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MHHUCTEPCTBO
CTPOUTEJIbCTBA M )XKUJIMITHO-KOMMYHAJIBHOT'O
XO351CTBA POCCHHACKOM ®EJEPAIITANA

(MHHCTPOM POCCHH)
IMPUKA3
oT «ﬁMzozﬁ Ne_7& W
ATt
Mocksa

06 yreepaaennu Usmenenns Ne 1 k CIT 351.1325800.2017
«BeToHHBIE H 7KeJ1e300eTOHHbIE KOHCTPYKIHH H3 JIErKHX 0€TOHOB.
IlpaBHJia NpOeKTHPOBAHHS

B cootBercTBuM ¢ IlpaBunamy pa3paboTKH, yTBEPXKIEHHs, OMyOIHKoBaHHS,
W3MEHEeHHUsT M OTMEHBI CBOJOB IpaBWi, YTBEPXKIEHHBIMH MOCTaHOBICHHEM
IpaBuTenscrBa Poccumiickod ®@epepaummu ot 1 mons 2016 r. Ne 624,
moxanyHkToM 5.2.9 myHkra 5 IJonoxeHus o MHMHHCTEpCTBE CTPOHMTENBCTBA
W KWIMIIHO-KOMMYHaIbHOTO Xo3sicTBa Poccuiickod @enepauy, yTBEPKIEHHOIO
niocraHoBnenneM IlpaputenscTsa Poccuiickoit ®enepanuu ot 18 Hos6ps 2013 r.
Ne 1038, nymkrom 63 Ilnana pa3paboTkd H YTBEPXKIACHHA CBOJOB MpaBHII
W aKTyald3aldy paHee YTBEPXKIEHHBIX CTPOMTENBHBIX HOPM H MNpaBHi, CBONOB
npaBui Ha 2020 r., yTBEPXKIEHHOTO TNpHKa3oM MHHHCTEPCTBA CTPOMTEILCTBA
U KWIANIHO-KOMMYHANBHOro xo3siicTBa Poccuiickoit ®epepauwu oT 31 sHBaps
2020 r. Ne 50/mp (B penakLiy NpHKa3oB MUHHCTEPCTBA CTPOHTENBCTBA U XKHIHIINHO-
KOMMyHAIbHOTO X03s#cTBa Poccuiickoit ®enepanuu ot 9 ampens 2020 r. Ne 197/mp,
ot 20 okTa0ps 2020 r. Ne 633/np), 1 p 1 K 2 3 bI B 2 10:

1. YTBepAUTs ¥ BBECTH B JeHCTBHE 4Yepe3 6 MeCsLEB CO OHA H3JaHHA
HacTOsIlero mnpHKasza npuiaraemoe Mamenenne Ne 1 k CII 351.1325800.2017
«BeTOHHBIE W Kele300eTOHHbIE KOHCTPYKUMH u3 Jjerkux OeroHos. IlpaBuma
IIPOEKTHPOBAHUS), YTBEPXKICHHOMY TIpHKa3oM MUHHCTEPCTBA CTPOHTENBCTBA
W KHIHIIHO-KOMMYHAIBHOrO xo3siictBa Poccuiickor Denepanuu OT 25 HOsA6ps
2017 r. Ne 1584/mp.




2

2 JenapTamMeHTy TIpaJOCTPOMTENBbHOH HEATENBHOCTH H apXHTEKTYpBI
MHuHUCTEPCTBa CTPOUTENBCTBA U JKUTHITHO-KOMMYHAIBHOTO X035 CTBa PoCCHICKOH
Denepanyu:

a) B TeueHWe 15 nHel co OHA W3JaHUA NpPHKa3a HAlpPaBHTh YTBEPXKICHHOE
Usmenenne Ne 1 x CII 351.1325800.2017 «BetoHHBle H Xene300eTOHHbIE
KOHCTPYKLIMH H3 Jierkux OerToHoB. [IpaBuia NMpOEKTHPOBaHHA» HA DPErHCTPAIIHIO
B (heepabHBIH OpraH HCIONHUTENBHON BIAaCTH B Chepe CTaHIapTH3allUH;

0) obecneunTh OMyONMKOBaHHE Ha OQUIMaNbHOM caite MUHHCTEPCTBa
CTPOHTENBCTBA M IKHIHIIHO-KOMMYHaIIBHOro Xo3siicTBa Poccuiickod ®enepauiuu
B HHQOpMalMOHHO-TeJIeKOMMYHUKAalMOHHOM  cetH  «lIHTepHET»  TeKcra
yreepxaeHHoro Mamenenus Ne 1 k CIT 351.1325800.2017 «beroHHBIE
1 Jkee300eTOHHEIE KOHCTPYKLHMH M3 Jlerkux OetoHoB. IIpaBuna IMpoOeKTHPOBAHMS»
B DJIEKTPOHHO-IIU(DpPOBO# ‘popme B TeueHrne 10 nHEH co IHS perucTpalnuyd CBOJA
IpaBHII (heepabHBIM OPraHOM MCIIOTHUTENIBHON BJIACTH B cdhepe CTaHAapTH3ALMH.

MunncTp [MQ N.3. Daiizyninux
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YTBEPXIEHO
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KHJTHIHO-KOMMYHAITBHOTO X035 CTBa
Poccuiickoit @enepannn

or« {5 » Sp 2020 . Ne ?%Z;.{.)

U3MEHEHHME Ne 1 K CIT 351.1325800.2017
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KOHCTPYKIIMHU U3 JJETKHX BETOHOB.

ITPABHUJIA IPOEKTUPOBAHMSA»

Mockea 2020




/

Hzmenenne Ne 1 k CIT 351.1325800.2017
OKC 91.100.30

H3zmenenne Ne 1 k CIT 351.1325800.2017 BeToHHbIE H JKeJ1e300eTOHHbIe
KOHCTPYKIHH H3 Jlerkux 0eToHos. IlpaBnaa npoekTuposanus

YTBep:kaeHO M BBeIeHO B [elicTBHE NPHKAZOM Munncrepcersa
CTPOHTENBLCTBA H JKHIHIIHO-KOMMYHAJILHOrO Xo3siictBa Poccmiickoit
@enepaunn (Muncrpoii Poccun) ot 15 nexaéps 2020 r. Ne 786/mp

Jdara Beenenus — 2021-06-16

Copep:xxanne

J{OTIOIHUTE HaIMEHOBAHUAMMU NPUIOKeHuH B—]1 B CIENYIONIEH pelaKIyu:

«IIpunoxenue B Pacuer o 06pa30BaHuio0 TpeIMH U3rHOaeMBIX TPEXCIORHBIX
3IIEMEHTOB CO CPEJIHUM CII0EM M3 IIEHOIOMCTUPOIOETOHA;

«IIpunoxenne I  PacyeT mno 06pa3OBaHMIO TPELIHH IEMEHTOB
IpAMOYIOJBHOIO CEYEHHs C PACNpEe[eleHHBIM 10 KOHTYpPY apMHpPOBAaHHEM IpU
KOCOM H3THOE;

«IIpunosxenune [ Pacyer mo xecrkocty (nedopMamusam) Ipu KOCOM H3rube
SJIEMEHTOB  IPAMOYIONBHOTO CEYEHUs] C pacIpeleleHHBIM 10  KOHTYpY
apMUPOBaHUEM B CTaH PabOTEI HX C TPELMHAMMEY.

Beenenue

JoromHuTE TpeThuM ab3aneM B Clemyroniei pefaKIiy:

«Msmenenne Ne 1 paspaboTamo aBropckum komtektuBom OAO «HUI]
«Ctpoutensctso» — HUVDKB um. A.A. I'Bosziesa (1-p TexH. Hayk B. @. Cmenanosa,
KaHJ. TexH. HayK B./. Caeun, XaHz. TeXH. Hayk B.H. Cmpoyxuil, KaHI. TEXH. HAYK
C.C. Kopobaes, C.I". 3umun, M.FO. 3umuna).».

2 HopMaTHBHEIE CCBLIKH

JIOIONHUTE HOPMATUBHEIME CCBIIKAMH B CIEIYIOIIeH peIaKIiy:;

«CIT  295.1325800.2017 KoHCTpykuuu GeToHHBIE, apMUPOBaHHEIE
TOIMMEPHOM KOMIIO3UTHOH apMaTypoii. [IpaBuia npoeKTHpOBaHUS;

«CII 297.1325800.2017 KoHcTpykuuu GpubpoOeTOHHBIE ¢ HeMeTaLIHIecKoil
¢ubpoit. [paBuna npoeKTHPOBAHUY;

«CIT 339.1325800.2017 KOHCTPYKLMH W3 SYEHCTHIX OETOHOB. IIpaBuna
IPOEKTHPOBAHHS.

CII 16.13330, CIT 20.13330, CIT 28.13330. J[OMOIHHUTE CCHLIKH CIOBAMH: «(c
u3MeHeHusIMHA Ne 1, No 2)y.

CIT50.13330. JlomOMHHUTE CCHUIKY cloBaMu: «(c m3MeHeHuneM Ne 1)».

3aMEHHUTh HOPMATHBHEIE CCHIIKH:

«I"OCT 8736-93 Ilecok ms cTpoUTeNbHBIX paboT. TeXHHUIECKHe YCIoBrsY Ha

1
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Ipoxoskenne nsmenenns Ne 1 x CIT 351.1325800.2017 A

«CIT 63.13330.2012 «CHuIl 52-01-2003 Beronnble u ene300eTOHHEIE
KoHCTpYyKIuu. OCHOBHEIE TTOJ0KeHUD» (¢ m3meHeHussMu Ne 1, Ne 2, Ne 3)» na «CI1
63.13330.2018 «CHulI 52-01-2003 BeToHHbIe U XKelle300eTOHHEIE KOHCTPYKITHH,
OcHoBHEIE noNoXeHUD) «(c m3MeHeHHeM No 1)»;

«CIT 131.13330.2012 «CHull 23-01-99 CrpourensHass KIuMaTonorus» (c
m3menenuamu Ne 1, Ne 2)» ma «CIT 131.13330.2018 «CHull 23-01-99*
CrpoutensHas KIUMATOJIOTHS).

S TpeboBanus k pacueTy 0€TOHHBIX H Ke/J1e300€ TOHHBIX KOHCTPYKIIHI

Jononaute mynkramu 5.10-5.15 B cnenyromeit pegakiym:

«5.10 Pacger no mpoyHOCTH MHOTOCIOWHEIX (TPEXCIIOMHEIX, JBYXCIIONHEIX)
3IIEMEHTOB CIeyeT BBIIOJHATE B COOTBETCTBUH ¢ 7.2.32—7.2.34.

5.11 PacdeT mo mpoOYHOCTH MHOTOCIIOMHBIX 3JIEMEHTOB M3 JIEIKOOETOHHEBIX
OJIOKOB HeCheMHON onanyOKu Ha IeHCTBHE MPOIOIBHOTO CKMMAIONIETO YCHIIHS
ClielyeT BBIIOJHATE B COOTBeTCTBUH ¢ 7.2.35, 7.2.36.

5.12 Pacuer mo TpeuwHHOCTOMKOCTH H AedopManmsM TPEXCIOMHBIX U
IBYXCIJIOMHBIX 3JIEMEHTOB ClIeyeT IpOBOAUTE B cooTBeTcTBUM C 8.1.9, 8.1.10, 8.2.2
n 8.3.2.

5.13 PacueTBl KOHCTPYKLMH C KOMIO3UTHOH IOJNMMEPHOR apMarypoil Io
IIpEJEIbHEIM COCTOSHUSAM II€PBOM M BTOPOH TPYyNIl ClEAyeT MNpOBOIUTH B
COOTBETCTBHH C pa3[ieloM 4 HaCTOSIIEro CBOfa IpaBUl U IMyHKTamu 6.1, 7.2, 6.2,
7.3 CI1295.1325800.2017, a Taxxe B coorBercTBHM ¢ 8.2.1, 8.3.1,9.1.11,9.2.2 npu
YCIIOBHH, 4TO K KOHCTPYKLMSIM He NPeIbIBIAIOTCA TPeOOBaHMS 10 OTHECTORKOCTH
Y UHBIE cllelliaibHbIe TpeOoBaHMS.

5.14 ~ PacyeTsl = KOHCTPYKUMH C  JUCIEPCHBIM  apMUPOBAHHEM
(HemeTanmmuueckoil GuOPO) 110 MpeAebHBIM COCTOSHUSM epBOU M BTOPOH IPyIII
CIIEIyET BEINIOJIHATH B COOTBETCTBUH C IMyHKTOM 4.5 u moapaznenamu 6.1, 6.2, 7.2,
7.3 CI1297.1325800.2017 npu ycnoBHH, YTO K KOHCTPYKIMSIM HE IIPENbSIBISIOTC
TpeGOoBaHMS 10 OTHECTOHNKOCTH U WHBIE CIIeHAbHEIE TPeOOBaHM.

5.15 Pacyer mo oOpa3oBaHui0 TpemMH H AedhopMaiusaM (KECTKOCTH)
3JIEMEHTOB IPSMOYTOJNBHOI'O CEYEHHs C paclpelelieHHBIM 10  KOHTYpPY
apMHUpPOBaHKHEM NPU KOCOM M3rMbe peKOMEeHIyeTCs BBINOIHATE cornacHo 8.1.11 u
8.3.3.

6 MaTepuaJibl 1151 6eTOHHBIX H 2KeJ1e300e TOHHBIX KOHCTPYKIIHI
Tabnure! 6.3, 6.4. V310XUTH B HOBOH peqakiiu:
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IIpoxokenne M3menennsa Ne 1 k CII 351.1325800.2017

Homnonuuts noapasnaen 6.1 myHkrom 6.1.19 B cnemyromieil perakuum:

«6.1.19 Pacuernple Teruto)u3MYecKHe XapaKTEPUCTHKH KepaM3HTOOeTOHa
IOPU30BAHHOMN CTPYKTYPEI 03 mecka (KepaM3UuTOIIeHO0eTOHA) U KPYITHOIOPHUCTOTO
(becniecyanoro) KkepaMm3uTOOETOHA CIIEAYET IPUHAMATE TT0 Tabnunam 6.7 1 6.8.

T a 6 n u u a 6.7 —

F

PacyeTHple TemIoTeXHHYeCKHe MNOKAa3aTeaH
KepaM3HT00eTOHA MOPH30BAHHOMH CTPYKTYPbI
0e3 necka (KepamM3HTONEHO0ETOHA)

Haumenosanue IIoKasarteji,

3HadeHus [oKa3aTens

Il H3M.
Mapxka no cpenueit uiothoctu D 400 | 500 600 700 800 | 9000 | 1000
KoagduiuesT TennonpoBoaHOCTH,

Bt/(m-°C):

- B CYXOM cocTostHHH (Ao) 0,11 | 0,12 | 0,13 | 0,15 | 0,17 | 0,20 | 0,23
-B ycnoBusx skcryatanua A (Aa) | 0,12 | 0,14 0,16 0,19 0,21 0,24 0,27
- B ycnoBusax skcrtyatamuu b (As) | 0,15 | 0,18 0,21 0,24 | 0,26 | 0,31 0,36
VY aenpHas TEMI0EMKOCTh B CYyXOM

cocrosHuH Co, kJDx/(xr-°C) 0,84

Koaddunuent

NapOoIPOHUIIAEMOCTH |,

Mr/(m-u-I1a) 0,275 0,245 | 0,215 | 0,195 | 0,185 | 0,165 | 0,125
KosdduuueHT TennoycBoeHus mpu

nepuone 24 4, Bt/(M*u):

- B YCJIOBHSAX 3Kciutyatauu A (sa) | 2,03 | 2,36 | 2,86 | 2,99 | 3,36 | 3,87 | 4,58
- B YCIIOBHSX 3KCIUTyaTanuu b (Ss) 246 | 2,93 3,35 | 3,74 | 445 5,03 5,99
PacueTHOE MaccoBOe OTHOIIEHHE

BJIar'H B Matepuaie, %o:

- B YCJIOBHSIX 3KCIUTyaTalii A (ma) 4

- B yCJIOBHSX 3KcinTyaranuu b (wg) 8

Tabnuna 6.8 — Tenopuznyeckue XapaKTepPHCTHKH KPYNHONOPHCTOTO
(GecnmecuyaHOro) Kepam3uTo0eTOHA

HaumenoBaHmEe IMMoKasaTeId, €. U3M.

3HaueHHg TOKa3aTelsl

Mapxka o cpegueii nnotHocte D 200 | 300 400 500 600 700
Koaddumnuent TenmonposogHocTy,

B1/(m-°C):

- B CYXOM COCTOSIHHH (Ao) 0,085 10,095 | 0,105 | 0,120 | 0,130 | 0,135
- B yCIIOBHSAX 3KcrutyaTanud A (Aa) 0,095 (0,105 | 0,115 | 0,130 | 0,140 | 0,145
- B yClIoBHAX 3kcruryatanui b (As) 0,100 | 0,110 | 0,125 | 0,140 | 0,150 | 0,155
V ienbHas TeMI0EMKOCTE B CYXOM '

cocrosHuH Co, KJIx/(xr-°C) ﬁ 0,84

Ko3(hduuueHT naporpoHUIiaeMocTH L,

mr/(m-u-1la) 0,195 10,195 [ 0,175 | 0,165 | 0,155 | 0,145




IIpogoxxenne Msmenenns Ne 1 k CIT 351.1325800.2017 é}

HaumenoBanue IIoKa3arTensd, €. H3M. 3HadYeHHs IoKa3aTels

Koa¢dduuuenr rernoycsoenus npu
nepuone 24 14, Br/(m?-4):

- B YCIIOBHSIX 3KCILTyaTaru A (Sa) 1.51 1,51 1,82 | 2,16 | 2,46 | 2,70
- B YCIIOBHSAX 3KcILTyaTanun b (sg) 1,62 1,62 1,99 | 2,36 | 2,68 2,94
PacueTHOE MaccoBOe OTHOILIIEHHE BIard B
MaTepHaie, %:

- B YCIIOBHAX dKCIUTyaTaruu A (a) : 3.5

= B YCIOBHSX 3KcILTyatanuu b (wg 6
Iy

TennorexHuyeckye IoOKazaTeNld KepaM3UTOOETOHA Ha KepaM3UTOBOM IIECKE
cinemyeT npuHuMats o CIT 50. 13330. 2012.».

ITynxt 6.2.1 nononHuTh MyHKTOM 6.2.2 B CleAyIOIIeH pelakiuu:

«6.2.2 TpeboBaHMS K HOPMATHBHEIM M pACYETHBIM XapaKTePHUCTHKAM
KOMIIO3UTHOM  IONMMEPHOH  apMaTypbl W JUCIEPCHOTO  apMUPOBAHHSI
(HemeTannu4yeckoit GpuOPHI) clenyeT NPUHUMATE B COOTBETCTBHAM C IOAPA3AEIOM
52 CII 295.1325800.2017, a Taxke myHkTama 5.2.10 m 52.11 CII
339.1325800.2017.». :

7 PacyeTr 37eMEeHTOB OETOHHBIX H >KeIe300€TOHHBIX KOHCTPYKUIHiH 1o

npeeJbHBIM COCTOSIHHAIM NEePBOi IPyHIbI

HomnonHuTts myHkramu 7.2.32—7.2.36 B cneayroleil penakiium:

«7.2.32 Pacyer II0 HPOYHOCTH MHOTOCIOHMHBIX SIIEMEHTOB C IKECTKHMH
CBSI35MHU BBIIIOJIHAETCS 10 IPUBEIEHHOMY (OZHOPOAHOMY, T. €. U3 MaTepualia OIHOK
IIPOYHOCTH) TTOTIEPEYHOMY CEUYESHHIO.

B pacuer cnexyer mpuHHUMAaTh IUIOINANb NPHUBEIEHHOTO CeYeHHS A,y H
pacyeTHOE CONPOTHUBIEHHE CJOS, K KOTOPOMY TIPHUBOJUTCS ceueHue. Ilpu
[IPUBENCHAN CEYeHUs] K OJHOMY MaTepuany TOJIIMHY CII0OEB IPHHUMAOT
(axTudeckolf, a mmpuHA cioeB (IO JJMHE DJIEMEHTa) H3MEHSIETCS
IIPOIIOPLIAOHAIBFHO OTHOIIEHHIO PACYETHBIX CONPOTUBIIEHHH IPOYHOCTH CJIOEB II0
hopmye

brea=bi(R'pi/Rp), (7.79)
rae byeq — IPUBEIEHHAS [IUPHUHA CIIOS;
b; — paxkTuyeckas mMpUHA i-TO CII0;
R, — pacyeTHOe CONpPOTHBIEHHE MPOYHOCTH CJIOS, K MaTepHaly KOTOpPOTO
IPUBOJIST CEUEHHUE;
R'p; — pacdeTHOe COMPOTHBIEHHME NPOYHOCTH JFOOOr0 IPYroro i-ro Cios
3IIEMEHTA.

Pacuer npuBeneHHOro ceyeHus Kak OETOHHBIX, TaK M JKele300€TOHHBIX
3JIEMEHTOB BBINIOIHAIOT IO JopMyJiaM, npuBeaeHHbM B 7.1 u 7.2,1-7.2.15.

7.2.33 TIpouHocTs m3rnbaeMbIX TPEXCIOMHBIX U JBYXCIOMHBIX DIEMEHTOB C
TEIUIOM30JIIIMOHHEIM U HECYIIMMH CIOSMH (pUCyHOK 7.18) paccUHTEIBAIOT II0
HOpMaJbHBIM CEUYEHUSIM M Ha CIBUT CII0EB OTHOCHTEIBHO APYT APYTa.

8 | B HAB!
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Pacuer 1o npoYHOCTH HOPMAaJBHBIX CEYEHMH TPEXCIOHHBIX M JABYXCIIOMHBIX
SJIEMEHTOB C JKECTKUMM CBA3SMH MEXKIY CJIOAMH BEIIOJHAIOT IO IPHUBEICHHOMY
IIOIIEPEYHOMY CEUEHHUIO B cOOTBeTeTBHUH ¢ 7.2.32. [Ipu sToM (opma puBeIeHHOTO
IIOIIEPEYHOr0 CEeYeHMs MOXKeT OBITh Kak JBYTaBpoBoil (pucyHok 7.18, a), Tak u

TaBpOBO# (pucyHOK 7.18, 6).

a blf s

As\ =

B

a — IUIMTa NePEKPLITHA TPEXCJ'IOﬁHaH; 6 — muTa NEPEKPBITHA C GOKOBBEIMH HECYyIMMH IrpaniMH

Pucynok 7.18 — Cxembl nonepeyHsIX ceyeHUii Tpexcioiinoro (a) u AByxcaoiinoro (6)
3JIEMEHTOB

[Ipu 3TOM mupuna (ToNMHa) b BepTHKaIFHOW CTEHKH (TEIUIOM30IAIIHOHHOTO

CIIOSI M3 JIETKOT0 KPYHMHOIOPHUCTOro (TIOPM30BAHHOIO) IJIETKOro OeToHa WM
—

LIAT 7

e e -

y i
| et 4 MV INS |
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IIEHOITOJIMCTHPONOETOHa)  NpPHBENEHHOr0  IBYTaBPOBOTO  CedeHus  Oyner
OIIpelenAThCS 110 GopMyie

b=""L(R',/Ry), (7.80)
rae by u b’y — mmpuna HKHEH M BepXHel IMOIOK COOTBETCTBEHHO JBYTaBPOBOTO
IOIIEPEYHOr0 CEYEHHs, SBISIOUIMXCS HECYIIUMH CIIOAMH (M3 KOHCTPYKIIHOHHOTO
JIETKOT'0 HITH TSDKENOro GeToHa) TPeXCIOHHOIo 3JIEMeHTa;

R}, — pacueTHOe CONpPOTHUBIEHHE NPOYHOCTH IPH CHKATHU HECYIIEro CIOs U3
KOHCTPYKIMOHHOTO JIEFKOI0 MY T3KeI010 berona,

R’y —  pacueTHOe  CONpPOTHUBIEHWE  NPOYHOCTH  [PH  CKATUU
TENIOU3O0JIIMOHHOIO CJOS M3 JIETKOr0 KPYHMHOIOPUCTOTO (TIOpM30BaHHOIO)
JIErKoro 6eToHa UM IEHOIIONUCTHPOIOETOHA.

s TaBpOBOTO CEYEHHUs ABYXCIOWHOIO sjeMeHTa ¢ OOKOBBIMH HECYIUMMU
rpausMu (pucyHok 7.18, 6)

b=Dby + by + bs(R'y/Rp), (7.81)
rjae b, 1 b, — cpenHue 3HAYEHUS IMMPUHEI DOKOBBIX HECYIIUX TPaHEH;
b3 — cpennee 3HaYeHNe IUPUHEI TEIION30IAIHOHHOTO CIIOSL.

7.2.34 IlpouHOCTh HM3ruMOAEMBIX TPEXCIIOHHBIX 3JIEMEHTOB Ha -CIBUT CJIOEB

PaCCYMTHIBAIOT U3 YCIOBHUS

Q < 0,6R,:D'rhy, (7.82)
rae Ry — pacdeTHOe CONIPOTHUBRIIEHHE IIPOYHOCTH OETOHA CII0S Ha pacTsKeHHe.

ITpoYHOCTE 110 HAKIIOHHBIM CEUYEHUSIM Ha CIIBUT CI0EB U3TH0aeMbIX 2JIEMEHTOB
¢ OOKOBBIMH HECyIIUMU TpaHsMHu (pUCYHOK 7.18, 6) paccHUTEIBaIOT 1o hopMyiie

Q < 0,8Ry.bhy, (7.83)
roe b = by + b, — cymmapHrast muprHa G0KOBBIX TpaHex. -

IIpu HeBelmonHeHun ycnoBusA (7.83) B OOKOBBEIX HeCylMX TIpaHiIX
IpeycMaTpUBaeTCs MolepeydHas apMaTypa (XOMYTHl), ¥ IIPOYHOCTH 110 HAKIIOHHBEIM
cedeHUAM OOKOBBIX I'paHel pacCUUTHIBAIOT KakK JUIs TAaBPOBOIO JIeMeHTa Oe3 yueTa
TEIIOU30ISLUOHHOTO CIIOA.

Jns IBYXCIOWHEBEIX JJI€MEHTOB, apMHPOBAHHBIX CTEP)KHEBOM apMaTypoii,
JOJDKHA OBITH OCYIIECTBIIEHA NMPOBEPKa IMPOYHOCTH IO HAKIOHHBIM CEYEHHSIM OT
CIBUIa  Hecylero cjiosg  IUIOTHOro  OeToHa  OTHOCHTENIBHO  CIIOS
TEIIOU30AIMOHHOrO 0eTOHA U3 YCIOBHUSA

Ny, < a,bRy,, (7.84)
v

rie Ny, — cIOBUrarolee yCUIue, BOCIPUHUMAEMOE HECYIIMM CIIOEM JBYXCIIOHHOIO
SJIEMEHTA; :

b — mmprHa IIOIAH CONPSDKEHUS IBYX CIIOeB OeTOHa B CEYEHUH 3JIEMEHTA,
B KOTOPOM OIIPEENSIFOT IPOYHOCTE Ha CIBUT;

Ry — pacdeTHOe CONPOTHBIEHHE TEIUIOM3ONALMOHHOTO OeToHa Ha
pacTsDKeHUe, NPUHUMAaeMOe B 3aBUCHMOCTH OT €ro Kjiacca IO TIPOYHOCTH Ha
cxartue, Ho He Gonee 0,15 MIla (1,5 xrc/cm?);

10 =
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@; — PacCTOSHHE OT OCH OIIOPHI [0 IepBOM KOCOoH TpemuHE! (10 Hambomee
OIIaCHOI'0 HAKIIOHHOI'O CeueHHsI), onpeaersieMoe o hopMyIie

ar = My /Q, (7.85)

3necs Mp; — MOMEHT MOSBIEHMS TPELIMH, OIpEeNeNsdeMbli C ydeToM CXXaToH u
pacTAHYTOM apMaTyphl ISl OTIOPHOTO CEUEHHS;

- Q — pacueTHas IONepevHasl CHNa, OIpeensieMas B CEYeHHH Ha PACCTOSHUA
a¢ oT omopel. JlonyckaeTcss MpUHUMATE MaKCUMAalbHOE 3HAUYEHHME BENUYMHBI (),
COOTBETCTBYIOIIIEE OIIOPHOMY CEUYEHHIO.

3HaveHKe IpeaelbHOr0 CIBUTAIONIEr0 YCHIHA 1o O0eTOHY B Clloe dIeMeHTa
onpenensieTcs no Gopmyie

ny,ult = O,BRbAb, (786)
rae A, — pabouas muoniaak MOMEPEUHOTO ceueHus OETOHA B CIIOE DJIEMEHTa.

7.235 PacyeT MHOTOCIOWHBIX  OTPaXITAIONIUX  KOHCTPYKIMH U3
NerKko0eTOHHBIX OI0KOB HecheMHOM onanyOxu (pucyuku 7.19 u 7.20) na meiicTBue
IIPOJIOJIBHOTO CIXHUMAIOIIEro ycuius (¢ OETOHHBIM MM JKeIe300€TOHHBIM SIIPOM)
BEITIONIHSIOT I10 NIPUBEAEHHOMY IIOTIEpEYHOMY CedeHUI0 (pPUCYHOK 7.21).

. ‘ el Y
il \\\_ 3 g1 2 ;S?’,/”/ 1
e N - T Ry e
:“«‘{ \"E N g”; “"”’.‘ "l‘i“';&l -_- _w"'::- 'Eél'ir-.;_.:’." ad /"/‘-
P Lt 3 § 52 L vt [k = g -
~ ?k S "‘M’! ] T H—#;::;”/ }‘- l%"f‘#/ "r’f"
ST - e = s -
N w’/,..-f" ’// -'/”

Pucynok 7.19 — Ilpumeps! 6,10K0B onaJlyOKH M3 Jerkux 06eToHoB Ge3
HMHTErpHPOBAHHOMN NONOJHHTENbHOM TeNIOH30IALHH

Pucynok 7.20 — Ilpameps! 6,10K0B onaJyOKH U3 JIerKHX 0eTOHOB ¢
HHTErPHPOBAHHOMH JONOJIHHTENbHOI TeNJI0OU30/A1Hel (TepMOBKIaAbIIIAMH)

Ilpusenennyio wmpusy br.q = b'yeq (pucynox 7.21) kpaitHux croes
JeTKOOEeTOHHBIX OIIoKOB omnanyOku M3 Jerkoro OeroHa ¢ HX (aKTHYECKOH
TONIUMHOM, a TaKkKe NPHUBEJCHHYIO INMPUHY IONEPEYHBIX CTEHOK U muadparm
(mepembIueK) b4 3TOM onanyOKu onpenensroT mo Gopmyie (7.79).

[Ipu 3TOM B HaHHO# (hopMyIie IPUHUMAIOT ClIEAYIOIre 0003HAYEHH:

B HABOP u
\ b | |ADC! |

-




popomxenne Msmenennsa Ne 1 k CIT 351.1325800.2017 /

-b; = b — mmpuna QparMeHTa OTPAKAAMOUIEH KOHCTPYKIHMHU, B npe;(en:z:/
KOTOPOT'O BEIIONHSOT pacyeT, WK odIas mupuHa (TONLIMHA) BCeX IONEpPEeYHEIX
CTeHOK 1 juadparM — by = Y, ber + X, byyagp B IIPEENax sToro ¢pparMenTa;

- R'; — pacdeTHOe COIPOTHBIIEHHE TIPU CXKATHM JIETKOTO GETOHA HECHEMHOM
oraryOKu;

- R}, — pacueTHOE CONPOTUBIEHHE IIPH CHKATHH OETOHHOTO s/1pa (U3 TSDKEIO0ro
OeToHa).

Inpuny cpenHero cios U3 OGETOHHOTO sApa NPHHUMAIOT (aKTHIECKOH 3a
BEIYCTOM IIOICPCYHBIX JuadparM Jerko0eTOHHEIX O10koB omanyOkun b* = b —

—(Z b +2.b ;udacbp) B IIpefieNiaX )parMeHTa OrpaXKAaroled KOHCTPYKIUH.

L

| LN
! Ve
i

Pucynok 7.21 — IlpuBeneHHoe nonepevdHoe cedeHHe Orpakaaroinx
KOHCTPYKIHH

Jlanee pacueT NpUBeIeHHOrO CeYeHHs U3 JIETKOOETOHHEIX GJIOKOB HECHEMHOMN
onanybxu ¢ 0eTOHHBIM (7Kene300eTOHHEIM) SAPOM BEITIONHSIIOT KaK BHELIEHTPEHHO
CXKATBIX OETOHHBIX WIIU JKeNIe300€TOHHBIX 3JIEMEHTOB 10 (OpMYyJIaM, PHBEIEHHBIM
B7.1.1-7.1.7u17.2.8-7.2.11.

© 7.2.36 Cxatble 5IeMEHTHl OrpaKIalomiell KOHCTPYKLHH IPSIMOYTOJBHOIO
ceueHMs M3 IycTorenslx (0e3 OeToHHOro sAapa) IerkoOETOHHBIX OJIOKOB C
TepMOBKIajsiamMu (pucyHok 7.20) mormyckaercs pacCUUTHIBATh Ha BEPTHKABHBIE
Harpysx# (Ipu BenuuuHe sxkcuentpucurera 0 < eg < 0,44) U3 yciaoBus

N < 0,75¢ KRy Ay, (7.87)
rae A — niomans monepeyHoro CeYeHus: OJHOCIOMHOTO SIeMEHTa; '
Yy — Ko3hOUIMEHT, YUUTHIBAIOIIMHA BIUSHHE OSKCHEHTPHCHUTETA € U
IPUHIMAaeMbIA PaBHBIM '
Yp =122 (7.88)

(@ — KO03(QOUIIUEHT, ' YIYUTHIBAIOIIWA BIHUSIHWE THOKOCTH H UIHTEIBHOIO
JEACTBUS Harpy3KH, MPUHUMAaeMBbIH 110 Tabnwuiie 7.5;

12 e ———
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Tab6bnuunga75 — 3uavennss xo3ppuuUHEHTA Y B 3aBHCHMOCTH OT
cooTHomenust yeusnii N, /N u ru6xocru lo/h

Ny./N Koadduiment @ npu L/h
4 6 8 10 12 14 15
0 1 1 0,9 0,83 0,76 0,7 0,66
0,5 0,95 0,85 0,77 0,7 0,63 0,57 0,55
1,0 0,8 0,72 0,63 0,55 0,47 0,38 0,35

INpumeuanus

1 Ilpu mpomexyTounbix 3HaueHusx [o/i u Ny, /N xo3duuuentsl @ ONpejensiorcs Mo
HHTEPIOJIALIHH.

2 B nacroseii Tabnuue npuMeHeHs! cleayolie 0003HaueH s

Ny, — Npo/IoNEHAA CHMMAIONANA CHIla OT NelfiCTBUA OCTOAHHBIX 1 IIHTENbLHBIX HAIPY30K;

N - nmnpoponeHas cuia OT [AefiCTBHA BceX HArpy3ok (NOCTOAHHEIX, IIHTENBHEIX W
KpaTKOBPEMEHHBIX).

K, — k03 dUITMEHT, yUUTHIBAIONIMA BIUIHUE MOHTAXXHBIX KOHTAKTHBIX IITBOB
Ha CHMJKEHHME pacueTHOIO COIPOTHBIEHMS Ry U onpenenseMslil 1o ¢popMye

Km:K3 (1'—

3pech K3 — kod(QQUIMEHT, YYHTHIBAIOUIMA BIUSHHE MOHTaXa B 3UMHHX
YCIOBHAX Ha HECYIIYIO CIHOCOOHOCTh OrpaKIalolliedl KOHCTPYKIMH B JIOOOM
BO3pAacTe; IpU MOHTa)XXe CTEH B 3UMHUX ycloBusx Kz = 0,8, B 1eTHUX ycnoBusx Kj
SN

B’ u B — xnacc nerkoro GeToHa ¥ pacTBOpPa COOTBETCTBEHHO I10 NIPOYHOCTH Ha
COKaTHE.».

0,1
B s 0!8J
0,25+F

(7.89)

8 Pacuyer 3/1eMeHTOB e/1e300eTOHHBIX KOHCTPYKLHIl MO NpegejbHbIM

COCTOSTHUSIM BTOPOil IpyHnbI

Jomnonuute nonpazgen 8.1 mynkramu 8.1.9—8.1.11 B cnenyromiel peqakuum:

«8.1.9 Pacuer mo 00pa3oBaHMIO TpPEUIMH H3rHOAEMBIX TPEXCIOWHBIX U
IBYXCIIOMHBIX 3JIEMEHTOB BEIIOJIHSIOT 10 IPUBEASHHBIM IBY TABPOBEIM U TABPOBBIM
IIOTIEPEYHBIM ceueHHsIM (pucyHok 7.18).

IIpm >TOoM mmpuHy (TONMHY) b BepTHKaNbHOM CTeHKH (CpemHEero
TEIJIOU30JIMOHHOTO CJIOSL M3 JIETKOTO KPYIHOIMOPUCTOro (MOPU30BaHHOIO)
nerxoro O€TOHA) MPUBEIEHHOTO JBYTABPOBOI'0 MMOTIEPEYHOTO CEYEHHUS OLPEIEIISIOT

o ¢opmyiie
bf"l-b'f <
b = 5 (E'p/Ep). (8.20)
Mupuna (TtommuHa) b BepTHUKANBHOH CTEHKH TaBPOBOTO CEYEHMS
JIBYXCIIOMHOTO 3JIeMeHTa ¢ D0KOBBIMU HECYIIMMHU rpaHaMu (pucyHok 7.18, 6) 6ymet

paBHa

b - b1 + b2 + bS(E’b/Eb)'
B dopmynax (8.20) u (8.21):
E}, — Monyns ynpyrocTd HeCylLIero cjiosl i3 KOHCTPYKI[HOHHOTO JIEFKOTO HITH
TSDKEJIoro 6eTOHOB;

(8.21)
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E’'y, — MoImymb YIpyrocTd TEIUIOM30/IIMOHHOTO CPEIHEro CJIOS U3
KPYIHOIIOPUCTOro (TIOPU30BAHHOTO) JIETKOTO GeTOHA.
Pacuer no o6pa3zoBaHUIO TPEIIKH B O0IIEM clTydae BBITIONHAIOT U3 YCIIOBHS

M < Rbt,seerb (8-22)

rane W,; — ynpyromnacTuyecKuii MOMEHT CONpPOTHBIEHHS IBYTaBPOBOTO U
TaBPOBOI'O IPHUBEACHHEIX TIONEPEYHEIX CEHEeHMH, OMpeenieMbIi 0
dopmyite

Wy, = (0,292 + 0,075y, + 0,75y,)bh?. (8.23)
Hcnons3oBannsie B hopmyie (8.23) koahHUIIUEHTH Y, B Y, ONPEAEIIAIOT II0
CJIeIyIOLIUM 3aBUCHUMOCTSIM:

_ o (' s—b)ny _ (bg—b)hs
Yo S AR R e st (8.24)
rne bf — IOHPpHHA HIDKHEN TIOJIKK ABYTaBpOBOI'O IIOIEPEYHOIO CEUECHHA,

SBIIIOLIETOCS] HECYIMM CJI0eM (M3 KOHCTPYKIMOHHOI'O JIETKOIO WM TSDKEIOro
0eToHa) TPeXCIOWHOTO dIEMEHTa,;

b’y — mupuHa BepXHUX IOJOK JBYTaBPOBOIO M TABPOBOTO IOMEPEYHBIX
CEYECHMH, SBIAIOIMMXCA HECYIIUMH CIOSMHU (U3 KOHCTPYKI[HOHHOTO JIETKOTO WA
TSDKEIIoro 0eTOoHa) TPEeXCIIOHHOTO U ABYXCIIOMHOTO 3IEMEHTOB;

hs — TommyHa HuKHEH MONKH (HECYIIEro CI0s) JBYTaBPOBOTO MOINEPEIHOr0

CEeueHHs;

h's — TonmuHA BepXHel MONKK (HECYIIEro CI0A) ABYTaBPOBOTO M TABPOBOIO
IIOTIEPEYHBIX CEYEHHI;

b — TonmuHa BepTHKANEHON CTEHKH JIBYTABPOBOI'O M TABPOBOTO IPHBEAEHHBIX
IIOTIEPEYHBIX CEYEHHUIA.

8.1.10 Pacyer mo 06pa3oBaHMIO TPENMMH W3THGAEMBIX TPEXCIIONHBIX
3JIEMEHTOB CO CPEJHUM TEIIOM3OIAIMOHHEIM CI0eM U3 IIEeHOIONUCTUPOIIOEeTOHA,
JKECTKO CBA3aHHBIM C KpalfHUMU HECYIIIUMH CJIOSIMH, BBIIIONHSIOT B COOTBETCTBHH C
npusnoxenueM B.

8.1.11 Pacder o oOpazoBaHuiO TPEeLIHMH AIEMEHTOB IIPSIMOYTOIBHOTO CEYeHUS
C pacIpe/eneHHBIM 10 KOHTYpY apMHUpOBaHMEM IIpH KOcoM M3rube Jomyckaercs
BBINOJIHATE B COOTBETCTBHH C IPHIIOKeHHEM [ ..

[Tynkr 8.2 nononaute mynkramu 8.2.1 u 8.2.2 B cienyromeil peqakiuu:

«8.2.1 Pacuer Xene300E€TOHHBIX OJJIEMEHTOB TII0 PACKPBITHIO TPEILIHH
BEINONHAIOT B cooTBeTcTBHE ¢ CIT 63.13330.

Ilpu stoM koadduiueHT Y, onpenensemelii mo ¢opmyne (8.138) CII
63.13330.2018, npu BBIYMCIEHWH MIUPUHBI PACKPHITHS HOPMANBHBIX TPEIHH II0
dopmyne (8.128) CIT 63.13330.2018 cnemyeT yBenWUYWBATH UISI M3rHOaeMBIX
SIIEMEHTOB M3 IIETKOro 0eToHa Ha IMTOMAHOH IIEM3€ CO CTEKIOIIAaCTHKOBOH
apmatypoi Ha 10 %.

8.2.2 IlupuHy pacKphITHS TPELMH TPEXCIOHHEIX U IBYXCIOMHEIX S]IEMEHTOB,
HOPMAaJIBHBIX K IPOJOJIBHON OCH 3JIEMEHTA (e, MM, JHOITyCKAGTCS OIPENENATH I10
dopmye

Aere = Koym 'g'j lcrcv; e ’(825)
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A€ o — HalIpAKECHHE B apMaType, ONPEncnIeMOE B IIPEAIIOI0XKEHNAH, UTO BRICOTA
C)KaTOM 30HEBI PaBHa TOJMIXUHE BEPXHETO CIIOA

M
Os = 7 g (8.26)
As (ho__z—‘)
l.rc — paccTosiHEE MEXITy TpeIIMHAMHE, IPUHUMaeMoe 1o Tabmure 8.1;
Tabnuma 8.1
h: lCT‘C: CM, IIpH [ =A5/Ab5 %
fo CM
0,15 0,2 0,25 0,3 0,35 u BBIIIE
2,5 30 25 22 20 17
3 25 20 18 16 14
4 20 16 15 14 13
[IpuMeyanue— J{d IpOMEXKYTOYHBIX 3HAYEHUH ' U | 3HAYEHHE
l;c MPUHAMAIOT IO HHTEPTOSALHH.

Ajp — noNHAas MI0LaAb MOTIePEYHOro CeYeHUS HIeMEeHTa;
K — xoadpduument, 3aBucimUi OT Kigacca OETOHA HIDKHETO CJIOf,

IPUHUMAaEeMBbIN:
- s 6eToHa kmacca B15 ooovvvvivevieeee, 1;
- s 6etona xinacca B20 ........eeeeeeeennneen. 0,85;
- 1 6eToHa xiacca B25 ....ooveeeiveeeeneee. 0,7

N — K03 (QUIMEHT, 3aBUCALINIA OT BHUJIA IPOIONBHON PAaCTIHYTOH apMaTyphbl,
paBHBIN:

- JIIs cTep)kHel nepuogudeckoro npodmwran = 0,7;

- I CBapHBIX KapKacoB ¥ ceTok 1 = 1,25;

0y — KO3(pOUIHUEHT, YYUTHIBAIOIIMN UINTENBHOE MOeHCTBHE HAarpy3KH,
oIlpefeNnsieMblil U3 BRIpaKEHUS

o =1+, (8.27)

rae My, — MOMEHT OT AJMTENBHO AEHCTBYIOIIEH YacTH HaIrpy3Ky;

M — ob1mmit MOMEHT OT KpaTKOBPEMEHHOW U TUTEIIFHON Harpy3KH.».

IIyakr 8.3 momomHuTh, HOBEIMH TyHKTamH 8.3.1-8.3.3 B crmemyrormei
pelaKIuu:

«8.3.1 Pacyer sneMeHTOB kene300eTOHHBIX KOHCTPYKIIMH IO JehopMaiuaM
BBINTONHSOT B cooTBeTcTBHU ¢ CIT 63.13330.

Koadduument Y, onpenensemsrit mo dhopmyne (8.138) CIT 63.13330.2018,
_TIPY BBMYUCIECHHUH IIPUBEAECHHOr0 MOAYNIS JedopMaliil pacTsHyTOH apMaTyphl 110
dopmyne (8.159) CII 63.13330.2018 crnemyeT yBemWYMBATh I H3THOAEMEBIX
SJIEMEHTOB M3 JIETKOTo OeTOHa Ha JHTOMAHOH IeM3e CO CTEKIIOINACTHKOBOM
apMmarypo# Ha 10 %.

8.3.2 Ilpu pacdeTe MHOTOCIOMHBIX 3J1€MEHTOB 110 AedopMaiysam (nporubdam)
IIUPUHY TEIUIOM30JIALUOHHEIX CIIOEB b,..; IPUBEIEHHOIO IONEPEYHOro CeueHUs
IIPUHUMAIOT IIPONOPLHAOHATEHO OTHOLIEHWIO MOJYNeH YIPYroCTH CJIOEB II0

bopmyrne e

Jf,’""‘
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L. -

\ - \
l ‘r:
|




IIpogoxenne Mamenenna Ne 1 k CIT 351.1325800.2017 /6

brea=b;*(E'pi/Ep), (8.28)
rae Ep — MoIynb yIpyrocTH HECYIUEro CJIOS U3 KOHCTPYKIMOHHOIO JIETKOTO HIIH
TSDKEIOro OETOHOR;

E'pi — MOOymp yHOpyrocTd TEIUIOM3OJALMOHHOIO I-T0 CIOS M3
KPYIIHOIIOPHCTOIO (IOPH30BAHHOIO) JIETKOTO OETOHA, NMEHOMONUCTHPONOETOHA U
Ap.

8.3.3 Pacuer mo medopmanusM (JKECTKOCTH) 3JIEMEHTOB NPSIMOYIOILHOIO
CEYEHMs C pacIpeleNeHHBIM II0 KOHTYPY apMHpOBaHHEM IpH KOcoM Wu3rube
JIOTIyCKAETCs BEIIIOJIHATH B COOTBETCTBHH C IpHIoKeHueM JI.».

9 IlpenBapuTeNbHO HANPSKEHHBIE JKeJIe300eTOHHbIE KOHCTPYKIIHH

ITonpasznen 9.1. Jlomomauts myrkroM 9.1.11 B cnenyromeit penaknnm:

«9.1.11 OnuHy 30HBI mepefaud HaIpsKEHHH lp ISl HampsiraeMou
CTEKJIONJIACTUKOBOH apMaTyphl 6€3 aHKepOB B H3ruOaeMbIX 3JIeMEHTaX U3 JIETKOTo
OeToHa Ha NTUTOUHON IeM3€e CIeIyeT ONpeaesaTh o GopMyIe

L, = (2,5532+ 10) d. ©.11)».
P _

Rp

ITogpasnen 9.2. JononHuTs myHKTOM 9.2.2 B Cliemyrolel peIaKiium:

«9.2.2 Pacuer mNpsAMOYroNpHBIX CeYeHHH W3rubaeMBIX MpeABAPUTETHHO
HAIPKEHHBIX DJJIEMEHTOB M3 JIETKOro OeToHa Ha JIMTOMAHOM IeM3e Cco
CTEKJIOIMIACTHKOBOH apMaTypOH B PACTAHYTOH 30HE BBIIOIHSIOT U3 YCIOBUA

M < Rybhy%Ex(1 —Eg), (9.12)
_ w
rae §p = Rs+400—0g, (5 (9.13)
+t—p00— (1~ 17
3]1eCh Oy, — IPEeIBAPUTENEHOE HAIIPSDKEHUE B apMaType C YYETOM BCEX IIOTEPE. ».

10 KonerpykTuBHBIE TPeGOBaAHHS

IlepBErii a63a1. J{ONOTHUTE HPeIIoKEHHEM B CIEAYIOIIEH peIaKiiin:

«IIpy npoeKTHpOBaHMH OETOHHBIX M JKelle300€TOHHBIX KOHCTPYKIHH ¢
KOMITO3MTHOM MOIHMMEPHOM apMaTypod M JHUCIIEPCHBIM apMHPOBAaHUEM ClEIyeT
pykoBogcTBoBathes TpeboBanmamu CIT 295.1325800.2017 (paszen 8) u CIT 297.
1325800.2017 (pa3men 8).».

JomnonHuTs cBOJ npaBui npuinoxeHusMu B—J1 B ciemyromei peakiuu:

«IIpunoxenne B
Pacyer no o6pazoBaHnIo TPEIINH H3rH0aeMbIX TPEXCIOMHBIX 3JIEMEHTOB €O
CPeJHHM cJIoeM H3 NeHONONHCTHPOI0eTOHA

Pacyer no o6pazoBaHuio TpemuH U3rHOaeMEBIX TPEXCIIONHEBIX 3JIEMEHTOB CO
CPEIHHMM CJIO€M U3 IIEHOIIONUCTUPOJOETOHA BEHITIOJHSIOT HAa OCHOBaHHMH

CIIEOYIOMIHNX IIPEAIOCEIIIOK:
16
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- HauOOJIBIIEE OTHOCUTEIILHOE y,I[HHHeHHe KpaffIHerO PacTaHyTOro BOJIOKHa
KOHCTPYKIIHOHHOI'O OeToHa Hapy»XHOro HECYHIETO CI0A IIPHHHMAKT pPaBHBIM
ZRbt,ser/Eb;

- pacnpeneicHue ,uecbopmaunﬁ [10 BBICOTE IIOIIEPEIHOIO CEUEHNA IPUHUMAr0T
JIMHEMHBEIM — COTJIACHO THIIOTE3€ IUIOCKHAX Ce4YeHMH; Hallps>KeHHUA B KpafiHeM
pPacTAHYTOM BOJIOKHE OetoHa CpEAHEro TEIJIOHU30IALIMOHHOTO CJI0JA COOTBETCTBYIOT
,uetbopmaunn, OHpe,E[eHeHHOfI 110 TaHHOM THIIOTE3E.

Haan)KeHHe CXXaTH: 110 BerHeﬁ 'paHy 3JIEMEHTA OIIPEACIIAOT I10 (bopmyﬂe

x
—o'xﬁl 1= _ZRbt,ser Fa— B.1)

raie x — BBICOTa C)KATOMU 30HEI 63TOHa, OI‘Ipe,D;eJIEHHaH H3 YCIIOBHA paBHOBe(:I/UI
. BHYTPECHHHX CHII B Honepe‘:{HOM CCYCHHH IJJIECMCHTA.
Hanpsokenue CXaTdss 10 HYWKHEH TI'PaHd BEPXHErO HECYILIET0 CJOsS M3
KOHCTPYKIMOHHOTO GeTOHa ONpeesIoT o (hopMyie
_0K62 2 = —2Rptser % (B.2)
Haﬂpﬁ}f(eHHe CXAaTH4A 110 BerHeH I‘paHH Cpe,JIHeI‘O TEIJIOU3IOIIAITMOHHOTO CII0A
U3 MEHOTIOIMCTAPONIGETOHA ONPEAENSIOT IO QopMyIie

n6 P x—h'
—0 22 = 2Rbt,serE b/Eb P— (B°3)
roe E ’b — MOAYJB YIPYIrOCTH TEIUJIOM3OJIALMOHHOIO CpEenHero CcJioi M3

NeHOMOIUCTUPOIOETOHA.
Pacrarusaromee HallpsHKEHUE o HWKHEN TpaHu CpelHero
TENIOU30JILIMOHHOTO CJIOS U3 NIEHONOIHUCTHPOIOSTOHA OIPeIesIaroT o hopMyie

h—x—-h
01163_3 = ZRbt,ser b/Eb o (B.4)

Hanpsxenue B paCTﬁHyToiff paboueit apmaType onpenenamT o opmyie
h-
= 2Ryt ser Es/Ep —— (B.5)

I7le d — PacCTOSHUE OT HIDKHEHN I'paHy 3J1eMeHTa 110 ueHTpa TSKECTH apMaTypBL.
PactaruBaromue HampsDKEHHs II0 BepxHEH W HIDKHEH TpaHH HUXKHETO
HECYILEro CI0s U3 KOHCTPYKIHMOHHOTO O0eTOHa ONpeAeNsioT 1o popMye
UK634 3,4 = Rptser- (B.6)
Taxum 0b6pazomM, crxuMaroliee YCHINe B BEPXHEM CIIOe U3 KOHCprKuHOHHoro
OeroHa OyeT onpeensTaCs 1Mo hopmyie

_Nl{ﬁcm = _Rbt,ser (Zx i )h b (B-7)

C}KHMa}OH_[ee YCHIIHE B CpeaHEM TEINIOHU30JIIIHOHHOM cJioe U3

HeHOHOHHCTHPOHﬁeTOHa B IIpeagciax ydacTKa CHKATOM 30HBI BBICOTOﬁ, paBHOI';I x. -
h';, onpesesioT o dopmyie

_N.nﬁcm = _Rbt,ser ) b/Eb ~di; ) bf+b L (B.8)

PaCTﬂFHBaI‘OIHee yCHIHE B CpPEAHEM TEHHOH3OI[HHHOHHOM cJIoe u3

HEHOHOHHCTHPOHGETOHa B IIpeaeiiax BhICOTEI, paBH()ﬁ h. ==X = h’f:‘ OIIPEOCIIAIOT 110

dopmyie

bf+b f

Nnﬁpacr = Rbt,ser b/Eb (h X hf)
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PB.CTHI"HBE{I{)H_IBC YCHUIHE B HH)KHEM HECYIIEM CJII0€ M3 KOHCTPYKIHOHHOTO
beToHa OIIpeaeAr0T 110 (bOpM'y.T.[e
bf“l-b'f

NKﬁpaCT = Rbt,ser hf 2 (B-IO)

Pactsarusaromiee ycuine B paboueii apMaType onpeensioT o GopMyJie
h—x—a
Ng = 2Rbt,ser 05 As ) . (B-ll)

h—x
rne o« = E /Ep.

3HadyeHue BBICOTHI CXKATOH 30HBI X ONpPENENIIOT U3 YPaBHEHHs PABHOBECHUS
BHYTPEHHUX YCHUIIMH B IIONEPEYHOM CEYEHHMH OJJeMeHTa, KOTOpoe HMeeT
CIEIYIOLIMNA BU:

201\ L) o , o N T by+b’
~Rpt,ser ('—h__xf) h'¢b's — Ryeser " E'o/Ep  ——+ (x = 1) -~ + Rpper B ~5-L +
, br+b’ h—x—a
+Rbt,ser'Eb/Eb (h—x—hf) fz f+2Rbt,SET{x.AS' Fx = 0. (B12)

KOOp,[(I/IHaTBI paBHOJIeﬁCTBYIOHIHX YCHHHﬁ B C)KaToOHd 30HE OIIPEneJIAIoT IIO

bopmye
3x—-2h'
Kb ’ f
! “’“[h-' ! ( iy )
yC - 3(NK6C}K + Nﬂﬁm)
KoopauHaTel paBHOAEHCTRYIOMIUX YCHIKAA B PACTSHYTOM 30HE OTIPeeIITIOT 110
dbopmye

+ N0 (2x + ')

(B.13)

- &= N™ aer[2/3(h—x—hf)+hf]+N*Cu00,5 Ry +Ng a
P N™pacr + N¥Cpacr + N '
Msrubarommii MomMenT M), 06pa3oBaHKs HOPMAIBHBIX TPELIMH B DJIEMEHTE
OIIPEeNeNsIoT 1o (GopmMye
Mpl = (Nnﬁpacr g NKﬁpaCT + Ns)(h — Ve — yp) =
= (NKGC}K + Nnﬁcx{)(h —Ye— yp)' (B.15)
VYeunus B apmMatype Nyg, 00YCIOBIEHHBIE YCAIKON OETOHA €y, ONPEMETSIOT
o ¢opmyie

(B.14)

Nycs = EycAs. (B.16)

3HateHHue YCalKh €, MOMYCKAETCsl ONPEIENATh I10 BENHYUHE IIOTEPDH
IIpeIBapUTENHHOr0 HAMIPSDKEHUS B COOTBETCTBHU € 9.1.5 v mynkTOM 8 Tabmunp: 9.1.
Wsrubaromuiét MoMeHT M,s OT ycwius B pacTaHyTod apmatype Ny,

BBI3BAaHHOI0 ycaaKoi 6eToHa, onpeaenstoT mo Gopmye
Mps = _Nycs(h —Ye— a)- B.17)

Ipuno:xkenune I
Pacyer mo 00pazoBaHHIO TPEUIHH 371€MEHTOB NPAMOYI0JILHOIO ce4YeHH €
pacnpeJejJleHHbIM [10 KOHTYPY apMHPOBaHHEM IIPH KOCOM H3rude

I'.1 Pacuer mo oOpa3oBaHMIO TPEUIMH NPH KOcOM H3rube (TIpH pa3iuIHBIX
yIriax HaKJIOHA CHJIOBOM IUIOCKOCTHM K BepTukamu oT 0° mo 90°) smeMeHTOB

IpAMOYTOJIBHOTO CEYEHUS C IIPOU3BOJIBHBEIM PaCIIOJIOXKEHUEM TII0 CEYEHHIO

18 B HADUI
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apMaTypHBIX CTEPXKHEH  BBIIOJNHSIOT C Y4YE€TOM CIeAyIOIUX OCHOBHBIX
IPEIIIOCEUIOK:

- OIIOpY HaNpsDKEHHH B pacTAHyTOH 30He OeToHa MNPHHHUMAIOT
IPAMOYTOJIBHOM;

- BIIIOPY HaNPsHKEHUH B CXKaTOH 30He OeTOHA IPUHUMAIOT TPEYTOIBHOM;

- pacnpejielieHHe HampspKeHHH (YCcHUnui) B paclpeleNleHHBIX [0 KOHTYPY
CeYeHHs apMaTypHBIX CTEP)KHAX NPHUHUMAIOT JIMHEHHBIM — COIJIACHO THMIIOTE3€
TJIOCKUX CEUEHHM;

- YIoJI HaKJI0Ha HeHTPaJbHON IMHUHU Y COOTBETCTBYET YCIOBHUIO, IIPH KOTOPOM
IIOCKOCTH JEHCTBUS MOMEHTOB BHEITHHX U BHYTPEHHUX CHII IapalUIeNbHBl APYT
Apyry.

PacdeTHBle (hOpMyIIBI IOTYYEHE! IS TPEX CIIy4YaeB IMOJ0KEHU HeHTPaIbHOR
JUHAM C  YYeTOM HOpPMAaJbHBIX (MPOJOJIBHBIX) PACTATMBAIOLIMX YCHIIWH,
BEI3BIBAEMBIX YCaJIKOH JIerkoro 0eToHa.

B o61mem cirydae 3aBHCHMOCTH IS ONpeelieHHss MOMEHTOB BHYTPEHHHX CHII
OTHOCHUTEIIEHO TOYKH IPHIONKEHHS PaBHOJACHCTBYIOIIMX YCHJIMHA B CHKATOH 30HE
0eToHa, BOCIIPUHMMAaeMbIX HOPMAJIBHBIM K IPOJOJIEHOW OCH 3JIEMEHTA CEUeHHEM
npu 00pa3oBaHUM TPEUIVH B HApaBleHHH oceil X 1 ¥V, UMeIOT CleayIomuil BUsL;:

Mcrc,x = th(th - Xb) + Z?:l Osi Asi |(Xsi - Xb)l + N(XN —Xp), (I.1)

Mcrc,y = th(ybt' - Yb) + Z?:l O Asi I(Ysz - Yb)l + N(YN - Yb)r (F-Z)

rae X, u Y, — KOOpOUHATEI TOYKU TIPUIIOKEHUS PaBHOMAEHCTBYIOIIMX YCHIHH B
cKaTod 30He OeTOHA OTHOCUTENEHO KOOPAMHATHERIX ocell ¥ 1 X

Xpe ¥ Y,y — KOOpOWHATEI TOYKH IPHIOKEHUS PaBHOAEHCTBYIOIIMX
PacTATMBAIOLIMX YCUIUN B O€TOHE OTHOCHTEIHHO KOOPIUHATHEIX
oceit Y u X;

Xp ¥ Yp — KOOpAWHATEI TOYKHM IPUIOXKEHHsS YCHIHS OT ycagku OeToHa

OTHOCHTENIbHO KOOpIUHATHEIX ocell ¥ u X;
Xg; 1 Y5; — KOOpAMHATEI I-I'0 apMaTypHOTO CTepPIKHS;
Ag; — TIOIA Nk i-ro apMaTypPHOTO CTEPIHKHS.

IIpy  HopMmanbHOM  HpoOAONBEHOM  ycunuu N,  COOTBEICTBYIOIIEM
PaBHOJEHCTBYIOIIEH OT pacTACHBAIOLIEro Yycunus P, [OelCTBYIOIIero Ha
KOCOM3THOAeMEBIil 3NEeMEHT OT ycaJKd OeTOHa, 3aBHCHMOCTH JUIS OIpele/eHHUsI
MOMEHTOB BHYTPEHHUX CHJ OYIyT UMETh BUA:

Mcrc,x = Npe(Xpe — Xb) it Z?=1 Osi Asi |(Xsi - Xb)l - P(XP - Xb): I.3)
Mcrc,y = th(ybt - Yb) + Z?:l Osi Asi |(Y:S'L - Yb)l - P(YP - Yb)x (F-4)
rae P — paBHOJIEHCTBYIOIAsA YCUIUH B apMaTYPHBIX CTEPXKHSIX OT yCaIKU JIETKOIO

OeToHa, paBHas
n

n
P = Z G'YC Asi = Z Eyc Es ASE'
i=1

i=1
Koopaunarter Xp u Yp paBHBL:
X = ?:1 €yc Es Asi Xsi
P P ’
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Es Asi Ysi
b )
/e Eyc — yCalo4YHble Je(opManuy Jerkoro 6eToHa, onpefeNsieMble 0 BeTUIHHEe
IIOTEPE IIPEIBAPUTENLHOTO HAIpsKEHUs B COOTBETCTBUHM ¢ 9.1.5 m myskToM 8
Tabmuis! 9.1;

Ag; — Imomanp i-ro apMaTypHOT0 CTEPIKHSL.

Hanpsoxenus og; B KpadiHeMm, Hauboliee pacTAHYTOM apMaTypHOM CTepiKHE
Ne 1 nnomansto monepednoro ceuenust Ag; (pucysok I'.1, g), pacmonoxeHHOM ¢
KoopauHaTamM¥ Xgq H Ygq , C yUETOM COBMECTHOCTH JedopMalyii ¢ OKpY KaIOLIHM
OETOHOM DaBHBI Ogy = 20Rp¢ ser, THE X — KOIQOULUUEHT NPHUBEICHUS, PABHBIH

! n
Y, = i=1 Eyc
p =

& E
OTHOINEHHNIO MOIYJIEH YIIPYTOCTH apMaTypEl | OetoHa o0 = E_s
b
(ap]
a 5]
Y %
—
o
b &
34,
s

20 | BEACE
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X

a — HoMepa apMaTypHbIX crepkHedt No 1, Ne 2, Ne 3, Ne 4, ykasaHHBIE B TeKcTe,
COOTBETCTBYIOT IIJIOMIAIM IIOIIEPEYHOr0 cedeHus Agq, Asp, As3, Agq; O — CTEPIXHH HE TIOKA3aHBI

Pucynok I'.1 — HanpsizkenHo-gedopMHupOBaHHOE COCTOSIHHE B MONEPEYHOM
CeYeHHH KOCOM3rudaemMoro 3JjieMeHTa ¢ TpeyroJibHoi ¢GopmMoii ckaToi 30HbI
(cnyuaii A)

HanpsoxeHus 0g; B OCTaJIBHBIX apMaTYPHBIX CTEPXKHAX, PACHPENEIeHHbIX 10
KOHTYPY IOIIEPEYHOI0 CEYEeHMUsI, OTIPEeIAIoT 0 TUHeHHOMY 3aKoHy. B yacTHOCTH,
IUIss  apMaTypHOro crep:kHs Ne 2 mIoOmagelo IONEPEeYHOro ceueHus Agy,
PacIloNOKEHHOI0 B OJHOM IUIOCKOCTH C apMarypHeIM crepxHeM No 1 c
'KOOpIMHATaMHU X¢q U Ys,, HAIPSHKEHUS O, UL TPEYTONBHOM (DOPMEI CKaTOM 30HEI

(pucyHok I'.1, a) onpenensroT o CIeayOIAM 3aBHCHMOCTSIM:
Y¢2 siny+Xgq, cosy—x Ysz siny+Xgq cOSY—X

51 Y51 siny+Xg, cosy—x Y5, Siny+Xs, cosy—x

B apmarypHom crepxHe Ne 3 Iuromangpr0 IONEpPEeYHOro ceveHus Ags,
PACIIOIOKEHHOM B OJJHOM INIOCKOCTH C apMaTypHbIM cTepikaeM Ne 1 (pucynok I'.1,
a) ¢ KoopIuHaTaMu Xg; ¥ Y, HaOpsKEHHS Ogg ONPENENIOT IO CIEIYOIINM
3aBHCHMOCTSIM:

Os, =0 = ZaRbt,ser

Y51 siny+Xg3 cosy—x
51y siny+Xs; cosy—x

_ Y51 siny+Xg; cosy—x
- ZaRbt,ser Y.
51

O3 =0 - s
53 siny+Xgq cosy—x

I'.2 [1nsa yacTHOTO ciay4ast A (¢ TpeyronsHO#H GopMoit cxxaToi 30HE) (PUCYHOK
I'.1, 6) ycunus B cxxaroit Ny u pactsaHyToit Np; 30Hax 6eToHa OyIyT onpenesThes

o hopMynam

2cosyssiny

== Rbt,ser'x3
Np = 3 siny-cosy(h-cosy+b-siny—x) ’ (F-S)
Ny = ﬂrﬁ’”—(Zh cosy ' bsiny — x2). (I.6)

21 |
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BrIcoTy cxxaToil 30HEI OETOHA X ONPEeNsoT U3 YPaBHEHHs PaBHOBECHS BCEX
CHJI Ha IIPOJONBHYIO OCh 3JIEMEHTa, KOTOpOoe Iocie NpeoOpa3oBaHUil HMEeT
CIIEIYFOIIUNA BU:

3 —3(hcosy+ bsiny) x> — bsiny- cosy(bh —2aXYl, Ag —ﬁ)x + 3siny-cosy X

o AciXisiny+ Y% A Y.:cos N
Yiz1AsiXsiSiny + Xizy Asi¥si Y _ )= 0. (r7)

X (hcosy+ bsiny) (bh + Rpt ser® hcosy+ bsihy -

KoopauHaTel ToYek IPHUIOKEHHUS PAaBHOAECHCTBYIOIIMX YCHUIIHM B COKaTOH |
pacTsHyTo! 30Hax OeToHa ompenensioT no hopMyiam:

X, =—; Y, = ,
b7y cosy’ P 4 siny
= _ 3hcosy: b? sin?y — x3
Pt 3siny (2h cosy - bsiny —x2)’
3bsiny - h? cos?y — x3
Ypr =

3cosy (2h cosy- bsiny — x2)’

I'.3 JIns yactHoro cnydas b (cxxaToif 30HI B (popMe «KOPOTKOID Tparremuun™)
(pucynox I'.2) ycunust B cxxatoit N, U pacTsiHyTo# Ny, 30Hax OeTOHa ONpeesoT

o gopmyiam:

__ b'Rptser (3x%=3x b siny+ b*sin®y)
Ny = 3 cosy(h-cosy+b-siny—x) 4 (I'8)
b'R Ser
Ny = 2cI:sy (2h cosy—2x + b siny). (T.9)

KoopauHaTEl To4eK HpHIIOKEHHs PaBHOAESHCTBYIOIINX YCHIMI B CXXaTOH H
pacTAHyTOl 30HaX 6eTOHA ONPEeNeNsIOT IO CIIeAYFOIIIM 3aBUCUMOCTSM:
— (x —b siny)*
4 cosy[x3 — (x —b siny)3]’
— (x = b siny)? (x + 3bsiny)
4 siny %3 — (x b siny)3]
1 3 h? cos?y—3x%+ 3 xbsiny — b? sin? y

3cosy 2 h cosy—2x + bsiny
b 3hcosy—3x+ 2bsiny

Yo == .
P73 2h cosy—2x + bsiny

Xb=

Yb =

Xpe =

* «Koporkas» Tpaneuus — Tpaneuys, BbICOTa KOTOPOi COOTBETCTBYET LIMPHHE rlOr[epE:'-IHDI‘D npﬂmoyronmoro

ceueHns 31eMenTa (cM. pucyHok I'.2). o :

22 L 2 HARO)E
: B HEA .
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Pucynox I'.2 — Hanpsizkenno-aegopMHpoOBaHHOE COCTOSIHHE B MONEPEYHOM
CeYeHMH 3JIEMEHTA CO CKATOH 30HOH B opMe «KKOPOTKOM» Tpaneuuu
(cyuaii B)

I'4 JIng dvacTHOoro cmydas B (cxaToit 30HEI B (hopMe «yUIMHEHHOM
Tpanenuu™) (pucyHok I'.3) ycunus B cxxaroit Ny, u pactsaayToit Ny, 30Hax GeTona
OIIpeJeNsIoT 1o (opMynamM

h'R 3x2—-3x h:cosy+h? cos? ‘

Nb = b‘t,SET . Y Y’ (1—1.10)
3 siny b:siny+h cosy—x
h-R i

th:ﬁ (2b siny —2 x + h cosy). (T.11)

KoopaunaTtsl TodeKk NPHUIOXKEHUS PaBHONEHCTBYIOIIMX YCHIMHA B CIKATOH W
PAacTSAHYTOM 30HaX GETOHA ONPEENSIOT II0 CIeLYONIIM 3aBHCUMOCTAM;
X - x*—(x —h cosy)3®(x + 3h cosy)

P74 cosy[x% — (x — h cosy)?]
B x* — (x — h cosy)*
4 siny[x3 — (x — h cosy)3]’
1 3b*sin®y—3x*+3xhcosy— h? cos?y
~ 3siny 2b siny—2x +h cosy ’
_h 3bsiny—3x+ 2hcosy
3 2bsiny—2x+hcosy

Yp

Ype

bt

* «VpnuHeHHan» Tpameuus — TPamelwsd, BRICOTa KOTOpoif pacmonoxkeHa BIOJIb GOKOBOIl IPaHH MONEpeYHOro
cevyeHus anemenra (cM. pucynok I'.3).
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Pucynok I'.3 — HanpsizkeHHo-aeopMHpPOBaHHOE COCTOSIHHE B ONEPEeYHOM
CEYEHHH 3JIEMEHTA €O CKATOH 30HOH B (popMe «yAJIHHEHHON» TPanelunH
(cayuaii B)

24 2 HA S
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IMpunoxenne JI
Pacyer mo :xectroctu (Aedopmanusim) npH KocoM H3rude 3j1eMeHTOB
NPSMOYT0JIbHOr0 ce4eHMs ¢ pacnpeejeHHbIM 10 KOHTYPY apMHpPOBaHHEM B
cTagHH paboThl UX ¢ TPeIHHAMH

J.1 Pacuer mo xectkoctd (medopmarusam) IMpH KOCOM H3THOe 3IEMEHTOB
IPSMOYTONBHOIO CEYeHHs C PpacIpefeleHHBIM II0 KOHTYPY apMHpPOBAaHHEM B
CTaJ{H{ paboThl UX C TPEeIIMHAMH BEITIONHAIOT C YYETOM CIEIYIOIIAX OCHOBHBIX
MIPeATIOCHUTOK:

- (opMmy SmIOpEl HanpsHKeHW B OeTOHe C)KAaTOM 30HBI IPUHHAMAIOT
IIpAMOYT0JIBHOM;

- (axTH4YecKyro (TpPeyroybHy0 HIM TpalelUeBUIHYI0) CHKATYI0 30HY
3aMEHAIOT 3KBUBAJIEHTHOM, IPSIMOYTOJIBHOMN TOM JKe BEICOTHI U3 YCIOBHS PABEHCTBA
YIPYToNnIacTAYeCKUX MOMEHTOB COIIPOTHUBIEHHUS 110 cKaTo# 30He (pucynox [1.1);

- KO3 (ULIUEHT V, YYHTHIBAIOIIME HPHUHATYIO B pacdere MPSIMOYTONbHYIO
(opMy 3IOpHI HapPsDKEHUH B CHKATOH 30HE M YHPYTroIUIacTUYecKue AedopMaium

ckaToro 0OeTOHa, ONpeNeNsioT B 3aBHCHMOCTH OT KO3(QHUIMeHTa w* IIpH
(bakxTHUecKoi (opMe CKaTOH 30HEI (TPEYTOIBHOMN UM TparelMeBUIHOM);

- ko3hdunueHT Y, yYUTHIBAIOUUN paboTy pacTAHYTOro OETOHA MEXIY
TpeUMHAMH M HEepaBHOMEpPHOe pacrpeneneHue nedopManuili pacTIHyTOH
apMaTypel B CEYEHMHM C TPEIIMHOM M MeXJIy TpellMHaMH, OIpPEJesIioT II0
dopMynaM st IIOCKOTO M3THOA C yYeTOM MOMEHTOB MpH 00pa3oBaHuy TPEIIUH,
OIIpeJIeJIEeHHBIX U3 pacueTa Ha KOCOH M3rub COrNIacHO MPUIIOKEHHIO

- ko03bdunmenT |, YUUTHIBAIOIMA HepaBHOMEPHOE paclpeeleHue
nedopmaliuii KpaliHero c)xaToro BOJIOKHa GeTOHA IO JJIFHE yYacTKa TPeIldHAMH,
IPUHHMAIOT TaKUM JXKe, KaK U IIPH IIOCKOM H3rHoe;

- YToJl HaKJIOHa HeHTpalbHOM OCH Y OIPEENIIOT U3 pacdyeTa o 00pa3oBaHHMIO
TPELIUH COIVIACHO MPHUIIOKEHUIO ' ¥ NIpUHUMAIOT TOCTOSHHBIM /IS BCEX YPOBHEMH
3arpy KeHus B cTaguu paboTsl C TpelnHaAMH.

.2 KpuBu3Hy B HalpaBleHUM, NEPIEHIUKYISPHOM HEHTpanbHONR JIHHWH,
onpenensioT no GopMmyire

1_ My [ll’s_l_ Up ] (I.1)

r  hoZy LEgAs EpApv ) '
rae M, — IpoeKIus BHEIIHEro U3rudaroIiero MoMeHTa Ha 0Ch, MePIeHIRKYISIPHY IO
HENTPaIBHON JTMHUY;

ho — pabouas BeIcoTa ceveHus (IPOEKIUsA PACCTOSHMS OT HauboJjee CKATOro
pebpa OeToHa 10 TOYKU IPHIIOKEHUS PaBHONEHCTBYIONIMX YCUIWN B PacTAHYTOM
apMaType Ha 0Cbh, IepIIeHIUKYIIPHYIO HERTPAILHOM JIMHUK ),

Zy— NNe4o BHYTPEHHeH ©apel CHJI, MPOEKIUs PACCTOAHUS OT TOYKH
[IPUIIOXKEHNUST PAaBHOJEHCTBYIOUIMX YCHIHH B PACTAHYTOH apMaType OO TOYKH
IIPUIIOKEHUS paBHOJEHCTBYIOIMX YCHIIUI B CXKaTOW 30HE OETOHA;

* Koagduiment w (1rn ko3 pQHIMERT MOIHOTHI AMOPE! HATIPSKEHMIT) onpeJenseTcs 0THOIIEHHeM PaKTHIeCKoH
IUTOMIATH SMIOPEI HANPAKEHMH K IUIOWAH 3MI0Phl, MPUHATOMH B pacyeTe (B JaHHOM CIydae — MPAMOYTONBHOM). -
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Us, Uy — xodpdummeHTs, yYUTHIBAIOIIME COOTBETCTBEHHO pPaboTy
pacTsSHyTOro OeTOHa M HEpaBHOMEPHOCTH paclpenerieHus aedopManuii KpaikHero
CKAaTOro BOJIOKHA OETOHA 110 AJIMHE y4acTKa TPEIIMHAMHY;

V — K03((UIHEHT, XapaKTepU3YIOIIMH YIPyroIUIaCTHYECKOe COCTOSHHE
-0eToHa C)KaTOM 30HEI U IPUHATYIO (POPMY SIIOPEI CKUMAIOIIUX HATIPSDKEHHIH;

Ap — Imomane CXaToi 30HBI BEICOTOH X;

A; — nmoane Beel AUCKPETHO PAcIIOIOKEHHOH PacTsAHYTOH apMaTypHl;

E}, — Momyns yrpyrocTs jgerkoro 6eToHa;

E¢ — Mongyne ynpyroctu apMartypel.

—
E—
L X
| Xm

1

]

|

i

111t

Gs'As

As f— Esm

Pucynox /1.1 — Hanps:kenHo-g1edopMHpPOBaHHOE COCTOSIHHE 3JIEMEHTOB NPH
KOCOM M ILIOCKOM H3rude

Kospdunuent g B dopmyne ([.1) mia sneMeHTOB M3 Jlerkoro OeroHa
OIPEeNEeNSIOT o opMyIie
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W = 1,25 — 1,1 Zere (I1.2)

My
rjae M., — MOMEHT IIpy 00pa30BaHUU TPELIUH, OTIPEAESEMBIi 110 (hopMyITe
Mcrc = Mcrc,x 63 Mcrc,y:

B KOTOpPO# MOMEHTHl My, U My, onpenensior mo ¢opmynam (I.3) u (I".4)
npunoxenus I '

Koaddunuent Y, onpenensemsrii mo dopmyie (I1.2), cienyer yBeTuudBaTh
JUIs W3rM0aeMBIX 5J€MEHTOB M3 JIEFKOro OeTOHa Ha JHTOMOHON IIeM3e Cco
CTEKJIOILIACTUKOBOM apmatypoit Ha 10 %.

OTHOCHTENBHYIO BBICOTY CXKATOM 30HBI ONPEAENAIOT 10 (hopMyJie

1
E:13 1+58 (ﬂ3)
o8 10p o
3xeck 6 — koo hunueHT, onpenensseMslii o Gpopmyiie

§=—nY—

2!

b’ Rb,serho
rne b’ =b, - npuBeneHHas IUMpUHA 3aMEHSIONIET0 MPAMOYTOJBHEKA,

OmpenenseTcs U3 PaBeHCTBa YNPYTrOIJIACTUYECKMX MOMEHTOB CONPOTHBIEHHS IO
CKaTOH 30HE BBICOTOM X IpH (aKTUYECKOH M 3aMeHSIONIEdl ee MPAMOYTONBHOM
(umpunoit b' = b,) dhopme (pucysok 1.2).

28 | L2 HL“H'" D \_w i
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B

M\ |
by 7 3c-Fsiny
L e o @ 2x-bsin¥
.

N
1 f"y\lu >
LN 54
q X/Siny-cosy l,\“*‘ fi
i ? x=b:sin¥

ros¥

2/3x
|
|

B — yron HaknoOHa CHJIOBOH IUIOCKOCTH; Y — YTOJ HAK/IOHA HEHTPANBHON JTHHHH; b, — NIMPHHA 3aMEHSIOIIETo
NpsIMOYTOJILHUKA

Pucynok /[.2 — Paziu4Hple CJIy9aH MOJI0KEHHS HEHTPAJLHON 0CH NPH KOCOM
n3rude

IIprBeieHHYIO IIMPUHY CXKATOM 30HEI OeToHa b’ = b, TpU ee TpeyroJbHON
opMe onpenensioT Mo hopMyie
2
Tk

r_ g 1 Ehg ( 3 )
b =y = 2 siny-cosy (1_35)’ (4.4)
a 1npu TpaHeHHGBH,HHOﬁ dpopMe
' ( _Esiﬂ)( _1382-p2 sinzy/hoz)
b’ = b3 _ b z ho 3 2E-bsiny/hg (ﬂ-S)

cosy §(1-7%)
J.3 OrsocuTeNBHYIO BEICOTY CXaTOH 30HBI & = X/h, OIpemeNsioT 1o
(GopMynaM, COOTBETCTBYIOIIMM Pa3JIHYHBIM (hopMaM CIKATOM 30HEI.
Ilpu TpeyronbHOH (QopMe CxKaToi 30HBI OTHOCHTENBHYIO BBICOTY €
OIPENENSIOT U3 PElIeHHs YPaBHEHUS

HABOPY
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ky 8 + k8% + kst + ky =0, (11.6)
rjae Ko3OUIUeHTH! k4 , ko, ks, k, onpenensor mo ciemayromyuM 3aBUCHMOCTSIM:
k== h3. (1.7)
k, =§ h2 — g Si“":zc’sy Ri/,[:;r —9 A a siny - cosv, (A4.8)
k; =23 A; a siny-cosy +5 Sim;iosy Ri/!.:er ; (11.9)
k,=—10 A; a siny -cosy. (4.10)

Ilpr TpaneuueBHaHON QopMe cXKATOH 30IILI OTIIOCHTENLIYIO BLICOTY &
ONpEeIsAoT U3 PELIeHHUs YpaBHEHUS

ky &% + k& + ks =0, (I.11)
rzae Ko3QpUIUHeHTs k1 , ko, k3 ONpemensior mo cleayronyM 3aBUCHMOCTIM:
ky =—(9Asa cosy+hg b/2+5 cosy L), (4.12)
2 hg Rb,ser
k, =23 A; « cosy+ hy b + cosy My , (J1.13)
0'fh,ser
ks = b3 sin?y/6hy, — b? siny/2 — 104, a cosY. (I.14)

B npusenennsix sasucumoctsx (1.7)-(1.14), onpenensromux K03QhOHIMEHTHI
ki, ky, k3, ks, y— yron HakiIoHa HEHTpansHON OcH K ropusoHTany (pucynku I'.1,
I'2, I'3) umu yron Mexxy OOKOBOHM CTOPOHOH W JIMHHEH, MepIeHIUKYISPHOMN
HelTpansHoi ocu (pucyHok J1.2).
H.4 3uavenve KodQdUUUEHTAa V 3aBUCHT OT (QOPMBI CHKATOH 30HBI H
OIIpPEJIENSIETCS B 3aBUCHMOCTH OT KO3 GHUIMEHTa " TI0 CIeAYOIIHM (hopMyTam:
- UL IPSIMOYTONBHOM (hOPMBI CXKATOM 30HBI
v=Vw=09-05=0,45;
- IJIs1 TPEYTOBHOMN
v=v w=09-033=0,3;
- I TpalnelueBUTHOM
a) TUIIa KKOPOTKOI» Tpamenuu (pucyHok I".2)
0,3[x2—(x—b siny)3]
x [x2—(x-b siny)?]’
0) THIIa «yATMHEHHOW» Tparnenuu (pucyHok I'.3)
0,3 [x% — (x — hcosy)?]

x[x2—(x—h cosy)?]’

y=vw =09 =

v=vVw=09%9w=

KpuBusHy xene300€TOHHBIX 3JIEMEHTOB IIPH KOCOM HM3TrH0e ¢ MHOrOPSIHBIM
PacIoIoKeHHEM apMaTyPEI 110 CEYEHUIO ONPEeNsIOT U3 CUCTEMB] YPaBHEHHH

1
M :Dll ;+D12 EO

1

: (I.15)
N = D12 ;+D22 &p

rae

* Cwm. cHocky B [I.1.
30 -
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Es; bhoE
Dy =21y F si SL Z ]Z.S‘j +((Pf+51) - bvzbzn (11.16)
Egi bh E
Dy, =i, e — A2 +ch=1 EsjA siZsj + (@f +8) = bVZb, (4.17)
155L thE
D =Ny Pt Aa+ Ty B+ (0p +8) 722 (11.18)
B dopmynax (1.16)—(1.18):
V=2v;

[ — TIOPSAIKOBBIA HOMED CTEPIKHSA IPOJOJIEHON PacTIHyTOH apMaTyphI,
J — TO e, CXKaToH apMaTyphl;
o X
&1 — OTHOCUTENBHAs BBICOTA CYKATOM 30HEI CEYEHMs, pABHAS - » OTpeJieneMas
01

6e3 ydera cxaToif apmatypsl u3 ypaBuenuit (J1.6) u (J.11). ITpu 3ToM 3HaueHuUE
yrila HaKJIOHa HEHTpPalbHOH JIMHUH Y ONpEeNsioT U3 pacuera Imo o6pa3oBaHMUIO
TPEILXH COIVIaCHO MPHIIOKEHHIO [

Zsj, Zgj — PACCTOSIHUA OT LEHTPA TSHKECTH I-H M j-H apMaTypsl 10 ocH Y

Zp — PacCTOSAHMA OT LIEHTPa TSHKECTU CXKATOU 30HBI CeYeHUs 10 ocH Y.

ITpuarMaroT, 4To ock Y pacmonaraeTcs B rpejenax pabodei BEICOTE CEUEHUS
Ha paccrosHuM 1,3x oT Haubonee cxaToi rpaHu OeroHa. Torna 3HaveHHs Zg;
OynyT C IOJIOXKUTENBHBIM, & Zs; M Z), — C OTPULATELHEIM 3HAKOM.

ITpu onpenenennu &; pabodyio BEICOTY cedeHHs R, MPUHUMAOT PaBHOK Agq
(pucynox JI.1), a cyMMapHyIO IIIONI[afb IIONEPEYHOT0 CEYEHUs NPOHOILHOM
pacTaHyTOd apMaTypel (i ompeneneHus Kod(QQUIMEHTa apMHUPOBAHHS |1)

ONPENENSIOT 110 hopMyie
hgi —1,3x

As = Nic1 Asi | (1.19)
01 ,
IIpu 3ToM ko3 purment Y, creayer onpe):[enx'rb no Gopmyie
W, = 1,25 — 1,1 Yere frox (I1.20)
Y hm

Tak xax mpu ompefeNeHMHM OTHOCHTENBEHOHM BBICOTEI CIXKATOM 3OHEI
K03(GQUIMEHT apMUPOBAHUSI, ONPEAENAEeMbId B 3aBUCUMOCTH OT BBICOTHI CXKATOM
30HBI, 3apaHee HEU3BECTEH, TO 3HaYeHHe & BEIUUCIIIIOT UTepalliOHHEIM I0A00POM,
KOTOPBI MOKHO BEINOJHUTE C IOMOIIBIO BEIYUCIUTENBHEIH IPOrPaMMEL Y.

KimroueBsle cnopa. MckmouuTe cioBa: «, KiIacCH(HKALMs, TEeXHUYECKHE
TpeboBaHMs, IpaBuiIa IPUEMKH, METOIBI KOHTPOJIS.




