOTO CEYeHHs y cXKaTou rpaiy
AO KOHIla NMOBEPXHOCTH CABHIa:
Ly = €1y (han/ho) = 1330 (200/840) = 317 mm;
ll(!) = ((2) (hsh/ho) = 1830 (200/840) = 436 muM;
sy = €(3) (hsn/ho) = 840 (200/840) = 200 mm.

Hanuna MOBEPXHOCTH CIABHra:

Loy == logry — Dy = 1480 — 317 = 1663 mm;
lge) = luy — lua = 1830 — 436 = 1394 mwm;
Lonzy = loa) — @) = 990 — 200 = 790 mm.

Hanpsixkennsi 06:kaTUsi KOHTAKTHOrO 1MBa:
Gomty = Q/(blarny) = 540 330/(300 - 1163) = 1,55 H/mn’;
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Puc. 23. Ceuenve snemenra 750

I — cGopuulfi  3nmemeHT; 2 — MOHOAUTHbLIA i
GeTon

LI

300

Ja0
Gom2) = Q /(blsnz) = 540 330/(300 - 1394) = 1,29 H/MM H
Osmin) = Q /(blergsy) = 540 330/(300 - 790) = 2,28 H/mne’.
Cpejinee CyMMapHOe PacyeTHOE COMPOTHBJIEHHE CABUTY KOHTAKT-
HOTO IIBa NMPHHUMAaeM paBHbIM Ry = R, s + R, s.

ConporuB/ieHHe HIBa CABHUTY 3@ CU€T CHEMJIEHUs, MEXaHU4YeCKOoro
3alenyieHnsl 1 o6xartusa Gerona

Rt b = Vo1¥62¥63Rbe2 (l + Vs Som
Roez

Mpunumaem yp1 = 1,0; yp2 == 0,75; ys3 = 0,8; Y54 = 0,8;
Rut sy=1,0- 0,75 - 08 - 09(1+os‘0595 = 1,28 Mlla;

Run iy = 1,0- 0,75 - 0,8 - 09(1+os’0":’ = 1,16 Mila;

Ren o= 1,0 - 0,75 - 0,8 - 0.9(1 + 0.80—’2;) = 1,63 Mla.

ConpoTuBjeHye wWBa CABHTY 3a cueT paGoTh mnonepeuHo# ap-
MaTypst

Rt s = 0,65 Y RIE ftow < 0,7p50Re.

Koa¢dduunent apMupoBaHHUsi KOHTAKTHOrO LIBa
Aw 226
bus 300 250 0003

R,;.,,-—OGSVIOS’ 2,1 - 10° 0,003 = 0,55 MIla > 0,7.R: =
0003 225—047 MIla.

MMpunumaem R, s = 0,47 MIla.
CyMMapHbie PacyeTHbIe COMPOTUBJICHHSI:
Ray = 1,28 + 0,47 = 1,75 MIla; Ruxay = 1,16 4 0,47 = 1,63 MIla;
R = 1,63 + 0,47 = 2,10 MIla.

npelleJIbHHe CABHraiolue ycuwins, BOCnpHHUMaeMbl€ KOHTaKTHhLIM
IUBOM,
Fary = Rstqnybsulsrgry = 1,75 - 300 - 1163 = 610 600 H = 610,6 kH << F1) = 760,2 kH;
Fuxgty — Runbubuczy = 1,63 - 300 - 13941 = 681 700 H = 681,7 kH < Fgy = 897 xH.
Fanz) = Rouaybanbsnzy = 2,10 - 300 - 790 = 497 700 H = 497,7 kH < Fiy = 524.4 xH,
T. €. NPOYHOCTDb KOHTAKTHOrO Ba He ofecrneueHa.

Psw =
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Tlpunumaem cOOPHBIA 3/1EMEHT C HPOZOJABHBIM PeBpoOM ceueHuem
bh=150 MM u h,=100 mm. B 3TOM cJyuae AAF TaKOro
KOHTAKTHOIO IiBa CABHI BO3MOXeH 1o Tpem miockoctaMm. [Ipoepky
MPOYHOCTH WIBA MPOHM3BOAMM JJIsi BCEX TPEX CJayyaes.

Casur no miockoctu (cM. puc. 22, 8) hsy = 100 mwm.

Jlna KoHTaKTHOrO MmBa ¢ pe6pom: ys3 == 1,6 U yps == 0,4

[ c(.,"h_": - 1330%2% =158 um; hgy= c@,_';:;'h= 1830-;—23' — 218 mu;
hlh 100
l - —= 840 —— = ]00 M.
1(3) €@3) T 340 M

JlJiMHa moBepXHOCTH cABHra
lsnqty = loqry — iy = 1480 — 158 = 1322 mm;
Laqzy == loz) — liz) = 1830 — 218 = 1612 mm;

Ly = loyay — bay = 990 — 100 = 890 mm.

Hanpsixkenusi o6xatusi wsa

Q 540330 \
= = =136 H %
Ot = ey 300 - 1322 fum

Q _ 540330 _ o e
blag 300 - 1612
Q 540 330 2
O ) = Ly 300 - 830 foam
1,36

Rap, oiy=1-075- 1,6 - 0.9(1 + 0,43-5— = 1,73 MIla;

Op, m(2) ==

Rasn=1-075-16- 0,9(1 + o,4%‘§)= 1,62 MIla;

Ruuy—1-0,75 - 1,6 - 0,9(1 + 0,4-26'-‘;3) — 2,05 Mila;

R, s = 0,47 MIla, cnenoBarenbho, Ruqy = 2,20 MIla; Rz =
= 2,00 MIla; Rugs = 2,52 Mila.
[Ipenensinie caBuraiolLIMe YCHANS, BOCTPUHHMAEMblE KOHTAKTHbBIM
IUBOM,
Fury = 2,20 - 300 - 1322 — 872 500 H — 872,5 kH > Fy) = 760,2 kH;
Farqzy== 2,09 - 300 - 1612 =1 010 700 H == 1010,7 xH > Fg = 897,0 kH;
Fenzy = 2,62 - 300 - 890 = 672 800 H = 672,8 kH > F(3) == 524,4 xH.

TTpouHocTb KoHTaKTHOrO WBa obecneveHa.
Casur no naockoctam (cM. puc. 22, 6) : ha== 150 MM, bs==500 Mm:
Ly = 1330 - 150/840 = 238 mm; li2) = 1830 - 150/840 = 327 mum;
li(3 = 840 - 150/840 = 150 mm.

Jsiuna noBepxXHOCTH CABHIa:
Lty = 1480 — 238 = 1242 mm; [y = 1830 — 327 = 1503 wm;
Lay(z) = 990 — 150 = 840 mm.

Hanpsixkenns 06xaTusi KOHTAKTHOrO WBAa:

Q_ _ 540330 = 1,456 H/um?;

T = 300 - 1242
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s, mz)=@=m= 1,2 H/mm?;

Ob, m(a)=“—fi3)-=%=2.l4 H/mu?.
Ruoy=1-075- 1,6 - 0.9(1 + 0,4'0'—:5 — 1,78 MIla;
Rooy—1-075- 1,6 - 0.9(| + 0.4% — 1,66 MITa;
Rensn=1-075- 16 0,9(1 + 0,4%;_4) —2,11 MIa;

R, s = 0,47 MIla, caenosarenwho, Ry = 2,25 MIla, Rsq2) =
= 2,13 MIla, R = 2,58 MIla.
[Tpenenbible CABUTAIOIINE YCH/HS, BOCTIPUHUMAEMbIE KOHTAKTHBIM
LIBOM,
Fay = 2,25 - 500 - 1242 = 1 397 300 H = 1397,3 kH > Fu)= 760,2 kH;
Fagzy = 2,13 - 500 - 1503 == 1 600 700 H = 1600,7 xH > F(3 — 897,0 xH;
Finay= 2,58 - 500 - 840 = 1 083 600 H = 1083,6 kH > F(z = 524,4 xH.

[TpouHocTb KOHTakTHOro iiBa oGecreueHa.

CABHT N0 IOCKOCTH (CcM..pHc. 22, 2) Ay = 100 MM, by, =2 - 200 +
4+ 150 = 550 mm. [Tpu Ay = 100 mm panee 6u10 noayueno Rayny =
= 2,20 MIla, R = 2,09 MIla n Raa) = 2,52 MIla.

Ipenenbnbie caBuraioliue yCHAUA, BOCHPHHHMaeMble KOHTAKT-
HBIM LIBOM,

Fary = 2,20 - 550 - 1322 = 1 599 600 == 1599,6 xH > F() = 760,2 kH;
Fpqz)=2,09 - 550 - 1612 = 1 853 000 == 1853 kH > F(2) = 897,0 xH;
Faqzy = 2,52 - 550 - 890 = 1 233 500 = 1233,5 kH > Fg) = 524,4 «H.

Kak BuAHO, NMPOYHOCTb KOHTAKTHOrO IUBa M B 3TOM cJyuae
oGecneuena. Takum o6pa3om, A5 o6ecneueHusi NPOYHOCTH KOHTAKTHO-
ro 1IBa Ha CABHT HEOGXOAMMO M JOCTATOYHO CHAGAUTb COGOPHLIfA
3/€MEHT NPOJOCJbHBLIM peGpom.

PACUYET CBOPHO-MOHOJIMTHBIX KOHCTPYKILHUA
HA BbIHOCJIHBOCTD

2.34. Pacuer cGOpHO-MOHOJUTHHIX KOHCTPYKIMU{ HA BEIHOCANBOCTD
NpOHM3BOAAT NyTeM CpaBHEHHs HampsixkeHu#t B OGeToHe cGopHOro
3J1eMEHTa, B MOHOJIMTHOM GETOHE M B apMaType C COOTBETCTBYIOIIHMH
PacYETHHIMH COMPOTHBJIEHHUSIMH, YMHOMXXEHHbIMH Ha CBOM Ko3ddH-
ILHEHTH! YCJOBHM pabGoOTBl Yp1; M 7Ys3, NPHHUMAaeMmble Aasi 6GeToHa
no ta6a. 16, aas apmarypst no Tta6a. 25 CHull 2.03.01—84,
a npHY HaJIMYMK CBAPHBIX COEJMHEHMNl apMaTypbl — TaKXKe Ha Ko3(-
(GuuHMeHT ycsoBHil paGoThl Ys1 (cM. Taba. 26 CHull 2.03.01—84).

Hanpsixenuss B OeroHe M apmarype KakK A0 npuoGpereHus
MOHOJIMTHBIM GETOHOM 3aQaHHOH MPOYHOCTH, TAK U NOCJIE BLIYUCIAAIOT
KaK AJifi yHpYyroro Teia (Nno fpuBeJeHHbIM CeueHusM) OT AeHCTBUSA
BHEIUHUX CHJ M YCWIHA NPELBAPUTENbHOrO 00XKATHUS.

Heynpyrue nedopmauuu B cXKaToél 30HE KOHCTPYKUHM TMOC/]€
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NPHOGPeTeHHsI MOHOJNIUTHLIM 6ETOHOM 3alaHHOH MPOYHOCTH YYHTHIBAIOT
CHHXKEHHEM MOJyJsi YynpyroctH OeToHa, MPHHUMAs KO3PHUHEHTbI
NpHBEJEHUA apMaTyphl K GeTOHy aj B COOTBETCTBHH ¢ n. 3.47
CHull 2.03.01—84 u wmonosutHOro GeToHa kK GeToHy cGoOpHOro
3JieMeHTa PaBHLIMH OTHOLICHHIO af/aj.

2.35. Pacuer Ha BHIHOCJIHBOCTb CEYEHHH, HOPMAJBHBIX K MPOAOJb-
HOH OCH 3JIEMEHTa, MPOU3BOASAT M3 YCJOBHIi:

ans cxaroro 6eroHa

05, max | << Rot; (82)
Ob, max 2 < Rbﬂ; (83)

JUISl pacTSHyTOfi apMaTyphl
03. max g RS' (M)

B ycnoBusix (82)—(84):

G5, max 1, Ob, max 2 — COOTBETCTBEHHO MaKCHMaJbHHE HOPMAJbHbiE HanpsKeHust B GeToHe
CGOPHOTO 3/IeMEHTa M MOHOJNMTHOM GeToHe, BLIMHC/SICMbe COrJIaCHO NPHUBEACHHBIM
HHJKE YKA3aHHSM; Og max — MAKCHMAJNbHOE HOPMAaJbHOE HaNpsKEHHE B pacTsIHYTO
apmarype.

MakcumanbHble HanpsiXKeHUs1 B GeTOHe W apMaType BLIYHCJSIOT
no gopmyaam:

Ub,mnxl=‘i}q—(xﬂ—h+hl)+ N,"" ; (85)
Ired red
Op, max 2 == (,ﬂ xo + N,M “—1 — Oo2; (86)
Ied Alea [+2]
s = [ 5 (ho — 20) — 2 Yot + o (87)
Iled red 3
riae nasi u3rubaeMbix KOHCTPYKLHH
M= M + P(esp — ho + x0) + Mz, max + M; + Nj(x0 — yb); (88)
Not=P + Nj; (89)
JJIS1 BHEUEHTPEHHO CXKAThIX U PACTAHYTHIX KOHCTPYKUHH
M=M + P(es, — ho + xO) + Nz, maxeo + M; + N,(A‘u — Y5 (90)
N!ol=P:bN2.mn + NI- (9[)

3Hak «naioc» nepen Cuiof Ny p.x MPHHHUMAIOT, €CJAM QHA CXKH-
Mampouias, 3Hak «MHHYC» — €CJIH PACTATHBAlOLiasl.
B ¢opmyaax (85)—(91):

Xp — paccTosiuie oT KpafHedl caKaToOd rpaHu KOHCTPYKUHHM A0 UEHTPA TAKECTH
ee mpuBeACHHOro (¢ yuetroM KO3()(HIHEHTOB af M @) ceueHHS; esp — PACCTOAHHE
OT TOYKM MPUJIOXKEHWS! PABHOACHCTBYIOIMEA YCWIHS NPEABAPHTENLHOrO HaNPSKEHHA
apmarypH A0 LEHTPa TSKECTH CeueHHs! apMaTypH, orBeqaioinedi paGouefi Bricore ho;
yf — paccrosiiie OT TOUKM Npwiokedust ycwinst N; jo Kpainedi cxarofi rpanu
3JleMeHTa.

3navenuss M; u N; onpesensior no ¢opmyaam (133), (134) nau (136) nacros-
mero Toco6ust npH KosdpuuKeHTe HANEKHOCTH MO HArpyske ¥y = | ¢ yueToM sameHH!
asEy na Eg/ab u o2 Ha af/al.

B ¢opmyae (86):
NpH OTCYTCTBHM TPELlUH B COOPHOM 3JIE€MEHTe 10 NPHOGPETeHHs
MOHOJIUTHEIM GETOHOM 3aJaHHOH NMPOYHOCTH
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h—h
W Lot — Om)] % , (92)

rAe ©f; W Op — HanpsykeHuss B HaHMEeHee H Haubojee o06XaTHX BOJOKHAX
cOOpPHOro 3J4€MEHTa K MOMEHTY NpHOGPETeHHsi MOHOJHTHLM GETOHOM 3aiaHHO Mpoy-
HOCTH, OnpexeisieMble [o (opMY/IaM CONPOTHBACHHS YNPYTHX MaTepuanoB npu
w>1

NPpH HaMUUYUH TAKHX TPELIHH

o2 = (@i /a3) Eor (1 /) (B — by + x3), (93)
rae xi u (1/r) onpemeasior B-coorsercTBUH ¢ n. 4.4. Hacrosumero I[locobus
npu vy > 1.

IMpuBeNeHHbIE XapaKTePHCTHKH ceueHust Area; Sfea M I7.4 onpene-
JAIOT CJAEAYIOIIUM 00pa3om.

Ecau B ceueHuu He 06pa3yioTcsi HOpMaJbHEIE TPELHHEL, T. €. eCJIH
BHMOAHAIOTCA ycaoBusa 0. 3.5 Hacrosuero Iloco6us npu 3amene
3uaueHuit Ry, ser 1 HA Rp B Ry, ser 2 Ha Rps2, MPHBEEHHOE CeUEHHE
BKJIIOUaeT B cebsi MoJHoe ceueHue GeTOHOB (COOPHOTO M MOHOMMT-
HOro), a TaKXe MJoHlajAb CeueHHsi Bceil MPOMOABLHOH apmarypbi,
YMHOXEHHOH Ha KO3 QHUHEHT NPUBEAEHHUS af.

Ecau B ceueHun 06pa3yioTcsi HopMaJibHble TPELUHHbI, TPUBEACHHOE
ceyeHue BKJIIOUaeT B ce6sl MJIOWLAAb CeueHHs GETOHOB, PacloJOXKeH-
HBIX B CXKarof 30He, a TakXe MJIowWajb ceyeHHs BCed NMPONOJbHOM
apMaryphl, YMHOXeHHOH Ha KoadduuueHT MpHBeLeHUs af.

B nocnexseMm caydyae BHICOTY CXATOH 30HHI ONMPeAENSOT U3 ypaB-
HEeHHSHA

Gpp = [ua; +

S

af
Ion + —1Ipz + af g
M4 =1 , (94)

Nt of A
Sor + — So2 — af X A (o — %)
at i=1

rie M — onpeneasior no ¢opmyae (88) wumu (90) c 3ameHofi xo Ha x;
Niwt — no dopmyae (89) wau (91), I, — MoMenT uHepuuM cxarofi 30HH cGOPHOro
3/1eMEHT2 OTHOCHTEJbHO HYJEBOR JIMHHH; [y — TO JKe, MOHOJHTHOro GeToHa;
I3 — MOMEHT uHEpUHMH IVIOLIAJAM CEeYeHHA i-r0 CTEPXKHA apMaTyphl OTHOCHTEIBHO
HYJI€BOH JIMHHH; Sp1 H Spz — CTaTHUECKHE MOMEHTH CXKAaTOH 30HE COOTBETCTBEHHO
cOOpHOrO 3J€MEHTa R MOHOJHWTHOrO GeTOHa OTHOCHTENBHO HYJCBOR JIMHUK;
As — nnomaab ceueHusi (-r0 CTEPKHA apMaTypn; Ay — paccTosHue OT CXKaroft
TPaHH 2JieMeHTa A0 LIEHTPA THAMKECTH i-FO CTEPKHS apMaTyphl.

2.36. KoappuuUMEHTb acCHMMETPUH UHKIA BHIYHCISIOT MO Gopmy-
Jgam:
I 6eTOHOB

Q1 = Ob, min 1 /05, max 1; (95)
@52 = 05, min2/0b, max 2; (96)

VIS apMaryphl
Qs = Os, mln/bs. max. (97)

B ¢dopmynax (95)—(97):
Os,mints Obmin2 H Os min — HOpMaNbHble HaNPsSXKEHHsA COOTBETCTBEHHO B GeroHe
cGopHOro 31€MEHTa Ha ypoBHe ero KpafiHeli cxkaTofi rpaHu H B MOHOJAMTHOM GeToHe
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Ha ypoBhe xpafinefi cxaTofi rpaHM KOHCTPYKIHMM M B PacTAHYTOH apmarype,
onpefeasieme o dopmynam (85)—(94) ¢ yuerom 3amennt Mzmax (Nzmax) HA
Ma qin (N2 min) — MUHHMaNBHOE B Mpefeaax UHUKIA 3HAYEHHE BHEIIHEro yCHWIWs, npu-
KJI3/(HB2EMOro 110c/ie MPHOGPeTeHMst MOHOIMTHHM GETOHOM 3alaHHOM MPOYHOCTH.

B 3omne, nposepsieMoii mo cxaromy G6erToHy, NpH JLeACTBHM
MHOT'OKPATHO MOBTOPSIIOLIEHACS HArpy3KH cjeayeT u3beraTb BO3HUKHO-
BeHUsl pacTArMBaloOmuX HanpskeHuii. Cxaryilo apMaTypy Ha BHI-
HOCJIUBOCTb HE PACCUHTHIBAIOT.

2.37. Pacuer Ha BHIHOCJIHBOCTb CeYEHHi, HAKJIOHHBIX K MPOAOJbHON
ocH, npoussogaTr no n. 3.49 CHull 2.03.01—84.

Tipumepun pacuera

Mpumep 8. [Jano: cGopublii snemeHT u3 GeroHa kaacca B40
(Ryi = 22,0 MIla, Ryn = 1,4 MIla, E, = 36 - 10° MIla); Geron
omoHoaMuuBanusa kjaacca B15 (Ry2 = 8,5 MIla, Ry = 0,75 MIla,
Ep2 =23 - 10° MIla); npennanpsixennass apmarypa kaacca A-V
(Rs = 680 MIla, E;, = 1,9 - 10° MIla); miomaasio cedenusi Asp ==
= 760 mM (2@ 22); npexBapuTeNbHOE HanpsKeHUe (¢ yueTrom Bcek
notepb) os, = 340 Mlla; uemanpsiraemasi apmatypa Kiacca A-III
(Rs= R:=1365 MIla, E;=2-10° MIla) mromansio cedyeHus
A;=785 mm’ (1@10). [efcTeyomuit u3ruGaowu MOMEHT,
NPUIACKEHHBIA A0 NPUOGPETEHHS] MOHOJMTHBLIM GETOHOM 3ajaHHOM
npouHocth, M = 38,0 kHm, To xKe, nocje npuoGpereHns: MOHOIHUTHBLIM
6eTOHOM 3a4aHHOH NPOYHOCTH Mz may = 45,0 KkHM u Ms iy = 0.
Pa3mepn! ceuennss npuBeAeHH Ha puc. 24.

TpeGyerci NpOBepUTH BHLIHOCJAMBOCTE KOHCTPYKHHH [0 HOpMaJb-
HOMY CEYEeHHIO.

Pacuer: onpenesisieM HanpsixkeHnusi B 6eToHe COOPHOro 3jeMeHTa
M B apMarype AO NPUOOPETEeHUs] MOHOJMTHHIM O€TOHOM 3ajaHHOH

MPOYHOCTH.
BbluncisieM reoMeTpuuecKue XapaKTEPHCTHKH NPHBELEHHOro
CEUYECHHA: E! P E,, p
Ar =A 2 : 2 sp =—
ed 1 b1 +0‘£"l + Eo
2.1 1,9 - 10°
— 100 - 300 + 100 - 200 78,5 + — 760 — 2,
+ 35100 00t g g5 (00— 54400
E E
Sea1 =S LS4 =2 S, =
» o;; 61 +osE"' + i
100 - 4 100 - 1 2.1 1,9 - 10°
= 78,5 (400 — 30) + —————_ 760 - 50 —
2 + 2 +36-|o~" ( )+36-|o=’760 50
— 8862 - 10° mn%;
Srea1 8862 - 10° .
g =2t 202 T 163 mu;
VetV = gy 54400 -
foar = I+ E gz 4 B g, 190 400" 105 400(0,5 - 400 — 163) +
m’EM Epn 12 o
100 - 1 2-1
= . 100(163 — 50)° 4 ———— _ 78,5 (400 — 163 — 30)°
+——5—+ 100 100 (163 )2+36-10" ( 30)° +
4 1910 e (163 — 50 — 794 - 10° .

36 - 10°
40



Puc. 24. Ceuenue anieMenTa
1 — c6opuufi ajeMeHT; 2 — MOHONMTHRA 6eToH

N
S

00

1010

MUY
NN\
300
400

1

2¢22-

Y
)

200

Hanpsixenusi B Gerone:
Ha HHXXHeH rpaHu

1= U:pAsp + U.spAap (ym: l‘- a) — M,
red | Trear
340 - 760 , 340 - 760 (163 — 50) — 38 - 10°

54 400 + 794 - 108

o Yred 1 =

163 = 2,94 MIla (cxaTue);

Ha BepxHeH rpaHu
ofy — U;pAsp _ —‘aspAsp (ymi | B ﬂ) -

red 1 lrea

M
! (h — Yred I)=

__340 - 760 , —340 - 760 (163 — 50) — 38

- 108
52400 T 704 - 10° (400— 163)==7,38 MIla (cxarue).
Hanpﬁmeﬂue B apMarype
—_ Eale — _
Os1 = Osp + Enlod) Yrea 1 — @)=

19.10° 38 10°
36-10° 794 . 108

Onpenensiev HanpsiKeHUs B KOHCTPYKLHMHM Tocje NpHOGpeTeHHs
MOHOJIMTHBIM GETOHOM 3aJlaHHON MPOYHOCTH.

Bhiyncisiem reoMerpHueckue XapakTepUCTUKU NPUBEEHHOTO ceye-
HUSl KOHCTDYKLMU C yueToM Ko3(pduuuentoB aof =10 u ast =25
(cm. n. 3.47 CHull 2.03.01—84):

Ala=An +:—;Aba + af (A5 + Asp) = 100 - 300 4 100 - 200 + 100 - 300 10/25 +
, -+ 10 (78,5 + 760) = 70 4%%20 mm; s
Stea = So1 + 1. Sia + af (S + Sw) = '°°'2 4100 100 +-;3|oox
X 300 (400 — 0,5 - 300) + 10 [78,5 (400 — 30) + 760 - 50] = 12 170 - 10° mm®;

=340+

(163 — 50) == 368 Mlla.

g = ord 220 D 173 g
Yred = Arna 70400 3
Foa = In +i;;—lu + af (fi + Ip) = 1001'24003 + 100 - 400 (0,5 - 400 —
3 -
—l73)’+-m0;_m0+100-100(l73—50)2+;—g- w'}

<+ 100 - 300 (400 — 0,5 - 300 — 173)* | + 10 (78,5 (400 — 173 — 30)* 4
+ 760 (173 — 50)7] =X 1029 - 10° mu®*.
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Mo dopmynam (133) u (134) c yuerom ykasauHoit B m. 2.35
3aMmeHnl onpenensieM M; u N;. Jna atoro BhuHCaAsieM
y5 = 0,502 = 0,5 - 300 = 150 mm;
A=bzh2= 100 - 300 = 30 000 MMz;

== — 995 . 10° mm*;
12 12
(L) My — Oy (Jreas —a) 38 - 10° — 340 - 760 (163 — 50)
r /! Eutlrea t 794 . 10° -
=0,308 - 107¢ MM,
Toroa
. 10°
m=Ez lz(l) =221 005 . 105. 0,308 - 105 =554 - 10° H - mm;
ab rJt 25
E. 1 of 2. 10°
== - - 8 g =T 0 —
- NG yé)( ,), + o 2 Az =230 000 (40

— 150)0,308 - 10~% + 2.94%230 000 = 53,8 - 10° H.

Mo ¢opmyne (88) u (89) npu xo=Hh — Yrea = 400 — 173 =
=227 MM M P = 05pAsp = 340 - 760 = 258,4 - 10* H sbiuncasem
M =38 - 10° 4+ 258,4 - 10° (0 — 350 + 227) + 45 - 10° + 554 - 10° +
+ 53,8 - 10° (227 — 150) = 55,9 - 10° H - mm;

Niot=258,4 « 10° + 53,8 - 10°=312,2 - 10° H.
BrlyncasieM MakcUMaJbHBEIE HaNpsKeHUs:
Ha cXartoft rpaHu KOHCTPYKUHH [cM. dopmyay (85)]
55,9 - 108 . 227 | 312,2 . 10°

Ob, max 1} = +

10 - 29 - 108 70 400

= 16,76 MIla;

Ha pacTAHYTON IrPaHH KOHCTPYKLHH
55,9 - 10°(400 — 227) , 3122 - 10°
10.20.100 T 70400 — %7 Mila
3HAK <«MHHYC» COOTBETCTBYET PpACTSTHBAIOLIUM  HanNpPSIXKEHHSM.
Tak kak yciosue (114) He cobaonaercs (Op, max 1 = 4,97 MIla >
> Royor. = 1,4Ys1,1), TpeLMHbl 06pa3yloTCa M pacuer cieayer npo-
M3BOAUTH Ge3 yyera pacTAHYTOH 30HLI GETOHOB.
BbicOoTy cxaroif 30HB onpeAensieM U3 ypaBHeHus (94).
JleBasi yacTb 3TOro ypaBHeHMs paBHa:
M M+ Pew—h+ %)+ Mo s + M+ Ny (x — yf)
Niot P+ N ’
TNoacraBasa ync/ieHHble 3HAYEHUs, MONAYYHM

_M _38-10°4-258,4 - 10%(0— 350+ x)+45- 10°4-554 - 10°4-53,8 - 10%(x— 150) __

Obt, max | ==

Niot 258,4 - 10°+ 53,8 - 10°
=x— 479
npaBas uacTt ypaBHeHusi (94) paBHa
s . af bt , , 2
T+a—é . -—3—+a|A,p(ho—-x)2+ u{As(x— a’) _
b 8 B2 i (i~ ) — atAi @ — 2)
2 et 2

42



1003 | 10 1008

——— — 0 e v— - — 2 . - 2
3 +g5 -~ + 10 760(350 — x) + 10 - 785 (x 30)__
T 1002 . 10 1002 -

_2__+§._2-_10-760(350—x)—-10-78,5(30—x)

__46,674" + 8385x" — 5,367 - 10°%¢ 4 932 - 10°
70x° 4 8385 — 2,684 - 10° :

TpupaBHuBasi npaByio 1 JeBYIO YacTH ypaBHenus (94), noayyum
46,671 4 8385¢2 — 5,367 - 10°¢ 4 932 - 10°
702 + 8385x — 2,684 - 10°

x—479=

oTKyaa x = 265 Mm.
Yuuthisas, 4To

Niot (x — 47,9) = O, max 1 [b'—x2 + o b @f{Asp (ho — x) — alfAi(a’ — x)].
2 ab 2
HaxoauM
P Niot (x — 47,9)
’ 70x* + 8385x — 2,684 - 10°
WiIn

. __ (2584 - 10° 4 53,8 - 10°)(265 — 47,9)

* ™! 7770 . 2657 + 8385 - 265 — 2,684 - 10°

Hanpsxenne B MoHoiMTHOM GeToHe Ha KpaliHell cxXaToii rpaum

onpenesnisem no ¢opmyae (86), koropas nns paccMarpHBaeMoro
THMa ceueHust Npuobperaer BUL

=152 MIlla.

af
Op, max 2 = Ob, max 1 —, — Gp2.

af
C yuerom BhlpaxeHus (92) umeem
1
Onmoxz = (00 muxt — 08) 2= (15,2 — 7,38) 8 — 3,13 Mlla,

Hanpsixxenue B apmartype Asp
—x 350 — 265

sp = 10 « 15,2 ——=—— 4 340 = 388,8 N
. + 05 15, 565 + MIla

ho

05, max == @{0b, max 1

BeiuncasieM Ko3((UUMEHTB! acUMMETPUU UMKJIa npH Mg = 0
Os, min == 051 = 368 MIla; 04, qni = 0}y = 7,38 MIla; 0 w2 =0.
Orkyna no dopmynam (95)—(97) umeem
oo = 7,38/15,2 = 0,486; ;o = 0/3,13=0; g3 = 368/388,8 = 0,947.
Mo ta6a. 16 u 25 CHull 2.03.01—84 naxopum vy, = 0,943;
Vor.2 = 0,75; ys3 = 0,931.
Mposepsiem ycnoBusi (82)— (84)
@y, mex 1 = 15,2 MFIla << Rp1751,1 = 22,0 - 0,943 = 20,7 MIla;

Ob, max2 = 3,!3 MIa < wablﬁ =85+ 075= 6,38 Mﬂa;
05, max = 388,8 MIla < Ryyss = 680 - 0,931 = 633 Mlla.

Takum 06pa3oM, BBIHOCJMBOCTb KOHCTPYKLUMM oGecreuena,
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3. PACYET )XENE3OBETOHHbLIX CBOPHO-MOHOJIUTHDBIX
KOHCTPYKUHUA NO NMPEREJIbHbIM COCTOSSHUSIM
BTOPOW TPyMnbl

PACYET O OBPA30OBAHUIO TPEULUH

3.1. C60pHO-MOHONMHUTHLIE KOHCTPYKLUHH, B 3aBHCHMOCTH OT
npexbaBAsieMbIX K HHM TpPeGOBaHWH 10 TPelLHHOCTOMKOCTH, pac-
CUUTBHIBAIOT MO O0O6GPa30BAHUIO TpewldH B COOPHLIX 3jeMeHTax,
HOPMaJIbHWIX K TMPOAOJbHOH OCH KOHCTPYKIUIH, H HAKJOHHBIX —
B 30He AeHCTBHS HAHOONBIIKX IVIABHLIX PACTATHBAIOLLHX HATIPSXKEHMI.

3.2. Pacyer no o6pa3oBaH®I0 TPEHIHH BLINOJAHAIOT B COOTBET-
ctBun ¢ nn. 1.16, 1.17, 4.2 u 4.3 CHull 2.03.01- -84 u nn. 3.3-—-3.7
nacrosiuero Iloco6us.

Pacuet no oGpa3oBanyio TPEINH, HOPMALLHbIX
K NPOIOJbHOA OCH KOHCTPYKIUU

3.3. Pacuer no o6pa3oBanvio HOPMaJIbHBIX TPELIMH NMPOHU3BOAAT
U3 yCJIOBUA

M. < Mere, (98)

rae M,—MOMQHT TPWIOKEHHBIX K KOHCTPYKHMHH BHEIIHWX CHI OTHOCHTEJbLHO
OCH, HpoxoAsiiedi uepe3 AAPOBYIO TOUKY, HauGojee YRaNEHHYIO OT PpacTAHYTOH
30HH!, TPellMHoOGpa3oBanye KOTOPoA nmposepsiercst; M., — MOMEHT, BOCIPHHHMAeME!f
CeUYCHHEM KOHCTPYKUMM NpH OGDa30BAHUM TPEUIHH.

Ina uaruGaemMblX KOHCTPyKuuit (puc. 25, a)

M, = M + My; (99)
N5 BHELLEHTPEHHO CKAThIX KOHCTPYKUHMA (puic. 25, 6)

M, =M 4 Na(eo — 1r); (100)
IJ1Sl BHEHEHTPEHHO PACTAHYTHIX KOHCTPYKuuil (puc. 25, 8)

M, = M + Nz (eo+ 1) (101)

3aech r — paccrosiuMe OT UEHTPA TSDKECTH CEYEHHSI KOHCTPYKUHH, NPHBEAEHHOro
(no monymo ynpyrocti) K Gerony c60pHOro ajeMeHTa, 10 AAPOBOA TOUKH YKA3aHHOrO
ceyenusi, Haubojee ynaneHHOR OT PacTAHYTOH 30HH, TpPeulMHOOGpa3oBanHHe KOTOPOH
onpeaeasercs.

Jnsi BHELIEHTPEHHO CXKATBIX M H3rHGaeMblX KOHCTPYKUHU#

r—=o Vet _ on, (102)
Ared
rae
Q= 1,6 — 01’32/Rb. ser 25 (|O3)

Ob2 — HANDSIKEHHA B KPalHMX CXKATHIX BOJOKHAX MOHOJNMTHOrO GeToHa, NMPH 3ITOM
JIOJIXKHO BHINOJIHATBCA yciaoBue 0.7 < @ << 1.

Jnsi BHELEHTPEHHO PACTAHYTBHIX KOHCTPYKUHH
r= ‘Vud/Aved = Qq. (104)
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Ag 4s
| ! i I [ %4
<
/i 4
2 of
J % |- ZIRE "@,
/] LS '/ <
/ d 4
! A= =
1 CiE— EH—-
'
A;p Rutsers ﬂgp Ryt sers
1
49 As
;
| A | Puc. 25. Cxemn ycuawit m smwopn Hanps-
e 4 * 3 Xewuli B nonepeaHoM ceuennn cGopHo-
4 & o @ MOHOJHTHOTO SJEMEHTa NpH paciere ero
x no o0pa3oBAHMI® TPENmHH, HOPMAJIBHHX K
4 NPoACABHOA OCH ajemeHTa
IR — a — npu uarube; 6 — MpU BHELEHTPEHHOM
7 L —™5  CKaTuu; 8 — NPH BHEUHTPEHHOM pacTxe-
71 7 HuH; | — cGopHWHA 9jgemMeHT; 2 — MOHOJNT-
Agp == ttsent AWl 6GeroH; J — UEHTP THAXKECTH npHBe-
e ZEHHOro ceueHus; 4 — sAPOBasl TOYKA

UucnenHble 3HaueHHs Oh2 ONpeAesiioT no ¢opmyse

, ‘12y:sd
Oy = (051 + 2Ru1, eer 1), (105)
Yred
rie Op — HanpsxeHus B Haubojee OGXKaThIX BOJOKHAX CGOPHOrO 3JIEMEHTa K MO-
MEHTY NpHOGPETEHHS] MOHOJHTHHIM GeroHOM 3aJaHHOA NPOYHOCTH, ONpeAc/seMbie
B coorBerctBuM ¢ n. 1.28 CHuIl 2.03.01—84; y/ou ¥ Yrea — PACCTOAHMS OT UEHTPA
TSXKECTH CEYeHHs] KOHMCTPYKIHM, NMPHUBEAEHHOro (N0 MOAYJIIO YNPYrocTH) K GeroHy
cGopHOro 3jeMeHTa, COOTBETCTBEHHO A0 KPafHMHX CXKATHIX M PacTAHYTHX BOIOKOH
YKa3aHHOTO CedeHHsl.

MowMeHT, BOCTIPHHHMaeMblH ceyeHneM KOHCTPYKIHH TpH 06paso-
BaHHH HOPMaJIbHEIX TPeLlHH, onpeaeasiior no dopmyJe

Mcrc = Mrp + Rbt. ser lel, (106)
rae
Ared rArea
M,=P ) LA 4 M (1 — ); 107
’ (eOP + l) Wred 1 + ! Wred 1 ( )

ry — PAcCTOAHHE OT NEHTPA THKECTH NPHBELCHHOTO CceyeHusi COOPDHOTO 3JeMeHTa A0
sifpoBofl Toukn (YCJIOBHOW) YKa3aHHOrO ceyeHHS, HauGonee ynaneHaok or pacra-
HYTOf 30HH, TPem(NHOOGpa3OBaHHE KOTOPOH onpepessieTcs.

Ecan cGopHBIi 3J€EMEHT MOMafaer B CXKATYI0 30HY KOHCTPYKUHH

n=g Z':d—l—= P18n1, (108)
Ared 1

o1 = 1,6 — (041 + 0£)/Rs, ser 1, (109)

rae of — HanpsiKeHnsi B HanMeHee OGXKATHX BOJOKHAX CGOPHOrO 3JEMEHTa
K MOMEHTY NPHOGPETEHHs] MOHOJIATHHM GeTOHOM 3afiaHHOM MPOYHOCTH, ONpeReaseMue
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B coorBercTeud ¢ 0. 1.28 CHull 2.03.01—84; o; — panpsbkesuss B Kpaiinux
CXKAaThiX BOJOKHaX cOOPHOTrO SNEMEHTa OT BHEIHHX HATPY30K, NPHAOKEHHHWX NOoc/ae
NPHOGPETEHHS] MOHONKUTHNM GETOHOM 3aAaHHOA NPOYHOCTH, MPH 3TOM AQANKHO BHMNOA-
HATLCR yeaosue 075 < i << L.

Ecnu cﬁopﬂuﬁ JISMEHT HC MOonanaer B CXKaTylo 30HY KOHCTPYK-~
UHH, TO I't = Qpni.
Yuciienueie 3HaYCHUA o} oupeaensor no d)opmy.ne

65 == (061 + 2Ru1, ser 1)'ywd ! , (110)
Yred 1

TA€ Yredt B Yred | — PACCTOAHHS OT WEHTPA THAKECTH CEUCHHH KOHCTPYKUUH,
npuBejeHHoro (Mo MORYRIO YAPYTOCTH) K GeroHy cGOpHOrO 3AeMenta, AC HaBMEHER
H naufoiee o6XAaTHIX BOJOKOH YKa3aHHOTO 3JIeMCHTA.

3.4. 3nauenne Wy onpenensior no ¢popmye

Wy = 2 (Ino +hcu_1.c:|c t+odi) o0 (111)

[onoxenne HyneBoH JAMHHMH CeUEHHS KOHCTPYKUHH, NPHBELEH-
HOrO (MO MOAYJIO ympyrocTH) K OeToHy ¢OOpHOro aJeMeHta,
OHPERENSIOT U3 YCJIOBHS

Sto + 01 Sé — 6180 — 0,5(8 — x} As: = 0. (112)

B dopmyaax (111) u (112):

Iso — MOMEHT MHEDHUE IOHIALK CXKATOH 30HE! CEUSHHA KOMCTPYKUHHM, APUREECHHOrO
K GetoHy COOPHOrO 3/eMeHTa, OTHOCHTEAbHO ero HyaeBofi sunud; fo ¥ I — MOMEHTH
HHCPILMH IVIOMAjelk CeueHHst COOTBETCTBEHHO apMarypsl S H S8’ OTHOCHTEALEO
nyaesofl Junuu; Sfo M Spo — CTATHMECKHe MOMEHTH NAOIlaAeli COOTBETCTREHHO
CXaTofi H PAcTARYTOR 308 CEYEHHS KOHCTPYKIUMH, MPHBEAEHHOro X Gerony cGopHOro
MIeMEeHTa, OTHOCHTILHO HyJepoli AuBUK; So M Sip — CTATHNECKUE MOMEHTH mioua-
Aell CeUeHMSt COOTBETCTBeHHO apMarypsl S8 u 8’ OTHOCHTENBHO HYJIEBOA JIHHHH;
Ap; — nAOW ARk PACTAHYTOrO GETOHA B CEYERMH KOHCTPYKUHH, NPHUBEACHHOM K (erony
COOPHOrO VIeMEHTA.

Ecau MoHOMUTHLIR GETOH NONAAaeT B PACTAHYTYIO 30HY KOHCTPYK-
QUK H HE BBLITOJHAETCS YCJIORHE

209R0s, ger 2
— R 2= Yreal | — ——————1), 113
h=h>y “( 01;1+2Rm.w|) (113)

yuCJIeHHHe 3HayeHna Sy H A Onpenensior 6es yuera MOHONHTHOrO
GeToHa.

B ¢opmyae (113) der — Hanpsokennuss B HauGosiee 06xKarbix
BQJIOKHA@X COOPHOTO 3j1eMeHTa K MOMEHTY [IpHOGpeTeHHs MOHOJIMTHAIM
GeroHoM 3ajaHHOA TPOYHOCTH, Onpejensievhie B COOTBETCTBHH ¢
m. 1.28 CHull 2.03.01—84.

3.5. Pacuer no 06pa3oRaHuio TPEIUHH TPH AeACTBMM MHOTOKpAT-
HO MOBTOpAIOLIeNCH HATPY3KH MPOU3BOAST M3 YCJAOBHI:

Ot 1 < Ro, sec 13 (114)

ot 2 < Riy, ger 2, (115)
TA€ Gps | ¥ Ops 2 — MAKCHMAJIbHHE HOPMAJLHBIE PACTATHBAIONINE HAnpskeHun B GeToHe
cGOPHOTO S/eMeHTAa M MOHOJHTHOM GeToHe, onpeaeaaeMble no (opmyram,
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M yo_ Nlal .
Ired A-md ’

af M Nt ( a ) , a]
—_g)— — — o f ] —— | — —1. 117
as [ Trea (o — a) Area oo h ot h (17

B ¢opmyaax (116) u (117):
Areq — NpUBe/leHHAN IVIONIAZb CEYCHHS KOHCTPYKUMH, BKAUAIOIAA NOJHOE cedenue
GeroROoB (nMpHBemeHHOe K GeTOHY cOOpPHOro ajiemeHTa), a TAKKe IUICIalb CEueHHA.
Beeli apMaryph, YWHOXEHHYIO Ha Koa(ipuuuent npupefenust af; [rs — cofCcTBeHHHE
MOMEHT HAEPUMH YKasaHHOH [NJONLafH; Yo — PACCTOSAHME OT PACTAHYTOR rpaHM
KOHCTPYKUMM 0 HYJeBOll JWHUH NPUBEAEHHOTO CeueHHs; & — PaccTOsHMe OT pacTH-
gy’roﬁ TPaHE KOHCTPYKUHH RO KpafiHero pacTSIHYTOrQ BOJOKH2 MOHQIHTHOrO
eToHa.

(116)

Ot | =

Op1 2 ==

3uauenus M;, N; onpepensior npu vy =1 no dpopmynam (133)
u (134) ¢ yuerom ykasauuii n. 2.35.

PacuerHoe conpoTHBJeHHe O0ETOHA pacTAXKEHUIO Ry, ser1 R
Rot, ser 2 B Qopmynax (114) u (115) BBomAT ¢ Koadpduuuentom
yCNOBHA paGoTH Y1, MpUHUMaeMbiM no Taba. 16 CHufl 2.03.01—84.

Pacuer no oGpasoBanuio Tpelwun, HaKIOHHBIX
K NPOAOABbHOH OCH KOHCTPYKLMH

3.6. Pacyer no oGpa3soBaHHI0 HAK/JIOHHBIX TPELIHMH IIPOU3BOAST
U3 YCJI0BHUSA

Omt < VoaRbi, ser 1, (118)
rae
_ 1— Gm;c/Rb. ser |
M=o eB (119)

HO He GoJjee 1.

3nech @ — Ko3(p(pHUHENT, NPURHMaeMulli paBHhM Ajas TRKeaoro Gerowa  0,01;
npu 3TOM [OMIKHO BHIOJNHATbCA YcjoBhe aB > 0,3; B — wnacc GeroHa cGopHoro
3JIeMEHTa No NPOoYHOCTH Ha cxkaTue B Mlla.

Ecau c6opHBIfi 3eMEHT MonajaeT B CXKaTYIO 30HY KOHCTPYKILMH,
NPOBEPKY Mo 06pa3oBaHUWIO TPElUIUH APOU3BOAAT HA YPOBHE LEHTpa
TSXKECTH INPUBEAEHHOrO0 ceyeHHs COOPHOro 3JeMEHTa M Ha YpPOBHe
LEHTPa TSKECTH CeYeHUS] KOHCTPYKIMH, NPUBEACHHOro (Mo MoOAYyJIo
YIpYyrocTu) K GeToHy cOOpPHOro 3JeMeHTa, a NPH TaBPOBHIX H JABY-
TABPOBHIX 3/IEMEHTaX — M HO JHMHUM MPHUMBIKAHUSA CXKAaTtof NOJKH
K pebpy.

Ecau cGopHbili 371eMEeHT He momajaer B CXKAaTylo 30HY KOHCTPYK-
MM, MPOBEPKY MO O6GPa30BaHUIO TPEIUMH NPOH3BOAAT Ha YPOBHE
LEHTPa THXKECTH NPUBEJEHHOIO CeueHusi COOPHOro 3J1eMeHTa.

3HayeHus rM1aBHEIX PacTACHBAIOUIMX M IV1aBHLIX CXKUMAIOWUX Ha-
npsixkeHuit B OeroHe CGOPHOrO 3IEMEHTA Omt M Ome ONPENEASIOT
mo ¢gopmyne
Gmt(me) == 0,5 (0x1 + 6: + 0,1 + 0,) £ 0,5 V(o + 0 — 0 — 0,) + 4(ve + 'la?

(120)
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Puc. 26. Cxema pacnpemeieHdsi MECTHBIX CXHMAKINHX Hanpsukenuit 86au3u mecra
NPMIOKEHA ONOPHLIX PeaKknuil M COCPEAOTONEHHHX rpy3oB
1 — cGopHuiii saement; 2 — MOHOMHTHBIA GeToH

TAe Or — HOpMaJbHHE HanpsixeHHs B GeroHe cOGOPHOro 3jeMEHTa Ha IMIOLIAAKe,
NepneHANKYJAApHOt K NPOAIBLHOA OCH KOHCTPYKIMH, OT CHJ NpPeABapHTEILHOro
06:kaTus ¥ BHEMHUX HArpy3ok, ACACTBYIOWNX K MOMEHTY HPHOOPETEHHS] MOHOJKTHBIM
GefoHoM 3ajaHHON NPOUHOCTH, ONpefeiasieMble B coorBercTBuM ¢ nm.  4.11
CHuII 2.03.01 —84; 6, — TO Xe, OT BHEUIHHX HATrPY30K, NPAJOXKEHHRKIX NOCJIe NPHOGpe-
TEHHs] MOHOJIMTHHM GETOHOM 3afaHHOH HPOYHOCTH; Oy — MECTHHE CXKHMMAIOLLHe Ha-
ApsikeHuss B GeroHe cGOPHOro 3JeMeHTa Ha ILIOWAAKe, NMapajJelibHOH NMpPOAOILHOM
OCH KOHCTPYKIHH, OT CHJ NPEABApUTEJIbHOrO 06KaTHsl KPUBOJHHEAHOR HanpsiraeMod
apmaTypoil ¥ BHEWIHMX Harpy3ox (wiY ONopHO#A peakuuu), AEACTBYIOIIHX K MOMEHTY
npuoGpeTeHds MOHOJAMTHHIM GeTOHOM 3afaHHOH NMPOYHOCTH, ONPEACNAEMble B COOTBET-
crBun ¢ n. 4.11 CHull 2.03.01—84; o, —To Xe, OT BHEWHHX HArpysok
(w1 onmopHO#l peaxuUH), NPWIOKEHHHX MOC/ie NPUOGPETEHHS: MOHOJUTHHM GeTOHOM
aagaunnolt npounocra (puc. 26); Try — KacaTeJbHble HanpsuKeHHst B GeroHe cOopHOro
3JIeMEHTa OT CHJ MpeABapHTEJbHOrO 06XKaTHsi KpHBOMWHeHAHOA HampsiraeModl apma-
TYPW M BHEIDHHX HArpy30K, ACACTBYIOIMX K MOMEHTY NPHOGPETEHHS MOHOJKTHHIM
6eToHOoM 3ajaHHOH MpPOMHOCTH, ONpefeasieMble B cooTBeTcTBHM ¢ n.  4.11
CHnuIl 2.03.01—84; 1., — TO e, OT BHEIUHHX HArpy3ox, NPHJOMKEHHBIX NOCJE MpH-
OGpPETeHHs1 MOHOJMTHBIM GETOHOM 3a/laHHOA NMPOYHOCTH.

Jnst ypOBHSI LieHTPa TSIXKECTH NPHUBEAEHHOrO cedeHHsi c6OpHOro
3JIEMEHTA

N Ms
s 121
Ared * lmd o ( )

rAe Y — pacCToAHHE OT LUEHTPAa TAXKECTH CeyeHUs1 KOHCTPYKUHUH, NPpUBEACHHOIO K 6e'rony
C6OPHO[‘O 3JIEMEHTA, A0 HEHTPA TAXECTH NMPUBEACHHOrO CeueHH YKa3aHHOro JeMeHTa.

Uz=

Jlnsi ypoBHA LEHTPA TAMKECTH CedeHMA KOHCTPYKLHH, NMPUBEIEH-
HOro K 6eTOHy cOOpPHOro 3jeMeHTa,

Oy = N2/Ared- (122)
[lpn y < 0,47 u x < 2,5y
_O4F(h —04X).
0= (y 1)(1 o,4y), (123)
npu y >04h ux<h
—F(i_¥ _x
o= (1 h)(n =). (124)

KacaresibHble HanpsDKeHHS Txy ONpeAensior no gopmyse
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QS
" e’

rae S — cTaTHYecKH@ MOMEHT YacTH CEHEHHS KOHCTDYKIMH, NPUBEJEHHOro K GeToHy
COOPHOrQ  31€MEHTa, pACMOJIOMEHHOR BhIlE YPOBHA, Ha KOTOPOM HDPOH3BOAAT
NpoBEPKY Mo 06pa30BAHHIO TPeUIWH, OTHOCHTENbHO OCH, NMPOXOAsLEd uepes LEHTP
TSAMECTH YKA3aHHOTO CEYeHMsl; b — INHPHHA CEYeHHsl KOHCTPYKIHMH, NPHBEAEHHOro
K OeToHy cOGOpPHOro 3/ieMeHTa, Ha YpOBHe, JJIfi KOTOPOrO NPOH3BOAST MPOBEPKY
no 06pasoBaHHIO TPELLHH.

(125)

Hanpsixenus o, u o, noacrasasiior B popmyay (120) co sHakom
«IUIIOC», €CJH OHM PacTAruBalolilye, M CO 3HAKOM «MHHYC» — €CJIH
cxumalowue. Hanpsikenusi onc B ¢opmyne (119) npunumaior no
a6CoMIOTHON BeJHYHHE.

Tlpyu TaBpOBEIX U ABYTaBPOBBLIX CGOPHHIX JEMEHTaX NMPH HAJHYUH
B MECTe NPHUMBIKAHHSI K peGpy CKOCOB CcJIelyeT TaKkxkKe MNpOBEpAThb
Om: Ha ypOBHe NpHUMBIKaHusi K peGpy ckoca.

3.7. Tlpu peficTBMH MHOrOKPAaTHO MOBTOPSAIOLLEACA Harpysku
pacyer no 0Gpa3OBAHMI0 TPELIHH MNPOU3BOAAT B COOTBETCTBUH
¢ 1. 3.6 Hacrosiero IToco6us, npu 3TOM pacueTHble COMPOTHBJIEHHS
Rot, ser 1 1 R, ser 1 BBOASIT ¢ KO3(HLUHEHTOM YCHOBUA PaGoOTH Ys1,
npuHuMaeMbiM no Ta6a. 16 CHull 2.03.01—84.

Mpumepw pacuera

Mpumep 9. Jauo: c6OPHO-MOHOJIMTHASI IJIHTA NEPEKPBITHS MO
puc. 27 umeer cJeayloliMe XapaKTEPHCTHKH: Kiaacc GeTroHa cGOopHOro
anementa B30 (Ro, ser 1 = 22,0 MIla; Rp1 = 1,2 MIla; Ry, ser 1 =
= 1,8 MIla; E; =29 - 10° MI'Ia) NpENBAPHTEbHO HANPSKEHHAR
apmarypa (2@28) us craam knacca A-V (A, = 1232 wmm%;

ser=785 MIla; E;=19.10* MIla), knacc MOHOHTHOTO
(ILOHOJIHHTeJIbHO yJa1oxeHHoro) GeroHa — B15 (Ry, ser 2= 11 MlIla;
Ret 2 =0,75 MIla; Ry, ser2= 1,15 MIla; Epe = 23 - 10° MIla);
MOCTOSIHHASA W AJIMTeNbHAsi Harpyska (npu vi > l), npuaoxeHHas
K KOHCTPYKUMH (T. €. K COOpDHOMY 3J€MeHTy) OO NpHoGpeTeHus
MOHOJIMTHBIM GETOHOM 3aJlaHHOH NPOUYHOCTH,— PABHOMEPHO pacrmpe-
nenenHas g1 = 6,2 kH/m, Harpyska, qeficTByloOlLas HA KOHCTPYKIHIO
nocjie nNpHOGPeTEHUs] MOHOJHTHBIM GETOHOM 3afaHHOA NMPOYHOCTH,—
g2 = 15,5 kH/m; pacuerHniii nposer mauth [ = 5700 Mm; anuHa
30HBl OMUPaHUsA MIHTH lgp =200 MM; yCHIHe NpeiBapHTEJbHOrO
o6XaTusi C Y4eTOM BCeX MNOTepb H Y= 1, P=271 «xH;
AJIMHA 30HBI Tepepauu HampsikeHuss [, =420 wmm. Tpe6osanus
K TPelHHOCTORKOCTH BTOPO# KaTeropuu.

TpeGyercss paccuuTarh NJAMTY MO OGPa3OBAHHUI0 HOPMAaJbHBIX
Y HaKJOHHBIX TPELIHH.

Pacuer: MoMeHT OT BHeluHeil Harpy3kH, NpuJIoXeHHo# 10 npuobpe-
TeHHS MOHOJIUTHLIM GETOHOM 3aJaHHOH MPOYHOCTH,

_qf_ 62.57

TO Xe, nocJ/ne npuoﬁpe’renuﬂ MOHOJIUTHBIM OGETOHOM 3aJaHHOH npoy-
HOCTH
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OnpenenuM reoOMETpHUYECKHE XapAKTEPHCTHKH MPHUBEAEHHOro ce-
YeHHs CGOPHOrO 3JeMeHTa U CGOPHO-MOHOJMTHOM KOHCTPYKIHH.
Jns cGopHOTO a/eMeHTa

@1 = Es/Es; = 19 - 10°/(29 - 10°) = 6,55;

naomanb npusene}moro CeyeHusa H CTaTH‘XCCKﬂﬁ MOMEHT )'KaBaHHOﬁ
IIeHMIaAH OTHOCHTEJIbHO PACTSAHYTOrO Kpas Ce4YcHHA

Aved 1 = Ay + a1Agp= 200 - 320 4 6,55 - 1232 = 721 - 10* mu®;
Srea 1 = 0,501k} + @1Aspasp = 0,5 - 200 - 320° + 6,55 - 1232 - 50 == 106,4 - 10° mm®;
pacc-ro;mue OT LEHTpa THKECTH IIpUBEACHHOTO CeyeHus A0 pacTtia-
HYTOTO Kpasi cedyeHHs

¥ = Srea 1/Area 1 = 106,4 - 10%(721 + 10%) = 148 mm;

MOMEHT HHEpLHHU MPpHBCACHHOrO Ceuenuss OTHOCHTEJNbHO OCH, NpO-
XO)lﬂmeﬁ gepe3 €ero ULeHTp THAXKECTH, H MOMEHT CONPOTHBJCHHA
YKasaHHOro CeUCHHUsI OTHOCHTEJNBbHO €ro pacTsHyTOro Kpas
Irea 1 = (bih3) /12 + b1y (0,581 — 1)’ + @1Agp (1 — asp)’ =
= (200 - 320°%)/12 + 200 - 320 (0,5 - 320 — 148)? + 6,55 - 1232 (148 — 50)2 =
= 6329 10° mm?;
Wrea1 = Irea |/y1 = 6329 . l05/l48= 42,76 - 10 MMS;

SKCHUEHTPUCUTET YCWIHS NPEABAPUTEIbHOTO 003XaTHA OTHOCHTENbHO
UEHTpa THAMXECTH NPUBEAECHHOI0 CEUCHHUSA

€op l=yl—asp=l48—50=98 MM.

Jlns c60pHO-MOHOIUTHOR KOHCTPYKUHH
az = Ebz/Eu =23 - 103/(29 . ]03)= 0,793;

MJIOBANb CEeYeHHsl, MPHBENEHHOrO0 K OeTOHy COOPHOTO 3/eMeHTa,
" CTaTH'-lecKHﬁ MOMEHT YKaSaHHOﬁ naomagn OTHOCHUTE&IBHO pacrts-
‘HYTOrO Kpasi CeueHHs
Aves = Avea1 + asdz =721 - 10> 4+ 0,793 - 1500 - 80 = 1672 - 10? mm?,
Sred = Sred 1 + agbohz (h — 0,6hg) = 106,4 - 10° + 0,793 - 1500 - 80 (400 —
— 0,5 - 80) = 449 - 10° mm3;

paccTOsiHME OT WEHTPA TSKECTH CeyeHHsi KOHCTPYKUMM J0 pacTs-
HYTOrO Kpasi CeyeHus
Yrea == SroafAves = 449 - 10°/(1672 - 10%) = 260 mm;

MOMEHT HHEPUHH CRYCHHST KOHCTPYKLUHH OTHOCHTEJIbHO OCH, MPOXO-
)mmeﬁ yepe3 €ro KEHTP THXKECTH, H MOMEHT CONpPOTHBJ/E€HHUA
YKa3aHHOro CeYEHHUA OTHOCHTENDLHO €ro pacTAHYTOro Kpas
Irea = (018)/12 + b1k (0,581 — Yred)’<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>