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KpaTtkoe pykoBOJCTBO I MOJIB30BATENSA

1. Ha3zuauyenue

[Taker mporpamm CTATHUKA npenHazHaueH i1 pacy€ToB W IMPOEKTUPOBAHUS DJIEMEHTOB
CTPOUTENBHBIX KOHCTPYKIIMU. B cocTaB makera BOLUIM CIEAYIOIIUE TPOrpaMMbI: MpOrpaMMa BBO/A,
pPacYéTHbIe MPOrpaMMbl, IPOrpaMMa JIOKyMEHTHPOBAHHS PE3yJIbTaTOB pacuera Viewer u mporpamma
yIpaBieHUs NpoeKkTaMu MeHeaKep NPOeKTOB.

IIporpaMmma BBOAA TNO3BOJISIET CO3JaBaTh M PACCUMTHIBATH MO3ULMHU IpoeKkTa. B pamkax maHHOro
MaKeTa, Mo/ MO3UIKel MoHMMaeTcs Habop JaHHBIX JUIsl OTAEIBLHOTO pacyéTa CTPOUTENIBHOIO dJIEMEHTA.
Kax o1 no3uimum cOOTBETCTBYET OJJHA PACYETHASI TporpaMma.

ITporpamma Viewer obecrieunBaeT MpOCMOTP JOKYMEHTOB C pe3yJbTaTaMH pacueToB mosuimii. OHa
uMeeT (YHKIMH MPOCMOTPAa W TMEYaTH JOKYMEHTOB, apXHBUPOBAHHMS W TEPECBUIKH AIICKTPOHHOMN
nouToii. [IpesycMOTpeHbI BO3MOKHOCTH BCTABKH PHUCYHKOB M TEKCTa, a TaKkKe MpeoOpa3oBaHUs
nokymenTta B popmar pdf mis mpocmoTpa B mporpammax Adobe Acrobat u Adobe Reader.

[Iporpamma MeHem:kep NPOEKTOB TNpeqHa3HAueHa JUisi paboThl ¢ mpoekTamMu. OHa MO3BOJISIET
OpraHM30BaTh XPaHEHHWE JOKYMEHTOB (TE€KCTOB, YEPTEKEH, pacUETHBIX IMO3MLMN) IO MPOEKTaM U
obOecrieunBaeT ymnpapiieHue UMU (yOalleHue, KOMHpPOBaHUE, Me4yaTh, pacyeT MO3ULIUN U Jp.), UMEeT
GYHKIIMM apXUBUPOBAHUS M PpabOThl € DIEKTPOHHOM IMOYTOH, MOANEPKHUBAET pabOTy HECKOJIbKHUX
I10JIb30BATENEH B JIOKAJIbHOM CETH HaJ OJAHUM IIPOEKTOM.

Jnst ynoO6cTBa paboThl, BCE MPOrpaMMBbI MaKkeTa CHA0XKEHbI MOJIPOOHBIMU TEKCTaMH, MOJCKAa3KaMH U
WUTIOCTPALMSIMH.

2. BBOa HCXOTHBIX JAHHBIX

Jnst co3maHusl HOBOW TMO3WIMHM WJIM OTKPBITHS CYIIECTBYIOIIEH MO3HMIMU HCIIOJIB3YeTCs KOMaHIa
Cozoamwb modenv nnu Omxpuimsb U3 AeHTHl MeHI0 Cmamuka B iporpamme MeHenaxep npoekTos. [Ipu
CO3/J1aHUU HOBOI MO3UIMH, TpeOyeTcsl BbIOpAaTh pacuE€THYIO MIPOrpaMMy € MOMOIIBIO KHOIOK Ha JIEHTE
MEHIO MporpaMMbl BBoja. McxonHble naHHbIe AJie pacuéra 3ajaroTcsi B OKHE Beod. OkHO Bgoo
COJICPKUT MOJIS 7S BBOJA TaHHBIX. [ToJst BBOJ@, CBA3aHHBIE IO CMBICITY, TPYNIIMPYIOTCS B BOIIPOCHL, a
BOIPOCHI — B pa3/iesibl. BO3MOXKHBI cie1yrolye TUIIbI ToJIel BBOJA!

"  TI0JIC BBOJA YHCEN

"  [0JI€ BBOJA TEKCTa

" JI0JIE CO CITUCKOM (OTMEUYEHO TPEYroJIbHUKOM, BBIOOP TP IMOMOIIM MBIIIN HITH KJIaBHII +, -)
"  moJje ¢ HabopoM nepekiroyaTeneld (0TMEYeHO 3HaKOM X)

HpI/I BBOJIC YHCJIIOBBIX JAaHHBIX, ABTOMATHYCCKU IIPOBCPAIOTCA YCIOBUA HOIMMYCTHUMOCTHU, IPU HUX
HApYIICHUHU MOABIACTCA MPEAYIPCIKIACHUC.

C nenbto cokparnieHus: 00béMa BBOJIa, U HEKOTOPBIX TOJIEeH MPEIYCMOTPEHO MOTydeHHe 3HAYCHUH 13
CTaHAAPTHBIX Hla6J'IOHOB, ABTOMATUYCCKHU TMMOABJIAOIINXCA IMPU CO3JaHUN IMO3UILIUH. [1Ta6oHBI MOTYT
co3/laBaThbcs ToNb30BaTeneM. J[ns co3gaHusl WM M3MEHEHUs MAaONOHOB, HMCMOJB3yeTCcs KOMaHAa
Coxpanums Kax wiabaon, NOCTYITHAas B KOHTEKCTHOM MeHIO [{osuyuu. B TOSBISIONIEMCS TUAore
MO>XHO BBIOpaTh (POPMHUPOBAHKE HOBOTO I1a0JI0OHA MJIM U3MEHEHUE CYIIEeCTBYIOIIETO.

JUig 1mo3unuM MOKHO COCTaBUTh KOMMEHTAapHH, BBIBOAMMBIE B Haudaj€ M B KOHIIE BBIXOJAHOIO
JIOKyMeHTa. BBOJ KOMMEHTapusl OCYLIECTBIISAETCS IIyTEM JIBOMHOIO LIEIYKa JIEBOM KHOIKOW MBIIIU B
noJisix BBojia Kommenmapuui wnn Iloscuenue.

CTATHUKA-2024. Onucanue npocpamm Kpartkoe pykoBOACTBO JUIsl ITOJIb30BATENS



25

Kpowme toro, 1u1st opopMiIeHns U TOTOIHEHHSI JOKYMEHTA, MOXKHO UCIIOIb30BATh I0CTABIISIEMbIE BMECTE
c naketoM CTATHUKA cepBHCHBIE TPOTpaMMBbI JJIs1 BCTABKU TEKCTa, PUCYHKOB U IPYTHX HEOOXOAUMBIX
JJIEMEHTOB.

[Tpu BBOJE MaHHBIX, MOXXHO TIPOU3BOJIBHO MEPEXOIUTH HA JIF000E mose BBoa. [l mepexoia MOXHO
UCIOJNB30BaTh MbIb Wik kiaBumm Enter, Tab, crpemku. Jlns ObicTporo mnepexoma cieayer
ucroib3oBath kiasuiu PageUp, PageDown, Ctrl+Home, Ctrl+End.

[TomuMo okHa Bsoo, TpenyCMOTPEHBI CIIETYIONINE BCIIOMOTAaTeIbHBIE OKHA!
=  CoaepxaHue
= TekcroBas ITOMOIIb
= ['paduyeckas moMoIb
=  VYkazaHHS K IPOEKTY
= BrBoxa

BcnomoraTenbHBIME OKHAMU MOXXHO YIPAaBISATh C TOMOINBIO KOMaHA M3 MeHI0 Buo. B oxHe
Cooepoicarnue 0TOOpaxkaeTcsi CTpyKTypa MpOoeKTa ¢ paszienamu BBoAa. [Ipu moMoIu 3Toro okHa, MOXHO
ObICTpO TepeiiTu Ha Tpedyemoe moiie BBoAa. B okHe Texcmosas nomows 0TOOpaxkaeTcsi ONMHCaHUE
TEKYIIEro BOMpoca (mapamMeTphl, €IUHUIBI U3MEPEHUS, 00JIACTH JOMYCTUMBIX 3HAYEHUU, CCHUIKM Ha
MIYHKTBI HOPM 1 11p.). B okHe I paguueckas nomows 0TOOpaKaIOTCs MOSCHSIOUINE PUCYHKH K TEKYIIEMY
BOIIPOCY, IIPU 3TOM BBIIEIISETCS LIBETOM IIapaMeTp, COOTBETCTBYIOIIMM TEKYIIEMY IIOJII0 BBOJA.

IIpy BBOJE HEKOTOPBIX YMCIOBBIX JaHHBIX, MOKHO HCIIOJIb30BATh KOMaHAY Buvluucnenus us3
KOHTEKCTHOTO MEHIO0 Bcmasumsb ISl BBOJA apu(PMETHIESCKOTO BRIPAXKCHUS ((POPMYIIBI), IO KOTOPOMY
BBIUMCIISICTCSI BBOAMMOE 3HAUYCHHE. DTO BbIpaKeHUE OyJeT COXpaHEHO B PAcu€THOW MO3UIMH s
BO3MO)XHOCTH TIOCJENYIOIIETO pEeAaKTUpOBaHUS. B  BBIXOJAHOM JOKyMeHTE apu(pMEeTHUYECKOe
BBIpaXEHHE HE OTOOpaxaeTcs.

[Ipu BBOJIE HEKOTOPHIX YHMCIIOBBIX JAHHBIX, MOKHO TaK)K€ HCIOJIb30BaTh KoMaHny Komnonosxka 3
KOHTEKCTHOTO MEHI0 Bcmasumsb 1 BBOJAa apU(PMETUYECKOIO BBIPAKEHUS U TOSICHSIOLIETO TEKCTA.
JlonmyckaeTcst BBOJ HECKOJIBKMX BBID@KEHHUI, MNpH 3TOM pacCUUTaHHbIE 3HAueHUs OyayT
CYMMHUpOBaThcs. B BBIXOAHOM 10KyMeHTe Oy1yT 0TOOpaKeHbI MOSCHSIOMNN TEKCT U apupMeTUUECKHE
BbIpakeHUs. [IpegycMoTpeHa BO3MOXKHOCTh NMPUHUMATh HArpy3Kd M3 pe3ylbTaTOB pacdera JPYrux
MO3ULMH, HallpUMep, IpU pacdeTe GpyHAaMeHTa MPUHATH OMOPHBIE PEaKIMH U3 MO3ULUH C PacueTOM
KOJIOHHBI. KpoMe Toro, Harpy3ku MOTYT OBITh IPUHSTHI U3 pe3ysbTaToB pacuera MicroFe u npyrux
no3unuii CTaTHKM, a Takke U3 0a3bl CTaHIAPTHBIX Harpy3ok. s UX BBOJA B TEKyIlee MoJie BBOJA
CIy’)KUT KoMaHa [lepedaua U3 KOHTEKCTHOTO MEHIO Bemaguma.

3. PacuéTt n meyaTn pe3yJIbTATOB

CoxpaHeHHE BBEJCHHBIX JaHHBIX OCYIIECTBIsIETCS KHONKONM Coxpanums Ha BEPXHEH MaHEIn
MHCTpYMEHTOB. Pacué€r BbINOJHSETCS NpU MOMOIIM KOMaHAbl Pacuem w3 3aknagku Pacuem.
PesynbTathl pacuéra BBIBOAATCS B OKHO /[okymenm B popMe BbIXoHOTO okyMeHTa. Komanna Ileuvams
13 KOHTEKCTHOM 3aKianku /[okymenm TO3BOJSET BHIOPATh (hOPMY BBIXOJIHOTO IOKYMEHTA.

Pe3ynbrathl pacuera mpoekTa GOPMUPYIOTCS KaK €ANHBINA JOKYMEHT, KOTOPBIA MOXKET ObITh HareyaTaH
WIM OTIIPaBJIEH IO AJIEKTpoHHOW mourte. [Ipu medatu, equHBIA TOKyMEHT OylIeT MMETh CKBO3HYIO
HyMepaiuio cTpaHull. Takke MOXHO CO3/1aTh Jt000€ KOJIMYECTBO JOKYMEHTOB, YIPABISSI COCTaBOM
JOKYMEHTa (Harpumep, AJsl OTASIBHOTO THIIA MO3UIUI — CBOI IOKYMEHT) 4epe3 MEHIO JJoKyMeHm —
Cozoames. [laker CTaTHKAa MO3BOJISET HAlEUYaTaTh JOKYMEHT B KOMITAKTHOU popme (2 mim 4 cTpaHUIIbI
JOKYMEHTA Ha OJTHOM JIUCTE OyMaru).

CTATHUKA-2024. Onucanue npoecpamm Kpatkoe pykoBOACTBO JUIsI ITOJIb30BATENS
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4. Co3naHue NMPOEKTOB W yNpaBJieHHe MU

[Tporpamma MeHea:kep MPOEKTOB MpeaHa3HaAuYeHa 1Ji1 pabOThI C MPOEKTaMH, KOTOPbIE NMPEACTABISAIOT
coboii rpymmbl nmo3uiuid. Kaxkapii mpoekt umeet pasnensl /lpoexkm, Aopeca, Cmamuxka, [llabnowsi,
Hokymenmuwi, Pe3ynomamol, a Takke pa3Aaeibl IPOSKTOB JPYTUX PACYCTHBIX U IPpaUUECKUX MPOTrpaMM
nakera Ing+ 2024. B pasnene Ilpoexm copepxkutcs oOmas uHpopManus o mpoekre. B pasnmerne
Cmamuka Xpasstcsa pacu€THble no3unuu. Pazgen /Joxymenmwr TpenHasHayeH [UIsl XpaHEHUs
COITyTCTBYIOIIUX TOKYMEHTOB IpoekTa (HokymenToB Microsoft Word, ueprexeit AutoCAD u ap.), a B
pazznene Pe3yromamsl XpaHsaTcs pe3yabTaTsl pacuera. [IpoekT MoxkeT ObITh co3/aH B JIIOOOH Mamke
¢aitnoBoil cucTeMbl, 32 UCKIIOUYEHUEM KOPHEBOTO KaTallora.

[Tpu nomomy CTAaTHKH MOYKHO TAaK)XKE CO3/1aBaTh, OTKPBIBATh U PACCUMTHIBATH MO3ULMU. {1 3TOrO
UCTIONB3YIOTCSI KOMaH/Ibl U3 JeHTbl Cmpoumenvhuvle snemenmol, OcHosanus u GyHOaMeHmsl U m.o.
[Iporpamma CraTtuka 1aéT BO3MOKHOCTh IIPOBECTU Pacué€T cpa3y HECKOJIbKUX Mo3uuuil. [l storo
HEo0X01MMO B 3aKjajike Pacuem BbI3BaTh KOMaHNy Ynpaenenue pacuemamu, BbIIEIUTb 3TU NO3ULIUU
U 3aIllyCTUTh WX Ha pacuéT 0JHOI KoMaH10il. MeHexkep NPOeKTOB UMeeT (QYHKIUIO apXUBUPOBAHMUS,
(GyHKIMIO pabOTHI C DJEKTPOHHOH IOYTOW, TMOAJIEPKUBACT PAaOOTy HECKOJIBKHX IOJIb30BATENEH B
JIOKQJIbHOM CETH HaJl OJTHUM IIPOEKTOM.

[Ipu wuHcTrammsauumu mnaketa CraTuka, co3gaércsa rpynmna [Ilpoexmsi, colepKamias TpYIITy
Ipumepwvr v rpynny /pyeue, a Takxke npoekT Cmamuka ¢ IpUMEPaMHU MO3UIUH.

CTATHUKA-2024. Onucanue npocpamm Kpartkoe pykoBOACTBO ISl ITOJIb30BATENS
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100 — DnemeHTBI IepeBIHHBIX KOHCTPYKIIUM
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[TporpamMmma mpemHa3HayeHa JUIS pacyéra dJIEMEHTOB JCPEBSHHBIX KOHCTPYKIIMH  COTJIACHO
CII 64.13330.2017 [1]. PaccmaTpuBaroTcst 3J1€MEHTHI U3 1IEJIbHON JAPEBECUHBI, KJICEHBIE SJIEMEHTHI U3
APCBCCUHBI U KJICCHBIC 3JICMCHTBI U3 OAHOHAIIPABJIICHHOI'O IIITOHA.

1. PacuerHas cxemMa U HATPY3KH

Pacuetnas cxema mnpencTaBisier CcoOOHW  CTEP)KHEBOM  3JIEMEHT IPSIMOYIOJIbHOIO  CEUYEHMS.
PaccmarpuBaroTcs Ba TMHa pacdyeTHOW cxembl: Oanka W croiika. [Ipumep Oanku ¢ HMIApHUPHBIMU
3aKpeIICHUSIMU NIPUBEJEH Ha puc. 1.

Puc.1. TIpumep Oanku

[Ipumep cToiikM € MOJABMKHBIM 3aKpEIUIEHUEM (3aKpEIJICHMEM OT IOBOPOTa) BEPXHETO CEUYECHMS
IIPUBEJZICH Ha puc.2.

B nmanockocTH Y B nanockxocTu 2
y i y 7
=/ ==l

Puc.2. Ilpumep croiiku

Bo3mosxHO 3amanue COCPCAOTOYCHHBIX U PABHOMCPHO paCpCACIICHHBIX HAI'PY30K. Touxka MMPUIIOKCHUSA
COCpCI[OTO‘-ICHHOﬁ Harpy3Ku OIpeAcIACTCA IO PaCCTOAHHUIO X OT JIEBOT'O Kpasd OaJIK{ WM OT HIKHETO
Kpasd croiiku. [TomoxxurenpHbIe HaIlpaBJICHUA HAI'PY30K IMOKa3aHbI Ha pI/IC.3, 4,

Puc.3. ITonoxurenpHble HANPaBJICHUS HATPY30K Ha OaJKy

CTATHUKA-2024. Onucanue npocpamm 100 — DneMeHTHI 1ePEBIHHBIX KOHCTPYKIIHMA
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Hy H,

e

77—77—>y Vo r e

Puc. 4. [lonoxurenbHble HAPABICHUS HATPY30K HA CTOUKY

KoM06uHMpoBaHue Harpy30K MpOU3BOIUTCS COrsacHo [2].

2. Pacuer

Pacuer Ganku BKIIOYAeT MPOBEPKY MPOYHOCTH MO HOPMAIbHOMY HANPSKEHUIO, IPOBEPKY MPOYHOCTH
[0 KacaTeJIbHOMY HAIPSKEHHIO, NMPOBEPKY YCTOMUMBOCTH IJIOCKOW (opMbl M3ruba, ompeneseHue
nporu6a. [Tpumeps! smtop n3rudaroIero MOMeHTa U epepe3bIBarolleil CUIIbl IPUBEACHBI Ha puUC.S.

My [KHM]

1A A A
gy .y

-y

x [M]

Qz [KH]

Puc. 5. [IpumMeps! 31m0p U3rubaronero MOMEHTa U Iepepe3bIBAIOIICH CIITBI

[Ipumep >mropsl poruda npuBeeH Ha puc.6.

wz [cm]

: e — x ]
\ 18 \z\___// 3 ./4/

5 ."’/6
\ \ 4
\\ /// \\\\ //
i @ 4

Puc. 6. [Tpumep smropsl iporuda

o
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Pacuer cToKM BKIIIOYaeT NPOBEPKY MPOYHOCTH 110 HOPMATIBHOMY HANPSHKEHHUIO, TPOBEPKY MPOYHOCTH
[0 KacaTeJIbHOMY HANpsOKCHUIO, MPOBEPKY YCTOHYMBOCTH B IUIOCKOCTSIX H3TH0Oa, OIpeneieHue
nporuba. OnpeaeneHue yCHINKA B CTOHKE M €€ TMporuda BBIMOIHACTCS 10 1e(OPMUPOBAHHON cXeMe.
[Ipumeps! 51I0p U3rHOAIOIIMX MOMEHTOB, IEPEPE3bIBAIOIINX CHJI M IPOTHOOB pUBEIEHBI Ha puc.7-9.

B nmaoccxocTH Y B naunockxocTu 3
x [m] x [Mm]
——
-3 r3
F2 F2
// /
/ /
/ /
/ /
/ 4
/ /
/ /
i i
/ /
£ /
// //
/II’ f
/
Mz [KHM] . My [KHm]
2.6 1.3 (o] -1.3 -2.6 2.6 1.3 o -1.3 -2.6
Puc. 7. IIpumep 3mr0p N3rudar0mmux MOMEHTOB
B nmauockxocTy Y B nanockxoccTH 2
x [m] x [m]
_4—‘ _4—|
1 \
!
\ .l
\ \
\ \
\ \
-3 ll r3
l)
-2 a2
|
/ |
f |
-1 | i {
f /
|I J
; ;
If /
tI ‘,
. Qy [kH] - Qz [kH]
=-1.52 o 1.52 -1.52 o 1.52

Puc. 8. [Ipumep sm10p nepepe3bIBalOUINX CUIT

CTATHUKA-2024. Onucanue npocpamm 100 — DneMeHTHI 1ePEBIHHBIX KOHCTPYKIIHMA



31

B nanockocTHu Y B nuockocTu 2
x [m] x [m]
| l
J
fl' i
/ |
- 3 -3 /
/ /
/
/ /
/ /
v“ ,v‘
/ /
/ /
L2/ -2
II ’}.
/.” .‘l
/
/ /
/ /
/ /
b Te
| /
|
wy [cMm] wz [cMm]
-0.58 o 0.58 -0.58 o .58
Puc.9. IIpumep smrop mporu6os

100 — DneMeHTHI 1epEBSIHHBIX KOHCTPYKIIHI
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[Iporpamma mpeaHa3zHaueHa sl pacu€ra cucTeMbl npsiMmoyrofibHbIX TumT mo CHwull 2.03.01-84*
“beToHHBIE M Kene300eToHHble KOHCTpykumu” [1], mub6o mo CII 52-101-03 “Beronnbie u
JKEJIe300€TOHHBIC KOHCTPYKIIMU 0€3 MpeaBapUTEeIbLHOr0 HampspkeHUs apMatypbl” [7], mub6o mo CIIT
63.13330.2018 “beronHble u Keae300eTOHHBIE KOHCTPYKIMK. OcHOBHBIC nojoxeHus” [9], mubo mo
CHBb 5.03.01-02 “beroHHble u Xeyne300€TOHHblE KOHCTpykuuu~ [8]. Bo3MmMoxxHO 3anaHue
NpPSMOYTOJIBHBIX KOJIOHH W OTBepcTuil. Harpy3ku Moryr OBITh Kak COCPEIOTOYEHHBIMH, TaK M
pacnpenenéHHpiMU. CTaTHUECKUN pacdy€T MPOBOJUTCS METOJIOM KOHEYHBIX 3JIeMEHTOB. PacuérHbie
coueTanus ycunui onpenensitorcs corsiacHo CHull 2.01.07-85 “Harpysku u Bozaeiicteus’” [2]. [locne
ompeneneHuss TpeOyeMoil  apMaTyphl, OCYIIECTBISIETCS KOHCTpyHpOBaHHe apmarypbl. s
1o100paHHON apMaTypbl MPOBOIUTCS PACUYET MO TPEHIMHOCTOUKOCTH U 10 1ehOpMaLIUsIM.

1. PacuérHas cxema

Pacuérnas cxema mpencraBisier co0oi Habop MPSMOYTOJIBHBIX TUIMT. PacmoioskeHne minT, KOJIOHH U
OTBEPCTHI MOKHO 3aJlaBaTh KaK B TJ00alIbHOW, TaK M B JIOKAJIBbHON cucteme KoopauHat (puc. 1,2).
JlokanpHasg cucTeMa OMpeeNseTcss HOMEpPOM IUIMTHI M yKa3aHueM e€ BepIMHbl. [IpuHsTHIE
HAaMMEHOBAHMS BEPIIMH IUIMTHI cMOTpute Ha puc. 3. [lpm 3amaHum pacronoKeHUs IUTUTHI WU
OTBEpPCTUSI HEOOXOJMMO BBOJUTH KOOPAWHATHI JIEBOM HMKHEH BEPIIUHBI IUIMTHI WK OTBepcTUs. B
clIydae 3aJlaHusl KOJIOHHBI, HEOOXOMMO BBOJUTH KOOPIWHATHI €€ IIeHTpa.

Y
A
X
X
y
>
y
X
>
BrnobanpHoii cucTe Me KOOpIAMHAT B nokanbHOM c UCTE ME KOOPAUHAT
Puc. 1.  IIpumep 3amaHus pacroOKeHHUS IUIUTHI
YA
),
X X
y
>
y
X
>
BrnobanpHo# cHCcTE ME KOOPAUHAT B noxanbHOM cuCTE Me KOOPAUHAT

Puc. 2.  Tlpumep 3amaHus pacroyioXeHUS KOJOHHBI
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Bepumnel Croponsl
JieBasi BEpXHsIS rpaBast BEpXHsIs BEPXHSS
4 3 3
Y neBat | 4 2 npaBast
1 2 1
JICBas HYDKHAA TnpaBasi HWKHAA HIDKHAA

X

Puc. 3. Cucrema KOOpAUHAT. HanmenoBanue u HyMepanus CTOPOH U BEPIINH IJIIMTHI

YcnoBus 3aKPCIUICHUA BBOAATCA AJIA Ka)I(ILOfI CTOPOHBI IIJIMTHI. MosxHO 3a1aBaThb CBO60I[HO€ OIIMpPAaHHUC,
3aJIeNIKy, CBOOOHBIH Kpaii, yIIpyroe 3amemMiIeHre. Y Ipyroe 3aieMICHUE TUIMTHI 3a1aETCs B TIPOIICHTAX.
B stom cityuae, kecTKOCTh OyZET paccunTaHa CeayIomuUM 00pa3oMm:

C= ﬂ [kHM/M]
[(100 - k) ’
rne h - TOJILIVHA IIJIUTHI [M]
k - CTETICHb 3aIlleMJICHHS [%0]
E - MOZYJIb YIIPYTOCTU MaTepuaa IUIATHI [kH/M2]
I

- PasMEp IUIUTBI B COOTBETCTBYIOICM HAIIPABJIICHUN [M]

Ha orpe3kax conpukocHOBeHUs IIUT (puc.4) M0 yMOJYaHUIO IPUHUMAETCS YCIOBHUE 3aKperieHus: V
(puc.5). lanHoe ycioBHE€ MOXET ObITh M3MEHEHO OTBETOM Ha BOMpoc “V3MEHHTH THUI COCTMHEHUS
collpuKacaromuxcsd MmmT . Eciau ykasplBaeTcs, YTO COOTBETCTBYIOUIME IUIMTBHI CBSI3aHbI, U OIOpA
OTCYTCTBYET, TO puHuUMaetrcs ycinoBue VI (puc.5). Ecnu sxe yka3biBaeTcs, 4TO IJIUTHI HE CBA3aHbI, TO
Ha OTPE3KE CONPUKOCHOBEHUS ISl KaXKA0W U3 IUIUT COXPAHAIOTCS UCXOHBIE YCIOBUS 3aKPEIUICHHUS.

Puc. 4.  Orpe3ku CONPUKOCHOBEHUS ILTUT

CTATUKA-2024. Onucanue npoepamm 200 - Cucrema >xene300€TOHHBIX IIITUT
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| I "I v Vv VI
cBOGOMHBI | CBOGOaHOE | Ympyroe | 3amenka KECTKOE KECTKOE
IUTUT, OTIOpa TIJTAT
IInuta 1I Ilnura 2 | ITnuTa 1 IHJII/ITa 2
— et |
Tun I
O6o3nayenue | | I N AT e
P 1 il c Jaufr | | ‘
Ha PUCYHKax P » Crfr) ( )
b/ H % AN % Ny 4
Puc. 5. Bo3MOHBIE yCIIOBUS 3aKPEIUICHUS IIJIUT

Y4€T KOJIOHH B pac4€THOM CXE€Me BO3MOJKEH 110 OJTHOM U3 CIEAYIOIINUX MOJCIIEH:

" ynpyro€¢ OCHOBaHHE

= kE€CTKas ToueuHas OI1opa B HCHTPC KOJIOHHBI

" TOYCYHBIC IIPY>KXHUHBI B HICHTPE KOJIOHHBI

JKE€cTKOCTH COOTBETCTBYIOIIMX MPYKHUH MOTYT ObITh pacCUMTaHbI IO (hOpMyTIam:

E
YIPYTroe OCHOBAHUE C, = —
H
ELI,
Npy>KHHA B HAIIPABJICHUH TPOruda c, = ——
H
3 3
EII EL’I
NpY>XHHBI B HAIIPaBJIeHUsIX mosoporoB C, = ———— =
4H v 4H
rne H - BBICOTA KOJIOHHBI
E - MOJIyJIb YIPYTOCTH MaTepuaia KOJOHHbI
Iy - pa3Mepbl KOJIOHHBI

[xkH/M)

[xkH/M]

[kHwm/pan],

[M]
[xkH/Mm?]

[M]

B nporpamme MOXHO BBOJUTH CTEHHBIE NMPOEMBI. PacrosnokeHne CTEHHOro NMpo€Ma OINpEeNesieTCs
HOMEPOM IUIUTBI, CTOPOHOM, pacCTOSIHUEM 110 TpoéMa U ero JUInHoM (puc 6.). [IpuHAThIe HAUMEHOBAHUS
CTOPOH IUIUTHI ITPUBEJICHBI HA pUC 3. YUET CTEHHBIX TPOEMOB BO3MOKEH 110 OJJTHOM M3 JBYX MOJEIIEH.
IlepBasgs Mozmenbp COOTBETCTBYET OTCYTCTBHIO OINOPBI Ha OTPE3KE CTOPOHBI INIMTHL. BTOpas monens
CTEHHOTI'O IIPOEMA HE BIUAET Ha YCIOBUS 3aKPEIUICHUS IUIUTHI U PE3YJIbTaThl CTATUYECKOTO Pacu€ra, HO
JUIl COOTBETCTBYIOIIEIO OTpPEe3Ka CTOPOHBI IUIUTBHI OYAYT OTIENIBHO OIpEIeNeHbl M pacleyaTaHbl

OTIOPHbIE PEAKIINH.
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a |
2
—i
| |
a a
e}
a |
]
CHHU3Yy CHpaBa CBepxy CJIeBa

Puc. 6.  3apmanue pacnoiioxXeHHs CTEHHOTO MpoéMa

2. Harpyxenue

Harpy3ku noapasnensitorcst, corjiacHo [2], Ha TOCTOSIHHbBIC, JUTUTEIbHBIC, KPATKOBPEMEHHBIE U OCOObIE.
Bosmoxen BBoa g0 20 mHarpyzok. IlpemycMoTpeHbl clieqyromide Harpy3KH: PaBHOMEPHO
pacnpesielieHHble 10 IUIOUIa/JM, PAaBHOMEPHO paclpeiesieHHble II0 OTpe3KaM, COCpPEAOTOUYEHHBIE
Harpy3kH.

JJis TIOJIOCOBBIX U COCPENOTOUYCHHBIX HArpy30K 3aqaéTcsi MpSMOYTrojibHAs 00JIaCTh MX MPHIOKECHHUS.
Pacrnionoxxenue 31oit obnactu 3a7aéres Tak ke, Kak U pacholio’KeHUe IIIUT U KoJloHH (puc.2,3). BBog
OTPE3KOB C KpPAaeBOI HAarpy3Koil U KpaeBbIMU MOMEHTaAMH aHAJIOTMYEH BBOJYy CTEHHBIX IIPOEMOB (puc.6).
Jlig Bcex Harpy30K 3aJal0TCsl UX HOPMATUBHBIE 3HAUYEHUS.

3. Onpenenenne BHYyTPEHHUX CHJIOBBIX (PAKTOPOB

B mnporpamme pemaercs 3amaya u3ruba CHCTEMBl IIMT METOJIOM KOHEUYHBIX 3iieMeHTOB. Ilpu
nocrpoennn KO-mozenu tonmuHa creH He yuuThiBaeTcs. Onopsl B HampaBiIeHUH Z NPUHUMAIOTCS
KECTKUMU. KOJIOHHBI M CTEHHBIE MPOEMBI YUUTHIBAIOTCS B COOTBETCTBUU C BHIOPAHHBIMH MOJIEIISIMU.
ITonmocoBble M COCpPEIOTOUEHHBIE HAarpy3kH, B 3aBUCUMOCTH OT pPa3MepOB 00JacTU MPHUIIOKEHHMS,
YUUTBHIBAIOTCS JINOO Kak Y3JIOBbIE HArpys3ku, JIMOO Kak paclpeieseHHble M0 COOTBETCTBYIOIIHUM
aneMeHTaM. KpaeBast muHeiiHas Harpy3ka 1 MOMEHTBI YUUTBIBAIOTCS KaK y3JI0BbIE Harpy3KH.

3HayeHue MOAYJIsl YIPYTroCTH, IPH OTCYTCTBUHM BBOJA, MpHUHUMaeTcs 1o [1], Tabnuna 18. BBenenuem
CHenuagbHOro KoddduirenTta yuéra KpyuyeHUs] MOXKHO MOJIETUPOBATh MATKHE U KECTKHE HA KpyUEHUE
mIUTe.. OTOT KO3 dumment 3amaércs B nuamazoHe {0..1}. Eciu oH paBeH Hy/I0, TO TOJy4aeMm
ypaBHEHMs U3ruda ¢ yueToM KpyueHus. Eciu ke OH paBeH equHHIle, TO KpydeHue He yuuThiBaeTcst (Myy
PaBEH HYIIIO).

CeTka KOHEUYHBIX JIEMEHTOB I'€HEPHUPYETCs aBTOMarndecku. [Ipm moMomm 3amaHus XapakTEpPHOTrO
pasMepa KOHEYHOIO0 JJIEMEHTAa MOXKHO YIpPaBIATh TeHepauuend cerku. Eciau nmomydaemas ceTka
KOHEUHBIX JJIEMEHTOB CYIECTBEHHO HEPaBHOMEPHA, WM BO3HUKAET MHOIO «IUIOXUX» (Y3KHX)
3JIEMEHTOB, TO, U3MEHSS 3HaUE€HUE XapaKTEpPHOIo 11ara, MO>KHO 1I00MThCs yiydileHus ceTku. OHako,
B OOJBIIMHCTBE CIIy4aeB, «IUIOXas» CeTKa IOJIydyaeTcs H3-3a HEKOPPEKTHOM pacuéTHOM CXeMbl
(HampuMep, €ciu pacCTOSHMUSI MEXIY 3alaBa€MbIMHM JJIEMEHTAMHU pPAcYETHOM CXEMbl CYIIECTBEHHO
MEHBIILIE XapaKTEPHOT'0 pa3Mepa dJIEMEHTA).
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4. PacyéTHbIe COUYETAHUS YCHIUI

PacuérHble coueTaHusi yCUJIMI OMpENENaiOTCsl aBTOMAaTHYECKH, COTJIACHO [2], ¢ y4€TOM BBEAECHHBIX
noJib30BaresieM Kod3(h(PpUIIMEeHTOB HAJIeKHOCTH IO HArpy3Ke.

Jli11 BpeMEeHHBIX Harpy30K BO3MOKEH YUET UX HEOIaronpusTHOro pacupeienenus rno nponéram. Ecin
Takol yd€r TpeOyeTcs, TO COOTBETCTBYIOLIAsh BpEMEHHas Harpy3ka pa30MBaeTcsi Ha Harpys3KH,
JeMCTBYIOIME Ha KQXKIbIH MPOJIET, U Ha KAKAYIO U3 HUX IpoBoauTcs pacuért. [Ipu nocnenyromem yuére
JTAHHOM BpPEMEHHOW HAarpy3Kd B COUYETAHUSAX YCWIMHA BBIOMpaeTcs HauOojee HeOIarompusTHas
KOMOMHAIMS Harpy>KeHUH POJIETOB.

5. Ompenenenne TpedyeMoil MPOAOJIbHONH apMaTypPhbI

Tpebyemas mpolonpHasi apMaTypa OIpenessercs B KaxaoM ysiae KD-ceTku g Bcex pacu€THBIX
coyeranuii ycuiuii. [Ipu pacdere Ha OTIENBHOE COYETAHHWE YCHUJIMHA YUUTBIBAIOTCS TPEOOBAHHS II0
BEIOOPY KO3(duImeHTa ycnoBuii paboTel OeToHA 2 corimacHo [1], Ttabmuma 15, mosumus 2 B
3aBHCHMOCTH OT COCTaBa JaHHOTO COUCTAHMs YCHIIMI WM aHATOrn4Hble TpeboBanus [ 7], [8].

VYeunus Ui pacyeta BEpXHEW apMaTypbl HaJ, ONOPAMH ONPEACNIAIOTCA ¢ Y4ETOM LIMPHUHBI OITUPAHUS
Tt (puc.7). IlporpamMma mo3BoJsieT MO0 YUUTHIBATh PACCUYMTAHHBIE MOMEHTHI HaJl KOJIOHHOM, TNO0
[IPUHUMATh UX PaBHBIMU MAKCUMaJIbHBIM MOMEHTAM I10 'PaHULE 3TOM KOJIOHHBI. /laHHas BO3MOKHOCTh
0CO0EHHO Ba)KHA IPU MOJEITUPOBAHUU KOJIOHH TOYEUHBIMU OIIOPAMH.

L] L

Puc. 7.  Y4ér mmpuHBI ONMpaHUs IIPU ONPE/ICICHUA MOMEHTOB

BryTpeHHUE yCWIHsI, TIONyYEHHBIC M3 CTaTUYCCKOro pacyéra, BKIIOYAIOT KPYTSAIIMA MOMEHT Myy.
B nopmax [1], [7], [8] He yka3biBaeTcsi cmocoO y4€Ta TOTO MOMEHTa, ModToMy Yué€T My mpu
OTIpeIeTICHUN PACUETHBIX MOMEHTOB ocyIecTBisieTcs 1o [S]. Ha puc.8 mokazan anroputm yuéra Myy B
ciydae, korma My>My. B ciiyuae, korma My<My yuéT KpyTsIIIero MOMEHTa aHaJOTHYEH (X €3Y).

aa HET aa HET
Y A
qu :Mx+| I\/Ixyl qu =0 2 Mxe =Mx'| Mxyl st :Mx' Mxi /lMyl
Hmxuss apmarypa (My,, , My ;) Bepxusist apmarypa (My, , My )

Puc. 8.  Yuér momenroB My (ciyqait My > My)
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6. Onpenenenue TpedyeMoii monepevHoO apMaTypbl

Tpebyemas momnepeuHas apmarypa omnpejaensercss B KaxaoMm ysine KD-ceTku Ha ocHoBe pacuéra mo
MIPOYHOCTH HAKJIIOHHBIX CEUYEHHUU Ha JeicTBHe morepedHoil cuibl. Pacu€THas momepeuHas cujia B
KaXX/IOM Y3JI€ BBIUYUCIISICTCS CIACTYIOIIUM 00pa3oM:

0=./0+0]

JInst y370B, HaXOMASIIMXCS HA PACCTOSHUU O OJNMXKAWIICH OMOpbI, MPEBBIMIAOMEM ¢h2-No/@n3, B
Ka4yecTBE JITMHBI MPOCKIMU OINACHOTO HAKIIOHHOTO Ce4eHUsi Oepércsi paccTosHHe 10 Orbkaiiiei
OIIOPBI, B KAUECTBE MONEPEUHOM criIbl Oepércs 3HaueHne Q B TaHHOM y3iie. JlJisl y3710B, pacionoKeHHBIX
BOJIM3H OIIOp, OCYIIECTBISICTCS MMOMCK OMACHOTO HAKJIOHHOTO CEYEHUS M COOTBETCTBYIOIIETO 3HAYCHHUS
Q (mpuHUMaeTcs1, YTO ONACHOE HAKJIOHHOE CECUSHHE HAUMHACTCS Y Kpast oropkl). J{ist HalijieHHbIX C 1 Q
OCYIIECTBIISIETCSl pacu€T mornepeyHon apmaTtypsl coriacto [1], (75) wnu [7], (6.66) nmubo [8], (7.80).

[Ipu pacuére nonepeuHoit apmaTypsl corsacHo [ 1], (84), onpenenstorcs 06y1acTy, Te OHAa HE TpedyeTcsl.
Cornacho [1], (72), onpenensitorcst 061acTy, I71e HecyIas CliocOOHOCTb 110 HAKJIIOHHOH CkaToi mojoce
HE MOXeT ObITh 0OecrieyeHa.

[Tonepeunast apmarypa B y3Jax, HAXOISIIUXCA BHYTPH OOJIACTH ITUTHI HAJl KOJOHHOW, MPUHUMAETCS
paBHOM MaKCHUMAaJIbHOM apMaType 1o rpaHuIle SToi 00IacTH.

7. Pacuér Ha npoaaBJIMBaHue

Pacuér Ha mpomaBiIMBaHME MPOBOIUTCA Ui KOJOHH W OOJIACTEH MPUIOKEHHUS COCPEIOTOYCHHOMH
Harpy3Kd B COOTBETCTBUHU C TpeOoBaHusAMH 10 [1], myHKT 3.42. Pacuér Ha mpojaBiIMBaHUE MOXKET
POU3BOAUTHECS 0e3 yuéTa MM C Y4€TOM MOMEHTOB U JKCIEHTPUCUTETOB TOYKH MPUIIOKEHUS
IIPOIABJIMBAIOLIEN CUIIBI.

Y4€T MOMEHTOB M JKCUEHTPUCUTETOB OCYIIECTBIsETCs coriacHo [4]. B aTtom ciydae, pacuér Ha
MPOJABIMBAHUE MPOBOJUTCS IO YCIOBHOMY BEPTHKAIHHOMY CEUEHHUIO, PACIOJIOKEHHOMY BOKpPYT
OIMOPHO# TIoIIaAKK Ha pacctostHud ho/2 ot Heé. PabGouas BbicoTa cedeHus: ho ompemensiercss kak
cpenHee apu(pMeTHUYeCKOe COOTBETCTBYIOIIMX BEJIMYWH 10 HampasieHussM X u Y. [Ipu onpeneneHuun
MaKCUMaJbHBIX YCHJIMWA B YCIOBHOM BEPTHKAIBHOM CEUEHHH MPEIINOoNaraeTcs, YTO YCHUIUS
pacmpesieNieHsl 1Mo TWHEeHHOMY 3akoHy. Ha ydJacTkax KOHTypa, KOTOpbIE COOTBETCTBYIOT CBOOOJHOMY
Kparo IUIUTHI, YCUJIUS T0JIaratoTcsl paBHBIMU HYIHO (puc.9a). Pacuér Ha nmpoaaBivBaHue IPOBOAUTCS 1O
MaKCUMaJbHOMY YCHJIMIO Ha KOHTYpPE YCIOBHOT'O BEPTHUKATHHOTO CEYCHUS.

B cnydae pacuéra Ha mpopaBiuBaHHe 0e3 y4€Ta SKCIIEHTPUCHUTETOB, MPEAINONIAraeTcs, YTO YCHIINS
PaBHOMEPHO pacIpe/ieNieHbl 0 epHUMETPY Um (Um - cpeHee apu(pMeTHYeCKOe BEINYUH IePUMETPOB
MaJioro M OOJBIIOr0 OCHOBAaHHWW MUPAMHIBI MPOJABIMBAHUSA). Majoe OCHOBaHHE COOTBETCTBYET
IUTOMIA/IKE ISHCTBHS MIPOJABIMBAIONICH CHIIBI, OOJIBIIOE OCHOBAHUE PACIIONIOKEHO Ha PACCTOSTHHU No OT
Hero (puc.96), 4To COOTBETCTBYET YIily HaKJIOHa OOKOBBIX IpaHel, paBHOMY 45°.
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a) Pacuér ¢ yuéToMDd KCIECHTPUCUTETOR 0) Pacu€r 6e3 yuéra 3KCIICHTPUCHUTETOB
(ycmmus pacmpeielie HblITHHE HHO MO (yc st paBHO MEPHO pacmpeielIeHBI O
YCIIOBHOMY BEPTHUKAJILHOMY CEUCHH I0) HepUMETPY Um)

Puc.9.  Pacnpenenenue ycunuii npu pacuére Ha NpoJaBIUBaHUE

Cornacno [1] nynkT 3.42, npoaasinuBaromas cuia F npuHumaercst paBHOW cuiie, AeMCTBYIOLIEH Ha
nHpaMuIy MPOIABINBAHMSA, 32 BEIYETOM HArPYy30K, IPUI0KEHHBIX K OOJIBIIEMY OCHOBAHHIO TIMPAMU/IBI
NPOJABIIMBaHUS M CONPOTHBISIOIIUXCS NpoAaBiuBaHuio. [Ipu pacu€re Ha mpojaaBiIMBaHHE KOJOHH
TaKUMU Harpy3KaMH SBIISIOTCS pacrpeiel€HHbIe 10 TUIHTe Harpy3Ku. [Ipu pacuére Ha mpoiaBiIMBaHue
U1l 00JIaCTel TPUIIOKEHUSI COCPEIOTOYCHHBIX CHJI TaKOH HArpy3Koil SBIISETCS Peakiusl YIpyroro
OCHOBaHHS.

[Ipn moctpoeHnn KOHTypa MUpamuabl IPOJAaBIMBAHUS BO3MOKHBI JiBa BapHaHTa €ro MOCTPOEHHUS: B
BUJE MPSMOYIOJbHUKA C YyINIaMH WIM €O ckpyriaeHusiMu (puc.10a). IlomydeHHBIM KOHTYp
KOPPEKTUPYETCSl B TOM CJyd4ae, €ClIM €ro 4acTb OKa3blBAETCA BHE CUCTEMBI IUIMT. Bo3MOXkeH yder
ONM3KUX K NUpaMUJe MPOJABIMBaHUS CBOOOJHBIX KpaéB IUIMTHL. B 3TOM ciyyae, yacTh KOHTYypa
3aMEHsIeTCS JIMHUSAMU, NEPIEeHIUKYISIPHBIMA CBOOOAHOMY Kparo IJIUTHI. Takas 3aMeHa MPOU3BOJUTCS
TOT/1a, KOIJa IOJIydeHHBIH KOHTYp (0e3 yuéra cBOOOJHOrO Kpasi) OTBeYaeT MEHbIIeH Hecylein
cnocobHocTH Ha npogaBiuBaHue (puc.100). Ilpu mnocTtpoeHuM nUpaMuIbl MPOJABINWBAHUS HE
YUYUTBIBAIOTCSI PEKOMEHAINH [ 1], CBA3aHHBIE CO CTECHEHHBIM MPOIaBINBAHUEM.

B pesynbrate pacuéra Ha MpoJaBIMBaHUE OIpEICNsAeTCs TpeOyemas morepeuHas apMmatypa. U3
pacyeToB Ha TMPOJABIMBAHHE C OCHOBAHUSAMHM, PACIOIOKEHHBIMA Ha PACCTOSHUSX, OombImux ho,
orpesiensieTcsi 001acTh, BHYTPH KOTOPOH TpeOyeTcs mornepeyHas apMarypa.

a) BapHAHThI OCTPOCHHS GOIIBIICTO 0) y4éT OMIBKO PACTIOIIOKEHHOTO
OCHOBAHHMS TTUPaM bl PO IABIIHB AHHSI CBOBOJIHOTO Kpast TLTHTEI

Puc. 10. TlapameTpsl pacdyéra Ha IPOAaBIUBaHUE

[Ipu pacuere Ha mpomaBnuBanue 1o [7], (6.2.46-52) unmu [8], (7.4.3), nis mOCTpOEHUST KOHTYPOB
NIPO/IaBIIMBAHUS UCTIONB3YIOTCS aHATOTMYHBIEC TIPABHUIIA, H3JI0KEHHBIE B 3TUX HOPMaXx.
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8. KoncrpyupoBanue

KoHncTpynpoBanue HIKHEH U BEpXHE apMaTyphl OCYIIECTBISETCS OTACIBHO ISl KaXK 0! TUIUTHI.

[Ipn KOHCTpyHpOBaHHM HIDKHEW apMaTypbl, ONpENeNseTcs OCHOBHas apMarypa (Ha BCIO IUIUTY) U
MPSIMOYTOJIBHBIE 00JacTH C JOMOJIHUTENbHON apMarypoil. O0nacTH ¢ IOMOTHUTEIHHOW apMaTypou
OTBICKMBAIOTCS M3 YCJIOBHA MHHHMYyMa CYMMapHOW apMmarypbl. OTH OOJNacTH, Kak IpaBHIIO,
OKa3bIBAIOTCS B MECTaX, Ille TpedyeMas apMaTypa CYIIECTBEHHO Ooubliie e€ CpelIHUX 3HAuYeHUH 10
mute. Yaiie Bcero, OMOJHMUTENbHAs apmarypa IOJy4daeTcs B 00JacTsaX, Tlie MPHUIIOKEHBI
COCPEJIOTOYCHHBIE CHJIBl WJIM pEUICHHE YNPYroil 3ajadu HMeeT OCOOCHHOCTH. JlomonHuTenbHas
apMatrypa BbIUUCIIEeTCS ¢ YU€TOM ee (PaKTUYECKOTO PacIO0KEHUS.

[Ipy KOHCTPYMPOBAHMU BEpPXHEW apMaTypbl OIMpenessieTcs MPsSMOYrojbHas 00JIacTh MaKCUMalbHOU
IUIONIA/IA, B KOTOPOU BEPXHsS apMaTypa He TpeOyeTcs. BHE 3TOro mpsSMoyTrobHUKA OCYIISCTBIISICTCS
o00p apMaTyphl.

9. PacuéT mo TpenuHOCTOHKOCTH

Pacuér o TpemmHOCTONKOCTH MPOBOAUTCS AJIs T0100paHHOM apMarypbl. Pacuér npoBoautes ans 3-it
KaTeropuu TpeOOBaHUN K TPEIMHOCTOMKOCTH. lllupuHa pacKpbITHS TPEIIMH ONpeaeseTcs s
HanpasiieHud X 1 Y 10 OTAENBbHOCTH. YUeT KPYTALIEro MOMEHTA MPHU pacueTe Mo TPEUMHOCTOMKOCTH
aHAJIOTUYEH Y4eTy Ipu pacuére mo npoyHocty (puc.8). Ecnu ycinoBus 1o MUpPUHE PACKPBITUS TPEIIUH
HE yJIOBJIETBOPSIIOTCA, TO MOI0MpaeTCs apMarypa, 00ecreynBaroas TpeIMHOCTOUKOCTh CEUCHUS.

10. PacuéT no aedpopmanuam

Pacuér mo nedopmanusmM mnpoBoAuTcs Ui NMOJoOpaHHOW apMaTypbl. HopMmaTHBHBIE COYeTaHUS
Harpy30K, JUIsl KOTOPBIX OMPEIEISIOTCS MPOTHObI, BEIOMPAIOTCS M3 MHOKECTBA BO3MOYKHBIX COYETaHUH
10 pe3y/bTaTaM CTaTHYECKOrO pacyéra.

Pacuér mo gedopmarusiMm mpou3BOAUTCS METOJOM KOHEYHBIX AJIEMEHTOB ISl CUCTEMBI OPTOTPOIHBIX
T, JKECTKOCTH KOHEYHBIX JJIEMEHTOB (pa3lUyHble MO pa3HbBIM HampaBieHusM u 1o KD)
onpenenstores B cootBercTtBuH ¢ [1], (155), (170), wum [7], (7.28), (7.29), nubo [8], (8.19), (8.29).

11. BbiBOa pe3yabTaToB

BreiBon pe3ynbTaToB pacu€Ta OCYIIECTBISETCS B TEKCTOBOM (TaOIMYHOM) U B TpadUUYecKOM BHJIE.
B BBIXOJHOM JTIOKyMEHTE MPEAyCMOTPEHO Tpaduyeckoe U300pakKeHHe PacYETHOW CXEMBI, Harpy3oK,
MoJIe ycuiuid, TpedyeMon U mogo0paHHoOM apMaTypsl. Bo3MOXHO yrpaBiieHHe 00EMOM BBIBOJIUMOM
nH(popMaIuy, BUAOM U (OPMATOM PUCYHKOB.
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270 — IIpoekTupoBaHKE KaluTEIeH 1 OAHKETOK
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[Iporpamma mpexHa3Ha4YeHa UIsi MOAOOpa pa3MepOB KamUTENH WM OAHKETKH II0 pacdery Ha
IpOoJIaBIIMBaHUE TUIMTHI corniacHo cienyronmm Hopmam: CIT 63.13330.2018 [1], CIT 52-101-2003 [2],
CHuIT 2.03.01-84* [3], CHb 5.03.01-02 [4], [5]. [IpenycmoTpeH yudeT BiusiHUS CBOOOJHBIX KpaeB
Tkl Jlomyckaercs 3aaniue 6eToHa ¢ HCHOPMHPOBAHHOW MTPOYHOCTHIO.

1. PacyeTHasi cxeMa M HATpPy3Ka

PaccmatpuBaercs TpoJaBiIMBaHWE IUIUTHl TEPEKPHITUS WM (DYHIAMEHTHON TIUTUTHI KOJOHHOU
NPSIMOYTOJIBHOTO MJIM KPYTJIOTO ceueHus. B miockocTu minThl BBOAUTCS CHCTEMa KOOpJIMUHAT X, Y ,
Ha4yaJl0 KOTOPOW HAXOAMUTCS B LIEHTPE CEUYEHHsS KOJOHHBI. KOJMOHHBI MOApa3fenstoTCs Ha CpeaHUeE,
KpaeBble W YIJIOBBIC. B cilydae cpemHel KOJOHHBI, BIUSHUE CBOOOJHBIX (HE3aKPEIJICHHBIX) KpacB
IUTMTHI HE YUUThIBaeTcs. B ciydae kpaeBoil KOJIOHHBI, yYUTBHIBAETCS BIMSIHHE CBOOOTHOTO Kpasi IUIUTHI,
napajuieTIbHOTO OCU X WIIM OCH Y , a B cllydae YIJIOBOW KOJIOHHBI, YUUTHIBACTCS BIMSIHHE CBOOOIHBIX

KpaeB IUIUTHI, apaJuieNbHbIX ocaiM X U Y (puc.l).

"~

Kpan

Kpast Kpaut
Puc. 1. KpaeBas u yrioBast KOJIOHHBI

Jns obecrieueHuss Hecymled CMOCOOHOCTH TUIMTHI 0€3 MOMEePEeYHOro apMUPOBAHUS MPOEKTUPYETCS
xanutens (6aHkeTka) mmpuHO D oT moBepxHOCTH KONMOHHBI M BeIcOTON N . Bo3MOXHEI 1Ba BUIa
KanuTesnei (0aHKeTOK): B BUJIE TIPU3MBI U B BUJI€ TUPAMHUJIBI (pHC.2).

L____ ] L]

Puc. 2. Buas! kanurenei

Harpy3ka Ha miury, AeldcTByrolIas B IPENENIaxX CEUEHUs KOJIOHHBI, XapaKTEpU3YeTCs 3HAYCHUEM
pesyapTupyromei cuiasl F . HepaBHOMEpHOCTH pacripenenieHusi Harpy3Ky MO Ipy30BOM IIJIOIIAIU H,
CJICAOBATCIIbHO, HCPABHOMCPHOCTL PACIIPCACIICHUA HaprDKeHI/Iﬁ B paCYCTHOM NONCPCHHOM CCUCHUU
IUTATHI TIPY TIPOJIABIIMBAHUY B pacuete 1o [3] He yUYUTHIBACTCA.

B pacuere mo [1] u [2] mpexycmorpeno 3ananue mMomenToB M, , M, orHocuTembHO oceit X,Y .

Cormacuo [1], 8.1.46 u [2], 6.2.46, npu pacuere Ha MPOAABIMBAHUE CJICIYET YYUTHIBATh TOJBKO
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MTOJIOBHHBI COCPEAOTOYCHHBIX MOMEHTOB, JICHCTBYIOIINX Ha IITUTY. B pacdere o [4] HEpaBHOMEPHOCTH
pacnpeaciiCHu-d HaHpﬂ)KeHI/Iﬁ YUYUTBIBACTCA IMYTEM YBCIUYCHUA pvaeTHOﬁ HpOﬂaBHHBaIOHleﬁ CHJIbI B
3aBUCUMOCTH OT PACIOJIOKEHUSI KOJIOHHBI OTHOCUTEIBHO KPAeB IUIUTHI.

2. Pacuer mo CII 63.13330.2018 u CII 52-101-2003

Pacder mnuthl Ha mpoIaBIMBaHKe MPOBOAUTCS corytacHo [1], 8.1.46, 8.1.47,8.1.49 u [2], 6.2.46, 6.2.47,
6.2.49. YcnoBue npoYyHOCTH ITUTHI 0€3 TONEPEYHOTO APMUPOBAHUS UMEET BU:
F M M,
+ +

X

I:b,ult M bx,ult M by,ult

<1

Fb,ult = Rbt u- ho

M = Rbt 'be 'ho

bx,ult

M = Ry W,y -y

by,ult
Cornacho ykazanusm [1], 8.1.46, yuuTeiBaeTcsi OrpaHU4CHHE:

M
M, + Y <05 F
M

bx,ult M by,ult I:b,ult

CornacHo ykazanusm [2], 6.2.46, yuuTbIBaeTCsa OrpaHUYCHUE:
M

M, N - F

M

bx,ult M by,ult I:b,ult

3necy Ry, - pacueTHOe compoTUBICHHE OETOHA MPH PACTSHKEHUU (C y4eToM Ko3(dduuuenra ycnosuit
pa6otsl Gerona y,), hy=(hy +hy)/2 - cpennsas pabGowas Bbicota ceuenms muthbl ( Ny, hy,

3HAUeHHWsT pabodYell BBICOTHI ISl TMPOAOJIBHON apMaTypbl, PaCHOJIOKEHHOH BIOIL oced X, Y),
U - mepuMeTp pacdeTHOro KOHTYpa, PacIioiIOKEHHOTO Ha paccTossHUU N, /2 oT ruromaay npruitoskeHust
Harpy3ku, Wy, ,W,, - MOMEHTBI CONPOTHBIIEHHS PACUETHOTO KOHTYPA, COOTBETCTBYIOIINE H3TNOAOIIIM
MOMEHTaM M, M, u HMEIOIIIE pa3MepHOCTh KBaJipaTa EIIMHUILIB JUIVHEL.

[Tpumep pacyeTHOro KOHTYpa B Cllydae YIiIOBOM KOJIOHHBI IPUBEECH Ha puC. 3.

B ciydae kpaeBoll WM YIJIOBOM KOJIOHHBI OINpPEAEIAIOTCS KOOPAMHATHI X, Y. LEHTpa TAKECTH
pacyeTHOro KOHTYpa U BBOJATCS LIEHTPAIbHBIE OCU X, Y, . MOMEHTBI CONPOTUBIIEHUS BBIYUCIISIOTCS
OTHOCHTENIFHO IIEHTPANbHBIX OCel pacueTHoro KoHTypa. K 3amanaeiM momentam M, M,
puOaBIIAIOTCS a0COMIOTHBIE 3HaUeHUss MOMeHTOB Fy . m FX_ cunbl F oTHOCHTENBHO LIEHTpanbHBIX
OCEH PacyeTHOTO KOHTYpaA.

B ciydae KOMOHHBI MPSAMOYTOJIBHOTO CEUECHHS] W TUTHTHI TIEPEKPHITHS, BO3MOXKEH YYEeT BIIHMSHUS
OTBEpCTHS NPIMOYroibHO dopMmbl. Cormacho [1], 8.1.46, ydeT mpou3BOIUTCS, €CIU PACCTOSIHUE OT
KOJIOHHBI 10 oTBepcTHs He mnpeBbimaer 6h, (h, - Tommuna rumTer). [Ipy 3ToM YacTh pacyeTHOTo

KOHTYpa, 3aKII0YEHHAas MeX /1y KacaTelIbHbIMHU K OTBEPCTUIO, HE yUUThIBaeTcs (puc.4).
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Puc. 3. I[Ipumep pacyeTHOro KOHTypa

R L i
'3

| -

! ’

| % L UasERE T
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| |

e T e |

Puc. 4. IIpuMep pacueTHOro KOHTypa IpHU y4eTe OTBEPCTHS

[Ipn pacuere Ha npopaBivBaHHe (YHIAMEHTHOM IIUTHI, cuila F  yMeHbIIaeTcs Ha BEIUYUHY
paBHOAEUCTBYIOLIEH P peakTHBHOTO JIaBJI€HUs IPYHTA B IIpeienax 001acTH, OrpaHUYEHHON KOHTYPOM,
KOTOPBIil pacrosioxeH Ha paccTosHuM N, /2 OT pacueTHOro KOHTypa. B ciydae KpaeBoii WK yrioBoit

KOJIOHHBI, OTIPCACIIAOTCA KOOPANHATBI Xp,Yp TOUKH MPUIIOKCHUS CUJIBI P orHOCHTENBHO Ocell X, y.
Tak kak IpHu pacyeTe MPUMCHAIOTCA HCHTPAJIBHBIC OCH XO' yO , TO K 3aJaHHBIM MOMCHTaM Mx’ My

npuOaBIAIOTCA A0CONMIOTHBIE 3HAYEHHUSI MOMEHTOB:
ch + P(yP - yc) u Fxc + P(XP _Xc) :

Eciu ycnoBMe NMPOYHOCTH HE BBINOIHSAETCS, TO MPOU3BOAMTCS MOA6Op mUpHHBI O m BBICOTHI N
kanuTenu (Oanketku). [Iporpamma ompenenser kanuTenb (OaHKETKY) MHUHUMAIbHOTO oObeMa M3
MHOXecTBa KamuTeneil (0aHKeTOK), 00eCHeunBaloOIIMX MPOYHOCTh IUIUTHL 0€3 TMONEepeyHOro
apMHUPOBAHMS.

CornacHo ykazaHusM paszena 8 [6], mpoBepka MPOYHOCTH MPOBOIAMTCSA TSI OJHOTO WIH JIBYX
pacuetHpIx KoHTypoB. IIpu D <1.5h paccmarpusaercs koHTYp, pacrnonoeHHBI Ha pPacCTOSHUU
b+h,/2 or mosepxHocTH KoNOHHBI. Jlns Hero mpenensHble ycumua Fyu, My m My
omnpeenstoTes npu pabdoueit Beicote h, . [pu b>1.5(h+h,) paccmarpuatorcs n1Ba koHTypa. IlepBbrii

KOHTYp pacrosioxkeH Ha paccrosiauu (N+h,)/2 ot moBepxHOCTH KOMOHHBI [IJis1 HErO Mpeie/bHbIC
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YCHITUSI ONIPeNIeIISIFOTCs pH paboueid Beicote h+ h,, eciu kanuTenb nMeeT BUI PU3MBIL, H TPU padodeii
h+h,

Beicotre h(1- )+h,, ecniu kamurens umeer BUA nUpamMubl. BTOPOil KOHTYp pacloOKeH Ha

paccrossHuH b+h,/2 or moBepxHOCTH KOJNOHHBI. J[JI HEro NpeesbHbIe YCHINS ONPENEIISIOTCS IPH
paboueir Beicote h,. Ilpm 1.5h<b<1.5(h+h;) paccmarpuBaercs KOHTYp, PacIOJIOKCHHBIH Ha

paccrosauu 1.5h +h, /2 . [lns Hero npenebHble yCUIIUs ONPeeatoTcs Ipu padboueii BeicoTe h, .

3. Pacuer mo CHull 2.03.01-84*

Pacuer mmThl Ha mpojaBnuBaHue MpoBoauTcs coryiacHo [3], 3.42. VciaoBue NMpovyHOCTH IUTUTHI Oe3
MOTIEPEYHOT0 APMUPOBAHHSI UMEET BUJI:

F<F,

3necy F, =oR,,U,h,, @ - ko3ddunment, 3apucsmuii or Buna 6erona, Ry, - pacdeTHOE CONPOTUBIICHHE
OeroHa mpM pacTspkeHMH (€ yderoM  KoddduumenTta ycioBuii  paboTel  OetoHa ¥, ),

U, - CpelHee 3HaYCHHE IIePHMETPOB OCHOBAaHMI mupammjbl npojasiusanust, hy =(hy, +hy )/2 -

cpennsis pabodasi BbicoTa cedeHus IWHTH (Mg, Ny, - 3HaueHus pabGoueid BBHICOTHI IS TPOIOIBHOM

apMaTypbl, PacIoJIOKEHHON BOJIb ocel X, Y ).

[Ipu pacuere Ha mnpoaaBnuBaHue (YHIAMEHTHOW IJIUTHI, CWIa F yMeHbIIaeTCs Ha BEIUYUHY
paBHOJEHCTBYIONIEH P peakTUBHOrO JaBJICHUS TPYHTA B Ipeesiax OOJIbIIero OCHOBAHUS MTUPAMUIbI
MPO/IaBJIMBAHUSI.

Eciu ycIoBHE NMPOYHOCTH HE BBHIIOJHAETCS, TO MPOM3BOAMTCSA MOAOOP MIMPUHBI D 1 BBICOTHI N
kanutenu (Oankerku). [Iporpamma ompexaenser kanutenab (OAaHKETKY) MMHMMAJIbHOTO oObeMa U3
MHOKeCTBa KanuTteneil (0aHKeTOK), oOecrneuMBaloIUX MPOYHOCTh IUIMTHI 0€3 IMONepeyHoro
apMUPOBAHUS.

IIpu pacuere, B KadecTBE IUIOIAACH INPWIOKEHHUS HArpy3kd, MOTYT pacCMaTpHUBAaTbCs CEYEHUE
KOJIOHHBI (TJI01aab 1) U cedeHre KanuTeNln Ha CThIKE ¢ MIUTOH (rutomans 2). [lnomans npuioxeHus
Harpy3KH SBISETCS MEHBIIMM OCHOBaHUEM IMUPaMuIbl poaasiuBanus. [Ipu b <h pacuer mposoautcs
g nnowaau 2. Ilpu 3ToM OGosbliee OCHOBaHME NUPAMUIBl MPOJABIMBAHMS PACIOJOKEHO Ha
paccrosiun h; ot ruromraam 2. [pexensHoe yemme F, ompenensercs npu padoueii Beicote hy . I[Tpu

b>h+h, pacuer npoBoautcst jurst wromaay 1 U mwomaay 2. B nmepBom ciydae, OoJbliee OCHOBaHHUE
HHPaMUJIBI TIPOIABIMBAHUS PACIIONIOKEHO Ha paccTOsTHUU N+ N, oT rutomaawm 1, a BO BTopoM cirydae —

Ha paccrossHuH h, OT momany 2. B nepBom cirydae, npenenbHOE YCHIIHE ONpeIelsieTcs Ipy pabouei
h+h,

Boicotre h+hy, ecnn KanmTens uMeeT BUI NPU3MbL, U npu paboueii Boicote h(1— )+hy, ecim

KaluTelb UMEET BUJ MUpaMuIbl. Bo BTOpoM ciydae, mpenebHOe yCHUIIne OnpeaessieTcs npu pabodei
Beicote h,. [Ipu h<b<h+h, pacuer npoBogurcs Tarke it miomany 1 u miomanu 2. B mepsom

cllyyae, MPUHUMAETCs, 4YTO OoJjblliee OCHOBAHHE MNUPAMUAbI IPOJABIUBAHMS PACIIONIOKEHO Ha
paccrosunu b ot mwiomanu 1. [penensroe yeunue onpenensercs npu paboueii seicore h, =b.

4. Pacuer mo CHB 5.03.01-02

Pacuer minThl Ha POAaBIMBaHKUE MPOBOAUTCS cornacHo [4], 7.4.3.1 - 7.4.3.9 ¢ yuerom [5]. YcinoBue
MPOYHOCTH TUIUTHI €3 MONEePEeYHOr0 apMUPOBAHHS UMEET BUJI:
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VSd < VRd ,C

Vag . =0.15-k-(100p, f, )? -d >05- f,, -d

3neck B - KOd(pQUIMEHT, yduThIBalOmMK neiictBie MomeHToB (1< B <15), U - mnepumerp

KPUBOJIIMHEHHOTO pacdyerHoro kourypa, d =(d, +d,)/2 - cpennsist paGodast BBICOTa CEUCHUS ILIATEL,
k=1++20/d <2 ([d]=cm), p =\py oy, <002 - cpexnee 3HaueHue KodpduIHEHTA

f
tk
TIPOJIOJILHOTO apMupoBanus, f, - HOpMaTWBHOE CONMpOTUBJIEHHE OETOHA TIpH CKAThH, foq =—— -

Ve
pacd€THOC COIIPOTUBIICHUC OeToHa IIpH pacCTAKCHUU, fctk - HOPMATHBHOC COIIPOTUBJICHUC OeToHa IIpu

pacTskeHuu, y. - koadduuueHt 6e3omnacHocTH Ui O6eToHa. [Ipumep pacueTHOro KOHTypa B cilydae
YIJI0BOM KOJIOHHBI IPUBEJICH HA PUC.5.

Puc.5. IIpumep pacueTHOTO KOHTYpa

[Ipu pacuere Ha mnponaaBnuBaHue (YHIAMEHTHOW IUIMTHI, cwia F yMeHbIIaeTcs Ha BEJIUYUHY
paBHOAEUCTBYIOIE P peakTHBHOTO JaBlieHHs TpyHTa B Ipenenax o0JacTd, OrpaHU4YEeHHOU
pacyeTHbIM KOHTYpPOM.

Eciu ycnoBMe NMPOYHOCTH HE BBINOIHSAETCH, TO MPOU3BOAMTCS MOA6Op mUpHHBI O m BBICOTHI N
kanutenu (Oanketku). [Iporpamma ompeznensier kanutenb (OaHKETKY) MHUHUMAIbHOTO oObeMa M3
MHOKECTBa KamuTeiaed (0aHKeTOK), OOecHeunBalomUX MPOYHOCTh IUIMTHI ©0€3 MONEepEeHYHOro
apMHUPOBaHMS.

[IpoBepka NpPOYHOCTU IMPOBOAUTCSA Ul OJHOTO WJIM JBYX pacueTHhIX KoHTypos. Ilpm Db <1.5h
paccMaTpuBaeTCsi KOHTYP, pacIofoKEHHBIH Ha paccTossHUM b+1.5d oT moBepXHOCTH KOJOHHBIL. J[ist

HEr0 MpelenbHOe ycunue Vg, ompenensercs mnpu paboued Beicore d . Tlpu b>1.5(h+d)

paccMaTpMBarOTCs IBa KOHTypa. IlepBblii KOHTyp pacnonoxken Ha paccrosauu 1.5(h+d) or
TIOBEPXHOCTH KOJIOHHBL. J[JIsl HEro IpeeNnbHOoe yCHIne onpeensercs npu pabodeit Beicore N+d | ecim
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. 1.5(h+d)
KallMTeIb UMEET BUI IIPU3MBI, M IIPU paboueii BEICOTE h(l—T) +d , ecau KanuTeNb UMEET BUJL

nupaMusl. BTopoii KoHTyp pacnonoxken Ha pacctosuun D+1.50 ot mosepxnocTu xonounst. s Hero
npenelbHOE yCWIME —omnpenensercs mpu  paboueit Beicore O . IIpm  1.5h<b<1.5(h+d)

paccMaTpMBacTCs KOHTYP, pacnosokeHusli Ha paccrossaun 1.5(h+d) or moBepxHocTH KOTOHHBL. ISt
HETO IIPeie]bHOE YCUITHE OpeenseTcs npu paboueii Beicote d |
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[Iporpamma mpeaHasHaueHa s pacdéra Ha MPOJABIMBAHUE IUIUTHI MEPEKPBITHS KPAaeM WM YIJIOM
ctensl cornacHo CIT 63.13330.2018 [1] u Oruery I'VII «HUNXKB» [2]. Ecnmu mpoyHOCTh TUTUTHI 6€3
NONIEPEYHOM apMmarypbl He o0ecliedeHa, TO TPOU3BOJAMTCA KOHCTpyHpoBaHHe apMmatypsl. [lo
pe3ysibTaTaM KOHCTPYHPOBAHHUsI, BBIBOJUTCS KapTHHA pa3MelIeHUs XOMyToB. Jlomyckaercs 3amaHue
0eToHa W/WIIK apMaTypbl ¢ HCHOPMHUPOBAHHOW IPOYHOCTBIO.

1. PacueTHas cxemMa M Harpy3ka

PaCCManI/IBaeTCH )KeJ1e300eTOHHAsS IUINTA, OIMUPArOIIasACsA Ha Kpaﬁ HJIN YTOJI CTCHEI. B IIEPBOM CiIy4daec
MOXET YUYUTHIBATHECA BIIMAHHUC CBO6OI[H01"O (He3aerHJ'ICHHOFO) Kpas IIUTHI.

Kontyp pacueTHOro momepeyHoro Ce4eHus IUIUTHI, MPU pacueTe Ha MPOJABIMBAHHE KPaeM CTEHBI,
nokasaH Ha puc.l. OH COCTOUT U3 TPEX OTPE3KOB PABHOU JIJTMHBI. PacCTOsIHME OT pacueTHOTO KOHTYpa
1o crenbl paBao Ny /2 (h, - cpeansist pabovast BBICOTa ceueHuMs IUTUTHI). JJTHHA OTPE3KOB KOHTYpa paBHa

d+h, (d - Tommumua crensr).

Puc.1. PacueTHblit KOHTYp IIpU NPOAABINBAHUN KpaeM CTEHBI O€3 ydeTa Kpasi TIUTHI

[Ipn pacuere ¢ yueTroMm Kpasi CTEHBI, TAaKK€ pacCMaTpUBAETCS KOHTYp, MOKa3zaHHbIM Ha puc.2. OH
COCTOMT W3 JIBYX OTPE3KOB, JUIMHA KOTOpHIX paBHa a+d (@ - paccTosiHWE OT Kpas CTEHBI 10 Kpas
wmThl). U3 IByX MpencTaBiIeHHBIX KOHTYPOB BbIOMpaeTcs TOT, JUIsl KOTOPOTO YCJIOBHE MPOYHOCTU
INpUHUMAET OoJbliiee 3HaYeHuE.

Rpas

Puc.2. PacueTHbIi KOHTYp TP MIPOAABINBAHUN KPA€M CTEHBI C YI€TOM Kpasi IUTHTHI

Kontyp pacueTHOro momepeyHOro Ce4eHHs IUIMTHI, MPU pacyeTe Ha MPOJABIMBAHUE YIJIOM CTEHBI,
noka3aH Ha puc.3. OH COCTOUT U3 TpeX OTPE3KOB. [[1Ha OTpEe3KOB, MapaieIbHbIX JUIEBBIM CTOPOHAM

crensl, pasna d, +d, +h, /2 (d;,d, - Tonmune yaacTkos crensr). KoHIBI TpETHETO OTpE3Ka HAXOAATCS
Ha paccrostauu N, /2 OT BHYTpeHHHX CTOPOH cTeHbI M Ha paccrosuuu O, +d, or BHemmHux cropon

crensl. Ecm d; <h,/2 wm d, <h,/2, T0o Tperuii oTpe3ok He paccMaTpuBaeTCs.
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Puc.3. PacueTHslif KOHTYp NpH NPOAABINBAHUU YIJIOM CTEHBI

[IponasiuBaromas cuiia F npuHUMaeTcs paBHOM CyMMe IONEPEYHBIX CHII, JIEUCTBYIOIIHUX B PACUETHOM
IIONIEPEYHOM Ce4YeHMM IUINTHL. [Ipn pacdere Ha IpoJaBIMBAHUE IUIMTHI KPAEM CTEHBI, YUUTBHIBACTCS
COCPENOTOYEHHBI MOMEHT M , KOTOpBIN onpenensercs Kak pa3HOCTb CyMMAapHBbIX MOMEHTOB Ha Te€X
Y4aCTKax PAacyETHOIO IIONEPEYHOr0 CEYEHMs IUIMTBI, KOTOPBIE IApaJUICIbHbI JIMIEBBIM CTOPOHAM
CTEHBI.

2. Pacuer

Pacuer muntel Ha npoaaBnuBaHue npoBoauTcs cornacHo [1], 8.1.46 — 8.1.52 u [2], pa3a. 9. YcioBue
MIPOYHOCTH TUIMTHI, APMUPOBAHHON XOMYTaMU B IIpe/iesiax pacueTHON 00JacTH, UMEET BU:

F + M <1
I:b,ult + st,ult M b,ult + M sw,ult
st ! Asw
3nech I:b,ult = Rbt ‘u- h0 ) st,ult =0.8- Osw " U, M bult — Rbt 'Wb : h0 ) Ivlsw,ult =0.8- Oow 'Wsw1 O = S—

w
, R, - pacueTHOE conpoTUBIIEHNE OETOHA IIPU PACTKEHHUH (C y4eTOM Kod(hpuimenTa ycioBuil paboTsl
Oerona y,), h, - cpenmss paGodast BbICOTa CEYEHHs IUTMTHI, U - JUIMHA PacyeTHOTO KOHTYpa,

pAacIoyIoKEeHHOTo Ha paccrossHuM N, /2 oT creHsl, R, - pacueTHOe CONPOTHBIICHHE ITONEPEUHOM

sSwW

apMaTypbl, S, - IIar XOMYTOB BJOJb PAaCYETHOrO KOHTypa, A, - CyMMapHas IUIOLIaJb CEYEHUN

w
XOMYTOB, PacIOJI0KEHHBIX 110 00€ CTOPOHBI OT PaCUeTHOTO KOHTYpa Ha paccTosHUM He Oonee h, /2 B
npejesnax MoJockl HIMPUHOH S, BAOJIb pACUETHOTO KOHTYpa (Kak NpaBuiio, A, omnpeaesseTcs Ui IByX
xoMyToB), W, - MOMEHT CONpPOTHUBIIEHUS PAaCUETHOIO KOHTYypa, COOTBETCTBYIOIIMN MoMeHTYy M n

MMEIOLIUI pa3MepHOCTh KBaJlpaTa €AUHUIIbI ATUHBL. [Ipy paBHOMEPHOM PACIONIOKEHUH MOMEePEeUHON
apMmatypsl npuHuMaetcst W, =W, .

[IpoyHOCTH IUTHTHI O€3 morepeyHoil apmarypsl mposepsiercst npu Fg, . =0 u Mg, =0. Ecmu
OPOYHOCTh HE o0ecredeHa, TO OMpeesseTcs MOTOHHAs IUIOIAAb MonepeyHoi apmarypel A, /S, ,
TpeGyemast TS BBITOJHEHHS YCIOBHS IPOYHOCTH U AOMONHUTENbHOTO yenosus F, . = 0.25F, . . IIpu

3TOM 3HaMeHaTe u Apobell B YCIOBHHU IPOYHOCTH OrpaHHYMBatoTCs 3HadeHusmu 2,  u 2M .. Eciin

YIOBJIETBOPEHUE YCJIOBUS MPOYHOCTU IUIUTHI MPH YKAa3aHHBIX OrPAHUYEHUSX HEBO3MOXHO, TO
HEO0OXOMMO YBEIIMYUTh TOMIIHUHY IITUTHI. CornacHo ykazanusu [ 1], 8.1.46 yauTeiBaeTcs OrpaHUYCHHE:

M F

<05
M b,ult + M I:b,ult + F

sw,ult

sw,ult
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3. KoHcTpyupoBaHue apMaTypbl

[Tpy KOHCTpYHpPOBaHUM IMONEPEYHONU apMaTyphl, YUYUTHIBAIOTCS KOHCTPYKTHUBHBIE TPEOOBaHUS HOPM,
OTHOCAIIMECH K LIary XOMYyTOB S, , PAaCCTOSIHMIO MEXJY CTEHOW M OMMKalIIMMU K HEW XOMyTaMu,

pa3Mepy 30HbI apMupoBaHus. [llarn XoMyTOB BI0JIb pAaCUETHOTO KOHTYpPA U MEPHEHAUKYISIPHO K HEMY
MPUHUMAIOTCS OJTMHAKOBBIMH.

Cornacho [1], 10.3.17, mar XoMyTOB J10JI)KEH YJOBJIETBOPATDH CIEAYIOIIUM YCIOBUSM:

S, <h,/3, s,<30cm

Jlomyckaercst yBenuuenue mara 10 h, /2. PaccrosHue Mexay CTeHOH 1 OMpKaiIiMu K Hel XOMyTaMu
IoJDKHO ObITh He MeHblIe h, /3 u He Gonbmre h,/2 . Pazmep 30HBI apMUpPOBaHMS JOJDKEH OBITH HE
mensine 1.5h,. Kpome toro, yanteiBaercs ykazanue [1], 10.3.17 o Tom, 4To 11ar XoMyToB IPUHUMAETCS

He 00J1ee /4 CTOPOHBI paCYETHOTO KOHTYpa. DTO yKa3aHUE HE YYUTHIBACTCS MPH Pa3MEIICHUN XOMYTOB
BHYTpH yrJja cteHbl. [Ipu yuere cBOOOIHOTO Kpasi TUIUTHI XOMYThI Pa3MEIalOTCs TaK, YTOOBI TOJIIUHA
3aIUTHOTO CJIofA OeToHa ObL1a He MeHee 20 MM.

[To pe3ynpTaTamMm KOHCTpYMpPOBAHUS apMaTypbl, BBIBOAUTCSA KapTHHA pa3MelieHust XxomyToB. Ha puc 4,
5, 6 OKa3aHbl IPUMEPHI pa3MEILEHUS XOMYTOB.

Puc.4. Pa3mernieHre XoMyTOB IIpH IIPOJIaBJIIMBAHUH KPaeM CTEHBI 0e3 ydeTa Kpast IUIUThI
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Puc.6. Pa3MCHICHI/Ie XOMYTOB IIpH MMPOJAaBJIMBAaHUHN YI'JIOM CTCHbBI
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Jluteparypa

1. CI163.13330.2018 «CHwulI 52-01-2003 BeroHHbIE U XKene300€TOHHBIE
KOHCTPYKIUU.OCHOBHBIE TIOJIOKEHUS.

2. Pa3paboTka METOJIMKH pacueTa U KOHCTPYHPOBAHHSI MOHOJIUTHBIX
XKeNe300eTOHHBIX 0e30aI0YHBIX EPEKPBITHH, (PYHIAMEHTHBIX IUTHT U
pocTBepKOB Ha npoaaBiuBanne/Hayuno-texandeckuit oruet I'YII «HUMXKby»
1o goroopy Ne 709 ot 01.10.2002.
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[lporpamma mpegHasHadeHa A HoaOOpa pa3MepoB KamuTend MM OaHKETKH II0 pacdyeTy Ha
npojaasiauBanue wMTel cormacHo MSZ EN 1992-1-1 [1]. IlpeaycMOTpeH ydeT BIMSHHUS CBOOOIHBIX
KpaeB IJIUTHI.

1. PacyeTHasi cxeMa M HArpPy3Ka

PaccmaTtpuBaercs mnpoiaBiMBaHHE IUTUTHI MEPEKPBITUA WM (DYHAAMEHTHON TIUIUTHI KOJOHHOU
IPSIMOYTOJIBHOTO WMJIM KPYTJIOro cedeHus. B miaockocTu MmiauThl BBOAUTCS cucTeMa koopauHat X,Y,
HAYaJ0 KOTOPOM HAXOAUTCSA B LIEHTPE CEeYeHHsS KOJIOHHBI. KONOHHBI MoapasfensioTcs Ha CpeAHHue,
KpaeBble W YIIIOBBIC. B cilydae cpemHel KOJOHHBI, BIUSHUE CBOOOJHBIX (HE3aKPEIJICHHBIX) KpacB
TUTHTHI HE YUUTHIBacTCA. B cirydae kpaeBoil KOJIOHHBI, yYUTHIBACTCS BIHMSIHIE CBOOOTHOTO Kpast TUTUTHI,
MapaJuIelIbHOrO ocH X Wi OcH Y , a B Cllydae YIJIOBOW KOJIOHHBI, YUHTHIBAETCS BIHSHUE CBOOOIHBIX

KpaeB IUIMTHI, TTapajuieibHbix ocsiM X u Y (puc.1).

Kpai

Epan Kpasi

Puc. 1. KpaeBas u yriioBasi KOJOHHBI

s obecnieueHust Hecylled CIOCOOHOCTH IUIMTHI O€3 MOMEPEeYHOro apMHUPOBAHMS MPOEKTUPYETCS
KanuTenab (OaHKeTKa) MHPHHONW D OT MOBEPXHOCTH KOJOHHBI M BHICOTON . BO3MOXHBI /JBa BHIA
KanuTeneil (0aHKeTOK): B BUZE IPU3MBI M B BUE MUPaMUbI (puc.2).

L] L

Puc. 2. Buasl kanurenen

Harpyska Ha Ty BKitouaeT nonepeunyto cuny V. u momentsr M, , M y OTHOCHUTEJBHO ocei X, Y .

ITpu pacuere MIUTHI EPEKPHITHS, TONEpeuHas cruia V aBTOMAaTUYECKH IPUHUMAETCS MTOJI0KUTEIIBHOM,
a mpH pacyere (yHAAMEHTHOHM IUIMTHI - OTpULATeabHON. [lomoXXKUTENbHbIE HANIPABICHUS MOMEHTOB
NPUHUMAIOTCS B COOTBETCTBHH C MPABWIIOM IpaBoro BuHTa (puc. 2). [Ipu pacdere GpyHAamMeHTHOMH
IUTMTHI 331a€TCS PEAKTUBHOE JABJICHUE TPyHTa P .

CTATHUKA-2024 272 — IIpoexTupoBanue kanuresnei u 6ankerok (MSZ EN 1992)



59
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Puc. 2. ITonoxutenbHEIE HarpaBJICHU CHUJIbI © MOMCHTOB

2. Pacuer

Pacuer miuuThl Ha TpPONABIMBAHWE TMPOBOAMTCS corjacHo 6.4. YcioBHE NPOYHOCTH IUIMTHL Oe3
MIONIEpEYHON apMaTypbl UMEET BUA!

Vs =Vps,
x
L I
Vs =5
wd

min

v, =0035177 17
31ech VEd - pacueTHas nomepeyHas cuna, S - Kod(Q(OULUUEHT ydyeTa MOMEHTOB, u, - IEPUMETp
ocHOBHOTO KoHTposbHOTO KoHTYpa, Cpy . =0.18/y,, 7, - xosddumment Gezonacnoctn mis Gerona,
3aBUCAIIMN OT THIAa KOMOWHAIIUKU BO3AEUCTBUH ()¢ =15 JIISi OCHOBHOM KOMOWHAIuU, )¢ =1.2 JUIS

ocoboii kombumammn), K=1+v20/d <2 ([d1=cm), p, =./p, - Py <0.02 - cpenee 3HaveHue

KOB(I)(I)I/II_II/IGHTB. IpoaAOJIBHOTO apMHUPOBAaHUA, fck - XapaKTCpUCTUUYCCKaA MNPOUYHOCTb OcToHa pu

okatnn. Ilpu  pacyere (yHaaMeHTHOH mmTel, cuia Vg yMEHBIIAGTCS HA  BEIHYHMHY

paBHOzeiicTByIomeil P cpeaHero peakTMBHOrO JaBieHMS TpyHTa [), Y4HTHIBAEMOTO B TpeEenax
OCHOBHOT'O KOHTPOJIBHOT'O KOHTYpa.

B nporpamme npenycMoTpeHa BO3MOXKHOCTh BBOJIa 3HaueHUW koddduuuenta [, paBHbIX 1.15 ms
CpenHel KOJOHHBI, 1.4 nis KpaeBol KOJOHHBI, 1.5 mis yrioBoi konoHHbl. CornacHo 6.4.3 (6), aTu
3HAQUYEHHUs] MOTYT MPUMEHSTBHCS MPU pacyeTe KOHCTPYKLHMU, B KOTOPBIX MPUMBIKAIOUIUE MPOJIETHI
pasnuyaroTces Mo JUIMHe He Ooee, yeM Ha 25%.

I[JBI OIIPCACIICHUA KOB(p(bI/II_II/ICHTa ﬂ ,» YUUTBIBAOUICTO JIeicTBHe MOMCHTOB, OCHOBHOC KOHTPOJIbHOC

CeueHHe pa30MBaeTCsl HAa [JBE YaCTH: YacTb C IMOJOXKUTEIbHBIMH 3HAuYeHUsAMM [ M YacTb C
OTpULATENIbHBIMU 3HaYeHUsIMH — T monepeuHbix ycunuil. [Ipumep pacmpeneneHus HONEpPedHbIX
yCUJIMH B Cilydae cpellHel KOJIOHHBI, IpuBeeHHbIN B [1] Ha puc. 6.19, nokazan Ha puc.3.
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Puc. 3. [Ipumep pacnpeneneHus MONEPEYHBIX YCUITHIA

®dopmyia s onpeneneHus kodpounuenta £ umeer Buj (6.39):
B2 M

B=1+k

3zmecsh k - koo dunuent no Tadnune 6.1, W, - MOMEHT COIIPOTHBIICHHS, COOTBETCTBYIOLIMH IPUHITOMY
pacIpenesIeHAIO TIONEPEYHBIX YCUIIAMN.

B ciydae cpesHeli KOJOHHBI IPAMOYTOJILHOIO CEYEHHUS CO CTOPOHAMH C,,C, NPH JAEHCTBMM MOMEHTA B
IUIOCKOCTH, NapaJulesIbHOM CTOPOHE ¢, , MOMEHT COIPOTHBIIEHH BbIUUCIseTcs o Gopmyie (6.41):

W, =¢] ! 2+cic, +4e,d +16d° + 2de,

3aMeHOH ¢, Ha ¢, ¥ HA00OPOT monyyaerca popMmyna s clydas ICHCTBUS MOMEHTa B IUIOCKOCTH,
napajuleNbHON CTOPOHE C, -

[Ipu neficTBuM ABYX MOMEHTOB, IOMYCKAETCsl IpUMEHEHUE NpulImkeHHoN hopmysl (6.43):

' H'I: i "'-'I:

{ g
B=1+18 ) S| +| 2

lub.l'_f'l gy

3necs D, =C, +2d, b =c, +2d - pasmeps ocHoBHOro KOHTpOMBHOrO KOHTYpA; Cy,C, - ATHHBI
CTOPOH CEUeHHMs KOJIOHHBI B0 oceil X, Y ; €, =M y IV, e, = M, /V.

B cnyudae cpenHeill KOJOHHBI KPYrjiaoro cedyeHus Kod(D(PHUIIMEHT ydeTa MOMEHTOB BBIYHCISETCS IO
dbopmyre (6.42):

e
=1+0.60——
o D +4d

Bemuunna monepeuHbIx ycwinii 7, BOSHUKAIOIIMX B KOHTPOJIBHOM TMOTIEPEYHOM CEUCHHUH TUTUTHI TPU
JIEHCTBUM MOMEHTOB, ONPENIETISETCS YUCICHHBIM METOJIOM ITyTeM OTHICKAHUS TAKOTO PACTIpeeICHUS
MOTEPEYHBIX YCHIIUMHN, JJIi KOTOPOTO BBIMOJHSAIOTCS YCIIOBUS PaBHOBECUS NMPHU JACUCTBUM MOMEHTOB

kxMXO u ky|\/|y0 OTHOCHUTENIBHO HEHTPaNbHBIX oceil Xy, Yy OCHOBHOrO KOHTPOJBHOTO KOHTYPA,
napauienbHbeIX ocsiM X, Y. Koaddummentsr kx,ky MPUHUMAIOTCS 110 Tabnuie 6.1. B obmem ciyuae,

MX0=MX+MX\, +Mxp, Myozl\/ly+|\/|yv +|V|yp. MoMeHTBI MXV’MyV - MOMEHTHI IOIEPEYHON
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cunbet V' otHocutensHO ocell Xg; Yy. MomeHThI Mxp,Myp - MOMeHTHl paBHOfeiicTByromeii P

JaBIICHUsI TPYHTa OTHOCUTENBHO ocell X, Yo. [TonoxuTenbHble 3HaYCHUsSI MOMEHTOB [IPHHUMAIOTCS B
COOTBETCTBHUH C MPABWJIOM IPAaBOTO BHHTA. B mporpaMme npemycMoTpeHa BO3MOXKHOCTh pacuera 6e3

ydera 3Haka 3a1aHHeX Momentos M, , M y - B 3TOM Ciydae, BBIYMCIIEHUS IPOBOIATCS Ik KOMOWHALMIA

momentos TM, +M,, + M =+ My +M w T M yp U U3 BBIYMCICHHBIX 3HAYECHUM (3 BbIOMpaeTCs
HauOoJIbIIIee 3HAYCHHE.

Ecnu ycioBue NpPOYHOCTH HE BBIMOJHSIETCS, TO MPOU3BOIUTCSA MOAOOP IMUPUHBI D M BBICOTHI
kanutenn (O6anketku). [IporpamMma ompenenser kamurteab (0AHKETKY) MHUHHMAJIBLHOTO OObeMa W3
MHOXECTBa KamuTesned (0aHKeTOK), OOCeCHeYHMBAIOMIMX IPOYHOCTh IUIATHI 0€3 TOMepeyHOro
apMUPOBAHHS.

[TpoBepka MPOYHOCTH MPOBOIUTCS ISl OJHOTO WM JIBYX KOHTPOJIbHBIX KOHTYypoB. Ilpm b <2h,
paccMaTpuBacTCs KOHTYp, PacIoOXeHHBIH Ha paccTosiHur D +2d oT moBepxHOCTH KOJOHHBI. J{iist

HEro pacyeTHOe compoTuBIeHHE Vg . ompexensercs mpu paboueit Beicotre d . Ilpu b>2(h+d),

paccMaTpuBarOTCs JABa KOHTypa. IlepBbli KOHTyp pacnosiokeH Ha paccrosHun 2(h+d) or
MMOBEPXHOCTU KOJIOHHBI. J[JI1 HEro pacueTHOE COMPOTHUBIICHHE OIpENENsieTCs Mpu paboyeld BHICOTE

2(h+d)

h+d, eciu kanuTens UMeeT BUI IIPU3MBI, M IIpH paboueii Beicote N 1— +d , ecitu kanuTens

UMEET BHJI ITUPaMKIbl. BTOPOil KOHTYp pacroiokeH Ha paccTossHud D+ 20 0T moBepXHOCTH KOJIOHHBI.
JIJ1sl HEero pacueTHOEe COMPOTHBICHHUE onpeessercs npu padodeit Beicore d . [Ipu 2h <b<2(h+d),

paccMaTpuBaeTcs KOHTYP, PACIIOIOKEHHBIN Ha pacCcTOSIHUM 2(h+d) OT MOBEPXHOCTH KOJIOHHBI. J1JId
HET0 PacueTHOE COMPOTUBJICHUE ONpeIeAeTCs Py pabodeii Beicote d .
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Jluteparypa

1. MSZ EN 1992-1-1:2010 Espoxon 2: IIpoekTupoBaHHE KeIe300€TOHHBIX
KoHCTpyKuuid — Yactp 1-1: OOmue npaBuia u mpaBuiia Aj1sl 31aHUH.
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273 — IIpoekTupoBaHKE KalUTEIeH 1 OAHKETOK
(TKIT EN 1992)
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[lporpamma mpegHasHadeHa A HoaOOpa pa3MepoB KamuTend MM OaHKETKH II0 pacdyeTy Ha
npoaasnuBanue mntel cormacHo TKIT EN 1992-1-1 [1]. IlpeaycMoTpeH yueT BAMSHHUS CBOOOIHBIX
KpaeB IJIUTHI.

1. PacyeTHasi cxeMa M HArpPy3Ka

PaccmaTtpuBaercs mnpoiaBiMBaHHE IUIMTHI TMEPEKPBHITUS WIM (PYHAAMEHTHON TIUTUTHI KOJOHHOU
IPSIMOYTOJIBHOTO WMJIM KPYTJIOro cedeHus. B miaockocTu MmiauThl BBOAUTCS cucTeMa koopauHat X,Y,
HAYaJ0 KOTOPOM HAXOAUTCSA B LIEHTPE CEeYeHHsS KOJIOHHBI. KONOHHBI MoapasfensioTcs Ha CpeAHHue,
KpaeBble W YIIIOBBIC. B cilydae cpemHell KOJIOHHBI, BIUSHUE CBOOOJHBIX (HE3aKPEIJICHHBIX) KpacB
TUTHTHI HE YUUTHIBacTCA. B cirydae kpaeBoil KOJIOHHBI, yYUTHIBACTCS BIHMSIHIE CBOOOTHOTO Kpast TUTUTHI,
MapaJuIelIbHOro ocH X Wi OcH Y , a B Cllydae YIJIOBOW KOJIOHHBI, YUHTHIBAETCS BIHSHUE CBOOOIHBIX

KpaeB IUIMTHI, TTapajuieibHbix ocsiM X u Y (puc.1).

Kpan

Epasi Kpait
Puc. 1. KpaeBas u yriioBasi KOJOHHBI

s obecrniedyeHuss Hecylied CIOCOOHOCTH IUIUTHI O€3 MONEPEeYHOr0 apMUPOBAHUS, MPOEKTUPYETCS
KanuTenab (OaHKeTKa) IMHPHHONW D OT MOBEPXHOCTH KOJOHHBI M BHICOTON . BO3MOXHBI JBa BHIA
Kanuresnel (0aHKeTOK): B BUJIE IPU3MBI U B BUJI€ MUpaMUIbI (pHC.2).

Lo L]

Puc. 2. Buasl kanurenei

Harpyska Ha miuTy BKJII0YaeT monepeunyio cumy Vi Momentst M, M y OTHOCHTENBHO ocer X, Y .

[Ipu pacuere mINTHI NEPEKPHITHS, TONEpeyHast cuiaa V aBTOMaTUYECKU IPUHUMAETCS MOJI0KUTENIBHOM,
a 1mpu pacyere (pyHAAMEHTHOHM IUIMTHI - OTpuuareabHOH. [lomokuTenbHble HAapaBIEHUsS MOMEHTOB
NPUHUMAIOTCS B COOTBETCTBHH C MPABWIJIOM IpaBoro BuHTa (puc. 2). IIpu pacuere ¢yHIamMeHTHON
IUTMTHI 331a€TCS1 PEaKTUBHOE JaBJIEHUE TpyHTa P .
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Puc. 2. ITonoxutenbHEBIE HarpaBJICHU CHUJIBI © MOMCHTOB

2. Pacuer

Pacyer mimThEl Ha MPONABIUBAaHUE TMPOBOJUTCS COMNIACHO 6.4. YclIoBHE TPOYHOCTH TUIUTHI 0€3
MOTIEPEYHON apMaTypbl UMEET BH/I:
Ves =V,

.
Ed

ud

Ves =
1
1"'1;'?.:.".-: = CR:'.-: "lTC (IDD,U_}‘;‘) - v:nir.

v, =0035177 - £1°

3nech Vg - pacuerHas morepedHas cuia, £ - KOOQQUIMEHT ydeTa MOMEHTOB, u, - NEPUMETP
OCHOBHOTO KOHTPOJIEHOTO KOHTYpa, Cpq = 0.18/y,, 7. - xosdpdument Ge3omacHocTH s GETOHa,

3aBUCAIIMN OT THUIAa KOMOWHAIIUKU BO3AEUCTBUH ()¢ =15 JIISi OCHOBHOM KOMOWHAIUU, )¢ =1.2 hilae: ¢
ocoboii komGunammn), K=1++20/d <2 ([d]=cm), p, =./p, py <0.02 - cpennee 3HaveHue

kod(uimenTa MpoaoILHOTO apMHUPOBAHMUS, fck - XapaKTepHCTHYECKasi MPOYHOCTh OETOHA MpHU

okatun.  Ilpu  pacyere (yHgaMeHTHOH mmThl, cuia Vgg  yMEHBIIAGTCS Ha  BEIHYHMHY

paBHOzeiicTByIomeii P cpeaHero peakTMBHOro JaBieHMS TpyHTa [), Y4HTHIBAEMOTO B TpeEenax
OCHOBHOT'O KOHTPOJIBHOT'O KOHTYpa.

B nmporpamme npeaycMoTpeHa BO3MOXKHOCTh BBOJA 3Ha4eHUN KodpduuueHTa 3, paBHbIX 1.15 mid
CpenHel KOJOHHBI, 1.4 nis KpaeBou KOJOHHBI, 1.5 misa yrimoBod kosoHHBI. CormacHo 6.4.3 (6), aTu
3HAQUYEHHUS] MOTYT MPUMEHSTBHCS MPU pacyeTe KOHCTPYKLHUMU, B KOTOPBIX MPUMBIKAIOUIUE MPOJIETHI
pasnuyaroTcs 1o JJIMHE He Ooiee, yeM Ha 25%.

I[JBI OIMPECACIICHUA KOB(b(bI/II_II/ICHTa ﬂ ,» YUUTBIBAOUICTO JIelcTBHe MOMCHTOB, OCHOBHOC KOHTPOJIbHOC

CeueHHe pa30MBaeTCsl HAa [JBE YACTH: YacTb C IMOJOXKUTEIbHBIMH 3HAu€HUSAIMM [ M YacTb C
OTPULIATEIILHBIMU 3HAYCHUsMU — 7 TmonepedHblX ycunuil. IIpumep pacrpeneneHus IONepedHbIX
yCUJIMH B Cilydae cpe/lHel KOJIOHHBI, IpuBeIeHHbIN B [1] Ha puc. 6.19, nokasan Ha puc.3.

Puc. 3. [Ipumep pacnpeneneHus MOMEPEUHBIX YCHITHI
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®dopmyia s onpeneneHus kospounrenta £ umeer Buj (6.39):

Mg, 1

7 s
Ed w 1

B=1+k

3nmecs k - koaddunuent no Tadnuune 6.1, W, - MOMEHT CONIPOTHBIICHHS, COOTBETCTBYIOIIHI IPUHATOMY
pacIpeIelIeHUIO TIONEPEYHbIX YCHITUH.

B ciyuae cpeiHelt KOJIOHHBI TPSAMOYTOJILHOTO CEYEHHs CO CTOPOHAMH ¢, ,C, IPH JIEHCTBUM MOMEHTA B
IUIOCKOCTH, NTapauleNIbHOM CTOPOHE ¢, , MOMEHT COIPOTHBIIEHH BbIYMCIsAETCA 10 Gopmyite (6.41):

W, =c¢] /2+c,c, +4c,d +16d° + 2me,

3aMeHOH ¢, Ha ¢, ¥ HA00OPOT moiyyaercs GopMmyna i clydas JCHCTBUS MOMEHTa B IUIOCKOCTH,
napajieabHON CTOPOHE C, .

[Tpu neficTBUM IBYX MOMEHTOB JOIYCKAeTCsl MPUMEHEHUE MpUOIMKeHHON hopMyIbl (6.43):

2 - ’)
™ 4

2 e,

|ri o [ H".
B=1+18 1 % + =
| '51_,-" lk e

3necs b, =C,+2d, b, =c, +2d - pasmeps ocHoHOro KomTpoOMBHOrO KOHTYpa; C,,C, - wIHHBI

CTOPOH CedeHHs KOJNOHHBI B0Jb oceit X, Y; &, =M /V e =M IV,

B cnydae cpenHell KOMOHHBI KpPYrjioro cedeHus, Kod((UIMEHT yuyeTa MOMEHTOB BBIYHCISAETCS IO
dbopmyre (6.42):

e
=1+0.60——
o D+4d

B o6uiem ciiydae, ko3 GuIIMEeHT yueTa MOMEHTOB ollpeesnsieTcs o Gopmyiie:
m
pf=1+-
.
Ed

Benmuuuna MOINCPCUHBIX y'CI/IJ'II/Iﬁ T , BOBHUKAIONIUX B KOHTPOJIbHOM MOIICPECYHOM CCUCHUU IUIUTHI MPU
JIelCcTBUHI MOMCHTOB, OIIPECACTIACTCA YUCIICHHBIM MCTOJAOM IMYTCM OTBICKAHUSA TAKOI'O PACTIPCACIICHUA
MOIMCPCUYHBIX yCHHHfI, AJI1 KOTOPOTO BBIMIOJIHAIOTCA YCJIOBUSA PABHOBECUA IIPU JEHCTBUM MOMEHTOB

kXM xo U kyM yo OTHOCHTENBHO LEHTpalbHbIX ocell Xy Yy OCHOBHOro KOHTPOIBLHOTO KOHTYpa,
napaiensHeix ocsim X, Y. KoadduumenTst kx,ky npuHuUMaroTes mo tabnune 6.1. B obmewm cinyuae,
Mxo =M, +M, +M,, MyO = |\/|y + Myv + Myp . MomeHTHI MX\,,MW - MOMEHTHI IONEPEYHON
cunet V' oTHOCHTEnsHO oceit Xg,Yy. Momentst Mo, M yp - MOMEHTBI PaBHOJCHUCTBYIOIIEH P

JaBJICHUS] TPYHTa OTHOCHUTEIBHO oceil Xg, Yq. TlonoxkuTenpHble 3HaYCHNUSI MOMEHTOB IIPUHUMAIOTCS B
COOTBETCTBUH C MPABWJIOM IIPABOTO BUHTA. B mporpaMme mnpenycMoTpeHa BO3MOXKHOCTh pacueTa 6e3

y4eTa 3HaKa 3aJJaHHbIX MOMEHTOB M ! M y - B 9TOM ciy4ae, BBIYMCIICHUSI TIPOBOISATCSI IS KOMOWHAaMi

momentos M « T M W T M », T™M y T M w T M yp M W3 BBIMUCJIECHHBIX 3HAYCHUH [ BBIOMpaeTCs

HanOOJbIIEE 3HAYCHUE.
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Ecnu ycioBHe NMpPOYHOCTH HE BBIMOJHSETCS, TO MPOU3BOIUTCSA MOAOOP IMUPUHBI D W BBICOTHI
kanutenu (Oanketrku). [Iporpamma ompenensieT kanutenb (OAHKETKY) MHHHMAIBLHOTO OOBbeMa U3
MHOXECTBa KamuTesned (0aHKeTOK), OOECIeYHMBAIOMIMX IPOYHOCTh IUIATHI 0€3 TOMepeyHOro
apMUPOBaHMSL.

[TpoBepka HMPOYHOCTH TPOBOMUTCS ISl OJHOTO WJIM JIBYX KOHTPOJIbHBIX KOHTypoB. IIpm b <2h,
paccMaTpuBaeTCsi KOHTYp, PacloioXKEeHHBIH Ha paccTosHuM D+2d oT moBepxHOCTH KOJOHHBI. Jlist

HEro pacueTHoe comporuBieHHe Vg, ompenensercs mpu padoueit Boicore d . Ilpu b>2(h+d),

paccMarpuBarOTCs JABa KOHTypa. IlepBbli KOHTyp pacnosiokeH Ha paccrosHud 2(h+d) or
MMOBEPXHOCTH KOJIOHHBI. [[JIs1 HEro pacueTHOE COMPOTHBIICHHUE ONpENENsIeTcs Mpu pabodell BBICOTE

2(h+d)

h+d, eciu kanuTens UMeeT BUA IIPU3MBIL, U IIpH paboueii Bricote N 1— +d , ecrtn kanuTens

UMeeT BUJI TUPpaMujibl. BTopoii KOHTYp pacosioxkeH Ha paccTostHud D+ 2d 0T moBepXHOCTH KOJIOHHBI.
JIJIsl HEeTO pacueTHOE COMPOTHBICHUE onpezessercs npu padodeit Beicote d . Ilpu 2h<b<2(h+d),

paccMaTpuBaeTcs KOHTYP, PACIIOIO0KEHHBINM Ha pacCcTOsIHUU 2(h+d) OT MOBEPXHOCTH KOJIOHHBI. JJIs
HEro PacyeTHOE COMPOTUBJICHUE ONpeeIAeTCs Py pabodeii Beicote d .
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Jluteparypa

1. TKII EN 1992-1-1-2009: EBpokox 2. IlpoekTupoBaHuE Xeae300€TOHHBIX
KoHCTpYyKuuid — Yactp 1-1. O0mue npaBuiia u mpaBuia Jyis 3JaHAMN.
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300 - Xene3zobeToHHas Oajika
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[Iporpamma npemHa3HavYeHA Tl TPOCKTUPOBAHUS M pacuéTa MHOTOMPOJIETHOM Oanku, cormacHo CHull
2.03.01-84* “beroHHble W Kene300eTOHHbIE KOHCTpykimu~ [1], mmbo mo CII 52-101-03
“XKenezobetonnsie u O6eroHHble M KoHCTpykuuu” [2], mubo mo CII 63.13330.2018 “beronnsie u
Kene300eTonHble KOHCTpYKIuU. OcHoBHBIE monokenus.” [7], mu6o CHB 5.03.01-02 “BeronHble H
xene300eToHHbIe KOHCTPYKIMK~ [5]. Bo3MokHO 3a1aHue IApHUPOB, BYTOB, KOHCoMNeH. [IpexycmMoTpen
pacuét Oanku Kak yacTu peOpucTol miuThl. MOryT 3a/1aBaThCs pacpeieiEHHbIE U COCPEIOTOYCHHBIC
HArpy3Kd, a TakXKe TeMIlepaTypHble BO3JCUCTBUSA M Ocaaku omnop. Pacu€THble coueTaHus yCHIMA
ompeaenstoTcs aToMatuiecku, corniacio CHull 2.01.07-85 “Harpy3ku u Bo3aeiictus” [3], nu6o CHB
5.03.01-02 “beronnsie u xene3oberonnbie KoHCTpYKImu” [S5]. [Ipu pacuere mo CIT 63.13330.2018,
pacuétHble couetanus ycwmi onpeneistorcs mo CIT 20.13330.2016 “Harpy3ku u Bo3neictBus’” [8].
Bo3moxken pacuer ¢ mnepepacnpeaeneHueM ycwiuil. [IpogonbHas W momepedyHas —apMmarypa
OIPENEIAIOTCS Ha OCHOBE PAaCcyeTOB IO IPEACIIbHBIM COCTOSIHUSAM IIEpBOM M BrOpou rpymm. Ilpu
KOHCTPYMPOBAaHUM TPOJOJIBHON apMaTyphl, MOJOUPAIOTCS OUAMETPHI IMPOJOJIBHBIX CTEpXKHEH W
OTIpeNeNIAIOTC MecTa MX OOphIBa ¢ y4€TOM JJIMH aHKEpPOBKH. lIpW KOHCTpYMpPOBAHWHU TOMEPEUHOM
apMaTypbl, OIPEAETSeTCS PACIIONOKEHIE XOMYTOB.

1. PacuérHas cxema

PacuérHast cxema mnpencTaBisieT COOOH MHOIONPOJIETHYIO HEpaspe3Hyl Oallky C KOHCOJISIMH.
MaxkcumanbHoe KomudecTBO nposiéToB paBHO 10. Cedyenne Oaiku MOXKET OBITH MPSMOYTOJIBHBIM HITH
TaBpPOBBIM. BO3MO)XHO HaJln4Ke BYTOB U/WJIM CKAYKOB Pa3MEpPOB CEUEHUS 110 MIUPHHE U 110 BhicoTe. s
KOHIIEBBIX OMNOP MOXHO 33JaBaTh yIpyroe 3auiemijeHue. B omopax cHH3y W/WiM CBEpXy MOTYT
YUUTHIBaTbCSl MPUMBIKAIOLIUE CTOWKH, NMPEAYCMOTPEH BBOJ BEPTUKAIBHBIX NPYXHH B omnopax. B
POJIETax MOYKHO 33]1aBaTh IIAPHUPBI.

Ecnu Oanka sBnsieTcst 9acThio peOPUCTON IUIMTHI, TO SKBHUBAJICHTHAS ITHMPHHA MOJIKU PACCUUTHIBACTCS
cornmacHo NyHKTy 3.16 [1] mwim 3.2.2.2.2.4 [2] viu 7.1.2.7 [5]. Moaynps ynpyroctu npHUHUMAETCS
cornacHo Tabnuie 18 [1] wim paccuntsiBaetes mo popmyse (2.1-5) [2] B cooTBeTCTBUM € 33JaHHBIM
KJ1accoM O€TOHA MO IPOYHOCTH.

Puc. 1.  IIpumep pacu€THOil cXEMBI

2. HarpyxeHnue

Paznuuarorcsi moCTOSIHHBIC, JIMTENbHBIC, KPATKOBPEMEHHBIE W 0COOble HArpy3ku. Bo3mokeH yder
CIIEYIOIINUX Harpy30K: paBHOMEpPHO pacIpeleseHHbIX, OJIOYHBIX, TPANeLUEeBUIHBIX, Harpy3o0K Ha
MEPEKPBITHE, COCPETOTOUEHHBIX CHJI, COCPETOTOUEHHBIX MOMEHTOB, CKaUKa TEMIIEPATYPbl U CMEIICHU S
onop. JnuTenbHble U KPaTKOBPEMEHHBIE HArpy3KH MOTYT OOBEIUHATHCA B TPYIIY HECOYETAEMBIX
Harpy30K (Harpy3Ku He MOTYT JIeWCTBOBaTh OJIHOBPEMEHHO). BpeMeHHas Harpy3ka MOXeT 3aJaBaThCs
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KaK 3HaKoIepeMeHHas Harpy3ka. B sTom ciywae, B pacuére ydWwThIBaeTCsA 3aJaHHas Harpyska u
Harpy3ka MpPOTHBOIIOJIOXKHOTO 3Haka. [l BpeMEHHBIX HArpy3oK, IEHCTBYIOIIMX HAa HECKOJIBKUX
IpoJieTax BO3MOXKEH y4eT HeOJIAaronpusATHOTO paclpeAeIeHUs Harpy3KH 10 MPOJIeTaM.

Pi
NN o mwmwp :
RUUETTET TR R
L L L
1T a3 7 s 1

. N AT AT AT AT ;
77777 77777 77777 77777 77777 77777
L % L L L L
—— s o (I
p2 P3

T,y T T l Ll L
T 1ol 5 Ts T 11 5 15

Puc. 2.  Buasl Harpy3ok

3. Onpenenenne BHYyTPEHHUX CHUJIOBBIX (PAKTOPOB

Yeunus onpenenstoTcss METOJOM HadaldbHBIX IMMapaMeTPOB OTIEIBHO JIA KaxAoW Harpys3ku. [ms
BPEMEHHBIX HArpy30K ONpPEAessiioTCS MaKCUMaJlbHble U MUHUMAJIbHBIE YCHIIMS B KaXKJIOM CEUCHUHU U
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OIOPHBIC PEAKIUU C YUETOM HEOJAroNMpUATHOTO paclpeeCHUsT HArPY3KH MO MposiéTaM (eciu yder
HEO0XO0TUM).

[Tpu 0ObIYHOM JMHEHHOM pacyéTe Hepa3pe3HbIX 0alloK, He YYUTHIBACTCS MepepacipeieieHue yCuiIni
BCJIEJICTBHE HEynpyrux naedopmanuii O6eroHa M apmarypel M oOpa3oBaHus TpewuH. [Iporpamma
IIO3BOJISIET MPOM3BOAUTH IepepacupesiesieHe YCHINI BO BHYTPEHHHMX OIOpax HEpa3pe3HbIX Oallok
COIJIaCHO METOAY IpeneNnbHOro paBHoBecus. IlepepacmpeneneHue MPOUCXOAUT IMyTEM H00aBIEHUS
TPEYrOJbHBIX JIIOP MOMEHTOB C IIPUBJICYEHUEM [IBYX COCEJHUX C onopoi mponéros. Ilpu
nepepacnpeeseHUH OMOPHbIM MOMEHT MOXKET ObITh yMEHbIIIEH He 6osee yueM Ha 30%.

4. KoHcTpynpoBaHHe NPOAOJbHONH apMaTyphl

[IporpamMma nopaepkuBaeT Tpu pasinuyHble (OPMbI KOHCTPYUPOBAHUS apMaTyphbl:

— IloxGop apmaTypsl Oe3 cTyneH4YaTol packiaaku. B aTom ciydae, Ans KaXIOro Mmpojera U Ui
KKIOW OMOpBI MPOBOJUTCS MOAOOP apMaTypbl B COOTBETCTBUM C MaKCHMAalbHO TpeOyemoi
IJIOLIA/IbIO apMaTYPBHI.

— Tloxbop apmaTypsl ¢ MOMPOJIETHON CTYNMEHYATON packiaakoi. [[MMHBI apMaTypHBIX CTEpKHEH U
UX paCTONIOKEHHE B MpOJIETE M HaJl OMOpOH MoAOMparoTCs TakuM 00pa3oM, YTOOBI IJIOMIAh
apMaTypbl BO BCEX CeYeHHIX ObLIa Kak MOXKHO OJmke K Tpedyemoii o pacyery. [Ipu onpenenenuun
JUIMH MPOJIOJIBHBIX CTEPKHEW YUUTHIBAETCA JUIMHA aHKepOBKU. CTyneH4aras packiajka apMaTyphl
HaJl OIIOpaMy WIH B IIPOJIETAaX IPOUCXOAUT He3aBUCUMO. Eciam B pe3ynpTare pacuera Ha ornopax
TpeOyeTcst apmarypa cCaTHs, TO BMECTO MMOAOOpa apMaTyphl C IOMPOJETHON CTYNEHYaTOU
packiIaKou cieayeT UCIOIb30BaTh MOJ00P apMaTyphl CO CKBO3HOM CTyIEHYaTON pacKIaJKOM, TaK
KaK B 3TOM CJIy4ae HIDKHSA apMaTypa MEPEXOAUT IPaHULIBI IIPOJIETOB.

— Tlombop apmaTypsl CO CKBO3HOM CTyNEHYAaTOW PacKIagKoW. AHAJIOTHYEH MPEIbIIYIIEMYy C TOM
JUIIH Pa3HUIIEH, YTO TPAHUIIBI TTPOJIETOB HE SBISIOTCS TOYKAMH OOPBIBA apMaTYpPHBIX CTEPIKHEH.

B mectax oOpbIBa cTepHEH U MPUOMOPHBIX 30HAX JJIMHA apMaTYPHBIX CTEP)KHEH yBenTU4MBaeTCs Ha
BEJIMYHMHY, OOECIEeYMBAIOIIYI0 MPOYHOCTh Ha JeMcTBHE W3TMOAIOLIEr0 MOMEHTa 10 HaKJIOHHOMH

TPEIIHHE.

[Tpu monOope MpoIOABHBIX CTEPIKHEH, YIUTHIBAIOTCS BCE CTaHAapTHBIE AuameTpsl (6, 8, 10, 12, 14, 16,
18, 20, 22, 25, 28, 32, 36, 40). [IpenycMoTpeHa BO3MOKHOCTb 3a/1aTh COOCTBEHHBIH CIIUCOK IUaMETPOB.
Jnst kaxaoro TmpoJieTa MOKHO 3a7aTh OTIEIBHO JUIsl BEpXHEH M HIDKHEW apMaTypbl MaKCUMalIbHOE
KOJIMYECTBO CTEp)KHEW, MHUHHMAaJIbHBIM W MakcUMalbHbIM auaMeTpbl. [lpu moabope apmaTypsl
YUUTHIBAtOTCS TpeboBanus [ 1], [2] unu [3] mo MUHUMABHBIM PACCTOSIHUSM MEXY CTEPIKHIMH.

5. KoHcTpyupoBaHue nonepe4Hoi apMatypbl

KoHncTpyrnpoBanue nomnepeyHoi apMaTypbl OCYIIECTBIISIETCS HA OCHOBE pacueTa HaKJIOHHBIX CEYEHU,
0 NIPEAETBLHOMY COCTOSIHUIO TIEPBOM TPYIIIBI HA JEMCTBHE ONEPEYHON CHIIBI IO HAKJIOHHOM TpEIINHE
U 110 TIPeJIeIbHOMY COCTOSIHUIO BTOPOI IPyMIIbI 110 00pa30BaHUIO M PACKPBITUIO TPEIIUH, HAKIIOHHBIX K
IpoAoJabHON ocu Oanku. OmnpenenseTcs Iouiaab MOMEPeYHoN apMaTypbl, Tpedyemasi 1Mo YCIOBUIM
IPOYHOCTH U TpelmuHOCcTOMKOCTH. [lo 3amaHHBIM JaMaMeTpaM XOMYTOB, MAaKCHUMAJbHBIM U
MHUHHMAJIbHBIM PACCTOSIHUSAM MEKIY HUMU NOJOUPAETCs pacoIOKEeHUE U IIar XOMYTOB.

6. Pacuernl o npeejbHLIM COCTOSIHUSIM BTOPOi I'PyNIbI

[Iporpamma BBEITOTHSIET pacdyeTsl O 00PAa30BAHUIO M PACKPHITHIO HOPMAIBHBIX W HAKJIOHHBIX K OCH
0anKy TpeluH, a TaKXKe pacyeT MpPOruOoB, OOYCIOBIEHHBIX NOeQOpMalUsSMU HM3ruba M CIBHra.
K TpemmuocToiikocTi 0anku MOXKeT OBITh NPEIBSBICHO TpeOOBaHWE HemomylieHus TpemuH (1-s
kareropusi o CHull 2.03.01-84%*), nu6o TpeboBaHMs 1O OTPAHUYCHHUIO IIIUPUHBI PACKPBITHS TPEITHH.
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B nocneanem ciydae, gomycTuMas IMIUPUHA PACKPBITUSL TPEIIMH OTpaHUYUBAETCS JTUO0 TpeOOBaHUEM
coorBercTBytomx CHull (3-s1 xarteropust mo CHull 2.03.01-84*, coxpaHHOCTb apMaTypbl HIU
nponunaeMocts KoHcTpykimu 1o CIT 52-101-03 u CIT 63.13330.2018), 1160 3agaeTcst HOIb30BaTEIEM.
IIpu pacuere mo CII 63.13330.2018, ecnu 3agaHO yCIOBUE HEIONMYCTUMOCTH OOpa30BaHMs TPEIIHH,
pacueTHbIe COUETaHUS YCUIIUI ONIPEEsIFOTCS KaK Ul pacueTa o npoyHocTty. Ilpu koHcTpyrpoBanun
IIPOJOJIBHOM apMarypbl, IPOUCXOJUT HapalllMBaHWE KOJIMYECTBA W JJIMH CTEp)KHEH, II0Ka
MperbsBICHHbIE TpeOOBaHUS HE OYAYT YAOBIETBOPEHBI BO BCEX CEUEHUAX OAlKH, 32 HCKIIOYEHHUEM
Y4acTKOB HEINOCPEACTBEHHO HAaJ OIOpaMH, KOTOpbIE HE INPUHUMAIOTCS B pacuer. Eciu 3adano
nepepacnpeoenenue yCuiui, mo Ha0 ONnopamu YCMAaHAGIUBAEMCs. YMEHbUEHHOe KOAUYeCcmeo
apmamypul, RO3MOMY, 8 IMOM Clyuae, mpedOo8aHUsl N0 02PAHUYEHUIO WUPUHBL PACKPbIMUSL MPEUUH 8
NPUONOPHBIX 30HAX YACMO He MO2YM OblMb GbINOIHEHDL.

7. BbIBOJ pe3yJibTATOB

BbIBOZ COCTOUT M3 ClIEAYIOLIMX YACTEH: pacueTHas CXeMa, Harpy3Ku, pe3yJibTaThl pacyeTa BHYTPEHHUX
CHJIOBBIX (PAKTOPOB, PACUETHBIE COUETAHUS YCHJIMM, pe3ylbTaThl pacdyeTa TpeOyeMoil apMmarypbl U
KOHCTPYMpPOBaHUE apMaTypbl. BeIBOJI 110001 M3 3TUX MIECTH YacTEW MOXKHO pa3peiiaTh Wil OTMEHSTh
braxxkamMu yrpaBieHHUsS BbIBOJOM. [IOMHMO BBIBOJIa YHUCIIOBBIX 3HAUYEHUMN, MPEAYCMOTPEH BBHIBOJ
rpadukH.

PacueTHag cxema:

e T = " e " g
A E o o
I &.00 } 2.00 } E.00 |
[ ]
bl.vod k1704 FL.7od k1704
H -0 H &.70 . 5.70 H
a0 0.z 020 T
Fasmepn Mpomér 1 ¥ bf hf b h I
[m] [m] [em] [em] [em] [em] [cmd]
1 &.00 0.00 24.0 50.0 250000
4.15 24.0 50.0 250000
6.00 24.0 T0.0 686000
2 S.00 0.00 224.0 Z20.0 24.0 TO0.0 1553770
1.85 224.0 20.0 24.0 50.0 551026
7.15 224.0 20.0 24.0 50.0 551026
S.00 224.0 Z20.0 24.0 TO0.0 1553770
3 6.00 0.00 24.0 T0.0 686000
1.85 24.0 50.0 250000
6.00 24.0 50.0 250000
Onopu boopa t [em] Omopa t [cm]
A 30.0 B 0.0
C 30.0 ] i0.0

371ech BBIBOASITCS OCHOBHBIE T€OMETPHUECKUE ITapaMeTphbl CUCTEMBI: pa3Mephbl BCEX MPOJIETOB U CTOEK,
XapaKTepUCTHKU CEYEHUN BCeX IMpOJIETOB, T.e. upuHa “b” u BbicoTa “h” cewenus, mupuna “bf” u
tonmuHa “hf” muTel, mmpuna onop “t”.
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Harpy3ku:

Harpymenne 2 NOCTOAHHHE HalpySEH

]

-E i i
-1z E_00 Fz.o00~ 7.00 } £_00 |

N. Npomnér a = prnsP posM
[m] [:] [KH/M, ®kH, kHM]
PaEHOMEDH. 1 1-3 25.00
CocpemoT. 1 2 Z2.00 125.00
BHyTpeHHHGCHHOBHE(p&KTOpBK
Hanpy#weHHe 1 MOMEHTH Myop [rHmM]
-119.46 -119 .45
-10%
-5l
-54
-z7
o H
z z0.98 ; i z0.98
54 ; :
Gl
52_02
Harpy®eHHEe 1 OmonepeuwHHe CHIH Qyvop [wrH]
90._00
P £4.91
a5
z5.09
x4
]
e -z5.09
-43 )
-E -E%_ 91
' -g0.00
Harpyxenunse 1 Mpomaemr x max Mynop mwmin Mynop tmmax Qynop min Qyop
[2] [mHmM] [®mHmM] [®mH] [®mH]
1 o.oo0 o.o0 O.00 25.0%9 25.0%9
0.15 o 3.59 3.585 2z.84 2z.84
0.62 ho 12.55 12.5% 15.80 15.80
l.67 * Z20.598 20.58 O.00 O.00
5.18 ho -71.35 -71.35 -52.63 -52.63
5.85 o -10%.%0 -10%.%0 -6GZ .66 -6GZ .66
G.00 -119.47 -115.47 -64.91 -64.91
Z o.o0o0 -119.47 -115.47 S0.00 S0.00
0.15 o =-106.15 -106.1% 87.00 87.00

JIJ'ISI KaXXI0T0 Harpy>XCHUs BbIBOAATCA XapaKTCPHUCTUICCKUC MAKCUMAJIbHBIC U MUHUMAJIBHBIC YCUIINA B
cedenun Mymp u Qyrmp. Paznuuue Mexay MakCUMaIbHBIMU 1 MUHUMATBHBIMU 3HAYEHUSIMUA BO3HUKAET
TOJIBKO A JJIWATCIBHBIX MW KPATKOBPEMCHHBIX HArpy30K W CBA3aHO C 6HaFOHpI/I$ITHBIM n
IIG(SJIHIY)III)IISYTIIBIB&I)ZlCIII)elIeJIeI{IIehdI)TTI)(Iié[f]))ﬂS()KﬁII()III)()IIeiﬁihd.1)633§LHIiT£YTEJ BBIBOJATCA HAa I'paHUIaX
MPOJIETOB, Ha cpe3e Omop (TOUKH MOMEUYEHBI “0”), HAa PacCTOSHUU pabodeil BHICOTHI CEUEHUs OT cpe3a
ornop (Touku momMedeHsl “ho”) W B TOUKaX ¢ MaKCUMaJIbHBIMH 3HAUYCHUSIMH BHYTPEHHHX CHJIIOBBIX
dakTopoB (TOYKKM TOMedeHBI “*”’). OOBbeM BbIBOJAA MOXKET OBITh YBEIWYEH IOJH30BATElIEM ITyTeM
3alaHuA JOIIOJIHUTCIIBHBIX TOYCK.

BbIBOL pacyeTHBIX COYETAHMM YCWIMM AaHAJIOIMYEH BBIBOJAY pPE3YJIbTAaTOB YIPYIroro pacuera
BHYTPEHHUX CHJIOBBIX (DAKTOPOB.
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PesynbpTaTel pacuera TpeOyemMoii apMaTypshl.

SamuTHHE cHOR Mpoxar as H as B az @ 2 H a B
[rm1] [rrm1] [mm] [cm] [em]
1 15 20 20 3.1 5.8
2 20 20 20 5.2 5.2
3 15 20 20 3.1 5.2
Opoxgr 1 x max M min M Tpef.AsH Tpef.ASE
[#1] [mHM] [mHM] [cmi ] [emz2]
0.00 0.00 o.00 Oo.56 o.00
0.15 o S.45 S.45 o.57 O.00
l1.51 * 459,595 45,55 .11 O.00
4.13 -101.74 -101.74 o.00 T.06
4,17 -105.6%9 -105.65% o.00 7.31
5.85 o -364d.59 -364d.85 o.00 18 .82
6.00 -354.05 -354.05 O.00 20.68
x <] ¢ Qo [w)a] o] Asw/S=
[M] [cm] [cm] [rH] [rH] [RH] [cMZ M)
0.00 66 .3
0.54 ho 35.3 35.3 410.7 1%5.6 42 .5
4,13 171.7 l1l2&8.5 3g?.5 117.4& 115.5 4.11
4,17 151.1 358.5 385.2 6d .0 56.7 4.11
5.21 ho 1%:2Z.8 113.4 4596 .4 gl.6 103 .3 4.11
6.00 157.7

BBIBOISITCS TOMIIMHBI 3aIIUTHBIX CJIOEB “a3” CHU3Y, CBEPXY U COOKY U pacCTOSIHUS 710 IIEHTPOB TAKECTH

apMaTypHBIX clioeB. B Tabnuiie pacueTra mpo10bHOM apMaTyphl BRIBOIATCS 3HAUEHUS MAaKCUMAJIbHBIX

MOMEHTOB M pPacyeTHbIE 3HAUCHUs IJIOAAM apMaTyphl. B Tabnuie pacyera HAKIOHHBIX CEUCHHIA

BBIBOJISITCSL JUIMHA TPOEKIIMM HAKJIOHHOTO CEUeHMs ~°C”, JJIMHA MPOEKIMU OMacHOM TperuHsl ~c0”,

MpeACIbHOE 3HAUCHHUE YCUJITUS CKATHS TT0 HAKJIOHHOMW TMOJI0CE MEXKY TperuHaMu “Qcek”, monepevHoe
(13 2

ycuiaMe, BOCIpHHMMaemoe OeToHoM “Qb”, MakcuMmanabHOE 3HAYeHHE MONEpPEeYHON CHIIBI u
pacueTHOE 3HaYCHHE TpeOyeMol apMaTypBbl.
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KoncTpynpoBanue apMartypsl:

Eonerp. apmaryps
A= [emi] IpogoReEHaA APMAaTVYDa

M= 1 :170

3 el

Aaw/a [eMe /1] llonepedHada apMaTvVpa
M= 1 :170

1a

5 Pz
q 5 I
: “‘/—-/_._,1 H q-”
i
Ipomer 2 CXEMAa APMHPOEBAHMA CEUEHMA ¢ KOOPIMHATOH X = T.23

M= 1 :25

[]

. Babinat MITED LR, oees
Xomyr 0§
l [ | [ ]
+0_20—4
MoHTaMHaAd apMaTyVha HHHRHAA n = 2 das = 12 MM
IpomoOnBEH. &pM.
MpoOJMET THI KOJ. ds pPAD Azl a 1
hnopa [rMm] [eM2] [m] [m]
1 H 2 12 1 Z2.26 0o.00 21.00
1 H 1 12 1 3.39 0.63 1.65
1 H 4 12 1 7T.592 -0.33 6.53
2 H 2 25 i 12 .08 -0.37 9.75
2 H 1: 25 1 16.5% 1.33 5.29
3 H 1 12 1 3.3%9 3.28 2.18
B E 2 25 1 .82 -3.40 5.10
B E 1 25 1 14.73 -2.32 3.52
B B 2 25 1 24.54 -1.65 2.70
C E z 5 1 S5.82 -2.14 5.26
C E Z Z5 1 19,63 -1.17 3.01
OMMHE NPHMEEOEHH ¢ VUETOM ARHKEPOBRH
EoMy TH
MponéT EoX. cpes. ds = LAaw/= a 1
[pm] [eomM] [cMi /fm] [m] [m]
1 24 2 g 25 4,02 o.0o0 5.75
2 24 2 g 10 l0.05 -0.25 Z2.40
Z 15 z i 25 4.0z Z2.15 3.75
z 15 z g z0 5.03 5.590 3.00
3 25 2 i 25 4.0z -0.10 6.10
THII apMaTypH d OIMHa KOJ. BEC
[rm] M [rH]
CTEpPXHEEAA apMaTypa 25 60,45 2.29
CTEPHHERAA apMaTyia 12 259.593 0.z286
QMY TH g 104

Ha rpadukax mokasaHbl pacnpefeseHus pacueTHBIX 3HAueHUIl TpeOyeMol apMaTypbl U pe3ysbTaThl
KOHCTpynpoBaHusi. OcHOBHas (0ojee cBeTnas) 4acTh AMIOPbl TpeOyeMOH apMaTypbl COOTBETCTBYET
pacueTy o MpeaesIbHbIM COCTOSIHUSAM IEPBOM rpymIbl, a 6ojee TeMHbIe 100aBKU — Pe3ysIbTaT pacueTa
o 00pa30BaHHUIO U PACKPHITHIO TpelmuH. CXeMbl apMHUPOBAaHUS CEUCHUI BBIBOIATCS UId HauOolee
Harpy’K€HHBIX CEUEHHMI B MpOJIETaX M HAJ ONOpaMH, a TaKK€ B TOYKaX, 3aJaHHBIX I0JIb30BATEIIEM.
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B Tabnune mnpononbHON apMmaTypbl NPUBEAEHO KOJMYECTBO, AMAMETPHI, [UIMHBI M IOJIOKEHUE
apMaTypHBIX cTepHEW. B Tabmuie momepedHoil apmMarypbl NPUBEIEHBI JUAMETP M IIar XOMYTOB, a
TaK)K€ HayaJlbHasg KOOPAMHATA U NPOTSHKEHHOCTh YYACTKOB C IOCTOSIHHBIM IIarOM XOMYTOB. Takke
MIPUBOJIUTCS CBOJHAS TaOJIMIla pacxoia apMaryphl.

Pacuer mo 06pa3oBaHuIO U PACKPHITHIO TPEIIHUH:

TpeMEC o ToHESS TE Karteropma TpefoBaHEME - 3 acrel=0.40MM acrc2Z=0.30MM
HopManeHEE TPDEUWMHE OfpasoBadHue [poNOMEHTEIEBHEE Henpomn.
Mpo- x M Mere M acrod acrol
aeT [m] [mHM] [mHM] [mH*mM] [mm] [M11]
n.w 0.00 -0.0 0.0 0.0 o.o00 o.o00
1.85 o -100.5 1&.8 -100.5 o.27 o.z27
2.00 -117.5 1l&.8 -117.5 Q.32 0.32
1 O.00 -117.5 1&.8 -117.5 0.32 0o.32
0.15 o -1i00.7 1&.8 -1i00.7 o.27 o.z27
2.31 * 150.1 1&.7 150.1 0.1& 0O.1&
4.85 o -194.5 18.3 -194.5 0.21 o.21
5.00 -230.5 158.3 -230.5 0.25 0.25
2 o.oo -230.5 18.3 -230.5 0.25 0.25
HammIoHHEE TREWMMHH OBpazsopaHMe [POOOMEHMTEIEHEE Henopoxn.
Mpo- x o] b o] acrod acrocl
nemT [m] [RH] [RH] [RH] [Mm] [p11]
n.¥w 0.00 -0.0 106.3
1.48h0 -87.0 212.5
2.00-- -117.5
1 0.o00-- Z20%9.0
0.52ho 1e4.3 210.8
4.12ck -170.1 105.4 -170.1 0.30 0o.30
4.48h0 -201.8 210.8
5.00-- -246.5
2 0.00-- Z246.5
0.52h0 zZo0l1.8 210.8
0.88ck i170.1 105.4 i170.1 0.30 0o.30
4. 430 -164.3 210.8

B Ttabmuuax mpuBeneHbl 3HAYEHMs] BHYTPEHHHX CUJIOBBIX (PAKTOPOB, BBIYMCIICHHBIE IJIsl pacuera
MIPOJIOJKUTENIBHOIO M HEIPOJOJKUTEIIBHOIO PACKPBITUS TPELIUH, COOTBETCTBYIOLIUE YCHIIUA,
Heo0XoAuMBbIe Ul 00pa30BaHMs TPEIMH M pacyeTHas MIMPUHA MX PACKPBITUS B T€X CEUEHMSX, IJe
JEHCTBYIOLME YCUIIMS IPEBOCXOAST 3HAUEHUS Hayajla TPeIUnHOOOpa30BaHMsl.

Pacuer mporu6os:

MporuMBer [MM]
M = 1 :115

-14.0: -14.2¢
_9| : : :
]
]
IE:]
27
28 .04 £8.74
MpomneT bl M M. 100/ r T
[m] [RHM] [mHM] [1/m] [mm]
I.R o.oo * -0.0 -0.0 -0.00 -14.01
2.00 -50.0 -50.0 -0.82 -0.00
1 o.o0o0 -80.0 -50.0 -0.82 o.00
2.33 * 150.1 150.1 0o.5%5 28.04
5.00 -1&4.0 -154.0 -0.5%4 0o.00
2 o.00 -1&a4.0 -154.0 -0.%4 o.00
2.87 ® 150.1 150.1 0o.5%5 28.74
5.00 -50.0 -80.0 -0.82 0o.00
p. ® o.o0o0 * -50.0 -80.0 -0.82 -0.00
2.00 -0.0 -0.0 -0.00 -14.2%8

Ha rpaduke u B Tabnuiie mpuBeAeHBI pacueTHHIE 3HAYCHHS MMPOTHO0B, 00YCIOBICHHBIX AehopMaIusIMu
I/I3FI/I68. U caBura. KpOMC TOro, B Ta6HI/II_[C MPUBCACHBI PACUCTHLIC 3HAYCHHUA MOMCHTOB U KPHUBU3H.
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301 - Xene3zobeToHHas Oajika

C YUCTOM HpOI[OJIBHOfI CUJIbl U KPYTALICTO MOMCHTA

~e
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[Iporpamma npeHa3zHayeHa I MPOCKTUPOBAHUS U pacuéTa MHOTOIpoJieTHOM Oanku corimacHo CHull
2.03.01-84* “beronnsle u xene300eToHHbIe KOHCTpYKUUU™ [1], mu6o mo CII 52-101-03 “betonHble N
XKene300eTOHHBIE KOHCTPYKIMM O3 TMpenBapUTeNbHOTO HampsbkeHus apmarypel” [2], nubo CHB
5.03.01-02 “beronnsie u xene300eTOHHBIE KOHCTPYKIMK [5]. BO3MOXHO 3aaHue MapHUPOB, BYTOB,
koHconel. IlpemycMoTpeH pacuéT Oalku Kak dYacTH peOpHcTOd IUMTHL. MOryT 3amaBaThCs
pacnpenes€HHbIE U COCPEA0TOUEHHBIE HATPY3KH, a TAKXKE TEMIIEpAaTypHbIE BO3AEUCTBUS U OCAIKU OIIOP.
Jlis BETpOBBIX HAarpy3o0K 3a/al0Tcsl CTaTUYecKass W IyJIbCAllMOHHBIE COCTABIISIIOIIME, a JUIS
CEMCMUYECKUX — HArpy3KH OT PaziIHuYHBIX (HOpM KoeOaHWd. YUHUTHIBAIOTCS MPOJOJIbHBIC YCUIIHS U
KPYTSIIME MOMEHTBI, KOTOpBIC 3aJal0TCi B BHUJAE BHYTPEHHHUX CHJIOBBIX (akTOpoB. PacuérHbie
COYeTaHMsI YCWIMK ompenenstorcs aBroMmarnuecku corjacHo CHull 2.01.07-85 “Harpy3ku u
Bozaeiicteus” [3], mubo CHB 5.03.01-02 “BetoHHbIe 1 >Kene300€TOHHBIE KOHCTpYKImu [5].
[IpononpHas 1 onepeyHas apMaTypa OlpeAessaoTCsS Ha OCHOBE PAacU€TOB I10 MIPEIEIbHBIM COCTOSHUSIM
nepBoi U BTOpoil rpynn. [Ipu KOHCTpyHpoOBaHUM MPOJIOJIBHON apMaTyphl MOAOUPAIOTCS AHAMETPHI
IPOJOJBHBIX CTEp)KHEH U ONpENeNsioTCs MecTa HMX OoOpbiBa € y4y€TOM JJIMH aHKepoBku. llpu
KOHCTPYMPOBAHUU MONIEPEYHON apMaTypbl ONPEAEIIAETCS pacloi0KEHNE XOMYTOB.

1. PacuérHas cxema

PacuérHast cxema mnpezicTaBisieT co00Hl MHOIONPOJIETHYIO HEpaspe3Hyl Oallky C KOHCOJISIMH.
MaxkcumanbHoe KomudecTBO nposiéToB paBHO 10. Cedyenne Oaiku MOXKET OBITH MPSMOYTOJIBHBIM HITH
TaBpPOBBIM. BO3MO)XHO HaJln4Ke BYTOB U/WJIM CKAYKOB Pa3MEpPOB CEUEHUS 110 MIUPHHE U 110 BhicoTe. s
KOHIIEBBIX OMNOP MOXHO 33JaBaTh yIpyroe 3auiemijeHue. B omopax cHH3Y W/WIM CBEpXy MOTYT
YUUTBHIBaTbCSl INPUMBIKAIOIIME CTOMKH, IMPEAYCMOTPEH BBOJ BEPTUKAIbHBIX MPYXKHUH B ONOpax.
B nponérax Mo>KHO 3a7aBaTh IIAPHUPHI.

Ecnu Ganka siBisieTcst 4acThi0 peOpUCTOH TUINTHI, TO SKBUBAJIEHTHAs IIMPUHA TOJKH PACCUUTHIBAETCS
cornmacHo nyHkty 3.16 [1] wm 3.2.2.2.2.4 [2] vmm 7.1.2.7 [5]. Moaynp ynpyroctd npUHUMAETCS
cornacHo Tabmuue 18 [1] unu paccuntsiBaercs no ¢popmyie (2.1-5) [2] B COOTBETCTBUM € 3aJJaHHBIM
KJIaccOM O€eTOHa MO MPOYHOCTH.

77777 i I

L L L i L L

7 71 7 H 1 1
b- (u § 2 = I

Puc. 1.  IIpumep pacu€THOil cXEMBI

2. HarpyxeHnue

Paznuuarorcsi MOCTOSIHHBIE, TUTENBHBIC, KPATKOBPEMEHHBIE U 0COObIe Harpy3ku. KpaTkoBpeMeHHBIE
Harpy3Ku MOJpa3JeistoTCd Ha BETPOBBIE M INPOYME, IPU 3TOM Uil BETPOBBIX HATPY30K BBOMSTCS
CTaTHYeCcKas U MyJibcallhOHHbIE cocTaBisitonue. OcoOble HArpy3Ku MOAPa3IESIIOTCS Ha celicMUYecKre
U MpoYyue, NpU STOM JUIsl CEUCMHUUYECKUX HArpy30K BBOJSATCS KOMIIOHEHTBI, COOTBETCTBYIOIINE
paznuuHbiM  dopMaM  KojeOaHuil. Bo3MokeH yder cClenylomMX ~Harpy3oK: paBHOMEPHO
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pacrpeielleHHbIX, OJIOUHBIX, TPaNelMEeBUIHBIX, HAIPY30K Ha IMEPEKPHITHE, COCPENOTOYEHHBIX CHII,
COCPEIOTOYEHHBIX MOMEHTOB, CKauka TeMmueparypbl U cMmemieHus omnop. [Ipononbnbie cunbl (N) u
KpyTsmye MoMeHTHI (MK) BBOASTCS Kak BHYTPEHHUE CUIIOBBIE (hakTophl oTpe3kamu (10 40) Tpanenuil.
JlnuTenpHble U KPaTKOBPEMEHHBIE HArPYy3KU MOTYT OOBEIMHATHCS B IPYIITy HECOUETAEMbIX HArpy30K
(Harpy3ku He MOryT JeHCTBOBaTb OJHOBPEMEHHO). BpemeHHas Harpy3ka MOKET 3aJaBaThCsl Kak
3HAaKOIIEpEMEHHasl Harpy3ka. B aToM ciydae B pacu€re y4MTBHIBACTCS 3a/JlaHHAs Harpy3Ka M Harpyska
IIPOTUBOIOJIOXKHOIO 3HaKa. J[Js BpPEMEHHBIX HArpy3oK, ACHCTBYIOIIMX HA HECKOJBbKUX IpOJIeTax,
BO3MOXKEH yueT HeOJaronpusiTHOTO PacIpeieieH sl Harpy3Kku 1o mposieraM. Kpome Toro, BO3MOXHO
3aJJaHle TOTOBBIX KOMOMHALIMI HATPY30K.

Pi

AN ! mwmwp ;
A /AN /AN A A A

77777 77777 77777 77777 77777 77777
L L L
T 4 1 S 1

Puc. 2.  Bumsr Harpy3ox
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3. OmnpenesneHne BHYTPEHHUX CHJIOBBIX (paKTOpPOB

Yeumus - nzrubaromuii MoMeHT (M) 1 nonepeunas cuna (Q) - onpenenstoTces METOI0M HadaIbHBIX
napaMeTpoB OTICIBHO Il KaXJoW Harpy3kd. Jis BpeMEHHBIX HArpy3oK ONpPEIeIsOTCS
MaKCUMaJlbHbIe W MUHUMAIBHBIC YCHIUS B KaXKJIOM CEUYCHHU W OIOPHBIE PEAKIUU C YIETOM
HEeOJIaronpusITHOTO pacnpeeliCHHsT Harpy3ku 1o mposiéram (eciau ydeT HeoOxomum). J[inst BeTpoBoi
HArpy3Kd B KaXKJIOM CEUYECHUH CYMMHPYIOTCS YCHIIMS OT CTaTHYECKOW COCTABIISIONICH W BEKTOPHOMH
CYMMBI TyJbCAIlMOHHBIX. J[JIs1 ceficMIUecKOol Harpy3Ky yCHUIIUSl B KaXKIOM CEYCHUHU IMOJIYYAIOTCS KaK
BEKTOpHAsI CyMMa YCHJIHIA OT PAa3JIMYHBIX (POPM KOJICOAHHIA.

4. Pacuert TpedyeMoii apMaTypbl

[Ipu pacuere TpeOyemoii Ipo10JILHOM apMaTypbl JUIsl KaXA0I0 CEYEHHs B KOOPAUHATHOM TIIOCKOCTU M,
N crTpoutcss BBIIYKJIBIM MHOTIOYTOJIBHHUK, OXBaTbIBAIOIIMN BCE BO3MOXKHBIE PAaCUYETHBIE COYETAHMS
yeunuii (PCY), u U1l BepIIMH 3TOr0 MHOTOYTrOJIbHUKA IIPOBOAATCS pacdyeThl TpeOyeMoil apMaTypsbl 1o
BbIOpaHHBIM HOpMaM. 3aTe€M aHAJIOIMYHbII MHOIOYTOJIBHMK CTPOMTCS B IpocTpaHcTBe M, MK,
IIPOBOAMTCS IIPOBEPKA MPOYHOCTH IIPOCTPAHCTBEHHOI'O CEYECHHMs Ul CXEM C PACIIOIOKEHUEM CKATON
30HBl y CXKaTOro W PAaCTAHYTOro OT M3ruba KpaeB CEYEHUs, W IUIOMAJb TpeOyeMOH Hpoa0JIbHON
apMaTyphl YBEJIIMUYMUBACTCS 10 HEOOXOAMMOM BEJIMYNHEI.

[Ipu pacuere Tpedyemoii monepeyHon apMaTyphbl AJIs KaXk/10I0 CEUYEHUSI B KOOPAUHATHOM IIIOCKOCTH Q,
N crpoutcss BBIIYKIIBIM MHOTIOYTOJIBHHUK, OXBAaTbIBAIOLIMN BCE BO3MOXKHBIE PAaCUYETHBIE COUYETAHMS
yeunuit (PCY), u a1 BEpIIMH 3TOr0 MHOTOYTOJIbHUKA IIPOBOASTCS pacyeThl TpeOyeMoi apMaTyphl 1o
BbIOpaHHBIM HOpMaM. 3aTeM aHaJOTWYHBIH MHOTOYIOJBHUK CTpOUTCS B mpocTpaHcTBe Q, MK,
IIPOBOAMTCS MTPOBEPKA IPOYHOCTH NPOCTPAHCTBEHHOI'O CEUYEHUS JJIsI CXEMBI C PACIIONIOKEHUEM CKATOU
30HbI y OOKOBOTO Kpasi Ce4eHMs], ¥ IUIOLa/lb TpeOyeMoil MONepeuyHol apMaTypbl yBEIMYUBAETCS 110
HEOOXOIUMON BEINYNHEL.

5. KoHcTpyupoBaHue npoaoJibHOil apMaTypbl

[Tporpamma nojiepKuBaeT TpH pasindHble HOPMbl KOHCTPYUPOBAHUS apMaTyphl:

e mnoadop apmarypbl 0€3 CTyleHuaTol packiagku. B aToM ciydae /i KakJaoro mnpojera U 1is
KaKIOW OIMOpbI MPOBOJIUTCS MOAOOpP apMaTyphbl B COOTBETCTBHH C MaKCHUMalbHO TpeOyeMoit
IUIOUIA/IbI0 apMaTYPBHI.

e 10J100p apMaTyphl C MOMPOJIETHON CTYIEHYaTol packyiaakol. J[muHbI apMaTypHBIX CTep)KHEH 1
UX pacloJIOKEHUE B MPOJIETe U HaJ ONOpON MoJOMparoTcs TakuM 00pa3oM, Y4TOOBI IIOIIAh
apMaTypbl BO BCeX CEYEeHMsSX Obula Kak MOXXHO Ommke kK TpeOyemoi mo pacdery. [lpu
OTpe/IeNIEHUU JJIUH TPOJIOJIbHBIX CTEp)KHEH YUYUTHIBAeTCS AJUMHA aHKepoBKU. CrymneHuyaTas
packiaaka apMmaTypsl HajJ ONOpaMU WIM B IPOJETaxX HPOUCXOAUT He3aBHUCHMO. Eciu B
pe3ysibTaTe pacueTa Ha onopax TpeOyercs apMaTypa CxKaTHsi, TO BMECTO MOJ00pa apMaTyphl ¢
MOTIPOJIETHOM CTYIMEHYATON PACKIIa KON CJIETYET NCIIOIh30BaTh TTOI00p apMaTyphl CO CKBO3HOM
CTYIEHYAaTON pacKIaJKOH, TaKk KaKk B 3TOM CiIy4ae HIKHAS apMaTypa MEpPEXOAUT T'PAHULIBI
MIPOJIETOB.

e 10100p apMaTyphl CO CKBO3HOM CTYNEHYATON PACKIAJAKON. AHAIIOTHYCH MPEABIAYIEMY C TON
JIUILb pa3HULIEH, YTO IPAaHUIIBI IPOJIETOB HE ABJISIOTCS TOUKAMU OOpbIBA apMATYPHBIX CTEPIKHEH.

B mecTax oOpbIBa cTep:kHEH M MPUOMOPHBIX 30HAX JJIMHA apMaTypPHBIX CTEp)KHEH yBETUYMBAETCA Ha
BEJIMYMHY, OOECIEUMBAIOIIYI0 MPOYHOCTh Ha JIEHCTBUE H3THOAIONIETO MOMEHTa IO HAKJIOHHOU

TpEIIUHE.
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[Tpu mogbope MpoAOIBHBIX CTEPKHEH YUUTHIBAIOTCS BCE CTaHIApTHBIC quaMeTpsl (6, 8, 10, 12, 14, 16,
18,20, 22, 25, 28, 32, 36, 40). [IpexycmoTpeHa BO3BMOXHOCTH 3a7aTh COOCTBEHHBIN CIIHCOK INaMETPOB.
Jlis KaXXa0ro mpoJieTa MOXKHO 3a1aTh OTACIBHO /I BEPXHEH M HIDKHEH apMaTypbhl MaKCHMaIbHOE
KOJMYECTBO CTEp)KHEW, MHHHMAIbHBI M MakcUMalbHbIA auameTpbl. [lpu mombope apmaTypsl
YYUTHIBAIOTCS TpeOoBanus [ 1], [2] umu [3] Mo MUHUMATBHBIM PACCTOSIHUSAM MEXIY cTepxkHsMu. [Tocie
moadopa apMaTyphl, BO BCEX CEUCHHSIX MPOBOAMTCS MOBTOPHAS MPOBEPKA HA JCHCTBHE KPYTSIIETO
MOMEHTA 0 CXEME C PACIIOIOKEHHUEM C)KAaTOil 30HBI Y OOKOBOTO Kpast CEYeHHUsI U, IPU HEOOXOAUMOCTH,
BBIBOJIUTCSL MH(OpPMAIHS O JOMOJIHUTEIHLHOW TPOJOIBHON apMaType, PacloNOXKEHHOW y OOKOBBIX
rpaHei Oanku.

6. KoHcTpyupoBaHue nonepeyHoii apMaTypbl

KonctpynpoBanue nonepedyHoi apmMaTypbl OCYILIECTBIIIETCS HA OCHOBE pacueTa HAKJIIOHHBIX CEYEHUI
10 MIPEAEIBHOMY COCTOSIHUIO IIEPBOM IPYIIIBI HA IEMCTBUE MONEPEUYHOM CHIIBI [0 HAKJIOHHOW TPEILIMHE
U TI0 TIPEIeIbHOMY COCTOSIHUIO BTOPOM TPYIIIIBI [10 00Pa30BaHUIO U PACKPBITUIO TPEUINH, HAKIIOHHBIX K
MPOJONBHOM ocu Oanmku. OmnpeaenseTcs MIOAAb MOMEPEYHON apMaTypbl, Tpedyemas Mo yCIOBUSM
MPOYHOCTH M TPEWMHOCTOMKOCTH. [lo 3amaHHBIM jaHameTpaM XOMYTOB, MAaKCUMAJIbHBIM U
MUHUMAJIbHBIM PACCTOSIHUSIM MEXAY HUMH MOAOUpAETCs PACIOI0KEHUE U 1Al XOMYTOB.

7. PacueTnl 10 npeAebHBIM COCTOSSHUSIM BTOPO# I'PYIIIbI

IIporpamMmMa BBINOJHSIET pacyeTbl IO 0OPa30BAHUIO U PACKPHITHIO HOPMAIBHBIX UM HAKJIOHHBIX K OCH
0aJKu TpemMH, a TaKXKe pacdeT MpPOTrhOOB, OOYCIOBIEHHBIX JeQOpMalusMU HM3ruda M CIBHra.
K TpemmHOCTOMKOCTH Oamku MOXXKET OBITh NMPENbsABICHO TpeOOBaHUE HeaomylleHus TpewuH (1-s
kareropus nmo CHull 2.03.01-84%*), 1160 TpeOoBaHMsI IO OTPAHUUYECHUIO IIMPUHBI PACKPBITUS TPELIHH.
B nocneanem ciydae, gonycTuMas MIMPUHA PACKPBITUS TPEIIMH OTpaHMYUBAETCs JTUO0 TpeOOBaHUEM
coorBercTBytomx CHull (3-1 xateropuss mo CHull 2.03.01-84*, coxpaHHOCTb apMaTypbl WU
npoHunaeMocts KoHeTpyKiuu 1o CIIT 52-101-03), 1u6o 3amgaercs monb30BaTeneM.

[Ipn KOHCTPYyHpOBaHMM MPOJOJIBHOM apMaTypsl IMPOMCXOAUT HAPAIIMBAHME KOJIMYECTBA W JUIMH
CTEepXHEH, oKa NMpeabsaBIeHHbIE TpeOOBaHMs HEe OyAyT yAOBIETBOPEHBI BO BCEX CEUEHUSAX Oasiku, 3a
HCKIIFOYEHHEM YYaCTKOB HEIIOCPEACTBEHHO HAJl OIIOPAMHU, KOTOPBIE HE IPUHUMAIOTCS B pacyer.

8. BbIBOI pe3yJibTaToB

BEIBOJT COCTOHT M3 CIEMYIOIINX YacTei: pacyeTHasi CXeMa, Harpy3KH, pe3yIbTaThl pacyeTa BHYTPEHHHUX
CHJIOBBIX (PaKTOPOB, pacyeTHbIE COUETaHMs YCHIIMHM, pe3ysbTaThbl pacyeTra TpeOyeMoil apMmaTypbl U
KOHCTPYUPOBaHHE apMaTyphl. BbIBOJ J1t000# 13 3THX MIECTH YacTe MOXKHO pa3peuiaTtb Wik OTMEHATh
(baxkaM# yrIpaBJieHUsT BHIBOAOM. [IoOMHMO BBIBO/Ia YHCIOBBIX 3HAYEHUH, MPETYCMOTPEH M BBIBOJ
rpaduKu.
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PacuerHas cxema:

s ] = " = ; g2}

A E o o

I &.00 } 2.00 } &.00 |

[ ]
b1_mod 1704 Fl_od 1.0

H 5.70 H §.70 H 5.70 H

0.320 0.z20 0.320 0.z20

Pasuepn Mpomer 1 ® bf Lt b h I
[m] [m] [em] [em] [em] [em] [emd]
1 6.00 0.00 24.0 50.0 250000
4.15 24.0 s50.0 250000
&.00 24.0 T0.0 e ce000
2 S.00 0.00 224.0 20.0 24.0 T0.0 1558770
l1.85 224.0 Z20.0 24.0 s50.0 551026
7.15 224.0 20.0 24.0 50.0 581026
S.00 224.0 Z20.0 24.0 TO.0 15583770
3 6.00 0.00 24.0 70.0 s 5000
1.85 24.0 50.0 250000
6.00 24.0 50.0 250000
OmopH boopa t [em] Omopa t [ecm]
A 30.0 B 30.0
C 30.0 ] 30.0

371ech BBIBOJIATCS OCHOBHBIE F€OMETPUUECKUE MTapaMETPhl CUCTEMBI: pa3Mephl BCEX MPOJIETOB U CTOEK,
XapaKTEePUCTUKH CEYEHMH BCEX MpOJIETOB, T.e. mupuHa “b” u BbicoTa “h” ceuenus, mmpuna “bf” u
tomuuHa “hf” muTel, mmpuHa onop “t”.

Harpy3skn:

Harpymenne 2 NOCTOAHHHE HalpySEH

z4
15
1z
[
o B
-E H
-1z E_00 Fz.o00~ 7.00 } £_00 |
N. NpongT a = pn/Pp posM
[] [] [mH /™, rH, rHM]
PaEHOMEDH. 1 1-3 25.00
CocpemoT. 1 2 Z2.00 125.00
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BHyTpennue cuioBsie (haKTOPBHI:

Hanpy#weHHe 1 MOMEHTH Myop [rHmM]

-117 .48 -1l13.36
-10d

—E1l
-53
-7

27 0.9 : : 0.9
54 : :

&1
202

Harpy®eHHEe 1 OmonepeuwHHe CHIH Qyvop [wrH]

q0.00
7z 54i91

£5.03

-Ed
-43

-E -E%_ 91

-Z5.09

-g0.00

Hanpy#weHHe 1

MpoméT X max Myop min Mynop max Q¥Oop min Qyop
[2] [mHmM] [®mHmM] [®mH] [®mH]

1 o.oo0 o.o0 O.00 25.0%9 25.0%9
0.15 o 3.59 3.585 2z.84 2z.84
0.62 ho 12.55 12.5% 15.80 15.80

l.67 * Z20.598 20.58 O.00 O.00

5.18 ho -71.35 -71.35 -52.63 -52.63

5.85 o -10%.%0 -10%.%0 -6GZ .66 -6GZ .66

G.00 -119.47 -115.47 -64.91 -64.91

Z o.o0o0 -119.47 -115.47 S0.00 S0.00
0.15 o =-106.15 -106.1% 87.00 87.00

JU1 KaX10ro Harpy >kK€H!sl BBIBOAATCS XapaKTEPUCTUUECKNE MAKCUMAJIbHBIE U MUHUMAJIbHBIEC YCUIIHS B
cedeHun Mynp n Qymp. Pasznnuue Mexay MakCUMaJIbHBIMU M MUHUMAJIbHBIMU 3HAYEHHUSMH BO3HUKAET
TOJIBKO JJIi JJIUTENIbHBIX M KPAaTKOBPEMEHHBIX HArpy30oK M CBS3aHO C OJIarONpHUSTHBIM H
HeOJIaronpusATHBIM paclpeieIeHUeM 3TUX Harpy30K Mo MposieTtaM. Pe3ynbTaThl BEIBOJASTCS Ha FPaHUIAX
IIPOJIETOB, HA cpe3e Onop (TOYKU MOMEUYEHHI “0”), Ha PaCCTOSHUU paboyeil BBICOTHI CEUEHUs OT cpes3a
ornop (Touku nomeueHsl “ho”) M B TOUKAax ¢ MakCHMaJbHBIMU 3HAUYEHUSMU BHYTPEHHUX CHIIOBBIX
¢dakTopoB (TOUkKM momeueHbl “*”). OObeM BBIBOJA MOXKET OBITh YBEJIUYEH I10JIb30BaTENIeM IyTeM
3aJ1aHuUs JONOJHUTEIBHBIX TOUYEK.

Ecmu 3aaaHbl IPOJOJIBHBIC CUJIbI A/Uin KpyTAIIME MOMCEHTBI, TO OHU BBIBOAATCA aHAJIOTHUYHO.

BriBog pacyeTHBIX COYETAaHWM YCWIMH AaHAJOTMYEH BBIBOAY PE3YJIbTATOB YIOPYroro pacdera
BHYTPEHHUX CHUJIOBBIX (DAKTOPOB.

CTATUKA-2024. Onucanue npoepamm 301 - XKenezobeToHnHas 6anmka



86

Pesynbrate pacuera TpeOyemMoii apMaTypshl.

SRIMTHRHE ©Ja0H Mpomeés

as H as B as A 5 H a B
[r1m1] [rm1] [Mm] [em] [em]
1 15 20 20 3.1 5.8
2 20 20 20 5.2 5.2
3 15 20 20 3.1 5.2
Ipongr 1 x max M min M Tpef.AzH Tpeb.A=EB
[m] [®HM] [mrHM] [cnmz ] [emZ ]
0.00 0.00 O.00 O.56 O.00
0.15 o S.45 S.45 o.57 o.00
1.51 % 45 .95 45 .55 3.11 O.00
4.13 -101.74 -101.74 o.o0 7.06
4.17 -105.69 -105.65% o.o0 T.31
5.85 o -364.89 -364.85 o.o0 158.82
6.00 -354.05 -354.05 o.o00 20.68
x c ol Qo oh Q Aawsz
[1] [em] [cm] [rH] [®H] [KH] [eM2 /1]
0.00 66.3
0.54 ho 359.3 359.3 410.7 155.6 4z2.5
4.13 171.7 128.5 3g87.5 117.8 115.5 4.11
4.17 151.1 58.5 389 .2 g6d .0 g6.7 4.11
5.21 ho 1%2.8 113.4 456.4 3l1.6 103 .3 4.11
6.00 157.7

BrIBOASATCS TOMIMHBI 3aIIIUTHBIX CIIOEB “a3” CHHU3Y, CBCPXY U C60Ky N pacCTOAHUA 10 HECHTPOB TAXKCCTH
ApMaTypHLBIX CJIOCB. B Taﬁnnue pacucrta HpO,Z[OJIBHOﬁ apMaTyphbl BBIBOAATCA 3HAYCHUA MAKCUMAJIbHBIX
MOMCHTOB M PACUCTHBIC 3HAUCHUA IUIOIIAAN apMaTyphl. B Ta6JII/IIIC pacucTa HAKJIIOHHBIX CeUCHMI

99 .9

BBIBOIATCA AJIMHA MPOCKIUHN HAKIIOHHOI'O CCUCHUSA C

, JJIMHA TIPOEKIUHU OmacHOM TpemuHbl ’c0”,

NpeaesibHOE 3HAUCHHUE YCUIIHS CKATHUs IO HAKJIOHHOM MOJIOCE MEXAY TpeuuHaMu “Qcx”, monepeuyHoe
ycwine, BOCHpHHUMaeMoe OeToHOM “Qb”, MakcHMMallbHOE 3HAa4Y€HUE IMOMepedyHor Cuibl “Q” u
pacueTHOe 3HaUeHUE TpedyeMoil apMaTypBhl.
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KoncTpyupoBanue apmatypsi:

EoscTp. apmaTypsd

A= [emi]
M= 1 1170
4
1%
1z
£
il
-5
-1z
Baw/z  [eMZ M)
M= 1 1170
10
5
3
%
z
il
Iponer 2
M=1 :25
[IpoDoOnIBEH. &pM.
EoMy TH

pogonaeHad aApMaTypa

~

llonepeyHad aApMATYpA

CHEMA APMHPOEBEAHHKA CEHEHMA C KOOpPpIOH

HAaTOH X T.23

=]

I

o
e

I

& Fepumax

o Huwnaax

apmarypa EHES
apmarypa EflE, ZpES

KowmyT
l [ | [ ]
0. 20—
MoHTamHAad apMaTypa HHEHAA n = =z da = 12 MM
MpoOJET THII KOJ. d= pAn A=l a 1
onopa [MM] [eM2 ] [1M] [m]
1 H 2 1z 1 2.26 o.on 21.00
1 H 1 1z 1 3.3%9 0.63 l1.65
1 H 4 1z 1 7.5 -0.33 6.53
2 H 2 Z5 1 12 .08 -0.37 9.75
2 H 1 25 1 l6.9% i et 5.29
3 H 1 1z 1 3.3% 3.28 2.18
B E 2 25 1 9.52 -3.40 5.10
B E 1 25 1 14.73 SRS 3.52
i E 2 25 1 24.54 -1.65 2.70
C E 2 Z5 1 S.52 -2.14 5.246
C E 2 Z5 1 15%.63 -1.17 3.01
IOAMHEM NPMEBEEOEHH ¢ VUETOM aHKREPOBRH
MpomET EoX. cpes. d= = Aaw/iz a 1
[m] [eom] [cmz /m] [m] [m]
1 24 2 g 25 4.02 o.co 5.75
2 24 2 B 10 10.05 -0.25 2.40
2 15 2 g 25 4.02 2.15 3.75
2 15 2 g 20 5.03 5.50 3.00
3 25 2 g 25 4.02 -0.10 6.10
THI apMaTypH d ONHHa KOJ. BEC
[mm] M [rH]
CTEPXHEEAA apMaTypa 25 60,45 2.2%9
CTEPHHEERAA apMaTvia 12 259.53 0.z6
QMY TH 8 104

Ha rpadukax moka3aHbl pacnpeeneHus] pacueTHBIX 3HaUeHUH TpeOyemMol apMaTypbl B Pe3yabTaThl
KoHCTpyHpoBaHusi. OcHOBHas (OoJiee CBETNAasi) 4acTh SMIOPHI TpeOyeMoW apMaTypbl COOTBETCTBYET
pacueTy 1o mpeeabHbIM COCTOSHUSAM NEPBOM IpyMIbl, a 60ee TeMHbIe T00aBKH — pe3ysbTaT pacuera
Mo 00pa30BaHUIO U PACKPBHITHIO TpemuH. CXeMbl apMUPOBaHUs CEUYCHUU BBIBOIATCS Jisi Hamboliee
Harpy»€HHBIX CEYEHHI B MpOJIeTax M HaJ OMOpPaMH, a TAKKE€ B TOUKaX, 33JIaHHBIX MOJIb30BATEIEM.
B Tabnune mnpononbHON apMmaTypbl MNPUBEIEHO KOJIMYECTBO, AMAMETPHI, IJIUHBI U TOJIOKEHHUE
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apMaTypHBIX cTep>kHed. B Tabnuie momnepeuHoil apMaTypbl NpUBEAEHBI TUaMETp U IIar XOMYTOB, a
TaK)Ke HadaJlbHAasi KOOPJAMHATA U MPOTSKEHHOCTh YYACTKOB C MOCTOSIHHBIM IIIaroM XOMYTOB. Takxke
MIPUBOJIUTCS CBOJIHAS TaOJIHIIA pacxo/1a apMaTyphl.

Pacuyer 1o 00pa3oBaHUIO U PACKPBITHIO TPELIUH:

TpemMHoC TCHESS TE Karteropma TpefBoBpaHMH - 3 acrcl=0.40MM acrcZ=0.30MM
HopMamlbpHEE TPDEUMHE OfpascBaHMe [NpoOJONEMTENEHEE Henopon.
Mpo- x M More M acrod acrol
aeT [m] [RHM] [RHM] [RH*mM] [Mm] [M11]
n.w 0.00 -0.0 o.o o.o o.oo o.o00
1.85 o -100.5 1.5 -100.5 o.z27 o.z27
2.00 -117.5 1.5 -117.5 Q.32 0.32
1 O.00 -117.5 1.5 -117.5 0.32 0o.32
0.15 o© -100.7 1.5 -100.7 o.z27 o.z27
2.31 * 150.1 1.7 150.1 0O.1% 0O.1&
4.85 © -1%4.5 15.3 -1%4.5 o.z21 o.21
5.00 -230.5 15.3 -230.5 0.25 0.25
2 o.oo -230.5 15.3 -230.5 o.25 0.25
HawmnoHHEHE TRPEWMHH OfpazsoeaEMe [IPOONONEMTENLHEHE Henoponm.
Mpo- x Q Oh Q acrod acrel
nemT [m] [mH] [mH] [mH] [mm] [p11]
n.¥w 0.00 -0.0 106.3
1.48h0 -87.0 212.5
2.00-- -117.5
1 0.o00-- 209.0
0.52ho 1&4.3 210.8
4.12cr -170.1 105.4 -170.1 0.30 0.30
4.48h0 -201.8 210.8
5.00-- -246.5
2 0.00-- 2Z46.5
0.52h0 201.8 210.8
0.88ck 170.1 105.4 170.1 0.30 0.30
4.483h0 -164.3 210.8
B Ta6nnuax HpHBeHeHHﬁBHaquHﬂ BHyTpeHHHX CUJIOBBIX @aKTOPOB,]HﬂqHCHCHHHE JJIA pvaeTa
HpO)IOJ'I)KI/ITeJ'II)HOFO 158 HerOILOJ'DI(I/ITeJ'II)HOFO paCKpI)ITI/ISI TpeHII/IH, COOTBeTCTBYIOHII/Ie YCI/IJ'II/HI,

HEoOXOoauMbIe NIl 00pa30BaHUsI TPEIIMH U pacyeTHas IIUPUHA UX PACKPBITUS B TE€X CEUYCHUAX, TIC
JIEHCTBYIOIIME YCHIIMSI TIPEBOCXO/IST 3HAYCHUS Havyalla TPEIMHOOOpa30BaHUsI.

Pacuer mporu6os:

NporuBe [HM]
M = 1 :115

-1l4.0. -1l4_ Z8&
-3
u]
]
18
27
Z8.04 Z8.74
MpoaeT x M Mom. 100/ ¢ W
[] [rHM] [rHM] [1/m] [rMm]
o.RK o.o00 * -0.0 -0.0 -0.00 -14.01
2.00 -50.0 -50.0 -0.82 -0.00
1 o.00 -50.0 -50.0 -0.82 o.00
2.33 ¥ 150,01 150,01 0.55 28.04
5.00 1&4.0 -1&4.0 -0.54 0O.00
2 O.00 1&4.0 -1&4.0 -0.54 o.00
2.87 ¥ 150,01 150,01 0.55 28.74
5.00 -50.0 -50.0 -0.82 0O.00
np.wn o.oo0 = -80.0 -80.0 -0.82 -0.00
2.00 -0.0 -0.0 -0.00 -14.2%6%

Ha rpaduke u B Tabnuiie npuBeACHbI pacyeTHbIC 3HAUYCHHS IPOTNO0B, 00YCIOBICHHBIX e(hopMaIUsIMU
n3rn6a u capura. Kpome Toro, B TabnuIie NpuBeICHbI pacdeTHbIC 3HAYEHUSI MOMEHTOB M KPHBH3H.
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IIporpamma npeaHa3HayeHa A MPOEKTUPOBAHUS M pacuyéTa MHOTONPOJETHOM Oallku COrjacHO
tpeboBanusim TKIT EN 1992-1-1: EBpokon 2 [1]. Bo3MoxHO 3a7aHue MIAPHUPOB, BYTOB, KOHCOJICH.
[Ipenycmorpen pacdy€r Oanku MPSMOYTOJIBHOIO U TaBpOBOro ceueHuil. MoryT 3agaBaTbes
pacnpeesIEHHbIE U COCPENOTOUEHHBIE HArPY3KH, a TAK)KE TEMIIEPaTyPHbIE BO3IEHCTBUSA U OCAAKH OIIOP.
Pacu€tHbie coueranust ycunuii onpexpenstorcs aBromarmuecku corimacio CTB EN 1990-2007 [2].
Bo3smoxeHn pacuer ¢ mnepepacnpeneinenueM ycwinil. [IpomosibHas W monepevyHas apMmarypa
ONIPEAEIAIOTCA Ha OCHOBE PAacueTOB IO NPEACIbHBIM COCTOSHHUSAM IEpBOM M BTOpoM rpymm. [lpu
KOHCTPYUPOBAHUH TPOJOIBHON apMaTypbl MOAOUPAIOTCS AUAMETPBl MPOAOIBHBIX CTEpKHEH U
OIIpEeAEIAIOTCA MecTa MX OOphIBa ¢ y4€TOM JUIMH aHKEPOBKU. IIpy KOHCTpyHMpOBaHMU MHONEPEUHOMN
apMaTypbl  ONpENENsAeTCsd  PACIONOKECHHE XOMYTOB UM CTEp)KHEH IIONEpEYHOM  apMaTypsl,
IIPENSATCTBYIOLIEH CPE3Y MEXKAY CTEHKOU U IOJIKAMHU TaBPOBBIX CEYEHUM.

1. PacuérHas cxema

PacuérHas cxema mnpezacTaBiseT coOOW MHOTOIMPOJETHYIO Hepa3pe3Hyl OajaKy ¢ KOHCOJISMH.
MaxkcumanbHoe KonmuuecTBo MpodéToB paBHO 10. CeyeHne Galku MOXKET OBITH MPSIMOYTOJIBHBIM HIIU
TaBpOBBIM. BO3MOXKHO HaTMUME BYTOB /MU CKAYKOB Pa3MEPOB CEUCHUS 110 IIUPHUHE U 10 BbIcoTe. J{is
KOHIIEBBIX OMOp MOXXHO 3aJlaBaTh YIPYyroe 3aiiemiieHue. B omopax CHU3Yy W/WIM CBEpXy MOTYT
YUUTHIBATHCS MPUMBIKAIOUIUE CTOWKH, MPEIYyCMOTPEH BBOJ BEPTUKAIbHBIX IPYXKUH B ONOpax.
B nposiérax MOKHO 3a1aBaTh MIAPHUPBI.

JInist TaBpOBBIX CEYCHHI pacCUMTHIBaeTCs APPEKTUBHAS MIMPUHA TOJKH cortacHo myHKTy 5.3.2.1 [1].
Monynp ynpyroctu npuHuMaercs coriacuo Tadmune 3.1 [1].

Puc. 1. TIpumep pacuéTHOi cXeMBI

2. Harpyxenue

PasnuyaroTcs mocTosiHHBIE, IEPEMEHHBIE U 0COOBIE BO3/IeicTBUS. B ocienHeM ciyyae npeaycMoTpeHo
JIOTIOJIHUTENBHOE TOJpa3/ieJieHHe Ha celicMUYecKue U Mpoyre ocoOble Bo3zeiicTBus. Bosmoxen yuer
CIIEAYIOIIMX HAarpy3oK: PaBHOMEpPHO paclpe/eieHHbIX, OJOYHBIX, TPANelUEeBHIHBIX, HArPy30K Ha
MEPEKPHITHE, COCPETOTOUEHHBIX CHUJI, COCPEOTOUEHHBIX MOMEHTOB, CKauKa TEMIIEPaTypbl U CMEIICHUS
onop. JnutenpHble U KpaTKOBpEMEHHBbIE HArPY3KH MOTYT OOBEIUHATHCA B TPYIIY HECOUETAEMBIX
Harpy3ok (Harpy3Ku He MOTYT JI€iCTBOBaTh OJIHOBPEMEHHO). BpeMeHHass Harpy3ka MOXET 3a1aBaThCs
KaK 3HaKoIepeMeHHas Harpy3ka. B »ToM ciywae, B pacuére yuuThIBaeTCs 3aJjaHHas Harpyska H
Harpy3ka IpOTHBOIMNOJOXKHOTO 3Haka. JlJis BpEeMEHHBIX Harpy3ok, IEHCTBYIOIIMX Ha HECKOJIbKHX
mpoJieTax, BO3MOXKEH y4eT HeOIaronpusTHOTO paclpeieeHUsl Harpy3Ky Mo MpoJieTaMm.

CTATUKA-2024. Onucanue npoepamm 304 - XKenezoberonnas 6anka (EBpoxon 2)



92

Pi
R o wwmmp :
TR T AT AT T AT AT AT

77777 77777 77777 77777 77777 77777
L L L
T2 7 s 1

Puc. 2. Buabl Harpy3ok

3. OmnpeneseHne BHYTPEHHUX CHJIOBBIX (paKTOpPOB

Yeunus OnpenensroTcss METOAOM HAadalbHBIX I1apaMETPOB OTIAEIBHO I KaXAOW Harpys3ku. [lns
BPEMCHHBIX HArpy30K OMPENENIAIOTCS MAKCUMAIbHBIC 1 MUHUMAIBHBIC YCHUIINS B KKIOM CCUCHHUU H
OTIOPHBIE PEAKIMU C Y4ETOM HEeOJIaronpHsITHOTO paclpeieieHUs HAarpy3KH MO MposiéTam (eciid ydeT
HEO0XO0TUM).

[Tpy 0OBIYHOM JTMHEWHOM pacdéTe Hepa3pe3HBbIX OAIOK HE YYUTHIBACTCS IEepepaclpeie]iCHUe YCHITUH
BCIIEAICTBUE HEynpyrux aedopmanuii O0eToHa M apMmaTypbl W oOpazoBaHus TpemuH. [Iporpamma
MO3BOJISIET MPOU3BOJIUTE MEpepactpeieiecHie YCWIH BO BHYTPEHHHX OMOpax Hepa3pes3HbIX 0aiok
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COTJIACHO METOJy MPEEIbHOTO paBHOBeCHs. [IpH 3TOM y4HTBIBAaIOTCS OTpaHUYCHUS Ha KOA(PPHUIIMESHT
nepepacnpeneneHuss cornmaco 1. 5.5 [1]. Ilepepacmpenenenue mnpoucxoauT MmyTéM J00aBIICHHS
TPEYTOJIbHBIX 3IIOP MOMEHTOB C IIPUBJIEYEHUEM JBYX COCEAHUX C OIIOPOM IIPOJIETOB.

4. Pacuer TpedyeMoii apMaTypbl

Pacuer Tpebyemoil mpomonbHON apMarypbl IPOBOAMTCS HAa OCHOBE MapabOIMYECKOW Juarpammbl
neOpMUPOBAHUS CKATOTO OETOHA. ApMaTypHasi CTallb MOXKET OBITh BRIOpaHA pa3iMyHast ISl BEpXHEH,
HIOKHEH u nonepeyHoi apmartypbl. Kak g cranu, tak u 1uist 6eToHa MpeaycMOTpeHa BO3MOXKHOCTD
pacuera C HCIOJb30BAaHHMEM HECTAHAAPTHBIX MAaTepUAOB, B ATOM CIIydae I0JIb30BaTelb 3aJacT
MIPOYHOCTHBIE XaPAKTEPUCTUKU MATEPUATIOB CaMOCTOSTENbHO. B Hanbosiee HarpyKEHHBIX CEUCHUSX
MIPOM3BOJUTCS KOHCTPYHPOBAHME apMaTypbl, MPOBEpKa Ha IIMPUHY PACKPBITUS TPEUIMH W, IpU
HEOOXOIMMOCTH, 3allyCKaeTcss WTEPAlMOHHBIA TPOIECC YBEIMYEHHUS TpeOdyeMoil apmarypsl Aiis
oOecrieueHus BBITIOTHEHHMS 3TOH MpoBepku. Kpome TOro, yauThIBarOTCS TPEOOBAHUS 110 MUHUMAIHHBIM
IUIOMIAIAM TPOAOJILHON apMmatypbl, cormacHo .. 7.2.3 u 9.2.1.1 [1]. Ilonepeunas apmaTypa B
NPSIMOYTOJIBHOM  CEUYEHMH M  CTEHKE TaBpPOBOTO  CEUYEHHUS  PACCUHUTHIBAETCS  COTJIACHO
m. 6.2.3 [1] c yaerom TpeboBaHU# MO0 MUHUMAIBLHOW apmarype 1. 9.2.2 [1]. [{nst 6ajiok ¢ TaBpOBBIMU
CEUCHUSMHU JIOMOJHUTENILHO MPOU3BOJUTCS pacueT MONEePeyHON apMaTyphl, IPEMATCTBYIOMIEH Cpe3y
MEXy CTEHKOM U MOJKaMHU corjiacHo 1. 6.2.4 [1].

5. KoncrpyupoBaHnue npoao/jibHOi apMaTypbl

[Tporpamma noep:KuBaeT TPH pasIndHble HOPMbI KOHCTPYUPOBAHHS apMATyphI:

= noadop apMaTypbl 0€3 CTyleHyaTol packiaiku. B aToM ciyyae asis Kak10ro IposieTa U s Kaxa0u
OTIOPBI TIPOBOAUTCA MOAOOpP apMaTypbl B COOTBETCTBHUU C MAKCHMAIIbHO TpeOyeMo# IUIOIIaIbIo
apMaryphl;

®  [OA0O0p apMaTyphl C IOMPOJIETHOM CTYNEHYaTOM pacKIaKon. JJTUHBI apMaTypHBIX CTEPKHEH U X
pacrojoKeHUE B MPOJIETE U HAJl OMOPOH MOAOUPAIOTCS TAKMM 00pa3oM, YTOOKI MJIOIAAb apPMATYpPhI
BO BCEX CEUEHUSX OblIa Kak MOXKHO Ommke K TpeOyeMoil mo pacuery. Ilpu ompeneneHuu mivH
MPOJIOJIBHBIX CTEPIKHEHN YUMTHIBAETCS JIMHA aHKepOoBKH. CTymeHYarasi packiajka apMaTyphl Haj
ONOpaMu WJIM B IpOJIETAX NPOUCXOAUT HE3aBUCHUMO. Eciu B pe3ynbrare pacyera Ha omopax
TpeOyeTcs apMaTypa cCxkaTus, TO BMECTO MOI0Opa apMaTypbl C TOMPOJIETHOM CTYNEHYaTOM
packiIaiKoi cielyeT UCII0JIb30BaTh MOAOOp apMaTyphbl CO CKBO3HON CTYIEHYATON PAacKIIaJKoM, TaKk
KakK B 3TOM CIIy4ae HWKHSS apMarypa NepexoauT TPaHULbI IPOJIETOB;

* 10a00p apMaTypbl CO CKBO3HOMN CTYIEHYAaTON pacKIagKkoi. AHAJIOTHYEH MPEIbIAYIIEMY C TOW JIUIIb
pa3HuUIIEeH, YTO IPAHULBI IPOJIETOB HE SBJISIOTCSA TOUKaMU 0OpbIBa apMATYPHBIX CTEPKHEH.

B mecrax oOpbIBa cTepHEW M MPUOTIOPHBIX 30HAX JUTMHA apMaTYPHBIX CTEP)KHEH yBEITMUMBAETCS Ha
BEJIMYMHY, 00€CIEUNBAIOLIYIO IPOYHOCTh HAKJIOHHBIX CeueHH cornacHo 1. 9.2.1.3 [1].

ITpu moxbope MpOAONBHBIX CTEP)KHEH YUUTHIBAIOTCS BCE CTaHAAapTHHIE quameTpsl (6, 8, 10, 12, 14, 16,
18,20, 22, 25, 28, 32, 36, 40). [IpemycmoTpeHa BO3MOXKHOCTH 3a7aTh COOCTBEHHBIN CIHCOK TNaMETPOB.
Jlig KaXa0ro mpoJsieTa MOXHO 3aJaTh OTAEIbHO JAJIs BEpXHEHl W HIDKHEH apMaTyphl MakCHMalbHOE
KOJIMYECTBO CTEpXKHEW, MHMHHUMAJIBHBIA M MaKCUMalbHBIA auamerpsl. [Ipu monmbope apmaTypbl
YUUTBIBAIOTCS TpeOoBaHus [ 1] M0 MUHUMAaJIbHBIM PACCTOSTHUSAM MEXKIY CTEPKHAMU.

6. KoHcTpyupoBaHnue nonepeyHoi apMaTypbl

[To 3agaHHBIM qUaMETpaM XOMYTOB, MaKCHUMAaJlbHBIM M MHHHMAIBHBIM PACCTOSHUSM MEXAY HUMH
MOI0UPAETCS PACIIONIOKECHHE U TIIar XOMYTOB.
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/. PacueTpl 0 npeaebHBIM COCTOSTHUSIM MO IKCILTYATAIMOHHOMN
NPUTOIHOCTH

[IporpaMMa BBINIOJIHAET pacyeThl IO PACKPBITUIO TPEUIMH, a Takke pacuerT nporubos. I[lpu
KOHCTPYHPOBAHUU MTPOJOJIBHON apMaTyphl IPOUCXOAUT HapallMBaHHE KOJIWYECTBA U UIUH CTEP)KHEH,
NOKa NpEeIbABICHHBIE TpeOOBaHUS HE OyayT YAOBIETBOPEHBI BO BCEX CEUCHHMAX Oankd, 3a
UCKJIIOYCHHEM Y4aCTKOB HEMOCPEACTBEHHO HAJl OTIOpaMHU, KOTOPhIE HE TPUHUMAIOTCS B pacuer.

Ecnu 3a0ano nepepacnpedenenue ycunuii, mo HAO ONOPAMU YCMAHABIUBAEMCS YMEHbUIEHHOE
KOIUYeCmeo apmamypbl, HOIMOMY 8 IMOM Ciyude mpebo8anus no 02PaAHUYEHUIO WUPUHBL PACKDbINUSL
mpewur 6 NPUONOPHLIX 30HAX YACMO He MO2ym Oblmb 8blnoaHeHbl. PacdeT mpornGoB MPOBOIUTCS
coryiacHo n. 7.4.3 [1].

8. BbiBOI pe3yJibTaToOB

BBIBOI COCTOUT M3 CIEMYIONIMX YaCTEH: pacueTHas CXeMa, Harpy3KH, pe3yJbTaThl pacueTa BHYTPEHHUX
CHJIOBBIX (DaKTOPOB, PACUCTHBIC COYCTAHHS YCWIIMH, Pe3yJbTaThl pacyera TpeOyeMoi apMmaTypbl U
KOHCTPYUPOBAHHE apMaTypbl. BBIBOJI JIt000# U3 3THX MIECTH YacTe MOKHO pa3peuiath Uid OTMEHATh
¢daxkamMu yrpaBiieHUsT BBIBOJOM. [IoMUMO BBIBOJA YUCIIOBBIX 3HAYEHHH, MPETyCMOTPEH U BBHIBOJ
rpadukH.

Pacuernas cxema:

& . = . = : 2}

4 E c D

k .00 } g.00 } &.00 {

[ I
bl ro4b1.704 Fl.7o4b1.704

H 5.70 H 5.0 - 5.70 H

020 020 0.z 0.z

FPasueps Mpomér 1 ® bf hf b h I
[m] [m] [em] [em] [em] [em] [emd]
1 &.00 O.o0 24 .0 s50.0 250000
4,15 24.0 50.0 250000
6.00 24.0 70.0 s 5000
2 S, 00 O.o0 224 .0 20.0 24 .0 TO.0 15583770
1.85 224.0 20.0 24.0 50.0 581026
7.15 224.0 20.0 24.0 50.0 581026
S, 00 224 .0 20.0 24 .0 TO.0 15583770
3 &.00 O.o0 24 .0 T0.0 e ce000
1.85 24 .0 s50.0 250000
6.00 24.0 50.0 250000
Cnops mopa £ [ewm] Onopa £ [em]
A 0.0 E i0.0
C 30.0 D 30.0

31ech BBIBOSATCSI OCHOBHBIE TEOMETPHUYECKHE ITapaMeTPhl CHCTEMBI: pa3Mephl BCEX MPOJIETOB U CTOCK,
XapaKTEPUCTHKH CEYCHHUH BCEX MPOJIETOB, T.e. mupuHa “b” u Bbicota “h” cedenus, mmpuna “bf” u
tommuHa “hf” mmuTel, mypuHa omop “t”.
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Harpy3ku:

Harpymenne 2 NOCTOAHHHE HalpySEH

z4
15
1z
[
0
-E i i
-1z E_00 Fz.o00~ 7.00 } £_00 |
N. Npomnér a = prnsP posM
[m] [:] [KH/M, ®kH, kHM]
PaEHOMEDH. 1 1-3 25.00
CocpemoT. 1 2 Z2.00 125.00
BHyTpeHHHGCHHOBHE(p&KTOpBK
Hanpy#weHHe 1 MOMEHTH Myop [rHmM]
-119.46 -119 .45
-10%
-5l
-54
-z7
o H H
7 I0_95 ; : ETCE]
54 H H
51
g7.02
Harpy®eHHEe 1 OmonepeuwHHe CHIH Qyvop [wrH]
90._00
P £4.91
a5
z5.09
4
]
e -z5.09
-43 )
-7z -E%. 91
' -q0._00
Harpymenme 1 MpoJéT x max Mynop min Mynop max Qyvnop min Qyop
[11] [rHm] [mHmM] [mH] [rH]
1 o.oo0 o.o0 O.00 25.0%9 25.0%9
0.15 o 3.59 3.585 2z.84 2z.84
0.62 ho 12.55 12.5% 15.80 15.80
l.67 * Z20.598 20.58 O.00 O.00
5.18 ho -71.35 -71.35 -52.63 -52.63
5.85 o -10%.%0 -10%.%0 -6GZ .66 -6GZ .66
G.00 -119.47 -115.47 -64.91 -64.91
Z o.o0o0 -119.47 -115.47 S0.00 S0.00
0.15 o =-106.15 -106.1% 87.00 87.00

J11g KaX/10ro Harpy KeHHsI BBIBOJIATCS XapaKTEPUCTUYECKUE MAKCUMalIbHbIE U MUHUMaJIbHbIE YCUIIHS B
ceueHn Mynp u Qymp. Paznuune Mexay MakCUMalIbHBIMA M MUHUMAJIbHBIMH 3HAYEHHUSIMU BO3HUKAET
TOJNBKO JUI JUIMTENbHBIX M KPAaTKOBPEMEHHBIX HAarpy30K U CB3aHO C OJIarONpUSATHBIM U
HeOJIaronpusATHBIM paclpeieIeHUeM dTUX Harpy30K 10 IposietaM. Pe3ynbTaThl BBIBOAATCS Ha FPAHULIAX
MIPOJIETOB, HA cpe3e Onop (TOYKU MOMEUYEHHI “0”), Ha PACCTOSHUU paboyeil BBICOTHI CEUEHUs OT cpes3a
ornop (TOYkM moMmedeHbl “ho”) M B TOYKaX ¢ MaKCUMaJbHBIMH 3HAYEHUSMH BHYTPEHHHUX CHIIOBBIX
(dakTopoB (TOYKM TOoMedeHbl “*”’). OOBeM BBIBOJAA MOXET OBITh YBEJIWYEH TOJb30BATEIIEM ITyTEM
3aJ1aHUs JONOJHUTEIBHBIX TOUEK.
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BeiBog pacueTHBIX COUYETaHMH YCWIMH aHAJOTHMYEH BBIBOAY pE3yJbTaTOB YIPYroro pacuera
BHYTPEHHUX CHJIOBBIX (pakTopoB. [Ipu 3amanum nepepacrpesenieHusi OMOPHBIX MOMEHTOB BBIBOJSTCS
PCYVY kak 1o nepepacnpeenenus, Tak 4 Mocie.

Pesynbratel pacuera TpeOyemMoi apMaTyphl:

PacdéT no npoYHocTM CoTrmacHo THKI EN 19%2-1-1: NpoexkT. ¥/60 KOHCTPYKIMHA
Eeror C30/37, crane (Bepx/HuM3/xoM.) S500/5500/5400

SAMMTHHI chool Iponér B, = 85, = R E E
[mMm] [mmM] [ mm ] [cm] [cm]
1 38 38 30 4.6 4.5
2 38 38 30 4.6 4.5
Iponé&mr 1 X max M min M A.. (I) A.. (I) D.. A, .
[M] [kHM] [®xHM] [cM2] [cMm2] [cm2] [cM2]
0.00 0.0 0.0 2.51 0.00 2.51 0.00
0.15 o 3%.1 27.1 2.51 0.00 2.51 0.00
1.00 203.4 138.3 8.25 0.00 8.25 0.00
2.00 272.0 176.9 11.09 0.00 11.09 0.00
2.01 * 272.0 176.8 11.09 0.00 11.09 0.00
3.00 205.5 115.3 B.34 0.00 8.34 0.00
4.00 4.0 -46.3 2.51 4.85 2.51 4.85
4,85 o -262.2 -273.3 0.00 11.79 0.00 11.79
5.00 -307.8 -332.4 0.00 14.63 0.00 14.63
X ved vrdc vrds Vrdn’.ax Asw/s
[M] [®H] [kH] [kH] [kH] [cm2/M]
0.00
0.15 o 250.8 64.5 250.8 582.2 3.96
0.65 ho 1862.7 70.6 182.7 560.1 3.9¢6
1.00 136.0 78 .6 136.0 575.9 3.29
2.00 12.8 86.7 3.29
3.00 134.0 78.8 134.0 575.7 3.29
4.00 269.0 65.9 269.0 561.4 6.02
4,29 ho 308.8 64.6 308.8 560.1 6.69
4,85 o 383.7 64.6 383.7 541.3 6.66
5.00

BBIBOSTCS TONIIIMHBI 3aIIUTHBIX CI0EB “a3” CHU3Y, CBEPXY U COOKY U PACCTOSIHUS JI0 IICHTPOB TSHKECTH
apMaTypHbIX cjo0eB. B Tabauie pacuera npoJoiabHON apMaTypbl BRIBOASTCS 3HAYSHUS MAaKCUMAJIbHBIX
MOMEHTOB W pacyeTHbIE 3HAUEHHS IUIONIa[M apMaTypbl, MOJYYCHHBIE W3 pacyera 10 Hecylel
cnocooHoctu (I), m okoHUarenbHBIE, C y4yeTOM TpeOOBaHMM MO UIMPUHE PACKPBITUS TPEUIMH U
MUHHMaJIbHOH apMaTyphl.
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KoncTpynpoBanue apMartypsl:

EoHcTp . apMaTypH
Az [cmz] IpononbHaa apMaTyViha

M= 1 :170

Azw/a [cME /M) [lonepedrHad apMaTvVpa
M= 1 :170

1a

Nponer 2 CXEMAa APMMPOBAHMA CEHEHMA ¢ KOOPOMHATON X = 7.23

M= 1 :25
To
LY
la

. Babinat IMITNED BIES, ases
Tomyr A5
l L I ]
—0_20-4
MoHTaMHAaA apMaTvha HHRHAA n = 2 da = 12 HM
MpomoneH. apM.
mpoméT THI ROJ. d= pAag A=zl a 1
hoopa [r1m1] [cmi] [1] [1m]
1 H 2 12 1 2.26 o.0oo0 21.00
1 H 1 12 1 3.35 0.63 l1.685
1 H 4 1z 1 7.52 -0.33 6.53
2 H 2 25 1 l12.08 -0.37 9.75
2 H 1 25 1 le.595 Loidi 5.29
3 H 1 1z 1 3.39 3.28 2.18
E E 2 25 1 9,82 -3.40 5.10
E E 1 25 1 14d.73 i .52
E B 2 25 1 24.54 -1.65 2.70
C E 2 25 1 9.82 -2.14 5.246
C E 2 25 1 15.63 -1.17 3.01
OMHMHEH NpHEEISHH ¢ YUETOM AHKEDOEBRH
ZoMy TH
MpoXéT KOX. cpes. d=a =3 Azw/ss a I
[me] [em] [cmZ/m] [m] [:]
1 24 2 g 25 4.02 o.00 5.75
2 24 2 1a lo.05 -0.25 Z2.40
2 15 2 g 25 4.02 2.15 3.75
2 15 2 g 20 5.013 5.50 3.00
3 25 2 g 25 4.02 -0.10 6.10
THII apMaTypH d OINHMHS KOM. BEC
[M] M [rH]
CTEpPXHHEEAA ApMaTypa 25 60.45 Z2.29
CTeEpPHHEEAA ApPMAaTYDa 12 259,53 0D.286
OMY TH i 104
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NonepedHasa apMaTypa ODpPpeNATCTBYRmNaA Cpesy MeXIy OONKOM M CTEeHKOH

Vedae = 0.53MIOa, Vedman = 5.28MI0a, d = 10mMMm
Opo- X Ve a A../S S n A../S
neT [M] [MIIa] [cM2/M] [cMm] [cM2/M]
1 0.00 0.90 5.17 30 5%2 5.24
3.49 0.79 4,55 20 1x2 7.85

3.69 0.95 5.47 10 2x2 15.71

3.89 2.63 15.15 5 4x2 31.42

4.09 2.44 14.02 10 1x2 15.71

4.19 2.16 12.41 5 37x2 31.42

2 1.04 2.72 15.¢64 10 2x2 15.71
1.24 0.90 5.19 30 5%2 5.24

4.75 0.79 4.5¢6 25 1x2 6.28

Ha rpadukax mokasaHsl pacupeneicHus] pacueTHBIX 3Ha4eHUH TpeOyeMoi apMaTypbl U Pe3yJbTaThl
KOHCTpyupoBaHusi. OcHOBHas (0ojee cBeTyiasi) 4acTh AMIOPHl TpeOyeMoll apMaTypbl COOTBETCTBYET
pacyeTy 1o IpeAeiIbHBIM COCTOSIHUSAM Hecyllel criocOOHOCTH, a 0ojiee TeMHBIEe T00aBKH — Pe3yJbTaT
pacyera 10 SKCIUTyaTallMOHHON MPUrogHOCTH. CXeMbl apMUPOBAHUS CEUEHUI BBIBOASTCS U1 Haubosee
Harpy>kK€HHBIX CEYEHMI B IIPOJIETAX M HAJ ONOPAMHM, a TAK)K€ B TOUYKAX, 3aJaHHBIX I0JIb30BaTeseM. B
TaONMIEe TPOJOIBHOW apMaTypsl MPUBEACHO KOJWYECTBO, JWAMETPBI, JIMHBI M IIOJIOKCHUE
apMaTypHbBIX CTep)kHEeH. B Tabnuie monepeyHoi apMaTypsl HPUBEICHBI AUAMETP U IIar XOMYTOB, a
TAKXKC HadaJlbHasd KOOpAWHATA W HNPOTAKCHHOCTH YUYACTKOB C IMOCTOSAHHBIM IIaroM XOMYTOB. Taxxe
HPUBOJHUTCS CBOJIHAsI TaOIMIa pacXoaa apMaTyphl.

Pacuer mmpuHbI paCKphITHS TPEIIUH:

TPEMMHEHOCTONKOCTE OIONyCTHMMaA MUPHHEA PaAacCKpPHTHUA TpemUH Wi ;:=0.20 MM
HopManbHHEe TpemUMHEH IIpo- X M M. ;. Ts Y W
IeT [M] [KHM] [kHM] [MIIa] [cMm2] [MMm]
1 0.00 0.0 74.6
0.15 o 27.1 74.6
1.00 138.3 74.6 323.2 345.00 0.17
2.00 176.9 77.2 277.8 345.00 0.15
2.01 * 176.8 77.2 277.7 345.00 0.15
3.00 115.3 74.6 269.2 345.00 0.14
4,00 -46.3 145.7
4.85 o -262.2 109.3 386.4 580.00 0.21
5.00 -307.8 109.3 454.,5 580.00 0.26
2 0.00 -307.8 109.3 454 .5 580.00 0.26
0.15 o -262.2 109.3 386.4 580.00 0.21
1.00 -46.3 145.7
2.00 115.3 74.6 269.2 345.00 0.14
2.99 * 176.8 77.2 277.7 345.00 0.15
3.00 176.9 77.2 277.8 345.00 0.15
4,00 138.3 74.6 323.2 345.00 0.17
4.85 o 27.1 74.6
5.00 0.0 74.6

B Ta6n14uax MPUBCACHBI 3HAYCHNUA MOMCHTOB, BBIYMCJICHHBIC IJIA IMOYTH ITOCTOAHHBIX PCY, MOMCHTOB
Ha4dalia 06pa3OBaHI/I}I TPCHIMH U PACUCTHAA HIMPHUHA UX PACKPBITHA B TEX CCUHCHUAX, I'/IC ,Z[CflCTBy’[OH.IHC
yCUJIA MPCBOCXOAAT 3HAUCHU A Havdalla TpeH_II/IHOO6pa3OBaHI/I}I.
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Pacuer mporu6os:

OporuGeE [MM]

M =1 :80
0 :
5.68 5 5.68
Oporubu DponeT X M 100/p: 100/pz: 100/p W
[M] [kHM] [1/m] [1/m] [1/m] [MM]
1 0.00 0.0 0.00 0.00 0.00 0.00
1.00 138.4 0.14 0.33 0.30 3.98
2.00 176.9 0.18 0.29 0.28 5.87
2.17 * 173.86 0.18 0.29 0.28 5.68
3.00 115.3 0.12 0.28 0.24 4.68
4.00 -46.2 -0.05 0.00 -0.05 1.92
5.00 -307.8 -0.38 -0.58 -0.586 0.00
2 0.00 -307.8 -0.38 -0.58 -0.56 0.00
1.00 -46.2 -0.05 0.00 -0.05 1.92
2.00 115.3 0.12 0.28 0.24 4.€8
2.83 * 173.6 0.18 0.29 0.28 5.68
3.00 176.9 0.18 0.29 0.28 5.67
4.00 138.4 0.14 0.33 0.30 3.98
5.00 0.0 0.00 0.00 0.00 0.00

Ha rpaduxe u B Tabnuue npuBeleHBl pacueTHble 3HaueHus nporudosB. Kpome Ttoro, B Tabauue
IIPUBE/ICHBl PAacUYETHbIE 3HAYEHMsSI MOMEHTOB M KPHUBHM3H HeTpecHYBIIHMX ceueHuil (), moiHocThIO
TpecHyBIuX ceueHuit (I1) u pe3yabTUPYIOIMX 3HAUCHUH.
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310 - Cranexesne3odeTodnas 0ajka

CTATUKA-2024. Onucanue npoepamm 310 - Cranexene3obeToHHas Oalka



102

[Iporpamma npegHa3HaueHa ISl TPOSKTUPOBAHKS M pacuéTa MHOTOIPOJICTHOW KOMITO3UTHOW OajKu,
cocrosimied ®W3  CTAIBHOTO  JByTaBpa ©  kene3o0eroHHod  mmwmthl, cormacio  CTO
«Cranexene3o00eToHHble KOHCTpyKnmu. [IpaBuwma mnpoektupoBanus» [1]. Bo3moxxHo 3amanue
HIAPHUPOB U KOHCOJIeH. MoryT 3a1aBaThCsl pacnpeeI€HHbIE U COCPEIOTOUEHHBIE HATPY3KH, a TAKKE
TEMIIEpaTypHbIE BO3JCHUCTBUA U OCAaAKM omnop. Pacdy€rHble codYeTaHMs YCWIMHM OIPENEISIOTCS
aBromaruyecku, cormacHo CIT 20.13330.2016 “Harpy3ku u Bo3zaeiictBus” [2]. Bo3moxeH pacuer ¢
nepepacnpenenenueM ycwinid. [IpomonpHas apmaTypa oOmnpeenstoTcss Ha OCHOBE pPAacyeToB IO
IPOYHOCTU U TPEUIMHOCTOMKOCTU. [IpM KOHCTpYyHMpOBaHMHM MPOJOJBLHONW apMaTyphl MOAOUPAIOTCS
JUAMETPHBI POJIOJIBHBIX CTEPXKHEH M IIar UX pacrojoKeHus B kene300eToHHou tumTe. [Ipon3Boaurcs
pacyeT CoeAMHEHUS CTATBHOM OAJIKH C ’KeJIe300€TOHHOM IUIUTOM ¢ OMpe/IeIICHUEM I1ara pacioIOKEHUs
THOKUX YIIOPOB.

1. PacuerHasi cxema

PacuétHas cxema mpencTaBisgeT cOOOW MHOTOMNPOJETHYIO HEpa3pe3Hyl OanKky ¢ KOHCOJISIMH.
MakcumanbHOe KonudecTBO Mpod€ToB paBHO 10. Ceuenue Oanku 3afaeTcs B BUIEC MPOKATHOTO WIIU
CBapHOTO JBYTaBpa M JKeJIe300€TOHHOM TUIUTHI C OJIMHAKOBBIMY HITU Pa3JIMIHBIMU CBECAMH.

ITonp30BaTens MOXKET 33/1aTh PACUETHYIO BEJIMUUHY CBECOB )K€I€300€TOHHOM IUINTHL, 1100 OHA OyaeT
paccuurtana nporpammoint o npasuiam CII 266.1325800.2016 [1] win EN 1994-1-1:2005 na Be1OOp.

Puc.1. Ilpumep ceuenust 6anxu

Jlis KOHIIEBBIX OMOP MOXKHO 3aJiaBaTh yNpyroe 3amiemieHue. B onmopax cCHU3y W/WIHM CBEPXY MOTYT
YUUTBIBaTbCSl MPUMBIKAIOIIUE CTOMKH, NPEAYCMOTPEH BBOJ BEPTUKAIBHBIX NPYXHH B omnopax. B
Mpos€Tax MOYKHO 331aBaTh MIAPHUPBHI.

Moayau ynpyrocTd cTaid W skene3o0erona mpuHumarotcs coryacHo CIT 16.13330.2011 [3] u CII
63.13330.2018 [4] B COOTBETCTBHHM C 3aJaHHBIM KJIACCOM OCTOHA IO MPOYHOCTH.

CTATHUKA-2024. Onucanue npocpamm 310 - Cranexene3obeTroHHas Oanka



103

Puc.2. IIpumep pacuéTHON CXeMBbI

2. Harpyxenmue

PaznuyaroTcsi mocTOsIHHBIC, UIMTENbHBIE, KPATKOBPEMEHHBIE U OcoOble Harpy3ku. Bo3moxeH yuer
CIIEIYIOIIMX Harpy3oK: paBHOMEPHO paCIpe/eiICHHbIX, OJOYHBIX, TPaleLUUEBUIHBIX, Harpy3oKk Ha
MEPEKPBITHE, COCPETOTOUEHHBIX CUJI, COCPETOTOUEHHBIX MOMEHTOB, CKauKa TEMIIEPATypPbl U CMEILICHHS
ornop. JnuTenpHble W KPaTKOBPEMEHHBIE HATPY3KH MOTYT OOBEAUHATHCS B TPYMIY HECOUYETAEMBIX
Harpy3ok (Harpy3Ku He MOTYT JI€CTBOBaTh OJIHOBPEMEHHO). BpeMeHHas Harpy3ka MOXKET 3a/1aBaTbCs
KaKk 3HaKOIEpeMEHHasi Harpys3ka. B oTom ciyyae, B pacyé€re yduThIBaeTCd 3aJaHHas Harpyska u
Harpy3ka IIPOTHUBOIIOJIOKHOTO 3HaKa. [[ns BpPEMEHHBIX HArpy3oK, AEHCTBYIOIIUX HAa HECKOJIBKUX
MpOJIeTax, BO3MOKEH yUeT HeOIaronpusTHOTO pacipeiesieHnsl Harpy3Ku O MPoJIeTaM.
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Puc.3. Bunel Harpy3ok

3. OmnpeneseHne BHYTPEHHUX CHJIOBBIX (paKTOpPOB

Yeunus OnpenessroTcss METOAOM HAudaldbHBIX I[1ApaMETPOB OTAEIBHO Ul KaXXIOW Harpysku. Jlus
BPEMCHHBIX HArpy30K OMPENENIAIOTCS MAaKCUMAIbHBIC 1 MUHUMAIBHBIC YCHUIINS B KQKIOM CCUCHHUU H
OIOPHBIC PEAKIIUU C YUETOM HEOIAronpHUsTHOTO paclpeeSCHUs HArpy3Kd M0 mpoiaéram (eciu yder
HEO0XO0TUM).

[Tpu 0OBIYHOM JTMHEHHOM pacuéTe Hepa3pe3HbIX OANOK HE YYUTHIBACTCS MepepacrpeeieHue YCHIni
BCJIEAICTBUE HEYNPYTUX Aedopmariuii 0eToHa U apMaTyphl B 00pa30BaHUs TPEIIHH.
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[IporpamMMa 1O3BOJIIET MPOM3BOAMUTH IMEpepacHpenesieHne YCUIMM BO BHYTPEHHUX ONOpax
HEepa3pe3HbIX 0alOK COTJIacHO METOJy MpeAeNbHOro paBHoBecus. llepepacnpeneneHue MPOUCXOAUT
myTéM J00aBICHHS TPEYrOJbHBIX SIIOP MOMEHTOB C MPHBICYCHHEM [BYX COCEIHHUX C OMOPOU
nponéros. [Ipu nepepacnpeneneHuu, ONOPHBII MOMEHT MOKET ObITh YMEHbIIIeH He Ooiiee ueM Ha 30%.

4. KoHcTpynpoBaHue IPOJ0JIbHON apMaTyphbl

[Iporpamma noanepKuBaeT JBa BapuaHTa KOHCTPYUPOBAHUS apMaTYPBhI:

* 0oa0Op TOJIBKO BEpXHEW apMmarypbl IUIMTHL. B 3TOM ciywae, Uil KaXAOro IpOJIETa, HUYKHASA
apMarypa IUTUThI ¥ peOpa (eciii IMeeTcs1) 3a1aeTces moJib3oBareieM. 11 Kax 101 Omopsl porpaMmma
paccYuThIBaeT TPEeOYEeMyIO MO YCIOBUSAM MPOYHOCTH apMarypy, IPOBOJUTCA MOJ00p apMaTyphl U
IIPOBEpPKA YCIOBHI TpEMMHOCTOWKOCTU. Ecnu mocnenHue He BBINOJIHAIOTCS, IPOU3BOJUTCS
HapaluBaHue TpeOyemMol apMaTyphl 10 YAOBJIETBOPEHHUS YCIOBUH TPEIIMHOCTOMKOCTH. J[mmHa
apMaTypHBIX TPYTKOB COOTBETCTBYET 30HE PACTSHKCHHS BEPXHUX BOJIOKOH IUIUTHI, C y4E€TOM
YCJIOBHS IPOYHOCTH 110 HAKJIOHHBIM CEUEHHUSM U aHKEPOBKHU.

* poa00p BepXHEH M HMKHEH apMaTypbl IUIMTHL. B 3ToM cityuyae, cHauana, [l KaKIOro IpoJiera,
paccuMThIBaeTCs W NOJAOMpaeTcs HWXKHAA apMmarypa IUIMTBl 10 YCJIOBUSIM IIPOYHOCTU U
TPEUIMHOCTOMKOCTH. JlJIMHA IPYTKOB HUKHEH apMaTypbl COOTBETCTBYET JUIMHE IIPOJIETA C YYETOM
AHKEPOBKH. 3aTEM PaCCUUTHIBACTCS BEPXHA apMaTypa ILUIMThI aHAJIOTMYHO NPEABIAYIIEMY ITYHKTY.

[Tpu noxpbope NpoAOIBHBIX CTEPXKHEH, YYUTHIBAIOTCS BCE CTaHAApTHBIE AuaMmeTpsl (6, 8, 10, 12, 14, 16,
18,20, 22, 25, 28, 32, 36, 40). [IpenycmoTpeHa BO3MOXXHOCTH 3a7aTh COOCTBEHHBIN CIMCOK INaMETPOB.
JU1st KaXa0ro ImpoJieTa MOXKHO 3a7aTh, OTIAEIBHO JUIS BEPXHEN M HUKHEW apMaTypbl, MAaKCUMAJIbHBIN
Iar pacroyiokKeHHs CTepKHEH, MUHUMaIbHBIA U MaKCUMabHBINA quameTpsl. [Ipu mogbope apmaTypsl,
YYHUTBIBAIOTCSI TPeOOBaHMS [4] IO MUHUMAJIBHBIM PACCTOSTHUSIM MEXIY CTEPKHIMHU.

Pacuer nmpoyHOCTH U TPEIMIMHOCTOWKOCTH MPOBOIUTCS HA OCHOBE Juarpamm jaedopmupoBaHus OeToHa,
apMaTypbl 1 KOHCTPYKIIMOHHOM cTanu. J{is cxartoro 0eToHa NMpUMEHSETCsl O/1HA U3 JIBYX PacUYeTHBIX
auarpamm, coriacHo [2], 6.1.20, 6.1.21. Jlnsa apmaTypsl, B 3aBUCUMOCTH OT €€ Kjlacca, IPUMEHSETCS
IBYXJIMHEWHAas WM TpexJIMHeWHas AuarpaMmma, corjacHo [2], 6.2.14, 6.2.15. Jlng KOHCTPYKIIMOHHOM
CTaJli IpUMEHsAETCs AuarpaMma tuna [Ipanaris.

5. KoHcrpyupoBaHue coelMHEHUs] CTAJIbHOr0 Npoduiis ¢
7KeJIe300eTOHHOM IJIMTOH

[Tonp30Barens 3aaeT KOJIWYECTBO THOKHUX YIOPOB B psALy U HX pa3mepsl. [IporpamMma paccuuTsiBaeT
MTOTOHHBIE CABUTAIONINE YCHIINS HA TPAHUIIE MEXIY CTaTbHON OaJKOW W kKene300€TOHHOM TUTMTON U
HECYIIYIO CIIOCOOHOCTh coelMHEHHs B cOOTBeTcTBUU C [1]. [lepeMeHHbI mar pacnojoxeHus psioB
rHOKHUX YIOPOB MO AJUHE OaNKu nmoaOupaeTcs U3 yCIOBHS MPEBBIIEHUS UX HECYIIEH CIIOCOOHOCTHIO
CABUTAIOIIUX YCUIIHH.
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6. Yuer npockajb3bIBAHUS MEKIY ABYTABPOM M KeJ1€e300e TOHHOM
JIUTOM
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Puc. 4. PacueTHas cxema syieMeHTa 0allKi C MPOCKaIb3bIBAHUEM

Jis ydera HpOCKaJIb3bIBAaHMSI MEXKIY CTaJIbHBIM NpOQMIEM M >KelIe300€TOHHOM IIMTOM, Oanka
paccMarpuBaeTcs Kak ABYXCIOWHAs KOHCTPYKIMS, B KOTOPOUM BEPTUKAJIbHBIC IEPEMELICHUS CIIOEB — W
COBIIAJAIOT, & TOPU30HTAIbHBIE HE3aBUCUMBI, HO IIPU 3TOM B TOPU30HTaJIbHOM HAIIPABICHUH, MEXIY
CJIOSIMM, €CTh YIpYyras CBsi3b, POJIb KOTOPOW BBIINOJHSIOT CTaA-00dThl. YpaBHEHHs] PaBHOBECHsS IS
CJIOEB U AJIS DJIEMEHTA OaJIKH B LIEJIOM UMEIOT BHI!

dar dT d

El =1, d—f =—1, T, =EA, dlj T, = E,A, d‘f
d’M d’w d?
dxz = . M= .E d 2 + Ezfz d 3 + 21T2 21T1

I[J'IFI OMpeaAcCICHUA CBA3U PACHPCACICHHBIX TAaHTCHIIMAJIIBHBIX YCI/IJ'II/Iﬁ T C XapakKTCpuUCTUKaMH CTan-
00JITOB pacCMOTPUM (PparMeHT OAJIKU C OJJHUM U3 HHX.

[Tepememnienue Touku B oTHOCUTENBEHO TOUKH A CO clloeM 2:
dw
Ug, = U, ——h a
Ba 2T g, (h; + a),
nepemMenienre Touku B co cnoem 1:
Up, = U,y —|- (h a),

nepeMenieHrne To9ku B oTHocutensHO Touku A, 00ycloBieHHbIe nedopManueld cTaa-0onTa:

dw
Aug = ug, —Ug, = Uy — U, +Eh'
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HepeMemeHHe Toykd B oTHOCHTENEHO TOUKH A KaK KOHCOIBHOTO CTCPIKHA, HAI'PY>KEHHOI'O HCKOTOpOﬁ
cuion P OonpeaciACTCA COOTHOIICHUCM:
Fns

f Egly”

ﬂu5=k

B KOTOpoM Kod(pduiueHT Ky, 3aBUCANMN OT pacmpeiesieHuss Harpy3kd IO JJIMHE CTaa-0oiTa,
OIIpEeIeIIeTCs IKCIIePUMEHTAIbHO. O003HAYMB KOJMYECTBO CTA1-00JITOB HA €MHHUILY UTMHBI CTEPIKHS
qepes I, MoJIy4aeMm:

Eslsr

T=P-r=K-Aug, rnef(:k:ﬂ}.

DTO COOTHOIIEHNE 3aMbIKAET CUCTEMY YPABHEHHUH B NIEPEMELLEHUAX, IPUHUMAIOILYIO BU/:

dzul dw
E;A, m‘{— Ku, + f':“-z - HFIH =0,
Elﬂzﬁ + E,A, d; =0, 3
d d d
(Eidy + Ex1y) 5 — EyAyzy —3 + EyApz, —3 =

Pemenne YpaBHCHHA 7-Tro nopsajaka, IMOMHMO XapaKTCPHBIX OJId PACTSIKCHUA-CKATUA U n3ruda
IIOJIMHOMHMAJIbHBIX q)YHKHHﬁ, COOTBCTCTBYIOIIIUX HYJIICBBIM KOPHAM XAPAKTCPUCTUYCCKOI'O YPABHCHMU,
COACPIKUT SKINOHCHIMAJIbHBIC PCHICHUS C ITIOKAa3aTCIICM

rae ET — 1oaHa #ecTKOCTE COCTAEHOTO CedeHH .

e = (E1414E243)E1
E1A1E2A2(E1I1+Ealz}’

[locnegnue onuchbiBalOT KpaeBoil 3¢ddext, Onarogaps KOTOpoMy, CJIOHM, TOJ JAEWCTBUEM
TaHT€HIMAJBHBIX YCUJIMH, MOCTENIEHHO BKIOYAIOTCs B COBMECTHYIO pabOTy Ha U3THO.

7. BbIBOJ pe3yJibTATOB

BbIBO/I COCTOUT U3 CIIEYIOMIMX YacTel: pacueTHasl cXeMa, Harpy3KH, pe3yJIbTaThl pacueTa BHYTPEHHUX
CWJIOBBIX (PAKTOpPOB, PACUETHBIE COUETAHUS YCWJIMH, pe3ysbTaThl pacdyeTra TpeOyeMoil apMarypbl U
KOHCTPYUPOBaHHE apMarypbl, pacyeT M KOHCTPYMPOBAHUE COEIMHEHUS CTalbHOM Oaiku
&KeJe300eTOHHOM TnToi. BhiBoA 1000 M3 3TUX IIECTH 4YacTell MOXKHO pa3periarh WIM OTMEHSTh
¢brnaxxkamMu ynpasiieHUs: BbIBOJIOM. [IoMUMO BBIBOJ]a YMCIIOBBIX 3HAU€HUM, NPETYCMOTPEH U BBIBOJ
rpaduKu.

CTATUKA-2024. Onucanue npoepamm 310 - Cranexene3obeToHHas Oalka



108

Pacuetnas cxema:

M =1 :90
i . il 2 il
A 3 c
¥ 5.00 A 5.00 ¥
M =1 :90
I
- Fan W e Fawas ¥ W FaW A WAl Fa Faw awa Fan WA nn/J
s 4.70 ¥ K 4.70 ¥
0.30 0. 30 0. 30
PasMepH Ipongm 1 b. ha h:p EI
onopa [m] [cm] [cm] [cm] [H*mM? ]
1 5.00 132.4 20.0 7.0 287955
2 5.00 132.4 20.0 7.0 287955
A 105.8 20.0 7.0 269612
B B8.6 20.0 7.0 255009
c 105.8 20.0 7.0 26%61l2

371ech BBIBOAATCSA OCHOBHBIE TEOMETPHUECKUE MTapaMETPbl CUCTEMBL: pa3Mephl BCEX MPOJIETOB U CTOEK,
XapaKTepPUCTHKH CEYCHUI BCEX MPOJIETOB, T.€. pacueTHas mupuHa “D” u BbicoTa “h” mIUTHI, mIMpUHA

onop “t”.

Harpysku:

Hanpy#weHHe 2

NOoOCTOAHHRE HADPYSHKH

-1z E_00 Fz.o00~ 7.00 } £_00 |
N. Npomnér a = prnsP posM
[m] [:] [KH/M, ®kH, kHM]
PaEHOMEDH. 1 1-3 25.00
CocpemoT. 1 2 Z2.00 125.00
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BuyTpennue cuiioBbie hakTophl:

Harpy®eHHEe 1

-1l0a
-&1
-5
-&n

MoMeHTH Myop

[rHM]

-119_4&

-112.46

7 I0_95
£q

&1

202

Z0.35

HarpymeHHE 1 nonepedHdHe oHIH Qviap [RH]
g0.00
nz 5491
ET]
sq [25-09
o
-za
. -z5.09
e -5 91
' -q0._00
Harpymenme 1 MpoJéT x max Mynop min Mynop max Qyvnop min Qyop
[] [mHmM] [mHM] [mH] [mH]
1 o.o0o0 o.o00 o.oo 25.0%9 25.0%9
0.15 o 3.59 3.55 Z22.84 Z22.84
0.&82 ho 12.55 12.5% 15.80 15.80
l1.67 * 20.98 20.58 o.oo o.oo
5.1% ho -71.35 -71.35 -5Z.63 -5Z.63
5.85 o -10%.90 -10%.5%0 -BZ .66 -BZ .66
6.00 -119.47 -115.47 -64.91 -64.91
2 o.oo0 -119.47 -115.47 So.00 So.00
0.15 o -106.15 -106.19 g7.00 g7.00

JUJTs Ka)10TO Harpy »KEHHS BRIBOJIATCS XapaKTEPUCTUYECKNE MAKCHMAIIbHBIC U MUHUMAJTbHBIC YCUITHSI B
ceduennn Mymp n Qymip. Paznuuaue Mexy MakCHMaTbHBIMA M MUHUMAJTbHBIMU 3HAYCHHUSIMA BO3HHUKACT
TOJIBKO JJIsi JAJMUTENbHBIX M KPAaTKOBPEMEHHBIX HArpy30K M CBSI3aHO C ONarompusTHBIM H
HEeOJIarONPHUATHBIM pacipeaesIeHUEM dTHX Harpy30K IO TpoJieTaM. Pe3ylibTaThl BBIBOASTCS Ha TPaHUIAX
MPOJIETOB, HA Cpe3e OMop (TOYKH MMOMEYEHBI “0”), Ha PaCCTOSHUH paboveil BHICOTHI CEUEHHUS OT Cpe3a
orop (TOYKH TMOMeYeHbl “N0”) W B TOYKAX C MAKCHMAIbHBIMH 3HAYCHUSMH BHYTPEHHHMX CHJIOBBIX
(dakTopoB (TOUKM ToMedeHbl “*”’). OObeM BBIBOJA MOXET OBbITh YBEJIWYEH IMOJb30BATENIEM IyTEM
3aJIaHus JIOTIOJTHUTEIIBHBIX TOUCK.

BbiBO# pacyeTHBIX COYETAaHUM YCHUIMI aQHAJIOTMYEH BBIBOJLY pE3YJIbTATOB YIPYroro pacyera
BHYTPEHHUX CUJIOBBIX (DAKTOPOB.

Pesynbratel pacuera TpeOyemMoi apMaTyphbl:

HMEHARR apMaTypa OponéT X M ho d z/n Ls Mogpes
[m] [Hm] [ram] [rm] [ram] [cm? ] [xHm]
1 o 1.99 343 171 12 2535 4.5 T1Z2
2 o 3.01 343 171 12 2535 4.5 T12
BepXxHAAR apMaTypa Coo X 1 M ho d s s Mzpes
pa [rm] [rm] [eHm] [rm] [rmm] [mm] [cm?] [eHM]
B -1.87 3.75 463 177 12 60 13.6 542
InmMeEa CTepEHEeM OpMEEeOeHa C YYEeTOM AHKEDOEBEKHK.
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DponerT 1
M =1 20

Cnopa B
M =1 20

ApMMpOEBEAQHMA CEYEHHM

A C KOOpPOMHaTOH X

ApPMHpOEBAHMA CEeYWEHM

HUXkHAA apuartypa 4012

=4

EEpXHAA apuaTtypa 10§12

HWXHAA apuaTypa 2@12

= 1.99

B Ttabmume pacdera TpoOAOIBHONW apMaTypbl BBIBOJSATCS 3HAYCHHMS MAaKCUMAIBHBIX MOMEHTOB H
pacdeTHbIC 3HAYCHHUS TUIOMIAIN apMaTypbl. KpacHBIMU JIMHUSIMH HAa CXEME apMHUPOBAHUS OTMEUYCHA 30HA
a¢dexTrBHOrO ceueHus B cooTBeTcTBUU ¢ 11. 4.4.4.9 CI1266.1325800.2016 [1] mun . 5.4.1.2 EN 1994-
1-1:2005, B 3aBUCHMOCTH OT BHIOOPA MOIH30BATETIS.

KonctpynpoBanue coequHeHNs CTaTbHOTO TPOMHIISA U KeIe300€TOHHON TITUTHI:

MoroHHaA CHOHBMIT.
M = 1 :80

897
598
299

-299
-598
-897

cuma S [xH/m],

OCHOEBHHE COHWE

TAHMA YCOHMIMK
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CoeuHeH1e MNKTEl CO CTaNbHEHM NDpOo@MAeM c NoMOmMED TMEKMX YIDOPROE
omameTrpoM 20mMmM ¥ mameEo# 120mMM mo 3 yomopa B PHIOV.
PacueTHOS CONpRpOTHMEBIAESHME CTanM ynopok Ry =350MIa

OponerT X 5 3 n B

[M] [kH/m] [rm] [xH/ 1]

1 0.00 T35.2 100 2 1370.8
0.20 673.3 200 4 685.4

1.00 378.2 300 1 456.9

1.30 283.2 300 1 274.2

1.80 T73.5 600 1 228.5

2.40 203.7 300 2 456 .9

3.00 421.7 200 3 685.4

3.60 648 .1 100 3 1370.8

3.90 Eed .9 200 1 6EBE5.4

4,10 435.5 200 2 685.4

4.50 432.3 200 1 6EBE5.4

4.70 448.0 100 3 1370.8

2 0.20 362.3 200 1 685.4
0.40 381.7 200 2 6EBE5.4

0.B0 443 .4 200 1 6EBE5.4

1.00 338.7 100 3 1370.8

1.30 ETE.T 200 4 6EBE5.4

2.10 384 .0 300 1 456 .9

2.40 270.8 300 1 274 .2

2.90 94 .8 600 1 228.3

3.50 186.9 400 1 342.7

3.90 340. 86 300 1 456.9

4,20 456.0 200 3 685.4

4 .80 6ET76.3 100 1 1370.8

CBmee KoMMUecTEO TPMEBRMX Y¥OOpROEB 138 mTve

Hecymasa cnocobBeocTe rubBrmx yomopos P [xkH/m]

M = 1 :80

1267 :

1086 i

205

7za L] |

543

362

181 '

0

CxeMa YVCTEHOBKHK rMBrRMX YOOpPpOE M 3fdexXTHMEHAR OMPpMHEA OJAMTH
M =1 :80

Ha nepBom rpaduke nokazaHo pacrnpeeieHus CABUTAIONIeH CHITBI IO JuinHe Oanku. [lanee mpuBoasrTcs
pe3yabTaThl pacyera Ilara pacrojOXKeHUs pAJOB TMOKHMX YIOpPOB B TAaOJMYHOM BHUAEC U OICKU3,
WTIOCTPUPYIOIIUH 3Ty TaOJIHILy, HA KOTOPOM OTOOpa)kaeTcs U pacyeTHasl IUPHUHA TUIUTHI.
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PacueT o 00pa3oBaHHIO U PACKPBITHIO TPEIIHH:

TpeluMHOCTORKDCT MpendenlbHO HOOODYCTHMMaR

M3

WM MEa
OpMHMMAaeTCH
apMaTypH

YVCIOBHMA

PACKpHTHA
oBecOoedYyeHMA

TPEMMH
COXpaHHOCTH

Bezel=0.40MM Bcezcz=0.30mMm

HopMaNMb HEHE TpRpEemMWMHH OpomeT CBpasosaHnume NpoOONXMTENbLHHE Henpom.
onopa x M Mz 2 M Bcrez Bezrecl

[r] [®kEM] [®HM] [®EM] [rm] [rm]

1 1.99 285,86 S504.4 238.2 0.000 0.000

2 3.01 285,86 S504.4 238.2 0.000 0.000

B 463.3 143.8 386.1 0.085 0.103

B Tabnuue npuBeneHbl 3HAYEHUS BHYTPEHHHX CHIIOBBIX (DaKTOPOB,
IPOJODKUTEILHOTO U HEMPOJOJDKUTENIBHOIO PACKPBITUS  TPELIUH,

BBIYMCJICHHBIC JIsI pacdeTa
COOTBCTCTBYIOIIUE YCHIIMA,

HeoOXxoauMbIe 171t 00pa30BaHUs TPEIIMH, U pacueTHasl IUPUHA X PACKPBITUS B TEX CEUYCHUSX, IIe
JeMCTBYIOIME YCHIIUS IPEBOCXOAT 3HAUCHHS Hayaa TPeIUHO00pa30BaHUs.

B pesynbrate pacuéra ¢ y4éToM MPOCKAIb3bIBAHUS MEXKY CTaJbHBIM HPOQHIEM U KeIe300€TOHHON
CTEHOM, eClii TaKkoW pacd€T ObUI 3aIllpOIICH IOJIb30BATEIEM, MEHSIETCS JKECTKOCTh KOHCTPYKIIUH H, B

o011eM cityuyae, IPOUCXOIUT NepepaclpeieeHue BHYTPEHHUX YCUIINN.

Yennwa u npornbel

C YyUeTOM NPpOCKANEIEEBAHMA MeX EIOY OIMTON ™ HpO@MJ'[eM

MomMeHT M [xHM] COCHOEHHEe COUSeTaHMA VCHIMHA
M =1 :80
_a44 . -449,43
—333'
—222‘
-111
0|
111
222'
333 |
38B. 63 388.57
Honep. cuma Q [xH] COCHOBHEE COUSTAHMA YCHMIMHA
M = 1 :80
_ 489.40
108 |335.15
272
136[
o |
—136|r
—2?2\
—408[ —338.13'
-489.40
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MpomxéT = max Mpecy min Mpcy, max Qpey min Qpecy
[m] [HM] [HM] [®H] [®H]

1 0.00 0o.00 0.00 363.66 103.63
0.15 o 52 .64 14.80 338.16 93.73

1.25 321.7¢ 77.97 151.16 21.13

2.08 =* 388.63 72.85 10.63 —-33.43

2.50 377.90 52.82 —-6l1.34 —-89.50

3.75 l1e8.41 -75.45 -143 .87 —-302.40

4.85 o —-235.867 -374.16 -216.47 —-489.40

5.00 -306.71 —44%9 . 48 —-226.37 —-514 .50

2 0.00 -306.71 —-44%9 .48 514.50 226.34
0.15 o -235.81 -374.16 4539.40 216.44

1.25 168.30 -75.34 302.40 143.84

2.50 377.82 52.90 89.90 6l1.34

2.92 «* 388.57 72.95 33.40 -10.60

3.75 321.72 78.01 -21.1¢ -151.13

4.85 o 52.63 14.81 -93.76 —-338.13

5.00 0o.00 0.00 -103.66 —-363.63

KpOMe TOI'0, BBIBOAATCS NPOJOJIbHBIC YCHIIMA U MOMCHTBLI B JKeJ1Ie300€ TOHHOM IINTE U CTAaJILHOM

npodue:

MoMeHT B naMTe [KHM] OCHOBHEHE COUSTAHMA YCOMIMHI

M =1 :80

-37.32
—21|
0
21
42
63 1
84|
105 |
115.17
MomeHT B npod. [xHM] OCHOBHEHE COUESTAHMA YCHMIMHI
M =1 :80
-405.52
—332[
-249
-166 |
-83 |
o1
83 |
166 |
217.00
Cuima B naure [xH] OCHOBHEE COUSTaAHMA YCMIMA

-27

27
54 |
81
108
135 |
162 |

115.15

216. 96
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OIMTAa npodMne

Ipo x Mmax Mmin Nmax Nmin Mmax Mmin
JeT [pa] [Hm] [HM] [xH] [®H] [®xHm] [Hm]
1 0.00 0.0 0.0 -0.0 -0.0 0 0
1.25 4.0 25.4 -12.6 —-147.8 181 45
2.08* 115.2 24 .3 -8.4 -171.8 217 46
2.50 112.¢86 18.0 -3.4 -171.9 210 34
3.75 45.2 -7.1 15.9 —-129.4 83 —-46
5.00 -26.3 —-37.3 20.5 7.0 —-278 -406

2 0.00 -26.3 —-37.3 20.5 7.0 —-Z278 -406
1.25 44 .7 -10.1 15.5 —-12Z%.8 g2 —-65
2.50 112.5 18.0 -3.6 —-172.0 210 34
2.582* 115.1 24 .3 -8.5 -171.8 217 46
3.75 92.9 25.1 -12.6 -147.7 179 45
5.00 0.0 0.0 -0.0 -0.0 0 0

PacnpeﬂeHeHHe HOPMAJIBbHBIX U KACATCIIbHBIX HAIIPSKCHHUEC B CTAJIbHOM HpO(bI/IJIe 10 JJIMHE OaKu
BBIBOIATCA JIA KOHTPOJIA €ro HecyLueﬁ CIIOCOOHOCTH.

HanpAXeHWUA HOPMAanbHEEe sigma x [MOal] - M / ( cx * beta * W )
M =1 :80

134,97 : 135.10

°|
=72t
—144}
—216 | a1,y 241.09

HanpAmeHWA KacaTenbHHe tau_xy [MIa] - Q / Bw
M =1 :80

173.37

135} 122.43
92

46 |
ol | |

_45|r |

-92 |

-138 r -113.86

-164.78

KpacHuble 30HbI Ha rpaukax HanpsHKEHUH MOKA3bIBAIOT MECTA, T'JIe MPEBBIIIEHO COOTBETCTBYIOIIEE
pacyeTHOe CONMPOTUBIICHUE CTAIN MPODUIIS.

VY4ér nmpockanb3bIBaHUs MEX]Y CTaIbHBIM MPO(UIIEM U KeIe300€TOHHOM MIINTON N3MEHSIET
pacyéTHyI0 KECTKOCTh KOHCTPYKIIMHU, YTO B CBOIO OUEPE/Ib BIUSAET HA PE3yNIbTaThl pacuéra Nporuoos:
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Mpormnbu [Mm]
M =1 :80

OI
2 |
4
6|
;|
8.21 8.23
Oporubu MMHMMANE HEE Ma KCMMaJkb HEe

NpoJeT X M 100/« W M 100/x W

[m] [xHm] [1/m] [pana] [xHm] [1/m] [pam]

1 0.00 2.0 -0.00 0.00 0.0 -0.00 0.00

1.25 67.5 —-0.08 0.80 255.0 -0.27 6.31

2.28+* 52.8 -0.08 0.55 301.1 -0.34 8.21

2.50 41.3 -0.07 0.38 2891.6e -0.33 8.12

3.75 -78.7 0.03 -0.72 109.1 -0.19 4.80

.00 -252.4 .41 -0.00 -2591.8 0.38 0.00

2 0.00 -251.8 0.44 -0.00 -252.4 0.44 0.00

1.25 -78.3 0.14 -0.72 108.7 -0.05 4.81

2.50 41.6 0.00 0.39 291.3 -0.2¢ 5.14

2.72%* 53.1 -0.01 0.55 300.8 -0.27 8.23

3.73 €7.6 —-0.02 0.81 234.9% -0.24 6.33

5.00 0.0 -0.01 0.00 0.0 -0.04 0.00

[Tpu BIOOpE pacuéra ¢ y4ETOM MPOCKATB3bIBAHUS, B pa3/iesie YIpaBIeHUS BRIBOJOM PE3YIbTAaTOB
HMMEETCS BO3MOXKHOCTh BHIOOpA JOTIOTHUTEIBHBIX TPa()UKOB: TOPU30HTAIBHOTO CMEIIIEHUS CTI0CB
(mpoduis 1 x/6 MIUTHI) Ha TOBEPXHOCTU KOHTAKTA U CABUTAIOIIETO YCUIIUS MEKy HUMU. [lockombky
9TH rpa@UKu HE UMEIOT OTHOUICHHS K IPOYHOCTH KOHCTPYKIIUHU, a PUBOAATCS JUIS UILUTIOCTPAILITT
a¢(hekTa, BEIBOJIUTCS pe3ylnbTaT TOJIbKO 11t 0mHOro PCH — Tor0, KOTOpOE OKa3bIBacTCs MEPBBIM.
OOBIYHO ITO COUYETAHHE MOCTOSHHBIX HATPY30K U MEPEMEHHBIX, TPUIIOKEHHBIX K JIEBOMY MPOJIETY.

KormenTapuii PacugrHan cxema Harpy=eHue Ceverne

MaTepuanel Apmartypa MoacHeHWE
: |
¥npaeneHne BeIBO40M =

111111111 | %= TekcTOBbLIA BRIBDA
1111111 ® lpadrueckwii BoiBDg

MapamMeTpel CrAZ#WEAHWNA MR BHYTPEHHWX YCUANA B CIOAX =

Mg KONHUYECTED TOYEK FIH_’-E-HEHHH

dg OTHOCWTENEHAA LWWPKMHAE Y43 cCTKa

BcnomorateneHele rpadiukn Npu yYeTe NPOCKAaNE3bIEAHUA =

v| Mopws. nepemetenns v | Cgeurarome younma
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NMepeMemeHMA TopM=oHTanbHEe v1, vZ [MxXM] Ha NDOBESepPXHOCTM CIOEMIDA
M = 1 :80

-623
-334
-445
-356
-267
-178

-89

COEMTAaRLME YCHMIMA Me®IOYV OpobdmmeMm M naumToid [xH/M]
M = 1 :80
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[Iporpamma npenHa3HavYeHa )1 pacuéra Mo OTHECTOMKOCTH OHOMPOJICTHON JKeJIe300€TOHHOM OaJIKu
coriacHo CII 468.1325800.2019 [1] u CII 63.13330.2018 [2]. TemnepatrypHoe 1moJie B CEUeHUH OaK1
IpU  OTHEBOM  BO3JCHCTBUU  OMNpEACNACTCS MyTeM  pELICHUs  3aJa4d  HEeCTallMOHApHOU
TEIUIONPOBOJHOCTH C y4YE€TOM 3aBUCHUMOCTH TEIUIOPU3NYECKHX XapaKTEePUCTHUK OeToHa OT
TeMreparypsl. [IpoBoasTCs MPOBEPKH IPOYHOCTH TPHU JIEHCTBUU N3TMOAFOIIET0 MOMEHTA M TIONIEPEUHOM
cwibl. [IpoBepka MPOYHOCTH MPHU JCHCTBHHM HM3THOAIONIETO MOMEHTA MPOU3BOJIUTCS Ha OCHOBE
nuarpaMm AeOpMHPOBAaHUS CKATOTO OETOHA U apMaTyphl ¢ y4eTOM KO3(PPHUIIMEHTOB yCIOBUN pabOTHI,
3aBUCALIMX OT TemrepaTypbl. lIpenycMoTpen yder mnpoiofbHOM cuibl. B ciydae craruuecku
HEOMmpeAeTuMO  OanKku, TMPOBOMUTCS  HEIWHEHHBIM  pacueT  YCWIMHA, TPHUBOIAIIMA K
nepepacnpeeiCHUI0 N3TH0aroIIero MOMEHTA.

1. PacueTrHasi cxeMa M ceueHHe

PacuerHas cxema Oaiku npeAcTaBisieT COOOW CTEPKHEBOM 3JEMEHT, UMEIOLIMM IIapHUPHBIE WIN
a0COJIIOTHO JKECTKHME 3aKperuleHus: KpaeB. PaccmarpuBaroTcst Oanku HpsSMOYTOJBHOTO U TaBPOBOTO
cedyeHuit (puc.l).

= L= |
@ )
z
z T
l]\ ¥
.
] o o o 5o oo o

Puc.1. Buasl ceuennii

IIpononpHas apmarypa pacrosiaracTcs y BEPXHEH M HMJKHEH CTOPOH CEUEHUs. 3alaroTcs AHAMETpPbI
KpalHMX W NIPOMEKYTOUHBIX CTEpPKHEH apMaTypHOrO CJIOsl, a TAaKXE - YUCIO IPOMEKYTOUHBIX
crepkHed. OTCyTCTBHE BBOJAA JUaMeTpa KpaHMX CTEPKHEW BOCHPUHUMAETCS KaK OTCYTCTBHE
apmarypsl. [IpenycMoTpeHoO 3a1aHHie JOTIOIHUTENBHBIX PSAI0OB CTEpKHEN. [{71s KaXI0ro psiaa CTepKHER
3a[Jal0TCs KOOPIMHATBI Hayalla ¥ KOHIIA OTPE3Ka, Ha KOTOPOM Pa3MeEIaloTCsa apMaTypHbIe CTepKHA. [l
ya00CTBa BBO/A PAZOB CTEP)KHEH MpUMEHsIeTCs cucTeMa KoopauHart (Y,Z) ¢ HavajoM B JIEBOM TOUKe

HIDKHel cTopoHs! cedenns. Och Y HampaBIseTcs BIPABO MO HUKHEH CTOPOHE cedeHHs, a och Z -
BBEpPX 110 JIEBOM CTOPOHE MPSIMOYTOJIBHOTO CEYEHUS WM IO JIEBOM CTOpPOHE pedpa TaBpOBOIO CEUEHUSI.
3a1ar0TCS YMCIIO CTEPKHEW B PALY WM AMAMETpP CTep>KHEH. /[aHHBI BBOA MOXET NMPHUMEHATHCA IPHU
JIBYXPSITHOM DPa3MEIEHUU CTEP)KHEW BEPXHEU MM HHUKHEHW apMaTypbl, a TaKXKe IPU pa3MELECHUU
CTEp’)KHEM B CBecax IIOJKH TaBpOBOro cedeHus. lIpelyCMOTpEeH KOHTPOIb DPACCTOSHUS MEXKIY
apMaTypHBIMU CTEPKHAMH.

[Torrepeunast apMaTypa BBOAMTCS ITyTEM 3a/IaHUsI TUAMETPa XOMYTOB, YMCJIa BETBEH XOMYTOB M IlIara
XOMYTOB 10 JITHHE OaJTKH.

[IpenycMOTpeHO 3aJaHue Pa3IMYHBIX 3HAYCHHWI TOJIIMHBI 3alUTHOTO €O OETOHA CBEPXY, CHHU3Y U
cooky. TonmuHa 3alUTHOTO CJO0S OMPEAeNseTcs Kak pacCTOSHUE OT TpaHH Oalku 10 MOMepeyHON
apMaryphl.
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2. Harpy3ku

Cornacho [1], pacueT 1Mo OrHECTOMKOCTH MPOBOAUTCS JUIsi Haubosiee HEeOIArompUsITHOTO COYETaHUs
HOPMATUBHBIX TIOCTOSIHHBIX U JUIUTEIbHBIX HAPY30K.

Bo3MosxHO 3a1aHue Harpy3Ky, pABHOMEPHO paclpeIe]ICHHOM 10 Beell AniHe Oanku, a TakKe 3aaHne
COCPEOTOUCHHBIX TIOMEPEUHBIX CHJI W/WIA COCPEIOTOYCHHBIX MOMEHTOB. TOYKa NPUIIOKEHUS
COCPEIOTOUYEHHOMN HArPY3KHU OMPEIEISIETCS IO PACCTOSIHKIO X OT JIEBOTo Kpas 6anku. [1010KuTebHbIE
HaIlpaBJICHUS] HATPY30K [MOKa3aHbl Ha pHC.2.

[IpenycMoTpeHo 3amanue npomoiabHoi cuibl N . BenuuuHa NPOJOABHON CHJIBI TPHMHUMAETCS
MOJIOKUTEIBLHON IIPU CKATHUH.

Prerrres ¥ [m]

Puc. 2. [TonoxxurenbHblE HANPABIEHUS HArPY30K

3. Marepuaibl

Knacc 6erona u kiacc apmarypbl NpUHUMarOTCs coryiacHo [2]. Pacuer npoBoauTcst A 6ETOHOB 10
kinacca B55 BximounrtensHo. Jluarpammsl eopMupoBaHus OE€TOHA M apMaTypbl MPU HOPMAJIbHOMN
TeMIeparype npuBeJeHs! Ha puc. 3, 4. Ilo ropu3oHTanbHON OCH OTKIIAIbIBaeTCA 3HaUeHNE Aeopmanun
B ipomuiuie (19/,=0.1%=0.001). OtpuuarenbHble 3Ha4€HUSI COOTBETCTBYIOT Jie(hOpMaIMU CHKATHS.

PacueTHble conpoTUBIECHHS MAaTEpUAIIOB NIPH HAarpeBe onpeAesstoTes no Gopmynam [1]:

Ront = Ron?t
Ra = Ra?s

3Hadenus K03 HUIIMEHTa YCIOBHI paboThl OeTOHA [}y TpUHUMAaroTCs 1o Tadsmie 5.1 [1], mapamerpsl
uarpammbl i1 0etoHa &y, &y, - no tadnuue 5.5 [1]. 3nauenus korppunueHTa ycioBuil paboTbl

apMarypbl )y OpUHUMAKOTCA 110 Tadbauue 5.6 [1]. [IpenenbHas gedopmaiius apMarypsl &,
IpUHUMAETCS paBHOI 259/, npu 20°C <T <200°C u paBHoit 509/, npu T >500°C . [Tpu

200°C <T <500°C mpenenbHas gedopmanus €, ONpeaesieTcss HHTEPIIOIAIUE.

B nmporpamme Bo3MoOeH TaOIUUHBINH BBIBOJ KOG (GUIIMEHTOB I 33JJaHHOTO BU/Ia 3aIlOJIHUTENS B
OeToHe U KJ1acca apMaTyphl.

sig [MIa]

%

< . . eps [%.]
-1.50 -3.50

Puc.3. [lnarpamma nedopMupoBanus cxxaroro 6erona B25 npu HopMaiibHO# Temiieparype
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sig [MIa]

500 -,

-25.00 -2.00 ,Jl

eps [%.]
f 2.50 25.00

-1-400

Puc.4. Inarpamma nedopmupoBanus apmarypsl AS00 mpu HOpMaIbHOH TeMIeparype

4. PacyeTr mo OrHeCTOMKOCTH

OrHecToMKOCTh 3JIEMEHTA XapaKTepu3yeTcs MepHOoJOM BpeMeHHU (B MUHYTax) OT Hadajia Ioxkapa J10
MOMEHTa BO3HUKHOBEHUS IIPEIEIBHOIO COCTOSHUA dJIeMeHTa. /[ Hecylux 371€MEHTOB MPEAEIbHbIM
COCTOSIHHEM II0 OTHECTOMKOCTH SIBIISIETCA COCTOSIHHE, IIPU KOTOPOM IPOMCXOIUT IIOTEPS. HECyLIEH
cnocobHocTH. IIpenenbHOe COCTOSHME HACTyMaeT TOT/AA, KOrja IpeJesibHble YCHIIUS CTaHOBSTCS
pPaBHBIMH pacUeTHBIM YCWIHAM. B mporpamme CTpOUTCS 3aBHCHMOCTh KOX(QQHIMEHTa 3amaca

IMPOYHOCTH ]/u OT BpCMCHHU. Hpe):[eﬂ OTHECTOMKOCTH OIPCACIIICTCA 110 MOMCHTY BPEMCHHU, ITPU KOTOPOM

7, =1,

4.1 OnmnpenesieHue TeMIEepPaTypPHOro MoJjst

Jlnst onipeniesieHus npezena OrHeCTOMKOCTH, HEOOX0IMMO PacCUUTaTh TEMIIEPATypHOE MOJIE€ B CEUEHUHU
3J€MEHTa OT OrHEeBOro Bo3jeilcTBHs. Temmeparyproe mome T(Y,Z,t) ompenensercs Ha OCHOBeE

YpaBHEHHUS HECTAI[MOHAPHON TETIONPOBOIHOCTHU:

o,,0r, o0 ,,0T oT
—(A)+—-(A—)=cp—
oy oy oz oz ot
3necr A - koddpduuMeHT TemIonpoBogHOoCcTH, ( - yaenbHas TEIIOEMKOCTh, L - IUIOTHOCTB
marepuaina. [Ipu pacuere TeMnepaTypbl B CEYCHUH JIEMEHTA HE YUUTHIBACTCS HATMYHUE apPMATYPBhI.
Koahdurment temmonpoBoanocti 6erona B [Br/(M°C)] ompenensiercss mo cieayromum (Gopmysiam
(em.[1], 6.3):
- g 0etoHa Ha cunukatHoM 3anoiuureine A =1.2—0.00035T ;
- 1us OetoHa Ha kapOoHaTHOM 3anonHuTene A =1.14—0.00055T .

V nenbHast TEMI0eMKOCTh OeToHa B [[Ik/(kr’C )] Ha CHITHKATHOM HJTH KapOOHATHOM 3aIlOJIHUTEIIE PaBHA
c=710+0.83T . B mporpamme mpeaycMOTPEH yYET BIAXHOCTH OETOHA COTJIacHO [4], MPH KOTOPOM
3aBUCUMOCTD YJI€IBHOM TEIJIOEMKOCTH OT TEMIIEPATypPbl XapaKTEPU3YETCSl MUKOBBIM 3HAYEHUEM IIPU
115°C, paBubiM 1470 u 2020 nipu BaaxkaoctH 1.5% u 3% cOOTBETCTBEHHO.

OrHeBoe BO3JEHCTBUE XapaKTEPU3YETCS 3aBUCUMOCTBIO TEMIIEPAaTypbl Cpeabl OT BpPEMEHH,
OTCUMTHIBAEMOr0 OT Hayana mnoxkapa. CoriacHo [3], mpu CTaHIAPTHOM TMOXKape, MNPUHUMAETCS
CIEIyIONas 3aBUCUMOCTh TEMIIEPATYPEI CPEALI OT BPEMEHH:

T, =20+345Ilg(8t+1), rue t - Bpems B MHH.

CTATHUKA-2024. Onucanue npoecpamm 313 — Pacuer x/6 Oanku 1o OrHeCTORKOCTH



122

I'paduk 3aBucumoctu T, (t) mpexacrasieH Ha puc.5.

To [Dpan]
g00
00
400
Z00
] T T T T T T L [MHH]
o 1o 20 30 40 50 &0

Puc.5. 3aBucuMOCTB TeMIIEpaTypsl Cpeibl OT BpEMEHU

B cinyuae npssMOyroapHOro ce4eHus!, pacCMaTpUBAETCS TPEXCTOPOHHUN HArpeB (HarpeB BCEX CTOPOH
CeuyeHus, KpoMe BepxHeil). B ciryuae TaBpoBOro ceueHus, paccMaTpUBaeTCsl MO0 TPEXCTOPOHHUIH
Harpes (HarpeB CTOPOH pedpa M HUKHUX CTOPOH HOJIKH), TUOO0 OJTHOCTOPOHHUI HarpeB (HarpeB
BEPXHEW CTOPOHBI MOJIKH).

TemmneparypHas 3aiada pemniaeTcsi KOHEYHOPAa3HOCTHBIM MeTojoM. [IponsBoaHas a0 3aMeHsIeTCs

paSHOCTHBIM OTHOHOICHUCM
T(y,z,t+At)-T(y,z,t)
At

rae At - mar mo Bpemenu. Pacder TemnepaTypHOro mosisi B CEYEHUM MPOU3BOJUTCS Ul AUCKPETHBIX
MOMEHTOB BpeMeHH. lllar mo BpeMeHM MOXKeT NPUHMMATbCS pPaBHBIM 3MHUH, 6MHH, 12MHMH WIn
3aaBaThcs JPYTUM 3HaueHUeM B npenenax oT IMuH a0 30muH. B o0meMm ciyuyae, npu yBeIMUeHUH
I1ara, yMeHbIIIaeTcst 00beM BBIYHUCICHUHN, OHAKO MOXKET CHUXKAThCsS TOUHOCTh pe3yJIbTara.

[Ipon3BOgHBIE O KOOPAWMHATAM 3aMEHSIOTCS Pa3HOCTHBIMU OTHoweHusMH. [locne ompeneneHus
TEMIIEpaTypbl HAa KOHEYHOPA3HOCTHOW CETKE TeMmIeparypa B IIPOU3BOJBHOM TOYKE CEUYECHMS
OIIPEIENAETCS UHTEPIIOJIALIUEH.

HpI/I BBOJIC UCXOJHBIX NAHHBIX MPOrpaMMBbl, MOTYT OBITh 3alaHbl YIIPABJIAOIINUEC MMAapaMCTPhI pacucTa
TCMIICPATYPHOT'O ITOJIA: HOMHHAJIBHBIN IIar CETKHU Su MAaKCUMAJIbHOC YHUCJIIO TOYCK CCTKH B OJHOM

HaIpaBJICHUU N max - ECIIM 3HaueHue S He 3a1ano, To npuaumaercs S =10mwm. Eciu 3nauenue N max HE
3a71aHO, TO MPUHUMAETCS Nmax =60. Ananornunsie napaMeTpbl MOTYT OBITh 3aJaHbl JIJIS YIIPaBICHUS
pa30MeHreM CKaTON 30HBI CEUCHUS Ha MaJIble SJIEMEHTHI IIPU OTPEICIICHUH TPEEIbHBIX YCUITUH.

ITpeaycMOTpeH BBIBOJ paclpeeieHus] TEMIIEPAaTyphl BIOJb BEPTHKAIbHOW ocH ceueHHs (puc.6) u
KapTHUHBI H30TEpM (pHc.7).
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Puc.6. Ilpumep pacnpeneneHus: TeMIepaTypsl

&=

Puc.7. Ilpumep KapTHHBI H30TEPM

B mporpamMMe mpenycMOTpeH BBIBOJ TEMIIEPATypbl B 3aJaHHBIX TOYKaX, ONpPEAEISEMBbIX B CHCTEME
KOOpAMHAT (Y,Z) C HAYaloM B JIeBOi TOUKe HUKHEH cTOpoHbI ceuenus. [Ipu stom ock Y HampanseTcs

BIIPABO 110 HIKHEH CTOPOHE cedeHus, a och Z - BBEPX MO JIEBOI CTOPOHE MPSAMOYTONLHOTO CEUeHHUs
WJIH TI0 JICBO# CTOpPOHE pedpa TaBpOBOTO CEUCHHUSI.

4.2 TIpoBepka MpPOYHOCTH NMPH AeliCTBUM M3ruAIONIEr0 MOMEHTA

VYcunusa B 6anke OIPCACIIAOTCA IIPpHU IMOMOIIHN JIMHENUHOTO pacucra. HpOI/I3BO,[[I/ITCSI BBI60p I/I3I‘I/I6aIOH_[I/IX
MOMCHTOB, I KOTOPBIX ITPOBOAUTCA IHNPOBEPKA HNPOUYHOCTH. B xadectBe paCuYC€THBIX MOMCHTOB
MPUHHUMAKOTCA HaUOOJIBIINE 1O a6COJ'IIOTHOMy 3HAYCHUIO ITOJ0KUTEIILHBIN U OTpHHaTCHBHBIfI MOMCECHTHI
M, M_.

[IpenenbHOEe 3HaYeHHE MOMEHTA BbIpaXKaeTcsl uepe3 JeHCTBYIOIIMA MOMEHT 1o dopmyiie
M, =7,-M . Hecymas cnocoOHOCTh MCUEpIIbIBAETCS, KOT/Ia MpeaeabHbIi MOMEHT M, B oiHOM U3

ceueHui OaKyu CTAHOBUTCS PaBHBIM pacu€THOMY MOMEHTY M

[IpenenpHBIA M3rHOAIONINIT MOMEHT OIpeAeNseTcs] Ha OCHOBE AuUarpaMM Jae(opMHpOBaHUS CKATOTO
0eToHa W apMaTypbl C Y4ETOM 3aBUCUMOCTHU JUarpaMM OT TeMIiieparypsl cornacHo [1]. HopmaTuBHbIe
COIPOTHUBIICHUS CKATOTO OETOHA U apMaTyphl IPU HOPMAJIbHOM TeMIiepaType MPUHUMAIOTCS COTJIACHO

[2].
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Jlis Kaxaoro pacyeTHOro M3ruOaroliero MOMEHTa B TEKYLIMH MOMEHT BPEMEHHU OIpeiensercs

KOB(l)(bI/II_[I/IeHT 3arraca IpO4YHOCTH 7u U CTPOUTCA 3aBUCUMOCTb HAUMCHBIICT'O 3HAUYCHU A 7/u OT BpCMCHHU.

IIpe/iest OrHECTOMKOCTH OMPENEISeTCs 10 MOMEHTY BpeMeHH, pr kotopoM ¥, =1 (puc.8).

Ko30QUMUMEHT Samaca NPOYHOCTH 7y

] t [roam]

Puc.8. [Ipumep 3aBucumoctu ko3 duimenra Y, OT BpeMeHH

4.3 TlpoBepka MPOYHOCTH NMPH AeHCTBHY MOMEPEYHOI CHITBI

[IpoBepka mpOYHOCTH MpU ACHCTBUU MONEPEUHOM cuiibl Q mpoBoauTcs cornacHo [1], 8.29 nns

MOMEHTa BPEMEHH, COOTBETCTBYIOIIEr0 TpeOyeMoMy Mpe/elly OrHeCTOMKOCTH. PacueTr nmpu orHeBoM
BO3/ICIICTBUM aHAJIOTMYEH PACUYETy NPU HOPMaJIbHOW TeMIiepaType 1o [2] ¥ BKJIIOYaeT pacyeT Mo Mojoce
MEXy HAaKJIOHHBIMHA CEYECHHSMH W pacyeT IO HAKIOHHBIM CeueHHs M. B pacdere mpu OTrHEBOM
BO3JICHCTBUH MPOM3BOINTCS PEIYKIMSA CEYEHUS C YUETOM IIIyOHHBI mporpesa 6erona mxo 500°C s
0eToHa ¢ CHIIMKATHBIM 3anojHuTeneM u 600°C s OeToHa ¢ KapOOHATHBIM 3aroIHUTENIeM. Pa3Mepsl

pPeayLIMPOBAHHOTO CeYEHUs 0003HAYAIOTCS KaK bt,ht. B kadecTBe pacueTHBIX COMPOTUBICHUN OETOHA

Rb, Rbt IIPUHUMAIOTCSI HOPMATUBHbBIE 3HAYEHHUS Rbn, Rbm IIPU HOPMAJIBHOM TeMIepaType CorjiacHo [2].

PacueTHOE conpoTHBIEHUE ONIEPEYHON apMaTyphl stt IIPUHUMAETCS PABHBIM CONPOTUBIICHUIO CTAJIN

HpI/I HaI/I6OJ'II)IHeI71 TeMnepaType XOMyTOB.

VYcoBre IpOYHOCTH 110 HAKJIIOHHOMY CEUYSHHUIO ITPEACTABIAETCS B BHJIC Q/ Q +Q <1. 3uauenmue
b SwW

Q,, He YUUTBIBAETCA TIpHU pacueTe, ecma O, = sttAsW/ S, < 0-25Rbmbt i Sy, > Sy, e = Ry hjt /Q.

VY4er BaMsAHUSA NPOAOIBHON CHIIBI Npou3BoauTCs cornacHo [2], 8.1.34. Cpennee HampspkeHHE OT
JeNCTBUS MPOJIOIBHON CHIIBI ONIPEENSIETCS MO MIIOAAN PEAYLIUPOBAHHOTO CEYECHHUS.

4.4 HeauHelHbIii pacyeT yCHIUii

Henuneitnslit pacyer ycuinii MpoOBOAWTCS JJIi MOMEHTa BPEMEHH, COOTBETCTBYIOIIETO TpeOyemMomy
Ipeziesly OTHECTOMKOCTH, B CIIydae CTAaTUYECKH HEOIpeNesIMMON OalKku, eciin obecliedeHa Hecylas
CIIOCOOHOCTh OalikM MpH ACWCTBUM HM3THOAIONIET0 MOMEHTA M TOINEPEYHOM CHIIbI, MOJTYYEHHBIX IO
JIMHEHHOMY pacyery.

B HenuneiHOM pacuere, KpuBH3HA K OIpeAenseTcs Ha OCHOBE IuarpaMM AeGopMUPOBAHUS CKATOTO

0eToHa M apMaTyphl NP OTHEBOM BO3JIeHCTBUU. V3-3a HeIMHEMHOro Xxapakrepa 3aBUCUMOCTH x (M)

CHCTEMa ypaBHEHUU IMOINEPEYHOr0 M3ruda sBIseTCS HeMWHEWHOU. banka pa3ouBaeTcs Ha y4acTKH, B
npenenax KOTOPBhIX MPOU3BOJIUTCS JMHEeapu3alusi ypaBHeHUU. [IpenycMoTpeH BBOJA HOMHHAIBHOTO

CTATHUKA-2024. Onucanue npocpamm 313 — Pacuer /0 Oanku 1Mo OrHECTOHKOCTH



125

mara auckperm3anuu Oanku. HenmwHeWHBIH pacdyeT MpOBOIUTCS IMPH IMOMOIIA METOJa WTEpaIvid.
VI TepallMoHHBIHA TPOIECC OKAHYMBAETCSA TOTZA, KOTJA OTHOCHTENbHBIE mpupaimienns mMomenta M u
nporuba W craHoBsrcs ManbiMu. [IJIsi KOHTPOJIE TOYHOCTH PE3YJILTATOB HEIMHEHHOIO pacyera
BBIBOJMTCS UTE€PAIIMOHHAS IIOTPEIHOCTD & [%0].

J1J1s 3HaYCHMIA N3rMOA0IEro MOMEHTA, ITOJYYECHHBIX 110 HEJTMHEHHOMY pacyeTy, MPOBOIUTCS ITPOBEPKa
HECYIIEeH CITOCOOHOCTH OaNKH.
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Jluteparypa

1. CII 468.1325800.2019 «beronnsle u xene300eTOHHBIE KOHCTPYKIMH. [IpaBuna
o0ecreyeHns: OTHECTOMKOCTH U OTHECOXPAHHOCTI.

2. CI1 63.13330.2018 «CHwull 52-01-2003 beroHHple u Xejle300€TOHHBIE
KOHCTPYKIUU. OCHOBHBIC ITOJIOKCHHS.

3. TOCT 30247.0-94 KoHCTpyKIMM CTpOUTEIbHBIC. METONBI HCIBITAHUKA Ha
orHecToikocTh. O0mIHe TpeOOBaHUS.

4. DIN EN 1991-1-2 Eurocode 1: Einwirkungen auf Tragwerke — Teil 1-2:
Brandeinwirkungen auf Tragwerke. September 2003.
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[Iporpamma npeaHasHayeHa s pacuéra MHOronyctoTHou miauthl corsacHo CIT 63.13330.2018 [1] Ha
OCHOBE auarpamm nehopMupoBaHus OeToHA U apMarypbl. Pacduér BKIIFOYaeT MPOBEPKY MPOYHOCTH H
IIPOBEPKY TPELIMHOCTOMKOCTH IIJIUTHI.

1. PacuérHas cxema U HATPY3KH

PaccmaTpuBaercs MHOrOIYCTOTHasl IUIMTa C MPOM3BOJIBHBIM YHCIOM KpPYIUIBIX mojoctedt (puc.l).
3aal0TCs YUCIO U JUAMETP MOJIOCTEH, a TAK)XKE CMEIIEHUE LIEHTPOB I10JIOCTEH OTHOCUTEIBHO LIEHTpa
IPSIMOYTOJIBHOTO ceueHus. [loJoKuTenbHOe CMElIeHHEe OTCUMTHIBAETCS BBEPX, a OTPHUIATEIHLHOE

CMCUICHUEC - BHU3.
® a a ® ® a a
S o o o S o o

Puc. 1. Ceuenne minTel

Apmatrypa MOXET pa3MeIlaThCsl y HUKHEH W/MIM y BepXHEH CTOPOHBI cedeHUs. 3aJaroTcs AUaMeTp
apMaTypbl, YUCIIO CTEPKHEN apMaTypbl U TONIIMHA 3aLIUTHOTO €105 OETOHA.

Pacuernas cxema npezacraisieT cOO0M CTEPKHEBOM AJIEMEHT, Kpasi KOTOPOro UMEIOT IIapHUPHOE WK
KECTKOE 3aKpeIlICHHUE.

Bo3MOXXHO 3amaHue paBHOMEPHO pAacIpeIeIéHHONM Harpy3Kd U HECKOJIBKMX COCPEIOTOYECHHBIX
Harpy3oK, IOJIOKUTENbHBIE HAIpaBJIEHUS KOTOPBIX MOKa3aHbl Ha puc.2. Hapsngy c pacu€THbIM
3HA4YEHHEM HArpy3KH, 3aa€TCsl HOPMAaTUBHOE 3HAYEHUE U €€ JUIMTENbHAsA 4acTh. TOYKa MPHUIIOKEHUS
COCPEIOTOYEHHOMN HArpy3KH OINPEAEISIETCS 10 PACCTOSIHUIO X OT JIEBOI'O Kpasi IUIMTBHI.

TR 1 2 ict 4 51 T x [m]

Puc. 2. [TonoxutenpHbIe HANIPABICHUS HArPYy30K HA IUIUTY

Hsr 146a}01u1/11”4 MOMCHT B CCUHCHHU IINIUTBI HNPUHUMACTCA ITOJIOKUTCIbHBIM, C€CJIW IIpU Cro JeicTBUMN
c)Xarasd 30Ha BO3HHMKACT B BerHeﬁ yactu cedeHusa. Ecim Kpaﬁ IUIUTBI KECTKO 3aKPCIJICH WM €CIIN
3alaHa OTpulaTeJibHad Harpy3ka, BOSBHUKACT TAKKC OTpPIL[aTCHLHLIﬁ 1/131“1/163101111/1171 MOMCHT.

2. Pacuér

Pacu€r mumTHl BKIIOYaET IMPOBCPKY MNPOYHOCTHU IIJIMTBI U IPOBCPKY TpeHlHHOCTOﬁKOCTH IIJIMTHI.
B xauectBe paC‘—IéTHOI‘O CCUCHUSA NPUHUMACTCA q)aKTI/I‘IeCKOG MHOT'OCBA3HOC CCUCHUEC C KPYTJIBIMU
nojoctsamu. Kak AJIBTCPpHATUBA, NPCAYCMOTPCH BBI60p HNACAJIM3UPOBAHHOTO JIBYTABPOBOI'O CCUYCHUA

(puc.3).
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Puc. 3. AnpTepHAaTHBHOE IBYTaBPOBOE CEUCHUE

Pacuer mo mpodHOCTHM TPOBOJUTCS HAa OCHOBE HENMHEHHON aedOopManiOHHONW MOJENU COTJIACHO
[1], 8.1.20. B xkauecTBe pacyeTHOW [aUArpaMMBI COCTOSIHHS C)XKaToro OETOHAa MPUHHUMAETCS
TpexjuHeHass auarpamma corjacHo [1], 6.1.20. Jlns apmaTypbl, B 3aBUCHUMOCTH OT €€ KJjacca,
IpUMEHSeTCS ABYXJIMHEWHas MM TPEXJIMHEHHas [uarpaMma coriacto [1], 6.2.14, 6.2.15.

[Ipu npoBepke MPOYHOCTU IIUTHI, B Cllydae 3HAKOIEPEMEHHOM JSIMIOpbl M3rMOaroIlero MOMEHTA,
ONIPEACIAIOTCA TPEACIbHbIE MOMEHTBI IIOJIOKHUTEIBHOTO M OTpULATENbHOro 3Haka. [Ipuy sToMm
BBIBOJIMTCSI PUCYHOK CEUEHUS C H300paKEHHUEM CXKATOU 30HBI, a TAKXKe BBIBOATCA AeopMmariy 6eToHa
U apMaTyphl.

HpOBepKa 10 TPCMHHOCTOﬁKOCTH BKJIFOYACT OIIPpCACIICHUC MOMCHTA 06pa30BaHI/I$I TpCIIHUH H

OIpCACIICHUC HMIMPHUHBI PACKPBITHA TPCHIHUH. MowmenT TpeH_[I/IHOO6paSOBaHI/I$I Mcrc OIIpEACIIACTCA I10

HOPMAaTHBHBIM 3HA4YCHUSIM CONPOTHBICHUH OETOHA W apMaTypsl OIS IIPENeIbHOTO COCTOSHUS
pacTsHyToro O€TOHa, KOTOpPOE XapaKTepU3yeTcs PAaBEHCTBOM  HAMOOIBIIETO  HAIPSDKECHUS
conporusieHuto R, [1], 6.1.24.

HanpsikeHnus B pacTsHyTOH apMmaTrype nocjie o0pa3oBaHMsl TPEIIUH Os U Os crc, BXOASIINE B (hOPMYJIbI
[1], (8.128), (8.137), BEIUMCIIAIOTCS HA OCHOBE JUarpaMM jaedopMupoBaHust O€TOHA U apMaTypBhI.

[Tnomans cedeHus: pacTSIHYTOro O6eToHa Apt M IUIONMIA[b CEUYEHHUs PACTSIHYTOW apMmaTypsl As, depes
kotopeie 1o ¢opmyne [1], (8.136) Bbuucasiercss 6a30Boe paccTosHHE |s MEXIy TpelMHaAMH,
OTIpE/IETISAIOTCA HEMOCPEICTBEHHO Mepe] oO0pa3oBaHMEM TpeIlMH. 3HaueHue Apt ompenensercs npu

CIIEIYIOLIMX OTPAaHMYCHHUSX HA BBICOTY PACTSIHYTOH 30HBL: Xt > 2a, Xt < h/2, rne a — paccrosiHue OT
apMaTyphl 10 OnrKaiieil CTOpoHbI ceueHus, N - BbICOTa CEUCHUSL.
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Jluteparypa

1. CIT 63.13330.2018 «CHulIl 52-01-2003 bBeroHHble Uu XKeJI€300€TOHHBIE
KOHCTPYKIUU.OCHOBHBIE TIOJIOKEHUS.
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[Iporpamma npemHa3HavYeHA 1Tl pacuéTa MHOTOIIPOJIETHOM cTabHOM 6anku cormacHo CHull I1-23-81*
“Cranpubie koHCTpyKmu” [ 1], mu6o no CIT 53-102-2004 “O01mue npaBuiia MpOSKTUPOBAHUS CTATBHBIX
koHcTpykiuit” [2], 6o CIT 16.13330.2011 “Cranpubie koHCTpykiuu” [5]. Bo3moxkHO 3amaHue
IIaPHUPOB, KOHCOJIEH, MPUMBIKAIOIIUX CTOEK U YIPYTruX onop. Moryrt 3aaaBathcsi pacipeaenéHHble U
COCPENOTOYCHHBIE HArpy3KH, a TAKXKE TEMIIEpATypHbIE BO3IAEHUCTBUSA M OCaaKu ornop. PacuérHeie
cCoueTaHusl ycuiIui onpenensroTcss aBromaruuecku cormacHo CHull 2.01.07-85 “Harpysku u
BosnerictBus” [3], mu6o mo CII 20.13330.2016 “Harpy3ku u Bo3aeiictBus” [6]. PeamuszoBanbl
NPOKAaTHBIE 1 HECUMMETPHUYHBIE CBAPHBIC CEUCHHUsS M3 IIBEIJICPOB, ABYTaBpa U KOpoOa ¢ BO3MOXKHBIM
3aJaHHEM JIOTIOJHUTENBHBIX TOSICHBIX JIMCTOB. Pacyer NpoOM3BOIUTCS MO YIPYroil WM yIpyro-
IUIACTUYECKOW cXxeme ¢ nepepacnpenesneHueM ycwiuid. IIpoBonmsdTcss pacyeTrbl IPOYHOCTH,
YCTOMYUBOCTH IUIOCKOW (opmbl u3ruba Oanku, YCTOMYMBOCTH CTEHKH C YCTaHOBKOH, TIIpU
HE00X0IMMOCTH, pedep skecTKocTH. [l 6anKku U3 MPOKaTHOrO NPOQHIIS peaTn30BaH PeKUM moadopa
MHUHMMaJIbHO HOMEpa NpoQuiisi, YAOBIETBOPSIOLIETO YCIOBUAM MPOYHOCTH. i1 cBapHOro IByTaBpa
BO3MO>KEH 10/100p pa3MepPOB CEUEHUS C YCTOMYMBOM UM C THOKOW CTEHKOM.

1. PacuérHas cxema

PacuérHas cxema mnpencTaBisieT COOOH MHOTONPOJETHYIO Hepa3pe3Hyl OalKy ¢ KOHCOJSMH.
MakcuManbHOE KOJIMYECTBO NPOsETOB paBHO 10. I KOHLEBBIX ONOP MOKHO 3a/laBaTh YIPYroe
3amiemiieHHe. B omopax CHU3y W/MIM CBEPXy MOTYT YYUTBIBATHCS TPUMBIKAIONINE CTOWKH,
IIPEAYCMOTPEH BBOJ BEPTUKAIBHBIX IIPYXKUH B 0nI0pax. B mposiérax MoKHO 3a/1aBaTh LIAPHUPBI.

Puc. 1.  IIpumep pacu€THOil CXEMBI

2. HarpyxeHnue

PaznuuaroTcsi MOCTOSIHHBIC, UITMTENbHBIC, KPATKOBPEMEHHBIE U 0COOble Harpy3ku. Bo3moxkeH yder
CIIEMYIONINX HArpy30K: PaBHOMEPHO pacHpeleseHHbIX, OJIOYHBIX, TPamneueBUIHBIX, HArPy30K Ha
HeperBITI/Ie, COCpeJIOTOquHBIX CHII, COCpe}IOTO‘—IeHHLIX MOMCEHTOB, CKa4dKa TeMnepaTprI U CMCUICHUA
orop. JmuTensHble W KPaTKOBPEMEHHBIE HATPY3KH MOTYT OOBEAMHSATHCS B TPYMIY HECOUYETAEMBIX
Harpy3ok (Harpy3k HE MOTYT JIeHCTBOBATh OJTHOBPEMEHHO). BpeMeHHas Harpy3ka MOXKET 3a7aBaThCs
KaK 3HAKOTNEpEeMEHHas Harpy3ka. B aTom ciydae, B pacdy€re y4uWTHIBAETCS 3a/JaHHAs Harpy3ka
Harpy3ka IPOTUBOIIOJIOKHOTO 3HaKa. /[ BpPEMEHHBIX HAarpy3oK, IEHCTBYIOIIUX Ha HECKOJIBKUX
MpoJIeTax, BO3MOXKEH YUeT HeOIaronpusaTHOTO pacipeneseHus Harpy3ku o mpojetam. [Ipu pacuere mo
CII 16.13330.2011, ecnu ecTb HEOOXOAUMOCTh YYECTh OMMOMEHT, BO3SHUKAIOIIMKA MPHU CTECHEHHOM
pr‘-IGHI/II/I 63.JIKI/I, JOITOJIHUTCIIBHO 3a4acTCs IIOJIOKCHUC Harpy31<1/1 OTHOCUTCIIBHO I.[CHTpa TAXKECCTU
npodus.
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Puc. 2.  Buasl Harpy3ok

3. Omnpenenenne BHYTPEHHUX CHJIOBBIX (PAKTOPOB

Ycunus onpenensioTcss METOJOM HauyalbHBIX IapaMeTpoB OTACNBHO IS KaxaoW Harpysku. [lpu
HE00XO0AMMOCTH yueTa HanpsiKeHUu| oT ctecHeHHoro kpydeHus o CIT 16.13330.2011, momumo 3amaumn
00 m3rmbe Oayku, pemaeTcss TEM K€ METOJIOM 3ajadya O CTECHEHHOM KpydeHWH. J[7s BpeMEHHBIX
Harpy30K OIpeNeNsIioTCs MaKCUMalbHble 1 MHUHHUMAJbHBIC YCUJIMS B KaKJIOM CE€YEHUU M ONOPHBIC
peaknuu ¢ yuétoM Hambosiee HEOIAaronpUATHOTO paclpeaesieHUs] Harpy3Ku Mo IposiétaM (eciu yder
HeoOxoauMm). IIpu pacdere ¢ ydeTrom ImiacTHYeCKUX nedopmaruii yIUThIBacTCs MepepacnpeieieHue
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OTMOPHBIX W TMPOJIETHBIX ~ MOMEHTOB  corijacHo 1. 5.22  CHull  1I-23-81*  wumm
n. 9.2.5 CII 53-102-2004 wnu . 8.2.5 CIT 16.13330.2011. {anee, B coorBercTBHH ¢ npaBuiamu CHull
2.01.07-85 wmum 8.2.5 CIT 20.13330.2016, ctpoutcst Tabnuiia Haubosee OMacHbIX COYCTAHUN HATPY30K,
KOTOpAst UCTIOJIB3YETCsI B JAIbHEHININX pacyeTax.

4. Pacyer HA POYHOCTH

Pacyer Ha MPOYHOCTH MO YIPYToi CXeMe OCYIIECTBISETCS B COOTBETCTBUU ¢ . 5.12-5.14* CHull 1I-
23-81* mim 9.2.1-9.2.2 CII 53-102-2004 nnu 8.2.1-8.2.2 CIT 16.13330.2011. IIpu ydere miaacTHIECKUX
nedopmaruii, pacyeT Ha IPOYHOCTh Mpou3BoAUTCs coryacHo 1. 5.18* CHull 11-23-81%* nmum . 9.2.3 CII
53-102-2004 wmu 8.2.3 CIT 16.13330.2011.

5. Pacuer ycroitunBoCTH IJI0OCKOH (p)OPMBbI H3ruda 0aaIKn

Pacuer Ha yCTONYMBOCTD HE MPOU3BOAUTCS NIPU NIEPEAaYe HArPy3KH Yepe3 CIUIOIIHOM KECTKMM HAaCTHII,
HENPEePbIBHO OIUPAIOLIMNCS Ha CKAThIH MOsIiC OAJIKU U HaJIS)KHO C HUM CBsI3aHHBIH. Bo Bcex ocTalbHBIX
Cllydasix, TPOU3BOJUTCS MPOBEPKA YCTOMYMBOCTH IUIOCKOW (opMBbI m3rmba Oanku coriacHo m. 5.15
CHullI 1I-23-81* unu 9.4.1 CII 53-102-2004 wnu 8.4.1 CIT 16.13330.2011. Ilpu sToM K0dpduimeHt
YCTOMYMBOCTH NpU HM3rube ¢h ONpenensercss pacueTHbIM IIYyTEM C yYeTOM KOHKPETHBIX YCIOBHUH
HarpyxkeHuss Oanku (PCY, PCH, mnonoxeHuss Harpy3ku), KOHKPETHOrO MNpoQuis U YCIOBUHN
3aKpeIICHUs OT CMEUICHMSI B IIONIEPEYHOM HalpaBiIcHUH. B 4acTHOM cirydae JBYTaBpOBOI'O CEUEHUS U
MPOCTEHIINX TUIIOB HATPYKEHHS pe3yNbTaThl pacuera coBnaaiot ¢ 1. 2 [Ipunoxenus 7* CHull 11-23-
81* mwm mm. M.4-M.6 Tlpunoxenus M CII 53-102-2004 wmm mm. XK.4-)XK.6 IMpunoxenns XK CII
16.13330.2011.

6. Pacyer ycTOiYMBOCTH CTEHKH 0AJTKH
Jlnst Ganky W3 CBApHOTO HPOGUISL MPH YCIOBHOH TMOKOCTH CTEHKH “tw> 3.2 MpOBOIUTCS pacder
YCTOWYUBOCTH CTEHKHM coriacHo mm. 7.2*-7.6*,7.9 CHull 11-23-81* wim 9.5.2-9.5.8 CII 53-102-2004
win 8.5.2-8.5.8 CII 16.13330.2011. IIpu BbIOOpE aBTOMATHUYECKOW YCTAHOBKHM pedep »KECTKOCTH,
porpaMMa yCTaHaBIMBAET UX B COOTBETCTBUM ¢ NojoxeHusMu 1. 7.10 CHull 11-23-81* wiun 9.5.9 CII
53-102-2004 wmm 8.5.9 CIT 16.13330.2011, HO Tak, YTOOBI BBHIMOJIHSUIUCH YKAa3aHHBIC BBIIIE YCIOBHUS
YCTOMYMBOCTH CTEHOK B OTCEKaX.

/. BbIBOA pe3yJIbTaTOB

BBIBOJ COCTOUT U3 CIIEYIOINX YACTEN: pacueTHas CXeMa, Harpy3KH, pe3yJIbTaThl pacueTa BHYTPEHHUX
CHJIOBBIX (paKTOpPOB, PACUETHBIE COUETAHUSl YCHIIMM, XapaKTEpUCTUKU CEUEHUS, pe3ysbTaThl pacuera
IPOYHOCTH, PE3yJbTaThl pacueTa YCTOHUYMBOCTU Oallki U €€ CTeHKH. BbIBOJ JII00OH U3 3TUX BOCBMHU
yacTed MOXHO pa3pemiarb WIM OTMEHATh (iakkamu yrpaBieHHs BbIBoJoM. IlomMuMo BbIBOAA
YHUCIIOBBIX 3HAYEHHH, TPETyCMOTPEH U BBIBOJI T'pa(UKH.

CTATUKA-2024. Onucanue npoecpamm 320 — CranpHas Oanka



135

PacuerHas cxema:

100%
:2.00—4
'[; E0%
L 0 : "
st 1 — 2 : 3 =
A E e o
—z. 00— 5.00 + &.00 4.00 4
503
OnmopwH Onopa t [cHm] Onopa t [cwm]
A 30.0 B 30.0
C an.o I 30.0
SameMIeEHKME OpaE. = 50 % le = 4.00 M
CToOMREM Onopa h [m] E [%] I [cwmd]
B BEpPX 3.00 100.0 10000
C HMS 3.00 50.0 10000

3I[GCB BBIBOIATCA OCHOBHBIC TCOMCTPHUUYCCKUC ITAapaMCTPbl CUCTEMBI: Pa3MCPbI BCCX IIPOJICTOB U CTOCK,

LIMPHUHA OIIOP

Harpy3ku:

Harpyxenue 2 NoCTOAHHHE HAaDpPYSEM

“t”, pacroaoXeHHne MapHUPOB, 3alleMIICHUE KpalHUX OTIOp.

4

-&

-1z £.00 z.00+ 7.00 } &.00 |
N. HOpomér a = pn/P po/M
[1] [] [kH/ /M, rH, RHM]
FaEHOMEDH. 1 1-3 25.00
CocpemomT. 1 2 .00 125.00
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Buytpennue cuinoBblie pakTopsl:

YCUIWMA B CEUYEHUU 0o NIMHEElHO yOpyToll TeopuU
Harpy®xeHue 1 MOMEHTE My o [kHM]
M =1 :115
-21.47 T2L-4B
-18
-12
-6
0
3
12
18 ! !
21.43 21.43
HarpyxeHue 1 NonNepedYHHe CHMIB Quyanp [KH]
M =1 :115
25.29
24 [20.70 20.00
16
@
0
-8
-16
—24 -20.00 -20.70
-29.29
HarpyxeHue 1 nporube fynp [MM]
M =1 :115
-.65
o |
1
2
3
3.25 3.25
max min
Ipo b8 M, Q. Wi M, Q1 Wi
aem [Mm] [kHM] [xH] [Mm] [EHM] [rH] [Mm]
1 0.00 0.00 20.70 0.00 0.00 20.70 0.00
1 1.25 18.07 8.20 2.49 18.07 8.20 2.49
1 2.07%* 21.43 0.00 3.22 21.43 0.00 3.22
1 2.29%* 21.18 -2.15 3.25 21.18 -2.15 3.25
1 2.50 20.51 -4.30 3.22 20.51 -4.30 3.22
1 3.75 7.33 -1€.80 1.93 7.33 -16.80 1.93
1 5.00 -21.48 -29.30 0.00 -21.48 -29.30 0.00
2 0.00 -21.48 20.00 0.00 -21.48 20.00 0.00
2 1.00 -6.50 10.00 -0.57 -6.50 10.00 -0.57
2 2.00%* -1.48 0.00 -0.865 -1.48 0.00 -0.65
2 3.00 -6.50 -10.00 -0.57 -6.50 -10.00 -0.57
2 4.00 -21.48 -20.00 0.00 -21.48 -20.00 0.00
3 0.00 -21.48 29.30 0.00 -21.48 29.30 0.00
3 1.25 7.33 16.80 1.93 7.33 16.80 1.93
3 2.50 20.51 4,30 3.22 20.51 4.30 3.22
3 2.71%* 21.18 2.15 3.25 21.18 2.15 3.25
3 2.93%* 21.43 0.00 3.22 21.43 0.00 3.22
3 3.75 18.07 -8.20 2.49 18.07 -8.20 2.49
3 5.00 0.00 -20.70 0.00 0.00 -20.70 0.00

J1s1 KaXX10ro HAarpy>KeHUs BBIBOJATCS XapaKTEPUCTUUECKUE MAKCUMAJIbHBIE U MUHUMAJIbHBIE YCUIIUS B
CECUYCHUN Myl'[p u le'[p Paznnune MCXKIY MaKCUMaJIbHBIMU U MUHUMAJIbHBIMU 3HAYCHUSAMU BO3HUKACT
TOJIBKO A JJIWATCIBHBIX MW KPATKOBPEMCHHBIX HAIrpy30K W CBA3aHO C 6HaFOHpI/I${THBIM n
HEeOIArONMPHUATHBIM paclpeaeIeHUeM dTUX HArPy30K MO MpoJieTaM. Pe3ynbTaThl BBIBOASITCS Ha TPAaHHUIIAX
IIpoJICTOB, B TOYKaX C MAaKCHMAJIbHBIMH 3HAYCHUAMU BHYTPCHHHX CHIIOBBIX q)aKTOPOB (TO‘IKI/I
MOMEYEHBI “*”’), a TakKe B MPOMEKYTOYHBIX TOUKAX, OTPEICTICHHBIX MOJIH30BATEIIEM.

BbIBOL pacyeTHBIX COYETAHMM YCWIMHM AaHAJIOIMYEH BBIBOAY pPE3YJIbTAaTOB YIPYIroro pacuera
BHYTPEHHUX CHJIOBBIX (pakTopoB. [y 6anok 2-ro kiacca (I0MmyCcKaroTCsl OTpaHUYCHHBIE TIACTHYECKUE
nedopmanun) BeiBogsATca PCY 10 1 mocine nepepacnpeieneHus NpoJeTHBIX U OOPHBIX MOMEHTOB.
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Ceuenue OanKu U €ro XapaKTepUCTHKU:

CeyeHHE

B ann K

Ipoduxae
M= 1

CedeHHE
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EHCOTA h 300m™ TOJ . CTEHKK
noAac wup.ononrx bl = S0mm TOJI . I0ONKH
wHp.oaMTH blp= 300m™ TOJ . IJOHTH
noAac wHp.nononrx b2 = 120mnu TOJI . I0ONKH

CEHEHNA

MaTepuan Balrmx

pacCcTOAHME MEXODY WNEENITEepPpaAMHK

NIoWank A
CT.MOMEHT 33X
CE.REpPYH. It
MOM.CONODD . L0

cTrags CIF45
Mon.y¥yaTpyr. E
conp.uws3r. Ry

90.1em

SZ28 . cH3
34.9cmd
943 . cH3
ZO0E.THOA
315.mMOA

MOM.HMHEPIOHH
HMOM.MHEPIOHH
CERT.MOMEHT
HMOM.COIIpPp . CH

HMoOoOo.CcCOEHIAa
CoOnop.CcOBHDIY

tw
£l
t1

Ix
Iy
Itw
e

= 6. 0MHK
= 12.0mMu
= 3.0mm
= 12.0mMu
= 100 .0mum
=1.413ed4cmd
= 7094 . cmd
=5.8Z0eicMmb
= 922 .1cm3
= 79 .2T0a
= 1833 .MIa
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BriBonuTcss m300pa)keHHE OCHOBHOTO MPOQHIIS W, €CIU CeYeHHE OalKu COCTOMT M3 HECKOJIBKHX
JJIEMEHTOB, TO - M300pa)XEHHE COCTABHOIO ce€4eHus. JlJIi pacueTHOro CEYEHHUs BBIBOJIATCS BCE
TEOMETPHUECKHUE XaPAKTePUCTHKHU, HEOOXOAUMBIE ISl pacdyeTa MPOYHOCTH M YCTOWYMBOCTH, a TAKXKE
XapaKTepUCTUKU MaTepuana Oaliku.

Pe3ynbrathl pacuera mpoYHOCTH OATKU:

PESyNIBETATH pacueTsa Banmkmr l-ro wmacca nmo CIO 53-102-2004, gammsa c=0.90
Epuruuecroe PCF N Harp rRosg. IpOJETH
1 1 1.00 mlz3
PacyeT Ha OPpOUHOCTE MAak®RD. MOMEHT M = 29ZrHM B onope B mpm PCF N 1
vyomnmoeMe [(35) M/ [W*Ry*gamma c| = 1.12 FCHNOBHE HE BHIOONHEHO!
HanpaxeHua HoOpManbHHEe sSigma x [MIal]
M = 1 :140
z40 : Z09._67 : z05.11 :
160 : : :
&0 : : : ?/2,-13«5\\\
u} ? - -
—an 5 —47. 174
-1g0
—Z40
21646 -301.00
MaKC.IDOOep.cHIa Q = 313 rH E onope B nmpuw PCY¥ N 1
vyoaoBEre [36) o*s/ (I*tw*Rs*gamma_c) = 0.59 FCOIOOEME BHIODNHEHO
HanpaxeHwua racaTenrHHe tau_xy [MIOa]
M =1 :140
13z : : :
: 91:732 :
28 £1.78 7E. 5L
i’ [ | |
0 ;
-44 : ‘ ‘ RRMJ
-68 : ! !
-1lz22 :
MaKC.3EBEMESJISHTH. HalDlpAXeHMdA B onoope B npw PCY N 1
sigma_x= 273MIOa sigma_y= OMIOa tau_ xy= -78MIa
vyoaoeEme [38) sigma_osee/ (Ry*gamma_c)= 0.84 FCOIOOEME BHIODNHEHO
HanpaxeuunA IREMEANEeHTHHE =Sigma_2re [Mla]
M =1 :140
237.58 2ZE. 98

-4 :
s L - /f//k\\\\/f’;éﬁﬁaah
75 : &
43 9
[n] - - n

=75

=150
Jns 6anku 1-ro kmacca (TOJbKO ympyras paboTa cedeHus) BBIBOJSATCS rpaduueckue M300paxKeHus
pacripenieNieHuii 1Mo JuiMHe Oallki MaKCHMalbHBIX HOPMAaJbHBIX, KAcaTeNbHBIX M JKBUBAICHTHBIX
HaINpsDKCHUH, a TaKXKe Pe3ylIbTaThl pacdyeTa MpOoYHOCTH 10 Gopmynam (28), (29), (33) CHull 11-23-81*
wi (35), (36), (38) CII 53-102-2004 unwu (41) - (44) CIT 16.13330.2011. Ecnu He 3a7aHa ycTaHOBKA
pebep JKECTKOCTH, TO TPOBEPSETCS TaKXKe IPOYHOCTh CTEHOK OalKM B TOYKAaX MPUIIOKCHUS
COCPEOTOYEHHBIX CHJI U B OMOPHBIX ceueHmsX 1o ¢popmyinam (31) CHull 11-23-81* wm (40) CIT 53-
102-2004 wnm (46) CII 16.13330.2011. Ecnu gomyckaroTcst miactudeckue aedopmaruu (0anka 2-ro
KJ1acca), TO TMpOBepKa MPOYHOCTH Mpou3BoauTcs 1o Gopmynam (39), (41) CHull 11-23-81* umu (44),
(48) CII 53-102-2004 wmu (50), (54) CII 16.13330.2011. Yyactku O6ankd, Ha KOTOPBIX HapyIIAIOTCS
COOTBETCTBYIOIIME YCIOBHSI IPOYHOCTH, OTOOpaXKaroTcs Ha rpadukax KpacHBIM IIBETOM.
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Pe3ynbrarhl pacuera ycTOWYNBOCTH OAJIKH:

FoTOHMUMEBOCTE BamBRM HaMbonee onacHoe PCY¥ N 1 Marc.MoMmesRT I 137rHM
Bro=dbdMI. psi = 2.84 wrozd.ycromru. fi b = 0o.44
YyoaOoBEHe [B2) M/A(fi_b*We*Ry*gamma_c) = 2Z.3Z¥CHNOBHE HE BHIONIHEHO!
fo0pHa NOTEpPpH ¥FCOTOHUMEOCTH [YCHNOBHHE EXHHMIH]
M = 1 :140
40
z0
i
-z0
-40
Pefipa XeCcTKROCTH OIpo ®oop.RoX.mwar PCYF M o] F gamma
neT [21] [cm] [mHmM] [rEH] [RH/m]
1 0.0D =] 50 Z 75.6 35.8 474 .5 0D.31
2 Z2.50 3 a6 1 -16.5 -88.3 o.0 0.33
Z 4.18 2 41 1 -110.6 -119.2 0.0 D0D.63
3 o.00 10 a6 1 -10Z .6 112.09 -821.4 0.63
3 5.60 1 40 3 -84.4 -113.4 0.0 0D.53
4 o.o00 3 a6 3 -80.7 8.4 -707.8 0.49
4 3.36 2 3z Z -15.9 -67.4 0.0 0D.20
4 4.00 1 ] 4 -0.2 -1.3 o.0 0.00

Jli1st Haubosee onacHoro PCY BBIBOIUTCS pe3ysibTaT MPOBEPKH YCTOWYUBOCTH IIOCKO# (hOpMBI H3ruda
o popmye (34) CHull 11-23-81* nmm (62) CIT 53-102-2004 wu (69), (70) CIT116.13330.2011, a Taxoke
dopma morepu yCTOWIMBOCTH ISl YIJIa 3aKPYIHBaHUsI cCeueHUs. J{J1sl yCTaHOBICHHBIX TIPOTPAMMOM HITH
HOJIb30BATENIEM MOIEPEYHBIX pedep JKECTKOCTH BBIBOMSATCS PE3YJIbTAThl MPOBEPKH YCTOWYHMBOCTH
CTEHKH B OTCeKax Mexay peOpamu. [Ipy HaIMYMU HECKOJBKHX IOCICIOBATEILHBIX OTCEKOB C
OJIMHAKOBBIM IIIaroM, IPOBEPKa BBIBOJAUTCS JJIs1 HAUMEHEE YCTOWYUBOTO U3 HUX.
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[IporpamMma mpenHazHadyeHa i pacyeTa CTANbHBIX CTEP)KHEBBIX HECYIIMX 3JIEMEHTOB, CEYEHHE
KOTOPBIX COCTOUT M3 TOHKOCTEHHBIX XOJIOJHOTHYTBIX OIIMHKOBAHHBIX MPOQHIICH MIBEIIEPHOTO THIIA.
PacyeTsl MpOYHOCTH M YCTOMYMBOCTHU 3JI€MEHTa MPOBOJSATCS B COOTBETCTBUU ¢ TpeboBanusimu CHull
11-23-81* [1] u CII 53-102-2004 [2]. B Tex ciy4asix, KOT/la COOTHOIICHUE JJIMHBI JTMHEHHBIX Y9aCTKOB
npodwiss M ero TONIIUHBI HE 00ECHeuMBaeT JIOKAIbHOH YCTOWYMBOCTH CTEHKH W/HWIM TOJIKH,
NPOM3BOIUTCS  PEAYLMPOBAHUE CEUEHMS W pacdeT C  yMEHBIIEHHBIMH  IPOYHOCTHBIMHU
XapaKTepUCTHUKAMHU.

1. PacuerHasi cxema

B nporpamme paccMaTpuBarOTCS TPU PacdETHBIX CXEMBbl: OJHOIIPOJIETHAs 3alleMJICeHHas OaJika,
OJIHOIIPOJIETHAs! CBOOOAHO onepTast 0aJIKa U y4aCTOK CTEPKHS MEXy 3aKpeIlICHUsIMU.
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2. Harpy3ku

B nmporpamme 3anatotcs pacueTHble coueTaHus yCUiInii. BapuaHTsl IpuUiioKeHUsl Harpy30K NPUBEICHBI
Ha puc.2. Harpy3ku c4uTaroTCs MPUIOKEHHBIMU B IIEHTPE KPYUCHHS CEUCHUSI.

”:&TVYVYYPYVYTN évyyyy:y%#
P P
T L m 1 12 12 f
7| o Q
f\ &P MZQ ‘N\;y
TLM 12 )

Puc. 2

3. Ceuenue

Bo3MoxeH pacucT 3JIEMCHTA, COCTOSIIUN KaK U3 OJUHOYHOI'O HpO(l)I/IJ'IH, TaK U COCTABJICHHOI'O U3 ABYX,
TpEX MHIHN YCTBIPEX HpO(i)PIJ'IGfI. Bo3MoxHEbIE BApHUAHTBI COCTABHBIX Ce4YECHUI IPpUBCACHBI Ha

e
1 LT X

Puc. 3

['OpU30HTATBHO U BEPTHKAIBHO PACHoOIoKeHHbIe mpoduin paszauyabl. Dopma U pazmepsbl npoduieit
3a4ar0TCA ITOJIB30BATCIICM U, B 3aBUCUMOCTH OT HAJIMYHUA U BSJIMUUHBI TCX UJIW UHBIX MMApaMCTPOB, MOT'YT
npUOOpETaTh Pa3JIMIHbIN BHJI, KaK 3TO NIOKa3aHo Ha puc.4. CeyeHne BCeria CYMNTACTCS PACTION0KESHHBIM
TakuM obpasom, uto I, > 1, .
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4. Pacuer

Pacuer snemeHTa ¢ UCXOHBIM CEYEHHEM OCYIIECTBISETCS B COOTBETCTBHH ¢ TpeboBanusimu CHull I1-
23-81* u CII 53-102-2004. To ecTb, ecnu pacueTHasl cXxeMa W Harpy3Kd TaKOBBI, YTO HEOOXOIMMO
MIPOBECTHU PacyeT U3rudaeMoro 3MeMeHTa, TO IPOU3BOATCS MPOBEPKHU IO HOPMaJIbHBIM, KacaTeIbHBIM
W DKBUBAJICHTHBIM HampspkeHHsM 1o mm. 5.12, 5.14, 5.17 CHull 11-23-81*, a Ttakxke mpoBepka
ycroiunBocTd 1iockoit opmer u3ruba ([IOM) mo 5.15 CHull 11-23-81*. Cxaro wusrubaemsbie
3JIEMEHTHI IIPOBEPSIOTCS IO HOpMAIbHBIM HanpsikeHusM (popmyna (50) 5.25 CHull 11-23-81%). 3atem,
B 3aBUCHMOCTH OT BEJIMYMH SKCIEHTpUCUTETOB 110 1. 5.3 miu 5.27 CHull [1-23-81%*, Ha ycToHYrBOCTD
B 00enx ImiockocTsax. KoaduimeHTs mpogoapHOro u3ruda B MporpaMMe pacCUMTHIBAIOTCS TEM JKe
croco6oM, Kak U ipu cocTaBienuu tabnui 72-74 CHull [1-23-81*, onucannbim B . 5.7, 5.35 Tlocobus

[3]. B 3aBUCHMOCTH OT HAJIWYMS WJIM OTCYTCTBUS B Harpyske MomenTa M, | smemenT npoBepsiercst TnGo

Ha YCTOMYMBOCTH TP COBMECTHOM JIEHCTBHM HArpy30K B pa3HBIX MockocTsx (1. 5.34 CHull I1-23-

81%*), 1100 Ha MOTEePIO0 YCTOMYNBOCTH U3 INIOCKOCTH MaKCHMaIbHOM skecTkocTH (1. 5.30 CHuII 11-23-
81*).

5. PenynupoBanue ceueHusi

B snmemeHTax W3 TOHKOCTEHHBIX THYTHIX MPOQHIIEH, Kak MpaBHUiIO, HE COONIOMAIOTCS COOTHOIICHHS
MEXIy IIMPHHON TIOJIKA W/WIM BBICOTOM CTEHKH W TONIMUHON Npoduisi, 0OECIeYHBAIOIINE WX
JOKaJbHYI0 YCTOMYMBOCTh. IJTO MPHUBOJUT K JIOKAIBHOMY BBITYYHMBAHUIO OTICIBHBIX YYaCTKOB
JJIEMEHTa, KaK 3TO TOKa3aHO Ha puc.5. JlokampHash moTeps YCTOMYMBOCTU OTIENBHBIX y4YacTKOB
JJIEMEHTA HE MIPUBOIUT K UCUEPITAHUIO €T0 HECYIIEeH CIIOCOOHOCTH, HO JOJKHA OBITh KAKUM-TO 00pa3oM
yuteHa rnpu pacuere nocienneil. B CHull I1-23-81* sTo yunThiBaercs B 1. 7.20* myTem peayupoBaHus
(ymenbIieHus) miomanu cedeHus snemenTa. K coxanenuro, B CHull 11-23-81* mpuBeneno npasuiio
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peAyLIUpOBaHUs TOJILKO JUIsl OJHOTO YaCcTHOTO cllydas: LeHTpaJbHOro cxarus. [IpaBuia
peAylUMpOBaHUS  CEUYEHHUS IS o0miero  ciydas  Harpy)KeHHs  JJEMEHTa  W3JI0KEHBI
B EBpokone 3 [4]. U3 puc.6 BuUIHO, YTO TIpaBWiIa PEIYyLUPOBAHUS CEUYCHHUS B E€IUHCTBEHHOM,
uznoxkenHoMm B CHull 11-23-81* ciyuae, coBnaaaroT ¢ npasmiiamMu EBpokojia 3, OCKOIbKY OTydatoTCs
U3 peuleHus OJHOW M TOW ke 3amauyd MexaHuku, npu dstom B CHull II-23-81* BMmecTO
HEMOCPEJACTBEHHOTO PEIICHUS IPUBEICHA €T0 KyCOYHAsi HHTEPIOJISIUS. JTO MO3BOJISIET UCIIOJIb30BATh
MpaBWiia peaylUpOBaHMs CedeHMs], u3NokeHHble B EBpokoze 3, u B oOuieM ciayyae HarpyXeHHS
JJIEMEHTA.
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PenyuupoBanue cedeHHs] MPOU3BOIUTCS MO (PAKTUUECKOMY HAIPSHDKEHHOMY COCTOSTHUIO 3JIEMEHTa C
UCIIONIb30BaHUEM UTEpalUi Tak, 4TOOBI paclpeieieHre HanpsHKEHUH B CEYCHHH, YYUTHIBAEMOE MpU
OTIpeIeIeHUH OTOPAChIBAEMBIX YYaCTKOB, COOTBETCTBOBAJIO XapaKTEPUCTHUKAM pPeIylUPOBAHHOTO
CEYCHUs, KaK ATOro TpeOyroT nmpasuia EBpokoaa 3. DIIeMeHT ¢ peIyIIipOBaHHBIM CEUSHUEM TTOBEPSICTCS
Ha MPOYHOCTh U YCTOMYMBOCTH AHAJOTUYHO DJIEMEHTY C MCXOJHBIM CEYCHHEM, KaK dTO OINHCAHO B
paznene 4.
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Jluteparypa

1. CHullI II-23-81%*, Cransubie koHCTpYKIHH. ["'occTpoit CCCP, 1982.

2. CII 53-102-2004, O6mmume mpaBuiia IPOSKTUPOBAHUS CTATHHBIX KOHCTPYKIIHIA.
HUUCK um. B.A. Kyuepenko, 2004.

3. IMocoOue 1Mo MpoeKTUPOBAHHIO CTANBHBIX KOHCTpYKIui (k CHull 11-23-81%).
[MHUUMCK um. B.A. Kyuepenxko, 1989.

4. EN 1993-1-3:2004, Eurocode 3 — Design of steel structures — Part 1-3: General
rules. Supplementary rules for cold-formed members and sheeting. EUROPEAN
COMMITTEE FOR STANDARDIZATION, 2004.
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341 — Pacuet aByTaBpa ¢ ropUPOBAHHON CTEHKOM
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[IporpamMMa mpenHazHayeHa [UIs pacueTa CTajbHBIX CTEP)KHEBBIX HECYIIUX JJIEMEHTOB, CEYCHHE
KOTOPBIX TPEACTaBIsieT COOOH JBYTaBp ¢ TOQPUPOBAHHOW CTEHKOH. PacueTsl mnpoyHOCTH U
YCTOWYMBOCTH 3JIEMEHTA IPOBOASTCS B COOTBETCTBHUM ¢ TpeboBanusimu 1. 20.6 CIT294.1325800.2017.
PeanuzoBaHo 1Ba pexuma paboThl IPOTrPaAMMBbI:

1. TloxGop pa3mMepoB MOSICHBIX JUCTOB U BBICOTHI MOJIYBOJHBI rodpa.

2. TIpoBepka MpOYHOCTH U YCTOHUMBOCTHU DJIEMEHTA.

1. PacuerHas cxema

B ImporpamMme pacCMaTpruBarOTCA ABE PACUCTHBIC CXEMbI: OJHOIIPOJICTHAA CBO6OI[HO onepras Oanka u
YYaCTOK CTCPKH MEXKAY 3aKPCIITICHUAMMU.

ARAARRAADE

T T

.
™

Z Y- ly

S

il
™~ L

Puc. 1

Tun sneMenTa — U3rnOaeMbli, JTHOO CKATO-U3THOAEMBIM — MOJKET OBITH 3aJaH I0JIb30BaTEIEM HIIU
aBTOMATHUYECKHU OIPEAEIIEH IPOrpaMMON B 3aBUCUMOCTH OT HArpy3oK: IPU OTCYTCTBHM NPOJOJIBHON
Harpy3Ky WIH IIPU €€ OTHOCUTEIIBHOM 3KCIleHTpucHuTere 6osee 20, 3IEMEHT CUUTAETCS U3TUOAEMbIM.

2. Harpy3ku

B nporpamme 3aparorcs pac4eTHbIE COUETAaHMS YCHINNA. BapraHThl IPWIOKEHUS Harpy30K IPUBEICHBI
Ha pucyHke. /s oneptoii Oanku 3aaercs Mosc, K KOTOPOMY IIPUIIOKEHA MoTepeyHast Harpyska.

ARAAARAR DY

A . Zpy Y Qz| o QY
T P ¢ FI‘FITT M}{L L/N:z Mz%m},
N\ Yy 1Qz -
HTET’ 12 12

N
y Q
T
3. Ceuenmne

Puc. 2

Ceuenune dJIeMEHTa — PaBHOMOJIOYHBIA JBYTAaBp CO CTEHKOW CHHYcOMAaIbHOU (opmbl (puc.3), mmubdo
JBYTaBp C MOSICaMU U3 THYTBIX LIBELIEPOB (pUC. 4).
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[lpy mpoBepke TPOYHOCTH W YCTOWYMBOCTH DSJEMEHTa BCE pa3Mepbl IByTaBpa 3aaloTCs
noJjp3oBaresneM. [t IByTaBpa ¢ mosicaMH U3 JIMCTOBOM CTaIM PEATH30BaH PEXHUM MOI00PA.

B pexume nonbopa, nmporpaMmMa onpezessieT BbICOTY CEUEHUS, IUPUHY U TOJIIMHY IOJIOK, a TaKKe
BBICOTY MOJYBOJHBI rodpa creHku. [Ipu 3TOM 11100011 U3 MepeuncIeHHbIX MapaMeTPOB MOXKET ObITh
¢dbukcrupoBaH, a BRICOTa U HIMPUHA TPOGUIS MOTYT ObITh OrpaHUYEHbI TI0JIH30BATEIIEM.
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4. Pacyer u3rud0aemMoro 3JieMeHTa

Pacuer IMPOYHOCTH U3rudaemMoro 3JeMeHTa IIPOU3BOJUTCA:

a) Ha neiictBue m3rubaronux MoMeHToB 1o hopmyse (178) nmum (180) CIT 294.1325800.2017, B
3aBUCHMOCTH OT IPUJIOKEHHBIX HATPY30K.

0) Ha neiictBue monepeuHoii cuibl o hopmyse (179) CIT 294.1325800.2017.

B) Ha coBmecTHOE eficTBHEe HOPMaIbHBIX M KacaTeIbHbBIX HAPSHKEHHUH B oscax 1o hopmyie (44)
CII116.13330.2017.

Pacuer ycroiunBocTH cxxaToro mosica Oanmku mpousBoauTcs 1o (opmyne (182) wmm (183)
CIT 294.1325800.2017, B 3aBHCUMOCTH OT IPUIIOKEHHBIX HATPY30K.

YcroitunBocTh TOGpUPOBaHHON CTeHKH Oanku mposepsercs o Gopmyne (185) CIT 294.1325800.2017.

VY cToNYMBOCTh CBECA TOJIKK MPOBEPSIETCS KaK /Tf < /Tuf, rje /Tuf onpenensiercs mo dopmyne (97)
CIT16.13330.2017.

5. Pacuer c:kaTO-H3ru0aeMoro 3JieMeHTa

PacueT npoyHOCTH CKaTO-U3rNOAEMOT0 IIEMEHTA IPOU3BOIUTCS:
a) Ha neiictBue m3rubaronmx MomMeHTOB 110 hopmyse (192) CIT 294.1325800.2017.
6) Ha neiictBue nonepeuyHoii cuibl o popmyne (179) CIT 294.1325800.2017.

Pacuer ycTOWYMBOCTH C)KAaTO-U3rHOAEMOr0 DJIEMEHTa B IUIOCKOCTH CUMMETPHH IPOU3BOIUTCS IO
dbopmyne (109) CIT 16.13330.2017, npu sTomM KOIPPUIIMEHT @e ompeaensercs nmo Ttadmuie J.4
CIT16.13330.2017.

Pacyer ycTOWYMBOCTH CXKATO-U3TMOAEMOTO »HJIEMEHTAa U3 IUIOCKOCTH HAuOOJbIIeH KECTKOCTU
MIPOU3BOIUTCS MPOBEPKON YCTOWYMBOCTU HAaNOOJIEe CKATOTO MOsicHOTO JucTa o hopmyne (109) u/unum
(7) CIT 16.13330.2017.

Y cTOWYNBOCTH CBeca MOJKU, 0OPa30BAHHOM MOSCHBIM JIHCTOM, MPOBEPAETCS KaK /Tf < /Tuf, rie /Tuf
onpeaensiercs no ¢popmyne (97) CIT 16.13330.2017.

Jl11g mosica U3 THYTOTO LIBEJIEpa MPOBEPSAETCS YCTOWYMBOCTD MOJIOBUHBI €T0 CTEHKHU 10 Gopmyre (98)
CII 16.13330.2017 v monku 1o opmyiie (97) CIT 16.13330.2017.
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Jluteparypa

1. CII294.1325800.2017, KoHCTpyKILIMHU CTalbHBIE [TPaBUIa IPOEKTUPOBAHMS.
MUHHCTEPCTBO CTPOUTENBCTBA U KIINITHO-KOMMYHAIBHOT'O X0351iiCTBa
Poccuiickoit ®eneparuu, Mocksa 2017.

2. CI116.13330.2017, CtanpHble KOHCTPYKIMH. AKTyaTHM3UPOBAHHAS PEAAKIIHS
CHulI I1-23-81%*. MUHUCTEPCTBO CTPOUTENIHCTBA U JKHIIUITHO-KOMMYHAJIBHOTO
xo3stiicTBa Poccuiickoit @enepanuu, Mocksa 2017.
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342 - JIByXOCHBIM U3TM0 CTAILHOUN OaJIKH C
Kpy4eHHEM
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[Iporpamma mipenHa3zHaueHa I pacy€Ta MHOTOIPOJIETHOM cTambHOM Oamkm cornmacHo CII
16.13330.2017 “Cranbnbie koHcTpyKIHK [1]. Bo3aMokHO 3aaHne 0OOBIYHBIX M YIPYTUX HIAPHUPOB H
ONOp TPOM3BOJBHOrO TUMA. MOTYT 3a/laBaThCsl pacHpenesi€éHHbIE M COCPEJOTOUYCHHBIE HArpy3KH
NPOM3BOJILHOTO HANPABJICHUS, a TAK)KE TeMIIEpaTypHbIe BO3ICUCTBUS M Ocajaku omop. [Iporpamma
paboTaer ¢ MpOKaTHBIMU MPO(UIAMH HPOU3BOJILHOTO THUMA: ABYTaBp, KOPOO, IIBEJUIEP, TaBp U T.1.
Pacuer mpon3BoANTCS MO YIPYTroil WK yIPYro-TUIACTHYECKON CXeMe ¢ IepepacnpeieieHHeM YCUITH.
[IpoBonsATCSI pacyeThl MPOYHOCTH U yCTOHYMBOCTHU Oasiku B coorBeTcTBUU ¢ CIT 16.13330.2017.

1. PacuerHasi cxema

Pacu€rHas cxema mpencTaBiseT CcOOOW MHOTOMPOJETHYIO HEpa3pe3Hyl OanKky ¢ KOHCOJISIMH.
MakcumanbHOE KOJTUYECTBO MPoJiéToB paBHO 10. B omopax MokeT 3a1aBaThCsl )KECTKOE U/UITU YIIPYTOe
3aKperieHue 1o JirodoMy 0000IIeHHOMY MepeMenieHno. B nmponérax MOKHO 3a7aBaTh MPOCThIE WUIIH
yIOpyTHe MMapHUPBI IS JF000r0 0000IIeHHOro mepeMenieHus. [IoCKOIbKY METONBI pacyeTa
M3ru0aeMbIX IJIEMEHTOB M 3JIEMEHTOB, paborarommx Ha cxkarme ¢ usruoom B CIT 16.13330.2017
CYILIECTBEHHO DPA3JIMYaIOTCs, MporpamMma OMNpeaesseT THI 3JEeMEHTa B 3aBHUCUMOCTH OT 3a/IaHHBIX
Harpy3ok. OIHaKo, MOJIb30BaTENIb MOKET CAMOCTOSITEILHO ONPECIUTh THIT AJIEMEHTa, B 3TOM ClIydYae,
nporpamma OyaeT IPOBOAUTH PacyeT MPOYHOCTU U YCTOMYMBOCTHU MO COOTBETCTBYIOMEeMY pasaeny CII
16.13330.2017. B mocnemHem ciydae, €ciu 3aJaH pacueT U3rubaemMoro sJIeMEeHTa, IMOJIb30BaTellb
paspemui IUlacTUYecKue jaepopManuu, W Harpy3Kd JOCTATOYHBI JJIi WX JOCTHXKEHUsA, Oyner
MIPOM3BENICHO MepepacipeielieHle YCHUINNA U OCYIIECTBIICH PacyeT MPOYHOCTH KaK HEpa3pe3Ho Oamku
2-r0 WM 3-TO Kjacca.

Puc. 1.  Tlpumep pacuérHoii cxembl

2. HarpyxeHue

Pacuer npousBoauTcs A OQHOrO HArpykeHusl. Bo3MOKeH ydeT CleAyroluX Harpy30K: paBHOMEPHO
pacnpeesieHHbIe U/UIU COCPEOTOUECHHBIE TPOI0JIbHBIE U NIOTIEPEUHbIe Harpy3KH, a TAK)KE MOMEHTHI U
oumomeHT. [ Bcex Harpy3ok (KpomMe OMMOMEHTA) BO3MOKHO 3aJ[aHUE CMEIICHUS TOYKH TTPHIIOKEHUS
OTHOCHUTENIBHO TJIaBHBIX ILIEHTPAIbHBIX OCEHl ceueHus. TemmeparypHOe BO3ACHCTBHE 3anaercs
U3MEHEHHEM CpelHel TemrepaTrypbl (M3MEHEHHE B LEHTPE TSDKECTH CEYeHMs]) M TpaJueHTaMu
TEMIEPATYPHI [0 OCSIM ceueHHsl. B kauecTBe KHNHEMAaTHYECKUX HAarpy30K BO3MOKHO 3a/IaHUE CMELICHHS
Y TI0BOPOTA ONOpP B IPOM3BOJIBHOM HAIpaBieHUU. Eciau nosnb3oBarens HE 3a4ail TUII 3JIEMEHTA, TO OH
Oyner ompeaeneH, Kak HW3ruOaeMbld, €CIM OTCYTCTBYIOT MPOJOJIbHbIE YCHIUSA WIH, €CIH
OTHOCHUTEIIbHBIN SKCLIIEHTPUCUTET B KaKOM-JTHOO0 nposieTe Oyner 6osnbiue 20-1.

3. OmnpenesneHne BHYTPEHHUX CHJIOBBIX (PaKTOpPOB

OOO0OIIeHHbIE YCUJIMS W TEPEMEIICHUs] ONPEICNSIIOTCS METOJOM KOHEUHBIX JJeMeHTOB. Eciu
M0JIb30BATENb Pa3pEIINI B U3TH0AEMOM dJIeMEHTE IIacTUYecKue eopManuy 1 Harpy3Ky TaKOBbI, YTO
B HEKOTOPBIX OMOPHBIX CEYEHUSX OHHU IMOSBHIMCH, TO B 3TUX CEUCHUSX BBOAUTCS KOMIIEHCUPYIOIIUI
MOMEHT, Bbluucisiembit mo m. 8.2.5 CII 16.13330.2019, u 3agaua nmepecuuThIBaeTCS B HECKOJIBKO
utepauuii. Hiske nmprBeieHbl OCHOBHBIE COOTHOIICHHUSI, HA OCHOBE KOTOPBIX MPOU3BOAUTCS PacyeT.
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3.1 Jluneiinasi Teopus (0e3 yyera cABUra)
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OyHKIMOHAI
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3.2 Teomerpuyecku HeauHeiiHas Teopus (II mopsiaok, 6e3 yyera ciBura)
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JludbdepermaapbHble YPDAaBHEHUS

[EF(,-aT)] =,
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4. PacyeT HA MPOYHOCThH

B 3aBucuMocTH OT 3aJaHHOTO WJIH OMPEIETICHHOTO IPOTrpaMMOii TUTIA SJIEMEHTA, pacueT Ha MPOYHOCTh
ocymiecTBisieTcs B coorBeTcTBuU ¢ . 8.2 win 9.1 CIT 16.13330.2017. [ns sneMeHTa THNA «OanKa
MIPOBEPKa MPOYHOCTH MPOUCXouT 1o dopmynam (41) wu (43), (42) u (44) CII1 16.13330.2017, Ho tipu
3TOM, €CJIM 33JlaHa MPOJI0JIbHAS cuiia, TO BMecTo dopmyn (41) unu (43) npumensiercs popmyna (106).
Ecnu 5Ti yclioBHUsl HEe yJOBIETBOPSIOTCA, a MOJIB30BATENb 3a/1a)l TUIT AJIEMEHTa «OallKa» U Pa3perni
iacTuyeckue aeopmaliu, To MPOU3BOAUTCA MpoBepka mpoyHoctu no popmyne (50) wnmu (51) CII
16.13330.2017. IlpouHocTh »dIeMeHTa THUNA «CTOHWKa» mpoBepseTrcs 1o Qopmyne (105)
CII 16.13330.2017 unu, ecau yclioBUS NIPUMEHUMOCTH 3TOM (OpMyNbl HE YAOBIETBOPSIOTCA, - IO

dopmyne (106).

5. Pacuer ycroiiuuBoctu

Pacuer ycroitumBocTH snemMeHTa Tuma «Oanka» mpousBoautcs mo Qopmyne (69) umu (70) CII
16.13330.2017. B cnyyae MHoromposeTHod Oainku, HauOoyiee OMaCHBIM MPOJET ONpenensercs Mo
HauOOoJBIIMM OOOOIIEHHBIM MEpEeMEIIEHUsIM B pelleHnu 3a1aun |l-ro mopsiaka, a pacueTHas JUIMHA
BBIUUCIIICTCS Yepe3 KPUTUYECKHM MOMEHT MOTEepH YCTOMUMBOCTU IUIOCKOM (opmbl u3ruba. Pacuer
YCTOMYMBOCTHU 3JIEMEHTa TUIA «CTOMKa» mpousBogutcs no m. 9.2 CII 16.13330.2017. Jns kaxnoro
BUJa pacyeTa (B ABYX IJIOCKOCTAX, U3 TNIOCKOCTH HauOOJIbIIEeH )KECTKOCTH M CXKATUU C U3TMOOM B JIByX
IUIOCKOCTSIX ) ONpeessieTcss Haubosiee OMacHbIN MPOoJIeT 1Mo HauOOoIbIINUM 0000IIEHHBIM ITEPEMEIIEHUSM
B pelieHnu 3a1a4i |1-ro nmopsika v pacueTHble IJIUHBI Yepe3 KPUTHUECKHE 0000IIEHHbIE YCHIINS IOTEPU
YCTOMYUBOCTH.

6. BbiBOJ pe3yabTaToB

BbIBOZ COCTOMT M3 ClENyIOIIMX YacTeil: pacdeTHass CXeMa M XapaKTepUCTUKH CEYEHUs, HarpysKH,
pe3yNbTaThl pacyeTa BHYTPEHHUX CUJIOBBIX (DaKTOPOB, PE3yNIbTAThl pacyeTa MPOYHOCTH U PEe3yIbTaThl
pacuera ycTOWYMBOCTH. BBIBOJ TI000H M3 3THX YacTel MOXHO pa3pemiaTh WM OTMEHATH (piakkaMu
yrpaBieHus BEIBOJOM. [ToMIMO BbIBO/Ia YMCTIOBBIX 3HAUEHUMH, TIPETYyCMOTPEH U BBIBOJ] IPapUKH.
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PACuBTHEA CIEM3
M o= L :l44

AauMHug nponéTor [M] 1, = £.00 1; = 5.00 1, = &.00

ELcTROE JARDEONESHMHE B Crenenyn cpolony Toura ZaKpenneHuHs
onopH X Y £ Rx Ry Rz B yleu] zfecH]
1 + - - + 0.0 0.0
2 + + + 0.0 0.0
3 - - + 0.0 G.a
4 + + + 0.0 0.0d
CadaHne oayrasp Sapmouwsmswi, TOCT P 57837=-2017 I 35E2
M = 1 :5

¥ n

S — s
Nocmaowe A - TT.08 cm’
TnapHee MOMEHTH HHEDUHHK Iy = LETST cn’
I, = 12289 cm’

TeoMeTpHYeCcRAl EECTXKOCTD

Ha KpydeHue I, = 40 cH
CEXTOPHARMLHNE MOMEHT MHHEPUMHH Ia - 354153 EHIb
FoopOHHATH UCHTDA EPYYSHHSR ¥a = -0.0 =% ]
2 - -0.0 cH
ivefivan NROTHOCTD 60.5 L3
JonoNMMTEAEMNE OADAMETDM ig = 15.3 cH
Ty = 6.0 CH
s - 0.0 cCH
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Harpoxerne

Harpysxa szony ocx X, [xH]
L]

-40

=-80

=120

~1€0

=200

-240

Harpyaxa =sgoans ock Y, [xH/m]

O =B Wa e 9

Harpysxa sxonas ocu E, [xH/m])

30

25

20

15

10

5

(]
0 2 4 € 8 10 12 14 1€

MoMenTH BOXPYD ocuX, [xHM/M]

0.30

0.25

0.20

0.15

0.10

0.08

o
0 2 N € 8 10 12 14 16
PasHoMEDPHO pacnpe- Oz Ro Haanpasa. P ¥ z
DenéuNa] HarpysKa nponé&ra nponéra [xH/M] [eM] [eMm]
1 1 -4 25.00 1.0 10.0
2 3 4 20.00 1.0 10.0
1 2 Y 4.00 0.0 0.0
3 3 Y €.00 0.0 0.0
CocpenoTowennas » x Hanpasn. Harpysxa ¥ z
Harpysxa nponéza [m]) fcu]) [cm])
3 €.00 X -200.00 xH 0.0 0.0

B sarpyzeuuyu Sanxu cofScrTBeHNMH BeC Me yYHTHBAETCSH
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Pacuér

Peaxuuu onop

flepevemenye u,

lepeMemexue v,

flepeMemeune v,

Yron

nopoporTa ceyenus &,

no nuMMedMON TeOopMM

Qnopa Px[xH] Py(xH] Pz [xH] Mx[xHxM]
1 200.00 -10.09% -6§2.32 -0.66
2 0.00 -22.64 -140.8¢ -1.36
3 0.00 -32.24 ~-l1l¢6.8¢6 -1.1¢
" 0.00 -15.03 -4%9.97 -0.582
[ux]
0
-0.5 ——
-1.0
R'\
218 B —
—
-2.0 e —
| =2.14
-2.8 .
0 2 $ € 3 10 12 14 1€
[MMm]
30 -
o~ =
20
Lc.sx = A AN
- N
10
i Y
0
4 ~5.34
0 2 4 € 8 10 12 14 1€
[mM]
10
2 7.26 !
€ P i 1 5.8¢€
‘ >,
2 Ny ‘\
0
-2 -1.37
-‘ >
0 2 4 € 8 10 12 14 16
[pazx]
0.020
ep 0.01¢0 i
5 P 0.012€
0.012 e
0.008 / N\ A
“sos |20 N\
0.004
P 0.0004
s | P B
Sod0a =-0.000% | | 0.000€
0 2 4 € 8 10 12 14 1€
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NepevMemeHuA ®[H] i [ HH] ¥ [#n] ¥ [ min] Slpan]
0.00 0.00 0.00 0.00 0.0000
1.00 -0.13 9.0% 4.03 0.005%0
2.00 -0.25 15.13 E.6D D.0L148
2.72 -0.34 1e.€0 7.31 0.0161
2.77 -0.35 1.6l 7.31 0.0LlEL
3.00 -0.38 LE.48 T.24 0.0L58
4.00 =0.50 13.12 5.71 0.0124
5.00 =0.83 6.58 2.81 0.005%
6.00 =0.76 0.00 .00 0.0000
E.6¢€ =0.84 =2.5% =-0.%8 -0.00L0
7.00 -0.88 =3.42 =1.24 =0.0008
8.00 =1.01 -4.84 =1.47 0.0002
8.08 =-1.02 -4.51 =1.47 0.0002
8.64 =1.0% -5.26 =1.44 0.0005
.01 -1.13 -5.34 -1.38 0.0004
.00 =1.13 =5.34 =1.38 0.0004
10.00 -l1.26 -4.42 -1.05 -0.0004
10.44 -1.31 -3.0% -0.73 -0.0008
11.00 -1.39 .00 0.00 Q.0000
12.00 =1.51 8.50 2.28 0.0045
13.00 -l.64 19.12 4.61 0.0087
14.00 -1.78 24.1¢ 5.84 0.0L25
14.25 =1.80 24.37 5.8% 0.0127
15.00 =1.8% 22.25 5.38 0.0L117
lE€.00 -2.02 13.40 3.25 0.0071L
17.00 -2.14 g.00 0.00 0.0000
Mpononsxas cuna N, ([xH]
0
-40
-20
-120
-1€0
T -200.00
-240 - -
0 2 € 8 10 12 14 L€
NMonepeynan cuaa 0Oy, [xH)
30 v
20.97
20
10420.99 8.73 -
0
-10
-20 -13.81 e ek -15.03)
| i
-30
0 2 W € 2 10 12 14 1€
fonepevwnas cuna Q:, ([xH)
100 T
€2.32 53’18 7993
50
- N .
80 -4€.92 <3597
-100 -87.€38
] 2 4 € 8 10 12 14 1€
KpyTRmHMA MOMEMT HUMCTOTO xpywesmus Mt, [xHum])
04T T
0.2 =N 0,18
0.04 ‘
0 —— 2 o
N -0.03
-0.2 N
-0.22 -0.2
-0.4 ‘ !
(-] 2 - € 8 10 12 14 1€
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KEPpYTAEHA HOHMEHT

cTecHEHHODPO KpYYeHHA Mh,

[£Hn]

1.0

0.B10.

1]

-0.8

=1.0

KpyTAmDMA HoMed? Mx, [xHM]

1.0 T
. EE.

0
0.5

. .

—

-

LI T B

=1 ) o]

|
|

]
=y,
L]
i
&
1.
&

o 2 4

HarubBapmui Homens My, [xHnu]

14

100

1]

Q

=50

=T7.67

=100
o z i

HazpubapEuii mMoMeHnTs Mz, [xHn]

Lz

20

11.45

10

e —

-19

m\
.1

=20

Li] 2 4

EMMOMEeHNT, [RHHII

12

0.75

Q.50

0.28

=0.25

=0_3€

|| 0%

=0.50

: 10 12 14 lE

CTATUKA-2024. Onucanue npoecpamm

342 - JIByxOCHBII U3ru0 CTaabHOM OANKH ¢ Kpy4eHUEM



165

BMyTpPeEHHHE YCHAHA

x[m] N[kH] gy [kH] @s[%H] Mx[xHn] My[xHu] Ms[xHn] B[xHn" ]
0.00 -200.00 10.08 €2.32 0.66 0.00 0.00 0.00
1.00 ~-200.00 .09 37.32 0.41 -45.82 -8.0% -0.25
2.00 -200.00 2.089 12.32 0.16 -74.64 -12.18 -0.35
2.4% -200.00 0.12 9.00 0.03 -717.67 -12.73 -0.3¢6
3.00 -200.00 -1.81 -12.68 -0.0% 74,46 -12.27 -0.34
4.00 =200.00 -5.81 -37.68 -0.34 -48.27 -B.36 -0.24
.00 -200.00 -8.81 -g2.68 -0.58 0.81 -0.4¢ 0.03
.00 =200.00 =13.%1 -87.68 -0.84 T6.08 11.45 0.58
£.00 8.73 53.18 0.52

7.00 =200.00 4.72 33.18 0.32 32,981 4.72 9.11
8.00 -200.00 0.73 13.18 0.12 5.74 1.58 -0.07
£.1%8 -200.00 0.00 5.53 0.08 7.67 1.53 -0.0%
8.58 ~-200.00 -1.60 1.55 0.00 5.46 2.25 -0.10
£.66 -200.00 -1.81 9.00 -0.01 5.40 2.38 -0.10
§.00 -200.00 -3,27 -§.82 -0.08 §.56 3.26 -0.0%
10.00 -200.00 -7.27 -28.82 -0.28 23,38 8.54 8,09
11.00 =-200.00 -11.27 -46.82 -0.48 E0.21 17.81 0,46
11.40 20.87 T0.03 0.68

12.00 =200.00 14.87 50.03 0.48 0.17 -0.1¢ 0.03
13.00 -200.00 8.57 10.02 0.28 -38.8¢ -12.13 -0.12
14.00 =200.00 2.97 10.03 0.08 -5%.80 -18.10 -0.27
14.50 =-200.00 -0.04 0.00 -0.02 -62.41 -18.83 -0.28
14.55 =200.00 -0.34 -0.%8 -0.03 -62.3% -18.82 -0.2%
15.00 =-200.00 -3.03 -%.87 -0.12 -59.,93 -18.06 -0.28
16.00 =-200.00 -5.03 -2%.%7 -0.32 -3%,87 -12.03 -0.20
17.90 =-200.00 -15.03 -45.37 -0.52 0.00 0.00 0.00 51

BapuaHT BbIBOAa pacyeTra 3J1eMEHTA THIIA «CTOMKA»

Pacuer na npouNOCTL
Haupkteuul HOpMaAanNLMHEe O,
M = 1 :136
216* 213.7
1(‘:
724

cxazTo-usrnbaemMoro snemenra n.%.1.1 CO0i6.13330.2017

(MOa]

158.1

€55

-72
-144
-21€

Haubonee omacMo cCevYeMHE C XOOPAMMATON X = 14.50M
SMavenue nemon wactu Qopmyam (10€) n = 0.88
YCAOBHE BEOOAMENO
fMepememenne v (fopMa noTepn ycroiuusoctn), [MM)
40
30
20 /;’
/
10 o
Q
-10
-20
o 2 4 € -] 10 12 14 ig
fiepememenne v (QOopMa nOTEPH ycTOoMUUBOCTH), [MM]
0.08
0
= b N A
0.05 7/
-0.10
— e e e e
-0.15 - 1
[ 2 4 € 8 10 12 15 1€
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¥ron nDoBopoTAa cedeMMA & (jopma norepm yocToRNMBOCTH), [pan)

0.078 - - - —
| L | ] |
0 .080 - N : :
- ?f ] |
0.0285 Fd \\. : - .
LG2 ™ ? T
N | | i |
— 0. 035 | | | |
o 2 4 £ 8 10 12 14 1€
Pacuer veToRuMBOCTH cxaTo-usruBaeMoro snemenrTa n.9.2 CON16.13330.2017
B naocxocru XZ sambonee onacey nponer 1
Ycaosnag rubxocTy & nnocxocey XZ Ly = 1.39
Opuseneuyuit SXCUESHTDUCUTETD Rur = 4.¢4
Kosdoduunenur ycronuyusocty Quy = 0.2¢
B/ (Qay*A'Ryty.) = 0.37 < 1 YyCROoSKe BNOONMEeMO

B nnocxocry XY maxbonee onaceM nponer 3

YcnosmMas rubxocTs B naocxocTu YZ L, = $.18
IpuBsene MMM 3XCUSMTPHUCHUTET Myr = 3.51
Koa¢dmuumenr ycromummocTH Qus = 0.1¢€
R/ (Qas*A*Ry*y,) = 0.61 < 1 YCROBKE BEOONHENO

o ycroRYUBOCTH K3 naocxocsy XZ onacex nponer 1

OTHOCHTENOLHUNR SKCUEHTDPUCHTE?D ny = 3.1¢
Kosdoduuuens ycronyusocsu 9, = 0.29
@y = 0.93
c = 0.41

N/(Q:«*C*A*Ry*y:) = 0,81 < 1 YCROBKE BHDONHNENHD

CoeMecTHO® QneficTEME MOMENTOS =B nponere 1

OrMOoCHTEeNnLMME IXCUEMTDHUCHTETNH my = 3.16
m, = 3.51
Kos¢duumenrn ycroiuummocTH Qus = 0.1¢
cC = 0.41
Quys = 0.12

N/ (Quy«*A*Ry'y:) = 0,80 < 1 YCROBKE BHOONHEHO

ConMecTHOS ZnDeRCTBHE MOMENTOB B nponeze 3

OTHOCHTENOLHUE SKCUSHTDHCHTETH ny = 2.54
n, = $.20
Kosddnumenr ycroftyusocts Que = 0.13
cC = 0.46
Pays = 0.10

B/ (Quye*A*Ryty.) = 0.93 < 1 YCROBME BNOONMEMO

6.2 BapuaHT BbIBOJa pacyeTa 3jeMeHTa THNA «0ajka» (yaajieHa NPoJ0JIbHas CHJIA)

PSCUET H3 NDOYHOCTE Ganmku l-ro xnacca nmo m. £.2.1 CO 16€.13330.2017.
HanpREzeuMs HOpDMANLMHE oO. [MOa]
M = 1 :136

21€ } 187.8 135.2 210.0 2124
144}
72 |
L] - -
=72 : 5
-144 : i
-21¢ : :

MameoHMyd HOpHMARLHNX Hanpazesuf no fopuyne (43)
DocTHPASTCA B CEYSHMM € RoOODIEMHATOR % = 14.50m
Gl (RyVFe) = 0.78 YCAOEBME BHOONMEMO
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1

HanpAXeHHR

M

1

t136€

126

HopHanpHHe HAOPAEESHMMA B CENEMHH X = l4a.50m

r
JTAEEEES AREEEE

KacaTenpHue 1 [MOa]

i :

[} .

1 .

: i

B33 22.8 26.2

MamcHHMyH ERACATENbLHNX ManDpaxesMui no dopuyme (42)

C YHETOHM OBYXOCHODPO H3PHEA M CTEMEMMODPO EPYYEHHSA

OOCTHDPASTCH B CEYEHMHH C KOOpOHMHATOR X = 14.50m
tS/{Ra®7:) = 0.21 YCAORHE BENNOAMENO

FacaTenbHue HAODAEEHHA B CeEYEHHH X = l4.50m
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HanopaxeHHR IRBHBDANMEHTHHE G, [MIOa]
M = 1 :136¢

24 187.8 185.2 219.0 212.4
lfil‘/’—\-/w’\
a8z
':I-I -4 -
=82 j [ .
=LEd |
—14e|
MargcHHyH S3XEMHEANEHMTHHXY HanNpRAEEHME no $opMyme (44)
OOCTHPARTCHE B CEYEMHH € EOODOMHATOR X = l14.50m
0.87%g, f{(Ry*1:) = D.E8 YCAOBME BHNOOIMEHO
H =1 : 4 IEBHBDAMEHTHHE HAODPAXEHHMA B CEYEHHH X = l4.50M
MR RN
N
il
il
{l
il
M\
s b s v kb5 1y ]
BacyeT VETORYMBOCTH Gaaku l-po kmacca mo m. S.4.1 CO 16.13330.2017.

NepeMemenue v (fopMa DOTEDH YCTORMYMBOCTH), [MM]

gn_m"mm_mmdmmhmm“mm“"g__ﬁ_m.mm"mm_mm“mm"m‘
Y
10
iy 5,
Q
-10 - - 4 1 !
[} 2 4 € a 10 12 14 1E

Mepememenne v (popHa ODoOTEpH YCOTORNHBOCTH) , [MM]
0.2
0.

=0.
=-0.

L
Q
L
Z
3
4

-0, 1 |
Q = 4 £ a 10 iz 14 1E
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¥ron nomopoTa cedYeHHME &

0

Q

Q

{fopHa nmoTepH yCcToRMwHBOoCTH), [panm]

HarunGaopmMA HMOMEHT

HaruBaopmMiA HMOMEMT

EMHOMEHT

(Hy A {on *Way h#M, /W,
YoeRoBEME

100 - -
L0758 A P, | ! ! !
'\-.\ ' |
L0509 -:/J ...?....... ........ e . SN BN I S S—
L R O e Sy et R e e e SeCr TR S
8 : i ¢ I_*jﬁuk
025 | :
1] 2 q € g 10 12 14 LE
Oo yecroRYHBOCTH oRacHMiE nponmneT 1 X = 2.49m
HoMeHT OOTEPH YCTOoORYHBOCTH M., = 359.2 mH'M
KEosdéduuuens @y = 0.%3

Hy = =77.7 xlH*m
H, = =12.7 xH'nm
Bo = 0.4 xH*®’
+Bo/Woa) F{Ry*ya) = 0,72 < 1
{(7T0) BERoRHEHO
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Jluteparypa

1. CI116.13330.2017 CrasibHbIE KOHCTPYKIMH. AKTyaJIn3UpOBaHHAs peaaKus

CHulII 11-23-81* - M., AO «HUII «Ctpoutenbcteon— [ITHUMCK um. B.A.
Kyuepenko, MI'CVY, CII6I'ACY 2017. -142c.

2. TlocoOue 1o NpoeKTUPOBAHHIO CTANBHBIX KoHCTpyKImi (k CHull 11-23-81*

«Cranpabie koHCTpYKIHKHY) /[LITHUMCK um. Kyaepenko IN'occtposs CCCP. — M.,
LUTII I'occtposa CCCP, 1989. — 148 c.
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351 — PacueTt KOpOTKOM kKeJ1€300€TOHHOM KOHCOJIU
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[Iporpamma npenHa3Ha4deHa ISl TO100pa apMaTyphl U pacdéTa NPOYHOCTH KOPOTKOH KeIe300eTOHHOM
koHcosu coryacHo CII 63.13330.2018 [1]. IlpenenbHble ycuiinus BBIYUCISIOTCS HA OCHOBE JUarpaMm
neOopMHUPOBaHUS CKATOrO OETOHA M ApPMATYPBHI.

1. PacuérHas cxemMa KOHCOJIHU

—_————_—_— —_— — —

111

h

Puc. 1. Cxema KOHCOJIM C HAKJIOHHOH MOTIEPEYHON apMaTypoit

B nmporpamme npeaycMOTpeHO J1Ba pexxuMa paboThI:

1 mnoabop MpoIOIBHON U TTOTIEPEYHON apMaTyphl, YAOBIECTBOPSIONIEH TPEOOBAHHIM IPOYHOCTH U
TPEMIMHOCTOMKOCTH;

2 TpoBepKa MPOYHOCTH M TPEIIMHOCTOMKOCTH KOHCTPYKIMH C 33aJaHHBIMHM IapaMeTpaMu
apMUPOBAHMUSL.

B mepBoMm ciyuae, mprpamma BeIOMpaeT THI MOMEPEYHOTO apMUPOBAHUS, UCXOMS W3 COOTHOIICHUS
BBICOTBI KOHCOJIH u paccToOAHUS 10 TOYKH TIPUITOKEHUS Harpy3KH.
[Tpu h < 2,5 - a, ycTaHaBIMBaeTCs HAKIIOHHAS 1101 45° K OCH KOJIOHHBI apMaTypa, B IPOTUBHOM clTydae,
YCTaHaBIMBAETCS TOPU3OHTAIBHAS apMaTypa.

[TapameTpsl pacy€THOM cXeMbl IPUBEICHBI 11 000MX THIIOB apMaTypbl Ha puc. 1 u puc. 2.
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isup

Puc. 2. Cxema KOHCONM € TOPU3OHTAJIBLHON MONEPEUHON apMaTypoil

2. Pacuyér u noadop nNpoaobHON apMaTyphl

Pacyer mpononpHOI apMaTypbsl TPOU3BOJUTCS HA OCHOBE HENIWHEWHOU aeopMariioHHOW MoJenH B
cootBercTBUU C 1. 8.1.20 [1]. B kayecTBe pacueTHOM aMarpaMMbl COCTOSHHS CXAaToro OeToHa
MIPUHUMAETCS TPEXJIMHEWHAs Tharpamma.

Hcxons u3 paccuuTaHHOM MIIOMIAAN apMAaTyphI, TOAOHUPAETCS KOJTMYECTBO U AUAMETP CTEPIKHEH, ImocIie
YEro ONpeaensieTcss MHUPUHA PacKpbITUs TpewuH no nm. §.2.14, 8.2.15 [1]. Pacuer mpoBoauTcsa Ha

OCHOBE HEJMHEWHOW JepopmanronHoi moxenu. Wsrubaromme momentet M, . u M, . 1pu

o0pa30BaHMUM TPEILMH, a TAKXKE HAMPSKEHUsI B PACTSIHYTON apMaType nociie 00pa30BaHus TPELIUH Os U

Oscre, BXxoasmue B Gopmynst (8.128), (8.137) [1], BbIUKCHSIIOTCS HAa OCHOBE AMArpaMM COCTOSTHHS
0eToHa M apMaTYPHOU CTaJId TIPU MTOMOIIM YUCICHHOTO METOA.

B pexxume nonbdopa, eciu pacy€THas MHUPHUHA PACKPBITUS TPEILMH MPEBBIIIAET 33JJaHHYI0, IporpaMma
ITOIIArOBO HApaIIMBAET KOJINYECTBO apMATYPHBIX CTEPIKHEM, TIOKA 3TO BO3MOKHO, a 3aTEM YBEJINYUBAET
IUaMeTp CTep>KHEH, W TMpoLecc MOBTOPSETCS A0 BBIIOJHEHUS 3aJaHHBIX TpeOoBaHUM 1O
TPELIUHOCTOUKOCTH.

3. PacuéTt n moxdop nomepevyHoit apMaTypbl

Pacuer momepeunoii apmatypbl npousBoautcs mo 1. JK.1 [1] mis obecriedeHus MPOYHOCTH IO
HAKJIOHHOM C)KaTOM mosioce Meay cuioi Q U ormopoil Ha KOJOHHY 10 popMmyIie:
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Q <0,8¢R, bl sin 6.

[[InprHa HaKJIOHHOM CXKATOM TOJIOCKHI OTIpeAeIseTcs 1Mo hopmyle:
l, =1,,SIN0,

rac Isup - IJIMHA ITIOIAaKy I€pe€aadyu Harpy3Ku BJA0OJIb BEIJIETa KOHCOJIU.

Kosdounuent ¢, ydyuThIBaOmIMNA BIUSHHUE XOMYTOB, PACIOJOXEHHBIX [0 BBICOTE KOHCOJH,
omnpezensercs no Gopmye:

o=1+5a u ,

ES 'A%W
e o =—>; =¥
E, # ™ bs

w

&w - IJIomaab MOonepeyHoOro CEYCHud XxoMmyTa, a Sw - paCCTOAHUC MCKAY XOMYTaMU, USMEPCHHOC I10

HOpMaJIM K HUM.

B pexume mombopa, HaumHas ¢ mara B 15cM, MOmaroBo, moka 3TO BO3MOXHO, YMEHBIIACTCS
pPacCTOSIHUE MEXKIYy XOMYyTaMH [0 BBIIOJHEHHUsS YCIOBUSA MPOYHOCTU 10 HAKJIOHHOM moisioce. A ecnu
JlalbHENIIee YMEHbIIEHHE 111ara HEBO3MOXKHO, IPOrpaMMa YBEJIMYUBAET JUAMETP XOMYTOB, U IIPOLIECC
MTOBTOPSIETCS.

CTATHUKA-2024. Onucanue npocpamm 351 — Pacuer KOpOTKO# ’Ke1€300€TOHHOI KOHCOJIH



175

Jluteparypa

1. CI163.13330.2018 «CHull 52-01-2003 BetoHHBIE U *XeI1e300€TOHHBIE
KOHCTPYKIIUU. OCHOBHBIC MTOJIOKCHUS.
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400 — Pacuer Ha casur mojku taBpa (MSZ EN 1992)
LU

CTATHUKA-2024. Onucanue npocpamm 400 — Pacuer Ha casur nosiku taBpa (MSZ EN 1992)



177

[Iporpamma npenHa3Ha4YeHA Ul pacyeTa Ha CIIBUT MOJIKK TaBpOBOTO ceueHus corsiacio MSZ EN 1992-
1-1 [1]. Onpenensiercst Tpedyemast IIIOIAIb ApMATYPhI IONEPEUYHOTO HATIPABICHUS.

1. OnpenesieHne HANPSIZKEHUsI CIBUTA

PaccMaTpuBaeTCs TaBPOBOE CEUEHHE, B KOTOPOM JeicTByeT m3rubarommii Moment M . Vsru6aromuit
MOMEHT SIBJISIETCS IOJIOKUTEIbHBIM, €CJIM IIPU €r0 JICHUCTBUM CXKaTas 30Ha BO3HUKAET B BEPXHEW 4aCTH
ceuenns. [Ipu n3menennn mrudaromero momenta M, Bions ocu X smementa, B mpomonbHOM cedeHnH
cBeca IIOJKH, BO3HMKAET KacaTeiabHOE HampspkeHue. OHO JOoCTUraeT HauOOJIBILIEro 3HA4YEHUS B
IUIOCKOCTH TPUMBIKAHHUS CBeca MOJIKM K pedpy TaBpa. [[is ompeneneHusl HANpsOKeHHUs] CIBUTA,
paccMaTpuBaeTCsl pacueTHBIM y4acTOK IIMHOW AX, Ha KOHIIAX KOTOPOTO JEHCTBYIOT H3rudaroiue
MOMEHTBI M, M, .

|M1_M2|
AX

nonepeyHoi cuiie V =V (X) O3TO PaBEHCTBO BBINOJHsETCS NpubamkeHHo. IIpu BBome AaHHBIX

[Tpu MOCTOSHHOM monepeyHol cune V.  BBINONHIETCS PaBEHCTBO [V|= . IIpu nepemMeHHOMI

BO3MOXCH BBI60p OIHOT'O U3 ABYX BAPUAHTOB 3alaHU YCHHHﬁ.
B IEpBOM CJjIydac, 3aJaroTcCd PI3I‘I/I63.IOIJ.II/II\/'I MOMCHT M n ToIepcHHas Cujia V B CCUCHUU,
PAacCIOJIO’KCHHOM Ha OTHOM KOHIEC paCYCTHOI'O Y4acCTKa, T.C. IPUHUMACTCA Ml =M . 3HaueHue M , Ha

JIPYrOM KOHIIE PACYETHOTO y4acTKa ONpeNeNsieTcs Kak M, = M — AM , mpudem 3Hak AM coBmagaer co

smakoM M . 3mauenne AM ompenensercs mo popmyrne |A|\/||:AX[\/| npu ycrnousx AM >0.05M u

0.05<Ax <1.0 (AX B Merpax). 3HaueHue AX MOXKET OBITh OTPAaHHYCHO TOYKOI, B KOTOPOW M3THOAIOIIUI
MOMEHT paBeH HYJIIO.
Bo BTOpOM ciy4ae, 3afaroTcsi JJIMHA PAcyETHOrO ydacTka AX M M3rubaromye MOMEHTHI M, ,M,,

JEUCTBYIOLME B CEUEHHUAX Ha KOHLAX pacyeTHoro ydvactka. lIpenamonaraercs, 4ro 3HaKM MOMEHTOB
COBITAJAIOT.

Jnas u3rubarommx MOMEHTOB M,,M, BBIYUCISIOTCS PAaBHOAEHCTBYIOILUE Fdl,ng HOpPMaJbHBIX

HaNpsDKEHUH B cBece MOJKU. HampshkeHHOE COCTOSTHUE B CEUEHUU OTHICKMBAETCS HA OCHOBE UArpaMm
nedhopMHUpPOBaHKS CKATOTO O€TOHA M apMaTyphbl 0e3 ydera paboThl pacTsHyToro 6erona. Ilpu sTom
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b —b
TIpe/IIoNaraeTcs, 4To B CBECE IOJIKU pa3MelleHa apMaTypa, IIomaas KoTopoii paBaa ————+ A, | e

2b,
A, - oAk IPOIOIBHOMN apMaTypHI B TOJIKE, bn - LIMPYHA TIOJIKH, bW - mMpuHa pedpa.

Hanpsoxenne cnBura Beraucisercs no gopmyne [1], (6.20):
|F a~—Fa

h A

Veg =

2. TlpoBepka mpo4YHOCTH

Ipu BeimonHeHHn ycmoBust Vg <04 fctd apmarypa IIOIIEpEYHOr0 HaIpaBJICHUSA Uil BOCIPHUATHS
HanpsDKeHUM casura He Tpedyercsa. Ecnm ykazaHHOE YCIOBHE HE BBINOJIHSETCSA, TO OTHICKMBAETCS

f 9) .
MOTOHHA IJIOMIA/b apMaTypbl —— , JJII KOTOPOM BBITIONIHsIETCS ycnoBue [1],(6.21):
f
J‘i..r' W ;h .
L f 2
5. cotd,

rae 0; - yron HakmoHa cxaToro packoca (pepMEHHOI MOJIEIIM OTHOCHTENEHO OCH AJIEMEHTA.
OnHoBpeMeHHO TpeOyeTcs BrinoHeHue yenoBus [1],(6.22):

Vi =V, sin 8, cosd.
CormnacHo [1],6.2.4 (4), 3nauenns 0; NOMKHBI yIOBIETBOPATH YCIOBHSIM:

f

10=<cot#d, =20 - I8 CEATEIX MOICOE

10=cot&, =115 - a1a pACTAHYTEIX MOACOE
B nporpaMme OTBICKMBAETCS TAKOE 3HAUEHUE l9f , ISl KOTOPOTO JOCTUTAETCsl HAMMEHbIIIEE BOZMOKHOE

3HA4YCHUC st IIpH YAOBJICTBOPCHNHU BCCX YKA3aHHBIX YCHOBHP’I.
S
f
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Jluteparypa

1. MSZ EN 1992-1-1-2009: EBpokon 2. [IpoekTrpoBaHue 5xene300eTOHHBIX
KOHCTpyKUui — Yactp 1-1. O0uue npaBuiia u mpaBuia AJis 3JaHUAN.
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401 — ITog6op nomnepeunoii apmarypel (MSZ EN 1992)
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[Iporpamma npegHa3HaueHa JyIsl pacueTa MPUOMOPHON YacTH OaJIKu Ha JEHCTBUE MOMEPEYHOU CHITBI
npu U3rude U JUIs pacyera CeueHHs Ha IeHCTBUE KpyTsero MoMmenTa cornmacio MSZ EN 1992-1-1 [1].
IIpu pacuyere Ha W3rUO MPOU3BOAUTCS KOHCTPYHPOBAHUE IIOMEPEUHOM apMaTypbl M BBIBOJAMTCS
n300pakeHUe TMPHUOMOPHON YacTH C MoAoOpaHHBIMU XoMyTamu. I[lpu pacuere Ha KpyueHue
OIIPENENIAIOTCS TUIOMAANM TIONEPEYHONH M TPONOJIBHOW apMaTypbl, TpeOyeMmble sl BOCHPHUSATHS
KpYTAILEro MOMEHTA.

1. Pacyer Ha u3ruod

1.1 PacuerHasi cxeMa U HArpy3Ku

PaccmaTtpuBaercs u3rub Oanky OPSIMOYTOJIBHOIO WJIM TaBpPOBOIO (ABYTaBPOBOIO) CEUEHUS B
BEPTUKAJIBHOM IUIOCKOCTH. B KadecTBe KOOpAMHATHI IPOU3BOJIBHOIO IONEPEYHOr0 CEUEHUs
IPUMEHSETCS PAacCTOsIHUE K OT rpaHu OMOpBI. 3a1ar0Tcst H3rubarominii MoMeHT Mo 1 morepeuHast cua
Vo, IeHcTByIOIME B CEYCHMHM OallkKW HaJa TpaHbi0 omnopsl. lIpemycMoTpeH BBOJ paBHOMEPHO
pacripeielIeHHON MONepeyHON Harpy3Kd MHTEHCUBHOCTH (] M COCPEAOTOYECHHBIX MONepedHbIX cuil Q,
JeUCTBYIOIMX Ha BepxHell rpanu Oanku. Ilpennonaraercs, uyro Harpy3ku ( U Q HampaBlIEHBI
BEPTUKAJIBHO BHHU3. IIpenycMoTpeHO 3ajaHue CHKUMAloIleld WM pPacTATHMBAIOLIEH MPOJIOJbHON
cunbl N . Msrubarommii moment M u monepeunast cuna V' B mpousBoIsHOM MOMEPEYHOM CEUEHHH
OIPENeNIAIOTCA MO YCHIMSAM B ONOPHOM CEYEHHMM M 3aJjaHHBIM Harpy3kaM Ha OCHOBE YpaBHEHUIl
paBHOBECHS.

Jli1g yueta oOpbIBOB CTEPKHEN MPOA0IBHON apMaTyphl, IPEAYCMOTPEHO pa30UeHNEe IPUOTIOPHOM YaCcTH
OaJKM Ha y4acTKU C pa3IM4HOM IUIOIA/IbI0 IPOAOIbHON apMaTyphl.

1.2 Pacuer

[TpoBepka Hecymiel cnocodHoCTH Oanku 6e3 yueTa momepeyHol apMaTypsl MPOBOAUTCS 10 hopMyIam
(6.2):
V=V;,.
rae =[Cs K(100p, £)° +Ki0,, 1b,d

;R:'.c = (V:r.i:'. +klgcp),{;|“_d

3neck V- pacueTHOe 3HAYEHHE MONEPEYHOU CHIIBI, bW - HaMMEHbIIas IUPUHA PACTSAHYTOH 30HBI
ceuenusi, d - pabouas BbICOTa CEUCHU, fck - XapaKTepUCTUYECKOE 3HAUCHHE NMPOYHOCTH OETOHA NP

cxatun (B MIa), Cgg c= 0.18/y., 7. - kod¢pdunmeHT 6e30nacHoCTH AJisi 6€TOHA, 3aBUCSIIUN OT BUAA

200 A

pacueTHOM KoMOuHanuu BosaeiicTeui, K =1+ e <2 (d BwMm), p = ﬁ <0.02, AS| - IUIOIIAb
w

PaCTSHYTOM MTPOIOTHFHOM apMaTyphl, KOTOpast 3aBeJieHa 3a pacCMaTpUBaEMOe CEUCHUE KaKk MUHIMYM Ha

N
paccrosiHue Ibd +d , k, =015, Op=—=5 0.2f,, N - pacuernoe 3HaueHHe HPOMOTHHON CHIIBI

(TIONIOKUTENIbHOE TIPH CIKATHH), AC - IIoIaab OCTOHHOTO CEYCHWS, fcd - pacueTHOE 3HauYCHUE

npoyHOCTH OeToHa ( fcd =, fck /7C )y Viin = 0.035k /2 ka1/2 .

Ha yuacTkax Galku, Ha KOTOPHIX BeimonHsercs yeioue V <V, ¢ » TIoTepevHas apMartypa 110 pacyery

He Tpebyercsa. Ha 3Tux ydacTkax IOJDKHA yCTaHABJIMBATHCS MHUHHMMAJbHAs TMOIMEpEYHas apMmarypa.
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MunnuManeHbIN K03GUIHEHT monepednoro apmupoBanus corjacHo [1], NA 8.4.2 onpenensiercs 1o
dopmymnam:

f
Pw,min = 008f—0k >0.001 npu bW < h
ywk

f, 0.0007 +0.0003-h/b
0.001

Pumin = 0.08 " >0.0007 +0.0003-h/b, mpu B, >h

f

ywk

MunnmalnbHas MOroHHAs IJIOLAAb MONEPEYHON apMaTyphl orpenesseTcs no hopmyie:

A

a :min_wzpwminbw
S .

sw,min

2 . . .
3necs A, =Ny, /4 - mnomans ceuenus BepTHKanbHON momepeuHoit apmatypsl, | - €mcio BeTBeid

IIOTIEPEYHOM apMaTyphl, d sw - JMAaMETp TMONEPEUHOM apMaTyphl, S - IIar MONepevHol apMaTyphl, fw,k
- XapaKTepUCTUYECKOE 3HAYEHHME Ipefesia TeKydecTu nomepedHoil apmarypsl (B MIla). [loronnas

nnomanp 8, ONpenenseTcs B CM%/M.

[lar BepTUKAIBHONW IOMEPEYHON apMaTyphl OTPAHMYMBACTCS CBEPXY 3HAUCHUCM  Spy =0.75d .
Cornaco [1], NA 8.4.3, 10JIKHBI BBITONHATHCS yCIOBHS Sy S 190, Sy <300 .
CornacHo 6.2.1 (8), mpoBepka MPOYHOCTH MPOBOAMUTCA MJS CEUCHHM, YIAJICHHBIX OT ONOPHI Ha

paccrosinue, Oosbiliee paboueit BbICOThI cedeHuss d . B omopHOM cedeHHH MPOBOIMTCS MPOBEPKa

yCJI0BUsA V SVRd,maX , TIC VRd max -~ MaKCHMaJIbHOC 3HaAYCHHUC nonepequﬁ CHIJIBI.

[IpoBepka Hecyiel CIOCOOHOCTH OAITKH ¢ YI€TOM BEPTUKAIBLHOW IMOMIEPEUHOM apMaTyphl TPOBOIUTCS
coriacuHo 6.2.3:

V Vi
V<V

Rd,max
Vi s :ﬁzfWvd cotd
’ S

V =a,b,2v, f, /(cotd+tanb)

Rd,max

1<cot@ <25

3nech @ - yroi HaKJIOHA CKATOTO packoca PepMEHHON MOJIENI OTHOCHTEIBHO OCH Oallk, z - TUIEYO
BHYTPEHHUX CHJI, ONpEAEsieMOe KaK pacCTOSHUE MEXIY CXKAaThIM M PACTSHYThIM HosicaMH (hepMBbl,

f

_ywk

fywd ==
Vs

0e30MacHOCTH ISl apMaTypbl, 3aBUCSIIMA OT BHJA pacyeTHONM KoMmOWHanuu Bo3jaelcTBuid. [lpu

- pacyeTHOEe 3HaueHue Ipejesa TeKy4eCTH MOMNepeyHOr apMaTyphl, s - KO3(PGUIUEHT

OTCYTCTBHH CXKHUMAIOILIEH NMPOAOIbHON CHilbl, KOdpuuueHt &, NpUHUMAETCS paBHbIM 1, a pu ee

HaJIMYHUH BBIYUCIIACTCA 110 (I)OpMYJ'IaM:

(07 :l+o-cp/fcd npu 0<Gcp S025fcd

Aoy =125 npu 025de <o <0.5de

cp —

t, =2501-0, 1 1) pu 05F, <o, < f,

cw
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rne o Kospduuuenr ymeHblieHus HOpPOYHOCTH O€TOHAa v, HPUHUMACTCA pPaBHBIM

_N
cp Ac .
0.6(1- f, /250).

[l1e40 BHYTPEHHHX CHI 7 OIPEIENSCTCS KAK PACCTOSHHE MEKLY YCHIHEM Iy B pacTSHYTOM

POJIOIBHON apMaType W ycuameM Fo B Cxatoil 30HE Mo (opmyre z=2,+12,, TNe z,, z, -

IM |-F,z
o td =1
pacCTodHus OT YCUIIUU Ftd u ch J0 HOEHTpa TAXKECTU OETOHHOTO CCUCHU, 22 :_N F
+

td

Foe =0.A,. Hampskenne O, B paCTAHYTOH apMaType OIpEIENSeTCs NPH MOMOLM pacdera

HalpsDKEHHO-TIe(OpMUPOBaHHOTO cocTosHUS cedeHuss mo ycwaumsM N,M . VYkazanubelii pacyer
MIPOBOJIUTCSI HA OCHOBE JUarpaMm J1e()OpMHUPOBAHHS CKATOrO OETOHA M apMaTypsl 0e3 ydeTra paboThI
pacTsIHyTOro OeTOHa.

MakcumanbHas BEeTMYMHA TONEPEYHON CHJIBbI, BOCIIPUHHUMAEeMOW 0e3 pa3pylleHHUs CKaToro OeToHa,
paBHa Vpg . 3Hauenue Vpg o yMeHbIaetcs npu ysenudennu cotd . Ecim nomepeunas cuna V
MIPEBBINIAECT 3HAYCHUE VRd,max mpu COt@ =1, To Hecymas CIOCOOHOCTh OaqKh HE MOXKET OBITh
oOecrieyeHa py IOMOIIH ITOTIEPEUYHOTO aAPMUPOBAHHUSL.

B mporpamme mpenycMOTpeHBI J1Ba BapuaHTa pacyera. B mepBoM BapuaHTe pacyera, B ciydae, eclid
nonepeynas cuina V  MEHbIIE 3HAYEHHS VRd]maX npu Cot@=2.5, mpunumaercs Cotéd=25. B

IIPOTHBHOM CJTydae, ompenensercss 3Hadenne Coté, mpu xortopom V =VRd'maX. Tpebyemas muiomianp

norepeyHoii apMatypbl onpesensercs u3 pasenctsa V =Vp; o 1o hopmyue:

Aw__ VY

s zf, cotd

B IIEPBOM BApHUAHTC pacycTa, Tpe6yeMaH miomanab nor[epequﬁ apMaTypsbl IIPUHUMACT MUHUMAJIBHO
BO3MOXHOC 3HAYCHHC.

Bo BTOpoMm BapuanTe pacuera, 3HaueHHe COtE 3amaeTcs MpU BBOJE MCXOIHBIX JTaHHBIX.
B nporpamme ompenensiercst npupamenne AA, momanm nmpomonsHO# apmaTypel, TpeGyemoe s
BOCTIPHSATHS JomonuuTensHoro yerms ARy | BosHuKaromero BenecTBie neiicTBrs MOMEpeUHOi CHITB.

3nauenne ARy onpenensercs mo popmyse (6.18):

AR, =0.5V cot &

Ipupamenne AA, onpenensiercss myrem pacuera TpeGyeMoil IO TPOIOIBHON apMaTyphl IIPH

neticteun mpononbHoii ciiel N 1 msruGaromero momenta M +AM | rie AM =AF, 7.

1.3 KoHncTpyupoBanue

[Ipu KOHCTPpYHPOBAHUH XOMYTOB, IPUMEHSIOTCS CJIEYIONINE JaHHbIE: TUAMETP XOMYTOB, YUCJIO BETBEH
XOMYTOB, MaKCUMAaJIbHBIN IlIar XOMYTOB, IIPUpAIEHUE [Iara XOMYTOB, a TAK)K€ PacCTOSIHUE OT IPaHU
OTIOPBI 10 OCH IIEPBOTO XOMYTA.
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[TonGop XOMyTOB 3aKJIIOYAETCs B OMPECIICHUH [Iara XOMYTOB U JUIMH Y4aCTKOB, HA KOTOPBIX XOMYThI
YCTaHaBIUBAIOTCS C MOCTOSHHBIM m1arom. Illar xoMmyTOB Ha MEPBOM OT OIMOPHI YYACTKE ONPEICIISIeTCS

1o HanOoJIBIIEMY 3HAYCHUIO TPeOyeMOl TOTOHHOMN TUIOIIAAN apMaTypPhI (ASW / S)max :

IIar XOMYTOB OrpaHHM4YMBAcTCd MaKCHMAJIbHBIM 3HAYCHHUCEM LIara, IMpUHATBIM COIIaCHO YKa3aHUAM
HOPM HJIM 3aJIaHHBIM IIPpU BBOAC AAHHBIX. Ha BTOPOM OT OIIOPBI YHAaCTKE IIar XOMYTOB MOKCT OBITH
IIPUHAT TEM XK€ WJIH, €CJIKM 3TO BO3MOXXHO, YBCIMWYCH Ha 3aJaHHOC IIPpHPALICHHUE I1Iara. HpI/IpaH_[eHI/Ie
mrara XOoMyToB MOXET OIIPEACTIATECA aBTOMAaTHYCCKHN KaK TaKOE€ IMpUpalICHUEC, ITIPHU KOTOPOM CYMMApHOEC
YUCJIIO XOMYTOB ABJIACTCA MUHHUMAJIBHO BO3MOKHBIM.

JIist ompe/iesieH sl YKCiia XOMYTOB, TPeOYeTCs 3a1aTh PACCTOSHHUE OT TPAHH OMOPHI 0 OCH IIEPBOTO
XOMyTa. DTO PacCTOSIHUE MOKET OBITh 3371aHO PABHBIM ITOJOBHHE IIAra WM ITOJHOMY IIary XOMYTOB.
WHoe cMmemieHWe [TODKHO —3a/aBaThCs  BBOJOM  COOTBETCTBYIOIICTO — IMOJOXKUTEIHLHOTO  HJIH
OTPHIATEBHOIO 3HAueHHs. IIpM 3aJaHWd  OTPHUIATEIBLHOIO  CMEIICHHS, IEPBBIA  XOMYT
YCTaHABIMBAETCA B HAJOMOPHOW YacTH Oaiku. AOCOJIOTHAs BEJIMYMHA 3aJaHHOTO CMEICHHS
npuHuMaercs He oonbmieii, yem h/2 (h - BeicoTa ceuenus).

[lo pesynbraTaM KOHCTpYMpPOBaHMs, BBIBOAUTCS H300pa)KCHHE IPHOIOPHOTO YydacTKa Oalku ¢
0J00paHHBIMU XOMYTaMH.

I t T T T x [M]

2. Pacuer Ha Kpy4YeHHe

Pacuer nipoBoauTCst coriacHo [1],6.3 11t mpsAMOYTOJIBHOTO CEYEHUs MIMPHHON b 1 BBICOTOM N, KoTOpOe
3aMEHseTCs HKBHBAJIEHTHBIM TOHKOCTEHHBIM CEUYEHHEM. 3aJaloTcsi KPyTAUMd MOMeHT | u
HOTIEPEYHBIE CUIIBI Vy \V, , neiictByromue B HanpapieHnn oceil Y,Z. YcIoBHE NPOYHOCTH HMEET BUJ
(6.29):

TEd VEd

\Y

+ <1

T

Rd ,max Rd ,max

HpCI[CJ'ILHOC 3HAYCHUEC KPYTALICTO MOMCHTA OIIPECACITACTCS 110 (I)OpMyJ'IC:

Teg m = 2VF At cot@/(1+cot’ 6)

Rd ,max

3necs V =0-6(1— fck / 250), fck - XapaKTepUCTUYECKOE 3HAUYE€HUE MPOYHOCTU OETOHA MpH CKaTHH (B

MIIa), fcd =0 fck / Vc - pacueTHOe 3HAUYE€HHE MPOYHOCTH OETOHA, )¢ - KOOPPUIIUEHT OE30MacCHOCTH
___bh
“ 2(b+h)

CTEHOK SKBHBAICHTHOTO CEUCHHMS C y4eTOM ycIoBms Ly <28 (8 - paccTosiHHE [0 LEHTpa TSHKECTH

U1l 0eTOHa, 3aBUCAIIMN OT BHAA PACUCTHOW KOMOWHAIIMU BO3CHCTBUH, - TOJIIIIMHA

TpooNbHOI apMmatypsi), A =(b—tef )(h—tef) - IUIOLIA/Ib, OTPAHUYECHHASI LIEHTPAJIbHBIMU JIMHUSAMHU

CTEHOK, @ - yroja HakJOHa CXXaTroro packoca ()EPMEHHOW MOJETH OTHOCHUTEIBHO OCH Oanku (
1<cotf<25).
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[IpenenbHOE 3HAYEHNE TIONIEPEYHOM CUIIBI V, ONpeaenseTcs o GopmyJie:

\Y =bzv, f, /(cot 8 +tanG)

z,Rd ,max
/1€ z - IUIEY0 BHYTPEHHUX CUJI, ONIPEAEIIIEMOE KaK PACCTOSIHUE MEX/Y CKAThIM U PACTAHYTBIM HOSICAMHU
depmel, v, =v. [IpenenbHoe 3HaUEHUE IONEPEUHOM CHIIBI Vy OTIpECIISETCS 110 TPUBEICHHOU (hopMyIie
C 3aMEHOW MIMPHUHBI CeYeHHs D Ha BBICOTY ceueHus N. B ycioBue MPOYHOCTH MOACTABISIETCS
nan6onbiee u3 snavennit V, IV, gy o 1V, IV gy oo

[Tnomanu momnepeyHol U MPOJIOJIbHOM apMaTypbl, TpeOyeMble JUIsl BOCIPUITHS KPYTSILIEr0o MOMEHTA,
ompeensoTes no Gpopmynam:

Aw__ T
s 2Af,,coto

A - Tu, cot®
2Ak fyd
f o
3necy U, =2(b+h-2t,) - nepumerp mmomamn A, f,, = P pacueTHOe 3HauYeHHE mpejena
S
o fyk 9]
TEeKy4eCTH nonepednoii apmarypsl, f, =—= - pacueTHoe 3HaYCHHE NPEIENa TEKyIECTH IPOJOILHOM
Vs

apMatypbl, Js - Kod(p@uuueHT Oe30macHOCTH A apMarypbl, 3aBUCALIMI OT BHJA PACUETHOU

KOMOMHAIINU BO3IEHCTBHUI.
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Jluteparypa

1. MSZ EN 1992-1-1:2010 EBpokoz 2: IIpoekTupoBaHue xKee300€TOHHBIX
KoHCTpyKuuid — Yactp 1-1: OOmue npaBuia u mpaBuiia Aj1sl 31aHUH.
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402 — Pacuer no tpemuHocroiikoct (MSZ EN 1992)
//
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[Iporpamma npegHasHaveHa A pacuéra mo oOpa3oBaHUIO U PACKPBITHIO TpemuH corigacHo MSZ EN
1992-1-1 [1]. IIpenycMoTpeH moadop apMaTypsl, TpeOyeMoi 1l o6ecrieueHus! TPEIMHOCTORKOCTH.

1. Ceuenue u ycuaus

PaccmaTpuBaroTcs npsiMoyrojibHOe CeUeHre, TAaBpOBOE UJIH JIByTaBpoBoe ceuenue (puc.l).

: bg :
L3 1
AZ ‘Z hB
, - 3 I i’ | |
= h
y |P 5
b\V
N . . hy
1 1 b

Puc. 1. Ceuenns

Apmarypa pacronaraercsi Bl0Jb BEpXHEW U HUKHEH CTOPOH CEYEHMsI B OJIHOM WJIM B JBYX psAlax,
KQKIBIH U3 KOTOPBIX COCTOUT U3 CTEP’KHEN OJHOTO JUaMeTpa.
MponomsHas cuna N u m3rubGarommii moment M y 3aIal0TCs OTHOCHUTENIBHO IIABHBIX [EHTPAIbHbIX

oceil Y,Z 6eroHHoro ceuenus. [Ipunumaercs, uro npoaonbHas cuiaa N MOJOKUTENbHA MIPU CKATHH.

[Ipu neficTBUM NOIOKUTENBHOTO MOMeHTa My, c)katast 30Ha BO3HUKAET B BepXxHel yactu ceuenus. [Ipu
pacdere Mo TPEIIMHOCTOMKOCTH, YCHUJIMSI COOTBETCTBYIOT MPAKTHYECKH IOCTOSTHHOW KOMOWHAIUU
BO3/JIENCTBUM.

2. Onpenenenue ycujmii npu 00pa3oBaHuu TPeUIUH

Veunus npu o6pazosannu tpemma N, M yc OTIPENENAIOTCS KaK yCHIIHS, TIPU KOTOPBIX Ae(opmarust
pacTaHyTOro OETOHa JOCTHIaeT 3HA4YeHUs &gy, = fctm/ Een. 3nauenns Nc,Myc OIIPENENAIOTCA 110

3amaHHeIM yeuausaM 6o npu N =CONst, nmuGo npu My/ N =const. Ecimu mpononsHas cuma n

U3TrUOAIOIIUKA MOMEHT BO3HHUKAIOT OT ACHCTBUS Pa3HBIX HCTOYHUKOB HArpy30K, TO CJIEIyeT MOJOXKUTh
N =Const, a eciu OHM BO3ZHMKAIOT OT AEHCTBHUS OJHOTO MCTOYHHMKA HATPY30K, TO CJIEMYET MOJNOKHUTH

e:My/N:const.

Veums N, M yc BBIUHCIISIOTCS HA OCHOBE AMarpaMm ae(GopMUpOBaHUs OETOHA M apMaTypHOM CTaju

IIpY TIOMOIIM YHCIEHHOro Merona. [[nst cxkaroro OeToHa mpuMeHsieTcsl napalosinyeckas quarpamma
nedhopmupoBanus. s pacTsHyTOoro 6€ToHa MPUMEHSETCS JIMHEWHAs AuarpaMMa, COOTBETCTBYIOIIAS

MOZYJIIO YIIPYIOCTH Ecm . B nporpamme npenycMoTpeH BbIBOJ HeopManuii M HApsDKEHUH, a TakkKe
HOJIOKEHUS HEUTpaIbHON JINHUYM HENOCPEICTBEHHO Nepe]] 00pa30BaHUEM TPEILUH.

3. Pacuetr IMPUHBI PACKPBITHS TPEIIUH

HIuprHa pacKpbITHS TPEUIHMH omnpenensercs no ¢popmyne (7.8):

Wy = Sr,max (gsm - gcm)
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Esm ~Eem = [Gs - kt fctm (1+ aepp,eff )/pp,eff ]/ Es 2 0'60-3 / Es

3aech kt =04, a, = Es / Ecm, Pt = Al A\C]eﬁ , Oy - HampshDKeHUE B pacTAHYTOM apmarype B
TPECHYBUIEM CEUYECHUH, fctm - cpe/iHee 3Ha4YeHHe Ipejesia MPOYHOCTH OETOHA IMPU PAaCTSKEHUH, ES -
MOAYJIb YIPYTOCTH apMaTyphl, Ecm - MOJyJb YIIPYTOCTH OE€TOHA, As - IUIOLIAb PACTSIHYTOM apMaTyphl,

Acyeﬁ - 3(hpexTBHAS TUIOIIA/L PACTAHYTOTO OETOHA.

Hanpsoxenue O onpeaensieTcs MO 33JaHHBIM YCHIIUSIM TIPH pacyeTe HanpsHKeHHO-1e(OPMHPOBAHHOTO

COCTOSIHUSI cedeHusi Oe3 ydyera paboThl pacTsHyToro Oerona. [Ipu Hamuumu IBYX pSAIOB CTEp)KHEH,
pacuer NPOBOAUTCS B MPEIINOJIOKEHHWH, YTO apMmarypa pa3MElleHa Ha JIMHUU LIEHTPOB TSHKECTH.

3HaueHue Ac'eﬁ OTIpeIeIIsIeTCs KaK YacTh PACTSHYTOM 30HBI CEUEHUS IIPU BHICOTE hcyef . 3HaueHue hcyef
orpenensercs 1o Gopmyie hcyef =2.5(h—d), rae h - BeicoTa ceuenus, d - paGouast BBICOTA CCUCHHSL.

3HaueHue hcyef npuHuMaeTcst He 6onee h/2 u He Gomee (h—x)/3, rme X - BBICOTA CIKATOM 30HBI

TPECHYBILIETO CCYCHHUSI.
Ecnmu miar apMaTtypsl HE MPEBBIIIACT 5(C+d3/ 2), MakcumanbHOe paccTosiHAE MEXIy TpEIIUHAMH
onpeaensiercs no ¢popmyne (7.11):

Srmax = KeC KKK, d /oy

3neck k, =0.8, kz = (51 +52)/251 : k3 =34, k, =0.425, O - TonmmHa 3anmTHOTO C1Ost GETOHa, ds -
pacdyeTHBId JUaMETp pacTAHYTOM apMarypsl, pPaBHbBIM JHAMETPY CTEp)KHEH IIPU OJHOPSIHOM

pasmMereHnn apMatypsl 1 pahsiii d o, = (n,d Z+n,d%)/(nd, +n,d,,) npu aByxpsHOM pasMeresnn
apmatypsl, rae N, ,dsi - YUCIIO U AMaMeTp cTepkHel | -ro psna, i=12.

Kosdduumenr k, onpenensgerca mo 3HadeHUSAM HauOonbmied nepopMaluu g, W HAMMCHBIIEH
neopMallui g, B PaCTAHYTOH 30HE NpH JAEHCTBHHU 3aJaHHBIX ycunui. Ilpy Hamuyum ckaToil 30HBI,
&, =0 H, CIEAOBATENBHO, k, =0.5.

Ecnum mar apmaTypbl npeBbIIIAcT 5(C+d5/ 2), MaKCHUMaJIBHOE pAacCTOSHUE MEXKAY TpelLIMHaMU
omnpenensercs no Gopmye (7.14):

S, mx =1.3(N—X)

ITpu W, > W, mpeaycMOTpeHO yBelInueHHE YiCiia CTePIKHEH pacTSHYTOH apMaTyphl 10 3HAYCHHS, TIPH
kotopom W, SW_. . Ha KakI0M IIare MUKIA 9UCIO CTEpKHEH yBETMUMBAETCS HA eNMHHMIY. L[uKm

oKaHuMBaeTcs Iu60 Tpu BeimonHeHuu yciaosus W, W nu6o B cioydae, Korja IpH JanbHeiiem
YBEITMUYEHUHN YHUCIIA CTEP)KHEH pacCTOSHHUE B CBETY MEXKIY CTEpXKHIMH OyJeT MeHbIe Juamerpa
crepkHed. [Ipn HaMUMM IBYX psIOB paCTAHYTOM apMaTyphl YBEJIMYHUBAETCS TOJBKO YHCIIO CTEPKHEN
B [IEPBOM psIALy.
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Jluteparypa

1. MSZ EN 1992-1-1:2010 EBpokoz 2: IIpoekTupoBaHue xKee300€TOHHBIX
KoHCTpyKuuid — Yactp 1-1: OOmue npaBuia u mpaBuiia Aj1sl 31aHUH.
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403 — ITonbop nonepeuHoit apmatypsl (EBpoko 2)
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[Iporpamma mnpegHa3HaueHa I pacdera TpeOyeMol TOMepeyHON apMmarypel TpH JICHUCTBUHU
nonepeynoit cuibl cormacHo TKIT EN 1992-1-1-2009 [1]. IIpomsBoauTcss KOHCTPYHpPOBaHUE
BEPTUKAJIbHOM IIONEPEYHON apMaTypbl U BBIBOJUTCA HM300pakKeHHE NPHUONOPHOM YacTu ¢
10J00paHHBIMU XOMYTaMH.

1. PacyeTrHas cxemMa M HATPY3KH
PaccmarpuBaercss u3ru® Oajku TPSIMOYTOJBHOTO WJIM TaBPOBOTO (JBYTaBpOBOIO) CEUYEHHUS B
BEPTUKAJIbHON IIOCKOCTH. B KkadecTBE KOOpAMHATHI IPOU3BOJIIBHOTO IONEPEYHOr0 CEUEHUs

pUMeHsieTCst paccTosinue X ot omopsl. 3axarorcs marnGarommii Moment M u monepeunas cnna V),

NeicTByrolMe B Ce4YeHMH Oanku Hajg rpaHbio  omopbl. [IpemycmMoTrpeH BBOA —paBHOMEPHO
pacrpeieIeHHON MOoNnepeyHor HAarpy3Kd MHTEHCHUBHOCTU (] M COCPEIOTOYCHHBIX MONepedHbIx cui Q,
NeiCTBYyIOIMX Ha BepxHed rpanu Oanku. [Ipenmonaraercs, yto Harpy3ku ( ¥ Q HampaBiICHbI

BEPTUKAIBHO BHU3. V3rubaromuii MOMEHT U MOMNepevHast cujia B MPOU3BOIHHOM MOMEPEYHOM CEUCHUU
OTPENIETSAIOTCS MO YCHWJIHMSM B OMOPHOM CEUYCHMHM M 33JlaHHBIM Harpy3kaM Ha OCHOBE ypaBHEHHI
paBHOBECHS.

2. Pacuer

[TpoBepka Hecymieit ciocoOHOCTH Oanku 0e3 yueTa MonepeyHoi apMaTypsl IPOBOAUTCS 10 hopMyiaM

(6.2):
V Vi,

Viede = [Cr ,ck(100,0| fo )1/3 + klo-cp Ib,d

VRd ,C 2 (Vmin + klo-cp )bwd

3neck V - pacyeTHOE 3HAYEHME TOMEPEYHOM CHIIbI, bW - HAaUMEHbIIAs MIHPUHA PACTIHYTOU 30HBI
ceuennsi, d - paboyast BEICOTA CEUEHMS, fck - XapaKTEePUCTUUYECKOE 3HAYCHHUE MPOYHOCTH OETOHA MPU
cxaruu (8 MITa), Cq, = 0.18/ Ve, Ve - koadunuent 6e3omacHoCTH Uit O€TOHA, 3aBUCAIINA OT BHIa

pacueTHOM KoMOWHauwu BosieiictBuii, K=1+ % <2 (d B w™mm), p =t;6g—('j <0.02,

w

A, - mTomane pacTIHYTON MPOTOIBHON apMaTyphl, KOTOpas 3aBE/ICHA 38 PACCMATPHBAEMOE CEUCHHE,

N
KaKk MHHHMMYM, Ha pacCTOsIHHE Ibd +d, k,=0.15, Oy =—<02 fcd, N - pacdyeTHOC 3HAYCHHE

HpOI{OJ’ILHOﬁ CHIJIBI (HOJ'IO)KI/ITeJ'IBHOC pu C)KaTI/II/I), AC - IJiomaab OCTOHHOTO CCUCHUAI, de - paC4CTHOC

sHauenne npouanoctu 6etona ( Ty =y Ty 17¢), v, =0.035k*? ka1/2 .

Ha y4qacCTKax 63.J'IKI/I, Ha KOTOPLIX BBIMIOJIHACTCA YCIOBUC V SVRd c» HOIIEpCYHadA apMaTtypa I10 pacyeTy

He TpeOyercs. Ha 3TuxX ydacTkax MOJDKHA yCTAaHABJIMBAaTHCS MMHHUMANIbHAS TONEpEYHAas apMarypa,
IUIOIAAb KOTOPOH omnpenensercs no Gopmyie:

a

Ssw,min

= minﬁ =0.08,/f, /f,b,
S
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3necy A, = nfzde/ 4 - nnomans ceyeHMs BepTHKAILHOI momepeuHoii apMatypsl, I - uncio BeTBeit
IIONIEPEYHON apMaTyphl, dsw - MaMeTp TIONEPEYHON apMaTypbl, S - IIar MONEPEeYHON apMarypsl,
fw,k - XapaKTepUCTHUECKOE 3HAYE€HHUE Mpejiena TeKydecTu nonepedHoii apmarypsl (B MIla). Iloronnas
mwiomans Ay, ompenenserca B cm?/M. lllar BepTHKaIbLHON MOMEPEYHON apMaTyphl OrpaHUYMBAETCS
CBEpXY 3HAYCHUEM S, = 0.75d . Paccrosinne S; MeXIy BETBSIMH IONEPEYHON apMaTyphl B CEUCHUU

JOJIKHO YAOBJICTBOPATH YCIIOBUSAM St < 075d , St < 600 MM.

Cormacauo 6.2.1 (8) mpoBepka OPOYHOCTH IPOBOIUTCS Id CEUEHHU, VIOAJIECHHBIX OT OHOpPHI Ha
> Y,
paccrosiaue, Ooibinee paboueit BBHICOTHI cedenust d . B OmOpHOM cedeHMH MPOBOIMTCS IPOBEPKa

yenosust V Vg o, tiie Vg ax - MaKcHMasibHOE 3HAYEHUE TIOMEPEYHOM CHITBL.

[IpoBepka Hecylel cIocOOHOCTH OaNKU, C YYETOM BEPTUKAILHOM MOMEPEUHO apMaTyphl, TPOBOAUTCS
coriacHo 6.2.3:

V <V
V<V
_Aw

Vigs = " zf 4 COt O

Rd ,max

\Y =a,b,zv, f, /(cot&+tanH)

Rd ,max cwhw

1<cotf<25

3I[CCB o - Yr'oJI HaKJIOHA CKaTOro packoca (l)epMeHHOﬁ MOACIN OTHOCUTCIIBHO OCH 68.J'IKI/I, z - IJICYO
BHYTPCHHUX CHUJI, ONPCACIIICMOC KaK PACCTOAHHUC MCKAY CXKATBIM U PACTAHYTBIM IMOACaAMU (bepMH,

f
k .
f e =2 - pacueTHOE 3HaueHHE TIpeseNa TEKyd4eCTH IMONEPEYHON apMaTyphl, Vs - KO3(QOHUIUEHT

Vs
0€30MacHOCTH IJIsi apMaTyphl, 3aBUCAIIMNA OT BHJA pacyeTHOM KoMmOMHammu Bo3aeicTBuid. [lpu

OTCYTCTBHM CXHMAIOILIEH MPOIOIbHON cHilbl, KO3dduuueHnt &, npUHUMAETCs paBHBIM 1, a mpu ee

HaJIMYUH, BBIYUCISIETCS 10 popMysaMm:

ay, =1+ O /£, mpu  0< O < 0.25f,

a,, =125 mpu  0.25f, <o, <05f,

op =

Ay = 2.5(1—O'cp/ fcd) pu 05 fcd < O'Cp < fcd

rae O, KoaddunueHnr ymeHbIIeHHs TMPOYHOCTH O€TOHa v, TNPHUHUMAETCS PaBHBIM

_N
cp AC .
0.6(1- f, /250).

[l1e40 BHYTPEHHMX CHI 7z OIPEIENSCTCS KAK PACCTOSHHE MEKLY YCWIHEM Iy B pacTSHYTOM
MPOJIOIPHOM ~ apMaTtype HW  YCHUIHEM ch B CKaroM OeroHe 1O QopMmyle z=z +z,,

rne z,, z, - PAaCCTOSIHUA OT yCUIIUH Ftd Hu ch JO IHEHTpa TSKECTH OETOHHOTO CEYEHUs,
_ | M |_Ftd Z

NiE. Ftd = UtAS| . Hanpsbxenne Oy B pacTHYTOM apMaTrype ONpEAEIAeTCs IPU OMOILHU
td

2
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pacdera HanpsKeHHO-IehOPMUPOBAHHOTO cocTostHUS ceueHus mo yeunusm N, M . Ykazannslii pacuer
IPOBOJUTCS Ha OCHOBE JHarpaMm Je(OpMHUPOBAHUS CHKATOrO OETOHA U apMaTypbl 0e3 ydera paboTbl
pacTsHyTOro OETOHA.

MakcuMaibHas BEIMYMHA TIONEPEYHON CHIIBI, BOCIIPUHMMAEMOW 0e3 pa3pylleHHs CKaTroro OeToHa,
paBHa Vpg - 3Hauenne Vgy o yMeHbinaercs npu yenuuenuu Cotd . Ecin nonepeunas cuma V
MIPEBBINIAECT 3HAYCHUE VRd’m npu COt@d =1, To Hecymas CrnocOOHOCTh OanKh HE MOXKET OBITh
o0ecrieyeHa Ipy NOMOIIY TONEPEYHOTO aPMHUPOBAHUSI.

B mporpamme mpeaycMOTpeHBI /1Ba BapuaHTa pacuera. B mepBoM BapuaHTe pacdera, B cliydyae, ecliu
nonepeunast cuia V  Menbine 3HaueHuss Vg npu COt@=25, npunnmaercs cotd=2.5. B

IIPOTHBHOM CiIydae, ONpesensercss 3HaueHne Cotd, mpu kotopom V =VRd]max. Tpebyemas muiomans

norepeyHoi apmMaTyphbl onpesensercs u3 pasenctsa V =V, o 110 hopmyie:

Aw__ VY

s zf, cotd

B nepBom BapuanTe pacuera, TpeOyemas IUIOIIAb NONEPEYHON apMaTypbl IPUHUMAET MUHUMAJIbHO
BO3MOJKHOE 3HAY€CHUE.

Bo BTOpOM BapuaHTe pacdera, 3HaueHHe COtH 3amaercs MU BBOJE UCXOIHBIX JTaHHBIX.
B mporpamme ompenensiercss npupaumenne AA,  mromanm pPacTSHYTOW NPOAOIBHONH apMaTyphl,
Tpebyemoe sl BOCIPUATHs gononuuTenssoro yemmns ARy, BosHukaromero Benencrsue neiicraus

norepednoii crsl. 3uHauerne ARy onpenensiercst mo popmyie (6.18):

AF, =0.5V cotd

Ipupamenne AA, onpenensercs myrem pacdera TpeGyemoil IUIOMAAM TPOXONBHOM apMATyphI TpH

neiictBuy nponoabHoi cuabl N 1 nsrubaronero momenta M +AM | rae AM = AFtd Z,

3. KoncrpyupoBanue

[Ipy KOHCTPYMPOBAHUHM XOMYTOB IPUMEHSIOTCS CIAEAYIOIINE JaHHBIE: TUAMETP XOMYTOB, UACIIO BETBEN
XOMYTOB, MAaKCUMAJIbHBIM 11l XOMYTOB, IIPUPALLEHUE [Iara XOMYTOB, a TAKXKE PacCTOSHUE OT I'PaHu
OTIOPHI JI0 OCH IIEPBOIO XOMYTA.

[TonGop XOMyTOB 3aKJIIOYAETCs B OMPE/IEIICHNUH [Iara XOMYTOB U JUIMH Y4aCTKOB, Ha KOTOPBIX XOMYTbI
YCTaHABJIMBAIOTCA C NOCTOSTHHBIM maroM. [Ilar xoMyToB Ha IEPBOM OT ONOPBI YYACTKE OMPEIENIAETCS
10 HauOOJIBIIEMYy 3HAYEHHUIO TpeOyeMol MoroHHoW momanu apMaTtypsl (A, /S) .. - Llar xomyros

OrpaHUYHBAETCS 3a[aHHBIM [IPH BBOJIC MAKCUMAITLHBIM 3HaUeHHEM I1ara. Ha BTopoM OT OmopsI y4acTke
Iar XOMyTOB MOET OBbITh MPUHAT TEM K€ WM, €CJIH 3TO BO3MOXKHO, YBEJIMUYEH Ha 3aJaHHOE
npupaiieHue mara. J[yis onpeseneHus grcia XOMyToB TpeOyeTcst 3a/1aTh PACCTOSHHUE OT IPAHH OMOPBI
JI0 OCH TIEPBOTO XOMYTa. ITO PACCTOSHUE MOKET OBITh 33][aHO PABHBIM MOJIOBHUHE IIIara WK MOJTHOMY
mary XoMmyToB. MIHOE cMeleHne JOJDKHO 33/1aBaThCsi BBOJOM COOTBETCTBYIONIETO IMOJIOKUTEIBHOTO
WIM OTPHIATEIBHOTO 3HAYeHHs. [Ipu 3aJaHud  OTPUIATENLHOTO CMEIIEHHS, TEPBBI XOMYT
YCTAHABJIMBACTCS B HAJIOMOPHOM dacTH Oanku. AOCONIOTHAs BEIMYHMHA 3aJaHHOTO CMEHICHHS
npuHuMaetcs He Oonbineit, uem N/2 (h - BricoTa ceuenus).

HpI/I 3alaHUH MIpUpalCHUsA mara XoMyToB, MOXKET OBITE BBCICHO KaK ITOJIOKUTCIIBHOC, TaK U HYJICBOC
WM OTpULATCIIBHOC 3HAYCHHUC. B CIydac BBOJa OTpHULATCIBHOIO 3HAYCHHA, KOHCTPYUPOBAHUC
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IMPOU3BOJUTCA 0e3 U3MEHEHHMS IIara XOMYTOB. HpI/I BBOJIC HYJICBOI'O 3HAYCHHSA, aBTOMATUUYCCKH
OIPCACIIACTCA TaKOC NPHUPALICHUC 1Iara, IIpu KOTOpOM 06H1ee YHCJIO0 XOMYTOB ABJISICTCA MUHUMAJIBHO
BO3MOXXHBIM.

[lo pe3ynbraraM KOHCTPYUPOBAaHHUS BBIBOAUTCA H300paKEHHUE MPUOMOPHOTO YydacTka Oajku ¢
M0100paHHBIMU XOMYTaMH.

t t t t t X [H]

CTATHUKA-2024. Onucanue npoecpamm 403 — ITox6op nonepeunoii apmatypsl (EBpokon 2)



196

Jluteparypa

1. TKII EN 1992-1-1-2009: EBpokoz 2. [IpoexkTupoBaHue keae300eTOHHBIX
KoHCTpYyKuui — Yactp 1-1. O0mue npaBuiia u mpaBuia Jis 3JaHHH.
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404 — Pacuet no TpenimHocTokoctu (EBpokos 2)
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[Iporpamma npemHa3HavyeHa Il pacuéra Mo 00pa3oBaHUIO M packphITHiO TpenuH corntacio TKIT EN
1992-1-1-2009 [1].

1. Ceuenue

PaccmaTpuBaroTcs mpsiMOYrojbHOE CEUeHHE, TAaBPOBOE UIIU ABYTaBPOBOE ceueHue (puc.l).

bB
Az hg

4

J
=3
<Y

Puc. 1. Ceuenus

IIpenycMoTpeHsl 1Ba BapuaHTa 3aJaHMs apMaTyphl: 3alaHUe YKUCIIA CTEPXKHEH M UX AMaMETPOB HIIU
3a/laHue TUIOIIAAEN apMaTypBbl.

2. Yeuausa

HpOI[OJ'ILHaH CHhJia N u 1/13r1/16a101um71 MOMCHT M y 3a4a0TCA OTHOCUTCIIBHO TJIABHBIX HCHTPAJIbHBIX

ocent y, Z OCTOHHOTO CEUCHHSI. HpI/IHI/IMaeTCH, 4qTO IpoJAo0JibHad Culia N 1onoXHuTENbHA IIpu CXKATHUH.

[Tpu neiicTBUM MONOKUTETEHOTO MOMeHTa My, cikaTast 30Ha BOSHHUKAeT B BepXHel yacTu ceuenus. [lpu
pacueTe MO TPEUMHOCTOMKOCTH, YCHJIMSI COOTBETCTBYIOT MPAKTHMUECKHU MOCTOSTHHOW KOMOWHAIIMH
BO3/1€HCTBUIA.

3. Pacuer IMPUHBI PACKPBITUS TPEIIUH
HIuprHa packpbITUS TPEUIMH omnpenensercs no opmye (7.8):
Wy =S, ey (Esn = Ecm)
npu &g~y =05 K fon L+ .0, ) 0y 1/ Eg 2 0.60, / E;
3nech kt =04, a, = Es / Ecm v Pt = Al Acveﬁ , Oy - HampspKeHUE B pacCTAHYTOM apmarype B
TPECHYBIIIEM CEUEHUH, fctm - cpejiHee 3HAYCHHE MPOYHOCTH OETOHA IIPU PACTSHKCHHH, ¢ - MOIyIb

YIIPYTOCTH apMaTyphl, Ecm - MOZlyJIb YIIPYTOCTH O€TOHa, AS - IUIOLIA/1b PACTAHYTOM apMarTypsl, Acyeff

- 3¢ peKTUBHAS IJIOIIAIb PACTAHYTOTO OETOHA.

Hanpspxenue O onpezaensieTcs MO 33AaHHBIM YCHIIUSM TIPU pacueTe HalpsKeHHO-1e(OPMUPOBAHHOTO

COCTOSIHHS C€UCHHS Oe3 ydeTa paboThl pacTIHYTOro OeToHa. 3HAaUCHUE Acyeﬁ OTpeeNsaeTcs Kak 4acTh
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pacTSIHYTOM 30HBI CEUYEHMsS] IIPU BBICOTE hclef. 3HaueHue hcyef ompenensercs 1o (opmyne
hcyef =25(h—-d), rme h - Beicora ceuenms, d - paGouas BBICOTA  CEUCHHS.

3HaueHue hcyef npuHuMaetcs He 6omee h/2 u He Gomee (h—x)/3, rme X - BbICOTA CIKATOM 30HBI

TPECHYBIICTO CCUCHUS.

Ecnu mar apMarypbl HE MPEBBIMIACT 5(C+d5/ 2), MakcUMaIbHOE paccTosiHue MEXAY TpeIlnHAMU
onpenensercs mo ¢opmyne (7.11):

Srmax = KeC KKK, d /oy

3neck k, =0.8, k2 :(51 +52)/26'1 , k3 :3-4, k, =0.425, C - TonmmHA 3aUTHOTO c0s OETOHA,
ds - pacyeTHBIM AMAMETP PACTAHYTOM apMarypsl, PaBHBIA AUAMETPY CTEP>KHEM, IIPU OJHOPSIAHOM
pa3MEIeHNH apMarypbl, U PaBHBII (nldfl +n2d§2)/(nldsl +n2d52), IIpA OBYXPAIHOM pa3sMeElleHUU
apmarypsl, rae [, ,dsi - YHCJIO ¥ IMAMETP CTepskHel | -ro paza, i=12.

Koaddunment k, ONIpPEHENsCTCS IO 3HAYCHUSIM HauOobIIeH AeopMaIiu & W HauMEHbIIEN
nedopmaru &, B pacTAHYTOM 30HE MpU JEUCTBUM 3aJaHHBIX ycwiuid. [Ipy Haau4uu c:kaTtod 30HBI,
&, =0 H, CIEAOBATENBHO, k, =0.5.

Ecnum mar apmaTypbl NOpeBbIIIAET 5(C+d3/ 2), MAaKCUMAaJIbHOE PACCTOSIHUE MEKIY TpeIMHaAMU
onpenensiercst o Gpopmyse (7.14):

S\ e =1.3(h-x)
Pacyer mmpuHBI pacKpbeITHS TPEIIWH MPOU3BOAUTCS, €CIAM MPU 33aJaHHBIX YCHIMSX, HanOoJbIlIas
nepopMmainusi pacTSIHYTOTO O€TOHa NPEBHINIAET 3HAaueHHe &y = fctm/ Ecm. VYeunus, npu KOTOPBIX
JOCTUTACTCA JICCI)OpMaI_[I/I}I gcta SABIIAKOTCA y'CI/IJ'II/ISIMI/I TpeH_[I/IH006pa30BaHI/I$I Nc’Myc- 3Ha‘IeHI/I}I

N.,M yc OTIPEIENSIOTCS 110 3a1aHHbIM ycrmusam 6o mpu N = Const , mu6o npu M y /N =const . Eciu

MPOOJIbHAS CHJIA U U3rHOArOIMii MOMEHT BO3HHMKAIOT OT JIEHCTBHSI pa3HBIX MICTOUHUKOB HAarpy3ok, TO
ciemyer nonoxuts N =CONSt, a eciiu OHM BO3HMKAIOT OT JEHCTBUS OJHOTO UCTOYHUKA HAIPY30K, TO

cnenyer nonoxuts €=M, /N = const.

IIpu pacuere ycunuii TpemMHOOOpa30BaHUS W MPU pacueTe HanpsHKEHHO-IePOpPMHUPOBAHHOTO
COCTOSIHUS CEUEHUS IPUMEHsIeTCs apaboandeckas [uarpamma 1eopMupoBaHus CKaToro OEToHa.
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Jluteparypa

1. TKII EN 1992-1-1-2009: EBpokoz 2. [IpoexkTupoBaHue keae300eTOHHBIX
KoHCTpYKuuid — Yactp 1-1. O0mue npaBuiia u mpaBuia Jis 3JaHHH.
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405 — JXKeneszoberonnas xomonHa (EBpoxop 2)
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[Iporpamma npeaHa3zHaueHa JJ1 MPOSKTUPOBAHUS OHOSIPYCHOM MIJIM MHOTOSIPYCHOM 7KeJie300€TOHHOM
KoJIoHHBI coryacHo Eurocode [1], [2]. IIpemycMoTpeHbl [Ba MeTOJa pacyeTa KOJOHHBI: OOIIUI
HEJIMHENHBIN pacyeT U YIPOILLIECHHbIN pacyeT Ha OCHOBE HOMMHAJIBHON KECTKOCTH.

1. PacuerHasi cxema

PacueTHass cxema KOJIOHHBI TPEICTaBISET COOOH MOCIEeNOBATEIBHOCTh CTEP)KHEBBIX JIIEMEHTOB
(vacTei) mpousBoIBHOTO ceueHus (puc.l). Pasdbuenne KoIOHHBI HA YaCTH HEOOXOIUMO TIPU HATHYUHU
Pa3JIMYHBIX CEYCHUH, a TAKXKE IS TOA00pa apMaTyphl pa3IMYHON IUIOMIAIN WK PA3IMYHOTO JHAMETpPa
Ha PA3JIMYHBIX YacTAX KOJIOHHBI. YacTh HyMepyloTcsi B HampaBlieHHMH CHU3Y BBepX. [lpum pacuere
HMpPUMEHSIETCS TiI00aibHas CUcTeMa KoopauHaT XYZ , Hadajao KOTOPOW COBIAJACT C IIEHTPOM TSKECTH

HIKHETO ceyeHust KonouHbl. Och X HampasieHa cHu3y BBepX. Ha KaKI0M 4acTH KOJOHHBI BBOJUTCS
JIOKaJbHasl CUCTEMA KOOPJMHAT, BEPTUKAIBbHAS OChb KOTOPOM COBIIAJNACT C JIMHUEW LEHTPOB TSHKECTH
CCUYEHUI JTaHHOM 4acTH, a TOPU3OHTAJIbHBIE OCU NApaJICNIBbHBI OCSIM Y, Z. YUHUTBIBAcTCS CMEILECHUE

BepTHKaHBHOﬁ OCH 4aCTH KOJIOHHBI 110 OTHOIICHHUIO K OCH HHX(epaCHOHO)KeHHOﬁ qaCTu (pI/ICZ)

Yactu

Puc. 1. Pacuernas cxema

Puc. 2. Cmemenue ocu

[Ipeanonaraercsi, 4TO PE3yJNbTUPYIOIIAs] BEPTHUKAIbHAs CUJA BOCIIPUHHUMAETCS B HWJKHEH OIIOpE.
VYcnoBust ynpyroro uiu aOCOJIOTHO ECTKOTO 3aKpeIyIeHHs MOTYT 3aJaBaTbCsi B INPOU3BOJIBHBIX
toukax. OHU (GOPMYIUPYIOTCS Ui TOPU3OHTAJIBHOTIO IMEPEMEIICHUS U TOBOPOTA CEUYCHHUS BOKPYT
TOPU30HTAJILHON OCH. B citydae o1HOApYCHON KOJIOHHBI, BO3MOXEH BBIOOP YaCTHBIX PACUETHBIX CXEM,
JUIE KOTOPBIX HE TpeOyeTcst sSIBHO 3a/aBaTh ycioBHsA 3akperuieHus. Ha puc.3 manel Gopmynsl ams
ornpeneneHuss Ko3((UIMEHTOB KECTKOCTH YIPYTUX CBS3€H KOJOHHBI C NMPUCOCIMHEHHBIMH K HEH
3JIEMEHTaMU KOHCTPYKIMU. BO3MOXKeH ydeT nmoiaTIMBOCTH OCHOBaHMsI MPH OMOIIU K03 duimeHTon
KECTKOCTH 3aKpEIJICHUsT HIKHETO Kpas KOJOHHBI OTHOCHTEIBHO MOBOPOTOB. KoaddummeHnTs
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KECTKOCTU MPUOIMKEHHO ONpeesieTcs Mo pa3MepaM pyHIaMEHTHOM TUIUTHI U MOAYITIO AedopManuu
OCHOBAHUS.

—= — = —k= g
— CZS*E*I/]3
*m —
|
e —=
E*A . .
B o<} = e
| 1 |

| | C=E=*A /1

o~ F*I - ( m C=3*E*1/1
L 1 o

Cé—-ﬁ ¢ m C=4%E*1/]

|

Puc. 3. KoapuuueHThI )KeCTKOCTH YIPYTHX CBSI3EH

2. Ceuenusi

Ha pa3nudHbIX 9acTsSX KOJIOHHBI MOTYT 33/1aBaThCsl PA3IMUHBIC CEUEHUS, OTINYAIOIINECS 10 PopMe WK
o apmarype. CeueHue MOXKET 3a/1aBaThCs KaK CTaHJAPTHOE CeUeHUe (MPSMOYTOIbHOE, KPYTOBOE MU
KOJIBIIEBOE CEUCHHE) WIIM KaK MTPOU3BOIFHOE MOJUTOHATIBHOE ceueHue (puc.4).
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Puc. 4. Ceuenns

Jnst mpsIMOYTOJIBHOTO CEYEHHsSI BO3MOXKHBI CJIEAYIOIIME CXEMBI apMupoBaHusi A (puc.5): cxema ¢
pPaBHBIMM IUIOIIAASIMU apMaTypbl BOMM3M BepmuH cedeHus (A = (), cxema ¢ paBHOMEPHBIM
pacrpeiesieHueM IJI0NIa i apMaTyphl BIOJIb KOHTypa cedeHus (A = 1), cxema ¢ paBHBIMH TUIOIIAISIMH
apMarypbl BOJIM3M BepXHEH M HIKHEH CTOpoH ceueHus (A = 2), cxema ¢ paBHbIMM IUIOLIAISIMU
apMaTypbl BOJIHM3H JIeBOil U paBoii cTopoH cedeHus (A = 3).

s KpyroBoro M KOJBLEBOIO CEUYEHHH pPacCMaTpUBAETCS CXE€Ma apMUPOBAaHUSA C PAaBHOMEPHBIM
pacrpeieNeHueM IJI0IAa U apMaTyphl BIOJIb KOHTYpa CEYEHUsI.

JlJis MONMrOHANbHOTO CEYEHHUsT BO3MOXHBI CJIEAYIOIINE CXEMbl apMUPOBAHUSA: CXE€Ma C PaBHBIMU
IUTOINAASIMUA apMaTypbl BOJIM3M BEpIIMH BHEUIHEro KOHTypa cedeHus (A = (), cxeMa ¢ paBHOMEPHBIM
pacrpeieieHleM TUTOIAIN apMaTyphl BJIOJIb BHEIITHETO KOHTYpa ceueHust (A = 1), mpou3BobHas cXxema
apmupoBanus. Jnsg cxem A = 0 u A = 1 HeoOXoauMmble IJIs pacueTa KOOPIMHATBHI apMaTyphl
omnpenenstorcs apromaruiecku. [Tpu A = 0 HCKITIOYaIOTCS U3 PACCMOTPEHUS BXOSIIUE YIIIBI (T.€. YIIIBI,
6onsime 180 rpax). Kpome Toro, mpoBepsieTcsi BO3MOKHOCTh KOPPEKTHOTO pa3MelIeHHsI apMaTypHBIX
CTepKHEH Npu HAIMYUK OJM3KUX BEPIIUH.

[Ipu BBIOOpE TPOU3BOIBHON CXEMbI apMUPOBAaHUS TpeOyeTcs 3a7aTh OTPE3KH (apMaTypHbIE CIIOH), Ha
KOTOpBIX pa3Mmelnaercss apmarypa. Bozmoxken BBox a0 50 apmarypsbix cioeB. Ciou MOTyT MMETh
IIPOU3BOJIBHYIO JUIMHY M opueHTanuio. [Ipeanosaraercs, 4To IUIOmaAe apMaTypbl PaBHOMEPHO
pacmpezneneHa 1o cinor. Ecim umMHA C€I0s paBHA HYNIIO, TO TAaKOM CIIOH COOTBETCTBYET
«COCPEOTOYECHHON» IUIOAAN apMaTypbl. ApMaTypHblE CJIOM NOJAPAa3feisAloTCs Ha CIOU ¢
BapbUPYEMOU TUIOMIAABIO M CJIOU C MTOCTOSIHHOM TUIOMIAABI0 (HE U3MEHIEMOU P pacdeTe TpeOyemoit
apMarypsl). 1 KaKooro apMaTypHOro CJOs C BapbHUpPyEMOM IJIOLIAAbI0 ONPENENSIEeTCS €ro A0 B

oOuieil miuomaau apMmaTypbl As,var- Jonst cios paccUMThIBAaeTCs MO 3aJaHHBIM OTHOCUTEJIbHBIM
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IUIOIIAAAM Kak ki ZA /(A1 +A2 +) i=1,2,... [lnomane 1-ro cios ompenensercs no Gopmyie
A =ki 'As,var- [Ipy moMomM pacueTa OTHICKMBAETCS OOIIAs ILUIOMAab apMaTyph Aslvar, a 3aTeM 10

KodpunreHTam ki BBIYMCIISIIOTCS IIOIIAAN apMATypPHBIX CIOEB Asi-

a a a a
L L L L
i b 1 i b 7
A=0 A=1
i a AV AV
h h
i a N
t t Ho 4
b 2 a,
7 b 1
A=2 A=3

Puc. 5. CxeMbI apMUpOBaHHS IPSIMOYTOJILHOTO CEUCHHUS

3. Harpy3ku

Bo3MoxHEI CICAYIOIUEC HArpy3ku: COCPCAOTOUYCHHBLIC BCPTUKAJIBHBIC W TOPHU3OHTAJIIbBHBIC CHJIBI,
COCPEAOTOYCHHBIC MOMCHTEBI, PpPaCIpCACIICHHBIC TOPU3OHTAJIBHBIC W BCPTUKAJIBHBIC HArpysKu,
CMCHICHUA U ITOBOPOTHI JKECTKUX OIIOP. Bo3MoxeH aBToMaTH4YeCKUi yYuer COOCTBEHHOTO BECa KOJIOHHBI.
IlonoxutenbHbIE HaIIpaBJICHUA HArpy30K IIOKa3aHbl Ha pI/IC.6. ITonoxuteabHbIE HaITpaBJICHUA
CMeHleHI/Iﬁ KECTKHUX OIIOP COBIIAAAOT C HapaBJICHUAMHU KOOPAWMHATHBIX oceit. IlonoxxureaprHBIC
HaIlpaBJICHUA ITOBOPOTOB KCCTKUX OIIOP COBINAAAIOT € MMOJIOKUTCIIBHBEIMU HAIIPABJICHUAMU MOMCHTOB.

Knaccudukanus n koMOMHUpOBaHME BO3JCHCTBUI mpuHUMaroTcs corjacHo [2], Ilpunoxkenue Al.
BozaeiicTBust moapasnenstoTcs Ha MOCTOSTHHBIE, IEPEMEHHBIE U 0COObIe, a KOMOMHAITUN BO3IEHCTBUN -
Ha OCHOBHBIE U 0c00BbIe. YacTHbIE KOO()(DUIMEHTHI O€30MIaCHOCTH y. AJ BO3AEHCTBHI NPUHUMAIOTCS

o tabnune Al.2(B). Kombunammonnsie koapdunuentsr ¥, ¥1,¥/, nis nepeMeHHbIX BO3IEHCTBHIA

npuHumarotTcs mo tabnune Al.l. KomOuHupoBaHue BO3JeMcTBUI MpeAcTaBiseT cOOO TeHepaluio
MHOXXECTBa OCHOBHBIX M OCOOBIX KOMOHMHAIMH BO3ACUCTBUH C y4eToM OJNAronpusiTHOrO u
HeOaronpusaTHOro 3¢¢dexra oT BO3AEHCTBUM, a TaKKe BO3MOXHOCTH JOMHUHHMPOBAHUS KaXKJIOTO U3
nepeMeHHbIX Bo3jaehcTBuid. [lpu yuere nedopmanuii momsydecTn OeTOHA AN KaKIOW pacueTHOMH
KOMOWHAIMH OTIPENIENISIeTCsl COOTBETCTBYIONIAS TPAKTUYECKH ITOCTOSTHHASE KOMOUWHAIHSI BO3CHCTBUI.
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Ay dz

Oys Uz

Oyu y Oz z

Puc. 6. [lonoxxurenbHble HANPABIEHUS HATPY30K

Bo3moxen BBOX HecoueTaeMbIX BO3ACUCTBHH. Takume BO3AEHCTBHA BKIIOYAIOTCSA B TIPYIILY
HecodeTaeMbIX BO3AelcTBUI. B KoMOMHAIMIO MOKET BOHTH TOJBKO OJHO BO3JEHCTBUE M3 KaKIOU
rpynnsl. Hymepanus rpynn HaunHaeTcsl ¢ €IMHULBL. [ pynnbl MOTyT IPUMEHATHCS, B YACTHOCTH, MPU
ydeTe BETPOBBIX HArpy3ok (IpU pacCMOTPEHUHU AEUCTBUS BETpa MO PA3JIMYHBIM HAIPABICHUSIM) U
KPaHOBBIX Harpy30K (IpU pacCMOTPEHUH Pa3IMYHbIX MOJOKEHUN KpaHa).

Bo3MokeH BBOJ 3HAaKOIEPEMEHHBIX BO3JEUCTBUH. B 3TOM ciydae, B pacyeTe y4MTBIBAECTCS Kak
3aJaHHOE BO3JICMCTBUE, TaK U BO3JECHCTBUE MPOTUBOIOJIOKHOTO 3HAKA.

Jlns cokpailieHus BBIYHCIEHUN U 00beMa BBIXOJHOTO JOKYMEHTa MPOTrpaMMbl MPEAYCMOTPEH BHIOOD
KOMOHMHAIINI BO3JEHCTBHM, 1Ji1 KOTOPBIX MPOBOJIUTCS pacdeT KoJoHHHL. [lo pe3ynpTaTam muHEIHOTO
pacyeta, ¢ ydetroM 3(ppeKTOB BTOPOTO MOpPSAKA JIJIT BCEX BO3MOXKHBIX KOMOWHAIIMM BO3JEHCTBUIA,
BBIOMpAIOTCS Takue KOMOWHAIIMHU, Ui KOTOPBIX BHYTPEHHUE YCHIIMS WM MPOTUOBl MPUHUMAIOT
HauOOJIbIIINE TOIOKUTENBHBIE WM OTPUIIATENbHBIE 3HAUCHUSI.

4. HenuHeliHbIN pacyer

Henuneiinpiil pacuet npoBoAUTCs cornacHo [ 1], 5.8.6. KpuBusHbl K\ ¥ x, ONPENENAIOTCS Y€PE3 yCHITUS

Ha OCHOBE AuarpamMm JaedopMupoBaHUsS CKAaToro OeToHa W apMaryphl. [lpu pacuere mpumeHsercs
nuarpamma, npuseaeHHas B [1], 3.1.5. M3-3a HenuHelHOro xapakrepa 3aBUCUMOCTH KPUBU3H OT
YCHIIMH, CUCTeMa YpaBHEHUH MPOJOIBHO-TIONEPEYHOTO M3TrHMda sABIsSeTCs HenuHeiHoW. HenmHelHbrit
pacyeTr MpOBOJAUTCS IPU MOMOIIM METOJAA UTepauuii. MiTepalMOHHBIA POLIECC OKAaHYMBAETCS TOTAA,
KOT/Ia OTHOCUTEbHBIC TMPHUPAIIEHUS MOMEHTOB, TIPOTrHOOB M TUIOMIAIH apMaTyphl CTAHOBSITCS MEHEE
1%. J1ns KOHTpOJIE TOYHOCTU PE3YJIHTATOB HEIMHEWHOIO pacyeTa YCUJIMKA BBIBOJUTCS UTEPAIlMOHHAS
OIInOKa.

[IpenycMOTpeH BBIBOJ Harpy3oK Ha OMopbl (OHM MPOTHUBOIOJIOKHBI MO 3HAKY peaklHsIM OIop). ITU
JaHHBIE MOTYT UCIIOJIb30BAaTHCS IIPU pacueTe MPUCOCTUHEHHBIX K KOJIOHHE AJIEMEHTOB KOHCTPYKIINH (B
YaCTHOCTH, MPU pacuere GyHIaMeHTa).

JUisi KOHTPOJIsL pe3yabTaTOB MPEIyCMOTPEHA MPOBEpKa PaBHOBECHs KOJOHHBI B Ae()OpMUPOBAHHOM
COCTOAHUU (T.€. C YYETOM PACCUUTAHHBIX MPOTrMOOB), Haxojdullelcs MOoJ IEHCTBUEM Harpy3ok M
peakuui CBsA3Ci.
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Pacuer Tpebyemoli apmMaTypsl TPOBOJIUTCS Ha OCHOBE JUArpaMMbl, MOJYYEHHOW U3 Auarpammsl [1],

3.1.5 3ameHoM fcm Ha fcd u 3amenoit Eq, ma Ey =E, /7CE mpu Joe =1.2.

[IpenenbHble ycUIUs BRIPAXKAIOTCS Yepe3 NeHCTBYOIINE yCUus o Gpopmynam:

Nu :7/UN’ Ivlyu :yuMy’ Mzu :7UMZ

[Ipounocts ceuenus obecredena npu Y, 21. Owmbky npu pacuere TpeGyeMoil apMaTyphl BEIBOISTCS

TOrJa, Korjaa oHu npesbiatoT 1%. [losBnenne nndopmannu 06 ommnbdKkax BO3MOKHO, B YaCTHOCTH, TPU
pacdere TpedyemMoii apMaTyphl B MPOU3BOJIBHOM MMOJIMTOHATLHOM CEUYCHUH, €CITH CXeMa apMUPOBAHUS
3a7laHa HEKOPPEKTHO.

[IpenycMoTpeH aBTOMAaTHYECKHN YU4eT MUHHMAaJIbHOTO K03(duumeHra apmupoBanusi. MUHUMaIbHAS
IUIOMIA/Ib apMaTyphl onpeaensercs mo popmyite [1], (9.12N):
A - 0.10N,

,min f

yd
rac fyd = fyk / 75 - paCuY€THOC 3HAYCHHUE MPEALCIIa TEKYYECTH apMaTyphl. KOS(b(bI/ILII/IeHT 0€30I1aCHOCTH

JUTSL apMaTyphbl /s MpUHUMAETCs paBHBIM 1.15, mpu pacyere 1711 OCHOBHOM KOMOMHAIIMKM BO3ICHCTBUMA,
u paBHbIM 1.0, ipu pacuere 111 0c000i KOMOMHALIMK BO3/ICHCTBUI.

5. YnpoueHHbIii pacyer

VYhpoueHHblii pacuer npoBoguTcs coriacHo [l], 5.8.7 Ha OCHOBE HOMUHAIBHON KECTKOCTH.
N3rubaronirie MOMEHTHI ONIpEAEIAIOTCS PY OMOIIHY JIMHEHHOT0 pacyeTa 0e3 yueTa 3 peKToB BTOPOro
nopsiika. PacueTHble MOMEHTBHI OIpPENENAIOTCA IMyTeM YBEJIMYEHUS H3THOAIONMX MOMEHTOB I10
dopmyie (5.30):
_ M oeq

1-Ng /Ng

Ed

rjae MOEd - u3rularolMii MOMEHT, OINpeAeieHHbIH 0e3 yuera 3(¢peKTOB BTOPOTO MOpPSIKA, NEd -
NpOJOJbHAsA CUNa, N, - KpUTHYECKas CUJIa, KOTOpas OIpPEJENseTCs Ha OCHOBE HOMMHAJILHON
xecTtkocT. DopMyna st KpUTHUECKOU CHITBI MOXKET OBITh 3amKcaHa B BUJE!

_7z2D

2

NB

lo

rac D - HOMHHaJIbHaA KECTKOCTh KOJIOHHBI, IO - pacucTHasA JJINHA. 3HadueHne D BBIYUCIISICTCA 110
dopmyie (5.21)
D=K.E,I +K.E,I,

3nece Eg = Ecm/ Yce - pacdyeTHOe 3HauYeHHe MOJYJs yNpyroctu OeToHa, )cg =12, E, - MOJTyJTb
yrpyrocta apmarypsr; | ¢, | - MOMeHTBI HHEpIMI GeTOHHOTO CeyeHHS U ILIOMAH CCYCHHST apMATYPbL

OTHOCHUTEJILHO IIEHTPaJIbHOM ocH ceueHus. KoaddunmeHTor KC, Ks ornpezensoTcs o Gopmysnam:
Kc = klkz /(1+ q)ef )
K, =1
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k, =T, /20

k, =n—— <0.20
170

N=Ng /(Akfcd)

3nech fy - xapaxrepucriueckoe snauenme npounoct Gerona npu cxaruu B MITa, Ty =a Ty /e -
pacuetHoe 3Hauenue npounoctd 6erona, A, - mwiomans cevenns, A =ly/1 - ruGkocts, i - pammyc

uHepuuu ceyeHus. Koapduuument 6e3onacHocTr it 6eToHA )¢ MpUHUMAETCs paBHBIM 1.5 mpu pacuere
JUIE OCHOBHOM KOMOWHALIMK BO3JEHCTBHI W paBHBIM 1.2 mpu pacdere ais 0co0OW KOMOWHAIMH

BO31eicTBUIl. D PEeKTUBHBIN KOIPPUIMEHT MON3YyYeCTU Py MPUHUMAETCS PABHBIM IMPEACILHOMY

3HAUEHUIO0 KO3(PPUIMEHTa MOI3Y4eCTH gp(oo,to). 3HaueHue (0(00,t0) onpenensiercs coriacHo [1],
[punoxenne B mo smavenmio RH oTHOCHMTEnBHON BrakHOCTH BO3MyXa OKpYysKaromel cpemsl u

3HA4YCHUIO to BO3pacTa 0eToHa B MOMEHT HarpyxceHus.

B cnydyae nuHEHHOro pacmpeieieHusi H3rHOaromero MOMEHTa, IPUMEHSICTCS OSKBHUBAICHTHBIN
pacueTHbIit MOMEHT coriiacHo [1], 5.8.8.2 (2).

[To pacueTHbIM MOMEHTaMm ormpezensercss Tpedyemas IUIonaab apMarypbl. Tak Kak HOMHHaJIbHas
JKECTKOCTb 3aBUCHUT OT ILIOIIAINA apMaTyphl, pacyeT IPOBOJUTCS IIPU MOMOIIN UTEPALIUI.

[IpenycMOTpeH y4YeT MHHHMAIbHOTO OJKCIEHTPUCUTETA TMPOJONBHON CHJIBI TpPU OMpeleieHUU
TpeOyeMou TIJIOMIaau apMaTyphl.

[IpeaycMoTpeH aBTOMAaTUUECKHUH y4eT MUHUMALHOM IIJTOIAIA apMaTyphl, OMpeaeisieMou o hopmyIie
[1], (9.12N):

0.10N
As,min = f—Ed

yd
rje fyd = fyk |y - pacueTHOE 3HAUYeHNMe Mpenena TeKydecTH apMaTypsl. KoadduiuenT 6e30macHoCTH

JUISL apMaTyphl /s TpUHUMAaETCs paBHBIM 1.15 mpu pacuere ajis OCHOBHOW KOMOMHAIIMU BO3ACHCTBUM
u paBHbIM 1.0 mpu pacuere 119 0c000i KOMOMHAIIMK BO3/IEHCTBUI.

6. KoncrpyupoBanue

KoHcTpynpoBanue mnpofoiapHOW apMaTypbl B CEUEHHUSAX KOJIOHHBI IIPOM3BOJUTCS C  YYETOM
HOPMATUBHBIX TPEOOBaHMI MO 3alIUTHOMY CIIOI0 OETOHA, 3a UCKIIIOUYEHHEM CIly4yasl MOJIMTOHAIBHOTO
CEUEHHs C MPOM3BOJIBHOM cxeMol apmupoBanus. HeoOxonuMmele s pacuera pacCTOSHUS OT LEHTPOB
TSKECTU IIIOLIAJAEH apMaTypbl 10 KOHTypa CE€YEHUs MEPBOHAYAIBHO OMPEIEISAIOTCS 110 3aJaHHOMY
HauOOJIBIIEMY TUAMETPY CTEPXKHEW C yUeTOM JHUaMeTpa XOMYTa U 3aJJaHHOH MUHMMAaJIbHOM TOJIIMHBI
3amuTHOro0 ciosi OeroHa. Ilo pesynpraraM mNepBOHAYAIbHOIO pacyeTa KOJOHHBI MPOU3BOAUTCS
KOHCTPYMPOBAaHHUE apMaTypbl U KOPPEKTHPYIOTCS pPacCTOSHUSA OT LEHTPOB TSDKECTU IUIOLIANEH
apMaTryphbl 10 KOHTypa CE€4€HHUs. 3aTeM IIPOBOJUTCS IOBTOPHBIN pacueT KOJIOHHBI U KOHCTPYUPOBaHUE
apMarypsbl. PaccTosiHus OT HEHTPOB TSHKECTH ILIOIIAAECH apMaTypsl O KOHTypa CEUYEHHUs, 111 KOTOPBIX
orpeneneHa Tpedyemasi apMaTypa, yKa3blBalOTCS B BBIXOJAHOM JIOKYMEHTE IIPOTPaMMBI.

[Ipu monbGope apMaTypHBIX CTEPKHEH, MPUMEHSETCS CIeAYIOMUN O0IUN Pl AMaMETPOB (B MM): 6, 8,
10, 12, 14, 16, 18, 20, 22, 25, 28, 32, 36, 40. ApMaTypHbI€ CTEPKHU Pa3MENIAIOTCS B CEYEHUH C YUETOM
HOMUHAQJIBHOW TOJIIIMHBI 3aLIUTHOTO €0 OETOHAa M HOMMHAJIBHOIO PACCTOSIHUA B CBETY MEXIYy
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crepxHsAMH. HOMUHATBHAS TOJIIMHA 3aIIMTHOTO CJI0S ompeensercs Kak Cnom = Crin TAC, re Crin

IIPUHUMACTCA HE MCHCEC aUaMETpa apmMarypbl, 3HAUCHHUC Ac BBOJUTCA JIA YUY€Ta BO3MOXKHBIX
OTKJIOHECHHH OT IMPOCKTHBIX MOJIOKEHUH apMaTypa.l. TOJ'IHII/IHa 3allIMTHOI'O CJI0A OeToHa IIPUHUMACTCA
KpaTHOﬁ 5MM. 3HaueHUE Cpin HPHMHHUMACTCS HC MCHCC 3aIaHHOI'O 3HA4YCHUA M OIPCACIIACTCA C YICTOM

cneytonmx yenosuit: Cpjp 2 Uy, Crin +0g, 20, rae dg, — amamerp nonepeunoii apmarypsr, d —
JMAMETp TPOIOITBLHOM apMaTypPhI.

B ceuenun co cxemoil apmupoBanusg A = (0 B KaXJI0M yIJIe MOXKET pa3MeIIaTbcs OAUH apMaTypHbIN
CTep>keHb WK (Ipu HeoOxoauMocTH) Oosee (3 wim S apMatypHbIX cTepxkHel ). [Ipu pacuere TpeOyemoit
apMaTypbl IPUMEHSETCS PACCTOSIHHME OT KOHTYypa CEYEHHUs 10 OOILIero IeHTpa TSHKECTU TPYIIIIBI
CTEPHKHEH.

7. Y4eTr HecoBepLIEHCTB

IIpu HenuHeltHOM pacyere ¢ ydeToM 3¢ (EeKTOB BTOPOro MHOpsAKa A ydeTa BIUSHUS TaKUX
HECOBEPUICHCTB KOJIOHHBI, KaK HEMPSAMOJIMHEHHOCTh U HEBEPTUKAIbHOCTh, MIPELYCMOTPEHO 3a/1aHUE
HayalbHbIX MPOruOoB 1o GopMam MoTepu yCTOMUMBOCTH WMJIM 33JjaHUE OTKIOHEHUH OCH KOJIOHHBI OT
BepTUKaIU. BpiOOp B kauecTBe (hOpMbI HECOBEPIICHCTBA KOJIOHHBI (DOPMBI IOTEPU YCTOHYMBOCTU
OOBSICHACTCS BBICOKOW CTETIEHBIO BIHMSHUS 3TOH (POPMBI IIPU OONBIINX BEPTUKAIBHBIX Harpy3kax. Jls
KaX/10i KOOpAMHATHON IIOCKOCTH, (hopMa MOTEPH YCTOMUMBOCTU OIpPEIEIeTCs] B paMKax TEOpUHU
yIpyroi yCTOWYMBOCTH ISl 3a/laHHOTO pacIpelesieHUs] BepTUKaIbHBIX Harpy3ok. Ilo ymosganuro,
HanOoIplllee 3HAYCHHWE HAYAIBHOTO TPOrMda B KAXKAOH IUIOCKOCTH TPHHUMACTCS PaBHBIM
MUHUMaTbHOMY 3KciieHTpucuteTy ([1], 6.1(4)). Boamoxken BBOJ HanOONbBIIEro 3HAU€HUSI HAYAIBHOTO
nporuba. BpiOop Hambonee HeOMAronpusATHON OpHEHTAllMM HaydalbHOro Mmporuda (BHIOOp 3HaKa
HauOOJIbIIEr0 3HAYEHUS) OCYLIECTBIIAECTCS 1) KaKJ0M KOMOMHAIIMM BO3JIEHCTBUM MO OTJEIBHOCTH.

OTKIJIOHEHHE OCH KOJIOHHBI OT BEPTHUKAJIM MPEJCTaBIsET COO0N MOBOPOT OCH BOKPYT HUKHEH TOUKH.
Brei6op nHanbonee HeOMArompusTHOrO HamNpaBlIeHUS OTKIOHEHHS OT BEpTUKAIW (B HampaBiICHHH
KOOPJAMHATHOW OCH WJIM B TPOTUBOIMOJOKHOM HANpPABJICHUH) OCYIIECTBISETCA JUIA KaXI0H
KOMOMHAIIMY BO3IEHCTBUI IO OTAEIBHOCTH.

Bo3MoxeH BBOJA HayallbHBIX HpOI‘I/I6OB HpOPI3BOJ'IBHOﬁ q)OpMLI. B »sToMm cjIydac, 1O 3aJaHHbIM
3HA4YCHUAM Ha4aJIbHOI'O nporH6a CTPOUTCH TJIaAKasA UHTCPIOJIALUOHHAA CHJ'IaI\/'IH'Q)YHKLII/ISI.

8. Yuer nedopmanmii nossyuectu

Jedbopmanuu moa3ydecTd OETOHA PACCUMTHIBAIOTCS B paMKaxX JUHEHHON TEOPHH TOJI3Y4ECTH ISt
MPAKTUYECKH TMOCTOSHHBIX KOMOWHAIMi BO3aeiicTBUil. CHauanma MPOBOIUTCS JTUHEHHBIA pacyer ¢

yaetoM 3()QPEeKTOB BTOPOro mopsiaka ¢ Moayiem aedopmanuu OeToHa Ecm /(1+(0), OTBEYAIOIITUM
MPOJOKUTENLHOMY JEWCTBUIO HAarpy30K, a 3aTeM IMPOBOJUTCS AHANOTUYHBIA pacdeT ¢ MOJyJIeM
YIPYTOCTH Ecm . B aTux pacuerax y4uThIBAIOTCS 3aJaHHBIC HECOBEPIIEHCTBA KOMOHHBL [Tpornoer W, ,

BBI3BAHHBIE IOJI3Y4ECThIO OETOHA, OMPEAENSAIOTCS KaK Pa3HOCTh MPOrHOOB, MOJYYEHHBIX B JBYX
yKa3aHHbIX pacyerax. [Iporudbl W, y4uTBHIBAIOTCS B OCHOBHOM HEJTMHEWHOM pacyeTe KOJOHHBI Kak
HayvaJbHbIE TPOTHOBI.

9. Yuer nmoaaTJaIuBOCTH OCHOBAHUA

’KecTKoCTh OCHOBaHUS OTHOCHUTEIHHO IMOBOPOTOB HIDKHETO CEUEHUsS! KOJOHHBI BOKPYT oced Y H z
onpexensiercs o ¢popmye [3], Anhang I11.2:
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C, =ab’ _E
4.64k
3necy a,b - pasmepsl dynnamenta (puc.7), E - momyns ympyrocrtu rpynra, k - xosddumment,

NPUHUMAEMBIH 0 CIIEAYIONIEeH TabmuIe:

b/a 0 1 2 3 4 5
( 1.00 0.76 0.59 0.50 0.43 0.39
s
L) /_\

| | 2

Puc. 7. Yyer nogaTanBoOCTH OCHOBAHUSA

10.Y4eT BTOpOCTENEHHBIX KOJOHH

ITox BTOpOCTENEHHBIMU KOJIOHHAMHU ITOHUMAIOTCS IIAPHUPHO OINEPThIE KOJIOHHBI, BOCIIPUHUMAIOIINE
BEPTUKAIIBHYIO HArpy3Ky, HO HE CONPOTHUBIIIOIIMECS T'OPU3OHTAIBHOM Harpyske. JlomonHUTENbHAs
Harpy3ka Ha OCHOBHYIO KOJIOHHY, OOYCIIOBJIEHHas HarpyXe€HHeM NpHUCOEAMHEHHBIX K Hel
BTOPOCTENEHHBIX KOJIOHH, MPONOPIMOHAIbHA TPOrn0y OCHOBHOMN KOJIOHHBI (puc.8). OHa MOXET OBITh
Y4TEHA ITyTE€M BBEACHUS NIPYKUHBI OTPULIATEIBHOM )KECTKOCTH. JJONOIHUTEIbHAS Harpy3Ka AEMCTBYET
B HaIpaBJIeHUU Nporubda ocCHOBHOW KOJOHHBL. [Ipu 3amanuun BepTUKalbHON Harpy3ku P HeoOxoaumo
YUUTBIBATh KO (UIIMEHT HaJIe)KHOCTH IO Harpy3Ke.

F

r_‘_";.|

Puc. 8. Yder BTopocTeneHHOH KOJIOHHBI
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[Iporpamma mipeaHa3HaueHa IS MPOEKTUPOBAHUS CTATUYECKH HEOMPEACTUMON Kene300eTOHHOM
KoJIOHHBI 0011ero Buaa corimacuo CIT 63.13330.2018 [1], CIT 52-101-2003 [2], CHulI 2.03.01-84* [3],
CHB 5.03.01-02 [4], [5], [6]. TIpenycmoTpeHbl aBa MeTOJa pacueTa KOJOHHBL 1o mepBoMy METO1Y,
YCUIIMS B KOJIOHHE OIPEAENSIOTCA MO HeleOpMUPOBAHHON CXeMe MPH MOMOILIM METO0J]la YCIOBHBIX
KpuTH4eckux cui. [To BTopoMy METOTy, YCHITUS ONIPEACISIOTCS 10 1e(hOPMHUPOBAHHON CXEME C yUETOM
HEYNPYTUX CBOWCTB OETOHA M apMaTypPhI, a TAKIKE C YIETOM HECOBEPIICHCTB KOJIOHHBI U Ae(opmarmii
nonmsydectu 6etona. Pacuer cormacHo [3], mpoBOAUTCS TOJBKO IO mepBoMy MeTony. Ilo HaiiieHHBIM
YCWJIMSIM  pacCuMThIBaeTCsl TpeOyemas IUIOIAab MPOJOJBHOM apMarypbl W MPOU3BOIUTCS
KOHCTPYMPOBAaHHE apMaTypsl C YYe€TOM TpeOOBaHUI IO TOJIIMHE 3allUTHOrO cJIosi OeToHa.
OcymectBiserca rpa@uyeckuil BbIBOJ CEYEHHH C MOJOOpaHHBIMU apMaTYPHBIMU CTEP>KHSMHU.
[IpenycmoTpeH pacdeT mporuOoB KOJIOHHBI ¢ IOJOOpaHHON apMaTypoii.

1. PacuerHas cxema

PacueTHasi cxema KOJIOHHBI MPEICTABISCT COOOH MOCIENOBATEIBHOCTh CTEP)KHEBBIX DIIEMEHTOB
(dacreii) mpou3BoIbHOTO cedeHus (puc.l). Pa3OueHne KOJIOHHBI Ha YaCTH HEOOXOIMMO MPU HATHYHH
Pa3IMYHBIX CEYCHHH, a TAKKE JIJIS [T0100pa apMaTyphl a3 IMYHOM TUTOIIA U WIH Pa3INIHBIX THAMETPOB
Ha Pa3JIMYHbBIX YaCTSAX KOJOHHBL. YacT HyMEpYyIOTCS B HAallpaBJIeHHH CHU3Y BBEpX. Bo3MokHO 3anaHue
no 50 gacteit. Ilpu pacyeTe KOJIOHHBI MPUMEHSIETCS rio0aabHas CUCTEMa KOOpPAMHAT XyZ , Ha4yayo

KOTOpOﬁ COBIIAAACT C HCHTPOM TAKCCTH HUKHECTO CCUCHH A KOJIOHHBI. Ochb X HallpaBJICHa CHU3Y BBEPX.
Ha kaxmoit yacTu KOJIOHHBI BBOJUTCS JOKaJlbHas CHCTEMa KOOpAUHAT, BEPTHKAJIbHAA OCb KOTOpOﬁ
COBIIaaacT C JIMHUCH LHCHTPOB TAXKCCTH CEUCHUM HaHHOﬁ YaCTH, a TOPU30HTAJIIBHBIC OCH IIapaJlJICIIbHbI
ocaMm Y,Z. YuuTEIBa€TCS CMEIICHUE BCpTHKaHLHOﬁ OCH 4YaCTH KOJIOHHBI IIO OTHOLICHHIO K OCH

HIDKEPACIIONIOKEHHOM YacTH. [ TaBHBIE IIEeHTpalbHbIE OCH CEYEHHUI MOTYT OBITh HE MapauleidbHbI OCSIM
Y, Z (Harpumep, IpU HECUMMETPUYHBIX CEUEHUSX).

Yactu

Puc. 1. PacyeTHas cxema

[Ipennonaraercsi, 4To pe3yabTHPYIOUIAs BEpTUKAIbHAs CHJa BOCIPHHAMAETCS B HIDKHEW OIope.
VYcnoBust ynpyroro MM aOCOJIOTHO JKECTKOTO 3aKpeIUIeHHs MOTYT 3a7aBaThCs B MPOU3BOJIBHBIX
toukax. OHM (GOPMYNUPYIOTCS Ui TOPU3OHTAIBHOTO IMEPEMEIICHUS U TOBOPOTa CEYCHHUS BOKPYT
TOPU30HTAILHON OcH. BO3MOKEH BBIOOp YaCTHBIX pacUETHBIX CXEM, ISl KOTOPBIX HEe TPeOyeTcs IBHO
3aaBaTh ycloBHs 3akperuieHus. Ha puc.6 nanbsl ¢opmynsl ans ompeneneHus: Kodp@uuueHToB
KECTKOCTH YNPYTHUX CBA3€H KOJOHHBI C MPHUCOCIUHEHHBIMH K HEW 3JIEMEHTaMH KOHCTPYKIIWU.
Bo3Mo)keH ydeT MOAaTIIMBOCTH OCHOBAHUS MPU MOMOIIM KO3()(UIIMEHTOB KECTKOCTH 3aKPETICHUS
HIDKHETO Kpasi KOJOHHBI OTHOCHTEIBHO MOBOPOTOB. Ko3(h(duImeHThl XecTKOCTH NpUOIMKEHHO
OIpeeIAeTCs 1Mo pa3MepaM GyHAAMEHTHOHN TUTUTHI K MOJTYJIIO iehopMaIiii OCHOBAHHUS.
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2. Ceuenusi

Ha pa3nu4HbIX 4acTsAX KOJIOHHBI MOTYT 33J1aBaThCsl pa3IMYHbIC CEYCHUS, OTIMYAIOIIMECS 110 (opMe TN
no apmarype. CedeHrne MOXKET 3a/1aBaThCsl KaK CTaHIAPTHOE CeueHHe (MIPSIMOYTOJIbHOE, KPYTOBOE HITH
KOJIBLIEBOE CEUCHHE) UITM KaK TPOU3BOJILHOE MOJIMTOHAIBHOE ceueHue (puc.2).

AZ AZ

® oia a

y D1 » | D

Puc. 2. Ceuenns

J1st mpsIMOYTOJIBHOTO CEYEeHHsS BO3MOXKHBI CIEAYIOIIHME CXeMbl apMupoBaHus A (puc.3): cxema ¢
pPaBHBIMM IUIOIIAASMU apMarTypbl BOMM3M BepmuH cedeHus (A = (), cxema ¢ paBHOMEPHBIM
pacrpeneneHueM IJI0NIa i apMaTyphl B0k KOHTypa cedeHus (A = 1), cxema ¢ paBHBIMHA TUTOIIAISIMHA
apMatypbl BOJIM3M BepXHEH M HIDKHEHW CTOpPOH ceueHHs (A = 2), cxema ¢ paBHBIMU IUIOHIAIIMU
apMaTypbl BOJIM3H JIEBOH U MPaBoii CTOPOH ceueHus (A = 3).

Jis KpyroBoro M KOJBLEBOTO CEUYEHHUH pacCMaTpUBAETCS CXEMa apMUPOBAaHUSA C PAaBHOMEPHBIM
pacrpeieleHueM IO apMaTyphl BIOJIb KOHTYpa CE4YEHUsI.

3aanue MPOU3BOJIBHOTO TOJUTOHAIBHOTO CEYCHHS OCYIICCTBIISICTCS ITyTEM BBOJIAa KOOPJIWHAT €ro
BepiirH. Bo3moxkeHn BBoa 10 50 BeprnH. BeIOOp KOOPAMHATHBIX OCEH NEKAPTOBON CHUCTEMBI MOKET
OBITH MPOM3BOJILHBIM. BepIUHBI 337af0TCS B TOCIIEIOBATEILHOCTH, KOTOPast COOTBETCTBYET 00XO0IY
MOJIUTOHA 10 KOHTYPY B OINpee/IeHHOM HampaBiieHud. [Ipu 3TOM NoJMTroHaabHas 00JIACTh JOJKHA
0CTaBaThCs MO OJIHY CTOPOHY (HampuMep, clieBa) OT HampaBieHus o0xoaa. [Ipu Hamuyuy BHYTPEeHHUX
MIOJIOCTEH B CEUEHHH TPeOYyeTCsl MPOU3BECTH pa3pesbl, MO3BOIIIONIHE O0OWTH TPAHUYHBIE KOHTYPBI
(BHEITHUH ¥ BHYTPEHHHUE) TaK, YTOOBI 00aCTh OCTaBaJIach 1O OJHY CTOPOHY OT HaIpaBJeHHUs 00X0/a.
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h h
° ° ia N q\i a_l
o Ho
a a, a a
7 b 7 7 b 7
A=0 A=1
i agv Av
h h

Puc. 3. CxembI apMHPOBaHUS NIPSMOYTOJIBHOTO CEUCHUS

JUIs TIONMIOHAJIBHOTO CEYEHUS BO3MOXKHBI CIEAYIOIIME CXEMBbl ApPMUPOBAHHUA: CX€Ma C PABHBIMU
IJIOUIaIIMUA apMaTypbl BOJIM3M BEpUIMH BHEUIHET0 KOHTYypa ceueHus (A = 0), cxema ¢ paBHOMEPHBIM
pacrpeiesieHreM TUIOIIaal apMaTyphl BJIOJIb BHEITHET0 KOHTYpa ceuenus (A = 1), mpou3BoIbHAs cXeMa
apmupoBanus. [ng cxem A = 0 u A = | HeoOXoauMmble Ui pacueTa KOOPAUHATHI apMaTypbl
omnpeaenstoTcs aToMatuuecku. [lpu A = 0 uCKIr09aroTCst U3 pacCCMOTPEHUS BXOASAIIUE YIIIbI (T.€. YIJIbI,
6onbiue 180 rpax). Kpome Toro, mpoBepsieTcst BO3MOKHOCTh KOPPEKTHOTO pa3MEIeHHsI apMaTypHBIX
CTEep>KHEH NMPHU HATMYUK OJIM3KUX BEPLIMH.

[Tpu BBIOOpE MPOU3BOIILHOM CXEMbI apMUPOBaHUsI, TpeOyeTcs 3a/1aTh OTPE3KH (apMaTypHBIE CIIOH), Ha
KOTOpBIX pa3melraercss apmarypa. Bo3mosxken BBoa n0 50 apMarypHbiX cioeB. ClIOM MOTYT UMETh
MPOU3BOJIBHYIO JUIMHY W oOpueHTanuio. l[lpenmonaraercs, 4To IJIOWIaJb apMaTypbl PaBHOMEPHO
pacnpeneneHa 1o cnoto. Ecinu aiMHA C€I0si paBHa HYIKO, TO TakKOW CJIOW COOTBETCTBYET
«COCPEJIOTOUYEHHOI» IJIOMAAu apMaTypbl. ApMaTypHblE CIIOM TOJApa3AeNsioTcs Ha CJIOU C
BapbUPYEMOH TUIOMIA/IBIO U CIIOM C TIOCTOSTHHOM TUIONIAbI0 (HEM3MEHsIeMOW TIpU pacueTe Tpedyemoi
apMatypsl). s KaXA0ro apMaTypHOTO CJIOSl C BapbUPYEeMOU TUIOMIA/IbIO OMpPENesieTcst ero J0Ms OT
oOuiei miomaam apMaTypsl (IIpH ATOM CIIOU C MTOCTOSHHOM IUIONIA/Ibl0 HE yYuThIBatoTCs ). Jlons cimos
pAacCUMTBIBACTCSI MO  3aJaHHBIM  OTHOCHTENBHBIM  IomamsiM kak K =A /(A +A +..),

rae i=12,...; A,A,... — OTHOCUTEIIbHBIE TUIONIAIN APMATYPHBIX CJIOEB C BAPHUPYEMOI TLIOIIAIBIO.
[Inowaze | -ro cinost onpenensiercs mo Gopmyine A; =K; - A o, rme A, — 00IIas IOIIa1s apMaTyphl

(6e3 yuera moctossHHOH momiaau). Ilpu momomum pacdera OTHICKUBAETCs 00Iasi MJIOUIa b apMaTyphl
A 1, @ 3aTeM 10 K03 duneHTaM K, BBIYHCISIOTCS IUIOMIAIN APMATYPHBIX CIIOEB A .
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3. Harpy3ku

Bo3MoxHEI CICAYIOMIUE HArpy3Ku: COCPCAOTOUYCHHBIC BCPTHUKAJIBHBIE W TOPU3OHTAJIBHBIC CHIIBL,
COCPECAOTOYCHHBIC MOMCECHTEBI, PACHPCACICHHBIC TOPHU30HTAJIbHBIC MW BCPTHUKAJIIBHBIC HArpys3KH,
CMCHICHUSA U TIOBOPOTHI )KECTKUX OIIOP. Bo3mMoskeH aBToMaTHYeCKHI YUceT COOCTBEHHOI'O BECA KOJIOHHBI.
ITonoxxurensHBIC HaIlpaBJICHUs HArpy30K IIOKa3aHbl Ha pI/IC4 ITonoxxutensHBIC HaITpaBJICHUA
CMEIIIEHNH >KECTKUX OIIOp COBIAAAIOT C HaIpaBJICHUAMH KOOPAMHATHBIX oceit. IlonmoxxurennHBIE
HaIrpaBJICHUA IIOBOPOTOB KCCTKHUX OIIOP COBIAAAIOT C MOJOKHUTCIbHBIMU HAIIPpABJICHUSAMU MOMCHTOB.

\Y% \Y%

>\ o

Oy dz

Oys Uz
Oy y Qza z

Puc. 4. [TonoxurenbHble HAPABIEHUSI HATPY30K

[Ipu pacuere mo [1] kmaccudukanus 1 KOMOMHHpPOBAHHWE HArpy3oK mnpuHHMaroTcs coryiacHo CII
20.13330.2016 [7], a mpu pacyere mo [2] u [3] — cormacio CHull 2.01.07-85* [8]. Harpysku
MOJIPa3eNAOTCS Ha TOCTOSHHBIE, JUIUTEIbHBbIC, KpaTKOBpEMEHHbIe M ocoOble. KomOuHMpoBaHue
HArpy30K MPEJICTaBIsET COOON TeHEePAIMI0 MHOKECTBA BO3MOKHBIX KOMOMHAIIUN HArpy30K ¢ y4eTOM

KOB(i)CI)I/II_II/IeHTOB HaJACXKHOCTH IO HArpy3ke Y H KO3(1)(1)I/II_II/IGHTOB, CBA3aHHBIX C OOAHOBPEMCHHbBIM

y4eToM JBYX U Ooyiee BpeMEHHBIX Harpy3ok. [Ipu Hamuumu 0COOBIX HArpy30K, HAPSAY ¢ OCHOBHBIMHU
KOMOWHAIUSIMHU, TEHEPUPYIOTCS Takke ocoOble komOuHammu. [lpu ydere aedopmanmii moa3ydecTu
OeToHa, NS KaXIAOW pAacueTHOW KOMOHWHAIIMM OMpeNesieTcss COOTBETCTBYIOIIAs KOMOWHAIIUS
JUTUTENIBHO JEHCTBYIOUIMX HOPMATUBHBIX HArpy3ok. IIpu 3TOM MOCTOSIHHBIE U JUIUTENIbHBIE HATPY3KU
BXOJSIT C TIOJHBIM 3HA4Y€HHEM, a KPAaTKOBPEMEHHBIE HArpy3KH YUHUTHIBAIOTCS C KOd(DPuImeHTOM
JunTensHol yactu K .

[MIpu pacuere mo [4], xmaccupukaimss ¥ KOMOWHHUPOBAHHWE HArPy30K NPUHUMAIOTCS COTJIACHO
[Ipunoxenuro A. Harpy3ku nmoJipa3aenstoTcs Ha MOCTOSIHHEIE, TIEPEMEHHbBIE U 0COObIe, a KOMOMHAIIUN

Harpy3ok - Ha ocHOBHBIE (A.4) u ocobOwie (A.S5). HactHbie kKOd(DPUIMEHTH 0€30MacCHOCTH Yp s
Harpy3ok mnpuHuMarorcss no Tabmuue A.2. KoMmOuHanmoHHbBIE KO(QGUUMEHTHl V., W,,W, i

MepEMEHHBIX HArpy30K NpuHUMaroTcs o tadsmie A. 1. [IpenycMoTpeH BBO HECTaHIapTHBIX 3HAYCHUI
Ve Wo Wi, W, IUIA OTIENbHBIX Harpy3ok. KoMOMHMpOBaHNE HArpy30K MPeICTaBIsAeT cO00M reHepanuio

MHOXECTBA OCHOBHBIX W OCOOBIX KOMOWHAIIMH HAarpy30K ¢ y4eToM OJarompusTHOTO |
HeOnaronpusaTHOro 3¢ddexkra oT HArpy3oK, a TakKe BO3MOXHOCTH JTOMHUHUPOBAHHS KaKIOH M3
nepeMeHHbIX Harpy3ok. [lpm yuere nedopmaruii monzydecTn OCTOHA, IS KaXKIOM pacuyeTHON
KoMOWHanuu onpeaensercss mo (A.8) COOTBETCTBYIOIIAs MPAKTUYSCKU IMOCTOSTHHAS KOMOWHAIIHS
Harpy3ox.
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Bo3MoOXkeH BBOJ HECOUETAaEMBIX HArPY30K. Takue Harpy3skd BKIIOYAIOTCS B IPYIIY HECOYETAEMBIX
Harpy3ok. B koMOMHaIMIO MOKET BOMTH TOJIBKO OJIHA HAarpy3Ka U3 Kax1ou rpynmnsl. Hymepanus rpymnmn
HAaYMHAETCS C €AUHHULBL. ['pynmsl MOIyT NPUMEHSTHCS, B YaCTHOCTH, IIPHU YYETE BETPOBBIX HArpy30K
(mpu paccMOTpPEHUU JEMCTBUS BETpa IO pa3jIMYHBIM HAIpPABJICHUSAM) U KPAaHOBBIX HArpy3ok (Ipu
PaccMOTPEHHUH Pa3IMUHBIX IIOJIOKEHUHN KpaHa).

Bo3Moxen BBOJ[ 3HAKOIICPCMCHHbBIX HAIrpy30K. B stom cJIydac, B paCcyCTC YUUTBHIBACTCA KAaK 3aJlaHHAA
Harpys3ka, TaKk 1 Harpy3ka IIpOTHUBOIIOJIOKHOI'O 3HAKaA.

JInst cokpalieHus: BBIYUCICHUH 1 00beMa BBIXOJHOTO JOKYMEHTa IPOrpaMMbl, IPEAYCMOTPEH BBIOOD
KoMOuHanmii Harpy3ok. Ilpu pacyere KOJOHHBI 1O HenehOPMUPOBAHHOIN CXeMe BBIOMPAIOTCS TaKue
KOMOWHAIMH, /7151 KOTOPBIX M3rHOAI0Ie MOMEHTHI (MIJIM SKCIIEHTPUCUTETHI) IPUHUMAIOT HAanOOJIbIINE
3HaueHus. Ilpum pacdere mo peopMHPOBAHHOM CXeMe NPEAyCMOTPEHBI [Ba METOJa BBIOOpA
KoMOuHa1wii Harpy3ok. [1o mepBoMy MeToy, BRIOMPAIOTCS TaKue KOMOWHAIIMY HArPy30K, IS KOTOPBIX
TpedyeMas IUIoIIa s apMaTypbl IPHHUMAET HaOOJIbIlIee 3HAYCHUE B OHOM U3 CEYCHU KOJTOHHBI. [Tpn
3TOM TpedyeMmas IUIOIAAb apMaTypbl Ompenensercs 0e3 ydera HWKHEH TIpaHHIBl Kod(pHUIUeHTa
apMUPOBAHMS 110 YCUJIHMSIM, HalICHHBIM ITPH TIOMOIIH JITHEHHOTO pacyeTa 1o 1e()OpMUPOBAHHOMN cXeMe
C y4eTOM HECOBEPUICHCTB KOJOHHBI, HO 0e3 ydyera mossydectd O6eroHa. HeoOxomumele mis pacuera
apMaTypsl pacCTOSHHS OT TpaHeil CeYeHus IO LEHTPOB TSHKECTHU IUIOIIAACH apMaTyphl OIPEeIIOTCS
M0 3aJaHHBIM HauWOOJBIIUM JuamMeTpaM crepxHei. I[lo BTopoMy MeTony BBIOMpArOTCS TakKue
KOMOWHAIMH Harpy30K, JIs1 KOTOPBIX YCHIINS HITH IPOTUOBI IPHHUMAIOT HAaHOOJIBIINE MTOJIOKUTEIIbHBIC
3HaueHUs (MaX-3Ha4CHHUs1) WM HAUOOJIBILIE 110 MOYIIIO OTPHULATENIbHBIC 3HAYCHHs (MIN-3HAYCHHS).
Ecmu npu BBIOOpE KOMOHWHALMI HArpy3ok IO TEpBOMY MeETOAy TpeOyemas IUIOmaib apMaTypbl
OKa3bIBACTCS PAaBHOW HYIIO JUIsI BCEX KOMOWHAIMA HAarpy30K, TO aBTOMATHUYECKH OCYIIECTBIISETCS
BBIOOP KOMOUWHAIUII IO BTOPOMY METOJY.

Bo3MorkeH BBOJI TOTOBBIX pacueTHBIX KOMOMHAIMIA HAarpy30K. 3a/ilaBaeMast Kak BHJI Harpy3KH pacyeTHas
KOMOMHaIMs /100aBIII€TCS K MHOXKECTBY CI€HEPHUPOBAHHBIX OCHOBHBIX KOMOMHAIMi Harpy3ok. B
YaCTHOCTH, BO3MOXKEH BBOJ| JIMIIb TOTOBBIX KOMOMHaIMii Harpys3ok. Ilpum pacdere s TrOTOBBIX
KOMOMHAIMI He MPOU3BOIUTCS y4eT AedopMaruii nonzyyectu. ['0ToBble KOMOMHAIIMM HE CTaBsTCA B
pacueT nporu0oB KOJIOHHBI C TOJOOPAaHHON apMaTypoil.

4. Pacuer no HexeopMUPOBAHHOM cXeMe

B kaxgol KOOpAMHATHOW TMJIOCKOCTH BIMSHHE NPOruda Ha BEIUMYMHY pacueTHOrO0 MOMEHTa
YUUTHIBACTCA MyTEM YMHOXXEHHUS H3rubaromero MoMeHTa M Ha moBblarounuil Ko3¢GQGUIMEHT 77 .
Takoii momxox HazeBaetces B [9] (ctp.106) cmocodbom kputndeckux cuit. KoadduumeHT 77 Beraucisercs
o ¢opmyre:
1
=N

1—
N

cr

rae N - mpomonbhas cuna, N, - kpuTHueckas cuia, Kotopas onpenensiercs coriacto [1], 8.1.15, [2],
6.2.16, [3], 3.24, [4], 7.1.3.14. ®opmyna 1l KPUTUYECKOM CUITBI MOKET OBITh 3alucaHa B BHJIE:

72D
- 2

N

cr
IO

rnie D - xecrkocts konmouuel, |, - pacuernas mmmHa. Ilpu ompemenennn D mo dopmynam,

MIPUBEJICHHBIM B HOpMaXx, NPUOIMKEHHO YUUTHIBAIOTCS HEYIPYTrue CBOMCTBAa OETOHA, HATMYNE TPEILUH
U TOJI3Yy4ecTh OETOHA NPU JIUTEIBHOM JICHCTBUN HATPY3KHU.

CornacHo [3], KECTKOCTh BBIYHUCIACTCS 11O (hopMyIIe:
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o84l

?%

(£+0.1)+ =
0.1+0,

3necs E,E, - Monymu ynpyroctu 6eroHa u apmarypsl, |,,l, - MOMEHTH MHepuMH OGETOHHOIO
CeYeHHs M IUIOIIAMU CEYCHHs apMaTypbl OTHOCHTEIBHO LEHTPAIBHON OocH cedeHus, o, =€,/h -
OTHOCHUTEJIBHBIA SKCLEHTPUCHTET MpononbHoi cuibl (N - BbICOTa cedyeHMs B IIOCKOCTH U3ruba),
@, =14+ f-M, /M, - mnapamerp, y4YuTBHIBAIOLIMI IJIMTENbHOE aeiicTBue Harpy3ku ([ =const).

CornacHo [4], )KeCTKOCTb BBIYMCIIACTCS aHAIOTUYHBIM 0o0pazom. B [1] u [2] ¢popmyna mis sxecTKocTH
UMEET BUJI:

0.15E, I
D=—"—22_+0.7EI,
?,(0.3+9,)
OKCLEHTPUCUTET €, OIpPENENIeTCsl OTHOCUTEIIBHO LEHTpa TSKECTH IPUBEICHHOIO cedeHus (1Ipu

HECHMMETPUYHOM APMHPOBAHUHM LEHTPHI THKECTH OETOHHOIO M IPHUBEIEHHOIO CEYEHHH He
coBnazaot). [Ipu onpenenenuu €, , yauThIBaeTCs ciry4aiiHelil skcuenrpucurer €, ([1], 8.1.7,[2], 4.2.6,

[3], 1.21, [4], 7.1.2.11). Cornacuo [1], [2] u [3], mpu pacueTe KOJIOHHBI, SBJISIOIICHCS AJIEMEHTOM
CTAaTUYECKH OMNPEAETMMON KOHCTPYKLHH, SKCUEHTPUCUTET €, IPUHUMAETCS PaBHBIM N +€,, a npu

M
PACUCTC KOJIOHHBI, ABJIAOIICUCA JIEMCHTOM CTAaTUYCCKH HEOIIPCACIIMMOU KOHCTPYKIIUH, — PABHBIM W

M M
, €CIIn N 2 €,, 1 paBHBIM €, , €CIIU N <e, . CoryacHo [4], 5KCLEHTPUCHUTET €, BCETAA IPUHUMAETC
paBHBIM — + €, .
N

MowmenTsl M, M|, BBIYHCISIOTCS OTHOCHUTENIBHO OCH TSDKECTH HanOoJiee pacTsHyTON (WM HauMeHee
cxkatoil) apmatypsl mo ycuwiusMm N, M ot monHoii Harpysku u mo ycwiusim N, M, oT juuresnsHO
neiictByromieit yactu Harpysku. [Ipu pacuere N,,M, cormacuo [1], [2] u [3], B pacuer craBsTcs

IIOCTOSIHHBIE W JUTUTENbHbIE HArpy3Kd, BXOJSIIME B pPacCMaTpPUBAEMyl0 KOMOHMHALIMIO, a TaKkKe
JUTMTENIbHBIE YacTH KPAaTKOBPEMEHHBIX HArpy30K, BBIYHCISEMBIE 10 3aJaHHBIM TIPH  BBOJIE
kodpduienram  K,. CormacHo [4], N,,M, paccuuThBalOTCS OT TNPAKTUYECKA MOCTOSHHBIX

KOM6I/IHaL[PII>'I Harpysok. B pacueTe IAJid TOTOBOM KOM6I/IH3.LII/II/I Harpys3ok MNOpHHUMACTCA, HYTO
N, =0,M, =0.

H3rubnas xectkocth D kak BCJIIMYHMHA, 3aBHUCAIIasA OT 3HaYeHU MomeHTa M qgepe3 nmapaMeTpbl ¢ U
eO , B O6IJ.I€M CJIydac U3MCHSACTCA 110 BBICOTC KOJIOHHBI. Tak xak D BeIUHCIHsICTCS C Y4€TOM apMaTyphl,

pa3MEIIeHHOW B CEUEHWH, TO 3HAYCHHS pacyeTHOro MomeHTa 7JM Takxke 3aBHUCAT OT TUIOMIAJN
apmatypsl. [ToaTomy TpebGyemast apmMaTypa MOXKET OBITh pacCuMTaHa TOJBKO MPU MTOMOIIN UTEPAIHil.
Ha texymiem nrepaninoHHOM I1are, 71 HaliIGHHOM TIOMIAINA apMaTyPhl BEIUUCISIFOTCS KOA(D(PUIIMEHTHI
7, H 7],,3aT€M ONPEAEIAIOTCSA PACYETHBIE MOMEHTBI 77yM y U 1,M, , nelicTByronue B mIockocTsax Z
u Y, a 3areM BBIUMCISAETCA TpeOyemasl IUIONaab apMaryphl. Jlamee BBIMOTHSAETCS CIEAYOIIast
urepanus. UtepanmoHHbINi Npoecc OKaHYMBAETCS TOTA, KOT/1a OTHOCUTEIBHOE MPUpAIICHUE TIIOIIATN
apmatypsl cranoButcs meHee 0,1%.

[Ipu pacyere KoJOHHBI corjiacHO [3], TpeOyeMasi apmaTypa OMpeaessieTCs] B COOTBETCTBUM ¢ 3.28%*.
PacuetHoe compoTuBieHHEe OETOHA MPHU CXKATUU NMPUHUMACTCS € KOI(P(UIIMEHTOM YCIOBUH pabOTHI
0eToHa h, KOTOPBIHA OIpenenseTcss Kak MpPOM3BENEHHE OTIENbHBIX KOA(P(HUIMEHTOB hi COTJIACHO
tabmume 15. Ilpu sToM KOA(POUIMEHT 2, 3aBUCIIIUN OT JUIMTENBHOCTH JACUCTBUS HArpy3KH,

CTATHUKA-2024. Onucanue npocpamm 406 — MHorosipycHast KOJIOHHa 0011ero Buaa



219

OTIpENIeNIICTCS ISl KXKI0M KOMOMHAIIMY HArpy30K IO OTACTBHOCTH. Pe3ynbTupyromuii KodppuimueHT
YCIIOBHH paboTHI ¢ yueToM KodduimenTa y, He MoxkeT ObITh MeHee 0,45.

[Ipu pacuere kononubl cornacHo [1], [2] u [4], TpeOyemass apmarypa OmpeneNnseTcs Ha OCHOBE
HennHeWHoN nedopmanmonHoi monenu. Ilpu pacuere mo [1] u [2], mpumeHsieTCS TpeXJIMHEHHAS
auarpaMma CocTOsiHUSL cxkaToro OeroHa. Pacuer TpeGyemoil apmarypsl mo [4] mpoBoauTcs MpuU
napaboIMYecKU-THHEHHON JUarpaMMe COCTOSIHUS CKAaToro OETOHa.

[IpenenpHBIC yCUITUS BRIPAXKAIOTCS Yepe3 NCUCTBYIOIINE YCHIUS TT0 popmynam:

Nu:yu'N’Myuzyu'My'Mzuzyu'M

z

[Tpounocts ceuenus obecneueHa npu y, > 1. Omubku npu pacuere TpeOdyeMoil apMaTypbl BHIBOASTCS

Toraa, korjaa onu npessimaoT 1%. [ossnenne nudopmariu 06 ommdkax BO3MOXKHO, B YaCTHOCTH, IPU
pacuere TpeOyeMoil apMaTypsl B IPOU3BOJIBHOM ITOJIUTOHAJILHOM CEYEHUH, €CIIU CXEMa apMHUPOBAHUS
3aJJaHa HEKOPPEKTHO.

[IpenycMOTpeH aBTOMATHYSCKHN Yy4eT MHUHUMAIBHOTO KOIPPHUIIMCHTa apMUPOBAHHS, KOTOPBIN
IPUHAMACTCS. B 3aBHCUMOCTH OT HAMOOIbIIEro 3HAYEHHs] M'MOKOCTH KOJNOHHBI A, =Max(4,,4,)

coriachHo [1], 10.3.6, [2], 8.3.4, [3], 5.16, [4], 11.2.2. 'uOKOCTh KOJIOHHBI B Ka)JI0W KOOPIUHATHOM

IIOCKOCTH Bbraucisiercst no gopmymne A =1,/A, /1, .

Bosmoxen pacuer TpeOyeMoil apMaTypbl CO CTyNMEHYaThIM pacmpenenenueM. [Ipu atom Tpebyemas
apMatrypa omnpeneisercs g KaxI0d 4acTH KOJIOHHBI HE3aBUCUMO OT HOMepa ceueHus. TpeOyemas
TUIOIIAb ApMATYphI, B 00IIEM cilydae, OKa3bIBACTCs Pa3IMYHON HA y4acTKaxX KOJIOHHBI C OIMHAKOBBIM
HOMEpPOM cedyeHMs. BO3MOXHO yKa3aTh 4acTH KOJIOHHBI C OJUHAKOBOW IUIOLIAIbIO apmarypsl. [Ipu
CTYNEHYaTOM pacIpeesIeHu! apMaTypbl, Kak MpaBUIIO, YMEHbIIaeTcss oOmui oObeM apMaTypsl B
KOJIOHHE.

Bo3MmoskHa mpoBepka Hecylled CIoCOOHOCTH KOJIOHHBI IpH 3aJaHHOW apmatype. [l mpoBeaeHus
IIPOBEPKU HAJI0 BBECTHU CEYEHUE KOJIOHHBI KaK IIPOM3BOJIBLHOE IOJIUTOHAIILHOE C IPOU3BOIBHOMN CXEMOM
apMUpoBaHMs. 3aTeéM BBECTU apMaTypHblE€ CJIOM M MX IUIOIIAAM, YKa3aB, 4YTO OHHU SIBJISIOTCS
MIOCTOSIHHBIMU. B 3TOM cilydae, mpou3BOIUTCS JTUHEHHBIA pacdyeT yCWJIUH Mo HeaepOopMHUpOBaHHOU
CXE€Me, U ONPENENAIOTCSl pacyeTHble MOMEHThl 7M B KaXJ10il KOOPAMHATHOM IJIOCKOCTH, a 3aTeM
IIPOBEPAETCS HECYILasi CIOCOOHOCTh ceueHus. Eciu 3a1anHast U101aab apMaTypbl MEHbIIE TPeOyeMOH,
TO BBIBOJUTCA coobuieHne «Pacuer TpeOyemMoit apMaTypbl HEBO3MOKEH.

J171s1 KOJIOHHBI IPSIMOYTOJIBHOTO CEYEHUS MIPEAYCMOTPEH pacueT 1Mo MPOYHOCTU HAKJIOHHBIX CEYEHUH C
Y4ETOM JCHCTBHS TMPOJOJIbHON cuuibl. [loroHHas IUIOMIAAL TOMEPEYHON apMaTypbl  Asw/Sw
paccunThiBaeTcs cormacho [1], 8.11.33,[2],6.2.34,[3],3.31*%,3.32,[4],7.2.1.1,7.2.1.2,7.2.1.5,7.2.2.7-
7.2.2.10. Kpome TOr0, mpoBOAUTCS MPOBEPKA MPOUYHOCTH Ha JIEUCTBHE MOMEPEUHOM CUITBI IO HAKIIOHHOM
MOJIOCE MEXJY HAKJIOHHBIMU TpellMHaMH. Eciu ycrnoBue NpPOYHOCTH MO HAKJIOHHOM MOJO0Ce HE
YIOBJIETBOPSIETCS, TO BBIBOJUTCS COOTBETCTBYIOIIEe coobmienue. [Ipu pacuere mo [3] u [4], miomanb
apMaTypsl, HalJeHHAs U3 YCIIOBUS MMPOYHOCTH IO HAKJIOHHOM TpenIuHe, MOXKET ObITh yYBEIMUEHA IS
TOT0, YTOOBI BEITIOIHSIIOCH YCIIOBUE MTPOYHOCTH MO HAKJIOHHOM MoJioce. Y CI0BHE MPOYHOCTH MPU KOCOM
n3rude nmpuHUMaetcs corsacHo [11], 3.39 B Bune:

Q). <
Qb,y +st,y Qb,z +st,z

2

5. Pacuer mo ne¢opMupoBaHHOI cxeme

IIpenycMoTpeHsl 1Ba BHIA pacyeTa yCWIMM: JIMHEWHBIA pacdyeT U HENMHEUHBIM pacder. JIMHeHHbI
pacyeT OCHOBaH Ha MOJIEH JTUHEHHOTO J1e()OPMHUPOBAHUS OETOHA U TPOBOIUTCS O€3 yyeTa apMaTyphl.
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B stom ciyuae, kpuBHu3Ha (yrioBoi K03 GUIIUEHT SMIOPHI AeOpMaIIHii) B KaXI0U IMIIOCKOCTH U3rnda
BeIpakaercst 1o ¢opmyine x =M /(El),. Cucrema ypaBHEHHH NpPOIOIBHO-TIONEPEYHOIO H3rHOa

SABIIAETCSA TUHEHHOM.

B nenuneiHOM pacyere KpPHMBHM3HBI K, W K, ONPENEIAIOTCA YEPE3 YCUIMS HA OCHOBE JMArpamMm

nedopMupoBaHus cxxatoro OetoHa m apmarypsl. I[lpu pacuere coriacHo [1] u [2], mpumensiercs
TpeXJIMHEeHHas AuarpaMMa COCTOSIHHSI OETOHA, P pacyeTe coriiacHo [4], - KpuBOJIMHEWHAs AuarpamMmma.
W3-3a HENIMHEWHOr0 XapakTepa 3aBUCUMOCTH KPUBU3H OT YCWIMM, CHCTEMa YPaBHEHWU IPOIOJIBHO-
HONIEpPEeYHOro u3ruba siBisiercss HesquHeiHo#. IIpon3BoaHas KpUBU3HBI 10 U3rHOaroIIeMy MOMEHTY
MOYKET pacCMaTpPUBAThCs KaK BEIMYMHA, 0OpaTHas K JIOKaIbHON M3rMOHOMN KECTKOCTH KOJOHHBIL. [Ipu
HaJIU4YMM TPELIUH >XECTKOCTh KOJIOHHBI B HECKOJBKO pa3 MEHbUIE >KECTKOCTH, BBIYUCICHHOW B
IPENOI0KEHUH yIIPYroi paboTsl 6eToHa U apMaTypbl. HenmHel bl pacueT IpoBOIUTCS IIPU OMOILU
MeToJla uTepauuil. MrepalinoHHBIN NpoLiecc OKaHYUBAETCS TOTJa, KOTAa OTHOCUTENbHbBIE IIPUPAILECHUS
MOMEHTOB, IPOTMOOB M IUIOINAAM apMaTypbl CTaHOBATCS MeHee 1%. Jlins KOHTpOJIsl TOYHOCTH
pe3ysIbTaTOB HEIMHEHHOI0 pacyeTa YCHJIUI BBIBOJUTCS UTEPALlMOHHAs OIINOKA.

[IpeaycMOTpeH BBIBOJ Harpy30K Ha OMOPbI (OHM MPOTHBOIIOJIOKHBI MO 3HAKY PEAKIHMSIM OIOp). JTH
JAaHHBIC MOTYT UCIOJIL30BATHCS IIPH PacUeTe MPUCOCTNHEHHBIX K KOJIOHHE 3JICMCHTOB KOHCTPYKITUH (B
YaCTHOCTH, NPHU pacuere PpyHIaMeHTa).

JUs KOHTpOJIsL pe3ysabTaToOB MPEIyCMOTpPEHa MPOBEpKa paBHOBECHs KOJOHHBI B Ae()OpMUPOBAHHOM
COCTOSIHUU (T.€. C Y4E€TOM PACCUMTAHHBIX MPOruOOB), HaxoAsLIeHca MoA AeHCTBHEM KOMOMHALUU
Harpy30K U peaklnii CBA3EH.

Pacuer TpeOyemoli apmaTypbl MPOBOIUTCS HAa OCHOBE HEJIMHEWHOW aedopmarnmonHor monenu. [lpu
pacuere 110 [ 1] 1 [2], mpuMeHsieTcs TpexXJIMHEeHas TuarpaMMa CoCTOsIHUA cxkaToro 6erona. Ipu pacuere
no [4], npumMensieTcst MO0 mapaboMUecKu-IMHEWHAsT AuarpaMMa (Mpy JIMHEWHOM pacuete), J0o
KpUBOJIMHENHAs AuarpaMMa (pu HeluHelHoM pacuere). [IpenenbHble yeunus npy JMHEHHOM pacyere

onpenenstorcs kak R(adfy /7., T, /7)., a npn wenuneitnom pacuere - kak R(fx, fz)/7z, rue
fo=akf,, fq=11f, y,=135

[IpenensHble ycunus BeIpaXkaroTcs yepe3 AeUCTBYIOIINE YCUIIUS 0 popMysiam:

Nu:yu'N’Myu:?/u'My'Mzu:?/u'M

z

IIpouHocTs ceueHus obecneyena npu y, >1. Omubku npu pacuere TpeOyeMoil apMaTypbl BBIBOAATCS

Torja, Korjaa onu npeBbimaioT 1%. Ilogsnenue nndopmannu 06 ommdkax BO3MOKHO, B YaCTHOCTH, TIPU
pacuere TpeOyeMoil apMaTypbl B IPOU3BOJIBHOM MOJUTOHAIBHOM CEUEHUH, €CITU CXeMa apMUPOBAHUS
3aJ]aHa HEKOPPEKTHO.

[IpenycMOTpeH aBTOMAaTHYECKUH Y4YeT MHUHUMAIBHOIO KOI(PQHUIIMEHTa apMUPOBAHMS, KOTOPBIN
MPHHUAMACTCS B 3aBUCHMOCTH OT HAMOOJBILICTO 3HAYCHUS IMOKOCTH KONOHHBI A, =Max(1,,4,).

['nOKOCTh KOJIOHHBI B K&XKI0H KOOPAWHATHOMH IUTOCKOCTH Bhraucisiercst mo ¢popmyne A =1,/ A /1, ,B

KOTOpO¥i pacdyeTHas JutHA |, ompemensiercs aust ciyvasi IPUIIOKEHHS BEPTUKAIBHOW CHITBI HA BEpXHEM
Kparo KOJIOHHBI.

Bo3Mmosken pacuer TpeOyemoll apmaTypbl cO CTyNEHUYaThIM pacnpeneneHueM. [Ipu s3tom TpebGyemas
apMaTypa oIpeaenseTcs s KaKI0H 4acTH KOJOHHBI HE3aBUCHMMO OT HOMepa cedeHus. Tpebyemas
IUIOINAAb apMaTypbl B OOIIEM Cllyyae OKa3blBaeTCsl PA3IMYHON Ha y4acTKaX KOJIOHHBI C OJIMHAKOBBIM
HOMEPOM ceuyeHus. BO3MOKHO yKa3aTh 4aCTH KOJIOHHBI C OJMHAKOBOW ILIOIIAJABIO apMarypsl. IIpu
CTYIEHUYaTOM paclpe/leIeHUd apMaTypbl, Kak MpaBWJIO, YMEHBIIAeTcs OoOuIMii 00beM apMmarypsl B
KOJIOHHE.

Bo3moskHa mpoBepka Hecymied CIoCOOHOCTH KOJIOHHBI IIPH 3aJaHHOM apmatype. st mpoBeneHus
IMPOBCPKH HATO BBCCTH CCUCHU A KOJIOHHBI KaK ITPOU3BOJIbBHBIC ITOJIMTOHAJIBHBIC C HpOHBBOHBHOﬁ cxeMmon
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apMHpPOBaHMs. 3aTe€M BBECTH AapMarTypHble CJIOM M HX IUIOLIAAW, YKa3aB, 4YTO OHHU SBISIOTCS
MOCTOSIHHBIMHA. B 3TOM cllydae MpOW3BOJIUTCS HEJIMHEWHBIM pacdeT yCHIMW 1Mo aedopMupoBaHHON
CXeMe, M Ul HalJCHHBIX YCHUJIUI IpOBEpSAETCS Hecyllas CIocoOHOCTh ceueHuil. Ecnu 3anaHHbIE
IUIOUIAIA apMaTypbl MEHbIIEe TpeOyeMbIX, TO BBIBOAUTCS cooluieHne «Pacdyer Tpebyemoii apmaTypbl
HEBO3MOKEH).

JIJ1s1 KOJIOHHBI IIPSIMOYTOJIBHOT'O CEYEHUS NTPEAYCMOTPEH PacueT 10 IPOYHOCTU HAKIOHHBIX CEYEHUN ¢

Y4ETOM JICHCTBHUSL TMPOJOJNBbHOW CHJIBL. [lOrOHHAs TIUIONIA[b IOMEPEYHOW apMaTypbl  Asw/Sw
paccuutbiBaeTcs coraacHo [1], 8.11.33,[2], 6.2.34,[4],7.2.1.1,7.2.1.2,7.2.1.5,7.2.2.7-7.2.2.10. Kpome
TOTO, IPOBOJIUTCS MTPOBEPKA MPOYHOCTU HA JEHCTBUE MONEPEUHON CHIIBI IO HAKJIOHHOU MOJIOCE MEXKIY
HaKJIOHHBIMU TpeumHaMu. Eciiu ycinoBue NpoYHOCTH MO HAKJIOHHOM MOJIOCE HE YJOBJIETBOPSETCS, TO
BBIBOJIUTCSI COOTBETCTBYIOIIEe coobmienue. [lpu pacuere no [4], miomane apMarypsl, HalileHHAs U3
YCIIOBUSI POYHOCTH 10 HAKIIOHHOW TPEIIMHE, MOKET OBITh YBEIMYEHA JJISI TOTO, YTOOBI BHITOIHSIIOCH
YCIIOBHE TPOYHOCTH IO HAKJIOHHOH IOJIOCE. YCIIOBHE MPOYHOCTH TPU KOCOM HM3THOE MPUHUMACTCS
cornacho [11], 3.39 B Buze:

2

Q ). &
Qb,y +st,y Qb,z +st,z

<1

6. KoncrpyupoBanmue

KoHcTpynpoBanne mpOJOJIBHOM apMarypbl B CEYEHHUAX KOJOHHBI IIPOM3BOJUTCA C Yy4E€TOM
HOPMAaTHBHBIX TPeOOBaHU MO 3aILUTHOMY CJIOK0 OETOHA, 32 MCKIIOUEHHEM Cilydas HOJUTOHAJIBHOIO
CeUeHMsI C MPOU3BOJILHOW cXeMoil apmupoBanus. s ydera 3Tux TpeOOBaHUN pacyeT KOJIOHHBI
npoBoAuTCs JBaxabl. HeoOxonumble [uisi pacueTa pacCTOSHMSI OT LIEHTPOB TSIKECTH IUIoLanen
apMaTypbl 10 KOHTYpa CeYeHUs IEPBOHAYAILHO ONPEEIIAIOTCS M0 3aJaHHOMY HauOOoJIbLIIEMY AUaMETPy
CTEp)KHEH ¢ y4yeToM JuaMeTpa XOMYyTa U 3a/laHHbIX MUHUMAJIbHBIX TOJIIMH 3aIIUTHOTO Cllosi OeToHa
JUISL IPOIOJIBHOM M IToniepeyHoi apMarypsl. [1o pe3ynbpratam rneporo pacuera KOJIOHHBI IPOU3BOAUTCS
KOHCTPYMPOBAaHHUE apMaTypbl, U KOPPEKTUPYIOTCA pPACCTOSHHUSA OT LIEHTPOB THKECTH IIIOLIANEH
apMaTyphbl 10 KOHTypa CEUYEHHUs. 3aTeM ITPOBOJUTCS IIOBTOPHBIN PACYET KOJIOHHBI U KOHCTPYMPOBAaHUE
apmarypsl. PacCTOssHUS OT LEHTPOB TSKECTH IIJIOMIAJAEH apMaTyphl 10 KOHTYPa CEUYEHHUs], 111 KOTOPBIX
IIpU TIOBTOPHOM pacueTe ompejeseHa Tpedyemasl apMaTypa, YKa3blBAalOTCS B BBIXOJHOM JOKYMEHTE
[IPOTrpaMMBI.

[Ipu nondope apMaTypHBIX CTEPXKHEH, MPUMEHSETCS CIEAYIOMUNA 001U psii 1uamMeTpoB (B MM): 6, 8,
10, 12, 14, 16, 18, 20, 22, 25, 28, 32, 36, 40. ApMaTypHbI€ CTEP)KHU Pa3MEIIAIOTCS B CEUCHUH C yIETOM
HOMHUHAQJIBHOW TOJIIIMHBI 3alIUTHOTO CJI0g O€TOHAa M HOMMHAIBHOTO PACCTOSIHUS B CBETY MEXKIY
crepxHsaMU. [lpyu ompeneneHnn HOMMHAIBHOM TONIIUHBI 3allUTHOTO cJiosi OE€TOHA, YYUTHIBAIOTCA
3aJlaHHble MUHHUMAaJIbHbIE TOJIIMHBI 3alIUTHOTO Cj0sg OeToHa JUIsi NPOAOJIBHOW U TMONEpPEeyHOU
apMaTypbl, IMaMeTp MOA00paHHBIX CTEP KHEH U 1uameTp xoMyTa. [Ipr 3TOM TOJIIMHA 3aIIUTHOTO CII0s
OeToHa U1 XOMyTa IPUHUMAETCs KpaTHoi 5 MM. B ceuennu co cxemoit apmupoBanust A = (), B K&KI0M
YTy MOXET pa3MellaThCcsl OJIMH apMaTypHbIN CTepeHb WiH (Ipu HeobxoaumocTtu) 6onee (3 wim 5
apMaTypHbIX crepxHeit). [lpu pacuere TpeGyeMoil apmaTypbl MPUMEHSETCS PACCTOSHUE OT KOHTYypa
ceueHus A0 OOIIEero LEHTpa TSXKECTH TPYIIIbI CTEPKHEH.

[Ipun moxbOope apMaTypHBIX CTEp)KHEH, YUMTHIBAIOTCS 3aJaHHblE MUHUMAJIbHBI M MaKCHUMAaJbHBIN
JUAMETPBI CTEPKHEW, MAKCUMAJIbHOE KOJIUYECTBO CTEPKHEM B CEYEHUU, MUHUMAJIbLHOE PACCTOSIHUE B
CBETY MEXAY CTEpKHSAMH. OTH MapaMeTpbl MO3BOJSAIOT YHPABIATH MmoxdopoMm apmatypsl. [lo
pe3yabTaTaM KOHCTPYMPOBAHUS OCYHIECTBISIETCS IpaUuecKuil BBIBOJ CEYEHUH C MOJOOpPaHHBIMHU
apMaTypHBIMU CTEPKHAMHU.
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/. Yuer HecOBepIIEHCTB

[Tpu pacuete 1o nehopMUPOBAHHON CXeMe ISl yueTa BIMUSHHS TAaKUX HECOBEPIIECHCTB KOJOHHBI, KaK
HENPSIMOJIMHEHHOCTh U HEBEPTUKAIBHOCTD, IPEIyCMOTPEHO 33/1aHHe HAYaJIbHBIX IPOrHO0B 1Mo hopmam
NOTEPU YCTOMUMBOCTH WJIM 3aJJaHUE OTKJIIOHEHMH OCH KOJIOHHBI OT BepTHUKaiu. BpiOop B KkauecTBe
(dbopMBbI HECOBEPIIEHCTBA KOJIOHHBI (POPMBI TIOTEPH YCTONUYMBOCTU OOBSICHAETCS BBICOKOM CTEHEHBIO
BIIUSTHUS 9TOU (POPMBI ITPU OOJBIINX BEPTUKAIBHBIX HArpy3Kax. J{Jis Kak10i KOOPAMHATHOM TJIOCKOCTH
¢dopma moTepu yCTOHUMBOCTH ONPENEISIETCS B paMKax TEOPUHU YIPYTOM YCTOHYMBOCTH Ui 3aJaHHOTO
pacrpeziefieHusl BEepTUKAJIbHBIX Harpy3o0k. [1o ymonuanuio Hanbosbliee 3HaueHUue Ha4albHOTO Mporuda

B Ka&XJOH IUIOCKOCTH MPUHHUMAETCS PAaBHBIM CIIy4ailHOMY 3KciieHTpucutery €,. Bo3moxkeH BBOX
HauOOJIBIIIETO0 3HAYECHHS HavaJbHOro mporuda. Beibop Hambosee HEOIAronpUsITHOW OPHEHTAIMH
HavyajgpHOrOo mporuba (BeIOOp 3HAKa HaWOONBIIET0 3HAYEHMs) OCYIIECTBISECTCA IS KaXKIOU
KOMOWHAIMK HArpy30K 1o oTAenbHoCTH. Eciin 3a1aercs 3HaueHne Ha4albHOTO MPOrHda B KOHKPETHOMH
TOUKE, TO 3HaK 33JJaHHOTO 3HAYEHUS YUUTHIBACTCS.

OTKII0HEHHE OCH KOJIOHHBI OT BEPTHKAIIU MPECTaBIIsAET COOON IOBOPOT OCH BOKPYT HUXKHEH ToukH. 1o
YMOJYaHHUIO YTOJ OTKJIOHEHHS B KaXTO0H KOOPIMHATHOW IJIOCKOCTH NMpHHUMAaeTcs paBHBIM 1/600.
Bo3MoskeH BBOJ yriia OTKJIOHEHHUs. BriOop Hanboee HeOIaronpusaTHOTO HAPABJICHUS! OTKJIOHEHHS OT
BEepPTUKAIM (B HANpaBIE€HUM KOOPAMHATHOW OCH WJIM B IPOTUBOIIOJIOKHOM HAIIPABICHUN)
OCYILIECTBIISETCS ISl KaX10M KOMOMHALIMU HAarpy30K 110 OTAEIbHOCTH.

Bo3moxeH BBOjA HayalbHBIX NPOTHOOB MNPOM3BOJILHOM (opMbl. B 3TOM ciywyae, mo 3aJaHHBIM
3HaYeHUSAM HayaJIbHOTO IPOruba CTPOUTCS IM1a/iKasi MHTEPIOJSALMOHHAS CIUIAaH-QYHKIUS.

8. Yuer nedopmanuii mozyuectu

Jlehopmarinu moa3ydecTd OSTOHA PACCUMTBHIBAIOTCS B paMKax JIMHEHHOW Teopuu moisydectu [10].
Pacuer cormacuo [1] u [2], mpoBOaUTCS AJisi KOMOWHAIIMU JITUTEIHHO JACHCTBYIONIUX HOPMATHBHBIX

Harpy3oK npu Kodp@uieHTe Noa3y4ecTu ¢, , COOTBETCTBYIOLIEM KJlacCy OETOHA MO MPOYHOCTH U

3aJlaHHOM BIAKHOCTU BO3JyXa OKpyXKaromied cpenpl. CHayana NPOBOAUTCS JIMHEMHBIN pacyer 1o
neGopMHpOBaHHO# cxeme ¢ Moxayiem aepopmanuu Oerona E,, =E_ /(1+¢,.), orsevaronmm

MIPOJIOJDKUTEIIEHOMY JIEHCTBUIO HATrPy30K, a 3aT€M MPOBOJUTCS aHAJIOTHYHBIA pacueT C HadajdbHbIM
MojayieM yrnpyroctd E, . B aTux pacderax y4uTHIBarOTCS apMaTypa U HECOBEPIIEHCTBA KOJOHHBI 110

bopmam moTepu yCTOHYMBOCTH, PACCYUTAHHBIM JUTs MOAyJst iedopmarmu E, . . [Iporn0el, BeI3BaHHbBIE

MMOJI3y4€CThIO 6CTOHa, OMpCACIIAOTCA KaK pPasHOCTb HpOFI/I6OB, MOJIYUYCHHBIX B IBYX YKAa3aHHBIX

pacuerax: W, = W(Ep ) — W(Ep). TIporubsl W, y4UTHIBAIOTCS B OCHOBHOM pacyeTe KOJOHHBI KaK
HayaJlbHble MPOTHObl. AHATOIMYHO MPOBOIUTCS pacueT coryacHo [4]. [Ipu sTom B pacder craBsTCs
MPAKTUYECKH TMOCTOSHHbIE KOMOMHAaIMM Harpy3ok (BosaeiictBuil). IlpenenbHoe 3HaueHue
koad¢unmenTa mnoiszydectd omnpexaensercs cornacHo [4], Ilpunoxenue b mno 3nauenuro RH
OTHOCHTEJIbHOM BIaXKHOCTH BO3/yXa OKpY>KaroIlel cpesibl U 3HaueHHIo t, Bo3pacta 6€TOHA K MOMEHTY

Harpy>KeHusl.

9. Yder BTOpOCTENEHHBIX KOJOHH

[Tox BTOPOCTETIEHHBIMU KOJIOHHAMH MTOHUMAIOTCS MIAPHUPHO OINEPThIe KOJIOHHBI, BOCIIPHHUMAIOIINE
BEPTUKAJIbHYIO Harpy3kKy, HO HE COIPOTHUBIIAIOLIMECS TOPU30HTAJIBHON Harpyske. [lononHuTenbHas
Harpy3ka Ha OCHOBHYIO KOJIOHHY, OOYCJOBJICHHAasi Harpy)keHHEM NPUCOCIMHEHHBIX K HeEH
BTOPOCTETICHHBIX KOJIOHH, ITPOITOPIIMOHAIEHA TIPOrM0Yy OCHOBHOM KOJIOHHBI (puc.5). OHa MOXKET ObITh
y4TEHA ITyTE€M BBEACHUS MIPYKUHBI OTPULIATEIILHOMN KECTKOCTH. JlONIOJIHUTEIbHAS Harpy3Ka JEHCTBYET
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B HaIlpaBJICHUHU MPOruda OCHOBHOW KOJIOHHBIL. [Ipu 3amaHnu BepTUKaNbHOM HArpy3ku P, HeoOxoaumo
YUUTBIBATh KOA((UIIMEHT HAJIS)KHOCTH IO Harpy3Ke.

F

Puc. 5. Yder BropocTeneHHOM KOJIOHHBI

10.Pacuer nporu6os

Pacyer nporu0oB KOJOHHBI OTHOCUTCSI K pacueTaMm Mo MpeAeIbHbIM COCTOSIHUSIM BTOPOil rpynmbl. OH
MIPOBOAMTCS MOCIIe KOHCTPYUPOBaHUSI apMaTypbl. [Iporudsl onpeaenstoTes mpy MoMOIIY HETUHEHHOTO
pacdera 1o AePOPMUPOBAHHOW CXeMe, B KOTOPOM YYHUTHIBAIOTCS HAYaIbHBIC TMPOTHOBI U MPOTHOBI,
BBI3BaHHBIE MOJ3yuecThi0 OeToHa. PaboTra pactsaHyTroro 6eToHa He yuuThiBaeTcsa. B pacuer craBarcs
IUIOLIA/IA CEUYEHUH MOJOOPAHHBIX apMATYpPHBIX CTEPKHEH W KOOPAMHATHI IIEHTPOB CEUEHUI COTIIacHO
PACIIOJIOKEHHUIO apMaTypHBIX CTEpXKHEW Ha PUCYHKaxX, BBIBOAMMBIX B pazzene «KoHCTpyupoBaHHUE
BBIXOJHOI'O IOKyMEHTa mporpaMMebl. Pacuet mo [1] u [2] mpoBoautTcs 1yisi KoMOWHAIMK HOPMATHUBHBIX
HArpy3ok, a pacuer mno [4] — 1 mpakTHUYeCKH MOCTOSHHBIX KOMOWHAIIMN Harpy3ok (BO3JCHCTBHIN).
Ecnm pacuer KOomOHHBI MO MPOYHOCTH MIPOBOJIUTCS C BRLIOOPOM KOMOMHAIIMI HArPY30K, TO VIS pacuera
MPOruO0B TaKKe MPOU3BOAUTCS BHIOOP KoMOMHanuii. [Ipy 3TOM mpuMeHsieTcss BTOpOil MeTo1 BIOopa
KoMOMHanui. B TabnyHoi n rpaduueckoii popmax BEIBOJATCS IOJHBIE IPOTrHOBI Wy, W7, BKIIIOYAIOIIIE

nporudbl Wy, Wz0, KOTOPBIE XapaKTEPH3YIOT HECOBEPIIEHCTBA KOJOHHBI, U IIPOTUOBI Wy, Wz, KOTOpBIE
00YyCIJIOBIIEHBI TIOJI3Yy4YECThIO OE€TOHA.
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Puc. 6. Koo pumueHTH ®KEeCTKOCTH YIIPYTHX CBS3EH
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[Iporpamma npegHazHaueHa s pacuéra 1Mo OTHECTOMKOCTH OJTHOSIPYCHOM Kene300€TOHHON KOJIOHHBI
coriacHo CII 468.1325800.2019 [1] u CII 63.13330.2018 [2]. Ycunus B KOJIOHHE ONPEETSIOTCS IPU
MOMOIIM JIMHEWHOTO WJIM HEJIWHEHHOro pacyera mo JAeGOpMHPOBAHHOW WM HenehOpMUPOBAHHOMN
cxeMe. TemneparypHoe IoJie B CEYEHHH KOJIOHHBI IIPU OTHEBOM BO3JCHCTBUU OIIPENEISCTCS IIyTeM
pelIeHHs 3a/laud HEeCTAlMOHAPHOM TEIUIOMPOBOAHOCTH C YYETOM 3aBHCHUMOCTH TEMJIO()HU3MYECKHX
XapaKTepUCTHK OeTOoHa OT TemmepaTypbl. IIpoBepka MPOYHOCTH MpH EHCTBUU MPOAOIBHON CHUJIBI U
M3ru0aroMX MOMEHTOB IPOU3BOJMTCA Ha OCHOBE JAuarpamMMm Je(pOpMHPOBAHUS CHKATOro OETOHA U
apMaTypbl ¢ yueToM K03 PULIMEeHTOB yCIIOBHUIl pabOThI, 3aBUCAIIMX OT TEMIIEPATYpHI.

1. PacuerHasi cxeMa M CeYEHHE

PacyerHas cxema KOJIOHHBI NpEACTaBIsieT COOOM CTEPKHEBOW 3JIEMEHT, MMEIOUIUM YIpyrue MHiu
KECTKHE 3aKpEIUICHUs KpaeB. YCIOBHUS 3aKperuieHus (HOopMynmupyroTcs s TOPU30HTAIBHOTO
MepeMENICHHs ¥ TOBOPOTa CEYCHUSI BOKPYT TOPU3OHTANIbHOM ocu. [Ipu pacyeTe KOJTOHHBI, TPUMEHSETCS
CHCTEeMa KOOPJMHAT XyZ, Hauaio KOTOPOMl COBMAAAET C EHTPOM TsDKECTH HUIKHETO CEUEHUS KOJIOHHHBI.
Ocp X HampaBiieHa cCHU3Y BBepX. [Ipenmonaraercs, 4To BepTUKAIbHAS CHJIa BOCIIPUHUMAETCS B HIDKHEN
orope.

PaccmaTpurBaroTCst KOJIOHHBI IPSMOYTOJILHOTO, KPYTJIOro, YTOJIKOBOIO M TaBpOBOTO ceueHui (puc.l).

JUis mpsIMOYTOJIbHOIO CEYEHHUs] MPEJyCMOTPEHbI CIEAYIOIIME CXeMbl apMuUpoBaHuUs: 1) apmarypa
pacrioyiaraercsi B yrilax ced4eHusi, 2) apmarypa pacrojlaraercsi B10JIb KOHTypa ceueHus, 3) apmarypa
pacnosaraercsi Ipou3BoIbHBIM oOpa3oM. IIpu mepBoii cxeme apMUpOBaHUS, B KaXJIOM YTy CEUEHUS
pacrosaraercsi OIuH cTepkKeHb. [Ipu BTOpoil cxeme apMUpOBaHuUs, CTEP/KHU PACIIONAraloTCs B yIylax U
BJIOJIb CTOPOH Ce€ueHHUs. B 5TOM cirydae 3a1at0TCs YKcila IPOMEKYTOUHBIX CTEPXKHEHN, PACIIOIOKEHHBIX
BJIOJIb CTOPOH ce4eHHUs. /luamMeTprl yriioBbIX U NPOMEKYTOUHBIX CTEPKHEH MOTYT ObITh PA3JIUYHBIMU.
IIpu TpeThen cxeme apMUPOBAHMS 3aJaI0TCS PAABI CTEPKHEN. [l KaXA0ro psiia CTepKHEN 3a1ar0TCs
KOOp/AMHATHI Hayajla 1 KOHLA OTPe3Ka, Ha KOTOPOM pa3MeIIatoTCsl apMaTypHble cTep kHU. 11 ynoocTBa
BBOJIa IPUMEHSETCS CUCTEMA KOOpAMHAT (Y,Z) ¢ HayajJoM B JIEBOW TOYKE HUKHEH CTOPOHBI CEYCHUS.

Ocs Y HampapisieTcss BIPaBO MO HHKHEH CTOpoHe ceueHwus, a ock Z - BBEpX IIO JI€BOM CTOpPOHE
cedeHus. 3aal0TCs YUCIO CTEpKHEH B PAdy U AMaMeTp cTep:kHeil. IIpu BBOJIe OJMHOYHOTO CTEPHKHS
3aj1aeTcs TONBKO TepBast Mapa KOOpaUHAT. IIpeycMOTpeH KOHTPOJIb PACCTOSHHUS MEXKLY apMaTyPHBIMH
CTEPIKHSIMH.

B kpyrmom cedeHMHM apmaTypHbIE CTEPKHM PAaBHOMEPHO pACHPEIECISAIOTCS BIOJIb OKPYKHOCTH.
IIpenycMOTpeHBl Ba BapHaHTa pa3MEILECHUS CTEPXKHEH B 3aBUCUMOCTU OT PACIOJIOKECHHUS IEPBOTO
CTEPXKHSI HA OCH Y WJIM Ha OCH z.

Jlis  yroakoBOTrO CEYEeHMsI NPEeIyCMOTPEHBbI CIENyIoIMe CXeMbl apMupoBaHus: 1) apmarypa
pacrioyiaraercsi B yrilax ce4eHusi, 2) apMarypa pacrojiaraeTcsi Bl0JIb KOHTypa ceueHus, 3) apmarypa
pacrioyiaraercs Ipou3BOJIBHBIM 00pa3oM.

J1J1st TaBpOBOTO CEUEHHUS MOXKET OBITh 3a/1aHa BEPXHSSI M/WJIH HIDKHSISI apMaTypa, a TakKe MPOU3BOJIBEHO
pacCIIONOKEHHBIE PSAbl ApMATYPHBIX CTEpKHEN. I BBOJA PsIIOB CTEPKHEH NMPUMEHSETCS CHUCTEMA
KoopauHaT (Y,Z) ¢ HayaJoM B JIEBOM TOUKe HUXKHEH cTopoHbl pedpa. Ochb Y Hampasnsercs BpaBo Mo

HIDKHE cTopoHe pedpa, a ock Z - BBEpX I10 JIeBOi CTOpoHE pebpa.
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Puc.1. Ceuennst KOJTOHHBI

2. Harpy3ku

Cormacto [1], pacdyeT 1Mo OrHECTOMKOCTH MPOBOAUTCS ISl HauboJiee HEOJIArompusiTHOTO COYETAHHS
HOpMaTI/IBHI)IX IIOCTOAHHBIX U TJINTCIIBHBIX Harpy301<.

IlonoxuTenpHbIE HaIllpaBJICHHUA HArpy30K IIOKa3aHbl Ha pI/I02 IlonoxutenabHbIE HaIlpaBJICHUA
MOMCHTOB COBHAJarOT C HaAIpPABJICHUAMU MOMCHTOB OT BepTI/IKaJIBHOﬁ CHIJIBI, CMEILIEHHON B
IMMOJIOKUTCIIbHBIX HAITPaBJICHUAX oceit y u z. IlomoxxurenbHbIE HaIlTpaBJICHUA CMEIIECHUH JKECTKHX

OIIOp COBIAAAKOT C HAIPABJICHUAMU KOOPAWHATHBIX oceii. IlonoxuTeabpHbIE HalrpaBJICHUA ITOBOPOTOB
KCCTKHX OIIOP COBIMAAAIOT C IMOJOXKUTCIbHBIMU HAIIPaBJICHUAMU MOMCHTOB.

3. Marepuanbl

Knacc GeTona u kiacc apmaTypbl MpUHUMaOTCs coryiacHo [2]. Pacuetr nmpoBoauTcst ansi GETOHOB 10
kinacca B5S5 BxmounrtensHo. Jlnarpammsl nedopMupoBaHus O0eTOHAa M apMaTypbl NP HOPMAJIbHOMN
TeMIlepaType npuBeACHBI Ha puc. 3, 4. [1o ropu30HTATEHON OCH OTKJIAIBIBAETCS 3HAUEHUE Tehopmaruu
B npomuiuie (19/,=0.1%=0.001). OtpuuarenbHble 3Ha4€HUS] COOTBETCTBYIOT J1e(hOpMAIIUU CHKATHS.
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Puc. 2. TTonoxxuTenbHBIC HATIPABICHHUS HATPY30K
sig [MIa]
A
_18 so|}// :
1 I
| ! |
|////// ; ! eps [%.]

-1.50 =350

Puc.3. Inarpamma nedopmupoBanust cxxaToro 6etona B25 nmpu HopMansHOM TeMmeparype

sig [MIa]

—_

eps [%.]
1 2.50 25.00

|
/
-1-400

Puc.4. [lnarpamma nedopmupoBanus apmarypsl AS00 npu HOpManbHOH TemIepaType

PacyerHple CONPOTHBIICHHS M MOMAYJIHM YIPYrOCTH MaTEpUAlOB IPH HArpeBe ONPEICISIOTCS IO
dopmymnam [1].

Ront = Ron?et
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Ex=Ep/5,
Rsnt = Rsnyst
Est = Esﬂs

3HaveHus K03 UIIMEHTA YCIOBUM pab0THI 0eToHA )/ 1 KOd(hPHIIMEeHTa peTyKIIUA MOIYIIS YIIPYTOCTH
OeToHa :Bb npuHUMaroTcs 1o tabnuue 5.1 [1], mapamerpsl quarpaMmel aist 6eToHa &y, &y, - o Tabnuie
5.5 [1]. 3nauenust k03 dUIIHEHTA YCIOBUM pabOThl apMaTyphl /¢ U KO3 puImenTa peayKiuy MOTyIIs

YIPYTOCTH apMaTypsl ,BS npuHuMaroTcs 1o tadiuue 5.6 [1]. Ilpenensuas nedopmanust apmarypsl &
npuHUMaeTcs paBHOW 259/ mpu 20°C <T <200°C wu paBuoit 509/, mpu T >500°C. Ilpu

200°C < T <500°C mpenenbHas aehopmanus &g ONMpeaesiseTCs] HHTEPIOJAIHCH

B nporpamme Bo3MO)XeH TaOMMYHBIN BBIBOA KO3()(MUIIMEHTOB JUIS 33JaHHOTO BHJA 3allOJHUTEINS B
OeToHe U Ki1acca apMaTyphl.

4. PacyeTr Mo OrHeCTOMKOCTH

OraecroiikocTh 3JIeMEHTa XapaKTepU3yeTcsl MEePUOoJIOM BPEMEHU (B MUHYTax) OT Hadaja Io)kapa 10
MOMEHTa BO3HUKHOBEHUS IPEIEIBHOIO COCTOSHHUA 3eMEHTa. [ HECYIUX 2JIEMEHTOB IPEIEIbHBIM
COCTOSIHMEM I10 OTHECTOMKOCTH SIBJIAETCS COCTOSIHHME, IIPH KOTOPOM IMPOMCXOJIUT IOTEps HeCcyllen
cnocobHocTH. IlpenenbHOe COCTOSHME HACTyMaeT TOrAA, KOrjaa IpeJeNbHbIE YCHIIUS CTaHOBATCS
pPaBHBIMHM pacueTHbIM YCWJIMSAM. B mporpamme cTpouTCs 3aBHCHUMOCTh Kod(pduuMeHTa 3amaca

HpO‘lHOCTI/I }/u oT BpeMeHI/I. Hpenen OFHCCTOﬁKOCTH OHpeI[eJ'ISIeTCH I10 MOMeHTy BpeMCHI/I, HpI/I KOTOpOM
7, =1

OKCIIEPUMEHTAIIbHO YCTAaHOBJIEHO, 4YTO pa3pyIIEHUE JKEJIe300€TOHHOIO 3JIEMEHTa IIPU OrHEBOM
BO3JICUCTBUM IPOMCXOAMUT AHAJIOTMYHO PA3PYLICHUIO IIPU HOPMAJIBHOM Temreparype. IIpenensHbie
YCUJIMSI TIPU OTHEBOM BO3/ICMCTBUU OIpPENENAIOTCS Ha OCHOBE JAMarpamm Jae(opMUPOBaHHS CKATOrO
0eToHa 1 apMaTypbl IPU TEX K€ MPENOI0KEHUAX, YTO U PU HOpMaAJIbHOH Temrieparype. OCHOBHBIMU
IPEANONI0KEHUSIMHI SABJSIIOTCA cenyromue: AeGopManuy pacnupeAestoTcs M0 JMHEHHOMY 3aKOHY,
HaINpsDKEHUs B pacTAHYTOM OeToHe nmpeHeOpexumo Maibl. [Ipu onpeneneHny npeaeabHbIX YCUIUN IPH
OTHEBOM BO3/ICHICTBUM yUUTHIBAETCS 3aBUCUMOCTb IIPOYHOCTHBIX U Je(OPMAIIMOHHBIX XapaKTEPUCTUK
MaTepHaJIOB OT TEMIIEPATYPHI.

4.1 OmnpenejieHne TeMIEPATYPHOIO MOJIS

Jlnsg onpenenenus npezaena OrHECTOMKOCTH, HEOOXOAUMO pacCUUTaTh TEMIIEpaTypHOE M0Jie B CEUEHHUH
JJIEMEHTa OT OrHEBOro Bo3jelcTBUA. TemmepaTypHoe mnose T(y,z,t) OINpeaensercs Ha OCHOBE

YpaBHCHHA HCCTaHHOHapHOﬁ TECHJIOIPOBOJHOCTH

o,,0T, 0,07
@(15)‘*5(15)—@5

3nech A - Kod(QQUIMEHT TEIIONpoBOAHOCTH, ( - yHenbHas TEIUIOEMKOCTh, L - IJIOTHOCTH

oT

Marepuana. [Ipu pacuere TeMiiepaTypbl B CE4EHUH 3JIEMEHTA HE YUUTHIBACTCS HAJIMYUE apMaTyphl.

Kosddurment teruronpoBoaHoctd Getona B [Br/(M°C)] ompezensercs mo cieayomum hopMyaam
(em.[1], 6.3):

- 1 6eroHa Ha cuukaTtHOM 3anonnurene A =1.2—0.00035T ;
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- Juist OeToHa Ha kapOoHaTHOM 3anonautene A =1.14—0.00055T .

VY nenbHast TeI0eMKOCTh OeToHa B [[Ik/(kr’C )] Ha CHITMKATHOM HJIH KapOOHATHOM 3arlOJIHUTEIIE PaBHA
c=710+0.83T . B nporpamme npeaycMOTPEH y4eT BIAKHOCTH OETOHa COTJIACHO [5], MpH KOTOPOM
3aBHCUMOCTh YACITHHON TEIUIOEMKOCTH OT TEMIIepaTyphl XapaKTepH3yeTCs MMKOBBIM 3HAYCHHEM IPU
115°C, paBubiM 1470 u 2020 npu Biaaxuaoctd 1.5% u 3% COOTBETCTBEHHO.

OrHeBoe BO3AEHCTBHE XapaKTEPU3YEeTCAd 3aBUCHUMOCTBIO TEMIIEpaTypbl Cpelbl OT BpPEMEHHU,
OTCUMTHIBaEMOro OT Hauaja nosxkapa. CorjmacHo [3], mpu CTaHIapTHOM IOXKape, NPUHUMAETCS
ClIeyIollas 3aBUCUMOCTh TEMIIEPATYpPhl CPEbl OT BPEMEHHU:

Ty =20+345l9(8t +1), re t - Bpems B mum.

I'paduk 3aBHCHMOCTH |, ) MIpeJICTaBJICH Ha pUC.5.

To [ppan]
So0
00
400
Z00
] . . . T T T £ [MHH]
o 10 Z0 30 40 50 a0

Puc.5. 3aBucnMocTb TEMIEpaTyphl Cpezbl OT BpEMEHN

Ha CTOPOHAX CCUCHUSA CTABUTCA YCJIIOBHUEC PABCHCTBA TCIIJIOBOT'O ITOTOKA OT I'PaHHUIIbI BFJ'IY6L CCUCHUA U
TCIIJIOBOT'O ITOTOKA K I'PaHUIIC OT CPECIbI.

TeI10Boif IOTOK K KOHTYPY CEYEHHs OT cpetbl paseH (cM.[4],6.4 1 [5],3.1).
Q=Q.+Q,
Q. = (T,-T)
Q, =5.67£[(0.01T, +2.73)* - (0.01T +2.73)*]

3nech QC - KOHBEKTHBHBIH TEIUIOBOM ITOTOK, Q, - TY4YHCTBIN TEIUIOBOM ITOTOK, To - TEMIIEpATypa Cpebl,
T - Temmeparypa Ha kKOHType ceuenus. TerI0BOi MOTOK OT KOHTYpa BIITyOb CEYEHHUs PaBeH

oT
0=

oT .
Ile — - [IPOM3BOJIHAS [0 BHYTPEHHEW HOpPMalu K KOHTYpy ceueHus. CornacHo [4], npuHuMaeTcs
on

a, =29Br/(M?°C), £=0.56. Ha HeHarpeBaeMbIX CTOPOHAX CTABHTCS AHAIOTHYHOE YCIOBHE IPH

a, =1.5/T 20 Br/(m? °C), £=0.63.
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T
TemnepaTypHas 3afada peliacTcsi KOHEYHOPa3HOCTHBIM MeToaoM. [IpousBoaHast 9T samensiercs
ot

Pa3HOCTHBIM OTHOILICHUEM T(y,2,t+A)-T(y,2,1) ,rae At - mar mo BpeMeHH.

At

Pacuer TemneparypHOro nosjisi B CE4€HUH IPOU3BOIUTCS JUIsl JUCKPETHBIX MOMEHTOB BpeMeHH. 11]ar 1o
BPEMEHM MO>KET IPUHHUMATBHCS PaBHbIM 3MUH, OMUH, 12MMH WM 3aJaBaThCsl JIPYrUM 3HAUE€HHUEM B
npenenax or ImuH no 30muH. B ob0mem cimyuae, npu yBelIMUYEHMM IIara, yMEHbIIAeTCs 00beM
BBIUMCJIEHUH, OJIHAKO MOKET CHUKAThCSl TOUHOCTD Pe3yJIbTaTa.

[Ipoun3sBoiHbIE 110 KOOPAMHATAM TAK)KE 3aMEHSIOTCS Pa3HOCTHBIMU OTHOIIeHUsIMU. [locie onpeneneHust
TEMIEpaTypbl Ha KOHEYHOPA3HOCTHOM CEeTKe TemIieparypa B TIPOU3BOJILHONM TOUYKE CEUEHUs
orpezesnseTcs uHTepnossiuei. B kauectBe mpumepa Ha puc.6 MPUBEACHBI H30TEPMBL, ITOJIYYEHHbIE TPU
TPEXCTOPOHHEM HarpeBe MPsIMOYTOJIbHOIO CEUYEHHUS U BCECTOPOHHEM HarpeBe yrojKOBOI'O CEUEHUSI.

100

200

=

Puc.6. M3otepmel

a00

HpI/I BBOJIC UCXOJHBIX NAHHBIX MPOrpaMMBbI, MOTYT OBITh 3aIaHbl YIIPABJIAOIINEC MMapaMCTPhl pacucTa
TCMIICPATYPHOT'O ITOJIA: HOMHHAJIBHBIN IIar CETKU Su MAaKCUMAJIbHOC YHUCJIIO TOYCK CCTKH B OJHOM

HaIpaBJICHUU N max - ECIIM 3HaueHue S He 3a1ano, To npuaumaercs S =10mwm. Eciu 3nauenue N max HE

3a1aHO, TO MPUHUMACTCA me = 60 . AHaJOTUYHEIC napamMeTpbl MOTYT OBITh 3alaHbl OJId yHIpaBJICHUS
pa36I/ICHI/ICM C)KaTOM 30HBI CEUCHHS Ha Majble 3JIEMEHTHI Ipr onpeCaACICHUU NMTPCACIIbHBIX yCHHHfI.

B nporpamMme MnmpeayCcCMoOTpEeH BbBIBOA TCMIICPATYPLI B 3aJIaHHBIX TOYKAX, OIMPCACIIICMBIX B CHUCTCMC
KOOpAuHAaT (Y , Z) C HayaJIOM B JIEBOH TOUKE HUXKHEH CTOPOHBI CCUCHUS. HpI/I 9TOM OCh Y HaITpaBJISICTCA

BIIPABO 110 HUKHEH CTOPOHE ceueHns, a ock Z - BBEPX JIMOO IO JIEBOil CTOPOHE MPAMOYTONBHOTO I
YTOJIKOBOTO CEUEHHsI, JIMOO TI0 JIEBOI CTOpOHE pedpa TaBpOBOTO ceueHus. B cirydae Kpyrioro ceueHus,
TEeMIIEpaTypa BEIBOJUTCS JIUIS TOUYEK, JIKAIIUX Ha OCH Y .

4.2 Pacuer ycuauii

Ycunmusi B KOJIOHHE MOTYT ONPEACTSAThCS Ha OCHOBE JIMHEHWHOTO WIIM HEJIMHEHHOTrOo pacyera Iio
nedopMupoBaHHON win HexeopmupoBaHHOU cxeme. [Ipu pacuere mo neopMHpPOBAHHOW CXeMe
BO3MOJKEH OTKa3 OT y4eTa nporuda B 0JTHOM WIIH IBYX TUIOCKOCTSX. ECii mporu6 KOJIOHHBI B INTIOCKOCTH
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Y wumm Z crecHeH mmy HEBO3MOXKEH, TO JJIsi COOTBETCTBYIOMIEH TIOCKOCTH pacueT IPOBOAUTCS MO
HegepopmupoBanHoil cxeme. Ilpu pacuere mo aedopMUPOBAHHOI cXeMe NPEIyCMOTPEH Yy4eT
HECOBEPIICHCTBA KOJIOHHBI IyTeM ydyeTa HavaabHOro Mporubda mo ¢opme moTepu YCTOWYUBOCTH
LEHTPAIBHOCKATON KOJIOHHBI.

B nuHeliHOM pacueTe ycuius B KOJIOHHE ONPEIEINIAIOTCS IPU )KECTKOCTHBIX XapaKTePUCTHKAX Dy, D,

MNPUBCACHHOI'0 CCYCHHA, BBIYMCIICHHBIX B HNPCAINOJIOXKCHUN YHOPYToro I[e(bOpMI/IpOBaHI/ISI OcToHa U
apMaTypa.l. B cJ1ydyac€ yrojJKOBOI'0 CCUYCHUsA, AOIMOJIHUTCIBbHO HMCIIOJIB3YyCTCA KOB(b(l)I/IHI/ICHT KCCTKOCTH

DyZ , COOTBETCTBYIOIIUH IEHTPOOCIKHOMY MOMEHTY WHEPIHUU CCUCHHUS |yz. ’KecTkocTHbIe

XapaKTCPUCTUKU ONPCACIIIIOTCA OTHOCUTCIIBHO LEHTPAJIbHBIX oceit IIPUBCACHHOI'O CCUCHUA,
mapajiiCJIbHbIX HCHTPAJIBbHBIM OCAM OETOHHOIO CeYeHus.

B HenuHelHOM pacuere KpMBM3HBI K ,K, ONPENENSIOTCS Ha OCHOBE AMarpamMM ae(GopMHUpOBaHUs

C)KaToro OETOHA U apMaTyphl IPU OTHEBOM BO3/1€HCTBUHU. V3-3a HENMHENHOIO XapaKkTepa 3aBUCUMOCTH
KPUBU3HBI OT MOMEHTA, CUCTEMAa YPaBHEHUI IPOI0JIbHO-TIONEPEYHOr0 U3rubda sIBJIAETCS] HETMHEHHOM.
KosnonHa pa3OuBaercss Ha y4acTKH, B Ipelielax KOTOPBIX IPOU3BOJUTCS JIMHEApU3aLUsl YPaBHEHUM.
IIpenycMoTpeH BBOJ HOMUHAJIBHOTO I1ara JUCKPETU3aluK KOJIOHHBL. HennueltHbli pacyer MpoBOANTCS
IIPYU MOMOILM METO0/1a uTepauuii. ITepallnoHHBINA Ipoliecc OKAaHYMBAETCS TOI1a, KOIJ1a OTHOCUTEIbHbIE

npupanienns MomenTos M v M, u nporu6os W, ,W, cranoBsTcs ManbiMu. [l KOHTPOJIS TOYHOCTH
PE3yJIbTAaTOB HEIMHEHHOIO pacyeTa BIBOJUTCS UTEPAlMOHHAS ITIOTPelIHOCTh & [%].

Bo3mosken BeIOOp pexkuma pacuerta. Ilpum BbiOOpe MmepBOro pexuma, HETMHEWHBIH pacueT yCHIINN
MIPOBOJIUTCS TIPU JIOCTHIKEHUU TIpe/iena OrHecTOMKOCTH. [Ipu BEIOOpE BTOPOTO peknMa, HETMHEHHBIN
pacyer yCWJIMH IPOBOJUTCS C IIAroM, KpaTHBIM IIAry JUIs pacyeTa TEMIIEPAaTypHOIO IOJA. Y CHUIuA,
IIOJIyYEHHBIE 110 HEJIMHEWHOMY pacueTy B TEKYIIMM MOMEHT BPEMEHH, UCIIOIb3YIOTCS IS IPOBEPKU
MPOYHOCTH BIUIOTH JI0 CIEAYIOIIEr0O MOMEHTA MPOBEICHUS HEIMHEMHOTO pacyeTa. Bpems BbluncIeHHit
IIPU BTOPOM PEXHME pacyeTa MOXKeT ObITh 3HAUYUTEIHHO OO0JIbIIE, YEM IPHU MIEPBOM PEXKHUME.

ITo pe3ynbraTam pacuera yCHJINH, IPOU3BOANUTCS BHIOOP COUETAHUM YCUIIHM, 1151 KOTOPBIX POBOIUTCS
IpoBepKa MpoyHocTu. B o01iem citydae, BBIOOp cOYeTaHUN YCUIIMN MPOU3BOIUTCS C YYETOM 3HAKOB
MOMEHTOB. BBIOMparoTcsi Takue coyeTaHusi YCWIMH, A KOTOPBIX JHOO MOJOXKHUTENbHBIM, JHOO

oTpunaTeNnbHbIi n3rubaronmit moment M y WM M, IPUHUMAET HanOOobIIee A0COMIOTHOE 3HAUCHHE.

B CJIydac nNpsAMOYTOJbHOI'O CEUCHUA CO CTaHHapHOﬁ cXeMoM ApMHpPOBaHUs ITPU BCECTOPOHHEM HAI'PEBE,
a TAKXKXE B CJIydac KpYIJOro CCUCHU:, BH60p COYETaHUMN YCI/IJII/Iﬁ MMPOU3BOAUTCA 0e3 yd€Ta 3HAKOB
MOMCHTOB.

4.3 OmnpenesjieHue npeaeabHbIX YCHIHIA

[IpenenbHble ycwing TIpU OTHEBOM  BO3JEHCTBUM  ONPENEISIIOTCS HAa OCHOBE JMarpaMm
nepOopMUPOBaHUS CKATOT0 OETOHA M apMaTypPhl C YU€TOM 3aBUCUMOCTH XapaKTEPUCTUK MaTepUaioB OT
Temneparypsl corijacHo [1]. HopmaTuBHBIE CONpOTHBIEHHMS CXAaToro OETOHa W apMaTypbl NpH
HOpMaJIbHOW TEMIIEpaType NPUHUMAIOTCS COIIacHo [2].

Hpe,Z[CJ'IBHBIe ycuia NOPUHUMAKOTCA MNPONOPHHUOHAIIBHBIMU  PACUCTHBIM  YCUIIHAMI Nu :7/UN1

Myu = 7U|V|y, Mzu =7/UMZ. [IpouHocTs cedyeHusi obecrnedena, ecau KodQPUIMEHT ), HE MEHBIIE
equHUIEl. [Ipeamnonaraercs, uyro nedopmaids B CEYCHUU PACTIPEICISIETCS 10 JTUHEHHOMY 3aKOHY
5()’,2):80 +K,Y+K,Z, tne K,,K, - xpuBusHbl. IIpenenbHbie ycumus ONpPENETAIOTCS Ha OCHOBE

CIEAYIOUIUX YPaBHEHUM:

[oudA+[o,dA=y,N
A A
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[oyzdA+ [o,zdA=y M,
A, A
IabydA+ IasydA=—yuMZ
A A

3nece Oy = fb(é‘,T) - HampspKeHHe B cxaroMm OetoHe, Oy = fS(E,T) - HaIpsDKEHUE B apMarype,

T =T(y,z,t) - TeMueparypa, A - cxarast 30Ha GetoHHOTO cedenns, A - ceueHne apmMaTypsL.

I[J'ISI BBIYHUCJICHUNW HHTETPAJIOB IIO Ab IIPpOU3BOANUTCA p336I/IeHI/Ie C)KaTOM 30HBI CEUCHHS Ha MaJlble
OJIEMCHTEI, B IMPEACIaX KOTOPBIX HAIIPSXKCHUEC IIPUHUMACTCS ITOCTOSAHHBIM. Onpez[eﬂeHHe HHTCI'pajioB

CBOAUTCA K BBIYHCIICHUIO KOHCUHBIX CYMM. HpI/I BBIYUCJICHUHU HHTCIPAJIOB I10 AS IMPUHHUMACTCA, YTO

mioniaZib CCYCHUA apMaTypHOI'O CTCPIXKHA COCPECAOTOUYCHA B €0 LCHTPC. TeMnepaTypa apMaTypHOTO
CTCPIKHA IMPUHUMACTCA paBHOﬁ TEMIICPATypEC B TOUKC, COBMAJIAIOIIEH C LHCHTPOM CCUCHHA CTCPIKHA.

Pacnipenenenne nedopmanuu B mpeAeabHOM COCTOSHUU eu(y, Z) OTHICKUBaeTCS U3 OTpaHUYCHUS
neopmanuu cxaroro 6€ToHa 3HAYCHUEM &) U U3 OTpaHHYCHHS Je(hOpMAIH PACTSHYTOH apMaTyphl

3HA4YCHUEM 832. HJ’ISI KaXXa0ro IIOJIOKCHHA HeﬁTpaHLHOﬁ JJUHAHX OJHO3HAYHO OIPCACIIACTCA

pacrpeneneHue aedopManuu B INpeielNbHOM COCTOSHUU. B pesynbTrare pelieHus CHCTEMBl Tpex
HEJIMHEHHBIX ypPaBHEHUH OMpeeseTcs MOJIOKEHHEe HEHTpalbHOW JMHUM U Kod(dduuumeHT 3amaca

npouHoctd ), . Ha puc.7 npuBeneH mpumep 3aBUCHUMOCTH KOX(pQHUIMEHTa ), OT BpPEeMEHU NpHU
CTaHJapTHOM IOKape.

Ko2@@uUMEHT Salaca NPOYHOCTH Yo

o t [rmaH]

Puc.7. Tlpumep 3aBucumMocTH K03 puimenta )|, oT BpeMeHH

B mporpamMMe mnpeaycMOTpeH BBIBOJ pE3YyJIbTaTOB pacyeTa MpeneibHBbIX YCWIMHA Mg Tpeena
orHecTodkocTu. IloMUMO TpenenbHBIX YCWIMM, BBIBOASTCS KpPUBU3HBI, MAaKCHUMAallbHbIE U
MHUHHMaJbHbIE (B anreOpandeckoM cMmbicie) aedopmanuu OeToHa M apMaTypbl. Ecnu mpenenbHas
nedopmarusi 0eTOHA JOCTUTAETCS B TOUKE, JIeXKalllel BHYTPH CKATON 30HbI, TO BBIBOJISATCS KOOPIUHATHI

3TOM TOYKH, TEMIICpaATypa T n TpCACIIbHOC 3HAUCHUC Z[e(I)OpMaI_II/II/I gbZ (T) B cjIydac, Koraa

HelTpaabHas TUHUS MEPECceKaeT CeUCHUEe dJIEMEHTa, BEIBOJUTCS M300pakeHNEe C)KATOW 30HBI CEUCHUS
(puc.8).
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Puc.8. [Ipumep m300pakeHUs CKATOM 30HBI CCUCHHUS

4.4 Yder BIMSIHUSA NPOruda

ITpu yuyere BAMsIHUA IpOruda cKaToro 3JIeMEHTa BEIMYMHA PACYIETHOTO MOMEHTA ONpeAeIseTCs MyTeM
yMHOkeHus usrubaromero momenta M, maiimenHoro Ha ocHoBe HeneOpPMHpPOBAHHON CXEMBI, Ha
MOBBIIAIOIIHHA KOPPHUIIUEHT

- 1
- N

cr
3necs N or - KpUTHYECKasi IpOAOJIbHAs CUJIa, KOTOPAasl BBIYUCISAETCS 10 hopMyJie:

2
7D
- 2

N

cr
lo

rIe |0 - pacyeTHas jUTMHA ckaToro snemeHnTa. JKectkocts D mpm HopmambHOM Temmeparype
BBIYHUCIISIETCS cOrTacHo [2] mo dhopmyre:

D= —O'lSEblb +0.7EI,
¢, (0.3+6,)

3nech Eb , ES - MOJIYJIM YTIPYTOCTH OETOHA U apMaTyphl; |b, |S - MOMEHTBI HHEPLHUU OETOHHOTO CEYCHUS
U CEYEHMs] apMaTypbl OTHOCHUTENBHO LIEHTPAJbHOM OCH ceuyeHus, 5e = 90/ h - oruocurensusiit

OKCIIEHTPUCHUTET MPOIOJIBHOM CHIIBL, N - BBICOTAa CeueHMs B IUIOCKOCTH mM3ruba. Kosdduiment @,

MIPUHUMAETCS PABHBIM 2.

IIpu ompenenenun dKcueHTpucureTa €, yunmThiBaercs ciydaitHeiii okcuenrpucurer €, [2]. Tlpu

pacyere dIIEMEHTA CTATHYECKH OIPENETMMOM KOHCTPYKIIUH SKCIIEHTpUCHTET € mpuHMMaeTcs paBHBIM

M /N +€, . a npu pacuere seMeHTa CTATHUESCKH HEOI efeMMol KOHCTpyKIuu — paBabiM M /N | eciiu
a» )

M/N >e,  upasuemv €,, ecrm M/N <€, .

IIpu pacuere 110 OrHECTOMKOCTH MOAYJIH YIIPYTOCTH PABHBI:

Ebt :le(T)Ebv Est :ﬂs(T)Es
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rae ﬂb (M), ,Bs (T) - KO3 PHUIHUEHTH! PeIyKIIMA MOAYJISL YIIPYTrOCTH OETOHA M apMaTyphbl, 3aBUCAIIIE
or Temnepatypsl | . Ilpu HepaBHOMEpPHOM Harpese cedeHust T =T (y,z) H, CIEI0BATEIBLHO, MOIYIIH
YHPYTOCTH 3aBUCAT OT Y, Z.

B nporpamme BelpaskeHue Ui KECTKOCTU IPEICTABISIETCS B BUE!

0.15

=— = D, +0.7D,
¢, (0.3+9,)

Ceuenne pa3buBaeTcs Ha Mayble AJIEMEHTHI, B IpeleiaxX KOTOPBIX TemIlepaTypa HPUHUMAETCS
nocrosirHoit. Torna Bemmunna D, onpenensercs kak D, =Zﬂb,i Eulp; . roe ﬁb,i =4,(T.), |b]i - MOMEHT
MHEPIHH TUTOM[AH MAJOTO JJIEMEHTa OTHOCHTEIBHO OoCH M3rmba. Bemmumna D, ompenemsercs xak

D, = Z BiiElg ,rae ,sti =p4.(T.), ls,i - MOMEHT MHEPIUH IUIOIIAN CEYECHHUS apMaTypHOTO CTEPKHS

OTHOCHUTEJIFHO OCH M3ruoda.
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[Iporpamma npeaHa3zHaueHa I MPOSKTUPOBAHUS OHOSIPYCHOM MIIM MHOTOSIPYCHOM 5KeJIe300€TOHHOM
KoJoHHBI corniacHo MSZ EN 1992-1-1-2009 [1]. [IpemycMoTpeHbl ABa METOJa pacueTa KOJIOHHBI:
OOIIVIT HETMHEWHBIN pacyeT U yIPOIIEHHBINA pacueT Ha OCHOBE HOMHUHAIILHOM JKECTKOCTH.

1. PacuerHasi cxema

PacuyerHas cxemMa KOJIOHHBI MPEACTABISAET COOON MOCIIEIOBATENILHOCTh CTEPKHEBBIX 3JIEMEHTOB
(dacreit) mpousBosibHOTO ceueHus (puc.l). Pazbuenue KoJOHHBI HA YaCTH HEOOXOAUMO IPU HATUYUHU
Pa3IMYHBIX CEUEHUH, a TaKkKe AJIs MoA00pa apMaTyphl pa3IMdHOM IO WK PAa3IMYHOrO AUaMeTpa
Ha pa3IUYHBIX YacTAX KOJOHHBI. YacTu HyMmepyrloTcs B HampaBieHHHM CHH3Y BBepX. llpu pacuere
MpUMEHSETCS TIo0anbHas cucTeMa KoopauHaT XYZ , Hayajao KOTOPOW COBHAAAET C IIEHTPOM TSKECTH

HIDKHETO ceyeHust KooHHbl. Ock X HampasieHa cHH3Y BBepX. Ha KaIol 4acTh KOJOHHBI BBOIUTCS
JIOKaJbHasl CUCTEMa KOOPJMHAT, BEPTUKAIbHAsA OCh KOTOPOM COBHAJACT C JIMHUEH LIEHTPOB TSKECTU
CCYCHMI JaHHOM 4YaCTH, & TOPU3OHTAIBHBIC OCU MAPAJUICIBHBI OCAM Y, Z. YUUTBHIBAETCA CMELICHUE

BepTHKaﬂbHOﬁ OCH 4YaCTH KOJIOHHBI 110 OTHOIICHUIO K OCH HPI)I(Cp&CHOJ'IO)K@HHOﬁ qaCTu (pI/ICZ)

Yactu

Puc. 1. Pacuernas cxema

Puc. 2. Cmemnienue ocu

[Ipeanonaraercs, 4To pe3yNbTUPYIOLIAs BEPTUKAIBHAs CUJA BOCIIPUHHMMAETCS B HUKHEH OIIOpE.
VYcnoBust ynpyroro WM aOCOJIOTHO JKECTKOTO 3aKpeIUIeHHs MOTYT 3a7aBaThCs B MPOU3BOJIBHBIX
Toukax. OHM (GOPMYNIHUPYIOTCS Ul TOPU3OHTAIBHOIO MEPEMELIEHUsS M IOBOPOTA CEUCHMsI BOKPYT
TOpPU30HTAIFHON Ocu. B ciyuae ofHOSpYCHOM KOJIOHHBI, BO3MOYKEH BBIOOp YaCTHBIX PACUETHBIX CXEM,
UL KOTOPBIX HE TpeOyeTcst SBHO 3a/aBaTh yCJOBUs 3akperuieHus. Ha puc.3 manel Gopmynsl ams
ornpenesneHus] KOAQGUIMEHTOB >KECTKOCTU YIPYTUX CBS3€H KOJOHHBI C NPUCOEAMHEHHBIMH K HEMl
3JIEMEHTaMU KOHCTPYKLMHU. BO3MOXeH ydeT MoJaTIuBOCTH OCHOBAHHS MPH OMOIIN K03 duimeHToB
KECTKOCTH 3aKpEIUICHUS HUKHETO Kpas KOJOHHBI OTHOCHUTENBHO TOBOPOTOB. KoadduumeHTs
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’KECTKOCTU MPUOIMKEHHO ONpEeNsIeTcs Mo pa3MepaM pyHIaMEHTHON TUTUTHI U MOAYIIO lehopManuu
OCHOBaHUSI.

—= — =  —e -
— CZS*E*I/]3
*m —
|
Sec —
E*A ‘
B <k = e
| 1 |

| | C=E*A /1

o~ F*I - ( m C=3*E*1/1

Cé—-ﬁ ¢ m C=4*E*1/]

Puc. 3. Koo punueHTHI KECTKOCTH YIIPYTHX CBSI3CH

2. Ceuenusi

Ha PA3TUYHBIX YaCTAX KOJIOHHBI MOT'YT 3a1aBaTbCA PA3JIMYHBIC CCUCHH A, OTINYAIOIHUECH T10 (1)0pMe NI
o apMatype. CeueHre MOKET 3a/1aBaThCs KaK CTaHJApTHOE ceueHue (MPsIMOYTOJIbHOE, KPYTrOBOE HIIN
KOJIBIIEBOE CEUCHHE) MM KaK MTPOU3BOJIBHOE MTOJTUTOHATIBHOE ceueHue (puc.4).

AZ
® ® ia i
> h
y D
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Puc. 4. Ceuenns

JUis IpsIMOYTOJIBHOT'O CEYEHMs BO3MOXHBI CJEIYIOIIUME CXEeMbl apMupoBaHus A (puc.5): cxema ¢
paBHBIMM IUIOIIAJIMU apMaTypbl BOnM3u BepunMH cedeHus (A = 0), cxemMa ¢ paBHOMEPHBIM
pacripeieIeHueM III0Ia U apMaTyphl BIOJIb KOHTYpa cedeHus (A = 1), cxema ¢ paBHbIMU IUIOLIAASIMU
apMaTypbl BOJNM3M BepxHEW M HIDKHEH cTopoH cedeHus (A = 2), cxema ¢ paBHbIMU IUIOLIASIMHU
apMaTypbl BOJIM3H JICBOW U MpaBoii CTOpoH cedenus (A = 3).

JUis KpyroBOro M KOJbIIEBOTO CEUEHUH paccMaTpUBAaeTCs CXE€Ma apMUPOBAHUS C PaBHOMEPHBIM
pacripeieIeHueM IUIO0IIAa 1 apMaTyphl BJOJIb KOHTYpa CEUEHUs.

JUIs TIONMIOHAJBHOIO CEYEHUS BO3MOXKHBI CIEAYIOIIME CXEMBbl APMUPOBAHHUA: CX€Ma C PABHBIMU
IJIOUIaIIMU apMaTypbl BOJIM3U BEpUIMH BHEUIHET0 KOHTypa ceueHus (A = 0), cxema ¢ paBHOMEPHBIM
pacripeielIeHueM IUIOIIA 1M apMaTyphl B10JIb BHELIHET0 KOHTYpa cedeHus (A = 1), mpousBosbHas cxema
apmupoBanus. [ng cxem A = 0 u A = | HeoOXoauMmble Ui pacueTa KOOPAUHATHI apMaTypbl
omnpeaenstoTcs aToMatuuecku. [Ipu A = 0 UCKITI049aroTCs U3 paCCMOTPEHUS BXOISAIINE YIIIbI (T.€. YTJIbL,
6onpme 180 rpan). Kpome Toro, mpoBepsieTcsi BO3SMOKHOCTh KOPPEKTHOTO Pa3MELIEHHUs apMaTypHBIX
CTepKHEH NMPHU HAIMYUK OJIN3KUX BEPIIMH.

[Tpu BBIOOpE MPOM3BOJILHON CXEMBbI apMUPOBaHMUS, TpEOyeTCs 3a7aTh OTPE3KH (apMaTypHBIE CJIOW), Ha
KOTOPBIX pa3Meniaercsi apmatypa. Bosmoxken BBoA a0 50 apmarypsbix cioeB. CIow MOTYT UMETh
MPOU3BOJIBHYIO JUIMHY M oOpueHTauuto. llpenamonaraercs, 4To IJIOMIagb apMaTypbl PaBHOMEPHO
pacnpeneneHa mno cnor. Ecnum  gnauHa cinos paBHa HYJO, TO TakOM CJIOM  COOTBETCTBYET
«COCPEJIOTOUYEHHOI» IUJIOMAAu apMaTypbl. ApMaTypHblE CIIOM TOJApa3AeNsioTcs Ha CJIOU C
BapbUPYEMOU TIOIIAIBIO M CIIOM C MOCTOSIHHOM TUIOMIA B0 (He H3MEHSIEMOU MpHu pacueTe Tpedyemoin
apMatypsl). [ kaXxa0ro apMaTypHOTO CJIOSl ¢ BapbUpPyeMOil IIOLIA/IbI0 ONPEAEINeTCsl ero 0 B

o0miei Mom@aan apMarypbl As,var- Jlonsg cnost paccuMTHIBAETCSA MO 3aJaHHBIM OTHOCHUTEIbHBIM
IUIOIAISIM KaK ki ZA /(A1 +A2 +) i=1,2,... [Inomane 1-ro cnos ompenensercs no Gopmyie
Asi =ki '&Yva,. [Ipun momornu pacyeTa OTHICKUBAETCS OOIIas IUIOMIAb apMaTyphl As,vara a 3aTeM Mo

koa¢dunreHTam ki BBIYMCIISIFOTCS JIOIIAIA apMATYPHBIX CIIOEB Asi-
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Puc. 5. Cxemsl apMHpPOBaHUS TPSAMOYTOJIBHOTO CEUCHHS

3. Harpy3ku

Bo3MOoOKHEI CICAYIOMIUE HArpy3ku: COCPCAOTOYCHHLIC BCPTUKAJIBHBIC W TOPU3OHTAJIBLHBIC CHIIBI,
COCPEAOTOYCHHBIC MOMCHTBI, PACHPCACICHHBIC TOPU30OHTAJIBHBIC W BCPTUKAJIIBHBIC HArpy3KH,
CMCHICHUS U TIOBOPOTHI 2JKECTKUX OIIOP. Bo3MoxeH aBTOMaTUYECKUM Y4eT COOCTBEHHOTO BeCa KOJIOHHEI.
IlonoxuTenpHEBIC HarpaBJICHHA HArpy3o0K IIOKa3aHbl Ha pI/IC6 IlonoxuTenbHEIC HaITpaBJICHUA
CMEILEHUHN >KECTKUX OIIop COBIAaAAOT C HAIMPAaBJICHUAMU KOOPAWHATHBIX oceii. IlonoxuTennbHBIC
HaITpaBJICHUA ITOBOPOTOB KCCTKHUX OIIOP COBIIAAAIOT C ITOJIOKHUTCIIbHBIMA HAIIPABJICHUSIMU MOMCHTOB.

Knaccudukanuss 1 koMOMHMpPOBaHWE BO3JEHCTBUIM TpUHUMAaIOTCs corjacHo [2], Ilpumoxenue Al.
Bo3zaeiicTBus moapa3aensaroTcs Ha MOCTOSTHHBIE, IIEPEMEHHBIE U 0CO0bIe, 2 KOMOMHAITUY BO3/ICHCTBHM -
Ha OCHOBHBIE M 0cOObIe. YacTHbIEe K02()(DUIIMEHTHI 0€30MaCHOCTU y,. Ul BO3AEHCTBUN IPUHUMAIOTCS

no tabmune Al.2(B). KomOunanumonusie koapduuuentsr Vo, V1, ¥/, 11 nepeMeHHbIX BO3AEHCTBUI

npunuMarotes no tadmune Al.l. KomOunupoBaHue Bo3IeicTBUI MpeacTaBiseT coO0i reHeparuio
MHOKECTBA OCHOBHBIX M OCOOBIX KOMOWHAnui BO3JIEHCTBUNH C Yy4YeTOM OJaronpusiTHOro H
HeOMaronpusaTHOro 3¢ ¢exra oT BO3IEHCTBUI, a TaKkKe BO3MOXXHOCTH JOMUHUPOBAHUS KaXIOrO U3
nepeMeHHbIX Bo3jaeicTBuid. [Ipu yuere nedopmanuii momsydecTu OeTOHA A KaKJOW pacueTHON
KOMOHMHAIIUU ONPEeeTCs COOTBETCTBYIOIIAs MPAKTHUECKH MTOCTOSIHHAs KOMOMHAIIMS BO3/IEHCTBUH.
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Oy gz
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Oy y Oz z

Puc. 6. [TonoxxuTenbHble HaNpaBICHUs HarpPy30K

Bo3MmoxeH BBOJ HeECOYeTaeMbIX BO3AeWCTBUN. Takue BO3NEHCTBUSA BKIIOYAKOTCA B  TPYIILY
HecoYeTaeMbIX Bo3eicTBui. B KOMOMHAIMIO MOXXKET BOMTH TOJBKO OJHO BO3JEHCTBUE M3 Ka)JIOW
rpynnsl. Hymepanus rpynn HaunHaeTcsl ¢ €IMHULBL. ['pynnbl MOTyT IPUMEHATHCS, B YACTHOCTH, HpU
ydeTe BETPOBBIX HArpy3ok (Ipu pacCMOTPEHUHU AEUCTBHUS BETpa MO PA3JIMYHBIM HAINPABICHHUSIM) U
KPaHOBBIX HArpy30K (IIPU PAaCCMOTPEHUH PA3IMYHBIX MTOJIOKEHUH KpaHa).

Bo3MmoOkeH BBOJ 3HAaKOIEPEMEHHBIX BO3JEUCTBUU. B 3TOM ciydae, B pacyeTe y4MTHIBAECTCS Kak
3aJJaHHOE BO3JIEHCTBUE, TaK U BO3JECHCTBUE IPOTUBOIOJIOKHOTO 3HAKA.

Jlnis cokpallieHus] BEIYUCICHUN U 00beMa BBIXOAHOTO JOKYMEHTa MPOTrpaMMbl, IPEIyCMOTPEH BHIOOD
KOMOMHAIMI BO3JEHCTBHM, i1 KOTOPBIX MPOBOJUTCS pacdyeT KOJoHHBL [lo pe3ynpTaTam JTMHEHHOTO
pacdera ¢ yueToM 3((PEKTOB BTOPOro MOpsAIKa ISl BCEX BO3MOXKHBIX KOMOWHAIIMN BO3CHCTBUH,
BBIOMpAIOTCS Takhe KOMOWMHALIUU, JUIsi KOTOPBIX BHYTPEHHHE YCHIIMS WA TPOTUOBI MPUHUMAIOT
HauOOJIbIIINE OIOKUTEIbHBIC IIA OTPUIIATENIbHBIE 3HAUCHUSI.

4. HenuHeiiHbIi pacuer

Henunelnpiil pacyeT mpoBOAUTCs cornacHo [ 1], 5.8.6. KpuBusHbl K ¥ x, ONPENENAIOTCS YEPE3 yCHITUS

Ha OCHOBE Juarpamm ae(GopMHpOBaHUS CKATOro OeToHa W apMaryphl. [Ipu pacuere mpumeHseTcs
nuarpamma, npuseaeHHas B [1], 3.1.5. M3-3a HenuHelHOro xapakrepa 3aBHCUMOCTH KPHUBU3H OT
YCUITUH, CUCTeMa YPaBHEHHH MPOJOIBHO-TIONEPEUHOT0 U3rHba sIBisieTcs HenuHeHo. HennHnennsbrii
pacyer NpOBOJMTCS MPHU MOMOLIM METOAA UTepauuil. TepallMOHHBIN MTPOLIECC OKAHYMBAETCS TOT/A,
KOTJla OTHOCUTEIbHBIE TMPHUPAIIEHUSI MOMEHTOB, TIPOTHOOB M TUIOMIAAN apMaTyphbl CTAHOBSITCS MEHEE
1%. Jlns KOHTPOJISI TOYHOCTU PE3YIbTATOB HEJIMHEMHOr0 pacyueTa YCWJIUKA BBIBOJUTCS WTEpallMOHHAs
OIIMOKA.

[IpenycMoTpeH BBIBOJ Harpy3ok Ha Omopbl (OHM MPOTHUBOIIOJIOKHBI MO 3HAKY PEaKIUsIM O1op). ITu
JaHHBIE MOTYT UCIOJIB30BAThHCS MPU pacyeTe NMPUCOECTUHEHHBIX K KOJIOHHE JIEMEHTOB KOHCTPYKIINH (B
YaCTHOCTH, MIPH pacuere QyHIaMEHTA).

JUisi KOHTPOJIsI pe3ysIbTaToOB MPEeIyCMOTPEHA MPOBEPKAa PABHOBECHs KOJOHHBI B 1e(hOPMUPOBAHHOM
COCTOSIHMM (T.€. C Y4E€TOM PAaCCUMTAHHBIX IMPOTHOOB), HAXOMAAIIEHCS MOJ AECWCTBUEM HArpy3okK Hu
peaKkuuii CBs3EN.
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Pacuer TpeOyemoii apMaTyphl IPOBOJIUTCS HAa OCHOBE JUArpaMMbl, IMOJYyYEHHON W3 auarpammsl [1],

3.1.5 3ameHoM fcm Ha fcd u 3amenoit Eq, ma Ey =E, /}/CE mpu Vg =1.2.

[IpenenbHbIE yCUITUS BRIPAXAIOTCS Yepe3 NEHCTBYIOIINE yCuus o Gpopmynam:

Nu :}/UN’ Myu :yuMy’ Mzu :yuMz

IIpounocTs ceueHus obecriedena mpu Y, 21. Owmbky npu pacuere TpeGyeMoil apMaTyphl BEIBOISTCS

Toraa, Korjaa onu npeBbimaioT 1%. [lossnenue nndopmannu 06 omndKkax BO3MOKHO, B YaCTHOCTH, TIPU
pacuete TpeOyeMon apMaTypbl B MPOU3BOJIBHOM MOJUTOHAIEHOM CEUYEHUH, €CIIM CXeMa apMUPOBaHUs
3aJjaHa HEKOPPEKTHO.

[IpenycMOTpeH aBTOMaTUYEeCKUI ydyeT MUHUMAIbHOrO Kod(dduunenta apmupoBaHus. MuHUManbHas
IIOIIAAb apMatypsl onpeesercs mo Gopmyste [1], (9.12N) ¢ yuerom (NA8.7):

A in = % > 0.003A,

yd
rac fyd = fyk / )/5 - paC4Y€THOC 3HAYCHUE IIPEACIa TCKYYECTH apMaTyphl. KOB(I)(i)I/IL[I/IeHT 0€30IacHOCTH

JUISL apMaTyphl /s NpUHUMAETCs paBHBIM 1.15 mpu pacuere ajis OCHOBHOW KOMOMHAIIUU BO3JACUCTBUI
u paBHbIM 1.0 ipu pacyere aist 0co00l KOMOWHAIIMK BO3ACHCTBHIMA.

5. YnpoieHHbI pacyer

YropouieHHslii pacuer npoBoauTcs coriacHo [l1], 5.8.7 Ha OCHOBE HOMMHAIBHOM JKECTKOCTH.
Nsrubaroriyie MOMEHTBI ONIPEEIISIOTCS MPY TTOMOIITHY JIMHEWHOTO pacuera 6e3 yuera 3(h(peKToB BTOPOTO
nopsiika. PacdeTHble MOMEHTBHI ONpPENENSAIOTCS MyTeM YBEIUYEHHUs HU3rHOaloMX MOMEHTOB I10
dopmyine (5.30):

— I\/IOEd
1-Ng, /N,

Ed

rae MOEd - U3ruOaroLIMil MOMEHT, OIpeneTeHHbIH 0e3 yuyeTa 3QQPEeKToB BTOPOro MOpsAKa, NEd -
NpOJOJIbHAsA cuila, N, - KpPUTHYECKas CHJa, KOTOpas OIpPEIENsIeTCs Ha OCHOBE HOMMHAJILHOM
xecTkocTH. DopMyria sl KpUTHUECKOM CHITBI MOKET OBITh 3aIMCaHa B BUJIE:

_7[2D

2

NB

lo

rac D - HOMHHaJIbHasA XCCTKOCTh KOJIOHHBI, IO - pacucTHasa JJInHa. 3HaueHNE D BBIYHCIIACTCA I10

dopmyne (5.21):
D=K.E I, +KEI,
3nech By =Egn/Vee - pacueTHOEe 3HAUCHHe MOy ympyroctu Gerona, Veg =1.2, E, - momyms

yrpyroctr apmatypsr; |¢, | - MOMEHTEI HHEpIIHH GETOHHOTO CeUYCHMS M IUIOMANH CEYCHHS APMATYPHI

OTHOCHUTEJILHO IIeHTpaIbHON ocH ceueHus. KoadduimeHnTo Kc ) Ks OTIpEIeNAIOTCS 10 popMyam:
Kc = klkz /(1+ ¢ef )
K, =1
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k, =/f, /20

k, =n-—2—<0.20
170

N=Ng /(Atfcd)

3mech fy - xapakrepucriueckoe sHauenme npounocty Gerona npu cxariu B MIMa, T =a Ty /e -
pacueTHoe 3HaueHHe npouHoctH 6erona, A, - miomams cewenns, A =ly/1 - ruGkocts, i - pammyc

uHepuuu ceueHus. Koappuuuent 6e3onacHocTu 1uid 0eToHa )¢ IpUHUMAaeTcs paBHbIM 1.5 ipu pacuere
IUIE OCHOBHOM KOMOHMHAIIMM BO3JCHCTBUH M paBHBIM 1.2 mpu pacdere Uit 0COO0H KOMOMHALUHU

Bo3aeHCTBUI. D heKTUBHBIN KOIPOUIMEHT MON3YyYeCTH Pof NPUHHUMACTCS PABHBIM MPEICIBHOMY

3HaYeHUIO0 KOd(PUIMEeHTa MON3YyYECTH (D(OO,tO). 3HaueHue (D(OO,tO) omnpenensiercs corjacHo [1],
[punoxenue B mo smavenmio RH oTHOCHTEnsHON BnaksOCTM BO3myXa OKpykKaromell cpemsl u

3HAa4YCHUIO to BO3pacTa 0OeToHa B MOMEHT HarpyKeHusl.

B ciyuae nuHEHHOro pacrpenelieHus HM3rHOaoIMEero MOMEHTA, IMPUMEHSETCS SKBHBAJCHTHBIN
pacyeTHbI MOMEHT corjiacHo [1], 5.8.8.2 (2).

[To pacdueTHBIM MOMEHTaM oOmpenenseTcss Tpedyemas IUIOMaas apMarypbl. Tak Kak HOMHHAJIbHAs
YKECTKOCTb 3aBUCUT OT IIJIOLIAAU apMaTyphl, pacyeT IPOBOAUTCS IIPU IIOMOILIY UTEPALIUH.

[IpenycMOTpeH y4eT MHHHMAIbHOTO OJKCHEHTPUCUTETA TMPOJOJBHON CHIIBI TPU OMpEeIeHUU
TpeOyeMoH TIJIOMIAU apMaTyphI.

[IpeaycMoTpeH aBTOMaTUUECKHI y4€T MUHUMAILHOM IIJIOIIAIA apMaTyphl, ONpeAesiieMoi o hopmyie
[1], (9.12N) ¢ yuerom (NA8.7):
0.10N
A in = f—Ed >0.003A,

yd
rjie fyd = fyk |y - pacueTHOE 3HAYeHNME Ipeena TeKydecTH apMaTypsl. KoaddumuenT GesomacHocTn

JUTsL apMaTyphl ) TIpUHUMAETCs paBHBIM 1.15 mpu pacuere ajisi OCHOBHOW KOMOWHAITUN BO3JICUCTBUI
u paBHbIM 1.0 npu pacyere 1u1st 0co00i KOMOMHAIIMN BO3/1EHCTBUH.

6. KoncrpyupoBanue

KoHcTpynpoBanue npoAoabHOW apMaTypsl B CEUEHHUSAX KOJIOHHBI IIPOU3BOJUTCS C  YYETOM
HOPMATHBHBIX TPeOOBaHUI MO 3aIIUTHOMY CJIOI0 OETOHA, 32 UCKIIOUEHHEM Cllydyasi MOJUTOHAJIBHOTIO
CeUeHHs C MPOM3BOJILHON cxeMoi apmupoBaHus. Heobxonumele a1 pacuera pacCTOSHUS OT LIEHTPOB
TSKECTU IUIOIIAJAEH apMaTypbl 10 KOHTYypa CE€YEHUs IMEPBOHAYAIBHO ONPEIEIAIOTCS 10 3aJaHHOMY
HauOOJIBIIEMY THAMETPY CTEPXKHEH ¢ y4eTOM JuaMeTpa XOMYTa U 3aJJaHHONH MUHUMAJIbHON TOJIIUHBI
3amuTHOro ciosi OetoHa. [lo pesynbraTam MepBOHAYaIbHOIO pacyeTa KOJOHHBI MPOU3BOAMUTCS
KOHCTPYMPOBAaHHUE apMaTypbl, U KOPPEKTUPYIOTCA PACCTOSHMS OT LIEHTPOB TSHKECTH IIIOLIANEH
apMaTyphbl 10 KOHTypa CEUY€HHUs. 3aTeM IIPOBOJUTCS TIOBTOPHBIN PAcUET KOJIOHHBI U KOHCTPYUPOBAaHUE
apMatypsbl. PaccTosiHuS OT LEHTPOB TSKECTH IIOLIALECH apMaTypsl JO KOHTypa CEUYEHHUs, Ui KOTOPBIX
orpeseneHa TpedyeMast apMaTypa, yKa3blBalOTCs B BBIXOJHOM JOKYMEHTE IPOTrPAMMBI.

[Tpu moxbope apMaTypHBIX CTEpKHEW MPUMEHSIETCS CIeAYIOMUNA o0IHii psa tuameTpoB (B MM): 6, 8,
10, 12, 14, 16, 18, 20, 22, 25, 28, 32, 36, 40. ApmaTypHbIE CTEP)KHU Pa3MEIIAIOTCS B CEUEHUHU C yYETOM
HOMHUHAQJIBHOW TOJIIIMHBI 3alIUTHOTO CJ0d O€TOHAa M HOMMHAIBHOTO PACCTOSIHUS B CBETY MEXAY
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crepxusimMu. HOMHUHANBHAS TOJIIMHA 3aIUTHOTO CIIOS Ompexensercs kak Cpyn = Crin +AC, rre Crin

IIPUHHUMACTCA HE MCHEC AuaMETpa apMarypbl, 3HAUYCHHC Ac BBOAUTCA i1 y4d€Ta BO3MOXHBIX
OTKJIOHEHHH OT IIPOCKTHBIX ITOJIOKESHUH apMaTypsbl. TonmuHa 3aIIUTHOTO CIIOS OeToHa IMPUHUMACTCA
KpaTHOfI 5MM. 3HadeHue Cpin IPHHHUMACTCSI HC MCHEC 3aJAHHOI'O 3HAYCHHUS U OIIPCACIIICTCS C yICTOM

creytoumx yenosuit: Cyy 2 Uy, Crin +dg, 2, rne 0y, — nmamerp monepeunoii apmaryper, d —
JIMAMETP TPOIOIBHON apMaTyphl.

B ceuennn co cxemoii apmupoBanus A = 0, B K&KJIOM yriie MOXKET Pa3MEIIaThCs OJIMH apMaTypHBIHA
CTepKeHb WK (TIpu HeobxoaumMocTH) 6osee (3 wim S apmatypHbIX crepxkHei ). [Ipu pacuere TpeOyemoit
apMaTypbl, TPUMEHSETCS PACCTOSHUE OT KOHTypa CEYCHHUS 10 OOMIer0 IICHTpPa TSHKECTU TPYIIIIBI
CTEPKHEH.

/. Yuer HecOBepIIEHCTB

[Ipu nenuueitHOM pacuere ¢ y4deToM 3((EKTOB BTOPOro MOpsIKa, OIS ydyeTa BIMSHHS TaKUX
HECOBEPIICHCTB KOJIOHHBI, KaK HENPSMOJIMHEHHOCTh U HEBEPTUKAIBHOCTh, IIPEYCMOTPEHO 3a/laHue
HAYaJbHBIX MPOTUOOB MO (popMaM MOTepU YCTOWYUBOCTH WM 33JJaHUE OTKJIOHEHUH OCH KOJIOHHBI OT
BepTUKanu. Beibop, B kauecTBe (hOpPMBI HECOBEPILIEHCTBA KOJIOHHBI, (DOPMBI MOTEPH YCTOWYHMBOCTU
0OBSICHAETCS] BBICOKOW CTETICHBIO BIHMSHUS 3TON (OPMBI IPU OOJNBIINX BEPTUKAIBHBIX Harpy3kax. Jis
KaKI0H KOOPAMHATHOM IIOCKOCTH, (hopMa MOTEPH YCTOWUYUBOCTHU OMPEENAETCS B paMKax TEOpUU
yIOPYroil yCTOMYMBOCTH AJIsl 3aJIaHHOTO pacHpellelieHus] BEpTUKAIBHBIX Harpys3ok. Ilo ymomuanuro,
HauOoJblllee 3HAUEHUE HAYaJbHOrO nporuda B KaXJ0M IUIOCKOCTH HPUHUMAETCS PABHBIM
MUHUMaNbHOMY dKcIieHTpucuTeTy ([1], 6.1(4)). Bo3moxen BBOA HanOOIbIIEro 3HAUCHHS HAYAIbHOTO
nporuba. BeiOop Hanbosnee HeOIaronpusATHONH OpHUEHTAlMM HayaJlbHOro Mporuda (BeIOOp 3HaKa
HanOOJIBIIIET0 3HAYCHH ) OCYIIECTBIIICTCS JIJIs1 KXKI0H KOMOMHAIIMK BO3JIEHCTBUM 1O OTIEITLHOCTH.

OTKJIOHEHHE OCH KOJOHHBI OT BEPTHUKAJIM MPEJCTABISAECT COOON MOBOPOT OCH BOKPYT HMKHEU TOYKH.
Brei6op nHamnboniee HEONArompusITHOTO HANpaBIEHUS OTKIOHEHHS OT BEpTUKANU (B HaIlpaBICHUU
KOOPJIMHATHOW OCH WJIM B TPOTHUBOIOJOKHOM HAMPABICHUH) OCYIIECTBISETCS I KaKI0M
KOMOHMHAIMHU BO3IEHCTBUI MO OTAEIHLHOCTH.

Bo3mMoxxeH BBOJ HayallbHBIX HpOFI/I6OB HpOI/I3BOJ'IBHOI71 q)OpMBI. B »ToMm cjiydyac, 1O 3aJaHHbIM
3HAYCHUAM HA4YaJIbHOTO nporH6a CTPOUTCA TJIaJiKast HHTCPIOJIAINOHHAA CHJ'I&IZH'CI)YHKLIHH.

8. Yuer nedopmanuii noazyuecru

Hedbopmaruu mon3ydecTd Oe€TOHA PACCUMTHIBAIOTCS B PaMKax JIMHEWHOW TEOPUH TIOJ3YyUECTH MJIS
MPAKTUYECKH TMOCTOSHHBIX KOMOWHanui Bo3aeicTBuil. CHayana TMPOBOAMTCS JHMHEWHBIN pacder ¢

yaeToM 3((EeKTOB BTOPOro Mopsiaka ¢ MoayiaeMm jaedopManuu OeToHa Ecm /(1+(0), OTBEYAIOIIUM
MPOJOHKUTETILHOMY JIECTBUIO HArpy30K, a 3aTeM IPOBOJUTCS aHAJOTHYHBIA pacyeT ¢ MOJYyJeM
YIPYrOCTH Ecm . B 9Tux pacuerax y4uTHIBArOTCS 3aJaHHBIC HECOBEPIICHCTBA KOJIOHHBL [Ipornoer W, ,

BbI3BaHHBIE TIOJI3Y4ECThI0 OETOHA, OINMPEAENSAIOTCS KaK pa3HOCTh MPOrHOOB, MOJYUYEHHBIX B ABYX
yKa3aHHbIX pacyerax. [IporuOsl W, y4WTBHIBalOTCS B OCHOBHOM HEIMHEMHOM pacdeTe KOJOHHBI Kak

Ha4daJIbHBIC HpOTI/I6LI.
9. Yuer nmoaaTJIMBOCTH OCHOBAHMUA

KecTkocTb OCHOBaHUSI OTHOCUTENIBHO ITOBOPOTOB HMIKHEIO CEUEHMS! KOJIOHHBI BOKPYT ocel Y U z
omnpenensercs mo Gpopmysie [3], Anhang 111.2:
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C, =ab? _E
4.64k
3necy a,b - pasmepsl dymmamenta (puc.7), E - momyms ynpyroctu rpynra, k - xosdduument,

IIPUHUMAEMBIH 110 clieyrolel TabauLe:

b/a 0 1 2 3 4 5
k 1.00 0.76 0.59 0.50 0.43 0.39

>

AA
¥y
AA
Yyy
AA
¥Y¥YV
AA
vy
AA
¥YYyYy
AA
¥

AA
vyyy

AA
Yy

| | 2

Puc. 7. Yder nogaTanBOCTH OCHOBAHUSA

10.Y4eT BTOpOCTENEHHBIX KOJIOHH

[Ton BTOpOCTENEHHBIMU KOJIOHHAMHU MOHUMAIOTCS IIAPHUPHO ONEPThIe KOJOHHBI, BOCIPUHUMAIOIINE
BEPTUKAIbHYIO Harpy3Ky, HO HE CONPOTHBIISIOIIMECS NOPU30HTAIBHON Harpyske. JlomoaHuTenpHas
Harpy3ka Ha OCHOBHYIO KOJIOHHY, OOYCJIOBJIEHHAasi Harpy>K€HUEM [pPHUCOCIUHEHHbIX K Hel
BTOPOCTENEHHBIX KOJIOHH, IPONOPIOHAIbHA IPOrU0y OCHOBHOW KOJIOHHBI (pHc.8). OHa MOXKeT ObITh
ydT€Ha IyTEM BBEJEHUS NPY>KMHBI OTPULATEILHON KECTKOCTH. JlOMIOJIHUTENIbHAS HAarpy3Ka JEHCTBYET
B HaNpaBJIeHUH MMPOruda OCHOBHOM KOJOHHBL. Ilpu 3amanuu BepTHKanbHON Harpy3ku P, HeoOxonumo
YUUTHIBaTh KO3()PUIMEHT HAJAC)KHOCTHU 10 Harpy3Ke.

— = C=-—F/1

Puc. 8. Yuer BTOpOCTENIEHHOHN KOJIOHHBI
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[Iporpamma mipegHa3HayeHa Uil TPOCKTHUPOBAHUS CTATHUYECKA HEONPEICTUMON OJHOSPYCHOM
XKene300eTOHHOW  KOJIOHHBI MPOU3BOJILHOTO CEYEHHUsl coryacHo cienyromuMm Hopmam: CII
63.13330.2018 [1], CII 52-101-2003 [2], CHulI 2.03.01-84* [3], CHb 5.03.01-02 [4], [5], [6]. Ycumus
B KOJIOHHE OIPeIEISIOTCS P OMOIIIM JIMHEHHOTO pacyeTa 1o HeJeoOpMUPOBAHHOM CXeMe, a BIIMSIHNE
nporuda y4uThIBaETCS 10 METO/LY YCIOBHBIX KPUTHUECKUX cuil. PaccunTeiBaeTcst Tpebyemas miiomaib
IPOJIOJIBHOW apMaTypbl M TPOU3BOJIUTCS KOHCTPYMPOBAHHE apMaTyphl C y4ETOM TpPEOOBaHHIA IO
TOJIIIMHE 3alIUTHOTO ciosi 6eToHa. OcyiiecTisieTcs rpaduyecKuil BBIBOJ CEUYCHHUS C MOI00paHHBIMU
apMaTypHBIMHA CTEPKHAMU.

1. PacuerHasi cxema

PacueTHass cxema KOJOHHBI IIPEJCTABISET COOOIH CTEP)KHEBOW 3JIEMEHT NPOU3BOJIBHOIO CEUCHMS,
UMEIOIMN YIpyrue UM aOCONIOTHO JKECTKHE 3aKpeIUIeHUs Ha OJHOM MM 00O0MX Kpasx. YCIOBUS
3aKperuieHusT (pOpMyTUPYIOTCS Ui TOPU30HTAIBHOTO TEPEMENICHUs M MOBOPOTA CEYEHHUS BOKPYT
TOPU30HTANIBHOM OcH. [Ipu pacuere KOJIOHHBI IPUMEHSETCA CUCTEMa KOOPAMUHAT XYZ, Ha4alo KOTOpOi
COBIAJIAET C LIEHTPOM TSDKECTH HUKHETO ceueHMs KOJIOHHBI. OCh X HallpaBJIeHa CHU3Y BBEpX. | 1aBHBIE
LEHTpaJbHbIE OCU CEUYEHUS MOTYT OBITh HE MapajuieibHbl OCSAM Y,Z (HarpuMmep, pu HECUMMETPUIHOM
ceuenun). [Ipennonaraercs, 4To pe3yibTUPYIOLIAas BEPTUKAJIbHAS CHJIA BOCIIPUHUMAETCS B HU)KHEH
ornope. Bo3MoOxeH ydeT NONATIMBOCTM OCHOBAHMUSA IPH IMOMOUIM KO3((UIHMEHTOB >XECTKOCTH
3aKpeIUICHUS] HIDKHETO Kpash KOJIOHHBI OTHOCHUTENBHO TMOBOPOTOB. Ko3(h(UIMEeHTH XKeCcTKOCTH
IpUOJIMKEHHO OIPEAEIISIOTCS M0 pa3MepaM (pyHIaMEHTHOU IUIUThI U MOAYJIIO IeopMaliii OCHOBaHMUS.

2. Ceuenue

CedeHne MOXXET 3a/1aBaThCsl KaK CTaHJApPTHOE ceueHHe (MPSAMOYTOJIbHOE, KPYrOBOE HIIM KOJBIIEBOE
CEUEHHE) WIN KaK MPOM3BOJIbHOE NOJUTOHANbHOE ceueHue (puc.l). s mpsMoyroapHOro ceyeHus
BO3MOXHBI CIEIYIOIIUE CXeMbl apMHpoBaHUs A (puc.2): cxeMa ¢ PaBHBIMU IUIOIIAASIMU apMaTypbl
BOJIM3M BeplMH ceueHus (A = 0), cxemMa ¢ paBHOMEPHBIM pacIipeleIeHUeM IJIOLIa I apMaTyphl BIOJIb
KOHTYpa ceueHus (A = 1), cxema ¢ paBHbIMHU IUIOIIA/IIMU apMaTypbl BOJIM3U BEPXHEW U HUKHEN CTOPOH
cedeHus (A = 2), cxema ¢ paBHBIMH IUIONIASIMU apMaTypbl BOJIHM3HU JICBO U MTPaBOi CTOPOH ceueHus (A
= 3). [l KpyroBoro M KOJbLIEBOTO CEYEHUI paccMaTpUBAETCS CXeMa apMHPOBAHUS C PABHOMEPHBIM
pacrpeaerIeHueM IO i apMaTyphl BAOIb KOHTypa CEUEHHS.

3ajaHue MPOU3BOJIBHOIO MOJIMIOHAIBHOIO CEYEHUsS! OCYILECTBIISIETCS IIyTEM BBOJA KOOPAHMHAT €ro
BepunH. Bo3mosken BBoa 10 50 BepiuH. BpIOOp KOOpAMHATHBIX OCEH EKAapTOBOM CHCTEMBI MOKET
OBITH MPOU3BOJIBHBIM. BepIInHbl 3a7at0TCsl B MOCIEI0BATEIbHOCTH, KOTOPasi COOTBETCTBYET 00XOaY
MOJIUTOHA 110 KOHTYpPY B OlpejesieHHOM HampasieHuu. [Ipu aTom nosuronanbHas o0JacTh JOHKHA
ocTaBaThCs 110 OJJHY CTOPOHY (HampuMmep, clieBa) OT HampasieHus o0xoxa. [Ipu Hanuyuu BHYTpEHHHUX
MOJIOCTEH B CEUYEHHUU TpeOyeTcs MPOU3BECTH pa3pe3bl, MO3BOJISIOMIME OOONTH IpaHWYHbIE KOHTYPBI
(BHELIHUI ¥ BHYTPEHHHUE) TaK, 4TOOBI 00JIaCTh OCTaBajach 10 OJHY CTOPOHY OT HalpaBlieHUs: 00Xo/a.

Jns moNMroHanbHOTO CEYEHHS BO3MOJKHBI CIEAYIOIIME CXEMbl apMUPOBAHUS: CXEMa C PaBHBIMHU
TUTOMIA/IIMUA apMaTyphl BOIHM3U BEPIIIMH BHENTHETO KOHTYypa cedenus (A = 0), cxemMa ¢ paBHOMEPHBIM
pacrpeieieHlueM TUTOIAIN apMaTyphl BJIOJIb BHEIITHET0 KOHTYpa ceueHus (A = 1), mpou3BobHas cxema
apmupoBanus. Jnsg cxem A = 0 m A = | HeoOXoaumble IJIs pacueTa KOOPAWHATBHI apMaTyphbl
onpeaenstoTcs aBToMatudecku. [Ipu A = 0 UCKITIOYArOTCS U3 paCCMOTPEHUS BXOSAIIUE YIITHI (T.€. YTIIbI,
oonpmue 180 rpanx). Kpome Toro, mpoBepseTcsi BO3MOXHOCTh KOPPEKTHOTO Pa3MEIIESHUsT apMaTyPHBIX
CTepXKHEH MPY HATMYNH ONM3KUX BEPIITUH.

CTATHUKA-2024. Onucanue npocpamm 410 — OgHosipycHast KOJIOHHA 001Iero Buaa



251

Puc. 1. Ceuenns

[Tpu BBIOOPE POU3BOIBLHON CXEMBbI apMUPOBaHUs TpeOyeTcs 3a7aTh OTPE3KU (apMaTypHBIE CJIOH), Ha
KOTOPBIX pa3MeniaeTcsi apmatypa. Bo3smoxken BBog a0 50 apmarypsbix cioeB. CiIow MOTYT UMETh
MPOU3BOJIBHYIO JUIMHY M oOpueHTanuto. lIpenamonaraercs, 4To IO apMaTypbl PaBHOMEPHO
pacmpeneneHa 1o cior. Ecnum aiMHA C€I0s paBHA HYNIO, TO TAakKOM CIIOH COOTBETCTBYET
«COCPEJIOTOUYEHHOI» IUJIOMAAu apMaTypbl. ApMaTypHblE CIIOM TOJApa3AeNsioTCs Ha CJIOU C
BapbUPYEMOU TIOIIAIBIO M CIIOM C MOCTOSIHHOM TUIONIA B0 (He H3MEHSIEMON MpHu pacueTe Tpedyemon
apMatypsl). s KaKI0ro apMaTypHOTO CJIOSl C BapbUPYEMOU TIOIMIAIBI0 OMPEIENIeTCs €ro A0S OT
oOuiei miomaam apMaTypsl (IIpH ATOM CJIOU C MTOCTOSIHHOM IUIONIA/Ibl0 HE yYuThIBatoTCs ). Jlons cimos
pPAacCUMTBIBACTCSI 10  33/IaHHBIM ~ OTHOCHTENbHBIM  IuiomiagsM kKak K, =A /(A + A, +..),

rae i=12,...; A,A,,... — OTHOCUTEIIbHBIE TUIONIAN aPMATYPHBIX CIOEB C BAPHUPYEMOH TLIOIIAIBIO.
[Inowaze i -ro cnost onpexensiercst mo popmyne A =K; - A o, e A, — 0bIIas mwiomab apMaTypbl

(6e3 yuera mocTossHHOU momaan). [Ipyu moMomu pacyeTa OTHICKUBAETCS OOIIasl TIOM[aAb apMaTyphl
A, 1ot » @ 3aTeM 110 KO3 GHIMEHTaM K; BBIMUCIAIOTCS IUIOMIAIH apMaTyPHBIX CIIOEB A, .
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Puc. 2. Cxembl apMHPOBaHUS IPSMOYTOJIBHOTO CEUCHHS

3. Harpy3ku

Bo3MoKHEI CICAYIOMIUEC HArpy3ku: COCPCAOTOYCHHLIC BCPTUKAJIBHBIC W TOPU3OHTAJIBLHBIC CHIIBI,
COCPECAOTOYCHHBIC MOMCHTBI, PACHPCACICHHBIC TOPHU30OHTAJIbHBIC W BCPTUKAJIBHBIC HArpys3KH,
CMCHICHUSA U TIOBOPOTHI 2JKECTKUX OIIOP. Bo3MoxeH aBTOMaTH4YECKHI YUeT COOCTBEHHOTO BeCa KOJIOHHBI.
IlonoxuTenpHEBIC HarpaBJICHHA HArpy3o0K IIOKa3aHbl Ha pI/IC3 IlonoxuteabHbIC HaITpaBJICHUA
CMGIHGHHP'I JKCCTKUX OIIOp COBHAAAIOT C HAIPaBJICHUAMHN KOOPAWHATHBIX oceit. IlomoxxuTennHBIC
HaITpaBJICHUA ITOBOPOTOB KCCTKHUX OIIOP COBIAAAIOT C MTOJIOKUTCIIBHBIMUA HAIPABJICHUAMU MOMCHTOB.

ITpu pacyere mo [1], kaaccuduranus ¥ KOMOMHHPOBaHHWE HArpy3oK mnpuHUMaroTcs cornmacuo CIT
20.13330.2016 [7], a npu pacuere mo [2] u [3], — cormacao CHull 2.01.07-85* [8]. Harpy3ku
TOJIPa3IENSAIOTCS Ha TOCTOSHHBIE, UTUTEIbHbIE, KpPaTKOBpEMeHHBbIE W 0coObie. KoMmOMHHpOBaHHE
HArpy30K MpeacTaBisieT co00l TeHepaIluio MHOXKECTBA BO3MOYKHBIX KOMOWHAIIMI HATPY30K C YUETOM

KOA(PUITMEHTOB HAIEKHOCTH O HArpy3ke J; M KOA(D(PHUIIMEHTOB, CBA3aHHBIX C OJTHOBPEMEHHBIM
y4eToM JBYX U Ooyiee BpeMEHHBIX Harpy3ok. [Ipu Hamu4ymm ocoObIX HATrpPYy30K, HAPSAY ¢ OCHOBHBIMHU
KOMOHMHAIUSIMH, TEHEPUPYIOTCS TaKkKe 0coOble KOMOWHAIUH.

[MIpu pacuere mo [4], xnaccupukaiuss ¥ KOMOMHUPOBAHHME HArpy30K MPUHHMAIOTCS COTJIACHO
[Tpunoxenuto A. Harpy3ku noapa3aensroTcsi Ha MOCTOSTHHBIE, IEPEMEHHBIE M 0COOBIe, a KOMOMHAITUN
Harpy3ok - Ha ocHOBHbIE (A.4) u ocoObie (A.5). YactHble K03(duLMEeHTH 0€30MacHOCTH Yp JUIs
HArpy3ok npuHuMmaroTca no Tabmuue A.2. KomOuHanmoHHble KO(OUIMEHTH W,,W,, W, I

NEepEMEHHBIX Harpy30K MpuHUMaroTcs 1o tadmauue A. 1. [IpenycMoTpeH BBOI HeCTaHIAPTHBIX 3HAYCHUI
Ve Wo W1, W, U OTOCNBHBIX HAarpy30k. KoMmOnHupoBaHKUe Harpy30K NpeAcTaBisieT coO0H reHepanuto

MHOXECTBA OCHOBHBIX W OCOOBIX KOMOWHAIIMH HAarpy30K ¢ y4eToM OJarompusTHOTO |
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HeOnaronpusaTHoro 3dd@exkra OT Harpy3ok, a TaKKe BO3MOXKHOCTU JIOMHUHHPOBAHHUS KaxJAOW U3
MePEMEHHBIX Harpy30K.

\Y \Y
M, My
Qy gz
qu qZB
X X
qu y Uzu Z

Puc. 3. [TonoxxuTenbHble HaNpaBICHUs HarpPy30K

Bo3mokeH BBOA HecOUYeTaeMbIX HArpy3oK. Takue Harpy3ku BKJIFOUYAKOTCS B IPYIITY HECOYETAEMbIX
Harpy3ok. B koMOMHa1MI0 MOKET BOMTH TOJIBKO O/IHA Harpy3Ka U3 KakJou rpynmnsl. Hymepanus rpymnmn
HAaYUHAETCSA C €AUHHULBL. [ pynmsl MOryT NPUMEHATHCS, B YACTHOCTH, IIPU YYETE BETPOBBIX HArpy30K
(mpu paccMOTpeHHM AEMCTBHSI BETpa MO PA3NIUYHBIM HANpaBICHUSIM) U KPaHOBBIX HArpy3ok (Mpu
PacCMOTPEHHUH Pa3IMUHBIX MOJIOKEHUHN KpaHa).

Bo3MoxeH BBOA 3HAKOIICPECMCHHBIX HArpy30K. B sTom cJIydac, B paCcuUC€TC YUUTBIBACTCA KAaK 3aJlaHHAA
Harpyska, Tak 1 Harpy3ka InpOTHUBOIIOJIOKHOI'O 3HAKA.

JUig cokpallleHusl BBIYMCIEHU 1 00beMa BBIXOJHOTO JOKYMEHTa MpOrpamMMmbl MPEeTyCMOTPEH BBIOOP
KoMOMHaMii Harpy3ok. [Ipum momomu cTaTuyeckoro pacuera Jjisi BCEX BO3MOXKHBIX KOMOMHAIUN
Harpy3oK BbIOMparOTCS Takue KOMOMHAIMM, [UId KOTOPBIX H3TMOArolIe MOMEHTHl  (WIu
AKCLUEHTPUCUTETHI) IPUHUMAIOT HAaUOOJIbILINE 3HAYCHHUS.

Bo3MmoxkeH BBOJ TOTOBBIX pacyeTHbIX KOMOHWHAIMI Harpy3ok. 3ajaBaemas, Kak BHUJ HarpysKH,
pacueTHass KOMOHMHAaLUs [00aBISETCS K MHOXECTBY CreHEPHUPOBAHHBIX OCHOBHBIX KOMOMHaIMN
Harpy3ok. B uacTHOCTH, BO3MOXEH BBOJI JIMIIb TOTOBBIX KOMOMHAIMH HATrpy30K.

4. Pacuer

Pacuer KOMOHHBI BKJIIOYAET pacyeT YCWIMH W pacdeT MPOJOIBLHON apMmaryphl, TpeOyemon s
obecriedyeHrs HeCyllel CIOCOOHOCTH HOpPMalbHBIX cedeHuid. [Ipu pacuere yCHIMN YUHTHIBAETCS
BIIMSHUE BEPTUKAIBHBIX HArpy30K Ha W3TUO KOJOHHBL [lpupaimieHus w3ruOarIMMX MOMEHTOB,
00yCIIOBJICHHbBIE JEHCTBHEM BEpPTHKAJIbHBIX HArpy3oK, 3aBUCAT OT mnporuOoB. Ecnu B oaHoit u3
KOOPJIWHATHBIX IUIOCKOCTEW TPOru0d KOJIOHHBI CTECHEH WM HEBO3MOXEH (Hampumep, u3-3a
MIPUMBIKAHUS CTEHBI), TO pacyeT B 3TON MJIOCKOCTH MPOBOIUTCS O€3 yuera BIUSHUS Nporuoba.

B kaxnoW KOOpAMHATHOW TIIJIOCKOCTH BIIMSHHE TIPOTHOa Ha BEIMYMHY pAcCueTHOrO MOMEHTA
YYHUTBIBACTCS MyTEM YMHOXXEHHS H3ruOaromero MmomeHta M Ha moBblmarommii KodhdumueHT 77 .
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Taxoit mogxoy HazbiBaeTcs B [9] (ctp.106) cnocobom kputndeckux cuil. KoaphuimeHT 77 BeIUUCIsIeTcs
o popmye:
1
N
1-
N

77:

cr
rae N - npomonbhas cuna, N, - KpuTHYecKas cuia, KoTopas onpenensercs coriacto [1], 8.1.15, [2],

6.2.16, [3], 3.24, [4], 7.1.3.14. ®opmyna Ajiss KPUTHIECKOM CHIIBI MOYKET OBITH 3aIlMcaHa B BUJIC:

72D
- 2

N

cr
lo
rae D - xectkocTs konoHHEL |, - pacuernas mmHa kosnoHHBI. [Ipu onpenenernun D mo dpopmymnam,
MPUBEICHHBIM B HOPMaXx, MPUOJIMKESHHO YUYUTHIBAIOTCS HEYIIPYTHUE CBOMCTBA OETOHA, HAIMYUE TPEIIHH
U [0JI3y4eCTh OCTOHA NIPH JUTUTEILHOM JeicTBUH Harpy3ku. CoracHo [3], 5KeCTKOCTh BBIYMCIISCTCS 110
dbopmye:

6.4 E,l,

D=""
72'2[

0.11
(———+0.D)+EI]
o, 01+,

3necs E,,E; - mMonynu ynpyroctu 6erona u apmarypsl; |, |, - MOMEHTH MHepuMUH OETOHHOIO
CeYeHHs M IUIOIIAMU CCYCHHsI apMaTypbl OTHOCHUTENIBHO LCHTPAIBHON ocu cedeHus, O, =€,/h -

OTHOCHUTENBHBII JKCIEHTPUCHTET MPOMOIbHON cuibl (N - BBICOTA CeueHns B TIOCKOCTH M3THOA),
@, =1+ f-M, /M, - mnapamerp, yYUTBHIBAIOLIMI IJIMTENbHOE AeiicTBue Harpy3ku ([ =const).

CoruacHo [4], )KeCTKOCTh BBIYKMCIISIETCS] aHATOTHYHBIM 00pazom. B [1] u [2] ¢opmyra uis sxecTKoCTH
UMeeT BUJ:

0.15E, |
D=—1"""bb 4 07E,l,
0,(0.3+5,)
9KCHCHTpI/ICI/ITeT eo OMPEACIICTCA OTHOCHUTCIBHO HCHTpPA TAXKCCTH HNPUBCACHHOI'O CCUCHUSA (HpI/I

HECUMMETPUYHOM apMHUPOBAHUHM IEHTPHI THKECTH OETOHHOTO U MPHUBEIACHHOTO CEYCHUH He
coBnazaot). [Ipu onpeneneHnn €, yduThIBaeTCs ClydaiHbli skcuentpucurer e, ([1],8.1.7, [2], 4.2.6,

[3], 1.21, [4], 7.1.2.11). Cornacuo [1], [2] u [3], mpu pacueTe KOJIOHHBI, SBISIOIICHUCS AIEMEHTOM

CTaTUYECKH OMNPEAETMMON KOHCTPYKIUH, SKCUEHTPUCUTET €, NMPUHUMAETCS PaBHBIM N +€,, a npu

pacueTe KOJIOHHBI, SIBIISIOLIEICS 3JIEMEHTOM CTaTUYECKH HEONIPEAECTUMON KOHCTPYKIIMH, — PABHBIM N
M

, €CIIM — 2 €, , ¥ paBHbIM €, , ecn — < €, . CornacHo [4], SKCLIEHTPUCUTET €, BCErja MIPUHUMAETCS
N N

PaBHBIM N +e,.

Mowmentsl M, M, BBIUHCIAIOTCA OTHOCHTENIBHO OCH TSDKECTH Hanboliee pacTsSHyTOH (U1K HauMeHee
cxaroit) apmarypsl no yerwmsam N, M ot nonuoit Harpyskn u mo ycwmsm N, M, or murensHo
neicTBytomeit yactu Harpysku. Ilpu pacuere N,,M, cormacuo [1], [2] u [3], B pacuer craBsTcs

NIOCTOSIHHBIE W JUTUTENbHBIE HArpy3Kd, BXOMSIIHE B pPACCMAaTPUBAEMYyH) KOMOHWHAIIMIO, a TaKKe
JUTMTENIbHBIE YacTH KPAaTKOBPEMEHHBIX HArpy30K, BBIYHCISEMBIC 10 3aJaHHBIM TPH BBOJIE
kodp¢pummenram K, . CormacHo [4], N,,M, paccunthiBaloTCsi OT NPAKTUYECKH TMOCTOSHHBIX
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KOMOMHaIMi Harpy3ok. B pacuere s roToBoM KOMOMHAlMKM HAarpy3oK MPUHUMAETCS, 4YTO
N, =0,M, =0.

N3rubHas sxectkocTs D kak BennuMHa, 3aBUCSILIAs OT 3HAUCHUH MoMeHTa M depe3 mapamerpsl ¢, U
€, , B OOILLEM Cllyyae U3MEHSETCs 110 BBICOTE KOJIOHHBI. Tak kak D BbIYMCIAETCS ¢ y4ETOM apMaTyphl,
pa3M€HIeHHOﬁ B CCUCHHUH, TO 3HAYCHHUA PaACUCTHOIO MOMCHTA 77M TAK)XXE€ 3aBUCAT OT ILJIOIIaAN
apmatypsl. [ToaTomy TpebyeMass apmaTypa MOXKET OBITh pacCuMTaHa TOJIBKO MPHU MOMOIIY HUTEpaIuii.
Ha Tekymiem utepaimoHHOM 1Iare Jjis HailACHHOM IJIOIIAId apMaTypPhl BBIYUCISIOTCS KO3(PHUIIHESHTHI
17, W 1], ,3aT€M ONPEICIAOTCS PaCYECTHBIE MOMEHTBI nyM y U1, M, , nelicTByoIIME B IIOCKOCTAX Z
n Y, a 3areM BBIUMCIACTCS TpeOyemas IUIONIaAb apMmaryphl. Jlanmee BBIMOTHSAETCS CIEAYOIIas

utepanus. MreparimoHHbIi NpoLecc OKaHYMBACTCS TOT/1a, KOT/1a OTHOCUTEIBHOE MPUPAIIECHHE IUIOMa N
apMatypsbl craHoBuTcst menee 0,1%.

Pacuernas ummHa |, B Kaxmol KOOPIMHATHOW IUIOCKOCTH OIpeaensercs 1o (Gopmyie

1/2 o o
lo =7[E, 1, [(mN)]"*, tme 7. — xo3dduIMEHT KPUTHYECKOH HArpY3KH, PaBHBIA OTHOIICHUIO
IPOJIOIBHON CHIIBI TIPU JOCTHIKCHHH KPUTHYECKOrO COCTOSHHUSI K JICHCTBYIOIICH MPOIONBHON CHIIE.
Ko GuuneHt 77. OTHICKMBAETCS IyTeM PEIICHUS 3a1a4d 00 YNpyroil yCTOWYMBOCTH KOJOHHBI IPH

3a[aHHBIX KPAaeBbIX YCIOBHSAX M 3aJldHHBIX BEPTHKAIbHBIX cuiax. Koaddwuimenr 7. spisercs
CHUCTEMHOMN XapaKTEePUCTHKOM KOIOHHEL. [Ipy IeHCTBIN pacipe/ie]IeHHON BEPTHKAIbHOM HArPY3KU HIIH
IpU JCHCTBHU COCPEIOTOYCHHOM BEPTHKAIBHOI HArpy3KH B IPOMEXYTOUHBIX CCUCHUSIX KOJOHHBI
pacdeTHas JUIMHA SIBJISETCS [EPEMEHHOI BEIMYMHON. B mporpamme mpenycMoTpeHa BO3MOMKHOCTD
BBOZA |, .

I[Tpu pacuere KOJIOHHBI coriacHo [3], TpeOyeMasi apMarypa OmnpeaessieTcss B COOTBETCTBHU ¢ 1M.3.28%.
PacuetHoe conmpoTuBieHHEe OETOHA MPU CHKATUU MPUHUMAETCS ¢ KOIPPUIUEHTOM YCIOBUH pabOTHI
0eToHa j, KOTOpBIM Ompenensercd Kak MPOU3BEACHHUE OTAEIbHBIX KOA(P(UIMEHTOB jbi COIJIACHO
tabmune 15. Ilpu sToM KO03(DPULIMEHT jb2, 3aBUCALIMM OT JUIMTENBHOCTH ACWCTBUS HArpy3KH,
orpeJieNIgeTcs A KaXx /10l KoOMOMHAIMY HAarpy30K Mo OTAEIbHOCTH. Pe3ynbTupyromuit KoappuuueHt
YCJIOBHH paboTHI ¢ yueToM KoddpuieHTa 2 He MoxeT ObITh MeHee 0,45.

ITpu pacuere komoHubl corimacuo [1], [2] u [4], TpeOyemass apmarypa ompeaesiseTcss Ha OCHOBE
HenmuHelHoH nedopmanmonnoit Momenu. Ilpu pacdere mo [1] u [2], mpumensieTcss TpexTHHEHHAs
auarpaMma CocTOsSiHUSL cxkaToro OeroHa. Pacuer TpeOGyemoil apmarypsl mo [4] mpoBoauTcs mpu
napaboIuYeCKU-TUHEHHON TUuarpaMMe COCTOSIHUSI C)KaToTro OETOHa.

Hpe,Z[CJ'IBHBIe YCUIIHA BBIPAXKAKOTCA UCPE3 ,Z[CﬁCTByIOH.IPIC ycuiuAa 1o (bopMleaM:

Nu:yu'N’Myu:yu'My'Mzuzyu'M

z

[TpounocTs ceueHus obecneuena npu y, >1. Omubku npu pacyere TpedyeMoil apMaTypbl BHIBOISTCS

TOTa, Kora oHu npeBbInaroT 1%. [losBnenne nundopmanmu 06 ommbdKkax BO3MOKHO, B YaCTHOCTH, IPH
pacdete TpeOyeMoi apMaTypsl B MPOU3BOJBHOM MOJUTOHATEHOM CEUCHUHU, €CII CXeMa apMUPOBAHUS
3aJlaHa HEKOPPEKTHO.

[IpexycMOTpEH aBTOMATHYECKHM Y4ET MHHUMAIBLHOrO KOd(pQUIMEHTa apMUPOBaHMs, KOTOPBIM
NPHHUMACTCS. B 3aBHCHMOCTU OT HAMOONBIIETO 3HAYCHUsS THOKOCTH KOJOHHBI A, =Max(4,,4,)
cornacuHo [1], 10.3.6, [2], 8.3.4, [3], 5.16, [4], 11.2.2. TuOKOCTh KOJOHHBI B KaXJI0W KOOPIWHATHOMN
II0CKOCTH Bbruncisiercs mo popmymne A=1,,/A /1, , B koTopoii pacuetHas aiuHa |, onpenesnsercs

VIS Cilydasi IPUIIOKEHHS BEpTUKAIBLHON CUJIbI HA BEPXHEM KpParo KOJIOHHBI.

Bo3morkHa mpoBepka Hecymeld CrmocoOHOCTH KOJIOHHBI TIPH 3aJlaHHOW apmatype. s mpoBeneHus
MIPOBEPKHU HAJ0 BBECTH CEYEHUE KOJIOHHBI KaK MPOU3BOJIBHOE MOJUTOHATIBHOE C MPOU3BOJIBHOM CXeMOit
apMHUpOBaHU. 3aTeM BBeCTH apMaTypHbIC CJIOM W HUX IUJIoIaaud, YyKas3aB, 4YTO OHH SBJISAIOTCA
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MOCTOSTHHBIMH. B 3TOM citydae, mpoW3BOAMTCS JMHEWHBIH pacueT yCWIWHA MO HeaepOopMHUPOBAHHOM
CXeMe, U ONpENENSIOTCS pacyeTHble MOMEHTh #M B KakI0il KOOPAMHATHOM IUIOCKOCTH, a 3aTeM

poBepsieTCs Hecylas CiocoOHOCTh ceueHus. Eciu 3agannas miomaas apMaTypbl MeHbIIE TpeOyeMoi,
TO BBIBOAMTCS cooOImIeHne «Pacuer TpedyeMoii apMaTypbl HEBO3ZMOXKEH).

J171s1 KOJIOHHBI MPSIMOYTOJILHOTO CEYEHUS MPEAYCMOTPEH PacueT 1Mo MPOYHOCTH HAKIOHHBIX CEYEHHH C
y4eTOM JCHCTBHSI TMPOAOJILHONH CHJbl. [lOrOHHAsl TMJIOIIAAb IOMEPEYHOW apMaTypbl  Asw/Sw
paccumThiBaeTcs coryacuo [1],8.11.33,[2], 6.2.34,[3],3.31*%,3.32,[4],7.2.1.1,7.2.1.2,7.2.1.5,7.2.2.7-
7.2.2.10. Kpome TOro, mpoBOAUTCS MPOBEPKA MPOUYHOCTH HA JICUCTBUE MONEPEUHON CUIIBI IO HAKIIOHHOM
MOJIOCE MEX]ly HAKJIOHHBIMU TpeluHaMu. Eciii ycjaoBHE MPOYHOCTH MO HAKJIOHHOM IOJ0CEe HE
YIOBIIETBOPSIETCS, TO BBIBOJUTCS COOTBETCTBYIOIIEe coodmienue. [Ipu pacuere mo [3] u [4], momans
apMarypbl, HaliZIeHHAs U3 YCJIOBHS MPOYHOCTU MO HAKJIOHHOM TpellnHe, MOKET ObITh YBEIHUEHA JIJIs
TOT'0, 4YTOOBI BBIIOJIHSIOCH YCIOBUE IPOYHOCTH 10 HAKIIOHHOM 1oJ10c€. Y ClI0BHE MPOYHOCTHU IPU KOCOM
n3rube npuHuMaetcs coriacHo [10], 3.39 B Buzue:

o ).[ @
Qb,y +st,y Qb,z +st,z

2

5. KoncrpyupoBanue

KoncTtpynpoBanue npoaoapHOM apMarypsl B KOJIOHHE ITPOM3BOAMTCS C YYETOM HOPMATHUBHBIX
TpeOOBaHUIl MO 3alIUTHOMY CJIOK OETOHA, 32 MCKIIYEHHEM Cilydas IOJMIOHAJIBLHOIO CEYEHUsl C
MPOU3BOJILHONU cXeMoi apMupoBaHus. [ ydera 3TUX TpeOOBaHHI pacyeT KOJOHHBI MPOBOAUTCS
nBaxapl. HeoOxonuMmble [Uisi pacdera pacCTOSHUS OT IIEHTPOB TSDKECTH IUIOIIAJECH apMmaTypsl A0
KOHTYpa CeueHUs! NEPBOHAYAIILHO OIPEAETSIOTCS MO0 33/JaHHOMY HauOOoJIbIIEMY IHaMETPy CTEPIKHEN ¢
y4eTOM JHaMeTpa XOMyTa M 3aJ@aHHbIX MHMHHUMAJbHBIX TOJIIMH 3allUTHOTO CJIOs OeToHa s
IIPOJIOJIBHOW M IOmepedHor apmarypsl. 11o pe3ynapraTaM nepBoro pacuera KOJIOHHBI IIPOU3BOAMTCS
KOHCTPYHPOBAaHUE apMaTypbl, U KOPPEKTHPYIOTCA PACCTOSHHUS OT LEHTPOB TSDKECTH ILIOIIAJEH
apMaTrypsbl 10 KOHTypa CE€4€HHUs. 3aTeM IIPOBOJUTCS IOBTOPHBIN pacueT KOJIOHHBI U KOHCTPYUPOBAaHUE
apmatypsbl. PacCTOSIHMS OT LIEHTPOB TSKECTH ILIOIIAAEH apMaTyphl 10 KOHTypa CEUYEHHUs], 111 KOTOPBIX
IIpU MOBTOPHOM pacyeTe ompejeneHa Tpedyemasl apMarypa, yKa3bIBalOTCS B BBIXOJHOM JIOKYMEHTE
IIPOrPaMMBI.

[Tpu monbope apMaTypHBIX CTepKHEW MPUMEHsETCs Caelyrouil o0muid psii TuaMeTpoB (B MM): 6, 8,
10, 12, 14, 16, 18, 20, 22, 25, 28, 32, 36, 40. ApMaTypHBIE CTEPKHU Pa3MEIIAIOTCS B CEUEHHUH C yUETOM
HOMUHAQJIBHOW TOJIIMHBI 3aLIUTHOTO €0 OETOHAa M HOMHHAJIBHOTO PACCTOSHUS B CBETY MEXIY
crepxxHsaMu. Ilpu ompeneneHMM HOMMHAIBHOM TONIIMHBI 3aLIUTHOTO CJ0 O€TOHA YYUTHIBAIOTCS
3aJJaHHbIe MUHHMAJbHBIC TOJIIIUHBI 3alUTHOTO CIIOS OETOHA IS TPOJOJBHOW M TONEPEeYHOMN
apMaTypbl, JMaMeTp TOJ00paHHBIX CTepKHEN U AuameTp XxoMyTa. [Ipr 3TOM TOJNIIMHA 3aIIUTHOTO €0
OeToHa /11 XOMyTa MPUHUMAETCs KpaTHOM 5 MM. B ceuenuu co cxemoit apmupoBanust A = 0, B KaKJ0M
yI1y MOXKET pa3MelaThCcsl OJIMH apMaTypHbIN CTepkeHb Win (Ipu HeobxoaumocTH) Ooinee (3 umm 5
apMaTypHbIX crepxkHeit). Ilpu pacuere TpeGyemoil apMaTypbl IpUMEHSETCS PacCTOSIHME OT KOHTYypa
ceueHHst 1o O0IIero eHTpa TAKECTH TPYIIbI CTEPKHEH.

[Tpu mondope apMaTypHBIX CTEp>KHEH YUYUTBHIBAIOTCS 3aJaHHblE MUHUMAJIbHBIA UM MaKCHUMaJbHBIN
JMaMETPhl CTEPI)KHEN, MAKCUMAIbHOE KOJMYECTBO CTEPKHEN B CEUEHWH, MUHUMAIIBHOE PACCTOSTHUE B
CBETY MEXIY CTEep)KHAMHU. OTH MapaMeTphl MO3BOJSIOT YHPABIATH MoaO0opoM apMmaTypsl. [lo
pe3yabTaTaM KOHCTPYMPOBAHUS OCYILECTBIsETCS IpaUyecKUidl BBIBOJ CEYEHUs C IOJ00paHHBIMU
apMaTypHBIMH CTEP)KHAMH.
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CHulI 2.03.01-84)/IlHWUMnpom3znanuii I'occrpos CCCP, HUMXDE T'occrpos
CCCP. — M.: HUTII I'occtpost CCCP, 1989. — 192 c.
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[Iporpamma  mpenHasHayeHa I8 NPOEKTUPOBAHUS  OJHOAPYCHOM  WJIM  MHOTOSPYCHOM
cranexesne300eToHHON KosoHHbl cornacHo CIT 266.1325800.2016 [1], CIT 63.13330.2018 [2],
CII 16.13330.2017 [3] u CII 20.13330.2016 [4]. IIpenycMOTpeHbl JBa METOJla pacyeTa KOJOHHBI.
[Io mepBomMy MeTony YyCWIHs B KOJIOHHE OMpPENENSIIOTCS MO JeOPMUPOBAHHOI CXeMe C Y4eTOM
HEJIMHENHBIX CBOMCTB MAaTEPHUAJIOB, a TAK)KE C YYETOM HECOBEPILEHCTB KOJIOHHBI. [0 BTOpoMy MeTony
YCUJIHSI B KOJIOHHE OTIPEIENAIOTCS IPU TTOMOIIH JIMHEWHOTO pacyera 1o HeleOpMUPOBAHHOM cxeMme, a
BIIUSTHUE MPOTU0a YUUTHIBACTCS 110 METOAY YCIOBHBIX KPUTHUYECKUX CHJL.

1. PacuerHasi cxema

PacuerHas cxema OIHOSIPYCHOW KOJIOHHBI TPEICTABISECT COOON CTEP)KHEBOW 3JIEMEHT, MMEIOIIUN
yrapyrue uin aOCOJIIOTHO JKECTKHE 3aKperyieHHs Ha OAHOM WM oboux kpasx. Pacyernas cxema
MHOTOSIPYCHOU KOJIOHHBI IIPEJICTABIISAET COOOM MOCIEA0BATEIHLHOCTh CTEPKHEBBIX SJIEMEHTOB (4acTeil).
YacTu KOJOHHBI HyMEPYIOTCS B HaIpaBJIeHUH CHU3Y BBepX (puc.l).

[Ipu pacuere KOJIOHHBI, IPUMEHSAETCS CUCTEMa KOOPAUHAT XyZ, Hauajao KOTOPOMl COBMAJAET C LIEHTPOM
TSKECTU HUXKHETO cedeHus KoJOHHBL. Och X HalpaBiieHa CHU3Y BBEpX.

Yactu

4

Puc. 1. PacyeTHas cxema

[Ipeanomaraercs, 4ToO pe3yNbTUPYIOLIAs] BEPTUKAIBHAsS CHUJA BOCIPUHHMMAETCS B HUYKHEH OIOpE.
VYcnoBus ynpyroro uiam abCoNIOTHO YKECTKOTO 3aKperuieHHs] GOopMYyIUPYIOTCS JUIsl TOPU30HTAIBLHOTO
NepeMeIieHls] ¥ TOBOPOTa CEYEHUS BOKPYT T'OPH3OHTAIBHOW ocH. Bo3Mo)keH BBIOOp YacCTHBIX
pacueTHBIX CXeM, JUIsl KOTOPhIX He TpeOyeTcs sIBHO 3a/aBaTh YCIOBHUs 3akperieHus. Ha puc.2 naHsl
dbopMynbl Uit ompeAeNieHuss  KO3(PPUIIMEHTOB JKECTKOCTH  yINPYTrUX CBs3€dl  KOJOHHBI €
IIPUCOECIMHEHHBIMU K HEM DJIEMEHTaMH KOHCTPYKLIMH.
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Puc. 2. Koo punueHTH KEeCTKOCTH YIIPYTHX CBS3EH

2. Ceuenue

PaccmaTtpuBaroTcst cieayrouie CedeHHs KOJOHHBI: CEYEHHE C TIOJHOCThIO OOETOHHPOBAaHHBIM
JIBYTaBpOM (pHC.3), CEUCHHE C YaCTUUYHO OOCTOHHUPOBAHHBIM JABYTaBPOM (pHC.4), MPSIMOYTOIBHOE U
Kpyriioe TpyoobeToHHbIe ceueHus (puc.S).

B caydyae cedeHuss ¢ MONHOCTBIO OOETOHMPOBAHHBIM JBYTaBPOM M B ciydae MPsIMOYTOJIbHOTO
TpyOOOETOHHOIO CEYeHUs], paCCMaTPUBAIOTCS [IBE CXEMbI apMHUpOBaHus: 1) apMaTypa pa3menaercs B
yriax c€4eHHus, 2) apMaTypa paBHOMEPHO pa3MellaeTcs B0Jb KOHTYpa CEUEHUS.

JIByTaBp MOKET BBIOMPATHCS U3 COPTAMEHTA MPOKATHBIX JIBYTaBPOB UM MOKET 33/IaBaThCSl CBAPHBIM.
B cnayyae monHOCTBIO 0OETOHMPOBAHHOIO JBYTaBpa, YUUTHIBAETCS BBITECHEHHWE OETOHA CEYEHHEM
JIByTaBpa.
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Puc. 3. Ceuenue ¢ mMoJHOCTHIO0 00ETOHUPOBAHHBIM JIBYTABPOM

Puc. 4. Ceuenne ¢ yacTHUHO 0OETOHHMPOBAHHBIM JIByTaBPOM

Puc. 5. TpyboOeToHHBIC CeucHHS
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3. Harpy3ku

Bo3MOXHBI cnefyronye Harpy3Kd: COCPEJOTOYEHHBIE BEPTUKAIbHbIE M TOPU3OHTAJIBHBIC CHIIBI,
COCPEIOTOYCHHBIE MOMEHTBI, PACHpPEACICHHbIE TOPU3OHTAIBHBIE M BEPTUKAJIBHBIE HArpys3KH,
CMEIIEHUS U TTOBOPOTHI XKECTKUX orop. [TonoxuTenbHbie HATpaBiICHUsT HArPY30K MMOKa3aHbl Ha puc.6.
[lonoxuTenbHple HANpPABICHUS CMELIEHUM JKECTKMX OINOp COBNAAAIOT C  HANpaBJICHUSIMHU
KOOpJAMHATHBIX Ocel. [lojokuTenpHbIE HaANpaBiI€HUS ITOBOPOTOB JKECTKUX OIOP COBHAJAKOT C
MOJIOKUTENBHBIMU HANPABIEHUSIMH MOMEHTOB.

\Y \Y
Hy H,
M, My
Qy dz
qu qZB
X X
qu y qZH Z

Puc. 6. [TonoxxurenbHble HANPABIEHUS HArPY30K

Knaccupukanus u  KOMOMHMpOBaHME HAarpy3ok IHpuHuUMaioTcs coriacHo [4]. Harpysku
NOJIpa3eNAloTCs. Ha MOCTOSIHHBIE, JUIMTEIbHbIE, KPaTKOBPEMEHHbIE, ocoOble U celicmuueckue. [Ipu
HAJIMYUM OCOOBIX WM/MJIM CEHCMHYECKUX Harpy3ok, Hapsay ¢ OCHOBHBIMH KOMOWHAIIMSIMHU,
TEHEPUPYIOTCS TaKkKe 0COObIe KOMOUHAIIMH.

JIyist coxparieHus: BEIYUCICHUH U 00heMa BBIXOJHOTO JOKYMEHTa IMPOTrPaMMBbl, TIPETyCMOTPEH BEIOOD
KOMOHMHAIM Harpy3ok. [Ipu momomu cTaTH4ecKoro pacyera, JIjs BCEX BO3MOXKHBIX KOMOHMHAIIUN
HArpy30K, BBIOMpAIOTCS Takue KOMOWHAIMH, AN KOTOPBIX YCHUIUS WU MPOTUOBI TPUHUMAIOT
HauOOJIBIIINE 3HAYECHUSL.

4. Pacuyer no aepopMupoOBaHHOI cxeme

[IpoBonsiTcst nBa pacuera ycuiauii mo aeopMUPOBAHHON cxeme: JIMHEHHBIN pacyeT M HEeTMHEWHBIN
pacuer. JlMHEWHBIH pacyeT OCHOBaH Ha MOJENM JUHEHHOro jaedpopMupoBaHHus OeTOHAa U
KOHCTPYKIIMOHHOM cTajiu. B 3Tom ciydae, kpuBu3Ha (YrioBoi KO3QGUIUMEHT 3MI0phI fedopmMalinii) B
KaKI0# TUIOCKOCTH M3THOa BeIpaxkaercst mo ¢popmyie k=M /El . Cucrema ypaBHeHUi TPOIOIBHO-
MOTIEPEYHOTO M3THOA SBIISCTCS TUHEHHOM.

B HenuneitHOM pacuere, KpUBU3HBI Ky W K, ONPEACIAIOTCS Yepe3 YCHIIUS HAa OCHOBC THATPAMM

neGOopMHUPOBAaHUS CXKATOro OETOHA, apMaTypbl M KOHCTPYKIMOHHOM cranu. s cxkatoro OeroHa
MPUMEHSIETCS OJTHA M3 JBYX PaCyETHBIX AWarpamm, coryiacHo [2], 6.1.20, 6.1.21. Jlna apmarypsl, B
3aBUCHMOCTH OT €€ Kjlacca, IPUMEHsETCs IBYXIMHEWHAs UM TpEXJIMHEHAs 1uarpaMmMma coriacHo [2],
6.2.14, 6.2.15. JIns KOHCTPYKLMOHHOM CTaJu mpuMeHseTcss auarpamma tuna llpanarna. Eciu He
JIOIyCKaeTcsl IUIacTudeckas naedopMmanys KOHCTPYKLIMOHHOW CTaiM, TO HpefeibHas aegopmanus
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IIPUHUMAETCSL PABHOU }/CRy/ E . B nporusHOM cryuae, mpenensHas meopManus KOHCTPYKIHOHHOM
CTaJI MOKET OBITh 3aj[aHa JIFOOBIM 3HAUEHUEM, HE MPEBBIIIAIONIIM 25 TPOMHUILIE.

B cnyuae kpyrioro TpyOOOETOHHOrO ce4YeHHs, MPEeIyCMOTpPEHa KOPPEKTHUPOBKA COMPOTHBICHUS
ckaToro 0€TOHA M CONMPOTHUBJICHUS MPU CKATHH MeTalljia TpyOs! cornacHo [1], 7.2.1.2 u 7.2.1.3.

N3-3a HENIMHEMHOrO0 Xapakrepa 3aBUCHUMOCTU KPUBHU3HBI OT YCUJIMH, CUCTEMA YPAaBHEHHUU MPOJIOJIBHO-
IIONEPEYHOro M3ruda sABiseTcs HelnuHeHoN. HennHelnblil pacueT IpoBOAUTCS IIPU OMOLIM METOo/1a
urepaunid. MTepannoHHBIM IPOLECC OKAHYMBAETCS TOIZAA, KOIZA OTHOCUTENBbHBIE IIPUpAILECHUs
MOMEHTOB, MpPOruOoB craHoBATCA MeHee 1%. [yis KOHTpOJIE TOYHOCTH PE3YJIbTAaTOB HEIMHEHHOTO
pacuera BbIBOJUTCS UTEpALIMOHHAs OLINOKA.

ITpu pacuere no neOpMHUPOBAHHON CXeMe, ISl yueTa BIUSHUS TaKUX HECOBEPILIEHCTB KOJIOHHBI, KaK
HEeNPSMOJIUHEHHOCTh U HEBEPTUKAJILHOCTb, IPEIYCMOTPEHO 3a/1aHUe HauyaJIbHBIX TPOruOoB 1o popmam
[IOTEpU YCTOMYMBOCTHU WJIM 3a/laHW€ OTKJIIOHEHMH OCH KOJIOHHBI OT BepTUKaiu. BwiOop, B kauecTBe
(opMBI HECOBEPILICHCTBA KOJIOHHBI, ()OPMBI IIOTEPU YCTOWYMBOCTH OOBACHACTCS BBICOKOH CTENEHBIO
BIMSIHUA 3TOH (QopMbl NpH OOJBIIMX BEPTUKAIbHBIX Harpyskax. Jlisg Kaxaoill KoopAMHATHOMN
IJIOCKOCTH, (popMa nOoTepH YCTOMYMBOCTH OIPEAEISAETCS B paMKaX TEOPUH YIPYTOl yCTOWYMBOCTHU AJIst
3aJJaHHOTO pacIpe/ie/IeHUus] BEPTUKaNbHBIX Harpy3ok. Ilo ymomdanuio, HauOosblliee 3HAYCHHE

HAYaJIbHOTO MPOrnda B KaXKIOH IMIOCKOCTH MPHUHHUMACTCSI PABHBIM CIIy4ailHOMY JKCIIEHTpHCHUTETY €.

Bo3MmorkeH BBOJ HauOOJIbIIEro 3HaYEHUs1 HadalbHOro mnporuda. Beibop Hanbosnee HebnaronpusTHON
OpPMEHTAlMM HayaJbHOro Iporuda (BeIOOpP 3HAaKa HAMOOJBIIErO 3HAYEHMsS) OCYLIECTBISETCS s
KaKJ0W KOMOMHAIIMM Harpy3oK IO OTIEeNbHOCTU. Eciam 3amaercs 3HaueHUE HAyalbHOIrO Iporubda B
KOHKPETHOW TOYKE, TO 3HAK 3aJaHHOT'O 3HAYCHMSI yUUTHIBACTCS.

OTKJIOHEHHE OCH KOJIOHHBI OT BEPTUKAJIM MPEACTABISAET cO0O0M MOBOPOT OCH BOKPYI HUXKHEW TOUKH.
[To ymMomuaHu1O, yroyl OTKJIOHEHHUS B KaX/10l KOOPAMHATHOMN INIOCKOCTH MpUHUMaeTcst paBHbIM 1/600.
BosmoxxeH BBOJ yriia oTkioHeHUs. Bribop HarbOosiee HeOIaronpusTHOro HarpaBIeHUs! OTKJIOHEHHUS OT
BEpPTUKAIM (B HAmpaBlIeHUH KOOPJIUHATHOM OCH WJIM B TPOTUBOIOJIOKHOM HAINPaBIICHUH)
OCYILIECTBIISIETCS ISl KaX /10 KOMOMHALIMU HAarpy30K 10 OTJEIbHOCTH.

[IpenycMoTpeH aBTOMAaTMYECKUH Yy4YeT MHUHUMAaIbHOro Kod(pduimeHta apMmupoBaHus. B ciydae
TpyOOOETOHHOTO CEUeHUsI, MUHUMAJIbHBINH KOA(QPHUIIMEHT apMUPOBAaHUS IPUHUMAETCS B 3aBUCHMOCTH

OT HAuOOJBIIEro 3HAYCHUS TMOKOCTH KOJIOHHEBI ﬂ«max = maX( ly,/lz). ['uOKOCTh KOJIOHHBI B KaXKHOM

KOOpJMHATHOI TockocTH Bhuucnsgercs no gopmyne A=l,v A/l | B xoTopoii pacueTnas nnuna |0
ONpeNeNseTCs JJIs clydasl IPUII0KEHHS] BEPTHUKAJIbHOM CHIIBI HA BEPXHEM KPAK0 KOJIOHHBI.

5. Pacuer mo HenedopmMupoBaHHOI cxeMe

Pacuer ycunmii mnpoBoAMTCS B NPEANONOKEHMM JUHEHHOro jaeopMupoBaHus OeToHa U
KOHCTPYKLIMOHHOM cTanu. B pexxnme noadopa apMaTypbl, )KECTKOCTh CTaJIeKeIe300€TOHHOTO CEYEeHHUS
omnpezensercs 0e3 yuera apMaTyphbl, a B peKUMe IIPOBEPKU — C YUETOM apMaTyphl.

B kaxmoil KOOpAWHATHON IUTOCKOCTH, BIIMSHHE IPOTrHOa HAa BEIMYUHY PACUYETHOTO MOMEHTA
YUUTHIBAETCSA TTyTeM YMHOXKEHMs m3rmbaromero momenta M Ha moBwimarommii kosdouument 1.
Koaddumment 7 Beraucnsiercs mo gopmyne [1], (7.6):
1
=N
1—

cr

rae N - mpongonenas cuna, N or - KpUTHYECKasl CHIIa, KOTopas omnpeaensercs coryacHo [1], (7.7):
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rae D -sxectxocTs K0OTOHHSL |0 - pacdeTHast JyinHa KOJOHHBL. JKECTKOCTh BBIUUCISIETCS COrIacHo [1],
[Mpunoxenue I' mo popmyse:

_ 0.5E,l,

= +0.7(E(I, +El)
¢, (0.3+9,)

3nech Em = klEb; Eb1 Es, E - MOJIyJIM YNPYyroctu OeToHa, apMaTypbl U KOHCTPYKIMOHHOW CTaju;
|b, |s, |St - MOMEHTBI HHEPIIUH TJI0MIaI OETOHHOTO CEUYCHUS, TUIOIIAIU CCUCHHS apMaTyPhl U TUIOMIAIN

CCUYCHUA CTAJIbBHOI'O HpO(I)I/IJ'IH OTHOCHTCIIbHO HCHTpaHBHOfI OCH ITPHUBCACHHOI'O CCUCHUA, 56 = eO/h -

OTHOCHUTEJIbHBIA 3KCIEHTPUCUTET MPOJOIBHONW CHJIbI, N - BBICOTA CEYEHHs B IUIOCKOCTH H3rH0a,
¢ =1+ M|1/ M,-  napamerp, VUUTBHIBAIOIIMKA  JUIMTENbHOE  JedcTBue  Harpy3ku. [lpu

HENPOAODKUTEIbHOM JelicTBur Harpy3ku K, =0.85, npu mponomkutensHOM NEHCTBHU HArpyskH
kl :1/(1+€0b,cr) :

Okcuenrpucurer €, omnpenmensiercss OTHOCHTENBHO IIEHTPA TSHKECTH MPUBEICHHOTO cedyeHus. [lpu
onpenencauu €, yuureiBactes ciydaiinbiit sxcuentpucuter €, [1], 7.1.1.5. Ilpu pacuere KOJIOHHBI,
SBJISIFOLIIEHCS DIIEMEHTOM CTATHYECKH OIPEIETMMON KOHCTPYKIIMH, SKCIEHTpUCUTET € mpuHmMaercs

M o o
paBHbBIM W+ea’ a IpHu pacyeTC KOJOHHBI, SABJSAIOMICUCA 3JIEMCHTOM CTATUYCCKH HCEOIPCACINMOU

M M
KOHCTPYKIIMHU, — PAaBHBIM ,€CTM — >e_, M paBHEIM €,, ecmn — < e, .
N N

Mowmenter M 11 M |1 BBIYUCIISIIOTCSI OTHOCUTENHHO OCH TSDKECTH HamOoJiee pacTIHYTOU (MJIM HauMEeHee
ckartoi) apmarypel 1o ycwisM N, M oT mosHOW Harpy3kud W MO YCHIIHSM N| , M| OT JUIUTEIIBHO
JICUCTBYIOIIE 4YacTu Harpysku. [lpm omnpenenenun N| , M| B pacudeT CTaBIATCS IMOCTOSTHHBIE H

JJIUTCIIBHBIC HArpy3Kv, BXOOJAIIHWEC B PACCMATPHUBACMYIO KOM6I/IHaHI/IIO, a TAaKXXC TJIUTCIIBHBIC YaCTU

KpaTKOBPEMCHHBIX HAI'PY30K, BBIYUCIIACMBIC 10 3aITaHHBIM IIPpHU BBOAC KOE)(b(pI/ILII/IeHTaM k| .

H3rubHas )keCTKOCTh D , KaK BCJIIMYKWHA, 3aBUcCAIIas oT 3HAaYCHU MOMEHTA M qCcpe3 mapamMeTpsbl ¢| nu

€,, B 00mmeM crydae, H3MeHseTCs MO BBICOTe KOMOHHBL. Tak kak D Berumcistercs ¢ ydeTom apmaryps,
pa3MEIICHHONM B CEYEHMM, TO 3HAUEHUS PACUETHOrO MOMEHTa 7M TakKe 3aBUCAT OT IIJIOLAAH

apMatypsl. [loaTomy TpeOyemasi apmaTypa MOXeET ObITh pacCUMTaHa TOJBKO MPH MOMOIIM MTEpaLnii.
Ha TexyiieM urepaiinoHHOM 11are Jiisl HAIEHHOW IJIOLIAIM apMAaTyphbl BBIYUCIAIOTCS KO DULINEHTHI

Ny 1 1,,3aTeM ONPENEISIOTCS PACYETHBIE MOMEHTBI ﬂyMy u 17,M,, neiicTByromue B miockoctsx Z

u Y , a 3aTeM BpIUHMCIsAeTca TpeOyemas ILUIOmAb apMaTyphl. Jlajee BBIMONHSETCS CIeTyromas
utepanus. UrepanmoHHbIN Mpoecc OKaHUYMBAETCSI TOTA, KOT/1a OTHOCUTENBHOE MPUpAIEHUE TI0MATN
apmatypsl cranoButcs meHee 0,1%.

Pacuetnas mimnHa |0 B KaXIOW KOOPAWHATHOW IIJIOCKOCTH ompeaensieTcss 1o (opmyne

1/2 o o B
|0 =7[EH (n.N)]"", rne 1. — K03 (OUIMEHT KPUTHIESCKON HATPy3KH, PAaBHBINM OTHOIIEHHUIO MTPOOIBHOM

CHJIBI TIPH JTOCTHDKCHUHM KPUTHUECKOTO COCTOSIHUS K JICUCTBYIOIIECH MPOIOIBHON CHUIIE, El - usru6uas
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KeCcTKocTh cedeHus. KoadduuueHT 7. OTBICKHBAeTCS IMyTeM pEHICHHS 3aJadd 00 yIpyroi
YCTOWYMBOCTH KOJIOHHBI MPH 33/JaHHBIX KPAeBbIX YCJIOBHUSIX W 3aJaHHBIX BEPTUKAJbHBIX CHJIAX.
Koaddunuent 7. sBusercs cUCTEMHOI XapakTepUCTUKON KOJIOHHBIL. [Ipu neiicTBuu pacnpeneneHHON

BEPTUKAIbHOW HArpy3kd WM TpU JACHCTBUM COCPEJOTOUYCHHONW BEPTHKAIbHONM HArpy3Kud B
MIPOMEXKYTOUHBIX CEUECHMSIX KOJIOHHBI, pacyeTHas J/JIMHA SBJISICTCS MEPEeMEHHOW BelnynHOl. B

porpamMMe IpeaycMOTpEeHa BO3MOXKHOCTh BBOJIA |0 .
[IpenycMOTpeH aBTOMAaTHYECKHH y4eT MHHHUMAIbHOTO KoddduuueHrta apmupoBanus. B ciydae
TpyOOOETOHHOTO CEUEHUs,, MUHUMAJIbHBIN KOA(PPHUIIMEHT apMUPOBAaHUS IPUHUMACTCS B 3aBHCUMOCTH

OT HAHOOJBIIEro 3HAYCHHS TMOKOCTH KONOHHBI Ay, = max( ly,/lz). I'nOKOCTh KOJOHHBI B KaXXJI0i

KOOPJMHATHOM TUIocKocTH Bhruucaserca 1o dopmyie A=lvA/l | B xotopoii pacuernas aiuna |0

OIPCACIIACTCA OJId Cirydas MPUIIOKCHUSA BepTI/IKaJII)HOI;'I CHJIbI Ha BCPXHEM KparO KOJIOHHBI.
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Jluteparypa
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MIPOCKTUPOBAHUS».

2. CI1 63.13330.2018 «CHull 52-01-2003 berouHsle u Xejle300€TOHHBIE
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3. CI116.13330.2017 «CHullI 11-23-81* CranbHble KOHCTPYKIIHI.
4. CIT20.13330.2016 «CHwulI 2.01.07-85* Harpy3ku 1 BO3JICHCTBHSI.
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412 — Pacuer cranexene300eTOHHON KOJJOHHBI
IO OTHECTOUKOCTHU
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[Iporpamma mpeaHa3zHaueHa A1 pacdyéra MO OTHECTOMKOCTH OIHOSIPYCHOM CTaiexene300eTOHHOM
kojoHHsl coriacHo CIT 468.1325800.2019 [1], CII 63.13330.2018 [2], CII 16.13330.2017 [3], CII
266.1325800.2016 [4]. Ycunust B KOJIOHHE ONPEAEISAIOTCS TPU OMOIIY JTUHEHHOTO UM HEJTUHEHHOT O
pacuera no AeQpOopMUPOBAHHON WK HeaehOopMUPOBaHHOU cxeme. TemmepaTypHoe IoJie B CEUCHUU
KOJIOHHBI IIpHU OrHCBOM BO3Z[€I>'ICTBHI/I ONpeCAC/LICTCA IMYTEM PCIICHUA 3aldavdu HCCTaHHOHapHOﬁ
TEIUIONPOBOAHOCTH C YYE€TOM 3aBUCHUMOCTH TEIIOPHU3MYECKHX XapaKTepUCTUK OEToHa OT
temneparypbl. [IpoBepka mpoyHOCTH MPH ACUCTBUU MPOJOJIBHON CHIIBI U HU3TMOAIOIIUX MOMEHTOB
MPOU3BOJIUTCS HAa OCHOBE JuarpamMM JeOopMHpOBaHUS CKAaTOro OETOHA, apMaTypel U
KOHCTPYKLIMOHHOM CTaJIU C y4eTOM K03()(HUIIMEHTOB YCIOBHI pabOoThl, 3aBUCAIINX OT TEMIEPATYPHI.

1. PacueTHasi cxemMa U ceyeHHe

Pacuetnas cxema KOJOHHBI MpEACTaBIsSET COOOM CTEpKHEBOW SJEMEHT, MMEIOLIUI YIpyrue Wid
KECTKHE 3aKpeIUICHHs KpaeB. YCIOBHS 3aKperuieHus (QOpMyTUpyOTCS Ui TOPU30HTAIHHOTO
nepeMeNIeH s 1 TOBOPOTa CEYEHUS BOKPYT TOPU30HTaIbHOU ocu. [Ipu pacueTe KOIOHHBI TPUMEHSETCS
CUCTEeMa KOOPJMHAT XyZ, Hauaio KOTOPOU COBIMAAAET C LIEHTPOM TSHKECTHU HUKHETO CEUEHUS! KOJIOHHBI.
Ochb X HampaBiieHa cHU3Y BBepX. [Ipeamnonaraercs, 4To BepTUKaJIbHAS CHJIa BOCIPUHUMAETCS B HUKHEH
orope.

PaccmaTpuBaroTcst KOIOHHBI IPSIMOYTOJILHOTO CEUEHUS C KeCTKON apMaTypoit (puc.1).
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Puc. 1. Ceuenus c >xecTkoil apmaTypoi

[IpenycmoTpensl crneayronme cxeMbl apMUpOBaHus: 1) apMaTypa pacrojaraercsl B yriax ceueHus, 2)
apMarypa pacroyiaraetcsi BJIOJIb KOHTypa ceueHus. [Ipu BTOpoil cxeme apMHpOBaHHs, CTEPKHU
pacrosararoTcs B yIilax M BJIOJIb CTOPOH C€YEHHs. B 3TOM ciydae 3a7aroTcsl 4ncia MPOMEXYTOUHBIX
CTEP’KHEU, PACTIONIOKEHHBIX BJIOJIb CTOPOH CeUeHHUs. JlMaMeTphl YIVIOBBIX U IPOMEKYTOYHBIX CTEPHKHEN
MOT'YyT OLITH Ppa3iIndYHbBIMHU.

B cnyuae ceuenus nepBoro Bua (cM.puc.l), AByTaBp MOXKET BBIOMpAThCS U3 COPTAaMEHTAa MPOKATHBIX
JBYTaBpOB WJIM MOJKET 3a/1aBaTbCs CBapHBIM. B cilydae ceueHuss BTOpOro BHJA, XKECTKas apMmarypa
paccmarpuBaeTcsi Kak MpoQuiib U3 YeThIPeX TaBPOB.

2. Harpy3ku

Cornacno [1], pacder Mo OrHECTOMKOCTH MPOBOAUTCA JJsl HanOojiee HEOJIArONPHUITHOTO COYETAHUS
HOPMAaTHBHBIX IIOCTOSIHHBIX U JUIUTEIbHBIX HarPy30K.

[TonoxxurenbHble HaMpaBiIeHUs HArpy30K Toka3aHbl Ha puc.2. IllojoxuTenbHble HampaBlIeHUs
MOMEHTOB COBIAJAlOT C HaIMpaBJICHUSIMU MOMEHTOB OT BEPTUKAJIbHON CHJIbI, CMEIIEHHOW B
MOJIO’KUTEBHBIX HaMpaBiIeHUsIX oceil Y u Z . [lojoxkuTenbHble HapaBIeHUs CMEIIEHUH KECTKUX OIop
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COBIIAAAaOT C HaIIPaBICHHUAMHU KOOPAWHATHBIX oceit. IlonoxuteabHEBIC HampaBJICHHUA ITOBOPOTOB
JKCCTKHUX OIIOp COBIAAAIOT C MOJIOKUTCIbHBIMH HAIIPABJICHUAMU MOMCHTOB.
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Puc. 2. [lonoxurenbHble HAPaBIECHUS HATPY30K

3. MarepuaJbl

Knacc GetoHa u kiacc apmaTypbl IpUHUMaOTCs coryiacHo [2]. Pacuetr nmpoBoauTcst A GETOHOB 10
kiacca B5S5 BrimtountensHo. J(narpammsl aedopMupoBaHus O€TOHa W apMaTypbl IpU HOPMalbHON
TeMIlepaType npuBeaeHb! Ha puc. 3, 4. I1o ropu3oHTanbHON OCH OTKIaIbIBaeTCs 3HaUeHHE AepopManuu
B ipomunie (1%,=0.1%=0.001). OtpuniaTenbHble 3HaU€HUSI COOTBETCTBYIOT JeOpMaIlUU CHKATHSI.

sig [MIa]

\

~ . + eps [%.]
-1.50 =350

Puc.3. Inarpamma necopmupoBanust cxxatoro 6erona B25 npu HopMansHO# TemnepaType

sig [MIa]

500} -

-25.00 —2.00/
. eps [%.]
2.50 25.00

£-1{-400

Puc.4. [lnarpamma nedopmupoBanus apmarypsl AS00 npu HOpManbHOH TemIepaType
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PacueTHbIe CONPOTHBIICHHS M MOJYIHM YIPYrOCTH MaTepuajoB IPHU HArpeBe ONPEACISIOTCS II0
dopmymnam [1]:

Ry =Rep
E,.=E.f5

R =Ryl
E,=Ep,

3HaveHus ko3 uLueHTa ycioBuil paboTel 6eToHa ¥y, ¥ K03(pPULIMeHTa peayKLIUU MO YIPYTrOCTH
OeroHa [, mpuHHMaroTCs 1o Tabnuue 5.1 [1], mapamerpsl quarpamMmbl it 6€TOHA &, , &, - 10 TAOIHUIIE
5.5 [1]. 3nauenus koaddunreHTa ycnoBuii paboTel apMaTypsl ¥ U KO3GGHUINEHTA PEIyKIINU MO
yOpYyrocTs apMatypbl [, npuHuUMarotcs o tabuuue 5.6 [1]. [IpenensHas nedopmanus apMarypsl &,
npuHAMaeTcs paBHOH 25%, mpu 20°C <T <200°C wu pasmoit 50%, mnpu T >500°C. Ilpu

200°C <T <500°C npezenpHas fedopmanus &, ONpeAeseTcs UHTEPHOILUEH.

Kitacc KOHCTpYKITMOHHOH CTalli IpHHUMAETCs coriacHo [3]. Jluarpamma aegopMupoBaHUs CTAU TIPH
HOpMAaJIbHOU TeMIepaType MpuBecHa Ha pHC.S.

sig [MIa]

3551-
f

-25.00 -1.72f 1

eps [%.]
1.72 25.00

i- -355

Puc.5. Inarpamma nedopmuposanust ctanu C375 mpu HOpMaIbHOM TeMIepaType

PacueTHO€ conmpoTHBIIEHHE U MOJYJb YIIPYTOCTH CTAJIM IPU HArpeBe ONpeeNaoTes o GopMyam:
Rynt = Rynyst
Et = Eﬂst

3HaveHus ko3 duumenTa yciaoBuit paboTsl CTalu ), ¥ KO3PPUIMEHTa pEAYKIIUH MOTYJIS YIPYTOCTH

cramu f npuHuMarotces no tadnuue 3.2 [6] (puc.6).
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KoSOOUMUUEHT YCIOBUN pafoTH CcTaau

» T Tst s T Vst W T Tst
[=C] [=C] [=C]

1 100 1.00 2 200 1.00 3 300 1.00

4 400 1.00 5 500 0.78 4] 600 0.47

7 700 0.23 8 800 0.11 9 500 0.06

10 1000 0.04 11 1100 0.02 12 1200 0.00

KOSOOUMUUEHT PEOYKUUM MOAYIA YIPYDOCTHM CTalu

» T Bse: » T Bs < » T Bs-
[ecl [°C] [ecl

1 100 1.00 2 200 0.950 3 300 0.80

4 400 0.70 5 500 0.60 6 600 0.31

7 700 0.13 8 800 0.09 9 900 0.07

10 1000 0.04 11 1100 0.02 12 1200 0.00

Puc.6. 3nauenus Y, /&t

B ImporpaMme BO3MOKCH TaOJIMYHBIH BBIBO/I KOSCI)(I)I/II_II/IGHTOB JJIA 3aaHHOI'O BHAA 3aIlOJHHUTCIIL B
0OeToHE U KJ1acca apMarypshl.

4. PacyeTr mo OrHeCTOMKOCTH

OrHecToMKOCTh AJIE€MEHTa XapaKTEPHU3yeTCsl EPHUOIOM BpeMEHH (B MUHYTax) OT Hadajia mokapa Ji0
MOMEHTa BO3HUKHOBEHUS MPEAEIbHOTO COCTOSHUS dNIeMeHTa. [l HeCYIIMX 3JIEMEHTOB MpeIeIbHbIM
COCTOSIHHEM TI0 OTHECTOMKOCTH SIBJISIETCA COCTOSIHME, MPU KOTOPOM IMPOUCXOJTUT IMOTEPS HECyIIeH
ciocoOHOoCcTH. [IpenenbHOE COCTOSHME HACTYMAeT TOT/A, KOTJa MpPEeJesIbHbIC YCHIIUS CTaHOBSATCS
paBHBIMH pACYETHBIM yCUIHSAM. B mporpamme cTpouTcs 3aBUCMMOCTh Kod(duimieHTa 3amaca

IIPOYHOCTH ), OT BpeMeHHU. [Ipenen OrHecTONKOCTH ONPEENIeTCs 10 MOMEHTY BPEMEHH, IIPH KOTOPOM
7, =1.

DKCIEpUMEHTAIbHO YCTAHOBJIEHO, YTO pAa3pyLICHHUE KeNe300€TOHHOrO 3JEMEHTa IpPU OTHEBOM
BO3/IEUCTBUU TMPOUCXOAUT AHAJOTUYHO PA3pYyLICHUIO NMPU HOpMallbHOM Temmeparype. lIpenenbHbie
YCUITUSL TIPU OTHEBOM BO3JICHCTBUH ONMPEAEISAIOTCS HA OCHOBE AMAarpamMMm JAe(QOpMHpPOBAHUS CKATOTO
OeToHa, apMaTypbl U KOHCTPYKIITMOHHOW CTAJIA MPHU TEX K€ MPENOIIOKEHUAX, YTO U TIPU HOPMATLHOM
temmeparype. OCHOBHBIMHU MPEIMTOJIOKEHUSIMH SBISIOTCA CENYIONIHe: Te(opMaluy pacipeaenstoTcs
0 JTUHEWHOMY 3aKOHY, HANpsHKEHUS B PacTIHYTOM OeToHe mpeHeOpexxuMo Manbl. [Ipu onpenenenuu
MPEACNIbHBIX YCHWJIMH TPH OTHEBOM BO3JCHCTBUU YUYWUTHIBAETCS 3aBHUCUMOCTH IPOYHOCTHBIX U
ne(OpPMAITMOHHBIX XapaKTePUCTHK MAaTEPUAIOB OT TEMIIEPATYPHI.

4.1 OnpenejieHHe TeMIEPATYPHOIro MOJS

Jlns onpesesneHus npejiesia OrHeCTOMKOCTH He00X0AUMO PaccCUnuTaTh TEMIIEPATypHOE MOJIE B CEUEHUU
JJIEMEHTa OT OTHEBOTrOo BozfeicTBusa. TemmneparypHoe mone T(Y,z,t) ompenensercss Ha OCHOBE

YpaBHEHUs HECTAIIMOHAPHOM TETIONPOBOIHOCTH:
0,07, 0
oy oy oz

3nech A - KO3 GUIMEHT TEIUIONPOBOAHOCTH, C - YACIbHAS TEIUIOEMKOCTh, © - INIOTHOCTh MaTepHara.

oT oT
A—)=Ccp—
( 82) P

[Ipu pacuere TemnepaTypbl B CEUCHHH JI€MEHTA HE YUUTHIBAETCS HAIMYHE apMaTypBhl.

Koa¢durment Temnonposoanoct 6etona B [B1/(M°C )] ompenensercss mo ciaeayromuM GpopMyaam
(em.[1], 6.3):

- U1 6eToHa Ha crumkaTtHoM 3anonHureire A =1.2—0.00035T ;

- Juist OeToHa Ha kapOoHaTHOM 3anonautene A =1.14—0.00055T .
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Y nenbHas TemnoeMkocTs 6etona B [[[x/(kr °C )] Ha CUIMKATHOM MM KapOOHATHOM 3aMlOJIHUTENE PABHA
c=710+0.83T . B mporpamme npenycMOTpeH y4eT BIQXKHOCTH OETOHA COTJIAcHO [7], mpU KOTOPOM
3aBUCUMOCTH YACTHHON TEIJIOEMKOCTH OT TEMIIEpATyphl XapaKTepPH3yeTCsl MMKOBbIM 3HAYCHHUEM TIPU

115°C, paBubiv 1470 u 2020 npu BrasxkuocTd 1.5% 1 3% COOTBETCTBEHHO.

OrueBoe BO3JCHCTBHE XapaKTEPU3YeTCS 3aBUCHUMOCTBIO TEMIEpaTypbl Cpelbl OT BPEMEHH,
OTCUUTHIBAEMOT0 OT Hauana mnoxkapa. CoriacHo [5], mpu CTaHAApTHOM IOXKape MPUHUMAeTCs
CJIEyIOIas 3aBUCUMOCTb TEMIIEPATYpPhl CPENIbl OT BPEMEHU:

T, =20+345I9(8t +1), rue t - Bpemst B MuH.

I'paduk 3aBucumoctu T,(t) npencrasied Ha puc.7.

To [ppan]
200
Go0
400
200
n} . T T T T T £ [MHH]
8] 10 20 30 40 EO &0

Puc.7. 3aBUCHMOCTB TeMIIepaTypbl CPEAbl OT BpEMEH!

Ha CTOPOHAX CCUYCHUSA CTAaBUTCA YCIOBUEC PpaBCHCTBA TCIIJIOBOT'O ITOTOKA OT I'PaHUIIbI BFJ'IY6I> CCUCHHUA U
TCIIJIOBOI'O MOTOKA K I'paHUIC OT CPCbI.

oT
TeMnepaTypHaﬂ 3aada pemacTCsd KOHCHHOPA3ZHOCTHBIM MCTOIOM. HpOI/I3BO,Z[Ha}I E 3aMCHACTCsA

Pa3HOCTHBIM OTHOIICHUEM.

T(y,z,t+At)-T(y,z,1)
At

rae At - mar no BpemeHu. PacueT TemnepaTypHOTo MoJisi B CEYEHUH MPOU3BOIUTCS ISl JUCKPETHBIX
MOMEHTOB BpeMeHH. Illar mo BpemMeHM MOXKET NPUHHUMATHCS PaBHBIM 3MHH, 6MUH, |2MHH WM
3aaBaThCs JPYTUM 3HaueHUEM B npenenax oT ImuH a0 30muH. B o0mieMm ciyuyae, npu yBeITHMUEHUH
I1ara, yMEeHbIIaeTcst 00beM BBIYMCICHUH, OJHAKO MOKET CHUXKAThCs TOYHOCTh pe3ysIbTara.

[Ipon3BOHBIE IO KOOPAWHATAM TAKKE 3aMEHSIOTCS pPa3HOCTHBIMM OTHOIIEHUAMH. [Tocie onpenenenus
TEMIIEpaTypbl HAa KOHEYHOPA3HOCTHOW CETKE TeMmIeparypa B IIPOU3BOJBHOM TOYKE CEUYECHMS
olpezessaeTcss HHTepnossinuei. B kauecTBe npumepa Ha puc.8 NPUBEAECHBI N30TEPMBI, IOJyUYEHHBIE IPU
TPEXCTOPOHHEM HarpeBe MpsSIMOYTOJIbHOTO CEUYEHHUS.
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Z00

400
600

Puc.8. M3oTepmel

[Ipu BBO/E MCXOJHBIX JaHHBIX MPOrpaMMbl MOTYT OBbITh 3aJlaHbl YIPABIAIOIIME MTapaMETPbl pacuera
TEMIIEPATyPHOI'O IOJIA: HOMUHAIBHBIM IIAr CETKH S M MAaKCHUMAJIbHOE YHCIO TOYEK CETKH B OJHOM

nanpasienuu N . Eciau 3Hauenue S He 3a7aHo, To npuHumaercs S =10 mm. Eciu 3nauenne N, He

3amano, To npuauMaerca N . =60. Axamornussle nmapaMerpsl MOTYT OBITH 3a1aHbI IS aBJICHUS
max ya

pa30ueHneM CKaTol 30HbI CEYEHUSI Ha MaJIbIe 3JIEMEHTHI IIPU ONPEIEIIEHUH IPEEIIbHBIX YCUTUI.

B nmporpamMme npenycMOTpeH BBIBOJ TEMIEPATYPhI B 3aJaHHBIX TOYKaX, ONPEAEIIEMBIX B CUCTEME
koopauHat (Y,Z) C HayaJoM B JIEBOW TOYKE HIDKHEH CTOpoHBI cedeHus. Ilpu stom ock Y

HaIpaBJIIETCS BIPABO MO0 HUYKHEH CTOPOHE CeUeHus, a OCh Z - BBEPX I10 JIEBOM CTOPOHE CEUEHUSI.

4.2 Pacuer ycuaui

Ycunus B KOJIOHHE MOTYT OIPENEIAThCS HAa OCHOBE JMHEMHOIO WJIM HEIWHEHMHOro pacdera IIo
nedhopMupoBaHHONW WK HenedhopMmupoBaHHOU cxeme. [lpu pacuere 1o aehopMHpPOBAHHOW cXeme
BO3MOYKEH OTKa3 OT yueTa Mporuda B 0JTHON UM IBYX MJIOCKOCTAX. Ecii mporn6 KoJIOHHBI B IUIOCKOCTH
Y nnu Z CTECHEH WM HEBO3MOXXEH, TO JJISl COOTBETCTBYIOIIEH IJIOCKOCTH PacueT IPOBOAMUTCA I10
HegepopmupoBanHoil cxeme. [lpu pacuere mo aepopMUPOBAHHON cXeMe NPEeIyCMOTPEH Y4eT
HECOBEPIICHCTBA KOJOHHBI MyTEM y4yeTa HadyajdbHOro mnporuba mo QopMe morepu yCTOHYHMBOCTH
LEHTPAJIBbHOCKATOW KOJIOHHBI.

B nmueiiHOM pacuere, yCuisi B KOJOHHE ONPE/IEISIOTCS MPH )KECTKOCTHBIX Xapakrepuctukax D, D,

MPUBEJCHHOTO CEYEHHUs, BBIYMCIEHHBIX B IMPEINONOKEHUU yIpyroro naedopMupoBaHus OeToHa,
apMarypsl U KOHCTPYKLIHOHHOM CTAJIN.

B nenuueiitHoM pacucTe, KPUBHU3HLI K'y,l(‘z OIPCACIIIIOTCA Ha OCHOBC JAUarpaMm IIC(l)OpMI/IpOBaHI/I}I

cKaToro O€TOHa, apMaTypbl M KOHCTPYKIMOHHOW CTajJud TpUd OrHEBOM BozneiictBuu. M3-3a
HEJIMHENHOTO XapakTepa 3aBUCHUMOCTH KPUBHM3HBI OT MOMEHTA, CUCTEMa YPaBHEHHUW NPOJOJIBHO-
norepeyHoro u3ruba siBisiercs: HennHeiHoi. KononHa pa3zouBaercss Ha y4acTKH, B MpeesiaX KOTOPBIX
IIPOM3BOJUTCS JIMHEapU3aluus ypaBHeHUH. [IperycMOTpeH BBOA HOMHHAJIBHOTO IIara JUCKPETU3aLUU
KOJIOHHBI. HeNTMHEeHBIN pacdeT mMpoBOIUTCS TPU TOMOIIM METOa uTepanuii. iTeparimoHHbIN TpoLecc
OKaHYMBAETCs TOr/a, KOIJa OTHOCHTENbHbIE MpupauieHus Momentos M ,M, u nporuGos w,,w,
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CTAQHOBSITCS MaJlbIMH. JIJII KOHTPOJII TOYHOCTH PE3yJIbTaTOB HEIMHEHHOTO pacdyeTa BBIBOIAMUTCS
UTEpaIMOHHAs TIOrpemHoCTh & [%].

Bo3mosken BeIOOp pexkuma pacuera. llpu BbiOOpe mepBOro pexuma, HETMHEHHBIM pacueT yCHIHNA
IPOBOJUTCS IPU JTOCTUKEHUU Ipejiesia OrHecTOUKOCTH. [Ipu BeIOOpE BTOPOro pexxuma, HeIMHEHHBIN
pacueT yCWJIMH NPOBOJUTCS C IIaroM, KPaTHBIM LIAry JJs pacdera TEMIEPAaTypHOIo IOJiA. Y CUus,
IIOJIy4EHHBIE 110 HEJIMHEHHOMY pacuyeTy B TEKYIIUH MOMEHT BPEMEHH, UCIIOJIb3YIOTCS Ul IIPOBEPKHU
IIPOYHOCTH BIUIOTH J0 CJIEAYIOLIEr0 MOMEHTA IIPOBEIEHNUS HEJIMHENHOTO pacyeTa. Bpems BeluncieHni
IIpY BTOPOM PEXHMME pacyera MOXKET ObITh 3HAUUTEIbHO OOJIbLIE, YEM IIPU IIEPBOM PEKHUME.

[To pe3ynbraraM pacueTa YCHJIHA MPOU3BOJUTCS BHIOOP COUCTAHUHN YCHIIHH, TSl KOTOPBIX MMPOBOIUTCS
IpOBEpKa MPOYHOCTU. B o0mieM cirydae, BBIOOP COUETaHMN YCHUIIMH MPOU3BOAUTCS C YUETOM 3HAKOB
MOMEHTOB. BpIOMpaloTCsi Takue COYeTaHWsl YCHIIMH, JUIsl KOTOPBIX JIMOO MOJIOKUTEIbHBIN, JTHOO
OTpHUATENbHBIH n3rubarommii MomenT M, nin M, npunuMaer HaubosbIIee a0COMIOTHOE 3HAYCHHE.

4.3 Onmnpenesienne npeaeabHbIX yCUIHii

[IpenenbHble yCHIMS IPUHUMAIOTCS IIPONOPLUUOHANBHBEIMH pacueTHbIM ycmmmam: N, =y, N,
M, =7M,, M, =»,M,. Tlpounocts ceuenns obecreyena, ecnu KOIOOUIMEHT y, HE MEHbIIE

equHunbl. Ilpenmnonaraercs, uro AedopMmalid B CEUCHUH PACTIPEICISIIOTCS MO JIMHEMHOMY 3aKOHY
e(y,2)=¢g,+x,Y+K,Z, TI€ K,,K, - KpuBHU3HbL [IpenenbHble ycunus ONPENENAOTCS HA OCHOBE

CIIENYIOIUX YPABHEHHUIA:

bedA+ IGSdA+ J.apdA= 7.N

Ay A Ap

[o,20A+ [0,20A+ [o,2dA= M,

Ay A Ay

[oyydA+ [o,ydA+ [0, ydA=—y,M,

A A Ay
3nech o, = f,(&,T) - Hanpsukenne B cxarom Gerone, o, = f,(,T) - Hanpsbkenue B ruOKOM apmartype,
o, =f,(¢,T) - nanpsxenue B sxecTkoi apmarype, T =T(y,z,t) - Temmeparypa, A, - cxkaTas 30Ha

OeToHHOTO ceueHusi, A, - cedeHre ruOKoi apmMaTypbl, A - CEUeHHE KECTKON apMaTypHl.

p

JUIIst BEIYHCIICHHH MHTETPajioB 10 A TIPOM3BOAMTCS pa3OMEHHE CXKATOM 30HBI CEUCHHs Ha Majble
3JIEMEHTHI, B IIPe/ieNax KOTOPBIX HANPSHKEHHE MPUHUMAETCA NOCTOSHHBIM. OnpeneneHne HHTErpagoB
CBOJIUTCSL K BBIYKMCIICHHIO KOHEUHBIX CyMM. [IpH BBIYMCICHUU WHTETPAIOB MO A, NPUHUMACTCS, YTO

IUIONIA/Ib CEYEHMsI apMaTypHOI'0 CTEP>KHsI COCpPEOTOUYEHA B €ro LeHTpe. TemmepaTypa apMaTypHOTO
CTEpKHS MPUHUMAETCs PaBHOM TeMIIEpaType B TOYKE, COBMAJAIOUIEH C LIEHTPOM CEUYEHHS CTEpPKHS.
Berurcnenne nHTErpanoB no A, MPOM3BOIMTCS Kak JUlsl TOJMIOHAIBHOrO KOHTypa. Temmeparypa

YKECTKOM apMaTypbl IPUHUMACTCSI paBHON HanOOIBIIEH TeMIiepaType Ha KOHTYpe MPOQHIIs.
Pacnipenenienne aedopmanvu B TpeaeiabHOM coCTOsHUM &,(Y,Z) OTBICKUBAETCS M3 OTPaHHYEHHUS
negopManuu cxatoro O€TOHa 3HAYEHUEM &p,, U3 OrpaHHueHHs AedopMalvy pacTIHYTOM THOKoH

apMaTypbl 3Hau€HUEM &,,, W3 OrpaHMYEHUsd JAeopMaluu JKECTKOW apMaTypbl 3HAa4EHUEM
2.5%=25npomumne. g Kaxaoro MOJOKEHUS HEUTPATbHOW JIMHUM OJHO3HAYHO OINpEesaeTCs
pacnpenenenue nedopManuu B TMPEACTLHOM COCTOSHUU. B pesynbTare pelieHus CUCTEMBI TpPex
HEJIMHEHWHBIX YpaBHEHUW OMpENENSeTCs IMOJO0KEHWE HEUTpPaIbHOM JWHUU U KOd(PPUIIMEHT 3amaca
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npoyHoctu ),. Ha puc.9 npuBenen npumep 3aBUCUMOCTH KO3 QUIMEHTa Y, OT BPEMEHU NpHU

CTaHIApTHOM I10XKape.

Ko30QUMUMEHT Sanaca NPOYHOCTH 7y

] t [mmam]

Puc.9. Ilpumep 3aBucumocTs Kodhduuuenta ¥, oT BpeMeHH

B mporpamMMe npenycMOTpEeH BBIBOJ pE3Yy/IbTATOB pacyeTa IMpeneibHBbIX YCWIMH i Ipejaena
orHecroiikocTd. IloMuMO mpeaenbHBIX YCHWIMH, BBIBOAATCS KPUBU3HBL, MAaKCUMalbHblE U
MUHHMaJIbHBIE (B anrebpanmyeckoM cMmbicie) nedopmanuu OetoHa W apMatypbl. Eciu mpenembHas
nedopmarust 6eToHa JOCTUTACTCS B TOUKE, JI€KAIEH BHYTPH C)KAaTOM 30HBI, TO BBIBOJISATCS KOOPAUHATHI
9TOM TOYKH, Temmeparypa 1 u npezaeinbHoe 3HaueHue aedopmaruu &,,(T). B cayuae, korma

HeﬁTpaﬂbHaﬂ JIMHUA IICPECCKACT CCUCHHUEC 2JICMCHTA, BLIBOAUTCA I/1306pa)KCHI/Ie C)KaTOM 30HBI CCUCHUS

(puc.10).

@

Puc.10. [Tpumep n3o0pakeHHs CKaTOH 30HBI CEUCHUS

4.4 Yyer BJIUSIHUS MPOruda

[Ipu pacdere ycwiuii B KOJIOHHE 1O HeAePOPMHUPOBAHHOW CXeMe, BEJIWYMHA PACYETHOIO MOMEHTa
OTIpeJIeNIAeTCs yTeM YMHOXKEHUS 3ruodaroniero Momenta M Ha noBsimaronuii ko3 uIeHT

y= 1
- N

cr

3necs N, - KpuTHYECKasi POIONbHAS CHJIa, KOTOPAst BBIYUCISIETCS IO hopmyIie:
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rne |, - pacuernas mmna cxaroro siementa. JKectkocth D mpu HOpManbHOM TeMmIieparype

BBIYHCIIIETCS cornacHo [4], ['.2 mo ¢popmye:
0.15E,, 1,

D=—"""tb_07(E,l, +El,)
¢(0.3+6,)

3necy E,, =0.85E,; I,,1, 1 - MOMeHTBI HHEpIIMK OETOHHOTO CEYCHMSI, CEUCHHUS apMATyPhI U CCUCHHUS
PO ISl OTHOCUTENIBHO LEHTPAIBHON OcH cedeHus, O, =€, /N - OTHOCHTENBHBIN IKCIEHTPUCHTET
IPOJOJIBHOM critbl, N - BbicoTa cevueHus B 1ockocTr n3ruba. KoadhduuueHT ¢, npuHUMaeTcst paBHbIM
2.

IIpu onpenenenny 3KCLUEHTPUCUTETA €, YUUTBIBAETCS ClIydailHbli SKCIieHTpucuTeT €, [4],7.1.1.5. Ilpn
pacdere IeMEeHTa CTAaTUYECKU OIPEAEIUMON KOHCTPYKIINH IKCIEHTPUCUTET €, MPUHUMAETCS PaBHBIM
M /N +e,, anpu pacuere 3JieMeHTa CTATUYECKH HEOTPEIEITMMON KOHCTpyKImH — paBHbiM M /N | ecrin

M/N >e,, u paBuemm €,, eciu M /N <e, .

IIpu pacuere 110 OrHECTOMKOCTH MOIYJIH YIIPYTOCTH PaBHBbI:
Ey =6y (T)E,, Eq =A(T)E,, E =S,(T)E

rne SB,(T), B.(T), B(T)- xoobduunentsl penykuuu MOILyJsl YIPYyrocTd O€TOHA, apMarypbl H
KOHCTPYKI[MOHHOW CTalM, 3aBUCAIIME OT TemrepaTypbl T . [Ipy HepaBHOMEPHOM HAarpeBe CEYeHUs
T=T(y,z) u, ciemoBarejabHO, MOIYJIH YIPYrOCTH 3aBHCAT OT Y,Z. BeIpakeHue i KECTKOCTH

3alMChIBAETCS B BUJIE:
0.15

=— —=> 085D, +0.7(D, +D,,)
?,(0.3+0,)

CeueHne pa30OuBaeTcss Ha Majble DJIEMEHTHI, B IIpeleiax KOTOPBIX TeMIlepaTrypa HMpUHHMAaeTcs
nocrosiuHoi. Torma Bemuumua D, ompenensiercs kak D, :Zﬁb,i Eolpi, tme B, =4,T), 1, -

MOMEHT MHEPIMH TIJTOIIAIH MAJIOTO 3I€MEHTa OTHOCHTENbHO ocH n3ruba. Benmunna D, onpenensiercs
kak D, :Z“ﬁs‘iESIS’i ,rae B =p(T), |, - MOMEHT MHEpIUH IUIOMIAIH CEYECHUS apMaTypHOTO

CTEpXHSI OTHOCHUTENbHO ocu u3ruba. Bemmumna D, ompemensercs xak Dy =B El, rme B, -

KOO(QQUIMEHT penyKIUH MOy YHOPYTOCTH KOHCTPYKIIMOHHOM CTald, OIpeaesIeHHBIH s
Temneparypsl npopuis, El - xecTkocTh cedenust npoduiis mpu HOpMaJIbHOU TeMIepaType.
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[Iporpamma mpemHa3HaueHa I pacdyeTa CTaTUYECKH HEOIPEACIMMON JKeIe300€TOHHOW KOJOHHBI
obmiero Buaa cormacuo CIT 63.13330.2018 [1]. [IpemycMOTpeHBI 1Ba METO/Ia pacueTa KOJOHHBI:

1) nuHeHHbIH pacyeT yCHIINi 1o Heae(OpMUPOBAHHON CXeMe U OTIPEICICHNE PACUETHBIX MOMEHTOB 10
METOJly YCJIIOBHBIX KPUTHYECKHUX CHUII;

2) HENMMHEHHBIA pacueT YCUINH 1Mo 1e(OpMUPOBAHHOM CXEME C YY€TOM HEYNPYTUX CBOMCTB OCTOHA U
apMaTyphbl, a TAKKE ¢ YIeTOM Ha4alIbHBIX HECOBEPIICHCTB KOJIOHHBI U JIe(hopMaIiii MOJI3y4ecTy OETOHa.

1. PacuerHas cxema

PacueTHast cxema KOJIOHHBI MPEICTABISET COOOH MMOCIENOBATEIBHOCTh CTEP)KHEBBIX DIIEMEHTOB
(dacreii) mpousBoJIbHOTO cedeHus (puc.l). PazOoueHue KoJIOHHBI Ha YaCTH HEOOXOIMMO MPU HATHYUH
pa3nMYHBIX cedeHuid. YacTm HyMepyroTCs B HAIpaBJICHUH CHU3Y BBepX. Bo3moxHO 3amanue 10 50
gacteid. [Ipu pacuere KOJOHHBI, TPUMEHSETCS II100aIbHAS CHCTEMa KOOPAUHAT XyZ , Ha4allo KOTOPOM

coBIIagacT € HCHTPOM TAKCCTH HHIKHETO CCUCHHUA KOJIOHHBI. Ocpb X HallpaBJICHa CHU3Y BBCPX. Ha
Ka)I([[OfI YaCTH KOJIOHHBI BBOJUTCA JIOKaJIbHAasA CHUCTEMAa KOOPAWHAT, BCPTUKAJIbHAA OCb KOTOpOI\/JI
COBIIaaacT C JIMHUCH LHCHTPOB TAXKCCTHU CceueHH I HaHHOﬁ 4acCTH, a TOPHU3OHTAJIbHBIC OCH I1apaJlJICIIbHbI
ociIiM Y, Z. VuuteiBaeTcs CMCIICHHUEC BepTI/IKaHI)HOI\/JI OCH 4YaCTH KOJIOHHBI IIO OTHOHICHHIO K OCH

HIKEPACIIOJIOKEHHOM YacTH.

Yactu

Puc. 1. Pacuernas cxema

[Ipenmnonaraercsd, 4Tto pe3yabTUPYIOLIas BEpTHUKaJIbHAas CUjla BOCIPHUHUMAETCS B HW)KHEW OIIOpE.
VYcnoBust ynpyroro WM aOCOJIOTHO JKECTKOTO 3aKpeIUIeHHs MOTYT 3a7aBaThCs B MPOU3BOJIBHBIX
toukax. OHM (HOpMYNHPYIOTCS Ui TOPU3OHTAILHOTO MEPEMEUIEHUs] U TOBOPOTa CEYEHHUS BOKPYT
TOPU30HTAILHON OCH. Bo3MOXkeH BBIOOP YaCTHBIX pPacUETHBIX CXEM, JJISi KOTOPBIX HEe TpeOyeTcs SBHO
3ajaBaTh ycloBHs 3akperuieHus. Ha puc.6 nanbsl Gopmynsl ans ompeneneHus: Kodp@uumeHToB
KECTKOCTU YNPYTUX CBsI3€l KOJOHHBI C NPUCOEIMHEHHBIMM K HEH 3JIEeMEHTaMU KOHCTPYKLIHH.
Bo3MmoykeH yueT momaTIMBOCTH OCHOBAHHUS MPHU MOMOIIM KO3(PPUIMEHTOB JKECTKOCTH 3aKpEeIUIeHUs
HIDKHETO Kpasi KOJOHHBI OTHOCHTEIBHO MOBOPOTOB. Ko3(h(duImeHTsl XecTKOCTH NpUOIMKEHHO
OTIpeIeTIAI0TCA M0 pa3MepaM (pyHIaMEHTHOM TUIUTHI U MOJYJIIO JehopMaliui OCHOBAHHUS.

2. Ceuenusi

Ha PA3JINYHBIX YaCTAX KOJIOHHBI MOT'YT 3a1aBaThCA Pa3JIMYHBIC CCUCHU S, OTIINYAIOIIUCCA 110 (bopMe niim
o apmarype. CedeHrne MOKET 331aBaThCsl KaK CTaHIAPTHOE CeueHHe (MPSIMOYrojIbHOE, KPYTroBOE TN
KOJIBIIEBOE CEYCHHUE) WIIM KaK MPOU3BOJILHOE MMOJUTOHATILHOE ceueHue (puc.2).
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Puc. 2. Ceuenns

Jli psSIMOYTOJIBHOTO CEYeHHMsI BO3MOXKHBI CIEIyIOIMEe CXeMbl apMupoBaHus A (puc.3): cxema ¢
paBHBIMM IUIOHIAAMU apMarypbl BOiM3M BepmnuH cedeHuss (A = 0), cxemMa ¢ paBHOMEPHBIM
pacnpeesieHneM IUIOIIa i apMaTyphl BI0JIb KOHTYpa ceueHus (A = 1), cxema ¢ paBHbIMHU IIJIOLIAASIMU
apMaTypbl BOJM3M BepxXHeW M HIDKHEH cTopoH cedeHus (A = 2), cxema C PaBHbIMU IUIOLIAJSIMHU
apMarypsl BOJIHM3H JICBOM U MPaBoil CTOpOH ceueHus (A = 3).

s KpyroBoro M KOJBIEBOTO CEUYEHHUH paccMaTpUBAETCS CXE€Ma apMUPOBAaHHSA C PaBHOMEPHBIM
pacrpeeseHueM IUIOIAIu apMaTyphl BJI0JIb KOHTYpa CEUEHUS.

3ajaHue MPOU3BOJBHOIO IOJUTOHAIBHOIO CEYEHHUS! OCYHIECTBIIETCS IyTEM BBOJA KOOPAUHAT €ro
BepiinH. Bo3moxken BBoa 10 50 BeprmH. BeIOOp KOOpAMHATHBIX OCEW NEKapTOBOM CHUCTEMBI MOKET
OBITH MPOU3BOJIHBIM. BepIInHbl 3a7at0TCsl B MOCIIEI0BATEIBHOCTH, KOTOpasi COOTBETCTBYET 00XOAY
MOJIMTOHA 110 KOHTYpPY B OIpEJeIEHHOM HampasieHUH. [Ipu 3TOM mojauroHangbHas o0JIacTh JOJDKHA
0CTaBaThCA 10 OJIHY CTOPOHY (HampuMmep, ciaeBa) OT HarpaBieHus 00xoaa. [Ipu Hanuyuy BHYTpEeHHHUX
MOJIOCTEN B CEYEHHH, TpeOyeTcs MPOM3BECTU pa3pe3bl, MO3BOJIAIONINE OOOWTH TpaHUUYHBIE KOHTYPBI
(BHEUIHUI U BHYTPEHHHE) TaK, 4TOOBI 00JaCcTh OCTaBajach 10 OJHY CTOPOHY OT HampaBieHus 00X0Aa.
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Puc. 3. CxeMbI apMUpPOBaHHS IPSIMOYTOJILHOTO CEUCHHUS

JUis MOJUTOHAJIBHOTO CEYEHHUs 3aJal0TCsi OTPE3KH (apMaTypHbIE CIIOM), Ha KOTOPBIX pa3Mellaercs
apmarypa. Bo3mosken BBoa 10 50 apmarypHbIX ciioeB. CI0U MOTYT UMETh NPOU3BOJIBHYIO JJIUHY H
OpPHUEHTALINIO.

3. Harpy3ku

Bo3MOXHEI CICAYIONUME HArpy3ku: COCPCAOTOYCHHLIC BCPTUKAJIBHBIC W TOPU3OHTAJIBHBIC CHIIBI,
COCPECAOTOYCHHBIC MOMCHTEBI, PACHPCACIICHHBIC TOPU3OHTAJIBHBIC W BCPTUKAJIIBHBIC HArpys3Ku,
CMCHICHUA U ITOBOPOTHI KECTKUX OIIOP. IlonoxutenpHEIE HaIlpaBJICHUA HAIpy30K ITOKA3daHbI HAa pI/IC4
ITonoxuteabHEBIC HaIrpaBJICHUA CMeI_HeHI/Iﬁ KECTKHUX OIIoOp COBIAJAarOT C  HaAMpPaBJICHUAIMU
KOOPJAWHATHBIX oceit. IlomoxxuTenpHBIC HaIlpaBJICHHUA ITOBOPOTOB JKCCTKHUX OIOp COBHaAgarOT C
MOJIOKUTCIIBHBIMHA HAIIPpABJICHUSIMU MOMCHTOB.
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Puc. 4. [TonoxxurenbHbIE HAMPABIEHUs HATPY30K

[Tpu pacuere, knaccuduranys 1 KOMOMHHPOBAaHUE HArpy30K nmpuHUMarotcs cormacuo CIT20.13330 [2].
Harpy3ku mnoxpasmenstoTcst Ha IOCTOSHHBIC, JUIMTENbHbIE, KpPAaTKOBPEMEHHblEe U  OCOOBIE.
KomOunmnpoBanue Harpy3ok IpeacTaBiisieT coOOO0N TeHepaldio MHOXKECTBA BO3MOXKHBIX KOMOHMHAIUI
Harpy3ok ¢ y4eToM Ko3((UIMEHTOB HAJEKHOCTH 110 Harpy3ke y, U K03(pPULIUEHTOB, CBSI3aHHBIX C

OJTHOBPEMEHHBIM YUETOM JIBYX M O0Jiee BpeMEeHHBIX Harpy3ok. [Ipu Hamuuum ocoObIX Harpy30K, HapsIy
C OCHOBHBIMU KOMOMHAIMAMHU, T€HEPUPYIOTCS Takxke ocobble koMOuHauuu. [Ipu yuere nepopmannit
noiadydectn O€TOHa, I KaKIOM pacyeTHOM KOMOMHAIMM OIpPENeNseTcss COOTBETCTBYIOLIAs
KOMOUWHAIMS JUTUTENNBHO IEHCTBYIOIIMX HOPMATUBHBIX Harpy3o0k. IIpu 3ToM NOCTOSIHHBIE U JJTUTENbHBIE
Harpy3kl BXOJAT C TIOJHBIM 3HAuY€HHEM, a KpaTKOBPEMEHHbIE Harpy3kM YUUTBIBAIOTCA C

K03 duIeHTOM JuTeapHON act K| .

Bo3MokeH BBOJ HECOUYETAaEMBbIX HArpy30K. Takue HAarpy3kH BKIIOYAKOTCS B IPYIIY HECOYETAEMBIX
Harpy3ok. B koMOMHa1MI0 MOKET BOWTH TOJIBKO OJIHA Harpy3ka U3 Kakou rpynmnsl. Hymepanus rpymnmn
HAaYMHAETCS ¢ €AUHULBL. ['pynmbl MOryT NPUMEHATHCSA, B YaCTHOCTH, IIPU YYETE BETPOBBIX HAIPy30K
(mpu paccMOTpEeHMM ACUCTBHSI BETpa IO PA3JIMYHBIM HAMpaBICHHUSIM) M KPAaHOBBIX HArpy3ok (Ipu
PacCMOTPEHHUH Pa3IMYHBIX MOJIOKEHUH KpaHa).

BosmoxeH BBOAg SHAKOIICPEMCHHBIX HArpys3oK. B stom cJIydac, B paCdCTC YUUTBIBACTCA KaK 3alaHHAA
Harpyska, Tak 1 Harpy3ka IpOTHUBOIIOJIOKHOT'O 3HAKaA.

Jlns cokpaiieHusi BEIYUCIEHUH U 00beMa BBIXOJHOTO JOKYMEHTa MpOorpamMmbl, IPETyCMOTPEH BBIOOD
KOMOMHAIMN Harpy3ok. BeiOuparoTcs Takue KoMOMHAIMN HATPY30K, AJI1 KOTOPBIX YCUIIUS U IPOTUOBI,
NOJydeHHbIE B JMHEWHON 3agaue, MPUHUMAIOT HAWOOJIBLIME TOJOXKUTENbHbIE 3HAaueHus (Mmax-
3HAYEHHsI) WK HAaHOOJIBIIHE TI0 MOTYJIFO OTPHUIIATSNIbHBIC 3HAUCHHs (MIN-3HAYCHUS).

4. Pacuyer no Hee(h)OpMHPOBAHHOM CXeMe

B kaxaoll KOOpAMHATHOW IUIOCKOCTH BIIMSHHE NPOruda Ha BEIUYMHY pacueTHOIO MOMEHTA
YUUTBHIBA€TCSI MyTEM YMHOXKEHHUSI M3rubaromiero MomeHta M Ha moBblLaromuil KodgQuuueHT 7,

KOTOPBIN BhIYUCISAETCS 110 hopMyIie:
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n=—x
- N

cr
rae N - mpononbHast cuia, N - KpuTHYeckas cuiia, KoTopas ompeaensercs: cornacuo [1], 8.1.15.
dopMya i1l KPUTUYECKON CUIIBI MOKET OBITh 3alliCaHa B BUJIC!

72D
- 2

N

cr
I0

raie D - xectkocth KomouHbl, |, - pacuernas mmmna. Ilpu ompemenenuun D 1o dopmynam,

MIPUBEJICHHBIM B HOpMaXx, MPUOIMKEHHO YYUTHIBAIOTCS HEYIPYTrUe CBOMCTBA OETOHA, HATMYNE TPEIUH
U MOJI3y4ecTh O€TOHA NPH JUITUTEIBHOM JICHCTBUN HArPY3KU.

CDopMyna IJI ) KECTKOCTHU UMEET BU .
0.15E, I,

D=—"""-tb L07EUI,
0,(0.3+35,)

3necs Ey, E, - Momynu ynpyroctu 6etona u apmatypsr; |y, | - MOMEHTBI HHEpIMH GETOHHOTO CeYeHHUs
¥ [UTOINAIN CEUCHHS apMaTypbl OTHOCHTEIBHO LICHTPAIIBHON OCH cedeHus, O, = €, /h - oTHOCHTenbHBIH
SKCLEHTPUCHTET IPOIOJIBHOMN crutsl (N - BbICOTa cedeHums B IIocKoCcTH u3ruba), ¢, =1+ f-M /M, -

napaMeTp, Y4YUTHIBAIOUIMM JJIUTEIbHOE JeiicTBUe Harpy3ku ( f =CONst). DKCLEHTPUCHUTET €,

OMpeaAciICTCA OTHOCUTCIIBHO HLCHTpa TAXKECTU MNPHUBCACHHOIO CCUCHUA (HpI/I HECUMMCTPUYHOM
ApMHUPOBAaHUKN HCHTPBI TAKECTU OCTOHHOTO H NNPpUBCACHHOT'O CEYCHHH HE COBHaI[aI-OT). HpI/I

OIIpPENICJICHUN €, YYUTBIBAETCs CilydalHblil dkcueHTpucurer €, ([1], 8.1.7. IIpu pacuere KOJOHHBI,

ABJIAIOILENCS DJIEMEHTOM CTaTUYECKU ONPEAEIMMON KOHCTPYKIIMH, SKCLICHTPUCUTET €, IPUHUMAETCS

a Ipu pacyeTe KOJIOHHBI, HBHHmmeﬁCH 9JICMCHTOM CTaTHYCCKH HCOHpGI[GHHMOﬁ

M
PaBHBIM W + ea .

M M M
KOHCTPYKIIUH, — PABHBIM N’ ecim N >e,, U paBHBIM €,, €ClU N <e,.

Mowmenter M, M|, BBIMHCISIOTCS OTHOCHTENIFHO OCH TSDKECTH Hanboliee pacTSHYyTOH (MM HanMeHee
ckaroit) apmatypsl mo ycmwiusim N, M ot monnoit Harpy3ku u mo ycwiusm N,,M, or mmurensHo

aeiicTByroeit yactu Harpy3ku. [Ipu pacuere N, M, B pacder cTaBsTCs MOCTOSHHBIC U JUTUTEIIBHbIC
Harpy3k, BXOJfIIME€ B pacCMaTpUBaeMyl0 KOMOMHAIMIO, a TakXke JJIUTeNbHbIE YacTH
KPaTKOBPEMEHHBIX HATPY30K, BEIUYMCIIIEMbIC 110 33aHHBIM TIpH BBOJE Kodddurmentam K, .

[Ipu pacueTe KOJOHHBI, TpeIeIbHbIE YCUIIHS OIPEIEISIIOTCS HA OCHOBE HETMHEHHOW AeopMaIlMOHHOM
mojenu. [Ipumensercs TpexiuHeitHast JuarpaMmMa COCTOSIHHSI CKaToro OeToHa.

Hpe,Z[CJ'IBHBIe YCUIIHA BBIPAXKAKOTCA UCPE3 ,Z[CﬁCTByIOH.IPIC ycuiuAa 1o (bopMleaM:

Nu:7u'N’Myu:7/u'My’Mzu:7/u'M

z

I[TpouHoCTh ceveHus obecnedeHa mpu ¥, >1.

5. Pacuyer no nepopmupoBaHHOM cxeme

B HenuHeWHOM pacyere, KPUBM3HBI k', M K, ONPEIEISIOTCSA Yepe3 yCUIIMS HA OCHOBE AMarpamm

nedopMHUpOBaHKS CxkaToro OeToHa © apmatypel. [lpm pacuere cormacHo [1], mpumensiercs
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TpeXJMHEeHHas quarpamma cocTosiHusa OeToHa. M3-3a HelMMHEHHOro xapakTepa 3aBUCUMOCTH KPUBU3H
OT YCHJIMIH, CHCTeMa YPaBHEHHIA TIPOI0IHHO-TIONIEPEUHOTO N3TH0A SBISETCS HEMMHEeHHOW. HenmnueHbpii
pacyer mpOBOAMUTCS MPHU MOMOLIM METOAA UTepaunil. UTepallMOHHBIN MPOUECC OKAHYMBAETCSA TOra,
KOIJla OTHOCHUTEJIbHbIE MPUPALIEHUS MOMEHTOB M MPOTruOOB craHoBsTCS MeHee 1%. [{is xoHTposs
TOYHOCTHU PE3YJIbTATOB HEIMHEWHOTO pacyeTa YCUIIUN BBIBOJAUTCS UTEPALIMOHHAS OIINOKA.

I[MpenenbHbIe YCUITUS BBIPAKAIOTCS Yepe3 JICHCTBYIOIINE YCUITUS IO (GopMyIiam:
Nu =7 'N’Myu =7 'My’Mzu:yu 'Mz

[IpouHocTh ceyeHus obecriedeHa npu y, =1.

6. Yuer HecoBepIIEHCTB

ITpu pacuere no neopMHUPOBAHHON cxeMme, JUIsl ydeTa BIUSHHS TaKMX HECOBEPIICHCTB KOJOHHBI, KaK
HETPSIMOJIMHEWHOCTh U HEBEPTUKAJIBHOCTB, IIPETYCMOTPEHO 33/IaHUe HAauyaIbHBIX TPOruOoB 1o popmam
NOTEpU YCTOMUMBOCTH WJIM 3aJlaHUE OTKJIIOHEHMH OCH KOJIOHHBI OT BepTUKalu. BpiOop B kauecTBe
(opMBI HECOBEPILIEHCTBA KOJOHHBI (POPMBI MOTEPU YCTOMUMBOCTH OOBSICHACTCS BBICOKOW CTEHEHbIO
BJIUSIHUS 3TOU (POPMBI IIPU OOJIBIINX BEPTUKAIBHBIX HAarpy3Kax. J{Jis Kak 10 KOOpAMHATHOM TJIOCKOCTH
(dopMa noTepu yCTOMUMBOCTH OIPENEISIETCS B paMKaxX TEOPUH YIPYroi yCTOMYMBOCTH IS 3a/1aHHOTO
pacrpesiesieHus] BepTUKaJIbHbIX Harpy3ok. [lo ymomvaHuio,. HambOosbliee 3Hau€HHE HA4YaJIbHOI'O
nporu0a B KaXkKA0H IUIOCKOCTH INPUHUMAETCS! PaBHBIM CIIydailHOMY SKCLEHTpHUCHUTETY €,. Bo3moxen

BBOJ] HauOOJIbILIEr0 3HaU€HUsl HayaJIbHOTO Iporuda. Beibop Hanbonee HeOnaronpusaTHON OpueHTALUN
HayalbHOTrO mporuda (BeIOOp 3HaKa HaAMOOJBIIEr0 3HAYECHHUs) OCYLIECTBISETCA [UIl KaKIoH
KOMOUWHAIMK Harpy3okK 1o otaenbHocTH. Eciu 3a1aeTcst 3HaUueHne HavyanbHOTO MPOruda B KOHKPETHOH
TOYKE, TO 3HaK 33JJaHHOT'O 3HAYEHUS YUUTHIBACTCS.

OTKJI0HEHHE OCU KOJIOHHBI OT BEPTUKAJIN IPECTABIIIET COOON MOBOPOT OCH BOKPYT HUXKHEHN ToukH. 1o
YMOJIYaHHIO, YTOJl OTKJIOHEHHUS B KaKJOW KOOPAMHATHOHM MJIOCKOCTH NMpHUHUMaercs paBHbIM 1/600.
Bo3moxen BBoJI yriia oTKI0OHEHUs. BpiOop Hanbosee HeOIaronpusITHOrO HAaPaBIE€HUS! OTKJIIOHEHUSI OT
BEpTUKaIU (B HANpPaBJIEHUUM KOOPJMHATHOW OCH MWIM B IPOTHUBOIOJIONKHOM HalpaBICHHUH)
OCYILECTBIISICTCS JUIs KaX/10i KOMOMHAIIMKM HAarpy30K MO OTJEIbHOCTH.

Bo3moxen BBOJI Ha4daJIbHBIX HpOFI/I6OB HpOPI3BOJ'ILHOfI q)OpMBI. B »stom cjiydae, I0 3aJaHHbIM
3HAYCHUAM HaA4YaJIbHOT'O npom6a CTPOUTCHA TJIaJiKast HHTCPIOJIATNOHHAA CHHaﬁH-(l)yHKHHH.

7. Yuer gedpopmanuii mosazydectu

Hedopmarun mon3zyuecTu O€TOHAa PAaCCUUTHIBAIOTCS B paMKax JIMHEHHON Teopuu mnoisydectu [3].
Pacuer cornacho [1], mpoBoauTcs /11 KOMOMHALUH JITUTEIBHO JISHCTBYIOIINX HOPMATUBHBIX HArpy30K
npu K03(p(PUIUEHTE MOI3Y4YECTH @, ., , COOTBETCTBYIOIIEM KJIacCy OETOHA IO MPOYHOCTH U 3aJlaHHON

BJIQKHOCTH BO3JyXa OKpyxkatomeid cpenpl. CHauana MpPOBOAUTCS JUHEHHBIH pacyeT 1o
nedopmupoBanHoii cxeme ¢ Mmonyiaem aedopmanuu Oerona E, . =E /(1+¢,,), oTsedaromem
IPOJODKUTEILHOMY JEHCTBUIO HArpy3oK, a 3aT€M IPOBOAMTCS AHAJIOTMUYHBIM pacueT ¢ HayalbHBIM
MojyieM ynpyroctd E,. B 3THX pacderax yYMTHIBAaIOTCS HECOBEPIIEHCTBA KOJIOHHBI IO (hopMam
MOTEPH YCTOMYMBOCTH, PACCYMTAHHBIM I Monyns nedopmaumu E, . IlporuObl, BbI3BaHHBIE
HOJI3y4eCThl0 OETOHA, OMPEeAENSAIOTCS KaK pPa3HOCTh MPOrMOOB, MOJIYYEHHBIX B JIBYX YKa3aHHBIX

pacuerax: W, = W(Ep ) — W(Ep). IIporuObl W, y4uTBHIBaOTCS B OCHOBHOM pacydeTe KOJIOHHBI Kak
HavyaJIbHBIC TPOTUOHI.
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8. Yder BTOpOCTENEHHBIX KOJOHH

[Tox BTOpOCTENEHHBIMU KOJIOHHAMHU IMOHMMAKOTCSl HIAPHUPHO ONEPThIE KOJOHHBI, BOCIPUHUMAIOIINE
BEPTUKAIBHYIO HAarpy3Ky, HO HE CONPOTHUBIISIFOLIMECS TOPU3OHTAIBHOM Harpyske. JlomoaHuTenbHas
Harpy3ka Ha OCHOBHYIO KOJIOHHY, OOYCIIOBIICHHAs Harpy>K€HHEM MpPHCOCIMHEHHbIX K HeH
BTOPOCTETIEHHBIX KOJIOHH, IPONOPIHOHAIbHA TPOru0y OCHOBHOM KOJIOHHBI (pHcC.5). OHa MOKET OBITh
y4TeHa IIyTeM BBEIECHUS MPYKUHBI OTPULIATEIIBbHOM )KECTKOCTH. JlONOJIHUTENbHAS Harpy3Ka JEHCTBYET
B HalpaBJICHUH NMPOruda OCHOBHOM KOJOHHBI. [IpH 3amaHny BepTUKAIBHON Harpy3ku P HeoOxomumo
YUUTBHIBaTh KO3()PUIMEHT HAJEKHOCTHU 0 HAarpy3Ke.

I

—_ = C=—P/1

Puc. 5. Yder BropocTeneHHOM KOJOHHBI
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Puc. 6. KoadduimmeHTs! )KeCTKOCTH YIIPYTUX CBS3EH
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Jluteparypa

1. CIT 63.13330.2018 «CHull 52-01-2003 bBeroHHble U XKele300€TOHHBIE
KOHCTPYKIIUN.

2. CI120.13330.2016 «CHulI 2.01.07-85* Harpy3ku 1 BO3aeHCTBUSY.

3. PexoMeHnganuu 1o y4ery Moyi3y4ecT U ycaaku OeToHa Mpu pacdere OCTOHHBIX U
xkene3o0eronnblx  koHcTpykumii  /  HUMIXKB  Tocctpos  CCCP. —
M.:Crpoiinznaar,1988. — 120 c.
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[Iporpamma mpegHa3HaueHa Il pacdyeTa OMHOSPYCHOW WM MHOTOSIPYCHOW CTajiexkene300€TOHHOM
kosoHHbl coriacHo CII 266.1325800.2016 [1], CIT 63.13330.2018 [2], CII 16.13330.2017 [3] u
CII 20.13330.2016 [4]. IIpenycmoTpeHbl ABa MeTO1a pacueTa KoJIoHHBL. [1o nepBoMy mMetony, ycunus
B KOJIOHHE OIPEeNIEISI0TCS M0 AeOPMUPOBAHHOM CXeMe C YUETOM HEJIMHEHHBIX CBOMCTB MAaTepHAJIOB,
a TAK)KE - C YYETOM HECOBEPIICHCTB KOJIOHHBI. [10 BTOpOMy METOY, YCUIIUA B KOJIOHHE ONPEACIISIIOTCS
IpY IIOMOIIH JITHEHHOTO pacyeTa 1o Hele(hOpMUPOBAHHOM CXeMe, a BIUSIHUE TPOruda yYUTHIBACTCS 110
METOJy YCJIOBHBIX KPUTHUECKHUX CHIL.

1. PacuerHasi cxema

Pacuernas cxema OJHOSIPYCHOM KOJIOHHBI NPEJICTABISAECT COOOM CTEP)KHEBOM 3JIEMEHT, MMEIOUIUI
yrnpyrue win aOCOJIOTHO JKECTKHE 3aKpelyieHHus Ha OJHOM WM o0oux Kpasx. PacuerHas cxema
MHOTOSIPYCHON KOJIOHHBI MPEJICTABIIAET COO0I MOCIEA0BATEIHLHOCTh CTEPKHEBBIX AJIEMEHTOB (4acTei).
YacTu KOJIOHHBI HyMEPYIOTCSI B HallpaBJIE€HUHU CHU3Y BBepX (puc.l).

[Ipu pacuere KOJIOHHBI IPUMEHSETCS] CUCTEMA KOOPAMHAT XYZ, HA4aja0 KOTOPOM COBMIAAaeT € LIEHTPOM
TSKECTH HUXKHETO ceueHUs KoJoHHbI. Och X HarpaBiieHa CHU3Y BBEpPX.

Yactu

4

Puc. 1. PacueTHas cxema

[Ipennonaraercs, 4To pe3yibTUPYIOIIAs BEPTUKAIBbHAS CHJIA BOCIPHHHMMAETCS B HMIKHEW OIope.
VYcnoBus ynpyroro uiau abCoONIOTHO KECTKOTO 3aKperyieHus: (GOpMyIHUpYIOTCs s TOPU30HTAIBLHOTO
nepeMelieHlsl ¥ TOBOpOTa CEUYEHHUS BOKPYT T'OPH3OHTAIBHOM ocH. Bo3Mo)keH BbIOOp YacTHBIX
pacyeTHBIX CXeM, JUIsl KOTOPbIX He TpeOyeTcs sIBHO 3aJaBaTh YCIOBHUA 3akperuieHus. Ha puc.2 nansl
dopMynel g omnpeaeneHuss Kod()PUIMEHTOB KECTKOCTH  YINPYTUX  CBsSI3€H  KOJOHHBI  C
MIPUCOEIMHEHHBIMU K HEN DJIEMEHTAMHU KOHCTPYKIUU.
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Puc. 2. KoapumueHTHI )KeCTKOCTH YIPYTHX CBSI3EH

PaccmaTpuBaercs mpsiMoyrosibHOe OETOHHOE CeUeHHE C KEeCTKOM M rulkoi apmarypoil. XKectkas
apMaTypa MOXeT ObITh 00pa3oBaHa U3 TaBPOB, LIBEIIIEPOB, YTOJIKOB (puc.3 - 5) (cM. Taxxke [ 1], puc.4.3).
IIpu pacuere yuuThIBaeTCsl BbITeCHEHHE OeTOHA >KeCTKOW M TmOKkoil apmatypoil. Ilnomans ceuenus
KECTKOM apMaTypbl MOXKET ObITh COU3MEPUMOIL C TUIONIA/IbI0 OeTOHHOTO ceyeHus. JKecTkas apMaTypa
HE YYUTBIBAETCS, €CIIU TOJIIMHA €€ 3JIEMEHTOB 3a/1aHa PaBHOM HYIIIO.

I'mbGkast apMaTypa paBHOMEPHO pa3MeIlaeTcsl BAOJb KOHTypa cedeHus. I'mbOkas apmarypa He
YUUTBIBAETCS, €CIH €€ AMaMEeTp 3aJaH PaBHBIM HYIIIO.

CTATHUKA-2024
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o
Lo

Puc. 5.Ceuenne c jxecTKoi apmarypoi, 00pa30BaHHOI U3 YTOJIKOB
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3. Harpy3ku

Bo3MoxHEI CICAYIOIIUE HArpy3Ku: COCPCAOTOYCHHBIC BCPTHUKAJIBHBIE W TOPU3OHTAJIBHBIC CHIIBL,
COCPEAOTOYCHHBIC MOMCHTEBI, pPaCHpCACIICHHBIC TOPU3OHTAJIBbHBIC KW BCPTHKAJIBHBIC HAIPY3KH,
CMCHICHUA U ITOBOPOTHI KCCTKUX OIIOP. IlonoxuTenbpHEBIC HaITpaBJICHUA HAI'PY30K IIOKa3aHbl HA pHC6
IlonoxurenbHbIC HaIpaBJICHUA CMEIIEHNH 3 KECTKHX OIop COBHAAAKOT C  HAIPaBJICHHUAMHA
KOOPJAWHATHBIX oceit. IlomoxxurennHBIE HaIpaBJICHHUA IIOBOPOTOB JKECTKUX OIIOp COBIIAJAOT C
IMMOJIOKUTCIIbHBIMHA HAIIPpaBJICHUSIMU MOMCHTOB.

Vv \
M, My
Qy 4z
qu qZB
X X
qu y Uzu Z

Puc. 6. [TonoxxuTenbHble HaNpaBiICHUs HArPy30K

Knaccupukanus w©  KOMOMHMpOBAaHHME Harpy3ok IpuHUMaroTcs coriacHo [4]. Harpysku
MO/IPA3JIeNIAIOTCS. Ha TOCTOSIHHBIE, JUIMTENbHbIE, KPaTKOBPEMEHHbIE, ocoOble U celicMuyeckue. [lpu
HQIMYUM OCOOBIX W/MIM CEMCMUYECKHUX Harpy3okK, Hapsgy C OCHOBHBIMH KOMOWMHAITUSIMH,
TEHEPUPYIOTCS TaK)Ke 0COObIe KOMOWHAIINH.

JIJis coKpaleHus: BEIYUCIICHUH U 00beMa BBIXOAHOTO JOKYMEHTA MPOTrPaMMBbl, IPETyCMOTPEH BBIOOD
KOMOMHaIuii Harpy3ok. [Ipu momomu craTu4eckoro pacdera, A BCEX BO3MOXKHBIX KOMOWHAIIHIA
Harpy30K BBIOMPAIOTCS Takue KOMOWHAIUH, JUIsI KOTOPBIX YCHIIWS WJIM TMPOTHOBI MPUHUMAIOT
HanOOJIbIIINE 3HAYEHHUS.

4. Pacyet no 1epopMHUPOBAHHOM cXeMe

ITpoBonsTCst 1Ba pacueTa ycwivid 1o aeOpMUPOBAHHON cxeMme: JIMHEHHbIM pacyeT M HeIMHEHHBIN
pacuet. JIuHeHHbII pacyeT OCHOBAaH Ha MOJEJH JIMHEHHOro nedopMHpOBaHUS OETOHA U apMaTyphl.
B sTom cnyuae, kpuBu3Ha (yriioBoi K03 PUIMEHT 3MIopsl AeGopMaliuii) B Kask10i MI0CKOCTH U3ruda
BeIpakaercs o popmyne xk = M/El . Cucrema ypaBHeHHIA TPOIOIBHO-TIONIEPEIHOTO U3THOA SIBIISIETCS
JIMHENHOM.

B HenvHEWHOM pacyere KpUBM3HBI Ky, M K, ONPEHENSIOTCSA 4epe3 YCHIMsA HAa OCHOBE AMarpamm

nehOopMHUPOBAaHKS CKATOrO0 OeTOHa, TMOKOW apMaTypbl M KOHCTPYKIIMOHHOW crtanmu. s cxxatoro
0eToHa MpUMEHSeTCs OJlHA M3 JIBYX PAacyYeTHBIX AMarpamm coriacHo [2], 6.1.20, 6.1.21. J{ns rudkoit
apMaTyphbl, B 3aBUCUMOCTH OT €€ Kjlacca, IpUMeHsIeTCs ABYXJIMHEWHas UM TPEeXJIMHEWHas [uarpaMmma
coryiacHo [2], 6.2.14, 6.2.15. JIns KOHCTPYKIMOHHOW CTalu NMpUMeHseTcs quarpamma tuna [Ipanaris.
Ecnmu He nomyckaercs macTuyeckas aeopmanus KOHCTPYKIIMOHHOM CTald, TO MpeaesibHas
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nepopmaumst npunumaercst pasHod y R, /E. B nporusHom ciy4ae, mpenenbHas nepopmaums
KOHCTPYKIIMOHHOM CTaJli MOXET OBITh 3a/1aHa JIIOObIM 3HAaUEHHUEM, HE MPEBBIIIAIONIUM 25 MPOMHUILIE.

W3-3a HENMHENHOro Xapakrepa 3aBUCUMOCTU KPUBHM3HBI OT YCUJIUMHM, CUCTEMA YPAaBHEHMU NPOJOJIBHO-
MOTIEPEYHOT0 M3Trnba SABIIEeTCS HeIMHEeHHOW. HennuelHslit pacueT mpoBOIUTCS MPU TOMOIIU METOoa
utepauni. MTepanMoHHBIM NPOLECC OKAHYMBAETCS TOTAA, KOIZA OTHOCUTENbHBIE IIPUPAILCHUS
MOMEHTOB, MPOTHO0OB cTaHOBSTCS MeHee 1%. JJis KOHTPOJS TOYHOCTH PE3yIbTaTOB HEITMHEHHOTO
pacueTa BBIBOJUTCS UTEPAIIMOHHAS OIINOKA.

[Tpu pacuere no nehopMUpoBaHHON cxeMme, Ui y4yeTa BIUSHHUS TAaKUX HECOBEPIICHCTB KOJIOHHBI, KaK
HENPSIMOJIMHEHHOCTh U HEBEPTUKAIBHOCTD, IPEIYyCMOTPEHO 33/1aHUe HaYaJIbHBIX IPOruO0B 1Mo hopmam
NOTEPU YCTOWYMBOCTH WJIM 33JaHUE OTKJIOHEHHWH OCH KOJIOHHBI OT BepTHUKaiH. BeiOOop B KauecTBe
(dbopMbI HECOBEPIIEHCTBA KOJIOHHBI ()OPMbI MOTEPH YCTOMYMBOCTU OOBSICHSETCS BBICOKON CTENEHBIO
BIIUSTHUS 9TOU (JOPMBI TPU OOIBIINX BEPTUKAIBHBIX HArpy3Kax. J{Jis Kask10i KOOPAMHATHOM TJIOCKOCTH
(dopMa noTepu yCTOMUMBOCTH OIPENEISIETCS B paMKax TEOPUH YIPYroi yCTOMYMBOCTH IS 3a/1aHHOTO
pacripefieieHus BEPTUKAIbHBIX Harpy3ok. [lo ymomuanuio, HamOonbliee 3HAYEHHE HAYaJIbLHOTO
nporu0a B KaKA0H IJIOCKOCTU INPUHUMAETCSl PaBHBIM CIIydailHOMY SKCLUEHTpPUCUTETY €,. BozmoxeH

BBOJI HauOOJIBIIET0 3HAUEHUs HauaJIbHOro nporuda. Beibop Hanbonee HeOIaronpusaTHOW OpUeHTALUU
HayajgpHOro nporuba (BbIOOp 3HAKa HaWOOJBIIETO 3HAYEHMS) OCYLIECTBISETCA JUIS KaKIOW
KOMOUMHAIMK Harpy3okK 1o otaensHocTH. Eciin 3a1aeTcs 3HaueHre HayaibHOTO Mporuda B KOHKPETHOH
TOYKE, TO 3HAK 3a/laHHOI0 3HAYEHUS YUUTHIBAETCS.

OTKJI0OHEHUE OCU KOJIOHHBI OT BEPTUKAJIN IPEJCTaBIIIET COOOM TOBOPOT OCU BOKPYT HUXKHEHN ToukH. [1o
YMOJYaHHIO, YTOJl OTKJIOHEHHUS B KaKJOW KOOPAWHATHOH IJIOCKOCTH MpHUHUMaercs paBHbIM 1/600.
Bo3MoskeH BBOJ yriia oTKJIOHEeHUs. BeiOop Hanbosee HEGIaronpyusaTHOTO HAMpaBIEHUs! OTKJIOHEHHS OT
BEpTUKaIM (B HANpPaBIEHUUM KOOPJMHATHOW OCH WIM B IPOTUBONOJIOXKHOM HAIpPaBICHUH)
OCYIIECTBIISETCS 7151 KaX 10 KOMOMHAILIMU HAarpy30K 10 OTAEIbHOCTH.

5. Pacyer no HenepopMHpPOBAHHOM cXeMe

Pacuer ycunuii mpoBOAMTCS B NPEANONIOKEHUH JIHHEHHOro aedopMupoBaHMs OeTOHA, THUOKOM
apMaTypbl U KOHCTPYKIIMOHHOU cTanu. JKeCTKOCTh CTaleKeNe300€TOHHOTO CEUEHHs ONpeAeseTcs ¢
y4eTOM apMaTyphl.

B kaxaol KOOpAMHATHOW IJIOCKOCTH BIIMSHHE NpPOruda Ha BEJUYMHY pacueTHOIO0 MOMEHTa
YUUTBIBAETCS IyTEM YMHOXEHMs H3rubaromiero MomMeHra M Ha MOBbIIANOMUNA KOAYPPHUIHUEHT 77.

Koaddumment 7 Boraucnsercs no popmyie [1], (7.6):

oL
1o N
N

cr
rae N - mpononbHas cuna, N, - kpuTHuecKas cuila, KoTopas onpefensercs cornacHo [1], (7.7):

_7z2D

cr 2

N

IO
rae D - xecTkocTb KOJIOHHEI, |, - pacueTHas JutnHa KOJMOHHBI. JKecTKOCTb BBIYMCIsieTcs cornacHo [1],
[punoxenue I' mo popmysre:

_ 0.15E, 1,

= +0.7(E 1, + El)
¢ (03+5,)
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3nece E,, =k E,; K, - xoadpdunnent nonmwkenus moxyns ynpyroctu 6erona, E,,E ,E - momymu
[

OETOHHOIO CEYEeHHs, IUIONIaAN CEYEHHs THOKOW apMaTyphl M IUIOMIaJAM CEYEHMs CTaJIbHOTO IPOQuIIs
OTHOCHTEIBHO IIEHTPAIbHOM OCH IPUBEACHHOIO cedyeHHsd, O, =€,/h - oTHOcUTenbHBIH

yIpYroctu OeTOHa, apMaTypbl M KOHCTPYKUMOHHOH cramu; |, | - MOMEHTBI MHEPLHHU IIOIIAIN

st Vst

9KCLEHTPUCHUTET MPOJOJIBHOW Cuibl, N - BbicOTa ceueHus B IUIOCKOCcTH u3ruba, ¢, =1+M, /M-

rapameTp, Y4YUTBHIBAIOIIUNA JUIMTEIbHOE ACUCTBUE HArpy3ku. IIpum HENpomOIKUTEIBHOM JEUCTBUU
Harpy3ku K, = 0.85, npu nponomxutensHom nericteun Harpysku K, =1/(1+ ¢, ) .

DKCLEHTPUCHUTET €, OINpPEIENAeTCs OTHOCHTENIBHO LIEHTpA TSHKECTH IPUBENEHHOro ceueHus. Ilpu
OIIPENIENICHUN €, YYUTBIBAETCS Cly4dalHbIi dkcuenTpucurer e, [1], 7.1.1.5. IIpu pacuere KOIOHHBL,

HBJIHI-OH.IGIZCSI SJICMCHTOM CTaTHU4YCCKHU OHpeHeHHMOﬁ KOHCTPYKIHHU, SKCICHTPUCUTET eo IMPUHHUMACTCA

a IIpu pacdyeTC KOJIOHHBI, SIBJISIIOIIEICS 3JIEMEHTOM CTaTHYECKU HCOHpeHeHHMOﬁ

M
paBHBIM N +e,,

M M M
KOHCTPYKUMH, — PABHBIM N’ eCciu N > €,, U PaBHBIM €, , €ClIn N <e,.

MowmenTsl M, M|, BBIYHMCISIOTCS OTHOCUTENIBHO OCH TSDKECTH HauboJjiee pacTSHYTOH (MM HauMeHee
ckaroit) apmatypsl o yewmsm N, M ot nonnoii Harpy3ku u mo ycumusm N,, M, or mmmrtensHO
neWictByromeil yactu Harpy3ku. Ilpu onpenenenuu N,,M, B pacyer cTaBsTCAd NOCTOSIHHbIE U

JJIATCIIBHBIC HArpy3KH, BXOJAAIHWEC B pACCMATPHBACMYIO KOM6I/IHaL[I/IIO, a TakKKC MIMTCIIBHBIC 4YaCTu
KpaTKOBPEMCHHBIX HAI'PY30K, BEIYUCIIACMBIC 110 3a/IaHHBIM IIPU BBOAC KOS(i)(i)HHHeHTaM k| .

Pacyernas jmmHa |, B Kaxgoil KOOpAMHATHON IUIOCKOCTH oOmmpexensercss 1o (opmyie

l, = Z[El /(7.N)]"?, riie 7. — k0dbdULMENRT KpUTHYECKOH HArPY3KH, PaBHBIN OTHONIEHHIO TIPOI0LHOM
CHJIBI IPU JIOCTH>)KEHUU KPUTUYECKOTO COCTOSIHUS K JIEHCTBYIOIIEN Mpo1osibHOM cune, El - uzrnbnas
&KecTKocTh ceueHus. KoadduuumeHT 7. OTbICKMBaeTcs MyTeM pelleHHus 3ajadyd o0 ymnpyroi
YCTOMYMBOCTH KOJIOHHBI TIPU 33JaHHBIX KpPaeBBIX YCIOBHSIX M 3aJaHHBIX BEPTHUKAJIBHBIX CHIIAX.
Koaddunuuent 7. sBnsercs cUCTEMHON XapakTepUCTUKON KOJIOHHBI. [Ipu feiicTBum pacnpeneneHHON
BEPTUKAIBHONW HArpy3KH WIA TP JEHUCTBUM COCPEJOTOYECHHON BEPTUKAIBHOW HAarpy3ku B
IIPOMEKYTOUHBIX CEUEHHMSIX KOJIOHHbl pacueTHas [UIMHA SBISIETCS IEepeMEHHOW BenuuumHOW. B
nporpaMMme IpeycMOTpeHa BO3MOKHOCTh BBoa |, .
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Jluteparypa
1. CIT 266.1325800.2016 «KoHcTpykiuu cranexene3ooeronnsie. [IpaBuiia

MIPOCKTUPOBAHUS».

2. CI1 63.13330.2018 «CHwull 52-01-2003 beroHHple u Xejle300€TOHHBIE
KOHCTPYKIUU. OCHOBHBIC ITOJIOKCHHSI.

3. CI116.13330.2017 «CHulI 11-23-81* CranbHble KOHCTPYKIIHI.
4. CIT20.13330.2016 «CHwulI 2.01.07-85* Harpy3ku 1 BO3JICHCTBHSI.
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415 — KonoHHa (ceicMuKa, yJIbCalliu BETPA)
s

CTATUKA-2024. Onucanue npoepamm 415 — KononHa (ceficMuka, myJbCallii BETpa)



296

[Iporpamma mipegHa3HayeHa Uil TPOCKTHUPOBAHUS CTATHUYECKA HEONPEICTUMON OJHOSPYCHOM
XKene300eTOHHOW  KOJIOHHBI MPOU3BOJILHOTO CEYEHHUsl coryacHo cienyromuMm Hopmam: CII
63.13330.2018 [1], CII 52-101-2003 [2], CHulII 2.03.01-84* [3], CHb 5.03.01-02 [4], [5], [6].
[IporpaMmma opHeHTHPOBAaHA HAa PACYET KOJIOHHBI C yYETOM CEMCMHUYECKUX BO3JIEHCTBUI U MyJbcalluid
BeTpa. PaccuutbiBaercst Tpebyemas IUJIOIMIAAb IPOJOJIBHOW  apMaTypbl W IPOU3BOAMUTCS
KOHCTPYUPOBaHHME apMaTypbl C YYeTOM TpeOOBaHWI MO TOJIIMHE 3alUTHOTO CIJIOs OEeTOoHA.
OcymecTBisiercs rpaduueckuil BEIBOJI CEUEHUS € TTOJOOPaHHBIMU apMaTypPHBIMH CTEPKHAMU.

1. PacuerHasi cxema

PacuerHast cxema KOJIOHHBI IPEICTABISAET COOOH CTEP)KHEBOW 3JIEMEHT MPOU3BOJIBHOTO CEUCHHS,
UMEIOIUN YIpyrue UM aOCONIOTHO JKECTKHE 3aKpeIUIeHHs Ha OJHOM MJIM 00OuX Kpasx. YcCIOBHSA
3aKperuieHus: (pOpMyIUPYIOTCS Ul TOPU30HTAIBHOIO MEpPEeMELIeHHs U MOBOPOTa CEYEHUs BOKPYT
TOPU30HTANIBHOM ocu. [Ipy pacuere KOJOHHBI IPUMEHSETCS CUCTEMa KOOPAUHAT XYZ, HA4aJlo KOTOPOU
COBIIAJIa€T C LIEHTPOM TSKECTU HUIKHETO CeYeHHs KOJIOHHBI. OCh X HallpaBJIeHa CHU3Y BBEPX.

2. Ceuenue

CeueHne MOXXET 3a/1aBaThCsl KaK CTaHJApPTHOE ceueHHue (MPSAMOYTOJIbHOE, KPYroBO€ HIIM KOJIbIIEBOE
CEUEHUE) WIM KaK MPOM3BOJIbHOE NOJUTOHANbHOE ceueHue (puc.l). s npsaMoyroipHOro ceyeHus
BO3MOXHBI CIIEIYIOIIME CXEMbl apMHUpOBaHUS A (pHUC.2): cXxeMa C PaBHBIMM IUIOIIAASIMHU apMaTypbl
BOJIM3M BeplMH cedeHus (A = 0), cxema ¢ paBHOMEPHBIM pacIipe/leIeHueM IO Id apMaTyphl BIOJIb
KOHTYpa ceueHus (A = 1), cxema ¢ paBHbIMHU IUIOIIA/IIMU apMaTypbl BOJIM3U BEPXHEW U HUKHEN CTOPOH
ceueHus (A = 2), cxema ¢ paBHBIMH IUIOINAASIMU apMaTypbl BOJIM3H JIEBOM M TPaBOil CTOPOH ceueHus (A
= 3). [l KpyroBoro M KOJbLIEBOTO CEUEHUI paccMaTpUBAETCsS CXeMa apMHPOBAHUS C PABHOMEPHBIM
pacrpeieNeHueM IO U apMaTyphl BIOJIb KOHTYpa CEYEHUsI.

3aaHue MPOU3BOJBHOIO MOJUTOHAIBHOIO CEYEHHS! OCYIIECTBIISETCS IYTEM BBOJA KOOPJIMHAT €ro
BepunH. Bo3morken BBoz 10 50 BepuinH. BeIOOp KOOpIUMHATHBIX OCeil MOKET OBITh MPOM3BOJIBHBIM.
Bepmmnbl 3a1at0Tcsl B IOCJIE0BATEIBHOCTH, KOTOPAasi COOTBETCTBYET 00XOAY MOJUTOHA IO KOHTYPY B
ornpezeneHHOM HanpasieHuH. [Ipu 5ToM nonuronanpHas 00J1acTh JOHKHA OCTaBaTHCS IO OJHY CTOPOHY
(HampuMep, ciieBa) OT HampaBiIeHus 006xo/a. [Ipu HamM4KMK BHYTPEHHUX MOJIOCTEN B CEUEHUH TpeOyeTCs
IIPOU3BECTU pa3pesbl, MO3BOJSAIOLIME OOONTH I'paHUYHbIE KOHTYpHl (BHEUIHMI M BHYTPEHHHUE) Tak,
4yTOOBI 00JIACTh OCTABAJIACH 110 OJIHY CTOPOHY OT HaIpaBJIeHUs1 00Xx0a.

Jns moNMroHanbHOTO CEYEHHS BO3MOJKHBI CIEAYIOIIME CXEMbl apMUPOBAHUS: CXEMa C PaBHBIMHU
TUTOMIA/IIMUA apMaTyphl BOJIHM3U BEPIIMH BHEITHET0 KOHTypa cedeHus (A = (), cxeMa ¢ paBHOMEPHBIM
pacrpeieieHleM TUTOIAIN apMaTyphl BJIOJIb BHEIITHET0 KOHTYpa ceueHus (A = 1), mpou3BobHas cxema
apmupoBanus. Jlnsg cxem A = 0 u A = 1 HeoOXoaWMble UIsI pacyeTa KOOPIAMHATHI apMaTypbl
ompenaenstoTcs aBromarndecku. [Ipu A = 0, UCKIIOYAIOTCS U3 PACCMOTPEHUS BXOMSIINE YIIBI (T.€.
yrabl, 6onbmue 180 rpam). Kpome Ttoro, mpoBepsieTcsi BO3MOXXHOCTh KOPPEKTHOTO pa3MEIICHUS
apMaTypHBIX CTEP>KHEH MPU HATUYUH OJTU3KUX BEPIIUH.
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Puc. 1. Ceuenns

[Tpu BBIOOpE MPOU3BOIILHOM CXEMbI apMUPOBaHUsI, TpeOyeTcs 3a1aTh OTPE3KH (apMaTypHBIE CIIOH), Ha
KOTOPBIX pa3Meniaercsi apmatypa. Bo3moxken BBoa g0 S0 apmarypsbix cioeB. CiIou MOTYT UMETh
MPOU3BOJIBHYIO JUIMHY M oOpueHTanuto. llpenmomaraercs, 4To IJIOMIaJb apMaTypbl PaBHOMEPHO
pacmpesneneHa mno cior. Ecnum aiMHA C€I0s paBHA HYNIO, TO TakKOM CIIOH COOTBETCTBYET
«COCPEJIOTOUYECHHOI» IUJIOAAN apMaTypbl. ApMarTypHble CIIOM TOJPa3AeNsloTCd Ha CJIOU C
BapbUPYEMOU TIIOMIAIBI0 M CJIOU C MOCTOSIHHOM TUIOMIA b0 (HEe H3MEHSIEMOM Mpu pacuere Tpedyemoi
apMatypsl). 7 KaKI0ro apMaTypHOTO CJIOSl C BaphbHUPYEMOU TUIOMIAIBI0 OMPEENSIeTCs ero A0S OT
oOmiei miomaam apMaTypsl (IIpH ATOM CIIOHU C MTOCTOSIHHOM IUIONIA/Ibl0 HE yYuThIBatoTCs ). Jlons cimost
pPAacCUMTBIBACTCSI 10  3aJlaHHBIM  OTHOCHTENbHBIM  IuiomiagsM kKak K, =A /(A + A, +..),

rae i=12,...; A,A,,... — OTHOCUTEIIbHBIE TUIONIAN APMATYPHBIX CJIOEB C BAPHUPYEMOI TLIOIIAIBIO.
[Inowaze i -ro cnost onpexensiercst mo popmyne A =K; - A o, e A, — 0bIIas mwiomab apMaTypbl

(6e3 yueta mocTossHHOU momaan). [Ipyu moMomu pacyeTa OTHICKUBAETCS OOIIasl TIOM[aAb apMaTyphl
A, 1o » @ 3aTeM 110 KO3 GHIMEHTaM K; BBIMUCIAIOTCS IUIOMIAIH apMaTyPHBIX CIIOeB A, .
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Puc. 2. Cxembl apMupOBaHUS IPSMOYTOJIEHOTO CEYESHHS

3. Harpy3ku

Bo3MoxHBI CICAYIOIMUC HArpy3ku: COCPCAOTOYCHHBLIC BCPTUKAJIBHBIC W TOPU3OHTAJIBHBIC CHIIBL,
COCPECAOTOYCHHBIC MOMCHTBI, PACHPCACICHHBIC TOPU3OHTAJIBHBIC W BCPTUKAJIIBHBIC HArpy3KH,
CMCUICHUSA U TIOBOPOTHI )KECTKUX OIIOP. Bo3MoskeH aBTOMaTHYeCKHI YUceT COOCTBEHHOTI'0 BECa KOJIOHHEIL.
[TonoxurtenpHbIE HallpaBJICHUS HArpy30K IIOKa3aHbI Ha pI/IC3 [TonoxxuteapHBIE HaIlTpaBJICHUA
CMEILEHUHN >KECTKUX OIIop COBIAAAOT C HAIMPAaBJICHUAMU KOOPAWMHATHBIX oceli. IlonoxuTennLHBIC
HaITpaBJICHUA ITOBOPOTOB KCCTKHUX OIIOP COBIIAAAIOT C IMOJIOKHUTCIbHBIMH HAIIPAaBJICHUSAMU MOMCHTOB.

[Ipu pacuere mo [1] kmaccudukanuss ¥ KOMOMHHpPOBAHHME HArpy30K mpuHUMaroTcs cornmacHo CII
20.13330.2016 [7], a pu pacuere no [2] u [3] — corimacuo CHull 2.01.07-85* [8]. KomOunupoBanue
Harpy30K MpeACTaBIsAeT cO00M reHepaIuio MHOKECTBA BO3MOKHBIX KOMOWHAITMN HArpy30K C Y4ETOM
KOA(PUITMEHTOB HAIEKHOCTH O HArpy3ke »; M KOA(D(PHUIIMEHTOB, CBA3aHHBIX C OJHOBPEMEHHBIM

Yy4E€TOM JIBYX U 00Jiee BpEeMEHHBIX Harpy3ox.

IMpu pacuere mo [4], knaccudukanus W KOMOWHUPOBAHHE HArPy30K NPHHUMAIOTCS COTJIACHO
[Tpunosxxenuto A. HactHble K03 pULIHEeHTHI 6€30MaCHOCTU )¢ JUISl HAarpy30K IPUHUMAIOTCSA 10 Tabnie
A.2. KomOuHanmoHHele KO3(OGUIUEHTBI W, ,¥,,\, U1 NEPEMEHHBIX Harpy30K HNPUHUMAIOTCS IO
tabmune A.1. IIpegycMoTpeH BBOJ HECTaHJAPTHBIX 3HAYEHUH ¥, ¥/, W/, ¥/, Ul OTAEIbHBIX HArPY30K.

KoMOuHHMpOBaHWE HArpy30K MPEJCTaBIseT cOOOW TeHEpaIMi0 MHOKECTBA KOMOWHAIIUKA Harpy3oK C
y4eToM OJaromnpHusTHOrO W HEONaronmpusTHOro 3¢¢exra OT Harpy3ok, a TaKKe BO3MOXKHOCTH
JOMUHHUPOBAHUS K101 U3 IEPEMEHHBIX Harpy3ox.
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Puc. 3. [lonoxxutenbpHbIe HAIPABICHUS HArPY30K

Bo3moxeH BBOA HecOYETaeMbIX HArpy3ok. Takue Harpy3kd BKJIIOYAKOTCS B IPYIIYy HECOYETAEMBIX
Harpy3ok. B komOuHa1Mi0 MOXEeT BOMTH TOJIBKO O/IHA Harpy3Ka U3 Kakoi rpynmnsl. Hymepanus rpymnmn
HAaYUHAETCS C €AUHHULBL. [ pynmsl MOIyT NPUMEHSATHCS, B YACTHOCTH, IIPH y4€TE BETPOBBIX HATPY30K
(pu paccMOTpEHUU AEUCTBUS BETPA 110 Pa3IMYHBIM HAIPABICHUSIM).

Bo3Moxen BBO/I 3HAKOIICPECMCHHBIX HArpy3oK. B stom cJIydac, B paCy€TC YUUTBIBACTCA KAaK 3aJJaHHAA
Harpyska, Tak 1 Harpy3ka npOTHUBOIIOJIOKHOI'O 3HAKaA.

Bo3MokeH BBOJ TOTOBBIX pacyeTHbIX KOMOWMHAIMH Harpy3ok. 3ajaBaeMasi, Kak BHJl HarpyskH,
pacueTHass KoMOuMHausi J100aBIsSETCS K MHOXECTBY CTr€HEPHUPOBAaHHBIX OCHOBHBIX KOMOHMHAIMA
Harpy3ok. B yactHOCTH, BO3MOKEH BBOJ JIUIIIb TOTOBBIX KOMOWHALIMI Harpy3oK.

ITpu 3agannu Harpy>keHHst KOJIOHHBI OT IEHCTBUS BETpa, CHavaja BBOASTCS Harpy3ku, 00yCJIOBIEHHBIE
CPEIHEHN COCTaBIISIIOIIEH BETPOBOIO JABJIEHHUs, & 3aT€M — HArPy3KH, COOTBETCTBYIOLINE Pa3JI0KEHUIO
MyJBCAMOHHOMN COCTaBIIsONIEH 0 opMaM KojeOaHUH KOHCTPYKIIMU U OIpe/IeI€HHbIE TPU TTOMOILN
JUHAMHYECKOTO pacyera.

4. Pacuer

Pacyer KOJOHHBI BKJIIOYAE€T pacueT YCHUIMM M pacdeT MpOoJOJbHOM apmaTypsl, TpeOyemoil nms
oOecrnieueHuns Hecylleil cnocoOHOCTH HOpMaJIbHBIX ceueHuil. Ha mepBom 3Tarne pacuera onpeneistorces
pacripesielieHusl YCWIMH B KOJIOHHE OT OT/AEIbHBIX HAarpy3ok. 3aTeM W3 MHOXECTBa KOMOMHAIUif
Harpy3oK BBHIOMpAIOTCS TaKue KOMOMHALIUHU, ISl KOTOPBIX YCUIIUS MU SKCLUEHTPUCUTETHI IPUHUMAIOT
HauOoJIbIIME 3HaUeHUs. B BBIXOJJTHOM IOKyMEHTE MPOrpaMMbl TPUBOJIATCS PE3YIbTaThl pacuera i TOH
U3 BBIOpAaHHBIX KOMOMHAIMI Harpy3ok, Ui KOTOpO TpeOyemas IUIOIaib apMaTypbl MPUHHUMAeT
HauOoJIblIIee 3HAaUEHUE.

Ycunus B ce4eHUsIX KOJIOHHBI, 00YCIIOBIIEHHBIE MyJIbCAllUSIMU BETPA, BEIUUCISIOTCS 10 (popmyIie BUa:
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rae N, - ycunus, cooTBeTCTBYIONME | -if popMme KoeGaHuil KOHCTPYKIUH, N — YHUCIIO YYUTHIBAEMbIX
(opm konebanuit. Beruncnennoe snavenue N, mpuHuMmaercs ¢ Tem 3HakoM (+,— ), KOTOPbI HUMeeT
HauOosblIee 1o Moayiro 3HaueHue N, . BeTpoBoe Harpy:xeHue IpeiCcTaBIsIeTCsl B BUAE COBOKYITHOCTH
JBYX Harpy:KeHHH, 1l OHOTO U3 KOTOPBIX ycuius npuaumMatorcs paasiva N + N ) a s gpyroro

—pasaeivu N — N tne N — ycunue ot cpeaneii cocTapisonieli BETpPOBOIO JaBIeHHUS.

Yeunus ot ceicMu4eckoro BosueicTus, coriacHo [10], BBIUMCISIOTCS aHAIOTHYHBIM 00pa3oM o
Harpy3kam, COOTBETCTBYIOLIMM (opmaM Kosiebanuil. CelicMuyeckas Harpys3ka Bcerjia NpUHUMAETCs
3HAKONEPEMEHHOM.

[Ipu onpeneneHUM pacuETHHIX HM3THOAIOLNIMX MOMEHTOB, YYHTBHIBAETCS BiIMsHUE nporun6os. Ecnu B
OJTHOW M3 KOOPJMHATHBIX IJIOCKOCTEH NMPOru0 KOJOHHBI CTECHEH MJIM HEBO3MOXEH (HalpuMep, U3-3a
IPUMBIKaHUS CTEHBI), TO pacueT B 3TON IIOCKOCTH MPOBOAUTCS 0€3 ydyeTa BIMSIHUSA Iporuoa.

B kaxaol KOOpPJAMHATHOW IUIOCKOCTH BIHWSHUE TMPOruda Ha BEIUYHHY PACUYCTHOTO MOMEHTA
YUUTBHIBACTCS MYTEM YMHOXEHHS u3rubaromero Momenta M Ha moBslmarommii koddduuuent 7,
KOTOPBI BEIYUCTSETCS 110 opMyIie:

1

77:—
L

cr
rae N - mpomonbHas cuia, N, - KpuTHYeckast cuia, KoTopas onpenensercs coraacHo [1], 8.1.15, [2],
6.2.16, [3], 3.24, [4], 7.1.3.14. ®opmyna AJisT KPUTHUECKOW CUIIBI MOKET OBITH 3aITMCaHa B BUJIE:

_7z2D
- 2

N

cr
I0
rae D - xkectkocTh KONOHHBL |, - pacueTHas miuHa kononHbl. [Ipu onpeneneruun D o dopmynam,

IPUBEJCHHBIM B HOpMax, NPUOIMKEHHO YUUTBHIBAIOTCS HEYIPYTrue CBOMCTBAa OETOHA, HATMUKE TPEIIUH
Y MOJI3y4eCTh OETOHA MPHU [UTUTEIHHOM JIeHCTBUHU Harpy3ku. CoryacHo [ 3], ®eCTKOCTh BBIYHCIISETCS 10

dbopmyre:

64

E,l 0.11
D ”2[ b'b

(——+0.D)+E]
o, 01+,
3necs E,,E, - Mogynu ynpyroctu 6erona u cranu; |, |, - MOMEHTBI HHEpIIMHU OETOHHOTO CEYEHUS U
IUIOIIA/IN CEYEHHS apMaTypbl OTHOCHTEIIFHO IEHTPAIBHOM OcH cedeHus, J, =€, /h - OTHOCUTEeNbHBIH
SKCHEHTPHUCUTET MPOAOIBHOM cuitbl (N - BeICOTa cevenms B mockocTn m3ruba), ¢, =1+ B-M,, /M,
- mapameTp, yYUTHIBAIOUIMI UIUTENbHOE aeiicTBrue Harpys3ku (S =const ). CornacHo [4], kecTKOCTb
BBIYHCIISICTCS aHAJIOTUIHBIM 00pa3zom. B [1] u [2] hopmyra ist ®KECTKOCTH UMEET BH/T:

0.15E, |
D=——"""tb 4Q7E s
¢,(0.3+06,)
DKCIEHTPHUCHUTET €, OINpeIeseTCss OTHOCHUTEIBHO IIEHTPa TSDKECTH IPHBEACHHOTO CEYeHHs (IIpu

HECHMMETPUYHOM apMHPOBAaHMU IIEHTPHI TSDKECTH OETOHHOTO W TPUBEICHHOTO CEYECHHWH He
coBmaznatot). [Ipu onpeneneHny €, yduThIBaeTCs cirydaiHbiil skciuenTpucuter e, ([1], 8.1.7,[2], 4.2.6,

[3], 1.21, [4], 7.1.2.11). Cornacuo [1], [2] u [3], mpu pacueTe KOJOHHBI, SBISIOIICHCS 3JIEMEHTOM

CTaTUYECKH ONPEAEIMMON KOHCTPYKIUH, SKCLICHTPUCUTET €, IPUHMMAETCSA PaBHBIM N +€,, a npu
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M
pacy€TC KOJIOHHEI, ABJIAIOIICUCA DJIEMECHTOM CTATUYCCKH HEOIIPEACTIMMOU KOHCTPYKIIUH, — paBHBIM W

M
, €CIIn N 2 €, , U PaBHBIM €, , €Cllu N <e, . CoruacHo [4], 5KCUEHTPUCUTET €, BCETAa IPUHUMACTCS
paBHBIM — + €, .
N

Mowmentel M, M, BBIUHMCHIAIOTCA OTHOCHTENIBHO OCH TSDKECTH HaubOoJiee pacTAHYTOH (MM HauMeHee
cxaroit) apmarypel o yewrusm N, M or monnoit narpysku u mo ycmwmusm N, M, oT mamTensHo
neiictBytomeil yactu Harpysku. Ilpm pacuere N,,M, cormacuo [1], [2] u [3], B pacuer craBsTCs

MOCTOSTHHBIC W JUIMTENIbHBIC HArpy3Kd, BXOJSIIME B PACCMAaTPUBACMYHD KOMOWHAILIMIO, a TaKKe
JJIMTENIbHBIE YacTH KPAaTKOBPEMEHHBIX HArpy30K, BBIYMCISIEMBIC [0 33/IaHHBIM [PH  BBOJE
koopdummentam K, . Cormacao [4], N,,M, paccuuThIBarOTCS OT NPAKTUYECKH MOCTOSHHBIX

KOMOMHAnMii Harpy3ok. B pacuere s TOTOBOW KOMOMHAIMM HArpy3oK NpPUHUMAETCS, YTO
N, =0,M, =0.

N3rubnas sxectkocte D | kak BenmnuuHa, 3aBHCAINAs OT 3Ha4eHUE MoMeHnTa M 4epes mapamerpel ¢, u
e, , B 00IIEM CiTyuae U3MEHSIETCs 110 BBICOTE KOJIOHHBI. Tak kak D BeramcIseTCs ¢ y4eToM apMaTyphl,

paSMeIHeHHOﬁ B CCUCHHMH, TO 3HAUCHHA PACYCTHOI'O MOMCHTA 7]M TakKKC 3aBHCAT OT ILJIOIIAaAX

apmatypsl. [ToaTtomy TpeOyemasi apmaTypa MOXKET ObITh pacCUyMTaHa TOJIBKO MPU MOMOIIM UTEPALUM.
Ha tekymem urepaninoOHHOM miare JUIst HaliIGHHOH TUTOIAAN apMaTypPbl BBIYUCISIOTCS KO3 PHUIIMEHTHI

1N, W 1, ,3aTeM ONPENENAIOTCS pacyeTHbIe MOMEHTHEI 77,M, 1 77, M, , nelicTByrommye B IIIOCKOCTAX Z

u Y, a 3areM BbIUHMCISETCS TpeOyemas IUIomaas apMmarypbl. Jlajgee BBINOJNHSAETCS Cleayrolas
uteparys. TepalimoHHBIN MPOIiecC OKaHUYMBACTCS TOTA, KOTIa OTHOCUTENILHOE MTPHPAIEHHE III0Ia T
apMatypsbl craHoBuTcst menee 0,1%.

[Tpu pacyere koiOHHBI cornacHo [3], TpeOyemasi apMaTypa ONpenensieTcsi B COOTBETCTBUU ¢ 3.28%.
PacueTHoe compoTuBiIeHHE OETOHA NMPHU CKATUU MPUHUMAETCS ¢ KOA(P(UIMEHTOM YCIOBUI pabOThI
0eToHa b, KOTOpBIM Ompenensercd Kak MPOU3BEACHHUE OTAEIbHBIX KO3((UIIMEHTOB jbi COIJIACHO
tabmune 15. Ilpu sToM KO03(DPULIMEHT jb2, 3aBUCALIMM OT JUIMTENBHOCTH ACWCTBUS Harpy3KH,
orpeieNIgeTcs A Kax /10l KoMOMHAIMY HAarpy30K Mo OTAEIbHOCTH. Pe3ynbTupyromuit KoappuuueHt
YCIIOBHIA PabOTHI ¢ Y4eTOM KOd(pPUIMEHTA b2 HE MOXKeT ObITh MeHee 0,45.

[Ipu pacuere xomonHbl cormacHo [1], [2] u [4], TpeOyemas apmarypa ompenensieTcsi Ha OCHOBE
HenMuHeWHol nedopmanmonHoi monenu. Ilpu pacuere mo [1] u [2], mpumeHsieTcsl TpeXIUMHEHHAS
auarpaMma COCTOSTHUSI ckaToro OeroHa. Pacuer TpeOGyemoit apmarypsl mo [4] mpoBoAMTCS TpHU
napaboTUIECKU-TUHEHHON TUarpaMmMe COCTOSIHUSI C)KaToTo OETOHA.

[IpenenbHble yCUIUs BRIpAXaIOTCS Yyepe3 NeHCTBYIOIMNE yCUus o Gpopmynam:

Nu:7u'N’Myu:7u'My'Mzu:7u'M

z

ITpounocTh ceuenust odbecnedena npu y, >1.

[IpenycMOTpeH aBTOMATHYECKHM y4eT MHHHMAIBHOTO K03(duIlMeHTa apMHpOBaHHUSA, KOTOPBIH
NPUHUMACTCSA B 3aBHCUMOCTH OT HAMOOJBIICTO 3HAYEHUS TMOKOCTH KOJOHHBI A :max(/ly,/lz)
cornachHo [1], 10.3.6, [2], 8.3.4, [3], 5.16, [4], 11.2.2. 'uOKOCTb KOJIOHHBI B Ka)JI0W KOOPAWHATHOMN
I0CKOCTH Bhruncisiercs mo Gopmyne A=1,,/A, /1, , B KoTOpoii pacuerHas mmHa |, ompenensercs
JUTS CITydasi TIPUIIOKEHUS] BEPTUKAILHOW CHJIBI HA BEPXHEM KPatO KOJIOHHBI.

Bo3morkna mpoBepka Hecymel CrocOOHOCTH KOJIOHHBI TIPH 3aJaHHOM apmatype. st mpoBeneHust
MIPOBEPKHU HAJI0 BBECTH CEYEHHE KOJOHHBI KaK MPOU3BOJILHOE MOJIUTOHATIBHOE C MPOU3BOJIBHOM cXeMon
apMHUpOBaHUA. 3aTeM BBeCTH apMaTypHbIC CJIOM W HUX IUJIoIaaud, YyKas3aB, 4YTO OHH SBJISAIOTCA
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MOCTOSTHHBIMH. B 3TOM citydae, mpou3BOAMTCS JUHEWHBINH pacueT yCWIWHA MO HeaepOopMHUPOBAHHOM
CXeMe, U ONpENENSIOTCS pacyeTHble MOMEHTh #M B KakI0il KOOPAMHATHOM IUIOCKOCTH, a 3aTeM
poBepsieTCs Hecylas CiocoOHOCTh ceueHus. Eciu 3agannas miomaas apMaTypbl MeHbIIE TpeOyeMoi,
TO BBIBOAMTCS cooOmieHne «Pacuer TpedyeMoii apMaTypbl HEBO3ZMOXKEH).

J171s1 KOJIOHHBI IIPSIMOYTOJIBHOT'O CEYEHUS NPELYCMOTPEH PacyeT M0 MPOYHOCTH HAKJIOHHBIX CEYEHUH C

y4eTOM JCHCTBHSI TMPOAOJILHONH CHJbl. [lOrOHHAsl TMJIOIIAAb IOMEPEYHOW apMaTypbl  Asw/Sw
paccumThiBaeTcs coryacuo [1],8.11.33,[2], 6.2.34,[3],3.31*%,3.32,[4],7.2.1.1,7.2.1.2,7.2.1.5,7.2.2.7-
7.2.2.10. Kpome Toro, mpoBoAuTCA MPOBEpKa MPOYHOCTH Ha ACHCTBHE MOMEPEYHOM CUITBI IO HAKIIOHHON
MOJIOCE MEX]ly HAKJIOHHBIMU TpellMHaMu. Eciii ycrnoBue NMPOYHOCTH IO HAKIOHHOM Mojioce He
YIOBIIETBOPSIETCS, TO BBIBOJUTCS COOTBETCTBYIOIIEe coodmienue. [Ipu pacuere mo [3] u [4], momans
apMarypbl, HaliZIeHHAs U3 YCJIOBHS MPOYHOCTU MO HAKJIOHHOM TpellnHe, MOKET ObITh YBEIHUEHA JIJIs
TOTO, YTOOBI BBITIOJIHSUIOCH YCIIOBHE TPOYHOCTH 10 HAKJIOHHOM TI0JI0CE. Y CIIOBHE TPOYHOCTH MTPU KOCOM
n3rude npuHUMaeTcs coriacHo [9], 3.39 B Buze:

o ).[ @
Qb,y +st,y Qb,z +st,z

2

5. KoncrpyupoBanue

KoncTpynpoBanue npoAoabHON apMarypbl B KOJIOHHE IPOM3BOAUTCSA C YYE€TOM HOPMATHBHBIX
TpeOOBaHUI MO 3alIUTHOMY CJIOK0 OETOHA, 3a HCKJIIOYEHHWEM Cilydas IOJIMTOHAJIBHOTO CEYEHUsS C
MIPOU3BOJIBLHON cXeMol apmupoBaHus. s yuera 3Tux TpeOOBaHUil, pacyeT KOJIOHHBI MPOBOIAUTCA
nBaxapl. HeoOxonuMble JUIsi pacdyera pacCTOSHUS OT IEHTPOB TSDKECTH IUIOIIAJECH apMmaTypsl 10
KOHTYypa CeueHUs! NEPBOHAYAIILHO OIPEAEISIOTCS MO 33JaHHOMY HauOoJbIIEMY IUAMETPY CTEpKHEHN ¢
y4eTOM JHaMeTpa XOMyTa M 3aJ@aHHbIX MHMHHUMAJbHBIX TOJIIMH 3allUTHOTO CJIOs OeToHa s
IIPOJIOJIBHOM M TonepedHor apmarypsl. 110 pe3ynbratam mepBoro pacuera KOJOHHBI, TPOU3BOJUTCS
KOHCTPYHPOBAaHUE apMaTypbl, U KOPPEKTHPYIOTCA PACCTOSHHUS OT LEHTPOB TSHKECTH IUIOLIAACH
apMaTrypsbl 10 KOHTypa CE€4€HHUs. 3aTeM IIPOBOJUTCS IOBTOPHBIN pacueT KOJIOHHBI U KOHCTPYUPOBAaHUE
apmatypsbl. PacCTOSIHMS OT LIEHTPOB TSKECTH ILIOIIAAEH apMaTyphl 10 KOHTypa CEUYEHHUs], 111 KOTOPBIX
IIpU MOBTOPHOM pacyeTe ompejerneHa Tpedyemasi apMarypa, yKa3bIBalOTCS B BBIXOJHOM JOKYMEHTE
[IPOTPaMMBI.

[Tpu nmonGope apMaTypHBIX CTEP’KHEH, MPUMEHseTCs CIeyIOIuil 00muil psa 1uamMeTpos (B MMm): 6, 8,
10, 12, 14, 16, 18, 20, 22, 25, 28, 32, 36, 40. ApMaTypHbIE CTEPKHU Pa3MEIIAIOTCS B CEUEHHUH C yYETOM
HOMUHAQJIBHOW TOJIIMHBI 3aLIUTHOTO €0 OETOHa M HOMMHAIBHOTO PACCTOSIHUA B CBETY MEXKIY
crepxxHsaMu. Ilpu ompeneneHMM HOMMHAIBHOM TONIIMHBI 3aLIUTHOTO CJ0 O€TOHA YYUTHIBAIOTCS
3aJJaHHbIe MUHHMAJbHBIC TOJIIIUHBI 3alUTHOTO CIIOS OETOHA IS TPOJOJBHOW M TONEPEeYHOMN
apMaTypbl, JMaMeTp MOJ00paHHBIX CTep KHEN U AuameTp xoMyTa. [Ipr 3TOM TOJIIKMHA 3alIUTHOTO CIIOS
OeToHa /11 XOMyTa MPUHUMAETCs KpaTHOM 5 MM. B ceuenuu co cxemoit apmupoBanust A = 0, B KaKJ0M
yI1y MOXET pa3MelaThCcsl OJIMH apMaTypHBII cTepkeHb WiK (pu HeobxonumocTH) Ooinee (3 wim 5
apMaTypHbIX crepxHeit). Ilpu pacuere TpeGyeMoil apmaTypbl IpUMEHSIETCS PACCTOSHUE OT KOHTYypa
ceueHHst 1o OOIIero IEeHTpa TAKECTH TPYIIBI CTEPIKHEH.

[Tpu mondope apMaTypHBIX CTEp>KHEH YUYUTBHIBAIOTCS 3aJaHHblE MUHUMAJIbHBIA UM MaKCHUMaJbHBIN
JIMaMETpPhl CTEPI)KHEN, MAKCUMAIbHOE KOJIMYECTBO CTEPKHEN B CEUEHHH, MUHUMAJIBHOE PAaCCTOSTHUE B
CBETY MEXIY CTEep)KHAMHU. OTH MapaMeTphl MO3BOJSIOT YHPABIATH MoaO0opoM apMmaTypsl. [lo
pe3yabTaTaM KOHCTPYMPOBAHUS OCYILECTBIsETCS IpaUyecKUidl BBIBOJ CEYEHUs C IOJ00paHHBIMU
apMaTypHBIMH CTEP)KHAMH.
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[Iporpamma npeaHa3zHaueHa I pacyeTa OJHOSIPYCHOM cTaliexene300eTOHHON KoJoHHBI coriacHo CIT
266.1325800.2016 [1]. [Iporpamma opueHTHpOBaHa Ha pacueT KOJOHHBI C YYE€TOM CEUCMHYECKUX
BO3JECHUCTBUH U MyJIbCAMK BETPA. Y CHIIHS B KOJIOHHE OIPEAEIAIOTCS IPU TOMOIIM JIMHERHOTO pacyeTa
1o HeJe(OPMUPOBAHHOM cXeMe, BIUSHUE NMPOruda yUYUTHIBACTCS MO METOAY YCIOBHBIX KPUTHUYECKHX
CHIL

1. PacuerHas cxema

PacyerHas cxema KOJIOHHBI NpEACTaBIsieT COOOM CTEPKHEBOW 3JIEMEHT, MMEIOUIUM YIpyrue MHiu
abCONIIOTHO JKECTKHE 3aKperyieHuss Ha OJHOM WM O000MX KpasX. YCIOBHS 3aKperuieHus
(bopMyIUpYIOTCS IS TOPU30HTAILHOTO MEPEMEIIICHUST U IIOBOPOTA CEYCHHSI BOKPYT TOPU30HTAIBHON
ocu. IIpu pacuere KOJIOHHBI IPUMEHSETCA CHUCTEMAa KOOPAMHAT XYZ, Hayajio KOTOPOM COBHAAAET C
LIEHTPOM TSDKECTH HMXKHETO CeUEHHUsI KOJIOHHBI. OCh X HalpaBlIeHa CHU3Y BBEPX.

Bo3MoskeH BBIOOp YAaCTHBIX PACUETHBIX CXEM, JJISi KOTOPBIX HE TpeOyeTcsl SBHO 3a/1aBaTh YCIIOBHS
3akperuieHus. Ha puc.1 mansl hopmynsl 1uis onpeneneHus KodpPpHUIMeHTOB KECTKOCTH YIPYTUX CBs3eiH
KOJIOHHBI C IPUCOETUHEHHBIMU K HEH 3JIEeMEHTaMU KOHCTPYKIUH.

—= — = —e -
3
— C=3+E*] /1
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|
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B <k = =]
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Puc. 1. KoadduimmeHTs! )KeCTKOCTH YIIPYTUX CBS3EH
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2. Ceuenue

PaccmarpuBaroTcsi ClemyroIIMe CEYEeHHUs KOJOHHBI: CEYCHHE C TOJHOCThIO O0CTOHHPOBAHHBIM
JIBYTaBPOM (pHC.2), CEUCHHE C YaCTUYHO OOCTOHMPOBAHHBIM ABYTaBpOM (puc.3), MPAMOYroJIbHOE U
Kpyriioe TpyoobeTonnsie ceueHus (puc.4).

B ciyuae ceueHMs € NOJHOCTBIO OOETOHHPOBAaHHBIM IBYTaBPOM M B CIIydae MPSIMOYTOJbHOIO
TpyOOOETOHHOTO CEYEHUSs], PACCMATPUBAIOTCS JIBE CXEMBbI apMHUPOBaHU: 1) apMaTypa pa3meniaercs B
yIjlaX CedeHus,, 2) apmarypa PaBHOMEPHO pa3MeIIaeTcsl BAOJIb KOHTypa ceueHus. Jlomyckaercs
OTCYTCTBHUE TMOKOI apMaTyphl.

I[BYTaBp MOXET BBI6I/IpaTBC$I N3 COPTaMCHTA IMPOKATHBIX ABYTABPOB HUJIM MOXKET 3a1aBaTbCsa CBAPHBIM.
B ci1ydyac€ IMOJTHOCTBIO O6GTOHI/IpOBaHHOl"O AByTaBpa, YUYHUTBIBACTCSA BBITCCHCHUC OeToHa ceyeHHeM

JIByTaBpa.

Puc. 2. CeueHue ¢ MOTHOCTHIO 0OETOHNPOBAHHBIM JIBYTaBPOM

Puc. 3. Ceuenne ¢ 4acCTHIHO 0OETOHUPOBAHHBIM JIBYTaBPOM
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Puc. 4. Tpy0oOeTOHHBIC CCUCHHUS

3. Harpy3ku

Bo3MOXHEI CICAYIOIIUE HArpy3ku: COCPCAOTOYCHHLIC BCPTUKAJIBHLIC W TOPU3OHTAJIBHBIC CHIIBI,
COCPECAOTOYCHHBIC MOMCHTBI, PACIHPCACIICHHBIC TOPU3OHTAJIBHBIC W BCPTUKAJIIBHBIC HArpys3KH,
CMCIICHUSA U ITOBOPOTHI X KECTKHUX OIIOP. ITonoxutenbHbIC HaITpaBJICHUA HAI'PY30K IIOKA3aHbI HAa pI/ICS
IlonoxutenbHEIC HaITpaBJICHUA CMEIICHHH  KECTKHUX Oornop COBHAAAOT C  HAIPaBJICHHUAMHA
KOOPAWHATHBIX oceil. llomoxxuTenbHbIE HaIllpaBJICHHUA ITOBOPOTOB JKECTKUX OINOp COBIIAAAKOT C
MMOJIOKUTCIIBHBIMHA HAIIPABJICHUSIMU MOMCHTOB.
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Puc. 5. [lonoxurenbHble HApaBIEHUS HATPY30K

Knaccudukanmss w  KOoMOMHMpOBaHME HArpy3oK TNpUHUMArOTCA coriacHo [3].  Harpysku
noapasACIArOTCs Ha TOCTOAHHBIC, IJIUTCIBLHBIC, KPATKOBPCMCHHLIC, OCO6BIC U celicMUYEeCcKHUe.
[Mpr Hamuumm OCOOBIX W/WIIM CEHCMHUYECKMX HArpy3oK, HapsAay C OCHOBHBIMH KOMOWHAIHSIMH,
TEHEPHUPYIOTCS TaK)KEe 0COOBIC U/UITN CEHCMUYECKHE KOMOMHAITIH.

[Tpu 3aganun Harpy>KeHHsI KOJIOHHBI OT JIeHCTBUS BETpa, CHavaja BBOASTCS HArpy3ku, 00yCIOBIEHHBIC
CpEIHEN COCTaBIISIIOIIEH BETPOBOIO JABJIEHUS, & 3aT€M — HArpPy3KH, COOTBETCTBYIOIINE Pa3I0KEHUIO
MyJBCAIMOHHOMN cOCTaBsiolIel 1Mo ¢popMaM KojeOaHUH KOHCTPYKIIMU U OIpeIeJIeHHbIE TPU TTOMOILN
JUHAMHUYECKOTO pacyeTa.
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4. Pacuer

Pacuer ycuiauii B KOJIOHHE MPOBOAMTCS B IMPEINOJIOKCHUH JHMHEHHOTO nehOopMUpOBaHUs OCTOHA,
rHOKOW M YKECTKOH apMarypbl. YCHIIHS, OOYCIOBJICHHBIC MYJbCAUAMH BETPA, BBIYHUCISAIOTCS I10
dbopmyre Buaa:

rae N, - ycunus, cooTBeTCTBYIOIIUE | -i popme konebaHnii KOHCTPYKIUHU, N — YHUCIIO YYUTHIBAEMbIX
(opm konebannii. Borancnennoe snaueHne N, NPUHAMACTCS C TEM 3HAKOM (+,— ), KOTOPBIA MMeeT
HauOoJbIIee 0 MOAYIIo 3HaueHue N, . BeTpoBoe HarpyxeHue npeacTaBiseTcs B BUIE COBOKYITHOCTH
JBYX HArpy»eHHii, JUIsl OAHOTO U3 KOTOPbIX ycuius npunumarotes paibiva N + N |, a uist ipyroro —

paBubiMu N — N ), e N — ycusme ot cpejHeit COCTaBISIOIICH BETPOBOTO JABICHHUSL.

Yeunust oT ceiiCMHYECKOro BO3JEHCTBHUSL COTJIACHO [4] BBIUMCISIFOTCS aHAJTOTUYHBIM 00pa3oM IO
Harpy3KkaMm, COOTBETCTBYIOIUM (opmam kojebanmii. CelicMudeckas Harpy3ka BCerjia IPHUHUMACTCS
3HAKOTEPEMEHHOM.

B kaxngon KOOp,Z[PIH&THOfI IIIIOCKOCTH BJINAHHUC npom6a Ha BCJIMYUHY PpaCcdYC€THOIO MOMCHTA
YUYUTBIBACTCA MYTEM YMHOKCHHA I/I3FI/I6aIOH_ICFO MoMeHTa M Ha moBBIIAIOIIHI KOS(I)(bI/II_[I/IeHT n,

KOTOpBIiA Beruucisiercs no ¢popmyne [1], (7.6):

oL
1o N
N

cr
rae N - npononbHas cuna, N, - KpuTHdeckas cuia, KOTopas onpenensercs cornacHo [1], (7.7):

_7z2D

cr 2

N

IO
rae D - sxecTKOCTh KOJIOHHBI, |, - pacdeTHas JUIMHA KOJIOHHBL. JKECTKOCTh KOJIOHHBI BBIYHUCISIETCS
coryacHo [1], [Ipunoxenue I' o ¢popmyne:

0.15E,,1,

= +0.7(E,l, +El)
?,(0.3+9,)

3necy E,, =kE,; E,,E,,E - Momynu ynpyroctu GeroHa, rHOKOH apMaTypbl U KOHCTPYKIMOHHOW

crama; |, 1,1

bsls, | -~ MOMEHTBI MHEPIMH IUIOIIAAN OETOHHOIO CEYEHUs, IJIOLIAIM CEUCHHs apMaTyphbl U

st
IIomaan CCYCHHUA CTAJIbHOIO HpO(bI/IJ'ISI OTHOCHUTCIBHO HeHTpaHBHOfI OCH MPHUBCACHHOI'0 CCUCHUA,

0, =€,/ - OTHOCHTENBHBIN YKCHEHTPUCUTET MPOJOJIBHON CHIIBL, N - BBICOTA CEUYEHHUS B IUIOCKOCTH
mruda, ¢, =1+M, /M,- mnapamerp, y4HTHIBAIOIIMH IIUTENbHOE JeicTBHE Harpys3ku. Ilpu

HerO)IOJ'DKI/ITeJ'H)HOM HCﬁCTBHH Hany3KI/I kl 20.85, HpI/I HpOJIOJI)KI/ITeJIBHOM )IeﬁCTBPIPI H&prSKI/I
kl = :I'/(:l-+ ¢b,cr) .

3KCH€HTpI/ICI/ITeT eo ONpCaACICTCA OTHOCUTCIIBHO MHCHTPA TAKCCTU MPUBCACHHOTO CCUCHUA.

Ilpn ompenmeneHMH €,  Y4YUTBIBAaeTCs  CIy4allHbId  SkcueHTpueurer €, [1], 7.1.1.5.

IIpu pacuyere KOJIOHHBI, SBISIOIICHCS JJIEMEHTOM CTAaTUYECKU OINPEASIMMON KOHCTPYKLUH,

CTATHUKA-2024 416 — Cranexene300eToOHHas1 KOJIOHHA (CefiCMMKa, yIbCALUU BETPa)



309

M .
OKCHCHTPHUCUTCT eo MMPUHHUMACTCA PABHBIM W + €, , a IIpA pacyeTe KOJIOHHBIL, SIBJIAIOLIENUCS DJIEMEHTOM

. M M M
CTaTUYECKU HEOIIPEAEITUMON KOHCTPYKLIUH, — PAaBHBIM N eciu N >e,, M paBHBIM €, , €CIIN N <e,

MowmenTsl M, M|, BBIYMCIISIOTCS OTHOCUTENIBHO OCH TSDKECTH HauboJsiee pacTsSHYTOH (MM HauMeHee
ckaroif) apmatypsl o yewmsM N, M ot nomnnoii Harpy3ku u mo ycuwnusm N,,M, or mmmrtensHO
neWictByromeil yactu Harpy3ku. IIpu onpenenenuu N,;,M, B pacyer cTaBsTCAd INOCTOSIHHbIE U

JUIUTEIbHBIE HArpy3KH, BXOJSIIME B pacCMAaTpUBAaEMyl0 KOMOWHAIIMIO, a TAKXKe JIMTEIbHbIE 4acTU
KPaTKOBPEMEHHBIX Harpy30K, BEIUMCIIAEMbIE 110 3aJaHHbIM TIPH BBOZE Kod(durmentam K, .

Pacyernas juymHa |, B KakIOH KOOpAMHATHOM IUIOCKOCTH —ompeaensercss 1o (opmyie

l, = 7[El /(7.N)]"?, rne 7. — k03 dUIMEHT KPUTHYECKON HATPY3KHU, PABHbII OTHOLIEHHUIO MPOI0JILHON
CHJIbI IIPU JIOCTH>)KEHUU KPUTUYECKOIO COCTOSIHUS K IEHCTBYIOIIEH Mpo10yibHOM cuie, El - u3rnbnas
KECTKOCTh ceueHusi. KodhGuimeHT 77. OTBHICKMBAETCS IyTeM peIICHHs 3aJadyd o0 ynpyrou
YCTOWYHMBOCTH KOJIOHHBI TIPH 33/IaHHBIX KpaeBbIX YCIOBHAX. B mporpamme mpeaycMoTpeHa
BO3MOXKHOCTH BBOJa |

[Ipu ompeneneHuy mpeAeNbHBIX YCHIUNA MPUMEHSIOTCS AMarpaMMbl aegopmupoBanus. s cxaToro
0eToHa MpPUMEHSETCS OJIHA U3 JIBYX PAacueTHBIX AWarpamm coriacHo [2], 6.1.20, 6.1.21. [nsa ruOkoi
apMaTypbl B 3aBUCUMOCTHU OT €€ Kjacca MPUMEHsIETCs JBYXJIMHENHAsl UM TpeXJIMHEHas [uarpamma
corjacHo [2], 6.2.14, 6.2.15. JIns KOHCTPYKIMOHHOM CTalnu npuMeHsieTcsa nuarpamma tuna [Ipanaris.
Ecnu we nomyckaercs rutactuyeckas naedopmanus KOHCTPYKUIMOHHOW CTald, TO MpedenbHas
nebopmanust npuHMMaeTcs paBHod y R /E. B mpotmBHOM ciydae, mnpenenbHas aepopmanus

KOHCTPYKLIMOHHOM CTaJIi MOKET OBbITh 3a/1aHa JIF0ObIM 3HaYEHHEM, HE MPEBBIIIAIONIUM 25 TpoMUILIE.

B cnyuyae kpyrioro TpyOOOETOHHOTO CEYeHMsS NPEAyCMOTpeHa KOPPEKTHPOBKA CONPOTUBIECHUS
C)KaToro OETOHA M COMPOTUBIICHUS IPU CXKaTUM MeTaluta TpyOsl cornacHo [1], 7.2.1.2 u 7.2.1.3.
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[TporpammMa npeaHa3HadeHa sl moadopa pa3MepoOB CEYCHHS U apMaTypbl TPYIIIBI KOJOHH COTJIIACHO
CIT 63.13330.2018 [1]. KonoHHBI WMEIOT OJIWHAKOBHIC CEUEHUS W OJMHAKOBYIO apMarypy.
[Ipenycmotrpeno 3amanue 0eToHA U/WUH apMaTypbl C HCHOPMHPOBAHHOM MTPOYHOCTHIO.

1. KoJIOHHBI M HATPY3KH

Bce KOJIOHHBI M3 TPYIIIBI XapaKTePU3YIOTCS JTHHON | ¥ pacueTHhIMU [UTHHAMHE |0y u |0z B IIJIOCKOCTSIX

Y u Z B koTOpBIX 7eKaT ocu ceueHnss Y u z. Ecnm i kakoif-mm6o MIocKoCTH pacueTHas IIMHA
Iy e sanana wmm | =0, 1o npu pacuere Beex KomOHH IPOrUGEI B 3TOI MIIOCKOCTH HE YUUTHIBAIOTCAL.

KoiioHHBEI MOTYT HMETH NIPSIMOYTOJIBHBIE UJIN KPYIJIbIE CEYEHHUs. B citydae npsMOyrosibHOroO ce4eHus,
apMarypa pa3sMeIlaeTcs B yriax U BJIOJb CTOPOH CeueHus. B ciayyae Kpyrjaoro cedeHus, apMmarypa
PaBHOMEPHO pa3MeLIAeTCs [0 OKPYKHOCTH.

JI1s KaI0i KOJIOHHBI 3a71aeTCsl COBOKYIMHOCTH codetanuit yeumuii N, M y? M, ot nonuoii Harpysku u
yeumit N, M yio M, ot nnurensroii yactu Harpysku. [Tpogonsnas cuna N SBiIseTcs IOTOXUTENBHOI

IIpu CKaTHHU. BBI60p ITOJIOKHUTCIIbHBIX HaHpaBJ’ICHHﬁ I/I3FI/I63.IOH_II/IX MOMCHTOB M y H M , HC HMCCT

3HA4YCHU.

[Tpu moxbope pa3MepoB ceueHUs] KOJIOHH PacCMAaTPUBACTCS PAJl CEYEHHUI TOMyCKaeMbIX pa3MepoB. B
cllydae MPSMOYTOJIBHOTO CEUCHUS, PSIJl YIIOPSJOYMBACTCS MO BO3PACTAHHUIO JINOO TUIOIMIAIN CEYCHUS,
anbo mepuMeTpa ceueHus. B ciydae Kpyriioro cedeHus, psAl YINOpPAI0YMBAETCS MO BO3PACTAHUIO
nuameTpa ceueHus. BeiOupaercs To nmepBoe cedeHue, 1 KOTOPOTro oMb MoJ00paHHON apMaTyphl
HE TIPEBOCXOIUT TUIOMIAAM AapMaTyphl, OMNpPEAENsIeMOd M0 MaKCUMaJIbHOMY KOd(DPUIueHTy
apMHUPOBAHMSI.

2. Pacuer

Pacuer KOIOHHEI C YU4e€TOM HpOFI/I6OB MMPOBOAUTCA IO MCETOAY YCJIOBHBIX KPUTHYCCKUX CHIIL. B
nporpamMme IpeaAyCMOTpCH PACUCT OTACJIBbHBIX KOJIOHH 0e3 ydaeTra HpOFI/I6a B IINIOCKOCTHU Y W/WIIH B
INJIOCKOCTH Z .

BrnstHMe mporu6a YYMTHIBAeTCS ITyTeM yMHOXKEHHs m3rmbatomero momedta M Ha mobImarommit
kodd¢urmeHt 7. Korddunment 7 Beraucisercs mo Gopmye:

- 1
- N

cr

Kputnueckas cuna Ncr BBIYHCIISIETCS IO (popmyIie:

YKectkocTs konmorHsl D Berumcisercs mo gopmyie:

0.15E, |
D=—1"""bb 407EI,
9,(0.3+5,)

3mecs By Eg - MOJYJIH YINPYrocTH OETOHAa W apMaTyphbl; Iy, I - Momentsr UHEepIUH OETOHHOTO

CEUEHHUS U IUIOIIAY CEYEHHS] apMaTypbl OTHOCHUTEIBHO OCH CEUYECHMS, 59 = eol h - ornocurensHbii
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OKCIIEHTPUCUTET MPOAOJILHON CHibl (N - BBICOTA CEYCHHS B IJIOCKOCTH HM3THOa), (| - mapamerp,
YUYUTBHIBAIOLIUI JIIUTEIBbHOE JEHCTBUE HATPY3KH.

Dkcrentpucurer €, ompenensiercss ¢ yderoMm ciydaiiHoro skcrentpucurera €, ([1], 8.1.7) u

. M
[IPUHUMAETCA KaK I DJIEMEHTOB CTAaTHYECKU HEOIPEACIMMBIX KOHCTPYKLUUH PaBHBIM ——, €CIHU
N
M e M
— >e_,UDpaBHBIM € ,ecin — <e_.
a N a

Taxk xak ’KECTKOCTh D BBIYUCIISICTCA C YYETOM apMaTyphl B CCHCHHHU, TO paC‘IeTHHﬁ MOMCHT 77M TaKXeE

3aBHCHT OT IUIOMIAIU apMaTyphl. [loaToMy TpeOyemasi apMaTypa MOKET OBITh pacCuMTaHa TOJIBKO IpU
moMoImM urepanuid. Ha TekymeM uWTepaliMOHHOM Iare, JUisl HAWJICHHOW IUIOMAIU apMaTyphl,

BBIYUCIIAKOTCA KOB(i)(i)I/II_[I/IeHTBI 77y u 77,, 3aTCM ONPCACIIAOTCA PaCYCTHBIC MOMCHTHI nyMy u 77zMz’

neiictByromue B miockocTsax Z u Y |, a 3aTeM BeIUMCIAETCS TpeOyeMas MIoMmaah apMaTyphbL.

3. KoncrpyupoBanue

[Tpu noxGope apMaTypHBIX CTep KHEH MPUMEHSETCS CIEeIYIOIINM O0IMid psaa JuamMeTpoB (B MM): 6, 8,
10, 12, 14, 16, 18, 20, 22, 25, 28, 32, 36, 40.

Apmarypa pa3Memaercs B CEYeHUH C YU€TOM HOMHHAJIBHON TOJIIMHBI 3aIIMTHOTO ciosi OeToHa. [lpu
ONpEAENCHUM HOMMHAJIbHOW TOJIIMHBI 3aIIUTHOTO CJI0S OETOHA, YUYUTHIBAIOTCS 3aJlaHHBIC
MUHHMMAaJIbHbIE TOJIIMHBI 3aIIUTHOTO €105 O€TOHA JJIs IPOJOIBHOM U MONEePeYHON apMaTyphbl, IUaMeTp
0/I00paHHBIX CTEPKHEH U AaMeTp XxomyTa. [Ipy 3TOM TOJIIMHA 3aIUTHOTO CJI0sl OETOHA /ISl XOMYTa
IIPUHUMAETCS KPaTHOM 5 MM.

IIpy KOHCTPYMpPOBAHHWU YUMUTBHIBAIOTCS 3a/JlaHHbIE MMHUMAIBHBIH M MaKCUMAaJbHBIA TUAMETpPbI
CTEpKHEHM, MAKCUMAJIBHOE KOJIMYECTBO CTEP)KHEH, MHUHHMAJIbHOE PACCTOSHUE B CBETY MEXIY
CTEpXKHSIMH, MaKCUMaJbHOE pAacCTOSHUE MEXJIy OCSIMH CTEepXkHEH. DTH mapameTpsl MO3BOJSIOT
YIIPaBIIATh MTOAOOPOM apMaTypBhl.

B cnydyae mpsMOYronbHOro CE€4eHHs], NEPBOHAYAIBHO PAacCMATPUBAETCS pa3MEILEHUE apMaTypsl B
yrinax. Ecau ams aToM cXeMbl apMHUpPOBAaHMS HEBO3MOXHO MOJ00paTh Tpedyemyro apmarypy, TO
paccMaTpuBaeTcs pa3MellleHue apMaTyphl BJI0JIb CTOPOH CEYEHHS.
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Jluteparypa

1. CIT 63.13330.2018 «CHull 52-01-2003 bBeroHHble U XKele300€TOHHBIE
KOHCTPYKIUU.OCHOBHBIE TIOJIOKEHUS.
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421 — PacueT OETOHHOIO DJIEMEHTA
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[Tporpamma npeHa3HavYeHa JUTst pacyéra OETOHHOTO 3JIEMEHTA 110 Ie(POPMAIIMOHHON MOJIEIIH COTJIACHO
CIT1 63.13330.2018 [1].

1. Ceyenus u ycuans

PaCCManI/IBaIOTCH CICAYIOIIUE BHUABI ceueHud OETOHHOro »JIEMEHTA: IpsAMOYT'OJIbHOC CEYCHUC,
KPYroBo€ MK KOJBIEBOEC CCUCHUE U ITPONU3BOJIBHOC ITOJIUTI'OHAJIBHOC CEYCHUEC (pI/IC 1)

[lonuronaneHoOE ceueHue 3a1aércs MyTEM BBOJA KOOPAMHAT BEPLIMH, IPUYEM IOCIEAOBATEIBLHOCTh
BBOJIa BEPIIMH JOJDKHA COOTBETCTBOBATH OIPEICIIEHHOMY HalpaBlIeHUIO 00X0Ja CeYeHMs (CeueHue
BCerja JOJKHO HAXOAWUTHCSA WIM TOJBKO ClIeBa, WM TOJBKO crpaBa). KoopauHaThl BEpIIMH MOTYT
ONPENEIATHCS OTHOCUTENBHO IPOU3BOJIBHON EKAPTOBOH CHCTEMBI KOOpAHMHAT (Y, Z,).

4 3

\

\
| Vot
i \
/

\
\_/

1 2

Puc. 1.Bunsl ceuennii

Ycunus N'My’Mz 3a1a0TCsI OTHOCUTCIIBHO TJIaBHBIX IHEHTPAJIbHBIX ocen V,Z. HpI/IHI/IMaeTCH, 4qTo

mpoaoJjbHasA Crujia N mojiokuTeILHA IIpU CXKATHUH. HpI/I I[GﬁCTBHH IMOJIOKHUTECIIbHOI'O MOMCHTA My cXKaras
30Ha BO3HUKACT B BCpXHCfI YaCTH CCUYCHUS, a IIPpH JleﬁCTBHH MOJIOKUTENLHOr0 MOMeHTa M; cokaTas 30Ha
BO3HHUKAET B JIEBOI YaCTHU CEUCHHUS.

[Ipenmonaraercs, 4TO yCUIUS COOTBETCTBYIOT PacueTHBIM KOMOMHAIIMSM Harpy3oK, oOpa3oBaHHBIM
cornmacuo CIT 20.13330.

2. Pacuer

[Ipu pacuére snemeHTa MO Hecyuled CHOCOOHOCTH, ompeaensercs Ko3()(UIMEHT HaleKHOCTH MO
yCHWIIUSIM Yy, uepe3 KOTOpbI mpeieibHble ycuwius Belpaxatorcs mno ¢opmyram N, =y N,

M, =7,M,, M, =»,M,. IIpounocts ceueHns obecnevena npu y = 1.

[IpenenbHple yCHIMS OMPEACNAIOTCS Ha OCHOBE JedopMarMoHHOW Mozenu corjacHo [1].
[Ipenycmotper BeIOOp MO0 TPEXJIMHEHHOW, TMO0 ABYXJIMHEHHOW IUArpaMMBbl COCTOSIHHUS CXKATOTO
6eronHa cornacHo 6.1.20, 6.1.21. JIns pactssHyToro 6€ToHa NpUMEHseTCs [uarpaMmma Toro ke BUja, Kak
u 17 cxaroro 0erona. Ha puc.2 npueaens! auarpaMmsl 1 6erona B2S.
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Puc. 2. Iuarpammel cocTostHus Oetora B25

IIpu pacyere BHELEHTPEHHO CXATOTO 3JEMEHTa, MPOrud YYUTHIBAETCS NYTEM YMHOXKEHUS
n3rubaromiero MmoMeHTa M Ha noBwlmatrouil koagdunueHt 7. KoagdpuuueHnr n BblUucIsIeTCS MO
bopmyie:

1

N
1-

N

77:

rae N - npononbHas cuna, N, - KpuTHYEcKas CHila, KOTOpas ONpenensercs o Gopmyie:

_7r2D
- 2

N
IO
rae D - xectkocTb 2nemeHTa, |, - pacyeTHas aimHa anemMeHTa. JKeCTKOCTh 2JIeMeHTa BBIUHCIISETCS 110
bopmyie:
_ 0.15E,1,
?,(0.3+5,)

3necs E, - mMomyns ympyroctu GeroHa; |, - MoMeHT MHepLIE GETOHHOrO CEYEHHs OTHOCHTEIBHO
HEHTPaIbHOW ocH, O, =€,/h - oTHOCHTENBHBINH SKCHEHTpUCHTET mpojosbHON cuibsl (N - BbICOTa

CEUECHMs B IUIOCKOCTHU M3rnbda), ¢, - mapaMeTp, yIUTHIBAIOIIUIN AIUTEIbHOE ICHCTBUE HATPY3KH.

3KCH€HTpI/ICI/ITeT eo OMpEACIIACTCA OTHOCUTCIILHO IICHTPA TAKCCTH CCUCHUA . HpI/I 9TOM YYUTLIBACTCA

cirydaiHbli skcueHTpucutet €, . CornacHo [1], 8.1.7, npu pacuere 51eMeHTa CTaTHUECKU OIPEAEIUMON

a IpU pacyere »3JIEMEHTa

M
KOHCTPYKLUH, OKCUEHTPUCUTET €, IPUHUMAETCS DPAaBHBIM W+ea’
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CTaTU4YCCKU HCOHPCHGHHMOﬁ KOHCTPYKIIMKM — PaBHbIM

M
com - < e,.

U PpaBHbBIM ea,

M M
—, ecm —2¢€,,
N N

[lo pesymbraraM BBIYHCICHUS NPEACTBHBIX YCHIIMI, BBIBOJUTCS PHCYHOK CEUYCHHS, HA KOTOPOM
IpeJcTaBlIeHa cxartast 30Ha (puc. 3,4,5). B ciyyae npsMoyrojapHOro 1 KpyroBoro CEU4eHusl, BbIBOAATCA
HauOONbIINE O BEIWYMHE PACTATHBAIOIINE M CKMMAIOIINE HAMPSHKCHUS M COOTBETCTBYIOIINE UM
nedopmanuu. B cirydae mosmMroHanbHOrO ce4eHHs, BHIBOISTCS KPUBU3HBI M BRIpAKEHHE JeGopMariiu
&(Yy,2,) B TEX KOOpAMHATAX, B KOTOPBIX 331aHO CEUCHUE.
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Puc. 3. TIpumep n300paskeHHs C)KATOH 30HBI B MIPSIMOYTOJIBHOM CEYCHUU
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Puc. 4. TIpumep n300paskeHus CXKATOM 30HBI B KOJBIIEBOM CCYCHUU
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Puc. 5. TIpumep n300paskeHIsI CKAaTOM 30HBI B TIOJIMTOHATEHOM CCUCHHUU
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Jluteparypa

1. CIT 63.13330.2018 «CHull 52-01-2003 bBeroHHble U XKele300€TOHHBIE
KOHCTPYKIUU.OCHOBHBIE TIOJIOKEHUS.
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425 — KaMeHHbIe KOHCTPYKIUU
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[Iporpamma mpenHa3HaueHa Ul pacyeTOB JIEMEHTOB KAMEHHBIX KOHCTPYKIHMI Ha C)KaTHE W CMSTHE
cormacuo CIT 15.13330.2020 [1].

1. PacueTHbIe XapaKTEPUCTHKU MATEPUATIOB

PacueTtHoe compoTuBienre R cxaTHio KiIajky U3 KUpIHYa BCEX BUAOB M KEPAMUUYECKMX KaMHEH cO
LIEJIEBUHBIMU BEPTUKAIBHBIMU IYCTOTaMU IUPUHON A0 12MM npu BeicoTe psaaa kiagku 50—150mm
IpUHUMAETCs 1Mo Tabiuue 2, B 3aBUCUMOCTH OT MApKU KHpIHMYa MM KaMHS U MapKd pacTBOpa.
[IpenycMoTpeH ydeT MOHMXKAIOMIETO KOX(pQHUIMEHTa IJIsl PacueTHOrO CONPOTUBIICHUS KIAJAKH Ha
pacTBopax Mapok oT 4 10 50 coriacHO MPUMEYaHHIO K YKa3aHHOU TaOIuIIE.

Pacuernoe comnportuBieHue R cxkaruro wmamku w3 KepaMUYeCKNX KPymHO(POpPMATHBIX KaMHEH
nycTOTHOCTBIO OT 40% 110 55% €O 1IeneBUIBIMU BEPTUKAIBHO PACIIOI0KEHHBIMU ITyCTOTAMU IIUPUHOMN
10 16mMM mipu BeicoTe psaaa kinaaku 200-260Mm npuHUMaETCs 1o Tabduie 2a.

KoaddunmenT ycnoBuii paboTsl ) KIAAKW IPU CKATHHA TPHHUMACTCS COTJIACHO 6.12.

PacuerHoe COIIPOTUBJICHHUEC Rtb PACTAXKCHUIO KIIAJIKH IIPpH n3rude INPUMCHACTCA IIPU PaCUCTEC IIO

06pa30BaHmo H PAaCKpPBLITUIO TPCUIUH. 3HayeHue Rtb JJI1 BCCX BUJOB KIIAJIKHW ITPHUHUMACTCA 110 Ta6J'II/II_[e
11, m. 3.

Monyne ynpyroctu E, xnaxxu onpenensercs mo bopmyie:

EO :aRu

3neck O - ympyrasi XapakTeprCTHKA KIajaku, R, = kR - BPEMEHHOE CONPOTUBIICHUE CKATUIO KIIAIKH,
k - koaddunment, npuHIMaemblii o Tadue 15. J{is knaaky u3 Kupiya 1 KaMHe#H BceX BHIOB U [UIS
KITaJKu W3 KPYNHBIX OnokoB K=2. Vmpyras xapakrepuctika ( HeapMHPOBAHHOW KKK
npuHUMaeTcs 1o tabnuue 16, . 7. Yopyras xapakrepuctuka (g KIAIKU ¢ CETYATBIM apMUPOBAHUEM
ornpezensercs 1no Gopmyie:

sku

2R, 1 i R
3necb R, =kR+—"" - BpEMEHHOE CONPOTUBIIEHHWE C)KATHI0 APMHUPOBAHHOM KIIAJIKU -
s 100 S

HOPMAaTHUBHOE CONPOTHUBIEHHE apMarTypbl, 4/ - TPOLEHT apMUPOBAaHUS KJIaJKU. 3HaueHue A
orpenensercs 1no Gopmyiie:

PGP
b,b,s

2 . .
3necy A, =70 /4 - mnomans ceyenus apmatypsr, b, U b, - pa3Mepsl TUEHKN apMaTyPHOI CETKH, S
- [IIar apMaTyPHBIX CETOK I10 BBICOTE KJIAJKH.

CornacHo ykazanusam 7.30, npu g < 0.1% Ce4eHUE paCCUUTHIBAETCA KaK HEApMUPOBAaHHOE.

HopmartuBHoe conpoTtuieHue Rey 1 pacueTHOE COIPOTUBIICHUE R, apMarypbl, IPUMEHSEMON Ipu
CETYaTOM apMHpPOBaHUM KKy, npuHumaercs cornacHo CIT 63.13330. Jlns apmatypsl kinacca A240
MIPUHUMAETCSA Rsn =240 MIla, nna apmartypsl kiacca B500 - Rsn =0.6-500 = 300 Ma.
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PacueTHOe CONMPOTHBICHHE R, ompexensieTcss ¢ y4eToM Kod(pQHIMEHTa YCIOBHH paGoTH [,
npuBeeHHoro B tadsmie 14, . 1. s apmarypsl kinacca A240 npuHMMaeTcs RS =210-0.75=157
MITa, s apmaTypsl Kimacca B500 - Ry = 435-0.6 = 261 MI1a.

[IpoueHT apMuMpoOBaHMs KJIAJKWA CETYATOM apMaTypod IIpM BHELEHTPEHHOM CXXaTUU HE JOJDKEH
IIPEBBIIIATh 3HAYCHMUS], OIIpEeIIIeMOoro o GopmyJe:

50R

(1_ Zﬁ) Rs

r

)u:

3,[[60]: eo - OKCHCHTPHUCHUTCT HpO,HOHLHOI;’I CUJIbl, r - PACCTOAHHUC OT LCHTPA TAKCCTU CCUCHHUA OO0
Hauboee CKaToro Kpasa CCUCHMUA.

2. Pacuer Ha cokaTHe

PaccmaTpuBaeTcs BHELEHTPEHHOE CiKATHE SIEeMEeHTa BBICOTOH H ¢ NOCTOSAHHBIM TONEpPEYHBIM
ceueHneM, IMeromM Gopmy ard0 MpsMOYToJIbHIKA, TH00 TaBpa, MO0 aAByTaBpa (puc.l).

L, L

Puc. 1. TaBpoBO€ 1 IByTaBpOBOE CEUEHHUSI
Vcaosue IIPOYHOCTH LICHTPATIBHO-CXKATOTO HEAPMUPOBAHHOI'O 3JICMCHTA UMCCT BUJI .
N/m gRA<1

Vcaosue IIPOYHOCTHU BHECLICHTPECHHO CXKAaTOI'0 HEApMHUPOBAHHOI'O 2JIEMCHTA UMECT BU .

N/m,pRA0<1

YcaoBue IIPOYHOCTH LHEHTPATBHO-CXKATOI'0 DJIEMECHTA C CETYaThIM apMHUPOBAHUEM UMECT BUJI.

N /m R, A<1
VYcnoBue IMPOYHOCTHU BHCHCHTPEHHO CKATOI'0 3JIECMCHTA C CETYAThIM apMUPOBAHUEM UMECT BU .

N /mg(leskbACa)Sl
3mece N - pacuerHas mpojonbHas cuna, R - pacyeTHoe CONMpOTHBIEHHE HEAPMHPOBAHHON KIIAIKH,
Ry - pacuerHOE CONPOTHBICHNE KIIA/KH C CETYATBIM APMUPOBAHUEM IIPH LICHTPAIBHOM CKATHH, Ry
- paCLICTHOG COHpOTI/IBHeHI/Ie KJIAAKHU C C€THAThIM apMI/IpOBaHI/IeM HpI/I BHCHGHTpeHHOM cXXaTruu, AC -

IJIONIAAb CXKATOW 30HBI CEYEHHUS MPHU MPSAMOYTOJIbHOM SIIOpPE HanpsbKeHu, @) =(§0+(0c)/ 2, Qo -
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KO3 PUITMEHT MPOI0THHOTO U3THOA JIJISI BCETO CEYSHUS B TIIIOCKOCTH ACHCTBUS M3THOAIOIIIETO MOMEHTA,
®. - xodpPUUMEHT TPOMOJIBLHOrO H3ruba 1y CKaTodW 30HbI cevenus, My - xospduument,

YUUTHIBAIOIINN BIMSHUE JITUTEIBHON HAarpy3ku, @ - Ko3((UIMEHT, YYUTHIBAIOIINNA OTHOCUTEIBHYIO
BEJIMYMHY DKCLICHTPUCUTETA.

PacuerHbie CONPOTUBICHHS KJIQAKH C CETYaTHIM apMUPOBAHUEM ONPEACISIOTCS 10 popMyiam:

sk

R. =R+ P4 _op
100

R, =R+ q_ 280y op
100 r

3neck P - KO3PHUIUEHT, TPUHUMAESMBIN TPU MyCTOTHOCTH Kupnuda (kamHs) 10 20% BKIIFOUUTEITHHO

paBHbIM 2, ipu mycToTHOCTH OT 20% 10 30% BKIIOYUTENBHO — paBHBIM 1.5, IpU MyCTOTHOCTH BBILLIE
30% - paBHBIM 1.

Koasdpduuuent My onpenensercs no popmyie:

N, 12e
m, =1-np—2(1+—2
o =1=n A+—=)

3mecs N g - IVIMTENbHAS YaCTh NPOJIOJIBHOM CHIIBL, 1] - KOO(GUIMEHT, TpUHUMAEMBbIH 110 Tabauie 21 B

3aBHCHMOCTH OT THOKOCTH /Ii M BUJla MaTCpuajia KIaJaKu, eOg - OKCOCHTPUCUTET CUJIbI N g h - BeICOTA
CeUeHUs B INTOCKOCTH U3ruoa.

Koaddunmenr @ onpenenserca mno ¢dopmyiam, OpuBeAeHHbIM B Ta0Onuie 20. 3HaueHue @
NPUHUMAETCS] PaBHBIM €IMHHULE JJIS CIEAYIOIUX KJIAJO0K: a)Ais KIaJ0K U3 KepaMHUUeCKUX KHpIHya,
KaMHEl U OJIOKOB IYyCTOTHOCThIO Oosee 25%; O)ans KIajgoK M3 KaMHEH U KPYIHBIX OJIOKOB,
U3TOTOBJICHHBIX U3 SYEHCTOro OETOHA, MOJIMCTHPOIOETOHA U KPYITHOIIOPUCTOrO OETOHA; B)UIA KJIAJ0K
U3 IPUPOAHBIX KaMHeH. J{J1st Ipyrux Kj1agoK IpOU3BOJIBHOIO CEUSHUS

w=1+0 <145
2r

JInst KITaJIoK MPSIMOYTOJIBHOTO CEeYEHHMsI, a TakKe mpu  2r < h

w=1+$$£145

3nece €; - IKCIEHTPHUCHTET MPOOIBHON CHIIBI, r - PACCTOSHHE OT IIEHTPA TSHKECTH CEUCHUS 10

Hanboee cxKaToro kpas cedenus. Jyist npsimoyronbHoro ceuenust F=h/2.
B cirydae npAMoyroabHOro ce4eHus saeMenTa, kodduuuent My MpUHUMAETCS paBHBIM €IMHUIIE, €CIIA

MEHBLINK pa3mep cedeHus Oombine win pasen 30cm. B ciryuae TaBposoro ceuenus, kooduument M
NPUHUMAETCS] PaBHBIM €IMHUIIE, €CITU PAJANYC HHEPLUHU CEYeHHUs OOJIbIIe W PaBEH 8.7CM.
Koapduument npononapHoro u3rudba ¢@ npuHuMaercs mo taduuie 19 B 3aBUCMMOCTH OT yNpyrou

XapakTepUCTUKH (X JUIsi HEApMHUPOBAHHOM KIIAIKM WIH (g JUIsl apMUPOBAHHOM KIIAJIKH, a TAKXKE B

3aBUCHMOCTH OT THOKOCTH 3JIEMEHTA

A=l i

31mecn |0 - pacyeTHas BBICOTA 3JieMeHTa, | =+ /A - panauMyc MHEPLUH ceueHus, A - IIomans ceueHus,

| - MomeHT wWHepIMM cedyeHHS OTHOCHTENHHO OCH, MepHeHIUKYISpHOH MIOCKOCTH m3ruba. Ilpm
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[EHTPATBHOM CXKAaTHUH IPUMEHSIETCS] HANMEHBIINH paJiyc HHepUuH. PacyeTHas BRICOTa CTEH M CTOJIOO0B
IIPUHUMAETCS COTIacHo 7.3.

Ko>hdpuimenT nmpoaonasHOro uiruba ¢, ompeenseTcs s pacueTHOH BBICOTH paBHOH H | T.e. mpu

ruOKOCTH ﬂflc =H/ le, 1.=4/I./A,, toe |, .- MoMenT MHepuMM CKaTOil 30HBI OTHOCHTENBHO &
LEHTPAIIBHOM OCH.

B cinydae opHoocHOro wusrua NpPSMOYTOJILHOTO CEYEHHUs JJIEMEHTa, cXaras 30Ha SsBJsIEeTCA
IIPSAMOYT'OJIBHUKOM BBICOTOM

h, =h-2g,
[Tnomans cxKaToi 30HbI OMpeaeIsIeTcs mo Gopmyie:
A = AL-22)

HpI/I M3rude JIeMeHTa TaBPOBOI'0 CCUCHUS, a4 TAKIKC IIPU ABYXOCHOM u3ruode dJaeMeHTa IpsAMOYIT'OJIbHOT'O
CCUCHUS, CXKaTasad 30HaA ONpCAC/IACTCA YUCIICHHBIM MCTOIOM. Ha pI/I02 IMPpUBCACHBI IIPUMCEPDbI Cc)KaToM
30HBHI.

Puc. 2. Cxkaras 30Ha

DneMeHThl NPSIMOYTOJbHOTO CEUeHHUs, B CiIy4ae OJHOOCHOIO H3ruba, MPOBEPSIOTCS pacueToM Ha
HEHTPAJIbHOC CKAaTUC B IINIOCKOCTH, HepHeHHHKyﬂﬂpHOﬁ K IJIOCKOCTH M3ruoda.
3. Pacyer mo packpbITHIO TPEIHH

Pacyer mo 00pa3oBaHUIO U PACKPBITUIO TPELIUH TMPOBOIUTCS [JIsi HEAPMHPOBAHHBIX 3JIEMEHTOB
cormacHo 8.3. B cimyyae OmHOOCHOTO H3ruba »JIeMEHTa MPSMOYTOJIBLHOTO CEUCHHs, pacueT He
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IIPOBOJUTCA IIPU YCIOBUU 290 <0.7h.B CJIy4ae 3JI€MEHTa TaBpOBOI'O CEYEHHUs, pacyeT He IPOBOAUTCS
nipu yciosun €y < 0.7, rpe v - paccTosiHUEe OT LIEHTpa TAKECTU CeUYeHUs 10 HauboJiee CHKaToro Kpas
CEYCHMUS.

YcioBuem 00pa30BaHus TPEIIMH SBISIETCS JOCTHKEHHE HAaHOOIBIINM PACTATUBAIOLINM HAPSHKCHUEM

sHauenus Ry . [Ipy 9TOM HOPMAJIbHBIC HATIPSDKCHNUS OIPEICISIOTCS KaK il yIPYTOro Tea.

Pacyer mo packpbITHIO TpeUIMH MPOBOJUTCS cOTjacHO 8.3 JUIsl pacueTHhIX Harpys3ok. YcCJOBHE
MIPOBEPKU UMEET BU/L:

N /(7 R A

A(h—r)e, _1<1
— <

Kosdduuuent ycnosuit paboTsl j, NPUHUMAETCA 110 TaOIMIE 25 B 3aBUCHUMOCTH OT IPE/II0JIaraeMoro
CpOKa CIIyObl KOHCTPYKIMH U OT YCJIOBUI pabOThI KJIAJKH.

4. Pacuer Ha cCMATHE
VYciioBre MPOYHOCTH PU CMATUH KJIaJJKU UMEET BUJL:
N, /ydR A, <1
3necs N, - mpomomsmas cmma or mectHol Harpysku, R, - pacueTHOE CONpOTHBIICHHE KIAIKH TIpH

e, A, - momame cMsTHS, W - KOS((HIMEHT MOTHOTHI SIOPHl HANPSKCHHMI OT MECTHO#M
Harpy3ku. Kospduument d =1.5—0.5y 11 KUPIUYHONM U BUOPOKUPIUYHOW KIAJKH, a TaKXKe s

KJIIaAK1 U3 CIIJIOIIHBIX KaMHEHH WIHn 6J'[OKOB, HW3TOTOBJIEHHBIX U3 TSHKEJIOr0 M JErKOro OETOHOB. ,Z[J'ISI
KJIaJIK1 U3 ITyCTOTENbIX OETOHHBIX WM CIJIOUIHBIX KAMHEH U OJIOKOB M3 KPYITHOIIOPUCTOI'O U SIYEUCTOTO
OETOHOB, a TaKKe IS KJIaJI0K U3 KpymHOo(DOopMaTHBIX Kepamudeckux kamueir d =1. [Ipu paBHOMEpHOM
pacIpeeNIeHNN HAPSKEHUH y = 1, TIPU TPEYTOJIBHOM SIIIOPE HANPsKEHUN y =0.5.

PacuetHoe COIMPOTHUBJICHUEC OMPEACIIACTCA 110 (I)OpMy.He:

R.=¢R
A
=3—=<¢
§=3—=¢

3mece A - pacueTHas IUoIanb ceueHHs. 3HAUYCHHE & , 3aBHCSIICe OT MaTephana KIaJKH M MecTa
NPUJIOKEHUs HArpy3Ky, MpUHUMaeTCs 1o Tabnunam 22 u 22a.

HpI/I pacueTe Ha CMATHUEC KIIAJIKU C CETYATbIM apMHUPOBAHUEM PACUCTHOC COIIPOTUBJICHUEC ITPUHUMACTCSA
xax MaX(R,Ry,).

B nporpamMme pacCMaTpruBarOTCs CICAYIOIIUC paCYCTHBIC ClIyUau:

CMATHE CTEHBI TI0]T ONIEPTHIM KOHIIOM OaJIKH,

— CMJTHUC CTCHEI ITPU OITMPAHUHU KOHIIA OaJIKu Ha pacupCaACInTCIbHYIO ITIINUTY,
— CMJATHE CTEHBI TIOJ] 3aIEeMIIEHHBIM KOHIIOM OalIKH,

— CMSATHE 1O BCEH TONIIMHE CTEHBI BIAJIM OT Kpaes (puc. 9,a)

— CMSATHE 10 BCEH TONIIHUHE CTEHHI y € Kpas (Topua) (puc.9,0)

— CMATHE CTECHBI IIPH ONMMMPAHUU KOHIIOB 0anok (puc.9,B).

— CMATHUC IPpU NPOU3BOJILHOM PACIIOJJIOKCHUU ITIJIOIAAU CMATHA B CCUHCHUU 3JICMCHTA.
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Jlnst ciydaes mo puc.9,a,6,B pacuernas miomans A ompenmensiercs cornacHo 7.16. Koapdurment
IIOJIHOTBI AMIOPBI HAPSHKEHUN |/ 3a/1aeTcsl IPU BBOJIE UCXOIHBIX JIAHHBIX.

4.1 CwmsaTHe CTeHbI MO ONEPTHIM KOHIIOM 0aJIKH

PaccmaTpuBaercs onupaHue Ha CTeHY KOHIIa OTHOIIPOJIETHOM OaJIKH MOCTOSIHHOM KEeCTKOCTH. 3a/1aeTcs
MHA Q) W IHpHHA bo oropbl Oayku. J[TMHa OOPBI OTCUNUTHIBACTCS BAOIH OCH OATTKU, ITUPHUHA OTIOPHI

— MEePHEHIUKYISIPHO OCH Oanku. 3aKperuieHne APYroro KOHIa Oaqku MOXKET ObITh HIAPHUPHBIM WA
KECTKUM. 3aJaeTcsi TMoIepevHass Harpy3ka Ha OaiKy, BKJIIOYAIONIas COCPEIOTOYCHHBIE U
pacnpeseneHHbie cuibl. [Ipumep HarpyxkeHus O6anku npuBeeH Ha puc.3. Pemenne 3aqaun 00 usruoe

GaJIKH TO3BOIISET OTYUHTh ONMOPHYIO peakiuio Q ¥ yroi moBopora ceuenms Haz omopoii do .

8 5 5 1 o , %
Y a v

Puc. 3. [Ipumep HarpyxeHus Oanku

[Tone3nas nuHa onopsl 6anku onpeensercs coraacHo [2], 4.15 no dhopmyre:

&<a

d, = <
® \cb,d, " °

3nech O - koaduIMEHT MOCTENM IPY MECTHOM CKATUK. B ciyuae oTBepaeBIIEN KIIaaKu

50R,
C=

B ciiyyae HeoTBepaeBIIEN KIIAIKU

3nece R, =2R u R, =2R, - Bpemennbie conporupienns cxartuio oTBepaeBleii 1 HEOTBEpACBLIEH
kn1anaku. ConpoTuBiIeHHME R, IpPUHUMaeTcs Mo Tabiauue 2 mpu npodHoctd pactsopa 0.2MIla B
3aBUCHUMOCTH OT MapKH KUPIHYa WA KaMHS.

Sniopa HanpsHKEHUH MO KOHIIOM OaJKH MOXKET MMETh BHUJI TPANelMy WX TPEYTOJIbHUKA.

[Ipu TpanenueBUAHOM 3MI0pe KpaeBble HAMPSHXKEHUS ONpPEAEAoTCs o Gpopmynam:

9,

—_ . — - 17 - -
O, =0,+cad,/'2 -0, =0,—cad,/2.-0g,=

i @
a&‘ E;IS'

KoadduuneHT mosHOTH SMI0phl HAMPSXKEHUH BRIYUCISAETCS 10 (hopMmyIie:

1

14 ca,d,

(// =
20,

2
IIpu TpeyroasHoii smrope: Ay <a,, Oy = ﬁ ny=05.
0

0
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4.2 CwmsaTHe CTeHbI PH ONHPAHUN KOHIA 0AJKM HA pacnpeleUTe/bHYI0 IVINTY

PaccmarpuBaeTcsi onmupaHue Ha CTCHY WM MHJSICTPY KOHIA OJHONPOJICTHOH OalKM IMOCTOSHHOM
KECTKOCTH Yepe3 KeJIe300€TOHHYI0 WM CTaJbHYIO paclpeleiuTeNbHylo mimty. [Ipeaycmorpena

ycTaHOBKa (pukcupyromiei npokiaaku. [lpu onupanuu Ha MUISCTPY IPUHUMAETCS A= Ac .

[Ipu BBIOOpE KETIE300€TOHHOM TUIMTHI 33/1aeTCs Kilacc OE€TOHA, a TAaK)Ke KJIacC KOCBEHHOM apMaTyphl U
ee InaMeTp, eciu TpedyeTcs pacueT IUTHTHI Ha cMsTHe. Eciu mo pacueTy miauThl Ha CMSTHE TpeOyeTcs
apMmaTypa, TO aBTOMAaTHYECKH BBIMOJHSAETCS IMOJ00pP CETOK KOCBEHHOro apMupoBaHus. Pacuer Ha
cMsTHE TIUThI TpoBoAuTcs corsiacHo CIT 63.13330.

Eciu ukcupyroias IpoKiaaKa He yCTaHaBIMBACTCS, TO 33al0TCs JUTHHA ONOpPhI Oanku d, W mMpuHa

OTIOpBI bo . B mpotuBHOM ciyuae 3a1at0Tcs JyiHa |n U LIMpUHA bn IPOKJIAAKH. 3aKperIeHUE JPyroro

KOHIIa OaJIku MOKET OBITh HIAPHUPHBIM WIIM KECTKUM. 3a7aeTcsl NOIepevHas Harpyska Ha Oaliky,
BKJIIOYAIOIAsi COCPEJOTOUCHHBIE U paciipeiesieHHble cuilbl. [Ipumep HarpyxeHus Oajku NMpUBEIEH Ha

puc.3. Pemenue 3agaun 00 u3rude 6ajku Mo3BOJISIET MOJIYYUTh OTIOPHYIO PEAKITUIO QO .
[IpoBepka npovYHOCTH NMPU CMIITHH KIIAJKU MPOBOAUTCS coraacHo [2], 4.18 —4.20. [1pu pacuere ceuenuii

KJIQJIKH, PACTIONIOKEHHBIX TIOJ] pacipeeIuTeIbHON IITUTON, Harpy3Ka Ha IUTUTY OT OalIki IPUHUMAeTCs
B BHUJC COCPEIOTOYCHHON CHJIBI, PaBHOH OINOpHON peaknuu. [Ipu orcyrcTBuM (UKCHpYOIIEH

IMPOKJIaJIK TOYKa ITPUIIOKCHUA COCpGI[OTO‘ICHHOﬁ CUJIbl IMIPUHUMACTCA Ha PACCTOSHHHA ao /3, HO HC

Oosiee 7 ¢M OT BHYTPEHHETO Kpasi IUTUTHI (B IMPOrpaMMe BO3MOKEH pacyeT 0e3 JaHHOTO OTPaHUUYEHUS).
@ukcupyromas MNpPOKJIagKa pa3MEIlaeTcsl I0 LEHTPAJIbHBIM OCSM paclpeienuTeIbHON IUIUTHI.
JlaBneHue Ha IUIMTY O/ MPOKIAIKONH TPUHUMAETCS PABHOMEPHBIM.

PacnipenenurenbHas InTa B paC4eTHON CXEME MPEACTABIAETCA MOSACOM KIIAAKU, SKBUBAJICHTHBIM 110
KECTKOCTHU paclpeAeuTeIbHOM mnTe. BpicoTa nosica BeIuucisercs no gopmyse:

3
H. =23 Eplp:23 Ephp
° "\ Ed 12E

3I[CCL Ep - MOAYJIb YIIPYTOCTH MaT€pHalia paClIpCACIUTCIIEHON IIJINTHI, I p - MOMCHT MHCPIHUU CCUCHUA

mmuTel, E - MOmynh ympyroctd KIaaKH, NPUHEMAEMBIH PaBHBIM 0.5E0, d - pasmep
pacrpeneIuTeNbHOM IUINTHI B HAIIPABJICHUH, IIEPIICHINKYIISIPHOM HaIIpaBJIEHUIO pacupeneneHus. s

XKeNe300€TOHHOW TUINTBI Ep =0.85E,, rne Eb - Ha4aJIbHBIN MOJYJIb YIIPYrOCTH OETOHA.

Hanpspkenus B ki1azike 1oj pacipeeuTeIbHON IUTUTOM ONpeAeNsoTes Mo Gopmyiam, NpUBEICHHBIM

B Tabmuie 6. B stux dopmynax mpuHUMaeTcs s = m;“ , H= HO. Hwxe npuBeneHsl cXxembl

NPWJIOKEHUSI Harpy3kd, OSHIOPbl HaNpsDKEHUH, (GOpMyINbl s HAOpsOKEHUH U yCIOBHSL  HMX
IIPUMEHUMOCTH.

Cxema 1
N

g L‘!x_f N
{

s $
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Cxema 2
a ’a L
TZli
x
&~
& R
(] . —— —
Cxema 3
5
=il
— ~—
e |
Cxema 4
-
=L
é, 1
a
60 —
Cxema 6
a, . a,
H:‘ll
i
|
Cxema 7
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CxeMma 8

Cxema 9

Cxema 1 npuMeHUMA IIPK &, > S, @, > S

oy = 0.64-
Hd
Cxema 2 npumennma mipu d <$
N a’
0y =——(1+041—
2ad H
N a’
o,=—(1-041—
' 2ad ( H?
Cxema 3 npumeHuMa IIpH. a, <s, a, > a—zz
2
oy = (140412
2a,d H
o = 2Na,  oy(a; +a,)
' (a,+a,)ad 2a,
o = 2Na,  oy(a,+ay)
2
(a, +a,)a,d 2a,
_(a+ay)’

°8(ad+al)

a
Cxema 4 IpuMeHHMA TIPH. a, < S, a, < ?2, dy0 <&,

2

N a
= 1+0.41-2%
70" %a.d ( H?
2N oy(a; +a,,)
o, = -
a,d a
a, =1.125a,
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a - 4Na1_a
2,0 O'Od 1

Cxema 6 mpuMeHHMa Opu al>s+g, a, >s+g, b<2s

2N
bd (1+”:)

Oy =

Cxema 7 nmpuMeHHMa TIPH al>s+g, a, >S+g’ b>2s

N
Oy =—

bd

Cxema 8 npuMeHuMa Npu a < s+ g, b<2s

N 2
=—(
Oy Zad(+'8)

Cxema 9 npuMeHHMa ITPU g < S + g, b>2s

2
- :ﬁ[1+(b+25—2a) ]
bd 16as
- _ N (b+25)* -4a°
' bd 16as

ITpuBenenHsle (HopMysbl IPUMEHSIOTCSA IPU ONPEACTICHUN pactpeaeeHU HanpsHKeHUuH Mo TIMTON
BJI0JIb OCH OaJIKH U BJIOJIb OCH CTEHBI.

KoadduiimeHT noaHOTh S1I0pbl HAIPSKEHUH BRIYUCISETCS 1o popmyte:

N
Orax Ay
s cxem 1, 2, 3, 4 koadULIHMEHT NOTHOTHI OBl HAPSKEHUN paBeH

B N
O (8 +8,)d

4

4

s cxem 6, 7, 8, 9 koaddULIMEHT MOTHOTHI SMIOPbI HANPSXKEHUN paBeH
v = N
Oy 280

B nporpamme npon3BoauTCs MpoBEpKa JOMYCTUMOCTH HANPSKEHHUH MO paclpeaeIuTEIbHON TUIUTON
coryacHo [2], 4.22. YcnoBue npoBEpKU UMEET BUL!

o [(08R )<l
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[Ipu oTcyTcTBUM (pUKCHpYIOIEH MPOKIAAKH U MPH yCiIoBuU d, < |p <28, npoBepsieTcs YCIOBHE I
orpeiesieHus: TpedyeMoil JUTMHBI pacipeeInTeIbHON TUIUTHI

o, /R<1

[lpy >TOM mNpUHHMAETCS, YTO PABHOJCHCTBYIOIAS JaBJICHUS OalKd Ha IUIMTY TNPUIOKEHA
HETNIOCPEICTBEHHO Ha Topiie O6anku (puc.4).

K

&

Puc. 4. Harpy3ka Ha miuty

4.3 CMmaTHE CTeHBbI MO/ 3aLMEMJIEHHBIM KOHIIOM 0AJIKH

PaccmarpuBaetcs 3aliemiieHUE B CTEHY KOHIIA OJJHOIIPOJIETHON OaIKK MM KOHCOJH. 3a1aeTcs ITyOrHa
3ajenku Oanku d, W MIUpUHA OaKu bo. 3amaeTcs morepeyHas Harpyska Ha Oaliky, BKJIIOYaroIias
COCPEIOTOUEHHBIE U paclipe/iesieHHble CHilbl. Pemenne 3a1aun 06 n3rube 6aiaky Mo3BOJSET MOTYYUTh
nonepeunyro cury Qp u msruGaroumii Moment M B onopHOM ceuennn. Ycnore npouHOCTH TIpH
CMATUHM KJIAJIKHU coriacHo [1], 9.46 umeeT BU:

Q,/(R.a,b,)-(6e,/a, +1) <1

c~0~0

3necs € =M, /Q, (em.[2], 4.17).
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Jluteparypa
1. CIT15.13330.2020 «CHull 11-22-81* KameHHbIE 1 apMOKaMEHHBIE
KOHCTPYKLIUW.

2. [locobue 1O MPOEKTHUPOBAHMIO KAMEHHBIX U apPMOKAaMEHHBIX KOHCTPYKLHUN
(x CHulI 11-22-81). — ILIUTTII, 1989.
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430 — CeueHue ¢ KOMIIO3UTHOM apMaTypoi
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[Iporpamma npenHazHadeHa AJisi pacy€Ta CEYEHUM ¢ KOMIO3UTHOM MOJMMEPHOU apMaTypoi, COTJIaCHO
CIT 63.13330.2018 [1] m CITI 295.1325800.2017 [2]. IIpemycMOTpeHBI NPOBEPKH MPOYHOCTH M
TPELUIMHOCTOMKOCTH CEYEHUS C 3aJJaHHON apMaTypoil U 1moa0op apMaTyphl M0 YCIOBUSM MPOYHOCTU U
TPEIIMHOCTOMKOCTH. st  oueHku dSPPEKTUBHOCTH TPUMEHEHUS KOMIIO3UTHOM apMatryphl,
IIPEyCMOTPEH aJbTEPHATUBHBII pacyeT IpH 3aMEHE KOMIIO3UTHON apMaTyphl Ha CTAJIbHYIO.

1. Ceuenune

PaccmaTpuBaroTcst cieayroniye BHIBI CEUCHMIA: MPSIMOYTOJIbHOE CEUeHHUE, JBYTaBPOBOE CEUYCHHE,
MIPOM3BOJILHOE MOJUrOHaJIbHOE cedeHue (puc.l). [lns mpsMOyroapbHOro W JIBYTaBPOBOTO CEUEHUN
BO3MOKHBI BCE MPEyCMOTPEHHBIE BUABI pacueTa, IJisi IPOU3BOJIBHOIO CEYEHHUSI BO3MOXKHBI ITPOBEPKaA
MIPOYHOCTH U OIpeieiieHne TpeOyeMoH IIIOIIa i apMaTyphl.

. i \ |
L., L, § e ]

Puc. 1. Bugsl ceuennit

Jlis mpsIMOYTOJIBHOTO M JABYTABPOBOTO CEUEHUIN paccMaTpUBaeTCsl pa3MeEIlleHHe apMaTypbl BOIH3U
BEPXHEU U HUKHEW CTOPOH CEUYEHHS.

3agaHue NMPOU3BOJIBHOTO IOJIMIOHAIBHOIO CEUEHUS! OCYIIECTBIISETCS IIyTEM BBOJA KOOPAHMHAT €ro
BepIIMH. BbIOOp KOOpAMHATHBIX OCEHl 1EKapTOBOW CHUCTEMBI MOKET OBbITh MPOU3BOJILHBIM. BeprinHsl
3aJjal0Tcsd B IOCJENOBATEIbHOCTH, KOTOpask COOTBETCTBYET O0OXOJy TMOJMIOHA IO KOHTYpY B
OIpeJIeIEeHHOM HanpasieHuu. [1pu 3Tom nonauronansHas 00J1acTh JODKHA OCTaBaThCS 110 OJJTHY CTOPOHY
(Hampumep, cieBa) OT HampaBlieHUs 00Xo/a.

B cnyyae nonuroHaibHOTO ceueHus, apMarypa 3aJaeTcsl Kak COBOKYITHOCTh apMaTypHBIX cioeB. Ciion
MOTYT MMETh NIPOU3BOJIBHYIO JUIMHY W OpueHTauuto. [Ipenmosaraercsi, 4Tro MIOHIaAb apMaTypbl
PaBHOMEPHO pacmpezesieHa no cjiow. Ecnu jiuHa cinosi paBHa HYIIO, TO TaKOW CJIOW COOTBETCTBYET
OTJIETbHOMY apMaTypPHOMY CTEPKHIO.

ITpu pacuere TpeOyemoil apMmarypbl B HPOHM3BOJBHOM CCUCHHH, I KaKJIOTO apMaTypHOTO CIIOS
OTIPEIENIIETCS €ro 0Js OT OOIIel Turomanau apMaTypbl. Jloyst ClIosi pacCYMTHIBAETCS IO 3aJaHHBIM
OTHOCHUTENIbHBIM TuTOImAAIM Kak Ki = Ai / (A1 + Ao+ ...), tae i = 1, 2,...; A1, A2,...— OTHOCHUTEIIbHBIE
ILIOIIA/IM apMATYPHBIX c10eB. [Lomans i-ro ciost omnpexnemnsercs mo gopmyne Ay =K, A 1ot » TI€ A, tot

— o01mas MIomaas apMaTyphl.
[Ipu npoBepke MPOYHOCTH U TPU ONpEACNCHHH TpeOyemoil IMIomaad KOMIIO3HUTHOM apMaTyphl B

IIPOU3BOJIBHOM CEYECHUHU MPEAYCMOTPEHO pa3sMELICHUE JONOJHUTEIbHOM CTaJIbHOW apMmarypsl, B
YAaCTHOCTH, B CXKaTON 30HE CEYCHUS
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IIpn paccmMoTpeHUM TPOU3BOJBHOTO CEUEHHUS, MPUMEHSIOTCA JBE CHUCTEMbl KOOpAuWHAT. B omHOi
CHUCTEME KOOpPJIMHAT 3a/al0TCsl BEPIIMHBI W apMmarypHble ciow. Jlpyras cucremMa KOOpAMHAT
MIPUMEHSIETCS T 3aJaHUS YCHIIHA.

2. Yeuaus

[Tpu pacyere npsMOYrOJIBLHOTO WM JIBYTaBPOBOTO CEUECHUS YCUIIMSI 33JJal0TCSI OTHOCUTENIHHO TJIaBHBIX
LHEHTpaIbHBIX oOceil Y,Z. B cinydae npou3BOJBHOTO CEUEHHUs, YCHJIUS 3a/al0TCS OTHOCHUTEIBHO
HEHTPaJIbHBIX OCeHl Y, Z, KOTOpbIE NapasuieIbHbl KOOPAUHATHBIM OCSM, BEIOPAHHBIM MPU BBOJIE BEPIIMH
U apMaTypHBIX CIIOEB.

[Ipunumaercs, yto npogoapHas cuia N nosoxurenbHa npu cxxatuu. [Ipu nelicTBUN M0JI0)KUTEIBHOIO
MoMmeHTa My ckaTas 30Ha BO3HMKAEeT B BEpXHEH 4acTu ceyeHus, a MpH AEHCTBUM IOJOKUTEIBHOIO
MoMeHTa M; cixkaTasi 30Ha BO3HHMKAET B JIEBOW YaCTH CEUECHHUS.

3. Pacuer

Pacder mo mpoyHOCTH MPOBOAMUTCS HA OCHOBE HETMHEHHOU Je(hOpMarimOHHON MO B COOTBETCTBUU
c[1],8.1.20u [2], 6.1.15. B kauecTBe pacueTHOU AMATPAMMEI COCTOSHUS CIKATOT0 OETOHA TPHHUMACTCS
TpexJuHelWHas nuarpaMMa. KoMmmosuTHas apmaTypa, paclioyIOKEHHAs B C)KaTOM 30HE CEYCHHs, HE
yuuTbiBaeTcs. JUIss KOMIIO3UTHOM apmaTyphl, pPAaclOJOKEHHOW B PpACTAHYTOM 30HE CEYEeHU,
NpUHUMAETCsl JIMHEHHas amarpamma negopmupoBanus. llpenenbHas apedopmanus pacTIHyTOH

KOMIIO3UTHO# apMatypsl onpenensiercs o gopmyne Ry /E;, rne Ry, E; - pacuernoe conporusnenue
¥ MOJyJIb YIIPYTOCTH apMaTyphl.

ITpu npoBepke MPOYHOCTU CeYeHUs omnpenensercs Kod(Q(UIMEHT HaIeKHOCTH MO YCUIMSIM Yu, Yepe3
KOTOpBIM npeaenbHble ycunust Belpakatoress mo gopmynaMm Nu = wN, Mw = n-My, Ma = n-M..
[IpounocTh ceuenus obecneyeHa npu y = 1.

[Ipn monbope apmarypbl HpPUMEHSETCS WTEPALMOHHBIA alrOPUTM, IMO3BOJIIOMIMNA TOYHO Y4YECTh
pacroyio’)keHre MoJOOpaHHBIX apMaTypHBIX cTepkHeil. Ha Tekyiiem uTepanvoHHOM Iare pacder
TpeOyeMoii apMaTypbl TNPOBOAMTCS Ha OCHOBE pE3yJbTaTOB KOHCTPYMPOBAHHS apMaTypbl Ha
npeasiaymeM mare. IIpu KoHCTpyupoBaHUM apMaTypsl C YY4ETOM 3a/1aHHBIX 3HAYEHUH MUHUMAJIbHOMN
TOJIIMHBI 3aIIUTHOTO CJI0s1 O€TOHA U JMaMEeTPOB MOA00paHHBIX apMaTYPHBIX CTEp)KHEH, onpeenseTcs
HOMUHAJIbHAS TOJIIMHA 3alUTHOTO cliosi OeToHa. 3aTeM OMNpEeAEssIOTCS PAcCTOSHHUS OT KOHTypa
CEYEeHMS 10 LEHTPOB TSHKECTH IUIOIIAJECH apMaTypbl, KOTOPBIE Ha CIEAYIOIIEM UTEPALMOHHOM IIare
CTaBsTCS B pacyeT TpedyeMoit apMaTyphl.

[To pe3ynbTaTaM KOHCTPYHPOBAHUSI OCYIIECTBISIETCS TpadUUecKuil BBIBOJ CEUYCHHUS C MOT00paHHBIMU
apMaTypHBIMU CTEPKHIMU.

Pacuet no 06pazoBaHuIO U PACKPBITUIO TPEIIUH MPOBOIUTCS AJISl IPSIMOYTOJIBHOTO UJIH ABYTaBPOBOIO
CeueHHs Ha OCHOBE HEJIMHEHHOM NeopMallnOHHOM MOJIEIH.
WsruGaromuit Moment M yorc IPM OOPA30BaHUM TPEUIMH ONPEEISETCS MO MPEAETbHOMY COCTOSHHIO

pactsinyToro 6etona. [Ipu sTom yder npomoasHOoM crtbl N BO3MOXKEH OJHUM U3 JIBYX crioco0oB. Ecim
IPOJIOJIbHAS CHJIA ¥ U3THOAIOIMI MOMEHT BO3HUKAIOT OT JICHCTBUS pa3HbIX HCTOYHUKOB HArPY30K, TO
cienyer nonokuth N =CONSt, a eciv OHM BO3ZHUKAIOT OT NEHCTBUS OJHOIO MCTOYHUKA HATPY30K M

BO3PACTAIOT OJHOBPEMEHHO, TO CIeyeT moaoxuts €=M y /N =const

[Ipu pacdere mo oOpazoBaHMIO TPEUIMH HMPEIYCMOTPEH BBIBOA Ae(opMariuii 1 HanpspKeHUi, a Takke
MIOJIOKEHUS HEUTPaIbHON JINHUYU HENOCPEICTBEHHO Mepesl 00pa30BaHUEM TPELIMH.
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Wsrubaromuit moment M y.crc IPH OOPA30BAHUM TPEIIMH, & TAKKE HATIPSHKCHHS B PACTAHYTOM apMaType

nocie o0pa3oBaHus TPEIMH O¢ U O o, BXoJAmHMe B popmyinsl [1], (8.128), (8.137), Beruncnsrorcs Ha
OCHOBE JHMarpamMM COCTOSIHHSI O€TOHa W apMaTyphl MPH TOMOINM YHUCJICHHOTO MeTona. [Lmomans

CEUEHUs PaCTAHYTOro 6eToHa Am ¥ IIONIA/Ib CEUCHHs PACTAHYTOH apMaTypsl Ay, uepes KOTOpbIE MO
dbopmyne [1], (8.136) Bwruucasiercs 60a30BO€ pacCTOSHUE |f MEXy TpELIMHAMH, ONpPEACISIOTCS
HETOCPEJCTBEHHO IMepe]] 0O0pa3oBaHMEM TPEIIMH. 3HAYCHHE Abt OMpEIEseTC MPU CIEAYIOLUX

OrPAaHMYCHUSX HA BBICOTY PacTsiHyToi 30HbL X, 228, X, < h/2, rpe a - paccTtosiHie oT HauboJee

pacTsAHYTOM apMaTypsl 0 OJrKaiIIel rpaHu ceueHusl, N — BhICOTa CEYCHUS.
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Jluteparypa
1. CIT 63.13330.2018 «CHull 52-01-2003 BertounHsle u xkejie300€TOHHBIE
KOHCTPYKIUU.OCHOBHBIE TIOJIOKEHUS.

2. CII 295.1325800.2017 «KoncTpykuuu O€TOHHBIE, apMUPOBAHHBIC ITOJIUMEPHOM
KOMITO3UTHOU apmatypoii. [IpaBuia npoeKTHpOBaHU.
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[Iporpamma npenHa3zHadeHa i pacy€ra IUIUT ¢ KOMITO3UTHOM MOJIMMEpHON apMartypoii corsiacHo CIIT
63.13330.2018 [1] u CII 295.1325800.2017 [2]. IIpemycMOTpeHBI MpPOBEPKH NPOYHOCTH H
TPELIMHOCTONKOCTH CEUYEHUs C 3aJJaHHOM apMaTypol M IoJ00p apMaTyphl [0 YCIOBHUSIM IIPOYHOCTH U
TPEIIMHOCTONKOCTH.

1. Pacuer mo npo4HoOCTH

[Ipu pacuere sieMeHTa IUIMTHI TOJIIMHOW h mpuMeHsieTcs cucrema KoopaumHat XYZ, ocu X u Y
KOTOpPOM Jie)KaT B CPEAUHHOW IUIOCKOCTH IUIMTHL (puc.l). B momepedHbIX ceYeHHsIX 3JIEMEHTa,

HOpMaJIbHBIX K ocH X, neficTByrot m3ruGarommii moment M, i kpyrsimit Moment Mxy . B monepeunsix
CEUEHHMAX AJIEMEHTA, HOPMAIBHEIX K OCH Y , JeHcTByroT m3rmbaromuii Momenr M y M KpYTSILIUH

MOMCECHT M Xy I/I3r1/16a}011m171 MOMCHT SBJIACTCA ITOJIOKUTCIIBHBIM, €CJIU IIPU €TI0 Ilel\/JICTBI/II/I ciXXaras 30Ha

BO3HHKACT B BCpXHCfI YaCTHu IIOIICPEYHOro CCUYCHHA IIINUTHI. 3HaK KpyTAIIETO MOMCHTA HC HMCCT
3HA4YCHU.

Puc. 1.Cucrema KoOpaHHAT U YCUIIHS

HpOBepKa IMPOYHOCTH IIJIMTHI HA I[GI\/'ICTBI/IG MOMCHTOB IIPOBOJUTCA 110 CICAYIOIINM YCIOBUSAM!

M /M, <1
M, /M, <1

(M, ~M,)M, ,, —M, )= M2 >0

X,ult y,ult

M, /My <1

My, /M g <1

fxy,ult

[IpenenbHble K3THOAIONINE MOMEHTHI Mxyun )51 Myyun ONPENEAOTCS. HAa OCHOBE HEIMHEWMHON

nedopMarmoHHONH Mozenu B cootBercTBuU ¢ [1], 8.1.20 m [2], 6.1.15. B kadecTBe pacdeTHOI
TUarpaMMbl COCTOSIHHSI CXKaTOro OeTOHa MpUHUMAETCs TpeXJHHeWHas auarpamma. KommosutHas
apMarypa, pacroyiOXKeHHAst B C)KATOW 30HE CEUCHHs, HE YUUThIBaeTCs. J{7s KOMIO3UTHON apMaTyphl,
PaCTIOJIOKEHHOM B PacTSIHYTOW 30HE CEYCHHUS, IPUHUMACTCS JTUHECHHAS ArarpaMMa Jie(opMHpOBaHUS.

IpenenbHas aedopMaLUs PacTAHYTOH KOMIO3HTHOM apMatypsl onpeaensercs o dopmyne: Ri/E;,
rie R, E; - pacuernoe conporusnenue u moayns ynpyrocta apmatypsi.

[IpenenbHble 3HAYEHUS KPYTSILIETO MOMEHTA OIPEEIIAIOTCS IO (opMysIam:

M, =0.17,R,h?

bxy,ult
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M s o = 0.5R, (A + Ay hy

fxy,ult
rae Ag, Afy - IUIOLIAJ¥ PACTSAHYTON KOMIIO3UTHOW apMarypbl B HampasieHun oceit X u Y,
hy = (hyy + hoy)/ 2; hgx, hoy - 3Ha4YCHUs pabOyeii BBICOTHI CCUCHHUHT, HOPMAJIBHBIX K OCsIM K 1 Y .

Tperpe U3 NMPUBEACHHBIX YCIOBHM IpPOBEpSETCS B TOM cllydae, KOT/ia BBIMOJHSIOTCS IMEpBbIE ABa
ycnoBust. [lpu aTom TpeTbe ycnoBue npeoOpa3yercs K BUIY:

('\/Ix,ult_le)(lvly,ult_Ivly)/l\/|2—I\/Ifyllw2 >0

rac M OIIPCACIACTCA KaK MaKCUMYM 3HAYCHUH MOMEHTOB II0 BCEM 3aJaHHbIM COYCTaHUAM YCI/IJ'II/II;'I.
3HaK1 MOMEHTOB B MPUBCACHHOM YCJIOBUH HC YUUTBIBAIOTCA.

2. Pacuer nmo TpemiMHOCTONKOCTH

Pacuer mo oOpa3oBaHHIO U PACKPBITUIO TPEUTHMH TPOBOJAUTCS HA OCHOBE HENMHEHHOM neopMalinoHHON
MOJIETIH.

Wsru6aromue Moments M xore M M y.cre TP 00pPa30BaHUK TPEIUMH, & TAKIKE HANPSUKEHUS B PACTAHYTON

apmartype mocie oOpa3oBaHMS TpemmH O; u Oy g, Bxomamue B Qopmyns [1], (8.128), (8.137),
BBIUUCIISIOTCS] HA OCHOBE JMAarpaMM COCTOSIHHSI O€TOHA U apMaTyphl ITPH MOMOIIU YUCIIEHHOTO METO/Ia.

[Inomanp cedyeHus pacTsHyTOro OeToHa Am ¥ TIIOMA/Ib CEYEHMs PacTAHYTOH apMaTypel Ay, uepes
kotopeie 10 dopmyre [1], (8.136) Bbrumcisiercss 6asoBoe paccrosHHe |¢ MexIy TpemmHaMH,
OTIPEEISIOTCS HEMOCPEICTBEHHO Nepe]l 00pa3oBaHWeM TPElMH. 3HaueHne A, ompenensercs mpu

CIE/YIOIMX OrPaHMYEHHsX Ha BBICOTY pacTAHyToi 3oHbl: X 22a, X, SN/2 | rpe a — paccrosmue ot
HanOoJee PacTIHYTOW apMaTyphbI 10 ONFKalIIei TpaHu CeUCHUsI.

3. KoncrpyupoBanue

IIpu mondope apmaTypbl NPUMEHSETCS WTEPALMOHHBIA AJTOPUTM, IO3BOJISIOUIMM TOYHO YYECTh
pacrnoioKeHue TMOoM0OpaHHBIX apMaTypHBIX cTepxkHed. Ha Tekyiiem WTEepallMOHHOM Iare, pacuer
TpeOyeMoil apMaTypsl MPOBOJUTCS Ha OCHOBE pE3yJbTaTOB KOHCTPYMPOBAHUS apMaTypbl Ha
npensiaymeM mare. [Ipyn KOHCTpYHMpPOBaHUU apMaTyphl, C YIETOM 33/IaHHOTO 3HAYSHUS MUHUMAJIbHON
TOJIIIUHBI 3aITUTHOTO CJI0si OETOHA M IMaMeTpa TOI0OpaHHBIX apMaTypPHBIX CTEPIKHEH, ONpeaesIeTcs
HOMHUHAJIbHAS TOJIIIMHA 3AIUTHOTO ClI0s OeTOHA. 3aTeM OIpeIeNsIeTCsl pACCTOSIHUE OT TPaHU dJIEMEHTa
710 LEHTpa TSHKECTH IUIOUIaTu apMaTypbl, KOTOPOE Ha CIEIYIOIEM HUTEpallMOHHOM IlIare CTaBUTCS B
pacueT TpedyeMoil apMaTypBhl.

KoncTpyupoBanue mnpogoiapHOM apMaTypbl MPOU3BOJIWTCS MO 3aJaHHBIM MHUHHMAJIbHBIM U
MaKCHMaJbHBIM JMaMeTpaM M Iaram crepkHeil. Ha puc.2 mpuBeneH mpumep moadopa mpoAoIbHON
apMaTypsl I TUIATEL. Ha MpuBeIecHHOM PUCYHKE JaHbl CEUYEHHMs, HOPMAJIbHBIE K OCIM K U Y .

Puc. 2.ITpumep apMUpOBaHUS TUTATHI
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Jluteparypa
1. CIT 63.13330.2018 «CHull 52-01-2003 BertounHsle u xkejie300€TOHHBIE
KOHCTPYKIUU.OCHOBHBIE TIOJIOKEHUS.

2. CII 295.1325800.2017 «KoHcTpykumu O€TOHHBIE, apMUPOBAaHHBIC ITOJIUMEPHOM
KOMITO3UTHOU apmatypoii. [IpaBuia npoeKTHpOBaHU.
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432 — ITogbop npoxonbHOM apmaTypsl (MSZ EN 1992)
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[Iporpamma mpenHa3HadyeHa I pacu€Ta TpeOyemMou MPOMOIBHOM apMaTypbl U KOHCTPYHPOBaHHS
apMaTypbl B CEYECHUH, a TaK)Ke JJIsl IPOBEPKH HECYIIeH CIIOCOOHOCTH CEYEHHUS C 3aJaHHOH apMaTypoit
cornacHo MSZ EN 1992-1-1 [1]. [1o pe3ynbprataM KOHCTPYMPOBAHUS OCYIIECTBISETCS TpadruecKuit
BBIBOJ| C€YEHUs C M0JOOpPaHHBIMU apMaTypHbIMU CTepkHAMU. [Ipu nposepke Hecyuiei crnocoOHOCTH
CEUEHUs C 3aJJaHHON apMaTypoil onpeensieTcs pacueTHas AJIMHA aHKEPOBKH.

1. Ceuenue

CeueHns mOJPa3AEISIOTCS HAa CTaHAAPTHBIC W MPOU3BONIbHBIE. K CTaHAapPTHBIM CEYEHUSM OTHOCSTCS
IPSMOYTOJBHOE CEYEHHE, I0JI0€ MNPSMOYTOJbHOE CEYEHHE, KPYroBOE€ WM KOJBLEBOE CCUCHHE,
TaBPOBOE WX JBYTaBPOBOE CEUEHUE, TpalleUEBUIHOE ceueHue (puc.l).

iz 12
s|af T

a a a b1
1 £ oo ot
L b L L b
1 i 1
| bf L
7 A
42 EB
=y h
| | bw
|:| I sl
bfH hfH

Puc. 1. CrangaptHele ceueHust

JIJtst IPSAMOYTOJILHOTO CEUEHHsI PACCMATPUBAIOTCS CIIEYIOIIHME CXeMbl apmupoBanus A (puc.2): cxema
C paBHBIMH IUIOIIAIAMH apMaTypbl BOim3u BepimH cedeHuss (A=0), cxema ¢ paBHOMEPHBIM
pacrpeeieHieM IUIOIIAIN apMaTypbl BIoIb KoHTypa ceuenus ( A=1), cxemsi ¢ pausivu (A=2) u ¢
paznuunbiME ( A = 3) III0IaAsIMU apMaTypbl BOJIM3U BEpXHEW M HU)KHEH CTOPOH cedeHus. s moioro
IPSIMOYTOJILHOTO cedeHust paccmarpuBarotcs cxembl A=0, A=1, A=2. Jlns taBposoro
(TByTaBpOBOTO) CEUYCHUS M TPAIICIIUEBHUIHOTO CEUEHUs paccMaTpuBaeTcsi cxema A= 3. J{ist kpyroBoro
(KONBLIEBOTO) CEYEHMsI paccMaTpUBAETCSl CXeMa apMHUpPOBAaHUS C PAaBHOMEPHBIM paclpesielieHueM
IUTIOINAAM APMaTYpPhl BAOJIb KOHTYpa CEUCHHS.
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SH

A=0 A=1 A

]
2
-

]
w

Puc. 2. Cxembl apMUpPOBaHUS TPSAMOYTOIBEHOTO CEUCHHS

3aaHue MPOU3BOJIBHOTO MOJIMTOHAJIBHOIO CEUEHUsSl OCYIIECTBIISIETCA MYTEM BBOJA KOOPJIMHAT €ro
BepiinH (puc.3). Bosmoxxen BBoa 10 S0 BepumH. BeiOop KOOpAMHATHBIX OCEH I€KapTOBOW CHCTEMBI
MOKET OBITh MPOU3BOJIBHBIM. BepIInHbl 3aJal0TCs B MOCIEA0BATEIBHOCTH, KOTOPasi COOTBETCTBYET
00X0ly MOJIUTOHA MO KOHTYPY B OIpeneleHHOM HampaBieHuu. [Ipu sToM monuroHangbHas 00IacTh
JI0JKHA OCTaBaThCs 10 OJIHY CTOPOHY (HAIlpUMep, clieBa) OT HampasiieHus o0xoaa. BoamMoxHO 3a1anue
BHYTPEHHUX TOJIOCTEH MPSIMOYTOJBHON, KPYIJIONH U MOJMUroHansHOM ¢dopmbl. [lpu 3amanuu monoctu
MPSIMOYTOJIBHON WM KpyTJioi opmbl, TpeOyeTcsi BBECTH KOOPIUHATHI IIEHTPa MOJIOCTH U €€ pa3Mephl,
MIPU 33JJaHUHU TTOJIMTOHAIBHOM MOJIOCTH, TPEOYETCsI BBECTH KOOPAUHATHI BEPILUH MOJIOCTH.

Puc. 3. [Ipon3BoabHOE NOJUTOHAIBHOE CEUEHUE

JUIs TONMTOHAILHOTO CEYSHHUsST BO3MOXKHBI CIICIYIONIMNE CXEMbl apMUPOBAHUS: CXeMa C PABHBIMHU
IUTOIIASIMKM apMaTypbl BOJIM3KM BEPIIHH BHEIIHEro KoHTypa ceuenus ( A=0), cxema ¢ paBHOMEPHBIM
pacrpeneneHieM IUIONIaA¥ apMaTypsl BIOJL BHeIIHero Kourtypa cedenus (A=1), mpoussonbHas
cxema apmupoBanus. Jlnsg cxem A=0 u A=1 HeobXoaumble ajs pacueTa KOOPAMHATHI apMaTyphl
ompenensatorcss aBroMatuuecku. [Ipu A=0 UCKIIOUAIOTCS M3 PACCMOTPEHUsS] BXOMSIIUE YIIbl (T.€.
yrabl, Oonpmme 180°). Kpome Toro, mnpoBepseTcss BO3MOXHOCTh KOPPEKTHOTO pPa3MENICHHS
apMaTypHBIX CTEP)KHEH MPU HATMYUH OJTM3KUX BEPITUH.

[Tpu BBIOOpE TTPOU3BOIBLHOM CXEMBI APMUPOBAHUS TPEOYyeTCs 3a/1aTh OTPE3KH (apMaTypHBIEC CIIOU), HA
KOTOpPBIX pa3Memtaercsi apmatypa. Bo3moxken BBoa a0 50 apmarypsbix cioeB. ClIoM MOTYT MUMETh
MPOU3BOJIBHYIO JUIMHY W opueHTanuio. l[lpenmonaraercs, 4To MO apMaTypbl PaBHOMEPHO
pacnpeneneHa mno cnoro. Ecnm  giuHa cinos paBHA HYJKO, TO TaKOM CIIOW  COOTBETCTBYET
«COCPEOTOUYCHHOW» IJIOIMIAAM apMartypbl. ApMaTypHble CIOM TOAPA3AEISAIOTCS Ha CIOM C
BapbUPYEMOU TUTOMIA/IBIO U CIIOM C TIOCTOSIHHOM TUIONIAbI0 (HEM3MEHSIEMOU TIpU pacueTe Tpedyemoi
apMatypsl). [IpeaycMoTpeHs! 1Ba BUIa pacpeeeHus TUIOIAI apMaTyphl IO apMaTypHBIM CIIOSIM C
BapbUPYEMOU TUIOMIA/IBIO: CBOOOIHOE paCIIPEICIICHHE U 3aJaHHOE PacIipe/IeTICHHIE.

ITpu cBOOOJHOM pacmpeneseHUH apMaryphbl, TUIOMAAN PA3IUYHbIX apMaTypHBIX CJIOEB MOTYT OBITh
OJIMHAKOBBIMH WJIM Pa3IUYHBIMU. ApPMAaTypHbIE CJIOM C OJMHAKOBOW IJIOLIAAbI0 00pa3yloT OJHY
rpyniy. ['pymma MoXeT cocTosTh U3 ogHoro ciosi. Hymepanus rpynn HaumHaercs ¢ eauHuubl. Eciaun
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JUIsE HEKOTOPOTO apMaTypHOIO CJIOSl TPyIIa He yKa3aHa, TO aBTOMAaTU4YeCKH oOpa3yercs OTIeNbHast
rpynmna, cocrosuiasi U3 OJHOro 3toro cios. I[lnomaan apmarypbl, COOTBETCTBYIOLIUE Pa3INYHBIM
rpyIaM, He CBSI3aHbl HUKAKUM YCIIOBUEM U OTPENIEISAIOTCS HE3aBUCUMO JIPYT OT JIpyra.

[Tpu 3ajaHHOM pacnpeeNieHny apMaTyphl, IS KaKI0T0 apMaTyPHOTO CJI0S C BAphbUPYyEeMOU MIIOIIA IbI0
OTIpeiesIIeTCsl ero A0 OT oOuIe rIomanM apMaTypsl (IIPH 3TOM CJIOH C MOCTOSIHHOM IJIOMIA/IbI0 HE
YUUTHIBAIOTCS). JloJIst clost paccUMThIBAaeTCS MO 3aJlaHHBIM OTHOCUTEIBHBIM IUIOIIAJSAM Kak

ki =A /(A1+A2 +---), rae i=12,...; Al,Az,---— OTHOCHUTEIIbHBIC TUIOMIAIM apMaTYPHBIX CJIOEB C

BapbUPYeMOil MIoma b0, Ilomas i-ro cios onpenensercs no gopmyne  A; = kiAs,tota rae A —
oOmias momass apMaTypsl (6€3 ydeTra MOCTOSHHOM IUIOMIAIHN ).

[Ipn paccMOTpeHMM IIPOHU3BOJIBHOIO CEYECHMS, NPUMEHSAIOTCSA [BE CUCTEMBI KOOpAuHAT. B oxHou
CUCTEME KOOpJAMHAT 3aJaloTCs BEPIIMHBI W apMaTypHele ciou. /[Ipyras cucrema KOOpIMHAT
IPUMEHSETCS I 3aJlaHUs YCUIIUM.

2. Yeuaus

[Ipu pacdere CTaHZAPTHOIO CEYEHHMs], YCHINS 3aJal0TCsI OTHOCUTEIBHO IVIABHBIX LIEHTPAIbHBIX OCEHN
Y, Z. B ciy4yae nmpou3BOIBHOTO CEUSHHSI, YCHITUS 3aJaI0TCS INOO OTHOCHTEBHO TIIaBHBIX IIEHTPATbHBIX
oceil ceueHust YgiZy, MO0 OTHOCHTENIBHO IIGHTPAJIBHBIX OCeil Y,Z, KOTOpbIe MapasuieIbHbI

KOOpJAMHATHBIM  OCsIM,  BbIOpaHHBIM  TNpPU  BBOJAE  BEpPIIMH M apMaTypHBIX  CIJIOEB
(cM. puc. 3). IlpunuMaercs, uTo npoaoibHas cuwia N mojoxurenbHa mpu cxatuu. [lpu geiicTBum

MOJIOXKHUTCIBHOTO MOMCHTA M yo cXxartasa 30Ha BOSHHUKACT B BerHeﬁ YaCTH CCUYCHH, a IPU JIEeNCTBUHU

ITIOJIOKUTECIIBHOTO MOMEHTA M ,» C)KaTas 30Ha BO3HUKACT B JIEBOM 9aCTH CCUCHUS.

3. Pacuer

Paznuuarorcs ABa BUIa pacyera: ompeleieHHe IUIOMAAN apMaTypsl, TpeOyemon st oOecrieueHus
HECYIIeH COCOOHOCTH, U TTPOBEPKa HECYIEH CITOCOOHOCTH CEUYCHHS C 3aJJaHHON apMaTypoHu.

[Ipu onpenenenuun tpeOyemol apmMaTyphl, B 3aBUCUMOCTH OT HPUHATON CXE€Mbl apMHpOBaHUS, J1OO0

HEU3BECTHA TOJBbKO O0Ias IUIoUIalb apMarypbl Agymt MIPU 3aJ]aHHOM PacTpelIe]ICHUN apMaTyphl MO

CJIOsM, 1100 HEM3BECTHEI TJIoIIain apMaTypHBIX CJIOCB Asi IIpu yCJIIOBUH CBO60,[[HOFO pacnpeaciiCHuu

apMarypsl 1o closM. B nmocineaHem ciyvae, IUIomagyd apMaTypHBIX CIIOEB OTHICKHMBAIOTCS HAa OCHOBE
TpeOoBaHUS MUHUMYMa OOIIEH MJIOLIaAd apMaTyphl.

[Ipu poBepke HecyIell COCOOHOCTH CeUeHHUs, onpenesiercss KO3 PUIMEeHT 3anaca Mo yCwiusaM J, ,
yepe3 KOTOPBIK TMpeAeNbHble YCWIMS BbIpaXkaroTcssi 1o ¢dopMyiaM Nu = N, M w=7"u M v
M u =" M . - Hecymas cmocoOHOCTh ceueHus oOecreueHa npu ), >1.

Pacuer mpoBoauTCS Ha OCHOBE nuarpamMM J1eOpMHpPOBAHHS CKATOro OETOHA M apMaTypHOM CTaiH.
Juarpamma u1st cxxkaToro OeToHa MoKa3zaHa Ha puc.4.

IIpu ompenenenun TpeOyeMoil IJIOMIAAM apMaTypbl, HPUMEHSETCS HUTEPALMOHHBIN aJrOpUTM,
MO3BOJISIIOIIMN TOYHO YYECTh PaCIOIOKEHHE MOJOOpPaHHBIX apMaTypHBIX cTepkHed. Ha Tekymem
UTEPAIlMOHHOM IlAre pacdyeT TpeOyeMOoN apMmaTypbl MPOBOAMTCS HAa OCHOBE pE3yJIbTaTOB
KOHCTPYMPOBaHUs apMaTypsl Ha mnpeasiaymeM mare. [Ipy KOHCTpyupoBaHUM apMaTypsl C y4e€TOM
3aJaHHBIX 3HAYCHUA MUHUMAJIbHOW TOJIIIMHBI 3aIIUTHOTO CJI0s OETOHA M JHUAaMETPOB MOJI0OPAHHBIX
apMaTypHBIX CTEp)KHEH ompeAensieTcs HOMMHalbHas TOJIIMHA 3aIUTHOrO cjos OeToHa. 3arem
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OTIPEICTISAIOTCS PACCTOSHUSA OT KOHTYpa CEUYEHHUS 10 HEHTPOB TSKECTH IUIOMIAZeH apMaTypbl, KOTOpbIE
Ha CJIeIYIOIIEM UTEPALlMOHHOM LIare CTaBsATCs B pacyeT TpeOyeMol apMaTyphl.

S [Ma)

[%.]

-2.00 -3.50

Puc. 4. luarpamma neopMHUpOBaHUSI CXKATOTO OETOHA

B nporpamme npenycMoTpeH pexuM «lloaHbIi BBIBOA», IPU KOTOPOM IPOBOAUTCS IIPOBEPKA HECYLIEH
CIIOCOOHOCTH JUI BCEX PACYETHBIX COYETAHUH YCHUJIMHA, W BBIBOAATCS CICIYIOIIUE PE3YJIbTATHI:

npe/ielbHbIC YCUITHS NU,MW,MZU u KodpUIMEHT 3amaca )|, MOJOKEHUE HEUTpalIbHON ITUHUH,

KpUBHM3HBI K, K,;, nepopmanuu ¢ u Hanpsbkenuss O OeroHa u apmarypbl. Eciu HeliTpanbHas TuHus

nepeceKact CeucHue, TO BBIBOJIUTCSI nu300pakeHue CKATOM 30HBI CEUYCHUS
(puc. 5).

\\\\\\\\\\\\\\\\\\\\\\L\X

HeuTpanbHad JIMHMA

Puc. 5. IIpumep n300paskeHUsI CKATOW 30HBI CEUCHHUS
[Ipu mpoBepke Hecyield CIOCOOHOCTH CEYEHUS C 3aJaHHOW apMaTypou, OMpEeNeseTcsi pacueTHas

JUTUHA lbd AHKEPOBKH BHUJA «IIPSIMOU CTEPKEeHB» coriacHo [1], 8.4. {nuna |bd JUT KOKIOTO CTEPIKHS
BBIUHCIISIETCS 110 HAMPSOKEHUI0 Oy B CTEPIKHE MPU 33JJaHHBIX YCWIHSX C YY€TOM THUIa KOMOMHAIIUU
Bo3zencTBui. [Ipy BBIBOJE pe3ynbTaTOB, IMOJIOKUTEIBHOE 3HAY€HHE Oy OTBEYAET PACTKECHUIO

CTepXHS, a OTpULIATEIbHOE 3HAaUeHHe Oy - CKaThio cTepkHs. [lpu onpenenenun |bd, YUUTHIBACTCS
BJIMSTHYE TOJIIIMHBI 3aLIUTHOTO €104 6€TOHA IIPY HOMOILHU KO3(P(UIMEHTA ¢, , TPUHUMAEMOI'O COTJIACHO
Tadi. 8.2.

JIns npsAMOYroiabHOTO Ce4eHHs co cxeMoil apmupoBaHusa A=012, KpyroBoro cedeHus U

MOJIMTOHATBHOTO CEUEHUS OTpeiesieTcss Hanboblliee 3HaUeHHE |bd MyTEM pacyeTa Jisl BCEX CTepyKHEN
M BCEX COYeTaHUi ycuauid. JIJis mpssMOYTOIBHOTO CEYCHHS CO CXeMOit apmupoBanus A =3, TaBpOBOTO
(IBYTaBpOBOI0) CEUEHHUsI U TPANECUUEBUAHOTO CEUCHUS OINMPEACNIAIOTCS 3HAYCHUS Ibd Il BEpXHEU U

HIDKHEH apMarypbl II0 OTACJIBHOCTH IIyT€M pacuyera Uil BceX coyeraHud ycuwnuil. Ilpu stom
YUYUTBHIBAIOTCS YCIOBUSI CUEIIJICHUS COTJIACHO puC. 8.2.
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4. KoHcTpyupoBaHue

[Tpu mogOope apMaTypHBIX CTEPIKHEH, TPUMEHSETCS CIASAYIOIIMK OOITUH P AMaMeTpoB (B MM): 6, 8,
10, 12, 14, 16, 18, 20, 22, 25, 28, 32, 36, 40.

ApmarypHbl€ CTEP>)KHHU Pa3MEILAIOTCA B CEUEHUU C yYETOM HOMMHAJIbHOW TOJIIMHBI 3alIUTHOTO CJIOS
0eTOHAa M1 HOMUHAJIBHOI'O PACCTOSIHUS B CBETY MEXKY CcTepKHAMU. HoMMHanbHAs TOJIIIKMHA 3alIUTHOTO

citost onpezensiercs Kak Cpon = Criy +AC . 3HaueHme AC BBOXHTCS [T y4eTa BOSMOXKHBIX OTKIOHCHHIA

OT IPOEKTHBIX IIOJIOKEHUW apmaTypbl. TOJIIMHA 3alIMTHOIO CJIOsl NPUHUMAETCS KPAaTHOU SMM.
3HaueHue c_, NIPUHMMAETCA HE MEHEE 3aJlaHHOTO 3HAYEHMs M OIPENENAETCA C Y4eTOM CIETyIONIHX

yenosuit: Cp, 2 dsw, Crin +dSW 2 ds, riue dSW — JMaMeTp MOMEepevyHON apMmaTyphbl, ds — Jamerp
MPOJOJIBHOM apMaTyphl.

[Ipy KOHCTPYHMpPOBAaHWUHU YYHUTHIBAIOTCA 3aJaHHbIE MHUHUMAIBHBIH U MaKCUMAaIbHBIA JAHAMETPhI
CTEP)KHEHM, MaKCHUMaJIbHOE KOJIMYECTBO CTEpKHEH, MHUHHUMAJIbHOE pACCTOSTHUE B CBETY MEXIY
CTEpXKHSAMU. DTU MapaMeTpbl MO3BOJIAIOT YINPaBJIATh MOAOOPOM apMarypshl. [l cxeM apMuUpOBaHUA
A=0,12 orpaHM4YMBacTCsi KOJMYECCTBO CTEP)KHEH B CEYCHHMH, a JUISI CXeMbl apmMupoBaHus A=3 —
KOJIMYECTBO CTEP>KHEN B OJTHOM PSIY.

B ceuenun co cxemoit apmupoBanuss A=0, B KaXIOM YIiie MOXET pa3MeIIaThCsi OJMH apMaTypHBIi
cTep>keHb Wi (1pu HeoOxoaumocTH) 6oree (3 wim 5 apMaTypHbIX crepxkHeit). [Ipu pacuere Tpedyemoit
apMaTypbl MPHUMEHSETCS PACCTOSHHE OT KOHTYpa CEYEHHs O OOWIEro IEHTpa TSDKECTH TPYIIIIBI
CTEpP)KHEH.

B ceuenun co cxemoit apmupoBanus A=3, Ha MeCcTe KaXIOr0 apMaTypHOTO CJIOSI CTEPKHH MOTYT
pa3Meniatbest B JiBa psajga. CTepKHM BTOpPOTO psiia YCTaHABJIMBAIOTCSI HA TAaKOM pAcCTOSHUU OT
CTEep>KHEH IMEepBOro psija, KOTOPOE PaBHO HAaMOOJNBIIEMY U3 3HAYCHWH JuameTpa CTEep)KHEH MepBOro
psizia ¥ MUHUMAJIBHOTO PACCTOSHUS B CBETY MeXAy crepkHsaMmu. [Ipu pacuere TpeGyemoii apMaTypsl
IPUMEHSIETCS PACCTOSTHUE OT KOHTYPa CEYEHMSI 10 IMHUH TSKECTH 00OUX PSAJIOB CTEPIKHEH.

Jl1st TaBpOBOTO (IBYTAaBPOBOT'O) CEUCHHMSI 3a/1a€TCA IO apMaTyphl B cBecax nmoiku (ot 0% mo 100%).
[Tpu pa3menieHnn apMaTypbl B CBecax IMOJKU TpeOyeTcsl yKa3aTh OJUH U3 JABYX BO3MOXKHBIX CITy4aeB
pasmMenieHus. B mepBoM ciydae, apMaTypHBIE CTEPKHH pa3MEIIalOTCS HAa BCEH IUPUHE MOJIKH. DTOT
BapHaHT INpeIHa3HaueH JJIsl pacueTa Oaku TaBpOBOTO (IBYTaBPOBOTO) ceveHusi. Bo BTopoMm ciryuae,
CTEp)KHHU pa3MeNIalTcs B Mpeaesax OTpe3Ka, AJIMHA KOTOPOTO COCTaBISET MOJOBUHY ITUPUHBI TTOJIKH.
9T10T BApHUAHT NpEAHA3HAYCH JIA pacucTa OaIku IpsAMOYT'OJIbHOTO CCYCHUA COBMCCTHO C IUIATOU
MEPEKPHITHS. ApMaTypHBIE CTEPKHU PA3MEIIAIOTCS B TIOJIKE B OAWH PsJl, & B peOpe CEUCHHS CTEPKHU
MOTYT pa3MeliaThcs B 1Ba psijia.

3ajaya KOHCTPYHMPOBAHHUS apMaTypbl B MPOU3BOJBHOM MOJUTOHAIBHOM CEYEHUH C MPOU3BOJBHOM
cXxeMoH apMHupoOBaHUd HE HMECT CAMHCTBCHHOI'O PCIICHHA, IMO3TOMY IPEAYCMOTPCHBI JBa METOJA
KOHCTPYHPOBAHUS: TIOJ00P CTEpPKHEW OJIMHAKOBOTO JUAaMETpa U MOJ00p MHHUMAIILHOTO KOJIWYEeCTBa
CTEPKHEH.

[To pe3ynpTaTaM KOHCTPYHPOBAHUS OCYIIECTBIISIETCS] Tpad)MUECKU BRIBOJ] CEUEHUS C MOJ00paHHBIMHU
apMaTypHBIMH CTEPXKHAMH (pHC. 6).
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7 U @ @
CreprHM:
BEEPXY 4 pHl4
BHMU3Y i pan 4 28

1-

2-3 pan 4 18
XomyT: i R=]
BAWMTHEN CJOM:

cnom B = 30 MM

cnom H = 30 MM

cnom 6 = 30 MM

Puc. 6. [IpuMep KOHCTpYUpPOBaHUS apMaTypPbl

[IpenycmoTpena mpoBepka HeECyIIed CIOCOOHOCTH CEYEHHS C MOJA0OpaHHBIMH apMaTypHBIMU
crepxHsaMU. [Ipu mpoBepke, Kaxablii CTEPKEHb YUUTHIBAETCS MO OTACIBbHOCTH, IIPU 3TOM B pacuer
CTaBATCS IUIOIIA/Ib €ro MOMEPEYHOI0 CEYEHUsI U KOOPJIMUHATHI IIEHTpa TspKecTu. Jid Bcex pacueTHBIX

codeTaHuil yCuInii BeraucIsioTces npenenbasie yemms N, M o M., u ko> dunmenT 3amaca ¥, 2 1, 1o

KOTOPOMY MOKHO CYAUTb O KaUCCTBC noz[6opa apMaryphbl. Yem Ommxe J/U K ¢AWHUIC, TCM JIy4llIeC

pe3yJIbTaT KOHCTPYUPOBAHUSI.
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Jluteparypa

1. MSZ EN 1992-1-1:2010 Espoxon 2: IIpoekTupoBaHHE KeIe300€TOHHBIX
KoHCTpyKuuid — Yactp 1-1: OOmue npaBuia u mpaBuiia Aj1sl 31aHUH.
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[Iporpamma mpenHasHadyeHa Ui pacu€ta TpeOyemMou MPOJOIBHOW apMaTypbl M KOHCTPYHPOBAHUS
apMaTyphl B CEUCHHUH, a TAKXKE JIJIS POBEPKH HecyIel criocooHoctu ceuenus corinacao TKIT EN 1992-
1-1-2009 [1]. ITo pe3ynbrataM KOHCTPYWPOBAHUS OCYIIECTBISAETCS IrpadUyecKHil BHIBOZ CEUYEHUS C
10JJ00pPaHHBIMU apMATYPHBIMH CTCPKHSIMHU.

1. Ceuyenue

CeueHust MOAPA3ACISIOTCSA HA CTAHAAPTHBIE U MPOU3BOJIbHBIE. K CTaHIApTHBIM CEYEHUSIM OTHOCSATCS:
IPSIMOYTOJIBHOE CEYEHHE, II0JI0€ MPSIMOYroJIbHOE CEUYEHHE, KPYrOBO€ WIIM KOJBIEBOE CEUYCHHUE,
TaBPOBOE WU JBYTaBPOBOE CEUCHUE, TpallelueBUIHOe ceuenue (puc.l).

Az Az

a a a b1
H + 4
L b | L b
1 1 9l
4 bf 4
Az hfs

bfH I L
B bH
’lL ’|L

Puc. 1. CrangapTHbie cedeHMsI

JIJIst IpSAIMOYTOJTBHOT'O CEYCHHUST PACCMATPHBAIOTCS CIICIYIOIINE CXeMbI apMUpoBaHus A (puc.2): cxema
C paBHBIMH IUIOIIAJAMU apMarypbl BOiu3u BepuH cedenus (A=0), cxema ¢ paBHOMEPHBIM
pacrpesieJieHueM IO apMaTypbl BI0JIb KOHTypa ceuenus ( A=1), cxemsl ¢ paBHbiMu (A=2 ) u
¢ pasmmubiMa (A= 3) ruionaaaMu apMaryphl BOJIM3M BEPXHEH M HWKHEH CTOPOH ceueHus. Jlus
TI0JIOTO MPSAMOYTOJILHOTO ceuenus paccmarpusarorcs cxemsl A=0, A=1, A=2_ Jlna TaBpoBOro
(IBYTaBpPOBOIO) CEYEHHMS ¥ TPANEIMEBUIHOTO CeYeH s paccMarpuBaercs cxema A= 3. Jlns Kpyrosoro
(KONBILIEBOTO) CEYEHMsI paccMaTpUBAETCSl CXeMa apMUPOBAaHUS C PAaBHOMEPHBIM paclpeiesieHueM
IUIONIA/IA apMAaTYypPhl B/I0JIb KOHTYpa CEUEHUSI.
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Puc. 2. Cxembl apMHpPOBaHUS TPAMOYTOIFHOTO CCUCHUS

3ajiaHue MPOU3BOJIBHOTO IMOJIMIOHAJIBHOIO CEUEHUs OCYILIECTBIISIETCS IYTEM BBOJA KOOPJIMHAT €ro
BepuinH (puc.3). Bo3moxken BBoa 10 S0 BepmrH. BeiOop KOOpAMHATHBIX OCEHl IEKapTOBOW CHCTEMBI
MOJKET OBITh NMPOU3BOJIBHBIM. BepLIMHBI 3a1al0TCS B MOCIEI0BATEIbHOCTH, KOTOPas COOTBETCTBYET
00X0/y TMOJUTOHA MO KOHTYPY B OIpEIeJIEHHOM HampasiieHHH. [Ipu 3ToM moJuroHansbHas 00JIacTh
JIOJDKHA OCTaBaThCsl MO OJIHY CTOPOHY (HampuMmep, ClieBa) OT HampaBieHus ooxona. Ilpu Hammuuum
BHYTPEHHHUX IOJIOCTEH B CEUEHUH TpeOyeTcs MPOU3BECTH Pa3pe3bl, MO3BOJIAIOIINE 000WTH I'paHUYHbIE
KOHTYpBI (BHEIIHUN ¥ BHYTPEHHUE) TaK, YTOOBI 00J1aCTh OCTaBalIach M0 OJHY CTOPOHY OT HaIpaBJICHUS
obxoxa. [IpexycMOTpeH aBTOMAaTHYECKUIA yUYET MOJIOCTH MPSMOYTOIBHON (hOPMBI.

Puc. 3. [Ipou3BoIbHOE NOJUTOHAIBHOE CEUEHUE

JUis TONMrOHANBHOTO CEYEHUS BO3MOXKHBI CIENYIOIIME CXEMbl apMUPOBAHHUA: CXe€Ma C PAaBHBIMU
IJIONIAIAMU apMaTypbl BOJIM3K BepUIMH BHelHero Koutypa ceuenus (A =0), cxema ¢ paBHOMEPHBIM
pacnpezieneHueM IUIOIAAN apMaTypbl BJIOJb BHEIIHero KoHTypa ceueHus ( A=1), mpousBonbHas
cxema apmupoBanus. Jlus cxem A=0 u A=1 HeoOXomuMble i pacuera KOOPIMHATHI apMaTyphl
onpenenstorcs apromatnueck. [lpu A=0 uckmrouaroTcs W3 paccMOTPEHHS BXOASAIIME YITIBI (T.€.
yriiel, Oonbimue 180°). Kpome Toro, mposepseTcss BO3MOXHOCTh KOPPEKTHOIO —pasMeLICHUS
apMaTypHBIX CTEpKHEHN MpU HAIWYUK OJIU3KUX BEPIIUH.

[Tpu BEIOOpE POU3BOIBLHON CXEMBI apMUPOBAHUS TpeOyeTcs 3a7aTh OTPE3KHU (apMaTypHBIE CIIOH), Ha
KOTOpPBIX pa3Memtaercss apmatypa. Bo3moxken BBoa a0 50 apmarypsbix cioeB. ClIoM MOTYT UMETh
IMPOU3BOJIbHYIO JJIMHY W OPUCHTAIUIO. HpennonaraeTcsf, 4qTO IUIom@anab apMaTtypbl PaBHOMCEPHO
pacnpeneneHa mno cioto. Ecnu aiMHAa C€I0s paBHAa HYINIO, TO TakOM CIIOH COOTBETCTBYET
«COCPEIOTOUYCHHOW» IJIOMAAM apMaTypbl. ApMarTypHble CIOM TOAPA3JACIAIOTCS Ha CIOU C
BapbUPYEMOM TIJIOMIABI0 U CJIOW C TIOCTOSSHHOW TUIOMIAbI0 (HEM3MEHIEMOM Mpy pacuere Tpedyemoit
apMarypsl). [IpenycMoTpeHsl 1Ba BUAa pacpeeIeHHs TUIOIAAN apMaTyphl IO apMaTypHBIM CIIOSIM C
BapbUPYEMOU TUIOMIA/IBIO: CBOOOIHOE paCIpeIeIICHHE U 3aJJaHHOE PaCIIpe/ieIICHHE.

[Ipu cBOOOIHOM pacnpeneNeHud apMaTyphl, TUIOMIAN Pa3IMYHBIX apMaTYPHBIX CJIOEB MOTYT OBITh
OJIMHAKOBBIMH WJIM Pa3IUYHBIMU. ApPMAaTypHbIE CJIOM C OJMHAKOBOW IJIOLIAAbI0 00pa3yloT OJHY
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rpynmy. I'pymina MoxeT cocToATh U3 oAHoro ciosi. Hymepanus rpynn HaunHaeTcst ¢ eAuHuLbl. Eciu
JUIE HEKOTOPOTO apMaTypHOTO CJOsl TpyNNa He yKa3zaHa, TO aBTOMAaTW4YecKu oOpa3yeTcst OTIeNIbHas
rpynmna, cocrosiuiasi U3 oJHOro 3toro cios. Ilnomaan apmarypbl, COOTBETCTBYIOLIUE Pa3INYHBIM
rpynmnam, He CBSI3aHbl HUKAKUM YCIIOBHEM U OMPEIENISIIOTCS HE3aBUCUMO JIPYT OT JIpyra.

[Tpu 3ajaHHOM pacnpeieIeHny apMaTyphl, IS KaKI0T0 apMaTyPHOTO CJI0S C BaphbUPyeMOU IIIOIIAbI0
OTIpeNIeNIAETCS €ro JOJs OT OOIIeH IUIoIaau apMaTypbl (TIPH 3TOM CJIOU € IMOCTOSHHOH TUIOIIAAbI0 HE
yuuThiBatoTCs). Jlonst cios paccUMTHIBAETCSl IO 3a/laHHbIM OTHOCHTENBHBIM IUJIOIAASIM Kak

ki=A/(A+A +..), tne i=12,...; A ,A,...— OTHOCUTEIIbHbIE IUIOMALN apMATYPHBIX CIIOEB C
BapbupyeMoii Iutomansto. Ilnomans i-ro cmost ompexmensiercs no ¢dopmyne Ay =K A,

rae A, — o0mmas miomaas apMaTypsl (0€3 yuera HOCTOSHHOM IUIOMAAN).

[Ipn paccMOTpeHMM NPOM3BOJIBHOIO CEYEHMS IPUMEHSIOTCS [BE CUCTEMbI KOoOopauHAT. B omHon
CUCTEME KOOpIMHAT 3aJaloTCs BEPIUMHBI W apMmarypHble ciod. J[lpyras cucreMa KOOpAHMHAT
IIPUMEHSETCA JUIS 3aJaHusl YCUIIAMN.

2. Yeuaus

IIpu pacuere CTaHIAPTHOIO CEUYEHHUs], YCUIIMUS 3aJal0TCS OTHOCUTEIBHO IJIaBHBIX LIEHTPAJIbHBIX OCEHN
Y, Z. B ciiydae npou3BOJIILHOTO CEYEHHUSI, YCUIIHS 3aJ1al0TCS JINOO OTHOCUTEIBHO IIIaBHBIX HEHTPAJIbHBIX

ocell cedeHus Y,,Z,, JMOO OTHOCUTEIbHO LEHTPAIBHBIX OCEH Y,Z, KOTOpble IapajljieibHbl

KOOpJAMHATHBIM  OCSIM,  BBIOpaHHBIM  TNPU  BBOJE  BEPIIMH W  apMAaTypHBIX  CJIOCB
(cMm. puc.3). Ilpuaumaercs, uto mpomonsHas cuna N monokurtenbHa npu cxatuu. [Ipu aecTBun
TOJNIOKUTENEHOro MoMeHTa M ckaTas 30Ha BO3HMKAET B BEpPXHEH 4aCTH CEUYeHHs, a IPU JeHCTBHH

I0JIOKHUTEIBHOro MoMeHTa M ; CKaTad 30Ha BO3BHHUKACT B JIEBOM 4aCTH CEUYCHMUSA.

3. Pacuer

Paznuuatorcs aBa Buaa pacdera: OmpeleieHHe IUIOMAAN apMaTyphl, TpeOyemol sl oOecrieueHus
HeCyIIeil crmocoOHOCTH, U TIPOBEPKA HEeCyIIel CIOCOOHOCTH CEUeHUs C 3aJJaHHON apMaTypOi.

ITpu onpenenenun TpeGyeMoil apMmaTypbl, B 3aBUCUMOCTH OT MPHHATOW CXEMbl apMUPOBaHUs, JTHUOO
HEU3BECTHA TOJBKO 00IIas MJIONIaab apMatypsl A, MPU 33J@HHOM PACIPEICICHUH apMaTyphl 110

CJIOSIM, TMOO HEM3BECTHBI IIJIOLIAIU APMATYPHBIX CII0€B A IPH yCIOBUU CBOOOJHOIO pacipeaeIeHun

apMatypsl 1o ciosM. B mocneaHem ciyyae, ImIomaayd apMaTypHBIX CJIOEB OTHICKMBAIOTCS Ha OCHOBE
TpeOOBaHUS MUHIMYMa OOIIEH MJIOMIaAU apMaTypHI.

ITpu npoBepke Hecylel crioCOOHOCTH cedeHHsl onpeenseTcs KodpQUIUEHT 3arnaca 10 yCUIusIM ¥, ,
uepe3 KOTOpBI NpejebHble ycuiIMs BbIpaxkatorcs mo dopmymam: N, =y N, M, =y M |

M,, =7,M, . Hecymas cnoco6HOCTb ceueHus obecrneyera npu y, >1.

Pacuer mpoBoauTCS Ha OCHOBE nuarpamMM JeOpMHpPOBAHHS CXKATOrO OETOHA M apMaTypHOHM CTaiH.
[IpexycMoTpeH BBIOOp OJTHOM M3 IBYX IHMAarpamMM COCTOSTHUSA cxaTtoro 6etona (puc.4). [Tapabomnueckas
quarpaMma TpHUMEHSETCS TMpU JTUHEHHO-yImpyroMm pacuere ycunuil. KpuBonmuHeiiHas aumarpamma
NPUMEHSETCS TPU HEJTMHEHHOM pacyeTe YCUIINii, B KOTOPOM YUYUTBIBAIOTCSl HEYIIPYTHE CBOCTBA OeToHA
Y apMaTypHOU CTaju.

Ilpu onpenenenun TpeOyeMON IUIOIIAAM apMaTypbl NPUMEHSETCS HUTEPALMOHHBIN aJlrOpUTM,
MO3BOJISIOIINN TOYHO YYECTh PAcIONIOKEHUE MOJOOpPAaHHBIX apMaTypHBIX cTepskHed. Ha Texymem
UTEPAIlMOHHOM Iare, pacdyeT TpeOyeMod apMmarypsl MNPOBOAMTCS Ha OCHOBE peE3yJbTaTOB
KOHCTPYMPOBaHHUS apMaTypbl Ha IpeapayiieM mare. IIpu KOHCTpyMpOBaHMM apMaTypsl € Y4ETOM
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3aJJaHHBIX 3HAUE€HUN MUHUMAaJIbHOW TONIIUHBI 3alIUTHOTO CJIOsi OETOHA U JIHaMETPOB MOJOOPAHHBIX
apMaTypHBIX CTEp)KHEW ompelesieTcs HOMUHAIbHAS TOJIIMHA 3allMTHOTO CJIosS OeToHa. 3areM
OTPEJIEISAIOTCS PACCTOSIHUS OT KOHTYpa CEUEHHUS 0 LIEHTPOB TSHKECTH TUIONIAIEH apMaTyphl, KOTOPBIE
Ha CIIEJYIOIIEM UTePallMOHHOM IIIare CTaBsITCS B pacdeT TpeOyeMoil apMaTyphl.
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Puc. 4. luarpammsl 1eOopMUpPOBAHUS CKATOTO OETOHA:

a) mapabonmdeckasi, b) KpHBOJIWHEITHAS.

B nporpamme npenycMoTpeH pexuM «IoaHbIM BBIBOI», TP KOTOPOM IIPOBOAUTCS IIPOBEPKA HECYLIEN
CIOCOOHOCTH Ul BCEX pPACUYETHBIX COYETAaHWM YCHUJIMM, M BBIBOAATCS CIENYIOIIUE PE3YIbTaThl:
npenensable yeunus N, M, M, u xoodpduument 3anaca y,, monoxxeHue HeHTPaIbLHON JTHHUH,
KPUBM3HBI  K,,K,, gepopmauMu & W HampsKeHus O  0OeToHa W apMaryphl

Ecmm HefITpaﬂBHaﬂ JIMHUSA NEPECCKACT CCUYCHUE, TO BBIBOAUTCA H306pa>KeHne C)KaTOM 30HBI CEUCHMS

(puc.5).

\\‘a’a\\\\\\\\\\\\\‘.\\\‘ﬁ

HelTpancHaa JIMHMA

Puc. 5. [Ipumep n300pakeHHs CKATOH 30HBI CEUCHUS
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4. KoHcTpyupoBaHue

[Tpu mogbope apMaTypHBIX CTEP)KHEH MPUMEHSIETCS CIASAYIOIHMK 00NN psl 1uaMeTpoB (B Mm): 6, 8,
10, 12, 14, 16, 18, 20, 22, 25, 28, 32, 36, 40.

ApmarypHble CTEP)KHHU Pa3MEILAIOTCA B CEUEHUU C YY€TOM HOMMHAJIBHOM TOJIIMHBI 3aIIUTHOTO CJIOS
0eTOHA M1 HOMUHAJIBHOI'O PACCTOSIHUS B CBETY MEXAY CTEpKHAMU. HoMUHanbHas TONIIKHA 3alIUTHOIO

cios ompezaensercs kKak C.,, =C., +AC, rae C., IPUHUMAECTCA HE MEHee JUaMeTpa apMaryphl,

3HayeHne AC BBOIHMTCS JUIS y4eTa BO3MOXHBIX OTKJIOHCHHH OT MPOEKTHBIX IMOJOKCHHI apMaTyphl.
TonmmAa 3aIUTHOTO CIIOSI 0€TOHA MPUHUMAETCS KpaTHOUW SMM. 3HaueHue C,;, MPUHUMACTCS HE MCHEe
>d,, C,, +d,, =d,, roe

3aJIaHHOTO 3HAYCHUS M ONPEAEIAETCSA C YUETOM CIEAYIOMIMX YCIOBMM: C =, , w =

d,, — AuaMeTp momepeyHoi apmMaTypsl, d, — JUaMeTp NPOAOIbHON apMaTypHI.

[Ipn KOHCTPYMPOBAaHHMH YYUTHIBAIOTCS 3aJlaHHbIE MUHUMAJIbHBIH M MaKCUMAJIbHBIA JIHAMETpPbI
CTEPXKHEH, MAaKCUMAJIbHOE KOJIMYECTBO CTEP)KHEW, MHUHHMAJIbHOE PACCTOSHUE B CBETY MEXAY
CTep)KHAMU. DTH NapaMeTpsl MMO3BOJIAIOT YIPABJIATh MOAOOpOM apMmarypsbl. [[is cxeM apMupoBaHuUs
A=012 orpaHu4uBaeTcs KOJMYECTBO CTEP)KHEN B CEUEHUM, a JUI CXEMbI apMupoBanus A=3 —
KOJIMYECTBO CTEPKHEN B OJTHOM PSLY.

B ceuenun co cxemoii apmupoBanuss A =0 B KaxmIOM yrily MOKET pa3MeNIaThCs OJMH apMaTypPHbIN
CTepKeHb WK (pu HeobxoauMocTn) 6onee (3 unu 5 apmaTtypHbIx cTepxkHeil). [Ipu pacuere TpeOyemoit
apMaTypbl MPHUMEHSETCS PACCTOSHHE OT KOHTYpa CEYCHHs 1O OOIIEro ICHTpa TSHKECTH TPYIIIIbI
CTEPKHEH.

B ceuennn co cxemoii apmMupoBanuss A=3 Ha MeCTe KaXI0ro apMaTypHOTO CIIOS CTEPYKHH MOTYT
pasMemarbesd B 1Ba psga. CTepKHHM BTOpPOro psijila YCTaHABJIMBAIOTCS HAa TAaKOM pAacCTOSHUU OT
CTEpXKHEH MepBOro psijia, KOTOpPOE paBHO HaMOOJbIIEMY M3 3HAUEHUN TUaMeTpa CTEpP)KHEW IEepBOro
psizia ¥ MUHUMAJIBHOTO PAacCTOSHUS B CBETY Mexay crepxHsaMH. [Ipu pacdyere TpeGyemoit apmaTypbl
NPUMEHSETCS PACCTOSHUE OT KOHTYPA CEUEHUS J10 TMHUU TSHKECTH 000MX PAZOB CTEpPIKHEH.

Jl1st TaBpOBOTO (IBYTAaBPOBOT'O) CEUCHHMSI 3a/1a€TCS OIS apMaTyphl B cBecax nmoiku (ot 0% mo 100%).
[Ipu pazmMeniennn apmatypbl B cBecax IMOJKU TpeOyeTcsl yka3aTb OJMH U3 JABYX BO3MOXHBIX CIy4aeB
pasmenieHus. B mepBoMm ciyyae, apMmaTypHble CTEp)KHH pPa3MeLaloTcsd Ha BCel LIMpPUHE IOJIKH.
OTOT BapuaHT MpeJIHa3HadeH JJs pacueTa Oajakyd TaBPOBOIrO (ABYTaBpoBOro) cedeHus. Bo Bropom
cllydae, CTEepKHU pa3MeIlaloTcs B Mpesienax 0Tpeska, JUIMHA KOTOPOT0 COCTAaBIISIeT MOJOBUHY IIUPUHBI
HOJKU. DTOT BapuaHT NpeAHa3Ha4YeH A pacyera OalKku MPSMOYTOJIbHOTO CEYEHHUS COBMECTHO C
IUTUTON MepeKphITUs. ApMaTypHbIE CTEPKHU Pa3MEIIAlOTCs B MOJIKE B OJUH pAll, a B peOpe ceueHus
CTEp>KHH MOTYT pa3MeIaThCs B JIBa psfa.

3ajaya KOHCTPYHMPOBAHHUS apMaTypbl B MPOU3BOJBHOM MOJIMUTOHAIBHOM CE€YEHUH C MPOU3BOJBHOMI
CXEMOW apMHUpOBAaHHUS HE UMEET €IMHCTBEHHOI'O PELICHHUs, IO3TOMY IPEAYCMOTPEHBI JBAa METOJA
KOHCTPYMPOBAHUS: OA00P CTEpKHEH OJIMHAKOBOTO JMaMeTpa U MoA00p MUHUMAJIbHOTO KOJUYECTBa
CTEPKHEH.

ITo pe3ynbraTamMm KOHCTPYHPOBAHUS OCYILIECTBIsIETCS rpaduyueckuii BBIBOA CEUYSHHS C OJOOpaHHBIMU
apMaTypHBIMH CTEPXKHIAMHU (pHC.6).
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7 U @ @
CTepxRHM:
BEEPXY 4 pHl4
BHMU3Y i pan 4 28

1-

2-3 pan 4 18
XomyT: i R=]
BAWMTHEN CJOM:

cnom B = 30 MM

cnom H = 30 MM
cnom 6 = 30 MM

Puc. 6. [IpuMep KOHCTPYHPOBAHHUS apMaTypPhI

[IpenycMoTpeHa mpoBepKa HECYIICH CIIOCOOHOCTH CEUeHHUsT C MOJOOpaHHBIMH apMaTypPHBIMU
crepxHsaMU. [Ipu mpoBepke, Kaxablii CTEPKEHb YYUTHIBAETCS MO OTACIBbHOCTH, IIPU 3TOM B pacuer
CTaBATCA IJIOMaAb €ro nmoncpeyHoro CCUCHUA U KOOPAUWHATBI HECHTPA TAXKCECTH. I[JISI BCCX PACUCTHBIX
coueTaHuil ycunuii BeraucnsioTes npenensusie yeuaus N,, M, M, u xooddument 3anaca y, >1,
10 KOTOPOMY MOKHO CYIMTbh O KauecTBe nojdopa apmarypsl. Uem Onmke y, K €AUHHULE, TEM JIydlle

peE3yjabTaT KOHCTPYHUPOBAHMUAL.
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Jluteparypa

1. TKII EN 1992-1-1-2009: EBpoxon 2. IIpoekTupoBaHue Keae300€TOHHBIX
KoHCTpYyKuuid — Yactp 1-1. O0mue npaBuiia u mpaBuia Juis 3JaHHHA.
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[Iporpamma npegHazHaueHa JjIsl pacdyéra TpeOyeMoi mpoI0IbHOM apMaTyphl, JUTsl TPOBEPKH HECYIICH
CIIOCOOHOCTH CEUEHHUSI C HMMEIOIICHCS apMaTypodl W JUIsl KOHCTPYMPOBAHUS apMaTypbl B CEUYCHUU
cornacHo cienyrommm Hopmam: CIT 63.13330.2018 [1], CIT 52-101-2003 [2], CHull 2.03.01-84* [3],
CHBb 5.03.01-02 [4], [5], [6], [7]. ITo pe3yabTaTaM KOHCTPYMPOBAHUS OCYIIECTBIISICTCS TpadUuecKuit
BBIBOJI CEUYCHHUS C MTOI0OPAaHHBIMU apPMATYPHBIMU CTEPXKHAMU. [IpeaycMOTpEeHO MOCTPOSHUE TUarpaMm
Hecylel crnocoOHocTH cedeHus. Bo3moxkeH moabop apMaTypsl B KOJIOHHE HJIM MIPOBEpKa Hecyluei
CIIOCOOHOCTH KOJIOHHBI C Y4eToM Iporu0oB. Jlomyckaercs 3ajanue 0eToHa U/UIU apMaTypHOU CTalu ¢
HEHOPMHUPOBAHHOM MPOYHOCTHIO. sl ceueHust O0aaku BO3MOXKHO 3aJIaHUE Pa3HbIX CTalleld BEpXHEH U
HIDKHEHW apMaTyphl U 3aJJaHUE Pa3HbIX 3HAYCHHI MUHUMAIBHOHN TOJIIUHBI 3aIIIUTHOTO CJIOSl O€TOHA IS
BEpXHEW Y HUKHEW apMaTyphl.

1. Ceuyenue

CeueHus moApa3aACIA0OTCA Ha CTAHAAPTHBIC W IIPOMU3BOJIBHBIC. K CTaHJAPTHBIM CCUCHUAM OTHOCATCA
MMPpAMOYT'OJIBHOC CCUCHUC, TABPOBOC WJIM JABYTABPOBOC CCUCHUC, KPYIrOBOC HJIN KOJIBIICBOC CCUCHUC

(puc.1).

7 L bf L
4 1 42 1
! a | R
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Puc. 1. CrangaptHelie cedeHust

Jnst mpsSIMOYTOJIBHOTO CEYEeHHSI BO3MOXKHBI CJIEAYIOIINE CXEMBI apMupoBaHusi A (puc.2): cxema ¢
paBHBIMU TUIOIIAJIMU apMaTypel BOMM3M BepmmH cedeHus (A = (), cxema ¢ paBHOMEPHBIM
pacnpenesieHueM IUIouiaid apMarypbl BI0JIb KOHTypa ceueHus (A = 1), cxembl ¢ paBHbBIMH (A =2) u C
pasnmuuHabiMu (A = 3) momaasMu apMaTypbl BOJIM3M BEpXHEW W HWXKHEH CTOpOH cedeHwms. Jlms
TaBPOBOI'O M JIBYyTaBPOBOI'0 CEYEHMI paccMaTpuBaeTcs cxema apMmupoBaHus A = 3. [{ns kpyrosoro u
KOJIBLIEBOTO CEYEHUN paccMaTpUBAEeTCAd CXEMa apMHUpOBAaHMsS C PAaBHOMEPHBIM pacHpelesICHUEM
IJIOIIAY apMaTyphl BIOJIb KOHTYpa CEYEHUSI.

Jnst ceueHus co cxemoil apMupoBaHUsS A = 3 TIPEIyCMOTPEHBI JIBa BHAA paclpeaeicHust oOIei
TUTOMIA/IA apMaTypPhI IO apMaTyPHBIM CIIOSIM: CBOOOTHOE pachpeieiCHHe U 3aJaHHOE paclpeielieHue.
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IIpu cBOOOXHOM pacHpeneIcHHH apMaTyphl, IUIOMIAAM apMaTypHBIX CIIOEB HE CBA3aHBl HMKAKMM
YCIOBHEM M OIIPEAEISIOTCS HE3aBHCHUMO JIPYT OT apyra. [Ipu 3aqaHHOM pacrpeeIcHUH apMaTyphbl, ISt
Ka)XJI0TO apMaTyPHOTO CJIOS ONPEIENSETCS €ro JOJs OT OOmIeH Iuiomaan apmarypsl. Jloms cios
PacCYMTHIBACTCS 110 3aJaHHBIM OTHOCHTEIBHBIM ILIomnaasam Kak Ki = Ai/ (A, + As), tae i = u, 6; Ay, As—
OTHOCHTEJIbHBIE IO HUKHETO U BEPXHETO apMaTyPHBIX CJI0eB. ILIoMas i-ro cirost onpeaesieTcs
1o popmyiie Asi = Ki - Astot, TI€ As tot — 0OIIIASI TUIOMIA/IE APMATYPBHI.

[Ipu nonbope apmaTypsl B KOJOHHE C Y4Y€TOM MpPOTruOOB, MPEAYCMOTPEHO TOJIBKO 3a/laHHOE
pacnpezeneHue o0mIei MIomaan apMaTypbl IO CIOSM.

h h
6} (6} jtﬁ L j:a4¥,
o oA
L L L L
i b 7 7 b 7
A=0 A=1
i a A ji ag
h h
i a_ Asn i Ay
4 . + k - +
A=2 A=3

Puc. 2. Cxembl apMHUpPOBaHHS HPSMOYTOJIFHOTO CEUEHHS

3ajaHue MPOU3BOJIBHOTO MOJUTOHAIBHOIO CEYEHUS OCYHIECTBIIAETCS IIYTEM BBOJA KOOPIMHAT €ro
BepunH (puc.3). Bozmosken BBoa 10 50 BepuinH. BeIOOp KOOpAMHATHBIX OCEH JeKapTOBON CHCTEMBbI
MOKET OBITh MPOM3BOJIBHBIM. BepinHbl 3aJat0TCs B MOCIEI0BATEIBHOCTH, KOTOpas COOTBETCTBYET
00X0/y MOJUTOHA MO KOHTYpPY B OIpelesIeHHOM HampasieHuH. Ilpu 3Tom monmuronanbHas o0nacTh
JIOJDKHA OCTaBaThCS O OJIHY CTOPOHY (Hampumep, cjieBa) OoT HampaBieHus obxona. Ilpu Hammuum
BHYTPEHHUX IOJIOCTEH B CEYEHHH, TPeOyeTCsl MPOU3BECTH pa3pe3bl, MO3BOISIIOIINE 000NTH rpaHUYHBIE
KOHTYpBbI (BHEIIHUI U BHYTPEHHHE) TaK, YTOOBI 00JIACTh OCTaBajIach MO OJHY CTOPOHY OT HalpaBJICHUS
obxona. [IpenycMoTpeH aBTOMaTHYECKUNA yUYET MOJOCTH MPSMOYTOIbHON (hOPMBI.

JI7si IONMTOHATIPHOTO CEYSHHSI BO3MOXKHBI CJICIYIOIINE CXEMbl apMHPOBAaHUS: CXeMa C PaBHBIMHU
TUTOIIASIMHA apMaTypbl BOJIHM3H BEPUIMH BHEITHETO KOHTYpa cedeHus (A = 0), cxema ¢ paBHOMEPHBIM
pacripeielIeHueM IUIOIAAM apMaTyphl BI0JIb BHELTHETO KOHTYpa ceueHus (A = 1), mpou3BojbHAsA cxema
apmupoBanus. Jlnsg cxem A = 0 u A = 1 HeoOXoaumble ISl pacyeTa KOOPAUHATHI apMaTypbl
omnpenenaoTcs aBroMatndecku. [Tpu A = 0 HCKITI04ar0TCS U3 pAaCCMOTPEHUS BXOSIUE YIUIBI (T.€. YIJIBI,
6onpme 180 rpan). Kpome Toro, mpoBepsieTcsi BO3SMOKHOCTh KOPPEKTHOTO Pa3MELICHUS apMaTypHBIX
CTEp>KHEH NMpHU HATUYUK OJIN3KHX BEPLIMH.
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Puc. 3. [Ipou3BOIBHOE NOJUTOHAIBHOE CEUEHUE

[Tpu BEIOOPE MPOM3BOIBHOM CXEMBI ApPMUPOBAHUS, TPEOyeTCs 3a/1aTh OTPE3KH (apMaTypHBIE CJIOH), HA
KOTOPBIX pa3Mmelnaercs apmarypa. Boszmoxken BBox 10 50 apmaTypubix cioeB. CIoM MOTYT MUMETh
IPOU3BOJBHYIO JJIUMHY M opueHTauuio. llpenmnonaraercs, 4ro miowm@aab apMaTypbl PaBHOMEPHO
pacnpenenieHa no chnow. Eciu auuHAa cnos paBHAa HYJIIO, TO TakKOW CJIOM COOTBETCTBYET
«COCPEOTOYECHHON» IUIOAAN apMaTypbel. ApMaTypHblE CJIOM NOAPA3AEiAIOTCS Ha CIOH C
BapbUPYEMOU TUIOMIAABIO M CJIOU C MOCTOSIHHOM TUIOMIAABI0 (HE U3MEHIEMOU NP pacdere TpeOyemoit
apmarypsl). [IpeaycMoTpeHsl 1Ba BUAa pacipeeeHHsl U0 apMaTyphl IO apMAaTyPHBIM CIIOSIM C
BapbUpYEMOH IIONIA/1bI0: CBOOOIHOE pacIpeielieHUe U 3aJaHHOE pacIipeiesieHHe.

ITpu cBOOGOIHOM pacnpesieneHuy apMaryphl, IUIOIAAN PA3IUYHBIX apMATypHBIX CJIOEB MOTYT OBITh
OJIMHAKOBBIMM WJIM Pa3IUYHBIMU. ApMaTypHbIE CJIOUM C OJUHAKOBOW IUIOIIAJbI0 OOpazylT OAHY
rpynmy. I'pymnma MoxeT cocToaTh u3 oaHoro cios. Hymepanus rpynn HaunmHaetcs ¢ eiuHuLbl. Ecin
JUIE HEKOTOPOTO apMaTypHOTO CJOsl TpylNa He yKa3aHa, TO aBTOMaTW4yecku oOpa3yeTcsl OTHesIbHas
rpynmna, cocrosimiass U3 OJHOro 3toro cios. Ilmomaau apmaTypbl, COOTBETCTBYIOLIUE Pa3IMYHBIM
rpynmnam, He CB3aHbl HUKAKUM YCJIOBHEM M ONPEIEISIOTCS HE3aBUCUMO JPYT OT JIpyra.

[Ipu 3amanHOM pacIipeie]ICHHH apMaTyphl, AT KaXKI0TO apMaTyPHOTO CIIOS C BAPEUPYEMOM TUIOIIA B0
OTIPEICIIAETCS €ro JOJS OT OOMICH TUIONa I apMaTypsl (MPH STOM CJIOH C MIOCTOSTHHOH IIOMAIbI0 HE
YUUTBIBAIOTCS ). J[0JIs CITOSt paCCUMTHIBACTCS 110 33JaHHBIM OTHOCHTEIBHBIM ILIOMIa M Kak Ki = Aj / (A1
+ A+ .., toe i =1, 2,...; A1, A2,...— OTHOCUTEJIbHBIE IIJIONIAI aPMATYPHBIX CIIOCB C BapbUPYEMOM
wiomaapko. [Tnommans i-ro cios onpenessiercs mo popmyie  Asi = Ki + Astot, 1€ Astot — 00IIIas TUTOMIAIb
apmaTtypsl (0e3 ydeTa moCTOSHHOMN TUTOIIAIH.

Ilpu monbope apmaTypbl B KOJOHHE C YYETOM IPOTrMOOB MPEIyCMOTPEHO TOJNBKO 3aJlaHHOE
pacripenesneHue oouIe Iomaan apMaTypsl IO CJIOSIM ¢ BapbUPYEMOH TUIONIA/IbIO.

IIpu paccMOTpeHMHM IIPOU3BOJIBHOIO CEYEHUS, NPUMEHSAIOTCSA [BE CUCTEMBI KOOpAUHAT. B onxHoM
CUCTEME KOOpPJIMHAT 3aJal0TCsl BEPIIMHBI W apMmarypHbele ciou. J[lpyras cucremMa KOOpAHMHAT
IIPUMEHSETCA U1 3aJaHusl YCUIIAMN.

CTATHUKA-2024. Onucanue npocpamm 434 — TlonGop npo0TIBHOM apMaTyphl



363

2. Yeuauda

IIpu pacyeTe CTaHIAPTHOIO CEYECHMS, YCUIIUS 3aJal0TCA OTHOCUTEIIBHO IVIaBHBIX LEHTPAIbHBIX OCEH Y,Z.
B cnydyae npou3BOJIBHOIO CEYEHHs, YCHJIMSA MOTYT 3a7aBarbCsi JMOO OTHOCHTENbHO TJIaBHBIX
LEHTPAIbHBIX OCeH ceueHus Y, Z,, 1100 OTHOCUTEIIHHO LIEHTPAIbHBIX OCEH Y,Z, KOTOpBIE apauIeIbHbI

KOOPJIMHATHBIM OCSIM, BEIOpAHHBIM MPHU BBOJIC BEPIIMH U apMaTypHBIX ciioeB. [Ipu pacuere KOJIOHHHI,
YCHUJINSA 33JJal0TCSL OTHOCUTENBHO oceld Y, Z. [Ipunumaercs, 4o npoaoibHas cuia N MonoxuTensHa npu
cxaruu. Hanpasnenus BektopoB msrubarommx momentoB M, M, noxasauer na puc.l, 3. Ilpu

[[ef/'ICTBI/II/I TIOJIOXKHUTCIBHOI'O MOMCHTA My, c)xXarasd 30Ha BO3HHKACT B BerHeﬁ JaCTHu CCUYCHUA, a IpU
[[ef/'ICTBI/II/I IOJIOXKHUTEILHOrO MoMeHTa M; cokaTas 30Ha BOBHHUKACT B JICBOM YaCTH CCUCHMSL.

[Ipenmonaraercs, 4YTO0 yCUIIUS COOTBETCTBYIOT pPacueTHbIM KOMOHMHAIMSIM Harpy3oK, 0Opa3oBaHHBIM
cormacuo CIT20.13330.2016 [8] mau CHull 2.01.07-85* [9] unu cornacuo [3], [Ipunoxenue A.

3. Pacuer

Pasnuyarorcst 1Ba Buja pacuera: pacueT IUIOLIATU apMaTypbl, TpeOyeMoOW MO YCIOBHUIO MPOYHOCTH
CEYCHUSI, ¥ TIPOBEPKA HECYIIEH CIIOCOOHOCTH CeUeHHS ¢ 3aIlaHHOM apMmaTtypoil. [Ipu pacuere Tpebyemoit
apMaTrypbl, B 3aBUCUMOCTH OT NPUHATOM CXEMbl apMHUpPOBaHUS, JMOO HEU3BECTHA TOJIBKO 00IIas
IJI0Mmaab apMarypbl Astot TIPU 3aJaHHOM PACIPEACIICHUU apMaTyphbl IO CIOSM, JTUOO HEU3BECTHBI
IUTOMIAIH apMATYPHBIX CII0eB Asi IPH YCIOBUHM CBOOOTHOIO paclpeesiCHUH apMaTyphl 1Mo cliosiM. B
MOCJICAIHEM CiTydae, IUIOIIAJN apMaTypPHBIX CJIOEB OTHICKUBAIOTCS HAa OCHOBE TPEOOBaHHS MHUHAMYMa
OO0IIeH IO apMaTyPHI.

ITpu npoBepke Hecyelt cTocOOHOCTH ceueHUs onpeensercs KO3 UIMEHT HaJIe)KHOCTHU 110 YCHITUSAM
Yu, U€pE3 KOTOPBIH IpeenbHble yeuius Beipaxkatorcs o popmyaam Nu = %N, Myu = My, Mz = 1-Mz.
[IpouHocTh ceuenus obecrieyeHa mpu y = 1.

[Ipu momo1y nporpamMMbl MOT'YT peliaThes CeayIonre 3aaun: 1) onpeaenenue TpedyemMoi miomaim
apMaTypbl M KOHCTPYHUPOBaHHE apMaTypbl C Yy4eTOM HOPMAaTHBHBIX TpeOOBaHUI IO TOJIIHMHE
3alIUTHOTO CJI0sl OETOHA, 2) onpeeraeHne TpeOyeMoil III0IIa 1 apMaTyphl IPH 3aJaHHBIX PACCTOSHUIX
OT KOHTYpa CEUYCHHS JI0 LIEHTPOB TsHKECTH TUJIOMIACH apMaTyphl, 3) MPOBEpKa HECYIIEH CIIOCOOHOCTH
ceueHusl, 4) IOCTPOCHUE JarpaMM Hecylleld cloCOOHOCTH cedeHus, 5) Moa0op apMaTyphl B KOJIOHHE
WM TIPOBEpKa Hecyllel ClIOCOOHOCTH KOJIOHHBI C YY4ETOM NMPOTHO0B.

[Ipu pemenun 3amaun (1), mpUMeHseTCSs UTEPALMOHHBINA aNTOPUTM, MO3BOJSIOUIUI TOYHO YYECTh
pacnojoxkeHue MoJOoOpaHHBIX apMaTypHbIX cTepkHed. Ha Tekyiem HTepallmoOHHOM IIare pacyer
TpeOyeMoil apMaTypsl MPOBOJUTCS Ha OCHOBE pE3yJbTaTOB KOHCTPYMPOBAHUS apMaTypbl Ha
npeasiaymeM mare. [Ipu KOoHCTpyupoBaHUM apMaTypsl ¢ YY4ETOM 3aJaHHBIX 3HAYEHUH MUHUMAJIbHON
TOJILIUHBI 3alIUTHOTO cJiosi OeTOHa MJii NPOAOJbHOM M MOMNEpEeYHOM apMaTypbl W JHaMETPOB
0J0OOPaHHBIX apPMATYPHBIX CTEPKHEW OIpeesIieTCs] HOMUHAIbHAS TONIIMHA 3aIUTHOTO CII0s OETOHA.
3aTeM ONpEeNeIIOTCS pacCTOSHUSA OT KOHTYpa CE€YEHUs 10 LIEHTPOB TSHKECTH IIOIIAJEH apMaTypshl,
KOTOpBIE Ha CJIEIYIOIIEM UTEPALIMOHHOM IIIare CTaBsITCs B pacyeT TpeOyeMoi apMaTyphl.

Cornacho [ 1], pacueT Mo MpoYHOCTH MPOBOAUTCS HA OCHOBE HEIMHEHHOH 1e(hopMaIlMOHHON MOJIETH B
coorBercTBHUH ¢ 8.1.20. B kauecTBe pacueTHOI 1uarpaMMbl COCTOSTHUS CKATOro O€TOHA, MPUHUMAETCS
TpeXJIMHEWHAs 1uarpamma.

CoruacHo [2], pacdeT 1Mo MpOYHOCTH MPOBOJIUTCS HA OCHOBE HEIMHEHHOMN JehOpMAIIMOHHONW MOJICIIH B
cooTBeTcTBHH ¢ 6.2.21. [IpenycMOTpeH BBIOOP pacyeTHOM JuarpaMMBbl COCTOSIHUS C)KaTOro OETOHA.

Cornacuo [3], pacyer Mo MPOYHOCTH BBHINOJHAETCS B COOTBETCTBHM ¢ 3.28%. Ilpm sTom pacuer
3JIEMEHTOB C BBICOKOTIPOYHOM apmarypoit kinaccoB A-1V, A-V, A-VI, A-VII otnuyaercs ot pacuera
aneMeHTOB ¢ apmarypoil kimaccoB A-l, A-Il, A-1ll, A500C Tem, uro Hapsay c ¢opmynon (67)
npumensiercsa popmyna (68). Kpome Toro, cornacuo 3.13*, nmpu pacuere 3J1eMEHTOB ¢ BEICOKOIIPOYHON
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apMaTypoil pacueTHOE COMPOTHBIICHHE apMaTypbl Rs yMHOXKaeTcsi Ha KO3 GUIIUESHT YCIOBUM PabOTHI
%6 > 1, KOTOpBIH orpenenseTcs mo popmyne (27).

CornacHo [4], pacyeT Mo IPOYHOCTH MPOBOJUTCS HA OCHOBE HETMHEHHON AeOpPMAIIMIOHHON MOJICIN B
cootBerctBuu ¢ 7.1.1.2. IlpeaycMoTpeH BBIOOp OAHOW M3 JBYX PAaCUYETHBIX AHArPaMM COCTOSTHHS

cxkaroro Oetona. [lapaGonuuecku-nuHelHas auarpaMMma MPUMEHSIETCS B TOM ciydae, KOrja yCHIIus
OompeNieJIeHbl MyTeM JIMHEHHO-ympyroro pacuera. IlpeaenbHble YCWUIIUSL ONPENENsIOTCS  Kak

R(aAfy 1y, f4 17,) . KpuBonuueiinas guarpaMma IPUMEHSETCS IPH HEIMHEHHOM pacueTe yCHIIUA, B
KOTOPOM YYMTBHIBAIOTCS HEYIpYyrue cBOWCTBAa OeToHa M apMmaTypHoil ctanu. [lpenenbHble ycunus
onpenemsitores kak R(fg, f2)/yp, roe i =alfy, fr=11f, ;=135

[Tpu moxgbope apMaTyphl B KOJIOHHE, BIHSIHAE MTPOrHOa yYUTHIBACTCS ITyTEM YMHOKECHHUS U3TUOAFOIIETO
MomeHTa M Ha nosblmaromui kodddunueHt 7 . KoogdunueHt 7 Beraucisercs no Gopmyie:

1

n=—"-
L
N

cr
rne N - npoposnbhas cuiaa, N, - KpuTHueckas cuia, Kotopas ompeaensiercs coriacuo [1],8.1.15,
[2],6.2.16, [3],3.24, [4],7.1.3.14. ®opmyna i KpUTUUECKOM CUITBI MOXKET OBITh 3amucaHa B BUJIE:

_7r2D
- 2

N

cr
I0

rac D - xecTKoCThb KOJIOHHBI, IO - pacyeTHad JJIMHA KOJIOHHBI.

CorunacHo [1], [2], xecTKOCTb BbIUHCIsieTCs 10 Gopmyoie:

A5E, |
po 916l g7e
0, (03+5.)

3necsy E,, E, - Mmogynu ynpyroctu 6erona u cranu; |, |, - MOMEHTBI HHEpIMKY OETOHHOIO CEYEHUS U
IUTOIIA/IN CEYEHHS apMaTypbl OTHOCHTENILHO IEHTPAIBHOM ocH cedeHus, o, = €,/h - oTHocUTeNbHBIH
SKCLEHTPHUCUTET MPOAONIBHON cuibl (N - BBICOTAa ceyenns B mockocTw m3rmba), ¢, - mapamerp,
YUHUTBHIBAIOIINM JJIMTEIBHOE IEHCTBUE HATPY3KH.

Cornacho [3], )keCTKOCTb BBIYHCISIETCS IO (hopMyIIe:

64 Eyl, 011

72" @ 01+0,

D= +0.1)+El]

CornacHo [4], ’KeCTKOCTb BBIUUCISIETCS aHATOTHYHBIM 00pa3oM.

3KCI_ICHTpI/ICI/ITCT €, OIPCACIICTCA OTHOCUTCIBHO ILICHTPA TSKCCTH IIPUBCIACHHOIO CCUYCHHUA (HpI/I

HECUMMETPUYHOM apMHUPOBAHUHM LEHTPHl TSHKECTH OETOHHOTO M MPUBEACHHOTO CEYCHHH He
coBmaznatot). [Ipu onpeneneHny €, yduThIBaeTCs CiydaiHblil skcuentpucurer €, ([1],8.1.7, [2],4.2.6,

[3],1.21, [4],7.1.2.11). Cormacuo [1], [2], [3], npu pacueTe KOJOHHBI, SBISIOIICHCS SIEMEHTOM
CTATHYECKH OINPEACTUMOI KOHCTPYKIHHU, SKCIICHTPUCHTET €, IPHHUMACTCS PaBHBIM N +€,, a npu

M

PACUCTC KOJIOHHBI, HBH?IIOH.[CFICH SJIEMCHTOM CTaTHYCCKHU HCOHpeﬂeHHMOﬁ KOHCTPYKI WU, — paBHBIM W
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M M
, €CIIN — 2 €, , M PaBHBIM €, , ecnmi — < €, . CoryacHo [4], S5KCLIEHTPUCHUTET €, BCErja NPUHUMAETCS
N N

PaBHBIM W +e,.

Tak Kak kecTKoCTh D BBIYHCIISETCS C YUYE€TOM apMaTypbl B CCUCHUHU, TO pacquHHﬁ MOMCHT 7]M TaKXeE

3aBUCHUT OT IUIOIIAAX apMaTypsl. [loaTomy TpeOyemast apmarypa MOXKET ObITh pacCUUTaHa TOJIBKO IPU
nomMom wurepauuid. Ha TekymeM wWTepanMoHHOM Iare, Uil HaWAEHHOM IUIOLIAJAM apMaTypbl

BBIYUCIIAIOTCSA KOO(POUIMENTR! 77, U 77, , 3aTEM ONpPEJEAIOTCA pacueTHble MOMeHThl 77,M, n M, ,

JeicTByIolME B IUIOCKOCTAX Z u Y , a 3aTeM BbIYMCIsAeTcs TpeOyemas Iiomais apMatypsl. [lanee
BBIIIOJHACTCA  CIICAyrolIass uTCpanus. I/ITepaHI/IOHHBIf/'I npouecc OKaH4YMBaCTCd TOrJda, KoOTraa
OTHOCUTEJIbHOE MpUpaIeHUE TUIOAAN apMaTypbl ctaHoBUTCA Menee 0,1%.

4. KoncTrpyupoBaHue

[Tpu mogbope apMaTypHBIX CTEPIKHEHN, MPUMEHSETCS CIEeAYIOIMUNA 001U psii 1uamMeTpoB (B MM): 6, 8,
10, 12, 14, 16, 18, 20, 22, 25, 28, 32, 36, 40.

ApMarypHbI€ CTEPKHHA Pa3MEIIAIOTCS B CEYEHUN C YY4ETOM HOMHHAJIBHOM TOJIIMHBI 3alIUTHOTO CJIOS
0eTOHa U HOMUHAJIBHOTO PACCTOSHUS B CBETY MEXy CTep)KHAMH. [Ipu omnpeneneHu HOMHUHAIBHON
TOJIIIMHBI 3AIIUTHOTO €JI051 0€TOHA, YYUTHIBAIOTCS 33JaHHbIE MUHUMAaJIbHBIE TOJIIIMHBI 3aIIUTHOTO CII0s5
OeToHa U MPOJOJBHON M TONEPEYHON apMaTyphl, TUaMETp MOAOOpPAaHHBIX CTEP)KHEH M TUaMeTp
xomyTa. [Ipy 3TOM TONIIMHA 3aLUTHOTO €105 O€TOHA JUIsl XOMYTa IPUHUMAETCS] KPAaTHOU 5 MM.

[Ipy KOHCTpYMpPOBAaHHMM, YUUTHIBAIOTCS 3aJaHHbIE MUHUMAJIbHBIA WM MaKCHUMAJIbHBIA JTHAMETPhI
CTEp)KHEHW, MaKCUMAaJIbHOE KOJWYECTBO CTEp)KHEH, MUHUMAJIbHOE PACCTOSIHUE B CBETY MEXKIY
CTEP)KHSIMHU. DTHU TapaMeTphbl MO3BOJISIOT YIPABIATh MOJ00POM apMaTypbl. MUHUMAIIbHBIA THAMETP
CTepXKHEH MOXKeT He MpPHHAJIeKATh YKa3aHHOMY psAy JIUaMeTpoOB HJs BBIOPAHHOTO Kilacca
apmatrypHoil cramu. [[ns cxem apmupoBanust A = 0, 1, 2 orpaHuYuBaeTCs KOJUYECTBO CTEP)KHEH B
CEYCHHH, a JIJISI CXEMBbl apMUPOBaHUS A = 3 — KOJTMYECTBO CTEPKHEN B OJTHOM PSITY.

B ceuenun co cxemoii apmupoBanus A = 0, B KaXJIOM YIIIy MOKET pa3MellaTbcs OJIUH apMaTypHBIH
CTep>keHb WM (IIpU HeoOxoaumocTH) 6oee (3 wiu S apmaTypHbIX crepxHeit). [Ipu pacuete Tpedyemoit
apMaTypbl TPUMEHSETCS PACCTOSIHME OT KOHTypa CEYEHHUs 10 OOImero IMEeHTpa TSHKECTH TPYIIIBI
CTEPIKHEM.

B ceuenun co cxemoil apmupoBaHus A = 3, Ha MecTe KaXJIOr0 apMaTypHOI'O CJOs CTEPKHH MOTYT
pa3Meniatbest B JBa psga. CTep)kKHM BTOPOTO psijia YCTaHABIMBAIOTCS HAa TAaKOM pPAacCTOSHUU OT
CTepXHEH MepBoro psija, KOTOpoe paBHO HAMOOJbLIEMY M3 3HAUEHUH JHMaMeTpa CTepKHEeH mepBoro
psila ¥ MMHUMAJIBHOTO PAcCTOSIHUS B CBETY MeXAy crepxkHsamH. [Ipu pacuere TpeGyemoii apMaTyphl
MIPUMEHSIETCS PACCTOSTHUE OT KOHTYpa CEYEHHUS /10 JIMHUU TSDKECTU 000MX PSJIOB CTEPIKHEH.

J171st TaBpOBOTO (JIBYTaBPOBOTO) CeUEHUs TPeOyeTCs yKa3aTh OJIHY U3 IBYX BO3MOXKHOCTEH pa3MeIeHUs
apMaTypbl B IIOJIKE. ApMaTypHBIE CTEPKHHU MOTYT pa3MeIlaThCs Ha BCEH MIUPUHE MOJIKU. DTOT BapUaHT
npeqHa3HaueH [yl pacyera OaJKM TaBpOBOrO (JIByTaBpOBOro) ceueHus. Jlpyras BO3MOYKHOCTh
MO3BOJISIET MPHU MOJ0OpPE CTEpKHEM YUMTHIBATH JIOJII0 apMaTypbl B CBecax IOJKH, KOTOpas MOXET
3amaBatecs oT 0% 10 100%. IIpu aTOM cTep)kHM pa3MeNaroTcs B Mpeeax oTpe3Ka, JIMHa KOTOPOro
COCTABIISICT IIOJIOBHMHY IIUPUHBI TOJKK. OTOT BapuaHT IMpeJHa3HaueH [uid pacdyera Oajiku
IPSIMOYTOJIBHOTO CEUEHUs] COBMECTHO C IJIMTOM NMEepeKpbITHs. ApMaTypHbIE CTEP)KHU pa3MeLaloTCs B
MIOJIKE B OZIMH PsiJl, a B peOpe CEYCHHs CTEPKHU MOTYT pa3MeIIaThCs B J1Ba pAa.

3ajaya KOHCTPYUpPOBaHHS apMarypbl B IPOU3BOJIBHOM IOJUIOHAJIBHOM CEUEHUH C IPOU3BOJIBHOU
CXEeMOW apMHUPOBAHMS HE MMEET €AUHCTBEHHOI'O PEIIEHHUs, MO3TOMY IPEIyCMOTPEHBI J1Ba METOAA
KOHCTPYHPOBaHUS: MOI00p CTEp)KHEW OJMHAKOBOTO JAMAaMETpa U MoJ00p MUHMMAJIBLHOTO KOJMYECTBA
CTEPHKHEH.
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ITo pe3ynpTaTaM KOHCTPYMPOBAHUS OCYLIECTBISIETCS rpaduuecKuil BBIBOJ CEUEHUS C IIOJOOPaHHBIMU
apMaTypHbIMU CTEpKHAMU. B mporpamme mnpeaycMOTpPEH KOHTPOJIb KOPPEKTHOCTH Pa3MEILCHMS
apMaTypHBIX CTepXKHEW Il ceueHHi pa3nuyHbiX (popm. Eciam KoppekTHoe pa3MelieHHue CTep)KHEH
HEBO3MOKHO, TO BBIIAETCs MIPELYIIPEkKAAOLIEEe COOOIICHHE.

[TpoBomuTCS MpOBEpKa HEeCyIIelH CIOCOOHOCTH CEYEHUS C TTOJJOOPaHHBIMU apMAaTyPHBIMH CTEPIKHSIMHU.
[Ipu mpoBepke, KaXIblii CTEPKEHb YUUTHIBACTCS IO OTICIBHOCTH, MPH 3TOM B pPacyeT CTaBATCS
IUIOINAb €T0 TONEPEYHOT0 CEUSHHSI U KOOPAUHATHI IICHTPa TsHKEeCTH. [ BceX pacueTHBIX COYeTaHUH
ycunuit Beraucistores npeaenbusie yemnus Ny, Myy, Mzy 1 koaddunmenT x> 1, mo KoToOpoMy MOKHO
CyIuTh O KadecTBe Mojabopa apmarypbl. Yem Ommxe » K CIUHUIE, TEM Jydlle pe3yibTar
KOHCTPYUPOBAHHSI.
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IIporpamma mpenHa3zHaveHa Ui 1oA0Opa MPOJOJIBHOW apMaTyphl B IUIMTaX M CTE€HAX, a TAKXkKe AJIs
MPOBEPKU Hecyllel crnocodHoctd mauT U credH cormacHo CII 63.13330.2012 [1]. Has naut
IIPEyCMOTPEHA MIPOBEPKA TPEILIMHOCTOMKOCTH, a TaKXKe MOJ00p apMaTypsbl, TpeOyeMOl IO YCIOBUIO
TpemuHocTolkocTu. Ilo pe3ynbraTaM KOHCTPYMPOBAHHUS OCYILECTBIIAETCS TIpadUUecKuil BBIBOX
CEUCHHI C TOA0OPAaHHBIMH aPMaTyPHBIMHU CTEPKHAMH.

1. Pacuer

[Ipu pacyeTe 3eMEHTa IUTUTHI WM CTEHBI TOJMIMHON N pHMeHsieTcst cucremMa KoopauHat XyZ , ocu X
U Y KOTOpOH JIeaT B CPEIUHHON IIIOCKOCTH 3eMeHTa (puc.l). B momnepeuHbIx ceueHUsIX 3JeMeHTa,

HOPMAJIbHBIX K OCH X, NEHCTBYIOT M3rHOAIONIMI MOMEHT M « » kKpyrsaumii Moment M xy » HOpMasbHast
cuna N, u casuraromas cuma ny. B mnonepeyHbIX CEYEHHsX DJIEMEHTa, HOPMAJIbHBIX K OCH Y,
neficTBytoT m3rubarommii Moment M y » KDYTAIMA MOMEHT M xy » HOpMaJIbHast cuiia N y U CBHUTaromas

cuma N xy - SHaK M3ru0aroIero MOMEHTa UMEET 3HAYEHHE NIPU PACY€ETe IIUTHL. M3rubaromui MOMEHT

ABJICTCA ITOJIOKUTCIBHBIM, C€CJIM IIPpH C€ro ﬂeﬁCTBHH cXaras 30Ha BO3HHKACT B BerHeﬁ qaCTu
IMOIICPECYHOro CCUYCHHA IIJIMTHI. 3Hak KpyTsAmero MOMCEHTAa HE HMCECT 3HAUCHUA. HopMaanaﬂ CHJIa
SIBIISICTCS TIOJI0KUTSIIBHOM IIpH CXKaTHU. 3Hak anHra}omeﬁ CHJIbI HC UMCCT 3HAUCHU .

Puc. 1.Cucrema koopAMHAT U yCcUIus

HpOBepKa IMPOYHOCTHU DJICMCHTA Ha }IeﬁCTBHe MOMCHTOB ITPOBOAUTCH IO CICAYIOINIUM YCIIOBUAM:

M /M., <1
M, /M

x,ul

y,ult < 1

(Mx,ult_Mx)(My,un_My)—Mfy >0

M,y My <1
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M,, /M, <1

sxy,ult <

[TpenenbHble U3rUOAIONIE MOMEHTHI Mxlun u My’un OTIpEIeNIAI0TCS HAa OCHOBE JAeQOpMAaIMOHHOM
MOJIeJIM C MPUMEHEHHEM TPEXJIMHEHMHON auarpaMMbl JJIsl C)KaToro OeToHa W JBYXJIMHEHMHOW WK

TPEXJIMHEMHON JUarpaMMBbl IJId apMaTyphl. HpI/I OTOM YUHUTBIBAOTCSA HOPMAJIBHBIC CHJIbL NX u N y -

[TpenenbHble 3HAYSHUSI KPYTSILIET0 MOMEHTA OMPEEIIAIOTCS 110 hopMyiam:

Myt 20-17/bRbh2
Msxy,ult = OSRS (Asx + Asy)ho

rne A, Asy - IUIOIIAZH PACTAHYTOH apMaTypsl B Harpasitennu oceit X u Y, hy =(hy, +h0y)/ 2; hgx,
hoy - 3HaYeHUst paboueii BBICOTHI CEYEHUI, HOPMAIBHBIX K OCSIM XK U Y .

Tperbe W3 NPUBENECHHBIX YCIOBHM IPOBEPSETCS B TOM CiIydae, KOTJa BBIIOJHSIOTCS IEPBBIE J1BA
ycnoBus. Ilpu 3ToM TpeTbe ycnoBue npeodpasyercs K BUAY:

('\/lx,ult_'\/lx)('\/lyyun_|\/Iy)/'v|2_I\/lfyll\/l2 20

rac M OIIpCACIIICTCA KaK MAKCUMYM 3HaYE€HHH MOMEHTOB IO BCEM 3aJaHHBIM COYCTAaHHUAM YCHHHﬁ.
3HaKH MOMCHTOB B IMPUBCACHHOM YCJIOBUH HC YYUTBIBAKOTCA.

HpOBepKa IMPOYHOCTH 3JICMCHTA Ha JIeHCTBHE CHII MMPOBOAUTCA IO CIACAYIOIIUM YCIOBUAM!

N, /N, <1

x,ult

N,/IN, <1

(N, =N (N, =N,)=NZ >0

x,ult y,ult

N,y /Ny <1

N,y /Nggur <1

IpenensHbIe HOpManbHbIE CHTbl N xult ¥4 N yult OTIPENIENIAOTCS HA OCHOBE IE(POPMAIIMOHHON MOJIETH €
IPUMEHEHUEM TPEXJIMHEHHON quarpaMMsbl JUIs CKaToro O€TOHA M JABYXJIMHEHHOM WM TpeXJIMHEHHON

AuarpaMMBbl 11 apMaTyphl. HpI/I 9TOM YUHUTBIBAIOTCSA H3r1/16a}01]11/1e MOMCECHTBI M x A M y

[TpenenbHblEe 3HAYEHUSI CIBUTAIOIIECH CHIIBI OTIPEAETSAIOTCS o hopmynam:

N, o =0.37, RN,

bxy,ult
Nsxy,ult = O5Rs (AEX + A%y)

rae ASX, Asy - IUIOLIAJM apMaTyphl B HampasieHun oceii X u Y, ho =(hoX +h0y)/ 2; hgx, hOy -
3Ha4YeHHs paboueii BHICOTHI CCUEHHH, HOPMATBHBIX K OCsiM X 1 Y .

Tperbe W3 NMPUBENCHHBIX YCIOBHUM MPOBEPSIETCS B TOM Cily4yae, KOTJa BBINOJHSIOTCS IEPBLIE /1B
ycnoBus. [Ipu aToM ycnoBue npeoOpa3yercs K BULY:

(Nx,ult_Nx)(Ny,ult_Ny)/N2 —N)fy/N2 >0

rac N OIMPECACIICTCA KaK MaKCUMYM 3HAYSHHUH CHUJI 110 BCEM 3aJaHHbIM COUYCTaHUAM YCHHHﬁ.
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[Tpu pacuete cTeHBI YUUTBHIBACTCS BIUSHUE IPOTru0a B MI0CKOCTH YZ . PacueTHbIi n3rnbaronmii MOMEHT

OIpPCACILICTCA IIYTEM YMHOXCHHA 3aJaHHOI'O 1/131"1/16a}0mer0 MOMCHTa My Ha HOBBIIHaIOHII/Iﬁ

koddurment 1. KoaddunueHt 7 Beraucnsgercs mo Gopmyiie:

1
17 =
Ny
1—

Ny,cr
rae Ny,cr - KpUTHUYECKas Ccuiia, KoTopas ompenensercs corjachHo [1], 8.1.15. dopmyna mis
KPUTUYECKOW CUJIbI 3aITUCHIBACTCS B BUJIE:

7°D

rue |0 - pacueTHas JUIMHA CTE€HBI B INIOCKOCTH YZ . JKecTKOCTh D Beruncnsercs no dbopmyre:

0.15E, |
D=—"—"202 407E
¢,(0.3+5,)
3aech 56 =€, Ih - ornocurenbuslit AKCIICHTPUCUTET HOpMaabHOH cuibl. Koaddumuent @,

npuHAMaeTcss paBHbIM 2. Ilpu omnpeneneHuM 3KCHeHTpHcuTeTa €, yuuThIBaeTcs CirydaiiHbIi

skcuentpucuter €,. Cormacuo [1], 8.1.7, skcuenrpucurer €; mnpuHEMaeTcs paBHBIM N—y, eciu
y

y M y
—~Y >e ,upaBubM €,,eciu — - <e, .
N a’ a» N a
y y
Tax KaK skecTkocTs D BBIMHCIISETCS ¢ y4eTOM apMaTypbl B cedeHHH, TO pacueTHsli Moment /M takoke

3aBHCHT OT IuIOoIIaau apMarypsl. [loaTomy TpeGyemast apMaTypa MOKET OBITh paccuuTaHa TOJIBKO IpU
nomMom urepanuii. Ha TekymeM wWTepanMOHHOM IIare il HaWJIEHHOM IUIOIAIU apMaTypbl

BBIYHCISIETCS KOA(DPUIIMEHT 1), a 3aTeéM 10 PacuyeTHOMY MOMEHTY 77|\/|y BBIYUCIISIETCST TpeOyeMmast

wioumaap apMatypel. Jlajmee BbIMOJHSETCS cienylomas wuTepauus. MrTepanMoHHBIM mpoliecc
OKaHYMBAETCA TOT/A, KOT/1a OTHOCUTENBHOE MPUpALIEHUE IIJI0IIa I apMaTypbl cranoBUTCS MeHee 0,1%.

[Ipu mombope apmarTypbl HPUMEHSETCS HWTEPAIMOHHBIN aNTOPUTM, MO3BOJIIOIMIMA TOYHO YYeCTh
pacrmoJioKeHue MoJA00paHHBIX apMaTypHBIX cTepxkHed. Ha Tekyiem uTepalmoHHOM Iare pacuer
TpeOyemMoli apMarypbl TpPOBOAMUTCS HA OCHOBE pe3yJbTaTOB KOHCTPYHPOBAaHUS apMaTypbl Ha
npenpiaymeM mare. [Ipu KOHCTpyHpOBaHUH apMaTyphl C YI€TOM 3aJIaHHOTO 3HAYEHUS! MUHUMAIIbHOM
TOJIIIUHBI 3aIUTHOTO CJI0si OETOHA M IMaMeTpa TOI0OpaHHBIX apMaTypPHBIX CTEPIKHEH, ONpeaesIeTcs
HOMHHAJIbHAS TOJIIKMHA 3aIIUTHOTO CII0sl 0€TOHA. 3aTeM OIpeIesieTcsl pacCTOsSHUE OT TPaHH JIeMEeHTa
710 IIEHTpa TSHKECTH IJIOHIAAN apMaTyphl, KOTOPOE Ha CIEAYIOIIEM MTEPAIlMOHHOM Iare CTaBUTCS B
pacdeT TpedyemMoii apMaTyphI.

Pacuer mo 06pazoBaHuIO M PACKPHITHIO TPEIIUH B TUTHTE MPOBOAUTCS coryacHo [1], 8.2.14, 8.2.15 na
OCHOBe HeNMHEHHOH nedopmaunonHoii Mogemn. Wsrubaromme momentst M, n M, . npn
00pa3oBaHUM TPEIIMH, a TAKXKE HANPSDKEHUS B PACTAHYTOU apMarype nocie o0pa3zoBaHus TpeuuH O

U Oy, Bxomamue B popmynsl [1], (8.128), (8.137), BEIUMCIAIOTCA Ha OCHOBE AMAarpaMM COCTOSHMSA

0eToHa M apMaTyphl IPU MOMOILM YHUCIEHHOTO METO/A.
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2. KoncrpyupoBanue

KoHcTpynpoBaHue MpOAOJBHON apMaTypbl TMPOU3BOAUTCS IO 3aJaHHBIM MHHUMAJIbHBIM |
MaKCHMAaJIbHBIM JHaMeTpaM M IaraMm ctepykHeit. Ha puc.2 mpuBeneH mpumep moabopa mpoaoibHO
apMaTypsl JJI IJIATHL, 4 Ha pI/IC3 — J1JIs1 CTCHBI. Ha NMPUBCACHHBIX PUCYHKAX JaHbl CCHCHH A, HOPMAJIbHBIC
kocam X u Y.

l
l

Puc. 2.IIpumep apMUpPOBaHUS IIITUTHI

I
l

|

Puc. 3.Ilpumep apMUpOBaHUs CTEHBI
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Jluteparypa

1. CIT 63.13330.2018 «CHull 52-01-2003 bBeroHHble U XKeJI€300€TOHHBIE
KOHCTPYKIIUU.OCHOBHBIE TTOTOXKCHUS.
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436— [TonOop nonepeyHor apMaTyphl
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[Iporpamma mpenHasHavyeHa sl MMoAOOpa IMOMEPEYHON apMaryphl, TpeOyemou st oOecTieueHHs
MPOYHOCTH IO HAKJIOHHBIM W MPOCTPAHCTBEHHBIM CEUEHHSM, COTJIacHO ciemyrommm HopMmam: CIIT
63.13330.2018 [1], CII 52-101-2003 [2], CHullI 2.03.01-84* [3], CHB 5.03.01-02 [4]. [1o pe3ynbTatam
KOHCTPYUPOBAHMSI BBIBOJIUTCS H300paKEHUE TMPHOMOPHONW YacCTH dJIEMEHTa C TOJ00paHHBIMHU
XOMYTaMHU.

1. PacueTHas cxemMa W HArPy3KH

PaccmaTpuBaercs mnpuoONOpHas YacTh KEJIE300€TOHHOTO 3JIEMEHTa MOCTOSIHHOTO IONEePEeYHOro
cedeHus. B kauecTBe KOOPIMHATHI MPOU3BOJIBLHOIO MONIEPEUYHOTO CEUCHHS IPUMEHSIETCS] pacCTOsTHUE X
ot omnopsl. [IpexycMoTpeHs! 1Ba BUa pacdeTa: pacder Ha U3Tu0 U pacdyeT Ha KpydeHue ¢ usruoom. [pu
pacyere Ha U3rKM0, yUUTHIBAETCA JIEUCTBUE MONEPEUHOMN CUIIbI U 00ECIIEYMBAETCS MPOYHOCTD 3JIEMEHTA
[0 HAKJIOHHBIM cedyeHusiM. [Ipu pacyere Ha KpydeHUe ¢ U3rHOOM, YUUTHIBACTCS JEHCTBUE KPYTSILETO
MOMEHTA, M3THOAIONIET0 MOMEHTA, MOTEPEYHON CHIIBI U OOCCIICUYUBACTCS MPOYHOCTH 3JIEMEHTA II0
MIPOCTPAHCTBEHHBIM CEUCHUSIM.

PacueTsl MPOBOAATCS JUIS JIEMEHTA NPSIMOYTOJIBHOTO MONEPEYHOTO CEeYeH s IMpHHOi D u BeICOTOMH
h . Ipu pacuere Ha n3rubd no [3] u [4] momyckaeTcs 3aaHKe TABPOBOTO (IBYTaBPOBOIO) CEUYEHHS JLIS
ydeTa c)KaToi MOJIKH P ONPe/IeIeHUH HeCcyel CIIOCOOHOCTH OETOHA CKaTOM 30HBHI.

3anarTcs pacCTOSHUS OT CTOPOH CEYEHHMs JJIEMEHTa J0 LEHTPOB TSHKECTH IUIonaned IpoAOIbHON
apmatypsl. [Ipu pacuere Ha KpydeHHE C M3THOOM, IOTOJHUTEIHHO 33JA0TCS IUIOINAAN apMaTypHl,
pAacIioyIOKEHHON Y BEepXHEH, HWKHEH M OOKOBOWM CTOpoH ceueHus. [lnomans OOKOBOI apMarypsl
ompenenseTcs Kak CyMMma IUIOIIAJed KpaHMX CTEep)KHEW BEpXHEW M HWXKHEH apMaTyphl.
[Ipenmnosnaraercs, 4To MIIOMIAIM OOKOBOI apMaTyphl y JIEBOM U MTPaBOi CTOPOH CEYEHMSI OJMHAKOBHI.

ITpu pacuere Ha n3ruo 3amaroTcs nrudaronwii MomeHT M u monepeunas cuna Q, , neicTByromme B

CCUCHUHM DJJIEMEHTa HaJ TIpaHblo omnopsl. lIpegycMoTpeH BBOA PpPaBHOMEPHO pACIPENEICHHOU
MOTIEPEYHON Harpy3Kd MHTEHCUBHOCTH (] U COCPEAOTOUYEHHBIX MOMepeuHbIX cuil Q, AeHCTBYIOIMX Ha
BEpXHE rpaHu djemenTa. [Ipeamonaraercs, 9To Harpy3kd  u Q HampaBiieHbI BEPTHKAIBHO BHH3.

W3rubaronuii MOMEHT U HONEpeYHas CUjla B MPOU3BOJIBHOM MONEPEYHOM CEUEHUH OINpPENeNsIoTCs 110
YCWIMSM B OIIOPHOM CEYEHUU M 3aJaHHBIM Harpy3kaMm Ha OCHOBE ypaBHEHUH paBHoBecus. [Ipu stom
BeIMYMHA MOMeHTa M, mnpuHuMaeTcs oTrpunarenbHoil. Eciu 3ajaHHas UIMHA IPUONOPHOW 4acTH

aNeMeHTa Ooubllie 3HAYeHUs X,, npu kotopoM Q(X,)=0 mmm Q wu3MeHserT 3HAK, TO pacyer

IIPOBOJAUTCA TOJIBKO IJIA X < Xp -

ITpu pacdere Ha KpydeHHE C U3TMOOM, JONOJHUTENBHO 3aAI0TCS KPYTALIUMI MOMEHT T, B ONOpPHOM

CEYCHHUH, PABHOMEPHO DPACIPEAEICHHBIM KPYTAIIMNA MOMEHT MHTEHCUBHOCTU t{ M COCPENOTOYEHHBIE
KpyTsmuye MOMeHThl | . Eciium 3agaHHas UIMHA IPUONOPHON YacTH 3JIeMeHTa OoJIblle 3HA4eHus X, ,

npu KoTopoM T (X,)=0 wmm T u3MeHseT 3HaK, TO pacyeT MPOBOAUTCS TOIBKO I X < X, .

2. Pacuer Ha u3rud
Pacuer snemenTa mo mpouHnocTu npoBoautes cormacHo [1], 8.1.33, [2], 6.2.34, [3], 3.31%*, 3.32, [4],

7.211,7.21.2,7215,7.22.7-7.2.2.10.

ITpu pacuete no [ 1] u [2], ycunus, BoCpuHIMaeMble OETOHOM CKaTOi 30HBI U [TOTIEPEYHON apMaTypoi,
paccMaTpUBAIOTCS KaK (YHKLIMU JAJUHBI MPOEKUMU C, HAKIOHHOIO CEYEHMs, MPOXOIALIEro IO

HaknoHHOM  TpemmHe:  Q, =Q,(C,),Qq, =Q,,(C,). Ilpm >ToM BBOZATCS  OTpaHHYCHUS
Qp.min £Qp <Qpmex - Apryment ¢dynkimn Qg,(C,) orpanumumBaercsi HepaBeHcTBamu hy <c, <2h, .

[IpouHocTh  37ME€MEHTa MO  HAKIOHHOMY  CEYEHHMIO  OOecreyuBaeTcs  NpuU  YCIOBUHU
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Q <min{Q, (c,) + Q,, (cy)}. Ioronnas miomane nonepe4Hoil apmarypsl A, /S, ompenensercs u3
BHp‘a')KeI—H/H\;I st (CO) =0 "Co» Qg = st : Asw /Sw :

ITpu pacuere mo [3] u [4], paccMaTpuBaeTCS MHOXECTBO HAKJIOHHBIX CCUCHHH, MPOXOIAIINX Yepe3
JIMHUIO TPAHULIBI CKATOM 30HBI PACUETHOTO MOMEPEYHOI0 CEUEHUS U JIMHUIO TIEPECEUeHHSI TPaHU OMOPHI
U HaJOMOPHOTO IOMEPEYHOr0 CEeUeHUs 3JieMeHTa. HakjIoHHOE ceueHHue XapaKTepU3yeTcs IIMHOM
npoekiuu C Ha MPoI0IbHYIO OCh 35ieMeHTa (C = X ). JIJ1 Ka)k10ro HAaKJIOHHOT'O CEYEHUS OTHICKUBAETCS
JUIMHA TPOEKUUH C, ONACHOW HAKIOHHOM TpemuHbl. OHa onpefensercs U3 ycIOBUs MUHMMyMa

Hecylieil cnocoOHOCTH OeTOHa CXKaToM 30HBI U MOMEPEUYHON apMaTyphbl, MepeceKaroieil HaKJIOHHYIO
TPELIVHY, T.€. OIPEAEIAeTCA KaK TaKoe 3Ha4YeHUe C, , IPU KOTOPOM JOCTUTAETCSI MUHUMYM BBIPaXKEHUS

Q,(c,) +Q,,(cy) . Ilpr 5TOM YyUnTHIBaIOTCS CIECAYIONINE OTpaHUYeHHs: Cy < C, C, < 2h, u C, > h, npu
c>h, (h, - pabouas BeicoTa MOIIEpEYHOTO ceueHMs). [I[pOUHOCTH 1eMEHTA 10 HAKJIIOHHOMY CEYCHUIO
obecnieunBaercs npu yenosun Q <min{Q, (c,) +Q,,(¢,)}, rme Q - nomepeunas cuia B HOpMaIbHOM
CeYeHHH, Haxo suieMcst Ha pacctostHuu C ot omopsl ([5], 3.31). [Ipu 9TOM yuuThIBacTCSl OrpaHUYCHHE

Qp 2Qy min - Ioronnas miomans nomepeyHoll apmarypbl A, /S, BBMUCIACTCS IO HaWJICHHOMY

3Ha4YeHHIo C, u3 BIpaxkeHut Qg (C,) =0, - Cy, Ug =Ry, - Ay /S, 1IpH ycioBuu gy, = Ugyy i -

BepxHuii ipeaen A mara XOMyTOB S, . OIPEIENAETCS U3 YCIOBHUs, COIIACHO KOTOPOMY ITOIIEpEYHast
CUJIa MEXy XOMYTaMH JOJKHA MOJIHOCTHhIO BOCIIPUHUMATBCS OETOHOM CxKaToi 30HHI ([5].3.29).
Hapsiny ¢ npoBepkoi NPOYHOCTH IO HAKJIOHHOM TpEUIMHE, NMPOBOAUTCS MPOBEPKA IPOYHOCTH IO
HaKJIOHHOH T10JI0CE MEX/Ty HAKJIOHHBIMH TPEIINHAMU Ha ocHOBe ycioBust Q <Q, .. . Eciu 10 ycnosue
HE BBIMOJIHIETCS, TO BBIBOAMTCS COOTBETCTBYIOIIEe coobinenue. [Ipu pacuere mo [3] u [4], miomiaas
apMaTrypbl, HaliJIeHHasl U3 YCIOBUSI MPOYHOCTH IO HAKIOHHOW TpEIIMHE, MOXET OBITh yBEIWYeHa C
LEJIbI0 YAOBJIETBOPEHUS YCIOBHS POYHOCTH 10 HAKIIOHHOW MOJIOCE.

[TponsBoauTcst TaOMMYHBIA BBIBOA TpPeOyeMOW IIOTOHHOM Iuromaau apMatypsl A, /S, , BEpXHETo
npenena S, . A8 [Iara XOMyTOB W JUIMHBI IIPOEKIMHM C, ONACHOH HAaKJIOHHOW TPEUIMHBI

[TpenycmoTpeH BbIBOJ rpaduka pacnpesaeneHus TpeOyeMoil MOroHHOM IUIOMIagu apMaTypbl Ha
IIPUONIOPHOM 4YacTH 3ieMeHTa. [[ocKonbKy mpu pacuere Mo NMPOYHOCTH apMaTypa YYUTHIBAE€TCS Ha
JUIMHE C;, TO JUI1 KaXJOro0 pacyeTHOrO CEUCHMs ¢ KOOPAMHATOW X MPOMU3BOIAUTCA KOPPEKTHPOBKA
pacrpeieneHus II0Ia Al apMaTypbl Ha OTpe3Ke [ X — C,y, X ] 110 yCI0BHUIO, COIIACHO KOTOPOMY IUIOIIAAb

apMaTypsl Ha 3TOM OTPE3KE JOJI?KHA OBITh HE MEHBIIIE, YEM B TOUKE X .

[Ipenycmotpen BeiBox rpadukoB M (X), Q(X),Q, (X), Q. (X),Q, (X) +Q,,(X) . C uenpro BU3yalbHOU
npoBepku ycnosus mpounoct Q <Q, + Q,,, Ha pucyHke c rpapukom Q, (X) + Q,, (X) momomHHUTETHHO
uzobpaxaercs rpapuk Q(X) .

3. Pacuer Ha KpyuyeHuUe ¢ U3rHOOM

Pacuer snemeHTa 1o MPOYHOCTH MpoBouTes coryacuo [1], 8.1.36 — 8.1.42, [2], 6.2.36 — 6.2.42, [3],
3.36 - 3.38, [4], 7.3.1.1 - 7.3.1.5. [Ipu pacueTe paccCMaTpPUBAETCS MHOXECTBO MOMEPEYHBIX CEYECHUH, B
KOTOPBIX JIEHCTBYIOT W3rHbarommii MoMeHT M , momepeunas cwia Q w KpyTsimmii MoMeHT T .
ITpenycMoTpeHsl Ba BUJa pacyera: pacderT MO0 MPOYHOCTH MPOCTPAHCTBEHHBIX CEYEHUH U pacydeT 1o
MPOYHOCTH JIEMEHTA MEX/1Y POCTPAHCTBEHHBIMU CCUCHHUSIMH.

IIpu pacuere 110 MPOYHOCTH IIPOCTPAHCTBEHHBIX CEUEHUM, pACCMAaTPUBAIOTCS TPU CXEMBI Pa3pYILICHHUS.
OTH CXEMBbI OTIIUYAIOTCS PACTIONIOAKEHUEM CKATOM 30HbBI MPOCTPAHCTBEHHOIO ceueHus. B mepBoii cxeme,
c)karas 30Ha pacrojiaraeTcs y TpaHu dDJIEMEHTa, CKaToi oT m3ruba. Bo BTOpoii cxeme, cxaras 30HA
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pacrionaraercsi y O0KOBO# rpaHu syieMeHTa. B TpeTheil cxeme, ckaTas 30Ha pacrojiaraetcs y TpaHH
JJIEMEHTA, PACTIHYTOH OT U3ruoa.

JlJis Bcex cxeM pa3pylICHHs YCIOBHUE MPOYHOCTH MPOCTPAHCTBEHHBIX CEYCHUN MOXKET OBITh 3alMCaHO
B BUJIE!

T. <a;/c, +a, -C
3mech i - HoMep cxembl (i=1,2,3), C, - AJIMHA NPOEKIUH CHKATOW CTOPOHBI MPOCTPAHCTBEHHOIO
CEUYEHHUsI Ha MPOIOJIBHYIO OCh OJIEMEHTA, @, - BEJIMYMHA, 3aBUCALIAS OT IIomanu A, MpOoaOoIbHOM
apMaTypbl, PACIIOJI0KEHHON Y PACTSAHYTOM IPaHy, a, - BEIMYUHA, 3aBUCSINAs OT IIOTOHHOM MUIOMIAH
A,,; /s, TONepevHON apMaTyphbl, PACIOIOKEHHON y pacTsaHyToi rpauu, T, =T, =T, T, =T +Qb/2,
[IpaBas 4acTh YCJIOBHMS MPOYHOCTH MPEACTABIAET COO0M QyHKIMIO OT C,. IIpenenbHblii KpyTAimii
MOMEHT T, paBeH MHHUMAJIHLHOMY 3HAYEHHIO 3TON (yHKuuu. [Ipy OTHICKAHUM JUTMHBI IPOEKIUH C;
I KOTOPOM JOCTUTAETCS MUHUMYM, YUYUTBIBAIOTCS CIIEMYIOIINE OIPAHUYCHUSL:

c, <2h, +b,

b. /(2h, +D,)

3necs b;,h;, - pasmeps! npoekuy NPOCTPaHCTBEHHOTO CEYCHUS HA INIOCKOCTb, IEPIEHIUKYISPHYIO K
ocH sneMeHTa. [l nepBoii u Tpetbeii cxem b, =b, h, =h, o Bropoii cxemer b, =h, h, =b.
COOTHOIIIEHHE MEXIY TUIOMAJIMU TPOJIOJLHON U MONEPEUHON apMaTyphl, KOTOPhIE YUUTHIBAIOTCS B

pacueTe Mmoo NpoOYHOCTH, OMPCACIIACTCA 1A Ka)KI[Oi/JI CXCMbI paspymcHHud IMPpU IMOMOIIH CICAYIOMICTO
nmapamMeTpa:

st Aswi b_l
Rs Asi SWi

CornacHo [3], 3HaueHHe @,; JOIDKHO OBITH HE MEHBIIE, YeM

qui =

~ 0.5

Puwi,min 1+ M /(2(0wiMUi)
U HE 60.]'[])1]_[6, qeM

P =151 M/ M,,)

B stux gpopmynax, s BTopoi cXeMsl, ciiaraemoe, cogeprkaiiee M , monaraercsi paBHbIM HYJIIO, a JJIs
TpeThell cXeMbl 3HaK nepel M u3MeHseTcsl Ha OOpaTHBIN.

I[IpenenbHblii n3rndaronmit MomeHnt M ,; ompenensiercs mo gpopmyne M, =R A (h, —0.5X%;), rre X,
- BBICOTA CKAaTOH 30HBI, BRIpakarommasics o gpopmyine X, = (R A; — R AL) (R,b) .
Ecnu BbUMCIIEHHOE 3HAa4YeHHME X, MeHblle 23, To mojaraercs X; =2a;. 3gecb Aj - IUIOLIA/Ib

apMaTypbI B C)KaTO 30HE, @, - paCCTOSIHHE OT TPaHH CEYCHHUS J0 LICHTPA TSHKECTH CKATOW apMaTypBl.
[pu @,; < Py min B PACYETE YUUTBHIBACTCS [LIOMIA/H IIPOIOIBLHON apMaTypbl, paBHast A - @i [ @i i -
Tpebyemast mo pacdeTy mornepeyHasi apMaTypa J0KHA ObITh pa3MelleHa Ha JITHHE

b.

Coi =5 Gi
2h, +D,
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Cornacuo [1] u [2], pacuer Mo TPOYHOCTH MPOCTPAHCTBEHHBIX CCUCHHHM MPH JCHCTBHH TOJIBKO
KPYTSAIIEro MOMEHTa T TPOBOJUTCS AHAJIOTHYHO HA OCHOBE YCJIOBHS:

T<T,
3mech | - HOMep cxemsl paspymennst (i =1,2,3). [lpuanmaercs, 910 @y rin = 0.5 1 @ 1o =1.5.

[Ipu coBMECTHOM JIEHCTBUY KPYTSILEr0 MOMEHTA T UM M3ru0arolero MoMmeHTa M ycinoBHe NpOYHOCTH

pu i=1 MPEJICTABIISIETCS B BUJIE:
T<T;41-(M /MO)2

ITpenenpHblil m3rubaromuii MoMmeHT M, ompenensiercs coryacHo [1], 6.2.10 no opmyne (8.4) win
cornacHo [2], 6.2.10 o ¢hopmye (6.14).

I[Ipu cCOBMECTHOM JeHCTBUM KPYTSIIETr0 MOMEHTA 1 U MONEPeuHoit cuiibl Q ycloBHME NPOYHOCTH TIPH
I =2 npencrasisiercs B BUJIE

T<T,1-Q/Q,)

IIpenenshas nonepeunas cuna Q, onpexensercs, corsnacHo [1], 8.1.33, B coorBeTcTBHM ¢ hopMyOit
(8.60) umu, cornacHo [2], 6.2.34, B cooTBeTcTBUU € hopmyoii (6.70).

Pacuer o mpoYHOCTH MPOCTPAHCTBEHHBIX CEUEHHI coriiacHo [4], aHamoruden pacuery 1o [3].

Cornacro [3] u [4], npexycmorpena 3amena ipu T < 0.5Qb pacuera 1o npo4HOCTH 1715 BTOPO#i CXEMBI
pa3pyllieHHsi Ha pacyeT MO MPOYHOCTH HAKJIOHHBIX CCUYCHUH NpPHU PACUETHOW IONEPEUYHON CHIIe
Q+3T/b.

Hapsiny ¢ pacueTrom mo mpoO4YHOCTH IPOCTPAHCTBEHHBIX CEYEHUH, MPOBOJUTCA PACyeT MO IPOYHOCTU
JJIEMEHTAa MEXJIy IPOCTPAaHCTBEHHBIMU cedeHusiMH. Ecnu ycioBue mpouHoctd Bupa | <T . 1pu

pacuere 1o [3] u [4] wm ycioBue npounocty Buma 1 <T__ (1-Q/Q,,,) mpu pacuere mo [1] u [2] He
BBIIOJTHSIETCSI, TO BBIBOMTCSI COOTBETCTBYIOIIEE COOBIIEeH . 31ech T = 0.1R,b?h mpu pacuere mo
[11,[2], [3] 1 Ty =0.1cf ;b*h 1pum pacuere mo [4], mpuaem b =min{b,h}, Q . =0.3R bh,. Cormacso
[3], 3.37 pacueTHOe compoTuBieHue R, ans 6eroHa kiacca Bbime B30 npuHumaercs kak 1t 6eToHa

kiacca B30. Cornacuo [4], 7.3.1.4, pacuetHoe conporusnenue f mis Gerona kimacca Boie C25/30

npuHUMaeTcs Kak s 0etona kimacca C25/30. Koaddunment & npunumaercs cormacto [4], 6.1.5.4.

Pacuer no npo4HOCTH NPOCTPAHCTBEHHBIX CEUEHHUM TPOBOIUTCSA MPU 3aJaHHBIX TUIOMIAISX TPOJOIbHON
apmatypel. Ecnam 3amaHHas mpojosibHas apMarypa SBISIETCS HEIOCTATOYHOW I oOecredeHus
MIPOYHOCTH, TO BBIBOIATCS TpeOyeMble TUIOMIAAN TPOJOJbHON apMaTyphl, HAMICHHBIE COBMECTHO C
TpeOyeMoi TUIOIIAIbIO MOTIEPEYHON apMaTypHhI.

ITpousBomuTcs TaGIMYHBIN BHIBOJ TPeOYeMOil TIOrOHHOM IUIOIIA M MONepeuHoi apmarypsl A, /S, 1
JUIUHBL Cy, OTpE3Ka, Ha KOTOPOM JOJKHA OBITh pa3MelleHa HomepedHast apmarypa (Cg, = MaxCg,,
i=123). B Tabnuue BeBoasTcs 3HadeHus oTHoureHms T /T,, rme T, mpaBas dYacTh YCJIOBHS
MPOYHOCTH, BBIYMCIEHHAS ANl TpeX cxeM paspyiieHus. IIpodHOCTh 3nmeMeHTa obecreueHa Mpu
T /T, <1.0. IIpu 3ameHe pacdeTa 110 BTOPOH CXeMe pa3pyIIeHHUs Ha pacydeT M0 MPOYHOCTH HAaKIIOHHBIX
CEYEHHI, COOTBETCTBYIONIEE 3HaYeHUE oTcyTcTBYeT. [Ipomyck 3Hauenmst T /T, mis Tperbeil cxemsl
03HAYAET, YTO MPH JAaHHOM M3THOAIOLIEM MOMEHTE pa3pyllIeHUe M0 TPETbel CXeMe HEBO3MOXKHO.
[IpenycMoTpeH BwIBOI Tpaduka pacmpeneiaeHus TpeOyeMoil TMOTOHHOW IUIOMIAAd TOTEPEYHON
apMaTypbl Ha TIPUOIOPHOM YacTH 3jeMeHTa. [T0CKOIBKY MPU pacyere MO MPOYHOCTH st | -i CXeMBbI

PaspylmiCHus onepcuHad apMarypa yduTbIBaCTCs HaA JJIMHC Cswi , TO AJId KQX0T0 paCuUCTHOI'0 CCUYCHUA
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C KOOPAMHATONW X MPOU3BOIUTCS KOPPEKTHUPOBKA pacIpeIeiCHUs TUIOMAAN IONIEPEYHO apMaTyphl Ha
orpeske [ X —0.5¢,, X + 0.5C, ] o ycrnoBuIo, COrIacHO KOTOPOMY ILIOINAAb IOIEPEUHOI apMaTyphl Ha

sw?

9TOM OTPE3KE JOKHA OBITE HE MEHBIIIE, YEM B TOUKE X .

IIpexycmorpen BoiBoA rpadukos M (x), Q(X), T(X) .

4. KoncrpyupoBaHue

[Ipy KOHCTPYHMpPOBAaHMM XOMYTOB MPUMEHSIOTCS CIEAYIOUIUME JaHHbIe: JAUaMETP XOMYTOB,
MaKCUMaJIbHBIN IIar XOMYTOB, MPUPAIICHUE [Iara XOMYTOB, a TAK)KE PACCTOSIHUE OT TpaHu OMOPHI J10
ocu mepBoro xomyta. Ilpu pacyere Ha HM3ru0 MOMOJHUTENIHHO 3a/a€TCS YUCIO BETBEH XOMyTa
(KOIMYEeCTBO MOMEPEUHBIX CTEPKHEH B HOPMAJIBHOM CEYEHUH).

ITonGop XOMyTOB 3aKJIHO4AETCs B OIPEECIEHUH 11ara XOMyTOB U JUIMH Y4aCTKOB, HA KOTOPBIX XOMYTHI
YCTaHaBJIMBAIOTCS € MOCTOSIHHBIM IaroM. Illar XoMyToB Ha IEPBOM OT OIOPBI YYACTKE ONPEAEIISIETCS
110 HanOOJIbIIEMy 3HAUYCHUIO TPeOyeMoii MoroHHo# romanu apMatypsl (A, /S,,) - LLar xoMyToB

OrpaHUYMBACTCS 3aJaHHBIM IPU BBOJE MAKCUMaJbHBIM 3HaueHueM Iuara. [Ipu pacuere Ha u3ru6 mar
XOMYTOB JOIOJIHUTENBHO OIPaHUYMBACTCS PACYETHBIM BEPXHUM INPEACIOM S, .. . Ha BTOpOM OT

OMOPBI YYaCTKE IIAr XOMYTOB MOKET OBITh HMPHHAT TEM JKE WM, €CJIM 3TO BO3MOXKHO, YBEIHYCH Ha
3aJlaHHOC TIpHpAIleHUe miara. JJis OmpeeieHns] Yucia XOMYTOB TpeOyeTcs 3a[1aTh PACCTOSIHHE OT
IPaHy OIOPBI JI0 OCH MEPBOr0 XOMYyTa. ITO PACCTOSHUE MOXKET OBITh 3aJaHO PABHBIM ITOJIOBUHE LIara
WM TIOJHOMY IIary XomyToB. MHOe cMelieHHe O/DKHO 3a7aBaThCs BBOJOM COOTBETCTBYIOIIETO
HOJIOXKUTEIHHOTO MM OTPUIATENLHOTO 3HaueHus. [Ipy 3a1aHu OTPUIATENFHOTO CMEIICHHSI, IEPBbII
XOMYT YCTaHABIIUBACTCS B HA/IOMIOPHOM YacTH 31eMeHTa. AOCOIOTHAS BETUUMHA 33IaHHOTO CMELICHHS
NPUHUMAETCS He Gonbiei, uem h/2.

HpI/I 3alaHUH MMpUpAIICHUS 1Iara XOMyTOB MOKET OBITH BBCJICHO KaK ITOJIOKUTCIIBHOC, TaK U HYJICBOC
WM OTPpULATCIIbHOC 3HAYCHUC. B cjiydac BBOJa OTPHULATCIBHOI'O 3HAYCHHA, KOHCTPYHUPOBAHHC
IMPOU3BOJUTCA 0e3 U3MCHEHHS Iara XOMYTOB. HpI/I BBOJI€ HYJICBOI'0 3HAYCHHA, AaBTOMATHYCCKU
OIIPECACIIACTCA TAKOC IPUPALICHUC 1Iara, IIpu KOTOpOM 0611_[66 YHUCJIO XOMYTOB ABJIACTCA MUHHUMAJIBHO
BO3MOJXHBIM.

[lo pe3ynbpTaTaM KOHCTPYHMPOBAHMS BBIBOAUTCS H300pakeHHWE IMPHONOPHOTO y4yacTKa 3JIEMEHTa C
0100paHHBIMU XOMYTaMH.
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[Iporpamma npenHa3zHadeHa Jij1s 10100pa apMaTyphl 1O YCIOBUSM IMTPOYHOCTH M TPEITUHOCTOMKOCTH, a
TaKKe I TMPOBEPKU MO YCIOBHUSM TPEHIMHOCTOMKOCTH COMIacHO cheaywomum Hopmam: CII
63.13330.2018 [1], CIT 52-101-2003 [2], CHulI 2.03.01-84* [3], CHb 5.03.01-02 [4], [5]. HomyckaeTrcs
3alanie OeToHa W/WJIM apMaTypHOM CTajld ¢ HEHOPMHPOBAHHOW MPOYHOCTHIO. J[s1 cedeHust Oayiku
BO3MOJKHO 33JlaHH€ Pa3HbIX CTAJIEW BEPXHEH W HWKHEH apMaTypbl M 3aJaHu€ DPAa3HbIX 3HAYCHUU
MUHUMAJIBHON TOJIIMHBI 3aIIUTHOTO CJIOSI O€TOHA /ISl BEpXHEH U HIDKHEH apMaTyphl.

1. Ceuyenue

Ceuenust moapa3AensioTCs Ha CTaHAApPTHBIE M MPOU3BOJIbHBIE. K CTaHIapTHBIM CEUEHUSAM OTHOCATCS
IPSIMOYTOJIBHOE CEUYEHHUE, TaBPOBOE WJIM JBYTAaBPOBOE CEUEHME, KPYrOBOE WJIM KOJIBLIEBOE CEUEHHUE
(puc.1). Pacuer cormacho [1], [2], [4], MOXeT NMPOBOAMUTHCS ISl BCEX yKa3aHHBIX BHJIOB CEUCHHM, a
pacueTt coryiacHo [3], — Il IPSIMOYTOJIBLHOTO UJTM TaBPOBOTO (ABYTAaBPOBOI0) CEUCHUH.

7 L bfs L
4 1 42 1
! a | R
e oL ; b
M Nis - j:B
Z |
My h |
t—--p ——}y h
y My

Puc. 1. CrangapTHbie cedeHMsI

J1g IpsIMOYTOJIBHOTO CEYEHUs BO3MOJKHBI CIEAYIOIIME CXEMbl apMHUpoBaHMs A (puc.2): cxema c
paBHBIMM IUIOHIAAMU apMaTypbl BONM3M BepmuH cedeHuss (A = 0), cxemMa C paBHOMEPHBIM
pacripesiesieHueM IJI0Ia 1 apMaTyphl BIOJIb KOHTypa ceueHust (A = 1), cxembl ¢ paBHbIMU (A =2) U ¢
paznuyHbiME (A = 3) TuIOmAAsSMU apMaTypbl BOJM3M BepXHEH M HWKHEH CTOpoH ceueHus. [lis
TaBPOBOI'O M JIBYTaBPOBOT'O CEYEHMI paccMaTpHuBaeTcs cxema apmupoBaHus A = 3. [[ns kpyroBoro u
KOJIBLIEBOIO CEYEHUN paccMaTpUBAETCS CXEMa apMUPOBAHMS C PABHOMEPHBIM paclpeiesieHueM
IUIOLIA/IA apMAaTyphl B/I0JIb KOHTYpa CEUEHUSI.

3amaHnre MPOU3BOIBHOTO TOJMTOHATIBHOTO CEUEHHS OCYIIECTBISICTCS IYyTEM BBOJA KOOPAHMHAT €ro
BepinH (puc.3). Bosmoxken BBoa 10 50 BepmmH. BiOOp KOOpAMHATHBIX OCEH JTEKApPTOBOW CHCTEMBI
MOXKET 6BITB MPONU3BOJIbHBIM. BepLHI/IHI:I 3a4ar0TCA B IOCICAOBATCIBHOCTH, KOTOpass COOTBECTCTBYCT
00XO/y IMOJIMTOHA IO KOHTYPY B OINpENeJIeHHOM HamparieHuu. [Ipu 3ToM monmuroHanmbHas 001acTh
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JIOJKHA OCTABAThCS IO OJIHY CTOPOHY (HampuMmep, cieBa) OoT HampaBieHus obxoxa. Ilpu Hammuum
BHYTPEHHUX IOJIOCTEH B CEUEHUH, TPeOyeTCsl MPOU3BECTH Pa3pe3bl, MO3BOJIAIONINE 000NTH TpaHIYHBIC
KOHTYpHI (BHEIIHUI U BHYTPEHHHE) TaK, YTOOBI 00JIACTH OCTABANIACH 110 OJIHY CTOPOHY OT HAIPaBJICHUS
obxoxa. IIpenycMOTpeH aBTOMAaTHYECKUIA yUYET MOJOCTH MPSAMOYTOJIbHON (OPMBI.

h h
@ @
Ta | Fal
a a a a
L L L L
1 b 1 1 b 1
A=0 A=1
a |~ ia T
i Ass ’
h h
iagt ASH qtaHgv
L L L L
i b 1 i b 1
A=2 A=3

Puc. 2. Cxembl apMHUpPOBaHHS HPSMOYTOJIFHOTO CEUEHHS

[Ipu BBONIE apMaTypbl B MPOU3BOJLHOM CEUEHUU TPeOyeTcs 3a7aTh OTPE3KU (apMaTypHBIE CJIOW), Ha
KOTOpPBIX pa3zMemtaercss apmatypa. Bo3moxken BBog a0 50 apmarypsbix cioeB. CIou MOTyT UMETh
IMPOU3BOJIbHYIO JJIMHY W OPUCHTALUIO. HpennonaraeTcs[, 4qTO IUIom@azab apMaTrypbl PaBHOMCPHO
pacnpeneneHa no cnor. Ecnum  gnauHa cinos paBHA HYJIKO, TO TAaKOM CJIOM  COOTBETCTBYET
«COCPENOTOUYECHHOWY ITOMIAIA apMaTypel. Eciin He npeaycMaTpuBaeTcss KOHCTPYHUPOBAHUE apMaTyphl
MPU TOMOIIM TPOTPAMMBI, TO JUIsI KKIOTO apMaTypHOTO CJIOSi TpeOyeTcsl JOMOIHUTENBHO 3a1aTh
JMaMeTpP apMaTypPHBIX CTEPIKHEH.

2. Yenaus

[IpononpHas cuia u U3rubaronIrie MOMEHTHI 33Jal0TCS OTHOCUTENBHO IIaBHBIX EHTPAJIbHBIX Ocei Y, Z
o6eronHoro ceueHus. [IpuHumaercs, yto mpoponbHass cuwina N mosjoxkuTenbHa npu cxatuu. llpu
JEHCTBUH TOJOKUTEILHOTO MOMeHTa My, cikaras 30Ha BO3SHHMKAeT B BEPXHEH YacTU CEUYCHHs, a TpHU
JeMCTBUY MOJIOKUTENBHOTO MOMeHTa Mz, cxkaTast 30Ha BO3HUKAET B JIeBOi yacTu ceuenust. [Ipu pacuere
M0 TPENIMHOCTOMKOCTH coriacHo [1], [2] u [3], ycrnsi COOTBETCTBYIOT KOMOMHAITMSM HOPMATHBHBIX
Harpy3ok (% = 1), oopazoBanubM corsiacHo CHull 2.01.07-85 «Harpysku u Bo3aeiictus» [6], [7], a
MIPH pacyeTe COriacHo [4], yCHUIHs COOTBETCTBYIOT MPAKTUYECKH TTOCTOSTHHBIM KOMOWHAITUSM HATrPy30K
(e = 1), obpazoBanubM coriacuo [Tpunoxenuro A. Ilpu pacuere mo [1], [2] u [3], Hapsay ¢ ycumusaMu
OT MOJIHOW HArpy3KH 3aJat0TCsl YCHIIHS OT JUIUTENIbHO JIEMCTBYIONIEH YaCTH HArPYy3KH.
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Puc. 3. [Ipou3BopHOE MONIUTOHAIBHOE CEUYCHHE

3. Pacuer

Pacuer mo 00pa3oBaHWIO M PACKPBITHIO TPEIIUMH, HOPMAJBbHBIX K IPOJOJBHON OCH 3JIEMEHTa,
BBINOJIHsAETCS cormacHo [1], 8.2.14, 8.2.15, [2], 7.2.11, 7.2.12, [3], 4.5, 4.14, [4], 8.2.1.7-8.2.1.10.

N3zrubaromye MOMEHTHI IpU OOpa30BaHUU TPELIMH ONPEICNAIOTCS IO NPEeAEIbHOMY COCTOSHUIO
pactanyToro 0eroHa. IIpu 3Tom yder nponosibHOM cuibl N BO3MOKEH OJHUM U3 ABYX clIOc000B. Eciu
IPOJIOJIbHAS CUJIa U M3rHOAl0Ie MOMEHThI BO3HUKAIOT OT AEUCTBUS Pa3HbIX HCTOUHUKOB Harpy3okK, TO
crnenyer monokuTh N =CONSt | a eciii OHU BO3HUKAKOT OT JACHCTBHS OJJHOTO MCTOYHHKA HArPY30K M

BO3PACTAIOT OJHOBPEMEHHO, TO CIeayeT monoxuts €, =M /N =const u €, =M, /N =const .

Pacuer cormacuo [1] wnu [2] mpoBOAWTCS HAa OCHOBE HEIMHEHHOW aeopMarMOHHON MOJENH.
Wsrubaronme momentsl M, .. u M, . Ipu 06pazoBanuy TPEIINH, a TAKKe HATIPSKEHUS B PACTAHYTOH

apmarype mocje o0pa3oBaHUs TPEIIUH Os M Os cre, BXoasIne B hopmysr [1], (8.128), (8.137) wm [2],
(7.13), (7.22), BBIUMCIIAIOTCA HA OCHOBE JUarpaMM COCTOSHHMsS O€TOHa W apMaTypHOM cTalu IpH
IIOMOIIIM YHCIEHHOTO MeToAa. [IpM 3TOM MpPHMEHSIOTCS JuarpaMMbl ¢ Jae(opMariOHHBIMU
XapaKTepUCTHUKAMHU, COOTBETCTBYIOLIIMMHU HENPOAODKUTEIbHOMY JAeWcTBHIO Harpys3ku. Ilnomane

CeueHHsl pacTAHYTOro 0eToHa Apt M IJIOLIA b CEYCHUS PACcTAHYTOW apMaTypsl As, uepe3 KOTOpbIe 1O
dopmyne [1], (8.136) wmu [2], (7.21) Belumcisiercs 06a30Boe paccTosHUE |s MEXIy TpeuIMHAMH,
OTIPENIeNIAIOTCS HEMOCPEICTBEHHO Mepe]] o0pa3oBaHMEM TpellnH. 3HaueHue Apt Orpenensercs: npu
CIIEIYIOIIMX OIPAaHMYCHHUSX Ha BBICOTY PACTSIHYTOH 30HBI: ht > 2a, hy < h/2, tne a — paccrosiHue oT
HanboJiee PacTAHYTOW apMaTyphl 0 OJMKaWIeld TpaHu cedeHHs, N — cymMma BBICOT pacTSIHYTOH U
cKaToll 30H ceueHus. 3HadeHHe Ag ompenessieTcss Kak cymMma IJiomaneil Asj apMaTypHBIX CJIOEB C

y4eTOM CpeAHUX HOo ciow aedopmanuil pacTspkeHHs & 1O Gopmyne A =ZAsi (&1 €ae )

riue &, —Aedopmanns Hanboee pacTIHYTOH apMaTyphI.

Pacuer cornacuo [3], npoBoautcs mpu nomoiu (opmyin, npuBenaeHHsx B [3] u [8]. IlpenycmoTpen
BBIBOJI MPOMEKYTOUHBIX PE3yJIbTaTOB pacdera, IpU 3TOM MPUMEHSIOTCS 0003HAUYECHUsI, IPUHATHIE B
HOpMax.

Pacuer cormacHo [4], mpoBOAUTCS Ha OCHOBE HEIUHEHHOW nedopMannoHHO# Moxaenu. V3rubaromime
MomeHTel M ., M, . npu 0OpasoBanuy TpeliyH, feGopmalus pacTAHYTOH apMaTyphl &, HATIPSHKEHUS

B pacTSHYTOH apMmarype mocie oOpa3oBaHMs TPEIIUH Oz U Oyr BBIUUCISIIOTCS HAa OCHOBE AUArpaMm
COCTOsIHMsI OETOHA M apMaTYpPHOM CTalM IpH TOMOIIM 4UcIeHHoro merona. Momentet M, M,
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ONPEIENACTCS U3 YCIOBHS JOCTYKCHUSI Ha HauOosee PacTAHYTOH I'paHu cedeHHs HampsokeHus f. .
[Tpu 3TOM CcOCTOSIHME pacTSHYTOrO OSTOHA ONMCHIBACTCS JMHEHHOM JHarpaMMoi, COOTBETCTBYIOIICH
Mozaymo ynpyrocta E . OddexTuBHas miomans pacTaHyTOH 30HbI Ac eff OIPEIEIISETCS IPU BBICOTE

et <N /2 u h

pacTAHYTOM 30HBI HEMOCPEACTBEHHO IEpe] 00pa30BaHHEM TPEIIHMH, N — cyMMa BBICOT PacTSIHYTOH M
CoKaTOU 30H CEUYEHUS.

h..s =2.5a, xoTopasi orpaHWuYMBacTCs yCIOBUSIMU N <h/2, rme h, - BeicoTa

c, c,eff

[Tpu pacuete mo oOpa3oBanuio TpeuuH coriacuo [1], [2] u [4], npenycMoTpeH BoIBOA aedopMariuii u
HAMpPSDKEHUH, a TaKXKe IMOJIOKCHUSI HEUTPAIbHON JIMHHUM HEMOCPEJCTBCHHO Mepea oOpa3oBaHUEM
TPELIUH.

B cnywae, korma MMIMpUHA pacKpBITUS TPELIMH IIPEBBILAET IPEACIbHO JOIYCTUMOE 3HA4YCHUE,
IporpamMmMa Io3BOJISIET paccuuTaTh TpeOyeMmyro IUIoIaas apMaTypsl. Ilpu 3TOoM 1uomanbs apmarypsl
YBEIUYMBAECTCSA 10 TOTO 3HAYEHUS, IIPY KOTOPOM YIOBIETBOPSIOTCS YCIOBHS 110 TPELUIUHOCTOUKOCTH.
OAHOBPEMEHHO € YBEIMUEHUEM ILIOLIAIN apMaTypbl MOXKET POBOIUTHCS KOHCTPYUPOBAHUE apMaTypbl
B CEYCHUU.

4. KoncTrpyupoBaHue

B nporpamme nmpenycMoTpeHa BO3MOKHOCTh OJI00pa apMaTypHBIX CTEpKHEH MO 3aaHHOM TUIoMaIn
MpOJOJBHOM apMarypsl. B pacder mo TpPEeUMHOCTOMKOCTH CTaBATCA IUIOMIAAM MW JAUAMETPbI
MOOOpaHHBIX CTEP)KHEW M yYUTHIBACTCA MX pa3MmelleHue B cedueHuu. [Ipu mombope apMaTypHBIX
CTepXKHEH MpUMEHsIeTCs CIeNyIoIuid o0uuii psa auameTpos (B Mm): 6, 8, 10, 12, 14, 16, 18, 20, 22, 25,
28, 32, 36, 40.

ApMaTypHBIE CTEPKHU Pa3MELIAIOTCA B CEYEHUU C yYETOM HOMHHAIBHOM TOJIIIMHBI 3aIIUTHOTO CIIOSI
0eTOHa U HOMUHAJIBHOTO PACCTOSIHUS B CBETY MeXAy cTepkKHsAMH. [Ipu ompeneneHMM HOMHHAIBHOM
TOJILIMHBI 3aIIUTHOTO cJ10s1 OETOHA, YUYUTHIBAIOTCS 3aJaHHbIE MUHUMAJIbHBIE TOJIMHBI 3aIIUTHOTO CIIOS
O0eToHa JJi1 MPOJOJIBHON M MONEPEeYHOM apMaTypbl, AMAMETP MOJO0OpAaHHBIX CTEP)KHEH U JUaMETp
xomyTa. [Ip 3TOM TONIIMHA 3aLUTHOTO €105 O€TOHA /ISl XOMYTa IPUHUMAETCS] KPaTHOU 5 MM.

[Ipy KOHCTPYMpPOBaHMU YYUTBHIBAIOTCA 3aJaHHBIE MHUHUMAJIBHBIA M MAaKCUMAJIBHBIM JAUAMETPhI
CTEpKHEH, MAKCUMAJIbHOE KOJIMYECTBO CTEPKHEW, MHUHUMAJIbHOE PACCTOSIHUE B CBETY MEXKIY
CTepXKHSIMHU. DTU MapaMeTphl MO3BOJISIIOT YINPaBIATh MOJ00POM apMaTypbl. MUHUMANBHBIN AHAMETP
CTepXKHEl MOXKeT He MpPHHAJIeKATh YKa3aHHOMY psAy JIUaMEeTpOB HJs BBIOPAHHOTO Kilacca
apmatypHoil cranu. [ns cxem apmupoBanust A = 0, 1, 2 orpaHu4YMBaeTCAd KOJIUYECTBO CTEPKHEH B
CEUYEHHH, a JIJIsI CXEMbl apMUPOBAHUSA A = 3 — KOJTMYECTBO CTEPKHEN B OJTHOM PSAY.

B ceuennn co cxemoii apmupoBanug A = 0, B KaXKI0M YTy MOXKET Pa3MEIIaTbCsl OJUH apMaTypHBIN
CTepeHb WK (Mpu HeoOxonumocTr) 6onee (3 wiu 5 apmatypHbix crepxkHeil). [Ipu pacuere TpeGyemoit
apMaTyphbl IIPUMCHACTCA PACCTOSAHHUEC OT KOHTYypa CCUCHHUA MO0 0611161"0 HOEHTpa TAXKCECTU TPYIIIIbL
CTEPKHEU.

B ceuenun co cxemoil apmupoBaHus A = 3, Ha MecTe KaXJIOr0 apMaTypHOI'O CJOs CTEP>KHH MOTYT
pa3Meniatbest B JBa psga. CTepKHM BTOPOTO psiia YCTaHABJIMBAIOTCSI HA TAKOM pAcCTOSHUU OT
CTEep)KHEH MEepBOro psijia, KOTOPOe paBHO HaMOONbIIEMY M3 3HAYEHHUH TUaMeTpa CTEp>KHEH IepBOro
psaa ¥ MUHUMAJIbHOI'O PACCTOSIHUSA B CBETY MEXY CTEpKHAMU. [Ipu pacueTe mpuMeHsieTcs pacCcTOSTHUE
OT KOHTYpa CEYEHHS /10 JIMHUHU TSHKECTU 000X PSIIOB CTEPHKHEH.

J171st TaBpOBOTO (JIBYTaBPOBOTO) CEUEHUS TPeOYETCs YKa3aTh OJIHY U3 IBYX BO3MOXKHOCTEH pa3MEIICHHS
apMatrypbl B IOJIKE. ApMaTypHbIE CTEpKHM MOTYT pa3MellaTbCsl Ha BCeW IIMpHUHE NMONKHU. Jpyras
BO3MO>KHOCTb ITO3BOJISIET TIPH T10,100p€ CTEPIKHEN YUUTHIBATH JIOJTIO apMaTypPhl B CBECAX MOJIKU, KOTOpast
MoxeT 3anaBatbea oT 0% mo0 100%. I[lpu 3TOM cTEepKHU pa3MellaloTca B Mpeaesiax oTpe3ka, JJIMHA
KOTOPOT'O COCTaBJISET [T0JIOBUHY IIMPHHBI TOJIKU. ApMaTypHbIE CTEPKHU pa3MELIat0TCs B MIOJIKE B OJIUH
psn, a B peOpe CEUeHHs CTEP)KHU MOTYT pa3MelIaThCs B JIBa psfa.
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[To pe3ynpTaTamMm KOHCTPYHPOBAHUS OCYLIECTBIISIETCS TpaduyecKuil BHIBOJ CEUEHUS C OI00paHHBIMU
apMaTypHBIMHU CTEP>KHAMH.

CTATHUKA-2024. Onucanue npocpamm 437 — Pacyer no NpOYHOCTH U TPEUIMHOCTONKOCTH



387

Jluteparypa

1. CIT 63.13330.2018 «CHull 52-01-2003 bBeroHHble U XKeJI€300€TOHHBIE
KOHCTPYKIIUU.OCHOBHBIE TTOTOXKCHUS.

2. CIT 52-101-2003. beronHble U IKEIC300CTOHHBIC KOHCTPYKIHMH 0e€3

npeaBapuTensHoro Hanpspkenus apmarypsl / I'VII «HUMKby, ©I'VIT LIIII. —
M., 2004.

3. CHull 2.03.01-84*. Bberonnsle u xene300eToHHbIE KOHCTpYKIMHU / ['occTpoii
CCCP. — M.: HUTII I'occrpost CCCP, 1989. — 80 c.

4. CHB 5.03.01-02. beronnsle u xene300eTOHHbIE KOHCTPYKIMK / MUHHCTEPCTBO
apXUTEKTYpHI U cTpouTenbeTBa Pecrryomuku benapycs. — Munck, 2003. — 139 c.

5. Beronnsle u xene3o00eronnbie koHcTpyKitnu (M3menenune Nel CHB 5.03.01-02)/

MuHuCTepCcTBO apXUTEKTyphl M cTpouTenbcTBa Pecnybnmuku bemapycs. —
Mumnck, 2004.

6. CII20.13330.2016 «CHulI 2.01.07-85* Harpy3ku u BO3ACHCTBUSI.

7. CHull 2.01.07-85. Harpy3ku u Bo3aevictBus / I'occtpoit CCCP. — M.: LIUTIIL
I'ocerpost CCCP, 1987. — 36 c.

8. ITlocobue 1Mo MpOeKTUPOBAHHUIO OCTOHHBIX U JKEJIE300€TOHHBIX KOHCTPYKIMH U3
TSDKENBIX M JIETKUX OETOHOB 0€3 MpeBapuUTEeIFHOTO HANpsDKEHHUS apMaTypsl (K
CHuIT 2.03.01-84) /ITHWUUnpom3nanwuii 'occtposs CCCP, HUMXB T'occrpos
CCCP. — M.: HUTII I'occtpost CCCP, 1989. — 192 c.

CTATHUKA-2024. Onucanue npoecpamm 437 — Pacyer 10 IPOYHOCTH M TPELUIMHOCTOHKOCTH



388

438 — IIpeaHanpsoKESHHBIN 3JIEMEHT

CTATHUKA-2024. Onucanue npoepamm 438 — [IpenHanpsKEHHBINA JIEMEHT



389

[Iporpamma nmpegHasHayeHa il pacuéra npeaHanpsskeHHoro annementa corsacHo CIT 63.13330.2018
[1] Ha ocHOBe nuarpamm jaehopMUpOBaHHS O€TOHA U apMaTypbl. J{JIs cedeHus dneMeHTa IPOBOJUTCS
pacyer o NPOYHOCTH B CTAIUU MTPEIBAPUTEILHOTO 00KATHSL, ONIPEAEIIETCS PeAeTIbHbINA H3TNOAIOIIHI
MOMEHT B CTaJIM¥ OSKCIUTyaTallu¥, MPOBOAMUTCS PACYET IO TPEIIMHOCTONKOCTH Ul HM3THOAIOIIETo
MOMEHTa OT HOPMaTHBHBIX HAarpy3ok. IIpeaycMOTpeH BBIBOJ 3aBHCUMOCTH «KpUBHU3HA-MOMEHT». [Ipn
pacuere IUIMTHI, MPEIYCMOTPEHO OIpeAeieHre MPOoruda OJHOMPOIETHOW IUIUTHI IMOJ JIEHCTBHEM
PaBHOMEPHOI HAarpy3KH Ha ILJIHTY.

1. CeueHue u ycuaus

PaccmarpuBaroTcst clieyroniie ceueHus: mpsMOyrojibHOe, TaBpoBoe, nByTaBpoBoe, TT-obpasHoe, I1-
o0Opa3Hoe, CeYeHre MHOTOIYCTOTHOM TUIUTHI (puc.1).

Puc. 1. Ceuenus npeAHANpPsKEHHOTO JIEMEHTA

[Ipu paccmoTpeHnn ceyeHnss MHOTOITYCTOTHOM IUIATBHI, 33Jat0TCS YUCIIO U TUAMETP ITOJIOCTEN, a TaKkKe
CMELICHUE LEHTPOB IIOJIOCTEM OTHOCHUTEIBHO LEeHTpa cedeHud. [lonoxurenbHoe cMmelieHue
OTCUHTBHIBAETCS BBEPX, @ OTPULIATEIBHOE CMEIICHHE - BHU3.

Hampsiraemass 1 HeHampsraemas apMarypa MOXKET pa3MeEIlaTbCsl y BEPXHEW M Yy HWKHEH CTOPOH
ceuenus. Ilpeanonaraercs, yro Ommkaimeil K CTOpOHE ceYeHus SIBJISETCS HEHampsiraemasi apMarypa.
Jlist BepXHEW U HUDKHEH apMarypsl 3aJacTCs IUIOLaAb apMaTypbl, PACCTOSHUE OT COOTBETCTBYIOLICH
CTOPOHBI CEYEHUS 10 LIEHTPA TSHKECTH apMaTypsl U [uaMeTp apmarypsl. [Ipu oTrcyTrecTBUM apMaTypsl ee
oAb JOJDKHA OBITh 3amaHa HyneM. Jluamerp apMaTypsl HCHOJB3YETCS MpPHU pacueTe 1o
TPELUHOCTOUKOCTH.

B nporpamme paccmarpuBaercs JeiicTBue M3ruOaromero MoMeHTa. [Ipu mojaoXKuTenbHOM 3HAYEHUHU
MOMEHTA, C)KaTasi 30Ha BO3HUKAET B BEPXHEH YaCTH CEYCHHUA, a IIPH OTPULATEIBHOM 3HAYCHUM — B
HIDKHEH 4acTh cedeHusd. g KaXkI0ro pacrojIOKEHHUS apMaTypsl ONPENEsAeTCss COOTBETCTBYIOIIUMI
MpeaeIbHbIA MOMEHT.
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ﬂJ’IH pacucTa 1mo TpCMHHOCTOﬁKOCTH 3a1a€TCd MOMCHT OT HOPMATHBHEBIX HArpy30K M €ro JJIUTCIbHAA
4acCThb.

2. TlpenBaputesibHOE HANIPSKEHHUE

Jns wanpsiraemoil apMatypbl 3a/aeTcs BHJA M KjIacc apMaTrypbl, BeJIMYMHA MPEIBAPUTEIHLHOIO
HanpspkeHus: B apmarype. [loTepu mnpeaBapuTeNbHOTO HAIpPsDKEHUS MOTYT JIMOO OMpenensiThbes B
nporpaMmme, 1100 3a/1aBaThCs IPH BBOJE JaHHBIX.

PacuerHoe conporusienne R, u Mmoxyns ynpyroctu E, GeroHa B craguu 00kaTusi ONPEACISIOTCS O
3a/laHHOMY 3HAYCHUIO R, 1epenaToyHoil mpoyHocT 6eToHa B MOMEHT oOxarus. [lpu atom 3HaueHne
Ryp
uHTepnoysusa 1o tabmunam 6.8 m 6.11 [1]. Taxke mpu NMOMOIIM HMHTEPIOJISIMH ONPEASIACTCS
K03()(OULIUEHT NOA3YUYECTH @y , -

paccMaTpuBacTCA KakK KJacC OeToHa IO IMPOYHOCTH Ha CXKATUC U IIPUMCHIACTCA JIMHEHAas

IIpoBepka MPOYHOCTH IIEMEHTA B CTAANH IIPEIBAPHTEIBHOTO 00KATHSI IIPOBOIUTCS O YCIOBHIO!
Opmex /0.9R, <1

bp —

Hampspkenus m nedopManiuu B CKaTroM OETOHE M apMarype OINPEAesoTcs 1o Je(opMammoHHON
MOJIeJIM Ha OCHOBE auarpamm naedopmupoBaHus OeroHa U apmarypbl. [l ckaroro OeroHa
NpUMEHsIeTCA TpexJMHelHaa quarpamma [ 1], puc.6.1a. [{ns HenanpsraeMoi apMarypsl, B 3aBUCUMOCTH
OT KJIacca apMaTyphbl, IPUMEHSAETCS TU00 ABYyXIuHEHHas quarpamma [ 1], puc.6.2a, 1100 TpeximHeHas
muarpamma [1], puc.6.26. Jlns HanpsaraemMoi apMatypbl IpUMEHsETCSl TpeXJIMHelHas auarpamma [1],
puc.6.20.

3. Onpenenenne mpeaeJbHOr0 W3rHOAOIIEr0 MOMEHTa B CTAAMHU
IKCIIyaTAMH

[IpenenbHpIN U3rubarOLUINIl MOMEHT ONpEENsIeTCs 10 paCueTHBIM 3HAYEHUSM COIIPOTUBJICHHUM OeToHa
U apMaTypbl C yY4ETOM HOJHBIX MOTEPh NpeABapUTENbHOrO HanpskeHus. Hanpsokenus u negopmanuu
B CXKaToM OETOHE W apMaType ONpeleNsioTcs Mo aedopMalMOHHON MOJIEIM Ha OCHOBE JHarpaMm
nedopMupoBanus O0eroHa W apMatrypsl. IIpu Hanuuum HuKHEH apmarypbl (HEHampsiraeMou u/miu
HaAIpsAraeMou), OIpPEAEAeTCS IOJOKUTENbHBIA NPENENbHBII MOMEHT, IpPH HAJIUYUHA BEpXHEU
apMaTrypsbl, ONPEAENSETCS OTPULIATENIbHBIN MpeIeabHbId MOMEHT. [Ipy HaMuuKM BEpXHEW M HUXKHEU
apMaTypbl ONPeESIOTCS IPeaeIbHbIE MOMEHTHI 000MX 3HAKOB.

4. Pacyer no TpemIMHOCTOHKOCTH

W3rubaromuii MOMEHT TpeumHooOpa3oBanusi M, onpenensiercs MO HOPMATHBHBIM 3HAUYCHHUSIM
COMPOTHUBIIEHUH OETOHA W apMaTyphl Ui MPENETbHOTO COCTOSHUS PacTIHYTOrO OETOHA, KOTOpoe
XapaKTepu3yeTcss paBEeHCTBOM HauOOJIBLIETO HANPSHKEHUS conpoTuBieHuto R, . Pacuer mpoBonutcs

Ha OCHOBE HENMHEWHON aedopmanuonHod wmogenu. i pacTsHyTroro OeToHa MpHUMEHseTCs
TpeXJIMHEWHasa quarpamma cornacHo [1], 6.1.24.

Hanpspxenus B pacTsHyTOU apMmarype mocie 00pa3oBaHUs TPEIIUH Os U Os crc, BXOASIINE B (hOPMYIIBI
[1], (8.128), (8.137), BRIUKCAIOTCS HA OCHOBE AUArpaMm JaeopMUPOBaHHS OCTOHA U apMaTyphI.

[Tnomane cedeHus: pacTsaHyToro 6eroHa Apt M TUIOMIA[L CEYCHHS PACTSIHYTOH apMmaTypbl As, depe3
koTopeie 1o ¢opmyine [1], (8.136) Berumcisercss 6GazoBoe paccrostHue | MeExAy TpemuHamu,
OTIPENENSAIOTCS HEMOCPEICTBEHHO Mepe]] o0pa3oBaHUEM TpEIIWH. 3Ha4eHue Apt ONpeneNseTcs: Npu
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CICIYIOIINX OIPaHUYCHUSAX Ha BBICOTY PACTSHYTOH 30HBI Xt > 2@, Xt < h/2, rme a — paccrosHue OT
apMaTypsl 10 OirKaiiiieit CTOpoHbI ceueHus, N - BBICOTA CCUCHUSL.

[Ipy Hamuuuu B pacTSHYTOW 30HE HEHAIPSAraeMoOll MW HanpsAraeMoil apMmaTypsl, 3HadeHHE Ag
onpenensercs kak cymma A +A e /e, tne A, & — miomans u pegopmanus HeHanpsraeMoi

apMmatypsel, A, &, — IUIOMWAb U nedopMarus HampsraeMon apMaTyphl (&g le, <1).

5. BLIBO)I 3aBUCUMOCTH «KKPUBU3HA-MOMECHT»

B mporpamme mnpenycmorpeH rpaduueckuii M TaOJUYHBINA BBIBOJ 3aBUCUMOCTU KPUBU3HBI OT
nsrubatomiero MmomeHTa. [Ipumep rpaduka ajs ciaydast MoJI0KUTEILHOTO MOMEHTA MPHUBEICH Ha puc.2.

Ckauok Ha rpaduke npu 3HadeHun M =M . oOycroBieH BIKIIOYEHHEM U3 PabOTHI PACTSIHYTOTO

crc
OeToHa.

k*1000 [1/m]

- M [xHM]
200 400 00 800

s —mm

Puc. 2. Tlpumep rpaduika «KpHBH3HA-MOMEHT»
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Jluteparypa

1. CIT 63.13330.2018 «CHulIl 52-01-2003 bBeroHHble Uu XKeJI€300€TOHHBIE
KOHCTPYKIUU.OCHOBHBIE TIOJIOKEHUS.
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[Iporpamma mpenHasHadeHa Il pacu€Ta CTAJICKEIC300€TOHHOW OalKu W CTajexene300eTOHHOM
kojoHHbl corniacHo CII 266.1325800.2016 [1]. st cedyeHust 3jieMEHTAa MNPOBOISTCS PacdeThl IO
MPOYHOCTH U TpeUumHOCTOMKOCTH. [IpemycMoTpeHo ompe/eneHne HapshKeHHO-1eOopMUPOBAHHOTO
COCTOSIHUS DJIEMEHTA TPU 33JaHHBIX YCHIUsX. [IpuMeHstoTCsl tuarpaMMel 1e)OpMHpOBaHUsl OETOHA,
apMaTypbl ¥ KOHCTPYKIMOHHOM ctanu cornacHo CIT 63.13330.2018 [2] u CIT 16.13330.2017 [3].

[Ipenycmotpen pacuet cranexene3o0eronHoi 6amku cormacHo CII 35.13330.2011, paznen 9 [4]. dns
O0alKM C BEPXHUM PACIHOJIOKEHHEM IUIMTHI HPOBOAUTCS pPacdeT IO MPOYHOCTH NPH ITOMOIIH
npuOIKeHHbIX Gopmyi u3 9.19, 9.21.

1. Ceuenue 0AJIKH

PaccmarpuBaroTcs cienyroolue ceueHus: coctaBHoe ceueHue (puc.l,2,3,4), npsMOyroJibHOE CeYCHUE
(puc.5), TaBpoBoe ceueHue (puc.6).

CocraBHOE CeueHHE MOXKET OBITh C BEPXHUM WM HIDKHUM PACIOJIOKEHUEM TUIATHL. CBECHI TUTUTHI
MOTYT OBITh KaK paBHOM JJIMHBI, TaK M HEPAaBHOH JUMHBEL. BBoasarcs crnexyromue obo3nadenus: Cp —
IEHTP TSHKECTH JKeJIe300€TOHHOM acTH cedeHus, Cs — HEHTp TSHKECTH CTabHOM YacTH cedeHus, C —
LEHTP TSHKECTH NpuBeieHHoro ceuenus. [Ipeanomnaraercs, 4ro B o011eM cirydae apMarypa pa3Meniaercs
BJI0JIb BEpXHEH M HIXKHEW CTOPOH IUIUTHI. B yacTHOM ciydae, oauH win oba cios apMaTypbl MOTYT
OTCYTCTBOBATb.

[Ipn BepxHEM pacHOJIOKEHUU IUIMTHI MOXET 3aaaBarbcs pebpo tmmthl (puc.3). [IpemycmorpeHo
pasMelleHre apMaTyphbl BAOJIb HUXKHEH CTOpoHBI pedpa. [IpenrycMoTpeHo oGeToHMpOBaHKUE ABYTaBpa
(puc.4). Ilpeamnonaraercsi, 4ro OETOH 3alOJHSET BCE MPOCTPAHCTBO MEXKAY MOJKAMHM TNPOQUIIS.
[IpenycmoTpeHo 3aganue apMaTypsl B 0ETOHE CTEHKH.

I[BYTaBp MOXET BLI6I/IpaTLCH N3 COPTAaMCHTA MPOKATHBIX ABYTAaBPOB WJIKN MOXKCET 3a1aBaTbCsd CBAPHbBIM.

+ Chb
= C

Puc. 1. CocraBHOE ceueHue OalIKu ¢ BCPXHHUM PACIIOJIOKECHUEM TIJIUTBI

CTATUKA-2024. Onucanue npoecpamm 439 — Cranexene300€TOHHBIN IEMEHT



395

Cs

Eb

Puc. 2. CocraBHOe ceueHne OalIKu ¢ HIXKHUM PACHOJIOKEHUEM TUTUTHI

+ Cb
+ C

Cs

Puc. 3. Ilnura ¢ pedbpom

- Cbh

Cs

Puc. 4. O6erornpoBaHme AByTaBpa
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Puc. 5. [IpssmoyronbHOE ceueHue

Puc. 6. TaBpoBoe ceuenue

2. CeuyeHue KOJOHHDBI

PaccmarpuBaroTes cieyromue ceueHus: CeYeHHe ¢ MOJTHOCThI0 00ETOHNPOBAHHBIM ABYTaBPOM (pHcC.7),
CEYCHHE C YaCTUYHO OOETOHUPOBAHHBIM JBYTaBpOM (pHC.8), TPAMOYTOIBLHOE U KPYyIJIoe
TpyOoOeTOHHbIe ceueHus (puc.9), ceueHne ¢ cocTaBHOM xecTkoi apmaTypoii (puc.10 - 12) (cMm. Taxxe
[1], puc.4.3). B cnmy4yae ceueHHs C COCTaBHOM kKECTKON apMaTypol, yUUTHIBaeTCs BBITECHEHHE OeToHa
JKECTKOW W THOKOM apMarypoi. [linomans cedeHus KeCcTKOi apMaTypbl MOXKET OBITh COM3MEPHUMON C
IIoNIa/1bl0 OeTOHHOTO ceueHus. JKecTkas apmaTypa HE YYUTHIBAETCS, €CJIM TOJIIUHA €€ 3JIEeMEHTOB
3a/1aHa paBHOMU HYIIIO.

I[BYTaBp MOXET BBIGI/IpaTLCH N3 COPTaMCHTA NPOKATHBIX ABYTAaBPOB NI MOKCET 3a1aBaTbCs CBAPHLIM.
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Puc. 7. CeueHne ¢ MOTHOCTHIO 0OCTOHNPOBAHHEIM IBYTaBPOM

Puc. 8. Ceuenne ¢ 4aCTUUIHO 06eTOHI/IpOBaHHLIM JABYTaBpOM

Puc. 9. TpyOoOeToHHBIC ceucHHS
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Puc.11. Ceuenue ¢ xecTKOW apMaTypoil U3 MIBEIJIEPOB

o
L A

Puc.12. Cedenue ¢ xecTKOM apMaTypoil U3 yroJIKOB
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3. Ycuausa

IIpu pacuere Ganku 3amaroTcs ciepyromue ycumus: N — mpomonbHas cuna, M y — usrubaromui

MOMEHT, Q, — momepedHas cmia. [Ipu pacdere KOJOHHBI 3amarorcs ciaepyromme yemmmst: N —
npononeHas cuna, M y — M3rubaromuii MOMEHT OTHOCUTENBHO ocu Y , M, — usrubarommii MOMEHT

OTHOCHUTEIILHO OCH Z. Y CHJIUS 33/Iaf0TCSl OTHOCHUTEIBHO IIEHTPAJIBHBIX OCEH MPUBEICHHOTO CEUYCHMS.
[Ipunumaetcs, uto npoaosbHas cuia N mojgoxkurenabHa pu cxaTuu. [Ipu 1eCTBUN MTONTOKUTEIBHOTO
MomeHTa My, cxaTasi 30Ha BO3ZHMKAET B BEPXHEW YAaCTU CEUCHHUS, a MPU JCUCTBUU IMOJOXKUTEIBHOIO
MoMeHTa M;, cxaras 30Ha BO3HHKAET B JIEBOM 4acTH ceueHus. 3Hak Q, He MMeeT 3Ha4eHUs.

Pacuer o npo4HOCTH MPOBOAUTCS JUIsl yCWIIMM OT PACUETHBIX HArpy30K. Pacder 1o TpemmuHoCTOMKOCTH
IIPOBOAMTCS JUIsl yCUJIMN OT HOPMaTUBHBIX Harpy3o0K.

4. PacyeT 0aJIKM IO MPOYHOCTH

Pacuer mpoBoauTcst Ha OCHOBE nuarpaMm aedopMupoBaHus OE€TOHA, apMaTypbl M KOHCTPYKIIHOHHON
ctanu. [{ns cxxaToro 6eToHa nMpUMEHseTCs OJHa U3 JBYX PacyeTHBIX Juarpamm coriacho [2], 6.1.20,
6.1.21. Jlnsa apMaTypbl, B 3aBUCUMOCTH OT €€ KJjlacca, IPUMEHseTCsl IBYXIMHEeHHAs WK TpeXJIUHeHHas
auarpamma coryacHo [2], 6.2.14, 6.2.15. Jlns KOHCTpYKLUMOHHON CTaJli IPUMEHSETCS JuarpaMmma THUIa
[Mpanarns. Ecnu He nonmyckaeTcst IuiactTudeckast AeopMariusi KOHCTPYKIIMOHHOM CTalH, TO MpeaesibHas

nepopmanus IpUHUMAETCS PaBHOU 7/cRy /E . B nporusrOM ciydae, mpeaenbHas 1edOpMAaIis MOKET

OBITh 3aj]aHa JTIOOBIM 3HAYCHUEM, HE TIPEBBIIIAIOIINM 25 TPOMUILIC.

[Ipu pacuere 1Mo MPOYHOCTH ONPEAEIAIOTCSA NPEIeNIbHbIE YCUIUsA U KOA3((UIMEHT HAIeKHOCTH )|, .

Ipu 7,21 mecymas crmocoGHOCTs ceuenms oGecredena. B BBIXOAHOM JOKYMEHTE MPOTrPAMMEI

BBIBOJATCA Je(OpMallUU U HANPSDKEHUS 7S PEAEIbHOIO COCTOSHUS, YCHIIUS B KeJIe300€TOHHOU U
CTaJIbHOW YacTAX CEUCHHS, a TAKXKE JIMIOPhI HAPSDKEHUN B cTallu U B OeToHe (puc.11).

B CTauu B DOeToOHe
[cm] [cm]
- 45 - 45
L 40 - 40
L 35 - 35
30 - 30
\‘"\
L 25 \\\ F 25
- 20 - 20
Bl - 15
- 10 - 10
-5 -5
[Mnal [Mna]
-344 -172 O 172 344 -13.0-6.5 O 6.5 13.0

Puc. 11. Ilpumep smiop HanpspbKeHuUit B 6anke

[Ipy BBIOSHEHUH YCIIOBUS MPOYHOCTH CTaIeKeIe300€TOHHOIO CeUeHUs!, ONpeessieTCs] CABUTatolIee
ycuinue S 1o mBYy 00beAMHEHHS TUTMTHI U Tipoduiis. 3HaueHne S BeraHCsIeTCs Mo hopmylie:
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3I[CCB N p1 U sz - IIPOAOJIBHBIC CHUJIBI B INIMTC IPU 3HAYCHUAX I/I3FI/I63,IOH_[€I‘O MOMCHTa M yl = M y n

M,, =kyM, . Benuuuna a,,onpexnensercs no gopmyze:

_‘Myl_Mﬂ‘
a12 - |Qz|

3HavyeHne mHoHmKamoomero koddouimenra K, mnpuaumaercs pasubiM 0.95. Ecnu 3Hauenne a,,
MPEBBILIACT 1M, TO U3MEHsieTcs 3HaYeHne M, .

HpI/I BBIITOJIHCHHUHN YCJ'IOBI/ISI IMPOYHOCTH CT&HC)I(GHCSO6CTOHHOFO CCUCHU, IIPOBECPACTCA IMPOYHOCTDb
CTEHKH CTaJIbHOTO npoduid. [IpoBepka npoBOAUTCS MO YCIOBUSM:
T
R7e
O,

v <1
1.15R 7,

<1

3nech T - KacaTeJbHOE HANPsIKEHUe, o, =\ o +37° - NPUBEJICHHOE HANpshkeHne, O - HOPMAIbHOE

HarpsHKeHNE, Ry - pacueTHOE COMpPOTHBIIEHHME KOHCTPYKIIMOHHOW CTalll 1O TpeIeNy TeKy4YecTH,
R, 20-58Ry, V¢ - K03 GUIMEHT yCI0BUI pabOThI cTaNu.

HpI/I BBITTIOJTHCHHHU YCJIIOBHA IMPOYHOCTU cTaJIekeIe300€ TOHHOTO CCUCHUS, ITPOBEPACTCA YCTOfIqHBOCTB
cTeHkHu ctanbHOro mpoduis. [IpoBepka mpoBoautcst coriacHo [3], 8.5.7 B ciydae, eciu B CTEHKE
npodunas BO3HUKAIOT CKHUMAKIIUE AeQopMalii, HE MPEBHINIAIOININE MO a0COTIOTHOM BETUYHMHE

3HA4YCHUA Ry / E .

5. Pacuer 0aJIKu 10 TPEIIMHOCTONKOCTH

Pacuer mo o00Opa3oBaHMIO M PACKPBITHIO TPEIIMH, HOPMAIbHBIX K MPOJOJIBHOM OCH DIIEMEHTA,
BBITIOJTHSIETCS cornacHo [2], 8.2.14, 8.2.15.

Wzrubaromuii MOMEHT mHpH 0O0pa30BaHUM TPEIIMH OINpPEAENsSeTcs MO MNPEAeIbHOMY COCTOSHHUIO
pactsinyToro 6etoHa. [Ipu 3ToM yueT npoonasHOU cuiibl N BO3MOXEH OHUM M3 IBYX criocoOoB. Eciu
IPOJIOJIbHAS CHJIA ¥ U3THOAIOIMI MOMEHT BO3HUKAIOT OT JICHCTBUS pa3HbIX HCTOYHUKOB HArPY30K, TO
cienyeT nonoxuTb N =CONnst, a ecniu OHM BO3HMKAIOT OT JEHCTBUS OJHOIO MCTOYHUKA HAarpy3oK U

BO3PACTAIOT OTHOBPEMEHHO, To creyet nonoxkuts €, =M, /N =const .

PacueT IpOBOJMTCS HA OCHOBE HEJMHEHOI nedopManionHoil Moaemu. Wsrubarommii moment M y.ore
pu 00pa30BaHUU TPEIIHH, a TAKXKE HAMPSDKEHUS B PACTAHYTON apMaType mociie 00pa3oBaHUs TPEIIUH
Os M Os cre, BXogsimue B popmyssl [2], (8.128), (8.137), BBIYUCIAIOTCS HA OCHOBE AWArpaMM COCTOSTHUS
0eToHa, apMaTypbl M KOHCTPYKIMOHHOM cTanu. [lnomans ceuenus pactsHyroro 0erona Apt U Iiouaib
CEUYCHHS PaCTAHYTOW apMmaTypbl As, depe3 kotopeie 1o popmyne [2], (8.136) Beruucnsercs 6azoBoe
pacctosiHue |s Mexay TpelmHamMu, ONPEeISIOTCA HEMOCPEIACTBEHHO IMepel 00pa3oBaHUEM TPEIIHH.
3naueHue Apt Ompenensercs NpU CIEAYIOIUX OTrPAaHMYEHHUSX Ha BBICOTY PACTAHYTOH 30HBI:
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Xt > 2a, Xt < h/2, rome a — paccrostHre OT HauboJiee PaCTIHYTON apMaTypbl 10 OJMyKaiIIeii rpaHuIbl
KeJe300€TOHHOM 4acTy ceueHus, N - BBICOTA KeIe300€ TOHHOM YaCTH CEUCHUS.

6. PacueT KOJIOHHBI 10 MPOYHOCTH

Pacuer mpoBoauTcst HA OCHOBE auarpaMm jaedopMupoBaHus OE€TOHA, apMaTypbl U KOHCTPYKIIMOHHON
cranu. st coxaroro 6eToHa MPUMEHSETCS OJHA U3 JIBYX PacueTHBIX JUarpaMm corjacHo [2], 6.1.20,
6.1.21. Jlns apMatTypsl, B 3aBUCUMOCTH OT €€ KJjlacca, IPUMEHSETCS IBYXJIMHENHAs WK TPEeXIMHEWHas
auarpamma coriacHo [2], 6.2.14, 6.2.15. Jlnd KOHCTPYKLUMOHHON CTaJMd >KECTKOH apMaTyphl
npuMmensiercs auarpamma tuna Ilpannarns. Ecnu He nomyckaercss ruiactuyeckas aedopmanus

KOHCTPYKLMOHHOM CTalH, TO MpeeibHas nedopMalns NpUHUMAECTCS paBHON 7cRy /E . B nporuBHOM

cilyyae, npezenbHas JegopManus MOXKeT ObITh 3aJaHa JIIOObIM 3HAYCHHEM, HE IMPEBBILIAIONIUM
25 npoMuIuie.

B cnywae kpyrioro TpyOOOETOHHOTO CeueHHs, MPEAyCMOTpeHa KOPPEKTHPOBKA COMPOTUBIICHUS
c)KaToro 0eTOHa U COMPOTHUBIICHUS MIPU CKATHH MeTailia TpyOs! cornacho [1],7.2.1.2u 7.2.1.3.

IIpu pacyeTe KOJOHHBI YUHTHIBACTCS BIMSHNE IPOTHOA TTyTeM yMHOXKEHHs n3rnbaromero Momenta M
Ha noBbIIaIUN KodpdunueHt 7. Koadduuent 7 seraucnsercs no popmyne [1], (7.6):

1

n=——
- N

cr

rae N - mponponbHas cuna, N or - KpUTHYECKasl cuiia, KoTopas omnpeaensercs o hopmyne [1], (7.7):

_7r2D
- 2

N
IO
rac D - XKCCTKOCTH KOJIOHHEI, Io - pacuCTHas1 JJIMHA KOJIOHHBI. JKecTKOCTh BEIYUCTISIETCS COTIaCHO [1],

[Tpunoxenue I' mo popmysre:
0.15E,1,

D=l L 07(EI +El)
¢, (0.3+6,)

3nece E,, =0.85E,; E,,E,,E - Mmomynu ynpyroctu Gerona, apMaTypbl U KOHCTPYKIIHOHHOM CTaIu;
[,

CEUYCHHs CTAIBHOTO MPOQUIIS OTHOCHTENHHO IEHTPAIBLHOW OCH MPHUBEIEHHOTO ceueHus, O, =€,/h -

) Ist - MOMCHTBI HHEPIUHU TIJIOIIa AN OETOHHOTO CCUCHU, IIJIOIAaaA CCUCHUA apMaTyphI U IJI01Ha AN

OTHOCHTEIBbHBII IKCIIEHTPUCUTET MPOIOIBHOM CHIIBI, N - BBICOTA CeYeHHs B IUIOCKOCTH U3ruba, ¢ = 2

- mapameTp, y‘-II/ITBIBaIOIJ_II/Iﬁ JIINTENIbHOE NCHCTBUE HarpyskKu.

DkcrenTpucureT € ompemensercs OTHOCHTENBFHO HEHTPA TSHKECTH MMPUBEIEHHOTO CEUCHHS C YUETOM
ciaydaiinoro oskcuentpucurera €, cormacno [1], 7.1.1.5. Tlpu pacuere KOJOHHBI, SBISIOLIEHCS
DIIEMEHTOM CTATHYECKH OIPENAETMMOM KOHCTPYKIIUM, DKCIEHTPUCHTET € mNpHHMMaeTcs paBHBIM

M o N
— +¢€,, a [Ip1A pacyCTC KOJOHHBI, ABJISIOMCUC SJICMCHTOM CTATHYCCKH HCONIPCACTIMMON KOHCTPYKIIMH,
N

M M
— paBHBIM —— , €CIIA — > e_, ¥ paBHBIM €, , ecin M <e, .
N N @ N 2
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ITpu pacuere 1Mo MPOYHOCTH OMPEAEISAIOTCS NpPEAETIbHbIE YCUIUS U KO3((UIMEHT HAJEKHOCTH .

Ilpn y, 21 Hecymas cmocoOHOCTH ceueHUsi oOecriedeHa. B BBIXOJHOM JIOKYMEHTE IPOrpaMMbl

BBIBOIATCA Je(OpPMaLUU M HANPSDKEHUS JUIsl IPEACIBHOTO COCTOSHUS, YCHIIUS B JKEJIe300€TOHHON U
CTaJIbHOM YacTsIX CEUCHHMS, a TAKXKE SIIOPHI HANIPSDKEHHUH B CTalmu U B 6eToHe (puc. 12).

B CTanu B OeToOHe

[cm] [cm]

F 30 + 30

I 20 L 20

- 10 10

r\(.) Lo

\\
L —10\ L _10
R
L -20 L -20
[Mnal [Mna]
-344 -172 0 172 344 -13.0-6.5 0 6.5 13.0

Puc. 12. Ilpumep smiop HanpsHKSHUH B KOJIOHHE

7. PacueT KOJIOHHBI 110 Tpellll/IHOCTOﬁKOCTI/I

Pacuer mo oO0Opa3oBaHMIO M PACKPBITHIO TPEIIMH, HOPMAIbHBIX K MPOJOJIBHOM OCH DIIEMEHTA,
BBITIOJTHSETCS cornacHo [2], 8.2.14, 8.2.15.

N3rubaroniyie MOMEHTBI IIpU OOpa30BaHMU TPELIUH OINPENENAIOTCA 110 MPEEIbHOMY COCTOSIHHIO
pactsiHyToro 6erona. IIpu aTom yder npojonsHoOM cuiibl N BO3MOXKEH OJHUM M3 IBYX croco6oB. Ecnu
IIPOJIOJIBHAS CUJIA M M3TrHOAIOIIe MOMEHThI BO3HUKAIOT OT ACHCTBUS Pa3HbIX HICTOYHUKOB HAarpy3o0K, TO
cienyer monokutb N =COnst, a eciiM OHM BO3ZHHMKAIOT OT AEHCTBHMSA OJHOIO MCTOYHUKA HArpy3oK U
BO3DACTaioT OHOBPEMEHHO, TO ClIeyeT nonoxuTh €, =M /N =const n e, =M, /N = const.

Pacuer NpoBOIHUTCS HA OCHOBE HENMHEIHHOH nedopManmonHoil Moaenn. Marubaromue MomenTsr M y.ore

u M, . ipu 06paszoBanuy TpeltyH, a TaKKe HATPSKEHUS B PACTAHYTOH apMaType Tocjie 06pazoBaHus

TPELIUH Os U Os cre, BXoasiue B Gpopmynsl [2], (8.128), (8.137), BEIUHCIAIOTCS HA OCHOBE JAUArpaMM
COCTOSIHUSI OETOHA, apMaTypbl U KOHCTPYKIMOHHOH ctanu. [Tnomans cedenus pactsHyToro 6erona Apt
U TUIOUIA/Ib CEYEHHS PACTAHYTON apMartypsl As, dyepe3 KoTopblie 1o ¢popmye [2], (8.136) Beruncinsercs
0azoBoe pacctosiHue ls MeXy TpeluHaMu, ONPEesSOTCS HEMOCPEACTBEHHO Hepell o0pa3oBaHueM
TpewnH. 3HaueHue Apt OnpesessieTcs Mpu CIEAYIOIUX OMPaHUYEHUSX Ha BBICOTY PACTSAHYTOM 30HBI:
Xt > 2a, Xt < h/2, rie a — paccrosiHue OT HauboJiee PACTSIHYTOH apMaTypbl 10 OJFDKAMIeH TPaHUIIbI
KeJe300eTOHHOM YacTH ceveHusl, h — cyMMa BBICOT PacTSHYTOH U CHKATOM 30H JKele3006TOHHOW YacTh
ceueHus. 3HaueHne As ompesiessieTcss Kak cyMMa miomaneit Asj apMaTypHBIX CIIOEB ¢ YUETOM CPETHHUX

o cioro aedopmanuii pactskeHus & 1o gopmyie A =ZAsi (& 16 ), THE Egy — medopMarus
i

HanOoJiee pacTAHYTOM apMaTyphl.
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8. Omnpenenenne HaNpPsiKeHHO-1e()OPMUPOBAHHOTO COCTOTHUS

[Ipu pacuere maHHOTO BHIA JUIA 33JaHHBIX YCHJIMH OT HOPMATHUBHBIX HArpPy30K OIPEICIISIOTCS
nedopManuy 1 HaNpsHKEHUs, BOZHUKAIOIINE B OETOHE, apMaType U KOHCTPYKIIMOHHON CTaJlH, YCHIIUS B
KEJIe300€TOHHOUW U CTaIbHOU YacTsAX cedeHwus. [IpeqycMOTpeHO MOCTPOCHHE 3aBUCUMOCTH KPHUBU3HBI
ot usrubaromero Momenra k(M) (puc. 13,14).

ky*1000 [1/m]

10 //////
5 == -2 YNIp. Aeg.
o
i
g
_4—-—‘_'_‘_'—‘_'—'_'—‘—
0 == My [kHMm]
0 200 400 600 800

Puc. 13. Ilpumep 3aBUCHMOCTH KPUBU3HBI OT MOMEHTA ISl OasIKu

ky*1000 [1/m]

4 L~
_——"_F’_F_
-
2 W T ynp.aed
0 er=TT T My [kHM]
0 100 200 300

Puc. 14. HpI/IMCp 3aBUCUMOCTHU KPUBU3HBI OT MOMCHTA JIJIS1 KOJIOHHBI
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[Tporpamma npeaHa3zHaueHa Ajsl pacy€éra Ha MPOJABIMBAaHUE IIUTHI, BOCIPUHUMAIOIIEH HArpy3Ku OT
KOJIOHH MPSIMOYTOJIBHOTO WJIM KPYTJIOTO CeueHHs, coriacHo cieayromuM Hopmam: CIT 63.13330.2018
[1], CIT 52-101-2003 [2], CHuIT 2.03.01-84* [3], CHb 5.03.01-02 [4], [5]. IIpenycmoTpeH yuer
BJIMSTHUS] CBOOOIHBIX KpaeB IUIUTHI. Eciiu mpouHOCTh MIuThI 0€3 monepeuHoi apMaTypsl He o0ecredeHa,
TO TPOU3BOJIUTCS KOHCTpyHpoBanue apmatypel. [Ipu pacuere mo [1] u [2], B ciayyae KOJIOHHBI
IPSIMOYTOJIBHOTO CEYEHUs, PACCMaTPUBAIOTCS JiBa BHJIA PACIIOJIOKEHMSI apMaTypbl: paBHOMEPHOE U
Kkpectoobpasnoe. [lo pe3ynpTraTaM KOHCTPYMpPOBAHHS BBIBOJIUTCS KAapTHHA pPa3MELICHUS XOMYTOB.
Jomyckaercs 3a1anue 0eToHa W/WIM apMaTypbl C HEHOPMHPOBAHHOM MPOYHOCTHIO.

1. PacueTHas cxema M Harpy3ka

PaccmaTpuBaeTcs xKene300eToHHas IMTa ToamuHol N, onmparomascs Ha KOJOHHY IPAMOYTOJIBHOTO
UM KPYIJIOro CeYeHHUs. B IIOCKOCTH IVIUTBI BBOAUTCA JE€KAPTOBA CUCTEMA KOOpAMHAT X, Y , HayaJo
KOTOpPOM HaXOAMTCA B LIEHTPE CEUYEHUs KOJIOHHBI. KOJIOHHBI OApa3AeNA0TCs Ha CPENHNE, KPAEBbIE U
yrioBele. B ciydae cpenHeil KOJIOHHBI, BIMSHHE CBOOOJIHBIX (HE3aKPEIJIEHHBIX) KpaeB IUIUTHI HE
YYUTBIBAaeTCA. B cilydyae KpaeBOWl KOJIOHHBI, YYWTBHIBACTCS BIHMSHHE CBOOOJHOTO Kpasi TUINTHI,
napajielkHOTo ocu X Wir ocu Y . B cirydae yrioBoil KOJOHHBI, YYUTHIBAETCS BIUSHUE CBOOOIHBIX

KpacB IJIMTHI, IapaJJICIIbHBIX OCAM Xuy.

Harpy3ka Ha 1Ty, ACWCTBYOMIAs B TMpeaeiax CEUCHHS KOJIOHHBI, XapaKTEepU3YyeTCs 3HAYCHHUEM
pesyibTupyroniei cuiabl F . HepaBHOMepHOCTB pacripeiesieHusi Harpy3Ku 10 I'py30BOH IUIOINAAH H,
CJIEZIOBATEIIbHO, HEPABHOMEPHOCTh PACIpE/ICICHUs HAIPSIKCHUN B PACYCTHOM IOICPEYHOM CECUCHUHU
IUTATHI TIPY TIPOIaBIMBAHUU B pacuete 1o [3] He yuurtbiBaeTcs. B pacuere no [1] u [2] mpenycmoTpeHo

3agaHue MomeHToB M,, M otHOcHTenbHO oceit X,y cooTBercTBeHHO. CormacHo [1], 8.1.46 u [2],

6.2.46, mpu pacdere Ha MPOAABIMBAHHE CIEAYET YYUTHIBATH TOJBKO TOJOBHHBI COCPEIOTOUCHHBIX
MOMEHTOB, JEHCTBYIONIMX Ha TUUTY. [lpu pacuere mo [4], HEepaBHOMEPHOCTb paclpeeiCHHUs
HaNpPsDKEHUH B PACUETHOM IIONIEPEUYHOM CEYEHMHM IUIMTHI YUUTBHIBACTCS IIyTEM YBEIUYEHUS PACUETHON
IPOJaBIMBAIOIIEH CUIIBI B 3aBUCUMOCTH OT PACIOJI0KEHUS KOJIOHHBI OTHOCUTENBHO KPAEB IIJIUTHI.

Ecnu pacuer Ha nmpoaaBivBaHue NPOBOAUTCA Ui (YHIAMEHTHOM IUIMTHI, TO MPOJABIMBAIOLIas cuia
YMEHBIIAETCS Ha BEJIMUMHY Pe3yIbTUPYIOLIEH CHIIBI pEaKTUBHOIO JaBJIEHUs IPYHTA, AEHCTBYIOLIETO B
npenenax pacyetHod oOmactu. CormacHo [1], [2] u [3], pacueTHON 00NACTBIO SIBISETCS HUKHEE
(Oonpliee) OCHOBaHME MHpaMHUAbl NPOAABIMBAHUA, PACIONIOKEHHOE HA YpPOBHE pacTSHYTOH
npoosbHO# apMmatypsl. [1o [4], B kauecTBe pacyeTHOI 00J1aCTH MPUHUMACTCST 00IaCTh, OrpaHHYCHHAS
pacueTHbIM KOHTYpPOM.

2. Pacuer mo CII 63.13330.2018 u CII 52-101-2003

Pacuer Tl Ha TpOAaBIMBAHKUE MPOBOAUTCS coriacuo [1], 8.1.46 — 8.1.52 u [2], 6.2.46 — 6.2.52.
YcnoBre mpOYHOCTH TUIMTHI, APMUPOBAHHON XOMYTaMU B TIpeieax pacyeTHON 00JIacT, UMEET BU/I:

F M, M,
+ + <1
I:b,ult + st,ult M bx,ult + M sw, X,ult M by,ult + M sw,y,ult
3necsk I:b,ult = Rbt “u- hO ) st,ult =08- Qs U, be,ult = Rbt 'be ) h0 ) Msw,x,ult =03 Osw 'Wsw,x ,
st ) Asw
M by,ult — Rbt .Wby ’ hO ) M swy,ult = 0.8- Usw 'Wsw,y v Osw = S ) Rbt - Ppacd€THOC COIPOTUBJICHHUC

w

Oetona mpu pacTsbkeHHH (¢ yueroM KoddduimeHTa ycinoBHi paboThl  OeToHA ¥y ),
hy =(Ngx +hoy)/2 - cpennsist paGouasi BbIcOTa CeyeHHs IUIHTHI, U - MEPHMETpP Pac4eTHOTO KOHTYpA,

PAacIoyIoKEHHOTo Ha paccTostHuU N, /2 oT KonoHHBI, Ry, - pacyeTHOE CONMPOTHBICHUE ITONEPEUHOI

S
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apMaTypbl, S, - IIAar XOMYTOB BJOJb PAaCYETHOrO0 KOHTypa, A, - CyMMapHas IUIOLIaJb CEYECHUMN
XOMYTOB, PacIOJI0KEHHBIX 10 00€ CTOPOHBI OT PACUETHOrO KOHTYpa Ha paccTosiHuU He Oonee h, /2 B
npejesnax nojochl LIMPUHOM S, BAOJIb pAaCUETHOIO KOHTYpa (Kak npaBuiio, A, ompeaesseTcs Ui IByX
xomyToB); W\ Wy, - MOMEHTHI CONPOTUBIIEHHSI PACUETHOTO KOHTYPA, COOTBETCTBYIOIINE MOMEHTAM
M,,M, u umeromume pa3MepHOCTb KBaJApaTa €IMHHUIBI JUIMHEL [IpH pacronoKeHHuH MonepeyHon
apMaTypbl, PABHOMEPHOM I10 PacC4€THOMY KOHTYpY, npunumaercs, uro W, , =W, u W, =W, . IIpu

KpeCTOOOpa3HOM paCHOJIOKEHUU TIONEPEYHON apMarypbl, MEPUMETP U MOMEHTHI COMPOTHBICHUS
apMaryphl onpeensorcs no gaxkruyeckum amunHam L, u Ly, y4acTkoB pacronokeHus apMaryphl

10 pacYeTHOMY KOHTYPY.
ITpounocTs muTE 6€3 nonepedHoit apMaTypsl nposepsercs mpu Fg, =0, Mg, ,, =0, M, =0

Ecau IIPOYHOCTL HC O6€CH€“I€H3, TO, B CJIydac pPABHOMCPHOI'O PACIIOJOXKCHUA apMaTyphl,
OnpCAcCIACTCA IIOrOHHasd ILI0Ia/b nonepequﬁ apMaTyphbl Asw/Sw’ Tpe6yeMa;1 JJIs1 BBIIIOJIHCHMA

YCIIOBYSI IIPOYHOCTH U JIONOJHUTENbHOrO yeioBus Fg, . =0.25-F, . IIpu sTOM 3HaMeHaTeNu Tpex
npobeil B yCIOBMH ITIPOYHOCTHM OrpaHMYMBalOTCA 3HaueHmsmu 2F, ., 2M, .., 2M, . Ecmm

YAOBJICTBOPCHUEC YCIOBUA IMPOYHOCTU INIMTBI IHPH YKA3daHHBIX OI'PaHUYCHHUAX HCEBO3MOXKHO, TO
HCO6XOI[I/IMO YBCJIWYHUTD TOJIMIUHY ILIATHI.

CornacHo ykazanusm [1], 8.1.46, yuuTeiBaeTCsi OrpaHUYEHUE:

M M F
X + Y <05
M bx,ult + M sw,x,ult M by,ult + M sw,y,ult I:b,ult + st,ult
CornacHo ykazanusm [2], 6.2.46, yauThIBa€TCsl OTpaHUYCHUE:
M bx,ult + M sw,x,ult M by,ult + M sw,y,ult l:b,ult + st,ult

[Ipu kpecTOoOOpa3HOM pPACIOIOKEHUN apMaTyphl, CPEIU BCEBO3MOXKHBIX BApUAHTOB DPa3MEIICHUS
XOMYTOB, JIJIsl KOTOPBIX BBITIOJNHSETCS YCIOBUE IMPOBEPKH, OTHICKMBAECTCS BAapHAaHT C HAMMEHbBIIUM

9ucIoM XOMyToB. IIpu mpoBemeHmu mpoBepknm mmmHbI Lo, m L, TpuHMMaoTcs paBHEIMH

PACCTOSIHUSIM MEXIy OCSIMH KpallHMX XOoMyToB corjiacHo [1], puc.8.11 u [2], puc.6.12. MomeHTBI
conpotusienus apMatypsl W, , u W, , ompenenstorcs OTHOCUTENBHO HEHTPATbHBIX OCEH PacueTHOro

koHTypa. [Ipu mpoBepke MPOYHOCTH TUIMTHI 32 TPAHUIIEH PACIIONIOKEHUS TOMEPEYHONH apMaTyphl,
pacyeTHBIN KOHTYpP MpUHUMAeETCs corytacHo [1], puc.8.11 u [2], puc.6.12.

B cnywyae KOJIOHHBI NPAMOYTOJIBHOTO CEYEHUs, NPH PABHOMEPHOM pACHOJIOKEHUH IONEPEUHON
apMaTypbl B IUTUTE TMEPEKPBITHS, BO3MOXKEH Yy4YeT BIUSHUS OTBEPCTUS NPSIMOYTOJIBHON (OPMBIL.
Corumacho [1], 8.1.46, yueT mpou3BOAUTCS, €CIIM PACCTOSHUE OT KOJIOHHBI JI0 OTBEPCTHS HE MPEBHIIIACT
6h . HpI/I 9TOM YaCTb PACUCTHOI'O KOHTYpa, 3aKIOUCHHAA MECXKAY KacaTCIbHBIMHU K OTBCPCTHUIO, HC
YUUTHIBAETCA.
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HpeI[yCMOTpeHa BO3MOXHOCTH HpOBepKI/I I10 Hpel[eJ'IBHOMy HaHpﬂ)KeHI/IIO COIJIaCHO YCJIOBI/IIO:
max|z|
<1

Ry +0.8M
S,y

w

rue maX|T| - HanOoJbIIee a0COMOTHOE 3HAYCHUE HAIPSHKCHNS 7 B PACU€THOM IOTIEPEYHOM CEYCHUHU

WMATEL. JlaHHOE YyCIIOBHE TMONTyYaeTcs IMyTeM MPeoOpa3oBaHMsI HMCXOJHOTO YCJIOBUS TPOBEPKH C
UCIIOJIb30BaHUEM BBIPKEHUHN N7 MPEeAeNbHBIX yerinid. OrpaHnueHue BKJIaJja MOMEHTOB IPUHUMAET
BU/I;

max|z| <1.57, TIpH pacueTe cornacHo [1]
max|r| <2t IIPH pacyeTe coriaacHo [2]
F . v
TAe Tp =7 - HANPMKCHUC OT ACHCTBHI CHIIH F . Hanpsokenwe 7 ompenensiercs U3 ypaBHEHHH
u

0

paBHOBECUA B IPCAIIOIOKCHUN JIMHEMHOT O pacipeaciCHus. HpI/I 3TOM cuina F aBToMaTH4YecKu
MMPUHHUMACTCA MOJIOKUTENBHOM npu pacyeTe IUIMTBI NCPEKPBITUA H OTpI/ILIaTeJ'ILHOI\/’I IIpu pacueTe
q)yHﬂaMeHTHOﬁ mmTel. [lonoXuTeIbHEIC HaIrpaBJICHUA MOMCHTOB IMPHUHUMAIOTCA B COOTBECTCTBUU C
IMpaBUJIOM IIPaBOT'O BUHTA:

Hwxe npuBeneHbl npuMepbl paclpeleeHusl HaupsDKeHUsT 7 BIOJIb PaCueTHOrO KOHTypa B Ciydae
YIJIOBOM KOJIOHHBI MPAMOYIOJBHOTO M Kpyrioro cedeHus. Ocu  X,,Y, SABISAIOTCA TJIABHBIMH

HOEHTPAJIbHBIMHU OCAMHU PaCUECTHOI'O KOHTYpaA.
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X0

o

3. Pacuer mo CHull 2.03.01-84*

Pacuer mimTel Ha mpopaBaMBaHWE MpoBOAMTCS corymacHOo [3], 3.42. YciaoBue NMPOYHOCTH TUIUTHI,
apMHUPOBAHHON XOMYyTaMU B TIpeieiax pacuyeTHON 001acTh, UMEET BH/I:

F<F,+08-F,

n
3necs F, =oR,u h,, Fy, :ZstAswa Ry, =175Mlla, « - xo3bduuueHt, 3aBUCAIUN OT BuAa
1

6eroHa, R,, - pacueTHOe conpoTuBIeHHE OETOHA IPU PACTSHKEHUH (C yueToM Kod(hduUIlMeHTa ycioBuit
paboTsl OeToHa ¥,), U, - CpelHee 3HaYeHHE NMEPUMETPOB OCHOBAHUI MHPAMUIBI MPOIABINBAHHS,

hy =(ho, +Nyy)/2 - cpennss paGouast BeicoTa cedeHMs IIMTHI, A, - IUIOMANb CEUYEHHS OTHOTO

SW

XOMyTa, N - YUCIO0 XOMYTOB, PACIOJI0KEHHBIX B MpeesiaX pacueTHOM 0biacTu.

[Tpounocts miauTel Oe3 momepedHol apMaTypsl mposepserca npu Fg, =0. Eciu mpouHocTs He

obecrieueHa, TO ONPEENeTCs YHCI0 XOMYTOB N, TpeOyeMoe Ul BBIIIOJIHEHUS YCIOBUS IPOUYHOCTH U
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nononHutensHoro ycnosus Fg, >0.5-F . Eciu npogasnuBaromas Harpyska F >2F, , To npouHoCTh

IJINTHI HEIB35 00€CIeYUTh ApMHUPOBAHUEM. B stom cl1ydac HCO6XOI[I/IMO YBCIWYUTH TOJIIHUHY IIJIUTHI.

4. Pacuer mo CHB 5.03.01-02

Pacuer rmThl Ha TPOIaBIMBaHUE TPOBOAUTCS coracHo [4], 7.4.3.1 - 7.4.3.12 ¢ yuerom [5]. YcioBue
MPOYHOCTH TUINTHI, ApMUPOBAHHON XOMYyTaMH, HIMEET BH/I:

VSd < VRd Sy
v, =2F
sd =
u
Asw ) fywd
Vedsy = Vric t T IS TIEPBOTO MIEPUMETPa
Asw : fywd -d
Vedsy = Vrae Tt T TS TIOCIISAYIOIIHX TIEPUMETPOB
w

Vag o =0.15-k-(100p, f, )2 -d >05- f,, -d

3neck [ - Kod(pduIMEHT, yduThIBaromMi neiictBue momeHToB (1< A <15), u - nepumerp

KpHUBOJIMHElHOTO pacueTHoro kontypa, d =(d, +d,)/2 - cpennss paboyas BrICOTA CEYEHMs TLIMTHI,
S,, - LT XOMYTOB (PAacCTOSIHUE MEX/Ty PACUCTHBIMU KOHTYpaMu), A,, - CyMMapHasi IUIOIIA/ (b CeYCHHUI
XOMYTOB,  pa3MELIEHHBIX 10  pacuyeTHOMY  KOHTYpY; k=1++20/d <2 ([d]=cm),
P =P Py <002 - cpennee 3mauenne koddQuimenTa MpoaoNLHOrO apmmposamus, f, -

f
HOPMAaTUBHOC COIIPOTHUBJIICHUC OcToHa Ipu CKaTuu, fctd =k . pacueTHOC COIIPOTHUBIICHUC OcToHa

C
IpH pacTshkeHuu, f,, - HOPMATHBHOE CONPOTHBIICHHE OCTOHA MPU PACTSIKCHHUH, ), - KOIPPHUIHEHT
fyk o
Oesonacuoctn s Gerowa, f., =——py, - pacueTHOe CONPOTHBIEHME TONEPEYHOH apMaTyphl (

S

74=08), f,- HopmatMBHOE cOMpOTHMBIECHHE TIONMEpPEYHOH apMmaTypel, », - KoddduuueHt
6e3omacHOCTH JUIs apMmatypsl. [Ipu onpeeneHnn pacueTHOTO CONPOTUBIICHUS MTONIEPEYHON apMaTyphl

K03 puLmeHT yci1oBuii paboThl ¥, He yuuThiBaercs. [lnomans apmarypsl A, 10JIKHA YAOBIETBOPATH

f
YCIIOBHIO &20.16ﬂ, roe f,, .- IpOYHOCTH OEeTOHA TPH PACTSHKEHHH, YCTAHOBJICHHAS IS
S, +u
w yk

IIPOEKTUPOBAHUSI KOHCTPYKLIUH.

I[J'I}I BHCIIHCT'O KOHTYpa, YAAJICHHOI'O OT IIOCICAHCIO paCdCTHOTO KOHTYpa Ha PACCTOSHHUC 15d,
IMMPOBEPACTCA CIICAYIOUICC YCIOBUEC ITPOYHOCTH:

Vgq £0.75vg

Ecimu ne BwimonHsercs ycnoBue (7.161) wmm (7.162), TO MPOYHOCTH TUIMTHI HENB3sI 00ECHEUUTH
apMupoBaHueM. B 3ToM ciydae He0OXOIUMO YBETUYHUTDH TOJIIIUHY TUIATHI.
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5. KoncrpyupoBaHnue apMaTypbl

[Ipy KOHCTPYHMPOBAHUU MOMEPEYHON apMATypbl YUUTHIBAIOTCS KOHCTPYKTHBHBIE TPEOOBAHHS HOPM,
OTHOCALIMECS K LIary XOMyTOB S, , PACCTOSHUIO MEKAY KOJIOHHON U ONMMKalIIMMKU K HEH XOMyTaMH,

pa3Mepy 30Hbl apMHUPOBAHUSI.

B cityuae KOJOHHBI MPSIMOYTOJILHOTO CEYCHUs, TIpH pacyere 1o [3], paccMarpuBaeTcss paBHOMEPHOE
pacniosioxenue apmatypsl. [Ipu pacuere mo [1] u [2], paccMaTpuBaeTcsi Kak paBHOMEpPHOE, Tak U
KpecTooOpa3Hoe pacnojoXeHue apmarypbl. [Ipy paBHOMEpHOM pacHoONOXKEHHWU apMarypsl, IIAru
XOMYTOB BJOJIb PACUCTHOI'O KOHTYpa W HNCPHCHAUKYIIAPHO K HCMY IMMPHUHHUMAKOTCA OJMHAKOBBLIMH.
XoMyThl pa3MeILarTces 0 Bcel 30He poaasinBanud. [Ipu kpecTooOpa3HOM pacronokKeHUH apMaTyphbl
IIarkd XOMYTOB pa3IMuHbl. XOMYThI Pa3MELIat0TCs COCPETOTOUEHHO Y OCEl CEUeHUsI KOJIOHHBI.

B cnydae Kpyriol KOJOHHBI, XOMYTbHl YCTaHABJIMBAIOTCS 110 HAIPABICHUSM, NEPIECHIUKYJIAPHBIM K
pac4eTHOMY KOHTYDY.

Corunacuo [3] 5.29, mar XoMyTOB JJOJDKEH yIOBJICTBOPSTH CICAYIOIIUM YCIOBHUSIM:

s, <h/3, s, <20cm

Pa3mep 30HBI apMUpPOBaHUs TOJDKEH ObITh He MeHbIe 1.5h (h - TommuHa mnTh).
Cornacho [1] u [2], miar XOMyTOB AOJKEH YIOBIETBOPATH CIEAYIOLIUM YCIOBUSIM:

S, <h,/3, s,<30cm

PaccTostHne Mexmy KOJIOHHOH 1 OIrKalIIMMU K HEi XOMyTaMH JOJDKHO OBITh He MeHblIe N, /3 u He
oonbme h,/2. Pazmep 30HBI apMupoBaHus J0KeH ObITh He Menblre 1.5h, (h, - cpenuss pabdouas
BBICOTA CEUEHUS TUIUTHI).

B coorBerctBum ¢ [1], 8.1.48, [2], 6.2.48 u [3], 3.42, npou3BOAUTCA JOMOJHUTEIbHBIN pacueT Ha
MIPOJIaBIMBAHKE ISl 30HBI ITUTHI, HAXOASIIEHCS 3a MpeiesiaMy 001acTh apMUPOBAHHUSL.

IMpu pacyere cormacHo [4], KOMMYECTBO pAacCUETHBIX KOHTYpoB H Imar xomyrtoB (S, <0.75d)

MOJOMPAIOTCS MO YCIOBUIO MUHMMYyMa OOILEro YMClia XOMYTOB. XOMYThI Pa3MEIIAOTCsl PABHOMEPHO
BJI0JIb PACYETHBIX KOHTYPOB.

IIo pe3yiibTaTaM KOHCTPYUPOBAHHUA apMaTyphbl BBIBOAUTCA KapTHUHA pa3MCIICHUA XOMYTOB.

Hwxe npuBeneHbl mMpuUMepbl PaBHOMEPHOTO M KPECTOOOPA3HOro pa3MEIleHHs XOMYTOB B Cilydae
YTJIOBOM KOJIOHHBI IPSIMOYT'OJIBHOTO CEYEHUS.
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[Tporpamma mpepHa3HadeHa JUIsl pacyéTa Ha MPOJIABIMBAHUE IUTUTHI, BOCIPUHIMAIONICH HArpy3KH OT
KOJIOHH MPSIMOYTOJILHOTO WJIH KpyTiioro ceuenus, cornmacuo TKITEN 1992-1-1 [1]. [IpenycMoTpeH y4ert
BIIUSTHUS CBOOOTHBIX KpaeB IIUTHI. ECIM MpOoYHOCTH TIIMTHI O6€3 TIoNepedHoi apMaTyphl He o0ecredeHa,
TO ompezaensercs Tpedyemas IUIomaab apMaTypbl U IPOU3BOIUTCS KOHCTPYHUpOBaHHE apMarypsl. 1o
pe3ylibTaTaM KOHCTPYHPOBAHUS BBIBOJIUTCS KQPTHHA Pa3MEIICHUS XOMYTOB.

1. PacueTHas cxema U Harpy3ka

PaccmaTpuBaercsa jxkene300eTOHHAs IIUTAa, HAXOASIIASACA IOJ JCHCTBHEM HArpy3kd OT KOJIOHHBI
MPSAMOYTOJIBHOTO MJIM KPYIJIOTO CE€4YeHWs. B IIOCKOCTM IUIMTBHI BBOJUTCS JEKApTOBAa CHUCTEMA
KoopauHaT X, Y, Hayajno KOTOPOH HaXOAUTCS B LIEHTPE CEUeHUsI KOJOHHBI. KOOHHBI Oapa3AensoTcs
Ha Cpe/iHUe, KpaeBble U yrioBble. B ciydae cpeqHeil KOJIOHHBI, BAUSIHHE CBOOOIHBIX (HE3aKPETJICHHBIX )
KpaeB IUINTHI HE YUUTHIBAETCs. B cirydae kpaeBol KOJOHHBI, YUUTHIBACTCS BIMSIHUE CBOOOIHOTO Kpast
IUTMTHI, TapauieabHOro ocd X wiam ocu Y . B ciydae yriioBoil KOJIOHHBI, YYHTHIBAETCS BIIMSHHE
CBOOOJIHBIX KpaeB IUIUTHI, apalIeabHbIX ocsiM X u Y . [IpuMep yrioBoi KOJOHHBI IPUBEIEH Ha PUC.
1. Pa3nuyaroTcs miIuThl NEPEKPHITHS U (PyHAAMEHTHBIE ITITUTHI.

y

Puc. 1. [Ipumep yrioBoil KOJOHHbI

Harpyska Ha IuTy BKJTOYaeT monepeunyto cuny V. u momentsr M, M y OTHOCHUTEJILHO ocei X, Y .

ITpu pacuere MIUTHI MEPEKPHITHS, TONepeuHas cruia V aBTOMaTHYECKH IPUHUMAETCS TTOJI0KUTEIIbHOM,
a npu pacuere (yHIaMEHTHOW IUIMTHI - oTpulareabHoU. [lomokuTenbHbIE HAaNpaBiIeHUsI MOMEHTOB
NPUHUMAIOTCS B COOTBETCTBUM C MPaBWIJIOM IpaBoro BuHTa (puc. 2). IIpu pacdere ¢pyHaaMeHTHOMH
IUTUTHI 337a€TCS PEAKTUBHOE JaBJIEHUE TpyHTa ) .

\"
My y
»
Mx X
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Puc. 2. ITonoxutenbHEIe HalipaBJICHU CUJIbI © MOMCHTOB

2. Pacuer

Pacuer nuthl Ha npogaBIMBaHKE IPOBOAUTCS COIIACHO 6.4 U 3aKIIH0YaeTCs B IIPOBEPKE MPOYHOCTH T10
KOHTYPY KOJIOHHBI U TI0 OCHOBHOMY KOHTPOJIbHOMY KOHTYPY, PacloJIOKCHHOMY Ha paccTosiaud 2d ot

KOJIOHHBI, I'I€ d = (d X + d y ) / 2 - CpE€aHAA pa60qa${ BBICOTA IIJIMTHI.

VYciioBre MPOYHOCTH TUIUTHI O€3 MOTepeyHOr apMaTypbl UMEET BH/L:

VEd SVRd,c
\Y

\Y; :IBLd

Ed Uld

min

VRd,c = CRd,c -k (100p| fck)% =V
v, =0.035k¥2. f12

3n1ech VEd - pacueTHas IolepeyHas cuia, [ - K3 UIMEHT ydeTa MOMEHTOB, u, - HEPHUMETP
OCHOBHOTO KOHTpOnbHOro koHTypa, Cgy c= 0.18/y., 7¢ - xosbduument GesomacHocTH LI GeTOHa,
3aBUCSIIUNA OT THUMAa KOMOMHAIMK BO3AEHCTBUH ()¢ =1.5 s ocHoBHOI KOMOUHALKH, Ve =12 ngns

0co00l KOMOMHAINH), k=1++20/d <2 ([d1=cm), p, =,/p, - p, <0.02 - cpennee 3naueHue

KOB(l)CI)I/II_II/IeHTa NpoaOJIbBHOTO apMHPOBAHUA, ka - XapaKTCpUCTUUCCKasA MPOYHOCTb OeToHa npu

cxatuu. Ilpu pacuere ¢dyHAAMEHTHON TUIMTHI, CHUJA VEd YMEHBIIIAETCS Ha BEIHYHUHY

paBHozeiicTBytomeit P cpenmero peaktuBHOro naBnenus rpyHTa P, YYUTHIBAEMOTO B TIpefienax
OCHOBHOI'O KOHTPOJIBHOTO KOHTYpA.

VYcnoBue NpOYHOCTH IUIUTHI, APMUPOBAHHON XOMYyTaMH, UMEET BU/L:

VEd < VRd ,CS

Veges = 0.-75Veg  +1.5(d /5 ) A T /(U,d)

3nech ASW =N, AS - wiomaas 1y XoMyTOB, pacmooKeHHBIX BIOJIbL KOHTYPA, AS - IJIOUIaJb CEUCHUS
OJHOIO XOMYyTa, s_ - PaJualibHBIA IIar XOMYTOB, fw\,d’ef =250+0.25d < fywd, fw,d = fw,k/ Vs -
pacyeTHBIM TIpeneN TEeKY4YeCTH TONepPeYHOr apMarypsl, Js - KO3(pGUIMEHT O0e30macHOCTH s
apMaTyphbl, 3aBUCALINI OT THIA KOMOWHAIIMU BO3JEHCTBUM () =1.15 mus ocroBHoi KOMOWHAIINH,
7s =1.0 s oco6oit kom6uHawmnN).

Hapsiny ¢ mpoBepkoil IO OCHOBHOMY KOHTPOJBHOMY KOHTYpPY, IMPOBOJMTCS MPOBEPKA IO YCIOBHIO

(6.53):

P
0
VRd,max :O'5Vfcd
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v=06(1- f, /250)
3nech fcd = fck / Yc - pacyerHas mpo4HOCTh OeToHa mpu cxaruu. [lepumerp Uy, B cityuae cpemneit

KOJIOHHBI, PaBC€H IICPUMETPY CCUCHHUA KOJIOHHBI.

JIst KpaeBO# KOJIOHHBI M YIIIOBO# KOJIOHHBI MPSIMOYTOJBHOTO ceueHusl, 3HaueHne U, Beraucisercs mo
dhopmynam:

U, =C, +3d <c, +2¢, IUIs1 KpaeBOM KOJIOHHBI

U, =3d <¢, +¢, JJISL YTII0BOM KOJIOHHBI

31€ech ¢, - JUIMHA CTOPOHBI, IEPICHAMKYISAPHOM K KPAIO IUIUTHI, C, - JUIMHA CTOPOHBI, apaIeIbHOM
Kparo IUIUTHI.

JIst KpaeBoi KOJIOHHBI KPYIJIOTO ceueHus, 3HaueHne Uy BeramcriseTcs mo ¢popmynam:
U, = D-arccos(1-1.5d/R) mpu 1.5d <R

U, =2D/2+2a npu 1.5d >R
a=15d-R<R

3nece D - nmamerp ceuenns xononns, R=D/2.

JIst yTII0BOM KOJIOHHBI KPYTJIOTO cedenus, 3Hauenue Uy Beraucisiercs mo popmysam:

Up = D-arccos{L/v2[L/~2 ++1—(1/~2 -1.5d /R)? —1.5d /R]} npu 1.5d < R/~/2

U, =7D/4+2a npu 1.5d > R/~/2

a=15d —R/+2 <R
[lepeunciienHble TPOBEPKH MPOBOAATCSA Uil BCEX 3aJaHHBIX codeTaHud ycwiuid. I[Ipu 3Tom

Kod(hduUIMeHTsl 0e30MacHOCTH )¢,)s TMPUHUMAIOTCS B COOTBETCTBUM C THUIIOM KOMOHWHAIIUU
BO3JICHCTBUI. B BBIXOJHOM JOKyMEHTE MPOTrpaMMbl MPHUBOISATCS PE3YIbTAThl, MOTYYCHHBIE IS
HauboJIee OaCHOIO COYETaHUS YCUIIHM.

B nmporpamme mpeaycMoTpeHa BO3MOXHOCTh BBOJIA 3HaUeHUH Kod(duuueHta £, paBHbx 1.15 mis

CpenHel KOJOHHBI, 1.4 nis KpaeBoul KOJIOHHBI, 1.5 s yrioBoi konoHHbl. CornacHo 6.4.3 (6), aTu
3HAYCHUs] MOTYT IMPHUMEHSATHCS TPU pacyeTe KOHCTPYKIHMHA, B KOTOPBIX MPUMBIKAIONINE TTPOJIETHI
pasnuyaroTcs 1o JuinHe He 6osee, yeM Ha 25%.

s onpenenenust KoapGuIeHTa /3, yUYUTHIBAIOILETO JA€HCTBHE MOMEHTOB, OCHOBHOE KOHTPOJIBHOE

ceueHHWe pa3dWBaeTcs Ha JBE YACTH: 4YacTh C TMOJOXHUTEIbHBIMH 3HAaYeHUsMH | W 4YacTh C
OTPULIATENIBHBIMU 3HadeHUssMH — 7 rmonepedHblx ycwiui. [IpuMep pacrpeneneHus NONepedHbIX
YCWJIMH B CiTydae cpeaHel KOJIOHHBI, MpUBeeHHbIHN B [1] Ha puc. 6.19, moka3aH Ha puc.3.
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Puc. 3. TIpumep pacnpeneneHus MONEepPEeUHbIX yCUIUH

®opmyna s onpezneneHus kodpdunuenra Z umeer Buj (6.39):

ﬂ:1+k%.i

Ed 1
3nmecs k - koaddunuent no Tadnuune 6.1, W, - MOMEHT COIIPOTHBIICHHS, COOTBETCTBYIOIIHI IPHHATOMY
pacrpeieNIeHUIO MONEePEeYHbIX YCHIIUH.

B ciydae cpenHel KOJIOHHBI IPSIMOYTOJIBHOIO CEYEHUS CO CTOPOHAMH C,,C,, IPH JCHCTBMM MOMEHTA
B IUIOCKOCTH, TTIAPAJUICIIBHON CTOPOHE C, , MOMEHT CONIPOTHBICHHS BEIMUCIsIEeTCA 110 popmyie (6.41):

W, =c//2+c,c, +4c,d +16d° +2xdc,

3aMeHOH ¢, Ha ¢, ¥ HA00OpOT monyyaerca GopMmyna s clydas JCHCTBUS MOMEHTa B IUIOCKOCTH,
napaJuleIbHON CTOpOHE ¢, . I[Ipu neiicTBuM BYyX MOMEHTOB JOITYCKA€TCS NPUMEHEHHE TPUOINKEHHON
dbopmyis (6.43):

3necs D, =C, +2d, b =c,+2d - pasmeps ocHoBHOro KOHTpOMBHOrO KOHTYPA; Cy,C, - ATHHBI

CTOPOH CedeHHs KONOHHBI B0 oceit X, Y; &, =M /V e =M IV,

B ciyuae cpemHell KOJIOHHBI KPYIJIOrO CedeHusi, KOd((GUIMEHT yuyeTa MOMEHTOB BBIYHCISETCS IO
dopmyie (6.42):

e
=1+0.6r———
s D +4d

e=\/M:+M?/V.
B o6miem ciydae, koapduIMeHT yueTa MOMEHTOB oflpeiesnsieTcs o Gopmyiie:
(1Y
Ed

Bennunna MOINCPCUHBIX YCI/IJ'II/Iﬁ T , BOBHUKAIONIUX B KOHTPOJIbHOM IMOIICPEYHOM CCUCHUU IUIUTHI MIPU
I[CﬁCTBHH MOMCHTOB, OIIPCACTIACTCA YUCIICHHBIM MCTOJOM IMYTCM OTBICKAHUS TAKOI'O PACTIPCACIICHHUA
MOMNCPCUYHBIX yCI/IHI/Iﬁ, AJI1 KOTOPOTO BBIMIOJIHAIOTCA YCJIOBUSA PABHOBCCUSA IMPU IIGfICTBPIPI MOMCHTOB

kMyo u kyMyO OTHOCHUTETIBHO LEHTPAIBHBIX Oceil Xy, Yy OCHOBHOIO KOHTPOJBHOTO KOHTYpA,
napaiensHeix ocsim X, Y. KoaddummenTst kx,ky npuHUMaroTcs mo tabnune 6.1. B obmewm ciyuyae,

Mo=M+M, +M;, M ;=M +M, +M . Momentsrt M,, ;M - moments monepeunoit
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cunbet V' otHocutensHO ocell Xg; Yy. MomeHThI Mxp,Myp - MOMeHTHl paBHOfeiicTByromeii P

JaBIICHUsI TPYHTa OTHOCUTENBHO oceil X, Yo . [TonoxuTenbHble 3HaYCHUsI MOMEHTOB MIPHHUMAIOTCS B
COOTBETCTBHUH C MPABWJIOM IPAaBOTO BHHTA. B mporpaMme npemycMoTpeHa BO3MOXKHOCTh pacuera 6e3

yuc€Ta 3HaKa 3aJlaHHbIX MOMCHTOB M X! M y - B aTom CJIydac, BbIYMCICHUA ITPOBOIATCA JIA KOMGI/IHaI_II/If/'I

momentos TM, +M,, + M =+ My +M w T M yp U U3 BBIYMCICHHBIX 3HAYECHUM (3 BbIOMpaeTCs
HauOoJIbIIIee 3HAYCHHE.

B nmporpamme npeaycMoTpeH rpaduueckuii BBIBOJ OCHOBHOTO KOHTPOJILHOTO KOHTYpa C H300paKeHHEM
HYJICBOM JIMHWH, OTICIISIOIEH 30HbI C yeunusimMu [ u — T (puc. 4).

Puc. 4. IlpuMep pacrioNnoKeHus HyJIeBOH JIMHAU IPH OIPENCICHNM |

Ecnu ycinoBue mpodyHOCTH IUIMTHI O€3 MOINEpPEeuHO apMaTypbl HE BBINOJIHAETCS, TO ONpPENENsIeTcs
TpeOyemasl IUIOIIAAb apMaTypbl M IPOU3BOJAUTCA KOHCTPYMpPOBAHHE apMaTypbl C Yy4YETOM
KOHCTPYKTUBHBIX TpeboBaHuil mo nmyHkty 9.4.3. Ilpu 3ToM momepedHas apMaTypa pa3Melnaercs B

npenenax KoHTypa ¢ nepumerpom Uy ¢, Ut KOTOPOTO BBIMOIHSETCS YCIOBHE:

V
ﬁU Edd :VRd,c

out

PaccTosiHHE OT apMaTypBI 10 ITOT0 KOHTYpa He J0JHKHO ObITh Ooubine 1.50 .

3. KoncrpyupoBanue apMaTypbl

IIpu KOHCTPYMPOBAHUU apMaTypbl YUUTBHIBAIOTCS CIEAyIOIMEe TpeOOBaHUS: apMaTypa JODKHA OBITh
pa3MelleHa Ha JByX MM 0oJee KOHTYpax; paAuaIbHbIH IIar XOMyTOB s, He JIOJDKeH npessimats 0.75d

; PacCTOSIHHE OT KOJOHHBI JI0 TIEPBOrO KOHTYpa ¢ XOMyTaMu He J0JLKHO ObiTh MeHbire 0.3d u He
JIOJIKHO OBITH 6oubIne /2.

[lpy KOHCTPYMPOBAHWHM YUYHTBHIBAIOTCS OrPAHWYEHHS TAHTEHIMAIBHOTO IMIara XOMYTOB Sy,
omnpenensemMoM kak S = U; / N, rne U; - mepumerp koHTypa ¢ xomyramu. Ha KoHType, Ormkaiiniem K
OCHOBHOMY KOHTPOJIbHOMY KOHTYPY CO CTOPOHBI KOJOHHBI, S <15d; ma KOHTYype, HauboJjee
y/IaJleHHOM OT KOJOHHEI, S; < 2d . Paccrosmne oT KONOHHBI 10 HanGonee yIQJIEHHOTO KOHTYpa PaBHO
s, +(n, =1)s, +d,,/2. Ha 5rom xouType nomonuurensHO yuautsBaeTcs yeaosue (9.11).

f
A 15 5 0.0 "
' S

rt yk
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rae As,min - MUHMMaJbHO TpeOyeMmas IUIOIIagb ceYeHus xomyTa. [Ipu 3agaHHOM JuaMeTpe XOoMmyTa

JAHHOEC YCJIOBHEC MOXXHO pacCMaTpuBaTh KakK OrpaHMYCHUEC TAHICHIIMAJIBHOIO 11ara XOMyTOB:

S, < St mex

_ 15Af,

P = 0.08s, /.

IIpy KOHCTPYHPOBAHHU apMaTypbl, MIArH XOMYTOB s M S; IOJOMPAIOTCS MO YCIOBHIO MUHHMyMa
00LIEero Yncia XOMyTOB.

Ha puc. 5 mpuBenen npumep pa3MelieHUs] XOMYTOB B CIIy4ae YIJOBOW KOJOHHBI MPSIMOYTOJIBHOTO
CCUCHUS.

Puc. 5. IIpumep pa3mereHus: XOMyTOB
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Jluteparypa

1. TKII EN 1992-1-1-2009*: Epoxon 2. IlpoekTupoBaHHE XeIe300€TOHHBIX
KOHCTpyKUui — Yactp 1-1. O0uue npaBuia u npaBuia AJis 3JaHAN.
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442 — Pacdet Ha nipogaBinuBanue (MSZ EN 1992)

_______________________________
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[Tporpamma mpenHa3Ha4deHa il pacyéra Ha MPOJABIMBAHME IIMTHI, BOCIIPHHUMAIONIECH HAarpy3KH OT
KOJIOHH TPSMOYTOJILHOTO WJIM Kpyrioro ceuenus, corimacio MSZ EN 1992-1-1 [1]. IlpexycmoTpen
yUYeT BIHMSHHUA CBOOOJHBIX KpaeB IUIUTHI. EciaM MpoYHOCTh IUIMTHI 0€3 MONEpevHOl apMaTypbl He
obecrieueHa, To ompezensercss TpeOyemas IUIOMIAAb apMaTypbl M NPOM3BOJUTCS KOHCTPYHUPOBAHUE
apMmatypsl. [1o pe3ynpTataMm KOHCTPYHPOBAHUS BBIBOJAUTCS KapTUHA Pa3MEIEHHsI XOMYTOB.

1. PacueTHas cxema U Harpy3ka

PaccmaTpuBaercsa jxkene300eTOHHAs IIUTAa, HAXOASIIASACA IOJ JCHCTBHEM HArpy3kd OT KOJIOHHBI
MPSAMOYTOJIBHOTO MJIM KPYIJIOTO CE€4YeHWs. B IJIOCKOCTM IUIMTBI BBOAUTCS JAEKapTOBa CHCTEMaA
KoopauHaT X, Y, Hayajno KOTOPO HaXOAUTCS B LIEHTPE CeUeHUsI KOJIOHHBI. KOOHHBI Opa3AensoTcs
Ha Cpe/iHUe, KpaeBble U yrioBble. B ciydae cpeqHeil KOJIOHHBI, BAUSIHHE CBOOOIHBIX (HE3aKPETJICHHBIX )
KpaeB IUIMTHI HE YUUTHIBAaETCs. B cirydae kpaeBol KOJOHHBI, YUUTHIBAETCS BIMSIHUE CBOOOIHOTO Kpast
IUTMTHI, TapauieabHoro ocd X wiam ocu Y . B ciydae yriioBoil KOJIOHHBI, YYHTHIBAETCS BIIMSHHE
CBOOOJIHBIX KpaeB IUIUTHI, apalIeabHbIX ocsiM X u Y . [IpuMep yrioBoi KOJOHHBI IPUBEIEH Ha PUC.
1. PaznuyaroTcs ManThl NEPEeKPHITUS U (YHIaMEHTHBIC TUTUTHI.

y

Puc. 1. [Ipumep yrioBoil KOJOHHbI

Harpyska Ha IuTy BKJTOYaeT monepeunyto cuny V. u momentsr M, M y OTHOCHUTEJILHO ocei X, Y .

ITpu pacuere MIUTHI EPEKPHITHS, TONIepeuHas cuia V aBTOMaTHYECKH IPUHUMAETCS TTOJI0KUTEIIbHOM,
a npu pacuere (yHIaMEHTHOW IUIMTHI - oTpulareabHoU. [lomokuTenbHbIE HAaNpaBiIeHUsI MOMEHTOB
NPUHUMAIOTCS B COOTBETCTBHM C MPaBWJIOM IpaBoro BuHTa (puc. 2). IIpu pacuere GpyHmaMeHTHOH
IUTUTHI 337a€TCS PEAKTUBHOE JaBJICHHUE IpyHTa ) .

\"
My y
»
Mx X
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Puc. 2. ITonoxutenbHEIe HalipaBJICHU CUJIbI © MOMCHTOB

2. Pacuer

Pacuer nuthl Ha TpogaBIMBaHKE IPOBOAUTCS COIIACHO 6.4 U 3aKJII0YAETCS B IPOBEPKE IPOYHOCTHU IO
KOHTYPY KOJIOHHBI U TI0 OCHOBHOMY KOHTPOJILHOMY KOHTYPY, PacCIOJIOKEHHOMY Ha paccTosiHud 2d ot

KOJIOHHBI, I'I€ d = (d X + d y ) / 2 - CpE€aHAA pa60qa${ BBICOTA IIJIMTHI.

VYciioBre MPOYHOCTH TUIUTHI O€3 MOTepeyHOr apMaTypbl UMEET BH/L:

VEd SVRd,c
\Y

\Y; :IBLd

Ed Uld

min

VRd,c = CRd,c -k (100p| fck)% =V
v, =0.035k¥2. f12

3n1ech VEd - pacueTHas IolepeyHas cuia, [ - K3 UIMEHT ydeTa MOMEHTOB, u, - HEPHUMETP
OCHOBHOTO KOHTpOnbHOro koHTypa, Cgy c= 0.18/y., 7¢ - xosbduument GesomacHocTH LI GeTOHa,
3aBUCSIIUNA OT THUMAa KOMOMHAIMK BO3AEHCTBUH ()¢ =1.5 s ocHoBHOI KOMOUHALKH, Ve =12 ngns

0co00l KOMOMHAINH), k=1++20/d <2 ([d1=cm), p, =,/p, - p, <0.02 - cpennee 3naueHue

KOB(l)CI)I/II_II/IeHTa NpoaOJIbBHOTO apMHPOBAHUA, ka - XapaKTCpUCTUUCCKasA MPOYHOCTb OeToHa npu

cxatuu. Ilpu pacuere ¢dyHAAMEHTHON TUIMTHI, CHUJA VEd YMEHBIIIAETCS Ha BEIHYHUHY

paBHozeiicTBytomeit P cpenmero peaktuBHOro naBnenus rpyHTa P, YYHTHIBAEMOTO B TIpeeNax
OCHOBHOI'O KOHTPOJIBHOTO KOHTYpA.

VYcnoBue NpOYHOCTH IUIUTHI, APMUPOBAHHON XOMYyTaMH, UMEET BU/L:

VEd < VRd ,CS

Veges = 0.-75Veg  +1.5(d /5 ) A T /(U,d)

3nech ASW =N, AS - wiomaas 1y XoMyTOB, pacmooKeHHBIX BIOJIbL KOHTYPA, AS - IJIOUIaJb CEUCHUS
OJHOIO XOMYyTa, s_ - PaJualibHBIA IIar XOMYTOB, fw\,d’ef =250+0.25d < fywd, fw,d = fw,k/ Vs -
pacyeTHBIM TIpeneN TEeKY4YeCTH TONepPeYHOr apMarypsl, Js - KO3(pGUIMEHT O0e30macHOCTH s
apMaTyphbl, 3aBUCAILINI OT THIAa KOMOWHAIIMU BO3JEHCTBUH () =1.15 mus ocroBHoi KOMOWHAIINH,
7s =1.0 s oco6oit kom6uHawmnN).

Hapsiny ¢ nmpoBepkoil 0 OCHOBHOMY KOHTPOJBHOMY KOHTYpPY, IMPOBOJMTCS MPOBEPKA IO YCIOBUIO

(6.53):

P
0
Ved mex =0.4vf
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v=06(1- f, /250)
3nech fcd = fck / Yc - pacyerHas mpo4HOCTh OeToHa mpu cxaruu. [lepumerp Uy, B cityuae cpemneit

KOJIOHHBI, PaBC€H IICPUMETPY CCUCHHUA KOJIOHHBI.

JInst KpaeBOM KOJIOHHBI M YTJIOBOM KOJIOHHBI MPSIMOYTOJIHOTO ceueHus 3HaueHue Uy Bbramcisercs mo
dhopmynam:

Uy=C, +3d <C,+2C,  mus kpacBoii KOTOHHEI

U, =3d <¢, +¢, JJISL YTII0BOM KOJIOHHBI

31€ech ¢, - JUIMHA CTOPOHBI, IEPICHAMKYISAPHOM K KPAIO IUIUTHI, C, - JUIMHA CTOPOHBI, apaIeIbHOM
Kparo IUIUTHI.

JIs1st KpaeBoil KOJIOHHBI KPYTJIOro ceueHus, 3naueHune Uy Beraucisiercs mo gpopmynam:
U, = D-arccos(1-1.5d/R) mpu 1.5d <R

U, =2D/2+2a npu 1.5d >R
a=15d-R<R

3nece D - nmamerp ceuenns xononns, R=D/2.

JI51st yTJI0BO#M KOJIOHHBI KPYTJIOTO cedenwst, 3Hauenue Uy Beramcisiercst mo gpopmynam:

Up = D-arccos{L/v2[L/~2 ++1—(1/~2 -1.5d /R)? —1.5d /R]} npu 1.5d < R/~/2
U, =7D/4+2a npu 1.5d > R/~/2

a=15d —R/+2 <R
[lepeunciienHble TPOBEPKH MPOBOAATCSA Uil BCEX 3aJaHHBIX codeTaHud ycwiuid. I[Ipu 3Tom

ko3 duUIMeHTsl 0e30MacHOCTH  )¢,)s TMPUHUMAIOTCS B COOTBETCTBMM C THUIIOM KOMOHWHAIIMH
BO3/ICUCTBUI. B BBIXOJHOM JOKYMEHTE NpPOrpamMMbl MHPUBOJAATCS PE3YyJbTaThbl, MOJYyUYEHHbBIE IS
HauboJIee OaCHOIO COYETaHUS YCUIIHM.

B nmporpamme npeaycMoTpeHa BO3MOXHOCTh BBOJA 3Ha4eHUN KoapduuueHTta £, paBHbIX 1.15 mus

CpenHel KOJOHHBI, 1.4 nis KpaeBol KOJOHHBI, 1.5 misa yrimoBod kosoHHBI. CormacHo 6.4.3 (6), aTu
3HAYCHUs] MOTYT IMPHUMEHSATHCS TPU pacyeTe KOHCTPYKIHMHA, B KOTOPBIX MPUMBIKAIONINE TTPOJIETHI
pasnuyaroTcs 1o JuinHe He 6osee, yeM Ha 25%.

s onpenenenust KodhppuueHTa [, yIYUTHIBAIOIIErO J€HCTBHE MOMEHTOB, OCHOBHOE KOHTPOJIBHOE

ceuyeHHe pa30MBaeTCsl Ha [JBE YACTH: YacTb C IMOJOXXUTEIbHBIMH 3HAueHUsIMM [ M 4YacTh C
OTPULIATENBHBIMU 3HAaYeHUsIMH — 7 TmonepeuHblx ycwiuil. [Ipumep pacmpeneneHust MOInepedHbIX
yCUJIMH B Cilydae cpe/lHel KOJIOHHBI, IpuBeeHHBIN B [1] Ha puc. 6.19, nokazan Ha puc.3.
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Puc. 3. TIpumep pacnpeneneHus MONEepPEeUHbIX yCUIUH

®opmyia s onpeneneHus kodpounrenta £ umeer Buj (6.39):

ﬂ:1+k%.i

Ed 1

3nmecs k - koaddunuent no Tadnuune 6.1, W, - MOMEHT COIIPOTHBIICHHS, COOTBETCTBYIOIIHI IPHHATOMY
pacrpeieNIeHUIO MONEePEeYHbIX YCHIIUH.

B ciyyae cpenHeil KOJIOHHBI IPSMOYTOJIBHOIO CEYEHHUS CO CTOPOHAMHU C,, C, NPH ACHCTBHU MOMEHTA B
IUIOCKOCTH, NapaJuleNIbHOM CTOPOHE ¢, , MOMEHT COIPOTHBIIEHHs BbIucisieTcs no Gopmyie (6.41):

W, =c//2+c,c, +4c,d +16d° +2xdc,

3aMeHOH ¢, Ha ¢, ¥ HA00OpOT monyyaerca GopMmyna s clydas JCHCTBUS MOMEHTa B IUIOCKOCTH,
napajuleNbHON CTOPOHE C, -

[Ipu neiicTBUM ABYX MOMEHTOB JIOMYCKAETCsl NPUMEHEHUE NpUOIMKeHHoN (hopmysl (6.43):

31ech bx =C, +2d by =C, +2d - pasmepsl OCHOBHOrO KOHTPOIBHOTO KOHTYDA; C,Cy - mmuHbI

CTOPOH CedeHHs KONOHHBI B0 oceit X, Y; &, =M /V e =M IV,

B cmyuae cpenHell KOJIOHHBI KPYIJIOrO CedeHus, KOd((GUIMEHT ydyeTa MOMEHTOB BBIYHCISETCS IO
dopmyie (6.42):

e
=1+0.67r——
s D +4d

e=,/MZ+M2/V.
B o6miem ciydae, ko3 GuiueHT yueTa MOMEHTOB ofpeensieTcs o Gopmyiie:
(1Y)
Ed

Benmuuuna MOINCPCUHBIX YCI/IJ'II/Iﬁ T , BOBHUKAIONIUX B KOHTPOJIbHOM MOIICPEYHOM CCUCHUU IUIUTHI IIPU
HeﬁCTBHH MOMCHTOB, OIIPEACTIACTCA YUCIICHHBIM MCTOJOM ITYTEM OTBICKaAHHUS TAKOI'0 PaCIpCACIICHHA
MOMCPCUYHBIX yCHHHfI, AJI1 KOTOPOTO BBIMIOJIHAIOTCA YCJIOBUSA PABHOBCCUSA IMPU JEHCTBUH MOMEHTOB

kxMXO u kyMyO OTHOCHUTEJIBHO IEHTpalbHBIX ocell Xy, Y; OCHOBHOTO KOHTPOJILHOTO KOHTYpa,
napauieabHbIX ocsiM X, Y. KoaddummeHTs kx,ky MpUHUMAIOTCS 1o Tabnune 6.1. B obmem ciyuae,

Mo=M+M,, +M;, M ;=M +M, +M,. Momentst M,,,M - moments monepeunoit
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cunbet V' otHocutensHO ocell Xg; Yy. MomeHThI Mxp,Myp - MOMeHTHl paBHOfeiicTByromeii P

JaBIICHUsI TPYHTa OTHOCUTENBHO ocell X, Yo. [TonoxuTenbHble 3HaYCHUsSI MOMEHTOB [IPHHUMAIOTCS B
COOTBETCTBHUH C MPABWJIOM IPAaBOTO BHHTA. B mporpaMme npemycMoTpeHa BO3MOXKHOCTh pacuera 6e3

yuc€Ta 3HaKa 3aJlaHHbIX MOMCHTOB M X! M y - B aTom CJIydac, BbIYMCICHUA ITPOBOIATCA JIA KOMGI/IHaI_II/If/'I

momentos TM, +M,, + M =+ My +M w T M yp U U3 BBIYMCICHHBIX 3HAYECHUM (3 BbIOMpaeTCs
HauOoJIbIIIee 3HAYCHHE.

B nporpamme npeaycMoTpeH rpaduueckuii BBIBOJ OCHOBHOTO KOHTPOJILHOTO KOHTYpPA C U300paKeHHEM
HYJICBOM JIMHUHU, OTAEIISIONIEH 30HbI C yeunusimMu [ u — T (puc. 4).

Puc. 4. IlpuMep pacrioNnoKeHus HyJIeBOH JIMHAA IPH OIPENCICHNN |

Ecnu ycinoBue mpodyHOCTH IUIMTHI O€3 MOIMEpPEeYHO apMaTypbl HE BBIMOJIHAETCS, TO ONpPENEIsIeTcs
TpeOyeMass IUIOLIaJb apMaTypbl M HPOM3BOJIUTCS KOHCTPYMPOBAaHHE apMaTypsl C Y4eTOM
KOHCTPYKTUBHBIX TpeboBaHuil mo nmyHkty 9.4.3. Ilpu 3ToM momepedHas apMaTypa pa3MelnaeTrcs B

npejenax KoHrypa ¢ mepuMerpoM Uy i, IUIst KOTOPOTO BBEIIOIHSAETCS YCIOBHE:

ﬂ VEd =V
~— YRd,c
uoutd

PaccrosiHue OT apMaTypsl 10 TOr0 KOHTypa He JIOJKHO ObITh 6oubime 1.5d .

3. KoncrpyupoBanue apMaTypbl

[Ipy KOHCTPYHMpPOBAaHUU apMaTypbl YUUTHIBAIOTCS ClIEAYIONIME TpeOOBaHUS: apMaTypa JI0JKHA OBITh
pa3MelleHa Ha JByX MM 0oJiee KOHTYpax; paAuaIbHbIH IIar XOMyTOB s, He JIOJbKeH npessimats 0.75d

; PaccTOSIHHE OT KOJIOHHBI JI0 TIEPBOrO KOHTYpa ¢ XOMyTaMu He J0JKHO ObiTh MeHbite 0.3d u He
TIOJIKHO OBITH 60JbIne /2.

[lpy KOHCTPYMPOBAHWM YUYHTHIBAIOTCS OrPAHWYEHHS TAHTEHIMAIBHOTO IIara XOMYTOB Sy,
onpenemsemonm kak S, =U, /N, rae U; - nepumerp xouTypa ¢ xomyramu. Ha KoHType, Grikaiiiem K
OCHOBHOMY KOHTPOJIbHOMY KOHTYPY CO CTOPOHBI KOJOHHBI, S <15d; ma KOHTYype, HauboJjee
yranenrom ot kononnsy, S; < 20 . Paccrosnne or KOIOHHDBI 10 HaMGOIEE YIANCHHOTO KOHTYpa PABHO
s,+(n, —1)s, +d,/2. Ha 5rom kouType nomonHuTENBHO yuanTHIBaeTCS yeosue (9.11):

f
A i 15 5 0.08)
' S

ret yk
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rae A\S,min - MMHHUMAaJIBHO TpeOyemas Iiomaas cedeHus xomyta. [Ipu 3a1aHHOM auaMmeTpe XOoMmyTa,

JAHHOEC YCJIOBHEC MOXXHO pacCMaTpuBaTh KakK OrpaHMYCHUEC TAHICHIIMAJIBHOIO 11ara XOMyTOB:

S, < St mex

_ 15Af,

P = 0.08s, /.

IIpy KOHCTPYHPOBAHHU apMaTypbl, MIArH XOMYTOB s M S; IOJOMPAIOTCS MO YCIOBHIO MUHHMyMa
00LIEero Yncia XOMyTOB.

Ha puc. 5 mpuBenen npumep pa3MelieHUs] XOMYTOB B CIIy4ae YIJOBOW KOJOHHBI MPSIMOYTOJIBHOTO
CCUCHUS.

Puc. 5. IIpumep pa3melieHuss XOMyTOB
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Jluteparypa

1. MSZ EN 1992-1-1:2010 Espokox 2: IIpoekTupoBaHUe KeIe300€TOHHBIX
KoHCTpyKuui — Yacte 1-1: OO1me npaBuia v npaBuiia AJis 31aHUH.
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445 — Pacuer Ha MeCTHOE CKaTue
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[Tporpamma npeHa3Ha4YeHA IS pacuéTa Ha MECTHOE CKaThe (CMSITHE) COTIIACHO CIICAYIONIMM HOpMaM:
CIT 63.13330.2018 [1], CIT 52-101-2003 [2], CHuII 2.03.01-84* [3], CHb 5.03.01-02 [4], [5].
[TpenycMOTpeH y4eT BIUSHUS KpacB djieMeHTa. ECIiu MpOYHOCTD 31eMeHTa 03 KOCBEHHOM apMaTypbl
He oOecrieueHa, To MPOU3BOIUTCS MOA00P CETOK KOCBEHHON apMaTyphbl M UX pa3MeIICHHE.

1. Pacuer mo CHulI 2.03.01-84*

Pacuet Ha MecTHOE cxkaTHe npoBoautcs coriacHo [3], 3.39 — 3.41. YcnoBue npoyHOCTH 3j1eMeHTa 0e3
KOCBEHHOH apMaTypbl UMEET BH/I:
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3necs N, =yR;,C,C, - mpenenbHOE 3HAYEHHE CKUMAIOLIEH CUIBI IPU OTCYTCTBHUM KOCBEHHOM
apMatypsl, ¥ - KO3QOHIMEHT yyeTa HEPaBHOMEPHOCTH paclpe/ieieHl